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 relates to novabl e body drive nethods and
appar at uses, exposure mnethods and apparatuses, 10 pattern formation
met hods and appar atuses, and devi ce manuflacturing net hods, and nore
particularly to a novabl e body drive nethod and a novabl e body drive
apparatus that drive a novabl e body, det erm ned pl ane, an
exposure method that makes use of tﬂggg%g§%¥£6§bdy drive nmethod and
an exposure 15 apparatus equi pped with the novabl e body drive
apparatus, a pattern formation nethod that nakes use of the novable
body drive nethod MOVARLE BODY DRIVE WMETHOD AND ARPARRIUS th the
novabl e body drive apparatus, and a devi ce manufacturing nethod that
makes use of tEXPORUREMEGRHER i ANDRPRBARATYRACRERDERN AFPRMATION

In a |lithograph rocess _for manufacturing electron de
(o ot Do SRS 250 o P aRR IS, AHD P EuT i M RlR bR g mmaop,
the like) and liquid crystal display devices, an exposure apparatus

such as a reduction projection 25 exposure apparatus by a

st ep- and- r epegiclirfel( & 1¥rsal | ed stepper) or a reduction
proj ecti on exposure apparatus by a step-and-scan nethod (a so-called

scanni ng st epper (\Vihehpiesseaaltsdvantddna redanrer o) mpsalhe nbyduseédive
In this type of exposure apparatus, in order to transfer 2 a pattern
of a reticle oFhedsednd arParaFuGesli EFPOFULhJctHdS 3 aPpapstrate.

such as wafer, or_a ass .plate erei nafter enerically referred
fo as a i erserfinls dMEREN tatORbThC S hareler b uifen 4 CGbFfee
two-di mensi ongln gk £6HH Ot Abds f @hd more particularly to amovable body

drive method and a movable body drive apparatus that drive

a movable 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 liguid crystal display
devices, an exposure apparatus such as a reduction projection

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



5 exanple, a linear notor or the like. The position of the wafer
stage was generally nmeasured using a laser interferoneter that has
high stability for over a | ong period. In recent years,
however, requirenents for overlay accuracy are increasing due to
finer patterns that acconpany 10 higher integration of sem conductor
devi ces, and now, short-termvariation of2 measurenent val ues caused
by air fluctuations generated due to tenperature change or

temper atur e 9L &N-0L e e cR1IDSANST £ LA, eBLPRE L Phellied 298L

i nterferoneter COnNBe "t 0 OCCU | ar ge perce

overlay budgebn 5 substrhRer&ief s hNeidlvept Oy 1RLAPsLLE Nelotenadher,
exposure apparatus that enploys an encoder that has a neasurenent

resol ution of gankevehlSamefasred o gizes vartur )t hatwaferastagercthat holds
interferoneter and is |less affected by air fluctuations 20 conpared

with an interfershrereisi grgeaer &, tue-diprstidned Wiasgtingsdudtrie 60r
a waf er stage %e.ﬁ refﬁr to Patent Ljtera ure,ﬁ%% As,a,resglt of %he
i nventor and EREPTRe FpEHIUTPRECT AN bRS Lexper i TRMPESLRtOR RE fhecyater

recently it has,Reehd oLl nle @ PASUL IR s DOaN CORLE DS erbe

25 irradiated to"a scafe 1'n raction grating 1s

over a given pgsi RAgRTstdEL Qfy MYre oveReastahg el y defornms due
to thermal expansion and this mnute deformation can be a factor of

measur enent error ofn acdaard yelaat,canmetvebe rgmormthentd for ovePatent
Literature 1: the panphlet of International Publication No.
2007/ 097379 DR SEREIHIRE WS 1 PREERTHIN BIEVEANS TCRPSEE GG tThat PREBIEMVLY

Al di first, t..of t toi ' th [
or ovi ded %S mobUBRES bHAGE T8 it SR GF SHRPUT G SOV & By Wi t hi
a predet erm nghopt afeem LHe- IIRLND FORRELELEMen? PEOGES SRfsedl b B9r

t he novabl e body based on
fluctuations generated due to temperature change or

temperature gradient of the atmosphere in the beam path of
the laser interferometer has come Lo occupy a large percenitage
15 in the overlay budget.

Therefore, the inventor proposed beifiore, an exposure
apparatus that employs an encocder 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 like, 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.



10 a result obtained by neasuring a position of the novabl e body
using a position neasuring systemthat conprises a head that

irradi ates a nmeasurenent surface with a neasurenent beam the

measur enent surface being installed on one of the novabl e body and an
external of the novable body, and the head being 15 installed on the
ot her of the novabl e body and the externa of the novable body; and a
process of adjusting an irradiati on anount of the neasurenent beam
onto the neasurene this

sur.f : W t hod, _t he .
T adi ati on heat giARSER EAE RIS chient S P FHEEL Canohe LAPERREICR:
adj usting an 20~i{&adi &t @ MU oekybhe measurement beam onto the
measur enent surface, and accordingly distortion of the neasurenent

surface caused by the irradiation heat can be restrained.

Consequently, it becones possible to constantly maintain the high

posi ti on neasRISCEQSPREC IO oINWBENIERNre 25 the drive accuracy of

t he novabl e body. According to a second aspect of the present
h?éﬁél‘{% BBy

i nvention,t SV BNGe LS FROBEENR of forning a pattern
oo ; . cm o mnd. © .
on 1100 o o B B, D110, 1 00410, P00 L

energy beam the ne rrsing: r g a nova

body that hol gdsetdre; HRjRAL J WShBFabhe PONR e ROtV e ML Dethefa

the present invention, to forma pattern on the divided area. Wth
this met hod, mewaser bioayf owitlaipatt epredetarndinddedldnay eahen méighod
obj ect, the novable body that holds the object is driven using the
nmovabl e body @PTREL$EIT0R FEOCKESpPESBALViRY s dipvakdeopPa@righbysed ton

b ible tq.f th tt t he divj ded t

b ect with: I g SidcPRPBHASARBOMaR AU T & PP S8 ScE R g Le body
L . 1 o k ‘ .

Forning o part o shiohIgssa Rt Aieacer b cLapreLLgn Tedho o

driving a novapteihoths bhadafidenitheupbd@ctriby AaeagutBRe®WRRIE the

body drive nmethod of the present invention, to forma pattern on the
obj ect. 15W tiheasunsempatthedrfaee dedeg iro fadrlmdacp aneerh tha ndvaldly) leedy
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 aprocess 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 mowveable 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 object with

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



t he novabl e body that holds the object is driven using the novable
body drive nmethod of the present invention. Accordingly, it becones
possible to formthe pattern on the object with high precision.
20According to a fourth aspect of the present invention, there is
provi ded a device nmanufacturing nmethod, conprising: a process of
formng a pattern on an object by using the pattern formation nethod
of the present invention; and a process of applying processing to the
obj ect on which the pattern has 25 been forned ] ccor di to.a
Fitih aspect BRROIS BOGHEHATEATEO RS Y EET LY VIHERS P BB
met hod of expgsi i it r e 0

conpri si ng: dg?%?%dﬂ%jﬁg%ggfgﬂ%0§§§$%§?%§%§n%§§ghw%$h?%ﬁg@.gattern °on
predet er mi nedypbangridid sl ding 5 the object based on positional

i nformati on of the novabl e body, the positional information being
measured by using aipdsthismenhasiyrimgregstenfohata baist ermeasudibmbaed
surface installed on one of the novable body and an external thereof,

and a head 5 2582 P1 ehrPRIRS ot FEE; maHabbe derdndgthe thipdidsathguahi ¢¢Yy
that includes, at | east f. a th | . and a. def ti

e e R 208l ANl Sh) S5 A0 RS OF TR Bhcent
val ue due to ixrragiation ﬁé%émr{;@%ﬁurﬂ%c&@@gﬂ?égg%% &ASEord hene

physi cal quantity neans a physic 10 quantity relate formati on

(includi ng di saptéiwancens ad vivetinerdhenrile 6bje66 wiah hih precision.
neasurenent surface that occurs due to irradi ati on of the neasurenent

beam Wth tHHecamtingdtoby tisind aspectosft thom messmti Agveysiem
positional information of the novable body is nmeasured, and 15 the

movabl e bidty FReER i ¥RnPhAsEED P tBR- i diumationr SpflrfloRT FoFphey 2
h hysi cal ' i n¢l udj I h her mal d
the physi cal guaiLiLvoh el uglag @t easione (e LheriRl 5t pess.and..

t he deformatioh guanti e ffeasur ene surface~or“thé position
measuring S_ysa@mm%bé Ofkeshfd aBAXaerd nildae ther %b?éb@' 8yVakify deke
to irradiation of the 20 nmeasurenment beam Consequenfly, t%e

di stortion of mphsbIeasiteneiresnetace chuhedpbygsehe inverthiat,onohfatm
can be restrained, and thus, it becones possible to constantly

mai ntai n the &ipktpeost t9rortheesPoeskent precisi on and secure the drive

r f th vabhl .
accuracy 105 the mo U\%thhetll%:?sd%ethod, in order to forma pattern on the object,

the movable body that holds the object is 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 ochject 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 Dbeen 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: drxiving a movable

body that can move within a predetermined plane while holding



25According to a sixth aspect of the present invention, there is
provi ded a device manufacturing nethod, conprising: exposing an

obj ect by using the exposure nethod of the present invention; and
devel opi ng the object that has been exposed. According to a seventh
aspect of the present invention, 6 there is provided a novable body
drive apparatus that drives a novable body within a predeterm ned

pl ane, the apparatus conprising: a position neasuring systemthat
nmeasures a position of .the vabl e_body. by_using. a h t hat

Frad ates 5 ahebdate Rateold PoRLe iRt B rabifidhf BaulVagpe voay,
measurement  supf ace ReLAg 11 NStAllRd AN ONE; RbabieAIKARL EnH Yo 2D G
external of the novabl e body, and the head being installed on the

ot her of the woyabtndedytand:idic hest &l sunferiche sovaddte ibedwlilad on
drive device that drives the novable body within the 10 predeterm ned
pl ane based opne efeddher swwablecsodly wfd eheepberpdbrichanent,i agdsyshead

and an adj ustpent device that adjusts _an irradiatjon,anpunt of the
measur emem  beaft dht S Pﬁet%é’§3re€ﬁe€fﬁd g&PF%&E? %Phéi?il% FHRE HEvEIR®

body using the, dyiye, ds Vil%%stlgl\r(r% tér‘]ft tag';:itegﬁﬁiréwéss tér}lt% %gg%%%g?{?%%jf%

device adjusts an irradiation u e measurene

nmeasur ement synfiRcec Py 4r i ¥hag pdesymmabite Badyadsi ngddie edbk¥Bing a
device. Therefore, the irradiation heat given to the neasurenent

surface i s adpeshedsilddvdilaeadd oo iofradiet20nned sheemerdursamendceeatue
to the heat can be restrained. Cbnsg&gen;ly, it beconmes possible to
constant |y mai ntai At F&isi §RSpesthe oPh ekl camt ipvedesnsna apfysical

secure gy dr e, 8cHtacy. of b8 IRuabl £obodtie A8 AN 430 Sholt
by the thermal stress) at the measurement surface that occurs

due to irradiation of the measurement beam.
With this methed, 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 least one the
thermal stress and the deformation quantity at the measurement
surface of the position measuring system 1s 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 to coanstantly
maintain the high position measurement precision and secure

the drive accuracy of 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.

According to a seventh aspect of the present invention,



25 there is provided an exposure apparatus that forns a pattern on a
di vided area on an object by irradiating the object with an energy
beam the apparatus conprising: the novable body drive apparatus of
the present invention that drives anovabl e body that holds the object
within a predetermned plane, to 7 forma pattern on the divided

ar ea. Wth this apparatus, in orders to forma pattern on the

di vided area on the object, the novable body drive apparatus of the
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10 a pattern on an object, the apparatus conprising: a novable body

t hat can novepoditeomaidihg ndwaloly eoty lay patirer B gendridatngrdedizees
that forns a pattern on the aobject; and the novabl e body drive

appar at us of #HEeasHESBRNTSWERCRIN. thafedsiresenh ey abrerssgyrement

within a predeterm ned plane. 15 Wth this appatatus en, t he

bat tern goner SEE T HNE TS T HITHEAIREt SPnoREn Saproe: TOrRELRDoAET nd
drive appar at 8 | ni, d
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beconmes possi &h @ hkm i ReepadEsIe BodY Radotyeektotidl bifghe?fovable

preci sion.
beody; a drive device that drives the movable body within the

10 predetermined plane based on a measurement 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 onto 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.
Conseguently, 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



According to a tenth aspect of the present invention, there is

provi ded an exposure apparatus that exposes an object with an energy
beam the apparatus conprising: a novable body that can nove within a
predet erm ned plane, while holding the 25 object; a position
measuring systemthat has a head and nmeasures positional information
of the novable body by irradiating a neasurenent surface with a
measur ement beam fromthe head and receiving a reflected |ight of the

measur enent bgaq% the.ggasurengﬂt ﬁurtgc§ bei ng installed on one of
t he S_nnvableoﬁ d@'%it At &XY &l it The Wovabl e body, and the head
being installed onyhe ehhEragfa 18 TOYADLEILOTY 2Bdnt D AHL0N8h Gie

t he novabl e body; a drive systemthat drives the novabl e body based
on the positiehaldédizeeambhoilie abdeath clontmoakbae boay disekapparatus

physical quantity that includes at |east one of a thermal stress and

a def or mat i oncfjusim iprpsentt hevepbbon ahrimess bhe asevdl anbodvesbirAghalds

perm o5i bl Vel e 1 0 LLiadl el fon of. Lhe, meash eren, hea LN ..
becomes possible to form the pattern on the divided area on
the object with high precision.

According to a ninth aspect of the present inventiocn,
there is provided a pattern formation apparatus that forms

10 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 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 object with high

20 precision.

According to a tenth aspect of the present invention,
there is provided an exposure apparatus that exposes an ocbject
with an energy beam, the apparatus comprising: a movable body
that can move within a predetexmined 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



10 nmeasures positional information of the novable body and the drive
system drives the novabl e body based on the positional information.
Further, the controller blocks a physical quantity that includes at

| east one of a thermal stress and a deformation quantity at the
measur enent surface of the 15 position nmeasuring systemfrom
exceeding a perm ssible value due to irr&di ati on of the measurenent
beam Consequently, the distortion of the nmeasurenent surface caused

by the irradiati heat, can, be restrai.ned, .and th i t, beco

possibl e to CORETAHT Py el 1 Arretre HIgh: jodi PPERe hedeientit 36 head
pr eci si on- andp el enlhie (d g, A0GT G0Ye! of DEnLTNEPLE DOy and the
According to an el eventh aspect of the present Invention, thHere is
provi ded a deyke€rm@Enuifachurmagsie hody; comprival Bgstexpasiindriafes the
obj ect by using the exposure apparatus of the present invention; and
devel opi ng t heoobplket botint bhasdbeen 26 axpuidddnaEx amfOESCRIORT| GNAOR

THE DRAW NGS FIG 1 is.a viem/schenaticallg,shomﬁng,a
conf i gur atd onCHRtEN K8 FGteLIPPYT £ REYSdCategueRt LY dififtdithEntdes Rt

FIG 2 is a plan view show pg. g Wefer SLadly » geformd?i@n Rubftdep!an
T WAT CH- th 0

vi ew showi ng a st age devi Ce e exposur é appar atus shtown i n

FIG 1 is equippegedditbneand s rabbafgsmestcddiny & RrANBEEESe vl
4 is a plan view showi ng a stage device which the exposure apparatus

shown in Fl G ddeiiso ettt ppiect iwint bf ahd aaasuramgenddanaf sensor units.
FIG 5 is a plan view showi ng an arrangenent of encoder heads (X
heads, Y heads) and'igii gHrent a@gatadis, the position measuring system

10 measures positional information of the movable body and the
drive system drives the movable body based on the positicnal
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. Consequently, 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 developing 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 related to an embodiment.



