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1 DESCRIPTION MOVABLE BODY DRIVE METHOD, MOVABLE BODY
DRIVE SYSTEM, PATTERN FORMATION METHOD, PATTERN
FORMING APPARATUS, 5SEXPOSURE METHOD, EXPOSURE
APPARATUS, AND DEVICE MANUFACTURING METHOD TECHNICAL
FIELD The present invention relates to movable body drive 10 methods,
movable body drive systems, pattern formation methods, pattern forming
apparatus, exposure methods, e , and device
manufacturing methods, and mo@%%%gm igsmovable body drive
method in winch a movable body is driven in at least a unbaxlal direction,
a 15 movable body drive system suitable for applying the method, a

paMSIN ARMEIBRMEtRRLVE MEEEHQRDMNEYABddY BORYRREVEASYSTEM,
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device manufacturing method that uses the pattern formation method.
BACKGROUND AR PEVIE!i AN FACHNRINGy MESEHS Y or

TECHNICAL FIELD

The present invention relates to movable body drive

methods, movable body drive systems, pattern formation
methods, pattern forming apparatus, exposure methods,
exposure apparatus, and device manufacturing methods, and
more particularly to a movable body drive method in which a
movable body is driven in at least a uniaxial direction, a
movable body drive system suitable for applying the method,
a pattern formation method that uses the movable body drive
method, a pattern forming apparatus that is equipped with the
movable body drive system, an exposure method that uses the
movable body drive method, an exposure apparatus that has the
movable body drive system, and a device manufacturing method

that uses the pattern formation method.

BACKGROUND ART

Conventionally, in a lithography process for
manufacturing microdevices (electronic devices and the like)
such as a liquid crystal display element or the like, a
reduction projection exposure apparatus by a step-and-repeat
method (the so-called stepper), a scanning projection

exposure apparatus by a step-and-scan method (the so-called
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25 manufacturing microdevices (electronic devices and the like) such as a
liquid crystal display element or the like, a reduction projection exposure
apparatus by a step-and-repeat method (the so-called stepper), a
scanning projection exposure apparatus by a step-and-scan method (the
so-called 2 scanning stepper (also callecka scanner)) and the like have
been relatively frequently used. With these types of exposure

apparatus, in order to transfer a pattern qof a reticle (or ask) anto a. .
S o e b dtor S TR DG atebe nave

driver in &l dwe-eimensipagldirectipny fasexample, by a linear motor or
the like. Especially in the case of a scanning stepper, not only the wafer
stage but al$¢ thetRdigke $tdge Is iivaxprpiestaphrryrdifetiionwitrprder to

prc—;cdeter ined 10 sgggkes bgsfalinear mo&oer 0{ the like. Position

meastrement of e re-Lille Stage And'the wafer stage i normafy @ PHuratity

pedermediusing adasgrdnigrteremetgr whichhas ggedstabili,0fis the wafer
measurement values over a long period of time, and also has high

resoution. viiSHowegekK Yd e’ to- finergpatterns thaticoned with/hipper example, by
integration of semiconductor devices, position control of the stages with

higher bre@iol s BEcSthing Yequiréd, ant SREfErm fluttuatidh of25¢ ©F 2@
Measyrernant valuss due 1o tegiperature fjustuation.ofdhe atmesphere At icle

the beam optical 20 path of the laser Interferometer is now becoming a
mattex gleati caninatisenignorede scavieamwhile,recently; asialtyperefiatermined
position measurement unit, an encoder that has a measurement

resOMItRIFST the SameNEdél BiotigheP tha g 1aséintef&dhietePnas baBhe et
lnw9g99ﬁgreticle stage and the wafer stage is normally performed

using a laser interferometer, which has good stability of
measurement values over a long period of time, and also has
high resolution.

However, due to finer patterns that come with higher
integration of semiconductor devices, position control of the
stages with higher precision is becoming required, and
short-term fluctuation of measurement values due to
temperature fluctuation of the atmosphere on the beam optical
path of the laser interferometer is now becoming a matter that
cannot be ignored.

Meanwhile, recently, as a type of a position measurement
unit, an encoder that has a measurement resolution of the same
level or higher than a laser interferometer has been introduced
(refer to, for example, Patent Citation 1). However, since
the encoder uses a scale (grating), various error factors
(drift of grating pitch, fixed position drift, thermal
expansion and the like) that occur in the scale due to the

passage of use time exist, which makes the encoder lack in
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25 (refer to, for example, Patent Citation 1). However, since the encoder
uses a scale (grating) , various error factors (drift of gra-L.11-1g pitch,
fixed position drift, thermal expansion and the like) that occur in the scale
due to the passage of use time exist, which makes the encoder lack in 3
mechanical long-term stability. Therefore,3the encoder has a drawback of
lacking measurement value linearity and being inferior in long-term

stability when ared,with the laser Interferometer. SPatent Citation 1:
U8 Bhint No. 6635686 DISCLOGURE OF THE INVENTION MEANS ™ 722
FOR SQLNG THE PROBLEME& 3 ba presentt invention hasheenr Madel being
in consideration of 10 the circumstances described above, and according

to theffrst agpéét ofthe presahtsine®nition; thefeis srovkipdedfirstth the laser

moyaple k%%qy r(%I1re| e method in winch a movable body is driven in at least a

unlaxfar direction, the method comprising: a first process in winch a

calibration ppegationds perfosmed 15wherespesitional infogmatien gkthe
movable body in the unlaxlal direction is measured using a first
measurement unit and a second measurement unit whose measurement

values excel in short-term stability when compared with measurement
vaB§§§rIr§§H§ﬁné’£u%ﬁEn ; Md on measurement results
20k R SrsaRd RELRENEASHAMPRUNERRE ection information for
correcting measurement values of the second measurement unit is

decided; afitl@ peecrehprogessrin ivinchdbelmevabledsody is dngenlértheion of
unlaxlal direction based on the measurement values of the second

meABremenitTink a2 e EorBeibA RBmarbA. @ Hetordingd s T1 7St
me&%?%&y the calibrationsmethod ahove; carrection INfQrMalion S 4oy o first
decided for correcting the measurement values of the second
measusdimenbuily whose shosttiesa stabilityi efthe measwemeridmplues driven
excel when
in at least a uniaxial direction, the method comprising: a
first process in which a calibration operation is performed
where positional information of the movable body in the
uniaxial direction is measured using a first measurement unit
and a second measurement unit whose measurement values excel
in short-term stability when compared with measurement values
of the first measurement unit, and based on measurement results
of the first and second measurement units, correction
information for correcting measurement values of the second
measurement unit is decided; and a second process in which
the movable body is driven in the uniaxial direction based
on the measurement values of the second measurement unit and
the correction information.
According to this method, by the calibration method
above, correction information is decided for correcting the

measurement values of the second measurement unit whose

short-term stability of the measurement values excel when
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4 compared with the measurement values of the first measurement unit,
using the measurement values of the first measurement unit. Then, based
on the measurement values of the second measurement unit and the
correction information, the movable 5 body is driven in the unTaxTal
direction. Accordingly, it becomes possiblé to drive the movable body in
the unTaxTal direction with good accuracy, based on the measurement
valugs,of fhe,seeond measurementunitthat have Been,corredied ysing., cnent
the correction mjformatlon, ﬁwa%ur%, the measurement values 10 0

positional mformatiencofitbe smovahie body imthe uaTaxEaldirectioleasurement
whose long-term stability is also favorable, in addition to the short-term

stability.-  ThAetordiig erthesedondespeerefihe resentdavartionhe second
there is provided a second movable body drive method in winch 15
VBB 30 e T B QS0 SRS HAFIST b o pig movable
axisang a seeend,axis oithogenahtoeachother-whetein positionakdingly, it
information of the movable body in a direction parallel to the first axis is
meéasuret: usirmsa Paireof fiestdratieg - that rachddclude dsgratinghe uniaxial
periodically 20 disposed in a direction parallel to the first axis within a

plate Faraftél o the hiRainBRSIBhargiane it the oV ol BoF AT 1" values
plased.apattdn g-dirggtion ortheganal 10 the longitudinaldirection otthead using

grating within the plane and a first encoder that has a head unit that
Intersect thes25: longitudinat diredtion, andapositonalirforamtionofdne values
movable body in a direction parallel to the second axis is measured, using

a SEGHFGraHiAg Hat MERIER & Grat, IR CROSEhds AP Stideidie antaxial
intgrsecting the lopgitudingl direction of the firsf grating SeViNgAS,8 21, in

longitudinal 5 direction and is periodically disposed in a direction parallel

to theédsecond axis oha plane patallehtosthestivordignensional plane on the
movable body, and a second encoder that has a head unit that Intersects

the longitudinaPdirectibr ofthe 5eeardgtaeRG, Whéreby eSRbablerention,
bog}t(1 (lesr%rlven based o0 dthae gosnlogal mforr‘rlatl%r(]) H}?‘t as heen

measwed}s Provi ectond movable rivé'method in which
a movable body is driven within a two-dimensional plane
parallel to a first axis and a second axis orthogonal to each
other wherein positional information of the movable body in
a direction parallel to the first axis is measured, using a
pair of first gratings that each include a grating periodically
disposed in a direction parallel to the first axis within a
plane parallel to the two-dimensional plane on the movable
body and is placed apart in a direction orthogonal to the
longitudinal direction of the grating within the plane and
a first encoder that has a head unit that intersects the
longitudinal direction, and positional information of the
movable body in a direction parallel to the second axis is
measured, using a second grating that includes a grating, which

extends in a direction intersecting the longitudinal

direction of the first grating serving as a longitudinal
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According to this method, as long as the movable body remains within a
predetermined stroke range where a head unit that the first encoder has
faces at least one of the gratings 10 of the parr of the first gratings, and a
head unit that the second encoder has faces the second grating, then, at
least one of the first grating and the first encoder measure the positional
information of the movable body in the direction parallel to the first axis,
and the second grating and the 15 ond.encoder measure the. positional
T o I oy e e e e iy BaZa e

axiso Simee the-shortaeim stability 0f the maeasuremeit alues Rhtheifitshsional
and second encoders is favorable, the positional information of the
madvhdlebedy Withimpeawbadireagionand0 plavcindeadfredsviti-gedsd has a

aceyracy, Then,the movalble body is driven. based.on te pasiinal, o ¢y
information of the movable bo Y measured witin gooad accuracy.

Acgardingly it heceiyespassibig, ta ddve the movablehody With:9eod based on
accuracy. According to the third aspect of the present invention, 25 there

is providedsa thidhmovablédbouytdrive rhbthodniasvhicka movable bddy is

driven at least in a unraxral direction, the method comprising: a drive

process in‘ Wi Ba8&d bR measurdriait Valuks ofAlf eAtodditnapvable body

i”%@%ﬁ@sd@@&@% lightonqa Qé%ﬁ%%!é@éﬁkénr}éqﬂfé %H{@Eg aftheiq unit
movable 6 body with a predetermined direction serving as a period
direttion and measurespasitonaldaforatatiomof hreamovable bodyhe thbeatings

predetermined direction based on its reflection light and correction

infSfmatith Bfa biteh of te idtiy, $he MEvableé Body i8 efider i the-hat the
predetermingd direction., o ¢ Acgarding tq this method, the moyahle body ) .5+

can be driven with good accuracy without being affected by drift or the like
of thre=grating ipitchiiAecordingtiorthe dourth aspectof the preseéat measure the
invention, 10 there is provided a first pattern formation method in which a

paRteriis ¥ortRdd bhiarBBjEeO Witrei& mGvabe Boly oh Whichitiedirection

obiec Is moynied s diiven sing.any.ong ofthe rstio g JOUBIBPOLN s ene

drive method o S[1‘!(3.‘ present
second encoder measure the positional information of the
movable body in the direction parallel to the second axis.
Since the short-term stability of the measurement values of
the first and second encoders is favorable, the positional
information of the movable body within the two-dimensional
plane is measured with good accuracy. Then, the movable body
is driven, based on the positional information of the movable
body measured with good accuracy. Accordingly, it becomes
possible to drive the movable body with good accuracy.

According to the third aspect of the present invention,

there is provided a third movable body drive method in which
a movable body is driven at least in a uniaxial direction,
the method comprising: a drive process in which based on
measurement values of an encoder that irradiates a detection

light on a grating placed on an upper surface of the movable
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invention so that pattern formation with respect to the object 15 can be
performed. According to this method, by performing pattern formation
on the object mounted on the movable body driven with good accuracy
using anyone of the first to third movable body drive method of the present
invention, it becomes possible 20 to form ¢he pattern on the object with

good accuracy. According to the fifth aspect of the present invention,
th%rgolls p‘rﬂo.lv%qled a.sec ré(%g%}rtlernefgrrg%tmn Enethod in which a pattern is.

formed’on an ob?eg‘f,rv?/ erein at least one %?ab?lﬂlraﬁteyr(%lrﬁgvfb e%o%%émd

includiag aimavable bedyanahieh 2bttheabjectis melsted is sfiveRe movable
using any one of the first to third movable body drive method of the .
préxedy inverition $oreate patadnfornation withorespesed the dhjéctedn-ection

belpser ormed. Accordln%to thlsl nltethod, for pattern formation \%Itl‘il:h7

resple% to ﬁﬁ%dotgjcé]éf At least one ocf%mﬁﬁrlal y Bf niovable Bodies'is ariven =+ 9"

withrgoaghacauracyusing anyansefthe firstte third movable bedy dive ction.
method of the present invention, and a pattern is generated on the object
mounted oharerefif the enovalslankddies., theAwcordintetdtivysidm be driven
aspect of the present invention, there is provided a device manufacturin

math Gl HAGEIRY & HaREH At BrAdsse WhErdif i the Pattarm™ Che Like

formationdprgeess; apaiterniis formed on a substrate using one of the 10
first and second pattern formation method of the present invention.

According to the fourth aspect of the present invention,
there is provided a first pattern formation method in which
a pattern is formed on an object, wherein a movable body on
which the object is mounted is driven using any one of the
first to third movable body drive method of the present
invention so that pattern formation with respect to the object
can be performed.

According to this method, by performing pattern
formation on the object mounted on the movable body driven
with good accuracy using any one of the first to third movable
body drive method of the present invention, it becomes possible
to form the pattern on the object with good accuracy.

According to the fifth aspect of the present invention,
there is provided a second pattern formation method in which
a pattern is formed on an object, wherein at least one of a
plurality of movable bodies including a movable body on which
the object is mounted is driven using any one of the first
to third movable body drive method of the present invention
so that pattern formation with respect to the object can be
performed.

According to this method, for pattern formation with
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According to the seventh aspect of the present invention, there is provided

a first exposure method in which a pattern is formed on an object by

irradiating an energy beam, where= 15 a movable body on which the

object is mounted is driven using any one of the first to third movable body

drive method of the present invention so that the energy beam and the

object are relatively moved. According to this method, for the relative

maovement of 20 the ener. eam,irradiated on the object and the object

the Scablo bady e WRCRthe Aee rbooiot b TG MhthLdod T Hovable
aceacy ysirg@ny-ene of the Jest dodbird mevable hoghyudrvemeethod BE first
the present invention. Accordingly, it becomes possible to form a pattern

on'ah BbjeEbwithfdobe2b a@rurkciisy seamtiAgeEkpdsarereseptcoriivg tion,
to the eighth ect of the present invention, there is provided a first
GUABIE D) HGE systoriat e Bnukble Bafy in Sribasea on one of

unkaxaal girestien, ihg system comprising: a first measurement unit that
measures positional 8 information of the movable body in the unTaxTal

direction; &\secordimeasaremremtivnitthat peedsuréstpesitioralent invention,
information of the movable body in the unTaxTal direction whose

shbft$éim stalifity ‘of readurdient Valties dteld the' fitst's mMesburBiment - 79 @
unita calibration yait that parformsaa galiration eperationofideciding o rmation

correction information so as to correct measurement values of the second
measorernent enpasirgrtheimeasurementvaluestof the fisstusing one of the
measurement unit; and a drive unit that drive the movable body in the 10

unTaxPd difediicR basddontthe MedSrBeht Vafies of the Seddty Present
megsyrement unit and the correction information. According to this

system, the calibration unit performs the calibration operation described

above, and-corredtion trfarmatien isrdecideddorcofredtimgthesent invention,

measurement values
there is provided a first exposure method in which a pattern
is formed on an object by irradiating an energy beam, wherein
a movable body on which the object is mounted is driven using
any one of the first to third movable body drive method of
the present invention so that the energy beam and the object
are relatively moved.

According to this method, for the relative movement of
the energy beam irradiated on the object and the object, the
movable body on which the object is mounted is driven with
good accuracy using any one of the first to third movable body
drive method of the present invention. Accordingly, it
becomes possible to form a pattern on an object with good
accuracy by scanning exposure.

According to the eighth aspect of the present invention,
there is provided a first movable body drive system that drives

a movable body in at least a uniaxial direction, the system

comprising: a first measurement unit that measures positional
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15 of the second measurement unit whose short-term stability of the
measurement values excels when compared with the first measurement

unit, using the measurement values of the first measurement unit. Then,

based on the measurement values of the second measurement unit and

the correction information, 20 the movablé body is driven in the unTaxTal
direction by the drive unit. Accordingly, it becomes possible to drive the
movable had i the untaxTal dirgqtion with aoad accuraey, based 0.8 s o,
measurement valués of the second measurément unit that have been
cogegleddisingnthesenreection informatiant25mthat Jse theomeasurement

values of positional information of the movable body in the unTaxTal
diréetforrwhbse ToAg-termseasility 9sisy favorableliaagditiod i@ - 1on whose
short-term stability, Accarding to the ninth aspect of the present invention, _.
o (RBIHS Pl Citled s CadonehmG U Ot AAE sy St Lthet Hvds a-ne Tirst
mayabla,bediwithina two-gdimensigraliplane parallel toa fipst axis-and a

second axis winch are orthogonal, the system comprising: a first grating
placedidrra plare paratiels totive twedimensiopakplane omthenrhovalsleion so
body that also Includes a gra-L.11-1g disposed periodically in a direction

pafailelfo fFeiSEAxiECs pir GF SBEoNE gHEE. 1951 g that ety fse Surement

dirggtion intsrsgcting.ajengitvdingl direction,gkthedirstgrarl 141G asurement
serving as a longitudinal direction on 10 a plane parallel to the
tweodimensionalepldme va the Movaite bddy,vendtare alse placed@pdyt inn the
a direction orthogonal to the longitudinal direction, and also each Include a

grab Pt peflodicaily ARpBsedh 8 dirbEor BardiEPRrthe seeondaxist the
a fust encoder that haga,head, ynit infarsecling (e Ladangitudindl a5 on .

direction of the first gra-L.11-1g, and measures positional information of

the movablechodyiinrie-direntienpatsakel totthe tirst axis atdnrghwithitheer forms
first gra-L.11-1g; a second encoder that has a head unit intersecting the .
longitBiditral diréctiorPsr tRBafr of¥ecoRd GFatifgs, aRe 2oy measuresrrection

pogiienalniormation qftheqnavaple bady in the,drection Bralelio e va1ves
second axis a ong with the pan- of second gratings; and a drive unit that

drives the nevabie hady hasedan-pasitionahinfermation-measuredtbythe ty of
first and second encoders. 25According to this system, as long as the
maovab|e"Bedy KaTiains withit @prederbmingtestrokenmyedviere head first

unit ot the first encoder has faces the fist gratings, and ajhead unitthat

the 'Sécond encoder has'faces atleast one o% e pair of fhie 8&con

grankaldnlantbgn, theifirst giarbrl1-3g 808 on the measurement values of
the second measurement unit and the correction information,
the movable body is driven in the uniaxial direction by the
drive unit. Accordingly, it becomes possible to drive the
movable body in the uniaxial direction with good accuracy,
based on the measurement values of the second measurement unit
that have been corrected using the correction information,
that is, the measurement values of positional information of
the movable body in the uniaxial direction whose long-term
stability is also favorable, in addition to the short-term
stability.

According to the ninth aspect of the present invention,
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10 the first encoder measure the positional information of the movable
body in the direction parallel to the first axis, and the second grating and
the second encoder measures the positional information of the movable
body in the direction 5 parallel to the second axis. Since the short-term
stability of the measurement values of thedfirst and second encoders is
favorable, the positional information of the movable body within the

two-dimensional plane, is measured with good accuracy. Then, the
i &R 0, h
m(;%va%i:eebégy s r?@%%]?%aéeé%ﬁ?ﬁ\g 118%6%%%%a}?%%m?a%neofstﬁétem that

mayable-bogdymeasiredhiyd th goed accunagy -Acardighs dibpcemesparallel
possible to drive the movable body with good accuracy. According to
thettenth Bspéect Githe prasent iReertivh, akére idiprevided thirdhmeeasieé, the

bOerédgve system that drives Loa ryovablte bod lvvithi a two-dimensional 1lel
plaS Spa?rrgllef)%p a first axis and a Second axis winch are 8rrfh%g%n%f?h]8ara ©
system-emprising: adifst grating thet extendsdna dirgctiondaralig) tethe: a1so
second axis with the direction serving as a longitudinal direction on the
movableibedy, anuralso hes @l20 gratihgoserioaitally disposeddn @i rection
direction parallel to the first axis; a second grating that extends in a

dirBEtiSh parall&tothE fifst'aiis #ith The dirketidn Sérviigad'a IGHgiutic =hat

d@rgg{gg}@n ﬁ%e_aEn%‘_i@n@%@QQM’ %B@é@é@ﬁ%@@“ﬁ%ﬁ?&@@&%%ﬁl direction
disposed in a direction parallel to the 25 second axis; a first encoder that

has & héad Gnit thatdntersects ske diregtiors paradlteh to. thedsecohddaxisandon on
measures positional information of the movable body in the direction

pafaliet ?&fhé’ﬁﬂ’s? SkfslalbAgtiith HHE fifst Bratig Aosedoréncduérithatovable
haﬁé%g%a%HBHJQ%t@F§§e§¥%yed apart in a direction orthogonal to

the longitudinal direction, and also each include a grating
periodically disposed in a direction parallel to the second
axis; a first encoder that has a head unit intersecting the
longitudinal direction of the first grating, and measures
positional information of the movable body in the direction
parallel to the first axis along with the first grating; a
second encoder that has a head unit intersecting the
longitudinal direction of the pair of second gratings, and
measures positional information of the movable body in the
direction parallel to the second axis along with the pair of
second gratings; and a drive unit that drives the movable body
based on positional information measured by the first and
second encoders.

According to this system, as long as the movable body
remains within a predetermined stroke range where a head unit
that the first encoder has faces the first gratings, and a
head unit that the second encoder has faces at least one of

the pair of the second grating, then, the first grating and
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the direction parallel to the first axis and measures positional information
of the movable body in the direction parallel to the second axis along with
the second grating; and a drive unit that drives the movable body based
on the 5 positional information measured by the first and second
encoders, wherein at least one of the first @and second encoders has a
plurality of the head units placed apart in the longitudinal direction.

Accrding fo this systany, Dy he (st grating and the 10, frst encders and -
the secondrgratlng andgt e second encoder, rotation (rotation aroun ?he

axisortogensd o, the twa=diniensianal plane)dn 1he two-dilersional axis, and
plane is measured, in addition to the positional information of the movable
bo#iyin frrecdirsttiohiParaliel 36 the-fist arisddl B3 felgdsifieaaures the

informatjco.n in the direction 1E)arallel%othe second axis. Further, si%cet e .
8?31 lOP%).lnf rmation o tPe Pova %$ ?O%%.ln the direction
short-term stability of the measurement values of the first and secon

engadersis favorable pesitionaldnformation(inclugdingdetationak rm stability
information) of the movable body within the two-dimensional 20 plane is
measuréd: with goodeaceuracie Then, basedien the positiodaldaformationcoders
of the movable bodymeasured]A/1th good accuracy, the drive unit drives

the fhovabie BEdy "ASLBTditYTy, it 68comes posible i dfive the Movabie © POy
bodly with-gaadkagciacy: ZoAcegrding o theeleventb aspectiofthen good

present invention, there is provided a fourth movable body drive system
that drives @aymovablenhodyhia atdeasi umTexdal directiony the, systemd on the

comprising: an encoder that irradiates a detection light on a grating placed

in 8%?&&@18%%&&&?&&%?%8}? i?e movable Dody measured with good

accuracy. Accordingly, it becomes possible to drive the
movable body with good accuracy.

According to the tenth aspect of the present invention,
there is provided a third movable body drive system that drives
a movable body within a two-dimensional plane parallel to a
first axis and a second axis which are orthogonal, the system
comprising: a first grating that extends in a direction
parallel to the second axis with the direction serving as a
longitudinal direction on the movable body, and also has a
grating periodically disposed in a direction parallel to the
first axis; a second grating that extends in a direction
parallel to the first axis with the direction serving as a
longitudinal direction on the movable body, and also has a
grating periodically disposed in a direction parallel to the
second axis; a first encoder that has a head unit that
intersects the direction parallel to the second axis and
measures positional information of the movable body in the
direction parallel to the first axis along with the first

grating; a second encoder that has a head unit that intersects
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serves as a periodical direction, on an upper surface of the movable body
and measures positional information of the movable body in the
predetermined direction based on a reflection light; and a drive unit that
drives the movable 5 body in the predetermined direction based on
measurement values of the encoder andicorrection information of a pitch
of the grating. According to this system, the drive unit drives the

mavable body Inhe predeteupined ditsction, hased g e 1 ooy
measurement values the encoder and the correction information of the

pitehy of grating1 Acearslingly.itbe roevable bosy-carsbe esiyenwithgoad rection
accuracy without being affected by drift or the like of the grating pitch. .
Ackérghirg Bolthetwelfth assett @f fhiel preseptimviéntion tisetheeegnd grating;

provided a first pattern formin a& aratus that forms a pattern on an
R (e U B i oril el SLA B Re S btiahr o on the

the,eljeet; andanyrane-ebtheistiofourth mouable body dhve systegrebng

the present invention, wherein the movable body drive system drives the
209novalsie bodiherr ahich thesobjéctissnedutited] $0 Bstaperformapattencoders
formation with respect to the object. Accordingto this apparatus, b

geRérating™ patterh Wit the Pattetimg JHItd Y tHE 61586t 61 tHemblabia®

body drhyen with-goag accuracy,using anyone of the first to fourth 25
movable body drive system of the present invention, it becomes possible

to form a pattenrdnag ¢ljechwithsgodteaccuracyhAccardiig ¢ortheing and the
thirteenth aspect of the present invention, there is provided a second

patterorfiiifs Apparatis thAFGiRTSa Patietn bhcan UhjeQStRe GRftd encoder,

rotation (rotation around the axis orthogonal to the
two-dimensional plane) in the two-dimensional plane is
measured, in addition to the positional information of the
movable body in the direction parallel to the first axis and
the positional information in the direction parallel to the
second axis. Further, since the short-term stability of the
measurement values of the first and second encoders is
favorable, positional information (including rotational
information) of the movable body within the two-dimensional
plane is measured with good accuracy. Then, based on the
positional information of the movable body measured with good
accuracy, thedrive unit drives the movable body. Accordingly,
it becomes possible to drive the movable body with good
accuracy.

According to the eleventh aspect of the present
invention, there is provided a fourth movable body drive system
that drives a movable body in at least uniaxial direction,
the system comprising: an encoder that irradiates a detection

light on a grating placed in a predetermined direction, which
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13 comprising: a patterning unit that generates a pattern on the Object; a
plurality of movable bodies including a movable body on winch the object

is mounted; and any one of the first to fourth movable body drive system

of the present invention, 5 wherein the movable body drive system drives

at least one of the plurality of movable badies so as to perform pattern
formation with respect to the object. According to this apparatus, for
paltem, fomation with rospect fo e abject, 2t Ieast.one, ol 3 PUIAIBLOL, o ¢he
movable 10 bodie§ s driven with good accuracy By any She of the first to
fourthymeyvabledendy-griversysiemeane the patterning ulib generates ar the
pattern on the object mounted on one of the movable bodies. According to
thetforieentiPashect bf tHepreseAe s vention Sthere isigrovideasdfish 2

exposye apparalys that forms a pattern on an obieetlby adiatngan ...\
energy beam, tne a aratus comprising. apé]t%ernlng uni ﬁaerra 1ates

the,grgray-beane op the obiest anckany: eae of the fiysttafosrthmavaplenent
body drive system of the present invention, 20 wherein the movable body

onwinhgk the 6bjdet ismovdted sndhiventing tHelmovablechodytdrive of a pitch
system so that the energy beam and the object are relatively moved.
AcRordni§ tothid apFaratus, for relative movement of the energy beam

iradiated on.the-ehjget fromdhe patieming 254nif and; the ohiget, thei ves the

movable body on winch the object is mounted is driven with good
accuragp Usingcahy ame oftkefirsttiefoarthimevakle bedy drive systemiobn the
the present invention. Accordingly, It becomes possible to form a pattern

onHrPSHIEEMFIRT gBBd dRturaty By SscannRiyéxfbistrd Mg4 correction

information of the pitch of grating. Accordingly, the movable
body can be driven with good accuracy without being affected
by drift or the like of the grating pitch.

According to the twelfth aspect of the present invention,
there is provided a first pattern forming apparatus that forms
a pattern on an object, the unit comprising: a patterning unit
that generates a pattern on the object; and any one of the
first to fourth movable body drive system of the present
invention, wherein the movable body drive system drives the
movable body on which the object is mounted so as to perform
pattern formation with respect to the object.

According to this apparatus, by generating a pattern
with the patterning unit on the object on the movable body
driven with good accuracy using any one of the first to fourth
movable body drive system of the present invention, it becomes
possible to form a pattern on an object with good accuracy.

According to the thirteenth aspect of the present
invention, there is provided a second pattern forming

apparatus that forms a pattern on an object, the unit
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According to the fifteenth aspect of the present invention, there is provided
a second exposure method in which an exposure operation by a
step-and-scan method that alternately repeats scanning exposure of
synchronously moving 5 a mask and an object in a predetermined
scanning direction so as to transfer a pattern formed on the mask onto a
divided area on the object and movement of the object to perform

scanning exposure on a following divided area is performed to

SeqURRtaly ahsfr the patiarn S A BIuralty of 10 diidid arBas 5athe” "
objgst,avhereinasitianal informatien-ofaypask stage-that helds thevaaske body
is measured with an encoder and movement of the mask stage is

controled; Wasetorrheastrermenovaliiesiof ietercbdermddorféionl rst to
inf(%rmatjC n of the mea urgmegt values of %he en%o%%r decided frgm.lS ‘5
posi%rrla m%?r‘ﬁ%}ﬁoﬁ of the’ mas \'é?agjc’é/ﬁsi%ra the encod&randan *1VEntren
interferometer At least dytingiseapning expesiiede eachwivided areast one of
and the correction information is calibrated, based on measurement

valtes af thve interfaronfeteoand ive bcbdes storeddufingrthe expospettern
operation by the 20 step-and-scan method. According to this method,

on EXpBRreBY the Step &iESdan ety 3THE Hext object, the

movement;of the magk %@%%rié‘lg&%!@iﬁ@,e&qs%ec@éE@ﬁﬁ@@ngfcion with
pattern transfer) of each divided area can be controlled with good 25

accurspydiased ongthegomeasyrementealtesrof thé engdderanhitly havenovable
been corrected using the correction information, that is, measurement

vafied ot the PoSibRENNTEratfst tRE THASIEStagE iRt SBEnMAgthe first
d'”E%“%H?%@%Q%%'i%%@%@@r‘?@g'@%t%ﬁ@"%JP addijantogood,  yn;+
short-term 15 stability. Accordingly, the pattern formed on the mask can
bedransterted antodhe gplurality tof < ivicpdareaswon the objecidy Saamingvable
exposure with good precision.

odies.

According to the fourteenth aspect of the present
invention, there is provided a first exposure apparatus that
forms a pattern on an object by irradiating an energy beam,
the apparatus comprising: a patterning unit that irradiates
the energy beam on the object; and any one of the first to
fourth movable body drive system of the present invention,
wherein the movable body on which the object is mounted is
driven by the movable body drive system so that the energy
beam and the object are relatively moved.

According to this apparatus, for relative movement of
the energy beam irradiated on the object from the patterning
unit and the object, the movable body on which the object is
mounted is driven with good accuracy using any one of the first
to fourth movable body drive system of the present invention.

Accordingly, it becomes possible to form a pattern on an object

with good accuracy by scanning exposure.
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According to the sixteenth aspect of the present 5 invention, there is
provided a second exposure apparatus that performs an exposure
operation by a step-and-scanmethodwinch alternately repeats scanning
exposure of synchronously moving a mask and an object in a
predetermined scanning direction so as to4ransfer a pattern formed on the
mask onto a divided 10 area on the object and movement of the object to
perform scaaning exposyre o a fplowing diyided area. the apparalls oo
comprising: a mas s%ge movable in at least the gcanning direction
holding:theimask: an abjest stage: Movableda ah leastdbe seanfidiithod in which
direction holding the object; an Interferometer 15 and an encoder that
medsufEPosSHERaldRIMEION oPthemaskiBtagedlindfescaniingd that

dire(f%on; ang control ugit that controls movement og the mﬁlsk stalgjejL .
baSed oh measurement vaiues of the encoder and corredtion intormation™ " 9
of theyyeasurement valuasof the encpderdecided flom pesitiond20irection
information of the mask stage using the encoder and the Interferometer at

least dusingoscarmiing expashed toeaach dividet areghandiealibratesthedivided
correction information, based on measurement values of the

Intri&fonTter fid el EfiCodet stbfet diiting the expostife)GdratiGn By® For™
the,23 stepand-scaamethed. o rAcerdingstosthisi apparatus, whendber o rmed

controller performs the exposure operation by the step-and-scan method
in Wincheaypatternas sequentied iydransierrec: ontora plurality of divided ity of
areas on an object, the controller controls the 16 movement of the mask

steige' bl ori e nasttEnieiit Galues B1HE eRcBas drdltet 1nformation
corectign information of the;measurgment values of the encodar.decided, . ye

from the positional information of the mask stage by the encoder and the 5
Interferometenduting thec seanning expesite 0f each dividaddredandd on
calibrates the correction information based on the measurement values of

thé"RREMEIDFEEr BA RS entdde? Sorediuring the exp6sireé Uperafigrmation
by dhe siep-ad:seanmatbod Accordingly, fhe movement oG ask .o,
stage during 16 scanning exposure (at the time of pattern tran§fe8 wit

respeet to each dividesk-areaiamtherohjaet aftesicalibeadiomcaniee the encoder
controlled with good precision, based on the measurement values of the
enédderathaf Rave beeresirestedtusheg fie calibfaedscorraetip exposure to

inform%tiocin th 15, measuremegt %%values of the 8ositior,£1al information
acC |ZI(_V% S atﬁea an e .COﬁre.Ctl ndﬁn ormation 1S
of fhe-mask $ age’in the stanning direction having good linearity an

longsterm:siakility i additionrie Hoedshort-term stability. Accardinghs dhemeter
pattern formed on the mask can be transferred with good accuracy onto
ﬂuapmugmy(ﬁ@ﬁmﬁﬁraﬁ;gﬁ@dﬂ@yring the exposure operation by the

step-and-scan method.

According to this method, on exposure by the
step-and-scan method to the next object, the movement of the
mask stage during scanning exposure (at the time of pattern
transfer) of each divided area can be controlled with good
accuracy, based on the measurement values of the encoder which
have been corrected using the correction information, that
is, measurement values of the positional information of the
mask stage in the scanning direction having good linearity

and long-term stability, in addition to good short-term
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20 object by the scanning exposure. According to the seventeenth

aspect of the present invention, there is provided a third exposure

apparatus that synchronously moves a mask and an object in

predetermined scanning direction with respect to an illumination light and

25 transfers a pattern formed on the masksonto the object, the apparatus
comprising: a mask stage movable in at least the scanning direction

holding the. mask; an object stage moyable in.at least the scannin

TS R (e Shbat A e et A7 o SHEcdef fafhe mask can
measure pasitierale 47 difesnatien pl theamask stagedntheisgannivgs on the
direction; a calibration unit that decides correction information in winch
medRURSheRtVEGES b e @dordiey Ecattédted @RhgAmeasreatent

values of tt&f Integerom%ter, l?lased.onCS m suremen;cresylt%ﬁ)f the .
Interferométef and the encc)ogfere, WIng greenmeagﬁl%edcby 8r|ving thé mask”
stage.in.the seanping direction &t aslon-speed atiadepeldo mingpdhe atus that
short-term variation of the measurement values of the Interferometer can
bergnidredisnd imeasakng positional inforimation 'of thex sk ddnstegjelind which
the scanning direction using the Interferometer and the encoder; and a

cofttrdiifthat €ontreRAmovEmENt St IHe TASK 5tagé duffig transtar oy moving

theap?f%%fﬁg Q%%e%ﬁn 5@%@@@5%9%16&\@1%%@%Hl%%@c%@ﬁﬂ%e_di rection
correction information. 15According to this apparatus, by the calibration

ungcthesmasktstage fsdriwepan the scanmingdirectioncatra slowspeed ativided
a level in winch the short-term variation of the measurement values of the

InteffEfMEter B5n BRIGAGTeY AnB tEBBEItioRAl iffsTmation Of tHe gk form
Stag&iﬂﬁ@%&%‘%}@&ﬁ%dgﬁcgo%ﬁ measied psingthe.lnterferometer . -4 tus

and the encoder. Then, based on the measurement results of the
Intederomeiengnd dhenepkodara gerrectiorbinéorination foeeertecdting theanning

measurement values oftheencoderusnigthemeasurementvalues of the
IntérférRSmeter fHat TS eDrreiBR formatioh foff 25 eBRectingthé e 1n at least

megsurement Yalesoldne pogofer whose Shorl . SRt oINS o roneter
| s the Interfe

ng t obje
measurement values exce ro%eter, USI%g the measurement
valyes efthe teiderametemwhese ineastyranc long-terer-stability, of thehe mask

measurement values excels the encoder, is decided. Then, the
stage in the scanning direction; and a control unit that
controls movement of the mask stage, based on measurement
values of the encoder and correction information of the
measurement values of the encoder decided from positional
information of the mask stage using the encoder and the
interferometer at least during scanning exposure to each
divided area, and calibrates the correction information,
based on measurement values of the interferometer and the
encoder stored during the exposure operation by the
step-and-scan method.

According to this apparatus, when the controller

performs the exposure operation by the step-and-scan method
inwhich a pattern is sequentially transferredonto aplurality

of divided areas on an object, the controller controls the
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18 control unit controls the movement of the mask stage during pattern

transfer, based on the measurement values of the encoder and the

correction information. Accordingly, it becomes possible to control the

movement of the mask stage 5 in the scanning direction during pattern

transfer with good accuracy, based on theameasurement values of the

encoder that has been corrected using the correction information, that is,

the measurement values, of the posifional information.of the mask stage in .,

the scanning direction having googﬁlnearlty 10 and long-term stagfﬁty, In

additionte geed sher-tern stalilityo Aceardingly, the paitet toimed ame

the mask can be transferred with good accuracy onto the object by the

ScaMTIAYG exPesiire Nctording ta the eihieenhirasipted of 1he greseppss tional

;”@%E%%Q%%%? provided ?ﬁfa"é’ghs‘%x Be e%a%%%raté%sc%‘é‘é r and. the
ynchronously moves a' mask and an object in predetermined scanning

direction-with sespect toaniiiyminationdight angd tansiers:apaitethch divided
formed on the mask onto the object, the apparatus comprising: a mask
stagecmovable irrdtilbastithe 20vscaming direction hbiding theomdsksad on the
object stage movable in at least the scanning_direction holdingrthe object;

anTfitePATSMEREr afit A Encoder that MESSIe 8sRIoHal Hormiaton-6r- 0 4e*
the.mask stage:inthe scanning irectiona caliration ynitthatperorms A scan

calibration operation of 25 correcting scaling error in a map information
thateleinotes azelatiod between the meastrementyalues ofidlsk stage during
Interferometer and the measurement values of the encoder, based on the

measurémemt \_‘?51885‘ Bf fﬁe (Iﬁferfé?Sm%fé‘iEarﬁftrﬁaéﬁ%H%r Eﬁéﬁl dbfdined’ 1 th
at a predetermined sampling taterval, 19 whilg bogition. §eg@9etpeé§ 88K ration

stage at a plurality of positions including a first position and a secon

positiarbwinch are positionstondaoth edgesi efiargnge sdietenthe measurement

illumination light is irradiated on a pattern area of a mask
values of the encoder that have been corrected using the
calibrated correction information, that is, measurement
values of the positional information of the mask stage in the
scanning direction having good linearity and long-term
stability, in addition to good short-term stability.
Accordingly, the pattern formed on the mask can be transferred
with good accuracy onto the plurality of divided areas on the
object by the scanning exposure.

According to the seventeenth aspect of the present
invention, there is provided a third exposure apparatus that
synchronously moves a mask and an object in predetermined
scanning direction with respect to an illumination light and
transfers a pattern formed on the mask onto the object, the
apparatus comprising: a mask stage movable in at least the
scanning direction holding the mask; an object stage movable

in at least the scanning direction holding the object; an

interferometer and an encoder that measure positional



10

15

20

25

5 subject to exposure; and a control unit that controls the movement of the

mask stage during transfer of the pattern, based on the measurement

values of the encoder and the map information after correction. According

to this apparatus, the calibration unit 10 obtains measurement values of

the Interferometer and the encoder at a predetermined sampling Interval

while position setting the mask stage at a plurality of positions including a

first position and.a second pesition winch are positions.on boih.edges ota o, 4
range where the |IIum|nat|onniL|gI31t is ffﬁrad}ate on a pattern area ofa

maskisubject 10 expesure nandhasedon the measurement yalies that in which
have been obtained, the calibration unit performs calibration operation of
coft@eti sEHting eFrdrif 2 map imforrmaton that tenofes s fdlgions1ng
between the me%sure ent valtues of the 20 I%terferometer %‘ld th%
measurement va s Oof the Aanterferometer as on

meéasurement values of the éncoder. Tha is, hé scaling érror 6fthe map
information-that denates & kelation betweepdthe measirement Malues ofncoder,
the encoder whose short-term stability of the measurement values excels

thevinterferonsetee andthe measurement vahsesefthes28 dsteferometercanning
whose linearity and Iong—term stability of the measurement values excels

théerétler &' cofretted: e, By thcontr&l it, baskd'or the® Short-term

mQ?é?P_E%rB?%V@%'%%f M&%@%@%@P%H@u@é@ﬁfgﬂgaﬁ%@ﬁ%r_ometer can
correction, the movement of the mask stage during pattern transfer is

cobteollerh 02@ Acezordinglys it hecgmesspdssible 1o controhthe imoverhehhe mask
of the mask sta%b%in the scanning direction during pattern transfer with

go5H 2EurdLy: HasHEroR tHnThprRforilioraftt cdtfedtiorFard igneter and
meél%é"%%%@&&'}’easn% the-gncadey. o BRIER REIGRIETINGEHA L of tne

DRAWI

mask stage during transfer of the pattern, based on the
measurement value of the encoder and the correction
information.

According to this apparatus, by the calibration unit,
the mask stage is driven in the scanning direction at a slow
speed at a level in which the short-term variation of the
measurement values of the interferometer can be ignored, and
the positional information of the mask stage in the scanning
direction is measured using the interferometer and the encoder.
Then, based on the measurement results of the interferometer
and the encoder, correction information for correcting the
measurement values of the encoder using the measurement values
of the interferometer, that is, correction information for
correcting the measurement values of the encoder whose
short-term stability of the measurement values excels the
interferometer, using the measurement values of the
interferometer whose linearity and long-term stability of the

measurement values excels the encoder, is decided. Then, the
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FIG. 1 is a view that shows a schematic arrangement of an exposure
apparatus related to an embodiment. FIG. 2 is a planar view that shows a
reticle stage, along 10 with an encoder system which measures positional
information of the reticle stage and an interferometer system. FIG. 3
is a planar view that shows a wafer stage,&along with an encoder and an
interferometer which measure positional information of the wafer stage.
15FIG. 4 is an extracted, view that shows a Y interferameter which .
s LAl i Na el gl CLASERR S
the-peighbaring sampenentsased R@. bis anvew thalnsghowsan example the
of an arrangement of an encoder. 20FIG. 6 is a block diagram of a control
systearpartialy omitied, Felated tol Stage TonHORGLaN exposife Gppatatus 1 t
related to an embodLr;rE[eent,CO FIG. 713 %I\I/ieew (g|‘\|70. 1@) for d?é%ribin%gsk

ecomes oSSl ...CONTYroO men e
switching operation of & posSition measurement System. D5RIG. 8% AVt

(Nen2)for desgribing & switching opesationef @ pesition reaswyementi th good
system. FIG. 9 is a view (No. 1) for describing a scanning operation of
a reticle stage foreegbdsuretinelutiagal switcmhgv#nkiag the meastimemenat: that

values) operation of an encoder on , , , ,
has’been corrected using the correction information, that is,

stage

the measurement values of the positional information of the
mask stage in the scanning direction having good linearity
and long-term stability, in addition to good short-term
stability. Accordingly, the pattern formed on the mask can
be transferred with good accuracy onto the object by the
scanning exposure.

According to the eighteenth aspect of the present
invention, there is provided a fourth exposure apparatus that
synchronously moves a mask and an object in predetermined
scanning direction with respect to an illumination light and
transfers a pattern formed on the mask onto the object, the
apparatus comprising: a mask stage movable in at least the
scanning direction holding the mask; an object stage movable
in at least the scanning direction holding the object; an
interferometer and an encoder that measure positional
information of the mask stage in the scanning direction; a
calibration unit that performs a calibration operation of
correcting scaling error in a map information that denotes
a relation between the measurement values of the
interferometer and the measurement values of the encoder,
based on the measurement values of the interferometer and the

encoder each obtained at a predetermined sampling interval,
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21 the reticle side. FIG. 10 is a view (No. 2) for describing a scanning
operation of a reticle stage for exposure includinga switching  (linking
the measurement values) operation of an encoder on 5 the reticle side.
FIG. 11 is a view (No. 3) for describing a scanning operation of a reticle
stage for exposure includinga switching (liaking the measurement values)
operation of an encoder on the reticle side. 10FIG. 12A is a view that

shO\HSfl state_in,which the wafer stage is_located at a position Wherelt € of
e B R S e S s oy o

FIGok2B isa yiew thaishews=a state th whichthe wafarstageds tacatedbsition
at a position where the area in the middle between 15 the center of the
waféyignid thecpériphieky of theowate? iidiresiBsurider 2hé& prejéctivredsit.the

FIG1 3A s aview ttlat _S@OWS a state where Ofh(()anwafer st%%e is located

t
a posTion wWhére the Vicinity of thé edge of tite Wafdr R the 3 Siets0f @ mask

dirgely; wnderdqyoiection whl 20:RY, and 511G+ 33B i aview that howsA s the
state where the wafer stage is located at a position where the vicinity of
thenedgenefhtheoaferin adirectior atananglwof-4s dedreestd thaX-axistern,
and the Y-axis when viewing from the center of the wafer is directly under

prdj@ciish Ghit PUS 28RS MTATRA Giel tHat Shols W Statd WRER tha Wafel© ™3P

Stag€formation after correction.

