1 DESCRI PTI ON MOVABLE BCDY DRI VE SYSTEM AND MOVABLE BCODY DRI VE

METHOD, PATTERN FORMATI ON APPARATUS AND METHOD, 5 EXPOSURE APPARATUS
AND METHOD, DEVI CE MANUFACTURI NG METHOD, AND DECI SI ON- MAKI NG METHOD
TECHNI CAL FI ELD The present invention relates to novabl e body drive
10 systenms and novabl e body drive methodsl pattern formation
apparatuses and net hods, exposure apparatuses and net hods, device
manuf act uri ng net hods, and decisiongﬂgééggﬁﬁE% ds, and nore
particularly to a novable body driv and 'a novabl e body drive
nmet hod that drive a novable body along a 15 predeterm ned plane, a
pattern formati on apparatus equi pped with the novabl e body drive
system and a pAOVARLE OBODY ODRIRIEOSYEIEN ARD MOTABLIOBODY | NRIVE
nmet hod, an exposure apparatus equi pped with the novabl e body drive
system and an MEFHEODe PATEFERN FORMETIOWIAPPARNTUSI WNDEMETHODR,
devi ce 20 manufacturing nethod using the pattern formati on nethod,

and a decbpsi FXBEURE nAPERARATUSHAND METHOD o DEVIGEBMANUFHXCTURING
measur enent val ues of an encoder systemthat nmeasures position

i nformation of a novatMETHERE /i PPEE T QNIRRT NE: MBRHOD

deci ded. 25 BACKGROUND ART
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TECHENICAL FIELD

The present invention relates to movable body drive
systems and movable body drive methods, .pattern formation
apparatuses and methods, exposure apparatuses and methods,
device manufacturing methods, and decision-making methods,
and more particularly to a movable body drive system and a
movable body drive method that drive a movable body along a
predetermined plane, a pattern formation apparatus eguipped
with the movable body drive system and a pattern formation
method using the movable body drive method, an exposure
apparatus egquipped with the movable body drive system and an
exposure method using the movable body drive method, a device
manufacturing method using the pattern formation method, and
a decision-making method in which correction information of
measurementvaluesofzﬂlencodersystemthatnmasuresposition
information of a movable body in a predetermined direction

1s decided.

BACKGROUND ART
Conventionally, 1n a lithography process in the
manufacturing of microdevices (electron devices) such as

semiconductor devices and liguid crystal display devices,



Conventionally, in a lithography process in the manufacturing of

m crodevi ces (el ectron devices) such as sem conductor devices and
liquid crystal display devices, 2 exposure apparatuses such as a
reducti on projection exposure apparatus by a step-and-repeat nethod
(a so-called stepper) and a reduction pro%ection exposur e apparat us
by a step-and-scan nethod (a so-called scanning stepper (which is 5

?lypsjgscg:‘ ! ngge%%asrm )arpgjf[’a%art‘?}s%tg \éﬁljé i& eaq'fgauﬁf%g?legr%%?%tioﬁ I)%}lﬂ(}?sﬁﬁe

sure appa uses, I h order to trans ern

reticle (or rEé?@réﬁhéi W akkby 20H-3Rpk a2 RB8HEA 2 W) Ekal Pedvft&Ipper)
stage that hol'ds the wafler is driven in XY two-di nensional directions

by, for exanplrel aa 10rédn€dionvt profecthenl i kepoknrpar kippdhrartus nHyhe a
case of the scanning stepper, not only the wafer stage but also a
reticl e stagestiep-thridrescdyy metlhotedr sotozl bed tdmvmnnikey shegpscalmhhgh is
direction in a predeterm ned stroke. Generally, position neasurenent

of the reficlalsa gl vd thesqpiieer stage Felabl prly of eaientihy wSedser

i nterferoneter whose neasurenent values have stabilit&sfor a long

period and whi ch hd® FHi%fh FEReT uPfoRXPOSUre PRREVEIFISESY e 18 QiFfTe O
iti t,rol f h ired. d i ft

o cope wi th HAHr 2 FRGGEL Cin Sof SSamEoqdBclars! hhce renemtiyty of

the short-ter Jﬂlggégg'o%naoﬁa¥gf W§QE¥%5¥H§¥%§@aE%%% ﬁgﬁagdtﬂg.%%ﬁer is

variation in the tenperature of the atnosphere on the beam opfi

path of the Iasefer ntrersberamt emdias hoen aoeoutd g ¥ @t Adfple, a
share of the overlay budget. 25Meanwhil e, as an apparatus ot her than

t he | asew0i ntlefermomeier be baecuitdel orimpesidticulmgsuheirst cQedof the
stage, an encoder can be cited, but because the encoder uses scal es
and t he scal exdracngretlegmiesal nbongrleroheswalbelri syadellmtt eldoi dtregficle
scale pitch, fixed position drift, thermal expansion,
stage 1s driven by a linear motor or the like in a scanning
direction in a predetermined stroke. Generally, position
measurement of the reticle stage or the wafer stage 1is
15 performed using & laser interferometer whose measurement
values have stability for a long period and which has a high
resclution.
However, more accurate position contrel performance has
been required due to finer patterns to cope with higher
20 integration of semiconductors, and recently the short-term
fluctuation of the measurement values caused by variation in
the temperature of the atmosphere on the beam optical path
of the laser interferometer has been accounting for a large
share of the overlay budget.
25 Meanwhile, as an apparatus other than the laser
interferometer to be used for position measurement of a stage,
an encoder can be cited, but because the encoder uses scales

and the scales lack mechanical long-term stability (due to

drift of scale pitch, fixed position drift, thermal expansion,



3 and the like), and therefore, the encoder suffers fromthe

di sadvant ages of lacking the linearity of the neasurenent val ues and
being inferior in the long-termstability, conpared with the | aser
interferoneter. 5In view of the disadvantages of the |aser
interferoneter and the encoder as describéd above, various types of
apparatuses that neasure the position of a stage using both a | aser

nierferonet e, and g RSl L] o SohsaliAn senser Lensaderd. Ik, YaAs dne

diffraction grating have Ueen propose

and 2, and thﬁéa{c&?ar)ta es of FUALRELg éhEhQHQ.Qa%J.Q‘?a%W %’E%ntmeasurement

resolutlon of a conventlonal encoder was inferior fo that of an

i nterferomet efaldrentilne s odeesibavimenthe Mpasieneabil €89 Wdnpared
equal or superior to the laser interferonmeters have cone out (e.g.

refer 15 to Raitwnttia tltsen htendfddmemdtide), and the techni que of
conbining the laser interferoneter and the encoder has been gathering
attentiond However Irfoieexdiphe disadvusnteass chdhendader irgaf@mrduster
positi on neasurenent of a wafer stage within a novenent 20 plane in
an exposure appar &fs, SBFEASRhedS t %Rﬁﬁ9ﬁ4n1%9°W§rstﬁaélﬁHsmhFﬁPﬁ%i of
soale (9120 S ALADISL | 5 ooy o usLng. O Spooder. hea A o
direction Otﬁ§r15§%9‘ié%éf%éf&%é%&&b%nd a position detection sensor
(encoder) that uses a diffraction grating have been proposed
10 (refer to Patent Citaticons 1 and 2, and the like.)}
Further, although a measurement resolution of =&
conventional encoder was inferior to that of an interferometer,
recently encoders having the measurement resolution equal or
superior to the laser interferometers have come out (e.g. refer
15 to Patent Citation 3 and the like), and the technique of
combining the laser interferometer and the encoder has been
gathering attention.
However, for example, in the case the encoder is used
for position measurement of a wafer stage within a movement
20 plane in an exposure apparatus, even when the position of a
stage on which a scale (grating) is arranged is measured using
one encoder head, if the relative motion between the head and
the scale occurs in a direction other than a direction to be
measured {(measurement direction), the wvariation in the
25 measurement value {count) is detected and a measurement error
occurs in most cases. In addition, in the case the enccder
is actually applied to a wafer stage of an exposure apparatus,

because a plurality of encoder heads need to be used for one

scale, there is also the inconvenience that an error occurs



measured (nmeasurenment direction), the variation in the 25 neasurenent
value (count) is detected and a neasurenent error occurs in nost
cases. In addition, in the case the encoder is actually applied to a
waf er stage of an exposure apparatus, because a plurality of -encoder
heads need to be used for one scale, ther® is also the inconvenience
that an error occurs 4 in a count value of the encoder due to, for

exanpl e, the ;dj 1 eé&ﬁ:ﬁ@ LB gradl '%[hle( td ] do - L% O%i c Er%é%%ngtle

bet ween t he encoder eads, and ent

1: Kokai (Janﬁrfef%réﬂﬂfé@ﬁl%ﬁ&df@ﬁ@”@tﬁ%@'tl@@tdpﬁﬂdﬂlbbk&%‘}'}Qélﬁwé@n the
2002- 151405 Pat ent tation 2: Kokai (Japanese Unexam ned

Pat ent Appli catdiePaddat i) e 12004- 101362 Pat ent
Citation 3: Kokai (Japanese Unexam ned Patent Application
Publicati on) No. 20@3<3®8%92atlon 1: Kokai (Japanese Unexamined Patent
5 Application Publication) No. 2002-151405
Patent Citation 2: Kokai (Japanese Unexamined Patent
Lpplication Publication) No. 2004-101362
Patent Citation 3: Kokai (Japanese Unexamined Patent
Application Publication) No. 2005-3085%92
10
DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
The inventor and the like performed various simulations
in order to know effects of the relative displacement of a
15 head and a scale in a non-measurement direction on the encoder
measurement values when measuring the position of a stage of
the exposure apparatus by a reflective-type optical encoder.
As the result of the simulations, it has been discovered that
the count values of the encoder have sensitivity to the
20 attitude change of the stage in a pitching direction and a
vawing direction, and in addition, the count values also depend
on the positional change in a direction orthogonal to a
movement plane of the stage.
The present invention has been made based on the results
25 of the above-described simulations performed by the inventor
and the 1ike, and according to a first aspect of the present
invention, there is provided & movable body drive system that
drives a movable body substantially along a predetermined

plane, the system comprising: an encoder that has a head that



DI SCLOSURE OF | NVENTI ON MEANS FOR SOLVI NG THE PROBLEMS The

i nventor and the |ike perforned various sinulations in order to know
effects of the relative displacenent of a 15 head and a scale in a
non- measur enment direction on the encoder neasurenent val ues when
measuring the position of a stage of the %xposure apparatus by a
reflective-type optical encoder. As the result of the sinulations, it

has been di 5%%%@%%&%%{&% 14@hies, of sEQ?e%Pﬂ% ahﬁ%:}]%g whose

sensitivity to I tude change of the stage in ap

direction anghed RWAE:iHel@GlUrORs andrélef8ehihof, dfRecEotp M S to
al so depend on the positional change in a direction orthogonal to a

movenent pl antheobpridie tetrageedlbe apeeaadt reéd¥ents 0 oSl dewedd maidght from

based on the results 25 of the above-described sinul ations perfornmed

by the inventtdre @odlehe ahidkmeaandeacposdt hgnt tnfofmasiomspedtheomaviadle

present invention, there is provided a novabl e body drive systemthat

drives a hovalsidy Badiheupsedeiteaniged|bigd rrodanst /i aedvpl daieice Rhat

system compri Sl g, BReSRSMST LA, 1as,& Nead thali2d direction, based
on a measurement value of the encoder, and correction
information in accordance with position information of the
movable bedy in a direction different from the predetermined

10 direction at the time of the measurement.

With this system, the drive device drives the movable
body in a predetermined direction {(measurement direction),
based on a measurement value of the encoder that measures
position information of the movable body in the predetermined

15 direction and based on correction information in accordance
with position information of the movable body in a direction
(non-measurement direction) different from the predetermined
direction at the time of the measurement. That is, the movable
body is driven in a predétermined direction based on the

20 measurement value of the encoder whose measurement error
caused by the relative displacement of the head and the scale
in the non-measurement direction has been corrected by the
correction information. Accordingly, the movable body can be
driven 1in a predetermined direction with high accuracy,

25 without being affected by the relative motion between the head
and the scale in directions other than a direction to be
measured {measurement direction).

According to a second aspect of the present inventicn,

there is provided a pattern formation apparatus, comprising:



irradiates a detection light to a scale having a grating whose
periodic direction is a predeterm ned direction parallel to the
predeterm ned plane and receives a reflected light fromthe scal e,
and nmeasures position information of the novable 5 body in the
predeterm ned direction; and a drive devi 8e that drives the novabl e
body in the predeterm ned direction, based on a nmeasurenent val ue of

the encoder, ARLEMNTLUILN dDhAIEBE iaﬁ.{]rdé 'te‘?:gtﬁqgsfj?r?g%ﬂ@& L ROSIHIAN can

i nformation of the novabl e body 1n a ent fromthe
predet er m nedacki: dupeehhenaat ytdiordd BBndferidit: PRAGH! HEIYing the ocbject;
Wth this system the drive device drives the movabl e body 1n a

predet er m nedh giatactrindmg Kesdweerdat denechton)a pasedrom@ the object;
measur enent val ue of the encoder that nmeasures position information

of the novablanddde impwaiel eproexit eXmii e ds VIS edi ragfe tlibon rareb dyds edvvamt ion
correction information in accordance with position information of the
novabl e bedy Ghtta IR i bre (horehtashPekeAPrdPrEEETHN) cdmptdpanton the
fromthe predeternined direction at the tinme of the neasurenent. That
is, the novalft %y‘i s driven in a predetermned direction based on

t he 20 neasur enent L u f er remen reo

caused by the re|a3¥3£‘§P§8|%£§%§%f8%f'?%2%%§§§§§§ gfﬁ§v§8§léeé?5??ﬁf a
non- measur emgple (A echl a8 §85e0eeH, GO1d arhdIRY pbAS ERLLELLi@fiven with
i nformation. "Accordi ngly, the novable body can be driven in a

predet er mi nedhidiyf eetieBcH b tHdmACBUABYdy 2r Wd hout hebhoead et
by the relative notion between the head and the scale in directions

ot her thah a idiveadticon o thetmehswaad: {rreasutemEatmddmeatd hbyh accuracy
According to a second aspect of the present invention, there is

provi ded a patrt evive fadriestti.on apparatus, conprising: 6 a novable body
on which an object is nmounted and which can nove substantially al ong

a novenent plane, REICHHTGChECoBj Ebirdaapaeteraf nipeldtiesenthdmvention,

generates a pattern on the, object,, 6 and the novabl e body driye system
of the preseriSaRert i BT 6. 4TAt 2 dFibes EREOBYAbPEPBAEY "ol okt Pae

formation on t | ect . . Wit h this,. rat us,_the patterning
devi ce gener ﬁate?[-‘gtegﬂpa%cr} érnh 0(%3 eacnt obj elc]iraodnl e nnoo\Lgba]ne ebnoettifyCJ % ﬁoaetanf’s the

driven with high GG acypkY <t . Pyakke Body deivee syslem-Phat Bees the

pr esent

energy beam to the object; and the movable body drive system

of the present invention, wherein driving of the movable body

on which the object is mounted by the movable body drive system

is performed for relative movement of the energy beam and the
20 object.

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

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

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

an object with an energy beam, the apparatus comprising: a



10 invention, so that the pattern can be forned with high accuracy on
t he object. According to a third aspect of the present
invention, there is provided a first exposure apparatus that forns a
pattern on an object by irradiation of an energy beam the 15
apparat us conprising: a patterning device’that irradiates the energy
beamto the object; and the novabl e body drive system of the present

| nventi on, “‘Pf?orv%ﬂleglréé’%gtﬂétt e 1Oy, ?Pé e;fody on Wy fi%@@ ﬁR{;i?%teéo%d

nount ed by t he nmovable i V€ system1s perforned

nmovenent of the LnRergk b%ﬁﬁta“éiré h%r%@lo%@n%qt to each YWokRelhigithin a
apparatus, for the relative novenent of "an energy beam i rradi ated

fromthe pat tfidi@ rdeHe diardid)e bjdEety amd s et driedevallsten
body drive system of the present invention accurately drives the
novabl e body ionwhticthotbeo 2% glhpédng seabuoh ethd Acberndi mgiy,is arranged
pattern can be forned on the object wth high accuracy by scanning
exposure.> on a Aggbparngltohe Maghle doseconofhinb phesantect is held
invention, there is prOV|ded a second exposure apparatus that exposes

an obj ect wi A%t eﬁﬁﬁﬁqnﬁﬁnt@%egﬁﬁbb?%tﬁ@CEéﬁBrF@ﬂnéheaheﬁdnﬂ@éﬁlés
body t hat f t d nd di t t hat

or t hogonal + GRS AV T1F 5 i Smbnb TR n% nchehich
A

obj ect; an e?ﬂ%%%ﬁffre%yﬁégﬁken% - P0E &ﬁ i %%trtﬁ\%%fgtﬂ ‘H&; Ctﬁ least

head unit is arranged on a sur Ace of CtHe rova ody o

object is he'o‘i’lea%cf the atiher ofhd he Pl INF 8GN a3k tah%iﬂ%%d déRiilce

is arranged facing the surface of the novabl e body, and which

measur esiPosithadn dirAkesmMhieonoehbl BepsBy abl €n bodihd bradddteasti e pfane
the first and second directions; and a drive device 10 that drives

t he novabl e adye dridrhimeatshver pregde tierfiimed iglrard base ¢ nowdera syrsemeniand
information of the encoder system and position information of the
nmovabl e body Bosid igirf fzem’éwm@!t:r@@t Pdn theometneblier Hodayndin ha seddmgent

directions. VVth t hi s apparatus,_ the novabl e body can be driven with
direction from the first and the second directions.

With this apparatus, the movable body can be driven with

15 highaccuracy in a measurement direction of the encoder systemn,
without being affected by the displacement of the movable body
in directions other than the measurement direction of the
encoder system, and therefore the object held on the movable
body can be exposed with high accuracy.

20 Accerding to a fifth aspect of the present inventicn,
there is provided a third exposure apparatus that exposes an
object with an energy beam, the apparatus comprising: amovablie
body that car move in at least first and second directions
that are orthogonal to each other within a predetermined plane

25 and can incline with respect to the predetermined plane,
holding the object; an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
body on which the object is held and the other of the grating

section and the head unit is arranged facing the surface of



15 high accuracy in a neasurenent direction of the encoder system
wi t hout being affected by the displacenent of the novable body in
directions other than the neasurenent direction of the encoder
system and therefore the object held on the novabl e body can be
exposed with high accuracy. 20According t8 a fifth aspect of the
present invention, there is provided a third exposure apparatus that

th
rovabl o Eﬂdﬁbﬁzﬂow% BB R a Ry R el AR PR R S ke ah of
that are Ortftqasﬁr}%vmgasgdgt her Wi thin.a pred f%ﬁgn%g Blca%?hé%e%%d
can incline wth respect to predet erm ne aneé 5

obj ect; an eQﬁQﬂﬁitﬁBﬁﬁ‘”Hdd’dM@ﬂigeOH%VQEeatHéét&ng§§cﬁﬁé”h6ﬁgkf% body
head unit is arranged on a surface of the novable body on which t

obj ect is heluitanih t hehot here@btéheigeat i pgagect begeand dnhe n{t%aﬁméﬁelnt
Is arranged facing the surface of 8
5 information of the encoder system and inclination information
of the movable body.

With this apparatus, the movable body can accurately be
driven in a measurement direction of the encoder systemwithout
being affected by the inclination (displacement in the

10 inclination direction} of the movable body, and therefore the
object held on the movable body can be exposed with high
accuracy.

According to a sixth aspect of the present invention,
there is provided a fourth exposure apparatus that exposes

15 an object with an energy beam, the apparatus comprising: a
movable body that can move in at least first and second
directions that are orthogonal to each other within a
predetermined plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged

20 on a surface of the movable body on which the object is held
and the other of the grating section znd the head unit is
arranged facing the surface of the movable body, and which
measures position information of the movable body in at least
one of the first and second directions; and a drive device

25 that drives the movable body within the predetermined plane
based on measurement information of the encoder system and
characteristic information of the head unit that is a factor
causing a measurement error of the encoder system.

With this apparatus, the movable body can accurately be



t he novabl e body, and which neasures position information of the
novabl e body in at |east one of the first and second directions; and
a drive device that drives the novable body within the predeterm ned
pl ane based on neasurenent 5 information of the encoder system and
inclination information of the novabl e boédy. Wth this
apparatus, the novable body can accurately be driven in a measurement

e ar ool AN ALERdCho 2YSEEILIL A RIN0e BHESGL A DY ol B eyt thout

i nclination (di cenen |nc ination

movabl e body.,diity Liekehakepl hohlachirkd (00152 JPYAR! £n008Y: Bhren

be exposed with high accuracy According to a sixth aspect

the present iqMedd @y (dher@dterRikevicdedry tREMhEa&XROSHS G RPRHA D re
that exposes 15 an object with an energy beam the apparatus

conpri sing: a&hmovwibleetbhdydt battleamaomiiel ¢ baaty lceasbef ¢#5dsaddy BEC dridrh
directions that are orthogonal to each other within a predeterm ned

pl ane, hobPdi mFad@abj ect; an encoder systemin which one of a

grating section and a head unit is arranged 20 on a surface of the
movabl e body on whFGIFHKEShFER SeyeRENd>aRact IRE shRePT oF et hd ryieatiing,
section and the head unit .is ar;g d facin he surface of the

movabl e bodyt Wi BRovEgEdr2 tﬁ%ﬁ?% PRREESHUST CRAR FHRAFR a1
oos bt h e  Oh LERLLETbeANG SRE LRSI NS AL Sa ot e

device 25 that -drives € nova he“pre erm

based on neayyfMeHat M MO Platd I'leeaes'}.cqiqh sts?é%de@e%‘&)‘iild directions

characteristic i'nformation of the head unit factor causing

a measur eoenttieiy 9fe @frthhRyeRgodeeasysieme r WEthihh srappeeshiedtNene,
novabl e body can accurately be 9 driven in a neasurenent direction

of the encodérolsisteetrhwiddimdt behnghaddecktgdthy ihehdeasore s fatdng
of the encoder system caused by (characteristics of) the head unit,
and t her ef or sadie. cobpadta hebd wnit He avvabpedbody sanfdee efposedonaid e

hi gh 5 accuracy.
body on which the object is held and the other of the grating

section and the head unit is arranged facing the surface of

15 the movable body, and which measures position information of
the movable body in at least one of the first and second
directions; and a drive device that drives the movable body
within the predetermined plane based on measurement
information of the encoder system so that a measurement error

20 of the encoder system that occurs due to the head unit is
compensated.

With this apparatus, the movable body can accurately be
driven in a measurement direction of the encoder systemwithout
being affected by the measurement error of the encoder system

25 that occurs due to the head unit, and therefore the object
held on the movable body can be exposed with high accuracy.

According to an eighth aspect of the present invention,
there is provided amovable body drive method in which a movable

body is driven substantially along a predetermined plane, the



According to a seventh aspect of the present invention, there is
provided a fifth exposure apparatus that exposes an obj ect with an
energy beam the apparatus conprising: a novable body that can nove
in at least first and second directions 10 that are orthogonal to
each other within a predetermnined plane, Hblding the object; an
encoder systemin which one of a grating section and a head unit is

arranged on .he .npvabl e body on whi.ch the.object is held
and the of ner"or 4hE s TuAt G S ERRSR g ot e S e POt on

I"on -and a I'S arrange

facing the sy age ﬁf)véglteh}goayvﬁplaeggggﬁéte‘%ﬁ%\gai 8@:&@@§Hl¥le}t§%%alflel to

position information of the novable y in at |east one o Irst

and second didRecbireasieaddnaddplfe deyi g anhahcdbbYesnd Y abd£4 that
body within the predeterm ned plane based on neasurenent infornmation

of the encoderrmsysitaresa déiadcai srdlyhenesta ecrQe 20vig bherebindeahose
systemthat occurs due to the head unit is conpensated. Wth this
appar at us? t renridilst e opctcam adsur bhel yphedet¢ymhngsd adimssiirenemnd
direction of the encoder systemw thout being affected by the
measur enent  &FELEES ?h’éegi%%%ﬁ_i Lyahehren F%ﬁts%%%fr argueft@rinbng the
e & BB bl S TV EELE PO 5.
e AR G TREE  TE N T N T
plane, the ip sccordance with position information of the movable body
10 in a direction different from the predetermined direction at
the time of the measurement.

With this method, the movable body is driven in a
predetermined direction based on the measurement value of the
encoder whose measurement error caused by the relative

15 displacement of the head and the scale in the non-measurement
direction has been corrected by the correction information.
Accordingly, the movable body can be driven in a predetermined
direction with high accuracy, without being affected by the
relative motion between the head and the scale in directions

20 other than a direction to be measured {measurement direction).

Accozrding to a ninth aspect of the present invention,
there is provided a pattern formation method, including: a
process of mounting an object on a movable body that can move
within a movement plane; and a process of driving the movable

25 body in the movable body drive method of the present invention
in order to form a pattern on the object.

With this method, a pattern is formed on the object

mounted on the movable body that is driven with high accuracy

using the movable body drive method of the present invention,



10 met hod including: a process of measuring position information of
t he novabl e body in a predetermined direction parallel to the
predeterm ned plane using an encoder that has a head that irradiates
a detection light to a scale having a grating whose 5 periodic
direction is the predetermned direction dnd receives a refl ected

light fromthe scale, and of driving the novable body in the

redet erm ne irecti sed, an asurement .val ue, of e encoder .
gnd correctigﬁgéﬁ§%¥ﬁ%gflqﬁﬁ%hgc %F ance“W t e[%%ﬁqﬁdoﬁniﬁg%r ?é%1%ﬁth
the novabl e hody, 1Qdya-direction different fromthe predeterm ned
direction at the tinme of the neasurenent. Wth this nethod,

the novabl e body i sc¥idnEmd RoAapredehesspaed &k reed i dased prdhen,
nmeasur enent val ue of the encoder whose neasurenent error caused by

the rel ative theu splacprentdedi tde ffiead addvibe stahefadtibEng method
non- measur enent direction has been corrected by the correction

i nf or mati bn. iAordiinghypat bermivablad ilvedyreaasbe whirénesim iin ghe pattern
predeterm ned direction with high accuracy, w thout being affected by
the rel ati ve Ho¥1n BehkEsieShe cheadtans Lhefstared PR iTdttiGre 251ng

other than a direction to be measured (neasurenent direction). .
Accor di ng totg“eni%tljfed’srbeﬁﬁmiﬂ‘tjt%r%ﬁ' t© rﬁ%tﬁ%ﬁﬁel}%érrév rgtlon.
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drive method of the present invention i er to forma pattern on
the objeth. is formékt Bnt BhSoppébedy a MALieRN drS offOE SN &Pg Y Neeam, the

obj ect mounted on the novabl e body that is driven with high accuracy

usi ng the nowvehiedaddy lddive :natrhodngf a thergbles érldyi Bviewhi 6N, thd bagrdt

accordingly the pattern can be fornmed on the object with high

accur acy. is mounted using the movable body drive method of the present
invention, for relative movement of the energy beam and the
object.

15 With thismethod, for the relative movement of the energy
beam irradiated to the object and the object, the movable body
on which the object is mounted is driven with high accuracy
using the movable body drive method of the present invention.
Accordingly, a pattern can be formed on the object with high

20 accuracy by scanning exposure.

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

25 and second directions that are orthogonal to each other within
a predetermined plane; and driving the movable body within
the predetermined plane, based on measurement information of

an encoder system in which one of a grating section and a head

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



According to a tenth aspect of the present invention, there is
provided a first device manufacturing nmethod 5 including a pattern
formation process, wherein in the pattern formati on process, a
pattern is forned on a substrate using the pattern formation nethod
of the present invention. AccordingZ o an el eventh aspect of
the present invention, there is provi ded a first exposure nmethod in

whi ch d f
o f e e thag i Fe R A ?3%@@%23% aﬁﬁ*%ﬁ% T i SeCtton
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invention, for relative novenent he energ eam an the object.

15Wth this Eﬁkﬁﬂdanﬁpﬁhiﬂﬁ1ﬁ@é§ﬁié§;ﬂﬂ%§ﬂ§ﬂi1%Eo%ﬁ§t§%%rgf1§§§&bvable
irradiated to the object and the object, the novabl e body on

the object i bamudhedti Sedst veme véit kb ghraccuﬁacye@@m@gjﬂﬁm:ﬂm@,l &nd
body drive nethod of the present invention. Accordingly, a pattern

can be foPnedamed henolpjosdtt ivint hihfgim20iercwifacyhdymegabhengody in a
exposure. According to a twelfth aspect of the present invention,

there is profidd@rendedbnaceippstiren renbdarsh awl Eheareeppéctitestions.
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being affected by the displacement of the movable body in
10 directions other than the measurement direction of the encoder
system, and therefore the object held on the movable body can
be exposed with high accuracy.
According to a thirteenth aspect of the present
invention, there is provided a third exposure method in which
15 anobject is exposed with an energy beam, the method including:
mounting the object on a movable body that can move in at least
first and second directions that are orthogonal to each other
within a predetermined plane and can incline with respect to
the predetermined plane; and driving the movable body within
20 the predetermined plane, based on measurement information of
an encoder system in which one of a grating section and a head
unit is arranged on a surface of the movable body on which
the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
25 Dbody, and which measures position information of the movable
body in at least one of the first and second directions, and
based on inclination information of the movable body.
With this methed, the movable body can accurately be

driven in a measurement direction of the encoder systemwithout



the predeterm ned pl ane, based on neasurenent information of an
encoder systemin which one of a grating section and a head unit is
arranged on a surface of the novable body on which 12 the object is
nount ed and the other of the grating section and the head unit is
arranged facing the surface of the novablle body, and whi ch neasures
position information of the novable body in at | east one of the first
and second di,rection and .5 bas n, ition infor. ion_of the

h
movabl e body Reing dﬁ%}fg%ﬁfi_ &Y eggiegn”?‘%zﬁ??ﬁeo?i r! néahﬁcterqlgngecbﬁd the
di rections. inclinaé@gﬂjd&ggﬁtEEEHQQEt%ﬁfﬁgggggggggﬁgga%%ntﬁgfﬁéﬁ%éﬂ@ﬁe

be driven in a neasurenent direction o € €enco stemw t

bei ng af f ect efhjacd hee db sphacgeRHov@b1lh & IRy abd2 BOd¥xpBsdB with high

directions other than the neasurenent direction of the encoder

system and tdwenefare the object held on the novabl e body can be
exposed wi th high accuracy. According to a thirteenth aspect

of the présent invémsdoodiinghete is provitteshth t hispécéxposurcheretdmedent
in which 15 an object is exposed with an ener beam the nethod .
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the surface of the novable 25 body, and whi ch nmeasures position

information ofithie nmatabl @Rt drnidled eastamane ofaddie fon Stmeatthrement
second directions, and based on inclination information of the
movabl e body.information of an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
body on which the object is mounted and the other of the grating
15 section and the head unit is arranged facing the surface of
the movable body, and which measures position information of
the movable body in at least one of the first and second
directions, and based on characteristic information of the
head unit that is a factor causing a measurement error of the
20 encoder system.

With this method, the movable body can accurately be
driven in a measurement direction of the encoder system without
being affected by the measurement error of the encoder system
czused by (characteristics of) the head unit, and therefore

25 the object held on the movable body can be exposed with high
accuracy.

According to a fifteenth aspect of the present invention,

there is provided a fifth exposure method in which an object

is exposed with an energy beam, the method including: mounting



Wth this nethod, the novable body can accurately be driven in a
measurenent direction of the encoder systemw thout 13 being
affected by the inclination (displacenent in the inclination
direction) of the novabl e body, and therefore the object held on the
novabl e body can be exposed with high accdracy. 5According to a
fourteenth aspect of the present invention, there is provided a

fourth exposur TRO] U U0 Shancab egtc ) cxRoRed A B eher .
eam e nmet noa 1
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i nformati on of 'an encoder systemin which one of a grating section
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the object is mounted and the other of the grating 15 section and the
head unit S5i s a&r eacgee rf ags hgntire waichacee aff bherabiad|sediody) aadda head
whi ch neasures position information of the novable body in at |east

one of the fiWsit aifd eEHEdHIIea VRS acm e hdswd movadha dadet iost iwhich
information of th head unit that is a factor causing a nmeasurenent
error of the 3t Jssyéftcé’rﬁted and \Whe ather Rk G- iRsy @sicg Lon

body can accur(}g rectLon_ of
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obj ect is exposad avMnda AlregTg)e heamoft e dreidedd N wlidig t UG s
due to the head unit i1s compensated.
With this method, the movable body can accurately be
driven in a measurement direction of the encoder system without
15 Dbeing affected by the measurement error of the encoder system
that occurs due to the head unit, and therefore the object
held on the movable body can be exposed with high accuracy.
According to a sixteenth aspect of the present invention,
there 1is provided a second device manufacturing method
20  including a lithography process, wherein in the lithography
process, a sensitive object is exposed and a pattern is formed
on the sensitive object using any one of the second to fifth
exposure methods of the present invention.
According to a seventeenth aspect of the present
25 invention, thexe is provided a first decision-making method
in which correction information of a measurement value of an
encoder system is decided, the encoder system having a head,

which irradiates a detection light to a scale that is arranged

on a movable body capable of moving substantially along a



14 the object on a novable body that can nove in at |east first and
second directions that are orthogonal to each other within a
predeterm ned plane; and driving the novable body within the

predet ermi ned pl ane, based on neasurenent information of 5 an encoder
systemin which one of a grating sectionlnd a head unit is arranged
on a surface of the novabl e body on which the object is nounted and
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nmet hod, the novabl € body can accurately be driven in a neasurenent

direction of fifum eftcodecaby st eniwnkhoutidg bekngiahf eetredmby ibhe of the
measurenent error of the encoder systemthat occurs due to the head
uni t, and5t heraefadrle t hedpbjiect tihel ¢redetkemineadbldl bodyl @an bhe method
exposed with high accuracy. According to a sixteenth aspect of
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manuf acturi ng nethod 20 including a |ithography process, wherein in
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havi ng a head, which irradiates a detection l'ight to a scale that is
arranged irradiating a detection light from the head to a specific area
of the scale in a state where the attitude of the movable body
is maintained, and the sampling of the measurement results
is performed during the movement of the movable body with
15 respect to each of the attitudes; and a process of obtaining
correction information of a measurement value of the encoder
system in accordance with position information of the movable
body in a direction different from the predetermined direction
by performing a predetermined computation based on resulis
20 of the sampling.

With this method, the attitude of the movable body is
changed to a plurality of different attitudes, the movable
body is moved in a predetermined stroke range in a direction
orthogonal to the predetermined plane while irradiating a

25 detection light form the head to a specific area of the scale
in a state of maintaining the attitude of the movable body,
and the sampling of measurement results of the encoder system
is performed during the movement with respect to each of the

attitudes. With this operation, variation information (e.qg.



on a novabl e body capabl e of noving substantially along a 15
predeterm ned plane and that has a grating whose periodic direction

is a predetermned direction within a plane parallel to the

predet erm ned pl ane and which receives a reflected |ight fromthe

scal e, .and neasuring position information®f the 5 novable body in

the predeterm ned direction, the nethod including: a process of
perform ng sanpljng of. measurenent results of the _encoder tem in
whi ch an att i%q:gacfea of e movabl e bt niesasc}ir{aeﬁlbeg: £ rle’izeﬁ & aflciﬁ}ey e@fwder
different attdjgddes, Vords S d.kn p i :
stroke range é|3}n 10 aaél reﬁ%%%r?ﬁ%g%%gf%%ﬁt £ B?gdéﬂtggg%?(%glggggaﬁg =
whil e irradi afi @ et 8ethefohkhttd r et herdead: 01 Re$P@AahieC d4fabe
of the scale in a state where the attitude of the novabl e body is
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during the novenent of the novable body with 15 respect to each of

the attitbdepreguaternpgrosbssmphtebianmampdon tdet resul hfcd tipe isempdfing ,
measur ement val ue of the encoder systemin accordance with position
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predeterm ned direction_ b erformng a predeterm ned _conputation
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25 detection light formthe head to a specific area of ‘the scal &

10 encoder system according to the position information of the
movable body in directions (non-measurement directions)
different from a predetermined direction is obtained.
Accordingly, correction information for correcting the
measurement error of the encoder system caused by the relative

15 wvariation of the head and the scale in the non-measurement
direction can be decided in the simple method.

According to an eighteenth aspect of the present
invention, there is provided a second decision-making method
in which correction information of a measurement value of an

20 encoder system equipped with a head unit is decided, the head
unit having a plurality of heads each of which irradiates a
detection light to a scale, which is arranged on a movable
body capable of moving substantially along a predetermined
plane and which has a grating whose periodic directilon is a

25 predetermined direction within & plane parallel to the
predetermined plane, and receives a reflected light from the
scale, and constituting a plurality of encoders each of which

measures position information of the movable body in the

predetermined direction, the method including: a process of



in a state of maintaining the attitude of the novabl e body, and the
sanpling of neasurenent results of the encoder systemis perforned
during the novenent with respect to each of the attitudes. Wth this
operation, variation information (e.g. 16 characteristic curve) of
measur enent val ues of the encoder systemldccording to the position of
t he novabl e body in a direction orthogonal to the predeterm ned pl ane

can be obtained for .each attitude.. Then, .b erform a, 5 .

pr edet er m ned ecrogn%rﬁ%laqq’ontcbéesaec oor$ tﬁq]ee rpéls%iaﬁlotfy t eq%frﬁﬁ'i r?éfal}gf%ﬁg of
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orthogonal tqddieyiedehstmhged PhanRvh®l 8a6dly ahtd bYE@et 60K REEIR T oke
i nformati on of measurenent val ues of the 10 encoder system accordi ng

to the positimandenfior natdivedfi dre rivaidre bady the dideRRigedisined plane
(non-neasurenent directions) different froma predeterm ned direction

i s obtainkd. whdidey dimgidiaitiory ectdedredtrifagy netghdn frmm Eoravdgitdaiy hdael to
measurement error of the encoder system caused by the relative 15
variation of & FPafddd @ ehe s ddi®e 592 ishd mon-Shedsurdyaanst Whe edtbigmde

can be dect deq LReLf SLIpLe e g, Acsard ng L6, 2 S AN el nens
g‘gglsﬁlr gnn‘;arnr?ki/a d’{e"rﬁz)hggn{;lqe %I{cco%ecrorcerel% IJ.%ﬂtlegf]&E' r%tel gﬂb(j)]:ec% head during
the movement with respect to each of the attitudes; and a

10 process of obtaining correction information of a measurement

value of each of the plurality of encoders in accordance with

position information of the movable body in a direction

different from the predetermined direction by performing a
predetermined computation based on results of the sampling.

i5 Accordingly, in the simple method, correction
information for correcting the measurement error of the

encoder system caused by the relative variation of the head

and the scale in the non-measurement direction can be decided,

and also correction information for also correcting a

20 geometric measurement error (cosine error) caused by the

gradient of each head can be decided.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing the configuration
25 of an exposure apparatus related to an embodiment.
FIG. 2 is a plan view showing a stage unit in FIG. 1.
FIG. 3 is a plan view showing the placement of various
measurement apparatuses (such as encoders, alignment systems,

a multipoint AF system, and Z sensors) that are equipped in



20 encoder system equipped with a head unit is decided, the head unit
having a plurality of heads each of which irradiates a detection
light to a scale, which is arranged on a novabl e body capabl e of

novi ng substantially along a predeterm ned pl ane and which has a
grating whose periodic direction is a 25 ¥ edeterm ned direction
within a plane parallel to the predeterm ned plane, and receives a
reflected light fromthe scale,. .and .co ituting a plurality of
encoders each of X |Ocsnurrfeeéaspl53raefsatﬁlossiltr} %n%(l?'n;io'r mati on of the novabl e

et o LA 95" ERLL AT TR0 gt prpeess
attitude of t4pe inpwablkechadyct 9idePlued! $hywohg di faren) aldddddestion
novi ng of the novabl e body in a predeterm ned stroke range in a
di rection ortdfogatalr tarddee WeTedet erm ned plane 5 while irradiating a
detection light froma subject head to a specific area of the scale
in a state where tHh@Gat bAtigle pflanheliew\divelrmdymégsnaeneat nethgandnd
sanpling of measurement results of the encoder constituted by the
subj ect head i PG 1tThe SEEPEREAC Shdh VEEYIAVIRE edaT tdrR L AEOSS section
attitudes; arql% %he measurement stage.
FIG. 6 is a block diagram showing the main configuration

of a control system of the exposure apparatus related to an
10 embodiment.

FIGS. 7A and 7B are views used to explain position
measurement within an XY plane of a wafer table by a plurality
of encoders each including a plurality of heads placed in the
array arrangement, and the transfer of measurement values

15 between the heads.

FIG. 8A is a view showing an example of the configuration
of the encoder, and FIG. 8B is a view used to explain the
mechanism in which measurement errors occur and to explain
a relation between an incident light and a diffracted light

20 of a beam with respect to a reflective diffraction grating
within an encoder head.

FIG. 92 is a view showing the case where a count value
does not change even when the relative motion in a
non-measurement direction occurs between the head and the

25 scale of the encoder, and FIG. 9B is a view showing an exampie
of the case where a count value changes when the relative motion
in a non-measurement direction occurs between the head and

the scale of the encoder.

FIGS. 10A to 10D are views used to explain the case where



10 process of obtaining correction information of a measurenent val ue
of each of the plurality of encoders in accordance with position
informati on of the novable body in a direction different fromthe
predeterm ned direction by perform ng a predetermnm ned conputation
based on results of the sanpling. 15 Accdrdingly, in the sinple

met hod, correction information for correcting the measurenent error

of the encoder e S the r Iatlve varlatlo of the
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schematically showi ng the configuration 25 of an exposure appar at us
related to amsaaiteadi rent. FIG 2 is a plan view showi ng a stage unit
in FIG 1. FIG 3 is a plan view show ng the placenent of
various nﬁasurenenETéﬁpaiéﬁuSEt14§uvh3a§ﬁeﬁtoded§33akp@aﬁeﬁﬂnsygﬂemépn
a nultipoint AF system ~and Z sensors) that are equipped in 18 the
exposure appéaidt usCHRLELRY correction FP-GfOENaté}Oa pieed vitew cpBhRey @
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measur ement %ﬁﬁgere§QQ1ve motion of the head and the scale in a
non-measurement direction,

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

FIG. 13 1s a view used to explain an operation for
acquiring <correction information wused to correct a

15 measurement error of another encoder (a second encoder) caused
by the relative motion of the head and the scale in a
non-measurement direction.

FIG. 14 is a view showing a state of the wafer stage and
the measurement stage when exposure by a step-and-scan method

20 is being performed to a wafer on the wafer stage.

FIG. 15 is a view showing a state of the wafer stage and
the measurement stage immediately after a state of both stages
shifts from the state in which both stages are separate from
each other to a state in which both stages come into contact

25 with each other, after exposure is finished.

FIG. 16 is a view showing a state of the wafer stage and
the measurement stége when the measurement stage is moving

in the -Y direction and the wafer stage 1s moving toward an

unloading position while keeping the positional relation



FIG 5B is a schematic side view showing a partial cross section of

t he measur enment stage. FIG 6 is a block diagram show ng
the main configuration of a control system of the exposure apparatus
related to an 10 enbodi nent. FIGS. 7A and 7B are views used

to explain position neasurenent within a®0XY plane of a wafer table
by a plurality of encoders each including a plurality of heads pl aced

in the array . arrange nd the transfer aof asurenent val ues 15
i?eeézd"ee% Bt < G° gh itg"ea ﬁ_iaéiﬂlss 'er?gtlé)ﬁl'exanpl e of
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20 of a beamwith respect to a reflective diffraction grating within

an encoder heagosition wHdre DAdS-BUHH eWwrslawidlg tihe agihere a
count val ue does not change even when the relative notion in a

non- neasubenent di FEét.i b8 oreuviebeatlvwoeingd keshehd ahdhichewal8r st e ehd
the encoder, and FIG 9B is a view showi ng an exanpl e of the case
where a countthgamgasukgrgas skade ther shet veéervitage ihasamoved from the

non- measur enent. direction,o¢ccurs between the head and the scal e of
the encoder. BHESIITPAPPE1E0P a @ il eRE1DgRPI b ¥XpI& RaFALlgdagpith the

where 19 a c nt_Bx:%]I[}ye .oftthe ncoder_ changes and the case where the
count val ue d6€s™ c(ﬁéhgeegva\ﬁe%etlﬁleq eI VE Srotion in a
non- measur enent di et | 98 P&%u{ﬁggegﬁ}ﬁﬁgr%gesggég c?ﬁ%htehﬁa?%rglsecage and

SFIGS. 11A and 11B are views used to ex I'n an operation
acqui ri ngo CORMHRC el u TR 1Ryl SRk rf & HeOhfeRGhu r2rfiRAS WalRNth 8 kRfred

of an encoder (a first encoder) caused by the relative notion of the
head and t he tecah eptima InedrtRasutemgnNiost 601 £AA.a wafer has been loaded
on the wafer table.

FiG. 20 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pri-BCHK

15 former process is performed while the measurement stage is
waiting at the optimal scrum waiting position.

FIG. 21 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected

20 using alignment systems ALl, ALZ, and ALZ;.

FIG. 22 is a view showing a state of the wafer stage and
the measurement stage when the focus calibration former
process is being performed.

FIG. 23 is a view showing a state of the wafer stage and

25 the measurement stage when alignment marks arranged in five
second alignment shot areas are being simultaneously detected
using alignment systems ALl and ALZ2; to ALZ2,.

FIG. 24 is a view showing a state of the wafer stage and

the measurement stage when at least one of the Pri-BCHK latter



10FIG 12 is a graph show ng neasurenent errors of the encoder with
respect to the change in the Z-position when a pitching anmount ex
equals to a (ex=a). FIG 13 is a view used to explain an
operation for acquiring correction information used to correct a 15
measurenent error of another encoder (a sdcond encoder) caused by the
relative notion of the head and the scale in a non-neasurenent

di recti on. FIG 14 .s view_showi ng.a sta of the wafer .
Ot hoe and t n@ERses anedirhd BadhR R IonERE: 8nb1 8L EeR pilEMR 3 peing
met hod 20 is heifg.pefforned to a wafer on the wafer stage.

FIG 15 is a view showng a state of the wafer stage and the

neasurenment stage ipmEdpated b aib@rsRowiad @ 9tabetdr Hrgasrabi dtSge and
fromthe state in which both stages are separate fromeach other 1o a

state i n whi dhdaidasstragesitcenrrgentveaonl aghm2ht wha hkeattraided ,in five
after exposure is finished. FIG 16 is a view showing a state
of the waber Wiiggkadadntgetnehstransmd asteageingeninhet ameaswus Bneisttected
stage is noving in the -Y direction and the wafer stage is noving
toward an unl'adichdt PeEIMeEn SiFF ek fdpi g H4oéiet F“*gﬁal rel ation

20 between both st S Ln the Y-axis direction. Fl 17 is a
vi ew showi ng a st a%g%of bEhjeS Ral LEV T YE B & Fﬁ@tﬁe%fstﬁh&rﬂﬁ?e&%baege and

when the MeAIHEIROL SLAIG N8R LEAHNEH A AR OR RS £ R R58 B Knree
fourth alignment shot areas are being simultaneously detected
10 using alignment systems ALl, AL2; and ALZ3.
FIG. 27 is a view showing a state of the wafer stage and
the measurement stage when the focus mapping has been finished.
FIG. 28 is a flowchart used to explain an embodiment of
a device manufacturing method.

" 15 FIG. 29 is a flowchart showing a specific example of step

204 in FIG. 28,

BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be described
20 below, with reference to FIGS. 1 to 27.

FIG. 1 schematically shows the configuration of an
exposure apparatus 100 related to an embodiment. Exposure
apparatus 100 is a scanning exposure apparatus by a
step-and-scan method, that is, a so-called scanner. As will

25 Dbe described later, in the embodiment, a projection optical
system PL is arranged, and the following description will be
made assuming that a direction parallel to an optical axis
AX of projection optical system PL is a Z-axis direction, a

direction in which a reticle and a wafer are relatively scanned



5 FIG 18 is a view showing a state of the wafer stage and the

measur enent stage when the wafer stage has noved fromthe unl oadi ng
position to a loading position in parallel with the Sec-BCHK
(interval) being perfornmed. FIG 19 is a view showing a state of the
waf er stage and 10 the neasurenent stage dhen the nmeasurenent stage
has noved to an optimal scrumwaiting position and a wafer has been

| oaded on the .wafer table, Fl iS_a View show ng.a state .
of bot h ot aga i % RE=0&r A ST hae FBodi 1o 4 Foa T ST G o e
Pri - BCHK 15 forml RIpCess il §i PELE o5ABd il e e JTRasur %H‘E@E—%z%gﬁ and
is waiting at the optinmal scrumwaiting position. 'S

a vi ew showi ngyasgl aties & x-ieiwad £Fe St 8GE, and thetmas YEeMentyitrq8 ons
when alignment marks arranged in three first alignnment shot areas are

bei ng si mul t ansoisd tHdetecxdd, 2@ hesivrgxaki gadethe Sysaehs Atd ,0:HL2%, and
and AL23. FIG 22 is a view show ng a state of the wafer

st age andS5t hé® nshistacents stegpeaiticretthe focus calibration forner
process is being perfornmed. FIG 23 is a view showing a state of the
waf er stage and 25 B SyEss aPEaAsALusSt HY@ WIFdmoRls ganeht umdRr&ision system
arranged in fjve seconﬂlﬁl i gnnment shot areas ar% bei ng si mul t aneou

det ect ed usi N 7al § gRFEAC 18y sTRfE ARTT afdak 21014 AR24eticle R F]P@SJ%S
24 02 oot IR AP 25 ol e VELEG 2L 308 0 "ERE YR
(hereinafter, referred to as “illumination light” or
10 “exposure light”) IL £from illumination system 10, a projection
unit PU that includes projection optical system PL that
projects illumination light IL emitted from reticle R on a
wafer W, a stage device 50 that has a wafer stage WST and a
measurement stage MST, their control system, and the like.
15 On wafer stage WST, wafer W is mounted.

Illuminaticn system 10 includes a light source and an
illumination optical system that has an illuminance
uniformity optical system containing an optical integrator
and the like, and a reticle blind and the like (none of which

20 is shown), as is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
(the corresponding U.S. Patent Application Publication No.
2003/0025890) and the like. 1In illumination system 10, a
slit-shaped illumination area IAR that is defined by the
25 reticle blind (masking system) and extends in the X-axis
direction on reticle R is iiluminated by illumination light
(exposure light) IL with substantially uniform illuminance.
In this case, as illumination light IL, an ArF excimer laser

light (wavelength: 193nm) is used as an example. Further, as



process and the focus calibration latter process is being perforned.
FIG 25 is a view showng a state of the wafer stage and the

nmeasur enent stage when alignment nmarks arranged in five 5 third

al i gnnent shot areas are being simnmultaneously detected using
alignnent systens ALl and AL22 to AL24. 23 FIG 26 is a view
showi ng a state of the wafer stage and the measurenent stage when

| t d. th f th ali t t
bei g si mul t dHBodd 'y ek ditEF 10 i g “al IR Sy Seeims AL 1eTRro3 Fod
and AL23. inte féﬁ%r 27 iﬁt@rﬂmﬁm’§g%W% Ql%nstq; e?f %H@eﬁ@£§5r ’ a

stage and the neasurenent sta en the ocus mappi ng

finished. dlffrdat@oz?%ﬁt%caaﬂ lovefalt disathd 9 i§dlRIMN N ysed.
enbodi ment of a device manufacturing nmethod. 15FIG 29 is a f1 owchart

showi ng a speci fi c cexaspi €l ofstHepri04 tat ikdie RAGvHBEPE MPEFOBurface
CARRYI NG QUT THE | NVENTI ON An enbodi nent of the present

i nventi onSwi | {thee ldeser sheda2é belbiG. Vit lorr ghécangeciocEH GCRatamn and
27. FIG 1 schematically shows the configuration of an exposure

appar at us 10Gheellakedere farmarhagi fened Bupdedr example, vacuum suction.

Reticle stage RST is finely drivable within ar XY plane and
also drivable at designated scanning velocity in a
predetermined scanning direction (which 1is the Y-axis
10 direction being a horizontal direction of the page surface
of FIG. 1), by a reticle stage drive system 11 (not shown in
FIG. 1, refer to FIG. 6) including, for example, a linear motor

or the like.
Position information of reticle stage RST within the
15 movement plane (including rotation information in the 8z
direction) is constantly detected at a resolution of, for
example, around 0.5 to 1 nmwith a reticle laser interferometer
(hereinafter, referred to as a “reticle interferometer”) 116
via a movable mirror 15 {(in actual, a ¥ movable mirror having
20 a refilection surface crthogonal to the Y-axis direction and
an X movable mirror having a reflection surface orthogonal
to the X~axis direction are arranged). The measurement values
of reticle interferometer 116 are sent to a main contreller-
20 (not shown in FIG., 1, refer to FIG. 6). Main controller
25 20 controls the position (and the velocity) of reticle stage
R8T by computing the position of reticle stage RST in the X-axis
direction, the ¥-axils direction and the 9z direction based
on the measurement values of reticle interferometer 116, and

controlling reticle stage drive system 11 based on the



apparatus 100 is a scanni ng exposure apparatus by a step-and-scan
met hod, that is, a so-called scanner. As will 25 be described | ater,
I n the enbodi nent, a projection optical systemPL is arranged, and
the followi ng description will be nade assunming that a direction
paral lel to an optical axis AX of projectddon optical systemPL is a
Z-axis direction, a direction in which a reticle and a wafer are

relatively scanne t22 wi thin_a plane orthagonal t tge tZ-axi S .
i rection i s WRPUGAEOR TEEtE BR- and G et 1 on' PRAE SR O P ROgbR g 16
i reoti one arounipinchEulPade B B PLLRE e REP S AL T o Helshed

and 5 Bz direGf iR e8PesthVE! Yefiection RXPOSIES W@éﬁ&d&@% to the
includes an illum nation system 10, a reticle stage RST that holds a

reticle R thatefileddilanmsnaitedeby ranoirhbuei matren 15ght fortmxoserecle
(hereinafter, referred to as "illumnation light" or 10 "exposure
l'ight") |&f r dmtidnfrenvatetensidternd 9, ba qapejbdet bdna lsd tmeAdthiatg position
i ncl udes projection optical systemPL that projects illunination _
light |IL em tid@®mmedmanef giet iR IgnshadafRIT W at deags arsyiodet!s® 2t s,
has a wafer stage WST and a neasurenent stage MST, their control
system and tHe anké&y directions.

