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 pESCRIPPIONt 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
novabl e body drjive nethod and an_exposure apparatus equi pped with the

movabl e body drffQ¥ARLE RPDH PRIVEY MEerRaRy P HRfeD ¥ s DR VD
the pattern for .fihf"ﬂfﬁﬂﬁ [ Ib_ '
| i t hogr aphy prog%és rn'the nﬁﬁwgrgﬁﬁ%%@@ BPM'@HS,
devices or ghe like) EXPOSURE METHOD AND APPARATUS, AND

DEVICE MANUFACTURING METHOD

TECHNICAL FIELD
The present invention relates to movable body drive
10 methods and movable body drive systems, pattern formation
methods and apparatuses, exposure methods and apparatuses,
and device manufacturing metheds, 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#efC Aaketvd- B lorfde diedadivehE Byequentlexanside, a
|l i near notor or the ljk articular, in the case of the,kscanning
st epper, not only th%ﬁmg?eégs W bt ARG Y G ARFATE torse 18 8F395nt°

by a linear nok@rn9kethe ddth& i oF §CABALI A di @R -
pr edet er m ned strgkeé Geﬁ%rally,oposition %% %%ﬁgﬁkgﬁe%§ %#ﬂ%ﬁéllty of

reticle stage ehotherewd em at agfeis Penffetnetaysitihtahbagerthe wafer is
i nterferoneter whose neasurenent val ues have good stability for a
| ong peri od® an8TWRERhimaXY atwihmeesdloneilodirtoheves bywrioraccamgie, a
position contr has been 15 %ﬁgu'red due to finer patterns to cop

0

with higher i n?:ixa?-a{f iBHBE e et o8, PARH Feldim 1p the case O_fethe
Tn the.  emper at e e or (SR ks e S g e BaE T 50 E® BAR roEhele
l'aser interfergfByerihas BRENIACEOUNLENT KMor@ orakde SN 8n 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 periocd 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 interfercmeter 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 enceder can be cited, but because the encoder 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

stabllity, 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, conmpared with
the | aser interferongt&&W of the dlsagﬁaw%%%@ftw éﬁg%wﬁﬁaéégomter

(e Laser nLecher ofel toandsthe £readey,sedsactiet, ghove, ioue,.

types of apparatuses that neasure the posi

a laser i nterf@%@é@éﬁis@é‘%k&& fReQdeE {ROSddi®n Hebecs Qg 38788 both
that uses a diffraction grating) have been proposed (refer to Pafent

G tations 1 and Rasanditberféka@jeter and drurdrieideral (theighoa detection
measur enent resolution of a conveqyional encoder was inferior to that
of an interf er 8pRERF  thaicaifdsy sefésdarst hawi ot e Ind@sgr beent proposed

| ution e | or 10 erior.to the | aser interferqgneters have
Come out (e o Trefer v Mot CAMRLLPOR 5 R Theld KO LIKE) tne

techni que of comi niwg e, | asebnbRLRT LT HIELELABA. { N Blcodery has

been gat hering attention. Howeve e caseé position neasureéenen

within the 15 sowdgr radlee AEode WahEeriritedd@ rofh Wheh a8 GakBrferometer,
(grating) is arranged is perforned using an encoder head, for

exanple, in anrexypusly engpparathsyinhéehacmrramemeht hesgtatiog egsal or
simlar 0 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
reguired. 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 errocr component alsoc needs to be
corrected. Moreover, there is the lnconvenience 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 ersr or conponent due to the
uneven 25 surface of the grating surface is also included in a count

val ue of the epcoder, this error conponent also needs to be .
corrected. MorEBWRRtiAh& Y tWéE PAEBnTRNR eRAA tHEIT t(%e dregsadénehtof

error of the e de curs _due not anly to the scale (e.g. flatness
of the grating surfEalggfé’orO atci”%‘f_:jlc‘ieL characteristies)s Ya ' feldtive

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: Kokai (Japanese Unexamined Patent

Application Publication) No. 2005-308592

DISCLOSURE OF INVENTION
MENAS FOR SOLVING THE PROBLEMS

15 The present invention has been made in consideration of
the situation described above, and according to a first aspect
of the present invention, there is provided a first movable
body drive method in which a movable body 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 receives a reflected light from the scale, and
of driving the movable body in the predetermined direction
based on the measurement value and information on flatness
of the scale.

With this method, position information of the movable



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)s No. 2002-151405

Patent G tation 2: Kokai (Japanese Unexam ned Patent Application

Publ i cation) No. 2004-101362 10Patent C tation 3. Kokai (Japanese
Unexani ned Pat BAEY AppPli cdt i GFepighersanren) disechbos- 3p85821e) SOLOSURE:

OF | NVENTI ON OR SOLVING_THE PROBLEMS, 15The,present inventjon,
has been nadel\g%@%%%%?%?% PO 05t TEhRCRF IR P0h UG08 Fhe FranseE, Ranking

according to azfh&ss @?é)t_ec:{_rdt;%fd 'tﬁ%sp%eﬁﬁg%ci:fgﬁnfi ddher %ciaigola?/v:i.rég

provided a first novabl e bo rirve net I'n whi ch a novable

driven substanai airhy iagonaxeprsstei i netrgdtang, idetast heddd@ermined
i ncluding: a process of neasuring position information of the novabl e
body in a predéieeetinn adit setkdvesid e lachbdnklgier dirbel theo stdade, and
predet erm ned pl ane lé%i ng, an encoder that has a head that irradiates

a detection |ight MyaRlschrdY ran kg drigea taghmbsedpeereiied direction

direction is t edet.erm ned 25 direction apnd receives .a refl ected
light fromt helggsc%‘{]e&eatﬁr{c? SR Bt Hgiﬁ%v Y BSHY S oRe 10 WHLcH a

predeterm ned gdbifetdhtasedr Qu e PERsEIEMBHe AL e naNkale included
information on fl atness 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 a reflection surface arranged on the movable body; a process

of deciding correction information of grating pitch of a scale

that is sequentially placed facing a head unit according to



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 predetermined 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

measurenent eryror caused by the flatness of the scale included in the
measur ement val® 6 eMed tet dder mARaL bR 1P ol P ddieedlTet Masddonrocess,

i nf ti fl at f th . Al di ly,. th bl
body can be drPYRR (91 thaFFLdarart: Radoti BT AR AR AEEaPaEsF
usi ng the encogefeWiut-RarhtbeiNgs aff aeted Dyt Nig YASXERRESSH o ‘ig&ness

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

there is providedtiee secolsl, ntvalhendadyi drdomstieihedgl Bhuhkghoder that
novabl e bogy is driven within a noving plane including first and
second axes tHegagureorPhogohah tofeamhtboherf tite neovwole nbbddi dg: a

a first noving process of noving the novable body in a direction
paral l el to th&EF5TstCmapaLalfgdetoone By Sfeasif meind wa gemppsyrement

first interferomgter,d Qaﬁeﬁac%%rtleﬁg 8?2%}%%nscjaﬂ%8%g?%§$€d%{p LRE movable

novabl e body ina direction para € Sé

irradiating a yeasuUEOTRE A RRamihg fn %e%ké&éwﬁni%gé BELCRNHYICHe Plbdic
t he novabl e body, and a neasureneént val ue of a second Interferoneter

t hat neasur es @Srepgsidn drs ithikorddmetohonf pi el ralvadel eheody rkd azis, and
direction parallel to the first axis by irradiating a measurenent
beam t o aXfef | x¢hiwsh nsurd aptunz kbgedf oshehbepdvabheatbady; rdasedcess a
of deciding carregtion infor ion of grating pitch of a scale that

t
i s sequenti al IRF PIHASEFFEG SEARERD UMY SO Gy Yo P AL to the
movement of thf'ecrg?l\oé?té![ shodyyi o éf@cé%é o @Xb?g%p{nrg%%%%’ab asgd.on @,

nmeasur enent val ue ( e S_ECOI’ld nterteroneter, surenent “va ue_
of an encoder dintdtifeer idonan dd atnessi ot the scahen1d heohead 1wyl ta

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 distance 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

measur ement vaPhebiRVABAS R dRea e tion Basell oh tehehaFirst axis
S N

novabl e body i S nbve

based on the neRSUI LRI, MR]4E off t&@emc;x}é le 'b%hg';gﬁﬁokgg%% ggx%%g.ﬁg in a

measures position informati'on of the novable bo

paral | el to 20pthéeseantrbdypiscanghbbe peagdiemanteraise 0f af Berection
second interferoneter that neasures position information of the

movabl e body iRarabiekdid ohephiest elxitso ahd Friglstdiamg s. pMimerl ity of the
correction information of grating pitch of, the scale that is

sequential |y pPated PaBFRg the heRiPIMMITHESH dHifd-ares: i 25 Abyedeinn
of the movabl epQPQi’léftEh:%ef LLSL 5Oyt 09 PrOLESS 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 obtailned from the head unit based on the
15 correction information of grating pitch, the movable bedy 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 Dbody 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 egbody 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 pre¥ERESHTHEd arst aficehs figst peet serepamavadlle Bodhedrive

d axis. | ' ment by th
of the coal e ITET Y T CPRCPRESSHE CHERT A e OF RRC-ShL Ger PEare Hed
corrected basegh otnd Nfiprdmt LQRKH1Y ; ness of the scale, and
T nl8igR EBSu£#@§.

correction information of the grating pitch can be deci ded based on

t he measurenent val ugceirdihg eacodeiraht £spddie o0t e GricdrndNtntr&etion,
nmeasur enent val ue of the second interferonmeter. Then, while

correcting X hethezgsuismeprovides bt fined feydrehendrasihaimirt niya seek rord
the 15 correctjon inpformation of grati,ng pitch, the novable body is

driven in a di PetiGDaRATET™ EOTRREPR SEOGRPS: YRETEIM Hylthe paetern
nccaracy us, ngr L RE by EP RO RSB T P cRr AT iy e RRETBRRaLE R
According to o Uhira aemecr R e e AR geption.
provi ded a pattern fRacoatioy tetdotffimekpdengof aHy eresenefl inwvermd idig
an obj ect on a novabl e body that can nove within a noving plane; and
a process 18f dri’fig st Reovbdes|%e FAgshorypasirgy metthhdr inndiigh aheattern
frrst and second Rl Sn oot oL PO A S e P Wb e gy Y S, Fhe
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



pattern on the object. Wth this nethod, by formng a pattern
on the object that is mounted on the novable body that is driven with
hi gh accuracy 8 using either one of the first and second novabl e
body drive nethods of the present invention, the pattern can be
formed on the object with high accuracy. According to a fourth aspect
of the present invention, 5 there is provigded a first device

manuf acturi ng nethod including a pattern formati on process, wherein
in the pattern formation process, a pattern is forned on a substrate
usi ng the patt®rFCF ARSI At HbaCBfom%@fpuaegéﬁtiMmﬁﬁm and a head

According to a_fifth aspect of the present invention, 10 there is
provi diadga fi r%?i%xjpsosalflr)rea%%é’&’ F‘ng\%ﬁ Eﬁeaoga eern}?"ia?]"'leoﬁ’ﬂgﬂ Bh wiich
obj ect by irragiati ; I h hncl uding: :
G ving a movabt e Bolk g, AL N6 M Rk EfY, pegnion

one of the firshdahd isecbodi toRALLal@sly rdbiNg TR Hods @f ke hesante
invention, for relative 15 novenent of the energy beam and the

obj ect . 3 by lechivhigbt hedsufes gdwd tiehat nfermavimentt ohethevable
energy beamirradiated to the object and the object, the novable body
on whi ch the oPfEEHIEELRMf BFeAStaFPvReC RleRehi 3 Resad sy inserpation
ei ther one of 5#e i;gst aan novabl e boq¥ drive 20 net hods of

‘a

cond
t he present inven TR cgbrgiﬁgﬁﬁéténga??%ﬁ%P n be formed on the

obj ect with high acGuraCYnly 2ERABLNIRIRRASHIS e ALY FaRYabouRasl e
aspect of the present invention,

driven within a predetermined plane using the encoder system

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 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 controlling a position of the movable

body within the predetermined plane so that a measurement error

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

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

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

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

body and which measures position information of the movable

25 Dbody within the predetermined plane, is compensated, based

on measurement information of the encoder system and

correction information in accordance with characteristic

information of the grating section and the head unit.

With this method, the position of the movable body can



there is provided a second exposure nmethod in which an object 25 is
exposed with an energy beam the method including: nounting the

obj ect on a novabl e body that can nove in at |least first and second
directions that are orthogonal within a predeterm ned plane; and
driving the novabl e body within the predeterm ned plane, based on
measurenent information of an 9 encoder jgystemin which one of a
grating section and a head unit is arranged on a surface of the
nmovabl e body on which the object is nmounted and the other of the _
grating secti oACGHE2ERLY RaFomtirelisday e d paeﬁﬁgemm%@rp;l@@ﬁe vfing
t he novable 5 dy_and.whi ch neasures position [pfor ion of the
novabl e body mﬁﬁﬁyﬁn?%%eﬁr%¥ﬁﬁ%ﬁrﬂﬁ%&?uglEﬁé?gaﬁgg h & AEGPHAETGRT

on flatness of graty é%?g' ) ' ' .
novabl e body cg%pggcﬁgaﬁﬂgy e(%g?jgﬁtﬁptﬁ?ﬁgéﬁB?%Q%ﬁ%ﬁﬁ%%%%cﬁ%gggtlcs
usi ng the encodgl sysigaatibgwseboidn beingnafiasd esiby ihe dHatgrmse ohe
the grating section, and therefore the object nounted on the novabl e
body can bed expbiedt iiduntsdyleratbermeyable body Aevobeliexpdsed witteht gh
aspect of the present invention, there is provided a third exposure
met hod in whi cRCERT3BY ect

According to an eighth aspect of the present invention,
there is provided a fourth exposure method in which 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 system that occurs due to flatness of the grating
section,

With this method, the position of the movable body can
accurately be controlled within a predetermined plane using

25 the encoder system without being affected by a measurement
error of the encoder system that occurs due to the flatness
of the grating section, and therefore the object mounted on
the movable body can be exposed with high accuracy.

According to a ninth aspect of the present invention,



15 is exposed with an energy beam the method 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
controlling a position of the novable body within the predeterm ned

pl ane so that a neasurenent error 20 of an encoder system in which
one of a grating section and a head unit g arranged on a surface of

t he 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 botjeEhd swBreNifedsurids thoskppanre mfedhedt L prwloifch he object

novabl e 25 bodg Wi t hin thgjgredeternined pl ane, is conpensated, based
on nmeasur enent > ¥ FFEPEEE B b AT S "Gy ToTRIr §§§tr@rﬁhé°ﬁ’dl% YEidg 'ofounting
i nformation i danc Lt hehar istic infornati of th
grating sectigﬁ%gn j%%g %gg%lﬂ%lt.E%@%ﬁ&iﬁ$%€ﬁ%@h§8ggt ﬁqﬂbéfﬁfgnf%ﬁSt
the movabl e boglyd caglecdid aceikedtalanbe ¢t r akked ok hBEHnA1  within a
predeterm ned pl ane using the encoder system w t hout being affected
by a neasurenemtedgtremigfed hiarac eddregystodhiaguspds byl dmerf the movable
(characteristics of) the grating section and the head unit, and

t herefore the BP4hj BN b iHte P HfetiemsedhPd apsdy baand ben expaserenent
wi th high accuracy. ... OfAccording to_an eig@ih aspect of _the
present inventTon Vherd i% Frovl§8aca FHurth Bk pfeire °REt Rbd2i frating
uhi ch.an obj ecied:s: SXRAANBLE A PRSLGUABEAMN LA (Wl pdlifie
nmounting 10 the object on a novabl e body that can nove 1 n at |east
first and secanstyonedtiichnshé bat eate sombhoganahd Whehbtthér of the grating
predet erm ned plane; and controlling a position of the novabl e body

wi t hi n t héOpr e3raGtdan vad phankcadaved ds peasugedefacing chensiofacé of
an encoder systemin @pich gne of a grating 15 section and a head

unit is arrangetf BIYVAPLGr PAEE ¥t riid SRoRaBFer s Br Tt énfprBabipr@f

5, ounted Snd b AENG SLe SRR DR SECLLAL AN heR k%

arranged facing the surtace of novabl'e body :
posi tion infordgmtdeeneet ibhe: APYARIEL AP WokBiRsihe PhedehebbAed rror

pl ane, and based 20 on correction information to conpensate a

measur ement erabrithef ehhedencodarersyhtenoddiats doeuts thee gratfihat $@8si on
of the grating sectjon. Wth this nethod, the position of the
novabl e bddy cHif add@rdesrpeps wohke slovel Laikddhim aptidfetmant diatection

| ane usin .
P 9 from the first and second directions.

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

20 error of the encoder system that occurs due to the grating
section and a displacement of movable body in a direction
different from the first and second directions, and therefore
the object 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



25 the encoder system w 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. According to a ninth aspect of the
present invention, 11 there is provided a fifth exposure nethod in
whi ch an object is exposed with an energyibeam the nmethod including:
nounti ng 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
pl ane; and confrBFPFREEE RS thighorchalasyapn el bekinavvitin rtespect to

pr edet er m ned Eﬁggére$g§€¥héﬁgén¥i§yrenent i nformati on of an encoder
onég of a’ g

systemin whic 36 3h%nd a head unit is arranged

on a surface of the dmyable B0y BRsYHLGh M rabhosSh1d % %%gléﬁnghe

the other of the grating 10 section and the head unif s arrang

facing the surpaceeoérhieedmiables bagdydand mehisthReiRas Ul eso ReHitdrOBf an
i nformati on of the novable body within the predeterm ned plane, and

based on cotr e€REQRET rF AR ilon who chonpe nsfhatee gaahbag usesteltn endor oéad
the encoder systemihat occurs due to the grating section 15 and a

di spl acement of*the" TR EBbA! i#n SETGRPPeP kDTN bedgnPRhEhich
HENTIE R SN T R

t he novabl e body camr accurate e contro

pl ane using t hgnereedesad sl em MathorledeRIna fiRCEEF DYe BF the movable
measurenent 20 error of the encoder systemthat occurs due to the

grating secti opodinchral dihsjpchaneapntesfpommabhine i hodymavien df edlki Advable
different fromthe first and second directions, and therefore the

obj ect nouft edPY tHid sy BB o trsifteraingd pkpesedngi based gin aocueation
25According to, a tenth.as%ect of the present invention, there is

provi ded a si xth SHsIAE et ABRET P Whitc Re AR B Gt SFECEpbsdd FRetier
an energy beamy{hg, MRLROGLNEL Wie"gs the grating section and inclination

of the movable body.
With this method, the position of the movable body can
153 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



mounting the object on a novabl e body that can nove in at |east first
and second directions that are orthogonal within 12 a predeterm ned
pl ane and also can incline with respect to the predeterm ned pl ane;
and controlling a position of the novable body within the
predet erm ned pl ane, based on neasurenent information of an 5 encoder
systemin which one of a grating section agd a head unit is arranged
on a surface of the novable body on which the object is nounted and

the other of the grating section and the head unit is arranged facing
the surface of PPHE ARpviakfti theRPIaRE ihmernfedsudethpother @f the grating

i nf ti f the. b 10. b ithin th det i d pl ,

o baoed on oo PETR AR S palRY ) AR S ELEL 1S BL2ke of
f th der . i L .

0 e encoder +gy¥Sh&AY hjﬁtgo%%g%}_ﬁa i cl'% Eneta@%rg%g‘é{ngg‘%%ﬁg fn%rﬁ\ggl?n of

inclination of the nova I's net osi'tion o

the novabl e botlye casvaiSl @asddatalohibe teenp i eshifiddy B1dne, and based
predeterm ned pl ane using the encoder system w thout being affected

by a neasurenept @yrrgcidgfont hefemmetéen siystcempehabtece meastireneatt éeror
grating section_and the inclination of the novable body, and
therefore the 9bjEd SREGAREIS TRt IME RSV aBFar e Eanthe wasdasdsaftirn
20 high accuragy, t¥$lhequﬁgrding to an el eventh aspect of the

. 1T, . .
present invention, ere 1s provided a seventh exposure nmethod in

whi ch an object is qxposed;w ﬁ@t@&,eweggogfemntertHEtmd?m%%Bg},“@an
nmounting the object on a novabl e body that can nove In at [east rst
25 and second acewecdtans Hehabnarel bed haigorial awbt Biét @rmiredebeaRnesing
pl ane; and controlling a position of the novable body within the
predet er mitted Pramicasised st areadihentnbeing rhifadtonl by anmeasodenent

systemin which one o gratin% section and a head unit is arranged
on a surface offi%e \Fg‘(ﬂ @ncod r 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



13 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 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 anglathe 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 &PFBRERRN Wyrremedsireseat ingrarctdfon,hbasad cdemesysrenent

that occurs due_to the.%Latjﬁng section and the head unit, and
therefore the b%#%%?atrﬁ) 124 GRSt RECROSALF¥ShEy 2Ranthe drpEEEaTRReteT

hi gh accuracy. g @rﬁqbﬂgaige%‘egyﬁkn%tvgnﬁs ReSt o, the %{oﬁlgzer}:[n the cﬁi%%t

invention, 15 there is provi n el ght h eéxposuré ne din i

obj ect is expogefedtidh andePLsQY JReBToiile: 183 B 141G]4di &EitH’éDgPeE"&ﬂQg
t he object on a novable body that can nove in at least first an .

second diréctiomstidat @k @rtthodddal ai pbsht omprefiether nmoredlpl aoey in
preparing an encoder systemin which one 20 of a grating section and
a head unit isth§ fEdgdd Brestiantareedion khenpoapieensdy lodonnpthon et
object is m)un,&(lad eanncgtlO ehe Sots er of tgg grating sectjon and. the head
unit is arranged fatiwg i S 408 5Pt Rt hpvaktie M24dOR/hi ch
measures position i pfiepmRLE QM Ofhdde tmvggéaft:p&g)éfv\‘ﬁflglnqu}ﬁ%ezgody can
predeterm ned plane, and an interferonmeter systemthat measures

posi tion inforaetimtaly theconyabl tedodytHin at predstetigidd b3hnanging
second directions; and deciding correction information used to
conpensat é0a g premgar evsteroitheuenvetey sfifstamd byt heméasstement

direction that occurs due to a 14 formation error of the grating
section, basedoff l#’&r&’i‘f’oﬁﬁf*oﬁﬁﬁ??%ntkéﬁt tHRE TR 688r tyat EpFregialon

the | ntorfer ol . S¥Suam oDl pled by fovl o, Lle prucble Badil e

firs_t di rection and ased onl_n_orrraloh n S _ _
section, and contir@l lnidvaA PO @Qnofaetgﬁ%m&hhethb%%h' DcbBgalyr st

direction based on the neasurenent information of the encoder system
and the correction PAgfcorgdahgonto a thirteenth aspect of the present
15 invention, there is provided a second device manufacturing
method including a lithography process, wherein in the
lithography process, a sensitive object is exposed and a
pattern is formed on the sensitive object using either one
of the second 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
periodic direction is a predetermined direction within a plane
parallel to the predetermined plane and receives a reflected

light from the scale, and measures position information of

the movable body in the predetermined direction; and a drive



Wth this nethod, the position of the novabl e body can accurately be
controlled wthin a predeterm ned plane using 10 the encoder system

w t hout being affected by a neasurenent error of the encoder system
that occurs due to a formation error of the grating section, and
therefore the object nounted on the novabl e body can be exposed with
hi gh accuracy. According to a thirteenth agpect of the present 15

I nvention, there is provided a second devi ce manufacturing nethod
including a lithography process, wherein in the Ilithography process,

a sensitive obF@E%C¢stgiboééévaﬁdtBEpapvebhe|bOﬂprmedtha pledetermined

sensitive obje t _us I ther one of the second to eighth exposure
net hods of the b?%%%h% g%@?%ééﬂ%i%wPeQQHﬁﬁmﬁnﬁgV?&ué P%uFFéeﬁPﬁOQ%%e%ﬁd

of the present; ﬁ;@%ﬁgéfgh éH“%‘%ﬁﬁ%s@r ¥|gg rst novabl e body

drive systen1t rives a novable bo y su s?a% rally along a

predeterm ned pl ane,withe tsyst 8gseMPrifd REivanqepeededr +al thdsnévable
head that 25 irradiates a detection light to a scale having a grating

whose perldﬁlcbddyern|anpredeanmmﬂeﬁedﬂreeﬂlﬁhrmﬁﬁddomnwwhhlmeasﬂiémﬁht
parallel to the predeterm ned plane and receives a reflected |ight
from the scal eVaaiR Hedhtf ERqsisint tbati neeswees grpiftion 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 1s 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



t he novabl e body in the predeterm ned direction; and a drive 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 positigg information of the

novabl e body in the predeterm ned direction and information on the
flatness of the scale to which a detection |ight fromthe head of the
encoder is irradit@dederMApRAL e vhese thegidoived deadtcieorcan aldivect un

novabl e body in_th determ,ned directiqgn, based_on the neasurenent
val ue after co??’é%ﬁ%%%f) %?&r’fs HELBURE Blaredenc s dipvRp lieneedy 7

f f th ' ' h f
athess of the $gake JNiq ugeds | RaLNe MPAMIRIRM LT LeLa0f S8eder, o

has been correct I'n 1 On on-the fratnes

scal e. Accor di pgédetd e T8 ol & hedy LRshdes diivedidh ¥ Ldeherdyd nad
direction with high accuracy using the encoder w thout being affected

by the uneennessomd akis scald.constitutAsGortdigeghtep aithftkeensbale, an

aspect of the present invention, there is provided a second novabl e
body drive systefRiHatRab MecispEs s apiaisnel bérmmatiiom of &haovaviedLs! oty

including first_and.second axes that are orthogonal to each other, |,
the system con]ﬁr%ias?iﬁﬁgcgl?ﬁ%?rai‘_ eg.'rfté’rfb]?r%t%rrst%haf‘lﬁéa%&e@&sﬁBEi 5 Efe
information ofyfhie rﬁ%@sblt?lebmabﬁ‘_eabghgefﬁ'é)rliﬂ%rciaclilo?ﬂ L0244 g1 segand
axis by irradiating a neasurenent beamt1o a 25 reflecti bR Surtace

arranged at theirovabkesbashsed sacandmefbgbéRefPetan ukhads Measures st
position informati on of the novable body in a direction parallel to

the first 1&i simiedfarmgiedeimgaandneas mesmentergaam valee r effl etheonsecond

surface arranged at_the novabl e body; a scale that has a grating in
16 interferometer, and decides correction information of grating

pitch of the scale that is sequentially placed facing the head
unit according to the movement based on a measurement value
of the second interferometer, a measurement value of the

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

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

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

information on the flatness of the scale, the decision device



a predeterm ned pitch whose periodic direction is a direction
parallel to the first axis, and is placed on the novabl e body; a head
unit that has a plurality of heads placed at a predeterm ned di stance
along a direction parallel to the 5 second axis, and constitutes,
together with the scale, an encoder that neasures position
information of the novable body in a diregfion parallel to the first
axi s; a decision device that noves the novable body in a direction
parallel to the first axis based on a nmeasurenment value of the first
10 interferomefeflde’ £orEEsHiOReninfaimRtisn t RE setapthg pitch whose
interferoneter, and, decj.des correction informatio %ﬁ gratin% pi tch

e

of the scale tREFTPeL s e V5 5 SEEGCF e R Q thf first axis
according 1o thgafOMaIRa103R80, Ok AolAS ULEIBAL; Y21 y% QL d 2800601, e
e and i n 0

interferoneter, a neasurenent val ue 0 encode ormafi on

on flatness ofhése wual accopdingCanthel hevehdidt oF kMESNdNEHIOVBBLE the
body in a direction parallel to the first axis while correcting a

measur enentd vaherd obtidi pedst iomt ide hegdthet wikasede gratlkepTarad ehitire
information of the grating pitch. 20Wth this system the decision
devi ce noves tH& l?loélyboglgrei%cé’d&ifr%ﬁ GieaFHESRI RS Y9 qrhenfpymation

oL D200 One LS TR Sl 2L A e Lt ekl et

nmeasur es pOSitIOI’] Irnrornmatl on

parallel tot h@néeﬁgﬁgnﬁg%s Andahiie yeaswenent valye of g?gct:l%tgermined

second interferoneter t measures position I nformation

movabl e body idistalideectliong patdatéetid® ddialfllienstoarhs. sdadddekis. 1n
based on the neasurenent value of the second interferonmeter, the
measur emed? vathies ehsehdhendedesiamdevice can correct a measurement exror

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
cone of the first and second movable body drive systems of the

present invention that drives the movable body for pattern



information on the flatness of the scale, the decision device 17
deci des 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 nmovenent of the novabl e body, the 5 head unit constituting,
together with the scale placed on the novapl e body, the encoder that
nmeasures position information of the novable body in a direction
parallel to the first axis and having a plurality of heads placed at
predet er ni ned HPERAHE Rbridiea MIESELi on parallel to the second axis.
In 10 this case, th%ggﬁg'sion devi ce cgg orrect a heasurement erro
ess’ o

caused by the flatn BIHEPRREPEIF ?FF?WH%W%&%Xﬁ%%ﬁﬁPGE%ﬁ{RQ
f th d i-nf L t f f..t
o e SheoterSase gt o e g 8 Sl

can decide correction | grating p

measur enent valiteh af ghheRiieedasy ai tBér bhe btk FR est iR sdtbideovable
measur enent val ue of the second interferoneter. Then, the controller

drives the Snovede drdaye Brstens reftthenppasalt ehveotibe, filtsspadixiesn can
whil e correcting the neasurenent val ue obtained fromthe head unit
based on the cof rE¥iish AhftoEnePi6RToV Ehehiptatagrpgsicveh.

Accordingly, 20 thepgg%%%Le ony can_be rivgg_bégé%) regg} rQ%Pg%&ﬁ%ﬂ;

direction with high accurégg J%lna tHe BHEGH,

by the unevenngsgertfidlerneabe; #pdothaeard o Ah Gha0i N R ehstdifae
scal e. According toJé Si xteent h ggﬁ%cteof tﬁé pre&%%fﬂ%%%gkgggn,sfgﬁi
there is proviftethaapsdtesm barambbyacappatatdaiatddPLifSiN@ned gy beam,
nmovabl e body on which an object is nounted and which can nove within

a movi ng planeihsharEphgteacdprdetingarairett deninndevice idafti  stadimtes
second novabl e _body drive systens of the present invention that o
drives the nnﬁaﬁ?é¥¥ﬁﬁﬁy gﬁp%pﬁPtEPﬁ Oﬁke?{;rﬁﬁq(ﬁ%qﬁﬁrtﬁéeoBFeE¥? first

and second movable body drive systems of the present invention,

wherein driving of the movable body on which the cbject 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 fromthe patterning device to the object
and the object, the movable body drive system of the present
invention drives the movable body on which the object is

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

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

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

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

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



Wth this apparatus, by the patterning device generating a pattern on
t he object on the novable body that is driven with high accuracy by
either one of the first and second novable 5 body drive systens of

the present invention, the pattern can be fornmed on the object with
hi gh accuracy. According to a seventeenth aspect of the

present invention, there is provided a fifgt exposure apparatus that
fornms a pattern on an object by irradiation of an energy beam 10 the
appar at us conprising: a patterning device that irradi ates the energy
beamto the obfBetthangtiesr nef e Hratting faecstioandndetbadheavabhkt is

body dri f .t to ti [ Vi f .the,

movabl € body, oht RRRER L RECBIS et 1 4ER oF GPe AE"ABYAbPETRoRY dPEveh
i f s i f

systemis per ﬁé@@%f%o}ﬁt&%ﬁw&rﬁ@é’ﬁf}?% ﬁﬂee %%a?ﬂgrkgéldﬁ%%ghgﬂg?he

t he object. i's apparatus, for t relative

the energy beaprédetstimirest Lone i Badpad BFdHAG: 8\¢hee drA viehke Hbhoe€st1e
and the object, the novable body drive system of the present

i nvention driveady helnbiabtbebpdypdenewhindd t hbhamd| bated soR20mapsnt @tent
wi th high accuracy. Accordingly, a pattern can be formed on the

obj ect with hith %H@ﬁ%&/ogyt SRARPAGT SYFoSHy and informapgencm flatress
an eighteenth gensct éﬁ yese

second exposure appar_%ﬁ%qqmu exposes an object wth an energy beam
the apparatus 25 comunirsiAgs AyH%abks Hadyothale Gy YL 40285 ck8ale
first and second directions that are orthogonal withrn a

predet er m ned ¢t wiahdnng dreelctlhirmd hedapl £0€ adehgsyisd efcioBevhs gdt em
one of a grating section and a head unit is arranged on a surface of

t he novabll® bottsHitwhpEng afdssieddry thehblatness oftbetdns tdnigeseation,
the grating sectiqn and the _head unit is arranged facing the surface
of the novabl earb%%;‘edﬁ" Qi EHen%%%‘?ﬁ%én%Btiepi BH T SrarEtlenbeeyt fan be

novabl e body wi.t.hi er, | ane; and a drive device that
vete! R0ag S B RE

drives the nova _ n ep édeternined_plane based on
measur enent i nf or matice rafi nghec &Ne@odgi nsysé oA andpptord@t k8B Ofresent
flatness of the grating section.

invention, there is provided a third exposure apparatus that

t.he esent invention, there is provided a

15 exposes an object with an energy beam, the apparatus
comprising: a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged
20 on a surface of the movable body on which the object is held
and the other of the grating section and the head unit is
arranged facing the surface of the movable body and which
measures position information of the movable body within the
predetermined plane; and a controller that controls a position
25 of the movable body within the predetermined plane so that
ameasurement error of the encoder system is compensated, based
on measurement information of the encoder system and
correction information in accordance with characteristic

information of the grating section and the head unit.



Wth this apparatus, the novabl e body can accurately be driven within
a predeterm ned plane using the encoder system 10 w t hout being
affected by the flatness of the grating section, and therefore the

obj ect nmounted on the novabl e body can be exposed with high accuracy.
According to a nineteenth aspect of the present invention, there is
provided a third exposure apparatus that 3§ exposes an object with an
energy beam the apparatus conprising: a novable body that can nove
inat least first and second directions that are orthogonal within a
predet ermi ned pl ane,Widl dilig shpavbfest ;then pesdbden sf sthemmonanhicdhody
one of a gratin%%section $£d a head unit is arranged 20 on a surface

of the movabl eSHRAFCORTNHTLH R ST Bt 6 HéthdNafd PrRECEERBENSE Blene
rati ng section h it i.s.arranged facing._the rf.ac f
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movabl e body whédédréhenddr edeber Bmnethd! 8M8oq@Ndsdscont kabLel HhAL (the
controls a position 25 of the novabl e body within the predetermned

pl ane so tHat chameastirxensnitceofdr thk thet eng oslert isyrst=@@ ithe head unit,
conpensat ed, based on neasurenent information of the encoder system

and correcti ortthfigranaicse itheaekoe darceintiach ophbhadrasdksls pody can be
information of _the eqcﬁ)at.i egg;ion and the head unit. 20 Wth

s,
thi s appar at us; % o"éjittr}lgéﬁ‘ CHETAGYabl e body can accurately be
controlled wthin a er m Sl S .
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exposed wilthh hmyhokipaair acith an energgcoeaingtho apgawentisethnpspettg ofa
the present invention, there is provided a fourth exposure apparatus
that exposes PP ReIY WFhAt af2BNBPYS BBamt tiRasippHiftusand second

conprising: a |.e_bo hat can,nmove_in at .|least fjrst and second
directions tha %e?cte]tlo?q%gégﬁa?r%motrﬁpﬁggnﬁ:]’ewd’gct r%??dﬁtfﬁgﬁlnﬁglﬁlr‘ﬂbe'
the object; ameneadetnssHRBd;NaheBaene R } chEan @%g

head unit is arrangggg on ajsurtf'a?:e of ?hg%n%\ygﬁlgﬂ%ghgg@%oﬁf%n?c tty
the object is dmtid @ndntihehetfemiaf 14 ke rghakingh seaiifreadt thkendead o

unit is arranged facing the surface of the novabl e body and which
measur es Pdsi thesdy iomf vhiel itde ebiehe whaldeahddhenptheén dfhghe grating
predet er m nedvgl ane; and ahco troller that controls a position of the
movabl e body 8%;4pn and the head unit 1s arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane; and a
controller that controls a position of the movable body within
20 the predetermined plane, based on correction information to
compensate a measurement error of the encoder system that
occurs due to flatness of the grating section and based on

measurement information of the encoder system.

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

the flatness of the grating section, and therefore the object

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



20 the predeterm ned plane, based on correction information to
conpensate a neasurenent error of the encoder systemthat occurs due
to flatness of the grating section and based on neasurenent
information of the encoder system Wth this apparatus, the position
of the novabl e body 25 can accurately be controlled within a

predet erm ned pl ane using the encoder syspem w t hout 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 cafde©rEdpgsecl wit Avisngly-atcat agppecl of the present

According to a,twenty-first aspect of, the present invention, there is
provi ded a fiftH SXpodin &igﬁﬁafﬁtﬁfé"’t]ﬁﬁfq 2 SXROFPT @ PRARTRHUg DAt

energy beam 't @g@@r% usoﬁﬁ%&{i 19 an%q\fge?:lggrr bgg%{lt ha.:thecageﬁ%?etnus‘

in at least first 5 and seco di rections e orthogonal

a predet er m negomp aieindoldiniFathe 8bHgCthateANGRAR isyatemshse WH Lt
one of a grating section and a head unit is arranged on a surface of

t he novabl & boalyd onsedinch tdreresddjiects | $hia¢l daaed vlehogbesl ofwitieln a
grating section and the head unit is_10 arranged facing the surface
of the novabl PERSFHTENVT tHaRcashiPédingstire crpiafitcr it PBARC\BET t festem
novabl e body wi t hj.n et erm ned ne; a controller that

h |
controls a post?ioh<s S_P reéa_ dpfe b C%J‘Pﬁi %ﬂgﬁehﬁf‘gdﬁ]&r fenfranged
plane, based ofy, GOIHEGhERAN,E N %vagmetﬁo&yrmﬁaﬁ%ﬁ AhdRASWRMED el g

error of 15 the encoder systemthat occurs due to the grating section
and a di spl aceamhttiod dtermmiliie hpdting aeditfibar ent ehe egdi®@nudironms

the first and second directions and based on neasurenent information

of the enddderamyanead 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
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 adirection 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



Wth this apparatus, the position of the novable body 20 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 grating section and a

di spl acenent of the novable body in a direction different fromthe
first and second directions, 25 and therepgre the object nounted on

t he novabl e body can be exposed with high accuracy. Accor di ng
to a twenty-second aspect of the present invention, there is provided
a sixth exposu?%‘“%b%%réiusa meAtabdep 596 Bhabbfar maie Hnaatehengy first

b th bl e _bod t
at least 11roroRhd SREONY frr'é%%ﬁ”ﬂgwa Eoar €7r L REGOREP o L nPEaAs

predet er m ned plane: & A FHR1638 4y h p
predet er m ned pI ane, ho rgél n% t ] ect; 0 }g%ﬁen]{c% 21% %}l/égergl]%e‘:t %khe
one of a gr atlpnge@@tcérma:nq)ﬁﬂéea@lomab_h | Sharld Qm ansHBbaCsyHen

the novabl e body on which the object is eId and the other of the
grating sedt i obn atiddhhenheafl augreting avacdrigedafda hgatlhen surifagerafged
t he novabl e bod%/ and whi ch rreasuresﬁ%ositi on information of the

novabl e body vt H ﬁuFﬁéCfOOBr% hedCPRARe VARG atRe MYIsate i s thadd
controls a pos of W thin.the predetermned . .
pl ane, based oénﬁd(i:or rect ch%enr |%%/gtain%tqra%yj’tn ggﬁﬁéﬁgaﬁgdag_ﬁ%aéﬁ?cgﬁﬁjtt 1S
error of the epcodey ec§yﬁdairﬂc%t hale QGOMGEScdUE tRel RBVELRE BSdfegﬂéi Gfhich
and inclination of the novabl e body and based on neasurenent 15
information ofmé¢dmnmycpded tipat biiformation YEtthd hiovaBppasadwwithbe the
position of the novable body can accurately be controlled within a

pr edet er mtfed W%Qﬁﬁwq hbarpteddra st erd lgt hbat cheitnglafy pesition

by a neasurenen or of .t ncqQder, system t hat occurs due to 20
the grating sé Qﬂﬁalf’?'n%q?‘?iﬁf PAEBN R AedehEvRbRed Bdie aRgsed on

therefore the g %Cor ki %Gf“érﬁg\%ﬁﬁ {'é?hl iy 2nR9dY 5%&%1 re)fr%%%egf%{* bf

hi gh accuracy. to at aspect resen
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



i nvention, there is provided a seventh exposure apparatus that 25
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 grating section and a head unit
I's arranged 23 on a surface of the novabie 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 novabl e body and whi ch neasures

posi tion i nforPatd FRTERCEheT nbvabioy alsdgybadly Hith whaehsthn abdestmiadeeld

I ; d | ler,that controls a position of the novable body.
\FI)\A' ?E?n ?Ee Sr g%‘ftl (raOrPﬁ; (ra]%%hepﬁ a ,trbeas%@t&ﬁl%cérercééf’f’oﬁn?n?}a‘? n}&??%nu‘?:bt 18

compensate a NASHAIFE SO dhaencader sy shethiDab 85U G

to the grating section an nit and based on neasurenen
i nformation ofmédeurdds epeodebnsyst®@matlidnnothitfe aBRabALUSsd REthin the

position of the novable body can accurately be controlled within a
pr edet er mi fed Ppredrtermined 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



usi ng the encoder systemw t hout being affected by a nmeasurenent

error of the encoder systemthat occurs due to 15 the grating section
and the head unit, and therefore the object nounted 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 wth an gpergy beam the apparatus
20 conprising: a novable body that can nove in at |east first and
second directions that are orthogonal w thin a predeterm ned plane,
hol di ng the obj®tt ;Se5PrehcBdsrcEi’iem iandwhpchcomer dlflexr gthekngdecides
section and a head unit i ed on surface of the novabl e bod

on which the OB SRS O aNGO5ES higH: PRESGhEP TR SHE §RT TG STERL| GrEo™

and the head W ttyeSencoder system in the first direction that occurs due

to a formation error of the grating section, based on

5 measurement information of the encoder system and the

interferometer system obtained by moving the movable body in

the first direction and based on information on the flatness

of the grating section, and controls a position of the movable

body 1in the first direction based on the measurement

10 information of the encoder system and the correction
information.

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

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

accuracy.

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

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



arranged facing the surface of the novabl e body and whi ch neasures
position information of the novable body wthin the predeterm ned

pl ane; an interferoneter systemthat neasures position information of
t he novabl e body in at least the first 24 and second directions; and
a controller that decides correction informati on used to conpensate a
measurenent error of the encoder systemipsthe first direction that
occurs due to a formation error of the grating section, based on 5
measurenent information of the encoder systemand the interferoneter
syst em obt ai ne® b§RHe%i HEdh &' SFovabl e body in the first direction and

based i nf ti flat of t ti ti d
Controls o posi i on B B HbIaBLe: oy PHOPRE A PRPSGrPieTs ahedie and

on the measureme@! 580 d Qfs%'é%%it\‘%ﬁtsﬁfdte %&Qﬁ%ﬁ%g%&%@ﬁ@:é&esec?ion

t
correction information. hi's appara the position o
t he novabl e body e meciirmaneine Beagentrolled within a predeterm ned
pl ane using the encoder system w thout being affected by a 15
measur ement® error ofFkthebdiicaddockydiagnamhahovteytdedwsint gonfiguration

formation error_of the gratin section, and therefore the aobject
mount ed on t he®Trdy EBPETBOASY R (9 BRPOTERP THieh 2RPRE BeR tied@F edobo the

BRI EF DESCRI PT%J%V&OEEQ%&%%W NGS FIG 1is a view

schematically sho configurati on of an exposure apparat us
related to a first enmerdi Mtand 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 values
between the heads.
FIG. 8A is a view showing an example of the configquration
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. 92 is a view showing the case where a count value
20 does not change even when the relative motion in a
non-measurement direction occurs between the head and the
scale of the encoder, and FIG. 9B is a view showing an example
of the case where a count value changes when the 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 moticn in a

non-measurement direction occurs between the head and the



FIG 2 is a plan view show ng a stage device in FIG 1. FIG 3 is a
pl an view showi ng the placenent of various 25 neasurenent apparatuses
(such as encoders, alignnment systens, a nultipoint 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 48 is a
schematic side view showing a partial crosg section 25 of wafer

st age WST. FIG 5A is a plan view show ng a neasurenent
stage, and FIG 5B is a schematic side view showing a partial cross
section of theSA@bRurenent stage. 5FIG 6 is a bl ock di agram showi ng

the main configurati f con system of the exposure apparatus
related to the first e 081? CH"'% are VigrBEse Acoaﬁgpiglﬁraél PegRtion

used to expl ai @opp%ichhqg}igsa%g%regﬁyig\gf&m%c u&gﬂgnpl of .a wafer.

table by a plurality 10 of "enco ing a plurality o

heads pl aced imeiderdfidty edirdoang€ngntencdiéd ha fiﬂ@@féHCdHér)_caused by
measur enent val ues between the heads. FIG 8Ais a view

showi ng an exabpt e rsflatioecombt hom atdfontbe theadneoder thanddale BB a

is a viewused to explain the i
non-measurement direction.

FIG. 12 is a graph showing measurement errors of the
encoder with respect to the change in the Z-position when a
pitching amount 6x equals to o {6x=a).

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

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

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

20 FIGS. l6Ato l6D areviews (No. 2) used toexplain 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



15 mechani smin which measurenment errors occur and to explain a

rel ati on between an incident light and a diffracted Iight of a beam
Wth respect to a reflective diffraction grating within an encoder
head. FIG 9A is a view showi ng the case where a count val ue 20 does
not change even when the relative notion in a non-measurenent
direction occurs between the head and thezgscal e of the encoder, and
FIG 9B is a view showing an exanple of the case where a count value
changes when the relative notion ip a non-measurenment direction

occurs between ‘Fl@‘eﬁé&ﬁegfﬁﬂtﬁ:atgﬁel%%cﬂ@tﬁlyt pktehéotigite of both stages
FI GS. 10A 1 wh
to 91911.3‘E§ f\é'o‘la‘n\’\@hgsggafetoh%xmﬁ%éﬁ ath & C%%geéoﬁ:]e s\?graaggao%rsom

val ue of the encoder changes an € case ere t

not change, whesch htHed! abi ¥esdEid 9R ml@h rHH%‘r{TE%HéEfE‘dHe %I&S%amct
occurs between the head and the 26 scale. GS. 11A and 11B

are vi ews usedwith esgilaiatiarr,opdtatri enpbaur@cmuﬁmgﬂmr.r ection
information used to correct a nmeasurenent error of an encoder (a
first encoder) causédy<8 ihe virasheeingta @ﬁaéfe ehéhgeaifemdtape and
scale in a non-neasur enent r%;rgc G 12 is. a

showi ng measur ghedte T HSTE st“ﬁgeeﬁéﬁ’de?h%”feff‘sl‘”é%e&?@ft t‘-‘Baggue gﬁ%ﬁi‘bjé‘g
in the Z-positjonpher 195EE95|F%M wg)fe?q’sl% e 1O ?no(vg?ﬁg %oward an

10FIG 13 is a view used to explain an opéeration for acquir
correction i nfImddony UuSesh £ Qore g ECd Eeé\i?ﬁ%lr@ﬁ@nfnoﬂw&nﬁ ﬁélpetﬁh%n

encoder (a second encoder) caused by the relative notion of the head
and t he scal e batwearobaastageentindthecY+amis 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 perrformed.

FIG. 23 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has moved
toan 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
walting 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 ALZ2j.

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



15FIG 14 is a view used to explain the inconvenience that occurs in
the case a plurality of heads neasure a plurality of neasurenent
points on the sane scale. FIG 15 is a view (No. 1) used to
explain a nethod of measuring unevenness of the scale. 20FIGS. 16Ato
16D are views (No. 2) usedto explain amethod of neasuring unevenness
of the scale. FIG 17 is a view uggd to explain an

acqui sition operation of acquiring correction information of grating
pitch and correction information of grating deformation of 25 the

scal e. the GMepguremgnyi @\Eagﬁowih@gl a-ha afece’ cpdibwdiekont Sgemer

and the neasur pL sta when e by a step-and-scan nethod is
bei ng performeﬁ%o a vva“?el? Wtﬁ?&% g *stage. FIG 19 is a view

showi ng a state of tgg; wahejg %téﬁéw%%w1% é‘l%%a%?a‘éf'r @Qé%é}% %g_%ﬁe and

i mMmedi ately after a state of both stages romt

whi ch both st agjes mu=saepwnat 6 thyenyeas hididekntOndr B4 alre-dnkeWhighfive
both stages cone into contact wth each other, after exposure is
fini shed. 5Fl Geoond alionment st ageas stcatlesiafg & hvu d eroustlagdebact ed

using alignment systems ALl and AL2; to ALZ,.

FIG. 2B is a view showing a state of the wafer stage and
the measurement stage when at least one of the Pri-BCHK latter
process and the focus calibration latter process is being

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 AL2j;.

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 ¥ 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 neasurenment stage is noving in the -Y
direction and the wafer stage is noving toward an unl oadi ng position
whi | e keeping the positional relation between both stages in the
Y-axis direction. 10FIG 21 is a view showing a state of the wafer
stage and the neasurenent stage when the neasurenent stage has
reached a position where a Sec-BCHK (intepwal) is perforned.

