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

manuf acturing nmet hods, and nore particulafly to a novabl e body drive
nmet hod and a novabl e body drive systemthat drive a novabl e body
within a noving plane, a pattern 15 formation method using the
novabl e body drive nmethod and a pat DESCRDEPRRONoNn appar at us equi pped
with the novabl e body drive system an exposure nethod using the
novabl e body drive nmethod and an exposure apparatus equi pped with the

novabl e body driwssEyEke vy taldkd F?ﬂﬁr ' 20
the pattern formtlonﬁﬁe?ﬁgy%m%@%n%n |§% Y, ﬁ\kg%
| i t hography proc8¥sSTEM, (PRTTERNT FORMATTON f METEOD]ANDT eARP PRRATIUON
devices or the like)
5 EXPOSURE METHOD AND APFARATUS, AND
DEVICE MANUFACTURING METHOD

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

20 the pattexrn formation method.

BACKGROUND ART
Conventionally, in a 1lithography process in the
manufacturing of microdevices (electron devices or the like)
25 such as semiconductor devices and liquid cxystal display
devices, exposure apparatuses such as a reduction projection
exposure apparatus by a step-and-repeat method (a so-called
stepper) and a reduction projection exposure apparatus by a

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



25 such as sem conductor devices and liquid crystal display devices,
exposur e apparatuses such as a reduction projection exposure
apparatus by a step-and-repeat nethod (a so-called stepper) and a
reducti on projection exposure apparatus by a step-and-scan nethod (a
so-cal l ed scanning stepper (which is 2 also called a scanner) are
relatively frequently used. In these types of exposure
apparatuses, in order to transfer a pattesn of a reticle (or mask) to
a plurality of shot areas on a wafer, a wafer stage that holds the
wafer is 5 driven in XY two-di nensional directions by, for exanple, a
linear notor orlSReCPiked 3 FHRNEFEURER ralitiRely aEeewenth¥ vyeedni ng

st epper, not only thfn"‘?ﬁ%%e ade %Et e%#lggu& ra%t ia%!_:1 Ulgésa,geiri1 sord eixv n

by a |inear notor or the na scanning directron o a

predet erm ned sHradk€er GEnRItALkH, oPOSirk081d O oAy EM®NE plutdiBity of
reticle stage or the wafer stage is perforned using a |aser
i nt er f er omet er shiedsaredm ol mafervah et drasbagp ddast abids tthef wafex is

ong, P 00Nt S MRS S0 AL eThL o lPENEL, e Securate,
wi th higher integeatimitd opeMLanMCt AhSpa Jl%‘i‘?niﬁytrteh@ase_of the
short-term fluctuation of the neasurenent val ues caused by variation
i n the tenperaterandhg tdteppenpapitessl pihehe feeastant baalalpat § witithe
| aser interferoneter, has been accqunting for a large share
stage is driven by a linear motor or the like in a scanning
direction in a predetermined stroke. Generally, position
10 measurement of the reticle stage or the wafer stage is
performed using a laser interferometer whose measurement
values have good stability for a long period and which has
a high resolution.
However, mere accurate position control has been
15 required due to finer patterns to cope with higher integration
of semiconductors, and recently the short-term fluctuation
of the measurement values caused by variation in the
temperature of the atmosphere on the beam optical path of the
laser interferometer has been accounting for a large share
20 of the overlay budget.
Meanwhile, as a measurement apparatus other than the
laser interferometer to be used for position measurement of
a stage, an encoder can be cited, but because the encoder uses
scales and the scales lackmechanical long-term stability (due
25 to drift of scale pitch, fixed position drift, thermal
expansion, and the like), and therefore, the encoder suffers
from the disadvantages of lacking the linearity of the

measurement values and beilng inferior in the long-term

stability, compared with the laser interferometer.



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

t hermal expansion, and the |like), and therefore, the encoder suffers
fromthe di sadvantages of lacking the lingarity of the measurenent

val ues and being inferior in the long-termstability, conpared with
the | aser interferoneter. 3 In view of the disadvantages of
the laser interfer on%‘? Fiewod ﬁf}?edié?ﬁfb’@é'ﬁaa%s @&t begembover fargrees

types of appar S a asure t 0 |t|o of a stage us bot
a | aser |nterf%%§ne eB éﬁ:eﬁgo 6p§§|tl%§?v§été%iﬁé§¥ 5 é%é%
that uses a di ffpgaﬁ'bt@@eéart@;ta‘tnﬂéaélﬁ}éetﬁéeﬁbélrt&léﬁsgﬂ a(rs%faeé ﬁﬁrPgai)@ﬂﬁ
Ctations 1 and and the |ike) Further, although a

measur enent regollasegniotenfawmetati amdl are oodeie rwdpos if Bur aletiecti bmt
of an interéeroneter recently encoders having the neasurenent

resol ution BquifPSPT 1P &uMsEsoR ?%F#qﬁgtFage?r??ﬁQQPfBFHﬁE?%ﬁ%sR%&Pésed
come out (e.9. (kBEEE {0 FRA cLAAAN 13,000 [ Nihd 'ehi) 11200, L e

t echni que of conblnlng the l'aser interferoneter and the encoder has

been gat hering att erﬂfuﬂherl-bvwl/tﬂfqughn & hene23dage RSt t ir@B8 olRAStH EFENta
within the 15 nnvingﬁflane of a wafer stage on which a scale
(grating) is aFPBFE®R 9@%@%%@@%@@% enebdeofrnintenfierometer,

exampl e, 1n an xRty 8nARRAL 4T 1ng MRAREH ARt 1OGINALL MnaY o:

10 superior tothe laser interferometers have come out (e.g. refer

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

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

However, in the case position measurement within the

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

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

an exposure apparatus, the accuracy of the grating is similar

to that of a movable mirror without bending correction, and

therefore from the viewpoint of accuracy, it is obvious that

20 the result of the position measurement without any correction

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

correction in view of the accuracy error of the grating is

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

a complete plane and the erxror component due to the uneven

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

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

corrected. Moreover, there i1s the inconvenience that the

measurement error of the encoder cccurs due not only to ths

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



to that of a novable mrror wthout bending correction, and therefore
fromthe viewpoint of accuracy, it is obvious that 20 the result of
the position nmeasurenent w thout any correction can hardly be used
for the position setting. That is, correction in view of the accuracy
error of the grating is required. Further, in actual, since a grating
surface is not a conplete plane and the error conponent due to the
uneven 25 surface of the grating surface js also included in a count
val ue of the encoder, this error conponent al so needs to be
corrected. Myreover, there is the inconvenience that the neasurenent
error of the efesmariorrimprdubuhorlonlty eoheded wudl de(e. gerddisntess

of the gratingt%%rf%%%d,orc%rankﬁ%cal characteristics), a relative
displacement of the head and the scale in directions different
from a measurement direction in which the encoder measures
5 the position of the wafer stage, or the like.

Patent Citation 1: Kokai (Japanese Unexamined Patent

Application Publication) WNo. 2002-151405
Patent Citation 2: Kokai (Japanese Unexamined Patent

Application Publication) No. 2004-101362
10 Patent Citation 3: Kokal (Japanese Unexamined Patent

Application Publication) No. 2005-308592

DISCLOSURE OF INVENTION
MENAS FOR SOLVING THE PROBLEMS

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

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

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

With this method, position information of the movable



4 formation error) but also to a head unit (e.g. gradient of the
head, or optical characteristics), a relative displacenent of the
head and the scale in directions different froma measurenent
direction in which the encoder nmeasures 5 the position of the wafer
stage, or the |ike. Patent Citation 1. Kokai (Japanese

Unexam ned Patent Application Publication) No. 2002-151405

Patent G tation 2: Kokai (Japanese Unexanijned Patent Application
Publ i cati on) No. 2004-101362 10Patent Citation 3: Kokai (Japanese
Unexam ned Patent Application Publication) No. 2005-308592 DI SCLOSURE
OF | NVENTI ON MERAS FER SO PrRE:TeEripROBL ENBestipr ppawaliteli nwent ithba

o e Toe 'HeRaPRLARI AL (00ngl 4 d HR A3 O 088 Ol D B B0 S1an R

according to a aspec e pre

provided a firsl neavabhger bodwdetys IRidtadelin W Gl %oﬁavaéélf-'e b@@xnbs

driven substantially along a predeterm ned plane,” the net hod
i ncl udi ng: a procesticl raser ipegipdsct donechifor ned i bhneo@redimtemmialatie
body in a péedetern1ned direction within a plane parallel to the

predet ermin LZRECHRT G hReerttie THEEksS Ja—q%gaar?rﬁé%hq PFatRafad
a detection li *Ne rh&dﬁat Zef%ﬁé gaggng &%ﬁ&h%é"ﬁ?&&&%&dﬁ@ﬁ% irection

direction is the prede Irection and recei ves a

| i ght from thebaeatieon aitttk edea@iir¥mdg: 3 ueDxabde dadeckioh hﬁ1 which a
predeterm ned direction based on the neasurenent value and
i nf or mati on onMeRaRFeGENpprrpe caeae@d by the flatness of the scale included

in the measurement value of the encoder has been corrected

10 based on information on the flatness of the scale.

Accordingly, the movable body can be driven in the

predetermined direction with high accuracy using the encoder
without being affected by the unevenness of the scale.

According to a second aspect of the present invention,

15 there is provided a second movable body drive method in which

a movable body is driven within a moving plane including first

and second axes that are orthogonal to each other, the method

including: a first moving process of moving the movable body

in a direction parallel to the first axis, based on a

20 measurement value of a first interferometer that measures

position information of the movable body in a direction

parallel to the second axis by irradiating a measurement bean

to a reflection suxface arranged on the movable body, and a

measurement value of a second interferometer that measures

25 position information of the movable body in a direction

parallel to the first axis by irradiating a measurement beam

to a reflection surface arranged on the movable body; a process

of deciding correction information of grating pitch of a scale

that is sequentially placed facing a head unit according to



Wth this nethod, position information of the novable 5 body in a
predeterm ned direction parallel to the predeterm ned plane is
nmeasured by using the encoder having a head that irradiates a
detection light to a scale having a grating whose periodic direction
is the predetermined 5 direction and receives a reflected [ight from
t he scale, and the novabl e body can be driven in the predeterm ned
direction based on the neasurenent value after correction in which a
measur enent error caused by the flatness of the scale included in the
measur enent val ue of the encoder has been corrected 10 based on

i nfor mati on on HRem9VeRMANESSE Shetmryaidal kodpdadiit Agryt modnamesisles,
body can be driyven.,in the redetermn d direction with ht%r%accuracy

using the encod@&FeRi PRCUIBE AT EFT % @& By the SRTEPEnARES TRrqugLers

scal e. Accordi agné&@e%@a@n@hlwgftan%né&%rpéﬁ@%ﬁkohﬂé{@i‘aﬂ B8R, flla%ness
there is provided a second novabl e body drive nmethod i1 n which

novabl e body |pfdtheeﬂcadeknthaahmadlnglplewnsﬂuhmtmdgnghé|énnodymdthat
second axes_that are orthogonal to each other, the methaod inc|udjng:

a first movPngMFROLESS BPSHOWAThlRFRITASIAEI ©thddie i Tovaklier Radvonin a
parallel to thﬁiﬁ:é&’élofﬁ?a?:al?éf% RRelr s@%igrlggg o¥1agL U&f Jur%ment

first interferoneter t nmeasures position Intrormati on

novabl e body i radudig®et hedd pakel feted 8hthecSRCONHaRES oBYthe movable
irradiating a neasurenent beamto a reflection surface arranged on

the movabl e bo&9dy ryiagreasaténerin ¥ prgdeberminnscphtch whost araiedie
t hat neasures ositian i fornatlon of th vab body in g
direction para%ﬁe? Phng ?5?1533§3q@prF?§Eﬁ 6%5 ﬁﬁé@hf@ﬁﬁﬁtaﬂd
beamto a f1efl eabi@misgird aﬁ&@ﬂ&%@%@ el fPl%aHBV%Blae Qeéyplac@& 0&@8&
of deciding correction information of grating pitch of a scale that

i s sequenti al | prpfieteduiraci rg saaheadaliong acdbrehtignt parélléheto the
novenent of the novabl e bOd%ﬁln the first noving process, _based on a

measur enent vaPBECHT AHE’sBRA R BEREEFF 950 MR NT & ke ZSYRBHR oAk Bed
of an encoder and,ipf fﬁ‘i'ie?”ty ahpess of L0& SCHBe (S Agad ynit

COﬂStltutlng t he encoder
measurement value obtained from the head unit based on the

15 correction information of grating pitch.

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

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

25 movement of the movable body in the first moving process is
decided based on the measurement value of the second
interferometer, the measurement value of the encoder and
information on the flatness of the scale, the head unit

constituting the encoder that measures position information



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

neasur enent val ue obt ai ned fron1;he hgad unit based on the 15 .
correction inf @k 8WvePlyhmdynin gi dérectionhpatils.adetddie fhest axis

novabl e body i moved i,n a directio aral | o the, first IS,
based on the n%ggﬁ%/ie%ntchevl_g%%u%?metl%ee?ﬁ?%to% ﬁh%rtfe_eardoﬁéfé?gt : scale
measures positi@Rti N UrMhiyel &f tHaenbBPyEtl &oR9dYnd Maa di {;?&Eihr@ in a
parallel to 20 the second axis and the neasurefrent val ue of the

second i nt erf epordeternhatd phhshnéssposetiaiid diseomidronsod dihection

movabl e bodg in a direction parallel to the first axis. Then, _
correction Pnf8FRELFEh T6f Cof fiTsy p¥ivhasf induddapes tdarality of the

sequentially phaged bach0g LbeangadauPlin R0 HlisAEnte §H° 2% TRLRBH!
of the novabl e body rn the first "noving process is
parallel to the secondaxis. Inthis case, ameasurement error
caused by the flatness of the scale included in the measurement
value of the encoder can be corrected based on information
10 on the flatness of the scale, and correction information of
the grating pitch can be decided based on the measurement value
of the encoder after the correction and the measurement value
of the second interferometer. Then, while correcting the
measurement value obtained from the head unit based on the
15 cozrrection information of grating pitch, the movable body is
driven in a direction parallel to the first axis. Accordingly,
the movable body can be driven in a predetermined direction
with high accuracy using the encoder without being affected
by the unevenness of the scale and an error of grating pitch
20 of the scale.
According to a third aspect of the present invention,
there is provided a pattern formation method, including: a
process of mounting an object on a movable body that can move
within a moving plane; and a process of driving the movable
25 Dbody using either cne of the first and second movable body
drive methods of the present invention in order to form a -
pattern on the object.
With this method, by forming a pattern on the object that

ismounted on the movable body that is driven with high accuracy



deci ded based on the measurenment val ue of the second interferoneter,
t he neasurenent val ue of the encoder and information on the fl atness
of the scale, the head unit constituting the encoder that neasures
position information 7 of the novable body in a direction parall el
to the first axis based on the neasurenent value of the head facing
the scale that is arranged on the novabl e body and has a grating in a
predeterm ned pitch whose periodic directgon is a direction 5
parallel to the first axis, and including a plurality of the heads

pl aced at a predeternined distance in a direction parallel to the
second axis. |HSiRgeiddee one afadheefirat éﬁﬁowmfgélévﬁyle Heodtyl drdess
of the scale ingLHg‘?d 'anéhe rgeas%rerrentt.val Uﬁ of the encod%r ¢an b
corrected baseBSER°Thdr FRE i T F0 Ton THE A at het PR FRe¥b &1% 5K
correction infgpnptd adbsctt Rer@rddindcRLt-88y can be deci ded based on

t he neasurenent val ue of the encoder after the correction and the

neasur enent val ue ofAddeedsegdrdai fertheaspmitent theprenbnt dnvention,
correcting the nmeasurenent val ue obtained fromthe head unit based on

the 15 correct FBRFE nfidr AIGRSEF Yyr &irRf pleriRe (MREUFBGhRFEdolgtied
L _ o m ;e _
rivenin a 'aﬁgfb%&g}glog@%%sknt%;&n %%IéllrlﬁnggégSwheg@ﬁ%ﬂgﬁgﬁ?ggsm

novabl e body can nina ede di rectron “w

accuracy usi ngfbheaieogebcdbs haupabedng iaf Eachad by at HepemeNaessy
of the scale and an error of grating gitch 20 of the scale.

Accordi ng to athipa-tespeéorotitide metagenet ithremresant t herantion.
provided a pattern formation nethod. .includjing: .a process af nounting
an object on a movaBbicEhIeye tiTaf g%\ tWBeﬁ#t%? ﬁ%ﬁ RBYS - &Pé(ﬁ&?l%fhd

a process pf deh¥iddst &m@h%%tbQQ%OM&ﬁeehé@qrn aRecPfa bBerern
first and second novabl e body drive nmethods of the present invention
in order to foiLsnformedttmran ohjédie bgbjerddiation of an energy beam, the
method including: driving a movable body on which the object
is mounted, using either one of the first and second movable
body drive methods of the present invention, for relative

15 movement of the energy beam and the object.

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

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

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

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

predetermined plane, based on measurement information of an



Wth this nethod, by formng a pattern on the object that is nounted
on the novable body that is driven with high accuracy 8 using either
one of the first and second novabl e body drive nethods of the present
i nvention, the pattern can be forned on the object with high
accuracy. According to a fourth aspect of the present invention, 5
there is provided a first device manufacturing nethod including a
pattern formation process, wherein in the pattern formation process,
a pattern is fornmed on a substrate using the pattern formation nethod
of the present invention. According to a fifth aspect of the present

i nvention, 10 ©hepder ssl»ﬁﬁrté‘vll e avhel oy PB@‘ ek poguebimptdesdion awd ehhaad

tt is f d i atign of an ener eam e
P het i nel udi ABETe HrrathBR oR e s Ve FerRBLE IRkt Gru wnd O
mount ed, Usi NGBkt B8YeN8 OhohRted |4t tﬁ@%x@ﬁ&f’% rﬁﬂga&ﬁf&dge@ew&
met hods of the present invention, for relative 15 novemrent Of

ener gy beam anedntihizeoigatinit is arzamqea flalefi ag ratlehad: fafcerof he Erekra]blye
novenent of the energy beamirradiated to the object and the object,

t he novabl e®bo8§dBrAnth"BACE Heeasvrest Pesl tivin i eBormatdony ef e F\‘Oﬁﬁ]@#
SO e ory qaZ o IpRal ML ndN e ol Db A 8C Ak HRYAPLE BOBELdEL 8P

20 nmet hods of t resent gl'y,” a pa rmn-can

formed on the oRj emtrwésholfl the agEAiRGY sBY¥LS&aNNI Ng exposur e.
According to a sixth aspect of the present invention, there is

provi ded a second eﬂbé@uﬁéiﬁfm¢ﬂhpd:nthhlm¢w&hiaabpé&tcan accurately be

driven within a predetermined plane using the encoder system
10 without being affected by the flatness of the grating section,
and therefore the object mounted on the movable body can be
exposed with high accuracy.
According to a seventh aspect of the present invention,
there is provided a third exposure method in which an object
15 1is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; and controlling a pesition of the movable
body within the predetermined plane so that a measurement error
20 of an encoder system, in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object ismounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
25 body within the predetermined plane, is compensated, based
on measurement information of the encoder system and
correction information in accordance with characteristic
information of the grating section and the head unit.

With this method, the position of the movable body can



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

t he novabl e 5 body and whi ch nmeasures position information of the
nmovabl e body widdsiwratReyhedensralrd vpihbe 2 prgdpheringd phfbe sdngn
on flatness of the grating section . Wth_this, nethod, the
novabl e body ce{:tr?eaggﬁ?)g?]él il Sgceemd?”’fLyé?luWkﬁ'}inﬁ 395?%]%%4 &¥nnBlapieement
using the encodairosystefhd GnMddaeuty el Gaakigot ey (R LAl Nass cQf
the grating section, and therefore ¥he obj ect nmounted on the novabl e
body can be expddetheigrtathnghsectcitmasyd the head Andar damd) therafssy ehth
aspect of the present invention, there is provided a third exposure

met hod i n whi clPPIRCEHFRREES onsths Movaklei perdiafaenes RERISER Wik high

met hod i ncl udi ng.. oM gting t he object on a novabl e body that can nove

+

in at least first and second directions that are orthogonal within a
predet erm ned pl ane; Ae@skdient £ 6 lahi st hoasH 4408t ahet hieedBntabhveRady,

within the predeterm ned plane so that a measurenment error

there is provided a fourth exposure method in which an object

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

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

and second directions that are orthogonal within a

predetermined plane; and controlling a position of the movable

body within the predetermined plane, based on measurement

information of an encoder system in which one of a grating

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

bedy on which the object is mounted and the other of the grating

section and the head unit is arranged facing the surface of

the movable body and which measures position information of

the movable body within the predetermined plane, and based

20 on correrction information to compensate a measurement error

of the encoder system that occurs due to flatness of the grating
section.

With this method, the position of the movable body can

accurately be controlled within a predetermined plane using

25 the encoder system without being affected by a measurement

exror of the encoder system that occurs due to the flatness

of the grating section, and therefore the object mounted on

the movable body can be exposed with high accuracy.

According to a ninth aspect of the present invention,



20 of an encoder system in which one of a grating section and a head
unit is arranged on a surface of the novabl e body on which the object
is mounted and the other of the grating section and the head unit is
arranged facing the surface of the novabl e body and whi ch neasures
position informati on of the novable 25 body within the predeterm ned
pl ane, is conpensated, based on neasurenent information of the
encoder system and correction information,in accordance wth
characteristic information of the grating section and the head unit.
Wth this nmethod, the position of the novable body can 10 accurately
be control |l ed WherREni & ppPEdded mEAEEh Fxprsuns inrf hodeie bdgbr an bt eat
w t hout being affected b neasurenent error aof the encqQder system
SRt 1 TR OB Y ey AR e Rha s i St MEURELES

caused by the (lcsharacst eris
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exposed wi th high accuracy. According to an eighth aspect o
t he present inweedti eagonderdriectppoyi dddthia faowr t brekposiale netthad ia
whi ch an object is exposed with an energy beam the nethod including:

mount i ng 10>t hE*BBF BRI UIFEPIFALIRS B8Ry A HARIGHROFHEON ff Shemoyaple
first and secopdadl Leehl Phd DELABEERIANPYNARe, YOLOLE &) measurement
ahe; an ol fjl ng o] e Trovabie 808y

predet er m ned pl cont a position

within the predafernitish Rifang, eesRd @RsABASLH /ERh bAb 6B ig@RtQhg
an encoder systemin which one of a grating 15 section and a head
unit is arrang€8chbihomasdrd head ohitHe woranded todysunfaski chthéaogbbbet

is mounted and,_the other .of the,grating sectio nd the head unit.is
arranged faci nBOF}ﬁé’ns &c@eo?bqg%t hﬁ%}‘gﬂPg?‘%&_& ti‘r‘?o"%ﬁ"’c‘?fﬁﬁﬁé’ﬁ?@éng
posi tion infor BBk 98h Gindt BRe MYRDLA: POLY Mirbibs t AR IRGedRE afylifaed of
pl ane, and based 20 on correction information to conpénsate a

measur enent er ktbe mdvaddle bodpderd siitle mealsatesqouritiduel o flzatinasst

of the grating section. Wth this method, the position of the
movabl e body c&R® AR PYIBe HoHTY SPPeBr s iR idch, Bl er Aidelased

pl ane using 25,1 he, sncqqer B¥%%$E%§%%h9ykﬁgﬁgﬂgaééEpgégg%%?@éﬁg error

nmeasurenent error of the enco emt occurs
fl atness of thefgta engosecisyeiematitht BeeeiOrdiet b6 tORj goht IMyREEEiON

t he novabl e body can be exposed with high accuracy.
15 and a displacement of the movable body in a different direction
from the first and second directions.

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

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

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

mounting the object on a movable body that can move in

at least first and second directions that are orthogonal within



According to a-ninth aspect of the present invention, 11 there is
provided a fifth exposure nmethod in which an object is exposed with
an energy beam the nethod including: nounting the object on a
novabl e body that can nove in at |east first and second directions
that are orthogonal within a 5 predeterm ned plane; and controlling a
position of the novable body within the predeterm ned plane, based on
measurenment 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 10 secti Hedatermindtedanai and flgor aagethdldeienyithersspdcicbo
of the novabl e _body_and_ whi.ch neasures sition information of the
movabl e body mf%ﬁiﬁr?ﬁ%ﬁ%?@ﬂfPeP %%hEHF ne, and based on correction

information to conpensal®id:iNEas WeRAbnes £ %&Mé}&@%ﬁ%ﬁﬁﬁ{ ﬁgle

that occurs due to the grating section 15 and a displaceneént o
novabl e body i praddiéfreirent pllanecthiazed somdadsartinest iamdraecHod of an
di rections. Wth this nethod, the position of the novabl e body

can accur at 8l y ®BECEBRtTHIEYL N THiGh anprekiar grarhed sackienusrh@ brad
encoder syst emuw.i.rthf)%taﬁein dagéegtﬁgr%eao UrenRah 20,80 ror Bt oy
s dug 10 ahda

t he encoder systemthat  occur € grafing sécfron

di spl acenent okhaoyiehéer BedyhouAtad dirdehieopt Kb f f ehk gr:amﬁ &dcith 8h
and second directions, and therefore the object nmounted on the

novabl e body cahdidieehgrduniniisiatragyeddmeiagtheseirorddhghe acaable
tenth aspect o he esent invention, there.i rovj ded _a sixth
exposure net ho%ohﬁ ‘WEC{ @%‘lﬁh BB gbﬁktp’o@e_&n%’gﬁa%?neﬁérw Feyaple
the nethodypnchydiNiithin the pFRHOEE B AL ORLEC binANb A dBP YA & R2EY on
that can nove in at least first and second directions that are

ort hogonal w t hnficrmation to compensate a measurement error of the encoder
system that occurs due to the grating section and inclination
of the movable body.

With this method, the position of the movable body can

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

20 high accuracy.

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

25 and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement
information of an encoder system in which one of a grating

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



12 a predeterm ned plane and also can incline with respect to the
predet erm ned pl ane; and controlling a position of the novable
body within the predeterm ned pl ane, based on neasurenent information
of an 5 encoder systemin which one of a grating section and a head
unit is arranged on a surface of the novabl e body on which the object
is nounted and the other of the grating section and the head unit is
arranged facing the surface of the nnvabhg body and whi ch neasures
position informati on of the novable 10 body within the predeterm ned
pl ane, and based on correction information to conpensate a

measur ement  er PEAYSM ¥ikkchebled del ecly ¢ £ mounhatl anddivesothee: ¢H thhgrating

grating section _and incljnation of the, novable hody., Wth this

met hod, the posSfﬁ@%ﬁno?ml ﬁgenl;s%%u&lﬁoﬂ@ ae&ﬁnisga*{%?m éF? P face of
control led w thhg RoPAdLbERYI HRA WAk B8R GndishPd s P65 ANCRISH £ SHSHAT, of
wi t hout being affected by a nmeasurenent error of the encoder system
that occurs duéheombheblgr atoidggwsetn aheapdedidioeiniclednaland, efnd besed

novabl e bodé, and therefore the object nounted on the novabl e body
can be exposedC®Ri EPrERFHCGhintRAddpn to compepgabe ¢ KBTI ERETE] EVERE h

aspect of the i t] t e i royi ded sevent h exposure
met hod i n whi cﬁ%:%?%tgjngg%{g?sgy%)[%sf)ﬂsg%two? ﬁug% &é/'lr?egayt eegﬁ]ag%lh% sﬁi%?h%’b
i ncl udi ng: nouahinghdé he:zebjuaget. on a novabl e body that can nove in at

| east first 25 and second directions that are orthogonal within a

predet er mi ned pl ane;Wididtbbnmeshbingte positian off thdaomebablmdyodyn
AR e R e M Rt T HIRIE A 8
i's arrangegp ontRe Sedis L stBR WRMRRLCLeddy affected by a measurement
error of the encoder system that occurs due to the grating
section and the head unit, and therefore the object mounted
on the movable body can be exposed with high accuracy.
According to a twelfth aspect of the present invention,
15 there is provided an eighth exposure method in which an object
is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogenal within a
predetermined plane; preparing an encoder system in which one
20 of a grating section and a head unit is arranged on a surface
of the movable body on which the cbject is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body and which measures
position information of the movable body within the
25 predetermined plane, and an interferometer system that
measures position information of the movable body in at least
the first and second directions; and deciding correction
information used to compensate a measurement error of the

encoder system in the first direction that occurs due to a



body on which the object is nounted and the other of the grating
section and the head unit is arranged facing the surface of the
novabl e body and whi ch neasures position information of the novable
body within the predeterm ned plane, and based 5 on correction
information to conpensate a neasurenment error of the encoder system
that occurs due to the grating section and the head unit. Wth
this method, the position of the novabl e hody can accurately be
controlled within a predetern ned plane using 10 the encoder system
wi thout being affected by a nmeasurenent error of the encoder system
that occurs dudordathen gracirnef fbetguntimgdsedisldreadased on merburement
t herefore the abj.ect n the n, be,exposed with

unt e vabl e bodg a
hi gh accuracy. * g(?Wﬁ?%%“t% a- ‘?,\B?I}‘J[C’ﬁ%ésﬁé'éftelaf Pﬁetlﬁ?eégﬁ rferometer
| vention, 15 ld4@ken! SpbLoNddIot Al Al ihe RASING BRUOOGN! Rnthigh,an
object is exposed with an enerdgy beam™ the net hod including: nounting
t he obj ect on &imevabbe abddysddradn dafomdaei omoatfllatastsidf 8he adting
second directions that are orthogonal w thin a predeterm ned plane; -

preparing an efEGHLPTsyARbFONETARlEH Gheoshtben L jithe Revalka kedyahd
a head unit is r f of _the novabl d n i.ch the
object is m)untt gg %ﬁg‘gg?ﬁ%’%ﬁ 53% %t% Heopgrta%i F\laa s%xé%e%% %ﬁgorfr\?q%lﬁgaaP

unit is arrangedef astd@ed e ssunf ac@ e heraBY M & Fediatish whi ch
measures position information of the novable body within the 25

predet er m ned pl ane,Widid thhs inetéoterdreresisien af thamovehderesly can
position information of the novahl e body in at |east the fiyst and
second directi S‘ﬁg?r?ﬁ%‘}ﬁ&?@i 8?1?18703&(&%&%6’1{’ ian?B?%’atﬁrSHnﬁgeFﬂ{ﬁp_(F using
conpensat e18 NMBASULSIBIEr @4ECEN Of: iMRLCBEPHS 2 SRRt by 4 W ddurihent
direction that occurs due fo a 14 formation error of the grating

section, basedeonormess tenentodeaf crymiemonhef ddmrendadeto sy Hoafaaben
the interferoneter system obtained by novi n%ht he novabl e bOdé in the

first directi oRTARAE BaTHHE 11 BpFRtI b2 h Theae Frasthe obpechmanhed 5
on | and J A ¥ f | . 3
e o Dasc SR ERL PP PR 00 e LU, IR AN, BUY Lofhe |1

direction based on the neasure e7enco rcgystem
and the correction imfodr@hiore a thir¥ébhth hiaspeBthest the peskthen

of the novabl e body can accurately be controlled within a
predet er m hed phEpRtiminghere is provided a second device manufacturing
method including a lithography process, wherein in the
lithography process, a sensitive object is exposed and a
pattern is formed on the sensitive object using either one
of the second to eighth exposure methods of the present
20 invention.

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

25 irradiates a detection light to a scale having a grating whose
periocdic direction is a predetermined direction within a plane
parallel to the predetermined plane and receives a reflected

light from the scale, and measures position information of

the movable body in the predetermined direction; and a drive



10 the encoder systemw t hout being affected by a nmeasurenent error
of the encoder systemthat occurs due to a formation error of the
grating section, and therefore the object nounted on the novabl e body
can be exposed with high accuracy. According to a thirteenth aspect
of the present 15 invention, there is provided a second device

manuf acturing nethod including a |ithography process, wherein in the
| i thography process, a sensitive object ijg exposed and a pattern is
formed on the sensitive object using either one of the second to

ei ght h exposure net hods of the present 20 invention. According to a
fourteenth aspé€viee thatpfletess thw amvadde bhdyeinsthe opieketernfinedt

novabl e body drj.ve stemthat drives a novabl e _body_substanti al

al ong a predetépﬁfﬁg%oﬁﬁg. ?ffﬁbas???ﬁﬂ$%ﬂﬁﬁ%ﬁ“§#ﬁ§:ggnggﬁdﬁﬂﬁFthéPd
has a head thatjn23rinit fsh AL $18tHELS U4 el kGREe 10 a scale having a
grating whose periodic direction is a predetermned direction within

a plane parallel to ¥hsh phédespsramedhel dniereaddvies eintes sathiefdoaabid
l'ight fromthe scale, and neasures position information of the

movabl e body i ROEHeiDra RASSEIPRBHNRA [BEechhon Hapesl @pj he measurement

value of the encoder that measures position information of

the movable body in the predetermined direction and

information on the flatness of the scale to which a detection

light fromthe head of the encoder is irradiated. Inthis case,

10 the drive device can drive the movable body in the

predetermined direction, based on the measurement value after

correction in which a measurements erroxr caused by the flatness

of the scale included in the measurement error of encoder has

been corrected based on the information on the flatness of

15 the scale. Accordingly, the movable body can be driven in

a predetermined direction with high accuracy uvsing the encoder
without being affected by the unevenness of the scale.

According to a fifteenth aspect of the present invention,

there is provided a second movable body drive system that

20 drives a movable body within a moving plane including first

and second axes that are orthogonal to each other, the system

comprising: a first interferometer that measures position

information of the movable body in a direction parallel to

the second axis by irradiating a measurement beam to a

25 reflection surface arranged at the movable body; a second

interferometer that measures position information of the

movable body in a direction parallel to the first axis by

irradiating a measurement beam to a reflection surface

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



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

nmeasur enent valduRredet@rmdged qditichrihasevpreiodd cndbeantdant s actimgetion

caused by the flatness of the.scale.included in the neasurengent  error
of encoder has pgergﬁi?:grtroe% ee%lﬁggéélt?h et Hﬁ&?ﬁatq%ﬁh%ﬁwﬁfﬁgﬂa body;
flatness of 15 g hesrahdit Aat didl Y, pieTMMAbLE ROLYs CAD A did ven

in a predetermned direction with high accuracy using the encoder
wi t hout bei ng #rkdetednined hkisiaevenndesg od theestiare.parallel to the

Accordi ng tg a fifﬁgenth aspect of the present invention, there is
provi ded a 2ecSfFRBVABTY @g‘&yC&PF%t%WrerﬁqgﬁébemWHW\i@? £Fofabie

body within a rgmebasrQh@@%ﬂéagﬁlégggegiélmnégﬁn %Qpcgfr gﬁg%obgs‘ie BL&y

ort hogonal to each other, th em conprising. a

i nterferonet er ihhatdireasior pa41eilkl ot tREOFIMIY QRiOf 4 Aeci®vablievbesy
in adirection parallel to the second axis by irradiating a
measur enent be&ftoneves thef megahrbn bodyf dnea adyranfdonaparablaipiabtiee

body; a second_,nterferaoneter that neasures posjtion infg tion,of
the nmovabl e body™ ﬁ é-’lx&ispg%zfslegn Dar al I“?eelast"%eﬁﬁ%{f i’ rsifleaﬁé%e #i2st

irradiatingoa ARASYESI@MtReammd O 2 heid onedR SHiace o2r ragedeabng
t he novabl e body; a scale that has a grating in 16 a predeterm ned

pi tch whose peknbdirfextimedetri amnd ded déisrautrieot iparialfoehat bod he grat $hg
axis, and is placed on the npvabl e body; a head unit that has a

plurality of hBaHE" Afat¥sae’ @ “HRrEdet B MeTed 2d! ¥ RARCE daf a5t dathe head
direction parajhel 1QdR8ng to the movement based on a measurement value

of the second interferometer, a measurement walue of the

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

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

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

information on the £latness of the scale, the decision device



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

t hat nmeasures position information of the novable body in a direction
parallel to the first axis; a decision device that noves the novabl e
body in a direction parallel to the first axis based on a neasurenent
value of the first 10 interferoneter and a neasurenent value of the
second interferoneter, and decides correction information of grating
pitch of the scale that is sequentially plLaced facing the head unit
according to the novenent based on a neasurenent val ue of the second
interferoneter, a nmeasurenent value of the 15 encoder and information
on flatness of defiédeealcerrantien cédnfronton haf driaidsgt hpitwyakhese

body in a direction aralle to,the first axis while correctjng a ,
ngaguremant vaPat* %% S HEGFF Yithd §&t6ﬂi‘tpaﬁé‘§éﬁlotr? {the :Ejlt}?s%eéﬁ%n

i nformation of +hhe tg{@fsbﬂﬂepdatsfihwhggﬂv D sLBliSn Y, t LQdef‘acdﬁ:gOE‘he

devi ce noves the novable body iI'n a direction para to the t
axi s, based onhtheé urddasacevmiingy abuthefrotr&eedt bstthmtreﬁrfabn_@rmic@r, tinat
nmeasur es p05|t|on i nformatiaon of the novable body in a direction

paral | el to°thBe3dcEdd %%%tléﬁal’@%e teggsheemdsh w geale plreed®n the
second interf %8%5 4 btop?b ﬂﬁ%aé xpi:’ﬁa‘g #%%Fué‘é orfmaLl Qgﬁﬁ'_hftﬁéplatlon

novabl e body in a rec ara T ST PEXIS

based on the nBﬂStu{eeﬁBﬁébl@bHQyQIn Tal‘!firf‘e%%%ﬁl pata@nberimehersi tdieaxis
neasur enent val ue of the encoder and information on the fl atness of

t he scal e, theag@chavbmg devbéerality of heads placed at predetermined

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

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

present invention that drives the movable body for pattern



17 decides correction information of grating pitch whose periodic
direction is a direction parallel to the first axis that the scale
has, which is sequentially placed facing the head unit according to

t he novenent of the novabl e body, the 5 head unit constituting,
together with the scale placed on the novabl e body, the encoder that
measures position information of the novable body in a direction
parallel to the first axis and having a ghurality of heads placed at
predet erm ned di stance along a direction parallel to the second axis.
In 10 this case, the decision device can correct a measurenent error
caused by the FPaFPABERR g the 8R#E: - ncl uded in the neasurenent val ue

of the encoder based.. i.nf o tiqn on the flatness of the scal e, .and
can deci de correcti g:#i::hn Ill(;llrs'l:’1 orr?%(l)l’rs’g%rya@?e a%cl‘ < mga%eevd'cgngﬁnf‘?é"atmg

measur ement vahugafethereReeder:aid &h the dévl setiyomand 4 Reiven
neasur enent val ue of the second Interferoneter. Then, the controller

drives the novabkbkhighrdouracdbyedithen qreref tled £iost bedfsiecshd aniveble
while correcti ggpéh 311,measuremant val ue obtained fromthe head unit

based on thg c WE PR TR CE PO PTERE oy laVPREL QM Che pattern can
Accordingly, 2Q.tRe fmyahl %hgoglé(%e?&” W€ndhi ”aécﬁtr%cgr edet erm ned
r 0

direction with high accuracy usinhg the encoder w f being affected

by the unevenness ofaddeedifngl @cand bbeetdedthofayeaiti NgF ptheh pebséhie
scal e. According to a sixteenth aspect of the present invention, 25
there is provi dB¥eREIRAt EPATS dEnR¥? Gitledhp dfigstisexreauns apperatas that

novabl e body op I Qbj ect i s smounted_and. whi ch can nove thin
a novi ng pl anefo}%%% %%%{1%%24 %%jagc?sl?jegﬁgn%ilfﬁ%al%%embf’ %taﬁleelf‘?rfg&fv%eoﬂﬁ’
second novep! etheQppdrb¥es SYRHEITI ! égﬁtﬁéﬁ%ﬁ_ﬂi abPVeDthan ihhakiates
drives the novabl e body for pattern 18 formation on the object.

Wth this apparhe usnetyy bRemphe tidreniobjederiael génberat omg <t rhkt Einson
the object on th m)va$l e bog% that, is driven with high acc_uracg_by
ei ther one of ‘?‘?\‘ESFFP% mIREPLebBY dmbya iyatems 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
15 relative movement of the energy beam and the object.

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

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

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

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

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

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



5 body drive systens of the present invention, the pattern can be
formed on the object with high accuracy. According to a
sevent eent h aspect of the present invention, there is provided a
first exposure apparatus that fornms a pattern on an object by
irradiation of an energy beam 10 the apparatus conprising: a
patterning device that irradi ates the energy beamto the object; and
either one of the first and second novabl,g body drive systens of the
present invention, wherein driving of the novable body on which the
object is nounted by the novabl e body drive systemis perforned for
15 rel ati ve noferheopthtie aihdhgy gbebinansedtiionobpdcthe head undit hs
t'hi s apparatus,_ for tge rel atiye novenent of the engg%y beam

i rradiated frofrA8IEEt TRTHIN F EeFPEE TR TheGhfalePihd e 1 ebdch
the movable boguadi¥g (3 eBh onroBRaPI&S S chOYEEL P gbﬁ;d VB IE the

novabl e body on which the object is 20 mounted w't ccuracy.

Accordi ngly, appatietermianl hbarfeoramila dpitrddeobie thavidihvhs ghearatbasy
by scanni ng_exposure. . According to an ei ghteenth aspect of the
present invent POAY WAEREN| EherprARIGTRIBRd oREARK pRBTAG UGS IERRL

exposes an obj i 1.h. [ eam _the a r.atus 25 conpri.sing. _a
m)\F/)abI e body !tﬁg?o%fgégﬁg?&%eg%n%eagtSlfslhcres glgcg&ngfgﬁ%%%md} g}écétllaé?ﬁgss

that are orthog@nghe Wytdtihgaspeet@t.er m ned pl ane, hol ding the object,;
an encoder systemin which one of a grating section and a head unit
is arranged on a surfiddetlis ehpanatrsbl héodyabhe Wodyhcarhecobi@iodlyi lse

held 19 and tjhe other,of the grating section and the head unit is
arranged faci n§ the" PR SFeaﬁBewgm BLIIPSARE TG ERCHRSK graten

posi tion igfor gathor 9bihhe rrRYAL 8,0dYs M iR wghggggg%gmﬁﬁ @fe%ﬁ!ﬁ%,

pl ane; and a drive device that drives the novabl e hin t

pr edet er m ned phdnehdiasfiedeotheredgecenenintadf onneti¢ apvabletodneadehe
system and i nformati on on flatness of the grating section.

Wth this appaPEPeRed t'HedbnddaBl @ B¥@¢Yecan accurately be driven within

a predetermned pl ar}ﬁ:c‘é&idgggt I%% eg'c?lq.%[atagﬁ’éhemaspect of the present

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

information of the grating section and the head unit.



10 wi thout being affected by the flatness of the grating section, and
therefore the object nounted on the novabl e body can be exposed with
hi gh accuracy. According to a nineteenth aspect of the present
invention, there is provided a third exposure apparatus that 15
exposes an object with an energy beam the apparatus conprising: a
novabl e body that can nove in at |east first and second directions
that are orthogonal within a predeterm neg plane, holding the object;
an encoder systemin which one of a grati ng section and a head unit
is arranged 20 on a surface of the novabl e body on which the object
is held and the ot hefith thie gppaiatyssethé mesamdonhef Hédmonalle sbody

arranged facin he sur f f the _no dy and ich measur
posi tion infor 57°of? ?e'gy %%fnﬂnerB;@%vWﬁtbtﬁ?% £h&ETH %B"'é’ff%lrrfﬁ% ane
pl ane; and a C%tl'h%' |1§{et@ﬁ&o§é)1.nt 50k ferf %9%h5ﬁ9”b%§n8f ddecmRyable
body within the prédeterm ned plane so that a nmeasurénent error oOf

the encoder systesursmenrpensat edf base@nobderasyseamntausédr bat i(@he
of the encoder system apd correction information in accordance with

characterisPic %FBFF@HW% of hetlp HnatdngeteribiPrafadt Fn%e hegaf WRRE
20 Wth Ly 8y, raet ‘E e ékg]ee 1?116\5&*9& % Eﬁ AP {1’ Yoat2Be

accurately be contro erm ned p ane u5| ng

encoder systeme‘ﬂpbbeutwbﬁt mggafge@ﬁﬁb}by a nmeasurenent error of t he

encoder system caused by (the 5 characteristics of) the grating

section and the head®esfudingrkp 2 weatbeth eheereibpécthemgﬂeed igyvenfigon,

novabl e body c%g be exposed wi .t h ord| ng to a
C

twentieth aspe&t®5f theP T esER i ﬁ?}g{]ﬁ}i Sﬁpo?‘ﬁ%? é‘ﬁp?rﬁ?:ﬁ?/l 8EFE h

exposure appar ghUspsbdt HOeRSe dﬁpb‘é}afnecﬁhé“atﬂba%tﬁgeé&y ﬁ%q% the
apparatus conprising: a novable bo that can nove in at |east first

and second dir movabhe bbdy @zt oa:arhag:meal1nmatmllea&tprﬂ1ieﬂ:eramdneadcond
pl ane, hol di ng the obéect an encoder system.in which one of a

grating secti off*&RELY fl‘r%&haﬁrﬁ’%e PE %ﬁ%ewwnaamermn%@laner
bl 15 b d d.

grat| ng secti on anfi uni IS arra aci ng he sur

t he novabl e bodycamdn\adnhcﬁlhmw&eﬁsp@ﬂatnm ¢mbw&ﬁalcerbpthé RRvable
novabl e body within the predeterm ned plane; and a controller that
controls al%osiDPiiﬁrPbef\'h@ﬁ?e trhwabje:uoeaw%q And e Phleelppéd‘eh%rqmﬁedg

pl ane, based on cgrrect n,to co eﬁgs% ggasu
ace of

error of the efi€6 %ﬁf-‘t %ﬁ 618& r S RFEap

gr at ing secti oRnanfoRAsRALeRy RAS WhE8R HedsU-as B d 1A oo 1L ASrRRARMes £
system
the movable body within the predetermined plane; and a

controller that controls a position of the movable body within

20 the predetermined plane, based on correction informatien to

compensate a measurement errcr of the encoder system that

occurs due to flatness of the grating section and based on
measurement information of the encoder system.

With this apparatus, the position of the movable body

25 can accurately be controlled within a predetermined plane

using the encoder system without being affected by a

measurement error of the encoder system that occurs due to

the flatness of the grating section, and therefore the object

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



Wth this apparatus, the position of the novable body 25 can
accurately be controlled within a predeterm ned pl ane using the
encoder system wi thout being affected by a neasurenent error of the
encoder systemthat occurs due to the flatness of the grating
section, and therefore the object nounted on the novabl e body can be
exposed with high accuracy. 21 According to a twenty-first
aspect of the present invention, there is provided a fifth exposure
apparatus that exposes an object with an energy beam the apparatus
conprising: a novable body that can nove in at least first 5 and
second directions thAscardingr tieogontvemin-fiimss pspdet epfii it pirasent

hol di ng the obj,ect; an encoder, system i jch one of a gratin
cection and a HESEUGLPE: (LOHR, i FEGVEHED ot ol RGPS HE aBBOLRIES bRy
on which the ol LS I t t her i n ect|
t he head unit ?Eg%%egrfgﬁggb faciﬁgtﬁhgﬁgLﬁgig o?é%ﬁb %3§a§%%ggég§g
and whi ch neasueeprpasndi enmonbbladiddyn thhtt &en nvwablia Hodyeasd ki bst

the predeterm ned plane;, and a controller that controls a position of
t he novabl e?bodp9wi ERFAE hedigiesdd P ni Hat pladse, obhBedrrl coritbéri on
information to f e ur.e eryor .of 15 the encoder

system that ocBirabauarped TeRs RERGCHhS o lerts GrcpTaiomy=bem
t he movabl e body Wi ch ShEfey angraliingChéds df AN tRehd nelitaDd 5060864
di rections and based on neasurenent information of the encoder

system W th thhsaapdeseust thirempodhls bndpfort Wbiabvidis ebbedly is held

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

10 arranged facing the surface of the movable body and which
measures position information of the movable body within the
predetermined plane; and a controller that controls a position
of the movable body within the predetermined plane, based on
correction information to compensate a measurement error of

15 the encodex system that occurs due to the grating section and
a displacement of the movable body in a different direction
from the first and second directions and based on measurement
information of the encoder system.

With this apparatus, the position of the movable body

20 can accurately be controlled within z predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to
the grating section and a displacement of the movable body
in a direction different from the first and second directions,

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

According to a twenty-second aspect of the present
invention, there is provided a sixth exposure apparatus that

exposes an object with an energy beam, the apparatus



20 can accurately be controlled within a predeterm ned pl ane using

t he encoder systemw thout being affected by a nmeasurenent error of

t he encoder systemthat occurs due to the grating section and a

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

t he novabl e body can be exposed with high accuracy. Accordi ng
to a twenty-second aspect of the present,,nvention, there is provided
a sixth exposure apparatus that exposes an object with an energy
beam the apparatus 22 conprising: a novable body that can nove in
at | east first congrsatond adimorebleiwdvhihahreammdvegdnadt Widasitn farst
predeterm ned pl gne and al sp can,inclirhe Wth respect to_the, K .
predet er ni ned PBf* ne,seﬂ%rf‘%i rfg'rteﬁél%f ect?@tan 3&fcoBEFY ™M ¥itRihhi&h
one of a grati L i Al ‘ e

t he novabl e bog’gegﬁe‘%\hi ch@itqgéé%%%ggt%s& ﬁ%ﬁdﬁgﬂg%gﬁ%%?ﬁgfggéét %etl?é
grating sectiopraddtéheirdeenglane! heldngatgebdaeitigahhensiddraegsdém
the novabl e_body and which nmeasures position information of the
novabl e body wilfHthiathens e tatdng sraFisnaaed aahead wwsfit v larepngedht

control s 2 posLh gl L bl oyt e igSeLeLst 1St

pl ane, based on corré&ction i nformation

error of the engadere SysHaMdNahe 0§63l SRt Qoh handr@ld MRadCGhi PN s
and inclination of the novable body and based on neasurenent 15

i nformati on of arhengg’ otkeringy $hensurface ofWthh mbvabkepsndat asd thich
position of the novable body cgn_accuratel e controlled within a
pr edet er ni ned BF%ﬁ‘érEi%ipﬁalF%%n éﬁéBﬁ‘E‘?‘t%Pérﬁqﬁ PR%HR LD EPHY withde: Hee
by a measuj@nepleifdimiRled! il GRRE d i

the grating segtliaon and:L teheﬂi r?cl i nat%Sﬁxg%%eﬁﬁo%g%?%%%o%;?p%%?iggon
therefore the obj#nt movalbledody withinDykdlprcdedyrthtedelenposeGedi ém
hi gh accuracy. According to a twent%-thi rd asgect of the present

i nvention, thefFer¥eCHBy iasereaESiefehf rWmpsssare appasaresenthsrros of

exposes an obj @ﬁé ewcglaegrgﬁr?:%&g’yhgcegg}:u}sh%ugpipoartgteugsrating section and

inclination of the movable body and based on measurement
15 informz-}tion of the encoder system.

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

20 the grating section and the inclination of the movable bedy,
and therefore the object mounted on the movable body can be
exposed with high accuracy.

According to a twenty~third aspect of the present
invention, there is provided a seventh exposure apparatus that

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

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



conprising: a novable body that can nove in at least first and second
directions that are orthogonal within a predeterm ned plane, hol ding
the object; an encoder systemin which one of a grating section and a
head unit is arranged 23 on a surface of the novable body on which
the object is held and the other of the grating section and the head
unit is arranged facing the surface of the novabl e body and which
measures position information of the novghle body within the 5
predeterm ned plane; and a controller that controls a position of the
novabl e body within the predeterm ned plane, based on correction

i nformation tooBcferdace of Mbgsneertt bedy om vhichehenobilert sisshehl
t hat occurs due u based, on

measur enent inFB%ﬁ%@?gﬁg%g;L etigcéﬁggﬂg£q§%£§8ﬁfg€9t%F%fﬁag% unit 1s
appar at us, theapoghdpnrRi nigh@nBONRPEL LAY HRMMBCEIM ALK, BRA which
controlled wthin a predeterm ned plane using the encoder "system

wi t hout bei ng aéésctes pbyialiomdsfoenettore b otheofiot hiel € bodgesi st ee
that occurs_due to .

5 predetermined plane; and a controller that controls a position
of the movable body within the predetermined plane, based on
correction information to compensate a measurement exxror of
the encoder system that occurs due to the grating section and
the head unit and based on measurement information of the

10 encoder system.

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

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

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

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

predetermined plane; an interferometer system that measures

position information of the movable body in at least the first



15 the grating section and the head unit, and therefore the object
nmount ed on the novable body can be exposed wi th high accuracy.
According to a twenty-fourth aspect of the present invention, there
is provided an ei ghth exposure apparatus that exposes an object with
an energy beam the apparatus 20 conprising: a novable body that can
nove in at |least first and second directions that are orthogonal
within a predeterm ned plane, hol ding thgqobject; an encoder system
in which one of a grating section and a héad unit is arranged on a
surface of the novable body on which the object is held 25 and_the
other of the geadi ngeaust | dhresiianse headl ani contrallrangelbtf adienjdese
surface of the nnvabéf bod¥ anqrmhich asur es qfition inforq?tlon
of the novabl eCBaaﬁc ?I’hllﬂ ?)ﬁ'@ i0on used to compensate a measurement error
of the encoder system in the first direction that occurs due
to a formation error of the grating section, based on
5 measurement information of the encoder system and the
interferometer system obtained by moving the movable body in
the first direction and based on information on the flatness
of the grating section, and controls a position of the movable
body in the first direction based on the measurement
10 information of the encoder system and the correction
information.
With this apparatus, the position of the movable bedy
can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
15 measurement error of the encoder system that occurs due to
a formation exror of the grating section, and therefore the
cbject mounted on the movable body can be exposed with high

accuracy.