Projection unit PU is placed below reticle stage RST in

FIG. 1. Projectionunit PU includes a barrel 40 and projection

10 optical system PL having a plurality of optical elements that
are held in a predetermined positional relation within barrel

40, As projection optical system PL, for example, a dioptric
system that 1s composed of a plurality of lenses (lens
elements) that are arrayed along an optical axis AX parallel

15 +to the Z-axis direction is used. Projecticn optical system
PL is, for example, both-side telecentric and has a
predetermined projection magnification (such as one-quarter,
one-fifth or one~eighth times). Therefore, when illumination
area IAR 1is illuminated by illumination light IL from

20  illumination system 10, illumination light IL having passed
through reticle R whose pattern surface is placed
substantially coincidently with a first surface (object
surface} of projection optical system PL forms a reduced image

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

25 pattern) of reticle R within illumination area IAR on an area
{exposure area) IA that is conjugate with illumination area

IAR on wafer W, which is placed on & second surface {image
plane) side of projection optical system PL and whose surface

1s coated with resist {photosensitive agent), via projection



15 On wafer stage WST, wafer Wis nmounted. Illum nation system 10

I ncludes a light source and an illum nation optical systemthat has

an illumnance uniformty optical system containing an opti cal
integrator and the like, and a reticle blind and the |i ke (none of
which 20 is shown), as is disclosed in, f28r exanple, Kokai (Japanese
Unexam ned Patent Application Publication) No. 2001-313250 (the
correspondi ng U. S. Patent i cation Publication No. 2003/0025890)
and the |ikeCPtHGaY SHSHEN 8h $PEPERTIDON BT (Rehand Liduid Ast ilgRfer

area |8 LAl {go g e,y U, 25, oL o Bl (mektng, syaten i,
: : : ﬂm Rgh'cg” anl IR ASXRASYE BNt d L W1 Dy substantlal by YAk Qlhning
direction (Y~axis direction) relatively to illumination area

5 IAR (illumination light IL) and also wafer W is moved in the
scanning direction (Y-axis direction) relatively to the
exposure area (illumination light IL), and thus scanning
exposure is performed to one shot area (divided area) on wafer

W and a pattern of the reticle is transferred to the shot area.

10 That is, in the embodiment, a pattern is generated on wafer
Wby illumination system 10, the reticle and projection optical
system PL, and the pattern is formed on the wafer by exposure

of a sensitive layer (resist layer) on wafer Wby illumination
light IL. Although not shown in the drawing, projection unit

15 PU is mounted on a barrel platform that is supported by three
support columns via a vibration isolation mechanism. As is
disclosed in, for example, the pamphlet of International
Publication No. WO 2006/038%52, however, projection unit PU

may also be supported in a suspended state with respect to

20 amain frame member (not shown) that is placed above projection
unit PU, or a base member on which reticle stage RST is placed.
Further, in exposure apparatus 100 of the embodiment,

in order to perform exposure applying the liquid immersion
method, anozzle unit 32 that constitutes part of a local liquid

25 immersion device 8 is arranged so as to enclose the periphery
of the lower end portion of barrel 40 that holds an optical
element that is closest to an lmage plane side (wafer W side)
that constitutes projection optical system PL, which is a lens

(hereinafter, also referred to a “tip lens”) 191 in this case.



In this case, as illumnation light IL, an ArF exciner |aser |ight
(wavel ength: 193nm) is used as an exanple. Further, as 23 the

optical integrator, for exanple, a fly-eye lens, a rod integrator
(internal reflection type integrator), a diffraction optical el enent

or the like can be used. On reticle stagesRST, reticle R having a
pattern surface 5 (the lower surface in FIG 1) on which a circuit
pattern and the |like are formed is fixed by, for exanple, vacuum
suction. Retil@ ehgteghoRoents ppnes phomnvabIFEGh 1hitheahoxXerprnheugdgce
al so drivabl e at designated gcanni n in a predeterm ned

vel ocit

scanni ng di r && POF LG MEA L S4t hE %gx?’% 2% ﬂ'%/k?%‘aqwjﬁéf Hgush with the
hori zontal di,rection of the pa urface o EIG 1% by a reticle.
stage drive slfgteermeff (SH(J):t as?%o%% ?F‘ipFiﬁnslig ef &r tohelf%/’Gnobz)Zle unit 32
including, faqr & :p%d %ilti'ln aL PRI Or o 9L .rLItE J:uﬁc!fea lpé%%\; opening of
i nformation ofs r@q@ e stage %sér g?tgi nﬁt)ﬁe_ (%5 nmovement p%%ep °
(including rqti@fdiQﬂqu_r,‘f ar 1&hé PsuFed e @7 williceclhesy W Si € NS lf¥%cing
detected at a resolution of, for exanple, around 0.5 to 1 nmwth a
reticle | asemnicnter veienethe tbeveenafdpeninefl £s retrdrmyas, add ef stpbely
interferoneter”) 116 via a novable mrror 15 (in actual, a Y novable
mrror havi ng12¥ gheefledcendnasuefaveryrfhogortannel ttimty-end sonnected
direction and an X novable mirror having a reflection surface
ort hogonal t &% Re Déoidids siinbdot Pa®earrd farngn Ge d)t AU ith & R SEYe RERE 31B
values of reticle interferoneter 116 are sent to f main controll.er %(_)L
(not shown i FEEPECLEVEI-er AP &ITEOEY TMVEILT -cont +HAVEY 4P pipe SlA
control s, the _pasition (and the veloci of reticle stage RST tﬂ%’
comput b0t hE o diAT A SFCPuEEYl B Bragitrare! hhrhbTod B Eliinedd o, 45
the Yaxis didalan,ang thepdecdibechl op Dased O e IRARKIGIPAL oy
val ues of ret |e Ieei nt er eron@ter J?[%G and controﬁ]? ng reticle stageax:Ls
drive systemgklcases am Ehﬁlanar view (when viewed from above) and are

symmetrically placed with respect to a straight line LV in

the Y-axis direction that passes through optical axis AX of

15 projection optical system PL.

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

20 1s connected to liquid recovery pipe 31B while the other end
of the recovery pipe is connected to a liquid recovery device
6 (not shown in FIG. 1, refer to ¥FIG. 6).
Ligquid supply device 5 includes a liquid tank, a
compression pump, a temperature controller, a valve for
25 contrelling supply/stop of the ligquid to liguid supply pipe
317, and the like. As the valve, for example, a flow rate
control wvalve is preferably used so that not only the

supply/stop of the liquid but also the adjustment of £low rate

can be performed. The temperature controller adjusts the



24 conputation results. Incidentally, insteadofnovablemrror 15, the
end surface of reticle stage RST may be mrror-polished in order to
forma reflection surface (corresponding to the reflection surface of
novable mrror 15). Further, reticle 5 interferoneter 116 maybe

capabl e of al so nmeasuring position information of reticle stage RST

in at | east one of the Z-axis, ex and ey directions. Projection unit
PU is placed belowreticle stage RST in FIG 1. Projection unit PU

i ncl udes a bdramte il @ djter tlilsn D wigthigaltisy stiemirl sk g aearly
plurality of optical elenments that are held in a predetermned

posi tional r I8t GRS AP 340.50% THFATWIR opiiddl pstchfmber

L of O XA 2 SO SoSat el CIposed o0 Pl i

o 1% AR, TRt Dy St O ERL! SOP Ao, ene

pr edet er nynedt R AN RGN Eheald il £SUCHE 29n@Re194A1 E he valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the
equipment or the like available in the plant where exposure
apparatus 100 is installed.

10 Liguid recovery device 6 includes a liquid tank, a
suction pump, a valve for controlling recovery/stop of the
liguid via liquid recovery pipe 31B, and the like. Asthevalve,
a flow rate control valve is preferably used to correspond
tofhevalveofliquidsupplydevice5. Incidentally, the tank

15 for recovering the liguid, the suction pump, the valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the
equipment available in the plant where exposure apparatus 100
is instalied.

20 In the embodiment, as the liquid described above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits
the ArF excimer laser light (light with a wavelength of 193
nm) 1s to be used. Pure water can be obtained in large

25 gquantities at a semiconductor manufacturing plant or the like
without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to the
optical lenses or the like.

Refractive index n of the water with respect to the AxrE



one-fifth or one-eighth tinmes ) . Therefore, when illum nation area
AR is illumnated by illumnation light IL from20 illum nation
system 10, illum nation light IL having passed through reticle R
whose pattern surface is placed substantially coincidently with a
first surface (object surface) of projectison optical system PL forns
a reduced image of a circuit pattern (a reduced image of part of a
circuit 25 pattern) of reticle Rwithin illumnation area | AR on an

area (exposurtEadied) Lagamaiahy donjanpand vi14f i | fonthat ekear 8BSl AR
on vater W shiehd g seed aia. second sunf ape 1uge, ol o) 9i0s oL
(phot osensi t it\6e X ‘?ﬂztc? ,13\/4i a.pr oj ection
Liguid supply device 5 and liquid recovery device 6 each
5 have a controller, and the respective controllers are
controlled by main controller 20 (refer to FIG. 6). According
to instructions from main controller 20, the controller of
liquid supply device 5 opens the valve connected to liquid
supply pipe 31A to a predetermined degree to supply water Lg
10 to the space between tip lens 191 and wafer W via Liquid supply
pipe 312, the supply flow channel and the supply opening (refer
to FIG. 1). Further, when the water is supplied, according
to instructions from main contrecller 20, the controller of
liquid recovery device 6 opens the valve connected to liquid
15 recovery pipe 31B to a predetermined degree to recover water
Lg from the space between tip lens 191 and wafer W into liguid
recovery device 6 (the liquid tank} via the recovery opening,
the recovery flow channel and liquid recovery pipe 31B.
During the supply and recovery operations, main controller
20 20 gives commands to the controllers of liquid supply device
5 and liquid recovery device 6 so that the quantity of water
Lg supplied to the space between tip lens 191 and wafer W
constantly equals the quantity of water Lg recovered from the
space. Acceordingly, a constant quantity of water Lg is held
25 in the space between tip lens 191 and wafer W (refer to FIG.
1). In this case, water Lg held in the space between tip lens
191 and wafer W is constantly replaced.
As 1is obvious from the above description, in the

embodiment, local liquid immersion device 8 is configured



25 opti cal

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

FIG 1). Then, by synchronous driving of reticle stage RST and wafer

st age WST,
di rection)

the reticle is noved in the scanning direction (Y-axis
relatively to illumnation area 5 I AR (illum nation |ight

IL) and al so wafer Wis noved in the scagpg ng direction (Y-axis

di rection)

relatively to the exposure area (illumnnation light IL),

and thus scanni ng exposure is perfornmed to one shot area (divided
area) on waf émdiahicha praler mroft t3e rletquice supnlnamderqed t olidieid
shot area. 10 That is, in the enbodinment, a pattern is generated on
waf er Wby i IT8FAREY 6fVdFst emmuicheupelycPErard Hrofett 4ok giqavary

system PL, ar%)diptehglgzrit

10

15

20

25

ern.is.forned on t fer by exposur
r;[ln the l.:tf_ke. Local T?_q\lﬁ\aid :{mm r51x n dev?,ce 8 £fills

the space between tip lens 191 and wafer W with water Lg using
nozzle unit 32 and forms a local liquid immersion space
(corresponding to a liquid immersion area 14} including an
optical path space of illumination light IL. Accordingly,
nozzle unit 32 is also called a ligquid immersion space forming
member, a contalnment member (or confinement member) or the
like. Incidentally, part of local liquid immersion device 8,
for example, at least nozzle unit 32 may also be supported
in a suspended state by a main frame (including the barrel
platform described above) that holds projection unit PU, or
may also be arranged at another frame member that is separate
from the main frame. Or, in the case projection unit PU is
supported in a suspended state as is described earlier, nozzle
unit 32 may also be supported in a suspended state integrally
with projection unit PU, but in the embodiment, nozzle unit
32 is arranged on a measuremenf frame that is supported in
a suspended state independently from projection unit PU. 1In
this case, projection unit PU does not have to be supported
in a suspended state.

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

Incidentally, in the above description, one liguid

supply pipe (nozzle) and one liquid recovery pipe (nozzle)



of a sensitive layer (resist layer) on wafer Wby illum nation |ight
L. Although not shown in the drawing, projection unit 15 PUis
nmounted on a barrel platformthat is supported by three support
columms via a vibration isolation nechanism As is disclosed in, for
exanpl e, the panphlet of International Pwplication No. WO

2006/ 038952, however, projection unit PU may al so be supported in a
suspended state with respect to 20 amain frane nenber (not shown)

that is placédeabovdprgjagidesh amian RPyamplea bHewerenbekhenprhABeht
reticle stage RST is placed. Further, in_exposure apparatus 100 of

t he embodi neAVSH I déF BBL pbitbreR &pdsite 8PPl FisRhimyainmy having

e ST on LN A Izele Uy 2o Lhetesonsti slos Bt oy Lol o
periphery of Intermational Publication No. WO 99/49504, may also be
5 employed, in the case such arrangement is possible taking into
consideration a relation with adjacent members. Further, a
configuration may also be employed in which the lower surface

of nozzle unit 32 is placed closer to the image plane of
projection optical system PL (i.e. closer to the wafer) than
10 the outgoing surface of tip lens 191, or an optical path on
the object plane side of tip lens 191 is also filled with water
in addition to an optical path on the image plane side of tip
lens 191. The point is that any configuration may be employed
as far as the liquid can be supplied at least in the space
15 between an optical member in the lowest end (tip lens) 191
constituting projection optical system PL and wafer W. For

example, the liguid immersion mechanism disclosed in the
pamphlet of International Publication No. WO 2004/053855, or

the liquid immersion mechanism disciosed in the EP Patent
20 Application Publication No. 1 420 288 can also be applied to

the exposure apparatus of the embodiment.

Referring back to FIG. 1, stage device 50 is equipped
with wafer stage WST and measurement stage MST that are placed
above a base board i2, an interferometer system 118 (refer

25 to FIG. 6) including Y interferometers 16 and 18 and the like
that measure position information of stages WST and MST, an
encoder system (to be described later) that is used for
measuring position information of wafer stage WST on exposure

or the like, a stage drive system 124 (refer to FIG. 6) that



of the | ower end portion of barrel 40 that holds an optical el enment
that is closest to an image plane side (wafer Wside) that

constitutes projection optical systemPL, which is a |lens

(hereinafter, also referred to a "tip lens") 191 in this case. 26 In
t he enbodi nent, as is shown in FIG 1, thg | ower end surface of

nozzle unit 32 is set to be substantially flush with the | ower end
surface of tip lens 191. Further, nozzle unit 32 is equipped with a
suppl y openi miyiared & baassy étST apehilMef ofarl Ithguild Meg, a | ower surface
to which wafer Wis placed facing and at which the recovery opening

is arranged, and ao§u§§ﬁybﬂﬁ&ﬂmbﬁéﬁﬁéﬁeaﬁé &aﬁ@cﬁﬁeﬁﬁfﬁﬁoﬁt@ﬁﬁnW§F and

that are connected to uid supply pipe 31A nd a liquid recover
i pe 316 1 oo PEAIVA H%Aétgges%ﬁ%w% AEgCY aaranguﬂ% @31 ko

10 and 11 qui L Seavery, RIDG, 3 R AN I dlided, Al an andl eaﬁ:f t8ring

degrees with Tes ect’ to 1 onYan axi's
in a plangr V('h%%e(l%&%&e\i‘ e‘&%‘%efﬂr%@ %lgogg) aﬁndaﬁfe%§&"ﬁfm§§'éiﬁja{ryged at a

placed with respect to a’'straight line LV in axis direction

that passes tpflrxﬁtémlt?ptdfc@blap@ss e Bt 15t PO RSt | Y eRld Slertt @Fage
PL. One end a supply pipe (not shown) is connected to

l'iquid suppl W1 peed3tApnbizited ha athencentaot mdrenstipply pigiedrsance of
connected to a liquid supply device 5 (not shown in FIG 1, refer to
FIG 6), andamarghdeyeralr puovedrye gigree (m@trdsﬂammyzsjta’si@mm of
to liquid recovery pipe 316 while the other end of the recovery p cf

i s connected Hr@séqrilcﬁﬂ%aﬂéc’é}\}%?yl%@\%%@ BUtnbroB HdWh Al Fa& taward the

refer to EIGh er su %B%esggpbgsg VH%EE%Q ne H%%ﬁe%,lgggégsHﬁggand MST
are independently drivable two-dimensionally in the Y-axis
direction (a horizontal direction of the page surface of FIG.
1) and the X-axis direction {(an orthogonal direction to the
rage surface of FIG. 1) within a predetermined plane (XY plane),
15 Dby stage drive system 124.
To be more specific, as is shown in the plan view in FIG.
2, on a floor surface, a pair of Y-axis stators 86 and 87
extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axis direction having
20 base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural
pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
25 Y-axis direction. At Y-axis statorxs 86 and 87, two Y-axis
movers 82 and 84, and two Y-axis movers 83 and 85 are
respectively arranged in a noncontact engaged state. Inother
words, four Y-axis movers 82, 84, 83 and 85 in total are in

a sate of being inserted in the inner space of Y-axis stator



conpressi on punp, a tenperature controller, a valve for 25
controlling supply/stop of the liquid to liquid supply pipe 31A and
the like. As the valve, for exanple, a flowrate control valve is
preferably used so that not only the supply/stop of the liquid but
al so the adjustnent of flow rate can be perfornmed. The tenperature
controller adjusts the 27 tenperature of the liquid within the
liquid tank to nearly the sanme tenperature as the tenperature within
t he chanber @GfotorsBdwwhonkeKd shetegpasusertpparmasisa ik Hdseaethape, and
I ncidentally, the tank_for supplying the liquid, the 5 conpression
punp, the te@F& BeUPE2LOHITHINGILCd B 3 BPRECNAAGTIIRNNIS k¥ 10 FL24RRCe
have to be egg%p?ed I N _exposure appar at us at_.| east par

e

100, , t f
o e S PR e Pes Ao PP L FS1 i va 2 Fhd i 028, B & sPgwm)

in the plant T Tt t8 %E%Eéggﬁg%g% &%%E?@%%Qr é@%ﬂ%}ﬂe Each

recovery device udes "a i qui a suction punp, a va or

control 11 gg rHCEVELYLSIARAf sbhegd | gul gy ik Hé%r&’pdseé‘c%%r,@&ﬁ%x%?a%’le,

and the Iike. As the valve, a flow rate control valve is preferably

used to correspenrthatt@richenyal ¥eaef ihbguberst@p| yrhlevi €€ &ils placed at
Incidentally, the tank 15 for recovering the liquid, the suction

punp, the valavgredatdethéntédkd sdantet a bbhg hleeY +ax be degeichped .i nThat is,
exposure apparatus 100, and at |east part of them can al so be
substituted Wy tte egqiiqshimentaydi-sadilse navedse §3 amnd e madsx pas wife the
apparatus 10%£ﬁ%€d¥ggﬂJ£%é and Y-axis stator 86 made up of the magnetic
10 pole unit constitute moving coil type Y-axis linear motors
respectively. Similarly, Y-axis movers 83 and 85 and Y-axis
stator 87 constitute moving coil type Y-axis linear motors
respectively. 1In the following descripition, each of the four
Y-axis linear motors described above will be referred to as
15 a Y-axis linear motor 82, a Y-axis linear motor 84, a Y-axis
linear motor 83 and a ¥Y-axis linear motor 85 as needed, using
the same reference codes as their movers 82, 84, 83 and 85.
Movers 82 and 83 of two Y-axis linear motors 82 and 83
out of the four Y-axis linear motors described above are
20 respectively fixed to one end and the other end in a
longitudinal direction of an X-axis stator 80 that extends
in the X-axis direction. Further, movers B4 and 85 of the
remaining two Y-axis linear motors 84 and 85 are fixed to one
end and the other end of an X-axis stator 81 that extends in
25  the X-axis direction. Accordingly, X-axis stators 80 and 81
are driven along the Y-axis by a pair of Y-axis linear motors
82 and 83 and a palr of Y-axis linear motors 84 and 85

respectively.

Each of X-axis stators 80 and 81 is composed of, for



20l n the enbodi nent, as the liquid described above, pure water
(hereinafter, it wll sinply be referred to as "water" besides the
case when specifying is necessary) that transmts the ArF exciner

| aser light (light with a wavel ength of 193 nm is to be used. Pure
wat er can be obtained in |large 25 quantitizs at a sem conduct or

manuf acturing plant or the like without difficulty, and it al so has

an advantage of having no adverse effect on the photoresist on the
waf er, to thE&XSHAlEl Arersa@rtorre M1l KdatRdnosdriora tiesdexmaterre goils
water with respect to the ArF 28 excj.ner |aser ht is around 1.44.

8 ) | i [ |
I'n the water HHESHIEIERGEACEPIMEPEH TR FHRRI M6 €-38%S fhe ecta on -
shortened to aroun 34, nm, Liqui.d supply .device 5 d.liquid .
recovery device 6 g@c X§ x&@esgaggﬁfro—ﬁé%F 5%3%Pﬁé%ﬁe§ e%ﬁ?@gged =04
controllers l: iLpscont Lol ( r I ,
Accordi ng togitﬁaéctpe?%g ;glgr%gl%f %%%lgﬁl ggnﬁ?o(%ﬁ%rﬁgg% (rﬁ{g Sc%ﬁ%rﬁoﬁoé?{)eo at
liquid suppl y devigeemaigpeastibe val VBoe08Assh eth trd | qui d-stipply ric.
pipe 31Ato a predeterm ned degree to supply water Lqg 10 to the space
bet ween tip lienshEY] candstviafiare IWpd et |dfwafesuplagepifer 31Anstide the
supply flow channel and the supply opening (refer to FIG 1).
Further, whempendngmbérstiagsmpphni edet bon @ldi Agrtexdmste uethamsefiomole
mai n controller 20, the controller of liquid recovery device 6 opens
the val ve corfédrednich hgg @ psrmaaenér japnpe 3USup ot privdtadarivve @t

degree to recqver water Lg fromt space between tip |lens 191 and
P er oW It o B By Gy BOBbFeE BOTE BRI E T oW il Adgnet

Scover vy e 08 RSBV TLOW SNAMICh ANl JUL G SERYOLN BiPS,

318. Duri récovery operati ons,

gi ves commangs. q 4 hg ot | grssagﬁéagggw.d @NP%"%@E&? po4nit and

l'iquid recovery device 6 so that t antity o Lqg ‘'supplied to
the space betyaseen d sPatensil8dnandvabed MM eapgshagidty t&ReakSakN8 linear

gquantity of water Lq recovered fromthe space. Accordingly, a
const ant quamictioy thatalrdrvdsgstsgbedadn section 91 in the X~axis direction.
Similarly, the other X-axis stator, X-axis stator 80 is
15 arranged in a state of being inserted in an opening formed
at a stagemain section 22 that constitutes part of measurement
stage MST. Inside the opening of stage main section 92, a
magnetic pole unit, which is similar to the magnetic pole unit
on the wafer stage WST side (stage main section 91 side), is
20 arranged. This magnetic pole unit and ¥X-axis stator 80
constitute amoving magnet type X-axis linear motor that drives
measurement stage MST in the X-axis direction.
In the embodiment, each of the linear motors described
above that constitute stage drive system 124 is controlled
25 by main controller 20 shown in FIG., 6. Incidentally, each
linear motor is not limited to either one of the moving magnet
type or the moving coil type, and the types can appropriately

be selected as needed.

Incidentally, by making thrust forces severally



25 in the space between tip lens 191 and wafer W(refer to FIG 1).
In this case, waterLc:|heldinthe space between tip lens 191 and wafer
Wis constantly repl aced. As is obvious fromthe above
description, in the enbodinent, local liquid imersion device 8 is
configured 29 including nozzle unit 32, 3% qui d supply device 5,
liquid recovery device 6, liquid supply pipe 31A and |iquid recovery
pi pe 31B, and.Jdhe- Jdke- cal. il qud Jﬁggg i | fd |
space bet WeecréI tip caljeee‘rgsab 9% ?ﬁa J"vaaq};flef!{ Wi tELl\j\’/lraétaceyra oq%%l% r%l g%ﬁ%)tz%% éoe
unit 32 and frigma y Q¢akelkbayi, dx ivEBENRY QRoSRACE: (C¥tasRORHLN8t T &he
liquid imersion area 14) including an optical path space of
illum nationdz ghtekblkioA¢cof diatylry sta02ZW ST Waint bdZdiscmd Sedal Fedtder,
| iquid i mersion space form ng nenber, a containnment nenber (or
confi nenent enbakingrthrivetlfot ke sevrgiaddnt abhyrapadbyod pladeadf Y-axis
liquid inrersion device 8, for exanple, at |east nozzle unit 32 may
al so be stppditEds ROROEESHerdedd 3t albyh bl if Famahs ( B wihhgroRat
barr el platfgﬁg1described abgve) that holds projection unit PU or

r

may al so be ATGSH A oA S Mafe GRhiRS: rqldedeparate 15 from
the main frame. O, _i.n the ca projection.unit Pt) is_supported in ,a
suspended state aswﬁge e%%??%gﬁTé%?+f%$?sﬁ&??ﬁé“ 'Pegflﬁﬁyggﬁggcﬁébed

supported ina suspepded s tiafﬂl%ggﬁdé W it rlsoéyfyu%ctteicp%nuryttaﬁgg ain

but in the enbodi nent, nozzle unit 32 is arranged on a neasure

frame that isesuppertoad iWa%@ratﬁbiﬁeﬂﬂgdaﬁﬁaéga?edﬁQQHdQQEEYoBV 9M are
projection unit PU In this case, projection unif PU does not have to

be suppol® ed fiimed ysdspertednstAbez -4nLE déht&dt Yon Al 9k 9% e eeasen and
measur enent stage MST is | ocated bel ow projection unit PU, the space
bet ween a 25 tinsaSurdiventt tabive a( &0 bleedeking bedhlzatiem) (and shevilens. g.
191 can be filled with water in the simlar nanner to the
above- descri B&GLyghamer 2 voice cohkimptinmlory thenlike) applatively to base
description, one |iquid suppl i pe (nozzle) and,one |iquid recover
; b card 19 and ngkyéFgégtér 81, %hat is, wafé& table WTB %an
pi pe (nozzle
move minutely and can be inclined (tilted) in the Z-axis
15 direction with respect to the XY plane (or the image plane
of projection optical system). Incidentally, inFIG. 6, stage
drive system 124 is shown including each of the linear motors
and the Z-leveling mechanism described above and a drive system
of measurement stage MST. Further, wafer table WTIB may be
20 configured capable of minutely moving also in at least one
of the X-axis, Y-axis and 8z directions.

On wafer table WTB, a wafer holder (not shown) that holds
wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integraliy with wafer table WTB,

25 Dbut in the embodiment, the wafer holder and wafer table WTB
are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum

suction or the like. Further, on the upper surface of wafer

table WTB, a plate (liquid repellent plate) 28 is arranged,



30 are to be arranged as an exanpl e. However, the present invention

is not limted to this, and a configuration having nultiple nozzles

as disclosed in, for exanple, the panphlet of International

Publ i cati on No. WD 99/49504, may al so be 5 enployed, in the case such
arrangenment is possible taking into considferation a relation with

adj acent nmenbers. Further, a configuration may al so be enployed in

whi ch the | oug; ALY MRFHER Ny 'z%(p%lﬁce%dﬁ Ghseled)o the

i mge plane of projection optica syst%m PL (1. e. closer to'the

wafer) than Ehddiemutaaing s aceofcdd Ruretel ¥k 0523’ ORbleRled on

path on the object plane side of tip lens 191 is also filled with

wat er in additheowaferamodpidrcalo patilchon itded d mege 1pleane psodesefing pith
|l ens 191. The point is that any configuration nay be enployed as far
as the |iqui decaedie tougplduddl dw lisasterfivorred s pace al ¥ eloébwged aan outer
optical nenber in the | owest end fti p lens) 191 constituting

proj ecti of oftiP®s (GRIOMPL and @ WA Tor agx Smend nat et dgi gormed
i mer si on mechanism di scl osed_i.n the panph] et of International

Publ i cation N& © ?66%?55@955}0& aPﬂel?iﬁLJr%hJ?ih‘re]rasWﬁF redtafitewvater

di scl osed inh% %B§P(§?%§ﬁht%% Aggggcg%igﬂepggkég?tiqgj%%éé&%é%?ﬂ%%% of
0 .

can al so be appliiéd to the exposure apparatus oT' fhe €

Referring bagl 9iEhG itnShags,deyd £6: @Pehs f#“ﬂ WD Wl such

stage WST and neasurenent stage MST that are aced above a base

board 12, andsniyeskeeemetebesyft el 1d8chr 8 ele2Silp Rz Warddelapdiing s
Y interferoneters 16 and 18 and the |ike that measure position

i nformati®on cichsttages, WBT.@9d VBT ican endodar tisysienf{t® dfe deser idgeda
| ater) that is used for neasuring position information of wafer stage
WBT on exposuddgiudd repel kel fa lotbgéodtmedd sy Soem=<bp le, ef brotoneEkrE&sin
6) that 31 drives stages WST and MST, and the liKke.
materials, fluorine series resin materials such as
polytetrafluoroethylene (Teflon (registered trademark)),
acrylic resin materials, or silicon series resin materials.
15 Further, as is shown in a plan view of wafer table WTB (wafer
stage WST) in FIG. 4A, plate 28 has a first liquid repellent
area 28a whose outer shape (contour) is rectangular enclosing
the circular opening, and a second ligquid repellent area 28b
that has a rectangular frame (annular) shape placed around
20 first liquid repellent area 28a. On first liquid repellent
area 28a, for example, when an exposure operation is performed,
at least part of a liquid immersion area 14 protruding from
the surface of the wafer is formed, and on second liquid
repellent area 28b, scales (grating sections) for an encoder
25 system (to be described later) are formed. Incidentally, at
least part of the surface of plate 28 does not have to be flush
with the surface of the wafer, that is, may have a different

height from that of the surface of the wafer. Further, plate

28 may be a single plate, but in the embodiment, plate 28 is



On the bottom surface of each of wafer stage WST and neasur enent
stage MST, a noncontact bearing (not shown), for exanple, a vacuum
prel oad type hydrostatic air bearing 5 (hereinafter, referred to as
an "air pad") is arranged at a plurality of points. Wafer stage WST
and neasurenment stage MST are supported i3f a noncontact manner via a
cl earance of around several pm above base board 12, by static

pressure of SSSU ir ‘l I r ir £
the 10 upperlﬁzi;urfgzdelz%%j %}aggkgggﬁgalgﬁmﬁgﬁéﬁl g?%igt%%%gek}%%l%'
are independenitdt dridvaklbentweiduiensbgpal byti p1i8s Ymd SHFLGdRN to
(a horizontal direction of the page surface of° FIG 1) and the X-axis
direction (arfiargthagendald diepedticon heehhpspaged sssdaoe 16fquildGrebellent
within a predeterm ned plane (XY plane) , 15 by stage drive system
124. Tadss BBberspeectivelas il shewembodihenip] grune vaten ¥4 Gsed
2, on a floor surface, a pair of Y-axis stators 86 and 87 extending

in the Y-axi @4iligeifddi asely dgpeeied sopracaadorheonef afee her¢ingster

other side in the X-axi.s, direction having 20 base board 12 .in
bet ween. Y- a%’lsrsstt M%éegﬁgag?taﬁée@agﬁa c%%%o%"é‘bor%ﬁ LB e xgmeident

[ I [ hat _ | h
s made up of TIUPEY PALr3 bf S ROITE §0) BorkOhGr WAKEh ST For o Late
magnet that arg %lrﬁpsﬁgcqgmp u%rteei_ftr%ﬂ@ﬂ%tdﬁ%arad;éc%ﬁ;d alternately

along the 25 Y-axis rection. axi s st nd 87, two

Y-axis novers 82 amgh 84isafflséWfdNise MOVEHS 1831 3ntr BRI Bd€ed to Ffirst
respectively arranged in a noncontact engaged state. In other words,

four Y-akx0s mmters :8el84nt8pland 8Bai ontohalimtier idide Saltd 1ef xeidd@ire
inserted in the inner space of Y-axis stator 32 86 or 87 whose XZ
sectional surlfisdd hasis hgrddlkeishageataddtaseceveratby seppbrdred plate
a noncontact manner via a clearance of, for exanple, around several
pm vi a the aid®pad thetowkpwdids + hTrédpacthis €2tk dgpohdions vearitd on,
stator 86 or .87,  Each 5 of Y-axis, novers 82, 84, .83 and 85 is .
conposed of , foFPg LM ra Pk 15 b MHHST FRBELLRRBrPSIRLES B PR iGte T

coils placed predeterm ned distance along tfhe Y-axis directiqgn.
That i, i ene BB SerE MR SR r T s R A TR TP i ha oht
ar At ur eg hn by, and ghrdles StARBIMAR 14 Af A8 JRONH k6110 AU s
unit constitute noving coil type Y-axi's linear ors respectively.
Simlarly, YspgisdPyersdeast 8k §ﬂﬂf¥cé>6f3f§£|§’e HatBE ﬁé’ﬁéiiléx% ®late

noving coil type Y-axis linear notors respectively. In the follow ng
descri ption, 28aghanfl 4 bectatwat-caxirSptlDeat arei-0ts whdstrhedr alk@ead lent

will be referred to as 15 a Y-axis linear notor 82, a Y-axis |inear
mot or 84, a Y@t daviimgaresosorngsd dndeap¥saxeslighearl notferi8y 4 the
needed, using the sane reference codes as their novers 82, 84, 83 and
85. Tirst water repellent area is applied is formed on the surface
20 of second water repellent plate 28b. In general, since it is
difficult to apply water repellent coat having sufficient
resistance to exposure light IL (light in a vacuum ultraviolet
region, in this case) to a glass plate, it is effective to
separate the water repellent plate into two sections in this
25 manner, i.e. first water repellent plate 28a and second water
repellent plate Z8b around it. Incidentally, the present
invention is not limited to this, and two types of water

repellent coat that have different resistance to exposure

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



Movers 82 and 83 of two Y-axis linear notors 82 and 83 out of the
four Y-axis linear notors described above are 20 respectively fixed
to one end and the other end in a longitudinal direction of an X-axis
stator 80 that extends in the X-axis direction. Further, novers 84
and 85 of the remaining two Y-axis linear’mtors 84 and 85 are fixed
to one end and the other end of an X-axis stator 81 that extends in

25, the X-axi livest] 80apboboraliiobe XaKl Al 0peq 00 Bl arey Lhe

driven al ong ‘the Y-axiIs a palr axi's |1 near tors

and a pair ofsetdhd wakkRepbp8Piohs H4LAnd 83 theshechd alne ke Plvater
X-axis stators 80 and 81 is conposed of, for 33 exanple, an armature

unit that i ncospariadres caramniiye beohbplpkdced aheaf predeid idethd water
di stance along the X-axis direction. One X-axis stator, X-axis

stator 81 is mpanged iareasst aferoéxdap Iy, iarsler bee watan omenl ent Rotea
shown) forned at 5 a stage main section 91 (not shown in FIG 2,

refer to fI GMay alfp Reorstined an gdre vimevaflertst age WST. I nside the
openi ng of stage majn ﬁecti on 91, for exanple magneti c pole unit,

|
whi ch has a per manéntt Tgdnef Sgt D AP H4ats if§°F?'aEEglup4 daﬁl bRl epfhipes tgen
th | t th | t,-10
< nert ol eanet apt o souf . poLe manet 10.pl5sg0 e, o,
ar ranged. Th'cﬁ&ﬂ%@&'ﬁar@ﬁ%cﬁiﬂ@ﬁe BQHtgiﬁﬁgﬁ&%ﬁiﬂrth%lx99£§g I iY@+ on,

nmovi ng magnet type X- axi I near notor t rives stage Nnain section

91 in the X aXi$ athé L6 ORenSigNdtd BY, 1§ REANRIG XnaXhs sh&t®otangular
X-axis stator 80 is 15 arranged in a state of being inserted in an

openi ng for metbzade g isisdge mhkncsectit preifk tikakneonskid biyeshpadit@ft and
measur enent stage MST. Inside the opening of stage main section 92, a
magnet i ¢ pol eagund waheclrarsldiemt alate 2i8ie nmAghnetuc gdoherkiiM isfddred
waf er stage WET side (stage main section 91 side) , is 20 arranged.
Thi s magnet i dhAhe GRAtend XD dngdttordige leshiswatics @ ingasgrenent
tmﬁgn)e('f a;?ged@%gqsghl_ g%rarrc?ér?{e} fz%e dlr.il. \é)efs wgef?a?:u{:ggﬁgt W%]%)a,gearll\élsg ngir
of aerilal image measurement slit patterns SL are formed in
15 the symmetrical placement with respect to the center of
fiducial mark FM on one side and the other side in the X-axis
direction of fiducial mark FM. As each of aerial image
measurement slit patterns SL, an L-shaped slit pattern having
sides along the Y-axis direction and X-axis direction can be
20 used, as an example.
Furthex, as is shown in FIG. 4B, at a portion of wafer
stage WST below each of aerial image measurement slit patterns
SL, an L-shaped housing 36 inside which an optical system
containing an objective lens, a mirror, a relay lens and the
25 1ike is housed is attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 36 is arranged in pairs

corresponding to the pair of aerial image measurement slit

patterns SL, although omitted in the drawing.



In the enbodi nent, each of the linear notors described above that
constitute stage drive system 124 is controlled 25 by main controller
20 shown in FIG 6. Incidentally, each linear notor is not limted to
ei ther one of the noving nagnet type or the noving coil type, and the
types can appropriately be selected as ne¥ded. Incidentally, by
maki ng thrust forces severally 34 generated by a pair of Y-axis

| i t 84 8 ight Ly diff - | iPat
ora on amount | n e Reoepea SOPSl A LBy e e con
control l ed. Rurdhers, £1yaakisnge LA USE FBHGRS %R A d Ve fgf%m@éﬁé@cthtﬁeu@h

pair of Y-axis | i near notors 82 and 83 be slightly different, a

yaw ng anmountsedfidIasiyRieida Siage S kican gea oo 191l l:8bng an L-shaped
Waf er stage WST includes stage main section 91 described above and a
waf er tabl e WiBittchahdiesninoabhediioghistagerne rYsetteon &@l. \Mafcdrdenablldy,
WIB and stage main section 91 are 10 finely driven in the Z-axis

di rection? tHe& GhaifaddidvwomarmesHa Myl ol r ddtd ephiicela K teare|inggde
nechanisn1(ng§ shommé (e.g. including a voice coil nptor or the |ike
rel atively tGBEEEDIEr 4519°3RH DA St d0BF ~8F2nPRAETiET fpkem 36 by
table WIB can_nove .mi nutely and _can be i.nclined (tilted)_in the

Pt 15 d MR ARg BRI BeEr STger FRIRVEBI ARESHBY  Thet Tl gialife OF
ofprojection:gﬂﬁ; I tem . Incidentally, in FIG 6, stage drive
system 124 is s éaﬁi?ﬁ%fuding each of the |linear notors and the

Z-1eveling mechani siprdese, bedl +aRoYEpaAE & fAldaVsr DEHRM Rhter repellent
nmeasur enent stage MST. Further, wafer table WIB nay be 20 confi gured

capabl e 00 mplstel Yavimgd t@lEe igrial lieasd e dfrddid K-fvtinsad Y S
and Oz directions. On wafer table WIB, a wafer hol der (not shown)
t hat hol ds wafrerdaleynivac gurhductlicony aradthef ifkern sigasangddreThe
waf er specifically, in areas on one side and the other side in the
X-axis direction of second water repellent plate 28b ({both
sides in the horizontal direction in FIG. 4A), Y scales 39Y;
15 and 39Y; are formed respectively. Y scales 39Y; and 39Y, are
each composed of a reflective grating {e.g. diffraction
grating) having a pericdic direction in the Y-axis direction
in which grid lines 38 having the longitudinal direction in
the X-axis direction are formed in a predetermined pitch along
20 a direction parallel to the Y-axis {(Y-axis direction).
Similarly, in areas on one side and the other side in
the Y-axis direction of second water repellent plate 28b (both
sides in the vertical direction in FIG. 4A), X scales 39%; and
39%; are formed respectively. X scales 39¥; and 39X, are each
25 composed of a reflective grating (e.g. diffraction grating)
having a periodic direction in the X-axis direction in which
grid lines 37 having the longitudinal direction in the Y-axis

direction are formed in a predetermined pitch along adirection

parallel to the X-axis (X-axis direction). 2As each of the



hol der may al so be forned integrally with wafer table WIB, 25 but in
t he enbodi nent, the wafer holder and wafer table WIB are separately
configured, and the wafer holder is fixed inside a recessed portion
of wafer table WIB, for exanple, by vacuum suction or the |ike.
Further, on the upper surface of wafer tafle WIB, a plate (liquid
repellent plate) 28 is arranged, 35 which has the surface (quuid

repel l ent surfage)s su %tgéléi?ln{a\\,/%er {éﬁsﬁqw gfﬂ_ggtﬁgéfc?fff&tc@lg@ atlfr_}g

mount ed on the waf €r "hol der repelrl én proce55|n

respect to |ipgui(#rkq 88 p@ii@ﬁﬂ@@reﬂ@@dabrGQ§ﬁﬁg§5%bl%Utﬁélég?QﬁQﬁ:the
(contour), and has a C|rcular openi ng tha formed in the CTenter

portion and iig ksl igghtdhe |sangeicd kan stehfbn\&lafw%lteho|rfé@i’el(l%nrf0lgﬂtdt@ 281Ld s
of the wafer). Plate 28 is nade of materials with a | ow coefficient

of thernmal expaki ofin Shth casegl assbssarla branycst {sys maak dprafiumrrow
(the brand nanme) of 10 Schott AG Al 203, or TiC), and on the surface
of plate 28, S&HﬁSqugéopﬁﬁél@éﬁﬂniﬂﬂ#ﬁ|§h¢bﬁﬁ%ﬁﬁbykeﬁoatekﬁﬁﬁﬁétermlned
fluorine resin materials, quorlne series resin materials such as

pol ytetraflu Cen®{ERY)| Gi¥ (qréavs?ttéﬂzx& t r 48€mar’R¥) ofagiffraction
Chown 10 & peartiPle,sreAPe ShaE el A 2P e Lepdhe vyt o it kR

plate 28 has g dd 18t 4 anqwr%tl Oge!mgeet up' 68 %f %‘QS& RHEN SPRGae are

(contour) is rectangu ar “enc the*circ openi ng, a secon

l'iquid repel h@@ha@h@ﬁal@%b fbli?ﬂtedhaﬁu@ sesbanga aé’xafrﬁﬂr@ (t?‘l@“dllﬁrf)ractlon
shape placed around 20 rst I|qU|d repelfent area 28a. On first

liquid repel lgenttiaeahada,id areexanplis, cdpeiay xpesfiee «oRe Friioke Sn
performed, at |east part of a liquid imrersion area 14 protruding
fromthe surfavbotbsehe iwdfrer riesihomagdbeandedn sboondet, quach scale is
created by marking the graduations of the diffraction grating,
for example, in a pitch between 138nm to 4pm, for example,
a pitch of 1pum on a thin plate shaped glass. These scales are
15 covered with the liquid repellent film (water repellent film)
described above. Incidentaily, the pitch of the grating is
shown much wider in FIG. 4A than the actual pitch, for the
sake of convenience. The same is true also in other drawings.
In this manner, in the embodiment, since second water
20 repellent plate 28b itself constitutes the scales, a glass
plate with a low coefficient of thermal expansion is to be
used as second water repellent plate 28b. However, the
present invention is not limited to this, and a scale member
made up of a glass plate or the like with a low coefficient
25 of thermal expansion on which a grating is formed may also
be fixed on the upper surface of wafer table WTB, for example,
by a plate spring (or wvacuum suction} or the like so as to

prevent local shrinkage/expansion. In this case, a water

repellent plate to which the same water repellent coat is



repell ent area 28b, scales (grating sections) for an encoder 25
system (to be described later) are fornmed. Incidentally, at |east
part of the surface of plate 28 does not have to be flush with the
surface of the wafer, that is, may have a different height fromthat
of the surface of the wafer. Further, pldPe 28 nay be a single plate,
but in the enbodiment, plate 28 is 36 configured by conbining a

plurality Ofa P?H%%zc%pkh%X%%ﬁﬁﬁ@,ghr c%ngpﬁe%%n%sggnggtéﬁgeE%egﬁgte

pl ates that c espond to first TiquidTrep ent are Sécon

liquid repel lent grea,280r resNRC TSy d1sd e %@ﬁ@ﬁ@?tmaﬁéﬁi%lv@%@ch
Is used 5 as liquid Lg as is described above, and theretfore,

herei nafter fi sk ktbegtifdciepel beénthareal 28apandi secaoied lirwukh a case,
repell ent area 28b are also referred to as first water repellent

plate 28a and setond Vetealeeped #paipl af & 88blebmahbe dasestly formed
exposure él grc]}n Itli_lel ?Jplprerradslu?:tf%%et %ff Iwrasjfter table WTB.

Mirror finish is severally applied to the -Y end surface
and the -X end surface of wafer table WTB, and a reflection
surface 17a and a reflection surface 17b shown in FIG. 2 are
formed. By severally irradiating an interferometer beam

10 (measurement beam} to reflection surface 17a and reflection
surface 17b and receiving a reflected light of each beam, Y
interferometer 16 and X interferometers 126, 127 and 128 (X
interferometers 126 to 128 are not shown in FIG. 1, refer to
FIG. 2} that constitute part of interferometer system 118

15 (refer to FIG. 6) measure a displacement of each reflection
surface from a datum position (generally, a fixed mirror is
placed on the side surface of projection unit PU, and the
surface is used as a datum surface), that is, position
information of wafer stage WST within the XY plane, and supply

20 the measured position information to main controller 20. 1In
the embodiment, as each of the interferometers, a multiaxial
interferometer having a plurality of measurement axes is used
as will be described later, except for some of the
interferometers.

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

via a kinematic support mechanism (not shown).

Apair of Z interferometers 43A and 43B constituting part



10 water repellent plate 28a on the inner side, while exposure |ight
IL is hardly irradiated to second water repellent plate 28b on the
outer side. Taking this fact into consideration, in the enbodi nent, a
first water repellent area to which water repellent coat having
sufficient resistance to exposure light ®8 IL (light in a vacuum
ultraviolet region, in this case) is applied is fornmed on the surface

of first wateys gﬁeg#ent&me't%% %\g m A% 28 %89”9 ‘%%fee.r 4%@:&:@ fe

to which water repe coa V|ng reS|s ance 16 expo ure Tight
inferior to thedidsteMobebnsePs! oy Bd ?cﬁlx’x%xa@@éﬁéj axsratrfejerae% pPBsing
the surface 20 of second water repellent plate 28b. In general, “sSince
it is diffi cuidvameaxppkyomtle(ré;e@@ltloem(;soataﬂf@w ng ﬁ@ﬂofelz@d;@@tspemflc,
resi stance to exposure light IL (light in a vacuumultraviol et

region, in thissicaséyibosawgkassiphvate, FIESi s2 efrfdctd wodetwapamatvable

the water repellent plate into two sections in this 25 manner, i.e.
first water FEF&reAl bt gesizsedand Hedoadl e mepbepéqum sﬂuare%@on
around it. Inci entaII the present invention_.is not Limte

this, and twdSt ﬁ@geaf Pe?e&e%%ﬂ%fhtswcq Ha?ta ﬁév‘éaﬁ'?%ff%’?‘ké]rﬁ VB, by

siace or 16 S5 3 Gl Bl ot e ety s
repel l ent area,and.the seeand water rapald S»{,; X {u%a-o ; %n@ filbe ot ﬂ%vﬁ%@ea

kind of water repell’ent coat may be applie secon

wat er repell %@xa@&ﬁ%ec%@bn@lagﬁéﬁe O Yoo iRt eb Bépf’éfrﬁéﬁ B @Riving
may al so be forned on the sane pl ate. - Further, as is obvious

from Fl G04Aa akcthegendrpantli an d8octbelay §r£lpe@$1$1 r ti WRdreffinish is
repellent plate 28a, a rectangular cutout is formed in the center
portion in thepiiad sodiheelli pide and fgrasunensnte pliatrer301} sand three
enbedded i nside the rectangular 10 space (inside the cutout) that is
encl osed by tRéle@téwn svdisecond Wat dilar @pel 14dmt axieatforzgsl. A
fiducial mark FMis forned in the center in the |ongitudinal

di rection of rreasuB@ﬁéﬁFt&PQt%‘@@a?%ﬁlé "c‘é‘?‘ﬁ%]lf’wfr%s B 19 Rarépceam Ehe

W'B d I
formed i ?59% @%ﬁém Byab 5?%&%%%‘%35% T SugndE R o gt X2
f'duc'al %}F%L QPQm§%%%N?p%§E e tf% de hgfiggtfoﬁxéﬁrfac? 41b

dlrectlon of C|a mar K eac aerlal I mageé neasur

slit patterngcflstidttesShapedystibt p@lé@é& %vmg Y doefdélld?ingetfﬁ%ctlon
Y-axis direction and X-axis direction can

surface 41a and extends parallel to a plane that is inclined
at an angle of predetermined degrees in a clockwise direction
in FIG. 4B with respect to XZ plane and in the X-axis direction.
20 Reflection surface 41c constitutes an adjacent surface on the
-Z side of reflection surface 41la and is arranged symmetrically
with reflection surface 41b, with reflection surface 4la in
between.
As is obvious when viewing FIGS. 1 and 2 together, 72
25 interferometers 43A and 43B are respectively placed on one
side and the other side of the X-axis direction of Y
interferometer 16 at substantially the same distance from Y
interferometer 16, and at positions that are slightly lower

than Y interferometer 16.



20 used, as an exanpl e. Further, as is shown in FIG 4B, at a
portion of wafer stage WST bel ow each of aerial inage neasurenent
slit patterns SL, an L-shaped housing 36 inside which an optical
system contai ning an objective lens, a mrror, arelay lens and the
25 like is housed is attached in a parti#4dy enbedded state
penetrating through part of the inside of wafer table WIB and st age

el secti on ST, PAUSINGLHE.L SR ERRORY, LAORIIS P oA Lo b

pair of aerial inage measureren

in the drawi nga 338 438, a HR2ARPLLERL S¥shem iag%%mg;ﬁtﬂgu@—i&gié@é.%icqg%n

illumnation 1ight IL that has been transnitte m above to bel ow

through aeri als iinvage)imRasyteTRMd SAdA]l Ratitdr mSlfalona AN drdhared a
route and emits the light toward a -Y direction. Incidentally, 5 in

t he fol | ow noedesordnpntobeainhB2 ot deglt sy Ytamisndi dechoonsi ing i3Gadd ated
described as a light-transmtting system 36 by using the sane

r ef er enced codewrsrhassiiart3er cunfires dde ofrefmw drt &iHco. 4®ir.eolar the
on the upper surface of second water repellent 10 plate 28b, multiple

grid lines afdRd &ty Porffedd Mig teddfeavidpia de fdiesid cdashrépce
SPde N the AP ATec ST et RAAeE t gt dr e b8 off
both sides i ' i ion.in FIG 4A). .Y s 5
bng 3ov2"ar e TR L E0RE R e i oeAa 80 eh diFod Mlm 55 et T el

conposed of %Jr%féc%?toir\&?lo%ro%tailpﬂogﬁegsuggﬁéﬁecl\%\%%@h@f aéﬂda\?.)w%\@gg%&ed

periodic direction in the“Y-axis direction In gri i nes

having the | orf tedl et i 6hseetiaer 11c bhe ardxidedbkeshli@Rqgarthonmeis
in a predetermined pitch along 20 a direction parallel to the Y-axis
(Y-axis directirmdtion respeSitnivedry,y,at moarigdone ng side autdde
other side in the Y-axis direction of second water repellent plate

28b (bot h si deedateadydnest tdicdlandiar eqamn GnenF@vabie, mirgeal dd 3@Xthe

and 39X2 are fornmed respectively. X scales 39X1 and 39X2 are each
-Y direction, in a state of not interfering with measurement

beams Bl and B2.