FIG 22 is a view showng a state of the wafer stage and the

measur ement stage when the wafer stage has noved fromthe 15 .
unl oadi ng posi PPBR3t4°% Aloaadwhr Pk FersRCE hopardiorar tiwa Pk Heformation

Sec-BCHK (inte . bel erforned. . , Fl igis a.view show n
a state of the&l & J?flg‘gséqgﬁaptﬁgﬁﬁ%&&rngﬁénCEfGQP E‘?%%r’lnt. > exposure
Teasur enent - St agis Ragn SRy AARL bABbaHLHE Wl ting position and
a waf er has been | oaded 20 on the wafer table. FIG 24 is a

view showi ng a stat &Td. Boths 3t ayeschhen uske vafaipistiaden Raboamuedtter
a position where the Pri-BCHK former process is performed while the
measur ement® st agéevscadianufpcamning spthedl scrum waiting position.

25FI G 25 is a view _show a state of the wafer stage and the
measur enent st age V\Aﬁ'\é\t/{a?gﬁn‘%ﬂoﬂﬁ?%téfhto&ﬁ&@cﬁ PREEhE e ckpmBle of step

al i gnnent shot e i ng simultaneously detected using
al i gnnent systze%s %ﬁlﬁfi’l_gj?'and AL23. FIG 26 is a view showing a

state of the wafer stage and 28

BEST MODE FOR CARRYING QOUT 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 is arranged, and the following description will be
made assuming that a direction parallel to an optical axis
20 AX of projection optical system PL is a Z-axis direction, a
direction 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
a Y-axis is an X~axis direction, and rotation (tilt) directions
25 around the X-axis, the Y-axis and the Z-axis are 8x, 6y 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



t he neasurenent stage when the focus calibration forner process is
bei ng perforned. FIG 27 is a view showing a state of the

waf er stage and the neasurenent stage when alignnent marks arranged
in five 5 second alignnent shot areas are being simultaneously
detected using alignment systens AL1 and AL21 to AL24. FI G

28 is a view showing a state of the wafersgtage and the neasurenent
stage when at |east one of the Pri-BCHK | atter process and the focus
calibration latter process is being 10 perforned. FIG 29 is
a vi ew showi ng (Besedalefrt herafereedst 3ge and thelumiasiriemend ightfe or

when al i gnnment ,nmar ks arranged. i ive.third aljgnment shaot areas are
bei ng si nul tane%ﬁ%??/ma‘:étlé@ggd) J*Sll %’@O%F’ EH‘F}%%US%F@%%@N}Pfaﬁ]Hr%\l?‘?t%@

AL24. 15FI G 3Q,i Vi S | f. the fer stage angd the
measur enent stgﬁif en a\/é(ltgtla(r}r&/e&nlt%r?%r %slaga?reercgcﬁé)ed b ltc%rlees%%ﬁﬂhnﬂ‘ e
al i gnment shotpaseast ar £l heiingtSicuh b gReous| ymoet&et8di$ei¥c1e R on a
al i gnnent systens ALl1, AL22 and AL23. FIG 31 is a view showing a
state of tHe waffer dilage sdiage2Betrhee nBasuraambat at egbemgradeh@stosns a
mappi ng has been fini shed; FIG 32 is a view (No. 1) used to
expl ai n an acofIFLF I HpettaadoMSar Abgurreoyt ek retatiesn raflothat e,

of grating pitch of.a Y scale Jn an_expgsure apparatus of a second
enbodi nent. 25F] d’aﬁ?i%tig%%gﬁ]( K5 Ee3) 8u§§dm? lain an

acqui si tion operati of 19f;i3GR4Yhi B sg&ﬁrﬁtiin%'lu:gigfsog ”Pf&crpé‘ E%Er%aéwgan
pitch of a Y scale in the exposure apparatus of the seton
enbodi nent . 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. In 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
(exposuze 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

also drivable at designated scanning wvelocity in a



FIG 34 is a view used to explain an acquisition 29 operation of
acquiring correction information of deformation of grid |ines (warp

of grid lines) of an X scale in the exposure apparatus of the second
enbodi nment . FIG 35 is a flowhart used to explain an
enbodi mrent of 5 a device nmanufacturing nethod. FIG 36 is a

fl owchart showi ng a specific exanple of sgegp 204 in FIG 35. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON 10<<Fi rst Enbodi ment >> A
first enbodi ment of the present invention will be described bel ow,

wi th referenceP¥8defeamuined o sganning diygation sdwbiahi ced | yrhehowisaxis

the configurati jon of an exposur apparatus ;100 related to the first
enbodi men'? sIERposteR B E“é’r}i{@@n@f a5t Iy %@(MUP@QG surface

apparat us by a%fmaﬁq Sﬁgna r@éﬂ%’e EQQ 'érlxﬁe 3! s%?l i 0‘%{: n%ﬁown In

will be descri ter the e odlrre a projec

system PL is arr@nggdre s thherd ols;q\Mcn@dqﬁgcrﬂdqt é@gynﬁuélabﬁﬂ&%otor
assum ng that a direction parallel to an opt| cal axis 20 AX

pt oj ecti on opteratheyktlem PL is a Z-axis direction, a di rectl on in
which a reticle and a wafer are relatively scanned within a pl ane
orthogonal to the Z-EB&.Eidry defpshation of asqtsidliar edeigenREBdwathin the
direction that_jis. orth ona to.a Z-axis and a Y;axis is an X-axis
direction, and" 7ot i Bn PFl | HHUEERE; G ase gy o%%oﬁr??et%nax?‘% 1:‘i"ﬁe Oz

Y-axis and theyZz&od Sorff & Ocomdkt A1 yOuetbeeh! QPSa r?éBSE&H&’lyof, for
example, around 0.5 to 1l 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 8z direction based
20 on the measurement values of reticle interferometer 116, and
controlling reticle stage drive system 11 based on the
computation results. Incidentally, insteadof movablemirror
15, the end surface of reticle stage RST may be polished in
order to form a reflection surface {corresponding to the
25 reflection surface of movable mirror 15). Further, reticle
interferometer 116 may be capable of also measuring position
information of reticle stage RST in at least one of the Z-axis,

8x and Oy directions.

Projection unit PU is placed below reticle stage RST in



Exposure apparatus 100 includes an illum nation system 10, a reticle
stage RST that holds a reticle Rthat is illumnated by an
illumnation |ight for exposure 30 (hereinafter, referred to as

"illumnation light" or "exposure light") IL fromillum nation system
10, a projection unit PU that includes 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
their control system and the |ike. On wafer

t st T, [ (
St gzgr %F}n ve éggv\yus s PouHt@dton unit PUNGHdestd barsys tomndpraze eldan
i ght ' i pat,| tical temthat h
11 um nance. 10°0 7ot ey Bt aa o85 Enrat Y i maP ahoapueents that
integrator andath@echicken aaﬁlgeaeﬁgﬁzhﬁ{e% BEEE‘E’i@ﬁH‘Ql fr%gﬁk?!s‘? W48 O rrel

which is shown), as is disclosed in, for exanple, al (Japanese
Unexanmi ned Patéht AspbroiecotoPupltiealioytaddorL 20l 313R60e (ah@ioptric
correspondi ng U S. Patent Application Publication No. 15

2003/ 0025890) aymRitemethpke is| rcounagtchaef on Pjstremity, of slénseshaplshs
illum nation arjga IA%R thﬁt i s defined bg the reticle blind (maskin
system) and extTerd T tHETX@ERi T RN R ORI G PELLERE 3¥|% AX parallel
illum nated by, iznat.i.Qn 4l i : o] re light) 1L with, .
substantial ly H%n %%nr% %ﬁlﬁmd%g%?:%%&géﬁozﬁfﬁi's ]'gléo ?Cte%sonl FPE%T]C%%\t‘T’%%tem

light IL, an A exi nebrl asgampiaht donavelieadt Pe1dO30Wid S aHgednds o
an exanple. Further, as the optical integrator, for exanple, a
fly-eye | ens, predatdmiegrdbapooié¢cittier mabnt éftectidonstyhead ahegqad rer,
a diffraction optical element or the |ike can be used. 25 On reticle
stage RST10r et3n8 e RHuor sgeacpahtbitimes) f ackhquafeonepvidiesiit farindtion

FIG 1) on which a circuit pattern_an he |jke are forned is fixed
by, for exarrplae’?eavagth‘jgmJs%ct]ﬁgﬁmﬁa%‘gl ystjajgﬁurﬁé*laqlsonf Fﬁjeqfl}/t drtPv adiom
wi thin an XY ; : L¥abh e sat i,gnat eqd. i i
B a1 oy edet o it e Ay E LK) C A HERAgRBh R G0 I, Rt Yl doka
di rection bei nghwotnr i zonad1di rectilessof phecdage swrface ofs Flfiaced

1), by areticle stage drive system 11 (not shown in FIG 1, refer to
FIG 6) includivgptadnniaddanpteineidantdar mitdr a first surface (object
15 surface) of projection optical system PL forms a reduced image

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

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

(exposure area) IA that is conjugate with illumination area

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

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

is coated with resist (photosensitive agent), via projection

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

to ¥IG. 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 il:!.umination area

TAR (illumination light IL} and alsoc 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



5 or the Ilike. Position information of reticle stage RST

wi thin the noving plane (including rotation information in the ez
direction) is constantly detected at a resolution of, for exanple,
around 0.5 to 1 nmwith a reticle laser interferoneter 10
(hereinafter, referred to as a "reticle interferoneter”) 116 via a
novable mrror 15 (in actual, a Y novable3zgirror having a reflection
surface orthogonal to the Y-axis direction and an X novable mrror
having a reflection surface orthogonal to the X-axis direction are

arranged) . ThE 37¢h’ madher vhithesratbiole tathrans fiearedfier Shetshotiarea.
tt i t.r ol 2 t_sh i FIG 1 f to FI

e TN 0 o apn comrelbar g0 Lug o Lo G L eler 1 0

reticle stage R8] OV rOMRMLIJ0s § NErP P8 ttb%rké?:fdicrl%térﬂ ﬁréi@g@iﬁﬁg%’&{'cadl

the X-axis direcfion, the Y-axis direction and the ez ditection base

20 on the neassysetentehyaknastiod paetkeehei s fbemnbarsieher wdfiér mHNdxposure
controlling reticle stage drive system 11 based on the conputation

resul ts. | i dehttapeysitiee dadeof (raniat] davery on Wsfen Hédowndlsmifation
of reticle stage RST _rmay E)e golished in order to forma reflection
surface (corresp¥hditty t ! HHRUGE NEEs $RRYT dR TRE FREHIBE . RRPIRIE 1RN Wt

15). Further. gtiche.hpLaTSerometer 116 my e canabl e of al o8, e

nmeasuring position infornation e"stage RS U 1ea

of the Z-axis,s@psitd R flinse Gt bORSy1 hFAliefT 19B14REbn Riddil@Atedns is
below reticle stage RST in 32 FIG 1. Projection unit PU includes a
barrel 90 and g¢rejbridadnimpt foal esymp ey Pehéapainghbetpl of aChtgrodtional
optical elenments that are held in a })redeterm' ned positional relation

wi thin barkGel BPlimatses) deri BR HAGHBBYst Baverer s aradeatpion, uait PU
dioptric 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 liguid immersion

method, anozzleunit 32 that constitutes part of a local liquid

immersion device 8 is arranged so as to enclose the periphery

of the lower end portion of barrel 40 that holds an optical

element that is closest to an image plane side (wafer W side)

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

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

of nozzle unit 32 is set to be substantially flush with the

lower end surface of tip lens 191. Further, nozzle unit 32

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

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

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

flow channel and a recovery f£low channel that are connected

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



S systemthat is conposed of a plurality of lenses (lens el enents)

that are arrayed along an optical axis AX parallel to the Z-axis

direction is used. Projection optical systemPL is, for exanple,

bot h-side tel ecentric and has a predeterm ned projection

magni fi cati on (such as one-quarter, 10 one-fifth or one-eighth tines)
Therefore, when illumnnation area AR i 34illum nated by

ilTumnation light IL fromillumnation system 10, illum nation |ight

| L having passed through reticle R whose pattern surface is placed

substanti al |y EBFREFERREIY: whthia $hewt iguFiace ( dppsée Iwrrly Pipe)31A

o Pacheet! on SR ERL S IR Bt SACLLTEGN O B il oo
within illumngbhebeanefed ARPRANLE 8% 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.
One end of a supply pipe {(not shown) is connected to
liquid supply pipe 31A while the other end of the supply pipe

10 is connected to a liquid supply device 5 (not shown in FIG.
1, refexr 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 ligquid recovery device
6 (not shown in FIG. 1, refer to FIG. 6).

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

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

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

equipment or the like available in the plant where exposure



(exposure area) |A that is conjugate with illumnation area | AR on
wafer W which is placed on a second surface (inmage 20 plane) side of
projection optical systemPL and whose surface is coated wth resist
(phot osensitive agent), via projection optical system PL (projection
unit PU) and liquid Lg (refer to FIG 1). Then, by synchronous
driving of reticle stage RST and wafer stgge WST, the reticle is
noved in the scanning 25 direction (Y-axis direction) relatively to
illumnation area AR (illumnation light I'L) and also wafer Wis
moved in the sBBRRFAEIEI Q& tionnskadlied. direction) relatively to the
exposure area (illumpnation light IL),, ,and thus scanni ng exposure is
; he shot Ry 11

performed to one sh

10

15

20

25

Ltk BYies Griv@higes @ Liguid tank, a
suction pump, a valve for controlling recovery/stop of the
liquidvialiquid recoverypipe 31B, and the like. As thevalve,
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 wvalve, 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 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
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
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.

Liquid supply device 5 and liquid recovery device 6 each
have a controllex, 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



33 Wand a pattern of the reticle is transferred to the shot area.
That is, in the enbodinent, a pattern is generated on wafer Wby

i1 lumnation system 10, the reticle and projection optical system PL,
and the pattern is formed on the wafer by exposure 5 of a sensitive

| ayer (resist layer) on wafer Wby illumnation [ight IL. Al though

not shown in the drawi ng, projection unit3zfU is nounted on a barrel
platformthat is supported by three support colums via a vibration

i sol ation mechanism As is disclosed in, for exanple, the panphlet of
| nternational $6PPLHIAIRS PéA §e.2 poedebernbsed dedveretersugnly) vatenilq

unit PU Iy a1 56 9S SUPROLLEN L SySRedsd slate {1 Lospest, 19,8,
pipe 31A, the supply flow channel and the supply opening (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 liguid
recovery device 6 (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 Lg 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, liguiad
recovery device 6, liquid supply pipe 31A and liquid 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 liquid immersion space
(corresponding to a liquid immersion area 14) including an
optical path space of illumination light IL. Accordingly,

nozzle unit 32 is also called a liquid immersion space forming



unit PU, or a base nenber on which reticle stage RST is pl aced.
Further, in exposure apparatus 100 of the enbodinent, 15 in order to
perform exposure applying the liquid imrersion nethod, a nozzle unit
32 that constitutes part of a local liquid imersion device 8 is
arranged so as to encl ose the periphery of the | ower end portion of
barrel 40 that holds an optical elenment that is closest to an inmage
pl ane side (wafer Wside) 20 that constitutes projection optical
system PL, which is a lens (hereinafter, also referred to a "tip

lens”) 191 in PRAFRSEade CoMTRBSBRDBIMGRML (CTasONE1BpBoH. neTioes) 9 the
ash wr et FShr Gaf BRI U B BT, LR F SHRPLERE e o

flush with the Tower "end sur . \
unit 32 25 is egui @patb !t ha 193RR! ¥o2ReRT g ANEh &d L GAE! ¥eOREPL NG ed

of 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. In
this case, projection unit PU does not have to be supported
in a suspended state.

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

20 Incidentally, in the above description, one liguid
supply pipe (nozzle) and one 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



liquid Lg, a | ower surface to which wafer Wis placed facing and at
whi ch the recovery opening is arranged, and a supply flow channel and
a recovery flow channel that are connected to a liquid supply pipe
31A and a liquid recovery pipe 31B 34 respectively. As is shown in
FIG 3, liquid supply pipe 31A and |iquid recovery pipe 31B are
inclined at an angle of 45 degrees with rgspect to the 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 |ine

LV in the Y-axPEOHTELT SRR pB3ke” Hh(bugh Dmsegatodsiis v Féﬂ than
roj ection optigal PL. e .end a supply pi.pe.(not
gho{/vn) i's conn{é%?eﬁ%&ﬁmqlﬁ FLeGepPT %%%el%.‘ng&/ﬁr I %rt'%é O(ﬁ%ﬁé:taleﬂﬁt%fon
the supply pi pendQujectpetd 8dab®@Rthbadnd 86PRLYATEY FE81 84 (% water
shown in FIG 1, refer to FIG 6), and one end OP a recovery pipe
(not shown) i siccrkkidtied to dn quitdcaeceyeat Ynptpe iFbgabl bge tdiRicobherip
end of the recovery pipe is connected to a liquid recovery device 6
(not shown 9 n B 1P1.r s pOdnEI 3 tBRt a8l touf tustgpion dayikeeedployed

i ncludes a |iquid_tank, cqQnpressi on punp, a tenperature controller,
a val ve for comtroty ity tgﬂep&lﬁ/ué'fjoﬁaﬁf g? ngﬂ’ﬁ’]cﬁﬁqj &t lepgti 4nstippl space

pi pe between 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 liquid 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 ym above base board 12, by static pressure of



31A, and the like. As the valve, for exanple, a flowrate contro
valve is preferably used so that not only the 20 supply/stop of the
liquid but also the adjustment of flow rate can be perforned. The
tenperature controller adjusts the tenperature of the liquid within
the liquid tank to nearly the sane tenperature as the tenperature

wi thin the chanber (not shown) where the gyposure apparatus is
housed. 25 Incidentally, the tank for supplying the liquid, the .
conpression punp, the tenperature controller, the valve, and the |ike

do not all havB*e8SBE-ERfhidggelnah expdsurewpparate 200, paddomard the
St o SR AP B2 THOTLA 0. D LR SULISIL 2 LA e
are independently drivable two-dimensicnally in the Y-axis
direction (a horizontal 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 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-axis 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, B84, 83 and 85 in total are in
a sate of being inserted in the inner space of Y-axis stator
86 or B7 whose XZ sectional surface has a U-like shape, and
are severally supported in a noncontact manner via a clearance
of, for example, arcund 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



35 apparatus 100 is installed. Li quid recovery device 6
includes a liquid tank, a suction punp, a valve for controlling
recovery/stop of the liquidvia liquid recoverypi pe 31B, andthe |ike.
As the valve, 5 a flowrate control valve is preferably used to
correspond to the valve of liquid supply device 5. Incidentally, the
tank for recovering the liquid, the suctigs punp, the valve, and the
l'i ke do not all have to be equipped in exposure apparatus 100, and at
| east part of them can also be substituted by the 10 equi pnent
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controllers are controlled by main controller 20 (refer to FIG "6
Accordi ng to itstramid orSefreanenactes o ridldier m30ers a2 caat,r ol gfid 5.
liquid supply device 5 opens the val ve connected to I|qU|d 36
Movers 82 and 83 of two Y-axis linear motors 82 and 83
out of the four Y-axis linear motors are respectively fixed
to one end and the other end in a2 longitudinal direction of
an X-axis stator 80 that extends in the X-axis direction.
Further, movers 84 and 85 of the remaining two Y-axis linear

15 motors 84 and 85 are fized to one end and the other end of
an X-axls 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 B2 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



supply pipe 31Ato a predeterm ned degree to supply water Lg to the
space between tip lens 191 and wafer Wvia liquid supply pipe 31A
the supply flow channel and the supply opening (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
t he val ve connected to liquid recovery pipe 31B to a predeterm ned
degree to recover water Lg fromthe space between tip lens 191 and

wafer Winto liguid recovery device 6 (the liquid tank) via the
recovery openi Hg‘?c B athé P’é%%‘?/@?i}‘“lfq%ﬁéﬁ%ﬁ%? 2l E eERCe et Geepy the

pi pe 31B. Duri{g - y, and.re e perations, nain_cqontrol]er
20 gives connn%d%£¥§($ﬁ§§%€ﬁ??oﬁ e§g¥%§g§#kuﬁ'l?u%%$@£§ﬁﬁﬂ3? Ul and
l'iquid recovery-gevi ¢ea80%01 Bahst heutdantdfdhPhadpi €k Lg Id fﬂnéaﬂ:
t he space between tip lens 191 and wafer W15 constantFy equal s the
quantity of watetotghatcwieredstagemthe sspaden Feearhe®H axidirection.
constant quantity of water Lg is held in the space between tip |ens
191 and wafer $¥{ibietv+t &im Qther Xraxihi stebee, Xvatws Isgaterds8Pnis he
space between tip lens 191 r . Wis constantly replaced. 20As

and .waf

'S obvious f1OMTHRISHVE AGEAHDETORS A {ee Riftibding OPFBLaP formed
S Lol o 86 A1SYEGE kb s£RL IR Il DA HE 2, UlldeSEs e,
| i quid supply device 5, Tiquid recover evice 6, i qui supﬁiy pi pe
31A and |iqui diy esaverongi e tekBoa pNd riotes duiretenk0S@lgd M8H1 d Inside the
i mrersion device 8 fills 25 the space between tip |l ens 191 and wafer
Ww th wat er Leparsing) ofogizége meiin 8€ctiwh 9@ e madnetdk polpivdit, which
i mrer si on _space (corresponding to a |ljiquid i mersion area 14)

i ncl udi ng Jé’ﬁ opt i 15t fros pheemayne Qi modst uBht| pyHihg wafer stage WST

Accordingly, nozzl nit 32 is also lled . a liquid i rsjaon space ,
f or ni nlg g3¥ met z%er?Saaégrﬁaﬁﬁﬁ%ﬁ%l%%ﬁl%&’ %%%‘lf%:rﬁﬁbrﬁng‘ta ﬁf‘r?t?el?] gnftic

the like. Incigend ﬁhﬁfyar&?ktaﬁ%sls%‘aaéor: bOlWod sk IPRESI L 0991\(%%1?3 etf%}:epda

exanpl e, at least nozzle unit 32 nmay al so be supported in spen

state by a maix-dximmifeae notog thhe batves medfalchentm desss Meadin the
above) that holds projection unit PU, or nmay al so be arranged at
anot her frane feaed dirgctionseparate fromthe main frane. O, in the

case proj%gtion unit_ PU is s%gported in a sus%ended state as is
described *€arlier, MozZPe SMRIVdENFay 2aFR Phéhsupprrdedotrry described

suspended st at g, [t 6ara) Ly A0 LN BEOLECHLAN, Wk BU Ul T g the), o

enbodi nent, nozzl e uni i's arrangédona measuremen

supported in apusdendeshtsiater ndepapdgenih Yrid 0 .pr ehecad o un} t Ry
In this case, projection unit PU does not have to be supported’in a

suspended st atkinebd nokdentsinby, 1atised boteligheasenardstii€ mrtingt@gmet
VBT 1's 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
8z direction) of wafer stage WST can be controlled. Further,

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

Wafer stage WST includes stage main section 91 described

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



| ocat ed bel ow projection unit PU, the space between a neasurenent
table (to be described later) and tip lens 191 can be filled with
water in the simlar manner to the above-descri bed manner.

20l ncidentally, in the above description, one liquid supply pipe
(nozzle) and one liquid recovery pipe (nozzle) are to be arranged as
an exanpl e. However, the present inventiomzis not limted to this,
and a configuration having nultiple nozzles as disclosed in, for

| th | et f Int | Publ t No. NO

5o 4b504, | o PEEEEL & %ﬁpfwﬁf%ﬁﬁi%“@s@%%%&i RaigoReREioR 91 are
bl k h

possible ta 'ngifég;gt&mﬁérﬁ%a&hgn a £l afiian with éﬁﬁ;ﬁglfgﬁ,g&m And

Further, a con Ion nmay al'so e enploye inwhic

surface of nozghe G&ndﬁ.rgati§nm1%0§¢-@&%QEnb%éé}?aﬂlr§ﬁan8£%w%f (8.
projection optical systemPL (i.e. closer to the wafer) than t

out goi ng surfatecbiiding d erdcéddoi bmodproptittad lpeh rmﬂéﬁmweﬂm eetbase
pl ane side of tip lens 191 is also filled with water in addition to
an optical patA%®Hd thte 2anfageapi arttafiare 8¢ (TR isenvaden tate PBBrean

hat f t | oyed the,liquid b
uppl 1 ed at | BRYE S NDRnS B Ban G DR cLi ert ™ AREn aRis
| ovest end (t'@ﬁ@@@:}oﬁl%ﬁﬁf}%ﬁlﬁ&' Rg PLOI£E n¢ eﬁl%rc% %(ggne[gi‘ane

and wafer W For exanple quid rmrersio anismd

the 10 panphl ebf girdjdrinat ophakaPuby s iran NOInm&QL%ﬂQ,EB%SFI@r 6,
the Iiquid imrersion nechanismdisclosed in the EP Patent Appllcatlon
Publ i cati on Nostagei2xixggsyahenl 5 e abpii dhdlading ea(q:imsnfr ¢he linear
apparatus of the enbodlnent Referrlng back to FIG 1, stage device

50 is equiPped®dECTF FRC RS~ ﬁww%m@wmd P aNB R dae
are placed abo board 12 n |n% fer Ler s‘%% %% ﬁ fer
to FIG 6) |nc'él’/fd?enrg%$ SRR B g&an ufé_‘ §r¥d‘%/ ﬁ: P? ;‘“ﬁ may
measure posi t']@é‘ddﬁfﬂ@ﬁﬁ’éﬁo&ﬂbﬁé 3gepi MR 1aNR VBl a%oeﬁfi%@&eaxﬁt&{e
(to be described later) that is used for 20 "neasuring position
i nformati on ofofaafler sizades ,WBTaad sexpaset eddredthieordd ke, a stage drive
system 124 (refer to FIG 6) that drives stages WS5T and MST, and the
i ke. On wafer table WIB, 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 tazble WTB
are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum
20 suction or the like. Further, on the upper surface of wafer
table WIB, a plate (liquid repellent plate) 28 is arranged,
which has the surface (liquid repellent surface)
substantially flush with the surface of a wafer mounted on
the wafer holder to which liguid repellent processing with
25 respect to liquid Lg is performed, has a rectangular outer
shape (contour), and has a circular opening that is formed
in the center portion and is slightly larger than the wafer

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

materials with a low coefficient of thermal expansion, such



On the bottom surface of each of wafer stage WST and neasur enent
stage MST, a noncontact bearing (not shown), for 25 exanple, a vacuum
prel oad type hydrostatic air bearing (hereinafter, referred to as an
"air pad") is arranged at a plurality of points. Wafer stage WST and
measur enent stage MST are supported in a noncontact manner via a

cl earance of around several pm above basesboard 12, by static
pressure of 39 pressurized air that is blown out fromthe air pad
toward the upper surface of base board 12. Further, stages WST and

MBT are |ndepeﬂﬁe?ﬁﬁ/secﬁ|"\¥aSP§a{“\%ﬁsd‘W§|a§n§PF9dPﬁ ftHEe Yrappsname) of
di ti h t t th f
et lon (o hecaaoiol, guiect vl the b sl Lsce o B b

and the X-axis recti dn ‘or hogo recti

of FIG 1) wi ttlidi'u?c_ll_ gégéeié‘ﬁﬂ‘ﬂﬂﬁﬁ §e %ﬁnéa(ﬁ{yplf%geéxamﬁi)é Sfﬁ&?rﬂ{e' Y€sin

system 124. e nore specific, as is shown in t he pl an view
in FIG 2, on mafénmlsurflaceing pairiesf r¥shximatsdmitalrss s@ehand 87 10
extending in the Y-axis direction are respectively placed on one side
and the ot Rer }%?Jeﬁétﬁ‘watﬂél%%tlhé’lapﬁeé?ﬁﬁhomanmdb@aﬁdemarkh)

bet ween. Y-axis fﬁl ors 86 an re each_conposed, of, for exanp

a magnetic pol 8" ¢ HTReT Wég?ﬁb? PeLh SpiHE e?ﬁrjrfa?gﬁ@tslﬁr%%’beﬂ?aks
i's made up of fﬁ%ﬁﬁﬂr‘léspfﬁr§héw QQrHE Pol &, MRINEE . and %&?%H%hf#g%er

magnet that are aced at predeferm ne di St ance an erna

al ong the Y-axitsagh m@at)i on. FAt, Y28Xp3abt O hS 86 ﬁf%@l,lqhm@ JYeﬁé(llsent
novers 82 and 84, and two Y-axis novers 83 and 85 are respectively

arranged in a m@ﬁaaﬁtomgaged Htegtee (coOmt @i hed s20atemdm 1 afroemiclosing
Y-axis novers 82, 84, 83 and 85 in total are in a sate of being
inserted 9 t he'$ FAECULAECRPHHING oyping §t%%cﬁ?nd8élﬁpl@7r%ﬁi§@nﬁ€zarea 28b

sectional surfgc as a U— ke s e._and are se ed in
a nolncont ac'tJ n%hﬁce:h Vi a 8:1388?3285 bFame of@gﬁ\! 3%8 %% earraﬂl"lnd
pmyvia the airepagd Qn ah%ﬁél%énw&flee{ SBRECt o O 4 tr *HBBE% fggpellent

Y-axis stator 86 or 8 Each of Y-axis novers 82, 8 83 "an
conposed of, fa:m‘eaezaﬂplfer eatangy gt witen ufile&pbba&eldMa&Qbatl%Sp@ff@Emgcﬁ

coils placed at a predeterm ned di stance along the Y-axis direction.

That is, in th desedi mert, o¥-axdistuio émpe8giamc 8k fddpraprodingieron
15 the surface of the wafer is formed, and on second liquid

repellent 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 liguid repellent plates that correspond to

first liquid repellent area 28a and second liguid repellent

25 area 28b respectively. In the embodiment, pure water is used

as liquid Lg as is described above, and therefore, hereinafter

first liquid repellent area 28a and second liquid repellent

area 28b are also referred to as first water repellent plate

28a and second water repellent plate 28b.



40 armature units and Y-axis stator 86 made up of the magnetic pole
unit constitute noving coil type Y-axis |inear notors respectively.
Simlarly, Y-axis novers 83 and 85 and Y-axis stator 87 constitute
noving coil type Y-axis linear notors 5 respectively. In the
foll owi ng description, each of the four Y-axis linear notors

descri bed above will be referred to as a ¥ axis linear notor 82, a
Y-axis linear notor 84, a Y-axis linear notor 83 and a Y-axis |inear
not or 85 as needed, uskggéthe sane reference codes as their novers

82, 84, 83 and 85. 1@ r S8 SFPCSVLEF LI YLlakP styGati@tasoterkingt
d 83 out of t t fixed t
and 830Ut of hied oo qiopt boeRke fULocReat Syt eieRll Bl Tiret o

stator 80 that)eyendsii matﬂaqyxlﬁféélachécﬁ%'soéborfd%&@@f ’reéﬂé\i@éﬁ}:gpﬁate

and 85 of the remaining two Y-axis linear 15 notors 84 an

fixed to one ehghamdthhecwtdersielrd ofalaingXthtissfst@tion o8&ohbilieration,
extends in the X-axis direction. Accordingly, X-axis stators 80 and
81 are driven 36}116#?@ ¢RRoYRsNts By iysfavater rgpgklent |a|ﬂr@@rtwhm09 wBer
and 83 and a pair | i near ors 84 and 85 respective

Y_
20Each of X- ax¥%9%33a%1btr ‘35'% haydng1s rgl&iﬁ&&s@ﬂsoﬁ ancs t @mswe&lﬁght
armat ure unit § QIOI’ ag,g E‘&nm‘%g". reC I%r?%%ed %t %&}ls %se)el

predet er m ned ance al ong t axi's

stator, X-axi SagSgBHLteQ:r 18Edr&e@l@r@ﬁﬂ@%dﬁfa@e&i@f@r@ﬁ wlekRdd éﬂ'éi@.ﬁah%cbla‘%e
an opening (not shown) formed at 25 a stage nmain section

shown in FIG Z8arshédmr secFidGwatlpridepeldenstdrtast eswhach n-m‘tewaquellent

stage WST. Inside the opening of stage mamin section 91, for exanple,
a magnet i ¢ %ol PaiNEViRe EﬁShaEalaC%etrW@ﬁﬁuﬁaghbthgrIéupnﬁfﬁatwrstcrmt@@

o of LAl BELSR g AL ol gt g SR B 2 T 41
direction, is afapead- wJ{als BREAEELE POl ¥Bb! %dg éfag shaleri 81
constitute a noving nagnet type X-axis [|i1near notor tives stage
mai n section Hiffiddle Xoaxpbple wecétOfepellent coat hav1ng sufficient
resistance to exposure light IL (light in a vacuum ultraviolet
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

invention is not limited to this, and two types of water

20 repellent coat that have different resistance to exposure
light IL may also be applied on the upper surface of the same
plate in order to form the first water repellent area and the
second water repellent area. Further, the same kind of water
repellent coat may be applied to the first and second water
25 repellent areas. For example, only one water repellent area

may also be formed on the same plate.

Further, as is obvious from PIG. 4A, at the end portion

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

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



5 Simlarly, the other X-axis stator, X-axis stator 80 is arranged in
a state of being inserted in an opening forned at a stage main
section 92 (not shown in FIG 2, refer to FIG 1) that constitutes
part of measurenment stage MST. Inside the opening of stage main
section 92, a nmagnetic pole unit, which 10 is simlar to the magnetic
pole unit on the wafer stage WST side (stage main section 91 side) ,
is arranged. This magnetic pole unit and X-axis stator 80 constitute
a novi ng magnet type X-axis linear notor that drives measurenent
stage MST in té&edx BaRagugement pdateldd nst ebeddatiinente Wecheotandwelar
| i near notors descri&ed, ove that constitute stage drive system 124
is control | ed BYATai IFd'aﬁl}l)er GPEeruBEhdRAti hS PGLosed) Ry dehcatpyt and
each linear no ' |.im ted ei.t h one of .t he _noving, magpet
type or the m%/?%%ﬂiglgf%fyﬂpgdgﬁakt leattey|Eoée]%' cg‘n&adpupcrloa&rlp%lf]%?y Jfgp%%“ed
sel ected as needleghe cented NG @8R! abhy; + BY1LABKING MWt ofFORESSurement
severally generated by a pair of Y-axis linear notors 84 and 85 be
slightly diFfepkamte 30 yaw ageanoaritine LLobAtwaferamaubé WIB)t henaza pair
direction) of wafer stage WST can be controlled. Further, 25 by

maki ng thrust ?brivslalevidadld ypegenseacet plit pditersis $larics foreed in
nmotors 82 and 83 be slightly diifferent, a I\{avx,i ng anopunt _of

measur ement st Ay Wec%?qﬁé CIREEBEREQWItY resRfgtetosithge chBFer of

i ncl udes st agefdfmg‘naasle&ra&@&nw?lorpgﬁgr;lb&g a%gggﬁ%g%r{g}e%t 48 gr%gwg%\@;%s

that is nounte stage main 42 section

stage mai n secdiofctFboraldr fdikelcy adr ind@R M, t @ Zaaki srdh&ecti Othadhe
ex direction and the ey direction via a Z-1eveling nmechani sm (not
shown) (e.ld imedadiamprs voiteaddidrnsotly aorLtdteagdddke) it gladitieral yating
base 5 board 12 and X-axis stator Si. That is, wafer table WB can
nove m nut el y SPTEAAOBE FRRIY ey fitreebion muchg-zshxi &l xigqtden ean be

with respect to_ the XY plane r the imge plane of projection
opti cal systerr'?ﬁ%’l’. aléncal[%ldee ag'ﬁjﬁe,' in FIG 6, stage drive system 124

i's shown including eachnel,thg 14 neRkmldnPEOr Spandethe LlierebEng fer

mechani sm descri bed above and a drive system of neasurénent stage
MST. Further, swedgy WwEahied oW BaaRY fhee cOAlf i gugetheaapabhenofs 1mithpd€darns
noving also in at |east one of the X-axis, Y-axis and ez directions.
15 3L, an L-shaped housing 36 inside which an optical system
containing an objective lens, a mirror, a relay lens and the
like 1s housed is attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 36 is arranged in pairs
20 corresponding to the pair of aerial image measurement slit
patterns SL, although omitted in the drawing.

The optical systeminside 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.



On wafer table WIB, a wafer holder (not shown) that holds 15 wafer W
by vacuum suction or the like is arranged. The wafer hol der may al so
be formed integrally with wafer table WIB, but in the enbodi nent, the
waf er hol der and wafer table WIB are separately configured, and the
waf er holder is fixed inside a recessed portion of wafer table WB,
for exanple, by vacuum 20 suction or the hgke. Further, on the upper
surface of wafer table WIB, a plate (liquid repellent plate) 28 is
arranged, which has the surface (liquid repellent surface)
substantial |y flush MguePvete euithadwrser suniices ofmaroad wridtheepailant
hol der to V\,hichlliqtsgﬂjre | | ent proceisi ng with 25 respect tq liquid
Lg i s performedr?rase®r CafTabt ernehapee (FoiGdr) ToEREhAR &
ci rcul ar openi i . i e t iqn,.and j.s_slightly
| arger than thggev\%%rrh%f%g{f%gl r?gﬁh i ﬁ%sgr‘g% %&% e d\ﬁésf‘er%l?r?’l ate 28
is made of matepded SiaMity,aihowr-698fdd enenti 9 deknBl o@XPARSI@NIL the
such 43 as glasses or ceramcs (such as Zerodur (the brand nane) of
Schott AG 5A 28%xxiy dh@gtiamd odnsthendurfee wofpgilllahe PRata P8uUbth
repellent filmijs forned b%/, for exanple, fluorine resin materials,

P

fluorine serie¥l¢e%ilR fheehpai zontah daestponyivtilst- 43} oY Afadss 39Y1

Tef | i st demar k) ), | i terials, i) |
Seri oo resi n nEtbrAPCe F e TREPYet EYE A Sobiem Do At e
tabl e WIB (vafglostageRh J a%@flé:(%ti@éar%f?@ﬁsd“a(% 3.f 'd&ﬁ?krébgi‘ér?

Cc our | ar

repell ent area 28a whose outer shape ont rectangu

encl osing 10 tdeatinguharviagenigidioand ai s€sorvh khothdl v-epelk! @ntediem
28b that has a rectangular frame (annul ar) shape placed around first
liquid reddl | ein wrieh 284d Dhnésr3 Havjoipdthepkdngittudined 28asctibon in
exanmpl e, when an exposure operation is perforned, at |east part of a
li qui d i mrer si i &re¥t s Aixestlos e £PoRed st forederserined pAd g ema
is formed, and, op .se | i_qui epel |l ent area 28b, scales ratjng
sections) for daan&\ELelfleccgcher}g1 gfg;éé‘gne?'t ggbgﬁﬁeiécar}flbsed arer) défsggb??rjed.

Incidental ly, at |eashiRaklyof ihhersdd facenel sPhats28doesnapthaven
to be flush with the surface of the wafer, that 1s, may have a

different 20 hehglitaktsmideatt ioh ¢heesunfiace «of réhel MvafteplatwirBbetbhoth
plate 28 may be a single plate, but in the enbodinment, plate 28 is
confi gur edSby eHs Annghe vertighltgl xdctsica &8 FiGor 4bkampbealés r3dK amd

second | lautd sgpellen. gl ez, bhel coreopond Lo, (LU Lo oo
R e e S R R e
area 28a and seceonty ki gukdod epelilrert 13hedn A8 8r8xal SO FeRft8hedn tih13%
first water repellent plate 28a and second water repellent plate 28b.
grid lines 37 having the longitudinal direction in the Y-axis
20 direction are formed in a predetermined pitch along adirection

parallel to the X-axis (X-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. 1In 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



44 In this case, exposure light IL is irradiated to first
water repellent plate 28a on the inner side, while exposure light IL
is hardly irradiated to second water repellent plate 28b on the outer
side. Taking this fact into consideration, 5 in the enbodi nent, a
first water repellent area to which water repellent coat having
sufficient resistance to exposure light ITky(light in a vacuum
ultraviolet region, in this case) is applied is formed on the surface
of first water re eIIent Iate 28a, and a second water repellent area

to whi ch wat er™PepRPtet! §°€6§f5 hlé\ﬂ_'r@lsrcé3|f§ﬁfaﬂ%%ml?%ere>€|@@sGFEfF@‘@‘Hon

IL inferior to r eII got area. is a

the surface ofg}égg%lfrll éﬁ% sr ecge%l‘%ent Pl 828N 1 e&&%&l’eglce gﬁﬁ%%el?n

is difficult tg @W&d/sé’i’?éﬁﬁ\feegglshﬁnﬁlaf% . gy S fd.Cl @Bkh scale is

resi stance to exposure light IL (Iight"in a vacuumultraviolet 15

region, in thisrease byoariglasshphatdubtioss effient dvefiactsiepagedeing,

the water repellent plate into two sections in this manner, i.e.

first water® reﬁ@l%‘#ﬁmﬁﬂ%& el &a Pafighs bebreenat Fnm dive 4hant fpkaeeamsle,
ionis not limted to

dit. | de t
Thi s, and tvo I oY it Sn%%ﬁgge? 1% boBbd i mav it FeraRp ave
resi stance o exposyi G bhohe hloTR 20 105.3PPL 900 LG HAREL e

surface of the sane plate in or rmth vvate repel’l en

area and the S@@@@ﬂlw@d elbovenel il@@id@}{@s@.lfuﬁzhg%lté}h%ﬁ%ﬁ% Lﬂ:ﬂﬁil
wat er repellent coat may be applied to the first and second water 5

repel | ent ar eashowmomuextamilder dnl FIGnedhatisrn repeldognt lapéachpyfat sthe

be formed on the sanme plate, Further, as is obvious fromFIG
4A, at thd-lendSke CEFPRFERIRNCEY sTHR SHHISf i § ST UREREFO £Bp i e raings -

28 t | t Qut. d,
ceﬁt e?p(r)(ra'?l gﬂ?ﬁt ﬁ(rax-%zilx:%gldl Ir%%?’iq%g:a lrh%hgnamjgoﬂ'b%%rﬂﬁ er’?é?ﬂcepfsﬁf8n§d°zi‘tser

enbedded 1 nsi dgsgder dipctanal abyspace: £ 05 4o AGLULBULE1HE! 4 Sg1ass

encl osed by the cutout and second water repellent plate

fiducial mark FMte Wimtred liow thef€¢eaient i &f tfreedRngiekydhbBabn is to be
direction of neasurenent 5 plate 30 (on a centerline LL of wafer

tabl e WIB), arised pas rsesforgemiagieri agel heak upbaent283.i t Hpeever nsthsl
are formed _in the symmetrical placenment with respect to the center of
fiducial merk PRSI OB vSnieomnts (e oLHAFSRi o P St HaNdcangrg 1o member

direction of fﬂléj&@ Lﬂ:! JFL gf%spglae&c%r eeii%é wﬁga 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 apair of Y scales and a pair of X scales may be directly formed
on the upper surface of wafer takle WIB,
Mirror finish is severally applied to the —Y end surface
and the —X end surface of wafer table WIB, and a reflection

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



10 nmeasurenment slit patterns SL, an L-shaped slit pattern having
sides along the Y-axis direction and X-axis direction can be used, as
an exanpl e. Further, as is shown in FIG 4B, at a portion of
waf er stage WST bel ow each of aerial imge nmeasurenent slit patterns
15 SL, an L-shaped housing 36 inside which an optical system
containing an objective lens, a mrror, aagelay lens and the like is
housed is attached in a partially enbedded state penetrating through
part of the ingide of wafer table WIB and stage main section 91.
Housing 36 is BP¥Hfded Bvn SpaPraliy terrdifond vg dotentepemeter beam

Graving 0 TR EEEE RS Pl b T S RuS T REe %8 Tpln age Ferledtion
LTumination | §ghtadd 1ARLAATDEEN; NS AT E ke h agﬂ%ﬁp%feffagﬁbﬁ&ngsy

t hrough aerial 1 nmage neasurenent It pattern ape

route and enitsntéwefdighdtdonar gna X\irﬁhdr%trbﬂnétekgclﬂ@ﬁtl@"ﬂ ¥ndl 128 het
foll ow ng description, the optical systeminside housing 36 is

descri bed & alntepferonatayist LRAgts)iterr8ondly alrmmglnh@%alie refer to
reference code_as hou3| 36 for the sake of conveni ence.

Mor eover, on tRE®uppert Fﬁ@@t&Fu§§cBﬂHtwﬁfe%n*%ﬁﬁﬁqq@ﬁFeﬁléY@t?Bblla

multiple grid £ rectl forned iLn_a redeter ne itc alon
t%élleér E‘% 8? led %ls 188 erg%n gl?%tel

each of four 5t & spec f1'ca areas

other side in élﬁh@fa'i:ex‘@ﬁrrﬁadaégﬁﬁ'}_fﬁbl@loﬁeqa@ge%@f{ﬂ, rael%glxleanﬁuig}:@f 8s

28b (both sides in the horizontal direction”in FIG™ 4A), Y scales
39Y1 and 39Y2 mracddraredheespeet suelFyce Yo gatee39¥%h andt38Y2 an€ the
each conposed of a reflective grating (e.g. diffraction grating)
having a péri cHiELafia d&t iused ﬁst ﬁeda!tam. %u:@ﬁa@edtu dmatoisn mhbEhieni d

l'ines 38 havin he | .ongi ﬁ djrec the X-axis direction
are forned in %1% léﬁ%n? eF rtﬁha%? %’ﬁg e ERe &Y Bi‘?‘%?d Enc PR
Y-axis (Y-axi syl hRekh08N position information to main controller 20. In
the embodiment, as each of the interferometers, a multiaxial
interferometer having a plurality of measurement axes is used
15 as will be described later, except for some of the
interferometers.

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

20 wvia a kinematic support mechanism (not shown).

Apair of Z interferometers 43A and 43B constituting part
of 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 WIB, by
at least a distance between Z interferometers 43A and 43B.

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



Simlarly, in areas on one side and the other side in the Y-axis
direction of second water repellent plate 28b (both 15 sides in the
vertical direction in FIG 4A), X scales 39X1 and 39X2 are forned
respectively. X scales 39X1 and 39X2 are each conposed of a
reflective grating (e.g. diffraction grating) having a periodic
direction in the X-axis direction in whiclhggrid |lines 37 having the

| ongitudinal direction in the Y-axis 20 direction are forned in a

pr edet er m ned thch along a direction parallel to the X-axis (X-axis
direction). @ééﬁo%fs%%%@él gBapehe'hsea éeﬁﬁ%ié:mbeofomei:céﬁqrz'e@nweng

diffraction gratln that is created b

hol ogr am or thé f?%% %%Lg]lt:a}‘ure agﬁﬁ%ﬁcés%?c%]e%so?'r&aﬁ&?ﬁ dp o FE ngbpé?% is
28b is 25 usedgpbDithicy € e*% §E‘8Q s?ﬁ%la%eh@ismgggéiggﬁ%q:eriyp i three
narrow slits, grooves or the ltke that are narked at a predeterm née
di stance (pitch¢fascgiatuaitfnes he,type ahddifd radd iym@uati ng used
for each scale is not limted, and not only the diffraction grating
made up of YJrooves dieflwrtiodkesehfacardta conistréthaes cal ¢yd Sorfliede dauthe
al so, for exanple,, the diffraction grating that is created by

exposi ng interfér 9% PRyEPIR BipheT O%Jeﬁé’idt P%Ee?‘&lﬁﬁrﬁdﬁe@eb@s‘é@e X7
ueier Soch ke 43 e o T KL e, o el ot ol e

diffraction grating, for exanpl e,

for exanple, acphéehtOfed RM 9858cL @lﬁlf%tc% §Ilf'ao(?{%d+§| &% o-Ehﬁﬁ?lect;Lon
scal es are covered with the |IC]UId repellent tilm(water repe

film describesuabove.4llanahdemtoddds phiralpiel cto of pILhﬂe Gitadd 1@ iSclined
shown much wider in FIG 4A than the actual pitch, for the 10 sake of
conveni endé. THe aé’aﬁ’éﬂ-% afr peedpternined Heprdeavimgsslockwise dhredtiison
manner, in the, e since second water re eI |l ent plate 28b

itself constl ti L‘&EE%E?§§SP§C | 8% RHAPE aRd AR dheotr B0ist fi epehton.
of thernal pl@eﬂf ich 5QrPe.HsAd 88n§’§_§9.[r% \N?'f-leg ig %l ? faRJ:eaE the

28b. However, present 1nvention i

scal e nember rmzielua oFf r@f b @SSorPbat £a &4 4&Q%nblzi<§aﬂéxhg@d ls%netrlcally
coefficient of thermal expansion on which a grating is fornmed may

al so be fixed whth hefilppedogusfiatecef4 Maf eithabt Bl of eurdxaspies in
by a plate spring (or vacuum suction) or the like so as to 20 prevent
| ocal shrilfkade?'e¥§fdhsi on. In this case, a wat er repellent plate to

which th t | t t] f
my be used | nst oad %51 1 2pdLoyS Bheh ePERAC A a Ay & Ceftnet, 2
formed by mat e:[rﬁ@é:?fé’&!érr{bt%rlso‘ﬁ@(ﬁoﬁhﬁ' gsﬁnér@frés}%@%&kfeﬁgapgg&ggﬁrg%%

in such a case, 25 a pair of Y scales and a pai
directly fornesidsn drie tipperchewr sage of vudé er-4:aly @iWEB+ion of Y

interferometer 16 at the substantially same distance from Y
20 interferometer 16, and at positions that are slightly lower
than Y interferometer 16.
As is shown in FIG. 1, from each of Z interferometers
43A and 43B, a measurement beam Bl along the Y-~axis direction
is irradiated toward reflection surface 41b, and also a
25 measurement beam B2 along the Y-axis direction is irradiated
toward reflection surface 4lc (refer to FIG. 4B). 1In the
embodiment, a fixed mirror 47A having a reflection surface
orthogonal to measurement beam Bl that is reflected off

reflection surface 41b and fixedmirror 478 having a reflection



Mrror finish is severally applied to the -Y end surface and the -X
end surface of wafer table WIB, and a reflection surface 17a and a
reflection surface 17b shown in FIG 2 are 48 fornmed. By severally
irradiating an interferometer beam (neasurenent bean) to reflection
surface 17a and reflection surface 17b and receiving a refl ected

| i ght of each beam Y interferometer 16 aggl X interferoneters 126,

127 and 128 (X 5 interferoneters 126 to 128 are not shown in FIG 1,
refer to FIG 2) that constitute part of interferonmeter system 118
(refer to FIG Se¥iaasurtdogotiadpt acesasir epiendabhaned? ddwitonssue f beeted

froma datum positi eneral ly, fixed mrror is placed,on the ,
si de surface g?E%FSEES%}Qbﬂn&FﬁI gﬁ@%l&ﬁref ﬁgrale)g%@”efcgggd}gg tBddiegt-aKis

dat um surface) 44 : 9%33% i i,nf I, O, fer a
wi thin the KY %T%%%ldarﬁdrs pﬁttﬁ'q{%%g’ng%gﬁéée%&bﬁsl ;ﬁ‘gn ianfg‘orgﬁgfy\;é%nato

mai n control | epréfetdmmitiel eikedntBnhpass £36M rfvdl® mirror 41 in the
interferonmeters, a nultiaxial interferonmeter having a plurality of

measur ementd axe$ digapsddniSinss withitebef degcihbedféatmy witkcepssdament
sone of the interferoneters. Meanwhile, as is showmn in FIGS. 1
and 4B, a novad?dFikY ddB%having a longitudinal direction in the

X-axis direction is _attached to t -Y si surface of stage mai
section 91 20 via a%ﬁ?@nﬁf‘%%ﬁp@ ta“ﬁiéﬂgn?’é?‘n?%o%ﬁg\m??r example,
A pair of Z inderheromet ensi3A BRAyAGBCORSHh T WA ndf ¢
interferoneter j'gystem 118L%ref er toyF G 6? t‘ﬁét I‘:Ilr%?g%laa%ré frame (not
measur ement bestvsert )ot ey allpe ofitikrOro Yok talog @fitirged BRPBeRINEE 1Ry adild
mrror 41 (refer to FIGS. land 2) . To be nore specific, 25 as is
obvi ous n Viewiars RI’éSand 478 mEY tedget herarnavess] ennthe onealguienent

designed so that a length.in the X-axis direction is |onger than
reflection sur%%?é‘ée ijf'ég‘:(‘}flb\ﬁ&f Brevaprelywp Fugyhge | éBsthe dadimeat,

e 2! N I AR LD 3 % A0 1P enfUL! PEE1JRNAPSRLELERS o £, 'ha
and 41c, and fixed mirrors 472 and 47B are to be arranged,
but the present invention is not limited to this. For example,

15 aconfigurationmay also be employed in which a movable mirror
having an inclined surface at an angle of 45 degrees is arranged
on the side surface of stage main section 91 and a fixed mirror
is placed above wafer stage WST. 1Inthiscase, 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 +X side from a straight line parallel to the Y~axis
passing through the projection center of projection optical
system PL {optical axis AX, refer to FIG, 1), and receives
a reflected light of each measurement beam, thereby detecting

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



hexagon sectional shape, which seens to be fornmed by uniting a
rectangul ar and an isosceles trapezoid. Mrror finish is applied to
the -Y side surface of novable mrror 41, and three reflection
surfaces 41b, 4l1a and 41c are fornmed. 5Refl ection surface 4la
constitutes an end surface on the -Y side of novable mrror 41 and
extends parallel to the XZ plane and in the X-axis direction.