According to this apparatus, the calibration unit
obtains measurement values of the interferometer and the
encoder at a predetermined sampling interval while position
setting the mask stage at a plurality of positions including
a first position and a second position which are positions
on both edges of a range where the illumination light is
irradiated on a pattern area of a mask subject to exposure,
and based on the measurement values that have been obtained,
the calibration unit performs calibration operation of
correcting scaling error in a map information that denotes
a relation between the measurement values of the
interferometer and the measurement values of the encoder.
That is, the scaling error of the map information that denotes
a relation between the measurement values of the encoder whose
short-term stability of the measurement values excels the
interferometer and the measurement values of the
interferometer whose linearity and long-term stability of the
measurement values excels the encoder is corrected. Then, by
the control unit, based on the measurement values of the
encoder and the map information after correction, the movement

of the mask stage during pattern transfer is controlled.
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is located at a position where the vicinity of the edge of the wafer on the
+X side is directly under projection unit PU. 22 is obtained by a first
calibration operation of encoders 26A1, 26B1, and 26C1. FIG. 16 is
a view (No. 1) used for describing a second calibration operation for
calibrating measurement errors of 5encoders 26A1, 26B1, and 26C1.
FIG. 17 is a view (No. 2) used for describing a second calibration

operation for calibrating.measurement errors of encoders 2 A]\} 26B1
SR e B oirigrenent of

winche16hiss@btatnesby: a segend ealibration @peeationon ditGnd9is@tern
diagram that shows an example of a map winch is obtained by a second
calisration eperatidrdiop ealibratirRrmedsipement ehorsagt éndsdergtion after
26A1, 26B,1E,.and 2681,C IG. 20 is a view %sed ffr descr%bi[glg1 alon -t%rm
15%%ﬁ6rea(fioﬁoonpe?§tlon Faefirrg?gesd}brfaelf?oeﬁl opé’raa i%%)so measurement -
values of encoders 50A to 50D, that is, a view used for describing an

acquisition operation of correction information of a gra-L.11-1g pitch of a
mAEBBHER SO& S CGRI 8F 0o QEToMERioPBAWINGES-1g deformation.

20FIG. 21 is a view that shows measurement values of an .
FIG. 1 is a view that shows a schematic arrangement of

an exposure apparatus related to an embodiment.

FIG. 2 is a planar view that shows a reticle stage, along
with an encoder system which measures positional information
of the reticle stage and an interferometer system.

FIG. 3 is a planar view that shows a wafer stage, along
with an encoder and an interferometer which measure positional
information of the wafer stage.

FIG. 4 is an extracted view that shows a Y interferometer
which measures a position of wafer stage WST in FIG. 1, a Z
interferometer, and the neighboring components.

FIG. 5 is a view that shows an example of an arrangement
of an encoder.

FIG. 6 is a block diagram of a control system partially
omitted, related to stage control of an exposure apparatus
related to an embodiment.

FIG. 7 is a view (No. 1) for describing a switching
operation of a position measurement system.

FIG. 8 is a view (No. 2) for describing a switching
operation of a position measurement system.

FIG. 9 is a view (No. 1) for describing a scanning
operation of a reticle stage for exposure including a switching

(linking the measurement values) operation of an encoder on
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Interferometer and an encoder winch can be obtained through sequential
calibration of measurement errors of the encoder. FIG. 22 is a view

(No. 1) used for describing an acquisition operation of correction

information of a gra-L.11-1g 25 pitch of movement scales 44A and 44C

related to a modified example. FIG. 23 is a view (No. 2) used for

describing an acquisition operation of correction information of a

grac-ﬁ.ellflg %’%@ og j_mé)é/_ement scales 44A and 44C related to a modified

23 example. FIG. 24 is a view used for describing an acquisition operation

of correctigrrinfornmation of agrwl.Lilclg bne defermation {@rank:1d-kranning
line warp) of movement scales 44B and 5 44D related to a modified
examplea t 1orFps, 2595 3 Viensthag Shbws exinedified érampieleftaa switching

en (iderks%/stentﬂ fgr % wafer stagr(-%-,C IG. 56 ?ﬁ’ ?rvé%vi/ (’g?lato?%vyls gnco der on
tem for a wafer stage.

differént modifie exaerﬁﬁlgro ‘An‘encoo e?%;s/
the reticle side.

FIG. 11 is a view (No. 3) for describing a scanning
operation of a reticle stage for exposure including a switching
(linking the measurement values) operation of an encoder on
the reticle side.

FIG. 12A is a view that shows a state in which the wafer
stage is located at a position where the area around the center
of the wafer is directly under a projection unit, and FIG.
12B is a view that shows a state in which the wafer stage is
located at a position where the area in the middle between
the center of the wafer and the periphery of the wafer is
directly under the projection unit.

FIG. 13A is a view that shows a state where the wafer
stage is located at a position where the vicinity of the edge
of the wafer on the +Y side is directly under projection unit
PU, and FIG. 13B is a view that shows a state where the wafer
stage is located at a position where the vicinity of the edge
of the wafer in a direction at an angle of 45 degrees to the
X-axis and the Y-axis when viewing from the center of the wafer
is directly under projection unit PU.

FIG. 14 is a view that shows a state where the wafer stage
is located at a position where the vicinity of the edge of
the wafer on the +X side is directly under projection unit
PU.

FIG. 15 is a diagram that shows an example of a map which
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10FIG. 27 is a view that shows a modified example of a wafer stage used
in a liquid immersion exposure apparatus. BEST MODE FOR CARRYING
OUT THE INVENTION An embodiment of the present invention
will be described 15below, referring to FIGS. 1 to 21. FIG. 1 shows
the entire configuration of an exposure apparatus 100 related to the
embodiment. Exposure apparatus 100 is a scanning exposure apparatus

based a steps nd-scgn m thoq], that 1s, the so-called scar}ninlg DA
RS L W DB B e e AL A DO hn BpAch ety BTog® 26%

ater, a prOJe%ﬁgn opﬁgzﬂ gystem

arrapgeq intle epbadiment, and in the description below, a direction

parallel to an optical axis AX of projection optical system PL will be set as

the Z-axis B¥€ctidrt & directié®ih Witich a reticle P wefe Faidoraiativelyp e cond
scanng, wi1t1311-1 a pla@e 25 (%rtho%orlal to the. Z-axis will be set as the £
1-8s dirdétion; AntFs ditedtidh orthogonal to both the Z2axis ahd 1 axis ™ °*S ©
wilkhe sgtas thesX;axis ghirectigngFugher, the rotational (gradient)

direction around the X-axis, 1-ax1s, and Z-axis will be set as Ox direction,

Oy direction] @nd10z direetivne 24 (hespectivelyed fExpbsaire appaatas second

100 is equipped with an illumination system 10 that Includes a light source
A SR BrOBCAT SyStorAnd McTAAIes ETRATOF SHEH: RitOTS OF

anS,ilupinationdight (exposureightdlt, a reticle stage RST that holds
reticles R1 and R2, a projection unit PU, a wafer stage unit 12 that

Includes awdier $tagesWST oawvhich @ waferaNais meantetdcadiody BBpo which

on which reticle stage RST, projection_unit PU and the like are mounted, a
coﬁﬁoﬁ%&ﬂ%ﬁ?&wﬂﬁsé second calibration operation.

FIG. 19 is a diagram that shows an example of a map which
is obtained by a second calibration operation for calibrating
measurement errors of encoders 26A;, 26B;, and 26C;.

FIG. 20 is a view used for describing a long-term
calibration operation (a first calibration operation) of
measurement values of encoders 50A to 50D, that is, a view
used for describing an acquisition operation of correction
information of a grating pitch of a movement scale and
correction information of grating deformation.

FIG. 21 is a view that shows measurement values of an
interferometer and an encoder which can be obtained through
sequential calibration of measurement errors of the encoder.

FIG. 22 is a view (No. 1) used for describing an
acquisition operation of correction information of a grating
pitch of movement scales 44A and 44C related to a modified
example.

FIG. 23 is a view (No. 2) used for describing an
acquisition operation of correction information of a grating

pitch of movement scales 44A and 44C related to a modified
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10 components and the like. [llumination system 10 illuminates a slit
shaped illumination area IAR (refer to FIG. 2) that extends in the X-axis
direction set with a reticle blind (masking system) (not shown) on reticle
R1 or R2 by an illumination light IL 15 with a substantially uniform
illuminance. In this case, as illumination light IL, an ArF exczmer laser
beam (wavelength 193 nm) is used as an example. Reticle stage RST
is sélgpapntl)rg[eg on a reticle base 36 that configures the top plate of a second
coltimn 34 of reticle base 20 36, for example, via a clearance of several

pm by air beagings or the dke (Ret showd) asranged Oniits botten sifgeesition
As reticle stage RST, for example, a reticle stage that can hold one reticle,
or anwirrietiele sthge Warcahimove Mdepetidently While eachthgldingine

ong fetidle can be used. In 25 this embodiment 2 felicle SR0ebY8 . 445 ang
dotibleFetidle orfdeﬁqmet odthat ¢an Kold tvo retiCfeS At A tima i uSé&d.

Retigle stage RST 41 this gase rcanibe fipglydriven two-dimensionally (in

the X-axis direction, the 1-axis direction, and the Oz direction) within an XI

plane 25 gergendiculas te optical aXis PXSbbprojectioniopticafisystemoRE of an
by a reticle stage drive system 11 winch Includes a linear motor or the

likEFEr, itk 8ad8 RST ¥ar B dilveh%n reticle base 36 in a

predetermined seanning direction (il 5this,case; the d:@4$ modified example
directlon,whlchls the lateral direction of the page surface in FIG. 1) at a

designatedescamiing spestkby feticlexstegédrivetsystem 11. Reticle stage

RST can emﬁloy a coarse/fine movement structure as is disclosed in, for
FIG.”27 is a view that shows a modified example of a wafer

stage used in a liquid immersion exposure apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will be described
below, referring to FIGS. 1 to 21.

FIG. 1 shows the entire configuration of an exposure
apparatus 100 related to the embodiment. Exposure apparatus
100 is a scanning exposure apparatus based on a step-and-scan
method, that is, the so-called scanning stepper. As it will
be described later, a projection optical system PL is arranged
in the embodiment, and in the description below, a direction
parallel to an optical axis AX of projection optical system
PL will be set as the Z-axis direction, a direction in which
a reticle and a wafer are relatively scanned within a plane
orthogonal to the Z-axis will be set as the Y-axis direction,
and a direction orthogonal to both the Z-axis and Y-axis will
be set as the X-axis direction. Further, the rotational
(gradient) direction around the X-axis, Y-axis, and Z-axis

will be set as 0x direction, Oy direction, and 0z direction,
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example, Kokal (Japanese Patent Unexamined Application 10
Publication) No. 8-130179 (the corresponding U.S. Patent No. 6,721,034),
and its configuration is not Minified to the one referred to in this
embodiment (FIG. 2 or the fike). Reticle stage RST is configured so
that its positional information wfilfin the Xt plane (movement plane) can be
15 measured by a reticle Interferometer system, winch Includes a reticle Y
Iasreé Isntgrf%r.ov[geiter (hereinafter referred to as "reticle Y Interferometer")
16y and tﬁejﬁke, and an encoder system, winch Includes encoder heads

(hereinafter sphsteferregdde ast hieadsl) 26AL10i 26A3, R6€L th26CBi@ination
movement 20 scale 24A and the like shown in FIG. 1. FIG. 1 shows a

stade’ Wrire e tGppér édyel seifaceroflretiblesRI aAE R area@xposedmination
above movement scale 24dA. I—!Lolwev.er, his is fortthelsake olf converﬂgnce. th
wheh dlecs.%rlbi%iﬁstﬁgném‘)ibnodin%entl,J theretors, the actual State wil be e an
differentn 251 he sanfigurationanshthedikeiafetiglerstage REEandithec age RST
reticle Interferometer system and encoder system that measure the

positiot dfvéticlestage RST RiilfantheRX) parer@micvement plans) Rill be wafer
further described below. As is shown in FIG, 2, in the center of reticle

stayfe® 28 RBTT alrectiiduial ré ks PsBedo 2258 Forled, @ihd+ch @ water
extends na(rewdain the Jaxislisection (the.scanning diregionkin aplenalcr i on

view (when viewed from above). On the bottom surface 11-1slde
recessedBection 22)dwbisubstanrtialtyusquate apermmds b (net/shewn)fane these
formed side by side in the 1-axis direction, and in a state covering these

opERMGSTERGE R End héticte: K2 ‘are placed side by side in the 1-axis
direction. Reticles R1.and R ate ach yagyym,suctioned by & syction, 4

mechanism (not shown) such-as, for example, a vacuum chuck, winch is
illumination area IAR (refer to FIG. 2) that extends in the
X-axis direction set with a reticle blind (masking system)
(not shown) on reticle R1 or R2 by an illumination light IL
with a substantially uniform illuminance. In this case, as
illumination light IL, an ArF excimer laser beam (wavelength
193 nm) is used as an example.

Reticle stage RST is supported on a reticle base 36 that
configures the top plate of a second column 34 of reticle base
36, for example, via a clearance of several um by air bearings
or the like (not shown) arranged on its bottom surface. As
reticle stage RST, for example, a reticle stage that can hold
one reticle, or a twin reticle stage that can move
independently while each holding one reticle can be used. 1In
this embodiment, a reticle stage by a double reticle holder
method that can hold two reticles at a time is used.

Reticle stage RST, in this case, can be finely driven

two-dimensionally (in the X-axis direction, the Y-axis

direction, and the 0z direction) within an XY plane
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10 arranged on the bottom surface within recessed section 22 in the two
openings, on both sides in the X-axis direction. Further, on the +X

side edge section and -X side edge section on the upper surface of reticle

stage RST, a pair of movement scales 24A and 24B are arranged with the

1-axis 15 direction being the longitudinal Zrection, in an arrangement

symmetric to a center axis parallel to the 1-axis direction that passes the

Centee£ oéi”#m;ﬂ%%on@cr)eg I'%EQ (a]ff tal‘lxeies di?eq} theec?:[%ncgrelro tical system
substantial y coincides with op%lcal axis AX W ir?a?i?st plane (ogject Y
plame)rof projection120 optical system Bl Mavement sealesr24Aand 24B inear
are made of the same material (such as, for example, ceramics or low

thetataP expansion glass); arfdiart i surfade, alrefletlion thsd difffackendriven

gra—L.ll-%g that Eas a e6riod directiogi the 1-axis direction is fgr.med in .
on re clet ase% Jtl’l ﬁ pé%e enc[ermlnedsf Scad’l{ll% irection (in
an arrangement symmetric 10 the*25 center axis referred 1o above.

Mavement seales24A-and 248 atefixeshto feticle stageRSEdeka1 direction
example, by vacuum suction (or a plate spring) or the like, so that
expdnsion/certractionfdoes not BECur locally. Abdveirpowermenssealesng speed
24A and 24B_(on the +Z sfile), as 27 is shown in FIG, 2, two pairs o

he8dsZ6AT AN 26K, dhd D6BY Ahd™26B2 ustt fof hiedbdhigtHe ‘can enploy

pogitieeé&m@/ axis ‘EHEQ%@Q&?{G@E@RQ@QJ@C@Q @%V%E%%tl%%”é% 24 for
and 24B, in an arrangement symmetric to the center axis referred to
abevebfreter ts dHG1 1) Lithese hedds cneadszéAhand @6Bdrdrécation
placed at positions where their measurement centers substantia

c

Il
R Eltfo et AR iRE FAGALS ohBAt SREF FRRETRARE HirSeir iRt No-
pagses,thecenter %@Uﬂ%at@?&%rf@dégtﬁ@ﬁfi%@%gﬁsﬁr'it?&dcé:é‘”ihc?rthe one

heads 10 26A2 and 26B2 are respectively placed at positions the same
distartceraway fromi heads 26Ahand 26Bitin the&.Y directiorhalsbiike) .
plane with heads 26A1 and 26B1. Furthermore, also in plane with heads

26A1 and 2681 ahf i SyAfmeHY with Fieads 26A2 R 2682 redatdriythelonal

abg% 8¥%g%¥%HeQE ﬁ%ﬁaE%EQ£@egg%ne (movement plane) can be
measured by a reticle interferometer system, which includes
a reticle Y laser interferometer (hereinafter referred to as
“reticle Y interferometer”) 16y and the like, and an encoder
system, which includes encoder heads (hereinafter simply
referred to as “heads”) 26A; to 26A3, 26C; to 26C3, a movement
scale 24A and the like shown in FIG. 1. FIG. 1 shows a state
where the upper edge surface of reticles R1 and R2 are exposed
above movement scale 24A. However, this is for the sake of
convenience when describing the embodiment, therefore, the
actual state will be different.

The configuration and the like of reticle stage RST, and

the reticle interferometer system and encoder system that
measure the position of reticle stage RST within the XY plane

(movement plane) will be further described below.

As is shown in FIG. 2, in the center of reticle stage
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15 26A2 and 26B2 is placed at positions the same distance away from
heads 26A1 and 26B1 in the -Y direction. The three pairs of heads 26A1
and 26B1, 26A2 and 26B2, and 26A2 and 26132 are each fixed to reticle
base 36 via support members (not shown). Further, on the -X side of
movement scale 24A on the upper 20 sugface of reticle stage RST, a
movement scale 28 with the 1-axis direction being the longitudinal

dirﬁgt'ton is placed in fine with movegpent sccale %@A‘i anﬁd is fixed to reticle
, tend
stage R&I%y?%grn&uanﬁer,ev%ecaﬁr% suction (or a spﬁngoﬁg%‘?oﬁ?héﬁ}kee.x enas

Maveniesi sgale) 28rs made 0k the sameimaterial ass2h movement:seateson) in
24A and 24B (such as, for example, ceramics or low thermal expansion
glasg)lana brvieruppeesurtace sal réfietion sy diffrastich grafng emsurface

has a period direction.in the X-axis direction is formed covering almost the |

e G I e LS et 28 10 AR Mo a o LA B o Lo
the(h€ slde)o s Js shewndpidG. £ duoheads26GH and26C2 usedfotection,
measuring the position in the X-axis direction are arranged facing

maovethemt scalea2s: (rederctoiFIG. the ©f these heads rleddd-26CGlisa®d reticle
positioned substantially on the straight line émeasur,ement axis).in the

X-&xisHifedtion Rt paSSes thé tehter of iliminatior afed FAR préviousfy= 1 c1es
degarivec Fusther1ead26G2 is,laced at aqasitionindhe VidB e chani em

head 26A2, winch is a predetermined distance away from head 26C1 in
the(n¥ tlOsdhirectibnsand ats, inflane withfhieadsa2 6/4; 26A 2cand-the ikKeich is
Furthermore, also in plane with head 26C1 and in symmetry with head

26E212[9RfinG thE Hbdve thedsarehiértais, I hBad Y6eRplacsF 4P 22 i
osifjan & preglaringd distanse away ot Ngad ACAINING s rection.
direction. The three heads 26C1, 26C2, and 15 26C3 are eachfixedto

reticle base3bttia syppartthembers (nbt shown) skidthé @mbodimentsthée edge
nine heads 26A1 to 26A3, 26B1 to 2 6B3 , and 26C1 to 26C3 are fixed to
retiRF€ base 3BT Via stipporEheftbets foCdhawi): Rbfeter Ahefprésent Pa1r of

inventien.tspotiinted to s, and ik example, J06 feads GaDPe e v-axis
arrange in a frame member set on a floor surfac or a base plate

BSviaacvibratioe setatiore meehanismina 1 |6 the emkodiment headsangement
26A1 and 26B1 and movement scales 24A and 24B that face the heads .
coRstitlieta pail of Yalinedrteicotkets used fdrifeasring the/ pesitin @f rection

re%ﬂgt passes the center of illumination area IAR (in the

embodiment, the center substantially coincides with optical
axis AX within a first plane (object plane) of projection
optical system PL). Movement scales 24A and 24B are made of
the same material (such as, for example, ceramics or low
thermal expansion glass), and on the surface, a reflection
type diffraction grating that has a period direction in the
Y-axis direction is formed in an arrangement symmetric to the
center axis referred to above. Movement scales 24A and 24B
are fixed to reticle stage RST, for example, by vacuum suction
(or a plate spring) or the 1like, so that expansion/contraction
does not occur locally.

Above movement scales 24A and 24B (on the +Z side), as
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25stage RST in the Y-axis direction (Y posltlon). In the description below,
for the sake of convenience, thesellinear encoders will be indicated as Y
linear encoders 26A1 and 26B1 using the same reference numerals as
the heads. The measurement axes of Y linear encoders 26A1 and 26B1
29 are located the same distance away iathe X-axis direction from the
center of illumination area IAR (in the embodiment, coinciding with optical

axis AX,of projecti ptical system PL) prevjously described. at the
point o?%%ﬁgslﬁpe gr‘E é)'thg’lik?,é?mp gxlarn%pf)e? thee @Sogi%%ﬁ of | rceft\l% ep%fagaend .

RSInis measured) basednsan avgrage yajde of Hieimeasgrement yaluesction
of Y linear encoders 26A1 and 26B1. More specifically, the substantial
MeHStrémeAnaas for AicdBUTiAY THE PbsitioRakinfotATation &f #éffiole 1n an

Stage RST with Y linear egcoderE 26A1 10 an 2681}Pass th%oufgrh %ptjccal b
axis AX rclfig%rrnoejg(gtiosny (r)nﬁheca%ffstef)n SAGEor %Iglﬁ &t the [e)o% of © above
expesure or the like; the )Y, pogitiopraf setigle stage RSIcambe measyreds, are
using Y linear encoders 26A1 and 26B1 without Abbe errors. Furthermore,
rotatievadnfermation bf raticlevstage RIFE i 18¢he Ozedirattiondypawing)

is obtained based on the measurement values of Y linear encoders 26A1

and FEBT" UL Wirhiafly RSats 265 And 2B A5 A mobeRtent BEAE DARTent

tha&i@%gs the h&?éjsﬁa&@i@’@ﬂ%%@i\éﬁn%ﬁra%nwéé‘§e@ﬁ%r center of
measuring the Y position of reticle stage RST. Similarly, 20 heads 26B2

and RoBBiarxd movemerd stake 24Bthatfates des heatds éachvonstitiute heads
a Y linear encoder used for measuring the Y position of reticle stage RST.

In the'desdbtiotrbeiit forihRSakeot conbeniente theRBsy firgds the same
engqders yill each be-ndicated.as Yolinear encodess 26A2, g8A3y 2882, -1 on,

and 26B3 25 using'the same reference numerals as the heads.
also in plane with heads 26A; and 26B;. Furthermore, also in

plane with heads 26A; and 26B; and in symmetry with heads 26A;
and 26B, regarding the above measurement axis, a pair of heads
26A3 and 26B; is placed at positions the same distance away
from heads 26A; and 26B; in the -Y direction. The three pairs
of heads 26A; and 26B;, 26A, and 26B,;, and 26A3 and 26Bs; are
each fixed to reticle base 36 via support members (not shown) .
Further, on the —-X side of movement scale 24A on the upper
surface of reticle stage RST, a movement scale 28 with the
Y-axis direction being the longitudinal direction is placed
in line with movement scale 24A, and is fixed to reticle stage
RST by, for example, vacuum suction (or a spring plate) or
the like. Movement scale 28 is made of the same material as
movement scales 24A and 24B (such as, for example, ceramics
or low thermal expansion glass), and on the upper surface,
a reflection type diffraction grating that has a period
direction in the X-axis direction is formed covering almost

the entire length in the Y-axis direction.
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Further, head 26C1 and movement scale 28 that face the head constitute

an X linear encoder used for measuring the position of reticle stage RST

in the X-axis direction (an X position) along the straight line parallel to the

X-axis 30 direction (measurement axis) that passes through the center of
illumination area IAR previously describe@l In the description below, for

the sake of convenience, the X linear encoder will be indicated as X linear
encoder 26G,ysing.(he> same gierence pumeras a5 needd: o i< shown
Accordingly, at the point of exposure or the Iﬂ<e, e X position of reticle

stage RSE cam, be-measuragsusing X inearecoder26GlhwitheulsAkbeg the
errors. Similarly, heads 26C2 and‘ 26C3 and movement scale 28 each 10
coRstitiifelam X ineaechcodéruded W%@ﬁs@ﬂﬁgﬁhé@@ﬁ@ﬁtmtm@’ ement

stage RST,\n the description below for the.sake of convepience thesg .

. I . .
linéat encoders will each icated as Xlineéar encoders an

2662using thessaime seference nymerals 1as the heads.t159Ehe (measurement
measurement values of the nine linear encoders (hereinafter will also be

appropsintely réfeeredtoass'efdcoders D26 AT t-26C2 above lage sentter of
(refer_to FIG. 6) to a main controller 20 gefer to FIG. 1). The three

movehiBHY SChleL2 4R Z1BL AN dIE A St Sb SUT it it fengtHinthg: head

1-axigdirectian (cosrespending to: the formation range of the difftaction,,  whicnh
gratings in movement scales 24A and 24B, and the width of the diffraction
gratmgainpmevementsicadel 28) covers ¢herentirefarea di¢hel nitvement the +Y
strokes (movement ran?etge) of reticle stage RST in the 1-axis 25 direction

whigh'seahhity exposare 8f Wakst W s perorniedivia aftleasPBre bf the 1ike.
reficles R1gand Rz (n.the empodiment, in,atlaast duing Sbe Scanpning s ymme t vy

exposure and also during acceleration/deceleration and synchronous

settlinghperedi of reticle stagelRST heforesbnd aftes Hwigearsing axis, a head

exposure, for
26C3 is placed at a position a predetermined distance away from
head 26C; in the -Y direction. The three heads 26C;, 26C,, and
26C3 are each fixed to reticle base 36 via support members (not
shown). In the embodiment, the nine heads 26A; to 26A3, 26B;
to 26B3, and 26C; to 26Cs3 are fixed to reticle base 36 via support
members (not shown), however, the present invention is not
limited to this, and for example, the heads can be arranged
in a frame member set on a floor surface F or a base plate
BS via a vibration isolation mechanism.

In the embodiment, heads 26A; and 26B; and movement

scales 24A and 24B that face the heads constitute a pair of
Y linear encoders used for measuring the position of reticle
stage RST in the Y-axis direction (Y position). In the
description below, for the sake of convenience, these Y linear
encoders will be indicated as Y linear encoders 26A; and 26B;

using the same reference numerals as the heads.

The measurement axes of Y linear encoders 26A; and 26B;
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31 example, among heads 26A1, 26B1, and 26C1 (i=1 to 3), which make

a set in threes, at least one set of heads (measurement beams) is set so

that it does not move off its corresponding movement scale (diffraction

grating), that is, an 5 unmeasurable state is avoided). Further, the width
(corresponding to the width of the diffraction gratings in movement scales

24A and 24B, and the formation range of the diffraction grating in

movemelnt SC%“edZSC) of the thre movement scales 24A 24§ and 28(5;1lrectlon
the X-axis direction prewousFy aescrcbe isalso S|m|learly se?l so that it
coversitherentire area of the mevement istiokescof retiele(stagerRSdriBdb@ ment,
X-axis direction (in the embodiment, for example, among heads 26A1,

26B2iand 2609 {iz1ko qyt\ﬂ;;ﬁi@ﬂa make dhgebih hFeas it icastanielsatofsystem
he% z (measurem ntb amsl) t so th%t it d{g 15 not, tmove 9ff its

r VlOUS exposure oOor
correspénding Movemn er?t scae raction’grati ng)h?hgt IS, an P

unmeasurahle state isavoided), F@&l@leystggg RSTsap bedinely-ratatedige rsT
the Oz direction, therefore, the size (length and width) of the three
movenerit Seakes, 240 4B, amd28 described ezliercinalie Xaaxinangurement
Y-axis 20 directions is naturally decided also takmg into consideration the

rot4Homa Fanhe in tHESL iectidn” Sothat medsarathent byt ieBSEthet ca1 1Y+

threg dingas £ncaders126A1 s 26BLand 26C1 €9e$.0QthECOMEhe positional
unmeasurable due to this rotation. 25Furthermore, in the embodiment, in

thel sdanmirg: exposurerasing feticleé KZ; tR6 Positidnal infonmatioancoders 26A;
(includi gg at least the Eosmons in the X-axis and Y-axis directions and the

rotﬁﬁgn ire&itTEinthE DL Hire&tiory bf réticte stagePRTEArRETon optical
yE%qnbEthhe six lipear; encaders 26AL, 2642, 26B1.32 26132, 26G L, 11 ke,

6C2. Further, in the scanning exposure using reticle R1, the
posuﬁenal inforiation (NCluding @t éeast dhe paSitionsin the Xeaxisand using Y

1-axis directions and the rotational direction in the Oz direction) of reticle

stae’™s RS TeE4iP BE e dsttedBy the G nﬂ@éb@ﬁ&&é@@%ﬂr%ﬁs

26§ r%gB%m%6C1 andCZQ(.ltgnF rther |n th %g}?od hange oé RST in
reticles _e[ andrISZ iS per orme on t e % s e or the - ée Wlth respect
to ilumipationareailAR P{/%W%@y descrined; Ok setisledR1ds excharged rement

on the -Y side while reticle R2
values of Y linear encoders 26A; and 26B;.

Similarly, heads 26A, and 26A; and movement scale 24A
that faces the heads each constitute a Y linear encoder used
for measuring the Y position of reticle stage RST. Similarly,
heads 26B, and 26B3 and movement scale 24B that faces the heads
each constitute a Y linear encoder used for measuring the Y
position of reticle stage RST. 1In the description below, for
the sake of convenience, these Y linear encoders will each
be indicated as Y linear encoders 26A,, 26A3, 26B;, and 26B;
using the same reference numerals as the heads.

Further, head 26C; and movement scale 28 that face the
head constitute an X linear encoder used for measuring the
position of reticle stage RST in the X-axis direction (an X

position) along the straight line parallel to the X-axis



10

15

20

25

10 is exchanged on the +1 side, and also at such exchange positions, the
positional information of reticle stage RST can be measured using at least
three of the linear encoders 26A2, 26132, and 26C2 or linear encoders
26A2, 26132, and 26C2. In the embodiment, the encoder system for
reticle stage 15 RST is configured with th&three movement scales 24A,
24B, and 28 and a head unit that has nine heads 26A1 to 26A2, 26B1 to

26132, and 26C1 to 26C2. however,.th nfiguration of the encode
R A e Y O Pine center

head unit canimerely, have dyee reads26A1,s20,26B% ~anth26C1L. Im thige
case, when the position of reticle stage RST becomes unmeasurable by
line&rssricaelers 263 1 28B 11 andZBC £ akthe feticla exehangeposition‘orl 1near

while maving (0 fe fetile exchange posifion, e posiion of retcle stage,
BSTcanbemeasured, for example, using a different measuremen 5un|,

or gblgast-a partoflhe reticle Interferometer system refereddo eatlier. o+ the
Further, in the embodiment, the three movement scales 24A, 24B, and 28

areofixett to feticle stage R8T Wsing Bksuctidremechanismona platespringe stage
or the like, however, besides such ways, for example, a screw clamp can

33 uSEd GItHBIfAETon Grathiy Can Bedife Gt foNRBA- oI feticie o1t 2bbe

stage, RST. Furthermore, in the embodiment, movement scales 24A, 24B,

and 28 are arranged on the upper surface (illumination system side) of

reticle stageiR$Ta5 hpweverd mévemenidsedies 244, 248 reemdt28 cahe 28 each
also be arranged on the lower surface (projection optical system szde), or

the" FRABEMENt 6f tHe Read-Gifits” ((FRo0EFPeadE and mdvanTént sedles?e X
246,248 180d 28 desqrined epdiar sanbe reversed dbatis, feepd Uiy, o

can be arranged on reticle stage RST and movement 10scales 24A, 24B,
and28 carkbe arrangedonitbe bodytsidese X Theteticle ntedderometen 1 each

system is equipped with reticle Y Interferometer 16y and a reticle X
InteffetSiéfet UB%, a3 8 SHOWAT in FIGSI2and 6 CAS RSO inFIBY L he same

retﬂrcéef%(rlxre]%eéfeer%@neléerralpsx as the heads.

The measurement values of the nine linear encoders
(hereinafter will also be appropriately referred to as
“encoders”) 26A; to 26Cs; above are sent (refer to FIG. 6) to
a main controller 20 (refer to FIG. 1).

The three movement scales 24A, 24B, and 28 are set so
that their length in the Y-axis direction (corresponding to
the formation range of the diffraction gratings in movement
scales 24A and 24B, and the width of the diffraction grating
in movement scale 28) covers the entire area of the movement
strokes (movement range) of reticle stage RST in the Y-axis
direction when scanning exposure of wafer W is performed via
at least one of reticles Rl and R2 (in the embodiment, in at
least during the scanning exposure and also during
acceleration/deceleration and synchronous settling period of

reticle stage RST before and after the scanning exposure, for
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15 Includes a sensor head 19A (not shown in FIG. 1) and an optical

system unit 19B fixed to the edge surface of reticle stage RST on the +X

side. Sensor head 19A is fixed on the upper surface of reticle base

36, and sensor head 19A Incorporates a light source, an 20 optical

system, two analyzers (polarzzers), two photoelectric conversion elements

and the like inside. As the light source, a two-frequency laser that uses the
Zeeman effect is used.,The optical sys enlarges sectional sh of ..
e Y DA T TP e i he Hor Dol roclon Ly o8 g "hiich
is shown in K&. 2nateass BMavhasessactional shape fsieniatgednsasurement
emitted from sensor head 19. Then, in optical system unit 19B, beam BM

is §FiRHfO thd BedmsCahtidhelsf thessplit bedndyis PitdérorrafiFstsponding

beam splitter (not shown) , which splits the beam into easurement
oI i 59 Ferar b G Rle A Gt beBnPRMbAE réfected

by anreflgstionsudace: afa planas mikrae a1, whilg the teferance heamis
reflected, for example, by the reflection surface of reticle stage RST, and

thefcretuisto tide fisstbearhbplitter Btwhere it isscohicehtricatlyon gratings in

synthesized and then is output from optical system unit 19B. Similarly, the
ot ERTIE A I8 MTor R Sebond KEAh SHRtSP B ShoWr WA : the

splifs E%Q@@%@@@a@?&é%ﬁ'ﬂ%@%@ @B’E?—l%n%% refergnce Reammovement
Measurement beam BM2 is reflected by a reflection surface of 10 a planar

migor2&swhilé thezréfereace beamiis reflectédator example, thyothepreviously
reflection surface of reticle stage RST, and then returns to the second

bedRPSIARS WhErE I8 contantitally yhtheszEi ahditherPEBitpPe entire
from aptical systerm yl A8 Althouoh itis qt showa I e A6aWIgS L5y o

in the embodiment, planar mirror 21 is fixed to a part of body B
desdrikettaartier,isudthas cfob edample; to feticle-base136 ohthenseeerts 264,

column 34, or to a barrel platform (main frame) 38 of a first column 32
whidtPwill Bedéscribéd Tatet Ih the dESERPIBA <SORLTHer! Fefuin AgRts 2t Least

from hoth _the first and, the, second beam.splztters |nside optical system .
R ey e o e B S el BNz o B ey does

respeetivie vefergrcei bears desereetiabove)setiraie seasardheati ¥3Aaction
Inside sensor head 19A, these return lights are incident on 25 separate
andlyzéisnga thehoptiéa systeransthedlplarfefarice lighy algrdfromReticle
each analyzer are received separatelﬁb the two photoelectric conversion

clGIEHES, St FRBHehEB SIgh AR ARC Ry T0-Bath of B m@erdniter = T07e
lightsargisant to &.gjgnak proGessing) system etshawnhvement scales 244,

24B, and 28 described earlier in the X-axis and Y-axis
directions is naturally decided also taking into
consideration the rotational range in the 0z direction, so
that measurement by at least the three linear encoders 264,
26B;, and 26C; does not become unmeasurable due to this
rotation.

Furthermore, in the embodiment, in the scanning exposure
using reticle R2, the positional information (including at
least the positions in the X-axis and Y-axis directions and

the rotational direction in the 0z direction) of reticle stage

RST can be measured by the six linear encoders 26A;, 26A,, 26B;,
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35 Then, based on the Interference signals of each photoelectric
conversion element, the signal processing system uses a phase change
that occurs due to a Doppler shift in the phase of the measurement beam
with respect to the phase of the reference 5 beam to perform a
heterodyne detection for measuring the chiange in the Interference signals
caused by the phase change. And then, from the change of the

nisgerence sinals gt have el dtected, NE.SANEROCESSNG oo wsing

systent constantly detects‘the posmonaﬁ ‘information of reticle sta

in 1Q the-Xeaxg diregionpattheinadiation peints of preasurementibRAMS least
BM' and BM2 with planar mirror 21 serving as a reference, that is, the X
positien&ldRforARLieN bt réticte StaRfeIRST A the Rralfatibrpeinfsopfs and the
measurement beams BM' and BM2, at a resolution of, for example,

appfoxirately o s Chm 98 RetitleSy eftrdificter 1by % a Michétstn S t29¢

hetesedyne laserdnterfecomeer thatemploys aiworfreguency daser that,, 268,
uses the Zeeman effect as its light source as in reticle X Interferometer

16xX.0Reticko¥1Interféragmeter 16y cohstanthrdéteets i Hposition of xeficlage of
e RST via a movable mirror 20 %such as a planar mirror or a
|

t :
et REAGOEN T8 RARR (el LrenERsag RAT bt arblBItior b f6Y Side
exgmple..appreximately;Q.5.4 d-nm; witha fixed mirgr 14 {refento Bl ived,

fixed to the side surface of a barrel 40 configuring projection unit PU
serving as aaéferance. Atdeasteanpard 25roftreticleY htedernomieter 16y icle R2

(for example, an optical unit excluding the light source) is fixed, for

exampIEHIFTTicR: Badd's6' Y 51 ¥fie X'PoSHiGRat infofmafcitHERARE fiid tons.
axes gfgslisle X Inieriarometer Lo agd the.Y ositonaldnarmaion 9 asurea

36 reticle Y Interferometer 16y is sent to main controller 20 (refer to FIG.

6).usinghe teticia hterfarometer system previotishhdestribedisequippad, and

with X Interferometer 16x that has sensor head
26C, or linear encoders 26A3, 26Bs3, and 26Cs.

In the embodiment, the encoder system for reticle stage

RST is configured with the three movement scales 24A, 24B,
and 28 and a head unit that has nine heads 26A; to 26A3, 26B;
to 26B3, and 26C; to 26Cs, however, the configuration of the
encoder system is not limited to the one shown in FIG. 2, and
for example, the head unit can merely have three heads, 264,
26B;, and 26C;. In this case, when the position of reticle
stage RST becomes unmeasurable by linear encoders 26A;, 26Bi,
and 26C; at the reticle exchange position or while moving to
the reticle exchange position, the position of reticle stage
RST can be measured, for example, using a different measurement
unit, or at least a part of the reticle interferometer system
referred to earlier. Further, in the embodiment, the three
movement scales 24A, 24B, and 28 are fixed to reticle stage

RST using a suction mechanism, a plate spring or the like,

however, besides such ways, for example, a screw clamp can
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5 19A and optical system unit 19B arranged in reticle stage RST,

however, the configuration of X Interferometer 16x is not Minted to tins,

and for example, the arrangement of optical system unit 19B and planar

mirror 21 can be reversed, or more specifically, a configuration in winch a
measurement beam from 10 optical system unit 19B placed on reticle

base 36 is irradiated on a reflection surface (corresponding to planar

mirror 21) formed extending in the, 1-axis direction on_the side, surface of

retitle Siage RST cah alSh b srapleyed. FUrheroré, sensor head LA i6” ™
arranged endeticlehase 36 howeverfos dlbsaxample, atleastapartint,
sensor head 19A can be arranged on a frame member different from body
BDIFiriher tin3he eafbotithent; 88 the reflectionsurfacedogteé on the upper
Interfergmeter(o e reticle.lnterferoryeter sj}/gt m, oval%le rﬂirrort15 or o
the'like fefErred to Bartier fixed on Yhe %IBgS surface of 20 reficle sicf’agaeg © !
RSTisdiaed, howavesninsiead ekmavable mirrenbo or-example; e arranged
reflection surface, winch can be obtained by mirror polishing the edge
sudacel{sidecsiaface)faeticlecstage RSP rcapalsode siset cFurtheg in or the
the embodiment, Y Interferometer 16y had one measurement axis and X

25NETRFSNEEF 16X had Hwd' TheaSurBhieit akes Howe 08 the Huhber Scates

of measusement axisgan;be Jfor sxample. reversed bgween theX@xis hat is,
direction and the 1-axis direction, or both of the Interferometers can each

havé éwocadmoretaxes.rBspecialynipahechatter ttase e s intgder6Meted 16y ement
can measure 37 the rotational information in the Ox direction (pitching) of

retitfé $&eRET anthX IRBHeromERTE 18R cah TRESES fe e FotaLONAY Side-
informationin the Qy direction (rolling) gt reticlesfage RST; 54&1%8%%‘5%'1 th

apparatus 100 of the embodiment, the measurement values of retic
Intederometey systemst&eoand dbylare used anlydaorcdlibratianoérferometer
measurement values of encoders 26A1l, 26B1, 26C1 and the like, winch

will b ded€ribed RS Bndontexposure 8p&rafion, the position of reticle

stage 10 RST is coftrolled PEC%QE’&Q ® m?%‘%%el%e% valyes g e r 16x
encoder system on the reticle side. Especially the position of reticle stage

RSIhduarig: scanig exprsure ioeontielted iywmnamcentzollen 20 basedptical
on the measurement values of encoders 26A1, 26B1, and 26C1.

Aceurligly tasit cafhefdagily 1Bintdfin€dlfienFRIG.SE orréxpostte le stage
operation, a switching aperation (linking the measurement values) of the
eng(%erot?set or Jﬁ%]si%rof Tontrol of reticle stage RST has to be
performedsRetadls will ke describeg;later ipthedesghiptionur face of reticle

base 36, and sensor head 19A incorporates a light source, an
optical system, two analyzers (polarizers), two photoelectric
conversion elements and the 1like inside. As the light source,
a two-frequency laser that uses the Zeeman effect is used.
The optical system enlarges the sectional shape of the laser
beam from this light source in the horizontal direction, and
as is shown in FIG. 2, a beam BM whose sectional shape is

enlarged is emitted from sensor head 19. Then, in optical
system unit 19B, beam BM is split into two beams, and one of
the split beams is incident on a first beamsplitter (not shown),

which splits the beam into a measurement beam BM; and a
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Above reticle stage RST, a pair of reticle alignment 20 systems 13A and
13B (not shown in FIG. 1, refer to FIG. 6), each consisting of an alignment
system by a TTR (Through The Reticle) method that uses light of the
exposure wavelength for detecting a pair of flduclal marks on wafer stage
WST and a corresponding pair of reticle avarks on the reticle at the 25

same time via projection optical system PL, is arranged in the X-axis
direction at a predetermined distance. As the pair of reticle alignment

Sy R SR » et LR b T B by

disgloseddn.ifern exappleKokah (dapanesepexaninedsRatest the reference
Application Publication) No. 38 7-176468 (the corresponding U.S. Patent
NP 86U6,418% dhe Hie fike £an Isscased.e, LPréfestioh LhitPU ¢nheldsypce of

a praen;cgfc Od\s/ %%’;é) %Lg)f/ retic('ie tsllla%e ReScT !:nn?%b ]‘illlseo %yi%?seii'rsil_oéam splitter

e an] r u
equmppedwmt st 5 column 32 arranged on frame ¢as

Installed-ondfloar syraee Fraof acleansiponnand theyseeandeQlumn3d put from
fixed on the first column 32. Frame caster FC is equipped with a base

plate® BS kaid hipazentally bh fldd surfacelE candaplofeditydfhe . shreetlpeam 1is
(or four), leg sections 39 (however, the Ie,ggsection in the depth of the

pad8 Shifats ot 18, SEisBHflitteerit R driimis) tixedGir Bade pidte B SP11ts
Thefiestrolumn 32]s equipped-with abaseel plasferm (main fraree) 38ce bean.

winch is supported substantially 15 horizontally by a plurality of, e.g. three
(oMeunpfirst@ibrabemisiation sneeclfdrsms & fixed mdividualyonghe face of
upper end of the plurality of leg sections 39 that configures frame caster

FC? IR bafteF plaiforfi 387 A ciftlifat opehifhg” (Mot SRBWR) 263 fotmed £ 1ected,
subgantiglly, i e egnter, and iy the airghlar anening rojeglion it PLle gsr,

is Inserted from above and is held by barrel platform 38 via a flange FL

arranged loarthe outerrcircumferentiabsectiono &imthepipper surfaceoé it is

bagggcentrically synthesized and then is output from optical
system unit 19B. Although it is not shown in the drawings,
in the embodiment, planar mirror 21 is fixed to a part of body
BD described earlier, such as, for example, to reticle base
36 of the second column 34, or to a barrel platform (main frame)
38 of a first column 32 which will be described later in the
description.

Further, return lights fromboth the first and the second
beam splitters inside optical system unit 19B (synthesized
light of measurement beams BM; and BM, and the respective
reference beams described above) return to sensor head 19A.
Inside sensor head 19A, these return lights are incident on
separate analyzers via the optical system, and the
interference lights output from each analyzer are received
separately by the two photoelectric conversion elements, and

interference signals according to each of the interference

lights are sent to a signal processing system (not shown).
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platform 38, at positions surroundmngprojectmonunmt PU, one 25 end
(the lower end) of a plurality of, e.g. three (or four), legs 41 (however, the
leg in the depth of the page surface of FIG. 1 is omitted in the drawings) is
fixed. The other end (the upper end) of these legs 41 is substantially flush
on a horizontal surface, and on each of thé upper end surface 39 of legs
41, the lower surface of reticle base 36 described earlier is fixed. In the

manner described above, the plurality of legs.41 horizontally supports .
et B 56 THAL 15 refile base 36 And Tage 41 that support fahciR: 17 ie

base 56 -eanstitute-thersecand-colimnn 84 1o relicta hgse36: @h apeRing phase
36a, winch serves as a path for illumination light IL, is formed in the
cenfernge Prgjecion whit PUaneRideSbarer40 dhatiias a cyindehase of the

hollow shape with flange FLG arranged, and projection o tica%lo syste
P SR U1 AL BF Dol GRS sehts hetd iR oarel 3b. Thtue < Ference

embhogiment orojsetion Hait Bl wasdnounted opbarel RIatiormi38; the change

however, as is disclosed in, for example, the pamphlet of International
Pubficatien WIQ20067088952 andthe fikeaprofjettion thie Rthear bdhange. And

supported 15 by suspension with respect to a mainframe member (not
ShORAf placbB abovE pIOREBNUNERD dribTBHAETASE 36 B e KBt have

As QI?CH%‘E opticdy Sysiem Plyforexamplesa dieptrc, §¥%ﬁ”_bi§ﬂr!§€9nt ly
consisting of a plurality of lenses (lens 20 elements) that are disposed

alohgteptical akis A awinchis: parallébtorthe iLaxisdineetion.lRrojectipn RST in
optical system PL js, for example, a both-side telecentric dloptric system

thelt Mas‘a prddefbiirfiied frojgbtioh mabhfitation (Lt 48 bReXquaReroF emen
O”Bégﬁﬁé'%ﬁls)a%eéﬁ‘;%%%hﬁﬂanar mirror 21 serving as a reference,

that is, the X positional information of reticle stage RST
at the irradiation points of measurement beams BM; and BMj,
at a resolution of, for example, approximately 0.5 to 1 nm.

