1 DESCRI PTI ON MOVABLE BODY DRI VE METHOD AND APPARATUS, EXPOSURE
METHOD AND APPARATUS, PATTERN FORMATI ON 5 METHOD AND APPARATUS, AND
DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention
rel ates to novabl e body drive nethods and apparatuses, exposure

met hods and apparatuses, 10 pattern formtion met hods and

appar atuses, and devi ce manufacturing nethods, and nore particularly

to a novabl e body drive nethod and dy drive apparatus
that drive a novable body along a %@#@Eﬂ@g pl ane, an exposure
met hod that nakes use of the novabl e body drive nethod and an
exposure 15 apparatus equi pped with the novabl e body drive apparat us,

a pattern formti oOVRBIE B30pY BREYE MEPHODCARD' AP eakadsdri ve

nmet hod and a pattern fornati on apparatus equi pped with the movabl e
body drive apEXROSURENMETHOD GNDoAPBRRATUS), PAMTERNhFORMAFION
use of the pattern formation nethod. 20 BACKGROUND ART In a

| i t hography pMBTHOD AND ARRARAMIS h@ND REVICE MANUEACTURING METHOD
(m crodevi ces) such as sem conductor devices (integrated circuits

and the like) and liquid crystal display devices, an exposure

apparatus su UGL] projection 25 exposure apparatus by a

st ep- and-repgﬂﬁém %t‘gﬂpal | ed stepper) or a reduction

proj ecti on exposur b - - n - cal
scanni ng stepper (\%}?QEE&F%&Z? s%ng%??%ggﬁgg%ﬁ%%r %%E}[I{SEDQ%(% ?Oua?gdﬁ.hfﬂfe
In this type Qf: 1 RXPOSIE APPH R YSes ) e BSESErd hd£130$E 84n? apparatuses,

10 pattern formation methods and apparatuses, and device
manufacturing methods, andmore particularly to a movable body
drive method and a movable body drive apparatus that drive
amovable body along a predetermined plane, an exposure method
that makes use of the movable body drive method and an exposure

15 apparatus equipped with the movable body drive apparatus, a
pattern formation method that makes use of the movable body
drive method and a pattern formation apparatus equipped with
the movable body drive apparatus, and a device manufacturing
method that makes use of the pattern formation method.

20 BACKGROUND ART

In a lithography process for manufacturing electron
devices (microdevices) such as semiconductor devices
(integrated circuits and the like) and iiguid crystal display
devices, an exposure apparatus such as a reduction proiection

25 exposure apparatus by a step-and-repeat method (a so-called
stepper) or a reduction projection exposure apparatus by a
step-and-scan method (a so-called scanning stepper (which is
also called a scanner)) is mainly used.

In this type of exposure apparatus, in order to transfer



a pattern of a reticle (or a mask) to a plurality of shot areas on a
substrate such as a wafer or a glass plate (hereinafter, generically
referred to as a wafer) , a wafer stage that holds a wafer is driven
in two-di nensional directions with, for 5 exanple, a |inear notor or
the |ike. The position of the wafer stagé was general |y neasured
using a laser interferoneter that has high stability for over a |ong

period. In reg %ttt\é%r§f Joueven, g}gﬂﬁﬁtggﬁztéo él&i‘%lﬁ? %ﬁ‘éﬁ%a&%’eas

are increasi ng-due to fi1ner pat er corrpa

integration of, $e81,6QR4UELOELERVALES 20 HPVY g%'&%rst fetm t’@éf@iz‘lé)f‘ter,
of neasurenent val ues caused by air fluctuations generated due t

tenperature change @11 egrRiratdd €odsadH QBlEeef tﬁmﬁé@%ﬁﬁ%reethatths
beam path of the laser interferoneter has cone to occupy a | arge

percentage 15 waf¢heisvdriagnbudgetwo-therefsdroeall ke tevteidror with, for
proposed before, an exposure apparatus that enpl oys an encoder that
has a neaSur e¥HaTDle egol LReon Meftox PBVidle hke. aThe phisghépnthashehgater

of alaser interferoneter and is |ess affected by air fluctuations
20 conpar ed vﬂ%ﬂ%f'faﬁrﬂ%?@%ﬁ‘%ﬁ‘@lasuﬁe&e%%%g a kaser gaseritgrometer that

measuri ng deV| ce of fer. stag r to Patent Literature

1). As a resut q}hev\gﬁjejntw gﬁ’l’g ?%‘:érl?kion%e??ﬁt?ﬁng vari ous
experiments and th i e 0

measur enent beam con r{ |£r%ce%ﬁt-te§;%§ 32',5 k|Eorrac1e at edé}t%l%g}g%%¢e ?# \Aﬁ’e]ftl%y
diffraction gi@édf‘tgqgsaxfé)&%@easgh MBE fo HMRNY Batedn@f tBaHEa@&ompany

nore, the scale mnutely deforns due to thernal expansion and thi
m nute debor meidiodr Tetedea i diacsd Brsohi SBASHEEHENIeBL£OE, 0dnad ﬁ@wel

t hat cannot be ignored.
short~term wvariation of measurement values caused by air
filuctuations generated due to temperature change or
temperature gradient of the atmosphere in the beam path of
the laser interferometer has come to occupy a large percentage
15  in the overlay budget.

Therefore, the inventor proposed before, an exposure
apparatus that employs an encoder that has a measurement
resolution of a level same as or higher than that of a laser
interferometer and is less affected by air fluctuations

20 compared with an interferometer in general, as a position
measuring device of a wafer stage (e.g. refer to Patent
Literature 1). As a result of the inventor and the like
performing various experiments and the 1ike, recently it has
been found that if a measurement beam continues to be

25 irradiated to a scale in which a diffraction grating is formed
for over a given period of time or more, the scale minutely
deforms due to thermal expansion and this minute deformation
can be a factor of measurement error of a level that cannot

be ignored.



3 Patent Literature 1: the panphlet of International Publication
No. 2007/097379 DI SCLOSURE OF | NVENTI ON 5 MEANS FOR SCLVI NG THE
PROBLEMS According to a first aspect of the present invention, there
is provided a novabl e body drive nethod of driving a novabl e body
within a predetermined plane, the method 3conprising: a process of
driving the novabl e body based on 10 a result obtained by nmeasuring a

position of the mo @e%@%%e%é’cﬁ‘ge 1R0SiHd %H;‘éﬁ?%mﬁ'%& rﬁéegfﬂéﬁ‘iac?nal

conprises a head tha ITradia measur ene ace w

measur enent Reami A6 omaasurei@niospsface being installed on one of
t he novabl e body and an external of the novable body, and the head

being 15 installed on the other of the novabl e body and the external

of the novabl e body; and a process of adjusting an irradiation

anmount of th®ISCUOSVRE GEaINVWENTION neasurenment surface. Wth
this method, the irradiation heat given to the neasurenent surface
can be adpustMERNE FHPBsSQRVING ZDHEr BROBLEMS anount of the

measur enent beam onto t he nmeasurenent surface, and accordingly
distortion of the ARSLHHEERMC Suffasé eansel By the RF?%&R%&%Qﬁﬁqﬁ%ﬁnf

b t d.. Cb bl e to t ant
gri{‘m ain' the TG | .é‘foevﬂl‘;cffe%s%r%ﬁ et et F :‘f%“g :
rive accuragy, e s as
the present |nvekagnb he%gtﬁgq%rOV|ggﬁg%%g§§%§%hrgﬁﬁggﬁ d9ﬁ§ fthod
formng a patd&idying H WAded & &ar - AR b aid Mvdﬂi@%@&;& rtgaéeft? on

object with an energy beam the nmethod conprising: a process of
driving 10 a result obtained by measuring a position of the movable body
using a position measuring system that comprises a head that
lrradiates a measurement surface with a measurement beam, the
measurement surface being installed on one of the movable body
and an external of the movable body, and the head being
15 installed on the other of the movable body and the external
of the movable body; and a process of adjustingan irradiation
amount of the measurement beam onto the measurement surface.
With this method, the irradiation heat given to the
measurement surface can be adjusted by adjusting an
20 irradiation amount of the measurement beam onto the
measurement surface, and accordingly distortion of the
measurement surface caused by the irradiation heat can be
restrained. Consequently, it becomes possible to constantly
maintain the high position measurement precision and secure

25 the drive accuracy of the movable body.

According to a second aspect of the present invention,
there is provided an exposure method of forming a pattern on

a divided area on an object by irradiating the cbject with

an energy beam, the method comprising: a process of driving



4 a novabl e body that holds the object by using the novabl e body
drive nethod of the present invention, to forma pattern on the
divided area. Wth this nethod, in order to forma pattern on a
divided 5 area on the object, the novabl e body that hol ds the object
is driven using the novabl e body drive nethod of the present

i nvention. Accordingly, it beconmes possible to formthe pattern on

t he divi ded t bj.ect W hi.gh pr.eci.sjon. A di t
i rd aspect oFOPAELer SRGRIC T BRLRant X £ Yeheh B o frociogaBLE body
pat tern 1 of ol i, FEAOch ofe |9ETLN0SBncPARLER 18R, ADo0hLERly A0Ecorm on

met hod conprising: a process rrvin nova
the object bysidg,ihey {mvabl e body drive nmethod of the present
invention, to form a pattern on the object. 15 Wth this nethod, in

order to forma pattie/ntBnstrecod] e6h, ordde t0Febhe patdyethain BAidsi ded
the object is driven using the novable body drive nethod of the
present i Averdrnem.on Adcorabjepty, thHe eroatelse josdy bileat dhdlodanttiee ocbject
pattern on the object with high precision. 20 According to a fourth
aspect of thegpdadesn vsdant tha, moy#ele hadpdydvemeahgevpéethe present
manuf act uri ng nmet hod, conprising: _a process of formng a pattern on
an obj ect by WETHY ¥ patEePRIIFSE Kat 6n IRAMGF 0POTHEP HP eSentform the

Ve o a0 BL8R08, 00 PRV LI PLORERSAG.LE 5, BOLECL Ol ot

L Dreoert LoVt Wil HIEY 8,15 BHEVLCEN U SXPOME S IBLINY hencion,

driving agmouafl® is provided a pattern formation method of forming a
pattern on an object, the method comprising: a process of
driving a movable body that holds the object by using the
movable body drive method of the present invention, to form
a pattern on the object.

15 With this method, in oxrder to forma pattern on the object,
the movable body that holds the object 1s driven using the
movable body drive method of the present invention.
Accordingly, it becomes possible to form the pattern on the
object with high precision.

20 According to a fourth aspect of the present invention,
there is provided a device manufacturing method, comprising:
a process of forming a pattern on an object by using the pattern
formation method of the present invention; and a process of
applying processing to the object on which the pattern has

25 been formed.

According to a fifth aspect of the present invention,
there is provided an exposure method of exposing an object

with an energy beam, the method comprising: driving a movable

body that can move within a predetermined plane while holding



body that can nove within a predeterm ned plane while holding 5 the
obj ect based on positional information of the novable body, the
positional information being nmeasured by using a position neasuring
systemthat has a nmeasurenent surface installed on one of the
nmovabl e body and an external thereof, and®a head 5 installed on the
ot her; and bl ocking a physical quantity that includes at |east one

of a thermal St SESeQE%aase%eéRFp%%'it]‘i%na%“%’?f&ﬁ{aﬁioﬁ g 1%?%?\398%?}:{%%\/,

surface fromexcée Ing a pernssi e value due to'irra Ion O

neasurement heam,okR +tiBihg 1085 L rhie: FRYR 1GR) mQHQQEEHYbﬁ%%ﬂ%gaa position
physical 10 quantity related to deformation (including distortion

caused by theddherimd sSistesSthat hhe MerRsyiemRhtSEhkaseet NAst HTTHH Son
due to irradiation of the nmeasurenment beam Wth this nethod, by

usi ng the posirta et s moviadp ley dbely) angoant erhaknabf bhaa¢odHn afd tdhéread
novabl e body is neasured, and 15 the novable body is driven based on

t he posit Pondingtglorarhonohie Rurhdior anchiel phjsngad Phvadcalyapaet UEy igrat
at |east one the thermal. stress and the deformation quantity at the
measur ement SHYUHES Gt tHfESfoSNE 67 AehRBEFTRYG 3§Eeem 34 K Ll
exceedi ng the_ _perm ssible %%:ue due to irradiation of _the

. he 20 .
nmeasur enent Cidohs éfueitiey, "PREVEFERBFt i SHEGPCBhet TR asTFEHEM Y 2

surface Causg%s)%}%j]ée%eblié Kr%‘ih%tég g %e%rgxéﬂata?ﬁgﬂﬁf;tﬁ%i HSQfllngﬁﬂeBJ@%eam.

it becones p 0 conStanily naintain posI

measur enent preci sion and SREY e e Hld & IACRIHACH Pind 1 VARl E cal
body. 25 According to a sixth aspect of the present invention, there

is provided apgdewis, rendtaet tbidgrdminothbn qamRIusSiifg diexpesing @lused
obj ect by using the exposure nethod of the present
by the thermal stress) at the measurement surface that occurs
due to irradiation of the measurement beam.
With this method, by using the position measuring system,
positional information of the movable body is measured, and
15 themovable body is driven based on the positicnal information.
Further, the physical quantity including at ieast one the
thermal stress and the deformation gquantity at the measurement
surface of the position measuring system is blocked from
exceeding the permissible value due to irradiation of the
20 measurement beam. Consequently, the distortion of the
measurement surface caused by the irradiation heat can be
restrained, and thus, it becomes possible tTc constantiy
maintain the high position measurement precision and secure
the drxive accuracy cf the movable body.
25 According to a sixth aspect of the present invention,
there is provided a device manufacturing method, comprising:
exposing an object by using the exposure method of the present

invention; and developing the object that has been exposed.

Accoxding to a seventh aspect of the present invention,



i nvention; and devel oping the object that has been exposed. According
to a seventh aspect of the present invention, 6 there is provided a
novabl e body drive apparatus that drives a novable body within a
predet erm ned pl ane, the apparatus conprising: a position measuring
system that neasures a position of the nbvable body by using a head
that irradiates 5 a neasurenent surface wth a nmeasurenent beam the
measur enment urface being.,installed .on,on f .t he_nmovabl e body. and
o oxt or nal SERha B eREr 4o Dot G FE e S8 AGEF REFaPI BT o Lves
the other of t I - t ; v ,

( ! : d ' N&d® 1
a drive deV|éEq§ﬂ§?M%$ﬁ§E tjgﬁﬁgbéﬂﬁg%%%§$%%ﬁ¢§n the loqﬁk?aﬁﬂ%¥étus

predet er m neGRIANG iRRFLda OB R IPRITUI REBSEr 1 €8 Ulsly s@kent NEhatPOREhEARes a
measuri ng system and ‘an adjustnent device that “adjusts an

irradiation aayindiof dfhenhaeasuaehetbodean ortitg hhkesBRasenBMadiates

surface, by driving the novabl e body using the drive device. 15 Wth

t hi s appabat uspetheradgnstammiactevich adgastisenantilragaadi ahe oeammanent

of the neasurenment beamonto the neasurenment surface by driving the

nmovabl e body SWifFea He g viensgrll @@, oThenef @fefﬁhﬁh@oﬁfﬁ}éé@i &Odon Apehtan

given to the measurenent surfa&g}' | usted, and di rtion of tﬂﬁ_
alled

20 measur enerﬁ}ftﬁﬁqaa]cé’fdd@ec O llr’F’Zaﬁaod Yon Y e rkh‘?a?f%e eing “?St

Cons et o L SSAISS P13 BL 24D 95 SO AR TBLOARLI, LBl

0 S IA0 B0, SO SR e BELeseRtal TVEOK e

di vi ded gpea (it ORii8fdd y14K& adhabhngnt he RbLSGteMbAD result of the
position measuring system; and an adjustment device that
adjusts an irradiation amount of the measurement beam onto
the measurement surface, by driving the movable body using
the drive device.

15 With this apparatus, the adjustment device adjusts an
irradiation amount of the measurement beam ontoc the
measurement surface by driving the movable body using the drive
device. Therefore, the irradiation heat given to the
measurement surface is adjusted, and distortion of the

20 measurement surface due to the heat can be restrained.
Consequently, it becomes possible to constantly maintain the
high position measurement precision and secure the drive
accuracy ©of the movable body.

According to an eighth aspect of the present invention,

25 there is provided an exposure apparatus that forms a pattern
on a divided area on an object by irradiating the object with
an energy beam, the apparatus comprising: the movable body

drive apparatus of the present invention that drives a movable

body that holds the object within a predetermined plane, to



an energy beam the apparatus conprising: the novable body drive
apparatus of the present invention that drives a novable body that
hol ds the object wthin a predetermned plane, to 7 forma pattern
on the divided area. Wth this apparatus, in order to forma pattern
on the divided area on the object, the ndvabl e body drive apparatus
of the present invention drives the novable body that holds 5 the

obj ect withi rfOC%I}I’TPEI?taﬁr dcelfeqfr{ﬁd}?%}%]%%icfécegﬁdéaﬂgl y, It becones

possible to f pattern on e divi area on the object with

hi gh precision. Acgar@i Rgik0zBpALAtNsasPecdr&ir the Rhesanbat YAt P he
there is provided a pattern formation apparatus that forns 10 a

pattern on aniiGhj®el arlelecapprs adivrse ©OMAH BT abaenbyabl €r besagdtatus
can nove while holding the object; a pattern generating device that
forns a patterh the phesebtedcnyveandonhdrimeeabhe bodyb te i vedappatathuslds
of the present invention that drives the novable body within a

predet er ntPnedhif @vaecks Wikt ot khe nppadeacusinadenlane. pateeerdingly, it
generating device fornms a _pattern on the object, the novable b3V¥

' abl d
drive appar atQREOMFS BRS Srdse ﬁﬁ&@nFPSnPGF%ﬁég PRetBVAbY HedRLee on
that holds the obj.ect. within the predetermned plane. Accordingly,
it becones 6%%%?$H%??E)W%#hﬁh%éb[é%??ﬁﬁ%%ﬂrthe object with high 20
preci si on. Accordi t h_a t.J i ;
there is provided Eﬁxéﬁgggﬁf§5agp§?§§§39%ﬁ§?€é§%§§§§Egﬁﬂ%ﬁ?égﬁﬁhﬁaﬁﬁ?nr
an energy beafedhs ARRAALIS GOPUHSRIAN0 A nivia aheds tddhathHakorms

nove within a predeterm ned plane, while holding the 25 object; a

posi ti onlpeaslibang esysbbemahhabjbas, atheagppaflatus comprising: a movable
body that can move while holding the object; a pattern
generating device that forms a pattern on the object; and the
movable body drive apparatus of the present invention that
drives the movable body within & predetermined plane.