10FIG 6 is a plan view showi ng an arrangenent of Z heads and a

mul tipoi nt AF system FIG 7 is a block diagram show ng amain
configuration of a control systemof the exposure apparatus rel ated
to the enbodinment. 15FIG 8 is a view showing a first waiting
position (unloading position) of the wafer stage. FIG 9is a
vi ew showi ng a second waiting position (I%0ading position) of the
wafer stage. FIG 10 is a view used to explain an exanple of a stage

20 drive nethod for_avoidi,ng_continuous i.rradi ation of asur enent
beans fromthe encoFdTZGr‘ edds 2aRd>FhE* 9 nEdE 1% aa‘”?fﬁg %géﬁ?ron on a

scal e. FI Gprl i3Si§dE}/ir$g_\e(nU§§thQn%ﬁlgaia”sﬁ‘é?gé rl?é’vi@%%&@haéh@

stage drive nethod for avol continuous I rradiation of

neasurenent beapssifoaghe sengogdrbwhendFandit he dqlgasis WA ta,Sang an
position on a scale. FIG 12 is a view used to explain yet

anot her exanpterafigensttage dmitegimebhnotefsr avoi di ng conti nuous

I rradi ati on of nmeasurenent beamnms fromthe encoder heads and the Z
heads 100 a sangfosPtidrP ek ¥dgreshowing a stage device which the

exposure apparatus shown in FIG. 1 is equipped with, and an
arrangement of sensor units.

FIG. 5 is a plan view showing an arrangement of encoder
heads (X heads, Y heads) and alignment systems.

10 FIG. 6 is a plan view showing an arrangement of 72 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.

15 FIG. 8 is a view showing a first waiting position
(unloading position) of the wafer stage.

FIG. 9 is a view showlng a second waiting position
(loading position) of the wafer stage.

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

20 drive method for avoiding continuous dirradiation 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 avoiding continuous 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 yvet another example

of a stage drive method for avoiding continuous irradiation

of measurement beams from the enceder heads and the Z heads



FIG 13 is a view used to explain still another exanple of a stage
drive nmethod for avoiding continuous irradiation of neasurenent beans
fromthe encoder heads and the Z heads 5 to a sane position on a

scal e. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON An enbodi ment
of the present invention is described below, with reference to FIGS.
1to 13. 10FIG 1 schematically shows a tonfiguration of an exposure
apparatus 100 of the enbodi nent. Exposure apparatus 100 is a

proj ection exposur e aé)pacgsa.ttuso b aasteg-gnd-scan met hod, which is a
so-cal | ed scanfef. i B0Hes S b8d ) &F ?’ "a projection optical system
PL is arranged in tjhg; eqBodd Pl ew IndNto!l kg N 188 €1 | RidAMRCEQMp1e
the explanation is given assunmng that a direction parallel to an
optical axis &K ®ofstfgel eet vermepisd dorsysbeaily dehiAnfrodsi Srradiation
direction, a direction in which a reticle and a wafer are relatively
scanned wit hi af angd surenanthdgenal fromtiie 2nariderdheads iand itheazYhexds
direction, and 20 a direction that is orthogonal to a Z-axis and a
Y-axis is an %aXi TN RIS TRN QRd 3y éFﬁi?on (inclination) directions
about an X-axis, the Y-axis and the Z-axis are Ox, Oy and Oz
directions, respectively. Exposure apparatus 100 is equi pped with an

i 11 umi nati on BRsay METE1Fore CRARRYING! 68 PSR ANPENTELHNON unit PU,

a stage device 50 having a wafer stage WST, and their control system
and the like. In FIXa dnpbaiivaher oW ithempueisedtodnwahetost Aged¥sdribdd
illum nation optical systemthat has an illum nance uniformty
optical systcRetont ditithgederepcechP FREegrat®® bhd the like, and a

reticle 319' nd and t ich.,are shown . di scl_osed

i f oty
in, for exanple, U'S. '_P:alllfgrﬁ rﬁ%%%ﬁgf:?ggﬁ oﬁ?"rﬂ&m?cgf%]gﬁgﬁﬁéélon of “an
2008/ 0025890 ago L, bpkerathl Wonas kag 10| | LU SRS pBaratas

at Is y t

slit-shaped i m nat | area AR t efined b ereticle
blind (the maskd ngs Sy Spes) et dretdsidasuRedypparakhynbopati efeptghti-scan

(exposure light) IL with substantially uniformillumnance. In this
case, as method, which is a so-called scanner. As is described later,
a projection optical system PL is arranged in the embodiment,
15 and in the descriptionbelow, the explanation is given assuming
that a direction parallel to an optical axis BX of projection
optical system PL is a Z-axis direction, a direction in which
a reticle and a wafer are relatively scanned within a plane
orthogonal to the Z-axis direction is a Y-axis direction, and
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 9x, Oy and 0z
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



10 illum nation light IL, an ArF excinmer laser |ight (wavel ength:
193nm) is used as an exanpl e. On reticle stage RST, reticle R
having a pattern surface (the |ower surface in FIG 1) on which a
circuit pattern and the like are forned is fixed by, for exanple,
vacuum suction. 15 Reticle stage RST is finely drivable within an XY
pl ane and al so drivable at a predeterm netl scanning speed in a
scanning direction (which is the Y-axis direction being a | ateral

direction of t e surface of FIG 1 aret icle sta drive
system 11 (noiLEWghﬁaHorFl @PYLCalet SYS mFI ha)  hag uéPnggi%BmF%?nce

exanple, a li

P05|t|onaI|nf§§%% |oh€f éﬁtdﬁhgr FEFPoﬁg tal? et IEtlca%hénEggrator
direction) W ghknrdai%¥, phade cEPecIDRNRIH aRBaNe) 10kel d:r@é £StiRoen
RST is constantly detected at a resol ution of, for exanple, around

0. 25nn1mnth aaret EhbenP5 hasés dmselbee@nﬁnerf@heesampieerU fef Bateamt
to as a retlcle I nterferoneter” % 116 via a novable mrror

actual i ty,5 a APRbYeBIEOH Frblicarien  doror 699 2CA3E Havang é:he( 'Tike.
Tovabl e M rr oF ARFIEE H STF ERR A CUPFA 5811 RLGbRATeTe! LheoRiggFion
area IAR that is defined by the reticle blind (the masking
system) on reticle Rby an illumination light (exposure light)
IL with substantially uniform illuminance. In this case, as
10 illumination light I, an ArF excimer laser light (wavelength:
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 circult pattern and
the like are formed 1s fixed by, for example, vacuum suction.

15 Reticle stage RST is finely drivabkle within an XY plane and
also drivable at a predetermined scanning speed in a 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.

Positional information {including rotational
information in the 6z 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 to as a “reticle
interferpmeter”) 116 via a movable mirrer 15 {in actuality,
a Y movable mirror (or a retroreflector} having a reflection
surface orthogonal to the Y-axls direction and an ¥ movable

mirror having a reflection surface orthogonal to the X-axis



12 direction are arranged). The neasurenent values of reticle
interferoneter 116 are sent to amain controller 20 (not shown in FIG
1, refer to FIG 7). Projection unit PUis placed below reticle stage
RST in 5 FIG 1 and supported by amain frane (not shown). Projection
unit PU includes a barrel 40 and projection optical system PL held
within barrel 40. As projection optical $§stem PL, for exanple, a
dioptric systemthat is conposed of a plurality of optical elenents

() e ol ement 5] 0L eRog o250 09k < lOpEL 5 A RPLA s 1 Heicrs

Z-axis directioni or

exanpl e, Dbot h; gt derd SARGEIN (16 AWBRS 3 RHRAS! &R NOA ¥ 9b 6GldtOBhown

magni fication (e.g. one-quarter, one-fifth, one-eighth tines, or the

| i ke). Theref oherr@hen, itdder nat Fag.arga | AR on reticle Ris 15
illumnated by illumnation light IL fromillum nation system

Projection unit PU is placed below reticle stage RST in

5 FIG. 1 and supported by a main frame {not shown}. Projection

unit PU includes a barrel 40 and projection optical system

PL held within barrel 40. As projection optical system PL,

for example, a dioptric system that is composed of a plurality

of optical elements (lens elements) disposed along optical

10 axis AX parallel to the Z-axis direction is used. Projection

optical system PL is, for example, both-side telecentric and

has a predetermined projection magnification (e.g.

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

Therefore, when illumination area IAR on reticle R is

15 illuminated by illumination light IL from illumination system

10, illumination light IL having passed through reticle R whose

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 ofapartofacircuit 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 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 system PL (projection unit PU}). Then,

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

direction) relative to illumination area TIAR (illumination

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



10, illumnation light I|ILhaving passed through reticle Rwhose pattern
surface is placed substantially coincident with a first plane (an

obj ect plane) of projection optical systemPL forns a reduced i nmage
of a circuit pattern (a reduced image 20 of a part of a circuit
pattern) of reticle Rwithin illumnation area | AR on an area
(hereinafter, also referred to as an "exposure area”) IAthat is
conjugate to illumnation area | AR descri bed above on wafer W which
is placed on the second, plane (the im | ane) side of projection

optical systeffPt 25 WEE SaPR pegg%gE%EﬁexFQM1ﬁ¥RSSB€§is?r?%_ A
sensitive ager(‘ﬁlux?(ir?a@n‘;ﬁ ﬁg&h?{iﬁf%%%?nc%¥%8ﬂgp&ri(% g%?ettt'&é%%?%é%e

PU). Then, by noving T el . . canni'ng directi or .
direction) rek@timy tiaddd WRhBAtHON ARRHAG ckbbonioals QRel 5HBE dida

and al so noving wafer Win the scanning direction

{(divided area) onwafer Wis performed, and a pattern of reticle

5 Ris transferred to the shot area. That is, in the embodiment,
a pattern of reticle R is generated on wafer W by illumination
system 10 and projection optical system PL, and the pattern
is formed on wafer W by exposure of a sensitive layer (a resist
layer) on wafer W with illumination light IL.

10 As shown in FIG. 1, stage device 50 is equipped with wafer
stage 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 encoeder system 150, a surface positionmeasuring system
180, and the like.

Wafer stage WST is supported above base board 12 by a

noncentact bearing {not shown), for example, by an air bearing

20 or the like via a clearance of around several pm. Wafer stage
WST includes a stage main body 91 and a wafer table WTB 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 (X, Y, Z, 0x,
By, 0z) above base board 12.

In the center of the upper surface of wafer table WIB,

a wafer holder (not shown) that holds wafexr Wby vacuum suction

or the like is arranged.



13 (the Y-axis direction) relative to exposure area |A (illum nation
light IL) by synchronous drive of reticle stage RST and wafer stage
WET, scanni ng exposure of one shot area (divided area) on wafer Wis
performed, and a pattern of reticle 5 Ris transferred to the shot
area. That is, in the enbodinent, a pattern of reticle Ris generated
on wafer Wby illumnation system 10 andl$rojection optical system
PL, and the pattern is formed on wafer Wby exposure of a sensitive

| i | f, ith ill i i light IL. 10
oA A B S e i S A R R St
pl aced above @fbﬁéﬁePof‘égl%ZWT L @M%ﬁ%’ﬁl@%zgg (.i.rs.efﬁéc&@. Fl &

7) that neasures positional information o stage WST, a stage

drive systemri@dsr&ient batd G0, B Fiati4h hyek rnadepl stegenWhk camter
the like. As shown in FIG 15 7, neasurenent system 200 includes an

i nt er f er onet eand yst okl B degno eridcier ad ysa i FN50 thesind=cedposttiomn
nmeasuri ng system 180, and the |ike. Waf er stage WBT i s
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and stage main body 91 are driven by stage drive system 124 t hat

i ncl udes, forskxanphbetiaallinetemptophotoddiedtike. eAenondiaygl yhewaf les
Wis 25 novable in directions of six degrees of freedom (X, Y, Z X,
Oy, Oz) abovea¥ma®dasedr thapde wafer stapg WETcelfaie apethbli¢pblf, a pair

surface of wafer tabl.e WIB, a wafer holder (not s ol ds
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in the X-axis direction,
of the optical system 1s 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 WIB, scales
that are used in the encoeder 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 perilodic 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 WIB upper surface in the Y~axis direction (a

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



5 a pair of aerial image neasurenent slit patterns (neasurenent
patterns having a slit shape) SL are placed. And, corresponding to
each aerial inmage neasurenent slit pattern SL, an optical system a
phot odet ecti on el enent and the |ike are placed inside wafer stage
WST. More specifically, a pair 10 of aerial inmage neasuring

I nstruments 45A and 45B (refer to FIG 7}5including aerial imge
nmeasurenment slit patterns SL are arranged on wafer table WB.

I d |1 d. i ,
nar oot ane ViRl tad PR R seie Rl H AN NRE L % RESEE RS PRb¥ e
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the upper surface of wafer tab WIB, scal es that are used in the
encoder syst egphfigbedlestra bﬁ@tfi@cttarxbe aveef arakdngTqebe. speeEfactidm
areas on one side and the other side of the wafer table WB upper
surface in thera¢axds wlosdipestddie dareatiomisdi sbeidraxfs dheephien,
surface of . FIG 2), .Y scales 39Y1 and 39Y2 are for respectivel

scal es 39YL ah%l wWoneh grdeddneEont i Hite dREf 13 a?%‘?l‘g&“’i%ot“yﬁﬁrﬁi %I%
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serving as tgﬁ FEddOne ikl Ralecl Hackhang-akes dspesadi th a
predeterm ned pitch in the Y-axis direction.
Incidentally, a pitch of grid lines 37 and 38 is set,
for example, to lum. In FIG. 2 and other drawings, the pitch
10 of the grid lines 1s shown larger than the actual proportion
of the pitch for the sake of convenience for illustration.
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. In this case,
15 as the glass plate, the one having a thickness which is the
same as or close to the thickness of 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).
FTurther, on the -Y end surface and the -X end surface
of wafer table WTB, as shown in FIG. 2, a reflection suxrface
172 and a reflection surface 17b that are used in the
interferometer system (tc be described later} are formed.
25 On the +Y end surface of wafer table WITB, 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



Simlarly, in areas on one side and the other side of the wafer table
WIB upper surface in the Y-axis direction (a vertical direction of
the page surface of FIG 2), X scales 15 39)(1 and 39X2 are forned
respectively in a state of sandw ched between Y scal es 39Yland39Y2. X
scal es 39X1 and 39X2 are each configured of a reflective type grating
(e.g. diffraction grating) whose periodi&édirection is in the X-axis
direction, 5 in which grid lines 37 with the Y-axis direction serving

as thei 11 onoptudl gl neghons 13he ok SPOSEAALN 2 odgkeRIbed 1,

pitch in the axis direction. nci-den célrfly,

lines 37 and 8Rqieistlity 0% £X&H L onl Bnd4iRad indl BneZo@il QLRRI of FD
drawi ngs, the pitch 10 of the grid lines is shown |arger than the

actual proporbaprdéain ibe lpngecbuflonal be reakéonf acorianbirercerft0ing (e.qg.
illustration. Further, in order to protect each diffraction
grating, it id9i&fseceidreaiardngd &8vhavendhr wetiediia Hizeghass phalike
having a | ow coeffi ccll,ent of thernmal expans] In this case, 15, as

the gl ass bl alE3 1 hETGIRETER 15 4°PRFERRESLY WA IR ot o SYERETRL or
close to the 4bi gknaas, ol e ugler. Lor, exataLe:. g 1 hnesson! )

can be used, and the gl ass ate"1s installe upper surface o

waf er tabl e Ws(eathrthea! edn et Bgbet N idclase @i bhhes@) aspietal ey
and the wafer surface have the 20 sane height (are flush).