15 Fixed mirrors 47A and 47B are supported, for example,
by the same support body (not shown) arranged on a frame (not
shown} that supports projection unit PU. Incidentally, fixed
mirrors 47A and 47B may also be arranged on the measurement
frame described previously. Further, in the embodiment,

20 movable mirror 41 having three reflection surfaces 41b, 4la
and 41c, and fixed mirrors 47A and 47B are to be arranged,
but the present invention is not limited to this. For example,
a configuration may also be employed in which a movable mirror
having an inclined surface at an angle of 45 degrees is arranged

25 on the side surface of stage main section 91 and a fixed mirror
is placed above wafer stage WST. 1Inthis case, the fixedmirror
may be arranged on the support body or the measurement frame
described above.

Ls is shown in FIG. 2, Y interferometer 16 irradiates



25 conmposed of a reflective grating (e.g. diffraction grating) having
a periodic direction in the X-axis direction in which grid lines 37
having the longitudinal direction in the Y-axis direction are formed
in a predetermned pitch along a direction parallel to the X-axis
(X-axis direction). As each of the 39 sdles, the scale nade up of a
reflective diffraction grating RG (FIG 8A) that is created by, for
exanpl e, hol g, L t face

ea@:g{%' etn}{ebe({jtﬁfs 81 Q‘?d%ﬂr @8 I;] LLes ?‘las graatce l7a of

repel l ent pl at I'S use In thi's cade, eac i hgs

made up of narSRW % aH1id HTHIHARMRS Qe tzrtéeaédr@aetrttata;@se l@@rtlﬁ%d vl ;8 5

predeterm ned di stance (pitch) as graduations. The type of

diffracti on griatdowd disethaftoareagpagedl eheSsand diideck BUQn @hley -X

the diffraction grating made up of grooves or the |like that are

mechani cal | y sfiglenadd tiet +3lssale foomexstpaight Adndi pérartebrolthe Y-axis

grating that is created by exposing interference fringe on a

phot osens? t i P& Sdsioh thapupd Eg@dpr%m‘vwn eertesc @oy asrtdare@pbycal

mar ki ng the graduations of the dlffractlon ratln%I for exanple, in a
f

pi tch bet wee?YE3SHMELL PBh Fdr aadampie, 2554t &R Glp%tona§dtﬁ?ﬁelves
| h d gl Th | 15 with t

Pepel | ont 11 FFEILe el F e ToRe FRrmyeRsstrbar ABobe. (e bAEsFFying
the pitch of thffte s%tee ggﬁ(l% $hQwg_mugh, ttﬂgctlttnﬂr@ Jttt%tt&t N& warer

actual pitch, e of ‘conveni ence true also in

ot her drawi ngsbllenwlrhi 8+ MBARLA: at ok N BIROYMRREsuskRe tSEERM mt &hd
20 repellent plate 28b itself constitutes the scales, a glass plate

with a b cedhfi ciremidedtd ey maln eqmngi Omela%u&@mlé%tu&édm%SBﬁ?(é}ﬂﬂ B4,
wat er repellent plate 28b. However, the present invention is not
linmted to thire, repdesestaltd vednbehowaddwp ofeasugleass tploate @& .t he
like with a low coefficient 25 of thernmal expansion on which a

grating is forned ﬁﬁ?téﬁ§® Be intredesameieruppedt rsactiatesoneaatgement

tabl e WIB, r exagp Elate spring (or_vacuum suction) or the
li ke so as t S5el rttowa&@)éreé £rhkage féA.2490g RineHyeeTept axis

|1 h,th t t
abpi | o on G ERP Lr &8 FACE hiy oRoTEEh o REFRRRCEh AP d e Saag aart

gﬁ;?;iéﬁg%$ a Bt zd §g£b81E% %@gnb gﬁtﬁébgh§eﬁkﬁg Be58§/34%)an? B4,,
pansi on, In such a case, f
scal es and azpa &e@%m&e%c%é@%dﬁ@ﬂ%ﬁﬂﬁﬂé§ﬁjgﬁ'@@ffﬂéted off reflection
surface 4la, thereby detecting the Y-position of reflection
surface 4la of movable mirror 41 (i.e. wafer stage WST).
Main controller 20 computes the Y-position (toc be more
20 accurate, a displacement AY in the Y-axis direction) of
reflection surface 17a, that is, of wafer table WIB (wafer
stage WST), based on the average value of measurement values
of measurement axes corresponding to measurement beams B4; and
B4, of Y interferometer 16. In addition, main controller 20

(¥)

25 computes a displacement (yawing amount) A6z in the rotation

direction around the Z-axis (8z direction) of wafer table WTB
from the difference between the measurement values of the
measurement axes corresponding to measurement beams B4; and

B4,. Further, main controller 20 computes a displacement



5 on the upper surface of wafer table WB. Mrror finish is
severally applied to the -Y end surface and the -X end surface of
wafer table WIB, and a reflection surface 17a and a reflection
surface 17b shown in FIG 2 are forned. %y severally irradiating an
interferoneter beam 10 (nmeasurenent bean)4to reflection surface 17a
and reflection surface 17b and receiving a reflected Iight of each

peam Y 1nt ef fAROIRLE! afBuAl] Xoknier{Rl PLEL3clatn o270, 20 ]ﬂ?%g(%)WST

interferoneters 126 to 128 are not shown in efer to

that constitWdfrdn ¢hd rﬁ-?dcseﬁﬁ.@i e by P18k ¢ (vefigr the FlGxis
6) neasure a di splacenent of each reflection surface froma datum

posi ti on (gemdraldbioma fifxedfiectdaon supfacedl da dimg sdfdecirdfmeardhce
projection unit PU, and the surface is used as a datum surface), that
i's, position4lk#¥-ormation of wafer stage WST within the XY plane, and

supply 20_the neasured position information to nmain controller 20. In
the enbodPment, as &ZEREEH AfFe LiSntEOMEr dReteFs, %a Rultitgxitgrometer 126

i nt erferoneter__hayi a _plurality . of neasurenen es is ed . as W

be descri bed Hrgtaélﬁar{%fcggetasf‘ﬁe“é%ﬁe RS 5i1n?%$f§$%§ﬁé@ er 2014 s
25Meanwhi | e, i 0 i I Y em.r.ror havi

a | ongi t:Jdi néalal%éflgfé%{él \(L)Mrqul n@ne'lt:ahse -nieﬂ%fér%eﬁ:%naﬁmse argtp':aé:c degr}}eoastahr{eég

-Y side surfagetQince 888 r BB forg @ChE L1 Gt Viid AL Ki NEFREI - SUPPefitrection
mechani sm (not shown). Apair of Z interferonmeters 43A and 43B

consti t uti ng pparstinAthebugntieid epereker aﬁj!:&@pi&@eét@f)ﬁroﬁﬁ(ﬂﬁsé/@kem
that irradi ate neasurenent beans to novable mrror 41 are arrange
opposi ngl®ovall,eandinraim 4¢dntrefldert 20 Ho@putksahde 29dsitibm e s &-axis

specific, as is obvious when viewng FIGS. 2 and 48 together, novable
direction (X-position, to be more accurate, a displacement

AX in the X-axis direction) of wafer table WTB, based on the
measurement values of the measurement axes corresponding to
measurement beams B5; and B5,. Further, main contrecller 20
15 computes a displacement (yawing amount) A8z™® in the 6z
direction of wafer table WIB from the difference between the
measurement values of the measurement axes corresponding to
measurement beams BS5; and B5;. Incidentally, A6z") obtained

¥) obtained from Y

from X interferometer 126 and 8z
20 interferometer 16 are equal to each other, and they represent

a displacement (yawing) A8z in the 6z direction of wafer table

WTB.

Further, as 1s indicated by a dotted line in FIG. 2, a

measurement beam B7 is emitted from X interferometer 128 along
25 the measurement axis parallel to the X-axis. In actual, X

interferometer 128 irradiates measurement beam B7 to

reflection surface 17b of wafer table WTB located in the

vicinity of an unloading position UP and a loading position

LP (to be described later, refer to FIG. 3), along the



5 mrror 41 is designed so that a length in the X-axis direction is

| onger than reflection surface 17a of wafer table WIB, by at |east a
di stance between Z interferoneters 43A and 438. Further, novable
mrror 41 is nade up of a menber having a hexagon sectional shape,
whi ch seens to be formed by uniting 10 a Yect angul ar and an isoscel es
trapezoid. Mrror finish is applied to the -Y side surface of novable

mrror 41, anpgddRedff | 8atd Yusirfaces 44y dlasand c%rﬁ'léc&glrggfd'

Refl ecti on surface 41a constitutes an end surface on the -Y si

novabl e nirranhdnd edardemparabhal 1badilg pésibiphane. andidthd)e as
X-axis direction. Reflection surface 41b constitutes an adj acent

surface on the sHosnhden LG el aateanusamdac ®edihaB arfd oaxt dnde rifaraietle r
to a plane that is inclined at an angle of predeterm ned degrees in a
cl ockwi se di rlech iigh linramligte4B twi tte flespiden tsmofags dVd add waferhgable
X-axis direction. 20 Reflection surface 41c constitutes an adjacent
surface on t N&B-z dpdecératef MEAENERTIEHIES REEM4BE ARdir§adipaRgedo
symmetrically wi.th reflection surface 41b, with ref|ectian surface

T T borwe it LI S RHAE S il ap IR 1S MRy S IRsh e . 7
25 interferonet %?é 43 respect \ ed. o i

and the ot heE(Fes‘—ﬂlesrc‘i1(.:r D tﬁeg%l(%agﬁgggfls ch :Solr;]h%]‘?k Ya%)in%ﬁjr%esflglr%& zlrrso %att he

substanti al | ydihetsie NG T4 QP Yod Y &f1f« rﬁf@kersy%@fgamiﬁt

positions that are slightly |ower than Y interteromnetér
Main controller 20 can obtain the displacement AX in the

10 X-axis direction of wafer table WTB also from the measurement
value of measurement beam B6 of X interferometer 127 and from
the measurement value of measurement beam B7 of X
interferometer 128. However, the placements of three X
interferometers 126, 127 and 128 are different in the Y-axis

15 direction, and therefore, ¥ interferometer 126 is used when
exposure is performed as shown in FIG. 14, X interferometer
127 is used when wafer alignment is performed as shown in the
drawings such as FIG. 21, and X interferometer 128 is used
when a wafer is loaded as shown in FIGS. 18 and 192 and when

20 a wafer is unloaded as shown in FIG. 17.

Measurement beams Bl and B2 along the Y-axis are
irradiated from each of Z interferometers 43A and 43B toward
movable mirror 41. Measurement beams Bl and B2 are incident
on reflection surfaces 41b and 41lc of movable mirror 41 at

25 a predetermined incident angle (to be 6/2), respectively.
Then, measurement beams Bl and B2 are reflected off reflection
surfaces 41b and 41c respectively, and are vertically incident
on the reflection surfaces of fixedmirrors 47A and 478. Then,

measurement beams Bl and B2 reflected off the reflections



42 As is shown in FIG 1, fromeach of Z interferometers 43A
and 43B, a neasurenment beam Bl along the Y-axis direction is
irradiated toward reflection surface 41b, and al so a neasurenent beam
B2 along the Y-axis direction is irradiated 5 toward reflection
surface 41c (refer to FIG 4B) . In the éfbodinment, a fixed mirror

47A having a reflection surface orthogonal to neasurenent beam Bl

that is refl I IO c fi X 1T 4
having a ref %garﬁ%o%%gﬁg%}gg%rﬁo%%%ﬁ7?\o§%r§agjéjgr$§n§8%g}én%%l?%%d ioéﬁf
reflected 10 @ff1d&flarhoratusf 2¢8 418 Are rakhargedesyt endi ng-di:the
X-axis direction respectively, at positions that are spaced a

predet er m nectith sipaice: Japarthd,r anrmnabhe iH e 4hdiRiehnfte be¥ms passed
direction, in a state of not interfering with nmeasurenment beans Bl

and B2. 15Fi xéd-augtr,oris: 4hA ardetEBdadérsupponted, afidraexanptes vday by 2
t he same support body (not shown) arranged on a franme (not shown)

t hat supp®rt siipregjfestamatand tdPuanchdidental |y, fixed mirrors 47A and
47B may al so be arranged on_the neasurenent frane described_, )
previously. Furt hefeLEihERERbD HiRIEC SR Hoab BT T6FS AL IRRAIRP of
three reflectio surface% 41&),, 41a and 41c, and !Lixe,d mrrors 47A agd
47B are to b&HTafGede Bal the prodamis MyERPFonl 1 SShEfsPrgart Ba R AYo

this. F , AR al 59 bg; 4 1 ]
is. For eXngHHh% 3 s390CLA1L1 agntﬂayZagz%? &lfg@{fyﬁgrgwggj@egg be

novable mrr aving an inclined surface at an angle

is arranged n 11de, 1S W.f f j ectd
fixed m rror%?&soqplaggg) ég:(;%vlelﬁv?/a erqegltga%{quv%%‘lﬁ%l nrALt :6? g{aégg?art% enf%i >}?ee "
mrror nmay belaahangedoPPitde S Al ROd¥hahgbhAT PEss WBMeddrdMBean
descri bed above. As is showmn in FIG 2, Y interferoneter 16

irradi ates 42 ridesurceree ededansl B4 Zanich t6AX emonee treafd A @emds WiRaeee
17a of wafer table WB al ong the neasurement axes in the Y-axis

di recti on t h&xphesseshddd thive Isdiewing @@ tdmara dn @ne -(%)si de and
the +X side froma str iyght | i neparal | el t ot heY-axis

respectively.
ALl = AYo x (1 + cos6) - AZo x sin® ...(1)
15 ALZ2 = AYo x {1 + cos8) + AZo x s8in® ...(2)

Accordingly, from the equations (1) and (2), the
displacements AZo and AYo are obtained by the following
equations (3} and (4).

20 AZo (AL2 - ALl) / 2sin® ...{3)

i

AYo

{AL1 + AL2) / {2 (1 + cosB}} ...(4)

The displacements AZc and AYo are obtained by each of

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

are assumed to be AZoL and AYoL. A distance between

measurement beams Bl and B2 irradiated by each of Z

interferometers 432 and 43B that are apart from each other



5 passing through the projection center of projection optical system
PL (optical axis AX, refer to FIG 1), and receives a reflected |ight
of each neasurenent beam thereby detecting the position in the

Y-axis direction (Y-position) of wafer table WIB at irradiation

poi nts of neasurenent beans B4l and 10 64Y. Incidentally, in FIG 1,
measur enent beans B41 and 42 are representatively shown by a

nmeasur enent t}_%fi@h% X-axis dffj%#\‘pﬂén i\é 'agtsﬁnfeﬁr ﬁ%‘%gﬁg gsge'frega‘gb aclﬁ 23 .
measur enent beam 63 toward reflection surtace 4la along a imeasurenen
axis in the I Sdis ' pa : 1N ' arg,

T the Z- axi < BT SE Fon P sy camet Thoenel bt 4t HERuERG o In
recei ves neasiementibeamiBad sefheediere ofifrroaf liection. swafaees thlps WST)
t hereby detecting the '"I-position of reflection surface 4la of

movabl e m rr andithéi desphatenest age M8 hg aMBunt¢omdy dlrl ehe28y camRdiasn
the '"I-position (to be nore 20 accurate, a displacenent AY in the
Y-axi s di Pectdfompvebleefigaoirodlsuif gcevafar shagei®sT bfexgafadt aigside by
WIB (waf er stage 1), based on the average val ue of neasurenent

val ues of me é%%‘rﬁo“é‘%& B EGPBhdiNg &8 nsur enent beans B41 and

B42 of Y interferoneter .. l.n addj tion, main controller 20 25
conputes a displac (i g@gﬂ%g g%ﬁgﬂt)/ RezmitP’t he rotation

direction around t - axi Gz directi of fer table WIB from
the difference bet \I‘/%é/rzl”t eA%r?é‘asu(r‘z‘ezr?E{t /\?aﬁ) ues OF the measurement axes

correspondi ng to neasurenent beans B41 and 42. Further, main
controller 20 conputes a displacenent 44 (pitching anmount) Aex in

the ex diéecti on ofhcwairerinstlage MdSh kasedocon erhe oY-pesidon@mtet hee

di spl acenent AY in the Y-axis direction) of reflection surface 17a

and refl ecti ahi ssurdcateerdla o f5SFunkh@sgrass icsf shewdom) FL& 270 XAYo, A8z
interferoneter 126 irradi ates neasurenent beans B51 and 52 to wafer
tabl e WIB al emg M8y tviowadasupsbaent WAk dsasddt omartdhs pecet tehrergamesults
di stance apart_froma straight line LH in_the X-axis direction ,
passi ng thr o&&hzt%@%ﬁqm&ﬁﬁ%‘laﬁ b eBy | Y USETIICHRE SpavEmAeFasiibed
and nmai n contr ol Iter 20 (%gnqilﬁe¢6the position in the X-axis direction
(X-position, G99 %e 6t e Hecit a e) a displacenent AX in the X-axis

Teasr eneRt ax6s Pt CURSNATRE T Rode L CAe hetne Be Tt the e
pondi ng td neasurenent beans B51 an :
Further, mai iGN Q& LB wafer stage WST in directions of six degrees
of freedom (Z, X, ¥, 0z, 0x and By directions) from the
measurement results of interferometer system 118.
Incidentally, in the embodiment, interferometer system 118
20 1is to be capable of measuring position information of wafer
stage WST in the directions of six degrees of freedom.
However, the measurement directions are not limited to the
directions of six degrees of freedom, but may alsc be
directions of five or less degrees of freedom.
25 Incidentally, in the embodiment, although the case has
been described where wafer stage WST (91, WIB) is a single
stage that is movable in{jirections of six degrees of freedom,

the present invention is not limited thereto. Wafer stage WST

may alilso be configured including stage main section 91 that



15 conputes a displacenent (yawi ng anmount) Aezmin the ez direction
of wafer table WIB fromthe difference between the neasurenent val ues
of the nmeasurenent axes correspondi ng to neasurenent beans 1351 and
52. Incidentally, Aezm obtained from X interferonmeter 126 and ezm
obtained fromY 20 interferoneter 16 are %¥qual to each other, and
they represent a displacenment (yaw ng) Aez in the ez direction of

waf er table WB.cyoe1y mdiiH erwit%%.ntte ?ﬂ by 3 Aofted lt'a%j,gi RrB

e
FIG 2, a neasurenen beam s em |riter eroneter

al ong 25 the JRASYL RNt AXbE PH A }nshntéeé@fo%g%ﬁd ilsne AL PRlar i¥able
interferometer 128 irradi ates neasurenent beam 7 to refl ection

surface 17b ofelwafiere valle MERd acatreGddt itde Mi Gimiaty 1&fasdN the Z-axis
unl oadi ng position UP and a | oading position LP (to be descri bed

later, refer diorddiGor3)thaléonditaetidb ameasiue Syedt raxt sopar dlnl €his ease,
the X-axis that connects unl oadi ng position UP and | oadi ng position

LP. Further, meyabd espdwrroirn4 k| @& sQr 1kedradmiiemena rbengrdeot afietr table
interferometer 127 is |rrad| ated to refl ection surface 17b_of wafe

tabl e 5 WIB. WiB -acFHAFeReadd? RO bashlorGion sradaseedirs and 17b a

reflection surfa 17b _of wafer tab al ong t he rrea%rerrent ax St
baral el 1o ARy SR ie s 2ecoRnEe W Gt e Eranac BLEFGh Bancey r anoed
primary align t . Main controller 20 can obtain the

di spl acenent M@%I %}%leem -axis direction of wafer table WIB al so

fromthe measureneft, takuendhdTRasy! emeevReamyB6 1¢f oX 'ﬂtf%&tn%rtq%t 8
127 and fromthe measurement val ue of measurément beam 67

i nt erf er boret eta £e28s t &igwensar (wh her plade et 5 waft Hikr €8e Xy plane (posa_tlon
interferoneters 126, 127 and 128 are different in the Y-axis 15

direction, adefiohverdfione inX dinteertfiememeterchik2e idegrseds wherf resdquosur e
i's perforrred as showmn in FIG 14, X interferoneter 127 is used when
waf er al i gnmémcliugliger FoEABHoRs iR Y Fon ha dhaWizngsrsachons i Gainly

21, and X interferoneter 128 is used when a wafer is | gaded _as shown
in FIGS. 18 WS%%@W encoder system (to be described later), and

the measurement values of interferometers 16, 126, 127 are
15 secondarily used in the cases such as when long-term
fluctuation of the measurement values of the encoder system
(e.g. due to defermation over time of the scales, or the like)
is corrected (calibrated), or when the backup becomes
necessary at the time the abnormal output of the encoder system
20 occurs. Incidentally, in the embodiment, out of position
information of wafer stage WST in the directions of six degrees
of freedom, position information in directions of three
degrees of freedom including the X-axis direction, the Y-axis
direction and the 6z direction is measured by the encoder
25 system (to be described later), and position information in
directions of the remaining three degrees of freedom, that
is, the Z-axis direction, the 6x direction and the 8y direction
is measured by a measurement system (to be described later)

having a plurality of Z sensors. Herein, the position



20 a wafer is unloaded as shown in FIG 17. Measur enent beans
Bl and 62 along the Y-axis are irradiated fromeach of Z
interferoneters 43A and 436 toward novable mrror 41. Measurenent
beans Bl and 62 are incident on reflection surfaces 41b and 41c of
novabl e mirror 41 at 25 a predeternined i4f%i dent angle (to be G2),
respectively. Then, neasurenent beans 61 and B2 are reflected off

reflection S%iﬁfzg%tﬁ% and d&%%crt?.%pl%cbifygh%’r@lﬂgiﬁ{ﬁ%\;ﬁ{%%éé%ﬁ%ees of

i ncident on t ection surfaces of fixed mrrors

Then, neasur eMEdBeaE; 81 s3ndeBRcEhibegtod W5fn thee MR 86t Aftem

surfaces of fixed mrrors 47A and 47B are again reflected off
reflection sunrfcaces ediemick ke gespectliMel y Foir. exam@liernthe bBeition
optical paths, through which the incident beans passed through, in

t he rever sed idifregtdtong) inahbea? eaxes el ezt thior? afhd bher fprdimt@Eriod day
and 43B. Herei n, when a displacenent in the Y-axis direction

of wafer 8tadge WERULss LibVEle asATURnAD) 5% s arsl the e AYe.-and

a displacenent in the Z-axis directjon is assunmed to be AZo, an
optical path? Cipthgd! ANE % A A bR T B S

optical path |ength change. AL2 .of urenent beam 82 that are
recei ved by 24%%%§]%$%%Eléﬁ %ﬁﬁyg§%§438 are expressed in the

ol o g, et TS AU 18 TIRSELIYAL Vg Ak bl 3601

Accordingly, (RN kReaBUsti @S bt dmkd) be the- B a¢CtRAUS X Frame

and AYo are obtained by the foll ow ng equations (3) and (4). 20AZo =

(AL2 - ALQ) /ch2sd nlds projection unit PU, or may also be arranged
integrally with projection unit PU that is supported in a
suspended state as is described above, but, in the embodiment,
interferometer system 118 is to be arranged at the measurement
frame described above.

15 Measurement stage MST includes stage main section 92
described above and a measurement table MTB mounted on stage
main section 92. Measurement table MTB is mounted on stage
main section 92 via a Z-leveling mechanism (not shown).
However, the present invention is not limited to this, and,

20 for example, measurement stage MST having a so-callied
coarse/fine motion structure in which measurement table MTB
is configured finely movable with respect to stagemain section
92 in the X-axis direction, the Y-axis direction and the 8z
direction may also be employed, or the configuration may also

25 Dbe employed in which measurement table MTB is fixed on stage
main section 92 and the entire measurement stage MST including
measurement table MTB and stage main section 92 is drivable

in directions of six degrees of freedom.

Various types of measurement members are arranged at



AYo = (AL1 + AL2) / {2 (1 + cose)} The displacenents AZ and AY are
obtai ned by each of Z interferometers 43A and 436. Then, the

di spl acenents 25 obtained by Z interferoneter 43A are assuned to be
AZoR and AYoR, and the displacenents obtai ned by Z interferonmeter 43B
are assuned to be AZoL and AYoL. A distame between measurenent beans
Bl and B2 irradiated by each of Z interferonmeters 43A and 43B t hat

are apart from rﬁ%ﬁ\?rtab"f e h@ar?&@‘ﬂ éj'rt{a%ﬁ)t d fHrAsFyned 59

be D (refer to FI G On such assunption,”the acenent (yamn ng

amount) A0z idkdnield¥ 4 Heckheanoinmpyabl e2 r@rﬁcEQFA41ne(a!SLﬁ:errY@fte"members
stage WBT) and the di spl acenment (rolling anount) AOy in the By

direction 5 cfughwablan midavam 41 (uimitansd efesshagaeg\sEnsaire wbttdiatethas
by the followi ng equations (5) and (6). Aez(AYoR - AYolL) / D AOy(AZoL
- AZoR) / D BoAcigdrdiargihararthiligiuntrastdierim®) et iconputad: theeceives

di spl acenents of four degrees of freedom i.e. AZ, AYo, Aez and AQy

of wafer Stage MEEIRHSQD oioPhel hds apckeage pdaie sf@rgjection optlcal
|nterferoneters 43A gpd 438 by usi ng the above-described eq%ﬁi

(3) to (6). T SR AT i OBiRg

measures an aerial image (projected image) of a pattern that
is projected by projection optical system PL, and a wavefront
aberration measuring instrument 98 by the Shack-Hartman

10 method that is disclosed in, for example, the pamphlet of
International Publication No. WO 03/065428 and the like are
employed. As wavefront aberration measuring instrument 98,
the one disclosed in, for example, the pamphlet of
International Publication No. WO 99/60361 (the corresponding

15 EP Patent Application Publication No. 1 072 223) can alsoc be
used.

As uneven illuminance measuring sensor 94, the
configuration similar to the one that is disclosed in, for
example, Kokai {(Japanese Unexamined Patent Application

20 Publication) No. 57-117238 (the corresponding U.S. Patent No.
4,465,368} and the like can be used. Further, as aerial image
measuring instrument 296, the configuration similar to the one
that is disclosed in, for example, Kokai (Japanese Unexamined
Patent Application Publication) No. 2002-014005 (the

25 corresponding U.S. Patent Application Publication No.
2002/0041377) and the like can be used. Incidentally, three
measurement members (94, 96 and 98) are to be arranged at
measurement stage MST in the embodiment, however, the types

and/or the number of measurement members are/is not limited



di spl acenents of wafer stage WST in directions of six degrees of
freedom (Z, X, Y, Oz, Ox and Oy directions) fromthe neasurenent
results of interferonmeter system 118. Incidentally, in the

enbodi ment, interferoneter system 118 20 is to be capable of
measuring position information of wafer stlage WST in the directions
of six degrees of freedom However t he measurenment directions are

not limted t dir i

be directi ons%og;ﬂgfﬂve %ér:tc ess euglféeﬁe%srg%@éﬁﬁ bngorrggggﬂg% :m %%{I%%%t
the enmbodi nenfemd AN g te aCac%%r{b%ﬁth:ea‘%{béi%%e{éLhﬁqidﬂﬂ%{s@cMeﬁ{t that
stage WBT (91, WIB) is a single stage that is novable in directions

of six degreesafufdeedaparthe qfaantofs Mefdldrd dpdiddimdwedten PI,
thereto. Wafer stage WST may al so be configured including stage main
section 91 t hetd/ok8 4 sndfasestiyngroveti mametthithathebhoe mpieand,ocarid Mafudrd
table WIB that is nounted on stage main section 91 and is finely
drivabl e Pel a?tﬂilﬂﬁeﬂ%/qudeé@@ frai FOB el B Naz zdte Laast 32heoy- tazim dens
direction, E]le ct| andthe(Qﬁ}%lrectlon In this case,

movabl e mi rror 41 HYe S d1SARantisd on FHEFERTIRBRe WFBberS

Further, inst refl ection surfaces 17a and 17b, a.movabl e m rr.or
made up of & afgfnearrenn‘% réror R B S RS S @ e S YRS

enbodi nent : iyl [ t ,AP+0§,10 f t
(waf er t abl ebr\f/%'ﬁ eeLr thl%:%fl tlﬁgg%%?%% gggi %I ont%[\ﬁf%érﬁ%t?%ﬁ ol\/iSTthe Like
di rections ofdhreeded eufed r&ﬁ@@ﬂéd}@m&imeﬂ tnmn i nformation
inthe 0z direction) is mainly neasured by an enco system (to be
descri betlol ater), amdthle efpasidren®ent asalcdes bef sleeherffremprﬁﬁtaerSAJ,Gme
126, 127 are 15 secondarily used in the cases such as when |l ong-term
fluctuation cfensvesrsasir emenfreghesslyfusbe sncodes wBysteemi(dugindnee
to deformation over tinme of the scales, or the like) is corrected

(cal i br at ed) MEGSUMHET ERESEACRAPIECERS InbBagSargasuring INshrutrnt 96
abnor mal out put of the encoder s¥stem 20 occurs I ncidentally, in the

enbodi nent, G FHaFES ok i Wareer! Ss (5 ST GiFqued the
d! rect! ons of_ Sj % g g) ensea%fufree OSIP{#&D #ﬁfor tion,in
directions ofcetrh egrees (ﬁenfernee ng 8?e RS dIlPe(t,pFon

the Y-axis d'erneeal%r?@,dm&gsupémghﬁqulr@thasgeaééﬁse&@%a%e ee%%%%ed

by moving measurement stage MST only in the Y-axis direction

without moving the measurement stage in the X-axis direction.
In addition to each of the sensors described above, an
illuminance monitor that has a light-receiving section having
20 a predetermined area size that receives illumination light
IL on the image plane of projection optical system PL may also
be employed, which is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.
11-016816 (the corresponding U.S. Patent Application
25 Publication No. 2002/0061469) and the like. The illuminance
monitor is also preferably placed on the centerline.
Incidentally, in the embodiment, liquid immersion
exposure is performed in which wafer W is exposed with exposure

light (illumination light) IL via projection optical system



25 system (to be described later), and position information in
directions of the remaining three degrees of freedom that is, the
Z-axis direction, the Ox direction and the ey direction is neasured
by a neasurenent system (to be described |later) having a plurality of
Z sensors. Herein, the position 49 i nfor¥fation in directions of the
remai ni ng three degrees of freedom may al so be neasured by both the

measurement system ang,;h gt ﬁﬁa{zi?é%qg:’ Fﬁ}ﬁség%ﬂ'&%n?}ﬁgruey : rli?L’l.uqu%ance

position information I'n the axl s ection an ection nmay

5 be measur edhdisiihigigrRASINANENY G aRAnd 8 ReRd ik ivd9r Maldan

in the ex direction may be neasured by interferonmeter system 118.

I nci dent al | y,imaigd emsisupainig afndtherdrar oreeterd systenchlS s dsan
optical system) nmaybe arranged at the main frame 10 that hol ds

proj ecti on umigasPing iret raimsnthe farttarigedd nisegr dlnl yewistirement using
projection unit PUthat is supported in a suspended state as is
descri bed® abduvelurpiiat o tIH@Enddinasiaive Htldifemaresy siymrtehll V8.8 s
to be arranged at the measuregEnt franme descri bed above

15Measur enent EE5E ABTOP he Fadey sy eLfdichwatetilgh oFugédery yeyly part
above and a sur nt .tabl e B nt ed. on_stage main section 92.
Veasur onent 1p e TTEoTS a0l NERdSn LT A" harh SBCiT b A 4opnted on
Z-1 evel i ng meghanj , HeSent: { ion,.i

not limted to tﬁ%%ﬂéaﬁg%%%%%@np gsftargtegggﬂt??gnent sj’[oglge ) TQ)I] the
having a so- ealdiad §6aEsLiddyBe MR &4 MéGishr@nldh tWhhs e MBRS UL £IBRL ge
table MIB is configured finely novable with respect to stage nain
section B2 i maile s¢adicg dinection, the Y-axis direction and the ez
direction may al so be enployed, or the configuration may al so 25 be
enpl oyed i n which Asassrsdvrem indlG MEB d §rhnredhapestt aigeachment member
section 92 and the entire neasurement stage MST including neasurenent
tabl e MIB and%stiggé iFgicn teethPoANd2sELYER vabd| ¢ m Wi tieda icdhstefoesmpin

degrees of freedaom ri ous types of neasurenent nenbers are arranged
atg secé%on.%% oéjmeégﬁrement stage MST. Further, to the gnd

surface on the -Y side of stage main section 92, a palr of

15 photodetection systems 44 are fixed in the vicinity of the
center position in the X-axis direction inside an opening of
attachment member 42, in the placement capable of facing a
pair of light-transmitting systems 36 described previously.
Each of photodetection systems 44 is composed of an optical

20 system such as a relay lens, a light-receiving element such
as a photomultiplier tube, and a housing that houses them.
As is obvious from FIGS. 4B and 5B and the description so far,
in the embodiment, in a state where wafer stage WST and
measurement stage MST are closer together within a

25 predetermined distance in the Y-axis direction (including a
contact state}, illumination light IL that has been
transmitted through each aerial image measurement slit
pattern SL of measurement plate 30 is guided by each

light~transmitting system 36 and received by the



50 neasurenent table MIB (and stage nain section 92). For exanple, as
is shown in FIGS. 2 and 5A, neasurenment nenbers such as an uneven
illum nance neasuring sensor 94 that has a pinhol e- shaped

| ight-receiving section that receives 5 illumnation light IL on an

i mage pl ane of projection optical system¥PL, an aerial inmage
measuring i nstrunment 96 that nmeasures an aerial image (projected

i mage) of a pg gtr?crﬂ:é rﬁgQ'iQ}ngﬁtc%qlsgﬂeoégbﬁ?%oﬁ%%&@ohﬁé@gﬁ& a4,

PL, and a vvav ront a rratl on neasuring I nstr

Shack- Har t mareHG: At hada shatmb it db B5ed O S04 !Lﬂghf:oﬁrgﬁgﬁmjcﬁln he/stems 36
panmphl et of Inter national Publication No. WO 03/065428 and the i ke

are enpl oyed.arks pisotefderdctaiet reatd toamgreRis Wdnkt insie wrente9& ] titige
one disclosed in, for exanple, the panphlet of International

Publ i cati on Neeaswdigg 6@&106( tde wiespondilty X5 ERMRatents similar to
Application Publication No. 1 079 223) can al so be used. As uneven

i |l um nanée rﬁ%m%gi%ecb@n twacbn&qa@ﬁrb&a%wrmﬁml@eq Fatsatone

net, L2, S chsed i o eiamle, okl jspebesgbnmnenes Palon
Fﬁ?taggt rreNgsufltﬁgsl %%e@%q}pt;gécaﬁ%gongﬁ i glucraa%‘doonn@sjl m%zﬁ%o@%”}@ne

that is disclosedidy dPreXAmRlLr, Koka drlapangse Unexani ned Patent
Application Publication) No 2002 y0'14005 (t he 25 ‘correspondi ng U.S.

Pat ent Appl i cati on oRubt ¢ Sethh@it Nembd@02 094k3vih)daid 418at i (ke xeamalieer,

used. Incidentally, three neasurenent menber s (94, 96 and 98) are to
be arrangéd athamdsureneErrest age d6E IMTI haretfbad rmvatt, ihowader ud e a
types and/or the nunber of measurenment nenbers are/is not limted 51
bar-shaped member having a rectangular sectional shape and
serves as a reference member is arranged extending in the
X-axis direction. CD bar 46 is kinematically supported on
measurement stage MST by full-kinematic mount structure.
15 Since CD bar 46 serves as a prototype standard
(measurement standard), opticel glass ceramics with a low
coefficient of thermal expansion, such as Zerodur (the brand
name) of Schott AG are employed as the materials. The flatness
degree of the upper surface {the surface) of CD bar 46 is set
20 high to be around the same level as a so-called datum plane
plate. Further, as is shown in FIG. 5A, a reference grating
(e.g. diffraction grating) 52 whose periodic direction is the
Y-axis direction is respectively formed in the wvicinity of
the end portions on cne side and the other side in the
25 longitudinal direction of CD bar 46. The pair of reference
gratings 52 are formed apart from each other at a predetermined
distance (which is to be “L”) in the symmetrical placement

with respect to the center in the X-axis direction of CD bar

46, that is, centerline CL described above.



to them As the nmeasurenent nenbers, for exanple, neasurenent nenbers
such as a transmttance neasuring instrument that neasures a
transmttance of projection optical systemPL, and/or a measuring

i nstrunment that observes local liquid 5 i mersion device 8, for
exanpl e, nozzle unit 32 (or tip lens 191)°%r the like may al so be
used. Furthernore, menbers different fromthe neasurenent nenbers

such as a cl eani ng el t Batcgl 192zleg ML E &2 pald @6' eé"%ljﬂ%lq_rty

the |ike may al so be nount'ed on neasurement stage MST. 10lh

enbodi ment, as ¢aFeherseeRatrkemMfife HfmddarSeReOpSatbabnrl£s shown in
frequently used such as uneven illum nance neasuring sensor 94 and

aerial imge FIEASWA.Ng Thstplueali®f af erpfacetcomariceM efdd mor@led in
(Y-axis passing through the center) of measurenment stage MST.
Therefore, i|fhife-I®wryudivedn, thea¥uesiendinsthion hios dshes emgoy pitah,
be perforned by noving nmeasurenent stage MST only in the Y-axis

di rect i on®wi tABLEDFORETAG Y BE ﬁéﬁ@u?@ﬁeh? Seamrdibrime shighied from each

di rection. ILn additi t 0 .eac f the sensors descr.i bed above,
an 111U nan@E Ao AR T T LS TR,y e o e o3 08

pr edet erm ne%fsar %%hS' erE?éE L%%efnggi l lﬁ‘tnv%l nmelﬂ ona{l lmdare]%j %v1ng

i mage pl ane proj ection op freal

which is dis f e ﬂ%g%
Application %t%ﬁ%%%Fpgg)Qén_5@”&%€%%§%5?%%e correspzﬁgﬁﬁggb S. tﬁ%@%%%m

Application ZhdPWddridgn NA.grdRd Q4R @y dheiddd@begater) is

illum nance nonitor is also preferably pl aced on the centerline.

| nci dent @bl y,uded .t heedahedicerentyrkl Momag bAwer peodiéXpasuieins shape
performed in which wafer Wis exposed with exposure |ight

(i I'1um nati orldargtitutiiar)a fpon) étdiohadbprdtialFisydusnin ShePlerpediinment,
liquid (water) Lqg, and accordi ngly uneven illum nance neasuri ng

sensor 94 (aR®HEFENds MATart @t iiidioiaadidey FM have the same

constitution and also they have the same constitution with
that of an alignment mark on wafer W. Incidentaliy, in the
15 embodiment, the surface of CD bar 46 and the surface of
measurement table MTB (which may include the measurement
members described above) are also covered with a liquid
repellent film (water repellent film) severally.
Also on the +Y end surface and the -X end surface of
20 measurement table MTB, reflection surfaces 19a and 19 are
formed similar to wafer table WTB as described above (refer
to FIGS. 2 and 5A}). By irradiating an interferometer beam
{measurement beam), as is shown in FIG. 2, to reflection
surfaces 1%2a and 1%b and receiving a reflected light of each
2b interferometer beam, Y interferometer 18 and an X
interferometer 130 (X interferometer 130 is not shown in FIG.
1, refer to FIG. 2) of interferometer system 118 (refer to
FIG. 6) measure a displacement of each reflection surface from

a datum position, that is, position information of measurement



i mge neasuring instrument 96 and wavefront aberration measuring
instrument 98 that are used in nmeasurenent using 5 illumnation |ight
IL receive illumnation light IL via projection optical system PL and
water Lg. Further, only part of each sensar such as the optical
system may be nounted on neasurenent t abl® MIB (and stage nmain
section 92), or the entire sensor nmay be placed on neasurenent table

MIB (and stagg -} MM gec] | Qﬂlc%.@din% iaxtedl%saéts dn i?llf%rné%io‘% in

frame- shaped attachnent nenber 42 i1s to the end surface on the

-Y side of st@agexmaixdsSeali D HPs ofi iRASWRTERY sbegei MPlinfakddteion in
to the end surface on the -Y side of stage main section 92, a pair of

15 phot odet edthieord = yEitreng: i Jar erfd xek inedshe etiesitniviay vefs tthe cemtdr ed
position in the X-axis direction inside an opening of attachnent

menber 42, irka eis asenemlleapadl.e of facing a pair of
light-transmtting systens 36 described previousl Each of

phot odet eet i on sy;tI@f@XHQSF§?&ﬂﬁﬁ)“sﬁ§%P%flOQnOBﬁh%éﬁbQGi§9§F:€nir%@éﬁué’é-r
fube. and . SR A S S e Mo LSS P SR 487endY
5B dthe d j:RL i [ o wh .

5B S cocer ) o 0.1 L0y GUUOALIRRL 0 Sl 6 MSE s
a 25 predet eryyi Bed, £ $LAPLEN idh iR 1Y dXk 8m0bT, €I 1 QEQSlélgiﬂ‘cgid@es with

contact state), i1lTumnation I'ight 1L that has been transmitte

through each gy itintidrage BRasSELeBEALeS| I DPAtE1RS NenBlo DimdRAS WrRIMBRL ng
plate 30 is guided by each Ii1ght-transmtting system 36 and recei ved
by the B3 | igghtalrledetyitig B+aewen} anaishae aeheie qhiairodeteetriaina pystiehon
44. That is, neasurenent plate 30, light-transmtting systens 36 and
phot odet ect i Gihady dsetBaddd carestt fore bhe ptiadal rade abas priods tdeviiced
45 (refer to FIG 6), which is simlar to 5 the one disclosed in
Kokai (JapandSetaieearfidte pat ehie ASplF SRIWBhiPUDIG cari dhihqugh omitted

2007 084005 (ST neSRORELIA, .S b et APRLL SO R0 I ene
drawing. Primary alignment system ALl is fixed to the lower
15 surface of a main frame (not shown) via a support member 54.
On one side and the other side in the X-axis direction with
primary alignment system ALl in between, secondary alignment
systems AL2; and ALZ2,, and AL23 and AL2,; whose detection centers
are substantially symmetrically placed with respect to
20 straight line LV are respectively arranged. That is, five
alignment systems ALl and AL2; to AL2, are placed so that their
detection centers are placed at different positions in the
X-axis direction, that is, placed along the X-axis direction.
As is representatively shown by secondary alignment
25 system ALZ,, each secondary alignment system AL2, (n=1 to 4)
is fixed to a tip (turning end) of an arm 56, (n=1 to 4) that
can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise

directions in FIG. 3. In the embodiment, a partial section



On attachnent nenber 42, a confidential bar (hereinafter, 10 shortly
referred to as a "CD bar") 46 that is nade up of a bar-shaped nenber
havi ng a rectangul ar sectional shape and serves as a reference nenber
is arranged extending in the X-axis direction. CD bar 46 is

ki nematically supported on neasurement st%ge MST by ful | -ki nematic
nmount structure. 15Since CD bar 46 serves as a prototype standard

of ther mal caant an SR by 2t nar - B SRGPREREe
are enpl oyed a8 SRR A1S -« yHien] 1SS 1dear8e Ofarl RA 1URRRME 1ight

surface (the surface) of CD bar 46 is set 20 high to be around the

sanme | evel axmasdeitadt boh datdinapliaiespllakes fhetihieht 8BatSi Shewr rafted
FIG 5A, a reference grating (e.g. diffraction grating) 52 whose

peri odi ¢ dir ettdmora issibd e tY-mexiks wditrkeiot itdre idetreedpect iamday tfooramed i n
the vicinity of the end portions on one side and the other side in

t he 25 | ohgi tlidihialrefigiatirioaleneab) bey f4&edThe a3ai bookndetles aggeining
gratings 52 are forned apart fromeach other_at a predeterm ned ,

di stance (whiS&F§ien &Soé‘r'rﬁ'nﬂeidnatth%h§yrﬁ%‘? rieame gtifle Ehtdsyipmplection
respect to the .%ggber L0, (he X-axis directi oataof bar 46, that 18,
centerline CUHdstrt bedh afoveSitagns of secppdapy a Lighpent gEpsPms Ah2i,
surface of r | i 0, n I r [

t he pl acerreﬁ?‘%a ’s%g\%ﬁadln? %F%f %%\e él%‘ég%ﬁﬁéf%%@?e er@ﬁ%@“{%gﬁgﬁﬁ}fi
are forned i n-ddyieesd QULBEERY Ssithd BenYaAXi SIOLFRELWYAY) tHE RARtion
pitch, 5 and the array of each rowis fornmed being shifted from each

ot her byia prsadeiser@mmneathdidd@ned dm dditceeaXicE ddreidaayy 2AS gardhtof
reference marks M a two-di nensional mark having a size that can be
det ect ed by tshestmmsaly:aldlghneni2spsdehlandreetnddpengdaht jpmeotable in
systens (to be described later) is 10 used. Reference mark M may al so
be different tihe Bhapes(Eorestitani oArchrdinpilduciae nedek iFR posittiens of
t he enbodi nent, reference mark M and fiduci al. rark FM have the sane
consti tuti on @ WIEFHIRY FREAS 1He RARS BO IR YN SHTHER Kl dhn

o anent et o0 P NG S 4 LSS, DO IENen 0
Y, 0 e, IR TR e ISRy e A0t kg heg, oo
on the +Y end i @em@andHde-pbLnd sty facafondary alignment systems
AL2,, AL2,, AL23 and AL2, are to be adjusted by the turning of
the arms. However, the present invention is not limited to
this, and a drive mechanism that drives secondary alignment
20 systems AL2,, AL2;, AL23; and AL2, back and forth in the X-axis
direction may also be arranged. Further, at least one of
secondary alignment systems ALZ2;, ALZ;, AL2; and ALZ,; may be
movable not only in the X~axis direction but also in the Y~axis
direction., Incidentally, since part of each secondary
25 alignment system ALZ, ismoved by arm 56,, position information
of the part that is fixed to arm 56, is measurable by a sensor
{not shown) such as an interferometer, or an encoder. The

sensor may only measure position information in the X-axis

direction of secondary alignment system AL2,, or may be capable



20 measurenment table MIB, reflection surfaces 19a and 19b are forned
simlar to wafer table WIB as descri bed above (refer to FIGS. 2 and
5A). By irradiating an interferoneter beam (neasurenent beam), as is
shown in FIG 2, to reflection surfaces 19a and 19b and receiving a
reflected light of each 25 interferonetersbeam Y interferonmeter 18
and an X interferonmeter 130 (X interferometer 130 is not shown in

FIG 1, refer to FIG 2) of interferometer system 118 (refer to FIG

6) neasure a i FFRKUEHE POEiEAOR tBfPERRLHAN LR faRet e iaandtion, for

osition, that is,. positiogn infornation of surenent . 55 stage MST
(oo g, inl udi LS /eadl® JoSHE o FRFOIARLAEY Th tHo SR%AH O A Fection

IR direct jans A0, shels SO Y 190 14 e o, s selianl and

t he neasurene va are suppli e

exposur e appar at us oL0@ haf ,LHRe eaRpdL FENL £ é%bﬁ“gfﬁﬂ5&8r5n95¥%?% gﬂd 58,

alignment system ALl is placed on straight [ine LV passing tl

the centep of(rprloject} athdiNiils EbnboPelCat ki 5réXeAt i Bl U-RE DN on type
optical system PL, which also coincides with the center of exposure
area | A in thkdreieediment])s andabhejeny 1Bupahak| ehiat e Y-aet e andnkas by
a detection center at a position that is spaced apart fromthe

optical axi s aatrodapriedecgrlviena@ cicstignc €0san(nhk td &i deotasharshiowiIG.
in FIG 3, although omtted in FIG 1 fromthe viewpoint of avoiding
intricacy of %rhée%ea“w'%.ﬂlﬁ‘r-i falr y-hR G difidesy & @Rtan q9is thedd ke 1n
the I ower 15 surface qf a main frane t shown) via.a s ort nenber
54 On e SPRPESITG (6 G S T TSt s G HALT

pri mary ig t Iy ary.akkgnnment. syst ens
DR Y (B SR USLET L 40 ethRe SEEAMAY AL bNE SIS
substanti al | g3y emetr hgah! xraiu_%ﬁggopsgﬂowp%gt shetzgnsgﬁf%gh&okgegoa

LV are respectively arranged. , five alignnent systens ALl an

AL23 to AL24 aarj@shhgrd oF0athat 6f.heThudet eati O e8RS A 8-l 86ed fakr
different positions in the X-axis direction, that is, placed al ong

t he X-axis dinceettiiom aAgylies adpressenttat ittty ishown das isecbndariyt ional
al i gnnent 25 system AL24, each secondary alignnent system AL2n (n=1
to 4) is fixagledipn etasminygmand) Ol amearm=BetgmALL am) fovat
15 secondary alignment systems AL2; to ALZ2, is maintained.
Incidentally, in the case a portion of the main frame
facing arm 56, is a magnetic body, an electromagnet may also
be employed instead of vacuum pad 58.
In the embodiment, as each of primary alignment system
20 ALl and four secondary alignment systems AL2; to ALZ4, for
example, an FIA (Field Image Alignment) system by an image
processing method is used that irradiates a broadband
detection beam that does not expose resist on a wafer to a
subject mark, and picks up an image of the subject mark formed
25 on a light-receiving plane by the reflected light from the
subject mark and an image of an index (an index pattern on
an index plate arranged within each alignment system, not

shown) , using an imaging device (such as CCD), and then outputs

their imaging signals. The imaging signal from each of



can turn around a rotation center 0 as the center in a predeterm ned
angl e range in clockw se and anticlockw se directions in FIG 3. In

t he enbodi nent, a partial section 56 of each secondary alignnent
system AL2n (e.g. including at | east an optical systemthat
irradiates an alignment light to a detecti®bn area and al so | eads the
l'ight that is generated froma subject mark within the detection area
to a5 light-receiving elenent) is fixed to arm 56n and the renainin
section is aftaiyed aa%Lth{gn%“q EYFEER Alatd o RO D i RAG0W (dhi H9msisn
The X-positians..of ndar | i gnnent .systems AL21, AL22,. AL an
AL24 are sevesr%qeymszgj&%égg%%%%qtur l%uﬁgl&regfjﬁa rPath%th&%trco e§r§§ Jai%(}m'
the center. In other words, the detection 10 areas (or the detection
centers) of secondary alignnent systenms AL21, AL22, AL23 and AL24 are

i ndependent | y novahlmgiiderdtia 1%, a%ashdbreehs 04 1 HeOh € A domd RRscribed
relative positions of the detection areas of primary al’ignnent system

AL1 and sécordarwe abirgrinkhini sygttenshAF2h, s A2et, AhdZmalidhddnarenkar,
adjustable in the X-axis direction. Incidentally, in the enbodinent,
the X-positiofisidf iggednddey aldgramntt deseemd oALRIghALZPa ALZBecndark
AL24 are to be adjusted by the turning of the arns. However, the
present i nverbAetEchst aisqaiterad Liphs, camddafdrpgsefethaht Sanagated

dri ves secondar l.i gnnment 20 systens AL21, AL22,. 23 and _AL24 back
ond forthetn el HndiIRe B0 RSl U s i, toellidis de- g
| east one of s N stens AL21, Al AL23 d 24
b movapi AT 1 HRTEE RS Sk of W re et A faptébeing

Y-axis dipectdiar-JAdfent @i’l!aés%ﬁé NEE- R o raf .g%?l%l%a.%%?lofg%ﬁl‘?é s]g.lbtjﬁaect

al i gnment system AL2n 1s noved by arm 56, position infornmation o

part that isnfdxeddieardrdbihd Ydmasy ali & e sansy it shawn)
such as an interferoneter, or an encoder. The sensor may only neasure

posi tion i nf aramtriad yt betimeXadwhne @it Lactdnit ot S@casdasyded | grmaither,
system AL2n, or nmay be capable 57 of neasuring position information

i n anot her difrdetst RdAgnfientesuapees Al avidaRkLg: dior BbRi ercahd/loe atrrenged
rotation direction (including at |east one of the ex _and ey

di rections). %tbﬁeem%aémgagf aceH Velac e pUBB e rao§ sttt Septems

15 is not limited to five, but may be the number equal to or more
than two and equal to or less than four, or may be the number
equal to or more than six, or may be the even number, not the
odd number. Moreover, in the embodiment, five alignment
systems ALl and ALZ; to ALZ2,; are to be fixed to the lower surface

20 of the main frame that holds projection unit PU, via support
member 54. However, the present invention is not limited to
this, and for example, the five alignment systems may also
be arranged on the measurement frame described earlier.
Further, alignment systems ALl and AL2; to AL2, are simply

25 called mark detection systems in the embodiment, since
alignment systems ALl and AL2; to AL2, detect alignment marks
on wafer W and the reference marks on CD bar 46.