15 With this apparatus, when the pattern generating device
forms a pattern on the object, the movable body drive apparatus
of the present invention drives the movable body that holds
the object within the predetermined plane. Accordingly, it
becomes possible to form the pattern on the cbject with high

20 precision.

According to a tenth aspect ¢f the present invention,
there is provided an exposure apparatus that exposes an object
with an energy beam, the apparatus comprising: a movable body
that can move within a predetermined plane, while holding the

25 object; a position measuring system that has a head and
measures positional information of the movable body by
irradiating a measurement surface with a measurement beam from

the head and receiving a reflected light of the measurement

beam, the measurement surface being installed on one of the



measures positional information of the novable body by irradiating a
measurenent surface with a neasurenent beamfrom the head and
receiving a reflected light of the neasurenent beam the neasurenent
surface being installed on one of the. 8 novable body and an
external of the novable body, and the heall being installed on the
other of the novable body and the external of the novable body; a

117 St L e TR PRI LIR S0 oo

i nformation; s a physrcal quantity t

i ncl udes at Hé%%& e 01184 t B8 vRk %&%@¥Sd¥"kﬁbdﬁ69éﬁﬁé'BBd?U%%b!Eﬁe
at the neasurenent surface from exceeding a permssible value due

to irradi ati @xtefrridie ofeanureseabl besday Wd kirtikies sgppamatigt dibeves the
position neasuring system 10 neasures positional I nformation of the

novabl e body rantiitllee bddyveasest em dtheepdsie immadbl enbodya based end a
the positional information. Further, the controller blocks a

physi cal S5quamnitneltifst thadl bdeskst ol physigné @Rantihprppdt sinebdemat
a deformation quantity at the neasurenment surface of the 15 positijon
measuring systSE ¥ A5 @?béeahﬁ§m§1p§Fﬁ?§§|%F% %dﬁ%@PrTEEQ?Q)quantltY at

the measur e SGAFREEIlse rﬁ'@‘%a% ARS8 ode T 1 v
restrained, apd thus,.it :Eagc% N E p&%lrpéae Jroen?é%{?tkﬂéﬁrﬂy mai ntai n the

hi gh position measuremnen preci sion and secure the drive accuracy

of the novabl e body;tACER!4li APPECaRAsE! QHRN Ho RSPESH ﬁteafsn@»l%e%q;@,ttem
invention, there is provided a device manufacturing nethod

conprising: mEAStd) psiajeetl tiyﬁmmgﬂdmeo&:xaa@umevapparm@ﬁ &d the
the present invention; and devel oping the object that has been

drive system drives the movable body based on the positional

information. Further, the controller blocks a physical

gquantity that includes at least one of a thermal stress and

a deformation quantity at the measurement surface of the

15 position measuring system from exceeding a permissible value

due to irradiation of the measurement beam. Conseqguently, the

distortion of the measurement surface caused by the

irradiation heat can be restrained, and thus, it becomes

possible to constantly maintain the high position measurement

20 precision and secure the drive accuracy of the movable body.

According to an eleventh aspect of the present invention,

there is provided a device manufacturing method, comprising:

exposing an object by using the exposure apparatus of the

present invention; and develeping the object that has been

25 exposed.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing a configuration

of an exposure apparatus relazted to an embodiment.



25 exposed. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a view
schematically showing a configuration of an exposure apparatus
related to an enbodinent. 9 FIG 2 is a plan view showi ng a wafer
stage. FIG 3 is a plan view showi ng a stage device which the
exposure apparatus shown in FIG 1 is equﬁ‘pped wi th, and an
arrangenment of interferoneters. 5 FIG 4 is a plan view show ng a

stage device which EtIl&e LXROSUr § qp%f%}%%o%ﬁ%g‘t;%,ﬁeg Sé i ‘a pl an

equi pped Wi th, and an" arrange of sensor

vi ew showi ng an ar rargenent pr%}?%eéw headsd X beads, dgvfé’@%ﬂl&‘i‘dche

alignment systens. 10 FIG 6 i's a plan view show ng an arrangenent

Z heads and expgBHindigHa At &Y semn BhGrIé.i 8 asbé@ekpdtaas s, and an
showing a main configuration of a control systemo %e exposure

appar at us r elsadrethgemdrite ofentocs mextondizerd G 8 is a view showing a
first waiting position (unloading position) of the wafer stage. FIG

9 is a view showi ngI& sécoadavialan g grosinowimg ¢l aaagﬁgdgmswlmcl@fthe
the wafer stage. FIG 10 is a view used to exil ai n an_exanpl e of

stage 20 dr iSFP SRR R ST SRS (ﬁhﬁ’g’%éﬁt FRGoud ifroadiiPPen with, and an
neasur enent beans from.the.encoder heads and the Z heads to a sane

position on frsrc?éigéemeiﬂteoﬁls‘?%s%r\}? Used to explain another
exanpl e of a stage.drie; et hod for  aval di ng, contipuads Lrtadkatl oy .

of
heads (X heads, Y heads) and alignment systems.
10 FIG. 6 is a plan view showing an arrangement of Z heads
and a multipoint AF system.

FIG. 7 is a block diagram showing a main configuration
of a contreol system of the exposure apparatus related to the
embodiment.

i5 FIG. 8 1s a view showing a first waiting position
(unloading positicon) of the wafer stage.

FIG. 9 is a view showing a second waiting position
(lecading position) of the wafer stage.

FIG. 10 is a view used to explain an example of a stage

20 drive method for avoiding continucus irradiation of
measurement beams from the encoder heads and the Z heads to
a same position on a scale.

FIG. 11 is a view used to explain another example of a

stage drive method for avoilding continuocus irradiation of

25 measurement beams from the encoder heads and the Z heads to
a same position on a scale,.

FIG. 12 is a view used to expléin yet another example

of a stage drive method for avoiding continuous irradiation

of measurement beams from the encoder heads and the Z heads



25 neasurenent beans fromthe encoder heads and the Z heads to a
sanme position on a scale. FIG 12 is a view used to explain yet
anot her exanple of a stage drive nethod for avoiding continuous
irradiation of neasurenent beans fromthe encoder heads and the Z
heads 10 to a sanme position on a scale. 1 G 13 is a view used to
explain still another exanple of a stage drive nethod for avoiding

continuous ir j i . u n ns fromthe encoder heads
and the Z hea{(fgdd ?%rggé)oggalng%zséf%né%%f% scal e. BEST MODE FOR

CARRYI NG QUT THE | WMEENTHON; Any €7, iRt Ofe t e BT 6860 LAVERLE Ukdithie
described below, with reference to FIGS. 1 to 13. 10 FIG 1

schemati cal | yoshOWs ageC arfiv@unat hed 0bradvo LXPO§ WEsh BRPas@d Use A0 Ofion
t he enbodi nent. Exposure apparatus 100 is a projection exposure

appar at us by a@f steemarshatameans Hadm whiecknicedarsheedk| edd sclannerheads
As is described later, a projection optical systemPL is arranged in
the enbodbnerito aSanm Bostheonleyerd pidake bel ow, the explanation is
given assumng that a direction parallel to an optical axis AX of
projection optical systemPL is a Z-axis direction, a direction in

whi ch i | atj I d withi I
o el o S Mol Bh L G, MR E &7 Pl
direction that is ot hogonaledt o Z oxLsoandoa. iy AL XAKLSibea
directi on, and rotation | I'ICITI nat1on | PEC I oNns about “an - axl s,

the Y-axis ang e Z;24 S &r-ddoe Qo aPth42 1 digecsions,

respectively. Exposure apparatus 100 is equipped with an illum nation
10 FIG. 1 schematically shows a configuration of an

exposure apparatus 100 of the embodiment. Exposure apparatus
100 is a projection exposure apparatus by a step-and-scan
method, which is a so-called scanner. As is described later,
a projection optical system PL is arranged in the embodiment,
15 andin the descriptionbelow, the explanation is given assuming
that a direction parallel to an optical axis AX of projection
optical system PL is & 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
20 a direction that is orthogonal to a Z-axis and a Y-axis is
an X~axis direction, and rotation (inclination) directions
about an X-axis, the Y-axis and the Z-axis are 0x, Oy and 0Oz
directions, respectively.
Exposure apparatus 100 is equipped with an illumination
25 system 10, a reticle stage RST, a projection unit PU, a stage
device 50 having a wafer stage WST, and their control system,
and the like. In FIG. 1, a wafer W is mounted on wafer stage
WST.

Illumination system 10 includes: a light source; and an



25 system 10, a reticle stage RST, a projection unit PU a stage
device 50 having a wafer stage WST, and their control system and
the like. In FIG 1, a wafer Wis nounted on wafer stage WST.

[I'lum nation system 10 i ncludes: a |light source; and an 11

illum nation optical systemthat has an i}l um nance wuniformty
optical systemcontaining an optical integrator and the like, and a

ticle blind.and the lik f which h , i s, .
i 56l osed | n i T RS, U St eRP 5 Rop Feki | HoPUBT o attHaRnCe
2003/ 0025890 .an e ol ; ' i il i nat
slit-shaped i tcjlfrr%%r%glt%lBz)nkéaptairée%ai %@?&@%ﬂ%%%fﬁe@e% egraLtor

blind (the masld RGe SYSECMnQN RRIHiIC1Q Bibygamndldnaminadd QRchkIBE which
(exposure light) IL Wi th substantiall y uniformillum nance. In this

case, as 10 iddangmaihpn kieghls Idisdsyd Bxci gy kaaaplkight.s. Patent
(wavel ength: 193nm) is used as an exanple. On reticle stage RST,
reticl e Rohadpmlixcaatdrer Publdicadce on( t He. | oEd3 AAFTIERE0 | mnlEl G-hé) Iorke.
which a circuit pattern and the like are fornmed is fixed by, for
exanpl e, vacuumEuctdloren s5sken Kl élétamgaarsy 4 slitnehprad Mapieination
wi thin an XY plane and  also drivable at a predeterm_ned scanni ng

speed in a s&fR ngiR dibdctivrighuiich §% tiMe sedd'e diidd | oo iarfing
lateral directi f th f f FIG.1),. b ticle st
G ve- syst em BE (B OB I BreY o S Srafhehiha (B REbhSRRG I A
f o ¢ : s L ey C
(Pnctudipg + dartiSEnpuBBEAbe Tt grun L Efpn Rl i fiifed b AHTERI Qe pme oo
plane (the nmoOVEIRMHaDSNe) 8k T8t helerStagenBST dfeLoRghaNtldelength:

det ect ed
193nm) is used as an example.

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.

15 Reticle stage RST is finely drivable within an XY plane and
also drivable at a predetermined scanning speed in & scanning
direction (which is the Y-axis direction being a lateral
direction of the page surface of FIG. 1), by a reticle stage
drive system 11 (not shown in FIG. 1, refer to FIG. 7) including,

20 for example, a linear motor or the like.

Positicnal information {including rotational
information in the 0z direction) within the XY plane (the
movement plane) of reticle stage RST is constantly detected
at a resolution of, for example, around 0.25nm with a reticle

25 laser interferometer (hereinafter, referred toc as a “reticle
interferpmeter”) 116 via a movable mirror 15 (in actuality,
a Y movable mirror (or a retroreflector) having a reflection

surface corthogonal to the Y-axis direction and an X movable

mirror having a reflection surface orthogonal to the X-axis



at a resolution of, for exanple, around 0.25nmw th a reticle 25

| aser interferoneter (hereinafter, referred to as a "reticle
interferonmeter”) 116 via a novable mrror 15 (in actuality, a'Y
novable mrror (or a retroreflector) having a reflection surface
orthogonal to the Y-axis direction and ant® novable mirror having a
reflection surface orthogonal to the X-axis 12 direction are

d) They: - f i.cl j
Sent fo & Mmool e 50 oo Bronts: fepr B ERIAE PER S Y gt
Proj ection unid:dddd Sonplaced 1/66h W S8l €& ahadecdirdMen 2l Ghol ARFin
supported by a main franme (not shown) . Projection wunit PU includes

a barrel 40 and gr®) ect iropticarrsystiem PL held within barrel 40.

As projection optical systemPL, for exanple, a dioptric systemthat

i s conposed of a plRmcglsabiombnapt?@als plenedtlsebensteldrestape RST in
di sposed along optical 10 axis AX parallel to the Z-axis direction is
used. Profectfldn loptdcrrysiednplaimain griramenphE, shown! si drojection
telecentric and has a CPredet erm ned projection nagnification (e.qg.
one- quart er, Bhd: fHY% t4f %sei%grh%%%%e@, G tHLI§Ke)ON CRHerSFlorsy stem
when illum nation.area . lAR on reticl.e is 15.illumnated b

i nat 1 on 1 GRS BOPOR PREGRINAE: or Sy eHF STbn | ST U PR G em BL.
light 1L havi t rati : P . e I :
Pl aced subst Anth SITHCRer e don: it FY St P T e red e AR 3ty

of projectionORIHiGAA1SYSISMBntR (1P A dRINGEd dIBAS ] A K] BHtical
pattern (a reducéd imge 20 of a part of a circuit pattern) of

reticle ROwW tdhiis BKl pataalédrro dheaz + AR onliate & ieh (Beheddafl trefo altSon
referred to as an "exposure area"”) A that is conjugate to

illum nation cartelacal system PL is, for example, both-side telecentric and

has a predetermined projection magnification (e.qg.

one-quarter, one-fifth, one-eighth times, or the 1like).

Therefore, when i1lliumination area IAR on reticle R is

15 1illuminated by illumination light IL from illumination system

10, illumination light IL having passed through reticle Rwhose

pattern surface is placed substantially coincident with a

first plane (an object plane) of projection optical system

PL forms a reduced image of a circuit pattern (a reduced image

20 of apartof acircuit pattern) of reticle Rwithin illumination

area IAR on an area (hereinafter, also referred to as an

“exposure area’”) IA that is conjugate to illumination area

IAR described above on wafer W, which is placed con the second

plane (the image plane) side of projection optical system PL

25 and whose surface is coated with a resist (a sensitive agent),

via projection optical system PL (projection unit PU). Then,

by moving reticle R in the scanning direction (the Y-axis

direction) relative to illumination area IAR (illumination

light IL) and alsc moving wafer W in the scanning direction



| AR descri bed above on wafer W which is placed on the second plane
(the image plane) side of projection optical system PL 25 and whose
surface is coated with a resist (a sensitive agent) , via projection
optical systemPL (projection unit PU) . Then, by noving reticle R
in the scanning direction (the Y-axis di¥%®ction) relative to

illum nation area | AR (illum nation Iight IL) and al so novi ng waf er

W i th t 13 th di t | at i t
exposurc ar ool 1R (113K ﬁzqﬁro%cﬁogﬁt 115 aiv%%,ﬁﬁ#e oS e s TR
reticle stage; Fi% ek v 85 8208, BTy BERRBLAASCXPESULE BLe0BE Piilge
area (d|V|de areaJ) of waf e 8 a patter

reticle 5 FQ'RSﬁ'é%&ﬁ%%ﬁ%ﬁdsE%g%hﬁS@hOEcﬁﬁﬁénngﬂbobﬁre'Bft$ﬁé shot area
enbodi ment, a pattern of reticle R is generated on wafer by

illum nation ({&siwsitdm d0candbpharecti 08 @n{ﬂocm!eds,yﬁ@@ﬁtt@ﬂdoﬁh@ucle
pattern is forrred on wafer Wby exposure of a sensitive layer (a
resist |ayerd ienmmafsfeWed tl the shionatTem. | iMtat Lk, iI0tAs etpwiinent,
FIG 1, stage device 50 is equipped with wafer stage WST pl aced

above a base HBaF@ern, of nfdastreReht dsysirahe200 ‘r(afgel@uw by iFlgmination
t hat nmeasures positignal information of wafer stage WST, a stage
drive systemSYSFsR é‘foetantdoPFP@xeCt?Pnt HEFlﬁﬁllvéé’SﬁﬁF‘ePLst%@‘é ST Pafiern
the like. As ,shown measur ement _ sys emg i.-ncl udes

e er  or oot are 202mefh &1 Fl £ 1 B AR S B P S0 LE S v T 8 s e
moasuring System. 10 QL e ke, VALESlage YR haﬁfupported

above base boal noncont act” ‘beart1 ng for
exanpl e, 1py an air sheanbpg in2B1Or 1t, h@téc%é‘%e‘(rh%e%@&%aé of wakuntker

several m Wafer stage WST i ncl udes a age main body 91 and a wafer
tabl e WIB nowd@ WST placed above a base board 12, a measurement system
200 (refer to FIG. 7) that measures positional information
of wafer stage WST, a stage drive system 124 (refer to FIG.
7) that drives wafer stage WST, and the like. As shown in FIG.
15 7, measurement system 200 includes an interferometer system
118, an encoder system 150, a surface positionmeasuring system
180, and the like.

