1 DESCRI PTI ON MOVABLE BODY DRI VE METHOD AND MOVABLE BCDY DRI VE
SYSTEM PATTERN FORMATI ON METHOD AND APPARATUS, 5EXPOSURE METHOD AND
APPARATUS, AND DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD The
present invention relates to novable body drive 10 net hods and
novabl e body drive systens, pattern formati on nethods and
appar at uses, exposure nethods and apparatuses, and device

manuf acturing nmet hods, and nore particularly to a novabl e body drive
nmet hod and a novabl e body drive systemthat drive a novabl e body
within a noving plane, a pattern 15 DASCRIBMIONt hod using the
novabl e body drive nmethod and a pattern formation apparatus equi pped
with the novabl e body drive system an exposure nethod using the

movabl o body S%Sf@éﬁoﬁﬁﬂﬁéxﬁé%@ﬁaﬁpﬁiﬁt#é@% oY ot
frfhggﬁggag L?ggggs i n 't he nan?@ggﬁﬁggggIeﬁ;nlcr§gﬂalces lgh?A@US,

devices or he like) EXPOSURE METHOD AND APPARATUS, AND
DEVICE MANUFACTURING METHOD

TECHNICAL FIEILD
The present invention relates to movable body drive
10 methods and movable body drive systems, pattern formation
methods and apparatuses, exposure methods and apparatuses,
and device manufacturing methods, and more particularly to
a movable body drive method and a movable body drive system
that drive a movable body within a moving plane, a pattern
15 formation method using the movable body drive method and a
pattern formation apparatus equipped with the movable body
drive system , an exposure method using the movable body drive
method and an exposure apparatus equipped with the movable
body drive system, and a device manufacturing method using

20 the pattern formation method.

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

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



25 such as sem conductor devices and liquid crystal display devices,
exposur e apparatuses such as a reduction projection exposure
apparatus by a step-and-repeat nethod (a so-called stepper) and a
reducti on projection exposure apparatus by a step-and-scan nethod (a
so-cal l ed scanning stepper (which is 2 also called a scanner) are
relatively frequently used. In these types of exposure
apparatuses, in order to transfer a pattern of a reticle (or nask) to
a plurality of shot areas on a wafer, a wafer stage that holds the
wafer is 5 dri@#&f°i faidedwd-ramiesilodale grlativehs Byeqyentlexamsde, a
| i near notor or the tﬁ&g?%ln articu in the case of the scannin

h
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stepper, not only t e SUEYE 1 %ﬁ%ﬁ?%fﬁ%ﬁﬁﬂﬂqgtgfﬁae r8 grfgente
by a linear m)‘:?énﬁgc-af@ p!a{ o §P§Qﬂ£%ock#é:g§%rhgge%§ %fplt%glity of

predeterm ned stro General l'y, position

reticle stage ehotherawd @h atwgeet s PebFernBth S ithdtanbd88the watfer is
i nterferoneter whose neasurenent val ues have good stability for a

| ong peri od andraneehimady & vii-ghmeesdbotil odiréoweyes byywriermexamale, a
position control has been 15 required due to finer patterns to cope

wi th higher int&BPafitFYt oSehheohtlifct of 8, P FEicent Ly the case of the
PR LR e W ol RS
laser interferoppberidas RRENHICEOUMNE NI rior@ o2t B8 BNAL & n a scanning
direction in a predetermined stroke. Generally, position
10 measurement of the reticle stage or the wafer stage is
performed using a laser interferometer whose measurement
values have good stability for a long period and which has
a high resolution.

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

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

stability, compared with the laser interferometer.



20 of the overlay budget. Meanwhi | e, as a neasurenent

apparatus other than the laser interferometer to be used for position
nmeasur enent of a stage, an encoder can be cited, but because the
encoder uses scales and the scal es | ack nmechanical |ong-term
stability (due 25 to drift of scale pitch, fixed position drift,

t hermal expansion, and the |ike), and therefore, the encoder suffers
fromthe disadvantages of |acking the linearity of the nmeasurenent

val ues and being inferior in the |long-termstability, conpared with
the | aser interferongt&tevw o the disagﬁamwwftw daseyvafesgesonptter

the laser interfer ter _and the encoder B as descri bed abpve, various
types of appar%?%sggE%hSPcﬁaﬁguF? t Esﬁﬁﬁ??goﬁiﬁwea sYAHEOYRI rgPESt T

a laser int erf&gg?é@ﬁs@@%h%% ﬁ?&ﬁl‘}% tgrpé)rsﬁaiotsii%ﬁoﬁeéfcéi g%t BEERG both

that uses a diftraction grating ave been proposed (refer

Citations 1 and 2asa@nditterfdk@eter and ahUldni®deral(pbbei@hod detection
measur enent resol ution of a conventional encoder was inferior to that

of an interd er oemsey , thaicemdsy aedd ddeast havi qup it ier )maser brent proposed
resolution equal or 10 superior to the laser interferoneters have

come out (e.g. Fefer & Hafieadt Céteiairnn 3 and Inend Kée ldke)the

t echni que of conbi ni he | as interferoneter and the encoder ha
been gat hering at;eﬁﬂ%&%@rﬂomggé??u$% fhemfﬁggrﬁﬁg??icﬁ?%#;ﬁihp nefit 2@
within the 15 E@W@éﬁkﬂ&ﬁgﬁéﬁ%o@bﬂ@ggﬁJﬁkﬁﬂgrQQJ%ﬂéggf%n§§ﬁ%3rferometer,
(grating) is arranged is perforned using an encoder head, for

exanpl e, in anrexgosly @enappakathis:irddehaetadAamenehtt hes@ratidtg egial or

simlar 10 superior to the laser interferometers have come out (e.g. refer

to Patent Citation 3 and the like), and the technigue of

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

However, in the case position measurement within the

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

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

an exposure apparatus, the accuracy of the grating is similar

to that of a movable mirror without bending correction, and

therefore from the viewpoint of accuracy, it is obvious that

20 the result of the position measurement without any correction

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

correction in view of the accuracy error of the grating is

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

a complete plane and the error component due to the uneven

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

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

corrected. Moreover, there is the inconvenience that the

measurement error of the encoder occurs due not only to the

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



to that of a novable mrror wthout bending correction, and therefore
fromthe viewpoint of accuracy, it is obvious that 20 the result of
the position nmeasurenent w thout any correction can hardly be used
for the position setting. That is, correction in view of the accuracy
error of the grating is required. Further, in actual, since a grating
surface is not a conplete plane and the ergor conponent due to the
uneven 25 surface of the grating surface is also included in a count
val ue of the encoder, this error component also needs to be .
corrected. Moréovertiemearan g aasonvent eresed tumit tise gnegseardéapntof
error of the epcoder occurs due not only to the scale (e.g. flatness
of the gratingQE%rfggég’orcﬁ?at?ﬁ cal “characteristics), a relative
displacement of the head and the scale in directions different
from a measurement direction in which the encoder measures
5 the position of the wafer stage, or the like.
Patent Citation 1: Kokai ({(Japanese Unexamined Patent
Application Publication) No. 2002-151405
Patent Citation 2: Kokai (Japanese Unexamined Patent
Application Publication) No. 2004-101362
10 Patent Citation 3: Kokaili (Japanese Unexamined Patent

Application Publication) No. 2005-3085982

DISCLOSURE OF INVENTION
MENAS FOR SOLVING THE PROBLEMS

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

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

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

With this method, position information of the movable



4 formation error) but also to a head unit (e.g. gradient of the

head, or optical characteristics), a relative displacenent of the
head and the scale in directions different froma measurenent
direction in which the encoder nmeasures 5 the position of the wafer
stage, or the |ike. Patent Citation 1. Kokai (Japanese

Unexam ned Patent Application Publication); No. 2002-151405

Patent G tation 2: Kokai (Japanese Unexam ned Patent Application
Publ i cation) No. 2004-101362 10Patent Citation 3; Kokai (Japanese
Unexami ned Pat BAEY AppRi c8t | &FeRgbrreatedn) dNeecbos- 308580 € SCEOSURE
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provided a first nov rive met In which a nova y1s

driven substanii girkbyiabongoaeprRdatRlid neid-dtane, idetnet BedddPermined
i ncluding: a process of neasuring position information of the novable
body in a pgredéizedt i adidr secedvesia MeAlacpédne.ghdr drbel the stdade, and
pr edet er m ned glane usi_ng an encoder that has a head that irradiates

a detection |ight MY2RIEPYY 1FaR hgy rigeat imFhrnBseiperiied direction
G eon 1 e guete g gt S8 licerllon BIi 1 seo ves ool sEisd

l'ight fromthe scale,
predeterm ned gisectdphiasedr Qauhe BEaguraBMNe b H#endhale included

information on flatness of the scale.

in the measurement value of the encoder has been corrected
10 based on information on the <flatness of the scale.
Accordingly, the movable body can be driven in the
predetermined direction with high accuracy using the encoder

without being affected by the unevenness of the scale.
According to a second aspect of the present invention,
15 there is provided a second movable body drive method in which
a movable body is driven within a moving plane including first
and second axes that are orthogonal to each other, the method
including: a first moving process of moving the movable body
in a direction parallel to the first axis, based on a
20 measurement value of a first interferometer that measures
position information of the movable body in a direction
parallel to the second axis by irradiating a measurement beam
to a reflection surface arranged on the movable body, and a
measurement value of a second interferometer that measures
25 position information of the movable body in a direction
parallel to the first axis by irradiating a measurement beam
to areflection surface arranged on the movable body; a process
of deciding correction information of grating pitch of a scale

that is sequentially placed facing a head unit according to



Wth this nethod, position information of the novable 5 body in a
predeterm ned direction parallel to the predeterm ned plane is
nmeasured by using the encoder having a head that irradiates a
detection light to a scale having a grating whose periodic direction
is the predetermned 5 direction and receives a reflected |ight from
t he scale, and the novabl e body can be drigzen in the predeterm ned

di rection based on the neasurenent value after correction in which a
measur enent error caused by the flatness of the scale included in the
measur ement vaFie HVaEateRE dder mr¥aPbedpdyoi R ddieedirot bazdhpRrocess,

i nf ti the,fl at f th . Al di ngly,, t.h bl
body can be dr POBRY I B tha S CHET N RBACHI PECtTorT ST FFGR S3EeaRaES®
using the encog%ea\@ﬁr@ﬁfétntbgéﬂge alef geted oy N8 YRGYeRIe$SL Un %Egtness

scale. According to a second aspect of the present 1 nvention,

there is providedthe secahd, Movalhesdagyi rdorestTeiked gl RhwhiegBoder that
novabl e body is driven within a noving plane including first and
second axes t hagasweedr phogybheh tofeavhtdohert ttie nebhadle nbbddi ngr a
a first novi ng(éfr ocess of mpving the novable body in a direction

g . .
paral l el to th@ FPFstomRaE2lgdeloorna i steasirhentd il genspsyrement
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t he novabl e body, and a neasurenént value of a second interferoneter

t hat nmeasures @bregosidn ars ithfeorimtcatonf pdhel Tav add eeody rish @xis, and
direction parallel to the first axis by irradiating a measurenent
beam t o a Ylf | Beelwhingrd apbuse} bhgedf ovhehbeadsalthetbedy mlaweskeds a
of deciding correction jinforpmation of grati ng%fitch, of a scal e that

i s sequenti al |5 prEcEdFYES .s:faﬁ’éjﬁd E!.Prﬂ”cg d cbH i Tig Ao PgFraHel to the
movenment of th%eé@r\g‘t%{ fodyi éP@cJ%g He ﬁ?!'v?ﬂ p{k(?&e.r(?osvabqgets%\gg?niﬁa

measur enent val ue ( e S_ECOI’I ntertreroneter, neasur ene ue_
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constituting the encoder that
measurement value obtained from the head unit based on the
15 correction information of grating pitch.

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

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

25 movement of the movable body in the first moving process is
decided based on the measurement value of the second
interferometer, the measurement wvalue of the encoder and

information on the flatness of the scale, the head unit

constituting the encoder that measures position information



5 measures position informati on of the novable body in a direction
parallel to the first axis based on a neasurenent val ue of a head
that faces the scale arranged on the novabl e body having a grating in
a predeterm ned pitch whose periodic direction is the direction
parallel to the first axis, and 10 including a plurality of the heads
that are placed at a predeterm ned distange along a direction
parallel to the second axis; and a process of driving the novable

body in a direction parallel to the first axis, while correcting a
nmeasur ement vaPhdivbmavabde thash thea Wea@ctidbn preld edntohichd ¥irst axis

rrection informati on of gratin itch.. Wth this nethod,, the
ﬁgvablelbod; i RAFD éalﬁ%ea%BFFBEgW%#Frﬁﬂ¥ﬂq 82 Fgetmﬁﬁqiﬁ%ﬂ?HQXFE? scale

based on the @@éﬁr%}&a&a'eaeogfﬁ%w %}eeioggg;égw?é & tr{ai%gﬁg in a

measures position i mat 1'on o0 e nova In a direc

parall el to 20pideeseeditbayitcanthése Jmavdiengiieyel e 1of at Berection
second interferoneter that neasures position information of the

novabl e body ipamelliekdio bhepfimdt ekite 4 ifalsdiayi s.pIthen,ity of the
correction information of grating pitch of the scale that is .
sequential |y pPaRed PARFRY Ehe 2heuednticrndaesr disganeet Ha 25 dbveseinn

' ' L n 0Ccess i s
of the movabl epgroa 1élnttoq:%efslerc:st;[n a;:/isg F}rn é:hiss case, ameasurement error

caused by the flatness of the scale included in the measurement
value of the encoder can be corrected based on information
10 on the flatness of the scale, and correction information of
the grating pitch can be decided based on the measurement value
of the encoder after the correction and the measurement value
of the second interferometer. Then, while correcting the
measurement value obtalned from the head unit based on the
15 correction information of grating pitch, the movable body is
driven in a direction parallel to the first axis. Accordingly,
the movable body can be driven in a predetermined direction
with high accuracy using the encoder without being affected
by the unevenness of the scale and an error of grating pitch
20 of the scale,
According to a third aspect of the present invention,
there is provided a pattern formation method, including: a
process of mounting an object on a movable body that can move
within a moving plane; and a process of driving the movable
25 body using either one of the first and second movable body
drive methods of the present invention in order to form a -
pattern on the object.
With this method, by forming a pattern on the object that

ismounted on the movable body that is driven with high accuracy



deci ded based on the measurenment val ue of the second interferoneter,

t he measurement val ue of the encoder and information on the flatness
of the scale, the head unit constituting the encoder that neasures
position information 7 of the novable body in a direction parall el

to the first axis based on the neasurenent value of the head facing
the scale that is arranged on the novabl eghody and has a grating in a
predeterm ned pitch whose periodic direction is a direction 5

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

pl aced at a predrersithed anstahcds fiasdi padt sorophmoviadilet bodfedrive

second axis. In this cas a neasurenment error, caused by the fl atness
of the scale irﬂ%wb%%j olrngpﬁepﬁ%%%%" e N P et bf R%eteé%bé?&@r Lea oRed

corrected baseg, of,d nfprmt iw‘l@hlﬂigﬂ 59&%}@3} ness of the scale, and

correction information of the gratfng pitchcan be deci ded based on

the neasurenment val prceirdifg €scOdetroht&ipddie e K& Hric@Rnandnt et ion,
measur enent val ue of the second interferometer. Then, while

correcting X hetiheasuieneptoviadask ebthirmd flewaré hendredtharmirti nha sesk lord
the 15 correctjon information of grating pitch, the novable body is
driven in a diteetiHRPparkalitarn Sormrt 190 BroakFs. WAeEsiai Hylthe palgtern
novabl e body CAN n?a idorni v%gcieg a redcterm'.neg di?r‘ﬁcti on Whtg hjﬁ%h .
accuracy usi ng TH& encodar W thoutPbeig aff 828t i th& aR&T8hhed¥ g
of the scal e and Qu&RIQl Bfr@tdbhNPePhdsbRAY dh8es¢akfvention.
According to a third aspect of the present 1nvention, there Is
provided a pattern fPeceatiay tethdlfthnabpdetgf ahy peessnef i HPad idig
an object on a novable body that can nove within a noving pl ane; and
a process 18f dehesdengst hsonbidedlse f25spotypasinegmethhdrimndich rheattern

first and second novabl e body drive nethods of, the present invention
in order to forinf®rmss: PRIGR él?jleﬁé Byjbgadiation of'an energy beam, the

method including: driving a movable body on which the object

is mounted, using either one of the first and second movable

body drive methods of the present invention, for relative
15 movement of the energy beam and the object.

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

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

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

25 1is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; and driving the movable body within the

predetermined plane, based on measurement information of an



Wth this nethod, by formng a pattern on the object that is nounted
on the novable body that is driven with high accuracy 8 using either
one of the first and second novabl e body drive nethods of the present
invention, the pattern can be fornmed on the object with high
accuracy. According to a fourth aspect of the present invention, 5
there is provided a first device manufacturing nethod including a
pattern formati on process, wherein in the pattern formati on process,
a pattern is forned on a substrate using the pattern formation nethod
of the present ®REYERE i Diftefcdor dhhgh 1o offi Bt Gratheetsasitidre apdegdmad
invention, 10 there, is provided a firs géggﬁure met hod in which a

i

pattern is foy“%&F(ﬁf . LISt OBy 2i PRERR Rﬁezﬂ?W%? gy oB¥aff fikkeh
met hod incl udi g HddNg AnRKRRLE.REYLONL ML LN, Q%eoggsgg3§sa?$«cvieon

nount ed, using elther one o irst and second novab

net hods of theapd eseeddVBDE ii1Garfgdekating the sovEmNbrAfhd A6vable
energy beam and t he object. Wth this nethod, for the relative

nmovenent of> t hecdnenrgy wheain neasudied edstiaibheinbpeesit od dthéhebpecdhle
the novabl e body on which the object is mounted is driven with high
accuracy usi ngPeqY méithdRehst PrReTprBinemalareomnhbrant ©rbbafornra fion

20 met hods of the.present i ntion, .Accordingly, a pattern can be
forned on the %&u%éﬁt%ﬁﬁﬁﬁﬂ$é:ea@fﬁFéﬂ? B5°5c&hmi ng exposure.

According to a SiXthﬁﬁ§ﬁ%ﬁ&soﬁe£ﬂgdpr€£§ oééﬂﬁauﬂo%?’cgﬂeégcﬁﬁately be
provi ded a second exposure nethod 1n Ich an objec

driven within a predetermined plane using the encoder systemn

10 without being affected by the flatness of the grating section,

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

According to a seventh aspect of the present invention,

there is provided a third exposure method in which an object

15 is exposedwith an energy beam, the method including: mounting

the object on a movable body that can move in at least first

and second directions that are orthogonal within a

predetermined plane; and controlling a positieon of the movable

body within the predetermined plane so that a measurement error

20 of an encoder system, in which one of a grating section and

a head unit is arranged on a surface of the movable body on

which the object is mounted and the other of the grating section

and the head unit is arranged facing the surface of the movable

body and which measures position information of the movable

25 Dbody within the predetermined plane, is compensated, based

on measurement information of the encoder system and

correction information in accordance with characteristic

information of the grating section and the head unit.

With this methed, the position of the movable body can



25 is exposed with an energy beam the nethod including: nounting the
obj ect on a novable body that can nove in at |least first and second
directions that are orthogonal within a predeterm ned plane; and
driving the novable body within the predeterm ned plane, based on
measurenent information of an 9 encoder systemin which one of a
grating section and a head unit is arranggg on a surface of the
novabl e body on which the object is nounted and the other of the
grating section and the head unit is arranged facing the surface of
the novabl e 5 BEEyrafdlvhe conszodled wodiin enprrafeteenined ¢flanseusing

bl e bod iLthin th redet erm,ned pl ane, and_based on i nformation
gﬁv?latnessyorkﬁﬁeeﬁ?%ﬁ?ﬁgs%%E??8HF%OUE gelnqv? THi ﬁ@fﬁo@?afﬁéement

bl e body c c i it i erm e, .
Lot ng. he oncodarof Hf S Yorliadts WoR e BaRsdu DEFARE| THIGARLITE sos

the grating seef) Othe a@tlingr 8&6f Lot RROBhEHedDUALEY ORd (R rErRB! Ehe
body can be exposed with high accuracy. According to a seventh
aspect of the pbgsehtmiunisstd icontheheoeablse oy ded e tdrpabak mdshur eigh
met hod in which an object 15 is exposed with an energy beam the

met hod i ncl udi A§SUR®BENti ng t he obj ect on a novabl e body that can nove

A e B S P N RS S S
within the pregdgtes Mdgdonians sSeohbah & RASY REBRLG &% Qhich an object
is exposed with an energy beam, the method including: mounting
10 the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement
information of an encoder system in which one of a grating
15 section and a head unit is arranged on a surface of the movable
body on which the object is mounted and the other of the grating
section and the head unit is arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane, and based
20 on correction information to compensate a measurement error
of the encoder systemthat occurs due to flatness of the grating
section.

With this method, the position of the movable body can
accurately be controlled within a predetermined plane using
25 the encoder system without being affected by a measurement
error of the encoder system that occurs due to the flatness
of the grating section, and therefore the object mounted on

the movable body can be exposed with high accuracy.

According to a ninth aspect of the present invention,



20 of an encoder system in which one of a grating section and a head
unit is arranged on a surface of the novabl e body on which the object
is mounted and the other of the grating section and the head unit is
arranged facing the surface of the novabl e body and whi ch neasures
position informati on of the novable 25 body within the predeterm ned
pl ane, is conpensated, based on neasurenmegi information of the

encoder system and correction information in accordance with
characteristic information of the grating section and the head unit.
Wth this nethbberehs pssvired affifid avradres Fedyoshnn Wiolcle cur abdeyt
be controlled within a prg§$ternined | ane gsin% t he encoder system

wi thout being af fFEECEFHY _ﬁﬁfé}ﬁr@#eﬁ%af@« FEF TNl RAbHRI SferRmtng
Ca_used by the é%@ac; & ot E.Cfﬁoxpeh:)let %%dgr@ﬂét?g:a%e&yvgniﬁ%dc tl}é%stﬂeggrst
unit, and therefore e 5 object mounted on the novabl € body can be

exposed W th higd agess@ey.directionACCRANY @ aBreheghbRadspeetnof a
the present invention, there is provided a fourth expoSure nethod in
whi ch an ol ecpréderspused] plahe apndnengyrdiddmy & hesieidodfitiod ndvagte
mounting 10 the object on a novabl e body that can nove in at |east
first and secoReddi Yetrimnshe Redste@ingsgmtanew PRpadaon measurement

det i ned p| : d controlling a posjtion of .the novahle bod
a;?h?negﬂgngrefe éﬁ%ﬁéﬁhf[ﬂé;%ﬁ GB§8§8r05Yﬁ@aEuFbﬁHHFW fF6r ot PoR*Bf 19

an encoder sysfgm{dh wWakcdnens Lﬁfitaigraaﬁxja%]%e@or?%céd%c?égﬁf?hﬁé‘eeﬁ able

unit is arranged on a surface of the novabl’e body on obj ect
i s nmount ed andoddie oatwielctothé beigeatisgoseedd andand sfigehe@dHiNgtat Sng
arranged facing the surface of the novable body and whi ch nmeasures
posi tion il¥f orpectibin gnd Réenbead enody wirthnged héagiman ather sumédce of
pl ane, and based 20 on correction information to conpensate a ,
measur enent er Fdf MVAHE SREBIRRD WEENTEREETBE RS AR dHTPERARERR Of

L0 L P e LS P Sl

novabl e body can accura cont Wi T pr
pl ane using 254 heeneqdenh susbemmiday BabegsE et B efent error

measurenment error of the encoder systemthat occurs due to the
flatness of thef giet engodeetswaterantathecefns elueheo ot efr annat 86coion
t he novabl e body can be exposed with high accuracy.
1 and a displacement of the movable body in a different direction
from the first and second directions.

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

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

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

mounting the object on a movable body that can move in

at least first and second directions that are orthogonal within



According to a ninth aspect of the present invention, 11 there is
provided a fifth exposure nmethod in which an object is exposed with
an energy beam the nethod including: nounting the object on a
novabl e body that can nove in at |east first and second directions
that are orthogonal within a 5 predeterm ned plane; and controlling a
position of the novable body within the pggedeterm ned pl ane, based on
measur enent information of an encoder systemin which one of a
grating section and a head unit is arranged on a surface of the
novabl e body o# Rﬁ@@?ﬁ%?ﬁ%ﬁﬂﬁeﬂﬁaszaﬁduﬁﬁé@ e@i treligtehevityf relpect to
grating 10 sec%hon an the hea ni t grranged facing the surface
of the novabl e"BBdTEAY"SHICH esaB sition information of the

movabl e body within dhe pradetennt oo PLANG +AR009SEML AbEP SR HoMe

information to conpensate a EITEI'I error of e enco system

that occurs dugré@et&enied ig1@neeChhosd Ién %Qs@reméﬂkaﬁ@f@ﬂﬁatm‘oﬁ Bg an
novabl e body in a different direction fromthe first and second

directions.5 encodd¥tdydtuns imewhodh éie qbsi yrabing 4detimy abide abheyd
can accurately be controlled within a predeterm ned pl ane using the
encoder systen?%%?h%@ta%kﬁQquaPPeétééré?ca oe e arparitb 120 bediyopnovhich

th der tem.that_occurs to .t tin ection and a
di gpfgggmant o?h?m%jo?%t body TR § dFchtt'IF%n %P‘?IF gori % GFAiRE PRELion

and second dirggy 't?l@shezi’tﬁ‘ggﬁgeirsﬁgﬁl g s&e fgghﬁgtthgéoigfﬁgcggfté}?e movable

novabl e body can be expos accurac cording t

tenth aspect ofodiearti es@eh hnexsatéOpoditalor LEFprAYE 88 & $hét Rovable
exposure nmethod in which an object is exposed with an energy beam

the nmet hodO ncbedy ngthin the pumdetionpinked phjeet aod hasedall eobodytion

that can nove jn_at least first and second directions that are

ort hogonal wi t:hql#]ormatlon to compensate a measurement errcr of the encoder
system that occurs due to the grating section and inclination
of the movable body.

With this method, the position of the movable body can

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

20 high accuracy.

According to an eleventh aspect of the present invention,
there is provided a seventh exposure method in which an object
is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first

25 and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement

information of an encoder system in which one of a grating

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



12 a predeterm ned plane and also can incline with respect to the
predet erm ned pl ane; and controlling a position of the novable
body within the predeterm ned pl ane, based on neasurenent information
of an 5 encoder systemin which one of a grating section and a head
unit is arranged on a surface of the novabl e body on which the object
is mounted and the other of the grating segtion and the head unit is
arranged facing the surface of the novabl e body and whi ch neasures
position information of the novable 10 body within the predetern ned
pl ane, and baskadpRncHhidrthewhiistsr Farpented apdrigensbker @f the grating
measurenent error _of the %ncog%ggs sfem that occyrs due tg th

grating sectioﬁ?gﬁﬁo?rﬁﬂq i 9% e Yo FEBRBIBEIRSWT 1 Fgrface of
met hod, the poﬁhé'ﬁgbégi %ggg?%@gngggg%eggﬂréghéggf%ldgh%f%%pg%%on of

controlled within a predet ane usi ng encoder sysS

wi thout being ahéetdvthlhy odEastheRethe ef Fédc it ERARHR;, SHIt MR ed
that occurs due to the grating section and the inclination of the

nmovabl e body, endcatmaafiogneinfierndfict tmwuptpdnsaté he measalleachodyrrox
can be exposed with 20 high accuracy. According to an el eventh
aspect of the %Fé§€h@npﬁ¢§ﬁt$ﬁﬁﬁaﬁﬁ%@@ PECF D \AUed oot Bevasifti nex pestien
nmet hod in mhicQ éntﬁbhﬁﬁ} HF.%xposed with an energy beam the nethod
i ncl udi ng: nnun?lng T He 6%jé€t'on a novabl e body that can nove in at

| . > q . : . OV
east first 25 an qu}lgylﬁé%flllﬁs t‘h@%o@{@lcﬁ{ %?Otgﬁg%oﬂttl]@ Boaﬁycan

predeterm ned plane; and controlling a position o e novabl e bo

Wi thin the preseteratdied Hal a6t rbabed wiRHIRAS U LEBEE e iR EAR ©ing
an encoder systemin which one of a grating section and a head unit
i s arranged onthe stidedar Gfystiem movhbhe baBng affected by a measurement

error of the encoder system that occurs due to the grating
section and the head unit, and therefore the object mounted

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

encoder system in the first direction that occurs due to a



body on which the object is nounted and the other of the grating
section and the head unit is arranged facing the surface of the
novabl e body and whi ch neasures position information of the novable
body within the predeterm ned plane, and based 5 on correction
information to conpensate a neasurenment error of the encoder system

t hat occurs due to the grating section angsthe head unit. Wth
this nethod, the position of the novabl e body can accurately be
controlled within a predeterm ned plane using 10 the encoder system
wi t hout bei ng &PFBeteen Byrremedsireasating raactafon, hbased cemesysrement

that occurs due_to the grating section and the head upit, and .
therefore the 8B %ETaHB%ﬁt%% ghetﬁac TabPEShely2BdnthE &Rp65EaraReHer

hi gh accuracy. 8 E&EF’BBEaEHecgeéX}%%RrEnﬁs%ﬁ%t m%fvatbli% %%ﬁ%grﬁ}nn 1\:,\1}]? cﬁilé?qt

invention, 15 there is provi an ei ght h "éxposuré net

obj ect is expodgededtidn andenes&y obBeaitota: iRl BAGE 141G 4@i agitrf@)geamgg
the object on a novable body that can nove in at least first an

second directisnstidmi ard anthoddnab ai pdsht dorpreddather morad 1pl hogy in
preparing an encoder systemin which one 20 of a grating section and
a head unit istB®rkifgdd ddrestianthareedon khenpoaplecnmitly 158 oRmrERoR Hef

object is nounted and the other of t rating sectjon and.the head
unji t is arr ang%%ef%%?%ge% e S Fo8 gge?ﬁ%rﬁ%%ﬁlbcf% J_tﬂi{i]y:“?%&oﬁhi ch
measures position Imi@mhagnﬂ@éhéﬁet%VﬁQé&M%%BQ'IﬁbJJ}ﬂé%ody can

predeterm ned plane, and an interferonmeter systemthat neasures

posi tion inforaatiht«lfy eecohyabl Bedadithin atpteast ediihdd bstnangsing
second directions; and deciding correction information used to
conpensat d0a ek wwrFaddr avsteroiitheueneetey sffstamd byt hembasstement
direction that occurs_due to a 14 formation error of the grating
section, based®bf® lﬁﬁﬁﬂ%ﬁ?oﬁﬁFoFﬁﬁf?QhFQﬁttQR?qgﬁbSH@rt§y§t§ﬁ¥@#ﬁﬂon
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first direction and based®on 1 nforma 0 atness

section, and cOMtERE InldVhA PRIyl @8nOket BgpdBVAR)E hodyn AckReakl ! st
direction based on the neasurenent information of the encoder syStem
and the correction imfeomaEhigonto a thiWeédnthi aspethodof t htepopiésait
of the novabl e body can accurately be controlled within a

predet er myved pregieeiginghere is provided a second device manufacturing

method including a 1lithography process, wherein in the

lithography process, a sensitive object is exposed and a

pattern is formed on the sensitive object using either one

of the second to eighth exposure methods of the present
20 invention.

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

25 irradiates a detection light to a scale having a grating whose
periocdic direction is a predetermined direction within a plane
parallel to the predetermined plane and receives a reflected
light from the scale, and measures position information of

the movable body in the predetermined direction; and a drive



10 the encoder systemw t hout being affected by a nmeasurenent error

of the encoder systemthat occurs due to a formation error of the
grating section, and therefore the object nounted on the novabl e body
can be exposed with high accuracy. According to a thirteenth aspect

of the present 15 invention, there is provided a second device

manuf acturing method including a |ithograpfy process, wherein in the

| it hography process, a sensitive object is exposed and a pattern is
formed on the sensitive object using either one of the second to

ei ght h exposur 8eWeehoBabf dehgepr eBennoyablaveady odn Abeordiedgteomaned
fourteenth aspect of,th resent invention, there is provided a first
novabl e body 85?‘53‘3?51‘%1{‘ g‘?’r%?f;torﬂral VIRASHLEE\G R éTaEBHyOEuEEFaﬁPFQ@?’El and
al ong a predet ] t Ls{ng: an encoder that
has g hegd tha?ﬁgéfﬁg#gﬁ?gﬁééﬁg&3%¥§c??L%REP%%%i 0 a scale having a
grating whose periodiixHlitheet kpBrém, aHy edeter AbAtde dirFiefdd @ReWnb Bkl e

a plane parallel to the predeterm ned plane and receives a reflected
| i ght fromd hebsdnl & aratedsumésepdodi tecuni omflorsmt ioon tak mbesurement
novabl e body in the predeterm ned direction; and a drive .
value of the encoder that measures position information of
the movable body in the predetermined direction and
information on the flatness of the scale to which a detection
light from the head of the encoder is irradiated. Inthis case,
10 the drive device can drive the movable body in the
predetermined direction, based on the measurement value after
correction in which a measurements error caused by the flatness
of the scale included in the measurement error of encoder has
been corrected based on the information on the flatness of
15 the scale. Accordingly, the movable body can be driven in
a predetermined direction with high accuracy using the encoder
without being affected by the unevenness of the scale.
According to a fifteenth aspect of the present invention,
there is provided a second movable body drive system that
20 drives a movable body within a moving plane including first
and second axes that are orthogonal to each other, the system
comprising: a first interferometer that measures position
information of the movable body in a direction parallel to
the second axis by irradiating a measurement beam to a
25 reflection surface arranged at the movable body; a second
interferometer that measures position information of the
movable body in a direction parallel to the first axis by

irradiating a measurement beam to a reflection surface

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



15 device that drives the novable body in the predeterm ned direction
based on a neasurenent value of the encoder and information on
flatness of the scale. Wth this system the drive device drives the
novable 5 body in a predeterm ned direction based on the neasurenent
val ue of the encoder that neasures position information of the
nmovabl e body in the predeterm ned directigg and information on the
flatness of the scale to which a detection light fromthe head of the
encoder is irradiated. In this case, 10 the drive device can drive

t he novabl e boameﬁiettl%mﬁﬁééétﬂe?qa wb@sghp;eééppl@ﬁ dzbmdqmlﬁ haedlrectlon

t I whi t
Caused by the PREE RLEE o61C 1he SEeh &4 5oPDac ‘Pﬁ o B85 MR oo
of encoder has;begacaactafabaned on *1&5!1’1 280 at_a

fl at ness of 15 t he sca Accordlngly,:é%e novdbl e bggy cakﬁggegrlven

in a predeter npﬂ@ﬁieﬁbfnw{écpﬂdﬂﬁd’hd@ N AL W agVrdisd itth ther£ncaders the
w t hout being affected by the unevenness of the scale.

Accordi ng to aséfdnreemtisaspettcofstitetpsesengetheenwivn, thdeseals, an
provi ded a second novabl e body drive systemthat 20 drives a novable

body within a FRYPHRY 5baﬁ@q%@w&&|wmmlmf@émo%@§ mafeRb lgreody

orthogonal to each other. the %%f%ﬁln co ﬁ%ﬁ ﬁbe §“9%ﬁ5§&8P d?ﬁ&ﬁﬁ
0 t €

i nterferoneter ?haatdlﬁeegsurespap%

in a directiontpat ghdwls el %%v%.%ﬁ@”ﬁo | 8y by diifedisali g dr81lel o the
nmeasurenent beamto a 25 reflection surtace arrange& at t he movabl e
body; a secondfinder hetienebeded hah reasuaesroRsht i e livef osfatdhen Hfrst
t he novable body in a direction parallel to the first axis by

irradi ati iy a hebetramuatdgeasntdo a mefdsgeementsuribee arf anged mecond

t he novabl e bod¥ a_scal e that has grating in 16 a predeterm ned
pi tch whose pe?‘ B TeTmet &S ot Qeﬁlﬁ F SOLFT ﬁtbalﬁd-lr’ifélrmt%lf’ﬁ@ff PFaking

axi s, and s %ﬁ@%c?ﬁ?ga‘ma&c P u%ng?l.% lac rEﬂax_"ac.t,'lng e head

plurality of ads aced a rede ce al ong a

direction parahhgt éc@otrlaﬁ.ng to the movement based on a measurement value
of the second interferometer, a measurement value of the

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

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

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

interferometer, the measurement value of the encoder and

information on the flatness of the scale, the decision device



5 second axis, and constitutes, together with the scale, an encoder

t hat nmeasures position information of the novable body in a direction
parallel to the first axis; a decision device that noves the novabl e
body in a direction parallel to the first axis based on a neasurenent
value of the first 10 interferoneter and a neasurenent value of the
second interferometer, and decides correcijon information of grating
pitch of the scale that is sequentially placed facing the head unit
according to the novenent based on a neasurenent val ue of the second

i nt er f er onet erdealdgms Goarestionl venbirmatd ons eficomeatiaral pdtohnavhore
on flatness of the gpaje; and a controller that drives the npvable

body in a di r REFUIFPardreEr1PB thé FLFSEt it LARELcEP e ifAgsh axis
reasureren by, o ned.t 08 ig 1034 WiLloPEBER P00 £OLLERL! R

information of the grating pi I'S™SYs crs

device noves tHeadall 8chogdiihd td dheerbiaPabd! {8: dide bbh§l the
axi s, based on the neasurenent value of the first interferoneter that

measures posi thend unflor omt s it wfirighet opsrilind o whotlythen seadiergtddehon the
parallel to the second axis and the nmeasurenent value of the 25 .
second i nt er f FROTRNET PPHY Fraasureseposiat ssapnies madiddosf ipfermation

rovatl e bOSY | 3,8 RSRAPD BT Lol pLIe LS B B NS s
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distance along a direction parallel to the second axis. In
10 this case, the decision device can correct a measurement error
caused by the flatness of the scale included in the measurement
value of the encoder based on information on the flatness of
the scale, and can decide correction information of grating
pitch based on the measurement value of the encoder after the
15 correction and the measurement wvalue of the second
interferometer. Then, the controller drives the movable body
in a direction parallel to the first axis while correcting
the measurement value obtained from the head unit based on
the correction information of the grating pitch. Accordingly,
20 the movable body can be driven in a predetermined direction
with high accuracy using the encoder without being affected
by the unevenness of the scale and the error of grating pitch

of the scale.
According to a sixteenth aspect of the present invention,
25 there is provided a pattern formation apparatus, comprising:
a movable body on which an object is mounted and which can
move within a moving plane, holding the object; and either
one of the first and second movable body drive systems of the

present invention that drives the movable body for pattern



17 decides correction information of grating pitch whose periodic
direction is a direction parallel to the first axis that the scale
has, which is sequentially placed facing the head unit according to
t he novenent of the novabl e body, the 5 head unit constituting,
together with the scale placed on the novabl e body, the encoder that
measures position information of the novapde body in a direction
parallel to the first axis and having a plurality of heads placed at
predeterm ned di stance along a direction parallel to the second axis.
In 10 this caseoTiHe UbGTsi| @&JVEEE-can correct a neasurenent error

d by the flat f th le ingluded in th t _val,
of the encoder based I FATOFRRET SR o oY oo P AT ST SEarer et

can deci de COf&q&ééﬁE}ﬂ QEP&%%tbgﬁe £ Qﬁaﬁﬁé“hdvéﬂﬁé %%ﬁgdtﬂgatb% driven
ter t t he

neasur enent val ue of the encoder a? e 15 correction an

measur enent vakih bighlecseeentd o eid ebaarifethe Fhest ahlies &t @bt Sfle
drives the novable body in a direction parallel to the first axis

whi | e corréctiprdy Weriveasyseemntofvthaepminarimédvenbhon hecHeegdtbarh can
i nformation of the grating pitch.

based on the corrﬁ%}ion _ .

Accordingly, 20F tHImRsaR &hsodfiesh Bethirbi@h 35F % asedet er mi ned
direction with high ur.a sing the encad w t hout bei affecte
by the unevenness ofA%t%%erdéLgél LeJCOang 358 ESF %‘f ag%paetcf%ngogit o?r‘?%eélq:

scal e. Accor di figrdix irSi ¥heestdls 33Besheala 16 RN £85I UeRLEARus 2 hat
there is provided a pattern formation apparatus, conprising: a

nmovabl e body ofomid ehpainteadyj entar sbhvuntadiandd bt tdh ednamene rolythdain,
a noving plane, holding the object; and either one of the first and
second noVé&bl e-lpvaprarprives Spapsrsing: tthpapterseis daveneitdw tt haradiates

et ves,the Tovabl & bod (opatiecn cdfLor ot o100, the OBLeCty oo
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wherein driving of the movable body on which the object is
mounted by the movable body drive system is performed for

15 relative movement of the energy beam and the object.

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

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

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

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

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

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



5 body drive systens of the present invention, the pattern can be
formed on the object with high accuracy. According to a

sevent eent h aspect of the present invention, there is provided a

first exposure apparatus that fornms a pattern on an object by
irradiation of an energy beam 10 the apparatus conprising: a
patterning device that irradi ates the enefjgy beamto the object; and
either one of the first and second novabl e body drive systens of the
present invention, wherein driving of the novable body on which the
obj ect is noungBdl Byet Ahapvebl e otiatdina sepfdraneng pbef bergduhbt is

15 rel ative novenent of _the energy beam and the object. Wth,
this apparatus?rfﬁ?g?%ef?%ﬁ%ﬁ{ﬁhéhﬁﬂﬁﬁ%ﬂﬁ G HreMeNaPy§ bBedi and which
irradiated fro Nel R i ; i d t he ohj.ect,
the movabl e body” ar Ty Syeraror T pars et 0 8% BBl 008 SR ene

novabl e body opruhétsrtihedplesé; bad20d FDENHEd] v thahigh VAECHdfYvable
Accordingly, a pattern can be fornmed on the object with high accuracy

by scanni nf expodurwithin theApceddtagmiwednpbagit beséd aspeetsafendiet
present invention, there is provided a second exposure apparatus that
exposes an obj eREOTNEHlam céridiyypreedat avsdeappad dndermeteonmn iagneas
novabl e body tggttcgn ”DW§1i% %%.Ieast first and second directions
that are orthogona WIS 6? d&fer mi ned pl ane, hol di ng the object;

an encoder system i fywh EHiQ%p%fra%uglr, aél%é;g\o%ﬁﬁié%cﬁﬁgﬁﬁ aLE%:J.g be

is arranged on a surface of thée novable y on whic e obj ect

held 19 and ¢hevet hdthdh &heragicaldrignsachiae ardnyhendeaddarirt siSten
arranged facing the surface of the novabl e body and whi ch neasures
posi tion i1 orwhiowt beinbaffecdeddboby Thatmasst die theeristtsimg aedtion,
pl ane; and a drigg device that drives the novable 5 body within the

predet er ni ned PrATS YA R Redsls emARunteroPRat RO MUY bedyorRR be
T ST O SR el ST 10 Selon
a predetern ned pl angdésidigigt e eRCOHSReBYSLE@M aspect of the present
invention, there is provided a third exposure apparatus that

15 exposes an object with an energy beam, the apparatus
comprising: a movable body that can move in at least first

and second directions that are orthogonal within a

predetermined plane, holding the object; an encoder system

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

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

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

arranged facing the surface of the movable body and which

measures position information of the movable body within the

predetermined plane; and a controller that controls a position

25 of the movable body within the predetermined plane so that

a measurement error of the encoder system is compensated, based

on measurement information of +the encoder system and

correction information in accordance with characteristic

information of the grating section and the head unit.



10 wi thout being affected by the flatness of the grating section, and
therefore the object nounted on the novabl e body can be exposed with
hi gh accuracy. According to a nineteenth aspect of the present
invention, there is provided a third exposure apparatus that 15
exposes an object with an energy beam the apparatus conprising: a
movabl e body that can nove in at |east figgt and second directions
that are orthogonal within a predeterm ned plane, hol ding the object;
an encoder systemin which one of a grating section and a head unit

is arranged 20 on a Wil 4dd sotprhratwvalite bodytoanwhi cthe mevebjlecbody
is held and the other of tﬂ;dgrating section and the head unit is
arranged faci nf2Eh8°SuFfte © t FRM RIS W3Sy nadd PRSFERerBARRR eBlane
position infor i on t bl ody within the.predeterm ned

pl ane; and a cgﬁ%ﬁglléﬂei:ggfgg%ﬁirsI%%egyp%%%??%ﬁﬁ f§l§9 t%%EW%V% I?y a

body within thgepsedeheitn Bedopl 3Fe 8 t BAtoGe FEAFUEBNEM: REHOMOT (the
the encoder systemis conpensated, based on neasurenent information

of the encdderchystéebeabskicor refdt ithe bpéoin{tsedtioh ageDrtenbeadi thit,
characteristic informati on of the grating section and the head unit.
20 W t h2Rfi Shegpiara tde ehiepbgiqunsiedotnt hbe mvediile body can be
accurately be controll eqavx,i t.hin a predeterm ned pl ane using the
encoder syst ent YRSt bt Ay & ﬁ&&ﬂeEBcBy a measurement error of the

encoder system caus -ggpt Ghay, I St ) vk i€ ‘
section and the heaﬁﬁu%%%l nqétahe_ré?%%gt t%éeéeg% g%tth%%%[é%{ﬂo%g‘{%%tlon’
novabl e body ceRebe BXpHsedddd A BbghtBCEMPSEYre apparatBECehdtNBxbOsés
twentieth aspect of the present invention, there is provided a fourth

exposure adgparatusbidet vexjoses ehergp bbjrctthe tdprmratner gpmbeanming hea
apparatus conpri Silgfé a novabl e body that can nove in at |east first
and second di r8et# Prdy 5Pt oFRROHEHEI Wi A n-eRS bty nirddsecond

Oratihg Sect | AR SOt ie 8 APPRRba DT U TaE s gl plane,

grating section and

nmovabl e 15 bOdB{oPcﬁlirYYﬁ?itBQ JheQh 86tent3abel d Aand, irp%hQEH%né)BF;azgr%?ing

grating section and the hedd unit is arranged facing the sur

t he novabl e bosyciatsh whidch heeasitiasipesirangad &f arsmd f e 6F dHenovable
novabl e body within the predeterm ned plane; and a controller that
control s a3poshedprrorhink oy ablecbody haildhand 2he hehpred®ttdengneding
pl ane, based on correction informtion to conpensate a neasurenent

error of the eREOUE" ARG &b Rged ditidr dSJBETRBIRE atFeRS dfer perface of
g;gt ierr]ng secti O@hgqgovba%ﬁ%dbggy”gﬁl&%h%%n&eggagég%égﬂiogn ti?l o%rr&%ggg{l of
the movable body within the predetermined plane; and a
controller that controls a position of the movable body within
20 the predetermined plane, based on correction information to
compensate a measurement error of the encoder system that
occurs due to flatness of the grating section and based on
measurement information of the encoder system.
With this apparatus, the position of the movable body
25 can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to

the flatness of the grating section, and therefore the object

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



Wth this apparatus, the position of the novable body 25 can
accurately be controlled within a predeterm ned pl ane using the
encoder system wi thout being affected by a neasurenent error of the
encoder systemthat occurs due to the flatness of the grating

section, and therefore the object nounted on the novabl e body can be
exposed with high accuracy. 21 Accgyding to a twenty-first
aspect of the present invention, there is provided a fifth exposure
apparatus that exposes an object with an energy beam the apparatus
conprising: a novablAcdaxfiinghato can twensyi-Alast| especti ot tBheangresent
second directipons that a ort hogonal, wthin a predeterm ned pl ane,

hol di ng t he obf%ﬁ?nt%ﬁpeﬁ§@68rl§ rhoed ﬁﬂﬁéﬁhoﬁép%?u%e rﬁéus‘that
section and a | g n a surface of the vabl e

on whi ch the O%ﬁ%@ g? %Qi %Ptﬁgtgth%? of Eiﬁg'gP%?lhgngct?BﬂaEﬁ%F
the head unit t&nﬂﬁ@iﬂ@“%%ofv%@lﬁgbbﬁ? §Héé%qﬁox¢éﬁn@\£a%sst@0ﬁymt
and whi ch neasures position informati on of the novable body wt

t he predet & m aed p$ewmndEﬂﬂmE£cxmvmmolh@attha&eCObktnbgoﬁaposwitm&h(ﬁa
the novable body within the predetermni ned plane, based on correction

i nformation tocPERRPeRiSElnech Pheasur BmbAingrilr Bficks it ke encoder system
system t hat occunﬁﬂg e tot sect.ion and a displ acenent of

t he novabl e botfy ares éharﬁ +%§FﬁﬁﬁlPPoﬁ??ﬁkhFPFs nifndssaEpmyped
di t
irecti ons and%lpaas%%r%acgegf%kﬁégﬂ'%%abﬂg% %qihwﬂg.cflh@ftgozﬁagg%rtzbs held

system Wth this apparatus osition e nova can

accurately be genttiod | @chat tde e Riredahgr Bebedon! ane ﬂﬁénﬂeé@GUnlt is
encoder system without being affected by a neasurenent error of the

encoder syt emthatgest clasinquaiieo sturgageabifnghsesbivahlandody and which
di spl acenent of the novable body in a direction different fromthe
first and secd'ﬁ%aﬁi’?ee%ﬁjioéﬁglon information of the movable body within the
predetermined plane; and a controller that controls a position
of the movable body within the predetermined plane, based on
correction information to compensate a measurement error of
15 the encoder system that occurs due to the grating section and
a displacement of the movable body in a different direction
from the first and second directions and based on measurement
information of the encoder system.
With this apparatus, the position of the movable body
20 can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to
the grating section and a displacement of the movable body
in a direction different from the first and second directions,
25 and therefore the object mounted on the movable body can be
exposed with high accuracy.
According to a twenty-second aspect of the present

invention, there is provided a sixth exposure apparatus that

exposes an object with an energy beam, the apparatus



25 and therefore the object nounted on the novabl e body can be
exposed wi th high accuracy. According to a twenty-second
aspect of the present invention, there is provided a sixth exposure
apparatus that exposes an object with an energy beam the apparatus
22 conprising: a novable body that can nove in at |least first and
second directions that are orthogonal witfyn a predetermned pl ane
and also can incline with respect to the predeterm ned pl ane, hol ding
t he object; an encoder system5 in which one of a grating section and
a head unit isCerpPBhYED o Aoyabfleckody that marabiaebddy asnleksthf et
object is held and the q%he , of the grating section and the head unit
r

i s arranged fathhg PRE° T e &bl 8TBod§rERAIMMFEN el e
it b : ' b ki 0 q :
e, Cand o CEECSL Al TRNE W 2000 ML LYSOR ADCR SOHETL RS

pl ane; and a c er t control s a position o e

Wi thin the preges@stdRechd @Jl%ne?aﬁgﬂd%golﬁ{é eyt ;i RhOERBLRER (Pstem
conpensate a neasurenent error of the encoder systemthat occurs due

to the grati ngisedtiidnoaadcf achratinoseaf: ibheambd\wahkadbotit dsdabasered
on neasurenent 15 information of the encoder system ~Wth this
appar at us, t heSHesistiErdacss of HrarBpaphée ey ©anvwhéehriielgpilget is held

controlled wthi redet erm ned pl ane using . the encoder system., |
wi t hout bei ng %?@e@?%ao P arlcjlﬁmné’r F8gt6f"nt ﬂ’égeh}ﬂ?)dlé%/a‘iy‘%rﬂjeﬁnls
t hat occurs du t ; i i.Qn .an he i L nat on e
novabl e body, %ﬁ%ﬁ##ﬁgeé%%é?qshgﬁggﬁgg%hgnagtgggoﬁoyﬁgigngéﬁ ea%%diﬁ&Ch
can be exposedndddirds posaecohamytorAeaaAbel 68 e AokuBDE bddy ketAsRedte

of the present invention, there is provided a seventh exposure
appar at us ltthat prsiebquusigedapl o eendw ¢dntarmdeer gyabeamtrohe a position
appar at us of the movable body within the predetermined plane, based on
correction information to compensate a measurement error of
the encoder system that occurs due to the grating section and
inclination of the movable body and based on measurement
15 information of the encoder system,
With this apparatus, the position of the movable body
can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to
20 the grating section and the inclination of the movable body,
and therefore the object mounted on the movable body can be
exposed with high accuracy.
According to a twenty-third aspect of the present
invention, there is provided a seventh exposure apparatus that
25 exposes an object with an energy beam, the apparatus
comprising: a movable body that can move in at least first
and second directions that are orthogonal within a

predetermined plane, holding the object; an encoder system

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



conprising: a novable body that can nove in at least first and second
directions that are orthogonal within a predeterm ned plane, hol ding
the object; an encoder systemin which one of a grating section and a
head unit is arranged 23 on a surface of the novable body on which
the object is held and the other of the grating section and the head
unit is arranged facing the surface of thg novabl e body and which
nmeasures position information of the novable body within the 5
predeterm ned plane; and a controller that controls a position of the
movabl e body Wk sugEacgrefidihe moellpl kerdy draybdchbnthobdectons held
information to ¢ ens tq§$(ﬁg urenent, error of the encoder system

[

that occurs dudto-1fie” tqgi&lgﬁdSFﬁélﬁﬁaﬁ?ﬁnF?eaﬁﬂa%d§éﬁ:&ﬁ
measur enent i nf oramtd one iﬁ*ethjeo S%%%QQEV Y EhEMuYLE D t)FJaé and which
t 6 “Bod y Ye

apparatus, the position o e nova y can accurate
control l ed W tihédes@rdy pdet en BhNBoEdiane oush A HNRoQREPE o BY #i8Hkn the

w t hout being affected by a neasurenent error of the encoder system
t hat occur® dugredetermined plane; and a controller that controls a position
of the movable body within the predetermined plane, based on
correction information to compensate a measurement error of
the encoder system that occurs due to the grating section and
the head unit and based on measurement information of the
10 encoder system.

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

15 the grating section and the head unit, and therefore the object
mounted on the movable body can be exposed with high accuracy.

According to a twenty-fourth aspect of the present
invention, there is provided an eighth exposure apparatus that
exposes an object with an energy beam, the apparatus

20 comprising: a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged
on a surface of the movable body on which the object is held

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

position information of the movable body in at least the first



15 the grating section and the head unit, and therefore the object
nmount ed on the novabl e body can be exposed with high accuracy.
According to a twenty-fourth aspect of the present invention, there
is provided an ei ghth exposure apparatus that exposes an object with
an energy beam the apparatus 20 conprising: a novable body that can

move in at least first and second directigpns that are orthogonal
within a predeterm ned plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged on a
surface of theamdyasic@nsodgisachhdrsy t kedobpectontsrdigiar 25hand déeides

other of the grating sectiqgn and the head unit is arranged facing the
surface of theSHOVEDT e hdBYCHRYEHRT BERCHES GPRREDIRT] AIMF G THIGIRRL BRcOT

of the novablequg%a@%EgHQrt£§%tem in the first direction that occurs due

10

15

20

25

to a formation error of the grating section, based on
measurement information of the encoder system and the
interferometer system cbtained by moving the movable body in
the first direction and based on information on the flatness
of the grating section, and controls a position of the movable
body in the first direction based on the measurement
information of the encoder system and the correction
information.

With this apparatus, the position of the movable body
can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to
a formation exrror of the grating section, and therefore the
object mounted on the movable body can be exposed with high

accuracy.

BERIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing the configuration
of an exposure apparatus related to a first embodiment.
FIG., 2 is a plan view showing a stage device in FIG. 1.
FIG. 3 is a plan view showing the placement of various
measurement apparatuses (such as encoders, alignment systems,
a multipoint AF system, and Z sensors) that are equipped in
the exposure apparatus in FIG. 1.
FIG. 4A is a plan view showing a wafer stage, and FIG.

4B 1s a schematic side view showing a partial cross section



predeterm ned plane; an interferoneter systemthat neasures position
information of the novable body in at least the first 24 and second
directions; and a controller that decides correction information used
to conpensate a neasurenent error of the encoder systemin the first
direction that occurs due to a formation error of the grating
section, based on 5 neasurenent informatigfn of the encoder system and
the interferoneter system obtained by noving the novable body in the
first direction and based on information on the flatness of the
grating sectioff “hHEeEoHtadt ¥4 -position of the novable body in the
first direction bas n.the nmeasurenent 10 jnformation of the

encoder system and t] ¢ 3P e fi BhAT ISP EEPEHRY 2 measuggpent jptage, and
apparatus, -t hepp@sishi AN, Qorlhg | %%laleevib&gghg%%‘gga%rrac €Yo Db s section

controlled wthin a predetermned plane usin ncoder system

wi t hout being af feied agedyurenkptmeasgeenment error of the encoder
systemthat occurs due to a formation error of the grating section,
and therefdre the olfj¥éot 6 nisuatds chndidmramshbiend aty main benéxposaidion
wi th high accuracy. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fl G
1 is a view schefattPBEFPy SHHWE™E Tt hRe HIcaBPBAT LA T BbgFesuEe the

appar at us relaffg EFE&%JJfSt enbodinent. FIG 2 is a plan view

showi ng a stage feviee I ES 1. FIG 3is a pl an vi ew showi ng t he
pl acement of variougigs. 7a and 7B are views used. to explain position
measurement within an XY plane of a wafer table by a plurality
10 of encoders each including a plurality of heads placed in the
array arrangement, and the transfer of measurement wvalues
between the heads.
FIG. 8A is a view showing an example of the configuration
of the encoder, and FIG. 8B is a view used to explain the
15 mechanism in which measurement errors occur and to explain
a relation between an incident light and a diffracted light
of a beam with respect to a reflective diffraction grating
within an encoder head.
FIG. S9A is a view showing the case where a count value
20 does not change even when the relative motion in a
non-measuremnent direction occurs between the head and the
scale of the encoder, and FIG. 9B is a view showing an example
of the case where a count value changes when the relative motion
in a non-measurement direction occurs between the head and
25 the scale of the encoder.
FIGS. 10A to 10D are views used to explain the case where
a count value of the encoder changes and the case where the
count value does not change, when the relative motion in a

non-measurement direction occurs between the head and the



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

exposure apparatus in FIG 1. FIG 4A is a plan view show ng
a wafer stage, and FIG 4B is a schematic side view showing a parti al
cross section 25 of wafer stage WST. FIG 5A is a plan view

showi ng a neasurenent stage, and FIG 5B §s§ a schematic side view

showi ng a partial cross section of the neasurenent stage. 5FIG 6 is
a bl ock diagram showi ng the main configuration of a control system of
the exposure appdt@tus related to the first enbodinent. Fl GS.

7A and 78 are views ex | h posifion nmeasurenent wthin an XY
pl ane of a wafer tabglﬁtse&sgyagAﬁlrEilrﬁ?ta&elﬁl%‘fs BAEGIET §¥RARRNIAT PREFHYL P
lurality of h s _pl LN . I - , the transfer

bt easut enent Toal QoS AEt Rler TS Cragts TIAAETIRY PG P8 LGRREE"

showi ng an exaiphsuedndite ok gerat igRlert 18 e0e90&IncRRG ) FLG1s88 by
is a view used to explain the 15 nmechanismin which neasurenent

errors occur abltlet cedhgilizien motidmt icdn bhéwdemadin aindci teat ddzdlkt and a
a diffracted light of a beamw th respect to a reflective diffraction
grating withi n"PeH RO REadll TPFELIoDA i s a view showing the case

where a count ValueETG. 12 is a graph showing measurement errors of the

enceoder with respect to the change in the Z-position when a
pitching amount ©x equals to o {(Ox=a).

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

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

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

20 FIGS. 16Ato l6D are views {No. 2) used to explain amethod
of measuring unevenness of the scale.

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

25 the scale.

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

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



20 does not change even when the relative notion in a non-neasurenent
direction occurs between the head and the scale of the encoder, and
FIG 98 is a view show ng an exanple of the case where a count val ue
changes when the relative notion in a non-mnmeasurenent direction
occurs between the head and 25 the scale of the encoder.

FIGS. 10A to 10D are views used to expl aigythe case where a count

val ue of the encoder changes and the case where the count val ue does
not change, when the relative notion in a non-neasurenent direction
occurs bet weentip@eisagerant Hagebmediately after amigge of bodids tages
are views used to_explain_an operation for acquiring correction

i nformation us®i%® porrOFbE eas‘lr)?ethes&r“eﬂ}éﬁ?hmtg‘r SBFggﬁ e SeeArake from
[1050 encoder)esaysahdy o8 44l ahi iy AR, BLaL0E DGR 1809 Lo ace

scale in a non-neasurenent direction. IS a gra

show ng neasureiEmteffl Gthedf, LFCcenerPssuM tik resBeHe4.0 the change
in the Z-position when a pitching anmount ex equals to a (0Ox=a).

10FIG 13 i a vi ewRissd20d erptriawn showopgrabiiehefal thequafengtage and
correction information used to correct a nmeasurenent error of another
encoder (a secdhifl RERBHEMENtagsagepyhenethe | mpaspremsntostapet he hewdy
and the scale in non- neasurenent directi 15FI G, 14 is_ a

used to expl aifl’ t%‘ee i e ﬁ_&gﬁ#éﬁ%eaqlﬂat(heogéggg f?la%lelscgboé’lé‘gp?:/égévﬁ“?ﬁp
of heads measug@ Gaidy abdd ¥ Qfn MRS eRBLL: AP LS BOsiPEoSeLSLA fon

between both stages in the Y-axis direction.

10 FIG. 21 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has reached
a position where a Sec-BCHK (interval) is performed.

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

15 unloading position to a loading position in parallel with the
Sec~BCHK {interval) being performed.

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

20 on the wafer table.

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

25 FIG. 25 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected
using alignment systems ALl, AL2; and AL2j.

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



FIG 15 is a view (No. 1) used to explain a nethod of measuring
unevenness of the scale. 20FI GS. 16Ato 16D are views (No. 2) used to
expl ai n anet hod of neasuring unevenness of the scale. FIG 17
is a view used to explain an acquisition operation of acquiring
correction information of grating pitch and correction information of
grating deformation of 25 the scale. 2g FIG 18 is a view

showi ng a state of the wafer stage and the neasurenent stage when
exposure by a step-and-scan nmethod is being performed to a wafer on
the wafer stagkl®FReasygepent $tagesmdriinghe sfeges otal Heramtenr Somer
and 27 the measur enent sga. e i di atgly after a state of both
stages shifts FroRfthe 3rared FSwi°éR®Bot h stages are separate from

each other to a statgrd nywhich both sﬁ%@cggél%%quE%Pt%%n&gfé Vg'tta% and

each other, after exposure is finishe iS a view Show

state of the wahermedagemnt thagaBatdt eMBRhmehadfa WOe kM@ ged in five
nmeasurenment stage is noving in the -Y direction and the wafer stage

i's moving towesecerd adligatieny shodi 41 ers whiklle keeppingl tdeeqosi detetted
rel ati on between, both stages in the Y-axis direction. 10FIG 21 is a
vi ew showi ng a*$t2d A LI WSSt cBEaBkL apid ALZ1 to AL2,.

FIG. 28 is a view showing a state of the wafer stage and
the measurement stage when at least one of the Pri-BCHK lattexr
process and the focus calibration latter process is being

10 performed.

FIG. 29 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in five
third alignment shot areas are being simultaneously detected
using alignment systems ALl and AL2; to ALZ2,.