In expesure apparatus 100 of the embodiment, as is shown

in FIG. 3, four head units 62A to 62D of the encoder system



5 (n=1to 4) that is conposed of a differential evacuation type air
bearing is arranged. Further, arm 56n can be turned by a rotation

drive nmechanism60n (n=1 to 4, not shown in FIG 3, refer to FIG 6)
that includes a notor or the like, in response to instructions of

main controller 20. Main 10 controller 2®%ctivates each vacuum pad
5%to fix each arm56n to a main frane (not shown) by suction after
rotation adjustnent of arm 56. Thus, the state of each arm 56n after

rotati on angl®FSdifESHEAY & RIS 0% WEGIRE G MAEHS WeitatiZorn all

bet i i, nt tem-AL1l and f our ec ar L i gnnen

ovstoms Aot A rsHaTET IR LA heaUALE oA BECPRY Yk 2188 kne
‘i : NN . . _ .

o1 Dot r ommgnet e STy, AT LGRS DR RIS Grig e A 2

enbodi ment, asRAGIHQR] sPALEBFYa al L GPERt neysken 20 bdgrRetifkedy in FIe.

secondary alignnment systens AL21 to AL24, for exanple,"an FIA (Fie

| mage Al i §nmentdray sttemiewan intagef prvacelsind nmtikety used tdhatving.
irradi ates a broadband detection beamthat does not expose resist on

a waf er to a Isubjdsuttandnk, famdephokdeuplarttiaregsecoprofecsibheetireiik is
formed 25 on a light-receiving plane by the reflected light fromthe
subj ect mar k SARPAIF9hdgeaotuapendde szl i dend pattsr AZ8ntantiPdwy be
pl ate arranged within each alignnent syste not . shown), using an )
i magi ng devi ¢& daénécfﬁépgﬂgg@ﬁéﬁtﬁu%%%gr%iym FRgesHareit

The i magi ng sj.gnal.. f each of 5 rimary al i gnoent stem AL1 and
four secondar%}}qai%lrgrlf{r?&rﬂbesyas%rearﬁge&ﬁﬁ ttg%AL 5 eﬂ%ﬁ is%c?n{eo(%ﬁcﬁlbed

controlles 2Qddy 1 G 6. Incidentally, each of the alignment systens
descri bed

Head units 62A and 62C are respectively placed on the
+X side and -X side of projection unit PU having the
longitudinal direction in the X-axis direction, and are also
placed apart at substantially the same distance from optical

15 axis AX of projection optical system PL symmetrically with
respect to optical axis AX of projection optical system PL.
Further, head units 62B and 62D are respectively placed on
the +Y side and -Y side of projection unit PU having the
longitudinal direction in the Y-axis direction and are also

20 placed apart at substantially the same distance from optical
axXlis AX of projection optical system PL.

As 1s shown in FIG. 3, head units 62A and 62C are each
equipped with a plurality of {six in this case) Y heads 64
that are placed at a predetermined distance on a straight line

25 LH that passes through optical axis AX of projection optical
system PL and is parallel to the X-axis, along the X-axis
direction. Head unit 62A constitutes a multiple-lens
(six-lens, in this case) Y linear encoder (hereinafter,

shortly referred to as a “Y encoder” or an “encoder” as needed)



5 above is not limted to the FIA system and an alignnent sensor,

whi ch irradi ates a coherent detection light to a subject mark and
detects a scattered light or a diffracted |ight generated fromthe
subj ect mark or nakes two diffracted lights (e.g. diffracted lights

of the same order or diffracted |ights besing 10 diffracted in the

sanme direction) generated fromthe subject mark interfere and detects
an interferen7ce Ii%I%t, can _nat ur al I% be used alone or, in conbination,
as needed. FurthérEifive dilinhenthaly SraruitasI TR PRt qry 18 Blae Fraxis

System 10 P EHSCTIR ¢ RaR o TR L el B e e s i geble
more than twemnd,equdly a9k ﬁ@?fgé@@giﬁgwab@&e m%iﬁﬁlﬁl}ﬁﬁﬁuﬂ@g& unit
or may be 't ¢ odd

equal to or nore than~si X, e even nurﬁ)er, not t

nunber. Mrey®t ,cdrk i@ edinBntipfd vied | ghnentesy stion Alsl andy v
AL21 to AL24 are to be fixed to the | ower surface 20 of the main

frame thab hadlidssgr ggresidean T t (MREewiteo SEPOrd) rHHE mdxbsuddmnentsy ,
the present invention is not limted to this, and for exanple, the
five alignment-myssitteimn wdywafeo stmae WaAgédadart tta e gl enehngf ¥ ammle
described earlier. Further, alignnent systens ALl and AL21 to AL24

are sinply 25%%l FegcirabPrddaberti-onl8yshepscapet he hbbanpenPctesee

al i gnnent systenms ALl _and AL to AL24 detect alignment marks an,

waf er Wand t ar%efrb} ‘effﬂa%a%r%i‘*s%necén%%%u%ment beamsg),egypBBafetn head
apparatus 10 f e i-aent . as.is, shown jn FIG 3, four head .
units 62A to sé;%%t erg%gﬁgo ef SsyEFeflCE eﬁréh%?a%e‘ﬁlqw alréttg}eeq{ofams
surroundi§g ROzl & W to3% AAAlds e, shdeSey) Nagtal '

62A to 62D are fi xel to the fgregsoi nglmaflln ?raﬁe(]%ﬁﬁéaﬁaﬁ%g%%dwa%' a

proj ection uméndg%_lﬁ bh risuspeadsd st ahietMbad, H1BUBRPY b1HBAPELy of ¥ heads
al though omtted in FIG 5 3 fromthe viewpoint of avoiding 1ntricacy

of the drawi rigt thati aeateatdippddi nexaonl & hiead hei€aSE2PEGICEERTONY head
unit PU is supported in a suspended state, head units 62A to 62D may
be support ed slacstispdmibedmstsat £s ifritkegh ad theviiawe peof peottiiem abitarrel
PU, or may be arranged at the neasurenent frane described 10 above.
40 of projection optical system PL {to be more accurate, to
15 the side of nozzle unit 32 enclosing tip lens 191) s0 as to
be placed as close as possible to the optical axis of projection
optical system PL.
As is shown in FIG. 3, head unit 62B is equipped with
a plurality of (seven in this case) X heads 66 that are placed
20 on straight line LV at a predetermined distance along the
Y~axis direction. Further, head unit 62D is equipped with a
plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
ALl are not shown in FIG. 3) X heads 66 that are placed on
25 straight line LV at a predetermined distance. Head unit 62B
constitutes a multiple-iens (seven-lens, in this case) X
linear encoder (hereinafter, shortly referred to as an “X

encoder” or an “encoder” as needed) 70B (refer to FIG. 6) that

measures the position in the X-axis direction (the X-position)



Head units 62A and 620 are respectively placed on the +X side and -X
side of projection unit PU having the longitudinal direction in the
X-axis direction, and are al so placed apart at substantially the sane
di stance fromoptical 15 axis AX of projection optical system PL
symmetrically with respect to optical axig AX of projection optical
system PL. Further, head units 62B and 62D are respectively placed on
the +Y side and -Y side of projection unit PU having the |ongitudinal
direction in Yhe'atexistans ST o alRr dra ks IR0 Wildeed drake ato%:
substantially,the sa i stance from optical axis AX of projection
optical syste&HPiEiee aqu,@s‘ i§u§lrr g &Felg ungt {&lq CoRsid t82RSaRd

620 are each iaped wit al i of LXx 1.n this _cas ead

64 that are prﬁglcelﬁef %gnp%]égégter%hi %8égdilsr} gﬁ(l:% Coans'“:iae gterné:ioéﬁe%r ?(Pﬁe(rfger
LH that passes, tI@UY) A4 CHeAN S | G4 '

PL and is parallel tgﬂt he X- axei S, alsg\i\&gm{ r%&%%ls&gioﬁfggaﬁ?r{ %??WST

unit 62A eonstywdfiles2aBlEWTH)PLE1hEXSsES] & 308N Besich itRIdSa6@$€) Yurther,
| i near encoder (hereinafter, shortly referred to as a "Y encoder" or

an "encoder" iastheetée)dinGh /080 rekaplie) Wdéh ab )l ghhahtneasue ek ddrd bed
position in the Y-axis direction (the Y-position) of wafer stage WST
(waf er tabl e MIBTuSNghy bthe d B9eL fdeged, bbdo abdveadsSEmi dat | gf eiearkn
unit 620 constitutes a nultiple-lens (six-lens, in this case) Y 5

li near encodet PPOES( P& BRat AT GIUBPRAthE IBEIHr 8R1E He2 By sggutlitegwponrs 1y
I thi s cace TaPeror ke RUGvERH S tatent 0% RERae A ELvoLh Sond Easss.
t i d 4 d it i S hort
Than  wedl h iTh eSS BBEr AR08 S nBAf S8 A RRy S5t i
be nore accur@ifye @ J@Net hi10k-9" bAChhRe 383, £ t}b%}[ca&(%;?%{‘;_&d X head

plurality of Y heads 64 that are equipped in each o units 62A
and 620, Y hepd Ghidmeat edbd NeggsStonsthitued ko1theakowakogBed 70D,

portion of barrel 40 of projection optical systemPL (to be nore
accurate, to Herein, some of eleven X heads 66, in this case, three
X heads are attached on the lower surface side of support member
15 54 of primary alignment system ALLl. Further, a distance
between adjacent X heads 66 (i.e. measurement beams) that are
egquipped in each of head units 62B and 62D is set shorter than
a width in the Y-axis direction of X scales 39X; and 39X, (to
be more accurate, a length of grid line 37). Further, X head
20 66 located innermost out of a plurality of X heads 66 that
are eguipped in each of head units 62B and 62D is fixed to
the lower end portion of the barrel of projection optical
system PL (toc be more accurate, to the side of nozzle unit
32 enclosing tip lens 191) so as to be placed as close as
25 possible to the optical axis of projection optical system PL.
Moreover, on the —-X side of secondary alignment system
ALZ2; and on the +X side of secondary alignment system ALZ2,,
Y heads 64y, and 64y, are respectively arranged, whose

detection points are placed on a straight line parallel to



15 the side of nozzle unit 32 enclosing tip lens 191) so as to be

pl aced as cl ose as possible to the optical axis of projection optical
system PL. As is shown in FIG 3, head unit 62B is equi pped
with a plurality of (seven in this case) X heads 66 that are pl aced

20 on straight line LV at a predeterm nedsxi stance al ong the Y-axis
direction. Further, head unit 620 is equipped with a plurality of
(eleven in this case, out of eleven X heads, however, three X heads
that overl ap 8 ¥apyial thheaesepstireal theed ot cohomr eyt em & pgyimrry

heads 66 that_are placed on 25 straight |ine LV at, a predeterm ned
i stance.  Hedth HITIET 6t Ak GOh TR (T AL ATt (b OATITSL o4 ¥

this case) X I NGO herei nafter, .shqrtly referred. to as_an
"X encoder” (}:lrl%eacI e"ﬁlgcgjdce!ﬂféséles&ngceodgq)e 'fj(f:;e(c?cejfoer%/ SR S EE%“% %éts Zdnce
measur es the jugasjdd [ -AXLSqdERect t%f?ﬁft of

waf er stage WST (%/\%ar?g Htééﬁgg 65/&\7?@) bﬁgi F\%%( lség%eg; %S“)}é?lg esclr&{llggej eé%(])a\}e.to

Further, beadiiidndPR geRstiibetiepraviylibipl e-t ensad€l@MENah&NS4y) Face
this case) X encoder 70D (refer to FIG 6) that neasures the

X-posi tion ofY wafedress3@ye NI T \wakepetahkve I WBh assingtX sSoake i39X2G.
descri bed above. Further, in the enbodi nent, for exanple, when

al i gnment (t & beedesiche lsedtieat ef Jwagrent Weodh ived eixrsspagé dfdieds eme tXaight
heads 66 out of el even X heads 66 that are equi pped in head unit 620
si mul t aneouslhiFade -X SBafR 3HIANBAYL XORRE BlEOXEe dpetasardiapd dater)

.10 | X 3 d X head 66_faci X
some cascs: 350 808 PoE8n 5, 560, 25 00 00X Deed S0 LSPLPY, Ko
head 66 i | 9 i i der. 70D, in,
head 69 Lpct 1 2688430 PGt Lbile, Khinent Snester, 700, eig o,

on the |ower fiack sicdeQfesURPOLL rokey sk .bgf iY”HéXdﬁ 64y, and
] ac ea 6

al i gnnment system ALl _ Further, a distance between ad ent X

(i.e. neasuremnt (beals) erbrideae7equimpety BoppsReal chead cupist §262Bnd
and 62D is set shorter than a width in the Y-axis direction of X

scal es 39X1 &%)/,39X2 (to be nore accurate, a length of grid |ine 37).
Further, X head
Further, in the embodiment, when baseline measurement
15 of the secondary alignment systems (to be described later)
or the like is performed, a pair of reference gratings 52 of
CD bar 46 face Y heads 64y; and 64y, respectively, and the
Y-position of CD bar 46 is measured at the position of each
of reference gratings 52 by Y heads 64y; and 64y; and facing
20 reference gratings 52. In the following description,
encoders that are composed of Y heads 64y; and 64y; facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 6).
Six linear encoders 70A to 70F measure position
25 “information of wafer stage WST in the respective measurement
directions at a resolution of, for example, arcund 0. 1 nm,
and their measurement values (measurement information) are

supplied to main controllexr 20. Main controller 20 controls

the position within the XY plane of wafer table WTB based on



20 66 |l ocated innernost out of a plurality of X heads 66 that are
equi pped in each of head units 62B and 620 is fixed to the | ower end
portion of the barrel of projection optical systemPL (to be nore
accurate, to the side of nozzle unit 32 enclosing tip lens 191) so as
to be placed as close as 25 possible to tdse optical axis of
projection optical system PL. Mor eover, on the -X side of
secondary alignnment system AL21 and on the +X side of secondary
al i gnment sy tEnNRRSUT CRERE AR S P Lahtn &3y 2rgicd atds peettia Py, and also
arranged, whose ,det ectt' ongggi nts are placed gn a _strai

i

paral lel to 3T R4t CPatR e E r@rzoﬁg}ﬁetcﬁé%‘e?ggé?#ge% dpsed

of primary alj e hstantially, s i.call
pl aced with rdégp@e%]ﬁeo%yﬁrge%ﬁgéﬁqgﬁ ceonfeliﬁnéaf‘nre e%‘lcs df';(?n(:se be v?/enedn 7¥>F'
heads 64yl ang, G4k -3 158t @@%ﬂg@ﬂa}ti%gpﬁf 18, &2 i@n%ta@cn%glézodaegg and

described previously. Y heads 64yl and 64y2 face Y scales 3

39Y1 respect ity VMiike aistiate showhdm ddsbridbashearadhe center of
waf er Won wafer stage WST is on straight line LV. On an alignnent

operation (to be dé&scexpedutatayyarmtiutshe Oli &&,thé snbbasmd3AY2 apds3®Ybn
are placed facing Y heads 10 64yl and 64y2 respectively, and the
Y-posi tion (asdsurerntr semliam)theft wefasn retsa g W8T drs imdasmadd dyy oF
heads 64yl and 64y2 (i.e. Y encoders 70C and 70A conposed of Y heads
64yl and 64yXEier¥ efethe iy apHe Shiret Mnd s Znedndel ilict e S5poshEsnt .
15 of the secon glrey al i.gnnent %%/sstems (tto be descrihed later), or_the
like is perf S ROSAY Ty TESPAENES G PARVTee 55 0f EBOWRr B6 Fice 3
Y heads yl.a . Vel V.. t - it f r

s moasurod 4 Hd KR BRI okt B WiELEN AR (3 ridhgtter,
heads 64yl ang, 84V ! eler 'Qf-akh | myl At :
fol |l ow ng des%glri pt %o%,ggg%g%ggggtghéat E%rlgqggﬁglggég%%%hgagg %zflflér%le
64y2 facing riefcdiRmae i@ddds 22 resRest iwglan are Joafpyderd dfo 38

Y-axis |inear encoders 70E and 70F (refer to FIG 6). Six |linear
encoder s 70AitrocadiRtneasyystpaosbOeoand a photodetection system %0b, and
has the configuration similar to the one disclosed in, for
15 example, Kokaili (Japanese Unexamined Patent Application
Publication) No. 06-283403 (the corresponding U.S. Patent No.
5,448,332) and the like. In the embodiment, as an example,
irradiation system 90a is placed on the -Y side of the -X end
portion of head unit 62C and photodetection system 90b is
20 placed on the -Y side of the +X end portion of head unit 62A
in a state of opposing irradiation system 90a.

A plurality of detection points of the multipoint AF
system (80a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected, though

25 omitted in the drawing. In the embodiment, the plurality of
detection points are placed, for example, in the matrix
arrangement having one row and M columns (M is a total number

of detection points) or having two rows and N columns (N is

a half of a total number of detection points). In FIG. 3, the



25 information of wafer stage WST in the respective neasurenent
directions at a resolution of, for exanple, around 0. 1 nm and their
measur enent val ues (neasurenent information) are supplied to main
controller 20. Main controller 20 controls the position within the XY
pl ane of wafer table WB based on 63 the4reasurenent val ues of

| i near encoders 70A to 70D, and al so controls the rotation in the Oz

directi on of bar, 46 based on the neasurenent val ues of |inear ,
encoders 70Ep§ﬁ)d:a?’]01r—t.y I%icgeé?ﬂ%ﬂjﬂﬂ RPN o glal én dsttadid an megm is

Cposer s apndiaiB b TsPeb aP gl REF RS BRNEL s et Brows
devi ce that ngasyr sigeggw ﬁ@tée o5q8L L on (cgea\@ﬁ];?c%az\./{%? {08 2 8% 845 in
direction is arranged. nthe e odi mant, as the position neasur enent

device, as isnEhamudin ”iGedhic) redRddd P Ad faGHn RO EdPM0a and
detection system (hereinafter, shortly referred to as a "nultipoint

AF systent) Iphctodddddfier sesdentoomet hadniks tard aegedh othidebettion area
conposed of an irradiation system 90a and a phot odet ecti on system

90b, and has Afthérncohf Yueatisondiseniian te sht bneaxkhsud oded same fagr the
15 exanpl e, Kokai (Japanese Unexami ned Patent Application o
Publ i cat i on) MNeneder28F493 Letrhld, coe$ L5 bR di P 19a: 1 Eat @ir fase position

5,448,332) and the like. In the enbodi nent, as an exanple,

irradi ation slfk‘c‘{oéﬂa@dé’q g1 I%@eé‘%ﬁW LortdiPe? 6F Ot Ad ROCRhHT P SULLGFE
of head unit of.odet ection. s em 90b i s 20 .pl aced on_the -
side of the Jﬁzgﬁ?é%oﬁ]icc?ﬁ 0 ﬁleeaads%gcf 2 KY gcﬁlﬁggoﬁa%ﬁogﬂf ng' che
irradi atign system 9Maection oficRl.Urdhityepl dEfEctdan Hoj i csiaroera e is
mul ti poi nt AF system (90a, 90b) are placed at a predeterm ne

di stance al oRg Ry ¥eticerdilriRftiicON e i@ s Whaca 4t q e detecteda 1a)
though 25 omtted in the drawing. In the enbodinent, the plurality of

det ecti on poianids taeedptaecedonf aregxanplthe bnigheemtt Eiy¥tamsaNgBIRRL2,,
havi ng one row and Mcolums (Mis a total nunber of detection
poi nts) or hé&liZzag Rldsraws Atk )N icoltleny (@M diss dd deaitficaf, ahteotdaltection
nunber of detection points). In FIG 3, the 64
operations of 'the multipoint AF system and the alignment
15 systems can be performed in parallel. The multipoint AF
system may also be arranged on the main frame that holds
projection unit PU or the like, but is to be arranged on the
measurement frame described earlier in the embodiment.
Incidentally, the plurality of detection points are to
20 be placed in one row and M columns, or two rows and N columns,
but the number(s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number cf rows is
two or more, the positions in the X-axis direction of detection
points are preferably made to be different even between the
25 different rows. Moreover, the plurality of detection points
are to be placed along the X-axis direction. However, the
present invention is not limited to this, and all of or some

of the plurality of detection points may also be placed at

different positions in the Y-axis direction. For example, the



plurality of detection points to which a detection beamis severally
irradi ated are not individually shown, but are shown as an el ongate
detection area (beam area) AF that extends in the X-axis direction
between irradiation system 90a and 5 phot odet ecti on system 90b. Since
the length of detection area AF in the X-@&xis direction is set to
around the sane as the dianeter of wafer W position information
(surface position_ information ) in the Z-axis direction across the
entire surf a@é%a%%rom%é%%w B3P 301745 & Qi YRS SFR O ian
the 10 Y-axis;direction.once. . Further,. sjince tection are Foi .
ol aced bet weeh e|CgcujiO T glmc_iﬁrg?eggsﬁotgxopfogglree%é?gésI%\?ga%be tlzrsl_é‘xj‘s'
detection ar f:t h | i yste (]%}I , ;

AL24) in the%?aaigilsé'd?rh%chggﬁegjﬁg ggeftgg?i on o%era i%ﬁg%e{élﬁgﬁl %qnts
nul tipoi nt Alrsistrericand bledakirgperat 21518yt enB Gad e .ne farRd iida .
parallel. The nultipoint AF system nmay al so be arranged on the main
frame thab hahdsthem) ecdeiosctiwt bledrof s ttebki keradidtdd tbot e plurality
arranged on the neasurenent frame described earlier in the

enbodi ment . lafcidddmcalilon polietsl anatheyenboditent | dmuipa mies eartel dro b2@m
be placed in one row and M colums, or two rows and N colums, but

the number (sY"aF adis RehdiirHatiaths d-s/fte sxamdlian fide eatimes@rea of
nunbers. However, in the c t he nynber of rows is two _or nore, the
positions in &L L et e bRe et afedpretetapiaFea
made to be dif e he different rows. Mreover

the plurali tf%ﬁhd@%gi%g(nl%pglﬁﬁggtgrgg %%e éwf)tl F&%XS %? \é\%gn?ﬁgf%%ﬁ game

directiofg Huwevels &irk‘?rréi‘fee,f%]it o tgon is not limted to this, and
all of or sone of the plurality o etection points nay al so be

placed at differentrnpeskté@PSdifehhe M dHSvlLiAEELOHF dee @@ Rints
the 65 plurality of detection points nay al so be placed along a

di rection thdtodatteet secbethokhdef otibeo K- axp suenrh ¢ heo fY-cadest {thatpdint s
the positions of the plurality of detection points only have to be

di fferent at diedbe mmltheo¥nadB sdisteot,i bhatbifurirthéhe vidénetyiohboth
beamis to be irradiated to the plurality of detection points in the
enbodi nent, KRG BOYELeREiVnLBaEM TR Al SONDEACHr Rl Ardds e blageposition
exanpl e,}ghe entire ea of detection area AF. Furthernore, the

| engt h of > det3&T T AP JSBE Y Tt (6T does Mgt R iy
be nearly th%:e%aerzﬁre]fpt%saghez déearlrg%resr”)qf tY{%‘EeisWa pair of Z sensors 72a

and 72b and a pair of Z sensors 72c and 72d are arranged in
the symmetrical placement with respect to straight line LV.
Z sensors 7Z2a to 72d are fixed to the lower surface of a main
20 frame (not shown). As Z senscrs 72a to 72d, a sensor that
irradiastes a light to wafer table WTB from above, receives
the reflected light and measures position information of the
wafer table WIB surface in the Z-axis direction orthogonal
to the XY plane at an irradiation point of the light, as an
25 example, an optical displacement sensor (sensor by an optical
pickup method), which has the configuration like an optical
pickup used in a CD drive device, is used. Incidentally, Z
sensors 72a to 72d may also be arranged on the measurement

frame described above or the like,



In the enbodinent, in the vicinity of detection points |ocated at
both ends out of a plurality of detection points of the nultipoint AF
system that is, in the vicinity of both end portions of beam area
AF, one each pair of surface position 15 sensors for Z position
measurenent (hereinafter, shortly referreibto as "Z sensors"), that
is, a pair of Z sensors 72a and 72b and a pair of Z sensors 72c and
72d are arranged in the symetrical, pl acenment with respect to )
straight |ine LV. Z¥&WeS 28399 P2r éSIXEPREF tHd D dvietustt e et
of a main 20 fr.a ot ,.shown)._ As.Z. sensars, 72a t 2d,_a sensor ,,
Chat [rradi at 66 SFchn CTETMT G Pihe VHE T RAR50vE S ey dat =1
reflected |ight -and asur.es, postit i i t t

gh ﬁiel e St 19 %dét%gi ;%Lte {lﬁ;fﬁéee{eﬁrﬁt}laeﬁd

WIB surface in the Z-dxis directi‘on orthogo ane a

i rradiation piddare kheaki@htoora% bR0t8XaaPh &tk ORISR cach of two
di spl acenent sensor (sensor by an optical pickup nethod), which has

t he confi gur atixniditkeiaesopha€alreplokipetsat one 8i€P id YRedeyher side
is used. Incidentally, Z sensors 72a to 72d may al so be arranged on

t he nmeasur emgvetvifrroarast whelstrti Deichealidl e robetthedn kien the6 X-axis direction
Moreover, head unit 62C is equipped with a plurality of (six each,

twel ve in totdlat GPcE cas@)luzaddpgops ¥ansags=G4 gndjane parallelg)to
that are placed at rredet erm_ned_di stance so as to correspond to_,
each ot her, &G BHCH BF Mo SISERAPGHESHH feSSERRESal sl Tk /dds 6t king

id d _the.ot id ' traight i LH i t ] h
X axi s direct] BRLERaEe Canes STIRERPRRLEY wiN ek oo dre 1R
I I el ty ali [ . [ v/ 415 . '
Taking 2 pai £ 5 o B SRSy oL CAl I3 b €T GOBaaE & 4 sl P Ae R ] 19 2

10 LH Furt heygmicss playl alnddauts ahsl ¥ peiFS1 10y ¥ & Ra88s ©f e placed
sensors 741] and 7423 and a plurality of Y heads 64 are placed

al ternatel y ialtdmaXedxi Sndichecki-anisAdigacbidnsermsoreatdy j7, sbakor 74,
exanpl e, a sensor by an optical pickup nmethod simlar to Z sensors

72a to 72d i Sasedamplker ei senaodilst amcephbéradepiZkspnsotisod Aljmided: to
742] in each pair that are |located symetrically with respect to

strai ght |i n@plef-FqssorsSetntao e 4tk ismmsedl st ance as a di stance between

Z sensors_72a and 72b. Further, a pajr of Z sensors 741,4 and 742,4
are Iocaiéd on t he 1&&fe st # SgHENGEReFHEERS §eBRPES 2% widéet fontasagh

sensors 72a and 72b. Furt her, head .uni.t; 62A, 1S equi d wi,ith .a
ol Tty o Bt ave et oot RR ko EIBLRO D WitliGne

oo, BRESEXTRE €0 9, LY o S SIS oricon
Z sensors 72a and 72b. Further, a pair of Z sensors 74,4, and
74;,4 are located on the same straight line in the Y-axis

20 directicn as Z sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
(twelve in this case} Z sensors 76,q (p=1, 2 and g=1, 2, »«---" ,
6) that are placed symmetrically to a plurality of Z sensors
74:5 with respect to straight line LV. As each Z sensor 76,
25 a sensoxr by an optical pickup method similar to Z sensors 72a
to 72d is used. Further, a pair of Z sensors 76;,3 and 762,3
are located on the same straight line in the Y-axis direction

as Z sensors 72c and 72d. Incidentally, Z sensors 7435 and

16pg are arranged at, for example, the main frame or the



25 a sensor by an optical pickup nethod simlar to Z sensors 72a to
72d is used. Further, a pair of Z sensors 761,2 and 762,2 are | ocated
on the sane straight line in the Y-axis direction as Z sensors 72c
and 72d. Incidentally, Z sensors 74ij and 76pq are arranged at, for
exanple, the main frame or the 67 measurgment frane described above.
Further, in the enbodi nent, the neasurenment system having Z sensors
72a to 72d 743.3 and 76pg neasures position information in the
Z-axis di rect“ie@rﬁ%ﬁen%terf@%éiw%qﬁgiW@ -or Farghgral inytbe z 5

sensor (s) that fa e( scal e(s descrlbed above. Therefore, in
the exposur e T G%h: ;§§%ﬁ%%ﬁé92 g s SEPRGEs 72a to
position nea t t a ord| venent of

%H%ﬁnﬁﬁ arg %gﬁ ﬁgggurgg sca elggYimqﬁHBataXls

st age WBT. Fur Y RChe ¥xposure opera |on

lleast one Z sgnsQlc (PG kL0 r1s:1§1r§d o¥1esccﬁj fahg%%a%% bf 7

| east one Z sensor 74,3 face each ot her. Accordlngly, measur nent

system cap Measise (ot 1oty Mos ¢ JORHN TSR (0N dedbsdhi® el Acve .
direction of wafer stage WST but also position information in the ey

direction (rdHeamflord, daf ehestagesWWd .oderdthissn, iMskheols 74;; and 76y
enbodi ment, each Z sensor of the neasurenment systemis to detect a
grating surf &se Hea ssedhdiciron osurtfiaee mefa sdirfeineadt iagre gmattichgs) aclkowtrding
each Z sensor nmay al so detect a surface different fromthe grating

surface, for "kapIEerE §G?N@§§Rﬁ5§§9@bﬁgﬁ’gI§§§tbﬁat ébvEhs ?Héosure
t f Ql t t st
o ted and SHETAHIE oS B4 Bhd 2Fs l?aﬁﬁgéggigwa?a?gﬁqyﬁa face
in the SE@C ﬁh"‘%et@le@a glrce%e% St a%%ylvsgnang& aLENg, % LS
ar 4

9
denot ed eference ‘co urther n are eren%%sgﬁd 413

78 denotes a dReAle Al Hopdi t'@ebegdaxgigm 2Ret ﬁ@gsgk@m@nérgygtém can

mmmetammaUMelsamuﬁedtoalwe ermned tenperature to t

vicinity of acdkeauhepabl i1 b@)slﬁlﬂlbhpﬂﬂlfl&rrﬁftﬁaﬁtl%tﬁgoﬁwa%)iltﬂéct:Lon
for exanple, downflow as is Indicated by outline arrows in FIG

Furt her, a refemarfes chdecdURSdehotteslao @mamwﬂdm;umfmﬁmam1dwhametae By
vt er 68 direction ({(rolling) of wafer stage WST. Further, in the
15 embodiment, each Z sensor of the measurement system is to
detect a grating surface (a formation surface of diffraction
gratings), but each Z sensor may also detect a surface
different from the grating surface, for example, a surface
of a cover glass that covers the grating surface.
20 Incildentally, in FIG. 3, measurement stage MST is
omitted and a ligquid immersion area that is formed by water
Lg held in the space between measurement stage MST and tip
lens 191 is dencoted by a reference code 14. Further, in FIG.
3, a reference code 78 denotes a local air-conditioning system
25 that blows dry air whose temperature is adjusted to a
predetermined temperature to the vicinity of a beam path of
the multipoint AF system (90a, 90b) by, for example, downflow

as is indicated by outline arrows in FIG. 3. Further, a

reference code UP denotes an unloading position where a wafer



on wafer table WIB i s unl oaded, and a reference code LP denotes a

| oadi ng position where a wafer is |oaded on wafer table WIB. In the
enbodi nent, unl oadi ng position UP and | oadi ng position LP are set
symmetrically with respect to straight line LV. 5 Incidentally,

unl oadi ng position UP and | oading positiacie LP may be at the sane
posi ti on. FIG 6 shows the main configuration of the control
system of exposure apparatus_100. The control systemis mainl

confi gured of°ThHPRSECRTH NEP %ué‘éﬁ’ﬁﬁ@gd %ﬁda"* R T g%(j@POteS

Kk f h
Corroction | il GPRLTAN (T b DY AL BOHISR o) LPeIT srLheF Ra Ay -
34 that s aneXher ke ahALA0 9,60 SOBREEE e sy R SOMLESLN ion

20. Inci denta various s Ors such as ‘uneven

i | 1um nance neasiyd RG-S YsRle v 1 26N fer@%tﬁ%%swfaqglhwﬁl%e@w
96 and wavefront aberration nmeasuring instrunent 98 that are arranged

at measur enermncsitcrge: NE aneleeldieet bveliyishouh &8da SeMSQf (H<OUWHI O LP
I n exposure apparatus 100 of the enbodi nent having the 20

confi gur at i omajesey iddedhab@ame giawia itdre pl acenent of X scales and Y
scal es on wafer table WIB as descri bed above and the placenent of X
heads and Y heads &3&de®éhhed:pBasnganfdmimatadn af theasenbpel gxystem
head 66 out of_a total of 18 X heads that _ bel on% to head units 62B

and 62D faceLattAROFNT LiABRAT G 00 sERPeCOBTEOX1SEETSEXES HAINAY

| east one each rg Y hedald 64_that res tively belongs to head units
62A and 62C G RS 61,50 IR WPt 27 EERPRSSIoRA it FGaTPUter
respectiygly wit agaeksft ikl by Ha@ié%feé%%r%tx;e%ﬁf 880¢.-8 ac‘[é\@fﬁ{e 2hadge

WST (i.e. a range in |chwa noves for

and the exposiyfQReIAt i @erreé%lbﬂ irhfbﬁﬁg)%m@b)be @%sb%l%é%n’péﬁéfﬁqs

in the drawings such as FIGS. 7A and 7B. That is, at |east one each
of corresponditigctbads 4 age Bt Jeasiat fifse%rpfe}iﬂbe:rfdlursiﬁﬁ'@g%-dev1ce

Incidentally, in FIGS. 7A and 76, the heads that face

connected to main controller 20. Incidentally, in FIG. 6,
various sensors such as uneven illuminance measuring sensor

15 94, aerial image measuring instrument 96 and wavefront
aberration measuring instrument 98 that are arranged at
measurement stage MST are collectively shown as a sensor group
99.

In exposure apparatus 100 of the embodiment having the

20 configuration described above, since the placement of X scales
and Y scales on wafer table WIB as described above and the
placement of X heads and Y heads as described above are employed,
at least one X head 66 out of a total of 18 X heads that belong
to head units 62B and 62D faces at least eilther one of X scale

25 39¥; or 39%;, and at least one each of Y head 64 that respectively
belongs to head units 62A and 62C or Y heads 64y; and 64y, face
Y scales 39Y; and 39Y; respectively without fail in an effective

stroke range of wafer stage WST (i.e. a range in which wafer

stage WST moves for the alignment and the exposure operation,



5 the corresponding X scales or Y scales are indicated by being
circled. Therefore, in the effective stroke range of wafer
stage WST descri bed above, main controller 20 can control position
information (including rotation information in the ez 10 direction)
of wafer stage WST within the XY plane widsh hi gh precision by
controlling each notor constituting stage drive system 124, based on
measur enent val ues of at |east three encoders in total, which are

encoders 70A dhdhroEmbasingnleadts dig Keempd fdrededdoddie Paevdngrosuch
Si th fl f 5 f t that th t

val ues of LR@@EE?@%&& 76 iﬁa%ﬁ%rlé’ IRA5 enoaan o be Taereding
when compari g Md ety aq_it %_ré‘a or@} ?ethShqﬁm:t er D tabl lity of

t he nmeasurenent values th 'S a fec y alrr uctua |ons is

remarkably better thandehat 9k “1% F@EQ”%%@&E‘YB 20, FydNes 1th"¥£e%ace
waf er stage WST is driven in the X-axis direction as Indicated by an

outline asrowhencbkGespbndYnhert A dhat Maaslas aieipasthton dvkhag
Y-axis direction of wafer stage WST is sequentially switched to

adj acent Y hedd@B4das indicated by arrows el and e2 in the draw ng.
For exanple, 25 Y head 64 circled by a solid line is switched to Y
head 64 circled byThegeifoas | ineherréfettiaze stiohkagegsr ofasasfef sthge
measur enent val ues is perfornmed before and after the switching. In
ot her words, W5F fﬂﬁéCéﬁE@ah ﬁ%ﬂ?@umﬁm&&nttr@l&@rrf 8Pnﬁ%ec6§m<@hpﬁ@16fmn

g&gﬁﬂfy“ﬁ&% e e oG, %f oteiond rgr}ﬁ%ne?m Sddd in
6 Y
ead uni 1§ %ﬁ&@am g 8.? ggg& gfcg &B@%M&bﬁ?%g wyf Opsi%ﬁ{ee%u%% high

and 39Y2 1 on, i S described previ

SFurther, i nptx@% mb%ntﬁéﬂffn@ St ﬁl@%rb@&e@@@ﬂt@gsﬁg%ag& drive
heads 66 that are equi pped in head Units 628 and 620 is set shor

than a wi dt h sgafsténsq@ldes b3IPEH ad ndQed Memeite viiawss od rantlletm,ta_smr%e
descri bed previously, when wafer stage WST is driven in the Y-axis

direction as enmuideateetin by tEl ,anhouhld reeeacpdersi7 (1 6nd78)C Xaheast Géast
that neasures the position in the X-axis direction of wafer stage WST
i s sequenti aldiyjrhaii peReet tanemjerc B Xrhedl 66 ipeegthX heftuesee of air
circled by a solid line is switched to X head 66_circled by a dotted

line), ahd tHeuGtmeddens s8a8dsthe PRBSHEgEERENERIUSS of encoders 70A to

70D receive is small enough to be ignored when comparing with
the interferometer, the short-term stability of the
measurement values that is affected by air fluctuations is
remarkably better than that of the interferometer.

20 Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outline arrow in FIG. 7A, Y head
64 that measures the position in the ¥Y-axis direction of wafer
stage WST is sequentially switched to adjacent Y head 64 as
indicated by arrows e; and e; in the drawing. For example,

25 Y head 64 circled by a solid line i1s switched to Y head 64
circled by a dotted line. Therefore, a linkage process of the
measurement values is performed before and after the switching.
In other words, in the embodiment, in order to perform the

switching of Y heads 64 and the linkage process of the



15 values is performed before and after the sw tching. Next ,
the configuration of encoders 70A to 70F, and the like wll be

descri bed, focusing on Y encoder 70A that is enlargedly shown in FIG
8A, as a representative. FIG 8A shows one Y head 64 of head unit 62A
that irradiates a detection 20 |ight (nmeadurenment beam to Y scale
39Y1. Y head 64 is mainly conposed of three sections, which are

an irradiation system 64a, .an optical system.64b and a phot odet.ection
System 6ac. FHARNATIBI Sotidn GAeq iaMiads U TRRE SHmmEen ReD agent ¥

enmts a | aserhe%%?smdﬂBtihgtaagi\e{ §§|Ilg.8§%|8n%}}| Qggdq%n%s aé%'anocl &Et is set

degrees with respect to the ( axrs; for exanple,” a
sem conduct orgH AS&Sr %@ana@dWQdGHnMErQ'£Ebi§§33§$iEH@I39§ZQH§ asg?axis

the optical path of |laser beam LB emtted from sem condutct or

LD. 71 dirddiicgl a8y stLmbHy e EPippRMME.N a pol arization
beam splitter PBS whose separation plane is parallel to an XZ pl ane,

a pair of5reflecti durihergr 4 nRit&earthbRidimelnens ed nk-2a aand st-2bceqbattveen
wavel ength plates (hereinafter, referred to as X4 5 plates) WPl a and
WP1b, refl ectddd@asint & HeRPs aRdtRab, aaadeahéppédelin head units 628 and

Phot odet ecti on _system 64c includes a polarizer (analyzer) , a '
phot odet ect 0r°2ad§ €RE PhRELerntirgnR oty o ¥ Ssarl asedPrLBredi I ¥%6d in

from the Y-axis direction as is described previously, when wafer

stage WST is driven in the Y-axis direction as indicated by
10 an outline arrow in FIG. 7B, X head 66 that measures the

position in the X-axis direction of wafer stage WST is

sequentially switched to adjacent X head 66 (e.g. X head 66

circled by a solid line is switched to X head 66 circled by

a dotted 1ine}, and the linkage process of the measurement
15 wvalues is performed before and after the switching.

Next, the configuration of encoders 70A to 70F, and the
like will be described, focusing on Y encoder 70A that is
enlargedly shown in FIG. 8A, as a representative. FIG. 8A
shows one Y head 64 of head unit 62A that irradiates a detection

20 light (measurement beam) to Y scale 39Y;.

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

Irradiation system 64a includes a light source that

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

semiconductor laser LD,



10 sem conductor laser LD is incident on polarization beamsplitter
PBS via lens LI, and is split by polarization into two beans L131 and
LB2. Beam LB having been transmtted through pol arization beam
splitter PBS reaches reflective diffraction grating RGthat is forned
on Y scale 39Y1, via reflection mrror 1%1R a, and beam LB2 refl ected
of f pol arization beamsplitter PBS reaches reflective diffraction
grating RGvia reflection mrror Bib. Incidentally, "split by

pol ari zation" in t WPEiCRdeSHERAR @4 1§pPReiPRgd ofl tdhai bl ekt 2 himbean

e e o o s PRI PR R o B L LRR RN piane,
diffraction gr aLinooRG du. b b hadialion, of hearms, LB, and £52. . (0100,

exanpl e, the rac béans "are Sevetr'al 'y converte

into a circulgfapolanizrd ddgH acdd platas e and ARla iR as /4

| enses L2b and L2a, and 25 refl écted by reflection mrrors R2b an

R2a and then gihe dwgame passid Wough »¥# gddates iR @ kWPl @ gaiy) and
and reach pol arization beamsplitter PBS.by tracing the sane opti cal

path in the riéhweerlsiéd.directi on. Each of the pol arization directions
of the two beanms that 72 have reached pol ari zati on beam splitter PBS
is rotated at an afflodosetgCtdogr eystwin p4cedpediudes ehppodrirgizeal
direction. Therefore, the first-order diffracted beam of beam LBl
that was preVidBFI%Z T an ShikEPAFSTGT paAst it ildkseam splitter 5

PBS is reflected off polarizatian.b litter PBS i s _inci dent
on phot odet ot | on' SYsCe FRERES ol 46 e AT EEoPAGT (A FFAR ed.

b f . ' I af ff palarizati
piitber TBBS TR R e ThT o oA S ok AL LTl Rt

and is synthegji1zed <10 sgeNGent fbgal 1y, Wath $§esgi{@t539r¢$qrarc6111{afﬂi%ﬁ£ 8¢hto

beam of beam LBl and is incident on photodetection system ¢
Then, the polwaid gaameneideCtBons pefant he, huwihé bdlerOf dgfishi ffeaethedugh

beans described above are uniformy arranged by the anal yzer inside
phot odet ect i g lsysitzerhigdchaan stdid teanBB3 S danthersf e 8l et hve adlf fatalueri on
to be an interference light, and the interference light is detected

by the phot odgteddtngr Rardaits1 g dipvenededn iYns ©a b 3@Nectviiacref pat i¢mmirror
accordance with the intensity of the interference |jght. .

15 Rla, and beam LBy reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection
mirror Rlb. Incidentally, “split by polarization” in this
case means the splitting of an incident beam into a
P-polarization component and an S-polarization component.

20 Predetermined-order diffracted beams that are
generated from diffraction grating RG due to irradiation of
beams LB; and LB;, for example, the first-order diffracted
beams are severally converted into a circular polarized light
by A/4 plates WPlb and WPla via lenses L2b and L2a, and

25 reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and WPla again and reach
polarization beam splitter PBS by tracing the same optical

path in the reversed direction.

Each of the polarization directions of the two beams that



As is obvious fromthe above description, in Y encoder 20 70A, since
the optical path lengths of two beans to be interfered are extrenely
short and al so are al nost equal to each other, the influence by air
fluctuations can nostly be ignored. Then, when Y scale 39Y1 (i.e.
waf er stage WST) noves in the measurenent7xdirection (the Y-axis
direction, in this 25 case), the phase of each of the two beans
changes and thus the intensity of the interference é%gpt changes.

Thi s change P& Sanbeds Py st zaRéonp et eihicle- 9 i§ Betakeddhyn
hot odet ecti on ste 4c, and position information in accardance .

B th the i nt IS helgderd S5ar BAt P abePRECE 785 it ehiiie v S cr o -

encoder 70A. C S L 70C, 7 iLke a al s

confi gur ed gﬂ%%ggféik%ﬂ%%%§%9g5ﬂFQ%er %Qf%ggﬁ%%?I%?aﬁhgﬁea%.%?L%%gﬁgt

WST noves i n.a dhreet be919idfelent fdLPh B8N B 8 i dra Bgalgg%latter

relative notion in 5 a direction other than"the direction to

measured §relmg vies A It tidd @ A0BJRASWRTRIH HHane @y drS PBS and is
generated between head 64 and Y scale 39Y1, a neasurenent error

occurs in Y emcodEmt’h dietaldtetriedratd et entd dan iandrosiisccases. A
mechani sm of this neasurenment error occurrence will be described

bel ow. 10 Fi risirsgf-aider gifdfiradted beaneed brem hBerdiaty wifs @reviously
interference light that is synthesized fromtwo, returning beans LB

and LB2 and éedﬁ%serﬂte?@er?eﬂ#t peéanréfzaw@@ Brapl sebhEher WRBH 1 feadspd)ted

NS M L R LN MR AR AR
S0 G IO a0 AngLe. g P80y 8000 by g g
Gal . Then, artunni g beaRykhat ohSphetbactedtabh ekkent bar mrror
R2a and traces the back route
Then, the polarization directions of the two first-order
diffracted beams described above are uniformly arranged by
the analyzer inside photodetection system 64c and the beams
15 interfere with each other to be an interference light, and
the interference light is detected by the photodetector and
is converted into an electric signal in accordance with the
intensity of the interference light.
As is obvious from the above description, in Y encoder
20 70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to
each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage WST) moves
in the measurement direction (the Y-axis direction, in this
25 case), the phase of each of the two beams changes and thus
the intensity of the interference light changes. This change
in the intensity of the interference light is detected by

photodetection system 64c, and position information in

accordance with the intensity change is output as the



20 is incident on reflective diffraction grating RG at an angl e of
eel. Then, a diffracted light is generated again. Herein, the
diffracted light that is generated at an angle of eao and proceeds to
reflection mrror Ala by tracing the original optical path is the

nat h-order diffracted light that is the 2& sane order as the
diffracted |ight generated in the approach route. On the ot her
hand, beam LB2 reflected off reflection mrror Ribis incident on
reflective diffSasaptdnsnigivaliirgoRE ancadeangle. ofotdisy; eanddene 708, 70C,
nbt h- or der dlffracted light is 74 generated at an angle of Om This
diffracted |i'gt an¢ 59%?@6%%%@% Ceetdauars Foniiari b emqfqdﬁr ROB: -

and trace the sane t| ath to return.to reflection mrror
In this case, the i gF?fg"Whe@fw St 5&AEEr &vde TOVGT 1B thﬁre§tlon

synt hesi zed fJ ]%Q}phaséphﬂgf@eg£§8l&ﬂr éﬁ%%gk%%ﬁqufg gtfgeqmﬁggﬁéln

di fference |n p er ence) Wo returnin

LB2 and LB2 %tdareegtlgﬁeé@%f%aqp%h@ QM- Ot 1he Rhgkafel Set Qi (ANt ive

is, lccl+cosy. In this case, the intensities of two returning beans

LBl and LB2 aicxiassumed honiflebeuedgmahtt@ieachiohpels generattB$Rtween
difference 9 can theoretically be calculated in the foll ow ng

equation (7) heawbaglariche sway et 0 era weaphaseeditid erencecyrsnrdétaaicdoder
is omtted herein. = KAL + 47c(nb - no)AY / p 15+ 2KAZ (cosebi +
cosebo- cosedl0A d@@s’@@d)he EPlative mpRiphi En gesy; cRIsegenol aeechashiagie of

di fference caused by an optical path difference AL between two
returni ng be Sl_@eaasdﬁ-'q_ RV IPen ACEILF S Waddmeift A5 Frdedc tivdev -

g:‘ i ractiBn grati n%llj?_‘%tl nft 39 TYadlrre Cttll%rzll bA%we%?lOH:% 1n%le%%|1%ce%%n%n
interference light that is synthesized from two returning
beams LB: and LB; and a displacement (a relative displacement
with Y head 64) of Y scales 39Y;, (reflective diffraction grating
RG) is derived.

15 In FIG. 8B, beam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of 010, and the n,™-order diffracted light is assumed to be
generated at an angle of 8,1. Then, a returning beam that is
reflected off reflection mirror RZa and traces the back route

20 is incident on reflective diffraction grating RG at an angle
of Bs1. Then, a diffracted light is generated again. Herein,
the diffracted light that is generated at an angle of 8,0 and
proceeds to reflection mirror Ria by tracing the original
optical path is the n.,"™-order diffracted light that is the

25 same order as the diffracted light generated in the approach
route.

On the cother hand, beam LB, reflected off reflection

mirror Rlp is incident on reflective diffraction grating RG

at an angle of 8y, and the n,*-order diffracted light is



20 reflective diffraction grating RGin the +Z direction, p denotes a
pitch of a diffraction grating, and nb or no denotes the diffraction
order of each diffracted |ight described above. Herein, the
encoder is assunmed to be configured so as 25 to satisfy the optical
path difference AL=0 and the symmetric praperty shown by the
foll owi ng equation (8). eao = ebo, ea]. = ebl... (8) In such a
case, a result in the parenthesis in the third termon the right-hand

side of the SRAGHEY 2} HedbAes YePu,- Thianyl Bfradieed dfehti he assumed
nb- na(=n) i atisfied, and accordingly, the foll ow n uation (9
o b bt & e Dot R RYE S B ol Tt o ror B3b End e e ol e Some
uation (9), i f.f.erence i n does -5 nat depend .o he
\(/avgvel engtgl Lf"ﬁqﬁéﬁﬁel. %agh tq&e&:ﬁ% B:VO\D rc%sleescr%s Oélmn&lrnrqﬁ &tb ‘9A and 98

wi Il be considered,nash sl eXARP RSN Sh i LRe; caser&fefil&night

9A, an optical path of head 64 coincides wi'th the Z-axi s direction

(head 64 doesha ik Rt AT SFbm tWaf £t tley W8int0. B Sam$ sHIRE @ ds
be displaced in the Z-axis direction (AZ#0, AY=0) In this case, since

optical path o ff erififee-eNcaddes gitisec hangee e dfddsicd)egnei e two
ri ght-hand side of the equation (7) does not change. The second term
beconmes zer o Usdcaus@oioaals ddsuapdi bB: 3AY=0 pHthiene tawd itdn mdstiddon of
becomes zero, because 15 the symetric property in the equation (8)

i s satisfiedtha@ehadiosfibechsias &gt fievedeel cases Aot thhsngeseandhe
also the intensity .of, the_interference |ight dges no hange. As a
consequence, tHé eftEn w9a¥%‘éu‘?%b?ﬁ1tb%\?ﬁ'l% 1&“4 ﬂéze‘?"n’g%c?esrs%l?é%to
not changg. %%Oéthﬂel %toh%racji'la%q:’heiﬂ the case of FIG 98, the optical

Phase difference ¢ can theoretically be calculated in
the following equation (7), though the way to derive phase
difference ¢ in detail is omitted herein.

¢ = KAL + 4n(ny - n.)AY / p

15 + 2KAZ {cosBp: + cos8Byg — cos8,; — cosBug) (T

In this case, KAL denotes a phase difference caused by
an optical path difference AL between two returning beams LB;
and LB;, AY denotes a displacement of reflective diffraction
grating RG in the +Y direction, AZ denotes a displacement of

20 reflective diffraction grating RG in the +Z direction, p
denotes a pitch of a diffraction grating, and ny or n, denotes
the diffraction order of each diffracted light described
above.

Herein, the encoder is assumed to be configured so as

25 to satisfy the optical path difference AL=0 and the symmetric
property shown by the following equation (8).

Ba0 = Bpo, ©a1 = Op1 ... (8)

In such a case, a result in the parenthesis in the third

term on the right-hand side of the equation (7) becomes zero,



path of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assuned to be displaced in the Z-axis
direction fromthis state (AZ#0, AY=0). Also in this case, since
optical path difference AL does not change, the 25 first termon the
right-hand side of the equation (7) does mot change. The second term
beconmes zero because of the assunption: AY=0. However, the third term
does not becone zero, because the symetric property in the equation
(8) is not k&R atie-h® seRe HEBMITT Nef=Rhe sheallisanad N4 RICCOTOeRMLY -

76 changes i ropartion to a Z displacenent AZ. _Accordingly, phase
di fference wr]‘%ﬁaa O a?squaf‘t(?t?ﬁ’seégﬁer?@éﬁ e ment val ue
changes. Incidentally, el e ad 64 dages not incline, the
symetric property¢FWJ€%§_%&g§{R82%Fg) 5“#% not kept due to, for
exanpl e, the optic h o i Sti f he S

glr:]cgﬁt Efl@ 15548 éréfﬂﬁoar]t B%) ggage c':l'fPf?)gerrIi%/e. (plsﬁ%tdoes

telecentricity) , e nmeasurenent v € ‘'¢hanges S1m
i's, charasteric ideddtOgrmtdn wefvdikeidieaduniitggtt,hat is a factor
causi ng neasurenment errors of the encoder systemincludes not only
t he gradi ent of théeleiheadscbutzsalssehblva dpt IFGElS.ckar actiePRstiidd bk
the heads and the |ike. Further, although omtted in the
drawi ng, in deasgasaataf @s stiagd eWs¥apldsspl Breslti nim e estscow FIG.
per pendi cul ar_to the neasurenent directjon (Y-axis direction) and to
the 15 opticaPra@s WGERY drtiz-odkineadt RdetGdmeidoviAv=0GneaZ=g»is
t he measurenment val.ue does t .chan as tar as direction in whic
Or 1 d T s of et {BRag ik AHECRET AT CHel on ittt el SdFFeRtFoRfIeT
is orthogonal, to the peasurenent, direction. In_ the,case.the _
| ongi t udtRal i PEEETEN CDRGL 0 I ChbYoNg 210 thE HELtr =0, AY=0) .
direction, hoyevers Jfe SENsLLioHiitahs IeRYi#Rd el RE BMeNAhalkge,
proportionate to the angle.
the first term on the right-hand side of the equation (7) does
not change. The second term becomes zerc because of the

assumption: AY=0. Then, the third term becomes zero, because

15 the symmetric property in the equation (8) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intensity of the interference light does not change. As a
consequence, the measurement value (count value) of the
encoder does not change.