Wafer stage WST is supported above base board 12 by a
noncontact bearing (not shown), for example, by an air bearing
20 or the like via a clearance of around several um. Wafer stage
WST includes a stage main body 91 and a wafer table WTIB mounted
on stage main body 91. Wafer table WTB and stage main body
91 are driven by stage drive system 124 that includes, for
example, a linear motor or the like. Accordingly, wafer W is
25 movable in directions of six degrees of freedom (¥, Y, Z, Ox,

By, 0z) above base board 12.
In the center of the upper surface of wafer table WTE,
a wafer holder (not shown) that holds wafer Wby vacuum suction

or the like is arranged.



on stage main body 91. Wafer table WIB and stage nain body 91 are
driven by stage drive system 124 that includes, for exanple, a

| inear notor or the like. Accordingly, wafer Wis 25 novable in
directions of six degrees of freedom (X, Y, Z, O, 6y, Qz) above
base board 12. In the center of the upperl%urface of wafer table WB,
a wafer hol der (not shomn) t hat hol ds wafer Wby vacuum suction or

the like is arrang i.d t | der_on
upper surface of wa er aﬁm Jﬁ% at?rlea‘g%géeﬁenfld%aate g ©i %p%?%cseud: ace
On  measurement pl AL @9191@ fregucial,natk FMyis gq'a cedd nid *ﬁ&@éﬁ er on

and on both sides of fiducial mark FMin the X-axis direction,

pair of aeri aledstBgandrEapuEeseIy, sliilduRAatdlenask (VEAS BraREtin Eﬁbtcﬁ!’rﬁﬁer
having a slit shape) SL are placed And, corresponding to each

aeri al i mge arehsurienentsisldd ofiaf t @udia Bina rdanFHpin ¢cale Syskémdiarection,
phot odet ection el enent and the Iike are placed inside wafer stage

WST. Mor eSspecbricabf perdyainage mfaswrémdnt sdgd peasariagmeasurement
i nstrunments 45A and 45B (refer to FIG 7) including aerial image
measur enent HAYEGERT e INT Fre Sdflrtan@@dipé"d water 2cgbl BlaFsd.  And,

I dental l vy, f th t t | d

var oot aue e iR i Slrete SBES Lol bR Mot SpPeRe R E et L PhiPatEepn
heat 5 t 1
o el nee, sk, RN oBE1BRITEYs ?é% D¥ng Al 295 SR EilG J&%t]hleke

encoder syst gipd b@a@%ddfﬁgi&g%f&_t %"’t)a e%?Tf ok }%cl?.%l%@‘?ﬁ air

in areas on one side and the other the wafer tabl up er
surface LD the %eaiad 2@adier Ql@ti'SQi&‘l&'l@ hakerahedi-cegbpoanaf 4t he(pager to

surface of FIG
FIG. 7) including aerial image measurement slit patterns SL
are arranged on wafer table WTB. Incidentally, only a part
of the optical system is placed inside wafer stage WST and
the photodetection element or the like that is a heat source
15 can be placed external to wafer stage WST.

Further, on the upper surface of wafer table WTB, scales
that are used in the encoder system (to be described later)
are formed. To be specific, in areas on one side and the other
side of the wafer table WTB upper surface in the X-axis

20 direction (a lateral direction of the page surface of FIG.
2), Y scales 39Y; and 39Y; are formed respectively. Y scales
39Y; and 39Y; are each configured of a reflective type grating
(e.g. diffraction grating) whose periodic direction is in the
Y-axis direction, in which grid lines 38 with the X-axis

25 direction serving as their longitudinal directions are
disposed with a predetermined pitch in the Y-axis direction.

Similarly, in areas on one side and the other side of

the wafer table WTB upper surface in the Y-axis direction (a

vertical direction of the page surface of FIG. 2), X scales



2), Y scales 39Y1 and 39Y2 are forned respectively. Y scales 39Y1
and 3 9Y2 are each configured of a reflective type grating (e.g.
diffraction grating) whose periodic directionis in the Y-axis
direction, in which grid lines 38 with the X-axis 25 direction
serving as their longitudinal directions Bte disposed with a
predeterm ned pitch in the Y-axis direction. Simlarly, in areas on

one side andéd}@ gltlge.'vr%?gi ggeqof d%fs recttat?rle yV\%}? au%%%rtesgysaa%w#inched
( d t ace o

the Y-axis direction (a“ vértica irection o € page sur

FIG 2), X sqgal@adny 39Xleanth 3952 alos f.or)fr%@aﬁee%p§§3;(<1 %ehy368, 8re each
state of sandwiched between Y scales 39Y1 ‘and 39Y2. scal es 39X1

and 39X2 ar e ®athi e | gBir gdreflaceeibeeibee gppangl ald Ry (B MEraction
diffraction grating) whose periodic directionis in the X-axis

di rection, 5 gmatinghwhoise benesd3Z dundritive Ysakm $hei Keeki ordissrot ingn,
as their longitudinal directions are disposed wwth a predeterm ned
pitch in Phe D¢ adiishdigrdst ildmes 3di Héﬁhatﬁ?,Yaapiﬁ chiveChron $¢pesn@Es
and 38 is set, for exanple, to_.1lm |In FIG 2 and other draw ngs, the
pitch 10 of el gri dorprésdisadnovi Feflge?ns hadT€he SiiRpFed ~with

ti f the pitch f Ih ke_.of [ f illustration.
Further, 1 n GITSie 1o Bt ot St 147 bTT O GHAATHG R € 15 al so |

effective to cover g W th a €1 i o} ;
coefficient of therﬁn-gﬁqaee%g%nlsll%mn.a P%t% E)%c%gl,a ﬂng\é ?ﬁegﬁ{jayé\% s set,
plate, the o i thic Ss I i a | o Lo+ oh
the thi ckness%ol?%ﬁ?gg)v]\%f’e?,b #('%E exjgbrrplEl%g,' §agi‘?]{ﬁgi':)c nes(s:1 %FQF %'Cgﬁet}%tc
used, andot he;ghassgrhdl @ihgsi NStsdwd 10ydrhehdppenesacfase iopwderon
table WIB (each scale) so that the surface of the glass plate and

t he waf er surdfadgehehgviecdihefor the sake of convenience for illustration.

a

Further, in order to protect each diffraction grating,
it is also effective to cover each scale with a glass plate
having a low coefficient of thermal expansion. 1In this case,

15 as the glass plate, the one having a thickness which is the
same as or close to the thickness cof the wafer, for example,
a thickness of lmm can be used, and the glass plate is installed
on the upper surface of wafer table WTB (each scale) so that
the surface of the glass plate and the wafer surface have the
20 same height (are flush).

Further, on the —-Y end surface and the -X end surface
of wafer table WTB, as shown in FIG. 2, a reflection surface
1l7a and a reflection surface 17b that are used in the
interferometer system (to be described later) are formed.

25 On the +Y end surface of wafer table WTB, as shown in
FIG. 2, a fiducial bar (hereinafter, shortly referred to as
a “FD bar”) 46 is arranged extending in the X-axis direction,
which is similar to the CD bar disclosed in the pamphlet of

International Publication No. 2007/097379 (the corresponding



20 sane height (are flush). Further, on the -Y end surface and the -X
end surface of wafer table WIB, as shown in FIG 2, a reflection
surface 17a and a reflection surface 17b that are used in the
interferoneter system (to be described later) are forned. 25 On the
+Y end surface of wafer table WIB, as shoh in FIG 2, a fiducial

bar (hereinafter, shortly referred to as a "FD bar") 46 is arranged

extending in t r
di sclosed in L% ﬁ é%%e%%%%?%ﬂ%%%%%ﬂ%ﬁt |%®W%w{' in
2007/ 097379 (drhe ﬁ@lrrﬁ%gp%@' REelbndlbs. of@iLte ARR &Rt b@Rer side of FD
Publ i cati on No. 2008/0088843). In the vicinity of the end on one

side and the iher isi des Afonkd t ukAma46d1 Pett Soh pAOHd fish d¥ade dira@ehbofs . g.
a reference grating (e.g. diffraction grating) 52 having a periodic
direction indiheEmotiax gditrieny) ik imvraspextpam]odfordietedtnien in the
symmetric_ arrangenment with respect to a center line LL of wafer

table WB. Fimahiet digiedthion poerratng deevoky F@Jﬁ%ﬁdél@ % W%ﬂﬂ@

of reference marks M are formed. As each reference, nar

t wo- di mensi or‘?aqrar%‘?i“%%"’r?d:kb TESREGth &0 @aﬁeBEeHe%éE?e%Lb?/f 1“()5‘?% table

al i gnnment sy rtlﬂe described | ater

Srbod mont Y T L e eRe a0 B e S Bl B § 0 Bl 6 o @ Lumaid by

upper surfac f.naf e f.ace I

30, the surfgjc]g of éaé? E%K}g?f grgl%déc?gh gled ‘Q%atge@gII %Pﬁ & M
surface of ”hetw—%ﬁn@rn%lfdnléﬂ_hma@kr hBeingad kS d easlt @aﬁabé @été@@é@ by
surfaces may have liquid repellency. |In exposure apparatus 100 of

t he enbotdinerthe adighowat $ystES. (b bedtidscriyyd matgral igusat. In the
system ALI having a detection cent er at a position a predeterm ned
di st ance aparambodiment, the surface of the cover glass plate of each scale,
the upper surface of wafer table WTB, the surface of
measurement plate 30, the surface of FD bar 46 (to be described
later), and the surface of the wafer are flush. Further, at
15 least a part of these surfaces may have liquid repellency.
In exposure apparatus 100 of the embodiment, as shown
in FIGS. 4 and 5, a primary alignment system ALI having a
detection center at a position a predetermined distance apart
on the -Y side fromoptical axis &X of projection optical system
20 PL, is arranged on a straight line (a reference axis) LV
parallel to the Y-axis passing through optical axis AX.
Primary alignment system ALl is fixed to the lower surface
of the main frame referred to earlier. As shown in FIG. 5,
on one side and the other side in the X-axis direction with
25 primary alignment system ALl in between, secondary alignment
systems AL2: and ALZ,, and ALZ23 and AL2, whose detection centers
are almost symmetrically placed with respect to reference axis
LV are arranged, respectively. Secondary alignment systems

AL2; to AL2, are fixed to the lower surface of the main frame



on the -Y side fromoptical axis AX of projection optical system 20
PL, is arranged on a straight line (a reference axis) LV parallel to
the Y-axis passing through optical axis AX. Primary alignnent system
ALl is fixed to the lower surface of the _main frane referred to
earlier. As shown in FIG 5, on one sidé’and the other side in the
X-axis direction with 25 primary alignment system AL1 in between,

secondary al i(Q{HEB@houﬁ*Msfv%_@ Ly BNE %ﬁ%ﬁyf%{‘% and, Al WRASK i ve

detection centers are alnbst synmetric aced wWi'th respect to

reference axigesile e A aRged ddesRedn Wldhs Secandany- dilsgrBRiction
systens AL21 to AL24 are fixed to the |lower surface of the main

frame 17 (neatarshewadijusaecd bpvahl v sisaperii smenser , tad t heefet afo FEG.
positions of their detection areas in the X-axis direction can be

adj usted by dhi.ve nechanisns 601 to 604 (refer to FIG 7). 5 In the
enbodi nent, as each of alignnent system ALl and _AL21 to AL24, for
exanpl e, an FI A (Fil& Hhﬁn%]éoﬂm‘%%arﬁﬁ) eAm 6rh abygaRenfagestem ALL and

Bl Cgnment sy SV enE WP e oKD 0 30 5420 (C4RhR RS BLGHASnt) system
| 2 [ [ I ' h . ln.th
cnbodi ment ,  AOeFY GRAES AFGPRAELON CERAP ol g SPat atTnar THPSH g

in the 9z di reeid 00kn s ér’ll‘%Sﬁméﬁé%%st\é%}eAﬂ@faﬁ{d Aﬂ?g%o}gl?qb%&é pdiNeq

XY plane is neasured nal usi ng "encoder system 1
descri bed | att®y Jnaikd donterdiarmetery iy s eghld i disash whens Wl (not

stage WST is |located outside the neasurenent area of encoder system
150 (e.890 nedvowar) .unl oadi ng position UP (refer to FIG 8) and a
In the embodiment, positional information (including
rotational information in the 6z direction) of wafer stage
WST (wafer table WITB) within the XY plane is measured mainly
using encoder system 150 (to be described later).
15 Interferometer system 118 is used when wafer stage WST is
located outside the measurement area of encoder system 150
(e.g. near an unloading position UP (refer to FIG. 8) and a
loading position LP {(refer to FIG. 9)). Further,
interferometer system 118 is secondarily used in the cases
20 such as where a long-term variation (e.g. due to deformation
of the scales according to time passage, or the like) of
measurement results of encoder system 150 is corrected
(calibrated). Accordingly, for measurement of positional
information of wafer stage WST (wafer table WIB) within the
25 XY plane, interferometer system 118 does not necessarily have
to be arranged. Meanwhile, positional information of wafer
stage WST {(wafer table WIB) can also be measured using

interferometer system 118 and encoder system 150 together.

In exposure apparatus 100 of the embodiment, a pilurality



| oadi ng position LP (refer to FIG 9)). Further, interferoneter
system 118 is secondarily used in the cases 20 such as where a

|l ong-termvariation (e.g. due to deformation of the scal es according
to time passage, or the like) of neasurenent results of encoder
system 150 is corrected (calibrated) . Adcordingly, for measurenent
of positional information of wafer stage WST (wafer table WB)

within the 25Og<geg%j§5}gitg nhard géﬁ%ﬁ%ﬁ@%@g&é}%ﬁ%ﬁ 18b are arranged

necessarily have e arrang positiional i nform

of wafer st ac%em\éégéz%\@?%géaéggkfi ng, ap @zﬁgggewgﬁé"?uéﬁgg%ﬁ%w within

c
interferoneter syst encoder system toget her.

exposure appamd wy p08nef thacpahadhtept £ramplntadFféyorlStedfshenash 118.
units that constitute encoder system 150 are arranged to neasure the
position (X Y, OzAsothwaheinstiEge MEEnwthhai X dive XYhel afeside and the
i ndependently frominterferoneter system118. As shown in FIG 4, on
the +X side, -theife sifderai¢ctien BniX EPdendfoprohectY onidmiaf Pyimedy
on the -Y side of primary alignnent systemAl|l, four head units 62A

62B, 62C and BZENMEE SVASSH AldspdetitvBred ROiEReP2Ahe@tPurk4s BYE 62D
d 62F | aced on both outer sides in.the X-axis.di i

o goent TR AER AP e Y o XU be e choaa i LPhELh AR F are
its 10 62A._t j By i f . . L

onito 10 0240 BATLALG I NGOt 08 NRIDJ KU LELSIUA0 4o g3 e

units 62A and; R4G@s ar,1" 88RCLL2 VeLyarall RPRED MR ed R UFRLEEddd (Biits
inthis case) " of Y heads 651 to 655 and Y heads 641 to 645. In this

case, 151 hemds b Ar0 £H55 AN theads edlid 64t alrdredAtesdlier
distance WD on a reference axis LH Y head 651 and Y head 645 are

pl aced in a suspended state via a support member,

As shown in FIG. 5, head units 62A and 62C are
respectively equipped with a plurality {(five in this case)
of Y heads 65; to 655 and Y heads 64; to 64s. In this case,

15 Y heads 65; to 655 and Y heads 64, to 64, are placed at a distance
WD on a reference axis LH. Y head 65: and Y head 645 are placed
at positions on the -Y side of projection unit PU, which are
a predetermined distance apart from reference axis LH in the
-Y direction. A distance between Y heads 65; and 65, and a

20 distance between Y heads 64, to 64 in the X-axis direction
are also set to distance WD. Incidentally, Y heads 65; to 654
and Y heads 645 to 64: are placed symmetrically with respect
to reference axis LV. In the description below, Y heads 65,
to 655 and Y heads 64; to 645 are also described as Y heads

25 65 and Y heads 64, as needed.

Head unit 624 constitutes a multiple-lens (five-lens,
in this case) Y linear encoder 70A (refer to FIG. 7) that
measures the position in the Y-axis direction (Y-position)

of wafer stage WST (wafer table WIB) using Y scale 39Y;.



at positions on the -Y side of projection unit PU which are a
predeterm ned di stance apart fromreference axis LHin the -Y
direction. A distance between Y heads 651 and 652 and a 20 di stance
between Y heads 644 to 645 in the X-axis direction are also set to
di stance WD. Incidentally, Y heads 651 td%55 and Y heads 645 to 641
are placed symmetrically with respect to reference axis LV. In the

descri ption Io , he ds to 5 an eads 64 64
al so descri bed Gg rhlSt % as neetdlé) T ndS uni t

62A const | tUt&&fvae rilélnt ‘E Jﬁ{@ cﬁaféé’eY' EE_‘ﬁear dhSr GRTe) rgflahn@@rFIG.

encoder 70A (refer to t hat rreasures the position'in

Y-axi s directs Oﬂhé%r%%dﬂé%niheqf pafiari st sgey MRl tvabemdraller¥Rable
using Y scale 39Y1 19 Simlarly, head unit 62C consfitutes a

mul tipl e-1 enswTH)f inedrdens,sddlid By .casepcYdeénbeal yentndehe 78&s€repeion
to FIG 7) that neasures the Y-position of wafer stage WST (wafer
table WB) isilmy,Y Seale 139¥Ar lacidEntaldng sheodthley destigsd dre s Y
bel ow, the Y linear encoders are shortly referred to as "Y encoders”
or "encoder s'enapslaiEddet 1enNadier asas dieadatte WD in the X-axis

di rection between f|ve Y heads 65 or 64 (1o _be nore precise,

irradiation points %W%?l@a?@al%l%?a%%@grjé?rgﬁﬁ A5 AhFERtYORSSITee

65 64 t). 10t hat head 62
Boc s st drgnt D2enS Sk Rin th@Ymadn BREFhet Saratiit St s e
of Y scale 39 tﬂé S92 4o QﬁngEﬁeBrte}Ség'ﬁs WieH ?”Hégiié’%ﬁﬁ'r%?'én&%

38). Accordingly, for exanple uring exposure or east

one headsof fing Ywheads i antk Bl d@adpane il hdwradipfe s digads: e is

constantly face (irradiate neasurenent beans
set slightly shorter than the width in the X-axis direction

of ¥ scale 39Y; or 39Y; (to be more precise, the length of grid
line 38). Accordingly, for example, during exposure or the
like, at least one head of five Y heads 65 and at least one

15 headof Y heads 64 constantly face (irradiate measurement beams
to) corresponding Y scales 39Y; and 39Y;, respectively.