15 FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
fourth alignment shot areas are being simultaneously detected
using alignment systems ALl, ALZ2; and ALZ2s,

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

20 themeasurement stage when the focus mapping has been finished;

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

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

FIG. 34 is a view used to explain an acquisition



t he neasurenent stage when the neasurenent stage has reached a
position where a Sec-BCHK (interval) is perforned. FIG 22 is
a view showi ng a state of the wafer stage and the neasurenent stage
when the wafer stage has noved fromthe 15 unl oading position to a

| oadi ng position in parallel with the Sec-BCHK (interval) being

per f or med. FIG 23 is a view show pg a state of the wafer

stage and t he neasurenent stage when the neasurenent stage has noved
to an optinmal scrumwaiting position and a wafer has been | oaded 20
on the wafer t@aBpgation of apyyw ring corgegtéan shdniragtiostaf dedprisathon

st ages when the_waf.er.sta has ved. tqQ a positi where the

o IR T P e 1 PAE 28 AP ECa N8R! L S0t ORL Sl O cappgure
vaiting at theagphiBhs SGf WRIUIING BASELIAG L 25FI G 25 15 a view
showi ng a state of the wafer stage and the neasurenent stage when

al i gnment marks arr anged 36N 4 r eeofitksit Ase@ne®HxARAh 8k @b Rlifent of
bei ng simul taneously detected using alignnment systens AL1, AL22 and

AL23. FI G 26 #sdaviteimarhoidaigprangt asthofl. t he waf er stage and 28

t he measurenment stage when the focus calibration former process is

bei ng perfor ned. . SkiE a fropsharyistavine\d Ageal st areapplet step
waf er stage angoghgnnfféurﬁrent stage when alignnment marks arranged
in five i : ’

BEST MODE FOR CARRYING OUT THE INVENTION
10 <<First Embodiment>>
A first embodiment of the present invention will be
described below, with reference to FIGS. 1 to 31.
FIG. 1 schematically shows the configuration of an
exposure apparatus 100 related to the first embodiment.
15 Exposure apparatus 100 is a scanning exposure apparatus by
a step-and~-scan method, that is, a so-called scanner. Aswill
be described later, in the embodiment, a projection optical
system PL i1s arranged, and the following description will be
made assuming that a direction parallel to an optical axis
20 AX of projection optical system PL is a Z-axis direction, a
direction in which a reticle and a wafer are relatively scanned
within a plane orthogonal to the Z-axis direction is a Y-axis
direction and a direction that is orthogonal to a Z-axis and
aY-axis is anX~-axis direction, and rotation (tilt) directions
25 around the X-axis, the Y-axis and the Z-axis are 6x, Oy and
0z directions respectively.
Exposure apparatus 100 includes an illumination system
10, a reticle stage RST that holds a reticle R that is

illuminated by an illumination 1light £for exposure



5 second al i gnnent shot areas are being simultaneously detected using
al i gnment systens AL1 and AL21 to AL24. FIG 28 is a view
showi ng a state of the wafer stage and the neasurenent stage when at

| east one of the Pri-BCHK |atter process and the focus calibration

| atter process is being 10 perforned. FIG 29 is a view
showi ng a state of the wafer stage and thgy;nmeasurenent stage when
alignnment marks arranged in five third alignnent shot areas are being
si mul t aneously detected using alignnment systens AL1 and AL21 to AL24.
15FI G 30 is a(bpeairabihg aeftearedof toheasaf b¥llstmgatdod t héght” or

measur enent stgge when al.ignpent marks_arranged in three fourth, .
al i gnment shot SFBRASUET lggFﬂg]giﬁﬂFﬁéﬁ%B%%W@tﬁﬁiéE?Eﬁ“&QPﬁbprOJECtlon

al i gnment syst E%FAIP%’ t'%la%z &%ﬁ%ﬁs%ﬂéb%ct:i%nl Sogat%i\{:ia%_w sshs W gg%Lg‘CEI%at

state of the wa stage an urement age “when

nmappi ng has begfofést shEiunination [h&ht 3211 SnAcMdEW N0 ret) ctiger &9 a
expl ain an acquisition operation of acquiring correction information
of grating i teafef W v stake daviare expadiuitehappared fisr aftaaes@STNGnd a
enbodi nent. 25FIG 33 is a viewh%No. 2) used to explain an

acqui siti on opBPAFRERMYIL fiqder Mg, cbheeEt ¢TI eveemonasfl ghat 1ike-

pitch of a Y scale Ln the ex ure atus of the second
enbodi nent. Fl ‘fﬁlh?lé W% $e5a?§‘egﬁp}%irﬁ°’§ht%€§qui sition 29

Illumination system 10 includes a light source and an
illumination optical system that has an illuminance

10 uniformity optical system containing an optical integrator
and the like, and a reticle blind and the like (none of which
is shown), as is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
(the corresponding U.S. Patent Application Publication No.

15 2003/0025890) and the like. 1In illumination system 10, a
slit-shaped illumination area IAR that is defined by the
reticle blind (masking system) and extends in the X-axis
direction on reticle R is illuminated by illumination light
{exposure light) IL with substantially uniform illuminance.

20 In this case, as illumination light IL, an ArF excimer laser
light {wavelength: 193nm) is used as an example. Further, as
the optical integrator, for example, a fly-eye lens, a rod
integrator {(internal reflection type integrator), a
diffraction optical element or the like can be used.

25 On reticle stage RST, reticle R having a pattern surface
{the lower surface in FIG. 1) on which a circuit pattern and
the like are formed is fixed by, for example, vacuum suction.
Reticle stage RST is finely drivable within an XY plane and

alsc drivable at designated scanning velocity in a



operation of acquiring correction information of deformation of grid
lines (warp of grid lines) of an X scale in the exposure apparatus of
t he second enbodi nent. FIG 35 is a flowhart used to

expl ain an enbodi mrent of 5 a device nmanufacturing nethod. FI G
36 is a flowhart showi ng a specific exanple of step 204 in FIG 35.
BEST MGDE FOR CARRYI NG QUT THE | NVENTI ON 4p<<Fi rst Enbodi ment >>

A first enbodi nent of the present invention will be described bel ow,
with reference to FIGS. 1 to 31. FIG 1 schenmatically shows

t he confi gur at PEadetecERi P osFranappardines-tion r éwhied tics t bef i ¥saxis

enbodi ment. 15 Exposure apparatuys 100 is_a_ scanni ng exposure
appar atus by a%%f ‘btja‘?i‘a-k%‘%é}? RefREdZoPhat firectiit off tbg pagmnerriage

wil be descriped-datan, b Lhe. smaedlopl.oa o glsetion optical o, s,

system PL i s arranged, OW ng®descrip e

assum ng that ardi ngctd sy pareld.ek) iaca0doRl| Gdlr &XddoR9, AN Hear motor
projection optical systemPL is a Z-axis difection, a direction in

whi ch a reticleratise alidef.er are relatively scanned within a pl ane
orthogonal to the Z-axis direction is a Y-axis direction and a
direction that is orR9fogeRal 1NéOANZL iR O artptd oleayditages RER XibRkim the

direction, and rotatio tilt) directions 25 around the X-axis, .the
Y-axis and the"Z &4 spgf’léeTx%l UG ITE Hhateon PG vify the 8z

Exposur e appar&if’?c%)i g %&%’ﬁ#lb{l H@Q?FEBF‘a%yét ?%E&Putforﬁ bt Clfor
stage RST that holds a reticle Rthat is 1I'lum nated by an

illum nation |éghtpT®r 2e¥PASW.S t30 nmwith a reticle laser interferometer

10 {hereinafter, referred to as a “reticle interferometer”) 116

via a movable mirror 15 (in actual, a Y movable mirror having

a reflection surface orthogonal to the Y-axis direction and

an X movable mirror having a reflection surface orthogonal

to the X-axis direction are arranged). The measurement values

15 of reticle interferometer 116 are sent to a main controller

20 (not shown in FIG. 1, refer to FIG. 6). Main controller

20 controls the position (and the velocity) of reticle stage

RST by computing the position of reticle stage RST in the X-axis -

direction, the Y-axis direction and the 6z direction based

20 on the measurement values of reticle interferometer 116, and

controlling reticle stage drive system 11 based on the

computation results. Incidentally, instead of movable mirror

15, the end surface of reticle stage RST may be polished in

order to form a reflection surface (corresponding to the

25 reflection surface of movable mirror 15}. Further, reticle

interferometer 116 may be capable of also measuring position

information of reticle stage RST in at least one of the 2-axis,

6x and 6y directions.

Projection unit PU is placed below reticle stage RST in



(hereinafter, referred to as "illumnation light" or "exposure

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

i ncl udes projection optical system PL that projects illumnation

light IL emtted fromreticle Ron a 5 wafer W a stage device 50
that has a wafer stage WST and a neasurenent stage MST, their contro
system and the like. On wafer stage WST,zmafer Wis nounted.

[1lum nation system 10 includes a light source and an illum nation
optical systemthat has an illum nance 10 uniformty optical system
contai ni ng an Bpti dal TFRIRFEIGY Uk PP H@Alukdes aharsek dPianikepbpiertion

and the like (none_of which is.shown) s _is.disclosed ip, for

exanpl e, Kokai OEEBJa%acaﬁhgé’gtﬁﬁ'eééﬂ?ﬁﬁéagﬁaPZHfaib Yiocéaf’PthﬁﬁﬁljieE‘&Pitﬁnﬁhat
No. 2001-313259 corr, i U S i o] a TR

Publ i cati on I\Io.réLtgléngOB ggégggég%élgnnlh{eﬁh%gﬁ%nﬁBllepﬁg%n&ﬁéqﬁtgﬁns?/% reer%l
10, a slit-shaped sl phdNedt oh apeachPARdtan P, R 828nPYe | Redioptric
reticle blind (masking system) and extends in the X-axis direction on
reticle R i3> i$ysrdmatkedt bysi [dampiosatl orf | agpilutekpogure |ligiaes | lens

with substantially uniformillumnance. 20 In this case, as
i |l umination |$HHESNS) dRhak Freseditmyed aserd 1agRPLL Gad g fK: PasEngl

is used as an g | . _Eurther s the opti.cal_integrator, for
exanple, a fl yi:‘&e(?/{epe] 2nsa,Xlesl ?%ﬁé‘fﬁ TYrat (‘)lgefli‘ ntPerrOrFaelcgtrlé’ﬂ SRF SR tSHRFem
integrator), apglififyacteben epihsad elemmntige thedddf Gan Bequseds 2
25 On reticle stage RST, reticle R havi ng a pattern surface (the

| ower surface preddt@rnlineonpidi edt dorcing gl £1 ¢t i@t Nsadd dhenétdeadier,
formed is fixed by, for exanple, vacuum suction. Reticle stage RST is
finely drilfabl @ggiiith apore-piaheh 4dnea) so Wrenadvire, athates] umtnation
scanni ng vel oci tFty in g 31 pr,fﬂet erm n(gd scanni ng direction (which is
the Y-axis di r&ci? ohfbeiy aThBRiZaAl P rectionadionhel i8lfe dbr il
of FIG 1), by; i.Gl.e s ry{ye . npit L.

Cefer 1o H a8 TEad R e A e LB e P B
Posi tion inforirddafh of rdietdie € ot age ST i ¢ t heumddg R anlaced
(including rotation information in the Oz direction) is constantly

det ected at a swsdlanttiiend lof , cdiorcigieanpllve, widrtouad fA.r5tt el famen tdbigect

reticle laser interferoneter 10 (hereinafter, referred to as a
"reticle ilft erfErGAR)ePt PreigchianLifdvasl ey sitent 8F OBMS a raduear, inpoe

novabl e mrror pavi n a.refl% tion,surface ortho ongl to. the Y-axis ,
direction and %n a)(cﬁ'gi?élﬁ'ltePﬁ %F_ﬁ? FRAVE Caecféﬂ PonPahFfgted circuit
orthogonal to th& X:gXbe HifKofd ﬁ%ﬁ?ﬁgﬁﬁﬁ%ﬂﬂ?ggt10J@%eg?f‘1§1§'ro%gt rea

val ues 15 of reticle i nterferoneter are sent to a main controlTler
20 (not shown {gxgddarel areaf eratthdtd Gs 6dnjMpd e GO ehhaniA®tion area

controls the position (and the velocity) of reticle stage RST by
conputing the Posian orfelr Wet WwbliehsiagelRSH iom Eheekoadi sudfaeet (iomge
the Y-axis directigon and the ez direction based
20 plane) side of projection optical system PL and whose surface
is coated with resist (photosensitive agent), via projecticn
optical system PL (projection unit PU)} and liquid Lg (refer
to FIG. 1). Then, by synchronous driving of reticle stage RST
and wafer stage WST, the reticle is moved in the scanning
25 direction (Y¥-axis direction) relatively to illumination area
IAR (illumination light IL) and also wafer W is moved in the
scanning direction (Y-axis direction) relatively to the

exposure area (illumination light IL}, and thus scanning

exposure is performed to one shot area {divided area) on wafer



20 on the nmeasurement values of reticle interferoneter 116, and
controlling reticle stage drive system 11 based on the conputation
results. Incidentally, instead of novable mrror 15, the end surface
of reticle stage RST nay be polished in order to forma reflection
surface (corresponding to the 25 reflection surface of novable mrror
15). Further, reticle interferoneter 116 gy be capable of also
measuring position information of reticle stage RST in at |east one

of the Z-axis, Ox and ey directions. Projection unit 913 is placed
bel ow reticl e ¥teige2 REELEFT 3D thegreticly i daansdernps PUthad@hatearen -

b | 40 and ' ' ti t PL_hayi I | it f
opt i cal el onentasf i’ Ak el AP ACHTH i BPmReN PTG BPatTErF

within barrel @6, #51.p{H R0 MU $&! +BYSLBDRL arfPE-EX8MPL & 0Bt ical
% a p%ufﬁﬁ%ty 0 ?enies %%nét

dioptric 5 systemthat is conposed o

el enents) thatsaseemmigyeddationgadbeontiL EForasbsor\khRaratéeloyt expbsure
Z-axis direction is used. Projection optical systemPL is, for
exanpl e, bdt h-of geser$bebve liayeantramistalayer) on wafer W by illumination

light IL.. Although not shown in -the drawing, projection unit

PU is mounted on a barrel platform that is supported by three
support columns via a vibration isolation mechanism. As is
disclosed in, for example, the pamphlet of International

10 Publication No. WO 2006/038952, however, projection unit PU
may also be supported in a suspended state with respect to
amain frame member (not shown) that is placed above projection
unit PU, or a base member on which reticle stage RST is placed.
Further, in exposure apparatus 100 of the embodiment,

15 in order to perform exposure applying the liquid immersion
method, a nozzle unit 32 that constitutes part of a local liquid
immersion device 8 is arranged so as to enclose the periphery

of the lower end portion of barrel 40 that holds an optical
element that is closest to an image plane side (wafer W side)

20 that constitutes projection optical system PL, which is a lens
(hereinafter, also referred to a “tip lens”} 191 in this case.

In the embodiment, as is shown in FIG. 1, the lower end surface

of nozzle unit 32 is set to be substantially flush with the
lower end surface of tip lens 191, Further, nozzle unit 32

25 is equipped with a supply opening and a recovery opening of
liquid Lqgq, a lower surface to which wafer W is placed facing

and at which the recovery opening is arranged, and a supply
flow channel and a recovery f£low channel that are connected

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



predet erm ned projection magnification (such as one-quarter, 10

one-fifth or one-eighth tinmes) . Therefore, when illum nation area
AR is illumnated by illumnation light IL fromillum nation system
10, illumnation light IL having passed through reticle R whose

pattern surface is placed substantially coincidently with a first
surface (object 15 surface) of projectionzgptical systemPL forns a
reduced inage of a circuit pattern (a reduced inmage of part of a
circuit pattern) of reticle Rwithin illumnation area AR on an area
(exposure areaFSPREFRAYCL%- céF bgalown tth FIFumnatiquddaserpl A\Ripe 312
wafer W which

varer W ohbg, PLASER S0 aeeond Sl ace, (age 0.l anel. 3,08 1
(phot osensi tiveeg9e8t)wi Ml &-dAURCEL O he X-axis direction and the Y-axis
direction in a planar view (when viewed from above) and are
5 symmetrically placed with respect to a straight line LV in
the Y-axis direction that passes through optical axis AX of
projection optical system PL.
Cne end of a supply pipe (not shown) is connected to
liquid supply pipe 31A while the other end of the supply pipe

10 1s connected to a liquid supply device 5 (not shown in FIG.
1, refer to FIG. 6}, and one end of a recovery pipe (not shown)
is connected to liquid recovery pipe 31B while the other end
of the recovery pipe is connected to a liquid recovery device
6 (not shown in FIG. 1, refer to FIG. 6).

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

20 supply/stop of the liquid but also the adjustment of flow rate
can be performed. The temperature controller adjusts the
temperature of the liquid within the liquid tank to nearly
the same temperature as the temperature within the chamber
(not shown) where the exposure apparatus is housed.

25 Incidentally, the tank for supplying the 1liquid, the
compression pump, the temperature controller, the valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the

equipment or the like available in the plant where exposure



optical systemPL (projection unit PU) and liquid Lg (refer to FIG
1). Then, by synchronous driving of reticle stage RST and wafer stage
WBT, the reticle is noved in the scanning 25 direction (Y-axis
direction) relatively to illumnation area I AR (illum nation |ight

IL) and also wafer Wis noved in the scanning direction (Y-axis
direction) relatively to the exposure aregs(illumnation light IL),
and thus scanni ng exposure is perfornmed to one shot area (divided
area) on wafer 33 Wand a pattern of the reticle is transferred to
the shot area. @PRarafys 100 tire iov¥edileent, a pattern is generated on

the . reticl]e and projection optical
waf er W by Illun]natﬁfghfﬁ“%éggv%gy deglcgt includeé)ajllqul tagk a

suction pump, a valve for controlling recovery/stop of the
liguidvia liquid recoverypipe 31B, and the like. As thevalve,
5 a flow rate control valve is preferably used to correspond
to the valve of liquid supply device 5. Incidentally, the tank
for recovering the liquid, the suction pump, the valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the

10 equipment available in the plant where exposure apparatus 100
is installed.

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

15 the ArF excimer laser light (light with a wavelength of 193
nm) is to be used. Pure water can be obtained in large
quantities at a semiconductor manufacturing plant or the like
without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to the

20 optical lenses or the like.

Refractive index n of the water with respect to the ArF
excimer laser light is around 1.44. In the water the
wavelength of illumination light IL is 193 nm x 1/n, shortened
to around 134 nm.

25 Ligquid supply device 5 and liquid recovery device 6 each
have a controller, and the respective controllers are
controlled by main controller 20 (refer to FIG. 6). According
to instructions from main controller 20, the controller of

liquid supply device 5 opens the valve connected to liquid



system PL, and the pattern is formed on the wafer by exposure 5 of a
sensitive |layer (resist layer) on wafer Wby illumnation light IL

Al t hough not shown in the drawing, projection unit PUis nounted on a
barrel platformthat is supported by three support colums via a
vibration isolation nmechanism As is disclosed in, for exanple, the
panphl et of International 10 Publication 9. WO 2006/ 038952, however,
projection unit PU may al so be supported in a suspended state with
respect to ammin frane member (not shown) that is placed above

proj ection uni EUPP}Y RiPea 3bAskS rerberebrriet degriegl Bo stupEl R8TLES Lq

I d. Furth 0S he enbodiment, 15 in
brder to per f oFfh SR BRETE SEoHRBR R HEnT ki 24 HAEFETON. Rt S gubbly

nozzl e unit 32p££@@1§9q§&§EH&ﬁnyﬁE&cﬁkn%ehqgﬁithé%wﬁ%lyopenlng(refer

to FIG. 1). Further, when the water is supplied, according
5 to instructions from main controller 20, the controller of
liquid recovery device 6 opens the valve connected to liquid
recovery pipe 31B to a predetermined degree to recover water
Lg from the space between tip lens 191 and wafer W into liquid
recovery device & (the liquid tank) via the recovery opening,

10 the recovery flow channel and liquid recovery pipe 31B.
During the supply and recovery operations, main controller
20 gives commands to the controllers of liquid supply device
5 and liquid recovery device 6 so that the quantity of water
Lg supplied to the space between tip lens 191 and wafer W

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

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

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

nozzle unit 32 is also called a 1iquid immersion space forming



i rmer sion device 8 is arranged so as to encl ose the periphery of the

| ower end portion of barrel 40 that holds an optical elenent that is
cl osest to an image plane side (wafer Wside) 20 that constitutes
projection optical systemPL, which is a lens (hereinafter, also
referred to a "tip lens”) 191 in this case. In the enbodinent, as is
showmn in FIG 1, the |lower end surface ofznozzle unit 32 is set to be
substantially flush with the |ower end surface of tip lens 191
Further, nozzle unit 32 25 is equipped with a supply opening and a
recovery openi REUBPT i%Fod tR4NNENE JiRRb &S r(PEC BORHL RPMeIt W pg the

pLaced A 10, S0fe= pLGILLSLeCoue e PERITH. I, PUr RO A0 B o
a liquid suppl ¥opi pgarddse and 8 olsQUhd L ECAYE Y PR WLBso be supported
in a suspended state by a main frame (including the barrel

5 platform described above) that holds projection unit PU, or

may also be arranged at another frame member that is separate

from the main frame. Or, in the case projection unit PU is

supported in a suspended state as is described earlier, nozzle

unit 32 may also be supported in a suspended state integrally

10 with projection unit PU, but in the embodiment, nozzle unit
32 is arranged on a measurement frame that is supported in
a suspended state independently from projection unit PU. 1In
this case, projection unit PU does not have to be supported
in a suspended state.

15 Incidentally, also in the case measurement stage MST is
located below projection unit PU, the space between a
measurement table (to be described later) and tip lens 191
can be filled with water in the similar manner to the
above~described manner.

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

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

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



34 respectively. As is shown in FIG 3, liquid supply pipe 31A and
liquid recovery pipe 31B are inclined at an angle of 45 degrees wth
respect to the X-axis direction and the Y-axis direction in a planar
vi ew (when viewed from above) and are 5 symetrically placed with
respect to a straight line LV in the Y-axis direction that passes
through optical axis AX of projection optggal system PL. One
end of a supply pipe (not shown) is connected to |iquid supply pipe
31A while the other end of the supply pipe 10 is connected to a

i quid supply BEQI et RBCiSRWAY 3PS (1;ere3r1é>fsetrot1::@e @);,feéihdthan
one end of ar ver I pe (nat _shown). is con ted to liqy

recovery pipe gﬁ% %%/qéglr{)%él&%ﬁlg? %ﬁﬂc}gjtﬁ itel‘?g EEEOV‘%{F PihidpElicgl path on
connected o ache YHAKTOUR K1dEWLR1 0 1CAA SN, B Brod i tB Bhter
to FIG 6). lSLIQUI& supply device 5 includes a liquid tanﬁ, a
conpressi on puimp,adalittdrpetatan epe@Bkl ghd@f onatalivegeop §08tJ10ld bR ip
supply/stop of the liquid to liquid supply pipe 31A and the |ike. As
t he val ve, ¥ orlexafiile, Bhe¢ powntatetbahtanyl conafimuiastjpmefey s gmpbered

so that not onl he 20 supply/stop of the liquid but also the
adj ust ment of Tl%/ Ifaﬁse%@nlﬁa%ér%?nﬁﬂ.sw@ﬂt%&ﬁa% &Bnthe| sRace

adj usts the  poiyeen an optical member in the lowest end (tip lens) 191
constituting projection optical system PL and wafer W. For
example, the liquid immersion mechanism disclosed in the

10 pamphlet of International Publication No. WO 2004/053955, or
the liguid immersion mechanism disclosed in the EP Patent
Application Publication No. 1 420 298 can also be applied to
the exposure apparatus of the embodiment.

Referring back to FIG. 1, stage device 50 is equipped

15 with wafer stage WST and measurement stage MST that are placed
above a base board 12, an interferometer system 118 (refer
to FIG. 6) including Y interferometers 16 and 18 and the like
that measure position information of stages WST and MST, an
encoder system (to be described later) that is used for

20 measuring position information of wafer stage WST on exposure
or the like, a stage drive system 124 (refer to FIG. 6) that
drives stages WST and MST, and the like.

On the bottom surface of each of wafer stage WST and
measurement stage MST, a noncontact bearing (not shown}, for

25 example, a vacuum preload type hydrostatic air bearing
{hereinafter, referred to as an “air pad”) is arranged at a
plurality of points. Wafer stage WST and measurement stage
MST are supported in a noncontact manner via a clearance of

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



tenperature of the liquid within the liquid tank to nearly the sane
tenperature as the tenperature within the chanber (not shown) where

t he exposure apparatus is housed. 25 Incidentally, the tank for
supplying the liquid, the conpression punp, the tenperature
controller, the valve, and the like do not all have to be equipped in
exposure apparatus 100, and at |east partzgf them can al so be
substituted by the equipnent or the like available in the plant where
exposure 35 apparatus 100 is installed. Liquid recovery

devi ce 6 incl uB&ssavriged firahRat dshéovarrypuiponathalaie pad toward the

trolli recovery/ st of the liquidvia liquid recovery pipe 316,
od the 11 ke ASBERU ST o8 BRes hanal 6B onearal obapys It anduiyT

used to COfreSFEQdiﬁQiﬁ%fﬁgﬁ%%gcﬂ&y%bﬁglgw?%&%ﬁ%ﬁéﬁ%ﬁé&i in the Y-axis

I nci dental ly, e tan vering the quid,” the suction punp,
the valve, anddibectike @ohssizéhdaha¥eetboi e SULhORAGd BuSXPOS WEFIG.

apparatus 100, and at |east part of themcan al so be substituted by
t he 5 1) and the ¥-axis direction (an orthogonal direction to the
page surface of FIG. 1) within a predetermined plane (XY plane),
by stage drive system 124.
To be more specific, as is shown in the plan view in FIG.
2, on a floor surface, a pair of Y-axis stators 86 and 87
10 extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axils direction having
base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural
15 pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
Y-axis direction. At Y-axis stators 86 and 87, two Y-axis
movers 82 and 84, and two Y-axis movers 83 and 85 are
respectively arranged in a noncontact engaged state. Inother
20 words, four Y-axis movers 82, 84, 83 and 85 in total are in
a sate of being inserted in the inner space of Y-axis stator
86 or 87 whose XZ sectional surface has a U-like shape, and
are severally supported in a noncontact manner via a clearance
of, for example, around several um via the air pad (not shown)
25 with respect to corresponding Y-axis stator 86 or 87. Each
of Y-axis movers 82, 84, 83 and 85 is composed of, for example,
an armature unit that incorporates armature coils placed at
a predetermined distance along the Y-axis direction. That is,

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



10 equi prent available in the plant where exposure apparatus 100 is

i nstal |l ed. In the enbodi nent, as the |iquid described above,
pure water (hereinafter, it wll sinply be referred to as "water"

besi des the case when specifying is necessary) that transmts 15 the
ArF excinmer laser light (light with a wavel ength of 193 nnm) is to be
used. Pure water can be obtained in | argegguantities at a

sem conduct or manufacturing plant or the like without difficulty, and
it also has an advantage of having no adverse effect on the
phot or esi st on2fRRt WAk et 1t ae Y2BX BBt $eation Sifsmaderup Hef [thieemagnetic

i i .th er wthr he ArE i r | r
LY Lol St e hyasePest |8 A0 AR SOLTEL LSl

WavelengthOfi|EHQ&@@%&@Q%%Qh%Hh%§g%g§1Qﬂ%i'@nmo§QP§pr§gdt§5%ﬂ%ggﬁaxis

134 nm 25Li qui d suppl Vi ce iquid recovery device

have a control beatoangl7 tdendigspaet nveiagnesol | efse ar-axGentniekbhednblors
main controller 20 (refer to FIG 6). According to instructions from

mai n contr ol | eregpecteekpnt Lol tler foll lbwiug dlesuppbyideyicetbobpgrstour
t he valve connected to liquid 36 supply pipe 31A to a predeterm ned

degree to supplya%it ek HIGR T GotRESsPaTer RaIebr Ve pilbrke IBFeareonae 63s

Wvia liquid syppl.y. .pi 31A, _the pLy,.flow channel and the supply,
openi ng (ref erEF% a?'/—}?lé E%)n?alr—:ulp?%%lf %%gnyﬁfél‘?/\é‘[l&eairsmgg?)ﬁl %d! Padis
according 5 t01iRShF WeiticdngafLRMaML 4y £ontihak -6k 3fsh§s%%tdeg','&éing
of liquid recovery device 6 opens the valve connected to |1 qui

recovery pipe S8 dama pufedeheentoeds degree irombeeoy ef2 Wedar gl30aha ows .
t he space between tip lens 191 and wafer Winto liquid recovery
device 6 (tthe Iiqui dlavane 8¢iand 3 pdcbvery-ageniligeatOoneters 82osrd)s3

fl ow channel and _|iqyid recover ipe 31B. During the supply and
recovery opera??%rf’s‘?% EOBBn}'"r%ff%rll?@aﬁi PRECEI M deSPsCta¥ely fixed

control lers of i gl drauaRkY:AEVSGRD A3 hi Ul dhdAGRNEIY ARYLEE, 8, S0

that the quantity of water Lqg supplie € spa etween trp

191 and wafer ¥ L5-sonstaddor 8quahstt BRraNa@dtid if ekl W9rection.
recovered fromthe space. Accordingly, a constant quantity of water

Lg is held in Phetlypacedvetrseds drid 8beaf tItEl randinafigrt W (-ekds lbnear
FIG 1). In this case, water Lq held in the space between tip |ens
191 and wafer NPFRrEdifstane B Pepl fésad to one end and the other end of

an X-axis stator 81 that extends in the X-axis direction.
Accordingly, X-axis stators 80 and 81 are driven along the
Y-axis by a pair of Y-axis linear motors 82 and 83 and a pair
of Y-axis linear motors 84 and 85 respectively.

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

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

25 a stage main section 91 {not shown in FIG. 2, refer to FIG,
1) that constitutes part of wafer stage WST. Inside the
opening of stage main section 91, for example, a magnetic pole
unit, which has a permanent magnet group that is made up of

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



20As is obvious fromthe above description, in the enbodi ment, |ocal
liquid imersion device 8 is configured including nozzle unit 32,
liquid supply device 5, liquid recovery device 6, liquid supply pipe
31A and liquid recovery pipe 318, and the like. Local |iquid

i mrersion device 8 fills 25 the space between tip |l ens 191 and wafer

Ww th water Lg using nozzle unit 32 and gorns a local liquid
i ner si on space (corresponding to a liquid imrersion area 14)
i ncluding an optical path space of illumnation Iight IL.

Accordi ngly, nB22f&d i @ BYejetenminedafi sbance ioqgi altanertsbn adgagethe
formn 37 nme a,cont.ai nnent nenber (or _confinenent nenber) ,or
the 1ike. Inci é%{‘%ﬂ?/l,loepcatr“tondf 1P oRhFaHg idTF‘ﬁﬁelpi‘?rb%tjo%\ﬂog% 5?11%%‘“‘1

exanpl e, at Ieﬁssxf%zcla;%o%ﬁcégsmu@éa mﬁm@ggg@gé@% eﬁ-a%ti;sgfmg&

state by a main frame (including the or m descr

above) that hohosoprthaecdtioredstigdldainrsdthy oal S0ihe Ry xaagaddatection.
anot her frane nenber that is separate fromthe main frane. O, in the
case projectiobimhlary |thewipert Edakhsastaspendedisitatseagori §0 is
described earlier, nozzJe unit 32 may al so, be supported in a.
suspended st at REFMREYT at’t P £kt prg‘éf%ﬁﬁ%?ﬁltﬁﬁcf ipyarpgpepiang hgormed

orodi e noge £ UOLL 32 5486130000 180 BTASULSIROL 1 BLE. 08!

supported in a susp st'af’eé I'ndepen oM pro

In this case, pyeheetddisiinidtdRbanes il idtaeh® Heasnper t edidiledine

suspended state. 15Incidentally, also in the case neasurenent stage
MST i s | ocat edopehovyg pifopeege omimnsécPlon Ve spacedhetweehe ainit, which
measurenent table (to be described later) and tip |lens 191 can be
filled w thP waiersimikate to fhpabagngiiet nodet Haihboveteswfieedtage WST
manner. 20l nci dent

pi pe (nozzle) &h¢ 21.?1%??%5%1“?%%%6%?9 esi%g)?;%ggiré)gggﬁlgl'?lcj}'!}%essrgggrl‘gtic

oL enIet oo SIPSHATRLE o DNENEL, Ut RE S INARY ol T T

for exanple, theappdmMhleiar motor that drives measurement stage MST in the
X-axis direction.

15 In the embodiment, each of the linear motors described
above that constitute stage drive system 124 is controlled
by main controller 20 shown in FIG. 6. Incidentally, each
linear motor is not limited to either one of the moving magnet
type or the moving coil type, and the types can appropriately

20 be selected as needed.

Incidentally, by making thrust forces severally
generated by a pair of Y-axis linear motors 84 and 85 be
slightly different, a vawing amount {a rotation amount in the
0z direction) of wafer stage WST can be controlled. Further,

25 bymaking thrust forces severally generated by a pair of ¥Y~axis
linear motors 82 and 83 be slightly different, a yawing amount
of measurement stage MST can be controlled.

Wafer stage WST includes stage main section 91 described

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



25 of International Publication No. WO 99/49504, nmay al so be

enpl oyed, in the case such arrangenent is possible taking into
consideration a relation with adjacent nenbers. Further, a
configuration nay al so be enployed in which the | ower surface of
nozzle unit 32 is placed closer to the inmage plane of 38 projection
optical systemPL (i.e. closer to the wafgg) than the outgoing
surface of tip lens 191, or an optical path on the object plane side
of tiplens 191 is ,also filled with water in addition to an optical

path on the i nBgetpPane! si Hefsr Fable WEhanthptapkemgbnneersiemall Axe
configuration e empl oyed as far_as the liquid can pe su ied at
l east in the sg%%:{%‘{)%ecflnvi\gvfﬁyéﬁ bﬁ?i%ﬁ%%%é?c%ﬁo?het %\é%filﬁﬁglc%??pand
l'ens) 191 consghd Wy AYrBER] &EH1QN: FRYIGA ﬁéé%&ﬂfﬁﬂ?n&@f lowh) Oy

exanple, the liquid imersion nmechani sm l'osed I'n the 10 panphlet”’
of InternationshcRubingat rohcdlozoMOm2004/ ®5IIR5110e) theldtiqwld to base
i mrer si on nechani sm di scl osed in the EP Patent Application

Publ i cati orP NokocardA® 208 ¥amxb$ séaterappl i dhatoishewafgodmbde WIB can
apparatus of the enbodinent. Referrjng back to FIG 1, stage device

50 i s equi pped™ @B i H Wfe Pt 38 PBT AR BRAsUrdiet dfagBeVBTe¥hat

are placed abo L r n.Lnt.erferoneter system 118 (refer
to FIG 6) mcﬁfﬁrd?cngla%lel%%%r gg% e eFén{l%e a)ﬁ‘!(:j néano( h%gﬁi %a?%a?e{ane
measure positien giyd@n0Bpehcst MAEbrand Mel;adHt ANGoder BYS! &
(to be described later) that is used for 20 neasuring position

i nformati on of svederdrstvaegsy¥dn di? 4ex poshusen dmctleihibkeacka «t age hneser
system 124 (refer to FI G 6) that drives stages WST and MST, and the
i ke. 10 e dies BBEitEm Surgvadd nefmeciah igh dederibadageo WeIndpdirive
measur enent stage MST,. a noncontact bearjng (pot shown for 25
exanpl e, a vac W@Fd%@ﬁufﬁg‘eﬂ?dsrtc?ﬁea]ﬁ%' ai(Fll‘lrlj}élﬁrri’ ﬁé%?%k?%%quf@ﬂay
referred to as,anR pdhLupad dad ! | j4t [

Vet o Stage VBT Sod neaEar e BRI nBr AT e) Ph £P1BkSe one
noncont act mansereid X-axilscanaagesohndr ©xnd Samalals .um above base

board 12, by static pressure of 39

On wafer table WTB, a wafer holder (not shown) that holds
15 wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integrally with wafer table WTB,
but in the embodiment, the wafer holder and wafer table WTE
are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WIB, for example, by vacuum
20 suction or the like. Further, on the upper surface of wafer
table WIB, a plate (liquid repellent plate) 28 is arranged,

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

holder (a mounting area of the wafer). Plate 28 i1s made of

materials with a low coefficient of thermal expansion, such



pressurized air that is blown out fromthe air pad toward the upper
surface of base board 12. Further, stages WST and MST are

i ndependently drivable two-dinensionally in the Y-axis direction (a
hori zontal direction of the page surface of FIG 5 1) and the X-axis
direction (an orthogonal direction to the page surface of FIG 1)
within a predeterm ned plane (XY plane) ,sdy stage drive system 124.
To be nore specific, as is shown in the plan viewin FIG 2, on a
floor surface, a pair of Y-axis stators 86 and 87 10 extending in the
Y-axis directi®h SEFIEsPECERVRIYCH| Horth 88 dRECSRHe! Rl brRadonpee) of

side in the X-axis, direction havi ase board. 12 in_between. Y-axis
stators 86 andg E) eﬂeg’aéﬂiz@%nﬁ&ggc £ 2% roneggﬁpf’éFf%C‘?@dcﬁgfLiaEep%é'ea
unit that incofpgsal e8p81 PERTRICRL SBINGRIG 9] OB tdland1%, PR U e
plural 15 pairs %1& a ngrth p%?e n&gnet_ and %’ sgat%égnﬁlé’rragne#gltehaﬁsm
are placed at mapsetelsr mMined idieSkanrtes anss Bl teldwatiells aheRgakhe
Y-axis direction. At Y-axis stators 86 and 87, two Y-axis novers 82
and 84, and t eyt ra Hiovaoetdyland 8Befilen r eopHEHcthiarsldy tandangekl) § n
a noncont act engra ed state. In other 20 words, four Y-axis novers 82,
84, 83 and 85 % AIresid PRTETsat Y OF el hEOT msdFiet sesinneatamials -
space of Y-axi r _86. 0or_,87 whose sectional _surfa h a

U- | i ke shape, %%%E}ggr% éag’v:égr)a Ofnsﬁrﬁp%lpﬁéa 1% o%gﬁégﬁfa%%%rﬁaﬁﬁgr”\’ﬁ%er

a clearance ofstfQr weygnpherri@r QUNd 38VETAl HRY ¥i B e 18I 1 Radefd0tent
shown) 25 with respect to corresponding Y-axis stator 86 or 87. Eac

of Y-axis novexsel82Ba8oB3candr&hape Corposes) ak,rédciarepanp enchBising
armature unit that incorporates armature coils placed at a
pr edet er milfed e tchred laropigen e Yaadi 8 sHawnst léauidheapgldentnarge 28b

enbodi nent, Y-axis .novers 82 and.84 pade up of _th 40 arpmture
units and Y- axt&@stHtorR &8RP of TR ‘%ﬂjﬁ’éﬁrs sbPEeyRigced around

constitute novj (] J AV - axLs, | j.near t espect i y
S arly, V- e e tpSeRs S¥pE ARRlal P SN reppient
nmoving coi |l typesarsex| Folr i8aip e an e&pB8GHE \Eet-a thBntNeper formed,
follow ng description, each of the four Y-axis |inear notors

descri bed abovat Widdsthgparef ef red itquids immyrakeos drawdd puboru82ng afrom
Y-axis linear notor 84, a Y-axis linear notor 83 and a Y-axis |inear
notor 85 &9 neetR BV ofthéheaalref b9 efidnachd édaont Berpnaplbasid

82, 84, 83 andré%%llent area 28b, scales (grating sections) for an encoder

system (to be described later) are formed. Incidentally, at
least part of the surface of plate 28 does not have to be flush
with the surface of the wafer, that is, may have a different
20 height from that of the surface of the wafer. Further, plate
28 may be a single plate, but in the embodiment, plate 28 is
configured by combining a plurality of plates, for example,
first and second liquid repellent plates that correspond to
first liguid repellent area 28a and second liguid repellent
25 area 28b respectively. In the embodiment, pure water is used
as liguid Lg as is described above, and therefore, hereinafter
first liquid repellent area 28a and second liquid repellent
area 28b are also referred to as first water repellent plate

28a and second water repellent plate 28b.



10 Movers 82 and 83 of two Y-axis linear notors 82 and 83 out of the
four Y-axis linear notors are respectively fixed to one end and the
other end in a longitudinal direction of an X-axis stator 80 that
extends in the X-axis direction. Further, novers 84 and 85 of the
remai ning two Y-axis linear 15 notors 84 and 85 are fixed to one end
and the other end of an X-axis stator 81 fhat extends in the X-axis
direction. Accordingly, X-axis stators 80 and 81 are driven along the
Y-axis by a pair of Y-axis linear notors 82 and 83 and a pair_ of

Y-axis |inear notorsIBAERICRES r pOstiteel 9hDIEadn brradiatad seafbrst

80 and 81 is c ed of.,, for_exanp an.armature unit tha

i ncor porates a{?%?%r%epceo]illesr&ppggg % "’.iao rbltgﬁef’%??ﬁ: nsej_d;edi é"?’&ﬁi(?eeﬁ??)ﬂ'bre
the X-axis direefheny is hardlPer’ad@d SeSt8! Meoond @é%érs}ﬁequ Sk bPate
arranged in a state of being i'nserted in an opening (not owne)

formed at 25 a28bage tihei ousectdiae . 91T4leig shawntast Hifto 2onkelefaton,
FIG 1) that constitutes part of wafer stage WST. Inside the opening
of stage mat n sedtheopmoadinent erdfiipist vatemgepeildepblaramt o whitdhciater
has a per nmanent et, group that is_pade up of plural pairs of a_
north pole rragﬁ%?nggﬁ%fltag%ﬁt vd&gesﬁ%enﬁieﬁgweafzoaexmsure light
predeterm ned dis fﬂﬁ: nd _a t t X-axis direction,.is
arranged. Thi sgi'nagne I cé%oIa_el‘%%iq'ltﬂﬁlaﬁyggﬁ%tsp:getgolronBligoﬁé_f‘Ftﬁ?seé)a 1S
novi ng nmagnet 4yPeied 3%if drickesh ARt rfiRato HEL ¥86 wlragerdin R Ok
91 in the X-axis direction. 5 Simlarly, the other X-axis stator,
X-axi s stator 8%ai sndra aagend watarsteated lehtbatergt o whdrhedatiar agpellent
opening fornmed at a stage main section 92 (not shown in FIG 2, refer
to FIG 1% hatodbdaviing gsparenet Fesswmosksat 15ghlyel IMSNLepasrdEo tithe
opening of stage main _section 92, a nmagnetic pole unit, which 10 i

o 18 Lo ¢ he RRUndrrE gl AARAE SRS A8 TR i Ea g e S ads Setree
mein section 9deelha i3 aF HARASdent N IgBEt | CPRLAAUDLL Afle it ;s
X-axis stator 80 constitute a froving gnet type X-axis Ii1nhear notor

that drives nmeaStf &deld tof agp1NVShakart hepet Betits dHdtetiahvang sakRithent
enbodi nent, each of the linear notors descri bed above that constitute
stage drive systehntodd socaposeireedidht i (d igbit yoblercn shonavialet

FIG 6. Incidentally, each linear notor is not limted to either one
of the movithg ﬁ%‘@ﬂ@{' typ&hgrs CRESADIPNY THTS RiFES aRd LRecfipetitarto

appropriately separate the water repellent plate into two sections in this

manner, i.e. first water repellent plate 28a and second water
repellent plate 28b around it. Incidentally, the present
invention is not limited to this, and two types of water

20 repellent coat that have different resistance to exposure

light IL may alsc be applied on the upper surface of the same

plate in order to form the first water repellent area and the

second water repellent area. Further, the same kind of water

repellent coat may be applied to the first and second water

25 repellent areas. For example, only one water repellent area

may also be formed on the same plate.
Further, as is obvious from FIG. 4A, at the end portion
on the +¥ side of first water repellent plate 28a, a rectangulaxr

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



20 be sel ected as needed. I nci dental ly, by nmaking thrust

forces severally generated by a pair of Y-axis linear notors 84 and
85 be slightly different, a yaw ng anount (a rotation anount in the
Qz direction) of wafer stage WST can be controlled. Further, 25 by
maki ng thrust forces severally generatedbyapairofY-axis |linear notors
82 and 83 be slightly different, a yaw ngg@nount of neasurenent stage
MST can be controll ed. Waf er stage WST includes stage nmain
section 91 described above and a wafer table W5 that is nounted on
stage main 42andacheapunamenapdatealf] ésvibedibedingddadihe sectfom bar
are finely driven |n the is direction, the Bx directiqgn and the
ey directi on vPRAGE A é’12 ﬁée RERH s PR hot® SRGHAPelePy . thenertarhand

voi ce coi | géca%ﬁg]&gg:e!: J_J%%flrl%h@tapi)]]\éetl basa &, RA3r g %%E‘ﬁ nd formed

X-axi s stator can TOVE 1 nut y and C

be inclined (tihtewd dehtdie 14 axkS16hgLEtd b MdihJ@3RaChH ! ﬁe&Q@re}ﬁYent
pl ane (or the image plane of projection optical systemPL).

| nci dent al 15y, phatd G0 Genst agpntthriMimesyst@mwbZ4ri sasheWrs )nclamdi agoair
each of the linear 10 notors and the Z-leveling nechani sm described
above and a drP¥eA%istleSICnBRIGHERBARL st bilfe IMSTe g Sheprewhpaped in

t abl W'B f d b t el t
| east one of ¢ he ARG IR eReRL B IL ArdheEt & iBecPentpfeot
WIB, a wafer h?i&i@tfla(lngltarﬁh BH@tsﬂ@ g?&dléf 215 t?lrerv\é q’ﬁ‘ﬂﬂ? X~axis

suction or the like iIs arrange The waf r maya or me

integral l'y witdivederod ad ¢i\WEBiabukatk e esbedtAEDE, aéha Wafrelge
hol der and wafer table WIB are separately configured, and the wafer
hol der is 1Q x@leamnmer@ s btegsdd epost §lon aofLvefagred abl e pAEBerhdraving
exanpl e, by vacu 9. suction or the like, Further, on the upper
surface of vvaf%Jr ENITERe o prdedt FRgtt P P@SeKranis fligeatipg ran be

arranged_ whi c%, C@S té‘{%ﬁl téha%gﬁe(l iquid repellent surface)

substantial ly ush W urface of a wafer nounted on the wafer

hol der to which |iquidthepel bents RHGGRSSh NErov 4B, 2§tr£%%tlohooklm&
Lq is performed, has a rect angul ar outer shape (cont our), and has a

ci rcul ar openi sigerddhuBTikse foor ach iof 4del lehhede peasueemand H19 tspa gt dns
I arger than the wafer hol der éja nmounting area of the wafer). Plate 28
i s made ofldmat @i & nisheped opusonyf B bmidd wHebhman ewrpamsionystem

such containing an objective lens, a mirror, a relay lens and the
like is housed 1s attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 36 is arranged in pairs
20 corresponding to the pair of aerial image measurement slit
patterns SL, although omitted in the drawing.

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

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

convenience.



43 as gl asses or ceram cs (such as Zerodur (the brand nane) of Schott
AG, Al 203, or TiC, and on the surface of plate 28, a

| i qui drepellentfilm sfornedby, for exanple, fluorine resin materials,
fluorine series resin materials such as 5 polytetrafl uoroethyl ene
(Teflon (registered trademark)), acrylic resin materials, or silicon
series resin materials. Further, as is shogn in a plan view of wafer
table WIB (wafer stage WST) in FIG 4A, plate 28 has a first liquid
repel l ent area 28a whose outer shape (contour) is rectangul ar

encl osi ng 10 the ci MAi%avegpertt hfe Wras%l’e’%ﬁﬁﬁjoflsﬁﬁpadr‘@dfeﬂﬂ sape Bkt

28b that has Cl Iar fr.a an sha e,.pla round first
i qui d repelle%%gare g A P ﬁe éfla g JéﬁFggﬁé °3g5d {Br2

exanpl e, when gR. &XROSHTR QNYAL LB SeQ@t‘if&f %r ideSastypaLt of a
l'iquid inmrersion area 14 protruding from 15 the surface of t e waf er

is formed, andspecsticedid ¢, qHi dréfpadd ent el @ a2Bbrhecatiesr (Gt LAGkhe
sections) for an encoder system (to be described |ater) are formed.

I nci dent al 1%y, Ataxissgiigratiosf ofheesond acatexf geipetldens Qéesenaﬁb hétweth
to be flush with the surface of the wafer, that is,

different 20 h&t{ir lF’rGHFt’ﬁ%{l%‘?ntta&edéEPF‘éé@nolfn tFHé* wé%ér Yﬁﬁatlﬁér 39Y,
| 28 b th te
o ate 20 15Y VEnd SR o oA B STOOLIENLS A PO e

configured by conbiniFng a Siira

second liquid ¢gpeld oa@cﬁto%sat Batléeﬂ@énﬂ&ﬂ fier 3. h&%kgcmn
repell ent area 28a and second liquid repellent 25 area 28

respectively. d¢rativeyembodngenperfonscwit erctiorused s Yi—iactulsddiﬂecaslon
i's described above, and therefore, hereinafter first |iquid repellent
area 28a and sEecHdahi guid +ipes |Ihhayied phe Jesrreg:aw@maéf diredtion dg

first water el |,ent 8a and second water repellent plate 28b.
44 o TR KR Bt Re e R SReS Y B Fgﬂl%d%%p sieri

wat er repel | ent cpnaé 1%5}@ %&agﬁell eaeﬁhé'feaxﬂﬂ (: -agigBE%SCIC

is hardly |rrad|ate cond wat er repellent on t% outer

side. Taking this f&ﬁ.&nﬂl@ﬁ:@yﬁ”ﬂﬁ'ﬂﬁaﬁi io®Noné S:Ddé heherpedbiBBY, s8de in
first water repellent area to which water repellent coat having

sufficient restlst ¥nesisclimepddoned sghond watlkirghtpdlil entvataten28b (both
ultraviolet regjon, in this case) is applied is forned on the surface

of first vaterStigeineHe geatace éil%lé?nsé%gﬁ@ whbbr ¥ epeleeR¥arang
L inferior o PReEF? PRI BPOFERG ToNt: o 'esiéa ”Ces%& B orred st
the surface of &%ﬁ%@‘é@@rré%&% gRb Rl g2 gg@%&%&onse;,f'&@lﬂgt
is difficult to apply water repellent coat aV|ng sufficient
resi stance to lexquaspaepekgbdid ldiHelcghbni fin aheaguERL 8l dTmdtalegt in which
grid lines 37 having the longitudinal direction in the Y-axis
20 direction are formedin a predetermined pitch along adirection
parallel to the X-axis (¥-axis direction). BAs each of the
scales, the scale made up of a reflective diffraction grating
RG (FIG. 8A) that is created by, for example, hologram or the
like on the surface of second water repellent plate 28b is
25 used. In this case, each scale has gratings made up of narrow
slits, grooves or the like that are marked at a predetermined
distance (pitch} as graduations. The type of diffraction

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

diffraction grating made up of grooves or the like that are



15 region, in this case) to a glass plate, it is effective to
separate the water repellent plate into two sections in this manner,
i.e. first water repellent plate 28a and second water repellent plate
28b around it. Incidentally, the present inventionis not limted to
this, and two types of water 20 repellent coat that have different
resistance to exposure light IL may al so be applied on the upper
surface of the sane plate in order to formthe first water repellent
area and the second water repellent area. Further, the sanme kind of
wat er repel | enfeekaRiemylbdoappri dent @lisive £Prstxamnlsedbrddibiractzipn

repel |l ent areas. For exanpl.e, onl e water repellent area nay, al so
be formed on tHEREHNE ian a8 createdphy prmosing iotepeeaECe b RITOn
4A, at the end i ; + j f.fi.r el t ,
28a, a rect angﬁﬁgﬁéﬂcﬁ%ﬁltﬁg%f 5%%%%%;??&%%%2%@{?{%& ﬁ%ﬁg -%‘(?ésels

direction, 45cpagked Bpas@mgihdlahuad: diss srheddedr # Risitded Lating,
rectangul ar space (inside the cutout) that is enclosed by the cutout
and second Snat £or respeidlent ipl at pi28b. bétwe atudl Zinmraok 4Bl | Sof o naxgb lien
the center in the longitudinal direction of nmeasurenent 5 plate 30

(on a centerlif@LtChoft ldfepnsabhén imte ahaped gdiassef BresalscRAageare
measurenment slit patter L are formed.iLn_the s rical plac nt
W th respect S VRS EhER TE T RLE AP A R I (BREC he I a e L
other side in ghe Xomd SpdivbeCtH A @ thdyci M 45060 0ty 4
aerial imge 10 neasurenent slit pat tné:rar}glﬁgL?hgn@{L- slﬁapeﬁﬁgl ?t thg s
pattern havi ngsiséwtesualtorRg delte iX- BXES 4h retdd aheaddtXaaxpstdhf eEdt Ghe
can be used, as an exanpl e. Further, as is shown in FIG 4B,

at a portilén otakmbércanigyd angF . beTlavseaehiotraerdlac inagder drawings.

measurenent slit patterns 15 SL, an L-shaged housi ng 36 i nside which
an optical system cdft &PAFnBRRIE b EPFeSPRedimenty Sigee gerengywater

ons, T 0 LSS oAGd 208! BIEF Lo i ath Sauseder, ot
mai n section 9diatdOusiti a36 oS cabEaNgLsh P& Netmal expansion is to be
used as second water repellent plate 28b. However, the
15 present invention is not limited to this, and a scale member
made up of a glass plate or the like with a low coefficient
of thermal expansion on which a grating is formed may also
be fixed on the upper surface of wafer table WTB, for example,
by a plate spring (or vacuum suction) or the like so as to
20 prevent local shrinkage/expansion. In this case, a water
repellent plate to which the same water repellent coat is
applied on the entire surface may be used instead of plate
28. Or, wafer table WTB may also be formed by materials with
a low coefficient of thermal expansion, and in such a case,
25 apalr of Y scales and a pair of X scales may be directly formed
on the upper surface of wafer table WTB.
Mirror finish is severally applied to the —Y end surface

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

surface 1l7a and a reflection surface 17b shown in FIG. 2 are



20 corresponding to the pair of aerial inage neasurenent slit
patterns SL, although omtted in the draw ng. The opti cal
systeminside housing 36 guides illumnation light IL that has been
transmtted fromabove to bel ow t hrough aerial inmage neasurenent slit
pattern SL along an L-shaped 25 route and emits the light toward a -Y
direction. Incidentally, in the foll ow ngaglescription, the optical
systeminside housing 36 is described as a light-transmtting system

36 by using the sanme reference code as housing 36 for the sake of
conveni ence. #grmed. BYI\/EF%%HYO%“E#@W@ a§u11f1§ééf6¥01§%t:%¥ldoeam

t |1 d | di
& pr edot br m no CRPT S SOy SBANh B O e ot R B SR PR BRFgct 1o
areas on one sggerand ﬁmaﬁﬁhﬁécéi'@'ﬁl%% t:%%léc%eéxﬁ%l‘f‘d roelicfe'a%p Bbam, Y

second water repellent plate 28b (both sides in th orizonta

direction in AfkedfYronbtsraiesadd¥ anedri¢Ydmatersorm®d 127 and 128 (X
respectively. Y scales 39Y1 and 39Y2 are each conposed of a
reflective %r aw*rr@ri@cgnetmrfsr raéttor 25 arenet isbevngia PEG ddi cefer to

direction in tgf %Iag:nrectl Qn 10 in which grid |ines 38 having
the | ongitudin tt GORSEAEURE RPET RF é&w%e&P@eFSFnéaSFﬂmalls

predet er m ned Piéf&saéao'ﬂ*&ea 8Y e&id AN %a&ilgéglfacérg‘ergth% i ax é?lec op

di rection). i'nareas on e Si

in the Y-axis girecdd & oaf as@§@lﬁlﬁi g/@stl%rlo&lewgéh@%lp}atae fa&ad(ﬁa@woﬂis
sides in the vertical direction in FIG 4A), X scales 39X1 and 39X2

are forned respbatéd/elry the sdakesuBfxie anfl ZPfEariencachtcouposed e
a reflective grating (e.g. diffraction grating) having a periodic
di rection 4% tferdeckils dﬁsleé’ctaﬁoﬁ fiﬁtm%w%ﬁqea /| ithes 3$rh§9i5ﬁ‘gl@¢1e

o agbt o med pr G ok e eEa i 2ef Bl FH RS SOEES P i v
direction). Astﬁ@%a%r%ee%ég merag@i&l %dﬁggﬁ an@rglefére%' Vern

diffraction grating RG IS created exanpl e

hol ogram or t hgnhd iek®canmthe, sagfeae:a @f tIRC 0Nt WBd Somd NG | QnhuDt B8 al
28b is 25 used. In this case, each scale has gratings nmade up of

narrow slits, grooveraneterehdvkeg ehptusyle tyao K et asturamgne detesy s neckd
di st ance (Slpl tch% as graduations. The type of diffraction %r ating used
for each 2Cal % &dt 15 Messaibgfdlaber o3 alte Lo FRAEt PENthRat i ng

made up of gr ogues, Ar otm%%elr'slfe that are

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

20 wvia a kinematic support mechanism {(not shown).

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

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

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



47 mechanically fornmed, but also, for exanple, the diffraction
grating that is created by exposing interference fringe on a

phot osensitive resin may be used. However, each scale is created by
mar ki ng the graduations of the diffraction grating, 5 for exanple, in
a pitch between 13Bnmto 4pm for exanple, a pitch of Ipmon a thin
pl ate shaped gl ass. These scales are coveged with the liquid
repellent film(water repellent film described above. Incidentally,

the pitch of the grating is shown nuch wider in FIG 4A than the
actual pitch, PBFeERB S&FEsee lofhebaveflichcecenmnd s bretormed iy ahibing
in other draw ngg manner,, in enhodi ment nce

| n_thi . th , S, .
second water raperTERIIBISR ganﬁjSlﬁlgl fg%welceo%g:[rﬁp%lzgg th J.s‘%%ﬂre?,méSh 1s
gl ass plate w thpa;LawLoRE f-lxcg@&% bs%:fralagré@ho?égi’%%ﬁﬂ}dxsf;{l? O URELe

as second water repellent plate 28b. However, presen

invention is noefleotied dwrfidues 4and alscahe feahere Nadendd of a
glass plate or the like with a | ow coefficient of thermal expansion
on which a grating iReflEaremeyrtdapibe congedtohes ke eppenrsact arethe
of wafer table WB, for_exanple, by a plate spring_(or vacuum
suction) or the’l Tk Kf FOVRGIsombFEerit! PoCaPXEARTRKRREH bedaksi bhe XZ
In this case, e lJ.en lLate ;to i ch the _sane,.water

repel | ent coatﬁ%%ﬁ%p%Tégﬁ$3%§%%E%gﬁ ipérgﬁg%%%é %ﬁ;ﬁsg%ﬁggdsPﬁg?%ﬁuflb

of plate 28. CGron¥ef €litdARIECMTB-ORY Mracheoh AHEAzbY; fRtHT kS idh
a low coefficient of thermal expansion, and in such a case, 25 a pair

of Y scal es andunfpae rdlef aXdseat @slamppraldlel ecd lay planaechan itshenoppesd
surface of wafer table WB. Mrror finish is severally applied
to the -Ylkhd 3trAaaegafPh RECAXt el veft Hggeees MnberlaciblieamiBreatitbn

o, Lol oction st igee apRd 2 Lol eckyon surlace 10 shown Lo FLS 2
(reasurerent, oRenlelqrLlenk s e A AT T SEL RO 3%
and X interferomstiaesil28f1d/i@NduP8ed X1a and is arranged symmetrically
with reflection surface 41b, with reflection surface 4la in
15 Dbetween.
As is obvious when viewing FIGS. 1 and 2 together, Z
interferometers 43A and 43B are respectively placed on one
side and the other side of the X-axis direction of Y
interferometer 16 at the substantially same distance from ¥
20 interferometer 16, and at positions that are slightly lower
than Y interferometer 16.
As 1s shown in FIG. 1, from each of Z interferometers
43A and 43B, a measurement beam Bl along the Y-axis direction
is irradiated toward reflection surface 41lb, and also a
25 measurement beam B2 along the Y-axis direction is irradiated
toward reflection surface 4lc {(refer to FIG. 4B). In the
embodiment, a fixed mirror 47A having a reflection surface

orthogonal to measurement beam Bl that is reilected off

reflection surface 41b and fixedmirror 47B having a xreflection



5 interferometers 126 to 128 are not shown in FIG 1, refer to FIG
2) that constitute part of interferoneter system 118 (refer to FIG
6) nmeasure a di splacenent of each reflection surface froma datum
position (generally, a fixed mirror is placed on the side surface of
projection unit 2U, and the 10 surface is used as a datum surface),
that is, position information of wafer stege WST within the XY pl ane,
and supply the neasured position information to main controller 20.
In the enbodi ment, as each of the interferoneters, a multiaxial

i nt er f er omet er SREVRFY F HiAgCRELt fooremutzanasehean B2 thatusedreslested

i1l be described | . tf f_the interferoneters. E
Neanuit | . as Do SOMCERORGB L E S 385 S5= ROVGBRE CAPALOP AT Aesb 7t

a | ongi tudi nal gdi-g et bOn-ddhddg 413X aggbggﬂi&m i%aaé tached L4t he

-Y side surface of stage nmain section via a nemat 1 ¢ support

mechani sm (not ps8@#tyrmined distAnpai Bpatt Zeidh edd e hahsot3A1and the
43B constituting part of interferonmeter system 118 (refer to FIG 6)
that irradifat e-Fecisigadmon, beanstasenofaldte interber g arichameanyeenent
opposi ng novable mrror 41 (refer to FIGS. land 2) . To be nore
specific, 25 aRSfES JhliBE Reren viewing FIGS. 2 and 4B toget her,
novabl e mrror 41 is..desj gne Q t_a l.eagth in the X-axis
direction is |onger Sthﬁgeﬁcf rg\éfgggﬁ %?@saunrc% é?g 173 So‘fpgﬁa‘?teerda’t gﬁlreeﬁ%?le’
by at |east a gysiranegmbedwasirtZpbayerdsr QﬁgﬁﬁLsaﬂ_%q%@oﬂ?@-frame {not
Further, novable mrror 41 is nmade up of a nmenper having a 49
hexagon secti oslabwshapefr sypdrtseens]dat s foftred . byTndiddnthldy, fixzed
rectangul ar_ and an isosceles trapezoid. Mrror finish is applied to
the -Y sid@ subiaeerofiHoeasl 67Rimavrlep, bandrranesd rof [thet heasurement
surfaces 41b, éla and 41c are forned. 5Reflection surface 4la

constitutes an"EHEE STHIHCPSh PFﬁé’lpVS%Vde g abf8 W?rﬁbﬁqi%'
extends paral lrﬁ&vé@lélgﬁr%%rphﬁnﬁaéﬂgg 't@)rtelaeréffé&éic% rset‘l(.:ctfa%'s 41b, 4la

Refl ection surface 4
and 41lc, and fixed mirrors 47A and 47B are to be arranged,

but the present invention is not limited to this. For example,
15 a configuration may also be employed in which a movable mirror

having an inclined surface at an angle of 45 degrees is arranged

on the side surface of stage main section 91 and a fixed mirror

isplaced above wafer stageWST. Inthis case, the fixedmirror

may be arranged on the support body or the measurement frame
20 described above.