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

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



predeterm ned plane; an interferoneter systemthat neasures position
I nformati on of the novable body in at least the first 24 and second
directions; and a controller that decides correction information used
to conpensate a neasurenent error of the encoaer systemin the first
direction that occurs due to a formation error of the grating
section, based on 5 neasurenent information of the encoder system and
the interferonmeter system obtained by novwgng the novable body in the
first direction and based on information on the flatness of the
grating section, and controls a position of the novable body in the
first directio®fh¥888T oftadfe "§Easurenent 10 information of the

apparatus. the posi (R oF The TAAbt & DoAY B%? BERTFSRT ghece and

control I ed wit g, i £dlREbeds PhaReHShBEi 48 BNERHEcro%s IR ion
wi t hout being affected by a 15 neasurenent error of the encoder

system t hat ocedr shedureasizgmeotnatamn error of the grating section,

and therefore the object nounted on . the novabl e body can be_exposed
with high aBcuracy. ‘BRIEF BEQERPFEENN GROTLES BRAVIANASC P idouration

view schemati calel y ShQWonos e ngﬂr%”é%éémie%p £y $U0 & BRRA B LS
related to a first enbodlnent.nt I's a plan view show ng a st age
device in FIG first embodiment.
FIGS. 7A and 7B are views used. to explain position
measurement within an XY plane of a wafer table by a plurality
10 of encoders each including a plurality of heads placed in the
array arrangement, and the transfer of measurement values
between the heads.
FIG. 8A is a view showing an example of the configuration
of the encoder, énd FIG. 8B is a wview used to explain the
15 mechanism in which measurement errors cccur and to explain
a relation between an incident light and a diffracted light
of a beam with respect to a reflective diffraction grating
within an encoder head.
FIG. 9A is a view showing the case where a count value
20 does not change even when the relative motion in a
non-measurement direction occurs between the head and the
scale of the encoder, and FIG. 9B is a view showing an example
of the case where a count value changes when the relative motion
in a non-measurement direction occurs between the head and
25 the scale of the encoder.
FIGS. 10A to 10D are views used to explain the case where
a count value of the encoder changes and the case where the
count value does not change, when the relative motion in a

non-measurement direction occurs between the head and the



FIG 3 is a plan view show ng the placenent of various 25 neasurenent
apparatuses (such as encoders, alignnent systens, a nultipoint AF
system and Z sensors) that are equi pped in the exposure apparatus in

FIG 1. FIG 4A is a plan view show ng a wafer stage, and
FIG 4B is a schematic side view showing a partial cross section 25
of wafer stage WST. FIG 5A is a plan view showi ng a

measur enment stage, and FIG 53 is a schengtic side view showi ng a
partial cross section of the neasurenent stage. 5FIG 6 is a block
di agram showi ng the main configuration of a control system of the
exposure appar &@derel ated to the first enbodinent. FIGS. 7A

and 73 are views use i ositi,on nea ment within an, XY
e of & varer taorieto1 B BG DaPREe b Ofp VeRa i FenLath P aheaar g a
plurality of heads é&cﬁﬁ%@nbnc:rolfr}@e@f{&y %ﬁf@ﬂ&%ﬁt 1u§31d thecbradsd ef
of measurenent val ues between the heads. 8A Is a view

showi ng an exameheupémernie econti giiraat enooddr t(laefﬁmm@rcpdann ddusedSBy
is a view used E}o expl ai,n the 15 mechanismin which neasurenent

errors occuP aifd®t oCebGATIEn BTNt PEN st vedd adtPncihrenecrighinany
a diffracted I lngQnggs é}&ﬁl@ g@}@c{f&rgect to areflective diffraction
er head.

grating within an enco
FIG. 12 is a graph showing measurement errors of the

encoder with respect to the change in the Z-position when a
pitching amount 8x equals to o {6x=w).

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

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

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

20 FIGS. 16Atol6Dare views {No. 2) used to explain amethod
of measuring unevenness of the scale.

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

25 the scale.

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

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



FIG 9A is a view showi ng the case where a count value 20 does not
change even when the relative notion in a non-neasurenent direction
occurs between the head and the scale of the encoder, and FIG 93 is
a view showi ng an exanpl e of the case where a count val ue changes
when the relative notion in a non-nmeasurenent direction occurs

bet ween the head and 25 the scale of the encoder. FIGS. 10A to
10D are views used to explain the case re a count value of the
encoder changes and the case where the count val ue does not change,
when the relative notion in a non-mnmeasurenent direction occurs

bet ween t he heaftedififirerenp ssagpemmediately gf @8 alst/atenet both steges

views used to explain.an ergtion,for U|r|n correction

i nf or mati on usg)(r;‘gffgs for“rotn}agge fstit é"?}f‘éﬁgq%?trhors Bee et o ratEa from
first encoder) egaHséthdy c8 4 heate! Al W AW 5L é%oﬁ%aﬂn@&%ohbsct
scale in a non-neasurenent direction. Gg

show ng measur gireht each artdeaf, aﬁEeEnaqﬂeuraﬁih:mﬂﬂpmeﬂ to the change
in the Z-position when a Bltchlng anount ex equals to (Ox=a)

10FIG 13 i% a vi ew Ued?P dSeq pligrnshpyioger &A6R Cf%fahad@ﬁelru ﬁ'gage and
correction inf 2hdeh éé’éh el 0 »ﬁl%tﬁﬂh%hg‘a S ST UL Jts %Qﬁézgﬁr

encoder (a secon encoaer Cause ere |ve notil on
and the scale KA &hd1GF aeaéumﬁfe&hddtn@qxaﬂ@ sd8dd Gs hbvisg & WaeW an

used to explain the inconveni ence that
unloading position while keeping the positional relation
between both stages in the Y-axis direction.
i0 FIG. 21 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has reached
a position where a Sec~BCHK (interval) is performed.

FIG. 22 is a view showing a state of the wafer stage and

the measurement stage when the wafer stage has moved from the
15 unloading position to a loading position in parallel with the
Sec~BCHK ({interval) being performed.

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

20 on the wafer table.

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

25 FIG. 25 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected

using alignment systems ALl, AL2; and AL2s.

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



occurs in the case a plurality of heads nmeasure a plurality of

measur enent points on the sane scal e. FIG 15 is a view (No.
1) used to explain a nethod of neasuring unevenness of the scale.

20FI GS. 16Ato 16D areviews (No. 2) used to explain anmethod of
measuri ng unevenness of the scale. FIG 17 is a view used to
expl ain an acqui sition operation of acquiring correction information
of grating pitch and correction informatihgn of grating deformation of
25 the scale. FIG 18 is a view showi ng a state of the wafer
stage and the neasurenent stage when exposure by a step-and-scan

net hod i s bei n§PFePERHEGNERE as tRdervwhnn t the Wwas@ys sealjdration forier g

Vi ew showi ng a o] e wafer_sta and 27 the neasurenent
st age innediatgﬁgggg§ Is ﬂglpgtg o? B stages shifts fromthe state

i n which both stagespat.e23eaRasati@wf 519511}1‘?1%(39 2LREMo# ehd vﬁtf%rresﬁa[be"‘@ﬁ&h
both stages cone into contact with each other, after exposure

fini shed. 5FI GtheOnéssuremest stegs mgen slt:agxmeot miﬂca/vafceangecaga ﬁﬂde
t he measur epent stage when the neasurenent stage is noving in the -

direction and £RE° FggT%ﬁ%spgtﬁﬁ@?ﬁ@rﬁd%%FH?%Hmﬂmaﬁéﬂpﬁbyﬁ@§PFF%ﬁ
whi | e keepi ng LBenpOSi {4:RAL ELALILAIRCLYGCROLY RiAges In the

Y-axis direction.
FIG. 28 is a view showing a state of the wafer stage and

the measurement stage when at least one of the Pri-BCHK latter
process and the focus calibration latter process is being

10 performed.

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

15 FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
fourth alignment shot areas are being simultaneously detected
using alignment systems ALl, AL2, and ALZ2s.

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

20 the measurement stage when the focus mapping has been finished;

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

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

FIG. 34 is a view used to explain an acquisition



10FIG 21 is a view showing a state of the wafer stage and the

measur enent stage when the neasurenent stage has reached a position
where a Sec-BCHK (interval) is perforned. FIG 22 is a view
showing a state of the wafer stage and the neasurenent stage when the
waf er stage has noved fromthe 15 unl oading position to a | oading
position in parallel with the Sec-BCHK (interval) being perforned.
FIG 23 is a view showng a state of thejgafer stage and the

measur enent stage when the neasurenent stage has noved to an opti nal
scrum wai ting position and a wafer has been | oaded 20 on the wafer

t abl e. PRgragion §%awwi§ﬁoww%l§pa1@0@mabém oft @g@smwﬁenn

t he wafer stag to a SItI BCHK, f

process is per%ﬁ%dﬁr\?\%g?s (’f’ﬁ]ép urdgfnliennets%s‘f%aggﬁ %c%ef H‘Ff&e ‘?xﬁoﬁé‘re
optimal scrum \wiphi-BguP oSt tHHeN sedsid Gridaiinend, Vi ew showi ng a state
of the wafer stage and the neasurenent stage when alignnent marks
arranged in three fi¥&t. éﬁlJghﬁefllomm@u:ta.umistarea:pbeun@rsemhbdimtmmjsfy
detected using al,jignnent systens, AL1, AL22 and AL23. FIG 26 is a

vi ew showi né asfjsgéc%fmﬁ AGEPELNG tUR08nd 28 the neasurenent stage

when the focus calibrpa§i 98 15U FRLwdHQ4ESRoui5iRE LRGP S QLIRS of step
204 in FIG. 35.

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

illuminated by an illumination 1light for exposure



FIG 27 is a view showng a state of the wafer stage and the

measur enent stage when alignment marks arranged in five 5 second

al i gnnent shot areas are being sinultaneously detected using

al i gnnment systenms AL1 and AL22 to AL24. FIG 28 is a view
showi ng a state of the wafer stage and the neasurenent stage when at
| east one of the Fri-BCHK [atter process and the focus calibration

| atter process is being 10 perforned. 30 FIG 29 is a view

showi ng a state of the wafer stage and the neasurenent stage when
alignment marks arranged in five third alignnment shot areas are being
si nul t aneousl y d@rednadteri ngedbergedrerio spst elvslIAminghdoml 24ighd“AL oY,
15FIG 30 is a.,view show.n e of .the wafer stage_and the )
measur ement sta é‘p\?ﬁgﬁe?ﬁ?gﬁﬁ%ﬁ%%?‘@léfp?‘ﬁﬂbﬁp FﬁsY%? é@' fdrigctLon
al i gnnment shot \grieasyard peis houl 1 cjﬁ-jttq d |

al i gnment systens ALl, AL22 lg%éﬁgﬁgzg, G ??{l I'S a%%?ev?#%%%\gvi ﬁa ghat

state of the wafrerestagtl amdn2@ibdhel ingas ILearht tal fgenwbeni ¢le K eaus

mappi ng has _been fini shed; ,FIG 32 is a view (No. 1) used to
expl ai n an 3cqifedrti Bn DFERIEI BV ISR alqehat hgscarvatas shaphfBihanion

of grating pit e . n S ..appara of econ
orbod, ment . o5 Eralusiuend SRefe ARl RRIUGEAOPUALR lnd (HE°IMe.
acqui si ti on openath@8r GftARIWST Nga & KWeeki AuAtdr mation of grating

pitch of a Y scale in the exposure apparatus of the second

enbodi ment . Iliumination system 10 includes a light source and an
illumination optical system that has an illuminance
10 uniformity optical system containing an optical integrator
and the like, and a reticle blind and the like {(none of which
is shown), as is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
{the corresponding U.S. Patent Application Publication No.
15 2003/0025890) and the like. In illumination system 10, a
slit-shaped illumination area IAR that is defined by the
reticle blind (masking system) and extends in the X-axis
direction on reticle R is illuminated by illumination light
{exposure light) IL with substantially uniform illuminance.
20 In this case, as illumination light IL, an ArF excimer laser
light {(wavelength: 193nm) is used és an example. Further, as
the optical integratox, for example, a fly-eye lens, a rod
integrator (internal reflection type integrator), a

diffraction optical element or the like can be used.
25 On reticle stage RST, reticle R having a pattern surface
{the lower surface in FIG. 1) on which a circuit pattern and
the like are formed is fixed by, for example, vacuum suction,

Reticle stage RST is finely drivable within an XY plane and

also drivable at designated scanning velocity in a



FIG 34 is a view used to explain an acquisition 29 operation of
acquiring correction information of deformation of grid |ines (warp
of grid lines) of an X scale in the exposure apparatus of the second
enbodi nment . FIG 35 is a flowhart used to explain an
enbodi mrent of 5 a device nmanufacturing nethod. FIG 36 is a
fl owchart showi ng a specific exanple of step 204 in FIG 35. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON 10<<ELr st Enbodi ment >> A
first enmbodi nent of the present invention™w || be described bel ow,
with reference to FIGS. 1 to 31. FIG 1 schematically shows
t he confi gur at irngdeteaninscosgrentppadaresti@0 rwhatied itso the fYi-esis

enbodi nent. 15 osure apparatus 100 is a,scanni ng exposure

appar at us by ad?‘t%ﬁ?gﬁ’a-% ﬁegﬂﬁﬁz,or{ dF‘§?°%1c§b%éaltB%dP%‘i?arﬁH’§if?c%
w ||l be descri ten, i ' t Q) i-on [ .
system PL is a?’?gﬁgga?i’énﬁptgh?Fgﬁgﬁﬁgd%’éﬂfﬁ%gﬁﬁwﬂ] |(BEE grrgdgg e
assum ng that @Idi.riecteder parsacl.ed) iochmiiopt i B etansl e0a AXnedr notor

projection optical systemPL is a Z-axis direction, a direction in
which a retPcl @cakBeali¥fer are relatively scanned within a plane

orthogonal to the Z-ﬁgﬁi%irﬁr Eﬁ%&%‘%i%nao}{' J?é({fcf?i_r%%tgieio S”.ggwoil%%&gi the

direction that is orthogona . axi sTand a X .
direction, andpbetiayi @labbi | tthcliafed | 0882 2R OWFknlhe oX- % lSthet hg;

Y-axis and the Z-axis are ex, ey and 8z directions respectively.
direction) is constantly detected at a resolution of, for
example, around 0.5 to 1 nmwith a reticle laser intexrferometer

10 (hereinafter, referred to as a “reticle interferometer”) 116
via a movable mirror 15 (in actual, a ¥ movable mirror having
a reflection surface orthogonal to the Y-axis direction and
an X movable mirror having a reflection surface orthogonal
to the X~axils direction are arranged). The measurement values
15 of reticle interferometer 116 are sent to a main controller
20 (not shown in FIG. 1, refer to ¥IG. 6). Main controller
20 controls the position (and the velocity) of reticle stage
RST by computing the position of reticle stage RST in the X-axis -
direction, the Y-axris direction and the 6z direction based
20 on the measurement values of reticle interferometer 116, and
controlling reticle stage drive system 11 based on the
computation results. Incidentally, instead ofmovable mirror
15, the end surface of reticle stage RST may be polished in
oxdex to form a reflection surface {(corresponding to the
25 reflection surface of movable mirror 15). Further, reticle
interferometexr 116 may be capable of also measuring position
information of reticle stage RST in at least one of the Z-axis,

0x and 6y directions.

Projection unit PU is placed below reticle stage RST in



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

"illumnation light" or "exposure light") IL fromillum nation system
10, a projection unit PU that includes projection optical system PL
that projects illumnation light IL emtted fromreticle Ron a 5

wafer W a stage device 50 that has a waker stage WST and a
nmeasurenent stage MST, their control system and the Iike. On wafer
stage WST, wafer Wis nounted [I'lum nation system 10 i ncl udes
a light sourceFafid lan ?Nlﬂﬁtﬁaﬂl%tﬂ%wuc’@fsﬁ bary ﬂo Rad prejection

illum nance 10 n optica

i nt egr at or and Eﬂ: @¥S¥ ?I' 8y Jtn ?ep EEI% (?? lkgi?rﬁ%htég bt
which is Shom)are%lldslrﬁjlasﬁféﬁ@rhﬂnecﬁ ?)Bsﬁﬁﬁéﬂ%lleref@i‘ﬁdn LIepangstrel
Unexam ned Patent Application Publication) No. 2001-313250 (the
correspondi ng 40s. Pﬁapemem{dm cpitiael Pydlancalj dorNexantBe, a dioptric
2003/ 0025890) and t he {’ . Inillumnation system 10, a_slit-shaped
i |l umi nation aPE€at$AR ?ﬂ'at lFSC&?@PP%%CEi oy h@lnzpiite Bfi AARERRskiFRF

system and exiepfsnid) ttlﬂg h%r%% c?%tlbﬁg ﬁ%g%?%éﬂ%xgs'ﬁ( parallel

illum nated bylllumnatlon Xposur wth
substantial |y waifros m—ab:hunammﬂonws s eldhi spRieRtiaf dpdiH1lNaysesh
light 11, an ArF excinmer laser |ight (wavel ength: 193nm is used as

an exanpl e. FuPthekS, agorhergrleal ?qﬁlkgiriéﬁorte]fﬁﬂené%aﬁplﬁld ahas a

fly-eye | ens, I.nt. to nternal ef ectl e inte rator)
a diffraction %p%‘?%ta anﬁ%%ngjrﬁo ttlﬁe mlagf%e ?ltjboé" ?ﬁ/%?n@nqg

stage RST,10 et bgberfFdrays aﬁeaeﬂﬁitthefﬂne%qr f ap@ex(etﬁa@el Qméh 1%.‘1‘.1fn§ﬁ§tid]w.
FIG 1) on which a circuit pattern and the like are fornmed is fixed
by, for exanpl @revaddBmisuctlbminRéeicly stHgeiRgTios fJu.lghl:y Idr i fnxipd e
wi thin an XY pl nated scannin el oci tdy

e and .al so drivahl e at desi
ina 31 pr edef@f‘?ﬁ‘%?@aﬁ%ﬁﬂ“g rei:lt]r”&’rn(a\*ivg%ﬁ’r@tt e Ravipgspasse
di Lectl on bei ngy A1 | 2L el lhecmilg%l péﬁ%ﬂﬁa uls:#é[:gcelgf gi%edl)
, by a reticle stage drive system1 not™ shown , refer to
FIG 6) includsagstdmrisatgnplodncadeniioarwimt oa first surface (object
15 surface) of projection optical system PL forms a reduced image
of a circuit pattern (a reduced image of part of a circuit
pattern) of reticle R within illumination area IAR on an area
{exposure area) IA that is conjugate with illumination area
IAR on wafer W, which is placed on a second surface (image
20 plane) side of projection optical system PL and whose surface
is coated with resist (photosensitive agent), via projection
optical system PL (projection unit PU) and liquid Lg (refer
to FIG. 1}. Then, by synchronous driving of reticle stage RST
and wafer stage WST, the reticle is moved in the scanning
25 direction (Y-axis direction) relatively to illumination area
IAR (illumination light IL) and also wafer W is moved in the
scanning direction (Y¥-axis direction) relatively to the

exposure area (illumination light IL}, and thus scanning

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



5 or the Ilike. Position information of reticle stage RST

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

arranged) . The neasurenent values 15 of reticle interferoneter 116
are sent to a MeF3f é‘cﬁﬁtrttﬂmecf‘f bhe (fﬁéf-cé?\é\ﬁﬁﬁaﬁlsﬁleﬁreq torigiephepares

6) . Mi 2 d th
r)et i cl eI gt gggt Eg’%lteis Omc &\l&fqﬁflg%osf t5 &1 th__an i Eﬁe%e\éga‘gel%}fager

the X-axis dir ey inu:ﬁhﬁtﬁoa@y&tdmrmqtﬁ}@k@l@l@%aﬁﬁr&jé&%h%%t@é@fd
20 on the neasurement values of reticle interferoneter 116, an

control i ng retsbfétemsﬂl&gén@rhh?ﬂep@gl@tm&lfommsdcbmmheh@ﬂm‘rrpntempbenre
results, i dent al | nst of noy ror the end surface
0f et ol 6 St age e ER SRERT SRBRYSh L6V REL chgr i B Sh e b
surface (corre [ t Halp) r
15) . Further, 5?2??8?% oot SO G B BG g pEB(BEL fo LTS
nmeasuring posi Plals mohatedtdroa bafrreetpxz{tﬁ?o&tnagmﬂ?$§ sup@trtleﬂagt thh€e

of the Z-axis, Ox and ey directions. Projection unit PUis placed
bel ow reticle §Pa§%r1Rs=P31%n5391¢|an1&ran%} deelahiemimechanipet udssia

b | 40 and I BlL.h I
arrel 40 and giglpolieny ptigal aysiem Phe Nauling & PLUrALILY of ooy

optical el ement are 'h i N a pr posi
w thin barrel #0blfsatid @6l iwm 20p6)/038 95,Shewehs, fp%jeé@ﬂm %me PU

dioptric may also be supported in a suspended state with respect to
amain frame member (not shown) that is placed above projection

unit PU, or a base member on which reticle stage RST is placed.
Further, in exposure apparatus 100 of the embodiment,

15 in order to perform exposure applying the liquid immersion
method, a nozzle unit 32 that constitutes part of a local 1iquid
immersion device 8 is arranged so as to enclose the periphery

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

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

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

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

25 1is equipped with a supply opening and a recovery opening of
liquid Lq, a lower surface to which wafer W is placed facing

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

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

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



5 systemthat is conposed of a plurality of |enses (lens el enents)
that are arrayed along an optical axis AX parallel to the Z-axis
direction is used. Projection optical systemPL is, for exanple,
bot h-side telecentric and has a predeterm ned projection
magni fi cation (such as one-quarter, 10 one-fifth or one-eighth tines)
Therefore, when illumnnation area AR is illum nated by
illTumnation light IL fromillumnation stem 10, illum nation |ight
I L havi ng passed through reticle R whose pattern surface is placed
substantially coincidently with a first surface (object 15 surface)
of projection JRFPESLIEGEY enhPLLS Ghawnaln ddGecd iLAgybd gluppleyi pins 812

D b | P nEEO R HRIE #eePBhY fing aTb S48 LRALAEE Y, h BRELS\E &5
degrees with respect to the X-axis direction and the Y-axis
direction in a planar view (when viewed from above) and are

5 symmetrically placed with respect to a straight line LV in
the Y-axis direction that passes through optical axis AX of
projection optical system PL,

One end of a supply pipe (not shown) is connected to
liquid supply pipe 31A while the other end of the supply pipe

10 is connected to a liquid supply device 5 (not shown in FIG.
1, refer to FIG. 6), and one end of a recovery pipe (not shown)
is connected to liquid recovery pipe 31B while the other end
of the recovery pipe is connected to a liquid recovery device
6 {(not shown in FIG. 1, refer to FIG. 8).

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

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

25 Incidentally, the tank for supplying the liquid, the
compression pump, the temperature controller, the valve, and
the like do not all have to be equipped in exposure apparatus

100, and at least part of them can also be substituted by the

equipment or the like available in the plant where exposure



(exposure area) IAthat is conjugate with illum nation area | AR on
wafer W which is placed on a second surface (inmage 20 pl ane) side of
projection optical systemPL and whose surface is coated wth resist
(phot osensitive agent), via projection optical system PL (projection
unit PU) and liquid Lqg (refer to FIG 1). Then, by synchronous
driving of reticle stage RST and wafer stage WST, the reticle is
noved in the scanning 25 direction (Y-axis direction) relatively to
illumnation area AR (illumnation light 1L) and also wafer Wis
noved in the scanning direction (Y-axis direction) relatively to the
exposure area (FARARACHAL LR 15 gimstrlIedand thus scanning exposure is
performed to one Shoii&&fc? r(edl vi ded ar.eae) 0%

10

ib

20

25

covery devic gngféégs a liquid tank, a
suction pump, a valve for controlling recovery/stop of the
liquidvia liquid recoverypipe 31B, and the 1ike. As thevalve,
a flow rate contrel valve is preferably used to correspond
to the valve of liquid supply device 5. Incidentally, the tank
for recovering the liquid, the suction pump, the valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the
equipment available in the plant where exposure apparatus 100
is installed.

In the embodiment, as the liquid descxribed above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits
the ArF excimer laser light (light with a wavelength of 193
nm) is to be used. Pure water can be obtained in large
qQuantities at a semiconductor manufacturing plant or the like
without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to the
optical lenses or the like.

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

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

liquid supply device 5§ opens the valve connected to liguid



33 Wanda pattern of the reticle is transferred to the shot area. That
I's, in the enbodinment, a pattern is generated on wafer Wy

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

| ayer (resist layer) on wafer Wby illumnation [ight IL. Al though
not shown in the drawi ng, projection unit PUis nmounted on a barrel
platformthat is supported by three supngt colums via a vibration

i solati on mechanism As is disclosed in, for exanple, the panphlet of
I nternational 10 Publicati on No. WD 2006/ 038952, however, projection
unit PU may al ﬁlmé:vsmmﬁﬂ%otq A Prefdsfisendaed sieaatr@evm rsurpeé;pemtetroLq

amain frame margoe{hé space anelg t%: lensp.JLQBlcgrqd %% v1$ ?.?.E;[u:?g supply
pipe 31A, the supply flow channel and the supply opening (refer

to FIG. 1). Further, when the water is supplied, according

5 to instructions from main controller 20, the controller of

liquid recovery device 6 opens the valve connected to liquid

recovery pipe 31B to a predetermined degree to recover water

Lg from the space between tip lens 191 and wafer W into liquid

recovery device 6 (the liquid tank} via the recovery opening,

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

15 constantly equals the quantity of water Lgq recovered from the
space. Accordingly, a constant gquantity of water Lg is held
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.

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

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

nozzle unit 32 is also called a liquid immersion space forming



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

l ens™) 191 in this case. In the enbodinent, as is shown in FIG 1,
the | ower end #§PgEe »icoRsaENBERfhMENBET | (orsepnf snementuerbet) aivl fhe

[pesho S0 Lhe ger SR BHLLRED Shot B Ats B S B
of for example, at least nozzle unit 32 may also be supported
in a suspended state by a main frame (including the barzrel

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

may also be arranged at another frame member that is separate

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

supported in a suspended state as is described earlier, nozzle

unit 32 may also be supported in a suspended state integrally

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

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

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

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

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



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

I ncli hed at an angle of 45 degrees with respect to the X-axis
direction and the Y-axis direction in a gkanar view (when viewed from
above) and are 5 symetrically placed with respect to a straight line
LV in the Y-axis direction that passes through optical axis AX of

proj ecti on opt PEgiesERRPPbEcal system@ie (éné sflogesupplthepiptey) ntahan

shown) is conn e Il quid_su whi | e the, pt of
t he stpI y pi p%%% g‘il%g%lél EEFS%CEF fytEPE]lﬁ éﬂ)pl?r §&vPRE I’ﬁ( on
shown in FIG %perddfiRictt aEJeGslc@ o£30Y 1K f@ﬁi@falasofffﬂve%ﬂllﬂ{ REter
(not shown) is connected to liquid recovery pipe 31B while the other

end of the recdneaqdlpqlp@ ts anoopieixtaddpach @nl th]euldmalgeqm:ﬂfeysﬂ@moffet:ﬁa
(not shovvn ' é refer to FIG 6). 15Li qU| d supply device 5
i ncl udes a |q Past K, @%Bﬂﬁ%éé.%ﬁtmw% 1B IRY RO IPPYRS |
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between an optical member in the lowest end (tip lens) 191
constituting projection optical system PL and wafer W. For
example, the liquid immersion mechanism disclosed in the

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

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

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

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

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

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

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



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

wi thin the chanber (not shown) where the exposure apparatus is
housed. 25 Incidentally, the tank for supglying the liquid, the
conpressi on punp, the tenperature controller, the valve, and the |ike
do not all have to be equipped in exposure apparatus 100, and at

| east part of tRFE#SEAHZEE ¢ rbehatubsthlavnedubyf ronetheyai proast tovarchghe

like available uiprf:etrhseupéaaénet OWE{’S% géggglirf Further, stages WST and MST
are independently drivable two~dimensionall§ in the Y-axis
direction {a horizontal direction of the page surface of FIG.
5 1) and the X-axis direction (an orthogonal direction to the
page surface of FIG. 1) within a predetermined plane (XY plane),
by stage drive system 124.
To be more specific, as is shown in the plan view in FIG.
2, on a floor surface, a pair of Y-axis stators 86 and 87
10 extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axis direction having
base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural
15 pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
Y-axis direction. At Y-axis stators 86 and 87, two Y-axis
movers 82 and 84, and two Y-axls movers 83 and B85 are
respectively arranged in a noncontact engaged state. Inother
20 words, four Y-axis movers 82, 84, 83 and 85 in total are in
a sate of being inserted in the inner space of Y-axis stator
86 or 87 whose XZ sectional surface has a U~like shape, and
are severally supported in a noncontact manner via a clearance
of, for example, around several um via the air pad {not shown)
25 with respect to corresponding Y-axis stator 86 or 87. Each
of Y-axis movers 82, 84, 83 and B85 is composed of, for example,
an armature unit that incorporates armature coils placed at
a predetermined distance along the Y-axis direction. That is,

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



35 apparatus 100 is installed. Li quid recovery device 6
includes a liquid tank, a suction punp, a valve for controlling
recovery/stop of the liquid via liquid recovery pipe 31B, and the
like. As the valve, 5 a flowrate control valve is preferably used to
correspond to the valve of liquid supply device 5. Incidentally, the
tank for recovering the liquid, the suction punp, the valve, and the
| i ke do not all have to be equipped in e&@osure apparatus 100, and at
| east part of them can al so be substituted by the 10 equi pnent
avail able in the plant where exposure apparatus 100 is installed.
In the enbodi nﬁi-’t‘“at%et%lqﬁ GoHdY tresicr shetionidy made g ofathe magnetic
(hereinafter, i referred to y $|des t he
case when spemproyl nghlg %%%%tslggF?)m?ﬂll}g clpér“isﬁa"fe\é\ﬂél?{tlﬁ AR BORED
|aser 11 ght (1 8otk the sy vaxehendily, 0f-19% Bbeis d20ahe ds5ea Ruses
wat er can be obtained in |arge quantltles at a sem conduct or
manuf act uri ng @tatorod7ttendtiketei ndroiuty diofili cyhd W~axdd Linedsmohass
an advantagﬁ of havingﬁno adyerse effect on_t he photoresist on the

e

wafer, to tRe ZGSBREFCEFLYendBLBGr L hevingglescriptionsraghiql Bhe Ak
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1.44. In the water the wavel engt um nation

X 1/ n, shortenedytaxbs AindatIdottn 82pld Gubdisuapbdrdeyicie 8a, ad-axis
I|qU|d recovery device 6 each have a controller, and the respectlve
control l ers ar &iB88RE MsTHOKI8ByAnsaz ¥ -e8ASr binear meEqy 8Fers neefed, using

o Sy’ S8 P TP L e 900 010 o8
Movers 82 and 83 of two ¥Y—-axis linear motors 82 and 83
out of the four Y-axis linear motors are respectively fixed
to one end and the other end in a longitudinal direction of
an ¥-axis stator 80 that extends in the X-axis direction.
Further, movers 84 and 85 of the remaining two Y-axis linear

15 motors 84 and 85 are fixed to one end and the other-end of
an X-axis stator 8l that extends in the X-axis direction.
Accordingly, X-axis stators 80 and 81 are driven along the
Y-axis by a pair of Y-axis linear motors 82 and 83 and a pair
of Y-axis linear motors 84 and 85 respectively.

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

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

25 a stage mailn section 91 (not shown in FIG. 2, refer to FIG.
1) that constitutes part of wafer stage WST. Inside the
opening of stage main section 91, for example, a magnetic pole

unit, which has a permanent magnet group that is made up of

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



supply pipe 31Ato a predeterm ned degree to supply water Lg to the
space between tip lens 191 and wafer Wvia liquid supply pipe 31A
the supply flow channel and the supply opening (refer to FIG 1)
Further, when the water is supplied, according 5 to instructions from
main controller 20, the controller of liquid recovery device 6 opens
t he val ve connected to liquid recovery pipe 31D to a predeterm ned
degree to recover water Lg fromthe spacgjbetween tip |lens 191 and
wafer Winto |iquid recovery device 6 (the liquid tank) via the
recovery openi 10 the recovery flow channel and |iquid recover

pi pe 313. Duri rPaaFﬁQ %*uﬁpP’;'ﬁ%ﬁF&rfnéae%ﬂri;ﬁtaﬁ@eaﬁqdoﬁétemt@ldoﬁ%m ¥b¢

20 gi ves COmm@{d%ng &f %1 tk Obely! A4hd s mé)\gl} r%ﬁ\ébsupp ango

| i quid recovery device e q anti tyof

the space bet \Ame-laxasrsﬂa%& @1%@5&%@% nd¥ 1Ry fe8sLARLLY xeguak thhesr
gquantity of water Lq recovered fromthe space. Accordingly, a

const ant quant mofosfthadt drives $tadeghalin sec¢tiomsphin thetXvees stdirekehen.
191 and wafer (refer to FIG In this case, water Lg held in
the space b§t wg%&‘ ?F‘ﬁh’bn@lelé’fh?t%dxv@é?lesr SHRFST ¢ oherart BYaFen S dd.
20As [ s 0bVI OUSLEAGRA Nen AP QR HCSE HdlllgOinob k1 oL UROGL LR ggeﬁ@é
l'iquid i mersion device 8 is configured’inc udlng nozzl € uni

liquid supply déva etage thaiqusdctBepger fnotesham fn Ficyuzd r&tﬂamt}o PLpe
31A and liquid_recovery pipe 318, and the like. Local liquid

i mer si on devi dé ¥ ‘F‘P%Stzﬂémttﬁé P@@f&c@ m@%%e@memtpsuw&m aneldmtlee

ot cdpHALRY JIOgElSe MLk & ' EondeBS8 oot wnicn

i mrer si on space” (correspon IQUI |nner I on &area

including an opki sahi pat Iﬂcosan@enaajnelthb NALNG8 bh WHe Whfer stage wsT
Accordi ngly, nozzle unit 32 is also called a liquid inmersion space

forming 37 nesbde, Sé}agémaamrﬁmmmeﬁibexdqbr1e@n?ﬂ-”|aneﬁ<ént Thealeghebic
i.mmer si on device 8, for

the like. Incide taII t of
ol o at | oRELe R Ak ool shEfor s st iR AR RS b
state by a maig- asa@ml@eael M&gtw@ d&a%glméasqix%&ntaﬂﬁretda%%%s@% the

above) that holds projection unit PU, or may al so be arranged
anot her frame Weakets diwctiionseparate fromthe naln frame. O, |n t he
case projection unit_PU is supported in a suspended state as is

described &arlier, ndzFPe eMRGdisentmpaghsef f&esinrat Bators _élescrlbed
suspended stat gy, 9ée£H£¥ nkQi Paid RLaLeghl o0 Hnit Phl,but 0. 10he, o ed

5 cont
enbodi nment , nozz#e unit é% IS arrang egkon a ne urenen% %rane F a

supported in abgumgﬁﬁm&ﬂﬁt&bauerlm@emmawﬂemhlwzér<nn ptﬂ&fﬂéﬂﬂaﬂlyﬂléaéﬂJ
In this case, grolectlon unit PU does not have to be supported in a
suspended st at é1nesr feitdenitmaney linlised ite ¢ Hdrasnsre wSaths Bowing segnet

MBT iI's type or the moving coil type, and the types can appropriately
20 be selected as needed.

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

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

Wafer stage WST includes stage main section 91 described

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



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

20l ncidentally, in the above description, one liquid supply pipe
(nozzle) and one liquid recovery pipe (nozzle) are to be arranged as
an exanpl e. However, the present inventionis not limted to this,
and a configuration having nultiple nozzlgs as disclosed in, for
exanpl e, the panphlet 25 of International Publication No. WO

99/ 49504, may al so_be enployed, in the case such arrangenent is
possi bl e t aki n§eCRt8" cdhsi Hafar i tible FEBadndrFtiigehmai azesftionefberts

Furt her, s ti al b . N i t |
Gurf ace’ of nopaTAosdl G R0 A8 P IRl THe 0’ AFzard i =ag
projection optitealepystest Bn ¢lad 7010880 nlgOndiansaheldod BRBwANRe. g.

outgoing surface of tip lens 191, or an optical path on the object
pl ane si de of tihplidimg EOtoise alodd Mmetdredrviiiich lnke brrdlatdsdly itenbase

an opti cal Qatg on tgf iﬁa e pl ane si de of ti;)5 l ens_191. The poi nt
is that any®co F’F’ﬁﬁr i3 gr?a‘ifplb‘ieséﬁf)‘%f&d as'qtatSavdifE FRYUE FCafithe
supplied at |eagbel i tliegPana bel Ween 291004 | G2l (XATben L S,

| onest end (tip lens) 191 constituting projection optical systen1BL
and wafer W Fdirexai eiithheebpert ctd mher %Y aslamrchani e dink@lc0pe8nd N

the 10 panphlet of International Publication No. WO 2004/053955, or
the liquid i nBfsPEN eREdREnPREd @A ls vese™ BIn -t hEngEmepiedAy, AbplEl&at f.on

appar arus of ¢ REEH e sonr Ul rad 7 sRBRh SR R hd RERE % adperr

apparatus of t erring back to 5 age d

50 is equi ppedmdfoié bAd WAL - 1Skadeny\ad cRAG SHEASIHAMRAlaLTRIH AP - 1 hat
are placed above a base board 12, an interferoneter system 118 (refer

to FIG 6) inchusiemoY negsertpentstags MEE. afthrtBeandiatthe Hablle Wikatay

measure position information of _stages WST and T, .an encoder system
(to be dgscri bga ‘ioﬁfé-ﬁjlr?ﬂaﬁaﬁa lﬁs%fgmf.gytely movivnsg also in at leastyone

of the X-axis, Y-axis and 8z directions.
On wafer table WIB, a wafer holder (not shown) that holds
15 wafer W by vacuum suction or the like is arrxanged. The wafer
holder may also be formed integrally with wafer table WTB,
but 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 WIB, for example, by vacuum
20 suction or the like. TFurther, én the upper surface of wafer
table WTB, a plate (liguid repellent plate) 28 is arranged,
which has the surface {liquid repellent surface)
substantially flush with the surface of a wafer mounted on
the wafer holder to which liquid repellent processing with
25 respect to liquid Lg is performed, has a rectangular outer
shape (contour), and has a clrcular opening that is formed
in the center portion and is slightly larger than the wafer
holder (a mounting area of the wafer). Plate 28 is made of

materials with a low coefficient of thermal expansion, such



20 measuring position information of wafer stage WST on exposure or
the like, a stage drive system 124 (refer to FIG 6) that drives
stages WST and MST, and the I|ike. On the bottom surface of
each of wafer stage WST and neasurenent stage MST, a noncontact

beari ng (not shown), for 25 exanple, a vacuum prel oad type
hydrostatic air bearing (hereinafter, referred to as an "air pad") is
arranged at a plurality of points. Wafer ,stage WST and neasurenent
stage MST are supported in a noncontact manner via a cl earance of
around several pm above base board 12, by static pressure of 39
pressuri zed ai RSt BRESTES BEOGPTBUCH (Buch tas ARFOPAE {tdRabtant@amgpert

f f b 2..,Furth ta
ndependent Iy SFTOGbI A" BB nERe iS4l FO%I 3T THE Y25AAS FrBkSA%( 2
horizontal diregki:08 rebel Nenpags §yrft>aﬁ@d 9§r Ebﬁex%mﬁhea&dubbfn&@ém
direction (an orthogonal direction to the page surface of FIG 1)

within a predemstarbels plfdneriXe gidme) resby mtage.adsi smlsm em 124.
To be nore speci . as_is shovvnlntheglanwewm FI G on a

floor surfate 8555??1'30?1“‘?‘?8??:@?%?%& drret @‘ahﬁ?%—?tféegxt’éﬁ‘ﬁﬁ%kﬁ h’ t he
Y-axis directi QB £ %Rﬁ%é%e‘?:@él@' a&?%lgﬁci? 61%11%% ggg 4 B&+Q gis

side in the X-axis direction having base boar ween. Y-

stators 86 andr8¥tkéE, eacis cmapﬁs:ﬁdaqﬁlanf eieﬁmheer & afRgnetd ¢w@£&;e
uni t that incorEorat es a pernmanent magnet oup that is nade up of

plural 15 pair§8tage é‘lﬁ?dr in F8-edhngleteatiti Ss@uﬁﬂ?%ﬁolé@mﬂfepelmt

are placed at a rm ned di stance and al.ternat 0

Y-axis directi oﬁgaz %fxﬁesog E%P%g CEREE7. l’?vﬁ?c% éﬂli -ﬁ%{}g?gs
and 84, antbtwehy- c@)ﬁc&l%%ﬁf&n&% aﬂﬂ:l§5sé’éﬁ1cf§§ £4 i7eelY 184 F angehd
a noncontact engaged state. In other 20 words, four Y-axis novers 82,
84, 83 and 85 that dtad aarectangulsat éramebeamagmamsesheplemiatdad anmerd
space of Y-axi 87 whose sectional surface has a

t at
U-1i ke shape, gﬁ’g‘sgrqué‘é e?‘!éﬁ?veé‘&pﬁﬁ‘ﬁ 3:n QP HdkEbnt T8 drgRReH /At
a clearance of 5 {05pEX 3R GanBl OV RHes QG0 sBIL VLA L DE 2k L RIG LA

shown)
at least part of a liquid immersion area 14 protruding from

15 the surface of the wafer is formed, and on second liguid
repellent area 28b, scales {grating sections) for an encoder
system (to be described later) are formed. Incidentally, at
least part of the surface of plate 28 does not have to be flush
with the surface of the wafer, that is, may have a different

20 height from that of the surface of the wafer. Further, plate
28 may be a single plate, but in the embodiment, plate 28 is
configured by combining a plurality of plates, for example,
first and second liquid repellent plates that correspond to
first liquid repellent area 28a and second liquid repellent

25 area 28b respectively. In the embodiment, pure water is used
as liquid Lg as is described above, and therefore, hereinafter
first liquid repellent area 28a and second liquid repellent
area 28b are also referred to as first water repellent plate

ZBa and second water repellent plate 28b.



25 with respect to corresponding Y-axis stator 86 or 87. Each of
Y-axis novers 82, 84, 83 and 85 is conposed of, for exanple, an
armature unit that incorporates arnmature coils placed at a
predet erm ned di stance along the Y-axis direction. That is, in the
enbodi ment, Y-axis novers 82 and 84 nade up of the 40 armature
units and Y-axis stator 86 nade up of the nmagnetic pole unit
constitute noving coil type Y-axis |ineaggnotors respectively.
Simlarly, Y-axis novers 83 and 85 and Y-axis stator 87 constitute
moving coil type Y-axis |linear notors 5 respectively. In the .
fol | owi ng descri pti ol t8agHcdTe t REPPHIFe Yiaht I inctragddesed to first
descri bed abov A £ r t Q.as -axis linear nptor 82, a
Y-axis linear gn%l}te%!rc %%?Elal%%?“aéf%ﬁ %Rga?ﬁr%[eo%n%%r asr%gl%é %%1]% S*PPRRLT
notor 85 as neadgHt 1ISiHGal-le ySiHrR dief 8d @BCE CARERaBST LRBET14MY Bl Ste
82, 84, 83 and 85. 10 Movers 52 and 83 of two Y-axis linear notors 82
and 83 out of #Bb dwiheyuhars sidaealakbrorshisr facedpsot ¢araiyefrakbonit o
one end and_the other end in_a |qngitudinal direction of an X-axis
Stator 80 that Wi AUITIERE @ AAFEC HRFEE CRBRLLEET PRER, EHBYETA valer
and 85 of the i 1| axl '
ixed to one e an e Ry A of e ey o ol B paye i fone
extends in theIk-ékightdiiheat racuurfadardiviglet Dégdohs St atiirss c@8epnik
81 are driven along the Y-axis by a pair of Y-axis linear notors 82
and 83 and a paPPletd ¥s ferwedionsic rotknce UuLinet sstepsppellony plate
20Each of X-axigastalal .80, ANdk B L s. COMOSEA 0f yf O | CXMRLe) Al
armature unit at “i'ncor por at €5~ ar ure coi'ls p?acé‘a qgtat cep
predetermi ngd dbst aneangl 984 $thehok Y1 Sfdsh@el 1fht IL infeile Xodths
stator, X-axis stator 81 is arranged in a state of being inserted in
an openi ng (nofisHowarer aeiredlant 28ea st apel il hs Fermedrerothg gorface
shown in FIG 2. refer, to FIG t hat_. constjtutes part .of wafer .
S8 VET | nsPRSTaEiRmbeBT Bl 5 AoBec T oRCRTH 0P LSl
a magnetic pol g ¥pidy1tMibCh E@_& Wh R FRPEM RSk HLOUR; Il LS Rde
up of plural pairs of a nor%) pol e magnet and a south pole magnet 41
resistance to exposure light I1L (light in a vacuumultraviolet

15 region, in this case) to a glass plate, it is effective to
separate the water repellent plate into two sections in this
manner, i.e. first water repellent plate 28a and second water
repellent plate 28b around it. Incidentally, the present
invention is not limited to this, and two types of water

20 repellent coat that have different resistance to exposure
light II. may also be applied on the upper surface of the same
plate in order to form the first water repellent area and the
second water repellent area. Further, the same kind of water
repellent coat may be applied to the first and second watex

25 repellent areas. For example, only one water repellent area
may alsc be formed on the same plate.

Further, as is obvious from FIG. 4A, at the end portion
on the +Y side of £irst water repellent plate 28a, a rectangular

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



pl aced at a predeterm ned di stance and alternately along the X-axis
direction, is arranged. This magnetic pole unit and X-axis stator 81
constitute a noving nmagnet type X-axis linear notor that drives stage
main section 91. in the X-axis direction. 5 Simlarly, the other
X-axis stator, X-axis stator 80 is arranged in a state of being
inserted in an opening formed at a stage main section 92 (not shown
in FIG 2, refer to FIG 1) that constityges part of nmeasurement
stage MST. Inside the opening of stage main section 92, a magnetic
pole unit, which 10 is simlar to the nagnetic pole unit on the wafer
stage WST si de sk ageararerenicriare 39 53 dopedded ipsidadbe. ritiapgulax
magnetic pole uniit apd X-axjs stator, 8 opstityte novi ng nmagnet
type X-axis |i r?é’grcengltnd‘srl eht\ﬁe d:rlﬁ%\?élg) ut@ °§F§g‘é‘/ ﬁé? PREHreand
X-axis directi '%@coﬂéh%t%?%e?@?gh%ﬁléte 0850 @f sidiR iRk HPL QS rmed
descri bed above that constitute stage drive system 124 1s controlled
by mai n cont r olineth@Oceagtioam inntké Qortyitudthale ndialdeyionasch hdéawmaement
notor is not linited to either one of the noving nagnet type or the

movi ng coi | 2t ypéatamp tiRE # irEdegatnaddr sfriafes] fabde R el aod édrakr
ded. I t al i t t | .
Gonerai ed by aSEarrtoft Sriske RYaERAAGS SLLE o ReiSE SEFLF fgkmpg i

different, a yawengymmsisilcalapletahdn vaRRAURspdtd he eRedidcdd or) of
waf er stage WST can be controlled. Further, 25 by making thrust
forces sever al Fydyerry ey BY on ¢28 side andakhe dtihesasidmtior hagX-ants

83 be slightly different, .Yaw, ng anmu of nmeasurepent stage MST
can be control fagect+on ot %&é&?liféﬁg%\%#'i iy &885 %F:@ee“r‘?éi ﬁmg‘é%ti on
91 described ahewsupdbit H\@itegaatt%m:ﬁs VB Al shp SIS €200 St 89F1ng
main 42 section 91. Wafer table WIB and stage main section 91 are
finely driven kendéebhelongxilse di-pedsidinectheneadlkreris atirandidheaBybe
direction via a Z-l1eveling nmechani sm (not shown) (e.g. including a
voi ce coil not 8F%8r 3héN EREYPLRt atively to base 5 board 12 and

X-axis stator 81. Tft"i‘fxtﬁéﬁé‘ﬂ% 9 LAQLE iWﬁ&?QB?ﬁX?e{%gg[:f{;% oﬁlgagﬁp

be inclined (tilted) Int axis directron w
pl ane (or the koage wplraed oafeqifipp £akic0H1 ApkbyE Measusbednts)it patterns

| nci dent al Ig, in FIG_ 6, stage drive system 124 is shown including
each of th&2]i fkaradn L-shaped housing 36 inside which an optical system
containing an objective lens, a mirror, a relay lens and the
like 1s housed is attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 3¢ is arranged in pairs
20 corresponding to the pair of aerlal image measurement slit
patterns SL, although omitted in the drawing.