Reticle Y interferometer 16y is a Michelson heterodyne
laser interferometer that employs a two-frequency laser that
uses the Zeeman effect as its light source as in reticle X
interferometer 16x. Reticle Y interferometer 16y constantly
detects the Yposition of reticle stage RST via amovablemirror
(such as a planar mirror or a retroreflector) 15, which is
fixed to reticle stage RST, at a resolution of, for example,
approximately 0.5 to 1 nm, with a fixed mirror 14 (refer to
FIG. 1) fixed to the side surface of a barrel 40 configuring
projection unit PU serving as a reference. At least a part
of reticle Y interferometer 16y (for example, an optical unit
excluding the light source) is fixed, for example, to reticle
base 36.

The X positional information from the two axes of reticle

X interferometer 16x and the Y positional information from
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25 illumination light IL from illumination system 10 illuminates illumination

area IAR, a reduced Image of the =cult pattern (a reduced Image of a part

of the =cult pattern) is formed within illumination area IAR, with

illumination light IL that has passed through the reticle (R1 or R2) whose

pattern surface 40 substantially coincide3awith the first plane (object

plane) of projection optical system PL, in an area conjugate to illumination
reA AR pn wafer W (exposyre. area) whose suifaceds cgated witha, o), . 59
resist (a sensitive agent and is place dn Bthe second prinane (Image

plapey sige, via projection optical system PL. And by reticle stage RST

and wafer stage WST being synchronously driven, the reticle is relatively

moved in théscamirglgiréatior feavisdieEtions With Fespéeptes ly described

illumination, area JAR (illumination light IL) while er W 10 is relativel
OB B s AR T e arie HEE Hhal BiBtieHlor nead

exposursares (Humination ight i) thuspscanning exposure of aishatt age rsT,
area (divided area) on wafer W is performed, and the pattern of the reticle

is fransfered obte theosHot direa tTilvat Tsf inKthenémbbdineert L85 tHeox is not
pattern is generated on wafer W by illumination system 10, the reticle, and

projBtior-Optical'System Y At t5arPBY tie exBostre: 6 tHE SaRSitve °Pt+oal

layey, fresistlayer) osawaier Wi with illyminationdlight L, the patiernisy, or more
formed on wafer W. 20Wafer stage unit 12 is equipped with a stage base

71swinchfis sapperted substantiaiythonizontallyiloyh s pheratityrein{e gt theegn from
or four) second vibration isolation mechanisms (omitted in drawings)

pladRb i asE Prate BS! afel stage WP pliadetaisobe thelfpper t rradiated
suiace, of stage hase, /1, g wafer 25 Sl guve see L 1AM thatdrives . o1

wafer stage WST, and the like. Stage base 71 is made of a flat plate,

wirchrisealse cated arplatformhand the uppet sudacets timshed soithatsurface

the degree of flatness is extremely high. The upper surface serves as 41
of reticle stage RST can also be employed. Furthermore,
sensor head 19A is arranged on reticle base 36, however, for
example, at least a part of sensor head 19A can be arranged
on a frame member different from body BD. Further, in the
embodiment, as the reflection surface for the interferometer
of the reticle interferometer system, movable mirror 15 or
the like referred to earlier fixed on the edge surface of
reticle stage RST is used, however, instead of movable mirror
15, for example, a reflection surface, which can be obtained
by mirror polishing the edge surface (side surface) of reticle
stage RST, can also be used. Further, in the embodiment, Y
interferometer 16y had one measurement axis and X
interferometer 16x had two measurement axes, however, the
number of measurement axis can be, for example, reversed
between the X-axis direction and the Y-axis direction, or both

of the interferometers can each have two or more axes.

Especially in the latter case, Y interferometer 16y can measure



10

15

20

25

a guide surface when wafer stage WST moves. Wafer stage WST has a

main section and a table section above the main section, and is driven, for
example, in directions of six degrees of freedom, which are the X-axis 5
direction, the Y-axis direction, the Z-axis direction, the Ox direction, the Oy
direction, and the Oz direction by wafer stage drive system 27 that

includes, for example, linear motors, voice coil motors or the like. Wafer

stage WST can alsolem&(y a confi%ur.atiot , for, 10 example, in hic{;l h £
wa erestﬁaté%%%ﬁg eqluipperdn (ith & Wwakers Sg%Xm frt S&ction driven iat*d) ©
least the-Xaxés digectionT the ¥ -axis firectin: anditbe Qzdirectiomaure the
linear motor or the like, and a wafer table that is finely driven on the wafer
stagetmairosectionrin atlesst the Zraxthdiréotion] 16the @x directibhnandof

the Oy direction by a i@%e coil motor or the like. On wafer stage WST
reticle stage . . . .
(or'to be'more precise, on'the table section mentioned above) , wafer W is

mounted vigha wafershelden(not shewn), and wafer W isfixeditadhewvafene

holder, for 20 example, by vacuum suction (or electrostatic suction) or the
likenFuathezma configlregionis employed innwiach positiehalkirdositation 6bx and
wafer stage WST within the XY plane %movement plane) can be measured

by both hendbdér §ystémitRat rfutes¥s hlad tnits 48BE FBE Gy a1 ues ©of
46Drpndimovement ssales 44Bc44Gd the like, which will be described

later, and on exposure operation, the position of reticle stage
RST is controlled according to measurement values of the
encoder system on the reticle side. Especially the position
of reticle stage RST during scanning exposure is controlled
by main controller 20, based on the measurement values of
encoders 26A;, 26B;, and 26C;. Accordingly, as it canbe easily
imagined from FIG. 2, on exposure operation, a switching
operation (linking the measurement values) of the encoder used
for position control of reticle stage RST has to be performed.
Details will be described later in the description.

Above reticle stage RST, a pair of reticle alignment
systems 13A and 13B (not shown in FIG. 1, refer to FIG. 6),
each consisting of an alignment system by a TTR (Through The
Reticle) method that uses light of the exposure wavelength
for detecting a pair of fiducial marks on wafer stage WST and
a corresponding pair of reticle marks on the reticle at the
same time via projection optical system PL, is arranged in
the X-axis direction at a predetermined distance. As the pair
of reticle alignment systems 13A and 13B, a system having a
structure similar to the one disclosed in, for example, Kokai

(Japanese Unexamined Patent Application Publication) No.
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and 44D and the like and a wafer laser Interferometer system (hereinafter
referred to as "wafer Interferometer system") 18, shown in FIG. 1. Next,
details on the configuration and the like of the encoder system for wafer
stage WST and wafer 42 Interferometer system 18 will be described.

As is shown in FIG. 3, on the upper surfate of wafer stage WST, four
movement scales 44A to 44D are fixed surrounding wafer W. More

specificallys oyement scales 444419, 440 .a'ﬂ“? 5pm%‘%%t‘|’fﬁf%e. S%'f,“%z;q 413) and
material (such as, for exampfé), ceramics or 16w therma expansion g éss]),
andmn theisurfage, aeflectign type diffraction grating that has a period

direction in the longmmummnaldilectionmm formed. The

dilfractiongratmimgmmm formed hBVingSa piteH, Tor example, bétweety 4pm below
to 138 o, 19 In thisemiodiment, ne diffigction prating o formed having ¢ .

a 1r8mlp| ¢h.3n he Sake of convéniencs inthe wing, the

pitel, of;the arating wilh he dndjgatednuch wider thaa the,aetwal pitch, Thel oo r
same applies to other drawings. The longitudinal direction of movement

scales Ad@camd 45 44C temtidesowith e Lhexis directibrrimlEiG) 33 antixed on
movement scales 44A and 44C are arranged in symmetry with respect to

a cehferlinethat5asE¥s thfough the center of wafer stage WST

(QOHS!dereﬁ%@d&%H@’_aﬁ&e HE_”QE%J% and,171) pargliel fothe La4g 1519
direction, and each diffraction grating 20 formed on movement scales 44A
andddCisrdlsd placed il symmetryaegardirgthe ¢enterling. Smte these three
movement scales 44A and 44C have diffraction gratings arranged

peri6dicafy i th_elf%x%eﬁEp‘ﬁBﬁ, fﬁr}%vé]ﬁ?é?ﬁ‘é%érest'm Shd éﬁéﬁ?’éﬁé’n in the
used fonmeasuring the. positien of wafernstage WSTIndbe 3-XiS he grawings)

fixed on base plate BS.

The first column 32 is equipped with a barrel platform
(main frame) 38, which is supported substantially
horizontally by a plurality of, e.g. three (or four), first
vibration isolation mechanisms 58 fixed individually on the
upper end of the plurality of leg sections 39 that configures
frame caster FC.

In barrel platform 38, a circular opening (not shown)
is formed substantially in the center, and in the circular
opening, projection unit PU is inserted from above and is held
by barrel platform 38 via a flange FLG arranged on the outer
circumferential section. On the upper surface of barrel
platform 38, at positions surrounding projection unit PU, one
end (the lower end) of a plurality of, e.g. three (or four),
legs 41 (however, the leg in the depth of the page surface
of FIG. 1 is omitted in the drawings) is fixed. The other end
(the upper end) of these legs 41 is substantially flush on

a horizontal surface, and on each of the upper end surface
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25direction. Further, the longitudinal direction of movement scales
44B and 44D commmmiles with the X-axis direction in FIG. 3, and
movement scales 44B and 44D are arranged in symmetry with respect to
a center line that passes through the center of 43 wafer stage WST
(considered excluding movable mirrors 17X and 171) parallel to the X-axis
direction, and each diffraction grating formed on movement scales 44B

and 44D 15 aisq placed I symmelry teqarding the contey pe. Singe these. . .q

movement 5 scales an ave diffraction gratings arrange

pedadicalyrinitbe X-axis dirgctiony, 1ovement sgalesddikandd4i-grethe
used for measuring the position of wafer stage WST in the X-axis
direetiore 1a FYGo 1 the $tatelis khowaoniierb wafep iy 3 ERpased: £0 abovee 36.

mayvement scale 44C, however, this is for the kBOf convenience, and
e oot Sarthes b b AhaEnd ST TATA D e SUEH P ahree it Le base

subsgtaptialyrsame height, oepesitioned ahave the upper serface obwaterss, an
W. Meanwhile, as is obvious from FIGS. land 3, four encoder 15 head

unity ¢mereinafies shotténdd oe'tiead wriit"p46A th 46Drarelplagedration light
crossing. the corresponding movement scales 44A to 44D, in a state

whete thefoli? BiGoderh SUTSurd the periphery of the lowest end of

projection P_Elié é%@@%f%icﬂr%@ﬂéi%@%%uﬁgPﬂéP@Htﬁi@lé‘% RS 4 cylinder
from the point 20 of avoiding confusion, these head units 46A to 46D are

actually dixegtodramwelpglatioanB8 ii.a suspended statedviara $appdrdn optical

member. Head units 46A and 46C are placed on the -X side and +X
RT3 Bl oRCUHIE PG Wit te ToRgitciial dirctioRFS Behgrthents held

X'%SQ%E%@’MUCW%0@989891%&8191%@9itﬁ?@j”‘éﬁi{%@%ﬁi@epu was
corresponding movement scales 44A and 44C (the I-axis direction in FIG.
3) nandhiseads@ placedria sypimetfy ragarglinghopticat axissAXiof pitojectiosed in,
optical system PL. Further, head units 46B and 46D are placed on the 44
for example, the pamphlet of International Publication
W02006/038952 and the 1ike, projection unit PU can be supported
by suspension with respect to a mainframe member (not shown)
placed above projection unit PU or to reticle base 36, or the
like.

As projection optical system PL, for example, a dioptric
system is used consisting of a plurality of lenses (lens
elements) that are disposed along optical axis AX, which is
parallel to the Z-axis direction. Projection optical system
PL is, for example, a both-side telecentric dioptric system
that has a predetermined projection magnification (such as
one-quarter or one-fifth times). Therefore, when
illumination light IL from illumination system 10 illuminates
illumination area IAR, a reduced image of the circuit pattern
(a reduced image of a part of the circuit pattern) is formed

within illumination area IAR, with illumination light IL that

has passed through the reticle (R1 or R2) whose pattern surface
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+1 side and -1 side of projection unit PU with the longitudinal direction

bell-1g the 1-axis direction, winch is orthogonal to the longitudinal

direction of the corresponding movement scales 44B and 44D (the X-axis
direction in FIG. 3), and is 5 also placed in symmetry regarding optical

axis AX of projection optical system PL. 40 Head units 46A to 46D can

each be a unit that has, for example, a single head or a plurality of heads

that are disposed seamlessly. In the embodiment, however, as in. FIG,
0T e S e T heat B B wrane
of, efg peleverrbeads 48a 1o 48k sgispesedat, a predeatermived istanesitte to
the longitudinal direction. Incidentally, in head units 46A to 46D, the

plukalityof hehdsarethspdsEdadt & istante(sor et wofacamtawd heagsvfrface
the, 15é)lurgliy of.g; ads do not?o astraey from.the corres Pndincg . 1 q
movement secaléﬂiL i rziictﬁ)ensglr% mé)a, or i othier words, at’around the? -2 ©F
samedistanss oramatrwerithagdhe width ofthediffiactiop 58 «ti-d8 iBptical
the direction orthogonal to the longitudinal direction (disposal direction of
thesdiffrantidi-20gratl. D1~ I tof tHe moveraent Scalel wa fEeastanied6AT being
constitutes a multiple-lens (t?yige or to be more accurate, an eleven-lens 'Y

linGaPEHEOIRY BOAY Efet 15 FIGT BT, Winchie Bqtippéd tith Henld B8 th i the

48K, fon M UHHQéQ‘%lBQS“@?ﬂQ&E{V@f‘%ﬁ%é%%ﬁ_ a}lﬁ%wggspect to
movement 25 scale 44A. Further, head unit 46B constitutes an

elevehdens Xtinear @needéABOBi(tefemtionBIG.B) foi gleaslringthe X wafer W
position of wafer stage WST alon%lgith movement scale 44B. Further,

head URRABE EEHSHIRESH eibveérifers P TiRaaFencdter DR (rdfer £ S
FIG; 6).for measuiing;the Y.pasition 45 of wafer stage WST along With; 4t 5 on

movement scale 44C. Further, head unit 46D constitutes an eleven-lens X
linedregncader, 5S0Du(seferdorbEl Gy @xfoo measuring tiecX pasition of wiaderd area)
stage WST along with movement scale 44D. The measurement values of
5 étieodBf<S50A t6 50DCarE SRt fb niai! cohPolRt 26 T thef embBdifféntc e 1s

thec]‘}’é‘rﬁé‘ ad unit 464 to ﬁ}%’ are supparted b}‘hséjépleé‘s“)”nfr%p b%ﬁ{gladiment,
platform™38, however, in the case exposure apparatus 100 of FIG. 1 has a

configurptien éxrwinck prejestian anitd?U issuppartesd by suspensian withsystem

re%ﬂ?Ftthe reticle, and projection optical system PL, and then
by the exposure of the sensitive layer (resist layer) on wafer
W with illumination light IL, the pattern is formed on wafer
W.

Wafer stage unit 12 is equipped with a stage base 71,
which is supported substantially horizontally by a plurality
of (e.g. three or four) second vibration isolation mechanisms
(omitted in drawings) placed on base plate BS, wafer stage
WST placed above the upper surface of stage base 71, a wafer
stage drive section 27 that drives wafer stage WST, and the
like.

Stage base 71 ismade of a flat plate, which isalsocalled

aplatform, and the upper surface is finished so that the degree

of flatness is extremely high. The upper surface serves as
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10 to a mainframe member or a reticle base 36, for example, head units
46A to 46D can be supported by suspension Integrally with projection unit
PU, or the four head units 46A to 46D can be arranged Independently
from projection unit PU in a measurement frame supported by suspension
from the mainframe 15 member or from réticle base 36. Further, as is
shown in FIG. 1, positional information of wafer stage WST is constantly
detected by water nterferometer system 15, winchyirradiates
measurement beams on movable mirrors f% an fixed or wafer stage

WST, at a @28 resokitiagofitor exasplenappraxdmately 0580 4 rapWafeection
Interferometer system 18 has at least a part of its system (for example,

theabptical bht exeludirkethielignt setke) fixed i bamelfplatiemrB8lica 1n

suspended.state. At least a part of wafer Interferometer system 18 can be, .
uPROSE By 35 epsntion TGPl itk RrjSctn G PO, OF Sai -t

arranged in the measurementdrame asds describad abouei s 4iA%iStion, the
shown in FIG. 3, on wafer stage WST, Ymovablemyrror 171 that has a
refectiinrsurfaicergrthbgofal thithecl=axis disecliari avibehds tee s¢amning wafer
direction, and X movable 46 mirror 17X that has a reflection surface

orthbg8iTat to' thie LAxiS Hirdction which 184R& ni sEatilg SirectiBfi2ard o tors

actyally. arranged, InFIG; 1, howeyer, these mirrors are representatively
shown as movable mirror 17. 5As is shown in FIG. 3, wafer Interferometer

system 18Wmdades fiegyint@ideromaeters| svhiemarey v waferr¥figuration, for
Interferometer 181, two wafer X Interferometers 18X1 and 18X2, and two

Z IRteHErGMeters 1871 3hd'2822. AL HiERe"tRE Inferfefbmidtss, Yath & wafer
18X 1, 18X7, 1821 and 1824, 3 Mighelson,10 heterodyne lptataromater .. oy,

is used that employs a two-frequency laser that uses the Zeeman eftect.

Of these Inteferometers, asnyaferd tnerigrometerci8lh @ pplti-axisrear motor
Interferometer is used that has a plurality of measurement axes including

twe Fnéakurémenit ar8s, whith e symimétrzéwsithls finely driven on the

wafer stage main section in at least the Z-axis direction,
the 0x direction, and the Oy direction by a voice coil motor
or the like.

On wafer stage WST (or to be more precise, on the table
section mentioned above), wafer W is mounted via a wafer holder
(not shown), and wafer W is fixed to the wafer holder, for
example, by vacuum suction (or electrostatic suction) or the
like.

Further, a configuration is employed in which positional
information of wafer stage WST within the XY plane (movement
plane) can be measured by both an encoder system that includes
head units 46B, 46C, and 46D and movement scales 44B, 44C,
and 44D and the like and a wafer laser interferometer system
(hereinafter referred to as “wafer interferometer system”)
18, shown in FIG. 1. Next, details on the configuration and

the like of the encoder system for wafer stage WST and wafer
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15 respect to an axis (center axis) parallel to the 1-axis passing through
optical axis AX of projection optical axis AX (the center of the exposure
area previously described) and the detection center of an alignment
system ALG, as is shown in FIG. 3. 20Wafer X Interferometer 18X1
irradiates a measurement beam on movatile mirror 17X along a
measurement axis that passes through optical axis AX of projection

optica) system Pl naralleltp dhe Xeaxis-Wafer X, Inferferometer 18X1
measures the posmona? }]n%ormatlon oflt%le reﬁectlon surface of 25

movable migor 4 Bk owhich uses the, refleetiensuisiagasoft lixedomitf@Fe r stage
fixed to the side surface of barrel 40 of projection unit PU as a reference, .
asie X gositiormermar Sty WST . AWafer X Aterferomdierxegxgurrounding

inadiates g meqgement 47 bearn on movable Mnor LIXalopga o y4py o
measurement axis tha Basses t roug¥‘(the etection center of allgnment

systearALE parallel ta-the Xeaxis, andsmeassykes the-pesitigpak, ceramics or
information of the reflection surface of movable mirror 17X, winch uses the

5 réflectior sudaceafanfixethmitros fixedao dhersidessarfade ofalignmentect ion
system ALG as a reference, as the X position of wafer stage WST.

FurtkBF ot the™Stdé SGadé of tiFmairt Sebfich B Wafer¥tage WET L 10 the
the, s¥ 5lde, mevable;pirrar A3 whose longifudingl dQdiFection s dn Beating 1s

X-axis direction is attached via a kinematic support mechanism (not
shewnpas isshong ia GSH, afd 4. Apaibofe] Intedeametersad8Zd 138 nm.

and 1872 that constitutes a part of Interferometer system 18 and irradiates |
In this embodiment, the diffraction grating is formed having

a 1 pm pitch. In FIG. 3, for the sake of convenience in the
drawing, the pitch of the grating will be indicated much wider
than the actual pitch. The same applies to other drawings.

The longitudinal direction of movement scales 44A and
44C coincides with the Y-axis direction in FIG. 3, and movement
scales 44A and 44C are arranged in symmetry with respect to
a center line that passes through the center of wafer stage
WST (considered excluding movable mirrors 17X and 17Y)
parallel to the Y-axis direction, andeach diffraction grating
formed on movement scales 44A and 44C is alsoplaced in symmetry
regarding the center line. Since these movement scales 44A
and 44C have diffraction gratings arranged periodically in
the Y-axis direction, movement scales 44A and 44C are used
for measuring the position of wafer stage WST in the Y-axis
direction.

Further, the longitudinal direction of movement scales
44B and 44D coincides with the X-axis direction in FIG. 3,
and movement scales 44B and 44D are arranged in symmetry with

respect to a center line that passes through the center of
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15 a measurement beam on movable mirror 43 is arranged, facing

movable mirror 43 (refer to FIGS. 3 and 4). More particularly, as is shown

in FIGS. 3 and 4, the length of movable mirror 43 in the X-axis direction is

longer than movable mirror 171, and is made of a member that has a

hexagonal sectional shape, 20 winch looks like a rectangle and an

Isosceles trapezoid combined together. Milrorpolisifingls applied on the

surfase of movablg minor 43 ondfie 4 . side,, and (e roflpction surfaces  anq
43%7, fa, nd 43¢ shown in 4 Are Tormed. Reflection surface 43a
configuresdhe edge susfaceork23 the +Yiside of srgvableimigen4di afdtaction
is parallel to the XZ plane as well as extending in the X-axis direction.
Reflsetiomsuifacaadbrvnfigurestie seddcsadftéent b fHP+Zsigé op placed

refliezctg)nm%Jrg:ace ﬁl_ﬁ%a,aarnc(}iiirs1 (facr llel tona glgr&eitrilltgd b a %reed tergneinrcﬁctglvemen .
anglré A Clockwide ditéctionin 48 FIG 4 With respectto the Elane

and alsa-extends imthepkaxisdicections Reflection syrface d3c gonfigires

the surface adjacent to the -Z side of reflection surface 43a, and is

arranged i sprietiy witreréftection durfacec4 3t withps ¢affetticitsuidacd 4B and
43a in between. As is obvious from FIGS. 3 and 4, Z Interferometers

1821 At f822° e repeliiitly amafgbd Dniutie sid8 and th diiver sigg e ST

of Y Interfergmeter181;indhe Xsaxis direction, spaced apart at
substantially the same distance and also at a position 10 slightly lower

than Y Interferemeterll8he stAsds showhawklGBeBand£ s W is exposed
Interferometers 1871 and 1 8 Z2 proj ect measurement beams B1 and B2

onFBREGIJROMTRE 4307 45€, rebpEGiRly, aidhgthes-akE the sake of
diregion. 10 the-embadiment, a ixed mirpr 448 athasa ellection) o s 44a o

surface 15 on winch measurement beam B1 reflected off reflection
suddcei43bads almast perpardicibartyaimcident arschadixed mircgréd¢Bothat t ioned
has a reflection surface on winch measurement beam B2 reflected off

reffidefiBh stiffaceRBe s atdst@erpéndiediady theident are arranged,

eaCheHGW%% %h@fe,asjjzobviousfromETGS.leﬂmi3,fourencoder

head units (hereinafter shortened to “head unit”) 46A to 46D
are placed crossing the corresponding movement scales 44A to
44D, in a state where the four encoder heads surround the
periphery of the lowest end of projection unit PU from four
directions. Although it is omitted in FIG. 1 from the point
of avoiding confusion, these head units 46A to 46D are actually
fixed to barrel platform 38 in a suspended state via a support
member.

Head units 46A and 46C are placed on the -X side and +X
side of projection unit PU with the longitudinal direction
being the X-axis direction, which is orthogonal to the
longitudinal direction of the corresponding movement scales
44A and 44C (the Y-axis direction in FIG. 3), and is alsoplaced
in symmetry regarding optical axis AX of projection optical

system PL. Further, head units 46B and 46D are placed on the
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20 X-axis direction. Fixed mirrors 47A and 47B are supported, for
example, using the same support section (not shown) arranged in barrel
platform 38. Incidentally, fixed mirrors 47A and 47B can also be supported
using the measurement frame previously 25described. As is shown in
FIG. 3, Y Interferometer 181 project measdrement beams B41 and B42 on
movable mirror 171, along the measurement axes in the 1-axis direction,

winch are spaced aparty the, same distance on the,- 3t side and +X.819¢ g inal
from 49 a straight line paracﬁel o the L-axis passim-1g througth the

projection:ceyier faptical axisy AXx fefed 1o-EG 1 bhof projeationsoptieadlogonal to
system PL, and by receiving the respective reflection beams, Y
IntéFeroheeter 18 tetdcts tHeepssitonal 5 infernfiohoinrdiel siageovement

WST in the 1-axis directi he ifradiation point of measurement beams .
B4 %#%F§4 gﬁl d.%éﬁ%%% g—a S &ar ég%%Qean E}é].gzﬁoand is

AN X1
Ifie using tne re %ctlon surface O% mirror fixe

the,side purface;of barehAld of prejestion HRitBYasa refarence o H#G5ection
4, measurement beams B41 and B42 are representatively 10 shown as
meastuieraéntshyedmBAL.  Further, Y Interferometer 181 projects a
measurement beam B3 toward reflection surface 43a of movable mirror

43 along a' fié&sUrehieht aXis Imthe’t-axid dréction winchlid bositiohed® s for
substaptially in the center, betsen easuemeptlokeams Bl andBa% nosed

in a planar view and also positioned at the -Z side of measurement beams
B44aadlB42 Irva side vigvg addoydriecentng hsasusermenatsbeéamB3G. 3
reflected off reflection surface 43a, Y Interferometer 181 detects the

positiBRAISRTOTAatiBR bf réflétlionSute 434 6f hovable itz unit has a
20(that Is, wafer, stage WST) jnuthe 1yaxisdirection, , , Main epatrollery .+ 5

20 computes the Y position of movable mirror 171, that Ts, wafer table
WTB {wates steage-W SIh)s bases onrantaverage yaltuedifrthe ndasucement
values of the measurement axes corresponding to measurement beams

B4ingnePes Bad lof iv Intdifetonieter 3815k Grthék mai CoRtraifér 2g-y of heads

are disposed at a distance so that adjacent two heads of the
plurality of heads do not go astray from the corresponding
movement scale (diffraction grating), or in other words, at
around the same distance or narrower than the width of the
diffraction grating in the direction orthogonal to the
longitudinal direction (disposal direction of thediffraction
grating) of the movement scale.

Head unit 46A constitutes a multiple-lens type, or to
be more accurate, an eleven-lens Y linear encoder 50A (refer
to FIG. 6), which is equipped with heads 48a to 48k, for
measuring the Y position of wafer stage WST along with movement
scale 44A. Further, head unit 46B constitutes an eleven-lens
X linear encoder 50B (refer to FIG. 6) for measuring the X
position of wafer stage WST along with movement scale 44B.
Further, head unit 46C constitutes an eleven-lens Y linear

encoder 50C (refer to FIG. 6) for measuring the Y position
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computes the displacement of wafer stage WST in the Ox direction
(pitching amount), based on the | position of movable mirror 171 and
reflection surface 43a of movable mirror 43. Further, measurement beams
B1 and B2 projected from Z 50 Interferometers 18Z1 and 18Z2 are
respectively incident on reflection surfaces43b and 43c of movable mirror
43 at a predetermined incident angle (the angle is 0/2), and are reflected

offseflection surfaces 43b.and 43¢ and are.5 perpendioulary ingident 00,

are stage )
the refiAéctlon sur age ) |xe8 mirr and en, measurement

beamsBland B2reflestediafftixed mircors ddA-arch 478 aie eespestivelyer 50D
reflected again by reflection surfaces 43b and 43c, and then are received
by Z'mfefeiomEters 1871 and 871 10NYtHé €asethe tisptaceher 6er stage

waf tage WST, (that is, movable mirror 43) in t@ﬁ 1-axis direction is A
e S L et hyg Lues o

the-apticad patislength vanatien-ALdof measuement bgamBlandthe 1n the
optical path length variation AL2 of measurement beam 15 B2 received by

Z |aterfeiometdrs 1874 ahd 187 2cartespeadtivéhfexpredsad agin supported by
equations (1) and (2) below. ALLYAY x cos0 - AZo x sIn0(1) AL2A1 x

coS( FPRZG XKEdEY™ P AL chrdiidly, Hom equatBiY tTy and (2) &z525€
and AY, 20can bsphtained hy the, followingequatians (33 83914t ion in which

projection unit PU is supported by suspension with respect
to a mainframe member or a reticle base 36, for example, head
units 46A to 46D can be supported by suspension integrally
with projection unit PU, or the four head units 46A to 46D
can be arranged independently from projection unit PU in a
measurement frame supported by suspension from the mainframe
member or from reticle base 36.

Further, as is shown in FIG. 1, positional information
of wafer stage WST is constantly detected by wafer
interferometer system 18, which irradiates measurement beams
on movable mirrors 17 and 43 fixed on wafer stage WST, at a
resolution of, for example, approximately 0.5 to 1 nm. Wafer
interferometer system 18 has at least a part of its system
(for example, the optical unit excluding the light source)
fixed to barrel platform 38 in a suspended state. At least
a part of wafer interferometer system 18 can be supported by
suspension integrally with projection unit PU, or can be
arranged in the measurement frame as is described above.

As is shown in FIG. 3, onwafer stage WST, Y movablemirror
17Y that has a reflection surface orthogonal to the Y-axis

direction, which is the scanning direction, and X movable
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AZo = (AL2 - AL1)/ 2s1n0(3) AY = (AL1 + AL2)/ 2cos0(4) The above
displacementsAZo and AY are obtained by each of Z Interferometers
1871 and 18Z2. Therefore, the 25 displacements obtained by Z
Interferometer 18Z1 will be AZoR and AYoR, and the displacements
obtained by Z Interferometer 1822 will betAZoL and AYoL, and in the case
the distance (spacing) of measurement beams B1 and B2 in the X-axis

direction is iqc}i&‘a d slg(referto %G %then thef51 displacement of h
ORI mirtar 43 [ P wifer Sias ST RS 155 drbetor Gaing © 1

amoti)iA0z and the displagement of movable miken4d (that msyaafelon, are
stage WST) in the Oy direction (rolling amount) AOy can be obtained from
eqaatiotis 3(B) andyBYBElow. JROZ {4V OR -WYEME D(SFAOyS= (NZGlors are

AZOR%/ Dtg6 Accardingly, by using the above equations_(1) to (6),
maif o rgﬁletr é’a?%&a%ﬁ%%h%%%&%é%%%n of wa erjzg(dge 10 WST

in four degrees af freedem; AZor AY 03 AQz, ad ARy dased anether system 18
measurement results of Z Interferometers 43A and 43B.
includes five interferometers, which are; a wafer Y

interferometer 18Y, two wafer X interferometers 18X; and 18X,,
and two Z interferometers 18Z; and 18Z,. As these five
interferometers, 18Y, 18X;, 18X,, 18%Z;, and 18Z,, a Michelson
heterodyne interferometer is used that employs a
two-frequency laser that uses the Zeeman effect. Of these
interferometers, as wafer Y interferometer 18Y, a multi-axis
interferometer is used that has a plurality of measurement
axes including two measurement axes, which are symmetric with
respect to an axis (center axis) parallel to the Y-axis passing
through optical axis AX of projection optical axis AX (the
center of the exposure area previously described) and the
detection center of an alignment system ALG, as is shown in
FIG. 3.

Wafer X interferometer 18X; irradiates a measurement
beam on movable mirror 17X along a measurement axis that passes
through optical axis AX of projection optical system PL
parallel to the X-axis. Wafer X interferometer 18X; measures
the positional information of the reflection surface of
movable mirror 17X, which uses the reflection surface of X
fixed mirror fixed to the side surface of barrel 40 of
projection unit PU as a reference, as the X position of wafer
stage WST.

Wafer X interferometer 18X, irradiates a measurement
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Further, as is described above, main controller 20 can obtain

displacement Al of wafer stage WST in the 1-axis direction and

displacement (pitching amount) AOx of wafer 15 stage WST in the Ox

direction, based on the measurement results of Y Interferometer 181.
Incidentally, in FIG. 1, X Interferometers 48X1 and 18X2 and Z

Interferometers 1871 and 1872 are representatively shown as wafer
Interierometer sysiem 18, and thefixqd mirors for 20measuring ey o1 o sses
posi%on in the X-axis direction and the Tixed mirrors for measuring the P
positien iy the Heaxistditection ayerrepresantativelynshowr astixedmirrebrallel
57. Further, alignment system ALG and the fixed mirror fixed to alignment
systent ¢ & ap& biitted dnNFEIGS UL 251 e psdddimeat, wafepxpation of the
Interferometer 18x1 apd waler ¥ Interferometer 161 argusedfor, ..o ¢y
callbratio of the Sndoder system use when pen@ormmg éxposure
opeeationof the wafesvhersas wafee X interferometer 48X%2@and wafer Yurrace
Interferometer 181 are used for mark detection performed by alignment

systéna 52 XGrRurthyer; besiles measuriad¢hie Yqsositdon o wafepstageion of
WST, wafer Y Interferometer 181 can also measure the rotational
infdfatiortindR& X direction (pltching). In the embodiment, as the

reflection sprfacgs of the measurament,beams of Xin.lntgrferometers, of warfer
18X1 and 18X2 and | Interferometerin-ofwafer Interferometer system 18
previcustyvtEscribedh anovablelmirrory dBXeand 476 fi¥ed thwaderl stagetudinal
WST were used, however, the embodiment is not Molted to tins, and for

exEmpRe HeRdE siffabs Tsifte Jhrface) SRrAfer Btage WaTEhrBev2a 2
misgor 10 polished 58 8519, forn.a, tef C&'&?g‘%gg;%%qor%%sg%ngwﬂ the prgs.

reflection surface 6f movable mirrors 17
measarement values of wafer Y Interferometer 181, X Interferometers
18X1 and 18X2, and Z Interferometers 18Z1 and 18Z2 are supplied to

main contrBllER20. 1BFufther tGHFWals staGe WS T Za fidelal Arark Prate

(not showny is ficed in 5 state where the srface is at the safe eIt a8 45 o e

wafer W. On ?%e surface of this ﬂgucﬁal fﬁate, at least a par?{(;%‘ a first

fiduclabmanksused foydeticleralighnent carseeend fidactas mark isgddor facing

baiﬂggzlenmrrorZKB(refertx)FIGS.IBand4). More particularly,
as 1s shown in FIGS. 3 and 4, the length of movable mirror
43 in the X-axis direction is longer than movable mirror 17Y,
and is made of a member that has a hexagonal sectional shape,
which looks like a rectangle and an isosceles trapezoid
combined together. Mirror polishing is applied on the surface
of movable mirror 43 on the +Y side, and three reflection
surfaces 43b, 43a, and 43c shown in FIG. 4 are formed.

Reflection surface 43a configures the edge surface on

the +Y side of movable mirror 43, and is parallel to the XZ
plane as well as extending in the X-axis direction.
Reflection surface 43b configures the surface adjacent to the

+7 side of reflection surface 43a, and is parallel to a plane

tilted by a predetermined angle in a clockwise direction in
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20 measurement of alignment system ALG whose positional relation to
the first fiduclal marks is known and the like are formed. In exposure
apparatus 100 of the embodiment, although It is omitted in FIG. 1, a
multiple point focal position detection system by an oblique II-indent
method consisting of 25 an irradiation sygtem 42a and a photodetectlon
system 42b (refer to FIG. 6) similar to the one disclosed in, for example,

Kokal (Japanese Patent Unexamined Application Publication) No .
OB e oSS0 S oot Ne 448 487 o the Tegcls ia the

arranged.sH3ii re FUIHLL, INRRXPDSYtE apParatrst0,48 the vieiityofes the
projection unit PU, an alignment system ALG is arranged (not shown in

FIG UL AsethrCalRperent 'systene ALG, Joexamples ahedighaient seasere 43a,
of a so-called FIA (fieldimageAlignment) 5 system by an .
A8 SoRLaRE oD & (LN TR e SR ACETiARe 430 with
offraxis methed, suppliesqositional information,of marks using Index

center as a reference to main controller 20. Based on the information that

has been suppliedand tve Mieasuréhtent vakies df Inteferemétersm8ld0s 187,
and 18X2 of wafer Interferometer system 18, main controller 20 measures

the* BositiGal AioTMATSIT 6f theThrnd Sbidc todetBBffor ‘G oW mdte °ther

spegifie, measures therpositinal infogmation-efthe secondfmducmal, | spaced
marks on the fmducmal mark plate or the alignment marks on the wafer

onapeodrdinatelbystem- I5(alignnhent eowrdinatessysteandwihelo is set bgsition
Interferometers 181 and 18X2. Next, the configuration or the like of

enEadér GOA thB65 Wil B8 desértéd, T6&a8iRG Fepre&éntatively on
encoder 50G showp enlargedin IG5, InFIG. 5, ppeof beads 482,10 2%, ang

48k (FIG. 3) of head unit 46C, winch irradiates a detection beam on
mavemet s¢aletdd4€s isuindicatadiassan simgleshelarl? amarkedd48y.on surfaces
Head 48y can be roughly divided into three sections, winch are; an
irrdoigieRSystem 62aP4T bplical By stemBUb S5 Hritka pribteGsteémon 10 the

Sy%ﬁﬁ%@@%@nt, a fixed mirror 47A that has a reflection surface
on which measurement beam Bl reflected off reflection surface
43b is almost perpendicularly incident and a fixed mirror 47B
that has a reflection surface on which measurement beam B2
reflected off reflection surface 43c is almost
perpendicularly incident are arranged, each extending in the
X-axis direction.

Fixed mirrors 47A and 47B are supported, for example,
using the same support section (not shown) arranged in barrel
platform 38. Incidentally, fixedmirrors 47A and 47B can also
be supported using the measurement frame previously
described.

As is shown in FIG. 3, Y interferometer 18Y project
measurement beams B4; and B4, on movable mirror 17Y, along the
measurement axes in the Y-axis direction, which are spaced

apart by the same distance on the -X side and +X side from
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Irradiation system 64a Includes a light source that emits laser beam LB at
an angle of 45 degrees with respect to the 1-axis and the Z-axis, such as,
for example, a semiconductor laser LD, and a lens L1 placed on the
optical 54 path of laser beam LB emitted from semiconductor laser LD.
Optical system 64b is equipped with parts Such as a polarization beam
splztter PBS whose separating plane is parallel to the XZ plane, a pair of

reflectign mirrm&s Eela 5 and R}q Iﬁn;&;aofN a agd L2b quarter.—wav%}plates

(hearelsnaﬁae%?e erred to a%aff p?ates aand Wﬁltﬁartsaﬁé&%n mﬁ?ourgh the

R2arankB2boand theclike. (optRholodetectzomsystembdcdacindes 1) of
polarzzers (analyzers), photodetectors and the like. 10In encoder 50C, .
laser bea LB emiteddfrdneserhrprithuctonfaser D ¢ incidenttdie respective

polarization beam splztter PBS via |lens L1, and j pl't%y larjzation intQ .
WO Bodiis: LB AT B2 BEATLE Tl TS trandmited polarisation o> - onal

beamrsplztieriRBSyeaghes 2 eflectiopgdiffiactiongrating: RGiformedion at the
15 movement scale 44C via reflection mirror R1a, whereas beam LB2that

has beef refiectedooft polarizatiorsbeamsplziteraRBPreaches Béflection e using
diffraction RG via reflection mirrgr Rib. "Split by polarization," in

(i CBsE AR R (G Bentic SR aTo WD alP BOrLAdoRe 51de

CO@@PPEBE?%Engéﬁépolﬁéi@ﬁ%%ﬁf@@&%h uni_@iffﬁ@c'fg)é‘ heams Ofence.
a predetermined order, for example, first order diffraction beams, are

geferatéd fram difrectiongratingg KRG byRthe rratliaionsofdbeamnséBangtively
LB2, and after the beams are respectively converted to a circular

po

ahosa 253ight BY 2 B pllte S MBLIE And WP1a via lenses L2b and L2a,

the beamsare then reflecied by reflectiop mirrpgs, R2b and R2a andpass, . en
through 2,14 plates {WP1b and WP1a again, and reach polarization beam

splzétemPBS while passiag througb the samecepticah path in@tgvessedi rror 43

direction.
along a measurement axis in the Y-axis direction, which is
positioned substantially in the center between measurement
beams B4; and B4, in a planar view and also positioned at the
-7 side of measurement beams B4; and B4, in a side view, and
by receiving measurement beam B3 reflected off reflection
surface 43a, Y interferometer 18Y detects the positional
information of reflection surface 43a of movable mirror 43
(that is, wafer stage WST) in the Y-axis direction.

Main controller 20 computes the Y position of movable
mirror 17Y, that is, wafer table WIB (wafer stage WST), based
on an average value of the measurement values of the
measurement axes corresponding to measurement beams B4; and
B4, of Y interferometer 18Y. Further, main controller 20
computes the displacement of wafer stage WST in the 0x
direction (pitching amount), based on the Y position of movable

mirror 17Y and reflection surface 43a of movable mirror 43.

Further, measurement beams Bl and B2 projected from Z
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55 The polarized directions of each of the two beams that have

reached polarization beam splitter PBS are rotated at an angle of 90

degrees with respect to the original direction. Therefore, the first order
diffraction beam of beam LB1 that 5 has transmitted polarization beam

splitter PBS earlier is reflected by polarization beam splitter PBS and is

incident on photodetectzon system 64c, and the first order diffraction

beam of heam LB2 that been reflected by polarization beam splitter

P e oL Dol bt benst cpiher PRSI0 s ey Tilfhent on
synthesized concentricahewith 3he first order diffragtiontbeanmeirheamdB'at a
and then is incident on photodetectzon system 64c. Then, inside
photogieétactzon systernnédc]¢he apalyzers (iriforaparange he polagized are
direct'ﬁns ch tge t\%[% first 15 ortder diffract%on bear@gbovg S that th

beams interfere With each other and Become an Interférence fllg(;:ht‘?t e rc
Intedference heam isidetegtedsy, the phetadetectoes, and:is sonyerted hor i xed
electric signals according to the intensity of the Interference light. 20As is
obwious drogn thitdesctiptioh abdies in enesderS0G; sindesthiesopticabpathB2
lengths of the two beams that are made to_Interfere are extremely short

and & SGbSANGaly éqod tHB IRiG&Tce f aif fldctaatiort E&n hiostybe Ve 1Y
|9%%‘i_e@%‘°é?j ﬂ@%ﬁﬁ‘%‘ﬂ?@@@&%@ﬂ& Sf}cs(lh}f%tal% wafey, siage Y¥3T) and then
moves in 25 the measurement direction (1n this case, the 1-axis

dzeectzorg cthevataseyof 2ach i tiie twodeanrs didhgerand i3 intensity

of the Interference light changes. This change in intensity of the

InterferencENight s datdd By PhotltESto systeiPé e, adrie WST (that

positional inf rfﬂation accorg' g toth intggs't 56 change .is outpu the n
melaSsUrlélr%\é%%vglun&r&oernco er 50C. The oatlﬁérseﬁ‘%&?e%g JS%IA,J‘SQO , and hd the
50Biare 1se genfigured similat tareneeder S0EnEurthex . alsoi fos the Bine s Azo,
encoders 26A1 to 26C3 for the reticle stage, an encoder by the 5

diffeaetior ntederarcelmbtiatt that asat éonfiguration simiaviocsstvddream Bl
S0C 15 ysed: And. as,each encoder, an encoder 13 as gresoution of . e

forBxanmple, Approximataly 0 1hm I8 Jeak’

B2 received by Z interferometers 187, and 187, can respectively
expressed as in equations (1) and (2) below.

AL1~AYo x cosO - AZo x sin® w (1)

AL2~AYo x cosO + AZo x sin® . (2)

Accordingly, from equations (1) and (2), AZo and AYo

can be obtained by the following equations, (3) and (4).
AZo = (AL2 - ALl)/ 2sin® .. (3)
AYo = (AL1 + AL2)/ 2cos6 . (4)

The above displacements AZo and AYo are obtained by each
of 7 interferometers 18%Z; and 18%Z,. Therefore, the
displacements obtained by Z interferometer 18Z; will be AZoR
and AYoR, and the displacements obtained by Z interferometer

187, will be AZoL and AYolL, and in the case the distance
(spacing) of measurement beams Bl and B2 in the X-axis

direction 1s indicated as D (refer to FIG. 3), then the
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FIG. 6 shows a blockthagram, winch is partially omitted, 10 of a control

system related to stage control of exposure apparatus 100 of the

embodiment. The control system in FIG. 6 is configured including a

so-called microcomputer (or workstation) made up of a CPU (Central

Processing Limit), ROM (Read Only Memary), RAM (Random Access

Memory), and the like, 15 and is mainly composed of main controller 20

that controls the overall operation of.the enti aratus. In expasure
oA IS 00 St s TSSO A S Tecribe Abovs, wheE e e wsT)
alignment operation-istesformed.by, the EGA (Enhanced @lebal 4isplacement
Alignment) method or the like 20 disclosed in, for example, Kokal

(Japanese driexanmined Patént Kpplication Publication) iNpe 61s4442%ariche Oy
the corresponding U.S. Patent No. 4,780,617 and the like, the position of
water§&de WsTie tont3IREBY hain Bértier 20 Baged 6 theo™ equations
measyreypant values ofyyafer Interferometer system 18 as is 25 described
above, and at the time besides wafer alignment operation such as, for

example, d\iing-exbsare eparation/the position of wafer stege WST is
controlled by main controller 20 based on the measurement values of

encoders S9N 150D 2 feidertdiRR tHe Bosition of wafer stagWST can

be 57 confrolled hased on the measwrement yalues of encoders5QA 10, (6)

50D also when wafer alignment operation is performed. Further, in the
case: fhe positionlofevaisl stage-WShisscohteoliéd bbsedoartheof wafer stage
measurement values of encoders 50A 5 to 50D when wafer alignment

opBatiorisierforiied ot feadt 66 oftHe nbacuréent YdiesorwAfsr, based
Interferqueler system 48:(e,. positiona infarmatiop of the Z-axis,Hie Oxy 435

and the Oy direction) can also be used together. Accordingly, in the
embodiment; it therpeded aftetdbe d Oorafertaligament Operatianruntiler 20 can

before the beginning of exposure, a switching operation of the position
medstirdment systermdiesntd BeYperfornred: in WhidhethéPositionthe Y-axis

me surengent syst%fgéjsed for measgrl)r}gthe osition of the é\:afAeé sta

s SWihed from Wafe! IntBMEISTEIar system 18 (thatls, wafdr - O "2fer

stage WST in the Ox direction, based on the measurement results

of Y interferometer 18Y.