Refl ection surface 41b constitutes an adjacent surface on the +Z side
of reflection surface 41a and extends parallel to a plane that is
inclined 10 at t&hlaiti® a5 1 pradbrieion pednieqr Eaeasnramensdrewse B4 and

direction in F 4 | espect, t | ane_and in.the X-axis

di rection. F@f%g%tigﬁggég?é%zﬂﬁi€J%§E§§iEUt@E@%ﬂF%ﬂﬁnﬁcgﬁPm§3$#hegdoﬁ42
the = -2 side afelelbRbidMhWdi3centl Bl Rl ARE] BLONCRY! CAllY
with reflection surface 41b, with reflection surface 4lain 1

bet ween. As iRiraiheiQuyY WheBr¥eewhsige Fl18S.irkaand tdst Regt hesmerd
interferoneters 43A and 43B are respectively placed on one side and
the other & debeAm BReLouand sedleetidmmunfayeiditeronppumicrsuk@nantidie s
substantial ly saggedistance,froan 20 interferometer 16, and at

posi tions that Aot THT JLFERELCRIFRFOPY ARGadst GrBLRRd Fd.stance apagt
measur ement. besn B A oY AeTockoh oL A et RaPAY o B0ar B
reflection suri@erddlvedchedlst@eflent beam B3 reflected off reflection
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 WTB (wafer
stage WST}, based on the average value of measurement values
15 of measurement axes corresponding to measurement beams B4; and
B4, of Y interferometer 16. In addition, main controller 20
computes a displacement (yawing amount) A8z in the rotation
direction around the Z-axis (6z direction) of wafer table WTB
from the difference between the measurement values of the
20 measurement axes corresponding to measurement beams B4, and
B4,. Further, main controller 20 computes a displacement
{pitching amount) Ae@x in the Ox direction of wafer stage WST
based on the Y-position (the displacement AY in the Y-axis
direction) of reflection surface 17a and reflection surface
25 4la.
Further, as is shown in FIG. 2, X interferometer 126
irradiates measurement beams B5; and B5, to wafer table WTB
along the two measurement axes that are spaced the same

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



25 neasurenment beam B2 along the Y-axis direction is irradi ated
toward reflection surface 41c (refer to FIG 4B). In the enbodi nent,
a fixed mrror 47A having a reflection surface orthogonal to
nmeasurenent beam Bl that is reflected off reflection surface 41b and
fixed mrror 47B having a reflection SO surface orthogonal to
measurenment beam B2 that is reflected offsgeflection surface 41c are
arranged extending in the X-axis direction respectively, at positions
that are spaced a red%Fernined di stance apart fromnovable mrror 41

in the 5 -Y di PRREHRHA FOFRUGNSTRR aPbicabrsilst of Per)RETWPR PR s3dr BYfRM

beans Bl and . FI 1 47A and _47B ar.e .supporte for
exanpl e, by t%’sgﬁg Hé%lp%gﬁs‘%%g}%%%ctsc%‘ﬁ%%%s EP?ﬁogs %l&? gn ft?f(rj%"ams
(not shown) thairSeRM t &eGbhoNtyNbE ke [N deRkal Eydi%ﬂnfggeﬂ&t
mrrors 47A and 47B may al so be arranged on the neasurenent frane

described prevAQusi YheFrr&akes divedhiengnbodidmiyt caRD¥abIE, Pasedl ok he
havi ng three reflection surfaces 41b, 4la and 41c, and fixed mrrors

47A and 47B arBedprisanedit aegegs ofitthehaepsesenent mass icomrespanding to
limted to this. For ex | e, 15_a copfigurati on may al so be enp] oyed
0 whi ch a moVAH S TR BRI Sarf i hcl T ed Wiitiekee M RaRORREP BLEH 20
45 degrees is ed on,.the side surface of_ sta i_xysecton 91

and a fixed m'éra(%rﬁr s pi éicleséﬁg Sﬂngn\?\/ai%?ms?%gaé“%% Irg%zt hi $"c E%,% he
fixed mrror rayrdie: it aEgRErOR talhe cSHBBOF forP@e¥ @Iffélgerﬂ%aBHEﬁEEHtthe

frame 20 descri bed above. As is showmn in FIG 2,

i nt er f er onet ermdds yrgmetitatved upeasiingne nkabeaapeBd 22:a1wd cB42ebpoading to
reflection surface 17a of wafer table WIB al ong t he nmeasurenent axes
in the Y-3% s eRautemant haemarkSs padeRbi-helnahgenti atlancd0afarebonined

the -X 25 side.and.fhe +X side fro strai ght, | ine . parallel to the
Y-axis passing tHy éjdﬁﬁ%ﬁﬁ?&eégfﬁﬁsciﬁ egz of Oﬂ?rr% 'lglgfii &6h°Bpti cal
system PL (opty el - @ 5o f r eqel .
reflected |ight ofr each er%eégs%?é—%gn%g%{%%? 'f]:'%cebr]l eogtgl%éétgelﬁ;éﬁ%yt & Cesent
position in thedYspxhEedés Qlb@ng bmRRSitl | AW 1 AfcHeed £Hirection of wafer

table WTB.

15 Further, as is indicated by a dotted line in FIG. 2, a
measurement beam B7 is emitted from X interferometer 128 along
the measurement axis parallel to the ¥X-axis. In actual, ¥
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 X 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.



51 table WIB at irradiation points of neasurenent beans B4l and 842.
Incidentally, in FIG 1, measurenent beans B4l and 842 are
representatively shown by a neasurenent beam B4. Further, Y
interferoneter 16 irradi ates neasurenent 5 beam 83 toward refl ection
surface 4l1la along a neasurenent axis in the Y-axis direction spaced a
predeterm ned di stance apart in the Z-axisszdirection from neasurenent
beans B41 and 842, and receives neasurenent beam 63 refl ected off

refl ection surface 41a, thereby detecting the 1-position of
reflection 10 surfaé’@lﬁll‘éo@‘fvr@%\/%lb% GHIY pofaiyl the &l spiaicementalfein the

W5T) . contr ILLer 20 co ute th osi tion be nor
accurate, a di sp%ce@éﬁtg k % HE sledﬁ?g Sc?n%r?ﬁ‘ trg"ﬁ?l%%??%eﬁnent
surface 17a, thatnd of ﬂéag\@f&ﬁeﬂ@ggﬁmvﬁ_@o(fV\@fl%ftengQSmX\@Q: 1 PASRE Adn
t he average val ue of neasurenent val ues measur enent axes
correspondi ng tite measdireset beane 84 Imeash Btzerf Léamnber Her gnet er

16. In addition, main controller 20 conputes a displ acenent (yaw ng
amount) Ae®m i Wntarf qrsmatiesn 1d8r ecitwgven ol phecgZnexts ¢Bzthree X
direction) of wafer_table WIB_fromthe difference between the

measur enent vat qﬁrot“}?é:ef@ hedsurehent %&%§r80¢i‘§§%%lt'r r%@l the Y-axis
measur ement beaiy, ngn§4€ egé'férheer TRLO, ggct)raol Len zf?eo ”$ %w
5] e fe

di spl acenent (pltc ng "anoun X TH e 6x-ar F ecT r'on

WBT based on tduhoé@siilsi pRrEbhRedi SPIsacoment MGl ng hg Yn@é(l':ﬁerometer
direction) of reflection surface 17a and reflection surface 2541a.

Furt her, as isldhasnused MiEn Raf&rizitierivenames efe rE2Gmedr adistio®® in the
nmeasur enent beans B51 and 652 to wafer table WIB al ong the two

measur enen ax&@%inas &uehs pacEECt heSsamd & sidsedegpaptefr b ais used
straight line thl_éni r:’]:l qu e)J:(‘_ :aLl)s.(I oa(tj-e[ Catsi OsrllxowrSlzin FIGS. 22 and 23 and when
a wafer is unloaded as shown in FIG. 21.
Measurement beams Bl and B2 along the Y-axis are
irradiated from each of Z interferometers 432 and 43B toward
15 movable mirror 41. Measurement beams Bl and B2 are incident
on reflection surfaces 41b and 41lc 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 onthe reflection surfaces of fixedmirrors 472 and 47B. 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 43A and 43B.
Herein, when a displacement in the Y-axis direction of
wafer stage WST (i.e. movable mirror 41) is assumed to be AYo

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



passi ng through the optical axis of projection optical systemPL, and
main controller 20 conputes the position in the X-axis direction
(X-position, to be nore accurate, a displacenment AX in the X-axis
direction) of wafer table WIB, based on the 5 nmeasurenent val ues of

t he neasurenent axes correspondi ng to nmeasurenent beans B51 and B52.
Further, main controller 20 conmputes a displ acenent (yaw ng anount)
A8zu in the Oz direction of wafer table WIB fromthe difference
between the neasurenent val ues of the neasurenent axes correspondi ng
to 10 nmeasur end¥fts FEnmPESElapatB52enyhi ceanasd IALL ASzmeebunement fiyregm
X interferomnet 126 and Ozm obta'}lned fromY interferonmeter 16 are

equal to each Fed aan‘_EPJTH‘e%/l PePelRTth desgratkfetlt megalragent b_eam
amount) Aez ingiha & ad_'!er %Fc'queGT bg’aﬁ efn’&@lbf&o%%er%SEgﬁEgﬁ%{’sﬂ.% dre

indicated by a dotted line in FI a nmeasurenent beam

em tted from Xeipieyderr ametele $2381akong éqeatmasur@neahdaxps, parall el
to the X-axis. In actual, X interferonmeter 128 irradi ates measurenent
beam E7 t o3 eftesdivednf.ace 17b of wafer table WIB |l ocated in the
20 vicinity of an unloading position UP and a | oading position LP (to
be described |ater, &df & Ag@ Kl 6 B)cowlomy Mse*neaBlr enehl) axi s

parallel to the X-axis th connect s_unl.oadi,n osition UP_and

| oadi ng position LP?XLéur"t ﬁ%? xaéfiE Cfﬁr)%?/n H ﬁz%l SN0 5 rp&&lur enent
beam B6 from X interferometer 25 127 is irradiated to reflection
surface 17b of wafer table WIB. In actual, neasurenent beam 66 is
irradiated to refl edccondsnglacefddh e wafirr ibabl ¢ 1 WiEyd al Dng dhke
measurenent axis parallel to the X-axis passing through the detection
center of 14 prdismdpceimeghtsedlosgateYAldire 5dhtained bihihecHol Iotdrey

20 can obtain the displ atﬁgrrent in the X-axis direction of wafer
table WIB al s& Fdh e (féa8lifefeht val ue of neasurenent beam 66 of X

interferometer 127 gp Lri%gh_e msuiejtrente valu( of neasurenent beam
r ; . The™ 'e?é

B7 of - X 5 interferoneter Hovwever | a¢ nts of three X

interferometers 126av42Z anf 128ge Aiff qrent ch‘e}Pe Y- axi s
direction, and therefore, X interferoneter 126 is used en exposure
is perforned as shown in FIG 18, X interferoneter 127 is used when

waf er ali%nrrent i's gerforrred as shown in the
5 he displacements AZo and AYo are obtained by each of

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

are assumed to be AZolL and AYol.. A distance between

20 measurement beams Bl and B2 irradiated by each of Z
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) A6z in
the 8z 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)
ARy =~ (AZoL - AZoR) / D ...(6)



10 drawi ngs such as FIG 25, and X interferoneter 128 is used when a
wafer is |oaded as shown in FIGS. 22 and 23 and when a wafer is

unl oaded as shown in FIG 21. Measur enment beans Bl and B2
along the Y-axis are irradiated fromeach of Z interferoneters 43A
and 43B toward 15 novable mrror 41. Measurenent beans Bl and 32 are
incident on reflection surfaces 41b and 44¢ of novable mrror 41 at a
predeterm ned incident angle (to be 0/2), respectively. Then,

measur enent beans Bl and B2 are reflected off reflection surfaces 41b
and 41c respectively, and are vertically incident 20 on the
reflection surfaces of féﬁed mrrors 47A a 47 Then, neasurenent

beans Bl and B2 ref FSGCEGFLOPEYr nB2LBf FRLEY 02588 SPmPFR%dthe

mrrors 47A a eflected off_ ctlon surface

and 41c r especcéjl ylﬁa@%ﬂ%n%% Pgtﬁor nlll i gtrﬁgso%"t i 85‘( hs: 1 P’ﬁzé’ug %cef?
the incident bgadmgiasgedaart HodsT Bakhe 6I?V1ﬂ{es%agh5@ﬁéh9rﬁ_sésults
and are received by Z interferoneters 43A and rein,

when a di s@l acehBmnt gr fehemétaxrissd I redt4d3n bf l:wihgrtlﬁt agevwsi'es{crmed
novable mrror 41) is assuned to be AYo and a di spl acenent in the
Z-axi s directi¥HastAqssUfed o (§é- 54 AZo, an optical path length

h AL1 of t. b Bl d. ti | h | ch
A5 of measurenont BoniiSs TRANCK: dhr BE Cr OB thioF Rt 6PF crBhate ds 3
and 43B are eWéi;ﬂSé’c%rdéﬁttsthfvPajfe@A%EQg@%@t ix?'lﬁr(e@c('l.??g c{%)s Regrees

respectively. AL AY0o x + cove) AZo x sine

(1 + cose) + AAD Stresidugn . z(,2){, Y, 6z, eRAcC&d Byngitechkionst hﬁrom the
equations (1) and (2), the 10 di spl acenents AZo and AYo are obtai ned
by the follRowifpsaemendngeey)ltand(dpterferometer 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 also 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 WTR
that is mounted on stage main section 91 and is finely drivable
relative to stage main section 91 in at least the Z-axis
25 direction, the 6x direction and the 6y direction. 1Inthis case,
movable mirror 41 described above is arranged on wafer table
WEB. Further, instead of reflection surfaces 17a and 17b, a
movable mirror made up of a planar mirror may be arranged at

wafer table WTB.



AZo = (AL2 - ALl) / 2sine AYo = (ALl + AI2) / {2 (1 + cose)} 15The

di spl acenents AZo and AYo are obtained by each of Z interferoneters
43A and 436. Then, the displacenents obtained by Z interferoneter 43A
are assuned to be AZoR and AYoR, and the displacenents obtained by Z
interferoneter 43B are assuned to be AZoL and AYoL. A distance

bet ween 20 neasurenent beans Bl and B2 irgadi ated by each of Z
interferoneters 43A and 43B that are apart fromeach other in the
X-axis direction is assunmed to be D (refer to FIG 2). On such
assunption, the di spithddifeLOgiRens. ahowet9r Acrdirriohe infodnaeten ont

f bl ' 41 (. f 25 and t he_displ acenent,
?r?FFY;':‘? Sn:)nuﬁ‘gr’éé%\}Sitégﬁf&%%ﬁf?%?gég\%?)%%@%% chi'?l( o ?P;il.(tfsl)on
waf er stage ] i 5 ; :
Aez ge (A%oFyF&Aﬁgf / 59&35(&2§f&!% oé# ¥£€§b5 ot %fACESEQIng|y,

mai n control | ein@ludiiy ¢erBYL entitrddinspliaseienhe of df ouEL 089y 8Sninly
freedom i.e. AZo, AYo, A0z and AOy of wafer stage WST based on the

measur enent® r esed$ered diy An eneoderorpttes 43A lendieddBibby Lstag) t hend
above-descri bed equations (3) to (6).

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 is 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 position
information of wafer stage WST in the directions of six degrees
of freedom, position information in directions of three

15 degrees of freedom including the ¥-axis direction, the Y-axis
direction and the B8z direction is measured by the encoder
system (to be described later), and position information in
directions of the remaining three degrees of freedom, that
is, the Z-axis direction, the 6x direction and the 8y direction

20 1is measured by a measurement system (to be described later)
having a plurality of 2 sensors. Herein, the position
information in directions of the remaining three degrees of
freedom may alsoc be measured by both the measurement system
and interferometer system 118, For example, the position

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

interferometer system 11B.

Incidentally, at least part of interferometer system 118



In this manner, main controller 20 can obtain the displacenments of
waf er stage WST in directions of six degrees of freedom (Z, X Y, Qz,
Ox and Oy directions) fromthe 10 neasurenent results of
interferoneter system 118. Incidentally, in the enbodinent,
interferoneter system 118 is to be capable of measuring position
information of wafer stage WST in the direggtions of six degrees of
freedom However, the neasurenent directions are not limted to the

15 directions Zf si x degrees of freedom but may al so be directions
of five or |eséSueyrdeanotriicligasten) may pgcrirernend ¢t the madn frame

enbodi nent, al case has _been described where fer sta

VBT (o1 ey FAS Mol A b R R L RF e A e GreRbR%Y
degrees of freedogyr201§ ReidH S3¥@RkcAUBNLLOR b Ipde |iidn ey
Waf er stage WST rrg%}/ral s% be confi gSr ed inleudji: ng sttagle r?g?%ogggﬁi %I?l 2
91 that is freshypendadbseanktds bsidesckYbphanevanduvphiartiabhBodient,
that is nounted on stage main section 91 and is finely drivable

rel ative t @ st dechEgromatay ansbdnld 8ats tedw arhengediritstidSmeasurement

di rection, thefxdi recti onandt h B\é{di rection. In this case, novable
mrror 41 descri¥ed pove: eéja?ﬁ’ko fged on wafer table WIB. Further,

i nstead of reflecti %a%qbfrfeﬂi%%% %Zgggnlqs%@ncfua%os\e/a I %emﬁrgrégrsgggforlfjﬁgz

of a planar mirror may be arranged”at wafer

the enmbodi nentde SOMEYVES aRRS 5hQ@Mh HBEAGIBLERP Qfb1wRfes mladedEh stage
(wafer table WIB) within the XYplane (position information in

directions of miieeaddgreed2of Mezwdmmdntcitabl agMTBtiat memniteloonadt e
inthe (9z direction) is mainly 5 measured by an encoder system (to
be descriBéd B3R )SCEHHP L Vedsar émpaveling deedfanismeriheforbeens.

16, 126, 127 e _secondari | sed | n the cases such, as en | ong-term
fluctuation o?é?"ﬁee‘r%as IeF%ﬁgngl HEELH Thé SeRRbder™ sy’ &M EE.lg'. e

to deformati Onf@yeéxatrﬁﬂ%,Ofmeta@%r%ﬁ@h‘ésstgée ther lﬂm)rlg a so-called

coarse/fine motion structure in which measurement table MTB

is configured finelymovable with respect to stage main section
15 92 in the X-axis direction, the Y-axis direction and the 8z

direction may also be employed, oxr the configuration may also

be employed in which measurement table MTB is fixed on stage

main section 92 and the entire measurement stage MST including

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

Various types of measurement members are arranged at
measurement table MTB (and stage main section 92). For
example, as is shown in FIGS. 2 and 52, measurement members
such as an uneven illuminance measuring sensor 94 that has

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

is projected by projection optical system PL, and a wavefront



10 is corrected (calibrated), or when the backup becones necessary at
the tine the abnormal output of the encoder system occurs.
Incidentally, in the enbodi nent, out of position information of wafer
stage WST in the directions of six degrees of freedom position
information in directions of three 15 degrees of

freedom ncl udi ngt heX- axi sdirection, the Ysgxis direction and the Oz
direction is neasured by the encoder system (to be described later),

and position information in directions of the renaining three degrees
of freedom thaPeFEatipRe MRasyRing reetirement has dry diee Shiask—Had trae

d t 2 d by te to.be d bed
Y or) Cravtng BebRooRrat o T R R Py SIS el pneRleE S
i nformation lnzgtéﬁﬁat%pfpmgca%%hwgMo%%@ggé@?n& 't Hel $899M re

may al so be nmeasured by both the neasurenent system

interferonetereaysdpsd 118s kateexamPlabertrhe ipaSkhésHnr 2y ll&fsQﬁ:[Iﬁteh@rBB
in the Z-axis direction and the Gy direction may be neasured by the

measur enentd syshenr@dddidwlgesi tinen fomf examplon thetnamgaiedlbéctlon
interferoneter system 118. Inci dental

b
atl east gﬁf‘f of ?ﬂ‘f“é‘%/%?waér Sy?%éﬁi*i?n &7 - (SAAP/£938A Gpha éarrgs‘rrs%cﬁﬁng
b dgAtp | t
Ty al 0 be ar PamEdnEEgrAPETEoh AR eRoRt i P TR TR AL 2180 be

supported in aysaspended state as is described above, but, |n t he
enbodi ment, 5 interferoneter system 118 is to be arranged at the
measur emrent frame déscninesdénabdveminance mébastimemeehsstage, Mie

i ncl udes stage main section 92 descri bed above and a neasurenent

tabl e Mrh YounteRf efnzatdqn wdi 1sactpohhe oneviidmir dweni scabbed MIB ifor
nmount ed on sta e 1 na ectlon 92 via a Z-|eveling nechanism (not

shown) . Fbmeve (IAPEREFSNUN S HBINGT Ratedt APPRLSAt&7RY,
K n@ﬁ@ﬁff"égéﬂwﬁzﬁ?glf%eecﬁﬁg@%fﬁ%nwgﬁiﬁ. ot
novabl e With respegiszde) shadthdBike tREIHOMsed. 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
to them. As themeasurement members, for example, measurement
members such as a transmittance measuring instrument that
measures a transmittance of projection optical system PL,
25 and/or a measuring instrument that observes local liquid
immersion device 8, for example, nozzle unit 32 (or tip lens
191) or the like may also be used. Furthermore, members
different from the measurement members such as a cleaning

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



15 92 in the X-axis direction, the Y-axis direction and the Oz
direction may al so be enployed, or the configuration nmay al so be

enpl oyed in which neasurenent table MIB is fixed on stage nmain
section 92 and the entire nmeasurenment stage MST includi ng neasurenent
table MIB and stage main section 92 is drivable 20 in directions of
si x degrees of freedom Various types of neasurenent nenbers
are arranged at neasurenent table MIB (and stage main section 92).
For exanple, as is shown in FIGS. 2 and 5A, neasurenent nmenbers such
as an uneven iPRYIMhihdE ﬁ%’éﬁﬁdn@ns@ﬁéwr@memmait%@g‘ a

i nhol e-shaped |ight-receivi sectjon that receives |IIumnat|o
Ioi ght IL onpan i mgageh'b;3E 5‘?’%&8]38]5{@?1 TPt iREISegPs fERTPE L an5pa'er49h£

i mge neasuri ngeri@bg%g Ll':'ﬁ%r{t 228 EP%%M%Pru%%dage%ﬁrésalune%gelllumlnance

(projected i mage) a pattern't IS projec by  proj éction

optical systemdisusint acwavel $0rnd 58riabaiadlel 8 SRS 'J.Hgtrument 96
instrunment 98 by the Shack-Hartnman nethod that is disclosed in, fo

exanpl e, tHe parphlecest dmteerceatieohahe PTbl [ Yeddion pdes i ﬁBf:Gﬁ@hﬂZﬁle
and the like are enployed. As wavefront aberration nmeasuring
i nstrument 98, C?W%né’%“@@i%@ﬂ‘epﬁ stage di&Ehpl éherpéopanphl dthepf

| nt ernati onal catl on No. W0 99/ 60361 e correspondi
Pat ent Appl i ca‘%gl iy Pt ca??o‘ﬁr?\%enﬁuﬁgl’@g%eéa%eréﬁ g Ha" E)ge%erf&rmed

uneven illum nanGevIRASHEL DG SRISOT 24 [&é‘f»‘ énq&ﬁgﬂfd%l@ame & d@lon
e (0] J

to the one that is disclosed in, for éxanpl apanese
Unexam ned PatnﬂTﬁho%ﬁpImocz&txﬂgothuhbaéafer@éﬁt N ade/ MbY7238the h@-axis
corresponding U. S. Patent No. 4,465,368) and the |ike can be used.
Further, a8 aetizfictiimige neasuring instrunent 96, the configuration

simlar to the one 15 tgé\ is disclosed in, for exarg) Kokali
(Japanese Unexani ned“P3 ﬁFl%dﬁq EQFPo#ﬁP& PEHFPBT’]) NS iDeEakAYDOFN

th P { | t NQg.
2002/ 0041377) and Ene e KarohERek Y £l selnr 5Phy g Bagrion naving

measur ement mMehiesc M midRdande8)i AL el %c@l%ggﬁﬁlaﬁlﬁ&lon Light
measur enent stage MST in the enbodi nent, however, the types and/o

t he nunber of Heasdr@&mﬁg&qmmrsoarm{qj&dtdbnl @pﬂtim BE@stEemL p&Sytah%o
measur ement. menbers, for exanple, nmeasurenment menbers such as a
transmttasce %ﬁlﬂ%%@%n@’ﬂ‘ﬁ&ﬁehﬁ dheelonsd imes fo1t pAABRL ¢t dfei lof

roj ection opt
proj P eJCapan se %rr?examlned Patent Application Publication} No.

11-016816 (the corresponding U.S. Patent Application
Publication No. 2002/0061469) and the like. The illuminance
monitor is also preferably placed on the centerline.

20 Incidentally, in the embodiment, 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



25 and/ or a measuring instrunment that observes local |iquid inmersion
device 8, for exanple, nozzle unit 32 (or tip lens 191) or the like
may al so be used. Furthernore, nenbers different fromthe neasurenent
menbers such as a cl eaning nenber that cleans nozzle unit 32, tip
lens 191 or the like 59 may al so be nobunted on neasurenent stage
VBT. In the enbodi nent, as can be ggen fromFI G 5A the
sensors that are frequently used such as uneven illum nance neasuring
sensor 94 and aerial image neasuring instrunent 96 5 are placed on a
centerline CL Psesyfegrlssiatg a MTSughandheteeatradn cfeatdasuP@iener the
stage MST. Therefore, in _the enbodi ne measur enment usingﬁtheses

t,
sensors can be*PeHiOrREFOBPHORT R aﬁsaaﬂ%m%r%%%r&etmﬁe EVERTE LS

Y-axi s directign; wdhout ﬂngqrm)the measur enent stage MST in the
X-axis 10 direction © )ﬁ addition to each of the sensors

described above, anad kymHwACen vt o8, bhatakhashapklithts 4 86RIN Mdhber
section having a predeterm ned area size that receives illum nation
light IL orfthé2iimdE ysdarte thepend entifareophi thé sy stiem Bf saygalmnin
15 be enpl oyed, which is disclosed in, for exanple, Kokai (Japanese
Unexani ned Pat #ttigiplicRT seapyBerneati §h§gw£-1- Oes8her( te the end
correspondi ng U. Pat ent plJj cat,ion_Publication No. ,2002/0061469
and the |ike. ﬁ%é%%?ﬁl? ﬁgegéyhﬁﬁFFoni§P%?%dm%¥bF§F§BPQ é?ac%dp of

t he Center|inephégﬂégﬂégﬁﬂdﬂ|§&st%ﬂst@§ EPQOfgigHTfn!f QUEQCEH¥F%S+f) he

exposure is performed in which wafer Wis exposed wi th exposur ght
(illumnation d¢éghdy plsitianpiNjeed KoaxoptdimlctSywst et Ple andobkaihg of
(wat er) Lqi and accordi ngly uneven illum nance measuring sensor 94
(and t he 40 undtizarduergnineser 48ri ah 25 | playeemmerds gepaglenst r fmeittg a
96 and wavefront, aberration neasuring instrument 98 that are used in
measur enent ustgr 1A% GAPRET FEANPRYHEITL SYsEemsed § |dasmrAREFORT €T s I

POt I e ST R LT L PR R
system such as a relay lens, a light-receiving element such
as a photomultiplier tube, and a housing that houses them.

15 BAs 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 IIL that has been

20 transmitted through each aerial image measurement slit
pattern SL of measurement plate 30 1s guided by each
light-transmitting system 36 and received by the
light-receiving element inside each photodetection system 44.
That is, measurement plate 30, light~transmitting systems 36

25 and photodetection systems 44 constitute an aerial image
measuring device 45 (refer to FIG. 6), which is similar to
the one disclosed in Kokai (Japanese Unexamined Patent

Application Publication} No. 2002-014005 (the corresponding

U.3. Patent Application Publication No. 2002/0041377)



60 neasurenent table MIB (and stage main section 92), or the entire
sensor may be placed on neasurenent table MIB (and stage main section
92). As is shown in FIG 5B, a frane-shaped attachnment nenber 5 42 is
fixed to the end surface on the -Y side of stage main section 92 of
measur enent stage MST. Further, to the end surface on the -Y side of
stage main section 92, a pair of photodetegtion systens 44 are fixed
inthe vicinity of the center position in the X-axis direction inside
an openi ng of 10 attachment nmenber. 42, in the placenment capable of
facing a pair BFIRFERE- ??d%%%ﬁ%qqﬁ%jrsﬁ§?eﬁ§eBElH%scr|bed previ ousl y.

Each of photodetection_ %¥ ﬁTe?%EﬁﬁéFﬁgggﬁiﬁg%ff 0 tlcalhe¥g£§g}ter'

such as a relay lens

phot onul ti pl i eghégp% Aotk A& D0us) ng Lhagphgyses Meeﬂatlifg/ﬁaha 8§S$£ya

concei vabl e from 4B and 5B and the description so

enbodi ment, i nbar-séledpeahesmbarm el istager¥elanpdl P asttaFRal Shage andg
MST are closer together within a predeterm ned distance in the Y-axis

direction (3 nchemivey s corneftarestcat epnbek| Ui antaryed iegittenibinghat tias
been 20 transn tted through each _aerial inmage nmeasurenent slit

pattern SL of He¥&tf Dioft-e SH P%rgﬁd’e% Weé@éﬁcally supported on

light-transmt g? ng, fecel t he light-receivin

el enent |n5|dé£%%%ﬁ§¥ﬁ §¥n é%i?gge% en14 lnﬁWﬁﬁléJ agﬁfgﬁgﬂfe
plate 30, Iight-transmdd iorg paystemBe3feg5 g ﬁy&tof%@?tee%a&&aﬂsteﬁs
44 constitute an aerial image neasuring device 45 er to FIG 6)
which is S|nlIaneasunéM£nﬂusuhn§Hrd$edopﬂlﬁskagliﬁapﬁﬁﬁﬁﬂcwnexaﬁi@eﬂmu

Pat ent Appllcatlon Publication) No. 2002-014005 (the corresponding
U.S. Patert0 AppReicltdisntrell Fearnah eNpanzdonrs ?7)Zemydur (the brand

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



referred to previously, and the |iKke. On attachnent nenber 42,
a confidential bar (hereinafter, shortly referred to as a "CD bar")
46 that is nade up of a bar-shaped nenber having a rectangul ar
sectional shape and 5 serves as a reference nenber is arranged
extending in the X-axis direction. CD bar 46 is kinematically
supported on neasurenent stage MST by ful le2ki nemati c nmount structure.
Since CD bar 46 serves as a prototype standard (neasurenent

standard), optical glass ceramcs wth a |ow 10 coefficient of
t her mal expanslaoﬁ}zgu L PRt EERRd hrafdenarbpaby SdmmensGsypkem

enpl oyed as th j The, t ness deqree, of the u r syrface .,
(?Ee gurface) gPH?%gggﬁé%%yigﬁgg#ﬁﬁﬁgﬁyﬁgegg gF%J%a<§ﬁ%3§§ﬁE ﬁ&%gF?aﬁs
a so-cal | ed dahyanpl aferddedR® oEWkt Rehayagiis Bg“3¥§$é}eﬁkcﬁn5€haﬁb
reference grating 15(e.g. diffraction grating) 52 ose periodic
direction is tlecNsaktsttomedrioanfidusesperirkvely duer iIBdlid eB8diment,
vicinity of the end portions on one side and the other side in the

| ongi t udi nal dFféererae oraidp Handgidngdapainarisf Y diaveride grme ngs

52 f d fromeach other at a predeterm ned 20 di stance
(\m?f:ﬁ igr{rg bg&?%%}'fﬁﬁl?rhea%%ﬁ%eﬁor itgﬁly Bgaeeh%%tswq Frsspgbatien Yieh

center in the i | til hat i centerline,CL
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in 25 FIG 5A. The plurality of reference marks Mare formed in
measurement table MTB (which may include the measurement
10 members described above) are also covered with a liguid
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 19b are
formed similar to wafer table WIB 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 19%9a and 19b and recelving 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 6z 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



three-row arrays in the Y-axis direction in the sane pitch, and the
array of each rowis fornmed being shifted fromeach other by a
predeterm ned distance in the X-axis direction. As each of reference
marks M a two-di mensional mark having 62 a size that can be
detected by the primary alignnment system and secondary al i gnnent
systens (to be described later) is used. Reference mark M may al so be
different in shape (constitution) fromfiducial mark FM but in the
enbodi ment, 5 reference mark M and fiducial mark FM have the sane
constitution ai of BECI pell erapetikal surftesohRbt ivhitdhoal o einkatesfwigh

i t mark fer W. Lncidentally, in the enbodifent, the .
Surface of CD B3 % i (EhE L0 FAT 07 Heablir Ghfe MBI M PR MRSCHFS

may i nclude t r _jgfsrm- Cl i aho | o

covered with gﬁ?i qu'l'g ?ggg’ltel%gat 1l %ﬁ&g?gﬁ%gﬁ%:ﬁ%ﬂ%&#%ﬂ%%Sé)sulon
several ly. that AlsSOp@ted R@atr¥ A6 Tl 8561 A alkhe atX ePHe Sl AERed
of measurenent table MIB, reflection surfaces 19a and 19b are forned

simlar toowaf@éistabiecuiBeasYdaser abdd sihoue iprefer 312 ltthokhESmiz ted
and 5A). By irradiating an interferonmeter beam (neasurement bean}/, as
is shown in FI BLGtd fdiredtirorisHPPhiiesCd Gir fd nEoB nhRECR e P ity

a reflected |ight each.interferometer bea interferoneter 18
and an X inter ear%ﬂ-f 'er%félaafy( a!‘lrftgé’frq‘e oﬁ%f’b‘%‘fg(} i8 ‘Lnlozfecgﬁ(?v\ﬁh? #ower
FIG 20 1, refair#0dbG aRadl ABlRr {860 BIRM)SYSLEM o&;eﬁlsrﬁbépszl.
FIG 6) nmeasure a displacenent of each reflection surface froma

dat um posi ti omn tdrat siigle podi thorotihdroside 0N tHe MRaXUCEHEREcSi@YHith

MST (e.g. including at |east position information in the X-axis and
Y-axis di A€ct iHidnagritial doanenh InHtermALl om batween, secondary alignment

systems ALZ; and ALZ2,, and AL2;3 and RL2, whose detection centers
are substantially symmetrically placed with respect to
straight line LV are respectively arranged. That is, five
alignment systems ALl and AL2; to AL2; are placed so that their
15 detection centers are placed at different positions in the
X-axis direction, that is, placed along the X-axis direction.
As is representatively shown by secondary alignment
system ALZ,, - each secondary alignment system AL2, (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 AL2, (e.g. including at
least an optical system that irradiates an alignment light
25 to a detection area and also leads the light that is generated
from a subject mark within the detection area to a
light-receiving element) is fixed to arm 56, and the remaining
section is arranged at the main frame that holds projection

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



25 the ez direction), and the neasurenent values are supplied to main
controller 20. I n exposure apparatus 100 of the enbodi nent, in
actual, primary alignnment system ALl is placed on straight |line LV
passi ng through the center of projection unit PU (optical axis 63 AX
of projection optical system PL, which also coincides with the center
of exposure area |A in the enbodi nent) angh being parallel to the
Y-axis, and has a detection center at a position that is spaced apart
fromthe optical axis at a predeterm ned 5 distance on the -Y side as
i s shown in FI&2z3, ARRs ﬁ@@gRLgm%ﬁ%éeWﬁrﬁlg adfygad by vienpod mroind

i di intri of the d i Pri i t t ALl is
B9 L nLr el bRl B e PR A GRERRL Ut RS o
menber 4. On ane.s A and WAgLALNEh SLLd) e X AKIS O LPELhRIL:
with 10 primary alignnment system I'n between, secondary alrgnnent

systens AL21 angstAd2arand aR23 aird MRALhese deliesddadhtO8NkhelsbBE &n
substantially symmetrically placed with respect to straight line LV

are respecti vethe ¥rpanged.retidoni. s, Addamlialglgnnen reyst évs pAkitands of
AL21 to AL24 are placed so that their 15 detection centers are placed
at different pd¥ t4GESHIP™Y RECRSaRE SPHITREY i INeat Pystenakkl andng

the X-axis directiofn. . As s _repres ti y wn_b ondary
al i gnment systsgen(%d,&f%ﬁy EARPEER N A4F V5T %%Q%f‘“@%mﬁﬁg %ﬁf—“l g
4) is fixed t Qi ddeRplileunini REcCROlxOF A RE., &ﬂé%dé&ﬂdlgi,% 28
can turn around a rotation center O as the center In a predeterm ned
angl e range i rendogtieintg ahd ARbbel OCkivd Sef dgoetida@Rsal Ngfmhéat Sydtrms
t he enbodi nent, a partial section of each secondary alignnent system
AL2, (e.gl0i ndiliddi L2ty PBastarsghAbpi iacal teyst esiivhbediby dltieatesning of
alignnment light 25 to a Iget ection _area and also | eads the |ight that
i s generated fromi&™Subj B Wk NS RERSERE HETLWIBh 18r egttbimited to

LN et v W suna ) LIRS, M) SR Tl o
The X-positions;sfensesopgdany 2a| i et a 33t 69 I1AL2Y, forth in the X-axis
direction may also be arranged. Further, at least one of
15 secondary alignment systems AL2,, AL2;, AL23; and AL24 may be
movable not only in the X-~axis direction but also in the Y-axis
direction. Incidentally, since part of each secondary
alignment system AL2, is moved by arm 56,, position information
of the part that is fixed to arm 56, is measurable by a sensor
20 {not shown) such as an interferometer, or an encoder. The
sensor may only measure position information in the X-axis
direction of secondary alignment system AL2,, or may be capable
of measuring position information in another direction, for
example, the Y-axis direction and/or the rotation direction
25 (including at least one of the 6x and B8y 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.



64 AL22, AL23 and AL24 are severally adjusted by turning around
rotation center 0 as the center. In other words, the detection areas
(or the detection centers) of secondary alignnment systens AL21, AL22,
Al 23 and AL24 are independently novable in 5 the X-axis direction.
Accordingly, the relative positions of the detection areas of prinmary
alignnent system AL1 and secondary alignngnt systenms AL21, AL22, AL23
and AL24 are adjustable in the X-axis direction. Incidentally, in the
enbodi ment, the X-positions of secondary alignnment systens 10 AL211
AL22, AL23 and3ALYEer q Flfe &) Gbeedinyludes t uiad egasplehea amaser or
However, the PLeS nt_inyention is not,limted to this, and a drive
mechani sm t hat "4 | rs BTN FonHRTt &/ sk CALDALN Kopsroples 20.
and AL24 back f i h - X ir o] |.so-.be . arranged.
Further, at Ie%‘lésl{'jnoéryenttro}fﬂrligg:sggz)%lrff’?i‘ee;lr‘f/a A g%%rlén{]a SySt %I%? 5‘?'21?0 %f’é ach

AL23 and AL24 amy 3 E@\éﬁﬁh@nn@ﬁa&ﬂ(Ylo-tnsﬁcklﬁ'l)X'bﬁ'x.ia§c’9ic5r?]§tfit%@hi%'ﬁation

also in the Y-axis direction. Incidentally, sinCe part of eac

secondary & i gadiipmd treyrst e ALR, 564.S Tioved thy atatSGT epoki 4156, after
information of the part that is fixed to arm 56" is nmeasurable by a
sensor 20 (notT{FHWIN UKH SasddN SEREBES eblodfetiey,, rdesdredcpaettidmel
sensor may onl asur ositiogn.information in the X-axis direction
of secondary a%(‘?%%rﬁécfﬂ SYEEEM Rfi‘?‘argrgﬁhm@%asé’ o3 51834 FPMg
posi tion inforgatdon iy Aneher +di ' or.e l.e, Lk »axhs
direction and/or the r}gt at i(a}tcr)ln %’irggtg?%%ggﬁl(jﬁné udi ng l%t m%ggg%(l%%ae' of

the ex and ay directinedslentally, in @hd ResépRepostidacE @hecRgn A Bme
56", a vacuum pad 5811 (n=1 to 4) that is conposed of a differenti al

evacuat i 0d %t ypeaciing lsear bhAg liss aanagmeieit body, han, e kyghrSGagneanniye also

turned by a rotation drive nmechanism 60" (n=1 to 4, not shown in FIG

65 3, refer tPFIBVPHYhnstreruassvaedin &k, a motor or the

like, in response tq._i ructions of main controller 20..Main

control I er 20 acti vgtnegﬁ%ac ?/galéﬂt?dl%’pga Y fj_% ?%(mae]éy_cﬁllé?%%%? e

mai n frame (notr,shewn)s %lé‘ébhﬁﬁrgf 5@%&9&%@%&@%25 MEN A, aEGY
, after

56". Thus, the state of each arm5
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 ALZ; to AL24 is supplied to main controller 20 in FIG.
25 6.
Incidentally, each of the alignment systems described
above is not limited to the FIA system, and an alignment sensor,

which irradiates a coherent detection light to a subject mark

and detects a scattered light or a diffracted light generated



rotation angle adjustnent, that is, a desired positional relation
between primary alignnment system AL1 and four secondary alignnment
systens AL21 to AL24 is maintained. Incidentally, in the case a
portion of the main frame 10 facing arm 56, is a nagnetic body, an

el ectromagnet nmay al so be enpl oyed i nstead of vacuum pad 58.