As shown in FIG. 5, head unit 62B is eqguipped with a
plurality {(four, in this case) of X heads 665 to 66g that are
placed at distance WD on reference axis LV. Further, head unit

20 62D is equipped with & plurality {(four, in this case) of X
heads 66: to 664 that are placed at distance WD on reference
axis LV. 1In the description below, X heads 66s to 665 and X
heads 664 to 664 are also described as X heads 66, as needed.

Head unit 62B constitutes a multiple-lens (four-lens,

25 in this case) X linear encoder 70B {refer tec FIG. 7) that
measures the position in the X-axis direction (X-position)
of wafer stage WST (wafer table WTB) using X scale 39X;. And,
head unit 62D constitutes a multiple-lens (four-lens, in this

case) X linear encoder 70D {refer to FIG. 7) that measures



to) corresponding Y scales 39Y1 and 39Y2, respectively. As shown in
FIG 5, head unit 62B is equipped with a plurality (four, in this
case) of X heads 665 to 668 that are placed at distance WD on
reference axis LV. Further, head unit 20 62D is equipped with a
plurality (four, in this case) of X headd® 661 to 664 that are placed
at distance WD on reference axis LV. In the description below, X

heads 665 to t@@@gﬂ-ﬁfbﬁetai A5 6% 0 64 .eaﬁv%Ta'(\%QfQ?ts}?%%ggﬁgﬁ%) Xising X

heads 66, as nee unit 62B constitutes a nu

(four-lens, Zmid s cageld&nthnear enceder 440Bripefish LE1EKG tiK: x
that measures the position in the X-axis direction (X-positi onj of
waf er stage WShdawaf@icdddte IMEB)shust iy X stat €eBRA . afMtencd@ets UNids
62D constitutes a nultiple-lens (four-lens, in this case) X linear
encoder 70D (vesfdgdto FIG 7) that neasures 20 the X-position of

waf er stage WST (wafer table WIB) using X scale 39X2. Incidentally,

in the deScription Betbhs case distaras "hktbdaesY el sHoreryipafegtarn

to as "encoders', as eded. 5 In this case, distance WD_.jn the )
Y-axis di recﬁ%?%ee%égﬁeaéﬂoﬁ &CerdtOXPRAUES LT Be Hortad et doints

i rradi ation i nts n-t.he.scal e of asurenent . b whj ch X he
66 emt) tha!too zia:tfnee Fgg%éc(ﬁ\%neﬁays‘%erqelﬁepnpe SR Shgéacﬁmeaéﬁs%gre%ﬁépﬁ?at
set shorter 1 i ‘Yﬁﬂa{_ j i i o) 3
10 and 39X2 (%ﬂ?%eé%%%%%%c# ;ée&, t ee?)é%%tlﬂé%?q%r}%lggznﬁe( %%%QED 5ot

Accordingly, diirexamplag, tHEN NG IEXPOSHE 8- At JaTRRtabnt B x kidsee 8bx,
| east one head of eight X heads 66 in total, which head units 62B

and 62D afte emqid @Y wWitbh beC ansteamtdeyifsageshe( ilehadinalofs gadrid line 37).
measur enent beamto) correspondi ng X scal e 39X1
Accordingly, for example, during exposure, alignment or the
like, at least one head of eight X heads 66 in total, which
head units 62B and 62D are equipped with, constantly faces
(irradiates a measurement beam to) corresponding X scale 39%;
15  or 39¥%,.

Incidentally, a distance between X head 665 on the most
-Y side of head unit 62B and X head 66, on the most +Y side
of head unit 62D is set shorter than the width of wafer table
WTIB in the Y~axis direction so that switching (linkage) between

20 the two X heads can be performed by movement of wafer stage
WST in the Y-axis direction.

As shown in FIG. 5, head unit 62E is equipped with a
plurality (four, in this case) of Y heads 67; to 67,. In this
case, three Y heads 67; to 673 are placed at substantially the

25 same distance as distance WD on a reference axis LA, on the
-X side of secondary alignment system AL2;. Y head 67, is
placed at a predetermined distance away from reference axis

LA in the +Y direction, on the +Y side of secondary alignment

system ALZ;. Incidentally, the distance between Y heads 67;



15 or 39X2. Incidentally, a distance between X head 665 on the nost
-Y side of head unit 62B and X head 664 on the nost +Y side of head
unit 62D is set shorter than the wwdth of wafer table WB in the
Y-axis direction so that sw tching (Iinka&e) between 20 the two X
heads can be performed by novenent of waf stage WST in the Y-axis
direction. As shown in FIG 5, head unit 62E is equi pped with a

plurality (quE, jn.this case),.qof X heads 671 tq 679, .In thj.s.. _case,
three Y heads ﬁht &%%ea%:%l%ced %C%sll%lstlasntall a fetthencozélssécr?éme WD,
di stance as distangg \@uﬁﬁt%iﬁeﬁéf&ﬁﬁ F?éﬂ Fikh tRe 1 ey X Shde, 9h thi
secondary al i gnnment saystem AL21. Y e? 674li S a%?%cegla X(a ’ .

predet erm ned:LH st AyCY avawst 69MdEiedence rddds oA tdH dd€ar¥ placed at
direction, on the +Y side of secondary alignment system AL21.

I nci dent al | y,s yrimes it is¢ apeed frisdveetro Yy heaalds 6678, 2b a7 674hi metbect to
X-axis direction is also set to distance WD. Head unit 62F is

equi pped Wit refetancd iaxiq flolr , Moret bpsciddse)l lof, Yhiread¥ BBade068: to
684. Y heads 681 to 684 are placed at symmetric positions to Y_heads
674 to 671 witth pESpRERICYS & ﬁébé?ﬂéﬁééaéiwstwsmﬁ gispesicei aaldistance

three Y heads 682 to_ 684 are placed at substapti al t he sane _
(i St ance o AL OAEREe P 68 TErDoncat SIS ST oh AhEeSXdRgE ot ignment

secondary al&%&ﬁg Al%%?é&ﬁ?é%%ﬂ68{iggﬁgaggé Aéfﬁ%gﬁggtgﬁgﬁﬁﬁd distance

pr edet er m ne ance romreé encé axi s

di rection, onfhe A0 Stde0le S@&P@%Wﬁ'é%‘@%fﬁ’é&@f@ﬂ%% the +Y

I _nci dent al | Y, t he di st ance bet ween Y hea 681 and. 682 in the X-axis
directiono i sidswBsaleddhdlst ancemiand ydtendeseri ptio: dehom 1y, the

heads 674 to 671 and Y heads 681 to 684 are al so described as Y
heads distance between Y heads 68; and 68; in the X-~axis direction
is also set to distance WD. In the description below, Y heads
674 to 67, and Y heads 68, to 68; are also described as Y heads
67 and Y heads 68, as needed.
i5 During alignment measurement, at least one each of Y
heads 67 and 68 faces Y scales 39Y; and 39Y:, respectively.
With the ¥ heads 67 and 68 (i.e. Y linear encoders 70E and
70F that are constituted by these Y heads 67 and 68), the
Y-position (and the Bz rotation) of wafer stage WST is
20 measured.
Further, in the embodiment, during baseline measurement
of the secondary alignment systems and the like, Y heads 67;
and 68; that are adjacent to secondary alignment systems ALZ2;
and ALZ,; in the X-axis direction face a pair of reference
25 gratings 52 on FD bar 46 respectively, and with Y heads 67;
and 68, that face the pair of reference gratings 52, the
Y-position of FD bar 46 is measured at the position of each
of reference gratings 52. 1In the description below, encoders

that are constituted by Y heads 673 and 68; that respectively



67 and Y heads 68, as needed. 15 During alignnment measurenent, at

| east one each of Y heads 67 and 68 faces Y scal es 39Y2 and 39Y1,
respectively. Wth the Y heads 67 and 68 (i.e. Y linear encoders 70E
and 70F that are constituted by these Y heads 67 and 68), the
Y-position (and the 8z rotation) of waferistage WST is 20 measured.
Further, in the enbodi nent, during baseline neasurenent of the

secondary al igyger{thes %H%ffaggf%Q%nlciekgga%igégg%Z6g§ A?_gge]?]gg?hggtas Y

are adj acent 'to secondary ali gniment sys and-

X-axi s directiiQff:ae8cadeais 70%, haher @P?g::%%&r%iﬂg?. 52 onpELrhar, 46
respectively, and with Y heads 373 and 682 that face the pai r of

reference gratddigs Hizatdith, ¥ pOsdddas afhdtD Hay Ahdis vEasungd Btheads
the position of each of reference gratings 52. In the description

bel ow, encodé's anich&B aAhetcHnstiY weed dyy 3¥Yheads B3 and B8Pethatl to as
respectively 22 face the pair of reference gratings 52 are referred
to as Y Pindarerametsiey s/0BQE2nghd OFOF2 (refer to FIG 7) . Further

for identification, Y encoders that are constituted by Y heads 67
and 68 that face YI3GafESSYFENeAd VEIVESE refEidledN@deyrs 5O to 70F

ders 70EL, and ,70F1. . Th t .val ues of ] ders . 70A
C0 70F descrIGRE AR/ EOAE ShapTRB0TE6ich featnCPBEEEr 125, Znce Rhit

cont rol | or 20,0100l bicpoebl on el catien 51 a8q MAT WithLit he XX

€ neasurenen al ues ree o I near encodaers

70A to 70D, aqhd hres He bhaearoeReRARESs(PEleny Yaliues’9B 1aNLe790.1 Bk »

ELt
al so controls rotation in the 6z direction of FD bar 46 (wafer stage
WET) based orrddwidmasuwrerent0val desthree of linear encoders 70E;, 70Fi,

70B and 70D, and alsc controls rotation in the 6z direction
of FD bar 46 {(wafer stage WST) based on the measurement values
of linear encoders 70E; and 70F;.
Incidentally, as each encoder head (Y head, X head), for
15 example, an interference type encoder head, which is disclosed
in the pamphlet of International Publication No. 2007/087379,
can be used. In this type of the encoder head, two measurement
lights are irradiated to the corresponding scales, and return
lights of the two measurement lights are synthesized into one
20 interference light, and then the interference light is
received, and the intensity of the interference light is
measured using the photodetector. With the intensity change
of the interference light, the displacement of the scale in
the measurement direction (the periodic direction of the
25 diffraction grating) is measured. Incidentally, the method
of each encoder head (Y head, ¥ head) is not limited to the
diffraction interference method described above, but various
methods such as a so-called pickup method can be used.

As shown in FIG. 3, interferometer system 118 is equipped



of |inear encoders 70E2 and 70F2. Incidentally, as each encoder head
(Y head, X head) , for 15 exanple, an interference type encoder
head, which is disclosed in the panphlet of International
Publ i cati on No. 2007/097379, can be used. In this type of the
encoder head, two neasurenment lights aré&3rradiated to the
correspondi ng scales, and return |ights of the two neasurenent

| ights are synthesized inta one 20 interference |. ght d then th
ntorferenco e FoinkBk2elBe an Thrant  firge 1 HirefEr it 926,
interference -l4 i i - t v

: ntensity chéggﬁgﬁg}lﬁ%gﬁgﬁtﬁf%eﬁ% %SHESLF?P ?&t ﬁlgﬁ%ﬁg%?%%%\rgeftn‘fba%??tsgg e

scal e in thegeasthenRMe 2 HaGhOH ERenPe R 6 i @6 88t Obnihf fde
diffraction grating) is nmeasured. Incidentally, the method of each

encoder head (7% beall7b Xihgadh istéapfetimdted Heunt headubbnaatilofam) and
interference nethod descri bed above, but various nethods such as a
so- cal | ed5pi ddageineititpa caif lleectesedighAs slhiownei inFeGfeBometer beam. To
interferoneter system 118 is equipped 23 wth a Y interferoneter 16
and three X ¢t éasridisters Yogriepomegay 108 ¥@adimdaure Pagtivdhal

i nformation of fer stage . WoT within the XY ne, by each

| h
irradi ati ng r#fié&s on % EeMOY2] 18, MATEOY; %ﬁ g °ibf dassomadlater)
b t 5 i Vi flected_lLigh f t.h ,
Cnter {or onot S bg T 15otEn St AT heht B RoReEar 150 Pr i A agis
reflection S_‘L‘HJJ]%‘E{?m]J ra%gira d’@‘ﬁ?é%ls%f@r%érpi Bhlanid lctftge 208seul Pedatr are

later) wth at least™t nmeasur enment beans para | to thé Y-axis
includi ngoa RAnmerieasHeRRbeans BdiczbdcB43dxtBatvareadd, as shown

symmetric with respect to reference axis LV. And, as shown in FIG
3, Xinterferoneter 12& ihtadfatesctet|end ierasibfagereflection surface
17b with a2t least three measurement beams parallel to the
X—axis including a pair of measurement beams B5; and B5; that
are symmetric with respect to straight line (reference axis)
15 LH parallel to the X-axis that is orthogonal to optical axis
AX and reference axis LV. Further, X interferometer 127
irradiates reflection surface 17b with at least two
measurement beams parallel to the X-axis including a
measurement beam B6 that has a measurement axis in straight
20 line (reference axis) LA paralliel to the X-axis that is
orthogonal to reference axis LV at the detection center of
alignment system ALl. Further, X interferometer 128
irradiates reflection surface 17b with a measurement beam B7
parallel to the X-axis.
25 Positional information from the respective
interferometers described above of interferometer system 118
is supplied to main controller 20. Based on, for example, the

measurement results of Y interferometer 16 and X

interferometer 126 or 127, main controller 20 can also compute



17b with at | east three neasurenent beans parallel to the X-axis
including a pair of neasurenent beans B51 and B52 that are symetric
Wth respect to straight line (reference axis) 15 LH parallel to the
X-axis that is orthogonal to optical axis AX and reference axis LV.
Further, X interferometer 127 irradiates24eflection surface 17b with
at least two rreasurerrent beans parallel to the X-axis including a

nmeasur enent beam B6 t S a neasyrenent ,axis in_strajght 20 line
r oot once. st Rt Lo gty e 1 gﬁﬁs%h%r?%tl%mhgg%nal fhg)

reference aX| t 0 t gnnent syste
Furt her, ]f é-af\éel?oorne‘ ,{’%@E&ﬂ ré]na %gttgge ref | EC]{ Fon surface %
a rreasurenentargpggwcgzloﬁgqaﬁ%rﬁlgtwﬁ % 8KkSoz 43 ROk Oﬁf‘l . yanng)

information fromthe respective mterferoneters escri ed above of

i nterferonet em aystiedohlBo tlte Suppliedokotidng cONaEdd ean28. wBRskthfer
on, for exanple, the neasurenent results of Y interferometer 16 and
X interférorstare W Jor 127, main controller 20 can al so conpute 24

rotational information in the 6x direction (i. i tching),

rotational i nf or mafiSoARPHNt He K3ESH degbfloh (J+f1‘téBr oMERGL, Syakgm 118 is
rotational tion int 6z direction (

Lart 1 on to tHE TRaha o BESRL Y ors SoPS g eh Zt%fbir%r%rw%%%% 43 qpggoe-
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e L T e
stage majp tKgﬁkﬁﬁbe'dT EhiageCASEn E@d?a@1b91§?Q®ls case, as can be seen
from FIG. 2, movable mirror 41 is designed to have the length
in the X-axis direction longer than that of reflection surface
172 of wafer table WTB.
Z interferometers 43A and 43B irradiate fixed mirrors
15 47A and 47B, for example, which are fixed to the main frame
referred to earlier, with two measurement beams Bl and B2
parallel to the Y-axis respectively, via movable mirror 41,
and receives reflected lights of the respective measurement
beams, thereby measuring the optical path lengths of
20 measurement beams Bl and BZ. Based on the measurement results,
main controller 20 computes the position of wafer stage WST
in directions of four degrees of freedom (Y, Z, By and 0z).
Moreover, in exposure apparatus 100 of the embodiment,
as shown in FIGS. 4 and 6, amultipoint focal position detecting
25 system (hereinafter, shortly referred to as a “multipoint AF
system”) that is composed of an irradiation system 9%0Ca and
a photodetection system 90b is arranged. As the multipoint
AF system, a system by an oblique incident method having a

configuration similar to the one disclosed in, for example,



fromFIG 2, novable mrror 41 is designed to have the length in the
X-axis direction |longer than that of reflection surface 17a of wafer
table WIB. Z interferoneters 43A and 43B irradiate fixed mrrors 15
47A and 47B, for exanple, which are fixed to the main frame referred
to earlier, with two neasurenent beans Bl2%and B2 parallel to the
Y-axis respectively, via novable mrror 41, and receives reflected

opti cal pat h I ol RE I 36 mesddPeri 2Be t?ekﬁgxézem%iiékgg n théne
easur emrent (ﬁg@%&ﬁl i, contrabise 2 grggaﬁgkg b5 PO 42 F'onaced

waf er stage I r‘ect1ions 0 egr ees

and 6z). Moregyehe ms%@éﬂrt%ea—pz@%@&%k%Qﬁl’sf@EeaggewBea eaI.a.LS.Ler,
shown in FIGS. 4 and 6, a nultipoint focal p05|t|on detecting .25

system (her eigraf tief .2 Herdd v deimEedbipb sl ao My dd il titorAfs yEtsdrerda,
that is conposed of an irradiation system 90a and a photodetection
system 90b i glrartrcategeet iAm tadvestrand V0point pléFedyst eme FYspstienvhytlam +X
obli que i ncident nethod having a configuration simlar to the one

di scl osed i n,effbrofexast ainiis 63F Slegwpetpd AL by, 3T igeatedd i kke
i s enployed. In the enbodinent, as an exanple, irradi aﬁ_‘l on system