The optical systeminside housing 36 guides illunination
light I that has been transmitted from above to below through
aerlal image measurement slit pattern SL along an L-shaped

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

convenience,



10 notors and the Z-1eveling nechani smdescri bed above and a drive
system of neasurenent stage MST. Further, wafer table WIB nay be
configured capable of mnutely noving also in at | east one of the
X-axis, Y-axis and 8z directions. On wafer table WIB, a wafer hol der
(not shown) that holds 15 wafer Wby vacuum suction or the like is
arranged. The wafer holder nmay al so be fornmed integrally with wafer
table WIB, but in the enbodi nent, the wafgr hol der 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 20
suction or the |ike. MPIROVREr OTokhe HBPRH BUFTacH PAEECONdWALEr nepslldent
WIB, a plate ( d £p n | at.e 28|s arr ange asthe
surface (Iiqui élrgg%e n?Aug'%%Pége rlsublflgﬁt?]éﬁ’l I% HV\Igf{rﬁe he 2
surface of a \A@freaeﬂ@ﬁmr@f%chhﬂdw RucRObHeFoul0 Waksh o d

repell ent processing with 25 respect to liquid Lg is perfornmed, has a
rect angul ar ouﬁ@ﬁ@f‘nia&pfell(momnme)as ancbrigaside cindc tharotdeensde tihathe s

formed in the cgenter t|Qn angva%s sllggtly | arger than the wafer
hol der (a nBunti AG*&r etS’Ithﬁe bee zapsidepfdRldfte PiPe (PRl

with a | ow coeffihelent +gE thar XPANSIc 43,y a r
ceram cs (suchsas Zerodur (t hezrﬁgllrtg%d name;ilagf ?ﬁgt tﬁd %A%%gé;%gQ
TiC), and on thedsig,asee dorpbatesdBctaveigli d sefiadd 8oy, Bhln39G are
formed by, for exanple, fluorine resin materials, fluorine series

resin materi al §a§'ﬂc<FPf%ES°9{"5-dp§ny% eﬁfdfel%'réff@ew@ﬂ% (eTet | Shf{rasdiioner ed
trademar k))FurtSI%xH& 83k mﬁéz'::%c?m £ 8Lddcon SW;' efa{ug%:dérsﬁ%lon

materi al s I'S™s i a pfan Vel of
(waf er stage \A&f{)wnlrmﬂgem%nd@ abenABMAsEnha iéﬂ%attuhhﬁal L RReN beMn
area 28a whose outer shape (contour) is rectangular enclosing 10 the

ci rcul ar openi bhe Xaagdia deeohdonh aqalﬁbrmepedd emxreele‘earrmj:ect pitcthatoreg
Fepel ont - ar eaSoRLA ST PRES THuTP FOBelTERI® aea 38as '?%#t‘iempl e,
when an exposure opey; ﬂlt_]_llggl S REL gqﬂ., ty 0 i d:

i mersion area 14 pré'trud| n% £rom % eoglgr%g%% g&arche %/\t/:’a er S?Lgédln

forned, and ontsederdikidiriedttepel|mriondreaedBbpaldahe plageat dgboth
secti ons) for an encoder system (to be described |ater) are formed.

| nci dent al $5, ﬁ%d?%&élttftﬁa?’?r*é%c%]héléw’ﬂéﬁblﬁfﬂﬁ af® 28 srpdesndiiranve
to be flush w ngt ?9;%‘5% % eoggfecteg fer éga est ﬁgXJWa}f( Y;Ii_.areheﬁch

different 20 hel rom 5Grface 0 urt

pl ate 28 maybecemsddud @£pa aje&,lebtlﬂ.vé rl;ﬂa&&n@”p@d% m&tfra)é@i&l %gatiSng)
configured by conbining a plurality of plates or exanple, first and
second |iquid hapetd énpeplerissdi hettioor Lespond-enis idigecthrmlldt which

I | ent 28 d s d, | t
Feopectively. PR naRgRCLanAiAS Y deriitenine GLeReelor ta e o
is descri bgg aQQi’@ctﬁ?ﬂafé‘%ﬁﬁé&fmaEﬁ%ﬁb@@ h&fed bisdn h1GM 9 58REL] SN

area 28a and second liquid repellent area 28b are g(%so erred to as
first water reperdErd]l loatbe2Baaand (Xeanis diterrtivapel Iz!fsntaaﬁha:bﬁ heh.

scales, the scale made up of a reflective diffraction grating
RG (FIG., 8A) that is created by, for example, hologram or the
like on the surface of second water repellent plate 28b is
25 used. In this case, each scale has gratings made up of narrow
slits, grooves or the like that are marked at a predetermined
distance (pitch) as graduations. The type of diffraction
grating used for each scale is not limited, and not only the

diffraction grating made up of grooves or the like that are



44 In this case, exposure light IL is irradiated to first
water repellent plate 28a on the inner side, while exposure light IL
is hardly irradiated to second water repellent plate 28b on the outer
side. Taking this fact into consideration, 5 in the enbodi nent, a
first water repellent area to which water repellent coat having
sufficient resistance to exposure light IL (light in a vacuum
ultraviolet region, in this case) is applted is formed on the surface
of first water repellent plate 28a, and a second water repellent area
to which water el ent 10 coat having resistance to exposure |ight
IL inferior tomﬁgaﬁ%]tl}vvépémecae@eutl ahso,arfes ¢xampdsl i tle idlFforabtonn

the surface of se ond l e late 2 I eneral, since it
is difficult t8F aﬁm teflsr‘ég W*’éﬁ-"i’pw"’w g™ SEEPTER X ings on

resistance to %Xﬁﬂéwéﬂélgakelfes(ﬂd ghl Bd & eWaC Uil aYi gl lcala is
region, in this case) to a glass plate, it is effectivé to separate

t he wat er repekkeategpbaimarknhg thegraeottHoss b thiei & ffaapeionigrating,
first water_repellent plate 28a and second water repellent plate 28b

around it. PncifBEnesamRie .t g8 prizkiht bieﬁV%ﬁ‘Elje?r?% tﬁo‘éP’M rﬁqre@xtatgple,
t hi dt t
I's, and two Ly rObs %(E % }{1%08.]1. 38351 3 7 %é \{’[%ﬁ sca reesnare

resistance to e posure

surface of thecsagBe@pkatR the mqiﬁ_rd _{:@pélqrelﬂttfhﬁlnfK&&Eeﬂ\@éﬁél]f&&eﬂﬁﬂt
area and the second water repellent area. Further, the sane kind of

wat er repel | en@eéwb%?bbﬁeapﬁmwembﬂm thﬁsﬁl@bd@e’dmmbmueg 5
repel l ent areas, For a onl.yv. on ter repelle are al so
be formed on tR&® ‘%%r%u% g'tpigef in l'yIGFugf‘V\@? § BB#(RJ‘SF g%zﬁlféle
4A, at thejgndsprs to'foébrﬁa%ntlgﬁcé'Y %@esaqffe {4 rtéhews%rur 6ORLL SRL,PAAL ©
28a, a rectangular cutout is forned in the center portion in the

X-axis direction, 43 &hdsanaveesyrenerie phbdeinht,s stnbe dotednidnsa ke
t he rectangul ar space (inside_the cutout) that is enclosed by the

cutout and secbPREWRYET Plepe| P8 i tSrafeCoBH: 1AL JERS af @Sk FI\AJJr%SS
f d h he |
bl a6 30| (on abCare crith e Fpv ofsHente Rt PL "Gipndl SpdRATY 95008 o

aerial inmge neasdraeRicoslli fapad rpas 1Skt aflatdeorsBd iHbwkRer, the
symetrical placement with respect to the center of fiducial mark FM
on one si dkd anpresrntotihEentiee ispnethdixibsf o this, and a scale member

made up of a glass plate or the like with a low coefficient
of thermal expansion on which a grating is formed may also
be fixed on the upper surface of wafer table WIB, for example,
by a plate spring (or vacuum suction) or the like so as to
20 prevent local shrinkage/expansion. In this case, a water
repellent plate toc which the same water repellent coat is
applied on the entire surface may be used instead of plate
28. Or, wafer table WTB may also be formed by materials with
a low coefficient of thermal expansion, and in such a case,
25 apair of Y scales and a pair of X scales may be directly formed
on the upper surface of wafer table WIE.
Mirror finish is severally applied to the —Y end surface
and the —-¥ end surface of wafer table WTB, and a reflection

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



direction of fiducial mark FM As each of aerial imge 10 neasurenent
slit patterns SL, an L-shaped slit pattern having sides along the
Y-axis direction and X-axis direction can be used, as an exanpl e.
Further, as is showmn in FIG 48, at a portion of wafer stage WST

bel ow each of aerial inage neasurenent slit patterns 15 SL, an

L- shaped housing 36 inside which an optical- system containing an
objective lens, a mrror, arelay lens apd the like is housed is
attached in a partially enbedded state penetrating through part of
the inside of wafer table WIB and stage main section 91. Housing 36

i s arranged i nfpameps- 2@vcseFespbhdilrgaddating pai dnberierdngtermagan

measur enent sli ttern L |t hou omtted Ln t drawi n ,

The opti cal sys( gfgr]g}lﬁ%rflegc Sﬁ%?ntgo §8ggﬁ?ﬁle°§1 FPF%?T?%QTQIFOFIH%V:@EI%IEFEIOH
that has been GhapssétiRdahioreabMeqt @ REIQWLLEr oUah AerLakn IR v
nmeasurenent slit pattern SL along an L-shaped 25 route and emts fhe
i ght toward ain¥edferondter. 16rnuidl@niatéyferometbes fIdd,002Agand 128 (X
description, the oggi cal systeminside housing 36 is described as a

i ght - t r anshi t tPHGEESEIGHESE B50 (Si he® (e Bk howpeiR TS -chdarefer to
h i 36 f y I e
ol hg 33101552 Srkul SOBUEREIGRe 18 e UPRNCE 400 Ui

upper surface of second water repe grid

lines are diregkkfef aror@dsi N6 meredet ef MiiRE1 PEémdhalo@nga el okt Os
sides. Mre specifically, in areas on one side and the other side in
the 5 X-axi s dPREERFRIFION 3t Rasetioregerhentlin atte £28¢d (Migkhr is

S5 e MEAZRNIAL T BEALGANE' S Al sRSTLFE i e
conposed ofoa keft£ed i1e u@kat h8G (Rttm dhifiaoti QRagr 8Li Nshavhng a
periodic direction in the Y-axis direction
information of wafer stage WST within the XY plane, and supply
the measured position information to main controller 20. In
the embodiment, as each of the interferometers, a multiaxial
interferometer having a plurality of measurement axes is used
15 as will be described later, except for some of the
interferometers.

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

20 wvia a kinematic support mechanism (not shown).

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

25 as is obvious when viewing FIGS. 2 and 4B togethexr, movable
mirror 41 is designed so that a length in the X-axis direction
is longer than reflection surface 17a of wafer table WIB, by

at least a distance between 2 interferometers 434 and 43B.

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



10 in which grid Iines 38 having the |longitudinal direction in the
X-axis direction are fornmed in a predeterm ned pitch along a
direction parallel to the Y-axis (Y-axis direction)

Simlarly, in areas on one side and the other side in the Y-axis
direction of second water repellent plate 28b (both 15 sides in the
vertical directionin FIG 4A) , X scales 3924 and 393<2 are forned
respectively. X scales 39X2 and 393<2 arggeach conposed of a
reflective grating (e.g. diffraction gratlng) havi ng a periodic
direction in the X-axis direction in which grid |lines 37 having the
| ongi t udi nal difeEEEPBreaGtirhal shapes wolel seens die he Lamenahly mmalng
predeterm ned pj |rect|on raIIeI to

direction) . A% %ggﬁ %ﬂk e scanlso %xﬁﬁ?pﬁﬁa UpMéfrﬁr gtf@e
di ffraction grapblgeREd fAS-v&aet batrdce 6F %fvsgl@ym&ek ﬁxaéwd %nree
hol ogram or the Iike on the surface of second water repell ent pl ate
28b i s 25 usedrefpechien cagdaceachilncdlle had 4ratimgsomed. up of

narr ow ints, gr oov the like that are marked at a predeterm ned
di stance (pftch) as %‘?’ﬁﬁ?&?%ﬁélrf‘?ﬁ% AP FenstibnEes anenSe YrtaceRP tied

for each scale_isgpgt dd Hbieshe Qrﬁ.‘i'rggtllfr%#l %ggﬁam a?ra&iggrtg{e gﬁ{gg}g%

made up of grooves or the II1ke that are

al so, for examnplenetdsd dirf thack+aai QrAtrengidhat Rbﬁl@d&’@f&rﬁ%u&)face 41b
exposing interference fringe on a photosensitive resin may be used.
However, each §eBPbifutes éataéHl IppneP Y iaget pe theatitigtidenet grefilgetion

di ffraction gr 3hi-Blee faogngémngﬁlparaﬁaght Ch P8t “qugggﬁ%{;{éggﬁgg&

for exanple, a pi m on a e scha

scal es areilgovereth whihe Uifepﬂéd};lt'e%nﬁ.ﬁ@@de@ﬂ%e§ '1'11”31 (d&%bﬁﬁlé@l@ﬁlrla@@ion
film described above. Incidentally, the pitch of the grating is

shown nmuch wi dép HI%. H@l’dﬁreﬁn@u he X&qiizale amctmhthééfr—at:he dh&esakm.of
conveni ence. E Frgama s % fo in ofther drawi n this
manner, in the's S iheut Mo ale ceBat vt =% G5aPRERE Sﬁrféﬁeez@bthe
i tsel f constitupeydbhf SEAIRS10A YreSse ahgfagldvmsté&@aﬂeg%\eﬁw g&gﬁy
as second wat er ent ate

of thermal expansion is to be used

28b. However, wheh Fefleestoh sumfarki O1b Sulﬁhtréf]mdt&d:nt wiﬂc&a 438dia
scal e nmenber nade up of a glass plate or the like with a | ow
coefficient?of P Fh‘é‘i’g& expansi on on which a grati ng is for rred may

al s be f1xed on the,unpeL.ou (260 YaLEL Gahke YB oL exprple.,

by a plate spring (or vacuum suct | on) € S0 as

| ocal shri nkagehegpestsn@ierk n43mla31dcass, afe vx%ts%ct@@@i;} efacdkkabs dife
whi ch the same water repellent coat is applied on the entire surface

may be used inSiéadnsd Yhleaprehes. siGe ofiathe X-ais WiBeawiomlafo Ybe
formed by Mol et hplRrdldnd B P ORhE! Sisilanllal I TRe SIPANS B0k 'Y
20 interferometer 16, and at positions that are slightly lower
than Y interferometex 16.
As is shown in FIG. 1, from each of Z interferometers
43A and 43B, a measurement beam Bl along the Y—-axis direction
is irradiated toward reflection surface 41b, and also a
25 measurement beam B2 along the Y-axis direction is irradiated
toward reflection surface 4lc (refer to FIG. 4B). 1In the
embodiment, a fixed mirror 47A having a reflection surface

orthogonal to measurement beam Bl that is reflected off

reflection surface 41b and fizedmirror 478 having a reflection



25 a pair of Y scales and a pair of X scales may be directly forned
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 48 formed. By severally irradiating
an interferoneter beam (neasurenment beam to reflection surface 17a
and reflection surface 17b and receivinggg reflected Iight of each
beam | interferonmeter 16 and X interferometers 126, 127 and 128 (X 5
interferoneters 126 to 128 are not shown in FIG 1, refer to FIG 2)
that constit ut é%&ﬁ?eo@rwﬁg@pﬁérmﬁteéﬁugy@@@nbfm R7 dhat t-@ 1B iGecgpd
measure a dlspl T?' eacrj}fggél ction surface ;_1 g} %F‘ _

posi tion (general I i irXed mrro Cér&a&f&Bgﬁ SfhE™ 1‘%12 pacaxbt
proj ection uni tdlB@ctmd fé@e%wﬁ;ﬁcaec Ip%syéfgn@str%tda&u%ﬁa&é@%e) :
that is, position information of wafer stage WST wthin the KY pl ane,
and suppl y t he predetiesdipsasidiistancafapamt Foomtrovatile nontooldlein26he
In the enbodi ment,  as each of the interferoneters, a myltiaxial

i nterferonefer "I:’tra@*ﬁggc%w&'u?'%lq 87268 SfeRQuridtERECEIRS WiEh RRaFursNgEt
will be descri lg%gmgagfranc@@ept for some of the interferoneters.
Meanwhile, as Is showmn in FIGS. 1 and 4B, a novable mrror 41 having

a | ongi tudinal direcrizn nirtbes M7axhad dTeekbosfupgoreiaches dxambhe,
-Y side surface of stage main section 91 20 via a kinematic support
mechani sm (not P¥hehthsame SUPPOI’C W%uim’@fshzwnht@ﬁa@m#e@euasﬁ@w dneot

43B constituti QQOBS‘L%‘QE stupﬁea er%%‘%%% ﬁ%?@?ﬁls 1gﬁcef &) tgi} ggﬁe&

that irradi ate neasurenen VA e m rror

0pposi Ng My abig ribis qvﬁanarﬁﬁ&nayoafééﬁe hapghddd onTeh@qnéHyu%ement
specific, 25 as is obvious when viewing FIGS. 2 and 4B toget her,

nmovabl e mi rror f2ame sdefexiigrddpseovidimlya | Bagihieri, nithehe- entiogliment,

direction is longer.than reflectiqn surface 17a of wafer table WB
by at |east a BPg’f‘%%%éﬂlﬁéPﬁe% VlﬁseF#@%ﬁﬁfi?%tmsaﬁ&aa%% 41b, 4la

Further, movabhgqmii& Orakl £k 248/ HEsCh7R JRIMSR B2Y 08 ¥ arranged,

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

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

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

is placed above wafer stageWST. Inthis case, the fixedmirror

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

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

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

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



49 hexagon sectional shape, which seens to be forned by uniting a
rectangul ar and an isosceles trapezoid. Mrror finish is applied to
the -Y side surface of novable mrror 41, and three reflection
surfaces 41b, 4l1a and 41c are formed. 5Reflection surface 4la
constitutes an end surface on the -Y side of novable mrror 41 and
extends parallel to the XZ plane and in the X-axis direction.
Refl ection surface 41b constitutes an adjgacent surface on the +Z side
of reflection surface 4la and extends parallel to a plane that is
inclined 10 at an angl e of predetern1ned degrees in a clockw se
direction in FIt@ 3“97?/@ PePHEt 108 DAntisans naRGUrATene beaggi B4 and
direction. Reflgcti 41¢_cC tltutes an adj acent rfac

o ?F*g%?é*%m L PR Tar e R B ke I A

t he -Z side of*? ron's a“an ar range
with reflecti orar&us:épﬁ@sékﬂt@u%w $Rfdre el Qnméégdx%‘ﬁ@nﬂlgeérﬁ‘ ER

bet ween. As is obvious when viewing FIGS. 1 and 2 together, Z
interfer orret er s 43A Rthe33 &rmt&;sﬁm*ometxer yLplizredishe ®neeasivgemant

t he ot her e _of the X-axj irecgtion of Y interferonmeter 16 at the
substant i al P é’&ﬁ% B 0% oD TIREP R 3 TB3SUREReRT 2%15

positions t hat iarehsyLghid H:LJ:Q(‘!‘@IOII B38ceh b PR L PHBLES d1Btance apart

in the Z-axis direction from measurement beams B4; and B4,
and receives measurement beam B3 reflected off reflection
surface 4la, thereby detecting the Y~position of reflection
10  surface 4la of movable mirxor 41 (i.e. wafer stage WST).
Main controller 20 computes the Y-position {(to be more
accurate, a displacement AY in the Y-axis direction) of
reflection surface 17a, that is, of wafer table WIB (wafer
stage W3T), based on the average value of measurement values
15 of measurement axes corresponding to measurement beams B4, and
Bd; of Y interferometer 16. In addition, main controller 20
computes a displacement (yawing amount) A8z'Y in the rotation
direction around the Z~axis (@z direction) of wafer table WTB
from the difference between the measurement values of the
20 measurement axes corresponding to measurement beams B4; and
B4;. Further, main controller 20 computes a displacement
(pitching amount) A8x in the 0x direction of wafer stage WST
based on the Y-position (the displacement AY in the Y-axis
direction) of reflection surface 17a and reflection surface
25 4la,
Furthexr, as 1s shown in FIG. 2, X interferometer 126
irradiates measurement beams B5; and B5; to wafer table WTB
along the two measurement axes that are spaced the same

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



As is showmn in FIG 1, fromeach of Z interferoneters 43A and 433, a
measur enent beam Bl along the Y-axis direction is irradiated toward
reflection surface 41b, and al so a 25 neasurenent beam 32

al ongt heY-axis direction is irradiated toward reflection surface 41c
(refer to FIG 43). In the enbodinent, a fixed mrror 47A having a
reflection surface orthogonal to nmeasurenent beam Bl that is
reflected off reflection surface 41b andghi xed mrror 473 having a
reflection 50 surface orthogonal to nmeasurenment beam B2 that is
reflected off reflection surface 41c are arranged extending in the
X-axi s directi BASPERPEEEPYEN Fhearticsiltaxdssof papiarelapapkical system

predet er mi ned dj st rt,. fram able mrror 41.in the 5 -Y .

direction, in gt'stag{&g %ﬁpﬁg{gtf% or'f eaf(icrcl’lﬁp‘\}\n ?%tﬁ%éasoﬁﬁ'éﬁ%ﬁtmbéﬁwg Bt
and 32. aEr¥E€h o8 IxPpe s 4 LordN A A BB RbLe HRRSEEET. o fDils@%RBRES:
by the sanme support body (not shown) arranged on a franme (not shown)

t hat supports AKojmedheol-amis dPbect eri)dentwedfar, thbXedTh) basedbn YA
and 478 maySaI so be arran%gfléon t he. neasurenent frane descri bed

previ ously. FyP‘Fﬁ‘@‘r‘?el?er?tt SHC MRRMeATIFEReRt rﬁ_;ﬁe,sogoz_&.ﬁeq%d‘i@g to
three refl ecti AlasutdRiRS nakhs ¥haaAdthellC patlithel Xl ddtin194A A0

478 are to be arranged, but the present finventionis not limte

this. For exanpbgputids & ¢aBbigeemdriton yvERYng! S ) APk BYedh icheWbkch a
nmovable mrror having an inclined surface at an angle of 45 degrees

i s arranged onditReckicieof alseeteble WaHelran fheckiifonenee vt weeni shal
mrror is plac tage, WoT. In_this case, the fixed

T rror my be SeraneaanvEhaSl B GIE Hssny e th e et R P e
20 describegl aheySurement beds B3, SJH&NBSJZ.H Eﬁ&d&lta\ilé(mﬁég‘e’r OBEL Bfedl 6
i rradi ates nmeasurenent beans B4l and B42 to a reflecfion surface 17a
of wafer tabl efYB ¥liorgrfRsonetaurléfeand 8« iokhtaheed-fpdms Ydi recti on

that are spaced_t he. sane, di st ance apart on the -X 25 side and the +X
side froma st?ﬁ?%ﬁeqoﬂ%eﬁ;éﬁ%Iecﬁlait%ewgﬁtgeﬁa?ﬁdnbh?%FSBﬁﬁS?TH'e

proj ection cenﬁrisgiaeé@gr@ﬂ%%gan%%@et 35%934 fggﬁ%,ez(&ﬁé%%'onaa@ Fafes

refer to FIG , and recei of “éach measur enment
beam thereby tabbetiT®y the position in the Y-axis direction
(Y-positi 0{13 of v eE'rurther, as is indicated by a dotted line in FIG. 2, a
measurement beam B7 is emitted from X interferometer 128 along
the measurement axis parallel to the X-axis. In actual, X
interferometer 128 irradiates measurement beam B7 to
reflection suxface 17b of wafer table WIB located in the
20 vicinity of an unloading position UP and a loading position
LP (to be described later, refer to FIG. 3}, along the
measurement axis parallel to the X-axis that connects
unloading position UP and loading position LP. Further, as
is shown in FIG, 2, a measurement beam B6 from X interferometer
25 127 is irradiated to reflection surface 17b of wafer table
WTB. In actual, measurement beam B6 i1s irradiated to
reflection surface 17b of wafer table WIB, along the

measurement axis parallel to the X-axils passing through the

detection center of a primary alignment system ALL.



51 table WIB at irradiation points of nmeasurenent beans 1341 and B42.
Incidentally, in FIG 1, measurenment beans B41 and 1342 are
representatively shown by a neasurenent beam 84. Further, Y
interferoneter 16 irradi ates neasurenent 5 beam 83 toward refl ection
surface 4l1la along a neasurenent axis in the Y-axis direction spaced a
predeterm ned di stance apart in the Z-axis direction from neasurenent
beans 1341. and B42, and receives neasureggrent beam 83 refl ected off
reflection surface 4la, thereby detecting the Y-position of
reflection 10 surface 4la of novable mrror 41 (i.e. wafer stage W5T)
Mai n contr Mﬂl@rc%n@éﬁput@scamebnamsm iddsplacetmnthdKen the

accurate a di splac nth Yals el reflection

surface 17a, %%ﬁsﬁ@%%c%? P (ﬁ/aé s?ttgggoé“ \t‘lﬁ)meaﬁﬁ%nﬁﬁrbtn
the average vabam@fofrm@assﬂr%ﬁ%ﬂt B/e,%lmuﬁé ok At BBRSHERIBRIN 18%Q@%d £rom
correspondi ng to neasurenent beans 1342 and 1342 of Y interferoneter

16. In additi ohhermﬁarﬁur@manblVzeitueZ(a:fcma@m:smemtdbspmaB'kmm (yavm' ng
anount) AOZ% e rotation direction around the Z-axis

di rection) of \]l\ﬁ?'%lf SEEBCECHTE S v oHPYRECT 18 BhREPIR R O Fh%ee X
measur ement VaiH@érﬁroh@%e%% 1%asy§ﬁrg%@t19@(@&%&%@1@%%&% xis

nmeasur enent beans 841 and 2.7 Fur mal n contr

di spl acenent (@itedting ,aandiherdEsrén * hﬁt@.(f&htdn@:telromzsflsl\/@fseﬁ vﬂ-teihge
WET based on the ?-position (the displacement Al in the Y-axis
direction) of PERPBEIE oA RUF diFa shednr & | G- éﬁ: HKiringes fepanet.ex
Further, as |Sl§,pci Ierferorreter rradi at es

F
measur ement beafrs 5‘%&1 hf@f’{?fer ¥ ]fgélrmetngbjr%p\?ﬂfgoﬁlp %Sst Oy the

neasur emento ax@saditdfs @hehsPacEd.t he, sae xiistaResraRaldr fm@rrl@ used
straight line LHin the X-axis di rection 52 passi ng through

optical axis o‘ﬁhqrr@j wefeoniopordall &y shemPly EIES . naR rambEr ehd:levheZ:O

conput es the p05| on.,int xis direction (X-position, to be nore
accurate, a di3pf rré‘ﬁt %&’?cﬁadﬁaﬁé‘ ROQR HiFLGet 2bn) of wafer table

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

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



5 nmeasurenment val ues of the neasurenent axes corresponding to

measur enent beans B51 and B52. Further, main controller 20 conputes a
di spl acenent (yaw ng anount) Aez(x) in the G direction of wafer
table WIB fromthe difference between the neasurenent val ues of the
measur enent axes corresponding to 10 neasurenent beans B51 and B52.
I ncidental ly, Aez(x) obtained fromX interferoneter 126 and ezm
obtained fromY interferonmeter 16 are equyal to each other, and they
represent a di splacenent (yaw ng amount) AGz in the ez direction of
waf er table WIB. 15Further, as is indicated by a dotted line in FIG
2, a measur ener¥2oheah Wl@leﬁﬁthebﬁl‘fq’t@rmb(anm e¥lfle cdnmeasul@®rdl bagn
the measur ement, amﬁi arall el

i nterferoneter NS F?Eﬁéﬁreé‘r‘?é;ﬁm E és t?ff“@FF'éE?‘T“?fﬁ' beam

surface 17b of pgpataittakd &ddEBvh@osy e inRetREr&RtUrSi BBAYaRd AR are
unl oadi ng position UP and a | oading position LP (to be descri bed

later, refer texpressg®],imltbegfohbovipmseneativnaxily padak?el to the
X-axi s that 5connect s, unloadi ng position UP and | oadi ng position LP.
Further, as®is™SABRATTYIRI-G 2, a nmeasurenment beam B6 from X

i nterferoneter 25 1244 s iA%aQI zlt ed CtbgP ef |E£tl onlggrfacFlgl?b of
u

wafer table WIB. | n actua remen beam |S|rrad ted to

reflection surface lifp of Awaf er (1 ablces¥¥Br mAPRIsiNE NMeagyyr ement axis
parallel to the X-axis passing through the detection center of a

primary alignnment system ALlI. 53 Main controller 20 can

obtain the displace the X-axiLs dlrectlo f f table WIB
also fromthe neasu?gec%ent gﬁﬁ te negsur th nﬁegﬁ‘? &r %B

i nterferongper dlgﬁlé’é@néﬂt%”hkgeaﬂ@% e%enlabﬁfa?iﬂé% BP Hﬁé%ﬂf&ﬁ%gbeam
37 of X5 interferoneter 128. However, the placenenis of three X

i nterferonet ergqqaﬁlor&‘iﬂ%\ndnizeﬁ)&re different in the Y-axis
direction, and therefore, interferoneter 126 i s used when exposure
is perfor med as sho@fd i FEPE? 1PLIY Vneetrr one(t3ér 127 is used when

waf er alignnent is ;ﬂrfoj@glag &@2\/\9\/#1 {1 g WI ng such as FIG
én‘a wa

25, and X interferometer IS us s lo ed as shown
in FIGS. 22 and 23 and when a wafer is unloaded as shown in FIG 21.

15 The displacements AZo and AYo are obtained by each of
Z interferometers 43A and 43B. Then, the displacements
ocbtained 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

20 nmeasurement beams Bl and B2 irradiated by each of 2
interferometers 43R and 43B that are apart from each other
in the X~axis direction is assumed to be D (refer to FIG. 2).
On such assumption, the displacement {yawing amount) A8z in
the 0z direction of movable mirror 41 (i.e. wafer stage WST)
25 and the displacement (rolling amount) A8y in the 8y direction
of movable mirror 41 (i.e. wafer stage WST) are obtained by
the following equations (5) and (6).
A8z =~ (AYOR - AYoL) / D ...(5)
ABy = (AZoL - AZoR} / D ...(6)



Measur enent beans Bl and B2 along the Y-axis are irradi ated from each
of Zinterferoneters 43A and 433 toward 15 novable mrror 41.

Measur enent beans 81 and 32 are incident on reflection surfaces 41b
and 41c of novable mrror 41 at a predeterm ned incident angle (to be
0/ 2), respectively. Then, neasurenent beans 31 and 32 are reflected
of f reflection surfaces 41b and 41c respectively, and are vertically
incident 20 on the reflection surfaces of-fixed mrrors 4721 and 473.
Then, neasurenent beans Bl and 32 reflected off the reflection
surfaces of fixed mrrors 47A and 47B are again reflected off
reflection surfaces 41b and 41c respectively (i.e. return in the

optical paths, through i,ch, the i,ncident hea assed 25 through, in
tﬁe revePsed directﬁ%ﬁ?%glﬁﬂﬁyhﬁ@”ﬁegg?gﬁﬁﬁ%vﬁgoPﬁ?%r?%ﬁﬂﬂ%ﬁt§g§g43A
and 433. : i e .S j - axi i ecti

of wafer st agedﬁ%&eén%m%glogkrﬁ A?%%gzt% Jélrs';l egts}lghgrr'é 't%zg’e Ai%b '&agnkd

a di spl acenent aht Adie of- axfer ditaget WOM baSedSGUTRG HoaHerenhtAZ0suBE
optical path length change AL1 of neasurenment beam Bl and an optica

pat h | engt h® ch8hdel HiSrisronehets érd mndybiiin 13p uphRg theahavesteear ey

interferoneterg_4 d B.are..expressed in the foll ow ng equations
(1) and (2), SQ?%%€%C |JéﬁyF9Aﬁi'z AYo x (1 + cos0) - AZo x sine (1)

AL2 = AYo x (1 + cos@) thiddfanned,Nmhin-édditroller 20 AGL LAl ¥he from
the equations (1) and (2), the 10 di spl acenents AZo and AYo are

Ob_t ai ned by t heéispldaamengscrfuefenstegy RETAiy 4irepZbors PALDIAM dpgrees

2sin0 -.(3) of freedom (Z, X, ¥, Bz, 0x and 9y directions) from the

10 measurement results ¢of interferometer system 118.
Incidentally, in the embodiment, interferometer system 118
is to be capable of measuring position information of wafex
stage WST in the directions of six degrees of freedom.
However, the measurement directions are not limited to the

15 directions of six degrees of freedom, but may also be
directions of five or less degrees of freedom.

Incidentally, in the embodiment, although the case has

been described where wafer stage WST (91, WTB) is a single
stage that is movable in directions of six degrees of freedom,

20 the present invention is not limited thereto. Wafer stage WST
may also be configured including stage main section 91 that
is freely movable within the XY plane, and wafer table WTB
that is mounted on stage main section 91 and is finely drivable
relative to stage main section 91 in at least the Z-axis

25 direction, the 8x direction and the 8y direction. In this case,
movable mirror 41 described above is arranged on wafer table
WrB. Further, instead of reflection surfaces 17a and 17b, a
movable mirror made up of a planar mirror may be arranged at

wafer table WTB.



AYo = (AL1 + AL2) / {2 (1 + cos8)} _.(4) 15The di spl acenents AZo and
AYo are obtained by each of Z interferoneters 43A and 43B. Then, the
di spl acenents obtained by Z interferoneter 43A are assuned to be AZoR
and AYoR, and the displacenents obtained by Z interferonmeter 433 are
assuned to be AZoL and AYoL. A distance between 20 nmeasurenment beans
Bl and 32 irradiated by each of Z interferonmeters 43A and 433 that
are apart fromeach other in the X-axis ﬁgrection Is assuned to be D
(refer to FIG 2). On such assunption, the displacenent (yaw ng
amount) A8z in the Oz direction of novable mrror 41 (i.e. wafer
stage WBT) 25 and t hEn dibgpeabeddrantr SoWener amesit)opGmnfermalsd opyosf

direction of nmpvable . mrr 41 (i.e. sf.age WST) are obtai ned by
the fol | owi ng é‘&%g isécﬁge(‘\%)a" %W?ngé?blm ‘(’A% ‘Eh%#‘él?}a}‘edp-ﬁ&%ﬁn
6, 017(AZol, - A&SRImAt L 49) diPéctions of ERLES YrkesMBE Ne LAl | er
20 can conpute the displacenents of four degrees of freedom 1.e.
AZo, Are, ABz andliimg rondeiorstinferndSE doakedhortd Gremasm) ehenbinly
results 5 of Z interferoneters 43A and 433, usi ng the

b
above- descr? bellBgUERT dHs 2P3FnERAigR)systen (to yl?eh GERPELPR Nt e Timi #nd
controller 20 ¢gp nggagsf%%gen@ PL SRl ACETRNLS £1 MRLRL ST 808 MET b8 e

directions of siXx
secondarily used in the cases such as when long-term

fluctuation of the measurement values of the encoder system
(e.g. due to deformation over time of the scales, or the like)
10 1is corrected (calibrated), or when the backup becomes
necessary at the time the abnormal output of the encoder system
occurs. Incidentally, in the embodiment, out of position
information of wafer stage WST in the directions of six degrees
of freedom, position information in directions of three
15 degrees of freedom including the X-axis direction, the Y~axis
direction and the 0z direction is measured by the encoder
system (to be ciescribed later), and position information in
directions of the remaining three degrees of freedom, that
is, the Z—axis direction, the 8x direction and the 8y direction
20 is measured by a measurement system (to be described later)
having a plurality of Z sensors. Herein, the position
information in directions of the remaining three degrees of
freedom may also be measured by both the measurement system
and interferometer system 118. For example, the position
25 information in the Z-axis direction and the Oy direction may
be measured by the measurement system and the position
information in the 8x direction may be measured by
interferometer system 118.

Incidentally, at least part of interferometer system 118



of freedom (Z, X Y, G, Ox and Gy directions) fromthe 10
measurenent results of interferoneter system 118. Incidentally, in

t he enbodi nent, interferonmeter system 118 is to be capabl e of
measuring position information of wafer stage WST in the directions
of six degrees of freedom However, the neasurenent directions are
not limted to the 15 directions of six degrees of freedom but may
al so be directions of five or less degreﬁxf. of freedom

Incidentally, in the enbodi nent, although the case has been descri bed
where wafer stage WST (91, \{\Z’B& is a single stage that is novable in
directions of JSRCHEAF BLRIACRL cBHGEM) ZBY he Prmasert hbatnain Fyammt
limted theret st age J_may .al be configured including
stage main Sec??g%ﬁf%%gﬁ. &° :F%nel'%‘l%mﬁlgbl%r WFhE S?ﬁ%e )@rrﬁlngﬁg, and
wafer table WBntbgtaisy WAL BEL-PILSLRAIGNTRI By SR6LI 98 S edSin a
finely drivable relative to stage main section 91 in at least the
Z-axi s 25 direetuppendathetdxe diriecdesmribed didvgre@buti, riacthemmbbdindmts,
case, m)vab%e mrror 41 described above is arranged on wafer table
WIB. Further, PRSPEERF BEtPeriRtendiott £aReeaAmantedce vBS ey yabte:
mrror made upsPfn@ RlaNakAl LR MYy be arranged at wafer table WB.
56 I n the enbodi nent, however, position information of wafer
stage WBT (waf er tahfems\WEpmani hitagehEsKYintanes( posid indin BEOEI®E i N
in directions of three degrees of freedomincluding rotation

i nf or mati on i nd¢ReriedpPere igsh) a ineasyirangnt tabds I mpynted emcekrge
system (to be scrjbed lLater) and the neasur nt val ues. of

i nterferonet erlggi'g,gef%é?nl % al 8284 %r FF@E%S i T%"@H:cegsgg Ttree
as when | ong- t @& fddeativat benvnf é@e;%@§i5§%@haﬂ§£ﬂa'eﬁ1&f shGn) .
encoder system (e.g. due to deformation over tine of the scales, or

the like) 10 iBowewemcitbd Bredantr nveltionoi swiven ltifétbd dlaihiec cares
necessary at the tinme the abnornmal output of the encoder system

occurs. | nci deht8l T4 RHT- ¢ RRAEHETH e it 29 UtSTo2B0RY 17 GiP 1 6Pt i on
of wafer st agecygsé/‘fifnléemgtf&f”s'ifﬁ%‘?nﬁt%rﬁ('gl)éw}gﬁﬂ{ 683sQfeddRedQBhe MR

position information 1 n directions
is configured finely movable with respect to stage main secticn

15 92 in the X-axis direction, the Y-axis direction and the 9z
direction may also be employed, or the configuration may also
be employed in which measurement table MTB is fixed on stage
main section 92 and the entire measurement stage MST including
measurement table MTB and stage main section 92 is drivable

20 in directions of six degrees of freedom.

Various types of measurement members are arranged at
measurement table MTB (and stage main section 92). For
example, as is shown in FIGS, 2 and 5A, measurement members
such as an uneven illuminance measuring sensor 94 that has

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

is projected by projection optical system PL, and a wavefront



15 degrees of freedomincluding the X-axis direction, the Y-axis
direction and the Oz direction is neasured by the encoder system (to
be described later), and position information in directions of the
remai ni ng three degrees of freedom that is, the Z-axis direction,
the Ox direction and the By direction 20 is neasured by a measurenent
system (to be described later) having a plurality of Z sensors.
Herein, the position information in direggi ons of the renaining three
degrees of freedom may al so be nmeasured by both the neasurenent
system and interferoneter system 118. For exanple, the position 25

i nformation i n¥RETRLAD MRFSEERE oFNERPMERE BY N rtéf@t lsbﬂcha@'alti‘éﬁan
measured by th u NECAVES dth 05|t informati

the Ox directi %‘ﬁ%é Eﬁg@neqas#eaf% i iter %8?9‘0%1 51’8@‘?1@ et of
Incidental ly, ahtkeastifadl Pﬁfalié‘é@{cfrﬁ[\lerr&ﬁ@rm%%% N tﬁZ ilﬁééCQr@S
an optical systen) maybe arranged at the main frame that hol

proj ecti on uni empTpyedy Aaywavsirdns abpearegEsni neagna]dgymstmment 98,

proj ection gnl t hPU tha%,i supported in a suspended state as_is
descri bed aBov&lepfPe $HHHFSEnbBui e xaBPiat it PERRPERE %t em 118

is to be arran S8, 45 0
Measur enent stgggeﬁ/ggr{:lﬂﬁ%ﬁﬁgggstaggnn%?nnﬁgect|bheg t%%s%%rbeéséjo%ov
and a nmeasur emeBt Patdalte AMPBI cotiine fubIi S4EQGR MR 11 989t32W) 84n also be
Measurenent table MIB is nounted on stage 10 nmain section 92 via a

Z-1 evel i ng mech&Rfsm (not shown) However, the present invention is

not limted to thi S,a ry arrpl e, rreasurerrent sta havi ng a
so-cal l ed coarse/fi ne noelvgﬁ 5t HEEERE S BEY urlﬁlgnéggﬁ?gn%i‘r\{ts &bl e MTB

is configuied tbAek yuroyid @1&&1&'&: rRSREL! ch® ©lAYesNBLIBEMd QR, 15092
in the X-axis direction, the Y-axis direction and the Oz di rection

may al so be enpkaypde, dfolqahe(é’omzmﬁﬂ dnesanimgd Hagenberppil ;ytddni n
i e main section 92 and the

- ST ISR M SN R
stage main secli @85 22681548 ithdtl &e can be used. Further, as aerial image
measuring instrument 96, the configuration similar to the one
15 that is disclosed in, for example, Kokai (Japanese Unexamined
Patent Application Publication) No. 2002-014005 (the
corresponding U.S. Patent Application Publication No.
2002/0041377) and the like can be used. Incidentally, three
measurement members (84, 86 and 98) are to be arranged at
20 measurement stage MST in the embodiment, however, the types
and/or the number of measurement members are/is not limited
to them. As the measurement members, for example, measurement
members such as a transmittance measuring instrument that
measures a transmittance of projection optical system PIL,
25 and/or a measuring instrument that observes local liguid
immersion device 8, for example, nozzle unit 32 (ox tip lens
191} or the like may also be used. Furthermore, members
different from the measurement members such as a cleaning

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



20 in directions of six degrees of freedom Various types of

measur enent nenbers are arranged at neasurenent table MIB (and stage
mai n section 92). For exanple, as is shown in FIGS. 2 and 57Kk,

measur enent nmenbers such as an uneven illum nance nmeasuring sensor 94
t hat has 25 a pinhol e-shaped |ight-receiving section that receives
illumnation light IL on an i nage plane of projection optical system
FL, an aerial image nmeasuring instrunent 96 that neasures an aerial

i mge (projected inage) of a pattern that is projected by projection
optical system PL, and a wavefront 58 aberrati on neasuring instrunment
98 by the ShacReMaftdRrPardcnsled hen messyirenewsadaige, MBBr exanpl e, the

panmphl et of Internatjonal Publigcation_ No. 03/ 065428 t i ke
are enpl oyed. As vvavieq‘ B%lr?t eﬁ%%?’rr%ﬁr’itdnaﬁeﬁ%%\%%g?eieﬁs%%;%%@gg' S%h? he
one di scl osed isBnsb0s 196ANBLE £AlRRBIPHIRY Shct HelhRBELPNA yminance
Publ i cati on No. WD 99/60361 (the correspondi ng EP Patent Application
Publ i cati on Nomeis@7th® 28hscar?dabsd aeeind cthagAsmemmuemg 1hstAur@AeesS6

measuring sensor 94, the 10 configuration simlar to the one that is
di scl osed in, £5F B N RoREPEDARENEL e (\nisidnPARERI PRt dHough the

ApPI i cati on PUBLLESE o5 dsuBdidle 248eLtier CORLESRI NG LR, Pat et

No. 4,465,368) and t can be use rthéer, as a€rial 1hage
neasuring i nst enbBRindft, hdesi@RlhgWsdhyGiheslelidetisol@ dNELORBrEShdat
is disclosed in, for exanple, Kokai (Japanese Unexami ned Patent

Appl i cati on PubYiRIHLNENNCARILFGOR- SUapFOYST tdrd yobh ridsp¥nakig dirSction
Pat ent Applicatipon Publication No. 2002/0041377 d.the like can be
used. | ncident ‘é{f"??/,utt kﬂogénﬁeggﬁr%ﬁﬁfe%%e%sag(%%,%@%n aﬁ?f &gf*4fe to

be arrangegp at 42PedEASUr enent stage MST in the enbodi nent, however,
the types and/or the nunber of neasurenment nenbers are/is not limted
to them As the neadsur edeéitiorembessssh bortlexaspsers measuiead rboreer s
such as a transﬂttance measuri ng i nstrument that neasures a

transnmittance of PrUIEREE BHIGHE it R3sadhaptareceiving section having

a predetermined area size that receives illumination light

IL on the image plane of projection optical system PL may also

15 be employed, which is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.
11-01e81l6é (the corresponding U.S. Patent Application
Publication No. 2002/006146%) and the like. The illuminance
monitor is also preferably placed on the centerline.

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

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

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



25 and/ or a measuring instrument that observes local |iquid inmersion
device-8, for exanple, nozzle unit 32 (or tip lens 191) or the |ike
may al so be used. Furthernore, nenbers different fromthe neasurenent
menbers such as a cl eaning nenber that cleans nozzle unit 32, tip
lens 191 or the like 59 may al so be nobunted on neasurenent stage
VST. In the enbodi ment, as can be seen fromFIG 5A the
sensors that are frequently used such as gneven illum nance neasuring
sensor 94 and aerial image neasuring instrunent 96 5 are placed on a
centerline CL (Y-axis passing through the center) of measurenent
stage MST. TheFepsreement thablendBRi (et stagaswiansectieh R it/hesethe

sensors can be rfornmed b Vi measur enent st aqge T anl in the
Vs et SREF BB TR RS e nr e et do e (dnd Sedge
X-axis 10 direghifNsection 92§ addition to each of the sensors
descri bed above, an illum nance nonitor that has a |ight-receiving

section having a prcutetersiioned.raFBa. SBz @ fiwmte-ishaped @t tbbhnen thabnosn-

light IL on_the ipmage plane of gégiection opti cal system PL may al so
15 be enpl oyed22whf chir5es 8Pseh®d PrETacsy caxblipl < SkeRT (SFagaresin

Unexam ned Pat ld i i cati 11- 816 (th

correspondi ng %egFf%gtgefnfotflAg%ﬁEg%réeg% g%%? ca ?'onﬁ%&%o%f’og’éiﬁ%
and the |ike. Zheritd WH RABCEY OIS @F bﬁi%é iRy eketabh Yol acedipros
the centerline. 20Incidentally, in the enbodiment, |iquid imersion

exposure i s pephotpirtdatinhi enstenerdivare Sieprobdd the wisdrddyr ef | thght
(illTumnation Light) IL.yia projectjon.optical .systemPL and liquid
(water) Lg, anaegg?:%lp(?isr’réilfj’ndﬁ‘e%gﬁt#_lalxﬂlﬁi cﬁfaﬁﬁcél astith gagéﬁ‘f&lggff
(and the iipunkpaacendMiefblr £871idl tRe MRS ARASHELNG. IJISELUIRNL,
96 and wavefront aberration measuring instrunent 98 that are used in
measur enent uspafr of light-transmitting systems 36 described previously.
Each of photodetection systems 44 is composed of an optical
system such as a relay lens, a light-receiving element such
as a photomultiplier tube, and a housing that houses them.
15 As is easily conceivable from FIGS. 4B and 5B and the
description so far, in the embodiment, in a state where wafer
stage WST and measurement stage MST are closer together within
a predetermined distance in the Y~axils direction (including
a contact state), illumination light IL that has been
20 transmitted through each aerial image measurement slit
pattern SL of measurement plate 30 is guided by each
light-transmitting system 36 and received by the
light-receiving element inside each photodetection system 44,
That is, measurement plate 30, light-~transmitting systems 36
25 and photodetection systems 44 constitute an asrial image
measuring device 45 (refer to PIG. 6), which is similar to
the one disclosed in Kokal {Japanese Unexamined Patent

Application Publication) No. 2002-014005 (the corresponding
U.S5. Patent Application Publication No. 2002/0041377)



illumnation light IL receive illumnation light IL via projection
optical systemPL and water Lqg. Further, only part of each sensor
such as the optical systemmay be nounted on 60 neasurenent table
MIB (and stage nain section 92), or the entire sensor may be pl aced
on neasurenent table MIB (and stage nmain section 92). As is shown in
FIG 5B, a frane-shaped attachnment nenber 5 42 is fixed to the end
surface on the -Y side of stage main sectghon 92 of neasurenent stage
MST. Further, to the end surface on the -Y side of stage nain section
92, a pair of photodetection systenms 44 are fixed in the vicinity of
the center positCitGHTEA theTRVARNSLY raset thba 1iks3.de an opening of 10
attachnment nenber 4 Lph. the placenent, capabl e of facin ai,r
light-transmtting g?/%ngr:r%c g er%eg{rgseﬁe%'p%)%%?%(fgﬁv}a%f@% @?eprema%ger’
phot odet ect i on shyst eFBrdekriredCeHPLS &l v@b BAroPtidahasy st GRAHGE 88 2
relay lens, a light-receiving element such as a photonultiplier tube,
and a housi ng bhatshapesd meripem hdBins a seehsndulaconeet vadd e dhiapm and
FI GS. 4B ang 5B and the description so far, in the enbodinent, in a
state wher e®waf&Fvef e NEPIERE Fo RETPSHeh? JLRJWISTEEpRADh @, the
together withig._ e i,ned 4y n i : = Xl i L

(i ncluding a C(E)kntg gg% gﬁaﬁt)g)ﬂi'l Idl?mﬁtﬁgt ?gni%ji%ﬁ'? mﬁﬂ%}%fﬁé@%%&:gﬁd
transmtted thmedghreaatt aeaigal METEYES e dS KGR cShblinPad tafdtudk, Of
measurement plate 30 is guided by each light-transmtting system 36
and recei ved by the Jir§gt CPebef vithFeevemed? 3 isodetypenstandard

phot odet ecti on ,system 44. That ,is,, neasure | ate_30 .

i ght -t ansr t tRAGe Syt SEANIaT g SRRO P ct s SRoepLie gty Low
constituteil@n agefslcidmoer BRYHELNG L6, Lud 88 lerbOuF! @nbdrand
which is sinilar to the one disclosed in Kokai (Japanese Unexam ned
Pat ent Appl i carpoa) P dhodtiAehg reNenp ROGRL 04 496 hat ehia or r espdidingss

U. S. Patent Apgl i catign Publication No. 2002/0041377) ]
egree of the upper surface (the surface) of CD bar 46 is set

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

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



61 referred to previously, and the Iike. On attachnent nenber
42, a confidential bar (hereinafter, shortly referred to as a "CD
bar") 46 that is made up of a bar-shaped nenber having a rectangul ar
sectional shape and 5 serves as a reference nenber is arranged
extending in the X-axis direction. CD bar 46 is kinematically
supported on neasurenent stage MST by full-kinematic nmount structure.
Since CD bar 46 serves as a prototype st%?dard (measur enent
standard), optical glass ceramcs with a [ow 10 coefficient of
thermal expansion, such as Zerodur (the brand name) of Schott AG are
enpl oyed as theé gaterihats calihiee fdedeqted hiegheepoinatye alppenersusiaten

(the surface) of ar 46 is set high to be around the sane |level as a
so-cal | ed dat u_r%ngi Sﬁgorbc?aa’fye.aiﬁgfl???g’? ,SY§§ef“§_ Qh%%ﬁ f‘jﬁsﬁféoe%ﬂrzat&r) 18
reference gratifigalS HeFeFendbfHdaCH Q0,95 ALd Y d§%{¥‘@@;§t€ i@aershagéc
direction is the Y-axis direction is respectively forned int

vicinity of thedcendtponticnstfoom didusiak mand ¥Mebat hier the dendodiinbet,

| ongi t udi nﬁg direction of CD bar 46, The pair of reference gratings
52 are formBd &FaFFeRromagdch BPRetiditcialphasietdt MaNedtre wH™E ance

(which is to be*L{) L y r.j,cal cenent. W th respect to,the
center in the 93)%?%%%2??&“0% &%aﬁk%ﬁ%astamies%o%sé%%r lloﬁewﬁh
descri bed abovehatust her al@gnhdier wRRRr of Uidraeew 0f 16GRiBakt4By,2in the

plurality of reference marks Mare forned in the placenent as shown
in embodiment, the surface of CD bar 46 and the surface of
measurement table MTB (which may include the measurement
10 members described above} are also covered with a liguid
repellent film (water repellent film) severally.

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

15 to FIGS. 2 and 5R). By irradiating an interferometer beam
(measurement beam), as is shown in PFIG. 2, to reflection
surfaces 1%a and 19b and receiving a reflected light of each
intefferometer beam, Y interferometer 18 and an X
interferometer 130 (X interferometer 130 is not shown in FIG.

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

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

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

passing through the center of projection unit PU {(optical axis



25 FIG 5A. The plurality of reference marks Mare fornmed in
three-row arrays in the Y-axis direction in the sane pitch, and the
array of each rowis fornmed being shifted fromeach other by a
predeterm ned distance in the X-axis direction. As each of reference
marks M a two-di mensi onal mark having 62 a size that can be
detected by the primary alignment system and secondary al i gnnent
systens (to be described later) is used. 6é?eference mark M may al so be
different in shape (constitution) fromfrducial mark FM but in the
enbodi nent, 5 reference mark M and fiducial mark FM have the same
constitution afd <ff pociéetidravetidel spsteert 8hs tultiehi disontdinditts witan
al i gnment mark, on wafer | nci dent alil%#/, I n the enbodi nent, the

W
surface of CD BHP 28 LHTd CfneXRANIECRT S The AR uFREnSHPOELRERE IVMPBA( Rkt eh

i ncl ud h 1Q..& I b .
T o 5 DRAERERY BT TR LB AR} B

several | y. that Alssspated Bpard f¥ofinthesupt D64l aRds tatea preaBdespidare
of measurenent table MIB, reflection surfaces 19a and 19b are forned
simlar to Waf @istanteontBeasy géde pebedsheioy én (B1S,-eF - abthendh asitied

and 5A). By irgadi .i ng An [ grfi%rorret r_beam.(neasurenent beai as
is shown in FI t\g J'iféto reflectt on gﬁﬂlﬁge% fQTéngﬁBgl%t%&clye(?gm%g
a reflected |ightwDig.eaghihant aw@@{tersy%@fmmz( LotErbar ameher 1 e
and an X interferoneter 130 (X interferommeter 130 is not shown in
FI G 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
10 primary alignment system ALl in between, secondary alignment
systems AL2; and AL2,, and AL23 and ALZ2, whose detection centers
are substantially symmetrically placed with respect to
straight line LV are respectively arranged. That is, five
alignment systems ALl and AL2; to AL24 are placed so that theiz
15 detection centers are placed at different positions in the
X-axis direction, that is, placed along the X-axis direction.
As 1s representatively shown by secondary alignment
system AL24,‘each secondary alignment system ALZ; (n=1 to 4)
is fixed to a tip (turning end) of an arm 56, (n=1 to 4) that
20 can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise
directiong in FIG. 3. In the embodiment, a partial section
of each secondary alignment system AL2, {e.g. including at
least an optical system that irradiates an alignment light
25 to a detection area and also leads the light that is generated
from a subject mark within the detection area to a
light~receiving element) is fixed to arm 56, and the remaining
section is arranged at the main frame that holds projection

unit PU. The X~positions of secondary alignment systems AL24,



20 1, refer to FIG 2) of interferoneter system 118 (refer to FIG 6)
nmeasure a di spl acenent of each reflection surface froma datum
position, that is, position information of neasurenent stage NMST
(e.g. including at least position information in the X-axis and
Y-axis directions and rotation information in 25 the Oz direction),
and the neasurenent val ues are supplied to main controller 20.