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

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

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



constitutes an adjacent surface on the +Z side of reflection surface
41a and extends parallel to a plane that is inclined 10 at an angle
of predeterm ned degrees in a clockwi se direction in FIG 43 with

respect to XZ plane and in the X-axis direction. Reflection surface

41c constitutes an adjacent surface on the -Z side of reflection
surface 41la and is arranged symetricallysmth reflection surface
41b, with reflection surface 41a in 15 between. As is obvious

when viewing FIGS, 1 and 2 together, Z interferoneters 43A and 43B
are respectiveF§d be R a5nl BReI O RRGIRRE ©f Meassirement BermK By znd

di t f Y tect 16 at bstanti al | sane di st an
fromy 50 i ntobber ofbEsRoRbEngs & Fpbs: £1 ghesTraterte DT ne Ty et
than Y interfegpget réggntatlvelyA§hb§ns ﬁ% Tgbéﬂfémégt b.am gach of

Z interferoneters 43A and 43B, a“neasure eam Bl ong the Y-axis

direction is irradi aactHeayandineblestbiostirfade rdliataBdnahseOrénds
nmeasur ement beam B2 along the l-axis direction is irradiated toward

refl ecti on BurkpezeBilcoard seflocH @ suBface i lishel @nd edigmniremenfti aceics
mrror 47A having.,a reflection surface orthogonal to neasurenent beam

Bl that is reft® dY ot Y15 SAFEEELBR oGRS PEfl‘SieéﬁamFP%di%ﬁt@P&e Yyt
having a reflecfi r_f thog nal ta neasur nt_ b t
. %# ré?le %H_ A9¢e2E1 AR Lo measurem ?@ﬁé&gb ﬁ Eﬁ@

is reflected o |on surface 41c are arran
X-axis directigndrespectdy eloasudbmAs! bé&wslsé fh@éflaer&e%lo%%%draﬂectlon

predeterm ned di stance apart fromnovable mrror 41 in the
surface 4la, thereby detecting the Y-position of reflection
10 surface 4la of movable mirror 41 (i.e. wafer stage WST).
Main controller 20 computes the Y-position (to be more
accurate, a displacement AY in the Y-axis direction) of
reflection surface 17a, that is, of wafer table WIB (wafer
stage WST), based on the average value of measurement values
15 of measurement axes corresponding to measurement beams B4, and
B4; of Y interferometer 16. In addition, main controller 20
computes a displacement (yawing amount) A8z'¥ in the rotation
direction around the Z-axis (Bz direction) of wafer table WTB
from the difference between the measurement values of the
20 measurement axes corresponding to measurement beams B4; and
B4;. Further, main controller 20 computes a displacement
(pitching amount) A€x in the 6x direction of wafer stage WST
based on the Y-position (the displacement AY in the Y~axis
direction} of reflection surface l7a and reflection surface
25 41a.
Further, as is shown in FIG. 2, X interferometer 126
irradiates measurement beams B5; and B5; to wafer table WTB
along the two measurement axes that are spaced the same

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



5 -Y direction, in a state of not interfering with nmeasurenent beans
Bl and B2. Fixed mrrors 47A and 47B are supported, for
exanpl e, by the sane support body (not shown) arranged on a frane

(not shown) that supports projection unit PU Incidentally, fixed 10
mrrors 47A and 47B may al so be arranged on the neasurenent frane
described previously. Further, in the enbgdi nent, novable mrror 41
havi ng three reflection surfaces 41b, 4la and 41c, and fixed mrrors
47A and 478 are to be arranged, but the present invention is not
limited to thiB2SEHRI ERaRPIR thEsoRt Eomt BFdeAT pRONRYT &PB @RFd cadps wi/em
in which a nov I%nghgror havi n i.nclined sgﬁface.at an, angl e of

45 degrees is %?’r ahged oh “Ph rg?h%rnggr?%{&%utoqs L e A e
and a fixed niéif@cﬂfbﬂﬂ5%%?@5§Q9¥ﬁé“@$eﬁe%&ﬂ%%é¥§ﬁrakﬁétQiaigﬁfgbeﬁgﬁi

fixed mrror may be arranged on t support or t measur enent
frame 20 descrAibed &BeVe-axis diref%ibs) SEOWAALYr ELSie Z4TR, based on the
interferoneter 16 irradiates measurenent beans B4l and B42 to a

refl ecti on surfeasuzenendf vadfies ohillihe VWEBsurenegnt xamwasurespatdix@so
in the Y-axis direction that are_spaced the same di stance apart_ onh

the -X 25 si de"SFREAFETEXPSARE Profnd &oeai gitrthiede Parlal Fentielisye 20
Y-axi s passing_thrqugh the projection, center of projectign,optical
syst em PL (Opt?%ﬂﬁ&gg%f§ R&F%F8?8PGPB FYRying quﬁ%§?rg@éf§egnathe oz
reflected |ighdimfctarnh oreastd £ PRBYL OREN £ AREERDY O ELIROLERGcen the

position in the Y-axis direction (Y-position) of wafer 51 table WI' B
at irradi ati ongziurtesnenft nedsds entrithebaaasuBdilenindxB42 cokpesgenéiand o
in FIG 1, measurenent beans B4l and B42 are representatively shown

by a nmeasdfenarrapaemeBs. bEams R, aivdiBfizer f Bnoimsrdra 1§ ,i Aad atlesained

nmeasurenment 5 beam B3 toward refl ection surfage 41a.al ong a
neasﬂrenent ak$§”? ﬁﬁ$e$%§%9§eB?Fe£%géﬁugﬁﬁggdOgtﬁﬁéﬁgtgFﬂ?nEd

di stance apart;.i - axi s, di_recti r.o e,

B42, and r gceil\/ﬂé{sbrtn%grs?ﬁfg)%n%ggggn%%g% fé:]‘ol _ec%%gﬁ:g%?’r%q ggggg%%s%gq
surface 4la, tdershyadehest ‘<992§H§ia%gﬂﬁﬁg ]EAG)zniﬁ’fth'éQH ;Iﬁ_j'c.féeﬂi&@of wafer

surface 41a of novable mrror er stage W5
table WTB.
15 Further, as is indicated by a dotted line in FIG. 2, a

measurement beam B7 is emitted from X interferometer 128 along
the measurement axis parallel to the ¥X-axis. In actual, X
interferometer 128 irradiates measurement beam B7 to
reflection surface 17b of wafer table WTB located in the
20 wvicinity of an unloading position UP and a loading position
LP (to be described later, refer to FIG. 3), along the
measurement axis parallel to the X-axis that connects
unloading position UP and loading position LP. Further, as
is shown in FIG. 2, a measurement beam B6 from ¥ interferometer
25 127 is irradiated to reflection surface 17b of wafer table
WTB. In actual, measurement beam B6 is irradiated to
reflection surface 17b of wafer table WTB, along the
measurement axis parallel to the X-axis passing through the

detection center of a primary alignment system ALl.



Mai n controller 20 conputes the '1l--position (to be nore accurate, a
di spl acenent AY in the Y-axis direction) of reflection surface 17a,
that is, of wafer table WIB (wafer stage WST), based on the average
val ue of measurenent val ues 15 of neasurenent axes corresponding to
measur enent beans B41 and B42 of Y interferoneter 16. In addition,
mai n controller 20 conputes a displacenmergz (yawi ng anmount) AOz(1) in
the rotation direction around the Z-axis (Oz direction) of wafer

table WIB fromthe difference between the neasurenent val ues of the
20 neasurenment axes Magoreapoirdiley 10 capachiraienhe siaps aRémeahdi¥B4n the

Furt her, i roll 0 t i t i hi t
Further, Lt oI OLLECPOICOmUL £ 3 LS ACSTEN - (BLLCH g, armunt)
(the displ acef@ﬁue%flzﬁbéél?re”ﬁz%@ EeglhrB%CBE%%i %r?ﬁ@%ﬁ&%éﬁ%ﬁ”?%@%ﬁr m

17a and refl ection surface 2541a. urther, as Is s

2, X interferottet efead2fiemichadivall 86 OFated AifsdenteatnB5? andxB52 to
waf er table WIS al ong the two neasurenent axes that are spaced the
same di st afce Hpw@unldnonatersiefi gttovieves, LEhenpl heexerixs soTitrherstsl &n
52 passing thrpugh the optical_axis _of projection optical system PL,,
and main cont r’d?qgeerrfef@nt? Fp&t €0t He TpdRiti<h &R ‘Eih%g%%% dngFpectiasds

(X-position, tg bhe gﬁl %E%@é%efoarfqgﬁp#ﬁggnPenJEOIﬁAg%eirn 1 %e%é([‘g%%é&‘hen

di rection) of wafer ase n e neasurenment

the measur everax;ﬁaseﬁecci@rgé_@@aﬁhéw d0 sEBRAUl R, heank BodeAAd-iRder
Further, main controller 20 conputes a di spl acenent (yavm ng anount)

Aezmin the eZldl nectsadh whlenwah Ber taddlgamédiB {3 prrttbemddfdesened in the
between the nmeasurenent val ues _of the nmeasurenent axes corresponding
to 10 neadlr erfBrviBeEnsuBE128nHIG2. 23 ncingb At anitgripgensFenbid ned used

fromX interferonmeter 126 and ez btaiped fromY interferoneter 1
are equal to et &t HBFeTahd ‘??ecg;d?é—’ﬁ’r EEBH’P Janﬁﬁ'aggrr@ﬁ? %T?aw%g&en

amount ) Aez i Jde 4 di,6he6L508 9f YWRASG! LAk VB,

Measurement beams Bl and B2 along the Y-axis are
irradiated from each of Z interferometers 43A and 43B toward
15 movable mirror 41. Measurement beams Bl and B2 are incident
on reflection surfaces 4lb and 41c of movable mirror 41 at
a predetermined incident angle (to be 8/2), respectively.
Then, measurement beams Bl and B2 are reflected off reflection
surfaces 41b and 41c respectively, and are vertically incident
20 onthereflection surfaces of fixedmirrors 478 and 478B. Then,
measurement beams Bl and B2 reflected off the reflection
surfaces of fixed mirrors 47A and 47B are again reflected off
reflection surfaces 41b and 41c respectively (i.e. return in
the optical paths, through which the incident beams passed
25 through, in the reversed directions), and are received by 2
interferometers 432 and 43B.
Herein, when a displacement in the ¥-axis direction of
wafer stage WST (i.e. movable mirror 41) is assumed to be AYo

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



15Further, as is indicated by a dotted line in FIG 2, a neasurenent
beam 137 is emitted from X interferoneter 128 al ong the neasurenent
axis parallel to the X-axis. In actual, X interferoneter 128

i rradi ates neasurenent beam B7 to reflection surface 17b of wafer
table WIB | ocated in the 20 vicinity of an unloading position UP and
a loading position LP (to be described |later, refer to FIG 3), along
the nmeasurenent axis parallel to the X-axis that connects unl oadi ng
position UP and | oading position LP. Further, as is shown in FIG 2,

a measurement B&am 86 JRloAa ipatdr fenghbt chaie WY of imepadiramedt tlpeam

reflection surface 17b of wafer table WIB. I n actual, neasurenment
beam 66 i s i rré i He BPFé‘F?ﬁ&qtthEHF?%c@afﬂ? OF2vf dleasimemenFgoean

along the measgpedal X oA ehyl @ 1heeX AR AAV NG LALCYSE Lhe
detection center of a primary allgnﬁént system ALl .~ 53 in
controller 20 esprebied nirt hedifsphaeeagnéadetidhd hel)X=ad s2di,rection
of wafer table WIB al so fromthe neasurenent val ue of neasurenent
beam 36 of X | heepé¢erigmlyer 127 and fromthe measurenent val ue of
nmeasurenment beam B7 of X 5 interferoneter 128. However, the

pl acement s of three 8%] rit éPerordt &r80aPe — XL angird8 ardldifferent
in the Y-axis direct) ., ahd therefore, X interferoneter is used
when exposure is pertt ﬁb%y sxsﬁimﬁ PR & A5 *XSPR erfe%%ﬁeter 127
is used when wafer alignment is perforned as shown in the 10 draw ngs
such as FIG 25, and X interferoneter 128 is used when a wafer is

| oaded as shown i n BRd@Srdigagd 23omnthavhefn = wafser(li)saudl eagedilas
shown in FIG 21. Measur enent beans Bl and B2 al ong the Y-axis
are irradild eddispacemntsf AZo andr A¥poaet evlst i dany 438 tfowdpdidd
novable mrror_41. Measuyrenent, beans Bl and 32 are incident on

refl ection surfAtEs b daﬁfc(g ‘novable mirror 41 at a

predeterm ned incid anglLe ., (to G, , respectd.vely. Then,
measur enent beans Eﬁﬁghd gfigre égifeégéﬁuﬁ f Fé@*ection surfaces 41b

and 410_respectivelﬂgoagq(gmq yegtgyaylxgquudgggeia on“g@p
reflection surfaces of fixed mrrors 47A and 47B. en, neasurenent

beans El and E2 reflected off the reflection surfaces of fixed
mrrors 47A and 47B are again reflected off reflection surfaces 41b
and 41c réspectivel yhe désplecements Alwe apgt Atal apatdhtaimedobyheadt it

e e PR 28 Loy it 88 SLESELLSNR)
obtained by Z interferometer 43A are assumed to be AZoR and
AYoR, and the displacements obtained by Z interferometer 43B
are assumed to be AZolL and AYoL. A distance between

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

ABy = (AZ0L, — AZoR) / D ...(6)



Herein, when a displacenent in the Y-axis direction of wafer stage
WST (i.e. novable mrror 41) is assuned to be AYo and a di spl acenent
inthe Z-axis direction is assuned to be 54 AZo, an optical path

| engt h change AL1 of measurenment beam Bl and an optical path Iength
change AL2 of neasurenment beam 32 that are received by Z
interferoneters 43A and 43B are expressedsg n the foll ow ng equations
(1) and (2), 5 respectively. AL1 = AY x (1 + cose) - AZo x sine... (1)
AL2 = AY x (1 + cose) + AZo x sine...(2) Accordi ngly, from
the equations (1) and (2), the 10 displacenents AZo and AYo are
obt ai ned by the foll ow ng,equations (3) and_(4). AZo = (AL2 - AL1) /
2si ne AYo Z (AL1 + ﬁfffr%ngE¥1 Baths ﬁt?ﬂéf%é)apsﬁﬁac% #&e AR and
AYo are obtained by each ., of i nterferoneters 43A and, 438., The t

G opl acenent s SHTRHETEY of Al BPOrErE U SRR as el 20 D AIDR

and AYoR, and ide A4.SBlragerent st QR gished s bYq Zod ey heLQUBLALNE3R A8 s

assuned to be AZoL and AYoL. A di'stance between 20 neasurenent beans
Bl and B2 iorr adli atieddnfecanietefrsZ Iimeed i8R0 et esind A caadoddBiddmtibed
are apart fromeach other in the X-axis direction is assuned to be D
(refer to FI Ge®atioRssUch &Ssdfption, the displacement (yawi ng

anount) Aez in . . .
) In this manner, main controller 20 can obtain the

displacements of wafer stage WST in directions of six degrees
of freedom (Z, X, Y, 6z, 0x and Oy directions) from the
10 measurement results of interferometer system 118.
Incidentally, in the embodiment, interferometer system 118
is to be capable of measuring position information of wafer
stage WST in the directions of six degrees of freedom.
However, the measurement directions are not limited to the
15 directions of six degrees of freedom, but may alsoc be
directions of five or less degrees of freedom.
Incidentally, in the embodiment, although the case has
been described where wafer stage WST (91, WTB) is a single
stage that is movable in directions of six degrees of freedom,
20  the present invention is not limited thereto. Wafer stage WST
may also be configured including stage main section 91 that
is freely movable within the XY plane, and wafer table WTB
that is mounted on stage main section 91 and is finely drivable
relative t¢ stage main section 91 in at least the Z-axis
25 direction, the 8x direction and the 8y direction. In this case,
movable mirror 41 described above is arranged on wafer table
WPB. Further, instead of reflection surfaces 17a and 17b, a
movable mirror made up of a planar mirror may be arranged at

wafer table WTB,



the ez direction of novable mrror 41 (i.e. wafer stage WST) 25 and

t he di splacenent (rolling anount) Aey in the ey direction of novable
mrror 41 (i.e. wafer stage WST) are obtained by the foll ow ng
equations (5) and (6). Aez(AYoR - AYolL) / D Aey(AZoL - AZoR) /| D 55
Accordingly, main controller 20 can conpute the displacenents of four
degrees of freedom i.e. AZo, AYo, Aft angk AOy of wafer stage WST
based on the nmeasurenent results 5 of Z interferoneters 43A and 43B
by using the above-descri bed eguations (3) to (6). . Inthis
manner, main controliferth2o ephaddBent n hteinpresdéreansinfomdeion of

t WBT in di ti ' f edom (7, X, Y, Oz, OK .
S T L URES bERefl” 9 A0 885, Bhe) ARG i ieTinion
system 118. '“fﬁﬁﬁ}ﬁ@éj'f&ﬁ i'n“dfi%c%i?f?g'HF“Ehre%é"ta%{g{r%%%”%%e%rEXEBﬁm
118 is to be capable of neasuring position infor Ion of wafeér stage

WBT in the dirgg¢leingdlosh¥icedneesmnatibnagdont d2oMe¥EEt1idME is mainly
measurenent directions are not limted to the 15 directions of six

degr ees of 3 r erclgmrdagutbynmy ahsodbe slystest i Ors bef deisceibed| sser), and
degrees of freedom

the measurement values of interferometers 16, 126, 127 are
secondarily used in the cases such as when long-term
fluctuation of the measurement values of the encoder system
(e.g. due to deformation over time of the scales, or the like)

10 1is corrected (calibrated), or when the backup becomes
necessary at the time the abnormal output of the encoder system
occurs. Incidentally, in the embodiment, out of positicn
information of wafer stage WST in the directions of six degrees
of freedom, position information in directions of three

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

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

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

interferometer system 118.

Incidentally, at least part of interferometer system118



Incidentally, in the enbodi ment, although the case has been descri bed
where wafer stage WST (91, WIB) is a single stage that is novable in
directions of six degrees of freedom 20 the present invention is not
limted thereto. Wafer stage WST nay al so be configured including
stage main section 91 that is freely novable within the XY plane, and
wafer table WIB that is nounted on stage smin section 91 and is
finely drivable relative to stage main section 91 in at |east the
Z-axis 25 direction, the Ox direction and the Oy direction. In this

case, novabl e AFYFRASAAN RRIGHBYaBYE MEY Bf rfgEgesna wdie meab| frame

v or made Upt ot SO G eGP Ny belor 1oAY A Per SEABTE=E.
56 I n ther epbodi ; ; i 44 iRfqQroat i f
stage WST (mafgfttable B%hwg?ﬁﬁﬁeﬁh%ﬂgﬁﬁ% gﬂ% Sgsg?igﬁBP§¥B§§af§6%

in directions sispdridel degteas D dbseedosy iabehedimg: ,r 0f alle08mbodiment,
information in the Oz direction) is mainly 5 nmeasured by an encoder

system (t o She eseridatdtaresysteamdls e hebsuaererged at uds néasurement
interferoneters 16, 126, ,127 are secondarily used in the cases such
as when Iong-tg??ﬁ?IQRﬁQE%HQHnaBPV?he measur ement val ues of the
encoder system (e.g

formati avertine of _the scales, or
the like) 10 is cor?ggﬁgégﬁggﬁi%#% %d§?3&ﬁc ugﬁstﬁ%aBSC?%bnb%%%ﬁﬁ%? 92
necessary at tiesd+iBad BBodRNMHATRI nONEPHn&t the18NEPE o IHSIEBh stage
occurs. Incidentally, in the enbodi ment, out of position information

of wafer stagendiST devttiba @2t eMdanuzeabnsi xaldegnems ief mbuaedanpyn stage
position information in directions of three 15 degrees of freedom

i ncl udi ng1Phe DeEXiseFiLoacPomiat AelYlemebindg meshiaod sandneheskewn) .
direction is asured t he encoder system (to be described | ater),
and position {gﬁ%ﬁWﬁﬂﬁ %ﬁeiﬂrﬁ??%EtﬁQﬁ%§§&Pntﬁ% ?%ﬁnﬁ%ﬁ%ﬁfdtﬁPeEhﬂ%gﬁ%E%

of freedom 't hd: Isarkfie Zrgka,dhosetd aihe bhaerdiies! Logandt he gy

direction 20 is nmeasured by neasur enent” system (to escr

l'ater) havi ng eogitd/aiineymet i dn sesQftfireH@h el cl iR aRRTehkdR table MTB
information in directions of the remaining three degrees of freedom

may al so be neesarrfipyrédfhnehe mowableentht reyrstarnt@ntiage main section
interferoneter system 118. For example, the position 25 information
in the Z-ari s W récihEn¥antis K myrtdiotecthent maxd belimessiradang i 0z
measur enment system.and the position informati in the Ok directio
may be neasure%‘rbeycﬁlrﬁnerrn?%r Sot{é? PO 18 %?"ﬁc?% EAERVE m%fgtso

part of interfigs Qpheleaysh §Mitt8neasurement table MTB is fixed on stage

main section 92 and the entire measurement stage MST including
measurement table MTB and stage main section 92 is drivable
20 in directions of six degrees of freedom.

Various types of measurement members are arranged at
measurement table MTB (and stage main section 92). For
example, as is shown in FIGS. 2 and 54, measurement members
such as an uneven illuminance measuring sensor 94 that has

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

is projected by projection optical system PL, and a wavefront



57 (such as an optical system) may be arranged at the main frane that
hol ds projection unit PU, or may also be arranged integrally with
projection unit PU that is supported in a suspended state as is
descri bed above, but, in the enbodinment, 5 interferoneter system 118
is to be arranged at the neasurenent frane descri bed above.
Measurenment stage MST includes stage mai nggection 92 descri bed above
and a neasurenent table MIB nounted on stage main section 92.
Measurenment table MIB is nmounted on stage 10 main section 92 via a
Z-1 evel i ng mecRRAFEAT IPRIMATOWHNY HeREvBRENt h38 heddrt Sharkriiastnas

t limted to_thi d, f . | e, . t st MST hayi
So- cal l ed_coar E8PPPAENGY i6h U dCRaRe I S A SenPoPERL & Ntk
so-call ed coar¥8TTThe M| h St en bt
i n Che Xaxis o ooy o AtPLERROR, M PEAR IR SR AE 2

may al so be enphpyeged Or AshRasenf bgitiladicr@atieYy Bés6uPenLTRs@Yafehd 98,
whi ch neasurenent table MIB is fixed on stage main section 92 and the

entire neasur ehkatore adjess NBEddhdnudifng erasplentrite traniphleEBodnd
stage main section 92 js drivable 20 in directions of six degrees of

freedom IntArpdten3pBubbi chetuionei? S Hefs Hile sprangeending
measur ement tagquugggggnd st age iR sec%}on §2). Ear mpl e, _as i.s
shown in FIGS. 2 and bA' Y lé%%?%%%ﬁ%ﬂﬁﬁ' F8%s %h]ag9§n§€€%&§ﬁlaﬁso be
illum nance megseldi ng sensor 94 that has 25 a pinhol e- shaped
|'i ght-receiving section that receives illumnation light IL on an
i mge plane of proj ect iwrvent Ltalimsyste fdasarimesealsormage the
measuring instrunent 96 that neasures an aerial image (projected
i mge) of & paterfioutmiidns siméflest ed blye prud ddtator soptiscabsegsiem for
PL, and a wavefront . , . .
example, Kokal (Japanese Unexamined Patent Application
Publication) No. 57-117238 (the corresponding U.S. Patent No.
4,465,368) and the like can be used. Further, as aerial image
measuring instrument 96, the configuration similar to the one
15 that is disclosed in, for example, Kokai (Japanese Unexamined
Patent Application Publication) No. 2002-014005 (the
corresponding U.S. Patent Application Publication No.
2002/0041377) and the like can be used. Incidentally, three
measurement members (94, 96 and 98) are to be arranged at
20 measurement stage MST in the embodiment, however, the types
and/or the number of measurement members are/is not limited
tothem. Asthe measurement members, for example, measurement
members such as a transmittance measuring instrument that
measures a transmittance of projection optical system PL,
25 and/or a measuring instrument that observes local liquid
immersion device 8, for example, nozzle unit 32 (or tip lens
191} or the like may also be used. Furthermore, members

different from the measurement members such as a cleaning

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



58 aberration neasuring instrunent 98 by the Shack-Hartman net hod
that is disclosed in, for exanple, the panphlet of |nternational
Publ i cati on No. WD 03/065428 and the |i ke are enployed. As wavefront
aberration nmeasuring instrunent 98, 5 the one disclosed in, for
exanpl e, the panphlet of International Publication No. WO 99/60361
(the correspondi ng EP Patent Application fublication No. 1 079 223)
can al so be used. As uneven illum nance neasuring sensor 94, the 10
configuration simlar to the one that is disclosed in, for exanple,
Kokai (Japanes®2¥nekfriifedrapatest oppPea saremen PuiaaeatiSdn) No.

57-117238 (the corr ndi ng. U..S. Patent No. . 4,465,368) apnd the like
can be used. Furtheﬁﬁpg?eagﬂnglﬁﬁﬂ e %%é?ﬂ}#ﬁbsﬁﬁgt?Eﬂﬂngggﬁ,g%héhm
configuration gim t o} IS 4di i f .
exanpl e, Kokai§%€%%§ié%%tuﬁggaﬁf%éékégﬁéﬁ%ggpiﬁg%gﬁfgﬁe 3 I?%%.?%ﬁ\nce
No. 2002- 01400hed$neimpseaspongh Rgdl & iatigRgeARPAS ERInPAnstrument 96
Publ i cati on No. 2002/0041377) and the |like can be used. Incidentally,
t hree neasur endpe PramRst o1 94 ce8beahin®siL afe-a: sheassiaggetdratgl2Othe
measur enent stage MST in the enbodi nent, however, the types and/or

t he nunber of 53 e g (RSN EREn Sy 8Fage MRT | | FResBleset hionth’ the

[T ansm 1t ance. eSSttt REETEHEITTY Rt Faaanr 8cs S ent E e gmed

transm ttance measturl ng 1 nstrunen

proj ection Optlbf?ﬁ{ov%%{ £8h BhremerdNdhaheaERRSUN 0Y ISKLUTRAL 4 Aale 1 on
observes local 1iquid’inrersion devicé 8, for éxanple, nozzle unit 32
(or tip lens 1@ifhmrt trverilnigk ehrayeabsoetent sathgedmstrhenmehe, XxAepher s
different fromthe neasurement nmenbers such as a cl eani ng nenber that
cl eans noZPl e &hrecBEntip lens 191 or the like 59 may al so be

n n r n T.
mounted on nmeasu en%ntaa&? fbgﬁ%o each of the sensors described above, an

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

15 be employed, which is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.
11-01le816 (the corresponding U.S. Patent Application
Publication No. 2002/006146%9) and the like. The illuminance
monitor is alsc preferably placed on the centerline.

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

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

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



In the enbodi ment, as can be seen fromFIG 5A, the sensors that are
frequently used such as uneven illum nance neasuring sensor 94 and
aerial imge neasuring instrunent 96 5 are placed on a centerline CL
(Y-axis passing through the center) of measurenment stage MST.
Therefore, in the enbodi nent, neasurenent using theses sensors can be
perfornmed by noving neasurenment stage MSTgpnly in the Y-axis
direction w thout noving the neasurenent stage MST in the X-axis 10

di recti on. In addition to each of the sensors descri bed above,
an il um nancengdditenenthdiabigs MAB| i(ghd - $eaed wiaig secttiion RaVi ngrathe
predeterm ned area size that rece'&ves illumnation light IL on the

i mage pl ane of Pt LEENBART J5wi RaPLaged ommta siprand st asl ¢ TR ngine\ pae

whi ch is discl i f anpl e, Kokai (Japanese Unexam ned Pat ent
Application Purg%?rga%élhotnj)o%rl\loﬁil-016816 (the corresponding U S. Patent

Appl i cation Publi catasons Neowa002F0861H59) Bnaget ReabbKet tR@ment member

illum nance nonitor is also preferably placed on the centerline.

201 nci dent & | y42 iis thieteeimbodtherdnd |sugfiadei ometlse oY expesvfestsge main
performed in which wafer Wis exposed with exposure |ight

(i1lum nation $¢gH9" 192 Afamgagreerebh 9prdc STy sPertPer anp |ihfuisagd

t Lq, d accordi ngl uneven il Lun nance ,measuri,n nsor 94
oot he 111 st it VOeKelo o BN (e RS 0 3ROSR ety o
96 and wavefr i LNy i r .98 at. . usede i
moasur enant uatio A IOR BRRRLhL IS | £ AN PP chaok B L oct Idhe

via projectioncapidL pbssysbamPlthand-wal £rdilr@ctivht Desidonlry opahin®for
each sensor such as the optical system may be nounted on 60

measur ened0 t adft eV ntangnbeagé2main Sertilars@®nt cerpehéeenfi facing a
sensor may be placed on neasurenent table MIB (and stage main section
92). As is shovirti PIFLEInERETan§Riielnch SyE8SHE t 3 KPS 1ReRpeFeviously.

Each of photodetection systems 44 is composed of an optical
system such as a relay lens, a light-receiving element such
as a photomultiplier tube, and a housing that houses them.

15 As is easily conceivable from FIGS. 4B and 5B and the
description so far, in the embodiment, in a state where wafer
stage WST and measurement stage MST are closer together within
a predetermined distance in the Y~-axis direction (including
a contact state), illumination light IL that has been

20 transmitted through each aerial image measurement slit
pattern SL of measurement plate 30 is guided by each
light—-transmitting system 36 and received by the
light~receiving element inside each photodetection system 44,
That is, measurement plate 30, light-transmitting systems 36

25 and photodetection systems 44 constitute an aerial image
measuring device 45 (refer to FIG. 6), which is similar to
the one disclosed in Kokal (Japanese Unexamined Patent
Application Publication} No. 2002-014005 (the corresponding

U.S. Patent Application Publication No. 2002/0041377)



5 42 is fixed to the end surface on the -Y side of stage main section
92 of neasurenment stage MST. Further, to the end surface on the -Y
side of stage main section 92, a pair of photodetection systens 44
are fixed in the vicinity of the center position in the X-axis
direction inside an opening of 10 attachment nenber 42, in the

pl acenent capable of facing a pair of lighi-transmtting systens 36
descri bed previously. Each of photodetection systens 44 is conposed
of an optical systemsuch as a relay lens, a |ight-receiving el enent
such as a phot 5REf¥¥¢ll i &t RUFydougAd: aandushaglikfat houses them 15 As

is easily conceivable frompFIGS. 4B and.5B and.the descriptjon so

far, in the enmbodine ?{F?nc}g“egtsca?%rﬁﬁ\?ﬁg%’\ﬁa‘f%‘?f]é:reé’d:ela\iéﬁa’gﬁheremafter'
measur ement st age,. get i -t redeterm,pe

di stance in the Y-g@slaél rlrerlgﬁsgﬁ ?n%l ﬂ@I n%g%k}cgneﬁéc@ta%s?%té%g ﬁ'p °of a

illum nation |bghtshdpddatentas haeingOat Fransdriddied BERYBHaaShape and
aerial i'mage neasurenent slit pattern SL of neasurenent plate 30 is

gui ded by dachs¢igs -3 ansrafetriengesysiiear 36s antrareeesl eattebydinbein the
| i ght-receivi rr;}?_el enment inside each photodetection system 44. That

is, measurement PR SEEChioght - ¢ rahi4G iy Kdpemakscablpssuprprted on
hot odet ect i 4 ti t ial i i i

h8 (reter to MESistRent! B8 Wi ByrPy Ptk henl i C BE e P RORORS

(Japanese Unexam nediRrieapn ARP! kEatd AR Pud iac%_trjo%.)cyy@i\lg@%%é?&m%

(the corresponding U. S. Patent Application Publ'ication

2002/ 0041377) (idaseferarad stangaed) puspyicaNglaes ldekamics withQd low
attachment menber 42, a confidential bar (hereinafter, shortly
referred tl§ asceefdy ignt pfashammal egpaadecnp vichaapadestthpedthenend
having a rectangular sectional shape_and 5 serves as a reference
nenber is arra’f‘%%%) 8§tsfﬁilﬁit%gp‘q ﬁr?ﬁg‘p*-oé(ﬁijsasﬁ?%@ﬁ%ﬁ?a%ﬁ) badiesplatess

ki nematical |y supnorted: 90 JRASULEIBILe SLAe PR DY) T bpkiIETRLLS set

mount structure.
high to be around the same level as a so-called datum plane

plate. Further, as is shown in FIG. 53a, a reference grating
15 (e.g. diffraction grating) 52 whose periodic direction is the
Y-axls direction is respectively formed in the vicinity of
the end portions on one side and the other side in the
longitudinal direction of CD bar 46. The pair of reference
gratings 52 are formed apart from each other at a predetermined
20 distance (which is to be “L”) in the symmetrical placement
with respect to the center in the X-axis direction of CD bar
46, that is, centerline CL described above.
Further, on the upper surface of CD bar 46, a plurality
of reference marks M are formed in the placement as shown in
25 FIG. 5A., The plurality of reference marks M are formed in
three-row arrays in the Y-axis direction in the same pitch,
and the array of each row is formed being shifted from each
other by a predetermined distance in the X-axis direction.

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



Since CD bar 46 serves as a prototype standard (nmeasurenent

standard), optical glass ceramcs with a |low 10 coefficient of

t hermal expansion, such as Zerodur (the brand nane) of Schott AG are
enpl oyed as the materials. The fl atness degree of the upper surface
(the surface) of CD bar 46 is set high to be around the sane |evel as
a so-call ed datum pl ane plate. Further, agzis shown in FIG 5A a
reference grating 15(e.g. diffraction grating) 52 whose periodic
direction is the Y-axis direction is respectively formed in the
vicinity of the 8hée pdrati 6a8 ba dpieeciate bantheher brdier adiigamentt hpstem

I i tudi nal di ti f CD.har 46. The pair, K of refereng ratings .
52 are formed ABAr PoFPHH RACH GIRERtEYat BRodttrIn RETIGba s LaRes) 15

(which is to beseb) debdbRcsYAUPK UGRLy ALAGSTRNL; WebBhespeclybg, the

center in the X-axis direction of 'S, centerlin

descri bed abovecofrstihetion bR £PediSunbharendf bGP barcHbemBodiment,
plurality of reference marks Mare fornmed in the placenent as shown
in 25 FI G DA rFherghcer atdnly MRandeffédental nmaakis MM dreerdf duheedaing
three-row arrays in the Y-axis direction in the same pitch, and the
array of each FOWTSH0Oredeird§OshRey erYe o dcmeocRastbjufion with

predet erm ned gﬁgéqgf%nf%l&%%méﬁ%xﬁgrQHQF%%E%Q'W. Incidentally, in the

embodiment, the surface of CD bar 46 and the surface of

measurement table MTB (which may include the measurement
10 members described above) are also covered with a liquid

repellent film (water repellent film) severally.

Also on the +Y end surface and the -X end surface of
measurement table MTB, reflection surfaces 19a and 19bh are
formed similar to wafer table WTB as described above (refer

15 to FIGS. 2 and 5A). By irradiating an interferometer beam
{(measurement beam), as is shown in FIG. 2, to reflection
surfaces 19a and 19b and receiving a reflected light of each
interferometer beam, Y interferometer 18 and an X
interferometer 130 (X interferometer 130 is not shown in FIG.

20 1, refer to FiG. 2) of interferometer system 118 (refer to
FIG. 6) measure a displacement of each reflection surface from
a datum position, that is, position information of measurement
stage MST (e.g. including at least position information in
the X-axis and Y-axis directions and rotation information in

25 the ©z direction), and the measurement values are supplied
to main controller 20.

In exposure apparatus 100 of the embodiment, in actual,
primary alignment system ALL is placed on straight line LV

passing through the center of projection unit PU {optical axis



As each of reference marks M a two-di nensional mark having 62 a
size that can be detected by the primary alignnment system and
secondary alignnent systens (to be described later) is used.

Ref erence mark M may al so be different in shape (constitution) from
fiducial mark FM but in the enbodinent, 5 reference mark M and
fiducial mark FM have the sanme constitutign and al so they have the
sane constitution with that of an alignnment mark on wafer W
Incidentally, in the enbodinent, the surface of CD bar 46 and the
surface of mead¥icdnpre] ectbian NPBLcahises temyPEneihigh 2heo weasaiéapmith
10 menbers descri bed above) are al so covered with a_liquid repellent

film (water repet ISR Py S¥RVIET 13Fea 1A 1n Hg ehRdtREntY o being

surface and t - d f f | lecti.

surfaces 19a %r%%%laF(z% g;ﬂcntgaéassi’m%ﬁgégge%%éecﬁog‘b%&ﬂ%gggﬁﬁlocqon

descr i bed abovend abespdéed apkkESirch #Ad ficdl akitah 8 AGSmined
)

interferoneter beam (neasurenent beam, as is shown in FIG 2,

refl ecti onSsurdasemcOan aiie 19lzided s éseshuwrgia BI&ES.| 2etadd hbughtondftted
each interferometer beam Y interferoneter 18 and an X interferoneter
130 (X i nterfe¥brei®r LfFomsthet viagawmint 9 @voiging deteicaey G tm

f interf . t 118 f, to,FIG. 6 ) i | t
of each ref | et BHan | RETTFFD Ad BIETH BATEY BTL TRALTRS Hobhe omer
i nformation Ofsﬁ@.@a%g %E‘egtmﬁr‘?%_aﬁ{gr(r(&.v_%_ho!vﬂql ygé ng g %ngogﬁs ember 54,

position information in the X-axis and axis 'directio rotation

information i roRoridheide dhdegid PtheraBddéhen neRs W-aXBBL AYAdEESoda th
supplied to nmain controller 20. I n exposuré apparatus 100 of

t he enbodilfentprimercadapnment mysyeal Alghdenbe sys¢mmsalcdnidg rpl alcierhmem t
straight line LV passin throu%h ttlle center of projection unit Pt]
(optical axis systems ALZ; and ALZs, and ALZs and ALZ24 whose detection ceniters
are substantially symmetrically placed with respect to
straight line 1LV are respectively arranged. That is, five
alignment systems ALl and AL2, to AL24 are placed so that their
15 detection centers are placed at different positions in the
X-axis direction, that is, placed along the X-axis direction.
As is representatively shown by secondary alignment
system AL24,-each secondary alignment system ALZ2, (n=1 to 4)
is fixed to a tip (turning end} of an arm 56, (n=1 to 4) that
20 can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise
directions in FIG. 3. In the embodiment, a partial section
of each secondary alignment system ALZ, {e.g. including at
least an optical system that irradiates an alignment light
25 to a detection area and also leads the 1ight that is generated
from a subject mark within the detection area to a
light~receiving element) is fixed to arm 56, and the remaining

section is arranged at the main frame that holds projection

unit PU., The X~positions of secondary alignment systems AL2,,



63 AX of projection optical systemPL, which also coincides with the
center of exposure area |IA in the enbodi nent) and being

paral |l el tot heY-axis, and has a detection center at a position that is
spaced apart fromthe optical axis at a predeterm ned 5 di stance on
the -Y side as is shown in FIG 3, although omtted in FIG 1 from

t he viewpoint of avoiding intricacy of thg drawing. Primary alignment
system ALl is fixed to the | ower surface of a main frame (not shown)
via a support nenber 54. On one side and the other side in the X-axis

di rection wit A%, pPEAarPdabldnEst ssystei Madjus tisst W¥ehursies tmapnd
ali gnment systens AL22 and AL22, and AL23 a 24 whose tection .
cen'?ers ar eysu%%‘i%‘%ﬁ?%?wt%’i/hﬁeﬂ?%&ﬁf‘ ef)ra%tio '?]ﬁw%éﬁegﬁ‘et ptection
straight |ine € Clql CALT T i i i

g Ac-ieéAaisrz L El'e{SE)f%é‘ﬁ @é&g@éirsh) hat se%on§§¥ge§!éicgﬁml &

systens AL1 an AL24 are placed so that their

centers are plagsecenad Adpff enenf mOSididAs2) A rehendepedgertilembaPle in
that is, placed along the X-axis direction. As is

r epr esent atii vethe ¥hawhs i reetondar VA addmgiimgity , stist esl At 24¥e peadhions of
secondary alignment system AL2n (n=1 to 4) is fixed to a tip (turning
end) of an arnyBBIYEESEICS AFeRRaPT 2B ERAT# Frld dAGHkd SYSEeRabl-brand

center 0 as the center in.a_predetermne gl an in_clo i se
and anticl ockvﬁesceon(ﬂ[arreyctaiq&ﬁlslgfaﬁgF?%f’t%n.ls ?Pf{‘%hegggﬁo%%n??daggﬁ &l
section of eaciyARAMARN ¥nakh@NieaLi $YSLABAAN (endiqdhicd id) NG Bk e
| east an optical” systemthat irradiates an alignnent Iight 25 to a

detection areembudlialent,| eadsxtpesitYhis tdfatsecongengr al ednhiéin Systems
subject mark within the detection area to a |light-receiving el enent)
is fixed 8 arkh%6, ALZndALRe anshBlAi ageseetiooadivsaed drigétieaturiing of
main frame that_ holds projection unit PU. The X-positions of_ |
secondary al i gifeRt™Syst BoHeVRDn thegRragont ventinn Asopof,bimited to

several |y adj Ua{'%dﬁegé‘dt Hrﬁﬂ% ?Je%‘r&%ﬂ(igfrﬁt ?%%Pgie]figv%tse%egoﬁé E?%fzﬁ#}ﬁn%%t

I n other words, et ection areas ction cenie

secondary al i giyEnsS)sLeMBIAL 2 M1 ALL2d P22 AN aAL2AL I8 in the X-axis

i ndependently novable in 5 the X-axis direction. Accordingly, the
rel ati ve posi tdiores:tofont meydef.eot bernaaraagedf Puorhhey, adt gramtt osesbém
ALT and secondary alignnment systens AL21, AL22, AL23 and AL24 are
adj ust abl &3 n Y9RONRAEYT S LdTRRERT oFYSHaRE dértalAR22.i ALEharshBdn mesit Pe
the X-positi Or}flsovogblseeggg%%lﬂ' J?'Il. Eggrﬁ%txi%ygige@tion but also in the ¥Y-axis
direction., Incidentally, since part of each secondary
alignmént system ALZ2, is moved by arm 56,, pesition information
of the part that is fixed to arm 56, is measurable by a sensor
20 {not shown) such as an interferometer, or an enccoder. The
sensor may only measure positicn information in the X-axis
direction of secondary alignment systemAL2,, or may be capable
of measuring position information in another direction, for
example, the Y-axis direction and/or the rotation direction
25 (lncluding at least one of the 6x and Oy directions).
On the upper surface of each arm 56,, a vacuum pad 58,
(n=1 to 4) that is composed of a differential evacuation type

air bearing is arranged. Further, arm 56, can be turned by

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



10 AL21, AL22, AL23 and AL24 are to be adjusted by the turning of the
arnms. However, the present invention is not limted to this, and a
drive nechanismthat drives secondary alignnment systens AL21, AL22,

Al 23 and AL24 back and forth in the X-axis direction may al so be
arranged. Further, at |east one of 15 secondary alignnment systens
AL21, AL22, AL23 and AL24 nmay be novable gt only in the X-axis
direction but also in the Y-axis direction. Incidentally, since part
of each secondary alignnent system AL2, is noved by arm S6, position
i nformation of 3t heefpaw tta HEG.| ) f thet includas6 for sxamniear ablmobyr @r
sensor 20 (not,_ sh sych as an interferonmeter, or an encoder._ The
sensor may onl '?Téévg%?r'elﬁors‘?ﬁﬁ%ﬁq RP ot Bt Wit 1R St A BRI CONEFrPée T oAf -

of secondary %é mttr%iﬁ.%?%é\ "tiv%{te@HXa% it abl eagf%ﬁ,g%%?éiggeach

o . U.UID.P 1
p05|t|on|nforrra|on|n ano Irection, r exanpre, XI'S

direction and/ om e #Otakhkon ﬂéx@t&lelta ARfdIchbyding: aln Lersl: PHEfon

the ex and ey directions) he upper "surface of each arm

56,, a vac®um quajinﬁﬂner(mgf'amzb)Gnt hathiss cappessitk of aadhfden am,iafter
evacuation type air bearing is arranged. Further, arm 56, can be
turned by a rof@tdorPdrEngd enediaREBeN B0, thal=1 3.0 4 degdredhpapit oG

65 3, refer to FI G, 6) .that includes, for exanple, .a nptor or, the
Poke, T o T espoREiELis RatNesh BROTSRY il Ry GHecemo Bt NaRe Fose

control ler 20 @g&&ﬁ/@é\,ﬁf ag_q%%m}éﬂi%g%%?éﬂs ot POfAﬁ%eggerEH’cgﬁe 0

amain frame (not sho y “suct after rotation ustment of arm

56". Thus, the stateanefideaehlaym £6 tiaf taker 8t Gd+0IbraRE €nhadhssh Eiine
that is, a desired positional relation between prinmary alignment

syst em ALLOandf#oing seoohfady alnagmenic dpsivensn Allzcthromagd4ti say also
mai ntai ned. Incidentally, in the case a portion of the main frame
be employed instead of vacuum pad 58.
In the embodiment, as each of primary alignment system
ALl and four secondary alignment systems AL2; to ALZ,, for
example, an FIA (Field Image Alignment) system by an image
15 processing method is used that irradiates a broadband
detection beam that does not expose resist on a wafer to a
subject mark, and picks up an image of the subject mark formed
on a light-receiving plane by the reflected light from the
subject mark and an image of an index (an index pattern on
20 an index plate arranged within each alignment system, not
shown), using an imaging device (such as CCD), and then outputs
their imaging signals. The imaging signal from each of
primary alignment system ALl and four secondary alignment
systems ALZ2; to ALZ2,y is supplied to main controller 20 in FIG.
25 6.
Incidentally, each of the alignment systems described
above is not limited to the FIA system, and an alignment sensox,

which irradiates a coherent detection light to a subject mark

and detects a scattered light or a diffracted light generated



10 facing arm56, is a magnetic body, an el ectronmagnet nmay al so be
enpl oyed i nstead of vacuum pad 58. In the enbodi nent, as each
of primary alignnent system AL1 and four secondary alignnent systens
AL21 to AL24, for exanple, an FIA (Field Image Alignnent) system by
an i mage 15 processing nethod is used that irradi ates a broadband
detection beamthat does not expose resisgzon a wafer to a subject
mar k, and picks up an inmage of the subject mark forned on a
light-receiving plane by the reflected Iight fromthe subject mark
and an i mage ogrgm thRiesulart maek patnekes wwRlidffracted pighes (e.g.

devi cs (such o8- EPFyeted Aok Te £ Btk D AP HaIaT hEdHgeSt g S h PR ng
i magi ng signal 4f £ am each 19ftli{zé%§’r{eyd%\ké§@:[@ﬁt g%é% g‘@%ro%mhfeogﬁb]ect

secondary al i gnnment syst ens IS’'s

control ler 20 haérkl hteSre and detBetdent aldderaehef 1tbscal bgﬁmi‘nt
systens described above is not limted to the FIA system and

al i gnnent sensoatumdhl ghbenrsadi at@se arcioheosbinatet @chsareddeght F@rifaher,
subj ect mark and detects a scattered light or a diffracted |ight
generated 66 ﬁ%%atlﬁtgn@ﬁﬁjte‘é:!fsﬁfﬁdfﬁ(ﬂéi Frck 882y we HHE 4 paetterl el ghranged

diffracted | th d f I ts b
i Tracted |n The SARBEGRIBCE onf CHENE al BeF FHBRFENE: SUEISeLe Pt 4o tons
interfere and gdetegt $; a0 datey FELENGR urtflqgftbe £A0 rgdrnﬁ:aetxué lflgi/ e used..

al one or in conbination as needed. five |gnne Syst ens

AL1 and AL2a tth#él Hcaefdtenla aorandests Ahbhher /Rodirneay bdeweVieinber
t he nunber of alignnent systens is not limted to five, ut maybe the

nunber equddl teTwtl rfor erthare therandxeqeminayober thessrarhanmbeur insread

maybe the nunber 10 equal to or rmre than six, or may be the even
nunber i nst ead®bft ki%é’@dd“ﬁi}i’ﬁﬁer M StRrer 10 ﬁh?hémﬁﬁﬁblﬂ?%mfl‘fq ve

al i gnnent syst 2 fixed to e lo
surface of the ke ‘é'reghr rrg ?% é‘dg%‘g?bé |%ﬁ§‘hﬁ|rfa E"ﬁlb?n%}‘?ﬁlp)éertthe
menber 54. HOV\EM?ér mefawee%%nkhbnmgﬂﬁlpfbm& tlrétn@ﬁolhssnbksﬁie&@l&huﬁut
and for exanple, the five alignnment systens nmay al so be arranged

t he neasur enmeneU f NalaTESmmmtt hedbearia erHoFﬁﬁé:hﬁrtheaﬂJrgﬁlémhn&yé&tﬁﬂﬁ is
AL1 and AL21 to AL24 are sinply called mark detection systens in the
embodi mentl> sitRle Jallmld:rﬁﬁeﬁto shisengndlioneramle t ¢hal Zavdesdsgnment

al i gnnent mar ks 20 on waf and t he d’eference mar ks on_CD bar 46,
systems may a so e arranged on the measurement frame described

earlier. Further, alignment systems ALl and AL2; to AL24 are

simply called mark detection systems in the embodiment, since

alignment systems ALl and AL2; to AL2,; detect alignment marks
20 on wafer W and the reference marks on CD bar 46.

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

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

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



I n exposure apparatus 100 of the enmbodinent, as is showmn in FIG 3,
four head units 62A to 62D of the encoder systemare placed in a
state of surrounding nozzle unit 32 on all four sides. In actual,
head units 62A to 62D are fixed to the 25 foregoing main frane that
hol ds projection unit PUin a suspended state via a support nenber,

al though omtted in FIG 3 fromthe viewpgynt of avoiding intricacy

of the drawing. Incidentally, for exanple, in the case projection
unit PDis supported in a suspended state, head units 62A to 62D may
be 67 support 8@PPered inpesdererdet etihe dgtabrel W wi thry astdtaenumit
PU, or may be ranged at the rreasgrerrent frame descri bed above. Head
units 62A and 62C AF d"3% e AFBLFpPaCEES IR R aepk irgaeafgsesdbed
side of projectjgon,unit PU having the |ongitudinal direction in the
X-axis direction, and are also placed apart at the substantially sane
di stance from opticaleaaXiusifX 03n P &Rl aReOPtisadt S¥sSeM1Beed on the
symmetrically with respect to optical axis AX of projection optical
system PL. 510 Fdrsihae arftbak wides of2Branectth amd. tr édpaetviivgl yhpl aced
on the +Y side and -Y side of projection unit PU having the

| ongi t udi nal diPREttEH-NA fheevt bxp srditheck it addrareiansens asedlso

t at th tanti all di stance, fromoptical axis of .,
e eet! on opih bar S peRist ot Yes Bt ERGR AT s R o A £ o v o
and 62C are eagh; £qu stReaoR! i | Yori LS, :
heads 64 that aﬁgeggﬁlkkag;e%%aft%%t%pr@e e!tjl%?ln?én%dgdﬁtge?da)r%eggﬁggﬁgtg(?glf%%}uth

line LH that passgscd coughieplifals @K £AXr6f e Pt Yre@lptaRa0pPbiy§8tm PL.,
systemPL and is parallel to the X-axis, along the X-axis 20

di recti on.l10HeaBhmhar 6 h&kaconstitsuted andnfaD pus Irespettivelgnsladed on
this case) Y |ljnear encoder (hereinafter, shortly referred to as a "Y
encoder" or antP@ntodeide g@dhsddadsie 7ok preiestids ppgt 87 hA¥ing the

roasures e POs AN BE-YeerLs 4 19 LoD (L8 LRSSl oM a8 v
above. Simlardyscdieagashi it @2 cOPStAALLLE P ARLL AR @l &S ron optical
(six-lens, in this case) Y linear encoder 70C (refer to FIG 6) that
nmeasures the YayposiAd af girojetedont ageidBl £yetfeer Hable WIB) using Y
scale 15 As is shown in FIG. 3, head units 622 and 62C are each
equipped with a plurality of (six in this case} Y heads 64
that are placed at a predetermined distance on a straight line
LH that passes through optical axis BX of projection optical
system PL and is parallel to the X-axis, along the X-axis
20 direction. Head unit 62A constitutes a multiple-lens
(six=1lens, in this case) Y linear encoder {(hereinafter,
shortly referred to as a “'Y encoder” or an “encoder” as needed)
70A (refer to FIG. 6} that measures the position in the Y~agis
direction (the Y-position) of wafer stage WST (wafer table
25 WTB) using Y scale 39Y; described above. Similarly, head unit
62C constitutes a multiple-lens (six-lens, in this case) Y
linear encoder 70C (refer to FIG. 6) that measures the

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

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



39Y2 descri bed above. In this case, a distance between 68 adjacent Y
heads 64 (i.e. neasurenent beans) equipped in head units 62A and 620
is set shorter than a width in the X-axis direction of Y scales 39Y1
and 39Y2 (to be nore accurate, a length of grid line 38) . Further,
out of a plurality of Y heads 5 64 that are equi pped in each of head
units 62A and 620, Y head 64 | ocated inneggrost is fixed to the | ower
end portion of barrel 40 of projection optical systemPL (to be nore
accurate, to the side of nozzle unit 32 enclosing tip lens 191) so as
to be placed ad8dtrernt Ishordsitll &l to mrasvpenedt beans) otapiryest thdread

10 optical systemP .1s sho in FIG 3, head ynit 62B is,
equi pped with 1éf"”pfr%Ir_GéaE'\t ta?doﬁzéz{a‘?/eﬁ?ﬁ SIPREETcERRY X "Helds 186t hRat—3te
pl aced on strajght 4 N e er.mi,;n di st ance n h
Y-axis direction. %%ﬁ; é#i?ﬁ%gglgéigg%?ﬁg?sggaﬁi@%%gﬁhpgkgagiéugéte’ a
plurality of (BégyEnokryrdili 5iL88€) . OUturehedl, MeNo X NERHS 1 NYEY €Theads
three X heads that overlap primary alignnment system AL1 are not shown
in FIG 3) X headdadbatbatqueappepl aicedchno Sthregidghib i t$ @Al ¥hadte2L, Y head
predet erm ned di stance. Head unit 62B constitutes a nultigle-lens

(seven- | ens, i®ttRF&tedd@nexnopgt isnbretie dderlqurst endaprsionsfdraynel
referred to as,an . X encader" or, an "encoder”_as,  needed) 70B (refer
Lo H G e ot ot Ohr BrBe R Shv fiah, SRtERLeRC Td Fifckel FoRoFere to
X-position) of f&r T (pafiers ot ' .39
descri bed aong$@EﬁfFﬁg%?ﬁﬁgg%ed%???ggD%g%%gggg%ﬂggsgggé §§§5 s8%¢ to

mul ti pl e-1 ens ¥epuesdlaansloddat Possepse) ok d bpoicenagdsro fAPEL{d&fiRm
to FIG 6) that neasures the X-position of wafer stage WST (wafer
t abl e WIBJOusi ot deaslc wst®@oX2ldescri bed above. Further, in the

enbodi nent, for exanple, when alignnent (to be described later) or .
the like is perforn@ﬁ,1Fm6h9W%éHH%ng 3gghead unit 628 is equipped with

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

15 plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
ALl are not shown in FIG. 3} X heads 66 that are placed on
straight line LV at a predetermined distance. Head unit 62B
constitutes a multiple-lens (seven-lens, in this case) X

20 linear encoder {hereinafter, shortly referred to as an “X
encoder” or an “encoaer” as needed) 70B {refer to FIG. 6} that
measures the position in the X-axis direction (the X-position)
of wafer stage WST (wafer table WTR) using X scale 39X,
described above. Further, head unit 62D constitutes a

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

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



out of eleven X heads 66 that are equi pped in head unit 62D

si mul t aneously face X scale 39X1 and X scal e 39X2 respectively in
sone cases. In these cases, X scale 39X1 and X head 66 facing X
scal e 39X1 constitute X linear encoder 70B, and X scale 39X2 5 and X
head 66 facing X scale 39X2 constitute X |linear encoder 70D. Herein,
sone of eleven X heads 66, in this case, gdhree X heads are attached
on the | ower surface side of support nenber 54 of primary alignnment
system ALL Further, a distance 10 between adjacent X heads 66 (i.e.
measur ement  be@ws)of Ifdievare Xelied ppcaf ithagasheotqhirpedidint SeegdBuant 62D
62D i s set shorter. than a w n the gﬁaxis direction of X scal es

39X1hand 39%<2 ?%%%arfﬁaor‘bﬂé’cg%g%\i}%?c%l? gt Rk £ fi9ad & 7% sggpectively
oA et Sk | SRRl BB AL S gl I 68

that 15 are equipped In each o

the |ower end Da/dail@n3of; thasbarned x01REQF @GldoRR roPYB CahaSy H&MePhox,
(to be nore accurate, to the side of nozzle unit 32 enclosing tip

| ens 191) so aagnd & beagl s ddcasgck csmlas3ppssichkeitote e ldpeaecaéneodes
of projection optical systemPL. 20Moreover, on the -X side of
secondary aligh nt system AL21 and on the +X side of secondary

al i gnment system AL24, Y heads 64yl.and 64y2 are respectiyvel

arranged, whose det éCtiodn’pdfht & Féeﬁﬁﬁd%é“%ﬁﬁhaéfrg?d%PslF%Ee’ three
parallel to thenX:aXisdhalaBassss chRNHh Lher '

primary 25 alignngnt systeﬁ?ALl an& are sub%taﬁ%ﬁ%ﬁ%%éggﬁﬁgﬁ%f%%1%TPer
placed with respest dmindie detigahent epstad .arfhe dihstREcL dedwberhcé
heads 64yl and 64y2 is set substantially equal to distance L

descri bed 1fr evbsfustan ag¥ipeadts Xohgadarkd 6iye. mesuyegeakdseB0N2that are

39Y1 respectivehy,in a,state showmn in FIG
eguipped in each of head units 62B and 62D is set shorxter than

a width in the Y-axis direction of X scales 39%; and 39%, (to
be more accurate, a length of grid line 37). Further, X head
66 located innermost out of a plurality of X heads 66 that
15 are equipped in each of head units 62B and 62D is fixed to
the lower end portion of the barrel of projection optical
system PL (to be more accurate, to the side of nozzle unit
32 enclosing tip lens 191) so as to be placed as close as
possible to the optical axis of projection optical system PL.
20 Moreover, on the -X side of secondary alignment system
ALZ2; and on the +X side of secondary alignment system AL24,
Y heads 64y, and 64y, are respectively arranged, whose
detection points are placed on a straight line parallel to
the X-axis that passes through the detection center of primary
25 alignment system ALl and are substantially symmetrically
placed with respect to the detection center. The distance
between Y heads 64y; and 64y, is set substantially equal to
distance L described previously. Y heads 64y; and 64y, face

Y scales 39Y; and 39Y; respectively in a state shown in FIG.



70 3 where the center of wafer Won wafer stage WST is on straight
line LV. On an alignnent operation (to be described later) or the
like, Y scales 39Y2 and 39Y1 are placed facing Y heads 64yl and 64y2
respectively, and the Y-position (and the ez 5 rotation) of wafer
stage WST is neasured by Y heads 64yl and 64y2 (i.e. Y encoders 70C
and 70A conposed of Y heads 64171 and 64yZ). Further, in the
enbodi nent, when basel i ne neasurenent of the secondary alignnent
systens (to be described later) 10 or the like is perforned, a pair

of reference gfathiergstBe aghtep pawaferithon walrendcagd WETahs cBdyRraight

respectively, @nd t Y- Bositi on of CD bar 46 is neasured at_ the

posi tion of eath™@f Y ef EFefle® LrHISHys OB AL hERI LB AP EcahBegsyater)
facing referen t1i: QS t fal l.owihng description, .15
encoders t hat g?e&((:%r%ﬁ%%éﬁéc#%ﬁegggz %E)?lgggﬂ %6y ?g%tlj n%dcrlélfge}(e}h%aeds
gratings 52 respgctdnelenyar fesgd@rinRd 1 0288 ¥naxiSpbd Neddn encedens s
70E and 70F (refglf to FIG 6) .E%ISi xl | rl{faa(ra encoder??OA ton 70F rreasurg
posi tion i rf or netatoicof ofavefest sigeya\FETI hs triea Swespe bl Vehemps \@denedid
20 directions at a resolution of, for exanple, around 0. 1 nm and
thei r measur enBhYz &k Bes’ CReasarentit anaf iingomearedref Juppadleddvo and

mai n controll e$4€€g. Main controller 20 controls the position within
the XY plane o f'er table WIB based on the measurenent val ues of

linear encoders 70A#0.+70D anpdiial %gﬁééiﬁlgﬂu%ﬁeﬁ he QL Ak I?Q?%ﬁ%%nﬁ]e%t

ez direction of CD bar 46 based on t nmeasur enent val Ués o _
encoders 70E anfl tMd-.sddigiddent ahkynméhe Spsfdglrald o absthepdd NBer)

encoders and the like will be further described later. In exposure
appar at us 1000 of tthee lakbods mentformedosa tpadr of reference gratings 52 of
CD bar 46 face Y heads 64y; and 64y, respectively, and the
Y-position of CD bar 46 is measured at the position of each
of reference gratings 52 by ¥ heads 64y; and 64y, facing
reference gratings 52. In the following description,
15 encoders that are composed of ¥ heads 64y; and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 6).
Six linear encoders 70A to 70F measure position
information of wafer stage WST in the respective measurement
20 directions at a resolution of, for example, around 0. 1 nm,
and their measurement values (measurement information) are
supplied to main controller 20. Main controller 20 controls
the position within the XY plane of wafer table WTB based on
the measurement values of linear encoders 70A to 70D, and also
25 controls the rotation in the 6z direction of CD bar 46 based
on the measurement values of linear encoders 70E and 70F.
Incidentally, the configuration of the linear encoders and

the like will be further described later.

In exposure apparatus 100 of the embodiment, a position



71 neasurenment device that neasures position information of wafer Wn
the Z-axis direction is arranged. In the enbodi nent, as the position
nmeasur enent device, as is showmn in FIG 3, a nultipoint focal
position detection system (hereinafter, 5 shortly referred to as a
"mul ti point AF systent) by an oblique incident nethod is arranged,
which is conposed of an irradiation system 90a and a phot odet ecti on
system 90b, and has the configuration simlar to the one disclosed
in, for exanple, Kokai (Japanese Unexam ned Patent Application 10
Publ i cati on) meaaer%%mbsfe(\tm dhatenpsndray neSitirgt dmfoymation of
5,448,332) and the |ljke. In the epbodinent, as an exanpl e, ,

i rradiati Zjn sy‘é’f‘g?ﬁ:y tge&—%& e OV RgEARFCE he IR ETRBAETGH: -
of head unit 6 - i e i s, pl.ac he -
side of the +Xge§ngﬂgoﬁ€%nq§i %ﬁeteaasgﬁﬁﬁ%tm%%‘?g%’l nasg lgst g’?‘ é)%%f tinE%%{i n3g’

irradiation syst@a O0soint focalApRltkabht ¥etd ORI BRPQHRLE i RhFL bE,
mul tipoint AF system (90a, 90b) are placed at a predeterm ned

di st ance aldongshhet Xy axiferdedest aerm Snulbipsint afesto-dne’ )Jdey eat ed] ique
t hough omtted in the drawing. In the enbodinent, the plurality of 20
det ecti on poi ntBCAFePp|IBREWD fir 3gkanprd, Yhi¢he hredqmpesac afganent

havi ng one row,and Mcolums (MLs_a total . n el of, detection

poi nts) or hav%ﬁﬁa?%/\%tlr%%sygﬁgnﬁ\lb%l?ﬂfﬁsa Pﬁofgggﬁjéﬁ%ﬁ”forbfsya?"te& 4Pb, and
nunber of detegti Of’h@oé&}ﬂ)guzja'%ighcasiﬁilépet&l%Héa!dnt@/éﬁfscqgt.a@ﬁt LRN for
points to which a detection beamis 25 severally irradiated are not

i ndividual |y séeswipldutkek: sliapanasecainekanind® maiert irpplacadibheam
area) AF that extends in the X-axis direction between irradiation

syst em 90& andPyhbieafet @t Non 062884080 heStacee spendigrgUhSofPatent No.
detection area_AF in the X-axis direction js set to around the sane

as the 72 di aﬁef‘é '%%2)\/\6"1”@' g fj?‘j]é?fci an FHFO‘?W‘?W’(@U@%E@ example,
ot o B S 5 e e 7 BELLOR CERRS L 1B L e
Y-axis directigsrone®.of Hdheunisi BoE H84 SShIUUAN KRR iAh IsYstem 90b is
placed on the ~-Y side of the +X end portion of head unit 62A

15 in a state of opposing irradiation system 90a.