90a i s pl acedIFiRHE - hEsPYEtER (HR- )?O@ddléffh}é%‘él Ghitfegbgwer surface

descri bed ear]| I and in a stat l‘gﬁfgel n osed to irradiation
Cetom oa Bhs B ey R st T SRR o Do Y s e o

the +X d of h \E ) i Y

Ul £ poi nt AR syst SmE TR oh ] ST o DT e Pt fesfing, a8

main framg r%fﬁﬂe@[d t0LArdd18r -ars RIS tdh qa‘héieg@ﬁﬁaw HWigE Yfected
the mul ti poi nt™ AF
at a predetermined distance along the X-axis direction. In
the embodiment, the detection points are placed in a matrix
shape having, for example, one row and M columns (M is a total
number of the detection points) or two rows and N columns
i5 (N=M/2)}. In FIGS. 4 and 6, the plurality of detection points
to which a detection beam is irradizted respectively are not
individually shown, but shown as an elongated detection area
{(beam area) AF that extends in the X-axis direction between
irradiation system 90a and photodetection system 90b. Since
20 the length of detection area AF in the X-axis direction is
set the same as or close to the diameter of wafer W, positional
information in the Z-axis direction (surface position
information) can be measured on substantially the entire
surface of wafer W by only scanning wafer W in the Y-axis
25 direction once.
As shown in FIG. 6, in the vicinity of both ends of
detection area AF of the multipoint AF system (90a, 90b), each

one palr of heads for 72 position measurement (hereinafter,

shortly referred to as “Z heads”) 72a and 72b, and 7Z2c and



10 system (90a, 90b) are placed on the surface to be detected at a
predeterm ned di stance along the X-axis direction. In the

enbodi nent, the detection points are placed in a matrix shape

havi ng, for exanple, one row and Mcolums (Mis a total nunber of
the detection points) or two rows and N ¢l ums 15 (N=M2) . In FIGS
4 and 6, the plurality of detection points to which a detection beam

o EET S e A SR B R e

X-axi s directign r ﬁgﬁt on
syst em 90b. nceq%o erclj1 ?ﬁ %%??g%g?%&%ﬂeﬁg% f&%}i to
direction is r%réﬂ?f‘e %%TI% ag.orz q{é%a'ifs h0at B hamBiLr i ded@bSfhNl ower
positional information in the Z-axis direction (surface position

i nformation) stafdiee nEASiHeGOm sihaianid Bdided e entdFously f ace of
wafer Wby only scanning wafer Win the Y-axis 25 direction once. As
shown in Fl GImgidenitdlel w,i cimitthe afedmtipteinds heflovdetedtaasis atda tAF 72d
of the nmultipoint AF system (90a, 90b) , each one pair of heads for

Z position mEdursdfehtdqgraridigthfa®er? heans 113, redlredditolas "

heads") 72a and 72h, and 72c and 26__72d_that constitute a part

surface position n@ésar}i‘?@d%fsztaeﬁp 188 & 3?‘@5‘3&@@1 W%ﬁ%ymﬁ%mal
are Tixed t ovfﬁ%t%qeﬁai?ﬁéﬁ?wse e A TN R At g8l Blewup
ot sy, DUDEACRL B e 1 4001 SESHLA DN B W ety oyt
to 72d, igr expnpleeadneach®faad v%&téxcebblmmqudﬂml RESEBPENSRP I an
that is simlar to an optical pickup
from above, and receive a reflected light of the measurement
beam, thereby measuring the surface position of wafer table
WIB at the irradiation point. Incidentally, in the embodiment,
a configuration is employed in which the measurement beams
15 of the Z heads are reflected by the reflective type diffraction
gratings that constitute Y scale 39Y; and 39Y, described
earlier.
Furthermore, as shown in FIG. 6, head units 62A and 62C
described previously are eguipped with five Z heads 7645 and
20 74; (i, j=1 to 5), respectively, at the same X-positions as
with five Y heads 65; and 64; (i, j=1 to 5) which are equipped
in head units 62A and 62C respectively, but with the
Y-positions being shifted. In this case, three Z heads 763
to 765 and three Z heads 74; to 743 on the outer side, which
25 belong to head units 62A and 62C respectively, are placed
parallel to reference axis LH, at a predetermined distance
spaced apart in the +Y direction from reference axis LH. And,

Z heads 761 and 745 on the innermost side, which belong to head

units 62A and 62C respectively, are placed on the +Y side of



used in a CD drive device and the like is used. Z heads 72a 10 to 72d
each irradiate wafer table WIB with a neasurenent beam from above,
and receive a reflected light of the nmeasurenent beam thereby
nmeasuring the surface position of wafer table WB at the irradiation
point. Incidentally, in the enbodinent, 4 confi guration is enpl oyed
in which the nmeasurenent beans 15 of the Z heads are reflected by the

e ot Ses PR USAL L 28! abLATERLNALE PG L4110 Y EndOTd, are

and 39Y2 describ earlier. Farthernore, as shown in Fl

units 62A ang162ed 889afd bgdsﬁeebslfoiﬂﬁleﬁd%r%gegﬂ&mdré\éﬁﬁ tiv&r¢. and,
heads 76 an 20 74i (i, j=I to 5), respectively, at the sane

X-positions & wd Zhhéade Yeoheaadlsti6h Zahdabdi 741 thatslrdspd)t we loh kaleng
equi pped in head units 62A and 62C respectively, but with the

Y-posi tions Bei hgashifited. 62h ami SHasee rhrsedZshpadsrig3toteandie®ther
and three_Z heads 741 to 743 on the outer side, which 25 belong to
head unit2 6?A%é%@@crte%’eé‘ﬁﬁ\%ﬁylceaﬁéiﬁl h¥ed I%%%?TP@ ty ds each Z

G ot on SRR P ot dhcE KA SELEN AREL S RELRBL SIS B S brf e
| nner most. i de.. wlchy fheliong o Jigad g uinj s o AL 2 HeoDSad et y

are placed on projéction uni
remai ni ng Z hgad,fA2,ahd 744 are placed on the -Y side of Y heads
652 and 644 respectively. And, five Z heads 76 and five Z heads 74

that respectively hel arg dets_@ﬂm Wairt1S B9 A G GGt &opl aerd 62C are
symmetric to each other 5 with respect to reference axis LV.

I nci dentat | y reapeeadivel y kemd ppedowits, favheachaddarw gpandatinethocads
di spl acenent sensor that is simlar to Z heads 72a to 72d descri bed
previously 74; at the X positions which are the same as with five Y heads
655 and five Y heads 64; that are'equipped respectively in head
units 62A to 62C, and therefore, for example, during exposure
and the like, at least one head of five Z heads 76 and at least
15 one head of five Z heads 74 constantly face corresponding Y
scales 39Y; and 39Y,, which is similar to the case of Y heads
65 and 64.
As shown in FIG. 7, Z heads 72a to 72d, 74; to 745, and
761 to 765 described above are connected to main controller
20 20 via a signal processing / selection device 170, and main
controller 20 selects an arbitrary Z head from among Z heads
72a to 72d, 74; to 74s, and 76:; to 765 via signal processing
/ selection device 170 and makes the arbitrary Z head be in
an operating condition, and receives surface position
25 information detected by the Z head in the operating condition
via signal processing / selection device 170. In the
embodiment, surface position measuring system 180, which

measures positional information of wafer stage WST in the

Z~axis direction and the inclination directions (mainly in



is enployed. As is described earlier, head units 62A and 62C are 10
respectively equipped with five Z heads 76] and five Z heads 74i at
the X positions which are the sane as with five Y heads 65] and five
Y heads 64i that are equi pped respectively in head wunits 62A to 62C,
and therefore, for exanple, during exposw#® and the |ike, at |east
one head of five Z heads 76 and at |east 15 one head of five Z heads

74 constantly faée corresponding .Y scales 39Y1 and 39Y2, which is
simlar to tHecH¥edvFeT YT gs 564, tasthidwnPiANey ¢S £ontigured

heads 72a to ;72d.. 741, t0 qgﬂa%s ?%q,z 6%,6%250 %ggng$3%5i hed %%vaoaﬁgs, and

connected to mai'n controller via 4 s priocessi'ng

sel ection dewieq b7 Q r A M COMIAl &y 2epeledip an arbitrary Z
head from anong Z heads 72a to 72d, 741 to 745, and 761 to 765 via

signal processing Ficselieehbas demhee dd0ragdravkes dhes aidtid#dl Ysybten
head be in an operating condition, and receives surface position 25

i nformati bn det egpedubby dhmwaratead GOn t ibiepmrEttaly syeeit i 9rconfiigyured
signal processing / selection device 170. In the enbodinent, surface
posi tion nmeasyrd Sfsmain18ont whl tar 1 eI o 9ift & oWt ré PP Wee T ofPr
of wafer stage WST in the Z-axis direction and the inclination ,

di rections (Fai"ARkSGREEN gy RETEETDHVHaH el f e xptire
pl ane, is configured including Z heads 72a to 72d, 741 to 745 and

761 to 765, & EJ\%}‘fsa'l processing / selection device 170. FIG 7

shows a nmin confi%%r@hgog¥8és gcgﬁg&% %gggﬁﬁkgg 8&b8§$ﬁ%§£ﬁ%ﬁ$}ng the

apparatus 100. Thi s contro ystemi’s co I gure mar n
control I e 2Q¢£aMRASSL Qfn & INEL QGO &bd¥d, the process using wafer

stage WST is executed by main controller 20 according to the
procedure similar to the procedure disclosed in, for example,
an embodiment of the pamphlet of International Publication
No. 2007/097379.

15 More specifically, when wafer stage WST is located at
unloading position UP shown in FIG. 8, wafer W is unloaded,
and when wafer stage WST moves to loading position LP shown
in FIG. ¢, a new wafer W is lcaded on wafer table WTB. 1In the
vicinity of unloading position UP and loading position LP,

20 the position of wafer stage WST in six degrees of freedom is
controlled based on the measurement values of interferometer
system 118. Further, at unloading position UP and loading
position LP and in the movement path between them, all the
encoder heads and Z heads do not face any ¢f scales 39Y;, 39Y,,

25 39X; and 39X;. More specifically, in an area including
unloading position UP, loading position LP and the movement
path between them, the irradiation points of measurement beams
of all the encoder heads and the Z heads are located outside

the scales.



a workstation) that perfornms overall control of the entire

apparatus. In the exposure apparatus of the enbodi nent having the 10
configuration as described above, the process using wafer stage WST
is executed by main controller 20 according to the procedure sinmlar
to the procedure disclosed in, for exanpl# an enbodi nent of the
panphl et of International Publication No. 2007/097379. 15 More

ifically, wh f St WST is_| t ed _at j it
0P shown i’ FI G 8 MR A U Sn SIS, =CRAA DR UAPer CAT AT AR e
wn in FIG 8. il W .
onded on var b CaB S I, Tt hey (TR CY o1 D o S eRg e e

and | oadi ng RAsiddon HAdLAd& RO HAWOfa MafRet ST8061 MBd S same
degrees of freedomis controlled based on the neasurenent val ues of

i nterferonet goimmysire® kt81eFdbkher pratictsknadeagposodi ©h tfha@nsk more
| oading position LP and in the novenent path between them all the
encoder heads{iaml Zhhedusrmol satrebacdoanynodf escatés BO¥Lis839¥2e RH ue),
39X1 and 39X2. More specifically, in an area including unloading
position UP, arshd@isngngosft$emh 1P sesharse meoverthod phthl Pedn@eing afier
the irradiation points of neasurenent heans of all_the encoder heads
and the Z head<%r &5ToEqt 2d "Git'site POSHE 196a] 8. SR OXBRANWHIFR T FIRI Ly,

crposur e aPPAAS 100 0Ly, SaRad Ly FSACHHEIEC) EDLUEH 4
not irradi a;gﬁéc%@eﬁ@ﬂ?e %@ﬂtoao%fatiﬁ%' Sr‘;l%ré‘ H.Er?fi(%(ﬂ ;%js:p@{ér?%P
re 0 0

of tinme or (et thermal stress eés h excee
perm ssibpe w@d@bading position LP are suitable positions serving as the

walting positions. Incidentally, in some cases, some of X
heads 66: to 66, face(s) a part of the periphery of wafer W
before exposure, but this causes no problem in particular
because there is no possibility that the measurement beam(s)
15 from the head(s) may expose the resist on the wafer W surface.
After the loading is completed, wafer stage WST is moved
and a former process of baseline check of primary alignment
system ALl, in which fiducial mark FM of measurement plate
30 is detectedwith primary alignment systemALl, is performed.
20 Before and after the former process, re-setting (reset) of
the origins of the encoder system and the interferometer system
is performed.
After that, while measuring the position of wafer stage
WST in directions of six degrees of freedom using the encoder
25 system and the Z heads, alignment measurement in which
alignment marks of a plurality of sample shot areas on wafer
W are detected using alignment systems ALl and AL2; to AL2,
is executed, and in parallel with the alignment measurement,

focus mapping (measurement of surface position (Z position)



and as one of such a sequence, a nmethod of w thdrawi ng wafer stage
WST to a "waiting position" is enployed. Accordingly, in the case
where wafer stage WST needs to be stopped for a predeterm ned period
of time or nore, unloading position UP 10 and | oading position LP are
suitabl e positions serving as the waitiny positions. Incidentally,
in sone cases, sone of X heads 661 to 664 face(s) a part of the

peri phery of er VV hef

particul ar bt A% st & | %BC}@&%& ?ﬁ?ﬁn?éf{ﬁ%ﬂ&?%u%gﬁengdfésnggténheads

bean(s) 15 frgm Si %gjé@f
surface. After t%g Ioacdiel'( ng |s corrp et elI vva%erfgstlgég}e |sﬁrrlt)1¥¥ed:he

and a former qracess iif Aras|)die, chark 0§0 ri mahenal E@RITRR moeae®® of
AL1, in which fi dluci al mariﬂ}FM of rreasurerrh@nt pl atne 30 |§tgtet ected °

w th primry wadegnmidgs WREEmAlthe iy pRidaritesh 260 BeHorsl iaftheadid er
the former process, re-setting (reset) of the origins of the encoder
system and t edsmarieartorestcbrtfey staams imageinfqy red.a Afdreprdiatss whi lthe
measuring the p05|t| on of wafer stage WST in directions of six
degrees of fREEIMNBSIFFINeTensdnary 28igpaeam ahd/ the Thhehds pair of
al i gnment neasurenent_in |ch allgnrrent mar ks Ofeéf luralit
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posi tion) 30 i f t Z
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nul tipoi np ARisestany (BRsr 30D dhenbn dpd N overent ©f, wafer stage

WST in the +Y direction for the alignnment
Afterwards, the alignment measurement and the focus

mapping are continued.
Then, when the alignment measurement and the focus
mapping are completed, based on positional information of each
15 shot area on the wafer that has been obtained from the result
of the alignment measurement and the latest baseline of the
alignment system, a plurality of shot areas on wafer W are
exposed in a step-and-scan method, and patterns of the reticle
are transferred. During the exposure operation, based on
20 information obtained by the focus mapping, focus leveling
control of wafer W 1is performed. Incidentally, the position
of the wafer in the Z axis and 6y directions during the exposure
is controlled based on the measurement values of Z heads 74
and 76, whereas the position of the wafer in the 8x direction
25 1s controlled based on the measurement values of Y
interferometer 16.
Incidentally, baseline measurement of secondary
alignment systems ALZ; to ALZ2; is performed at an appropriate

timing by simultanecusly measuring reference marks M on FD



5 nmeasurenment and the focus mapping, a latter process of the

basel i ne check of primary alignnment AL1, in which a pair of
alignment marks on reticle R are nmeasured in a slit-scan nethod

usi ng aerial inmage nmeasuring instruments 45A and 45B, is perforned
when neasurerent plate 30 reaches a positilon 10 directly under
projection optical systemPL. Afterwards, the alignment measurenent

and the focug,, dr”&ﬁl% NG, A @rEORI L NYE e Jﬁg%ﬁ ‘g’%%(}l%eséébﬁﬁ%gsa}ltlgm nt

measur enent an O us nmappirng are Cco baséd on P I'ona

information of,Raghs, 5U%£H§“Uﬁ§%ﬁm&”sb%%nﬂ@&?faﬁﬁéhmﬁﬁ% Q?@Beﬂ@tﬁL@F%o
fromthe resul't of the ali gnnment measurenent “and the | ateSt baseline

of the aligmment jsystemkcad Rhikal biyr&tashol &F e85 194 Wod ey WS &tage
exposed in a step-and-scan nethod, and patterns of the reti cI e are

transferred. W) ng a@yuek@dsLUaeapemathemeamﬂmdnm 20 luefkoo fregricaniers
obtai ned by the focus mapping, focus leveling control of wafer Wis
perforned? | ndEeand M9F:tdespothed oparbiex hel et esiihlahangthnd scaridie
6y directions during.,the exposure is controlled based, on the

measur ement VR W %F‘Silﬁé&&s“?&heaﬁ’lﬁ“?]%leﬁﬁefr EEEeFﬁ%tbagﬁ%lPd%P]dfc%Wn

wafer in theq% %JWM&T 5 is controlled based on the nmeasurenent

val ues of Y i I ncidental ly, baseline neasurenent of

secondary — alignment %é}.‘%l&rgmqﬁ ﬁ&%&eggeé'w?s‘ﬂg? Agel,0 erg %smaﬂsk%eﬁomed

appropriate timng neousry nmeasuting re nce mar
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systens, using the four secondary al i gnnent systens AL21 to AL24 in
a state wher e/fizrd of aldOine Hfo FR hde Ao Wad Big Sk8fer stage WST is
temporarily suspended and wafer stage WST has tc be made to
be in a standby state {an idle state), for some reason.
For example, in the case where, at the time of wafer
exchange, a new wafer is not sent from a coater/developer that
15 is, for example, inline connected to exposure apparatus 100,
main controller 20 can make wafer stage WST stop and wait at
loading position LP which 1s one of the waiting positions
described earlier.
Meanwhile, in the case where it becomes necessary tomake
20 wafer stage WST wait for a short period of time when wafer
stage WST is located at a position away fromunloading position
UP, loading position LP and the like, main controller 20
prevents the situation where measurement beams from the heads
of the encoder and the Z heads continue to be irradiated to
25 a same position of each scale on wafer stage WST from arising,
by continuing to move wafer stage WST in a predetermined range.
In this case, if there is a nearby waiting position other than
unloading position UP and loading position LP, then main

controller 20 can move wafer stage WST to the nearby waiting



WST) is adjusted, based on the neasurenent val ues of encoders 5 70E2
and 70F2 described earlier, in a simlar nethod to the nethod

di sclosed in the panphlet of International Publication No.