I n exposure apparatus 100 of the enbodi ngpt, in actual, prinmary

al i gnnment system All is placed on straight |ine LV passing through
the center of m%r ojection unit PU (optical axis 63 AX of projection
optical systenfPRz WhreRrdl 8b2carAciaiesanly pdisteenbertwmnisgpesenns
area A in the dj in arallel to the Y-axis,, and has
a detection ceﬁ?gggfa I{ng%%%ﬁa@%gﬁg}eh%rpﬁeg‘splg%%%h%rb‘é{? g?’rg efdﬁgecmon
optical axis ahrgaPresiettpentioetetidi SeabsLs Pb RRcoNdSEFa1d%nkEnshown
in FIG 3, although omtted in FIG 1 fromthe viewpoi nt of "avoi di ng
intricacy of thAgstersv?bg:, REEnmALZabngidatarsyshdepedidenitdymovethleoin

the I ower surface_of a in frame (not shown) via a support nenber
54 On e $1 GBRSRIZERE RS -aF te SPHOF RS e B F S 3 e E

rimary align SHUSI S i a'ggg;;p S ens
RL24 a%d ALgZ,n?g%\d ALZSTQﬁIdEi%_ 4%%?2%5?2%%%%&% rs arq%1 4

substanti al | y sycomdadycalignpéec edrstietils AESpest.24,0 A30E adrgha1li nerd V
are respectivelé,arrangecj. That is, five alignment systens ALl and
AL23 to AL24 af@lpitedd@® 348 EhatXavdsr dlse‘éi‘éitcébtimpﬂééﬂtéﬁﬂar@ pihgced

ot fferent pasliians. nehie XA LT eption Lot | S eplsosgal ons

the X-axis diréctiion. 1'S" Tepresen

secondary ®d i ganENt ABYSt 802 ALR4, ATER S 06 Ay udt i I M Ahe UThERY of
AL2,1 (n=1to 4) is fixed to a tip (turning end) of an arm 56", (n=1

to 4) that 20 th® amnsn diexewtra tiot ariesenteimeanitfoasis hwicdiméted rroa
pr edet er m ned %ng e rgnge in clockw se agd anticlockw se directions
in FIG 3. In thEefBodt fénie Bepaitish toat i owest Seaularec ahianmyent
al i gnnent syst gmllds, arbe. gm%,rlghblgbﬂa A2, 03 88 QRLhCA) ﬁ%sicﬁamis
that irradiates an alignment Tight 25 to a detection area and al so

| eads t he |i ghditdrationsmgenelsd et hreangedubfecthemr latwilthst die of
detection area to a light-receiving elenent) is fixed to arm56,1 and

the remai nbhg $REANGHYi dlagrmanfedvarenhdlrar Rlidzanl3hand ifddsmay be

2[;14?“ bon uni foFl TS $nPYS LNR-0f: SEEANAAIN Sl SDEBRL SL8IR
direction, Incidentally, since part of each secondary

aligrimént system AL2, is moved by arm 56,, position information

of the part that is fixed to arm 56, is measurable by a sensor

20 {(not shown) such as an interferometer, or an enceder. The

sensor may only measure position information in the X-axis

direction of secondary alignment systemAL2,, or may be capable

of measuring position information in another direction, for

example, the Y-axis direction and/or the rotation direction
25 (including at least one of the Ox and 6y directions),

On the upper surface of each arm 56,, a vacuum pad 58,

(n=1 to 4) that is composed of a differential evacuation type

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

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



64 AL22, AL23 and AL24 are severally adjusted by turning around
rotation center O as the center. In other words, the detection areas
(or the detection centers) of secondary alignnment systens AL21, AL22,
Al, 23 and AL24 are independently novable in 5 the X-axis direction.
Accordingly, the relative positions of the detection areas of prinmary
al i gnment system ALT and secondary alignment systenms AL23, AL22, AL23
and Al 24 are adjustable in the X-axis diggction. Incidentally, in the
enbodi ment, the X-positions of secondary alignnment systens 10 AL211
AL22, AL23 and AL24 are to be adjusted by the turning of the arns.
However, the pResesfe¥ ricediitont] sthagt ihchudes tfort hkanpled samgtoyeor

rrechanismthat r|v S secondar al i gnnent systens_AL21, AL22, Al, 23
and Al 24 back X Jg‘ret' lPrFetsrPé’ Rea‘%i NAFFREEBS ﬂﬁﬁ“a%nsﬁo%fer%lteénﬁ%

Further, at le s L
AL23 and AL24 %&ng%%nt%{%%?ésﬁgt%g%ﬁt@é egeHe‘g}‘tca‘ﬁx’i)ﬁs |reé‘t| onlgt &

also in the Y-axins5Gl ted natn frankdeitabhywn)s bRceudidch aft@aebtation
secondary aI ignment system AL2, is noved by arm5G_position

i nf or mat i on®of 2EBRSHEGRE PRATT §644 xBHUS 0 TRENFEBEG SEnerEuRADI %anyffaar

sensor 20 (not rg{_)gg\mn s\ych as algst %rfg{1 fLer, %r an_ ncoosd Kon
sensor nmay only neasure 08i £19 For % k) di-r 8c?|on

of secondary akbysPEsd vetwkem ﬁﬁna,ryoalm@ﬂmé}ec GIRabheanf JRAFYLEND
position information in another direction, for exarrpl e, the Y-axis

di recti on and/ seceddanotadtigonent rsalsltlemﬁ RBZJ(tﬂoILItHil hg mairdtedsedone of
the ex and ey di recg % the upper surface of each arm

56,, a vacuum pad 5 eﬁt?Jolz?) lPhEIPelc?S@o %’ét&o&f °f ¢ medantrane
evacuati ongd ypea@lfy Rear 5691kSs Halyapged bo'é'ﬂrr tg‘ﬁ’rele@:'i:%é @@'ﬂm? -also 5

turned by a rotation drive nmechani'sm 60, not ovvn
65 3, refer tbeRdplged habtemldfdascuﬁmrpaei(mlale a m)tor or the

like, in response to instructions of nmain controller 20. Miin
control ler 20 acti vdfethefERodaBeRim pEEH of PFinaryaehlennangesysten

amain frame (ngf, SHOWH,BY (8UGEEAN 30k §hnd® Vs 0ns BL2; to AL2,, for

example, an FIA (Field Image Alignment) system by an image
15 processing method is used that irradiates a broadband
detection beam that does not expose resist on a wafer to a
subject mark, and picks up an image of the subject mark formed
on a light-receiving plane by the reflected light from the
subject mark and an image of an index (an index pattern on
20 an index plate arranged within each alignment system, not
shown), using an imaging device (such as CCD), and then outputs
thelr imaging signals. The imaging signal from each of
primary alignment system ALl and four secondary alignment
systems ALZ2; to AL24 is supplied to main controller 20 in FIG.
25 6.
Incidentally, each of the alignment systems described
above is not limited to the FIA system, and an alignment sensor,
which irradiates a coherent detection light to a subject mark

and detects a scattered light or a diffracted light generated



5 adjustnent of arm 56E. Thus, the state of each arm 56, after
rotation angle adjustnent, that is, a desired positional relation
between primary alignnment system AL1 and four secondary alignnent
systens AL21 to AL24 is maintained. Incidentally, in the case a
portion of the main frane 10 facing arm 56, is a magnetic body, an

el ectromagnet nmay al so be enployed instead of vacuum pad 58.

In the enbodinent, as each of primary alignment system AL1 and four
secondary allgnnent systenms 2U21 to AL24, for exanple, an FIA (Field
| mmge Alignment) system by an inage 15 processing nethod is used that
i rradi ates a briaagbahe ﬁ@mbﬁﬁimﬁrbeanmﬁhas'@0esﬁdﬁraekp®skighaﬁ de.9n

a wafer to a s ks an_i mage t he subject mark
formed on a IiéﬁF Fgggq%& aﬁﬁ?aﬁé ﬁ ofiﬁq885%%fFF@ﬁﬁd#F%h¥§Hélng
subj ect mark a@qfeeaemqnoéh@@afn@%&e@%ohP;;%asegaic&&rﬂo sAB4ect
index plate arranged Wi thin each alignment system not shown usi ng
an i magi ng devimaek( soicdr feareCERY deﬁﬁutéﬁhﬁn1ﬁ¢&¢ﬁﬂﬁ%nbbelighﬁmuﬁdﬁg

signals. The |nag|ng S|%nal fromeach of primary alignment system All
and four secondaryrallyRedfedsioneny A Zempgnagion as negppdi eé’uﬁféhﬁﬁd n

gggt (ra?rlsl S(rascrl L5Fed aab& \;&ignt Yot T %ﬁdgggtﬂgﬁé%ﬁlﬁfh oé tto e%%lrg nge
al i gnment sense@h, tw@leﬁboam@m at e@&&qhewr}mn@e&e&ﬁ langh:h&m Egté}as
subj ect mark and detects a scattered light or a diffracted
generated 66 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
10 equal to or more than siX, or may be the even number instead
of the odd number. Moreover, in the embodiment, five
alignment systems ALl and AL2; to AL2, are to be fixed to the
lower surface of the main frame that holds projectieon unit
PU, via support member 54. However, the present invention is
15 not limited to this, and for example, the five alignment
systems may also be arranged on the measurement frame described
earlier. Further, alignment systems ALl and AL2; to AL24 are
simply called mark detection systems in the embodiment, since
alignment systems ALl and AL2; to AL2; detect alignment marks
20 on wafer W and the reference marks on CD bar 46.

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

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

Incidentally, for example, in the case projection unit PU is

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



fromthe subject mark or makes two diffracted lights (e.g. diffracted
lights of the same order or diffracted Iights being diffracted in the
sane direction) generated fromthe subject mark interfere and detects
an interference light, can 5 naturally be used alone or in

conmbi nati on as needed. Further, five alignment systens AL1 and AL21
to AL24 are to be arranged in the enbodi nent. However, the nunber of
alignnent systens is not [imted to five,,but nay be the nunber equal
to or nore than two and equal to or less than four, or may be the
nunber 10 equal to or nmore than six, or may be the even nunber

i nstead of the sgggontadén.a Mrnended, stiateting egmbdlly mehh profeetion unit
al i gnnment syst%ﬁ; AL]. and AL21 to,AL24 are to be fixed to the | ower
surface of the - iai REFP etﬁﬁfcaﬂ%?%satprtéijee’é??weﬁ‘ﬁﬁ BEAmS i e sarppBert
menber 54. Howgygke the present invention is 15 not linmted to this,
and for exanple, the five alignnment systens nmay al so be arranged on
the neasurenent frantexdesattbetRreanti 62C der tossectalviedpnphdcay Shethe
AL1 and AL21 to Al 24 are sinply called mark detection systens in the
enbodi ment , Jsi i€eShfe @iemX §§3e % PRCT eghdoMIIE & SUANZVIRpttdet

al i gnment narkg gg%ggd%e %yv‘%r&o(lmt hgat fgr encedggégs Qn CD.bar 4

ion, and
| n exposure appar e e rrent as T §°SHow - A6 2
four head uni t@158&1@pa@zapfthgml@ﬁgdgalﬁ%/%faﬁ@&fs@aa@ﬂa@@ﬁor& Bpelcal
state of surrounding nozzle unit 32 on all Tfour sides. In actual
head units 62Aat:é956&’qxam% progedtion tipei2Blf oy s ﬁ’g spime friged 1y het th
hol ds projection unit suspended state via HEEO” nenber

al t hough oni tteasPﬁc‘Flt@ OEQ?“F%]m %hHé %%BFH?G%VO&’\/BP @llsrﬁsrtle@a%%r

of the drayhngpykpgsdetaald ¥ni oA amal gop

unit PUIis suppgrte in a sugjbended %tggt gzn h%%&%g??é 2A tgﬁég%ﬁl &

be 67 supportbd +N siduspdndedsisicatod padpgrtaldny unit hPpriogweely ehe

unit PU, or ¥ be arran ed at the measurenent frane described above.
A

Head units 62Al@REBFE G e tERPEAN dBI YrpYaseds sHnerdisnsodiage akep
-X side of pro t e ngi.t udi Lr t|on|n
the X-axis di r{gf%%%%%p‘é?\é %fghglagsﬁc?% gge £ % {“g C%l ag%su (fall
same di stance éﬁ@ﬁnmtdﬂ@koggtsld}%dpftlaémj g}egue@m popt i cal syst em PL
symmetrically with respect to optical axis AX of projection optical
system PL.130 Furt hés, lhe%ltpwmnnsFHEE%rﬂdea@Inate 928 padt 2R layreptacied

on the +Y side and -Y, si ecti nit ,PU havi ng the

| ongi t udi nal AP RRTRRSSH ¥ I%Et ]3‘1%%9113 dP?e Ff*’bﬁnaﬁglﬁr‘ég%ﬁ}sg pEade L4
apart at the syhst @&te'@lalaédsm HeHRRCR1 AL P HY ORI SR BXES- AP 11ne
projection optical systemP

LH that passes through optical axis B¥ of projection optical

system FL and is parallel to the X-axis, along the X-axis
20 direction. Head unit 62A constitutes a multiple-lens
(six-lens, in this case) Y linear encoder (hereinafter,
shoxtly referred to as a “Y encoder” ox an “encoder” as needed)
708 (refer to FIG. 6) that measures the position in the Y-axis
direction (the Y-position) of wafer stage WST (wafer table
25 WTB) using Y scale 39Y; described above. Similarly, headunit
62C constitutes a multiple-lens (six-lens, in this case) Y
linear encoder 70C (refer te FIG. 6) that measures the
Y-position of wafer stage WST (wafer table WTB) using Y scale

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



15As is shown in FIG 3, head units 62A and 62C are each equi pped
with a plurality of (six in this case) Y heads 64 that are placed at
a predeterm ned distance on a straight line LH that passes through
optical axis AX of projection optical systemPL and is parallel to
the X-axis, along the X-axis 20 direction. Head unit 62A constitutes
a multiple-lens (six-lens, in this case) Y |linear encoder
(hereinafter, shortly referred to as a " ﬁencoder" or an "encoder" as
needed) 70A (refer to FIG 6) that neasures the position in the
Y-axis direction (the 1-position) of wafer stage WST (wafer table 25
WIB) using Y sediecesy? hksty pbed - aboneaisuSemehablepns hegphipped iB2@ad
constitutes a rrul,}:i p%ze-l e sﬁ%si,x-l ens, inthis cas%) Y | j near encoder
4

70C (refer to FP&®6) Qs 85%%"’?—%0@?‘?&1 éfitﬂla’f%r?h& AGR*ARBT
(warer table WiBrolpidld of 208b&eL ¥avilents KBorl AROKE. ndsk tafycﬁggrg?,% a

di stance between 68 adjacent Y heads 64 (i.e. neasurenent be

equi pped i n headngtih bs HGAA langd FAC | Busiershort ef atglamradiwi dithy headhe
X-axis direction of Y scales 39Y1 and 39Y2 (to be nore accurate, a

| ength of gfi d°fiH@t3sye equippedin ergh of heasl wrils fgAgmdy6Readshendsg

that are equi pRed jon.gaql gl bieads vails 2R .And 062G, Y head 64, o,

| ocat ed i nner noSt | Irxe OWer “end por

proj ection optsgads 4ehest Pon (Jp2iba1 NOF s ACEH! A& bel Rokbrctidatef to
nozzle unit 32 enclosing tip lens 191) so as to be placed as cl ose as
possi bl e to t heheptidemlofaxdzzlsf upidj 3 tencAotngptircaknsykildmsPlLas to

As is shown in Fl 3,, head unit 62B is equi pped with a plurality, of
(seven in thi sb8£§8f39<aﬁ SR PRI EIPEPFEBRC LR P BRPTPIREY Lo
at a predej@rnppef- 4 shanes 8,ong the Y-axis direction. Further, head
unit 62D is equipped wth a 15 plurality of (eleven in this case, out

of el even X heads, r@weeshovwrhriaer}GheadiehaliniayerBaps prduidbyd with
al i gnnment system_AL1 are not shown in FIG 3) X heads 66 that are

placed on straPghTRilAEY(Of sFeeTpiBddrier PATRIIX diesdante thakareuptaceslB
constitutes a QH'étéﬁfaﬂteﬁiné%%Y%&iEGB§edé{E£ﬂ¥d%dC§§§%aXée along The

Y-axis direction. Further, head unit 62D is equipped with a

15 plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
BL1 are not shown in FIG. 3) X heads 66 that are placed on
straight line LV at a predetexmined distance. Head unit 62R
constitutes a multiple-lens (seven-lens, in this case) X

20 linear encoder {(hereinafter, shortly referred to as an “X
encoder” or an “encoﬁer” as needed) 70B (referxr to FIG. &) that
measures the position in the X~axis direction (the X-position)
of wafer stage WST (wafer table WTB) using X scale 39%;
described above. Further, head unit 62D constitutes a

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

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



20 linear encoder (hereinafter, shortly referred to as an "X encoder”
or an "encoder" as needed) 70E (refer to FIG 6) that neasures the
position in the X-axis direction (the X-position) of wafer stage WST
(wafer table WIB) using X scale 39X1 described above. Further, head
unit 62D constitutes a 25 multiple-lens (eleven-lens, in this case) X
| i near encoder 70D (refer to FIG 6) that neasures the X-position of
waf er stage WST (wafer table WIB) using ¥gscale 39X2 described above.
Further, in the enbodi nent, for exanple, vvhen alignnent (to be
descrlbed | ater) or the Ilke is perfornmed, two X heads 66 69 out of
el even X heads o86 ehaleayen Eéqlnﬁqﬂﬁéﬁl Phafeadeuaftigyl shnkadnedtsFyD

face X scale 39X1 d X s sp ive in.so cases. .In
these cases, X_Sé‘E‘B? ga}(: aé‘@ ?%Cﬂ‘ ?‘TQJ X sgaleqtBregipepectively
constitute X | '1B%eeé!§‘égéer f@gheg@ga§%§Cﬁ's%a@@%%&%aﬁa% Red1E8E £881in
facing X scal e 39X2 constitute X Iinear encoder Herein, sone of

el even X headsX6$calen38Ki sona’sﬂ;uﬂmxdﬁn)ﬁaheaﬂmdaﬁ:emﬂtaﬁdaeids@ﬂlé Bex,
| ower surface side of sug ort nmenber 54 of primary alignnment system
ALl - Further, &7gi%t8ace géasém\éfeﬁcah? AEntcorskibigke Fol{peaxr encoder
measurement beggg) that are equipped in each of head units 62B and

62D i s set shorter than a width in the Y-axis direction of X scales

39X1 and 39X2 (to beidrig, asenl ateelsvdrERMLuS 68) i th khig *Be, three
Further, X head 66 | ocat ed innernost out of a plurality of X heads 66

that 15 are eqdihsscd due 2iEThedl dictitk Love sse2Remsi BP6F issppoxedenver
the | ower end ré) rt#on of the_ barrel rojection optical fjﬁstem PL

(to be nore ac & T iYL a1 Lgnrety; 5#85??&%| t Fa5thae GsARGERRGE
lens 191) s@ aﬁeﬁ@e@? 2Bl &8k %Shéélcfés% 39 . ROSRI B elilnt BRaAR] I1GRk X S

of projection optical systemP

equipped in sach of head units 62B and 62D is set shorter than
a width in the Y-axis direction of X scales 39X; and 39%. (to
be more accurate, a length of grid line 37). Further, X head
66 located innermost out of a plurality of X heads 66 that

15 are equipped in each of head units 62B and 62D is fixed to
the lower end portion of the barrel of projection optical
system PL (to be more accurate, to the side of nozzle unit
32 enclosing tip lens 191) so as to be placed as close as
possible to the optical axis of projection optical system PL.

20 Moreover, on the -X side of secondary alignment system
AT.2; and on the +X side of secondary alignment system ALZ2,,
¥ heads 64y, and 64y; are respectively arranged, whose
detection points are placed on a straight line parallel to
the X-axis that passes through the detection center of primary

25 alignment system ALl and are substantially symmetrically
placed with respect to the detection center. The distance
between Y heads 64y; and 64y, 1s set substantially equal to
distance L described previously. Y heads 64y; and 64y, face

Y scales 39Y; and 39Y; respectively in a state shown in FIG.



20Mor eover, on the -X side of secondary alignment system AL21 and on
the +X side of secondary alignnent system AL24, Y heads 64yl and 64y2
are respectively arranged, whose detection points are placed on a
straight line parallel to the X-axis that passes through the
detection center of primary 25 alignnent system AL1 and are
substantially symetrically placed wwth respect to the detection
center. The distance between Y heads 64yl_.and 64y2 is set
substantially equal to distance L describéd previously. Y heads 64yl
and 64y2 face Y scales 39Y2 and 391'1 respectively in a state shown
in FIG 70 3 wherera hhecenter off wavafel oW wanferabbages WaT el SNBT sitsabght
straight line nment operation éto be described | ater)

or the like, Yll\é{??ﬁl ?ggﬁgé“gr‘?&l@mgﬁr@eﬁa&é g f‘%ftibﬁgd?sﬁ’é‘d?fs?i_ gayer)
and 64y2 respeghi Lfﬁémk%r)dyté&%ﬁg%ﬁf§é@yg§@£%&“%%§_fégigé i

waf er stage WST is neasured by Y heads 6 encoder s

70C and 702k cedposed Giyy headet®ddly? amd GA¥2Y-position Kakd e skn
t he enbodi nent, when basel i ne neasurenent of the secondary alignment

systens (to°ber@E3tirhe®t HeERy stegsrWiThés| peasyzsdpby oheads efypatnd

of reference gratings.5 f ba 6 f Y heads,6 and, 64y?2
! Gﬁg ; gf §4
respectively, an 2B%eeY-2Yp§I§F Pon f%Péc?B“ﬁngEé’mPSSﬁ%é’ difasle %@ and
position of eaghypf, reference gratings 52 by Y heads 64yl and 6412
facing reference gratings 52. In the follow ng description, 15
encoders that are cdiydded,oin Yhecadwo daghtand«sy bastatiagenchiecmerce
gratings 52 resEecﬁivq%¥ %{e re{erred to as Y-axis |linear encoders
70E and 70F (r8 eJF ¢ SH9E! aéy_a ignment systems {to be described later)
10 or the like is performed, a palr of reference gratings 52 of
CD bar 46 face Y heads 64y; and 64y:; respectively, and the
Y-position of CD bar 46 is measured at the position of each
of reference gratings 52 by Y heads 64y; and 64y: facing
reference gratings 52. In the following description,
15 encoders that are composed of Y heads 64y; and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 6).
Six linear encoders 70A to 70F measure position
information of wafer stage WST in the respective measurement
20 directions at a resolution of, for example, around 0. 1 nm,
and their measurement values (measurement information) are
supplied to main controller 20. Main controller 20 controls
the position within the XY plane of wafer table WTB based on
the measurement values of linear encoders 70A to 70D, and also
25 controls the rotation in the 6z direction of CD bar 46 based
on the measurement values of linear encoders 70E and 70F,
Incidentally, the configuration of the linear encoders and

the like will be further described later.

In exposure apparatus 100 of the embodiment, a position



Six linear encoders 70A to 70F neasure position information of wafer
stage WST in the respective neasurenent 20 directions at a resol ution
of, for exanple, around O 1 nut, and their neasurenent val ues
(measurenent information) are supplied to nain controller 20. Miin
controller 20 controls the position within the XI plane of wafer

tabl e WIB based on the nmeasurenent values of |inear encoders 70A to
70D, and al so 25 controls the rotation in.the Oz direction of CD bar
46 based on the nmeasurenent val ues of |inear encoders 70E and 70F.

I ncidental ly, the configuration of the linear encoders and the |ike
will be furthemagsssempel deitice. that axgrosuree ppphrianud nfodmatidhef

enbodi nent, a position 1 asurenent , deyi ce that measures posj.tion
i nf ormation of "(ﬁ?l‘%r WEZ‘FHJeI%f3§>ﬁl§98F+%‘b%F&FIPEg%?T angdde §Rpdiment,

enbodi ment, as 4henROsbLi O RRSNEEIRMN: dBYEES, iisssﬁggmd rirgé'.Gs,

3, a multipoint focal position detection system (hereinafter,

shortly referredmdtipoint nMdckilpposmitidn sgséetdgn kysaamobhé wriarter,
incident nethod is arranged, which is conposed of an irradiation.
system 90a and S&Oﬁﬁéwﬁeft%ééﬁii&ﬁ &8 3t SMISaBoinkh A tend) duheh gl agien

simlar to the. | SC N0, .f X Kokai_ (Japanese

Unexam ned Pat églt%ggg%?i%a %gjnllgoaﬁﬁ{)rﬁ%ggﬂgg%h No" c.(%l- Q@%%O%E(E%e
correspondi ng WrPadPatesi sheteR, #0k8a332) pddotiBeetiddh skBetA®Ob, and
enbodi ment, as an exanple, irradiation system90a is placed on the -Y
si de of the - Xhesdthereemfiguirahbon wimiiflag2t aritk et dietketddrinsysoem

90b i I d the -Y_sid f the +X d tion of head unit 62A
15 in a state GFABBLGS: KA HHAPERTHh OFSrRInGDLAEent ADpL ahiar 1y

of detecti9p PeuLBLscofiddlendlbblpeiidz AEnSYstem RN, ﬁéﬁesrgér @ggg

at a predeterm ned distance along the X-axis direction on t
to be detectedS,#hdugh2ornkit elle iliiehe Th aNengmbddintene  eabogh rexahplé he
plurality of irradiation system 90a is placed on the -Y side of the -X end
portion of head unit 62C and photodetection system 90b is
placed on the -Y side of the +X end portion of head unit 622
15 in a state of opposing irradiation system 90a.

A plurality of detection points of the multipoint AF
system {90a, 80b) are placed at a predetermined distance along
the X-axls direction on the surface to be detected, though
omitted in the drawing. In the enbodiment, the plurality of

20 detection points are placed, for example, in the matrix
arrangement having one row and M columns (M is a total number
of detection points) or having two rows and N columns (N is
a half of a total number of detection points). 1In FIG. 3, the
plurality of detection points to which a detection beam is

25 severally irradiated are not individually shown, but are shown
as an elongate detection area (beam area) AF that extends in
the X-axis direction between irradiation system 90a and

photodetection system 80b. Since the length of detection area

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



20 detection points are placed, for exanple, in the matrix
arrangenment having one row and Mcolums (Mis a total nunber of
detection points) or having two rows and N colums (Nis a half of a
total nunber of detection points). In FIG 3, the plurality of
detection points to which a detection beamis 25 severally irradi ated
are not individually shown, but are shown as an el ongate detection
area (beam area) AF that extends in the axis direction between
irradiation system 90a and photodetection system 90b. Since the

| ength of detection'area AF in the X-axis direction is set to around
the sanme as thélapgtegiofhwaéerdt, watbrioy ipforniivn nsorface amvﬂtlon

surface positi.Q |nf t t he axi s direction across th
(entl re squ ace o% 3‘%’ ﬂﬂ%g A ?Eﬁcwnoﬂ?fp%scﬁlﬁ%|eH§1ﬁE\15é‘FfW‘?n

the Y-axis dir gl ;8B PNF &anFYk! H@ésur%'d"ﬁ? gelecld0nif e@a L i in the
pl aced between liquid imrersion area 14 {exposure are and t

detecti on area¥-ekis¢ I“rélzadqtgnnemce.ysﬁ'ﬂnﬂue(n%k;Lmé\é_Zié,teéxh:ZBn aﬁte’é?Aanﬂs
AL24) in thg Y-axi s dlrectlon t he detection operations of the
mul ti poi nt AF SY8Feth 2eidrashe LARNLR idmeIsjoR ctrea dd HBXPRTYLS REQai FR)

paral lel. The t i a ed
mai n frame tha’?Hh #@%d%ﬁtgéﬁﬁr@gﬁ;%é%l{% gﬁ$o$i]tq(%’én%ﬁt %eysqi)eqrfs (RE% I}’E“z"
arranged on tharppasiuzgnand Auzapeideser vbegdi ealilde@tibf, tii detection

enbodi nent . Incidentally, the plurality of det ecti on poi nt's
are to be pl ac@HeFﬁt?efﬁES rQﬁNthﬁan’@mqmﬁsAFo‘ityaw laovlrstmdall\igmleuﬁns
15 but the nunberés%s f Wws _and/ or d[cczl ums js/are not limted t

t hese nunbers. SKOWeVer aq St RE“t¥Y¥ % & Ra elyt le?/vs}“"}]é:ltp\%nBrAF

more, the pesi ki0psy M @X=8xbe diFLeld-angf dat e Gldion rPAMOtShaA So1ds
preferably made to be different even between the different rows.

Mor eover, the prqnad:tntqn cfiitderboti dme Jdkat st iareo te berphgabdnationg
the X-axis direction. However, the present invention is not limted

to this, and al'PaRFreedoizaBe FereniosrarrrlicH %FBEW@?P%%FS may
| b | d d
al so be placed at diffgy H%aet?g%’t ft%‘%n%%{. ggﬁ%oaﬁ(hﬁgé&g%ﬂ ?Qintl: arg o

exanple, the plurality o ace a
he plaqed in one row and M columns, or two rows and N columns,

15 but the number(s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is
two or more, the positions in the ¥~axis direction of detection
points are preferably made to be different even between the
different rows. Moreover, the plurality of detection points

20 are to be placed along the X-axis direction. However, the
present invention is not limited to this, and all of or some
of the plurality of detection points may also be placed at
different positions in the Y~axis direction. For example, the
plurality of detection points may also be placed zlong a

25 direction that intersects both of the X-axis and the Y-axis.
That is, the positions of the plurality of detection points
only have to be different at least in the X-axis direction.
Further, a detection beam is to be irradiated to the plurality

of detection points in the embodiment, but a detection beam



25 direction that intersects both of the X-axis and the Y-axis. That
is, the positions of the plurality of detection points only have to
be different at least in the X-axis direction. Further, a detection
beamis to be irradiated to the plurality of detection points in the
enbodi ment, but a detection beam 73 may also be irradiated to, for
exanple, the entire area of detection area AF. Furthernore, the

| ength of detection area AT in the X-axis,direction does not have to
be nearly the sanme as the dianeter of waféer W 5In the enbodinent, in
the vicinity of detection points |located at both ends out of a
plurality of dée¥celsn ppiimreddsteddaufprpokanplalr shstemyinchateaset
inthe vicinit f both end portjio of beam area AF, one each pair
of surface pos#i%ﬁ%%ﬁﬁ?&?@ P%Or %‘%&ﬁrf“%ﬁ' %&sjtﬁné?ﬁé‘n?f GREPSTIRIF REF2
shortly 10 ref ggr 14 SENSALSH) h [ L. Of

72a and 72b an%ﬂale}rfci):ittihl%l %%leés"sénsoréggz%oetfn@&%?avgrate&%rnae(r%é:ég ?gentg eé
symmetri cal pl asebhkeatdidridterespecdfdroistrai ght l[ine LV. Z sensors 72a

to 72d are fixed to the |ower surface of amain frame (not shown). As
Z sensors 72a to 72" #hechRndipgRE, 10 £he sticipdsy £T Aghectipmapints

table WB fr oMy gROVES te?)%'t}{eél}ésh%ngt{;%%\i\%égréi?cht o%r]ge?%gts'urneéoints

position information o € warer “surtace i n"the Z-axrs
direction orthegoid mhmtiﬂsn@i@%Yaplﬁ!%eeﬁ\t @ 1E2dinathOFiReL ALY Ut bben
light, as an exanple, an optical displacement sensor (sensor by an
optical 20 pi ckap Pewthody olpearhatesAFheonemdahgeaiat pHulkrifkee pnsition
optical pickup _used in.a drive device, is used. Incidentall Z
sensors 72a toS%ﬁo%yfoaﬁ g(?p%”éjr%r’fﬁéﬁuﬁﬁm?rh%_@@&?6?%%%’_ fsrl"éf?{fﬁly
described apoveepsridf thi k& ~zMoL,eQMemy haad vpit, 826 -daserihad-s 724

previously is equipped 25 with a plurality (six each, twelve in
total, in thisapdsBb enhdZasemizors Z4égnsdrel722,afjdT2d2are arr@hgbdain
are placed at a predeterm ned distance along two straight |ines that

are on one si dePARYHIRETECREPISHGEBF %jttrhaFgﬁPE‘F*F e BH2igh e AipanaV i n
the X-axis dirgcidon and,cquness s 2 PLWALL MO0 o)X PRS2 cd%f a main

frame (not shown). As Z sensors 72a to 72d, a sensor that

15 irradiates a light to wafer table WTB from above, receiwves

the reflected light and measures position information of the

wafer table WTB surface in the Z-axis direction orthogonal

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

example, an optical displacement sensor {sensor by an optical

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

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

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

Moreovgr, headunit 62C described previously is equipped

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

of & sensors 74;4 (i=1, 2, j=1, 2, +----" ; 6) that are placed

at a predetermined distance along two straight lines that are

cn cne side and the other side of straight line LH, which runs

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



64, with the straight line LB in between and parallel to straight
line LB, so that Z sensor 741] on one straight |line and Z sensor
7425 on the other straight line correspond to each other . In this
case, Z sensors 742 and 742] making a pair 5 are placed
symmetrically with respect to straight line LB. Furthernore, plural
pairs (six pairs in this case) of Z sensors 742 and 742) and a
plurality of Y heads 64 are placed alterngtely in the X-axis
direction. As each Z sensor 74ii, for exanple, a sensor by an optical

pi ckup method similar to Z sensors 72a 10 to 72d is used.
Herein, a di st &jceVbER vt straéaborkimm Il Andoguen andaptrapdiel that

are located s tricall, Lt h respect to straight line LHis.set,.to
be the sane d?gm%ﬁé%ﬁgsllé}e%%t’a%eﬂbagﬁ \%B%?‘Psfrszg’:ﬁo?% ©P5as Y‘Fbllgf’%bilne
Further, a paianafz ge88889us, df2nd A 15 FA2nd AR é&f@és?%ne%é Bgcn

sanme straight line in the Y-axis direction as Z sensors 72a and 72b.
Further, head ether62AInsthigiqeed @i sénsond Ghgl ehy iy (haleinee ai pair
this case) sensor 76Cg(1:1y§r§l:1,,2 and g=1, 2, 6) that are placed
symetrical Py F‘Seapfa‘?’fﬁ IS¥EpebFicaldah #dith sespafl thi fhrdededdngotl.
straight line BN iAS~fa&h 4.881S9; 45 I j gal
Urther L sl%Zgg%xosaiglefEﬁ) th9¥ ﬁ@ﬁﬁ%ﬁqg%ensors

pi ckup nethod simlar to sens I's uSe , a

pair of Z sensadug #fil7 8, and a/burkldre 40 akeds A arBeg 13288 Sitkeahghély
line in the Y-axis direction as Z sensors 72c and 72d. Incidentally,

Z sensors 74s, fndihe Z5azépfigeetaer andedeash if spnsotaipie, fohexambhe,
- frame or the asurenment frane. descri ped above. .Furcther, _.in the
il e haETn RS e e B penbEs % |

enbodi ment, thé Treasur efsnt ogy% %

and 76pg mMe@asuEgsS7pRsid iv@rgi.nformation in the Z-axis direction of
waf er stage WST using one or a plurality of Z 75 sensor(s) that
face(s) the scal e(s)Hadwsor idhetsahmeshe theeme? sersors 7¢ hearek pésg Uimeeach

operation, Z sensor 74i# ind 76& to be used for position .
measur enent  ar B it &ked* 2 dOGREE g’yﬂ‘@eﬁﬁ?f‘éﬁ‘ﬁﬂ wofh ferercEttyetygight

Further, in the; e td.an I Y, ngd. a Z
sensor 76pq faEJéﬁéég%ﬁE%tsﬁ%r ?B:]?]% %Sggxﬁ(%ﬁg.%\‘?%ng% atg ?Jégésatrlc%nggfw&
sensor 74ij fareseaersolhemnditannr diagtyer t AepaRAsHrE BeAko8Y UM RN
measur e not onIX position information in the Z-axis direction of

waf er stagk® WoT4heuta%f 4068 teBritientaraat i qhtollinagin the Y-axis

direction as Z sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
(twelve in this case) Z sensors 76pq (P=1, 2and g=1, 2, v+ rres,
6) that are placed symmetrically to a plurality of % sensors
20 7433 with respect to straight line LV. BAs each 2 sensor 76,
a sensor by an optical pickup method similar to Z sensors 72a
to 72d is used. Further, a pair of Z sensors 76;,3 and 7633
are located on the same straight line in the Y-axis direction
as 4 sensors 72c and 72d. Incidentally, 2 sensors 74335 and
25 Tépy are arranged at, for example, the main frame or the
measurement frame described above. Further, in the
embodiment, the measurement system having Z sensors 72a to
72d, 74315 and 76pq measures position information in the Z-axis

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



10 in the Gy direction of wafer stage WST. Further, in the

enbodi ment, each Z sensor of the neasurenment systemis to detect a
grating surface (a formation surface of diffraction gratings), but
each Z sensor nmay al so detect a surface different fromthe grating
surface, for exanple, a surface 15 of a cover glass that covers the
grating surface. Incidentally, in FIG 3, nmeasurenent stage
MST is omtted and a |iquid i mersion ar that is forned by water Lq
held in the space between neasurenent stage MST and tip lens 191 is
denoted by a reference code 14. Further, in FIG 20 3, a reference
code 78 denot eseaspodal that dergi(sl dimgos)etl emddmiribedwsbars. air

whose tenperatyre i s adjust to a predeterm,ned tenperature to the
vicinity of a ﬁ@ﬁﬁeggfﬁ’ oft gﬂ% ‘?rﬁﬂotsfgﬁ‘éi‘?ﬂerﬂlglg?st?eﬁe §85° 7I’%io)a“"ﬂyp‘fspﬂf

for exanple, dewnikousas #c ipBQEE%ﬁ%é%uQH&éﬁ{‘%ﬁ SQ8chdl Hddozding
I i ng e

Further, a 25 reference code UP denotes an unl oa position re-a
waf er on waf er tbahbeeMdlt icsf walfeadethgeamdta rmfrehepceisadal Rappstes a
| oadi ng position where a wafer is |oaded on wafer table WIB. In the
embodi nent , 2unPBEERhECPosT tSCEAeURY B @nFodlli ¥R SFosnei breamsogr déseface

cymetyically W besbeclulosLialohion ey LY L8NG IELLY, 7o,

unl oadi ng posi tion i g positron e

posi tion. fackl &aclk shews tAvedRaiAgtoNfirlimbb0Remint e seant £
system of exposure apparatus 100. The control systemis mainly 5
configured of meRAuremetobller poel tiompbestekmeft ignrirctbe mpaterdiffertion
wor kst ati on) that rforns o | 1. control of the entire, apparat us.
Correction inf S%rrﬁ%)f%]ﬁ s(tta@ebﬁggdﬁglé‘ﬁi ¢ PgFEryon &ngf’ﬁ’f‘%ﬁl‘? g‘ﬁ\i%ﬂ/
34 that is16n extendaly SoLAugoHeYE (RakenBesteddio MRl gl L
20. Incidentally, in FIG 6, 10 various sensors such as uneven

il lum nance neasbedigersens@chod, saxesdralofi thgandmaseneny snsidniiento 96
and wavefront aberration neasuring instrument 98 that are arranged at

measurenent st d§ESRER dratty FEEficRly SoBwties ssiEareort glddgagbion
15In exposure gpparatdss, 10Q ahchhy KIRQY NEPLa R A8ebPC surface

different from the grating surface, for example, a surface
15 of a cover glass that covers the grating surface.
Incidentally, in FIG., 3, measurement stage MST is
omitted and a liquid immersion area that is formed by water
Lg held in the space between measurement stage MST and tip
lens 191 is denoted by a reference code 14. Fuxthex, in FIG.
20 3, areference code 78 denotes a local air-conditioning system
that blows dry air whose temperature is adjusted to a
predetermined temperature to the vicinity of a beam path of
the multipoint AF system (90a, 90b) by, for example, downflow
as is indicated by outline arrows in FIG. 3. Further, a
25 reference code UP denotes an unloading position where a wafer
on wafer table WTB is unloaded, and a reference code LP denotes
a loading position where a wafer is loaded on wafer table WTB.
In the embodiment, unloading position UP and loading position

LP are set symmetrically with respect to straight line LV.



configuration described above, since the placenent of X scales and Y
scal es on wafer table WIB as descri bed above and the placenent of X
heads and Y heads as descri bed above are enpl oyed, at |east one X
head 66 out of a total of 18 X heads that belong 20 to head units 62B
and 62D faces at |east either one of X scale 39X1 or 39X2, and at

| east one each of Y head 64 that respectively belongs to head units
62A and 62C or Y heads 64y2 and 64y2 face.Y scales 39Y1 and 39Y2
respectively without fail in an effective stroke range of wafer stage
WST (i.e. a range in which wafer 25 stage WST noves for the alignnent
and t he exposur@ciégentzl by, unAcatitne posdthemtUP andsldasliogepesdfioadLP n
the draw ngs such as gl GS. 7A and 7B. That is, at | east one each of
correspondi ng H@ngef hessame peiti¢hree of the four scal es.

Incidentally, in FIGﬁH&?ésﬁggsl BHEH% ) ﬁuE ednggfggfﬁén%?g%ﬁgatem

corresponding X scales or Y scales are indica

Therefore, in blieeghbbscte wparadke TENgeTIE o@dfteblstageed\BE @esnly bed
above, main _controller 20 can control position 5 information

(i ncl udi ng Pot &PP&AIVFPS O3 Bh CPAt Ferkl ety 28| qamPOser) o R WFracoRpuEer

VBT wi thin the (X palie uh Ll Nl BLegl slon, b, contiell] g sach, poter

constituting stage drive System ased on reasur e

at |east threeagpeedens. i BobBbd ionh £ mRit8 cRNGRUSE 8 40A WML A0, and

at least 10 either one of encoder 70B or 70D. Since the influence of
air fluctuatiossorfdtin e mepashr 2éetitatvdlsues efteemeddeterd®A deyiZ8D
receive is snall enou% to be ignore when conparing with the

r

h
interferoneter ,COPPI‘E‘CE_ % M8 ‘_?‘étb'i":l 1te§ 6P - t HEchasRERr ehentiny Ef Geb-
that is affgct gd -byudiderlsbiict s1at Qgsuﬁ&ééiim{m&mgsgﬁﬂn%gﬂ?gr

that of the interferoneter. Furt her, n waf er stage

driven in the S4axasrihl dotaigenmessumicioc ahetrinyeren SBUbhd Nneaws Tttt N
FIG 7A Y head 64 that measures the position in the Y-axis direction
of wafer stage2PBT*REiYeHFeRtrany inahiprel 99 Hditadsnt axcangsd 62 as

measurement stage MST are collectively shown as a sensor group
99,

15 In exposure apparatus 100 of the embodiment having the
configuration described above, since the placement of X scales
and Y scales on wafer table WTB as described above and the
placement of X heads and Y heads as described above are employed,
at least one X head 66 out of a total of 18 X heads that belong

20 to head units 62B and 62D faces at least either one of X scale
39¥, ox 38%,, and at least one each of Y head 64 that respectively
belongs to head units 62A and 62C or ¥ heads 64y; and 64y, face
Y scales 39Y; and 39Y; respectively without fail in an effective
stroke range of wafer stage WST (l.e. a range in which wafer

25 stage WST moves for the alignment and the exposure operation,
in the embodiment), as is exemplified in the drawings such
as FIGS. 7Aaand 7B. That is, at least one each of corresponding
heads faces at least three of the four scales.

Incidentally, in FIGS. 7A and 7B, the heads that face



20 indicated by arrows el and e2 in the drawi ng. For exanple, Y head
64 circled by a solid line is switched to Y head 64 circled by a
dotted line. Therefore, a |linkage process of the neasurenent val ues
is perforned before and after the switching. In other words, in the
enbodi nent, in order to performthe 25 switching of Y heads 64 and

t he |inkage process of the neasurenent val ues snoothly, a distance
bet ween adj acent Y heads 64 that are equigped in head units 62A and
620 is set shorter than a width of Y scales 3911 and 3912 in the
X-axis direction, as is described previously. 78 Further, in
t he enbodi nent thei geerespdindinacesbeiowen Yidratentark hedidsted bhaeiage
equi pped in head units 62B and 62D is set shorter than a wdth of X
scal es 39X1 an§l§§§§drn the Y-axis direction as is described

previously, when Waf‘?ﬂe).%ﬁtx‘ageinvﬂeie%fga:%?@ sEonQ?aé’g@%?ngféfgtggg

as indicated by an outline arrowin FIG 7B, X hea t hat neasur
t he position i WsThéeserabbiesl alvswst main elont@biles t8geaBbnt 8ol position

sequentiallg switched to adjacent X head 66 (e.g. X head 66 circled
by a solid Pi néPferearitheld neusting &ptedionr enEermnrion 4ndora &z

1ne). and t hedh LBkAgs PIcasfo ol (08 RERIHRATRNtnd 3u'BTohe AR QL gRd

before and after e sw tching e Co gration o

encoders 70A t pré@Fsiamdyt Bentlride 1wyl daddemeesic tblsd: + HOGHS s flhOrYve

encoder 70A that is enlargedly shown in FIG 8A, as a representative.
FIG BA 15 showgstae Mheddsed of meamiingnent 60 udsaofi pt athadteshaee

detection |ight asur,e t .be to Y scale 39Y1. Y head 64
is mainly c_o?rpsggégg?ﬁs tlﬂ;% a&ed&m SAESRTE eﬁise—’%a}‘? 26 AT E%?Em
64a, an opipcakisyst eMH4P ARdadr P gdeiggst '@fhc%yﬁﬁtt@@nﬁﬁence of air

20l rradi ati on system 64a includes a |ight source tha
fluctuations that the measurement values of encoders 702 to

70D receive is small enough to be ignored when comparing with
the interferometer, the short-term stability of the
measurement values that is affected by air fluctuations is
15 remarkably better than that of the interferometer.
Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outline arrow in FIG. 73, Y head
64 that measures the position in the Y-axis direction of wafer
stage WST is sequentially switched to adjacent Y head 64 as
20 indicated by arrows e; and e; in the drawing. For example,
Y head 64 circled by a solid line is switched to Y head 64
circled by a dotted line., Therefore, a linkage process of the
measurement values is performed before and aftex the switching.
In other words, in the embodiment, in order to perform the
25 switching of Y heads 64 and the linkage process of the
measurement values smoothly, a distance between adjacent Y
heads 64 that are equipped in head units 622 and 62C is set
shorter than a width of ¥ scales 39Y; and 39Y; in the X-axis

direction, as is described previously.



emts a laser beamLB in a direction inclined at an angel of 45
degrees with respect to the Y-axis and Z-axis, for exanple, a

sem conductor | aser LD, and a converging lens LI that is placed on
the optical path of |laser beam LB emtted from 25 sem conductor |aser

LI D. Optical system64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane, a
pair of reflection mrrors Rla and R b, lenses L2a and L2b, quarter

wavel ength plates (hereinafter, referred to as X14 79 plates) WPl a
and WPlb, reflection mirrors R2a and R2b, and the |ike.
Phot odet ecti on syst eftsdted,néhuties erhsclimentersinmsalayddslances between

phot odet ect or, d th 5 ncoder 70A, | aser beam |B emtted
from seni condd SFeP s}érhel_ass éE t}tal%déﬁ? SHiEErdy Hgﬁa&nuﬁéﬁnsm and
splitter PBS vigapl ¢8Ssdd sndRdel Sl gtwiaapekak@@atr gﬂsbsa} InhWoeays
LB2 and LB2. Beam LBl having been transmtted through polarization
beam splitter RBS Yeacieslirettiot iaseididdscadbeanpAdrignalypgeia whsér
is formed on Y scale 39Y2, via reflection mrror Ma, and beam LB2

reflected off FGPERi%SH iiondbaksh il the of-apBs %ﬁ%@sow af| @mww by
diffraction grafi Bgtfi%é“af!crro%f Lgekion 4a r5<°§%e &8 '@gkdsgé %é/ns’ the

“split by polarizatio in"this case means ing 0
i nci dent beam paamtaoﬁ&erI RFb2 3 | DreeRIPRANGNtwaaRE 8Bage WST is
S-pol ari zati on conponent . Predet erm ned-order diffracted beans

t hat are gener gegdentiadlyl srischedriogadiaerpiRE Heed taf i(er adihtieed ©F
ceveral 1y convePTeleT it o B UFF pbl HAEFEa) FRk PR0005E 0 FegPaEs
WPlb and WPha ¥i gotesisesidedh and &f?@-liﬁﬂggé et R oBY 1 £ & T RGU-BRent
nirrors RRb and R2a and then the beans
values is performed before and after the switching.
Next, the configuration of encodexs 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. 82
15 shows one Y head 64 of head unit 62A that irradiates a detection
light (measurement beam) to Y scale 39Y,.
Y head 64 is mainly composed of three sections, which
are an irradiation system 64a, an optical system 64b and a
photodetection system 64c.
20 Irxadiation system 64a includes a light source that
emits a laser beam LB in a direction inclined at an angel of
45 degrees with respect to the Y-axis and Z~axis, for example,
a semiconductor laser LD, and a converging lens L1 that is
placed on the optical path of laser beam LB emitted from
25 semiconductor laser LD.
Optical system 64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,

a pair of reflection mirrors Rla and Rlb, lenses L2a and IL2b,

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



pass through X/ 4 plates WP1lb and WPl a again and reach pol ari zation
beam splitter PBS by tracing the same optical path in the reversed
direction. 25Each of the polarization directions of the two beans

t hat have reached pol arization beamsplitter PBS is rotated at an
angl e of 90 degrees with respect to the original direction.
Therefore, the first-order diffracted beam of beam LBl that was
previously transmtted through pol arizat bgn beam splitter 80 PBS is
reflected of f polarization beamsplitter PBS and is incident on

phot odet ecti on system 64c, and also the first-order diffracted beam
of beam LB2 t h&lagas) p¥RAA qudl YPlinf |medilledt Db nuiotramriszB2& ando@atm, and
splitter PBS i% tr%n%n‘itted 5 through pol arization beamsplitter PBS
and i s synt hesi-?8d*t8ftentrically with the first-order diffracted
beam of beam LBl andpy$ JqRa¢l t pglet [ S

Then, the polarizat ?%Hn&oﬁdr%g%??%\% fsr&?ﬁegfﬁol |lrugtg?o¥2‘$e€lrgd:|q?zgfact ed
beans descri bedaabbyeenr),e auphbosddtecaibiranged the BQxkhe anal yzer

i nsi de phot odet ecti on system 64c and the beans interfere with each
other to be®an interferfe$BECHeHMOA ahasSeReL eI &Bf emeherd IGxgt i s
detected by th tor_and is_converted into.an.electric
signal in acco%ggggéer?%‘%tﬁ% ESS?ESL ednsllst ﬁngfd%%te cfrhtpgll'f“ﬁ'}'%%tcjeo 3 #)Sﬁ{“
15As is obviousplieet hesaboyedasel] RidPls 5P1it SCRILLr AR DES
the optical path |l engths of two beans to be interféred are extrenely
short and al sot#pdecahadd: andld:- t Beendi® dialvéng belea tinahibnéhted biiraigh

fluctuations canlrmst Ity. beqi nored. Then, when Y scal e 39Y1 %i .e. .

waf er stage WSPPLIHDVEALSH hort PRI RS BRI EsAChE S Rt ash iy e ki £¥ragtfon
direction,1pn tbhis; fhas, foyl ey nges
and thus the i E?&én%sﬁ;%@%?atchr% I nt e?fﬁgﬁggmfﬂ%ggp{t“ ?ﬁ%\%ggsaﬁ?ﬁmghange
in the intensi Ryapfandheeantiy feflented ¢ ffhpolsr aitdehaskadlysplitter PBS

phot odet ecti on system 64¢c, and position information in 25 accordance

with the intendfEsheharfdersivatpffrastine suidugeREnyia alafdestion

encoder 70A. ers , on the like .are.al so. .

configured si %n?g%@gﬁ%ﬁco%gﬁdfég%l;’ saprﬂt Ey bo 4£12aE10n in this
case means the splitting of an incident beam into a

15 Pp-polarization component and an S-polarization component.
Predetermined-order diffracted beams that are
generated from diffraction grating RG due to irradiation of
beams LB: and LB, for example, the first-order diffracted
beams are severally converted into a circular polarized light

20 by A/4 plates WPlb and WPla via lenses L2b and L2a, and
reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and W'Pla again and reach
polarization beam splitter PBS by tracing the same optical
path in the reversed direction.

25 Each of the polarization directions of the two beams that
have reached polarization beam splittexr PBS is rotated at an
angle of 90 degrees with respect to the original direction.
Therefore, the first-order diffracted beam of beam LB that

was previously transmitted through polarization beam splitter



Meanwhi | e, when wafer stage WST noves in a direction different from
the Y-axis direction and a relative notion in 81 a direction other
than the direction to be neasured (relative . notion in a

non- neasurenent direction) is generated between head 64 and Y scale
39Y1, a neasurenent error occurs in Y encoder 70A due to the relative
notion innobst cases. A nechanismof 5 this neasurenent error
occurrence will be described bel ow. First of all, a relation
between the intensity of an interference Pight that is synthesized
fromtwo returning beans LB1 and LB2 and a di spl acenent (a relative
di spl acement wiRB§ YReaefbtesk vrEcpelayizgavlon beam splitter PBS and is

flectivediffract t Ln FIG 813,
beam LBL 1 of | oGP BICBRT PLTBRERRoRT P AYAFEY €49 mardeAt o6

reflective diffaiactlopagt Qiﬂf&gag&@tbe%ﬁ 8PULPLEA%a 2085 tgleeviously
nat h-order diffracted light is assuned to be generated at an angl e of

QGa' . Then, a reediacbed kenpobatidaridh badn epléttef fPRSel b ecddn@mitted
mrror R2a and traces the back route is incident on reflective

di ffracti on”gr AFAYIR@ U2 A7 25AGN LA™ SRILL PR PBS, a8k F—Fa%ft“é'“d‘-elsll@ﬁti
i's generat ed a%%h@enﬁﬂ&lﬁgg&?@hdd ff% é@doﬂdeﬁih&ﬁ%aéctﬁ% Erac‘ i gﬁrﬁ‘t

an angl e of 0a0 and proce |on mirror

ori ginal 20 optig¢aindatshihgiséet nad bhetsﬁétéhtflfohaeygﬁleﬂu@m that is
the sanme order as the diffracted |ight generated in the approach
route. On t hé"hﬁrhethma%larlt?@énpngzrﬁetim ed toeftwoetiusdt-poder

angl o of Coor SRACTRE HOURBPARr o HTACPEHS | 130h ey LoBRE HEATIAE S

angl e of Opp. Ihbsarmlfﬁzreacaﬁglaé Hhbtbie ASURIs %'QI:Q\? dagf begtald Bhins

reflection mrror R2b and trace the sane optical path to return to

reflection mrioteRfére withheschasthert he batendintprfetente dight, and

Interference | i1:lg{¢t3]tinterfez;':enr::e light is detected by the photodetector and
is converted into an electric signal in accordance with the
intensity of the interference light.

15 As is obvious from the above description, in Y encoder
70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to
gach other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage WST) moves

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

25 accordance with the intensity change is output as the
measurement value of Y encodexr 70A. Other encodexs 70B, 70C,
70D and the like are also configured similar to encoder 70A.