Further, on tbf réfershcumbake Hnalré hibormédendAsueddt ecediereater maabl M,
WB, as shown in FIG 2, a reflection surface 17a and a reflection
surface 17b tAdtvenremededoraliher k feerngr st et thpst e o deéected by

descri bedd 2t el e dh e e Sy auiLece oL eLer talle,
o o w08 LR LU B ot
of Internatiotisd bthdr caidfreNesr #00E+004BT7O WiHe W@ sasFand 6@
measurement plate 30, the surface of FD bar 46 (to be described
later}, and the surface of the wafer are f£lush. 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 ALl having a
detection center at a position a predetermined distance apart
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 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 AL2;, and AL2j; and AL2, whose detection centers
are almost symmetrically placed with respect to reference axis
LV are arranged, respectively. Secondary alignment systems

AL2, to ALZ2, are fixed to the lower surface of the main frame



16 U. S. Patent Application Publication No. 2008/0088843) . In the
vicinity of the end on one side and the other side of FD bar 46 in
its longitudinal direction, a reference grating (e.g. diffraction
grating) 52 having a periodic direction in the 5 Y-axis direction is
respectively forned in a synmmetric arrangenent with respect to a
center line LL of wafer table WIB. Furth®&f, on the upper surface of
FD bar 46, a plurality of reference marks Mare forned. As each

reference mar % [%‘.Yx\@ q}l ES}nB@QLlQH%‘gp%@% %n&z%‘z Ehéﬁsecé‘é'ﬂi?l

detected by 1 systens ( e descri Patery 15 use
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scal e, the upper surface of wafer table WIB, the surface of

measur enent ptat ee3@djtbeed Wy aivd vef méthdyarsmkb 601 - b &Odeamfidheto FIG.
| ater) , and the surface of the wafer are flush. Further, at 15 |east
a part of thedk-surfaces may have liquid repellency. In
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line (a refergpcem axiage p¥opasslh@lndthddhesYusss mRssinggthyositihals
optical axis AX. Primary alignment system ALl is fixed to the | ower
surface of théromeachreaheliginentedytberadlileand AB2showid.2isrmrE Sipsl iash
one side and the other side_.in the X-axis direction with 25 EI‘IITB.I’

al i gnrrent systerfain Gatraldesn 20sBEandaf {9t RHRseesdpst enstar28n&hd
AL22, q_qALZ anrg AL24 whose detection centers are al nost
symetrica Iy pcl’a ed with respect to reference axis LV are arranged,
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supplied to nei n cont processi ng syst
located outSLde the measurement area of encoder system 150

(e.g. near an unlcoading position UP (refer to FIG. 8) and a
loading position LP (refer to FIG. 9)}. Further,
interferometer system 118 is seccondarily 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 WTB) within the
25 XY plane, interferometer system 118 deoes not necessarily have
to be arranged. Meanwhile, positional information of wafer
stage WST (wafer table WTB) can also be measured using
interferometer system 118 and encoder system 150 together.

In exposure apparatus 100 of the embodiment, a plurality



10shown) . In the enbodi ment, positional information (including
rotational information in the Oz direction) of wafer stage WST (wafer
table WIB) within the XY plane is neasured nmainly using encoder
system 150 (to be described later). 15 Interferonmeter system 118 is
used when wafer stage WST is | ocated outside the neasurenent area of
encoder system 150 (e.g. near an unloadii® position UP (refer to FIG
8) and a | oadi ng position LP (refer to FIG 9)). Further,
interferoneter sten11 IS .second use 20_such as

Where o Lors ORI ATS st ot hied ehesde hi R o S Rt b i
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measur ement ofhQd tilanal, indesemddrd O rvafl efit st BogonABEr wakeemtald e
WIB) within the 25 XY plane, interferoneter system 118 does not
necessarily have t&shehawnaingddC.Mammhithe, +Hosidd,obhe thisddenand thsf
waf er sta%ie VBT (mafer tabl.e WIB) can al so he neasured ysing
interferonete Snf1 PEOARAT & oYt &Ys 8B ?L%Ot]i‘%gé% Fdre ‘Pffl primary

exposur e appaéfﬁ@negn(ekoegf %ReAﬁirbf%édﬁgﬁad uRipL3EAA Y quBB gbchead 62D

units that cons er syé are arrang ed neasure t

position (X, FrePAhcBE, Wai¥ectliagaey VBTt fded ﬁhleémand 62F are
i ndependent |y frominterferometer system 118. As shown in FIG 4, on

the +X side, plwcedloniteramitéheifes insilteXebxps djieeticdonwi 41 Rihresd:
on the -Y side of primary all%bnent system Al l, four head units 62A,
623, 62C and %%ﬁ%%ﬂa@@@ Aly s%@@?vel%ﬁsmﬂttlﬁélly h%&?ﬂhﬁédeﬂ}}ts
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units 62A and 62C @€ 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 axls 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 653 and 65; and a
20 distance between Y heads 64, to 645 in the X-axis direction
are also set to distance WD. Incidentally, Y heads 65; to 655
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 64s are also described as Y heads
25 65 and Y heads 64, as needed.
Head unit 62A constitutes a multiple~lens (five-lens,
in this cease) ¥ linear encoder 70A (refer to FIG. 7) that
measures the position in the Y-axis direction (Y-position)

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



respectively equipped with a plurality (five in this case) of Y heads
651 to 655 and Y heads 642 to 645. In this case. 15 Y heads 652 to
655 and Y heads 641 to 644 are placed at a distance WD on a reference
axis LH Y head 651 and Y head 64s are placed at positions on the -Y
side of projection unit PU, which are a predeterm ned di stance apart
fromreference axis LHin the -Y directibh. A distance between Y
heads 652 and 652 and a 20 di stance between Y heads 644 to 645 in the

651 (o 655 antiN T GHEY 4768200 O P LB A VAP PER
o 655 and ryeﬁﬂ‘ﬁé;c%ﬁs‘t Gl hPE R o Geee B R VRelie 25§%§F5%Gn-d

Y heads 64, a3) hegdetbasures th&adpysiti®ZHIGRITHY ét&ﬁWQT (wafer table
mul tiple-Ilens (flve-lens, in this case) Y |inear encoder 70A (refer

to FIG 7) thetBressines tdtalpos$PtionIngithet¥ldri sindithectdeseription
(Y-position) of wafer sta WET (wafer table WIB) using Y scale 39Y1.
19 Sinilafy,b ?&Qﬂ}tﬁﬂQ:36%9“@6ﬁs???9@%§5a??ﬁﬂ%h%ﬂqiﬂ éﬁgeFF?@éC?éﬁ%, Y
in this case) near enquer 700, (refer |G 7) that measures

t he Y-p05|U<ﬁP%ﬁ&%%ﬁer stﬁﬁgoﬁgfs(ﬁa?%rn?é%? " WIB) using Y scale

39Y2. Incidentally,y éwhweagssarllsmahee WD Pﬁltﬂ\éfx-ta@ﬁsYdifé&&ron%‘&Q@érﬁ
are shortly referr fo as "Y encoders" or "encoders", as needed

In this case,fikstvane&d\F3 brtde (Koaké Suakg peécmﬂebemmelﬂatwa pmnts
heads 65 or 64 (to be nore precise, irradiation points on the scale
of measur enenen F&gnBCHhE Gf NehBBERNEYE brags ‘rémqh) Y fpadsabS e 64 emit)

respectively equi pped in head units 62A o i s, set slightl
Chorcer tiln THEE FHR HASRACRA TR EXREO PP ot (o Yisch E2RoR 67C is

39Y2 (to be npre Prieglse. <hBeLengidy oheorkdehi e 38 x-Acoard] Aglion.

for exanpl e, during *éxposure of east one
heads 65 and @ v 83sie @, 15 head @b Ne hradspbdcLanstaBtliahdcer grid

(irradi ate measurenent beans to) corresponding Y scales 39Y1 and
39Y2, respectlimst\B8). 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 equipped 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 a plurality {(four, in this case) of X
heads 661 to 66, that are placed at distance WD on reference
axis LV. In the description below, X heads 665 to 665 and X
heads 66; to 664 are also described as X heads €6, as needed.

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

25 in this case) ¥ linear encoder 70B (refer to FIG. 7) that
measures the position in the X-axls direction (X-position)
of wafexr stage WST (wafer table WTB) using X scale 39¥;. And,

head unit 62D constitutes a multiple-lens (four-lens, in this

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



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 equi pped with a
plurality (four, in this case) of X heads 661 to 664 that are placed
at distance WD on reference axis LV. In the description below X
heads 665 to 668 and X heads 661 to 664 aPe al so described as X heads
66, as needed. Head unit 62B constitutes a nultiple-lens (four-Iens,

25 in this c ' . _enco 0, ef FARN

the positi ona?ﬁgt%—eg%ékg%osn g’lgr g%%?%n%%éepggﬁtﬁgﬁgég‘tﬂ% %r stjgggﬂ;@?f
(wafer table Yd8)eussnd Xisephéendtl,, AndinBeadsdpibt 6D onst, | ey
a nultiple-lens (four-lens, in this case) X |inear encoder 70D (refer

to FIG 7) thhineeasenesier?) drke skopadiyt refenfedveferass tageodBTs( waher
table WIB) using X scale 39X2. Incidentally, in the description
bel ow, the X P¢®@d. encoders are shortly referred to as "encoders"”,

as needed.. 5In this case, distance WD in.the Y-axis direction bpbetween
S neent T pends 6aT ERLhEanEy Shatancedb 11 Epk A Al LA, BEIES]
scal e of neas keh 6. 1 t Le. . .

respectively %& %ﬁ%%%g%gggbﬁnfﬁ%&%gg %g%é%%e’s&%sﬁﬁl&%ttéfnt %Jhnts
the width in ¢hehé axhsets aehisQReREnX HalsewBX X10can8 S9XAikY orthe:

nore precise, the length of grid line 37). Accordingly, for exanple,
during exposures migguientelyr edmépbeleinabeddasti mnéBead 62DeighsetX

heads 66 in total, which head units 62B and 62D are equircgfged Wi th
constantly faeRrte% thanaERe vidkBakitoRehtabieh M EBFLE8R s b oth ity 3 %K1

l e 39 15 2. Lncid |1y, i b , X d
565 on 10 moatd FHE froopermbEe AT EnY tid HeRbBR BeaThhE TS ol
+Y side of hege4yiinfHaP if%rsgkarﬁf;‘?é,tQ{uﬂi@x@nek??sﬂg} Qsqugn\ﬁ@w okabie

WB in the Y-axis direction so that sw tching i nkage) between 20

the two X healiskearathé ecperl ongelledy o edrant Xoheydd 696 Ihagetdb] whtich

the Y-axis direction. As shown in FIG 5, head unit 62E is

equi pped wi t hhepgpluridls 628 odr 62Pnarai sqwked ofityi, heaustaqatly of s7E

In this case,  three Y heads 671 to 673 are ﬁ)l aced at syubstanti al Ig

t he {irradiates a measurement beam to} corresponding X scale 39%;
15 or 39%%..

Incidentally, a distance between X head 665 on the mest
~Y side of head unit 62B and X head 66, on the most +¥ side
of head unit 62D is set shorter than the width of wafer table
WTB 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 1s equipped with a
plurality (four, in this case) of Y heads 67; to 674. 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 674 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 673



25 sane distance as distance WD on a reference axis LA, on the -X
side of secondary alignment system AL21. Y head 674 is placed at a
predeterm ned di stance away fromreference axis LAin the +Y
direction, on the +Y side of secondary alignhnment system AL21.

I ncidental ly, the distance between Y heads 673 21 to 674 in the
X-axis direction is also set to distance2¥D. Head unit 62F is

- equi pped with a pIuraIity (four, in this case) of Y heads 681 to 684.

Y heads 681 tp 6 Y.h
Lo 671 wi th rB8pBtt o B & aPaRcaLERT Ty, ENaT e Rt PPt bRty
Y heads 682 to 684 gl Hhs’i‘é%‘%ﬁais %giﬁ.%%ﬁ%&':ﬂ%ya gﬁﬁféi‘f@yq shanas fis

di stance WD on reference axis sid secon ary

al i gnment systeseAlad.y Mehaadsﬁ_Sioi 631l avekkals dopriedaberatdigdaced at
di stance away fromreference axis LA in the +Y direction, on the +Y

10 side of seepruatyialperrEivnssyst Enheads. 6TndicdéTtaviyh tempect to

di stance between Y heads 681 and 682 in the X-axis direction is also

set to di stantefe¥Enee IHS ddscriprs O?P%Ifd\ﬁal‘il‘yhe’é%e%?‘ﬁ hepds7 8antP
Y heads 681 t%J g‘:‘:eaéf géc?%tdgl%é'l&%a%ﬁ[y t da%neGEugEane 'Aﬁsag? %?nce

as needed. |gnnent neasur eng eas One eac
heads 67 and @8 J@9§§e¥e§§@|a%§.s3§ﬂ2 o%n9h§9r§61S1<E@%&e§ééé’r?da\ﬁey ﬂi&nﬁ@x@t

Y heads 67 and 68 (i.e. [i near encoders 70E and 70F that ~are
constituted byyshmemmheadhesa e di SPlackleat fa posdéiamianddl beakze
rotation) of wafer stage WST is 20 neasured. Further, in the

embodi nent, davangtpasareirrensgsardfehlt o the %@b{mtyoam ganehe +Y

syst ens dthellk Yh ds 673 and 682 that area acent
stcondar sl | GHRrE SRAHETAL 24 TAREERE W TTFA Ab2x: e iarPEeLiEn the

face a pair Oélge;é%@;b%g;%gfg&aﬁéggiceyt 9aFR.Dan 40, hesnast kYL son

and with Y heads t hat e pal‘r ence gratings
52, the 'f-positdien eét 3 Bast4ficé WDTEABH EE @éséf@ﬂm;ﬁ beDow Oy Bagds

of reference gratings 52. In the description below, encoders that are
constituted b§7)theads a8@d3Y drechdB8881 l1at 68 cgpeciiseldpsc2lbed as Y heads
67 and Y heads 68, as needed.
15 During alignment measurement, at least one each of Y
heads 67 and 68 faces Y scales 39Y; and 39Y;, respectively.
With 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 0z rotation) of wafer stage WST is
20 measured.
Further, in the embodiment, during baseline measurement
of ﬁhe secondary alignment systems and the like, Y heads 67;
and 68, that are adjacent to secondary alignment systems AL2;
and ALZ2; 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 ¥D bar 46 is measured at the position of each

of reference gratings 52. In the description below, encoders

that are constituted by Y heads 67; and 68; that respectively



face the pair of reference gratings 52 are referred to as Y linear
encoders 70E2 and 70F2 (refer to FIG 7) . Further, for
identification, Y encoders that are constituted by Y heads 67 and 68
that face Y scales 39Y2 and 39Y1 are referred to as 5 Y encoders 70El
and 70F1. The neasurenent val ues of |inear encoders 70A to 70F
descri bed above are supplied to main cong2oller 20, and main
controller 20 controls the position of wafer stage WST within the XY
pl ane based o al ues of three

h | i 10 d
oo Son, ofate i RULCIR o YRUSS: Uil 0ES, 80 41 el g S B0
al so control sy {0t &t ie%'&oh@rghﬁ)hgza%?%g%i ﬁbf%fr ED &y, 46, (‘@%fr%ﬁmegt,aﬂ?r