2007/ 097379. A series of processes using wafer stage WST is perforned
as is described above, but in sone cases,3Za situation arises 10
where a series of processes using wafer stage WST is tenporarily

suspended and wafer st.a WET has tq be nmade to be in_a standb

state (an idlpeoséltta%toé ,lr}g‘%e %rfglgrceoa{gccfﬁ?ulqﬁ)&oei%%ﬁ e“‘,’ag‘:ﬁ: tHe Rl T
where, at the ti ”Eﬁftﬂ%eéa%,cﬁac”%ula EYct f‘é'énlsidggtedstgﬂétfernﬁrgs%wn
coat er/ devel oper that is, for exanple, 1nline connected to

exposure appajtte HihsuBidhtC B | @Ffor G Hahdmke Jfale HRAIRIMEEng
stop and wait at | oading position LP which is one of the waiting

positions deses zbrdadar fbestoppadnwhidg; iig) theseaneawbeseeituhesd s,
necessary to nmake 20 wafer stage WST wait for a short period of tine
when wafeb $tdge WETel deckdsabeed adtiraegofiFi onhanay Iowmm petbadliofy time
position UP, loading position LP and the like, nmain controller 20
prevents the i§ raguiisadweet &l s gragsaenbebate fafoiheHeeashbenent eaams
encoder and the Z heﬁds continue to be irradiated to 25 a s

position of eachtéPaHe 264 Rarer SEadweamtsr Aom ares ﬂﬁ,ag%ﬁrnﬁherefore

cont i nui ng t(% mve vvafoei{ st%e T in a predetermned range. 1In this
case, if ther 5‘]1 s & Aea tﬂf 14 ‘position other than wunloading

position UP and | \c;\g i 09 POSjA Lsgr}bh;% | tl%%d”gjip th%o%%&i%erftga%

nove wafer stage to the n ( position 1ns
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consi dered that em ssion

controlled by continuing to move wafer stage WST or withdrawing
wafer stage WST to the waiting position as is described above,
thereby preventing distortion (deformation) of the scales due
to irradiation heat of the measurement beams and measurement

15 error of the encoder heads and the Z heads accompanying the
distortion from occurring. In case of continuing to move
wafer stage WST, main controller 20 can move wafer stage WST
not only by continuous movement but also by step movement.
In this specification, the wording “continuing to move” is

20 used as a concept including such step movement as well.

For example, main controller 20 drives wafer stage WST

back and forth within & predetermined range as indicated by
a two-headed outlined arrow in FIG. 10. 1In this case, main
controller 20 sets the drive range (back-and-forth movement

25 distance} and the driving speed of wafer stage WST sc that
the irradiation amount of the measurement beams is restrained
to a level at which the thermal stress capable of distorting
the scales is not accumulated, in accordance with the

generation amount and the diffusion amount of heat generated



of the measurenent beans fromthe heads of the encoder and the Z
heads is stopped, that is, these heads are turned OFF, 5 but if the
heads are turned OFF, then a long period of time is required until
the em ssion state of the neasurenent beans is stabilized after the
heads are turned ON again, therefore thi¥is not preferable. In view
of such a point, in the enbodinent, the 10 irradiati on anount of the
nmeasur enment heans tQ each ,scale is qgntroé% by cont.i nui

vt o1 Stage VEFCIPAIHH Alhg AR SUhgt P 1 T e
position as 'fﬁékﬁ%ﬁfé%ﬁ aQ%.ecas%h§E69XéB%@¥§EEHngsdéﬁté%éﬁﬁik in FIG.
of t S t he

(def ormati on) e scal’e ue to'irradiation heat o
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the Z heads acconpanying the distortion fromoccurring. In case of

continui ng tant¥ertwaiercisd aga-WsTdimacaieantset ltere d@reanivnven which
waf er stage WST not only by continuous novenent but al so by step
novenent . 5 | wetfers sgpers MWisfatisodrivee becHdi agd" fonth ntamdgd arove’anisly
20 used as a concept including such step novenent as well. For
exanpl e, nmi F&ontroller 20 drives wafer stage WST back and forth

within a predeterm_ned range as indicated by = a two-headed outlined
arrow in FIG 10. PHEAneteasd Y marhn QUHTOHIST 290caRAs ifkevaf pystage

back- and: h t 25 dist t he, drivi d_of
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acconpanying the irradiation of the neasurenent beans.

serving as the center within a predetermined range as indicated
by an outlined arrow in FIG. 12, or can perform go-around drive
of wafer stage WST within a predetermined range as indicated
by outlined arrows in FIG. 13. Further, main controller 20

15 can combine these drive metheds. In these cases as well, main
controller 20 sets the drive range and the driving speed of
wafer stage WST so that the irradiation amount of the
measurement beams is restrained to a level at which the thermal
stress capable of distorting the scales is not accumulated,

20 1in accordance with the generation amount and the diffusion
amount of heat generated accompanying the irradiation of the
measurement beams. The point is that as far as the heat capable
of distorting the scales at an unignorable level is not
accumulated, the drive range, drive path, and driving speed

25 of wafer stage WST can be arbitrarily set. Incidentally, a
configuration can also be employed with which an operator can
set the drive range, drive path, and driving speed of wafer

stage WST described above.

Incidentally, the method of continuing to move wafer



Incidentally, the case is illustrated as an exanple in FIG 10 where
a direction in which wafer stage WST is driven back and forth is the
X-axis direction, but the direction in which 5 wafer stage WST is
driven back and forth can be arbltrarlly Al ternatively, min
controller 20 can drive wafer stage %ick and forth along a
zigzag path within a predeternined range as indicated by a

two- headed owdineqrar 1AW HB fGhs Ido 190 iGARKES %ysaaagtiehaé ount of

wafer stage WST With a stop position serving as the center within a
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Further, main controller 20 15 can conbi ne these drive nethods. In
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met hod of continuing to nove wafer 34
Therefore, by using together a method of controlling
irradiation of the measurement beams, main controller 20 can
stop irradiation of the measurement beams from the heads that
do not face the corresponding scales or can make such
15 measurement beams be intermittently irradiated. Or, main
controller 20 can decrease the intensity of the measurement
beams of such heads and make the measurement beams be
irradiated.
By avoiding the thermal deformation of the scales
20 according to the method above, measurement accuracy of encoder
system 150 (and surface position measuring system 180) can
be secured.
As is described in detaill above, in exposure apparatus
100 of the embodiment, encoder heads 64 to 68 and Z heads 72,
25 74 and 76 are installed to measure the position of wafer stage
WST. The measurement beams emitted from these heads are
irradiated to scales 39X;, 39%;, 39Y: and 39Y; arranged on the

upper surface of wafer stage WST. Therefore, by driving wafer

stage WST using stage drive system 124, main controller 20



stage WST is the neans to restrain the irradiati on anount of the
measur enent beans to a sanme position on a scale, and therefore it is
preferable that such a nethod is used only during idling of exposure
apparatus 100 for a short period 5 of time and wafer stage WST is
withdrawn to the waiting position descrided previously during the
idling for a long period of tinme. Further, in the exanples shown in

FIGS. 10 to 13,. ne . .heads f t he upper, surf.ace of wafer t.ahle WB
]ak%éissoc . pl'heerlrziar_lc%'.caec:lfcan anpcoud'lets c% t%e e esrulf'leer[ée&%t %%an%she

st
(waf er Wor peri y ereo besi e ehco ah
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Therefore, by using together a net ir I ati'on of

t he measur energ ob@anscamakn3gont Bokl er3dd a8 3PP Fhiagdkath 0o, furing
t he measurenent beans fromthe heads that do not face the

correspondi nglscakéd nar of asxpakers uitpdia headuiisnest i bedascbibed above,
intermttently irradiated. O, main controller 20 can decrease the

i ntensity>of maien measinrainan 2bezorst fusudie heads et nekeseghdiST, or
measur ement beans be irradiated. By avoiding the thermal deformation
of the scal eéﬂ’l?@dd@éﬁrHﬁﬁ@rﬁiﬁaﬁ%wﬁét%ané’dﬁﬁewlﬁﬁd@w@hﬁhﬁ e ament

of encoder stem 150 nd surface position nmeasuri system 18Q)
can be secu @&msAéﬁesnggséFFﬁgaaFﬁddE‘Pa??ag%%v%}aifngggéyosi}ﬁ_j and 39Ys,
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72, 25 74 an S 0 measure € position o er

stage VBT. The pRAQIRN, hearm e shed f1om Lheseheadsy h
irradiated to scal es S9XI. 39X2,X§9Y1 a%d 39Y2 arranggd oﬁﬁ{ efoﬁﬁﬁxﬁ'e

surface ob wWaferadtageBlkatlheraione e ddaidg Wafrjusiage MR the
usi ng stage drive system 124, nmain controller 20
stress (thermal stress) generated by the heat and/or
distortion of the scales due to thermal expansion and the like
can be suppressed. Accordingly, it becomes possible to
maintain the high position measurement precision of encoder
15 heads 64 to 68 (and Z heads 72, 74 and 76), and secure the
drive accuracy of wafer stage WST.

Incidentally, in the embodiment, in order to adjust the
irradiation amount of the measurement beams irradiated from
the enceder heads (and the Z heads) to the scales, methods

20  Ya” and “b” as follows can also be employed.

a. Main controller 20 can determine the minimum speed
and the like in the continuous movement or the longest stay
time and/or the step distance in the step movement of wafer
stage WST, from the intensity of the measurement beams of the

25 encecder heads sc that the thermal stress, the deformation
quantity (and distortion) of the scales and the like described
above do not exceed the permissible values. As a matter of

course, it is also possible that main controller 20 simply

moves wafer stage WST without taking the intensity into



35 adjusts the irradiation anmount of the measurenent beans emtted
from encoder heads 64 to 68 and Z heads 72, 74 and 76 onto scal es
39X1, 39X2, 39Y1 and 39Y2. For exanple, during the idling of
exposure apparatus 100, as is described above, 5 nmain controller 20
continues to move wafer stage WST, or withdraws wafer stage VST to
an area with which the measurenent beans are not irradiated to
scal es 39X1, Aand 39Y2, thereby avoiding continuous
irradiation o e neasurenent beans onto scal es 39X1, 39X2, 39Y1

and 39Y2. Thereforg, thg i rradiatdon heate QiMendp §ﬂH3ri§C@Hees i's
adjusted, and the stress (thernal stress) generated by the heat

and/or di st ¢idwa-disdiib st ad @gushue: t Gsddierdal seapansd e dhe
| i ke can be suppressed. Accordingly, it beconmes possible to
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the deformation® quantity (and distortion) of the scales and the |
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course, it is also possible that main controller 20 sinply
irradiation amount of the measurement beams irradiated from
the encoder heads (and the Z heads) to the scales, the intensity
of the measurement beams can be decreased, or the measurement
beams are cut coff with methods such as “cl” and “c2” below,
15 or these methods can be executed in combination with at least
one of the methods in the above “a” and “b”.
cl. In order to reduce the intensity of the measurement
beams, for example, the light source of the encoder can be
contrelled or a neutral density filter can be inserted in the
20 light-transmitting system.
c2. Further, in corder to cut off the measurement beams,
a shutter can be placed near an emitting section of the
light-transmitting system or the head, or wafer stage WST can
be moved to a predetermined position at which a cover (eaves)
25 to cover the scale is installed. In the latter case, the
predetermined position can be set at a position with which
at least one measurement beam is irradiated to the scale.

Further, the cover does not have to cover the entire surface

of the scale but the cover may only cut off the measurement



noves wafer stage WST without taking the intensity into 36
consideration. b. Further, main controller 20 can start the

above- descri bed sequence (such as stage novenent and wthdrawal to
the waiting position) with a time nmanagenent 5 by a tiner. O, in the
case where main controller 20 knows the ¥ime in advance in an
exposure sequence, the above-described sequence can be automatically

started with f i i qgﬁgrgm r the
above-descri g}eg(fm %gf:ql}cef{le;:neﬂ%a&nh%nﬁtﬂyr%eé%]ar_ e |an}"?o'he case where error
occurs. 10 c. Furtheldehtlna medidRNtentdd 8! il Ut tthe

irradi ati on anpbunt of the neasurenment beans irradiated from the
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measur enent beans can be decreased, or the neasurenent beans are cut

of f with netledsissaphtasd" tidmanet to2ddbelloygdd Gnalr thads depeishivatse daren
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above "a"dandaimly dongifagrater Hovedguce thikeMeasumsieptobeans of
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position can be set at a position™wth which at |east one
measur eneot beamurendntbeaiedtboridessOalLand restrains the distortion
of the scales due to the stress generated by the heat. The
lrradiation adjusting method in “a’”, “b” or “c¢” (“cl” and “c2”)
described above can be applied to such a case as well.
Incidentally, in the embodiment above, main controller
15 20 is to withdraw wafer stage WST to the waiting position at
the error occurring time (abnormal time) such as when a new
wafer is not sent to. However, not only at the abnormal time
such as error occurrence, but also during the normal exposure
seguence (such as at the time when an operation that does not
20 use wafer stage WST is performed, or the period when such an
operation is performed), the withdrawal or movement of wafer
stage WST can be performed.
Incidentally, the configurations of the respective
measurement devices such as the encoder system described in
25 the embodiment above are merely examples, and the present
inventicn 1s not limited thereto as a matter of course. For
example, in the embodiment above, the position of wafer stage
WST in one of the ¥-axis and Y-axis directions is to be measured

with each head of the encoder system, but this is not intended



Further, the cover does not have to cover the entire surface of the
scal e but the cover may only cut off the neasurenment 37 beam of the
head that faces the scale. Incidentally, in the enbodi nent above, as
t he nmeasurenent beans that can distort the scal es, the nmeasurenent
beans emtted fromthe encoder heads and 3the Z heads have been 5
mai nl y consi dered. However, the neasurenent beans of alignnment

systens ALl and AL21 to AL24 and the nultipojnt AF system (90a, 90b
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occurring tinme (abnormal tine) such as when a new wafer is not sent
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matter of course. For
Further, for example, in the embodiment above, the case
has been exemplified where the encoder system having the
configuration, in which the grating sections (the Y scales,
and the X scales) are arranged on the wafer table (wafer stage)
15 and so as to correspond to the grating sections, the X heads
and Y heads are placed external to the wafer stage, is employed,
but this is not intended to be limiting, and as is disclosed
in, for example, U.S. Patent Application Publication No.
2006/0227309 and the like, an encoder system having a
20 configuration (hereinafter, referred to as a table head method,
for the sake of convenience), in which the encoder heads are
arranged on the wafer stage and so as to correspond to the
heads, the grating sections (e.g. two-dimensional gratings
or one-dimensional grating secticns that are placed
25 two-dimensionally) are placed external to the wafer stage,
can be employed. Inthis case, the Z heads can also be arranged
on the wafer stage and the surface of their grating sections

can be used as reflection surfaces to which the measurement

beams of the 7 heads are irradiated.



exanple, in the enbodi nent above, the position of wafer stage WST in
one of the X-axis and Y-axis directions is to be measured wth each
head of the encoder system but this is not intended 38 to be
limting, and the encoder heads can be heads that can neasure the
position in one of the X-axis and Y-axis I rections and the position
in the Z-axis di recti on. Further, the arrangenents of the encoder

heads and t he eads des ri bed in the ‘S’gbOdl ment

exanpl 65, and the A eenBht S ok LR E e ealpéoa{&maﬁ  BBgofREBigLen
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heads and YHieadls tatel phasddiashiat nghetgidbinertepbovageid iss modified
enpl oyed, but this is not intended to be limting, and as is
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sections that are placed 25 two-di nensi onal are placed external to
the wafer stageh which at least one head faces the grating section (a
ceiling scale) external to the wafer stage, and in such a case,
for example, such a position is determined so that the
measurement beam from the head on the wafer stage in a standby
15 state is irradiated to a part of the ceiling scale to which
the measurement beam from the head is not irradiated even if
the wafer stage is moved within a movement range of the exposure
sequence. Further, the part of the ceiling scale is an area
used in the exposure sequence and therefore it is preferable
20 that such a position is apart from the used area, at a distance
with which the thermal stress and the deformation do not affect
the used area.
Further, in the embodiment zbove, the case has been
described where the present invention is applied to a dry-type
25 exposure apparatus that performs exposure of wafer W without
liguid (water), but this is not intended to be limiting, and
the present invention can also be applied to an exposure

apparatus in which a liquid immersion space including an

optical path of an illumination light is formed between a



can be enployed. In this case, the Z heads can al so be arranged on
the wafer stage and the surface of their grating sections can be
used as reflection surfaces to which the neasurenent beans of the Z
heads are irradiated. 39 Further, also in the case of enploying the
encoder system by the table head nethod, 4he encoder heads can be
heads that can neasure the position in one of the X—axis and Y-axis

directions and t.he Sltl the Z-axis directi a%her al so
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where the present invention'is applied to a dry-type
immersion exposure apparatus, the wafer stage can be withdrawn

to the waiting position described earlier also during cleaning
of nozzles or the like.
Further, in the embodiment akove, the case has been
15 described where the present invention is applied to a scanning
exXposure apparatus by a step—~and-~scan method or the like, but
this is not intended to be limiting, and the present invention
can also be applied to a static exposure apparatus such as
a stepper. Even with the stepper or the like, the similar
20 effects can be obtained because the position of a stage on
which an object that is subject to exposure is mounted can
be measured using an encoder in a similar manner to the manner
in the embodiment above. Further, the present invention can
also be applied to a reduction prdjection exposure apparatus
25 by a step-and-stitch method that synthesizes a shot area and
a shot area, an exposure apparatus by a proximity method, a
mirror projection aligner, or the like. Moreover, the present
invention can also be applied to a multi-stage type exposure

apparatus eguipped with a plurality of wafer stages, as is



25 exposure apparatus that perforns exposure of wafer Ww thout
liquid (water), but this is not intended to be Iimting, and the
present invention can also be applied to an exposure apparatus in
which a liquid imersion space including an optical path of an
illumnation light is forned between a 4041 projection optical system
and a plate and the plate is exposed wth the illumnation Iight via

Space, Thect s SRR 1 T St Crhe AabmH diC ofe S80,55, u.s.
| nt ti onal i cat i . 4599 4 P i cati
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No. 2004/055803, Kokai (Japanese Unexam ned Patent Application
Publ i cati on) No. 2004-289126 (the corresponding U S. Patent No.