Meanwhile, when wafer stage WST moves in a direction

different from the Y-axis direction and a relative motion in



82 that is synthesized fromtwo returning beans LES1 and 14132
depends on a difference in phase (phase difference) p between two
returni ng beans LEI and 1112 at a photodetection position of the

phot odet ector, that is, lccl+cosp. In this case, the 5 intensities of
two returning beans LEL and LS2 are assune to be equal to each other.
Phase difference p can theoretically be calculated in the foll ow ng
equation (7), though the way to derive pggse difference p in detai

is omtted herein. 10= KAl + chc(nb - nd | p + 2KAZ (cosebi + case's
- cosesi- =880)...(7) In this case, KAL denotes a phase

di fference caugeditgctadpnopthenthpathediffesténoeoibe etaweendt welative
ret urni ngbeansLS| ,and, LB2, AY denotes a displacenent of reflective

l 1 A
diffracti on 15"gFAPPY RGIPHIHRFUHFUGRT SELTEGHIORY ‘e AGresatked between
di spl acement of,ckgfdsenid Y%cgié‘a@@ﬁt 4 %ﬂ??glg%rﬁeﬂﬁ &dﬂ‘]oéaﬁ:s;&n’ﬁ 68?0%%_3:

direction, p denotes a pitch of a di on grating, an

denot es the di flopadid an iicderlatiwanbt tod fihasded chsght desestidrddn of
above. 20Herein, the encoder is assunmed to be configured so as to
satisfy t heSopftndal NeRFYFSHeNtePEFRE OMCETTRRRE tWid s PAnBessrihadopeley.

shown By e Tl Low £ RIUBLEL (P)ag0tty Deler by ufblneaol e I
interference light that is synthesized from two returning
beams LB; and LB; and & displacement (a relative displacement
with Y head 64) of ¥ scales 39Y; (reflective diffraction grating

10 RG) is derived.

In FIG. 8B, beam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of 6.y, and the n,™-order diffracted light is assumed to be
generated at an angle of 8.. Then, a returning beam that is

15 reflected off reflection mirror R2a and traces the back route
is incident on reflective diffraction grating RG at an angle
of ;1. Then, a diffracted light is generated again., Herein,
the diffracted light that is generated at an angle of 8,5 and
proceeds to reflection mirror Rla by tracing the original

20 optical path is the n,"™"-order diffracted light that is the
same order as the diffracted light generated in the approach
route.

On the other hand, beam LB; reflected off reflection
mirror Rlpy is incident on reflective diffraction grating RG

25 at an angle of By, and the nyM-order diffracted light is
generated at an angle of Oy1. This diffracted light is assumed
to be reflected off reflection mirror R2b and trace the szme
optical path to return to reflection mirror Rlb.

In this case, the intensity “I” of an interference light



25 termon the right-hand side of the equation (7) becones zero, and
at the same tinme n=nm(=n) is satisfied, and accordingly, the )
follow ng equation (9) can be obtained. p5ynm(AY)=2RAY/ (p/4n) Fromthe
above equation (9), phase difference psym does 83 not depend on the
wavel ength of 1ight. Herein, tw cases shown in FIGS. 9A and
98 will be considered, as sinple exanples. First, in the case of FIG
9A, an optical axis of head 64 coincidesgwith the Z-axis-5 direction
(head 64 does not incline). Herein, wafer stage WST is assunmed to be
displaced in the Z-axis direction (AZz=0, AY=0) In this case, since
optical path diffféienientiiesiged fren toeairferr ni i PrARS LBy @ighIdh depends
ri ght-hand side_of the_equation (7) does not change. The second term
becones zero bggaﬁsélfxe%%ﬂgelénaég tﬁé@ﬁ?eA = .eéﬁ%gﬁ} PHRETHHS Y S8 m
becomes zero, Beeavsend NH¥TIB] nG BEPRR! LYphdtddat eeayah i uki8bni S£
satisfied. Accordingly, phase difference mdoes not change, and al so
the intensity ohetpeotoderdatpencehdt g, detscosp. cliangkis Asas®, the
consequence, the neasurene%t val ue . (count value) of the 15 encoder

t

does not changdPteRSItiesQL; fyo ssfurnfing Peams Lo 2RdskPopTE|3558R, to
the optical axhs ghudead, Ghchngtides with respect to the Z-axis (head
64 inclines). Wafer stage WST Is assuned to be displaced in the

Z-axis direction framddy 9ist@tdnde’\g=6an AYeBret S0y Bel BABc2ARteastn

since optical path_difference AL does not chang&i the first termon

the right-handtBfdEPbiotiHg equatiom (77) BbeighdthecHalgee dedveepbate

term becones zerp_because qof the sunpti.on: - AY=0., However, the third
1251 BatRbl rite by e

term does not ecore zer &, Be t'tve By M % foperty in the
equation (By is ¢ = KAL + 4m(ny, - na)AY / p
+ 2KAZ (cosBp: + cosbyy ~ cosB,1 — cosB6y) . ()

In this case, KAL denotes a phase difference caused by
an optical path difference AL between two returning beams LB,
and LBz, AY denotes a displacement of reflective diffraction

15 grating RG in the +Y direction, AZ denotes a displacement of
reflective diffraction grating RG in the +Z direction, p
denotes a pitch of a diffraction grating, and nn or n, denotes
the diffraction order of each diffracted light described
above.

20 Herein, the encoder is assumed to be configured so as
to satisfy the optical path difference Al=0 and the symmetric
property shown by the following equation (8).

Bao = Opo, Bar = Bpz  ...(8)

In such a case, a result in the parenthesis in the third

25 term on the right-hand side of the equation (7) becomes zero,
and at the same time ny=-n, (=n} is satisfied, and accordingly,
the following equation {9) can be obtained.

Qsym (AY)=27AY/ (p/4n) ... (9)

From the above equation (9), phase difference Qg does



25 not kept due to the gradient of the head, and the third term
changes in proportion to a Z displacenent AZ Accordingly, phase
difference 9 changes, and as a consequence, the neasurenent val ue
changes. Incidentally, even when head 64 does not incline, the
symmetric property in the equation (B) 84 is not kept due to, for
exanpl e, the optical characteristics of the head (such as

tel ecentricity) , and the neasurenent va%ge changes simlarly. That
is, characteristic information of the head units that is a factor
causi ng neasurenent errors 5 of the encoder systemincludes not only
the gradi ent ofothéeperd orbiheakaveldrgtbpoichlghthar acteristics of the
heads and the I|ike. Further, although omtted in the draw ng,

in the case wafer stBREWMBTIFS GRIGH sbeyni FP £1iS-eOfi 8RS pdk perdi &l alr
10 th oot N : .
to 10 the neasuLeERAL i T &G {si%g%e (e%é%ﬁ%%é: Bei%}égﬂg 1:@4‘@11%%5@5 gPErER

axis direction (Z-axis direc t he ‘measurenen

val ue does not 98haageogisi dadr agss aoflieael b@Nchihdiieghwgth dchd MRSx0E
diffraction grating RG face %a | ongi tudi nal direction) is orthogonal
to the nmeastr efBRECITORIi(Peee B4 floesmqthinekide) . hetie xaigi t walferas tage WST

direction is not orthoggonal to the asurenent _direction, however,
the sensiti vi t&siasssagﬁgﬁ:ﬁa}é%dé?pfﬁ%ﬂ l‘ﬁj{l? fae*t8 BrEEEreR 695‘\9@ S'E'fq)n'e
angle. Next, fep : 5%)5 j I 0D
wi |l be consider g%%%%',é%ﬁcé;%é{lc%gﬁﬁﬂ ff%f%/@,sd?%agﬁ%%?}%g?é’
axi s of head 6#hediirsitdesrmpn Hhehel ghtabiagddiidecef dhe(dpatibd (Hegoeot

incline). Even \A@e{:}ﬁwafer stage WST noves in the +Z direction from
this state to §8%i Y st Tt J5FRACECIDPCIHESHBEER RS ey 9F LR

the enCOde{Odoﬁ§s£ﬁ§tﬁﬂﬁnﬂf=0. Then, the third term becomes zero, because
the symmetric property in the equation (B8) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intensity of the interference light does not change. As a
consedquence, the measurement value (count wvalue) of the
15 encoder does not change.
On the other hand, in the case of FIG. 9B, the optical
axis of head 64 inclines with respect to the Z-axils (head 64
inclines). Wafer stage WST is assumed to be displaced in the
Z-axls direction from this state (AZz0, AY=0), Also in this
20 case, since optical path difference AL does not change, the
first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0., However, the third term does not becone
Zzero, because the symmetric property in the equation (8) is
25 not kept due to the gradient of the head, and the third term
changes in proportion to a Z displacement AZ. Accordingly,
phase difference ¢ changes, and as a consequence, the
measurement value changes. Incidentally, even when head 64

does not incline, the symmetric property in the equation (8)



25 because this is the sane as the case of FIG 9A described above.
Next, wafer stage WST is assuned to rotate around the X-axis fromthe
state in FIG 10B to go into a state shown in FIG 10C 1In this case,
al though the relative notion between the head and the scal e does not
occur, that is, 85 regardless of AY=AZ=0, the neasurenent val ue of

t he encoder changes, since optical path difference AL changes due to
the rotation of wafer stage WST. That isg,,the neasurenent error
occurs in the encoder systemdue to the rnclination (tilt) 5 of wafer
st age WST. Next, wafer stage WST is assuned to nove downward
fromthe stateipmn® Geptoiha §ogofamesampld atbe aptslmalnchar det@risoi:s

In this case, optical h difference AL does not change since wafer
stage WST does Oﬁd:ther%bet%{i s.uﬁ(ibﬁetl%}‘?‘:%&&%@l hend heyiprstrprent ¥abit y

in the equatio i S inQt t, se_di ' .
the Z di gpl aceﬁg%lt%iézssbleﬁ tlﬁ%g?hi F@Q? e%sr'ﬁ o%ﬁﬁgﬁggg?%%fﬂgﬁz}“ gf% tfhe

equation (7). Abeohekdigingtst hkatreiaswr eaenér waluse ngf néheueneetetrrors
changes. Incidentally, the neasurenent value of the encoder in the

case of FI@ 10D 93 KECOARE S¥RteFakaclidesenPh ey thsesprdimnt ofohe
.2 Tesult of phbe, ity on mletead By e huenier s e

like, it was foun e freasurenent  va
the sensitivitynstikdg.espect to not only the positional
changeof t hescal ei nt heY-axis direction, which 20 is the neasurenent

direction, but al so Huxdhar: ialideougharmyettien fheti@x ddawényi om Epet cddeng
direction) and the direction, (yaw ng direction), and besjdes, in
the cases such"@ e’@w%ﬁ‘%ﬁi“i%ﬁn@t%lécﬁgo’d’éﬁ?lnf%c GLRFTRRAHEVLRT &
above, the)dreagks GREINurLREHESIASRANENAL 8000k [ H1SBPSLA) U tohRAge 1N
optical axis direction (Z-axis direction) (AX#0, AY=0, AZ=0,),
- the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face (a
longitudinal direction) is orthogonal te the measurement
15 direction. In the case the longitudinal direction is not
orthogonal to the measurement direction, however, the
sensitivity is generated at the gain that is proportionate
to the angle.
Next, for example, the four cases shown in FIGS. 10A to
20 10D will be considered. First, in fhe case of FIG. 10A,; the
optical axis of head 64 coincides with the Z-axis direction
{head 64 does not incline). Even when wafer stage WST moves
in the +Z direction from this state to go into a state in FIG.
10B, the measurement value of the encoder does not change
25 because this is the same as the case of FIG. 9A described above.
Nexrt, wafer stage WST is assumed to rotate around the
X-axis from the state in FIG. 10B to go into a state shown
in FIG. 10C. In this case, although the relative motion

between the head and the scale does not occur, that is,



25 the Z-axis direction. That is, the theoretical explanation

descri bed above and the result of the simulation agree. Thus,

in the enbodi nent, correction information for correcting the

measur enent error of each encoder caused by the relative notion of

the head and the scale in the 86 non-neasurenent direction described

above is acquired in the manner described bel ow. a. First of

all, main controller 20 drives wafer sta WET via stage drive system

124 while nmonitoring the nmeasurenment 5 values of Y interferoneter 16,

Xinterferometer 126 and Z interferoneters 43A and 432 of

i nterferoneter regardheds ®F A¥eAIrdkeshy mheaohrédehboatledt of the emostler X

side of head unit 62A fgce an arbitrary area (an area indicated bgh%
f

bei ng circled CHEPES/ ffRFeA‘F?Wa‘J‘ Bt d155910n5p AheChipgliss QU fF8c
wafer 10 tabl e MEBtigs dfsw§f'@"@t‘a?ﬁ|ﬂ5@5.- hiA aad é’g@measurer%en@error

Then, based on the neasurenment values of Y interferoneter 16 and Z

i nterferonet er ©c48As aimdl 4e2 enoeader costtenl Hee 20 tthel vasl ivadidiont dbk et)
WIB (wafer stage WSI) so that both the rolling anbunt Oy and the
yawi ng amount BRiare29es"Ehbl e WIB (waf er stage WST) become zero

and al'so the bl tchi LAIODL 08 cBES G0 18 MRSILAGYANE §60(Ln HLP

case, ao is assuned to be equal ter riving o

wafer table WBhévefease Shage. WBIO) oMl AnEON EOAt&£las2bhdvid adi BitERS16D.
detection light fromthe head 64 described above to area AR of Y

scal e 20 39Y1, Iarkhist oassy opielgrlapariedeAfenaiaecAL Wokes matochaspoaiiscd 0

a photoel ectric_conversio ignal fromthe head 64 that has received
the reflected FRght,*® argeaﬁsﬁng%‘?%é}"tr@ﬁ%?fﬁ' %Owever’cébeﬁ@%ts? bied on

the measurggentymabties: Yro¥elbd ofd areMBLeicddh A9 £si ASLTERIOTBLEES
43A and 432, main
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
15 Dbecomes the same value in the case of FIG. 10A.

As a result of the simulation implemented by the inventor
and the like, it was found that the measurement values of the
encoder have the sensitivity with respect to not only the
positional change of the scale in the Y-axis direction, which

20 is the measurement direction, but also the attitude change
in the 6x direction (pitching direction) and the 9z direction
(yvawing direction), and besides, in the cases such as when
the symmetric property is broken as described above, the
measurement values depend also on the positional change in

25 the Z-~axis direction. That is, the theoretical explanation
described above and the result of the simulation agree.

Thus, in the embodiment, correction information for

correcting the measurement error of each encoder caused by

the relative motion of the head and the scale in the



25 controller 20 drives wafer table WIB (wafer stage WST) in the
Z-axis direction in a predeterm ned range, for exanple, a range of
-100pmto +100tun as is indicated by an arrowin FIG 112 while

mai ntai ning an attitude of wafer table WIB (waf er stage WST) (the
pit chi ng amount Ox=cto, the yawi ng anount OQz=0, the 87 rolling
anount Oy=0), and during the driving, while irradiating a detection
light fromthe Y head 64 described abovegfo area AR of Y scale 39Y1,
mai n controller 20 sequentially |oads the neasurenent val ue
corresponding to a 5 photoel ectric conversion signal fromthe head 64
t hat has recei Vo8 Rh2SraMeast drddighn dasquibddtaratients asapplkeddn the
intervals, and _stores.the an i nternal nenory. d. Next,
mai n cont rol | eFeIBoE AR Fﬂe BHe%thi ng amount of wafer table WB

(waf er stage WBT) to, (@%7aP- ﬁa},mamnoeo&@r&ﬂ%r@@wﬁ@waf@ Hea o

| interferoneter 16. e. Subsequently, the simlar operation to
t he operation WATtHHe wAizgesdcivel sy stepad2tiad Miethotite rd hgngedeaisbictiete:
f. After that, main contraoller 20 repeats the operations in the above

d. and e. aPteVA&Pes\OT %dnltﬁ’a’ﬁ%r%?é?%&@ur’érﬁé}ﬁerfﬁrvaﬁw d2thaad %4
in a range of EH@eﬁP&&‘neﬁgi d‘gl gﬁﬁ' fggt%ﬁf]eqr%meEeAasE}rg%gh 118, and

intervals, for exa Fervals Fespec € range

in which the pmta!abs NG halBUeY 1Q¢atsd - &p@aéaﬁiﬁ&xsﬂm % head unit 621
Next, by plotting the respective data within the 20 internal nmenory

that have beenfdBeadhedByrane @Eaﬁcdgse@r%ﬁ iridd. cabedebp . beige. concked
t wo- di nensi onal, _c d t at ori zontal axis shovm n

Z positions and® Eoﬁ’rer#‘?‘g;%Raéi "‘9 afnag&gn% d&F ﬁ%%%’iuPBﬁgﬁ?e VRS

and sequenipal kypconpest izggsp! Qr'iovﬁp':.ﬂt 5188, Wi hnldhe1pi t ching anount
is the 25 same, and then shifting the horizontal axis in the vertical

axis direction so that Taeh} neadaal hor tzontedsurenentnvéheceift & ) t hat
connects the pl ot p0| nts at which the _Eltchl ng amount is zero passes

through the or FEFFELFGIeARR 48 Wovin iPRerfegorErers GPAPNY HaP: sHolk

variation charagfriStd:C80 Qkives wafer table WTB (wafer stage WST) so that
both the rolling amount €y and the yawing amount 6z of wafer
15 table WIB (wafer stage WST} become zerc and also the pitching
amount 9x becomes a desired value oy (in this case, og is assumed
to be equal to 200prad). After the driving of wafer table WTB
(wafer stage WST), main controller 20 irradiates a detection
light from the head 64 described above to area AR of Y scale
20 39Y;, and stores the measurement value, which corresponds to
a photoelectric conversion signal from the head 64 that has
received the reflected light, in an internal memory.
c. Next, based on the measurement values of Y
interferometer 16 and Z interferometers 43A and 43B, main
25 controller 20 drives wafer table WIB (wafer stage WST) in the
Z-axig direction in a predetermined range, for example, a range
of -100um to +i100pm as is indicated by an arrow in FIG. 11B

while maintaining an attitude of wafer table WTB (wafer stage

WST) (the pitching amount 6x=0y, the yawing amount 6z=0, the



88 neasurenent val ues of the encoder (head) in accordance with the
Z-1eveling of the wafer stage) is obtained. The val ue of each
point in the vertical axis in the graph in FIG 12 is a neasurenent
error of the encoder at each Z 5 position in the case where the

pi tching amount Ox equals a (Ox=a). Then, main controller 20 assunes
the pitching amount ex, the Z-position, the encoderneasurenent error
at each point in the graph of FIG 12 as.table data, and stores the
table data in a menory 34 (refer to FIG 6) as a 10
stage-position-attributable-error correction information. O, main
control ler 20 &eddiRg anrunvelyaP bmsand dnr@ng ashet e imabge rtileal

function of a Z- t he |tc ampunt _ Ox, obtains th

mat hemat i cal f l}ﬁg?‘ﬁb?‘ltw @oaﬁg? rerg Er e dPeodt Rerd At éieﬁ?FH@Ed
for exanple, theo}d &@aa&teasgﬁasf% "RAQd398Nd (34 AT ES LA 1781 bgmat i cal
function as stage-position-attributable- error correction infornation
in memory 34. sequentimllNeXbadsretihe memduitinetrt 281wl icoesespdreiingt agea

WST via stage drive system 124 in the -X direction a predeterm ned 20
di stance wh |ePHBE?%Jo°f<i’a¥gwt RenviessiAre pdaTal of 1R8s the b(eacht@r frdegrbar

126 of interfecomel aly 8! eM-dG ANd RS L5 Shown LN, ELG A%, mkes Y

head 64 that is [oca e secon p05| rom

of head unit GZ&éﬁémdaﬁQXBL&ﬂeé haeX hgagh 6dhteirnuhi dslat.a
acqui sition has been conpleted 25 as descri bed above) face area AR

(area indicated by Isei Rgxtei mai@d:omnrﬁl@r ZQ)cfwfngﬁsstdml piB&¥inamdre:
upper surface of wafer table mai n controller 20

performs the pPocEREEs té‘Pﬁ?IVQB t(HaFﬁE %P&‘&‘?ewﬁné) ttﬁ?e (PxRgerfiB4 bagag on

stores cor{gct tRP m&&urement value of Y interferometer 16.
e. Subsequently, the similar operation to the operation
in the above c. is repeated with the changed attitude.
f. After that, main controllexr 20 repeats the operations
in the above d. and e. alternately, and loads the measurement
15 wvalue of head 64 in a range of the above~described Z-driving
range at Ac{rad}) intervals, for example, 40prad intervals,
with respect to the range in which the pitching amount 6x is
~200prad<ox<+200nrad.
g. Next, by plotting the respective data within the
20 internal memory that have been obtained by the processes of
the above b. to e. on a two-dimensional coordinate system that
has a horizontal axis showing Z positions and a vertical axis
showing encoder measurement values, and sequentially
connecting plot points at which the pitching amount is the
25 same, and then shifting the horizontal axis in the wertical
axis direction so that a 1line (a horizontal line in the center)
that connects the plot points at which the pitching amount
is zero passes through the origin, a graph as shown in FIG.

12 (a graph that shows variation characteristics of



information of Y encoder 701k 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 621k and Y scal e 39Y1,
correction informati on of X encoder 7013 that is constituted by each
of X heads 66 of head unit 62B and X scal e 39X1, correction
information of Y encoder 70C that is conggi tuted by each of Y heads
64 of head unit 62C and Y scale 39Y2, and 10 correction information
of X encoder 70D that is constituted by each of X heads 66 of head
unit 62D and XTEE5PESBEXR Valeer s dbei srtqdegbibeadd iandcsovdatsd with
menory 34. Herein, . it is inportant that sinmlar] t he
above- descri beghgage{,lev\ilelnnr%é’ﬁ i e[rhgtig%sel-%é%’%failﬁgﬂ' 15
neasur ement using eafde ¥ahead Qb Bfpdigadi Yoht v@%@ic&%%&&@mﬁu éﬁ@@rQ;tE‘hX
e n

scale 39X1 is used; when perform ng the above-descri measur ene
usi ng each Y héadFB@. of2 Head measuSAEntt hersame aheaentodescal @adl Y2
is used, and when perform ng the above-descri bed neasurenment using
each X head56698FlEé%l oy thsi ca8pyheange thanel tahdadoanxust % g9xds s

e s o, B6BHPE WheROLaeLLON 801800 LOLGHLCLONE et 0l anount

i nterferoneter 'Syste (includi ng correct

reflection surbacehelZpoandiddp tasdneebbeabhoiranfeesoddacadlboand
41c) has been conpleted, the attitude of wafer stage WST can be set

to a 25 desirednathe t95dehaef - AR dadedlendete midsaterenttheakalebe

of those interf net ers, _and en if the | e.surface is inclined,
measur enent erfig{;:% Ho htETsE u?xaﬂ%er%rt 28 ﬁjg@‘dss)dﬁé fo the

i nclinati oo of sthgeSsad 18 19wt b RELHutAL1USERSo NG SRR 1 BRT {4 Atk 18ACH
scale. 90 Further, regarding Y heads 64yl and 64y2, main

control l er 20 Perfrairs coherabbae 28esssinrsd the asersementenusenps he Sasre
area on Y scal es_39Y2 and 39Y1 as the area that is used for each Y
head 64 of heali*tRTIE J6’2”% GFraoR o peRed Wdiop, 2 apgthe pitching amount

9%, obtains the mathematical function by computing
undetermined coefficients using, for example, the
15 least-squares method, and stores the mathematical function
as stage-position-attributable-error correction information
in memory 34.
h. Next, main controller 20 drives wafer stage WST via
stage drive system 124 in the -X direction a predetermined
20 distance while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as is
shown in FIG. 13, makes Y head 64 that is located in the second
position from the ~X side end of head unit 62A (Y head next
to the Y head 64 of which data acguisition 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 391'2
(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 amount is changed, main controller 20 sequentially changes
the yawi ng anount Oz of wafer stage WST in the range of

- 200pr ad<Qz<+200urad whil e mai ntai ni ng bggh the pitchi ng anount and
the rolling amount of wafer stage WST to zero, and drives wafer table
WB (wafer stage WST) in the 15 Z-axis direction in a predeterm ned
range, for exanpifermapien pigencider] D0Brohpb 1] 06psh ktutedchy poeit head

and during the drivi , Ssequentially.l oads the measurenent val ues of
the heads at prggdgflgpﬂi ?ﬁ?g'%sggrﬁ i“?’r_§¥‘ilﬁtré‘?‘”{}%qys 38nd stores themin the
internal nenory. Sugh_ MRS RENt ih@egiﬁ?{i@d daQnal! %(?%%e% $,04 or

heads 66, and each data within the internal nenory 15§ on a
t wo- di mensi onalin€oonali it efsy dremdeaviog tHae berdcrentiahtadisy each of
indicating Z-positions and the vertical axis indicating encoder

measur enent *vaFgBRiRing ne hepAf| 84 9F deadureit t@RA RodeY decrld BSY1,
b , pl ot I < Whis . i | S.the, g
Shove PO POtk oMich A2 Kg AU S0 SR o

line (a horizoplabatn &L ixNhbhes CEOLA heall M€ EoBNGnY AN %1@@@@% i's
zero passes through the origin, and thereby a graph simlar to the
graph in FIG g$orreciisrainfdraatiem ofiaf rencodercld@thad issuwmesitivesd

yawi ng 91 noupt az, the Z-position, the neasurenent error at each
point in the og%'a?ahdgﬂ Ogr \éﬁﬁpaé% %ﬁb‘?fe h&ﬁ'ﬁau%ﬁntd 5§Fo?%§ % geatgp Hegaang
as correcti®n AL IBLIORN O AR 0 8% eQCong"ﬂ'itpgﬂgEoié ondlituted
assunes the neasurenent error as the mathenmati ca UnctTon 5 of &
Z-position z ahdg g¢dmh pdWKnigeadn @6t oBzheabtidinsezheantpikhesnld CalX, are

function by conputing undeterm ned coefficients using, for exanple,
t he | east - squaFesPeBtITGdY aRbrEest @8dt REoFed HeénaelesyY $4nction as

correction informat iH%Qngmg‘{THrsyi brjc-gﬁ,giﬂh&ti nﬁgf%%fi%& t&gepi t chi ng

anount of wafer stage i's not zero and also aw ng nount is

not zero, it cabokhs drsidedeshdd)atvhibhepsBOStHi@HE fhe 4O e Aes825hed
encoder when wafer stage WST is |ocated at Z position z is the sinple
sum (| i neak” suRjaBirarieatnpatng aacht Xdreast 66nofidemddantt §4B,hthhesame

i tchi ng anount descri_bed abo and the, measurenent error.in
P 9 area on Ipsca e é’ﬁ(l is used; when verforming the

above-described measurement using each Y head 64 of head unit
62C, the same area on Y scale 39Y; is used; and when performing
the above-described measurement using each X head 66 of head
20 unit 62D, the same area on X scale 39¥%; is used. This is because
if correction of each intexrferometer of interferometer system
118 (including correction of bending of reflection surfaces
17a and 17b and refiection surfaces 4la, 41b and 41ic) has been
completed, the attitude of wafer stage WST can be set to a
25 desired attitude at any time based on the measurement values
of those interferometers, and even if the scale surface is
inclined, measurement errors do not occur among the heads due
to the inclination of the scale surfaces, by using the same

portion of each scale.



15 accordance with the yawing anount. 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 wth
the change in the Z-position also in the case where the yawing is
changed. 20l n the follow ng description, for the sake of
sinmplification of the explanation, it is assuned that regarding the Y
heads of each Y encoder, a mathematical fggnction with the pitching
anount Ox, the yawi ng anount Bz, and the Z-position z of wafer stage
WST that shows a neasurenent 25 error Ay, as is expressed in the

fol | owi ng equati on (Heythen,sregnpsiingd kerfisstdinadd ¢l yve midp Gptroller

Further, it is d. th regar di t he X heads of each, X encoder
i hemat i cal FORPETSRUI TS EHEVT o1 THGHg DEROTR: By Rephug Hd g earBh
Oz, and the Z- peght bANY Zsdif18a88Y, $hadgoMBlst hiad ShWShat NEASIN-GMESE
92 error Ax, as is expressed in t?he foll ow ng equation (11), 1Is

conput ed and stegcbdYi meakri pf3leadyurd th( £2C Qnd @2R refkéztiajely, and
Qz(z-b)-.(1Q) =,0(z, Sy, $z) = z-¢) + Oz(z-d)-.(11) 5 1In the
above equat on%}(’féigg "%Pnéé:ﬁbi’ésm;%)gﬂébb%’aioﬁa?eh‘ﬁ‘? §4bb¢)ﬁf31%éfr &cthe
straight 11 nes 399 efclbier 17 dd)® alA PR TbE 1 deorn@Bdlon Por $eROIL T4,
Z-coordinate of a polint where 'the straigh inesintersect in e

graph simlar tacthe vrnecdle BeG (Bhcbhat 762n)QbtapidneHen nstdi@sCatgmtire
yawi ng anmount is 10 changed in order to acquire correction

i nf ormati on of ™eHe*Y ¥hcoders. Further, in the above equation (11),
"c" denotes a Z-coordinate qf a_point where .the straight linegs .
intersect in the grah_g%xncs‘i %nn?célre _gmt]r?é: Bﬁ%cﬁ'lurﬁscfo f‘%‘et %ié?vef"sdegﬁféﬁ’ﬁ%d
in the caseot heakeldHeid tAERURCHE BgChRGed; & RHALEEH, R iRCAMhEL 11, 20
correction informati on of the X encoders, and 'd" denotes a

Z- coor di nat e ofsegupntiallishehengdm therwvghy annes: Prtef sackbristdageeWsT

graph simlar to the one in_FlI 12 that is obtained in the case the
yawi ng anount -8 THafgegei of ()"rz?gi"r?‘bkao?cﬁ@iop@%%r‘?l@étei BRI YA HmE PO

gl;] O;get ﬁee”COd%ﬁé pAUGL UG ¥na tHE JRASUEIRINEOE WartY HadusT
to zero, and drives wafer table WIB (wafer stage WST) in the
15 Z-axis direction in a predetermined range, for example, in
a range of -100um to +100um at each position , and during the
driving, 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 values in the similar
procedures to those described above, plot points at which the
25 yawing amount 1s the same are seguentially connected, and the
horizontal axis is shifted so that a line (a horizontal line
inthe center) at which the yawing amount is zero passes through

the origin, and thereby a graph similar to the graph in FIG.

12 1s obtained. Then, main controller 20 assumes the yawing



degree in which the position of wafer stage WST in a non-neasurenent
direction (e.g. the ex direction, or the By direction, the Oz
direction and the Z-axis direction) of the Y encoder or the X-encoder
affects the neasurenent value of 25 the Y encoder or the X-encoder,
and accordingly, in the follow ng description, the neasurenent error
Ay or Ax is referred to as a stage-position-attributable error, and
since the stage-position-attributable ergpr can be used w thout
change as correction information, the correction information 93 is
referred to as stage-position-attributable-error correction

i nformati on. mount %a’ﬁlvmﬂl-nsmitﬁ-qrhetmgleasheemmtﬁ eatomritssagfh peh:'ent
head of the encoder stan ially cojnc s wth the Z-axis and all
of "the pi t chi nReHSURPESITRE BORF G BAOLMESEAGEhE G568 ROC SN Sah

waf er stage W5}g aéc‘?rfe%‘t‘ion%fo%mQ@Ybr?‘i% &éd?é?g# B?hg%ﬁyg)ﬁm c%ég%?lf‘%g:d

(11) descri bed above t he neasurenent error

above that is CAusatmey tHeemad duidenteatofrrvafey thahlsea héhBtiSan@hnction
supposed to_occur, but in actual, 10 the neasurenent error of the
encoder is Pot Ofe?oz‘é?FéﬁdrtllﬁnsEc?FCh thgs gavimg anoynedausePtdi@ssheaces

of Y scales 39 9 ale X1 and. 39X2.(t rface of
second wat er r%a%eﬁ%}ga% !I%'a SIgs f‘%avr egr%lfgcm&earfd e&ﬁ‘éé gcé’e Se e
unevenness. V\haglﬁ@,erf@rl éxdir@ﬂ)é@nﬂﬁtsieﬁﬁti%asﬂé%fzﬁ@ﬁ&)d)f aﬁ@%tl:&e§0r9{ees
(to be nore accurate, the diffraction grating surface, and in the
case the di ffrm@tlﬁmﬁtgmtll ﬁglqtsocmﬁe‘nfelctam’qlhnarrﬁwmatgbass merirey 34.
surface of the cover qu_I ass is ncI uded in the case wafer stage

WST noves al ong a plPEn&+Bardl F 5% Flé )W AR, A TS RL R TS FLRES

i's displacggl ipsthe goeleéro@n@l 186 vhivi Ry nBRKES; ¥ &l t&@éc} Y}t %an
inclines with respect to the head of thé encoder. This exactly

results in occhecensédefed tdat eltat hvesumdniean eioreen ozl dreadleanthen
scale in a non-neasurenent direction, and such relative notion

becones a factBRI%H SreqeFThent 1e3iid 8k § POge5EPR Fedscehs isdmple sum

(linear sum) of the measurement error in accordance with the
pitching amount described above and the measurement error in

15 accordance with the yawing amount. This is because it has been
confirmed as a result of the simulation that the measurement
error (a count value (measurement value)} linearly changes
in accordance with the change in the Z-position also in the
case where the vawing is changed.

20 In the following description, for the sake of
simplification of the explanation, it is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount 6x, the yawing amount B8z,
and the Z-position z of wafer stage WST that shows a measurement

25 error Ay, as is expressed in the following equation (10), is
computed and stored in memory 34. Further, it is assumed that
regarding the X heads of each X encoder, a mathematical
function with the rolling amount Oy, the yawing amount 6z,

and the Z-position z of wafer stage WST that shows a measurement



25Further, as is shown in FIG 14, for exanple, in the case a
plurality of heads 66A and 66B neasure a plurality of measurenent
points Pl and P2 on the sane scale 39X, if the inclinations of the
optical axes of the plurality of heads 66A and 66B are different from
each other and the surface of 94 scale 39X has unevenness (including
inclination), the influence of unevenness on the neasurenent val ues
is different by each head due to the difggrence in the inclinations,
as is obvious fromthe fact that AXA is not equal to AXA(AXA*AXB) 5
in FIG 14. Accordingly, in order to elimnate the difference in the

i nfl uence, theSffevehheds Bf exheesind doethyd fobapelBoXanabien t{dlbe is

obt ai ned bef or u ess of the surface of scale 39X may
be neasured usgﬁgﬁgt?r%}%&r gﬁé%‘?@d%vfngg‘o&h%?' t han the encoder such as

the Z sensor descri t)%dﬁmgg,e,g_p oyt =t BgFEeasur ggi?glb)acc%rﬁw of the
e

unevenness is defin by the neasurenent resolution of the
neasur enent devi ce 4k sugliza gasdz)Theeel{nra, + Azdeddy to.(EAasure the

unevenness wWith high accuracy, there is pogsibility that a .

hi gher - pr ec? si on ancrltr’rrﬁﬁ‘é %’cﬁ%’?l I osr (1Han "8 GRSt g cpgrdinate
required for the 15,0MmiRgke PLPAIEShRUI O R yse NSk
Thus, in the enbodiSPrrent, thee nmet hod ianB%i%hﬁ%ngée%ﬁ%és%ggﬁ ﬁ}ug &
surfaces of thénsEed.ed2j sambatur ddniiséan@ Eheoeriodee 6¥sd @vintSehdrd S

enpl oyed. Hereinafter, the nethod will be described. 20As is shown in
the graph (errbPecttdifdshbriinascieterasct in Mhg 9130k FdmidaBiEe the one

variation characterd sticC t.h rement. val u of _the encoder,
(head) in acco%gaﬁﬁlgzde' \T}mbt%at%égzﬁﬁgl%?njg%emﬁ T eﬂzﬁteaﬁaew%aﬁlg%rilﬁed
above, W t1or esp@gded @ncasdeee0d8buiAdorrection information of the Y

t her eexi st sonl yonepoi nti nt heZ-axis 25 direction, which is not
sensitive to ackr¢ddersper Berdierof inafher abbugeedtBTionhélllis,"cd pewtiasar

int at which_t . f th d ,
ogardi ese of EHb SREPERELT G AT B ot uef EPe Ataa SETL e Peepmat

to the XY plang, {MeeqrbphSsRAIBE €8MNRE cheud Fis. MY fithazel,s1 808
WET simlarly

in the case the rolling amount is changed in order to acquire

15 correction information of the X encoders, and “d” denotes a
Z-coordinate of a point where the straight lines intersect
in.the graph similar to the one in FIG. 12 that is obtained
in the case the yawing amount is changed in order to acguire
correction information of the X encoders.

20 Incidentally, the measurement error Ay or Ax shows the
degree in which the position of wafer stage WST in a
non-measurement direction (e.g. the 6x direction, or the @y
direction, the 06z direction and the Z-axis direction) of the
Y encoder or the X-encoder affects the measurement value of

25 the Y encoder or the X-encoder, and accordingly, in the
following description, the measurement error Ay or Ax is
referred to as a stage-position-attributable error, and since
the stage—position-attributable error can be used without

change as correction information, the correction information



95 to the case of acquiring the stage-position-attributable-error
correction informati on descri bed above, the point (Z-position) can be
assuned to be a peculiar point of the encoder head. Wen the
operation of 5 finding the peculiar point is perfornmed for a
plurality of measurenent points on the scale, the shape (unevenness)
of the surface of the scale can be obtained. (a) Accordingly,
first of all, main controller 20 drives fer stage WST via stage
drive system 124 while nonitoring 10 the neasurenent val ues of Y
interferoneter 16, X interferoneter 126 and Z interferonmeters 43A and
4313 of interféﬁoﬁﬁf%rr%W§¥Eﬁﬁlafﬁgeﬁpwsiaéomﬁatﬂnihnthhlé%éirdﬁi makes

an arbitrary Y head ]E-)f hez%%'ounlt 62A, for exanple, Y head 64A2 in
FIG 15 face tRETGPEFHRR y 3PTPARI¥Nd portion of Y scale 15 39Y1 on

the +Y side. Then, rRign&Q0E! ol ¢ v& Z(gan@@ﬂ?%}tmﬁlp&ﬂ“o%gtﬁg@%% §4X

rotation anmount) of waf er st age t two steps at
position in thehsi endatermanbetantdaing ahindddeses ibeteMAnels adbdoall
every tinme when the pitching amount is changed, nmain controller 20
scans (noved) ®&fEheREGRINg swunty £her &d maﬁ@angta@qketheawg@lm
the Z-axis dir i r at.j.ng detectlonll ht. fro

64A2 to a subj g@%hﬁgaéé@ur“}g%hﬁt EQQ‘# nwsg‘f stale 35t ‘9%‘”3‘3[”5 ?rﬁﬂetf

the attitude Oéqua{ﬂ:ﬁn§1tﬁ@)eaﬁi@-|f1§§ delat-i P& Bbotd, Eh%eb%uﬂahéﬁ@éﬂ%
and perforns sanpling of neasurenent results of Y head 642 25

(encoder 70A) pRdthef aueeder deareil3gyabave ithgt tivecsusewhbygtereveirants .
Incidentally, t bed samplin erfornmed while the
yaw ng amount gn‘ﬂa %Fgﬁ % aftolint )Sué’P%ﬁﬁa © OCEBE. YT g actual,
mai nt ai ned; @t %RéQnea-Eng*@meﬁ@'e'}rBQrgf ehéeernc%gegbitsam 310 E0LPNn dfn
characteristic curve (refer to at the subject Teasur ement

poi nt of encodarcas@A |Th:a:ts%&auee\rmhrehsﬁm&spﬂsmgmesf3mféarrd spwuge
WBT with respect to each of a plurality of attitudes, by performng a

predet er ni ned 3"RchpifeAEE0R%Fnded 30%r d&hrt SuBfagenofs aARPRAgIataRd
assurmes an | N ELSECIdNORALDt @) WICHoR Rl %&gx?gf?&&%a%”gome

characteristic ersec
measur ement er qeevainencodaier’ @Reis iZehRe ¥ Rs@ 68 hef stiPfaces of the

inclination angle of wafer stage WST with respect to the XY

15 scales (to be more accurate, the diffraction grating surface,
and in the case the diffraction grating is covered with a cover
glass, the surface of the cover glass is included), even in
the case wafer stage WST moves along a plane parallel to the
XY plane, the scale surface is displaced in the Z-axis

20 direction (i.e. moves vertically) or inclines with respect
to the head of the encodexr. This exactly results in occurrence
of the relative motion between the head and scale in a
non-measurement direction, and such relative moticn becomes
a factor of measurement error as is described earlier.

25 Further, as is shown in FIG. 14, for example, in the case
a plurality of heads 66A and 66B measure a plurality of
measurement points P, and P, on the same scale 39X, if the

inclinations of the optical azes of the plurality of heads

668 and 66B are different from each other and the surface of



10 plane as a peculiar point at the subject neasurenent point, and
then obtains Z-position information z1 (refer to FIG 16A) of the
pecul i ar point. (b) Next, main controller 20 perforns step
novenent of wafer stage WBT by a predeterm ned distance in the +Y
direction 15 via stage drive system 124 with the pitching amount and
the rolling amount of wafer stage WST nmai ntained at zero while
noni toring the neasurenent values of Y iguerferoneter 16, X
interferonmeter 126 and Z interferoneters 43A and 43B of
interferoneter system 118. This step novenment is perforned 20 at a
| ow speed at a Sc@del 3PH Wi ghevhenesmsiinetedinerinmlioktite) , the
mterferorreters (% e to alLr fluctuatlo%can be ignored

Then, at the poditiBR 2Pt &FPerREREIL B ABYatRaTRre ’EJB%’F‘E‘F%?}lﬁrﬁl&fﬁﬁ?‘%n
zp (in this casg eBaR)n&iq auaeee”u?g R2Ake L aNCRYer %9131,?;315% as

position is obtained, simlarly 25 to the above-descri

After that, mams @Wﬂduﬂ Eetm 2Zheobddd RBa¥-MQSid BB ¢difzQr BBIAQNAL=AK;)
(p=2, 3, ir sE)eTt at a plurality (e.g. (n-1 nunber) of nmeasurenent
points that>ar én G.atda Pprecedidrativnelh arden @@—F—W-PW@Q ¥hgygif ference

direction on Yiscale; gg;faemgg B GRS PG00 QPBEAL 005

simlar to the above ows €€ p05|
information zi nekda HeUd ioditaPRéditberorthgnd! hTHEa%léwﬁ‘éFﬁ-réfsspeEnﬁhe

obt ai ned in the manner
surface of scale 39X may be measured using a measurement device
other than the encoder such as the 2 sensor described above,

10  but the measurement accuracy of the unevenness is defined by
the measurement resolution of the measurement device in such
a case. Therefore, in order to measure the unevenness with
high accuracy, there is a possibility that a higher-precision
and more costly sensor than a sensor that is required for the

15 original purpose should be used as the Z sensor.

Thus, in the embodiment, the method in which unevenness
of the surfaces of the scales is measured using the encoder
system itself is employed. Hereinafter, the method will be
described.

20 As is shown in the graph {error characteristic curve)
in FIG. 12 that shows variation characteristies of the
measurement values of the encoder (head)} in accordance with
the Z-leveling of wafer stage WST described above, with respect
to each encoder head, there exists only one point in the Z-axis

25 direction, which is not sensitive to a tilt operation of wafer
stage WST, that is, a peculiar point at which the measurement
exror of the encoder is zero regardless of the inclination

angle of wafer stage WST with respect to the XY plane. When

this point can be found by moving wafer stage WST similarly



5 descri bed above, and FIG 16C shows z-position information zk of a
pecul i ar point at the kth measurenment point. (d) Then, main
controll er 20 obtains unevenness of the surface of Y scale 3911 based
on Z position information zl, z2, zn of the peculiar point obtained
for each of the 10 plurality of neasurenent points. As is shown in
FIG 16B, one end of each two-headed arrow that indicates Z-position
Zp of the peculiar point at each of the asurenent points on Y scale
39Y1 is made to coincide with a predetermned datumline, so that a
curved line that connects the other end of each 15 two-headed arrow

i ndi cates the $@rFhgecatmms @Gﬁéiﬂéﬁ@ﬁi@)e of Y scale 39Y1.

Accordi ngly, mal n_gont roé ler gg olg mat hemati cal fyunction
z=f1(y) that d&NGPESPYFR-IAERERRE %tang‘? BEFPHr ATFGCELPY et 1T MR OPt he
| east squares RBEXHERLRRYL, Afnd 81199'('2%8&1{{&% OEQﬁfbeeQQ ﬁ&e&%%hbe
t wo- headed arrow, and 20 stores it in menory 34. ‘I ncidenta A
denotes a Y-coarplemalmmpomatte:rf shagmcdBereasilr ethdry tMe operation of

i nterferoneter # ?L Mai n controller 20 severally obtains a
mat hemat i caP f JABELRH the Peop %%tp‘ﬁéﬁoﬂésp?lf@rﬁﬁévéﬁﬁe%siﬂd#ra\?lﬁfa?%
39Y2, 25 a mat at,.de ven ess
of X scale 39X%%gg{114a&@éng %g%% cal u)ré% |%n tzh— %‘E{g?é L e‘%’e The
unevenness of Xhscsherd¥X2f and ﬁﬂrees:ahhsmwtm@ary 34.

I ncidental ly, "x" denotes an X-coordinate of wafer stage WST neasured
by X interferoneter (P%Acccggilnglyr flmt@fmllmmb@atmwgertmden@

characteristic JSyLye to F descri bed ove, at eac
measur ement  poi At -0 Stéa ﬁéﬂéa‘f%@ S%ﬁg‘f’h TS BYFHR &%20’1” H%FES’B‘ELE?F’S‘H c

curve in whp Chtﬁe”iﬁ@ééﬁr%%m: S8 s ioF QODStAHdomeEP 168937 dl ess of S
t he change in Z-position is obtained, the pitching amount of wafer

st age WST \/\henlnbeafemqn@tlem $2&raral Zcl:late;cf@mn&ttle@scmBNeam:brelBespﬁnds
to an inclination am)unt of the scale surface at the nmeasurenent

poi nt. Accor di nEFSELSHPIERET RYSTET Loy andi @i frdticBR BhFLAc|ihabakns
at each neasur ggent | I n t
i nformation gnghel gh'?gbf% ﬁgggga ehé%ﬁgaégbé%ly ggr e@{aﬁggét Ir#(:a) |‘?t6|4ﬁ?g

wi th higher acthreny. dsnfhee peid ariraien dheneuere- ﬁcbﬁﬁldiigo@escssééz&d
above. In the nmeantine, the scale of the encoder | acks
1 39Y; on the +Y side. Then, main controller 20 changes the

pitching amount (8x rotation amount) of wafer stage WST in
at least two steps at that position in the similar manner to
the above-described manner, and every time when the pitching
amount is changed, main controller 20 scans (moves) wafer stage

20 WST in a predetermined stroke range in the Z-axis direction
while irradiating a detection light from ¥ head 645 to a
subject measurement point of Y scale 39Y; in a state where the
attitude of wafer stage WST at that point in time ismaintained,
and performs sampling of measurement results of Y head 64

25 (encoder 70A) that faces Y scale 39Y; during the scanning
{movement). Incidentally, the above-~described sampling is
performed while the yawing amount {and the rolling amount)
of wafer stage WST is maintained at zero.

Then, main controller 20 obtains the error



mechani cal long-termstability for the reasons such as 15 deformation
of a diffraction grating due to thermal expansion and the like with

| apse of the operating tinme, or partial or entire change in the pitch
of a diffraction grating. Therefore, since the error included in the
measur enent val ue of the encoder becones |larger with | apse of the
operating tinme, 20 the error needs to be corrected. In the foll ow ng
description, an acquisition operation of ggcquiring correction

i nformation of grating pitch and correction information of grating
deformation of a scale perforned in exposure apparatus 100 in the
enbodi nent wi | [ChBsaekprastiad chaved(xafer Go I¥G. ZRA)n a| Ehe 1sybject

nmeasur ement beans B41 and B42. are s tricall | aced with respect
to straight |iAECV-GRER ﬁﬁ@&ta8g¢§¥ﬂgﬁﬁ Zﬁ%u §§F8ﬁ%ﬁf”§k§ ®of Y

| nterfer omet er zLEoGeLNG ¢t Wallr SLAONET! Lileh e AR Loleddh Uiea
Y-axis direction that passes through the optical axis o

proj ecti on opt ipdakatyisy e Bitithésef dvepe¥rfoniard er pretiet el rean
measure the_Y-position of wafer table WIB w thout Abbe errors.
Simlarly, reaSGFRRERELIIRRASCBPD ARsHHEED odrid e gaNREIRDaRPY FfuEes an

i resbecttaqsbeabatted be, Lo dsssiLbed, shots, gt pculial

measur enent axes o erone I NCI st rairght l'ine

LH paral I el tochheackewistidi t@6tdONntddedtaSerRste LR opgh pbher ot L 8dh
axis of projection optical systemPL. Therefore, X interferoneter 126

can neasure thaexspoeientoprgprvef emcodbke’ W13 wietrhouegadsi@ss0of the

errors. . . .
inclination angle of wafer stage WST with respect to the XY

10 plane as a peculiar point at the subject measurement point,
and then obtains Z-position information z; (refer to FIG. 16A)
of the peculiar point.

(b) Next, main controller 20 performs step movement of
wafer stage WST by a predetermined distance in the +¥ direction

15 wvia stage drive system 124 with the pitching amount and the
rolling amount of wafer stage WST maintained at zexo while
monitoring the measurement values of Y interferometer 16, X
interferometer 126 and % interferometers 43A and 43B of
interferometer system 118, This step movement is performed

20 at a low speed at a level in which the measurement error of
the interferometers due to air fluctuations can be ignored.

(c) Then, at the position after the step movement,
Z-position information z; (in this case, p=2) of a peculiar
point of encoder 70A at the position is obtained, similarly

25 to the above-described {(a).