Incidentally, in FIG. 1, X interferometers 18X; and 18X,
and Z interferometers 187Z; and 18Z, are representatively shown
as wafer interferometer system 18, and the fixed mirrors for
measuring the position in the X-axis direction and the fixed
mirrors for measuring the position in the Y-axis direction
are representatively shown as fixed mirror 57. Further,
alignment system ALG and the fixed mirror fixed to alignment
system ALG are omitted in FIG. 1.

In the embodiment, wafer X interferometer 18X; and wafer
Y interferometer 18Y are used for calibration of the encoder
system used when performing exposure operation of the wafer,
whereas wafer X interferometer 18X, and wafer Y interferometer

18Y are used for mark detection performed by alignment system
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15Y Interferometer 181 and wafer X Interferometer 18X2) to encoders
50A to 50D. The switching operation of the position measurement
system will now be briefly described in the description below. At the point
when wafer alignment has been completed, 20 the position of wafer stage
WST is controlled by main controller 20, based on the measurement
values of Interferometers 181, 18X2, 1871, and 18Z2 as is shown, for

ex le, in FIG. 7. Therefore, after wafer alignment has.heen completed
b e L R R I O TREIEh otage

stagegrive system 27 cbasadep the meastkement values of hese rotational
Interferometers 181, 18x2, 1871, and 18Z2. Then, when wafer stage WST

reachesanpdsitioniwhehne e tio evssisuneipent deams) fronIn the embodiment,

Interferohmeter %?XZ and 18X1 58 mach-fat%%( movable mirror 17X at the
as ,Lhe re ction ces o surement beams of X
same time, as is shown'in FIG. - main controﬁernfdaprese% the

measuEemerbyrives of nterferometer, 18X foithe sama valles AS e o f wafer
measurement values of Interferometer 18X2 at that time, after adjusting 5

thel attieudecgfomafes stagesWST 36 thratee Orsrbyatibhserrdiogawimpvable
error) (and the Ox rotation error é%gitchin erro%) of wafer stage WST

beldrhe8 Zéro Ba88d drf thé hEsshifelifent Vel e 5rlterigrometst i Lowever

Thez rotation guer of waferstage Wad Gan %'H‘Q@,e adjysted, b@z?g%’ﬂe , the
the measurement values of 10Z Interferometers 18721 and 18Z72.

Thedgafteuthegpreseét; imainsconfrolie) 20Suspeadsataiee stéje WS Tlat mirror
the position fora predetermined time until the short-term variation caused

by R fh R (18 pePath RFuGu&STon 6F&iF)SY thE hesfurdmaht e sponding

Vawgsthe reflection surface of movable mirrors 17X and 17Y).

The measurement values of wafer Y interferometer 18Y,
X interferometers 18X; and 18X,, and Z interferometers 187;
and 187, are supplied to main controller 20.

Further, on wafer stage WST, a fiducial mark plate (not
shown) 1s fixed in a state where the surface is at the same
height as wafer W. On the surface of this fiducial plate, at
least a pair of a first fiducial marks used for reticle
alignment, a second fiducial mark used for baseline
measurement of alignment system ALG whose positional relation
to the first fiducial marks is known and the like are formed.

In exposure apparatus 100 of the embodiment, although
it is omitted in FIG. 1, a multiple point focal position
detection system by an oblique incident method consisting of
an irradiation system 42a and a photodetection system 42b
(refer to FIG. 6) similar to the one disclosed in, for example,
Kokai (Japanese Patent Unexamined Application Publication)
No. 6-283403 (the corresponding U.S. Patent No. 5,448,332)

or the like is arranged.
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15 of Interferometers 18X1 and 181 falls to a level that can be Ignored
due to an averaging effect, and then carries over an addition average
value (average value during the suspension time) of measurement values
of Interferometer 18X1 obtained during the suspension of wafer stage
WST as the measurement 20 values of X5linear encoders 50B and 50D.
Along with this operation, main controller 20 carries over an average value

of addition.average values (average value during th spension time) of .
easuremEL (UL of e ol e oS I Sieitr ThE TLeLhity of

obtairec during the suspensign as 25 the measysement values afr¥dingad (not
encoders 50A and 50C. With this operation, preset of X linear encoders
50BMHENS0D ARG Y finear éRcdddrs SOA ANESOT Sthat &1 thé Swifchihgxample,

operatian of the position measurement system, is complet d%Thus, :
Ol BRbI TS CE A 20 onolS e Rackis of Wats: LBRds, A iggment)

baged parthe measurement values of £9GRdensfA 1o SQR..  TIScaninGnment

opera-Lyon of reticle stage RST for exposure will be described next,
includitigtherswitthing opefd-tyon 5(limkingothesmeasure mermt valuegr)aof
the encoders in the encoder system for the reticle stage.

g For .
exampfe TR e Bald S5cARNT BRpbadiE by The Modénfertoravarar vt © main
in therY: diretiorygnd the suovespentof retigle Rl inithg -¥idirection (9-en

be referred to here as a 10 plus scan exposure focusing on the movement
directionl oewaten dV); lac celeratioreokreticlesstage RST iimther-Yedirectionrs 18Y
begins from the acceleration starting position shown in FIG. 9. At this

acEeleratiofe strting position M oSt 6 retié stge RsFgs n controller
measured by maingontiollet 20 Jising 198nc90ers s8AZ26R2. A0¢:08Canject

Then, at the point of acceleration finishing when the acceleration of reticle

stage BRSTeinttherY directiobdascheen comipieated, msatuexample; thesYtional

edge of reticle R1 substantially coincides with the +Y edge of illumination

aregiformation of the second fiducial marks on the fiducial mark
plate or the alignment marks on the wafer on a coordinate system
(alignment coordinate system), which is set by
interferometers 18Y and 18X%,.

Next, the configuration or the like of encoders 50A to
50D will be described, focusing representatively on encoder
50C shown enlarged in FIG. 5. In FIG. 5, one of heads 48a to
48k (FIG. 3) of head unit 46C, which irradiates a detection
beam on movement scale 44C, is indicated as a single head,
as a head 48y.

Head 48y can be roughly divided into three sections,
which are; an irradiation system 64a, an optical system 64D,
and a photodetection system 64c.

Irradiation system 64a includes a light source that
emits laser beam LB at an angle of 45 degrees with respect

to the Y-axis and the Z-axis, such as, for example, a

semiconductor laser LD, and a lens L1 placed on the optical
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20 1AR, as is shown in FIG. 10. And, immediately before tins, heads 26A1,
26B1, and 26C1 move so that heads 26A1, 26B1, and 26C1 face
movement scales 24A, 24B, and 2 8 , respectively. That is, it becomes
possible to measure the position of reticle stage RST not only with
encoders 26A2, 26B2, and 26C2, but alsb425with 26A1, 26B1, and 26C1.
Therefore, the measurement values of encoders 26A2, 26B2, and 26C2

(cqur yalues whose predetenmined prigig is zeto (scale reading valueg) . 1
forexample, at some point from the point where the position of reticle

stage RSTyacomas SPIneaswable; ysingenspdersi26Ail, 26Bds asdch as a
26C1 until the point where acceleration has been completed, is .
sudceletietagithicut angdhapges byshnainfcontioflié£26 aRaneasureéniehine 1s

values o{fnfogers%%A%%%é and 26C1. .Hereitnafte lmai@.controller R1
5281585 encodérs 26A1, Yant 26T to control the %85%8% of réticlé ° &
stageRS, 1ehber from theipoin, shewn :FlG: 1R retigle-stageRSTnarter
begins movement at a constant speed, and when the pattern area of

retictef Rt redchesaliuinifationearea) | AR attea adl 0 piedetemiinedtsatitingirrors
time_has passed, exposure begins (refer to FIG. 16). Furthermore, after a

préticteiied patlod bt il has passed, exposure is completed (refer to

FIG. 17) a%@%%l'@@_@@i@ﬁ e@g}s@éagea B§Ti91qgﬂﬁ%,ea§dp@1ighpi§t@gg
RST stops at the position shown in FIG. 11. Incidentally, the 15
decelerdtipnecofsticlplstagelRSIctanrbegind@lmbst atithe same time as
the completion of exposure. As is obvious from FIGS. 10 and 11,

during the PRITY R Deftre the BeginAiY BF SipbsafethatTs SR pdmductor

whete the swithing of the.grcaders ysed forganiroling the pOsition. » pes via
lens L1, and is split by polarization into two beams, LB; and
LB,. Beam LB; that has transmitted polarization beam splitter
PBS reaches a reflection diffraction grating RG formed on
movement scale 44C via reflection mirror Rla, whereas beam
LB, that has been reflected off polarization beam splitter PBS
reaches reflection diffraction grating RG via reflection
mirror Rlb. “Split by polarization,” in this case, means that
the incident beam is separated into a P polarization component
and an S polarization component.

Diffraction beams of a predetermined order, for example,
first order diffraction beams, are generated from diffraction
grating RG by the irradiation of beams LB; and LB;, and after
the beams are respectively converted to a circular polarized

light by A/4 plates WP1b and WPla via lenses L2b and L2a, the

beams are then reflected by reflection mirrors R2b and R2a

and pass through A/4 plates WPlb and WPla again, and reach
polarization beam splitter PBS while passing through the same

optical path in a reversed direction.
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20 of reticle stage RST has been performed) through the scanning
exposure period until the deceleration has been completed, the position of
reticle stage RST is controlled by main controller 20, based on the
measurement values of encoders 26A1, 26B1, and 26C1. 25Meanwhile,
in the case of scanning exposure by the Afovement of wafer W in the -Y
direction and the movement of reticle R1 in the +Y direction (a minus scan

exposure),ﬁpéjositf to the gllgis scan exposure describe %l%ov , that
acceleration of fetic ersltgae ST the +Y direction é)g£|lns 61 fomthe =

state showndaid@. pb1Then.at the ppkdshewnin Fe. tBvhere rotated at
exposure has been completed, the switching operation (linking the .
messefento/albesief iReencodérs RyRaforniedt BRdduringthe direction.

deggleration periaq the position 5 of el stage RET,is contiplied by 1 1,
main confroller'’20, based on the measurement values of encoders Z6AZ,

26B2sand 266:2: t tedn FHG8- 9210, 1Lhand the ke, the stateigsshawn ier is

where the position of reticle stage RST is measured using Interferometers
16x ahd<iBysia duidition tortheaericodeps;, c10 howevers it iSBSmattér o6 incident
course that the gosition measurement of reticle sta%(?eRST does not

neCBsBATY HATE 16 bhBRsime it thé Iterferometars. SPHa matiod B7.Ct+on

US%‘S&H%@%@HE‘?@BQtt{ﬁ%@ti95@%@@09@%@%@%%3@&el@%on beam
and 16y obtained during scanning exposure in the embodiment will be 15

desgribied; ¢dater i the :deseriptioan smi Afthoughra detailed desoriptivhiwitler PBS
be omitted, in the plus scan exposure and minus scan exposure that use

retiIEIRES RESUIS 26717 2681 CERE 268ALdN0 Bncitiers 26R5: 3618332
ang 2bE2 are;used, Jhe sydtahing operation {linking the 5 cigent on
photodetection system 64c.

Then, inside photodetection system 64c, the analyzers
uniformly arrange the polarized directions of the two first
order diffraction beams above so that the beams interfere with
each other and become an interference light. The interference
beam is detected by the photodetectors, and is converted into
electric signals according to the intensity of the
interference light.

As is obvious from the description above, in encoder 50C,
since the optical path lengths of the two beams that are made
to interfere are extremely short and are substantially equal,
the influence of air fluctuation can mostly be ignored. Then,
when movement scale 44C (that is, wafer stage WST) moves in
the measurement direction (in this case, the Y-axis direction),
the phase of each of the two beams change and the intensity
of the interference light changes. This change in intensity
of the interference light is detected by photodetection system

64c, and the positional information according to the intensity
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20 measurement values)of the encoders similar to the description above

is performed on these exposures as well, and at least during the scanning
exposure, the position of reticle stage RST is controlled by main controller

20 based on the measurement values of encoders 26A1, 26B1, and 26C1.
Further, 25 as well as the X, Y positions 6freticle stage RST, main

controller 20 also controls the position of reticle stage RST in the Oz

diregtion. (yaning), pased on the meastrement yalues of the encader i, . s oc.
exposurg apparatus 100 ot the embocﬁment, a series 62 of opera—eLyons

sucinas seticle aligameat-dneludes siakjing: the reticlescaordinate systeMgured
and the wafer coordinate system correspond with each other), baseline
messhitdment of aligmdent SPstem ALG-ARd thé like afe pekfornied) asfigroders

reticle 5 align t systems 13A and 13B (FIG. 6), the fyducyalmarkplate
e DM AR 00 e oot

on'w age rﬁesyéfem ALG and thé'like. asin‘a

scanning stepper. The position ¢contrpkefiygticlersiage RS Tsard wafefuration
stage WST during the series of opera-Lyons is performed based on the

measuidmentvalees ofieédintdiferometersdlby and 16 sasdich encoder, an
Interferometers 18X1, 18X8, 181, 1871, and 18Z8. In the reticle alignment

or HEH4SEine eaddrement the bositior Controlof retiie StagdtRS P anhe b 1Y

wafer;stage WST, can be performed based on only the measurement

values of the encoders described earlier, or on the measurement 15

values of botltthé hiterfereméterscahtbihesancodersh is pext, wdféy omitted,
exchange of the wafer on wafer stage WST (in the case no wafers are on

wafdr fage W& watet 16auinG i péiforhred) 1§ PErfoRRET By rRdin®xPosure
contraller 20, usinghayyatey loades (nof,shown) (arrerHayl)and e, 5, rrc.

wafer alignment 20 with respect to the wafer is performed, for example, by
thesEGA methodywsing alignmentraystens &L JAndiaedardingdadhiser (or
wafer alignment, the arrangement coordinates oftheplurality of shot areas

on'fRe& alferter e BRGITMeRt e6ofdinate $GSIRAT BreVideshy aseitodth ean » ROM

be ggaqghly'Memory), RAM (Random Access Memory), and the like,

and is mainly composed of main controller 20 that controls
the overall operation of the entire apparatus.

In exposure apparatus 100 that has the configuration
described above, when wafer alignment operation is performed
by the EGA (Enhanced Global Alignment) method or the like
disclosed in, for example, Kokai (Japanese Unexamined Patent
Application Publication) No. 61-44429 and the corresponding
U.S. Patent No. 4,780,617 and the like, the position of wafer
stage WST is controlled by main controller 20 based on the
measurement values of wafer interferometer system 18 as is
described above, and at the time besides wafer alignment
operation such as, for example, during exposure operation,
the position of wafer stage WST is controlled by main
controller 20 based on the measurement values of encoders 50A

to 50D. 1Incidentally, the position of wafer stage WST can be
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25Then, main controller 20 performs the switching of the position

measurement system previously described, and then, while controlling the
position of wafer stage WST based on the measurement values of the

baseline and encoders 50A to 50D measured earlier and also controlling

the position of 63 reticle stage RST based on the measurement values of
encoders 26A1, 26B1 and 26C1 described earlier, main controller 20

performs expasure by the step andscanmethodintheprocedure =liar to

Lypichl SEanming 180G, Snd The palierh 8f the 5 relisle (R 61 RS) fa. (=r° 507
trapsfesred ente eaghof the piiralidy of shethareas ondbesvalfes peffléxmed.
12A shows a state 1nwinchwafer stage WST is located at a position

whieve tHeegentén ofefeAR3S pbBitioned direetly béloveprofectiondmitd, is
and G, 1%?5@}%5’3%3‘%% ”{dii{'”%ﬁ‘elo wafer stage WSLis located ata o 504
posﬁon where the area around the Mmiddle in betwedn tHe Cefiter of Wafer

W apdstsrcifeiunferenee is positipned diresthy: below projestion Rk PUat least
Further, FIG. 13A shows a state in winch wafer stage WST is located at a
positienafhefecthecarsarciose to teel sdge of IawaferiWter thereisiderissystem
positioned directly below projection unit PU, and FIG. 13B shows a state

in wihchSw&fer BEReIWETIS 168ted ™t higsith Where/inédréa cidse %, and
the. pdog of wafer¥yin,he direction gt ap.anale of 43 degrees with respect

to the X-axis and the 1-axis when viewed from the center of 20 wafer W is
positioned &lirecttyl belpWyprojectior ymbRUikearther iRIGhddshowsdaafter the
state in winch wafer stage WST is located at a position where the area

cl0$8 16 hé UGB BF WafetRFGHT thi+ X Site 8HoSHoNEN TirkRHy Bl ©F
prajgglion unit PU. JYben yieping SIGR. 164 0:14Lcpn besean hat I rement

each 25 drawing, at least one (Tri the embodiment, one or two) of the
eleventheadsin eachofithe headamitsi46AHioAbDHace® s tion measurement

corresponding movement scale. And, when totally considering this fact, .
the>SyrhRTBtHE aftahgeriEt Bt hiedd (hifs BOA 16 48D ¢drileafly 4pcr stage 1s

hodganialle with, optical ax(s AX,of Proleclian 4 QRICAL St Bl SeVINg ., o
as the center, and the symmetrlc arrangement 0 ovement scales 4 to
44D inthe Xraxiswyestion and dnaXis direetion with«espactite the-camer) to

of wafer stage WST, the following is obvious; that is, in exposure

encoders 50A to 50D.

The switching operation of the position measurement
system will now be briefly described in the description below.

At the point when wafer alignment has been completed,
the position of wafer stage WST is controlled by main
controller 20, based on the measurement values of
interferometers 18Y, 18X,, 187;, and 187, as is shown, for
example, in FIG. 7. Therefore, after wafer alignment has been
completed, main controller 20 drives wafer stage WST in the
+Y direction via wafer stage drive system 27, based on the
measurement values of these interferometers 18Y, 18X,;, 18Z,
and 18%,.

Then, when wafer stage WST reaches a position where the

two measurement beams from interferometer 18X, and 18X%;
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5 apparatus 100, no matter at winch position wafer stage WST is located
within the movement range of wafer stage WST during exposure
opera-Lyon, at least one of the eleven heads in each of the head units
46A to 46D faces its corresponding movement scale, and the X position
and the Y position of wafer stage 10 WST&an be constantly measured by
the four encoders 50A to 50D. Further, yawing of wafer stage WST can
alsp e megsuretl, o, o[ aer words, the four movement scajes 444 10, snoun
44D"are each set longer than the size % iame ert) of water W in tHe
longitudina) directionnse thatrtbe lengthonthe dengitudinahls directiomt values
(corresponding to the forma-Lyon range of the diffraction grating) covers
thecéntiretre ot ene hrovemént sBokES (Arvenent tasgefofWafélesiage sment
WST ]v\\;%r}een at leas p(?:rfformin scan ﬁg exposyre on the entir%éurface of

ad linits

walér (|sn the embodiment, & four nitd' 26 %6D - T adjusting

20(measyrementbeams] donatmove,pfrthe, cofrespending, MOVEMENS, errox

scales (diffraction gratings) in all the shot areas at least during scanning
exggswendurng the aceeldration/ @leceteraticro imerofovafep stageiWSError) )
before and after the scanning exposure, and during the synchronous

s

efting2tyme EhAtTS, B06idbetamirng thnfteasirddie) ™2 SEafRern = vatues
the fpur liead nits, 464 1o 46D aregach similarly set aroppd thg same.. - stage

level or longer than the movement strokes in the longitudinal direction, so
that$he dengthlis the dongitudina diréctioncomrespendimgtotheent values of
forma-Lyon 65 range of the diffraction grating) covers the entire area of

the’ mbVeRTeht SHBRES 6Pwafe? 'stage WS Favhen at least performing
scanning expogure.gn the entir e}fﬂ’é@gﬁ of yafer W,(that bs, ot 1east s, s pends

during exposure operation of wafer W, 5 the four head units 46A to 46D
(measuremenleedsiB)do tiok move off she Borresperdiaganovement ime until
scales (diffraction gratings) that Ts, avoid becoming unmeasurable).

Iné'r&@ntéﬁ‘ﬁ HeabUiits @A 46D c%ﬁLb'%eéonJﬁig ufed sé thisttHe Tif)%—)@;ifi‘ion
measurement of Wafj_gi g'([: eaWST b% gncodgrsOS]pAC%) 50D can be

emperature Ton air e"meéasurement values
of interferometers 18X; and 18Y falls to a level that can be
ignored due to an averaging effect, and then carries over an
addition average value (average value during the suspension
time) of measurement values of interferometer 18X; obtained
during the suspension of wafer stage WST as the measurement
values of X linear encoders 50B and 50D. Along with this
operation, main controller 20 carries over an average value
of addition average values (average value during the
suspension time) of measurement values of the plurality of
axes of interferometer 18Y obtained during the suspension as
the measurement values of Y linear encoders 50A and 50C. With
this operation, preset of X linear encoders 50B and 50D and
Y linear encoders 50A and 50C, that is, the switching operation
of the position measurement system, is completed. Thus,

hereinafter, main controller 20 controls the position of wafer
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10 performed not only during the exposure operation, but also during
other operations such as the alignment operation (including wafer
alignment and baseline measurement, winch were previously described)
In the movement scale of the encoder, the fixed position 15 of the
movement scale shifts due to the passagedof use time, or the pitch of the
diffraction grating changes par-Li-ally or entirely due to thermal expansion

and fhe lik.yinch makes, the eneoder [ack nJong-term stallity, coqer s0a o
Therefore, the errors Included in the measurement values bécome larger

due @0 .to the passage of use time, and calibration becomes necessary. In

the description below, calibration operation of the encoders, which is

performed #¢ expasi\ife Apparatiis100of thé el dirhede wifBefor exposure

descrifed, Firstofall & st calloation operation for 25 conegting gain, ., .,
errors an ﬁnear?ty errors o?ﬁwe measuremerﬂg{/a ues of the encoder

configyringthe gaceder systenhiorthegetisle stage willheideschibedie encoder
Since the first calibration operation is performed, for example, per each lot

before begining thecexposure of thiesfirst wafer, that Ts, performed 66 at
a relatively long Interval, It wjll also be referred to as a long-term

g
calibration iiY the d&88ribtion BeIGWS C2Rforé SpSGRLAIN Ihair RBRtSfer?Y the

205688 4he rangg,where fluminatien aeq; AR passes dtacallyisthenent of
range 5 where (the pattern areas of) reticles R1 and R2 move across

illunsinatiorearela AR Cteticles R1 endtR2(théirpdtternafeas)aat aro here as a
extremely slow speed at a level in winch the short-term variation of the

meaStiferifett Valies B the fiftdtérsmeters caR BeTgRred ififis nicving = fo*
remﬂgS%@Séi%?é%ﬂg%lg¥“%eticle stage RST in the -Y direction

begins from the acceleration starting position shown in FIG.
9. At this acceleration starting position, the position of
reticle stage RST is measured by main controller 20 using
encoders 26A,, 26B,, and 26C,.

Then, at the point of acceleration finishing when the
acceleration of reticle stage RST in the -Y direction has been
completed, as an example, the -Y edge of reticle R1
substantially coincides with the +Y edge of illumination area
IAR, as is shown in FIG. 10. And, immediately before this,
heads 26A;, 26B;, and 26C; move so that heads 26A;, 26B;, and
26C; face movement scales 24A, 24B, and 28, respectively. That
is, it becomes possible to measure the position of reticle
stage RST not only with encoders 26A,, 26B,, and 26C,, but also
with 26A;, 26B;, and 26C;.

Therefore, the measurement values of encoders 26A,, 26B;,
and 26C, (count values whose predetermined origin is zero
(scale reading values)), for example, at some point from the

point where the position of reticle stage RST becomes
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10 direction. During this first calibration operation, illumination area IAR is
not necessarily illuminated with illumination light IL, however, in this case,
in order to describe the movement position of reticle stage RST in a
clearly understandable manner, the expressions such as 15 "illumination
area IAR passes" and the like are used. 60 During the scanning above,
main controller 20 takes in the measurement values of reticle Y

InterferometlgilGX Y linear ené;oder§ gAl %2681 r técéex . .
) 5 , a til th t
interferometer 16x. and X linear encoders che, At grf)re%etelrﬁ%lrﬁea e poin

sampling laterl .20 and:stores thedneasuiement yalues s MY without
(not shown), and also makes a map as in FIG. 15 on the measurement
vake¥ ot Vet endotiers 26T Aind PEBYL il AfeasBrdiasmziiies aflues of
reticle Y Interf ete Elhy, and on the me uremen% alues of reticle
InEAGRSTEREr A8 i B ndSnBGT valSEE S5 ORY Tiheal BAGoG tro 1 Lex

26€4., respedivelyad he reaaon fostakingdp themeasurementyvalygs ¢fosition
the three encoders 26A1, 26B1, and 26C1 is due to taking Into

condiderationthe pokakmwhich the position of reticle stage RST is

controlled using the three encoders 26A1, 26B1, and 26C1 in the ran

where ilumiiatcn” 67 MEHTAR paEsE8 Hicibs 1 and A2 (e putetn =0 F9T
areas)ins dGedaids alifemap, that shows.a gurye &, Winch Shows@ crn area

relation between the measurement values ofaninterferometer and the
meaSuremeéntlval@és otaceasodérlinthe gasethe sdwrizdRtah axisis the
measurement values of the_Interferometer and the vertical axis is the

mdsErEmentvales BFthe'ertodet nd e difieifice HethesH HiisP=9ins
curve G and anplideal lifs TL indicates the errors- Indluded i e s ned period

measurement values of the encoder. The life map in FIG. 15 10 can serve
as @fcarfectiormapfos €orrectipg the measurement valiesref the encodec. 17)
without any changes. The reason for this is because, for example, in FIG.

152PEIRTE irfeficHtes that witen! thensdasiirdhrent 08It of teehebdéris stage

giﬁ%%% measwerpent yalue ot the, corgsponding: interferometerig 1, 204, o the
deceleration of reticle stage RST can begin almost at the same
time as the completion of exposure.

As is obvious from FIGS. 10 and 11, during the period
frombefore the beginning of exposure (that is, the point where
the switching of the encoders used for controlling the position
of reticle stage RST has been performed) through the scanning
exposure period until the deceleration has been completed,
the position of reticle stage RST is controlled by main
controller 20, based on the measurement values of encoders
26A1, 26B;, and 26C;.

Meanwhile, in the case of scanning exposure by the
movement of wafer W in the -Y direction and the movement of
reticle R1 in the +Y direction (a minus scan exposure),
opposite to the plus scan exposure described above,

acceleration of reticle stage RST in the +Y direction begins
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15 this measurement value of the Interferometer is a value which was

obtained when reticle stage RST was scanned at an extremely slow

speed as is previously described, it is safe to say that this value naturally
contains no long-term variation errors as well as almost no short-term

variation errors due to air 20 fluctuation, and that it is an accurate value in

which errors can be Ignored. When the relation between the

measurement values after sorrection.of gacoders 20AL, 2681 804 26G o 1
whose measurement values have been corrected adcor ing to e

correction mapn2h-ef Bl ddiard tesceoreesponging kiterfgrometersyds tching
obtained, the relation coincides with Ideal life TL in FIG. 15. The correction
magPr¥ ebiredting tHekmeastifein &faAIIES6encoribr 26 C 1dan-hgtufdliyoders
be made bgsed on the mgasuremteﬂt vi?lues of encoder 26C1 %ndt eticle . ‘5

X Intefterometer 16x, which™ 68 are ob aﬁﬁ&ﬁvﬂﬁe h@ﬁl/iﬁge%-(ﬂ le s aeggOSl +on
R&Jrinthe Xsaxisdirectonwithioan mayablesangea in Mat-Heontolergd pased
can also make correction maps for the remaining encoders, using the
measuréraentvaluesoes Intedferometefs ¢6x addrbydnie prodetlureand 26C;.

=nortoencaders 26A1, 26B1, and 26C1 described above. However,
besides thé TR ferm calibtation BHEration deSerib&d atovat fn e THZE" Where

of %ﬁ@ Restorming togethera short-ter gb%alﬁg@tiqrg operatign which yillbe
described 10 later, curve C of the correction map above can be separated
Into ratlewferdemearmponéats wihich istan offsetddinpanent andleegradieniers,
component, and a high order component that is a component besides the

oW BHESF Tompbnient2 At & Ehriectiot A caR bé keptdsrbotitesRiH F sment
order gompanentand the high A5.oder companent; or the IaW,order e £ormeq

component can further be separatedintothe offset component and the
gradient chmponent @ntdcnearection Mmapreantheikeptfor hoth thengftsetirement
component and the gradient component, along with the correction map of

the RighldrdePéorhpBnEmC esicd SofrBEtidi habiRbRBeiGT 201 6% and léy
infogmation) prydhe;high order, companentwhich is, expected b8 et will be
Immovable for a relati efy long pe%odX ¢an be ﬁept, and the correction
infarmaation-efdhe lewordencamporer¥vhigh issexpected to change in a
relatively short period can be obtained by the short-term calibration
operation. Al though a detailed description will be omitted, in the
plus scan exposure and minus scan exposure that use reticle
R2, encoders 26A;, 26B;, and 26C; and encoders 26A3, 26B3, and
26C3 are used. The switching operation (linking the
measurement values)of the encoders similar to the description
above is performed on these exposures as well, and at least
during the scanning exposure, the position of reticle stage
RST is controlled by main controller 20 based on the
measurement values of encoders 26A;, 26B;, and 26C;. Further,
as well as the X, Y positions of reticle stage RST, main
controller 20 also controls the position of reticle stage RST
in the 0z direction (yawing), based on the measurement values

of the encoder.

In exposure apparatus 100 of the embodiment, a series
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25 In the description above, in the calibration operation of obtaining
(deciding) the correction information of the measurement values of at least
encoders 26A1 and 26B1, re-Lille stage RST was moved in the scanning
direction (the 1-axis direction) in a range where the pattern areas of
re-Lille R1 69 and R2 respectively move aeross illumination area IAR,
however, the movement range of reticle stage RST is not Minted to this.

For example the movement range can subsiantially be e - oing che
measurable range?corresponds o the forma-Eyon range of the

diffragtioin graying ©f meMemet Scales24A and 248) of epeoders2bAl system
and 26B1, or the movement range during the scanning exposure using
ONE ©f e Ftiefe R L andaR2. T mdvenieht andee divag theessaninegt

exposure can be a move tra nat only during the scanning . .
exBOSTE B Ca AISTIAGIAR 10 TG mMoUSHTEr FhGe Th AT ibadts Beis +o1e
thestimgrof aceeleration/sdesalerationbelareand pftertherscaning mark plate
exposure and the synchronous settling -Lyme. Further, the movement

rarge ohieticle Stagre RST isabt imited totkie reoverhentarahgeef feticke, as in
stage RST during scanning exposure 15 that uses reticles R1 and R2, and

cal IhAE Hhe TOVEHER: FrgeEiLng HECrRBHcrBnE Bp&raton LSRG ™ -1
a refergnce smar (ot shown)arrangeeonyeticle stageR3TeIhes operations

reference mark can be at least one mark arranged on reticle stage RST
onike p¥ siderwith respest to retiche Ricangd/arcore the +¥ sideswith 20
respect to reticle R2. Next, a second calibration opera-Lyon for calibrating

a gt BFrof (& SEdiert Y of &R ehtbder RibastirEmERt YAIGE TS an X1/ 18Xz,
Intedfgrometer measurgment value,)dn.encoders 264, 28R1, 8pd.28C . se 15 ne

which is performed, for example, per each wafer (during 25 a so-called
overheadtine (the peatiodafter completing: thelexposuee otasvafenurtilRST and
the beginning of exposure of the
wafer stage WST can be performed based on only the measurement
values of the encoders described earlier, or on the measurement
values of both the interferometers and the encoders.

Next, wafer exchange of the wafer on wafer stage WST (in
the case no wafers are on wafer stage WST, wafer loading is
performed) is performed by main controller 20, using a wafer
loader (not shown) (carrier unit), and then, wafer alignment
with respect to the wafer is performed, for example, by the
EGA method, using alignment system ALG. And according to this
wafer alignment, the arrangement coordinates of the plurality
of shot areas on the wafer on the alignment coordinate system
previously described can be obtained.

Then, main controller 20 performs the switching of the
position measurement system previously described, and then,
while controlling the position of wafer stage WST based on

the measurement values of the baseline and encoders 50A to

50D measured earlier and also controlling the position of
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next wafer)), will be described. Since the second calibration opera-Lyon is
performed for each wafer or the like, that is, is performed at a relatively
short Interval, this opera-Lyon 70 will also be referred to as a short-term
calibration in the description below. First of all, as is shown in FIG. 16,
main controller 20 sets the position of re-LHle stage RST in the scanning 5
direction (the 1-axis direction) to a first Y position (hereinafter also =ply

referred to as a first ition)_so.that the edge section on the -Y side of the
ot STe8 ST Tae R et Ty T e e L gds e oders
withdhe, edgesseetion o the dYssidersdt dluminatien aregaAR.CQR 48dhiser 20
calibration operation as well, illumination area IAR is not necessarily
illuRTiR&REitR HRMEREEORVIFTILS howevet, SiTFIGNeBhlldmination amrecedure

IAR Js Inflicated in ordet o rake the.posiion of reficle stage RST easiel ¢ .o
to unalersiaan&. 1§T gIE]), main contrrlglfercﬁog COIEIDfKIDI’]UG(S ﬁwe pOSIﬁO}%

setrbddchg state of reticle stage RSE at thefistpasitien ahoye shewpiMirality
FIG. 16 for a predetermined period of time, and while con-L.11-1=g this

statd, clitaihsdhe aseasurémentedlaes of encoders 26A1, 26B1, and

26C1 and Interferometers 16x and 16y, 20 at a %determined samplin

interval, ard QoreS Al MESSrohAd: AI0ES i hEHory (i = Located
Next, mainconirollengl drives reticle-stage,RST inihes-Y directighednd rect 1y

as is shown in FIG. 17, sets the position of reticle stage RST to a second

Y pesition therematteralsm25 FHily refedréd . a3 ZBsetandspasition)soin which

that the edge sec-L.10)n on the +Y side of the pattern area of reticle R1

«nwafer stage WST 1s located at a position where the area around
the middle in between the center of wafer W and its
circumference is positioned directly below projection unit
PU. Further, FIG. 13A shows a state in which wafer stage WST
is located at a position where the area close to the edge of
wafer W on the +Y side is positioned directly below projection
unit PU, and FIG. 13B shows a state in which wafer stage WST
is located at a position where the area close to the edge of
wafer W in the direction at an angle of 45 degrees with respect
to the X-axis and the Y-axis when viewed from the center of
wafer W is positioned directly below projection unit PU.
Further, FIG. 14 shows a state in which wafer stage WST is
located at a position where the area close to the edge of wafer
W on the +X side is positioned directly below projection unit
PU. When viewing FIGS. 12A to 14, it can be seen that in each
drawing, at least one (in the embodiment, one or two) of the
eleven heads in each of the head units 46A to 46D faces its
corresponding movement scale. And, when totally considering
this fact, the symmetric arrangement of head units 46A to 46D

vertically and horizontally with optical axis AX of projection
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R2) coincides with the edge section on the -Y side of illumination area
IAR. Then, main controller 20 continues the position set-L.11-1g state of
reticle stage RST at the second 71 position above shown in FIG. 17 for a
predetermined period of time, and while continuing this state, obtains the
measurement values of encoders 26A1, 26B1, and 26C1 and
Interferometers 16x and 16y at a predetermined sampling 5 Interval, and
store%tlhcearfeasurteerpne%values in memsonéﬁneot sho¥ven]}. an

@] SVYS ser n ad en
on'the measurément values %n?olrm%tlon) stored in menlory a

firsf andrspeand positions-abayermaikceniralles 20 computes the,additign 1 s
average value 10(time averaging value) of the measurement values at

eafh befHelfast and thexsetsndipossitfongrdéscribesramn/et forenbsdesnter of
26A1, 2681t, and %%(f‘l %ﬁ% IPE%{ erometers 165( and 16yt}1i%§nigas.ed on

hen, based .
ool Sitnetric

wafer e Wl 1S,00v1i0ous; 1n exposure
the compu e Pesuilts,'mairy controfler 28 makes'a map’on ! P

megsysenentvalues ohY lingar enceders2bAl k15 2643k anditherage wsT
measurement values of reticle Y Interferometer 16y, and also on the
measurenteit dalugsofratictenOintederometey < X ana ¢ lineapeacédérduring
26C1, like the one shown in FIG. 18. In the map_in FIG. 18, point P2 an

d
polfit B3°aepoiREsthat Showthe TERTEIbNBEtwebnthe MeadTremencs 10 each
valyes; 20 of thesInigrferomeiersatieach oF the first andsecondpasiions,vement

whose short-term variation due to air fluctuation or the like is reduced by

thesawdragingeffedtand thesmeasureamehttiatués pbthetcorrespdndinger stage

N o T S A P I o N e s 50a to
50D. Further, yawing of wafer stage WST can also be measured.

In other words, the four movement scales 44A to 44D are
each set longer than the size (diameter) of wafer W in the
longitudinal direction, so that the length in the longitudinal
direction (corresponding to the formation range of the
diffraction grating) covers the entire area of the movement
strokes (movement range) of wafer stage WST when at least
performing scanning exposure on the entire surface of wafer
W (in the embodiment, the four head units 46A to 46D
(measurement beams) do not move off the corresponding movement
scales (diffraction gratings) in all the shot areas at least
during scanning exposure, during the acceleration/
deceleration time of wafer stage WST before and after the
scanning exposure, and during the synchronous settling time,
that is, avoid becoming unmeasurable) .
Further, the four head units 46A to 46D are each

similarly set around the same level or longer than the movement

strokes in the longitudinal direction, so that the length in

the longitudinal direction (corresponding to the formation



10

15

20

25

25(scaling) S, of a correction map used for correcting the measurement
values oftheencoderusnigthemeasurementvalues of the Interferometer
from the following equation. Sc = (e3 - €2)/(13 - 12) Then,maln controller
20 replaces the gradient component 72 of the correction map that has
been computed with the gradient comporent in the correction map of the
low order component. And based on the correction map of the low order

component thathas hesp replaced and the high order componeni kept as, . o
5 tﬁe c%rrectlon map, main controrﬁe?]ég mal?es a new correction map 1or

comrgeting-therlewrorder-eampopentartttheshigh Ordercampenent. 1eabt

the description above, the position of reticle stage RST was set to both the

firse pOSRIBH i thecstrbnd Fositioil 10 wihchharedthe pesitnsiorrbotht wafer
ed%es( of the range V\éhghre iIILJCmE\ation area IAR passes the pattern area o -
reticle a(or 11:&), winc e|sa%ubJelcl:fftloné}l)(peoX 7& dnd é)%?é:c?e ermined "ot
pragessing wassperfarmed sosas e computesthe new earestions) do not move
information described above. However, the computation is not 15 limited

to tids, ahe thepositivmofireticte stgerRSCedre be( setifasidesithie firsttings) ,
position and the seconetljﬁgosition, to three or more positions winch Include

bt IARE ot oSO ORI L BEERbA S the sedoRUGoRbRLY - head

Ang then, the roeessing é%@'%éo &Qﬁn_@%@_f iptign aboveis p%ﬁgr@%@,’ﬁ(ﬁ on
and a least squares approximation straight line of the three or more points
thatdmaye eearabtainethdar betcomeputed, anddrasedecorstiedA to 50D can be

approximation straight line, an offset component can also be computed in

adHfﬁBﬁ% Wg%e%o\‘nﬁ&%ﬂ%f H%&&Pf&&ﬁiﬁﬁaﬁﬁ(@&ﬁﬁ@%mﬁ% also
thig case, A BRW2S crectionypap lorgortecting the Jqw grder.companent ,

and the high order component can be made, based on the low order
(including wafer alignment and baseline measurement, which

were previously described).

In the movement scale of the encoder, the fixed position
of the movement scale shifts due to the passage of use time,
or the pitch of the diffraction grating changes partially or
entirely due to thermal expansion and the like, which makes
the encoder lack in long-term stability. Therefore, the
errors included in the measurement values become larger due
to the passage of use time, and calibration becomes necessary.
In the description below, calibration operation of the
encoders, which is performed in exposure apparatus 100 of the
embodiment, will be described.

First of all, a first calibration operation for
correcting gain errors and linearity errors of the measurement
values of the encoders configuring the encoder system for the
reticle stage will be described. Since the first calibration
operation is performed, for example, per each lot before

beginning the exposure of the first wafer, that is, performed
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component of the correction map that has been computed (gradient
component and offset component) and the high order component kept as
the correction map. Further, the first and 73 second positions to winch the
position of reticle stage RST is set was made to correspond to both edges
of the movement range of reticle stage R&T so that the entire pattern area
of the reticle moves across illumination area IAR in the 5 scanning

direction. However, the present.invention is not Minted to.tins, and far
exapio, (A SOSoA B 1o SACEHAT cat pe Moo riapaai T Fed o
thesactuah meyemenihrange: (the fiavement farge) neliding thentime 108y .
acceleration/ deceleration before and after the scanning exposure and the

10 synchrofous sertifg fihee) of Yetitle stage RSTduGy s€aswiags the range

ex %seurrg uﬁ"ﬂ% one of the reticles BgRand R2. Fu thEermore, "i‘ least a&art
f

ilnation,area ssgs (1L, actu 1 e range
emovemenl?range N the scannlngpcﬁrecﬁon e by(ihe%rs n 9

segend-positigas gan beshiffed from the movement range pfireticlestagdes cross
RST for 15 the entire pattern area of the reticle to move across

illuminatiomareacART heweVer, 1Eis prefesabledfortRe movememerahgen areas)
set by the first and second positions to Include at least the movemen

rarftfe OF réticté SBigeRST1orThE ehtite paat%eerﬁeajreérbf%ﬂ'é%ti‘éftéetosrtlﬁ%%‘tem

acrpssillyminatior ared 2QJAR. Furdbet the I‘Eh%‘_’ser%%ntt@@g%%é%@é%ome ters
stage RST can Include the movement range during measurement

operatidreusiog dhre deferd@riceemarks.ng rilext; sethirdsgadir&tionn the Y-axis
operation performed per wafer (the so-called overhead time) for revising a

gat &G ECIs schlig 8 ol 8nd ah 'difset 6PanRheddermeRSHRgHt -
valpe-tg an Interferometermegsuremeptvalue) i encoders 264, 26Bley witn

and 26C1, that is, the low order component of the correction map

desdarihedt eartier nwill bgidescribed.ohiis ¢hird calibratien eperationwibrder to

also be referred to as a short-term
describe the movement position of reticle stage RST in a
clearly understandable manner, the expressions such as
“illumination area IAR passes” and the like are used.

During the scanning above, main controller 20 takes in

the measurement values of reticle Y interferometer 16y, Y
linear encoders 26A; and 26B;, reticle X interferometer 16x,
and X linear encoders 26C; at a predetermined sampling interval,
and stores the measurement values in a memory (not shown),
and also makes a map as in FIG. 15 on the measurement values
of Y linear encoders 26A; and 26B; and measurement values of
reticle Y interferometer 16y, and on the measurement values
of reticle X interferometer 16x and the measurement values
of X 1linear encoders 26C;, respectively. The reason for taking
in the measurement values of the three encoders 26A;, 26Bq,
and 26C; is due to taking into consideration the point in which

the position of reticle stage RST is controlled using the three

encoders 26A;, 26B;, and 26C; in the range where illumination
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74 calibration below, due to the same reasons as before. First of all,
main controller 20 drives reticle stage RST in the 1-axis direction within a
predetermined range in winch illumination area IAR passes the pattern
area of reticle 5 R1 (or R2) used in the next exposure. Reticle stage RST
is driven at a low speed, but at a level in winch the throughput can be
maintained within an allowable range even if the throughput of exposure
apparatu 0 decreases due to performing.the.third,calibration operation.
s L S S Dol of B8 oL N po S <Leas)
informationrotreticle stage RSE ahapredeterstined samplingslntervalich shows
using Interferometers 16x and 16y and encoders 26A1, 26131, and 26C1,

and sotes themisdsireM it 188 W ATePcry (ot SAoWNRNAISH-6r fisisometer
thirdnc I@krl%ti%e, iIISumin%ti%r% are: IAeFé isor%otalr? g%%%sgg]rfilyiigu%neate% <o

with' ffumination ‘ﬁgﬁgﬁ_, Rowever, 101 thé same reasons as before, thé

expressionsstichasi Jlluminatienaea AR Rassesand hedlikerare used.
Further, the movement range of reticle stage RST is the same range as

thel rargyefdaseribéd inathe sécord calilaticrkopeiatiohc20Howegarcint values
the third calibration operation, position setting of reticle stage RST does

nofhavd'fo 68 parfofmed st botft edges of HEmdvehiErt tahge s curve C and
Then, main,gontroller 20 makes.a curvegs ing cyve Chshowia in FIG. 4k

for each of the measurement values of Y linear 25 encoders 26A1 and

26B& andrtheaneasurenrent valugscofreticlecy Inteffeeometer 16Gyp and theG. 15
measurement values of reticle X Interferometer 16x and the measurement

vafiié8 i ifedrefic6lre 6E10Th AtaHariifer 589h tHS préciga sur ement
desription.Jp Ei d9.tefetense fade EA ndiraige e PodeterTingtl cor cnss

range 7
is because, for example, in FIG. 15, point Pl indicates that

the

when the measurement value of the encoder is el the measurement
value of the corresponding interferometer is il, and since
this measurement value of the interferometer is a value which
was obtained when reticle stage RST was scanned at an extremely
slow speed as is previously described, it is safe to say that
this value naturally contains no long-term variation errors
as well as almost no short-term variation errors due to air
fluctuation, and that it is an accurate value in which errors
can be ignored.