WET) based on the neasurenent val ue near encoders 70E2 an

70F2. | nci deniadhiyif s tciach) enendetebeathdtdy dieadon$tieaded, bfor Héads
exanple, an interference type encoder head, which is disclosed in the
panphl et of | a7 emrhtiBohhit Plastd dastaheMo3 920874 BIA378re cafeyaedsed.as
In this type of the encqder head, two neasurenent |ights are

i rradiated tof tHEAHTLsPRdRRY 4%E1-es, and return lights of the two
measurenent |ights -.are pzed ] o) Q interf e hi ,
and then the int erfig}eeﬁrc%ég%?gﬁ%ﬁ?svégég?v%%,l%gqrﬁi‘r}t %éc?ﬁ%%%s?% o‘% FHFe

interference hdght: e BRATY £Fe URIpR illerphaliadebaet o1 1e WAd) LhE main
intensity change of the interference light, the displacenment of the

scal e i n t he seastskrent0disrentaleEn thi e gigriicads £ wdifeecstaye o Tt ik Rin
diffraction grating) is neasured. Incidentally, the nethod of each
encoder head e KEarilane heady onstmepisprerent yalnesh T Fhaeeiodnlinear

v g ELReG SORR! L SE01E il 4T AU TR 005, 845025,
interf t t 8.1 I i j f
Lt Ot A SO0 ke SUA D0STr A% i B Ll eommter A

i nformation obs wafiedr teagRa M stialgli wst heaX¥draBhe e RAGhent values
irradiating reflection surface 17a or 17b with an interferoneter beam

(measur enent dEabnean ehacgegisvi’igz aandefi@tted |ight of the
interferonmeter beam To be sgecific, Y interferoneter 16 irradi ates

reflection surface PF9gR#24 Lip\AbrEchigcedeshqad (Bdisgsscy ised) - for
o), i S5, LSS sasuersl Denumant el ol 0y Pade
in the pamphlet of International Publication No. 2007/097379,
can be used. In this type of the encodexr 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, X 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



10 symretric with respect to reference axis LV. And, as shown in FIG
3, Xinterferoneter 126 irradiates reflection surface 17b with at

| east three neasurenent beans parallel to the X-axis including a pair
of nmeasurenent beans B52 and 852 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 referenge axis LV. Further, X
interferonmeter 127 irradiates reflection surface 17b with at | east

e T R PR B et S L B A TR,
%) LA Por oLl ploko e XA LI QLSRR 0 LTRSS A

interferonet Ws@%&thﬁhaﬂi@iﬁﬁléﬁéLWém St d @Cer ihiPrefidedion surface
measur enent beam 87 parallel to the X-axis. 25Positional information

fromthe respktaiorelivntvertflenonettErfedesercbdteabdneashirementy berniretret
system 118 is supplied to main controller 20. Based on, for exanple
the measurfeneheceEEind ¢ srkerhedr } Wismafe thes i Rhar SEFIRLSL PEABE erTo

126 or 127, mmin coniroll .20 can al sp_comput e cf.4trotati naL.
nformation i RSt RECK U et CFEEMSRPE oht ) PR GRaTec tion
i nformation '&Eﬁﬁc%ﬁﬁ et hozﬂox%?bfe ri%long)  (A9Gd Aabi-9B8k late;z:)

information in t rection .e. yamng), in addition to the

and Y positi ofstiofatrakastt et WeBs(nehent osintgpa¥®l)lel to thelB-axis
shown in FIGS. 1 and 3, interferoneter system 118 is further equi pped
with a pair ofn@ludgirng fe o ofsnggauaeued3Bedns fider fadoids dhat4sne
and 433 are placed facing novable mirror_ 41 that has_a recessed

reflectidif suPYBRECFI% &t o “FABSCY W@ dETRF TGS 85 oFY st 4G ndf Sty
91. In this Cfr?%‘ICﬁSSC%ni?ﬁe?ﬁg{'%ngé’ rI] lfbg;‘dl_:%‘a \é%glfeﬂergt ronﬁg"tl#]%a%ce

desi gned to havé the 1 éng -axrsdirection l'onger tha

of reflection purfaae fafstahebet AbLSuMIRnZ Bty LRFATREEN 8o 48He
and 43B irradiate fixed mrrors 15 47A and 473, for exanple, which

are fixed to Xheximiinmdlnadegr efferinedftmeaartdremt bebhs iR apd Rb: epherit
beans Bl and 32 parallel to the Y-axis respectively, via novable
mrror 41, andre EaEIMEES el il tepreicghte grralndty bsprciyaference axis)

measur emeyl beaNe. 128 MEERAY NS AR L52hoB3hD: ML 8T 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 parallel 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 ¥ interferometer 16 and X

interferometer 126 or 127, main controller 20 can also compute



20 measurenment beans Bl and B2. Based on the neasurenent results, main
controller 20 conputes the position of wafer stage WST in directions
of four degrees of freedom (Y, Z, Oy and Qz). Mor eover, in
exposure apparatus 100 of the enmbodi nent, as shown in FIGS. 4 and 6,
anul ti point focal position detecting 25 system (hereinafter, shortly
referred to as a "nultipoint AF systent)24hat is conposed of an
irradiation system 90a and a photodetection system 90b is arranged.

As th I F s I d
roi v 3 vont P oY Sl 8L B i 8, SR 18 ECTBAEERIRG,
25 U.S. PatenEOQE%15%5&“§ﬁ¥§%ﬂ%%goﬁh?nlfﬁg &ﬂﬁ%&%ﬁ%ﬂ &n thfbl%%ﬁgj,Y

enbodi nent, as an ration’s i's pl aced on

side of the %@%t&ftlaﬁéﬂ mcxmé%ﬁo@leﬁ%me@lz @akkbelon aNd ol Nydw St e
of being opposed to irradiation system 90a, 5 photodetection system

90b i s pl acedinmadi¢ie¥ ¢ déeok atdderomoms e o fgnri taled-Wa8s twa v
earlier. I nci dent al(%gl the multi point AF system (90a, 90b) is fixed
to the | ower StRY9RIEDf- the main frame referred to earlier. A

plurality of detection,popnts ghet he .l 41 nolal AC 40, SYSUAML908,

90b) are placed on ta prede
di stance al Onﬁuf‘sﬂ?ez?(e%&hé?@a rw%%th' Q%alrnof *Zelﬁi’@fhf&{étteﬂshﬁﬁ%acﬁsm

points are placed in a matri x shape having, for exanple, one row and
M col ums (M % dnaetr@eabmatabend3afarideidaimchl atePpdant 8y mavable miwysor
and N colums 15 (N=M 2). In FIGS. 4 and 6, the plurality of

det ecti on poi ft $hed W@hr‘ac%}‘é‘-’e%tﬁfﬁéheﬁ‘éa@m|S§ﬂfﬁpadf382t%ijtpe“§tﬁac¥|Sﬂéiey

Choanor ' WSEEAY o ShRee HE B80T e e e S
'rrad'at'ons Oa-a
gt h of det T ares, 25 MsRBIHEL E51 00 VAL HBARP o USEF RS 4

as or close tonthe xiamm eireét e ang\érﬂgﬁﬂt@@@bflfﬁﬂ@&tﬂo@lﬂsmf\fe{&lﬁ
Z-axis direction (surface position information) can be neasured on

substanti al | ylidheoeriafier sabilacyTdt waf er Wby only scanning wafer W
in the Y-axis 25 direction once. shown in FIG 6, in the
vicinity of both efddnéPrereseiors d’r?’é‘aa}&ﬁ 6§Bt4‘f"erafﬁﬂatt|ep5i‘-ﬁﬁdmﬂrmrs

erotem (3 PR 390,005 PBkonsla "SR 0R, ke Ze R o mRR M
and 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 B2. Based on the measurement results,
main controller 20 computes the position of wafer stage WST
in directions of four degrees of freedom (Y, Z, Oy and 6z).
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 90a and
a photodetection system 90b is arranged. As the multipoint
AF system, a system by an obligue incident method having a

configuration similar to the one disclosed in, for example,



26 72d that constitute a part of surface position measuring system
180 are arranged in a symetric arrangenment with respect to reference
axis LV. Z heads 72a to 72d are fixed to the |ower surface of the
main frame referred to previously. 5 Incidentally, in the description
bel ow, Z heads 72a to 72d are al so described as Z heads 72,

col l ectively. As Z heads 72a to 7285 for exanple, a head of an
optical nethod displacenent sensor that is simlar to an optical

i ck di dri deyi the, like.i d. h 2a .10
Po 720 ach | Dr oo SRR PaBFE, o 1 1T bR R baan 1 1o

b , d LYe fl d.li fs ; . ot
measuri ng e Rh AR Fodet PancE et or TADL e 0T oL TR Cor 43 21 ant

poi nt. | nci depd ahly+y ishdkher eRBOY 8BALF e LD ORL 8 W2RL Atk iHRITPABY RS,
in which the nmeasurenent beans 15 of the Z heads are reflected by the

reflective tyaeddiffa adtdten ofr deilngsoppated oms tiixnadd a¥ ispabpsBay19Gand
39Y2 described earlier. Furt hernore, as shown in FIG 6, head
units 62A SandPBPEoHREG Indd SEEEFINoAP \ SaPé2EgRi Ppédow ¥ S ¥ds @7t he ads
76) and 20 74i_(i._.j,=1 tQ_Q), ectively, at.the sape.X-posjiio

2s with five Phedend Uy €rF peSerifed edighon Hraelir ke e
head units 624, anth G2l RESPEELdY Qlove, Dol Wikhe 106 YoPORs LicRRT S8t Fik
shifted. In this case, ?ﬁfee Zrﬁga§§'763)té 765 andothree Z heads 751
to 743 on theoputies nidide,freltieC teZorbebiong éarligad units 62A and 62C
respectively, are placed parallel to reference axis LH at a
predet er mi ned di st dncd wgddéd afadetentidre podndis oft itds mubhipoint AF
reference axis LH And, Z heads 761 _and 745 qn the Jinnerno

t side,
V\ﬂi ch be|3§ng $%° Hamd Wt OB AXRAPE2EST cp s vRITF2CEY éopﬁacéat%%ted
e : e _ ;are” o
v 74 e phacbHYREL 403 LA LRI ROl Bub L Gt hatal Do

and 744 are placed on t 0 espectively.

And, five Z hepdserddandrit,Vend Heads:ith hahrsespeciiaaly ihehoRa #1x
head units 62A and 62C are placed symetric to each other 5 with
respect to reflempnbeviaxgs M ekaoplentald yowasdtcto inreadM76:s artdidgl
ahead of an optical nethod displacenent sensor that is simlar to Z

heads 72a to Tgbelestt iBw dotedtées| poistehpPhyete rows and N columns
15 (N=M/2}. In FIGS. 4 and 6, the plurality of detection points

to which a detection beam is irradiated 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 wvicinity of both ends of
detection area AF of the multipoint AF system (90a, 90b), each
one pair of heads for Z position measurement (hereinafter,

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



As is described earlier, head units 62A and 62C are 10 respectively
equi pped with five Z heads 76 and five Z heads 74i at the X
positions which are the sanme as with five Y heads 65 and five Y
heads 64 that are equi pped respectively in head units 62A to 62C, and
therefore, for exanple, during exposure and the |ike, at |east one
head of five Z heads 76 and at |east 15 phe head of five Z heads 74
constantly face corresponding Y scales 3911 and 3912 which is

simlar to the case of Y heads 65 and 64 shomm in FI G Z
heads 72a to 7/%@ ?Ef%t?d?ﬁlteélqaa’?%fft%‘rfé‘éle&%%%ﬁlﬁ’é’d“%%@-n%%YStem

connected to f@b rglxcﬁ)%gr% %El JZ_Q gO y?,ﬁgr%t%l%' gp %‘?&?@%@‘b??ﬁg‘?‘flt 2‘:0

sel ecti on device naln con S an ar

head from anppgrdrdieadaxidary o 722§leaa§172a0t5452d e £91elia/€ReVidier

signal processing / selection device 170 and makes the arbitrary Z
head be in ansopfxed oW Wendiatinodranadre teerad st pfeadeusdyi.t i on 25
informati on detected by the Z head in the operating condition via

si gnal prdbes§m¢@ﬁ¢nﬁﬁﬂkﬂn|M@ntbévﬁ§éC§¥E¢lQﬁlhQ%9an@06Pﬁéﬁt72§Lﬁqaﬂﬁ?
position neasuri en1l h S itignal. information
of wafer st ag%r %4%&% 59 ?sd%ra‘é??%ufé’ dpci Gt Yat i on

directions (minly 4 7 I??Sa&dé“?zglt:ﬂh"z thc?f‘lax\é’h% 85%595%%& éPa‘hh@%%%al

pl ane, is configure Ing Z s 72a to 741 to 745 a 761

to 765, and sihgiedd ﬂﬂ@p@ééérﬁl@ﬂi sefbeethan ideyimeldy Qo ahnl dpticaahevsad
mai n configuration of a control system5 of exposure apparatus 100.
This control sy@@ehuEscao@tizﬂndﬁvﬂmsinh9 gie dike ¢entsedl] ez Reads 72a
conposed of a mi_croconputer a workstation) that performs overal

control df0 t he® &S rec p‘ﬁ%aé’tlt%e ‘r’%f%&a@}ﬁo‘g é’le&&p%rfﬁaﬁ’élr&f“epﬁéoeam
enmbodi nent ha¥| n O(%elo g\gec%urvatl on, as dcesc{:'i' %ﬁ ]%) %lméh%brement
con

process using Wa er Stdge S execu By ha

according to ]gé@m mé!aghl:ﬁﬁ L d E@r@é@éeﬂé‘§§t£51§(&:|f0§v§@e&:nlza}:'fl(%,f
exanpl e, an enbo ment of the panp Iet of International Publication

No. 2007/0973W@Batﬂﬂhgfrﬁamxaﬁndm¢byntmh&ncmaéata$1gg&nmﬁﬁaembédmmﬁmﬂi
at 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 equipped with five Z heads 763 and
20 74; (i, j=1 to 5), respectively, at the same X-positions as
with five Y heads 655 and 64; (i, j=1 to 5) which are equipped
in head units 622 and 62C respectively, but with the
Y-positions being shifted. In this case, three 7 heads 763
to 765 and three 7 heads 74; to 74z on the outer side, which
25 Dbelong 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,

7 heads 76; and 745 on the innermost side, which belong to head

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



unl oadi ng position UP shown in FIG 8, wafer Wis unl oaded, and when
waf er stage WST noves to | oading position LP shown in FIG 9, a new
wafer Wis | oaded on wafer table WIB. In the vicinity of unloading
position UP and | oading position LP, 20 the position of wafer stage
WST in six degrees of freedomis controlled based on the neasurenent
values of interferoneter system 118. Further, at unl oadi ng position
UP and | oadi ng position LP and in the novenent path between them al
t he encoder ds;;do f.a QY I 9 Y.