6, 952, 253) and t he HdKkexdnplesxanple, twihthegassphergcidtdiépparatus
exposure apparatus of the enbodi nent above is a liquid inmmersion
exposur e appaatimped wethateo v oge stagelze whehdrawm ant expbsunaidtiaigion
position described earlier also during cleaning of nozzles or the

| i ke. Furtherwhene tenpasiberlioen wibiove, 13 eerheanddsahen nassurement
descri bed where the present .invention is applied to a_scanni ng
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manner to the manner in the enmbodinent above. Further, the present
I nventi on carembodiment zbove and its modified examples can be applied,
even 1f such an exposure apparatus has a configuration in which
position measurement by the encoder system (either of the type
of the embodiment above or the table head method can be
15 employed) is performed in the measurement station, or a
configuration in which the position measurement is performed
by other devices than the encoder system. This is because in
the latter case, an alignment system and the AF system are
placed and the embodiment above and its modified examples are
20 effective as measures to be taken for irradiation of the
measurement beams from these systems.

Further, the present invention can also be applied to
an exposure apparatus that 1s equipped with a measurement stage
including measurement members (e.g. a fiducial mark, and/or

25 a sensor, or the like}, which is separate from the wafer stage,
as 1s disclosed in, for example, the pamphlet of International
Publication No. 2005/074014 {(the corresponding U.S. Patent

Application publication No. 2007/0127006) and the like. Also

in the case of arranging the scales or the heads of the encoder



al so be applied to a reduction projection exposure apparatus 25 by a
step-and-stitch nmethod that synthesizes a shot area and a shot area,
an exposure apparatus by a proximty nmethod, a mrror projection
aligner, or the Iike. Mreover, the present invention can also be
applied to a multi-stage type exposure dpparatus equipped with a
plurality of wafer stages, as is 41 disclosed in, for exanple, U S.

Pat ent No. ng%%ﬁgﬁ%n.ghg'ﬁg §ﬁ§@ﬁe$€'s§&£@?ﬁﬂ4%ﬁ #98f9%§b1gaE§ e ¥rm

6, 208, 407, an 't ke. For exanple, 1Tna tw n-stage-type expasure
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station where exposure of a wafer is perfornmed and a neasurenent

station wher giadillgheld tfe e Eimart tddd kihd Siemiaiinethd angydihes .
enbodi ment above and its nodified exanples can be applied in the
exposure station afthrtdnerhe Siarinagmiif iappiiiced D tie trhe wedsirengritical
station as well. In this case, the enbodi mrent above and its nodified
exanpl es ean 3¥st@Eplitedhe erprsiuresaphagategpbiutes appardinenhazbeve is
configuration in which gositlon measur enent by the encoder system

(either of tR¥Y PFeY 8f TEHECEABBIFYRHEMabdlle rSd Ként BEI 81 HRaA Fetamtpl
can be 15 employed) .is perforned in the | asurqgeq; station or.a. o
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embodi ment  aboyve iani t5 JRAFd et expRleSAare 20 Lifgati e Afstem, and
measures to be taken for irradiation of the measurenment bearis from
these systensn Rddikeron ! thpresedctidyenidn «an v so theap ied-dted
image or an upright image. Moreover, the illumination area
and the exposure area described earlier are to have a
rectangular shape, but the shape is not limited thereto, and
can also be circular arc, trapezoidal, parallelogram or the
15 1like.

Incidentally, the light source of the exposure apparatus
in the embodiment above is not limited to the ArF excimer laser,
but a pulsed laser light source such as a KrF excimer laser
(output wavelength: 248nm), an F; laser (output wavelength:

20 157nm), an Ar, laser {output wavelength: 126nm) or a Kr; iaser
{(output wavelength: 146énm), or an extra-high pressure mercury
lamp that generates an emission line such as a g-line
{(wavelength: 436nm) or an i-line (wavelength: 365nm) can also
be used. Further, a harmonic wave generating device of a YAG

25 laser or the like can also be used. Besides the forgoing light
sources, as is disclosed in, for example, U.S. Patent No.
7,023,610, a harmonic wave, which is obtained by amplifying
a single-wavelength laser beam in the infrared or visible range

emitted by a DFB semiconductor laser or fiber laser with a



an exposure apparatus that is equi pped with a measurenent stage

i ncl udi ng neasurenent nmenbers (e.g. a fiducial mark, and/or 25 a
sensor, or the like) , which is separate fromthe wafer stage, as is
di sclosed in, for exanple, the panphlet of International Publication
No. 2005/ 074014 (the corresponding U S. Petent Application
publication No. 2007/0127006) and the like. Also in the case of

arrangi ng the.scal es or -the heads of, t encoder 42 .systemon.the, .
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| aser (output wavel ength: 24 out put wavel engt

157nm), ap Aradwaser (d plaesel @naiihitol 26010, on &WF 2(8:a8me
(out put wavel ength: 146nm), or an extra-high pressure nercury

Ultraviolet) exposure apparatus that makes an SOR or a plasma
iaser 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
15 exposure wavelength (e.g. 13.5nm) and the reflective mask has
been developed. In the EUV exposure apparatus, the
arrangement in which scanning exposure is performed by
synchronocusly scanning a mask and a wafer using a circular
arc illumination can be considered, and therefore, the present
20 invention can also be suitably applied to such an exposure
apparatus. In addition, the present invention can alsc be
applied to an exposure apparatus that uses charged particle
beams such as an electron beam or an ion beam.
Further, in the embodiment above, a transmissive type
25 mask (reticle), which is a transmissive substrate on which
a predetermined light shielding pattern (or a phase pattern
cr a light attenuation pattern) is formed, is used. Instead
of this reticle, however, as is disclosed in, for example,

U.8. Patent No. 6,778,257, an electron mask (which is also



| anp that generates an em ssion line such as a g-line (wavel ength:
436nm) or an i-line (wavel ength: 365nm can also be used. Further, a
har noni ¢ wave generating device of a YAG 25 | aser or the |ike can

al so be used. Besides the forgoing light sources, as is disclosed
in, for exanple, U S Patent No. 7,023,640, a harnonic wave, which

i s obtained by anplifying a single- mavelength | aser beamin the

infrared or visibl ran tted b B senlconductor | aser
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100nm and it is needless to say that the |light having a wavel ength

| ess than510G&vimatar lbghtsedanbndtexagpbatteénny ecertf lpeaisn patoedey or
to expose a 10 pattern less than or equal to 70nm an EUV (Extrene
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present 20 invention can al so be suitabl'y applied to such an exposure

interference fringes on a wafer.

Moreover, the present inventicn can also be applied to
an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost

15 simultaneocusly performs double exposure of one shot area on
the wafer by one scanning exposure, as i1s disclosed in, for
example, U.S. Patent No. 6,611,316.

Further, an apparatus that forms a pattern on an object

is not limited toc the exposure apparatus (the lithocgraphy

20 system) described earlier, and for example, the present
invention can alsc be applied to an apparatus that forms a
pattern on an object by an ink-jet method.

Incidentally, an object on which a pattern should be
formed (an object subject to exposure to which an energy beam

25 is irradiated) in the embodiment above is not limited to a
wafer, but can be other objects such as a glass plate, a ceramic
substrate, a film member, or a mask blank.

The use of the exposure apparatus is not limited to the

exposure apparatus used for manufacturing semiconductor



apparatus. In addition, the present invention can also be applied to
an exposure apparatus that uses charged particle beans such as an

el ectron beamor an ion beam Further, in the enbodi nent above, a
transm ssive type 25 mask (reticle), which is a transm ssive
substrate on which a predeternined |ight4>shielding pattern (or a
phase pattern or a light attenuation pattern) is forned, is used.

I nstead of this reti% ver, as_is _disclose

| e, howe , in, for ex | e,
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reflection paidwsdnl Aispnedssian palterm dftd of efhacscaipdl telass
el ectronic data of the pattern that is to be exposed can al so be
used. Furbhemplates pndsemtan eaypotiion Teprmditscs ferapphifactoriag crganic
exposure apparatus (a |lithography system) that forns 10
| i ne- and- spadé-Spathennsion maanetalrc hearse a9 BgVEeeni (ych as CCDs) ,
interference fringes on a wafer. Noreover, the present invention can
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as semiconductor devices, but also when producing a reticle
or amask used in an exposure apparatus such as a 1ight exposure
apparatus, an EUV exposure apparatus, an ¥X-ray exposure
apparatus, and an electron beam exposure apparatus.

15 Incidentally, the above disclosures of the various
publications, the pamphlets of the International Publicaticns,
and the U.S. Patent Application Publications descriptions,
and the U.S8. Patents descriptions that are cited in the
descripiion above and related to exposure apparatuses and the

20 like are each incorporated herein by reference.

Electron devices such as semiconductor devices are
manufactured through the following steps: a step where the
function/performance design of a device is performed; a step
where a reticle based on the design step is manufactured; a

25 step where a wafer is manufactured using silicon materials;
a lithography step where a pattern of the reticle is
transferred onto the wafer with the exposure apparatus {(the

pattern formation apparatus) of the embodiment described

earlier; a development step where the exposed wafer is



20 system described earlier, and for exanple, the present invention
can also be applied to an apparatus that forns a pattern on an

obj ect by an ink-jet nethod. Incidentally, an object on which a
pattern should be fornmed (an object subject to exposure to which an
energy beam 25 is irradiated) in the enbSdi nent above is not linmted
to a wafer, but can be other objects such as a glass plate, a ceramc
substrate, a filmnenber, o .mask bl ank. The use of .the. exposure
apparatus is CIneoV'Ee Cfprﬁrao’e&ht %Jé?ﬁéngeﬁ%%%lﬁ“}jeergpﬁgr%}f%%sﬁgé%qboﬁ;pO% ar area
manuf act uri g, eI EARAUGIPEL 48 il £88 1 sPUlertdi DY ESaRo AW BYd Qhing;
can be widely applied also to, for exanple, an exposure apparatus

for manufact y ingsidid RnbEIMPtAledi Ay davites it ransiersoyer
liquid crystal display device pattern onto a square-shaped glass 5

pl ate, and t aedesosuhenaphar atdbifgrissifacitiyd Ag eegated; Lldsvice
thin-filmmagnetic heads, imagi ng devices (such asCCDs),

m cr omachbnes s lghspspofinhiudike.a Eucthgrprades pr eseondingvenidess,
can also be applied to an exposure apparatus that transfers a .
circuit patté@nf énPdckagiiags Psebserareanalsfpeebhonoshaperand e like.
| i ke not only when producing m crodevices such as sem conductor

devi ces, but &} 5‘3”\&2&?5&'0 it & PN oS SR NS ST &fh method

tus.,such as .a |li.ght expasure .a r.at us, an EUV
gigggﬂ:g ggggregstcﬂrzl,bea e)@ﬁﬁyere _osetﬁeecpuqcaep%a%saﬁrffg, ha%c? oSS Rgpratus
beam exposur %@Epgr@ﬁﬂédir?rén r.'a%cq&?é] %lcf Mev%ggﬁgﬂ% %QeC’%HF\:ﬁ%doén the

the various publications, the panphlets o ternationa

Publi cat i gns yad thiey Wnardiadent bﬁgj}lhﬁaitﬂ@hfé@d ¢ Ss can be
S e

descri ptions, and the U S. Patent scriptions that are cited in
t he manufactured with high productivity.

INDUSTRIAL APPLICABILITY
The movable body drive method and the movable body drive
15 apparatus of the present invention are suitable for driving
a movable body. Further, the exposure method and the exposure
apparatus of the present invention are suitable for forming
a pattern on an object by irradiating the object with an energy
beam. Further, the pattern formation method and the pattern
20 formation apparatus of the present invention are suitable for
forming a pattern on an object. Further, the device
manufacturing method of the present invention is suitable for
manufacturing electron devices such as semiconductor devices

or liquid crystal display devices.



description above and rel ated to exposure apparatuses and the 20 |i ke
are each incorporated herein by reference. Electron devices such as
sem conduct or devices are manufactured through the foll ow ng steps:
a step where the function/performance design of a device is
performed; a step where a reticle based“nh the design step is

manuf actured; a 25 step where a wafer is manufactured using silicon
materials; a lithography step where a.pattern of the reticle is
transferred onto the wafer with the ex §ﬁ?55apparatus (the pattern
formati on apparatus) of the enbodi nent described earlier; a

devel opment step where the exposed wafer is 46 devel oped; an etching

step where an exposed AR{HENL1f Lahyaede AEDIRAAIITRAri REngILACWABIE body
resist remains is renoved by etching; a resist renoving step where

t he resist thattHis: o dreniigre rmiaces garahayherhd heetetahi digngsi iongd et ed
is renoved; a device 5 assenbly step (including a dicing process, a
bondi ng pbocess, angdracpaskafichg yprgréss)ronabladpaty barsest ep;a ardbult
the like. In this case, in the lithography step, the exposure nethod
descri bed earditérines! e iidichg tes idbdsas wie Eppaoaalsle dodhalsing
enbodi nent above and_deviggﬁpatterns are fornmed on the 10 wafer, an%
therefore, higghP9Sihielr MEF Wi eSYELA bR AtanGPRREUFER A t ReAfgrRat

productivity.. STRI AL APPLI CABI LI TY The nmovable b
%g%%%ft fh gg g

es a mea emelt surfa m od r%gni \1/1% matrgod:he
and the novab y dr f've ﬁ%régﬁéfgtus ot th pr e eht Tnve t?%% are

sui tabl e for (rj NG ft gﬂ¥§9k@¥%§ﬂ%ﬁiﬁ§%ﬁﬁ§%d<5p%n%XQP§ﬁﬁ§m5§%$£Q#¥%dy

and Fhe exposur e appar at US. (0] | ese_nt I nventi on fare SU! ta
formng 1@ patderimoBxaBrabledls hd rnadhBlendddie HiEcthd hBadN being

snerey installed on the other of the movable body and the external

of the movable body; and

a process of adjusting an irradiation amount of the
measurement beam onto the measurement surface.

i5

2. The movable body drive method according to Claim 1,
wherein

in the process of adjusting, the irradiatiocon amount of

the measurement beam onto the measurement surface is adjusted

20 by driving the movable body.

3. The movable body drive methoed according to Claim 2,
wherein
in the process of adjusting, the movable body continues

25 to be moved within a predetermined range.

4. The movable body drive method according to one of
Claims 2 and 3, wherein

in the process of adjusting, the movable body is driven



beam Further, the pattern formation nethod and the pattern 20
formati on apparatus of the present invention are suitable for

formng a pattern on an object. Further, the device manufacturing

nmet hod of the present invention is suitable for manufacturing

el ectron devi ces such as seniconductor dedfices or liquid crystal

di splay devices. 47 Cains 1. A novable body drive nethod of driving
a novabl e bod w_thin a.predeterm ned pl ane e net hod conpr.i sin

S A process Gt r PUPRY THERIBUHET ErhoBaeed bHCA T Lt Toob s Hog pat
by neasur'ngf%l%%;5fﬁgﬁoﬁyrgﬁen9%%gh éﬁgﬁflgﬂfE%F@'@gééthBE exceed a
measuring systemthat conpfises a head that 1rradiates a neasurenent
surface w th @®masi egenindeam the neasurenent surface being
installed on one of the novable body 10 and an external of the

novabl e body, and the head being installed on the other of the
novabl e body and the external of the novabl e body; and a process of
adj usti ng5an i rradiSat Tor mopaintedfodhelrimageridmentcbeamiogt bot®kaim 4,
measur ement surface. 15 2. The novabl e body drive method according to
Claim1, whél&naeim the process of adjusting, the irradiation amount

of the neasurenent beamonto the neasurenent. surface is adjusted 20
by driving the nov&bite SHEGF2NE 2PRENDESHPEEHBAFSHr PR et $rRit one of a

according to ai_m.2 wherein in, the pracess of  adjusti t he
novabl e bodyt:gﬁFFHuggress §hd & deé%rﬂ%tlon quantl%&'a£ &% nelBurement
surface that are generated due to the measurement beam being

10 absorbed.

6. The movable body drive method according to any one
of Claims 1 to 5, wherein
in the process of adjusting, the movable body is
i5 withdrawn to an area with which an irradiation point of the

measurement beam is located outside the measurement surface.

7. The movable body drive method according to any one

of Claims 1 to 6, wherein
20 in the process of adjusting, the measurement beam is
intermittently irradiated from a head that faces the

measurement surface.

8. The movable body drive method according to any one

25 of Claims 1 to 6, wherein
in the process of adjusting, the measurement beam whose
intensity is decreased is irradiated from a head that faces

the measurement surface.