When the relation between the measurement values after
correction of encoders 26A;, 26B;, and 26C; whose measurement
values have been corrected according to the correction map
of FIG. 15 and the corresponding interferometers is obtained,
the relation coincides with ideal line TL in FIG. 15. The
correction map for correcting the measurement values of
encoder 26C; can naturally be made based on the measurement

values of encoder 26C; and reticle X interferometer 16x, which
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in which illumination area IAR passes the pattern area of reticle R1 (or
R2), that Es, the exposure section. Next, main controller 20 obtains a
least squares approximation straight line FL of curve C1, and then obtains
5 an offset drift OD and a scaling drift SD of approximation straight line FL
to Ideal line TL. Then, using offset drift (affset error) and scaling drift
(gradient error) that have been obtained, the correction map of the low

order component keptin advance as 2 mapis fevised The, pased gnthe__, ;
10 correction map of the low oréer cgmponent tﬁat hasq%een corrected

and the gerrsetian maprofdhe dighoowler gagwonent kept in advance as a
map, main controller 20 makes a new correction map for correcting the
low order ¢bmipoRenttasd tierhigh erder e6m Fonentc 25AE [faspa papdffor the
the movement range %f reticle sta%e R&T in the third calibtration ogeratilpn
rema ng, errcoder US.1 e measurement values O
can be shifted from a predse{termlneg range I(‘correspon(eilng t0 exposure

sectionEA) forthe eptire pattern awa of thereticledoMoyenaciassto encoders
illumination area IAR, however, it is preferable for the 20 movement range

to Hchude abast ahel predetednimenange, abd for example, the
movement ran%e can be the actual movin% range of reticle stage RST

during scaffifig ‘SxpostfEe s indvamerittdnge that fficlufed ihen operation
acegleratiopideceleration apd synchronous seltling pgriod before andaftarne 4

the scanning 25 exposure) using one of reticles R1 and R2. Further, the
maotement ramge ot feticleastage RSE can lncludé thenmovément rakgecribed
durin% measurement operation using the reference marks previously

deSErisEd, 1 BXBGs e Apparan 166, Thaim cottRIreP 20heifinias 76¢herated

longstexm.calibration opexation,and the shorigetrn calibratan.eperaiion fon: ang

encoders 50A to 50D used for controlling the position of wafer stage WST

duting theleéxpasuremperaiion, inandliar metiodasiiarthe dirgtdadhitd that is a
component besides the low order component, and a correction
map can be kept for both the low order component and the high
order component, or the low order component can further be
separated into the offset component and the gradient component
and a correction map can be kept for both the offset component
and the gradient component, along with the correction map of
the high order component. Or, a correction map (correction
information) on the high order component which is expected
to be immovable for a relatively long period can be kept, and
the correction information of the low order component which
is expected to change in a relatively short period can be
obtained by the short-term calibration operation.

In the description above, in the calibration operation
of obtaining (deciding) the correction information of the
measurement values of at least encoders 26A; and 26B,, reticle
stage RST was moved in the scanning direction (the Y-axis

direction) in a range where the pattern areas of reticle R1
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5 calibration previously described. However, wafer stage WST moves
wlth11-1 a two-dimensional plane. In this case, ma= controller 20 drives
wafer stage WST on an orthogonal coordinate system set by wafer Y
Interferometer 181 and wafer X Interferometer 18X1 and obtains a
correction map based on 10 a distributior ®f errors of the measurement
values of X linear encoders 50B and 50D, as well as a correction map

based, a3 %ig”ieb“tioneoi[ errors of the measpyement yalugs QLY INGRM 1 owever
encoders 50A and 508 I this case, the disposgﬁ direction of the ’ ’

diffraction gtardnkldgholmovementsealesAdArand 44G andiimihed to this.
longitudinal direction of Y linear encoders 50A and 50C are both in the

1-845 direvtibh candthaprgitadibal dreetiohnos head amits A6Avapg Bee entire

(th%edi%puofgﬂrﬁé‘ée%té%“ of the Neads) is In.the X-gxis direction, Next, e ¢ the
Iong-taerm calibration gper fion ]iteh fcl)rsfjfo calibration operatllorli) of "9

engaders D0A tor59:/13 pergrared dv expasute apparats 108 oithe o f encoders
embodiment, that 1s, an acquisition operation of correction information of

the2gra-Larid1g pitch ofthé Insoverventssthalessarkcotvedtion informatienning

of gra-L.11-1g deformation of wafer stage WST will 25 be described,
baSEd BFIB, 20: "0 TAFIG! 20! ThekSurdmain Beame B4L and B2 movement

fro%?{g@te&@ﬂ'ﬂét%ﬁélﬁgrﬁ@z@ sypmetrcally 19 %%Ir%igmguf@nent range
(coincides with a straight line formed when the center of a plurality of

heads ob héaddniti46B ahd heagrunitg6b>ave sTit pinéd)tparallebtbstheinclude
1-axis that passes through the optical axis of projection optical system PL,

andtRe CONSERGA heasifremertt bxisSErSE IfteRéfom&Er 8¢ chiHtfest
with a.styaight ling paralieLwith the 1:as that passes thraugh ythe gptica|; 1,4

axis of projection optical system PL. Therefore, with Y Interferometer 181,
thee¥peosition efrwafeh stager\WiSdocanibe seaeasured without. Abbererrers, the

Similarly, the measurement beam from X Interferometer 18X1 is placed on
a SHATGHIME (E6MERIes Wit Strafyht A€ forftdd wheR dte 1 imited to the

movement range of reticle stage RST during scanning exposure
that uses reticles R1 and R2, and can include the movement
range during the measurement operation using a reference mark
(not shown) arranged on reticle stage RST. The reference mark
can be at least one mark arranged on reticle stage RST on the
-Y side with respect to reticle R1 and/or on the +Y side with
respect to reticle R2.

Next, a second calibration operation for calibrating a
gain error (a scaling error of an encoder measurement value
to an interferometer measurement value) in encoders 26A;, 26B;,
and 26C; which is performed, for example, per each wafer (during
a so-called overhead time (the period after completing the
exposure of a wafer until the beginning of exposure of the
next wafer)), will be described. Since the secondcalibration
operation is performed for each wafer or the like, that is,

is performed at a relatively short interval, this operation
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10 center of a plurality of heads of head unit 46A and head unit 46C are
joined) parallel to the X-axis that passes through the optical axis of
projection optical system PL, and the measurement axis of X
Interferometer 18X1 coincides with a straight line parallel wit the X-axis
that passes through the 15 optical axis of/projection optical system PL.
Therefore, with X Interferometer 18X1, the X position of wafer stage WST

caf) be,measyred withqut Abbe %gQ%Ssagthseh%%Qt—%%%%)ocsg{%%@gtt{]gn in the
like. Now, as an example,an acquisition operation o correcton

informaationoefidefopnatian of the gra-L.11-1g lines (gra-L.11-1g line
warp)of the X scale and the correction

First of all, as is shown in FIG. 16, main controller
20 sets the position of reticle stage RST in the scanning
direction (the Y-axis direction) to a first Y position
(hereinafter also simply referred to as a first position) so
that the edge section on the -Y side of the pattern area of
reticle R1 (or R2) used in the next exposure coincides with
the edge section on the +Y side of illumination area IAR. On
this calibration operation as well, illumination area IAR is
not necessarily illuminated with illumination light IL,
however, in FIG. 16, illumination area IAR is indicated in
order to make the position of reticle stage RST easier to
understand.

Then, main controller 20 continues the position setting
state of reticle stage RST at the first position above shown
in FIG. 16 for a predetermined period of time, and while
continuing this state, obtains the measurement values of
encoders 26A;, 26B;, and 26C; and interferometers 16x and 16y
at a predetermined sampling interval, and stores the
measurement values in memory (not shown).

Next, main controller 20 drives reticle stage RST in the
-Y direction, and as is shown in FIG. 17, sets the position
of reticle stage RST to a second Y position (hereinafter also
simply referred to as a second position) so that the edge
section on the +Y side of the pattern area of reticle R1 (or
R2) coincides with the edge section on the -Y side of
illumination area IAR. Then, main controller 20 continues the

position setting state of reticle stage RST at the second
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position above shown in FIG. 17 for a predetermined period
of time, and while continuing this state, obtains the
measurement values of encoders 26A;, 26B;, and 26C; and
interferometers 16x and loy at a predetermined sampling
interval, and stores the measurement values in memory (not
shown) .

Then, based on the measurement values (information)
stored in memory at each of the first and second positions
above, main controller 20 computes the addition average value
(time averaging value) of the measurement values at each of
the first and the second positions described above, for
encoders 26A;, 26B;, and 26C; and interferometers 16x and 16y.
Then, based on the computed results, main controller 20 makes
a map on the measurement values of Y linear encoders 26A; and
26B; and the measurement values of reticle Y interferometer
loy, and also on the measurement values of reticle X
interferometer 16x and X linear encoder 26C;, like the one shown
in FIG. 18. 1In the map in FIG. 18, point P2 and point P3 are
points that show the relation between the measurement values
of the interferometers at each of the first and second
positions whose short-term variation due to air fluctuation
or the like is reduced by the averaging effect and the
measurement values of the corresponding encoders.

Next, main controller 20 computes a gradient component
(scaling) S. of a correction map used for correcting the
measurement values of the encoder using the measurement values
of the interferometer from the following equation.

Sc = (e3 - e2)/ (13 - 12)

Then, main controller 20 replaces the gradient component
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First of all, main controller 20 drives wafer stage WST based on the
measurement values of Y Interferometer 181, X Interferometer 18X1, and
Z Interferometers 18Z1 and 1872, and sets the position of wafer stage
WST as is shown in FIG. 20 78 so that movement scales 44A and 44C
are placed directly under the corresponding head units 46A and 46C (at
least one head) and the edge on the +Y side of movement scales

(diffraction gratings) 44A and 44C each coincide with the carr. ding 5 ,.
L gRcIan oS a0 RIS K B A e S U i e

WS theshY directing, fosexample,unti the ptherend(the egdge enpiigonent .
-Y side) of movement scales 44A and 44C coincides with the
cofresSporing head tnits 46Arasd-46C 8538 indicated byor0 andeiove FiRonent

FIG, 20 in a low speed at a level in winch the short-term variation of the
R e e e A S et =

the-measyrement valugsof Xinterfesametari8X: fixedkat 2 new correction
predetermined value, based on the measurement values of Y

Intederdmetercl8iand 18 Z hatetferometers L8RP and1i8Z2whilee high order
maintaining all of the pitching amount, rolling amount, and yawing amount
at ZEFP BTG this movement, main controller 20 takes in the

measurement values.obY lipearancoders SOAaN0, 20Cand the reticle stage
measurement values of Y Interferometer 181 (measurement 20 values

acedrting sosaeasarementiieamsB41 mneliB42nat apredetermimed position,
sampling Interval, and then obtains the relation between the measurement

valities ot Yhiear EhcBaSrs SR Snd50eCaMd BERRaShreent Al sfere
Y Interferometer 181, based,on e measyrement valyes that arg faﬁ%nchi cle R1

1n. More 25 specifically, main controller 20 obtains the gra-L.11-1g pitc
(thedistange between adjasentigratl .t d- lgxlines) of mavementiscaléstermined
44A and 44C, winch are placed sequentially facing head units 46A and .
4A6BTAI6RF WthINEIRovEMERT BEfafér StagePWSTRREhE tdristtiorerrection

information of;the grasL..11;19;pitch. The However, the computation is not
limited to this, and the position of reticle stage RST can
be set besides the first position and the second position,
to three or more positions which include at least one position
between the first position and the second position. And then,
the processing similar to the description above is performed,
and a least squares approximation straight line of the three
or more points that have been obtained can be computed, and
based on the approximation straight line, an offset component
can also be computed in addition to the gradient component
of the correction map (scaling error). In this case, a new
correction map for correcting the low order component and the
high order component can be made, based on the low order
component of the correction map that has been computed
(gradient component and offset component) and the high order

component kept as the correction map. Further, the first and
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79 correction information of the grating pitch can be obtained, for

example, in the case the horizontal axis indicates the measurement

values of the Interferometer and the vertical axis indicates the

measurement values of the encoders, as a 5 correction map or the like

that denotes a relation between the two using a curve. Since the

measurement values of Y Interferometer 18 in this case are values which

can be gbtained yhen,wafer sipge Wi wuas scanned atap exremely o gsr
slow speed Bsfs previously déscribe ,1tis safe to say that these values

10 natyratlywoutain e lepgderm yapatien ey oss a5 Welbas abiosto movement
short-term variation errors due to air fluctuation, and that it is an accurate
valierigsvinéh eabiscéan béagroredT Irsthis-ade, WifeestageWBT gy n area
driven |n the 1-axis direction covering a range in winch both edge .
b SEAEk A T8 G I e A U I A osbhnamy Medd £he

units 46Aand 46G<The provementsange, howeyare is-not Mintedtoitns, i s not

and for example, wafer stage WST can be driven in a range in the 1-axis
diréctiortimninch lwafer stagé W SR ignmovedtddring €xpostre bperadlybn stage
of a wafer. 20Further, during the movement of wafer stage WST, b

statisticaly proceJ&ihg tﬁeom%%%ﬁF&ﬁ@&%aﬁ&esﬁﬁe&&ﬁ%ﬁﬂenﬁé{%ﬁ%ﬁ range
X lineat encoders:ROB: and SOB) obtained, fromuthe:plurality atheads:of: s on/

head units 46B and 46D, winch are sequentially placed facing movement
scales d48rautd 44Dral diog 25awith dfe- movemetaf wafeostagedd/Sie and the

such as for example, by averaging (or weighted averagyng), main

CORYOIRFZRES obtding cBfeltiditihfGtadioh'sttRe defsimdiion (Wargd
of the.grating lingg that sequentially face the plurality of beadsghhis jsy o

because in the case the reflection surface of movable 80 mirror 17X is an

Ideal planer e sametvariatien patteen-shauld repeatedyrappear dugagin the

the process of sending wafer stage WST in the +Y direction, therefore, if

thesFRABHRSMERE@4ta ‘dhitaitiell by the Blurafity ofisadeisdveraged, thens can

Coggcg N fted from the movement range of reticle stage RST for
the entire pattern area of the reticle to move across
illumination area IAR, however, it is preferable for the
movement range set by the first and second positions to include
at least the movement range of reticle stage RST for the entire
pattern area of the reticle to move across illumination area
IAR. Further, the movement range of reticle stage RST can
include the movement range during measurement operation using
the reference marks.

Next, a third calibration operation performed per wafer

(the so-called overhead time) for revising a gain error (a
scaling error and an offset of an encoder measurement value
to an interferometer measurement value) in encoders 26A;, 26B1,
and 26C;, that is, the low order component of the correction

map described earlier, will be described. This third

calibration operation will also be referred to as a short-term
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5 information of the deformation (warp) of the grating lines of movement

scales 44B and 44D that sequentially face the plurality of heads can be
accurately obtained. In the case the reflection surface of movable

mirror 17X is not an Ideal plane, the unevenness (distortion) of the 10

reflection surface is to be measured and correction data of the distortion is

to be obtained in advance. Then, on the movement of wafer stage WST in

the +% &i@regt&ol% ge%cr'bemg alzc){)uvee, dl.nst%%de of gﬁng Eheal gnoenasuresm%ntfvallée

of Xdnterferometer 18X1 to a pre etermined vaﬁje, %y con%roﬁing the X ©
position 15efrwafes stage Wak basedontbe corrention diaia,watef stage stage
WST can be accurately moved in the 1-axis direction. When this operation

is &SJlied thé& eotreetiors irdémpatiorsf thetdrarl 2 1PKggrdteofvhooenientge 1n
Scalﬁs 4¢A de 44C %nd the corr%%tg)n informa%ign of t]g% deformationf ficl
(Wgrpjj% the glﬁangalinleosnz‘)eroefamoverﬁ(‘i}lﬁtssec%lles%IEE';l and 440'can Be “S-1°C
aceyrately obtgined iscompietelythe same nanner asigdhe aboveage RST is
description. The measurement data obtained using the plurality of heads

of Head enits 468 bwid 46B4sia plutality of detaat different edgiohs gfhroughput
reference on the reflection surface of movahle mirror 17X, 25 and the

he&a8 eRth Mredsure B ddtorMation (warp) B e Sah@ (5t fike 1 T the
Therefgre, by the averaging or thelifg desctibed ghove, @ndinsidentale o

effect occurs in which the distortion correction residual of the reflection
sudace isravierggeldest thatdt betomestclaseptoca fruévalue Tincothedu8ling the
words, by averaging the measurement data (warp information of the

grétingIitre FGbtAiresd By 8 phdialit oPREAdES InENREERdE dPiHeldisTorigha t+on
eeiduaLeanbe tadigeds Spe.ghe e dons AT A erval using

diffraction 5 grati he longitudinal direction of movement scales 44
and ey, anddihe tengitudinak dise ttign af deadaunitsr46B amd 46EB(theand 26C;,
disposal direction of the heads) in X linear encoders 50B and 50D are
oppasité iy HS X-ARiS8RE YEEKIS WiretlibNas the FafRay eltvdeisBon - Also

20 90C, Setalan e Auuisiion 40 operafien e stcallyralion 1. ot
operatlonjLoft & correction informatién of the deformation fwarp of the
gratingdines:of theiY scalerang-thescamectiaminformaition of thergatinhowever,
pitch of movement scales 50B and 50D will be omitted because the
prdcessingthatRcedemsivs pedormed the doifectisRressions such as

“illumination area IAR passes” and the like are used. Further,
the movement range of reticle stage RST is the same range as
the range described in the second calibration operation.
However, in the third calibration operation, position setting
of reticle stage RST does not have to be performed at both
edges of the movement range.

Then, main controller 20 makes a curve as in a curve Cl
shown in FIG. 19 for each of the measurement values of Y linear
encoders 26A; and 26B; and the measurement values of reticle
Y interferometer 16y, and the measurement values of reticle
X interferometer 16x and the measurement values of X linear
encoder 26C;, ina similar manner as in the previous description.

InFIG. 19, reference code EA indicates the predetermined range
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15 described above with the X-axis direction and Y-axis direction

interchanged. As in the description above, main controller 20 obtains

the correction information of the grating pitch of movement scales 44A

and 44C, the correction information of the 20 deformation (warp) of the

grating lines of movement scales 44B and*44D, the correction information

of the grating pitch of movement scales 44B and 44D and the correction
information of the deformation (warp) of rating lines of movement

o R i A LR e b S g B L 96 Bmatee ©f
forreachdot Rr1 Then, ®pring the expesurensoesssing: eethedikeiefithe

wafer in the lot, main controller 20 performs position control of wafer stage

WST in thé'¥=dxis HitéstictPwhile EdREctity hletméasuremen valusg @ias

is, the measurement values of 82 encoders 50A and 5 obtained from .
BRI FEA ] 4 EA a0 on T ot etton Tcin akbrr SHnG g 2 L0
piteh apd the corectian nformation ofthe defprmation (Warp)rofdPgroximation
grating lines of movement scales 44A and 44C. Accordingly, 5 it becomes
possibkeifoh mdinwentiollep 20deperiornepdsitionTdoritrol of Wadeodtaget drift
WST in the 1-axis direction with good accuracy usin% linear encoders 50A

and $0C Wittout Being affeGED by e thfiienck ot tBporalchangdat ave

of H@e&r%ﬁga@%&ﬂn%@ geatingdinevagp, of HPV@‘E‘%G%%F%JQEéﬂAb%%onent
1044cC. Further, during the exposure processing or the like of the

wakerdn the latdmanteonrtrolkerROperformsyvpositibn cOnteol, oftvweaferstagethe
WST in the X-axis direction while correcting the measurement values (that

is, T8 FRaSLREMBRELS ValliBS of BHcEdEIS 5O ERE BEDY obtkired: ionPeen
head upits 468 and; 46R.baged op.the carrection information af the grating , o«

pitch and the correction information of the deformation (warp) of the

gratingdines efdnaversentsscales44B andrd4irrAccordiagly? it hesemesa new
possible for main controller 20 to 20 perform position control of wafer
StatRIWSTHhIRETRRGS Hireehio R With' gbSd acktracy dsihgrifgpnent and the
en%gd%rs OSOC%%%ndC SODOI\évéthut being affected by the influence of the

tempgral cﬁange of the grating pitch and the grating line warp of
movementsecales44Bapth44Dof the movement range of reticle stage

RST in the third calibration operation can be shifted from
a predetermined range (corresponding to exposure section EA)
for the entire pattern area of the reticle to move across
illumination area IAR, however, it is preferable for the
movement range to include at least the predetermine range,
and for example, the movement range can be the actual moving
range of reticle stage RST during scanning exposure (the
movement range that includes the acceleration/deceleration
and synchronous settling period before and after the scanning
exposure) using one of reticles R1 and R2. Further, the
movement range of reticle stage RST can include the movement
range during measurement operation using the reference marks
previously described.

In exposure apparatus 100, main controller 20 performs
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25In the description above, the correction information of the grating pitch
and the warp of the grating lines were obtained for each of the movement
scales 44A to 44D, however, the present invention is not limited to this,
and the correction information of the grating pitch and the warp of 83 the
grating lines can be obtained for only ong 6f movement scales 44A and
44C and movement scales 44B and 44D, or the correction information of

only.qne,of the grafing. pich,and the warp of the grating ipes canbe. . o
obtaine POI’%O movemenkf%asca?esi &an f and movement scales

44BandA4DR i Akhaighra tetailed dessriptior: will be amitted,dbeused for
short-term calibration operation (the second and third calibration
OpErations) of &rrcoders SoAT6BODIused for ebaT6ling the posiidefexposure
wafer stage WST during the exposure 10 operation is to he performed . .
CERTaI e 10ng e SAT ol BEBaton (e 115t ddisatar Third
opekatiop) des¢ribed-abave:s1y Fhen,onthe expesike operationby theige wst
step-and-scan method, main controller 20 performs position control of 15

reticte’ stageiR8Tasas describiedeariendasedaorethe Aeatbfementse, main
values of encoders 26A1, 26B1, and 26C1 and their correction maps, as

we'li Y5the posttion cotfrol 5F wiferstade WST Basedonthe O F thogonal

me@é&%ﬂﬁ%\éﬁ@?é@érﬁ@@g%? %&WQ@BQH@ES%@%@@ @RS wafer
20Further, in exposure apparatus 100 of the embodiment,

X interferometer 18X; and obtains a correction map based on
a distribution of errors of the measurement values of X linear
encoders 50B and 50D, as well as a correction map based on
a distribution of errors of the measurement values of Y linear
encoders 50A and 50C. In this case, the disposal direction
of the diffraction grating of movement scales 44A and 44C and
the longitudinal direction of Y linear encoders 50A and 50C
are both in the Y-axis direction, and the longitudinal
direction of head units 46A and 46C (the disposal direction
of the heads) i1s in the X-axis direction.

Next, the long-term calibration operation (the first
calibration operation) of encoders 50A to 50 D performed in
exposure apparatus 100 of the embodiment, that is, an
acquisition operation of correction information of the
grating pitch of the movement scales and correction
information of grating deformation of wafer stage WST will
be described, based on FIG. 20.

In FIG. 20, measurement beams B4, and B4, from Y
interferometer 18Y are placed symmetrically to a straight 1line
(coincides with a straight line formed when the center of a

plurality of heads of head unit 46B and head unit 46D are
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reticle R1 and reticle R2 can be simultaneously mounted on reticle stage
RST. Therefore, by having completed reticle alignment of reticle R1 and
reticle R2, main controller 20 can perform double exposure, for example,
using reticle R1 25 and reticle R2, by simply moving reticle stage RST
based on the measurement values of engaders 26A1, 26B1, and 26C1
without performing the reticle exchange operation to reticle stage RST. 84

the.encoder b theﬁiffia tio Jnt ference me hod descri ﬁd aboye and L cal
eI O S ee O R o T 1ean. Sah T Ghg oP e Les

by ke so-called pickatp Brethed; iof &1 Se-galledhscarn eacedervehasgostantial
details are disclosed in, for 5example, U.S. Patent No. 6,639,686 or the
lik&easuasiEadscribed in Hetailaicel aceseimytoléxpostre apparatus th a

100 related to the embodiment, main controlley 20 performs calibration
opEIAtoh Bl Tof SXATHTE orOHelc 2BAL JoHT A28 MER o Chroua

specificalhy ccosrectiondrferpatior farild copecting measwgament valleserore,
of encoders 26A1, 26B1, and 26C1 and the like whose short-term stability

of thetinedsurdraehevalnes srsuperiortiodnterferoniaters 06y aadci6xsaege WST
acquired, using the measurement values of Interferometers_ 16y and 16x

whosB liRGafify At foAg R Stbilith ¥ tiie hidaSaremeht 18 Vakesate
superor ip ancrders-26A %268k and28GL Then main gontrollef,2Q.cq on a

drives reticle stage RST during scanning exposure or the like, based on
thesmeasgreménteal lesiandithie corradtien snfoemgtian of eacbders=26Mien the

26B1, and 26C1. Accordingly, reticle stage RST can be driven with good .
20(8&iSTor baseyl o the' pesitibnaf fiforation df reficié stade WsThead unit

whpge "Q?é”?’o neklenggen stabjlity is gpad in additiona {he,, s ses through

measurement values of encoders 26A1, 26B1, and 26C1 that have been
cotreetedpusing theacoreeciiongntofmatianthapis; tel shortsterm stapiliynd the
25Further, according to exposure apparatus 100 of the embodiment, by
thé'RAFHEATTANbrLOR prévidusiy cRsERbeTIotrectibrt infotiatioAdsr With a

gggg%‘l %‘g%.f%%&f”é Yalues ofignoders 26A1 and. 2681 WNOSE 1 1o ugh the
optical axis of projection optical system PL. Therefore, with
X interferometer 18X;, the X position of wafer stage WST can
be measured without Abbe errors at the point of exposure and
the like.

Now, as an example, an acquisition operation of
correction information of deformation of the grating lines
(grating line warp) of the X scale and the correction
information of the grating pitch of the Y scale will be
described. 1In order to simplify the description, the
reflection surface of movable mirror 17X is to be an ideal
plane.

First of all, main controller 20 drives wafer stage WST
based on the measurement values of Y interferometer 18Y, X
interferometer 18X;, and Z interferometers 187; and 18%Z,, and

sets the position of wafer stage WST as is shown in FIG. 20
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measurement values is superior to Interferometer 16y is 85 acquired,
using the measurement values of Interferometer 16y whose linearity and
long-term stability of the measurement values are superior to encoders
26A1 and 26B1. Then, during pattern transfer or the like, main controller
20 controls the 5 movement of reticle stage RST based on the
measurement values of encoders 26A1 and 26B1 and the correction

infgrmation. Accordingly, it becom assibl contral the movement of
rettin Ghie T RN Josd Pre o Bk A (o postioral Ibreatian Undes

of ralicle stagedRShdA the searning idirection Ehwhose linearity asd one head)
long-term stability is good in addition to the measurement values of .
enéddersEe AU aRd 26BINthat have Brenfcarretted LSinyCtheorriettibhraction

inforrrr;L t_i.Lonn, that #ﬁr,]Athe sho tzlttcerrgasé%big:itgiggrit er, acc rqcitpl%t% e)gg_possur(esn din
ap%ara us ?56 of the 15 embodiment, by one o Re'Short-term calibrations g

preydausly, deseribegh corrgctierrinformation for correcting a low order
component (scaling error, or a scaling error and a scaling offset) of a map

informatio#at denates aeelation betweéh thermeasafementvalge®df in the
Interferometer 16y whose linearity 20 and lpng-term stability of the

measuremehitvalties 5r& stpefsr ioentoters 28R1UMF2681 Andthe ©d9e on
measurement;valyes, of gacaders 26ALANA 268 ) Whose SOMLeMc i des with

stability of the measurement values is superior to Interferometer 16y is
actubieed:.oithers pondg patiesa transfer or 416@ likedméhCcantralleriz2sated by
controls the movement of reticle stage RST, based on the measurement

vafties bt énitotiets'26A% arfd’26B1%Andihe M3 InfornfatibhiiHosd 0w ¢ the
ordgr componsat has peen gorrepted using 116 capreaton,information v

obtained above. Further, according to exposure apparatus 100, main 86
interferometer 18Y can be ignored and alsowith the measurement

values of X interferometer 18X; fixed at a predetermined value,
based on the measurement values of Y interferometer 18Y and
Z interferometers 18Z; and 18Z; while maintaining all of the
pitching amount, rolling amount, and yawing amount at zero.
During this movement, main controller 20 takes in the
measurement values of Y linear encoders 50A and 50C and the
measurement values of Y interferometer 18Y (measurement
values according to measurement beams B4; and B4,) at a
predetermined sampling interval, and then obtains the
relation between the measurement values of Y linear encoders
50A and 50C and the measurement values of Y interferometer
18Y, based on the measurement values that are taken in. More
specifically, main controller 20 obtains the grating pitch
(the distance between adjacent grating lines) of movement
scales 44A and 44C, which are placed sequentially facing head
units 46A and 46C along with the movement of wafer stage WST

and the correction information of the grating pitch. The
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controller 20 performs calibration operation of, for example, encoders 50A
to 50D in the manner similar to the calibration operation of encoders 26A1
and 26BI described above. More specifically, correction information for
correcting 5 measurement values of encoders 50A to 50D whose
short-term stability of the measurement vadues is superior to
Interferometers 181 and 18X1 are acquired, using the measurement

values of Interferom]%er_[% éL@iL and %S%Qewhog% linearit t%r}ld Ioanrg-term
1

sta%ﬁﬁ%?ttf]leo%e%%urement values areggupelr{lo(% {5 encoders 50A fo T2t ed

50Be Thenramarcontrollen20 diives watersiage WMSE duingsscaniingates the
exposure, during the stepping movement in between shot areas, and the .
lik&Fasetsirihe nedstifepieAh valudscarie thensorractadinfornvationicfa L axis

enco%ers SQA tot 0D. 15Accordinglé/, Wa{er stagg V\@T can be ddriven with

9068 p%é:caisue)rsl in Both the X-axis and the 1-axis directionS, ased orf the”
positieraldnfosmatiap of waferstage WEH dn the Xoxds agd the 1+84$ between
directions whose linearity and long-term stability is good in addition to the
medsarémentvalogs of 20 eneoadefsiBOA td BODrthashawebeén cedreetedot Y
using the correction information, that is, the short-term stability.

ActOrdiidiy \Willy ExBostird apparaiis 196 6FtRE bRbdinent, oar P obtained

SC_@@"HE R9.expasU @t%fg%%‘s%h%aai ea opthewafermas.qontroller,2Q €3 speed
drive reticle R1 or R2 (reticle stage 25 RST) and wafer W (wafer stage

WSE) irs the scanning Widectioni(ieakisidirection)f withogeed atcuracyese values
based on the measurement values of encoders 26A1, 26BI, and 26C1 and

enBadeIS SO 50D S witt aSPetHdrfir ositic sétting (Sidrthenty of "e1l as
reticie, R 0LRZ ([gticle stage RS T).and waler W wafer $130eiWS1),8/00c 1 on,

the non-scanning direction (X-axis direction) with 1810 precision.

Aceardlinghy; it hecoraeasspassile dovfatimdhenpatieéonhof reticte R {dsdR2pnored.
on the plurality of shot areas on wafer W with good accuracy. 5In .
exﬁ@sﬁ?&éﬁf}%’f’&wé@é@6ﬁhé%%%@liﬂ?éﬁﬁ¥ﬁéiﬁn in the Y-axis direction

covering a range in which both edges of movement scales 44A
and 44C move across the corresponding head units 46A and 46C.
The movement range, however, is not limited to this, and for
example, wafer stage WST can be driven in a range in the Y-axis
direction in which wafer stage WST is moved during exposure
operation of a wafer.

Further, during the movement of wafer stage WST, by
statistically processing the measurement values (measurement
values of X linear encoders 50B and 50D) obtained from the
plurality of heads of head units 46B and 46D, which are
sequentially placed facing movement scales 44B and 44D along
with the movement of wafer stage WST, such as for example,
by averaging (or weighted averaging), main controller 20 also
obtains correction information of the deformation (warp) of
the grating lines that sequentially face the plurality of heads.

This is because in the case the reflection surface of movable
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controller 20 revised the correction information of the measurement values

of the encoders based on the measurement values of the encoders and

the Interferometers, winch were obtained by moving reticle stage RST
separately from the 10 exposure operation. However, for example, the

correction information can be revised, usiitg the measurement values of

the encoders and the Interferometers, winch are obtained during the

morr\{fmrent ?f7r tllcsleaStaggegET ?grrllrég ﬂe%eex c?r%“@a%plea{ggo?f ya I€ern should
spemﬁcaﬁﬁ/, when peﬁormlng the expobsure 15 operation by fhe
step=gRd-sean methpd in-winch the pattersof deticledR] {emRB2his wafer stage
sequentially transferred on the plurality of shot areas on wafer W, the

po¥itidniot réticle sfagé RSt éam betdonrofled daséd omthenpeaswehsrt data
values of the encqoders and the, correction information, for example, 20 .
TG TG S B bETb G, S Srehe AT A Bar R g == o
contrel{expeswe aperation abthewafets the measyrement\@ldesefithe 1ines
Interferometers and the encoders can be accumulated. Then, based on
theodcowrneiatat-measdremeritialues, 4équéemtil cafibration billy face the
measurement 25 errors of the encoders in winch the correction

infSrhation-(for ekafple S MAP iRformation Wat dendtesa 1etion

between ”E@%H@%%%V@H@Sr%fﬂh%é@tfgﬁrgﬁﬁ%@@% mgv_able_ mirror 17X
measurement values of the encoders as is shown in FIG. 21) is calibrated

in portotexposingcthé nekswafertdan bepedormed. 88istdntEIGnRlpf the
reference numeral C2 indicates the average value of the accumulated

date grﬁotﬁijslod:%\tﬁﬁ tRe avémadevaitets %ﬁ%?a@iﬂ& d?fcfﬁ.é‘ SRorttEnfiata of
varigfion;(varigtien j) measprement yalues due tq.alf fluctation arfbe  on the
like) of 5 the measurement values of the Interferometer. In this case, the
dateodhatiegh Scanning expostreedoes nat tiaxerto derascuimated for alled above,

the shot areas, and the data during scanning exposure can merely be
acétrhtiReéd for the htAbér6f St AreaEeRbudiR tofeffdrm theterferometer
averaging of the short-term.10 variation of the measurement values of the . . .
ntaetometér. i FIo- 51 1o1stance code EA nikaieoan etposire. Lo cior

sectiorvas #r FGad8. wsT Inihis €ase aswelowhes pestoraurc expaswe stage
operation of the next wafer by the step-and-scan method, the movement .
15"% Fetiele Rtage RSP HAANGISCErmihg EQsosurcofeath shbtaka When this

(durlneqrpattgeorn transfer anté)e Qcol%rolled Wltht ood pregision, tbaggd on e

@) a n S 1 correc O 1 m 1 .
the I%easuremerh Va?é) S Ofe & encoders correc ec? using tﬁe correction

infgrmationy(for examplendhemean infosmationiin EHG. 249 thal meebthection
positional 20 information of the reticle stage whose linearity and long-term
stability isngdodbin additibre toltheoshort-term Stabilin). Actordinglyrirting lines

becomes\possible to trfnsfef{jthe_ z?#e 2 formed. on reticle R1 ( or Rzg b .

AN CXBERbre 67t pUASIG7 ot St Ares B tHeWARRT with Gbd -

aC%ﬁﬁXeE@Qy the same manner as in the above description. The
measurement data obtained using the plurality of heads of head
units 46B and 46D is a plurality of data at different regions
of reference on the reflection surface of movable mirror 17X,
and the heads each measure the deformation (warp) of the same
grating line. Therefore, by the averaging or the like
described above, an incidental effect occurs in which the
distortion correction residual of the reflection surface is

averaged so that it becomes closer to a true value (in other
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25 calibration can be performed not only on the Y linear encoders but also
on the X linear encoders, or the calibration can further be preformed on
the encoder system (encoders 50A to 50D) of the wafer stage. In
exposure apparatus 100 in the embodiment above, 89 correction
information of the grating pitch of the mogement scales and correction
information of grating deformation can be obtained by a method related to
a madified example, which wil be described below. AN acqUSIHON - <o v 5o
operation’of correction mformation of the grating pitc 6f movenent scales

445 anch44 G andicagrectian jnfopnatior af defosmation {warp,ofthencads, the
grating lines) of the grating lines of movement scales 44B and 44D will

now el describedl Futhef 18 bRderto malestHéldescriptioR Simsiéu e the
reflection surface of movahle mirror 17X js to,.be an Ideal plane. First .

of all, mainéjc%élncireollctzz-rr1 4 %bg\?esévlvg%? Ss?eige ,E‘é? gxéjlr)%pl%%len ﬁlmletjﬁf action

dirgetion ingdicated by anarrow Fin FIG: 2248 the stiekerange-previousie s 448
described, while 15 maintaining all of the pitching amount, the rolling
anfount2dhd the gawirglarnaurittd Zeed, baser-on the pdedswrenueritt s 46B and
valugs of Y Interferometer 181, and Z Interferometers 1871 and 1872

whil8 fixifig the hi&ssifentert ValuesoP X irtéifersifisterfeX 1 g ar sneoders
pregstermined yalue-Luting this mavement, main 20 confroller 204akeS cction

in the measurement values of encoders 50A and 50C and the
meastriemeént vadises @f Yolaterfe ideted1 8ldthéameasurementealuesisition
according to measurement beams B41 and B42) into an Internal memory

at aiprédeterfiidéd Safiping FRervar i s a5 e Meastrdméntor rection
values of gncodgr 59C 2a.arg obtaiped frgm hoad 4Bk of head UNIL46Gy 15,6

which is indicated enclosed in a circle in FIG. 22, located at a position a
distaheséa'Yaway ir the & Xt dice citonrksamia atraight line t Voparatlet toetherat ing

1-axis that passes through the optical axis of projection optical system PL,
fa&ﬁd%ﬁbﬁ&%éﬁWﬁ%m§E4€9aleS 50B and 50D will be omitted because

the processing that needs to be performed is the correction
described above with the X-axis direction and Y-axis direction
interchanged.

As in the description above, main controller 20 obtains
the correction information of the grating pitch of movement
scales 44A and 44C, the correction information of the
deformation (warp) of the grating lines of movement scales
44B and 44D, the correction information of the grating pitch
of movement scales 44B and 44D and the correction information
of the deformation (warp) of the grating lines of movement
scales 44A and 44C, per a predetermined timing, such as for
example, for each lot.

Then, during the exposure processing or the like of the
wafer in the lot, main controller 20 performs position control
of wafer stage WST in the Y-axis direction while correcting

the measurement values (that is, the measurement values of
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90 Further, the measurement values of encoder 50A is obtained from
head 48e of head unit 46A, which is indicated enclosed in a circle in FIG.
22, located at a position a distance "b" away in the -X direction from
straight line LV, facing movement 5scale 44A. Next, after main
controller 20 moves wafer stage WST in #e +X direction by a
predetermined distance based on the measurement values of X

Interferometer 1, mai troller 20 mqves wafer stage WST i -Y
e GatR 05 0 T8 SoM e o . 33 B o S ethiineg i anc 46C
distanceibased o therneasuremeant vatuescafoy Intertetemeter 18k gndch and
then makes wafer stage WST stop at this position. Then, main

coftirell€r 20 foves wafe i stage WST, fdr &tmple! arthetivdirecétgy) of the
|nd|cat%d b an arrow Fin FIG. 1523 in tileegtrgll%l ran%i%e |ouijgcor

deScribed, h|I%nr%zﬁin?éfin%%vﬁrgeﬁitch‘isﬁgaamoun and't rolling amount (l)ngly’

zero; dpd-theyapingsamodnt cloge 10, 2850 asdnuch-asppesspie.Rasedhe8i tion
the measurement values of Y Interferometer 181, and Z Interferometers

18Z ¢ randoll82Z wialefixing teentedburement 20~vataes @f Xection with good
Interferometer 18X1 to a predetermined value. During this movemen

t o
matit CBAtGer D0 takes T fife mEASHEMht vATuSY of ehtotefs 508 Bhd>S 19
50Cand-themapsuement valles of o dnterfergmsten 18R of the grating

measurement values according to measurement beams B41 and B42)

into andhtexrnal 2Z5:memory ata predeteraimedsamplirgnéniervatdnd¢lis44A and
case, the measurement values of encoder 50C is obtained from head 48e

of Aé&d unit 46C, which is indicated enclosed in a circle in FIG. 23,

located at g positiop a Qiﬁ%“?e% Away Juthe +X.direction from staight s e of

line LV, facing movement scale 44C.
the wafer in the lot, main controller 20 performs position
control of wafer stage WST in the X-axis direction while
correcting the measurement values (that is, the measurement
values of encoders 50B and 50D) obtained from head units 46B
and 46D based on the correction information of the grating
pitch and the correction information of the deformation (warp)
of the grating lines of movement scales 44B and 44D.
Accordingly, 1t becomes possible for main controller 20 to
perform position control of wafer stage WST in the X-axis
direction with good accuracy using linear encoders 50B and
50D, without being affected by the influence of the temporal
change of the grating pitch and the grating line warp of
movement scales 44B and 44D.

In the description above, the correction information of
the grating pitch and the warp of the grating lines were
obtained for each of the movement scales 44A to 44D, however,
the present invention is not limited to this, and the

correction information of the grating pitch and the warp of
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91 Further, the measurement values of encoder 50A is obtained from
head 48k of head unit 46A, winch is indicated enclosed in a circle in FIG.
23, located at a position a distance "a" awaylnthe -X direction from
straight line LV, facing movement 5scale 44A. However, since the
position of each head on the XI coordinatssystem is known, by forming a
simultaneous equation using the sampling values obtained in the two

ope ations a,é:)ove afnd solvin th%simtkljl#aneoua eguation,.the correctrjon c
LOinTarration (e-g. & Srrection fap) of e Sra-L T 119 Akt of 0° ovemen

maoyvemert scalesA4C and ddAcaivberespectivelyabtaingdand 44D, or the
Independently.  In the case the reflection surface of movable mirror
17X4s ot an ddedlplandahe Anevénfesy (disridn)tditheristigigciars ch and

surface is to be m%asured and c?rrection da}g of g]ce disto

tion is to t}f
obfained I %é)vfar?cee. ?ﬁgnt,lonrgthel movement ofx Waf%:r”slfa%g WSTOR e vement

+Ydirection shpwain HGS. 228023 deserinechabave; instgad of fixing

the measurement value of X Interferometer 18X1 to a predetermined

value, by 20lédntroliingptheésx position &f waferstage WST basedonitheed, the
correction data, wafer stage WST can be accurately moved in the 1-axis

dir&Eidn: ~ © "Aftérthe Rbrrection HiGiidticn (e'g i coiredith map) bf+ 79

thecg@ibﬂ&t]i%Hit%gﬁ:%%%ﬁfsthecmo\é%86%%@'%%%4%@@0%5 44Cq for
has been obtained in the manner described above, main controller 20
theromoves Wafer stage W STiinthef+Yadicecttras i8¥hownifoy the exposure
example, in FIG. 24, in a procedure similar to the case in FIG. 22 or the

ik BEECH e aBcvet Tirke cASe 5 Uifisrant HowevER drd Wit teng—term

Co@ﬁ@%ﬁk@g¥gﬁn5§eration (the first calibration operation)

described above.

Then, on the exposure operation by the step-and-scan
method, main controller 20 performs position control of
reticle stage RST as is described earlier, based on the
measurement values of encoders 26A;, 26B;, and 26C; and their
correction maps, as well as the position control of wafer stage
WST based on the measurement values of encoders 50A to 50D
and their correction maps.

Further, in exposure apparatus 100 of the embodiment,
reticle R1 and reticle R2 can be simultaneously mounted on
reticle stage RST. Therefore, by having completed reticle
alignment of reticle R1 and reticle R2, main controller 20
can perform double exposure, for example, using reticle Rl
and reticle R2, by simply moving reticle stage RST based on
the measurement values of encoders 26A;, 26B;, and 26C; without
performing the reticle exchange operation to reticle stage
RST.

The encoders used in the embodiment is not limited to
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92 of the gra-L.11-1g pitch of movement scales 44A and 44C was
obtained, and head 489 of head unit 46B and head 481 of head unit 46D
that are indicated enclosed in a circle in FIG. 24 facing movement scales
44B and 44D, are located away from the 5 measurement axis of X
Interferometer 18X1. Therefore, an appasant yawing amount of wafer
stage WST measured by the Interferometer due to air fluctuation affects

th easurement values of.e ders 50B and 50 ?ead 48 h unit .
pssilauisiatilmacatilass s Rada e nc g g G SR

10aBdies asanefisdbereinaiteraeiered to,shortly asw tyawipgdaduerd used,
error). However, in this case, the apparent yawing amount of wafer stage
WST @heasuréd byikhe faerferoniéter 80e ¢6 thedir luctuatiBneesefiised or 2

above can be measured, using encoders 50A and 50C (head 48h of head
RO R R sl g e U Sy PN

facing movement scales 4dfand 44€).ddoresspecificallyewhilg gorrecting

the measurement values of encoders 5 OA and 5 OC using the correction
informatiorhef the deativgipiteh ofhmbvemiehtaeales, 44C amddd4m that kagosure
been obtained earlier, ma= 20 controller 20 can obtain the apparent

yaRitPambtit of Wafer SSaGE WS T deSchBEd Ab878 tsaditt on e tr ot ter 20

m%@éymﬁ@ta@h@éﬂaetﬂa%vs Q&%F?Stﬁg-fngmﬁﬁl(@,n%%w%c?@rs 26A1,
can correct the yawing-induced error described above, using the apparent

yawiity araodn? diat. haslbeerspbtained: 2bMainccontrolier 20 mofesmaferon for
stage WST in the +Y direction, and during this movement, takes in the

meREFERERT AR THESTEE From 4 5iraly BARERdsSof fdad anits agEd 26C:
and 460, wineh are sequentially placed facing movement scales 4B and. e e«

44D, Into an Internal memory at a predetermined
values is superior to interferometers 16y and 16x are acquired,

using the measurement values of interferometers 16y and 16x
whose linearity and long-term stability of the measurement
values are superior to encoders 26A;, 26B;, and 26C;. Then,
main controller 20 drives reticle stage RST during scanning
exposure or the like, based on the measurement values and the
correction information of encoders 26A;, 26B;, and 26C;.