20 On the other hand, in the case of FIG. 9B, the optical
path of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assumed to be displaced in the
Z—-axis direction from this state (AZx0, AY=0). Also in this

case, since optical path difference AL does not change, the

25 first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0. However, the third term does not become
zero, because the symmetric property in the equation (8} is

not kept due to the gradient of the head, and the third term



Next, for exanple, the four cases shown in FIGS. 10A to 10D will be
considered. First, in the case of FIG 10A, the 25 optical path of
head 64 coincides with the Z-axis direction (head 64 does not
incline). Even when wafer stage WST noves in the +Z direction from
this state to go into a state in FIG 10Bs t he nmeasurenent val ue of

t he encoder does not change because this is the sane as the case of

FI G 9A descri bed above. 77 Next, wafer stage WBT is assuned
to rotate arcthfhddfe i aroporitdont he stat@isplatanenoOB\io dociomddngly,
state shown in FIG 10C In this case, although the relative notion
bet ween t he HEEFart HIfe s @ QI GEEURS thaCNSEIBNGartdi%ess

of AY=AZ=0, e surenmnent, val ue of the_.encode anges, si.nce
opt 1 val oot A o MO ot T RaE e ST oS an ST hegy 6

WST. That is, a e nt yrRRG Y [ : -

to the incli r?aC{e!%gr?@(%t ?ﬁ%%ﬂﬁ;?,mﬁ%g St age 1%?&0%%%&:&??9%% tagé;eéj‘y@?’
is assumed tadmve depavaid dd,0motrthexshple, | th&ldptillG P8 dtRtQ st ics
state as shown in FIG 10D. In this case, optical path difference AL
does not changetise heedwvederh skagel Ehtdoesi hot, antatte méoyevenent value
because the symetric property in the equation (8) is not kept, phase
15 di f f er enceprgtsangesnidizer tyo t BbaZ despktheemeherAZthy thforhatdon of
termon the right-hand side of the equation (7). Accordingly, the
nmeasur enent VAIUESHA tHE tenddddr idhandestomGagental mpasiigement errors

nmeasur enent v of the encoder in the case of FJG _100 becones the
oo el e ot HE e b e e LAt D RaSE el bl oyt AT oo Lhe

i npl enent gd the.inv r.and the lik it was, found that the
reasur et (S PBE e CeiBaertRarh Thetdererireies < 'ne dBass and
to not only thg pasid.ional change of the scale in the Y-axis

di recti on, . which Is t_he mefasurerrpnt g:li recjti on, but also the attitude
change 25 in the exugithesti antbBubehbRgrdbnechi ome Hliie @ the case

direction (yawi ng direction), and besides, in the cases such as when
wafer stage WST is displaced in a direction perpendicular to
the measurement direction (Y—agis direction) and to the
15 optical axis direction (Z-axis direction) (AX0, AY=0, AZ=0,),
the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face {(a
longitudinal direction) is orthogonal to the measurement
direction. In the case the longitudinal direction is not
20 orthogonal to the measurement direction, however, the
sensitivity is generated at the gain that is proportionate
to the angle.
Next, for example, the four cases shown in FIGS. 10A to
10D will be considered. First, in the case of FIG. 10A, the
25 optical path of head 64 coincides with the Z-axis direction
(head 64 does not incline). Ewven when wafer stage WST moves
in the +Z direction from this state to go intoc a state in FIG.

10B, the measurement value of the encoder does not change

because this is the same as the case of FIG. 92 described above,



the symetric property descri bed above is broken, the neasurenent

val ues depend al so on the positional change in the Z-axis direction.
That is, the theoretical explanation 78 described above and the
result of the sinmulation agree. Thus, in the enbodi nent,
correction information for correcting the4reasurenent error of each
encoder caused by the relative notion of the head and the scale in

the 5 non-neasurenent direction described above is acquired in the
manner descri bed béleowt, wafer sgagki WET of abbyumedito corttatod |aerTo@ the
drives wafer stage WST via stage drjive system 124 while nonitorin

. g
t he measur emefite®ied JELDILhE iSitadd droeter 1B BR i9ft éifeér enettart el 3down
and Z 10 interf te 4 d 43B of interferoneter stem 118,
and nmakes Y Hééﬁ&%%?Fgﬁgiegéo%%ﬁﬁecﬁ§§v §§t§PH§ ) ﬁe&&iéﬁFFeGQﬂtFSEe
an arbitrary t%’be( e %a{dqdénc ttef’ge b cat}Lei e Csi r Colted i r'hrFI %ha]tlpi)s AR
5%% onlf Bte ﬁfﬁf ds

of Y scale 3 he upper” surtace of wafer ta i'S shoun
in FIGS. 1AJ%Q%3%; han, ~ba t e

i nt erfero%ret er al%dsé%&nf%?%gr gﬁegﬁggsﬂggiﬁgﬁgsﬁgg‘?ggggno%gén r?)ﬁnl?jeordgr
20 drives waf@afada] e MIBL WateEast ggen WER S ddatatbehAnbhe G0LI{NG e
anount ey and the yawi ng anount ez of wafer table WIB (wafer stage
WST) becone zertmtanh alfseatfhe ptighiWwgl 20 Tanmunt, exhdaecomsrandesiaredr
value ao ( in this case, ao is assuned to be equal to 2001ldrad).

After the driadawrofimdfhe argside WRY (heaf slussttagd WS Tncldwiation (tilt)

controller 20 irradiates a detection light fromthe head 64 descri bed
above to are®@ ARy e W1, and stores the measurenent val ue,

thi ch coffesponds 9,25 oBIet ek selyls comelalon.oignel Lromihe oo
the state in FiIG. 10C to go into a state as shown in FIG. 10D.
In this case, optical path difference AL does not change since
wafer stage WST does not rotate. However, because the
symmetric property in the equation (8) is not kept, phase

15 difference ¢ changes due to the Z displacement AZ by the third
term on the right-hand side of the equation (7). Accordingly,
the measurement value of the encoder changes. Incidentally,
the measurement value of the encoder in the case of FIG. 10D
becomes the same value in the case of FIG. 10A.

20 As a result of the simulation implemented by the inventor
and the like, i1t was found that the measurement values of the
encoder have the sensitivity with respect to not only the
positional change of the scale in the Y-axis direction, which
is the measurement direction, but also the attitude change

25 in the 0x direction (pitching direction) and the 9z direction
(yvawing direction), and besides, in the cases such as when
the symmetric property described above is broken, the
measurement values depend also on the positional change in

the Z-axis direction. That is, the theoretical explanation



c. Next, based on the neasurenent values of Y interferonmeter 16 and Z
interferoneters 43A and 43B, main controller 20 drives wafer table
WB (wafer stage WBT) in the 79 Z-axis direction in a predeterm ned
range, for exanple, a range of -100pmto +100pmas is indicated by an
arrow in FIG 11B while naintaining an at®8i tude of wafer table WB
(waf er stage WST) (the pitching amount ex =ao, the yaw ng anount

ez=0, the 5 rolling a nt ey=0 f wafer table WB (wafer stage

WsT), and du %%ﬁ@%ﬁﬁﬂ%,ﬂ%i% iTSSditaing e 9N idgee
fromthe Y head 64 cri.be bove to _area AR of .scal,e .39Y1, .nni :
ContTol et Do SeoutaERa Wae R AR BB AnRIES SRRk PRSP RNE AT g

to a phot oel %ﬂr‘e&éﬁ%@'ﬁf’ﬁ%h%%%(?ﬁf upidhe O:lfor?%]%d B% st c%%%eéingy

received the ref t at predeterm ned sa Ing intervals,

stores them igheAndIMANRAIMJEIBH Yof the head MRKXIohdTRIdR 10NN Gleer 20
changes the pitching amunt of wafer table WIB (wafer stage WST) to

(ex=a0- Aay basedreaddremeasdiesent ovatisiecpibdd iadmrd esonefeirdd.in the
15e. Subsequently, the simlar operation to the operation in the

above c. is mepemtredladariete lelanged attitude. f. After that,
main controller 20 repeats the operations in the above d. and e.
alternately, and | é‘adglFﬁé e sl e it gantecéienedd duives ¥akagetene

t he above-de j bed Z-driving 20 range. at. Aa(rad), intervals, for

examp e 4%3@? Vit 6Fodesr %EY%fB%&‘la tifha i *?mt%?awa@vféement
i tching ano i S - r.ad. . ) ,

BI otti ng theq{ééLélSe)egctO?vgszg%%% |mr?%[el%g l|a6(rjit écr ﬁéﬁter}:et%ﬁ:roflaet)%ﬁft la‘%aﬁvé;md 4

been obt ahned % g 4 e‘%‘é%%sggAOJncg§31Bhﬁfalt?ﬁ frdnS: rogsx(fgtem 118, and

t wo- di nensi onal coordinate systemthat has a\éﬁrorl Zont al 'S show ng
Z positions aptked YehbhEabq akdSaSEOWANT IRNGREL! —-REISHE SFEHea@ BT 622

and sequentially connecting plot points at which the pitching anmount

is the sane, fand tEhemrdHitfrtamg adea han zeriali naXicatied bliye beghki edlrcled
in FIG. 11A) AR of Y scale 39Y; on the upper surface of wafer
table WIB, as is shown in FIGS, 11A and 11B.

15 b. Then, based on the measuremenit values of Y
interferometer 16 and Z interferometers 43A and 43B, main
controller 20 drives wafer table WIB (wafer stage WST) so that
beth the rolling amount 8y and the yawing amount 6z of wafer
table WTB (wafer stage WST) become zero and also the pitching

20 amount 6x becomes a desired value oy (in this case, ¢y is assumed
to be equal to 200urad). After the driving of wafer table WTB
(wafer stage WST), main controller 20 irradiates a detection
light from the head 64 described above to area AR of Y scale
39Y;, and stores the measurement value, which corresponds to

25 a photoelectric conversion signal from the head 64 that has
received the reflected light, in an internal memory.

¢. Next, based on the measurement values of Y
interferometer 16 and Z interferometers 432 and 43B, main

controller 20 drives wafer table WIB (wafer stage WST) in the



80 axis direction so that a line (a horizontal line in the center)
that connects the plot points at which the pitching amount is zero
passes through the origin, a graph as shown in FIG 12 is obtained.
5The val ue of each point in the vertical axis in the graph in FIG 12
is a measurenment error of the encoder at ®ach Z position in the case
where the pitching ambunt Ox equals a (Ox=a). Then, main controller

20 assunes t i.tchin mount Ox, the Z-position, t?e encoder
Teasur ement dr B SiL BAGH. BRI A B8 S CERETGRATAIBIe R 6F SRR /0B FEnTe
dat a, d st 5 I ' f t | G.. 6
corection' i nfor rn tr 108, a3 T SRR Le et AR p g 1 Y 118

measur enent §fiafe A8ihRe1MRLEeIRGal JdNek PN Of 214 PREE! [rdr 3 ge
t he pitching anmount Ox, obtai'ns the nmathematical function by

conputing 15 gindet@ha p@@cﬁ@ﬁtgfa@b@ﬂtSewagthteo?aﬂﬁgpé@@uﬁ@%po, the
| east - squares nethod, and stores the mathematical funcCtion as
correcti oh i nfadrinetd amduntmEwl) L wafer tanleNeB (waifercanttaced WST) ,
20 drives wafer stage WST via stage drive system 124 in the -X
direction a predeuadmonsde2drdvingncehivhe| ervaflabbiing tdafection light
measurenent values of X interferonmeter 126 of interferoneter system
118, and as i'FThERR ¥ FerGoidesrukesd v touatrat AR ©F deatedeitP Y,

t he second paosi.tion from.the

f -X sid nd . of it 62A (Y head
ot T o ot he P, 8ol S e 20 s R EnELer O [ERTh hd e r T yade

q  bed | Y Cnae cirel )
BrG 19) of VortaboBipe e PhpBheR PP ER S Be B NG (e B
i . Then, 198 MGRNEEAIHA hdQ REFOFdB chier Pf 0CLSSET 13h 4 @b eRetRemined
above to the Y head 64, and stores correction 81

sampling intervals, and stores them in an internal memory.

d. Next, main contreller 20 changes the pitching amount
of wafer table WTB (wafer stage WST) to (Bx=ap—Aa) based on
the measurement value of Y interferometer 16.

15 e. Subsequently, the similar operation to the operation
in the above c. is repeated with the changed attitude.

f. After that, main controller 20 repeats the operations
in the above d. and e. alternately, and loads the measurement
value of head 64 in a range of the above-described Z-driving

20 range at Ao (rad) interwvals, for example, 40uprad intervals,
with respect to the range in which the pitching amount 6x is
-200urad<oxz<+200urad.
g. Next, by plotting the respective data within the
internal memory that have been obtained by the processes of
25 the above b. to e. on a two-dimensional coordinate system that
has a horizontal axis showing Z positions and a vertical axis
showing encoder measurement values, and sequentially
connecting plot points at which the pitching amount is the

same, and then shifting the horizontal axis in the vertical



information of Y encoder 70A that is constituted by the Y head 64 and
Y scale 39Y1 within nenory 34. j. Afterward, in the simlar manner,
correction information of Y encoder 70A that is constituted by each
of 5 remaining Y heads 64 of head unit 62A and Y scal e 39Y1,
correction information of X encoder 70B t#at is constituted by each
of X heads 66 of head unit 623 and X scal e 39X1, correction

i nformation of_ .Y encoder 700 at 1s.constituted each aof Y head

64 of head urfit*%B20 & l?'nsscoa:;cga%ﬁ;m&nga T@r&&pp?érli T F Hflo?%ﬁe&rs‘fer)
of X encoder t | i : f:

unit 62D and t@ca@%%%fc% %l$%$§£%g£l§£%%3 p?&&%é’&?%%ount
menory 34. Hereizdrd passdsakbagh that osighharkYgtQohNes shown in FIG.
above-descri bed case, when perform ng the above-described 15

nmeasur enent Usd nig eactndhdead 66 of head unit 628, the sane area on X
scale 39X1 is used; when perform ng the above-described neasurenent

usi ng each Y head GheofaheacdfuatthGROint he Sanweatégadnnyisdal €eh89Y¥2ph
i s used; and when performng the above-described neasurenent using
each X head 68 &fIGﬂed@ 26 ¢hinee2o.enad SRearcda e ersedler IgxX@ach Z
used. This is because if correction of each interferoneter of

i nt er f er omet AP SSY<AMIM ERE FASRiE ot Pigshdh dheagivng §x equals o
refl ection suref aces 1&@ and 17b ac{lr%d:r&fler\(lz\ébon surfaces 4la, 41b and
41c) has been %EoMpl ‘et eGS0y HBA LR S 1S TGRSR TABTP R HRI agount

to a 25 desi rgg#ir af L izt Q%i%tlr?gﬂytﬂé @?1{:%?1%?%@3%1&% aYLgEnt e%(éflgagﬁnt

of those interferomneteér a even i e scale surface 1s inclin

nmeasur enent aif @he deapdt ogCcelt . ampngst bgpheagist Auet® dthfres the table
inclination of the scale surfaces, by using the sanme portion of each

scale. 82 data iffwhdesryBagarsifenty FEads) Glytoandc by, intirthation.
controller 20 perforns the above-descri bed neasurenent using the sane
area on Y sc&lmesm3dy2cendr8d¥eraglt aesamea thatmesswsatkivrermanh a¥ the
head 64 of head units 62C and 62A respectively, and
mathematical function of a Z-position z and the pitching amount
Ox, obtains the mathematical function by computing
15 undetermined coefficients using, for example, the
least-sguares method, and stores the mathematical function
as correction information in memory 34.
h. Next, main controller 20 drives wafer stage WST via
stage drive system 124 in the -X direction a predetermined
20 distance while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as is
shown in FIG. 13, makes Y head 64 that is located in the second
position from the -X side end of head unit 62A {Y head next
to the Y head 64 of which data acquisition has been completed
25 as described above) face area AR (area indicated by being
circled in FIG. 13) of Y scale 39Y; on the upper surface of
wafer table WTB.

i. Then, main controller 20 performs the processes

similar to the above to the Y head 64, and stores correction



5 obtains correction information of Y head 64yl facing Y scale 39Y2
(encoder 70C) and correction information of Y head 64y2 facing Y

scal e 39Y1 (encoder 70A), and then stores themin nenory 34. Next, in
the simlar procedures to the above-described 10 case when the

pi tching anobunt is changed, main control 1% 20 sequentially changes
the yawi ng anount ez of wafer stage WST in the range of

- 200pr ad<ez<4#200pr whi | i j_ni .he _pi i n

the rolling amount O:Ma% gfgg%g%%k%%?gﬁgﬂ%%%ég %néggg#gggg&ggg%eﬁé%ﬁgd
WIB (wafer stagebh) donidedif Ziaxis fiek@eti @a in a predeternined
range, for exanple, in a range of -100pmto +100pm at each position ,

and during the drivi.ngrteequent,i ald tHeoadsitlke MRRTHEMRRMr rel-yes Of
the heads at predeternined sanpling intervals and stores themin the

i nt ernal nenomforfudhiareasuiYfesecbdies BOAf ohatdis ccahst 2Outheddsy Ghddr of
heads 66, and each data within the internal nenory is plotted on a

t wo- di men8i orEMadgurdl natheais temdfavians e thddz andhlY sdasle 39Ya,

i ndi cating Z&gfsitiqns and the vertical axis indicating enco

d
measur ement  VEAFESHIPT HELGTRAEPH PEc EdERESAEH ?%%S%h%ﬁﬁ&%iqéaétitUted
b , pl ot i nt t i ch t i t_ s th
o PO B R o SR Aie 5 QRUNG APUTCS Ahe SR A B,
line (a hori %Qﬁ&%lchéi' sifFAS 1S %?) Yaé%éé‘@&i&l’:’ %ﬁ S NG %%%lé@ﬁ.tlu%ed
zero passes through the origin, and thereby a graph Simlar T0 the

graph in Fl Gpyl2:cs ekt & Redds ToeMr MRidY GRRMY @2|(Zeénéo'fa§§é'f§53§ﬂﬁ, and
yawi ng 83 nount ez, the Z-position, the neasurenent error at eac

poi nt i n10he cehtraiogtEdbgriaghras tiak e fdat enasde st PIBSHAtE itaklcasdatated
as correction information in nenory 34. O, main controller 20

assunes t he vasacdnmeft Xeheadsa$6t bé hmeHenaitcAEDf andtX omcdlof 38K, are
Z-position z and the yaw ng anount ez, obtains the mathemati cal
function by é@ﬁﬁﬂﬂﬁﬁyQLﬁk§£QQﬁﬂﬁﬁj&ﬁﬁﬁﬁﬁQﬁﬁﬂn#ﬂlmﬁmq;Yf&ﬁ-exanple,
the | east-squares nethqd, and  stores the mathematical function as
correction informafitdfifn AéndSy BROrendi thaity sifd legde Re tpet chi ng

orount of VASE. AL B AL YT 8, 1oLy SN A0 Uie Yaun AIOTE o

criocer MOEn AL A" WER) SaLICat Al of AESMLAST L S it
pi tching anDuRleadescrd kediiabak,and LBe4TEREUMePRRECERLAE the

above~described measurement using each Y head 64 of head unit

62C, the same area on Y scale 39Y; is used; and when performing

the above-described measurement using each X head 66 of head

20 unit 62D, the same area on X scale 39X; is used. This is because

if correction of each interferometer of interferometer system

118 (including correction of bending of reflection surfaces

17a and 17b and reflection surfaces 4la, 41b and 41c) has been

completed, the attitude of wafer stage WST can be set to a

25 desired attitude at any time based on the measurement values

of those interferometers, and even if the scale surface is

inclined, measurement erroxrs do not occur among the heads due

to the inclination of the scale surfaces, by using the same

portion of each scale.



15 in accordance with the yawi ng amount. This is because it has been
confirmed as a result of the simulation that the measurenent error (a
count value (neasurenent value)) linearly changes in accordance with
the change in the Z-position also in the case where the yawing is
changed. 20l n the follow ng description, gor the sake of
sinmplification of the explanation, it is assuned that regarding the Y
heads of each Y encoder, a nmathematical function with the pitching
amount ex, the yawgddunreearding %t heads pdaitansht4yof maanarongiragd er
WST t hat shoyﬁqa measurenent 25 error Ay, as is expressed in the

fol |l owi ng equal IRFFYATYS Fhe GRBIREF RED MR YT RGO P S34g the same
F her, it i t hat di X head f h X, der,

2t hemat | cA TSNt o RAT OB BT g Tarbtn Ryt e i SHRLICE
ez, and the Ze'a[@‘?'%'l'%b& éjéf dﬁ’f;kfé{ahcgtl%%ecls\/\%gd r}ﬁ'}d Sgﬁwsre%fﬁ?ﬁlq};eﬂ%mand

84 error Ax, as i s expresse ow ng equat’ion

conput ed gnd Bk IdbARBU LB 4An ¥ mzthbh 08Xy 1HZdd T48%(ZaInd ¥ scale
ez(z-b) Ax = g(z, ey, ez) = ey(z-c) + ez(z-d) 5In the above equation
(10), "a" dersAws (anZodeer H00at endfcar paiitomher® dnke isihy aifghit hbhaesdy,
intersect in the graph in FIG 12, and "b" denotes a Z-coordi nate of

a poi nt wher efadinsty aate 39S (encedsect’ 0R) ,t hadgtaph sitoirkear them in
the one in FIG 12 that is obtained in the case the yawi ng anmount is
10 changed i Mmeskder 3% acquire correction information of the Y

encoders. Further, .in the above equation (11), "c¢" denotes a )
Z-coordi nate of a p&¥h Gvﬁe?léetsﬁé&gtar%ipgﬂgeldl?uﬁé’sg FRtEre &QovgT dareribed
graph sipwlar_ to the one in.,FI.G 12 that, i.s obtained in.the cas he
o 1 ng. Alour e eangEs PhEGTIRd rid s, i SRBYRSE hih g P 1de 20
i nformation - I-S.~ycand, nd: t - di

poi nt where ﬁ]eeédﬁg}%%htwgﬁlﬁzgei%n?gres %‘?fﬁﬁ ﬁ%ﬁb%ap 8sti erqng?%? ::?an quT
one in FIG 13 that rhsigebbai ngdohPalibezeaseohbes i 19 Mt idfhg both

changed in order to acquire correction information of the X encoders.

the pitching amount and the rolling amount of wafer stage WST
to zero, and drives wafer table WTB (wafer stage WST) in the

15 Z-axis direction in a predetermined range, for example, in
a range of -100um to +100um at each position , and during the
driving, sequentially loads the measurement values of the
heads at predetermined sampling intervals and stores them in
the internal memory. Such measurement is performed to all

20 heads 64 or heads 66, and each data within the internal memory
is plotted on a two-dimensional coordinate system having the
horizontal axis indicating Z-positions and the vertical axis
indicating encoder measurement vaiues in the similar
procedures to those described above, plot points at which the

25 vawing amount is the same are sequentially connected, and the
horizontal axis is shifted so that a line {a horizontal line
in the center) at which the yawing amount is zero passes through
the origin, and thereby a graph similar to the graph in FIG.

12 is obtained. Then, main controller 20 assumes the yawing



20Next, a parallel processing operation using wafer stage WST and

measur enent stage MST in exposure apparatus 100 of the enbodi nent

w Il be described based on FIGS. 14 to 27. Incidentally, during the

operation described below, nmain controller 20 perforns

openi ng/ cl osi ng control of each valve 25 af liquid supply device 5

and liquid recovery device 6 of local liquid inmersion device 8 as is

descri bed earlier, and the space on the outgoing surface side of tip

| ens 191 of prYjEeEizontbptd cetssiistremtible neagvrenant g a1 pédeafl ppoint

wat er. Howeveyr, .description regarding control of |iquid supply device

5 and 85 qujLﬁd:?‘reeE’mgll?eﬂe% %h@%gﬁplﬁed%Wt%%ﬁ rﬁ%e‘tﬁ@l%%‘@hgiata

descri ption, iSn (g)rrcjr_,(%arC t.0 miks t he description eg;szli | y _under st andq%l S

Further, the Fol9°0WiTTy ‘&8s ¢PSEMBhPRgHR diAY 1he “opePat i Bt G et 1er

made using a@rs.%me@%he g&gaélrté?rf‘er{tefag:ggcfs %%%%ﬁa?ﬁeﬁgf%égﬁunction
ra own in e other

nmenbers are shown in some W ngs and not s

draw ngs. sThads i$,z i Fef S encengodes ey atfo il fes endiod 4 reach, of
t he draw ngs, but these draw ngs show t'he sanme configuration

regardl ess ofmadtisienices DEunekiexi 5§ erepuafinghentef erentsed cadaxicihait s
same 10 is true also in each of the drawings used in the description
above. HiGg,1£oshewsmalst atlee \iivers exposug=e nieyghadst epdasicesearche
met hod is being performed to wafer W(in this case, to be a md wafer
of a certai n 1&thgEHe ¢k Tepataprni 3y cPsrectionwat Epryat 1on 46 mamory 34.
exanple) on wafer stage WST. At this paint ,in tinme, neasurenent stage
MBT may wait at a \Heﬂ%&rnavxép ﬁh%i??%‘ﬁ Sitfe Pe tEHM%s PBRURCL AT Wi g8 Stage

stage WBJ.i s i.ded, .but in th nmbodi.nent, .reasurenent, stage MST is
roving 19 oy S o T N4 ¢ RoapHy G JGts driiidn 26t0. 1t
di stance bet bteh‘éghsggelggﬂfigfethé DR SRS a068 ., a85¢ 881 encoder

predeterm ned distance 1s sufficient as a noving distance o

nmeasur enent  shage WWBEH Bahgbsnoeeded csherauok g dddia e Co8tad simple
state (or proximty state) with wafer stage WST descri bed above after

t he exposur e samds.1idBRu s0g)t b P ey rdfint eerbiolheic2Prdoitd alixh
the the pitching amount described above and the measurement error
15 in accordance with the yawing amount. This is because it has
been confirmed as a result of the simulation that the
measurement errcr (a count value (measurement value))
linearly changes in accordance with the change in the
Z-position also in the case where the yawing is changed.
20 In the following description, for the sake of
simplification of the explanation, 1t is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount 6x, the yawing amount &z,
and the Z-position z of wafer stage WST that shows a measurement
25 error Ay, as is expressed in the f&llowing equation (10), is
computed and stored in memory 34. Further, it is assumed that
regarding the X heads of each X encoder, a mathematical

function with the rolling amount 6y, the yawing amount 6z,

and the Z-position z of wafer stage WST that shows a measurement



position (including the ez rotation) within the XY plane of wafer
table WIB (waf er stage WST), based on the neasurenent val ues of at

| east three encoders out of two X heads 66 indicated by being circled
in FIG 14 that face X scales 39X1 86 and 39X2 respectively (X
encoders 70B and 70D) and two Y heads 64 d4andi cated by being circl ed

in FIG 14 that face Y scales 39Y1 and 39Y2 respectively (Y encoders
70A and 70C), and based on correction informati on of each encoder
(correction BiTfod¥at B6niecrfritedseh ithehegbal lenipaogaertian)jll), is
stored in nmenor 4 in _accordance with the pitching anmount or the

rol 1ing anourit® etdn@ vﬁqﬁf Y t#e Z-position of wafer

stage WST that are ,neasured interferoneter, system 118. Fur.ther,
main control | er 20%ont ;f(’)(lzs t%ﬁ(é ;r)é&si i OF (izﬁat)hgy%-za(ﬁ"if’%lo 'di¢ tion,
and the ey rotatio rolJing n he r,otati.on (Ri_tghi ng), .qf, waf er
t abl e WIB, based on&){ hegjrr(ezgis)t?égrr%nzp val e(sz tg? 5 %azi(rQ of Z se l?’c)rs

741) and F42), andia pakrabdvd SQsorsn 7609 ,and”7828otdats z—coordinate
respectively face the end portions on one side and the other side in
the X-axis digect ippnindf wherendfrer stoaiaphite IWHR ssunrftaos oYt dealtte 3F¥bh
and 39Y2 in the enbodinent). Incidentally, the position in the Z-axis
direction andn FE®y 1ot andonb(r 8enphgy afZvederdimdie WIB moinie where
controll ed based on the neasurenment values of Z sensors 741 and

742j, and 76 E0E Shdar6BT41AREST Hetekseot aih e preeki Agrisay Be the one
controlled 20 b d e, neasyrenent  values of Y jnterferoneter 16.,
el Cher caddt Tt SOnrREF bF CHE R ok encrRE PRy TRT Qi 1s

oo ol Ehe Rl 26 DAL 08 QLoURLErcRDLE WD L OGUTL SE dfne v

control of watrer uri'ng the expoasure 1S performe ased o
results of t%J&@iss.rm@gwae&ba&n}ﬂ@ﬁe%mféﬁﬁr@;&&‘?f orghand.-byehRg es

mul tipoint AF system described earlier. e foregoing exposure
operation is gpertopradndy ek na GO Wnere28hEepend i Gigt a 1M AGhtersect
operation between shots in which wafer stage WST is noved to a

scanni ng st aritn ridieposiaphosim@lar( Aoceherate npn STHE L | 1Y Yiesd tisorpthdhed
exposure of each shot area on wafer Whbased on the result of wafer

al i gnment (e.ig: tBrhaagedhg oledil iAd ghaent (FGAAngsst flor apder to acquire

bef orehand, the | atest bhaselines of alignnment systens ALl and AL21 to
AL24. 15 correctlion iniformation of the X encdders, and “d” denotes a

Z-coordinate of a point where the straight lines intersect
in the graph similar to the one in FIG. 12 that is obtained
in the case the yawing amount is changed in order to acquire
correction information of the X encoders.

20 Next, a parallel processing operation using wafer stage
WST and measurement stage MST in exposure apparatus 100 of
the embodiment will be described based on FIGS. 14 to 27.
Incidentally, during the operation described below, main
controller 20 performs opening/closing control of each valve

25 of liquid supply device 5 and ligquid recovery device 6 of local
liquid immersion device 8 as is described earlier, and the
space on the outgoing surface side of tip lens 191 of projection
optical system PL is constantly filled with water. However,

description regarding control of liguid supply device 5 and



5 and the |like, and a scanning exposure operation in which a pattern
formed on reticle Ris transferred to each shot area by a scanning
exposure nethod. Incidentally, the exposure operation described above
is perforned in a state where water is held in the space between tip
|l ens 191 and wafer W Further, 10 the ex@dsure operation is perforned
in the order fromthe shot area |ocated on the -Y side to the shot
area | ocated _aon the +Y side %P FIG 14. .I.ncidental t he EGA net hod
ifh § v

Bk B QW LR a8 G e Na R

i s di scl osed Y% SRR AFTHE .
i ke. Then, fore the last shof area Q fer Wis .exposed, 15 nmain
control ler 20 oved WeAkurdmit st &ge V\% eas?lt?rsechéLrﬁ)%pltoébleéa to

the position shownd fhiGe 15 PM;};E@QI:[ OHJ? ”Eoﬁé‘\gfn%&%ﬁff}efﬂf%lm

based on the neasurenent value o Interferoneter

Mai nt ai ni Ng theydRASY eABNSpdBd teo @i 1l BEad @ ARYR md30 dwdngs, but
constant value. At this point in 20 tinme, the end surface on the -Y
side of (b bahoAGofimasiteerenied alfl &l Baranthene rend raurdhace, dm tshene
+Y side of wafer table WIB are in contact with each ot her

| nci dent al | y,dashe neeneowt act: shate (prokenpthestdtayimpy. alBwmthd skephe
by, for exanple, nonitoring the neasurenent values of the 25 _

i nt er f er onet éiGraRE ERE6EeFhoHAta FR skiiTer aTie 1Y BRFE <f rda idgawings,
position of each_tabl e and, separating neasurenept table MIB and waf er
table WIB i n%[‘%et 9§§i‘§rﬂ‘f’+%‘é$i§ﬂf’%tt%§ BPOFanRE bYUEF bR ERsRRAHLess of

f ' . i h iti |
el ati on shomt B CrgaSTES T ARCetn et s e aatier Wiany Aftopane
that, boif the st-ages:are; yoved, s %ﬁetergﬁfﬂg%Eﬁsggﬁhaﬁﬁﬁghﬁscni tion

rel ation. Subsequently, as i1s shown i n eepi ng
the positionaghbhgw@l.ation in the Y-axis direction between wafer 5 table
WB and neasurenent table MIB, main controller 20 starts an operation
of driving nmeasuremgnt 34 ageoWdSh shatbevhetdiexpobiugr Bnt altep-sharissan
an operation of driving wafer stage WST toward unl oadi ng position UP.
When t hese opertdcicons aeénst perédrmed thewafibodi nbim  theasiaserito be a
stage MST is noved 10 only in the -Y direction, and wafer stage WST

is moved in HE YL odct e tadd 1o¢ dionecteogontaining 25 or 50 wafers),

15 as an example) on wafer stage WST. At this point in time,
measurement stage MST may wait at a withdrawal position where
collision with wafer stage WST is avoided, but in the
embodiment, measurement stage MST is moving following wafer
stage WST while keeping a predetermined distance between them.

20 Therefore, the same distance as the predetermined distance
is sufficient as a moving distance of measurement stage MST
that is needed when going into the contact state (or proximity
state) with wafer stage WST described above after the exposure
ends.

25 During the exposure, main controller 20 controls the
position (including the €z rotation) within the XY plane of
wafer table WIB (wafer stage WST), based on the measurement
vaiues of at least three encoders out of two X heads 66

indicated by being circled in FIG. i4 that face X scales 39X;



When main controller 20 drives wafer stage WST and neasurenent stage
MST simul taneously as is described above, water that is held in the
space between tip lens 191 of 15 projection unit PU and wafer W
(water in liquid inmersion area 14 shown in FIG 16) sequentially
noves fromwafer Wto plate 28, CD bar 4®&6 and neasurenent table MIB,
according to novenent of wafer stage WST and neasurenent stage MST to
the -Y side. Incidentally, during the foregoi_ng novenent, the contact
20 state (or Proxrae tiPHERTSHVIY WEF SRCIEDT 2 aBfd’ PR SEehBAtY heads
table MIB is i.ntai ned.. I ncidentall FI.G. 1 ho state right

bef or e vt e on TG S SPGRCaPEACY 1 deFEvel B hT o Hiat s Les
to CD bar 46. r agy N i , i o] ler
20 controls t de:ﬁp%%?ta‘iggﬁ J@\%%ﬁ?%ﬁ%iS WEP%EE%}’%}g|a&§‘?zgcfh2§%‘§h°a%ed
rotation) of safeyr ARl i&WER Aorafari o age BT orRarRd oRd&ction
measur enent val ues of three encoders 70A, 708 and 70D (and correction
informati bn dfnfeneodeic ¢dApufB On TP sheateichbd n1meMery (B#4) ) istored in
accordance with the pitching anount or the rolling anbunt and the

yawi ng anountieray Bhdn 89cZxpasce iwdrthot haafierchsinggend\BTt rathamrelling
measured by interferoneter system 118). When wafer stage WST

and neasur emEHC WY aged bR BRE1IBY AFIoUAYeoRBH \Eiend-BOS Hhi 0N ofr vaBer stage
further in the 5 1<’3}bove-descri bed directions respectively fromthe

state of FI G"ST6ENBEATS B afEasar Rindmt st St edt a8t OB T Y8vaf éprther,
table WIB) by Y 70A d 700 t b f . ,

Tﬁer 2f or e? r !){nfﬁfle %:gof%o (l?rtréjsjtjheﬁ 2(Oamriljl Or?. téf(%)r?ﬁ? (Ejlclr}ﬂ%g P Ofg'tg\%rnt gﬁlggcq"t% & &3t ol

of the Y;posidi ta_L%q},t Q%deEBéoé%‘tf% foryva(fr%rllﬁ‘i&éﬁ?a%&ﬂ%{&g{gtion

table WIB) fromthe control based on the neasure val ues o

encoders 70A @nd cHidd)0o FRe KNt bBE e hasedHaR NG, MBashE SR nMY W8S ues
of Yinterferonmeter 1I6 and Z interferoneters 43A and 43B. Then, after

a predet erm red appaiedodf Ztsamsons 74 sk 40, Fhfd 4 haiasuzerenisors

stage MST 15 reaches a position where baseline neasurenent of the

secondary al i"dngemd sishehiat heespaat 1eely af swe réferaret goartdontshen one

Sec-BCHK (interval) as needed) that is perfornmed at predeterm ned

interval s (i fids sngasbe QFhar resfredn thcedchxhnal 8t reepl e cpem)e wafer

perfor rref? Then,. main controller 20 20 stops neasurepent sta%e VBT at
o]

the posit?ont8HE AFE0SUFFIes FUrkHdrehaPdr dthge Taar tdimsglodiment) .
unl oadi ng posi_ti.o P . whil e. nmeasur.ing_the X-positian of wafer stage
WST by X hea(sitln(?GMflqer]%1 % yédecti? t%)lsr}é:lg’lnr &ne&lﬁ%n P& S PR AT PR %Xthe
scal e 39X1 ( i [ATCTale Y/ (Al t Y- bt

ez 25 rotati ())é_ ﬁg%ttﬁe io(ckig)r lyl(}@)i %t%ceir er gturréctae%(rielgﬁa]angggﬁlbte Wi 1ed
i nterferonmet ¢:%A30nafke 4B s ahesHtoRa 1WRECS £ St 888s¥B3 Bd,; and 74,5, and

unl oadi ngpositionUP. Incidentally, in the state of FIG 17, water-is
held in the smagemeleesandesRyr @&t dtakire (MiBcandgh i mal ens cbtrolled
20 based on the measurement values of Y interferometer 16. 1In
either case, the control of the position in the Z-axis
direction, the By rotation and 6x rotation of wafer table WIB
(focus leveling control of wafer W) during the exposure is
performed based on the results of the focus mapping that was
25 performed beforehand by the multipoint AF system described
earlier.
The foregeing exposure operation is performed by main

controller 20 repeating a moving operation between shots in

which wafer stage WST is moved to a scanning starting position



90 Subsequently, as is shown in FIGS. 17 and 18, main
controller 20 adjusts the Oz rotation of CD bar 46 based on the

measur enent val ues of Y-axis |linear encoders 70E and 70F descri bed
above that are constituted by Y heads 64yl and 64y2 5 indi cated by
being circled in FIG 18 that respectivelgy face a pair of reference
gratings 52 on CD bar 46 supported by neasurenent stage MST, and al so
adj usts the XY-position of CD bar 46 based on the neasurenent val ue

of primary al(affRimralisiemtAart ingineidd ay Fame=passined ofn eRlcB. shet
that detects 10 reference mark Mthat is |ocated on centerline CL of
measur ement  t3H51% OOTBA6RTI 1 haeediht ey reRBtEoPt WHESE dlidmpant (e.g.

tate, i troll 2 f t -BCHK (U nt I in whjch
sLate, it Gontroller g Aenlanm e o6 AOK (el o B M ol
relative posijtdQns aéél%rfe%uroflgé%%ﬁ@%qﬁ;r g%tt'e%”ﬁlﬂﬁy%gt ﬁﬁﬁé‘é\ﬁé [%,qu,

respect to primary alignnment sys Sever a obt ai n

si nul t aneguslahMBARUNIING I &Rl QNGRBIKY MR LRDYHAR tiRA i Ghich a
| ocated in the field of each secondary alignnent syStem using four

secondary al ipgityvin SysieaBoAL2dt101ALR4L.s khraparakeld whida® e area
Sec-BCHK (interval), main controller 20 gives the command and nakes a

drive systeminf aarsaariroady ampgsote stedlrdd .unfoaddeatel 1W ohheakeposure
stage WST that stops at unloadi ng position UP, and also drives wafer
stage WBT i n aRegail ol geeciréhetdoapeve it pesfpsading: gosteterwharaivairer
a vertical rm,vegega pin 25 CT (not shown in FIG 17, refer to FIG

18), which has® Beeh 1dr e PRGGRar ot YReh teér +eR ildd anevahPsdli ng L rkesE -
upward a, predet ern ned_anpunt .. . . Next, as .is, shown, in_FIG 19,
i contiol IK1S S0PHEUEE TRHR bA® RYHEIRET {rothn Aol 1S Rhot
position 91 ,/(henelnaldieln FRECLECDi B AS Al "é’r?c%ﬂ ’Haﬂﬁ\?ssgﬁ WD S he
position") used to shift a state of neasurenent Stage Y om a

state of beiny gvay fi ercwefer stRAQMERING, ! BRe GRIH ACEhSHAL € di%closed
proximty state) with wafer stage WST described previously. 5 1In

paral | el withd,hifsropgeaplen, ti@in, TOMaRINteNo204 gT8es6t heag@ramNd ike.
and nekes a drive systemof a |load arm (not shown) | oad new wafer W
onto wafer table WIBenl,nbefipsectlse, lasinchidtharsbabe whtee Weard iecalosed,
novenent pin CT is raised upward a predeterm ned anmount is

naintain@g1 gmﬁiqM§p@¢rpdé@mn§chgvgg measurement stage MST (measurement

table MTB) to the position shown in FIG. 15 by controlling
stage drive system 124 based on the measurement value of Y
interferometer 18 while maintaining the measurement value of
X interferometer 130 to a constant value. At this point in

20 time, the end surface on the -Y side of CD bar 46 (measurement
table MTB) and the end surface on the +Y side of wafer table
WIB are in contact with each other. Incidentally, the
noncontact state (proximity state) may also be kept by, for
example, monitoring the measurement values of the

25 interferometer or the encoder that measures the Y-axis
direction position of each table and separating measurement
table MTB and wafer table WIB in the Y-axis direction at a
distance of around 300um. Wafer stage WST and measurement

stage MST are set in the positional relation shown in FIG.



10 perforned in a shorter period of tinme, conpared with the case

where vertical novenent pin CT is driven downward to be housed inside
the wafer holder. Incidentally, FIG 19 shows the state where wafer W
is | oaded on wafer table WIB. I n the enbodi nent, the foregoing

optimal scrumwaiting 15 position of neasugrenent stage MST is
appropriately set in accordance with the Y-coordinates of the

al i gnment marks arranged in the alignnment shot areas on the wafer.
Further, in tlrﬁedé%aaiW%u%%@foﬁﬁgﬁmwrs@mn@%ﬁitrlrgitpobpthotw@ steges

so that the shift to the contact state (or proximty state) 20
described ab&€ & %o FerForiedSqP ?ﬁt?oﬁoﬁp]&rjr% eteaé’fté‘)rbt age WST
stops for the wafer, gl t.. . Xt, as 4sS.shown jn.FI.G 20

mai n controller ZOSﬁgﬁe %&E&#’S?gdgs%%fw rom %%Uﬂ%b E%%%?i%ﬁ?qﬁgqighe

a position widdy mhiga it he nasidd on afnd ivlugisal diﬁ:ré;c)tﬁ_ofno%éﬁae%%f SR,

plate 25 30 i's set wmthin the field (detection are primry

al i gnment 5sy 4@ MetB (dnemebBarpAshti b MWhere , trhei 4 ebiBi-cinesess sehrts
basel i ne neasurenent of the primary alignment system (Pri-BCHK) is

perfornmed). lan tdreeratddire off ddierimy ety ramint cardgeoM3Tr 20 the -Y
switches control of the position 92 within the XY plane of wafer

tabl e WIB fr chhnset iconendl abssedant s be oresur eoemf dalvéngfwafeodsrge
70B regarding the X-axis direction described above and the ‘

measur ement VaTuESWAFAyupheafiRe drRtErians Udhd Fhent BReee crRad sl ggnare

and 43B regarding 5 the Y-axis.direction and the ez rotation, to the

contror of SRl o G e R ol e e e, St AT, By e
I t | .t e . Whi t_J.eas e of 1t X

heads 66 0 naiRatb b Eer hondieton kAl B SR Rt Bs Hhotdlf 2R the

scal es 3eXl ard JP&Z-;enRceder sx/QB.and s7Q0) and two Y heads 10 64y2
and 64yl indicated by being circled in FIG 20 that face Y scal es

39Y1 and 39Y2 (encomiensméQh andtrfol)erand BasedsOwagehr @ebig@NWST and
i nformati on of each encoder (correction information conputed in the

above- descr i et serpeatarndnstebe) Mamds{dd) fastouellyi as nerates 34 dad above,
accordance with the pitching
water that is held in the space between tip lens 191 of
15 projection unit PU and wafer W (water in liquid immersion area
14 shown in FIG. 16) sequentially moves from wafer W to plate
28, CDbar 46, and measurement table MTB, according to movement
of wafer stage WST and measurement stage MST to the -Y side.
Incidentally, during the foregoing movement, the contact
20 state (or proximity state) of wafer table WIB and measurement
table MTB is maintained. Incidentally, FIG. 16 shows a state
right before water in liquid immersion area 14 is delivered
from plate 28 to CD bar 46. Further, in the state shown in
FIG. 16, main controller 20 controls the position within the
25 XY plane (including the 8z rotation) of wafer table WTB (wafer
stage WST), based on the measurement values of three encoders
70A, 70B and 70D (and correction information of encoders 704,

70B or 70D stored in memory 34 in accordance with the pitching

amount or the rolling amount and the yawing amount, and the



15 amount, the rolling anmobunt and the yawi ng anmount, and the
Z-position of wafer stage WST that are neasured by interferoneter
system 118. Then, main controller 20 perforns the Pri-BCHK
former process in which fiducial mark FMis detected using primry 20
alignment system ALlI. At this point in tigge, nmeasurenent stage MST is
waiting at the optimal scrum waiting position described above.

Next, main controller 20 starts novenent of wafer stage WST in the +Y

di rection tovaRPH ey thrvafifer stare MAiGirar B Madedrzad diged in

the three first_alignment shot areas are detected, while controlling
the position Jd’ft‘?ﬁatlf oG W%ge]oﬂdn t he neasurement val ues of at

| east t hree encoder n&gﬁ CQrr ct[d'n i_nf ormation descr.i bed gove.
Then, when waf er st@é% reas%ﬁgget e 551& |e(§1nsusrﬁe(r)rlv(\alllrlleC 9339 are

21', main COfgirnﬁiﬂﬁne%ssltfpc?nd’\ﬂéﬁgr%lgﬂf‘dﬁ%En AhdO ithe

R
operation, main controller 20 activate turns ON) Z sensors 72a to

72d and npaswesrd-ikescHasdd HoReaRbohBerd d15d dtakd O Frbheciey statat s PrIG.
and the Ox rotation) of wafer 5 table WIB at the point in tine when Z

sensors 72a tl®,7pdsfiadcenwatesutabdet WiByade rbef age WdTat{wpoepttalle WTB)
tinme. After the stop of wafer stage WST descri bed above, nmain
controll er 2®vaknescodenal ¥ dhecusd v 0&hd cendbti daabe yf elerett s Theeefore,
al i gnnent marks arranged in the three first alignnent shot 10 areas

(refer to std Biafad Irg Khath madn ZontEAIAG pHradrdii tahiegn e control

e ot octi ok EBRNSR R b TS FIT AR e A S S e
dth | t t ib h

0 e, TBESULSIRD k, USBn Ot cbRRska 0S80 S0F R SulSpIat 2bate

correction by Re LQUIJLHd obd MR MRid ) 1 RN HHAES JNRA idh dhe

i nternal nenory.
measurement values of Y interferometer 16 and 2

interferometers 43A and 43B. Then, after a predetermined
period of time, as is shown in FIG. 17, measurement stage MST
15 reaches aposition where baseline measurement of the secondary
alignment systems (hereinafter, also referred to as the
Sec-BCHK (interval) as needed) that is performed at
predetermined intervals (in this case, with respect to each
wafer replacement) is performed. Then, main controller 20
20 stops measurement stage MST at the position, and also drives
further wafer stage WST toward unloading position UP while
measuring the X-position of wafer stage WST by X head 66
indicated by being circled in FIG. 17 that faces X scale 39%;
(X-linear encoder 70B) and measuring the Y-position, the 6z
25 rotation and the like by Y interferometer 16 and 2
interferometers 43A and 43B, and stops wafer stage WST at
unloading position UP. Incidentally, in the state of FIG. 17,
water is held in the space between measurement table MTB and

tip lens 191.



As is described above, in the enbodinent, the shift to the contact
state (or proximty state) of neasurenent stage 20 MST and wafer
stage WST is conpleted at the position where detection of the
alignnment marks in the first alignnent shot areas is perfornmed, and
fromthe position, the novenment in the +¥airection (step novenent
toward a position where the alignment marks arranged in the five
second al i gnnent shot 25 areas are detected) of both stages WST and
MBT in the contact SSRFEEYEHT Ly ossmiitsy sdyoatrein &' I&Sar tidd A Adi-nmain
controller 20. Priar. to the start %%e venment in thf +Y direction of
n

both stages WSP T 2L aPusHso kS A2FFBra51on @ nCRIMRY 01§ 388 on
tart i di.at | tect] 1 rr.adiati 94

R R T e
this operati Q:l?aséﬂ%é&?ta%%tiﬂeo{?h%e@ré’fcér@ci@ﬂﬁécpm%’ ALY AT LAd 64y

formed on wafer table WIB. Then, during the nove St ages

WET and MBT iimd ddiedt¥ydbeefilyl @0rc e D GiIlt .St 8gesa ¥\Wile fiuh Ml I e dGhe

the position shown in FIG 22, main controller 20 perforns the focus
cal i bration feorperr pribaesSsreangt gMaiinsysa 32 @t iCn et Wweesugerted by
measur enent val ues of Z sensors 72a, 72b, 72c and 72d (surface

posi tion i nf oaseUnsmentt tHegend!Por tdirgh loww arg Ul ssitde Yo poise. tdtome o £
side in the X-axis direction of wafer table WB) and the detection

resul t (surf&dePpsst € iRAPIhrar HReIRAHS WA datled PEPHBIdRY Elignment

detecti int | d,in,th t , int i cinit h f, t

o 2ol oo B B R OB B Wby b o o ec 2o
f t ti_paint A 9 90b) . i L af

SV aron 2 b TR AR SRR PR Al gl @

the center ofpafledal @ WIR (i gh _SLHb%Bél”Héiﬁ}{t?OEt‘i‘&féj@f. Wity f NG

center of wafer W coincides wth straight Iine LV.7At this point I'n

time, |iquidtdnimersdae,anednlddi:dagaednerri-the hRouwndancux

bet ween CD bar 46 and wafer table WIB. That is, liquid i mrersion area
14 is about t{dredell)veried Wiriath EGadedrind® tof aher deabireladiB.alignment
Then, when both stages WST and MST further nove in the +Y direction
whi | e keepi ngusttgims ddit:ate 8ldve(thhe pedbxthveyresitiene)oanthe ebehr
the position shown in FIG 23, nain controller 20 al nost .

si nul t ankdus|3PEREATURVLENRENY eSS WERE LR FRAMRAC PRIRAT Beldegagnt

in the five second al.ignment shot areas (refer, tqQ star-shaped rks
i FIG 23) CHARET A ald B e i b Rl TR e b PN SEZHS Y ks

the deteCtiOQ@asuring reference marks M on CD bar 46 that are located in
the field of each secondary alignment system using four

secondary alignment systems AL2,; to AL2,. In parallel with

20 the Sec-BCHK (interval}, main controller 20 gives the command

and makes a drive system of an unlcad arm (not shown) unload

wafer W on wafer stage WST that stops at unloading position

UP, and also drives wafer stage WST in the +X direction to

move it to loading position LP with a vertical movement pin

25 CT (not shown in FIG. 17, refer to FIG. 18), which has been

driven upward when performing the unloading, kept upward a

predetermined amount.
Next, as is shown in FIG. 19, main controller 20 moves

measurement stage MST to an optimal waiting position



95 results of five alignment systens AL1 and AL21 to AL24 and the
measur enent val ues of three encoders 70A, 70C and 70D at the tine of
the detection (the neasurenent values after correction by the
correction information) , and stores themin the internal 5 nenory.