In the enbodi nent, as each of primary aliggnment system ALA and four
secondary alignnment systens AL21 to AL24, for exanple, an Fl1A (Field

| mage Alignnment) system by an i mage 15 processing nethod is used that
irradi ates a bfsadEbire %Rhiﬁﬁﬁ(ﬂﬁr%eQW1mhhesdb@@ Fiot £ zaqiese Ligbt st (g -

f t bpLect " d pi ' f_the subject Kk
Formea on a || ONEEFEEERS LG DF At b PR TETiCOE i gt o pigiime Lo
bj ect k i ' : t .
ndex plate ar PEGeR AT BacH T CuRRoRi Al et i K fupaeor

an i magi ng devingek (St Bsr LA detRetbhen oMt Ot S it 11 ilghRYI BEn
signals. The imaging signal fromeach of primary alignnment system ALI

and four sdcondatyrallygbrerEedyivteamrAl? tombiAbRion assupplddad Forthe
controller 20 in FIG, 256. I ncidental ly, each of the alignnent

systens descri et GEETCHtndYSTems Réd 2rd A1 HOAREY s BaR take akranged
al i gnnment sensor,_.which iradjat a _coherent detectipon . light to a

subjgect mark ahd it SELESdéTHEBlét t z'foélt?vleirgh{h%rnuﬁgﬁirf ‘Filfaag‘tl@ﬂ’ SPgheystems
generated 66 {goqmd heysubjieqd siBLK Qi LSS &nglqmﬂér_aghﬁg%lﬂcgm:sm%re

(e.g. diffracted lights of the sanme order or racted ghts bein

diffracted i n then saeaddregidadDrlo genpssd edahr oot hersul) asd tHar kumber
interfere and detects an interference light, can 5 naturally be used
al one or il copdiphticonramonectexh shurt hermay ibeethé i graremurbpest tnstead
AL1 and AL21 to_AL24 are to _be arranged in the enbodi nent. However,
the nunber of &fighietftd Peets | YORSRVES mileFhico SRPeEingtE . nblvee

the number equal, dg. ot 98 ka1 B PAT-£94h150 9 L85 11304 P8 ene

or may be the nu
lower surface of the main frame that holds projection unit

PU, via support member 54. However, the present invention is
15 not limited to this, and for example, the five alignment

systems may also be arranged on the measurement frame described

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

simply called mark detection systems in the embodiment, since

alignment systems 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 623 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



10 equal to or nore than six, or may be the even nunber instead of

t he odd nunber. Moreover, in the enbodi nent, five alignnment systens
AL1 and AL21 to AL24 are to be fixed to the |lower surface of the main
frame that holds projection unit PU, via support menber 54. However,
the present invention is 15 not limted to this, and for exanple, the
five alignnent systens may al so be arrangeg on the nmeasurenent frane
described earlier. Further, alignnment systens AM and AL21 to AL24 are
sinply called mark detection systens in the enbodi nent, since

al i gnnent syst HRPRYBeRAS NnERIPeRAN Shatietiadegshil jrmdnh praiestipnomit
wafer Wand thg.ref erencg%ﬁmar ks on .CD bgﬁ 46. Ir} exposure |,
apparatus 100 of’ tfk ERHF mEnien9gs P SRGwWRS? FREaRents Tragsy dRaghired
units 62A to 620,9f the encoder systemare placed in a state of
surroundi ng nozzle unit 32 on all four sides. In actual, head units
62A to 62D are fixedida@ g t25600r £99ia2x E&ienrééﬁé‘@tixk@.tyn?‘lla@éd on the
projection unit PUin a suspended state via a support nenber,

al t hough orfi tt €8 $iddlamd 3-¥ rsdmiet bé pirewpof hon afnidv @ldihagingt theacy

of the drawing. Incidentally, for exanple, in the case projection

unit PU is suppReedinal dispehden 9t &be, Xroaks GArestson andape mbyso
be 67 support in,a_suspe d state integrally w,th projection unit
PU, or may be grart%%%eaé’aé:tst ?ﬁcei%%glslgf?’gﬁﬁﬁfaﬁ%r?@ egjcﬁ%é%é 358{%913%%?&
units 62A and %q% j - o) + ' :
side of proj ecf@ig%nay:t(}ﬁic{i“3 D htg\??éﬁg}ﬁt Egglggﬂéi%%gi]ﬁnaﬁ’l'dié@%tg ?gﬁggﬁlfh%lth
X-axi s directiosspedtd tar epalisal phacehapdr prafethtos Wistianli slbyes ans
di stance fromoptical axis AX of projection optical system PL

symet ri cald y Tprtthenspwad weisst 6Bl ansi s2Ivand yespeetivohyoplicsd on
system PL. 10 Furt hxer ,J,Scread units .62B gnd 62D are respectively placed
on the +Y side"'&nd™s P AE49ENS r 51 €€t PONPERT P haWiihg ElhBaving the

ond tar thy dgeete A hEXA8h o E1GRC YA 810 A& A8l 268 Laso

apart at the su an sane di stanc romoptical axis

proj ection optpradedyplhem Bt tHOASHEEafHONM | RaREGii Stadlead ruRi &St R2A

and 62C are each equipped with a plurality of (six in this case) Y
heads 64 that axis piliced rtojagiiedebpt icakdsystsdnarkie on a strai ght

line IH that passes through optical axis AX of projection optical
system PL land i s pa® L&l Shewn e XI8xi 8; heashgnime S@hyand 62C are each

equipped with a plurality of (six in this case) Y heads 64
that are placed at a predetermined distance on a straight line
LH that passes through optical axis AX of projection optical
system PL and is parallel to the X-axis, along the X-axis
20 direction. Head unit 62A constitutes a multiple-lens
(six-lens, in this case) Y linear encoder (hereinafter,
shortly referred to as a “Y encoder” or an “encoder” as needed)
70A (refer to FIG. 6) that measures the position in the Y-axis
direction (the Y-position) of wafer stage WST (wafer table
25 WTB) using Y scale 39Y; described above. Similarly, head unit
62C constitutes a multiple-lens (six-lens, in this case) Y
linear encoder 70C {refer to FIG. &) that measures the
Y-position of wafer stage WST {wafer table WTB) using Y scale

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



20 direction. Head unit 62A constitutes a nultiple-lens (six-lens, in
this case) Y linear encoder (hereinafter, shortly referred to as a "Y
encoder" or an "encoder" as needed) 70A (refer to FIG 6) that
nmeasures the position in the Y-axis direction (the Y-position) of

waf er stage WST (wafer table 25 WIB) using Y scale 39Y1 descri bed
above. Simlarly, head unit 62C constitutggs a nultiple-lens

(six-lens, in this case) Y linear encoder 70C (refer to FIG 6) that
measures the 1- position of wafer stage WST (wafer table WIB) using Y
scal e 3912 deseéfidperraBobeads b4 h%secaﬁésuaemﬁstmsbe@%mpecsgn head

d Y heads. 64 d
e 30+ 8gifd 4dm EmdRR “ig”%?é‘éﬁ%%%ﬁseghaﬂ&h% i a8 Pas raxis
scal es 39Y1 an&g@ 41{% & MRy §c§ %g gg g%éﬂ 1 Qb aJ;J; §a§e8>

Further, out o urality o are equi ppe

each of head uneﬁg:tr@a;m AN 620 3M)he%ﬁﬁéﬂw@aflmmmt @ffme
to the I ower end portion of barrel 40 of projection optical system PL

(to be noré actlrtitad, are edd ryiedeinfeaubr ok cramdd in32s A asdipd,i P head

lens 191) so ag to be placed as close as possible to the optical axis
of projection 2b SEPFEQP%’S%E‘@&FPLS fixed to tﬂ@ }evehend PogtEprofdparrel

head t 6M th l it t hi
hoads 66 that 20 ShEaesrobot, PRPLHE L iniRF o Py TS hedisd: apRgates to
di stance & ongeRiies eaejes kgt i@ JHIHhSbeshE U dndB0) S0 as

equi pped with a 15 plurality of (e even I n this case, out of eleven
heads, howeverhe phaeedXshebsise hbaioseudl bap ¢ BRPEYcAl la@ARRIH p Sy P Eilon
ALl are not shown in FIG 3) X heads 66 that are placed on straight
line LV atlla prrfdiezal rAvfd@mdiPdt-ance. Head unlt 62B constitutes a

mul tiple-lens (seven-lens, in this_ case 20 Ilnear encoder
(hereinafter, short®f réf8PPER 12 EérsG'ar?) " Re@Acrfet "o 1&ncTBhRRRLith

as needed) 7oaagn:,rlflt ﬁﬁl§9 fﬁs_e%? hftthqgaéélg %S tﬁ‘ 0%\&194’: 'tagglt faced

X-axis directio sition er s

WIB) using X Sc@ralsau%%htdqawel Q@daabQV&e&élEémrneaﬁ%a@tﬁﬂbte £20ng the
constitutes a

Y-axis direction. FPFurther, 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 “encoc-ier” as needed) 70B {refer to FIG. 6) that
measures the position in the X-axis direction (the X-position}
of wafer stage WST (wafer table WTB) using X scale 39X,
described above. Further, head unit 62D constitutes a

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

be described later) or the like 1s performed, two X heads 66



25 multiple-lens (eleven-lens, in this case) X |inear encoder 70D
(refer to FIG 6) that neasures the X-position of wafer stage WST
(wafer table WIB) using X scale 39X2 descri bed above. Further, in the
enbodi ment, for exanple, when alignnment (to be described later) or
the like is performed, two X heads 66 69 out of eleven X heads 66
that are equi pped in head unit 62D sinmul tgneously face X scal e 39X1
and X scale 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 scafet 3Ex2levaRdXxheede ©6 thadi ageesereddx2headsenite®D

X i der 70D, Herei f_ el ds 66, in this
Case. thr oo X VERIS I EGEAGE TACTHS ThMer shrale 1Pt BTPRiiaky

menber 54 of pyj 9B &2 desewe?fla _tgggg%ag%et fgegggg,%; a?;ig}é{ ROES 660Facing

bet ween adj acent X 66 . measur énent

equi pped i n eackcafllehear, uBhtsibdB ANAiREE  ich BBerSTOE ! @hdt Dad e 39X,
wdth in the Y-axis direction of X scales 39X1 and 39X2 (to be nore

accurate, @ | enyt K beadré@ Jaicieg3¥)scafier 8A%s coXshétdt €& [ldnabedencoder
i nnernmost out of a plurality of X heads 66 that 15 are equipped in
each of head uffiRs 62B and 62D is fixed to the | ower end portion of
the barrel of proje%%ion optical

1.Qn of% tem P J‘S?to b% nor e agcurate, %gr
the side of nozzle unit 32 &RCT 0¥ mg°tHP fdfg f’#ﬁl o B plACER
as close as posgbhhs 2@ 46 ORtd &@lthaxllo%]e%fMﬂ&%i@%@@@%@'aﬁé&%&ﬂ

e - AL21 an

PL. 20Moreover, on th X side of secondary alignnent syst

on the +X si de&dfoisendmdaly adliggnerot sgyisd@MIAL24Further, a distance
10 Dbetween adjacent X heads 66 (i.e. measurement beams) that are
equipped in each of head units 62B and 62D is set shorter than
a width in the Y-axis direction of X scales 39%; and 39X, {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 181) 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
ALZ,; and on the +X side of secondary alignment system AL2,4,
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.



Y heads 64yl and 64y2 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 alignnent system
AL1 and are substantially synretrically placed with respect to the
detection center. The distance between Y heads 64yl and 64y2 is set
substantially equal to distance L describggl previously. Y heads 64yl
and 64y2 face Y scales 39Y2 and 39Y1 respectively in a state shown in
FIG 70 3 where the center of wafer Won wafer stage WST is on

strai ght |ine $¥heas tire fengrrent veferdt porvafar bbade T bednl siteaight

or the like, Y, scal 39Y2 and 39Y1 are placed facing Y heads 64yl
and 64y?2 respe%:%’??/grqi, §Hda¥‘ NAEGY PBRTELRE™ t e &2 é%s&?a‘%r@/a*cﬁr)

70C and 708 CombatS gl Y heade tSaT s An BagoysY Blatld BaqleBne

t he embodi ment g4 pwhemdbaagl i res Qe Nhnaf thiey Secondaly @n4IRABNG 2
systens (to be described later) 10 or the like is perforned, a pair

of referende gratatnigs)52fofvaCbr batragks Wsaces Yudweadsbhyly ansh A2y, and
respectively, and the Y-position of CD bar 46 is neasured at the
position of eathvofirefer 8Rcedgrat1Hyang2’ By compesdd ol y1heads G4y2 and
facing referené.:&a grati ngs 52. In the foll ow ng description, 15
encoders that ar® conposed of Y heads 64yl and 64y2 facing reference

N b A e b e Sl s
posi tion inforemtiien efcomizer, alagemiWbl §ysidies respeet H¥ec AERSA NemRIH)

10 or the like is performed, a pair 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 Y heads 64y, and 64y, facing
reference gratings 52. In the following description,

15 encoders that are composed of Y heads 64y; and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear 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, arocund 0. 1 nm,
and thelr 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



20 directions at a resolution of, for exanple, around O 1 nm and
their neasurenent val ues (neasurenent information) are supplied to
mai n controller 20. Main controller 20 controls the position within
the XY plane of wafer table WI'B based on t he neasurenent val ues of
| i near encoders 70A to 70D, and also 25 controls the rotation in the
Oz direction of CD bar 46 based on the neagurenent values of |inear
encoders 70E and 70F. Incidentally, the configuration of the linear
encoders and the like will be further described later. In exposure
apparatus 100 BfaFRechembdisTEme tdafodeasbhes 700 siebisyy drdiermdépoeot

t hat neasures position ipformation of wafer Wn the Z-axis directjon
i's arranggd. Iﬁa?‘lﬁléhgjrfb%gﬁ%ﬁﬁllsa LTS 58st T PERARBEd ur diete grbPEnent,
[ h i ngEl yl t i naj I itia ion. m

(her o nafter Bosh 197 el RYlaHrekhE! aboped AL A% BBy 1603,

an obl i que i nchdenttiméhad iscaar mgedonwé@ébﬁforp@gw%w (Akra@Mnafter,
irradiation system 90a and a photodetection system 90b, and has the

confi gur ati®on sharthy redetlredone adi s Ehnodedipoint BErswexamil)eby Kokablique
(Japanese Unexam ned Patent Application 10 Publication) No. 06-283403
(the correspondPRyen s ngifiashti NG rr5rg2d,; 3803 clanis 1gredqasies. ofnaphe

enbodi nent, as.ap_ex | e, .irradiation, syste Oa_is, placed on e -Y
side of the - X &nc lpagtr Cfnonsygfteﬁleggau%?q %?éog]ﬂgegﬁ%%‘g‘étsé'&%ie%QéQSt@ﬂ
90b is placed gas g -cort iRt iRE s18i ERE POTEHOL Y d@.%%QOFQHt 1020 r
15 in a state of opposing irradiation system 90a. p arafi ty

of detection pexatslef Hdlainuldbppeiest Biesynissa (RRrant9@kplacetpbaced
at a predeterm ned distance along the X-axis direction on the surface
to be det dét edPuk hitafi wni ¥eed 6128348 3df e Agrréspeiiranbodi Rertentiife

plurality of 2 ection points_are placed, for exanple, in the
matrix arrange%e’ﬁ‘fé INGGhERPOM SRd N GRENRROIIATEIYy @6t an erRe

o o ner LR Ol YR Y6, UG 20 WoOPRUIT el 22 3rlALL S

a total nunber etection poin e plrarali

detection poi npSri Lot £headdehaet 508 BRAM LS ARASRMEIAl lsYstEhagdhiat £
are not individually shown, but are shown as an el ongate detection

area (beam ar ea)addd tdmathextenslisde pft hhe XXersl goretdn af hetweenit 62A
irradiation system 90a and phot odet ecti on system 90b.
Si ncet hel gt hit detEcdiond erpasing thsasiaiden divsden dfai.s set to

und the sanme as the . - . .
aro LA Plurality of detection points of the multipoint AF

system (90a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected, though
omitted in the drawing. In the embodiment, the plurality of
20 detection points are placed, for example, in the matrix
arrangement having one row and M columns (M is a total number
of detection points) or having two rows and N columns (N is
a half of a total number of detection points). In FIG. 3, the
plurality of detection points to which a detection beam is
25 severally irradiated are not individually shown, but are shown
as an elongate detection area (beam area) AF that extends in
the X-axis direction between irradiation system 90a and
photodetection system 90b. Since the length of detection area

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



72 dianeter of wafer W position information (surface position
information)in the Z-axis direction across the entire surface of

waf er Wcan be neasured by only scanning wafer Win the Y-axis
direction once. Further, since detection area AF is 5 placed between
liquid imersion area 14 (exposure area |A) and the detection areas
of the alignnment systens (AL1, AL21, AL2233AL23 and AL24) in the
Y-axis direction, the detection operations of the nultipoint AF

system and the alignnent_systens can be perfornmed in parallel. The
mul ti poi nt AF $82R§stRe R fars: ke sitdangéafomma homsdiswrifpafereibtion
hol ds projecti uni t. PU or e Jike, but is to be arranged.on the
neasur ement  f rgﬁgoﬁgas%lr Hed ég?d PR T odF Rt .tgegenq:lre surface

Incidental ly, the,pkdirafidan ofe %%fa@,a&genbpgg,rgjﬁrgssaaa%g&ggfﬁtaﬁgé%diﬁ Nhe

one row and M colums, or two rows and N©C
nunber (s) of rowsxbndiivfeccdlonndsces/ angthelr,| Eihteddteddiese aruaber sis
However, in the case the nunber of rows is two or nore, the positions
in the X-a¥d s dlaeed ikptwsferddtisptiidoamperat en sareridf deabbypunaderda 13g
di fferent even thmee the different rows. Mbreover, the pIuraIitXLof

det ection poi n¥% é’é‘ea_ ELE6T N AR Odl bRy THETRERL Syateret (A, ALZy,
However, the Qﬁﬁ?eﬂ?&h%¥§@%;§§;£’SiHOEhé'?1§§§Et 1£éa;§b8?2g8§|éﬁggcé¥on

sonme of the pIurﬁﬂ i'on"points Tay al'so

di fferent posidéponscidhd e ¥r@Xinsndipeeht O S rLX MRl €net BEignment
plurality of detection points may al so be placed along a 25 direction
t hat intersectsydoins afart e }eafiosmadditheadaldddls. Thatmiubtigdiht AF
positions of the plurality of detection points only have to be

di fferent 1 |®asten Mavhe becakes agrasgedorn g meem, fxadet ebet opokdmm

(s to be irradigied o the el yrality of get el gn pOINIS LN LIS 1 cpe

measurement frame described earlier in the embodiment.
Incidentally, the plurality of detection points are to
be placed in one row and M columns, or two rows and N columns,
15 but the number(s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is
two or more, the positions in the X~axis direction of detection
points are preferably made to be different even between the
different rows. Moreover, the plurality of detection points
20 are to be placed along the X-axis direction. 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 alsoc 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



may al so be irradiated to, for exanple, the entire area of detection
area AF. Furthernore, the length of detection area AF in the X-axis
direction does not have to be nearly the sane as the dianeter of

wafer W 5In the enbodinment, in the vicinity of detection points

| ocated at both ends out of a plurality of detection points of the
mul tipoint AF system that is, in the vicynity of both end portions
of beam area AF, one each pair of surface position sensors for Z
p03|t|on nmeasurenent (hereinafter, shortly 10 referred to as "Z
sensors”), thatay2lse e drepdiasedsbps 7P eHriPiZh 4h8 anbare afed of
sensors 72c a are arr e the s rical placement with
respect to st rcg?%er'u Tt IhETEY. sgﬁgB?grr?‘?%mrgh tg‘ f)?@&efzﬁlf’ﬂéarea
| ower surface Ja@gj{% Nong ,
sensor that 1519T rl?lggl:lgtxfes a &f %C?o m%gﬁéﬁo{;}ﬁ@\%\%?’r om a%l £idodhe
receives the rgflwod eiidm@fetr @&dwaﬁaﬁuwes position information of t he
waf er table WIB surface in the Z-axis direction orthogonal to the XY
pl ane at am irradi atlinohhpotmitodifnemite fngtie vasiantexapletecanonptaicals
di spl acenent sensoredjf]sensor by an optical 20 pickup nmethod), which
has the confi gtfSRi%h ati RETANCHRE i ofi akBAUTREHY wiadebrakige points
device, is used ci dent al | sen ors

arranged on the r%%surgﬁe% lr?ramasﬁ% T t‘fg‘ﬁ%ab%Vé'noFgahvelqjiq%écy of both
Mor eover, headeﬁ&bbr@@&mé‘%%%éi’rﬁgr%% OYé Yealch S ?%%r%%cw&lacm
pl urallty (six each, twelve in total, i'n this case) Z sensors 741
(i=1, 2, j=1, gknsors GbrtMaboaﬁelphameﬂs&&emtﬂﬁGﬂﬂﬂb%&HEBEQrdl§ﬁéﬂﬁly
along two straight Iines that are on one side and the other side of
strai ght Hi%ne quie-ﬁmdchOr@m "4 genher” hxithadi iectai palamnef omnarstss J2a

plurality of Cga&z) Zhé 64, wth the stralg ine LH in between
and paral | el tad1 gRE RiPRLLIPE A SSPRArSZ %%r‘?s%jr 7'?&11Fr8n36¥1%“g8d in
t ht | 4 t

o agh ot hor T soRrsaeal FlaCthtil i SLEL B crrRR Bl I SRR

are placed symekhisoak| y2aidd 72@5@1?&tf1tx‘éd5{:6ail'gahﬁ.o{-llaﬂesd-ﬂ'face of a main
Furthernore, plural pairs (six pairs in this case) of Z sensors 741]j

and 742) and afysing dnictty showh ) headtls B earseorpl d2edtal T2inad edanhdor that
X-axis direction. As each Z sensor 74, for exanple, a sensor by an
optical pihekup-FRAKGHes @ Faghtoty webrbrismbiza WIB faomoabese usiapeives

the reflected light and measures position information of the

wafer table WTB surface in the Z-axis direction orthogonal

to the XY plane at an irradiation point of the light, as an

example, an optical displacement sensor (sensor by an optical

20 pickup method), which has the configuration like an optical

pickup used in a CD drive device, is used. Incidentally, 2

sensors 72a to 72d may also be arranged on the measurement
frame described above or the like.

Moreovgr,headunit62CdescribedpreviousLyisequipped

25 with a plurality (six each, twelve in total, in this case)

of Z sensors 74:;y (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 other side of straight line LH, which runs

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



Herein, a distance between Z sensors 741) and 742] in each pair that
are located symetrically with respect to straight line LHis set to
be the sane distance as a di stance between Z sensors 72a and 72b.
Further, a pair of Z sensors 741,4 and 15 742,4 are | ocated on the
sane straight line in the Y-axis direction as Z sensors 72a and 72b.
Further, head unit 62A is equipped with ayplurality of (twelve in
this case) Z sensors 76pq (p=1, 2 and g=1, 2, 6) that are placed
symretrically to a plurality of Z sensors 20 74ij with respect to

straight |ine % wthddit Ftyaigbt ¥6pg, LA Tekadweagp andopereblel to
pi ckup nmethod sim/)ar, to Z sensors, 72 0 72d is,used. Further, a._.
pair of Z sens%ﬁ%?%é&ﬁ l&ﬁdE§62F§ EP%€1%55P§8r0i4¥h%né%ﬁ%SEF?égﬁﬁﬁlne
line in the Y-axis gif HQn. S - 72d ' | ),
Z sensors 74ij ang 25zggiggﬁ?gﬁggfaﬁgigf%??aggﬁggf%%%f%%ﬂ%ﬁgﬁﬁgghé%Ch
frame or the neasiy emenh thasecdascrd RedsakevesFHAENRL,; hAkiRE a pair
enbodi nent, the neasurenent system having Z sensors 72a'to 72d, 751]
and 76pq neasaks pesiad eymietoirallpwith thespécaxits dbrecghonliofe LH.
waf er stage WST using one or a plurality of Z 75 sensg&&s) t hat
face(s) the scHESMPISerPHERaBavES (PhERFGiteln this e selpokgreensors

tion, Z i d 76 to. b d,f it
measur enent ar cia g Eoh s aBCop iRgL 1Y RoveReree F amid Rkt agmrtely
Further, in the @rRORULLIS LRYIALIAN. As 36rhez 3L Andat EEAS AR

sensor 76pq face each other, and Y scale 39Y2 and at |e&st one Z
sensor 743. 3 facensachhptdrebpt AceDdicg@lpymethed raasQueMently s¥s66mR G2
measure not only position information in the Z-axis direction of

waf er stad® WEP bidd diss@sgdsition information (rolling) 10 in the By

direction of wafer stage WST. Further, in the enbodi pent, each Z
sensor of the neasu%&ﬁgﬁp’§ygﬁﬁﬁ??%ePGtHE?Bé%S%n@?%ﬁﬂﬁgi%%@ﬂéébl%éaCh

e eracs o2 Shat! 104 A6ABAI A NI aa I £0F LA RERSEE Wi ghe

al so detect a‘’surf erent ati'ng sur (
exanpl e, a surfiaee1ibiofsét aeVek FhaSurdal sEaNeE Sad REALEBLANY between

surface.
Z sensors 72a and 72b. Further, a pair of Z sensors 74,4 and
15 743,54 are located on the same straight line in the Y-axis
direction as Z sensors 72a and 72b.
Further, head unit 622 is equipped with a plurality of
{twelwve in this case) Z sensors T6pq (P=1, 2 and g=1, 2, «+ - .
0} that are placed symmetrically to a plurality of Z sensors
20 74;5 with respect to straight line LV. As each Z sensor 16pqr
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 162,13
are located on the same straight line in the Y-axis direction
as Z sensors 72c and 72d. Incidentally, Z sensors 74;y and
25 T6pg 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, 7443 and 76pq measures position information in the Z-axis

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



Incidentally, in FIG 3, nmeasurenent stage MST is omtted and a
liquid imersion area that is forned by water Lg held in the space
bet ween neasurenent stage MST and tip lens 191 is denoted by a
reference code 14. Further, in FIG 20 3, a reference code 78 denotes
a local air-conditioning systemthat blows dry air whose tenperature
is adjusted to a predeterm ned tenperaturggto the vicinity of a beam
path of the multipoint AF system (90a, 90b) by, for exanple, downflow
as is indicated by outline arrows in FIG 3. Further, a 25 reference
code UP denot e8er#rxihg badialy feesi (i) oihaherala( wafdegs comibralfl ebovabl e
WIB is unl oadeagl,% anda ref.erence code 'LP denotes a | oading position
where a waf er T8°TOEYEY ot MAFT*RAUBIE RPBraFaotnd E/BSAFAentis and 76pq
unl oadi ng positj i pasjtion LP are set s trically.
W th respect t%é)g?ergl?sg tdﬁc%rgg%fgglg%}n%%%?renﬁ?gﬁr Iayr,e an )ég:glgﬁgaccorcymg
position UP angs | paskmehidesd Rdaq%_rl—gtﬂ?ﬁ Wert he SRR rPOSht{RE. exposure
FIG 6 shows the main configuration of the control system of exXposure
appar at us 100. ofémeaiciomtr & spdieeBOYs aved rdty Ieaconbhgurl esedomdidy, face
controller 20 conposed of a m croconputer (or workstation) that
perforns over afdClRitheH, M Ke seatier 89hppardaeils 1eepkrere i brsensor T4ij

i nf ti to be d i.hed | i tor in a nmenory 34 that is
an external stEFSge TR A o R et R TR e rGoRERSIFEREYp SySteR can
Inci dental |y, §hdilfG o IO BLESOR ANHN:HRUEH A5 HONER o airece ion

il lum nance neasuring sensor 94, aerial i nmage neasuring instrunen

and wavefront aberdfdd tRANST BALi BSES UBSHL i LRdFbrAaaeisn ARQED @)
nmeasur enent stage MST are collectively shown as a sensor group 99.

151 n exposdr e Hpparatils 0@ astionhefenbbdr nemaghdidThg Fhether, in the
configuration descrjbed above, since the placement of X scales and Y
scal es on waf e7RUBIEIAFB e2SNI&s SPNBRE above dIPYUEEMSNAC EFEREMOFS X0

heads and Y he d i bed _ahove are. enpl.qoyed, at |east .o X, .
head 66 out of A & SHTEhET T eRre ThEC TGN settart et bt ae
and 62D faces gitad Banl) eihfiel@Re 706 XsSFahey IWEL Wet3W2, ANdrate

| east one each of Y head 64 that respectively belongs to head units
62A and 62C ordM feesds: Ghom ahd G4yPifigceudfsnsl er38¥imand, 39Y&urface
respectively without fail in an effective stroke range of wafer stage
WST (i.e. 1% rafhfgea iGPWEY & aRsf géhat covers the grating surface.

Incidentally, in FIG. 3, measurement stage MST is
omitted and a liquid immersion area that is formed by water
L1q held in the space between measurement stage MST and tip
lens 191 is denoted by a reference code 14. Further, in FIG.
20 3, a reference code 78 denotes a local air-conditioning system
that blows dry air whose temperature is adjusted to a
predetermined temperature to the vicinity of a beam path of
the multipoint AF system (90a, 90b) by, for example, downflow
as 1s indicated by outline arrows in FIG. 3. Further, a
25 reference code UP denotes an unloading position where a wafer
on wafer table WIB 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.



25 stage WST noves for the alignnent and the exposure operation, in
the enbodinent) , as is exenplified in the drawi ngs such as FIGS. 7A
and 7B. That is, at |east one each of correspondi ng heads faces at

| east three of the four scales. Incidentally, in FIGS. 7A and 7B, the
heads that face 77 the corresponding X scales or Y scales are

i ndi cated by being circled. Therefegge, in the effective stroke
range of wafer stage WST descri bed above, nmain controller 20 can
control position 5 information (including rotation information in the
Gz direction) &RchagetaklwnganAGRANEhPHS:HOIXUPpRadel gddinchipghition LP
precision by controlling each not.or, constituting stage drive system
124, based on WRESTF erEntS3RT RRSTEL R | east three encoders in total,
whi ch are encoders 7 a : I el t her_.an ncoder
08 or 70D, G mee t PG AP EnERS R B cpfitthudd S BF il SNEPH
neasur ement Vabgesxebsens adiiaSsratdA 1007 0L RIS 1S s§EREL £HGRM 11O
be ignored when conparing with the interferoneter, the short-term
stability d&f tbaenfregistedmEnnayalaes tdldkeri 30 afdmpoised dF aamicrocomputer
fluctuations is 15 remarkably better than that of the interferoneter.
Further, when (@F éfoxisdgd (0BT tatmerderimg evrrallageatapt exft itbe ertire
indicated by an outline arrow in.FIG _7A Y.head 64 that neasures the
bosi tion i n”t HPRASST L i FECEPORLGP TRiFEPaLidRa SAae FESCEnRRRGeEY 15
switched to adiaceng i head 4rya9342thEd;Lga£ﬁde:-p@/e 410W% $hBNdefrcd N
the drawi ng. For exanple, Y head 64 circled by a solid l'ine’rs
switched to Y demtkSdediteied by-catdoliied pone.inthgeataley, aid inkags,
process of the measurenent values is performed before and after the
swi t chi ng.10 n vhkrusvwedsorisnstbe awbodiviesnt | lumi mantey measpeihgr serndver
25 switching of Y heads 64 and the |inkage process of the neasurenent
val ues smoot hl §+ WA iR IelReésH dBfateRt T Wedadd ad HavehFent

equi pped in he %ﬁ%gfoneﬁﬁgﬁgi%ciéﬁt%t eg@og%ghgth%gsegl#%gtagegfag{

scal es 39Y1 an in axi's “direction, s
previously. measurement stage MST are collectively shown as a sensor group
99,
15 In exposure apparatus 100 of the embodiment having the

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

20 to head units 62B and 62D faces at least either one of X scale
39%; or 39%;, and at least one each of ¥ head 64 that respectively
belongs to head units 622 and 62C or ¥ heads 64y; and 64y, face
Y scales 39¥; 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. 7A and 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



78 Further, in the enbodi ment, since a distance between

adj acent X heads 66 that are equipped in head units 62B and 62D is
set shorter than a width of X scales 39X1 and 39X2 in the Y-axis
direction as is described previously, when wafer 5 stage WST is
driven in the Y-axis direction as indicated by an outline arrow in
FIG 78, X head 66 that neasures the posityon in the X-axis direction
of wafer stage WST is sequentially swtched to adjacent X head 66
(e.g. X head 66 circled by a solid |line is switched to X head 66
circled by 10 BREXERINBFENIRFEIHES PRKa§E2pedAessiptieaked by being
measur enent vaggggl%g performed before and after the sw tching.

Next, the confrguration of encoders 70A to 70F, and the like will be

described, focusing k% £e0des OAEbal:] 5 eahatgedlyshoun i ElGe

8A, as a representative. FIG B8A 15 shows one Y head unit
62A that irradiWarl ekescrdeteChbote] inghitn ¢cBRASUL BHEM0 BeAMortdoY 8681 €ion
39Y1. Y head 64 is mainly conposed of three sections, i ch
are an irradi atRbersyst@m 64w lugi ngptrotak iy simhoBEs iamd i the 6z
phot odet ecti on system 64c._20lrradi ati on system 64a includes a l|ight
sour ce t hat en‘ii’tge%t%%)er"fbé’élfneEBsFﬂg% BT &dithdR FReFhadage HAthnkykyh

of 45 degrees ﬁé@ié:ﬁ%&’%&;a&g&@ﬁfﬁ 23 a0g. £ f%)é'pﬁggh‘i’{ir?%‘gsc éa:?%b%%ve

sem conduct or Taser converging 1'ens 's™p

the optical pathsoém! BoEr theam B %féiarsh%éméﬁeh%a?ﬁléseréfcca&d%ta@% LRs&s

LO Optical system64b is equipped with a polarization beam

splitter PBS whnsedeepdnatdtorl piwhbehiaxepataldeals 10A andX@ @l ang ataleast
pair of reflection mrrors Rla and Rib, |enses L2a and L2b, quarter
wavel engt R0l atEshehens ahfengodarefl8Pred 708 -asSiqee 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. 73, 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 is described previously.



79 plates) WPla and WPlb, reflection mrrors R2a and R2b, and the

i ke. Phot odet ecti on system 64c includes a pol ari zer

(anal yzer) , a photodetector, and the like. 51n Y encoder 70A, |aser
beam LB emitted from sem conductor |aser LD is incident on

pol ari zati on beamsplitter PBS via lens Li, and is split by

pol arization into two beans LB). and LB2.38eam LEI havi ng been
transmtted through polarization beamsplitter PBS reaches reflective
diffraction 10 grating RGthat is formed on Y scale 39Yi, via
reflection mrror u%ﬁﬁfquu%% tBe eePpdtmeRt offinms @rdzata@ﬁebb%mween

litt PBS h | d ff t t t
W rror Rib. | nee ﬁ%ﬁ?&ﬁ B b batan ehudeBre Th i lede Rhrn
the splitting ghpapy igg gl%&t@@a«ml@t@ Aol BePpl At tgggéga%@%%z in

and an S-pol arization conponent et erm ned-

di ffracted beadhetthaixiad ellgé&e&aheéis flrsnra\e@bﬂbaat@_weéngﬁﬁatliyngwﬁ&ldb@fer
to irradiation of beans LBl1L and LB2, for exanple, the first-order

di ffract ed beanbage éi¥kvier dirliyesohverted-ante dicéctidramspohdicated by
light 20 by A/4 plates WPlb and WPlL.a via | enses_L2b and L2a, and
reflected by raf|¥eti e ATHVr SORFBCandBROA BeRF tHerk e NBRAHESpale

L1 oush ALS Pl e 1. A0, 82,3000, 00126k OLAL abioRcheey

splitter PBS b racing the sane optrca

direction. 25Eaequ&itidre paharichati 08 MiiLLdORsnehqtée ¢ vgg; .beagBag 66

t hat have reached pol ariZation beamsplitter PBS i s rotat at an
angl e of 90 degieebedMHyh ar @spedt 1ime tirwe soritghedl t6iX erdadoBs circled by
Therefore, the first-order diffracted beam of beam LSl that was

previ ousl V& r ads@etied kimrguglngolthri 2ankage baoness ioft she measurement

values is performed before and after the switching.

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

15 shows one Y head 64 of head unit 62A that irradiates a detection
light (measurement beam) to Y scale 39Y;.

Y head 64 is mainly composed of three sections, which
are an irradiation system 64a, an optical system 64k and a
photodetection system 64c.

20 Irradiation system 64a includes a light source that
emits a laser beam LB in a direction inclined at an angel of
45 degrees with respect to the Y-axis and Z-axis, for example,
a semiconductor laser LD, and a converging lens L1 that is
placed on the optical path of laser beam LB emitted from
25 semiconductor laser LD.

Optical system 64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,
a palr of reflection mirrors Rla and Rlb, lenses L2a and L2b,

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



80 PBS is reflected off polarization beamsplitter PBS and is

i nci dent on photodetection system 64c, and also the first-order
diffracted beam of beam LB2 that was previously reflected off

pol ari zati on beamsplitter PBS is transmtted 5 through polarization
beam splitter PBS and is synthesized concentrically with the
first-order diffracted beam of beam LBl apgd is incident on
phot odet ecti on system 64c. Then, the polarization directions
of the two first-order diffracted beans described above are uni formy
arranged by 1P}#HesnHRLEeAntnE PR, phof bekitiant mérroyst BAa 6ard hitht laad
beans interfer mnt each other to be an interference |light, and the
interference 1% ‘detected by the photodetector and is converted

into an electric Si @@gkga.@tas %93@? revm te{hht *l%ghﬂt egg's C@( Pl dhe

interference |ight. I'S o VIO ove iption,”inY
encoder 70A, s{dHf A8 )9Phi pabtBabhel €9l hhPftnlna heams to be
interfered are extrenely short and al so are al nost equal to each

ot her, the3influencé&nby ancofibncimt ilcrsercdranDiBl gmbetegnfwr@d. Then,
when Y scal e 39Y1L (i.e. wafer stage WSBT) noves 20 in_the neasurenent
direction (trmﬁem%ﬁﬂﬂéu§¢PécﬂPéﬁr A %%i%ﬂQkﬁﬁﬂF ofth@ophnseabi o dgRf

the t beans ¢ t hus, t he _i.nten of_ the interference
[ ont " ohangos SEinte S BREV T 14 Tl cRBRt 1Y o%PJtlﬁe%wnPa FErence e

i s detected bw@e&&ﬁ@tﬂg%amyst P, hé@i’n%%%bh‘ A QF BRLQ i
25 accordance with the intensity c nge 'S output as e neasurenen?
val ue of Y encederriz@Aiocttteim ePToekes S PE8ZeatBls ﬂ&@e&ﬁdvbhﬁﬁﬂﬁé@t%ﬁ
al so configured simlar to encoder 70A Meanwhi | e, when waf er

st age WSTlRoverr&ting RiF tbetiienfdifddpait s¢abaBPlie Yiaxieslditéohimdrror
and a relative notion in 81 ,
Rla, and beam LB; reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection
mirror Rlb. Incidentally, “split by polarization” in this
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 L2a, and
reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and WPla again and reach
polarization beam splitter PBS by tracing the same optical
path in the reversed direction.
25 Each of the polarization directions of the two beams that
have reached polarization beam splitter PBS is rotated at an
angle of 90 degrees with respect to the original direction.

Therefore, the first-order diffracted beam of beam LB; that

was previously transmitted through polarization beam splitter



a direction other than the direction to be neasured (relative notion
in a non-neasurenent direction) is generated between head 64 and Y
scal e 391i, a neasurenent error occurs in Y encoder 70A due to the
relative notion in nost cases. A nechanismof 5 this neasurenent

error occurrence will be described bel ow. First of all, a
relation between the intensity of an integference light that is

synt hesi zed fromtwo returning beans LB1 and LB2 and a di spl acenent
(a relative displacenent with Y head 64) of Y scales 39Y2 (reflective
di ffraction grBe$ ngs 1eHEehes ¢éfi pedarization |yeam GplaBiebeBRS LBK is

reflected off ref]lection m.rror. RRa is incident_on reflective

diffraction gr tFHG R 4t BIPTANGIECE CRaBYS Y R4t RRChadpfekhe

diffracted lig i _ﬁ_gﬂ!n%g [c! t t._an,angle of 0,1. .Then,
a returning beg{rrfétiat Is 1 %Fpgggegg%ffoefggﬁgc??%%glraﬁ%r ror %%V%On rly
traces the backefufited $AMpbUSAL z oK srefdetgt b%@iﬁltéﬁ ret KNt S5 dniGed
RG at an angle of Gal. Then, a diffracted |ight is generated again.

Herein, theé ditfragteddlightzatian bsagesel Atttk ABSamnandkesphtieasi B
proceeds to reflection mrror Ra by tracing the original 20 optical

path i s the nafPREIHSTEHH HéEBAtRS dHtrsithrardes dhefmanredibgan af heasm

diffracted Ii enerated i.n the approach . .route. t he ot her
hand, beam LB r‘egpgcf‘gdlSFf‘g?%Pl%r&P %Or’f{]ertre&’—‘lﬁpbsﬁt?rﬁc nt on

reflective diffractiigRgratd pg1 R 29 Aln &fr@@@i&@%g%gg’tdﬁzgi%?order

nbt h-order diffracted light Ts generated at an ang S

diffracted |i ghiffmsacssumednsodbectehe@cdwshofldrd ehkeetin0d & FdfedRBY
and trace the sane optical path to return to reflection mrror Fib.

In this cdde, e anatlyrsirt ynside gfharodeatestionesyetdn diic a82 thatbdams

synt hesi zed fromtwo returning beans LSl and LB2 depends on a
di fference i n PHEEE EHhILENIRRFEr BRBRY 0 R} ided nERSTRERDFS| hipHeamad

POl and B2 Alnd RIRLedelact) PIo0d kaleRtel Sy RAR BHELEGLeLe s
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
707, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to
each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage WST) moves

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

25 accordance with the intensity change is output as the
measurement value of ¥ encoder 70A. Other encoders 70B, 70C,
70D and the like are also configured similar to encoder 70A.

Meanwhile, when wafer stage WST moves in a direction

different from the Y-axis direction and a relative motion in



5 intensities of two returning beans LB]. and LB2 are assune to be
equal to each other. Phase difference T can theoretically be
calculated in the followi ng equation (7), though the way to derive
phase difference T in detail is omtted herein. 10T = KAL4n(nb -
na) AY /| p + 2KAZ (cosebi + cos(bo- coseat - cos9a0) In this
case, KAL denotes a phase difference causgg by an optical path
difference AL between two returning beans LB]. and LB2, AY denotes a
di spl acenent of reflective diffraction 15 grating RGin the +Y
direction, AZ dcHdtessd igndpehenddmenthofdiretkéenitebdindanmedonrelative

rating RGin the. Z direction, denotes g pitch of a diffraction
grati nS and iBobtOMa HénBPBSheReS B?W?W%étlnr&ﬁté%érl%fge@ééﬁted between

diffracted |iohl.de3G{Pedc ? Yy 2 éfé pa?ﬁt %_DJTQ §Eol Ss 35 AE e d}e(?f

be configured so as to satis Ica erence

the symretric pompeid ios‘tfl%\ﬂlellfétﬁ.k}é Iﬁ@&l&i’“lﬂgn@ﬂy%ta's@@, (& me%%anlgl(;?’of
()al - ebl(8) In such a case, a result in the parenthesis in the

third 25 téin1bhl$rmﬁasqﬂﬂmdnan@rgpdeooturtmnmﬁnMMMhame(Epsbembe&sbelow.
zero, and at the sang time nb-na(=n) is satisfied, and accordingly,
t he follomnng equat ilF QP Icad lhe2obe hahien {esipenm L) iaperaiy of an
(p/4n)... (9) JI_:IIi'Qé?‘:‘ ehreenacbeove' %u%th %nnggyn heassleze%lf r%li'neril_%% I%%Q%?ﬁ?g
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. 8B, beam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of 6,9, and the nath—order diffracted light is assumed to be
generated at an angle of 6,1. 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 8;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 IB; reflected off reflection
mirror Rlp is incident on reflective diffraction grating RG

25 at an angle of Oy, and the ny™-order diffracted light is
generated at an angle of 0y1. 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



83 not depend on the wavel ength of Iight. Herein, two cases
shown in FIGS. 9A and 98 will be considered, as sinple exanples.
First, in the case of FIG 9A, an optical axis of head 64 coi ncides
with the Z-axis 5 direction (head 64 does not incline). Herein, wafer
stage WST is assuned to be displaced in the Z-axis direction (AZQ
AY=0). In this case, since optical path dgfference 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: AYER2E FRetnihRs kgeick EraeEne Fesyraing degmsddbasbLBhdepends
symmetric property in_the equation (8) is satisfied. Accordingly,
p%ase di f f er en?® % %b%é??ﬁﬂ? Hﬁhé@?gﬁndp5?§% et TG By PEEYERR two

| e ference | LGcAOLS Mok hB108 A2 CORSHNGS o SNGTEBSYL 0PN

val ue (count value) of the 15 encoder does n C

ot her hand, inchdepkassiddedtds, $Batt he, opkh ¢8bs@Xi $rOtnhgada64, the
inclines with respect to the Z-axis (head 64 inclines). Wafer stage

WST i s assunediniensl displofcsuoi netenihigkiesndi LBC BndnLBs @met hssume to
state (AMP, AY=0). Also in this 20 case, since optical path
di fference AL oSVt Th&fGE tRETrirst termon the right-hand side

of the equation (7) gdoes not..change. The cond term becones zero .,
because of the assurp aist?ngli?%?ngﬁvﬁ%\?@rn, %§ﬁ8rFH'?‘?jﬂ3é§?ﬁ &‘8i§u§61:ed in
becone zero, bggauss tdig i enPoper t¥oidh t bog i

not kept due to the gradf%%?ﬁgf #hg éegd, 5%&9%ﬁgﬁiﬁ??gk?erﬁ$%%%ﬁ§g§%

in proportion ddffererisp dcerAtbiAZi sA6ROFEkdHakeiphase difference y
changes, and as a consequence, the neasurenent val ue changes.
| nci dent allldy, even whenKdéad @z (does modYi Ackine, the symmetric

property in the equatIOQ-%%QZ (CosSOp1 + €c0sOyy — Cc05851 - COSBag) (T
In this case, KAL denotes a phase difference caused by
an optical path difference AL between two returning beams LB;
and LBz, AY denotes a displacement of reflective diffraction

15 grating RG in the +Y direction, AZ denotes a displacement of
reflective diffraction grating RG in the +Z direction, p
denotes a pitch of a diffraction grating, and np or n. denotes
the diffraction order of each diffracted 1ight 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 = Opo, Oa1 = Bp1  ...(8B)
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 ny=-n,(=n) 1s satisfied, and accordingly,
the following equation {9) can be obtained.

Qoym (AY) =2mAY/(p/4n) ...(9)

From the above equation (9), phase difference @gy, does



84 is not kept due to, for exanple, the optical characteristics of
the head (such as telecentricity) , and the neasurenent val ue changes
simlarly. That is, characteristic information of the head units that
is a factor causing neasurenent errors 5 of the encoder system

i ncludes not only the gradient of the heads but al so the optical
characteristics of the heads and the likegs Further, although
omtted in the drawing, in the case wafer stage WST is displaced in a

direction perpendicular to 10 the neasurenment direction (Y-axis
direction) and'?h ¥fReRDIOTAhemayediengshi of 1imbiti s direction)

(AX#0, AY=0, AZ=0,),,the neasurenent value do ot change_as f{ as
a direction in whi cHGTd iWEs 6P <8i Fs?ﬁ%tjrrb:? At igﬁgaﬁg Pac‘él@ be

| ongi tudi nal digggti ] It n e re

direction. In the c%%ggcti hzasfgﬁ'glgggd?%%r}'& |$'ec?|§g§19f S{‘}ﬁo h%r%taﬁgg%%a 1G.

to the measur ed®ntanli speid0n aieWRfeheatihgssensidiodd Wiich @8Bepaheds
at the gain that is proportionate to the angle. Next, for exanple,

t he four casesdthekidm (EeeS.6410pes mo20irdddlng)l.] bereionsiwdfeedtage WST
First, in the case of FIG 10A the optical axis of head 64 coincides
with the Z-axi*S @SP8BerdP PRedGrdacades Hee Zragirsrection W¥ed waf<l) .
stage WST m)vei irﬂ.the +Z direction fﬁomg?és#%tate B&‘ ointo a
state in FIG TOBPLPHE HeaStPereREI0al Re thr I HERISE ggaiqfothange,
change 25 because ftifis$ tork e £188% 138tLREnEASQ0h £ FinG etgﬂb‘a@f&?gh?%es
above. Next, wafer stage WST Is assuned to rotaté aroun he
X-axis fromt heotstatengen FirEe 282ch@® ©orm Mezomest abeoShevdusd 5t Ghe

10C. In this case, although the relative notion between the head and
t he scal e lfoesasmumpicican: AthAt iThen, the third term becomes zero, because

the symmetric property in the equation (8) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intenslty of the interference light does not change. As a
consequence, 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
Z-axis direction from this state (AZ=0, AY=0). Also 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 A%Z. 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)



85 regardl ess of AY=AZ=0, the measurenent val ue of the encoder
changes, since optical path difference AL changes due to the rotation
of wafer stage WST. That is, the neasurenent error occurs in the
encoder systemdue to the inclination (tilt) 5 of wafer stage WST.
Next, wafer stage WST is assuned to nove downward fromthe state in
FIG 100 to go into a state as shown in Ff& 10D. In this case,
optical path difference AL does not change since wafer stage WST does
not rotate. However, because the 10 symmetric property in the
equation (8) i%5nvtt kept, dphdse dprrferanile 9tbharrisaduehapatherizstics
di spl acenent AZ the third term.on the right-hand side of the
equgtion (7). %E%PJ}%# §Sue BTG RNEAEL bY] LEBr R astEset value
changes. Incid ! urepent. val f e.encoder in the
case of FIG f%@é@é%%é%%ﬁgé tHe sane v%¥uégﬁﬁ%5ﬁégéggéco niﬂ%?aFﬁﬁQ of

As a result ofthdensddlriltisORhafPhementgetdy 4t iy aRbQlrafent Nerrors
like, it was found that the neasurenment val ues of the encoder have

t he sensitiivi t9f viiheh emesplect sy st et irorlludetsheoposhiy dnal gehangatobdf tiie
scale in the Y-axis direction, which 20 is the neasurenent direction,
but al so the at%3tudtcRaTgetId i@l ghrsacrerispiezmiinghei heads omd
and the Oz dire&éiffk yaw ng direction), and besides, in the cases

such as when tH& symnetric property is broken as descri bed above, the

measur ement val ues dgpepgd-al ity halgAa
Z-axis direction. That ?%F't%gt?ﬁg%?gFﬁbaéheggﬁgﬁgt|on gggc%?bgggcase

above and the w®Sad tstafyet MET Sigdiablabe@d L. direction PeEpehAitRCar to
enbodi ment, correction information for correcting the neasurenent
error of @é8ch B dthasursmsad by repeiee| &Y tasinotimectdbnt henfietd el
the scale in the )
optical axis direction (Z-axis direction) (AX#0, AY=0, AZ=0,},
the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face (a
longitudinal direction) is orthogonal to the measurement
15 direction. In the case the longitudinal direction is not
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. 1In this case, although the relative motion

between the head and the scale does not occur, that is,



86 non-nmeasurenent direction described above is acquired in the
manner descri bed bel ow. a. First of all, main controller 20
drives wafer stage WST via stage drive system 124 while nonitoring

t he measurement 5 values of Y interferometer 16, X interferometer 126
and Z interferonmeters 43A and 43B of interferoneter system 118, and
makes Y head 64 |ocated on the nost -X sige of head unit 62A face an
arbitrary area (an area indicated by being circled in FIG 11A) AR of
Y scal e 39Y1 on the upper surface of wafer 10 table WIB, as is shown
in FIGS. 11A ahégdad@less of AY=AZ=Uhethe hessdrenehhevabes wfenhst encoder

values of Y interferoneter 16 and Z interferoneters 43A and 43B, main
control l er 20 BRRVESS wef@Cer QBT ECANBACharef foterre WETFharge hatuehbe the

the rolling a u fer 15 tabl

(waf er st age \r}%g?é%%%% gé?%r %g%gwggohgfhpa%cﬁ( gﬁ%%ear? r&‘eBgc%ﬁsosr
a desired val ugc@@rd iih tdHes hreBeralyktefssidragd, tt@leb%n%%ﬁétien (tilt)
200prad). After the driving of wafer tabl e WIB (wafer stage W5 )

main contral | erf 20 fer adiagtee ST .det ection |ight fromthe head 64
descri bed above to area AR of Y scale 20 39Y1, and stores the

measur ement val ue, \Mﬁxd'-h ¥afpEsYoHs Ed &S praspedete Mavec davawsrdrfron

si gnal fromth he 64.1t received the reflected light, in an
m?ernal mem)rsh tace nztaltcl\‘leiﬁ C Hugedi R Phatabad s EH‘%‘?’]’E%\P&\FEES 1&o.
Y terf t 43A , 25 .
Cone ot eroeLEt AR50k g LRLELLERAIS! 8L 2e A0 A0d: 28, I BB e

direction in avgfedeieigs met dasgenot Oro€xEdP! BowavEANUSe@fnsel QM to
+100pmas is indicated by an arrowin FIG 11B while naintaining an

attitude é0 wafwmrrataliice PAPBefhaf én thageqwBTor( t(te pist abkngepbpustiase

x=a0, the yaw .ng anount Oz=0, the 87
difference ¢ changes due to the 7z displacement A2 by the third

term on the right-hand side of the equation (7). Accordingly,

the measurement value of the encoder changes. Incidentally,

the measurement value of the encoder in the case of FIG. 10D
15 Dbecomes 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 €z 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



rolling anount ey=0), and during the driving, while irradiating a
detection light fromthe Y head 64 described above to area AR of Y
scal e 39Y1, main controller 20 sequentially |oads the neasurenent

val ue corresponding to a 5 photoelectric conversion signal fromthe
head 64 that has received the reflected |ight at predeterm ned
sanpling intervals, and stores themin anggnternal menory.

d. Next, main controller 20 changes the pitching anount of wafer
tabl e WB (waf er stage WST) to (ex=a0-act) based on 10 the

measur enent vaRBR-BPASITeRNT dighetepn Mescribed abeve dgbaequiorad yp the
the simlar operatlon to ”1: eratlon in the above c. is repeated
with the changBaPaeTi doRfert Elowf After that, mal n control ler 20

repeats the operati Oén'sglé.'}ot!r'hﬁ mglna&glnteroﬁ! t e }bees W IeL:()a’lbe%a

t he measurenent 15 val i a range of ove- descri

Z-driving rangesatyiAa{tal drmr@eyatgm 1f2Qrwrﬁ.>§LQé”&H$1€1tcﬂ.QLﬁf&g1é RESEYAdMRent
wWith respect to the range in which the pitching anmunt ex is