A plurality of detection points of the multipoint AF
system (80a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected, though
omitted in the drawing. In the embodiment, the plurality of

20 detection points are placed, for example, in the matrix
arrangement having one row and M columns (M is a total number
of detection points) or having two rows and N columns (N is
a half of a total number of detection points). In FIG. 3, the
plurality of detection points to which a detection beam is

25 severally irradiated are not individually shown, but are shown
as an elongate detection area (beam area) AF that extends in
the X-axis direction between irradiation system 90a and

photodetection system 90b. Since the length of detection area

AF in the ¥X-axis direction is set to around the same as the



5 placed between liquid inmrersion area 14 (exposure area |A) and the
detection areas of the alignment systens (AL1, AL22, AL22, AL23 and
AL24) in the Y-axis direction, the detection operations of the

mul ti point AF system and the alignnment systens can be performed in
parallel. The nultipoint AF 10 system nay al so be arranged on the
main frame that holds projection unit PU @ the like, but is to be
arranged on the neasurenent frane described earlier in the

enbodi nment . ) Incidentally, the plurality of detection points
are to be pl acBH2PALSRCT HRLEHIW MR koS, 1 DFormat Fews! savrd aNecpbshtison
15 but the nunber(s) of rows_and/or .,colums is/are not limted to

t hese numbers. l'lléé@%}% tonitn ng%“?é”tsh%“fﬁﬁmé’in AT TNS e LG pFurface
nore, the positj i i i t f ian int

oref erabl y made t e Ee dl 175 o g Bl bt h S PR 2B B e
Moreover, the phaxasidiredfcidet eakbOn MAItHeS,20iA8E o8 RIrAced a3k PNGs
the X-axis direction. However, the present invention is not limted
to this, ard ablaoéddretymem dfiquhid plmeasicy afeaddtéediizppspoenssearalA)
al so be placed at different positions intheY-axis direction. For
exanpl e, the pPifdihg yebrpchéPRATHT P AR HHegrdIess BEsSpeme e ldl oAf2n
25 direction t i rsec h,of _the, X-axis,.and the Y-axig.,K That
is, the posi ti%ﬁés‘”"o?&t Flea]?ﬁE 3%@% tflnoF%%;'_e%}fJi%rglpr(ﬁcﬁtl?nOnFsehgﬁiée‘fiblon
be different ajpbeasiodd) dhenk axneighbiSEtAR syl Nely t"fﬁ.edgﬁ.?ﬁﬁﬂngﬁt
beamis to be irradiated to the plurality of dyetectlon points in the
enbodi ment, busysteied ecdrd Gre heaforrddmby pds0l ke i rradi ahedip®intd QF
exanple, the entire area of detection area AF. Furthernore, the

| engt h of ldet eBY$rm Gtaza aAq et Barxnasd sonli ther triadm doesenthahakbelds

be nearly the sanp as the dianeter of wafer W 5l n the enbodi nent, in
the vicinity frUEIEHTONPEI AY LT 52‘& et st Wt A SehasLo ErEnggd on the

P UEaLT LY O ARLEGLLANL ROl he kIR Lk | L PO A S b o0ALAL S

in the vicinity ¢ rtions  of beam’atrea AF,” “one ea r|c1)|r
of surface position seAsRhEaloy, ZHROShLiEaN: FPEKERRAL 1 bheISiHaf LB to

shortly be placed in one row and M columns, or two rows and N columns,

15 Dbut the number (s} of rows and/or columns is/are not limited

to these numbers. However, in the case the number of rows is

two or more, the positions in the ¥-axis direction of detection

points are preferably made to be different even between the

different rows. Moreover, the plurality of detection points

20 are to be placed along the X-axis direction. However, the

present invention is not limited to this, and all of or some

of the plurality of detection points may also be placed at

different positions in the Y~axis direction. For example, the
plurality of detection points may also be placed along a

25 direction that intersects both of the X-axis and the Y-axis.

That is, the positions of the plurality of detection points

only have to be different at least in the X-axis direction.

Further, a detection beam is to be irradiated to the plurality

of detection points in the embodiment, but a detection beam



10 referred to as "Z sensors”), that is, a pair of Z sensors 72a and
72b and a pair of Z sensors 72c and 72d are arranged in the
symmetrical placenent with respect to straight line LV. Z sensors 72a
to 72d are fixed to the |lower surface of amain frane (not shown). As
Z sensors 72a to 72d, a sensor that 15 irradiates a light to wafer
table WIB from above, receives the refleci£d |ight and neasures
position information of the wafer table WIB surface in the Z-axis
direction orthogonal to the XY plane at an irradiation point of the
light, as an eRavpteso &t dpmagdrterspp ackremxauisor theeassireyazen of

optical 20 pic ch ha t he conf ration

optical pi ckupg'lafg‘?écc'itjrcﬁ1 3%&5\%| vguﬁ ?E‘Eor‘?'sthggtf t&’c?ﬁéﬁtﬁqtﬂ'onfrea

sensors 72a t b ange

descri bed abO\%IZ(ZSL?Ill ?ﬁ% )?Jﬁ?el.s J?ée%ver gﬁ dﬁgt}ﬁlhgegs%; gescr |lIble"a[EEe same

previously is @gu&ﬁ&mﬂhéﬁéﬁ@ﬁ|¢faw§EéfaW1ty (six each, twelve in

total, in this case) of Z sensors 74ii (1=1, 2, j=1, 2, , 6) that

are placed3at a predet &hmi m%mcéna&mgib\inisyrﬁ gletcelcitnes pdiatts

are on one side and the other side of stralg |ine LH, which runs in
19.r

the X-axis di reR$3ihf &idbeshneeds %Ptplq;r al pfyrakity m,faalgtmtﬁqn wwrs

the straight I} LH i betwee ara to str lin
that Z sensor %%heorﬁug%%p%ﬁ% f?yf’ éch‘(‘]'t l%’er‘i’ﬁ’ofhgi‘ﬂc q:t 8f both
ot her straightehd ?%rEQBEQWBQaIE Qr@gqn" Oénti'@reach ihpg 1ceZpos:Lth:Lon
sensors 741j and 742 nmaking a pair 5 are place symmetri cal |

respect to straémgird ifee le‘posEuﬁ.bhem@@mremﬂntr alhepRihafE8irX PALFSLY N
this case) of Z sensors 741) and 742) and a plurality of Y heads 64
are pl aced0al t-'@ﬁfflﬁtléﬂ%/tpna@ he Xeagpssll r ddwEtohs, As peachoZ Zsenseprs 72a

741j, for exa sensor an_opti cal |ckup method simlar to Z
sensors 72a 18301?% ng’dalng GsBﬂxr of zbseﬂépég 72g apdi’aicarBetipapgyd in

sensors 741] aleﬁ@lﬁgﬁhp é&%ﬂﬁl% % %Qﬁgﬁgqx§%nqgagb%a#1Xé LV

W th respect tO St I ne I'S set e Ssane ance as

di stance betwemezls%e@smté t2azangrd 20 xelut b hele 18wR2I suPface %%n§9ﬁasm
741,4 and 15 742,4 are located on the sane straight line in the

Y-axis directifmes Haerhows ) /2adaml sElzors 72a tbufidera swagbrunihiat
62A is eqw pped wth a plurality of (twelve in this case) Z sensors
76pg (p=1.132 amfajilﬁte;s a dyohRatoaval of dodd s Wikefrraabbgveo peceives

lurality of sens
P y Z;che re lected light and measures position information of the

wafer table WTB surface in the Z-axis direction orthogonal

to the XY plane at an irradiation point of the light, as an

example, an optical displacement sensor (sensor by an optical

20 pickup method), which has the configuration like an optical

pickup used in a CD drive device, is used. Incidentally, 2

sensors 72a to 72d may alsoc be arranged on the measurement
frame described above or the like.

Moreovgr,headunit620describedpreviouslyisequipped

25 with a plurality (six each, twelve in total, in this case)

of Z sensors 74s4 (i=1, 2, j=1, 2, »-"+-" , 6) that are placed

at a predetermined distance along two straight lines that are

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

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



20 74ij with respect to straight line LV. As each Z sensor 76pqg, a
sensor by an optical pickup method simlar to Z sensors 72a to 72d is -
used. Further, a pair of Z sensors 761,3 and 762,3 are | ocated on the
sanme straight line in the Y-axis direction as Z sensors 72c and 72d.
Incidentally, Z sensors 74ij and 25 76pq are arranged at, for

exanple, the main frane or the measurenenyyfranme descri bed above.
Further, in the enbodi nent, the nmeasurenent system having Z sensors

72a to 72d, 74ij and 76pq neasures position information in the Z-axis
direction of watervithgea\stugsiohy éneeokt aiplketgary agfd paraglel to

t hat t.h | d i bed . Th f ,.in, .
The exposur o oBeratfon 3% Hioms FSE GriFhresy Ly BE dledtigiont Line
posi tion neasugﬁa%ngeagsﬁngtsne&leaSEHéQ'g%Qta&g,R%;ﬁ{Eee g%ﬁqﬁgﬁg sach

stage WST. Further, 1nt &kposure 5 operati sca

| east one Z seaséer 76pgnf aBeseggde Othejen saire Y4§C&|n§ 39M2maﬂ§n§ta pair
| east one Z sensor 745 3 face each other. Accordingly, the

measur enentd sydrenpaeedenzumed rictlonl yiposiesmact rdoosiabighti hindelH.
Z-axis direction of wafer stage WST but al so position information
(rolling) 10 iAUFHREEPLS + BEETDhPEE rfafed® Rt kil gl srcatdept 5 sengrrs

enbodi nent, eagh or_ of _the asur t emis, to detect
grating surfaczﬁl én%g?nzdta}ndd;la EPngleé%P%gfﬁ??%%?lﬁcﬂ‘Feg?]aﬁ% §§",?e tely
each Z sensor Ryt §0adeteeirdbtSWn.acks Afdienenin d8.0Mm 4 e rgratilihie,
surface, for exanple, a surface 15 of a cover glass that '‘covers the
grating surface.sensor bylarcogeatal |pickup mk€hod,sinEAsH €6ENiseskage 72a
MST is omtted and a |iquid imrersion area that is formed by water Lq
hel d in tH® spaee’Hdtidedrsateasur enent stage MST and tip lens 191 is

denoted by a reference code 14. Further, in FIG 20 3, a reference
code 78 denotes a | GEHI®1&ir2 CSRHRPRFBMSTYEDst SRTERLE WrofBddiaps dfreach

whose tenperaturg. it 2diUsted Lo 2 def ern th er at t £
hose iy g O
vicinity of a LEéeam path o_é t eal i ?%Egl ntl%@ gstlemr? a_,é%gg) %y%1lght
for exanple, dowd ITewiasseés ddBeCBh8Gkdhe QUbithAtcalis QWI1isRafkS btween
Further, a 25 reference code UP denotes an unl oadi ng position where a
waf er on waf erZ tsenser\WI B2 & sandh?@8hd e dsursirgar, e ggenc ecod eddrdenat 84,3 and
| oadi ng pgsition where a wafer is | oaded on wafer table WIB. In the
enbodi ment!> unf tradi# pesiatiosn cBPthpdsIBRACT et st tilge Ep Ahe ¥eexis
symetrically w L0 /85PeY o Qefbb2Lohh,! 108 1%,
Further, head unit 62A is equipped with a plurality of
(twelve in this case) Z sensors 76pg (p=1, 2 andg=1, 2, +++++- '
6) that are placed symmetrically to a plurality of 2 sensors
20 74;3 with respect to straight line LV. As each Z sensor 76y,
a sensor by an optical pickup method similar to Z sensors 72a
to 72d is used. Further, a pair of Z sensors 76;,3 and 76,3
are located on the same straight line in the Y-axis direction
as Zz sensors 72c and 72d. Incidentally, Z sensors 74;; and
25 T6pq are arranged at, for example, the main frame or the
measurement frame described above. Further, in the
embodiment, the measurement system having Z sensors 72a to

72d, 74;; and 76pq measures position information in the Z-axis

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



76 Incidentally, unloading position UP and | oading position LP may be
t he same position. FIG 6 shows the main configuration of the
control system of exposure apparatus 100. The control systemis
mainly 5 configured of main controller 20 conposed of a m croconputer
(or workstation) that perforns overall control of the entire
apparatus. Correction information (to be gescribed later) is stored
ina nmenory 34 that is an external storage device connected to nmain
controller 20. Incidentally, in FIG 6, 10 various sensors such as
uneven il | um n&fRECHERS UFliaty feeeder ghe aetlals) mepenibasurinye .

i nstrunment 96 fﬂd mgvefrqnt berrati on neasuring instrunment_98 that
are arranged at fEB5UTenemt CEE TP MEE A PReERF 1ot i 4 SPRSeRSwA? iasa R 76eq

sensor group 99, 2l n, ex r%sﬁ%@%ﬁa&ggsé'é%e ttg¥% %%g%%hgggégggééfgb

t he configuration describe ove, sincé the placenment o

and Y scal es ofoWab®smdrablsr WEE_e%Ss%%érﬁ@Eﬂ aeyeeand:fhenpl A
of X heads and Y heads as descri bed above are enpl oyed, at |east one

X head 66 dut operatidml bfschl eX3h¥adsnd het leelsangn20Zt sehesd 18, tBace
6M and 62D faces at | east either one of X scale 39X1 or 39X2, and at

| east one eacht®fh Vil 644 Nascpréspdd¥i valdy aselleags ooe heatPnana 414
62A and 62C or_Y_ head 6%¥% and_64y2 face Y .scal es 39Y1 and 39Y2
respectivel y wh RO TRi9 ST -aneFF B s 6k BPSHYEMBRT vy 2 o1 1S3

WST (1. e. 8 T aRggs ik Wakohh MPLEG i 298 4a0 MET BRVEP hO'7 1A bl 60BN,
and the exposure operation, 1h the enbo |nentf , as 1s exenplifredin
the draw ngs sdfhwasel|dEage/ AsanButf. alf@tpdSitidtin lieFstrmanecga¢hoPfing)

correspondi ng heads faces at | east three of the four scales.
| nci dent allify, im #heeRy T rerdivB, ofheafhendstadgmtWStaceFu7Zher, in the
embodiment, each Z sensor of the measurement system 1s to
detect a grating surface (a formation surface of diffraction
gratings), but each Z sensor may also detect a surface
different from the grating surface, for example, a surface
15 of a cover glass that covers the grating surface.
Incidentally, in FPIG. 3, measurement stage MST is
omitted and a liquid immersion area that is formed by water
Lq held in the space between measurement stage MST and tip
lens 1891 is denoted by a reference code 14. Further, in FIG.
20 3, areference code 78 denotes a local air-conditioning system
that blows dry air whose temperature is adjusted to a
predetermined temperature to the vicinity of a beam path of
the multipoint AF system (90a, 90b) by, for example, downflow
as 1s indicated by outline arrows in FIG. 3. Further, a
25 reference code UP denotes an unloading position where a wafer
on wafer table WTB is unloaded, and a reference code LP denotes
a loading position where a wafer is loaded on wafer table WTB.

In the embodiment, unloading position UP and loading position

LP are set symmetrically with respect to straight line LV.



t he corresponding X scales or Y scales are indicated by being

circled. Therefore, in the effective stroke range of wafer

st age WST descri bed above, main controller 20 can control position 5
information (including rotation information in the Oz direction) of
waf er stage WST within the XY plane with high precision by

control ling each notor constituting stagesgrive system 124, based on
measur enent val ues of at |east three encoders in total, which are
encoders 70A and 70C, and at |east 10 either one of encoder 70B or
70D. Since thelnnaiderebrblnf vailoatingt pasiitimn URaend heoadiaxypesdttion LP
val ues of encoders 70A to 70D recei,ve is small enough to be ignored
when conpar i ng™aw t it Hee | $A% POSdPBr, the short-termstability of

t he neasurenent val t i f f by.ai.r_fluct ions jis 15
remar kably better tﬁEiI?lG't E%tfho'g? ﬁeeﬁ{%in%gf’ é:rL n%?tejf‘?n bE e C%tr“f%le?},mtem
when wafer stage MWedossrdrdptaitdtmst N90X- s drteoli QPsteni nEigated,
by an outline arrowin FIG 7A Y head 64 that neasures the position
in the Y-ax s donEtguosd off mafercoattagd 188120 saegsedt dald niswbtohedter
to adjacent Y head 64 as 20 indicated by arrows el and e2 in the

drawi ng. For eX@RpiEkstaidea)cahat Rerderpy avews lild chnhsol ok whectriire
to Y head 64 circled by a_dotted.line. Therefore, a |inka roocess |,
of the measur eWRRTESHT ESCP§rﬁ8€f8?H§EOEELF‘BfL8na(ﬁﬂ’ ]%ﬁfj@rscf:ﬁge later) is

switching. In ofhery déznégdr?]agty?%cle@m | BNl L arder tsrt%:%r%ég gLy Loe

25 switching of Y heads 6 he |'i nkage process o asurenent

val ues snoot hl yongeélsd ancendiet weeR radiagent. Y ideadsnb411pat iRrerc. s,
equi pped in head units 62A and 62C is set shorter than a wdth of Y
scal es 39YD andaBdY®s gensive sXsuxh sasliunegenon] leasinance serisbedng sensor

previously. 78 . Further, in the enbodi nent, since a distance
bet ween adj aceft X2dekrls BrInFeagrEipgui ppernenth Xy and #aveEpoRhd

62D i h A i dt.h_of . X | 3 d 39X2 | h
'S Set oopterdhan sl ;e oeighes: WA VL te oo

Y-axis directionas is descri

is driven in tfesdnAshehidbe86E MR 25 bBALcaL 8de by sBBwWAU LG O d D
FIG 7B, X head ‘66 that neasures the
99,

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

20 to head units 62B and 62D faces at least either one of X scale
39%; or 39%;, and at least one each of Y head 64 that respectively
belongs to head units 622 and 62C or Y heads 64y; and 64y, face
Y scales 39Y; and 39Y; respectively without fail in an effective
stroke range of wafer stage WST (i.e. a range in which wafer

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

heads faces at least three of the four scales.

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



position in the X-axis direction of wafer stage WST is sequentially
switched to adjacent X head 66 (e.g. X head 66 circled by a solid
line is swtched to X head 66 circled by 10 a dotted line), and the
| i nkage process of the nmeasurenent values is perforned before and
after the sw tching. Next, the configuration of encoders 70A
to 70F, and the like will be described, fegusing on Y encoder 70A
that is enlargedly showmn in FIG 8A as a representative. FIG 8A 15
shows one Y head 64 of head unit 62A that irradiates a detection

| i ght (measur efRAtCHERFPNGLINISESica189Yar Y scales Mnsedudbdated i pe¢ing
conposed of three 5& tions, which are an irradiation system 64a, an
optical systenfs4b %%d a phot odet ecti on system 64c. 20l rradiation

system 64a i ncl udes @, d) e cSOU 68t DAk S8 <3, b RS Yo, RAY LB 4D, B age

direction inclined at an angél o egrees w resp

Y-axis and Z- angs,dd<iriyeanibéve A i3 E6REHEI 8 r 128S8En lddntdd Bosition
converging lens Li that is placed on the optical path of |aser beam

LB enitted ¥ r om2&rmanigonductiodingseptat Don informalptdncdln et em 64b
is equi pped with a polarization beamsplitter PBS whose separation

plane is paral Feretblam %£ praRs, skagritSTol litbiRethe off mlarsr yiRnahigh
eferred to asara oRY Biareast o B Racheoy ePrat i Bhind Arocs feie
and R2b, and thesidkeinq, basedpgﬂtﬁgsgﬁféﬁgﬂtsy't&%? QAC Jcn6Ludes: free
pol ari zer (analyzer) , a photodetector, and the I1Kke.
encoders in total, which are encoders 70A and 70C, and at least
10 either one of encoder 70B or 70D. Since the influence of air
fluctuations that the measurement values of encoders 70A to
70D receive is small enough to be ignored when comparing with
the interferometer, the short-term stability of the
measurement values that is affected by air fluctuations is
15 remarkably better than that of the interferometer.
Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outline arrow in FIG. 7A, Y head
64 that measures the position in the Y-axis direction of wafer
stage WST is sequentially switched to adjacent Y head 64 as
20 indicated by arrows e; and e; in the drawing. For example,
Y head 64 circled by a solid line is switched to Y head 64
circled by a dotted line. Therefore, a linkage process of the
measurement values is performed before and after the switching.
In other words, in the embodiment, in order to perform the
25 switching of Y heads 64 and the linkage process of the
measurement values smoothly, a distance between adjacent Y
heads 64 that are equipped in head units 62A and 62C is set
shorter than a width of Y scales 39Y; and 39Y; in the X-axis

direction, as 1s described previously.



5In Y encoder 70A, |aser beam LB emtted from sem conductor |aser LD
is incident on polarization beamsplitter PBS via lens Li, and is
split by polarization into two beans LB1 and LB2. Beam LI Bi having
been transmtted through pol arization beam splitter PBS reaches
reflective diffraction 10 grating RGthat is formed on Y scal e 39Y1,
via reflection mrror R a, and beamLB2 regl ected off polarization
beam splitter PBS reaches reflective diffraction grating RG via
reflection mrror Rib. Incidentally, "split by polarization"” in this
case means the splitfYHg et dn ithei gehedbeent i rAinge B5 dpspehaei batvern

conponent and an. S-po i.zatj on _conponent . , ) .
Prggeternined-Baéﬁ?gﬁ%ﬁilié dgﬁeﬁﬂ%ttﬁﬁﬂ egHdPgEfet At lePY Brhts 62B and
diffraction grathn i.r iati f d , r.
exanpl e, thegf ??Et?%r%%ef%go%fo'sgc%g% géeg(r)'r@tgr 8933%45%59 3?(%}]\/%1}8%633&3 n

into a circul athgof-ait ZLdilrleght 0302 HYi Xiabsph-abeg YRIP: Al MWPhBleti fafer
| enses L2b and L2a, and reflected by reflection mrrors b and R2a
and then t He behage pi®B itshdougknXid fleatlesax\P18iaact WRh & sadaikddcandd by
reach pol arization beamsplitter PBS by tracing the same optical path
in the rever se@lnd?%%}%rﬁr%&@h%ﬁ-tﬁarp%lléﬁa@%aﬁﬁ dihadi MeesuERs bhe

the t b that, h . h | i,zat | b litt P i
orated at an BRGTELSH U0 ureato CHEPSEEERLoE OUIRE GiAgendRT Is
direction. Theé&&@éﬁhiéﬁeyfévfi%%h@ﬁdﬁég%ﬂjfafc.ré’ﬁ;t %thsa"%@f (PRAMLBL 4 66

that was previously transmtted throu pol ari zation beamsplitter

90 PBS is refletteledify polalidalied heamisphett €6 PBRaNG6 8ircled by
i nci dent on phot odetection system 64c, and also the first-order

di ffract ed®eatn @t behmiEd /t kad ®hs piekigrugisogesfd @dt sdeofrbasurement
pol ari zati on bean1%£Ijtter PBS is transmtted_ 5 through polarization

bgan1sp|itter.Y%%P d'§ PEIAES ?égoﬁﬁn%%ﬂt?ﬁ?ﬁﬂISFﬁMﬁﬂ%tFﬁéng-
first-order diff raCtﬁquge%ogonbﬁ.%@rlaﬁlo%néjf Ie%c'oa(é\‘kgemA 24 70F, and the

phot odet ecti on system
like will be described, focusing on Y encoder 70A that is

enlargedly shown in FIG. 8A, as a representative. FIG. 8A
15 shows one Y head 64 of head unit 62A that irradiates a detection
light (measurement beam) to Y scale 39Y;.
Y head 64 is mainly composed of three sections, which
are an irradiation system 64a, an optical system 64b and a
photodetection system 64c.
20 Irradiation system 64a includes a light source that
emits a laser beam LB in a direction inclined at an angel of
45 degrees with respect to the Y-axis and Z~axis, for example,
a semiconductor laser LD, and a conwverging lens L1 that is
placed on the optical path of laser beam LB emitted from
25 semiconductor laser ID.
Optical system 64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,
a pair of reflection mirrors Rla and Rlb, lenses L2a and L2b,

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



Then, the polarization directions of the two first-order diffracted
beans descri bed above are uniformly arranged by 10 the anal yzer

i nsi de phot odetection system 64c and the beans interfere with each
other to be an interference light, and the interference light is
detected by the photodetector and is converted into an electric
signal in accordance with the intensity ofgthe interference |ight.
15As is obvious fromthe above description, in Y encoder 70A, since
the optical path |l engths of two beans to be interfered are extrenely
short and al soPageesl rfbdka epdaWeld, eaehlecticon niednsf RdensedbR2laj rand
fluctuations c stly be ignored. Then, when Y scale 39Y1 (i.e.

waf er stage VEgﬁe 6% 20 in the neasurement direction (the Y-axis

direction, in this gise) hase of each af the twy beans.changes
and thus the intensityqﬁ¥k%%§t?ﬁﬁe§ %@%ﬁgiJTfﬁﬁﬁugﬁgnﬁeggﬁ %Eeﬁhange

in the intensi {yngfyidie | nf @HebaBEECLLBN aAS R aGlhied by
phot odet ecti on system 64c, and position information in 25 accordance
with the ifiensity dmigencedeut pok, abaddre beeas UBcrenttedl geonf Y
encoder 70A. Qther encoders 703, 70C, 70D and the like are also
configured si nPEBICIHPEHCIIEASBIALD 15 incigentwiin @olaréraahapar beamge
WST noves in a directi different fromthe Y-axjs direction and a,
rel ative noti o Jntt%ﬁ%%sdivrl@c Fon rnéPt hansRhet fi% BeLREAZRbIBR into

neasur ed (rela%&ggegmghﬁﬂAdaﬁ%f"”%§%@§§@§g$§h %é&%%féHmeé%%%through

gener ated between head 64 an Y sc asur enent ‘err

occurs in Y encolteri A cliBed® spet f & dBiseadid ORef IWBSTvLASEBradtion
mechani smof 5 this measurenent error occurrence will be described

bel ow. 10  FratinoRGdlhat s felmed on hetaked Arhe vilat wnSlidat ioh mirror
interference Iifht that is_synthesized fromtwo returning beans LBl

and LB2 and a WF3pPaddiran Lparrélapto@ ofifspp brermtitian Peary Spdad tex)PBS
of Y scales 392, (&I ! 8Ghieve 1 ¢’ hE BEEL 00 S ALNG 0 /8% 555 dET LYty
mirror Rlb. Incidentally, “split by polarization” in this
case means the splitting of an incident beam into a
15 P-polarization component and an S-polarization component.
Predetermined-order diffracted beams that are
generated from diffraction grating RG due to irradiation of
beams LB; and LB;, for example, the first-order diffracted
beams are severally converted into a circular polarized light

20 by A/4 plates WPlb and WPla via lenses L2b and LZ2a, and
reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and WPla again and reach
polarization beam splitter PBS by tracing the same optical
path in the reversed direction.

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

was previously transmitted through polarization beam splitter



In FIG 8B, beam L131 reflected off reflection mrror Ra is incident
on reflective diffraction grating RG at an angle of Gao, and the

nat h-order diffracted light is assuned to be generated at an angl e of
Qal. Then, a returning beamthat is 15 reflected off reflection

mrror R2a and traces the back route is incident on reflective
diffraction grating RG at an angle of Oalgghen, a diffracted light is
generated again. Herein, the diffracted Iight that is generated at an
angle of 8,0 and proceeds to reflection mrror Rla by tracing the

ori ginal 20 opFP€als prehlectaheifarhlardeat i focan edlitger PREtand is
t he sane order, as,the diffracted Iight gener at e(gati n the approach

rout e. SR AR bt e PRLAfe t6ERAPRBEY T tted 3 alSPl £BEi on
( Rbis inci . . T : ! c
m rror IS Encldenty hd-fl(?}ﬂ g?:ttglﬁf?gérﬁ Jf”‘ﬁe:a%%g% 9 B éaefg{.ogsnriy

angl e of Obo, and the nbt racted s’ gener at

angl e of Coi. fbisedidd raxat pd1bhbobhitisn axsmmaditorbe o liectednohitted
reflection mrror R2b and trace the sane optical path to return to

refl ection Im rtbroRlh. pdimntiviag icasbegatnhepl hteasiBBL "drd dfs agnthesized
interference light 82 that is synthesized fromtw returning beans

LB1 and LB2 depeRerRMionted iy Métdnkle | irstaoadephasEf vretied dvaa) of beam

between two returning.beans ,LEl and LB2 at a photodetectign position
of the photode@%ﬁﬂa . 2thafct ?nFa?qdéE§%°4%¥% '%?ncﬁgéFth§4%‘

intensities of two rﬁé%f,”&ﬂ@p_@??gfizé—@gor?ajqrégtgjh&{seoéﬁléﬁé g%Pgt-eay@ér

to each other. Phase difference T can eoretica
cal cul at ed i n dheffaddoanbrgnegdakceibéd)abdV®uge hg fe@hl0adeshy&ed by

phase difference T in detail is omtted herein. 10T = KAL + 47c(nb -

na) AY / p 0 2KAZe (argsletsier+ ipaidbariosemle teatdonasystem (6dc and the beams
interfere with each other to be an interference light, and
the interference light is detected by the photodetector and
is converted into an electric signal in accordance with the
intensity of the interference light.

15 As is obvious from the above description, in Y encoder
70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost egual to
each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage W3T) moves

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

25 accordance with the intensity change is output as the
measurement value of Y encoder 70A. Other encoders 70B, 70C,
70D and the like are also confiqured similar to encoder 70A.

Meanwhile, when wafer stage WST moves in a direction

different from the Y-axis direction and a relative motion in



In this case, KAL denotes a phase difference caused by an opti cal

path difference AL between two returning beans LBl and LB2, AY
denotes a di splacenent of reflective diffraction 15 grating RGin the
+Y direction, AZ denotes a displacenent of reflective diffraction
grating RGin the +Z direction, p denotes a pitch of a diffraction
grating, and nb or na denotes the diffracgjon order of each
diffracted |ight described above. 20Herein, the encoder is assuned to
be configured so as to satisfy the optical path difference AL=0 and
the synmetric Brdﬂp@qty-oglh@melbytmneth@Hn@mhgoemstabeamea(s&)redeanehtlve
91)0, Bat = ebl é% In such a case, a result in the parenthesis in the
third 25 term B4 %%:¥1§%P°Haﬂﬁa§ﬁ¥ﬁﬂ§ﬂt Fﬁéeéﬁﬁ8??dﬁ5@¢T35é66H9%3tween

zero, and at the, &%%Hd(g%cggerlﬁ(hb) s AN S;Lgdri '&%nd%aﬁ\%%)ég} ngé/dder

the follow ng equation bt'ai ne

From t he above7eguaid ep {1 mel?.laﬂiee%Jﬁl@frﬁﬂﬁ%c;'—ssﬁ”cagggs BHhelPhnism of
depend on the wavel ength of |ight Herein, two cases shown in

FIGS. 9A ard 9Ehuwlmeiﬁunnmnntdemedr ascsrr&ﬂam:aﬁaﬂpk&sdeEbm$bedlmeldwa
case of FIG 9A, an optical axis of head 64 coincides with the Z-axis
First of all, a relation between the intensity of an
interference light that is synthesized from two returning
beams LB: and LB; and a displacement (a relative displacement
with Y head 64) of Y scales 39Y; (reflective diffraction grating

10 RG) is derived.

In FIG. BB, heam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of 6.0, and the n,™-order diffracted light is assumed to be
generated at an angle of 8,;. Then, a returning beam that is

15 reflected off reflection mirror R2a and traces the back route
is incident on reflective diffraction grating RG at an angle
of ;1. Then, a diffracted light is generated again. Herein,
the diffracted light that is generated at an angle of 8, and
proceeds to reflection mirror Rla by tracing the original

20 optical path is the n,™-order diffracted light that is the
same order as the diffracted light generated in the approach
route.

On the other hand, beam LB; reflected off reflection
mirror Rly is incident on reflective diffraction grating RG

25 at an angle of By, and the ny™-order diffracted light is
generated at an angle of 8y1. This diffracted light is assumed
to be reflected off reflection mirror R2b and trace the same

optical path to return to reflection mirror Rlb.

In this case, the intensity “I” of an interference light



5 direction (head 64 does not incline). Herein, wafer stage WBT is
assuned to be displaced in the Z-axis direction (AZ#0, AY=0). In this
case, since optical path difference AL does not change, the first
termon the right-hand side of the equation (7) does not change. The
second term becones zero because of the 10 assunption: AY=0. Then,

the third term becones zero, because the gymetric property in the
equation (8) is satisfied. Accordingly, phase difference does not
change, and also the intensity of the interference |ight does not
change. As a cbh3kdgeiitthasicesdelisur evefetvanieg beaogniBraidibl, oépetis
15 encoder does not change. On the other hand, in the case of

FIG 9B, the offizaflbg’enge Headhgaei iElrpRLifiararcsied besvenn two

Z-axis (head 64_j i fer i 195% Q he_di spl ace
in the Z-axis é?t‘g%%%%%%eraén%at ilséé?g;[ea@\/\%{z'%g? A %%%lé’g’ %s%ﬁll%?
case, since opth&abndddbididdarenparAbsdogs: pobsghangeptile bibstine
termon the right-hand side of the equation (7) does not change. The
second t er rh betohess zeres vdc auserafuthimadbsanpt LBNanAYED, ddewagetme to
the third term does not becone zero, because the symetric property
in the equati ofe (8IU35 25 S76th KEPETdue to the gradient of the head,
and the third term chan es,ig roportion to a Z displacenent AZ. ,
Accordingly, phase &ﬁF?%?@ﬁg CESRRAMYSED SRRCESTLCR b fuSAde Lphed in

measur enent va £ lnei al , 4

incline, the s?ﬁﬁetriEgﬁﬁgkégﬁﬁqﬁghtézyédﬁﬁﬁg%n :8)%%§gt?sd%g?§i2gﬁase
due to, for exaiPiérerdie PpiH eRlaghalacheltsdd G fid he head ( such
as telecentricity) , and the neasurenent value changes simlarly.

That is, ddaracteri st i=c KA or dat{non- of.) Ale/ head units that is a
factor causing neasurenent errors 5 of the encoder system i ncl udes

not only the gradi ent oft téZhd&888mut @PSRpot-he&EW i calcos80) ... (7)

h teristics of the, heads. and e like. Further, although
o tted 1 the dr awMoEAER T o400 TEPEFes cubesrT A KR cate Y
di rection per pendiseyl-an %Qtﬂ%itf%reﬁewﬂ%% ghrt% h;gfeu%1ﬁ*§'§9ams LB,
direction) and to'the optical axis direction ? -axis direction

(AX#0, AY=0, Agwd) 1B, lAE deaseseselilsplialdémet@esr NHf Inge astfsdc@ison
a direction
15 grating RG in the +Y direction, AZ denotes a displacement of

reflective diffraction grating RG in the +%Z direction, p
denotes a pitch of a diffraction grating, and ny or na. denotes
the diffraction order of each diffracted light described
above.

20 Herein, the encoder is assumed to be configured so as
to satisfy the optical path difference AL=0 and the symmetric
property shown by the following equation (8).

Qa0 = Bpo, a1 = Bpz ... (8)
In such a case, a result in the parenthesis in the third

25 term on the right-hand side of the equation {7) becomes zero,
and at the same time np=-n,(=n) is satisfied, and accordingly,
the following equation {9) can be obtained.

Psym (AY) =27AY/ (p/4n)  ...(9)

From the above equation (9), phase difference @y, does



in which grid lines of diffraction grating RG face (a | ongitudinal
direction) is orthogonal to the neasurenent 15 direction. In the case
the longitudinal direction is not orthogonal to the neasurenent

di rection, however, the sensitivity is generated at the gain that is
proportionate to the angle. Next, for exanple, the four cases shown
in FIGS. 10A to 20 10D will be consideredgzFirst, in the case of FIG
10A, the optical axis of head 64 coincides with the Z-axis direction
(head 64 does not incline). Even when wafer stage WST noves in the +Z
direction fronm®hideRend ©1 dhgo venedengshae® 1¥gI.G 10B, the

measur enent val ue of, the en%oder does not c,ha\r}g%SZSQbecaus IS

t hi

the sane as the casd TS ErG-"GACABERr PRHRF abfb A anﬂegp,wﬁ* e
VBT | - ayi t |

stage I'S aééﬁ'ﬁf&efé)d,r %@%EI&%Q Il"%'}gﬁ@s?l(ogﬁi?s{ r O.{H &ee %E\%%e?ﬁg%lg%

FIG 10Bto go into a state s n"thi's case, "al

the relative npAj ain hefteen tahe shegdnand &hec-SGaliRIdOS tROLhACEULxis
that is, 85 regardless of AY=AZ=0, the neasurenent value of the

encoder changedirs¢hicen dpeaddd peedhndifirerldmed . AlLHetangesadae sttagesT
rotation of wafer stage WST. That is, the measurenment error occurs in
t he encoder sys% émsdiedite padispdpradiinobhq Erpk)sslisgkcrabar (AR#dgeAY=0) .
W65T. Next ., . wafer stage WBT is assuned to nmove downward from

the state in Fi %’thiéé’aﬁ?’gﬁ 1 P51 R AP LA TG ATTICR 4 é?ei(ﬂﬂt thange,
this case, optigalsipathedif tarence:4htdngsa %?tﬁgcgﬁftﬁh"e SLRSEL YWRTOF does

stage WST does not rotate. However, “because

not change. The second term becomes zerc because of the

10 assumption: AY=0. Then, the third term becomes zero, because
the symmetric property in the equation (B) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intensity of the interference light does not change. As a
consegquence, the measurement value [(count wvalue) of the

15 encoder does not change.

On the other hand, in the case of FIG. 9B, the optical

axis of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assumed to be displaced in the
Z2-axls direction from this state (AZ=0, AY=0)., 2Also in this

20 case, since optical path difference AL does not change, the
first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0. However, the third term does not become
zero, because the symmetric property in the equation (8) is

25 not kept due to the gradient of the head, and the third term
changes in proportion to a Z displacement AZ. Accordingly,
phase difference ¢ changes, and as a consequence, the

measurement value changes. Incidentally, even when head 64

does not incline, the symmetric property in the equation (B)



10 symretric property in the equation (8) is not kept, phase

di fference m changes due to the Z displacement AZ by the third term
on the right-hand side of the equation (7). Accordingly, the

nmeasur enent val ue of the encoder changes. Incidentally, the

measur enent val ue of the encoder in the case of FIG 10D 15 becones
the sane value in the case of FIG 10A. g4 As a result of the
sinmulation inplenented by the inventor and the like, it was found

t hat the measurenent val ues of the encoder have the sensitivity with
respect to noti®dlof kREtpHS ticendPT el eof thteopsidalad charhetarisdiss
direction, whic 0.is e asurenent direction, but also the
attitude chang%Pfcﬁeﬂ?@iﬂsﬁrﬁaﬁﬁeﬁrﬁcﬁwFt‘:ﬁ?‘ﬁé) dPRESORIM A SHETERE wlue
direction (yawimald eoldamlandnbesi des o 0.Lhe fases sHEfAS MIch .
the synmmetric property iIs rokén as describe above, e measur ement

val ues depend @thé &y i tROEhkEONAl a ChaRR Idaud3nghRedsB¥bfent errors
direction. That is, the theoretical explanation described above and

the result Sof ¢hehs mnkcatieonsagree.includes fbtisonlin thke geabiddhirenf the
correction information for correcting the measurenent error of each

encoder caused %A% Mty 8LEPI e ARG s lorhrrecherts Birp ofe theaheads and

the 86 non- measurenent direction descri bed above is acquired in the
manner descri bed bel 5w, a. First of all, main controller 20

drives wafer stage W§Liykd, SLRgediH Wahitxskem 1ad Wil pnitogi g,

the measurement 5 val ues of Y I nterferometer 16, X i nterféronefer f‘fee
and Z interfenonirssaddmsnd sA33splatad andf ar @ederi sy phepehd8cudansd to

makes Y head 64 | ocated on the nost -X side of head unit 62A face an
ar bi t r ar y 18r edtaarmesseyr emgatc di edebyomel Yrpwis cliggctthoR) Gand1%) ¥R of
Y scal e 39Y1 on the upper surface of wafer
optical axis direction (Z-axis direction) (AXz0, AY=0, AZ=0,)},
the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face (a
longitudinal direction) is orthogonal to the measurement
15 direction. 1In the case the longitudinal direction is not
orthogonal to the measurement direction, however, the
sensitivity is generated at the gain that is proportionate
to the angle.
Next, for example, the four cases shown in FIGS. 10A to
20 10D will be considered. First, in the case of FIG. 10A, the
optical axis of head 64 coincides with the Z-axis direction
{head 64 does not incline}. Even when wafer stage WST moves
in the +Z direction from this state to go into a state in FIG.
10B, the measurement value of the encoder does not change
25 Dbecause this is the same as the case of FIG. 9A described above.
Next, wafer stage WST is assumed to rotate around the
X-axis from the state in FIG. 10B to go into a state shown

in FIG. 10C. In this case, although the relative motion

between the head and the scale does not occur, that is,



10 table WIB, as is shown in FIGS. 11A and 11B. b. Then,
based on the neasurenent values of Y interferoneter 16 and Z
interferoneters 43A and 438, main controller 20 drives wafer table
WIB (wafer stage WST) so that both the rolling anbunt Oy and the

yawi ng anmount Oz of wafer 15 table WIB (waf er stage WST) becone zero
and al so the pitching anmount Ox becones agglesired value ao (in this
case, ao is assuned to be equal to 200prad). After the driving of

waf er table WIB (wafer stage WST), nmain controller 20 irradiates a
detection |ighrefapidaese dieddi=63=0esttrd bedsabement ovaken ofRtbe dhcoder

scal e 20 39Y1, and stores the neasurenent val ue, which corresponds to
a phot oel ect ri EL¥IFRBr SiOFesPRREFa ¥ PEE %f%%a%@%haham%s toeehe

the reflected lLig r

t he neasur enent vg% uoerlls%gﬁn?(‘f?%fgeﬁf ong?eﬁhf% i ?I At er é:Frélrer{sl?e?léror
43A and 43B, naitsu2d GOMHOlhebd2® dyives el alo takl @n\éﬁné’éﬁéﬁr (tilt)
stage WBT) in the Z-axis direction in a predeterm ned range,

exanpl e, aiang® wifed@me @SFL00pm as is indicated by an arrow in

FIG 11B while maintaining an attitude of wafer table WB (wafer
stage WST) (the pi tdﬁﬂ}?fg HﬁﬁaﬁtstaaﬂaUSTtmaﬁé\mﬁs Beroifite dpwovwarfefrom
87 rolling amunt = t he, vin while irradiatin
detection |i gh#Jh h%n %r]‘r%éag{)‘gg%dggcjr? g%?/‘:é F5oSHPER 1ARE §F- %‘OD
scal e 39v1, rrarmtm@téa?gé Sbp2lo2Paey talaééaren%%dgﬁc{&es Ul s ince
val ue correspondl ng a B toers r| C ‘conversion signa tHie

head 64 t hat h@éfélﬁCﬂiatﬁd WSlTedbef3| ﬁ@teﬂo&a@iﬂ ﬁbw@fr@ﬁlﬁtﬁécﬁaﬁ@-ﬂ the
sanpling intervals, and stores themin an internal nenory.

d. Next, i n epmestiepPechanpsthteepiatcinmg 8anoennodf kept erphase
tabl e WIB (wafer _stage WST) to (Ox=u0-Act) based on 10 the

measur enent valiEfGIeNEq frdiamgiesndevitorghe 2 displacenggs 4§ Uunthy, thims

sim | ar Operat%gﬂmég1ﬁﬂ§r98§£aﬁé%§ﬁkgefﬂ£¥a ﬁéﬁa 1ohf7éfpe tiﬁfggnély,

t he changed at I'n"CTO | €
repeats the ope{d&ie@BsrbRehPeARRYErGhABHCBdeR! ALl YInalded@ads,,

t he neasur enent
the measurement value of the encoder in the case of FIG. 10D
15 becomes the same value in the case of FIG. 10A.

As a result of the simulation implemented by the inventor
and the like, it was found that the measurement values of the
encoder have the sensitivity with respect to not only the
positional change of the scale in the Y-axis direction, which

20 is the measurement direction, but also the attitude change
in the 6x direction (pitching direction) and the 8z direction
(yawing direction), and besides, in the cases such as when
the symmetric property is broken as described above, the
measurement values depend also on the positional change in

25 the Z-axis direction. That is, the theoretical explanation
described above and the result of the simulation agree.

Thus, in the embodiment, correction information for

correcting the measurement error of each encoder caused by

the relative motion of the head and the scale in the



15 value of head 64 in a range of the above-described Z-driving range
at Act(rad) intervals, for exanple, 40prad intervals, wth respect to
the range in which the pitching amunt Ox is -200prad<Ox<+200pr ad.

g. Next, by plotting the respective data within the 20 internal
menory that have been obtained by the processes of the above b. toe.
on a two-di nensional coordinate systemthg has a horizontal axis
showi ng Z positions and a vertical axis show ng encoder neasurenent
val ues, and sequentially connecting plot points at which the pitching
amount i s the RPSAIRRRSUZARETthEhredt o0 dgsrhébhdraborm 4F asdwidad thethe
vertical axis di rectic?n SQ tha% g |ine (a horizontal line in the
center) that cBAMRR: LI HSG P5IPRts at which the pitching anount is

zero passes through thesarigin, g i b E raph
t hat shows vari ati onaI'cﬁélLrgf%l{(-it%efr]iasltajl"l'cééhglﬁI &%&%\aﬁ%ﬁr g?redh]i Vve;ﬁzﬁéggegf&%?ee
encoder (head)wsmnvaseiadanse: W &Pstde1Z4 heMekinti@fortihe vad REa StAGRNE
i s obtained. The value of each point in the vertical axis in
the graph in FrGud® ofs Ya imgasieeneateerl®y 0firtte fencooderral 2 6astd Z
5 position in the case where the pitching ambunt Ox equals a (Ox=a).

Then, main cont?PRTERTIPLELSURRA aPRe! 3B CEN HE Hifdipmetex, sysieem 118, and
Z- ition, th t t ibnt int i

o PRTG 12 as TaBTS JABPAT Bhd SIErds Shrens HAoE ad A5V of hend: yiaa oz
(refer to FI Gf@&e%%r%%t%%??é@@é' tdQ -lgérat riRYablg- s%géing circled

correction information. , main control 20 assunes

measur enent eriwmrIEs tLhe) e bemgt scale BYNCtdroRhel uBpdr PASIfAICRNCE W¥Er
t he pitching anount Ox, obtains the nmathematical function by

conput i ng Wdndetarkan 8B c@ef fliscsbars Ui EGS f drlfexadplléB.t he 15

| east - squar es net ho%,D and stores the mathemati cal function as

st age- posi ti on- at t r itbut'@6Pe- BRFBF Rorti t1e5s S eFSFFal RoHeF nofrehor y

Hage arive LRSS0 Bhber B AtLARARLE Shnga FL s
controller 20 drives wafer table WIB {(wafer stage WST)} so that
both the rolling amount €y and the yvawing amount 8z of wafer

15 table WTB (wafer stage WST) become zero and also the pitching
amount 9x becomes a desired value oy (in this case, oy is assumed
to be equal to 200prad). After the driving of wafer table WTB
(wafer stage WST}, main controller 20 irradiates a detection
light from the head 64 described above to area AR of Y scale

20  39Y;, and stores the measurement value, which corresponds to
a photoelectric conversion signal from the head 64 that has
received the reflected light, in an internal memory.

c. Next, based on the measurement values of Y
interferometer 16 and Z interferometers 43A and 43B, main

25 controller 20 drives wafer table WIB (wafer stage WST) in the
Z-axis direction in a predetermined range, for example, a range
of -100pm to +100um as 1s indicated by an arrow in FIG. 11B

while maintaining an attitude of wafer table WTB (wafer stage

WST) (the pitching amount 6x=0yp, the yawing amount 8z=0, the



20 di stance while nonitoring the neasurenent val ues of X
interferoneter 126 of interferoneter system 118, and as is shown in
FIG 13, nakes Y head 64 that is |ocated in the second position from
the -X side end of head unit 62A (Y head next to the Y head 64 of

whi ch data acquisition has been conpleted 25 as descri bed above) face
area AR (area indicated by being circled gn FIG 13) of Y scale 39Y1
on the upper surface of wafer table WB. i. Then, main
controller 20 perfornms the processes simlar to the above to the Y
head 64, and sfetEEnTGTREId Gy=089 Rafofweinorthe drisiogderhidA t hat

is constituted,by the Y head 64 and Y scale_ 39YL within nmenory 34. j.
Afterward, in f:ﬁ%a‘é:’rarﬁjt%ﬁ IETTEF 8B FERR T ofF Shitdendt ihﬁﬁdofs‘l\rg%ﬁ%&?ﬁd

TOA that [1s cOmpbid Ued s aacla 0L BcL i 0,81 ReRMR. 8 Pl

d
unit 62A and Y scal e 39Y1, corréction 1nfor encoder” 708

that is consti sedgeshiis83choatis X hearts Reeabnheds $0ido 828 RRdi%g to a

scal e 39X1, correction information of Y encoder 70C that is

const i t ut ech bypleeicde lofc e ihe ads ved sdbnheaghahi fr&R 0 hantie¥ds 64l eh30V2ss
and 10 correction information of X encoder 70D that is constituted by
each of X heads®®® B9 Hdwd Tedilected ahahiK ak redBgermdnedr eapetingel y
obt ai ned and stg{éadv&hns rr%rroi%h34. HE ein, it is _inportant that
sinmilarly to the absve déesr iFheISEasR™ e f b ity "FRRTY -
above-descri bed 15 a ts US] t@%?, Lt 028,
the sane area on X gaﬁgﬁggﬁ%linséﬁﬂgﬁﬁq%e%oper 5:]%% %e?ﬁﬁe&h'i% 2 t

above- descri beglf neasdi eaBle WSBNU£LRGN sYbeadstf ©f heat, URkl $29%d on
the sane area on Y scale 39Y2 is used; and when perform ng the

above- desdfd bethenmsaguaementuypage eat hY Xzaf g®refteredd .
e. Subsequently, the similar operation to the operation
in the above c¢. is repeated with the changed attitude.
f. After that, main controller 20 repeats the operations
in the above d. and e. alternately, and loads the measurement
15 wvalue of head 64 in a range of the above-described Z-driving
range at Ac(rad) intervals, for example, 40prad intervals,
with respect to the range in which the pitching amount 6x is
~200prad<Bx<+200urad.
g. Next, by plotting the respective data within the
20 internal memory that have been obtained by the processes of
the above b. to e. on a two-dimensional coordinate system that
has a horizontal axis showing Z positions and a vertical axis
showing encoder measurement values, and sequentially
connecting plot points at which the pitching amount is the
25 same, and then shifting the horizontal axis in the vertical
axis direction so that a line (a horizontal line in the center)
that connects the plot points at which the pitching amount
is zero passes through the origin, a graph as shown in FIG.

12 {a graph that shows variation characteristics of



20 unit 62D, the same area onX scale 39X2 is used. This is because if
correction of each interferometer of interferoneter system 118

(i ncluding correction of bending of reflection surfaces 17a and 17b
and reflection surfaces 4la, 41b and 41c) has been conpleted, the
attitude of wafer stage WST can be set to a 25 desired attitude at

any time based on the nmeasurenent values gf those interferoneters,

and even if the scale surface is inclined, neasurenent errors do not
occur anmong the heads due to the inclination of the scal e surfaces,

by using the sBReSPERIBeHN veflueschi stss encoger (head) Huy wlggprdance with

regarding Y heads 641/1 and 64y2, main controller 20 performs the
above-describeghﬁegéﬂﬁ%ﬁﬁﬁﬂgl?' ﬁaetﬁéggﬁnﬁt%ﬁ%%i%ﬁ1°@t§6§P@s 39Y2 and

39v1 as the area (Naid 9av9ede oLPRGlLY Heafl G 08 chead uni 1,026 . on

and 62A respectively, tarns correctiron infornation o

64yl facing Y sgabEs 39Y2 i(£RCadakufefenend £5F ractinen ehabaerabions&f 2
Y head 64Y2 facing Y scale 39Y1 (encoder 70A), and then stores them

in menmory 3. pexitiém irhechsi mialsar whe o6 ethus gsi tahiinke aabavie- deseqided o
10 case when the pitching anount is changed, main controller 20
sequential |y ch@¥es: t Faepaiiaig anpbneller @0 awswresthge WRhing ammint

f -200 d<g +200 d il i ntaini both th itchi .
ronce of " 2bopgpdeceasanaiias il e el o Borh (Fe b
waf er tabl e WH, (maf raphage W) 1 dhealbeZy é_l,ioag’ld %Cl‘:to'r%%o{éfg?nataatble

predeterm ned range, fTor exanple, In a range o pmto +

each position datndirdw imkghdrive 3dr ifyepgr sequent i@l lag lzoads t he

nmeasur enent val ues of the heads at predeterm ned sanpling intervals
and st or es& heptagetons lititcerast ribrbell e-Sectp measneeéon s fpemnd biored
to all 20 heads 64 or heads E6, and each data within the internal
menory is pl ot?%ed B a CORGT AL hehst b RASUEES: BN p bR rananth 8¥rAg ahdhe

horizontal aXirﬁadﬂ.er .accaféarlgf%icgpfc; tLons, %? ité:qec"mvzer Plél%gllreopgfe% 3}1@3(; guount

i ndi cating enco measur enent ‘val Ues sim rar

those descri beghk aboeind eheP@aRhemat 1 M Chuldis 2D NAWCRGLAFRYNT 'S

the sanme are sequentially connected, and the horizontal axis is
shifted so thatndetldmeneal horiffdntahttiveind), tfer examelk,athehich the
yawi ng anmount is zero passes through the origin, and thereby a graph
simlar td>helgpdptequammscnethods abd adtreiks Thenmarhenatdnat of hreetizm

assunes the yamﬁn% s . . . .
as stage-position-attributable-error correction information

in memory 34.
h. Next, main controller 20 drives wafer stage WST via
stage drive system 124 in the -X direction a predetermined
20 distance while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as is
shown in FIG. 13, makes Y head 64 that is located in the second
position from the ~X side end of head unit 622 (Y head next
to the Y head 64 of which data acquisition has been completed
25 as described above) face area AR (area indicated by being
circled in FIG. 13) of Y scale 39Y; on the upper surface of
wafer table WTB.
1. Then, main controller 20 performs the processes

similar to the above to the Y head 64, and stores correction



91 mount 8z, the Z-position, the measurenment error at each point in
the obtained graph as table data and stores the table data as
correction information in nenory 34. O, main controller 20 assunes

t he neasurenent error as the mathematical function 5 of a Z-position
z and the yaw ng anount 8z, obtains the nmathematical function by
conputing undeterm ned coefficients usingggfor exanple, the

| east - squares nethod, and stores the mathenmatical function as
correction information in nenory 34. Herein, in the case the pitching
amount of waf etN5PHEPRLIN QETY PaCREET ZEPothal i senshityiad hy Hredthéas

not zero, it c be nsi der t hat the neasur nt error of each
encoder when mg?e7n%f§d%xa§T%%§1I%%%R%QiQﬁmQEybggEtion z is the sinple
sum (linear sun) of 4h met or: id r ce_W

pi t chi ng anount desé#?ggﬁﬁgﬁgég’ag% ?%% %%%@ﬁgg%%h %gfrgﬁk%gcﬁggn

accordance W t iinfdemaeidh @ raroEitoddNi BA $hBeCaYSEridt AT REBY each of
confirnmed as a result of the simulation that the nmeasurenent error (a

count val ué (neemareiEntY Velads) 64| plichehy whiongeR iamdadcerdarc@sW,t h
the change in the Z-position also in the case where the yawing is
changed. 201 n $PEFFOIIVWiAGOIBEELPPtPHR ehepdeke QR adf 1s constituted

oL o2l on el 2B Shaohs bt b8 AT seadh s the ¥

heads of each encoder, "a mathe

amount ex, thecyavidg HOWH 82t 180% £ Re feBASEI T @ 3, 0f &‘Q@E&E?Efﬁgfed

WST that shows a neasurenent 25 error Ay, as 1S expressed in
fol | owi ng equéathy cradhl@), Yi Sexdeait ed Aeddsirorted2cnaf@npracadd 39Y,, and
Further, it is assumed that regarding the X heads of each X encoder,
a mat hematlifcal courrRdtGiom Wwnfrrnabien| 9§ geasgodar W thed yawcogs aitoured
Qz, and the Z- ositioBF; of wafer stagf WST t hat shows a neasurenent

e

92 error Ax, a¥ i¥IkFedsBa2fn thePt dI9aWiRg tefRBi 2% ¥ srRle 9%, are

CorRubye and SRR Y Rt atfea nd Hdredin Hohory ez @)

Herein, it is important that similarly to the
above-described case, when performing the above-described
15 measurement using each X head 66 of head unit 62B, the same
area on X scale 38%; is used; when performing the
above—-described measurement using each Y head 64 of head unit
62C, the same area on Y scale 39Y; is used; and when performing
the above-described measurement using each X head 66 of head
20 unit 62D, the same area on X scale 39¥; is used. This is because
if correction of each interferometer of interferometer system
118 (including correction of bending of reflection surfaces
17a and 17b and refiection surfaces 4la, 41b and 41c) has been
completed, the attitude of wafer stage WST can be set to a
25 desired attitude at any time based on the measurement values
of those interferometers, and even if the scale surface is
inclined, measurement errors do not occur among the heads due
to the inclination of the scale surfaces, by using the same

portion of each scale.



Ax = g(z, Oy, 0z) = Oy(z-c) + Qz(z-d) 5In the above equation (10),

"a" denotes a Z-coordinate of a point where the straight |ines
intersect in the graph in FIG 12, and "b" denotes a Z-coordi nate of
a point where the straight lines intersect in the graph simlar to
the one in FIG 12 that is obtained in the case the yawi ng amount is
10 changed in order to acquire correctionggnformation of the Y
encoders. Further, in the above equation (11), "c" denotes a
Z-coordinate of a point where the straight lines intersect in the
graph sinilar to thdwidam mRe@rding haeads dndindeddyn maven casbrohker

rol ling anount jj,s_change der to acquire 15 correction
i nf or mation ofzph %ﬁ%&é}es aboxg-dgecy %‘iler%eaas%e&?&tdiuﬁépg bhe gsame

poi nt. wher e { Ng; 84! &) Gtad NS Joil el aPaloy: Na L NEL T ARIL STl A% hQohNFor

one in FIG 12t% |sota|ne yaw ng

changed in or d@éclﬁo'fﬂfé:litl et &3 heeak ﬁﬂltélf@zm]dcprsz@j rteageét%éwera%d
20l ncidentally, the neasurenent error Ay or Ax shows the degree 1n

whi ch the posithoaind awmfrectsbagenFEmatican pdn¥ nesslicdye fadingett soale

(e.g. the Ox direction, or the By direction, the Oz direction and the
Z-axis directi®Ry2 JENERESY Wehddd 6PrERGt QR AgTREMasHPaceE ¥ fead 64y,

measur enent value, of der r t X-- C

accordingly, |%1 (tjjﬁrégf%ﬁc%enégggs ?‘f)cf gggﬁeﬁ?‘”é‘?? orhem, in
or Ax is referped,tp f6 a stage-position- attrlbutable error, and
since the stage-position-attributable error can be used w thout

change as correcti omwdstf, 0L MBtHOBimt Ner gfdRGIre” toftHdmbbos-a83critsed
referred to as stage-position-attributable-error correction

informati o, case whasahihipEicliimg huovasel & kbavgede ahafixicongfrof her 20
head of the encoder substanhl ally coincides with the Z-axis and all 5

of the pitchi ngEENRINt2 L hE F‘BE?Fnﬁ‘eaﬁ‘BHtha?fﬁo"cr}Fe SZatf i o R IBWST
waf er stage WBJ, ang, %%%ﬁe 88 1% féé%«bea“ %Q foual 'm%g%t% n%ng)eod:h

(11) descri bed" above € neasur error he“encoder
above that is ﬁ@@@q@cmntgh@nﬂﬁﬂ buderid rwafienqta B i Srd0ktage wsT

supposed to occur, but in actual

to zero, and drives wafer table WIB (wafer stage WST) in the

15 Z-axis direction in a predetermined range, for example, in
a range of -100pm to +100um at each position , and during the
driving, seguentially loads the measurement values of the
heads at predetermined sampling intervals and stores them in
the internal memory. Such measurement is performed to all

20 heads 64 or heads 66, and each data within the internal memory
is plotted on a two-dimensional coordinate system having the
horizontal axis indicating Z-positions and the vertical axis
indicating encoder measurement values in the similar
procedures to those described above, plot points at which the

25 vyawing amount is the same are sequentially connected, and the
horizontal axis is shifted so that a line ({(a horizontal line
inthe center) at which the yawing amount is zero passes through

the origin, and thereby a graph similar to the graph in FIG.

12 is obtained. Then, main controller 20 assumes the yawing



10 the neasurenent error of the encoder is not zero even in such a
case. This is because the surfaces of Y scales 39Y1 and 39Y2 and X
scal es 39X1 and 39X2 (the surface of second water repellent plate
28b) are not ideal planes and have some unevenness. \Wen there is
unevenness on the surfaces of the 15 scales (to be nore accurate, the
diffraction grating surface, and in the cgse the diffraction grating
is covered with a cover glass, the surface of the cover glass is

i ncluded), even in the case wafer stage WST noves al ong a pl ane

paral | el to tHheovdt Flzandhe Zheosshliens hifeaseassrefieyl eredriat eheh point

Z-axis 20 direction %E.e, q?ves vertically) or inclines with respect
to the head of 1% HéeRtbirred frtdheiady o 83td 2 Ateeesttenéabse date
relative notio .t.he, scal e in_a,non-measur.enent

di rection, andQ%B%ﬁﬂggﬁé%ﬁv%ﬁﬁﬁgﬁégé ne%%ﬁ%%“ﬁ“?ggfo#ggfmﬁégsﬁ?%&ﬁﬁﬁler

error as is desghisRefle8aild REas@PEtdtherrodSd $heMWhdna thle@1 Athetin
exanple, in the case a plurality of heads 66A and 66B neasure a

plurality & nefsurkenestitponntsall aind Rviony tdeusanmezscabea 38X thd
the inclinations of the optical axes of the plurality of heads 66A
and 66B are difderemtiqadnt eeehl Gt hErccamdting wigdtayaniged ode EEktients
39X has unevenness (i.ncluding inclination), the inf|luence of
unevenness on ﬁ"f'éigrfeggﬁr%?ﬁql%/aféhgs $35 i TGS "B edc Rk §HCHR W

the differenceyddhlg 1d26! Fnati j ' f .t he.

AXA is not equal to Aiﬁ%AXAQ%QE%Hga?n ﬁF%F9?§5q§§§%%%E%§PyP§ﬁ%&S%QE?'
to elimnate the di Heeeencein tHeabBMtHERERChERE ANEUENRESTaBEr tdtQige
surface of scale 39X needs to be obtained beforehand. The unevenness
of the sulflaceé’Tf iscadbe BXO Any dsorthesuyadingimogng heaswr eeeot it can

devi ce other than the encoder such as the Z sensor described above,
10 but the ned&iFEREATSERE Hadythe MareWiRBGBR RISECY T REFGMeRchjer fvden

peasurerent 1 ol LoRRlyb S TSBMLEIEHL OBLGR LA PUL8CBEG o sun

Therefore, in or measure ¢

there is a posgifddd ¥uhhads andi GBLEH PERGHS @B 02N fn MRNE, LRSELYw SEN S He
than a sensor that is required for the
pitching amount described above and the measurement error in

15 accordance with the yawing amount. This is because it has been
confirmed as a result of the simulation that the measurement
error (a count value (measurement value)) linearly changes
in accordance with the change in the Z-position also in the
case where the yawing is changed.