25 3951 and 3000 e st SHEE PUEHT ch SEm ALl 2GRS 18 e T e
position UP, JpacidgnRasd L dePoaRthdies BBY BRBMY Paidphetiveen .t hem,
the irradiation points of neasurenent beans of all the encoder heads
and t he Z heaflsvarzehkadat ©é out Siide I Hemizalléstha?Sespectivbanibelang
in exposure apparatus 100 of the enbodinment, a sequence is enpl oyed,

in which the FedaackhBhtshethanst 62hcaes ddderdnaise iR tpee2Chcdher
t i di at.ed t i nt , f ; 1 i d

period of 3| MECH] AARESS P BELPRETharTa Lt r o BRI cREctte 2

permi ssi bl e vigl ieke HPG4aSy @fté%do&":' %&acgp@ié@ﬂm%egsd,,@iis;mtafa%fheafcdsensor

wi t hdrawi ng watfer stage WST to a "waitlng position enpl oyed.
Accordi ngly, twai hies casd 1shrere waheadstage MO Redsckapbe stopimtly
for a predeterm ned period of tine or nore, unloading position UP 10
and | oadi ng pbsi¢nmlode@.are suitable positions serving as the waiting
positions. Incidentally, in sone cases, sone of X heads_ 661 to 664

face(s) a par';)I of e 1FeFPBREFHEDT CRatEFT WSSO M@ 1ERpB&hr 829 nfdC 131
Che” meacdbrenr Y, G Bhe OREAUE S VEM Tl Rl 3 cR AR BibelY 4ds

the wafer Wspfacene x posfidis tR8chodl RY ol SafOMR! §L el MRS €rheads
stage WST is noved and a fornmer process of baseline check of primary

al i gnment sy séBnmaAd kivieny Weiacls 4 dubaalambedu el raspsor onent ipl et
30 is detected wWith primary aJ%gnnent systemALl, is perforned. 20
Bef ore and afiwkts REAf%er REF, prekd dderefersetiqmgxpneber Yuginghexposure

i gi f th d d the i f t [
per for ed.  <nS HRECLIRT At LY T SPREREAN it 111L LgURITd O DIY RrkRSt
erformed. =8¢ R . .
25 Syst omand A he Zheaat v ¥ R we ST a1 i ek ST P gReent ©

marks of a pladaldd Bouh Saimlog, shalicH eassonivef eb Yhareastelgctatkads
usi ng alignment systenms AL1 and AL21 to AL24 is executed, and in

paral | el w thé% rendila4gnnent neasurenent, focus mapping (neasurenent
of surface position (Z position
As shown in FIG. 7, Z heads 72a to 72d, 743 to 745, and
76, 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 2 head from among Z heads
72a to 72d, 741 to T4s, and 763 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



30 information of wafer Wwi th the measurenment val ues of Z heads 72a
to 72d serving as references) is perforned using the nultipoint AF
system (90a, 90b). Then, during novenent of wafer stage WST in the +Y
direction for the alignnent 5 neasurenent and the focus napping, a

| atter process of the baseline check of primary alignment AL1, in
which a pair of alignnment marks on reticg® R are neasured in a
slit-scan nethod using aerial inmage neasuring instrunments 45A and
45B, is perforned when neasurenent plate 30 reaches_a position 10
directly undebhpy) direohiopt dih 59%ReGh bp. the XY phpner Wdr genfigered

al i gnment Weafﬁéflggir}_&r%g%e%% 798US, PR N, ALS Jf&nghau.%‘%b 0 765, and

Then, when theé a measur enent and th cCus’ mappi n

conpl eted, bageghon pasiddang /i BEERBLLANGOF &ACI LS shot area on
t he wafer that has been obtained fromthe result of the alignnment

measur enent and t heel@t dsshbased imeirofconifé gakaghormt sy sbamrod system
plurality of shot areas on wafer Ware exposed in a step-and-scan
met hod, ard paf EEPesuse aprarahviscl @0 ar Eisapetereledysbapiifgcppéigured

exposure operatjon, sed on 20 i.nforpati on obtained hy the focus
DG, 1 Do O T Ge B B UL S Br S G5bP R of ARhprocompRteE (or
Incidental ly, .t ]g%%' i h i Z £S-o3Nd £ SY}, £1

di rections du'—:rliwgcgrt e%lx%{gs&frhgtti Ee%%%tg@%lﬁﬁalse%&oﬁotﬁhe nea%uer:%nleﬁ
val ues of Z hgaslsraiusand 76, whereas the position of the wafer in the
Ox direction 25 is controll ed based on the nmeasurenent values of Y

interferoneter 16. In the ¢xwislerd abpprabaseti tgensaizediomarit hefring the

secondary alignnent systens AL21 to AL24 is perforned at an,
appropri at% t PRI S ESaReSTEL Pefe@RTE ng- He MASHESE HELRE s

FD 31 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 Internatiocnal Publication
No. 2007/097379.

15 More specifically, when wafer stage WST is located at
unlcading position UP shown in FIG. 8, wafer W is unloaded,
and when wafer stage WST moves to loading position LP shown
in FIG. 9, a new wafer W is loaded on wafer table WTB. In 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 2 heads do not face any of 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.



bar 46w thinthe fields of the respective secondary alignnment systens,
using the four secondary alignnent systens AL21 to AL24 in a state
where ez rotation of FD bar 46 (wafer stage WST) is adjusted, based
on the measurement val ues of encoders 5 70E2 and 70F2 descri bed
earlier, in a simlar nethod to the nethod disclosed in the panphl et
of International Publication No. 2007/097879. A series of
processes using wafer stage WST is perfornmed as is descri bed above,

but in sonme cases, sityation arises 10 where a seri es .of oGCesses
Usi ng waf er ot age WSEAC I Epth S7PP5ULE SRATFEE AP LAF &% PAgE RSt
has to be nmad N , S (an_ 4 dl f

& SR dd 8 AANAN, SR SANCAE b eblibfibnt [ ROBE che

exchange, anewh¥ed&¥ Hsad¥landeRhel FORBagO £ /inYal-0ReH atBAt £d5a | Same
for exanple, inline connected to exposure apparatus 100, main

control |l er 20pcamt nake wabée S¢mge piBleseapiand parioditofl gddkengr more
position LP which is one of the waiting positions described earljer.
Meanwhi | e, i n{t he- EASERMEIE FECDRT ORRS HECBESERY 2t RE TGS 110 awBd Bte )

stage WST wait_for a_short riod of time when fer s e WST is
Toeated at a FEHIAT GRCa0Ey> 1ib M CREZ g DECLEr A UYL FaRago Narer
position LP i ke, I zopt T 20 5 RI hexsi i
wher e neasur Zélng% @gqggng 8far gﬁ']a{i ﬁgﬂﬁe%ﬁési o] Or?héeeﬁéé%i(};eyfeédndaéﬁéey%ﬁ?%% S
continue to beniiiadaalectthkde 2ba feSFTRGRONSTI ABOf ©AMR SEa3bpenfor a
waf er stage WST from arising, by continuing to nove wafer stage WST
in a predet erpiedeitezmiged prrihfisotdsiaie o nheee uslcediegr byswaien itf
position ot her than unl oadi hg position UP and | oadi ng position LP,

t hen mai i %on®?do8A128 R e MRS SEfL’éﬁﬁlv\S’Pstl&l%Hé $Rafge as the

waiting 32 posiilon dnsteadsof fONANNING |O ML UaLeL. st a0e Gk «

In this case, é consi f 'emssSion o .
nmeasur enent beasss faqmebhes heads (@ rahggﬁgggﬂe&h@ryérti@%ezyhsadﬁaf@r W

stopped, that is, these heads are turne
before exposure, but thls 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 ALLl, in which fiducial mark FM of measurement plate
30 is detectedwith primary alignment system ALLl, 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 sampleﬁshot areas on wafer
W are detected using alignment systems ALl and ALZ2y to ALZ,

is executed, and in parallel with the alignment measurement,

focus mapping (measurement of surface position (Z position)



5 but if the heads are turned OFF, then a long period of tine is
required until the em ssion state of the neasurenent beans is
stabilized after the heads are turned ON again, therefore this is not
preferable. In view of such a point, in the enbodi nent, the 10

irradi ati on ambunt of the measurement beans to each scale is
controlled by continuing to nove wafer ss@age WST or w t hdrawi ng waf er
stage WST to the waiting position as is descri bed above, thereby

eat of the. mEBCHFRAGHT Boatarend et ﬁr&%%‘?"%%es@%”% HEE I Gt
heads and the éhﬁé‘dﬁzcﬁ%‘é 389 Lbe. duakey sorbefrrf%rﬂn]%ﬁcﬂé%gggthén

case of conti nui ng to nove V\B. stage mal n “contr can

move wafer stage: WIidonorlysthn GO0A] NYOHE. MVERBNHLBULG AhSPemihts P
novenent. In this specification, the wording "continuing to nove" is

20 used as a wafeeptage Wil Ag $heh+¥téprmmrerﬁoxa$h\aebﬂ.lgnment For
exanple, main controller 20 drives wafer stage WST back and forth
within a predetdFHeRant ange the FfﬁélP%aTﬂ@EPWraat\k@—tﬁééd%o%??l‘Pi‘%the

G, 10. h d
ange (back: aRTETEH T TSVETERt D58 % NGB ARa Ehe Tt FUrG SpBSLE oFF

vaf er stage 5l s, éd’@ﬁaEF@ o'nr:.‘@& te' R 13 rH L g ]{JD% SRS, thog

beans is restral hed to a | evel |ch the ther stress capa

di storting thesbtqlesrig ﬁ&tag@cmuauhaize@,mgtmﬁa%a whtth46be is
generati on anmount and the diffusion amount of heat generated 33
acconpanyi ng péwefermestivitromegsurheentaslaeneil dseahes Rnppdéhian|y,
the case s il]ustrated as an exaggle in FIG 10 where a direction in

whi ch vafd SEHEREVST IS PPOR CORERNAPEE BT (PHE A E LK. axi &
direction, but the %‘te%%lrgg 'Epe‘é"“éf{‘grﬁne"}@é %e&%h%%%e abé QﬂéYP@cus

back and forth canAbe ar rari

control | er 20n&sehcl i \@,@fn%rlngteége WST back and forth al ong a 2| gzag
path within a predeternmined range as indicated by a two-headed
outlined arrow i n Bh@&n,l¥hehOthe eatgmiiente mezcuretnane waflethst BogmsAST
with a stop position serving as the center within a predeterm ned
range as i ndiBRRENDFEGE Ieltﬁéd baseshpn EOFIL'(—}OIl@l igfogmatper Péreach
go- aroungL drive of wafer ge WST _wi t

T cat od by SR PSR GF UG PRACFI Rt 8RR GPETAPH A PO B
of the alignment measurement and the latest baseline of the
alignment system, a pilurality 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 is performed. Incidentally, the position
of the wafer in the Z axis and 8y 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 0x direction

25 1is controlled based on the measurement values of ¥
interferometer 16.

Incidentally, baseline measurement of secondary
alignment systems AL2; to AL24 is performed at an appropriate

timing by simultaneously measuring reference marks M on FD



15 can conbi ne these drive nethods. In these cases as well, main
controller 20 sets the drive range and the driving speed of wafer
stage WST so that the irradiati on anount of the neasurenent beans is
restrained to a level at which the thermal stress capabl e of
distorting the scales is not accumul ated, 20 in accordance with the
generation anmount and the diffusion amoudt of heat generated
acconpanyi ng the irradiation of the neasurenent beans. The point is

that as far a5t DealyeaRgt caols dbSha N ING o6al sl 80 ganent

uni gnor abl e |éevel i & no accumnu Ve range; dri

and driving speeterds, Qfs MRf @heStaER é’&%r&%&ybglﬂjﬁhéﬁ@ré&%e?@ AL21 to

Incidentally, a conf | guration can al so be enployed w th which

operator can zgt, tihe adct¥eel diges 6F ird€aRabh, oAMED darviasy sra@@ﬁl @&age
waf er stage WST descri bed above. Incidentally, the nethod of

cont i nui ng toW%»ew\aﬁ@ust% Segge %thﬁsmqwrrm V@lu@%tqfaenccﬁt#@rs

irradiati t of asu,rerrent eanms o0 a 03|
soar o andt niver arg 7ok SEAGHERIERL DR 1R\ 8 SR RS Rt bl 0 o,

during idli “%8%@&;89%%85 Ray @ﬁé‘% ?r%ﬂlé?roéxﬁéé’fﬁa@féﬁﬂdPéb?i%ée%i&

and waf er stage IS Wt ramn e waiting position descri
previously dugdénpdde/dsiing for a long period of time. Further, in

t he exanples shown in FIGS. 10 to 13, sone heads face the upper
surface of wafer tabberVds C(ﬁ/\B-f@G:eSNECH usheg perfieghetrage WET daf pe bEsimies
t he encoder heads and the Z 10 heads that face the correspondi ng

scal es descri %%dlsa%@érlﬂ’ﬁ@r@?%‘f% by h%l%fﬁ“ec Sééﬁﬁera Sireekdgnorises
controlll irradiation urement . maj, n cog%&oller 20

can st op]1 Fr a8HAts oh o‘?rjtar?e #§§§8?8Fr§ﬁ? %%Jal?r% "far & 9Re that do
not face the copsespond) ngpeakes okg Q@fé@%%a%@cﬁsé%ﬁwb‘énﬁﬂ&e to

beans be intermttently irradi ated. , main controller 20 can
decrease the h@tﬂmsatstaﬁdldwe;tmasmaﬁnmle beenie )of fuchkoheadssaod.

make t he neasurenent beans be irradi ated.
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 is 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 from unloading 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



By avoiding the thernmal deformation of the scales 20 according to the
met hod above, neasurenent accuracy of encoder system 150 (and surface
position measuring system 180) can be secured. As is described
in detail above, in exposure apparatus 100 of the enbodi nment, encoder
heads 64 to 68 and Z heads 72, 25 74 and 76 are installed to neasure
the position of wafer stage WST. The neasurenent beans emtted from
these heads are irradiated to scales 39X1, 39X2, 39Y1 and 39Y2

arranged on the upper surface of wafer stage WST. Therefore,
bydri vi ngwaf ePORt R VP it ts CRGELORIVE 5 StUiR FRECTarAGe WST.

troll 20 35 j : ik =
beams erm tted from eniousr et e s G5t BopSLaERgs BaY LRlRon
onto scal es 39XlunSReae3VRErANGAAN2e - FQT CIRXAEIR, odUEhBOchBEALH it

of exposure apparatus 100, as is described above, 5 main controller

20 conti nues tloe Moheavdal s stiaped)\STthadrisy tthesanwseads exrestageed\BIFE,0
an area with which the neasurenent beans are not irradiated to scal es
39X1, 39X2 3Jova ighdheohpadsharenyurnasd $ffg EBARI U Peragfapf oninet

th t b t 39X1, 39X2, 39Y d 39Y2.
her arar o S 70 el s B T hE e i Aar Bhot Oy Blf A3 b Bens gpms

and the stress; (LhefiMBl; 5t £ £5S) ﬁégfi@daz_%’ thbBebBea a%%g.ﬁf?{’&herefo e

distortion of the scales due to thernmal expansion and t e can be
suppressed. Agend diglor pgriefeeednes possible to maintain the high
posi ti on neasurenent precision of encoder 15 heads 64 to 68 (and Z
heads 72, 74 and 761 visd oécarehtdepainive igcdircacypbofiinaher shage

WST. Incidentally, in the enbodinent, in order to %%%gst t he |
i rradiati’®h abotAiHEEAhEemRBRE R tE% MBREMESTSH A dCATEdT? hy feale 1is

encoder heads. (N 1161 £,18309) 1 05 WS SRRk £2a- TELNQYRAA0. Lotn A1 1Y

as follows can I ¢ontroller

determ ne they{fdy BUELSPRGH:8Nthd REiLIKE JoB ikR8NGANE LIS iTREEMBRe,
or the longest stay tinme and/or the step distance in the step

novenent of wiierelst pgev¥biing dastbheibnt @efotrpnaot ot he frelas wreatestdue
beans of the 25.enCOQerlheads so that the thermal stress, the
def or mati on quadtirediggigndredtof bhg nFasrensas| beams @nchses peement

doscrl begeabore, 4o Dl exesed,LhS el on Phe Yolus, s miisr ol
waf er stage VSEQQ&JJ%BH ffyﬂ %@cﬁ??ihateqﬁik:s%ngg continuing to move
wafer stage WST, main controller 20 can move wafer stage WST
not only by continucus movement bui 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 a predetexmined range as indicated by
é two-headed outlined arrow in FIG. 10. In this case, main
controller 20 sets the drive range (back-and-forth movement
25 distance} 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, in accordance with the

generation amount and the diffusion amount of heat generated



36 consideration. b. Further, main controller 20 can start the
above-descri bed sequence (such as stage novenent and withdrawal to
the waiting position) with a tinme managenent 5 by a tinmer. O, in the
case where main controller 20 knows the tinme in advance in an
exposure sequence, the above-described sequence can be automatically
started without performng the tinme nanaggnent, or the

above- descri bed sequence can only be started in the case where error
occurs. 10 c. Further,,iniﬁgg,enbodi nt, Ln_order to %%i i% t he
irradi ati on aAoTPHIY e JEFEAEALBRaRE RS BFAYE Pg PRES -

encoder headss (ad. 111 £ heads)..LQ 108 156akese g, | 1 NSk 0Lyt

nmeasur enment beans ca ‘decrease € neasur enent are cut

of f with met hpgls,rdih aa8ir&btiedn’ GRichelOMr b2agk Woeses oRtkedShLan
be executed in conmbination with at | east one of the methods in the

above "a" andaiid'forth is e Xraxbs dbirrdat lioaducet tthe ditecisidy iofwhieh
measur enment beans, for exanple, the light source of the encoder can
be controld ed?dfen Stafs #STdéhsiriven ek eaf Ferimsan &8 prPikheaDHlY
light-transmitting system c2. Further, in order to cut off the
measur ement b&ans, a shutter can be pl aced near an emtting section

of the |ight-”ansrﬂlttté'ﬁ?ﬁtg%%mxﬁir{ BSn%?%%ePbO"‘@Jr?&ﬁ%é f\égs’%%éb

be noved to a predeterm ned poSition at a cover (eaves

cover the scat®r imdknahaliadth khohda aytes wAasewithen pr pdediet 8imutkd
position can be set at a position with which at |east one neasurenent
beam i s irradfznel asoinfiecaed by Furidréreadelicotbligredisssonoin Fafe 1

cover the entire surface of the scal e _but the cover nay onI¥ cut, of f
t he nmeaslenetit cayydrive and rotate wafer stage WST with’a stop position