After that, main controller 20 obtains Z-position
information z, (p=2, 3, ..., i, ...... k, .....n) at a plurality
(e.g. (n—-1} number) of measurement points that are set at a

predetermined distance in the Y-axis direction on Y scale 39Yy



First, an acquisition operation of acquiring correction information
of deformation of grid lines (warp of grid lines) of the X scale and
correction information of grating pitch of the Y scale wll be
expl ai ned. Herein, reflection surface 15 17b is assuned to be an

i deal plane, for the sake of sinplification of the description.
Further, it is assunmed that prior to the acquisition operation, the
above- descrlbed measur ement of unevennesgyinformation of the surface
of each scal e has been perforned, and the mathematical function 20
z=f1(y) that denotes the unevenness of Y scale 3911, the mathemati cal
function z=f2( ¥y repaattsion perfdnningcwmmadd onsfsivideal to 382 abavse (b)
mat hemati cal funcgtiopn z=gi (x) that denotes the unevenness of X scale

39X1, and the hdfhtical function z= g2(x) that denotes the
unevenness of X scal &r3IXGrhaifRsP 2P 2% 13001 £FL A tTBACLY 034 peculiar
First of all, main controller 20 reads the nmathenmati cal ?unc ion

z=f1(y), the nmeotieteat cale filfhatdasnreméi( Weinthebtmitedhi ehé fametd on
z=gi (x) and_the mat hematical function z EZ(X) stored in nenory 34
into the inPer fEFPCHEMRA Boovegoand FIG. {&&t Shops r?‘é’@ﬁ%?%ﬁrli mfpgmabies

waf er stage WS] J;or ?é%ﬂﬁ?.llgr |y At tc']l Ca%elgﬂqneda{sru ]ggldlttge +Y

direction and d're tion, |s in by AT ONS

FIG 17, within the eff eRbh Y CaShl O doange Zessthbed eokhfbist be @ﬁe 5
a low speed at a level in which short-termfluctuation of the

measur enent vakuefage Yf ¥t ecebe ci¥hdprassl ©an2b90$igzi@meélnﬁqdna/ﬁitdm ehe
measur enent val ue of X i nterferorreter 126, being fixed_t

predeterm ned V&1 ue;-ifr & Lsthg Poiidr-ar #inthebppieet n@%ﬁﬁﬁﬁtoft%
roll'ing anmpgnt p@ﬂgaii\?y M@‘Meﬁgui‘gﬁé&w ?3{ﬁt£m' Bk @sn%xﬁplﬁtFIéerﬂﬁa&?éi

on the neasurenent values of Y interferoneter 16 and
i nt erferonet er snd3X aadh43R-Hoaded piiroe howvenmat catds IZepoelith 7R f
t he neasurenent val ues, (outputs) of Y linear encoders 70A and 70C

using the mat hERBECCHLIRER P5ﬁ§ PaeY Fhameasar opgyt pespet ppvepgale
T ety ancTFD RS, RSt B RSV T bt A v
more accurate, thé® a curved line that connects the other end of each
15 two-headed arrow indicates the surface shap'e {unevenness) of
Y scale 39Y:. Accordingly, main controller 20 cobtains a
mathematical function z=f;(y} that denotes the unevenness, by
perfofming curve~-fitting (the least squares approximation)
of the point of the other end of each two-headed arrow, and
20 stores it in memory 34. Incidentally, “y” denotes a
Y~-coordinate of wafer stage WST measured by ¥ interferometer
i6.
{e) Main controller 20 severally obtains a mathematical
function z=f2(y) that denotes the unevenness of Y scale 39Y;,
25 a mathematical functiocn z=g;(x) that denotes the unevenness
of X scale 39X;, and a mathematical function z=gs{x) that
denotes the unevenness of X scale 39%;, and stores them in
memory 34, Incidentally, “x” denotes an X-coordinate of wafexr

stage WST measured by X interferometer 126.



measur enent val ues of neasurenent beans B4l and B42) at predeterm ned
sanpling intervals, and obtains a relation between the measurenent

val ues of Y linear encoders 70A and 20 70C (the neasurenent val ue
corresponding to a val ue obtai ned by assigning the output of encoder
70A to the mathematical function f1 (y), and the neasurenent val ue
corresponding to a val ue obtai ned by assigning the output of encoder
70C to the mat hemati cal function f2(1)) d the neasurenent val ues of
Y 25 interferometer 16. That is, in this nner, main controller 20
obtains the grating pitch (a distance between adjacent grid |ines) of
Y scal es 39Y1 and 3%¥rdimat wher obequentd aiHey eptearc ethafract agi dreiad cunvd s
62A and 62C accordi ng to_the novenent of wafer stage WST, and

correction inf JFREET o St er?)gij‘é%‘i”f'ﬂé’edléﬁo‘{ﬁ FENS2 N MEREUEFRIEC PPHRE
i nformation of otnhﬁa&{ %tc'a&'g A %ﬂe Je EXEH Gy EnEAJRT 00 TR Lhat
shows a rel ati on between both the neasurement values 1n-a cuarved |IThe

in the case a hhfithoatmdasAxiehehtd Gires st BensBATUCABAS MadiRleksthe
5 interferoneter and a vertical axis indicates the neasurenent val ues

of the encofler $hetFHeanasninremest tiah usschbraisicththdeidchong caesied
t he unevenness_of. the _sc as heen correcgted) , qr the |ike, can be
obt ai ned. The r"f%ggﬁrse%g.ﬁt%s@a"fq'l?é’sg%tfawlpﬁtt&lﬁ ﬁﬁté’ﬁrf@%ﬁﬁlfm%@&ﬁ%%
are obtained wRgpresHHNGoR] hc1fn st REEaMRInR b £t e 6hA MBI LA

speed descri bed above, and therefore, it can be thought that the
nmeasur enent vakbesmeasimentapeinval uBscordidulyh énrtiie aathbe hlgmes,ed,
because not onI_gFa | ong-term fluctuation error but also a short-term

fluctuation er FBFOERRISER BY 18P PR AITLAE iS9FS RR2FENRRk @O4PE Mpy also
hardly i “deege'dbtta*lﬁeﬁeﬁf%lagﬁi‘én \églfhef\%ﬁu?tion OnFHé.JEng{ PE; ! Ioggai[ehe

above-descri bed novenent o er stage marn con

perforns a stabusfacal PyoS®iss 8g, fw¥y fAx8HRL itV ALaBEABdRracy can
per form ng Weight ed averagi ng of) the measurenment values obtained
froma plurali?y 2rigirmecheadsheewivenabting tdeseziba@d BB t hat are

sequentially placed facing X scal es_39X1 d X2 (the asur enent
val ues of X Iinear gaIl;ll‘lco grréle%%mﬁﬁqtgﬁﬁc .ecﬁ%g?:ﬁa ?%Ccfcﬁ% jrﬁf?gﬁent,
thereby al so oftahd i CAbheCtean JeRbRL MR i Q) ehedeborsmd iRRN( VAT P)
of grid lines 37 that have sequentially faced the 25 plurality of X
heads 66. ITHhi sdefotretaimsect hedshrechlion gragipatduerto shenhal egpaatied y

appear in the Ergc&ss where wafer stage WST is noved in the +Y
direction or tARISASLEERIGR IAPTHOLICERS PEFRELRY FirGur PAFSIEFRL i

?\?va Ir lg)ealof Pl aneen and. thenghois, 1ied"diechi 8P & i #RLLEe8, of rAakgr mation

. Tﬁerefore, since the error included in the measurement value
of the encoder becomes largex with lapse of the operating time,

20 the error needs to be corrected. In the following description,
an acquisition operation of acquiring correction information
of grating pitch and correction information of grating
deformation of a scale performed in exposure apparatus 100
in the embodiment will be explained based on FIG. 17.

25 In FIG. 17, measurement beams B4, and B4, are
symnetrically placed with respect to straight line LV
described above, and actual measurement axes of Y

interferometer 16 coincide with straight line LV parallel to

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



102 grid lines 37 that have sequentially faced the plurality of X
heads 66 can be accurately obtained by averagi ng the neasurenent data
acquired by the plurality of X heads 66, or the like. 5lncidentally,
in the usual case reflection surface 17b is not an ideal plane, the
unevenness (bending) of the reflection surface is nmeasured and
correction data of the bending is obtained in advance. Then, on
novenent of wafer stage WBT in the +Y diggction or the -Y direction,
waf er stage 10 WST may accurately be noved in the Y-axis direction by
movi ng wafer stage WBT in the +Y direction or the -Y direction while
control | i ng t h&rdpesian @RtmaW%#eﬂthgeTmeb@deGntﬁhéemaft@(;ﬂfbn

data i nstead of fixing the negsurement val ue. of rfer.o r 6
to a predeternhed"Va %‘h %‘i‘ﬁu pci%lr%' gt‘i’?ﬁe’i ﬁFBll’L ﬁ%ﬁ" a%]?Jl??g
pitch of the Yegggtes @mﬂlimfﬁcweaguk@mw%'aﬂe 85, Q%Eowytar%n
(warp) of grid lines 37 can bée obtained in the sane nanner- as

descri bed aboveymmGMIxhaﬂialpyacaiaﬁnmemeapechﬂtm atgaigled IiyhealLH

plurality of X heads 66 is plural data_on the basis of different
areas on 20°r efiFREFRAA QPVﬁceaﬁcytﬁc%& B ISMenhea e hedX 66

measur es def or pRLL PR, @(ﬁ% %: % % 23 nt%ﬁgg ?#l—g Jtrggah?nflﬁg1%rrle%§r§llel

there is also an I nci e resi error er war

correction of tbecheeklegis enrsvtiacatas Fuaiea0eHrdQyDenatAEaned e d 0
the true value by the averaging described above 25 and the like (in
ot her words, tHEPFﬁﬂPGEH@EOQtl@mbSVBtgnPé5|d@&reéﬁx@rXcuﬁfwéer@uﬂnnd

by averaging, 2B A1 261 % ReRtis 6By Ong Ror{sag dbse’
operation pf agghsd Ng correction 103 |nfornat|on of defornatlon of
grid lines (warp of grid lines) of the Y scale and correction
i nformation of grat iFigspi toe ofuitsie iXnspalret v bf kegdéstng bedrection
Herein, refl ect ! Pnrrr?al%rlfo%cgf %Z%o}trﬁagisosnuglfad rtl(c)i lb:Sn an(':vgealofplr%rclieilgeosr)
t he sake of 9 es rporg
of the X scale and correction information of grating pitch
of the ¥ scale will be explained. Herein, reflection surface
15 17b is assumed to be an ideal plane, for the sake of
simplification of the description. Further, it is assumed
that prioxr to the acquilsition operation, the above-described
measurement of unevenness information of the surface of each
scale has been performed, and the mathematical function
20 z=£f,(y) that denotes the unevenness of Y scale 39Y;, the
mathematical function z=£f;(y) that denotes the unevenness of
Y scale 39Y3, the mathematical function z=g;({x) that denotes
the unevenness of X scale 39%;, and the mathematical function
z=gz (¥) that denotes the unevenness of X scale 39¥; have been
25 stored in memory 34.
First of all, main controller 20 reads the mathematical
function z=f;(y), the mathematical function z=f,(y), the

mathematical function z=g;(x) and the mathematical function

z=gz (%) stored in memory 34 into the internal memory.



5 sinplification of the description. In this case, the process that
needs to be perforned is the correction described above with the
X-axis direction and Y-axis direction interchanged. That is,
mai n controller 20 noves wafer stage WST, for exanple, in at |east
one direction of the +X direction and 10 -X direction within the
effective stroke range descri bed above, at a | ow speed at a level in
whi ch short-term fluctuation of the neasyygenent value of X
interferoneter 126 can be ignored and with the neasurenent val ue of Y
interferoneter 16 being fixed to a predetermned value, in a state
where all the 15 pi t¥ihg MRABuRPNE4HE er ol P i TRy etniyaAe L afltrdch #@SFanf
anount are mai ] g r ed on.the neas nt.val ues .of X
interferoneter %‘%%Bfg' ?ln, éa(r%f greg%toenre %érgﬁﬁl% i grgeesr'%rgtreer%lﬁﬁAa%%d
43B. During theyayesediton, Wai |i& €R81@AtddNByt Hhe-HIRaguL fIent 1y alrges) pf
X linear encoders 70B and 70D using the 20 mat hemati cal functions
z=g2(x) and z=gifRinrgwpedifieceiye striokecomgoldesicribedl gauksrituesly, at
measur ement _val ues after the correction and the nmeasurenent val ues of
X i nterf er ofet &r f‘i‘ﬁépﬁdearteaeltee"rerﬁ h‘éd’%&ﬁﬁﬁq}%"fﬁﬁf’ér‘aﬁ%}m’éﬁﬂn G5t Hi%s
a rel ation bet wegg,tdifedEaathe BNy Yﬁ&éﬁ%r%&e%e;l:'f@%raneﬁg oFefi0thd
and 25 70D (the neasurenent val ue corresponding to a val ue obtai ne
by assi gni ng t kétbuthputeschirenenten1ii8B £t ihher fmtdienati 12 bédimetiosu

gi (x), and the neasurenment val ue corresponding to a val ue obtained by
assi gni ng the 58tpRTSGEtERBERT vAdRet olf [Re Shath efhtecall fiirc Pibahing

g2(x)) and the r 4 ] ferometer 126, .
Thet1s, Mt aRedite ERERbIE R ERofle dho £RS yaPARh sRPREE S PR mitatatnas,
(a di st anceo betpessradizae@nén @hednéidgSneot vatie 6% BNikatdrafer
that are sequentially placed facing head units 62B and 620 accordi ng

to t he novenentbdnd Zwaliteer faranetyeT 438ngnd didBect ilowingf Weracivemerns,

the grating pitgh, As_the gorrection informtjon of the grating,

D1 b, 1 or exalhe RZERTT R FBR a8 F e HONASS (PEFBYTOnobet pLesrs
both the measuegEBENdrs/ abiehd To@uSYhy tGle! hdiddrdti B8 GRS LRNOE0
axi s indicates the nmeasurenent value of the 10 interferoneter and a

vertical axis andizdidy) t hespeaduegppmaimalcoasrolléh e teneader she or

the |like can be obtained. The neasurenment values of X interferoneter
126 in thi %> caBBAW SRy AL HhAEECE H FRETRE N spdgha\Bragirepant

ext remely | ow spee, dasy ihed: AR andt Nar Lore, o1 L saLbe Lhought

thaf[ 15 t he neasur enent ues are accur at a ue_s 1N érror can
be ignored, begeaserdiintorhyuds | GrebetfthditC Healk0B4£MAN B4,) at

predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encoders 70A and
20 70C (the measurement value corresponding to a value obtained
by assigning the output of encoder 702 to the mathematical
function £:(y), and the measurement value corresponding to a
value obtained by assigning the output of encoder 70C to the
mathematical function £,(y)) and the measurement values of Y
25 interferometer 16. That is, in this manner, main controller
20 obtains the grating pitch (a distance between adjacent grid
1lines) of Y scales 39Y; and 39Y, that are sequentially placed
facing head units 62A and 62C according to the movement of

wafer stage WST, and correction information of the grating



but also a short-term fluctuation error caused by air fluctuations or
the like are hardly included in the neasurenent val ues. 20Further,
during the above-described novenent of wafer stage WST, nmain
controller 20 perfornms a statistical processing, for exanple,
averaging (or perform ng wei ghted averagi ng of) the neasurenent

val ues obtained froma plurality of Y heads 64 of head units 62A and
62C that are sequentially 25 placed faci Y scal es 39Y1 and 39Y2
(the neasurenent values of Y |inear encoders 70A and 70C) according
to the novenent, thereby al so Obtaining correction information of

def or mati on (wadprhef Agr tdel¢om=ci38onhifdraatisequiethieaytat fracedtthe
plurality of Ytheads 64. This is because the sanme blurring, 105
pattern shoul d TPEpEETERNS FpPREFeGHORNRAR TH@Es 8NOWR fe TRAT BHOs PEGEESET

is moved in the yEXidl rrﬁ'éggug‘@mgﬁt}‘ﬁ%ﬂe)é dhrectiORd R:i5D€; £338 case a

reflection surtface 17a 1's an I dea ane, and therefore, correction
i nformati on of hdef.oonedl axicwanp)cafed thei fledsNeHad8 thdte hBE ahe
sequenti al Ig faced the plurality of Y heads 64 can be accurately
obt ai ned by°aveéP&§FrRgretREafeard fehentlqddt axbe dofit eattes thhangsspranery

of Y heads 64, he like. lncjdentall in_the usual case ..,

reflection surfv%(lj:'géi?oa% fggi G5 En (Fia%ﬁ?eﬁfluﬁﬁ@?nﬁ he Eﬁgv%rhﬁv@sls?h the

(bendi ng) of tQQrbﬁUa@%EH%tSHérGﬁ&v%dn%s@ﬁ?ﬁtﬁ@gcé‘f@hﬁg%‘éﬁ;d&@#ae@é@),
e

of the bending is obtained in advance. Then, on novenent of wafer
stage WBT in the tEBX Hikecanobe orbitdimedX dihreeoebonremaitervainageof\BT
may accurately be ved in the X-axis direction b%dm)vi ng 15, wafer

b . 2 ;
stage WST in t ABECEXCTHMEE Ihi o F tHEas% 2drPeLFLD VOHFPégCEBﬂ%?%VPF%
the Y Posiiponsehgddiof Al age SRL-ARACA10) LhtLALecthon ,, and

instead of fixing the neasurenent val Interferoneter 16°to a
predet er mi ned ¥hkdefoddust €or becthadnryhitntiod trarhie Qe 0fu rgmaht Ngs RicksChrof

t he X-scal es and
accurate values in which erxor can be ignored, because not
only a long-term fluctuation error but also a short-term
fluctuation error caused by air fluctuations or the like are
15 hardly included in the measurement values.

Further, during the above-described movement of wafer
stage WST, main controller 20 pexforms a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained froma plurality

20 of X heads 66 of head units 62B and 62D that are sequentially
placed facing X scales 39X%; and 39%; (the measurement values
of X linear encoders 70B and 70D) according to the movement,
thereby also obtaining correction information of deformation
(warp) of grid lines 37 that have sequentially faced the

25 plurality of X heads 66. This is because the same blurring
pattern should repeatedly appear in the process where wafer
stage WST is moved in the +Y direction or the -Y direction

in the case reflection surface 17b is an ideal plane, and

therefore, correction information of deformation (warp) of



20 correction information of deformation (warp) of grid |lines 38,
whi ch are the sane as those described above, can be obtai ned.

As is described above, main controller 20 obtains correction
information of grating pitch of the Y scales and 25 correction
information of deformation (warp) of grid lines 37, and correction
information of grating pitch of the X scales and correction
informati on of deformation (warp) of gri{béi nes 38 at each
predetermned timng, for exanple, with respect to the head wafer of
each lot, or the like. 106 Then, during the process of a |ot
or the |ike, wsizid tbreéli dept heveeasquanisal lyafamsl ¢beaphestlfitgnof

head units 62A d 62C_(i.e. the neasurenent val ues of encoders 70A
and 70C) based Xgﬁe?ﬁﬁ %%r?a@cpﬁoﬁc??ﬁww Flajd?edgg’gt PRETHFIh tRd 5

the correction jentaroRtA0Ra0E gﬂu%gatéyo@hng@aﬁﬁcg%%% hLDgs 638 &nd

based on stage-position-attributable-error correction 1nformatioh in
accordance wi t kheheiFeposition z, the pitching anount ex and the

yawi ng anount Oz of wafer stage WST that are neasured by
interferonmefer systetR9i98ntadiyy donthomserl raseoreehacsineg swvianent 7o

control of wafer LN Y-.axi irectio i,ng .Y es
39Y1 and 39Y2 gﬁdﬁhgg%l \l?%gtag 8;%?%{nc}: gz?’ng%%eslss?bggﬁ%%%)ar&g%%gders
70A and 70C. WtbllébtSorPReEELEON s infed2@e08ESNPARTrRECIER RA @FMbe

nmovenent control of wafer stage WST in the Y-axis direction with high
accuracy 15 usPrgding iifegbtahestidnsadvanend 7@ wichhsavehsingt wafer

af fected by change rii i rating pitch of the Y scales_and warp
of each grati nagg?? ﬁ’éﬁ Ebgg?iﬁ%ug%ﬁtﬁ%é‘ ' §B§I"é{s?l%er"ﬁi”\ﬁnt' h‘_fﬁﬁenoﬁﬁﬂf
af fected bypt hgsehanoscinrda hbb@&iQJtM@HQ%x§EQ%§é@§IOhQ> movin
non- neasurenent diréctions (the relative notion 20 between the %eaag

and the scal e waf¢ehestagn-Wiasorigen? dircetioons) the ~Y dirddtriidrewhile

during the process of a lot or the like, while correcting the
measur ement vaFoBE=Ob dignélet ForRsidaqnuaf tepfer stage WST based on the

correction data instead of fixing the measurement value of
X interferometer 126 to a predetermined value. Thus,

15 correction information of grating pitch of the Y-scales and
correction information of deformation (warp) of grid lines
37 can be obtained in the same manner as described above,
Incidentally, measurement data acquired by a plurality of X
heads 66 is plural data on the basis of different areas on

20 reflecticon surface 17k, and each of the X heads 66 measures
deformation (warp) of the same grid line, and therefore, there
is alsc an incidental effect that the residual error after
warp correction of the reflection suxrface is averaged to be
approximate to the true value by the averaging described above

25 andthe like (in other words, the influence of the warp residual
error can be reduced by averaging the measurement data (warp
information of grid lines 37) acquired by the plurality of
X heads ©€6).

Next, an acquisition operation of acquiring correction



62B and 62D (i.e. the neasurenent val ues of encoders 708 and 25 70D)
based on the correction information of grating pitch and

t hecorrecti oni nformati onof deformati on (warp) of grid |lines 37 and
based on stage-position-attributable-error correction information in
accordance with the Z position z, the rolling amount 6y and the

yaw ng anount ez of wafer stage WST that 107 are neasured by
interferometer system 118, mmin controll g3 20 perfornms novenent
control of wafer stage WBT in the X-axis direction using X scal es
39X1 and 39X2 and head units 62B and 62D, that is, X linear encoders
70B and 70D. WY OrRREien SfeiefiBatioe ofedtifedipes SwBre afogptd Lnas)

t t f t | 1+ =axl| s .di ti W th,high
aceuracy using X FPRear Ehsbatrs’ T AR 0 IAAE BEi Rl et B

by change over dfi tie KNsglal ¥NTL Petddbc@fibbAe Ke$eahpSANdcYRSR sob-reaeh
grating (line) constituting the X scales, and w thout 10 being

af fected by thé7éhafgessuach&opbeian dileof nbdme, Stcagsh¥biake of
non- measur_egent .diE_ ative potion between the head and

ectiaons (t re
the scale in tﬁémﬁoﬁgjh%agtsllﬂn(e?ﬁﬁpecflersé’EE'PB?_'n%‘}‘. FRAcidentai 9y the RPrigss
description abeugt LUJLELINpdRrd Y ﬁ@tﬂr@‘c%r&@itdr{‘aeg&ﬁ%cf‘ﬁgoy

gridline warp is to be acquired for both of the Y scales a

scal es. HowevewithhehepKeseid dingentoroand ¥aat sldivdedohalithirshanned.
correction informati gn of grating pitch and grid Iine warp may be
acquired for either O &f (IR nyCRRiIAd o8 29 FovRsshafass stage tiig, for

correction example, in at least one direction of the +X direction and

10 -Xdirection within the effective stroke range described above,
at a low speed at a level in which short-term fluctuation of
the measurement value of X interferometer 126 can be ignored
and with the measurement value of Y interferometer 16 being
fixed to a predetermined value, in a state where all the

15 pitching amount, the rolling amount and the vawing amount are
maintained at zero based on the measurement values of X
interferometer 126, ¥ interferometer 16 and % interferometers
43A and 43B. During the movement, while correcting the
measurement values of X linear encoders 70B and 70D using the

20 mathematical functions z=gi{x) and z=g;(X) respectively, main
controller 20 loads the measurement values after the
correction and the measurement values of X interferometer 126
at predetermined sampling intervals, and obtains a relation
between the measurement values of X linear encoders 70B and

25 70D (the measurement value corresponding to a value obtained
by assigning the output of encoder 70B to the mathematical
function g;(x), and the measurement value corresponding to a
value obtalned by assigning the output of encoder 70D to the

mathematical function gz(%)) and the measurement values of X



20 information of either one of grating pitch or grid |line warp may
be acquired for both the Y scales and the X scales. For exanple, in
the case only correction information of warp of grid lines 37 of the
X scales is acquired, wafer stage WST nay be noved in the Y-axis
direction based on the nmeasurenment 25 values of Y |linear encoders 70A
and 70C wi thout necessarily using Y interferoneter 16. Simlarly, for
exanple, in the case only correction infgyymation of warp of grid
lines 38 of the Y scales is acquired, wafer stage WST may be noved in
the X-axis direction based on the neasurenment values of X linear 108
encoders 70B aidtZofevpngdian 1#ecebhal ilsy usthis Xahneer friei nrosnérolPsr:
Further, only t one_,of the stage-position-at{rjbutable erro
oscr i bed abov K MR TERCHE BIGF 13 ipREohbBHEreT At~ get peia
due to the scahesed) (RNediadnGok! AhAS, Unolner0RbLOG: S {\PEaceq
and/or a formation error of the gratlng (rncluding pitch error; gri
line warp and tftheihg Kegad uvhlieseézmfdrey 62nl secawfiewr ed tige askovament of
scale-attributable error) may be conpensated., Next, a parallel
processi ng ®peMatPBrStRIshPSTaf #rd GorFectionsMipFaakbas (Pl ket 95RRiRY

MST in exposursigg{?gr %%U§T&00 %%F%P& lr]%%@mngn%%vgg k:hg :daecsi%” §§g°l'ﬁfed

based on FI GS nci uring e opera ion cri

bel ow, main cofbrodtAip12) pesd it s aaexﬁﬁgl%@hmm cops 10l i f vedgden
val ve of liquid supply device 5 and liquid recovery device 6 of |ocal

15 liqui d i mebstbnthrevicesugenent svadaesr Lhedl @vaviedel inarih tthe spacen
directly bel ow t| | ens 191 of proj.ecti tical systemPL js
constantly fil P8H W?ﬁ‘i—ﬁw&["é T‘—fgbﬁd}[&s g@s‘&%‘%eﬁn Gt *f B8Rt r ol
of liquid §@pp£Mtg§fé£c§ne§te§nQ1d b%xdclc%cioé/ﬁ.@/lg@i/&ac@es6t% lrrlealgﬁrement
omtted in the follow ng description, in order 20 to nmake t

descri ption easalyesirereandabders,Fort hbe, 1iike chal bevwmndﬁsicr iTHd on

regardi ng the operation wil|l be rmade usi man%/ drawi ngs, but the
ref erence codeBeFuiRErEaiRl HRfHisd & ’a}'l“'ee%‘%é\ﬂﬁe BE SGfe LBr @ HhGesamEe

not shown in tgg 2L N&S o %@, :‘Aét 1 E’g‘agféé’st%g? ﬁﬁa%&e L& e%&q:%iezgwc% o

are different I'n eac W Nngs ravm ngs s

same confi gur aspesad rd%ga&db@ﬁ&mﬁreemﬁ QH62eﬂ£rd10mt&2@r§benﬁ}ﬂ>®ﬁ1tt figat
reference codes. The sane is true also in each of the draw ngs used
in the desk¥i pthemeaissvenery Galugs shrgwmcenrsitat wivesr &n ekpob Lrmropycan

st ep- and- scan be ignored, because not only a long-term fluctuation error

but also a short~term fluctuation error caused by air
fluctuations or the like are hardly included in the measurement
values.

20 Further, during the above-described movement of wafer
stage WST, main contrecller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values ocbtained froma plurality
of Y heads 64 of head units 623 and 62C that are sequentially

25 placed facing Y scales 39Y; and 39Y, (the measurement values
of ¥ linear encoders 70A and 70C) according to the movement,
thereby also obtaining correction information of deformation
(warp) of grid lines 38 that have sequentially faced the

plurality of Y heads 64. This is because the same blurring



109 nethod is being perfornmed to wafer W(in this case, to be a md
wafer of a certain lot (one lot containing 25 or 50 wafers) , as an
exanpl e) on wafer stage WST. At this point in tinme, neasurenent stage
MST nmay wait at a withdrawal position where 5 collision with wafer
stage WST is avoided, but in the enbodi nent, neasurenent stage MST is
novi ng foll ow ng wafer stage WST whil e keeping a predeterm ned

di stance between them Therefore, the sang;distance as the
predeterm ned di stance described above is sufficient as a nmoving

di stance of 10 neasurenent stage MST that is needed when going into
the contact st@R¥EEsH phevdhirepeatedly) apbear viaf the przrpeswoThers erfene
exposur e ends.

t
control s the pdaith ieoﬁS?Jncl d’e%elflh@"osurx?gf‘ﬁ?? cnocﬁrg %}"ﬁ t%e‘?ll%'\?cfillaﬂe

of 15 wafer tabﬂzﬁt\AEBcég\@fﬁéfl%tc%%nVﬁEﬁa&a%Q 28 48 JIRASH] LB Nang
val ues of at |east three encoders out of two X heads 66 indicat'ed by

bei ng circl ed itheEpGoré8 ¢dratectdor Y BoaatdoB9E defidrBAXPon (warp) of

respecti velé (X egc%gers 708, and 70D) and two_Y heads 64 indicated by
being circlad %+ ney 3% Lpat faveysegupnidadd vabaced fdespiyrality of

respectively (¥ %Q‘éageé§b«% 12N4c L0 be 1 gb@ﬁ%ﬁ?%?#ataivgﬁa%%n%achﬁ

st age- pOSItIOI’] attributable-error corre tronin

encoder (corregicaenrenént MahOcQOTRdl BF the bheragust bery (E8is ¥4, or
(11)) in accordance with the pitching amount, the rolling anount, the

yaw ng anount &h§ Lhkez- p05| tion of 25 wafer stage WST that are

measured by interfer et e ystem 1 and._based op. correctio
i nformation of grati ﬁrbc 1% %d l@o%?%&“'luﬁl 'fa}ﬁeofﬁgjf?%tﬁ'o@f S‘\}\’éfiﬁ:eoi”a

grid linesiof eachosCah e}.dé:élr bhehe, r@isﬁ uﬁ@@éﬁ&ééser(b%gd‘lﬁgf rof shihe
position in the Z-axis direction, and the ey rotation (rolling) and

the ex rotati onreJ-lzt;@tl:élplswlang) :Ls)fma.m:eedtaMGJdMCmaﬁediam dfhehe

measur enent values,of a 6‘% sensors 741{1 and 742j, and a pair
of Z sensors 78FPMBAGS aailﬂs? Jrnes HERRGSrel yRPRC O %V@ﬁ%%&ft FeRRr

on one side andihbg waithey tab%?ﬂrégﬁ3%@%'tﬁedli 39%9%094 %J%Eexyvgﬁgée

tabl e WIB surface(Y scal es inthe e

I ncidental |y, WBE moshttarately be mbévayi i dheestax08 @itbddionayy moving
rotation (roII|n ) of wafer table WIB may be controlled based on the
measur enent? valaésr oitagesBE dnstimy ity dimecrdon onbe 76l ¢iapdtizepghihe

the ex rotati Ogoggféfﬂygg)thga¥ pos&%%%r glflgagfer stage WST based on the

correction data instead of fixing the measurement value of
Y interferometer 16 to a predetermined value. Thus,
correction information of grating pitch of the X-scales and
20 correction information of deformation (warp) of grid lines
38, which are the same as those described above, can be
obtalned.
As is described above, main controller 20 obtains
correction information of grating pitch of the Y scales and
25 correction information of deformation (warp) of grid lines
37, and correction infonﬁation of grating pitch of the ¥ scales
and correction information of deformation {warp) of grid lines
38 at each predetermined timing, for.: example, with respect

to the head wafer cof each lot, or the like.



10 based on the neasurenent values of Y interferoneter 16. In either
case, the control of the position in the Z-axis direction, the By
rotation and ex rotation of wafer table WIB (focus | eveling control
of wafer W during the exposure is perforned based on the results of
the focus mapping that was 15 perfornmed beforehand by the nulti point
AF system described earlier. The foregoi ng exposure operation is
performed by main controller 20 repeatin hé novi ng operation between
shots in which wafer stage WST is noved T0 a scanning starting
position 20 (accelerating starting position) for exposure of each
shot area on wafer Whesedugringhehe gsulcesef ofiad drotabirghitentiXeg. ghile

Enhanced G obal Alignpent (EGA) ) perfornmed beforehand, the |atest
basel i nes of alq°§ﬁﬁgﬁ%ngy§ieel’?§aﬁ‘li‘ie% Ke3 pef ooRfiaineda fgon head paits

and a scanni ng SAPOSHTEOREE! kAR L WGP 4B A LRIALILIED Aang

reticle Ris transferred to eac a by a scanni ng exposu
met hod. | nci demogl)| yasddnen exRossifre: cRR6h alrifermd €564 idFegk-A1eepi tch and

performed in a state where water

the correction information of deformation (warp) of grid lines
38 and based on stage-position-attributable-error correction
inforxmation in accordance with the 2 position z, the pitching
amount 8x and the yawing amount 6z of wafer stage WST that
are measured by interferometer system 118, main controller

10 20 performs movement control of wafer stage WST in the Y-axis
direction using Y scales 39Y; and 39Y; and head units 622 and
62C, that is, Y linear encoders 70A and 70C. With this
operation, it becomes possible to pexrform movement control
of wafer stage WST in the Y-axis direction with high accuracy

15 using Y linear encoders 70A and 70C without being affected
by change over time in grating pitch of the Y scales and warp
of each grating (line) constituting the Y scales, and without
being affected by the change in the position of wafer stage
WST in non-measurement directions {(the relative motion

20 between the head and the scale in the non-measurement
directions).

Further, during the process of a lot or the like, while
correcting the measurement values obtained from head units
62B and 62D (i.e. the measurement values of encoders 70B and

25 70D) based on the correction information of grating pitch and
the correction information of deformation {warp) of grid lines
37 and based on stage—position-attributable-error correction
information in accordance with the Z position z, the rolling

amount Oy and the yawing amount 6z of wafer stage WST that



is held in the space between tip lens 191 and wafer W Further, the
exposure operation is performed in the order fromthe shot 111 area
| ocated on the -Y side to the shot area |ocated on the +Y side in
FIG 18. Incidentally, the EGA nethod is disclosed in, for exanple,
the U S. Patent No. 4,780,617 and the |ike. Then, before the |ast
shot area on wafer Wis exposed, 5 nmain controller 20 noves

measur enent stage MST (neasurenent table,MIB) to the position shown
in FIG 19 by controlling stage drive system 124 based on the
measurement value of Y interferometer 18 while maintaining the
nmeasur ement vald¥é Braxured & dpbpaferompdert systeiAdBannaim| eantraller

this point in i the end surface .on_the -Y side .CD_bar, 46,

(measur ement tglz(bal é:émﬁmsarﬁav?%e@sceﬁﬁn Ygtd a%_ rt%i%agﬁwgidé‘ bee %Pﬁfs
table WB are uar@@eiaﬁtqganntgm%%heetml-aﬁdﬁ@,bﬁﬁ%al hdad LR8ts 628 and
noncontact state (proximty state) nmay al so be kept by, for exanple,

moni t ori ng t he é@Pasthaneid, Halliesanfertdoelets 70R enfder7ODet eWith tives
encoder tha&remeasures the Y-axis direction position of each table and

separ ating NeaSBFEREN?t atfi ESRTRSARPIEPLE tARSFIAFB ANy caREgol
direction at aygi ﬁ?&[}cgtgée Fseud tﬁQQP-’Qxi\é‘?él eic%tigﬁq%.?%-rhf accuracy
ep Fela 0

measurenent stage MST are"set in't ositiona Ion snown 1 n

FIG 20 19 durusfnexpobiftearobnpeders Wosaadd afdervitthatit oty EFgected
stages are noved so as to keep the positional relation.
Subsequent |y, B¥ fRangfoffier +imeGn grating Ikdtkbe| fhethecpdsh tanshusrp

relation in the_.Y-axi Lrection between fer talecaq\“/rsZI'Band .
measur enent tagFee%FB,ar%%}nrg é%ﬁ??)olcf’gf’&zﬁlv‘%tn rPiE 3554 SSe?ad MaRDSEE
driving measur paBRG Stawe MBIy ithd BRande did L1 4k 130Gnab 8 Qratad t8agd)
operation of driving wafer stage WST toward unloadi ng position UP.
When t hese opeW&ETi omsnareessarenent idirekéiendoditee me latias urcdrient
stage MST is r‘ergd onlé/ in t,ge -Y direction, and wafer stage WBT is
. etween the head and the scale in the non-measurement
noved in the
directions).
Incidentally, in the description above, correction
15 information of grating pitch and grid line warp is to be
acquired for both of the Y scales and the X scales. However,
the present invention is not limited to this, and correction
information of grating pitch and grid line warp may be acquired
for either one of the Y scales or the X scales, or the correction
20 information of either one of grating pitch or grid line warp
may be acquired for both the Y scales and the X scales. For
example, in the case only correction information of warp of
grid lines 37 of the X scales is acquired, wafer stage WST
may be moved in the Y-axis direction based on the measurement
25 wvalues of Y linear encoders 70A and 70C without necessarily
using Y interferometer 16. Similarly, for example, in the
case only correction information of warp of grid lines 38 of

the Y scales is acquired, wafer stage WST may be moved in the

X-axlis direction based on the measurement values of X linear



112 -Y direction and -X direction. When main controller 20
drives wafer stage WST and neasurenent stage MST sinultaneously as is
descri bed above, water that is held in the space between tip lens 191
of 5 projection unit PD and wafer W(water in liquid i mersion area
14 shown in FIG 20) sequentially noves fromwafer Wto plate 28, CD
bar 46, and neasurenent table MIB, according to novenent of wafer

st age WST and neasurenent stage MST to t -Y side. Incidentally,
during the foregoing novenent, the contact 10 state (or proximty
state) of wafer table WIB and neasurenent table MIB i s naintai ned.

I nci dental |y, Fpcedeps sHiBvand 30Rtwibhioght nbedsyaeridat esing i qui d

i mrersion area,bl4 is deliver frgmplate 28 to bar 46. Further,

in the state sHBWAT ??F%ﬁeﬁggsn&imrgﬁﬁﬁ Ay eégg)%’érﬁl}eol‘? the

position withigchhe- aésf%o%'-ae&m&%w@ E_gr&f'ede%rgﬂéatéﬂf% %dWéf er

table WIB (wafer Stage WST) , based on the neasurenent val ues

t hr ee encoder sné8sureédhtaaddraf)bf (tdrdencoder that occurs due to the scales
stage-position-attributable-error correction information of encoders
70A, 7013 o 708BUSEgedd s H-ameseeihe graeiyr aRcanidy athe frnehiany

amount, the ro d,th unt, _and t

Z- posi tion of \%/g%gg gft%gogéltjt%%at 5%1?%1}’%;&?8% ? Earr,lor]ft’ e?lflcrq‘ﬁ%? et P
system 118, andna%zﬁ@cﬂmw mﬁ@féﬁ&IdeQeraﬂé@tﬂe&@rEbHCfb Y g
correction information of grid lines of the scales) . \Wen wafer
stage WBT and measeraiunibusehye aB8Prar a2 osiguripeasebed! y and
slightly driven furhﬁex&l n t he ahove-descri bed directiaons

respectively fromt at B2 LR PP S0 WEHR et AR ST sthad%er
stage WST {yaf gspt ARl GuedERY-eR¥ntY &%%Qdﬁﬁf 1#10A 4,380 -4 Oéapa‘i%'%ﬂgt 186 of

perfornmed. Therefore, right before that, main controller sw t ches
the control 1iBe embodiment will be descrlbed based on FIGS. 18 to 31.
Incidentally, during the operaticn described below, main
controller 20 performs opening/closing control of each valve
of liquid supply device 5 and liquid recovery device 6 of local
15 1ligquid immersion device 8 as is described earlier, and the
space directly below tip lens 131 of projection optical system
PL is constantly filled with water. Howe\-rer, description
regarding control of liquid supply device 5 and liquid recovery
device 6 will be omitted in the following description, in order
20 to make the description easily understandable. Further, the
following description regarding the operation will be made
using many drawings, but the reference codes of the same
members are shown in some drawings and not shown in the other
drawings. That is, the reference codes shown are different
25 1in each of the drawings, but these drawings show the same
configuration regardless of existence or non-existence of the
reference codes. The same is true also in each of the drawings

used in the description above.

FIG. 18 shows a state where exposure by a step-and-scan



of the Y-position and the ez rotation of wafer stage WST (wafer table
WIB) fromthe control based on the neasurenent values of | encoders
70A and 70C to the control based on the neasurenent values of Y
interferoneter 16 and Z 5 interferoneters 43A and 43B. Then, after a
predeterm ned period of time, as is showmn in FIG 21, neasurenent
stage MST reaches a position where baseline neasurenent of the
secondary alignnment systens (hereinafteryyq@lso referred to as the
Sec-BCHK (interval) as needed) that is performed at 10 predeterm ned
intervals (in this case, with respect to each wafer replacenent) is
performed. Thefetharnie diftingl perfoonest spsvwakars r éherithist ggee V3P ke a

th iti , | dri f h f t . W\6T
T onaing posi G AA% o Rs L ih0e R R B RS A e Pl gL
WST by X head 6@ &8 bR&headiednbyabel na Lo ghed ik ELG Shidihah Lages

X scale 39X1 (X-linear encoder 70B) and neasuring the 1-position, the
ez rotation anceblerenget byade MiTend ewatretagra Ytaddaval poettesrowBees S

43A and 438, and ﬁ'ogs waf er stage WST at unl oadi ng position UP.
Incidental | §, COHASIYR HEHIAEPE Stage FFTAT Aveidlerel BUE Rt Hdespace

bet ween neasur gpeRLihakl e j : bsequ

as is shown in Fl GS1 %i%'ar?gg gg’%ﬁﬂngg%ﬁ%"%ﬁ& r%‘rlélgj Sgg‘sgf%eqe %élfé{r
rotation of CDshage48Tbadsiad isedihg dpasidtfmnihed }id€Sn6E L¥LAXES them.
| i near encoders 70E and 70F 25 described above that are constituted

by Y heads 64yTharafeus? thedrane «didhpnsei g Big clredetarmi@d 22 sthmte

respectively f pair_of reference .gratings 52 .on ar 46
supported by néggﬁflelgr;egdhtab&raeg:ésI\}E’ﬁ]ﬁfﬁ%ngl 8% AdjUsr8 %??%‘?Wep(?gi tion
of CD bar #6 basgdugshdiite sFBgsUMSNMBNaty akUfe &e P haBl Yofthd FHRNERe 119
system AL1 indicated by being circled in FIG 22 that "detects

ref erence mar kehtact sitete oloat pdooimicensteria)nel €L wvefenedageaifnafter
table MIB or in the vicinity thereof. Then, in this state, main
control ler 20 SB?f%’Fl?f%s‘{l}?eeéa&BmK 5 (interval), in which baselines

of Tour secondary aligaugntnsYSaRL Ha L0 2L L JBkALI ¥ oine

positions of the four secondary "alignnment systens wth res
primary alignnmposisiet gindliding ehresersddatiohl aritddn Ble XY plane of

si mul t aneously neasuring reference marks Mon CD bar 46 that are
| ocat ed i nt® ~wafer table WTB (wafer stage WST}, based on the measurement
values of at least three encoders out of two X heads 66
indicated by being circled in FIG. 18 that face X scales 39X,
and 39¥; respectively (¥ encoders 70B and 70D} and two Y heads
64 indicated by being circled in FIG. 18 that face Y scales
20 38Yy and 39Y; respectively (Y encoders 70A and 70C), and based
on stage-position-attributable~error correction information
of each encoder (correction information computed in the
equation (10) or (11)) in accordance with the pitching amount,
the rolling amount, the yawing amount and the Z-position of
25 wafer stage WST that are measured by interferometer system
118, and based on correction information of grating pitch and
correction information of warp of grid lines of each scale.

Further, main controller 20 controls the position in the Z-axis

direction, and the 8y rotation (rolling) and the 6x rotation



10 the field of each secondary alignnment system using four secondary
al i gnment systens AL21 to AL24. In parallel with the Sec- BCHK
(interval), main controller 20 gives the conmand and makes a drive
system of an unload arm (not shown) unl oad wafer Won wafer stage WST
that stops at unl oading position 15 UP, and al so drives wafer stage
WST in the +X direction to nove it to |oading position LP wth a
vertical movement pin CT (not shown in Hig 21, refer to FIG 22),

whi ch has been driven upward when performng the unloading, kept

rai sed a predeterm ned anount. 20Next, as is shown in FIG 23, main
control ler 20 d@%&ghh%@heﬁéWEﬁFtﬂhﬁ&ﬁ%&ﬂba%ﬁimm6b§mw@muwamenhgalues

p05|t|on(here te ferred to scrum wa
position"” used q_ra(fﬂ ps%u:ft%a S Sé’rgf‘?rféaasuc}‘ 2%@(“ ag?aagé’aﬂﬁTo rébrﬁgﬁsors
state of bel ng m\@xénar P8, VBl A rSkpger MR QaEQetl'?é)%@CboﬁEPér% éa &M
proxinmty state) with waf er stage WST described previously. In

paral |l el with tshide apbraei @therrmu.decnonthel}{ﬂxﬁ:Odgmms.omhefcmmmaﬂer
and makes a_driv ystem of a | oad arménot shown) | oad new wafer W

ont o waf er F’abF@gWﬂqm AU hiee c“a’s%cajsﬁsn ey AR SHo4e S WhBE SRS MERE) -
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conpared W th BhersaseiohgrelVend) d wabyenetlepWreGHay s:éirdo\ﬁemolled
downward and housed inside the wafer holder. Incidentally, FIG 23
shows the 5 stkE&edifdr Bhgaeapuygnant Bé@@ﬁ Qﬁ Zaeesornfle sUdB 7423, and

In the enbodi ngpt _Lhe d 0Ledal/1060Rt IR scrum aLL] nd PosiLion. pf

measur ement stag@ approprrately et acco

Y-coordi nai@s Bksédehh@nieidu ks a&x@w%@ ¥ N8 ral-bRar®nt) 63hoiy
areas on the wafer. Further, 10 in the enbodinment, the optinml scrum

wai ting positi gnth%r sestses 0 thhaton e ls bitf the cpcquelooniacthestZatam.(sor

proximty stat describ bove can be performed at a pqsition where
hafer st age VETETERAoE? Be YErEiion Fih B CtRen, OB BrEr iR TiF

FIG 24, main ?95‘&ﬁ§|le§feﬁggn@éfﬁ§:ol of wafer W) during the exposure is

performed based on the results of the focus mapping that was
15 performed beforehand by the multipoint AF system described
earlier.

The foregoing exposure operation is performed by main
controller 20 repeating z moving operation between shots in
which wafer stage WST is moved to a scanning starting position

20 (accelerating starting position} for exposure of each shot
area on wafer W based on the result of wafer alignment (e.g.
Enhanced Global Alignment (EQGA)) performed beforehand, the
latest baselines of alignment systems ALl and AL2; to ALZ,,
and the like, and a2 scanning exposure operation in which a

25 pattern formed on reticle R is transferred to each shot area
by a scanning exposure method. Incidentally, the exposure
operation described above is performed in a state where water
is held in the space between tip lens 191 and wafer W. Further,

the exposure operation is performed in the order from the shot



15 wafer stage WST from | oadi ng position LP to a position with which
the position of fiducial mark FM on neasurenent plate 30 is set
within the field (detection area) of primary alignnment system All
(i.e. the position where the former process of baseline nmeasurenent
of the primary alignment 20 system (Pri-BCHK) is perfornmed). In the
m ddl e of the novenent, main controller 20 switches control of the
position within the XY plane of wafer tapl.e WIB fromthe control
based on t he nmeasurenent val ue of encoder ]708 regardi ng the X-axis
direction descri bed above and the neasurenent values of Y 25

i nterferonet er aXGaghdcZtedosr tie orfesérdes UBAhendhdBRineagdodairey tohethe

Y-axis direction and th otation, to_the control of the position
within the X mr}aﬁjeéj%é@&%rﬁ-he%@é%}té&éﬁr t\}‘ﬁ%f%”smsffh%é ipHSEIPRERe
encoders, whichpar fat S 16654 NEk L Ng
oo on ) o Sle Bof exafipel, @%%695(3.S‘gaaltég@g\g%4éﬁ%b§égh>22§%gg%r%ér9§é.

70B and 70D) and twoThéreadsotdrheahalstb4ndti s ahetkinyr el ngxpbsed gd

in FIG 24 that face Y scales 39Y1 and 39Y2 (encoders 70A and 700),
and based of sf&d8- pRFEIIdRrat? Moyes appasunerspt colraaes MEBn(nadsyrABERon

of 5 each enCOd?aElx(-zC é)ecctoi( %8%}{32%%&?:%% )Cs)ﬂf’ﬁr?n?m iTBtl%et%onttﬁglling

above- descri bed eguat1ons accordance

pi t chi ng anobunistaget &€l v ldyishemarmHaselihen yayd Haai®eRént aRd ukhes v
Z-position of wafer stage WST that are neasured by interferoneter

system 118, andnbaséeraretesr i2ehida G ntafoinmtihermed s eaenhgradivechit
and correction infornption OfF gg'd | i nes of each_ scal e.
h

. . Then,
mai n control | ef 'iﬁt‘fj]é'ref’i?f%e _ rHe- B_C?W?%Vab‘ﬁ%t:e% Y}hl%\/rﬂc’&ﬁte{]n
fiducial magk EMhbs 1Rl 864 8HrE8tdInPIldTRYYs 1¥el PP Wa:SY B! G0k eméiit

this point in time, neasurenent

table MTB)} and the end surface on the +Y¥ side of wafer table
WTB are in contact with each other. Incidentally, the
noncontact state (proximity state) may also be kept by, for
example, monitoring the measurement values of the

15 interferometer or the encoder that measures the ¥Y-axis
direction position of each table and separating measurement
table MIB and wafer table WIB in the Y-axis direction at a
distance of around 300pm. Wafer stage WST and measurement
stage MST are set in the positional relation shown in FIG.

20 19 during exposure of wafer W, and after that, both the stages
are moved so as to keep the positional relation,

Subsequently, as is shown in FIG. 20, while keeping the

positional relation in the Y-axis direction between wafer
table WTB and measurement table MTB, main controller 20 starts

25 an operation of driving measurement stage MST in the -Y
direction and also starts an operation of driving wafer stage
WST toward unloading position UP. When these operations are
started, in the embodiment, measurement stage MST is moved

only in the -Y direction, and wafer stage WST is moved in the



15 stage MST is waiting at the optinmal scrumwaiting position

descri bed above. Next, main controller 20 starts novenent of
waf er stage WBT in the +Y direction toward a position where the
alignnment marks arranged in the three first alignnment shot areas are
20 detected, while controlling the position of wafer stage WST based
on the neasurenent val ues of at |east three encoders and each of the
correction information described above. 145 Then, when wafer stage
WST reaches the position shown in FIG 25, nmain controller 20 stops
waf er stage WST. Prior 25 to this operation, main controller 20
activates (turnd ONFeFtiehswds-¥2dixertiPa.and measures the Z- p05|t|on

and the inclination r ot an the, 8x rotation

table WIB at the pmusl‘gé.| P COI\?\}@% 283‘8’?33 efzé’a%Srﬁ gfeaéqg\elaméf‘%r

table WIB, or H@EQﬁﬁelﬁé}ﬁ{ s@@bEtMS'In sthf@Branebbély as is ééé@flﬂ&?aﬁB@@

of wafer stage WST descri bed above, main controller 20 al nost

si mul t aneousl ywahdrl mmn@uabug tetidst sphhe ladiwpene htipnbsks 101r afiged
in the threg first aljgnnent shot areas (refer to_star-shaped marks

in FIG 25) usPﬁgﬂ‘ﬁ?‘F ynstgplﬁrﬂ%ﬁﬁe%vs&%m@ AfanibdBRessjon area

al i gnment syst egs 2217 L [

three alignnent ssysterré ,ré\k%GA %?%nggqaﬁi%%l %‘ﬁe %%a%}r emeqjt él

of at |east theeeg wmmdessadamusbedmabpt@bpé Mtbﬁabbaﬁdmg {:Bﬁlovement
detection (the measurenment values after correction by each 10 of the

correction inf Bﬁn‘&%ﬁﬁfnftag%ﬁ@Tsﬁﬁﬁé@atsﬁéﬁmmlt Atagatdsthar Heeor ySlde
As i s descri begng

il eenb the shift to t econic
state (or proxinty" etfaJt é’)’ THES gr%@ﬁ?g%%%éml\/g’feﬁﬁﬁ
WET is conpp et @da@é (bhepmﬂlltgotwt@eoé-aaﬂefeccaw@rwﬁ aﬁ@%\e@shg&m

marks in the first alignnent s areas i s perforned d fromthe
position, the hekkediB ismmehetadrat.r etudistentsiap, rﬂi@ermshb@waar gtate

position where_the alignment narks arranged in the five second
al i gnment shot ré‘&é’ég’ezfgﬁed‘é?%%’i diht b?u’rfbgﬁ"“?{fﬁb%% afge shdavarliverstk
cont act from plate 28 to CD bar 46. Further, in the state shown in
FIG. 20, main controller 20 controls the position within the
15 XY plane (including the 82z rotation) of wafer table WTB (wafer
stage WST), based on the measurement values of three encoders
70A, 70B and 70D {and stage—-position-attributable-error
correction information of encoders 70A, 70B or 70D stored in
memory 34 in accordance with the pitching amount, the rolling
20 amount and the yawing amount, and the Z-position of wafer stage
WST that are measured by interferometer system 118, and
correction information of grating pitch and correction
information of grid lines of the scales).
When wafer stage WST and measurement stage MST are
25 simultaneously and slightly driven further in the
above~described directions respectively from the state of FIG.
20, position measurement of wafer stage WST (wafer table WTB)
by Y encoders 70A (and 70C) cannot be performed. Therefore,

right before that, main controller 20 switches the control



20 state (or proximty state) is started by main controller 20. Prior
to the start of novenent in the +Y direction of both stages WST and
MST, as is shown in FIG 25, main controller 20 starts irradiation of
detection beans fromirradi ati on system 90a of the nultipoint AE
system (90a, 90b) toward wafer 25 table WIB. Wth this operation, the
detection area of the multipoint AF systemis fornmed on wafer table
WI'B. Then, during the novenent of;ifaoth stages WST and MST in
the +Y direction, when both stages WST and MST reach the position
shown in FIG 26, main controller 20 perforns the 118 focus

calibration forfer$roresiticarndbhefisofatdpataiorninn seage VAR (wafer
measur ement value§ . Ofrg %%Bﬁl"{ﬁ (28§ Rha o520 BNl 2 LRULT AGE ooy 0
posi tion informati on at’ the ende pOI’tI ons on one Side an‘d ?rPle ot ﬁer

side in the X-a¢i § ghe6eddiLn ol aM@fAIC tabkRe ScdiBlo1apdsbieoaRct i on
result (surface position information) at the detection point (the

det ecti on poi nmepgunerent valiescehterinserifaretetay dibneng 2 her eof , out
of a plural tty,of detection pqipnts),on_the neasurenent plate 30,
Surface by Pha RHPFFBETIRCTAE d98t 2HH (9Ba, OBy A CaE ot A AmerEiasd
strai ght 10 |iper(68M€EbhE ks D5 LRBWY 13X F8e diF1eChL AL RASSE raygh
the center of \%afrer tabl e WBS(Mi chwsulbsta(r;]ti al'l'y coi nci %eg&vég{éhﬁt e
center of wafered¢hesianmisded onivherstagdie@bhe ibBeutdmerit of khe spebitiatn
tinme, liquid imersion area 14 is | ocated near the boundary between
CD bar 46 and R&Fermenb|ysheRs fhegeinaftes, |alga Feifpreedith aer she1q

is about to be L ed f.r I fer., tabhle WB hen,
when both st aggggvi#]%ng’ ﬁgl%gﬂ Sgr?eér%g\?ésji)\crll@%%é'sd%reég?f%erldv%'l | e
keepi ng thedr eoBlecs il ih0srRIIGXI(Mh Idhis aked, andy eashed®o each

position shown in FIG 27, main controller 20 20 al nost
si mul t aneous| yvafer | FREMAGUENEY Hetecformed. alThgnnemaimechs rat tem@dd

in the five second alignnment shot ar refer to star-shaped r ks
I FIG 27y uSPRET R ATPRRRE M 2ge gt AlS RRECAIDY POOALEP, SFITRS
the detection ggsehds fedd s‘,@aﬁélwekaw&iﬁ%ﬁ% poch 2\ &b §Ri1e
AL24 and the 25 neasurenent values of three encoders 70A, 7DC and 700

at the tinme ofmehsudbieedtheol~pohictimmasiir eatet stalgee¥Safberk temtdeséi on
by each of _the correction informatio and stores themin the

i nternal nefror yRdRgaked bypRtimg Fﬁr‘f4%rﬁl%:j-ns§'1r%e2ih1'é¥a§ FaceR X ekl > PRat
faces X scale %%Xﬂlr?é% 'e%cgagét’ﬁ)%)ognétn{e%'sqgﬁng the Y-position, the 82z

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. 21,

20 water is held in the space between measurement table MTB and
tip lens 191.