20 In the following description, for the sake of
simplification of the explanation, it is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount 6x, the yawing amount 6z,
and the Z-position z of wafer stage WST that shows a measurement

25 error Ay, as 1s expressed in the following eguation (10}, is
computed and stored in memory 34. Further, it is assumed that
regarding the X heads of each X encoder, a mathematical

function with the rolling amount Oy, the yawing amount 6z,

and the Z-position z of wafer stage WST that shows a measurement



15 original purpose should be used as the Z sensor. - Thus, in

t he enbodi nent, the nmethod in which unevenness of the surfaces of the
scales is neasured using the encoder systemitself is enployed.
Hereinafter, the method will be described. 20As is shown in the graph
(error characteristic curve) in FIG 12 that shows variation
characteristics of the measurenment val uesgmnf the encoder (head) in
accordance with the Z-leveling of wafer stage WST descri bed above,
with respect to each encoder head, there exists only one point in the
Z-axi s 25 diree¥¥onAxmhpehlis sxpoessedsin ithe folaoving eopertdbnonlbyf, is
waf er stage WST l'iar _point at which the nmeasurenent

that . is, a, pec
error of the e?ﬁ%r%%’edr IsanfleISE%Fgaa?HI% O i%re inclination angle of

waf er stage WST wit espect t he, XY pl ane. n.this point.can be
found by noving waf rehryI st gg%'v\%% s?‘?ﬁ I%lrefjxyz g3 :'{'\(y;%?ﬁé %zse"mdoF
acquiring the stageagosi i(en- a4t ropptalderLeron gorpegiion (11

i nformati on descri bed above, the point (Z-position) can be assuned to
be a pecul iSar poi nt Iof théezleneodgnahian. (MNen*atielopereat koh-ofofxlinate

finding the peculiar point is gerforrregi for a plurality of
measur enent pdthtd R thehees ehet sleratipe ldmesy antessecebf ir Hehe graph

f f the, n be,oht.ai hed. a), Accordingly, first
surface of the, SGHE 530 BEACULANGI oo o 2ol S LE I Hend itee
system 124 whi{i 58t ght Ntk 40 tim%e%aéerﬁmwei ﬁﬁéﬂ Ssilhr to JEhe oo

interferoneter 16, X interferoneter 126 and Z terferoneters

433 of interferomacer 18yiamikl8ht anded dith itHheSHOd tHe FhéGindSamdBmkes s
an arbitrary Y head of head unit 62A, for exanple, Y head 64A2 in

FIG 15 fdfe t¢hmngdad ant 9réer thre anwiiper covreatfion sedloendsiggYdf orhe Y
the +Y side. Then, main controller 20 changes the pitching amunt (Ox

rotation anourﬁ‘}coéjfe.%f eF ULt R ASTERR apo %é‘é%uatwnst(éﬂaéra?c'f [fignotes
oy e ek BRI nHRONE of Bal e AR e el DOl MRONSE s Sl sect

every time when the pitc I's changed, main

scans (noves) Mafek grage 2onMRI- ith ankrsdet &l mmed 19t Eake 1&NGR diRed
the Z-axis direction while irradiating a detection light fromY head
642 to a subj eigt theasase et rpbl hig @ho¥nschs e@hlddYedi hn dreleat eovdiefid re
the attitude of wafer stage WST at that point in tinme is nmaintained,
and perfoflfs <HRFHASGGOSf 1REast bhemtol £58| ¥ serfodetifoa@neqld” denotes a

Z-coordinate of a point where the straight lines intersect
in the graph similar to the one in FIG, 12 that is obtained
in the case the yawing amount is changed in order to acquire
correction information of the X encoders.

20 Incidentally, the measurement error Ay or Ax shows the
degree in which the position of wafer stage WST in a
non-measurement direction (e.g. the 8x direction, or the ey
direction, the 8z direction and the Z~axis direction) of the
Y encoder or the X-encoder affects the measurement value of

25 the Y encoder or the X-encoder, and accordingly, in the
following descriptien, the measurement error Ay or Ax is
referred to as a stage-position—-attributable error, and since
the stage-position-attributable error can be used without

change as correction information, the correction information



25 (encoder 70A) that faces Y scale 39Y1 during the scanning
(movenent). Incidentally, the above-described sanpling is perforned
whil e the yawi ng anount (and the rolling anount) of wafer stage WST
is maintained at zero. Then, nmain controller 20 obtains the error 96
characteristic curve (refer to FIG 12) at the subject measurenent
poi nt of encoder 70A in accordance with t&e Z-position of wafer stage
WET with respect to each of a plurality of attitudes, by performng a
predeterm ned 5 conputation based on results of the sanpling, and
assumes an i nt &FsERIEFEFPSinEsatt@aapchoal bl enwatityitofttaie-error

characteristic cu;veg.inter ect,. .that is, the point at which
measur ement er FoF T EHt oddPTIGA PR  zer o regardl ess of the

nclination angle ofy e 13t age MAT LLhcFESRG Lo, Lhe I 10 Alage.e

as a peculiar point at the subject neasurenent point,

obt ai ns Z- posi theredidddurmetbetaAiid 1 Bf &oiheiGes vl Z-Reipesylian
poi nt. (b) Next, main controller 20 perfornms step novenent of

waf er st agé WSTL byhe pirtedditrgr mnpedtdi shancel 1img keocubtdandcthenydbing
via stage drive system 124 with the Eitching amount and_ the rolling
anount of waf eFMNHyLINGPERE FLaPRelSht252 %0 %hi 136 ABnPPUiPng fHem the

nmeasur enent va of _Y,interfe er 1 interferoneter 126 _and Z
interferoneterééﬁﬁbﬁ%ﬁ%(aggagp Fﬁﬂgé?%ﬁ%ﬁkﬁ%khgyité 1135 S UAfTe N & oF
movement is pesf @nEREndladt o skPW-ReHbA tRat BMehaliBe W FRNENS: £1tude
neasurenment error of the interferometers due to air fluctuations can

be i gnored. of wafdr)abhenyTRtid htpespbbsadats ecdilie Bu€pin actual,
novenent, Z-position information zp (in this case, p=2) of a peculiar
poi nt of dfcodere rBAsarempat posiad ol the ebradaedis st tard yeve® to st

above-descri bed (a). L
ac s%. This is because the surfaces of Y scales 39Y; and 39Y,

and X scales 39%; and 39¥; (the surface of second water
repellent plate 28b) are not ideal planes and have some
unevenness. When there is unevenness on the surfaces of the

15 scales {(to be more accurate, the diffraction grating surface,
and in the case the diffraction grating is covered with a cover
glass, the surface of the cover glass is included), even in
the case wafer stage WST moves along a plane parallel to the
XY plane, the scale surface is displaced in the Z-axis

20 direction (i.e. moves vertically) or inclines with respect
to the head of the encoder. This exactly results in occurrence
of the relative motion between the head and scale in a
non-measurement direction, and such relative motion becomes
a factor of measurement error as is described earlier.

25 Further, as is shown in FIG. 14, for example, in the case
a plurality of heads 66A and 66B measure a plurality of
measurement poinis P; and P; on the same scale 39X, if the
inclinations of the optical axes of the plurality of heads

662 and 66B are different from each other and the surface of



After that, main controller 20 obtains Z-position information zp
(p=2, 3, I ir k, n) at a plurality (e.g. (n-1) nunber) of neasurenent
points that are set at a predeterm ned distance in the Y-axis
direction on Y scale 39Y1 97 by repeatedly perform ng operations
simlar to the above (b) and (c). FIG 163 shows z-position
information zi of a peculiar point at thegjth neasurenent point
obtained in the manner 5 described above, and FIG 16C shows
z-position information zk of a peculiar point at the kth measurenent
poi nt . 5?6}31$ﬁ%1hﬁﬁmﬁ$ﬁﬁ§ﬁpﬁéﬁléanDu@¢n§uMﬁ?hﬂﬂ@h@@ﬂésstbé t he
surface of Y scatg?Sng hased on Z posjtion_ information zl

of the pecul i ar’ polTt DBt AEF 6 SAthP o ARET $BSBF era&Iuierlso'filfferent
t t |
Taoheaded ar ot That T SAReSLtE AR ) tpfT e gngy =

cat'es Z-pos pecdliar "poi nt
at each of theigRASMIRIERLoRAHY $208 %é@%‘xﬁ YLl Sqide f RxCOLNCAES

with a predetermned datumline, so that a curved |ine that connéct s

the other énd of Fé&chl 45 Bwoohdadgtly ainowdendtoatlésinheesid atefshape
(unevenness) of Y _scale 39Y1. Accordingly, nmain controller 20 obtains
a mat hemat i cal 1% Jié& FBElEeM%v)th%&Peae%?%% ahéhgnevefres of 59a1e 39X

perform ng cur |tt| s, ap OX|nat|on of

point of the o é dqg? e&@ﬁnF§o£ﬁ§§ﬁ§%P%?vo aHBe 2B REDT € |€%% n
menory 34. Incg@g SO ofeTely

WST nmeasur ed by Yﬂ%f\ét g?fsgra%ﬁe?%?agg%e%ga %%?ﬁl\ilag{ec%\%ﬁ ﬁ% ratggvol ce
several | y obt avtiser thahheratdmadddrusathods 2He2f Y9eddit dderetipsdtdwbve,
unevenness of Y scale 39Y2, 25 a mathematical function z=gi(x) that
denot es t R@ ureyerhesseasusenent @cgoXacyanll thenanbvembésalis datined by
z=0g2(x) that d notes the unevenness of X _scale 39X2, and stores them

in menory 34. PHEFEEREAFTGNT LesHtdrdsohFhe BEaFAF fEERT GleWidgRein such
stage WT ”Ea%¥ﬂ§ﬂnﬁy %ﬁé?&f&é@f%ﬂ? &e}zgo measure the unevenness with

high accuracy, there is a possibility that a higher-precision
and more costly sensor than a sensor that is required for the

15 original purpose should be used as the Z sensor.

Thus, in the embodiment, the method in which unevenness
of the surfaces of the scales is measured using the encoder
system itself is employed. Hereinafter, the method will be
described.

20 As is shown in the graph {error characteristic curve)
in FIG. 12 that shows variation characteristics of the
measurement values of the encoder (head) in accordance with
the Z~leveling of wafer stage WST described above, with respect
to each encoder head, there exists only one point in the Z-axis

25 direction, which is not sensitive to a tilt operation of wafer
stage W3T, that is, a peculiar peoint at which the measurement
error of the encoder is zero regardless of the inclination
angle of wafer stage WST with respect to the XY plane. When

this point can be found by moving wafer stage WST similarly



98 Herein, when obtaining the error characteristic curve
(refer to FIG 12) described above at each neasurenent point on each
scale, in the case the error characteristic curve in which a
measurenent error is constantly zero regardless of 5 the change in
Z-position is obtained, the pitching anobunt of wafer stage WST when
obtaining this error characteristic curveggorresponds to an

i nclination anount of the scale surface at the neasurenent point.
Accordingly, in the nmethod above, information on inclination at each
measur ement pofFfit theycass ol @dmiishngi hed in addition to information

on hei ght of thg scale surface. B doigg so, the fitting wth higher
accuracy can bECDETTRITET VH &t PHEFRLIETBFT g TRILGSTHEd dpdPEmation

the meantine. Lhe.sale tovble: f0GRARL |ACkS: PENaneal ol e, pe

stability for f reasons su¢h a et T oh
grating due toatheiumlareypansi ® tdadehbeabi k.t hWﬂlé‘IPSlﬁlé);optaggtion of
a

operating tine, or partial or entire change in the pitch o

di ffractiorb gr &insing Ter efeand iasi poent hes egegmforre] ddedai pliihelity of
measur ement val ue of the encoder becones larger with | apse of the
operating ti neRePPEHEEY RTS8 EBebRCabRr ddiedhape t{Haevennesdnt

i or mat | on’ of L% af VTR G thRd SEBRFECER e |G HEE on of orati ng
ot w11 “os A S AHEL CEXRE R SGRALURI00) L e
measur ement  bewabe Bl saed wB42v a4 estageTei-iiveab iyt fh acad wwit B x&8PESEIn
to straight line LV described above, and actual neasurenent axes of ?
i nt erferonkdt erth® ned Nwietenti vhlsesapfhY lntrexrietopertald ék,t8 t he
Y-axis direCtifﬁkéEEEréﬁg%zis15%rggghztgﬁéégﬁgégﬂegggss4%% and 43B of
interferometer system 118, and, as is shown in FIG. 15, makes
an arbitrary Y head of head unit 62A, for example, Y head 64,
in FIG. 15 face the vicinity of the end portion of Y scale
15 39Y; on the +Y side. Then, main controller 20 changes the
pitching amount {6x rotation amount) of wafer stage WST in
at least two steps at that position in the similar manner to
the above-described manner, and every time when the pitching
amount is changed, main controller 20 scans (moves) wafer stage
20 WST in a predetermined stroke range in the Z-axis direction
while irradiating a detection light from Y head 64,; to a
subject measurement point of Y scale 39Y; in a state where the
attitude of wafer stage WST at that point in time is maintained,
and performs sampling of measurement results of Y head 64a;
25 (encoder 70A) that faces Y scale 39Y; during the scanning
(movement}. Incidentally, the above-described sampling is
performed while the yawing amount {and the rolling amount)

of wafer stage WST is maintained at zero.

Then, main controller 20 obtains the error



99 projection optical systemPL. Therefore, Y interferometer 16 can
measure the Y-position of wafer table WIB wi t hout Abbe errors.
Simlarly, nmeasurenent beans B51 and B52 are symetrically placed
with respect to straight line LH 5 described above, and act ual

measur enent axes of X interferonmeter 126 coincide with straight Iine
LH parallel to the X-axis direction that gasses through the optical
axis of projection optical systemPL. Therefore, X interferoneter 126
can neasure the X-position of wafer table WIB wi t hout Abbe 10 errors.
First, an acquFBR¥?eFrbbdria iowvel (ae§atriaghter riédt iadn thef ephaeton
of deformati on_of ‘?rid | ines (warp of grid_|lines) of the X scal e and

correction infBFHg Rl R+t RG FPEE erTQ‘zHe”Y aECarsagcr) wheh the
expl ai ned. Herﬁ"—ﬁ'o%{&‘férﬁcéf QL FRY %ggg%lv'ésﬁ?i@r?t%}%;é%%d ttOOFQghan a

i deal plane, for®the sake of sinp ation o escriptron.

Further, it ispagssaleey td@tatRiitatek) biepaefbhmsidd QN RRekabi-Rinedhe
above-descri bed measurenent of unevenness information of the surface
of each scd e beompbeen qrebbeenech rasdltbeofrathresatnpiihg f et BeBuAOs an
z=f1(y) that denotes the unevenness of Y scale 39Y1, the nathemati cal
function z=f2(¥}-eRRCHSHOERS nthatunbdehne sal wialv tye gife thgvarrese

th tical f tl =ql. t hat d t th f X |
30X1. and t he SRR A S BHEV RO AT EEgSERF £ M déinoF 88 RS At which
unevenness of ﬁ%é@ﬁ%éﬁéﬁ%x%rQ%%eo@egﬂcgéeitfﬁﬁa d Qqungﬁg?géless of the

First of all, main controller 20 reads the nmathematica unction
z=f1(y), the nhtdeimitical ahgnet borwzed 2 Ethget ReT Mt themidpeal £unetd oy

z=gl(x) and the nmathematical function z=g2(x) stored in nenory 34
into the il% ermbdngr@dpeypeculiar point at the subject measurement point,
and then obtains Z-position information z; {refer to FIG. 16A)
of the peculiar point.
(b) Next, main controller 20 performs step movement of
wafer stage WST by a predetermined distance in the +Y direction
15 via stage drive system 124 with the pitching amount and the
rolling amount of wafer stage WST maintained at zero while
monitoring the measurement values of Y interferometer 16, X
interferometer 126 and Z interferometers 43A and 43B of
interferometer system 118, This step movement is performed
20 at a low speed at a level in which the measurement error of
the interferometers due to air fluctuations can be ignored.
(c) Then, at the position after the step movement,
Z-position information z; (in this case, p=2) of a peculiar
point of encoder 70A at the position is obtained, similarly
25 to the above-described (a).
After that, main controller 20 obtains Z-position
information z, (p=2, 3, ...... r 1y veene. k, ...... n) at a plurality
(e.g. (n~1} number) of measurement points that are set at a

predetermined distance in the Y-axis direction on Y scale 39Y,



100 Next, main controller 20 noves wafer stage WST, for
exanple, in at |least one direction of the +Y direction and -Y
direction, as is indicated by arrows F and FF in FIG 17, within the
effective stroke range described previously, at 5 a | ow speed at a

| evel in which short-termfluctuation of the nmeasurenment value of Y
interferoneter 16 can be ignored and w thg$ he nmeasurenent value of X
interferonmeter 126 being fixed to a predeterm ned value, in a state
where all the pitching anount, the rolling anbunt and the yaw ng
amount are mai RY ASREPTEG ot Perforivayr dprenat hensedgurlarent the absvef (M)
interferoneter 1 nd Z interferonmeters 43A and 43B. During the
novenent, whil 8"%o Fhot i ng the nmeasurenent val ues (outputs) of Y

| i near encoders 70A39ﬂ?1 ' t | h ical_.functions _z=f 1(y.
and z=f2(y) respective 'y_,?l%%my}?l&g%n E%rsggﬁoggﬁﬁfo% EHIRE 15 Oﬁss%?%ﬁ%%%r
val ues after tpeigOra®cinon antgkdie-SRAsULSIRA oNak UeSd Ofn ¥he manner
interferonmeter 16 (to be nore accurate, the neasurenent val ues of

measur enentd bedescBidedrabB4?) aati PrLedel & et aqpisiingonni efyahstion
and obtains a relation between the nmeasurenment values of Y |inear
encoders 70A afid 20 37 PECULABT nRALRF edferithes & LanesRuressdfdPAgnte a

val ue obtai ned by assj.gping the out !ét £ encoder 70A to the
mat hemat i cal functio )t E%‘?ﬁ’ ot f:ﬁ’g ﬁ%g %?%Peﬁgtewaeu%‘?%?&&na#n@e
to a val ue obt %hfﬁ?&@yoﬁ$'sggﬂgg3§?ﬁ HRYERYE,OF, ﬁgg &n 7i91§forr$na%ggn Z1,

mat hemati cal function 12 (Y)) and e nmeasurenent values o

interferonmetergl6. Thal, b$ th8 p&bSL MBNRIintBLRa¢ABE 8bleLadD of the
obtains the grating pitch (a distance between adjacent grid |ines) of

Y scal es 39Y2 phdr8oMy thatecsne egegtapnirlid.y pbdcedndwriimgFhead 60nidrse
62A and 62C accordi ngﬁto t he novenent of wafer stage WST, and

correction i nfehdéath 6ACHT YN AT AGTOT0ha) okl cAsepneRYT SN 8n Of

i nfornation of i itch, fo le,. a _correcti.on nap.that
Chovs a1 ol at 1 ShdBeBLELL Pl ohBh SR a8 R E Bl OR Tk
in the case a Hoyi29nhake ¥ Sok ALl gatestit RephEASHE SREM g \lue 9£n‘%,heso
5 interferonmeter and a vertical axis indi ca?es t he nmeasur enent val ues
of the encodersshyit he dreasidr afeet that uesnhdcwhitHe thrdeer Al 68US&Eh by
t he unevenness of the scale has been corrected) , or the |like can be
obt ai ned. TPhe Heesigadashervay deslisfatesi fhersfuarfaset ehans (unevknsesasef

are obtai ned en scanni.hg wafer 10 stage WST at the extrenely | ow
speed descri b\é\g H %ﬁd tﬁﬁé:roetldan@,lyi'tmééﬂ B UGt dhapteRss a

TeasineToor eapueepin SackuaL e debune i MELSIHI 601 ReBgE e
fluctuation ergoresausef dyval-rittusluathONSe 0t hRakkbkeapboximation)
of the point of the other end of each two-headed arrow, and
20 stores it in memory 34. Incidentally, “y” denotes a
Y-coordinate of wafer stage WST measured by Y interferometer
16.
{e) Main controller 20 severally obtains a mathematical
function z=f;(y) that denotes the unevenness of Y scale 39Y,,
25 a mathematical function z=g;(x) that denotes the unevenness
of X scale 39X;, and a mathematical function z=g;(x) that
denotes the unevenness of X scale 39¥,, and stores them in

memory 34, Incidentally, “x” denotes an X-coordinate of wafer

stage WST measured by X interferometer 126.



15 hardly included in the neasurenent val ues. Further, during
t he above-descri bed novenent of wafer stage WST, nmain controller 20
perfornms a statistical processing, for exanple, averaging (or

perform ng wei ghted averagi ng of) the neasurenent val ues obt ai ned
froma plurality 20 of X heads 66 of head units 62B and 62D that are
sequentially placed facing X scales 39X1 gnhd 39X2 (the neasurenent

val ues of X linear encoders 70B and 70D) according to the novenent,

t hereby al so obtaining correction information of deformation (warp)

of grid lines 37 thdtettave wbguerttiamiding abedether Zhapantalrisyiof citve
heads 66. This is_because the same blurring pattern should repeated|y
appear in the pFotesdhidlPe Wik sessragedvaovss afpsaeh ipasygement point
direction or the -Yl_?iregtion in t e reflection surface 17b is

h J .
Sapt ecaley h 'the dRsE Ve e ror abT RS irsT RUEY B D

an ideal plane, ana’

(warp) of 102ygitKl d imessderdhrt haye seouantdaldy, Za¢ed b Qrdleiﬁaof

plurality of X heads 66 can be accurately obtal ned"by averaging t
measur enent5 datlae axtgunigree din bg-gideel tilowr aki diycaifned,hendsp HEshiolg theunt of
i ke. 5Incidentally, in the usual case reflection surface 17b is not
an ideal planeva2ierstagedthfedser pbhainif)y shismernoef ¢hatd ore siatiiaceiwe
nmeasured and correction,data of, the bending is obtained i n advance.

Then, on mov enERt * TP Wt - Os A g GAB T A4 OPh Wicfethf oif e phEfage at
direction, vvaf@}ge stﬁ&gsqul]eqne\(}@ @&?_Cﬁgﬁr?%\?q&’ rrg\r/]eghtla nmétt_%e%%-a%vse’

direction by noving wafer stage rection or

di rection whil £n£ontdtldr B8 8 P X=ReShtd 10Ba0hH Maf i Hcddcp Y Gk %?eqdlso
on the correction data instead of fixing the neasurenent val ue of X

i nt erferondt erbd 26tednadpirdeidétionetb valfoenaThos,ocrnlhetght ectt the scale
information of grating pitch of the Y-scales and correction
i nformation of S‘#efafitmt BENAeRE PO -ofthgr Edttinesvizh ddghss apearaey dam

th i bed ._Incidentally, t dat
acquired by a T e TIYIT O% RORdSBEST LT LIhI MRS R HE"Basi s of
different areas on 20 kel aebhotnsiiasedih Andieachcghol e, heads

66 measures deformation (warp) of the same i I'ne, and theretore,

there is al so mecliaridantiaihgetbent sthpilite fasittealrcakbas ahtgrayarp
correction of the reflection surface is averaged to be approxinmate to
the true Val ueddfonnat iprepfigi dgffvacridredrabdne due to thermal expansion

and the like with lapse of the operating time, or partial or
entire change in the pitch of a diffraction grating.

Tﬁerefore, since the error included in the measurement value
of the encoder becomes larger with lapse of the operating time,

20 the error needs to be corrected. In the following description,
an acquisition operation of acquiring correction information
of grating pitch and correction information of grating
deformation of a scale performed in exposure apparatus 100
in the embodiment will be explained based on FIG. 17.

25 In FIG. 17, measurement beams B4, and B4, are
symmetrically placed with respect to straight line LV
described above, and actual measurement axes of Y
interferometer 16 coincide with straight line LV parallel to

the Y-axis direction that passes through the optical axis of



25 and the like (in other words, the influence of the warp residual
error can be reduced by averaging the neasurenent data (warp
information of grid lines 37) acquired by the plurality of X heads
66). Next, an acquisition operation of acquiring correction 103
information of deformation of grid lines (warp of grid lines) of the
Y scale and correction information of grajd ng pitch of the X scale

wi |l be described. Herein, reflection surface 17a is assuned to be an
i deal plane, for the sake of 5 sinplification of the description. In
this case, theplmm@ts@rt fpticredystonig: . peFieriard,sYtintegdereneten 16

descri bed above with the X-axis direction and Y-axis direction
i nt er changed. €30 measyrg the YraPRitdeR rof &Eexo tRgdesWiRT Bt uydbbe

WST, for exanp at,. one_direction f t he_ X di tion and
10 -X directi O%Prvﬁ%ﬂi nts'f'*q?fg%%%ctl}l%aesuﬁeﬁneﬁie rSﬁI&% %g C{é% 2aBbVe, at
a | ow speed atsﬁmﬁ@é&eiceﬂl'lywﬁ'lﬁaeéhﬁiﬁht:?éé’ﬂédﬂmttou%tt'r‘a@gﬁf: 108 1y
measur enent value of X interferonmeter 126 can be ignoréd and with the

measur enentt valemscifbed iamberf, eandes et udb ned i ehiexed akesaof X
predeterm ned value, in a state where all the 15 pitching anount, the
rol ling amuntlIhWﬂﬂr@Hﬁ\ﬁanézénﬁﬁh@CHﬁ% wigimsairadghat 1 zpe oLbasechldel

t he measurenent v Iu s of interferoneter 126, Y interferoneter_16
and Z interfer’s TR0 %eﬂéonﬁgeﬁd’*ﬁ@%ﬁ@ﬁ%ﬁ thghppeical axis

correcting theo ?ﬁs;tl £x ﬁpﬁﬁ&ﬂﬁ% st %ﬂea&hgggggg%s 79&81“9 ter

using the 20 nctrons z=gl(x respec |ve Y,

mai n control | exz Q@ah&%&%dﬂ&tﬁ@%b@%mbn\@ﬂ #Ese Aftla@l ot ER GOLhBGE IIOBe
and the neasurenent values of X interferoneter 126 at predeterm ned

sanpl i ng it erazata;s.and obtains a rel ati on between the neasurenent

val ues of X |inear encoders 70B and 25 70D (the neasurenment val ue
corresponding to a \F&F‘ﬁé @dl%?‘ﬁ‘éﬁs%@l%gpaﬁﬁ\boﬁ Ré acﬁﬁ%}“tln@‘fc‘éﬁ&ﬂi@(on
70B to the nathef’rarma al Cll t he nmeasur enent va

correspondi ng to & valoé’ % talf(r%éﬁlg% g %ﬁ@ﬁllﬂgl%rf?es HE pRC BT ERodSS

>7<0D to the matdenald @(alscfaQBCBhQnc@@fé@ﬁlcﬁ'{‘q.ntf}&?mgﬁﬁﬁﬂrSfﬁgfaiyﬂ{dj%ﬁt%fh

of the Y scale will be explained. Herein, reflection surface
15 17b is assumed to be an ideal plane, for the sake of
simplification of the description. PFurther, it is assumed
that prior to the acquisition operation, the above-described
measurement of unevenness information of the surface of each
scale has been performed, and the mathematical function
20 z=f,(y) that denotes the unevenness of Y scale 39Y;, the
mathematical function z=f;(y}) that denotes the unevenness of
Y scale 39Y;, the mathematical function z=g;{x) that denotes
the unevenness c¢f X scale 39¥;, and the mathematical function
z=qg; (%) that denotes the unevenness of X scale 39¥; have been
25 stored in memory 34.
First of all, main controller 20 reads the mathematical
function z=f;(y), the mathematical function z=f;(y}, the
mathematical function z=g;(x) and the mathematical function

z=gz (%) stored in memory 34 into the internal memory.



104 interferoneter 126. That is, in this manner, main controller 20
obtains the grating pitch (a distance between adjacent grid |ines) of
X scal es 39X1 and 39X2 that are sequentially placed facing head units
62B and 62D according to the novenent of 5 wafer stage WST, and
correction information of the grating pitch. As the correction
information of the grating pitch, for exagple, a correction map that
shows a rel ati on between both the neasurenent values in a curved |ine
in the case a horizontal axis indicates the neasurenent value of the
10 interferometer anftF¥t vEPENCEPTERPELE PR e s WafpsastipeneWsT, for
val ues of the encoders,, or_.the_|ike can, be obtai Th asur ement
val ues of X inTRr1e %’rreltrbratlggaﬁﬁ PRF s a4 o%'(t%glené% aﬁéﬁcmn and
scanni ng waf er-¢1a0eMEDH! 2L he, GHdiearLY L PWSRERApdRE 090 AbOVO7,
and therefore, it can be thought that 15t neasur enent val ues are

accur ate val uesitiimhilieh efife@tig®ansbeokgnenefh ReeaUsedNpledDbYsBy, at
| ong-term fluctuation error but also a short-termfluctuation error
caused by & r &llmt gpefdre: erlevel linkehieke shardtyermcf udeadidtricorhet the

measur ement val ues. 20Further, during the above-described nmovenent of
waf er stage WSTCAF STUnVASPFePL 20 ipderderemgtetat ¢ tacke ignored and

processing, for. I er aagi.ng -(or form wei ght veragi.n
of ) the neasur‘éjﬁgﬁ'?ﬂ\glarfeuaess\éo egitnedl]’*er 8%%1%{%?§%?®e%r @ﬁ%&?&?ggéf’%fd
head units 62Aand 52GekBahiabs sLOUENtiAkL! ¥t 20 RHAGRA shACkAG Nitchin
scal es 39Y, and 39Y2 (the neasurenent values of Y |linear encoders 70
and 70C) accoratheunt othéeodyagrnicunt: atdebye ahan @ i@t Y <Cad 1 e 4
i nformation of deformation (warp) of grid lines 38 that have

sequenti allly faec&rachagedranithe geayunendstevalugs ©f ¥ betenberanater

S Ol 19 1 405 PR S0 SO depsaetly SReaTpL L, RTS085 e
Charctboe, Do UEREFSSRFHLERL 190 SULISSEHAYL R0 (iel Bl e r AL
encoders 70A and 70C using the mathematical functions z=fi(y)
and z=f;(y) respectively, main controller 20 loads the
15 measurement values after the correction and the measurement
values of Y interferometer 16 (to be more accurate, the
measurement values of measurement beams B4, and B4,) at
predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encodexrs 702 and
20  70C (the measurement value corresponding to a value obtained
by assigning the output of encoder 70A to the mathematical
function £f;(y), and the measurement value corresponding to a
value obtained by assigning the output of encoder 70C to the
mathematical function f,(y)) and the measurement values of Y
25 interferometer 16. That is, in this manner, main controller
20 obtains the grating pitch (a distance between adjacent grid
lines) of Y scales 39Y, and 39Y, that are sequentially placed
facing head units 62A and 62C according to the movement of

wafer stage WST, and correction information of the grating



5 grid lines 38 that have sequentially faced the plurality of Y heads
64 can be accurately obtained by averagi ng the neasurenent data
acquired by the plurality of Y heads 64, or the like. Incidentally,

in the usual case reflection surface 17a 10 is not an ideal plane,

t he unevenness (bending) of the reflection surface is neasured and
correction data of the bending is obtainggiin advance. Then, on
novenent of wafer stage WBT in the +X direction or the -X direction,
waf er stage WST may accurately be noved in the X-axis direction by
movi ng 15 waf eP18€Rhge ARSFhpncopeecd ali daderpatoentdle the dgrasénpopitch,
while controlli.ng the Y-position of, wafer stage WST based on the
correction dat ogn%zfaé%l%f 3 FRFRGC T HE? m&&‘éﬂeﬁ?"%l%é%ﬁt?on between
i nterferoneter t a%qJﬁI r.oin u T rrection

i nformation ofbé—%tﬁ%%tc g’fep;;thgg}g%%af%sa an vfgpé‘&?l%elé iglﬁe case @

information of hdef sl erki@rana) catedr tBe | hdosn3Gerthiv@huar 8£t Bge
sane as those descri bed above, can be obtai ned. As is

descri bed dovéenteaieraoitaobhdra 2erobtal nsxicolndttavas itifeomaasitpemait

grating pitch of the Y scales and 25 correction information of
def ormati on (wWaRpyedfofgiihg enfedeny, (tAirdresrrsenenh Vaiussmini Bhieh the

ti itch of the X I d ti i nf i f
defor mat | on (vEFBY” GPUGTEY HoL SHoaPSEach HIGaet LT APRRE T APRECTEH
exanple, with gespect: 1 the, headwalgryof 'I%%Cpnelaﬁhr ﬂéﬁh@ i+é<5e-of ¥
106 Then, during the process of a |lot or the Fi e, Whi e

correcting theinpastsesmrtiervbd ashdlt & sedré coiuhgad wheint ScH3A i wh fer
62C (i.e. the neasurenent val ues of encoders 70A and 70C) based on
the correcdtd onstagorifil iadn thle grarenglyi toh sprkd ddserdbedeabbun, and
information of deformatiaqn ém:t%). of gri d Iines 38 and based on

st age- posi t i on=BEIFTHR-abitecTR M5 LREPPRELY T thEPSRIVIHGNT values are

accor dance wﬁtghéég%é%[¥§¥dgsognzv%}9$h§%£§¥"ég%.%%ngto%éd?ngeéggse not

yawi ng anount ez waf er stage ar e neasur

interferoneterosygtem il #16e0LERLbR edib 2 ReQLME BRYEREAL ry
control of wafer stage T in the Y-axis direction using Y scales

39Y1 and 39Y2 flucthesd amietsob2fmased 62C it HudtsatYohsneartentolersce
70A and 70C. Wth this operation, it becomes possible to perform
novenment dont ridr @Y vidfedridedage WBF measweenenixivldiesecti on with high

accur ac ' ,
y Further, during the above-described movement of wafer

stage WST, main controller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained froma plurality
20 of X heads 66 of head units 62B and 62D that are sequentially
placed facing X scales 39Xy and 39X, (the measurement values
of X linear encoders 70B and 70D) according to the movement,
thereby also obtaining correction information of deformation
(warp) of grid lines 37 that have sequentially faced the
25 plurality of X heads 66. This is because the same blurring
pattern should repeatedly appear in the process where wafer
stage WST is moved in the +Y direction or the -Y direction
in the case reflection surface 17b is an ideal plane, and

therefore, correction information of deformation (warp) of



15 using Y linear encoders 70A and 70C wi t hout being affected by
change over tinme in grating pitch of the Y scales and warp of each
grating (line) constituting the Y scales, and w thout being affected
by the change in the position of wafer stage WST in non-nmeasurenent
directions (the relative notion 20 between the head and the scale in
t he non-neasurenent directions). Further,pduring the process of a | ot
or the like, while correcting the neasurenent val ues obtai ned from
head units 62E and 62D (i.e. the neasurenment values of encoders 70B
and 25 70D) ba9&#dokingfe 3dokhetthaiwe iselventipdhy ofacpaitthegppurehitndf
the correction_ information of deformation (warp) of grid |ines 37 and
X BEFI ot T PBREPEeBF L SR AR (85 VR BENRS: Dh®

based on stage-p
accordance wt It.l.an e j e th
yaw ng amount 5o nies eealalyu A BY LB AL SR e, o
interferonetertgysigm 118, main controller 20 perforns novenent
control of wafer stage WST in the X-axis direction using X scal es
39X1 and 3¥X2 and helattigentslé2B andhé2Dsud hataskesre Xl édinear sarcadersib

70B and 70D. Wth this
is not an ideal plane, the unevenness (bending) of the

reflection surface is measured and correction data of the
bending is obtained in advance. Then, on movement of wafer
stage WST in the +Y direction or the -Y direction, wafer stage
10 WST may accurately be moved in the Y-axis direction by moving
wafer stage WST in the +Y direction or the ~Y direction while
controlling the X-position of wafer stage WST based on the
correction data instead of fixing the measurement value of
¥ interferometer 126 to a predetermined value. Thus,
15 correction infermation of grating pitch of the Y~-scales and
correction information of deformation (warp)} of grid lines
37 can be obtained in the same manner as described above.
Incidentally, measurement data acquired by a plurality of X
heads 66 is plural data on the basis of different areas on
20 reflection surface 17b, and each of the X heads 66 measures
deformation (warp) of the same grid line, and therefore, there
is also an incidental effect that the residual error after
warp correction of the reflection surface is averaged to be
approximate to the true value by the averaging described above
25 andthe like (in other words, the influence of the warp residual
error can be reduced by averaging the measurement data (warp
information of grid lines 37) acquired by the plurality of
X heads 66).

Next, an acquisition operation of acquiring correction



5 operation, it becomes possible to perform novenent control of wafer
stage WST in the X-axis direction with high accuracy using X |linear
encoders 70B and 70D wi t hout being affected by change over tine in
grating pitch of the X scales and warp of each grating (line)
constituting the X scales, and without 10 being affected by the
change in the position of wafer stage WShgan non-nmeasur ement
directions (the relative notion between the head and the scale in the
non- neasurenment directjons). Incidentall in the description above,
correction 15 Fﬂf%?%’ﬂ%oéfd@f%%% @%tﬁratﬁdlgw%i (viae QBugyiidsliees)

be acquired for b&i’ t}]e Y _scal es apd the scal es. E{omever t he
present invent oﬁca} SrifEd “PETER éon SN O PRRGERELP LR

of grating pitgh @i@x%d%éegﬂf(l)‘r’i?e{ Eggéylﬁ’@d aC%E%gH r,foéfleé _%rn ngffé)ge

the Y scales or the X sc correcti orne

ei ther one of gratisnGguntdy @o ki dnl i BEaVaE D@y g %%@UIS&@;@ ber
both the Y scales and the X scal es. For exanple, in the case only

correction 3 nf 8wt ibicasfiomapp tdfe gesdripties .37 IofthikecXsscalhesprocess
acquired, wafer, stage WST may be noved in the Y-axis direction based

on t he neasur eh&ht ’"ﬁ?c\?altﬁet%e FerforpReaks érb@oa@%eqbwraﬁi@smebﬁﬁtmﬁe

necessarily us Hk € f er oret er. for exa int
case only cor r"l‘é %I o¥n |gr{lf%‘)}rg%rsatcfgec(%flo%aéflbCi g:‘ aéFFod:'r]iEh nﬁ%‘efﬁ}@,\a

scal es is acquired, Wwafer sStRags %ﬁt%ﬂ@r@b’%v’e@ &QfeB(s.aBQ W T, for
direction based on the neasurenent values of X linear 108 ers

70B and 70D wi ¢hmmpplenedes sar ilkysusbng ok iedterdreromeher +3£251rEutids'&@l’and
only either one of the stage-position-attributable error described
above and & neaSdisrehiorishinfthchef Beclodes sthake seogesiahribedtdtmve,
scales 5 (such as he fl at ness oi thed1%nat I, ng surface and/or

c

formation errd?t &f Pﬁesﬁ‘? ity 3(FREFLdithy e ?lh‘é?tr"dsre%lfilélcltﬁﬁ*éi%r‘ﬁ
and the like) %rﬁ%ra%'u'}% LRE v%ilf rfe;{ef{%qcfte(} 2+8r 126 can eF ignored

scal e-attri butabl e error ensa xt a para

processi ng oped:d lnﬁ.rthuﬁhegmé\@é@ferﬁér&g%algev\@f @&%ﬂ@%@ﬁoﬁ@%eﬁs $5388 ng
MST in exposure apparatus 100 of the enbodi nent will be described

based on FI GS.fi8:d cBh precketennahéy, vallure ngirt kaesd:[aeleaWhened&BrrtP&ed
bel ow, rral n control ler 20 perforns opening/closing control of each
val ve of quu%ﬂ%ﬁkﬁm@a@@v%e téleaﬁal Jr@ﬁuaalorleéovﬁ yhaewavt:emampunbcame

15 liquid i mTEI’Sl n de\g C SCI’I ed earlier, Ehe sgace
directly bel oW T8I f%lz(?fm BF% tPiont e;)tlrfe(,aflurﬂ}"?f] upg of X

const ant ly fi liﬁ@bﬂéﬂ%ﬁ%@%flzé’b%%{erf%%& eg ah gﬁiH’F§QE&P&ﬁé@rs
quid supply device 5 and 1iquid recovery device 6 W e
omtted in theqjmldrmmm.des@ﬂmjlm ndve@ell@l, while correcting the
measurement values of X linear encoders 70B and 70D using the
20 mathematical functions z=g:;(x) and z=g;(x) respectively, main
controller 20 loads the measurement wvalues after the
correction and the measurement values of X interferometer 126
at predetermined sampling intervals, and obtains a relation
between the measurement values of X linear encoders 70B and
25 70D (the measurement value corresponding to a value obtained
by assigning the output of encoder 70B to the mathematical
function g; (%), and the measurement value corresponding to a

value obtained by assigning the output of encoder 70D to the

mathematical function g;(x)) and the measurement values of X



20 to nmake the description easily understandable. Further, the
foll ow ng description regarding the operation will be nade using nmany
drawi ngs, but the reference codes of the sanme nenbers are shown in
sonme drawi ngs and not shown in the other drawi ngs. That is, the
reference codes shown are different 25 in each of the draw ngs, but

t hese draw ngs show the sanme configuratiqpgqregardl ess of existence or
non- exi stence of the reference codes. The sane is true also in each

of the drawi ngs used in the description above. FIG 18 shows a state
wher e exposur elbyerfer@ppi@idlsean Thagol seiihothi smpanay. paifrorartreloler

f W (in thj tq b 1d waf f. tain |ot ne lot |
ont ai ni ng 25 89 B0 PCiRS STA5TEA PETRRpl DYt BHENET BF HERD P oA 27
containing 25 © . ¢
posi 11 on wher e: Be3) [aror wth et o S5t VET 1i° Arfatly AP Flpce

t he enmbodi nent fa 8BRS HEERINi1%ageRMEld | 203 -1l @W REeVREBEMST A
WET whil e keeping a predeterm ned di stance between them Therefore,

t he sane dikst ancfensstdue SEdetednioededt sdranoef cdestiichedfabby egisting
sufficient as a noving distance of 10 neasurenment stage MST that is
needed when goPhh nt &5t ﬁ@ec‘é@ﬁfiﬁﬁtlﬁnatléfeé?‘ab%@iiﬁttg“esﬂéﬁé}HWMf\tChr
waf er stage WEI after the exposure ends. During _the exposure,
main control | e oL FXEMthsl § TRETFOST T SRR FhEF LHAG t%&egrlftFSBa]??%en
wi thin the XY plane.nf n@s‘@eﬁt‘én&apgﬁuw%ﬂ vaf rv%tdag_?tn}é\sg%}\btgés@%dés)%

t he neasurenent val ues of at |east three encoders out o hea

66 indi cated byobeidirl raxdied inAiEhGes 18nd hada Siacmertseahas 389Xdhand

39X2 respectively (X encoders 70B and 70D) and two Y heads 64

i ndi cat ed ¥y beEltRr ksraied@r anflaGver8ichhtafiacéndi saivg 24 h20MEAY irewmht
39Y2 respectively (Y encoders 70A and 70C), and based on .

st age- posi ti on?&t15% KUt NS S8FPER T Eor PECERO N 14 GFabPoRPER1BEEN The

encoder (corregllandfor umh(,an cornputed ln the, eduatd 9 ¢19) Olse v
T {'fe pit FOMERES unt S tHe

(11)) in accordance w chi'ng arroun img

yawi ng amount @ich ) 4mRASEELRRI AF wraker et Rge METHhakt8ERely 10w
nmeasured by interferoneter system 118, and based on correction

i nformati on ofspped idregcpiibel a@inslvecomnecthere fofer nat ton waf thanphofthat
grid lines of each scale. Further, main controller 20 controls the
position ik? t HehgmgRisErgmept tvadiie saptie EfEuORteotatueh iprdtigmgyrrandan

the Ox rotatiqn
Obe ignored, because not only a long-term fluctuation error

but also a short-term fluctuation error caused by air
fluctuations or the like are hardly included in the measurement
values.

20 Further, during the above-described movement of wafer
stage WST, main contreoller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained from a plurality
of Y heads 64 of head units 62A and 62C that are sequentially

25 placed facing Y scales 39Y; and 39Y, (the measurement values
of ¥ linear encoders 70& and 70C) according to the movement,
thereby also obtzaining correction information of deformation
(warp) of grid lines 38 that have sequentially faced the

plurality of ¥ heads €64. This is because the same blurring



110 (pitching) of wafer table WB, based on the neasurenent val ues

of a pair of Z sensors 741] and 742j, and a pair of Z sensors 761q

and 762q that respectively face the end portions on one side and the
other side in the X-axis direction of the wafer 5 table WB surface
(Y scales 39Y1 and 39Y2 in the enbodinent). Incidentally, the

position in the Z-axis direction and the B¢ rotation (rolling) of
wafer table WIB may be controll ed based on the neasurenent val ues of

Z sensors 741j and 742j, and 761q and 762q and the Tx rotation
(pitching) naybattentrardweld repeasedlyrepiea measthenpricesd wheref w¥fer

interferoneter 16. In either case, the control of the position in the
Z- axi s d|rectlSﬁag?hasﬁyl?cﬁ?ﬂqqaﬁnaﬁHeTixr6%5%??#PQﬁ°RM%h9"ﬁaﬂﬂéeVWIPn

(focus levelin r fer duri.n osure, i rformed
based on the rgsu é 8% 6%ﬂ%¥%%sﬁfﬁag?h£? mb. ﬁ%:ﬁ%eﬁbﬁﬁﬁﬂe’ and
bef orehand by EH@rEFb%éPo&éﬁréﬂ%i%%ﬁﬁ%%bgﬁéﬁfbgeﬁkEﬁgfdfﬂétigﬁeéwarp of
f oregoi ng exposure operation is performed by main control

repeating & nogrind bpesatitonhbhet nees shplenitinlwi ehceafale $hagelVey of
is nmoved to a scanning starting position 20 (accelerating starting

position) for @xb@@@?eG@fO@aéﬁ!§W@Pr§¢ééYoﬂbV@i@¢dVmb39@¢amnmghéhe
result of wafer alignment Enhanced G oba] | nment

performed bef oF8RENESTERE §Fqﬁb§%?ﬁﬁ@§h8fp%T¥ Pfs§§% ﬁél or
and AL21 t0 AL2de 1ire.

Incidentally, in the usual case reflection surface 17a
10 is not an ideal plane, the unevenness (bending) of the
reflection surface is measured and correction data of the
bending is obtained in advance. Then, on movement of wafer
stage WST in the +X direction or the —-X direction, wafer stage
WST may accurately be moved in the X~axis direction by moving
15 wafer stage WST in the +X direction or the —X direction while
controlling the Y-position of wafer stage WST based on the
correction data instead of fixing the measurement value of
Y interferometer 16 to a predetermined value. Thus,
correction information of grating pitch of the X¥-scales and
20 correction information of deformation (warp) of grid lines
38, which are the same as those described above, can be
obtained.
As is described above, main controller 20 obtains
correction information of grating pitch of the Y scales and
25 correction information of deformation (warp) of grid lines
37, and correction infonﬁation of grating pitch of the X scales
and correction information of deformation (warp) of grid lines
38 at each predetermined timing, fof example, with respect

to the head wafer of each lot, or the like.



and the |like, and a scanni ng exposure operation in which a 25 pattern
formed on reticle Ris transferred to each shot area by a scanning
exposure nethod. Incidentally, the exposure operation described above
is perforned in a state where water is held in the space between tip
|l ens 191 and wafer W Further, the exposure operation is performed in
the order fromthe shot 111 area |locatedn the -Y side to the shot
area located on the +Y side in FIG 18. Incidentally, the EGA net hod
is disclosed in, for exanple, the U S. Patent No. 4,780,617 and the

| i ke. Then, before theetastumsingt theepronesmfer AVic: expabedlikepavinile
controller 20 noves neasurenent stage MST ineasurenpnt table MIB) to
the position sABWASFhIRY Ghe FeRPUCEREREI VR hBeSt fedidrad/ £reyshenrlpaits

based on the n%%ﬁuéfg%r}tc \rﬁal J€ tq-}ce 6%95%5?%{11%5 rerx%t}]eﬂrﬁségf\]/_%c?%eras 70A and

. L. =
mai nt ai ni ng t he nmeasurere t-Val'ud

constant val uezgdf ddiex BRItHe EBr%ch’E:imﬁEgjintg'agmgegoﬁLHf aJ@g?glg%t;g{%cpzaend

side of CD bar 46 (neasurenent table nd the end Sur

+Y si de of Waf ehetahire MIBnairef driat@Bhacs deddfmeaicdh QhRes) of grid lines
I ncidental ly, the noncontact state (proximty state) may al so be kept
by, for exanpl 88 afshbesed vy shryermesutdeanetialibetabietdmror correction

information in accordance with the Z position z, the pitching
amount Ox and the yawing amount ©z of wafer stage WST that
are measured by interferometer system 118, main controller

10 20 performs movement control of wafer stage WST in the Y-axis
direction using Y scales 39Y; and 39Y, and head units 622 and
62C, that is, Y linear encoders 70& and 70C. With this
operation, it becomes possible to perform movement control
of wafer stage WST in the Y-axis direction with high accuracy

15 using Y linear encoders 70A and 70C without being affected
by change over time in grating pitch of the Y scales and warp
of each grating (line} constituting the Y scales, and without
being affected by the change in the position of wafer stage
WST in non-measurement directions (the relative motion

20 between the head and the scale in the non-measurement
directions).

Further, during the process of a lot or the like, while
correcting the measurement values obtained from head units
62B and 52D {l.e. the measurement wvalues of encoders 70B and

25 70D) based on the correction information of grating pitch and
the correction information of deformation (warp) of grid lines
37 and based on stage-position-attributable-error correction
information in accordance with the Z position z, the rolling

amount 68y and the yawing amount 6z of wafer stage WST that



15 interferonmeter or the encoder that neasures the Y-axis direction
position of each table and separating neasurenent table MIB and wafer
table WIB in the Y-axis direction at a distance of around 300pm

Waf er stage WST and neasurenent stage MST are set in the positional
relation shown in FIG 20 19 during exposure of wafer W and after
that, both the stages are noved so as toggep the positional

rel ation. Subsequently, as is shown in FIG 20, while keeping
the positional relation in the Y-axis direction between wafer table
WIB and neasur @rentezsibfed VB infeirdeconétet | syst2 dild,t ;1228 anntroller
operation of driving neasurenent stage MST in the -Y direction and

al so starts an“BREERAET BEVARERS SenREPEroS Hage r\ViERIDWER I HheadT 3. S

position UP. en ese operations ar tart in_the enbodi e
measur ement sygbge%/glro?su r%ﬁ‘\gg% so%"’}sjye_sl §9?h€n-d398¥% 85‘91: gﬁ? afHHlt\ﬁa?%P and
stage VBT is npysd ¢iad hes, K2 in¥adi ERELHORS a6k -2 I70REL T Oftth this

When main control{er 20 drives wafer st age WST an%‘ measur enment stage
MST si mul t éheoviséyaiabson s ideseidoned pboyehlaet®pddtirm mokehdnt Nncéiterol
space between tip lens 191 of 5 projection unit PU and wafer W (water
in liquid imeesivafesr ehagd Woin tihe Erexigoixssduent vath yigbvasciram
wafer Wto plate, 28, CD bar 46, and neasurenent table MIB, accordin

) A . g
to movenment of UBERRrE stHFETNERCRAGT fredlbratbnt0 s taddomsTRRdNEhat tacted

side. Incidentg]l ri t.he foregoi V' n he.,cont.act _1
state (or pr ox%%hyangft.éa? 2 ro'{]l(?nv\‘?agE ér%%%l%eg(%ﬂ' gggn%f r%aesﬁrsecrraeln s Fggl“éarp
MIB i s maintai @ﬁséadhngtgemgﬂ(lmneﬁ&ns?cqtm%g BnSxaE8a legNtanbef Dfiout
water in liquid inersion area 14 is delivered fromplate 28 to CD
bar 46. FUX hépeing affecdtedt bystloavcliange Gn 2Re w@s it icontofolrh€er 28age
controls the position within the 15 XY plane (including the Oz
rotation) of V&Feri? IRENEFBUCRELBE Sibget VB | (Whesa@lefivhemotion

measur enent val ues of .three encode 70A, . 708 d 70D (and

st age- posi t i O?F-’%W??Ibuvbeolef@agr ?8& %ﬁ?r gcttort ?Fp}ﬁ et -87 251 - eNEBLer s
70A, 70B or 70Q; st¢orgdidn nenory 34 in accordance with the pitching
anmount, the rolling 20 anount and the yawi ng anount, and the

Z-position of wafer micdgent8Iliyhainatiee rmasdrigd iy bBbOE] eLOFBL&Fion
system 118, and correction information of grating pitch and
corrections nfbrhetnanaf off igdatingspotch hendomties)line warp is to be
acquired for both of the Y scales and the X scales. However,
the present invention is not limited to this, and correction
information of grating pitch and grid line warp may be acquired
for either cne of the ¥ scales or the X scales, or the correction
20 information of either one of grating pitch or grid line warp
may be acquired for both the Y scales and the X scales. For
exXample, in the case only correction information of warp of
grid lines 37 of the X scales is acquired, wafer stage WST
may be moved in the Y-axis direction based on the measurement
25 values of Y linear encoders 70A and 70C without necessarily
using Y interferometer 16. Similarly, for example, in the
case only correction information of warp of grid lines 38 of

the Y scales is acquired, wafer stage WST may be moved in the

X-axis direction based on the measurement values of ¥ linear



When wafer stage WST and nmeasurenent stage MST are 25 simultaneously
and slightly driven further in the above-described directions
respectively fromthe state of FIG 20, position neasurenent of wafer
stage WST (wafer table WIB) by Y encoders 70A (and 70C) cannot be
performed. Therefore, right before that, main controller 20 sw tches
the control 113 of the Y-position and thggTz rotation of wafer stage
WET (wafer table WIB) fromthe control based on the neasurenent

val ues of Y encoders 70A and 70C to the control based on the

measur ement vaf@egders Y QEh@ad d0Onwibhous perk B3 iln eislagoRet ers 43A

d 43B. Then,  aft d i ned iod of ting, [ h [

FIG 21, moasutare o STRE VARG coRheTaF paOLY 6 CHRE: 9Bagb T
t of ' k naf

etorrod Lo as tTe" SHOR (rsTaPuay SEHET dpttlil bBbue P08 o

at 10 predet erm@aogrdidry ¥aksr M dichcease t it BcEesPetle 1O tBACales
waf er replacenent) is perfornmed. Then, nmain controller 20 stops

measur enentS st &gecVBs tate fhatposs bf die @k ialssudf aoeanfidot kef o wadteiron
stage WST toward unl oadi ng position UP while neasuring the X-position
of wafer stageS¥Ir RE %hReggab6nd 5t insdivcdngdrbychet igploi weiddtine Mazp

21 that f X | e 39X =1 d 70B d i th
"1 posi ti on. AT TS kTSN ERGCCRESFPRe DYoy HARAre GRePer 16 and
Z i nterf er omet gt 434 and, 4381 028051 0Rf. palere ane BT al unl oadi ng

position UP. Incidentally, in the state o ter is held

in the space betweemes®gasaparanl el dceMEBnansbd tdrilgngs1f9d wafer stage
Subsequently, as is shown in FIGS. 21 and 22, nmain controller 20

adj usts tH® TA$Dtand areasur€Debir suagdddI® ion exipe smeraseppaeatuyal Uk sf
of Y-axis |linear encoders 70E and 70F 25 descri bed above that

constituted by*Re @%Wf HihdL6RG 20¢ e e PP DEPNGLERr ci%g’g‘g@l-
FIG 22 that rféf%@éﬂ%glsltyﬁ,f %%?ti%gp@hé aeﬁcaiﬁcf egcﬁaesc%ri i §l$ﬁéor9ai%[)

bar 46 supporte enen tage : so-adjus |
XY-posi tion of c&hd ks A6 2basetk Pnd BB ABRG M BIBIHg ¥BhHeo2foPELERMYalve

al i gnnment

of liquid supply device 5 and liquid recovery device 6 of local

15 1liquid immersion device 8 as is described earlier, and the
space directly below tip lens 191 of projection optical system
PL is constantly filled with water. Howeﬁer, description
regarding control of liquid supply device 5 and liquid recovery
device 6 will be omitted in the following description, in order

20 tomake the description easily understandable. Further, the
following description regarding the operation will be made
using many drawings, but the reference codes of the same
mempers are shown in some drawings and not shown in the other
drawings. That is, the reference codes shown are different

25 1in each of the drawings, but these drawings show the same
configuration regardless of existence or non-existence of the
reference codes. The same is true also in each of the drawings

used in the description above.

FIG. 18 shows a state where exposure by a step-and-scan



119 system AL1 indicated by being circled in FIG 22 that detects
reference mark Mthat is |ocated on centerline CL of neasurenent
table MIB or in the vicinity thereof. Then, in this state, main
controller 20 perfornms the Sec-BCHK 5 (interval), in which baselines
of four secondary alignment systens AL21 to AL24 (the relative
positions of the four secondary alignnent;sgystens with respect to
primary alignnent system AL1) are several ly obtained, by

si mul t aneously nmeasuring reference marks M on CD bar 46 that are

| ocated in 10 nhthed ely) hefingaphrfecnedary walfiegnienin stistemassi, ngof oaira

secondary ali gnngnt s%]ﬁrrs AL21 to AL24. In parallel wth the
Sec- BCHK (i nt efVaMWREe 4GSR BT 208 ilPECAHE Ingmvate CaRP wakessla

drive systemof_an. u rm. (nQt._shg ad fer Won wafer,_.
stage WBT t hat g%t%ﬁ)sé%% iun%oargéll ﬁ%fﬁgsfiélg%%u@%{puﬁq\%gﬁgla BRI YAt mes
waf er stage Whleh8ufdifertXsdhb8MdORaYOdMY 8t id wliOnheadh DG RA%H hahdLe
with a vertical novenent pin CT (not shown in FIG 21, refer to FIG
22), whi ch Shascbkkhs ton weithupuefed whege p@sT of 1 xp itdee] ,ubh@adihnghe kept
rai sed a predeterm ned anount. 20Next, as is shown in FIG 23, main
control | er 20 #BVeIiTRHoUERSHE cBERE S VIR METahs opYined figdilowagy wafer

osition (hereinaft referred to as an "optimal, scrumwaitin
Bosi ti on"§ useﬁg?%e gﬁ?f"fh%es%%?%lﬁ a%&?&F@E@ﬁPegt‘j&&éam k?erté"rﬁge& them.

state of bei ngrg?agmaﬁf&mtmf Slamat ag@%;ﬁg et })Je}% g%td%%rf&yaﬁggnééséaq{ce

proximty state waf er stage escri revi ous

paral l el wth ddésrapel aljove iBBsONrERt &0t | 88 2hFiives dilkeagermaad
and makes a drive systemof a |oad arm (not shown) | oad new wafer W
ont o waf erl® abheaswEmgnt tstiagec ¥SE, thances tieediditwhenheoengelbtoathe
movenment pin CT is raised a 115 predetermnm ned amount is naintained,
the wafer | oadfPRFashshetpefIoPFEdLRAtE sSRse) ¥l HemrdgrostagaPST after

conpared with & soesumperee \éerti cal nmovenent pin CT is driven
downwar d and housed 1 nside tnl?e'waf er holder. Incidentally, FIG 23
shows the During the exposure, main controller 20 controls the

position (including the 6z rotation)} within the XY plane of
15 wafer table WTB (wafer stage WST), based on the measurement
values of at least three encoders out of two X heads 66
indicated by being circled in FIG. 18 that face X scales 39%;
and 39X; respectively (X encoders 70B and 70D) and two Y heads
64 indicated by being circled in FIG. 18 that face Y scales
20 39Y; and 39Y; respectively (Y encoders 70A and 70C), and based
on stage-position-attributable-error correction information
of each encoder (correction information computed in the
equation (10) or (1l1)) in accordance with the pitching amount,
the rolling amount, the yawing amount and the Z-position of
25 wafer stage WST that are measured by interferometer system
118, and based on correction information of grating pitch and
correction information of warp of grid lines of each scale.
Further, main controller 20 controls the position in the Z-axis

direction, and the 8y rotation (rolling) and the 6x rotation



5 state where wafer Wis | oaded on wafer table WB. In the
enbodi nent, the foregoing optiml scrum waiting position of
measurenment stage MST is appropriately set in accordance with the
Y-coordi nates of the alignnment marks arranged in the alignnent shot
areas on the wafer. Further, 10 in the enbodinment, the optiml scrum
wai ting position is set so that the shiftj;0 the contact state (or
proximty state) descri bed above can be perforned at a position where
waf er stage WST stops for the wafer alignment. Next, as is shown in
FIG 24, main ¢tBhteingr ofovafmretal e WABerbastegyen WEE Mieann femsditngalues
position LP to osition with V\:hiChI the position of fiducial mark FM
on rreasurerrentoglgtp@lgoogszs%?nwli% A1t REY% i'&rid REtR A3 Odr dageniors

primary align t t i t it re Qr.Irer
process of barspg llqnéxﬁegggﬁ%%%tregﬁpﬁﬁgvggﬁng%gga%]gnerlrle&ng%fglgygt%?none
(Pri-BCHK) is pedd eifedhe bthéPeiededherd D& iRDNEABAL i o RN the wafer
controller 20 switches control of the position within the XY plane of
waf er tabl & WBablemiEheucdate ofY baatds 3Pt handeeMir enemte waboeimdént ) .
encoder 70B regarding the X-axis direction described above and the
nmeasur ement vag%‘é%d%ﬁta@l% ithEe PPELBHRR ek T @rid-axlisndérpet bapt ard the

43A d 43B di t he Y-axi, i ti the Oz tation, t
the control of Y e BUSITT i LLAPh Phe" 34 bl Y DUSEI™6N EReconerolLed
Teasur enent vabues, o, 8l heast.Lhcae whcalers.; Wiheh-ara, abeast,

of two X heads 66 indicated by being circled in 4 that facd’

116 X scal es 39l andl 739X2nericodsr So7HB and pd@Bhiagy Hhaw b¥ Beaesolled
64y2 and 64yl indicated by being circled in FIG 24 that face Y
scal es 39¥L ankk3s9Y DN dheotersuTOrenind/aA0€p, cdnd basedfayrmeter 16. In

either case, the control of the position in the Z-axis
direction, the 8y rotation and 8x rotation of wafer table WTB
(focus leveling control of wafer W) during the exposure is
performed based on the results of the focus mapping that was

15 performed beforehand by the multipoint AF system described
earlier.