Accordingly, reticle stage RST can be driven with good
precision, based on the positional information of reticle
stage RST whose linearity and long-term stability is good in
addition to the measurement values of encoders 26A;, 26B;, and
26C; that have been corrected using the correction information,
that is, the short-term stability.

Further, according to exposure apparatus 100 of the
embodiment, by the long-term calibration previously described,
correction information for correcting measurement values of
encoders 26A; and 26B; whose short-term stability of the

measurement values is superior to interferometer 16y is
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93 sampling Interval while correcting the yawing-induced error in the
manner described above. Then, for the same reasons described earlier,
main controller 20 performs statistical processing on the measurement
values taken in the Internal 5 memory, such as for example, averaging (or
weighted averaging) so that the correctiotsinformation of the deformation
(warp) of the gra-L.11-1g lines of movement scales 44B and 44D can also

be obtalned.dFurthe% al%%len I%hee case of (I)Rta\l_mTJg the coree tlo]’?ferome‘%er 16y

10%?(%%115[?0#(eu.s.lcgrrectlon maasp ‘of the gra-L. 1e-igopit(::Lﬁ1 of movemen

scaigs 44A1ana44Candiarthecasrection inferpatian of the defermaticirement
(warp) of the gra-L.11-1g lines of movement scales 44B and 44D by .
driViagusafer SRage NS T rthiex- \edirectivnsindidated by avdw-F' iINFIGS during
22, %%’taend 2€f tal;llggelj? |ntot onsjggL ration the so-rcl:'%\lledlﬁeeu

ocal
. r ra or.the e aln ¢o o) 5 ontrols the
diffétence, the processing similar d drgscrlpﬁon above sﬁpou d be

perfermednt o Meanwhile, an ghtaining theseorrestion dnfarmationpithe vaiues
deformation (warp) of the gra-L.11-1g lines of movement scales 20 44A

and A4eandi¢escérpéctiom ihferpfatiom of theegratimg gitch of movepamtion.
scales 44B and 44D, main controller 20 performs the same_processing

deSGSE abVewith the SCENE Hirkk G5 aha the £aXis directiBfi movement of
Integchangeds Details of this will beoputted. 283ince £ach scAlg e positional

(diffraction grating) has a IA/ix:1th, on obtaining the correction information,
thel cdreentmniinformation of te gratingepitthlcambe bbtainedy fong direction
example, bf’ obtaining the correction information above along three lines

in TARAATIX LR Arettioh Bt gt fF ahbR e 94 -5 9ood in addition

to the measurement values of encoders 26A; and 26B; that have
been corrected using the correction information, that is, the
short-term stability.

Further, according to exposure apparatus 100 of the
embodiment, by one of the short-term calibrations previously
described, correction information for correcting a low order
component (scaling error, or a scaling error and a scaling
offset) of a map information that denotes a relation between
the measurement values of interferometer 16y whose linearity
and long-term stability of the measurement values are superior
to encoders 26A; and 26B; and the measurement values of encoders
26A; and 26B; whose short-term stability of the measurement
values is superior to interferometer 16y is acquired. Then,
during pattern transfer or the like, main controller 20
controls the movement of reticle stage RST, based on the
measurement values of encoders 26A; and 26B; and the map
information whose low order component has been corrected using
the correction information obtained above.

Further, according to exposure apparatus 100, main
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center, and as for the correction information of the grating line warp, a
grating line can be representatively chosen so as to measure the warp.
This is preferable, fromthevlewpolnt of accuracy and workability.
5According to the method related to the modified example described
above, when obtaining the correction infarenation of the gra-L.11-1g pitch
of the scale and/or the correction information of the deformation of the

nesof e seale (warp ot e gra I1:1g Jnes) walerstage 1.,

-L.11-1g li
ekl

oes no?]i n essz?rﬁy ave to

€ move

an extremely low

speed.ctherefgreaitihecomes possiblento,pefornthe aequisition-opanationat i on
of such correction information described above in a short tjme. Next, a
maotifethéxanplefofeircentoter $5terater theBrs dRferstage wilbpee. More

described ref%rénﬁ to FIGS. 25 and 26..In FIGS. 25
’3

differSit ran

shown in FIG

moVehTent St B8 ar

10N or

.correction iInformat
IS ?ne con |gurat|on Ofr{P]e encoder Sy
in thedescrption below,dar parts thathave the same esimMilahse short-term

arrangement and function as in FIG. 3, the same reference 20 numerals
wilbbelbséd tandthetdescription tieereaboutwilidse dmittedber i As iso
. 25, on the upper surface of wafer stage WST, tw.

528 s

28Wh

nd 26, the or)clgﬁ)oint

sctgrrff ?ﬁ:ere e,

0
lorifitidfat diré&tion 49 the

Ortﬁﬂ@%%%%'é%&%h x%ﬁ%re%nq)tf‘ eilg @Qiﬁﬁ%@i%tws dhe11@¥s whose
direction and the X-axis direction, respectively, are fixed in an L-shape.

Onlthessurface efrtie twognovement stalés 52 Acind 52Bnaaeflectiortypea Lues
diffraction gra-L.11-1g that has a period direction orthogonal to the

lorfyfttiditEP Giréctfort 13 foRnedS o5 °O2Fhthef head Uit 46 & Paht oL 1er
46p2.and é@%%@r%%c%ﬁ%g crossing e conespandingy, s ng

of hgad pnifs,

movement scales 52A and 5

B, and are fixe

to barrel platform 38 in a

suspendedestatenyjarosuppattmembes {nektshast)t Headamit and the like,

based on the measurement values and the correction information

of encoders 50A to 50D.

Accordingly,

wafer stage WST can be driven with good

precision in both the X-axis and the Y-axis directions, based

on the positional information of wafer stage WST in the X-axis

and the Y-axis directions whose linearity and long-term

stability is good in addition to the measurement values of

encoders 50A to 50D that have been corrected using the

correcti

Accordingly,

on information, that

is, the short-term stability.

with exposure apparatus 100 of the

embodiment, on scanning exposure of each shot area on the wafer,

main controller 20 can drive reticle R1 or R2 (reticle stage

RST) and wafer W (wafer stage WST) in the scanning direction

(Y-axis direction) with good accuracy based on the measurement

values o

f encoders 26A;, 26Bq,

and 26C; and encoders 50A to

50D, aswell as performposition setting (alignment) of reticle

R1 or R2

(reticle stage RST)

and wafer W

(wafer stage WST)
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5 46A is placed on an axis (center axis) parallel to the X-axis that passes
through optical axis AX of projection optical system PL with the
longitudinal direction (the disposal direction of the heads) being the X-axis
direction (the period direction of the diffraction gratyng), winch is
orthogonal 10 to the longitudinal directior of movement scale 52A (the
1-axis dyrectlon), and constitutes an X linear encoder 56A that measures
the positional information of wafer stage WST in the X-axis direction, . .
(oGt i et Al TR N 51 REad v HoBocand Jds Bion
areplaeed in AN akargareniyls symmeatde tnar axis{(eentes axis) form the
parallel to the 1-axis that passes through optical axis AX of projection

ophed! systern Plrstifrte Bhgitadird Hirketioh ¢thieldispesdl ikt areas
the heads% beig\g the Jﬁ-axis djrection (the period direction of the diffraction
gracﬁ}néﬁ‘?weﬁch iswolrﬁ\og%%g to the 2010 gitudinal direction of movement

scale 52B (the X:pxiscykectianand,constijutes ac¥ dinearencedes ©6Bnain
that measures the positional information of wafer stage WST in the 1-axis
directicrratithorpaeiftst together witle niovensentisealel3Z®rmation of the
25Furthermore, the measurement values of the two linear encoders 56A

anti BB A SUbpliEa 16 PiaiR cortrolleh 56 GAd basEa Orithe Pusiticing ' r Sment

information inthesaxisangdthe Laxisdiectigns and the retatianalni ch were
information in the Oz direction, main controller 20 performs position
contralaafn@6 wafemstadge yVSeE vix Wwafertsigge BEiVe sepiorn2@ly from the

Accordingly, wafer stage WST can be driven two-dimensionally with high

préciSioN ihexakfly tHe' Sime Mafigras in‘the EmbBditient abBve BRIE:ton
26 4 aylew thatshoyys adifferent medified example aLan DA values of

system for the wafer stage, and the only point different from FIG. 25 is the
poirtt ¢hatrbesitessa setofdineat eneaders dtdcand S6Bhanbther sebaftained
linear encoders 56C and 56D is arranged. As is shown in FIG. 26, on the

upPErsitadd SOBTVRAIER Statle WAST, Ah® Mbvemeht Scadsi 52C Ty 52posure
whose lon itudinawoirection are J{arthnggnal toneach othfer and the

ongiudinal drécton is the 1-axis directioh and the X-axs direction, ~ ="

respectiviely carefixechia anckishapa-0sdhe sytfaee of thedwa-movememttern

scales 52C and 52D, a reflection 15 type diffraction gra-L.11-1g that has a

pefiéd Bfeétdre R1 (or R2) is sequentially transferred on the
plurality of shot areas on wafer W, the position of reticle
stage RST can be controlled based on the measurement values
of the encoders and the correction information, for example,
during the scanning exposure of each shot area. And, in
parallel with the control (exposure operation of the wafer),
the measurement values of the interferometers and the encoders
can be accumulated. Then, based on the accumulated
measurement values, sequential calibration of measurement
errors of the encoders in which the correction information
(for example, amap information that denotes a relation between
measurement values of the interferometers and the measurement

values of the encoders as is shown in FIG. 21) is calibrated

in prior to exposing the next wafer can be performed.



orthogonal to the longitudinal direction is formed, and movement scales

52C and 52D are placed in an arrangement symmetric to movement

scales 52A and 52B, in relation to the center of wafer stage WST.

20Further, head unit 46C and a pan- of head units 46D1 and 46D2 are

each placed crossing the corresponding Atovement scales 52C and 52D,

and are fixed to barrel platform 38 in a suspended state via a support

member (npf shown), klead ynit 4G 1s placed. symenelria [0.08ad YA, o,
described earlier, 25 in felation to optical axis of projection optica

systemBL4thatds, aranged §ndheaxis:(cemter axiskparallel wthehe average
X-axis that passes through optical axis AX previously descrlbed), with the
longithdinal dirdetnairddisposal directvr ot theidads) bielltigpthelvariation

X-axis direction the periar 97 direction of the diraction gratyng), wingly ¢
IS OI’%’]OgOI’]Bﬂ%O e Iongal’tualnal irection OJf movement scale 5% e

e
5 l-axdie dyeectyerinand censtities an-X dineqr encedeRBG that measuies case,
the positional information of wafer stage WST in the 5 X-axis direction,

togetkedaitia nibvenment scalen32Q. Fxeopain of hdad sinits 46Evand-46D2
are placed in an arrangement symmetric to head units 46BI| and 46B2

deSGBEH eaMtiEr it Plafion td-Oftichl Akis AR OF préjB&tion Gptitat Syt 9

P'—s@ﬁrﬁrﬁﬁ%@%ﬁsﬁ%@m§%¢ indelafl nﬂ@_%ﬁ&@%@&%éﬂ%he number
parallel to the 1-axis that passes through optical axis AX), with the

longitudindl directior fthegdisposat directiontod thechears) eifigtthe draxis-term
direction (the period direction of the diffraction gratyng), winch is

L0 orthBgnd1 16 the forlgittditiat direciftit'6t Movement Scdie 5207 thé Seakgeter -
15 dyreghron), And cansfitlyles a-Y, jnean engeder-300) that Measuesdng e tion

positional information of wafer stage WST in the 1-axis direction at two
pounts, tagether with movement scale 52D. Furthermore, the
measurement values of the four linear 20 encoders 56A to 56D are

supplied tolfdiR coritfsiRPF0" Shd b8 oRhé PoRitioA S FfofHafoRtRrration
the -@ﬁse arqg };dge v}é%Xis irectigons a@d thg1 Iggtgggg%l irqfocrg] the

Oz irection, main controller 2 p%rf%rr% _posmon control 6 éa(g?;rtl g{tggrélovement
15 WSF viewater stage deve section-2 AAcsdinglyy exposure of each shot
area (during pattern transfer) can be controlled with good
precision, based on the measurement values of the encoders
corrected using the correction information (for example, the
map information in FIG. 21), that is, on the positional
20 information of the reticle stage whose linearity and long-term
stability is good in addition to the short-term stability.
Accordingly, it becomes possible to transfer the pattern
formed on reticle R1 (or R2) by scanning exposure on the
plurality of shot areas on the wafer with good accuracy. The
25 calibration can be performed not only on the Y linear encoders
but also on the X linear encoders, or the calibration can
further be preformed on the encoder system (encoders 50A to

50D) of the wafer stage.

In exposure apparatus 100 in the embodiment above,
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25 wafer stage WST can be driven two-dimensionally with high precision,

in exactly the same manner as in the embodiment above. Since the

encoder system in FIG. 26 has four linear encoders 56A to 56D, positional
information of wafer stage WST (positional information in the X-axis and

the 1-axis 98 direction and the rotationakiaformation in the Oz direction)

can be constantly obtained from at least three encoders of the four linear
encoders 56/,10 500 teqardiess of the,position of waler stage WST. voyement
during wafer exposure operation, even if 5 the head units are not placed

closedo projectionapticat system Pb mthien compargd sithhiheiemreadeit ion can
system in FIG. 25. Further, in the encoder system in FIG. 26, Y linear
enbsdeRseB aAdBeR eaehiindl twwd héad urits? Howdvéet aHeditantreicof which
he%(ﬁii %oet Iiorlréi"[secd tfﬁtieng, an J%r example, the linear 10 encoders can

merely have a smgFe ead unit.” " © Wafer X Interferometer 18X1 referred

to earlier hag atleast oneimaasyrementaxis thatdncludes aimeaswementon of
axis (corresponding to the solid line in the drawlngs), winch coincides with

an taxis {eeriteneaxis) paratiélne teeXraxisckbl thatddds sesitirgugin dpticakect ion
axis AX of projection optical ?ste,m PL. And, in_ the encoder system

Showh I BTG S 35%nd 26° K tiheaP BntBaEP58A fald $6C) 1¢jacedss) ©f the
thay the captef axis(the-measurementaxis insthesk measurement ahwatey, pe

X Interferometer 18X1) coincides with the measurement axis (the 20
dispesalrditestion ofithelheads) oideddrunit 464 and< 6 Eurther,omatemple,
Y Interferometer 181 referred to earlier has a plurality of measurement

ax&S thafIhERIde 10 feasarsmeht axEaesrr8sponding’td beahts Bapn 1deal
angpa%ghown by solid lines in FIGS. 25 and 26) arranged symmetric in

relation to an axis 25(center axis) parallel to the 1-axis that passes

through opticalsaxis AX lof projectioncoptical Systentd Rloard the detectioinge WST,
center of alignment system ALG. And, Y linear encoder 56B (and 56D) is .
plated SR e meastiément aXeS(he eisposal gré@d ot the ey F 1n

Of?%%QUQESﬂQB%ﬁgKEQ%Oke range previously described, while
maintaining all of the pitching amount, the rolling amount,
and the yawing amount to zero, based on the measurement values
of Y interferometer 18Y, and Z interferometers 187; and 187,
while fixing the measurement values of X interferometer 18X,
to a predetermined value. During this movement, main
controller 20 takes in the measurement values of encoders 50A
and 50C and the measurement values of Y interferometer 18Y
(the measurement values according to measurement beams B4, and
B4,) into an internal memory at a predetermined sampling
interval. In this case, the measurement values of encoder 50C
are obtained from head 48k of head unit 46C, which is indicated
enclosed in a circle in FIG. 22, located at a position a
distance “a” away in the +X direction from a straight line
LV parallel to the Y-axis that passes through the optical axis

of projection optical system PL, facing movement scale 44C.
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46B2 (and 46D1 and 46D2) respectively correspond to the two

measurement axes. Accordingly, difference in measurement values

become difficult to occur in the case the measurement axis of the linear

encoder and the measurement axis of the 5 wafer Interferometer coincide

with each other as is previously describedpand it becomes possible to

perform the calibration operation described earlier with good precision. In
the-modiied example, (e measurement axis ofthe Insarencoderand e, o
measurement axis oIP?he wafer Interferometer coincide 10 with each ot%er,
howeyer, Hbe @resentdavention ismot Misified4eithis, apdiboih axesgabnclosed
be placed shifted within the XI plane. Further, the same can be said for
thelenodimehtabove [FIG 23). I traércbder systemishown i RiGSapse “b”
and 26, the two 18,0¢ four movement scales, (5244 (0 52D) gre made offhe o ..
same materia fsugh as, Tor exampfe, C&ramics or low'thermal expanglon

glass), andsregarding the respective longitudinal directions, the length
(corresponding to the width of the diffraction grating) is set longer than the

size (diamé&tex):20of wafen V. socthat thelleagtiz Goversat leasethe eatire WST 1n
area of the movement strokes (movement range) of wafer stage WST

dufifg exPostireTpettion &f Walkst W {in“gtheF wdrds: Hhring scAfimg © the

exﬁ%%gﬁfg@@ﬁﬁe@%éée%% @@%@1B@%‘%&PE&@@&%U_{@R?N&&PH%@%%O11er
not move off the corresponding 25 movement scale (diffraction gratmng),

that inscare aneasuralilestai@sis avomded): Futthescinithe encdderted by an
system shown in FIGS. 25 and 26, the three or six head units (46A to

46055 Wn‘eacol Hor exanile?asingls TRl BES (hithaing afarfiyyn the
of heads, that are almastseamlessly 100 aranged. howeyer, inthe . makes

encoder system shown in FIGS. 25 and 26, in both cases the encoders

hawe aqauratibyef headssthaparetplaced apa predetermined distance

along the longitudinal direction. Furthermore, in each head unit, the 5

plurality of Hedds dfé placedrdtePdistince SdthatadjsRéRtwo Readssf - for

the.plurality of heags €0.90,99 astray from the.coneshonding uovement , ¢y

scalea(g raction graﬁ‘ng , Or in other words, at a istante around the

same Oh sinallet thansthe formatien fangelof thesdifffaction gratingsitheaining
the pitching amount and the rolling amount to zero, and the
yawing amount close to zero as much as possible, based on the
measurement values of Y interferometer 18Y, and 272
interferometers 187Z; and 187, while fixing the measurement
values of X interferometer 18X; to a predetermined value.
During this movement, main controller 20 takes in the
measurement values of encoders 50A and 50C and the measurement
values of Y interferometer Y18 (the measurement values
according to measurement beams B4; and B4,) into an internal
memory at a predetermined sampling interval. In this case,
the measurement values of encoder 50C is obtained from head
48e of head unit 46C, which is indicated enclosed in a circle
in FIG. 23, located at a position a distance “b” away in the

+X direction from straight line LV, facing movement scale 44C.
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10 direction orthogonal to the longitudinal direction (disposal direction of

the diffraction gratings) of the movement scale. Further, the length
(corresponding to the detection range of the diffraction gratings) of the

three or six head units (46A to 46D2) in the longitudinal direction is set to

the same level 15 or larger than the moveément strokes of wafer stage

WST so that the length covers at least the entire area of the movement

strokes (mouement [ange), ol wafer sjage. WUST, duind expasYIg ORSIagN , s g
of wafer W (Tri other words, ﬁrlng scanning exposure o all the shot

areaseeaeh headaunibfmaasurement beam)) doas-20 not meveceftthe enclosed
corresponding movement scale (diffraction gratTng), that Ts, an

unifeasurable stateristaVoided):  1oFaither,an therxpbsStreragparatiisince “a”
equipped with the encoder system shown in FIGS. 25 and 26, calibration

opEror T ot At Ao DreEy 55 desiipdvenent
fordeciding the correction information of the measurement values of each
encoder is performed exactly the same as in exposure apparatus 100

(including thewencoder system showpasFIG.@) intheembddimdntabdves XY

In this case, for Instance, in each encoder, the position of the movement

sc&18° 161 Tt Toriteing) SiHefion3y dst's thdtbrid Bd bt fife us equation
mqyemrdﬂt%@@a%aqiﬁeswgi%@@ 89%%91%’39'{&9 Bﬁédt%to%%m%m§ above
movement scale is moved in the disposal direction of the diffraction

gratimg (slod directiorertisagonat totheus |engitadinah diréttiony dyrsection
distance around the same level, or more than the width of the movement

scaBT PaRAHGre (GfEr tife AOVERTEN SCalt B mBVed IftHE RhRFIRAL ch oF
dirpeinn iy @ disianes agound ine same (el 8 e Daaniuge o0 e ¢z s nea
measurement beam in one head of the head units, the movement 10

scalede movedrsimitarly in the disposal direction of the diffraction grating,

by a distance around the same level, or more than the width of the
movement'StdleeHesindfe?, fived éﬁér%&i%ﬂ gaschibed %d@@‘fé‘?éﬁe&*ﬁeﬁﬁpr 17X
peffarmed unfl g eiher.and,ef thenovement seale colieldes W or e
heag unit. 1§Ei'hen, ﬁas on the measurement values 0 fTﬁe encoder

obtadradby this dsive mnethegmeasyeementsvatues ahthecwatesction data of
Interferometer thaj[ has rhe same measurement Qirection as the encoder,
thecesrréctivrcirforatation of theeneddericarche BedidBanNaghis éassl, on the

wafer Stage WST was driven, so %s'&o 20 qover theyange 0 e .y oun in FICS.
Iongrtuarna?alrectlon where Sgt% ends Orl;t e movemen scaPe coinciaes

withthe corpespending head Amit,Bowevet dhe Rresentinvgntior isBekurement

limited to tins, and wafer stage WST can be driven, for example, in the

rangelinahe forgitudiralidireetioh svheréXvafey stage WST ¢srmbved 262lue, by

du@%%?%%??ﬁﬁé“%%%mg]gygfquﬁnof wafer stage WST based on the
correction data, wafer stage WST can be accurately moved in
the Y-axis direction.

After the correction information (e.g. a correction map)
of the grating pitch of each of the movement scales 44A and
44C has been obtained in the manner described above, main
controller 20 then moves wafer stage WST in the +Y direction
as is shown, for example, in FIG. 24, in a procedure similar

to the case in FIG. 22 or the like described above. This case

is different, however, from when the correction information
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In the embodiment and the modified examples described above, position

control of reticle stage RST and wafer stage WST was performed using

only the encoder system (FIGS. 2, 3, 25, and 26) previously described

during exposure operation 102 of the wafer. However, even if the

calibration operation previously described{especially the short-term

calibration operation) is performed, there may be a case when at least a

part of the positional information in the X-axis and 1-axis 5 directions an .

e oAt T o B D S T o Dained,

coatfiel neferred tyabave saanotbie: obwined duriag theiexpesuneead unit 46D
operation since problems such as the position becoming unmeasurable,

thetreasaiemémcHcearasy ewebdiitfan allswaBleGange anttke lik¢ facing
occur for 10 someaﬁeeasogll( uch gs %rslgnasruebs{ances herlngé)% the

movement sc 3, cated.,. om, the
mavement scale; positiona SHift of the r’novemen?sceﬁe, tilt Of jead

unitox iassfdalecentriatyin the heasunit, displacement of thenmevement an
scale in the Z-axis direction (the direction orthogonal to the surface)
exeaadingah I5aliowablevange and theef like)s Sawe theé Brivedersystelmy the
shown in FIGS. 3 and 26 have fqur encoders, the position control

desSsEd SESEEST &S HOr et EV&H P 5robleft G&STrS i tpdieasurenent
engader. Rowever Jindbe encoger SysterB showninBIGS s 2andi25, 8 468 and

problem occurs in one encoder, then the position 20 control above cannot
belperfdratedof hdderefore, dbihe, exposure apparates) afirsheriveasurement
mode that uses the positional information measured by the encoder

syﬁéWﬁévﬁsﬁd%%d HHirg SBediFdrive Afvdethat Gsed ety as a
905'985&%%@{%‘@&8@&“8%%99 by the \nterferometsy 25 SYSIEM 1o spparent

previously described should be prepared, and in the setting, the first drive
mogdewisrig henvsed rarmaly duringyexposute aperaitdb.yThiea, fater ferometer
example, in the case when at least a part of the positional information in
thel¥eai® ahde1-axis direttibHs ahathegsatibRarinfstmatiordn the gigasured,

using encoders 50A and 50C (head 48h of head unit 46A and head
48h of head unit 46C enclosed in a circle in FIG. 24, facing
movement scales 44A and 44C). More specifically, while
correcting the measurement values of encoders 50A and 50C using
the correction information of the grating pitch of movement
scales 44C and 44A that has been obtained earlier, main
controller 20 can obtain the apparent yawing amount of wafer
stage WST described above, based on the measurement values
that have been corrected. Then, main controller 20 can
correct the yawing-induced error described above, using the
apparent yawing amount that has been obtained.

Main controller 20 moves wafer stage WST in the +Y
direction, and during this movement, takes in the measurement
values obtained from a plurality of heads of head units 46B
and 46D, which are sequentially placed facing movement scales

44B and 44D, into an internal memory at a predetermined
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103 direction necessary for the position control referred to above cannot

be obtained any longer during the exposure operation or the like, the first

drive mode is preferably switched to the second drive mode and the

position control of the reticle 5 stage or wafer stage is to be performed in

the second drive mode. Furthermore, a thitd mode that uses at least a

part of the positional information measured by the encoder system

previously described and at least a part of the positional_informatio

e LB o Tt o sy S UL 1D Qe hbe adires exror
can @lsmbe prepased cand-thepesitigibeentrolrefdhe reticle stagesaribereasons
wafer stage can be performed using one of the second and the third drive
motRsC Istest 6RuSiAg the firstdr-lyerodel The sitchfgienne fipstatistical
drive mode to the secogd drive mode (or to th(ﬁheird %Q‘ﬁ%m‘)dﬁ)é}? IS No

Miﬁtre%lcc?nﬁ)? 8 theims bt e&%ggﬁrﬁeénper}gtigr% and the SW|f%:h|lng can bénlcernal

perfermed similary-durng etherpperations-(Sychas for eXamplesd averaging)
measurement operation as in alignment and the like). Further, in the other
operatigns! théenode dees hotthavé tarbe septo tHe finst drdeomode 120 (warp)
advance, and other drive modes (for example, one mode of the second

an8?hﬁ&%r%%&&&sﬂ&éf?ﬁe%@gﬁ‘ﬁs‘@% Ft7& first Grivéindle. fhsuciva 21+s°

casg, for,example, when an error occurs during the position control of the

stage by the other drive mode, the mode can be switched to a different

mode (for &xampler 25ahe other modeasfthe sécohd andithiyd dnwecorrection
modes, or the first drive mode). Furthermore, the drive mode can be made

seleREMIEAGARG the oferatith oRfreritAan TRE xPdsUrB Dpefation In fHe-ch of
embediment.and the madified examples degeribed 104 above Jthe ease nation

has been described where during switching operation of the position
measutéraenkesystemt thenmeasuiement vatessafdntetterometersd8Xdovement
and 181 are carried over to encoders 50A to 50D after wafer stage WST is

suspended fof B @predefétniined firmelintil 1ee SRorttémt viRatior the —Y

caused b)éairfluctaatio gg erature fluctuati %fsair)% ft% .
. , 4 tak
O AT O T oraiars 18T a1 P4lls o4 1808 (2K 0o

can hedgnered due ta anaveraging-eftect.clhe-presenb twentiofiference, the
however, is not Minted to tins, and for 10 example, the same operation as
theosessmerddlibratiohl pravicusly-desibed tanbeopeddrved aR@tHel be
measurement values of Interferometers 18X1 and 181 can be carried over
to gﬁgoé)errg%%A to 50D, based on the low order component that has been

obtained injthercalibration, Futhes s thersyitelingorrection information of
the deformation (warp) of the grating lines of movement scales
44A and 44C and the correction information of the grating pitch
of movement scales 44B and 44D, main controller 20 performs
the same processing described above with the X-axis direction
and the Y-axis direction interchanged. Details on this will
be omitted.

Since each scale (diffraction grating) has a width, on
obtaining the correction information, the correction
information of the grating pitch can be obtained, for example,
by obtaining the correction information above along three

lines in the width direction, on the right, left, and in the
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15 operation of the position measurement system does not necessarily
have to be performed. More specifically, the positional information of the
alignment marks on wafer W and the flducTal marks on wafer stage WST
can be measured using alignment system ALG and wafer Interferometer
system (1 8X2 and 20 18Y), as well as the positional information of the
flducTal marks on wafer stage WST using the reticle alignment system
and the encodersystem, and based andne positional jnfomation. R9Sitgn. ;g
control of the Water stage can ‘be per]forme By the encoder system.
25kurtherydnfhe empadimgst and éhe moditied examplastdasciibed chosen so
above, the case has been described where the system was switched from
thedfierfEronfatEctd tivsewaricoder Bsithe Switehfryrepdratiohreftidie viewpoint
posithon measurement smstetp Qowe%/er, the present invention is not

limited 36 s JFr %% ex%ané[e,J‘anthé/ tase such as when alignment

system ALfxisdpstaliedal a pesition-sidficiently away frame prejectior Nk ample
PU, head units similar to head units 46A to 46D should be arranged also

in thesarealvelierelthg aligniment opérationusind: 6 atignment systennAlGmation
is to be Berformed,, in the shape of a cross with alignrzgnt system ALG in

theCerit8F THeh® ARbrightis Sebfor Bath TF M niovntent SBaleS Uar o~ o1

44Dy apdpnwater aignmentsych.as EG4A, the positio @M@I@{dg@tipﬂeoi of the
each alignment mark on wafer W that uses an origin of a coordinate 10

systenml ghdtvmspthepotibtsetiythe myiginsefshovemeat sedlegd4dstd does not
44D) set by the combination of movement scales 44A to 44D as a

reféfericess Hb%é’ct@d‘lﬁ@inb%@%&_ﬂ%ﬁﬁts%%o@éﬁ@ﬁ?%ﬁeé A4 Atgeed -
440, and then, based,on the detgefion results, a predetermingd . .quisition

calculation can be performed so as to obtain 15 relative positional

inforpration ofreach shatharearwithr taspect tof thevarigin metesredrtoralioveoove in
In this case, on exposure, by detecting the origin using encoders 50A to

50D, 826/ Shbtt8ea can be moved to the acceleration starting position for

exposure sing the rejatie posiional pformation of Sach FOSNYAER cox tne

with respect to the origin referred to above. In this case, smncesﬁ/gston

drift besween dhe headandpmj ectmpa anitRyalignment systers AlG and 26.
also becomes an error cause, it is preferable to perform calibration on the

positiohashift2ih theemboedikient@hdtheahbdified Exanfilés deseribed>- 3 is

the configuration of the encoder system, therefore, in the
description below, for parts that have the same or similar
arrangement and function as in FIG. 3, the same reference
numerals will be used, and the description thereabout will
be omitted.

As is shown in FIG. 25, on the upper surface of wafer
stage WST, two movement scales 52A and 52B whose longitudinal
direction are orthogonal to each other and the longitudinal
direction is the Y-axis direction and the X-axis direction,
respectively, are fixed in an L-shape. On the surface of the
two movement scales 52A and 52B, a reflection type diffraction
grating that has a period direction orthogonal to the

longitudinal direction is formed.
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25 above, position control of reticle stage RST and wafer stage WST was
performed during exposure operation of the wafer using the encoder

system previously described (FIGS. 2, 3, 25, and 26), however the

position control of the stages using the encoder system is not limited only

during exposure operation, 106 and besfdes during the exposure

operation, for example, in the detection operation of the reticle alignment

marks or the, fgrence marks onreficle siage RS, using O PUde . 46p, ana
alignment system, of in e reticle exc ange op%ratlon, position contro

of redicle stage-RSH gandke pederned Hsingrbe encodefsystemshavreiient
FIG. 2. Similarly, for example, in the detection operation of the alignment

maiks b WafetAvalsihg afignraént systerh XSG, Groinkhé IafePdrchamge 38 in
operation, position control of wafer stage WST can be perfqarmed 10 usin .
e ehbaHET Seter SHOWRLR FIGSHC35, BRATE: 1N s ChsH Ms-a o=t unit

matiex of cQurse dhesswitehingieperatign of the pesitionmeasuremepte X-axis
system will not be required. In the case of using the encoder system
previeusly deseribedn(FIGS 3025 1arad 26 ) durihy thd deteriientofthe ¢btical
alignment marks on wafer W _or flducmal marks on wafer stage WST, usin%al

aligimEhsystert AlG FOFd riltPthe det8tior of e Fidmat ifarkd BRC
wafer,stage WSJrusing the, reticlg aligament gystems ikisreferable e period

take Into consideration the movement range of wafer stage WST during
thelddetectior 20@petratord 1tfis preferalnledo set the) lengthi(©n placemernitpgonal
in the longitudinal direction of each of the head units or to arran%e head

unttS diftereftfiom hchiof therhiéad Ghit ABoVE S thacspaially dutfg —2%1s
the;mark detection operatign performed when the wafer stage js.mowed Q.1 ¢

the measurement 25 position of alignment system ALG, each of the head
unitie {64 8460k 46/ toc46D2) dbes mohatoverawaywWsdathetage WST in the

corresponding movement scales (diffraction gratmngs), that ms, the .
sittfatiohlwHete e ridasurefrRhiasint the BRZGHRS Sy stemfecoies The pair

unmeasurable and the pgsition coptol of e WAISK. 3 i1 an arrangement
symmetric to an axis (center axis) parallel to the Y-axis that
passes through optical axis AX of projection optical system
PL, with the longitudinal direction (the disposal direction
of the heads) being the Y-axis direction (the period direction
of the diffraction grating), which is orthogonal to the
longitudinal direction of movement scale 52B (the X-axis
direction), and constitutes a Y linear encoder 56B that
measures the positional information of wafer stage WST in the
Y-axis direction at two points, together with movement scale
52B.

Furthermore, the measurement values of the two linear
encoders 56A and 56B are supplied to main controller 20, and
based on the positional information in the X-axis and the
Y-axis directions and the rotational information in the 0z

direction, main controller 20 performs position control of
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107 stage is cut off is avoided. Further, in the case of using the

encoder system previously described (FIGS. 3, 25, and 26) at the wafer
exchange position (including at least one of the loading 5 position and the
unloading posicifon), or during the movement from one point to the other
between the wafer exchange position anddhe exposure position where

transfer of the reticle pattern is performed via projection optical system PL

or to the measur t pasition where mark detection by ali en .
R0 e R R S ko hecoraingly,
corsideratiopdbe movenent rsage of wafertsiage W h af heswalerwyith high
exchange position and during wafer exchange operation, and to set the
plaeentent bpd the Terfgth @bl of fite Reae URS OF fo afande Headmigdiment
diffekgent from each of the head units 15 above, so that the situation where

thé' meastrement using the encoder system becomes unmeasurable and

the positiop gantrol afdhe waferstage 45 WEOff isiavaidett modified example
Furthermore, even in an exposure apparatus by the twl1l-1 wafer stage

metiod thatcardperfotra exposare bperatihcand 26gneasuréntdrst only point
operation (for example, mark detection by an alignment system

BT RAGTUemg S vATEr A Wb A iie afp sot of linear

diS&l?é@_Qe]fb f%@‘%‘ﬁ'&'%é@kaér(é%@%rke%eelér@faﬂﬁ%%? alelogers 56C and
Publication) No. 10-214783 and the corresponding U.S. Patent No.

6,34A000%, andamtred25 peanphletrafinternatidfial Poblicatiohe upper surface
W098/40791 and the corresponclingU.S. Patent No. 6,262,796 and the
lik& fpd&itiditcotitrsd f Bach walfér ﬂﬁfj@%ﬁﬁtbesﬁéﬁﬁ]e%égsiﬁ&%ém whose

engader;systam preyously desgribed (FIGS 3,2p, and 26), In tisease, ny the
by appropriately set-L.11-1g the placement and the length 108 each of

thelbead uniis nefl onlyreduring-expesureoperation diltralso dutinghd the X-axis
measurement operation, it becomes possible to perform position control of
ealh hfér stBge LRIRFIAR Efftbier Systefm previotRlydederibBARFIGSPR the

3’%%T é%%6£¥m@€8t€%¥ movement scales 52C and 52D, a reflection

type diffraction grating that has a period direction
orthogonal to the longitudinal direction is formed, and
movement scales 52C and 52D are placed in an arrangement
symmetric to movement scales 52A and 52B, in relation to the
center of wafer stage WST.

Further, head unit 46C and a pair of head units 46D; and
46D, are each placed crossing the corresponding movement
scales 52C and 52D, and are fixed to barrel platform 38 in
a suspended state via a support member (not shown). Head unit
46C is placed symmetric to head unit 46A described earlier,
in relation to optical axis AX of projection optical system
PL (that is, arranged on the axis (center axis) parallel to
the X-axis that passes through optical axis AX previously
described), with the longitudinal direction (the disposal

direction of the heads) being the X-axis direction (the period
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5 changes. However, head units that can be used during the
measurement operation separate from the head units previously
described (46A to 46D, and 54A to 54D2) can also be arranged. For
example, four head units can be arranged in the shape of a cross with
alignment system ALG in the center, and9during 10 the measurement
operation above, positional information of each wafer stage WST can be

measured using these head units and the corresponding movement
oL AT 28D, Shd Eor Craasy h (o DG A hAr e By ghgnogonal
twinsmereyr stagei rethiac twoi ekfour srovemenistales Ei3S. 8225.and y-axis

26) are 15 arranged, and when exposure operation of a wafer mounted on
oné of #fd- sy s IS eemplated,ithefde wWafer stage irexchemded sotthathat

the other wafer stage on winch the next wafer that has upndergone m .
o e L e L R o L s Spal FET in the

exposyre pesitian 2 Rurtheldhe measuementaperationpeatfemmed inhe pair
parallel with the exposure operation is not limited to mark detection of the

wader hethe alighbrent systemdard hstead af lerdatontbinaticrrwith disenent
mark detection, for example, detectjon of the surface information (level

diffefBtE ihtémidtiony of 28h& WarePeafidiso BE petfoifed? S GAtHe ©T 10

de%@i%“@ﬂo@b%%?dﬂ"@i’b@f %Qéﬂ%o@&o@tf%@otﬁ‘@_é(\é@c%s@@@i@'lg BReten pL
encoder system is cut off at the measurement position or exchange
positibatoiwhile theewadel stageds movedrfrora oneiafithe@xposareis (center
position, measurement 109 position, and exchange position to another

positiori, ithé preterablé to Betarm positiotPloRicI BT the WaTepBrage-4fal @xis
eagh pf the pgsitipns; ahove or dyring the movementysing A0GIEN1 4 rection

measurement unit (e.g. an Interferometer or an 5 encoder) separate from
therénchdet systembe i ndrurtlher; 1a e embedimenh anchibe modified i rect ion
examples described above, as is disclosed in, for example, the pamphlet

of MtermatioRalPulsiication \Wa2005167 40141 trE pamphidtst Inteddational e
PuPIication 019§9{ﬁ23692 U.S. Patent No,

ongrtudirina TréeCtIon of movement scale 52D (the X-axis
direction), and constitutes a Y linear encoder 56D that
measures the positional information of wafer stage WST in the
Y-axis direction at two points, together with movement scale
52D.

Furthermore, the measurement values of the four linear
encoders 56A to 56D are supplied to main controller 20, and
based on the positional information in the X-axis and the
Y-axis directions and the rotational information in the 0z
direction, main controller 20 performs position control of
wafer stage WST via wafer stage drive section 27. Accordingly,
wafer stage WST can be driven two-dimensionally with high
precision, in exactly the same manner as in the embodiment
above. Since the encoder system in FIG. 26 has four linear
encoders 56A to 56D, positional information of wafer stage

WST (positional information in the X-axis and the Y-axis
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106,897,963 and the like, a measurement stage that has a measurement
member (a reference mark, a sensor and the like) can be arranged
separate from the wafer stage, and during wafer exchange operation or
the like, the measurement stage can be exchanged with the wafer stage
and be placed directly under 15 projectiongoptical system PL so as to
measure the characteristics of the exposure apparatus (e.g. the
image-forming characteristics of the projection optical system (such as .
SO AEH AR, PoA O EhorACtHEEL SP R e ohe e ELon)
anddhe Hke)- bn 20 dhis casephovement seales canadsa be placedoenttheers of
measurement stage, and the position control of the measurement stage

caitipe pedermedesingtise enscdersysempresisishidesdisédthe position
Fug?e&iad#rilpg the eex%?&;re Sgci:-ration?%f the wafer mounted on the wafer

er “sta d W r exposure eration, even if
stage, the measuremen Stage is 2% withdrawn aprede(fgrmlnea !

positien whete itdaes notdntesfere withdhe wiafeestagepadd the-ion optical
measurement stage is to move between this withdrawal position and the
expasurenposition Sherefope, @ dhw Withdrawabpositierr o dating thee FIG. 25.
maovement from one position to the other between the withdrawal 110

poSitibh Ant the expbsure pasfibn® K9S prefePabieto take Intgr -hear encoders
congjderationsthg mavementrange efthg measwementstage asintheimper of
case of the wafer stage, and to set the placement and the length each of
thenkead units opto arrangeHead uhits 5,diler@nt fromeeacipokthettieadl inear
units above, so that the situation where the measurement using the

en@&‘f&‘jfyg?erﬁ%cﬁ%%%rﬁéﬁ&rﬁbl%%ﬁe%idﬁ&&mol of the
measurement-stage is,qut pH IS gyaided. O, when-the position controLof 1.5 4

the measurement stage by the encoder system is cut 10 off at the
withdeawalpositiera eudating theasnoventent, it iscpreferabie teperfamment axis
position control of the measurement stage using another measurement

unit ¢€.5F aARRERFEFSMEfer bR anEhcbdel) Sepatate Tioin e Baedddrr which
system, Futher, inthe smbodiment and the modiied examples 15 1y i
descrllbedlgbove, or exampfe, depenaing on the size of projection unit

PU; ae distancesbetmesndhe garriefeatdunitsarrarged-exteadingrindhe i cal
same direction has to be Increased, which could cause one unit of the

paf 6t HradFdnits 8 fovelaway frons B EorESpEritiAg PBvemeRt scale2 S and

dugg the scanning 20 exposure fa saeiic stiolarea gnafer W such .,

terrh
as, fof example, a Sshot area loca utermost peripnery.

Insfance, when projecticanulitPY besomeswa little latgesin Eiand, ftheafer x
parr of head units 46B and 46D, head unit 46B may move away from the

Coﬁggﬁyﬁﬁm§mﬁjﬁﬂméﬁﬁg@anp4¢3ides with the measurement axis (the

disposal direction of the heads) of head unit 46A (and 46C).
Further, wafer Y interferometer 18Y referred to earlier has
a plurality of measurement axes that include two measurement
axes (corresponding to beams B4; and B4, shown by solid lines
in FIGS. 25 and 26) arranged symmetric in relation to an axis
(center axis) parallel to the Y-axis that passes through
optical axis AX of projection optical system PL and the
detection center of alignment system ALG. And, Y linear
encoder 56B (and 56D) is placed so that the measurement axes

(the disposal direction of the heads) of head units 46B; and
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25 Furthermore, in a liquid immersion type exposure apparatus that has
liquid (e.g. pure water or the Juke) filled in the space between projection
optical system PL and the wafer whose details are disclosed in, for
example, the pamphlet of International Publication W099/49504, the
pamphlet of 111 International Publication %v02004/053955 (the
corresponding U.S. Patent Application Publication 2005/0252506), U.S.

Pa No . 6,952,253, Eyro Patent Application Publication No.
a30b88 e b ohich B It ca] RO Caion s G20 DBbag, s £
pamphietaf hatetnational, Publication WORPOAD57890: bcS. Pateftasurement
Application Publication 2006/0231206, U.S. Patent Application Publication
2005/028079¢ Geitkthllfiel Sinke & aozgleUnehibérfor supplying the figulgement
is arrangedfs r}rlouridin%grojection unit PU Itt 0 becomes moreéjifficultt
pla%}é]’[ﬁe fea uenitslcrllosertoet%(éoex%gsafle areaeprIES%ﬁlslfg/e@ees%nb%é of
projegtion ppticalrsystemm Rl Therefargein the encodersystensshow dviously
FIGS. 3 and 26, the two positional information each for both the X-axis
anddsaxis ldiréctions dodedaobnecessarity havetto e 15ymeasbralle ataflation
times, and the encoder,sg/stem (especially the head unit) can be

)
coftfigUréd 53 thaftio" posifioral nfofihation 15 MRaEuRbRE M i of thd® he

X'%é@?%‘d%%@a‘ﬁi%@?”&?@%@_ﬁ%15’9@1%@8%' mr@@tfo@li%”le@r%’&%b@ncoder
in the other of the X-axis and 1-axis directions. That is, in 20 the position

contnol ohthenwaferstage (o thesmeasuremerftestage) by flee-emedder coincide
system, the two positional information each for both the X-axis and 1-axis

dir8tidhs AWRiICh- R totaPBFIETF pdsitoRaISAfdihatibA dbeshdts not Limited
negessgrilyhave,to be used. Further, inthe figuld immersion exposyre 28 1 yy
apparatus, as is shown in FIG. 27, for example, a figuld repellent plate
WRPatethe opperrsurface ef yeafier stage VST (@riwafertabieMStB)reart above
be made of glass, and the scale pattern can be arranged directly on the
glak&l6r, t%% wafer table can be made of glass. In the figuld immersion

exposure }%Zthe encoder system shown in FIGS. 25 and 26, the two

%f the

or four movement scales (52A to 52D) are made of the same
material (such as, for example, ceramics or low thermal
expansion glass), and regarding the respective longitudinal
directions, the length (corresponding to the width of the
diffraction grating) is set longer than the size (diameter)
of wafer W so that the length covers at least the entire area
of the movement strokes (movement range) of wafer stage WST
during exposure operation of wafer W (in other words, during
scanning exposure of all the shot areas, each head unit
(measurement beam) does not move off the corresponding
movement scale (diffraction grating), that is, an
unmeasurable state is avoided). Further, in the encoder
system shown in FIGS. 25 and 26, the three or six head units
(46A to 46D;) can each be, for example, a single head, or a

unit having a plurality of heads that are almost seamlessly
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apparatus equipped with a wafer stage (or a measurement stage) that has

the movement scales in the embodiment and the modified examples

described above (FIGS. 3, 25, and 26), it is preferable to form a 11guld

repellent film on the surface of 5 the movement scales. When taking

Into consideration the decrease in size antbweight and the like of wafer

stage WST, it is preferable to place the movement scales as close as

possible to wafer W on wafer. stage WST. However, when increasing t
e TG water S e Sl SanR. By Tobestnertle Sy g Tacs. 29
waderstage aswell as theddistanece efithe pairofmovement seales placed heads
facing each other, the two positional information each for both the X-axis
an8ifaéxis ereetigris Which & ® rstdlEdfsoui pesitichia infoanatidr canthe

constanty measufed L5 atjeast during the exposure operatign g e ¢
wafer. Further, Instead o InCréasing the size o e wailer stage, 1or

exgmple; the movermentscale cambe-ananged on the,watersstage 0 that acent
a part of the movement scale protrudes from the wafer stage, or the

movemertestale tanhise placedlort the futeraside &b the ROowadertstage from the
main section using an auxiliary plate on winch at least one movement

sc&ies T SR aRGed o 45 e aSE ME distarice s the pairbihiovshent™ 10

scales placedfacinggach Qﬁ]%fr&’é@‘e&ﬂ%@{&otﬂ%f%%@_@? RQSIiON+ than
control of the 25 stage by the encoder system, for example, it is preferable

to meastrectheettilbof therhpadamitshilt aithfrespéedtao theZeaxigs in the
direction), disposal of the heads within the XI plane (the position, distance

or thie"fike) - of TIBCEINEHy bf the heHtis? Akt e fike and - g8 g L sposal
113 measuygmert rsults in fhe posigan cantrgl descybed AbAYS ement scalle.