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 methods. In these cases as well, main
controller 20 sets the drive range and the driving speed of
wafer stage WST so that the irradiation amcunt of the
measurement beams i1s restrained to a level at which the thermal
stress capable of distorting the scales 1s not accumulated,

20 in 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



beam of the head that faces the scale. I ncidentally, in the
enbodi nent above, as the neasurenent beans that can distort the

scal es, the neasurenent beans emtted fromthe encoder heads and the
Z heads have been 5 mainly considered. However, the neasurenent beans
of alignnment systens Al41 and AL21 to AL24 and the nultipoint AF
system (90a, 90b) can also distort the sééles sinmlarly. Therefore,
in the enbodi nent above, it is preferable that main controller

20
al so adjusts Lr isat | 0 Q&ﬁ ! t
t he scal es an§@§%%ﬁ$§?%% Fﬁg ﬂlsto%Pi%%éo qhégggg?ggégueq%bggﬁgﬁt &
stress generatgd Hyaéiecdaa! beE® itor adkahé Ofo S0 15 1910 aMelch0d, | And
"a", "b" or "c" ("cl" and "c2") described above can be applied to

such a case athae¢ford nth denteaddfprabhet heatendoch remtetdbovés nmaed only
controller 15 20 is to wthdraw wafer stage WST to the maitin%h .
position at tHBrERY otdbRrdaf wEPOisES( ABRBEREYS t1Gfe)fodueh sBeriheer Fod

f i . . -HO , . h b | tine, h
ns et ror | dbouPFGARE ens fa e s 1 8ikke Rt 850 PA Eing RFELCLS
(such as at thestiiBedARLRAS 8kl oRy thal -®q§agn9&r%@ 1936 Wekebd of

stage WST is perforned,” or the period When such an operationis
perfornmed) , theew tFhdiaeal, Of uievenembled shaker istres . WBi tan3besome
per f or med. I ncidentally, the configurations of the respective
measur ement devadestair rhgs upheresievtiese fsweledesalpldll fwaserh@ or
enbodi mrent above are, nerely exanpl es, and the present invention is

not |inited thBP R RGOS C6areeS Wf LUicaMiTe PepAst frd che 2
enbodi menty abgygas the, Pasldd %eoco\éfggggrggégxgg SBhdd a%%%rgggg foove.

X-axis and Y-axis directions 1S to each

encoder syst efhebPdo#dl Ly diQly kBLeRded a3Retbded id¥nkk-B1iagd the
encoder heads can be heads that can neasure the position in one of

t he X-axis anilrjadkatsiah pEcthensesmtetketposarts omain ¢dret26lddars20 can
direction. Further, the arrangenents of the encoder heads and the 5 Z
heads descri b&8CR A 1R€1aB6EHI M fhedmppunanendhpgne S roanshe heads that
arrangenent s gf t he e%géggge not lim,ted thereto. Furthe

enbodi ment  abBYe ot Ee 5P ML Do T Ry it ROBRBHER
system 15G “xﬁ@af&é}g@r{t heady) KNG nSULhACEROR) AL JTBARY | N8 SYREHEM
180 (the Z heads) , but stage
contreoller 20 can decrease the intensity of the measurement
beams of such heads and make the measurement beams be
lrradiated.
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 detail 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 39%;, 39X,, 39Y; and 3%8Y; arranged on the

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

stage WST using stage drive system 124, main controller 20



10 device 50 can be equi pped with either one of them

Further, for exanple, in the enbodi nent above, the case has been
exenplified 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 and3% heads are pl aced external
to the wafer stage, is enployed, but this is not intended to be
limting, and_as is_discl.osed.in, for example, .U S. _Patent

Appl i cat] on PURTIEAR IOIF NG 2500616329408 aret (HE 08 &HC8HEPS
syst em havi nge2; 2 £ P Wrdblu@R (BERE! §ATLLTep TEILHM L0 5, &4 abl £
head net hod, for the sake of convenience) , in \ﬁm ch the encoder
heads are arrangedcoBcibes iRl simgezandasa FBY,L0 B eappnd, tdutirgy
heads, the grating sections (e.g. two-dinensional gratings or

one- di nensi onfhe giddtingge$ ezt Appaadeupllddedagsbis described above,
two- di nensi onal | y) are placed external to the wafer stage, can be

enpl oyed. 2 n T & oklse 20n88BE1REPS L IBE Aafergeda8R VRE vdf er
t dth i i i .
et Pection out AR R TR LR e LR AR R 2R PR e Bt

irradiated. Bfhms are nbHMiP8Iq1 R0 tbNstfBe a3, 0T 3@0M! 9yvNANS9Y,,
encoder system by the table head nethod, the encoder heads can be

heads that cathaemsgsurardikidngosbht bnuotis anerafi dthienXofixthe andaMawatent
directions and the position in the Z-axis direction. 5 Further, also
in the case dfeaplaingcrhesenBbuoer %yst T :bandha®Yabl Ehasafonet oW

t he enbodi nment_ above .and.its mdified exanpl es including, the

1 adi at 16n G AT e ORGE BRveR £0-The qreatpe LB paiHged sapa che
descri bed preyiousl y 50 Led. | e e

enpl oyi ng theéldencode(r syg{%gmggggtbﬁg %%H%%%%d ﬁd aé:th%e%}%%g, al’? {aOJ\'?vaf er
stage can be siopped & of PRSkts Dés Wukhcovihebmal d:@asisieneatieadefaoes
the grating section (a ceiling scale) external to the wafer stage,
and in such eczass Suppressepl e, Acsuotiiaglysi tlitohecendet rosh el o

that the neasurenment beam fromthe head on the wafer stage in a
standby 15 st@e@iain thgdhhglPad tdoPareadrrehent SU9H§1o8aPE rFoder

(DL NS ST e O Eeelieat 1 oyl R Sed S ne

t he wafer~stage 1's Wi rang

sequence. Furghefe iRt o2f whbercetddgrpcale is an area used in
t he exposure sequence and'therefore it Ts preferable 20 that such a

position is apart fimemdeheaused iar €he atboalithestante ondkh vhisdhubbeche
thermal stress and the deformation do not affect the used area.
irradiation amount of the measurement beams irradiated from
the encoder heads (and the Z heads) to the scales, methods
20 Ma” 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 encoder heads so that the thermal stress, the deformation
quantity (and distortion) of the scales and the like described
above do not exceed the permissible wvalues. As a matter of

course, it is also possible that main controller 20 simply

moves wafer stage WST without taking the intensity into



Further, in the enbodi mrent above, the case has been described where
the present invention is applied to a dry-type 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 al so be
applied to an exposure apparatus in which a liquid i mrersion space

including an optical path of an illumna8éon light is formed between
a 40 projection optical systemand a plate and the plate is exposed
with the iIIuninggééngéiéHn via the projection optical system and

liquid in the Tiquid T riersi on space, as is disclosed in, for

exanpl e, the panphliel @irthdher Rath0BGht FYPLd L3l QNG a2+ 98h49504,
Eur opean Patent Application publication No. 1 420 298, the panphl et

of | nternati oalabvéedsd s aibaan MNemed004/(800803s Hokad nlcdapanesend
Unexam ned Patent Application Publication) No. 2004-289126 (the

corr espondi ngwikSlrdmlerito Ndie §agd52ng59ysapbnhevitik@. thne nsaaptrent
in the case ere 10 the exposure apparatus of the enbodiqpnt bove
isaliqud i S TexpB8ur Bt (CREGs Y IERE DRk CUEGd Le2n2knows

s a_ dif“expBSur ¥ dpfarath | !
ol cani ng of noag B, ERRnE Tl AR ek e TR v

the case has RE&¥e-lie H0SIHIDEEWRELchA S PL RSt il AR 4 -t APPhd B

to a scanni ng exposure apparatus by a step-and-scan nethod or the
| i ke, but thisetrSoroing ithendecet mabegementj noy @ dideerepiesentbed
invention can also be applied to a static exposure apparatus such as
a stepper. EvEPIWRRFL (OFE SREPRT SGRILRE in Kde CRESsihgierror occurs.

10 ¢. Further, in the embodiment, in order to adjust the
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 off 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
controlled or a neutral density filter can be inserted in the

20 light-transmitting system.

c2. Purther, in order to cut off the measurement beams,
a shutter can be placed near an emitting section of the
light-transmitting system or the head, oxr 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



20 effects can be obtained because the position of a stage on which
an object that is subject to exposure is nmounted can be neasured
using an encoder in a simlar manner to the manner in the enbodi nent
above. Further, the present invention can also be applied to a
reducti on projection exposure apparatus 25 by a step-and-stitch

met hod that synthesizes a shot area and 37 shot area, an exposure
apparatus by a proximty nethod, a mrror proj ection aligner; or the
| i ke. Moreovey he. pr.esent. i nventi.on can al so .be applied to a

Tl T - stage (IR cXbotlr &b AT S ERt: PRe A a plural ity of

waf er stages, as IsIncﬁhe@Ltt%@hgse;qn'ahefaﬁb@asmlteabyvé- Batemd No.
6,590, 634, U.S. Patent No. 5,969,441, the U’'S. Patent No. 6,208, 407,
and the |ike. médguseametil Beahs thatidir 81 sigerd Yhe sexpes| rchanpasad eterty
equi pped with two wafer stages, there are an exposure station where
exposure of abewreenistpdrimmmble antclercheaderndtthe 4t heordsvheve been

alignnent of a fer or the like is perforned, and the enbodi nent

above and 3 tgm ¥ i< s %%‘ﬁe 'a_ﬁ'ﬁiel B§2PHTEREL B XD & _
station and Cgficgrgneﬁ-l?glyg%)éaaﬂﬂ 'a‘?‘g:})}!.?ﬂ'l nd %ﬁzfﬁ?&’%ﬁ%g@hﬁiﬁ%ﬁ@g =

well. In this ¢a i ment oveé and its nodi exa

can be appli eglys€aen dda,suoh)aRa8XROSY &iSPA AreS shaled similarly.
configuration 1 n which position neasurenment by the encoder system
(ei ther of theh¢ypdedf, fhehendddediemntabbyee prittireprabeeabkad haktrkecich
can be 15 enployed) is perforned in the nmeasurenent station, or a

confi gur at i onCPH-EM ST 20e 33681 BRoRSHeashR diirdiadiper poPHRE ®F Btafst

devi ces an the encoder,system . This is because in the_ latter case,
on 1§ gndh ISRTETRRT PRETAR SEPeRTaTes Bractee HHR T d P BORF e
above and it sofmdid ised1£%38RL CFo Atfe 22 BLECELLY LB TRAHCRCE. Dorhe
taken for irradiation of the neasurenent beans fromthese systens.
Further, the preseindtiovaditoitinethsd iberapptbedrtarantexpasdrea2”)
apparatus that is equipped with a neasurenent stage including

measur ement nesperidogde apovae thdubbabppdidd Endiueh 25casseasovelbr the

like), which is separate fromthe wafer stage, )
Incidentally, in the embodirent 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 errox occuxrence, but also during the normal exposure
seqguence (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 encoeder system described in

25 the embodiment above are merely examples, and the present
invention is 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



as is disclosed in, for exanple, the panphlet of International
Publ i cati on 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 42 system
on the measurenent stage, it is preferable to performvarious
controls that include the irradiation adgsistment simlar to the
enbodi nent above and its nodified exanples. Further, the

magni fication of the projection optical 5 s%sten1in t he exposure

appar atus in Fpedsdditidsr apeveRs SHadednPpadsr efudte SrasystBat i
al so can be ejther an, equal..magnifyin stem ot _a ni f.yi t
and proj ecti JICOPICANSEIMCPLLT ShAGE BT § &207 GBCTT CEySLoRe i
al so can be ejtherna LAQRH QnSYBkeALRL 8 gatadiQpfric system and
10 in addition, the projected 1 nage can be either an inverted inmage
or an upright i mgeEudtieeqVvehe dhaanddmanicBadf aheacracdnd Hdwisexpastie
area described earlier are to have a rectangul ar shape, but the shape
is not |irfted harslsedescanedann aitwo apbodimentarbeire ane gperpleal ,and
paral | el ogram or the 15 |i ke. ci.dent al | Iiggbgsource of

, .th
t he exposure E%%a%%ﬁ%ﬁS?W?ﬂFﬁbognﬁBﬁihgﬁésdﬁﬁ%é“%élhﬁﬁtﬁ m-EEESES: t he
Ar F i | . | | | ]
- excimer ﬁ%%&}ezbmlrfa t@ulté %ﬁgﬁéﬁﬁéﬁn%%%fo al%ee W1 @S 6tf§':to be
d:

. 5
exci mer | aser ut put wavel eng aser (outpu

wavel engt h: 5HY swidh AnZobasekysoskhPuso WaMe! endidiier12688k) Oind

Kr2 | aser (output wavel ength: 146nm, or an extra-high pressure
mer cury surface position measuring system 180 (the Z heads), but stage

10 device 50 can be eguipped with either one of them.
Further, for example, in the embod;ment 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 (hereinafier, 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 sections 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 Z heads are irradiated.



| anp that generates an em ssion line such as a g-line (wavel engt h:
436nm) or an i-line (wavel ength: 365nn) can al so be used. Further, a
har noni ¢ wave generating 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. 7,023,610, a harnonic wave, which is
obtai ned by anplifying a single-wavel enggt | aser beamin the infrared
or visible range emtted by a DFB sem conductor |aser or fiber |aser

with a 43 fiber anplifier doped with, for _exanple, erbium (or both
erbi um and ytteri biHHENSEP P EBiEr §3 37O KEPRVEREAdEERRAPT SYsten

ul traviolet Ijght usi onl i r, optical Gr

used, as vaculﬂg\quqet rgggglalé aﬂ“geﬁ?‘ SdSFtﬂ?% %gif“' ?%%%%edse%%gﬁé rr%%ta lagb%l\ll%fj
i11um nation Lighteddu @ € B6RQIMNE 1APBALALHS NS Gxild Blhbed-beishe
i ght having a wavel ength nore than or equal to 100nm and it is
needl ess to sayrédisiondenrdd ghtle havingoa wavehemrdxilsesd rishanoh00nm
can be used. For exanple, in recent years, in order to expose a 10
pattern | dss than duridssl, 35T OnRhearr R NVE Rl PFHRY Uher engasiast $ystem

exposure apparatus that kes a OR .or | as | aser as a light_.