The foregoing exposure operation is performed by main
controller 20 repeating a moving operation between shots in
which wafer stage WST is moved to a scanning starting position

20 (accelerating starting position) for exposure of each shot
area on wafer W based on the result of wafer alignment {(e.g.
Enhanced Global Alignment (EGA)) performed beforehand, the
latest baselines of alignment systems ALl and AL2; to AL2,,
and the like, and a scanning exposure operation in which a

25 pattern formed on reticle R is transferred to each shot area
by a scanning exposure method. Incidentally, the exposure
operation described above is performed in a state where water
is held in the space between tip lens 191 and wafer W. Further,

the exposure operation is performed in the order from the shot



stage-position-attributable-error correction information of 5 each
encoder (correction information conputed in the above-descri bed
equations (10) and (11)) in accordance with the pitching anmount or
the rolling amount, the yawi ng anount, and the Z-position of wafer
stage WST that are neasured by interferoneter system 118, and based
on correction 10 information of grating pishbch and correction
information of grid lines of each scale. Then, main controller
20 perforns the Pri-BCHK former process in which fiducial mark FMis
det ect ed usi ngaped nb@satdd ginthe systicla Alol that shéf sayesl dociameti ar, the
measur enent 15 %ta e MST is V\@iti ng. at the optimal scrum waiting

posi tion describedSodU&C- 18-  IRgkHenhal by cGherkfid Betboddisfigclosed

overent of veler BLAUSIET! DG & SLiSGLbeN Kot manl Lah

where the alignnen sTarfange ree

areas are 20 detect ethed)hbk@ocOMHOlisRIshHe N bhoRaplr WRhiar o 31808,
WST based on the nmeasurenent val ues of at |east three encoders and

each of the comaegtdartiaiflernffimovdae senishedmabdvetage MST (Mbesuraveit
waf er stage WST reaches the position shown in FIG 25, nain .
control l er 20 §8bpe NElertsithge PRSTLiPR| Prows dro BIG.s 1Gpbacpohrohiny

controller 20 activates (turns sensors 72a to 72d and neasures
the Z-positi onsgﬁﬁetcﬁﬁlw%cﬁﬁsﬁgﬂ%aﬁﬂﬂe VO Jtlk TSR SYRETERE BRlue of Y

o hed v ANIPL Sl BB aLiL ) Thepn IROL1 2.
After the stopxofntved®irdilcrge V61 €escrddiedaaboveludRi MCeREEObbeRt 24
al nost simultaneously and individually detects the alignnent marks
arranged i1d t helméwr gbef ¢ndsvalfaganenthehof sddeast CDelber 460 (measurement
star-shaped marks_in FI G 25) using primry
table MTB) and the end surface on the +Y side of wafer table
WIB are in contact with each other. Incidentally, the
noncontact state (proximity state) may also be kept by, for
example, monitoring the measurement values of the
15 interferometer or the encoder that measures the Y-axis
direction position of each table and separating measurement
table MIB and wafer table WTB in the Y-axis direction at a
distance of around 300um. Wafer stage WST and measurement
stage MST are set in the positional relation shown in FIG.
20 19 during exposure of wafer W, and after that, both the stages
are moved so as to keep the positional relation.
Subsequently, as is shown in FIG. 20, while keeping the
positional relation in the Y-axis direction between wafer
table WTB and measurement table MTB, main controller 20 starts
25 an operation of driving measurement stage MST in the -Y
direction and also starts an operation of driving wafer stage
WST toward unloading position UP. When these operations are

started, in the embodiment, measurement stage MST is moved

only in the -Y direction, and wafer stage WST is moved in the



5 alignment system AL1 and secondary alignnment systens AL22 and AL23,
and links the detection results of three alignnent systems AL1l, AL22
and AL23 and the neasurenent val ues of at |east three encoders

descri bed above at the tine of the detection (the neasurenent val ues
after correction by each 10 of the correction information), and
stores themin an internal menory. 11A4s i s descri bed above, in
t he enbodi nent, the shift to the contact state (or proximty state)
of neasurenent stage MST and wafer stage WST is conpleted at the

posi tion wher e~ ¥5dgeeeeiommnst thdizkrgheent marks in the first

al i gnment shot ar eacswi s per.forned, ﬂ-ﬂd fromthe position, the
moverment in the +Y dIFELIAdR COREROHbEEneht A4 0T d'ad SFoSERPBN IRt

t he al i gnment i.n e f] al L gnment. _shot _ar.eas
are detected) %?gﬁ%t:%ﬁ%?g%gtggwgnsdl %aﬁxﬁ%ﬁ%g%%ﬁ% asg‘tEafl ®36%s Sfjeakf%‘?e’
proximty stateatés Siaf ted M dmhntEeNsFotd SedberP iy 1kAst NG SHArt
of novenent in the +Y direction of both stages WST and MST, as is
shown in FISG PR5ojesiivrontt AU end 2@ fetrall t(aiterath atiyond afcatsdohi area
beanms fromirradiation system 90a of the nultipoint AF system (90a,
90b) toward waltérshsm AB| BIGATBO) vediariis ldyeray ¢ofrarheafer dttpaplate

Then, during tHE SOVERAP SF TP GBS VI SHANEF PACLAG tpynovenent
Then, during ¢ FENBPePASTRE “fynove
i rection. wheeboid.SLades WY ARCRDET, LSRG WIS ROREE 0D 30000 Ik,

FIG 26, main controller 20 perforns the ration

former processInaiderobiidiy)s dariahathentbedyealy e RasUr @RBNEoNBA &S
of Z sensors 72a, 72b, 72c and 72d (surface position infornmation at
the end pdi®ti odlkaton (emepxdxtenidndsthbe btdfewasedea abd ef WEB X¥nakingasurement
direction of wafer table 5 WIB) and the detection result (surface

position inforMRTDHY Pats MRd nGetBRE: ol SN teLRE  detecePoth gyt Atstate

e Ot on 5O Sl 0aLDE M S LHREEQTon e 0l 4258 dEPLId Ve

of detection porfits) on the neasure p

mul tipoint AF sysh emt02s 99b3pink A 4.2t pubREL, & Sthdl 9Rhtd0shdile in
(centerline) in the Y-axis direction passing through the center of

waf er tabl e WIBLGEweioGhmasubstatitricdllley 20igwitdes swehb gdml toent @itBin the
wafer W coincides with straight line LV. At this point in tine,

li quid i mier siphPdres 1ingldisgatleel Sneretatieorhoahdmbebiesivee WIED( wiaffer
46 and wafer tai?le %Eﬁ) That js, 15 liquid i mersion area. 14 is about
to be deliveret-31o " RS 6 R - M PEFSEEBREN Wi lues of three encoders

70a, 70B and 70D {(and stage-position-attributable-error
correction information of encoders 703, 70B or 70D stored in
memory 34 in accordance with the pitching amount, the rolling
20 amount and the yawing amount, and the Z-position of wafer stage
WST that are measured by interferometer system 118, and
correction information of grating pitch and correction
information of grid lines of the scales).
When wafer stage WST and measurement stage MST are
25 simultaneously and slightly driven further in the
above-described directions respectively from the state of FIG.
20, position measurement of wafer stage WST (wafer table WIB)
by ¥ encoders 70A (and 70C) cannot be performed., Therefore,

right before that, main controller 20 switches the control



Then, when both stages WST and MST further nove in the +Y direction
whil e keeping their contact state (or proximty state) and reach the
position shown in FIG 27, main controller 20 20 al nost

si mul taneously and individually detects the alignnent nmarks arranged
in the five second alignment shot areas (refer to star-shaped narks
in FIG 27) using five alignnment systens Akl and AL21 to AL24, |inks
the detection results of five alignnent systens ALl and Al 21 to AL24
and the 25 neasurenent val ues of three encoders 70A, 70C and 700 at
the tine of thefddeettpont tideandabar&neatatarnes vifer stage el orainr

each of the correcti i nfor ion), and stores themin the internal
nmenory. At thi élf)g‘?r'}w%)nrgtf’ n?ﬁgi?%ét:ioﬁ.ep@s[eg A9 &“%é‘%sﬂlﬁﬁf“ef’acﬁgl S
scal e 39X1 andofSYl&?@éﬁjrsonm% Lakghbe 1}%91-,11@ “@oxif-t\édln.b%@%d‘/bﬁx‘cﬁlecal

direction that passes through the optical axis of projectron op

system Pl, mai fle&OftidnielvadheGoBEr @l Sntoerdasidian 14 hianzt he XY
pl ane of wafer table WIB based on the neasurenent val ues of X head 66

faci ng X scal eist SgirqnetidnrediBiennddédB 70Dheand a¥tkirneapr edensterisied
70A and 70C. . As is described above, in the enbodi nent, eight

pi eces in totaPeHIOPES FiBR iaF 6F nEIYBh 10t IR diddende dviarenpri: sitage MST
i nformati on) o;eaéi ngeq&ﬁﬂggks can be qFIected at thetggi t in ti
when det ect i on® 9 ¢ Hie A HreAt HRrkRET Al TS AR BRENGRE JF i RE Oty
areas ends. Thef; giedti ysHeA@8 (hBRE I EBOLF Ol d Ao 2Q ABLAWNS L BE the
scaling (shot magnificati'on) of wafer Wby, for exanple, performng a
statistical cosgeHBtHION indeiretl)sadi sebosed bt fioy pexaaphed Kekai
(Japanese Unexam ned Patent Application Publication) No. 61-044429
(the 15 cofr esporditrrndr®d patenvale. (i 183 s6¢Tpeantd tthedspleet tisignsh
the position iq%grnation, and ?ased onFthe con&uted shot
magni fi cati on, ¥#eGh TEHAGERE) 265 nBST SP R Adj dEPeplRER) controller 20

charact or i st | oo s HASLLEN OPLLRALGRYSL APhocL 01 £XAIBI €1 NG ves

proj ecti on magni Ion I'ng an adj ustnen vice

(refer to Fl G e&}thddjeddrenrt ageVinee 68w UsliSLAMGCAbsition UP while
characteristics of projection optical system PL by, "for exanple,

driving a speandasumiovablhe Kepssdcohshi dfitwatepraojaeet WST bpt Kchkad 66
system PL or changing the pressure of gas inside the airtight room
that is foPmredbeisidas dyekeing qiesded s KHgnsRitthathdapes) adade 39X,

0PI el Yot ML Sl B LA ppet an FUUIEL s AT LIS chony e 00
oo ) RSB, M e TBY P S gl L
contact state interferometers 43A and 43B, and stops wafer stage WST at
unloading position UP. Incidentally, in the state of FiG. 21,
20 water is held in the space between measurement table MTB and
tip lens 191.

Subsequently, as is shown in FIGS. 21 and 22, main
controller 20 adjusts the 8z rotation of CD bar 46 based on
the measurement values of Y-axis linear encoders 70E and 70F

25 described above that are constituted by Y heads 64y; and 64y,
indicated by being circled in FIG. 22 that respectively face
a pair of reference gratings 52 on CD bar 46 supported by

measurement stage MST, and also adjusts the XY-position of

CD bar 46 based on the measurement value of primary alignment



120 (or proximty state), and at the sanme tinme, starts the focus
mappi ng i n which Z sensors 72a to 72d and the nul ti point AF system
(90a, 90b) are sinmultaneously used, as is showmn in FIG 27. 5Then,
when both stages WST and MST reach the position with which
measurenent plate 30 is |ocated directly bel ow projection opti cal
system PL shown in FIG 28, main controllsgr, 20 perforns the Pri-BCHK
| atter process and the focus calibration latter process. Herein, the
Pri-BCHK | atter 10 process neans the process in which projected

i mages (aeri al sywpbgefbloindipated oy pebsucdmedednin RS Gon22 dthiadl detects
that are projected b rojection optical s%/stem PL are neasured using
aerial imge nE® %?‘?‘)r(u‘bgd%%ﬁ]‘c@ Fhadedr-BeATABOVR F9HIeHAS bk aF

| mage measur enﬁ@és iérfel%rgf‘ittsa%zlgsbi% ggrﬂ:thhaét v%%%fq?%‘?u{ﬁe@enéf pl ﬁ%gn,soi’n

and the neasurenen aerial "Tmage’inte y“i Adccorda

with the XY-poghisoskHie Waf8h (BRLEYIB) 86epstasaeh ivhd R LBERKNAI
menory. In this process, simlarly to the nethod disclosed in the

U. S. Pat ent5 Applntetval) Pull iwbdtchobablel i 20824002037 sedenebi-bedlignment
earlier 20 and the like, the projected inmages of a pair of

measur ement neFXStere Aeastpelléin (e é@ﬂiagﬁvﬁnﬁgéihia@%rcefr@me four
operation by a slit-scan_nethod usi ng{?aeri | i mage neasurenent_slit

patterns SL ins?)%?l?%&}rl‘f:ﬁﬁ'ﬁﬁ?‘?% fre St ﬁs"‘_'jc FBPBEF bl R4 R brageent
means the procgssdf M)Cmrea%elv%rﬁmﬁﬂgpoﬁgafﬁ%l,r é%{ .sz_'énu\ﬁ.?'ahgousl

controlling the position in the optic axi's ion o prolec¥ion

optical systenmdéis(ZrmpSicfieeahcelmimasw eneod wlaug 8Raf wafenotabbe in
WIB) based on surface position informati on of wafer table WB

measured By Z slenshiesld/ 2 Az, s2condady 72U gmesnt corsttreol eingOfour
measures the aerial images 121 of the nmeasurenment marks forned on
the mark pl at eSEFRAIEHOWDIIBANEL PEPEEIE PLettioc Pé2st add RBFalhek with

D o PR MR B T R IR DL R BT Lo
and makes a drive system of an unload arm {not shown) unload
wafer W on wafer stage WST that stops at unloading position

15 UP, and also drives wafer stage WST in the +X direction to
move it to loading position LP with a vertical movement pin
CT (nct shown in FIG. 21, refer to FIG. 22), which has been
driven upward when performing the unloading, kept raised a
predetermined amount.

20 Next, as is shown in FIG. 23, main controller 20 moves
measurement stage M3T to an optimal waiting position
(hereinafter, referred to as an “optimal scrum waiting
position”) used to shift a state of measurement stage MST from
a state of being away from wafer stage WST to the contact state

25 (or proximity state) with wafer stage WST described previously.
In parallel with this operation, main controller 20 gives the
command and makes a drive system of a load arm (not shown)
load new wafer W onto wafer table WIB. In this case, since

the state where vertical movement pin CT is raised a



5 images of the nmeasurenment marks is disclosed in, for exanple, the
panphl et of International Publication No. WO 05/124834 and the |ike.
Main controller 20 | oads the neasurenent val ues of Z sensors 741, 4,
742,4, 761,3 and 762, 3, synchronously with the | oading of the out put
signal fromaerial inmage neasuring 10 device 45, while noving
measurenent plate 30 in the Z-axis directi,qn. Then, main controller
20 stores the values of Z sensors 741,0 711-162% 4, 761,3 and 762, 3 that
correspond to the best focus position of projection optical system PL
in a nenory (npredéosuninddendentald ywainkeinedsorhemwy fehel pokirtg oanile
the 15 optical axis direction of projection optical system PL
(Z-position) oPCFEREIRGHENE Shonteraperivd &f £aBee AMMBRIES b thel @ape

i th f i t. i nf ti by Z 72a,
73b, 2726 and 70ETH T R GABO BRI FDRD) B Ch7 TEPORRCR T A b e
focus calibratigg; hatdsd JQLL$S1R .S ﬂ%fﬁﬂ{{%%lyc%ﬁé.%déﬁoﬁ dae

focus mappi ng descri bed previously. ase, since qui d

i mrer si on & easfi4té¢ swiarsrathfat wees poajest bwHM+ calblsy strem PL and
measurenent plate 30 (wafer table WIB), the above-described aeri al

i mage 25 measur enentlr $hgegfipydisenti,athe of @stdadmooppt tadl srstienvélting
and water Lq. Further, because neasurenent plate 30 and the like are

nmount ed at wafRPSEthye MEPERFEFREbPE2YFBISENS t3RP eI Gdet¥cEpbnin
el ement and th i e munted at asur nt stage T, th
above-describe%c%%]fk(?% ?%lggl t&égsgr_groreﬁﬁyflgggiz e ()arlys&gam\?,ﬁ?l%arks
keeping the cogtagigsd aretheraPighiditt ¥hst a Qadbneherydage Woltand

measur enent st age T, as is shown in FIG 28. Wth the nmeasurenent
descri bed ldbovey ithee enbadimenenttheabpesmal scrmensabisidd, ghsitddmdis set
761, 3 and 7620 (i.e. 5 surface position information of wafer table
WIB) in the st@® Ehaferttheashifhi ghtthe gsenteeshit eFatae)or progémytuxssate)
di rection pas of _wafer table WIB coi nci des

i 1 th
e Do P S IR il R b oo eSS A R Boeias HRers eafer

of projection ngr%%iss@%/ﬁo%g I%IOFi ahe ?Qrfg{ ”Qf'ig then, nmain

controller 20 co baseli ne of prinary” alignnent system AL1

based on the resul t mfxtt,hasPré -3eds farmes. pruocassndesaidladrean! idfes
and the result of the Pri-BCHK | atter process described earlier.

Al ong Wi t X hiwaDpersttagen WSBaSedn otraling] gbisonibat hRerm tsheosition with
measur enent 15 val ues of Z sensors 72a, 72b, 72c_and 72d (surface
posi tion inforfRtFoihst PRELELOR BT £ AMFEY . adnmar keFY e dtciagnrrBspl-tplate

(surface poot gn, {nfa) AT o35, Ehe L 38140000 113,00 L By
that has been gbfained idyddg hegusical i Pratp oL f U Bhere the former
process of baseline measurement of the primary alignment
20 system (Pri-BCHK) is performed). In the middle of the
movement, main controller 20 switches control of the position
within the XY plane of wafer table WIB from the control based
on the measurement value of encoder 70B regarding the X-axis
direction described above and the measurement values of Y
25 interferometer 16 and Z interferometers 433 and 43B regarding
the Y-axis direction and the 8z rotation, to the control of
the position within the XY plane based on the measurement
values of at least three encoders, which are at least one of

two X heads 66 indicated by being circled in FIG. 24 that face



20 process, and based on the neasurenent values of Z sensors 741, 4,
742,4, 761,3 and 762,3 (i.e. surface position information of wafer
table WIB) corresponding to the best focus position of projection
optical system PL that have been obtained in the focus calibration

| atter process, main controller 20 obtains 25 the offset at a
representative detection point (in this case, a detection point

| ocated in the center or in the vicinity thereof, out of a plurality
of detection points), of the multipoint AF system (90a, 90b) with
respect to thebesalép@hpuwd t3%n ¥nqudgrecDBramptiofal asyistemyPheads
and adj usts thﬁ ¥123 det ect.i on orlgln of the nultipoint AF system

for exanple, héTGhPA¥aIL R CREASY (NSt ﬁér‘éﬁ%é{n BéCont ti“é‘ttoface

In this case, wRQai,n |ng rou onl y, one , of
the Pri-BCHK | at g&iggo%ée andg?%e (lfeg}gus 5S¢ P b?%‘gh%)l Py Pased on
process nmay bespggbopsBi Of- atth:enmlﬁeedetergeyf cﬁyzfetcttlentﬂefcrﬁaguon of
process w thout perform ng either process. a matter of course, in
the case the PeacBCGicbdddt efcqrrmaeadsni anlﬁeﬁ:maewmrmapuﬁda:e iRy ithBCHK
former process does not need to be performed either. And, in this
case, main conﬁb@V?e‘ﬁe%_@NZ@e%rﬂ%ﬂaﬁa@nﬁo(h%be?ln&bf(éﬁ $t by anSEdenem with

| oadi ng positi LP t osition at which the alignnept nmarks
arranged in thgg?l%ttc R AR SfotPareds RS HRe et EEF&FWM‘J amount,

ooy el vy pal B ASRANA Y BOHRT 06888 dSy o SO plRdy Lh%y

basel i ne, whi ch was rrea n the simil ion just ore

exposure of a mtefféf@ﬁeﬁér RRMIeaUS 189 h&/ﬁaebaé{\ééu&i Qfdrxte%t%aosure
is used. Further, in the case the focus calibration latter process is

not perfor¥ed, 1nﬁerrb@rtsiori orugyyeasing phtoh pndj ectrertiopt iicdorsystiem of
PL that was neasured just before exposure of a previous wafer,
similar to thedEhdel bres if Hpdhasciilge.

Then, main controller 20 performs the Pri-BCHK former
process in which fiducial mark FM is detected using primary
alignment system ALl. At this point in time, measurement

15 stage MST is waiting at the optimal scrum waiting position
described above.

Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position where the alignment
marks arranged in the three first alignment shot areas are

20 detected, while controlling the position of wafer stage WST
based on the measurement wvalues of at least three encoders
and each of the correction information described above.

Then, when wafer stage WST reaches the position shown
in FIG. 25, main controller 20 stops wafer stage WST. Prior

25 to this operation, main controller 20 activates (turns ON)
Z sensors 72a to 72d and measures the Z-position and the
inclination (the 8y rotation and the 8x rotation) of wafer
table WTB at the point in time when Z sensors 72a to 72d face

wafer table WTB, or before that point in time.



Incidentally, in the state of FIG 28, the focus mappi ng descri bed
above i s being continued. When waf er stage WST reaches the
position shown in FIG 29 by novenent in the +Y direction of both
stages WST and MST 25 in the contact state (or proximty state)

descri bed above after a predeterm ned period of tinme, main controller
20 stops wafer stage WST at that position, sand al so continues the
novenent of neasurenent stage MST in the +Y direction w thout

stopping it. Then, main controller 20 al nost sinultaneously and 124

i ndi vi dual |y det ect :fitter shegirmmeLntader arpaadtdl daschébéd wéothi rehin

al i gnment shot areas. (refer o star-shaped marks in Fl G 29) _using
five alignment “SyEte e5eb %ir&oaiﬁim%tgn%a?swm Pl Hetuedtivofetects
results of fiv i AL21 and.AL24 and th
measur enent va u%salg“ggglt%f:%g t ?gﬁe&%éﬁl‘%gaetrlhé Bfgfe%%ltrﬁé Figmett shot

encoders at thgréage(irdihecdst 86t sRipdd My RasH! er@NtaMakuesyabtflary
correction by each of the correction information) and stores ?hemln

the internd nehbgyment stylsismpidi htinbdnsddarelanyhel { gauentraypiagsisd.2; and
being continued. 10 On the other hand, after a predeterm ned period
of time from thelnt Gpdofl ltkFerhst dglewBHasEilied odbbhtee t bl gameand
of neasurenent stage 1 and .waf er st.age I shifts fromthe_contact
state (or proxf%ﬂ%ﬂ%!t\@t]é) EkrdL‘@"‘t?féd r 3PP oS (MRS UIRMEDT TALUERi 91 at

to the separationsstdlfoe MR JEBASULERR LS AN & % VRLS %%@Q%fa@he
9 warts

exposure start walting position where neasurenent stage

until exposuredésestiadt etha e st@BhEAt | 411265 HARS RITLEENBAt bt
MST at the position. Next, main controller 20 starts novenent

of wafer shtlageof\ETie| gpnrrctdvrdinéctnan drowasdd & tpasist tiloem at awhi othe trheel
alignment 20 marks arranged in three fourth alignment shot areas are
detected. At tHRPEPoGint in tine, the focus mapping i s being

cont s eam [ ussgif st Stasg, U 2 LR Ui e <o

exposure start waiting p05|?| on- descri

stage WST reaches dditRRSkLLRB BHOWYAAmiR yFGatSP o MeR sGOBMERE | &lage
20 immedi ately stops wafer stage
MST and wafer stage WST is completed at the position where
15 detection of the alignment marks in the first alignment shot
areas is performed, and from the position, the movement in
the +Y direction (step movement toward a position where the
alignment marks arranged in the five second alignment shot
areas are detected) of both stages WST and MST in the contact
20 state (or proximity state) is started by main controller 20.
Prior to the start of movement in the +Y direction of both
stages WST and MST, as is shown in FIG. 25, main controller
20 starts irradiation of detection beams from irradiation
system 90a of the multipoint AF system (90a, 90b) toward wafer
25 table WIB. With this operation, the detection area of the
multipoint AF system is formed on wafer table WTB.
Then, during the movement of both stages WST and MST in
the +Y direction, when both stages WST and MST reach the

position shown in FIG. 26, main controller 20 performs the



WST, and al nost sinultaneously and individually detects the alignnent
mar ks arranged in the three fourth alignnent shot areas on wafer W
(refer to star-shaped marks in FIG 30) using primary alignnment
system Al l and secondary alignnent systens 125 AL22 and AL23, |inks
the detection results of three alignnent systenms AL1, AL22 and AL23
and the neasurenment values of at |east tRhrge encoders out of the four
encoders at the tine of the detection (the neasurenent values after
correction by each 5 of the correction information) , and stores them
in the internafoesoralibyaddoat prmsrpprfmew» tanek okttld nBoeuse hapidmg

i s being contipued, ang measurenent stage MST is still _waiting at the
exposur e startb%\}é‘fefefrhé FARGIF W EmeR Rl ?r?‘%%rﬁ‘?rb?rqreer 788 clgfput é¢ and
array informati i.n hot 0 areas on

wafer Win a ngﬁ Sﬁl%l%gs g%%ﬁ# r%'?%lkg?gng yaf e M I

the four encodeige &@d0:hd l&ehéﬁf £ thﬁ{eexsxﬁgraﬂ%%h&%ﬂgof %fger\{éﬂle
of wafer table WIB as its origin) , for exanple, by the EGA nethod

di scl osed iSn, WiB) exanphe dethetios. réailent(shofade 4Gl bnatdféheation)
i ke, using the detection 15 results of 16 alignment marks in total

obt ai ned as i 2t idEGCABOReraRbtt h*éh%diﬁf’fe%ﬁﬁ@rm} Pginbasocebehtin the

val ues of the encoders ur enent vaI correction by, each
of the correctfGh-$nidr %ﬁlt %ilﬁ) VlCI"\E}(T'y Q)'{Jnt% e+ aZBlEB‘FHi/Jr

the focus mp%é&@&d@bgben@w t‘f\@frﬁéaéﬁ %l!a[l]_et%(f K}fﬂl‘ reﬁ%t%%

agai n. Then, when the detection beam romt t1poi

(90a, 90b) beghuis: i iHts BFt Besveh ersod, SIQroioacen BSstl sk eShwpel A ﬂﬁlght
31, main controller 20 ends the focus napping. After that, based on

the resul tL0of lire foeagerhineafiertiz | Ygaxeﬁtd:(m&)lo%p@%img tadough the
bef orehand, the | atest baselines of five alignnent systens ALl and

AL21 to AL24, GhiFehetiyaler rabhe 5 forieh SE@SE@PFb@W@f@QB@MI@sw@
step-and-scan {ﬁgigg%tE %f nger W) coincides with straight line Lv. At

this point in time, liquid immersion area 14 is located near
the boundary between CD bar 46 and wafer table WTB. That is,

15 liquid immersion area 14 is about to be delivered from CD bar
46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity
state) and reach the position shown in FIG, 27, main controller

20 20 almost simultaneously and individually detects the
alignment marks arranged in the five second alignment shot
areas (refer to star-shaped marks in FIG. 27) using five
alignment systems AL; and AL2; to AL24, links the detection
results of five alignment systems AL; and ALZ2; to ALZ2,; and the

25 measurement values of three encoders 70A, 70C and 70D at the
time of the detection (the measurement values after correction
by each of the correction information}, and stores them in
the internal memory. At this point in time, since there is

no X head that faces X scale 39X; and is located on straight



i mrer si on exposure nethod and sequentially transfers a reticle
pattern on a plurality of shot areas on wafer W 126 Afterwards, the
simlar operations are repeatedly perforned in order to expose the
remai ning wafers within the |ot. As i s described above in
detail, according to exposure apparatus 100 of the enbodinent, in the
case wafer stage WST 5 is noved in a predgigerm ned direction, for
exanple, in the Y-axis direction when wafer alignnment, exposure or
the like is performed, wafer stage WST is driven in the Y-axis
direction basedins Liveksthenbrxlisrdorenttiicont it pheseadbdengbydtecoptical
position information_(inc]uding inclination information, 10 such as
rotation inforfat? o%fiRF‘ﬂf'é:t@?%dioPééF%nfyﬁ’FeW% Rgigg&opsrol ey 20
direction diff heY- axi s [ d..charagcteristic

i nformation of 8{’%2}%%%%@56 ?ga%ﬁiggﬂlﬁgﬁh gB%e)gfsl p&fantehggg‘?aa eirnéable WrB

surface and/ orpas&d adrd el REABLEORRF I DuesI Bt xi BeadBd @ rastiagex ViTa1e
is driven so that nmeasurenent 15 errors of.the encoder system

(encoders 7DA a%ikk 7T8Q)inesy ehcodenr7idyeahd ¥t héndaspinmeelest70A and 70C.
(including inclination) of wafer stage WST in a different direction
fromthe Y-axis dirdet i6niaseridird ebovie ttdhe eabedimeiensdobd. pigces
t he enbodi ment, nmi,n ]googrol l.er, 20.drives wafer stage WST in_the

a

Y-axis directibh, I _ c?oc?rjrt_tlﬁﬁ ﬁﬁggﬁfl%%?ﬁ Ut “@PSéHEBH_e?%SWH
and 70C that nBasye. Do) b%naiﬁr%m h%@.g%{ %%ﬁfb%f a8E8gE.YRL kﬂetglﬁnt

Y-axis direction, on stage-position-attri e-error correctio

i nformation (cormrecid @hehnBiotsation cOMPEL 8di jAnkhe wauad 18nthd 0decond
descri bed above) in accordance with position I nformation 25 of wafer
st age WST 1th aadigrewtritorshatorneaasendsentThdir, eetti dh) sdstége emaifr om

the Y-axis direction at the time of the nmeasurenent, for exanple, in
accor dance wi tFHoE i AhrStRdnEoRNe SGRd B9 stehpt wernificpeien) of

meor ea by ¢ il W' S RAp1 7 ¥Rl LELLEL D Bbfputation,
which is disclosed in, for example, Kokai {Japanese Unexamined
Patent Application Publication) No. 61-044429 (the
15 corresponding U.3. Patent No. 4,780,617) and the like, using
the position information, and based on the computed shot
magnification, main controller 20 may also adjust optical
characteristics of projection optical system PL, for example,
the projection magnification by controlling an adjustment
20 device 68 (refer to FIG. 6). Adjustment device 68 adjusts
optical characteristics of projection optical system PL by,
for example, driving a specific movable lens constituting
projection optical system PL or changing the pressure of gas
inside the airtight room that is formed between specific lenses
25 constituting projection optical system PL, or the like.
Further, after the simultaneous detection of the
alignment marks arranged in the five second alignment shot

areas ends, main controller 20 starts again movement in the

+Y direction of both stages WST and MST in the contact state



interferoneter 16 and Z interferonmeters 43A and 43B of interferoneter
system 118, on correction information of grating pitch of the Y
scales (which is correction information in which the unevenness
(flatness) of the Y scales is taken 5 into consideration), and on
correction information of warp of grid lines 38 of the Y scales. In
this manner, based on the neasurenent valggs of encoders 70A and 70C,
whose neasurenent errors caused by the relati ve di spl acenent of Y
scal e 39Y1 or 39Y2 and Y head 64 in the non-nmeasurenent 10 direction
and caused by goatpruxipiittghsobtd) scale a8%He (famdO¥2mandstwarye 0hedfdds
| i nes 38 have been corrected by the respective correction

i nformation, sPapeley e whichefh seusdns d@at ol Fad andl thef anlsingenWGF
is driven in the Y-axis direction. In_this case, the neasurenent

val ues (count Y¥FuRI8) I8R, 130InaERHIAGANERYSIPEISH% Fhe SRR RLNLIG
resul ts obtainggd when neasuring an ideal grating (diffraction
grating) by an ideal encoder (head). Herein, the ideal grating

(diffractign grati n@hdrS WREnOBSLNNASRSUNiECENLSUPAIAAS! the LH8ition
nmovi ng pl ane (XY plane) of the stage and al so which is a conplete 20
pl ane, and thewpth chhitilr ectasmreakenthplgtat 3igis Slqraatald eli reataybealnw
of an interferoneter and the distances between grid |lines are

conpl et el y equeFoi®FiorRs! aRbtadt sYsiien eahoendadErG ( R8ad)aisconbr oher

whose opti cal IS i erpendi cyl ar_fo_the novin | ane | ane) of
the stage and gﬁs%?ﬁé%ﬁﬁf ggﬁhfmﬁﬁgﬁﬁg S3THOT Mt° @Edd%ggt °tH@
Z-di spl acenent .1 gyl ﬁ%%t%%“??gcess. Hededtt Nehe PPiLQ@H§3@§£H%§

waf er stage WST is noved in the axi's direction, wafer wage
driven inlthe prévdss didapet L8 PaseskPANRASHR PRI edt DR ABEESN (& rial

t he encoder system position information of wafer stage WST in a
different 128images} of a pair of measurement marks on reticle R that are
projected by projection optical system PL are measured using
aerial image measuring device 45 described above that has
aerial image measurement slit patterns SL formed at
15 measurement plate 30, and the measurement results (aerial
image intensity in accordance with the XY-position of wafer
table WTB) are stored in the internal memory. In this process,
similarly to the method disclosed in the U.S. Patent
Application Publication No. 2002/0041377 described earlier
20 and the like, the projected images of a pair of measurement
marks are measured in the aerial image measurement operation
by a slit-scan method using aerial image measurement slit
patterns SL in pairs. Further, the focus calibration latter
process means the process in which, as is shown in FIG. 28,
25 while controlling the position in the optical axis direction
of projection optical system PL (Z2-position) of measurement
plate 30 (wafer table WTB) based on surface position

information of wafer table WTB measured by 2 sensors 72a, 72b,

72¢ and 72d, main controller 20 measures the aerial images



direction fromthe X-axis direction (including inclination
information, and for exanple, rotation information in the Oy
direction), and characteristic information of the scales (such as the
flatness of the grating surface and/or a grating 5 formation error).
That is, wafer stage WBT is driven so that neasurenent errors of the
encoder system (encoders 70B and 70D), V\/nveéﬁh occur due to the
di spl acenent (including inclination) of er stage WT in a
different direction fromthe X-axis direction, are conpensated. In
t he enbodi nment of KhameaseoahERt hifk30f Gfrha® SnWeh & magikegea MBT ok K8m)
X-axis direction, based on the neasurenent val ues of encoders 70B and
70D t hat neasuee nedsicledh o nfedrindtel pagd REAT emdsbaged WBTthembAgurement
X-axis direction, on stage-position-attributable-error correction
i nformati on 15¥&8¢+ETt iMFRSHISST (HREi BASEofpaEe P Tt edurrPdactiar
described abovg), in Acgor dan%«i Wi osition informati

i e

h f f
stage WST in a QI T&etion (Rhontea Tﬁgrﬁ%ﬁurcﬁ“}eél& PEy 2 ?g?g?’%vﬁr‘ﬁ%ed

the X-axis gli r egido8 ot tlﬁ@‘?ne?ais@%eﬂten?:hﬁaﬂ?&a§9rﬁmtosefdoine@@%ﬁaémﬂ&r/é,

accordance with position 20 information of wafer stage WST in
direction, thetk¥ ghmmcidtorfaddtbhaa?ioxsd Bigecidtdont Nat aoeos5/124834
nmeasured by Z interferonmeters 43A and 43B of interferoneter system
118, on corr eca®@dirhenfidearat Mahnsfongratlileg 20 L oadsfthietrec 36 wrsmiend: values
(which is corregti on information_in which the unevenness (fl atness)

25 of the scal®5 7SI i'ed cdfsinder S p i) Her o YOGRFERPPEHY With
I nformation Oftl\f@rl%a%fin rbg éﬂ@%ﬁ;g&t%ﬁ@ é&%ﬁ]:%%?%%’rln{[ Iesmgaa‘sr]L{]_T?fﬂg

based on the neasurenent® val ues of "enco ose

measur enento er d&e¥ Scé aksedihay ef ﬂ%vﬁ.ﬁ%%éé(@ufglﬁéﬂ@%ﬁrﬁ%@t 30f iX eg&l £axis
39X1 or 39X2 and X head 66 in the 29 non-neasurenent direction and

caused by gratdimpqiiah ofh¥nscedin It ral 182X20 amicb vex rhef vgliids of Z
|ines 37 have been corrected by the respective correction
i nformation, sYRRCLR Mde1sybizem 12431 3¢ dkenothald congennpad st she haAST

is driven in the X-axis 5 direction. In this case, the count val ues
of encoders 70B°&Hy PATDTACE £ ep§8ﬁﬁcéﬂs°? h%pi}’e%‘% tséfscgﬁf“agﬂeﬂnv%et??mory

?ﬁiiﬁ;i_ ng an i dedl s8bghl N9 el iidr@Ghi 9N HALE09dn RhyAhd #5681 « £OF G ne
15 optical axis direction of projection optical system PL
(Z~position) of measurement plate 30 (wafer table WTB) is
controlled using the surface position information measured
by Z sensors 72a, 72b, 72c and 72d in the focus calibration
latter process is that the focus calibration latter process
20 1s performed in the middle of the focus mapping described
previously.
In this case, since liquid immersion area 14 is formed
between projection optical system PL and measurement plate
30 (wafer table WTB), the above-described aerial image
25 nmeasurement is performed via projection optical system PL and
water Lg. Further, because measurement plate 30 and the like
are mounted at wafer stage WST (wafer table WTB) and the

photodetection element and the like are mounted at measurement

stage MST, the above-described aerial image measurement is



Accordi ngly, wafer stage WST can be driven in a desired 10 direction
wi th high accuracy using the encoders, w thout being affected by the
rel ative notion between the head and the scale in directions other
than a direction to be neasured (neasurenent direction), wthout
bei ng affected by the unevenness of the scale, and w thout being
affected by the 15 grating pitch and gratiyig warp of the scale.
Further, according to exposure apparatus 0 of the enbodi nent, for
the relative novenent of wafer Wand illumnation light IL, which is
irradi ated froperfoumeadahion kepstiom tee tontatestitei (@ ptoxcime iy state)
projection optical system20 PL and water Lg, main controller 20 )
accuratel y dri 96" estersgisS R bRSRAPERRARTE cTtags ¥SHpuat 66 ShawBdin

h | f h.of th ders.described above,
Stage. pos: L1 one 21 r1but SOTS- SHEoR=GoPFBRTT ORI OF R FORV S Bath of |

the encoders iQe3SERLRBANCEaMER J308 !sfeizl‘é‘.%rls’?ﬁﬁ’,&”?ﬁzliz%r} anﬁhﬁg"\alafle.re.
stage in the non-neasurenent direction at the tine" of the '

measur enent§ asdr face @osdti ban i i tatEldno8f afa f@rat 400 WTBGhi@aRte state
correction information of grid Iines of each of the scales.

Accordi ngly, avpare er retofaicliti dieeR(cantdelinmeheih dihe Neawdbedingtthion
hi gh accuracyogg scanning exposure 130 in the |iquid._inmersiqgn

exposure et h SSl?g_thr HﬁphE?? HSTdPhGI P T héPeRpBER RHclgREN1th
acquiring Stag§ff§f ﬂﬂ??ﬁ@%ﬁﬂ'gHi | 8+8Lk Enﬁgﬁﬂﬁf$é%% 'Q%ﬂgﬁyléggkfgn
e 0 2P <56 NG ES

t he neasurenent va the 'encodér, mainh contro C ge

the attitude obfvef®festiage opRiche ayBtumhabl]yaod Siddigrent
attitudes, and noves wafer stage WsT in the Z-axis direction in a
pr edet er mlied strok&hesmgeadhi kentroateat 2 ganmetesc tthenbhisghiné ramm
head 64 or 66 of the encoder to a specific area of scale 39Y1, 39Y2,
39X1 or 39X2 |PrinEfitdliAEeatt §¥stomablblt haeedfomding resags WETthe

LT ed Daseth SRS TRV SteL Sl ol Ll ELL oo 0311
measur enment the Pri-BCHK latter process described earlier. Along with
this operation, based on a relation between the measurement
15 wvalues of Z sensors 72a, 72b, 72c and 72d (surface position
information of wafer table WTB) and the detection result
(surface position information) at the detection points on the
measurement plate 30 surface of the multipoint AF system (90a,
90b) that has been obtained in the focus calibration former
20 process, andbased on the measurement values of Z sensors 74,,,,
T43,4, 161,3and 762,53 (i.e. surface position information of wafer
table WTB) corresponding to the best focus position of
projection optical system PL that have been obtained in the
focus calibration latter process, main controller 20 obtains
25 the offset at a representative detection point (in this case,
a detection point located in the center or in the vicinity
thereof, out of a plurality of detection points), of the
multipoint AF system {90a, 90b) with respect to the best focus

position of projection optical system PL, and adjusts the



results of the encoder during the novenent. Wth this operation, with
respect to each attitude, variation 15 information of the neasurenent
val ues of the encoder in accordance with the position in a direction
(the Z-axis direction) orthogonal to the noving plane of wafer stage
WST (e.g. the error characteristic curve as shown in the graph of

FIG 12) is obtained. 20Then, main contrgbker 20 obtains correction
information of the neasurenent value of the encoder in accordance

with position information of wafer stage WST in the non-nmeasurenent
direction, by ¢erderimmeragineddt ehei mett tpwinit #E eryshasedfon ¢dmnple,
sampling results, that is, the variation information 25 of the

measur enent  vatle OORHE N TEEBP ACabbRt delt € Mi X HIFEOPEEI ERER: of
waf er stage WST in the Z-axis digection with respect to each

Bt tude. aceor di nol’: CETSassb b RRa e P Bt R RE tm S R vyt
i nformation fogn CPrdRCIdMNG Hh@rARasHEK eIB e £T8 Y s bhe €RE0HSEYS
caused 131 by the relative change of the head and the scale in the
non- measur énentdadilsectiiconleabe berdeesdathy bedp & fpmediebhathe procedure
Further, in the enbodinent, in the case the correction information is
deci ded with rexpebiftdoathn peut Prycessdadous nernfiorvdngtsittites pracess.
sane head unit, for exanple, a plurality of Y heads 64 that

constitute hedd Gtttk iIBntI}‘%lﬁﬁPeitshei FragPated 3r6mRERIESP
head 64 to the; [ . j Y Y.
ca 51 L,y S, s fugearon, B ORI Lo BT ol

perforns the above-descri g neasur e

encoder, and tfembdazedolleaNel fite SANMBMANTiK S 4 oadd)emain controller
stage-position-attributable-error correction information of each

encoder tH&t 30 coigt heated dywecmeheY steark G4Tafdow Sealimg3pyditson LP
decided. Therefore, as a consequence, a geonetric error that occurs
due to gradi erft® & RIfHe€Rd2tsWRLSh TR rekiEWents mexkst ReFapgedsin the

when obt ai ni ng.the correction.informatiqn for ur,al i .of encoder.s
t hat co_rrespo%fdlrtso FhEIRARR" SER S T RS FS%F_ELFGQQ %%éé%ﬁé’%aﬁgyf in
correction i nfg{dmabkan i pa i SHBHRG r LIGRASE :ndiaKLRgo1-RLS, the baseline,

consideration a geonetric error that occurs due to gradient
head of the suiljie wacadesusbaniAOtnaleinsSiageAFhtisnnpuetd becdhe

Z-axis direction. Accordingly, in the enbodi ment, a cosine error that
is caused Wy cdix#dagumet of a wafer that is previous to wafer W subject to
exposure, is used. Further, in the case the focus calibration
latter process is not performed, the best focus position of
projection optical system PL that was measured just before
exposure of a previous wafer, similar to the case of the
20 baseline.
Incidentally, in the state of FIG. 28, the focus mapping
described above is being continued.
When wafer stage WST reaches the position shown in FIG.
29 by movement in the +Y direction of both stages WST and MST
25 in the contact state (or proximity state) described above after
a predetermined period of time, main controller 20 stops wafer
stage WST at that position, and also continues the movement

of measurement stage MST in the +Y direction without stopping

it. Then, main controller 20 almost simultaneously and



gradient angles of a plurality of heads does not occur. Further, in

t he case a measurenment error occurs in the encoder due to, for
exanpl e, optical characteristics of the head (such 25 as
telecentricity) even if gradient of Y head 64 does not occur,
occurrence of the measurenent error can be prevented, and therefore
reduction in position control accuracy ofy,pwafer stage WST can be
prevented, by simlarly obtaining the correctlon I nformati on. That

is, in the enbodi nent, wafer 132 stage WST is driven so that the
measur enent er todividudid wedetdets st ehiguweant nagkdwe tangedei héhd five

unit (herei nafter, al.so referred to as the head-attributable error
i s conpensat ed*P1¥tPdeAPRPTY shpdsatrah (ERAPEGEFF ¥ T SRAR e BrEkS LorF -

the 5 head uni 4 ¢l udi ent of t hea pt i
char act er i stlcs?)(q*%rngle%aﬁﬁl aefg%rgrprréctsiygﬁewﬁfgﬁﬁaﬂ rﬁu%fL % @‘L% Fftis
measur enent  val e ife dNOneRESEEE s DS S YL MRY1 D GATRYEedns "ﬁﬁf%ﬁ AL2;
Enbodi nent” Next, a second enbodi nent of the present "i nvention w |l
10 be descrd bemmqreefcbtbﬂmats@r’éht%t B2l iax 34.atTheaseaditde encoders
enbodinent is different fromthe first enbodi nent described above,
only in the opettateortigefosrmencadens cat ritee itvima fotiret doheotion (the
grating pitch and correction information of war rid lines of the

scal es are acdifTeH;® hevss &'ﬁfrl W%‘?‘?W”ogyter?é: Phdhst GRr et ion
other operationgealieid haldt JUASengh APERLILSL QIRAUABY - &t cnis

Accordingly, erent point escri
point in time, the focus mapping is belng continued.

10 On the other hand, after a predetermined period of time
from the stop of wafer stage WST described above, the state
of measurement stage MST and wafer stage WST shifts from the
contact state (or proximity state) to the separation state.
After the shift to the separation state, when measurement stage

15 MST reaches an exposure start waiting position where
measurement stage MST waits until exposure is started, main
controller 20 stops measurement stage MST at the position.

Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position at which the alignment

20 marks arranged in three fourth alignment shot areas are
detected. At this point in time, the focus mapping is being
continued. Meanwhile, measurement stage MST is waiting at the
exposure start walting position described above.

Then, when wafer stage WST reaches the position shown

25 in FIG. 30, main controller 20 immediately stops wafer stage
WST, and almost simultaneously and individually detects the
alignment marks arranged in the three fourth alignment shot

areas on wafer W (refer to star-shaped marks in FIG. 30) using

primary alignment system ALl and secondary alignment systems



Herein, an acquisition operation of acquiring correction information
of grating pitch of the Y scale and 20 correction information of

deformation of grid lines (warp of grid lines) of the X scale will be
described. Reflection surface 17b is assumed to be an ideal plane,
for the sake of sinplification of the description. First of all, main

controller 20 reads the mathematical 25 function z=f1(y) that denotes
t he unevenness of Y scale 39Y1, the mathenatical function z=f2(Y)

t hat denotes the unevenness of Y scale 39Y2, the mathenati cal

function z=g2(R}2t lzand Bbhot édnkhethmeetroesonofe0lsrabé 3Wee adhdgnhémet
mat hemati cal function z=g2(x) that denotes the unevenness of X scale
39X2, whi ch ha?gSten3 %Te?gn Pd‘gquﬁﬁéd%?ﬁ ddfafibe BRUSLEIR Ve lwesopy at
34, into the i

waf er stage V\IS%gr gaﬂé arrpelneOdeﬁst%%t ?%X%PFQEW%%%%{TI%%%%B%SVE\FII% of

arrow F in FlGEhedetectlon(theneasurementvaluesaftercorrectimnbyeach

5 of the correction information), and stores them in the internal

memory. Also at this point in time, the focus mapping is being

continued, and measurement stage MST is still waiting at the

exposure start waiting position. Then, main controller 20

computes array information (coordinate values) of all the shot

10 areas on wafer W in a coordinate system that is set by the

measurement axes of the four encoders {e.g. the XY coordinate

system assuming the center of wafer table WTB as its origin),

for example, by the EGA method disclosed in, for example, the

U.S. Patent No. 4,780,617 and the like, using the detection

15 resultsof 16 alignment marks in total obtained as is described

above and the corresponding measurement values of the encoders

(measurement values after correction by each of the correction

information) .

Next, main controller 20 continues the focus mapping

20 while moving wafer stage WST in the +Y direction again. Then,

when the detection beam from the multipoint AF system (90a,

90k} begins to miss the wafer W surface, as 1s shown in FIG.

31, main controller 20 ends the focus mapping. After that,

based on the result of the foregoing wafer alignment (EGA)

25 performed beforehand, the latest baselines of five alignment

systems ALl and AL2; to ALZ24, and the like, main controller

20 performs exposure by a step-and-scan method in a liquid
immersion exposure method and sequentially transfers a

reticle pattern on a plurality of shot areas on wafer W.



5 32, for exanple, within the effective stroke range, with the
measurenent value of X interferometer 126 being fixed to a
predeterm ned value, in a state where all the pitching anmount, the
rolling anpbunt and the yawi ng anount are mai ntained at zero based on
t he measurenment values of Y interferometer 16 10 and Z
interferoneters 43A and 43B. During the ngyenent, while correcting

t he measurenent value of Y head 64 indicated by being circled in FIG
32 that faces Y scale 39Y1 and is |ocated at a distance "a" in the +X
direction fromEtemiayds,| ithe twmihariqmaaaténnedﬁmaZ&@paandlyhperformed
measur enent value of Y head 15 64 indicated by being circled in_FIG
32 that faces %ns%%ﬂ§¥'§§Y?X§ﬁ&el§hPo€%¥%%P%ﬁgz¥%ﬁ%ﬁﬁaﬁé§hlﬁ"thﬁ %?ﬁ? X

direction from strai ht I e L. Y_Linear en 70C S|n
mat hemati cal functi (%%S i #ef( d <ddal:o?’nﬁ(%}') 9 % icﬁ%%&/éj eXposure
control ler 20 é%ﬁ&@lﬁ@aéﬂrtﬁ{@%hbﬁéhﬂéﬁt af; trﬁrthgh@aé:@wa%tﬂ 0P 80T

the 20 measurenent val ues of Y interferoneter be nore
accurate, tshe heasureiremt avgh:aeétef:mmﬁa@@Ltﬂﬁm:rttld@leamrBéQamﬁﬂe%ﬁ) the
into the internal menory at predeterni ned sanpling intervals.

Next, after m%&?gls/\/aiﬂ@ecwagewlvm@fmreéémmmd THIISTee ornt g iKe
direction based on % asurerrent value .25 of X | nterferorreter 126,

mai n control | et® B§TSP V\/gﬁéfarsscta?g?? %&létd%vﬁd’s’rlﬁ 8f ’('taﬁ‘elsp%’slfeiqtdﬁn
shown in FI G R33) Wi Cbne%tlg emeh29€, VB ClnBlLRE hyed, 2
on |n cat ed B an-ar e

predet er m ned I'stance 11t direc

in FIG 32 bammd&qnmmu&%ﬁnt(lﬂai&@lﬁ 1Y1dl@.tr1%':t'l homstsfm&@lon,
134 Then, main controller 20 noves wafer stage WST, for

exanpl e, L@ t henchy ati metkitdnni ndf cahetidyy ian tdrer 6w EBirncEith) 33 Wadfer

exanple, within the effective stroke range, wth the neasurenent
val ue of X i ntEr¥es BRBtis 219br el iy Aikéarent afrpmptlé@léfr@mﬁn@urwa@@

t at wh t t dth t
i nt i ned at F8 BRI LG SAEn G RBUAT LG Sin e FREQoR: (3eFb g the
much as possi bfpa@?e%%dognth@egesm%emaa@' %%Qf Yk Q&fﬁ%@ﬁ%m

16 and Z interferoneters 43A and 43 During the m)ve

correcting thesreasur errat ivalweraf stabeadT6d dAtreRked iyt Rei fidrement
circled in FIG 33 that faces Y scale 39Y1 and is |located at a

di stance "U§" igrndws oX -dheeenicodefr oyssim afegitodeinse 70¥ &vd| Y®@ar which
encoder 70A) and the neasurenent val ue of Y head 64 indicated by
bei ng circl ed $5FH &e 39 ?}}f‘afilFE%%%eWe%EéPEC&EdBW’L‘n&FianFEl‘P%bé’lfé‘@f&tr

a distance "a" alr;%t BJ%T ﬁldl Ej?[(f%egn & Sc:[trl ! g?r?ni(tr}j IY %sfén(gl ction

encoder 70C) UsT € Tt Fear - fURct i ons 2
respectively, JAmdQus@Rtitid kek180 dreadsnddiedRasur erenk éﬁ@:ldé‘iﬁxe?fgt (?r[aln

the correction and the measurenent val ues of Y interferonmeter
be nore accuratetroller 20 drives wafer stage WST in the Y-axis direction,
20 based on the measurement values of encoders 70A and 70C that
measure position information of wafer stage WST in the Y—axié
direction, on stage-position-attributable-error correction
information (correction information computed in the equation
(10) described above) in accordance with position information
25 of wafer stage WST in a direction (non-measurement direction)
different from the Y-axis direction at the time of the
measurement, for example, in accordance with position

information of wafer stage WST in the 8x direction, the 6z

direction and the Z-axis direction that are measured by Y



20 the neasurenent val ues of neasurenent beans B4l and B42) into the
internal nmenory at predeterm ned sanpling intervals. However,
since the positions of Y heads 64 in the XY coordi nate system are

al ready known, correction information (e.g. correction map) of
grating pitch of Y scales 39Y1 and 25 39Y2 can be independentl|y
obtained by setting up the simultaneous ggyation using the sanpling
val ues that have been obtained in the above-descri bed two operations
and sol ving the sinultaneous equation. Incidentally, in the usual
case where refigteifpronatiacdt 888 47bnterfmtommtdmedi3aphades 3Bhet
unevenness (bendi ng% of the reflection surface is neasured and
correction datioFr 4O ﬁgs‘t@moﬂa’l%{ N GOrERRkdeee infRepat ban t ¢l

Oy e S e 5p A E L R o By S0 Rl A G e T e e
Y-axis directigp vhﬁdmhegum@@ﬂnééég@ﬂa%{e@e)tBf e 4 8GN Whi 18y

controlling the X-position of wafer stage WST based on the correction
data instedd ofnfd xdumg itdeeattasy earat oy atdterédft i¥n Ahebk-asoeh est 3p
to a predeterm ned value. 10As is described above, after obtaining
the correctionof ricichatings 8. gf e resicrdrsrap)n dfhlgsr aghngrpi badedion
Y scal es 39Y1 nd 39Y2 respecti velé gmal n contraql |l er 20_noves waf er

stage WST in tH FPRAYE nVE4UPE QhoRRCIIET GO0A3And HOFheWE??ﬁ’I ar
procedures to.&éﬁ?ﬁ%éﬂ%ﬁ&h%r E%SC%%gE%F% B%hgrré atlvéqal%%lg%g% of'Y

above. In this case, as in cqurrThAg corrtect

information (esghl&LFIGCHEOBIVRARNDON géaal L) Phtﬁlﬂe Honl meaheemdgyl
and 39Y2, the neasurenent axes of X interferometer 126 and X heads 66

i ndi cat ed 1§y bdirartdiarcked ¢muﬁchy3grahia1hg frtehXoschlsex1839XdYapd 39Y,
39X2 respectively are 20 not coaxial, and therefore, the influence of
t he appar ent m&fl HeraRfust 1 &1 1fgpetd BFEQ@WQWC'%@ R dder eeisnnctive
interferoneter_due taq air %I uct uatlonz§l ncl uded %e measur enent

val ues of X heHtfs 664 Rat *f AER* S Ylal l‘é%&Y%%?Jr & BEcEIV
encoders 70B afyh {der 23238 BEFOLs driven in the Y-axis direction.

In this case, the measurement values {(count values) of
15 encoders 70A and 70C are the same as the results obtained when
measuring an ideal grating (diffraction grating) by an ideal
encoder (head). Herein, the ideal grating (diffraction
grating) is the one whose surface is parallel to the moving
plane (XY plane) of the stage and also which is a complete
20 plane, and the pitch direction of the grating is parallel to
a beam of an interferometer and the distances between grid
lines are completely equal to one another. The ideal encoder
(head) is the one whose optical axis is perpendicular to the
moving plane (XY plane) of the stage and also whose count values
25 do not change due to the Z-displacement, leveling and yawing.
Further, in the case wafer stage WST 1s moved in the
X~axils direction, wafer wage WST is driven in the X-axis
direction based on measurement information of the encoder

system, position information of wafer stage WST in a different



25 (hereinafter, shortly referred to as a yawing-attributable error).
In the second enbodi nent, however, the apparent yaw ng anount

descri bed above of wafer stage WST that is neasured by the
interferoneter due to air fluctuations can be nmeasured using a pair
of Y heads 64 indicated by being 136 circled in FIG 34 that face Y
scal es 39Y1 and 39Y2 respectively (Y encqgders 70A and 70C). That is,
whil e correcting the count values of the pair of Y encoders 70A and
70C using the correction information of grating pitch of Y scales
39Y1 and 5 39\indrdtiomafechethe obtax he dlirecdwvandeénciminng obvaildati on
20 can obtain the apparent yawi ng anount described above of wafer
stage WST basediGiFmefd ctoupd iiru8saBpPier Biatdens tetopmision ha Hhe Py
of Y encoders 70A and 70C__The mai n_contraoller 20.can gcorrect the
Vawi ng-attri buTHAE 16 or BesCh P bRG BN L HORG EAE Bppebertealee
yawing amount {diah, basheenaeRLalned che dhe MANQREedesalided AR ng

Wil e correcting the yaw ng-attri butabl e error” as 1s describe

during thesnoviymeeitioh éheompf erhatage, WaEernstdge WYTAL § Etiven, sahat
controller 20 sequentially |oads 15 the count val ues (the neasurenent
val ues of X | iteEguremesieesr?o8 ahdtivPncadercsyvatenobencoders ridA and
plurality of ﬁgjsads 66 of head units 62B and 62D that are ]
sequential |y pl%ted " PdChngcRuEcdrestadiie sHeErigeensptof 4RagRdEnd he

novenent, inta_t i_ntern Ly, eferm.n sanpl,in .
intervals. Thgrﬁélgélaf@'gﬁht) %Lef g?"%% asr@%r%é;gqgg B % %Jégg_ %evrngégg?Fb%% from
reason, main R Kokikek 29rabsfoRPt atdsc&RidRGlean | ARt @R @hent,
deformation (warp) of grid lines 37 that sequentially face the
pluralityl6f XaieadenGGplbygrpedfdriwery wifsdn stiagal wproLtesshagi-afxi s or
exanpl e, averagi ng (or perform ng wei ghed 25 aver agi ng of) the count
val ues | oaded di¥¥rechdonnt BpRaf fRnbhy measuremenyr vhéres apEengrddrs 70B

case of obtainin e correction informati,o e.Qg. correction ma of
Crating piton R0 ebBeuret WP u R s i et R RioR it St panstavd Wi
information of; defareatien gyarp);iel qid lines 37 by driving wafer
stage W8T in the =Y !

stage-position-attributable~error correction information

15 (correction information computed in the equation (11)
described above) in accordance with position information of
wafer stage WST in a direction (non-measurement direction)
different from the X-axis direction at the time of the
measurement, for example, in accordance with position

20 information of wafer stage WST in the 8y direction, the 6z
direction and the Z-axis direction that are measured by Z
interferometers 43A and 43B of interferometer system 118, on
correction information of grating pitch of the ¥ scales (which
is correction information in which the unevenness {(flatness)

25 of the scales is taken into consideration), and on correction
information of warp of grid lines 37 of the X scales. 1In this
manner, based on the measurement values of encoders 70B and
70D, whose measurement errors caused by the relative

displacement of X scale 39¥; or 39%, and X head 66 in the



137 direction indicated by arrow FF in FIGS. 32, 33, and 34 taking
into consideration the so-called reciprocal difference, the process
simlar to the process described above shoul d be perforned.

5Meanwhi | e, when acquiring the correction information of deformation
of the grid lines (warp of the grid lines) of the Y scales and of the
grating pitch of the X scales, main contgekler 20 perforns the sane
process as in the case described above, with the X-axis direction and
the Y-axis 10 direction interchanged. Details on such processing wll
be onmitted. hon-negsigensachdiécarbionid1id astised pyagiragindasitweh of X
w dth, the correcti info tiopn of the grating pitch can be
acquired, for %g&]r?pﬁgxl By HBtATH HETP e %gﬁié&iﬂ 8r° | RRBE Peenoppatscted

described abovs, ahangoLAL & 1 083 LBCL DR MARGLERCII 0N, AR LR oron

right, left, and in t n e correcti i“on

of the grid |iTe) war BohbrSCIHH had, wRr &l isd abeN®sEaR BBiven in the X-axis
representatively chosen and its warp can bé neasured. This seens to

be preferall e,dframhitdme viewhdisntasd, abewranyt 281laas ofoskaddd s YOB and
In the second enbodi ment, the other control operations of main
control l er 20 HHY alfe t&SnERPAr A i e ofeTHE apparanes whensheaswring an
t hose of the fjyrst, enbodi nent,.described above. According to the
exposur e apparjacieifsl rgélagtléla Rglgﬁﬁaﬁgl%c%%o VB8Rt 1H88Lr Phe %o
far, the effectiggQguivalent to those of the first enbodi nent

descri bed above can be obtai ned, and besides, since wafer stage WST

does not al ways havacterbengDygeaiaFleragt £xé @TEEYN IRWIEPEEE MhEMesired

acquiring the correction information of grating pitch of the scales

and/ or 10 direction with high accuracy using the encoders, without being
affected by the relative motion between the head and the scale
in directions other than a direction to be measured
(measurement direction), without being affected by the
unevenness of the scale, and without being affected by the

15 grating pitch and grating warp of the scale.

Further, according to exposure apparatus 100 of the
embodiment, for the relative movement of wafer W and
illumination light IL, which is irradiated from illumination
system 10 to wafer W via reticle R, projection optical system

20 PL and water Lg, main controller 20 accurately drives wafer
stage WST on which wafer W is mounted, based on the measurement
values of each of the encoders described above, on
stage-position-attributable-error correction information of
each of the encoders in accordance with position information

25 of the wafer stage in the non-measurement direction at the
time of the measurement, and on correction information of
grating pitch and correction information of grid lines of each
of the scales. Accordingly, a pattern of reticle R can be

formed on the wafer with high accuracy by scanning exposure



138 the correction information of deformation of the grid lines (warp
of the grid lines) of the scales, the acquisition operation of the
correction information can be perfornmed in a short period of tine.
5Incidentally, in each of the enbodi nents described above, correction
information of grating pitch of the diffraction grating that a scale
has is to be decided so that a neasurenentserror of the encoder

caused by the flatness of the scale is corrected. However, the

present invention is not limted 10 thereto, and wafer stage WST may
al so be driveninnthke nelaguirde mamerdiioaec ekpnsofe anetemgbder based on
information on the flatness of a scale and the neasurenent val ue of

t he encoder, indepeﬂﬁ%ﬁﬁqgf'oﬁcﬁéﬁﬁﬂ§gtF%nthﬁ %mh?dééﬁﬂéctwhﬁn acquiring
i nformation of ratln ilch diffraction at

scal e 15 has. %%a?e l???%wqﬁ %&tﬁéﬁgregf%@é’ ?Ctﬁ E§?5¥?$§°n'°f

direction or t@@eXﬁéﬁ%é&éﬁéﬁ%@%ﬁ@ﬂe blrer fEasHE ek rbReey 20

I
encoder or the X encoder may al so be corrected asgﬁébn |n%ornat|on
on the flathesshaigéherhé sealieude bliewXfegas€agd WITitH Gapeurasithenst
scale-attributable error, the neasurenent 20 error of the encoder
that occurs dudiffexrent fltiihsdssefanthaoyesl eafer cdagect8d. irfFghehgraxis
for exanple, |n the cases such as when the flatness of the scale is

favorabl e, theSTERSUrBhent 2ePFoteRMELsE5ake F3RAS sbddesighadiating
rati ng fornmatj f, cl n ch._error
O or 2250 er ot BBLBEEREn Ol T Rfh Ead Rulbyr pBRNd I BLALR LB Shecisic

|ke) nmay on

corrected as ties$cst %c%tlter i3t Abd ey £7 130K, or 39X, EH Ehbﬁaﬁ@%eﬂé‘%he
fl at ness of the scal e includes not onIy t he unevenness but al so t he

inclinatid® ofattthetwin falCavadlert béageaWsT Ihatairstaiewen baketihengtiéi ng

surface of the scale has 139 the high flatness degree, in the case
the scale i tséﬂﬁfaﬁwm%re%HM§§r%ﬁfWer%f@l@ﬁ$|‘-b¢ﬂ1amsé390t

error) of the encod c.cur ue.to the inclina n ach of the

rbod] ment s deSe FROEC SHoVise SOk PR TE0amE AR Pt i 82 enropetant et

be results of the encoder during the movement. With this
operation, with respect to each attitude, variation

15 information of the measurement values of the encoder in
accordance with the position in a direction (the %Z-axis
direction) orthogonal to the moving plane of wafer stage WST
(e.g. the error characteristic curve as shown in the graph
of FIG. 12) is obtained.