- 200pr ad<exx+20@prasl. of Y interfegomMért, 16y Pl Ditemiprdneteespeét ine Z

data within the 20 internal menory that have been obtained by the
processes of th%t%’bﬁﬁ/@r%ﬁtetlbse“ﬁrﬁréi £WB-f Feher BreemetseT 8y shre 14§ tand

Shovi ng. encoddl REReUIBRiE VAT TR SRaT CBAUER: | 8 FyeE i e bt of2h
poi nts at whi Cbaé@earp'éz%lﬂl%@@'f% 'éntQPea’r%r?cﬁrB’ate%”% tBSE.‘n h&HJil%gj

the horizontal axis in the vertical axis direction so

hori zontal |ineniRrd.helagnirRrof tthataToOBEst6n the ﬂb?érmnﬂﬁa%eabf%ﬁ'r
the pitching amount is zero passes through the origin, a graph as
shown in HOG a2bXe Withpraa Hat sdleows inaFT@si ohlx eychdtl®ri stics of 88
measur enent val ues of the encoder éhead«%, in accordance with the
Z-1eveling of the et Mg OpSES gBt Bhpdipasurement values of Y

interferometer 16 and Z interferometers 43A and 43B, main
controller 20 drives wafer table WIB (wafer stage WST) so that
both the rolling amount 6y and the yawing amount 6z of wafer
15 table WTB (wafer stage WST) become zero and also the pitching
amount €x becomes a desired value oy {in this case, ¢ is assumed
to be equal to 200urad). 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.
¢. Next, based on the measurement values of ¥
interferometer 16 and Z interferometers 43A and 43B, main
25 controller 20 drives wafer table WIB (wafexr stage WST) in the
Z-axis direction in a predetermined range, for example, a range
of -100pm to +1003m as is indicated by an arrow in FIG. 11B

while maintaining an attitude of wafer table WIB (wafer stage

WST) (the pitching amount 9x=ay, the yawing amount 6z=0, the



The val ue of each point in the vertical axis in the graph in FIG 12
is a nmeasurenment error of the encoder at each Z 5 position in the
case where the pitching anount ex equals a (ex=a). Then, main
controller 20 assunmes the pitching anount ex, the Z-position, the
encoder neasurenent error at each point in the graph of FIG 12 as
table data, and stores the table data in gynenory 34 (refer to FIG
6) as a 10 stage-position-attributable-error correction information.
O, main controller 20 assunes the measurement error as the

mat herat i cal f GRACLIBH Frounty-Gied vl@ﬁdzdaﬁéHGhbh@ldﬁﬂﬂhﬂyrawbuﬁﬁ X,

bt th th t | f t t
Cou e s oA PEER 4P T ATEILRY SOTRLLERSn UG LPLACH) cppgrines
stores the natggg@élg@Jagquﬁtqﬁfgssgggge399 EEQR %EBEEQEE@P'fberror

correction informati on i n nenor ., main controller

20 drives mafeseqmémwaAMﬂy\Md%d&taﬁe ﬁgdéﬁ%éﬁ@%REthaé'¢dkﬂé§%on&1ng to a
direction a predeterm ned 20 di stance while nonitoring the

measur enentd vaPleso@feot 1 erdrereaseber s186abf from erleerheret €4 syst emas
118, and as is shown in FIG 13, nakes Y head 64 that is |ocated in
t he second posF??%ﬁW?#cﬁﬁ?tﬁ?f¥?Q§e&eléﬁHtoFth%%ﬁﬂ?ﬁﬁﬁmﬂﬁ?ﬂ exmpdhag

next to the Y ch data uLsition has en conpleted 25
as descri bed alb)%v%&f ace arAea Eﬁefaltggﬂl nai %Iétjeréltwag' g°t¥rcled in
FIG 13) of Y scale 39¥ixen rﬁeﬂ% HBREFo PLL 30104 YA %fletp%.t?:lc?u\l}?Bamount

i. Then, main controller 20 perforns the processes simlar to

above to the Yoheatfid taa@ @irer ¢ha£df rAGEHJONSTEI b N{RUIMLNEN Bisdd on
encoder 70A that is constituted by the Y head 64 and Y scal e 39Y1

wi thin merddty Bae jeasyxenamndr yalue PﬁeYsln¢¢€ﬁeerﬁﬁ§: l6errection

informati on of Y encoder., 70A that is. constituted by each of
e. gubsequently, the g}mllar opergélon 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 Ao (rad} intervals, for example, 40urad intervals,
with respect to the range in which the pitching amount 6x is
-200prad<ox<+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 7 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



5 remaining Y heads 64 of head unit 62A and Y scale 39Y1, correction
information of X encoder 70B that is constituted by each of X heads
66 of head unit 62B and X scale 39X1, correction information of Y
encoder 70C that is constituted by each of Y heads 64 of head unit
62C and Y scal e 39Y2, and 10 correction information of X encoder 70D
that is constituted by each of X heads 66ggf head unit 62D and X
scale 39X2 are respectively obtained and stored in nmenory 34. Herein,
it is inportant that simlarly to the above-descri bed case, when
performi ng the™adNecnrt riaje@s1 3 nehe rnansier bkad) ebtimoxordadceoyith

head unit 62B, _the,sanme area on X scale 39X1 is used; when performng
t he above-descW‘%e%i_Jﬁ%"éféﬁl’Il—:-‘-’rnapril‘rt1 i HGLEACAT39nbalf 6P REad uni t

62C, the sane area Y. LS ) erf.orm t he
above-descri bed rreag'rtrjhree‘r;é%tg!aSos%’g%ag@%g%ﬁ&@e%egggggﬁﬁ gﬁ'gaa&ufolﬁm ° %ﬁﬁh

the same area ofn pIecal® 39X nicasuseflenthesrds HEGAMESNichaeer LECLIAN 2
of each interferoneter of interferoneter system 118 (i ncl udi ng

correction Sof besilion ofn rdfd ectseconhauef asespiltiehianrd ahéhnandx equals «o
reflection surfaces 41a, 411 and 41c) has been conpl eted, the
attitude of waf@F=%kag@PABT wakn kensselier 028sslarss beatitichide amount
any tine basede}g:)nthheZ rreasucr.errenct val uei of those interferoneters,

and even if the scaFe siriaces k?eh%’i‘f?l o "HRASTTETE BIEPY BELAFD RN
occur anong the, headsdye Le Fhe inelddatihep eétéheaﬁ%'ttﬁer}%w fREeSip1e

by using the same portion of each scale. 90

r egar di ngYheadsattdyirard nfefydy B nregsatr obl 216 205)persf arns t he
above-descri bed neasurenent using the same area on Y scal es 39Y2 and
39Y1 as tRE ar¥m@adrRrodis igedttoibesehly-terer 6bmfedidad GnEbsn2n.
and 62A respectively, and 5 ggt ains correction information of Y head
64yl facing Y Sralf 3¢ EERCOBEr2YFOSUARE EBRIBRATHIEHI 0 FRELK oS dihe

Y head 64Y2 facd e (e r 70A)., and_t.hen stores them
qﬁeﬁ%m\%%%ef lgrl?%(n cgn BEAE ST FRE BB Rl Tt

in menory 34. I “procedures

10 case when tdg RIBtHNY tHDWREhbRathaggethndBidh ¢NLLALLEENRGO
sequentially changes the yaw ng anount Oz of wafer Stage WST in the

range of -200pratt@zmi2(30brcad Nhicli entai nsbng ntpbedamphe, pthehi ng
anount and the rolling amount of wafer stage WST to zero, and drives
waf er tabllé WHES gStafssiuagiegg@epBPy, | anghetores the mathematical function

as stage-position-attributable-error correction information
in memory 34.
h. Next, main controller 20 drives wafer stage WST via
stage drive system 124 in the -X direction a predetermined
20 distance while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as is
shown in FIG. 13, makes Y head 64 that is located in the second
position from the -X side end of head unit 62A (Y head next
to the Y head 64 of which data acquisition has been completed
25 as described above) face area AR (area indicated by being
circled in FIG. 13) of Y scale 39Y; on the upper surface of
wafer table WTB.
i. Then, main controller 20 performs the processes

similar to the above to the Y head 64, and stores correction



15 Z-axis direction in a predeterm ned range, for exanple, in a range
of -100pmto +100pm at each position , and during the driving,
sequentially | oads the neasurenent val ues of the heads at

predeterm ned sanpling intervals and stores themin the internal
menory. Such neasurenent is perfornmed to all 20 heads 64 or heads 66,
and each data within the internal nmenory gg plotted on a

t wo- di nensi onal coordinate system having the horizontal axis

i ndicating Z-positions and the vertical axis indicating encoder

measur ement va’rlﬂl%%r’ﬁht%% ofi Hiepgedprot®dthas incrhebitdesdt biybehe Y head

above, plot po h t awi ng anount is the sanme are
sequential |y c%ﬁnae% 32’3'1%?' rgqm%é’ $4%-s shifted so that a
line (a horizontal |4 ned4 cente awi_ng_anpunt is
zero passes thr oughjthe (;%Iré'{a%d ; %%ere y a'slcltg:;rn]{-é.1 ne}sél m PgFe‘t:bl?rhe

graph in FIG iRféamabtai redy JH@Bdefm'JOh e@Rkr okl &5n A0 ARYNBY éQ@n of
yavm ng 91 nount 0z, the Z-position, the neasurenent error at each

point in the omraimmggrﬁamaa@ ttdbbé Habd amdt sEIN esid e stabke3dgt,a
as correction information in nmenory 34. O, main controller 20

assumes t he neERMFHeR! difernasipheofat I‘?élﬁ*@tiﬁéaT’OB Uhati 48 sowmttituted
Z- t h obt ai ns t mat henmat i cal

fuﬁgts: olnogyzc%‘\g T ﬁquoﬁfr’]“ e?‘gfa%%ugg 8%e}fl??%|‘érh]tts Fgd FoFCBxanmprie,
the | east- Squaéc%%e[@:tf&ﬂun%ggmﬁ%QBﬁ f'&eeﬁ%ﬂsg%?]éaéhatu%t &ggst?l uted

correction information in menory 34. Herein, In the case theé

amount of waf ery Staage oFOYWHdads GHObfZBé@daﬂdltaJGS@ bhe yawane @@uﬂt a'n%l
not zero, it can be considered that the neasurenent error of eac

encoder wWAEn @FEeStinge inEPringtiona & ancZdposiAl amat is ¢drestsitgilee
sum (| inear s#g) of .the peasurenent error_ in accordance with the

pi t chi ng amourty & iBed 6898 &hPt HeasbyadkeheRians Porsqade1§9%. are

accordance W th n Sqi S.opcause been
confirmed as a r%éqiﬁ%fl tﬁ%@#ﬁ%?aﬁ}%nﬂ% t'e r?'e“gs&’rg nt error (a
count val ue (neasurgeeatnyakve)d ihSeardmt ¢hargesnin aegordange with
the change in the Z-position also in the case where the"yawng is
changed 201 n vy ef-gledsawiibgddesse) pﬂh@m pdforntieigsake above-described
sinmplification of the explanation, it is assuned that regarding the Y
heads of eAch MPasEEAEAt HSiagheaeh i% deatufbt dbrhadd Nnihe6pBt cHhegame

anount Ox, the _yaw ng a.ndtheZ osition z of wafer stage
WET that showd ‘%ané’élsaf EF %Xl 15" used; when performing the g

above-described measurement using each Y head 64 of head unit
e2C, 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 39X%; 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 41a, 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.



25 error Ay, as is expressed in the follow ng equation (10), is
conputed and stored in nenory 34. Further, it is assunmed that

regardi ng the X heads of each X encoder, a mathematical function with
the rolling amount Oy, the yaw ng amount 0z, and the Z-position z of
waf er stage WST that shows a neasurenent 92 error AX, as is
expressed in the follow ng equation (11),ghs conputed and stored in
menory 34. Ay = f(z, X, 0z) = Ox(z-a) + Oz(z-b) Ax = 9g(z, O, ) =
Oy(z-c) + z(z-d) In the above equation (10), na" denotes a
Z-coordi nate of a pdiwithitereeganrdigty bihghts|Gdearndb4ysenin qontreoller
graph in FIG 36 and "b" denotes a Z-coprdinate of a point where the
straight |ines®? Mes¥N® i RECYLAARSSE MPEAMIETF Y IFESEhe USATE| Ehe 13ame
that is obtain i t | t.is 10 changed_in_ order
to acquire cor%gectjil ??)I%hfns%(;%?%és’t ?gﬁygﬁ{l%eﬁg’o%%c%ﬂ ery.” &?‘F‘ ef® TATTheT

above equati oneddf)y Head dRNQireheddlnf POl BNt Pl62a RREBLWISE By I NEg
straight lines intersect in the graph simlar to the one in FIG™ 12
that i s obthi ngutaing ercese ibheinbbimatg.canoliny Hesad BdRgethdingoy dstale
to acquire 15 correction information of the X encoders, and "d"
denotes a Z- codt ti H&RECBET o/ Yoi mrdnRer seehbon tindfiogmetippest i hiherdetty:

in the graph simlJ)ar jo the in_ Fl 12 that is obtained in the |
case the yaw n%a%%n‘{ 5% @n%ﬁgéd(?[hc% THer %’a@&éi?: SRoPF RS griem 1n
i nformation ofpdfie-X gncoders. 20Incidental ly, the neasurenment error
Ay or Ax shows the ‘degree in which the position of wafer stage WST in

a non- measur ement diNeget i 08 i gimiher Qe SHdRGLis0Pe tHe EB8VEYdescribed
direction, the Oz direction and the Z-axis direction) of the Y

encoder orllt hecasembedethaffidotisinchemaeas urerbahged) usiof c3btrbeler 20

encoder or the X-encoder, and accordingly, in the follow n
description, tHAYREHSGEVeRMBERDITIS YBILAY dR0Yr 87 of wafedsshage WST

Cta0e Do ) St BUhaR) S ARl BN SOERLEE wiiie mpangaiains boch
correction i nf{dTliike@Ri nfhnAalY 8aHI Ok IFBARK AR Unt of wafer stage WST
to zero, and drives wafer table WIB {(wafer stage WST) in the
15 Z-axis direction in a predetermined range, for example, in
a range of -100um to +100um at each position , and during the
driving, segquentially loads the measurement values of the
heads at predetermined sampling intervals and stores them in
the internal memory. Such measurement is performed to all
20 heads 64 or heads 66, and each data within the internal memory
is plotted on a two-dimensional coordinate system having the
horizontal axis indicating Z-positions and the vertical axis
indicating encoder measurement values in the similar
procedures to those described above, plot points at which the
25 yawing amount is the same are sequentially connected, and the
horizontal axis is shifted so that a line (a horizontal line
in the center) at which the yawing amount is zero passes through
the origin, and thereby a graph similar to the graph in FIG.

12 is obtained. Then, main controller 20 assumes the yawing



93 is referred to as stage-position-attributable-error correction

i nformation. Meanwhil e, in the case the optical axis of the
head of the encoder substantially coincides with the Z-axis and all 5
of the pitching amount, the rolling amount and the yaw ng anmount of
waf er stage WST are zero, as is obvious fromthe equations (10) and
(11) described above, the neasurenent errgy of the encoder described
above that is caused by the attitude of wafer table WIB i s not
supposed to occur, but in actual, 10 the neasurenent error of the
encoder is not™meerl S@vehhe -Pasitiopastie Mhrsuremdet Rusert die cswhipeias
of Y scales 391i ,and gglz and X scal es 39X1 and 39X2 (the surface of
second water rtPti%eRCEALEE ape-atohe Fakaland aheseand maseledinta

unevenness. V\hggl édﬁe%th%nu9§¥§grgﬁfonognt1?8ﬂé fB%CGSOLQ,f éﬂtﬁg%l %‘gl;[lﬁxgc?llleesr

(to be nore accurate, the di on grating surface,

case the diffragtdseim@satid tebSueOMERLE Mol £ tHAVRL+ ASS caliMBunct ion
surface of the cover glass is included), even in the case wafer stage

WST noves a ongf aa ph-grss ipdrcal |zelantio thheyadhimpd ameyurithe zscabeasus faee
is displaced in the Z-axis 20 direction (i.e. noves vertically) or
inclines with PRpRRAtIGY Renfibhen b e Wricaderdetiyminadheeeificients
results in occurrenc:f-,E of the iel %Ithl Vf noti on between, the head and

& cti'6n; ©

scale in a non-hE&SUr&eRt 2B rect QY SIRAF T PEFPOE, A5d §hores the

becones a factl+imERsHr f{f&@{iﬁi{i Eg}c@xs.céc%i%ﬁsﬁlif.@ﬁﬂatq_%rnl jéx?énemory 34.

25Further, as is.shown in FIG or exanple, 1n the cas

plurality of heads GhAednd 6RBHEaSYECtiRe PitcHinkYaRbufEITULERBAlstage
points P1 and P2 on the same scale 39X, if the inclinations of the

opti cal axXé&s JST Hé pburziq wngf ahsadhe6gAvand G8Rtaie i fzerent 1f raam
each other and the surface of
be considered that the measurement error of each encoder when
wafer stage WST is located at 2 position z is the simpie sum
(linear sum} of the measurement error in accordance with the
pitching amount described above and the measurement error in

15 accordance with the yawing amount. This is because it has been
confirmed as a result of the simulation that the measurement
error (a count value (measurement value)) linearly changes
in accordance with the change in the Z-position also in the
case where the yawing is changed.

20 In the following description, for the sake of
simplification of the explanation, it is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount 6x, the vawing amount 6z,
and the Z-position z of wafer stage WST that shows a measurement

25 error Ay, as is expressed in the following equation (10}, is
computed and stored in memory 34. Further, it is assumed that
regarding the X heads of each X encoder, a mathematical

function with the rolling amount 8y, the yawing amount 6z,

and the Z-position z of wafer stage WST that shows a measurement



94 scal e 39X has unevenness (including inclination), the influence
of unevenness on the neasurenent values is different by each head due
to the difference in the inclinations, as is obvious fromthe fact
that AXA is not equal to AXA(AXAAAXA) 5 in FIG 14. Accordingly, in
order to elimnate the difference in the influence, the unevenness of
t he surface of scale 39X needs to be obtagped beforehand. The
unevenness of the surface of scale 39X may be neasured using a
measur enent devi ce ot her than the encoder such as the Z sensor
descri bed aboverran it aphés restmaseeshin ddvufad powing hequateweniads, iss
defined by the gg UL enen resolutron of th§ measur enent device in
such a case. ore T Srdéd 8 PeR8EY e %he unevenness with high
accuracy, there |s Qs ili t CIS n

: DS BY DA SR A, P e o ot ©

costly sensor than a sensor ‘that I's’'requ

pur pose shoul d be ugeﬁ:a@rkheeé ,SBRFOL. gy (z-c) +RI4Sz-4) the (11)

enbodi nent, the nethod in which unevenness of the surfaces of the
scales is ﬁ%asured Usi et deoencodet iopst e i t'e€l denstenpl Byedordinate
Her ei nafter, met hod wi ||l be described. 20As is shown in the graph

(error charact% | 3BT S ﬁhﬁléFrEQGQFE&l%ﬁﬁmk?tﬁéﬁﬁéF|éh the ‘graph
characteristic he -ne reQen es f the encoder. (head
. }Elnqrﬁlet eI'|.|2é gﬁﬂ I:BTECE e @@:}l%tscrl édpgﬁ wrhere

accordance wt vel'rng  of stage

wi th respect t&@%&a@@%@@tn@@%téﬂé@c@ exigtes g%b}ﬁ o8 POl Rb ’cH the

Z-axis 25 direction, which is not sensitive to a tilt operation o
waf er stage WS RIGat 1Psthat pecwbitainpdi i tdle whsehthd e amaguaroemnt is
error of the encoder is zero regardless of the inclination angle of
waf er stag® WSThawgaf rfids pedert oo taraudyeplansechen Jtrtﬁom@ctrmn chnthse ¥

found by noving wafer stage WST sjm | arl 95 to the case of
acquiring the %t%gée S50 ?gﬁhhﬁﬁ b S0 PROEF r 8T & rPedtlilon ¢” denotes

i nformation deéczué%qgahgte  of @egg%earg_(&ﬁq%t %@%ﬁgﬁeés rttgeerdsetc%

be a peculiar point o e encod en the eration o
finding the peruldmy grebht sifiperfof @ bae anptridallit ¥hat is obtained

measur enment points on the scale, the shape (unevenness) of the
surface of thelschleecaan e obilaingdmount is changed in order to acquire
15 correction information of the X encoders, and “d” denotes a
Z-coordinate of a point where the straight lines intersect
in the graph similar to the one in FIG. 12 that is obtained
in the case the yawing amount is changed in order to acquire
correction information of the X encoders.
20 Incidentally, the measurement error Ay or Ax shows the
degree in which the position of wafer stage WST in a
non-measurement direction (e.g. the 6x direction, or the 8y
direction, the 6z direction and the Z-axis direction) of the
Y encoder or the X-encoder affects the measurement value of
25 the Y encoder or the X-encoder, and accordingly, in the
following description, the measurement error Ay or Ax is
referred to as a stage-position—-attributable error, and since

the stage-position-attributable error can be used without

change as correction information, the correction information



(a) Accordingly, first of all, main controller 20 drives wafer stage
WST via stage drive system 124 while nonitoring 10 the neasurenent
values of Y interferoneter 16, X interferoneter 126 and Z
interferoneters 43A and 43B of interferoneter system 118, and, as is
shown in FIG 15, nmekes an arbitrary Y head of head unit 62A, for
exanple, Y head 64A2 in FIG 15 face the ygcinity of the end portion
of Y scale 15 39Y1 on the +Y side. Then, main controller 20 changes
the pitching amount (Ox rotation am)unt) of wafer stage WST in at

| east two stepssafeiPareddst taoFtizgernesstivnaat eindrble—eneor
above-descri bed nanner , and. every tinme when the pitching anobunt is
changed, main S3htForieE: Jfbfosrcr,‘}?r% °Prroves) wafer stage 20 WBT in a
predet er mi ned strok i i t

a detection |ight f?%ém eléa?i %ﬁggget ?ég’%sg 1Jl(rﬁeaal\é\gsr(!érgnsén t%% ﬁ é@%f
Y scal e 39Y1 itha @tcai@mﬁb@ttahelauytcswlelcqfde\éafq@fh%wegez-%]isaén& hﬂtl
point intinme is maintained, and perforns sanpling of nmeasurenent
results of 3 h@édtmmtz&l(r@w@@mtmmethallirapesno\ﬁr&cahd 8B¥1lyawing
during the scanning (npvenent). Incidentally, the above-described
sanpling is pe?fot d:’malf@rt ﬁéaﬁﬁmﬁﬁ ARDUFRT Qrarfd tilfeoPBlPRagirom the

t f f i ned, at z
control lor 20 SHaragS (200l TL BeBeERaris BPple) EREmAR proent qipor
FIG 12) at th@fwlty BEECHBAYERTBBEAPA A e %a@nf&@%&sé% %he attitude
accordance with the Z-position of wafer stage WoT with r to

each of a plurafitafeaf tablliet wUBsis hptpeibpbBragta qgaadet @ﬁlﬁl ﬂﬁdaéi;uaj_
conput ati on based on results of the sanpling, and assumes an
i ntersect it¥y p%hwnealtsumm@ﬁtaezpmw alfi tiye ehcrkderets motcheractvem shisich
curves inter sect t hat %132@ oi nt t whi ch neasurenent error of

I

encoder 70A is® $8F6- reﬁéﬂr uﬁehé PP R4t SoRt angFe! PCJS’T 3\%’11@@01 39Y;
stage VBT wit h{@spatlaild B XndOsptane,asgs ng%” @' RN BLLhe

subj ect measurenent polnt, s 0SITion |n h z1

(refer to Fl(irdﬁgwléﬂt1§Bét@eQbeaér@0h@E ideal plan@g)ahﬁxﬁav83é6he
controller 20 perforns step novenent of wafer stage WST

pr edet er mi ned whastemeEss.n When Hheadier estmmérﬁneaaaost‘a}gae sd:rnf\aeesyﬁf &Ne
124 with the pitchi ng anount and the rolling anount of wafer stage
WST mai nt aPnedS GRSl E0 i MerfvHidEitey the didisarbhenyresingsswifage,

ocerterometer, 16 AL EL B AR NG S Y SRR B3 A

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 66R and 66B measure a plurality of
measurement points P; and P, on the same scale 39X, if the
inclinations of the optical axes of the plurality of heads

66A and 66B are different from each other and the surface of



interferoneter system 118. This step novenment is perforned 20 at a

| ow speed at a level in which the neasurenent error of the
interferoneters due to air fluctuations can be ignored. (c)
Then, at the position after the step novenent, Z-position infornmation
zp (in this case, p=2) of a peculiar point of encoder 70A at the
position is obtained, simlarly 25 to thegabove-described (a).

After that, main controller 20 obtains Z-position information zp
(p=2, 3, i f K, %@at a plurality (e.g. (n-1) nunmber) of neasurenent
poi nts that ar 863 é?d@tvgnﬁﬁﬁéd(éngl@@wqulh@a‘uams the

di t Y; 39Y by repea erforn ng._operatipns
G ar o t he SEREChF i veches S L RS B S rage 8 g OB i P Brrent

i nformation Z'beein“Hégd‘Hhep%bnéh@tdinefé%F%?%%?%{% %l?géglons, as

.obtained in the nmanner 5 descri bed above

z-posi tion infos eaviQuszkreh t'?hep%ﬁﬁb Bha PR Al ok NeG kI LBAGUS mﬂk
poi nt. (d) Then, main controller 20 obtains unevenness of " t

surface of 5 staFEG39Ml. basedrdinZlpodntomwien hd @limtinahezihe «Zﬂfferzemce

of the peculiar point obtained for each of the 10 plurality of
measur enent pothit$e ABTIUCRRBwTI% UppEen8Es Théhengubfaeaef scale 39X

Lo headed a1 L0 W SALSRE BRTLLLATLP et IEcRESUL A P
with a predet einad Galdemld 6k nd ddiba fuft ¥6thd bifed fAlenkOR MR e
t he ot her end of each

other than the encoder such as the Z sensor described above,

10 but the measurement accuracy of the unevenness is defined by
the measurement resolution of the measurement device in such
a case. Therefore, in order to measure the unevenness with
high accuracy, there is a possibility that a higher-precision
and more costly sensor than a sensor that is required for the

15 original purpose should be used as the 7 sensor.

Thus, in the embodiment, the method in which unevenness
of the surfaces of the scales is measured using the encoder
system itself is employed. Hereinafter, the method will be
described.

20 As 1s 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 WST, that is, a peculiar point at which the measurement
error of the encoder is zero regardless of the inclination

angle of wafer stage WST with respect to the XY plane. When

this point can be found by moving wafer stage WST similarly



15 two- headed arrow i ndi cates the surface shape (unevenness) of Y
scal e 39Y1. Accordingly, main.controller 20 obtains a nmathemati cal
function z=f1(y) that denotes the unevenness, by perform ng
curve-fitting (the | east squares approxi mation) of the point of the
ot her end of each two-headed arrow, and 20 stores it in nmenory 34.
Incidentally, "y" denotes a Y-coordinate g wafer stage WST neasured
by Y interferoneter 16. (e) Main controller 20 severally
obtains a mat hermatical function z=f2(Y) that denotes the unevenness
of Y scal e 39YP0 PiEe 388 Hhedadiringngbbon z=gi (x) that denotes the
unevenness of scal e 39X1, and g mat E«imati cal function z=g2(x) that
denot es the un2V2FHERRS LR GATePEGRE1eaRPT QY rUT e AifkerBRy ey,
I ncidental ly, 5jX& - i_nate_ t.age WST measured
by X interfer ocriréé?cer 12 .ea%og%’xtﬁgogo r%r te‘?n?gs\i\ﬁg{rloer{o)bf%ggnig%gastsﬁlg%r?%?De

characteristicagaafil@ebeinttoFlthe d2kodesHdREd RROYE RS oBREAtion of
measurenent point on each scale, in the case the error characteristic

curve in wHi chfindieas whergrdcudriear pbsntohst pet f grmeet doregaptihessitof &
t he change in Z-position is obtained, the pitching amunt of wafer
stage WST wherPtBTemeRy AAiDtsr oBr thRasaeter ihd chemeyduneverrepHd oL
to an inclinatji,on amunt of . the scale surface at the neasurenent

poi nt. Accor di Ayt y> o né?%eoﬁreflh‘r?oﬁcﬁ GvE3Ti it o‘?}?ﬁﬁjir&‘ii'on inclination
at each neasurement ngi At-HRYi @ SL %Qr%’ﬁo‘fbilg.',nﬁgih %oﬁggbﬁ.}i‘g?]ﬁoodrives
y g so, the fit

information on height of the scal’e surface. ol n ting

wi th higher aceaffacyteare BeTpefd astmebk drivhesgetae-1Td4 Whagedeseltded g
above. In the neantine, the scale of the encoder | acks nechani cal
| ong-t er mit abihe efmranentr vaduns sfich hstdsfaimimeteat L6 Bf a

diffraction grating due to thermal expansion and the like with | apse
of the oper at i HYf §597F O SFartifaPlgr 2 eht T 365 LIRS 5o 4BReapft 8B AL a

0119001 on S Al ke RO o SH1G8 LIRSHLOL LIS AL DS, e
operating tinNean arbitrary Y head of head unit 62a, for example, Y head 644,
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 (Ex 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 ¥ head 64,; to a
subject measurement point of ¥ scale 39Y; in a state where the
attitude of wafer stage WST at that point in time ismaintained,
and performs sampling of measurement results of Y head 64,
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 i1s maintained at zero.

Then, main controller 20 obtains the error



20 the error needs to be corrected. In the follow ng description, an
acqui sition operation of acquiring correction information of grating
pitch and correction information of grating defornmation of a scale
performed in exposure apparatus 100 in the enbodi nent will be

expl ai ned based on FIG 17. 25In FIG 17, measurenment beans B4l and
B42 are symetrically placed with respectggo straight |line LV

descri bed above, and actual neasurenent axes of Y interferoneter 16
coincide with straight line LV paral lel to the Y-axis direction that
passes t hroughthaeaepereatiaaurvst (redepr bpeEif onlDptatches pubaacPL.
Therefore, Y interferoneter 16 0%21 measure_t he, Y-position of wafer

tabl e WIB wi t HOTTSAEHECRr RN SInengPAsT ARASIR rd&é’&ﬁswé?;? &

B52 are symetgically eghmt Jine L
descri bed above, ]Sanid %1% ﬁ%n%ée&rsret %t ﬁgge‘gl%i % er fter 8%8 136
coinci de with slugdUhtyldmnerdd hateal | Bl ﬁ)@ﬂ@ﬁﬂ&@’% %r@d‘é%%frin@ﬂe&hat
passes through the optical axis of projection optical systemP

Ther ef ore, X | eerpieriohet dastdbor are sTEASULE tHee sXmphshty) crmd)hswafnes an
table WIB wi t hout Abbe 10 errors. First, an acquisition
operation of abfé]*tﬁ?f'r?fgtjé“& Reitorti WhdERnei BHAETLider oF boRTEPTgr i d

| forid  of the X d t f or mat
of grating pi 1 RCHCTHEL S APV aP | 1 e BEaT al WG L ok BF oY FECTg

surface 15 17bydss@SSiHmRd éﬁotleo%“ehéea% rPYEDe s TR be %?Eﬁegé of the

sinplification of the description. Furt it assung

to the acqui siinanoperat i:orlet BE whpye- si%@@wsedwmaws@&ﬂt t@fthe x'r
unevenness i nformati on of the surface of each scal e has been

per f or ned,10andpane et Repachdabr frmictt et 2Bezsfidiegt ttthatsudeman’espajhﬂz,
unevenness of Y ﬁl e 39Y1, the mathematical function z=f2(Y) t

denotes the un%‘?/ii.ﬁ @Eso%?alf‘%éansB@W lpﬁérﬁﬁFh%&ﬂl%feﬁu%tE‘IGn 1éA)

z=gi (x) that den SNGss of X scale 39X1, and the
mat hemat i cal fun ?i% that "denotes the unevenness of X scale
39X2 have been b) Next, main controller 20 performs step movement of

wafer stage WST by a predetermined distance in the +Y direction
15 wvia 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, ...... T k, .oo.n. 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;



25 stored in nenory 34. First of all, main controller 20 reads
t he mat hematical function z=f1(Y), the mathematical function z=f2(Y),
the mat hematical function z=gl(x) and the mathematical function
z=g2(x) stored in nmenory 34 into the internal nmenory. 100

Next, main controller 20 noves wafer stage WST, for exanple, in at

| east one direction of the +Y direction agg -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 -term f | uBY ARG S5 %t RET Ferdine m@erafarne vinamterthe ehever (b)
16 can be ignogg? ?ng wi th the neasurenent value of X interferoneter
126 being fixe 0'% predeterm ned value, in a state where all the
pitching amount, th | ligRo - ; i munt .
mai nt ai ned 10 at zeﬁgﬂ%aég 3n tﬁggégggﬁﬁgﬁe%ﬁﬂ%a Jg§9521§ﬁ€%'pecullar

i nterferonet erpdbnangt AhatEP i RERiicnt42A1a8dod8BindNr it Hh@anner
novenment, while correcting the neasurenent val ues (outputs) of Y

| i near encdder@eTOnked SVOrassiang EFHE . mhb® et € @ -Hamictlibonsnfctigton
and z=f2(y) respectively, main controller 2Q,loads the 15 neasurenent

val ues after tfe %ofr E8GUGH2ENACLAR Heashf dherdteasiiipmends peint.

interferonmeter 16 (tg;b re accurate he asurenent_val ues of
nmeasur enent beans B4 )aﬁgggd a%ﬁ(¥ﬁ%58%é?ﬁﬁﬁ23%§5ﬁﬁﬁﬂﬁ??ﬁﬂ%ﬁ%ﬁ?£Fhe
and obtains a g@tedddnh et ween ot BEYMASYLURNE Yok Uesor?fintdridedbn z,,
encoders 70A and 20 70C (the measurenent val ue corresponding to a

val ue obt ai nedzhy .assignfgthBepodt Pidr AfoitNCRBRLIARA EOrt&&ch of the
mat hemati cal function fl(y), and the neasurenent val ue correspondi ng

to a val uelobtRtyeal iy afsiepiurpmens RrAPLd- ofsarebeyn 20CFi®. {68, one

mat hemati cal function f2( and t he neasurenent val ues of Y 25
i nterferonet erericg.Of‘?'ﬁSF%i \E/‘?‘%T}?\e?qﬁcg g et a g icatePof TRES g on 2Zp of

obt ains the grati bt el i Jid_lines f
P sel'es dovi oidB9gBYLER At 2L AAER OPLNE LAY ARERE drte ol Tl
62A and 620 acz®y,di BOmé&e tthe coBvierBBtwOih Wabekast g T da?REh line, so

correction information of the grating

that a curved line that connects the other end of each

15 two-headed arrow indicates the surface shape (unevenness) of
Y scale 39Y:. Accordingly, main controller 20 obtains a
mathematical function z=f;(y) that denotes the unevenness, by
performing curve-fitting (the least squares approximation)
of the point of the other end of each two-headed arrow, and

20 stores it in memory 34. Incidentally, “y” denotes a
Y~coordinate of wafer stage WST measured by ¥ interferometer
lo.

(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=gz(x) that
denotes the unevenness of X scale 39X;, and stores them in

memory 34. Incidentally, “x” denotes an X-coordinate of wafer

stage WST measured by ¥ interferometer 126.



101 pitch. As the correction information of the grating pitch, for
exanple, a correction map that shows a rel ati on between both the
measurenment values in a curved line in the case a horizontal axis

i ndi cates the neasurenent value of the 5 interferoneter and a

vertical axis indicates the neasurenent values of the encoders (the
measur ement val ues in which the error cauggd by the unevenness of the
scal e has been corrected) , or the |like can be obtained. The
measurenent values of Y interferoneter 16 in this case are obtai ned
when scanni ng waf er HorsirpgehesTobtainnetheesekyr | dverspeedidescr tlede
above, and therefore, i an ge t hought that the neasurenent val ues
are accurate véFﬁggriﬁP Cehl et 1S i eled PYFd Péd © 2 BB CIRASBI HRFIE IS NP 9L B
| ong-term fl uc i rLar t hort-termfluctuation error .
caused by air %Fﬁ%étcggtsi%gr%'o?}ft%}gé I%%F?% glflee efgoﬁag}a?f/a?E%‘Tij'dtéd: CHE Y fieth
measurenent vakWesh a measuddMddiClor B4 § 804N AROME-A83CHEREd1ess of
novenment of wafer stage WST, main controller 20 perforns a

stati stical® processhange fior Zepasit Byn dweolhigh Nged,othpep f ©EM MY amount of
wei ght ed averagi ng of) the measurenent val ues obtained froma
plurality 20 of25€héiagedt brhaeabtannisgshd sanr@chahectenistic curve

sequenti al | | aced facing X scal es, 39X1 and 39X2 (the neasurement
vaﬂues of Xyl P%%Jé‘?esé%%rb%ﬂergcé’ %681%%&%)0%6@8?16? tBet frfvEneAte at

thereby also opfaifddu, SOfdRCHAR T AL dfﬂﬁlgﬁquggé ur%ﬁ??éygﬁégfr

of grid lines 37 that have sequentially tace

heads 66. Thi sinSohecaise ohhinhsaire tildi £t RA cpahd L5y i ﬁo{@tpﬁayeéiﬂéb
appear in the process where wafer stage WST is noved in the +Y
directionlér tle cbradinedcin enidin itthet ¢cdgsg orefitéonionheighacet thb ssale
an ideal plane, and therefore, correction information of deformation
(warp) of 1025WF5aF%indY 891RBatondhe Ld&héngiwiily righes ppeuracy can

e o R R IR PL e P D B B aglne e
like. 5lncidentallyry RHeN@eldstahesatRe ' &d REIORNIULEREReL TPacks
mechanical long-term stability for the reasons such as
15 deformation of a diffraction grating due to thermal expansion
and the like with lapse of the operating time, or partial or
entire change in the pitch of a diffraction grating.
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. 1In 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



is not an ideal plane, the unevenness (bending) of the reflection
surface is neasured and correction data of the bending is obtained in
advance. Then, on novenent of wafer stage WST in the +Y direction or
the -Y direction, wafer stage 10 WST nay accurately be noved in the
Y-axis direction by noving wafer stage WST in the +Y direction or the
-Y direction while controlling the X-posigd on of wafer stage WST
based on the correction data instead of fixing the neasurenent val ue
of Xinterferoneter 126 to a predeterm ned val ue. Thus, 15 correction
i nformati on of PERIRGHPHPPERCRE styisteN-Roal Beersionor Kdottiegrferometer 16

i nformation of deformation marg) of,%%id lines 37 can _be obtained in
the same manneT2A"HFeLES 518G ApB0ETHPRI Herttahiary takdasHFBnehEh et fbbe

acquired by a plur it?chgF%gc%?gad%eaG?Gmiesme%l_Fg?)%Igﬁgaggbﬁar%# ié?) basi s of

different areas on 20 re h 'surtace Re?5€ heads

66 neasures dedgineldin104apRhcel LhenspoBait dd isReaighd 1hgsefpre,

there is also an incidental effect that the residual error after warp
correcti onbof démcridfddecthioor,sanflaaetusl averagethenG B&eappfroxi Nnate to
the true val ue by the averagi ng descri bed above 25 and the like (in

ot her words, twqwqw@@rofmgh@oé«mbdq?ééiitdmtr@rigbfa &ane bleH rieaiiaddel

g ey WS RSP SRy TR0 i Bttt 0%
acquired by rur : : . ] ]
operation of acfyeb}og: £oK LBELAN o i P OLRLLEB,8F L OLIALI B+ A
grid lines (warp of“grid lines) of e Y scal'e and cofrection

i nformation oflyy abhnged¥drehtBé H-hesXtsealsr whktraplesers Rednout Abbe
Herein, reflection surface 17a is assuned to be an ideal plane, for

the sake @P 5 esingsis.fication of the description. In this case, the
process that needs to be perforned is the correction described above
with the X-axis dir&FSén FnBCTLhR} sl PreFablen AL rcEFgeg correction

™ " LIS 5P SRl BTo 2308 B (BRCEIBL S 1)
the effective ¢t role x 3R4eAERE" EDEF APANE i Bl rRak QWnSHEE féggﬁﬁlﬁ?@%h

in which short-termfluctuation of the nmeasurenent value ©

i nterferonet erofl2hecanchtei gl &¢ ensl mirtdy.t hBe fRAsSUreTRBELVah U 1T c¥
interferoneter 16 being fixed to a predeterm ned value, in a state
where al | 1bhe U gist @sishgednbanbe ahelderl iMdgngnodor &hd sake yafvi ng
anount are nmaintained at ,zero _based on the neasurenent val ues of X

i nt er f er onet erS{3 1Akt oPt 8F ohBE e e AR W 92 i nFRFFRSDnElterls 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=f1(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 39%;, and the mathematical function
Z=g; (%) that denotes the unevenness of X scale 39¥; have been
25 stored in memory 34.
First of all, main controller 20 reads the mathematical
function z=f;(y), the mathematical function z=f,(y), the
mathematical function z=g;{x) and the mathematical function

z=gy(X) stored in memory 34 intc the internal memory.



43A and 43B. During the novenent, while correcting the neasurenent
val ues of X linear encoders 70B and 70D using the 20 mat hemati cal
functions z=gl (x) and z=g2(x) respectively, main controller 20 |oads
t he measurement val ues after the correction and the neasurenent
values of X interferoneter 126 at predeterm ned sanpling intervals,
and obtains a relation between the nmeasuriggent val ues of X |inear
encoders 70B and 25 70D (the neasurenent val ue corresponding to a

val ue obt ai ned by assigning the output of encoder 70B to the

mat hemat i cal functi SR/ MR1naR@rtRelhehastt aiRs Walfes ebreeshohdi iRy

t | bt g p i,gni th t put, of 0D, t h
mt hemat | cal foReRe sy o B s PRe HLEehs R i hR L g1 Rt Gy and
interferoneter-¢26 reMalbn, Sasi s i JRRACHy a{@é{%asgg‘néﬁglé"gringIG 17,

obtains the grating pitch (a distance between a ent gri i nes) ‘of
X scal es 39X1 ahth39Xhe heif caitd veegquenks atdngd|daedibaal pgeheads Ly ta
62B and 62D according to the novenent of 5 wafer stage WST, and
correction d nfarmt pBRedfat Relgyvel ilngwhick ehoas tthemchiuantdtaon of the
i nformation of the ratingaﬁitch, for exanple, a correction nmap that

shows a rel ati®B?fs T tHet ﬁé_%ﬁé‘sﬁﬁr«;ﬁéﬁfﬂWﬁFU%@ Ga1 Reciippered iand
|0 the case a baf £Q0Ala AN LALLS e IBAPUL SIBIN, YAEUE (8L L1124
10 interferometer and a vertical  axis Ihadi Cafes The Heasuf ement:

val ues of the encOFREIetermiRedl tXkeu€an Pa obhal npthrelhe 1MBAS US SN
values of X interferonmeter 126 in this case are obtai ned when

scanni ng waf eramtwage W ratlltihg asduneneid/ thowaspegdrdestrd teeda aboasmed
and therefore, it can be thought that 15 the neasurenment values are
accur at e V& ueat izfLsharedr portkamass urgmentdvabeenfe Ynortopfsrapneter

|l ong-term fluciuation error_but al so hort-termfluctuatjon error
cauged by ai lrJ H;jt?éllt%gti'%m%r%‘?g‘:ﬁr?%q@k% r%n%éj‘é 'y |Er)*gti3ﬁ’cl§;e PriteyRment,

measur ement vajpies. c2QFUEL Eﬁ? ’tet%“éiagguf‘%}gerrﬂng%fagg S(.%ﬁlitpggf oy ey Qfr

waf er stage WST, main controfll per a stati st

processing, fosnexim @onaarel a0CNgs {1y tRemLHEmE 1\Wal ghleet oMy agiN\g)
of ) the neasurenent val ues obtained froma plurality of Y heads 64 of

head units 62/AmEhdEE2Cyt haespeet Seguentmadln yopSrplaerd2$ abdaris Yhe
scal es 39Y1L and 39Y2 (the neasurepent values of Y |linear encoders 70A
and 70C) dccortfatfuedertie VAbEReRtt o] Héite By T LS B ObtHIchitRE BoR FeRamest

'82];8;2?;[ ;Fryoixa%_g%eos{ % i r:]m Vé@:'f%%or?lgtgg 96 ! itnoesoe?’?notr%agcg%\fgte, the
measurement values of measurement beams B4. and B4,) at
predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encoders 70A and

20 70C (the measurement value corresponding to a value obtained
by assigning the output of encoder 70A to the mathematical
function fi(y), and the measurement value corresponding to a
value obtained by assigning the output of encoder 70C to the
mathematical function f,(v)} 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



plurality of Y heads 64. This is because the same blurring 105
pattern should repeatedly appear in the process where wafer stage WST
is noved in the +X direction or the -X direction in the case
reflection surface 17a is an ideal plane, and therefore, correction
information of deformation (warp) of 5 grid Iines 38 that have
sequentially faced the plurality of Y heags 64 can be accurately
obt ai ned by averagi ng the neasurenent data acquired by the plurality
of Y heads 64, or the like. Incidentally, in the usual case
reflection suerE@h17@51Ghﬁscﬁ6¥e%ﬁﬂmﬁé@ﬁoﬁméﬁéont%%THﬁ%Géﬁhésg pitch,
(bendi ng) of tge reflection surface,is neasgred and corrﬁctlon dat a

of the bendi ng s GH& da|ﬁ°559%5%%plﬁﬂ%ﬁ aGnShgR feke18F 1R Retween
stage WeT in tf tﬁo%ﬂ%(ﬁﬁgé ttbgluéédiﬁe§té edM¥Egr %&agﬁevg%se a
n t y MoV

may accurately e nove aX|s rectlon

stage WST in theriomtdeciion lelrdlt;aeesxtﬂé r 64 4 0fenii a—aqget pel thag
the Y-position of wafer stage WST based on the correction data

i nst ead of JFi xingerferomedsur endre veatdeadfaddd nhdifetemather méSstoergent

pr edet er mi ned value Thus, correction information of grating pitch of
the X-scal es af@l %3 étfr F@@t PBROFRFDr S B8R aEERE FHRLURS G%a?’b}c}é)fthe

d | 38, _whi t hose d bed ab
S b efieﬁ%'??ﬁwéﬁ"%%%mm% )

correction infgrnald Ol”_U&af c%rr@tb'e”QbIEhEﬁQdOf Ttl—féem\éa%%ﬁén@”@'aﬁ?es o

correction informati on of deformation (warp) of grid lines 37, an

correction i nf bt fexroneft egr b LAGHlist €ds0biré hﬁtxlﬁéalwel&nas’u‘hnnlng wafer
correction informati on of deformation (warp) of grid lines 38 at each
predet er milted $tagndiSE Gt Sharskérenelh e perged dlasiseiheddaharer aid

each lot, or t e |I#
erefore, it can be thought that the measurement values are

accurate values in which error can be ignored, because not

only a long-term fluctuation error but also a short-term

fluctuation error caused by air fluctuations or the like are
15 Thardly included in the measurement values.