Sonrce. genorave tie hL¢ MRt Menheds are seb Sy iy ebote R A natrbiied
range fromb5 " use . J.af | ectilk i t&cal
syst em desi gnéé}garﬂﬁldée%ﬁ Jtrhcgﬁ%ﬂgxgggu#%%\%vare eorl'rllgg Plﬁ ?gtggéi%%% Bgndga'
the reflectiveymask dragrbeerndevel opadsctibéderENofXPPSERG®e applied.
apparatus, the arrangenent in which scanning exposure Is perforned by

synchr onousl| yFescimnr ngira thes kaaadof amgfleryingi hhjeasendodar @ysden by the
illum nation can be considered, and therefore, the present 20

i nvent i or&ant@pked hsaddigthashythppated trRuEAn & TQRRIA 8T HBAFRE LT
|0 2dl 1 on, 1B PPR el NSl 80,080,352 0F ARPIUSA.0G :pupgSiLe
O ok ey Bl Dl TOCOLIE L S g8, e erhah i
pr edet er m nedfbi gtasblice] durth patbelnibarisa Pdasanipaid &onthat the
measurement beam from the head on the wafer stage in a standby
15 state is irradiated to a part of the ceiling scale tc which
the measurement beam from the head is not irradiated even if
the wafer stage ismoved 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 above, 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



or alight attenuation pattern) is forned, is used. Instead of this
reticle, however, as is disclosed in, for exanple, U S. Patent No.

6, 778,257, an electron mask (which is also 44 called a variable
shaped nmask, an active nask or an image generator, and includes, for
exanple, a DVD (Digital Mcromrror Device) that is a type of a
non-em ssion type image di splay device (aspatial |ight nodul ator) or
the like) on 5 which a light-transmtting pattern, a reflection

pattern, or an epmissjon pattern is forned accordi to el ectronic
data of the pTRLFTCiFAPBELCRD WSTETALA RIAlePhy e Rlats 18 exposed

Further, the present 1gmnﬂ%°@r%%ap%§¢é Qril%etﬁﬁgzlr:oﬁgctcgofélfbéngcg%%ﬁué}?stem

apparatus (a ography sys forng ne-'an e

patterns on aan@fi8lguifioin et QuidYirhring spd&d f axensifscilinges o,
a wafer. Mor eover, the present invention can also be applied to
an exposure afpparatampldattheypthebilzesof winiretriadionpdt Pebhscabien No.
wafer via a projection optical system and al nost 15 sinultaneously

perforns doub?®’ £3GbuFrereanePatont dmpd igatine mapkicapiano. 17420
[ : i s_di d in, _f I U.S. ., Patent

coan! 00 S PoSH =y PlnL oSuELERS ek AR SHETBASL TR ElE Mo,

object is notshdm t X ; Lt.ho

systen) desc r2| [%)Oeli(? dege?rjq q%r ,%Z{r? 3 18 gfﬁﬂég%%% @%ﬂ%%&;?g rlgtl:e B? n%%ﬁ??%an@%ann

al so be appl i Bgb1oca @ppabat 2s04zd 9108 NEha petiEsPorlin Uk epdtdit
an ink-jet method. Incidentally, an object on which a pattern
shoul d be forted §,@P261358¢t asdbjlexr flike . exXPus exampdewhir thencaneryhere

beam
10 the exposure apparatus of the embodiment above is a liquid

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 above, the case has been
15 described where the present invention is applied to a scanning
exposure 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 objecit 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 prc;jection 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 mulil-stage type exposure

apparatus equipped with a plurality of wafer stages, as is



25 is irradiated) in the enbodi nrent above is not Iimted to a wafer,
but can be other objects such as a glass plate, a ceram c substrate,
a filmnmenber, or a mask bl ank. The use of the exposure
apparatus is not limted to the exposure apparatus used for
manuf act uri ng sem conductor 45 devices, but the present invention
can be widely applied also to, for exanphe, an exposure apparatus for
manuf acturing liquid crystal display devices which transfers a liquid

crystal display device pattern onto_a sauare-shaped gl ass 5 Elate
and to an expBLBFLOSFHatat JOI 6FARRAGE abt Bir | PRF g din-c oEPSO, 834, TU.S.

thin-fil mmagnegt ] ds- LPROI vi ces (such .a CIgB ,
m cronachi nes,ﬁgjbfc\ﬁ«@c |'pg’grg§t %1291 iq%ee. BF%H%%?P‘,HE ﬁg‘pr’ezs%%ﬂqq?dvgﬁfii %1?18
can al so be applied to an exposure apparatus that transfers a circuit
pattern onto a gl ass substrate, a silicon 10 wafer or the |ike not

only when produci ngron Grxeh@\Lie¢ eSnSHCHw &s- Seqga-anguc eapodavecaespabatus
al so when producing a reticle or a mask used in an exposure apparatus
such as ad i ghgutnped wishadpparates, stAEUVTERPO A a8 (RIMoRUrS, Shation
X-ray exposure gggaratus, ag& an el _ectron begn1ex osure apgaratus.

151 nci dent al | YRt RSERRF IS Po¥AEES Of PRESVEIS DR D apIeestrshent

t he panphl ets r I PubLicati J.
Application Pﬁg%?%gff%ﬁéﬁﬁggééﬁﬁ |%ﬁ%?gaﬁ%%%%gﬁifggqgggiﬁ%tgér%g%ﬁgg’
descriptions ihattie efddBthant bbevdessal pté Aodiong axdmpekat 88ntve
exposure apparatuses and the 20 |i ke are each incorporated herein by
r ef erence. applidd dot tha @ stiehias swiricaanide ctior l@eniycasp hied

manuf actured through the follow ng steps: a step where the
f unct i on/}¥er f BF nEieE NXREBILFTHC FLaEFPReaf Wkl f ofRedlia S2epr v e a

reticle based _on the design step i.s_manyfactured:; 25 step where. a
hafer bs PRt Y PR on BT AT Ao SRRy Soeptet
where a patteLfeQf stAfd g iekb® shif e di R usath PRI M MaE $6n Wil dhidie
exposure apparatus (the pattern formati on apparatus) of the

“enbodi ment desesitbish eakbuesnet BoVviEnopAEBH 8lBR tehe (€l tHa: eRpbeetype

vt er I'S of the embodiment above or the table head method can be

15 employed) is performed in the measurement staticon, 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 is 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 is disclosed in, for example, the pamphlet of International
Publication No. 2005/074014 {the corresponding U.S. Patent
Application publication No. 2007/0127006) and the 1ike. Also

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



46 devel oped; an etching step where an exposed nmenber of an area
other than the area where resist remains is renoved by etching;, a
resist renoving step where the resist that is no | onger necessary
when the etching is conpleted is renoved; a device 5 assenbly step
(including a dicing process, a bonding process, and a packagi ng
process); an inspection step; and the |ik2. In this case, in the

| it hography step, the exposure nethod described earlier is executed

[ th t f_th di t .ab [
paterns are. T35 9 Bh CPRSSH BT ARATEnel eriar X CREGTY® 1t 657 AT Ey
devices can_bg, pROYL aci e Mt £hiigh BREAEGL T 34 L 1 JNRYSTRY Akt ment
APPLI CABI LI TY The novabl e body drive nethod and the novabl e ”body

drive 15 appasahibapftd heplep®RdimeAYCaAbO R @id iSiH hldli€ikar edamyl ey,
anovabl e body. Further, the exposure nethod and the exposure
appar atus of the priasdiiten,ndet hognafécationmbife ther prorechgon pptieah

on an object by irradiating the object with an eneZ%é{beanl Furt her,
the patterh f3¥HERT oM FEehEHPIRGTE RPRSRARA Y 1D R (FRRIGHR5paPaT st S

of 'the pr esert{ nyon Loncar g b (Al e 06, { QUING.A PELEEH D0 a1

obj ect. Further evice manufacturing me odgb e presen
invention is gubdablend WydmrUbachufkBai &) o8y GRS p¥ehedtion
sem conductor devices or liquid crystal display devices. 47 dains
1. A novabl e dwoical isystest Bhd sohotrenliyng &iomvait eyisody, vibuthiaisa can
predeterm ned plane, the nethod conprising: _ a process of
driving the MYl Body Bdepdrds aYpbsH| oL obt @ Fiek P rAfasft e, sand

position of the ble b usin osition neasuri.ng systemthat
Ponpr i sodts K AII iy SReaPe EoRe IR AL B SHETRE AT uhveEted
measur enent b t d n fa i i 51 ;

t he novabl e body %n gﬁpgégégﬁglﬁg(yghe&ﬁgegggg'dggéﬁl%n lgﬁggﬁga. e
bei ng instal | g8a othd hexpydiate efrekhacBbrabbe &odyiandrdehecexheenal of

t he novabl e body; and
rectangulaxr shape, but the shape is not limited thereto, and
can also be circular arc, trapezoidal, parallelogram or the
15 like.

Incidentally, the 1light source of the exposure apparatus
in the embodiment above isnot 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; laser
{(output wavelength: 146nm), 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 alsc 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



a process of adjusting an irradiation amount of the neasurenent beam
onto the neasurenent surface so that an accunul ated anount of heat on
t he measurenent surface does not exceed a predeterm ned | evel.

2. The novabl e body drive nmethod according to claim1, wherein

in the process of adjusting, the irradiati on anount of the

measur enent beam onto the nmeasurenent sugjace is adjusted by driving
t he novabl e body. 3. The novabl e body drive nethod according
to claim?2

) ' . i h f ad
rovable body LONET ATBYL F5°BEOREIA i T Rk Ee P EF MR igigEs Tt
4. Th bl
. ine o g, et s O SECOEELON L0 VTS BT e

with which an,arpiito Rt t hghARASWCARRh1BeaRY i d=s abserded ca»s atm:
nmeasur ement surface does not exceed a constant anount.

novabl e body ok i wssdpetdwdraaumar dlhgatbordai Maght wherein the const ant
anount i s set based on at | east one of a thermal stress and a 48

def or mati on quant i tRaTkherhelpishgprerrsimes aheve ¢ ﬁ&tlua#%a*g%@rerlégéa IL

due to th t beam b ah
body dri ve ﬁ?ﬁ%&eﬁgepaﬁﬁg TP 1o iterdnyited 3 eaC 145K Tpasfing

ErSE et pobahitingkhen Tyt bachchs, W Moy 4y 21 sk
the nmeasurenepd sy £AEE.the light having a wavelength less than 100nm can
be used. For example, in recent years, in order to expose a
10 pattern less than or equal to 70mm, an EUV (Extreme
Ultravioclet) exposui‘e apparatus that makes an SOR or a plasma
laser as a light source generate an EUV light in a soft X-ray
range (e.g. a wavelength range from 5 to 15 nm), and uses a
total reflection reduction optical system designed under the
15 exposure wavelength {e.g. 13.5nm} and the reflective mask has
been developed. 1In the EUV exposure apparatus, the
arrangement in which scanning exposure is performed by
synchronously scanning a mask znd a wafer using a circular
arc illumination can be considered, and therefore, the present
20 invention can 2lso be suitably applied to such an exposure
apparatus. In addition, the present invention can also 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
or a light attenuation pattern) is formed, ié 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



7. The novabl e body drive nmethod according to claim1, wherein

in the process of adjusting, the neasurenent beamis intermttently
irradiated froma head that faces the neasurenent surface. 8. The
novabl e body drive nmethod according to claim1, wherein

in the process of adjusting, the neasurenent beam whose intensity is
decreased is irradiated froma head that4faces the neasurenent
surface. 9. An exposure nmethod of formng a pattern on a

di vided area on_an object, by irradiating the object with an energz
beam the netfeHdnpridiiaple shaped maSky pp RESTHMAFH Prnglalmage

bl D03 gt eLos e S Y 31 AblE IS O

nmet hod accor df ng m a pa ‘Un % he di ar ea.

10. A patter ny{ or &R+ BBYDEE) @hatWdThRG R PARLRIHL A s8RoA B imdde
met hod conpri sing: a process of driving a novabl e body

t hat hol ds t heisbl£gtddwiassi(ag spheigbvabge: mainidtiore wet hhd like) on
according to claiml, to forma pattern on the object. | 11.
The patterh forhelicohigbthbrpgtbrdinggradterai m reflopeien patRern, or

object has a sensitive layer, and the pattern is forned.b ,
Pr g at ng e SEHT AT PR aet ROEHOb B Gy DistincD S18trose gata

devi ce manuf agk ug) 0G, MBINQD . 1 GRMRL $hNHe exposed can also be used.

Further, the present invention can also be applied to

an exposure apparatus (a lithography system) that forms
10 1line-and-space patterns on a wafer, for example, by forming
interference fringes on a wafer.

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

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

Further, an apparatus that forms a pattern on an object

is not limited to the exposure apparatus (the lithography

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

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



49 a process of formng a pattern on an object by using
the pattern formati on nethod according to claim10; and a process of
appl yi ng processing to the object on which the pattern has been

f or med. 13. The exposure nmethod according to claim1, wherein
in the process of adjusting, a light-shielding nenber is placed in an
optical path of the measurenent beam 1445 The exposure mnet hod
according to claiml1, wherein in the process of

adj usting, the npvable body is noved to predet erm n 03| t
Whi ch a overSeBl@ee Pt Haie DS TP BRIV SR PRCEAR 69, wﬁ%%xp é&p Qa?'-ﬁ@

exposur e et Nod RSO0 Shablpda-haLeln A PICAlLLY -0 étm%

heads are prOV|H erm ne os|

posi tion at whigeld he-yRasULEEBAL b&@mééé)m@cﬂ eﬁ%s@e@s% ib@uld
plurality of the heads is |rrad|a¥ed on the measurenment surface. 16.

The exposure eepdtod. aticpladiyngetracel phttddy odter @ sgaapkushbpey @ladde
heads are provided, and the cover shields the neasurenent
beam onl y & o Bl#ieadasf thanmupaguneyappatiihiadsnaniaqtagdagrgrganic

nmeasur enment surface
, thin-filmmagnetic heads, imaging devices (such as CCDs},

micromachines, DNA chips or the like. Further, the present
invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate, a silicon

10 wafer or the like not only when producing microdevices such
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 Publications,
and the U.S. Patent Application Publications descriptions,
and the U.S. Patents descriptions that are cited in the
description above and related to exposure apparatuses and the

20 1like 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



17. An exposure nethod of exposing an object with an energy beam the
met hod conpri sing: driving a novabl e body that can nove
within a predeterm ned plane while holding the object based on
positional information of the novabl e body, the positional

i nformation being neasured by using a position neasuring systemt hat
has a neasurenent surface installed on o4& of the novable body and an
external thereof, and a head installed on the other; and

bl ocki ng a ph si ¢ antlt t hat i ncludes at | east f_a thernal
ot s g DB ERa A L HBE SR b pERRI R T BEpBEE D4 Ao AT
exceeding a pSﬁHbﬁ%b%h%H@&H@a due rba-ddil s%dféaa&{g of ﬁe?n%v%ﬁ%égéﬁgi?fﬁg,

beam by adjusting an irradiation anount of the nmeasurenent am onto
t he measur emeat rest §aceamckB.ngl ke cpxphave et et hosh Acatiad Ag he TbAaysr

17, wherein t he neasurenent surface is substantially
paral | el to thecesesey etwinnble ;ﬂmn@nds heenal afidfd Lgcrémpveaytag gegvice
19. The exposure net hod accordi to claim1l7, wherein for, the

bl ocki ng, % he2RdTAD}E ShERY G0 Wna\ﬂlﬂgrﬁlﬁ E?Féc%?%d@t}%qqﬁlﬁ@dpﬁ‘l’%?r%s
20. The exposygg JTeLhod AGEOEMhDELL 0, Al AR MOSTSI, ang cne 11£ET

t he bl ocki ng, asu 3UrT ace 9's Mma

irradiation pphninhof dde ”&%S%h@”ﬁ@%h@&ﬁ@&h@lstéBNEﬂﬁép%§56§u98tﬁE%hod
according to claim 17, wher ei n for the bl ocki ng, a

| i ght -shi el di dilgscmaiidmi axrlileacéd Breauteptucalg pateh expokhee apparatus
measur ement beam or intensity of the nmeasurement beamis decreased.
22. The expos®f &hfeebadiment @bryet ne (CavAcePatifring gre formed on the