Furthermore, for example, it is preferablé to measure the displacement

anmount Hbe gradientamatint @rdhedike of dhienmavement sealedn then range of

Z-axis direction (the direction
the diffraction gratings) of the three or six head units (46A
to 46D;) in the longitudinal direction is set to the same level
or larger than the movement strokes of wafer stage WST so that
the length covers at least the entire area of the movement
strokes (movement range) of wafer stage WST during exposure
operation of wafer W (in other words, during scanning exposure
of all the shot areas, each head unit (measurement beam) does
not move off the corresponding movement scale (diffraction
grating), that is, an unmeasurable state is avoided).

Further, in the exposure apparatus equipped with the

encoder system shown in FIGS. 25 and 26, calibration operation
(the first to third calibration operation previously
described) for deciding the correction information of the
measurement values of each encoder is performed exactly the
same as in exposure apparatus 100 (including the encoder system

shown in FIG. 3) in the embodiment above. In this case, for

instance, in each encoder, the position of the movement scale
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5 perpendicular to the surface), and to use the measurement results in the
position control described above. The first to third calibration operation
described in the embodiment and the modified examples above and the
sequential calibration operation described above can be 10 performed
separately, or appropriately combined. Further, during the position
measurement by the encoder system and the Interferometer system in the

calipraiipn operafion, e, stage as moved.al alow speed. fowgyer e or .
present invention Is not Minted to tins, and the stage can be moved at the

samevkmlevel etspesd-as duing the;seanning expostiepsevouslyhead unit,
described. Further, in the embodiment and the modified examples .
abave! positiohlcomeoITiEhd réficleéstagerane warer sigge waperfofmegction
using the encoder system. The present invention, 20 however, is not

VB e T GBI b Lok ool LEGRE SrEePg)anto the
can beperformeshingneefthedeticle stagesandthe walensiaggeanddr 1evel,
the other stage, position control using the Interferometer system can be
performed sFitherntdre, inithehembotimee ntcareinthietmoadified 25 Furthermore,
examples above, the head units of the encoders were placed above th

e .
retitte- §tadé hORETER e & uhitd 87 e ERddtfers dihtbe Prdegy o+ rection

below theyreticle stagg I this %%e,éaﬁqénq\é_areqnta%cal%s Al$9:19P€4e of the
arranged on the lower surface side of the reticle stage. 114 Furthermore,

in thecencodee systesaof fite enbddiaent Andritbelmeodifiediexamples movement
above ,iFIG'S' 3, 25, and 26), the plurality of movement scales (44A to

44B°aNG 52A [6BAS) SrePachhed D water SgRIRST, foreampls, B the

a%?f??@action grating, by a distance around the same level, or
more than the width of the movement scale. Hereinafter, the
operation described above is repeatedly performed until the
other end of the movement scale coincides with the head unit.
Then, based on the measurement values of the encoder obtained
by this drive and the measurement values of the wafer
interferometer that has the same measurement direction as the
encoder, the correction information of the encoder can be
decided. 1In this case, wafer stage WST was driven so as to
cover the range in the longitudinal direction where both ends
of the movement scale coincides with the corresponding head
unit, however, the present invention is not limited to this,
and wafer stage WST can be driven, for example, in the range
in the longitudinal direction where wafer stage WST is moved
during exposure operation of the wafer.
In the embodiment and the modified examples described
above, position control of reticle stage RST and wafer stage
WST was performed using only the encoder system (FIGS. 2, 3,

25, and 26) previously described during exposure operation
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5 mechanism such as a vacuum chuck or a plate spring, however, the
movement scales can also be fixed, for example, by a screw clamp, or the
diffraction grating can be formed directly on the wafer stage. Especially in

the latter case, the diffraction grating can be formed on the table where

the wafer 10 holder is formed, or especial®in the liquid immersion

exposure apparatus, the diffraction grating can be formed on the liquid

repellent plate. Further, in both reticle stage RST and wafer stage WST .

(e horiion S i B o Gt atia Formad fsh A e TLrat ion
mavesientseale aethedikestb desgrihediearierhis preterablyconfiguredbration
of a low thermal expansion material such as ceramics (e.g. Zerodur of

Schbtt CorperatiohorRke fikeynFdrtheh s ordertostederitaheé when at least

measement THe Bt from ggﬁref‘r?%‘ogrd“%E"ofore?r%ﬁ”bit-aaf‘ﬁs and Y-axis
adﬁeglon or con am%a%ion, f())l' example, a aleaSthd a coa?ting can pe

appliedtothgsuriace spas 1o couesing difraction Oraing oL ALRE | rection

glass can be arranged. Furthermore, in both reticle stage RST and wafer
stagedw/sSTa thye iffrattion gratingiwas contimgdusty fermetsifostahtially cannot
coverin% the en-fire surface of each movement scale in the 25 longitudinal

dirBEtioR oNEer tr Sxaimple SR Uiffrac iR drafing Lan b fofrel Lems such

intgrmittgntly, dig/fi @H‘tﬁé%‘r@% of, areass QL €8 movement scale-cam «
be made up of a plurality of scales. In the encoder system of the

embodimentyard tiee hodifiech BHIS exanplesrabove, aspeciallylinkkeoccur for
encoder system in FIG. 3, the case was exemplified where the pair of

moveftierit SCafS 44 ERd A4CTGSEH 1o nTedsuting 4RE posttioh inthen the
1-gxix direction and the pairqf mavement sealgs 448 and AdR HSed ML ¢11¢

measuring the position in the X-axis direction are arranged on wafer stage
WST, ahe dogrespondingoto thesnovemetit scalesrtheipair ofihead unitsd unit,
46A and 46C is arranged on one side and the other side in the X-axis

diréétioh- 65 fattiof ‘optical SRIEMIPIE afnd M€ pait hedd Uik angection

46?€%e direction orthogonal to the surface) exceeding an
allowable range and the like). Since the encoder system shown
in FIGS. 3 and 26 have four encoders, the position control
described above can be performed even if a problem occurs in
one encoder, however, in the encoder system shown in FIGS.
2 and 25, if a problem occurs in one encoder, then the position
control above cannot be performed.

Therefore, in the exposure apparatus, a first drive mode
that uses the positional information measured by the encoder
system previously described and a second drive mode that uses
the positional information measured by the interferometer
system previously described should be prepared, and in the
setting, the first drive mode is to be used normally during
exposure operation. Then, for example, in the case when at
least a part of the positional information in the X-axis and

Y-axis directions and the rotational information in the 0Oz
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10 arranged on one side and the other side in the 1-axis direction of

projection optical system PL. However, the present invention is not

1=1-Led to tins, and of movement scales 44A and 44C used for

measuring the position in the 1-axis direction and movement scales 44B

and 44D used for measuring the positiort 45 in the X-axis direction, at

least one set of the movement scales can be a single unit Instead of in

pairs arrapnged on wafer stage WST, ar of the pair of head units 46A a

o e L S St i S8t of Bty o bove
units 6aB bec shgte Rk arangeddngteadnfin pairsh Ehe:sapi128 CaPeration
be said for the encoder system shown in FIG. 26. Further, the extending
diregticim wine thelrrovément Sealles are dfrahgeld emdetheletesdingched to
dir %“e"%'er};gh”&%‘rhfv%?%d éﬂé"tsnao‘[e@réa”%%‘i %‘Egogoégrr?gn‘?g lt(.)oaj':n.thﬁ reticle
orthogonal direction as in the X-axis direction and 1-axis direction in the

emboglijpept-25ahue. s + o Jaurthers i the erabediment and the-medifieds drive
examples above, the configuration of wafer Interferometer system 18 is
nottiited tothie baershown i FIG.13! andifortéxampkes in aite taseofa part of
placing a head unit also in_alignment system 116 ALG (measurement

poSttiony; tie trtefterometer sJstemdod SRS/ ©Bbe-Equibpeqd With SYstem
wafer. Infederomeler. 18X2 0nwafer:X intederometer 18X2 cande,os 1 t1onal

configured, for example, by a multi-axis Interferometer as in wafer
Intérférameter 5rl 8k camndrisesidestthe Xpositidaraimeafer stagecWiSPreviously
rotational information (such as yawing and rolling) can be measured.

FurtR&Fr siiftar toWarel Xtinteterieter e, WWiier ¢/Infetférdmgtdtos + t1on
181 cap he agngle-aus Intederometer, apd waler X Inferierometer 18X o e g

can be a multi-axis Interferometer 10 similar to wafer Y Interferometer
18k sThe nuit-axis Interferemeter candbe benfiglired sorthatonlyyawing nstead
is measurable as the rotational information. Furthermore, in one of wafer

X IpfeHerdteter1 Bk sandware e ferfefSimetér 182 ke ttdrfstomeéter drive

capbecanfioyed so Ingtihe, 13 jatafional fgrmation meggialiess o node)
limited to one (rolling or pltch nd). hat is, wafer Interferometer system 1

of the ervbodiment canemyloy yatipds contiguratierpasilonrg apatleasbn, and
the positional information in the X-axis and 1-axis direction and the
rotafien&Rfofation frthecOz RreEfo20(yaWiid)Pcahvbe wigasared-her
dugg%yg%§é92§ugﬁ%ﬁﬂggogégtggample, measurement operation as in
alignment and the like). Further, in the other operations,
the mode does not have to be set to the first drive mode in
advance, and other drive modes (for example, one mode of the
second and third drive modes) can be set instead of the first
drive mode. In such a case, for example, when an error occurs
during the position control of the stage by the other drive
mode, the mode can be switched toa different mode (for example,
the other mode of the second and third drive modes, or the
first drive mode). Furthermore, the drive mode can be made
selectable during the operation other than the exposure

operation.

In the embodiment and the modified examples described
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wafer. In the embodiment above, the case has been described where
the present invention was applied to a scanning stepper. The present
invention, however, is not limited to tins, and 25 it can be applied to a
static exposure apparatus such as a stepper. Even in the case of a
stepper and the like, by measuring the po&ition of the stage onwinchthe
object subject to exposure is mounted using an encoder, generation of
posilign megstirement efrors due o all fluctiatian can be reduced almost. . ;
11716 zefo, unlike When the position of the stage is measured using the
Intederameater burthes, pased opcarsestiondntarmationtor correctingti@rement
short-term variation of the measurement values
oftiédnestlerdsrigtherfeustirerhentyalies 5 ot the hMfededntasrand opver to
oSN ot b Sge s g EhEEORE Wittt g I osciblé lg Ponded for

trapster &he telicle patterniontothe objech wthinghprensmeny Fuither dhe caused
present invention can also be applied to a reduction 10 projection

exposuweapphvatus dyithe stepandstitchrmethod-thag merges shetir) of the
areas, an exposure apparatus_by a proximity method, a mirror pro]!ection

aligiver"otthETiRE. Vo PARNGY, the iadiiificatiohdriné prejéttion dptichf 1 15 t©

sy%teﬂé%tbet%p@%% a}p@a{@%@élﬁg&h@@@wimﬁrg@@pygﬂ%&%rpﬁect . The
limited to a reduction system, and the system maybe either an equal

magnify mgtsyisterardr somagndyiegesystem. Rrdjedtion optical systeis Pland for
is not Minted to a refracting system, and the system can be either a

reffEtHiBR Sy stent br & CATadIBpHFE 'syStent Sand fherofted age 8aron
be sither g Javerted.image 20 or anipright image. Furthermore, the. - enent

exposure area on winch illumination light'IL is irradiated via projection
optiedlsystenm Rh is-aif oneaxis atea Inciydingiopticalenis A within the over to
field of view of projection optical system PL, however, the exposure area

caf becsitoff-axiarea tRAPdoesReANERIdEYS optitat BRRIAX SRRPAIIBT that

the,sa-galled nling tyne caiadipptrc, syslem which nag ALOINCA YSIEM: ching
(a refiection system or a cata optﬁc system% that has a p uraﬁliy 0
reflection sudfaces and dormassan idermediate-khage aklgastances not

arranged in a part of the catadloptric system and also

necessarily have to be performed. More specifically, the
positional information of the alignment marks on wafer W and
the fiducial marks on wafer stage WST can be measured using
alignment system ALG and wafer interferometer system (18X, and
18Y), as well as the positional information of the fiducial
marks on wafer stage WST using the reticle alignment system
and the encoder system, and based on the positional information,
position control of the wafer stage can be performed by the
encoder system.

Further, in the embodiment and the modified examples
described above, the case has been described where the system
was switched from the interferometer to the encoder as the
switching operation of the position measurement system,

however, the present invention is not limited to this. For
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118 has a single optical axis, disclosed in, for example, the pamphlet of
International Publication W02004/107011. Further, the shape of the
illumination area and the exposure area previously described was a
rectangle, however, the shape 5 is not limited to this, and It can be, for
example, a circular arc, a trapezoid, a parallelogram or the like.

Further, illumination light IL is not limited to the ArF exclmer laser beam
Ma\{%%”g@ 193nnr@il)l,eandaiéltejmiqlat'}(l)nalisgh&] }Illécag Er? an %IH visolet tIi%ht ALG is
such asthe KrF exclmer laser 10 beamn (Waveﬂengt 248 nm% orthe ﬁr(le,

or aivaedumedtravioleblight issichsas the-F2lasef beam (wavelergtk 457 on unit
nm). As a vacuum ultraviolet light, as is disclosed in, for example, the

paRiphléttdntemidtional Ribkcation \We2999/46835 ¢t dorrespondinguld be
U.S. Patentho.l7,023,61ECQéa harmonlc waye may 15 also be used thatis .
obinéd’ %? ar%pllsf)?inlgna smgfiea/ev%vvé eer@?h aserbeam in the Rfraredor” 5179
visible sange,emitted by, a/BfB semiconucterlasenrdiber lasaleWh@oe of a
fiber amplifier doped with, for example, erblum ( or both erbium and

yttertislam) 1 amdadyi comerting thé svadélengthtintoagdtraeolet ligheosleg origin
20 a nonlinear optical crystal. Further, in the embadiment above, It is

a m&tEF bf cotrsé thalas tiimiiatigRAightIEf e EXpostre dpparatu§™ water

thea'ﬂh}ri%@%"@ﬁ%%t%é ”ﬁﬁkt,haizﬂésﬁo\@%\éeﬂ%%%tb of 10000 JROTEF each
and a light whose wavelength is less than 100 25 nm can also be used.

Foe éxgmpts) inmecenvyearsf arordehtotexpase apaiterg ofl Afnm opordinate
under, an EUV exposure apparatus is bell-1g developed that generates an

EUAY e e Bftratiolst) fight it theoR X ra§ rich (e WagIBRGM: Scales
range,of 5 tg 15 nm) using an SQR.01:3,plasma laser a5 ight sOUIGe s 44x o

119 and uses an all reflection reduction optical system, which is designed
bagdd ars therexpastie avagelength (e.q.ulk3l. b mhcand adrefidation typadvement

mask. In this apparatus, because the structure of scanning exposure in
\Nﬁﬁﬁﬁhﬁﬁnééﬁaﬁﬂfﬁ%QNaﬁﬁd then, based on the detection results,

a predetermined calculation can be performed so as to obtain
relative positional information of each shot area with respect
to the origin referred to above. 1In this case, on exposure,
by detecting the origin using encoders 50A to 50D, each shot
area can be moved to the acceleration starting position for
exposure using the relative positional information of each
shot area with respect to the origin referred to above. 1In
this case, since positiondrift between the head and projection
unit PU/alignment system ALG also becomes an error cause, it
is preferable to perform calibration on the positional shift.

In the embodiment and the modified examples described
above, position control of reticle stage RST and wafer stage
WST was performed during exposure operation of the wafer using
the encoder system previously described (FIGS. 2, 3, 25, and
26), however the position control of the stages using the

encoder system is not limited only during exposure operation,
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5 are synchronously scanned using a circular arc illumination can be
considered, the present invention can also be suitably applied to the
apparatus. Besides such apparatus, the present invention can also be
applied to an exposure apparatus that uses a charged particle beam such
as an electron beam or an 10Jon beam.1Further, in the embodiment
described above, a transmittance type mask (reticle) was used, which is a

transmissive. substrate on Whiﬁha redetermined light shieldi Ipattern 1 .
o e e b otie, in

this reliclerbowever, asds isclesed inHerexample, HiSJhatent Nirks or the
6,778,257, an electron mask (also called a variable shaped mask, an
acthns AiasRCer &t iiage yeneiator andtiaelades Torexampldia DMDLcle

(Dié)][tal Mlcrortnmor I%evlce) which itsha kindtof a120 non-radiative Ima e.

disp alygcrjlénvelge (aﬁgg reefrgfregﬁo as a sﬁatﬁf o:bﬁcaq rﬁéﬁtﬂgt%?)e, orive |kel)on’
onywhich adightiransmitting pattarn; a reflection patiesn, Y-AREMISIIARA using
pattern is formed according to electronic data of the pattern that should be
exposecsan@iso by tised. inthen25 calsé®f using Such bavariablé shapedmp le,
mask, because the stage on which the wafer, the glass plate or the like is

I
ot SEBNRGH ith REBEE the Variblo SHegRl ALKy k= of wafer

megsydng the pesitinn,of the, stage using therengpder angd perforaing, 2 nge
calibration on the measurement values of the 120 encoder using the
megstrerhentvahesidfithe interferometewas esrpsevigasiisdeseribed ptheformed
same effect as in the embodiment above can be obtained. Further, for

exHMp &0 BRCRISRH MY HE Pantistilet 5of iHternatiortal PGBitaton 11 this
W02001/035168, by fourping: Interference fringes, op wafer W the present, £ e

invention can also be applied to an exposure apparatus (a lithography
systen) thatformas auinerand-spaee patternian waterdd/. required.

In the case of using the encoder system previously
described (FIGS. 3, 25, and 26), during the detection of the
alignment marks on wafer W or fiducial marks on wafer stage
WST using alignment system ALG, or during the detection of
the fiducial marks on wafer stage WST using the reticle
alignment system, it is preferable to take into consideration
the movement range of wafer stage WST during the detection
operation. It is preferable to set the length (or placement)
in the longitudinal direction of each of the head units or
to arrange head units different from each of the head units
above, so that especially during the mark detection operation
performed when the wafer stage is moved to the measurement
position of alignment system ALG, each of the head units (46A
to 46D, 46A to 46D;) does not move away from the corresponding
movement scales (diffraction gratings), that is, the
situation where the measurement using the encoder system

becomes unmeasurable and the position control of the wafer
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Furthermore, as is disclosed in, for example, Kohyo 10 (published
Japanese translation of International Publication for Patent Application)

No. 2004-519850 (the corresponding U.S. Patent No. 6,611,316), the
present invention can also be applied to an exposure apparatus that
synthesizes patterns of two reticles on alwafer via a double-barrel
projection 15 optical system, and performs double exposure of a shot area
O”Sth% Waf%rsalénuogt gig%ultasneg\tfjgljydggne scanning exposure.

Furtﬁeﬁ?he apparatus orjforming a pattern on an object is not limited to
the exposure appargtus flithagraphy systeryspreyiously deseribed, arjd farm
example, the present invention 20 can also be applied to an apparatus for
foratiRy apatteyn dAstrabject by af nkjerméthodand e ebjeéten wafer

which the pattern is. to.be formed in the embodiment and the modified .
O o o Bt b G e arae B ol H 0ading

begmdisirradiated) isot 25 baied tosowaferoand cap beethey objectsovement
such as, a glass plate, a ceramic substrate, a mask blank, a film member

or theolikenkupther, ttheoshiapectfthie bbjeceisrohimitetieto axicalaye position
shape, and it can be other shapes such as a rectangular shape or the like.

12379 PHRETREGE bPtRE BRboSt APparatid S not Minteftd e o+© Pattern
expesuye ApparaIS far-mapdfactring sempicopductors, and the Riesent che

invention can also be widely applied to, for example, an exposure
apparatus fordiguic cp/stals thah b transfers adiguid: crystaldisplayndevices ystem
pattern on a square glass plate or the like, or to an exposure apparatus

uséd for'maRGRERIIg brgdhic EL S IR IR hEghaticcREHdS fh¥gingke 1nto
deyicas (Such.as GCRs)-migromachines, DNA chips and the Jke Fuidher, ¢ ¢

the present invention can also be applied toan 10 exposure apparatus
thatdramsferscn zaudie pattetr: apto arglass subsfratefera silicoamwgfesperation,
the like not only when producingmlcrodevices such as semiconductors,

butaSotwhad prode S7Bfcle Grhaintdsk Lsed il expesSurs apparae’d units

sugh as.an PPQ%%'&%%%%"&% saﬁﬁ%%ear“%%%\é%é%oélérc%a!%@a’&%%%%é units

an X-ray exposure apparatus, an electron beam exposure apparatus an

theslikere, so that the situation where the measurement using the
encoder system becomes unmeasurable and the position control
of the wafer stage is cut off is avoided.

Furthermore, even in an exposure apparatus by the twin
wafer stage method that can perform exposure operation and
measurement operation (for example, mark detection by an
alignment system) substantially in parallel using two wafer
stages whose details are disclosed in, for example, Kokai
(Japanese Unexamined Patent Publication) No. 10-214783 and
the corresponding U.S. Patent No. 6,341,007, and in the
pamphlet of International Publication W098/40791 and the
corresponding U.S. Patent No. 6,262,796 and the 1ike, position
control of each wafer stage can be performed using the encoder
system previously described (FIGS. 3, 25, and 26). 1In this

case, by appropriately setting the placement and the length
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The present invention is not Minted to an exposure apparatus, and can
also be widely applied to other substrate processing units (e.g. a laser
repair unit, a substrate 20 inspection unit and the like), or to an apparatus
equipped with a movement stage of a position set-L.11-1g unit of a
sample, a wire bonding unit and the like i ®ther precision machinery.
The disclosures of all the publications, the pamphlet of the International
Publications, the U.S. Patent 25 Application,Publication, and the U.S, . .
Pt o DAL TS T DLt At S e e R A on B
to ithe embadiment abave aee each eorparated heredrbyseferpnegivle to
Semiconductor devices are manufactured through the 122 following
Stepsr ASIEpRATErbithe fapeticiy performmaiceddsignsdfadgevivels the encoder
performed; a step where a reticle based e design step i .
A e Ao GrBP R (anCct e DIt MAGHAS S 20y
as silicagea lithegraphy 5 step yvhere thespattern fogned ontbednaskisng the
transferred onto a photosensitive object using the exposure apparatus
dezerisatrianthe tmbedintantalbors redevite assembhesteépifindladige viously
processes such as a dicin(g rocess, a bondin%process, and a§ak<>:ka§in]9

t[§ | e arranged.

OrSHESST. Hrrifs peltioi Stép and 18 thétike® In This) c4<8? ift 1

”thﬁg@%%% Pe ?e%‘é%e H_é%@xﬁﬂ%l{f@ Wrﬁg%@ﬂﬁﬁféﬁb%ﬂ%@@ shape of
above is used, high integration devices can be manufactured with good

yietd.crosFhe exposuregpparatusy(patterifgrming pparatuskinthend during
embodiment and the modified examples above can be made 15 b

asSeRbIG TAMGUE SibSRTIMS trdt |ﬁaaaseaeﬁam§e&&1paﬁéyﬁ@ﬂation of
givendn the seope pt he plaims of the presert ABRIGAINSA AL nead units

predetermined mechanical accuracy, electrical accuracy, and optica
acemacy lace matntainssh di ordendo seeure these yarigdsAccdracie’s, and 522
before and after 20 the assembly, adjustment for achieving the optical

actraty8 perfofmedTof e Vatidus otitaP systems, Bafustment terfer stage

ac%i%t’iﬁ‘g&het%cg%“%%"' cguracy I3 performed f?ﬁ#&%‘.’aﬁi‘,’“%, and 26) are

mechanical systems, anéll a&Pustment or achieving the
arranged, and when exposure operation of a wafer mounted on
one of the stages is completed, then the wafer stage is
exchanged so that the other wafer stage on which the next wafer
that has undergone mark detection and the like at the
measurement position is placed at the exposure position.
Further, the measurement operation performed in parallel with
the exposure operation is not limited to mark detection of
the wafer by the alignment system, and instead of, or in
combination with the mark detection, for example, detection
of the surface information (level difference information) of
the wafer can also be performed.

In the description above, when the position control of

the wafer stage using the encoder system is cut off at the
measurement position or exchange position, or while the wafer

stage is moved from one of the exposure position, measurement
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electrical accuracy is performed for the various electric 25 systems. The
assembly process from the various subsystems to the exposure apparatus
Includes mechanical connection, wiring connection of the electric =cults,
piping connection of the pressure =cults and the like between the various
subsystems. It is a matter of course thatigrior to the assembly process
123 from the various subsystems to the exposure apparatus, there is an

assembI%/.process g)r eacﬂ of the indivigual subsystemcsﬁ When theC . L
oS 1on, an eX ange [O)S] 10N to”apno er OoSs1tion 1t 1s
asgeml%ly process from the various su systems to the exposgre apparatus

hag beescompletes, Jotaf adjustment isoa pedatned, andihe waiovs stage at
accuracies in the exposure apparatus as a whole are secured. The

expasire @ppak&us ¢s pieferabl\abgilten aclehy icoi Wieréevadkibhs Using
such as the temperature and the.qteg ee of cleanl.inecss are contrtolled. 10
INBUSTRIALASPUCABILITY' " - ASTis Uestribed above, the movable ="
body diuve methed andithe moyable body dive systest efithe present

invention are suitable for driving a movable body with good accuracy.

Further, thépattearrforaratiphenethoddntkthe pattér formiingli5ied examples
apparatus of the present invention are suitable for forming a pattern on an

oblATt PUTHRES, T BRposiire Tathoa S the 2xposhre HPParatus GrRe P Let

present inventiop ase suitable for formingipopattern enthe poieetbYamphiet of
exposing the object. Further, the device manufacturing method of the

present 20damvientoh i8suitalle foomanafiatidimgtcrodevhces ardthet No.

“k%,%%%,963 and the like, a measurement stage that has a
measurement member (a reference mark, a sensor and the like)
can be arranged separate from the wafer stage, and during wafer
exchange operation or the like, the measurement stage can be
exchanged with the wafer stage and be placed directly under
projection optical system PL so as to measure the
characteristics of the exposure apparatus (e.g. the
image-forming characteristics of the projection optical
system (such as wavefront aberration), polarization
characteristics of illumination light IL, and the like). 1In
this case, movement scales can also be placed on the
measurement stage, and the position control of the measurement
stage can be performed using the encoder system previously
described. Further, during the exposure operation of the
wafer mounted on the wafer stage, the measurement stage is
withdrawn to a predetermined position where it does not
interfere with the wafer stage, and the measurement stage is
to move between this withdrawal position and the exposure
position. Therefore, at the withdrawal position or during the

movement from one position to the other between the withdrawal
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CLAIMS 1. A movable body drive method in winch a movable body
is driven in at least a unTaxTal direction, the method 5 comprising: a
first process in winch a calibration operation is performed where positional
information of the movable body in the unTaxTal direction is measured
using a first measurement unit and a seaarid measurement unit whose
measurement values 10 excel in short-term stability when compared with

measurecment valgeg of the first measurement unit, and based.on
0S1tiodn, an h% %x%osure g0312fon, 1€ 1srﬁre erable to take
mepasurement results of thefirst and second measuremernt units,

corgetiondnformation farcenectingdneasuremer yaluesahdhe seeantht stage
measurement unit is decided; and 15a second process in winch the
mavablé by isdrverrin thecuwbderal eire@ton BaSed onpé the placement

measurement values of the second measurement unit and the correction .
e g B B e s Ao A AT Cat units

Claimek 20hereinn < atleastone of adingarity;and againeermaoindiat the
map information that denotes a relation between measurement values of
thesfirstaind secohd hedsurementurigis calibaied, bdsedagrroder system
measurement values of the_first and second measurement 25 units

ob BT GRS SRR ThE M6vaBIE bbay iP s i PAK A dirkCtor? T t18,
Thgdnayahle bedysdrive-method aceerding $o Claim 2 whergine125ne position

the gain error includes a scaling error of the measurement values of the

secand measufenfentnedtto theendgasuregremtywabesaof toelfirstsystem is cut

In%%%!%ﬁ*%%gngithdrawal position or during the movement, it is
preferable to perform position control of the measurement
stage using another measurement unit (e.g. an interferometer
or an encoder) separate from the encoder system.

Further, in the embodiment and the modified examples
described above, for example, depending on the size of
projection unit PU, the distance between the pair of head units
arranged extending in the same direction has to be increased,
which could cause one unit of the pair of head units to move
away from the corresponding movement scale during the scanning
exposure of a specific shot area on wafer W, such as, for
example, a shot area located on the outermost periphery. For
instance, when projection unit PU becomes a little larger in
FIG. 3, of the pair of head units 46B and 46D, head unit 46B
may move away from the corresponding movement scale 44B.
Furthermore, in a liquid immersion type exposure apparatus
that has liquid (e.g. pure water or the like) filled in the
space between projection optical system PL and the wafer whose

details are disclosed in, for example, the pamphlet of

International Publication W099/49504, the pamphlet of
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54. The movable body drive method according to Claim 1 wherein a
low order component of a map information that denotes a relation
between measurement values of the first and second measurement units
is revised, based on measurement values of 10 the first and second
measurement units obtained while drivinglthe movable body in the
unlaxlal direction. 5. The movable body drive method according to

any gpe of Clainis 1 ta dyherein Lotg mavable body is diyen inthe. -oongi g

il dire
al direction at a low spee vel In winch the short-term varia

of thesmeasurementyaluasseftbea firstumeasirement 0ok can Heslgeereds . s .
for the calibration operation. 206. The movable body drive method . .
acEerafiytdanyerfe of Chaims 1t dawherairent Ame iovableobodykd 1cation

driven recjpr in the uniaxial.direction for the calibratio ration., .
e S o o Aee g e o i haticdon

6 wheretiu / 0 s fromovable hodysanbe drven switchipg hetweengifirst « 1 on
drive mode that uses the measurement values of the second
meaisLPeAéAtUmPandtheorr@etiominfdpationandotheRdebhdation

2006/0231206, U.S. Patent Application Publication
2005/0280791 and the 1ike, since a nozzle member for supplying
the liquid is arranged surrounding projection unit PU, it
becomes more difficult to place the head units close to the
exposure area previously described of projection optical
system PL. Therefore, in the encoder system shown in FIGS.
3 and 26, the two positional information each for both the
X-axis and Y-axis directions does not necessarily have to be
measurable at all times, and the encoder system (especially
the head unit) can be configured so that two positional
information is measurable in one of the X-axis and Y-axis
directions and one positional information is measurable in
the other of the X-axis and Y-axis directions. That is, in
the position control of the wafer stage (or the measurement
stage) by the encoder system, the two positional information
each for both the X-axis and Y-axis directions, which is a
total of four positional information, does not necessarily
have to be used. Further, in the liquid immersion exposure
apparatus, as is shown in FIG. 27, for example, a liquid
repellent plate WRP on the upper surface of wafer stage WST
(or wafer table WTB) can be made of glass, and the scale pattern
can be arranged directly on the glass. Or, the wafer table

can be made of glass. In the liquid immersion exposure
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126 drive mode that uses the measurement values of the first

measurement unit. 8. The movable body drive method according to

any one 5 of Claims 1 to 7 wherein the movable body is driven within

a two-dimensional plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction, and the first and second measurement

units can respectively measure positional 10 information of the movable

body I, theuniaxal direction.and 2 diregtion orthogpnallo heiniaxial . <cage)
dire ﬁjon, and the calibration operation of the Griaxial direction and the d
diregtion isthaegenaltedhe mniaxial disectionnis peroumet kb9 nthehe modified
movable body drive method according to Claim 8 wherein instead of
theeHBPBEAive nibecthabase s iievimedbdiement valios fitle detond t 1s

measurement unit and the correction jnformation, the_movable body can
obhRER TNG Setonriiife borHoe THAS Lo TheReton S dabEace oF
of thefirgbmeasyrementiunit, or a third drive mode that uses at least a

part of the measurement values of the second measurement unit, the

correction fermatién,rand at teastrespale oé theomedsarément akiesiofize and

the first measurement unit together. 25 L
weight and the like Of wafer stage WST, it is preferable to

place the movement scales as close as possible to wafer W on
wafer stage WST. However, when increasing the size of the
wafer stage is acceptable, by increasing the size of the wafer
stage as well as the distance of the pair of movement scales
placed facing each other, the two positional information each
for both the X-axis and Y-axis directions, which is a total
of four positional information, can be constantly measured
at least during the exposure operation of the wafer. Further,
instead of increasing the size of the wafer stage, for example,
the movement scale can be arranged on the wafer stage so that
a part of the movement scale protrudes from the wafer stage,
or the movement scale can be placed on the outer side of the
wafer stage main section using an auxiliary plate on which
at least one movement scales is arranged so as to increase
the distance of the pair of movement scales placed facing each
other.

Further, prior to performing the position control of the
stage by the encoder system, for example, it is preferable
to measure the tilt of the head units (tilt with respect to
the Z-axis direction), disposal of the heads within the XY
plane (the position, distance or the like), tilt of

telecentricity of the heads, and the like, and to use the



10

15

20

25

10. The movable body drive method according to any one of Claims 1 to 9
wherein the correction information is revised, using the measurement
values of the first and second measurement units 127 that are obtained
while the movable body is driven based on the measurement values of the
second measurement unit and the correttion information. 511. The
movable body drive method according to any one of Claims 1 to 10

wherein Iineﬁa\ritg ang Iong-teEm stability of the measurement vaI%es of
mFa%uremen results ¥n hevp?i%tlon CONCro 33@53{1 €d above.
the tirst measurement unit are at a level the same or exceeding the

seceid measyrementdnit 18mp 11 2.7the moyablediedyidriveomethodire the
according to any one of Claims 1 to 11 wherein the first measurement unit
is & AnederTneeter AT813) ThetinevabrBGydiNeCethed ateerding® of the

any one of Claims 1 to 12 wherej . . . . .
%ovement sca%e %nv¥he gLax1s direction (the direction

perpendicular to the surface), and to use the measurement
results in the position control described above.

The first to third calibration operation described in
the embodiment and the modified examples above and the
sequential calibration operation described above can be
performed separately, or appropriately combined. Further,
during the position measurement by the encoder system and the
interferometer system in the calibration operation, the stage
was moved at a low speed, however, the present invention is
not limited to this, and the stage can be moved at the same
level of speed as during the scanning exposure previously
described.

Further, in the embodiment and the modified examples
above, position control of the reticle stage and wafer stage
was performed using the encoder system. The present invention,
however, is not limited to this, and for example, position
control using the encoder system can be performed in one of
the reticle stage and the wafer stage, and in the other stage,
position control using the interferometer system can be
performed. Furthermore, in the embodiment and the modified
examples above, the head units of the encoders were placed
above the reticle stage, however, the head units of the
encoders can be placed below the reticle stage. 1In this case,
the movement scale is also to be arranged on the lower surface

side of the reticle stage.
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the second measurement unit is an encoder. 14. The movable
body drive method according to Claim 2013 wherein the movable
body is driven within a two-dimensional plane parallel to the unlaxlal
direction and a direction orthogonal to the unlaxlal direction, and the
measurement values of the second measutement unit 25 Includes
positional information of the movable body in the unlaxlal direction, winch

s measured ysind & frstorad 1.1 hat exerds on MeMgVEDIS bORY. .. ...
o the two-dime P

. ofey .1
with a pre etermlneg dllfl’eétlon paralie nsional plane

semnirg as ailengitudinaltiresionispdalsorhas a gra-latl7g pariodicallyt he
128 disposed in the uniaxial direction, and a first encoder that has a head
uni® thardntetsects thevengiudifakrdifstiontAr to 448, THeSmpvAble S2D) are

bOd%gﬂ"%&%tQ‘)%c?c%%@éﬁg g Claim,p. 14 Wé‘c?rre'é‘x oofl€ measurement ,
valtieS of thé Second meastremént unit inéludes posI ionafihforation ©

thenmenahledodyimma diregtion arthpganak to the ynjaxial ditgetionwhighyever,
is measured using a second grating that extends on the movable 10 body
withreedireetiore intessecting therpretetetmirfad:divection paxallet iethey a screw
two-dimensional %I;me,servin as a longitudinal direction and also has a

gratirg Pericdical d@ﬂ)ggé%a%t& Qitedtic bHogERal the uRfskigr- T SctLy on
diregtion, and.a second. engaderthat has aheadnitthatintersects thee

diffraction grating can be formed on the table where the wafer
holder is formed, or especially in the liquid immersion
exposure apparatus, the diffraction grating can be formed on
the liquid repellent plate. Further, in both reticle stage
RST and wafer stage WST, the member on which the diffraction
grating is formed (including the movement scale or the like
described earlier) is preferably configured of a low thermal
expansion material such as ceramics (e.g. Zerodur of Schott
Corporation or the like). Further, in order to prevent the
measurement accuracy from decreasing due to foreign
substances adhesion or contamination, for example, at least
a coating can be applied to the surface so as to cover the
diffraction grating, or a cover glass can be arranged.
Furthermore, in both reticle stage RST and wafer stage WST,
the diffraction grating was continuously formed substantially
covering the entire surface of each movement scale in the
longitudinal direction, however, for example, the diffraction
grating can be formed intermittently, divided into a plurality
of areas, or each movement scale can be made up of a plurality
of scales.

In the encoder system of the embodiment and the modified
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15 longitudinal direction of the second grating. 16. The movable body
drive method according to Claim 15 wherein the measurement values of
the first measurement unit 20 includes positional information of the
movable body in the uniaxial direction and a direction orthogonal to the
uniaxial direction, which is measured usingban interferometer system that
includes a first interferometer which irradiates a laser beam on a first

reflection surface of the mavable bady 25 exiendinginhe diesion ¢ £1. 3
ortﬁogoﬁa 6 the uniaxial direction ahd'a second in er?eromé’ter which R

irradiates aslasabbeamoia secerd weflectionisurfase of §1e mevahlent scales
body extending in the uniaxial direction. 129 17. The movable body .
dri¢é Mnethod atCordirfitoferie BEERIMSIS 18 Whereéipn 1nthefipsty —axis

and second gra-L 41-Las are resnectively placed apart na paLinge 4, yeq
direction orthogonal to the fongitudinal 5 direction, and positional

infermation of the, mevable bady innthe, unlaxjal girestion.is measuradbyr ranged
the pair of the first gra-L.11-1gs and the first encoder, and positional

informatiée of she arovebile Body Fothedireetidn optHoydried todkienypiexlakales,
direction is measured by the pair of the second %ra-L.ll-l s and 10 the

secOYd BRddder 18 ife Hibvhble'Bouy*dfive fethdd Ecorafi toBlati® S+de

17whereile other side in the X-axis direction of projection
optical system PL and the pair head units 46B and 46D is
arranged on one side and the other side in the Y-axis direction
of projection optical system PL. However, the present
invention is not limited to this, and of movement scales 44A
and 44C used for measuring the position in the Y-axis direction
and movement scales 44B and 44D used for measuring the position
in the X-axis direction, at least one set of the movement scales
can be a single unit instead of in pairs arranged on wafer
stage WST, or of the pair of head units 46A and 46C and the
pair head units 46B and 46D, at least one set of the head units
can be a single unit arranged instead of in pairs. The same
can be said for the encoder system shown in FIG. 26. Further,
the extending direction in which the movement scales are
arranged and the extending direction in which the head units
are arranged are not limited to an orthogonal direction as
in the X-axis direction and Y-axis direction in the embodiment
above.

Further, in the embodiment and the modified examples

above, the configuration of wafer interferometer system 18
is not limited to the one shown in FIG. 3, and for example,

in the case of placing a head unit also in alignment system
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the movable body is driven based on the positional 15 information
corresponding to at least three of the pair of the first gratings and the pair
of the second gratings. 19. The movable body drive method according to
Claim 18 wherein 20positional information of the movable body in a
direction parallel to the first axis and a direétion parallel to the second axis
is also measured by an interferometer system. 2520. The movable body

dri}@ ethod according to Claim.19 hereriln : the£novabl body can be
e S e A e Py Ve LR does

infarmatier, by the diestand seeandencodersandthenseconsdriver@edesx,, or
that uses the 130 positional information by the interferometer system.
21WFHE mevallé Doy aeve mathb8accordingtiocClalim PonsHerelir example,

instead of the first driv the movable body can .
S%ye adrguahcl—gxgs e:'Ln Oedgferometegeag (:Ij_ va}afer Y interferometer

18Y, and besides the X position of wafer stage WST, rotational
information (such as yawing and rolling) can be measured.
Further, similar to wafer X interferometer 18X;, wafer Y
interferometer 18Y can be a single-axis interferometer, and
wafer X interferometer 18X; can be amulti-axis interferometer
similar to wafer Y interferometer 18Y. The multi-axis
interferometer can be configured so that only yawing is
measurable as the rotational information. Furthermore, in
one of wafer X interferometer 18X; and wafer Y interferometer
18Y, the interferometer can be configured so that the
rotational information measurable is limited to one (rolling
or pitching). That is, wafer interferometer system 18 of the
embodiment can employ various configurations as long as at
least the positional information in the X-axis and Y-axis
direction and the rotational information in the 0z direction
(yawing) can be measured during the exposure operation of the
wafer.

In the embodiment above, the case has been described
where the present invention was applied to a scanning stepper.
The present invention, however, is not limited to this, and
it can be applied to a static exposure apparatus such as a
stepper. Even in the case of a stepper and the like, by
measuring the position of the stage on which the object subject
to exposure is mounted using an encoder, generation of position

measurement errors due to air fluctuation can be reduced almost
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be driven by the second drive mode, or a third drive mode that uses at
least apart of the positional information by the first and second encoders,
and at least a part of the positional information by the interferometer
system together. 10 22. The movable body drive method according
to any one of Claims 19 to 21 wherein 117torrection information of
measurement results of the first and second encoders are decided based
on positional 15 i fog{rgag]%rlegf tchﬂe movabllglbgdy ir% atqlireecéign arallel to

the first axis’and a direction para &l to the second axis accordi Sté fhe -2sured

first andlseepad encedesrantthed nterferomeler, systemd WiRch-iSrrection
obtained by driving the movable body in the direction parallel to the first
axisHir2e thecdirédctionearaftelto the Seeord axis, 48d the/earrédtiopn of the
information is used when driving the movable body. 23. The movable

o0 GG TS ARG 5 T S5 Bherai Soie COF LG en L values
infgrmation isrexised using-the pasitional infermation.eithedirstandies of the
second encoders and the interferometer system, which is obtained when
drigingdthe movablesbodyelsaset onlthe positicraltihforpratiohimynthretfitdte stage
and second encoders. 131 24. The movahle body drive metho

. . d
ac¥ortihg' to?8ny B ot CiaimE 1556 25\kREréin B IGnditiaingl dirédtivhe e
of thefirst andsecond 5.gratings egineides,with a dispesal direction of the tner,

grating, and the first and second encoders have the head units arranged

in &anange threesame ervast of targerthanlss stroke epbtheimadvalle bodydmat ion

direction orthogonal to the longitudinal direction. .
projection exposure apparatus by the step-and-stitch method
that merges shot areas, an exposure apparatus by a proximity
method, a mirror projection aligner or the like.

Further, the magnification of the projection optical
system in the exposure apparatus of the embodiment above is
not limited to a reduction system, and the system may be either
an equal magnifying system or amagnifying system. Projection
optical system PL is not limited to a refracting system, and
the system can be either a reflection system or a catadioptric
system, and the projected image can be either an inverted image
or an upright image. Furthermore, the exposure area on which
illumination light IL is irradiated via projection optical
system PL is an on-axis area including optical axis AX within
the field of view of projection optical system PL, however,
the exposure area can be an off-axis area that does not include
optical axis AX similar to the so-called inline type
catadioptric system, which has an optical system (a reflection
system or a catadioptric system) that has a plurality of

reflection surfaces and forms an intermediate image at least

once arranged in a part of the catadioptric system and also
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1025. The movable body drive method according to Claim 24 wherein

the first and second encoders each have a head unit in winch a plurality of
head sections are arranged at a distance the same or smaller than the
size of the grating in the 15 direction orthogonal to the longitudinal
direction. 26. The movable body drive gnethod according to any one of
Claims 15 to 23 wherein the longitudinal direction of the first and second
20 gratings is_orthogonal. to_the disposal direction of the grating, and th

e St EreS e e e ot e A e g ek T e the
sapenipvelar larger than-astroke of thesmovableikedyrinibe disposal 1 .
direction. 2527. The movable body drive method according to Claim 26
whigrginhe r ,thighfr st Bag seebnlencoders éael haveas headmittingvigRosure
a plurality of head S(ictignsS are arran ed ata di%tanc? éhe same or_ sn]ca}lllgr

than the Width of a formation area of the iﬁeé:ra ing th(re1 %‘féer)%sar

diregtighc 1imited to this, and it can be, for example, a circular

shape

arc, a trapezoid, a parallelogram or the like.

Further, illumination light IL is not limited to the ArF
excimer laser beam (wavelength 193 nm), and illumination light
IL can be an ultraviolet light such as the KrF excimer laser
beam (wavelength 248 nm) or the like, or a vacuum ultraviolet
light such as the F, laser beam (wavelength 157 nm). As a
vacuum ultraviolet light, as is disclosed in, for example,
the pamphlet of International Publication W01999/46835 (the
corresponding U.S. Patent No. 7,023,610), a harmonic wave may
also be used that is obtainedbyamplifyinga single-wavelength
laser beam in the infrared or visible range emitted by a DFB
semiconductor laser or fiber laser, with a fiber amplifier
dopedwith, for example, erbium (or both erbiumand ytteribium),
and by converting the wavelength into ultraviolet light using
a nonlinear optical crystal.