Further, during the above-described movement of wafer
stage WST, main controller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained froma plurality

20 of X heads 66 of head units 62B and 62D that are sequentially
placed facing X scales 39¥%; and 39¥; (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



106 Then, during the process of a lot or the like, while
correcting the neasurenent val ues obtained fromhead units 62A and
62C (i.e. the neasurenent val ues of encoders 70A and 70C) based on
the correction information of grating pitch and 5 the correction
information of deformation (warp) of grid |ines 36 and based on
stage-position-attributable-error correctjiggn i nformation in
accordance with the Z position z, the pitching anount ex and the

yawi ng anount ez of wafer stage WST that are neasured by

i nterferoneterd¥y3tLrheEiE’ Hrh kave rsiduentiel2n preddruhe pdvesthty of

control of wafegr, stage T in the Y-axis directiop using Y scales
30V1 and 39v2 SCHIR® LT B2 ACGHI 68 Y ?%%11?%41 by BVrEafiBHcbRRr s

70A and 70C. Wihothis. aperati ' 0 passiqhl rf
novenent contr ol % water st agge%#}?tg% th%- axl’s lg‘ltsle%?i}g%eﬁ Sgbﬁf gchr
accuracy 15 usthg Mikdnhear encoders 70A and 70C wit hout being

af fected by change over tine in grating pitch of the Y scales and
war p of each gratindgndiidestaddyst it uthiengstak cdsecat£ssctansh wiutrfaae 17b
being affected, by the change in the position of wafer stage WST in
non- measur enentS ditte@n orelt e angl athoeunetsHir 0 (henddag)t RE Head
and the scale ] he .non- measurenent directions). , _Further
during the pro%é;fs}ée% e Isé‘ltr%(s) “St hE WF?@?r‘@\%i? C?ccoor]ir&,cttilﬁlj‘ HﬁEa of the
measur enent vabaes:i Qbtiad 884 af hem DeathHhids 6? AN '

measur enent val ues Ig%)lencodgrs 70B and 25 70D ﬁ%aseﬁ%ﬁ"%h'gﬁt bfSater
correction inforagt Wel Di theaty By rpktebnadthBe-CaLreeti O, wafer stage

i nformation of deformation (warp) of grid lines

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
X interferometer 126 to a predetermined value. Thus,

15 correction information of grating pitch of the Y-scales and
correction information of deformation (warp) of grid lines
37 can be obtained in the same manner as described above.
Incidentally, measurement data acquired by a plurality of X
heads 66 1s 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 (inother 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



37 and based on stage-position-attributable-error correction
information in accordance with the Z position z, the rolling anount
Gy and the yawi ng anount Gz of wafer stage WST that 107 are neasured
by interferoneter system 118, main controller 20 perforns novenent
control of wafer stage WBT in the X-axis direction using X scal es
39X1 and 39X2 and head units 62B and 62D,jgkhat is, X |inear encoders
70B and 70D. Wth this 5 operation, it becones possible to perform
moverment control of wafer stage WST in the X-axis direction with high
accuracy usi nglXPFRlat o REFdRFQI RIS canet 7D AWttt (WeaPnef affidel brees)
by change over _ti i rating pitch of.the X scales and warp,. of eac
grating (line) O%oﬁ?ifu%%‘get & gosEgFeion WG 24 BERRYn9 Pitc

affected by therahangesddid He1pg: PEQErPEe&YaT %rggf}a:re\éﬁ dtlon surface

non- neasurenent directions (the relative notion en the head an
the scale in theanbsn-aeaswerm@nbedaheciéNSpladdicimdent-akl ¥akknothe
description above, correction 15 information of grating pitch and
grid |ine Varpsimplf beatbequif ddief despotitioi .t hén thscatase artdhet preodéss
scal es. However, tr}ie present invention js not limted to this, and

t

correction infofda SoF O R AFeRE OPTER H- Bt FPEF ¢ ¢ iHEPTWEeS Cirabeg eabove
acquired for g r..ane_of.fhe Y scal es _the_X,scales, or th
correction ZOeLiJint_fk%rtrlr]%t?o%L%# dgirfaﬁgrloanaen 05{ §Faf i M 551 EOR ?)Pt‘tffﬁ‘%barfqeﬁjé
warp may be acquiredrar 1Botia oY ts681 88 ANPGRS I BCRIES G FRET, for
exanple, in the case only correction information of warp of grid

| i nes 37 of thexafysieyl eis) iax dequtr efde abfertisirngs WhE mEYBEr&®vesh idhd
the Y-axis direction based on the neasurenment 25 values of Y |inear

encoders ZPA amfldipechiehsdthiaddseifegting agrake nesgt slemratibedihove,
Simlarly, for exaq‘glge%?i n.the case only correction information of

warp of grid 13 hés .e?%_é-“tYas. el s WREGh FRert heray fipghuatimn of
maybe nmoved incidg e Xs@tRelrEollL R PRS8H It LNGTRASHY erRNT bga.{d’]neosred

of X linear
and with the measurement value of Y interferometer 16 being

fixed to a predetermined value, in a state where all the
15 pitching amount, the rolling amount and the vawing amount are
maintained at zero based on the measurement values of X
interferometer 126, Y interferometer 16 and 2 interferometers
43A and 43B. During the movement, while correcting the
measurement values of X linear encoders 70B and 70D using the
20 mathematical functions z=qg;(x) and z=g;{x) respectively, main
controller 20 loads the measurement values after the
correction and the measurement values of X interferometer 126
at predetermined sampling intervals, and obtains a relation
between the measurement values of X linear encoders 70B and
25 70D (the measurement value corresponding to a value obtained
by assigning the output of encoder 70B to the mathematical
function g;(x}, 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



108 encoders 70B and 70D wi t hout necessarily using X interferoneter
126. Further, only either one of the stage-position-attributable
error described above and a neasurenent error of the encoder that
occurs due to the scales 5 (such as the flatness of the grating
surface and/or a formation error of the grating (including pitch
error, grid line warp and the like) ) (hepginafter, also referred to
as a scale-attributable error) nay be conpensated. Next, a parallel
processi ng operation using wafer stage 10 WST and neasurenment stage
MST in exposur&neppiezanaternd2ef tHatehbodinnemts mahhebe mpdgcepperpller

based FI GS.,18 .31. I ncidentally, duri th ti d i bed

el ow, el n CoP PRI S DRF F bTTE RAEER: (o LF6eR TR, PREHEPBIACHs SBaEIFs Lo
ow, main coft PG PEP=IS Fopefi | FBI= |

15 [ Tquid i ot Sron devi o B T dee PR el I AR5l s iR

directly bel owtd¢ind ensad Shiels prej 8641 92D AdHRAi ngY $beFhBLmbSement of
constantly filled wmth water. However, description regarding control

of liquid suppbyfeevsicags WTd bBnducdrrecoler yirderimae 16nwokEl the grating
omtted in the follow ng description, in order 20 to nmake the .
description ea@t¥SRundér shancRBIRCt M dREprmehten A dRiengratiedipitich

di th ti i1l b d i d i t th
Fefor ence codd bl AT e FBRBETS I SoGnbHAE) H Lt AFARENGE Breen
not shown in theptdhes n@a%‘@r‘%&%ntu}gﬁ.ué@iryhecr e ﬁﬁef:?geﬁh%%g

are different 25 in each of the draw ngs, but these draw ngs s

sane confi gur aidminedregar Hxdss ialiextss efite ¥aNRmeXtstance of the
ref erence codes. The sane is true also in each of the draw ngs used
in the deddri piitar tdnpmeter ard BB vehbhsal astist tndher e epesneasimen®nt
st ep- and- scan 09 nethaod is being performed to wafer W(in this
case, to be a YAHS&i%Er W &7CEFEAPN PHt LRV H0Ca8oREaPRERNSS: 0 NS0

wafers), as a 0 fer st AL i i.nt .in_tipe
mensur birent oo A Valb8 of FURcREFarehe Ok A bl el are

col lision w thowafalestas ¥SInhsn w@ﬁ%dstagé wdr the terbadi pERL1y 1ow
nmeasurenment stage MST is noving foll owi ng wafer stage WST while

keepi ng a pr edaiesrdridesd rdbstagicerdebneethéheforelhetetat dye theugntehat
di stance as the predeterm ned distance

15 the measurement values are accurate values in which error can
be ignored, because not only a long-term fluctuation error
but also a short-term fluctuation error caused by air
fluctuations or the like are hardly included in the measurement
values.

20 Further, during the above-described movement of wafer
stage WST, main controller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained froma plurality
of Y heads 64 of head units 62A and 62C that are sequentially

25 placed facing Y scales 39Y; and 39Y; (the measurement values
of ¥ linear encoders 70A and 70C} according to the movement,
thereby also obtaining correction information of deformation

(warp) of grid lines 38 that have sequentially faced the

plurality of Y heads 64. This is because the same blurring



descri bed above is sufficient as a noving distance of 10 neasurenent
stage MST that is needed when going into the contact state (or
proximty state) with wafer stage WST after the exposure ends.

During the exposure, main controller 20 controls the position
(including the ez rotation) within the XY plane of 15 wafer table WB
(waf er stage WST), based on the neasurengns val ues of at |east three
encoders out of two X heads 66 indicated by being circled in FIG 18
that face X scales 39X1 and 39X2 respectively (X encoders 70B and

700) and two YPREREZNGINING caPedtbylbedpnpay ol bdeiprddeds ¥8etrhavafer

face Y scal es Zg SQY% fnd 39Y2c{espe§tivel ,%Y encoders_ 70A and 70C)
and based on sPaETpBET t1DMMAG BBl LI BRCTHRT & ithe mKi OLRast bR

f h det i i - i d: i h i 10
or each enco ein(gﬂérggéé?%%%&l%z'ﬁﬁgfgggpf’sslﬁl Eaer;[ rlgjlel%i ﬁ%&éﬁ%a(n??&

or (11)) in accordance w e pi i'ng anoun

the yaw ng andyRérefdré NecdrRQtitdnONnebrARe ek &5 AW mABT ohNaladhf of
nmeasured by interferoneter system 118, and based on correction

i nformati orP of ggidtl e pidbclihandhaos rectuemt inhfigr fatedrihef pparploty of
grid lines of each scale. Further, main controller 20 controls the
position in thé Deagssbdi¢atticorceasatehi chtabred ioh aveskling) thad
the Ox rotation_ 110 itchin of fer table WB, based.on the
neasur enent va %aeiuﬁ?m%r?% aﬂ:aogz:%uqs]é%\@(?rystf?ﬂlﬁ’l%‘?dllfﬁf? Lieadspghr or
of Z sensors 7619 apg, 7629 that respectively face the end portions on
one side and the other side in the X-axis direction of the wafer 5

table WIB surface (Vimtiale®a3d¥] andhaON2uad dae eaboskt®it burface 17a
Incidentalh%, the position in the Z-axis direction and the Gy
|

rotation (¥l |ipgobfamaidaalt plaaeWrBhaayngeemers ofHead ibgs edfohhe he
measur enent val ues of, Z sensors 741 and 742j, and 761q and 7620 _and
the ex rotati oFE¥PFtHIhPUiHRFend ScHREFBF FRPAD Jagestannt Hata of the

Teasur oment VahLesf 4% aRheONE! Slude | NrELANGY, GASBNCL0Ce vaser

control of the position in -axis directi

rotation of waieigd aaire; WVEBe(fRcUSeevshidgraanty QFrQEtm,e%a\éLr stage

during the exposure is perforned based on the results of the focus
mappi ng t hat WEST Iaypectorakel hekoneneaddnbyhé he-amilst d pod ¢ 1 A bFYiRdEIAG
described]%?rl$§gér£ng.fo%ggqin%hexggiﬁre gperation if performed by
mai n ge in the irection 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 inforfnation of grating pitch of the X scales
and correction information of deformation (warp) of grid lines

38 at each predetermined timing, for example, with respect

to the head wafer of each lot, or the like.



controller 20 repeating a noving operation between shots in which

waf er stage WST is noved to a scanning starting position 20
(accelerating starting position) for exposure of each shot area on
waf er Wbased on the result of wafer alignnment (e.g. Enhanced d obal
Alignment (EGA)) performed beforehand, the | atest baselines of
alignnent systens AL1 and AL21 to AL24, ang the |ike, and a scanning
exposure operation in which a 25 pattern forned on reticle Ris
transferred to each shot area by a scanni ng exposure nethod. .

I nci dental |y, the exPeur wpdicathenrdesess bedl above dirs tper Lokeedwhhle

a state where water js held in the space between tip lens 191 and .
waf er W FurtthFr?ﬁt”égp%%%r“ée%reﬁ‘F%nv? u?)%r‘ir’lbi'rarfé’tfq F *PRehgRdepnits

fromthe shot gon ang 62¢ {(i.e. the measurement values of encoders 702 and
70C) based on the correction information of grating pitch and
5 the correction information of deformation {warp) of grid lines
38 and based on stage-position-attributable-error correction
information in accordance with the Z position z, the pitching
amount ©x and the yawing amount 6z 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 70A 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 62D (i.e. the measurement values of encoders 70B and

25 70D) based on the correction information of grating pitch and
the correction information of deformation (warp) of grid lines
37 and based on stage-position-attributable-error correction
information in accordance with the Z position z, the rolling

amount 6y and the yawing amount 6z of wafer stage WST that



111 area located on the -Y side to the shot area |ocated on the +Y
side in FIG 18. Incidentally, the EGA nethod is disclosed in, for
exanple, the U S. Patent No. 4,780,617 and the |ike. Then, before the
| ast shot area on wafer Wis exposed, 5 main controller 20 noves
measur enent stage MST (neasurenent table Mrh) to the position shown
in FIG 19 by controlling stage drive systiggm 124 based on the
measurenment value of Y interferonmeter 18 while maintaining the

measur enent value of Xinterferometer 130 to a constant value. At this
point in 10 tifAEe PERSWErRH St fladersarehetely systennfll@D main4eontroller

(measur enent t?ﬁlgaﬁgé) and the end surface on the +Y side of wafer
table WIB are fh K RPY AR IroBtRa: . ©F HRT &t TS WSEhin the X~axis

noncont act st afier LBE o WdicSkAL &) PYod! S8 PLokERL Yo 0§ A 212EBLE g

nonitoring the measurenent ues er or

encoder that nBappresad hies,Y-0Xiinedr 86O HOBIE IQ1Y Ofgeachyfablgjand
separ ati ng neasur enent table MIB and wafer table WIB in the Y-axis

direction &t aodéstbhee dft dremomes300paibVafer strdgemMBdvandnt control
measur enent stage MST are set in the positional relation shown in
FIG 20 19 durPhg'abgiostires JISThardrhani-anis sfimectiat wioti gbheccuracy

d. to k t | | at
Subscquent |y, SE-14 SR eee 807%:%2 SIERRE Baine ahggoted
relation in th}@ é;% dieeclignsf [{; E%Eht@géﬁevg%c?él%s and warp

nmeasur ement tab mai n control tart an operation o

dri vi ng rreasur@fre;mtchsgﬁgelxﬁ@Tllmel) P@ons\ﬁldjdtaelbl oe ANgedl 9, Shar & stdut
operation of driving wafer stage WST toward unl oadi ng p05|t|on UP.

When theseloopeb%m@rﬁsff@r@eslt byt ede dhandee ienbbdi et Lareasuvefientstage
stage MST is mpved, only in the -Y direction, and wafer stage WST is
moved in the "ib 1% RN IEESOR CHRET- K BEFetttpn(the relative motion

between the head and the scale in the non-measurement
directions).
Incidentally, in the description above, correction
15 information of grating pitch and grid line warp is to be
acquired for both of the Y scales and the X scales. However,
the present invention is not limited to this, and correction
information of grating pitch and grid line warp may be acquired
for either one of the ¥ scales or the X scales, or the correction
20 information of either one of grating pitch or grid line warp
may be acguired for both the Y scales and the X scales. For
example, in the case only correction information of warp of
grid lines 37 of the X scales is acgquired, 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 X linear



When main controller 20 drives wafer stage WST and neasurenent stage
MST simul taneously as is described above, water that is held in the
space between tip lens 191 of 5 projection unit PD and wafer W (water
inliquid inmersion area 14 shown in FIG 20) sequentially noves from
wafer Wto plate 28, CD bar 46, and neasurenent table MIB, according
to novenent of wafer stage WST and neasunggent stage MST to the -Y
side. Incidentally, during the foregoing novenent, the contact 10
state (or proximty state) of wafer table WIB and neasurenent table
MIB i s maint ai RRECIEHEi tagld y/ ODFrEEhout semes saisitlat @singhk bef ore
water in liquid_] rsion ar 4 1s delivered fro late 28 to CD
bar 46. Furthe%?lcgﬁgflf‘lcé“ers]ﬁeart g'azsarlm TP GOT2Y, eﬁrﬁpﬁBCBH?r%ﬁ%@e 20
controls the pgsit.i . thi.n . I i i X
rotation) of vvg éeééfg%%’!eﬁl\%rga%}gﬁgﬁté(tﬁ%ge%%1%5@&%%21%38 and a
measur ement vahegsutdmddy eer8RGIIERS eAPBde FOGANHcdObs (@R0to the scales
stage-position-attributable-error correction information of encoders
70A, 708 ord 700sethredtiafhemmeys 84 tihe qraoirdaacefad¢ Antiier @i felmatgion
amount, the rolling 20 anmount and the yaw ng anount, and the
Z-position of GEFeF it &Ge UBTLinat (I usdagupibchyerinter peienbing warp
system 118, an or.r ecti.on i nformti of atin itch and
correction inf%?’%a 1|1‘C‘(‘)(rzlllo]?eqdr ?(gelrleﬁgggg?rth e di r.re@]éﬁ f8f8r stage

VBT and measur g5p1d. #aasNED13r 82851 Laneoslen andas! | gntly

driven further in the above-descri bed ections respectively from

the state of FIG 2Mexpgsa tpadalleaspieiEinglopwdadicif ageny\Whrewadtige
table WIB) by Y encoders 70A (and 70C) cannot be perfornmed.
Ther ef or e 1G i gh$T bafbmeasvaemens Ateont Mk ey exposuirec hppatavus oMt alf

113 of the Y-positiqn and the gz rotation of wafer sta%e WET éwafer
tabl e \WIB) froh?% t FddedPEndeserihed hasmshervdiGes of o 31.

encoders 70A apd..7 e ro a L 1 r nt val ues
of Y interfer ofr#g%letgeq’l%&alhg f‘%%rilkﬁt lélr1 er%%e%osrp%g%gﬁgeggggicﬁ%én@m
after a predetesiined d1epbosk HfotldBpeAsnd o SENOWMY bBnEL&L Aleach valve
nmeasur enment stage MST reaches a p05|?| on where basel i ne neasurenent

of the secondae¥ lakugdrnemntplyydéese Cherel hal i@ tecalrs oy rdefvdkeet] of A sl
the Sec-BCHK (interval) as needed) that is perfornmed at 10

predet er milfed 1HIErY dineEsd ophdeviased a% tie dessadbedocasnthenafand the

[eplacerent) | 2o Pet LOLTEe TSty 1P G eonkrobl oL 20. 21 gpe Tessyr el
ts ggfgredv\ggl g;dg(@%e%g%é&éj&%n%yw@mem hgde XoRoslt! ok ol YRGS
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
members 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 expesure by a step~and-scan



15 indicated by being circled in FIG 21 that faces X scale 39X1
(X-1inear encoder 70B) and neasuring the Y-position, the Oz rotation
and the like by Y interferoneter 16 and Z interferoneters 43A and

438, and stops wafer stage WST at unl oadi ng position UP.

Incidentally, in the state of FIG 21, 20 water is held in the space
bet ween nmeasurenent table MIB and tip | enggl9l. Subsequent |y,
as is showmn in FIGS. 21 and 22, main controller 20 adjusts the Oz
rotation of CD bar 46 based on the nmeasurenent values of Y-axis

| i near encoder $¢¥0Ed ahy) PRORGBedégEneded atsdes Fhain il oase)t bodoe a

by Y heads 64172 .,and 64 i ndi,cated by being circled in FIG_22 that
rgspecti vely f3t8 Wg%ﬁéi %lgﬁfcerrélaépe]rﬂ:te)(@?%tlio ORI ng¥ har Apwaters),

support ed by Mgasuy SRy 81306 Mite,and. gl ShsAdl ust 5,1 0e G posi tion

of CD bar 46 bas on the rmeasurenent "vafue of prinmary al i gnien 4

system AL1 i ndhéaéeckeridhtbetBgeidthed i tFhba %Zth@?&w&iﬁtp%%ti%ion where

reference mark Mthat is |ocated on centerline CL of neasurement

table MIB & iwolhesidrciviittty wialferreetagd@higs? is ahiislest,abei tai the
controller 20 perforns the Sec-BCHK 5 (interval), in which baselines
of four secondd§PEIYHreHEASYEELRART AtrDS Y¥SALDE NaHe T SPdlpyény wafer

iti f the f d | i gnnent . syste W th respect to
brimary al i gnierioS)et dACL S S BPaFar Ly BhEEr feq e By® Eetieen then.
si mul t aneous| yrReastEidg dief %&ﬁecaﬂ@%ﬁ?ey '\45[0%%0 DAkt 8 rh ALy 35 &

located in 10 the field of each secon al i gnment system usi ngs%ac?ucre

secondary al i gtemstikeys tasreAidl stofAbRdnt 4 pamdlviey Wikhahbe of
Sec-BCHK (interval), main controller 20 gives the command and nakes a
drive systlém oreaghuswerdd s&age( N6 Shatnds urdesizdl whker gWing waterthe
stage WST that stops at unl oadin osition 15 UP, and al so drives
vaf er stage WEPTTFThET2XCdiGPEPEAME Y FheEe) W1 MBARE g astss VBT i e
with a vertic i (not shown in FIG 21, refer to FIG
22), which ha(’;I|£ éene%an ign“&&ﬁe&ﬁ‘%d when perform ng the unl oadi ng, kept

rai sed a predeterm peeiagOUAL. e20NeXte, 3% ilrS SREWB118rFAH cderd® Rhe
controller 20 noves neasurenent stage MST to an optimal walting
position position (including the 8z 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 38Y¥; and 39Y; respectively (Y encoders 70A and 70C), and based
on stage-position-attributable-error correction information
of each encoder (correction information computed in the
equation (10) or (11)) in accordance with the pitching amount,
the rolling amount, the yawing amount and the Z-position of
25 wafer stage WST that are measured by interferometer system
118, and based on correction information of grating pitch and
correction information of warp of grid lines of each scale.

Further, main controller 20 controls the position in the Z-axis

direction, and the Oy rotation (rolling)} and the 6x rotation



(hereinafter, referred to as an "optimal scrumwaiting position")
used to shift a state of neasurenent stage MST froma state of being
away from wafer stage WST to the contact state 25 (or proximty
state) with wafer stage WST descri bed previously. In parallel with
this operation, main controller 20 gives the command and nmakes a
drive systemof a |oad arm (not shown) | aag new wafer Wonto wafer
table WIB. In this case, since the state where vertical novenent pin
CT is raised a 115 predeterm ned anount is maintained, the wafer

| oadi ng can be (PEF¢iped of vafeshbalbte WEBy ik est or itive, neraypamen bva kues
t he case where_yertical rgoxerrent %l n] CTis 9riven ownward and housed
i nsi de the waf®F hdiiddr OL AT I'YV1 BPE 743/ sABRs? (fd-15 Ot 4t Bensors
where wafer Wi, | gadedoon Hel Seddilled MG £ace the Idhd 18- 27BAG! gRNLe
t he foregoing Op]tl mal scrum wai t11g positron of easurenent S age

i's appropriat etydseind rhaceonganaiemi hh A& -%xGaon di-8at £ @ff the wafer
alignnment marks arranged in the alignnment shot areas on the wafer.

Further, 1@ intalhke éfodimEate tthecepesndYsendMoMai 1a ndepesbbdmerits) .
set so that the shift to the contact state (or proximty state)

descri bed abovERCHHEH et f SR @oai taopokt thlsn is Warertipngendighe
stops for the fer. alignment.. .Next, _as LS sh in FIG 24, main
controller 20 gn\%v%%t%%f( Otlg‘tlgai Q\ETW?#%%JCI&%’% h@Bpglth BnCeP-iYLed
position with i h j ot f. j e r nt
plate 30 is se?mvxﬁqﬁ?ng?ﬁg%a%g?%m(gggtde%qggﬁggiﬁgg)gng%%?idﬁﬁ%éﬁ A5 and
al i gnment  systespAlrd (7ie.g andheh@sd tboat wher (@ itthaihgy mefy peoesssralfled
basel i ne neasurenent of the primary alignment 20 system (Pri-BCHK) is
per f or med0 | nragrd winddhe Bfasheeneve mesmaifny cortemidreme2@r 16. In
swi tches contro] _of the position within_the XY plane of wafer table
WIB fromthe contto %%Egd B CRECRBASHT eritfhitPRATdO o e hEBIET 24D

regarding the Jeasls i r egtian desceihed Abgue, and Lhe-TpasY QURIL oy

val ues of Y 25 interferonefer nt er f'eronet er 8

regarding the Yraxis 1HvQGHPORoARE0T NEr Qo fOt al)i Grihg thE £LPLEQte Ofs
the position wthin the XY plane based on the neasurenent values of

at | east thr eep@mnoderds pbawktcdn dihe atshkastodbnbeof odu® mMéppaadsthdt was
i ndi cated by being circled in FIG 24 that face
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 AL24,
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



116 X scal es 39X1 and 39X2 (encoders 70B and 70D) and two Y heads
64y2 and 64yl indicated by being circled in FIG 24 that face Y

scal es 39Y1 and 39Y2 (encoders 70A and 70C), and based on
stage-position-attributable-error correction informati on of 5 each
encoder (correction information conputed in the above-descri bed
equations (10) and (11)) in accordance w4 the pitching amount 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 2gepniocatad om Shegriatside pia theasdotmrrectlicoated on the
i nformation of grl d. lines of_ each scale. Then, main controller

20 performs th&ImS %@ﬁl@%rﬁ%r 6F‘6&é‘§§tﬁﬁl¥\h|’c@ﬁ $(ﬁpdﬁ'€F§Pdrﬂa‘3r Riffipsed

detected usin ri e t o]

neasur ement 1% }gf afg%‘r%é%h% = |ng at E‘?ﬁ 5%0772?%%&%& qtthﬁ like,

position described ahue, before tlw)@ast”@hgtcﬂgi gh! gD Wl @r Eﬁ osed,

novenment of wafer stage WET in the +Y direction toward a posi t

where the & i gmakntcorerisl lanr a0gesve s ridasurbmeat f s tsge adsrrgmﬁeafsuﬁét@ént

areas are 20 detected, while controlling the position of wafer stage

WST based on thePheddiR kfentthealpged topnashowasin tHiGee 18nbydepstantling

each of the corr ection, i nformati 326dgscr| bed above. Then, when
n

waf er stage V\S% PRACHELTS HY 68 eRBHANCR 18 @easyremgng valle of Y
controller 20 stopsryipfe %te? 296,081 1BELOG1 APnd LrethEa QRSSO Y- 1 (B Ik

controller 20 activates
X interferometer 130 to a constant value. At this point in

10 time, the end surface on the ~Y side of CD bar 46 {measurement
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 alsoc be kept by, for
example, monitoring the measurement values of the

15 interferometer or the encoder that measures the Y-axis
direction position of each table and separating measurement
table MTB and wafer table 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



Z sensors 72a to 72d and neasures the Z-position and the inclination
(the ey rotation and the ex rotation) of wafer table WIB at the point
in time when Z sensors 72a to 72d face wafer table WIB, or before
that point in tinme. 117 After the stop of wafer stage WST
descri bed above, main controller 20 al nost sinultaneously and
individually detects the alignnent marks frranged in the three first
alignnment shot areas (refer to star-shaped marks in FIG 25) using
primary 5 alignnment system ALl and secondary alignnent systens AL22
and AL23, and MEnRireRblertand ioh diasgtdisnef three alignnent systens
AL1, AL22 and AL23 d the.neasuregggt vghu s, of at |east three
encoders described abdve ™ O TR 6F hedeiSt iader( Shage WST and
measur ement vahdeguabhehit z%ﬁ&ﬁb@nsfﬂh dH%l%%aEhféQﬂﬁ%ﬁﬁk%%nabove
information), and stores themin an 1 nternal nmerory. S ’

descri bed aboveatep thetendadilenh, thBesphbéipdOvddie GNtack Ibat g
(or proximty state) of nmeasurenent stage MST and wafer stage WST is

conpl eted & theopestismmnihereahd widteacti Grtelr tidighi gnimertr simnksrea

inthe first alignnent shot areas is perfornmed, and fromthe
posi tion, the MOVERMR IPnFiGe 20V apdeentign lpshepesdirarcHefeshite plate

position where,th i nt rks arranged jn e five secand

al i gnment shot2gfgggéggg%gé¥5£$%ﬁﬁuﬁﬁmﬂﬂ§%§§i%Eig’ﬁ§?°§ﬁanﬁéﬁ°Wﬂv?WﬁPt
contact 20 stabe wdfePls@%b8l T Sk Rhabirshant &d iy r ol

20. Prior to the sté?t ofbnnvenent i'n the +Y diré@%ﬁgﬁ gﬁgg%%h gtﬁ%ﬁ%
WST and MST, a3ncidednoanl y,n ddrGng2bheMlbRe§OMd ahd @IMed? , Stakt Sontact
irradiation of detection beans fromirradiation system 90a of the

mul ti poi nt10AF 8{atenoropacx ooy statel vaiefel S alxls BTRVEBA Mésbutdment

_ _ hoF e
on-val er 1 abl o~ HES 75 s HaReR gl | MBI Herk 1ot SBOHIPRS AgsEte

on wafer table . 1
o e B ohen, L0 bl p9gg BT 20 VETLERCL oo
from plate 28 to CD bar 46. Further, in the state shown in
FIG. 20, main controller 20 controls the position within the
15 XY plane (including the 8z rotation) of wafer table WTB (wafer
stage WST), based on the measurement values of three encoders
704, 70B and 70D (and stage-position-attributable-error
correction information of encoders 70A, 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 WTB)
by Y encoders 70A {(and 70C) cannot be performed. Therefore,

right before that, main controller 20 switches the control



focus calibration fornmer process, and obtains a rel ation between the
measur enent val ues of Z sensors 72a, 72b, 72c and 72d (surface
position information at the end portions on one side and the other
side in the X-axis direction of wafer table 5 WIB) and the detection
result (surface position information) at the detection point (the
detection point |located in the center or 418 the vicinity thereof, out
of a plurality of detection points) on the neasurenent plate 30
surface by the nmultipoint AF system (90a, 90b) in a state where a
straight 10 |ifé hﬁegrlé@ﬂtﬂéan ppdithe 6z a‘satgt@lon@cftwa)f\emassgﬁgv%tm@r

t he center of [&) l e V\Z’ﬁﬁv\hlch S tantially coincides with the
center of waf ely'va]f?; citdeY FiERCLRY Lﬂg spngn iRe ReasHrengBEnyYaues
time, liquid i S d t r oundary .be en
CD bar 46 and gv\/g?{feréll?g%@é% 'ﬁi‘at %E‘ E:SLS{I}%‘@ @%O%%%sggn ar %ﬁem

is about to bemdetuvenesk f\félfﬁe@olfali ﬂﬁté@fé\@&ﬁ‘été@m@ athBg
Then, when both stages WST and MST further nove in the +Y direction

whi | e keepimg theerievmesirsstédhe agdr 4pBoxiTherny sifate) aapredetaininel
position shown in FIG_27, nmain controller 20 20 al npst
si mul t aneous| yP&RECT i W’aﬁaquyléeﬁ%ffs 1PhEI G |29}nn@ﬁ@31?ﬁaﬁ?m@§1falsfﬂaﬁgé‘éﬂ

the f t, f t t ed
G DYy Rl s e B B8R S REatRahdls BRI SR e
the detection gfﬁ&&hra&l@fsjgt\éﬁlsal hgga@ﬂgfwft%&ggf%% é %80 at

and the 25 nmeasurenent val ues of ree encoders

the time of thsedeneus i omtdRelreasunesesd) vradateslsafﬁe&rfo@ﬁéaestl on by
each of the correction information), and stores themin the internal
menory. AQ hisredetrrnined fotesivasce thertdiisscase X wigdd relsgectatessach
scale 39X1 and is |ocated on straight _119 |line LV in the Y-axis

direction t hat"PphEs eCRIFSHIGR Y hdSoBeF Earmesk STBanr’B?b’&t‘F%Thtlﬁblt]ﬁ?alzo
PL, h
ol ane of waf erSFSR FeraThatln kB A PRk Dt B ISR v

facing X scal esor38%2 2fdd %Qﬁ@eeﬁgﬁd€6w5¥ﬁ»uﬂyyéd!nb'B@gﬂtfaﬁogﬁrﬁhlle
70A and 70C. As i s described above, in the erbodi nent, eight

pi eces in totaheadupios) tihen X-pbed rhbhoof (vakexisteue wsal bpoxi head 66
information) of alignnment marks can be detected at the point in tinme
when det edt onlféﬁlciérkechbb’gkhﬁbm rckedi fn tHE .sét otk tl Gaake ghresetl esBY¥:
areas ends. ﬁg at this stag mai n control | er 20 obtains  the

f

scal i ng (shot g]rﬁrf?ac%telrﬁﬁfie O0RK @rncwﬂﬁﬁsuffb?lge " &Oosh&RPBY nthy 82
statistical copput ﬁ%n&“"%‘h&plﬁﬁedb c&o Qfm% e%x%%péﬁdo okai
p

(Japanese Unexam ned Pat ent i cat | ca I on 4429
(the interferometers 433 and 435, 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 palr 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



15 corresponding U. S. Patent No. 4,780,617) and the |ike, using the
position information, and based on the conputed shot nmagnification,
mai n controller 20 may al so adjust optical characteristics of
projection optical systemPL, for exanple, the projection
magni fi cation by controlling an adjustnment 20 device 68 (refer to
FIG 6). Adjustnment device 68 adjusts optjiigal characteristics of
projection optical systemPL by, for exanple, driving a specific
novabl e | ens constituting projection optical systemPL or changing
the pressure oﬁygbgmﬂﬁ§4é@dtﬂﬁﬁ%dtmqkﬁﬁnqonmpﬂhdUJl§Iﬁerﬂ%dhbéldﬂﬁﬂcts
specific | enses 25 constlt prolectlon gtlcal system PL, or the
't ke, PP EREFICR LT e Tai Pt APSBRAY ot Gt 1ghet R OF

al i gnnment mark @gggg t-he VE. SECQ d aI| nt, shot .are .
ends, main controﬁler S éorl[ésMrggaﬁ?ﬂ m)vgle vtlC n? }#efeé)f?ec?ﬁ%zh i
both stages Wsfhagdstdde, Mdife &oRL8ELest B perdfllng %ep's@zs'-ﬁbhx
state), and at the sane tlrre starts the focus mapping in which

sensors 72& t o{ V2denvall X hemedmlcpobaseAEu&ysdErﬁc@&Oa;eceﬁl‘i)arﬁr&llgnment
si mul t aneously used, as is shown in FIG 27. 5Then, when both stages
WST and MST re%ﬁt?fﬁ% PpTc?su tPoALG t (Ehghirehakibas uPesthions mfe t3@ ifour

| ocat ed dlrectl oectlonotlcal ystem PL shown in F] G 28,
mi . cont ol | oF SO B TR RRC B RERR R TeroRT o tOds T e SR

calibration | a§§§ferpr%°ﬁssare|4%%%?géiy olg){élr?e;a;ﬁﬂfts&?nﬁllgyggﬁgfﬁS

means the process iIn ch projec mages

of measur enentmeBE kS releireheendNad MabR O Q2eCtgd: vt RIQ) 6ELO8d in
optical system PL are nmeasured using aerial inage neasuring device 45

descri bed l&bovehe hatelhhofaeeichl seragdanpasliementt SyistepatibéngsfShr
formed at 15 neasurenent plate 30, and the neasurenent results
(aerial inmage PREMRHRALY qlﬁ-gé’(‘f@@Fdéﬁé*éeW t%%lhéoxﬁfl%om fnoRasdl gyt efith

tabl e WIB d t I
Sinilarly to CHE SSenBauH Corladla TR Behtrph e COMBRTT S srpcrprmand
Publ i cati on Noan@me%%@fw&%@%%aegfeﬁ hh%aa%ﬁmd e shbif) meoad

projected i mages of a pair measur ement marks are rreasured inth

aerial inmage neaber eivent wepera:ﬁta)jb mpTatRbtt ssEHE aﬂbeﬂQdadsh@gp@@rﬁla:ln
i mage measurenent slit patterns SL in pairs. Further, the focus
cal i brati & | &k eraipt cdlesss dndars whbeprorss WST vilmi the &% dsretiolen ite

FI G 28,
move 1t to loading position LP with a vertical movement pin

CT (not shown in FIG. 21, refer teo FIG. 22), which has been
driven upward when perxrforming the unlecading, kept raised a
predetermined amount.

20 Next, as is shown in FIG. 23, main controller 20 moves
measurement stage MST 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 WTB. In this case, since

the state where vertical movement pin CT is raised a



25 while controlling the position in the optical axis direction of
projection optical systemPL (Z-position) of neasurenent plate 30
(waf er table WI'B) based on surface position information of wafer

tabl e WIB neasured by Z sensors 72a, 72b, 72c and 72d, main

controller 20 neasures the aerial imges 121 of the measurenent

marks formed on the mark plate (not showwzon reticle Ror reticle
stage RST, and based on the neasurenent results, neasures the best
focus position of projection optical system PL. The neasurenent
operation of pPéFé@t@ém5n¢¢nﬂm9§n¢fl$rmaunaasueénethelmafhs lsadiirsrlcesee
in, for exanp anp nphl et. of International Publication No. WO

05/ 124834 and Pﬁé PF‘RE WhPrSROHSOPPELCS ] Bé’ﬂ%r tHEDREESUY Bhehe case

val ues of Z se 7 d 76 nchronously,. with
the | oadi ng of Qtﬁ%go‘a%‘.t “ad; éﬁ%gFm? % aJrS éfgn 28 hohsed
devi ce 45, whi hﬁsm@wﬂﬂe RASLH afRe ! ai&cf&ﬂtmltl@e £raxi §3dgﬁ8&£'%
Then, main controller 20 stores the values of Z sénsors 741,4, 742,
76i, and 7620 thatecwheespontked o7 tise lbadedf osusa pasiddle offB.
projection optical systemPL in a nenory (not shown). Incidentally,

t he reason why the %‘sltheoﬁmb@d%m@t%tbpt eRI@NIG oft Fezl ismyugf waiting

proj ection optical ste osi tion) of measurement plate 30
(wafer table WIBYFS g%o% rQﬁq 4%ﬁnﬁgsFﬂé s%??ab% i&ﬁﬁQﬂ%&ﬁtelY set in
[ nfor mat i on - megsiy eda hYe 4, SENSHGS vT2RerdPha: J20 AN T2 BuLhe FOEKS
calibration |atter process Is at t ocus cal |brat|

process 20 is perfingaedd mhtahslf@rdﬁar& ghot herdnrus Hﬁ@mmxdeSPﬁka%lr
previ ously. In this case, since liquid inmersion area 14 is

f or ned betlvﬂeeniprld}eeembodlmpntcatthesyapn:emalPLscamdn weasline ey itplcat és3det

(wafer table WIB), the above-described aerial inage 25 nmeasurenent is
perforned via B?cﬁ%ﬁﬁlﬁﬁ? §BﬂFEaF°§V§%éWWPﬁcﬁnﬁt%b%eknL@EOF&m#ﬁﬁrState)

because neasur 30 and e are sta
WBT (waf er tab?gE€é¥§% e P O%SdBFﬁ PTOH éﬁgﬁbﬁPséﬁdoPhgﬁ?F? éﬁ%?
mount ed at meagus Tsstagfs ek, chieyaboyes dagerdhed aerial imge
measurenment is 2 perforrmed while keeping the contact state (or
proximty state) of WaEdter ast AgeshAh andrieasur,emedh S3ragINRE 28Smddes
shown in FIG 28. Wth the neasurenent descri bed above, the

measur enents vaveager ¢ftags &igdofsrn 11dndiqyy posielo8 BRC7G2Po6iitéon with

which the position of fiducial mark FM on measurement plate
30 is set within the field (detection area) of primary
alignment system ALl (i.e. the position where the former
process of baseline measurement of the primary alignment
20 system (Pri-~BCHK) is performed). In the middle of the
movement, main controller 20 switches control of the position
within the XY plane of wafer table WTB from the control based
on the measurement value of encoder 70B regarding the X-axis
direction described above and the measurement values of Y
25 interferometer 16 and 2 interferometers 43A and 43B regarding
the Y-axis direction and the 6z rotation, to the contreol 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



5 surface position informati on of wafer table WIB) in the state where
a straight line (centerline) in the Y-axis direction passing through
the center of wafer table WIB coincides with straightlinelN, which
corresponds to the best focus position of projection optical system
PL, are obtained. 10Then, main controller 20 conputes the baseline of
primary alignment system AL1 based on the;ygsult of the Pri-BCHK
former process described earlier and the result of the Pri-BCHK

| atter process described earlier. Along with this operation, based on
a rel ation bet #eéfaing FeasaremHtit (Srcedanss 7B #nd eiid0r sn@2awo M2 beads

72c and 72d (suyrface sition information of wafer table WB) and the
det ecti on resu%ﬁyf§HF$%églﬁ6§FfP6ﬁdi?¥6FﬁéﬂiShfch?jﬂﬁbFa@te%%iQH?t face

poi nts on the gﬁ%gggggeﬁ§ypkﬁﬁﬁ3§gfZ#%&:%%r%fTBReaHyl§d ointé@?@ﬁed on

system (90a, 9 as been 0 ed i n-the focus cal’i b

former 20 processgeapdshassd- M Li@ASUESFBRtc MRS off 1 F S/NSOAIGH of
741, 4, 742,4, 761,3 and 762,3 (i.e. surface position infornmation of

waf er tabl eSWIBpcboenesgendi ogrite-ttike Hesbriatiisn posigitesd dfn the

projection optical systemPL that have been obtained in the focus
cal i bration | apPevepfegesibedganaddonsoller ool dBiai nin 25-qduslagicleseith

at a representative, detection point. (in i,s case, a detection point
| ocat edpi nt he%ﬁgrﬁje?&&nq ﬁm?ngt\ﬂrcF]&?ﬁP ePRoUR Yt LBF YRHINE gf“?’t‘?/t'

of detection pghAt e QipégE%iBH1pr%%%ErAgt§¥§tﬁ§Q(é%§¥ a %?é?é%&gﬁd by

respect to the best focus position of projection optical

and adj usts thenté2Bedehecdt oy dnQiin 89f ahhebAved | §Oi dBr AR tS)Bst em
for exanple, in the optical nethod so that the of fset beconmes zero.

In this cabe, finéarmaeienewpoirdtiol pAprbvang tdwcamhput indotymabhenobf
the Pri-BCHK | atter_process and the focus
grid lines of each scale.

Then, main controller 20 performs the Pri-BCHK former
process in which fiducial mark FM is detected using primary
alignment system ALl1. At this point in time, measurement

15 stage MST is waiting at the optimal scrum waiting position
described above.

Next, main contrcller 20 starts movement of wafer stage
WST in the +Y¥Y direction toward a position where the alignment
marks arranged in the three first alignment shot areas are

20 detected, while controlling the position of wafer stage WST
based on the measurement values of 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 contreller 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.



5 calibration |atter process may be performed, or the procedure may
shift to the next process w thout performng either process. As a
matter of course, in the case the Pri-BCHK | atter process is not
performed, the Pri-BCHK forner process does not need to be perfornmed
either. And, in this case, main controller 10 20 only has to nove

waf er stage WST from | oading position LP 4{ig a position at which the

al i gnnent marks arranged in the first

al i gnnent shot ar easASar edet ected. Incidentally, in the case the
Pri-BCHK process is hbtepdhrosterl oft WefvasskioadiSTideshriaed rezsie,edain

in the simlar operation just before 15 exposure of , a_wafer that is
Iprevi ousI to vvaf:88' Wib]ﬁfezlcquaﬁlaog%ﬁégﬁﬁé?né uﬁg%cinth?‘Ph‘éJr‘?u?HSf H@Le‘:ts
case the focus | jor.atd i rf. . e he
focis. pasi o1 on BRI WAEEREAGEEN ) nd Ohr BE e T RS0

bef ore exposurerehsa(pseyt ales swakeEhagedinakd Ant hecCas® Afsihep2Omary
basel i ne. Incidentally, in the state of FIG 28, the focCus

mappi ng deszri bédgnbent dystesi Al cowt secetlary aligihent wafseéenst A and
WBT reaches the_position shown in FIG 29 by novenent in the +Y
direction of bBbRsstafes NP Zhe NBYeotiem femulisnrcdcthseat aligrment

roximty state escribed ve_af a_predet erm ned ri oq of
!toi ne, ma%/_n con?%’%f’j?rg? ’st%%g aﬁgeé‘f%:t 35@ B THA PUSITEr hpt
al so continues;thst "ENEIR L YqdRASHKSRIERLLSE MRT ﬂzﬂge aqg;g;txf the

direction without stopping it. Then, main controller

si mul t aneous| ydanhdci2dni nehey inialdrgndat ech suddes dd grimlecaBbKSby each
arranged in the five third alignnent shot areas (refer to star-shaped
marks in ARG ¢0)thestayré¢iominganpatioyst end shlokeantheil 2 aroiALednal
links the detection results of five alignment systens AL1 and AL21 5

and AL24 and tfie™REHhsurenent values of at |east three encoders out of

the four encoders atp & q% %ggrﬁg%% %%r? et e&tli%[g g%gdﬁgs recheegltS}a]ﬁ,gt o

val ues after correction by eac e Correction n tion

stores them inthBecodiLit e aBMPEY . pRxilnlits, BOLAL) I 4k tldBuhent 0stisye
mappi ng i s being continued. 10 On the other hand, after a

predet er mi ned PeTi aud ofafemmes fagemitsie ist opmpletvaf et sthagec¥btion where
descri bed above, the state of neasurenment stage MST and wafer stage
WET shi ft st r offEpet Eomtafc thet et gqmantppaxkai ity theaf byst @ltlgement shot
separation state. After thfg shift t% %he separation stat

e

, Wh .
nmeasur ement st a8 i5 V=T oaréri’?_éis an _58’%? esQQaSrchtJ\%'t itﬁﬁ BBE’Q‘_P?’% in
where nmeasur enpRk ﬁac&@'ré@-ﬁo‘ﬁa'(Eﬁegr}ﬁéx}ﬁé:ﬁe?ﬁ%oﬂihgr&sa Y%y TBEPe the

ge at the p :

controller 20 stops neasurenent st osi‘ti1on
Next, main conslofheen?Cnsitlay s BRveaenh ohe Wi sdage WBIghRehbhesHot

direction toward a position at which the alignment
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



20 marks arranged in three fourth alignnent shot areas are detected.
At this point in tinme, the focus mapping is being continued.