At this point in time, since there is no9{ head that faces X scale
39X1 and is located on straight line LV in the Y-axis direction that
passes through the optical axis of projection optical systemPL, main
control | er 20(eBiR¥si st athe Jrfsintesh 5@ taf et RO larfecom waidring
tabl e WIB based on the 10 neasurenent val ues _of X head 66 facing X
scal e 39X2 ()?q%?e%ﬂnﬁnb‘é&grte/@@)lfgnﬂ s\Faﬁ%@érm%?l%lb%?%“tmﬁaﬁﬁd‘%s}%émm
As is described, abgve, .in _the e di_ nen ei,ght npi.eces.in total of
position inf oarﬁ% ?Sno%tbv%-ngi PERSIATAl W%% ft3% eiﬁ% I‘%Fﬁj n‘i‘o%?aCt state

al i gnnment ma%%ﬁr ﬁ@Bx?ﬁigﬁt%% fichhg Rl Q{:aéég\iﬁ a.éggr%ﬁcgtpreviously.

detection of e al 1 gnnent s 1n the secon I gnment s ar eas

ends. Thep, atn bArs136A0R: t BN LopkrHakleh, 20 ORtRIMSdiNe sl dNges the
(shot magnification) of wafer Wby perform ng a statistical

conput ati on, adnneEnd s sediesed idyieors yexamplef Kdkaid @lapamese shown)
Unexam ned Patent 20 Application Publication) No. 61-044429 (the
correspondi ngdddBS nefatveafie NG, cat?80a62T) tahdet WEBL i Kigy Wsisngasdes since
position information, and based on the conputed shot magnification,

mai n cont r ol I%4Ye Zhakgy alese Hertdcadprprarenharaet €F i k3 kst gid upward a

projection optical systemPL, for, exanple, the projection 25

magni fi cati o e&ﬁ%qlﬂ}e{a ﬁ@loélﬁtaHFJ%i‘nﬁ% l‘b‘;e‘g'i 5@%8’#?& tpading egn be
6) . Adj ustment vice: 6 dj,ust.s optical, ¢ acterjstics of .

of oj oct i DA OBt A TEy L Abrs Ay e T P aRshar & Lt SOy o5 SepaaFpy e case

novabl e | ens ,gQnsd %EEE&EQl%&&&%}%@%ﬁ.&P&T ca d§¥§teﬁ'ﬂd:v;1}vgi1%c?)@@rigé Bused

the pressure of gas 96 inside the I'ght roomt hat rme
bet ween speciifigi LIRS WSt iHdildd¥, preieakhed 10t i ¢ak.syst eRLRk, taE

the |ike. Further, after the sinultaneous detection of the
al i gnment mardésatar ndreged wartdhel fiis e setandbalwagivre idasihotWTs .
In the embodiment, the foregoing optimal scrum waiting
15 position of measurement stage MST is appropriately set in
accordance with the Y-coordinates of the alignment marks
arranged in the alignment shot areas on the wafer. Further,
in the embodiment, the optimal scrum waiting position is set
so that the shift to the contact state (or proximity state)
20 described above can be performed at a position where wafer
stage WST stops for the wafer alignment.

Next, as is shown in FIG. 20, main controller 20 moves
wafer stage WST from loading position LP to a position with
which the position of fiducial mark FM on measurement plate

25 30 1s set within the field (detection area) of primary
alignment system ALl (i.e. the position where the former
process of baseline measurement of the primary alignment

system (Pri-BCHK) is performed). In the middle of the

movement, main controller 20 switches control of the position



5 areas ends, main controller 20 starts again novenent in the +Y
direction of both stages WST and MST in the contact state (or
proximty state), and at the sane tinme, starts the focus mapping in

whi ch Z sensors 72a to 72d and the nultipoint AF system (90a, 90b)

are simultaneously used, as is shown in KxG 1023. Then, when
both stages WST and MST reach the position with which neasurenent
plate 30 is located directly bel ow projection optical system PL shown
in FIG 24, reithigorteoklovlame pd vofes tael @ TBCHGM dhecroproredased
and the focus 15 calibration |atter process. Herein, the Pri-BCHK ,
latter procesd FEEnTCERBLBIERESEA e\ CRGNISedPBdr PARERENY deig &A-axis

' f al f . K ticle R that
or oy oct ed by PRl B TDR I LY SeTtn B e MEAURAI AR 1 s 4F 7

i mage measuri; i crl bed. [, i .
measur enment sﬁqﬁ&%{%{ogl}eﬂ%%ﬁ%f%é%dlgggﬁggégﬁéﬁggg 4;2)‘10Aa? gdS ,B:fﬁ%ﬁ:ﬁé’ ng
nmeasur emept naadlvi S iaeldidle JLRGE ahAt €ASI bY +H:-REEOR dance Wi AR of
XY-position of wafer table WIB) are stored in the internal nmenory. In
this process,tisd Bdsirtd o avite dreiwddisicdesethddy tdie theSméatlittinett
Application Publication No. 2002/0041377 described earlier and the

i ke, the projeoted dfmageteastatlpaee afcaveasyr ementh aaepkstate@ast one of
measured in the aerial inmage measurement operation by a slit-scan

met hod usi ng @& Kaheadadd radégrémenty dsingairelrd BL I .paPrishat face
Further, the focus calibration |latter 97 process neans the process

in which, as% $S8H&RN3PH AR 2Kz (drtedebnt tUl AN Oke pBYi tYent pads
(0 pont By b S e B BB B B0 L oS P o gt zace
f it i_nf i t 1B
Sonsarod by 2 R ddBhRLEN8L, MO AAN O R AR, G pEREG on
nmeasures the agriedt i JRGES Afnd e TRAS WL Hn B &S fQIrRe+Qnd he

mark plate (not shown) on reticle Ror reticle stage RST using aeri al

i mage measur g ddend et mongnt densied o R VIR ETBRG Retdti®ns1010)
nmeasures the best focus position of projection optical system PL. The
measur enent et dilildn ofoped|iec medoryadésiofk ddoe damasuw bbb ntheamrikshisg
di sclosed in, for exanple, the panphlet of International Publication
No. WO 05p124884rHnd Ghee tdldanavEnmewontansl Itde 2@Wiggemdwnt, and the
nmeasur enment val ues of Z sensors 15 741,0 742,4, 761,3 and 762, 3,

synchr onous! Y RIH TR |IFadidiForstase Sitplihal gikg mesomeest it i mage

measuring devi ce 45, while novin urement plate 30 in the Z-axis
direction. T ,eﬁégH?WﬁﬁﬁﬁwﬁX%Qgﬁgﬁgfbres the val ues of Z sensors

71,4, 742, 4, 761, 3and %@%n%&ﬁ?&oi?{a%ﬁ?@Eﬁ&'ﬁé’nﬁ@et}?ee%rf—t%siﬂ(o Ggrmer

position of 20 projecti’on optircal sys I'n a nendory (no

| nci dental | Y1pxtdlfe§59?l§9%h% theuR9sht hQPKI futhe aptdLaly %i%g rimary
direction of projection optical system PL (Z-position) of neasurenent

pl ate 3020wafsridrakdrer WhBtdrg 2gant r gkl edidgsibB@nthensyrhagempasuefBnt
i nformati on nmeasured by Z sensors 72a,
stage MST is waiting at the optimal scrum waiting position
described above.
Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position where the alignment
25 marks arranged in the three first alignment shot areas are
detected, while contrelling the position of wafer stage WST
based on the measurement values of at least three encoders

and the correction information described above,

Then, when wafer stage WST reaches the position shown



25 72b, 72c and 72d in the focus calibration latter process is that
the focus calibration latter process is perfornmed in the m ddl e of

the focus mappi ng descri bed previously. In this case, since
liquid imersion area 14 is forned between projection optical system
PL and neasurenent plate 98 30 (wafer taple WIB) , the
above-descri bed aerial inmge neasurenent is perforned via projection
optical system PL and water Lg. Further, because neasurenent plate 30
and the |ike iar € Ifpudtlednainvederral bge MEEtopaf erfeabseay@BJSTand Prher
5 photodetection elenment and the |ike are nounted at neasurenent

stage MST, tH® dbdve-ped@biised a@sriiralcantagd hegaddr andhtvate spditenge§N)
whi | e keeping the contact state (or proximty state) of wafer sta

WST and meas%r SO dfé W@T,'?%é %%ﬂpwq% FhE ZPOosfTen kad the

measur ement %%Zfziin%ec%%?o@t%aent ¥ g%;%@efo%gra%rée%e"%'x“er%t%ftiﬁn) of wafer

sensors/74114, surtace positio

i nformati an qﬂcakyi@c Qiept Q@l LehéNE@lritn ihhﬁiﬁé%ﬁewrs%é‘%oﬁlsr qbghﬁo l"/ifolf face

(centerline) Iin the Y-axis direction passing throu the center

waf er tabl e \WeFeGOitgi1desiw t Sty gl HHate dodntwhirch jgRrr esponds to
t he best focus position 15 of projection optical systemPL, are

obt ai ned. Hterr thensogniofolkk éer 20 opnpigtiedesbeibadeibdis Oain
primary alignment system AL1 based on the result of the Pri-BCHK
former procesyrdesdrlidedlenlhioelr samuhlitherecesiilyt anfl ihdl PrdudBOiKdetects
| atter process described earlier. Along with 20 this operation, based
on a rel ati orFredheRNERE NfgdstrERBRECYEIUESCTFh 2 ) EAgEIsa rpanmempp shot

72c and d (surface position . information of wafer_tahle WIB) and .t he
ot o o SR, te B e P AR R B et ke ik dF TG po e s o i v
oints on the.neasur n I 3 rf of the |.t.ipoint AF

Dt om Coon BB EObeBaA gy IRSHEEBRER0) ATVl et At 27 fna

former procesg;, ?ngnﬁag‘iﬁkgnth ?d@%@é‘é&?ﬂe%s‘ﬁkg%f%h e§e9§9gﬁme¥lt

741, 4, 742,41 76 ,3 and /62,3 (i.e. surface position information o
waf er table \MiBhca@ mesponrdiondgah8 Lhe, hesd FRCueRAsidrdt &alues of at

projection optical system PL that have been obtained in the
least three encoders described above at the time of the
15 detection (the measurement values after correction by the
correction information), and stores them in an internal
memory.
As is described above, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
20 MST and wafer stage WST is completed at the position where
detection of the alignment marks in the first alignment shot
areas is performed, and from the position, the movement in
the +Y¥ direction (step movement toward a position where the
alignment marks arranged in the five second alignment shot
25 areas are detected) of both stages WST and MST in the contact
state (or proximity state) is started by main controller 20.
Prior to the start of movement in the +Y direction of both
stages WST and MST, as is shown in FIG. 21, main controller

20 starts irradiation of detection beams from irradiation



99 focus calibration latter process, main controller 20 obtains the
offset at a representative detection point (in this case, a detection
point located in the center or in the vicinity thereof, out of a
plurality of detection points), of the 5 nultipoint AF system (90a,
90b) with respect to the best focus positjgon of projection optical
system PL, and adjusts the detection origin of the multipoint AF
system for exanple, in the optical nethod so that the offset becones
zero. In thi sysdss 90amf the mikbwpodimt &fF syprewi (fpahPobyhpuard@atfer
only one of the Pri-BCHK |atter process and the focus calibration

| att er procedstigy W& pelibhnEhisoprehatppBecllfedfhgcEhppt argat fE the
next process W.thout, performng eit heg of the processes.. As_a matter

of course, i A BOALE fife ST I Prodéder fakde Berr-or med,
the Pri -EOHK for men grocgas, 19 dpes, ot sed e, be perlo ed elifgl 5.

And, in this case, maln contr 0 nove Wa St age

WET from oaqiag jROYHRR 1l T QR PO %’%a?resv"ms‘ih a gnel\@’_r' g?g%ﬁt the

marks arranged in the first alignnent shot eas are detect

I nci dent al | y pdsA tilte Gzt R RBriic.BOHK Rae@es$nits 10k rPonf gegdrmshene
basel i ne, 20 which was neasured in the simlar operation just before

exposure of &Eomafsercatllidtrats ooy efdraws tporosafser, \Ahsljbeetirtso aexpdsitien
is used. Further, in the case the focus calibration latter process is
not perfor nedetmeenbebe ferssrensit ived.usfs pilof estrismropiiacal 2lsy staamand
PL that was neasured just before 25 exposure of a previous wafer is
used, sinilar’4%b (EHETeg8ePBF 1 Ehen bavkpypation at thenenddrREiigns jgn one

the state.of EIG 24, the focus, nappin scrj bed above is_bei

oot T ook Wi B g B e Bl e S R R AT TR st abLe
100 25 by no nt_i,n e, +Y di.rection-of ages. W5T an T .i.n
the oontact YEEhpuNeAD ALl M BT 00k P Bt 3050 Ceh 3PeYRAcBn)

Do e 1 TS PSR T, R, N Ok E0, Lo e SPER tho
center or in the wvicinity thereof, out of a plurality of
detection points} on the measurement plate 30 surface by the

15 multipoint AF system (90a, 90b) in a state where a straight
line (centerline) in the Y-axis direction passing through the
center of wafer table WIB {which substantially coincides with
the center of wafer W) coincides with straight line LV. At
this point in time, liquid immersion area 14 is located near

20 the boundary between CD bar 46 and wafer table WIB. That is,
liquid immersion area 14 is about to be delivered from CD bar
46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity

25 state) and reach the position shown in FIG. 23, main controller
20 almost simultaneously and individually detects the
alignment marks arranged in the five second alignment shot

areas (refer to star-shaped marks in FIG. 23) using five

alignment systems AL; and AL2; to AL2,;, links the detection



5 of nmeasurenent stage MST in the +Y direction without stopping it.
Then, main controller 20 al nost sinultaneously and individually
detects the alignnent marks arranged in the five third alignnment shot
areas (refer to star-shaped marks in FIG 25) using five alignnent
systens AL1 and AL21 to AL24, links 10 thes detection results of five
al i gnment systens AL1 and AL21 to AL24 and the neasurenent val ues of
at | east three encoders out of the four encoders at the time of the
det ection (tHeesdsucdnEnveval iewnent aydamedls andplhe ¢ didecandihe
information) and stores themin the internal HEHDQ%& At _this 15 point

!

N tine, the ORISR TG 1S e ENEBRTTHIRIETS 10K, 685 FRE BpRGHE the

hand, ft - t i d i f ti f th t f f .

Cpnee nar dec Mg A IHReE PEbh O i bt TEn el PRl i BB e e isipot ion
f 1 i 1 Lmit

e tenar o1 i LADIi AR DL GORGEELN Pl 300 S0Lr 8L OKL 4 (REAL ol

when nmeassr engiiost.a0a Mol i E6aENes a0 taxROSYE Rc8l@id rdaid hRgxPaSAd et
wher e nmeasurenent stage MST waits until exposure is started, nain
control l er 2=tep¥ meader 6OBNtarsd dge IMBEtald bhespoatihonliNextv imithe
controller 20 starts novenent of wafer stage 25 WST in the +Y

di rection towarakis pbsiedtoiorattheti greddes dlignmenttheardks: iaralarggeics iaf
three fourth alignnment shot areas are detected. At this point in

time, the fodULIRYHIYCOPEiBAILNYY Tort iFuelia vz lele meAstreents the
stage MST is waiting at,.the exposure start_waitin osition described
above. 101 POSit: W,ltfmé“ntﬁ&f%?f RtaR %’rfarf@gc%églﬁhmﬁc}w%rpn the

. . " o ol f
VST, and® Bl miE L SRR BRI LGP £y et G S REal I pmaife
rarks arrangehdqudihe doy ead Al Al AiENe AN Clop flLanEn vater W

(refer to star-shaped marks 1 n Fl 26) using prinmary alighnment

system AL1 and secordasyd@bégimeataisyied ens Ah22mnda Akt , |d theces
detection results of three alignnent systenms ALl, AL22 and AL23 and

t he measurenent teedales fofpcati Hieas ti fvres Ereo dem® -Rldinedfs itdhe If @ifsition
encoders at the tine of 10 the detection (the neasurenent val ues

af t er corr ectingiedmattilee )c oifr et i gomenhfroznias icar) pbeaddtstbrdsat hem ipoint
the internal nmenory. Also at this point in time, the focus mapping is
bei ng cohPi nddd tidivd vheasdeErehiost ajetiveTal sornent magks g fiha lwecond

exposure start,maitingsﬁgsition. Then, main controller 20 )
alignment ot areas ends. Then, at this stage, main

controller 20 obtains the scaling (shot magnification) of
wafer W by performing a statistical computation, which is
disclosed in, for example, Kokaili (Japanese Unexamined Patent
20 Application Publication) No. 61-044429 (the correspondingU.S.
Patent No. 4,780,617) and the like, using the position
information, and based on the computed shot magnification,
main controller 20 may also adjust optical characteristics
of projection optical system PL, for example, the projection
25 magnification by controlling an adjustment device 68 (refer
to FIG. 6). Adjustment device 68 adjusts optical
characteristics of projection optical system PL by, for
example, driving a specific movable lens constituting

projection optical system PL or changing the pressure of gas



15 conputes array information (coordinate values) of all the shot
areas on wafer Win a coordinate systemthat is set by the

nmeasur enent axes of the four encoders (e.g. the XY coordinate system
assum ng the center of wafer table WIB as its origin) by the EGA

met hod di sclosed in, for exanple, the U Sg Patent 20 No. 4, 780, 617
and the like, using the detection results of 16 alignment marks in
total obtained as is described above and the correspondi ng

measur enent Vidlsisks offe tlietdgbdderen theasis Enenedidtwesraspecific lenses
correction by the correction information). 25Next, main controller 20
conti nues thEFEEISURMT RF QFiAte FoWRig Gfdf &Y sseayEws Py thend ke -
direction again. Then, when the detecti,on_beamfromthe nultipoint AF
system (90a, 90b) % ithETr o 3H8S the RafLr BAPEaPFaldEtegsirs ?%o € n

FIG 27, mai %lci%iltrr{e%lc‘)éf ?r{ahréc%f %rjlr%%n:[g%% fi Cl{%err%m?rien%eC'g{nEeGrg)ltihgiI&r\’entlgéot

based on the Tée oregoing waf er —ali gnment orme

bef or ehang, ta'l%ésate%%ltsl,bﬁé%i BSﬁt%lfLieﬁéﬁz@' Sgnpent, sySt ?ﬁ@vé?t{eﬁtaq%ytge

AL21 to AL24, and the l'ike, main controller 20 performs exposure

st ep- and- scan-ygtihedcidnaokisptll SdJFRMHTORNSXRAOPUT € tHRd Rethrad state
sequentially transfers a reticle pattern on a plurality of shot areas

on wafer W Afdrepwakds.itthetstel | asindper atheonamar eimepesitarciy the focus
performed in order to expose the remaining wafers within the |ot.

| nci dent al | ymappigyadémn wbishnpgl sepsohe éxal ematidrarnch the mvd tipoint AF
foregoing description, main controller 20 is to performthe control

of the respedisfeTtdAlRT tUdNt §T6fS HHEL BXRRRLT LY 4558r at Bisl S aRAVASLR FAG -
stage system,.but the present invention is not limted thereto, and

it goes t héut- saying that at |east part of the above-descri bed

coni ol performed Byoge Nulh £APhT SLLSL. Ao oSN USAANe position

performed by a plurality of contr r exanple,

controller tRhak Peifio 5= CaalrOly 10ft NPT S thage ART da&%étflg HelSw
based on the nmeasurenent val ues of the encoder system the Z sénsors

and the int efrerieuRlien 6y6ieal Msthen arranged idntder, bhe oM Iceht2010kr
mai n controller 20. Further, the above-described control perforned by

mai n cont rol 2€r p20 fdoes ndte d&nieEsHKa e the e noeslssz echdoyt Hearfdwarse,
but it maybe realized in software-w se by a conputer program that
sets an bper aEiladpreft yrai i addmty ¢ldosesz0 oHesadh, otheeVeiaBCHK latter
controllers that share and performthe, , . .
process means the process in which projected images (aerial
images) of a palr of measurement marks on reticle R that are
projected by projection optical system PL are measured using
aerial image measuring device 45 described above that has
20 aerial image measurement slit patterns SL formed at
measurement plate 30, and the measurement results (aerial
image intensity in accordance with the XY-position of wafer
table WTB} are stored in the internal memory. In this process,
similarly to the method disclosed in the U.S. Patent
25 Application Publication No. 2002/0041377 described earlier
and the like, the projected images of a pair of measurement
marks are measured in the zerial image measurement operation

by a slit-scan method using aerial image measurement slit

patterns SL in pairs. Further, the focus calibration latter



25 control as is described above. As is described above in
detail, according to exposure apparatus 100 of the enbodinent, in the
case wafer stage WST is noved in a predeterm ned direction, for
exanple, in the Y-axis direction when wafer alignnent, exposure or
the like 103 is performed, wafer stage T is driven in the Y-axis
di rection based on neasurenent information of the encoder system and
position information (including inclination information, and for

exanpl e, rot @idded Nt kde bRotBesexndivheeh| ong D swdwet i HtT&ge24,
WST in a direction different fromthe Y-axis direction. That is,

waf er stage WHE lies conitren 1dagt haeé pressturemdmt ther opisi ol tahel oidadert ion
system (encoders 70A and 700), which occur due to the displacenent

(i ncl udi ng i ©dl Pratiiest)ioof opaflerlssngeeMBAL i (£ a0k ffioentoidimegsuirtement
fromthe Y-aX|s dlrectlon are 10 c ensated. In the enbodi nent,

mai n cont rol R I | VL smfted &Eg)v\@ﬁ%eﬁi e SWEEECE BGSEEHioth,

posi t1on P &%@Sﬁ‘*@ﬁmm i 'a%ﬁéf%aﬂ)@%% B AL N L
based on cor pRG ARl 95 gn (AOLLeEtiAn Lol ATIRL AN 15 OATRULEH oo

in the equation escfi bed above) i n"aécordance Wi position

i nformation 'ﬁ@a@k&ggtiﬁé‘?éé‘% RRASHE SERREMEL £ %z%tfw)fo@&nfeﬁeéﬁrﬁhé @k
the Y-axis direction of wafer stage WST at the tinme of

measur ement , flereexasplstown) @€ eertdaneer wi-tdeiasid s08gk Iﬁmtﬁf@im@ﬁe@ial
waf er stage WST in the ex 20 direction, the ex direction and the

Z- axi s di r ectinayd has sar engeasticed hy aMdibitsyd endieteeadbranenZ results,
interferoneters 43A and 43B of interferoneter system 118. In this
manner, bBsedearunes fibafeshdrcusaperst bPn afcsded sCrOANLRE 7Dl system
whose neasurenent errors caused by the relative displacenent of head
25 64 and scdle 35%¢ @Pa§9V2mPﬁttﬁ@eﬁéﬁlﬁﬁa§§rEﬁ@ﬁ?caﬁﬂeéﬁﬁaﬁsh8§ethe

s Control | B AR CPEgE VBT T Ten v EPROSKEERIE S STER ot
Further, in tfie 16a36 MR%L Q5! %%ﬁ\@lt&%nnﬁéée%b”oé}‘ﬁzlsm and the like.
Main controller 20 loads the measurement values of Z sensors
15 T41,4, T42,4, 76,3 and 76L3, synchronously with the loading of
the output signal from aerial image measuring device 45, while
moving measurement plate 30 in the Z-axis direction. Then,
main controller 20 stores the values of Z sensors 741,4, 742,4,
161,53 and 763,35 that correspond to the best focus position of
20 projection coptical system PL in a memory (not shown).
Incidentally, the reason why the position in the optical axis
direction of projection optical system PL (Z-position) of
measurement plate 30 (wafer table WIB) is controlled using
the surface position information measured by Z sensors 72a,
25 72b, 72c and 72d in the focus calibration latter process is
that the focus calibration latter process i1s performed in the
middle of the focus mapping described previously.
In this case, since ligquid immersion area 14 is formed

between projection optical system PL and measurement plate



104 X-axis direction, wafer wage WST is driven in the X-axis

di rection based on neasurenent information of the encoder system and
position information of wafer stage WST in a different direction from
the X-axis direction (including 5 inclination information, and for
exanple, rotation information in the Oy djgection). That is, wafer
stage WST is driven so that neasurenent errors of the encoder system
(encoders 70B and 70D), which occur due to the displacenent

(i ncluding i imatfen)taflevadfTs) sttage BV d e di ififeat erdtriH)l image
direction fromthe X-axis direction, are conpensated. In the

enbodi ment, mEaswENaTy Lerrof ermedyivaper]sthgen Wt igalt hyskemx®ls and
direction, based on the_neasurenent values of encoders 70B and 70D_

t hat measur e Wosi% L6n | htbF ARt i P GFISfaenssraienPeTL ¢ Fe tIeardablie 1ike

oo RS 5 L B T B B B S S et ene
S.CCO" df'incg W tﬁbt%oc?é’gécoﬁf%dq%géﬂg{lk%r})cpéh%ﬁfﬁ{e g}:%gn%u Ed €<t ?neasurement
Irection (n n- neasur enen Irectl on | eren rom e - aXl s

direction at dihgd ivgr oft Hh & RASIH LB e d %reﬁ)%ﬁ”mnﬁagé %%\I%weﬂ%@ﬁe is

Wi th position 20 information of wafer stage WST in t Oy rection,

the 0z directderriibd RRiZeRdepidig €BEIUh AWML sBE e MRASHESLiRYE £ state)
interferoneters 43A and 43B of interferoneter system 118.

Accor di ngl y, ofafwarfest ageg¥BISTamacmaatmnetie sdreigeeMSTN as desigtethn in
direction without being affected by the relative 25 notion between
t he heads and'lithe &lal &4 thnthier wepsomemenhedeshaibgddrbevei otihehat

shoul d be neasured (neasurenent direction). Furt her, according
to expostife ApFHiaReTovaoreet enttEMeht4s for fee ol agnge’ 62,3 (1. e.
novenent of waf eﬁa‘Wand.

105 il Lumnation light IL ich.is
et At ed Ao EAGRCRAETOR ST SEOT G Adrer ik IS v R a e state
rojection opi S . I main .cont.roll er .20 ,. .
gCCJUI‘ ately dg%ﬂvegr? ﬁa?%%%&%%%tﬂt%&n%)mﬁe&}w Ylb_%sf{el _ (()j_r%rtehcéClon
measur ement ‘f?e.'slé%%g'f’ t%froh@% %H@P@'&Eﬁeﬁ%ﬁ%a%@ 2hove pbl AoSidi®Mys with

information of the wafer stage in the non-neasurenment direction at
the tinme of theamapsulenenty, Aagendiiatdyspehd@atbetie dlestetfbehe RsGanon

be fornmed on the wafer with high accuracy by scanni ng exposure and
i quid i ber siforpexEasiiren optical system PL, are obtained.
Then, main controller 20 computes the baseline of
primary alignment system ALl based on the result of the
Pri~BCHK former process described earlier and the result of
the Pri-BCHK latter process described earlier. Along with
20 this operation, based on a relation between the measurement
values of Z sensors 72a, 72b, 72c and 72d (surface position
information of wafer table WTB) and the detection result
(surface position information) at the detection points on the
measurement plate 30 surface of the multipoint AF system (90az,
25 90b) that has been obtained in the focus calibration former
process, and based on the measurement values of Z sensors 744, 4,
T42,4, 761,3and 76,3 (i.e. surface position information of wafer

table WTB) corresponding to the best focus position of

projection optical system PL that have been obtained in the



10Furt her, according to the enbodi nent, when acquiring correction
information of the neasurenent value of the encoder, main controller
20 changes the attitude of wafer stage WST to a plurality of

different attitudes, and noves wafer stage WBT in the Z-axis

direction in a predeterm ned stroke rangegl5 while irradiating a
detection light fromhead 64 or 66 of the encoder to a specific area
of scale 39Y1, 39Y2, 39X1 or 39X2 in a state where the attitude of
waf er stage WBEUs cadiibtatied bastdr grddesseasineoentroedalbtX) abtains
interferoneter system 118 with respect to each attitude, and perforns
t he sanpling tdfc 26feRE abasyepreaentasivesdeteshor podddr (dartings chse,
novenment. Wth this operation, with respect to each attitude, L
variation i nfordfft§In Bt RHE e QA& FRUESTHRG K& diic ddier vilginity
accordance w.th the position _in.a directig the Z-axis .directian)

or t hogonal th)th e ve%%tofglaarpeludﬁ‘aj\ﬁgcfyero t S PP ) 1t ﬁ’efn the
charactergsti ry i g f i t,al .
Thon. el b comra o BT onra o (SR Pl baRrrh L SRR e Focus
nmeasur ement yRjdie 1Qfn tdye QA&T1 drl RRGUHANGE ¥nf PIROYH] Mijusts the

i nformati on of wafer stage T in the non-neasurenent 106 direction,
by perform nglex qurigidat eymigied «omhd atulan geased AN e s MEdN@xanple,
results, that is, the variation information of the neasurenent val ues
of the encoddm ittheacgoridaric enaiiiddl tsve e thhen oof f asef érecstrage 2MED.i n
the Z-axis direction with 5 respect to each attitude. Accordingly,
correction infor mtlpoﬁhi%ﬁaé@rrrg@?m et hbewieabif eFehtPeeY brd ¢hrowghput,

encoder used by the rel ative change of the head and the scale in
the non- hbas GPEb ARSI iG edioorn AP ded:tdidd SH0asRs Sl arbarots

10Further, in_th di in th th tjon_infornati

s doci ded WP PACIRr L8 KSRITTATT Ty BT HORR (A CoRE IO e rRgUEe
head unit.. fy; 8, i dos of 1Y, head .

Const Lute hSSY oI 6aR. BoaRCa Fan Tont LR SR BI o RSRER 9F

head 64 to thecSgaBcepgekl i Rkaf e Ob FCAELSPOREI NG ¥a3ed e 3FYLpcHk
and perforns the above-described sanpling of neasurenent results of

the encoder, landdremrobasedi §mdtheeseiminiady tasubiS+BEHR TEOHTIREHrORkess
i nformati on of each encoder that is constituted by each Y head 64 and

Y scal e B9Y1 dessdrot dezed Thebefprefoasededthsequehnd, im ghopetase, main
error controller 20 only has to move wafer stage WST from lecading
position LP to a position at which the alignment marks arranged
in the first alignment shot areas are detected. Incidentally,
in the case the Pri-BCHK process is not performed, the baseline,

20 which was measured in the similar operation just before
exposure of a wafer that is previocus to wafer W subject to
exposure, 1s used. Further, in the case the focus calibration
iatter process is not performed, the best focus position of
projection optical system PL that was measured just before
25 exposure of a previous wafer is used, similar to the case of

the baseline.

Incidentally, in the state of FIG. 24, the focus mapping

described above is being continued.

When wafer stage WST reaches the position shown in FIG.



20 that occurs due to gradient of the head is also corrected. In

ot her words, when obtaining the correction information for a

plurality of encoders that correspond to the sanme scale, nmain
controller 20 obtains correction informati on of a subject encoder,
taking into consideration a geonetric ernos that 25 occurs due to

gradi ent of the head of the subject encoder when wafer stage WST is
moved in the Z-axis direction. Accordingly, in the enbodinent, a-

cosi ne error 4h&y mevengsedibyth fileféhecyiadi ehtbaiylsésges WST and MST
plurality of heags does not occur. Further, in the case a nmeasurenent
error oceurs FhtPREPISTPLatp A FuRT ¢y SérbfpI TS OptichpPove after

characteristics_of such,as telecentricit

he A i.f_gradi

of v head 64 TBESIRERERITRF PERETH P LERST TG eatte EhERees PEPS Witer
f - .

Peduct on 5 i ads MRS RERL BoEgiORY A PLEYE Nt AN IR Bl idhent

reduction 5 in position controf accuraty o

prevent eds by, s hEkkarkhealt @t@{;@mszh@ncwé ect HQBeEEfLBEWHIﬁcBht Mafpping

is, in the enbodi nent, wafer stage WST is driven so that the

measur enent dry.or Taknt, hea@nc eder rey deen2Qc almbisig sdua ltanthesheadnd
unit (hereinafter, also referred to as the 10 head-attri butabl e

error) is conpahiszgitdillndedental tlye sldsmtent vhakacerdrsiadgn the five
information of the head unit (e.g. including gradient of the head,

and/ or opti cdihithprdégampsti Pt apepsekendste tocota ecthared mearkeai R GHG -

of the measur nt .val yes of _the encoder system may_ bhe conputed. 15
Further, in (A8 GO mede, 2LATEFFBE EXBSEHS LAl Holhddid bR Bh2e 1inks

st age as.,descnibed. previ ousl nd head: attr.i.butabl.e error d rib
above na%gbeq%%ﬁf%iﬁﬁg ﬁoﬁdgséHggﬁt?g.fgve & LIS e SYAHSTS gﬂg 508 BL2,

COﬂfiguratiquﬁﬁﬂzgQﬁuPE%EEHE?EuQEmkﬂﬁ der, S%gt ¢ sErEhE?e encoders

interferometer system the nmultipoint A system and the sensors

in the embodigmnto A dTEIR]Y YRS atdthd ttiGRED AMHROW tSIRG (the
that the present invention is not limted to them For exanple, in

t he enbodi mremteahovenerdtherglases ke dreeroeaimld:df ied twhere @ quaifrorof Y
scal es 39Y1 and 39Y2 used for the Y-axis direction position
measur enent dmdf 2%t ipai)r aofl $Ceras ehe30Xh Gmel 1392 nededehoryt heAt this
X-axis direction position nmeasurenment are arranged on wafer table
WIB, andl8o &ind dgy rdspond-hio fdrel WRRREng ofs Feddiauians igpcand
62C are placed on gne side and the other side of the X-axis |, ]
On the other hand, after a predetermined period of time
from the stop of wafer stage WST described above, the state
of measurement stage MST and wafer stage WST shifts from the
contact state (or proximity state) to the separation state.
20 After the shift to the separation state, when measurement stage
MST reaches an exposure start waiting position where
measurement stage MST waits until exposure 1s started, main
controller 20 stops measurement stage MST at the position.
Next, main controller 20 starts movement of wafer stage
25 WST in the +Y direction toward a position at which the alignment
marks arranged in three fourth alignment shot areas are
detected. At this point in time, the focus mapping is being

continued. Meanwhile, measurement stage MST iswaitingat the

exposure start waiting position described above.



direction of projection optical systemPL and a pair of head 108
units 62B and 62D are placed on one side and the other side of the
Y-axis direction of projection optical system PL. However, the
present invention is not limted to this, and only one scal e of at

| east either pair of Y scales 39Y1 and 5189Y2 for Y-axis direction
positi on neasurenent or X scales 39X1 and 39X2 for X-axis direction

posi ti on neasurenent may be arranged al one, not in pairs on wafer
table WIB, or only 16%&-h@RgrupPEess SRRIPHST ¥PAHReS Jdie Resifdqmn shown

its 62A and 6 d its 62 d.6z2D b d. Further,
Uhe. 10 a1 v cotoR 1 AT ot R Such e o &Uar PARHAACaR § Rt AERH G ee
in which th d ' : i .
i roct i ons. SUeR ad e PSS, hREEReBLE Ghoq TRASHASPLY HAIES che

in the embodiEYnmhAY éadkd 208N RAVent Prbe i E&Ckd RS, tatla]i.t%nment shot
i ntersect each other. Further, the 15 periodic direction of tThe

diffracti en graddsngnmpyrde ma (dereeti®rrartRogoead miokédm FIG. 26) using
intersecting) a longitudinal direction of each scale, and in this

case, a plurarnimamf ahegdseat shetenrkles ponidsagohdady il tgromdyt st ems
to be arranged in the direction orthogonal to the periodic direction
of 20 diffradthiZenagdadili%ey. lEnkehere dedethicad resivl tgagf Hdveee alignment
plurality of heads that are arranged w thout clearance(s) in a
direction or tHoysTs Ald t Ad-serPedPE2ei Fet thitch 52 SHERAT Vadissh of at

Dampl Vi cd WG EREBnEaRBRCE<P e TS GpidyEa PRANChasSE RS time of
S R T T e T

face the scal®sQidih it Aead it iaorigct he Jtdeadenng the Yheads

are placed outside the wafer stage.
memory. Also at this point in time, the focus mapping is being

continued, and measurement stage MST is still waiting at the
exposure start waiting position. Then, main controller 20

15 computes array information (coordinate values) of all the shot
areas on wafer W in a coordinate system that is set by the
measurement axes of the four encoders (e.g. the XY coordinate
system assuming the center of wafer table WTB as its origin)
by the EGA method disclosed in, for example, the U.S. Patent

20 No. 4,780,617 and the like, using the detection results of
16 alignment marks in total obtained as is described above
and the corresponding measurement values of the encoders
(measurement values after correction by the correction
information).

25 Next, main controller 20 continues the focus mapping
while moving wafer stage WST in the +Y direction again. Then,
when the detection beam from the multipoint AF system (90a,
90b) begins to miss the wafer W surface, as is shown in FIG.

27, main controller 20 ends the focus mapping. After that,



However, the present invention is not Iimted to such an encoder

system and an encoder system having the configuration in which

encoder heads are arranged on a wafer stage and so as to face the

encoder heads, two-dinensional gratings (or 5 two-dinensionally

pl aced one-di mensi onal grating sections)late placed outside the wafer

stage may al so be enployed. In this case, when Z sensors are al so

pl aced on the upper surface of the wafer stage, the two-dinensional

gratings (or RE¥wEViFertorfIul picdcddoferfidnng siRdeyedtigmgent (EGA)

sections) 10 may. al so use a;_tgﬁ reflect%pn urfaceg hat refl ect
'sENS

t he measur ené)netyfboeré[}%d Ieegl%rfe gn ara&tesy £Fserirss @ ¥§,@1ignment
d | fi i on, | layed, ically |
encoder SystSgg%%%&ﬁ@uﬁp%ﬁFﬁpﬁﬁﬂ.tguﬁgééﬁ%ggfggg?]aﬁﬁa n@%%#%%nﬁ%%§1er

the siml ar ures 't ose‘int oVe, st age

WET can be driy e asets QkddieasirLngnd, -k daligs n@tﬁo@fi?{‘%gqeirq%id

whose neasurenent errors due to the relative displacenent o

heads and5t heingeadSisor reAgtes 1N nEAtd e ts djue@tdii0n \ne L7 ed

by correction information. Wth this operation, wafer stage WST can

be driven in xzetdeslia gotdigmwctdrore witdrdiiighy adt whady ,andashaut wWeeiarg W20
‘affected by the relative notion between the head and the scale in
directions otftfdrenwsaifiahéhgi pertlen epebetreasured (gpesisdiemerformed
direction). Further, in a sinple method simlar to the one in the

embodi ment  abdV T €t 5 ERP I AGETeRSTH HA9 ¢riea® imig idaddyie érit
errors of the enco&ers caus g by .25 the rel ative change of the ands.
é’u 'a i10on in

and the scales in Hgl&%&_ r efreRECaFr gtf%Wpih b ?kﬁﬁ&kﬁ?
| nci dent ?bly’tHéq_f%Q%.g%%g:dngg%?tyrig?@éﬁ’ faQEf}t&QH%{gi%P‘f’éé% I, g@% m

direction (the pitchi'ng waf er stage IS to be neasure

by interfer omHe oo HAMELEh D We spbtd itRE JIrlsENitRG A WH +HRY e%lg]‘?.)%%lre

be obtained from for exanple, the neasurenent values of a pair

sensors 74i| s¥pakSenseush/&Pahe sthee exsrghebaneherpredait i@fedtion
sensor(s) is/are arranged adjacent to each head of head units 62B and

62D, 5 sim | ad ydto lHgdd amitthe 824 archdb2®, gomd twhie hpiuttc siayd nanmilat at
may al so be obtained fromthe neasurenent val ues of the Z sensors

that face X S&ASEsP3TL afdtB9)@beespeesryebed ewntrehine wiamad dy, main
position_pnformatiqn of wafer stage WST in _directions of six degrees
of freed%ﬁ] ﬁy&ﬂtqq%lqghgoxméyigg hared and performed by a plurality of

controllers. For example, a stage controller that performs
the control of wafer stage WST and the like based on the
measurement values of the encoder system, the Z sensors and
the interferometer system may be arranged under the control
20 of main controller 20. Further, the above-described control
performed by main controller 20 doces not always have to be
realized by hardware, but it may be realized in software-wise
by a computer program that sets an operation of main controller
20 or each of several controllers that share and perform the
25 control as is described above.
As is described above in detail, according to exposure
apparatus 100 of the embodiment, in the case wafer stage WST
is moved in a predetermined direction, for example, in the

Y-axis direction when wafer alignment, exposure or the like



10 Y-axis, Z-axis, ex, By and Bz directions can be neasured using the
encoders and the Z sensors, without using interferoneter system 118.
The above-descri bed neasurenent of position information of wafer

stage WST in directions of six degrees of freedom by the encoders and
the Z sensors maybe perforned 15 not onl yptn the exposure operation,
but also in the alignment operation and/or the focus mapping

operation described earlier. Further, in the enbodi nent above, the
measur ement \id#l pesfofmede @métag?ﬂ%arderw(@rben@@reﬂéc@:eus Hagedtann
the 20 correction information described earlier so that the

measur enent &35S AR %Wﬂ'@r slwsf@efﬁaatmrbw S $ngeeeto sygden and

d I t of f d t of _th ad
and the. scal &Pt PERERat AR (G #ﬁq;ﬁﬁﬁﬁﬁﬁégiB@Tﬁﬁﬁaﬁﬁ%tlonf and
direction |n i ch-ygier 24399 Ml £ MILNER: n3hd § 8 eSS s vafer

However, the presSent  1TAYéntion s no

exanpl e, 8 ! afidRle RAGI 1h QNadkeWRE dierdOshd IFRnOEnYaf 81y S84 899 Wl on .,
is set may be corrected based on the correction infornmation described

above, whil e Tdwteg wafer sdape whBTidaseid N sbhehaeasdy Amiieakbuesrs
of the encoder 111 system O, in the exposure operation in

particul ar, wi Ebedenwvodgr vafserersdgecBBErbases arg 7001 ,exanph egcdihe due
measur ement val ues of the encoder system the position of reticle
stage RST na%obéh@ordrlév‘@t@%@d Gmalvelicer dectliioe tilehor wdt weited stage
descri bed above. urther, in the epbodi nent above, only wafer
stage WST i s A7 H& érﬂ%éﬁeﬁﬁgéddbﬁe?ﬁéoﬁe%%%méﬂ%ﬁﬂf@5P&b§h6FQFH§nr are

exanpl e, tn. SREBARE et ont PrateneRERRetethe RSt FOR CoPLEber ol BFaves
stage RST isadditiqna)d i rangsd. and.satiahe atage BILJpyalgg be

driven based on the asurenent v s ‘encoder Syst em an
based on cor rRGldh QRO RN FC NI o O ROSIHd omd Qfﬂt”?rféa%r‘éf

the reticle stage in the non-neasurenent direction that is neasured
by reticle positioninformation of wafer stage WST in the Y-axis direction,
and based on correction information {(correction information
15 computed in the eguation (10) described above) in accordance
with position information in a direction {(non-measurement
direction) different from the Y-axis direction of wafer stage
WST at the time of the measurement, for example, in accoxdance
with position information of wafer stage WST in the 6x
20 direction, the 6z direction and the Z-axis direction that are
measured by Y interferometer 16 and Z interferometers 43A and
43B of interferometer system 118. In this manner, based on
the measurement values of encoders 70A and 70C, whose
measurement errors caused by the relative displacement of head
25 64 and scale 39Y; or 39Y,; in the non—-measurement direction have
been corrected by the correction information, stage drive
system 124 is controlled and wafer stage WST is driven in the

Y-axlis direction.

Further, in the case wafer stage WST is moved in the



15 interferoneter 116. Further, in the enbodi mrent above, the
case has been expl ai ned where one fixed primary alignnent system and
four novabl e secondary alignnment systens are equi pped, and alignnent
mar ks arranged in 16 alignnment shot areas on the 20 wafer are
detected in the sequence that is proper fog the five alignnent
systens. However, the secondary alignnment systens do not have to be
novabl e, and _the nunber of secondary alignnment systenms may be any

nunber. The poiditts Simeatian, safeonaad MHTm® iistedmirhdthec draxis
detect alignnent rks.on a wafer 25 only has to be arranged.

| nci dent al | yfé%irr‘?ct oo et DR5GPE e éﬂﬁ?ﬂ@&%ﬁﬁtﬁ? encoder
equi pped w t ur t MET- separ.atel y. fr waf. er s&&ge.WBT,
which is sim 3({agr.a[_‘%t?ﬂo atth%%éjx%})tg%r%e lélﬁfﬁe{:rng G fat o o $hEsed n,~f &r

exanpl e, thed%?ﬂyyéﬁt(giréggﬁdﬂnﬁﬂﬁ@-}&n%—éaﬁgid%?éd%l&%%(fgaluding
2005/ 074014 and the like, 1s described. The present i1nvention Is not

limted t® tHrslliyRe iofn IR idpPRaAMUFoD xS les dor@Etased in,

for exanpl e, Kokai (Japanese Unexam ned Patent Application

Publ i cati on) imfNamab(-cM 47838 handyt HeéreotLeaponditimg: U wdieantstNge WST
6, 341, 007, and the panphlet of International Publication No. WO

98/ 40791 and isherdoieme sipordiaig Mg aSurRateart eNarorg, 262 the6 enanderheystem
like, also in a twin wafer stage type exposure apparatus in which an
exposur e opeﬁ§HQ9¢Q§ﬁd7§Bn§§§u?@9éntW%b@?a@?%#ﬁ( 1g).tardie g splacement

det ect i b [ t St n be executed suypstantial]y in

oar el erust g e e Tond o e SR e G0 o e e fetage
b f i dec. . i_hed I .

T th s Shse T AtIROs R A A0S AL R CEREL AR PR R E P e

of each 15 heagJéiden POkt hoRLLOPLT PLrfg %@%e\@atq%%.e&}]é@ggg%@smn the

performed using the encoder system descri bed above w thout “any

change, not omlakiwhenr&beiexpasake opetaé ik iy ARIHOTARde U @hns8ders
when the neasurenent operation is perfornmed. But, another head unit

t hat can be U$&laddr70D thet meassurerentci2Qoapenfdvrnat bay af safezer stage
arranged separately fromthe head units descri bed above (62A to 62D)
For exanpl e, WSGuirh&de &mias st Idkitreartd. opl,aced ibaselde ogr ey raatdmge ment
assum ng_ one or_two alignnent systen(s) as its center are arranged,
and posi t? on IAREFREN (6preaehinaler YTpRfel B FORRY talds b1 He areqvarden
using {11) described above) in accordance with position information
of wafer stage WST in a direction (non-measurement direction)
different from the X-axis direction at the time of the
measurement, for example, in acccrdance with position
20 information of wafer stage WST in the Oy direction, the 8z
direction and the Z-axis direction that are measured by Z
interferometers 43A and 43B of interferometer system 118.
Accordingly, wafer stage WST can accurately be driven in a
desired direction without being affected by the relative
25 motion between the heads and the scales in directions other
than a direction that should be measured (measurement
direction).

Further, according to exposure apparatus 100 of the

embodiment, for the relative movement of wafer W zand



25 these head units and correspondi ng novi ng scal es (62A to 62D) when
t he neasurenent operation is perfornmed. In the twin wafer stage type
exposure apparatus, at |east two noving scales are arranged on each
of two wafer stages, and when an exposure operation of a wafer
nmounted on one stage is finished, the 11850ther stage on which a
next wafer whose mark detection and the |ike have been perfornmed at a
measurenment pqsition is to be nounted is placed at an exposure

posi tion, in'drd8HRAHEpIAEETHer oHE &t dGel TRt ARRS AN AedS TN EREAOD

oversiTon < nrler o pal\ el il ez preralin Lo e
b : ; ! . .

W1 or mht  an) " “The RS 61 ey AL R ta RO Br S AR o Y RpEer

detection or JguhdeORBIrNAtdORWER hhee P8 KudQededPehbhe 2 diSdAlENE @lhYies
in the enbodi mrent above, the case has been expl ai ned where while each

waf er repbacerferhe snbetiegspaetarimpddoabbhe aved afoSitaige WHE csindesi dnhe £
Sec-BCHK (interval) is perforned using CD bar 46 on the nmeasurenent
stage MST si dée vafHowevege ihelpr esentrcasvertiecan dsraotibnnat ethd dime
this, and at | east one of uneven illum nance neasurenent (and

i1lum nance ®dasticemeashrernental Agegedimasir énpattenavefrogiticle R can
aberration asuyr enent ang the_ li ke may. be performed using the
measuring in REREE Tt §ﬂ%%ﬁwlﬁ%%%é9§)a‘%ﬁu%%§s§ﬁ%ﬂg SERGELTe
MST, and the _neasurenent, resul.t n@g{also be reflected in exposure of

a wafer to bé“ﬁgﬁﬁéFﬁéQ%ﬂﬂﬁﬁsﬁﬂﬁu. PSFedit i cal ly, for exanple,

adj ust mepg  of proj%@EEQ@rOpEE%%Egiﬁég%%'%hecgﬁbBQiEEB gggﬁgpb%cquiring

adj ust rent devi ce baseéd on 't suremnment result her,” Tn

the enbodi merls rakQME.orf DEESERLESoRRYE PEe HI2ANILH RSP Dile FBASHE @FBBHEer,
stage MST and position control of the neasurenent stage may al so be

performed usimadrt heneneadesr YStemnghead henizis) tdeRc Lifbed fabove agEhakT
is, a novabl e body whose position information is neasured by the
to a plurality of different attitudes, and moves wafer stage
WST in the Z-axis direction in a predetermined stroke range
15 while irradiating a detection light from head 64 or 66 of the
encoder to a specific area of scale 39Y;, 39Y;, 39¥; or 39X,
in a state where the attitude of wafer stage WST is maintained
based on the measurement results of interferometer system 118
with respect to each attitude, and performs the sampling of
20 the measurement results of the encoder during the movement.
With this operation, with respect to each attitude, variation
information of the measurement values of the encoder in
accordance with the position in a direction (the Z-axis
direction) orthogonal to the movement plane of wafer stage
25 WST {(e.g. the characteristic curve as shown in the graph of
FIG. 12) is obtazined.
Then, main controller 20 cbtains correction information

of the measurement value of the encoder in accordance with

position information of wafer stage WST in the non-measurement



114 encoder systemis not limted to the wafer stage.
Incidentally, in view of decrease in size and wei ght of wafer stage
WET, the scales are preferably placed as close as possible to wafer W
on wafer stage WST. Wien it is allowed 5 that the size of the wafer
stage is increased, however, two each of ipesition information in the
X-axis direction and the Y-axis direction, that is a total of four
pi eces of position information, may be constantly neasurable at |east
in an exposurdl BREFERT 0P b er WRHRINGA | Rl Hiy 9tk CIRAtGH e beped
waf er stage and ,increasing the di%tangg betmeeqﬁa ai r of scales

S C FRer

pl aced faci ndeddtF SEHELI1EuFEREL tSirnSPBE AL Bf i Hg The Tdiorgadeon
the wafer st aoqfatk“]: O[}ne%)%%{z%kn hth(raﬂhlé%ngifng ghgns&%g 18110 &1[ hcac;[rciiance with
portion of the Scal & protrudes fromthe wafér stage, or placing a

scale on the tf}}g%fossﬂt%nlgtfofzak@f Yol &l wiRde FRLNZSEEiL o UStNG, Aith

auxiliary plate on which east one scale 1s arranged, the distance

bet ween aspaifefifescal et angetk daL] n@c@;@&@i@@hgr, Y ralsq obe
increased simlarly. Further, in the enbodi nent above, in order to

prevent 20 redutdrmation nikas urenentt aor wiee ynaten tamadheserme «f the
foreign particles or stains to Y scales 391.1 and 39Y2 and X scal es
39) (1 and 39Xncddnr erampHayy tbat Talphiye sbaagel ¢Bdhechehe angr thesad e
as to cover at |least the diffraction gratings, or a cover_ glass my

be arranged. it BogaBeaspRrement dli PG tRst spanPeslasdsissliie the simple
appar at us inrﬁqégkgular, aliquid repellent protective filmmy al so
be coated ontHe'¥tal es (grating surfaces), or a liquid repellent

filmmay,glso be f%&{?%‘i‘xe‘%“ Enetﬁgr%ng\géd%?%,;&%uEkgcgg?gftﬁgﬁo%[ tion

gl ass. reover, each scal’e’i's I on gratings are

115 consecut i Mgty ArRM QN Jh8 KUPGL AL E%%h&c%nﬂbr@ 8B 1 Nt & IS heads

| ongi tudinal direction, but for exanple, raction gratings may
al so be intergAdd erinlsyt iftarrednensam@ | wead i tof rdirvededpaeeas plairality

each noving scale nmaybe constituted by a plurality

of ¥ heads 64 that constitute head unit 624, a detection light
is irradiated from each Y head 64 to the same specific area

15 of corresponding Y scale 39Y: and performs the above-described
sampling of measurement results of the encoder, and then based
on the sampling results, the correction information of each
encoder that is constituted by each Y head 64 and Y scale 39Y;
is decided. Therefore, as a conseguence, a geometric error

20 that occurs due to gradient of the head is also corrected.
In other words, when obtaining the correction information for
a plurality of encoders that correspond to the same scale,
main controller 20 obtains correction information of a subject
encoder, taking into consideration a geometric error that

25 occurs due to gradient of the head of the subject encoder when
wafer stage WST is moved in the Z~axis direction. Accordingly,
in the embodiment, a cosine error that is caused by different

gradient angles of a plurality of heads does not occur.