Further, in the embodiment above, it is a matter of
course that as illumination light IL of the exposure apparatus
the light is not limited to a light that has a wavelength of
100 nm or more, and a light whose wavelength is less than 100
nm can also be used. For example, in recent years, in order
to expose a pattern of 70 nm or under, an EUV exposure apparatus
is being developed that generates an EUV (Extreme Ultraviolet)
light in the soft X-ray region (e.g. wavelength range of 5

to 15 nm) using an SOR or a plasma laser as a light source
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28. The movable body drive method according to one of Claims 26 and 27
wherein 5at least one of the first and second encoders has a plurality of
the head units placed apart in the longitudinal direction. 29. A
pattern formation method in winch a pattern is 10 formed on an object,
wherein a movable body on winch the ®bject is mounted is driven
using the movable body drive method according to any one of Claims 1 to

28 so that pattern fog‘L atior} ith.respect tq th objrtlectc n be performed. hich
5T G e Torheaton Thothid T BnGh 2 ARt T foried o 4n 12

objestqwhergind batdenstone of a:plaralieofmevablehadies ingludings nm) ,
a movable body on winch the object is mounted is driven using 20 the

maovaBlé body trive netHodeact srding-to any bhéofa0ams 1ue 28 se fhate the
patst%rrn fgjérlgatiog B/vith respect to the object.can be performed.

The palftern férmation method aeéic%?&iﬁg?oléla‘ﬁ}rhl REtSiR and&tﬁle. water
least engpof the phusality of Soavable bediesdriven includes atleastongohation
the movable body on winch the object is mounted and a movable body on
winchabfeastaspalrt ofd pattesningegrit thatrgernerates apattels orptheuitably
object is, 133 ,
applied to the apparatus. Besides such apparatus, the present
invention can also be applied to an exposure apparatus that
uses a charged particle beam such as an electron beam or an
ion beam.

Further, in the embodiment described above, a
transmittance type mask (reticle) was used, which is a
transmissive substrate on which a predetermined light
shielding pattern (or a phase pattern or a light attenuation
pattern) is formed. 1Instead of this reticle, however, as is
disclosed in, for example, U.S. Patent No. 6,778,257, an
electron mask (also called a variable shaped mask, an active
mask, or an image generator, and includes, for example, a DMD
(Digital Micromirror Device), which is a kind of a
non-radiative image display device (also referred to as a
spatial optical modulator), or the like) on which a
light-transmitting pattern, a reflection pattern, or an
emission pattern is formed according to electronic data of
the pattern that should be exposed can also be used. 1In the
case of using such a variable shaped mask, because the stage
on which the wafer, the glass plate or the like is mounted
is scanned with respect to the variable shaped mask, by

measuring the position of the stage using the encoder and

performing calibration on the measurement values of the
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mounted. 32. The pattern formation method according to Claim 31
wherein 5in the patterning unit, at least a mask is mounted on the
movable body. 33. The pattern formation method according to any
one of Claims 29 to 32 wherein 10the object has a sensitive layer, and a
pattern is formed on the object by irradiating an energy beam so as to
expose the sensitive layer. 34. A device manufacturing method

includin%arpattern 15 fgrmation Brocess wherein ip t]gg atteEn
en%o e uS1n%.t e mea? re%ﬁnt va%yes oI . 1n ?rferometer
formation process, a pattern is formed on a substrate using the pattern

formation pethedaccoiding i anyeae of Kdaimsnd9 ¢ 83c203% Am the
exposure method in winch a pattern is formed on an object by irradiating
an<Shepgy Beam, Wbeveéincan movabrBedy-on winch the object is

mounted '%%rl% neusinjgothe moynalikea bofg’ (Ersiv%pettﬂgg agcogdingzég any et

one of Clains 110 28 so that the %nefgy eam and the O%Jec]t afte S

relgtively, oMesle i onal Publication W02001/035168, by forming
interference fringes on wafer W, the present invention can
also be applied to an exposure apparatus (a lithography system)
that forms a line-and-space pattern on wafer W.

Furthermore, as is 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), the present invention can also
be applied to an exposure apparatus that synthesizes patterns
of two reticles on a wafer via a double-barrel projection
optical system, and performs double exposure of a shot area
on the wafer almost simultaneously in one scanning exposure.

Further, the apparatus for forming a pattern on an object
is not limited to the exposure apparatus (lithography system)
previously described, and for example, the present invention
can also be applied to an apparatus for forming a pattern on
an object by an inkjet method.

The object on which the pattern is to be formed in the
embodiment and the modified examples above (the object subject
to exposure on which the energy beam is irradiated) is not
limited to a wafer, and can be other objects such as, a glass
plate, a ceramic substrate, a mask blank, a film member or
the like. Further, the shape of the object is not limited to
a circular shape, and it can be other shapes such as a

rectangular shape or the like.
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36. A movable body drive system that drives a movable body in at least a
unlaxlal direction, the system comprising: a first measurement unit that
measures positional 134 information of the movable body in the uniaxial

direction; a second measurement unit that measures positional
information of the movable body in the uhaxial direction whose short-term
stability of measurement values excels the first 5 measurement unit; a

calibration ﬂqit that erfor£nscﬁ\ calibration cg)eration oLdecidin C(%rr%ction
. ) e usa%s O e exgosur agga¥ﬁ]us 1s%u> imited to
information so as to torrect measurement values of the secon

measdirement Uk using the- meassiremant values:of tbedusti conductors, and
measurement unit; and 10a drive unit that drive the movable body in the

uniagxial BifeeterT based i tee nieasurdmenraliiésiof theaggebhgd to, for
measurergent unit and the correction inftorma%ion. . O137. TheC 1s that
movabig’ gdy drive é?ﬁ%r%rgcc%?gi%ato ain? £5]336(1}v1ﬁerelcnrys the’ &
caliratierupif performs galibration operation pfdegidingthe ceweciana square
information based on measurement values of the first and second
measueeseht baits rwitich arekebtaimet avhite elxipingithe rmpyalyle hogyined for
the unlaxlal 20 djrection at a slow speed at a level in winch the short-term

vafi&tioHt 6 tha mhagsGretieht Vaits of td'fifst Mied8draertt (e cair bema91n9

lgNted.ces (such as CCDs), micromachines, DNA chips and the like.
Further, the present invention can also be applied to an
exposure apparatus that transfers a circuit pattern onto a
glass substrate or a silicon wafer or the like not only when
producing microdevices such as semiconductors, but also when
producing a reticle or a mask used in exposure apparatus such
as an optical exposure apparatus, an EUV exposure apparatus,
an X-ray exposure apparatus, an electron beam exposure
apparatus and the like.

The present invention is not limited to an exposure
apparatus, and can also be widely applied to other substrate
processing units (e.g. a laser repair unit, a substrate
inspection unit and the like), or to an apparatus equipped
with a movement stage of a position setting unit of a sample,
a wire bonding unit and the like in other precision machinery.

The disclosures of all the publications, the pamphlet
of the International Publications, the U.S. Patent
Application Publication, and the U.S. Patent descriptions
related to the exposure apparatus or the like referred to in
the embodiment above are each incorporated herein by
reference.

Semiconductor devices are manufactured through the
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38. The movable body drive system according to one of 25 Claims 36 and
37 wherein the calibration unit revises a low order component of a map
information that denotes a relation between the measurement values of
the first measurement unit and the measurement values of the second
measurement unit, based on 135 the meagurement values of the first and
second measurement units obtained while driving the movable body in the

unifax'i directiontat a slow SE)eed. 539, Tti}(la n}ovabJ%e body drive system desi
accgrﬂn%wt%ng{wg o?%?aiir%ss%egn%\?vhergin " %he %2%&5%%5 Unit_ < @estIn

pedermssealibratian operatiomefcorsectingsealingeHor #t adMapbased on the
information that denotes a relation between the measurement values of
thelfrst 40 iaéasuremend DHif and whe feasurdmentValtes of thefsecohd
messurement unil, based.on e measurement values pt the frstand. ., oo,
secondlmeasﬁremeﬁtsum% eac o%taélnedglalﬁca predetermlned’sampﬁng graphy
intervabafadpidrality of pesitions thatinglude arfisstipesition and,asesondd onto
position in the uniaxial 15 direction to which the movable body is

positiohed.o sen40.tThe nigvablethodyldiive Systerractording ko ene of s

Claims 36 and 37 wherein the calibration unit calibrates linearity and

chﬁﬁfrlbed 1n the embodiment above; a device dssembly step
(including processes such as a dicing process, a bonding
process, and a packaging process); an inspection step, and
the like. 1In this case, in the lithography step, because the
exposure apparatus in the embodiment above is used, high
integration devices can be manufactured with good yield.

The exposure apparatus (pattern forming apparatus) in

the embodiment and the modified examples above can be made
by assembling various subsystems that include each of the
components given in the scope of the claims of the present
application so that a predetermined mechanical accuracy,
electrical accuracy, and optical accuracy are maintained. 1In
order to secure these various accuracies, before and after
the assembly, adjustment for achieving the optical accuracy
is performed for the various optical systems, adjustment for
achieving the mechanical accuracy is performed for the various
mechanical systems, and adjustment for achieving the
electrical accuracy is performed for the various electric
systems. The assembly process from the various subsystems to
the exposure apparatus includes mechanical connection, wiring
connection of the electric circuits, piping connection of the
pressure circuits and the 1ike between the various subsystems.

It is a matter of course that prior to the assembly process
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measurement values of the first measurement unit and the measurement

values of the second measurement unit, based on the measurement

values of the first and second measurement units obtained during a

reciprocal movement of the movable 25 bogly in the unbaxlal direction

which is performed enough number of times so that short-term variation of
the-measurement values of the first measurement unit can be averaged. oo
135 %%mwﬁerein the czﬂ}t})ré’tlon Unit calibrates dt least one gfa\mearlt)/

and gain ersydnALIn @ MaRkdorpatien dhabdepptes adekation betweeBystems .
the measurement values of the first and 5 second measurement units,

ba¥s¢ Bntthe measifememiafessSof thafirshandesecond melsyrehfent to the
units obtained while driving tHe m%vabr!e bortr:i1 ip heduniglxigl ?irecgion. fment
425ThHE movabie 885)? dive sja/ssteme gccocralné 5 Claim 1041 wherein ¢ S

the-galklarrrdnclydes sealingserreref themeasurement, valles of thesure
secondmeasurementunfitto the measurement values of the first

meazpeeraenisupfit. 4 543 Theamevableuyedy. drifé systane avcerdipgppeoratus 1is
Claim 36 wherein the calipration unfit revises a low order component of a

map-nfoThiation that dénbtes o retatibrt BRENEE Hie rdsSuremBfit Vafus™s e
of the-fist-and secondimegsurementinfits, 2Qbased e the, re controlled.

measurement values of the first and second measurement unfits obtained
while driving the movable body in the unlaxlal direction.

INDUSTRIAL APPLICABILITY

As is described above, the movable body drive method and
the movable body drive system of the present invention are
suitable for driving a movable body with good accuracy.
Further, the pattern formation method and the pattern forming
apparatus of the present invention are suitable for forming
a pattern on an object. Further, the exposure method and the
exposure apparatus of the present invention are suitable for
forming a pattern on the object by exposing the object.
Further, the device manufacturing method of the present
invention is suitable for manufacturing microdevices and the

like.
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44. The movable body drive system according to any one 25 of Claims 36
and 41 to 43 wherein the movable body is driven for calibration
operation in the unlaxlal direction at a slow speed, at a level in winch the
short-term variation of the measurement values of the first measurement
unfit can be Ignored. 137 45. The mavable body drive system
according to any one of Claims 36 and 41 to 43 wherein the
movable body is reciprocally moved |E}_I:§ jbaxial 5 direction for
calibration operation. 46. The movable body drive system according
to any one of Claims 36 to 45 wherein the drive unit can drive the movable
body while switching 10 between a first drive mode that uses the
measuremént VAl eithe Sssbndlimeasurerneatunit anditile eofregtidnie body

information and the seccoPd drive mode that Lise the measurement values
n a ea bi%

t t thod
of the first measdrement unit. 1547 THé Mova lﬁggy arive Sys emc -1

aceQiding to;any-one of Claims 36 to 46 wherein the movable body is
driven within a two-dimensional plane parallel to the unlaxlal direction and

a directionarthogehalktocthe smlaxtaldirection, ard 20thetfirstamdbseegnidon 1s
measurement units can measure positional information of the movable

I
boliy it e aXiaP difedtithrandd Hirettidr? BRAGIONaI TS thé Gnlbxiatote Pody

direetiofe uniaxial direction is measured using a first measurement
unit and a second measurement unit whose measurement values
excel in short-term stability when compared with measurement
values of the first measurement unit, and based on measurement
results of the first and second measurement units, correction
information for correcting measurement values of the second
measurement unit is decided; and
a second process in which the movable body is driven in
the uniaxial direction based on the measurement values of the

second measurement unit and the correction information.

2. The movable body drive method according to Claim 1
wherein

at least one of a linearity and a gain error in a map
information that denotes a relation between measurement
values of the first and second measurement units is calibrated,
based on measurement values of the first and second measurement
units obtained while driving the movable body in the uniaxial

direction.

3. The movable body drive method according to Claim 2

wherein
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2548. The movable body drive system according to Claim 47 wherein

the calibration unit performs the calibration operation to decide the
correction information for both the unlaxlal direction and the direction
orthogonal to the unlaxlal 138 direction. 49. The movable body drive
system according to one of Claims 47 and 48 wherein 5the movable body
can be driven by any one ofafirstdr-lye mode that uses the measurement
values of tk%% esecond measurem%r(l:tlLlJJrH'te %nglBl thse C rr%ction informg%io hthe

n
) 1in rTror 1 call errqQr the
second drive mc?dae tha? uses the measurement va uesgof tﬁe(ﬁrst

meassEeinenuit, aanth & thirsrdriveemede dhat usesatdeastacpant ofthes the
10 measurement values of the second measurement unit, the correction
inforRatioreand tatVedstaspart of- e rhéasirenrerit WaRies ot the fikst
measurement unit together. 50. The movable body drive system
according to any one 15 of Claims 36 to 49 wherein the correction
informationyis remisechdtsing the-measyrarnentxalies of the first 89dco c1aim 1
second measurement units obtained while the movable body is driven
bawéd oaihe measurement values of the second measurement unit and
the

a low order component of a map information that denotes
a relation between measurement values of the first and second
measurement units is revised, based on measurement values of
the first and second measurement units obtained while driving

the movable body in the uniaxial direction.

5. The movable body drive method according to any one
of Claims 1 to 4 wherein

the movable body is driven in the uniaxial direction at
a low speed at a level in which the short-term variation of
the measurement values of the first measurement unit can be

ignored for the calibration operation.

6. The movable body drive method according to any one
of Claims 1 to 4 wherein
the movable body is driven reciprocally in the uniaxial

direction for the calibration operation.

7. The movable body drive method according to any one
of Claims 1 to 6 wherein

the movable body can be driven switching between a first
drive mode that uses the measurement values of the second

measurement unit and the correction information and the second
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20 correction information. 51. The movable body drive system

according to any one of Claims 36 to 50 wherein linearity and

long-term stability of the measurement 25 values of the first measurement

unit are at a level the same or exceeding the second measurement unit.

52. The movable body drive system accogding to any one of Claims 36 to

51 wherein 139 the first measurement unit is an interferometer. 53.
Thg{ movable god¥ drlve System ﬁlCCOI’dII‘]&tO any one oECIalms J,? 10 52f1rs ¢
wherein Sthe secon measurement unitis an encoder. he
mavabla.kedhedrive;system according to Claim 53 wherein the movable

body has a gra-L.11-1g in winch a gra-L.11-1g is 10 periodically disposed

in the unbaxlal direction, and the encoder has a head unit that Intersects

the Iongnu%mal {;lhrectlon he gra Eh[ and (55 g!:aé:ggdoinng to any one
substantially the entire str e area of the' mova

of Claims 1 to 7 wherein

the movable body is driven within a two-dimensional
plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction, and the first and second
measurement units can respectively measure positional
information of the movable body in the uniaxial direction and
a direction orthogonal to the uniaxial direction, and the
calibration operation of the uniaxial direction and the

direction orthogonal to the uniaxial direction is performed.

9. The movable body drive method according to Claim 8
wherein

instead of the first drive mode that uses the measurement
values of the second measurement unit and the correction
information, the movable body can be driven by the second drive
mode that uses the measurement values of the first measurement
unit, or a third drive mode that uses at least a part of the
measurement values of the second measurement unit, the
correction information, and at least a part of the measurement

values of the first measurement unit together.

10. The movable body drive method according to any one
of Claims 1 to 9 wherein
the correction information is revised, using the

measurement values of the first and second measurement units
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1555. The movable body drive system according to Claim 54 wherein

the head unit Includes a plurality of head sections placed at a distance so
that two head sections winch are adjacent do not move away from the
gra-L.11-1g. 20 56. The movable body drive system according to one
of Claims 54 and 55 wherein the gra-£711-1q is placed with the
longitudinal direction substantially coinciding with the unlaxlal direction,

and.the 25 head unit is arranged extgndin in aldir ction orth clional to.the
Ionggtlltﬁ%inazf%ir(e%tlégnl.nec{ %k}%fﬁetmgva% %d?/ rR/(gysyls er%] alc%%?diﬁased on

to ene aflaimshé and/55 wherein 10 secdhe grating issplagedwitit thed the
longitudinal direction being substantially orthogonal to the uniaxial

direetioit dhtthe Hehamimits @tranged extending in a direction orthogonal

to the longitudinal direction. 5 58. The movable body drive system
according to one of Claims 56 and 57 wherein

11. The movable body drive method according to any one
of Claims 1 to 10 wherein

linearity and long-term stability of the measurement
values of the first measurement unit are at a level the same

or exceeding the second measurement unit.

12. The movable body drive method according to any one
of Claims 1 to 11 wherein

the first measurement unit is an interferometer.

13. The movable body drive method according to any one
of Claims 1 to 12 wherein

the second measurement unit is an encoder.

14. The movable body drive method according to Claim
13 wherein

the movable body is driven within a two-dimensional
plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction, and

the measurement values of the second measurement unit
includes positional information of the movable body in the
uniaxial direction, which is measured using a first grating
that extends on the movable body with a predetermined direction
parallel to the two-dimensional plane serving as a

longitudinal direction and also has a grating periodically
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the first measurement unit includes an interferometer system that has a
measurement axis at substantially the same 10 position as the head unit
in the longitudinal direction. 59. The movable body drive system
according to any one of Claims 54 to 58 wherein the encoder has
a plurality of the head units placed 15 apargin the longitudinal direction.
60. The movable body drive system according to Claim 53 wherein the

moo\l/f‘st;) Ieog%(cjjy ilsndrcii{%nl\llv it{lé@g%att\ﬁlo-qigneecncsiloonnal Za(t)n%aglep aJ‘frglcleletrcl)ctgger that
umaxwﬁ direction and a dIIlreCtIOI’] ort%ogonal to the uniaxia fillrection an

alsehasarisstgrating that-has agsating-periedically digpesed iuthedirection.
uniaxial direction within a plane parallel to the two-dimensional plane, and
the second measurement unit 25 includes a first encoder that has a head

unit that infersects the jonaljudinal diection of the frstgratina.and o ¢ 144
measures posmonaﬁnrflorma ion of thé movabie bo y in the tniaxia
direqtigmaleagwith the first grating. 141 61. The movable body drive
system according to Claim 60 wherein the movable body has a

second gra-hel Indg paraited withvihe ure-dimersiorsal phare Mt extemdsnh unit
a direction 5 intersecting the predetermined direction serving as a

longGAiRAF dirE&ton, HRdHtso Ras Bt 10119 detfodtaly dispdeddin 1 @

a direction pgthogonaldgthe unlaxlaldirection,.anc theisecopdon, which is

measurement unit has a second encoder that has a head unit that

Intersestsrthe lopgitgdinakdicectingofthéng that extends on the movable
body with a direction intersecting the predetermined
direction parallel to the two-dimensional plane serving as
a longitudinal direction and also has a grating periodically
disposed in a direction orthogonal to the uniaxial direction,

and a second encoder that has a head unit that intersects the

longitudinal direction of the second grating.

16. The movable body drive method according to Claim
15 wherein

the measurement values of the first measurement unit
includes positional information of the movable body in the
uniaxial direction and a direction orthogonal to the uniaxial
direction, which is measured using an interferometer system
that includes a first interferometer which irradiates a laser
beam on a first reflection surface of the movable body
extending in the direction orthogonal to the uniaxial
direction and a second interferometer which irradiates a laser
beam on a second reflection surface of the movable body

extending in the uniaxial direction.
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10second gra-L.11-1g and measures positional information of the
movable body in the direction orthogonal to the unlaxlal direction along
with the second gra-L.11-1g. 62. The movable body drive system
according to Claim 1561 wherein in the movable body, a first
reflection surface extending in a directiomZrthogonal to the unlaxlal
direction and a second reflection surface extending in the unlaxlal

direction aﬁgarr@ﬂ%ed, an tlhe %rst me&surementclfllnit has 20 an.
. d £
Interferometer systen%nﬁwvaat ncludes & first and Iggcor?éjlnatgﬁgﬁ)rﬁ&%r fhat°" < ©

respestively iadiate a asetdbeannon the first and second reflection
surfaces, and measures positional information of the movable body in the
unlaxlal direletiof ahdthedirettion oithbgphantdtheimlagiaresditettion. placed

63. The movable b.odgrr(élrje/e S stemc%cicordingC and.62

apart in apalir ir on or t%og%g{%lgi $.6 ongifudinal
wheréin atleast 6re of the first and seconcfgralﬁn%s is place T4 ap%\rt

in a pak arrangenent indhe-dieeton arthogenal othedongiiudinglyle body in
direction, and positional information of the movable body in the uniaxial
direttiornand e dirddtireortbogormalne s unidxial diteetion i nefasured first
using at least , s . .
gratings and the first encoder, and positional information
of the movable body in the direction orthogonal to the uniaxial
direction is measured by the pair of the second gratings and

the second encoder.

18. The movable body drive method according to Claim
17 wherein

the movable body is driven based on the positional
information corresponding to at least three of the pair of

the first gratings and the pair of the second gratings.

19. The movable body drive method according to Claim
18 wherein

positional information of the movable body in a
direction parallel to the first axis and a direction parallel
to the second axis is also measured by an interferometer

system.

20. The movable body drive method according to Claim
19 wherein

the movable body can be driven switching between a first
drive mode that uses the positional information by the first

and second encoders and the second drive mode that uses the



5 one of the first and second gratings placed apart in a pair arrangement
and the first and second encoders. 64. The movable body drive
system according to Claim 63 wherein 10the first and second grating are
placed apart in a pair arrangement in the direction orthogonal to the
longitudinal direction. 65. The movable body drive system
according to Claim 1564 wherein the drive unit drives the movable
body based on-the pesitional.information which is obtained. corresponding
10 B 1oLt (58 of the Bt of (e i1 JraTing &nd (he Pt of e Sevond
gratings. 20 66. The movable body drive system according to one of

Claims 64 and 65 wherein the first and second encoders each have

a pair of hedd units thatcerespoRady the paR dfdiesiapratingsadd fise 28 Claim

pag(g)fvslggoréqgratings. 67. The movable body drive system
according to any one of Claims 61 to 66 wherein the first and second

5 gratings arepachplaced with ther3434drive mode, the movable body can
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be driven by the second drive mode, or a third drive mode that
uses at least a part of the positional information by the first
and second encoders, and at least a part of the positional

information by the interferometer system together.

22. The movable body drive method according to any one
of Claims 19 to 21 wherein

correction information of measurement results of the
first and second encoders are decided based on positional
information of the movable body in a direction parallel to
the first axis and a direction parallel to the second axis
according to the first and second encoders and the
interferometer system, which is obtained by driving the
movable body in the direction parallel to the first axis and
the direction parallel to the second axis, and the correction

information is used when driving the movable body.

23. The movable body drive method according to Claim
22 wherein

the correction information is revised using the
positional information of the first and second encoders and
the interferometer system, which is obtained when driving the
movable body based on the positional information by the first

and second encoders.
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longitudinal direction substantially coinciding with the disposal direction of
the grating, and the head units of the first and second encoders are each
arranged in a range at the same level or larger than a stroke range of the
movable body 5 in the direction orthogonal to the longitudinal direction.
68. The movable body drive system according to Claim 67 wherein the
first and second encoders each have the head unit 10 in which a plurality
of head sections are arranged at a distance the same or smaller than the
size of the grating in the direction orthogonal to the longitudinal direction.

69. The movablethosydrive systesu aceerdirgrie any onre-ts of Chajms 6dny one
to 66 wherein the first and second gratings are each placed with the
lorgiftudial Bivedtiontiveirg substamtially orthogonal to the disposal

direction otcﬁ‘ee qragn%t%n ithaelh%ﬁidrlejrc]:l S Ofntheg Ir%thaéndfslecsotn dand econd
encoders aré each agrrangednln arange a e 20'same levef &r larger than

a siroke rapgeof the mevable bady inithe disposal direetion: of tH: The&iting,
movable body drive system according to Claim 69 wherein 25the first and
seeortd @meoders tathchawe thedhead amitrin Which & piukadindofihead arranged
sections are arranged in the disposal direction at a distance around the

h
o’ i@ 51 SmaTer Hih 1He Wt of BTBRatORafe of B qrAthg oY 2P Le
the,digposal directionc 144 or+Hdgdhg Meyapliebody drive systeMas rection.

according to any one of Claims 61 to 70 wherein
25. The movable body drive method according to Claim
24 wherein
the first and second encoders each have a head unit in
which a plurality of head sections are arranged at a distance
the same or smaller than the size of the grating in the

direction orthogonal to the longitudinal direction.

26. The movable body drive method according to any one
of Claims 15 to 23 wherein

the longitudinal direction of the first and second
gratings is orthogonal to the disposal direction of the grating,
and the first and second encoders have the head units arranged
in a range the same level or larger than a stroke of the movable

body in the disposal direction.

27. The movable body drive method according to Claim
26 wherein

the first and second encoders each have a head unit in
which a plurality of head sections are arranged at a distance

the same or smaller than the width of a formation area of the
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at least one of the first and second encoders has a 5 plurality of the head
units placed apart in the longitudinal direction. 72. The movable body
drive system according to any one of Claims 65 to 71, the system further
comprising: 10an Interferometer system that measures positional
information of the movable body in the dirgztion parallel to the first axis
and the direction parallel to the second axis, wherein the drive unit can
driv% thce:.L WOVJ?Q'e l%oedydl% S\é\list% ing l:L5et3:ect\ivereln a first drive mode that
usés the pgsitlonefl information of the first and sécond encoders and the
second drive mode that uses the positional information of the
Interferometer system. 2073. The movable body drive system according to
Claim 72 wiereirf risteay ebte hetdride Wedeahe dtivecasitcamerive one of
thecrlnovable b6od b s%cond.drive mode, or a third drive mode that
uses at Fé%slz a parrlt of hevﬁo%ﬁi%ﬁgl information 25 of the first and second

encoders and atdgast & partof the positienal infoamatien Ofthencoders has a
Interferometer system together.
plurality of the head units placed apart in the longitudinal

direction.

29. A pattern formation method in which a pattern is
formed on an object, wherein

a movable body on which the object is mounted is driven
using the movable body drive method according to any one of
Claims 1 to 28 so that pattern formation with respect to the

object can be performed.

30. A pattern formation method in which a pattern is
formed on an object, wherein

at least one of a plurality of movable bodies including
a movable body on which the object is mounted is driven using
the movable body drive method according to any one of Claims
1 to 28 so that pattern formation with respect to the object

can be performed.

31. The pattern formation method according to Claim 30
wherein

at least one of the plurality of movable bodies driven
includes at least one of the movable body on which the object
is mounted and a movable body on which at least a part of a

patterning unit that generates a pattern on the object is
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74. The movable body drive system according to one of Claims 72 and 73,
the system further comprising: 145 a calibration unit that decides
correction information of measurement results of the first and second
encoders, based on positional information of the movable body in the
direction parallel to the first axis and the direction parallel to the 5 second
axis by the first and second encoders and the Interferometer system, and
the drive unit uses the correction information when driving the movable
bog;(/).ufo . The movable body drive system according to any one of
Claims 65 to 71, the system further comprising: an Interferometer
system that measures positional information of the movable body in the
direction parallel T th@firstaixis Gadrtaé dractien parakelaothid secbadclaim 31
axis; 15 and a calibration unit that decides correction information of
wherelin .
measurement results of the first and second encoders, based on

positional information-efithe mexahle bedy in the disectionpanallektathented on
first axis and the direction parallel to the 20 second axis by the first and

settrd Bpoeders anddiie Interferometer system, wherein the drive
unit uses the correction information when driving the movable body.

33. The pattern formation method according to any one
of Claims 29 to 32 wherein

the object has a sensitive layer, and a pattern is formed
on the object by irradiating an energy beam so as to expose

the sensitive layer.

34. 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 any one of Claims 29 to 33.

35. An exposure method in which a pattern is formed on
an object by irradiating an energy beam, wherein

a movable body on which the object is mounted is driven
using the movable body drive method according to any one of
Claims 1 to 28 so that the energy beam and the object are

relatively moved.

36. A movable body drive system that drives a movable
body in at least a uniaxial direction, the system comprising:

a first measurement unit that measures positional
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2576. The movable body drive system according to one of Claims 74 and
75 wherein the correction information is revised using the positional
information of the first and second encoders and the interferometer
system, which is obtained when the movable 146 body is driven based on
the positional information by the first and 8econd encoders. 77.
The movable body drive system according to any one 5of Claims 62, 72 to

76 .therein . _the Ipt%rferometelfbﬁyst%mdnclude%afirst Interferometer .
:I_l’i’l1 ormation o he .moY]a e C% ¥‘ .11 e un1ax1a% fﬁrﬁctlon,
that has a measurement axis whose position in the direction parallel to the

second axis stbstandiafy sencidesiwithithecheachunihebthedirst gacoderonal
placed along 10 the direction parallel to the first axis, and a second
InteFféréter tHathas e MeaarémeRtaxis Wi poskioA Indtheection whose

diregtion,parallel to,the fyst s substantially cojpeides with the head unt
of fhe Second encoder placedl alongThé direction paraliet fo the Secon

axise 13 urem8Apaitern forming apparatus that forms a pattern on an

object, the unit comprising: a patterning unit that generates a pattern on
the object;a calibrationunit that performs a calibration operation

of deciding correction information so as to correct
measurement values of the second measurement unit using the
measurement values of the first measurement unit; and

a drive unit that drive the movable body in the uniaxial
direction based on the measurement values of the second

measurement unit and the correction information.

37. The movable body drive system according to Claim
36 wherein

the calibration unit performs calibration operation of
deciding the correction information based on measurement
values of the first and second measurement units, which are
obtained while driving the movable body in the uniaxial
direction at a slow speed at a level in which the short-term
variation of the measurement values of the first measurement

unit can be ignored.

38. The movable body drive system according to one of
Claims 36 and 37 wherein

the calibration unit revises a low order component of
a map information that denotes a relation between the
measurement values of the first measurement unit and the

measurement values of the second measurement unit, based on
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and 20a movable body drive system according to any one of Claims 36 to
77, wherein the movable body drive system drives the movable body
on which the object is mounted so as to perform pattern formation with
respect to the object. 25 79. The pattern forming apparatus according
to Claim 78, the apparatus further compuising: a separate movable
body placed at a position where the pattern formation is performed in

exchange for the movable 147 body on,which the object is mounted
e O e fomrd S8 Heacurement

patiemforaing apparatus pecording g Gk samheredty irdhehe uniaxial
separate movable body is driven independently from the movable body on
whidhrthetalsiectas niounted, &ikanl object on which a pattern is to be

formed next to the object can be mounted. 10 81. The pattern

forming apparatus according to Claim 80, the apparatus further

comprisind3o. The movable body drive system according to one of
Claims 36 and 37 wherein
the calibration unit performs calibration operation of
correcting scaling error in a map information that denotes
a relation between the measurement values of the first
measurement unit and the measurement values of the second
measurement unit, based on the measurement values of the first
and second measurement units each obtained at a predetermined
sampling interval at a plurality of positions that include
a first position and a second position in the uniaxial

direction to which the movable body is positioned.

40. The movable body drive system according to one of
Claims 36 and 37 wherein

the calibration unit calibrates linearity and scaling
error in a map information that denotes a relation between
the measurement values of the first measurement unit and the
measurement values of the second measurement unit, based on
the measurement values of the first and second measurement
units obtained during a reciprocal movement of the movable
body in the uniaxial direction which is performed enough number
of times so that short-termvariation of the measurement values

of the first measurement unit can be averaged.

41. The movable body drive system according to Claim
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a measurement system that measures at least one of positional
information of a mark on the object mounted on the 15 mobile body and
surface information of the object at a position different from a position

where the pattern generation is performed; and a encoder system
that measures positional information of theanobile body during a
movement from one of the two 20 position to the other, wherein on

th%@o‘%\gle bl%dy on which the object is mounted, a grating is arranged
that is Used foF measuring positional information by the encoder system.

2582. The patternforming apparatiis-accordingde £daigt 79avhareibne of
the separate movable body is driven independently from the movable
body bRIWHIEN thebbjeehis fovhted, and @umitisidrfaigedthanis igédienotes

for deteting a characleristc gf 148 the patterning unit, . 83 Agatiern
forming apparatus that forms a patteri on an object, the apparatus

CORWHSING: Ra-RAltIRBGURIL thal genesaless peiernoadhe ahiact values of
a plurality of movable bodies including a movable body on which the

objeetis motinteddapelcondaraevableivedy drive systens aceotding iccatyiving

one of Claims 36 to 77, wherein .. , ,
the movable body in the uniaxial direction.

42. The movable body drive system according to Claim
41 wherein

the gain error includes scaling error of the measurement
values of the second measurement unit to the measurement values

of the first measurement unit.

43. The movable body drive system according to Claim
36 wherein

the calibration unit revises a low order component of
a map information that denotes a relation between the
measurement values of the first and second measurement units,
based on the measurement values of the first and second
measurement units obtained while driving the movable body in

the uniaxial direction.

44. The movable body drive system according to any one
of Claims 36 and 41 to 43 wherein

the movable body is driven for calibration operation in
the uniaxial direction at a slow speed, at a level in which
the short-termvariation of the measurement values of the first

measurement unit can be ignored.
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10the movable body drive system drives at least one of the plurality of
movable bodies so as to perform pattern formation with respect to the
object. 84. The pattern forming apparatus according to Claim
1583 wherein the at least one of the plurality of movable bodies
driven includes at least one of the movabl&7body on which the object is
mounted and a movable body on which at least a part of the patterning
unit is mounted. 20 85. The pattern forming apparatus according to
Claim 84 wherein the patterning unit, at least a mask is mounted on

the movableshody n25movaBbeThepattarndferming-apparatus-acenfdirg 4@y one
anyone of Claims 83 to 85 wherein the plurality of movable bodies are
drivén By aa& motvabiBody diive ystehe Bapdralso includes a movable
bOdydﬁﬂH%H%:%gLable body is reciprocally moved in the uniaxial

direction for calibration operation.

46. The movable body drive system according to any one
of Claims 36 to 45 wherein

the drive unit can drive the movable body while switching
between a first drive mode that uses the measurement values
of the second measurement unit and the correction information
and the second drive mode that uses the measurement values

of the first measurement unit.

47. The movable body drive system according to any one
of Claims 36 to 46 wherein

the movable body is driven within a two-dimensional
plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction, and

the first and second measurement units can measure
positional information of the movable body in the uniaxial
direction and a direction orthogonal to the uniaxial

direction.

48. The movable body drive system according to Claim
47 wherein

the calibration unit performs the calibration operation
to decide the correction information for both the uniaxial

direction and the direction orthogonal to the uniaxial
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from the at least one of the plurality of movable bodies driven. 87.
The pattern forming apparatus according to any one of Claims 78 to 86
wherein 5the object has a sensitive layer, and the patterning unit
generates a pattern on the object by irradiating an energy beam so as to
expose the sensitive layer. 88. Ah3&xposure apparatus that forms
a pattern on an 10 object by irradiating an energy beam, the apparatus
cog)ﬁigigg: on. & patterning unit that irradiates the energy beam on the
object; and a movable body drive system according to any one of
15 Claims 36 to 77, wherein the movable body on which the object is
mounted is driven by the movable body drive system so that the energy
bean1andﬂﬂaobﬁhﬁem@WﬂbﬁﬁeWQﬁavédive system according to one of

Claims 47 and 48 wherein

the movable body can be driven by any one of a first drive
mode that uses the measurement values of the second measurement
unit and the correction information, the second drive mode
that uses the measurement values of the first measurement unit,
and a third drive mode that uses at least a part of the
measurement values of the second measurement unit, the
correction information, and at least a part of the measurement

values of the first measurement unit together.

50. The movable body drive system according to any one
of Claims 36 to 49 wherein

the correction information is revised, using the
measurement values of the first and second measurement units
obtained while the movable body is driven based on the
measurement values of the second measurement unit and the

correction information.

51. The movable body drive system according to any one
of Claims 36 to 50 wherein

linearity and long-term stability of the measurement
values of the first measurement unit are at a level the same

or exceeding the second measurement unit.

52. The movable body drive system according to any one

of Claims 36 to 51 wherein
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the first measurement unit i1s an interferometer.

53. The movable body drive system according to any one
of Claims 36 to 52 wherein

the second measurement unit is an encoder.

54. The movable body drive system according to Claim
53 wherein

the movable body has a grating in which a grating is
periodically disposed in the uniaxial direction, and the
encoder has a head unit that intersects the longitudinal
direction of the grating and also is placed on substantially

the entire stroke area of the movable body.

55. The movable body drive system according to Claim
54 wherein

the head unit includes a plurality of head sections
placed at a distance so that two head sections which are

adjacent do not move away from the grating.

56. The movable body drive system according to one of
Claims 54 and 55 wherein

the grating is placed with the longitudinal direction
substantially coinciding with the uniaxial direction, and the
head unit is arranged extending in a direction orthogonal to

the longitudinal direction.

57. The movable body drive system according to one of

Claims 54 and 55 wherein
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the grating is placed with the longitudinal direction
being substantially orthogonal to the uniaxial direction, and
the head unit is arranged extending in a direction orthogonal

to the longitudinal direction.

58. The movable body drive system according to one of
Claims 56 and 57 wherein

the first measurement unit includes an interferometer
system that has a measurement axis at substantially the same

position as the head unit in the longitudinal direction.

59. The movable body drive system according to any one
of Claims 54 to 58 wherein
the encoder has a plurality of the head units placed

apart in the longitudinal direction.

60. The movable body drive system according to Claim
53 wherein

the movable body is driven within a two-dimensional
plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction and also has a first
grating that has a grating periodically disposed in the
uniaxial direction within a plane parallel to the
two-dimensional plane, and the second measurement unit
includes a first encoder that has a head unit that intersects
the longitudinal direction of the first grating and measures
positional information of the movable body in the uniaxial

direction along with the first grating.
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61. The movable body drive system according to Claim
60 wherein

the movable body has a second grating parallel with the
two-dimensional plane that extends in a direction
intersecting the predetermined direction serving as a
longitudinal direction, and also has a grating periodically
disposed in a direction orthogonal to the uniaxial direction,
and the second measurement unit has a second encoder that has
a head unit that intersects the longitudinal direction of the
second grating and measures positional information of the
movable body in the direction orthogonal to the uniaxial

direction along with the second grating.

62. The movable body drive system according to Claim
61 wherein

in the movable body, a first reflection surface
extending in a direction orthogonal to the uniaxial direction
and a second reflection surface extending in the uniaxial
direction are arranged, and the first measurement unit has
an interferometer system that includes a first and second
interferometer that respectively irradiate a laser beam on
the first and second reflection surfaces, and measures
positional information of the movable body in the uniaxial
direction and the direction orthogonal to the uniaxial

direction.

63. The movable body drive system according to one of
Claims 61 and 62 wherein

at least one of the first and second gratings is placed
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apart in a pair arrangement in the direction orthogonal to
the longitudinal direction, and positional information of the
movable body in the uniaxial direction and the direction

orthogonal to theuniaxial direction is measuredusing at least
one of the first and second gratings placed apart in a pair

arrangement and the first and second encoders.

64. The movable body drive system according to Claim
63 wherein

the first and second grating are placed apart in a pair
arrangement in the direction orthogonal to the longitudinal

direction.

65. The movable body drive system according to Claim
64 wherein

the drive unit drives the movable body based on the
positional information which is obtained corresponding to at
least three of the pair of the first gratings and the pair

of the second gratings.

66. The movable body drive system according to one of
Claims 64 and 65 wherein

the first and second encoders each have a pair of head
units that correspond to the pair of first gratings and the

pair of second gratings.

67. The movable body drive system according to any one
of Claims 61 to 66 wherein

the first and second gratings are each placed with the
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longitudinal direction substantially coinciding with the

disposal direction of the grating, and the head units of the
first and second encoders are each arranged in a range at the
same level or larger than a stroke range of the movable body

in the direction orthogonal to the longitudinal direction.

68. The movable body drive system according to Claim
67 wherein

the first and second encoders each have the head unit
inwhich aplurality of head sections are arranged at a distance
the same or smaller than the size of the grating in the

direction orthogonal to the longitudinal direction.

69. The movable body drive system according to any one
of Claims 61 to 66 wherein

the first and second gratings are each placed with the
longitudinal direction being substantially orthogonal to the
disposal direction of the grating, and the head units of the
first and second encoders are each arranged in a range at the
same level or larger than a stroke range of the movable body

in the disposal direction.

70. The movable body drive system according to Claim
69 wherein

the first and second encoders each have the head unit
in which a plurality of head sections are arranged in the
disposal direction at a distance around the same level or
smaller than the width of a formation area of the grating in

the disposal direction.
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71. The movable body drive system according to any one
of Claims 61 to 70 wherein

at least one of the first and second encoders has a
plurality of the head units placed apart in the longitudinal

direction.

72. The movable body drive system according to any one
of Claims 65 to 71, the system further comprising:

an interferometer system that measures positional
information of the movable body in the direction parallel to
the first axis and the direction parallel to the second axis,
wherein

the drive unit can drive the movable body by switching
between a first drive mode that uses the positional information
of the first and second encoders and the second drive mode
that uses the positional information of the interferometer

system.

73. The movable body drive system according to Claim
72 wherein

instead of the first drive mode, the drive unit can drive
the movable body by the second drive mode, or a third drive
mode that uses at least a part of the positional information
of the first and second encoders and at least a part of the

positional information of the interferometer system together.

74. The movable body drive system according to one of

Claims 72 and 73, the system further comprising:
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a calibration unit that decides correction information
of measurement results of the first and second encoders, based
on positional information of the movable body in the direction
parallel to the first axis and the direction parallel to the
second axis by the first and second encoders and the
interferometer system, and

the drive unit uses the correction information when

driving the movable body.

75. The movable body drive system according to any one
of Claims 65 to 71, the system further comprising:

an interferometer system that measures positional
information of the movable body in the direction parallel to
the first axis and the direction parallel to the second axis;
and

a calibration unit that decides correction information
of measurement results of the first and second encoders, based
on positional information of the movable body in the direction
parallel to the first axis and the direction parallel to the
second axis by the first and second encoders and the
interferometer system, wherein

the drive unit uses the correction information when

driving the movable body.

76. The movable body drive system according to one of
Claims 74 and 75 wherein

the correction information is revised using the
positional information of the first and second encoders and

the interferometer system, which is obtained when the movable
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body is driven based on the positional information by the first

and second encoders.

77. The movable body drive system according to any one
of Claims 62, 72 to 76 wherein

the interferometer system includes a first
interferometer that has a measurement axis whose position in
the direction parallel to the second axis substantially
coincides with the head unit of the first encoder placed along
the direction parallel to the first axis, and a second
interferometer that has a measurement axis whose position in
the direction parallel to the first axis substantially
coincides with the head unit of the second encoder placed along

the direction parallel to the second axis.

78. A pattern forming apparatus that forms a pattern
on an object, the unit comprising:

a patterning unit that generates a pattern on the object;
and

a movable body drive system according to any one of
Claims 36 to 77, wherein

the movable body drive system drives the movable body
on which the object is mounted so as to perform pattern

formation with respect to the object.

79. The pattern forming apparatus according to Claim
78, the apparatus further comprising:
a separate movable body placed at a position where the

pattern formation is performed in exchange for the movable
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body on which the object is mounted, which is also drive by

the movable body drive system.

80. The pattern forming apparatus according to Claim
79 wherein

the separate movable body is driven independently from
the movable body on which the object is mounted, and an object
on which a pattern is to be formed next to the object can be

mounted.

81. The pattern forming apparatus according to Claim
80, the apparatus further comprising:

a measurement system that measures at least one of
positional information of a mark on the object mounted on the
mobile body and surface information of the object at a position
different from a position where the pattern generation is
performed; and

a encoder system that measures positional information
of the mobile body during a movement from one of the two
position to the other, wherein

on the movable body on which the object is mounted, a
grating is arranged that is used for measuring positional

information by the encoder system.

82. The pattern forming apparatus according to Claim
79 wherein

the separate movable body is driven independently from
the movable body on which the object is mounted, and a unit

is arranged that is used for detecting a characteristic of
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the patterning unit.

83. A pattern forming apparatus that forms a pattern
on an object, the apparatus comprising:

a patterningunit that generates a pattern on the object;

a plurality of movable bodies including a movable body
on which the object is mounted; and

a movable body drive system according to any one of
Claims 36 to 77, wherein

the movable body drive system drives at least one of the
plurality of movable bodies so as to performpattern formation

with respect to the object.

84. The pattern forming apparatus according to Claim
83 wherein

the at least one of the plurality of movable bodies
driven includes at least one of the movable body on which the
object is mounted and a movable body on which at least a part

of the patterning unit is mounted.

85. The pattern forming apparatus according to Claim
84 wherein
the patterning unit, at least a mask is mounted on the

movable body.

86. The pattern forming apparatus according to any one
of Claims 83 to 85 wherein
the plurality of movable bodies are driven by the movable

body drive system, and also includes a movable body different
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from the at least one of the plurality of movable bodies driven.

87. The pattern forming apparatus according to any one
of Claims 78 to 86 wherein

the object has a sensitive layer, and the patterningunit
generates a pattern on the object by irradiating an energy

beam so as to expose the sensitive layer.

88. An exposure apparatus that forms a pattern on an
object by irradiating an energy beam, the apparatus
comprising:

a patterning unit that irradiates the energy beam on the
object; and

a movable body drive system according to any one of
Claims 36 to 77, wherein

the movable body on which the object is mounted is driven
by the movable body drive system so that the energy beam and

the object are relatively moved.