Meanwhi | e, nmeasurenent stage MST is waiting at the exposure start
wai ting position described above. Then, when wafer stage WST reaches
the position showmn 25 in FIG 30, main controller 20 i medi ately
stops wafer stage WST, and al nost sinultangously and individually
detects the alignment marks arranged in the three fourth alignnent
shot areas on wafer W(refer to star-shaped marks in FIG 30) using
primary ali gnrréﬁf:u§y§%%¥ﬁﬁtllcéhdf0§@@én§a©?e%l$4 gt b tRyigiseps relasion

AL22 and AL23, nks the detection resylts of three alignnment systens
AL1, AL22 and R‘E’é e%%&k}%@eﬁﬁﬁg%w%ﬁ?g{-}aﬁfé%Zo?erﬁoriseé{gﬁ t friye72c and

encoders out 052&h€541%gcee§899§£§n tnbf;or}glg%%gg é)\{ tttk%eeggt ection (the

measur enent val ue ter correction e COI‘I’EC 1on

information) ,safd ssidotks ddheM s1dd ha tHd Q-Aak sMBIMIAEt: ol §0 walfeltiSh1e
point in tinme, the focus mapping is being continued, and neasurenent

stage MST is sUTE] amai thagisitedthencxpesit € ssirdetewsi ditngnposfdiaation)
Then, main controller 20 conputes array information (coordinate
val ues) of al |3t ne'eHtterione2oish WA %rdWEquFJaPrbé’@rlafﬁnéPéa’é?@t@Fnthe

that is set by éhe freasure net AXes . E %ﬁ]e fo e ers g the
coor di nat e systeny asstii 1y &gﬁipé ¥ Wé? é) WFBP §r ¢ty of

origin) , for '
thegU. )S Paten?é%éb@%% 01%1?.% and themggﬁgféfﬁésﬁg)qtalﬁg %%geucrt%:é?r%piig the

resul ts of 16 mhligiweinit mar kystomt 04cd, cloai nada ascdte deseei Bed aboya
and the corres&?ndl ng nmeasurenment val ues of the encoders (neasurenent
val ues af t¥ér redrestebyirat irothe Neagdsréitd gridmpasstg ahrongh the

center of wafer table WIB (which substantially coincides with
the center of wafer W) coincides with straight line LV. At
this point in time, liquid immersion area 14 is located near
the boundary between CD bar 46 and wafer table WIB. That is,

15 1liquid 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 ALZ2,, links the detection
results of five alignment systems Al, and AL2; to AL24 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 39%; and is located on straight



Next, main controller 20 continues the focus mapping 20 while noving
waf er stage WST in the +Y direction again. Then, when the detection
beam fromthe multi point AF system (90a, 90b) begins to mss the
waf er Wsurface, as is shown in FIG 31, main controller 20 ends the
focus mapping. After that, based on the result of the foregoing wafer
alignnent (EGA) 25 perfornmed beforehand, {tjde | atest baselines of five
al i gnnent systens AL1 and Al 21 to AL24, and the like, main controller
20 perforns exposure by a step-and-scan nmethod in a liquid inmersion
exposur e nethoglﬁﬁdﬂ%@aﬁémﬁ1ﬂﬂ%ﬁ@i%ﬁ@ﬁkmst@atEabeeet@apuehnﬂunoatical
plurality of shot arfas on fer W, 126 Afterwards, the simlar

A ﬂ%@p%&fo& PRGIFRL oPYRT SR Flox Jd® REtradarhi 9

operations are®ftpe

wafers within theclots the Pgts-ﬁéfijaéq%ﬁéﬁigﬁg%@%%%ei B¢ 4t e:que‘tggisL% WIB

according to exposure appa odirment, in

waf er stage \ilaSed SonedmeBsarBhedet RIled rdkr geid b @i ngXRMPt&ie
in the Y-axis direction when wafer alignnent, exposure or the'like Is

per f or med, naf @PXst{Egel B escddevei®D)natd& Yiasas egicoeetrs oo ased? @m,
measur enent information of the encoder system position information
(i ncl udi ng i ncl i nat if6h ienf@f Fathesh abeuesukh the ererediment nedohtt peres

in the ex direction f fer. . stage T in a djrectjon diifferent from
the Y-axis dir%%t?%#ﬁflﬁﬁyaﬂ?&F&8P¢Fpgg%%aF+ﬁQH QWﬂ+mﬁpsﬁﬂEa cRpgktion
(such as the fiathess: Qint he Qiﬁ&ﬂrﬁ%ts%%g.ec%{'%eoﬁe@e&%g&gthe point

formation error). That Is, wafer” stage is driven so

nmeasur enent 15ieriiofes wofent Bet@8EO6R 05 Siee B { ghEoEe nta rilA iandhd 04dcond
whi ch occur due to the displacenment (including inclination) of wafer

stage WST 10h aaligiresmntsidit @ceesnehdem tTheny- axi shdsr stagon ranich due
to the scale, are conpensated. I n the enbodi nent, main controller 20

drives wafer sTHREUSEE Pl RETRIGRI Ehai serlingh, (Fothaseaishcphion) of

measurenent v f..en A and -70C.t hat asure position . .
hformt on o nfaE8E BigmEle, EERGEOT pEREPH oAl Somt dc on,

st age- posi ti ongratdH i BRI =R 0, 68 TBEhbIR, IRl MAtd ih OB S &6 Hed
information conputed in the equation (10) described above) in
accordance w t¥etposi tAppl iicaftdomPubbication) No. 61-044429 (the
15 corresponding U.S. Patent No. 4,780,617) and the like, using
the position information, and based on the computed shot
magnification, main controller 20 may also adjust optical
characteristics of projection optical system PL, for example,
the projection magnification by 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



25 of wafer stage WBT in a direction (non-nmeasurenent direction)
different fromthe Y-axis direction at the tinme of the neasurenent,
for exanple, in accordance with position information of wafer stage
WST in the Ox direction, the ez direction and the Z-axis direction
that are measured by Y 127 interferonmeter 16 and Z interferoneters
43A and 43B of interferoneter system 118, an correction information

of grating pitch of the Y scales (which i"¥Vorrection information in
whi ch the unevenness (flatness) of the Y scales is taken 5 into

consi der ati on) (oansr @ity @ehten, idHdarathornsLfe wanp, oftorid thenescus
38 of the Y scales. In this manner, based on the nmeasurenent val ues

of encoders 70RM2RRENGOE} Wiliode Zneesseeseita ¢or 328 amlidde bylthpoint AF
rel ative displacenent of Y scale 39Y1 or 39Y2_and Y head 64 in the
non- neasur emenfYEHRi (Pderi DT aAdecHIEBE BPogEal i HP i &8 H-sophawr da BIG.
39Y1 or 39Y2 apd warp of grid |lines 38 have been corrected by the
respective correction information, stage drive system 124 is

control | ed mnd waf erradR9QnbRTHbeh did el Wt BRq Ydxi S L @6k 851t fbn
this case, the neasurenent val ues (count values) of 15 encoders 70A
and 70C are theishnehish ties nestens pbhhaendol idheramasukiingcalyi debbw
grating (diffraction grating) by an ideal encoder (head). Herein, the
i deal grating PEPIEEREY oRtgral iavgtensPh Rhovnd nAbse 28urfaigecpstroller

llel to th i I XY pl f the st d al whi ch
e 2 compl ot e 20 BYEHET e 115 oRCER. dFF EER | OF GOk Ecgide: AGErS.
parallel to a Qgﬁm;fétﬁfh'ﬁtetr frega%%gé.af}{éhrte*l%,dltﬁ%?ﬁgﬁaéﬁvf%ker
grid lines are conpletely equal to one another. "The i deal  encoder

(head) is 1tthe pRec¥bOTR R teal pAXtSsd SPRAPEAGD£4H it dD ihagegovééhgial
pl ane (XY plane) of the stage and al so whose count val ues 25 do not
change due to thegdsdishhapahentt meeselemgniamthnkawbngreticle R that are

Further, in the case wafer stage WST is noved in the X-axis '
di rection, wafRFOIRGeWEY PEOHPF VRN PRELRBLEYSG SN BT r %8 N6ASHASE MDY
measur enent i nf on of the encoder s osi.tion_infor

of waf er Stageaééégii%gfqﬁ,Fﬁgﬁgﬁﬁng gev? gtfgndéécrl ed a%ove gﬁé£oﬁgs
aerial image measurement slit patterns SL formed at

15 nmeasurement plate 30, and the measurement results (zerial
image intensity in accordance with the XY-position of wafer
table WTB) are stored in the internal memory. Inthis process,
similarly to the method disclosed in the U.S8. Patent
Bpplication Publication No. 2002/0041377 described earlier

20 and the 1like, 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 (Z-position) of measurement
plate 30 (wafer table WIB} based on surface position

information of wafer table WIB measured by Z sensors 72a, 72b,

72¢ and 72d, main controller 20 measures the aerial images



128 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), mh'%h occur due to the

di spl acenent (including inclination) of er stage WST in a

different direction fromthe X-axis direction, are conpensated. In

t he enbodi ment of1fhdraied seesineat I1elr k0 F8FhYE HrVeh 6 matkag 8a M8 T(ridt ER6wn)
X-axis direction, based on the neasurenent val ues of encoders 706 and
70D that neasupe gsisiclicoR dmfel ivtd ehagé REAS, eandsbaged WETthemeheurement
X-axis direction, on stage-position-attributable-error correction

i nformati on 15TEEBLFRCtTEASTIFDMARR PEFtcSRPUE el HE ke Hqraoiestien)
descri bed abov L o ance w position information of .wafer
stage WST in a8 F%g%?igﬁéﬁﬁ%n-ﬁbagg?eﬁ% TUHRIEN OB 24 PRePERPT 3 B oD

the X-axis #ireghLe8 j f r gt {1 ©X20P
accordance wth pgsi tﬁﬁhggn%dnﬁreqngﬁtgﬁa%g@agf er stoasdécecp\%\%'r in %ﬁ%m%e’
direction, thethe damecléeorommhtcheaZdanhd BhlsEtdd o hat. ane0s5/124834
nmeasured by Z interferoneters 43A and 43B of interferoneter system
118, on correc@N@rihientbkemt Moanatongrrstlileg 30 fohdsfthehress womias: values
(which is corre tion_in which the unevenness (fl atness)

ti i nf
25 of the scalgg #SQ?QQEﬁ;Fﬁ%d'08ﬁ§ﬂde7§bpoﬁ§? Hirep 0P YOGTFEEPHERY With
I nformation of {Narp, ofs gy L¢ ﬁé‘%ﬁtﬂ:t%%@?%l ?&Z)%l:%%?%ig}.m:ﬁ?esmggg@g{ﬁg

based on the neasurenent” val ués of “enco 0se

nmeasur emento er 8% sc&ausedii & i viebahbysudémohagane 30f 1X sgal 8-axis
39X1 or 39X2 and X head 66 in the 29 non-neasurenent direction and

caused by gratdhgepiiah. offhEng cak bn 39 rarl 133X20 astlo ved [xief vgilivds of 2
| ines 37 have been corrected by the respective correction

i nformation, sP&HECHT iVfe wsydtem 14,3 an@ oiferot il conderabel &« 46 METt
Is driven in tPSc%éqgggﬁtion of projection optical system PL in a memory
(not shown). Incidentally, the reason why the position in the
15 optical axis direction of projection optical system PL
(Z-position) of measurement plate 30 (wafer table WTIB) is
controlled using the surface position information measured
by 2 sensors 72a, 72b, 72c¢c and 72d in the focus calibration
latter process is that the focus calibration latter process
20 is performed in the middle of the focus mapping described
previously.
In this case, since liquid immersion area 14 is formed
between projection optical system PL and measurement plate
30 (wafer table WTB), the above~described aerial image
25 measurement is performed via projection optical system PL and
water Lg. Further, because measurement plate 30 and the like
are mounted at wafer stage WST (wafer table WIB) and the

photodetection element and the like are mounted at measurement

stage M3T, the above-described aerial image measurement is



5 direction. In this case, the count values of encoders 70B and 70D
are the sane as the results obtained when nmeasuring an ideal grating
(diffraction grating) by an ideal encoder (head). Accordingly, wafer
stage WST can be driven in a desired 10 direction with high accuracy
usi ng the encoders, without being affected by the relative notion
between the head and the scale in directipas other than a direction
to be neasured (neasurenent direction), wthout being affected by

t he unevenness of the scale, and wi thout being affected by the 15
grating pitch Begfgraedmiiderkearfingnehscahbact state fwpheximity state)
according to exposure apparatus 100 of the enbodiment, for the .
rel ati ve novenBat%d e%wé) WIRPTd MERFSHALTBAL | Fie MET . wh' cif isgown in
irradi ated fromyil | ygi nag.i.qn stem 10 to wafer Wvia reticle R

proj ecti on opt?ggr gggtgﬁfgbt % %%85&5%%ﬁnEx§e%ﬁﬁ%?%§oﬁ%PXFrefh%o

accurately dripesswebRénskadae¥Rlr anamMiiceldvwaler; Ay s; é@gahadz 6,038
on t he neasurenent val ues of each of the encoders descri bed above, on

st age- posi t3 onsatrfacéyietlitd-oar toformrtriect o6rwa ffrot a8l ¢ WTEOf irath state
the encoders in accordance with position information 25 of the wafer
stage in the nBheheaduperekahtdiliee ilegnaerifeet it @fe (hexis direction
nmeasur enent, and on correctioghinfonnati n of%grating ﬁitch and

correction inf BRAREPO - HOUh 4P TR OT CEalH O e SsHaP gpincides with
Accordingly, aﬁ@f\g}. ’E‘.l@nerﬁ,' %h?cﬁ c%%%e?ﬁ)o[ﬁﬁé%?&lﬁ?&%@% f@éuesr R\c’)“si@ion

hi gh accuracy by scanni ng exposure i Mersio

exposure net hodf projectisH tdifficaaCe9kdendrt P iPhe &hadient, when
acquiring stage-position-attributable-error correction infornmation of
t he measur¥hent val Uéhetf, tmeenerootder]leni 20 compuidserth20bssehangest

the attitude of wafer stage WST to a plurality of different
attitudes, andPRHUREY w&f e REHgSYWAET™ ALL hBa s dxeTs tie eesidh Pl Bhe

head 60 o 66 BFUREIBARANES FEORCRplT It La br CL AT JO¥1 56V, of

head 69 or 66 © € enco
39X1 or 39X2 ignd BEALECHWErR e process described earlier. Along with

this operation, based on a relation between the measurement
15 values 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 % sensors 741, 4,
142,4, 7161,3and 76,3 (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 wvicinity
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



10 attitude of wafer stage WST is naintai ned based on the neasurenent
results of interferoneter system 118 with respect to each attitude,
and perforns the sanpling of the neasurenent results of the encoder
during the novenent. Wth this operation, with respect to each
attitude, variation 15 information of the measurenent val ues of the
encoder in accordance with the position ij33a direction (the Z-axis
direction) orthogonal to the noving plane of wafer stage WST (e.qg.
the error characteristic curve as shown in the graph of FIG 12) is
obt ai ned. 20Théatembion conigiol It the pbibipsitoraRcisten, nfornakaomle,
of the measurenent. val ue, of  the encoder in accordance with position

i nformation of “hafBf WHFAWTENP K8 ABAL ek WEHESHR bgicosesi 6RrOby
f or mi det ey i tion based on.the, | j | t
Phat 1o "Tho Dariati DhERES R e RaRhE oA i LRI U phES e Sue,

the encoder incacgosdanse mid fpﬂih%cﬁﬁshékeé‘rgéra\@és% 2296 \VBIcLE the

Z-axis direction wth respect to each attitude. Accordingly,

st age- posi th oncatibrdtt@blleterr Wrozassatdy e Hedf HFmid,00r fthle procedure
correcting the measurenment error of the encoder caused 131 by the

rel ati ve chang82pEhilié treblie ardt kirecssalwl iheuthre rimrmisgsefdrenprocess.
direction can be decjided in a sinple nethod. Further, in the

enbodi nent, i fﬁmeEE%rt CEBF?%CHPJH“?ﬁPSFﬂHF?SﬁiFECH§&QE§93ﬁ?WFESS
respect 10'a plyraly L o, el b, LSAL £ORSHELULE L0 S eal pri,

for exanple, a plurality 0 heads cons e uni

a detection |ightpd pdrfiadicat edehépm eaeh Ynherds 6hdd) thenSasBtroller
specific area of corresponding Y scale 39Y1 and perforns the

above- desdil bedl saript hag 06 mess waErenstags WSS fobmt himdengodesitaond 1.p
then based 10 on the sanpling results, the _
st age- posi t i ont@td rRbtitEiTe2ér W8 cBokhectl smnattomegtssoarsangaéhin the

d that is, i.tuted. b h'yY d 64 dyY 39Y1 i .
oot ded.  Ther el Brer 234 shES r Rhcionfeds ASRemeePPLEgrr o N BatIYs n
due to gradi en’Eh@fca%@etﬂéqgri'u%_cﬂks&&éggseg%ggjt %:%Fkgrtﬁé@,erth 9§eldine,

when obtai ning the correction information a urality of encoders

t hat corresponghich tves semsuseal @n §RENs LML Ol dRIra2Q cabtasAShefore
correction informati on of a subject encoder, taking into
consi der atliSon exrEesHes rdic semedert hhat ots upseivmst dogwadieent stbidet to

head of the sup&ect encoder when _ )
exposure, 1s 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 inthe contact state (or proximity state) described above after
a predetermined period of time, main controller 20 stops wafer
stage WST at that position, and also continues the movement
of measurement stage MST in the +Y direction without stopping

it. Then, main controller 20 almost simultaneously and



20 wafer stage WST is noved in the Z-axis direction. Accordingly, in
t he enbodi nent, a cosine error that is caused by different gradient
angles of a plurality of heads does not occur. Further, in the case a
measurenent error occurs in the encoder due to, for exanple, optical
characteristics of the head (such 25 as telecentricity) even if
gradient of Y head 64 does not occur, ocglér,;rence of the measurenent
error can be prevented, and therefore reduction in position control
accuracy of wafer stage WST can be prevented, by simlarly obtaining
the correctioninfividwalondeThatsithe &bhidrmeenedkaentrangatiein th2five

stage WST is drjven sqo that the neasurenent error of the encoder
syst em occur ri hgt Bh&LLgnPRBEt bt aFfas (Kefer f&f ferr-Hhanrsd BREkY da Fi6-

as the head-attgi butable.erro i S _conpensate | ncj tally, .based
on characteri s%i!)’csu%ln %%r%é’tei %gﬁl%?m?rher%sﬁggﬁ 8Htart%%g‘r}1?§1%l hg-Lnks
gradient of thendedthe AN OkelRitsd s ‘Eﬁ%a&iféﬂﬁér{tc% stERE ﬁﬁ.‘f%‘deALzl

correction information of the neasurenent values of the encoder
system nmay %e sndpitrgdndkebeatidurehedt nellives Nexdt 18a5€a0@e encoders
enbodi ment of the present invention will 10 be described with
reference to FP@ES. 0B2he Br Fheodecondt e diimntofi $hei feteentof r drhe
the first enbodi nent descri l?ed above, onI%/ in the operation perforned

when correcti dRCTFRFOTHRRYT §ALBES GNP T Eh AhBY &GiGhett it correction
i nformation of; YAl B Af; ) dnk! N&FY 18 1$CRhES A ATMWLLSY, . aRd NG
point in time, the focus mapping is being 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 waiting 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



15 configuration of the apparatus and other operations are simlar to
t hose of the first enbodi ment. Accordingly, the different point wll
be descri bed bel ow. Herein, an acquisition operation of acquiring
correction information of grating pitch of the Y scale and 20
correction informati on of deformation of grid |ines (warp of grid

lines) of the X scale will be descri bed. flection surface 17b is
assuned to be an ideal plane, for the sake of sinplification of the
description. First of all, main controller 20 reads the nat hemati cal

25 function z=RLEy)anchal2denongs the derevtnnesse0fltt sCatlers39¥lighhent

mat hemati cal function z:fZ(Q t hat denotes the unevenness of Y scale
3912, the nat hENELFREI Ablinchlionapdghisd anRathacher sgrenrntyyalaesess at

o ooaLe S Bthle, CISTRL Bl JATEL! 00,7 E00 LI ONES oo

advance and st hedidtbd BB Verdémeh Bl Perhdift LRI EESBl ER MY Hrect 1on by each

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, maln 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.qg. 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.3. Patent No. 4,780,617 and the like, using the detection

15 results of 16 alignment marks in total obtained as is described

above and the corresponding measurement values of the encoders

(measurement values after correction by each of the correction

information).

Next, main controller 20 continues the focus mapping

20 while moving wafer stage WST in the +Y direction again. Then,

when the detection beam from the multipoint AF system (90a,

90b) begins to miss the wafer W surface, as i1s shown in FIG.

31, main controller 20 ends the focus mapping. After that,

based on the result of the foregeoing 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.



Next, main controller 20 noves wafer stage WST, for exanple, in the
+Y direction indicated by an arrow Fin FIG 5 32, for exanple,

within the effective stroke range, wth the nmeasurenent value of X
interferoneter 126 being fixed to a predeterm ned value, in a state
where all the pitching anount, the rolling amount and the yaw ng
amount are mai ntained at zero based on thgg¢reasurenent val ues of Y
interferonmeter 16 10 and Z interferoneters 43A and 43B. During the
novenent, while correcting the neasurenent val ue of Y head 64

i ndi cated by b8Fhgreards ed-henskinGlagopdrat ibasesry samas <30 Y1l panfoimead
| ocated at a distance "a" in the +X direction fromstraight line LV

(Y linear encodBr O?g% E%Qeﬁﬁféserr%u%ﬁéhfﬂ%l‘l{%f%s YVifdds thepiot.

i ndi cated by bei FI 2 that Y_scal e. 39Y2 and
| ocatd at & di ot ancis i S pp e glvboft skl ERETAY B RBPeee

(Y linear encodgpa?8Q)s megftﬂee r&%@%&heal i Lt'Pl“et L9ns v?a‘fe]x( \.é)caa@%w

z=f2(Y) respectively, main controller 20 | oads the measurenent values
after the corréstnovednth theriiereantnededira@dies orYexample, in the
interferoneter 16 (to be nore accurate, the neasurenent val ues of

measur ement beén@XBﬂldJarrﬁPtB@Zl) whanowafry isdtigrmantreeapysute or the like

predeterm ned sa terv Next, after noving wafer
stage WST a préag) ﬁ#ﬂ@g Esftaeé:n%J%a5$W§rﬁés+%deerrbéPlt6W YRS ehrefelon
measur ement VabHEe%\Eo[ﬁfmgséﬂe%en%r QH‘FBﬁ&aQES’n S8 11} & UL 'e'rg%és%’%)

stops wafer stage osition 01 t1on" Shown n

whi ch waf er stpgei¥in rﬁe@ctmtqfoher iBen 7giA® Va8 radet Qh‘fb@ﬁgtlon,
distance in the -Y direction indi cated by an arrow F' in FIG

based on tHe neushirasenttatdlare ioffo¥Ymahienf o ortet &x H6.rect3dn) of wafer

Then, main controller 20 noves wafer stage WST, for exanple, in the
+Y direction | RERERIET by BAlaPEBIWPIF GiftRrent Fxom Bheéémm-lsedlﬁﬁﬂﬁwr
the effective stro

t | u
i nterferonet erar_lL%legaer%(}%erlfg&ct 8n§°§mﬁ s%réte%r}rs% ¥ ‘i?g'leﬁe (spfbaa8 the
where the pitching,amust @apd e :ihg! bi P aounl/ &' & nﬁ?'&n@&ﬁbnfgmﬁ% ion

zero and the yawi ng anount is naintained at zero as h as”possi

based on the neasttenemhataldiesadér ¥thoteusirel OaRL€6n 56 @t Beasurement
interferoneters 43A and 43B. During the novenent, while 10 correcting
t he neasurléneneryersecbithe meaddes spdtent ezhdndeysi A§Aciandl @AC) n WHiGh
33 that faces Y scale 39Y1 and is located at _a distance "b" in the +X
direction f ron?%‘?‘ﬂ%fjb‘ﬁttq Fhe qiypdecenapil léﬁ&BeéF‘g?@,&)lléﬁBlPﬂé of wafer

tmﬁgtsu][ Sgggt ng%:g$ é) S\f' ggag cﬁ%ﬁ'er%' %aé egecqylol?ie C"clg.ec lYe%xllrs]; dFLgieci'?’lBon

and due to the scale, are compensated. In the embodiment, main

controller 20 drives wafer stage WST in the Y-axis direction,

20 Dbased on the measurement values of encoders 70A and 70C that

measure position information of wafer stage WST in the Y—axi;

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 ¥



15 39Y2 and is located at a distance "a" in the -X direction from
straight line LV (Y linear encoder 70C) using the mathemati cal
functions z=f1(Y) and z=f2(Y) respectively, main controller 20 |oads
t he measurement val ues after the correction and the neasurenent
values of Y interferoneter 16 (to be nore accurate, 20 the
nmeasurenent val ues of neasurenment beans BAL and B42) into the
internal nmenory at predeterm ned sanpling I ntervals. However ,
since the positions of Y heads 64 in the XY coordi nate system are

al ready known, isberéerpoatéeénf b ratd dn lbtegferoneeets ofBATENd df3B of
grating pitch of 'Y scales 39Y1 and 25 39Y2 can be jndependently

obt ai ned by setPFRGTEPCOTRESE| FHATSINddE: SRUBPFBRCHIThg RARETSEA1N A§

val ues that ha een ahtain i_n,the. above-described two operatiops
and ol vi ng R 2P ROR EATSIEE ShEat PORL &7 NERAER L POt r it THe 2acAsatTon
case where ref &ﬁ?vbh?&h SeHd %%ve%ﬁés;7pf1§tr[@5ts)a5f' draly dl@nes thetaken
unevenness (bending) of the reflection surface is neasured and

correction Hat anob tbesbéshihipr)s ebtdabnedot fe@th@ncefokhemniocanocthgarp
above-descri bed novenent of wafer stage WST in the +Y direction shown
in FIGS. 5 32 aAdgB3d Liies 35 adetWSTY nene lescur &t etlyi Hanammeed basetieon
Y- axi sdirection_by noving wafer stage WST in the +Y direction_while

control | ing thE%’(_—‘Bf)@?‘Hf PIYF XSS ﬁaﬁ@cmr%aé% i {0 c PS8t i on
data instead of fLxi eﬁ@%&%ﬁr‘:ggggérl%’ggtcg%ag‘él%(ti@%e jfseprjga[r(r%m%rntlg]@ Y

to a predeterm ned val Ue S ove, after opbtaining

the correctionstaferseti &r (&Y. ak®@ry efddd0B4MaR) +RE S6ALhdWE PhdndhtOf
Y scal es 39Y1 and 39Y2 respectively, main controller 20 noves wafer

stage WET 1(h tHereytiton egtd cauasdilsy strawdingnoRdh oF4Y sarldh&o¥h md 3By,
procedures to those in the case of FIG 32 or the like 15 described
above. |n this2BAI@rPaRT g ikl nass 88 dlavaderAly FAgreeke@ bYi U respective

i nf ti ... t.i f ting.pitch of Y _ scales 39Y.
and 30v2, "t he. FOSSE STRAC AREEBH R, (TG BT e o HTb14hd XCRBAESLbE!
i ndi cated by bgj FLcl ' s 34t scAal

IC%SXIZC?egpeC%/i vgfllegtgfeégog%o Epct‘d(;ﬁaI)((;;lasl ?rgﬂgﬁtﬁgfﬁt}%&%@{ﬁ d?%ﬂ:&g%ge of

the apparent yaw ng Bl 6isy¥pfele atagernt Ratlues Easwy 8d1bK¥st her
interferoneter due to air fluctuations is included in the neasurenent
val ues of 1% heanso@srs AR add 0k svaltbe S0 aanchs X2 uiles pdutdiveldywiieh

encoders 708 and 70D), as an error ) ) .
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 is moved in the
X~axis direction, wafer wage WST is driven in the X-axis
direction based on measurement information of the encoder

system, position information of wafer stage WST in a different



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 encgdgrs 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 39Y@iraatidmvirdedimeoBtakmeddirecithemcenaimidingonhcdiharion
20 can obtain the apparent yaw_ng anount described above of wafer
stage WST baseﬂngﬂrlﬁgﬁl%uﬁf‘dvﬁ?ﬁ@é‘aﬁﬂlér Fher el éprEpehabion & pApOY

of Y encoders 70C._ Then, _main_copntroller 2Q.can correct the
yawi ng-attri bu%gﬁgpg%)dr % ecQ(:crlﬁ‘laB‘ﬂg&!tSB%\c‘*/ liolrh%rﬁ[ba(%tlﬁ@ 8 pEE‘gnFcafes
yawi ng amount {5atn hastheen Ahaisnsd dne Lher MRHRe rdescilbad: aboVe: ing
Wil e correcting the yawi ng-attri butable error as i s described above
during the SrovEoendtdn theondf erTisitage, WaEdmsthge WSTHL 5 et ivah sBBRiEt
controller 20 sequentially |oads 15 the count val ues (the neasurenent
val ues of X | i ReasLigitilers- 708 addtieDpncede s vaterodearnddr$ r 608 eand

plurality of ads 66 of head units 62B and 62D that are .
sequential |y éf@@e’d YL Gth PO Ares teokie ahtrBieenstitodnRgugdndhe

novenent, into: - a I, I,k 4.0 .
i ntervals. Theﬁ%ggjoﬁ%‘%grphéfm m %rs’e%%‘gg%ﬁe %atnhg%g%%%ew éé:%FitbLga from
reason, main ceméd retders 20 rlagqoabt ak8ScERbERSdt RN | B Of Rt didb Pfment ,
deformation (warp) of grid lines 37 that sequentially face the
plurality 18 Xndhbadsoreg;olbyermpedf drivag sdder sttiaoa WeTodesshagXedxid or
exanpl e, averaging (or perform ng weighed 25 averagi ng of) the count
val ues | oaded #HeHe dTht &1as8d RBnbBRG . Measuremgnjy viadhesapEoenpaodees 70B

case of obtainin e.correction informti.o e.q. correction f
grating pitch %l?cg?togjcgﬁgé BRI anH°3% O%rfdjlr%éj&mta éfoBo?]Eé’catﬁecfnsgggg WSt
i nformation of;defiq nat.on eep)igf gghd lines 37 by driving wafer
stage WST 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 1n 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 8z
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 X scales (which
is correction information in which the unevenness (flatness)

25 of the scales is taken into consideration), and on correction
information of warp of grid lines 37 of the X scales. In this
manner, based on the measurement values of encoders 70B and
70D, whose measurement errors caused by the relative

displacement of X scale 39X; or 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 contrghler 20 perforns the sane
process as in the case described above, wth the X-axis direction and
the Y-axis 10 direction interchanged. Details on such processing wll
be om tted. non-mesh pleeensrth dealcs 10di fid acaused drvabirag)inbapifch of X
wi dth, the correc i%n information of the grating pitch can be
acquired, for %Si%ir‘f)l FLLIRF Dikafit HGTPIRE g6t ddoesns T heBrhagroaoasected

descri bed abovg _al.on .lines in the wmidth diirection, on.,the

fant terc. bu i ErePeEE e MR tiath MHEBeT ety | oiys F iRk, pesren
of the grid |ingsway Boh8r8COMd T8 wardF I dgeNRsBan BRiven in the X-axis
representatively chosen and its warp can bé neasured. Tﬁl S seens to
be preferald e, difremide. viiavpnintasé, ateucanyt 281asd omekabidisd Y0B and
In the second enbodi ment, the other control operations of main

control l er 20 49k 2R dwnisager asi bheofeshkt ppdednes ahensine@paring an

t hose of the fj rstl enmbadi nent i%%scri bed above. According to the
exposur e apparhtTR! rE Y t(GithEasEieR GFRl Bidodivnént 1888Lr FBERIRD

far, the effec ﬁeaetg)ui valent to those of the first enbodi nent
descri bed above can be obtai ned, and besides, since wafer stage WST

does not al ways havendcdrBe ngRyediate raBt 4L WELYn IHVas Peed MhEMNMesired

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 measurementy,error 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 driveninntke neasuidnemte rdiivectkposofe ametdnobder based on
information on the flatness of a scale and the measurenment val ue of

t he encoder, indepentd&iftiar -ofcaegdiBt Fonthky auhedigenset WbAn acquiring

i nf ti f ti itch of t, djff ti tir that the,
scal e 15 has. THARTRSE R AHEA A AR B CSt s ENEROF HOF He bpsigaton of
direction or thge Xs@xd SridfBCtiA0e LR ABASHL tm\éﬂlnu%.oﬁ b8y 20

encoder or the X encoder nay al so be correcte dased on 1 nfornafion

on the flatmesshafigéhene soalit Qe biewXfs£ad€agd Wdhits @ag@urasitPeos
scal e-attributable error, the nmeasurenent 20 error of the encoder

t hat occurs dueifferé¢nt fdtatinadesofanhaovesl eafer ctrgeci®d.irFuheheraxis

for exanple, in, the cases such as when the flatness of the scale is
favorabl e, thedhE2SHAeit 2ePFetettriinedstsake Tange vbddrst arrdiariag

grating format é %@tgg{:gg%ic%i.rg}h%eﬁrsocahg%é Basr F?%&%%%n%%#%Bgrar soéecific

and/ or 25 deformation o i hes t he

corrected as tAL.$Co esd I abbey £rnak, or 39x, LA hhsEaf@Sthedd® e
fl atness of the scale includes not only the unevenness but al so the

inclinatid ofathetsis fat evaffert beageaweT ITdhaiairs;aielen baketihengtigéi ng
surface of the scale has 139 the high flatness degree, in the case
t he scal e it seffashesnands regukeaodr enanienonet e stied temal 1§ imdirhabe spect

error) of the encoder occurs due,to the inclination. In each of the
enbodi ment s deE%FFSg‘oa S p&%@ﬁi“@-"'i’t‘*t PRPR LM 8 YRR nr ety

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 ments 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 direction ing 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 oanhéheorﬁé@tiYﬂl¢hﬁnyenmf ¢heohegdaam®gtmétsdalelanthhe
correction informati on of deformation of the grid lines, and

t he stage- posi PPBnmﬁ?FFF%‘ﬂ?%%IdéréFFéPnc‘%ﬁr% g@t domided (}lnnﬁtﬁléfﬁ’le method.
descri bed above, but resent, i nventi.on is not Ilnlte t her et o.

For exanmple, in the c%2€h¥%b pOé??lgﬁ) %ér 1 {th5e CRET e correction

control l ed usi BgrgRRaY: beads (@cidcheatin 20 Andia s Q%%:ﬁlﬁﬁ:ﬁ{ 2e(RLadk

scale), for exanple, correction of the stagé-positio

error descr$ bedhabovenstoesitreothal svays headeuh it pEqpeekonped, a plurality
Further, if an error amount of grating pitch of a diffraction

grating, whi chOd Sbgreshd thehatonst idatededy unie %A f hadetess ioh heht

scal e is remarkabl er than an error apount of grating pitch of
t he diffractioﬁSg?%f?%bgﬁﬁbégﬁmbﬁaﬁPh%ﬁ“?ﬁ%ﬁ@r§° Elog reag swecific area

i nfor ma“ on _Of o@éﬁatfr%%p%'nh (Xesgalg%r &8%1' O];gler age&?@‘?%%%en ed t:(L)bed

be obtai ned in advance rrvin on ex 3Str

or the like, peshplong ckihed Nldmaid @@s@lté"@ﬁeiheséﬁcg@dé/{graha thhen based
predeterm ned direction (the Y-axis direction or the X-axi s

direction)ltaybe teassmmplisy nestiiesenchder, and based on the

measur enent val ue and information on the flatness of the scale, wafer
stage WST may SteeedrevEnienatteipusabler arper coirrestion. 1r1:ﬁmrrw¢rlon of

th t I d t th
Stage: post t1 onCarRITHRGes] biaf o Caoet Beash Y M d TAe oA Snd ¥ sdate
accordance w t Bgposid |O%@l|dgtjor “ﬁﬁéﬂ%o‘?cfe w%f ey ?BE‘QS N@faé” fgﬁof‘fgrlc

non- measur enent direction neasured Yy 1(5 Interftero ter
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 occurs in the encoder
due to, for example, optical characteristics of the head (such

25 as telecentricity) even if gradient of Y head 64 does not occur,
occurrence of the measurement error can be prevented, and
therefore reduction in position control accuracy of wafer
stage WST can be prevented, by similarly obtaining the

correction information. That is, in the embodiment, wafer



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 usjg3g 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 sfrege "§8viedrinan siostisdptiameaénoemenie egnopedrthe encoder

I ncidentally, in each of the enbodi nents descri bed above, for the
sake of sinpli PYERETORCTHITHY F¥c tiopthenheadi whontiediaigafrgry satgo

control TespectlLye;cona] Ll s Blad N5 23, A0Sy £ A0PETSl sy sUch

the stage system erferoneter sys

but the presengnbnyERtA DIV, Sl |oinmch§gaEB@ff&’@ic@r‘i%f-oltrnﬁleﬁn%Egﬂgé

saying that at |east part of the above-described control perforne

mai n contrdi| ehe20 urEy be. shanedudhdg peatidered byha helkbdr;, adridAor dgdiedl
control lers. For exanple, a stage controller that perforns the
control of waféRaseaperiBiemd the diawlisasedreartting hpisumnalrion of the
val ues of the encoder s steq} theézﬁgensors and the interferoneter

0

system may be BFPERGEHETUNIE 1S © PoPNSOFT iy T o Mo Pre FOBPUtEd.
Further, the above-dggﬁ&%QEpE%@ghggg Q;ﬁforned by main controller 20
e reall By

does not al ways have to Ize ardware, but it may be

realized in softwar ereutseabyebriPERYG@IndH0BFHAd BRbsERESiARNtion will
operation of main controller 20 or each of several controllers that

share and Yger f be ndederilfed ontttolrederiescdesor Fiedl. difows. 34. The second
I ncidental ly, the configuration and the placenent of the encoder

system the i ntRPP&}RRE 5 S Sferpnt nerqruthepdi st Ambogsmenitafgs e o
sensors in each Q@ t he fngpd%pen;s argfnerelg e§%%flﬁf,_and itt?oes
wi t hout sayi ng“that’ the Jpr &5t PRVERETBR 4% FEmEst e 84 EG AR m
For exanpl e, 'ﬂnﬁéﬁﬁa@ioﬁgff g%‘%%@%&&ﬁ@ﬁ(&dﬂ%&é%@ fhig;ogﬁg@ion of

exenplified where a pair cal és" 39Y1 and 39Y2 us

Y-axi s directiwarpost tdnid MEasiy efefheaddaBePad e Cfcgiseal, eand9¥de and
39X2 used for the X-axis direction position nmeasurenent are arranged
on wafer 20 tapbefidB;atmn sF adet epporatepomt takhehempeaapabnsobre
head units 62A and 62C are pl aced on one side and the other side of

the X-axis di r 8P J° FPGEECPF o tiitall eBheEene ML aRgCRTRanelys the
head units 623df?9e§ EH&EH? %&ﬁg 21 ?Qggfiggdqﬂglhne ot her side of
I

the Y-axis diréctron of projection op
Herein, an acquisition operation of acquiring

correction information of grating pitch of the Y scale and
20 correction information of deformation of grid lines (warp of
grid lines) of the X scale will be described. Reflection
surface 17b is assumed to be an ideal plane, for the sake of
simplification of the description.
First of all, main controller 20 reads the mathematical
25 function z=f;(y) that denotes the unevenness of ¥ scale 39Y,,
the mathematical function z=£f;(y} that denotes the unevenness
of ¥ scale 39Y;, the mathematical function z=qg; {X) that denotes
the unevenness of X scale 39¥%;, and the mathematical function

z=q; () that denotes the unevenness of ¥ 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-axisdirection position nmeasurenment nay be arranged al one, not
in pairs on wafer table WIB, or 142 only one head unit of at |east

ei ther pair of head units 62A and 62C or jhgad units 626 and 62D nay
be arranged. Further, the direction in which the scales are arranged
extending and the direction in which the head units are arranged
extendi ng 5 ar beant attwixed iro aiviemogoantl sliored iionsnesocly 84,t heto the
X-axis direction and the Y-axis direction as in each of the

enbodi nents abdTESTBEt BEMSL¥rave to be dlrectlons that intersect each

ot her. Further, the erlodlc direct he diffr tlon g
be a direction orthégondlnp& (CPniﬁoﬁﬂ? %d???ﬁﬁ v e&njl 'ﬁéﬁ fod
di rection of eéﬁ‘&mﬁf@' &n aRd w M}_le%t%%em@l@éﬁg@g;aﬁ ¥n0f M@q%laf FIG.

t he correspondi ng ead unit onl y have to be arrang In t e direction
orthogonal 3o BRg fier ieadingldi rectiion tae ¢f fddivictid enrgkatidigye FuitRethe
each head unit may have a plurality of heads that are arranged 15

wi t hout cl ear afg@sysyment waliuceeofi gnivtehbeormgtan lidte bpdngodised to a
direction of the |ffract| rating Further, in each of the
enbodi nent s abBYES e’f?‘l@“%’é%‘gvﬁg‘éebé‘é‘na sratpIiars vhéhe RHSemcomeeunt ,

systemis enpl oyed.t f ion in whic gratin
section (the XQ%ca es 555 éﬁﬁﬁlggaség eg%Wln%a%ﬁqgﬁﬁggge a%ﬁt %%?% at
table (wafer sgag@)bas@w@nsehasmé@sdzaé;@ﬁthe-a%@gIagasqeltt'e%erbmstsfafk
units (the X heads and the Y heads) are placed outside the wafer

st age. Hovidver and Bel preesentometeentd 3drand 4 BBt Immmﬁﬁdﬂhemnnﬁméﬁt while
encoder system and an encoder system having the configuration 25 in
whi ch encoder FREIRCEH dheafgedusamnaniafeiustalye mdsé4asndbceﬁ*a@@ by

bl aced one- di nBRLIBIAR oPa: Th [Eact: BSY TARe “of A08q ot i 228 ifeL S
stage may al so,06, efiRlayed. wLA [N hL£a%e 1 YRR 6n SANGPTE A% Sh‘al $Pne v

pl aced on the upper surface
(Y linear encoder 70A) and the measurement value of Y head

15 &4 indicated by being circled in FIG. 32 that faces Y scale
39Y; and is located at a distance “b” in the -¥ direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=f;(y) and z=f,(y) respectively, main controller
20 loads the measurement values after the correction and the

20 measurement values of Y interferometer 16 (to bemore accurate,
the measurement values of measurement beams B4; and B4,) into
the internal memory at predetermined sampling intervals.

Next, after moving wafer stage WST a predetermined
distance in the +X direction based on the measurement value

25 of X interferometer 126, main controller 20 stops wafer stage
WST at a position (the position shown in FIG. 33) which wafer
stage WST reaches after being moved a predetermined distance
in the ~Y direction indicated by an arrow F/ in FIG. 32 based

on the measurement value of Y interferometer 16.



143 of the wafer stage, the two-dinensional gratings (or

t wo- di nensi onal | y pl aced one-di nensional 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 enbodiments above, wafer stgge 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, ThetfemasinagentBflten D@ rbvvesewaferasdeger €8T, for
direction with high accuracy using the encoder, w thout being

af fected by t he*ERRtennds £her t¥ il aackiien indicatggh@vdentarigy b ancakh

f the enmbodi megt tation | ion in the Ox directic
(the pi tehi ng SR ETRAPorv 440t hY8 TErt TS sheo ke bk the
i nterferonet ernsyst Somddd vAle tolﬁexp&ﬁEQngr%ﬁ’%l&g}t l%yé?@%g?r Eig%ce% to a

obtained from for exanple, the neasurenent val ues of

sensors 74i§ orpZedetsartnbpglué) ,irf arsexanphere e pitéh P amdfin€ and
sensor(s) is/are arranged adjacent to each head of head units 62B and

62D, 20 sini | aE§ rod laaadmaintsa BPAa dnta 52¢d asmenchendithehiawg ngnaumint
may al so be obtained fromthe neasurenent val ues of the Z sensors

that face X scaf dESYPHIRF IGxFeraspachivRIzs MTHE Sasper ani bhe
oot ¢ 1B ERn YRt BGE v BT, LR ELERAI, Y GhelhX og) o0

of freedom that 15, axl's, axi's, Z-axi's, and Oz

di rections canibeerBasiadtissiong bhe gosodensangd tHe HoPSRSA Swhile
Wi t hout using interferonmeter system 118. The above-descri bed

measur emerit0 of cpost ¢t iony itifeomeatuoamefit waed bre sifage hd&d 68 dhdbcitan oy
of six degrees of freedom by the encoders and the Z sensors may be
perforned 144P9br9 GAEFLRA HhEIExpsthet deeeatY eealbui®al and il 1dwrated

al i gnent . : . .
9 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 Yinterferometer 16 (to be more 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 simultaneocus equation.

Incidentally, in the usual 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
WET (rel ative displacenent of the head angethe 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
limited theretd/bahd nof axadmsiad, pdanar gehe posétéroresst (Wendhingheof the
position of wafer_stage WST is set may be corrected based on the

correction i nf GPAAEFBRCHI FFIRG IShBFESURAR| @Y rFATRFEIDISRER sfafee
VEr basedon' b BERgUstEn] el ues e et s o @ L

exposure operation i rtrcuflar, i e

on, for exanpl fovéhen FRASHE LAERE ayal wes 1 Af tHd1evecadari 2y shem ihhergs.
position of reticle stage RST may be corrected based on the

correction % nf 38rmatd $, 28 fdesdradectcmhayaccuratel yfw hbesd inrtieaehaofs
t he enbodi ments above, only wafer stage WST is to be driven based on

t he measur enenflifafte’n Sy nasiehooder syaIemSTi on theamPldiramidon while
exposure is perf0{$§ 1.but for, ap encoder_ systemt hat

L e,
measures the p8st Yy dihe é(t"i%)élgggégag‘éL 3% & f§AaPRged on the
arranged and TebifLé 0R0R L AREE 8P PE. LY VAN BASH QRehBeyalue of

measur enent val ues i s encoder systemand based on correction

i nformati on acrofgi&gtd compasdt i10% iBf ar préaore ol ddie valdcl e stage in
t he non-neasurenent direction that is nmeasured by reticle 145
interferongter 116. As is deburibhed ahavegaelitef ois nboeditirentesradovign
the case has been expl ai ned where one fixed primary alignment system
and four novablRIQERHNRR yeali GITFERELEgEIER af gra§anppddchand 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 X 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 X scales 39X%; and
39%; respectively (X encoders 70B and 70D), as an error

25 (hereinafter, shortly referred to as a yawing-attributable
error). In the second embodiment, however, the apparent
vawing 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 alignnent systemthat can
detect alignnent marks on a wafer only hagg o be arranged.
Incidentally, in each of the enbodi nents above, the exposure

appar at us equi pped_wi th neasurenent stage MST separately from wafer
stage WST, whi €RTFsediif FHF- 84 thet isceXpymies adpparnd 39 Yt rgspestively
di scl osed in, fgr exanmple he p hl et .of Interpational Publication
No. WD 2005/ 074{81%1Ca‘?%0%%@04&i31?& gy 'deLs"EF‘Fb‘éd. whhie GRELEAL AR FoRRt
is not |imtedyLe,LBi Srlype 4.8 %u%30388€#a$&§3a55“1§§;ﬂéing the

di sclosed in, for exanple, Kokal (Japanese Unexam ned Pat ent

Appl i cation 20cBubkteadh AMEdNnatiOn2df HB3atand bheck V¢ §SpeRdL 8B It Sand
Patent No. 6,341,007, and the panphlet of International Publication
No. WO 98/ 497923 %¥nd-hate heger beponehiregindd $n Ravante Nova ity 262+ 786 Leanz
the like, also in a twin wafer stage type exposure apparatus in which
an exposure op&RBtARFiEnthe 2RpaZaRE Ve ngpEraiTtoAe oG ey abpuplof wafer
detection by an._ali t syste can _be executed_substantially in
paral | el usi ngSP\?\gevvaﬁe;}’asstéaéaggﬁlﬁ%s‘f%% VESHEPOT T BF T dtth c\ﬁéf@%’%?%g%f

can be perforned N9 otehe &1 syst _cri far
FIG 3 andthe ITEEr D oot mfﬁ?‘aa%?,rs Al gg% at e%&,?@?ﬁﬂégﬂ%hrgng? 20

pl acenent and the tengédt (b vfvieachtbeadutable ROHH idEGaRkHObbebe
each wafer stage can be perforned using the encoder system descri bed
above withbut BAYNEhikryeaPRfsIerdn lypwihenanpente xgusiuhe sopperat pbhaiged in
performed but aJBso when the neasurenent operation is perfornmed. But,
5 anot her head“iniTeRPet EHFHEGsE°U6ri ng t he measurenent operation

1Y p2 20 e, 2 angedu oA A ekl BTLADC DoAt INLS LUE2eN LOBHLBPOE 4

(62A to 62D) . For exanp our are placed in

Cross arrangengalcASsedl b @ &uinbWeha! heremdtit iSte (-f%)feéssh&?e WST
center are arranged, and position 10 information of each wafer stage

WET may al so bénneksuredivsiatg. onheseiheadntrmilenand cegueapoadingloads
novi ng scales (62A to 62D3r when the nmeasurement operation is
performed.13 n Ehe qMnt Vatees sthgenedperangidsurbuappdr dtlidieas eheedrrs

t i d f t f t , d._wh
b exposure. 167 Gpare T0R)of VAL GaruE ABERLRC G Bhe BIAGEL & Ak ohaps
the other staggeop mc@gnﬁtg%éb M@én‘é’ﬂ%%r%%é%&%%{%%ﬁ%u&n ?%%ing

| i ke have been perfornmed at a nmeasurenent position s
is placed at ar €XPLS$IrEIN0ShHI OB, idtdrdehgt 8ol ER: asevddEhtone Hoagse

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 bglejn, expl ai ned where while
each wafer replacenent is being perforned on the wafer stage WST

side, the Sec-BCHK (interval) is perfornmed using CD bar 46 on the
measur ement st dgeenSiosiidelicat4d howevew, F't e FIGSsed?, i3dyeatd @t £sking
not limted to,this, and at |east one of uneven illum nance

measur ement (anBtP| PR IARTAL PBashir ctRTAIL s PaLPT ARk Heddereasent the

wavefront aber nt ,and _the lik be, perfor

Ll g the moashEPResr nERTIANTS (B ptPeRsht SRR R AbaPLitehE
stage MST, and gpgoﬁﬁ@éurerrent result may al so be reflected in
exposure of a vvafer to be perfornmed after that. Specifically, for

exanpl e, adj ust nent Mfarprigjlegt vioen eptital ngyaterdfle tamnben NEeriarRc £
by adj ustnent device 68 based on 10 the neasurenent result.

Further, in eagdfermipiorwiotheernis! dbnee, (vave of dihes gy bimew)r afigete
al so on rreasur nment staqql?‘%l\/BT andgfrole on control of the neasurenent

stage may al so b@C?JJe‘??o d°%stihﬁ’g R&BACBYEFD It Chesd 1asit Bpin
descri bed abovg,,dhaiid %@blcgebgg%{ WOSE POSILLON, 1o g
df yste S it 3%t §3Ffe

information i s neasure e ‘encoder s I'S Nno

waf er stage. descrlﬂé‘@laiﬁliea,l ki thl Rh¥i 8U5 1 s deCFRasi®rd Rnsl %ﬁeaﬂdams
wei ght of wafer stage WST, the scales are preferably placed as cl ose

as possi bl1& t odie¢eridd dmiwafcbangbdge DAERi1Mhen stch pridedsdng20ilhade
the size of the wafer stage is increased, however, two each of
position i nf or Fe®CEin the X-axis direction and the Y-axis

(rjr:arectlon that is astrf?tal ofl fco EI SOfJéE]gSItIO glﬁornatld&?i the
y be constantly neadtiaBRe" 3 Easdt BEAT St 7 &t
waf er by increast Aot {h Sn#8rREt188 of the grating pitch can be acquired,
for example, by obtaining the correction information
15 described above along three lines in the width direction, on
the right, left, and in the center, and when the correction
information of the grid line warp is acquired, a grid line
can be representatively chosen and its warp can be measured.
This seems to be preferable, from the viewpoint of accuracy
20 and workability.

In the second embodiment, the other control operations
of main controller 20 and the configuration of the apparatus
are similar to those of the first embodiment described above.

According to the exposure apparatus related to the

25 second embodiment described so far, the effects equivalent
to those of the first embodiment described above can be
obtained, and besides, since wafer stage WST does not always
have to be moved at an extremely low speed when acquiring the

correction information of grating pitch of the scales and/or



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 scalqg is arranged, the distance
between a pair of scales arranged facing each other nay al so be
increased simlarly. 5S5Further, in each of the enbodi ments above, in
order to prevehhereeredioien Anfeanattormi dedorneyiduect dhadgeidntines
of foreign particles or stains to Y scales 39Y1 and 39Y2 and X scal es

39X1 and 39X2, ‘FBFPeRhanphe, 9chtlilngSrag o appFa s + Fhen@csuipasdono
t t : iLffracti t,i 0 | .
o e 3 RSk I LT BELLO QLA 10000, SRR 90288 4o

may be arrange iscase, in arrquid

apparatus in parsh&gt erdod iguitdeepel I ent protective filmmy al so
be coated on the scales (grating surfaces), or a liquid repellent

filmmy also be for¥meddemtiaiaysunf aseh cpper embbd iare) sofe $ hel wvEsove,
glass. 15 Moreover, each scale is to have diffraction gratings that
are consecut i vEPyTeel e g anyetsobs Pangrating anittiabe ofr shei diffsaction
| ongi tudi nal direction gut fog %_gaarr?l e, diffraction gratings nmay

al so be int er nPTEehtY y RS HEFEOR 2SI PR fesh daf\iEhakieReaspFement
each noving sc C LLut raki 20 of | es, .
Further, in ea% P%fﬁc%/ﬁ]ga%gngggﬁégtgg%%%%%ﬂﬁg %%és%n PR %fezcﬁl% S2ale is
exenpl i fied wheserédedcodetebrp €hd fgacddan indbari shensenset hogh dex
used as the encoder. However, the present invention is not limted to
such an endbdethexeite anndnedeerstngeaShnegldlsd pt dkipendhhodeasirenent
magnetic method, 25 may al so be used, and in addition, a so-called
scan encoder tRa¥eFki¢h €& BB RPGater brsedfpiaiornat Lps orpshenflakness

o038, o0C. and P LKA TINUSS BB e o PR ebRoBR%Dy e
optical pickup; fEihOthertdy of acquisition of the correction information
of grating pitch of the diffraction grating that the scale
15 has. That is, when driving wafer stage WST in the Y-axis
direction or the X-axis direction, the measurement value of
the Y encoder or the ¥ 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.
Inthiscase,theflatnessofthescaleincludesnotonly
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 nay be a sensor by an optical

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 nmeasurement-subj ect
surface and receiving the refl ected Ilght a drive section that
drives the first sensor in the Z-axis direction; and a second sensor
10 (such as antkadadbrilathes sndegnaesinibediayd atemenledft gdief fhckines,
sensor in the Z-axis direction. In the Z sensor having such
configuration, a1“1’?@51116?}“6%r?grrr?&dé%celaﬁrrqiérwtabﬂaatenr@r aofdde greoder

first servocon Cgl g% he drive sectio |ves%&rc{|rst
sensor in the aX| % W cch BSed"dht he %5‘ §EEPUPT oF q4igents
sensor so thatgdsdi ianesoka, télfcf@aa§&%léjla(tﬁﬁtlbqﬁ Retve rfe@o%b:%n aJrso be

nmeasur enent - subj ect surface, for exanple sur ace 0 e scale

and the firsst sensettdds. consiasitallyl ltHd MRS chasdrar PHecHa

servocontrol node) in which the target value of the second sensor is

gi ven from 20 e¥euwutdsicdaott dieldint tokl Ekytrewb tHacdudiegstucl omtion)

mai nt ai ns t he $§S|t|on of the first sensor in the Z-axis direction so
u

that the measu?eneHt LG POE BAECSER ohiE EHYHAKEEABRIBELRAFt h t he
t t | I th f.th tr.ol d th
arget value. In the,case of, egc%l rfséhesgrvg Jr%rrll%%to mggﬁb%ggpﬁgrep%w

of the measurenent section (secon Sensor

out put of the Zasensl bedhd deBckhBesasice Ad r&an% %%%QQQli@EVQGO%‘éﬁ?Br 5
node, the output of the first sensor can be used as the output o g%e

Z sensor. 1Bur ttheremdant tchatecaieofuedfer AtagaswsT il upedyasndi and eneaden
is enployed as the second sensor, as a consequence, position
i nfoor mati on ofodfér XseEye duBRCtATN C—\ﬁaﬂérYthbﬁ%aﬂ/\ﬁB)COdﬁrél 7estamghg 0C

f d ff d b h d Furth
"1 ach of ¢ heebadiitet S aBgeEs 10 et 7 b Abdn & ERERFE By Biher
detection net hads GamalSPs P &R Oy g%ﬁg@ﬁ%&%@{ t b0 893 ; fedt B€om the

enbodi nents above, the configuration e co I nation o
plurality of ind=lheiesehees dnhighe Hﬁﬁﬁéﬁﬁld}@§h5bﬁﬁatm&6ﬁ%tﬂa@in@fpltch

waf er stage WST are not limted to the configuration and th
conbi nati 88 ded chedeabbor. informednbngaf ateformandoanywarp) 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.q.