20 Then, main controller 20 obtains correction information
of the measurement value of the encoder in accordance with
position information of wafer stage WST in the non-measurement
direction, by performing a predetermined computation based
on the sampling results, that is, the variation information

25 of the measurement values of the encoder in accordance with
the position of wafer stage WST in the Z-axis direction with
respect to each attitude. Accordingly,
stage-position-attributable~error correction information

for correcting the measurement error of the encoder caused



5 corrected. Incidentally, the pitch error of the grating occurs due
not only to the flatness (including inclination) of the scale but

al so to the manufacturing error. Further, in each of the

enbodi nents descri bed above, the case has been descri bed where main
controller 20 perforns 10 novenment control of wafer stage WST in the
Y-axis direction or the X-axis directionusing Y |linear encoders 70A
and 70C or X linear encoders 70B and 70D while correcting the

measur enent val ues of the encoders that are obtained fromthe head
units based onbyheheorektiivwn dhangenati bheohegd aandghE tschalelsnt hee
correction informati on of deformation (warp) of the grid |Iines, and
the stage- posi EPOARERTH BRHOFELEFF 6P Y gét‘ii‘%ﬁllqarﬁ ePnatSigwle method.
descri bed above, but esent. invention s not.limted.thereto.. .
For exanmple, in the'%%§%K$%e§§dgF%Fgﬁogﬁmﬁg%éﬂJ§%§ ecﬁﬁ%qﬁf correction

control | ed usi ngropRatidead GaEidelortdn 20 padtarsi PR %1963 B (1ads

scale) , for exanple, correction of the stage-position-attributable
error descri bethaboxesidesteothalssmes hbadeud Dx b&opeekanirsd,. a plurality
Further, if an error amount of grating pitch of a diffraction

grating, whichoh YsBapds fdsthahgonss icatsdieasy unhe 680 f hatatess ioh Tight
scale is remar kabJ%ﬁE}If rger, than an error ampunt of grating pitch of

the diffractioh® gt CEUSEG DT HePS3sc £8r 5 T readts grecific area
| nfor mat i on - 0f o SLALIAG,BhEERq (Cacr o G951 SEHT AL AR, 023,00L_peed 110,

be obtai ned i n advance, and n vi ng wafer stag on_exposure

or the like, peshplny of4dkdsti@maRti 4k 10ft MBF @heSEREEIMAETahA then based
predeterm ned direction (the Y-axis direction or the X-axis

di recti onl0maybe teasiamd lugi mgsuhésentbeer, and based on the
measur enent val ue and information on the flatness of the scale, wafer
stage WST nay BL3RE RISV anTathe ipreabter of aeld correstion infermpagion of

e e ek e ey D DS T AR, B SOLTRCL P TS 415
accordance W tdgPogist ieRi BEOT Mafd Q¥ Wakel SLAGSyYBIcd N & geometric
non- measur enent direction neasured by 10 |nter?eroﬁ%ter §ystéh1Tf§ on
this driving. error that occurs due to gradient of the head is also corrected.
15 In other words, when obtaining the correction information for
a plurality of encoders that correspond to the same scale,
main controller 20 obtains correction information of a subject
encoder, taking into consideration a geometric error that
occurs due to gradient of the head of the subject encoder when
20 wafer stage WST is moved in the Z-axis direction. Accordingly,
in the embodiment, a cosine error that is caused by different
gradient angles of a plurality of heads does not occur.
Further, in the case a measurement error occcurs in the encoder
due to, for example, optical characteristics of the head (such
25 astelecentricity) even if gradient of Y head 64 does not occur,
occurrence of the measurement error can be prevented, and
therefore reduction in position control accuracy of wafer

stage WST can be prevented, by similarly obtaining the

correction information. That is, in the embodiment, wafer



I ncidentally, in each of the enbodi nents descri bed above, the
stage-position-attributable error and the head-attri butable error do
not al ways have to be corrected sinmultaneously, but may be corrected
i ndividually. 15 Further, in each of the enbodi nents descri bed above,
t he case has been described where the acquisition of unevenness
information of each scale is perfornmed usjzsg the correspondi ng
encoder, but the present invention is not limted thereto and the

fl at ness (unevenness) of each scale may al so be neasured 20 using
anot her neasur &hage WG&\iscariven spShedgpthaneasnoemeieeencodérthe encoder
I ncidentally, in each of the enbodinents descri bed above, for the
sake of sinpliPYTERT P TIRG @é§cFPpFP6nheﬁ%JWP{RN&WQ%%¥@@f§Grrsa%%P

t | t f t
The o nge sper BRYELFANTS RHPNS Rad I LR RRTY  F RO e P i R Y
but the preseninéiwantdan, $aRQ4Y 'ohnbhﬁgaE@@ffé&c@ri%fotrm%‘egén%.%h@rlfg

saying that at |east part of the above-described control performed

mai n contrd | ene@Dumdy fe chanetudhth peablioened tbyha hekdr adddAsr aﬂﬂldﬁcl
control lers. For exanple, a stage controller that performs the

control of waf@?aléﬁ%wmcédd pe dxauelipaseer artise hpistmatimn of the
val ues of the encoder fﬁﬁ @ﬁl the Z sensors and the interferoneter

system may be BFFEHIEW u@ﬁeoéoﬁﬁPo?n%PQﬁrrﬁﬁ%?qﬂmmﬁﬁoPPeFoﬁﬁuted
Further, the above- dgsgld oR%dE&PBE£§£%99§f0r”Ed by main controller 20

does not al ways have to be realize y hardware, but it may be

realized in softwar erastsea by RneOaR BmdHt08FaRd Babs 8/t Sirddntion will
operation of main controller 20 or each of several controllers that

shar e and Yfer flor medmerit®@dontholredsrescdescritiz®l aiove. 34. The second
I ncidentally, the configuration and the placenent of the encoder

system the i rieRIEMSRL S @ygf%ﬁ$n¥rﬁ¥QﬁJFPPp%+ﬁ¥tAW”%%@?méﬁﬁa%@SQ#k?QE
sensors in eacq%of the enbo |ﬁe nts arﬁ nere Iﬁ%f %i goes

wi t hout sayi ng R & ENE PREEALT 3R H% 4 eﬁnF8aI?8

For exanpl e, 'fhfﬁEHhﬂ¥6ﬁ|3% %gggghgeﬁiﬁcﬁhﬁﬁfmxhﬁ%d%ﬁ%g ngo?ﬁigﬁon of

exenplified where a pair scal es” 39Y1 and 39Y2 use

Y-axi s directiwrpasi tgxcilai lmalélsr effethe afch PePaife Acgtisedl esnd%ie and
39X2 used for the X-axis direction position nmeasurenent are arranged
on wafer 20 tatdei\IBatdet ©F &bet oppaoratvepoant tathehewmpeaapabns odire
head units 62A and 62C are placed on one side and the other side of

the X-axis di rEdtidF & 5P8F%c?fdﬂ“bﬁPF@§le@?@@éﬁ?@i aRGcarpanglys the
head units 628 f{ggégg% g QI% gg o gn fiﬁgh the ot her side of
ectio

the Y-axis dir prolec ion~opli
Herein, an acquisition operation of acqguiring

correction information of grating pitch of the Y scale and
20 correction information of deformation of grid lines (warp of
grid lines) of the ¥ scale will be described. Reflection
surface 17b is assumed to be an ideal plane, for the sake of
simplification of the descriptiomn.
First of all, main controller 20 reads the mathematical
25 function z=£f;(y) that denotes the unevenness of Y scale 39Y,,
the mathematical function z=£f,(y) that denotes the unevenness
of Y scale 39Y;, the mathematical function z=g; (x) that denotes
the unevenness of X scale 39X;, and the mathematical function

z=gz (X} that denotes the unevenness of X scale 39%;, which have



25 system PL. However, the present invention is not limted to this,
and only one scale of at least either pair of Y scales 39Y1 and 39Y2
for Y-axis direction position neasurenent or X scales 39X1 and 39X2
for X-axis direction position neasurenent may be arranged al one, not
in pairs on wafer table WIB, or 142 only one head unit of at |east
either pair of head units 62A and 62C or {hgad units 623 and 62D may
be arranged. Further, the direction in which the scal es are arranged
extending and the direction in which the head units are arranged
ext endi ng 5 arke@otadduinast ino advehogoandl stered iionsegwcly 34,t heto the
X-axis directipon and the Y-axis direction as in each of the
embodi ment s abb¥ESTRRL WFTQFYhave to be directions that intersect each
ot her. Further, the i odi.c _directi he diffractio g
e i sPREbo Pl e Al ity G ERongreda el £

be a direction orthogon i

direction of eaghwnsral an and i difiest488€in@i PALAN gt ¥n O - NRAGS 1 BT prG,
t he correspondi ng ead unit only have to be arranged in the direction

ort hogonal & o Bhe frer eadinpld} neiddtiontht effddatnictd eargkattdigie, Fuithethe
each head unit may have a plurality of heads that are arranged 15

wi thout cl ear aRe@S{regenth valdier eft Kohnber fogorrtien d 2thdepagi bdked to a
direction of the glffractlon rati,ng Further, in each of the

entbodi ment s abBERSS tHE RS ARGS hdBrF SkehpireR ihihe R%éhéﬁ@oﬂ&?unt
I f h
systemis enp 9H§Sﬁ%£¥%ﬂ§1 h?ﬁegga {g%e€§¢ |ghggytca ?ﬁ£§9n g at

section (the X' sc arrang &d

table (wafer Si@ﬁ@)base@n@nseh@&néa)sdﬁcﬁ%dtheamﬁagl@ﬂasq@lftbeeeréﬂast@mct
units (the X heads and the Y heads) are placed outside the wafer

st age. HoWdverand Ae.freesembmiheentdiz@rand4 BBt | iDirtied the reawcdmeart, while

encoder system and an encoder system having the configuration 25 in
whi ch encoder HRHRCEHMS éﬁ“@aﬁ@ééuéﬂman%‘f@fu%t%é' drads64asndboatrsd by

th d head |
pl'aced one- di HeRSIBRATCGPATIG Bocts BHE) e "ol SCdeoti: T del feater
stage may al so,be, %myt%%g i M e S A

pl aced on the upper surface
(Y linear encoder 70A) and the measurement wvalue of Y head

15 64 indicated by being circled in FIG. 32 that faces Y scale
39Y, and is located at a distance “b*” in the -X direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=f;(y) and z=f;(y) respectively, main controller
20 loads the measurement values after the correction and the

20 measurement values of ¥ interferometer 16 (to be more accurate,
the measurement values of measurement beams B4, and B4s) into
the internal memory at predetermined sampling intervals.

Next, after moving wafer stage WST a predetermined
distance in the +X direction based on the measurement value

25 of X interferometer 126, main controller 20 stops wafer stage
W3T at a position (the position shown in FIG. 33) which wafer
stage WST reaches after being moved a predetermined distance
in the -Y direction indicated by an arrow F/ in FIG. 32 based

on the measurement value of ¥ interferometer 16.



143 of the wafer stage, the two-dinensional gratings (or

t wo- di mensi onal |y pl aced one-di nensi onal grating sections) may al so
be used as the reflection surfaces that reflect the neasurenent beans
fromthe Z sensors. Also in the case the 5 encoder system having such
a configuration is enployed, basically in the simlar nmanner to that
in each of the enbodinents above, wafer stage WST can be driven in

t he nmeasurenent direction of the encoder based on the neasurenent

val ue of the encoder and information on the flatness of the 10 scale.
Wth this operation,Theifemagnagensdlitan b mbvaewafierastieger 88T, for
direction with high accuracy using the encoder, w thout being

af fected by th8*FRRYRNALSEDET T HEisChilen indicatedvjantafyqy & Andath

of the enbodi t tatiqn infor ion in the Tx directi,

(the 5 tohing Srbast S5k e din B8 TRR Pt hESheadlids hyeh ene
i nterferomet ernsyskLMdlS vallde LrexPihebl P-GRDUWY 1RY 1Rlisg BExed to a
obtained from for exanple, the neasurenent values of a pair of Z

sensors 74i opré&ddsemsoirsed 6plueOrin dstapeanpbee RepOtclaiplianothtZand
sensor(s) is/are arranged adjacent to each head of head units 62B and
62D, 20 sini| abhr§ redlheadnpnintsappaintabee] agrmknchengithehiang ranaugunt
may al so be obt ai ned fr.om{he nmeasur enent _val ues of the Z sensors

that face X scaf eI_ganstbtla ?S?XfeFESBECJPP‘_G]éI 33 Rﬁrts_rilki% $3s5Her abi bhe
posi tion inf ormé%ﬁneg\%aqhe%t @’%Y@E’?g{ﬁ%ﬁ&émﬁ% si,x degrees

of freedom that 1s, axi's, -axi's, y and Tz

directions canifgerRasiia®ssiang tha e9godensraRd the KoPaRSH Swhile
Wi t hout using interferonmeter system 118. The above-descri bed

measur enent0 of cpuséttiiony ibtifeomeatsiormeht wad bue siage MABR A dhdecatan oy

of six degrees of freedomby the encoders and the Z sensors maybe
performed 144P%R9 GAFFLEH IhEIExpostihat dpeest ¥ svalsud o avd il torated

al i gnent at a distance “b” in the +X direction from straight line LV

(Y linear encoder 70A) and the measurement value of Y head
64 indicated by being circled in FIG. 33 that faces Y scale

15 39Y,; and is located at a distance “a” in the -X direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=f,(y) and z=f;{y) respectively, main controller
20 loads the measurement values after the correction and the
measurement values of ¥ interferometer 16 (to bemore accurate,

20 the measurement values of measurement beams B4; and B4,) into
the internal memory at predetermined sampling intervals.

However, since the positions of Y heads 64 in the XY

coordinate system are already known, correction information
(e.g. correction map) of grating pitch of Y scales 39Y:; and

25 39Y; can be independently obtained by setting up the
simultaneous equation using the sampling values that have been
obtained in the above-described two operations and solving
the simultaneous equation.

Incidentally, in theusual case where reflection surface



operation and/or the focus nmappi ng operation described earlier.
Further, in each of the enbodi nents above, the 5 neasurenent val ues
of the encoder systemare to be corrected based on the correction

i nformation described earlier so that the neasurenent error of the
encoder system which occurs due to the displacenent of wafer stage
WST (relative displacenent of the head andsthe scale) in a direction
different froma 10 predeterm ned direction in which wafer stage WST
is driven, is conpensated. However, the present invention is not
linmited theretd!bartl f87 agxddghé, phaner gete pusitanmesat (bAndhngheof the
position of wafer. stage WST is set nmay be corrected based on the
correction infdf ??Rﬁquiﬂ?ia6§d15b39%?u9$ﬁI%PQHQQHﬁiStEQHMEFE? et dgw

WST based on tyje AEaSYLERN: Al eSO Lhe epcader, sus! em . O ae Liy e
H Vet RS

exposure operatio par |cﬁ1ar, iI'"e"driving ‘'wafer sage

on, for exanplgfevddhuBasi RIFEBtayalias; RfcHheyencder osyssm ihheics.
position of reticle stage RST may be corrected based on the

correction i nf32 eatlidsd) @8feestrngbatbTahoyaccurately Berdiard 1ih rheatta xdfs
t he enbodi nents above, only wafer stage WST is to be driven based on
t he neasur enenfiXRgticsn by Mojelrshwader siptelsTior taratipldd rewhénan while

[ f 2 b f | e, d t t hat
measur o the! FOBTTIGI 2 6o G PRPOELTASE HEF R SEAd MGRaPFged on the
arranged and rgficlg i %%tBSIngg¥a&|§P ff%fgﬁ;ﬁﬁ%eggﬁgqrgﬂeﬁ@evalue of

nmeasur enent val ues of this encoder system an on correction

i nformati on ackorfidiFdronpesirt 108 +8f o1 pRédane @fi ddie vaehik¢l e stage in

t he non-neasurenent direction that is nmeasured by reticle 145

interferomter 116. As is defexilhmt aboweeaghtef ebim ieningdihentsradmhion

the case has been expl ai ned where one fixed prinaré,alignnent system
d

and four movabtE SEESAPEY {© oF | GRFERETE9RMERE &F Graginppedchapl Y scales

39Y,; and 39Y; respectively, main controller 20 moves wafer
stage WST in the +Y direction as is shown in FIG. 34, in the
similar procedures to those in the case of FIG. 32 or the like

15 described above. In this case, as in the case of acquiring
correction information (e.g. correction map) of grating pitch
of Y scales 39Y; and 39Y;, the measurement axes of X
interferometer 126 and ¥ heads 66 indicated by being circled
in FIG. 34 that face X scales 39X; and 39X; respectively are

20 not coaxial, and therefore, the influence of the apparent
yawing amount of wafer stage WST that is measured by the
interferometer due to air fluctuations is included in the
measurement values of X heads 66 that face ¥ scales 39%, and
39X, respectively (X encoders 70B and 70D), as an error

25 {hereinafter, shortly referred to as a yawlng-attributable
error). In the second embodiment, however, the apparent
yawing amount described above of wafer stage WST that is
measured by the interferometer due to air fluctuations can

be measured using a pair of Y heads 64 indicated by being



5 alignment nmarks arranged in 16 alignnment shot areas on the wafer
are detected in the sequence that is proper for the five alignnent
systens. However, the secondary alignnent systens do not have to be
novabl e, and t he nunmber of secondary alignnent systens nay be any
nunber. The point is that at |east one 10 alignnment systemthat can
detect alignment marks on a wafer only has o be arranged.
Incidentally, in each of the enbodi nents above, the exposure
apparatus equi pped with nmeasurenment stage MST separately from wafer

st age WST, whi chr¢ledimi%y. 84 thhs AfFeYpusies IPhaared 08Yi haspestively
di sclosed in, for exanple, the panphlet of International Publication
No. WO 2005/ 074D FRCRAGTENEDR PRE, 70T -de3RR T BEd. WiThke FPEXERE I NGRS GOHE

is not limted i S- t.ype of, _exposure appar ,_.b i S

di sclosed in, ¥%J?uéeg_>:aor;fp!%{,)e E5A O)3pahBaes 3@??1%%%@?8&%@ the
Application 20c-Hebldcald QRkoRatiln 24 (83 +aRg bHEE Y €SRORLAG Y, Snd
Patent No. 6,341,007, and the panphl et “of International Publication

No. WD 98/ 407939andhtihehave riesqorditag nddSi n PagenicdNo maA n263n¥9611&nd 0
the like, also in a twin wafer stage type exposure apparatus in which
an exposure op@RarPsalarndeappasthieyentnepaitote 26redyjabaye bf wafer

detection by an ali nment syste can be executed substanti all in
/ e Pasel ¢

paral | el usi ng®ta3%° g8R, TR/ GG Ve SHEF R LR T ddieh cRaFeFtstRgE
b f i i f
E1G. S And thetie gai20of 1P eIBAEEE RUELAL FEC T el MROUF deRE FBRAle 20

pl acenent and ¢de dengidt 36 yakiggchtheaghtidle 4109t iRRCEPBLAOLLGfe
each wafer stage can be perforned using the encoder system descri bed

above wit Hdut ‘asyna HaregepprRotEnonyywihe nathduen e xpesuhasopeeat dohaised in
performed but al so when the neasurenent operation is perfornmed. But,
5 anot her head-Rfitaniest deasrBecdsabiod@ri ng t he neasur ement operati on
may al so be arrange% S(?L%ar at el ¥tf romthe head units i bed above

e

d ,
(62A 1o 62D) . For  oVhinfe CoFBarE HAAAM ¥ TIE i aHEatea PRIChES 18

cross arr angen@éﬁcﬁWa’%v@ﬂ@u?&n%\A@hél RN S La ﬁ)aag?e'érﬁi e st

center are arranged, and position 10 Iinformation of eac ge
WST may al so ben nas wediiusichgohhesel heeshtwri e rard cegnespoatiPdoads
novi ng scales (62A to 62D) when the measurenment operation is
perfornmed.ld n the counh walwes {tagerdame emeptsvr buap pdr Bitluscaat ehaadirs
two noving scal es are_arranged on each of two wafer stages, and when

an exposure 15'Jhérsk ?BH) OPW 3 ThrEr ABbAtRRA T Bne Rtwgelity Pinkdireds
the other stagg 8@thr 'ﬁé@n%é‘%ﬁ & &1 %‘Q%@%re. rek%%%tt?%ﬁggl%la%gaficding

l'i ke have been per a measurenent “position 1’s e
is placed at ap gasirRxNoshli 9%, HRBLEShgt B0 BRL Ak diieitONe n$hagke

Further, the neasurenent operation
internal memory at predetermined sampling intervals. Then,
20 for the similar reason to the above~described reason, main
controller 20 also obtains correction information of
deformation (warp) of grid lines 37 that sequentially face
the plurality of X heads 66, by performing statistical
processing of, for example, averaging (or performing weighed
25 averaging of} the count values loaded in the internal memory.
Further, also in the case of obtaining the correction
information (e.g. correction map) of grating pitch of Y scales

39Y; and 39Y; and/or the correction information of deformation

(warp) of grid lines 37 by driving wafer stage WST in the -Y



20 perforned in parallel with the exposure operation is not limted
to mark detection of a wafer and the |like by an alignnent system but
detection of surface information (level difference informtion) of
the wafer nay al so be perforned instead of the mark detection or in
conmbi nation with the mark 25 detecti on. I ncidental ly, in each
of the enbodi nents above, the case has bggr expl ai ned where while
each wafer replacenment is being perforned on the wafer stage WST
side, the Sec-BCHK (interval) is performedusi ngChDbar 46 on the

measur ement st@geeNEPrsigdicaiey bioweweyr F't e F3G8s e, BAventd 84 taking
not limted to,this, and at |east one of _uneven || um_nance

measur ement (artFq I9OHS §ﬁéélﬁ%dgﬁ?éﬁbﬁ?ﬁle§e¥?%ﬂPFQﬁﬁdedﬁﬁﬁ%ﬂ?%ﬁ@wuthe

f b d the li f
051 o the meadini 10 NETRORnEE. FABoRtT ShEh CORMEAD) BaP ReBtcr S

stage MST, andydiwemRasurenment result may also be reflected in
exposure of a wafer to be perforned after that. Specifically, for
exanpl e, adj ust nent Mefnphajlegtwhen opqhtalnsyst emrPectaon e fRerbelord £
by adjustnent device 68 based on 10 the neasurenment result.

Further, in edlafsmatiencabddinentid kb, (vane st ahesgndy Waes rahdoe
al so on neasur nent. sta osition cqontrol of the neasurenent
stage may al so 5%*ﬂ§¥%5$ﬁ%8 ugﬁﬁggfﬂ%l%%d%ﬂﬁﬁl§§§F@ﬁ15h§86 Bhi t83in
descri bed abo%ﬁnﬁl&ﬁh.ésg L2 8Py abl e, body, %%s@oﬁltEHPeﬁet ase

information i s neasure he encoder sys not |m

waf er stage. descrlﬂeaplaﬁambal hythlﬂhé“}e%ﬂs @aq—_re%%&@nl Andl €€e aNthxis
wei ght of wafer stage WST, the scales are preferably placed as cl ose

as possi bRE t dliwefdriow onteatkangedge DABEil¥hen such prakckewtdg 20l thak
the size of the wafer stage is increased, however, two each of
position inford¥EtG®?-in the X-axis direction and the Y-axis

O oot oat 1 S sF0f% LSRR oSy LT RLLER, e
waf er by 'ncreﬁﬁﬂﬂaltﬁgﬁ.§h§5&ﬁﬁtiJHaof the grating pitch can be acquired,
for example, by obtaining the correction information
15 described above along three lines in the width direction, on
the right, left, and in the center, and when the correction
information of the grid line warp is acquired, a grid line
can be representatively chosen and its warp can be measured.
This seems to be preferable, from the viewpoint of accuracy
20 and workability.

In the second embodiment, the other control operations
of main controller 20 and the configuration of the apparatus
are similar to those of the first embodiment described above.

According to the exposure apparatus related to the

25 second embodiment described so far, the effects equivalent
to those of the first embodiment described above can be
obtained, and besides, since wafer stage WST does not always
have to be moved at an extremely low speed when acquiring the

correction information of grating pitch of the scales and/or



25 waf er stage and increasing the distance between a pair of scales
pl aced facing each other. Further, instead of increasing the size of
the wafer stage, for exanple, by arranging the scale so that a
portion of the scale protrudes fromthe wafer stage, or placing a
scale on the outer side 148 of the wafer stage main section using an
auxiliary plate on which at |east one scghkg is arranged, the distance
between a pair of scales arranged facing each other may also be
increased simlarly. 5S5Further, in each of the enbodi ments above, in
order to prevefie IFEGtaRn; AN fewmal ko mt deéarmeyiduet shadbistericaes
of foreign parfl cl es r..stains aI es 39Y1 and 39Y2 and, X, scal es

39X1 and 39x2 rﬁ‘ﬂe gr&&aﬁﬁﬂas 9T be Y piTaEF 1t GRehacautFheE s o
as to cover eﬁ‘.aast'.:l %fd'cflér@&fﬂ%ﬁlgﬂfnaag@g%aggogrca% % Vﬁérégcl:n?ﬁed in

may be arrange In"this case MErsion expos

apparatus in p@rgn@lu-_l Heridd bqutgméepel | ent protective f| | m may al so
be coated on the scales (grating surfaces), or a |liquid repellent

filmmay alsso be forlmeddentihiy sunfemzh ¢ fpherergurdiaee) safe ddrd bedwdrove,
gl ass. 15 Mdreover, each scale is to have diffraction gratings that
are consecut i VEPEESriasy l@rﬁoﬁfﬁétéaﬁs?ﬁnﬂ%{qllr&g drittiche or hej dlffraction

| ongi tudi nal dir ctlo |ffra8t|on ratin
al so be inter rﬁJ’EEf gh?g g?%gﬁlri’ef gegt ag\ﬁodg}aaﬁtaerg ?s‘b‘?'/ement
each moving SC@éfofr%\f @ﬁeceﬁééaéyt&%%\e 8 plc %aﬂat%%gss%fgegﬁé' §Sale is

Further, in each of the enbodi nents case

exenpl i fied Whes 1 et e2NC OHewe vyr A tthd fgras‘stenctn ihpkatief engendetingd ties
used as the encoder. However, the present invention is not limted to
such an eAdoderhergid apnenebdestiogedionanklled s dkiypemenlzotcasrrament
magneti c nethod 25 may al so be used, and in addition, a so-called
scan encoder tqwla‘?ecitsw&’i le%‘%@diqoﬁierfB?s%Qéf?pPEfOF%%t{PISOméhénﬁlé}%less

6, 639, 686 and I a us Furth ach of
t he enbodi msntcgséﬂlg‘i‘boévc}é{deleﬁ%le k: § seng%’?%men%s‘{aelél tﬁg %§ by the

optical pickupiimige@dentd9 of acquisition of the correction information
of grating pitch of the diffraction grating that the scale
15 has. That 1s, when driving wafer stage WST in the Y-axis
direction or the X-axis direction, the measurement value of
the Y encoder or the X encoder may also be corrected based
on information on the flatness of the Y scale or the X~-scale.
In this case, as the scale-attributable error, the measurement
20 error of the encoder that occurs due to the flatness of the
scale is corrected. Further, for example, in the cases such
as when the flatness of the scale is favorable, the measurement
error of the encoder that occurs due to a grating formation
error of the scale (e.g. including pitch error and/or
25 deformation of grid lines or the like) may only be corrected
as the scale-attributable error.
In this case, the flatness of the scale includes not only
the unevenness but also the inclination of the surface of the

scale. That is, even if the grating surface of the scale has



described earlier, for exanple, a sensor having the follow ng
configuration may al so be used, that is, the configuration which is
equi pped with: a first sensor (which naybe a sensor by an opti cal

pi ckup net hod or other optical displacenent 5 sensors) that optically
reads the displacenent of a neasurenent-subject surface in the Z-axis
direction by irradiating a probe beamto e neasurenent - subj ect
surface and receiving the reflected light; a drive section that

drives the first sensor in the Z-axis direction; and a second sensor
10 (such as antkabedbrilatmesissmisstaesintdediayd dbemeatleoftadid fneckines,
sensor in the Z-axis direction. In the Z sensor having such

confi gur ati on, ® (& SPEFRGHF (fF TP E3C B Gid LAt aphgte 0T ) a0 hdde gneoder
first servocon in i G he_drive sectiop drives the firs
sensor in the ééééﬁ%?%#%egﬁjton gg%an%hl?%é %@' Gtpu %th?rﬁgh?4¥ﬂ?A%S

sensor so thatd@s&t HaNa8okB, (N 28Xt 81 Sl QSLIRMR BAWELPoE RBn also be
measur enent - subj ect surface, for exanple, the surface of the scale

and the firsst senssrtdds constdattallyl ltHd s chasdrarnefec{a @eoand

servocontrol node) in which the target value of the second sensor is

gi ven from 20 *FHeLBUtSIedBOLt prel v o tdel Etytaees t Hacdiidiagsbeel brmtion)

mai nt ai ns the $§sition f E@E fhrst sensor in the Z-axis direction so
u f

that the measuPendit $FaL%e 8035805 FEHEHRA T HTAGPIEETRFt h t he
target value. In the. Gase of; 1 Qgc%'or:Es’Ehé'8@58891@%1’%9%g@gﬁébéggpﬁ%lﬁ’”&he
e used as the

of the measurenent section (second sensor) can

out put of the Zasens® beaddeBcthBegasgefd ddteh TRERIG138ELVO00PEF M rms
node, the output of the first sensor can be used as the output of the

Z sensor. lRur thesremdnt tchatcasecBucfer ZtagrsHETi tn uded Yansiand armcidem
is enployed as the second sensor, as a consequence, position
i nformati on of°df&r Xse%de dUBREMADT URdMEr Yt hbhea IWEBICode @i BBt #rrhs/ 0C

of six degrees_of, fr.eedqom can .be ure i ng .the encoder. Further,
in each of thé”g&%§ﬂfﬁ§ﬁt§n§8835?n2§§t%% ZHﬁg F_§85§8?glﬁ9 %?%er
det ection net hedss HahetSPa DEe £ PYELn 2R shelat 'agee@rgl{hj?{eg Beom the

enbodi nents above, the configuration and the conbination o

plurality of ihdasttetosbheed dnhttie HBBSBEE1 POShFbORat IO bR ra®I nefpitch,
waf er stage WST are not limted to the configuration and the
conbi nati e deshy ichedeabbor. infprmedingaf ald fmrmarrd canywarp) of the grid

lines, and the stage-position-attributable-error correction
information described above, but the present invention is not
limited thereto. For example, in the case the position of
wafer stage WST is controlled using one Y head {or X head)
20 and a single Y scale (or X scale), for example, correction
of the stage-position-attributable error described above does
not always have to be performed.
Further, if an error amount of grating pitch of a
diffraction grating, which a scale has, that is caused by the
25 flatness of the scale is remarkably larger than an error amount
of grating pitch of the diffraction grating caused by other
factors, correction information of grating pitch (e.qg.
correction map) does not need to be obtained in advance, and

when driving wafer stage WST on exposure or the like, position



10 conbination of the interferoneters may be enployed as far as
position informati on of wafer stage WST in directions other than the
nmeasurenment direction of the encoder system can be neasured. The

point is that a neasurenent device (regardless of whether it is an
interferoneter) , which can neasure position 15 information of wafer
stage WET in directions other than the ngaggurenment direction of the
encoder system only has to be equipped in addition to the encoder
system descri bed above. For exanple, the above-described Z sensors
may al so be usédfazmahiommdswpdrenstaleyiRSg. 10FUptdriatenminedcti néctt fin
enbodi nents above, .the . Z sensors are to be arranged besides the

mul ti poi nt AF 92?&5@%@@%@%%%&&&@@% di RRCHAAR ) PaY ke mEasured

system can det gei supface, posld i ani LorAmLl on, al, exposyressubl ect g

shot areas of wa when expdsure I's p

not al ways havenfSrhf: {h 3 éd&datness of el depidl hyurelNs€ARNKAT nay
t he enbodi nents above, pure water (water) is to be used as |liquid,

however, tHe pbeséntivémvienttihen piredeatrhined editectivs asupehéer tafe
course. As the liquid, liquid that is chemcally stable, having high
151 transnitt aRe@SeENeNMuAPAEL] @h thegRncedenmr s afleotlee pwaresiet wsing

fluorine-contajning inert liquid ma ,ge used. As the ,

f1 uori ne- cont aF®fn §Qﬁﬁqoﬁﬁﬁ%ﬁqﬂﬁtf%F BRANDE ST U GHFECLE L1PR-he br and
name of 3M Uni ; : l.ugri ne=cont.ai ni n

inert |iquid | 1 EE A 4L O iR EIE’&Pﬁ%gl&f&%élo?ﬁ.f‘?\%“%‘?‘f‘%cf’? wafer

Further, as thetd¢guish i QUindnwhiceBubasedt r&f Faotioe derdaxehi gher
than pure water (a refractive index is around 1.44), for exanple,

l i qui d hadidng dnteffaumeresd syeterqldf ¢o drididhieridchan 1.5 may be
used. As this type 10 of liquid, for exanple, a predeterm ned |iquid
havi ng G H bi ndi ng dP39arhehdy ng "R a8 thegpkastimsntsds rg ded above,
refractive in of. about 1.50, glycero | ycerin) having a
refractive inggéecﬁt%ﬂﬁnﬂpsfﬁéfﬁ gkﬁF%%%{%éikrﬁﬁfQH(ﬁﬂd3¥b8rganic

sol vent) such dexans, n d r |l
(decahydronapH?%Zlene) ﬁgeﬁﬁg%agfg?fa§§?%é?ié%ﬁsy%g?ag%oég ??G%Er%ﬁCted
the |ike can beimiltethecsiernauivaky, ba toteskabtiaidiedday1myXi ng
arbitrary two or nore of the above-described predeterm ned | quids
may be uséd, or a |ifyuitdeshtia aadhipf thiklengofisnhyXesheibed above, the

pr edet er m ned quyid tg émﬁthg%gure wat er 20 may al so be used.
Al ternativel y, S38° 16 PPGHI €8S 1hsfhivdredBt B eRF B Hddiony Of k¢ YRpness

base or acid Sﬂqfolgéabéi%’ﬁ og%'aﬁg@calg is g%%éélij—{ma%;bstpi%thaet %?,’(-’%M%l%ﬁb‘%‘wﬂng

pu_r e_ wat er may al S e used_. reover, ( ( al”ne
(mi xing) partighesied, Bhtoxideresehbe dvdi 18 {WiddD) 1 P € RL8EeFBYand

al so be used.
the flatness {unevenness) of each scale may also be measured
20 using another measurement device that is separate from the
encoder.

Incidentally, ineachof the embodiments described above,
for the sake of simplification of the description, main
controller 20 is to control respective constituents of the

25 exposure apparatus, such as the stage system, the
interferometer system and the encoder system, but the present
invention is not limited thereto, and it goes without saying

that at least part of the above-described control performed

by main controller 20 may be shared and performed by a plurality



25 These liquids can transmt ArF excinmer |aser light. Further, as
the liquid, liquid, which has a small absorption coefficient of

light, is |ess tenperature-dependent, and is stable to a projection
optical system (tip optical nmenber) and/or a photosensitive agent (or
a protective film (topcoat film, 152 an antireflection film or the
|l ike) coated on the surface of a wafer, i;g preferable. Further, in
the case an F2 laser is used as the light source, fonblin oil nay be
sel ected. Further, in each of the enbodi nents above, the recovered 5
liquid may be eegoadrodhdrsn tHeirsexamsl e aa fsitkgercdritat llempes performs
inmpurities fromthe recovered liquid is greferably arranged in a
liquid recover AnFRItEP &loVefPrpipagnr "Ehertd Kigie like Dased on the

I nci dental ly, enbodi nents above

descri bed mher%g?ﬁe exp&%&%@ugﬁpagéfus%qgééefiaﬂ?geﬂoqﬁﬁ%grg?Bﬁofﬁﬁﬁui
exposur e appar@ﬁ@smﬂaqx@%\f%etwespg@éﬁ% 3; B\éeﬁkké’x@géé e LAE{&Shtrol
thereto, but can also be suitably applied to a dry type exposure
appar at us tshat operdior oenex@bban €00f Padftaie))y whehawdvd-dasioni peat &sntrol
Further, in the each of the enbodi nents above, the case 15 has been
descri bed Mer}émfffém}’fﬁcé@hﬂﬂaiiﬁlvéﬁﬂtéﬁll%ra@iblcicaﬁ tr@taaéwanﬁilngve to be

exposure appar at ste -and scan nethod or the |like. However,
the present i njt'/eé#:’r%‘%/fi gé’ dY4ang.t BUC i PAY L Eﬁ?lﬁﬁ?d%”sBoEEW%’f)%W]eﬁf

to a static ex atg&n;gq%ggoaf r SHERS 2 e%sSJI?Bpsgatngﬁgfﬂaﬁ Eerorie

st epper or the I ke suring ositron o age on

an obj ect subjegtoxt @a@ﬁp@ﬁlﬁe&ér%lneaﬂiﬁélll@fdﬂ&h%ﬂc.@ﬂ@fé arﬁpﬁékféﬂﬁ%he
of position neasurenent error caused by air fluctuations can

m ni m zed I$ubstemitral las tic Zesorlibkdwalsevel n this case, it becones
possi ble to set the position_of the stage with high precision 25
based on the neasur §395Péé§r&PQ¢RP %@Wﬂﬂﬁ %ﬁléﬁe@ﬁ@tOfthe

correction |nfoQ§9 Hpn scrlg1 ? érometer 2 gaonsequence gnL.AF
accurat e transTeroot 51’15 el B APEE I’g‘l Y » themultip
system and the 2 sensors in each of the embodiments are merely
examples, and it goes without saying that the present invention
15 isnot limitedtothem. Forexample, ineachof the embodiments
above, the case has been exemplified where a pair of Y scales
39Y; and 39Y; used for the Y-axis direction position
measurement and a pair of X scales 39%; and 39%; used for the
X-axis direction position measurement are arranged on wafer
20 table WTB, and so as to correspond to them, a pair of head
units 624 and 62C are placed on cne side and the other side
of the X-axis direction of projection optical system PL and
a pair of head units 62B and 62D are placed on one side and
the other side of the Y-axis direction of projection optical
25 system PL. However, the present invention is not limited to
this, and only one scale of at least either pair of Y scales
39Y; and 39Y; for Y-axis direction position measurement or X
scales 39%; and 39X%; for X-axis direction position measurement

may be arranged alone, not in pairs on wafer table WTB, or



onto the object can be performed. Further, the present invention can
al so be applied to a reduction projection 153 exposure apparatus by
a step-and-stitch nethod that synthesizes a shot area and a shot

area, an exposure apparatus by a proximty nethod, a mrror

projection aligner, or the |like. 5Further, the magnification of the
projection optical systemin the exposureapparatus in each of the
enbodi nents above is not only a reduction system but also may be

ei ther an equal nagnifying systemor a magni fying system and

proj ecti on opteehy %’%i‘/!é Punls qioBtohtysth aitdym beisysf dadlonbus 62A

al so may be either catoptric systemor a catadioptric syste and
in addition, t#¥ pGngi 8ct B a?&&@é?lsrréng%“‘éiﬁ%Fﬂaé{nb?rﬂkﬁa@@&di-m Rrigres ,

an upright i MBGTe .C.M}reg%\i%& ik %iwgﬁgr§?ﬂeeslaatr% rJi: ﬁe‘:cll leli!:r{ieg %bg%’}nsd

light IL is irradiated via projection optical System s an

area that inclugesikeceRbhCah kich AXeiddd Rintihe field 1ah Ru0LLCIAD g
optical system PL. However, for exanple, as is disclosed i'n the
panphl et of5 | ndez matt dnalitPdbt o cattilogoel WOr2604648786kh atshehe X-axis
exposure area may al so be an off-axis area that does not include
optical axis ARIGHIBAN tResE-aBlpedl Fedtirn t3fdnc &gl 6pt Ehe

system 20 in rt.of which an optical.system (catoptric, system or

cat adi optric _s%oe%m%%act 8 pl E}Aél OnLY | eY§ o‘éP giﬁ P&E&gtéﬁa%?% an
(ntermediate | {mRas.dlod Bach ARGE. | Sral{AN0CHn AN W SN RS A G BElihe
optical axis. Further, the illumnation area and exposure area

descri bed abovéi Bfeadtd dMveakidg fe¢t BaGk M r&haRe: Jleweyshalt b€ (or

shape is not limted to rectangular, but may also be circular arc,

trapezoi dal0, pirtgdssdgrah arletmitudieal directioriodeatah lsgalz, | aghtin

source of the exposure apparatus in each of the enbodi nents above is

not limted totlpf%cﬁ\??' a plurality of heads of the corresponding head unit
only have to be arranged in the direction orthogonal to the
periodic direction of diffraction grating. Further, each
head unit may have a plurality of heads that are arranged

15 without clearance(s) in adirection orthogonal to the periodic

direction of the diffraction grating.

Further, in each of the embodiments above, the case has
been exemplified where the encoder system is employed that
has the configuration in which a grating section (the ¥ scales

20 andthe Y scales) are arranged on the wafer table {(wafer stage),
and so as to face the grating section, the head units (the
X heads and the Y heads) are placed outside the wafer stage.
However, the present invention is not limited to such an
encoder system, and an encoder system having the configuration

25 1n which encoder heads are arranged on a wafer stage and so
as to face the encoder heads, two-dimensional gratings (or
two-dimensionally placed one-~dimensional grating sections)

are placed outside the wafer stage may also be employed. 1In

this case, when Z sensors are also placed on the upper surface



154 excimer |laser, but a pulse laser light source such as a KrF
exci mer | aser (output wavel ength: 248nnm), an F2 | aser (output
wavel ength: 157nm, an Ar2 | aser (output wavel ength: 126nn) or a Kr2
| aser (output wavel ength: 146nm), or an extra-high 5 pressure nercury
| anp that generates an em ssion line such as a g-line (wavel engt h:
436nm or an i-line (wavel ength: 365nn) can al so be used. Further, a
har noni ¢ wave generating unit of a YAG |aser or the |like can al so be
used. Besides, as is disclosed in, for exanple, the panphlet of

I nternational 20 Fudlvaker @rage, We1999+db8SBs{enal anatdogendiong

U S. Patent No 7,853, 610), .a harnonic wave, which is obtained by,
anpl i fying a sHYTEMRRS WY PAeerdpeanT et anmy 484188 SeStbmms)
range emtted em u r r.or. fiber | aser .as cuum
ultraviolet | |Ig%¥ ,aalv%:OFﬁ%a‘g%%ge%(rjs g?ﬁ%l f%?%?c;taloopnegh%ga\?\nef ht-j q‘torre\effa%ﬁgl%h,e

er bi um (or bothe£sbiatBraN btz Er-BUfle ANLARNLGONVEIdd NG tRE case the
wavel ength into ultraviolet light using a nonlinear optical crystal,

may al so bé usemcoder systemr theering suehch obdnthpientiedi renespabore,
illumnation light IL of the exposure apparatus is not limted to the
| i ght 20 havi nef & GRvel efythceiailes BANKBE ete HA L GOn®RCcANdLi thes

needl ess to say that the |ight having a wavel ength | ess than 100nm
may be used. er%‘%rﬂﬁﬂhtés %bﬁvﬁécgﬁFegeaFggei%s%?@é} Qe i g68ely the
attern equal : |0

posur e appar it otr gt Hi80e (it K PREL e bh B dpreant

source gener ateaiue B4V thiegbhcbled &0 ti forakth 8AU6N (thd f1atwaxel enate
range from5 to 15 nn), and uses a total reflection reduction opti cal

syst em deslidgnescaikrier Wi Expdopesanave} ermfidr fbage WEY Sambeaddivhe in
reflective nmask has been devel oped. In the EUV exposure aggar at us,
the 155 arranyetehitr§h dimest i9BanAFRgheXPoRTFEra%y peingr B8 Bycoder,

synchronously sc i.n n waf using a circ arc

i 1 um nation c‘gln&géeutcgjnegiln_ efagf s Cgﬁ ?Heﬁé‘? o?%?‘%%neesﬁr é’tsiue%%ei RYBAT! on
can al so be suitabl )f[r@ii@@h%_glﬁ.?, %%%&pogwm&m%rﬂ;&%, rotation
Besi des, the present invention can al so be applied to an exposure

appar at us t hatinf®snhanrged thar 0% clieecbeass Sichp fscRimEhAGLAON ofeaifer
or an ion beam
15 stage WST is to be measured by interferometer system 118, but
the pitching amount may also be obtained from, for example,
the measurement values of a pair of Z sensors 74;;5 or Z sensors
7T6pq. Or, for example, one or a pair of Z sensor(s) is/are
arranged adjacent to each head of head units 62B and 62D,
20 similarly to head units 62A and 62C, and the pitching amount
may also be obtained from the measurement values of the Z
sensors that face X scales 38; and 39%; respectively. With
this operation, position information of wafer stage WST in
directions of six degrees of freedom, that is, the X-axis,
25 Y-axis, Z-axis, 6x, Oy and 6z directions can be measured using
the encoders and the Z sensors, without using interferometer
system 118. The above-described measurement of position

information of wafer stage WST in directions of six degrees

of freedom by the encoders and the Z sensors may be performed



Further, in each of the enbodi nents above, a transm ssive type mask
(reticle), which is a transm ssive 10 substrate on which a

predeterm ned light shielding pattern (or a phase pattern or a |light
attenuation pattern) is forned, is used. Instead of this reticle,
however, as is disclosed in, for exanple, U S. Patent No. 6,778, 257,
an electron mask (which is also called a wgriable shaped mask, an
active mask 15 or an inmage generator, and includes, for exanple, a
DVD (Digital Mcronmrror Device) that is a type of a non-em ssion
type i mage di spPhyCTHEV LBetls gaPoahreieprr st abot )aleie iheld Ré)gonent
which a light-transmttin attern,. a reflection pattern, or an

emi ssi on pat t ePRETELTER i ARCdTHR GCHS DBOBIBE( PRmIAL (R Sesriihed
pattern that ig,}p;be, exposed may also be used. In the case such a
vari abl e shaped mask 1s used, a stage on which a wafer, a glass plate

or the like is muntrd-tiierscannedchi bR £BSPERtod Gudrit® WdLyabl enshaped
mask, and therefore, by neasuring the position of the stage using the

25 encoder andméysdrénémy veleest ajeHzasedodartdisineaasueeneiie vatbested
of the encoder and correction information according to position

i nformat i on of PEfed SatRe iGerREtABR- s madhont deg ¢ xidaqcoRar hber jse that
nmeasured by thg interferome the _.effect equivalent to that of each

f
of the enbodi nEnt SeAsHEETE %e%%ro-‘igé Wi SPR8GCT SYstem,right PCCRES e

di scl osed in, I i i i
No. WD 2001/ 03%?(%@?%%%%45@%@?%”%%%%g%tvgalfzgg%% app ygébtf%é%’ﬁéht

exposur e apparaf ushd Hddd hogr aphy ssystemintHadifition idigfardnspPacen a
patterns on a wafer by formng interference fringes on the wafer.

10 predetermined direction in which wafer stage WST is driven,
is compensated. However, the present invention is not limited
thereto, and for example, a target position at which the
position of wafer stage WST is set may be corrected based on
the correction information described above, while driving

15 wafer stage WST based on the measurement values of the encoder
system. Or, in the exposure operation in particular, while
driving wafer sage WST based on, for example, the measurement
values of the encoder system, the position of reticle stage
RST may be corrected based on the correction information

20 described above.

Further, in each of the embodiments above, only wafer
stage WST is to be driven based on the measurement values of
the encoder system, for example, when exposure is performed,
but for example, an encoder system that measures the position

25 of reticle stageRST is additionally arranged and reticle stage
RST may also be driven based on the measurement values of this
encoder system and based on correction information according

to position information of the reticle stage in the

non-~measurement direction that is measured by reticle



Mor eover, the present invention can also be applied to an exposure
apparatus that synthesizes two reticle patterns on a wafer via a
projection optical system and al nost 10 sinultaneously perforns
doubl e exposure of one shot area on the wafer by one scanning
exposure, as is disclosed in, for exanple, Kohyo (published Japanese
transl ation of International Publication {fer Patent Application) No.
2004- 519850 (the corresponding U S. Patent No. 6,611, 316). 15
Further, an apparatus that fornms a pattern on an object is not
limted to thelekpoberenefsparldttus (1ithography systen) described
above, and for example, the present invention can also be applied to
an appar at us t hat fo@%h&rpag?&aﬁhoﬂfﬂ%ﬁr@egl%?n% Forr ey ctherepRsdias

20l nci dental |y | n ich a pattern is_to be fornmed (a

obj ect subj ectb?%glee%g;olgaﬁﬁlg 8 \(/a\ﬁlgc n%%é{r?gr §yBaah %‘gl_qri’“#eg%‘l Sg’sﬁﬁmﬁd
the above- descrse ool R aaRY BRdLhhedk XA ia5eNRhul bt eding
to a wafer, but may be anot her objéect such as a glass plate, a
ceram c sulfst rat egnmeerdt lmankenberangdbdoinal eeskidiinsnkc shbhe Hsage ©f the
t he exposure apparatus is not limted to the exposure apparatus used

for manuf act ur¥aEes éFecodnerReiest inddd sequerpe thadseatoropesnionpheafive

be w del appl i al so to, for exanpl e, an exposure a ratus for
manuf act ﬁri ﬁg ?fquﬁrgﬁntlgystems. However, the s%condaryp£laignment systems

do not have to be movable, and the number of secondary alignment

systems may be any number. The point is that at least one
10 alignment system that can detect alignment marks on a wafer
only has to be arranged.

Incidentally, in each of the embodiments above, the
exposure apparatus equipped with measurement stage MST
separately from wafer stage WST, which is similar to the

15 exposure apparatus that is disclosed in, for example, the
pamphlet of International Publication No. WO 2005/074014 and
the like, is described. The present invention is not limited
to this type of exposure apparatus, but as is disclosed in,
for example, Kokai (Japanese Unexamined Patent Application

20 Publication) No. 10-214783 and the corresponding U.S. Patent
No. 6,341,007, and the pamphlet of International Publication
No. WO 98/407921 and the corresponding U.S. Patent No. 6,262, 796,
and the like, also in a twin wafer stage type exposure apparatus
in which an exposure operation and a measurement operation

25 (e.g. mark detection by an alignment system) can be executed
substantially in parallel using two wafer stages, position
control of each wafer stage can be performed using the encoder
system described above (refer to FIG. 3 and the 1like). Inthis

case, by appropriately setting the placement and the length



crystal display devices which transfers a liquid crystal display
device pattern onto a square-shaped glass plate, and to an exposure
apparatus for manufacturing organic EL, thin-fil mnmagnetic heads,

i mgi ng devi ces (such as CCDs), 5 m cromachi nes, DNA chips or the

| i ke. Further, the present invention can also be applied to an
exposure apparatus that transfers a circuifs pattern onto a gl ass
substrate or a silicon wafer not only when produci ng m crodevi ces
such as sem conduct or devices, but al so when producing a reticle or
10 a mask usedofneagh dyggosunétappas Btisn sucltrad afi epth calfegxpbage ecan

apparatus, an EUV exposure apparatus, an X-ray exposure appar atus,
and an el ect roﬁeﬁli‘a‘r&éﬁﬁ@s‘&ﬁﬁl%ﬁbﬁr%%er S.Yszem I%@Fééﬁ?élqkiﬂvet%éthout
novabl e body drjyve stem and _the novabl e body drive t hod of the
resent i mont 101 SRS AL G 3ReCe RIS QiR ERELER s bet ESimed

appar atus, butpgamnads e ARl hedsWadrlw toﬁ_e@a@%nsy?f}cﬁséﬁo%med. But,

processi ng apparatuses (such as a | aser repair apparat a substrate
i nspect i on Jppanathsr anshd haild képt ebnt be apped adwisiesy etlél pRaguehéna
novabl e body such as a stage that noves within a 20 two-di nensi onal
pl ane of such @Rerapb Mayne b Pendr gmacdeepatatespduiomethe headwinists
bondi ng appar at us irl?(%i‘her Vpreci si on machi nes. Further, the .
exposure appar Q&S TV R2fot et4 O appar 8¥¥eYLem fexehhepdipelts

enbodi ment s abgye, is. ggEtQ Ly ec%ezé{:ggs aasfreanr{)%eim%tvgg%ﬁrgfn%roge or two

subsystens, which inc e respective cons uérnt s

recited in theaT] @hientofsybRemPE PSANt taPPLAEAE 120 aSPaR§ed O a88Position
pr edet er mi ned nechani cal accuracy, electrical accuracy and opti cal
accuracy. 10n ofmEernatisecof eddesefvasitage ks vofl e bd macisu risef g ing
and after 158 the assenbly, adjustnment to achieve the optical
accuracy for VERFHRSeap:t Pekls Spslt ekt e fNNgene vied schileve(§2feto 62D)
mechani cal accuracy, .for various mechani cal systens, and adjustnment to

achi eve the el B&Hi%H WEWEEG FoPParT bR £ RITiUMEst effy the twin

wafer stage type exposure apparatus, at least two moving scales
are arranged on each of two wafer stages, and when an exposure
15 operation of a wafer mounted on one stage is finished, the
other stage on which a next wafer whose mark detection and
the like have been performed at a measurement position is to
be mounted is placed at an exposure position, in order to
replace the one stage. Further, the measurement operation
20 performed in parallel with the exposure operation is not
limited to mark detection of a wafer and the like by an
alignment system, but detection of surface information (level
difference information) of the wafer may also be performed
instead of the mark detection or in combination with the mark
25 detection.
Incidentally, in each of the embodiments above, the case
has been explained where while each wafer replacement is being
performed on the wafer stage WST side, the Sec~-BCHK (interval)

is performed using CD bar 46 on the measurement stage MST side.



5 are perforned. A process of assenbling various subsystens into the
exposure apparatus includes nechani cal connection, wiring connection
of electric circuits, piping connection of pressure circuits, and the
| i ke anong various types of subsystens. Needl ess to say, an assenbly
process of 10 individual subsystemis performed before the process of
assenbling the various subsystens into thejexposure apparatus. Wen
the process of assenbling the various subsystens into the exposure
apparatus is conpleted, a total adjustnent is perforned and vari ous

ki nds of accurBe¥e¥Rr 1 HdSeRrEsentxposenelas Hppmtatldsiserd secures. and

Incidentally, th i f th t i f bl
por formed i ' R LTT OO eFEoTRE L LHPBrIETS MY Halg Ge (GRS
cl eanliness ang & k& %%s%?@@%ﬂjcl edaed 1¢f depd am&ﬁﬁswsm@ggg

di scl osures of the various 20 publicafions, the ets o

| nternational waxed st apsxrafibrt heashSemdat A NP1 1 €k §be performed
Publications and the U. S. Patents that are cited in each of the

enbodi ment $ absvienarihe aleasading exposunenap phreatusescandmneneets keo £
are each incorporated herein by reference. 25Next, an enbodi ment of a

devi ce nmanuf actRATHFEMEhSE2PR WAT c h2 2 e MEFSUE§reRbosap el b ppay flse

(pattern for i ratus)_is used.in a_lithagraph roce wi | |

be descri bedm‘l’é ggfﬁgﬁ%‘;‘? %gé%%%reaoflao%h%‘? It;cog‘%e Eﬁr\é?g%‘?@%&ﬁénthat'
manuf act uri ng gp&lem e 108, Seak CODIMALOT 2eRLBE RUED &6 paBkEr1 IR %N &l
LSI, a liquid crystal panel, a CCD, a thin fil mnmagnetiC head, a

m cromachi ne, syekdhe@ll cknr)be Asei o sty dFhendd; ddviste 6B Bhded ioh
step 201 (design step), function and perfornmance desi gn of device
(such as @éPrcuihe dEAspregent result.

Further, in each of the embodiments above, the scales
may be arranged also on measurement stage MST and position
control of the measurement stage may also be performed using
the encoder system {head units) described above. That is, a

15 movable body whose position information is measured by the
encoder system is not limited to the wafer stage.

Incidentally, in view of decrease in size and weight of
wafer stage WST, the scales are preferably placed as close
as possible to wafer W on wafer stage WST. When it is allowed

20 that the size of the wafer stage is increased, however, two
each of position information in the X-axis direction and the
Y-axis direction, that is a total of four pieces of position
information, may be constantly measurable at least in an
exXposure operation of a wafer by increasing the size of the

25 wafer stage and increasing the distance between a pair of
scales placed facing each other. Further, instead of
increasing the size of the wafer stage, for example, by
arranging the scale so that a portion of the scale protrudes

from the wafer stage, or placing a scale on the outer side



5 sem conductor device) is performed, and pattern design to realize
the function is perforned. Then, in step 202 (mask manufacturing
step), a mask on which the designed circuit patternis forned is

manuf actured. Meanwhile, in step 203 (wafer nmanufacturing step), a
waf er is manufactured using 10 materials such as silicon.

Next, in step 204 (wafer processing step)y,sgthe actual circuit and the
like are forned on the wafer by lithography or the like in a manner
that will be described |ater, using the mask and the wafer prepared
in steps 201 t®f 0% wAfex stgopmatnperisondesing a santllyiasyvepiate on
devi ce assenbly is perforned usin he,waf er processed j.n_step 204.
Step 205 incIu%%%§$r%%é§3n§:§E@hsg§EFhésd?E¥?ékﬁé;) diskanggnbe Hpen
process, and t i 0 i p t] d i ke
then necessary: BOR nar 1 R SETEngEH FaElRRIRHE L, A 2108 Bt
operation, durabttédded afithillke1ki.ke are perforned on the devices made
in step 205. After these steps, the devices are conpl eted and shi pped
out. FIG 36 is a flRwihert Shodgigod det ainbedieeats| ebofe stiepo28e20h

descri bed above. Referring to FIG 36, in step 211 (oxidation step),
the surface of PHafert iediGtdiofedn MRASVEPNSND FooTasivedlie A adherence

insulating filmis farned on.the wafer surface, In ste 13
(el ect rode for%r%atfoornElsgtneB)ar?lgge%IOerctsrt(?d'élsi gof%r e(jc’n%lgﬁé 0t &P ¥pyand

deposition. |nysi&pn esldofd, Ong 1:5559(;,”@B@néﬁéﬂlﬁb,ﬁcﬁﬁ)binigoﬂlﬁﬁﬁﬁg applied

inplanted into the wafer. Each of the above steps 211 to 2
constitutes t hio phe-qurdaeessd As @actowinge 1k swafey dPf HERsSidiggr @fthgs,
t he necessary processing is chosen and is executed at each stage.
5When t he 1&bover desevebedlppeprbbessreanged n dachhés agpsef inadekiquid
process, post-process is executed as follows. In the post-process,

first in step (F68) STEBOGITRL PBR2SEEYT , 17 RAHTtIGSEAGIt Pvatdydat is
coated on the y%@rklein-s@q%r}'ot'egtﬁbgpfgirg Iggﬁ(pa%ég G]\beStc%g)cedt QS 'Elllé Csl,‘lée;[les

pattern of the
{grating surfaces), or a liquid repellent film may also be

rormed on the surface (upper surface) of the cover glass.
15 Moreover, each scale is to have diffraction gratings that are
consecutively formed on the substantially entire area in its
longitudinal direction, but for example, diffraction gratings
may also be intermittently formed on a plurality of divided
areas, or each moving scale may be constituted by a plurality
20 of scales. Further, in each of the embodiments above, the case
has been exemplified where an encoder by a diffraction
interference method is used as the encoder., However, the
present invention is not limited to such an encoder, and an
encoder by a so-called pickup method, or a magnetic method
25 may also be used, and in addition, a so~called scan encoder
that is disclosed in, for example, the U.S. Patent No.
6,639,686 and the like may also be used.
Further, in each of the embodiments above, as the Z

sensors, instead of the sensor by the optical pickup method



10 transferred onto the wafer by the exposure apparatus (pattern
formati on apparatus) descri bed above and the exposure nethod (pattern
formation nmethod) thereof. Next, in step 217 (devel opnent step), the
waf er that has been exposed is devel oped, and in step 218 (etching
step), an exposed nmenber 15 of an area other than the area where
resist renmains is renoved by etching. Themg in step 219 (resi st
renovi ng step), when etching is conpleted, the resist that is no

| onger necessary is renoved. By repeatedly perform ng the pre-process
and the 20 posfiepeptieasd camhierpl o prenpie pat senser hewingrohed fohlohing

waf er . B sing the device mapufactuyring nmethod_of the, ,
enbodi nent desE¥Pg%%P oV TR ZdSE PRevekPosthiar difpartdtusoppipresfion

formation appa{,ﬁ%aﬁ s Eﬁufe_gﬁgdq;itthheafﬁo%od%jé gﬁﬂtsgra Vi%hzgagqge tahﬁeensor

exposure method (patter nmation ne ) ereof "are used int
exposure step Lgtep G?ﬁiﬁj)calew%%hﬁﬁm\éthbdhbghoﬁﬁ'é:@%ﬂhﬂ‘&alcﬁﬂsa?acement
[

performed while nmaintaining the gh overlay accuracy. Accordingly,

t he productd vi sgnadri dgiilat iopttdgrdiled rabds oty | diesp Iaceneinth offi ae
patterns are forned can be inproved. 161 | NDUSTRI AL APPLI CABI LI TY
As is descri beBeabovanerSURdeaty eupbagedinvene yatathsafd ressippvayl e
drive nethod of tnﬁi resent _inyvention argpsuitable 5 for drivin

novabl e body withf t”ﬁﬁb@n@ﬁ?bﬁ! T HeuFPRePe AT SRR ;FSanffﬁﬁFe
apparatus and i@ Rakl ¢f AqHOIdREE PO Y 29%}9? d 81 PL SEERLoh MR 4PfVes

are suitable for formng a pattern on a ect. Furthernore,
exposur e apparahe<iasd sdesexpesvne rveixieddi asdr 14e; devi £&econd sensor

manuf acturi ng met hod of 10 the present invention are suitable for
manuf act urliong uclodeviageencoder) that measures the displacement of the
first sensor in the Z-axis direction. In the Z sensor having
such configuration, the following modes can be set, that is,
a mode {a first servocontrol mode} in which the drive section
drives the first sensor in the Z-axis direction based on the
15 output of the first sensor so that a distance in the Z-axis
direction between the measurement-subject surface, for
example, the surface of the scale and the first sensor is
constant at all times, and a mode (a second servocontrol mode)
in which the target value of the second sensor is given from
20 the outside (the controller) and the drive section maintains
the position of the first sensor in the Z-axis direction so
that the measurement value of the second sensor coincides with
the target value. 1In the case of the first servocontrol mode,
the output of the measurement section (second sensor) can be
25 used as the output of the Z sensor, and in the case of the
second servocontrol mode, the output of the first sensor can
be used as the output of the Z sensor., Further, in the case
such a 7z sensor is used and an encoder is employed as the second

sensor, as a consequence, position information of wafer stage



162 CLAI M5 1. A novable body drive nethod in which a
novabl e body is driven substantially along a predeterm ned pl ane, the
5 net hod i ncl udi ng: a process of nmeasuring position
information of the novable body in a predeterm ned direction within a
pl ane parallel to the predeterm ned plane using an encoder that has a
head that irradiates a detection light tasg scale having 10 a grating
whose periodic direction is the predeterm ned direction and receives

a reflected Iiﬁht fromthe scale, and of driving the novable body in
the predeterni W2l @3St Fahlpdddd bn drectdassr efsiE Jegireand freedom

nfor et on 0L AUPSas Sl o856 5 LR P CESS O MESSULL B9 v

the fl atness of the sca o)

driving, em¥h@Id At 4 BEos62lE 15: B 1?23?%§&§ Bg%ﬂie:t 8€tection

novabl e body that is substantially paralle e predeterm ned

pl ane, and t hemégashs scql aded ot shgeoybe. novabl e body so as to be 20
capabl e of facing the scale. 2. A novabl e body drive nethod
in which aJrovabl e Fdyrhies,dinveachi ofi the emhadigepitanebpme) uthag
first and second axes that are orthogonal to each other, _the nethod

i ncl udi ng: 25 SPFF IR HAAT GRS 58EsSOBPIRBLINY Theé mdvaBlLethody in a

direction par fi X based on a _neasurenent_val ue of
a first int er?ielj}%n% ece]"? ecaetfsrn%glggr}géasp%g?t %Srliﬁ%}lncfnorlr?%)rrgfg%é?nt%é water

novabl e body i&tfgdlineetd@n ear akhetedOrd hensecH¥ @4a%iBY and the
irradi ating a neasurenment beamto a
combination described above. BAny configuration and any

10 combination of the interferometers may be employed as far as
position information of wafer stage WST in directions other
than the measurement direction of the encoder system can be
measured. The point is that a measurement device (regardless
of whether it is an interferometer), which canmeasure position

15 information of wafer stage WST in directions other than the
measurement direction of the encoder system, only has to be
equipped in addition to the encoder system described above.
For example, the above-described Z sensors may also be used
as the measurement device.

20 Further, in each of the embodiments above, the Z sensors
are to be arranged besides the multipoint AF system. However,
for example, if the multipoint AF system can detect surface
position information at exposure-subject shot areas of wafer
W when exposure 1s performed, the Z sensors do not always have

25 to be arranged.