Further, in the case a measurement error occurs in the enceder



5 of scales. Further, in the enbodi mrent above, the case has been
exenplified where an encoder by a diffraction interference nethod is
used as the encoder. However, the present invention is not limted to
such an encoder, and an encoder by a so-called pickup nethod, or a
magneti c nmethod may al so be used, and ini1d® addition, a so-called
scan encoder that is disclosed in, for exanple, the U S. Patent No.
6, 639,686 and the |ike may al so be used. Further, in the
enbodi ment abBiRetoasfehexzngdps PRt 1¢hkchadasterietéensot thy hted (such
optical pickup nmethod described 15 earlier, for_exanple, a sensor
having the T 613 bRiRGSBbREFELYARYER FAPTACS b datead fhidaes nehoceur,
configuratio%éMHé¥1As eguipped with: a first sensor (which Egitgs a
sensor by an ‘optticai”pi ckup t%eoads‘brrenbetlhtere%poﬁ'cﬁcc iCefent="e
sensors) thaﬁn dféﬂé 'é??&% Egﬁ g%sg£@9§§?8&,c%n&‘éﬁ%refoaf reduction
measur enent - subj ect surface In the Z-axis direction by irradiating a
probe beam t o i SmadH Bt rSUR Ralr U fAC e A TAGRI T th& be
reflected light; a drive section that drives the first” sensor in the
Z- axi s directgraniersyati , abgeciond 8€6n50bt £ $HEhgaheaBoengotes) iFirmation.
measures the displacenent of the 25 first sensor in the Z-axis
di rection. | ThateiZ,séenstdre leabioddmemdh wefitirgsirage ST tisedfbrépvdmghat
nodes can be set, that is, a node (a first servocontrol node) in
whi ch the drithe gegengrrgnitvesrohecfittha cyewsier pisthB geaxFsing due to
di rection bas?p %%%%re output of the first sensor so that a distance
in the z-axi £'9 MR oSS AREET e SR Frefdes 1) && W& f ace,
for exanphe, .the surface of .the scale .and the first, sensor .is
const ant 4t AT R ol e R A e st « o1 SRR Y-
whi ch the ta&ﬁﬁkﬁY%&F%h%Eahg%r%%%%@g §ﬁ@89ﬁa£§oﬂ'¥§ntﬁécH@%?tJH3t (e g-
er t he e

outside (the control an rive sectron marntains t posi ti o

of the first i $RNSRIiY JRIZmdXicE HHLHIRN ShdAt ddie dmasur ement
val ue of the second sensor coincides with the target 'value. In the

case of the fdhatacernicaonis)gl fowRdexambbe ouWdgite fi drhénfiBagEE €6RMNME the
section (second sensor) can be 10 used as the output of the Z sensor,
and in the casesofreansetserontsserflvddentarslodmdesy sttem oatypite afontdveed.
first sensor can be used as the output of the Z sensor. Further, in
the casel8ucHUgthesensdsr the gsbadamgnin eRcoderr | eawesid d3red s pasd tion
second sensor,_as a conse%#ggfe, osition jnformati on of wafer stage

15 WST (waf ePt 2Rt @9kras 9 PHRYIBES LY erideliraesa b rirekdhe &for

be Teesin e VG LS SRR L I d LD SRt R ove,
enpl oyed. Further’IE%iH%%t%HﬁgqLﬂ%@%oﬂ?@%ﬁra%&%n%ﬂﬂi%Hg%ﬁ%k%ﬂmﬁﬂgofthe
encoder system, the interferometer system, the multipoint AF
20 system and the Z sensors in the embodiment are merely examples,
and it goes without saying that the present invention is not
limited to them. For example, in the embodiment above, the
case has been exemplified where a pair of Y scales 39Y; and
39Y; used for the Y-axis direction position measurement and
25 a palr of X scales 39X; and 39%, used for the X-axis direction
position measurement are arranged on wafer table WTB, and so
as to correspond to them, a pair of head units 62A and 62C

are placed on one side and the other side of the X-axis

direction of projection optical system PL and a pair of head



20 the conbination of a plurality of interferometers that neasure
position informati on of wafer stage WST are not limted to the
configuration and the conbi nati on descri bed above. Any configuration
and any conbination of the interferoneters nay be enpl oyed as far as
position information of wafer stage WST 2Bgin directions other than

t he neasurenent direction of the encoder system can be neasured. The
point is that a measurenment device (regardl ess of whether it is an

i nt er f er onet éMitsfiath aggh %@ﬁﬁepéé§ﬁﬂi oh PRE 0P hae | prd dthenaftdyer side
stage WST in directions other than the neasurenent 117 direction of

the encoder SYst'etfi Gt heS A DR e IH WU W orPalo Sui-em PL-
Sensor s may. AN gt B0 TSR R evitte L RS Hit rhand
nbodi t i-d

erbodi TENt ARG, P LGNSO S AeSLE BECAELABORY BEsdeslfe dov, and

system cap dej@elrsHVLaGE sPPSHdd o BLREFRLNORe 24 u LXROSH LS5 WRl8el 39k,
shot areas of wafer Wwhen exposure is perforned, the Z sensors do

not al ways haed 13P%.0 fbe X-aaigedirectionl polsdenbal hpasuftenB@t may be
enbodi mrent above, pure water (water) is to be used as |iquid,

however, the goreserdd iadvers,i ooti $nnodits mrt ed fexr thid ea¥That derordfy one
course. As the liquid, liquid that is chemcally stable, having high
transm tt ancéeBs t iy [Qfniakatleeatl phher pahy ghfkedd Wwkts Svdh &2C
fluorine-containing, inert |jquid my be used. As the

f1 uori ne- cont®h &Ry iverts If%?ailjiad?df D S&amit%e, 2 H s trer EUTERRE  biFBRd

P?gﬁi gfi ESL;M aPQJOfrgegcCtgl][qe}léﬁTsrp Pﬁgnﬁps g Ssecgaile-rsh%xfel ‘é‘%%ﬁ%é%"%é‘ itq{en%iirrc]a%rttion
in which the head units are arranged are not limited to
orthogonal directions such as the X-axis direction and the
Y-axis direction as in the embodiment above, but only have
to be directions that intersect each other. Further, the

15 periodic direction of the diffraction grating may be a
direction orthogonal to (or intersecting) a longitudinal
direction of each scale, and in this case, a plurality of heads
of the corresponding head unit only have to be arranged in
the direction orthogonal to the periodic direction of

20 diffraction grating. Further, each head unit may have a
plurality of heads that are arranged without clearance(s) in
a direction orthogonal to the periodic direction of the
diffraction grating.

Further, in the embodiment above, the case has been

25 exemplified where the encoder system is employed that has the
configuration in which a grating section (the X scales and
the Y scales) are arranged on the wafer table {(wafer stage),

and so as to face the scale section, the head units (the X

heads and the Y heads) are placed outside the wafer stage.



20 point of cooling effect. Further, as the liquid, |iquid which has

a refractive index higher than pure water (a refractive index is
around 1.44), for exanple, liquid having a refractive index equal to
or higher than 1.5 may be used. As this type of liquid, for exnpale,

a predetermned liquid having CGH 25 bi nggg or 0-H bi nding such as

i sopropanol having a refractive index of about 1.50, glycerol
(glycerin) having a refractive index of about 1.61, a predeterm ned

l'i quid (orgadiaessizverite qursseas Hawand:, i dreptsame torl idedame toorsuch an
decal i n (decahydr onapht hal ene) having a refractive i ndex of about

118 1.60, or &¥hedgkeyehfimtbend pe@ncades nusFoBhrviag tla@rc@néﬂtgé}urﬁéaon

by mxing arhitrary two or f the above-descri bed redeternlned
1 qui ds may B GRGER SRCRYeR E}Fagabﬁaﬁn@arwgagd%ga(% Tt adf and

pr edet er i ned, | 5¥“ﬁ%3ﬁ.99@(§3h pat.er %WO e%%&%%aﬂs%hﬁ%lﬁ

Al ternatively, qui |qU| obtaln

base or agi dguehy '

wat er naygalso be%ﬁiﬁ%i%ﬁﬁiigﬁg;éged|€%ﬁ%? té?ﬁ% ?k%&&WEIQECEHB%S
(m xing) partdr@ e3aekarbueside Ofie terdsd ke dqe ekt Bl sBUSE M RSyd®Y In
al so be used. 10 These liquids can transmt ArF exciner |aser |ight.
Furt her, as tthed cgaed,whemqui denwbirshdwalaospbdtedhsotheisper surface
coefficient of light, is |ess tenperature-dependent, and is stable to
a proj ecti on odptihcalwasipst erhaas,p tdyst itewl-dieererioraid/oretangs (or

phot osensitive agent (qor a protective film (topcoat film, 15 an
antirefl ecti GWFiARenGE arre 4y kvé)af—*@&ap@@ “Grimens iomerla g& aging Wértons

f bl th F2 l, d th ht
oubee o180 Ry 8ﬁﬁ°ﬁé§ BEed e T eax SRUFEHAPT FHEERESEnHUR HeRLECT the
above, ' the T ggauered Ly %Tm@axsr% LRUSRIs RO LY S, G5%n 2 LILL B
t hat renoves % | r’rpurl | es recovere ]rl CIL“ |OS pl’e er ac.:balse

arranged in ardgad SRGQALHAARN GRicrP o QLA II%J &0 stfae%lgrzic}é,%g

I ncidental ly, in the énbodi ment above, the case een des

where the expRsurce lappan aties sifiidakighycbduwey %botfhdé’é)‘ineﬁ(kp@%m'b%dlment
appar atus. However, the present invention is 25 not limted thereto,

but can al so athmvm;i traliky sippdé BT aaa lde \Wdrippe expesuse tdppakatsusement
that performs exposure of wafer Ww thout liquid (water).

15 wvalues of the encoders whose measurement errors due to the
relative displacement of the heads and the scales in the
non-measurement direction are corrected by correctlon
information. With this operation, wafer stage WST can be
driven in a desireddirection with high accuracy, without being

20 affected by the relative motion between the head and the scale
in directions other than the direction to be measured
(measurement direction). Further, in a simple method similar
to the one in the embodiment above, correction information
for correcting measurement errors of the encoders caused by

25 the relative change of the heads and the scales in the
non-measurement direction can be decided.

Incidentally, in the embodiment above, rotation

information in the 6x direction (the pitching amount) of wafer

stage WST is to be measured by interferometer system 118, but



Further, in the enbodi mrent above, the case has been described where
the present invention is applied to a scanning 119 exposure

apparatus by a step-and-scan nethod or the |ike. However, the present
invention is not limted to this, but nay also be applied to a static
exposure apparatus such as a stepper. Evepgwith the stepper or the

|l i ke, by neasuring 5 the position of a stage on which an obj ect

subj ect to exposure is nounted using encoders, occurrence of position
measur enent diropitabsed byocant fhycaliadilonsoleai serbstiraom,i ddry elkenple,
nulled likewise. In this case, it beconmes possible to set the

position of tHe BeagerameRthvauey &d sinmlhased sonaadi® 16:nesshisensnrs
val ues of th? encoders and the correction information described

above, and ad ®ascoleqddic XMy e Brate Peidnsfe? SETSOrdSi clig/are

attern onto the _object..can _he .perforned. Further,.the .pr t
Pavent i on o it St B R A A P (S e g 620,
appar at uscb ; nd=sti S i . :
et WS e AR T e S I L S Bt

M rror projegldyori1adld WELbtAide dddie the measutdddi®l vdIRs of the 2
magni fication of the projection optical systemin the exposure

appar at us of ddmscenbadiatefacabovedad e20 399t andl §98, reshisddoivshst emith
but al so nay be either an equal magni fying systemor a nagnifying
system and piihdjsecipiea taptn ¢ glo ssiyrsitcemiPif drenarigtonoify wa feliropttrige WST in
system but also may be either a catoptric systemor a catadioptric
system and iHTREFHUAEN OF e HsjsEEesd dfindgessy -béhaitt Her &he X-axis,
i nverted. 25 i.mmage or _an ugri hteiqggs. Ngreover, t he exposure area to
whi ch i | Honi Na@rde | FghtiFr 5% Prradi &%t TPt pPof &@n BR pt§eafd using
system PL ist%p Qn-a issage t.ha gncggdes 0 t%gallﬂgjs AX g&%h&g %Q%r
field of projeé%loﬁ Sflca? é@%% m PL> CHoweV ?, tor éigﬁﬁ R
di scl osed '“évg%é%aﬁﬂﬁietwﬂé abB%e-described measurement of position
information of wafer stage WST in directions of six degrees
of freedom by the enccders and the Z sensors may be performed
15 not only in the exposure operation, but also in the alignment
operation and/or the focus mapping operation described
earlier.
Further, in the embodiment above, the measurement values
of the encoder system are to be corrected based on the
20 correction information described earlier so that the
measurement error of the encoder system, which occurs due to
the displacement of wafer stage WST (relative displacement
of the head and the scale) in a direction different from a
predetermined direction in which wafer stage WST is driven,
25 is compensated. However, the present invention is not limited
thereto, and for example, a target position at which the
position of wafer stage WST 1s set may be corrected based on

the correction information described above, while driving

wafer stage WST based on the measurement values of the encoder



I nternational Publication No. WO 2004/107011, the exposure area may

al so be an off-axis area that does not include optical axis AX

simlar to a so-called inline type catadioptric system in part of

whi ch an optical system (catoptric systemor 5 catadioptric systen
that has plural reflection surfaces and fe{ns an internedi ate i nage

at |least once is arranged, and which has a single optical axis.
Further, the illum nation area and exposure area descri bed above are
to have a rectwgut ar Cshape. thewexposutbeosdepeids Notpdtidedhd,0 whi le
rectangul ar, but may also be circular arc, trapezoidal, parallel ogram
or the like. driving WadkedentaeIMET dalskeghtnsdlacexefiplhe Expomsrsairement
apparatus in the enbodi nent above is not limted to the ArF exciner

| aser, but a \fﬂj{tsees |ofs & ie@ﬁpd§éuﬁ&'§t§@@ht5§ okt H ek cohereligsls stage

15(out put wave t h:, 248n an F2 | aser t put wavel en 157n
an Ar2 |aser ¥ %t"%i}f !{gﬁﬁﬁ-ﬁd @f’eKrC?q lc(rbg‘trbqﬁrmatlrgn
mavelengtg %&%@le of an.extra- hi gh pressure mercury | anp that
generates an emssion line such as a g-line (wavel ength: 436nm or an

i -1ine (wavel engt hip 3659, ¢ Faser % {l‘ﬁeﬁ’f%%o 2ur roﬂ?térowgfgfr }&€ wsT

wave generating unit of a YAG can a e use

Besi des, as iis @bsikd @gaddmbaketl eXame ReathecpRanPhtLtudd of the encoder
I nternational Publication No. WD 1999/ 46835 (the corresponding U.S.

Pat ent No. 7,023 ¢m,0)fom dranme C wheate,exppo 0drd si Oldeat fiadnday, but for
anplifying 25 a single-wavel ength | aser beamin the infrared or

vi si bl e rangeemnlteed Eby S DRBE s i srnudaly desarrey fhidarodidsiam ast
vacuun1u|traV|oIet with a fiber anplifier doped with, for

exanpl e, 18r blliﬁrﬁl(colre l§ targeeBEFuw aﬁrﬁﬁ%%@rqlﬂiﬁhﬁ)rraé‘ﬁédb?ngoll?ﬁ/@ﬂ%g’atage

the wavel ength}Sf Irrllta?/ ala.J S0 %Vel 8[‘:%}*@1 @Qéeé's' nghe meazslurement values of this

encoder system and based on correction information according
to position information of the reticle stage in the
non-measurement direction that is measured by reticle

15 interferometer 116.

Further, in the embodiment above, the case has been
explained where one fixed primary alignment system and four
movable secondary allgnment systems are equipped, and
alignment marks arranged in 16 alignment shot areas on the

20 wafer are detected in the sequence that is proper for the five
alignment systems. However, the secondary alignment systems
do not have to be movable, and the nunber of secondary alignment
systems may be any number. The point is that at least one
alignment system that can detect alignment marks on a wafer

25 only has to be arranged.

Incidentally, in the embodiment above, the exposure
apparatus equipped with measurement stage MST separately from
wafer stage WST, which is similar to the exposure apparatus

that is disclosed in, for example, the pamphlet of



nonl i near optical crystal, may al so be used. Further, in the
enbodi nent above, illumnnation light IL of the exposure apparatus is
not limted to the light having a wavel ength equal to or nore than
100nm and it is needless 5 to say that the |ight having a wavel ength
| ess than 100nm may be used. For exanple 1%n recent years, in order
to expose a pattern equal to or |ess tha% Onm an EUV (Extrene
Utraviolet) exposure apparatus that makes an SOR or a plasma | aser

as a |ight saqureengenemnatie panlEUYtibahtic.nwe 2006 /¥7uay 41@ntange 1ike,
(e.g. a wavelength range from5 to 15 nn), and uses a total

refl ection reéducdescribpt.calhsystesedesigred: nders v éxXpdsedeto this
wavel ength (e.g. 13.5nm and the reflective mask has been devel oped.

In the EWV eXposw e exppsiaeuappahat ys r dufeneis disoldsdd doanfingxanple,
exposure is performed by 15 synchronously scanning a mask and_a wafer
usi ng a cir cr&riarldaPpPgfien SresardaschE2ESASI ABPédcaknant Rapéfspsion)

exposur e Apparas Hbr 2 B lfheBe The Cpr et ioB  EnPatRR MRy Be341, 007,
applied to a'an%f&?%;ﬁa?n Ry %ﬁf“&éé‘ﬂ&mﬁf&&f%ﬁo@ﬂ%a&%%ﬁé?ﬁ&?@g‘gmvgl
such 20 as an €l ectron*beam or ‘an ion beam urther, 1n e

enbodi ment  aboweyh@ do ARYPSIHIVE BYRE dnstiEel B, m,citzighstl'?e like,

transm ssive substrate on"which ™a predeterm ned |'ight shielding

pattern (or aipbase pathehnwefed i widenuaidMrPalRMA)UsS in which
formed, is used. Instead 25 of this reticle, however, as is disclosed
in, for exanpheexbbSurPabestaiNoon Gnilr 8, 25dsuaamehe cipare task (Ewhi.clhark
is also called a variabl e shaped nmask, an active nask or an inmage
gener at o¥Q adgtestlodedy Bor adigmpleat syBvBM)Dcgint de Rkecotredr or
Device) that is a type_of a non-em.ssion type inmage 122 display = |
devi ce (spat PEPSItRGht etdduiat BRF 2 eih&Siike FWon WakhE&h s4ages, position
light-transmtting._pattern, a_reflection patter or _an emn ssion
pattern is fSPHE&%&c‘& re&%wﬁéeﬁlsefcﬁ%ﬁiac?p%%tpfr HiE patrerd's RACorer

(0 e, SRR AL e R {18 952 SHP s VEEAEDL S, S
mounted is sgapRedMakR1y setting the placement and the length of each
15 head unit, position control of each wafer stage can be
performed using the encoder system described above without
any change, not only when the exposure operation is performed
but also when the measurement operation is performed. But,
another head unit that can be used during the measurement
20 operation may also be arranged separately from the head units
described above (62A to 62D}). For example, four head units
that are placed in the cross arrangement assuming one or two
alignment system(s) as its center are arranged, and position
information of each wafer stage WST may also be measured using
25 these head units and corresponding moving scales (62A to 62D)
when the measurement operation is performed. In the twin
wafer stage type exposure apparatus, at least twomoving scales

are arranged on each of two wafer stages, and when an exposure

operation of a wafer mounted on one stage is finished, the



respect to the variable shaped nmask, and therefore, by neasuring the
position of the stage using the encoder and by driving the stage

based on the neasurenent val ues of the 10 encoder and correction
information according to position information of the stage in the

non- neasurenent direction that is neasur e by the interferoneter, the
effect equivalent to that of the enbodlnen? above can be obtai ned.
Further, as is disclosed in, for exanple, the panphlet 15 of

| nt er nat i onalode is(tﬁcjd)rbri\bmi\@ 2000354G% r e S eseidt detesttiodn and
can also be applied to an exposure apparatus (lithography system

that forns |ithe dndeshave patt evarsf mmed wef ermbystivemeny pod Erien drcéo
fringes on the wafer. Mreover, the present invention can also be
applied to 2®eamaxgeslris éﬂm @S tetate XRARUESS iDoss tthem - di drsler to
patterns on a wafer V|a a projection_optical ﬁsten1and al nost .

si nul t aneous|4P cRﬂﬂﬂ%?aéﬁbosEPétBProné §hBE2gHESTMERTt ARCRAF&PT

b | f
ol shea o OF [y i ol 35 S ”ﬁé&ﬁogsﬁa%x%[%ﬁa&at%ﬁ get
satent “Aop. | g)qrraloa@d AR, 2004 SASB%0 L1 b corLsnon g 3. patey

No. 6,611, 31 an appar at us th orns
an obj ect is NAtyrnidAtt 8§¢stBmt hﬁlte&aeée&@oﬁap%@trtf%c(eliﬁf@ﬂﬂ@@mn level

systen) descri bed above, and for exanple, the present invention can
123 al so be apffleetrdde dm fapparaEicds tdfatt}f@me& patt enmcobeapediFiceaied
by an ink-jet nethod. I ncidentally, an object on which a

pattern is tdrsddagh pEdtiiameat) det estibhpactrtinn expbinee ivo whtohlemmark

ener gy beam
10 detection.

Incidentally, in the embodiment above, the case has been
explained where while each wafer replacement is being
performed on the wafer stage WST side, the Sec-BCHK (interval)
is performed using CD bar 46 on the measurement stage MST side.

15 However, the present invention is ncot limited to this, and
at least one of uneven illuminance measurement (and
illuminance measurement), aerial image measurement,
wavefront aberration measurement and the like may be performed
using the measuring instruments (measurement members) of

20 measurement stage MST, and the measurement result may also
be reflected in exposure of a wafer to be performed after that.
Specifically, for example, adjustment of projection optical
system PL can be performed by adjustment device 68 based on
the measurement result.

25 Further, in the embodiment above, the scales may be
arranged also on measurement stage MST and position control
of the measurement stage may also be performed using the
encoder system (head units) described above. That is, a

movable body whose position information is measured by the



5 is irradiated) in the above-described enbodi nent and nodified
exanple is not limted to a wafer, but may be anot her object such as
a glass plate, a ceramc substrate, a filmmenber, or a mask bl ank.
The use of the exposure apparatus is not limted to the 10 exposure
apparatus used for manufacturing senicongygtor devi ces. The present

i nvention can be wdely applied also to, tor exanple, an exposure
apparatus for manufacturing liquid crystal display devices which

transfers a larmpadbrcrassdtaim dissplory denditerl pat i wailler &tage.
squar e- shaped gl ass plate, and 15 to an exposure apparatus for

manuf act uri ng or gadinciBenteAily-f Lhmiegodt decheads,in magiengndewicgs: of
(such as CCDs), mcromachi nes, DNA chips or the like. Further, the
present invemdier el 8 The tdisplsiced aso adie ®ysdsued lap pdegeds ashatlose
transfers a circuit Bittern onto_a glass substrate or _a silicon 20

waf er not onldP RAEALIPLEALR i &h Br Fa&AiCesSERER 3T sefifedndbictoetloved
devi , t .al . ducj ticl - K i

exposur & appdlaiud 2RO LR, Fabft SR ARESANET W @er, two
exposure appalllis,r gﬁsl(tiaﬂ Egﬁ’%h‘éﬁ@r?%{ %%ﬁ‘ésx—gggsa@iféﬁi&?%rﬁe%ﬁ‘e

exposure apparatus. 25 ncident e novabl e body drive system

the novabl e oy i vectrtiBad, tRatthe AdewitsionrmakiAG MEtdod 0hokheion
present invention can be applied not only to the exposure apparatus,

but can al so i cappltiet Wrdgl bd coidientSubsigaiggplecessilR@gst in an
apparatuses (such as a | aser repair apparatus, a 124 substrate

i nspecti on appaceEue aperefidon ké) @ vafen appmmatesesne quigppEdanicth the
novabl e body such as a stage that noves within a two-di nensional

pl ane suth a¥afPoitaasn ag¢t tingyeasiacatihe (b leped matween anipgd r of

bondi ng apparatuys in _other 5 precision machines. Further, the
exposure appa?rcﬁﬁl‘?ss EHRESSht % iGhSppaf BF GBFTof 1pRESad Of

epbod ent e B MRCLULSN Y SRR Al Ou UL
clainms of th%x&%ﬁﬁﬁ%@’the scale so that a portion of the scale protrudes
from the wafer stage, or placing a scale on the outer side
15 of the wafer stage main section using an auxiliary plate on
which at least one scale 1s arranged, the distance between
a pair of scales arranged facing each other may also be
increased similarly.
Further, in the embodiment above, in order to prevent
20 reduction in measurement accuracy due to adherence of foreign
particles or stains to Y scales 39Y; and 39Y; and ¥ scales 39X%;
and 39¥,, for example, coating may be applied to the surface
so as to cover at least the diffraction gratings, or a cover
glass may be arranged. In this case, in a liguid immersion
25 exposure apparatus in particular, a liguid repellent
protective film may alsc be cocated on the scales (grating
surfaces), or a liquid repellent film may also be formed on

the surface (upper surface) of the cover glass. Moreover,

each scale is to have diffraction gratings that are



10 application, so as to keep predeterm ned nechani cal accuracy,

el ectrical accuracy and optical accuracy. In order to secure these
various kinds of accuracy, before and after the assenbly, adjustnent
to achieve the optical accuracy for various optical systens,

adj ustment to achieve the nechanical accyyacy for 15 various

mechani cal systens, and adjustnment to achieve the electrical accuracy
for various electric systens are perfornmed. A process of assenbling
vari ous subsystrescutitve tvh€oexposan et lap patbattias tiirdllydest ireeharneé £ aln its
connection, wring connection of electric circuits, piping connection
of 20 pressurl®ngitigdingl ahdecheon; kaltafengreamileusdi ypescioion gratings
subsystens. Needl ess to say, an assenbly process of . ndividual o
subsyst em i s 16t PdrPe@ShafbrPENE hECPE ¥ eESrBRA AR e i tHF HiHe Wi ddiyd ded
subsystens into the exposure apparatus. Wien the process of .
assenbl i ng t 8 ST Shss SBLULTUI SCALE B8Y 17 CORBbL e APPSRl L tY
conpl et ed5 a ?Eé&légl. usﬁtMef,siHecrﬂeo Hﬁgd%gn{{%@o S, %ﬁ@%%s%fh?sr been
accuracy as the entire exposure apparatus are secured.” I'ncidentally,

the nmaking Ofe A 19X @ ARP AN I LIRS & dRleE ReifiehMBd tieR farence
cl ean room where the tenperature, the degrée of cleanliness and the

like 125 ar enca®itld 0k l8d as the ehBendent alidwevdhe taboyes skhis€ liaFen@S on
of the various publications, the panphlets of the International

Publ i cat i ons,isandt tliailles tPateit argmldocat, ocandabl éxatdendyandot-halled
US b5 Patents that are cited in the enbodi nent above and related to
exposur e app@gtiieseihedy her| & Keagiret cadietihasbmpor ated herwsedbypnd in
ref erence an enbodi ment of a devi ce manufacturing_ mnethod

i n whi chlhe W@N%ﬁgaeﬁaaga%ée%@%%tw% ok 8rieeshread in, for
apparatus) | Séxl?lasm% ei,.nt%eI {Jt Q?gﬂ;a{i Q}Xt oO.C%S,%P)\gi,léSbbgngeEﬁéiPﬁgé may also
be used.
Further, in the embodiment above, as the Z sensors,
instead of the sensor by the optical pickup method described
15 earlier, for example, a sensor having the following
configuration may also be used, that is, the configuration
which is equipped with: a first sensor (which may be a sensor
by an optical pickup method or other optical displacement
sensors) that optically reads the displacement of a
20 measurement-subject surface in the Z-axis direction by
irradiating a probe beam to the measurement-subject surface
and receiving the reflected 1ight; a drive section that drives
the first sensor in the Z-axis direction; and a second sensor
(such as an encoder) that measures the displacement of the
25 first sensor in the Z-axis direction. In the Z sensor having
such configuration, the following modes can be set, that is,
a mode (a first servocontrol mode) in which the drive section
drives the first sensor in the Z-axis direction based on the

output of the first sensor so that a distance in the Z-axis



FIG 28 shows a flowchart of an exanple when manufacturing a device

(a sem conductor chip such as an IC or an LSI, a liquid crystal

panel, a CCD, a thin filmmagnetic head, a m cromachi ne, and the
like). As is shown in FIG 28, 15 first of all, in step 201 (design
step), function and performance design of device (such as circuit
desi gn of sem conductor device) is perforned, and pattern design to
realize the function is perforned. Then, in step 202 (nmask

manuf act ur i nglisder)iora beSkean i cledhe desi g aEdtc Wdr 2gpatdear n
is formed i s manufactured. Meanwhile, in step 203 (wafer

manuf act uri nexstmap)s, dahwafsrriscamnufEdct wed aisin tiat diimts sucvas s
silicon. Next, in step 204 (wafer processing step), the actual
circuit and tIRRa5aE aEca¥bitid@Son2tA@ Rafer (dyerenioyr aphseREr o moge)
like in a manner that wl| be described |ater, using the mask and the
waf er prepared ¥ lﬁeﬁgezﬁﬁr%tz Luenn, then sgcepdBsnegevte given from

assenbl y teqﬁ{ i a nq% i rforne si ng. t he fer , .
processedgi nws ee(é_%\éﬁ'g%esigg% %ml_“]?l% uef'jre)s . %gﬁgsgglg%&e\'\%&qr}]glad,!né:ia&éls
process, the dandidid 126 o e6eSE s raRds LhEPALK ALY PLOGESS L&l so
encapsul ation), and the |ike when necessary. ~ Fnally, in step
206 (inspect itatStBR)med AstEndtt QRENHAd PRhedik @bhd iIshsodNEoi A€ hé K ith
are perforned on the 5 devices nmade in step 205. After these steps,
t he devices ate cappketedland I phedtid of the filkk@ s2BvdSodtrol mode,
flowmchart showi ng a detail ed exanple of step 204 descri bed above.
Referring to tHeGou2puti afsthe s (retatH! isertdoep) sethadsseface) afan be
waf er is_oxidized. In step 10 212 (CVD step), an insulating filmis
fornmed oh¥t helsRst & Sl &P Uth oft dhe2 3 sEaIsedtr el fidy s Gips§t &) the
an electrode is fornmed on the wafer, by deposition._Ip step 214 (ion
"l ant at | on SSEEY SFGTO AR SRpRaREe i AL UMY (it Ge ELCRE et can
above steps %%}u%%dZ%é %8@53ﬁ%5£€%ofhﬁuPEFéBE%%%§S ?Qrther, in the case
such a Z sensor is used and an encoder is employed as the second
sensor, as a consequence, position information of wafer stage
15 WST (wafer table WTB) in directions of six degrees of freedom
can be measured using the encoder. Further, in the embodiment
above, as the Z sensor, sensors by other detection methods
can also be employed.
Further, in the embodiment above, the configuration and
20 the combination of a plurality of interferometers that measure
position information of wafer stage WST are not limited to
the configuration and the combination described above. Any
configuration and any combination of the interferometers may
be employed as far as position information of wafer stage WST
25 1in directions other than the measurement direction of the
encoder system can be measured. The point is that a
measurement device (regardless of whether it is an

interferometer), which can measure position information of

wafer stage WST in directions other than the measurement



15 each stage of wafer processing, and the necessary processing is
chosen and is executed at each stage. When t he above-descri bed
pre-process ends in each stage of wafer process, post-process is
executed as follows. In the post-process, first in step 215 (resi st
formati on step), a 20 photosensitive age is coated on the wafer.
Then, in step 216 (exposure step), the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern

formati on apphrmidis)ordestitinkednabaee apdtthe exposhae tetdwddpaidest An
formati on nethod) thereof. Next, in step 217 25 (devel opnent step),
the waf er thaddidsidyetn Expeseddes symteimpedcranddialpostesp 288r example,
(etching step), an exposed nenber of an area other than the area

where resi st Yen@lryeCeshiphRal By sEanaiify Nathen, S P tErP BF (thesi st

removi ng step), when etching is conpleted, the resist that is no
| onger neces UrERHenty qe) By repeatedly performing the

d.
For nbd onot he waf oF F2aBy s gt he Byt ES AR LT Ro  nEEhOR B 1o

formed on"t he wafer. g evice nmanu uring

enbodi ment d%%;rairl%qilg%t?:p‘b%si sayae hierPXBORN EraPpat ahls HARKETN for

formati on appar at In the enbodi nent above an exposure net

(pattern for matdnn d1etiodhd henedfpdnt: used 9t die[XRRMER Hififace
(step 216), exposure with high throughput 10 can be perfornmed while

mai nt ai ni ng tdeesitiigh dwEblray tdoaus Byxkpaaos-ci ult] 8t shetpaoddsto i ivafer
of highly integrated m crodevices on which fine patterns are forned
can be i nprovedhenNBUSTRIY: 1APPerCABREdT Y he Z sensors do not always have

10 to be arranged.
Incidentally, in the embodiment above, pure water
(water) is to be used as liquid, however, the present invention
is not limited to this as matter of course. As the liquid,
liquid that is chemically stabkle, having high transmittance
15 to illumination light IL and safe to use, such as a
fluorine-containing inert liguid may be used. As the
fluorine-containing inert liquid, for example, Fluorinert
{(the brand name of 3M United States) can be used. The
fluorine-containing inert liquid is also excellent from the
20 point of cooling effect. Further, as the liquid, ligquid which
has a refractive index higher than pure water (a refractive
index is around 1.44), for example, liquid having a refractive
index equal to or higher than 1.5 may be used. As this type
of liquid, for exmpale, a predetermined liquid having C-H
25 Dbinding or O-H binding such as isopropanol having a refractive
index of about 1.50, glycerol (glycerin) having a refractive
index of about 1.61, a predetermined liquid (organic solvent)
such as hexane, heptane or decane, or decalin

(decahydronaphthalene) having a refractive index of about



15As is described above, the novable body drive system and the

novabl e body drive nmethod of the present invention are suitable for
driving a novable body in a novenent plane. Further, the pattern
formati on apparatus and the pattern formation nethod of the present
invention are suitable for 20 formng a @%gtern on an object.
Furthernore, the exposure apparatus and the exposure nethod, and the
devi ce manufacturing nethod of the present invention are suitable for
manuf act uri ngl M agevileesl i M d-dh e ari st dn- Bakiengatdtieod, ol tlheuid
present invention is suitable for deciding 25 correction information

of measur enembigingdbyfmigirgnhevdet rahy cvonenswres hobetatmyve-described
information of a novable body in a predetermned direction within the
noverment pl arRFedagrrangqs-iquids may ben YaRchb|E Fodyl dirlidy ©bfisingd by

that drives a vabl e .body .substantjally .al ong,a pr.edeter.m ned pl ane,
the system 5 XOHBH Sfitg-10) TS Bhedstesiumarhdi GRGS & HEAGM HRpEe Vater
(rradiates adafectiondiglatoa3,36aLe,024i00.2 halhng MhOSE 1;quiq
periodic direction 1s a predetermne irecti’on"paral I'e 0t he

br edet er m nechgy AN, Al EgaehueIndxl &L) ased di ol d Lamnt be geaksr, «,

and 10 measures position information e novabl e body 1 n the
predet er mi nedcdi, r gehfgnoramd,® to (watdni perdevia¢ert hal dnisveset RBed.
novabl e body in the predeterm ned direction, based on a measurenent

val ue of the Mnooderry,, and icarideobitahniedf bymatddongi mbctoy daoe: Melids of
15 position information of the novable body in a direction different
fromthe predet exiideednitheciliids &b tWeth) npubé vakenvesyiralmnthe used.

2. The npyabl e body ,drive system according to Caim1, 20 wherein
10 These liquids can transmit ArFexcimer laser light. Further,

as the liquid, liquid, which has a small absorption coefficient
of light, is less temperature-dependent, and is stable to a
projection optical system (tip optical member} and/or a
photosensitive agent {(or a protective film (topcoat £film),
15 an antireflection £ilm, or the like) coated on the surface
of a wafer, is preferable. Further, in the case an ¥, laser
is used as the light source, fomblin oil may be selected.
Further, in the embodiment above, the recovered liquid
may be reused, and in this case, a filter that removes
20 impurities from the recovered liquid is preferably arranged
in a liquid recovery device, a recovery pipe or the like.
Incidentally, in the embodiment above, the case has been
described where the exposure apparatus is a liquid immersion
type exposure apparatus. However, the present invention is
25 not limited thereto, but can also be suitably applied to a
dry type exposure apparatus that performs exposure of wafer
W without liquid (water).
Further, in the embodiment above, the case has been

described where the present invention is applied to a scanning



the scale is placed on a surface of the novable body that is
substantially parallel to the predeterm ned pl ane, and t he
head is placed outside the novabl e body so as to be capabl e of facing
the scale. 25 3. The novabl e body drive system according to
one of Clains 1 and 2, wherein theiposition information of the
novabl e body in a
directiondifferentfront hepredeterm neddirectionincludes 129 position
i nfor mat i on GERIFILG AR oy dh aatsesasindorieadi medthicsh coutthsf ldke.
di rection orthogonal to the predeterm ned plane, a _rotation direction

within a pl ad®¥raied b %&ﬁ%%é&@&%}%%&%% i TG deattibgs, but
di i d 5 t th | to t

br edet er ni ﬁé%l‘é& AT I e Gl e el (S CR0 o BB

|

p! ane. Lp:%fmve%ﬁ Rogy Qﬁé"%bgé’@%f?r%@% di rkget%ymbég%ﬂgﬁn

of ains 1 to urt’her conprisin orage device

correctiop 'ﬂﬁﬂ!ﬁBEh@ﬂohso§EPE€QgeWﬁ?%ﬁhﬁhEﬂlobjékn?5955¥@tQ§Yb%%osure
obtains the corréection informati on in accordancée with position

i nformation dfs hbentedald mdedyotiara, dbdact i eicdlvff o6 ent 1 5 a@atshe ement
predeterm ned direction, based
error caused by alr fluctuations can substantially be nulled
likewise. In this case, it becomes possible to set the
position of the stage with high precision based on the
10 measurement values of the encoders and the correction
information described above, and as a consequence, highly
accurate transfer of a reticle pattern onto the object can
be performed. Further, the present invention can also be
applied to a reduction projection exposure apparatus by a
15 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,
Further, the magnification of the projection optical
system in the exposure apparatus of the embodiment above is
20 not only a reduction system, but also may be either an equal
magnifying system or a magnifying system, and projection
optical system PL is not only a dioptric system, but also may
be either a catoptric system or a catadioptric system, and
in addition, the projected image may be either an inverted
25 1image or an upright image. Moreover, the exposure area to
which illumination light IL is irradiated via projection
optical system PL is an on-axis area that includes optical
axis AX within the field of projection optical system PL.

However, for example, as is disclosed in the pamphlet of



15 on the position information of the novable body in a direction
different fromthe predeterm ned direction and information stored in
the storage device, at the tine of neasurenent of position

i nformati on of the novabl e body in the predeterm ned direction using

t he encoder. 20 5. The novabl e bodlg0dri ve system according to
Claim4, wherein a plurality of the encoders are provided,

the correcti i nformatiaon of each of the enc rs,.| 5 stored in

t he storage iTdd al Publ%?ﬁ?%??@%“d@@%gg% i %ﬁ lrhghe exposure

corr ect  on i nforTRLi,on npaccordance  ui Lh bogi tion.i nfor L on. of the

novabl e body 1'n rection eérént “from the preé

direction Wt rLapect;iq o anéolrfbelfélﬁ?gﬂﬂﬁe.%ﬂ?eg???gdwﬁt 9éisryisﬁ.%m,

130 information of the novable body in a directi eren romthe
predet er m ned rdigza6t i wandH HOgHRiin dyartesh | edhpslir agawdeyisze.
56. The novabl e body drive systemaccording to any one of Clains 1 to
5, wherei b catadiaptirhie sgatten)athat Haspaleallhatfbhastdograitfgres and
whose periodic direction is a first direction within a plane parall el
to the predetf@mmismed plrdrsnesidte sewged adedlea tthamndead sa ak@ agyga, ngnd
whose periodic direction is a second direction that intersects the
first directi"OW-Sh t¥5iSn 2aSprahe pREAFRE| 2XBSt had Wiidust erthiendd Lpmdnation

are provided,_ and ,
P area and exposure area described above are to have a

rectangular shape. However, the shape is not limited to
10 rectangular, but may also be circular arc, trapezoidal,
parallelogram or the like.

Incidentally, a light source of the exposure apparatus
in the embodiment above is not limited to the ArF excimer laser,
but a pulse laser light source such as a KrF exXcimer laser

15 (output wavelength: 248nm), an F; laser {output wavelength:
157nm), an Ar; laser (output wavelength: 126énm) 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

20 be used. Further, a harmonic wave generating unit of a YAG
laser or the like can also be used. Besides, as is disclosed
in, for example, the pamphlet of International Publication
No. WO 1999/46835 (the corresponding U.S. Patent No.
7,023,610), a harmonic wave, which is obtained by amplifying

25 asingle-wavelength laser beamin the infrared or visible range
emitted by a DFB semiconductor laser or fiber laser as vacuum
ultraviolet light, with a fiber amplifier doped with, for
example, erbium {or both erbium and ytteribium), and by

converting the wavelength into ultraviclet light using a



as the encoder, a plurality of first encoders each of which has a
plurality of first heads placed at different 15 positions in the
second direction and neasures position information of the novable
body in the first direction by at |east one of the plurality of first
heads that faces the first scale, and a pEurality of second encoders
each of which has a plurality of second heads placed at different

positions in 20 the first .directio nd neasures  position information
of the novabl®®HodiFdn Q%telcsae]co(?ﬁy% a]e'cﬁaé’n %);oartpe' é’%rqsecdo'one of the
plurality of secon t hat . C cal re_incl uded.
257. The novabl e bg)gﬂéllry}eC g%‘l%\ieggytséeggﬁﬁ%gggﬁaﬁggﬁé]%]e;n3 lg%guoia té?’ Hi jr'jr%&it L

to 6, further,comprbgpBg:; S HBASUNRIEAL ndeUCEL I DL TRASUHES
position i nfé)rmati on gf Fﬁg ?T%I\D/%Jtsjl e body in algi recti 8n{%§fferent g

fromthe predewernmilredtdi £gahlofdo od3dbore than 800The ARNabt 6 Pedediess
drive systemaccording to Gaim7, wherein the neasurenent device

i ncl udes an it eefyetbaetEre tlhathtbhewdsgr 2 wapaslidrigirn ileker nhsn ol @fm may
t he novable body in a direction different fromthe predeterm ned

di recti on by H& 1&6icat | Rgr opeample t it greqeorie YRBaASUr énentddrai® aXpae a
| east one reflection surface arranged at the novabl e body. 109. The

movabl e body BRGLFFTS BRI S SHilfF s & oite Onmg &EW afEteemeur t her

conprising:. Ultraviolet) exposure apparatus that makes an SOR or a plasma

laser as a light source generate an EUV light in a soft X-ray
10 range (e.g. a wavelength range from 5 to 15 nm), and uses a
total reflection reduction optical system designed under the
exposure wavelength (e.g. 13.5nm) and the reflective mask has
been developed. In the EUV exposure apparatus, the
arrangement in which scanning exposure is performed by
15 synchronously scanning a mask and a wafer using a circular
arc illumination can be considered, and therefore, the present
invention can also be suitably applied to such an exposure
apparatus. Besides, the present invention can alsobe applied
to an exXposure apparatus that uses charged particle beams such
20 as an electron beam or an ion beam.
Further, in the embodiment above, a transmissive type
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, is used. Instead
25 of this reticle, however, as is disclosed in, for example,
U.5. Patent No. 6,778,257, an electron mask (which is also
called a variable shaped mask, an active mask or an image
generator, and includes, for example, a DMD (Digital

Micromirror Device) that is a type of a non-emission type image



a controller that obtains correction informati on of a subject

encoder, by changing an attitude of the novable body to a plurality
of different attitudes, noving the novable body 15 in a predeterm ned
stroke range in a direction orthogonal to the predeterm ned pl ane
while irradiating a detection |ight fromita2head of the subject
encoder to a specific area of a corresponding scale in a state where

the attitude of the vabl e, body, i s_naintai ned based on neasurenent |
results of 2(53? ggﬁrlgﬁe?ﬁp%%’sﬁjcélg it}rb%‘ii?%‘?‘?ﬁ%)goéfa%? il Saf on which

nmeasur enment r £3] Lgtg{&[ ch aEnhsemleC clonceiqe][ ad%r |rnr9 t rﬁngrﬂa\é\g tthc r es’gteof%r?n

to each of the eng ‘a pre

b d if
ased on resulis of m%nerel 15002500y e talvrz;ﬁbng ﬁ%@dn&% Systers

according to Caim?9 e correction

information fife e ithatofi sereoger ébe@deﬁé?%PQBdbéoué@@ SAfe the
scal e, the control | er obtains correction information of a subject

132 encodér taHdengsuai a cansiaddratdlapel geetird asd,ora tdtalgedetiidhich
due to gradient of the head of the subject encoder. 11. A
pattern fornet Weik capparatass el ogi hge Bike rirwalbhetbddys orcammexh wirth
object is mounted and which can nove substantially along a novenent

pl ane, hol di FFEIAREoBjedhe variable pﬁtae@@uf?ﬁf]ﬁe\ﬁ% ttbf?afte%mﬁbr aes

he bIe body drive syst
gcggﬁéfag ?g the, oby eC;heggg51gEon e} e stagg/u51ng tﬁz encoder and by

driving the stage based on the measurement wvalues of the
10 encoder and correction information according to position
information of the stage in the non-measurement direction that
is measured by the interferometer, the effect equivalent to
that of the embodiment above can be cbtained.
Further, as is disclosed in, for example, the pamphlet
15 of International Publication No. WO 2001/035168, the present
invention can also be applied to an exposure apparatus
(lithography system) that forms line-and—spacé patterns on
a wafer by forming interference fringes on the wafer.
Moreover, the present invention can alsoc be applied to
20 an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost
simultaneously performs double exposure of one shot area on
the wafer by one scanning exposure, as is disclosed in, for
example, Kohyo (published Japanese translation of
25 International Publication for Patent Application) No.
2004-519850 (the corresponding U.S. Patent No. 6,611,316).
Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography systemn)

described above, and for example, the present invention can



Clainms 1 to 10 that drives the novabl e body for pattern formati on on
t he object. 12. An exposure apparatus that fornms a pattern
on an 15 object by irradiation of an energy beam the apparatus
conpri si ng: a patterning device that irradi ates the energy
beamto the object; and t he A®¥abl e body drive system
according to any one of 20 Clainms 1 to 10, wherein driving of

t he novabl e hod n. which t ohj ect _is unted by the novabl e bod
drive syst emalcis%perﬁt oarpr’Pngl%Cg?wr ealnataiRPea:fr%\?“ésnetﬁiatoffqrﬁr@ &né) %@ar‘#‘ an
and the obj egb%e@l%y%qw@m@t us that exposes an object

with an energy "beam °“the apparatus conpri sing: a novabl e body
that can nove in atrn@aghtfinst, apd o%g%%dogf RBGINORS @ r@d €5 to be
orthogonal to each other within a predeterm ned plane, hol ding the

obj ect; 133 formed (an ebhfedersigysde@mtionedpbstirons ahigdhgsatdi@rgy beam
section and a head unit is arranged on a surface of the novabl e body
on whi ch Phe igbjecadisthd) dirantetdizoot-hidesof ibhdm egbatiingnseztd owddid ed
the head unit is arranged facing the surface of the novable 5 bod%

and whi ch mesSiEws 9asi APEnL ikt BRHEEP onh Weif srhebibVARY ddempthempbiect
| east one of the first and second directions; and a drive
devi ce that dFiVe£H e P Sy AR h S hsddéter niendd 1p) gaer,

based on nea%%reahnws]i f%trn tion of the encoder system and position
i nformation of the m)vaJ1e yody

The use of the exposure apparatus is not limited to the

10 exposure apparatus used for manufacturing semiconductor
devices. The present invention can be widely applied also to,
for example, an exposure apparatus for manufacturing liquid
crystal display devices which transfers a liquid crystal
display device pattern onto a square-shaped glass plate, and

15 to an exposure apparatus for manufacturing organic EIL,
thin-film magnetic heads, imaging devices (such as CCDs},
micromachines, DNA chips or the like. Further, the present
invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicon

20 wafer not only when producing microdevices such as
semiconductor devices, but also when producing a reticle or
amask used in an exposure apparatus such as an optical exposure
apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.

25 Incidentally, the movable body drive system, the movable
body drive method, or the decision-making method of the
present invention can be applied not only to the exposure
apparatus, but can also be applied widely to other substrate

processing apparatuses (such as a laser repair apparatus, a



10 in a different direction fromthe first and the second directions.
14. The exposure apparatus according to Caim 13, wherein 15t he
novabl e body is driven so that a neasurenent error of the encoder
systemthat occurs due to a displacenent of the novable body in the
different direction is conpensated. 124 15. The exposure
apparatus according to Claim 14, 20 wherein

correctioni nformati onforconpensati ngt he nmeasur nt error to be used
for driving osful?n%er%‘?/aﬁ'fsep TP sayg?ﬂ]%ﬁ%,arﬁgrs%be ot k¥e gUsitd on

i nformati on I i n.the differen i.rect.ion. 25

16 Che expodpidita TaP ulted D LR ol S holll 8604 9L 2%0age that

wher ei n mo&ékew%ﬁ§HraeHﬁ81diﬁ%ﬁé%%9 0,196 o 5618 ac0dgh s §¥%%g Bt ithg

target position at which the nova y'is positioned’is _
corrected basgshomile MRASisHed rdif BFMEt i9he OhohHEn FOMAM L2 004V d Bther

the different direction.
5 precision machines.

Further, the exposure apparatus (the pattern formation
apparatus) of the embodiment above is manufactured by
assembling various subsystems, which include the respective
constituents that are recited in the claims of the present

10 application, so as to keep predetermined mechanical accuracy,
electrical accuracy and optical accuracy. In order to secure
these various kinds of accuracy, before and after the assenbly,
adjustment to achieve the optical accuracy for various optical
systems, adjustment to achieve the mechanical accuracy for

15 wvarious mechanical systems, and adjustment to achieve the
electrical accuracy for various electric systems are
performed. A process of assembling various subsystems into
the exposure apparatus includes mechanical connection, wiring
connection of electric circuits, piping connection of

20 pressure circuits, and the like among various types of
subsystems. Needless to say, an assembly process of
individual subsystem is performed before the process of
assembling the various subsystems into the exposure apparatus.
When the process of assembling the various subsystems into

25 the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure
apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room

where the temperature, the degree of cleanliness and the like



17. The exposure apparatus according to anyone of Clains 5 13 to 16,
wherein the object is exposed by the energy beamvia a nask,
and when the exposure is performed, the mask is noved so that a
measur enent error of the encoder systemthat occurs due to a

di spl acenent of the novable body in the de%ferent direction 10 is
conpensated, while driving the novabl e body based on the neasurenent
I nformati on of the c%%' system 18. The exposure appar at us
accordi ng to iy Sins 13 to 17, mherein 15t he different

direction |ncludesI% o r%& 1939 %ireé&ﬁ Lectdsqn. ot hogonal %h%arlous

pr edet er mi ned pl ang, on aroun an axi’s or ogonal

i th I iCatlons,
to the predetgiimined plane é%n@pﬂ %ttaé Len Eﬁ‘&ékﬁgﬁ%ﬂgf%u@a’l 1S

parallel to the predeterm ned plane. e exposure

appar at us acceordidig tm. SiHYHHLﬂerﬁif P%gﬂlr&at]a?od @uld i dereis drie vHv aplse
body is novable in the different direction, and 25t he exposure

appar at us5f urlldtEmtomitats esrea agasurieneiie dembock ntdat akeaures] related
position informati on of the novable body in the different direction.
to exposure apparatuses and the like are each incorporated
herein by reference.
Next, an embodiment of a device manufacturing method in
which the foregoing exposure apparatus (pattern formation
10 apparatus) is used in a lithography process will be described.
FIG. 28 shows a flowchart of an example when
manufacturing a device (a semiconductor chip such as an IC
or an LSI, a liquid crystal panel, a CCD, a thin film magnetic
head, a micromachine, and the like). As is shown in FIG. 28,
15 first of all, in step 201 (design step), function and
performance design of device (such as circuit design of
semiconductor device) is performed, and pattern design to
realize the function is performed. Then, in step 202 (mask
manufacturing step), a mask on which the designed circuit
20 patterh is formed is manufactured. Meanwhile, in step 203
(wafer manufacturing step), a wafer is manufactured using
materials such as siiicon.
Next, in step 204 (wafer processing step), the actual
circuit and the like are formed on the wafer by lithography
25 or the like in a manner that will be described later, using
the mask and the wafer prepared in steps 201 to 203. Then,
in step 205 (device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205

includes processes such as the dicing process, the bonding



135 an energy beam the apparatus conprising: a novabl e body
that can nove in at least first and second directions that are
orthogonal to each other within a predeterm ned plane and can incline
with respect to the 5 predeterm ned plane, hol ding the object;

an encoder systemin which one of a gratilAg section and a head unit

is arranged on a surface of the novabl e body on which the object is
hel d and the other of the grating section and the head unit_is,

arr anged faciﬁfboqefﬁs's@PFjaEgeo?a‘f IR S CRF 168y P eheeRpEtation), and
measur es position information of the novable body in at |east one of
the first anaéhseecrholn}%e AR TSR S a drive device that

drives the movabl e ﬂ%l‘yf,t ?Lﬂ’l Jih ?O%degi%s‘rsg%);g%ﬁ %Fﬁas%s@g on

measur enent i nformation e encoder syst dtion

i nformation Qiaéﬁwcirmv,at&@_»aﬂ&iap@&yf and the 2L kd 8- &XROSHE QAP RH alHis
according to Caim 20, wherein t he novabl e body is driven so

that a nmeasurdsEirieetzale 20 ©iep PO 5encndes rsyisd ©mdgls ,0ChEr e dli€ed Gire
inclination of the novabl e body is conpensat ed. 22. The
exposur e apparatnistaet i nehigped abuin 21, wherein '

25correctioni nformati onf or conpensat i ngt he neasurenent _error to be
used for driving offitheZfvhfadlfd Bsdpitlsshprangeddebasegdgrampd e of step

inclination informtion of the novabl e baqdy.
5H4 escribed above. Referf%n% to FIG. 29, in step 211

(oxidation step), the surface of wafer is oxidized. 1In step

10 212 (CVD step), an insulating £ilm 1s formed on the wafer
surface. Instep 213 (electrode formation step), an electrode
is formed on the wafer by deposition. In step 214 (ion
implantation step), ions are implanted into the wafer. Each
of the above steps 211 to 214 constitutes the pre-process in

15 each stage of wafer processing, and the necessary processing
is chosen and is executed at each stage.