25 to be noved within a predeterm ned range. 4. The novabl e body
drive nethod according to one of Clains 2 and 3, wherein in the
process of adjusting, the novable body is driven 48 at a speed with
whi ch an amount of the measurenent beamthat is absorbed by the
measur enent surface does not exceed a cod¥stant anmount. 5 S. The
novabl e body drive nethod according to Claim4, wherein the constant

anount i s set baseg on at | east one.of, a %hernal str% s and a .. .
def or mati on quantity §p ?%O%E%&egﬁﬁﬂ oL HP FRERY 1 & &P Ty 8Re? &ied 9
d toth ! i . \ 6. . L .

i Tve et nod rem it i MEABEEH i AR e ST THAN RiPiexay

process of adidssf,| Rhe ha-HRY ablf badhds 15 withdrawn to an area
with which an irradiation point of the ™~ neasurenent beamis | ocated

out si de the neasur enprdcsess iodt@rivingdRemsoyabt eddyhdt ing dethedbbject
according to any one of Clainms 1 to 6, wherein 20 in the process of
adj usti ngd t ey mesdsur ementolediel podyntieinet hebhby zccaddabedcd ramy @one
head that faces the neasurenment surface. 8. The novabl e body drive

met hod accor ditngled iyl dife 8,25 @ff a@imjaveralt tey e, omtidreidti virfaherea.
process of adjusting, the nmeasurenent beam whose intensity is
decreased is irradiated froma head that faces the neasurenent

surface. 10. A pattern formation method of forming a pattern on

an object, the method comprising:
10 a process of driving a movable body that holds the cbject
by using the movable body drive method according to any one

of Claims 1 to 8, to form a pattern on the cbject.

11. The pattern formation method according to Claim 10,
15 wherein

the object has a sensitive layer, and

the pattern is formed by irradiating the sensitive layer

with an energy beam.

20 12. A device manufacturing method, comprising:
a process of forming a pattern on an object by using the
pattern formation method according to one of Claims 10 and
11; and
a process of appiying processing to the cbject on which

25 the pattern has been formed.

13. An exposure method of exposing an object with an
energy beam, the method comprising:

driving a movable body that can move within a



49 9. An exposure nethod of formng a pattern on a divided area on

an object by irradiating the object with an energy beam the nmethod
conprising: a process of driving a novabl e body that holds the object

5 by using the novabl e body drive nethod according to any one of
Claims 1 to 8, to forma pattern on the di%ided area. 10. A pattern
formati on nethod of formng a pattern on an object, the nethod

conpri si ng: ace. f drivin V] . body .t ha |.ds

obj ect by uiﬁﬁ%kgae ngé% ng§%§y gp?&gnne %HggcggFﬁiéggggqan%Q%%% on
of daims 1 tH8tfshdONASRALRID Of dlie Rhfacte dday, The, LIS onal
formati on nethod according to Claim 10, 15 wherein the object has a
sensitive | ayierfomaiut tdie peihgr Rebsulre@tined, hysidg agdi dblsig ibhe measuring
sensitive layer wth an energy beam 20 12. A device manufacturing

met hod, conpraystregn taapr beess refa sfoorameng aupdbterinote hhedhljrechebyf the
using the pattern formation nmethod according to one of Clains 10 and
11; and a®pr oeasblef gl \End 8 codssingl tthatrolobjastd amedd cinstzg led
the pattern has been formed. 13. An exposure nethod of exposing an

obj ect with & Wiferdjy*¥eaf"d he met hod conprising: driving a novabl e

body that can nove wi thi.,n a 5 r edet er m _ned ape, whil e hal ding the
obj ot based on . pESATTE ZHIGTHE T GhioB MHe oot el i 25 hEFst ne
posi tional of a thermal stress and a deformation quantity at the

measurement surface from exceeding a permissible value due

10 to the measurement beam.

14. The exposure method according to Claim 13, wherein
the measurement surface is substantially parallel to the

predetermined plane and has a diffraction grating.

i5
15. The exposure method according to one of Claims 13
and 14, wherein
for the blocking, the movable body is driven within the
predetermined plane.
20
16. The exposure method according to any one of Claims
13 to 15, wherein
for the blocking, the measurement surface is made to be
out of an irradiation point of the measurement beam.
25

17. The exposure method according to any one of Claims
13 to 16, wherein
for the blocking, a light-shielding member is placed in

an optical path of the measurement beam, or intensity of the



i nformation being neasured by using a position neasuring systemthat
has a neasurenent surface installed on one of the 5 novabl e body and
an external thereof, and a head installed on the other; and bl ocking
a physical quantity that includes at |least one of a thermal stress
and a deformation quantity at the nmeasur®nent surface from exceeding
a perm ssible value due 10 to the neasurenment beam 14. The exposure
met hod accon%ég%&()éjfﬂrgl%nlﬁhqﬁein t he neasurenent surf ace is
substanti al | y pdr TS T He %re%ce T 1 hed pl ane and has a
diffraction grating. 15 15. The exposure nethod according to one of
Clainms 13 and 14, wherein for the blocking, the novable body is

driven within the ipredetecnpBedrbl Abthodhd&rditey PR BnBEEAAN 2 ims
according to any one of Claims 13 to 15, wherein Tor the bl ocking,

t he measuremdaid tsurfacedierdmagde to be out of an irradiation point of

t he measurement beam 25 17. The exposure nethod according to any one
of Clains® 13 to 16hanhépekanfors thexr fulwodd ag, the ltigie ofhilehdimglity in
menber is placed in an optical path of the measurement beam or
intensity of ath&XBPsuFESeqeeRAt Hehhridirey eadder derimpea prpdsdreen

net hod accordi.ng to a ne of, C ains
thé]movagag(%ody is not used.

19. The exposure method according to any one of Claims
10 13 to 18, further comprising:
measuring positional information of the object with
another measurement device that is separate from the position
measuring system; and
blocking the physical gquantity from exceeding a

15 permissible value due to a beam of the measurement device.

20. A device manufacturing method, comprising:
exposing an object by using the exposure method
according to any one of Claims 13 to 19; and

20 developing the object that has been exposed.

21. Amovable bodydrive apparatus that drives amovable

body within a predetermined plane, the apparatus comprising:

a position measuring system that measures a position of

25 the movable body by using a head that irradiates a measurement
surface with a measurement beam, the measurement surface being
installed on one of the movable body and an external of the
movable body, and the head being installed on the other of

the movable body and the external of the movable body;



13 to 17, wherein 5 the blocking is perforned at the tine of
abnormality in an exposure sequence of the object and/or during a
peri od when the novable body is not used. 19. The exposure nethod
according to any one of Clains 10 13 to 18, further conprising:
measuring positional information of the o ect with another
measur enent device that is separate fromthe position neasuring

system and bl ocki ng ;t he physical _.quantity from exceedin 15 . .
per m ssi bl e val ue gugrﬁgeag%géﬁ?o?h?%éhﬁ%éﬁhFe vaaggﬁcgggyiﬁ%tgén the

devi ce manuf j g LSLAY~AAE i j e usjen

t he exposur e%ﬁr}eﬁéﬁ&nﬁ%gﬂp%ﬁﬁbg%%ﬁg ﬁq%g?ung&&% o%%?ygn fZ%he
devel opi ng t he ohjest ddaduhasy begnaxpased. 21. A novabl e body drive
apparatus that drives a novabl'e ‘body within a predetermn ned pl ane,

t he apparatus conprnskfifustReposddviore TRasudid Ngs Sy snenrthai 2 beas Wesint
a position of 25 the novable body by using a head that irradiates a
measur eneht Surfleemesthramapis beememnteanhe t neareasueshestursackac ey
being installed on one of the novable body and an external of the
novabl e body drdidniche T dtP et by RAEE d136W) e HE- BEtheteBiCe ¢ he
novabl e body and the external of the novable body; 52 a drive device
that drives the novable body within the predeterm ned pl ane based on

a neasurenent result. of,the itio asuring system_ _and.an ,
Aot devt oo 2Rt b Ky AS5s o, T AP AR RS T BP9l co clain
measur enment %_a’mhg{grqagrhe measur enent surface, by

10 the adjustment device continues to move the movable body

within a predetermined range.

23. The movable body drive apparatus according to one

of Claims 21 and 22, wherein
15 the adjustment device drives the movable body at a speed
with which an amount of the measurement beam that is absorbed

by the measurement surface does not exceed a constant amount.

24 . The movable body drive apparatus according to Claim
20 23, wherein
the constant amount is set based on at least one of a
thermal stress and a deformation guantity at the measurement
surface that are generated due to the measurement beam being
absorbed.
25
25. The movable body drive apparatus according to any
one of Claims 21 to 24, wherein
the adjustment device withdraws the movable body to an

area with which an irradiation pcoint of the measurement beam



driving the novabl e body using the drive device. 22. The novabl e body
drive apparatus according to Claim 21, wherein 10 the adjustnent

devi ce continues to nove the novable body wthin a predeterm ned
range. 23. The novabl e body drive apparatus according to one of
Cainms 21 and 22, wherein 15 the adjustné® device drives the novabl e
body at a speed w th which an anmobunt of the neasurenent beamthat is

absorbed by.th ne%iu enqpt urf.ace does not .exceed a constant
ekt it

anount . 24. fﬁ%%ﬁﬁvh HRH?zﬂﬁﬁﬁ%ﬁ%ﬂ?%ﬁxﬁ%r %?To Claim 20

23, wherein the constant amount is set based on at |east one of a
thermal stress and a deformation quantity at the nmeasurenment surface

that are generatedoguerhe ﬁBQaﬂﬁésﬁbéﬂﬁﬂii@@aéﬁﬁﬁ%éﬁhsEﬂﬁ%ﬁfﬁﬁﬁg:E% any

25. The novabl e body drive apparatus according to any one of ai s
21 to 24, where rf Eadustimerd Jevivtendihdraws t he novabl e body to
an area with which an irradiation point of the neasurenent beam 53

i s | ocateld outsideonheherpassuererntsinf e, 2611 ffheaaqmvabieabddy having
drive apparatus according to any one of Clainms 21 to 25, wherein 5
on the nmeasurfeRBAL CSIE EESCHIANT 1 & G idiIe Gridt Mg rRAeAgtoad peky Heidets

direction in g direction parallel to a first, axis wthin the
pr edet er mi ned q@?fﬁﬁéﬂﬁfeﬁﬂﬁquuP%ﬁﬁﬁtﬁ%ﬂﬁQﬁﬂﬁﬂniQEFsystem

i ncl udes an enCOde%ﬁ@gggy%ionnwasuringsystemincludesanencodersystem

that measures a relative position in the direction parallel
10 to the first axis of the measurement surface and the head that

irradiates the measurement surface with the measurement beam.

27. The movable body drive apparatus according to Claim
26, wherein
15 on the measurement surface, another diffraction grating
having a periodic directionin a direction parallel to a second
gxis that is orthogonal to the first axis within the
predetermined plane is further formed, and
the encoder system further measures a relative position
20 in the direction parallel to the second axis of the measurement

surface and the head.

28. The movable body drive apparatus according to any

one of Claims 21 to 27, wherein
25 the position measuring system includes a surface
position measuring system that measures a position of the
measurement surface in a direction orthogonal to the
predetermine plane, at an irradiation point of the measurement

beam.



that nmeasures a relative position in the direction parallel 10 to
the first axis of the neasurenent surface and the head that

irradi ates the neasurenment surface with the neasurenent beam 27.
The novabl e body drive apparatus according to Caim 26, wherein 15
on the neasurenent surface, another diffr¥ction grating having a
periodic direction in a direction parallel to a second axis that is
orthogonal to the first axis within the predeterm ned plane is
further formed, and the encoder system further nmeasures a relative

position 20 in the (i rr(g-l%t hlggﬁgg%abégk, #ﬁlggevgﬁ%ggg%@é%c@{d}% to any

measur ement surface ‘an rive

appar at us acedid¥ di iy 20N ofg Caidmeidl to 27, V\/nerel n 25 the
posi tion neasuring systemincludes a surface position neasuring

system t hat nmeasur eheappsstlionmedsiting BRasemei®nl usss hag&rkletecting
direction orthogonal to the predeterm ne plane, at an irradiation

poi nt of bPhe sysdsur ehentdetbeans aSMarR®n The mevabt endmod pudifiave by using
apparatus according to any one of Clainms 21 to 28, wherein the
posi ti on neadidtd Agafystem includes a mark detecting 5 systemthat
detects a mark on the nmeasurenment surface by using the head. 30. An
exposure apparatus that forns a pattern on a divided area on an

bj b d he obj h b h
apparat s compri oi iG> PR TOVSBTES HUBE LT FUe ShBer AL UL acBRGRE™ 6

any one divided area on an object by irradiating the object with an
10 energy beam, the apparatus comprising:
the movable body drive apparatus according to any one
of Claims 21 to 29 that drives a movable body that holds the
object within a predetermined plane, to form a pattern on the
divided area.
15
31. A pattern formation apparatus that forms a pattern
on an object, the apparatus comprising:
a movable body that can move while holding the object;
a pattern generating device that forms a pattern on the
20 object; and
the movable body drive apparatus according to any one
of Claims 21 to 29 that drives the movable body within a

predetermined plane.

25 32. The pattern formation apparatus according to Claim
31, wherein
the object has a sensitive layer, and
the pattern generating device forms the pattern by

irradiating the sensitive layer with an energy beam.



of Clainms 21 to 29 that drives a novabl e body that holds the object
within a predeterm ned plane, to forma pattern on the divided area.
15 31. A pattern formation apparatus that forns a pattern on an

obj ect, the apparatus conprising: a novable body that can nove while
hol ding the object; a pattern generatingdevice that forns a pattern
on the 20 object; and the novabl e body drive apparatus according to
any one of Clains 21 to 29 that drives the novable body within a
predeterm ned plane. 25 32. The pattern formati on apparatus according

to Qaim 31, wherein bhie g '%&eﬂgﬁgaﬁ%agi Eiylz{@i b2¥8bes a0 dfect with

pattern generating device rns t attern rradiating t

sensitive | awsl aMddypbeanel BhdedsParhuld o BXPQsUr € appar at us
t hat exposes an object with an energy beam the apparatus conpri sing:

a novabl e body t hata manalibe ®odivt that aapresed eirhied pradererhinbdlEane,
hol di ng the object; a position neasuring systemthat has a head and
measur es Sposiltiilendlolidifroy nee avbpfcthe novabl e body by irradiating a
measur ement surface with a measurenent beam fromthe head and

receiving a refl ecBeOfighenFeaHE hSUFERBNENPe RS & Mearhand measures

reasur et ULl e el g Jastall od o pa of e poxane hody. S .
other of the n{g)avsaLp_’leef\net}chd%u%r%%ctéh%igﬁtaegngglsu?:temtepl% gggr%béreom the head and
receiving a reflected light of the measurement beam, the
10 measurement surface being installed on one of the movable body
and an external of the movable body, and a head being installed
cn the other of the movable body and the external of the movablie
body;

a drive system that drives the movable body based on the

15 positional information; and
a controller that blocks a physical guantity that
includes at least one of a thermal stress and a deformation
guantity at the measurement surface from exceeding a

permissible value due to the measurement beam.

20
34. The exposure apparatus according to Claim 33,
wherein
the measurement surface is substantially parallel to the
predetermined plane and has a diffraction grating.
25

35. The exposure apparatus according to one of Claims
33 and 34, wherein
for the blocking, the controller drives the movable body

within the predetermined plane via the drive system.



body; a drive systemthat drives the novabl e body based on the 15
positional information; and a controller that bl ocks a physical
quantity that includes at |east one of a thermal stress and a
deformation quantity at the nmeasurenent surface from exceeding a
perm ssi bl e val ue due to the neasurenment 3eam 20 34. The exposure
apparatus according to Caim33, wherein the neasurenment surf ace is
substantially parallel to the predeterm ned plane and has a
diffraction grating. 25 35. The exposure apparatus according to one

of dains 33 and 34, ’l‘ﬁ‘%ﬁz@%&%&%ﬁaﬂ&ff%?Qork%gcfcgékg'ﬁn\e/e; o8d18%s

t he novable body wthint m ne ane Vi

system 56 36 +HheeXpesids Apparatus according to any one of O aims
33 to 35, wherein for the blocking, the controller nakes the

measurement 5 surfagethe Wuclefn@n dHd @dnaibon epomakesfthidteasurement
measur enent beam 37. The exposure apparatus according to any one of
Cains 33 teudGaosieeaut ddrant herblibekiog pdimt cHrittreohéesupémaers keeam.
10 light-shielding menber in an optical path of the measurenent

beam or decreases intensity of the neasurenent beam 38. The

exposure apparatus _according to any one of Clains, 33 to 37, wherein
37. The exposure apparatus according to any one of Claims

33 to 36, wherein
for the blocking, the controller places a
i0 light-shielding member in an optical path of the measurement

beam, or decreases intensity of the measurement beam.

38. The exposure apparatus according to any one cf Claims

33 to 37, wherein
15 the controller performs the blocking at the time of
abnormality in an exposure sequence of the object and/or during

a period when the movable body i1s not used.

39. The exposure apparatus according to any one of Claims
20 13 to 38, further comprising:
another measurement device that measures positional
information of the object and is separate from the position
measuring system; wherein
the controllier blocks the physical guantity from
25 exceeding a permissible value due to a beam of the measurement

device.

40. A device manufacturing method, comprising:

exposing an object by using the exposure apparatus



15 the controller perforns the blocking at the time of abnormality
in an exposure sequence of the object and/or during a period when

t he novabl e body is not used. 39. The exposure apparatus according to
any one of Claims 20 13 to 38, further caonprising: another

measur enent devi ce that measures positi omal  information of the
object and is separate fromthe position measuring system wherein
the controll kst i.cal ] . eding a
perm ssi bl e \%%e Eggt%?a ezdnr%gfm?ﬁgﬁnjé%%ué%?gegnt%'d?ﬁ%e. 40. A
devi ce manuf act uri R@g vy GHPIISIRE tHRXPIHNBAh YREePY USing
t he exposure apparatus 5 according to any one of Clainms 33 to 39;
and devel opi ng the object that has been exposed.