Subsequently, as is shown in FIGS. 21 and 22, main
controller 20 adjusts the 0z rotation of CD bar 46 based on
the measurement values of Y-axis linear encoders 70E and 70F

25 described above that are constituted by ¥ heads 64y; and 64y,
indicated by being circled in FIG. 22 that respectively face
a pair of reference gratings 52 on CD bar 46 supported by
neasurement stage MST, and also adjusts the XY-position of

CD bar 46 based on the measurement value of primary alignment



119 line LV in the Y-axis direction that passes through the optical
axis of projection optical systemPL, main controller 20 controls the
position within the XY plane of wafer table WIB based on the

measur enent val ues of X head 66 facing X scale 5 39X2 (X |inear
encoder 70D) and Y linear encoders 70A and 70C. As is

descri bed above, in the enbodi nent, eight pieces in total of position
i nformati on (two-di nensional position in{ﬂ{nation) of alignnent marks
can be detected at the point in tine whenh detection of the alignment
marks in the second 10 alignment shot areas ends. Then, at this
stage, mai n cosysbbhAL2dndixatiensby beisgatimg edshoFIfad? thatdebadtof
wafer Wby, for ex rformng a_statistical conputation, which

e,
i s disclosed i f® ?ggg%%faq%e]%?ﬂ Koxai 1 J&0ahES eCRBRAR R Felt &t
fopl i cat| on PUBLLERECAM: Nap18lodd $429n (NP ha1fRt ) SIRARAEND HeB, in

Patent No. 4,780,617) and the using thée position T nformati ébn,

and based on t haisospated mhat comgrtfliezakDoper it ¢08t 8&¢+BUHR20 My
al so adjust _optical characteristics of projection optical systemPL,
for exanpl e? t H&npeBHyRbt-i dit wWageh feasslilaas byt chavr skEPRdph alignment
adj ust mrent 20 dey] r ef o,Fl G_6). .Adjustnment device 6

adj usts opti cag?’(szjﬁélrgsagp?"'ezﬁi g? iej:E:I'szt"oiléﬂ)? o'feg@ttllgﬁ Bﬁ?JrEeﬂns_sﬁ\séﬂéW ﬁﬁouﬁy,
for exanple, deb¥bRdhd; SPEGhddrt SP¥adLwl@NSE085L !:Blﬁr'iﬂgrﬁra@iﬁﬁtﬁéﬁ)@
optical system PL or changing the pressure of gas insSide the airtight

roomthat is fervaeenFdilicamespecefaldyl ebtesndd, donstimtltamgpusly
projection optical systemPL, or the |ike Further, after the
n

ke.
si nul t aneous dBERYYT TP SPEERENSH FERKEA! MafRPak FEnged prRe tiReatrdetn

second al i ghmegt o SPOl L1328 ;8R0S .1L.,C ; '
novenent in the iY di re(?ti oﬁ of %%C?ﬁfasi}yagggéj%élrﬁ%r?%gk/%ﬁfaﬁ\lﬁgﬁgghp
contact state sé@fnddmy aphigxmant \s\&itaie) ALandcakLifle BAPxdalo8l with
starts the focus nmappi gg in which Z sensors 72a to 72d and t he

nul ti poi nt AF EYR:5eriBOBY, (100Byvatl BrimIcatsedsey 20sHyesashe sommh

in FIG 27. and makes a drive system of an unload arm:(not shown) unload
wafer W on wafer stage WST that stops at unloading position

15 UP, and also drives wafer stage WST in the +X direction to
move it to loading position LP with a vertical movement pin
CT (not shown in FIG. 21, refer to FIG. 22}, which has been
driven upward when performing the unloading, kept raised a
predetermined amount,

20 Next, as is shown in FIG. 23, main controcller 20 moves
measurement stage MST toc an optimal waiting position
(hereinafter, referred to as an “optimal scrum waiting
position”) used to shift a state of measurement stage MST from
a state of being away from wafer stage WST to the contact state

25 (or proximity state) with wafer stage WST described previously.
In parallel with this operation, main controller 20 gives the
command and makes a drive system of a load arm (not shown)
load new wafer W onto wafer table WIB. In this case, since

the state where vertical movement pin CT is raised a



5Then, when both stages WST and MST reach the position w th which
measurenent plate 30 is |ocated directly bel ow projection opti cal
system PL shown in FIG 28, main controller 20 perforns the Pri-BCHK
| atter process and the focus calibration |atter process. Herein, the
Pri-BCHK | atter 10 process neans the process in which projected

i mges (aerial inmages) of a pair of neasurenent marks on reticle R
that are projected by projection optical stem PL are neasured using
aerial imge nmeasuring device 45 descri b%fﬂ%labove t hat has aeri al

i mage nmeasurenent slit patterns SL forned at 15 measurenent plate 30,
and t he neasur @redetessined afigent dls nahyem inedenshd wafar deeoddgnea be
with the fl-position of wafer table WIB). are stored in the internal

menory. In thi HEBEREL 108 Rhogtey REFICRCHELRBd Prearsdad thnthegase
U S. Patent Lcat.l Puhl | i / 7 i
earl i e? g(r)l aﬁg%'ﬁgéle%&ldtéﬁeﬂn%%?eg&%%ni%gés&gﬁg %%%S%%Fi I Qg&i housed

measur ement nariksiaeeti@asdfe@dhbDaéhe a/Ei@ntdAGE FEQSUIEMRWs the
operation bg a slit-scan nmethod using aerial inmage neasurenent slit
patterns SLYi n3patesvhexg tiader Whés flagedcani vrtas debilat WEB. process
means the process in.which, .as,.is_sh i.n_Fl 28, 25 while .
control ling the posin"_t]rl1 (J)C#f_ei ?{“hf‘ﬁi&mSBt%r% 5%%9‘%%8??%??]01“5%]“@&9%%
optical systempBkiflsp0st @Rl rBhel®aslRREY L aép%r%&lr'&@év\i;-'% debli g
WIB) based on surface position information of wafer table

measured by Z sensodand@ayith2lbhe 72ecandiifiddes nef ncheonllghheit 2@rks
nmeasures the aeri al irm,d\%g 121 of the neasurenent marks formed on

S
the mark pl at e2FRAEIShIMnFreRAgnmePE RO5r 2FR4F Ohetls ¥gEeRST Fughper,

based on the MASHLIRBLALASH ! Sne BANMLGS s LAG, BETLILOEHS, ROS) LIO0 O
proj ection optical systemrg . The asurenment oper ah%% of proj ec%’]ed

5 images of theonsasutgreshiparks the chieiadsedatd, (Jroprexame sthbe)
panphl et of International Publication No. WO 05/124834 and the |ike.
Mai n control | efeseriRpitifhoye Aeasis aradprvad (ks oPoBisber otherpavaler
742,4. 761,3 apd_76 nchronousl i th_the | oading of the output
signal from ae??% eizwn%bess% %E?Fn‘é‘eﬁ“#& i & 19{5“}”%“ | e novi ng

nmeasurenent pl ate 3Gidyt,t BS ¥ @Xben Gid @kl O, HRER.cdMRirB1 CORFTOhLPLSs
20 stores the values of Z sensors 741,4, 742,4, 762,3 and 762, 3 that

correspondldo whéehestadeoWBE Powi tlhedind pusojtéoti bh wphi peditsipst ehtiPL
in a nmenory (not,shown) . |nc¢idental the reason why the positijion

. | 1y,
in the 15 opti E3FCBG EPF‘éEf‘?’br?foFlﬁg‘B’f%]cf“iaSﬁ Bhianc BPagyeRsAtpplate
7- Pt .0l i || ed
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using the surface position 1 nformtion neasur Sens
72b, 72c and 72tigmmddte fyecem BBL i Or.ai. Qhel pbé Uiy @BESE tife tHdakethe
focus calibration |atter process
process of baseline measurement of the primary alignment
20 system (Pri-BCHK) is performed)}. In the middle of the
movement, main controller 20 switches control of the position
within the XY plane of wafer table WIB from the control based
on the measurement value of encoder 70B regarding the X-axis
direction described above and the measurement values of Y
25 interferometer 16 and Z interferometers 43A and 43B regarding
the Y-axis direction and the 6z rotation, to the control of
the position within the XY plane based on the measurement

values of at least three encoders, which are at least one of

two X heads 66 indicated by being circled in FIG. 24 that face



20 is performed in the mddle of the focus mappi ng descri bed

previ ously. In this case, since liquid inmersion area 14 is
formed between projection optical system PL and neasurenent plate 30
(wafer table WIB) , the above-described aerial inmage 25 nmeasurenent
is perfornmed via projection optical systemPL and water Lq. Further,
because neasurenent plate 30 and the |like are nmounted at wafer stage
WET (wafer table WIB) and t he photodetec&i n element and the |ike are
nount ed at neasurenent stage MST, the above descri bed aerial inage
measurenent is 122 perfornmed while keeping the contact state (or
proxi mty staté) setleafifXisiralédNBTeanddannI0Beamht? 05) a@e:l VB3, Y asads

shown in FIG . w%%p Ehe, asur epent. descri bed above
measur ement val ya ¥éﬁg‘§i§%ﬁﬁ Y hoing ciygheq l&‘nﬁic%zzfstl?qt fgces
surface positi @”stﬁQEr@éhOQmﬁ’f:a%f Rindalie VBB aid A0S, Sgﬁa%avx%ﬁfsna

straight line (centerline) In the Y-axis direction passing throug

the center of wakee- pabi’e.dNFBtttm.nﬁtadﬂSa-Wrtrbr&idr&le@hﬁohlﬂmefoh‘n/ati/vm 6h
corresponds to the best focus position of projection optical system

PL, are obt di n&dCh10TReder nfmareémwﬂreﬁor@eté@mwtﬁﬁewa@@ i ne of

primary all onmeRby8YSLed Mlas BRREL: 1L 108) TEal 1 0] {DGebhlald ¥ ien

for mer process escr| ear esu

latter process tteseitdigGhgeatidur or AhNEo M ity 4bEntOPEhAARIng %&aﬁlton
a relation between the neasurenment 15 val ues of Z sensors 723,

72c and 72d (s@rlfdatbep@gqamonnbbrmqmﬁteﬁe\AI@\SﬂértltaablaeeWl'@)sua:ad b:he

det ecti on resul,t ésgrface osi tion J’Sﬂ{or t] on% at the detection
poi nts on the MEASHFERETRF S¥ECSH HePTMACEEREF HR™ Al

system (90aq 9@&05@@&1&9%§§§Qtﬁ% agilnc%‘iil LAgt Q&Jé}:ctli%ncﬂf&n@att'lgﬂ of

former 20 process, and based™on the nmeasurenent values of Z sensors
741, 4, 742,4, ¢61d3Lames #62 edchi sealesurface position information of
waf er table WIB) corresponding to the best focus position of

proj ection opti cal %%Wpﬁnt%tﬂ?&%rb%ﬁeéﬁﬁmﬁé@q Rrin@CHE £ggmer

cal 1 bration | aptBto BL SRR iS00 ALLET?9s SR ALASA20, Lo 9l et

at a represent Ive detectio ol nt IS case etec

| ocated in theaﬂ.eﬁﬁl@éniﬁrsyﬁ‘teﬁthﬁl,lll Cinl I:Mi§ hegie@f inodinsf r@aﬁwéﬁéﬁﬂy
of detection points) , of the multipoint AF system (90a, 90b) wth

respect tolPhesbage MIL s pestingretofther opbinabrecpm waltiys pewiPion
and adj usts th% .
escribed above.

Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position where the alignment
marks arranged in the three first alignment shot arxeas are
20 detected, while controlling the position of wafer stage WST
based on the measurement values of at least three encoders
and each of the correction information described above.
Then, when wafer stage WST reaches the position shown
in FIG. 25, main controller 20 stops wafer stage WST. Prior
25 to this operation, main controller 20 activates (turns ON)
Z sensors 72Z2a to 72d and measures the Z-position and the
inclination (the 6y rotation and the 8x rotation) of wafer
table WIB at the peint in time when Z sensors 72a to 72d face

wafer table WIB, or before that peint in time.



123 detection origin of the nultipoint AF system for exanple, in the
optical nethod so that the offset becones zero. In this case, from

t he viewpoi nt of inproving throughput, only one of the Pri-BCHK

| atter process and the focus 5 calibration |latter process may be
performed, or the procedure may shift to the next process wthout
perform ng either process. As a matter of course, in the case the
Pri-BCHK | atter process is not perforned he Pri-BCHK forner process
does not need to be perfornmed either. And, in this case, main
controller 10 20 only has to nove wafer stage WST from | oadi ng
position LP to a poskftissnthe swiebchdf whdenlstgureiil des&silmd angesr main
the first alignnment ot .areas AS are detected. |ncidental , in the
Case the pri- BEPRCEPELEE 20 St inflommeass Phanbate e o b ceRats
measured in thengidiil@hneAPeEG ks UL da3ld DGl Of & chre EXROSHY Qigﬁné}]ﬁ"@ﬂg{
that is previous to Wwafer Wsubject to exposure, IS useg. urther, 1n
the case the facusschtdferatdontdaisthapeprondss 1hsFI®L 25¢r horme drihdey
best focus gositton of projection optical systemPL that was neasured
j ust bef or e? exfdsEPBERF sas{mmu%n pepndagypl honment; pesgerbie aned

20 basel i ne. | nNCli lly,...n the state,. of El 28, .the focus
mappi ng descri %éa’aﬁg@ehggﬁﬁg%% d@&ﬁf&ﬁﬁ%dg.esuats of q;é]ﬁeewaaTléLng?%tge

VBT reaches theyposhs iz ,Shapp dy BLS, 243 Bie MMARBheh +dIekYor at
direction of both stages WST and MST 25 in the contact state (or

proximty stat épadestriasedngbdees ddessiribegr ghieterat nbd pine af ¢he
e R e L it SHE LT A LT 2OBLIL B 20
direction ybthgetnel OPHE ibh- inHERat 1BA), GRARLEE R A MDShternal
si mul t aneousl y and
memnory.
As 1s described above, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
MST and wafer stage WST is completed at the position where
15 detection of the alignment marks in the first alignment shot
areas is performed, and from the position, the movement in
the +Y direction (step movement toward a position where the
alignment marks arranged in the five second alignment shot
areas are detected) of both stages WST and MST in the contact
20 state (or proximity state) is started by main controller 20.
Prior to the start of movement in the +Y direction of both
stages WST and MST, as is shown in FIG. 25, main controller
20 starts irradiation of detection beams from irradiation
system 90a of the multipoint AF system {90a, 90b) toward wafer
25 table WTB. With this operation, the detection area of the
multipoint AF system is formed on wafer table WTB.
Then, during the movement of both stages WST and MST in
the +Y¥ direction, when both stages WST and MST reach the

position shown in FIG. 26, main controller 20 performs the



124 individually detects the alignnment marks arranged in the five
third alignment shot areas (refer to star-shaped marks in FIG 29)
using five alignnent systens AL1 and AL21 to AL24 , |inks the
detection results of five alignment systens AL1 and AL21 5 and AL24
and the neasurenent values of at |east three encoders out of the four
encoders at the time of the detection (the neasurenent val ues after
correction by each of the correction infgrgmation) and stores themin
the internal nmenory. At this point in tinme, the focus nmapping is
being continued. 10 On the other hand, after a predeterm ned period
of time from t K8CcYf oppbibrrpafien Sewrpyr BPCHescritsbdbabdne,a tidagiane
of neasurenent,stage ] and waf er stage shifts fromthe nt ac
state (or pr OXP%Eer%t aeersle%sdlrteﬁ‘gngevﬁg'aﬁﬁygzﬁ%HSéD.rSA??%'r 9?Re%%l’?i 7
to the separathon sdatceWnSd: 1XRAS VA LSRN 1shage tha MM pB%EE&?é_oﬁnone
exposure start waiting position where nmeasurenment stage MST waits
until exposur esiide singrtled other midenitr bhé &-a2fs sticestiva i eabnt taithge
MST at the posjtion. Next, main_controller 20 starts novepent
of wafer stage W 3¢ the deveghier trsHlt dwirdage pesition imforpakirnhe

al i gnment 20 nEEk@h@kf&%@@ohE%Sﬂﬁig(t;'xgg%é@e&iic%ng‘agﬁt SOt 13he85 Al

detected. At this point 1n ti S mappi ng i's being

continued. Meabehide,odTdasyheneidirsitggendbdof,s @l birng gluddiety of
exposure start waiting position described above. Then, when vva%’er
stage WBT reacfetetHeompsinton oshbhm megshrerinG prlote il auchta byl ©re

20 ) e e B Lenn YRS ALA%8 5T LS B B i
g{)') gﬂg:szt Bh0t 1 2ieqsefPe MBI RY) WU Ehaf elatid $fAtSRARSL SRS idhghl Ge
J center of wafer table WIB (which substantially coincides with
the center of wafer W) coincides with straight line 1V. At
this point in time, liquid immersion area 14 is located near
the boundary between CD bar 46 and wafer table WIB. That is,
15 1liquid immersion area 14 is about to be delivered from CD bar
46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity
state) and reach the position shown in FIG. 27, main controller

20 20 almost simultaneously and individually detects the
alignment marks arranged in the five second alignment shot
areas (refer to star-shaped marks in FIG. 27) using five
alignment systems AL; and AL2; to AL24, links the detection
results of five alignment systems AL, and AL2; to AL2; and the

25 measurement values of three encoders 70A, 70C and 70D at the
time of the detection {the measurement values after correction
by each of the correction information), and stores them in

the internal memory. At this point in time, since there is

no X head that faces X scale 39%; and is located on straight



primary alignment system AL1 and secondary alignnment systens 125
AL22 and AL23, links the detection results of three alignnent systens
AL1, AL22 and AL23 and the neasurenent values of at |east three
encoders out of the four encoders at the tine of the detection (the
measur enent val ues after correction by each 5 of the correction
information) , and stores themin the internal menory. Also at this
point in tinme, the focus mapping is beingupontinued, and neasur enent
stage MST is still waiting at the exposuré start waiting position.
Then, main controller 20 conmputes array information (coordinate

val ues) of all ltihe Ishin the Yarsas dimevhion tWit paasenchdongti ehe ppttoal

that is set by the ngasurenent axes, of  the four_encaqders (e.%ﬁgyhe Xl
coordi nat e syst&iTals i WETHEN B8Rt T2 loSYREERr ER raflad PnFRR e 20

origin) , for examples (L hhe SGA WELRAM Skse) aactlel o LOL, AR Gra

the U S. Patent No. 4,780, e, using the detection

results of 16 &hkisgdnEnttheamkssihrentcptalaDidéaioted Bead $edeseinpadsabnye
and the correspondi ng measurenent val ues of the encoders (nmeasurenent
val ues afteP céPFedKibmady eeesrest 7¢Pk apdr¥ dénpeh snapderai/08rgnd 70C.

Next, main controll 2 onti.nues_.t he foc mappi 20 whj l,e novin
waf er stage WST in t sglgﬁ%glcrré% ?o%boérgeai ﬁl}%eﬁggf’/@%?nt%he‘?%’t eBt 9
beam from the myl tbg0i i @6&&&1@@:&%%&%99&) (tbﬁﬂldﬁﬁ.ie{aﬁéﬂa‘iis pb8€tion

wafer Wsurface, as is shown in FIG 31, nmain controller 20 ends the

f ocus mappi ng. iAfoemattivat), oD asldgnoant enkesobt bef debectear eydihegponiter

al i gnnment (EGAé ZSﬁeréorrred bef orehand, the | atest baselines of five
al i gnment syst SRt HCL YRR AFPCTHONAPS ALhey fd IoRBERT KR Kiath EEnErePId,

20 per 107 Mo XR9SUkfehY Aot! EPANGREAN HRLIODL! Bnds | died haTRT Si on
exposure nethod and sequentially transfers d reticle pattérn on a
plurality of shohtasEas @0 wht&indVthel26aling (shot magnification) of
wafer Wby, for example, performing a statistical computation,
which is disclosed in, for example, Kokai (Japanese Unexamined
Patent Application Publication) No. 61-~044429 (the
15 corresponding U.S. Patent No. 4,780,617) and the like, using
the position information, and based on the computed shot
magnification, main controller 20 may also adjust optical
characteristics of projection optical system PL,, for exanple,
the projection magnification by controlling an adjustment
20 device 68 {refer to FIG. 6). Adjustment device 68 adjusts
optical characteristics of projection optical system PL by,
for example, driving a specific movable lens constituting
projection optical system PL or changing the pressure of gas
inside the airtight room that is formed between specific lenses
25 constituting projection optical system PL, or the like.
Further, after the simultaneous detection of the
alignment marks arranged in the five second alignment shot

areas ends, main controller 20 starts again movement in the

+Y direction of both stages WST and MST in the contact state



Afterwards, the simlar operations are repeatedly performed in order
to expose the remaining wafers within the |ot. As is described
above in detail, according to exposure apparatus 100 of the

enbodi ment, in the case wafer stage WST 5 is noved in a predeterm ned
direction, for exanple, in the Y-axis direction when wafer alignnent,
exposure or the like is perforned, wafer stage WST is driven in the
Y-axis direction based on neasurenent in{%{ mati on of the encoder .
system position information (including clination information, 10
such as rotation information in the Ox direction) of wafer stage WST
in a direction {@if pecemitir ebatd)e Yndxdts tHeremid atipe Artarts the focus
characteristic information of the scales (such as the flatness of the
grating surfac@®@BRAPBrit ighi AGEOREt Tom W& Féd)andrivae pyltineat AF
stage WST is drd S h I 15 errors of.the encoder
system (encodersg\égg%\ @r? ’Wﬁm%isgnﬁg%%ﬁou t}é’ 0 v ne° Sssp oé"@ejr%ﬁFG'
(i ncluding inclamation) of wafer stage WT in a different direction
fromthe Y-axis direction and due to the scale, are conpensated. In

t he enmbodi nént, mai Mhaint woEhdpo20 srpeeHSTREE MiTigeavBTthe polsétion

Y-axis direction,, 20 based on the nmeasurenent val ues of . encoders_70A
and 700 that mYAEHr SR MEAGRTEAPY RIATSn 01 L9t LoraJoroasn Y oLAl

Y-axis directi gRoq08: £3286¢ POSI ki ohelbt, réhtsuhaim P1é! b8! m%%rc?o%}ifg?ler

information (corréction information conputed 1n the equation
descri bed aboveé) pearfmoer dec frivBEHE Asittkonpradessnahbothe 5 aafuswaf er
stage WST in a direction (non-nmeasurenent direction) different from

the Y-axis dir&8tHorhon HettpRePEIcatfe nRERirenthe, ProBCB adpreetin
accordance, Wit Lii i.n i of f, e T.1n.th .
di rection, l¥Mhe96§9%l%§r g%?ﬁ%nég%ﬁoﬁggi-%}(}e@lgh%% c‘):r11:e hjarfla%érseeiag:(ml

measured by Y ithddedNicd & efHIebEmdiaRtheidt intedsl 68 tiRnNs ¥3Aatngre
43B of interferoneter system 118, on correction information of

grating pitch stol¢eted byapes gokicerriisicedr spsiteroRL | arfeoneasimad ilping

which th (fl at f the.Y I iS5, taken 5 int
Consi derat i on) SRR OSGr PRREIE ESAAEL o T IBPD Bo%s (ot At

38 of the Y scghkesal lihdddl selABRRGenPAI8H Plkterns SL formed at
15 measurement plate 30, and the measurement results (aerial
image intensity in accorxrdance with the XY¥-position of wafer
table WTB) are stored in the internal memory. Inthis process,
similarly to the method disclosed in the U.S. Patent
Application Publication No. 2002/0041377 described earlier
20 and the like, the projected images of a pair of measurement
marks are measured in the aerial image measurement operation
by a slit-scan method using aerial image measurement slit
patterns SL in pairs. Further, the focus calibration latter
process means the process in which, as is shown in FIG. 28,
25 while controlling the position in the optical axis direction
of projection optical system PL (Z-position) of measurement
plate 30 (wafer table WTB) based on surface position
information of wafer table WIB measured by Z sensoxs 72a, 72b,

72¢c and 72d, main controller 20 measures the aerial images



t he measurenment val ues of encoders 70A and 70C, whose neasurenent
errors caused by the relative displacenment of Y scale 39Y1 or 39Y2
and Y head 64 in the non-neasurenent 10 direction and caused by
grating pitch of Y scale 39Y1 or 39Y2 and warp of grid lines 38 have
been corrected by the respective correction information, stage drive
system 124 is controll ed and wafer stage WST is driven in the Y-axis
direction. In this case, the neasurenent values (count values) of 15
encoders 70A and 70C are the sane as thel3lesults obtained when
measuring an ideal grating (diffraction grating) by an ideal encoder

(head). Herei noft tiee mdashrgiait ngrksirbknag tdn0oh @matknflaties (Adte sRBEN)
whose surface is parallel to the noving plane (Xl plane) of the stage

and al so whi chonsreticdept eraetdcpe stege R8F, taral baserhoditheatdasureafenthe

grating is parallel _to a beamo terferoneter, and_the di stances
bet ween grid | FﬁSE!LS T %Wg?e%e&ﬁ% TPEUBMRCHTICRePE BFRYI SFLaR

encoder (head) cheibhe Snadhese apld fakeaslierts et e Gl abol goldhe

novi ng plane (XI plane) of the stage and al so whdose count v
do not chanfe dwegts dfheh&mdasptanerenarks egelistg.cand YgWEdY example,
Further, in the case wafer stage WST is noved in the X-axis

di recti on, EPev@ﬂ@WﬁF PE IrartilenehePvbbigasignr Bet iWh 0543848 th

measur enent in i i tion_informati
of wafer st ageg%ﬁ%nﬂg{ di fﬂger en?ﬁg%%' ffyr ecn}a%%%?‘%nﬁats LeRent vai“es
direction (incbgdsngedsvals nat i, prmd,nf onenti &na a0d,f Qhﬁm&&y with

rotation information in the By direction), and characteristic
i nformation of thaelaagdngsof ¢hehowtouthelghal faom afritdieigage megsuring

surface angd/or ,a rat' Q19 2. or mat,j on_error Tha fer stage WST
is driven gé) tﬁﬁ?g é’ﬁéﬁ? RS GRS RET (LJLSFes?@a BhtPentoiers
70B and 70D), n@f@@tﬂﬁpurm&? hfalhheoﬂﬁoqh%%eﬂ@rgtc(fe@%HQ'mues of 2

i nclination) of wafer stage MBT in a different direction fromt
X-axis directi eapsare7éoapeisal €thy,d and Ve gntioat prentesddhdras rthe best

controller 20 drives wafer stage WST in the X-axis direction, based
on the neasur ehBRES \%S&é?éLOBfOErR:W&%l?BBO%ﬁ&FaﬂOBYFH% Rle ddy geMemory

posi tion infornpLi QIHBQIU V\’afIﬁEléél?‘tgbelJ. T é-'r&g'gor?w ?ra?jie&lngﬁ%tiogqn L

st age- posi tion-attributabl &-eérror co |on|n
15 optical axis direction of progectlon optical system PL

(Z-position) of measurement plate 30 (wafer table WTB) is
controlled using the surface position information measured
by % sensors 72a, 72b, 72c and 72d in the focus calibration
latter process is that the focus calibration latter process
20 is performed in the middle of the focus mapping described
previously.
In this case, since liquid immersion area 14 is formed
between projection optical system PL and measurement plate
30 {(wafer table WTB), the above-described aerial image
25 measurement is performed via projection optical system PL and
water Lg. Furthex, because measurement plate 30 and the like
are mounted at wafer stage WST (wafer table WTB) and the
photodetection element and the like are mounted at measurement

stage MST, the above-described aerial image measurement is



15 (correction information conputed in the equation (11) described
above) in accordance with position informati on of wafer stage WST in
a direction (non-neasurenent direction) different fromthe X-axis
direction at the tine of the nmeasurenent, for exanple, in accordance
with position 20 information of wafer stage WST in the By direction,
the Oz direction and the Z-axis direction that are neasured by Z
interferoneters 43A and 43B of interfero er system 118, on
correction information of grating pitch 6f"the X scales (which is
correction information in which the unevenness (flatness) 25 of the
scales is take@etﬁpum@®H9iﬁekaepbmgthamanMact@taeeubmanmﬁmiﬂgshaﬁebf
warp of grid li 7 of the X scales. In this manner, based on the

measur enent val e'§a F* Shagadist #p4 %#@BGHW%@%@@%@W&%
catised by the Gebstiye Gusp) AETR.LoX SOALE ARE) 95oa5XE,and X

head 66 in the 129 non-neaslr enent |rec ion and caused ‘by grating

pitch of X scameas@xédmerit 39XZea68 2@emsddfs7dL I f Mdbnest 637 Lravesheen. e,
corrected bg the respective correction i nf or'mati on, stage drive
S

system 124 ont o IPegihhen iarermat befe ofBR fies At A HTE h inHehexshxis
5 direction. his.c e, coun s of encoders 7OB nd 700

are the sane ash%' resuﬁatlgkgb{’h {Fe\ﬂ% MeEs Um %’8‘ 3% 1@5?8??‘%
(diffraction ggagsﬂg@ tbﬁeoaahItdfé\beﬁﬂépwwéf@@%ble%@wm&ags wefier
stage WST can be driven ina desired 10 direction with high accuracy
usi ng the encodérsighi ﬂhnetwbe»rmg:hadédzacets@dnby tiohtehe beat ifveusmbsohion
bet ween the head and, the scale in directions other than _a direction

to be measur ed® (RERRFEMENOPEL FREIIIGTEM Rt iR BEPABSAS f ect ed by
the unevenpgss of thggcalgsy tHchAgyt o ?géc%bu% theched,ueithg de

grating pitch and grating warp of thée sc
primary allgnment 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
this operation, based on a relation between the measurement
15 wvalues of Z sensors 72a, 72b, 72¢ and 72d (surface position
information of wafer table WTB) and the detection result
(surface position information) at the detection points on the
measurement plate 30 surface of the multipoint AF system (90a,
90b) that has been obtained in the focus calibration former
20 process, andbased on the measurement values of Z sensors 74, 4,
743,4, 761,3and 762,53 (1.e. surface position information of wafer
table WIB) corresponding to the best focus position of
projection optical system PL that have been obtained in the
focus calibration latter process, main contreoller 20 obtains
25 the offset at a rlepresentative detection point {(in this case,
a detection point located in the center or in the vicinity
thereof, out of a plurality of detection points), of the
multipoint AF system {90a, 90b) with respect to the best focus

position of projection optical system PL, and adjusts the



Further, according to exposure apparatus 100 of the enbodinment, for
the relative novenent of wafer Wand illum nation light IL, which is
irradiated fromillumnation system 10 to wafer Wvia reticle R
projection optical system 20 PL and water Lg, nmain controller 20
accurately drives wafer stage WST on which wafer Wis nounted, based
on the measurenent val ues of each of the encoders described above, on
stage-position-attributable-error correc{zi3on i nformati on of each of
the encoders in accordance with position‘i'nformati on 25 of the wafer
stage in the non-neasurenent direction at the tinme of the

measur enent, addtentior reedigioncof nfley matlicdpobht REatsiysgep) t&dr ardmple,
correction information of grid lines of each of the scales.
Accordingly, alﬁapi‘%r??tci‘fcaaef“?@%d R dhabether e sdn PERESR AW t h

hi gh accuracy by sc ' S i e | iquid i Sl
exposur e mnet hod. Wkﬂ%ﬁ??ﬁg’r %Eg%gégg‘flr?&ptog%ﬁgqlgﬁrﬂigggﬁgrﬁ%,rg\gﬂ%%ut’
acquiring stagenppseid F ahkr PhitEiHIE-1QLESF SOSdRGE AR tHd OfdBaki on of
the nmeasurenent val ue of the encoder, main controller 20 5 changes
the attitude ofahipertiambatigBTPrecesphay de porfsfrmgids faxr bhe procedure
attitudes, and_pnov gfmfoer e WBT in 1 axis direction in a

predet er mi ned St¥oKa rangté.‘%\%%%ep???eascﬁ ‘éﬁqf?él%é’ oéﬁpgﬁi%:ﬁﬁﬁi’r‘f’?%?ﬁ'

head 64 or 66 @f d Mgt €8FQFeodrded SPeREIdaGcANRA PRl -BERt a0 prddds
39X1 or 39X2 in a state where the 10 attitude of wafer stage g\BT IS

mai nt ai ned baséd wrt peefreasdy eaienPri«R3IHR Soohel imrdess ot £ motyséain
118 with respect to each attitude, and Cﬁer.forms t he sanpling of the
g

measur enent r e501%% ReFtPREed RIGIEE - dutt lPh@_"%}F@ﬁ@nt?“?W (RERPSLer
operation,jqi thy #ARPRRs &aeh @t Uflgye SR gE&Q'lo]aﬁtihQIgﬁdés%Ebg%ﬁ)f

t he measurenent v s of the encoder "I n"accordance w position
in a directiontétdepasimiion dtr@eidiorheoal igg@ial mheks hermiyeagipl ane
of wafer stage WST (e.g. the error characteristic curve as shown in

the graph of FF&rstajipament ghabdreagRfepre deitactent r Shréderldly sims

correction inf tian .of the surenent. val.ue of the e co?}er In
accor dance w tﬁﬁ%%gist%i B FAF T Y FOR DT WareT” BERGYEY ﬁ\e ﬁ&eilne’

non- neasur emenyh{bh Gfdd aRasbyedefd @hdl BYmn HF efdrb-atbACH, KomRYELAL T on
based on the sanpling results, that is, the variation information
15 exposure of a wafer that is previous to wafer W subject to
exXposure, is used. Further, in the case the focus calibration
latter process is not performed, the best focus position of
projection optical system PL that was measured just before
exposure of a previous wafer, similar to the case of the
20 baseline.
Incidentally, in the state of FIG. 28, the focus mapping
described above is being continued.
When wafer stage WST reaches the position shown in FIG.
29 by movement in the +¥ direction of both stages WST and MST
25 inthe contact state (or proximity state) described above after
a predetermined period of time, main controller 20 stops wafer
stage WST at that position, and also continues the movement

of measurement stage MST in the +Y direction without stopping

it. Then, main controller 20 almost simultaneously and



25 of the nmeasurenment val ues of the encoder in accordance with the
position of wafer stage WST in the Z-axis direction wth respect to
each attitude. Accordingly, stage-position-attributable-error
correction information for correcting the nmeasurenent error of the
encoder caused 131 by the relative change of the head and the scale
in the non-nmeasurenent direction can be decided in a sinple nethod.
Further, in the enbodi nent, in the case H’he correction information is
decided with respect to a plurality of héads 5 that constitute the
sane head unit, for exanple, a plurality of Y heads 64 that
constitute headndavid&2Wy detiettecthemlligghént sakks adirahged finorheedite Y
head 64 to the sane specific area of corresponding Y scale 39Y1 and

performs the ab8vesFedorreRt shgheAg Freipg dupetETithapedmatdson FHe:
encoder, and thg Qfﬁaféﬁeoﬁig%eié@ 419, J a8yl 15y A{L..?g to AL2e Links

stage-position-attr e-error correction informa n

encoder that i sheofsiddtilondrdynlerchs ¥ikeadl bdnmiitt ¥yseahs£ A39Yand 21.2,
deci ded. Therefore, as a consequence, a geonetric error that occurs

due to gradPentngiliharitehite meaansenardr vetuesof B leasit hhrequsndgglers

when obtaining the correction informatiop for, a plurali of ,encoders
t hat coyresponauPooj_fch%hes r?élrsﬁlé‘f%‘?e%f“ﬁ g%ﬁt‘fldrﬁ é’rf %Seo%‘%lfﬁcrifé'on ?g“e
correction infgegBbiaherf vAlL Sdheedr @BCPESE 301 BYIALH &% Phe correction
consideration a geonetric error that occurs due to gradient of the
head of the subpfetmaEncodeandisénr@d thafiein shagimtWBhal snamoved At ties
Z-axis direction, Accordi ngl in the enbodi nent, a cosine error that

i s caused by dP‘P?‘%?ej_rﬂ i \Elh? % §BPiRg ptusirgy cert Hekds does
not occur.jfurther, dﬂ‘tﬂ@%t%@§%ﬁdm§fﬁéze ea%ﬁ:%%i:?&%‘ﬁ{a%%bﬁ éagggime

encoder due to, for exanple, opticdl characteristics o

(such 25 as teFeernitd eitby)ofwarFeil sgdwamt defcriheadbbe deas s0ite
occur, occurrence of the neasurenent error can be preven@ed, and
t her ef ore redu®f iTRdSurepent tStagecht mold weter sEpaefWSTasbif: fyemvige

san Pe Prevent euedot FTkeley SRR LR, °8l e Lo L NIQRREL L.
Aftexr the shift to the separation state, when measurenent stage
15 MST reaches an exposure start waiting position where
measurement stage MST waits until exposure is started, main
controller 20 stops measurement stage MST at the position.
Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position at which the alignment
20 marks arranged in three fourth alignment shot areas are
detected. At this point in time, the focus mapping is being
continued. Meanwhile, measurement stage MST is waiting at the
exposure start waiting position described above.
Then, when wafer stage WST reaches the position shown
25 in FIG. 30, main controller 20 immediately stops wafer stage
W38T, and almost simultaneously and individually detects the
alignment marks arranged in the three fourth alignment shot

areas on wafer W (refer to star-shaped marks in FIG. 30) using

primary alignment system ALl and secondary alignment systems



132 stage WST is driven so that the neasurenent error of the encoder
system occurring due to the head unit (hereinafter, also referred to
as the head-attributable error) is conpensated. Incidentally, based
on characteristics information of the 5 head unit (e.g. including
gradi ent of the head, and/or optical characteristics), for exanple,
correction informati on of the measurenment val ues of the encoder
system may be conputed. "Second Enbodi nent. Next, a second enbodi nent
of the present invention will 10 be desctibed with reference to FIGS,
32 to 34. The second enbodinent is different fromthe first

enbodi ment desdiZaeathdaBb¥e, lonky the dde=dpienatsoritpeof dhred athigmment
correction information OL, g\g@ti ng. pi.tch and_correction information of

warp of grid | iHSLeBF BH p R0 A28 R (RS, medRAgRentsvalues of at
configuration qfeshe.RpRaratls. And, @t erﬁh%?f{vﬁ% 'egﬁr&?g@ESn% gi&%aﬁ{iﬁvﬁoﬁ

those of the first enbodi nment. According ere

be described beihevdetdertdion, (e MeGiirsnthDra0Pes Atk en cokrasgitd bfigach
correction information of grating pitch of the Y scale and 20
correction Pnf &fidte eprsictdeoncinirrahion) gand stpnestiomip e igtiegnal

R s T o s e M A R

description. Fidostifhed) landRédettehe! d@lge2lstaadssi e JRERRGBLY €Ak

exposure start waiting position. Then, main controller 20

computes array information (coordinate values) of all the shot

10 areas on wafer W in a coordinate system that is set by the

measurement axes of the four encoders (e.g. the XY coordinate

system assuming the center of wafer table WIB as its origin),

for example, by the EGA method disclosed in, for example, the

U.8. Patent No. 4,780,617 and the like, using the detection

15 resultsof 16 alignment marks in total obtained as is described

above and the corresponding measurement values of the encoders

(measurement values after correction by each of the correction

information).

Next, main controller 20 continues the focus mapping

20 while moving wafer stage WST in the +Y direction again. Then,

when the detection beam from the multipoint AF system (90a,

90b) begins to miss the wafer W surface, as is shown in FIf,

31, main controller 20 ends the focus mapping. After that,

based on the result of the foregoing wafer alignment (EGA)

25 performed beforehand, the latest baselines of five alignment

systems ALl and ALZ2,; to AL24, and the like, main controllex

20 performs exposure by a step-and-scan method in a liquid
immersion exposure method and sequentially transfers a

reticle pattern on a plurality of shot areas on wafer W.



25 function z=f1(Y) that denotes the unevenness of Y scale 39Y1, the
mat hemati cal function z=f2(Y) that denotes the unevenness of Y scale
39Y2, the mathematical function z=g2(x) that denotes the unevenness
of X scale 39X1, and the nmathematical function z=g2 (x) that denotes
t he unevenness of X scale 39X2, which have 133 been acquired in
advance and stored in nenory 34, into the internal nmenory.

Next, main controller 20 noves wafer st WET, for exanple, in the
+Y direction indicated by an arrow F in G 5 32, for exanple,
within the effective stroke range, with the neasurenent value of X

i nterferonet er Af2erveidey thresinidaa ppeddtionsi ass nepeatedlyn persoated
where all the pitching anount, the rolling anount and the yaw_n
anount are rmai MPaPhEST 4t° FEPESHaRR Waﬂﬁgn%é%?sqﬁrénﬂﬁFh%I%lBg'Y
interferoneter 16 1 | 15 eLonEt A-a 4%%.. '
novenent, while cor ?%Sg?ign%eéi%%%aésur errglﬁ\t%eé%ﬁ'&én%?c l@%%%gpg%e
i ndi cat ed by beppgretushed éh theGemBaiiat, fAcesel cacakardp btagd wsr
| ocated at a distance "a" in the +X direction fromstraight line LV
(Y linear ehcod&rmyoy) iang predeksmuinesedireciiiva ofor ¢mamples &a the

L%, 1 LS B i Rl AR

| ocated at a di s?ance in the 0 €

(Y linear encodepcf@cknts) E}Qféf‘%tﬁ?@aﬂ%ﬁ@ G vdnUNC EhORS a% TE Ui Yo c@ith
z= fz(Y) respectively, main controller 20 | oads the neasurenent

val ues after thesedroreasasnranent e f20mabbsureihthe eatodsr cfys¥emn,
interferoneter 16,(to be nore accurate, the neasurenent val ues of

measur enent beBRE™ B dﬁéoﬁﬁ%l‘i’rht@nl“ﬂ@diiwﬁ i ngEApR yingormation,
predeterm ed BRI 4NG-JBESEY A Srormation in the Ox direction) of wafer

stage WST in a direction different from the Y-axis direction,
and characteristic information of the scales (such as the
flatness of the grating surface and/or a grating formation
error}). That is, wafer stage WST is driven so that measurement
15 errors of.the encoder system (encoders 70A and 70C), which
occur due to the displacement (including inclination) of wafer
stage WST in a different direction from the Y-axis direction
and due to the scale, are compensated. In the embodiment, main
controllexr 20 drives wafer stage WST in the Y-axis direction,
20 Dbased on the measurement values of enceoders 70A and 70C that
measure position information of wafer stage WST in the Y-axis
direction, on stage-position-~attributable-error correction
information {correction information computed in the equation
(10) described above) in accordance with position information
25 of wafer stage WST in a direction (non-measurement direction)
different from the Y-axis direction at the time of the
measurement, for example, in accordance with position
information of wafer stage WST in the 6x direction, the 0z

direction and the Z-axis direction that are measured by Y



Next, after noving wafer stage WST a predeterm ned distance in the +X
di rection based on the neasurenent value 25 of X interferoneter 126,
mai n controller 20 stops wafer stage WST at a position (the position
shown in FIG 33) which wafer stage WST reaches after being noved a
predeterm ned distance in the -Y direction indicated by an arrow F
in FIG 32 based on the neasurenent value of Y interferoneter 16.
134 Then, main controller 20 noves, waf er stage MI, for
exanple, in the +Y direction indicated by 'an arrow F in FIG 33, for
exanple, within the effective stroke range, with the neasurenent

val ue of X inténterbemimetet266banad finkedfevometersr édnt amdridd@dotal ue,
in a state where the?%!tchln amount. and the rolling amount are

mai nt ai ned at iE'FBr% ¥R HRP drifunfhi SOTRAGHIAPnRE metdrs a8

mich a2 oss o o on, %%?%géig%%f%%F%ZC%&%%%G%EW%%%{

correcting theinedsigre Rt uvatdigieek ‘((f:hﬁf#éséﬁl bhdinzatege e HekNgaken
circled in FIG 33 that faces | scale 39Y and is |located at a
di stance "b% i Anfpeconsigeratienhy fangnprst mzr:gemtlphnenmpn(a\tﬂohnearwarp

encoder 70A) an he, measur al ye of 4 indicated b
being circled Ih 9 %171& ngef'hgém? (Fé? Ssc@zi'leg 1§1ar3§ 25 AR | géﬁ%%dmat
a distance "a"th8 hdurdmdht 6410 foLoahéM@fmfoAl hRE 106 (‘éh'oeeear
encoder 70C) using the mathematical functions z=f1(Y) and z=f2(Y)
respectively, maasncurntobtesr2@aloadsoyt tbemeakairiomeal spdaseenal ¢2ry
the correction and the neasurenment values of Y interferoneter 16 (to

be nore accur af8*120 e reatir BRent Reacuéd in %%Peﬁ%ﬁuw B41
d B42 R
?Et er val) sI fe© Hf?eéﬂl \%rgﬁém nceat?%gtgﬁ:gé???ggggﬁ&glggiﬁgg%ié Q%YF t e X

coordi nate sysamalrg ol ¢eiallyi KBl haverses ¢<ﬂ:l‘}:ddtfedfb‘?ith@ﬁeéﬁe@:1ve
correction map) of grat |ng pitch of Y scales 39Y1 and 25 3912 can be

i ndependent | y 6®¥%8 Eumatignupshage @riwg ﬁaﬁ%@mﬁéquppaﬁr@lshaﬁg
the sanpling v ha v en btalned |n t he_apove- cribed
two operat i onsgllé%d?s% rv%ﬁg ﬁ%ﬁgl YWuPEARed U & a? TBh. % (ﬁe Zﬁf’ﬁl ly,

in the usual case wiarenieichee! i ﬁé‘éé@fér‘nent values (count values) of
15 encoders 70A and 70C are the same as the results obtained when
measuring an ideal grating (diffraction grating) by an ideal
encoder (head). Herein, the ideal grating (diffraction

grating) is the one whose surface is parallel to the moving
plane (XY plane) of the stage and alsc which is a complete
20 plane, and the pitch direction of the grating is parallel to
a beam of an interferometer and the distances between grid
lines are completely egual to one ancther. The ideal encoder
(head) is the one whose optical axis is perpendicular to the
moving plane {XY plane) of the stage and also whose count values
25 do not change due to the Z-displacement, leveling and yawing.
Further, in the case wafer stage WST is moved in the

¥-axis direction, wafer wage WST is driven in the X-axis
direction based on measurement information of the encoder

system, position information of wafer stage WST in a different



135 17b is not an ideal plane, the unevenness (bending) of the
reflection surface is nmeasured and correction data of the bending is
obtai ned in advance. Then, on the above-descri bed novenent of wafer
stage PST in the +Y direction showmn in FIGS. 5 32 and 33, wafer stage
WST may accurately be noved in the Y-axis direction by noving wafer
stage WST in the +Y direction while controlling the X-position of
waf er stage WST based on the correction %ta instead of fixing the
measur enent value of X interferoneter 1 to a predeterm ned val ue.
10As is described above, after obtaining the correction information
(e.g. correcti diresp)oroff rgmathaK@Exichdbtedt idnal(@acB@YinantcI M2t ion
respectively, nmain controller 20 noves wafer stage WST in the +Y
direction as i $PEMNIWHIR FRRS £9X cxapnRlge EPtATIRR Mrir@diien ¥othedye

in the case of df#%tci:}b%)or aégeclh;ﬁectt£§igg§$rin c%m%%?\?/rg%f rhltehis a gsse’

as in the case © qui'ri ng correction I nforna correction

map) of gratingsydd @B e ¥18€8¢65 o8NNle gnat BRYSurtice BRAZYF QERLL BNLS
of X interferoneter 126 and X heads 66 indicated by being circled i'n

FIG 34 thal f&ewnstiswabercrnox]Thadl 189X fegspeagys WETyisadel Pon gotthat
coaxial, and therefore, .the influence of the apparen awi n unt
of wafer stage™VEPIHERE Srﬁ%ﬁ%@%S&?’Bye’eﬁ%é]%ﬁ&g%%?%{?ﬂea e%&g and
fluctuations iggpnckided i u I foq 66 that
face X scal es 39%2 and%gQggcéggﬁg%??vEﬁ%Eﬁ%?egigggg?g 9§§h§ﬁgﬁgot», as

an error 25 (hexelinedfttion) cheaféy steferwsadit @ abf#erent direction from
yaw ng-attri butable error). In the second enbodi nent, however, the

appar ent yawﬁhU“%ﬁBﬁﬁFsdQéE??B%H”aEé@eCEWP%QﬁQQEdSt&ﬁtiBTeWWRéim%§tr
measured b ¢ Mg 1R EERTEE S0 WAL lied ! %géa@gf%% Raxss

measured using a palr o0 I'ndicate 6 crrcled
in FIG 34 thalifafoX,Sbabé&s oD Yheaida S0bhantSPethéy )y ea¥o8EEH RIS

70A and 70C) . That is, while correcting the count

and 70D that measure position information of wafer stage WST
in the X-axis direction, on
stage-position-attributable~error correction information

15 (correction information computed in the equation (11)
described above) in accordance with position information of
wafer stage WST in a direction (non-measurement direction)
different from the X-axis direction at the time of the
measurement, for example, in accordance with position

20 information of wafer stage WST in the 6y direction, the 6z
direction and the Z-axis direction that are measured by 2
interferometers 43A and 43B of interferometer system 118, on
correction information of grating pitch of the X scales (which
is correction information in which the unevenness {flatness)

25 of the scales is taken into consideration), and on correction
information of warp of grid lines 37 of the X scales. In this
manner, based on the measurement values of encoders 70BR and

70D, whose measurement errors caused by the relative

displacement of X scale 3%¥; or 39%; and ¥ head 66 in the



val ues of the pair of Y encoders 70A and 70C using the correction
information of grating pitch of Y scales 39Y1 and 5 39Y2 that have
been obtained in advance, main controller 20 can obtain the apparent
yawi ng anount descri bed above of wafer stage WST based on the count
val ues after the correction of the pair of Y encoders 70A and 70C.
Then, main controller 20 can correct the yawing-attributable error
descri bed above 10 using the apparent nggng anount that has been
obtained in the manner descri bed above. Wil e correcting the
yawi ng-attributable error as is described above during the novenent
of the wafer stagersiBuyemenhedideatiicacehdneanmidhbyoatatollgepi2bh of X
sequentially Ioadgﬁggﬁthe count val ues (the neasurenent val ues of X

| i near encoder §% : 4 °F 002 angdriiak af ré)ﬁt%?’ﬁécﬁf?%‘fﬁ BePr GPEFEEYPDOf
X heads 66 of B?%&gééﬁe%xéaag& i%ga%%iacgrﬁna%gghl,e%tt'a?leli&njtmc?agﬁ%em

facing X scal es”39X1 and 3 accordi ng e novenen

i nternal nenor y2ati speesetsirlEdesd s_afpki sihdenver Val griveelin 2@ foixihe
simlar reason to the above-described reason, main controller 20 also
obt ai ns cor? ecBiBRCEior ndit ithhs R sGeftdienaevn v lieepp L encgdpys I70RenB7

t hat sequenti a ce.the plural ity of heads .66 erfornmn
statistical prlg){):%.sgs]?engchgf SR %X &FS?‘-‘%P%@&B%&@%@W&PH an
wei ghed 25 avei@@hnG:@flinhheacomicryahugsat Qafjedyl int & diNtRERaly
menory. Further, also in the case of obtaining the correction

informati on (e{lygadorrection map) of grating pitch of Y scales 39Y1
and 39Y2 and/or the corrgcti on information of deformation (warp) of

grid lines 37 by driAl\?ic_ﬂﬁ Wbt ¥Rigk shaTe i fRn Pe daiyen i Pedtiigied
o e B Rl 8 oy SR BEORL i snone esns
simlar to theafpfatesisbeeheridlediabamoe ishadudeba e ieddBAd the scale
5Meanwhi | e, when acquiring the correction infornmation of
in directions other than a direction to be measured
(measurement direction), without being affected by the
unevenness of the scale, and without being affected by the
15 grating pitch and grating warp of the scale.