When the above-described pre-process ends in each stage
of wafexr process, post-process is executed as follows. 1In the
post-process, first in step 215 (resist formaticn step), a

20 photosensitive agent is coated on the wafer. Then, in step
216 (exposure step), the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern
formation apparatus) described above and the exposure method
(pattern formation method) thereof. Next, in step 217

25 (development step), the wafer that has been exposed is
developed, and in step 218 (etching step), an exposed member
of an area other than the area where resist remains is removed
by etching. Then, in step 219 (resist removing step), when

etching is completed, the resist that is no longer necessary



136 23. The exposure apparatus according to one of Cains 21
and 22, wherein t he neasurenent information of the encoder
systemor a target position at which the novable body is positioned

is 5 corrected based on the inclination informati on of the novabl e

body.

24. The exposure apparatus aecording to anyone of C ains

20 to 23, wherein 10the object is exposed by the energy beamvia a
mask, and when the eﬁgﬁsure is performed, the mask is noved so that a

measur enent ert oV

e encoder systemthat occurs due to the

incli [ f th bl e b [ ted, while drivi
movabl 6 body based "o SRS AT GRARC Y b ] i T8 TS e e

system

Clains 13 to

p204%é\%gé€eﬂpmﬁﬁp@aéﬂ&§itg&g%%%§}% tsé)rdéin%//en &fon the

erein t he nova ased on

characteristiy®0-information of the head unit that is a factor
causi ng a neasurenent error of the encoder system 26. An
exposur e &ppar at us Byhaisiexpases davielj ecinuiddtan renetephdiean dhke
apparatus conprising: 25a novabl e body that can nove in at |east

first and secwgbdiment described above, because the exposure apparatus

10

15

20

25

(pattern formation apparatus) in the embodiment above and the
exposure method (pattern formation method) thereof are used
in the exposure step (step 216), exposure with high throughput
can be performed while maintaining the high overlay accuracy.
Accordingly, the productivity of highly integrated

microdevices onwhich £fine patterns are formed can be improved.

INDUSTRIAL APPLICABILITY

As is described above, the movable body drive system and
the movable body drive method of the present invention are
suitable for driving a movable body in a movement plane.
Further, the pattern formation apparatus and the pattern
formation method of the present invention are suitable for
forming a pattern on an object. Furthermore, the exposure
apparatus and the exposure method, and the device
manufacturing method of the present invention are suitable
for manufacturing microdevices. And the decision-making
method of the present invention is suitable for deciding
correction information of measurement values of an encoder
which measures position information of a movable body in a

predetermined direction within the movement plane.



directions that are orthogonal to each other within a predeterm ned
pl ane, hol di ng the object; an encoder systemin which one of a
grating section and a head unit is arranged on a surface of the
novabl e body on 137 which the object is held and the other of the
grating section and the head unit is arranaged facing the surface of

t he novabl e body, and which neasures position information of the
novabl e body in at |east one of the first and second directions; and
5 a drive device that drives the novabF&PsM§ within the
predet er mi ned pl ane based on neasurenent information of the encoder
system and characteristic information of the head unit that is a

factor causing a measpLeIER eﬁég? cf}:thvt Xg@%ﬁdcér tséﬁ‘i‘ggg alxgoggble body

27. The exposure appar at us accor al ns

wher ei n fea el Bcs erd1si L 'anf BEE@Et@thHE&UdﬁfaﬁQt' Cle system
characterlstlcs of the head unit. . The ‘exposure

appar at us 5ac it 1igs frog anyone  of Cjalns 25 to 27, wherei n
correctioni nformati onf or conpensati ngt he measurenent error to be
used for driving ofant kacooeabtkabatlys 20 hesdobhatnedrbdsedesmn tdetection
characterlstlc |nfornat|on of the head unit.
light to a scale having a grating whose periodic direction
is a predetermined direction parallel to the predetermined
plane and receives a reflected light from the scale, and
10 measures position information of the movable body in the
predetermined direction; and
a drive device that drives the movable body in the
predetermined direction, based on a measurement value of the
encoder, and correction infeormation in accordance with
15 position information of the movable body in a direction

different from the predetermined direction at the time of the

measurement.

2. The movable body drive system according to Claim 1,
20 wherein
the scale is placed on a surface of the movable body that
is substantially parallel to the predetermined plane, and
the head is placed outside the movable body so as to be
capable of facing the scale.
25
3. The movable body drive system according to one of
Claims 1 and 2, wherein
the position information of the movable body in a

direction different from the predetermined direction includes



29. The exposure apparatus according to C aim 28, wherein 25the
measurenent information of the encoder systemor a target position at
whi ch the novabl e body is positioned is corrected based on the
characteristic information of the head unit. 138 30. The
exposure apparatus according to anyone ot2z& ains 13 to 29, wherein

t he novabl e body is driven so that a neasurenent error of the encoder

o exposure S L HHERTIASbsohn tBE] ST AL bR gl oft bbaRF L iBe
t i.sl.ng: I nove. | t_ .
et st ARt iibn opy gf 2 BN bR £8P b et minea

other within g Hiedel dgtnabipl atecheiliigihe LRIste paralleldto the
encoder systémin which one of a grating section and a head unit is

arranged on graddtaneniofed g ameyableabsdyzonoMhd the ¢ HEo®hi @sind Srhekd s
and the other of the grating section 15 and the head unit is arranged
faci ng the sunf atedbtethéconovatihedoady, tandthdi pheteasumésefosiitrean ion
information of the novable body in at |east one of the first and
second di r ectiidisin andlane pargldely & ddie @uesst admives! ttHenmevabl e
body within the predeterm ned plane based on neasurenent information
of the 20 encoder system so that a neasurenent error of the encoder

4. The movable body drive system according to any one
of Claims 1 to 3, further comprising:
10 a storage device in which the correction information is
stored, wherein
the drive device obtains the correction information in
accordance with position information of the movable body in
a direction different from the predetermined direction, based
15 on the position information of the movable body in a direction
different from the predetermined direction and information
stored in the storage device, at the time of measurement of
position information of the movable body in the predetermined
direction using the encoder.
20
5. The movable body drive system according to Claim 4,
wherein
a plurality of the encoders are provided,
the correction information of each of the encoders is
25 stored in the storage device, and
the drive device obtains the correction information in
accordance with position information of the movable body in
a direction different from the predetermined direction with

respect to each of the encoders, based on the position



systemthat occurs due to the head unit is conpensated. 32.
The exposure apparatus according to any one of Clainms 25 to 31,
wherei n 25t he object is exposed by the energy beamvia a nask, and
when the exposure is perfornmed, the mask is noved so that the
measurenent error of the encoder system fB&t occurs due to the head
unit is conpensated while driving the novabl e body based on the

t ti L Lh st . ...B3. The
xposurc. appa A TREAA: Bn ot GAP nBSHF € Pr&rfé%ns%lf%ﬁ%ﬁ Fron

the grating gcﬁac ﬁPe#ét@Ezﬁfxﬂ&?ddf%éS@Q%Sgang Eh o ?EL % %%t' 1 2he

a longitudin I on, head unr i has ura

placed at di fdiefefe RASHIdONS in the second directlon and the

encoder system nmeasures position information of the movabl e body by a
head that faces the grating section out of the plurality of heads. 10
34. The exposure apparatus according to any one of Clainms 13 to 33,
wherein 5 téthe Tgreationgbdecbbdy tsiaerapgeen cnceosdidace anyt hee
nmovabl e body, and the head unit is arranged facing the surface 15 of

t he novabl e Bodyelaims 1 t@gm, Wﬁ@@@gbsure appar atus according to any

one of Clains 13 to 34, further co )ri sing
as the scale, irst scale that has a grating whose

periocdicdirection is a first directionwithin a plane parallel

to the predetermined plane, and a second scale that has a

10 grating whose periodic direction is a second direction that

intersects the first direction within a plane parallel to the
predetermined plane are provided, and

as the encoder, a plurality of first encoders each of

which has a plurality of first heads placed at different

15 positions in the second direction and measures position

information of the movable body in the first direction by at

least one of the plurality of first heads that faces the first

scale, and a plurality of second encoders each of which has

a plurality of second heads placed at different positions in

20 the first direction and measures position information of the

movable bedy in the second direction by at least one of the

plurality of second heads that faces the second scale are

included.

25 7. The movable bedy drive system according to any one
of Claims 1 to 6, further comprising:

a measurement device that measures position information

of the movable body in a direction different from the

predetermined direction.



a nmeasurenment systemthat nmeasures position information 20 of the
novabl e body in a third direction orthogonal to the predeterm ned

pl ane, by a sensor that faces the grating section out of a plurality
of sensors placed on the sane side as the head unit, wherein

a position of the novable body in the thisd direction 25 is
controll ed based on neasurenent information of the measurenent

system

mherein _140_ _
information in thegthhh

36. The exposure apparatus according to C ai m 35,
t he neasurenent system neasures position
Lnformation

L5 i Qn_and, i.ncl i nation f .th
novabl e body by a pruragiﬁyvgﬁiggﬁé gﬁﬁ%ﬁ:s gégmt%%c%¥%%?%gt%ecEP@%%’
537. The expQsygsapparatus according to one of Clains 35 and 36,

wher ei n

out of position information of the novable body in

directions of six deer@ess@behéfedNi ROIN]AAsNERTIFd b ddheter that
directions of three degrees of freedomincluding the first 10

directiond thessecwsd dosietioon iarfdaatdioat | 0 diheeatoodblé t iodlyt hen  a
predeterm ned plane is neasured by the encoder system and position

i nformati on idizdatdetn odsfberene famm nthy tinecetdegises! ofifecketom by
is measured by the neasurenment system 15 38. The exposure
appar at us acégrr(ﬁq-}dittlélgcpapm @ tRgherdhpre measurement beams to at least

10

15

20

25

one reflection surface arranged at the movable body.

9. The movable body drive system according to one of
Claims 7 and 8, further comprising:

a controller that obtains correction information of a
subject encoder, by changing an attitude of the movable body
to a plurality of different attitudes, moving the movable body
in a predetermined stroke range in a direction orthogonal to
the predetermined plane while irradiating a detection light
from a head of the subject encoder to a specific area of a
corresponding scale in a state where the attitude of the
movable body 1s maintained based on measurement results of
the measurement device and performing sampling of measurement
results of the encoder during the movement with respect to
each of the attitudes, and performing a predetermined

computation based on results of the sampling.

10. The movable body drive system according to Claim 9,
wherein

when obtaining the correction information for a
plurality of encoders that correspond to the same scale, the

controller obtains correction information of a subject



a position of the novabl e body at | east when perform ng an exposure
operation is controll ed based on the neasured 20 position information
in directions of six degrees of freedom 39. The exposure
apparatus according to anyone of Clainms 35 to 38, further conpri sing:
a position nmeasurenent device that neasunég8 position 25 information
of the object in the third direction, wherein t he encoder
system the neasurenent ggstenland t he position neasurenent device

are used in & & ehBht NBper&Li GIPAsH Q& posIEPBRTF AF ofFECFoIFhat
of the object. 141 40. ..The ex ure apparatus according to
any one of QXA 3EMY t&%,glfaquﬁicgfr chgﬁ%ﬁ ??efﬁf)fp 5t che Séﬁ%?aer% Lncbder.

detection systemthat detects a mark on the object, wherein 5the
encoder system and the nark detection systemare used in a detection

operation of the mark. A pattern formation apparatus, comprising:

5 a movable body on which an object is mounted and which
can move substantially along a movement plane, holding the
object;

a patterning device that generates a pattern on the

object; and
10 the movable body drive system according to any one of
Claims 1 to 10 that drives the movable body for pattern

formation on the object.

12. An exposure apparatus that forms a pattern on an
15 object by irradiation of an energy beam, the apparatus
comprising:
a patterning device that irradiates the energy beam to
the object; and
the movable body drive system according to any one of
20 Claims 1 to 10, wherein
driving of the movable body on which the object is
mounted by the movable body drive system is performed for

relative movement of the energy beam and the object.

25 13. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a movable body that can move in at least first and second

directions that are orthogonal to each other within a

predetermined plane, holding the object;



41. The exposure apparatus according to anyone of Clains 13 to 40,
further conprising: 10an interferoneter systemthat neasures position
informati on of the novable body in at least the first and second

di rections, wherein in order to drive the novabl e body,

measur enent information of the encoder sy88emis used in an exposure
15 operation and neasurenment information of the interferometer system
is used in an operation different fromthe_ exposure operation.

42. The exposure apPaFRCQ8eZcRy? PRy yheck alg10f so9hAEBPnSection and
t inf ti f th d t i in a detectipon

oper at 1 on of 4 MR 0P LS aTPte P08 EFEREF I OF net? QRGP Lo on
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and 42, whereln east part o € neasurenent ( t1on
of the interfaiprBbefeSYShEM 1S 4saG gk fiﬂ@iﬁg&%ug@r%&@é A PRe motAble

44. A novabl e body drive nmethod in which a novable body is driven
substanti al | yo@dwnhgna phedatesadness pane i drhé nfelrhad ioAch 8dig movable
body in at least one of the first and second directions; and
a drive device that drives the movable body within the
predetermined plane based on measurement information of the
encoder system and position information of the movable body

10 in a different direction from the first and the second

directions.

14. The exposure apparatus according to Claim 13,

wherein
15 the movable body is driven so that a measurement error
of the encoder system that occurs due to a displacement of

the movable body in the different direction is compensated.

15. The exposure apparatus according to Claim 14,
20 wherein
correction information for compensating the
measurement error to be used for driving of the movable body
is obtained, based on the position information of the movable
body in the different direction.
25
16. The exposure apparatus according to one of Claims
14 and 15, wherein
the measurement information of the enccder system or a

target position at which the movable body is positioned is



a process of nmeasuring position information of the 5 novable body in
a predeterm ned direction parallel to the predeterm ned plane using
an encoder that has a head that irradiates a detection light to a
scal e having a grating whose periodic direction is the predeterm ned
direction and receives a reflected |light1Béomthe scale, and of
driving the 10 novabl e body in the predeterm ned direction based on a
measur enent val ue of 42%e#oder and correction informatiaon in

T 5

accor dance wiSH 565k St P B AR AgVBie sty iy the movable
direction di fg ec{fz%l f{hoerncslh]%.%@ eeFﬁcethlre ed directi on at the time of

t he neasur enent nova leorb'ody drive nethod

according to Cl aim44, wherein the scale is placed on a

surface of the novabl e body that is substantially parallel to the
predeterm ned plane,7.ange %&tpi@%u bSr Pt @6 gd cevhishde-d BRy w@f@lalms
body, facing the scale. 46. The novabl e body drlve met hod

accordi ng5t o Idheeofl & arlnsradih and 45, wherein 25the position

i nformation of the novable body in a direction different fromthe
predet er m ned di r edthiconbj act udesxpeosied by tihe enragyopeah wikeamvalbl end
body in at |east one direction out of a direction orthogonal to the

pr edet er m nedfraféle £3PSAECASIPREEPTBRIW FReNNash| bherperdltelIthag a

the 143
measurement error of the encoder system that occurs due to

a displacement of the movable body in the different direction
10 is compensated, while driving the movable body based on the

measurement information of the encoder system.

18. The exposure apparatus according to any one of Claims

13 to 17, wherein
15 the different direction includes at least one of a
direction orthogonal to the predetermined plane, a rotation
direction around an axis orthogonal to the predetermined plane,
and a rotation direction around an axis parallel to the

predetermined plane.

20
19. The exposure apparatus according to any one of Claims
13 to 18, wherein
the movable body is movable in the different direction,
and
25 the exposure apparatus further comprises a measurement

device that measures position information of the movable body

in the different directiocn.

20. An exposure apparatus that exposes an object with



predeterm ned plane and a rotation direction around an axis in a
direction orthogonal to the predetermined direction within a plane
parallel to the predeterm ned plane. 547. The novabl e body drive

nmet hod according to any one of Clains 44 to 46, wherein: when
t he novabl e body is driven using a plurallBdy of the encoders, in the
process of neasuring and driving, correction 10 information in

accor dance mﬁth(%ﬁsitigﬁ?infornation of the novable body in a

di rection di fFerentt4¥ ?Wﬂa?ﬂ%xﬁﬁ&ﬁ?ﬁ?ﬂﬁi?ﬁWQﬁﬁ?%ﬂgﬁs obt ai ned with
respect to each of atHSVSBEQCLe&d} gﬁ%?dcé)ﬁ]{nto?r% Posityon. | i.ormall on of 14

t he novabl e body in a directio eren rom the  predeterm ne

direction, ang thea dndovabke hedy dxscrfyd'fo\f%{]l baged, aoft%%'f'txﬁ%in a
(0] t he e

correcting a neasurenent val ue of each encoders using t

correction i ndeydentd o dd epehnef dnfle @ncodarsinespAGH VRéypect to the
48. The novabl e body drive nmethod according to any one 20 of C ains

44 to 47, Swhermideterminedsoldres sdadlediray filtstolspatie; t hat has a
grating whose periodic directionis a first direction within a plane
paral lel to the pr&decacadradsypsber, imwiighsegeomf scaretihgtséeisien and

grating whose periodic direction is a second direction that 25
intersects tIfe 19aSLndit dét PSR 2RTERT ANa2pFakEapar af | Ee tep¥afele body on

d i ned .pl i ded, d h der, . ;
D edeter M e PN 2 B2V oo o the oot 18 BRECSELE: & cccrion
heads pl aced.aq{d ghgffféfae&hng%sié 'a%'}%n'ggdt chfr?g%ﬁll% 91'1£P§(5é Uk E‘}QQ movable

measures position
10 body, and which measures position information of the movable

body in at least one cof the first and second directions; and

a drive device that drives the movable body within the
predetermined plane based on measurement information of the
encoder system and inclination information of the movable

15 Dbody.

21l. The exposure apparatus according to Claim 20,
wherein
the movable body is driven so that a measurement error
20 of the encoder system that occurs due to inclination of the

movable body is compensated.

22. The exposure apparatus according to Claim 21,
wherein
25 correction information for compensating the
measurement error to be used for driving of the movable body
is obtained, based on the inclination information of the

movable body.



information of the novable body in the first direction by at |east

one of the plurality of first heads that faces the first scale, and a
plurality of second encoders each of which has a plurality of second
heads placed at different positions in 5 the first direction and
measures position information of the novabbe body in the second
direction by at |east one of the plurality of second heads that faces
t he second scal e ary %%ﬁUded 1049. The novabl e % g drive ne%ﬂoq ,
according to O ai m?48, \iffeFEPRSULS APPRRATEP  AFCARF RGP AleSiaims
placed on a surf.as (?% f%} vabl e body that is substantially

parallel to the pre ‘ermned plane, and the first and second heads

are placed 15 outsige fhgsexabhe Pﬁggrm£@§bﬂgﬂ¥Q%e %ﬁ%ﬁaer system ¥k a

The novabl e body drive nethod according to any one o Ims 44 to

49, further imneidet pEs it RO WHEfcORA RJVGAR KRGl A% igdfsQriRinedn i s
of a 20 subject encoder, prior to the process of neasuring and

driving, by G:ima:n:@qt@cabaatetildmdt@eointhﬁna@yaﬂslmﬂanﬂqaﬁmrao}ﬁlweilniotsmble
of different attitudes, noving the novabl e body in a predeterm ned
stroke rangeladlya direction orthogonal to the predetermnined plane
while irradiating a detection light from

24.Theexposureapparatusaccordingtx:anyoneofgﬂaims

20 to 23, wherein
10 the object is exposed by the energy beam via a mask, and
when the exposure is performed, the mask is moved so that a
measurement error of the encoder system that occurs due to
the inclination of the movable body is compensated, while
driving the movable body based on the measurement information

15 of the encoder system.

25, The exposure apparatus according to any one of Claims
13 to 24, wherein
the movable body is driven based on characteristic
20 information of the head unit that is a factor causing a

mezasurement error of the encoder system.

26. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

25 a movable body that can move in at least first and second
directions that are orthogonal to each other within a
predetermined plane, holding the object;

an encoder system in which one of a grating section and

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



25 a head of the subject encoder to a specific area of a
corresponding scale in a state where the attitude of the novabl e body
I's mai ntai ned and perform ng sanpling of neasurenent results of the
encoder during the novenent with respect to each of the attitudes,
and perform ng a 145 predeterm ned conpaBati on based on results of

t he sanpli ng. 51. The novabl e body drive nethod according to
Cl ai m 50, mherej#h ' rocess of obtajning the correction

5i.n the . '

i nfoormati on, e 5%FhPHpﬁgtth%lﬁ%V4é%¥#BﬁeiQF i Shefgraking section
I lity of en r at .correspond to.the sane scale, c ction
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head of the subject enco attern formation me
i ncl udi ng: body in at least one of the first and second directions; and
5 a drive device that drives the movable body within the

predetermined plane based on measurement information of the
encoder system and characteristic information of the head unit

that is a factor causing a measurement error of the encoder

system.
10
27. The exposure apparatus according to one of Claims
25 and 26, wherein
the characteristic information includes optical
characteristics of the head unit.
15

28. The exposure apparatus according to any one of Claims

25 to 27, wherein
correction information for compensating the
measurement error to be used for driving of the movable body
20 1is obtained based on the characteristic information of the

head unit.

29. The exposure apparatus according to Claim 28,

wherein
25 the measurement information of the encoder system or a
target position at which the movable body is positioned is
corrected based on the characteristic information of the head

unit.



a process of nounting an object on a novabl e body that can nove
wi thin a novenent plane; and 15a process of driving the novabl e body
in the novabl e body drive nethod according to any one of Clains 44 to

51 in order to forma pattern on the object. 53. A
devi ce manufacturing nethod including a pastern 20 formation process,
wherein in the pattern formation process, a pattern is forned

on a substrate usigg)tﬂg?pattern formati on nethod according to Claim
¢

52. 2554. An expos IR S AR IR 23 Pt PEFRTOSNE0r BBy Rt Claims

object by irradiati f. an energy beam the nethod including:
driving a nn&ggﬁggﬁgqugﬁgﬁﬁf%h the object is nmounted, using the

novabl e body drive sgf RQ@aﬁfq.%?%g&ggié QA P1RG gf‘xtaﬁlélg'%?qe%%f@mé%t 'Qror

51, for relative novenent of nergy beam an e ol
55. An exposuwie tred hocddle mhéghcan oRhechcbsrexpasedowichl bean %glﬁﬁ:gxis

beam the nmethod including: mounting the object on a novable
body t hat Scarcompeendateat. | east first and second directions that are
orthogonal to each other within a predeterm ned plane; and
31l. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a movable body that can move in at least first and second
10 directions that are orthogonal to each other within a
predetermined plane, holding the object;
an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
15 and the head unit is arranged facing the surface of the movable
body, and which measures position information of the movable
body in at least one of the first and second directions; and
a drive device that drives the movable body within the
predetermined plane based on measurement information of the
20 encoder system so that a measurement error of the encoder

system that occurs due tTo the head unit is compensated.

32. The exposure apparatus according to any one of Claims

25 to 31, wherein
25 the object is exposed by the energy beam via a mask, and
when the exposure is performed, the mask is moved so that the
measurement error of the encoder system that occurs due to
the head unit is compensated, while driving the movable body

based on the measurement information of the encoder system.



driving the novable body within the predeterm ned plane, 10 based on
measurenent information of an encoder systemin which one of a
grating section and a head unit is arranged on a surface of the
novabl e body on which the object is nmounted and the other of the
grating section and the head unit is arrabged facing the surface of

t he novabl e body, and whi ch neasures 15 position information of the
novabl e body in at |east one of the first and second directions, and
based on position informati on of the novable body in a different
direction fromthe fir nd the second directions. 2056. The .
exposur e net hod acggr'dﬁl%%fcgoaugfﬁ%%r%%sf 3Fﬁ°r8mgzc°t ABY P3\PaBF &Laims
body is drivemn that g Jrasurement error of the encoder system that
occurs due to a displacenent of the novable body in the different

direction is conpersat gdat2hg’sedPEoLXROSWRRINAdLaa80RE 1Y e first
Cl aim 56, wherein correction informati on for conpensating the

measur eneht erinectiorbesused. dmyitadidiviaig difredid oV alblee Heedy unS t has a
obt ai ned, based on the position information of the novable body in

t he di ff er entpldineddittivopf heltds placed H8diTHererpasus et sthaod the second
according to one of Cainms 56 and 57, wherein the neasurenent o

i nformati on a8 iGHeodendy skletn ofNGOBEY ar GESLPBsi PREAUELSWhPORithen
novabl e body ,i s positioned is corrected based on the pasition )

i nf ormati on df‘ftopﬁénar%fd\%:b?gtk‘@dﬁ}ow'mt%go&iyf %?é}ﬁa%FPQEtﬁa&?S the grating
59. The expogrg 15 Rod aGeid 19 113, U1 xJ ai ms 10 55 to 58,

wher ei n
10

34. The exposure apparatus according to any one of Claims
13 to 33, wherein

the grating section is arranged on a surface of the
movable body, and the head unit is arranged facing the surface

15 of the movable body.

35. The exposure apparatus according to any one of Claims
13 to 34, further comprising:
a measurement system that measures position information
20 of the movable body in a third direction orthogonal to the
predetermined plane, by a sensor that faces the grating section
out of a plurality of sensors placed on the same side as the
head unit, wherein
a position of the movable body in the third direction
25 1is controlled based on measurement information of the

measurement system.

36. The exposure apparatus according to Claim 35,

wherein



the object is exposed by the energy beamvia a nmask, and when the
exposure is performed, the nmask is noved so that a nmeasurenent error
of the encoder systemthat occurs due to a displacenent of the
novabl e body in the different direction 15 is conpensated, while
driving the novabl e body based on the nmeadtérenent information of the
encoder system 60. The exposure nethod according to any one

of Cains 55 to 59, .wherein 20the different directiaq |ncluges at
| east one of a d|ré%?ﬁ%ﬁa%?fﬁ%%%ﬁayﬁﬁ?%?ﬁ@§?53§€§¥ﬁ1 &F pripenation in

rotation diregd pf; gaqgﬁ%xﬁﬁx§¥éﬁdqyEQSQEH%J fonkbE FE?Q? ﬁ%@%%vable

pl ane, and a rot atl on directionh around an axi S par a

predet er m neg, {2 B§5a Zyurality 8k sgﬂgof§pﬁ§é€ %a@%t pRd fccof il NG 4 on .

any one of d airs 60, wherein the novable body iIs novable in

the different dlrectlon, 148 t he exposure nethod further

i ncl udes a process of neasuring position information of the novable
body in the differéit. Aheeetporulby appaaaﬂuenao&odéymgetoEﬁﬁa<Ahc1a1ms
exposure nethod in which an object is exposed with an energy beam

t he nmet hod i il @dichg6, wherein

out of position information of the movable body in
directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
10 direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the
measurement system.
15
38. The exposure apparatus according to Claim 37,
wherein
a position of the movable body at least when performing
an exposure operation is controlled based on the measured

20 position information in directions of six degrees of freedom.

39. The exposure apparatus according to any one of Claims
35 to 38, further comprising:
a position measurement device that measures position
25 information of the object in the third direction, wherein
the encoder system, the measurement system and the
position measurement device are used in a measurement

operation of surface position information of the object.



mounting the object on a novabl e body that can nove in at |east first
and second directions that are orthogonal to each other within a
predeterm ned plane and can incline with 10 respect to the

pr edet er mi ned pl ane; and driving the novabl e body within the
predet ermi ned pl ane, based on neasurenent4informati on of an encoder
systemin which one of a grating section and a head unit is arranged
on a surface of the oyabl e body on which the og%gct i s nounted_and

the 15 other of thé ‘grat? AFPOSHEEHPRAKE the 2RERIIERRET aRYhgEG1aims

facing the s ce t vabl ody., and whi ch neasures position
i nformation t)yf'gt Te %va%‘fre{%eorgycoﬁn braltgﬁnequt one of the first and

second directions, aafﬁgrﬁ%ec%&q.&nngiféﬂ%git%ﬂ SLPLIRL iao%ag{< r%tnglghe object,

novabl e body. 20 63. The exposure net according to

wherein whdre qmovabl e body is driven so that a neasurenent error
of the encoder systemthat occurs due to inclination of the novable
body i s cbnpensat edhe2énédde flsgsexposud € heridriddaceot dong st <o ardused
63, wherein correction information for conpensating the

measur enent €ny g ded et e dHenatdrdryiafy Wie tdeer kvovabl e body s
obt ai ned, based on the inclination information of the 149 novable
body.

41. The exposure apparatus according to any one of Claims
13 to 40, further comprising:

10 an interferometer system that measures position
information of the movable body in at least the first and second
directions, wherein

in order to drive the movable body, measurement
information of the encoder system is used in an exposure

15 operation and measurement information of the interferometer
system is used in an operation different from the exposure

operation.

42. The exposure apparatus according to Claim 41,

20 wherein
measurement information of the encoder system is used
in a detection operation of the mark and/or surface position

information of the object.

25 43. The exposure apparatus according to one of Claims
41 and 42, wherein
at least part of the measurement information of the

interferometer system is used in the exposure operation.



65. The exposure nethod according to one of Clains 63 and 64, wherein
5t he neasurenent information of the encoder systemor a target
position at which the novable body is positioned is corrected based
on the inclination informati on of the novabl e body. 1066. The
exposure method according to any one of CKains 62 to 65, wherein

the object is exposed by the energy beamvia a mask, and when the
exposure is perfor k is nmoved so that a neasurenment error

d, th . .
of the encoder sys{%m ﬁhragvgﬁiﬁ&o%ér&aeme{:h@dimmmm grinefakhe Pody
movabl e body f$ §9$PSHSa&%%tg%@#%@l%%é%&%&;g%ng§¥gP£gm98g¥ %ﬁ%%%,o@he

t he neasur enen nt or mat’i on

The exposurezﬂ§gﬁggifﬁ: ing. to any one of Clains 20 55 to 66,
the nuﬁﬁﬁé?%%d

wherein y is driven based on characteristic

information of the hegeodddd bRatdaS A ifRCHN s CAUSE NYn B PRABUEEMBRTL the
error of the encoder system 2568. An exposure nethod in which an

obj ect i sSexpasethbW thodn Enesgprbeamerihacaethedcitiohudiai@llel to the
nmounting the object on a novabl e body that can nove in at |east first
and second dinpwmxidtongnited praneoruhbgonah eocedeh ohhér hwist ki mead that
predet er m nEdirprlaacll’]ieaiteasng detection light to a scale having a grating whose
periodic direction 1is the predetermined direction and
receives a reflected light from the scale, and of driving the
10 movable body in the predetermined direction based on a
measurement value of the encoder and correction information
in accordance with position information of the movable body
in a direction different from the predetermined direction at
the time of the measurement.
15
45, The movablé body drive method according to Claim 44,
wherein
the scale is placed on a surface of the movable body that
is substantially parallel to the predetermined plane, and

20 the head is placed outside the movable body, facing the

scale.

4. The movable body drive method according to one of

Claims 44 and 45, wherein
25 the position information of the movable body in a
direction different from the predetermined direction includes
position information of the movable body in at least one
direction out of a direction orthogonal to the predetermined

plane, a rotatioen direction within a plane parallel to the



150 driving the novabl e body within the predeterm ned pl ane,
based on neasurenent information of an encoder systemin which one of
a grating section and a head unit is arranged on a surface of the
novabl e body on which the object is mounted and the 5 other of the
grating section and the head unit is arraaged facing the surface of

t he novabl e body, and which neasures position information of the

novabl e body in at |least one of the first and second directions, and,
based on chaBkABT S ST ShRIARR FOR Bf ToRaEheRd AP £EL PALAT QU 154 Ag S

causing a 10jHF%Q“&??%EEiSrr%&t%k@%%%&iﬂﬁgdggez %%ggkeﬁﬁépggngarég%ion

exposure nethod accordrng to one f

t he char act erj:std G, inf.or i | u i ) ri.sfics o

t he head uni tv}.l%-ﬂlq} apé%LO%}:péThEse)cn:eéxl[r)io(aslu?L?négﬁggtaéadce:-:to%Ig@ﬁ{gé%f éér{%'one of
Clains 67 to 69, wherein correctioninformationforconpensatingthe 20
measurenent error to be used for driving of the novable body is
obt ai ned based on tife CTharmasteblistbhedy rimirveietahodf atberbead tiwidny one
71. The exposure method according to Caim 70, wherein 25 the

measur enent ¥ Grlrdmisort ofta Hd endodmirsystem or a target position at
whi ch the novabl e body is positioned is corrected based on the
characteristic inf &8 Fof RFvaHe hedy imidrivepsysing a plurality of the

encoders,
in the process of measuring and driving, correction
10 information in accordance with position information of the
movable body in a direction different from the predetermined
direction is obtained with respect to each of the encoders
based on the position information of the movable body in a
direction different from the predetermined direction, and the
15 movable body is driven based on a result of correcting a
measurement value of each of the encoders using the correction

information of each of the encoders respectively.

48. The movable body drive method according to any one
20 of Claims 44 to 47, wherein
as the scale, a first scale that has a grating whose
periodicdirectionisa first directionwithin a plane parallel
to the predetermined plane, and a second scale that has a
grating whose periodic direction is a second direction that
25 intersects the first direction within a plane parallel to the
predetermined plane are provided, and
as the encoder, a plurality of first encoders each of
which has a plurality of first heads placed at different

positions in the second direction and measures position



72. The exposure nethod according to any one of Clainms 55 to 71,
wherein t he novabl e body is driven so that a neasurenent

error of the encoder systemthat occurs due to the head unit is 5
conpensat ed. 73. An exposure nethod in which an object is
exposed with an energy beam the nethod RAél udi ng: nount i ng

t he object on a novable body that can nove in 10 at |east first and
second directjions that ar t hogon t.o each her. . wthin a

pr edet er ni ned""bt A& - = of the'R V?sill‘ﬁgb? : JrPo&i’t?l élEBHydW?‘F\FhOIPH%Y at
predet erm ne.dfl_ @ﬂq%nebgfetqieoplggg_%%&?@f]%i'r ftOﬁ%rg&!aQ&laQ{ f%rc]:e%ngﬁgefi st
systemin which one of a grating Section and a head unmt "I's arrange

on a surface g 0of, they %D$4Q&%19%§¥09ns$@bﬁ§ %H@o&@£§céa&§ SPYMESD has

and the other of the grating section and th ead unit Is arrange

facing the sw faeeaafithhefnoyabhe matys ARG ahbehdIeasHErs ROSitios in
information of the novable body in at |east one of the first and
second di becttilongirsd thatcainrasnd ererdurers pos2@ioh fthéocemnsoden of the
systemthat occurs due to the head unit i s conpensated. 74.

The exposur e THBIHOE st dimdheo sappnandispctianmey 67t t beds, awrerad rihe
25t he object is exposed by the energy beamvia a mask, and when the
exposure i s pEHGed heSekdiRedpvetinab fagESatheaseroREntsScelcoRre

of the encoder ﬁie that occurs due to the head unit is
conpensated,lﬁﬁf¥% iving the novabl e body based on the neasurenent
informati on of the encoder system 152 75. The exposure

nmet hod according to any one of Clains 55 to 74, wherein

10 49. The movable body drive method according to Claim 48,
wherein

the first and second scales are placed on a surface of

the movable body that is substantially parallel to the

predetermined plane, and the first and second heads are placed

15 outside the movable body, facing the scales.

50. The movable body drive method according to any one

of Claims 44 to 49, further including:
a process of obtaining correction information of a
20 subject encoder, prior to the process of measuring and driving,
by changing an attitude of the movable body to a plurality
of different attitudes, moving the movable body in a
predetermined stroke range in a direction orthogonal to the
predetermined plane while irradiating a detection light from
25 a head of the subject encoder to a specific area of a
corresponding scale in a state where the attitude of the
movable body is maintained and performing sampling of
measurement results of the encoder during the movement with

respect to each of the attitudes, and performing a



the grating section is arranged extending in the first 5 direction as
a longitudinal direction, the head unit has a plurality of heads

pl aced at different positions in the second direction, and the
encoder system nmeasures position information of the novable body by a
head that faces the grating section out &f3the plurality of heads. 10
76. The exposure nethod according to any one of Clainms 55 to 75,

wherei n the grating secti.on is arranged on surface of the
Tovabl e body, PEHIFTHETHERY R AL 4t SR5E0 PACTRGURE ShriiR e SRpTme -
t he novabl e body. 77. The exposure method according to any one
of Clainms 55 to 76, wherein by further using a neasurenent system

that measures 20 pasitirAB hd¥HIBLLAY &f i $d&TRVALEHLEYnE tLciRIR G0,
direction orthogonal to the predeteri ned plane by a sensor that

faces the grathdweisection out of a plurality of sensors placed on the
sanme side as the head unit, a position of the novable body in the
third diréction is iconheabtesck dascdolvna iehsy téread r 28ct hbo rineld rors tdifon,
the measurenent system 78. The exposure nethod according to
Caim77, whéfhsmh ot lndagutbreadr 8§St ool Messumes: usificiroa plurality of
information in the third direction and inclination inforpmation of the
nmovabl e 153 VYRGS atg‘laﬁr FPEFLHPORENSEr sChPats e eSERES gr AaTTFCtion

section. information of a subject encoder is obtained taking into
consideration a geometric error that occurs due to gradient

10 of the head of the subject encoder.

52. A pattern formation method, including:
a process of mounting an object on a movable body that
can move within a movement plane; and
15 a process of driving the movable body in the movable body
drive method according to any one of Claims 44 to 51 in order

to form a pattern on the object.

53. A device manufacturing method including a pattern

20 formation process, wherein
in the pattern formation process, a pattern is formed
on a substrate using the pattern formation method according

to Claim 52.

25 54. An exposure method in which a pattern is formed on
an object by irradiation of an energy beam, the method
including:

driving a movable body on which the object is mounted,

using the movable body drive method according to any one of



79. The exposure nethod according to one of Clains 77 and 78, wherein
5out of position information of the novable body in directions of six
degrees of freedom position information in directions of three
degrees of freedomincluding the first direction, the second

direction and a rotation direction withihi€he predeterm ned plane is
measured by the encoder 10 system and position information in
directions of . the r ining three degrees of freedogm|s neasured b

e’ measur endHe Sy (dnro S Eotge ReY e e bl Sateor oY i A 2nd
Claim 79, wh%%% %h@%d% position of the novable body at |east when
perform ng an expogure'operation is controlled based on the neasured
position information in directions of six degrees of freedom

81. The exposure nethod according to any one of Clainms 20 77 to 80,
wher ei n ~in addiAh eRpbRutrReneneeden wysdie Bnasish & e i REASHE SRR th
system a position neasurenent device that neasures position
informatibn eh tdreray éetam,n dhee ntaihodl dincdaidion;:is further used in a
measur enent operation of surface position 25 information of the

obj ect . 82. rPhiatéxgosbeechipe hibddrace sodiabd et bodpytloae ofn Glcaiendn
77 to 81, wherein the encoder systemand a nark detection systemthat
154 at least first and 5ecoend directions that are orthogonal to

each other within a predetermined plane; and
driving themovable body within the predetermined plane,
10 based on measurement information of an encoder system in which
one of a grating section and 2 head unit is arranged on a surface
of the movable body on which the object is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body, and which measures
15 position information of the movable body in at least one of
the first and second directions, and based on position
information of the movable body in a different direction from

the first and the second directions.

20 56. The exposure method according to Claim 55, wherein
the movable body is driven so that a measurement error
of the enccder system that occurs due to a displacement of

the movable body in the different direction is compensated.

25 57. The exposure method according to Claim 56, wherein
correction information for compensating the
measurement error to be used for driving of the movable body

is obtained, based on the position information of the movable

body in the different direction.



detects a mark on the object are used in a detection operation of the
mar k. 83. The exposure nethod according to any one of
Clains 5 55 to 82, wherein: in order to drive the novabl e body,
t he neasurenent information of the encoder systemis used in an
exposure operation and neasurenent infor@a?ion of an interferoneter
system that neasures position information of the novable body 10 in
at least the first and second directions is used in an operation
different fromthe exposure operation 84. The exposure nethod

according to C ai mS83, ur enent _i.nfor t ion o
encoder systemis use i %pé)sﬁile:t%e ﬁdoﬁg?g{'fiﬁlﬁg t%%e % é
surface posity.p 4-nf Qpy@dtdqn of the Obj ect. 85. The exposure

met hod according to one of O ains 83 and 84, wherein 20at |east part

of the measurenent thef peRBLireRenlk m.eohﬂéei&ﬁrmw eBYSHEM s§stl§1ﬁd>r a
in the exposure operation. 86. A device manufacturing nethod

i ncl udi ng5a ldanyegr e forarc ess ,whiher eibe 2Bvwakilke dddyhdgy iyt tioned is
process, a sensitive object is exposed and a pattern is fornmed on the
sensitive objastramiaty kawed xpodire prstiHcdradedicdimeg: itan ardy e nofvable

Claims 55 to 85, .
body in the different direction.

59. The exposure method according to any one of Claims

i0 55 to 58, wherein
the object is exposed by the energy beam via a mask, and
when the exposure is performed, the mask is moved so that a
measurement error of the encoder system that occurs due to
a displacement of the movable body in the different direction
15 is compensated, while driving the movable body based on the

measurement information of the encoder system.

60. The exposure method according to any one of Claims
55 to 59, wherein
20 the different direction includes at least one of a
direction orthogonal to the predetermined plane, a rotation
direction around an axis orthogonal to the predetermined plane,
and a rotation direction around an axis paralliel to the
predetermined plane.
25
61l. The exposure method according to any one of Claims
55 to 60, wherein
the movable body is movable in the different direction,

and



155 informati on of a measurenent val ue of an encoder systemis

deci ded, the encoder system having a head, which irradi ates a
detection light to a scale that is arranged on a novabl e body capabl e
of noving substantially along a predeterm ned 5 plane and that has a
grating whose periodic direction is a préd&termned direction within
a plane parallel to the predeterm ned plane and which receives a

(orlected LI, 1 aR heyseale, Bh0,TEReALLR POSLL SRRt LoD, o
including: 1 ; } i t I
7L U0 L0, e, o ] oLRORSEIEL 08 S aTROECTPRL o0l e

changed to a plafalddy Sf-didiel ey Atddddifesedhedpyabl e body is

moved in a predeterm ned stroke range in a direction orthogonal to

the predeterm ned plane while 15 irradiating a detection [ight from
the head to a specific area of the scale in a state where the

attitude bf the np¥&blEn koghy siusenmé thad nedyh Aol anheb $aapliisngxpdseéderith
measurenent results is perforned during the novenent of the novable
body with reffe@naxsedginf e mathiadidessluwhidi0a process of
obtaining correction information of a neasurenent value of the .
encoder system in BO¥GdANCELR PRIPBEI 2T oh MVESLeabPrey Bhat Heanmiais én

body i di i on, diff t f t det ermined direction b
per  or i ng.a 1 A8BEAT AHGH EBRPAEAPPAnc DEECR: Ghe r BUtk (A D THpIshal to

o7 "wherei n_ 2ot otpRd ul PRLACE S L BRI BROREY hdfidd U

ang e“novable

performedow thdrsied thdp Rt MG 1A gy thin a plane
paral l el 156
driving the movable body within the predetermined plane,
based on measurement information of an encoder system in which
one of a grating section and a head unit is arranged on a surface
of the movable body on which the object is mounted and the
15 other of the grating section and the head unit is arranged
facing the surface of the movable body, and which measures
position information of the movable body in at least one of

the first and second directions, and based on inclination

information of the movable body.

20
63. The exposure method according to Claim 62, wherein
the movable body is driven so that a measurement error
of the encoder system that occurs due to inclination of the
movable body is compensated.
25

64. The exposure method according to Claim 63, wherein
correction information for compensating the
measurement error to be used for driving of the movable body

is obtained, based on the inclination information of the



to the predeterm ned plane and inclination in the predeterm ned
direction. 89. A decision-nmaking nmethod in which correction 5
informati on of a neasurenent val ue of an encoder system equi pped with
a head unit is decided, the head unit having a plurality of heads
each of which irradiates a detection |igh8®to a scale, which is
arranged on a novabl e body capable of noving substantially along a
predeternlneddaig;: d whose 10 periodic direction is a
predetermnedﬁd’r SIS thin a pl ane parallel to the predeterm ned
pl ane, and receives a reflected light fromthe scale, and
constituting a plurality of encoders each of which nmeasures position
i nformation of the erﬁoveﬁaleeekzeexuke ﬁeeheaege&sfmﬂedtdl&?&tdpma&% 63
met hod including: 15 a process of performng, to each of
plurality of diends,, ehragigiiig of an attitude of the anabIe body to a
plurality of di f f erent attitudes, noving of the novable body in a
predet er nfbned stroké&er mageuiramanti teforoat boh hofahal ehootlbe system or a
predeterm ned plane while irradiating a detection light 20 froma
subj ect head ¥ agts P iftiionarcda Wl abhéd hee alce sl ea bt esvxm@rsettlhv@ed is
attitude of the novabl e body is maintained, and sanpling o
measur ement ICERHSE S5 bti‘ﬁ@dém:(?d‘@r 1%‘6%%@??&?%&@5}”%@?@%chﬁh%é‘é’d’able
during the vepent with respect to each of the attitudes; and 25a
process of o CRYi ng correction informati on of a neasurenent val ue of
each of the plurality of encoders in accordance with position
information of the novable body in a direction different fromthe
predetermpned diregls, OﬂhQYeQﬁéiﬁf@ﬂ&:}?ocPra%ﬂﬂHd‘%@ ERYPMH QLI O 1 aims
based on results of the sanpling.

62 to 65, wherein

the object is exposed by the energy beam via a mask, and

when the exposure is performed, the mask is moved so that a
measurement error of the encoder system that occurs due to

15 the inclination of the movable body is compensated, while
driving the movable bedy based on the measurement information

of the encoder system.

€7. The exposure method according to any one of Claims

20 55 to 66, wherein
the movable body is driven based on characteristic
information of the head unit that is a factor causing a

measurement error of the encoder system.

25 68. An exposure method in which an object is exposed with
an energy beam, the method including:

mounting the object on a movable body that can move in

at least first and second directions that are orthogonal to

each other within a predetermined plane; and
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driving the movable body within the predetermined plane,
based on measurement information of an encoder system in which
one of a grating section and a head unit is arranged on a surface
of the movable body on which the object is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body, and which measures
position information of the movable body in at least one of
the first and second directions, and based on characteristic
information of the head unit that is a factor causing a

measurement error of the encoder system.

69. The exposure method according to one of Claims 67
and 68, wherein
the <characteristic information includes optical

characteristics of the head unit.

70. The exposure method according to any one of Claims
67 to 69, wherein

correction information for compensating the
measurement error to be used for driving of the movable body
is obtained based on the characteristic information of the

head unit.

71. The exposure method according to Claim 70, wherein
the measurement information of the encoder system or a
target position at which the movable body is positioned is
corrected based on the characteristic information of the head

unit.
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72. The exposure method according to any one of Claims
55 to 71, wherein

the movable body is driven so that & measurement error
of the encoder system that occurs due to the head unit is

compensated.

73. An exposure method in which an object is exposed with
an energy beam, the method including:

mounting the object on a movable body that can move in
at least first and second directions that are orthogonal to
each other within a predetermined plane; and

driving the movable body within the predetermined plane,
based on measurement information of an encoder system in which
one of a grating section and a head unit is arranged on a surface
of the movable body on which the object is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body, and which measures
position information of the movable body in at least one of
the first and second directions, so that a measurement error
of the encoder system that occurs due to the head unit is

compensated.

74. The exposure methoed according to any one of Claims
67 to 73, wherein

the object is exposed by the energy beam via a mask, and
when the exposure is performed, the mask is moved so that a
measurement error of the encoder system that occurs due to
the head unit is compensated, while driving the movable body

based on the measurement information of the encoder system.
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75. The exposure method according to any one of Claims
55 to 74, wherein

the grating section is arranged extending in the first
direction as a longitudinal direction, the head unit has a
plurality of heads placed at different positions in the second
direction, and the encoder system measures position
information of the movable body by a head that faces the grating

section out of the plurality of heads.

76. The exposure method according to any one of Claims
55 to 75, wherein

the grating section is arranged on a surface of the
movable body, and the head unit is arranged facing the surface

of the movablie body.

77. The exposure method according to any one of Claims
55 to 76, wherein

by further using a measurement system that measures
position information of the movable body in a third direction
orthogonal to the predetermined plane by a sensor that faces
the grating section out of a plurality of sensors placed on
the same side as the head unit, a position of the movable body
in the third direction is controlled based on measurement

information of the measurement system.

78. The exposure method according to Claim 77, wherein
the measurement systemmeasures position information in

the third direction and inclination information of the movable
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body by a plurality of sensors that face the grating section.

79. The exposure method according to one of Claims 77
and 78, wherein

out of position information of the movable body in
directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane 1s measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom 1s measured by the

measurement system.

80. The exposure method according to Claim 79, wherein
a position of the movable body at least when performing
an exposure operation is controlled based on the measured

position information in directions of six degrees of freedom.

81. The exposure method according to any one of Claims
77 to 80, wherein

in addition to the encoder system and the measurement
system, a position measurement device that measures position
information of the object in the third direction is further
used 1in a measurement operation of surface position

information of the object.

82. The exposure method according to any one of Claims
77 to 81, wherein

the encoder system and a mark detection system that
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detects a mark on the cocbject are used in a detection operation

of the mark.

83. The exposure method according to any one of Claims
55 to 82, wherein:

in order to drive the movable body, the measurement
information of the encoder system is used in an exposure
operation and measurement information of an interferometer
system that measures position information of the movable body
in at least the first and second directions is used in an

operation different from the exposure operation.

84. The exposure method according to Claim 83, wherein
the measurement information of the encoder system is
used in a detection operation of the mark and/or surface

position information of the object.

85. The exposure method according to one of Claims 83
and 84, wherein
at least part of the measurement information of the

interferometer system is used in the exposure operation.

86. A device manufacturing method including a
lithography process, wherein

in the lithography process, a sensitive object 1is
exposed and a pattern is formed on the sensitive object using

the exposure method according to any one of Claims 55 to 85.

87. A decision-making method in which correction
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information of a measurement value of an encoder system is
decided, the encoder system having a head, which irradiates
a detection light to a scale that is arranged on a movable
body capable of moving substantially along a predetermined
pilane and that has a grating whose periodic direction is a
predetermined direction within a plane parallel to the
predetermined plane and which receives a reflected light from
the scale, and measuring position information of the movable
body in the predetermined direction, the method including:

a process of performing sampling of measurement results
of the encoder system, in which an attitude of the movable
body is changed to a plurality of different attitudes, the
movable body is moved in a predetermined stroke range in a
direction orthogonal to the predetermined plane while
irradiating a detection light from the head to a specific area
of the scale in a state where the attitude of the movable body
is maintained, and the sampling of the measurement results
is performed during the movement of the movable body with
respect to each of the attitudes; and

a process of obtaining correction information of a
measurement value of the encoder system in accordance with
position information of the movable body in a direction
different from the predetermined direction by performing a

predetermined computation based on results of the sampling.

88. The decision-making method according to Claim 87,
wherein
the attitude change of the movable body is performed with

respect to at least one of rotation within a plane parallel
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to the predetermined plane and inclination in the

predetermined direction.

89. A decision-making method in which correction
information of a measurement value of an encoder system
equipped with a head unit is decided, the head unit having
a plurality of heads each of which irradiates a detection light
to a scale, which 1is arranged on a movable body capable of
moving substantially along a predetermined plane and whose
periodic direction is a predetermined direction within a plane
parallel to the predetermined plane, and receives a reflected
light from the scale, and constituting a plurality of encoders
each of which measures position information of the movable
body in the predetermined direction, the method including:

a process of performing, to each of the plurality of
heads, changing of an attitude of the movable body to a
plurality of different attitudes, moving of the movable body
in a predetermined stroke range in a direction orthogonal to
the predetermined plane while irradiating a detection light
from a subject head to a specific area of the scale in a state
where the attitude of the movable body is maintained, and
sampling of measurement results of the encoder constituted
by the subject head during the movement with respect to each
of the attitudes; and

a process of obtaining correction information of a
measurement value of each of the plurality of encoders in
accordance with position information of the movable body in
a direction different from the predetermined direction by

performing a predetermined computation based on results of
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the sampling.