Incidentally, in each of the embodiments above, pure
water (water) is to be used as liquid, however, the present
invention is not limited to this as matter of course. As the

liquid, liquid that is chemically stable, having high



163 reflection surface arranged on the novabl e body, and a

measur enent val ue of a second interferonmeter that measures position
informati on of the novable body in a direction parallel to the first
axis by irradiating a measurenent beam5 to a reflection surface
arranged on the novabl e body; a process of deciding correction
information of grating pitch of a scale tihat is sequentially placed
facing a head unit according to the novenent of the novable body in
the first noving process, based on a neasurenent value of the second
10 i nt er f er onetERLSTHL HeREA éveht Lyl nation ddgbihcBdandandfe forsat | Dwch

on flatness of the ale, the head.unit constituting the encoder_that
neasur es posi t?%naiiflb?rrfeﬁq_cﬁ? HBIoYEhF et bY i“?%‘yab(?l HEefr orfps the

parallel to thefi ﬁe%ﬁtﬁ%@% qlﬂeétr@%%g% Fg@%%\@lagngjl%f 21088%ert

that faces the scale 15 arrang on the vidg a grating
in a predeternified widied whesemam odicedi L5EEHN dn e wdiehectimn
parallel to the first axis, and including a plurality of the heads
that are pllaceflatrineregetamingedndist bimpeidlicnglao dx@dilicot from the
parallel to the second axis; and 20a process of driving the novabl e
body in a direR?1®hoparettiglg ebtede: f ifgthaki 25 e Ild A8dfy dcitauigl which
measur ement vaﬂge oht ai ned .fromthe he it based o correction

d th ,
i nformation of gt at irr?gfrﬁict ch> 2837 %}?&ugbla@ BoHY ‘%ﬁqﬁevre%ﬁefﬁgﬁa‘:tlve

according to G@aidy 2 dr0eh  kael lf%irngkaglnple, 11 §§Gf19t'§}rdLngD;1;’J'~: tQﬁaec’cive

process of noving the novable body in a rection paralle 0
second axi s babede0requalrasuseeidhawmituanoi . b e s eeonded Nt &ysf ehoBEt Bfe

and a neasurenent value 164

10 of liquid, for example, a predetermined liquid having C-H
binding or O-H binding such as isopropanol having a refractive
index of about 1.50, glycerol (glycerin) having a refractive
index of about 1.61, a predetermined liquid (organic solvent)
such as hexane, heptane or decane, or decalin

15 (decahydronaphthalene) having a refractive index of about
1.60, or the like can be cited. Alternatively, a liquid
obtained bymixing arbitrary two or more of the above~described
predetermined liquids may be used, or a liquid obtained by
adding {mixing) the predetermined liquid to (with) pure water

20 may also be used. Rlternatively, as the liquid, a liquid
obtained by adding (mixing) base or acid such as H', Cs*, K%,
Cl™, S04*, or PO,* to (with) pure water may also be used.
Moreover, a liquid obtained by adding {(mixing) particles of
Al oxide or the like to (with) pure water may also be used.

25 These liquids can transmit ArF excimer laser light. Further,
as the liquid, liquid, which has a small absorption coefficient
of light, is less temperature-dependent, and is stable to a
projection optical system (tip optical member) and/or a

photosensitive agent (or a protective film (topcoat £ilm),



of the first interferoneter; and a process of obtaining
correction information of grating warp of the scale by statistically
processi ng neasurenent val ues obtai ned from plural heads, which are
sequentially 5 placed facing the scale according to the novenent of

t he novabl e body in the second noving process, out of the plurality

of the heads; wherein in the procegs of driving, the novable
body is driven in a direction parallel to the first axis while
correcting 10 a neasurenent val ue obtained fromthe head unit based
on the correct#driht R Grroffighat PHgthe t thkehdaatedc onr Ebei swrface
information of grati war, p. 4,. An ex ure net hod

whi ch an obj ec?gias wér%gge&gﬁf%fﬁ%a% ‘engPﬁyh%JéarﬁrPgﬁg fRPhc Fe faser
i ncl udi ng: ‘ i J a e..bo t e
in at |east fi%%tu%ﬁ%n%%g%ﬁ%hgﬁggcgggﬁggfhggﬂg?géd?ﬁkgégﬁg ﬁ%?ﬁ?é?%;

predet ernined pl ane;mafthedt,i ¥ BEchRE OBy 2hbedbRgy t Wialhive , thR: recovered
predeterm ned plane, 20 based on neasurenent information of an

encoder syst emiguivhiely baerefseal,gandiing thest cave ardfal beadhani tensves
arranged on a surface of the novabl e body on which the object is
mount ed and t FERIPRErL&T fERE Fhatrenpeadd dnduhd theedfsdapaytarganged

ot enged 261 1o SYIESS Bl e TPYGbL o o DG U ch TRESHge 25

positionim‘ornatlonl%ufl he Tova

pl ane, and based on iR ENOY, OF £hat RESEHOEnbBE HERM d AH-FEC IR ase
165 t he novabl e body is driven also based on information on a
formati on errdia®fbddie dgsatribgdSeitdi®rthe exposure apparatus is a ligquid
10 immersion type exposure apparatus. However, the present
invention is not limited thereto, but can also be suitably
applied to a dry type exposure apparatus that performs exposure
of wafer W without liquid (water).
Further, in the each of the embodiments above, the case
15 has been described where the present invention is applied to
a scanning exposure apparatus by a step-and-scan method or
the like. However, the present invention is not limited to
this, but may also be applied to a static exposure apparatus
such as a stepper. Even with the stepper or the like, by
20 measuring the position of a stage on which an object subject
to exposure is mounted using encoders, occurrence of position
measurement error caused by alr fluctuations can be minimized
substantially to zero likewise. In this case, it becomes
possible to set the position of the stage with high precision
25 Dbased on the measurement values of the encoders and each of
the correction information described above, and as a
consequence, highly accurate transfer of a reticle pattern
onto the object can be performed. Further, the present

invention can also be applied to a reduction projection



6. The exposure nethod according to one of Clains 4 and 5 5, wherein
t he novabl e body is driven al so based on position information of the
novabl e body in a direction different fromthe first and second
directions. 107. The exposure nethod according to any one of Cains 4

to 6, wherein t he novabl e body is driven al so based on
inclination informati on of the novable bodg with respect to the
predeterm ned plane. 15 8. The exposure nethod according to
any one of Clainms 4 to 7, wherein t he novabl e body is

driven al so baSERCYHNL T ERRAREMSSOYc 3 §EEPHaRfoRt bEch Hiethesd thatt t hat
Is a factor cays] . 20, surenent_error, of _the encoder system

9. An exposuregi}éﬁ%%'%%s \i\gﬁ“%}:% gﬁeSba]neC%? Ei}'éo(%eﬁﬁ%%é&nvf%%osa LRRPTATUS
beam the methed inctdididity method, a MRURLENGdNE-1ORILCH 1882, or th
novabl e body thgt ggn nnve}ESEQSOat Feast %#?@% gﬁ% secon&ggierec?fons‘3
that are orthogbkal wi thin a predeterm ned plane; and

controlling a position of the novable body within the predeterm ned

pl ane so that a neadiWdder, éheomaghlihcahboniert Hist emojestibichpiisl

in ion.,and a head unit is 166
of a grating S§§§téh in the exposure apparatus in each of the embodiments

above is not only a reduction system, but also may be either
an equal magnifying system or a magnifying system, and
projection optical system PL is not only a dioptric system,
10 but also may be either a catoptric system or a catadioptric
system, and in addition, the projected image may be either
an inverted image or an upright image. Moreover, the exposure
area to which illumination light IL is irradiated via
projection optical system PL is an on-axis area that includes
15 optical axis AX within the field of projection optical system
PL. However, for example, as is disclosed in the pamphlet of
International Publication No. WO 2004/107011, the exposure
area may also be an off~axis area that does not include optical
axis B¥, similar to a so-called inline type catadioptric systen,
20 in part of which an optical system (catoptric system or
catadioptric system} that has plural reflection surfaces and
forms an intermediate image at least once is arranged, and
which has a single optical axis. Further, the illumination
area and exposure area described above are to have a
25 rectangular shape. However, the shape is not limited to
rectangular, but may also be circular arc, trapezoidal,
parallelogram or the like.
Incidentally, a light source of the exposure apparatus

in each of the embodiments above is not limited to the Arr



arranged on a surface of the novabl e body on which the object is
nmounted and the other of the grating section and the head unit is
arranged facing the surface of the novabl e body and whi ch neasures
position information of the novable body within 5 the predeterm ned

pl ane, is conpensated, based on neasurenent information of the

encoder system and correction informati omss accordance with
characteristic information of the grating section and the head unit.
1010. The exposure nethod according to Caim9, wherein t he
correction inf SFRARFBN 3L EetPYth 2aBBbf BatreetiliyhbosPrren Sufoasati BRF

of the novabl e i direction diffterent f the_first and
second directi Sgggﬁéig%%ef:héo é%%%lﬁll’ager]r&flﬁg%'a{%i’nantg@ Jtd'ﬂiseerof(OUtPUt
Cainms 9 and 1Qay¥DERSLR: 157nm) ! A8 &PJ NeGEONGHLPHRE iAot nS el 2kl
accor dance vvithaivncl i?ation inrllq‘)or rratlgo{n of thgorméa%I e bogaygv%\nhth )
respect to theopredetenasaed (phapet wirelength: 126ndhe &XPESYKEra-high
nmet hod according to any one of Clains 9 to 11, wherein t he

char act eri sti cPEafdRRatT@PCUTIC| Lftes thatoganerabe ot |latisedonandher sweh

a formation error_of the grating sectiaon. 25 . 13. The exposure
met hod accor di A ?ogéqtﬂjgp%n pfelongths §368M 20T v ki hine (wavedgagth:

Character!st!03%§ [rE% igf £Q§Jpg8§,irgd¥£ Etoglfg}ﬁgggkcﬁgve generating
characteristics o he head  umi t.

unit of a YAG laser or the like can also be used. Besides,
as is disclosed in, for example, the pamphlet of International
10 Publication No. WO 1999/46835 (the corresponding U.S. Patent

No. 7,023,610), a harmonic wave, which is obtained by
amplifying a single-wavelength laser beam in the infrared or
visible range emitted by a DFB semiconductor laser or fiber
laser as vacuumultraviolet light, with a fiber amplifier doped
15 with, for example, erbium (or both erbium and ytteribium),
and by converting the wavelength into ultraviolet light using

a nonlinear optical crystal, may also be used.

Further, in each of the embodiments above, illumination
light IL of the exposure apparatus is not limited to the light
20 having a wavelength equal to or more than 100nm, and it is
needless to say that the light having a wavelength less than
100nm may be used. For example, in recent years, in order to
expose a pattern equal to or less than 70nm, an EUV (Extreme
Ultraviolet) exposure apparatus that makes an SOR or a plasma
25 laser as a light source generate an EUV light in a soft X-ray
range (e.g. a wavelength range from 5 to 15 nm), and uses a
total reflection reduction optical system designed under the
exposure w\_ravelength fe.g. 13.5nm) and the reflective mask has

been developed. 1In the EUV exposure apparatus, the



167 14. An exposure nethod in which an object is exposed with
an energy beam the nmethod including: nmounting the object on
a novabl e body that can nove in 5 at least first and second
directions that are orthogonal within a predeterm ned plane; and
controlling a position of the novable body within the predeterm ned
pl ane, based on neasurement information gfgzan encoder systemin which
one of a grating section and a head 10 unit is arranged on a surface
of the novabl e body on which the object is nounted and the ot her of
the grating segtrongemzhit e hbdadhuscannsnareangad-d da pgrifthemsdrbace
of the novabl e body and which neasures position information of the
novabl e body wWFYBFREIMITe SSLENAHed PrakeaNAf HSEd USANEOR r eEEFWRT

i i \ encaoder
15 information,fo,Gonpensale a Measurement et ol s eNg 98 s resent

invention can also be suitably applied to such an exposure
5 apparatus. Besides, the present invention can alsobe applied
Lo an exposure apparatus that uses charged particle beams such
as an electron beam or an ion beam.
Further, in each of the embodiments above, a
transmissive type mask (reticle), which is a transmissive
10 substrate on which a predetermined light shielding pattern
(or a phase pattern or a 1ight attenuation pattern) is formed,
is used. Instead of this reticle, however, as is disclosed
in, for example, U.S. Patent No. 6,778,257, an electron mask
(which is also called a variable shaped mask, an active mask
15 or an image generator, and includes, for example, a DMD
(Digital Micromirror Device) that is a type of a non-emission
type image display device ({(spatial light modulator) or the
like) on which a light-transmitting pattern, a reflection
pattern, or an emission pattern is formed according to
20 electronic data of the pattern that is to be exposed may also
be used. In the case such a variable shaped mask is used, a
stagé on which a wafer, a glass plate or the like is mounted
is scanned with respect to the variable shaped mask, and
therefore, by measuring the position of the stage using the
25 encoder and by driving the stage based on the measurement
values of the encoder and correction information according
to position information of the stage in the non-measurement
direction that is measured by the interferometer, the effect

equivalent to that of each of the embodiments above can be



systemthat occurs due to flatness of the grating section. 15. The
exposure method according to Caim 14, wherein by the correction

i nformation, a neasurenent error of 20 the encoder systemthat occurs
due to a formation error of the grating section is al so conpensat ed.
16. The exposure method according to one of Clains 14 and 15, wherein
25by the correction information, a rreasurl%gent error of the encoder
systemthat occurs due to a displacenent of the novable body in a
different direction fromthe first and second directions is al so
conpensated. @B8zined. 17. An exposure nethod in which an object is
exposed with an energy beam the nethod including: mount i ng
the object on a novdBiEhsgdyas st ddgarlreee i dior esanprker fheapagmphlet

i PR AR ol LA B e
predet ermi ned plang, ; hased, %as%egéuggggﬂéd'% g&gﬁég&%&f pERgOgder

systemin which one of a grating se and arranged

on a surface oflitieodcmaaht evizaedy) oahubi £brdd Izhfé-%bic@%b_abé pRERbEsk on
and the other of the grating section and the head unit is arranged

facing the surdaezfest h&amiahl énbedfenaucani cingmasmr ébepgaieron
information of the npvabl e body within the predeterm ned pl ane, and

based on correcti onMATESTREY i Wtﬁ?e@&%eﬁg‘é%%thoﬁrf%@u?éﬁ%rhe eppoiesfto

the encoder ., cxbosure apparatus that synthesizes two reticle patterns

on a wafer via a projection optical system and almost

10 simultaneously performs double exposure of one shot area on
the wafer by one scanning exposure, 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).

15 Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system)
described above, and for example, the present invention can
also be applied to an apparatus that forms a pattern on an
object by an ink-jet method.

20 Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an energy beam
is irradiated) in the above-described embodiments and
modified example is not limited to a wafer, but may be another
object such as a glass plate, a ceramic substrate, a filmmember,

25 or a mask blank.

The usage of the exposure apparatus is not limited to
the exposure apparatus used for manufacturing semiconductor
devices. The present invention can be widely applied also to,

for example, an exposure apparatus for manufacturing liquid



15 systemthat occurs due to the grating section and a di spl acenent
of the novable body in a different direction fromthe first and
second directions. 18. The exposure nethod according to
one of Clains 16 20 and 17, wherein the different direction

i ncludes at |east one of a direction orthogonal to the predeterm ned
plane, a rotation direction around an axiygorthogonal to the
predeterm ned plane, and a rotation direction around an axis parallel
to the 25 predeterm ned pl ane. 19. The exposure net hod
according to apyyerel oilid@l@msleyices ¥8ichheraistdns tvhdigoidecrismal
I nformation, a,peasurenent error of 169 the encoder systemthat

occurs due to FhERPIHACESHCEPTHEHDPRLPR SR TRI-EhaPeS pekass glehe, and

pr edet er mi ned ' nsate 20.. An_exposur

met hod in mhicﬁ£§%$é%§§%%§%%%§ p%gggsm??ﬁ %ﬁp%ﬁﬁﬁEﬂf¥%%ﬁngﬁécng%hod
including:  thinPint ifiGrihe 0Bkegk, OPmag 1wy alla Redy stbat agafchDyve
in at least first and second directions that are orthogonal within a
pr edet er m rfed i @renanidiradss o DIANChyed i e tet hikespemirtth@r]}Othbepresent
predet erm ned pl ane;, and controlling a position of the novable
body within thEHREIQRCHINEHSD] hePrddsed tonareernaamenepparat watilet

of an encoder systemin which.,one of a grating sectioon and a head .
unit is arr ang%#ﬁ#%%ﬁﬁ&&él%fpattﬁeerﬁo ik DO 4P o @ silicon

wafer not only when producing microdevices such as
semiconductor devices, but also when producing a reticle or
10 amaskused in an exposure apparatus such as an optical exposure
apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.
Incidentally, the movable body drive system and the
movable body drive method of the present invention can be
15 applied not only to the exposure apparatus, but can alsc be
applied widely to other substrate processing apparatuses
(such as a laser repair apparatus, a substrate inspection
apparatus and the 1ike), or to apparatuses equipped with a
movable body such as a stage that moves within a
20  two-dimensional plane of such as a position setting apparatus
for specimen or a wire bonding apparatus in other precision
machines.
Further, the exposure apparatus (the pattern formation
apparatus) in each of the embodiments above is manufactured
25 by assembling various subsystems, which include the
respective constituents that are recited in the claims of the
present application, so as to keep predetermined mechanical
accuracy, electrical accuracy and optical accuracy. In order

to secure these various kinds of accuracy, before and after



15 the object is mounted and the other of the grating section and the
head unit is arranged facing the surface of the novabl e body and

whi ch neasures position information of the novable body within the
predet ermi ned pl ane, and based on correction information to
conpensate a neasurenent error of the encoder 20 systemthat occurs
due to the grating section and inclinatigrggof the novabl e body.

21. The exposure nethod according to any one of Clains 14 to 20,
wherein 25by the correction information, a nmeasurenent error of the
encoder systenthdd@Esseobdys ddibusionditie theachievd the apsicabrpensatedor

170 an energy beam the nethod including: mounting the object
on a novabl e bBFLHRCPEAR HAVS HeR Satad Bpdmenity &9 aghd e¥eddisgmechanical

directi th t . withi t ernined pl.ane, and
Control L1ng a BTt Eh B CRE AloaBParBoEeA fu DT e 2Brong BF s to
pl ane, based %m&%ﬁ@ieéﬂlﬁgﬁabeﬂrg%%ﬁ@geggﬁsSeﬁ%tc%@i}cg@\é\ﬂoeg&

one of a grating section and a unit 1S arranged on a sur

t he novabl & boalye gre mivmted.henopf @cdsd Sofewdeathiand vheidhdesumdydthas
grating section 10 and the head unit is arranged facing the surface
of the novabl elierly-hengxmhpehe mrranadsisposcliides indahamcedncohnedizion,
novabl e body within the predeterm ned plane, and based, on correction

i nf or mati on to%’b*ﬁféﬁ?&?@cﬁ_lﬂ%ﬁuPéﬁﬁﬁfl‘érqid?c”&ftstfh%iféi‘f&:‘i)&é’ﬂn%%i—%ﬁ
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subsystems. Needless to say, an assembly process of

10 individual subsystem is performed before the process of
assembling the various subsystems into the exposure apparatus.
When the process of assembling the various subsystems into
the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure

15 apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room
where the temperature, the degree of cleanliness and the like
are controlled.

Incidentally, the above disclosures of the wvarious

20 publications, the pamphlets of the International Publications,
and the U.S. Patent Application Publications and the U.S.
Patents that are cited in each of the embodiments above and
related to exposure apparatuses and the like are each
incorporated herein by reference.

25 Next, an embodiment of a device manufacturing method in
which the foregoing exposure apparatus {pattern formation
apparatus) is used in a lithography process will be described.

FIG. 35 shows a flowchart of an example when

manufacturing a device (a semiconductor chip such as an IC



by the correction information, a neasurenent error of 20 the encoder
systemthat occurs due to at |east optical characteristics of the
head unit is conpensated. 24. The exposure net hod according
to any one of Clainms 17 to 23, wherein 25by the correction

i nformati on, a neasurenent error of the encoder systemthat occurs
due to at least a formation error of the gfating section is
conpensated. 171 9 to 24, wherein " the neasurenent information
of the encoder systemor a target position at which the novabl e body
is positioned P xypiFéctedibasdd-uystidiepenel ect CON, iantbinefiloanmagnetic
26. The exposure nethod according to ang one of Clainms 9 to 20,

wher ei n hepd: GoréErorackipds eqdoyne Hel kener g sbienghora & Fask, 35,

ang, ien L1 SHROBLEc L BT OLTED oAaPORLILEN Sloghe Rk 5. 10,

e S L AR ol el (406 LS St of

exposur e nel hodeateondlidtpd Gleatiy:eQnesopeCkaim®d, and pattern design to
realize the function is performed. Then, in step 202 (mask
manufacturing step), a mask on which the designed circuit
pattern is formed is manufactured. Meanwhile, in step 203
(wafer manufacturing step), a wafer is manufactured using

10 materials such as silicon.

Next, in step 204 (wafer processing step), the actual
circuit and the like are formed on the wafer by lithography
or the like in a manner that will be described later, using
the mask and the wafex prepared in steps 201 to 203. Then,

15 in step 205 (device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205
includes processes such as the dicing process, the bonding
process, and the packaging process (chip encapsulation), and
the like when necessary.

20 Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are
completed and shipped out.

FIG. 36 1s a £lowchart showing a detailed example of step

25 204 described above. Referring to FIG. 36, in step 211
(oxidation step}, the surface of wafer is oxidized. In step
212 (CVD step), an insulating film is formed on the wafer
surface. Instep 213 {electrcde foermation step), an electrode

is formed on the wafer by deposition. In step 214 (ion



4 to 26, wherein the grating section is arranged extending in
the first direction as a longitudinal direction, the head unit has a
plurality of heads placed at different positions in the second 20
direction, and position information of the novable body is neasured
by a head that faces the grating section out of the plurality of
heads. 28. The exposure methqd according to any one of
Clains 254 to 27, wherein the grating section is arranged on a
surface of novabl e body, and the head unit is arranged facing the
surface of theimplabtat bodystepl72ions are i@flafhed exppostiie wafdrod Each
according to any one of Clains 4 to 28, wherein by further .
using a measur @hete SPOVENFEPRT Jidasar 54 FeuItidHtRAT BRemTicoR TeESFRELD
novabl e body igagthjrd dirgc%ion 5 orthogonal %8 t he predeterm ned,

pl ane by a senZdr  that®F 8EeL tHe PGPEEPRY e A DA 6T 4 Ty BFaFRTSIng

of sensors pl aged-pAsdNeaRpn® Sdengsqt he bead é’f‘eHe a position of
the novabl e body in the third direction is controlTed based on

measur ement5 i nf or matWiosh ehetdi v dsdeeiBol pHEsipeicedd ends in eadh. sddwe
exposure met hod according to Caim 29, wherein t he measur ement
syst em neasur e8f pederi predaror pastopr dTesshés texiaattedrac fobhoedd In the

I nclination informati on of the novabl e bodY bY a plurality of sensors
that face the @?%ﬁTQﬁP%ﬁﬁﬁﬁ(ﬁert in step 215 {resist formation step), a

photosensitive agent is coated on the wafer. Then, in step
216 (exposure step), the circuit pattern of the mask is

10 transferred onto the wafer by the exposure apparatus (pattern
formation apparatus) described above and the exposure method
(pattern formation method) thereof. Next, in step 217
(development step), the wafer that has been exposed is
developed, and in step 218 {(etching step), an exposed member

15 of an area other than the area where resist remains is removed
by etching. Then, in step 219 (resist removing step), when
etching is completed, the resist that is no longer necessary
is removed.

By repeatedly performing the pre-process and the

20 post-process, multiple circuit patterns are formed on the
wafer.

By using the device manufacturing method of the
embodiment described above, because the exposure apparatus
(pattern formation apparatus) in each of the embodiments above

25 and the exposure method (pattern formation method) thereof
are used in the exposure step (step 216), exposure with high
throughput can be performed while maintaining the high overlay
accuracy. Accordingly, the productivity of highly integrated

microdevices onwhich fine patterns are formed can be improved.



15 31. The exposure nethod according to one of dainms 29 and
30, wherein out of position information of the novable body in
directions of six degrees of freedom position information 20 in
directions of three degrees of freedomincluding the first direction,
t he second direction and a rotation direction within the
predeterm ned plane is neasured by the ercader system and position
information in directions of the remaining three degrees of freedom

i s neasured by the 25 neasurenent system 32. The exposure net hod
according to Caim 31, wherein a position of the novabl e body at

| east when per% -éﬁhfﬂlﬁéﬁﬂ?ﬂié fpon is controlled based on

t he nmeasured position Intformation Th directions of six degrees

of freedom BB isTdespipealsisovet had maeend Beds arat¥ K288 and
Clains 29 to 32, wherein 5in addition to the encoder system and the

measur enent syshemovabgesitivnmetlasdodnen pdegene invantieasareesuitable
posi tion ig%ornation of the object in the third direction is further
used in a meastPBEHGTeR MAVGRLEF LI FAE81IB0 MOVERENRfRaRR-i oRuBther,

the obj ect. 10the pattern formation apparatus and the pattern formation

method of the present invention are suitable for forming a
patternon anobject. Furthermore, the exposure apparatus and
the exposure method, and the device manufacturing method of
10 the present invention are suitable for manufacturing

microdevices.



34. The exposure nethod according to any one of Cains 29 to 33,

wherein t he encoder system and a mark detection systemthat
detects a mark on the object are used in a detection operation 15 of
t he mark. 35. The exposure nethod according to any one of

Clains 4 to 34, wherein: in order to drivuézthe novabl e body, the
measurenent 20 information of the encoder systemis used in an
exposure operation and neasurenent information of an interferoneter
system t hat neasures position i nf or mat FHP St he novabl e body in at
| east the first and second directions is used in an operation
different fromthe exposure operation. 25 36. The exposure

met hod according tog Gy a@%ﬁf&le"‘@@&? &rive metHdlf 1%9%%?1”2%ovable > bady

i nformati on of the enco systemis used I1n a detection operati

the mark and/of gHitagespesikhhen ah kol naofarEHQtQPh@ﬁéd p:lleﬁlle, the
37. The exposure nethod according to one of Clains 35 and 36, wherein

at | east partmefhdde mepsddenent information of the 5 interferoneter
systemis used in the exposure operation. 38. An exposure
met hod in which anaolpeetess exposecduwiinly groehergy beanyméheonebifocthe
' nel uding: movable body in a predetermined direction within a plane
parallel to the predetermined plane using an encoder that has
a head that irradiates a detection light to a scale having
10 a grating whose periodic direction is the predetermined
direction and receives a reflected light from the scale, and
of driving the movable body in the predetermined direction
based on the measurement value and information on flatness
of the scale; and
15 a process of measuring the flatness of the scale, prior
to the process of measuring and driving,
wherein the scale is placed on a surface of the movable
body that is substantially parallel to the predetermined plane,

and the head is placed outside the movable body so as to be

20 capable of facing the scale.

2. A movable body drive method in which a movable body
is driven within a moving plane including first and second
axes that are orthogonal to each other, the method including:

25 a first moving process of moving the movable body in a
direction parallel to the first axis, based on a measurement
value of a first interferometer that measures position
information of the movable body in a direction parallel to

the second axis by irradiating a measurement beam to a



nounting the object on a novabl e body that can nove in 10 at | east
first and second directions that are orthogonal within a
predet er mi ned pl ane; preparing an encoder systemin which one
of a grating section and a head unit is arranged on a surface of the
movabl e body on which the object is nounféd and the other of the
grating 15 section and the head unit is arranged facing the surface

of the anabIe od h measur es Siti |nfor Lo
novabl e body W é/t ne 5}15 Fer mhed’ ﬁocgne Otrh nEi?fgaro ‘?nd a

system t hat Ieegn@példalgﬂar ﬁq@ég&{g%‘&}%efm | Al res

| east the first and secon ections; 20 an ng correctl on

i nformation ysad i, £oIRENSAL €1 8nMRASWIRLBALvERIAr Rfa t hen eAced8lection
systemin the first direction that occurs due to a formation error of

the grating sectidlonrsl hasedeoni ABaSAK eI irRbahERiingnaohed Her @ncodercan
system and 25 the interferoneter system obtained by noving the

novabl e bbdy tim & heefligstiai rectiare andrdaset on ihd onowetb lon oy ;
flatness of the grating section, and controlling a position of the
nmovabl e body in thé PFPSESHi Mo geice A1 paserr bect hen radormakdsn of grating

i nformation of, the encoder system and the correction
pitch of scale that 1s sequentially placed facing a head

unit according to the movement of the movable body in the first
mcving prccess, based on a measurement value of the second

10 interferometer, a measurement vwvalue of an encoder and
informaticn on flatness of the scale, the head unit
censtituting the encoder that measures position information
cf the movable body in a direction parallel to the first axis
based con a measurement value of a head that faces the scale

15 arranged on the movable body having a grating in a
predetermined pitch whose pericdic direction is the direction
parallel to the first axis, and including a plurality of the
heads that are placed at a predetermined distance along a
direction parallel to the second axis; and

20 a process of driving the movable body in a direction
parallel to the first axis, while correcting a measurement
value obtained from the head unit based on the correction

information of grating pitch.

25 3. The movable body drive method according teo Claim 2,
further including:

a second moving process of moving the mocvable body in

a direction parallel to the second axis based on a measurement

value of the second interferometer and a measurement value



175 information. 39. A device manufacturing nethod including
a lithography process, wherein 5in the |ithography process, a

sensitive object is exposed and a pattern is fornmed on the sensitive
obj ect using the exposure nmethod according to any one of Clains 4 to
38. 40. A novabl e body drive systémthat drives a novable 10
body within a noving plane including first and second axes that are

orthogonal to each ofher, the system conprising: a first
i nterferonet é’rfettﬁ%ﬂ thfE%% rje%tep‘oélfc?nﬁﬁit?lﬁf Oar‘?élti on of the novabl e body
in adirection parallel to the second axis by . irradiating .a .
measur enent beam t%%ri%e?sép&e%lﬁ%lnnlsrh? FS&%%HQHQJE W THS hBE i 119
body; PaafPeondodat eeLeLogRt et At hak 1IBASY! &5 pasiiy £
i nformation oflﬁﬁe nové%le oéyg?n aaglrectlongpg?a! el tgpfﬁgﬁﬂﬂﬁﬁsn
axis by irradiatid chteasid efehh pearkionaansel | eatican -3¢ f@tRientially
arranged at the novabl e body; 20a scale that has a grating in a
pr edet er nbnedlEdeah foBeg pehéodica ldi reeidralins o dikechbosmpatablrelthe
to the first axis, and is placed on the novabl e body;
movable body in the second moving process, out of the plurality
of the heads; wherein
in the process of driving, the movable body is driven
in a direction parallel to the first axis while correcting
10 a measurement value obtained from the head unit based on the

correction information of grating pitch and the correction

information of grating warp.

4. An exposure method in which an object is exposed with
15 an energy beam, the method including:
mounting the object con a movable body that can move in
at least first and second directions that are orthogonal within
a predetermined plane; and
driving the movable body within the predetermined plane,
20 based on measurement information of an encoder system in which
one of a grating section and a head unit is arranged on a surface
of the movable body on which the object is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body and which measures
25 position information of the movable Dbody within the
predetermined plane, and based on information on flatness of

the grating section.

5. The exposure method according to Claim 4, wherein



a head unit that has a plurality of heads placed at a predeterm ned
di stance along a direction parallel to the 25 second axis, and
constitutes, together wiwth the scale, an encoder that neasures
position informati on of the novable body in a direction parallel to
the first axis; a deci sion devicelbhat noves the novabl e body
in adirection parallel to the first axis based on a neasurenent 176

val ue of the first interfe ter and a. neasurenent value, of the .
second interferoneﬁ%%ﬁm8ﬁ8£8g2¢ﬂ%%JﬁbﬁFé@?Poﬁi?%&5¥ﬁﬁfPBnl% OHrAt Ty on
pitch of the sc]%rqnatthiagnies Isoelqueptti}gej @/rapclﬁlc dsé‘caEciionrg t he head unit
accordi ng to 1 He mbvenent” based on & measutr enent” val ue of the

second interferoneter, a neasurenent val ue of the encoder and
informati on on fl atness of the scal e; and a controller that

drives the movabl e aod)ei &ixgo shir ¥ € GhdtHbPakablreli nbot bhend igrst1axihg 4 and
whil e correcting a neasurenent value 10 obtained fromthe head unit

based on the Tomtetdion i nformati on of the grating pitch. 41.
The novabl e body drive system according to C aim40, wherein 15when
measuring a pitch bétenwerrvalebpebrdye gy atrhgsnofaltsiee srata@d, onhgosition
deci si on device noves the novable body in a direction parallel to the

first axis atinfpedd ot 0d Fegarovablthberyshora diseritdan @t fbpremt from

measur enent v%lu%§ of the second interferoneter can be ignored. 20
the first and second directions.

10 7. The exposure method according to any one of Claims
4 to &, wherein
the movable body is driven also based on inclination
information of the movable body with respect to the
predetermined plane.
15
8. The éxposure method according to any one of Claims
4 to 7, wherein
the movable body is driven also based on characteristic
information of the head unit that is a factor causing a

20 measurement error of the encoder system.

9. An exposure method in which an object is exposed with
an energy beam, the method including:
mounting the object on a movable body that can move in
25 at least first and seconddirections that are orthogonal within
a predetermined plane; and
controlling a position of the movable body within the
predetermined plane so that a measurement error of an encoder

system, in which one of a grating section and a head unit is



42. The novabl e body drive system according to one of Clainms 40 and

41, further conprising: an arithmetic processing device that noves

the novabl e body in a direction parallel to the second axis based on

a 25 neasurenent value of the second interferonmeter and a neasurenent
value of the first interferonmeter, and obféins correction information
of grating warp of the scale by statistically processi ng neasurenent
val ues obtai ned from plural heads, ich are sequentially,placed . .
facing the s randp Ba aciur oot o % RESnBOERRRT Ko ke HBYEb G boRiect
out of the pl; | i f ads:; i drive.devi r

the novabl e b%%@oiutrﬁ%ae%dﬁggc ;ﬁ%nég%g%’glcf]felt}%eogfﬁtéqﬁgrSFggi?g%ﬁi‘%%‘e HEad
correcting a JmasuLEERLraLE a2 bt Bhoedul FQELLBe Neathdld1ases) Aha

t
the correction information of grating pitch and the correction
informati on afhidrahkAgu¥@ERhosition information of the movable body within
5 the predetermined plane, is compensated, based on measurement
information of the encoder system and correction information

in accordance with characteristic information of the grating

section and the head unit.

10 10. The exposure method according to Claim 9, wherein
the correction information is set in accordance with
pesition information of the movable body in a direction

different from the first and second directions.

15 11. The exposure method according to one of Claims 9 and
10, wherein

the correction information 1is set in accordance with

inclination information of the movable body with respect to

the predetermined plane.

20
12. The exposure method according to any one of Claims
9 to 11, wherein
the characteristic information includes information on
flatness and/or on a formation error of the grating section.
25

13. The exposure method according to any one of Claims
9 to 12, wherein
the characteristic information includes information on

optical characteristics of the head unit.



43. An exposure apparatus that exposes an object with 10 an energy
beam the apparatus conpri sing: a novabl e body that can nove
in at least first and second directions that are orthogonal within a
predet erm ned pl ane, holding the object; an encoder systemin which
one of a grating section and 15 a head u@db? is arranged on a surface
of the novabl e body on which the object is held and the other of the
grating section and the head unit is arranged facing the surface of
t he novabl e body and whi ch neasures position information of the

novabl e body within th redetermn l.ane; .and 20a.drjive device, .
T r i ved b o LGOS DR (aR! A0k BT RRH L US BRYLEEd i en

measur ement i f B4 OOy t %@r}%éjjfd %@é%ﬁ@% information on

fl atness of the grati’ng section. e apparatus

according to O ai MyddntWhef hR object dhea MRMAN1E BodY, tHaErE¥EMASAn
based on information on a formation error of the grating section.

178 5 4f 1dhet &ipesused appanal dSr &cCDstd NG atcanerehoGbabltiddhin
and 44, wherein ~the novabl e body is driven also based on
posi tion i nf o rmatddateofmirred moleadd e dootly in a direction different

from5 the first and second directions.

controlling a poesiticon of the movable body within the

predetermined plane, based on measurement information of an

encoder system in which one of a grating section and a head

10 unit is arranged on a surface of the movable body on which

the object is mounted and the other of the grating section

and the head unit is arranged facing the surface of the movable

bedy and which measures position information of the movable

body within the predetermined plane, and based on correction

15 information to compensate a measurement error of the encoder

system that occurs due te flatness of the grating section.

15. The exposure method according to Claim 14, wherein
by the correction information, a measurement error of
20 the encoder system that occurs due to a formation error of

the grating section is also compensated.

16. The exposure method according to one of Claims 14

and 15, wherein
25 by the correction information, a measurement error of
the encoder system that occurs due to a displacement of the
movable body in a different direction fromthe first and second

directions is also compensated.



46. The exposure apparatus according to anyone of Cains 43 to 45,

wherein t he novabl e body is driven al so based on
inclination 10 information of the novable body with respect to the
pr edet er mi ned pl ane. 47. The exposure apparatus according to

anyone of Clainms 43 to 46, wherein 15thelgbvable body is driven also
based on characteristic information of the head unit that is a factor

causi ng a neasure t error of the encqder stem , 48. |
An exposur e appargﬁﬁ%_%ﬂé?q§¥%ﬁ§%§eEﬁogﬁfbﬁgxﬁﬁfﬂlQﬁjﬁﬁtéﬁ%?§905%§ﬁ9th

t he apparat us,_conpr.i |%% the ﬁ%#ﬁﬁgﬁﬁﬁéfﬁﬁghthat can nove in at

. aln, erier arm M . .
| east first and second réctions areor dﬁonal within a

predet erm ned pl an%rodﬁ%'i@id‘ghﬁfESkéﬁ’EE%%ﬁ AhAEALEH Y SERTL é‘ax‘é";}%&% in

one of a grating section an ead unit i1s arranged on a s ace
of the novablg: bedyt i it ghdtshe ki @ctetsibel dnardthgrehhgbnal wtj?bd?lin

grating section and the head unit is arranged facing the surface o

t he novabbe kodyreatet ariiiatedgasitiees quobition i nformati on of the
novabl e body within the predeterm ned plane; and 179 a
controller that comordlrldipasiat positcficnhefnbhabhevidoly hwdhiwitthien the
predeterm ned plane so that a nmeasurement error of the encoder system
i s conpensat &fedrisEdNigie hidsicembAs SdnPHr HAe PBACHENTE hen Epmeieton of an

system and corrﬁﬁggon information 5 in accordance with characteristic
i nformati on GG YA s€chdrlandct RE Re3B2bihpg . section and a head

unit is arranged on a surface of the movable body on which
10 the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information cof the movable
body within the predetermined plane, and based cn cerrection
informatiocn to compensate a measurement error of the encoder
15 system that occurs dus to the grating section and a
displacement of the movable body in a different direction from

the first and second directions.

18. The exposure methoed according to one of Claims 16

20 and 17, wherein
the different direction includes at least one of a
direction orthogonal to the predetermined plane, a rotation
direction arcund an axis orthogonal to the predetermined plane,
and a rotation direction around an axis parallel to the

25 predetermined plane.

19. The exposure method according te any one of Claims
14 to 18, wherein

by the correcticn infeormaticn, a measurement errcr of



49. The exposure apparatus according to C aim48, wherein 10t he
correction information is set in accordance with position information
of the novable body in a direction different fromthe first and
second directions. 50. The exposure apparatus accordi ng
to one of Clains 15 48 and 49, wherein 169 the correction
information is set in accordance with inclination information of the
novabl e body with resgect to. the redeterninqg | ane.. 2051. The

exposur e appardt uSRGREST dPFHGEER &MPoneSE 4 ¥g tgcsanakheneiot the

t he charactenﬂg&é inf%ﬁpggkgp incluges iq&grnati n _on fk@t

? e bo repBes o redg Srjns ?Egﬁg is also
and/ or on a formation error o grating s&ction. .

exposure appargiils, accoiding to any one of Cainms 48 to 51, wherein
the characteristic Information includes information on opti cal
characteristics of the head unit. 180

5 20. An exposure method in which an object is exposed with

an energy beam, the method including:
mounting the object on a movable body that can move in
at least first and second directions that are orthogonal within
a predetermined plane and also can incline with respect to

10 the predetermined plane; and

controlling a position of the movable body within the
predetermined plane, based on measurement informaticn of an
encoder system in which one of a grating section and a head
unit is arranged on a surface of the movable body on which
15 the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane, and based on correction
information to compensate a measurement error of the encoder
20 system that occurs due to the grating section and inclination

of the movable body.

21. The exposure method according to any one of Claims

14 to 20, wherein
25 by the correction information, a measurement error of
the encoder system that occurs due to the head unit is also

compensated.

22. An exposure method in which an object is exposed with



53. An exposure apparatus that exposes an object with an energy beam

t he apparatus conpri sing: a novabl e body that can nove in at
| east first and second directions that are orthogonal within a
predet erm ned plane, 5 hol ding the object; an encoder system

in which one of a grating section and a R&8&d unit is arranged on a
surface of the novabl e body on which the object is held and the other

of the grating section . and the head unit, is arranged facing the
surface of tf‘?& rovaEs e %%oo@“eaﬁﬁewch:kﬁ%%{ﬁ%' posi ti on

information of the nopvahl e body wi.thin the predetermne ane; and .
a controller that ¢on n%o g g‘%ﬁogl Elleggl;l of ?ﬁgovrrago\e/‘Laeblrbé)dB’og{}B\%\/i "F‘llflnmcf‘ﬁee in

predet erm nedatphggg}: 358008 “e%forn‘gf&l%‘c{{‘c@r% TGN 85EHE§QSH§%E1§1111
of t ue 10

measur enent error e encoder 1 systen1that occurs

flatness of theHAdNGSRY iWe@ahd Dased on neasurenent information
of the encoder system 54. The exposure apparatus accordi ng

to C aim53, whereicorndGinl itihey eopbedtion bif ohsahooahla edsufifeiit the
error of the encoder systemthat occurs due to a formation error of
the grating sesdahreimninddeleomeisateedon measurement Hfofihetion of an
exposure apparatus according to one of Clains 25 53 and 54, wherein
by the corre@Hshiorram ém "Alrkaotcemtng GFRbENGfSehel emcodera head

systemthat occurs due to a displacenent of the novable body in a .
di fferent di rELT o FRARIRS 19T St S Ao oHd (1 TN (RSGH &6 which

Conpensated'the object is mounted and the other of the grating section
10 and the head unit is arranged facing the surface of the movable

body and which measures position information of the movable

body within the predetermined plane, and based on correction

information to compensate a measurement error of the encoder

system that occurs due to the grating section and the head

15 unit.

23. The exposure method according to one of Claims 21
and 22, wherein
by the correction information, a measurement error of
20 the encoder system that occurs due to at least optical

characteristics of the head unit is compensated.

24. The exposure methed according to any one of Claims

17 to 23, wherein
25 by the correction information, a measurement error of
the encoder system that occurs due to at least a formation

error of the grating section is compensated.

25. The exposure method according to any one of Claims



181 56. An exposure apparatus that exposes an object with an
energy beam the apparatus conprising: a novabl e body t hat
can nove in at least first and second 5 directions that are
orthogonal within a predeterm ned plane, hol ding the object;

an encoder systemin which one of a gratiifiy section and a head unit
is arranged on a surface of the novabl e body on which the object is
hel d and the other_  of the grating section 10 and the head unit is
arranged facihd? et s b the novabl e body and whi ch neasur es

iti i nf ti of the_novabl e bod it hi n_the predeterm ned
P ane: Cand o AR ST B Rat "GR8 pO1 PBR P T, e Een or a
movabl e body i thin J0e predefernmngd ﬁlea@r?ova%feeq%&% G reatian by i
information to conpensate a neasurenent error of the - encoder system

that occurs dug d-dde Hald nth s | Q- and @ di SPFageaenin of the
novabl e body in a different direction fromthe first and second

di rections and based on neasurenent information of the encoder

system 20 57. The exposure apparatus according to one of

Cl ainms 55 and 56, wer &hr exposurtheedthdd eramrdiinedic enyi oot ude < latims
| east one of a direction orthogonal to the predeterm ned plane, a
rotation 25 d riectd®n Wreotfid: an axi s orthogonal to the predeterni ned

pl ane, and a rotation direction around an axis parallel to the
pr edet er m ned planéhe gRpect 1s exposed by the energy beam via a mask, and

when the exposure is performed, a position of the mask is
10 controlled based on the correction information so that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder

system.

15 27. The exposure method according to any one of Claims
4 to 26, wherein

the grating sectiocon is arranged extending in the first

direction as a longitudinal direction, the head unit has a

plurality of heads placed at different positions in the second

20 direction, and position information of the movable body is

measured by a head that faces the grating section out of the

plurality of heads.

28. The exposure methed according to any one of Claims

25 4 to 27, wherein
the grating section is arranged on a surface of movable
body, and the head unit is arranged facing the surface of the

movable body.



53 to 57, wherein by the correction information, a measurenent
error of the encoder systemthat occurs due to inclination of the
novabl e body with respect to the predeterm ned plane is also 5
conpensat ed. 59. An exposure apparatus that exposes an obj ect
wi th an energy beam the apparatus conpril§Eng: a novabl e body that

can nove in at least first and second 10 directions that are

orthogonal wthin redeterm ned plane and al sp. can incline with _ .
respect to the preggﬁeF nE4PPFURE, MALFAT RFIM O] && any one offlaims
encoder system.n i one. of a grating section and a head unit is
arranged on 5pgﬁ%ﬁ§26q% “4Ye’ movabl e body on 15 which the object is
hel d and t he ot her t. ect | ni.t_ .S
arranged facing thég£J$ aégiﬁfﬁgﬁ%&n%vg%?gegggéﬁgng%%ﬁﬁc qg%iﬂﬂ%ﬁfures
posi tion inf asdmatd h oh rbhaaavabbe é}@mowayoh!enbwg 1 edeh eFdidietcrion
pl ane; and a controller that controls a position of the novabl e body
20 w t hi n5t heoftitettpirerImtredhpl predebaseined goanediy ansenfor Matid ©rEdaes
conpensate a neasurenent error of the encoder systemthat occurs due
to the gratingsaxdtomasedticn watti ol ef plheahdvabde bewyoand lresst on
on nmeasurenent information of the encoder system 25 60. The
exposur e appdihft §8mgcedbidiafythe hayadrnsist, € apast5entaf she pheqleiq body

by the correction information, a neasurenent error of the encoder
system that odbure dudlId FheSRehgMupst CPEtEPdded based on measurement

information of the measurement system.

10
30. The exposure method according to Claim 29, wherein
the measurement systemmeasures position information in
the third direction and inclination information of the movable
body by a plurality of sensors that face the grating section.

15

31. The exposure method according to one of Claims 29

and 30, wherein
out of position information of the movable body in
directicns of six degrees of freedom, position information
20 in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the

25 measurement system.

32. The exposure method according to Claim 31, wherein
a position of the movable body at least when performing

an exposure operation is controlled based con the measured



183 conpensat ed. 61. An exposure apparatus that exposes an
object with an energy beam the apparatus conprising: a
novabl e body that can nove in at |east first and second directions
that are orthogonal within a predeterm ned plane, holding the object;
an encoder systemin which one of a gratilig section and a head unit
is arranged on a surface of the novabl e body on 10 which the object

is held and the other .of the grating section and the head unit is
arranged faci®ffthe &W&E@aﬁ%énm@mﬁfaw WIRITT SPeas Urgedon.

position information of the novable body within the predeterm ned
pl ane; and a controller that controls a position of the novabl e body

15 within the predej£r %@egxgbgﬂ?e lﬁééﬁgdo&&@f&ﬁ% LN A9 BROBLE Q4 11 o
conpensate a neasurenment error of the encoder systemthat occurs due
to the gratimp s@stion ah-de head unit and based on neasurenent
informati on of the encoder system 20 62. The exposure

appar at ussaccor di ngrt adelie ioh Coaithe 6Acaddrb6iyswaRr&nhdl the measurdient
the correction information, a neasurenent error of the encoder system
that occurs dusstemat beastioptheasulsuehardectiers shatsmedsthes heedition
unit is conpensated. 63. The exposure apparatus according to
any one of Clld}ﬁ%rrlgg:jt@% t\M%p@]]ﬁCt in the third direction is further

used 1in a measurement operation of surface position
infoermation of the object.
10
34. The exposure method according to any one of Claims
29 to 33, wherein
the encoder system and & mark detection system that
detects a mark on the object are used in a detection operation

15 of the mark.

35. The exposure method according to any one of Claims
4 to 34, wherein:
in order to drive the movable body, the measurement
20 information of the encoder system is used in an exposure
operation and measurement information of an interferometer
system that measures position information of the movable body
in at least the first and second directions is used in an
operation different from the exposure operation.
25
36. The exposure method according to Claim 35, wherein
the meesurement information of the encoder system is
used in a detection operation of the mark and/or surface

position information of the object.



by the correction information, a nmeasurenent error of 189 the
encoder systemthat occurs due to at least a formation error of the
grating section is conpensated. 64. The exposure apparat us
according to anyone of Clains 5 48 to 63, wherein t he

measur enent information of the encoder sy3gemor a target position at
whi ch the novabl e body is positioned is corrected based on the
correction information. 1065. The exposure apparatus according to any
one of Clainms 48 to 59, wherein the object is exposed by the

energy beamvia a K,..and when t he ure is.perforne :

posi 1 on o he e | SRR e DesbRon rRsacBEr 68 PBR of Claims 35
i nformation Jg%g%? Jreasurenent error is conpensated, while
driving the anab € b ased on the neasurenent information of the

encoder system  at least pdbc Jf‘etﬁépﬁ%ﬁrsﬁréﬁgﬁﬁ:atl%sfo%%@@'n”g)ft %he
any one of Clainms 20 43 to é% wherein the grating section is

arranged ext eidhi g droridtee f | & B tehh rect o apn achONGigarli Al operation.
direction, the head unit has a plurality of heads placed at different
positions in the second direction, and position information of the
novabl e body is 25 neasured by a head that faces the grating section
out of the pluralit3f-ofntgempsure methoed in which an object is exposed with
an energy beam, the method including:
mounting the object on a movable body that can move in
10 at least first and second directions that are orthogonal within
a predetermined plane:
preparing an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
body on which the ocbject is mounted and the other of the grating
15 section and the head unit is arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane, and an
interferometer system that measures position information of
the movable bedy in at least the first and second directions;
20 and
deciding correction information used to compensate a
measurement error of the encoder system in the first direction
that occurs due to a formaticn errcr of the grating section,
based on measurement information of the encoder system and
25 the interferometer system obtained by moving the movable body
in the first direction and based on information on flatness
of the grating section, and controlling a position of the

movable body in the first direction based on the measurement

information o¢f the encoder system and the correction



67. The exposure apparatus according to any one of Clains 43 to 66,

wherein 185

novabl e body,
novabl e body.

Clains 43 to
nmeasur es pos

the grating section is arranged on a surface of
and the head unit is arranged facing the surface of the
568. The exposure apparatus according to anyone of
67, further conprising: 175 a measurenent systemt hat
ition information of the novable body in a third

direction orth%%ﬁpal to the predeterm ned plane by a sensor that

faces the gr
the sane sid
novabl e body
measur enent
exposure app
syst em nmeasu
i nclination
5

10

15

20

25

AN eEdt™n 10 out of a plurality of sensors placed on
e as the head unit, wherein a position of the
inthe third direction is controlled based on

| nf or g 0n 01 ANG: SEASHLEIBOLSYBLSM ldrog 1nca0BThe

ar at us aCCOI’dI erern € neasur enen

ﬁg%Hy&yéﬂﬁylﬁﬂgégggﬂléHbfélﬁhe third direction and
i'nformation of the movabl'e

in the lithography process, a sensitive object is
exposed and a pattern is formed on the sensitive object using

the exposure methed acceording to any one of Claims 4 to 38.

40. A movable body drive system that drives a movable
body within a moving plane including first and second axes
that are orthogonal to each other, the system comprising:

a first interferometer that measures position
information of the movable body in a direction parallel to
the second axis by irradiating a measurement beam to a
reflection surface arranged at the movable body;

a second interferometer that measures position
information cf the movable body in a direction parallel to
the first axis by irradiating & measurement beam to a
reflection surface arranged at the movable body;

a scale that has a grating in a predetermined pitch whose
periodic direction is a direction parallel to the first axis,
and is placed on the movable body;

a head unit that has a plurality of heads placed at a
predetermined distance along a direction parallel to the
second axis, and constitutes, together with the scale, an
encoder that measures position information of the movable body
in a direction parallel to the first axis;

a decision device that moves the movable body in a

direction parallel to the first axis based on a measurement



20 body by a plurality of sensors that face the grating section.

70. The exposure apparatus according to one of Clains 68 and 69,
wherein out of position information of the novable body in 25
directions of six degrees of freedom position information in
directions of three degrees of freedomincgkuding the first direction,
the second direction and a rotation direction within the

predeterm ned plane is neasured by the encoder system and position

i nformati on iR &t FHfsbFSEnbntaBBe FeRat af R Fr 8eagugrBestofalue of

freedomis negsured by the asurenment system . 71. The
exposure appa il HECRBLTH: Hg SEPS i 700 GS ke ATt T i o

of the movabl e gé’rda}’tﬁ%'ﬁgééh‘“@ N P&l Is%%Tef‘ fh%ﬁ‘; exsposse“c{ueeng:%earl o0 J &g

control | ed based®on asured posifion’i nf'ormat on tn direct) ons
of six degrees, of§ r€d9Rag unit according to the movement based on a
5 measurement value of the second interferometer, a measurement
value of the encoder and information on flatness of the scale;

and

a controller that drives the movable body in a direction
parallel to the first axis while correcting a measurement value

10 obtained from the head unit based on the correction information

of the grating pitch.

41 . The movable body drive system according to Claim 40,
wherein
15 when measuring a pitch between respective gratings of
the scale, the decision device moves the movable body in a
direction parallel to the first axis at a speed at a level
in which short-term variation in measurement values of the
second interferometer can be ignored.
20
42. The movable body drive system according to one of
Claims 40 and 41, further comprising:
an arithmetic processing device that moves the movable
body in a direction parallel to the second axis based on a
25 measurement value o¢f the second interferometer and a
measurement value of the first interferometer, and obtains
correction information of grating warp of the scale by
statistically processing measurement values obtained from

plural heads, which are sequentially placed facing the scale



1072. The exposure apparatus according to any one of Clains 68 to 71,
further conprising: a position neasurenent device that
nmeasures position information of the object in the third direction,
wherein the encoder system the nmeasurenent system and the 15

posi ti on neasurenent device are used in a7measurenent operation of

surface positi on inf ormation of the object. 73. The exposure
apparatus accord to any one of Clains 68 to 72, further

conpri si ng: 2?0%F %%e?%c?h%nmg\}%‘!l%ﬂ?tﬁﬁt thet BOVaPaemoRyon Aifie of the
obj ect, wherein encoder._ system and the nmark detection
system are u?e]d‘”iar#atf'ﬁecifte]g?‘? opBEtSBh of the mark. 2574. The

exposur e apparatus deeatdiia,lo; anv,A06 Oy RHIB A3 4oy 73y LUTLher, ;o
conprising: erfero trPI Y neasur es pOSI 1on

i nformation CHaJ_IahLe_Lé‘P\f@tHk% pody 'a@v;l%twlllffét:otrri%cft'lﬁﬁta ARds5ecRBAt value

directions, wherein
5 obtained from the head unit based on the correction information

of grating pitch and the correction information of grating

warp.

43. An exposure apparatus that exposes an object with
10 an energy beam, the apparatus comprising:

a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
holding the object;

an encoder system in which one of a grating section and

15 a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane; and

20 a drive device that drives the movable body within the
predetermined plane based on measurement information of the
encoder system and information on flatness of the grating

section.

25 44. The exposure apparatus according to Claim 43,
wherein
the movable body is driven also based on information on

a formation error of the grating section.



187 in order to drive the novabl e body, the neasurenent
information of the encoder systemis used in an exposure operation

and neasurenent information of the interferoneter systemis used in

an operation different fromthe exposure 5 operation. 75. The
exposure apparatus according to C aim 74,17eherein t he
measurenent information of the encoder systemis 10 used in a
detection operation of the mark and/or surface position information

of the object. 45. The TR SaYSoSBPE Tabpar 8€GS T8dE8r BPngne oo briel Hims
Clainms 74 and, 75 15at | east part of the neasurenent

i nf or mati on O%Zt%g\héﬁ{’er“’f%ﬁlbmer systemis used in the exposure

oper at i on. A0ySROSHLE: APPET LIS LA exPoses, an ol eel. ;o

with an energy beamh%r1 paratus co rirsing 2 movabre 08d

can move in ai,feasit{dk %tf eﬂg ﬁ@&&@ﬁe %@%h%%fﬂ&k1%rned9fkeee§@férom

within a predeterm ned plane, hol ding the object an enco

system i nswhiwgle ofter&f anQrad ddgd Sectéoniang. a head unit is arranged
on a surface of the novabl e body on 25 which the object is held and

the other of the grating section and the head unit is arranged facing
t he surface of the novabl e body and which neasures position
information of the 4fovabtexrodying ehparehes proedetdmnmy hedny amepf Claims

43 to 45, wherein
the movable body is driven also based on inclination
10 information of the movable body with respect to the

predetermined plane.

47. The exposure apparatus according to any one of Claims

43 to 46, wherein
15 the movable body is driven also based on characteristic
information of the head unit that is a factor causing a

measurement error of the encoder system.

48. An exposure apparatus that exposes an object with
20 an energy beam, the apparatus comprising:

a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
holding the object:

an encoder system in which one of a grating section and

25 a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable

body within the predetermined plane; and



an interferoneter systemthat neasures position 188 information of
the novable body in at least the first and second directions; and

a controller that decides correction informati on used to conpensate a
measurenent error of the encoder systemin 5 the first direction that
occurs due to a formation error of the grnaeing section, based on
measurenent information of the encoder systemand the interferoneter
system obt ai ned by noving the novable body in the first direction and
based on i nformati GhCBREERLL BT diddsserErehe gt P et immodagledody

controls a position of the novable body in the first direction based
on the measurBreht i iR d o G 190 RIUBueT <yitier dHtF {Hement errox

correction 'rgfwgﬁg'éHEoder system is compensated, based on measurement
information of the encoder system and correction information
5 in accordance with characteristic information of the grating

section and the head unit.

49. The exposure apparatus according to Claim 48,

wherein
10 the correction information is set in accordance with
position information of the movable body in a direction

different from the first and second directions.

50. The exposure apparatus acccrding to one of Claims

15 48 and 49, wherein
the correction information is set in accordance with
inclination information of the movable body with respect to

the predetermined plane.

20 51. The exposure apparatus according to any one of Claims
48 to 50, wherein
the characteristic information includes information on

flatness and/or on a formation error of the grating section.

25 52. The exposure apparatus according to any one of Claims
48 to 51, wherein
the characteristic information includes information on

optical characteristics of the head unit.
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53. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a mevable body that can move in at least first and second
directions that are orthegonal within a predetermined plane,
holding the obkject:

an enceder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures pesition information of the movable
body within the predetermined plane; and

a controller that controls a position of the movable body
within the predetermined plane, Dbased on correction
information to compensate a measurement error of the encoder
system that occurs due to flatness of the grating section and

based on measurement information of the encoder system.

54, The exposure apparatus according to Claim 53,
wherein

by the ceorrection information, a measurement error cof
the encoder system that occurs due to a formation error of

the grating section is also compensated.

55. The exposure apparatus according to one of Claims
53 and 54, wherein

by the correction information, a measurement error of
the encoder system that occurs due to a displacement of the
movable body in a different direction from the first and second

directions is also compensated.
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96. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

amovable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
holding the object;

an encoeder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the cbject is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane; and

a controller that controls a position of the movable body
within the predetermined plane, based on correction
information to compensate a measurement error of the encoder
system that occurs due to the grating section and a
displacement of the movable body in a different direction from
the first and second directions and based on measurement

information of the encoder system.

57. The exposure apparatus according to one of Claims
55 and 56, wherein

the different direction includes at least one of a
direction orthogonal to the predetermined plane, a rotation
direction arcund an axis orthogonal to the predetermined plane,
and a rotation direction around an axis parallel to the

predetermined plane.

58. The exposure apparatus according to any cne of Claims
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53 to 57, wherein

by the correction information, a measurement error of
the encoder system that occurs due to inclination of the
movable body with respect to the predetermined plane is also

cempensated.

59. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane
and also can incline with respect to the predetermined plane,
holding the object:;

an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane; and

a controller that controls a position of the movable body
within the predetermined plane, based on correction
information to compensate a measurement error of the encoder
system that occurs due to the grating section and inclination
0of the movable body and based on measurement information of

the encoder system.

60. The exposure apparatus according to any one of Claims
53 to 59, wherein
by the correction information, a measurement error of

the encoder system that occurs due to the head unit is also
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compensated.

61. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
hclding the cbject;

an encoder system in which one of a grating secticn and
a head unit is arranged con a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane; and

a controller that controls a positicn of the movable body
within the predetermined plane, based on correction
informaticon to compensate a measurement error of the encoder
system that occurs due to the grating section and the head
unit and based on measurement information of the encoder

system.

62. The exposure apparatus according to one of Claims
60 and 61, wherein

by the correction informaticn, a measurement error of
the encoder system that occurs due to at least optical

characteristics of the head unit 1s compensated.

63. The exposure apparatus according to any one of Claims
56 to 62, wherein

by the correction information, a measurement error of
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the encoder system that occurs due to at least a formation

error of the grating section is compensated.

64. The exposure epparatus according to any one of Claims
4B to 63, wherein

the measurement information of the encoder system or a
target position at which the movable body is positioned is

corrected based on the correction information.

65. The exposure apparatus according to any one of Claims
48 to 59, wherein

the object is exposed by the energy beam via a mask, and
when the exposure is performed, a position of the mask is
controlled based on the correction information sc that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder

system.

66. The exposure apparatus according to any cne of Claims
413 to 65, wherein

the grating section is arranged extending in the first
direction as a longitudinal direction, the head unit has a
plurality of heads placed at different positions in the second
direction, and position information of the movable body is
measured by a head that faces the grating section out of the

plurality of heads.

67. The exposure apparatus according to any one of Claims

43 to 66, wherein
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the grating section is arranged on a surface of movable
body, and the head unit is arranged facing the surface of the

movable body.

68. The exposure apparatus according to any one of Claims
43 to 67, further comprising:

ameasurement system that measures position information
of the movable body in a third direction orthogonal to the
predetermined plane by a sensor that faces the grating section
out of a plurality of sensors placed on the same side as the
head unit, wherein

a position of the movable body in the third direction
is controlled based on measurement information of the

measurement system.

69. The exposure apparatus according to Claim 68,
wherein

the measurement systemmeasures position information in
the thirddirection and inclination information of the movable

body by a plurality of sensors that face the grating section.

70. The exposure apparatus according to one of Claims
68 and 69, wherein

out of position information of the movable body in
directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder

system, and position information in directions of the
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remaining three degrees of freedom is measured by the

measurement system.

71. The exposure apparatus according to Claim 70,
wherein

a position of the movable body at least when performing
an exposure cperation is controlled based on the measured

pesiticn infermation in directions of six degrees of freedom.

72. The exposure apparatus according to any one of Claims
68 tc 71, further comprising:

a position measurement device that measures position
information of the cobject in the third direction, wherein

the enccder system, the measurement system and the
position measurement device are used in a measurement

operation of surface position information of the object.

73. The exposure apparatus accerding to any cne of Claims
68 to 72, further comprising:

amark detection system that detects amark on the object,
wherein

the encoder system and the mark detecticn systemare used

in a detection operation of the mark.

14. The exposure apparatus according to any cne of Claims
43 to 73, further comprising:

an interferometer system that measures position
information of the movable bedy in at least the first and second

directions, wherein
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in order to drive the movable body, the measurement
information of the encoder system is used in an exposure
operation and measurement information of the interferometer
system is used in an operation different from the exposure

operation.

75. The exposure apparatus according to Claim 74,
wherein

the measurement information of the encoder system is
used in a detection operation of the mark and/or surface

position information of the object.

76. The exposure apparatus according to one of Claims
74 and 75, wherein
at least part of the measurement information of the

interferometer system is used in the exposure operation.

77. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
holding the object;

an encoder system in which one of a grating section and
2 head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane;

an interferometer system that measures position
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information of the movable body in at least the first and second
directions; and

a controller that decides correction information used
to compensate a measurement error of the encoder system in
the first directicon that occurs due to a formation error of
the grating section, based on measurement informaticn of the
encoder system and the interferometer system cbtained by
moving the movable body in the first direction and based on
information on the flatness of the grating sectiocn, and
controls a position of the movable body in the first direction
based on the measurement information of the encoder system

and the correction informatiocn.