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 WBT in directions other than the meggurement 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 usédfasmahiomedSs wadeenstapy WS, 180Futdute duineacHipéct hen
enbodi ments above, the Z sensors are to be arranged besides the

mul ti poi nt AF $yB8Bemaisvdlasct iuy obtaepfeaxis di Feckion) payvite peasured
system can detggtnsu€5gqguﬁg itiaon iBforgatio at_ex osure-subéect
shot areas of Ware? WRhEH EXpdsiFe PESEEr P N, T Preg s §Adugoand
not al ways havenz2 r o § Laci I i

t he enbodi nents aﬁg%/%pﬁj?g J\é/\lflgg?ria(tv?gtsgrgf itgl%t %8%%@%?%5(3%25%%@% may
however, the pbesenivémventilen gradetkrhifibd edi ta-ddirs asupphéer ©fe
course. As the liquid, liquid that is chem cally stable, having high
151 transnitt afe@sgeenentyviadaei oh Yhgghncptienmbsaflectle useresteld asimy
fluorine-contajning inert |iquid my be used. As the )

fl uori ne-conta B?ngt??ﬁﬁﬁoq%ﬁ%ﬂqiﬁtF6FbB§%E%ﬁE§r@?ﬁuﬁqﬁ¥§Pﬁ1PPhe br and
name of 3M Uni es) .ca ed. The 5 f.l uarine-containin

inert |iquid i%ﬁg ‘és%ﬁe&%}e ?‘e%?g‘frréloar%n‘%%‘élggipn‘%s%%lc’é‘ob?uf%ﬁm%tf’f"e%tog wafer
Further, as thetdgguish id GUiddnshicaBubases r&ffaatione radex hi gher
than pure water (a refractive index is around 1.44), for exanpleg,

i qui d havilhg inteffaoinater rgetemqlad 60 oiidhidgheringhan 1.5 may be
used. As this type 10 of liquid, for exanple, a predeterm ned |iquid
havi ng C H bi ndi ng dPG-darficddvnd nserdh af theopmmshimsintisaldsny idped above,

refractive index of_ about 1.50 |l ycero | ycerin) having a
refractive ind€§ecﬁt%ﬁﬁiﬁoﬁﬁq%fp"gtéFéég{%ﬁikrﬁﬁqu @@th¥8rganic

sol vent) such Jexane;, n d r call
(decahydronapﬁ%%%lene) ﬁgeﬁﬁg%h%fg?%a§§ﬁ§ngﬁ'éggb?ag%oé? R?Gﬁ?rEﬁCted
the like can beimiltethedldler,nalitvahy, bd &bstdst LPtidigaedqdy1mxi ng
arbitrary two or nore of the above-described predeterm ned |1iquids
may be usdd, or a | iRpitdeshtin redhif dueliengodimemgHetsheibed above, the
predetermined liquid to (with) pure water 20 nmay al so be used.

Al ternativel y, 533 13 PF(&Bi geseriveflivhoast BhRetr ML sdddiongof M Yryness
e

wat er may al so be used. reover,

(mxing) partighesadf, ALtrtder@tehbe dvdi 1b8 {Winbh) 1 AN G MRLEL e B Yand
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, in each of the embodiments described above,
for the sake of simplification of the description, main
controller 20 is to control respective constituents of the

25 exposure apparatus, such as the stage system, the
interferometer system and the encoder system, but the present
invention is not limited thereto, and it goes without saying

that at least part of the above-described control performed

by main controller 20 may be shared and performed by a plurality



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
like) 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 péuedrodddrsn tPhseramele aafsitligercdritato lenrosves: performs
inmpurities fromthe recovered liquid is greferably arranged in a

l'i qui d recover yRBnFentEe} sovirfiprpispaver eheand Kidie like based on the

I nci dental ly, RQ each of. th enbo?i nt s agpve, tge case has been
a §FES0

descri bed wher 8-Fhe 8XposUie “S5parFatitls T 495 § r SPBRCEY

exposure appar ﬁﬁésinﬂ'@yfé’ﬁmetteQESQEg%ﬁ%aa} @)\éegt:-}égr@géé Bled LRL 88ht rol

thereto, but can also be suitably ap to a dry type exposure

appar at us tHhat opeifiar apnexpdser @mf nafetel) whikhgwdvd4duEdibeat 86ntrol
Further, in the each of the enbodi nents above, the case 15 has been

descri bed wherBerherpeeédenhtmsiny eenitoallsr adpdldeat trota adwagri hgve to be
exposure apparath,q%i% steg-and-scan met hod or the |ike. However,
the present inventTer Py MYIVITR1 BYt 1l MRV LS BERLIARGI s 5OBEY appTTEte

to a static ex u ) st epper... Even w t.h the

st epper or theﬂ?%fésm%$£%%8%§§§%$%ﬁa%fﬁgsﬁ%é?EFE%t%?ngngﬁﬁbcgﬁtﬁﬁﬁ%ﬁf
an obj ect subj 20tod @a@XPES WS dr1MRUAL 881 ISt NG HRRCOHEES arRL UL EERG S he
of position neasurenent error caused by air fluctuations can be

m ni m zed ubstamtral a5 tis Zeseribkdwasevel n this case, it becones
possible to set the position of the stage with high precision 25
based on the neasuréﬁﬁﬁﬁkméﬁééyuﬁhQ¢ﬂﬁ iongzndl eaehlefenpet of the

correction information d scri@gd&%?ov , and as a conse uence,_highly
accurate transferosRr 5ylsgfafncl % &F ercmeter system, the multipoint AF
system and the Z sensors in each of the embodiments are merely
examples, and it goes without saying that the present invention
15 isnotlimitedtothem. For example, in each of 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 palr of X scales 39X, and 39X, used for the
X-axis direction position measurement are arranged on wafer
20 table WTB, and so as to correspond to them, a pair of head
units 62A and 62C are placed on one side and the other side
of the X-axis direction of projection optical system PL and
a 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 39X; 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 exposuregpparatus 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 opt Pedy @ysthemdPunis gbtatohbgsh o Opnr pelsyst drgadldnigs 622
al so may be eithgr % catoptric systemor a catadioptric system and
in addition, tABYpPTf &R BEAFnERLHErEoandi dHRMaynbe dransted -nagarbher,
an upright ina Vi . e re area to which illum nation
Tane 10 s i r et SR shof P SR SeRIET L3t ERTRce SR b
area that inclygdesqibeftdicah wd s AleVh i Nirihe LLel 0 JUOLSELE Qg
optical system PL. However, for exanple, as is disclosed i'n the
panphl et of5 | néze natt dnalitRdblkbcattlonydiml ADr26046A07801dh ash€he X-axis
exposure area nmay al so be an off-axis area that does not include
optical axis AXTISFH Parand tdhesd-egiredirarthen t3panc sasli oft the

system 20 in rt . of ich an optical _system (catoptric system or

cat adi optric s%@? Ay0Eh 4hﬁ¥ﬁﬂ %ﬁ&IOP%VIE%Y?o Sift fHCESTARE ST bPRE an
i nternediate i iRge-alcd gash 1 SpREEADORLn A0l WGP RS 51 B9 he
optical axis. Further, the illumnation area and exposure aréa

descri bed aboveiffead®idtaviratidly maet BAOH| &l rédaRs: Jienyehall B8 (or
shape is not limted to rectangular, but may al so be circular arc,

trapezoi daid, pinitgtetoyiraon er loheifudkimal directiowicdeatahlggale,l kghitin
source of the exposure apparatus in each of the enbodi nents above is
not limted tothhecASE, @ plurality of heads of the corresponding head unit
only have to be arranged in the direction orthogonal to the
periodic direction of diffraction grating. Further, each
head unit may have a plurality of heads that are arranged
15 without clearance(s) in a direction orthogonal to the periodic
direction of the diffraction grating.

Further, in each of the embodiments above, the case has
been exemplified where the encoder system is employed that
has the configuration in which a grating section (the X scales

20 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 in which encoder heads are arranged on a wafer stage and so
as to face the encoder heads, two-dimensional gratings (or
two-dimensionally placed one-dimensional grating sections)

are placed outside the wafer stage may also be employed. In

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:
436nnm) or an i-line (wavel ength: 365nm cgni 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
| nternati onal 20 Phle@é@io&t&Qﬁ iDe1 896/ 46885s { ¢l cpratdsgendomg
U. S. Patent No, 023, 610), a harnmonic wave, which is obtained b
anplifying a sFH@T@l%%H%%%ﬂEﬁ#YIR&§€de€8ﬁT¢hm?¢ﬁ9QWﬁ%%%ﬂ&H1@9 §P§¥b@%§
range emtted e ndu ar er. or fiber as v

; By RSO B re IR S gt i e S Sl e

ultraviolet lig er a

er bi um (or bot Jﬂe@é@té‘rﬂéﬁ@%é‘&ﬁserf'rghugme ?%rp%r%onvﬂéd NG, tt'ﬂ% case the

wavel ength into ultraviolet light using a nonlinear optical crystal,
may al so beb usedcoder systen ttering BueAch obnihgumeidiosi MBNksmpaboye,
illumnation light IL of the exposure apparatus is not linmted to the
li ght 20 havi n@aélv\ﬁlfby ehytitheqialiles ornner ete HdretlGenmacandfi thes
needl ess to sa gt the l i ght havin wavel ength | ess than 100nm

maybe used. Fo m%? HPFRES | ‘?@%eﬁ?fﬁgaFEag?ﬁw%¥dﬁﬁl@@ &xjges an the
pat tern equal Ih(gaglﬁr %QC%Q&@&S&% E)ég’_‘r }lrt%vel I?legg?]rerpﬁnt

exposure apparatus t at ITB.EES an asma aser as a

source gener at ¢aBile B dHegBhcbAed &MU tlr%forr%t&aﬁgsn (e £13 tHa%S! 8996}{13
range from5 to 15 nn), and uses a total reflection reduction opti cal

syst em desliQgnesicaheler Wiltd ekpoopeeandes| engidr teage WX ban)barditrhe in
reflective mask has been devel oped. In the EUW exposure aggaratus,
the 155 arran@eﬁ%?&r?¢1qmﬁ%9¥%9@aHhthhé§%o%Qﬁ¥¥qQ§'m@#ﬂgr g Bycoderr

h I using a circ
o ot on’ canERE SAAESE R LE PR Fhe ety %eﬁEa i FicahEi on
can al so be suitabl ﬁrﬂﬂﬁe‘n@:@l&? %%Cga&pof)ﬁﬁl%%cgn%Qgr rotation

Besi des, the present Invention can al so be ap to an expdsure
appar at us t hat insesneiisged ey 0% eliecbeast @ BSciihEhRELAON JFepfer

or an ion beam

15 stage WST is to be measured by interferometer system 118, but
the pitching amount may also be cobtained from, for example,
the measurement values of a pair of Z sensors 7435 or Z sensors
7T6pg. 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 623 and 62C, and the pitching amount
may also be obtained from the measurement values of the Z
sensors that face X scales 39; and 39X; respectively. With
this operation, position information of wafer stage WST in
directions of six degrees of freedom, that is, the X-axis,

25 Y-axis, Z-axis, 0x, 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 2 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 ygriable shaped mask, an
active mask 15 or an imge generator, and i'ncludes, for exanple, a
DMD (Digital Mcromrror Device) that is a type of a non-em ssion
type i mage di sppayonlewilvetlis patpoahrei gratndul, abot Jaleo thetHd kéignoment
which a light-transmtting Pattern, a reflection pattern, or an

eni ssi on patt ePREFET R PR Fh§i F§Cls PoreiegterRRYatidat degrriked
pattern that ig Eg.gg exposed may al so be used. In the case such a
vari abl e shape SK'is used, a stage on which a wafer, a glass plate

o the like s mountedire:scannedon b ERSPERod S LBbiabl enghaped

mask, and therefore, by neasuring the position o stage using the

25 encoder Andmbysdreénmemy val@est agecrmsadoasr g ympseei®Me ¥akHESted
of the encoder and correction information according to position

i nformati on of P@ped sinagke igpnriestion- ndasmadiont del ¢wididdbaathaer iso that
nmeasur ed by tng interferoneter, the effect equivalent to that of each

of the enmbodi nERE LSATHFETERT Heror 86 Hbt gnFeger system, pyhifloccyssi due

i od| cnEhi R oceas
No. V02001/ 035186 5 REhr AR E T RTC itn SearC 4R00 (het Ao Baspaghient

exposure apparaf ushd Kdad hoer apRy ssystemnthadi frums id@?‘f@l?g?%pﬁf&n 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 1s 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 ofreticlestageRST 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 Publicationf,gr Patent Application) No.
2004- 519850 (the corresponding U S. Patent No. 6,611, 316). 15
Further, an apparatus that forns a pattern on an object is not
limted to thelarpsierenagaridtéus (|ithography systen) described

above, and for exanple, the present invention can also be applied to
an apparatus that fore-patt&arioat dfeospeedingnis abgrey dthesergdias

B e et Yo SR ML DAL Bkt HE LIRS B, g
the above- descebhednerhodi R RRY TRYEHhe0k XA a3 enehubbpiieding
to a wafer, but may be anot her objéect such as & glass plate, a
ceranm c sulist raltikgnmedt |maeksabkerangdgdofnal éreski pinste shbe Hsage &f the
t he exposure apparatus is not limted to the exposure apparatus used
for manuf act ur VAEeE éFiccdptrret ot indew seguerhe thedsbnriopeentonmheafive
Prg.n\ll,lmf gg![ ﬁr ?ﬁgl !?fggf%laggt ts?r’st];r?lg . eXHab elv%’r,a{]hee)é%%%lfll&grgpaplairgaf;[mlé?ltf sO}r*stems
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
pamphiet 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, Kokal (Japanese Unexamined Patent Application

20 Publication} No. 10-214783 and the corresponding U.S. Patent
No. 6,341,007, and the pamphlet of International Publication
No. WO 98/40791 and the corresponding U.S5. Patent No. 6,262, 796,
and the like, alsoin 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 1ike). Inthis

case, by appropriately setting the placement and the length



157 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 circuifg pattern onto a glass
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 usedoifneadh dygrsh wnd tappasiticn sucltrad af @pth celfegxpdageecan
apparatus, an EUW exposure apparatus, an X-ray exposure apparatus,
agg an el ectro eﬁb‘ﬁ‘rﬁooéﬂ?&%?g‘?‘éﬁﬁér%&%er system dgscgdhed|gipve wethout

Lo | o B RLETRA0de EBY ARl Rock AL Y8, TRLARY, oLt Permec
appar at us, butpGEN BS e BRI hESs WEARIMN ReOLREbNSUOd M Bmed. But,

processi ng apparatuses (such as a | aser repair apparatus, a substrate
i nspect i on Jppanatusr anehd heilt ket eant be apped adwises; et ppaduvebhdng
novabl e body such as a stage that noves within a 20 two-di mensional
pl ane of such @Re&H2Hoel Miayna e tengr eppacheapataretpdoiometheheadwimnits
bondi ng apparatus in other precision pachines. Further, the .
exposure appar ?ﬁgrj???fi %ﬂ‘{)eer( 2fot a9 apPar &XULm teAchhepdipeits

enbodi nents ab [ t 2 asse i var L.ous
subsyst ens, V\:h?])é iaﬁlrcﬁggfctgﬁeiﬁ ggiﬁegf%se _conars;ﬁetm%gﬁt gs?%gjfn%roéle or two
recited in theati@hf@n®ofsyisRemREeSeNt taPBLH €S 0@, aBPaRFed O MBEPosition
pr edet er mi ned nechani cal accuracy, electrical accuracy and opti cal

accuracy. 1 ordEernatsstofeddiesefvarsitage oyl s bemecsu reelfl 0s fng

and after 158 , , ,
these head units and corresponding moving scales (62A to 62D)

when the measurement operation is performed. In 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.



the assenbly, adjustnent to achieve the optical accuracy for various
optical systens, adjustnent to achieve the nechanical accuracy for
various nechani cal systens, and adjustnent to achieve the el ectrical
accuracy for various electric systens 5 are perfornmed. A process of
assenbl i ng various subsystens into the exposure apparatus includes
mechani cal connection, wring connectionjQf 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 i ndividual
subsystem i s pBPYeVeaEd B areesemé proveptsonfiagsantlimigedheovahisusand
subsystens into the exposure a paratuilPV%en t he process of

assenbl i ng t he®varFats YRt ey nt ol the" BXFo S d5Pa At 187Fs
conpl eted, a tofal,,adi st Msdr%g%ﬁgéjgr% 1 20 YAt ous Ki.ads of

accuracy as the entire exposure aratus are secure

I ncidental ly, 4heefbdiienet rbbeogKpasUtEnapPahalite i SkPreleABtYrormed
performed in a clean roomwhere the tenperature, the degree o

cl eanl i ness andsihg th&ensrsmrdont fokktednehingei (entsaldeyenttheeabave) of
di scl osures of the various 20 publications, the panphlets of the
| nt ernati onal PERFREGHnSLagied MoRe RS, tiPatRgRsUASHIenNgatpenlt may also

Publ i cat i d the US. Patents th _cited i h of t
embodi ment o anBvd AnACHERAro0 b oA BE B PPt S8E LARRST A HeEat

are each incor goraf ed-her.gi Qp?y%iﬁﬂcgﬁfﬁe,ﬂg‘é]juﬁ%ﬁ109%1%3'%%%%”%?9{%?’1

devi ce manufacturing nethod in or egol ng exposure apparat us

(pattern formasyoreR@iaicanuby perisetd ByaathtbogéaP e wlicRCe8Shibdd on
be descri bed. FIG 35 shows a flowchart of an exanple when
manuf act urlithg Bhelawazuremendniresndoet or chip such as an IC 159

Further, in each of the embodiments above, the scales
may be arranged also on measurement stage MST and position
control of the measurement stage may also be performed using
the encoder system (head units) described above. That is, a

15 movable body whose position information is measured by the
encoder system is not limited to the wafer stage.

Incidentally, in view of decrease in size and weight of
wafer stage WST, the scales are preferably placed as close
as possible to wafer W on wafer stage WST. When it is allowed

20 that the size of the wafer stage is increased, however, two
each of position information in the X~axis direction and the
Y-axis direction, that is a total of four pieces of position
information, may be constantly measurable at least in an
exposure operation of a wafer by increasing the size of the

25 wafer stage and increasing the distance between a pair of
scales placed facing each other. Further, instead of
increasing the size of the wafer stage, for example, by
arranging the scale so that a portion of the scale protrudes

from the wafer stage, or placing a scale on the outer side



or an LSI, a liquid crystal panel, a CCD, a thin filmnmagnetic head,

a mcromachine, and the like). As is shown in FIG 35, first of all,
in step 201 (design step), function and perfornmance design of device
(such as circuit design of 5 sem conductor device) is perforned, and
pattern design to realize the function is perfornmed. Then, in step
202 (mask manufacturing step), a mask on jyai ch the designed circuit
pattern is fornmed is manufactured. Meanwhile, in step 203 (wafer

manuf acturing step), a wafer is manufactured using 10 materials such
as silicon. of theimafern gtagepn2od fagifion provesyt mpstldgry phate on
actual circuit _and the Jike are forped,on the wafer by |ithograph

the like in a WBAABrat nEt2Sh 197 ECGEEcTP REFARSY,, Hhsi AGSERBCRR ﬂ.%/‘&;ﬁrﬁ
e el o PecPaT Bl o PLaRA DL AAnEU. cIRCly died UaEP 200 a088VhEC

assenbly step), device assenbly i s perforned”using t

processed in sigprdfded Sop1209.ncl udes processes such as the dicing
process, the bonding process, and the packaging process (chip

encapsul ati%on), and EheHerke inhsacmedessargmbaimenal| yhovae, siireprad to
(inspection step), tests on operation, durability, and the like are
perforned on tPECHRRE ceadurdden Ansiepsppgieny tagcutaese dgeepe, agherence

devi | et ed. d _shi, d t.. FIG _36,i fl har t i
2 detai | od exalpl &0 Gt B525C08 TositAPed - abbVEA RSt APt md GO GHY
36, i t 21 i dat t h f f i i di .
I n sltgpszig (&/Dég%(ie%ijggﬁ ?Iﬁlgu %}%zi'ngofs'?%%n |§ ?’oréﬁ%&e%ﬁl tﬁlﬁgxgg:‘é?ghed

surface. In steptBéIrefee s@de Joossmds 00 19b8R)shaddi B L egtStings,
formed on the wafer by deposition. In step 214 (ion 160 inplantation

step), ionAd areriansioartedlans onathbewatfeang&ich Iof thhe crme ist epsi@iid
to 214 constitutes the pre-process in each stage of wafer processing,
and t he necessHMMEH RILSIRNFUES ERBIEAL ARG PEECHEd ap ¢4FH1Gt age.

repellent protective film may also be coated on the scales
(grating surfaces), or a liquid repellent f£ilm may also be
tormed 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 alsc be used.
Further, in each of the embodiments above, as the 2

sensors, instead of the sensor by the optical pickup method



5When t he above-descri bed pre-process ends in each stage of wafer
process, post-process is executed as follows. In the post-process,
first 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 formati on appar at us) §?§cribed above and the
exposure nmethod (pattern formati on nmethod) "thereof. Next, in step 217
(devel opnent step), the wafer that has been exposed is devel oped, and
in step 218 (etehtngbed epxlian, ekposranpbapersdiscf haniagemeofbelowing
than the area where resist remains is renoved by etching. Then, in
step 219 (resi SPPFEERA LTS MAY) aL@ﬁeheeF§¢@rthQ$'G@npﬁé@eéonfh@uratlon

t that | d. dl
ber formi ng. the” €+%h°“%%ég2£?§%§ B8 e prBEets TR FpY @ fr BgAToT
patterns are fB 5’5‘? ‘ﬁc‘?& meth gescrg@%g %cqev'dg_g ace%ent

manuf act uri ng nethod t he "enbodi nent ove, “becanse t

exposur e appar aénsofPAtier JairalilenrapRar ehalsdidgl Reeknef okhg

enbodi mrents above 25 and t he exposure net hod (pattern formation

met hod) t her eoheaseremetigultjitetesposace smephd A-exizl@)ireexposube

wi th high throughput can be perfornmed while maintaining the high
overlay accur atyraATIRE FgPyole Heedt MUEFPWQ%/EIH?GW“&WIS}&D ﬁ?*ég?‘éﬂf%ﬁfe

m cr odevi ces 0 ich.fin tte ar d an be i v

| NDUSTRI AL APP%”égiﬁl%Erlﬂng e ec*‘ecg% b e s %ec{{’ﬁ nr’f&\?&bﬁi’é”es
body drive Sysﬁl@énﬁ&%tt ben sy abl endrd \é%l@ect:lff’gc@foﬁ henAr£$8lbnd sensor
i nvention are suitab

10 {such as an encoder}) 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, i1n the case
such a Z sensor is used and an encoder is employed as the second

sensor, as a consequence, position information of wafer stage



5 for driving a novabl e body within a novenent plane. Further, the
pattern formati on apparatus and the pattern formati on nethod of the
present invention are suitable for formng a pattern on an object.
Furt hernore, theexposureapparatusand the exposure nethod, and the
devi ce manufacturing nmethod of 10 the present invention are suitable

for manufacturing mcrodevices. 162 CLAIMj 1. A novabl e body
drive nethod in which a novable body is dlri ven substantially along a
predet erm ned pl ane, the nethod incl uding: obt ai ni ng

i nformati on onWET atwrssyr thbae ¥ )eihalimegtd ogusad £ reg xwbegee perifofireedom
direction is a predeterm ned direction within a FI ane parallel to the

predet er ni ned PRANRE BFRFUred using hHae KNGadgposFereres nfidr wachont oghe
t he novabl e bo in.the predeterm ned direction using, an encoder that
has a head thaga{]f’?%%‘?%&%é‘,‘%gvﬁéta&c 194 FEYHRE SebReT L by ik &Letlfn
receives a refhechsds ! éghtafdPme Repseghg, and driving the novabl e
body in the predeterm ned direction baSed on the neasurenent val ue
and the informati on huxrtfHeat,ndss eabht be skal @ubotiere@it® above, thethe
information on flatness of the scale relates to a neasurenent error

of the encodercemdl gwrat duviand dheoronbinsplarernira rdfuralgtat fig
surface of the, scal gefromasﬁl ane. 2. The novabl e body drive nethod

according to CHAFATISTIWRIE T e BEAFRTE sPRFHCET of 8 8aIf aBeC b e FRY
movabl e body tQﬁée%é SySHRSLAN 'tallli%iggﬁfhclae{hé O%%nhtean(%&% GLar ré'nagg}%%

pl ane, and the d 1s placed outsi e novabl e 'body 50 a
capabl e of faciagoiher SedldscipEaeanByabl aodndk bMea FELA0Shd any

according to Claim1l, wherein the obtaining the infdormation on

fl atness ilicl udesbination 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 can measure position

15 information of wafer stage WST in directions other than the
measurement direction of the encoder system, only has to be
equipped in addition to the encoder system described above.
For example, the above-described Z sensors may also be used
as the measurement device.

20 Further, in each of the embodiments above, the Z sensors
are to be arranged besides the multipoint AF system. However,
for example, if the multipoint AF system can detect surface
position information at exposure-subject shot areas of wafer
W when exposure is performed, the Z sensors do not always have

25 to be arranged.

Incidentally, in each of the embodiments above, pure
water (water) i1s to be used as liquid, however, the present
invention is not limited to this as matter of course. As the

ligquid, liquid that is chemically steble, having high



a peculiar point detection process of detecting a peculiar point at
whi ch a nmeasurenent error of the encoder is zero regardl ess of an
inclination angle of the novable body with respect to the
predeterm ned plane, for at |east one neasurenent point on the scale;

and a conputation process of conputing unevenness of the
scal e using a detection result of the pecu,ar point. 163 4. The
novabl e body drive nmethod according to Clalm 3, wherein in

t he peculiar point detection process, the peculiar point is detected
for each of a plkenahityaotenmasliienbnst po Atighthal arkesaée @ Wwe, such

predeterm ned di stance along the predeterm ned direction on the
scal e. 5. The ASvabFeupsiyeTrenta ifdtgodngst ot dawid trerxCikd msed -whae eihe
the scale is p%;ced.on a surface t he_novahl e_body t hat

f [ .
SUbstant al Ly’ SRR BF 8T dCPEEmnEl I afe R haRdoFsnert
pl aced outsi de the SRR F2RO0E o8 85:EAd8CEAIED Sud ALY L6

scal e, and e pecul i ar point detection process,

changi ng ars at £l todenefcohiea imMapliaebodyi §@wid iR dlabi dycaf Aidf frebRANthe
attitudes, noving the novable body in a predetermi ned stroke range in

a direction orPhogbrd coelimpeffedet erfivintbe rpl asnehaliilgaidy riadiwtd wigi ah
detection light fromthe head of the encoder to a subject neasurenent

poi nt on the sBafe?iTriragtie Wwhees hiehen thendeuse Y3ehdrabrErpeive
i i nt ai ned f i [ f | t f _the,
encoder dur ng THeR s ShaNte ar T SO Sr Bl RB T4 pad e pgeective

and per for ni ngiaqek el £r Mdhed KON ahiaan1 based, o [esy! t $OhntiRe: ype

sanpling, an error characteristic curve of the encoder at the subjec
measur ement0 pobfit liguadcofcharemmpilth a pesiéteomibied hd gmviabkeibgdy-n
in the direction orthogonal to the predeterm ned plane is obtained
with respect tbiedtndofr @hebpndiagisughois disppepparohieivindesrefnaciahve

intersecting point of _a.plurality of the error characteristic curves
is assunmed as f%%eﬁégﬁﬁng%hgi%ﬁ'5ﬁYFﬁE°%L&ﬂ%ﬂﬁ?ﬁ%@és%?%ﬁﬁﬁﬁ pBfpectyve
The novabl e bo [ d -qcc [ L m,3,, i .

in the conmput atg%(%%ﬁp?;%gggé?qt'ﬁg'u%é\%lgﬁggégm%gé hmé%gé}aﬁ?ggﬁedsa%clgn%a%‘é%nt)
using the posisnen 48 Rermid 0meft shbe oroyabhge pasly ddraa i6i recti on
orthogonal to the predeterm ned plane at the peculiar point. 7. The
novabl e bddy dfdeeampdhouhrEddeldineg hevOChgi m def wdrarieien:indext hé about
obtaining the information on flatness, correction infornmation of
grating pitch &f@heScte Jikamsaghbeneifedt ndddegnatheekal @ 1iquid

taken into congy, giﬁ%é%gndxingarbitrarytwoornmreoftheabove~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. Alternatively, as the liquid, a liquid
obtained by adding {(mixing)} base or acid such as H*, Cs*, K%,
cl-, sof“, or PO to (with) pPure 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 1light, 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 film),



164 is conputed, based on the information on flatness of the scale,
and in the neasuring and driving, the correction

information of grating pitch in which the flatness of the scale is
taken into consideration is used, and the novable body is driven in
the predeterm ned direction based on the correction informtion and

t he nmeasurenent val ue of the encoder. 152 8. The novabl e body drive
nmet hod according to Caiml1, wherein in the neasuring and
driving, the novable body is driven in the predeterm ned direction
farther based 8R @Biitefiention it off theatthedarwstead ton the surface

position informati on of the novable body in ﬁ direction different
fromthe predef rﬁi“FFejge’a‘i rECPEBReEEP fre” EPRENSF  ridhdiiteFBAE By Hendaser

encoder. 9. A patferp ggr@ﬁ%iﬂ%ﬁﬂ?%&%%bg?ggéﬁg%fgﬂ%%légﬂr%ﬁvg%%FFﬁ?ﬂ.

process of nounting an object a nova

a noving pl ane; and Further, in@a@mocpﬁﬁe%fm%iimbﬂgstafb%vrié?v@% €eb9d¥red

usi ng the novabl e body drive nmethod according to Claiml in order to

form a pat ternloguifienagbjpecteused, anfiin Ahdeviase hanfif atétrihag renhboss
including a pattern formation grocess, wherein in the
pattern format fBRUpEBERISLLA ALt BeROTRrgbAdayignia mififsedtly asragyed

the pattern formtion nethod according to Caim9. | 11. An,
exposure net hod"i f g\h?‘éhéarepca 4% uinégfo?nﬁﬁc%ﬂe% Bifear hpe Llike.

irradiation of an enﬁ{@ﬂdé?ﬁadﬁlﬁt,%gggﬂ%% {t?é;lel'ﬂlgiaﬂgﬁants above, the case

driving a novabl e body on whic j ect 1s nounte usi ng fhe

movabl e body dhayee@i hiabadeeddivRgrs aHd aixpotnrkos ﬁB@ia’iﬁds}/QSnﬁVEﬂ@@id
of the energy beam and the object. 12. A novabl e body drive

system t hat0 drinvesraiemvielpe dxphsugebsppraratiisy dlosrgea, pthdepeesimted
plane, the SySEgg;gE& glfgrg%t limited thereto, but can also be suitably
applied to adry type exposure apparatus that performs exposure
of wafer W without liguid {(water).
Further, in the each of the embodiments above, the case
15 has been described where the present invention is applied to
a scanning exposure apparatus by a step-and-scan method or
the like. However, the present invention is not limited to
this, but may also be applied to a static exposure apparatus
such as a stepper. FEven with the stepper or the like, by
20 measuring the position of a stage on which an object subject
to exposure is mounted using encoders, occurrence of position
measurement error caused by air fluctuations can be minimized
substantially to zero likewise. In this case, it becomes
possible to set the position of the stage with high precision
25 based on the measurement values of the encoders and each of
the correction information described 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



165 an encoder that has a head that irradiates a detection
light to a scale having a grating whose periodic direction is a
predeterm ned direction within a plane parallel to the predeterm ned
pl ane and receives a reflected Iight fromthe scale, and neasures
position informati on of the novable body in the predeterm ned
direction; and a drive device {faat drives the novabl e body
in the predeterm ned direction based on a neasurenent value of the
encoder and information on flatness of the scal e obtai ned beforehand,
wher ei n exposuhe appdratutd iy on steatardssbitehenegdmlde thekat es
to a neasurenent ror of t%ﬁ encoder due to a deviation or a

di spl acenent of¥& b?ﬁff?lﬁa ?aggearanthe el ’EER o RS PP ATHES apRaraHes

bl e body d, h
o aced on 8 sur aect b IE e UnIR nbay tRat H ot ertapryts of e

pl aced on a sur € body
parallel to theipeedeterm ned plane, and the head is placed outside

t he novabl e body so as to be capable of facing the scale. 14.
The movabl & body dr i Berthest,erhec cagdi igca ©idih aimth?, girdreBeion optical
conpri si ng: a processing device that detects a peculiar

poi nt at mhlchsésﬁﬁa§uiéﬁ@h?xéﬁﬁérecﬁPRaﬂ@t@@cédeeaﬁﬁ<ﬁé¢@6reghﬂdi@%@ts

of an inclinatign an e nov body with respect to the

pr edet er ni ned Bﬁgg‘ﬁ% gEf %%a?n?%fstregﬁgt s%if%i??é“m bHGi A S%ﬁ‘atYhEeS%JatFl'éer
d t it I £

and conput es UQEV@ ﬁ%ﬁnléﬂ] ?%&gtkl@r&g 2 fehect ol Orgr%‘d el ©

pecul i ar point. . The Tov rve system-ac ng fo° alm

14, wherein prOJectlor'E t@tarc@qeg%ﬂ&notayu%eneet@@w 4 ke opecyki §§rstem,
point for each of a plurality of nmeasurenent points that are set at a
pr edet er nilted Hittzbme mlvohg ehther edeképpiméd sy sbet iconaonathéioptric

scal e.
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
areamay also be an off-axis area that does not include optical
axis A¥, similar toa so-called inline type catadioptric system,

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. PFurther, 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 Arp



166 16. The novabl e body drive system according to C aim 14,
wherein the scale is placed on a surface of the novable
body that is substantially parallel to the predeterm ned pl ane and
the head is placed outside the novabl e body so as to be capabl e of
facing the scale, and t he processing device obtains, by
changing an attitude of the novable body {g a plurality of different
attitudes, noving the novable body in a predeterm ned stroke range in
a direction orthogonal to the predeterm ned plane while irradiating a
det ecti on |i ghextinart hesdwadwf at hel eacloder tldgatSEbhecd FRES WsCHEREF
point on the scale in a state where the attitude of the novabl e body

i s maintai ned SXG1PEFflISAMGOSEYE Mayedbnagbhs Fidmant ardultasasf (pheput
encoder during_the, oy npgﬁ,%ﬁth resgec to ezch of the attitudes

and per f or ni ng¥& 5 84St nf WAt coABUL SR T8 ChasRUtRE MESRUEnIEN it hetnm)
sanpling, an eprop ghanaskerishisucurieighthe easafer At Lhe. sublect,
measur enent point in ‘accordance Wth a posrtion of the rovabl'e body
in the direstippessthogaseduty I RhadehendtHess Mg WistBnl €$RECEuCh
to each of the plurality of different attitudes, and assunmes an

i ntersecting pdeng oflingl (watdliengdh:t H86em) oor chariactiord SWavetanyels:
as the peculiar,_point at the subject neasurenment point. 17. The .
movabl e body dﬁﬁglémkfﬁneﬁ%ae&ﬂ HFRY- t & UCtarFy 13 hagAepéF¥ave generating
t he processing i C es _the_unevenness of the scal e using .

posi tion inforH§¥¥o%§5? eﬁﬁ§§§bP5'%33yJi £38i PLEPI ¥R % ogggﬁid?%f
the predet erm ped ophaner dded BE, RREULLAFERY] Bhe pamphietlSr TARE ARYADL S
body drive system according to Cla|n112? further conprising: a

fl at ness neasuPelnkhtatiow tie.thatl Ieageses (the: thateepsn@ing e sschbeent
19. The novabl e body drive systemaccording to Claim12, wherein

as correction Vaf of @3N Q)n dcderdance wivéd, twield dtsnebsadhetihby
scale, the drive deyice uses tfe correction_information of gratin

pitch in whi ch®TRe FY M EsE1 P ¢ AV 1S e basradeam 6H,t%ﬁ1&nénrﬁ€g§ or
Lg?r gg;/?lélnei 2?%%%%?}%%6%{;%%#%%%% aﬂiDrF%ngngcgﬁéggtcg)rn ltag%Ir |r i"}iber
grating pitch and a neasurenent value o
the 167 encodesser 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 wavelength (e.g. 13.5nm) and the reflective mask has

been developed. In the EUV exposure apparatus, the



20. The novabl e body drive systemaccording to Claim 12, wherein

the drive device drives the novable body in the predeterm ned
direction further based on correction information in accordance with
the position information of the novable body in a direction different
fromthe predeterm ned direction at the tinme of neasurenent by the
encoder. 21. A pattern formation apparatus, conprising: a
novabl e body on which an object is nounted and which can nove within
a novi ng plane, holding the object; and t he novabl e body
drive system aecoadgamgenio G ailnch? sichahidyi aesodlnee noy akiréckady bor
pattern formation on the object. 22. An exposure appar atus
that forns a pAYRERFORPL kY dtsjaddingy aj haaldi and oh Wwifean ushepgy bbaaylar

t he apparatus conpri.sing.,..a patterning device that irradiates the
engrgspbean1toafgg%&ﬁﬁég?Flaﬂ%aﬁﬁgiﬁBUgbg%r%%dﬁnGF%ﬁ§e§9§?eﬁ#“*Present

Socor ) 09,0 AL LEon M S LRl § TR, B0 97 Wkl
for relative naygseatudf BeigBe! FhelRABdi AR OLE4n also be applied
to 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 transmisgsive

10 substrate on which a predetermined light shielding pattern
(or a phase pattern or a light 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
stage 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
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obtained.

Further, as is disclosed in, for example, the pamphlet
of International Publication No. WO 2001/035168, the present
invention can also be applied to an exposure apparatus
(lithography system) that forms line-and-space patterns on
a wafer by forming interference fringes on the wafer.

Moreover, 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 almost
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).

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 methed.

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 1imited to a wafer, but may be another
object such as a glass plate, a ceramic substrate, a filmmember,
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
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crystal display devices which transfers a liguid crystal
display device pattern onto a sguare-~shaped glass plate, and
to an exposure apparatus for manufacturing organic EL,
thin-film magnetic heads, imaging devices {(such as CCDs),
micromachines, DNA chips or the like. Further, the present
invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicen
wafer not only when producing microdevices such as
semiconductor devices, but also when producing a reticle or
a mask used 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
applied not only to the exposure apparatus, but can also be
applied widely to other substrate prgcessing apparatuses
(such as a laser repair apparatus, a substrate inspection
apparatus and the like), or to apparatuses equipped with a
movable body such as a stage that moves within a
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
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
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the assembly, adjustment to achieve the optical accuracy for
various optical systems, adjustment to achieve the mechanical
accuracy for various mechanical systems, and adjustment to
achieve the electrical accuracy for various electric systems
are performed. A process of assembling various subsystems
into the exposure apparatus includes mechanical connection,
wiring connection of electric circuits, piping connection of
pressure circuits, and the like among various types of
subsystems. Needless to say, an assembly process of
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
apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room
where the temperature, the degree of cleanliness and the like
are controlled.

Incidentally, the above disclosures of the various
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.

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
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or an LSI, a liquid crystal panel, a CCD, a thin film magnetic
head, a micromachine, and the like). As is shown in FIG. 35,
first of all, in step 201 (design step), function and
performance design of device (such as circuit design of
semiconductor device) is performed, 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
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 wafer prepared in steps 201 to 203. Then,
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.

Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are
completed and shipped out.

FIG. 36 is a flowchart showing a detailed example of step
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. Instep213 (electrode formation step), an electrode

is formed on the wafer by deposition. In step 214 (ion
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implantation step), ions are implanted into the wafer. Each
of the above steps 211 to 214 constitutes the pre—process in
each stage of wafer processing, and the necessary processing
is chosen and is executed at each stage.

When the above-described pre-process ends in each stage
of wafer process, post-process is executed as £o0llows. Inthe
post-process, first 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
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
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
1s removed.

By repeatedly performing the pre-process and the
post-process, multiple circuit patterns are formed on the
wafer.

By using the device manufacturing method of the
embodiment described above, because the exposure apparatus
(pattern formation apparatus) in each of the embodiments above
and the exposure method (pattern formation method) thereof
are used in the exposure step (step 216), exposure with high
throughput can be performed while maintaining the high overlay
accuracy. Accordingly, the productivity of highly integrated

microdevices on which fine patterns are formed can be improved.
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INDUSTRIAL APPLICABILITY

As is described above, the movable body drive system and
the movable drive method of the present invention are suitable
for driving a movable body within a movement plane. Further,
the pattern formation apparatus and the pattern formation
method of the present invention are suitable for forming a
pattern on an object. Furthermore, the exposure apparatus and
the exposure method, and the device manufacturing method of
the present invention are suitable for manufacturing

microdevices.
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CLAIMS

1. A movable body drive method in which a movable body is driven

substantially along a predetermined plane, the method including:

obtaining information on flatness of a scale having a grating whose
periodic direction is a predetermined direction within a plane parallel to the
predetermined plane; and

measuring position information of the movable body in the
predetermined direction using an encoder that has a head that irradiates a detection
light to the scale and receives a reflected light from the scale, and driving the movable
body in the predetermined direction based on the measurement value and the
information on flatness of the scale, wherein

the information on flatness of the scale relates to a measurement error of
the encoder due to a deviation or a displacement of a grating surface of the scale from

a plane.

2. The movable body drive method according to Claim 1, wherein
the scale 1s 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 capable of facing

the scale.

3.  The movable body drive method according to Claim 1, wherein

the obtaining the information on flatness includes:

a peculiar point detection process of detecting a peculiar point at which a
measurement error of the encoder is zero regardless of an inclination angle of the
movable body with respect to the predetermined plane, for at least one measurement
point on the scale; and

a computation process of computing unevenness of the scale using a

detection result of the peculiar point.
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4. The movable body drive method according to Claim 3, wherein
in the peculiar point detection process, the peculiar point is detected for
cach of a plurality of measurement points that are set at a predetermined distance

along the predetermined direction on the scale.

5. The movable body drive method according to Claim 3, 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
$0 as to be capable of facing the scale, and

in the peculiar point detection process, by changing an attitude of the
movable body to a plurality of different attitudes, moving the movable body in a
predetermined stroke range in a direction orthogonal to the predetermined plane while
irradiating a detection light from the head of the encoder to a subject measurement
point on the scale in a state where the attitude of the movable body is maintained and
performing sampling of measurement results of the encoder during the movement
with respect to each of the attitudes, and performing a predetermined computation
based on results of the sampling, an error characteristic curve of the encoder at the
subject measurement point in accordance with a position of the movable body in the
direction orthogonal to the predetermined plane is obtained with respect to each of the
plurality of different attitudes, and an intersecting point of a plurality of the error
characteristic curves is assumed as the peculiar point at the subject measurement

point.

6.  The movable body drive method according to Claim 3, wherein
in the computation process, the unevenness of the scale is computed
using the position information of the movable body in a direction orthogonal to the

predetermined plane at the peculiar point.

7. The movable body drive method according to Claim 1, wherein:
in the obtaining the information on flatness, correction information of

grating pitch of the scale in which the flatness of the scale is taken into consideration
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is computed, based on the information on flatness of the scale, and

in the measuring and driving, the correction information of grating pitch
in which the flatness of the scale is taken into consideration is used, and the movable
body is driven in the predetermined direction based on the correction information and

the measurement value of the encoder.

8. The movable body drive method according to Claim 1, wherein
in the measuring and driving, the movable body is driven in the
predetermined direction further based on correction information in accordance with
the position information of the movable body in a direction different from the

predetermined direction at the time of measurement by the encoder.

9.  Apattern 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 body using the movable body drive

method according to Claim 1 in order to form a pattern on the object.

10. A device manufacturing method including a pattern formation process,
wherein
in the pattern formation process, a pattern is formed on a substrate using

the pattern formation method according to Claim 9.

I1. An exposure method in which a pattern is formed on an object by
irradiation of an energy beam, the method including:

driving a movable body on which the object is mounted, using the

movable body drive method according to Claim 1, for relative movement of the

energy beam and the object.

12. A movable body drive system that drives a movable body substantially

along a predetermined plane, the system comprising:
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an encoder that has a head that irradiates a detection light to a scale
having a grating whose periodic direction is a predetermined direction within a plane
parallel to the predetermined plane and receives a reflected light from the scale, and
measures position information of the movable body in the predetermined direction;
and

a drive device that drives the movable body in the predetermined
direction based on a measurement value of the encoder and information on flatness of
the scale obtained beforehand, wherein

the information on flatness of the scale relates to a measurement error of
the encoder due to a deviation or a displacement of a grating surface of the scale from

a plane.

13. The movable body drive system according to Claim 12, wherein
the scale is placed on a surface of the movable body that is substantially
paralle] to the predetermined plane, and
the head is placed outside the movable body so as to be capable of facing

the scale.

14, The movable body drive system according to Claim 12, further
comprising:

a processing device that detects a peculiar point at which a measurement
error of the encoder is zero regardless of an inclination angle of the movable body
with respect to the predetermined plane, for at least one measurement point on the
scale, and computes unevenness of the scale using a detection result of the peculiar

point.

15. The movable body drive system according to Claim 14, wherein
the processing device detects the peculiar point for each of a plurality of
measurement points that are set at a predetermined distance along the predetermined

direction on the scale.
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16. The movable body drive system according to Claim 14, 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 capable of facing the scale, and

the processing device obtains, by changing an attitude of the movable
body to a plurality of different attitudes, moving the movable body in a predetermined
stroke range in a direction orthogonal to the predetermined plane while irradiating a
detection light from the head of the encoder to a subject measurement point on the
scale in a state where the attitude of the movable body is maintained and performing
sampling of measurement results of the encoder during the movement with respect to
each of the attitudes, and performing a predetermined computation based on results of
the sampling, an error characteristic curve of the encoder at the subject measurement
point in accordance with a position of the movable body in the direction orthogonal to
the predetermined plane with respect to each of the plurality of different attitudes, and
assumes an intersecting point of a plurality of the error characteristic curves as the

peculiar point at the subject measurement point.

17. The movable body drive system according to Claim 14, wherein
the processing device computes the unevenness of the scale using
position information of the movable body in a direction orthogonal to the

predetermined plane at the peculiar point.

18. The movable body drive system according to Claim 12, further
comprising:

a flatness measurement device that measures the flatness of the scale.

19. The movable body drive system according to Claim 12, wherein
as correction information in accordance with the flatness of the scale, the
drive device uses the correction information of grating pitch in which the flatness is
taken into consideration, and drives the movable body in the predetermined direction

based on the correction information of grating pitch and a measurement value of the
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encoder.

20.  The movable body drive system according to Claim 12, wherein
the drive device dnives the movable body in the predetermined direction
further based on correction information in accordance with the position information of
the movable body in a direction different from the predetermined direction at the time

of measurement by the encoder.

21. A pattemn formation apparatus, comprising:
a movable body on which an object is mounted and which can move
within a moving plane, holding the object; and
the movable body drive system according to Claim 12 that drives the

movable body for pattern formation on the object.

22.  An exposure apparatus that forms a pattern on an object by irradiation of
an energy beam, the apparatus comprising:
a patterning device that irradiates the energy beam to the object; and
the movable body drive system according to Claim 12, wherein
driving of the movable body on which the object is mounted by the
movable body drive system 1s performed for relative movement of the energy beam

and the object.