10 wafer, and therefore, highly-integrated devices can be

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
amovable body. Further, the exposure method and the exposure
apparatus of the present invention are suitable for forming
a pattern on an ocbject 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.



the blocking is perfornmed during at | east one of the tinme of
abnormality in an exposure sequence of the object and a period when

t he novabl e body is not used. 23. Thé&7 exposure nethod according to
claim17, further conpri sing: measuri ng positiona
information of the object with another neasurenment device that is
separate fromthe position neasuring system and bl ocki ng
the physical quantity from exceeding a perm ssible value due to
irradiation of a beam of the nmeasurenent device. 51 24. A
devi ce manufacturing method, conprising: exposing an object by using
t he exposure nethod according to Btgin1l7; and devel opi ng the object
t hat has been exposed. 25. The ex Snet hod according to claim 18,
wherein for the bl ocking, the novable body is noved to a
predeterm ned position at which a cover to cover the diffraction
grating is installed. 26. The exposure nethod according to claim 25,

wherein a phural tyswabld heaheasse ah&hod ot deRing@Rd movable body whEBin a
predeterm ned position is a position at which tthe measurenent beam

fro"‘ﬁ&dagﬂﬁﬁwgﬁﬁPﬁghéQ%ﬂﬁﬁﬁéﬁkh&*'Of the heads is irradiated on the

diffi=action gr xpoghre met hod according to claim 25,

wher ei n a process of driving the movable body based on a result obtained by measuring

a position of the movable body using a position measuring system that comprises 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; and
a process of adjusting an irradiation amount of the measurement beam onto the
measurement surface so that an accumulated amount of heat on the measurement surface does
not exceed a predetermined level.
2. The movable body drive method according to claim 1, wherein
in the process of adjusting, the irradiation amount of the measurement beam
onto the measurement surface is adjusted by driving the movable body.
3.  The movable body drive method according to claim 2, wherein
in the process of adjusting, the movable body continues to be moved within a
predetermined range.
4.,  The movable body drive method according to claim 2, wherein
in the process of adjusting, the movable body is driven at a speed with which
an amount of the measurement beam that is absorbed by the measurement surface does not
exceed a constant amount.
5. The movable body drive method according to claim 4, wherein

the constant amount is set based on at least one of a thermal siress and a



a plurality of the heads are provided, and t he cover
shiel ds the nmeasurenent beamonly to a head of the plurality of the
heads that faces the diffraction gra#dng. 28. The exposure nethod
according to claim?25, wherein the cover covers a part of the

diffraction grating. 29. A novabl e body drive apparatus that
drives a novable body within a predeterm ned plane, the apparatus
conpri si ng: a position neasuring systemthat neasures a

position of the novable body by using a head that irradiates a
measurenent surface with a measurenment beam the neasurenent surface
bei ng deftaadl i f &l §H€ment
rmvab1dlg oc{#,n?glrl]%ﬂltt}ﬁgﬁhhga%édggeﬂ}g%}{?ﬁg%g%ﬁ% aﬁgetrﬁghtotﬂer{&gtlfhet eg et
novabl external of the novable body; a drive device

t hat &%?Iggjg%ﬁﬂagg%%%‘gbl e body within the predeterm ned plane 52 based

on a neasurenent.resul f .the positi,on neasuri ysten and
an ad] uetmeft - e e eRisPogaiAfYE Beled AectiPEdp SHTRTUATERY t he
nmeasur enent beam onto the asurenment surfac 0.that ,an accunul at e
anount of heat &h HhBIGENS raé%%ﬁ‘flgns@fef%‘&‘éabg“ogg‘f%ﬁtw drawg tg an arca WI&I‘
predetermned level. 30. The novabl e body drive apparatus accordi ng
to cl afhisipen impdipdem peiné oAdhe JesrseMERl beas db heqatadequiside i aaapiement
novabl e body within a predeterm ned range. 31. The novabl e body
dri ve sajfgrgr at us according to claim29, wherein t he
adj ust mrent device drives the novable body at a speed with which an
amount of tRAe ndhsmerbletbolpdnve mathod sicabyding e daby 11 Weeremasur enent
surface does not exceed a constant anount.

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 claim 1, wherein
in the process of adjusting, the measurement beam whose intensity is
decreased is irradiated from a head that faces the measurement surface.
9. An exposure method of forming a pattern on a divided area on an object by
irradiating the object with an energy beam, the method comprising:
a process of driving a movable body that holds the object by using the movable
body drive method according to claim 1, to form a pattern on the divided area.
10. 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 according to claim 1, to form a pattern on the object.
11.  The pattern formation method according to claim 10, wherein
the object has a sensitive layer, and
the pattern is formed by irradiating the sensitive layer with an energy beam.

12. A device manufacturing method, comprising:



32. The novabl e body drive apparatus according to claim31, wherein

t he constant anount is set based on at |east one of a thermal stress
and a deformation quantity at the ned%urenent surface that are
generated due to the neasurenent beam bei ng absorbed. 33. The
novabl e body drive apparatus according to claim29, wherein the

adj ust rent device withdraws the novable body to an area with which an
irradiation point of the neasurenent beamis | ocated outside the
measur enent surface. 34. The novabl e body drive apparatus according
to claim?29, wherein on the measurenment surface, a

di ffraction grat, A - per iodl i ' ' ' j ;
parallel to a f%r@?c%gidgn@mnﬂn%ng ? ﬁgér%rdgldéfgy%epn%%%gﬁgﬁgé ?’g&‘fxg?fr?eng?tlon
and .t i {4.Qn, measuring systemincl udes an encoder
systeﬁ???ﬂﬂaqﬁgggﬁggéﬂggkg*g??ve position in the direction parallel to
the first axis of_the asurenment surface and the hea hat

fradi ates the RCHSAEASY TR RS HPERS THoo et BER e Biifam hagbeen
35. The nopvabl e body drive apparatus according to claim34, wherein
on t hdo¥dsurenent surface, another diffraction grating having a
periodic direction in a direction parallel to a second axis that is
ort hogonal 1% tAdierrpesurampibodpedar¢ing freclpimeevisreiined pl ane is
further formed, and t he encoder system fiwt her nmeasures a
rel ative positi @nthenprosesscifrasigustiog, plight-she¢lding ménaberels giaked in smaiptichle
measur enent surface and the head. 36. The novabl e body drive

appar atathofdocoedurgndnd bedmai m 29, wherein t he position
measuri ng systemincludes a surface position nmeasuring systemthat
measures a posi tThevxpdsutdretiedactoedingto duitf Roehdréina di recti on
orthogonal to the predeterm ne plane, at an irradiation point of the

nmeasur enent beam the procesknsf Atk etadyvabld ¥edyPRPRLER So aCstedetiériEnddo
claim 29, wherein the position nmeasuring systemincludes a mark

det echhfHors ¥SH1EEh b Raterds L& ShemBRNfent hiBicERARMERGENT surface by
usi ng t he head.
15. The exposure method according to claim 14, wherein
a plurality of the heads are provided, and
the predetermined position 1s a position at which the measurement beam from
at least one of the plurality of the heads is irradiated on the measurement surface.
16. The exposure method according to claim 14, wherein
a plurality of the heads are provided, and
the cover shields the measurement beam only to a head of the plurality of the
heads that faces the measurement surface.
17. 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 the object based on positional information of the movable body, the positional

information being measured by using a position measuring system that has a measurement

surface installed on one of the movable body and an external thereof, and a head installed on



38. An exposure apparatus that forns a pattern on a divided area on
an object by irradiating the object with an energy beam the
appar at us conpri si ng: t hgonovabl e body drive apparatus
according to claim?29 that drives a novable body that holds the
object within a predeterm ned plane, to forma pattern on the divided
ar ea. 39. A pattern formation apparatus that fornms a pattern
on an object, the apparatus conprising: a novable body that can nove
whil e holding the object; a pattern generating device that fornms a
pattern on the object; and t he novabl e body drive
appar%éu according to claim?29 that drives the novable body within a
pr edet ?%*ﬁean | ane. 40. The pattern fornatlon appar atus according to

cl ai m 39, vvhere 54t | ect ha siti.ve | ayer, .and
Cha S e o o A AT arasihe D riacha e @rlﬁaswmry o &, (eHpaL sretsand a
sensitive | ayer W|th an energy beam An exposure apparat us

t hat Egfsnationquatityat thg; mwsawn@ﬁww%ér&m e%%édla{éﬁéi%%l ovals duip

a novabl e body that can nove within a predeterm ned plane, while
hol di mgadigféonod the measurement beam by adjusting an irradiation amount of the measurement

beam onto the measurement surface.
18. The exposure method according to claim 17, wherein
the measurement surface is substantially parallel to the predetermined plane
and has a diffraction grating.
19. The exposure method according to claim 17, wherein
for the blocking, the movable body is driven within the predetermined plane.
20. The exposure method according to claim 17, wherein
fo#‘ the blocking, the measurement surface is made to be out of an irradiation
point of the measurement beam.
21. The exposure method according to claim 17, wherein
for the blocking, a light-shielding member is placed in an optical path of the
measurement beam, or intensity of the measurement beam is decreased.
22.  The exposure method according to claim 17, wherein
the blocking is performed during at least one of the time of abnormality in an
exposure sequence of the object and a period when the movable body is not used.
23. The exposure method according to claim 17, further comprising:
measuring positional information of the object with another measurement
device that is separate from the position measuring system; and
blocking the physical quantity from exceeding a permissible value due to

irradiation of a beam of the measurement device.



a position nmeasuring systemthat has a head and neasures positional
information of the novabl e body by irradiating a neasurenent surface
with a neasurenent beam fromthe headiand receiving a reflected |ight
of the measurenent beam the neasurenent surface being installed on
one of the novabl e body and an external of the novable body, and a
head being installed on the other of the novable body and the
external of the novabl e body; a drive systemthat drives
t he novabl e body based on the positional information; and

a controller that blocks a physical quantity that includes at |east

one of a thgpmaly $ '%aﬂ%ﬁ@gg‘%téoﬁﬁﬁ%@“ ty at the neasurenent

surface fromexceeding a perm e va e to irradiation of the
nmeasur ement beam by.adj usting. an iryadiation unt af the,. ]
measur ement  boaM BTN THEIRE LY SR g fietiod dcordingsd Bieim 17; and
exposur e apparatus .accor.di aim4l, wherein t he
measur enent  sur OSEEORES 9@&@?@%&@?&}’6&%%(}5@(? to the predeternined

pl ane and has a diffractionﬂgratingu . 43. The exposure

appar at us aéeor diAg exRPsETeaNsthod accpiingiorlaipy 1§ fdesidcki ng, t he

control ler drives the novable body within the 55 predeterm ned plane
via the drive syenmblocking, thihmorslipeddy iappacdios predaserdiing pesiteinaptm
41, wherein for the blocking, the controller makes the
meas uméinere cover foamyebihe duffractionografing mdistlledn poi nt of the measur enent
beam 45. The exposure apparatus according to claim4l, wherein

for the bl o2ki nGheekposannhethbd eccopdiag esclaind 25 mhesdin el di ng menber in
an optical path of the neasurenment beam or decreases intensity of

t he measur enent a@anlity of the heads are provided, and

the predetermined position is a position at which the measurement beam from
at least one of the plurality of the heads is irradiated on the diffraction grating.

27. The exposure method according to claim 25, wherein

a plurality of the heads are provided, and

the cover shields the measurement beam only to a head of the plurality of the
heads that faces the diffraction grating.

28.  The exposure method according to claim 25, wherein

the cover covers a part of the diffraction grating.

29. A movable body drive apparatus that drives a movable body within a
predetermined plane, the apparatus comprising:

a position measuring system that measures a position of 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;

a drive device that drives the movable body within the predetermined plane



46. The exposure apparatus according to claim41l, wherein

the controller perforns the bl ocking during at | east one of the tine
of abnormality in an exposure sequené2 of the object and a period
when the novabl e body is not used. 47. The exposure appar at us
according to claim4l, further conprising: another neasurenent device
that nmeasures positional information of the object and is separate

fromthe position neasuring system wherein t he
controller blocks the physical quantity from exceedi ng a perm ssible
value due to irradiation of a beam of the nmeasurenent device. 48. A

ot CEu TR AL TR OB Wy SRR OB ot by Ui
obj ect that has agea%ﬂlsgﬁgnqscﬁegice that adjusts an irradiation amount of the measurement
beam onto the measurement surface so that an accumulated amount of heat on the
measurement surface does not exceed a predetermined level.
30. The movable body drive apparatus according to claim 29, wherein
the adjustment device continues to move the movable body within a
predetermined range.
31. The movable body drive apparatus according to claim 29, wherein
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.
32. The movable body drive apparatus according to claim 31, wherein
the constant amount is set based on at least one of a thermal stress and a
deformation quantity at the measurement surface that are generated due to the measurement
beam being absorbed.
33. The movable body drive apparatus according to claim 29, wherein
the adjustment device withdraws the movable body to an area with which an
irradiation point of the measurement beam 1s located outside the measurement surface.
34. The movable body drive apparatus according to claim 29, wherein
on the measurement surface, a diffraction grating having a periodic direction in
a direction parallel to a first axis within the predetermined plane is formed, and
the position measuring system includes an encoder system that measures a
relative position in the direction parallel to the first axis of the measurement surface and the

head that irradiates the measurement surface with the measurement beam.
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35. The movable body drive apparatus according to claim 34, wherein
on the measurement surface, another diffraction grating having a periodic
direction in a direction parallel to a second axis that is orthogonal to the first axis within the
predetermined plane is further formed, and
the encoder system further measures a relative position in the direction parallel
to the second axis of the measurement surface and the head.
36. The movable body drive apparatus according to claim 29, wherein
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.
37. The movable body drive apparatus according to claim 29, wherein
the position measuring system includes a mark detecting system that detects a
mark on the measurement surface by using the head.
38. 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 according to claim 29 that drives a movable
body that holds the object within a predetermined plane, to form a pattern on the divided area.
39. 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 object; and
the movable body drive apparatus according to claim 29 that drives the
movable body within a predetermined plane.

40. The pattern formation apparatus according to claim 39, wherein
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the object has a sensitive layer, and

the pattern generating device forms the pattern by irradiating the sensitive
layer with an energy beam.

4]. 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
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 movable body and an external of the
movable body, and a head being installed on the other of the movable body and the external of
the movable body;

a drive system that drives the movable body based on the positional
information; and

a controller that blocks a physical quantity that includes at least one of a
thermal stress and a deformation quantity at the measurement surface from exceeding a
permissible value due to ifrradiation of the measurement beam by adjusting an irradiation
amount of the measurement beam onto the measurement surface.

42. The exposure apparatus according to claim 41, wherein

the measurement surface is substantially parallel to the predetermined plane
and has a diffraction grating.

43. The exposure apparatus according to claim 41, wherein

for the blocking, the controller drives the movable body within the
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predetermined plane via the drive system.
44, The exposure apparatus according to claim 41, wherein
for the blocking, the controller makes the measurement surface be out of an
irradiation point of the measurement beam.
45. The exposure apparatus according to claim 41, wherein
for the blocking, the controller places a light-shielding member in an optical
path of the measurement beam, or decreases intensity of the measurement beam.
46. The exposure apparatus according to claim 41, wherein
the controller performs the blocking during at least one of the time of |
abnormality in an exposure sequence of the object and a period when the movable body is not
used.
47. The exposure apparatus according to claim 41, further comprising:
another measurement device that measures positional information of the object
and is separate from the position measuring system; wherein
the controller blocks the physical quantity from exceeding a permissible value
due to irradiation of a beam of the measurement device.
48. A device manufacturing method, comprising:
exposing an object by using the exposure apparatus according to claim 41; and

developing the object that has been exposed.