Furthex, according to exposure apparatus 100 of the
embodiment, for the relative movement of wafer W and
illumination light IL, which is irradiated from illumination
system 10 to wafer W via reticle R, projection optical system

20 PL and water Lg, main controller 20 accurately drives wafer
stage WST on which wafer W 1s mounted, based on the measurement
values of each of the encoders described above, on
stage-position-attributable-error correction information of
each of the encoders in accordance with position information

25 of the wafer stage in the non-measurement direction at the
time of the measurement, and on correction information of
grating pitch and correction information of grid lines of each

of the scales. Accordingly, a pattern of reticle R can be

formed on the wafer with high accuracy by scanning exposure



deformation of the grid lines (warp of the grid lines) of the Y
scales and of the grating pitch of the X scales, main controller 20
perfornms the sanme process as in the case descri bed above, with the
X-axis direction and the Y-axis 10 direction interchanged. Details on
such processing will be omtted. Since each scale (diffraction
grating) has a width, the correction information of the grating pitch
can be acquired, for exanple, by obtaini ?%Othe correction information
15 descri bed above along three lines in e wdth direction, on the
right, left, and in the center, and when the correction information
of the grid |inda waepliguitdomneedion gppcbulrensetanl.be
representatively chogsen and its warp can be neasured. This seens to

be preferable, from F et RATanpGFATI Yo é‘@cﬁ?ﬁc?“wlgﬁ&tm?’lk%ibiﬁqqfl}?fing
In the second %@QBQLHSQItjféH‘—%tQHE&téiﬁrét—ﬁa(}&o?l%%rr%h‘f,’i‘én %fgﬂl?tiont of
of the app ar to

controller 20 and”the configuration h aratus aré srm

those of the fithet meabothnent veesersbatheabayvedeACeRNidi Agntfollng: 20
exposure apparatus related to the 25 second enbodi nent described so
far, the ef Pectbapdgns velemttisudpost wiferhetaye ISTepodi phmality of

descri bed above.can_be obtained, and besides, since r,_stage WST
does not al vvaygll%g%e?% l%.té:lﬁﬁg%%’ ﬁ‘flgarﬁo‘é%& ?"gﬁﬁ ftjag\?/\,@%iéa %‘% —axis
acquiring the e@reeid®nd Af RFdRIteORi Rbd HiHIKaIr Dide n®l e 1 -36 3L £5¢
and/or 138 the correction information of deformation of the grid

l i nes (warp of atdedegitidn|liigbs)from ldael &cat €6,0ft thee ewcpdesi té ampecific
operation of the corfection inforrgation can be%#;grforrred in a short

period of time3 8nQt A PYIti Podach Bt Phed TithdBi Frettaded#heF e ete

above, 10 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 the measurement
results of the encoder during the movement. With this
operation, with respect to each attitude, variation

15 idinformation of the measurement values of the encoder in
accordance with the position in a direction (the Z-axis
direction) orthogonal to the moving plane of wafer stage WST
(e.g. the error characteristic curve as shown in the graph
of FIG. 12) is obtained.

20 Then, main controller 20 obtains correction information
of the measurement value of the encoder in accordance with
position information of wafer stage WST in the non-measurement
direction, by performing a predetermined computation based
on the sampling results, that is, the variation information

25 of the measurement values of the encoder in accordance with
the position of wafer stage WST in the Z-axis direction with
respect to each attitude. Accordingly,
stage-position—attributable-error correction information

for correcting the measurement error of the encoder caused



correction information of grating pitch of the diffraction grating
that a scale has is to be decided so that a nmeasurenment error of the
encoder caused by the flatness of the scale is corrected. However,
the present invention is not limted 10 thereto, and wafer stage WST
may al so be driven in a neasurenent direction of an encoder based on
information on the flatness of a scale and the neasurenent val ue of
the encoder, independently of acquisition,of the correction
information of grating pitch of the diffraction grating that the
scale 15 has. That is, when driving wafer stage WST in the Y-axis
direction or th Xhaxr%l@iﬁ@ct:hengetdn@ theabeaénend thal seabé itrheh¥
encoder or the X encoder naé % so be corrected based on informatjon
1

on the fl at nes$°F"EARM Trehine serbg decigeq ppd sagele Fethpg.
scal e-attributabl e effQme.d he, %%Séwﬁ %0 &AL Qsd b g % %Qﬁl’:lon
that occurs due to the flatness of e sca & 1's correcté

for exanple, idnfhemetbas isubdcbded\Reiht hesddort B6SS lurkhet e Bedds
favorabl e, the neasurenent error of the encoder that occurs due to a
grating forfat tBAtefPBTLiSuteHd s same Raadgunihclfedi wgarqm% he elugrlity

and/ or 25 defor f..0 lLines. or t y O

corrected as t ﬂ&]ggdg & #Illagcuf: aﬁfél%"ﬁe ﬂeaé uigt é)é?h ? ﬁ]egeﬁgjs%l Lighe
flatness of thesscatedidielqudesn nicnorl ﬂeé&muesvm%%ﬁeb&ge&ﬂ% Lhe
inclination of the surface of the scale. That is, even if the grating

surface of t he0§cm1€8ﬁasndﬂl391’tmlmSﬁhfdr@tmm\egﬂmeabwe-tdeecca}s@i
the scale itself gcl i ng a nmeasurenent error (scale-attrjbut abI e

error) of the SACBUETY 8EHFRASUHERR, TRRRLTOF ithst $siPdern ans Fhg bagrd
enbodi ment §p degﬁrﬂbgdsaa@g_\igg SHGH & s%?}lee attributable error can al so
be 5 corrected. Incidentally, the pi'tch error of the grating occurs

due not only tetaépe-pdsitriensattnibutdivlg-enedi Rakreadicd ihbenatdlba bt
al so to the manufacturing error. Further, in each of the

enbodi nents deSEFR FAFOIBE At He coRsEL Hiszeb b Parhict Miesd b hnafd aedle
controller 20 f ve ont rql of fe tage 14ST i.n.the
Y-axis directi g%o% thgégd%gl S’}&Q%%g l|nedn%u3| ng\,\g5 unezjar enc%%PI?esFr?ﬁA

and 70C or X | epea tRBEQRAeLSs 4QdIoodichdA@RtWY tie: BO4d €6 RM c’b'ﬂ@ected
nmeasur enent val ues of the encoders that are obtained fromthe head

uni ts basedP onlaipd&hegrwansds;ovhémpbratninnthé cgraecnippintbrmation for

a plurality of encoders that correspond to the same scale,

main controller 20 obtains correction information of a subject
encoder, taking into consideration a geometric error that
occurs due to gradient of the head of the subject encoder when
20 wafer stage WST is moved in the Z-axis direction. Accordingly,
in the embodiment, a cosine error that is caused by different
gradient angles of a plurality of heads does not occur.
Further, in the case a measurement error occurs in the encoder
due to, for example, optical characteristics of the head (such
23 astelecentricity) even if gradient of Y head 64 does not occur,
occurrence of the measurement error can be prevented, and
therefore reduction in position control accuracy of wafer
stage WST can be prevented, by similarly obtalning the

correction information. That is, in the embodiment, wafer



15 the correction informati on of deformation (warp) of the grid

| ines, and the stage-position-attributable-error correction

i nformati on descri bed above, but the present inventionis not limted
thereto. For exanple, in the case the position of wafer stage WST is
controlled using one Y head (or X head) 20 and a single Y scale (or X
scale) , for exanple, correction of the stage-position-attributable
error descri bed above does not always h to be perforned.

Further, if an error anount of grating prtch of a diffraction
grating, which a scale has, that is caused by the 25 flatness of the
scal e i s renar kabbg WSErigedr ivrans@bhat the nerpunemarft griziy oifjthe eehoddr

the diffraction ating caysed by other factors, correction
i nf ormati on of sé’g{é?li“n BHEHRI( 8%%.t%53%8??6nu'h1&p)(h&6@§nﬁ%ﬁ%eéa39o

be obtained in - | Lying: S e
or the like, poortrant tHa0s i orart o isRLELReANE 1 QhrRkRaR
predet ermi ned dhebdénionl it hbaYedxdrs dhar@etephstoreds HafXrmxtion of the
direction) may be neasured using the encoder, and based on the

measur ement 3 vak@ad aRdti (f-or rerGlonlion sureiephtodete Beadhandlar eptivdler
stage WST may jven.in,t redet.erm ned di.rection. Further

t he measur erren? h%%%%érojfsr%tlﬁg) én?c?od%:r?amr%ye’a?%%r%cglggr%'ggﬁrg‘agbg? r?g ?]"hee
st age- posi ti onmahshidndAbhA186E 05 GO REELEAGY iw&réma%grbé omputed.
accordance with position information of wafer stage in a

non- measur enent di r ectSesandeiishrdidiepy>20 i nterferoneter system 118 on
this driving. I nci dent al | each of the enbodi nents

y,.1n, , 3
descri bed above, t hé’eé‘ttagae-sﬁﬁg??ie(‘}‘ﬂ?-oaf"f‘?]?ibﬁfc'atﬁ}eepﬁ??%}t REERHen will
head- attri pat apl e B ChO ay e sGOoLLegt ed
sinultaneo%gly?éb%fgé%%?egewggéré%ﬁ%gfﬁc%dfgi%ﬁ%'If% %g %%?tﬁg?,s?ﬁ$nd
each of the eneodbddmirs: desdirffzrenabdivey theeftase chBsdbeeait deserihed

where the acquisition of unevenness information of each scale is
performed usi ngPP¥Rr Brvedpohlf mpanicdanr Pepinrmese vheRseaRrscHdent i on
is not limted, ng -t fdatn (unevenn of. each_scal e
may al so be nn%é%ﬁ%é%%%f%uan E%ﬁ%?% ﬁ%égd%ﬁféﬁ%ﬁﬁ%gég?égl “g?%f%n of
separate from yhep WEQIEH. 1ines of the scales are acquired, and the

15 configuration of the apparatus and other operations are
similar to those of the first embodiment. Accordingly, the
different point will be described below.

Herein, an acquisition operation of acquiring
correction information of grating pitch of the Y scale and

20 correction information of deformation of grid lines (warp of
grid lines) of the X scale will be described. Reflection
surface 17b 1s assumed tc be an ideal plane, for the sake of
simplification of the description.

First of all, main controller 20 reads the mathematical

25 function z=f;(y) that denotes the unevenness of Y scale 39Y;,
the mathematical function z=£;{y} that denotes the unevennsess
of ¥ scale 39Y;, the mathematical function z=g; {x) that denoctes
the unevenness of X scale 39X;, and the mathematical function

2=g> (X) that denotes the unevenness of X scale 39%,, which have



Incidentally, in each of the enbodi nents descri bed above, for the
sake of sinplification of the description, main controller 20 is to
control respective constituents of the 25 exposure apparatus, such as
the stage system the interferoneter systemand the encoder system
but the present invention is not limted thereto, and it goes w thout
saying that at |east part of the above-described control perforned by
mai n controller 20 may be shared and periﬁgned by a plurality 141

of controllers. For exanple, a stage conttoller that perfornms the
control of wafer stage WST and the |ike based on t he nmeasurenent

val ues of the &ereodecqsirstderin ttteadtesansiossoned irheehaterier dmebethe
system may be arranged under the control 5 of main controller 20.
Further, the aBBG@Fg%§6WW5%H'control perfornmed by main controller 20
does not always haveyd beaial(Zad0r N30 Y& RYLe! Ll W8, sor
realized in software-w e by a conpdter program tha sé% an
operation of makampdaf riel tRe +20d0re€idh 8hdsexEsBbyCaNta@blier Int haE.
share and performthe 10 control as is described above.

I nci dental | §, SRe kfunergupiei vithihd theeepfeactimmbtodke rengacoddh the
system the interferoneter ste t.h | ti poi nt AFE system.,and the Z
sensors in eacﬁegfuf%erétrrﬁfsz ﬁeﬁfg &PSEEEFE? e%ﬁﬁﬁe@‘%!l%?lix?gg‘b%sa
wi thout sayingptbabeéhpidicestie, | 1Y 8220 R deSaObnk b&k&ﬁﬁn%gmsﬁm\
For exanple, in each of the enbodi nents above, the caSe has been
exenplified whehe wolking emo¥nscalde$had¥Yiwhmngl BYRtused dadmtbhiaed at
Y-axis direction gosition measurenent and a _pair of X scales 39X1 and
39X2 used for BRE®REBES OB tht MeERpIRERT FALHRE R dmbnte B cReL 8k gkl

on wafer 24t aghﬁg%’érgrggorﬁ?t@fs b9 GG rtlgépon%g%gn§ Eﬁglmto%elgglll{, oire

head units 62A an pl aced on one si de e other side o
the X-axis direetrestiofg phej feié0fer@pli ¢alusyst ammBhdasy imdpabte®fby

head units 62B and 620 are placed on one side and the other side of
the Y-axis di reiR@Fisr1pd §nethl oA dpeitciacezsY spsiemMh andovederatache
PLosenL  hec™s e SR hShch Y 59, e S B0E 0 el B 30U, oy
posi tion measugenBifesd eXcsaadk eRm9X¥haatfe 306 fr@hek aXd Sl et iy
positi on neasurenent may be arranged al one, not in pairs on wafer
tabl e WIB,1®Dr 64 indicated by being circled in FIG. 32 that faces Y scale
39¥2 and is located at a distance “b” in the -X direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=£f;(y}) and z=f,(y) respectively, main controller
20 loads the measurement values after the correction and the
20 measurement values ofY interferometer 16 (to be more accurate,
the measurement values of measurement beams B4, and B4;) into
the internal memory at predetermined sampling intervals.
Next, after moving wafer stage WST a predetermined
distance in the +X direction based on the measurement value
25 of X interferometer 126, main controller 20 stops wafer stage
WST at a position (the position shown in FIG. 33) which wafer
stage WST reaches after being moved a predetermined distance

in the —-Y direction indicated by an arrow I’ in FIG. 32 based

on the measurement value of Y interferometer 16.



142 only one head unit of at |east either pair of head units 62A and
62C or head units 6213 and 62D nmaybe arranged. Further, the direction
in which the scal es-are arranged extending and the direction in which
the head units are arranged extending 5 are not limted to orthogonal
directions such as the X-axis direction and the Y-axis direction as
in each of the enbodi nents above, but only have to be directions that
i ntersect each other. Further, the periog%ﬁ direction of the
diffraction grating may be a direction orthogonal to (or 10
intersecting) a longitudinal direction of each scale, and in this
case, a plurality of Themmdsadh chetiorieesgonuoves hederustago sy, hfve
to be arranged in t?e %!rgﬁtion Qrthogonal to the periodic direction
of diffraction PP Ry Y FGPEHEr HLEGEH Medddifpte ARG LRVF dtaf TGy

of heads that ame as¥angedids Wthﬁﬂ“ﬁhec'e%% 6Elokd r%ngie“’x&téhoghe

orthogonal to thé perioditc direction of t iftraction grating.
Further, in easkashréhenieraddenents ahevr€erbhetandechnsibpetixed to a
exenplified where the encoder systemis enployed that has the
configuratien PRefaFeripest 52lvry dect pbate wherX theapticidgaaripytteand
scal es) are arr, t fer table. fer_stage and,so_as to
face the grati ﬁggggc%tllgg ,abri%ﬁgghaggd{ aullr%‘lttaégf ﬁ’g e st%%éfaf’h%g grount

heads) are pl agedmoihsddfed Be YBfErasStRGE. 2 5ONGYEL1 el BB &S Rhe
invention is not limted to such an encoder system and an encoder

syst em havi ng measaeperegjuvatlinvea @6 Y ninkleiréhremetsderl ShendsZ ar e
arranged on a wafer_sta and so as.tq face the encoder heads, _ .,

t wo- di nensi onal™ ?5???@%%5? ﬁaﬁ-ﬁqﬁ?@i'onﬁqﬁnﬁl R M UEEeBE et isnal
grating seghi 0askrateil) atUngubel derdtnGalfl &s S AUSATRY AfiRabEd by
enployed. In this case,” when Z sensors are also placed on the upper
surface 143 bEitdeiwalied ist BUR, 38hHthatwhedisnesiadadoYgraaid g3 oksted
t wo- di mensi onal | y pl aced ong-di nensi onal grating sections) may also
be used as thed3Fe | FctirResRT deeshenti digpreéen tfomebsur@rentinpdahs

fromthe Z sensgr i e se t.h ncoder S hawyl such
a configurati ozgi Zi%%p’f%ﬁé’g?gga%‘?@aﬁnﬁ ?ﬁét %asgllrr;%‘lmle%}ré ‘E’]%eir?lneero\ét gglf‘%aa

in each of theeenbodidmrdShabsseg watelestiage b3 Tanberstdy @nNsédne
t he neasurenent di rect_i on of the encoder based on the measurenent
val ue of the ed@¥dendaridlratedati vdishante "' atmsbs -¢f ditection from

straight line LV (Y linear encoder 70C) using the mathematical
functions z=f;(y) and z=£f;{y} respectively, main controller
20 loads the measurement values after the correction and the
measurement values of ¥ interferometer 16 {to bemore accurate,

20 the measurement values of measurement beams Bé4; and B4;) into
the internal memory at predetermined sampling intervals.

However, since the positions of Y heads 64 in the XY

coordinate system are already known, correction information
{e.g. correction map) of grating pitch of Y scales 39Y; and

25 39Y; can be independently obtained by setting up the
simultaneous equation using the sampling values that have been
obtained in the above-described two operations and solving
the simultaneous equation.

Incidentally, in the usual case where reflection surface



10 scale. Wth this operation, wafer stage WST can be driven in a
desired direction with high accuracy using the encoder, w thout being
af fected by the unevenness of the scale. Incidentally, in each
of the enbodi nents above, rotation information in the ex direction
(the pitching anount) of wafer 15 stage WST is to be neasured by
interferoneter system 118, but the pitching amount may al so be
obtained from for exanple, the nmeasur em gnt val ues of a pair of Z
sensors 74ij or Z sensors 76pg. O, for ‘exanple, one or a pair of Z
sensor(s) is/are arranged adjacent to each head of head units 62B and
62D, 20 sinilaldp ie meadnuadesl GlanendtbaCineavmhielse pherstingy afotin
may al so be obtai_ned fronltge nmeasur enment val ues of the Z sensars

that face X scdPESSSHIOP AMFT36%01T dUFSLrrdetYd SAHIFCERPR i &Fi bhe
posi tion inforpahheh, Ak W LheSt308aVRd N FhLSChi »

of freedom that igl?gt Re X axies,ﬁ-gS %a%(e: s, @%Ig’xi&sl?g%go‘% e dEBLERE
Syandexdi r ect | owsecaabe e asdfferdsiSdgrgwsha neftoDaerd raad 1 bh & hdwh e PIGES .
Wi thout using interferoneter system 118. The above-descri bed ,
neasur ement dof 383143 dnvrFepFEege BAT srYwaceratehydevmredindihe¥tavits
of six degrees eed by .t he encoders d the 7 sors. .may b

per f or med 144d%_t6?£%1r1?%y891nm ﬁtggeﬁap%esrﬁga %@?ét%%%?ep+§nﬁgéf%%tﬁ°r§y ‘E’Iﬁ:@'e
al i gnment oper abh@Ro BN k- hk he-S3US oRBBP1 Rar P @ akk Ofs Tl 83GkPes the
earlier. Further, in each of the enbodinents above, the 5 neasurenent
val ues of the entveetiaysipsm dnstaay bé Coximrttde bessdrarernthwalue of

correction inf %r mati o descri\lla\féi earlier so that the peasurenment
error of the e cbﬂié?r%;ﬂ“&ﬁ]er & % Ec BF 898 RF R eh E2 4 pl acement of
waf er stageoWsT (relzat et sphagemsie obthe %I?t%qrﬁﬂ e c\%ﬂsﬁ?gﬁéidm

a direction different froma 10 predeterm ned rection in

waf er stage WSInfsrmhiiven(eig canpendahathp)Hofvgyetind petelt esentscales
invention is not limted thereto, and for exanple, a target position
at which the pdSftiddH dPYnesPesthiRl METals Sertyahloge2l dpovan ¥afer

based on the CoLLeeiisans kN T9!d B AISK hDSY RBYF 1BLEe 4F,1 YANG,

similar procedures to those in the case of FIG. 32 or the like

15 described above. In this case, as in the case of acquiring
correction information {(e.g. correction map) of grating pitch
of Y scales 38Y; and 39Y;, the measurement axes of ¥
interferometer 126 and ¥ heads 66 indicated by being circled
in FIG. 34 that face X scales 39¥; and 39X§ respectively are

20 not coaxial, and therefore, the influence of the apparent
yawing amount of wafer stage WST that is measured by the
interferometer due to air fluctuations is included in the
measurement values of X heads 66 that face ¥ scales 39%; and
39%; respectively (X encoders 70B and 70D), as an erxor

25 {hereinafter, shortly referred to as a yawing-attributable
error). In the second embodiment, however, the apparent
yawing amount described above of wafer stage WST that is
measured by the interferometer due to air fluctuations can

be measured using a pair of Y heads 64 indicated by being



15 waf er stage WST based on the neasurenent val ues of the encoder
system O, in the exposure operation in particular, while driving
waf er sage WST based on, for exanple, the neasurenent val ues of the
encoder system the position of reticle stage RST may be corrected
based on the correction information 20 described above.

Further, in each of the enbodi nents above, only wafer stage WST is to
be driven based on the neasurenent val ues é)f the encoder system for
exanpl e, when exposure is perforned, but ?or exanpl e, an encoder
system that neasures the position 25 of reticle stage RST is

addi tional |l y arqizeded iantfG.e34 thet feagd RSTLemyonl Iul BRYdréspacthasky

on the neasure t val ues_of thi ncoder system and based on
correction inf gr)r(?]n%lrfcfoélr?rgc%% aPﬁJ%Fg- pﬁ_’iatti i Rt b7 FAEFBFO1Y Hhrcount
reticle stage iaitbg SN FRULCGE N HoBBEL O Nt 7cTRAEY ﬁtgleby

reticle 145 interferoneter urther, 1 n each

enbodi ment s abaverethbor da€ohmast heen ey aimedi vhierod precdliesesoy; and
primary ali gnment system and four novabl e secondary alignnent systens
are equi pped, 21z 5hat jaremesrarkiatnedigeddranas FeignaeHirodfer 20

areas on the W%faﬁrob%%‘i q:qlteeg éjreinq: %Q‘%W%e%gen%egégg%q%n%oo eeéﬁf&g%%

the five alignment systens. Wwever Thd t

do not have toshagaowabhaseansh tine aélm@ran.ﬁJ@eépi&art)&eaé&ﬂga&%n of

systens may be any nunber. The point is that at |east one 1
al i gnment syst éhetprir o8 éstederanl/0dramehf 00mr Kbieon maimatentorilly rhds
to be arranged. |ncident alé%‘%, i n,each of the enbodi nents ahove,  the

exposure appar éff“ﬁsc%ﬁﬁ%:p y\k’?'ﬁ_irl‘r%'fstl}rré'fﬁﬂﬁ?b]s? SFE s FesepHies epgve
from waf er 1 gt ag@i%-rthé"’@fp(ﬁ)larbﬁt S}'(éﬂllr@r alBufhPhat has been obtained in

the manner described above.

While correcting the yawing-attributable error as is
described above during the movement of the wafer stage WST
in the +Y direction, main controller 20 sequentially loads

15 the count values (the measurement values of X linear encoders
70B and 70D), which are obtained from a plurality of X heads
66 of head units 62B and 62D that are sequentially placed facing
X scales 39X; and 39X» according to the movement, into the
internal memory at predetermined sampling intervals. Then,

20 for the similar reason to the above-described reason, main
controller 20 also obtains correction information of
deformation (warp) of grid lines 37 that sequentially face
the plurality of ¥ heads 66, by performing statistiecal
processing of, for example, averaging (or performing weighed

25 averaging of) the count values loaded in the internal memory.

Further, also in the case of obtaining the correction
information (e.g. correction map) of grating pitch of Y scales
39Y; and 39Y; and/oxr the correction information of deformation

(warp) of grid lines 37 by driving wafer stage WST in the -Y



15 exposure apparatus that is disclosed in, for exanple, the panphlet
of International Publication No. WO 2005/074014 and the like, is
descri bed. The present invention is not limted to this type of
exposure apparatus, but as is disclosed in, for exanple, Kokai
(Japanese Unexam ned Patent Application 20 Publication) No. 10-214783
and the corresponding U S. Patent No. 6,341,007, and the panphl et of

| nternational Publication No. WO 98/4079L,and the corresponding U. S
Pat ent No. 6,262,796, and the like, also 1n a twin wafer stage type
exposure apparatus in which an exposure operation and a neasurenent
operation 25 (€igecherkiddiertgdhy ayrran Bl Lgiieat IisBnpndaid beking

executed substantially.i,n rall el using.t waf er stages osi tiqQn
control of eacf%‘im\%\%fcé3 Sé‘fjgﬁggﬁ%fhtgf pert _dr%%lrﬁfé’cﬁhe_bfrﬁfd%&es %em
described abovgrfe&dLrsil 16LGro 3 Rest| &&eripkB LhbFe GG aOY
appropriately setting the placenment "and the length 146 of each l?1ead

unit, positionpeofdrmad.of each wafer stage can be perfornmed using the

encoder system described above wi thout any change, not only when the
exposure operation ME3PHEPLLE nEBeBECIMLEENNREA coREeRblRiRRmation of

e B e oonBEi il ol nd A0S 80 DRA ML (HOL.0RT, DS 1138 U

during the neasurenent operation nmay also bDé~arranged separa ePy rom

the head unitsydescrdsheadabevend GRAtiagbgich JrOrheXRmntA.esf, onpihead
units that are placed in the cross arrangenent assunm ng one or two

al i gnment systemizolles Efsperinmms fhe sanrarmpsdesands pusitthieonas®
i nfornmation of ,each fer stage may al so pe sured, ysi ng these
head units and CBFrées oﬁé?ﬁ‘@’ %ﬁﬁ}{f&hgcgl'%’él? égﬁeggf%’?ﬁr)d \Eﬁ‘@ng‘f"ﬁéls

measur emenio OpgL AddtARn $nPEFIIRE. |BkiNe st ¥h MRl BLoSEAGG o WPEL pe
exposure apparatus, at |east two noving scal es are arranged on each

of two wafer stmgdgssd.and when an exposure 15 operation of a wafer
nount ed on one stage,is finished, the other stage on which a next

waf er whose mark defeBERGRENtFife (FHkirardhienpeatipg) s igithy the
t i1 ' t i { .
bost 1 o i n-osspneitioR LIRS chB BATRE BedN BB G rea

operation 20 pfsf eramplen PArdidaaningt Bné e@epesun el pamatien i S not
limted to mark detection of a wafer and the |ike by an alignnent
system butS detesdbibedorbetn Raceyitifieendinem ipl e widbhfdimestdon, on

ot oction of | WLOHI AL BIWEH The WoPk 0% a@PicErdn. the cortedtioh

detection or in tco Wi

Incidentally, idrsashieh Shernbeduneils IQVes LBGuLARE HagrPgenne
expl ai ned where whil e each wafer replacenment is being performed on

t he waf er st agea\6¢& sepissariietSeel BCHksEnrdret vak )warp pan fer nesswsidng
D bar 46 on t{‘]fisnggseglrseggr}]}e %E:gggra'\lésl-; Sifggr'u the viewpoint of accuracy
'
20 and workability.

In the second embodiment, the other control operaticons
of main controllexr 20 and the configuration of the apparatus
are similar to those of the first embodiment described above,

According to the exposure apparatus related to the

25 second embodiment described so far, the effects equivalent
to those of the first embodiment described above can be
obtained, and besides, since wafer stage WST does not always

have to be moved at an extremely low speed when acquiring the

correction information of grating pitch of the scales and/or -



147 However, the present invention is not limted to this, and at

| east one of uneven illum nance neasurenent (and illum nance
nmeasurenent), aerial imge neasurenent, wavefront aberration
measurenent and the |i ke may be performed 5 using the measuring

i nstrunments (measurenent nenbers) of measurenent stage MST, and the
measurenent result may al so be refl ectedi nexposure of a wafer to be
performed after that. Specifically, for gxganple, adjustnent of

proj ection optical system PL can be perforned by adjustnment device 6B
based on 10 the neasurenent result. Further, in each of the
embodi ments abébe, CQ#ﬁ?Q?éQPe%ﬂfﬁﬂwaﬁéoar¢%N§@Qraﬁtipnm¢fwﬂmsunémbhines

t MST d t trol urenent s al.so be
Ser Tormed usi NG ERR Tttt REShsFHITatG Chi T desthr RReR HEaraon That

Is, a 15 rmvabbﬁepwomgsen@wrtrbeelwfﬂ{f%%aeﬂoﬁ TAHEBS YhEMel N
encoder systemis not limted to the wafer stage.

I nci dental ly, anskoecwpsfriddcoBasind.n size and wei ght of wafer stage
WST, the scales are referablé&placed as close as possible to wafer W

on waf er st3ge WST. feptat sy ol b 6361 oFG-herrbadimests degrrird g
stage is incregsedae dﬁl‘%ﬁ?‘i@%onﬁm Gagh gLaPﬁfn#]tam%ﬂh' Q%QE d:.‘%]’f %@tfor}xe

X-axis direction an axl s I rectron our

pi eces of posigrepindtpatati@le RBY iBe £ HeaRBEY sese@rsaw akleg satet@nst
in an exposure operation of a wafer by increasing the size of the 25

waf er stage anfir¥errda$hagendrsledi seupeed Hyetheehlatnsaisr obftlerakate 15

I df ng each ot her. Further,. instead, of increasi.ng t
P ha wat or st aogotatadly BTl Lhe DRSSl avEEEREY o3 ke 1 edted”

portion ofi1d heygead®, Psd &Hﬁ@ﬁsfzé&é%bb%a!\@afl%'b v @8frerPin RhdakRferfent
scal e on the outer side 14
direction of an encoder based on information on the flatness
of a scale and the measurement value of the encoder,
independently of acquisition of the correction information
of grating pitch of the diffraction grating that the scale
15 has. That is, when driving wafer stage WST in the Y-axis
direction or the X-axis direction, the measurement value of
the Y encoder or the X encoder may also be corrected based
on information on the flatness of the Y scale or the X-scale.
In this case, as the scale-attributable error, the measurement
20 errox of the encoder that occurs due to the flatness of the
scale is corrected. Further, for example, in the cases such
as when the flatness of the scale is favorable, the measurement
error of the encoder that occurs due to a grating formation
error of the scale (e.g. including pitch error and/or
25 deformation of grid lines or the like} may only be corrected
as the scale-attributable error.
In this case, the flatness of the scale includes not only

the unevenness but also the inclination of the surface of the

scale. That is, even if the grating surface of the scale has



of the wafer stage nmain section using an auxiliary plate on which at
| east one scale is arranged, the distance between a pair of scales
arranged facing each other may al so be increased simlarly. 5Further,
in each of the enbodi ments above, in order to prevent reduction in
measur enent accuracy due to adherence of foreign particles or stains
to Y scales 39Y1 and 39Y2 and X scal es 39X1 and 39X2, for exanpl e,
coating may be applied to the surface so to cover at |east the
diffraction gratings, 10 or a cover glass maybe arranged. In this
case, in a liquid i mrersion exposure apparatus in particular, a

li quid repell efthegrigthetldtreskideprery ial Sioe bese vhe edada ittsel§dakésnes,
(grating surfaces a Iigyid reggllent filmmay al so be forned on

, _or
the surface (ufdETeSWFAISGRECTEPT (FeacEvaT tiriableenerd Riebhe eagpder
scale is to haygcdiLf ioRLgraft i t.hat e S [

on the substan%?a?%% %%%ﬁ#%Q%?e?ﬁ%%g??égﬁéng?}S%?ﬁa?fgﬁ#ég |8§, %ﬁﬁL

for exanpl e, didkbkecatbhédrbgiral isugsh dwy-adksatbeliuti@ne d4:093 byn faaseese
on a plurality of divided _areas, or each noving scale may be ‘
const i t ut ed® by carpeeiredi t ynoidasttaddal eshe miricherrrpn efdheotrahing

enbodi nents ab C has_ been e lifie er,e_an, encoder b
a diffraction ?é?g# gcﬁjéngégn%rf_ ogoi gh%ﬁ%%535§h€in\éﬁggagg_iqq&weg}?ny
the present ingenthénsd8deht! 41dd ad tPeSHEMuALRASAGEEr&Nd an
encoder by a so-called pickup nethod, or a nagnetic nethod 25 may

al so be used, and i rFuatdieri dm eactsof thklagibosidnenendeoserilidibabowe, the

di scl osed in, for xan'%l e, the U.S Patent No. 6,639,686 and the |ike
may al so be us&dSe has beep depgribsd, whsch BN RONERBLUPREAR SexBBvRS

al so _ ! :
as the Z sgfsopsvehdist @adepbs tépwaﬁegoit%oyaﬁ lqpttggalﬁ-ea#%{uargsémp

149 described earlier, for exanple, e aving t | ow ng
configuration oaytld Sealesusietbettibat ussng ttheisent igdbatiromomiaal 76C
equi pped with: a first sensor (which may be a sensor by an optical

pi ckup net hod 8F btHereagpereaters sidBacarehbD shides6ps¥eetHad 6pei cal |y

reads the di sphaggipnle 0l v IRASKIEIC el ebla UL L a0 LR Lhe £ ad o

direction by irradrating ap e beam e reasu .
surface and regeh¥ ungts basé@bhedieash drvcdt onAndbiNLe SOCEF gPat Na) pitch,

drives the first sensor in the Z-axis direction; and a second sensor
15 the correction information of deformation (warp) of the grid
lines, and the stage-position-attributable-error correction
information described above, but the present invention is not
limited thereto. For example, in the case the position of
wafer stage WST is controlled using one ¥ head {or ¥ head)
20 and a single Y scale (or X scale), for example, correction
of the stage~position-attributable error described above does
not always have to be performed.
Further, i1if an error amount of grating pitch of a
diffraction grating, which a scale has, that is caused by the
25 flatness of the scale is remarkably larger than an error amount
of grating pitch of the diffraction grating caused by other
factors, correction information of grating piltch (e.g.
correction map) does not need to be obtained in advance, and

when driving wafer stage WST on exposure or the like, position



10 (such as an encoder) that neasures the displacenment of the first
sensor in the Z-axis direction. In the Z sensor having such
configuration, the follow ng nodes can be set, that is, a node (a
first servocontrol node) in which the drive section drives the first
sensor in the Z-axis direction based on the 15 output of the first
sensor so that a distance in the Z-axis direction between the
nmeasur enent - subj ect surface, for exanple 4Othe surface of the scale
and the first sensor is constant at all times, and a node (a second
servocontrol node) in which the target value of the second sensor is
gi ven from 20 tinfogmatier qft Hefeombagel €87 iand predeterménséciiirention
mai ntai ns the p%%%g%pn,of the fiirst sensor {n the Z-axis direction so
n

that the measur' VPUE SRR Wbt 38R G reoT RN dey R fipashged
target val ue. liihBerfastmdacklCahh 15istPLtOERNI A5 TRAGN: L1 QULRY!

of the measurenent “section (second sensor) can be used as t

out put of the Znfemmaticmpd tie thettase o6ftHehecsbBeoRdfeLIstagaMIOhay
node, the output of the first sensor can be used as the output of the
Z sensor. Fart k8r driven e thsepsodet erineendbresisiomediuntdiean theoder

i s enpl oyed as 0 a _caonseguence, .positio .

i nformation of m\%/g%é?&g aggﬁqgoorf 6@% e(nv% et . a}bfaeswl% CPﬁr%ﬁnﬁ’ee%PF%ﬂ%
of six degreestak Etegsamsaanchea PRAPHREIUSLALLE R 8BERHUSK . Further,
in each of the enbodi nents above, as the Z sensor, sensors by other

det ecti on net hdafosmat s ot Feaswpkoyedii thFpesdidon infeaetioh dheafer

enbodi nent s abo¥e t Cpnfiguration and the, conbi nati on of a
plurality of intaPfe %Jﬁét‘"eras PRETCHBHSTCB  pOsTETorD RRBFIERS & of

vaf er st ageoWsInakerdindde¥ Eggtéﬂ 11t oR0Rhi guiatjson and the
conbi nati on descri bed above. Any configuration and any 10 conbi nati on

of the interferonetelridepbelepplinpadhas fiar emsodiasint s deskni bsdab dws,
of wafer stage WST in directions other than the neasurenent direction
of the encoder *B§steaaPsBE inpadirddutrhée pRiinRr 2edt ke a

measurenent deylge d{0ahALess Of ANELNEh. ! b1 Al 0t £ Tel QNBLEL) g

whi ch can neasure posi ormati on stage

directions ot hetmbhedhddis 1R aput BN tbedebestdy ahdibeggceder
system only has to be equipped in addition to the encoder system

descri bed &bove. ForFustaRpl dn edrh abdve-atbodingris Aeseridmdsamme ., attso

e 28 ! hecIEaqomEnl SeMLG8e M RRL addh 538008 of S evenness

information of each scale is performed using the corresponding
encodexr, but the present invention is not limited thereto and
the flatness (unevenness) of each scale may also be measured

20 using another measurement device that 1s separate from the
encoder.

Incidentally, in each of the embodiments described above,
for the sake of simplification of the description, main
controller 20 is to control respective constituents of the

25 exposure apparatus, such as the stage system, the
interferometer system and the encoder system, but the present
invention is not limited thereto, and it goes without saying
that at least part of the above~described control performed

bymain controller 20 may be shared and performed by a plurality



are to be arranged besides the multipoint AF system However, for
exanple, if the nmultipoint AF system can detect surface position

i nformati on at exposure-subject shot areas of wafer Wwhen exposure
is perforned, the Z sensors do not al ways have 25 to be arranged.
Incidentally, in each of the enbodi nents above, pure water (water) is
to be used as liquid, however, the present invention is not limted
to this as matter of course. As the liqujd, liquid that is chemcally
stabl e, having high 151 transmttance toillumnation light IL and
safe to use, such as a fluorine-containing inert liquid may be used.
As the quorin@fduﬁﬂabﬁﬂﬁgSin@prdeQQld,aﬂamgexanwtellﬁthatmerto(mme
brand nane of United States) can used

f1 uori ne- cont ai Fnﬁo??‘f’é‘?% A4 §are~i %taﬁesgsgxﬁ’é‘iilfé“rﬂ HkgnPasre 98 hieof
cooling effect peEUl8Rdnt 331508 47 FUbdendd Y ggg\@én(f,h hasy %Jf%&)&?céﬁd’e

i ndex higher than pure water (a refractive 1ndex I's aroun

for exanple, | igsi ﬁlmeigmatéﬁfgymbmvmy nadexreangdd ader dHegbentidian
1.5 may be used. As this type 10 of liquid, for exanple, a
predet er ni ned PEGIAT RAVFFYHGIHE B né'ilﬁ‘@h@?r Ghe m%"ﬁgsg%bﬁché}ontml

i sopr opanol Liye | oyt 1.5 ceral

(glycerin) hav%%gg%%rl% béraﬁ‘l ve THt e>?)i(% g@u‘?‘j? @fg ag'iﬂ%/ sdé’taé’len}-‘?'ne%e
liquid (organi gesol ¥&dby Heiehads, NAXADE male 2881 Pfedleaa T tvBe-wise
decalin 15 (decahydronapht hal ene) having a refractive index of about

1.60, or the |bke cempuiercgpraatansitedr seits aeloperatidmaf thadhtcannedllnr
m Xi ng arbitra é t wo OF‘ npr e of he abovye- des ribed redet ermj ned

li quids may be“tis®d®a6F & ISFaﬁFﬂ SAETRELSES RaGi PG PRARPr TokE the

predeterm f@d Liguigh tacg (W AP 20 may al so be used.
Alternatively, as the liquid, %1 |e§1u:ggbg%t ai ned by addi ng (m xi ng)

base or acid such aSEdca;:leﬂealI}C th@bonsﬂghasatl@h didzhe padamenil)ofPihee
wat er may al so be used. Moreover, a |iquid obtained by adding
(mi xi ng) parti @NeS YT SKFLERi dbeotntisrE arprates Séﬂmt?’ﬁ) r U e nfehf

al so,be used.  20:dEagal il 5880, LrASH beAle BGIISL L asel. Loy

Further, as the as a snm sorptlon

coefficient of eka@;mes i $nd e gokeRMEnatt rsayﬂ ng@.ﬂﬂ@ﬁlhe F}@Gehﬁ isbaRt ford O
a projection optical system(tip optical memper) and/or

phot osensi 13 veliageftlindited tortdtenct | Kexr ¢xdmpXe, opveath 6f khp epbodiments
above, the case has been exemplified where a pair of Y scales

39Y; and 39Y; used for the Y-axis direction position
measurement and a pair of X scales 39%; and 39X, used for the
X-axis direction position measurement are arranged on wafer
20 table WTB, and so as to correspond to them, a pair of head
units 62A and 62C are placed on one side and the other side
of the ¥X-axis direction of projection optical system PL and
a pair of head units 62B and 62D are placed on one side and
the other side of the Y-axis direction of projection optical
25 system PL. However, the present invention is not limited to
this, and only one scale of at least either pair of Y scales
39Y; and 39Y; for Y-axis direction position measurement or X
scales 39¥%; and 39¥%; for X-axis direction pesition measurement

may be arranged alene, not in pairs on wafer table WIB, or



152 an antireflection film or the like) coated on the surface of a
wafer, is preferable. Further, in the case an F2 |laser is used as the
| i ght source, fonblin oil may be selected. Further, in each of the
enbodi ments above, the recovered 5 liquid may be reused, and in this
case, a filter that renoves inpurities fromthe recovered liquid is
preferably arranged in a liquid recovery unit, a recovery pipe or the
i ke. I ncidentally, in each of thg.enbodi nents above, the case
has been descri bed where the exposure apparatus is a liquid 10

i nmersion type exposure apparatus. However, the present invention is
not |imted theréymnedheadainidl 98 de least ablheappiiedft bead dmiteyeRA
exposur e appar at ys at perfor exhosur.e_of wafer Ww thout _|iquid
Cobtery - Purenard e BreRetd Rodrs ol Bhbotihany oo aovensrae. CHSEIeG
has been descrichgdhehgohnt, RheSRNd QUENEd QRel 51 e'degx{:é}lcfl_n and
scanni ng exposure apparatus by a step-and-scan nethod or the |Ee.
However, the ptbsefitrecmientiromhishndte head tued tscatdiagrabgdd raycadiamy

be applied to a static_exgosure aggaratus such as a stepper. Even
with the stepp@Fediok HAMEFRe, thpropogenah dirgctenech vh toe &-atiage

on which an Obh?fé?éal:g}l %k Eﬂeefp%q&%r %1%3(:@&9&%89.%5551 eor}.c%gx rs,

occurrence of posit1 on neasurenent error cause alr |Uctlat i ons

can be m ni m zegbsadiedrait abbly, _tm;tzem?rl h&e 6L bel BibOESL GRS @hatt
beconmes possible to set the position of the stage with high precision
25 based on thénhewsaatendel othenes Fofrthér, dheaumriodindlisachiof ofhighe

correction infqr tiqp descr| bed aboye, and as .a _consequence, highly
accurat e transgéfg%‘3§£WEFFE#ém%éFPb¥ﬁ 8n?if?qﬁ§98bfﬁg?g%ﬁﬁﬁb§° (or
per f or med. 1 rur m@émé&tangﬁ 65 QBhgh PYSINA 1081 £88c ArS 8N APRLARY, bRaan
reduction projection 15
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 diffraction grating. Further, each
head unit may have a plurality of heads that are arranged
15 without clearance{s) in a direction orthogonal to the periodic
direction of the diffraction grating.

Further, in each of the embodiments above, the case has
been exemplified where the encoder system is employed that
has the configuration in which a grating section (the X scales

20 and the Y scales) are arrangedon the wafer table {wafer stage),
and sc as to face the grating section, the head units (the
X heads and the Y heads) are placed outside the wafer stage.
However, the present invention is not limited to such an
encoder system, and an encoder systemhaving the configuration

25 in which encoder heads are arranged on a wafer stage and so
as to face the encoder heads, two-dimensional gratings (or
two-dimensionally placed one-dimensional grating sections)
are placed outside the wafer stage may also be employed. 1In

this case, when Z sensors are also placed on the upper surface



exposure apparatus by a step-and-stitch nmethod that synthesizes a
shot area and a shot area, an exposure apparatus by a proximty
nmethod, a mrror projection aligner, or the like. 5Further, the
magni fi cati on of the projection optical systemin the exposure
apparatus in each of the enbodi ments above is not only a reduction
system but also may be either an equal magnifying systemor a

magni fying system and projection optic ystemPL is not only a
dioptric system 10 but also may be either a catoptric systemor a
catadioptric system and in addition, the projected i mage nay be

ei ther an i nveroﬁfeélhﬁnﬁgﬁemrstageupthegmd*magensméo\gaa;inm exposur e
area to which |IIu nation Li S |rrad| ated via projection
opti cal systemB Himiﬂsﬁ%a&%gspﬁ?% OREC Fﬁﬁ?%&ﬁ?llgrgﬁ%‘}‘%aﬁecﬁiP%S
within the fi el'ngyoilﬂ VeCld PR 5O d Ci:% l§¥§%c§{nsakfa!5@%‘ﬁ%'{: rdect the

exanple, as is disclosed in the panphlet of Internati onal I cation
No. WO 2004/ 10%8a&nréhenteeansr fran edeBysalsashe Asootih- alxe ageecthe
that does not include optical axis AX, simlar to a so- caI I ed |nI i ne
type cat adi Bpt PPEO%Et%Yﬁt&EOhﬁHl%%r%UCé‘f apgPRELGradFonchs eyl

(catoptric systedgly £atadiqpliic system, Lhat has pgga?%hacﬁ et or

surfaces and forns an eriediat e I"mage at teas ged

and whi ch has amsbﬂgh@tsmtanb@ab ayd fer RibGRERsT Lo blel Pl P&l i19h rakea
and exposure area described above are to have a 25 rect angul ar shape.

However, the shapeurgnent diteditiod @bthec&rmmgieh:abasmn rhy relasorbeent
circular arc, tr?é)ezoijsgglle, par | 1 elnggra or tt he |i ‘EE‘@
I nci dental |y, ZFight® cEO19ThE Hb‘lsg}?‘@ dFPaPAtde Fhawrrss of e
embodi ment §g abQug1ds MRkn! il Stk e Mfer 1P4ge WST can be driven in
a desired direction with high accuracy using the encodexr,
without being affected by the unevenness of the scale.
Incidentally, in each of the embediments above, rotation
information in the 8x direction (the pitching amount) of wafexr
15 stage WST is to be measured by interferometer system 118, but
the pitching amount may also be obtained from, for example,
the measurement values of a pair of Z sensors 74;; or Z sensors
76pq. Or, for example, one or a pair of 7 sensor(s) is/are
arranged adjacent to each head of head units 62B and 62D,
20 similarly to head units 624 and 62C, and the pitching amount
may also be obtained from the measurement values of the 2
sensors that face X scales 39, and 39%: respectively. With
this operation, position information of wafer stage WST in
directions of six degrees of freedom, that is, the X-axis,
25 Y-axis, Z-axis, Ox, Oy and 8z directions can be measured using
the encoders and the Z sensors, without using interferometer
system 118. The above-described measurement of position
information of wafer stage WST in directions of six degrees

of freedom by the encoders and the 2 sensors may be performed



excimer |aser, but a pulse l|aser light source such as a KrF exciner

| aser (output wavel ength: 248nm), an F2 | aser (output wavel ength:
157m), an Ar2 |l aser (output wavel ength: 126nm or a Kr2 |aser (output
wavel engt h: 146nm, or an extra-high 5 pressure nercury |anp that
generates an em ssion line such as a g-line (wavel ength: 436nm or an
i-line (wavel ength: 365nm can al so be used. Further, a harnonic wave
generating unit of a YAG |aser or the liE% can al so be used. Besides,
as is disclosed in, for exanple, the panp ?et of International 10
Publ i cati on No. WD 1 999/46835 (the correspondi ngu. S. Patent No.

7,023, 610), a H@tnemly inatie exbpshrd spebaticredbby sdmpl if phagldgnment
si ngl e- wavel enggth | aser be in the infrared or visible range emtted
by a DFB sem coﬁ’&ﬁ@?ﬁ?nl %i%‘grgroﬂ:h?i g%?uf’r JEEPLRE QRRAATRON ERSVT RS
light, with a fd_Rescanplifier doped 15 with, for exanple, erbium (or
both erbiumand ytteribiun), and by converting the wavel ength into

ul traviolet |ight usFugtlemonhi agel optiheakbnbsyiSicalts EByve) Ihebe
used. Further, in each of the enbodi nents above, illum nation

| i ght | Lof t héex PGSHEaPPAT FEdEes Lhshe|enaaded svstamears dint beGaraerhed a

wavel engt h equg| r hap. 100n and it is needl ess . .to sa

that the |ight %ﬁlg%lanog{ gﬂg\/\/gyg 8‘%‘3%%“ ggssnfl%talnorﬁ‘é%?ﬁl??&gl %aérstj's?é:o‘s.o é}&‘?t
exanpl e, in receatmyBRremehd el of @hEXENRIeR RAIHE, NBURbcd & Lhue
| ess than 70nm an EUV (Extrenme U traviol et) exposure apparatus that

makes an SOR oftogths diapla®nieaterf wsfar stghe UL vel ageiver ditsp lageieht
light in a soft X-ray rapge ,( . a wavel ength mange from5 to 15
nm), and uses &%t B%%Ih‘?ae#]I%é‘gt ?5% St HOn2 ot RSHLOTy L EFSTRIG dRem 2
under the eypOSWEEeVEMRIRROBR L& Tbn 33 h iy

has been devel %pedé In the EUJ\C/ exponsuge‘?}gﬂ;:)@pha?"aagﬁg,&ta[?g h%gfils ﬁrﬁéﬁ'
arrangenent i nisticopessabad ngHexposty ehe prpsehiol reehbyorsyfnabt QARUSEY
scanning a mask and a wafer using a circular arc illum nation can be
consi dered, and"BR&Yf G TeReoPRERENt 3 fhpenet pdddonl ab Waduithabl y

li ed .. ' sl
applied to S“CQPE%‘PE %%“f;iffe%sr gLy 15088t 483 pd B REEPE haged on

i nvention can e app n exposure apparatus

charged parti ckRebesiteiioh a6 fermediRal HeBchasdn Abord, | R REMPivin
Further, in each of the enbodi nents above, a transm ssive type rrasi

(reticle), i vafes sfjagedifdibasdd/en the measurement values of the encoder
system. Ox, in the exposure operation in particular, while
driving wafer sage WST based on, for example, the measurement
values of the encoder system, the position of reticle stage
R8T may be corrected based on the correction information

20 described above.

Further, in each of the embodiments above, only wafer
stage WST is to be driven based on the measurement values of
the encoder system, for example, when exposure is performed,
but for example, an encoder system that measures the position

25 ofreticlestageRST isadditionally arranged and reticle stage
RST may also be driven based on the measurement values of this
encoder system and based on correction information according
to position information of the reticle stage in the

non~measurement direction that is measured by reticle



10 substrate on which a predetermned |light shielding pattern (or a
phase pattern or a light attenuation pattern) is forned, is used.
Instead of this reticle, however, as is disclosed in, for exanple,
U.S. Patent No. 6,778,257, an electron mask (which is also called a
vari abl e shaped mask, an active nmask 15 or an inmge generator, and

i ncl udes, for exanple, a DMD (Digital Mcromrror Device) that is a
type of a non-em ssion type inage displa¥ Qevice (spatial Iight

nodul ator) or the like) on which a light-=transmtting pattern, a
reflection pattern, or an em ssion pattern is forned according to 20
el ectroni ¢ dat dngerfpcopettaeddsthat is to be exposed may al so be

used. I n the case such var| abl e, shaped nmask  is used, a stage on
which a wafer, a gl aggr%left’el%tealsheoqalp‘?% SOORLIRTERSY aPQ"%oé'—%lﬁe%a% bas
respect to thepyuani aphes ShaPte FRSK i - SUfd
position of the stag*(;ﬁL usli ng thee 25 gngg%éc? %glgggead]ﬁ%%getﬁg%aégg&
based on the nEasureoesntle dedesdaty tdld qameadesysuuhsC areesqiipped, and

information_according to position information of the stage in the
non- measur efenfldPRBERT difakfaprFangRhdiy 86 pYignRentnebet cxxans en, thee

ff i val hat, of. each of the enpodi b be,
eftect equiva %Q%e&%r,t_eu?%%%cﬁe%ﬁfn +8E d%egq%e%gggt%a%?% %F%B%\é%ﬁ%gﬂle[ g%ve

156 obt ai ned. as’is I

panmphl et of | NagkgAhéeoN alysPebs | Cﬁbh@{ﬂeﬂothm&ﬁ@ééQ?@l@ nmbRE PSRNt
invention can also be applied to an exposure apparat us (l1'i thography

systen) that fépmptllare amdegnoaeblparndrthe romberwel sxcdndafrgratiiggment
interference fringes on the wa Mor eover,, the prese

fer. nt
i nvention can &F86°BR HphPCed ¥ oM HIPBxpobtt LUPFarat HRAY 1Ryt 1east one
Synthesi 2eso [ WA1EGhAG RBLERT it t0Raf JAIEI: UhAofndOhBELE b QPLLES]

system and al nost " 10 si nul taneously perforns doubl e exposure of one
shot area on thelyaizs tiy benerseagwd.ng exposure, as is disclosed in,
for exanple, Kohyo (published Japanese translation of
Incidentally, in each of the embodiments above, the
exposure apparatus equipped with measurement stage MST
separately from wafer stage WST, which is similar to the
15 exposure apparatus that is disclosed in, for example, the
pamphlet of International Publication No. WO 2005/074014 and
the like, is described. The present invention is not limited
to this type of exposure apparatus, but as is disclosed in,
for example, Kokai {Japanese Unexamined Patent Application
20 Publication} No. 10-214783 and the corresponding U.S. Patent
No. 6,341,007, and the pamphlet of International Publication
No. WO 98/40791 and the corresponding U.S, Patent No. 6,262,796,
and the like, also in a twin wafer stage type exposure apparatus
in which an exposure operation and a measurement operation
25 (e.g. mark detection by an alignment system) can be executed
substantially in parallel using two wafer stages, position
control of each wafer stage can be performed using the encoder

system described above (refer to FIG. 3 and the like). Inthis

case, by appropriately setting the placement and the length



I nternational Publication for Patent Application) No. 2004-519850
(the corresponding U S. Patent No. 6,611,316). 15 Further, an
apparatus that forns a pattern on an object is not limted to the
exposure apparatus (lithography system described above, and for
exanpl e, the present invention can also be applied to an apparatus
that forns a pattern on an object by an ink-jet nethod.

20l ncidentally, an object on which a pat%§%|1 Is to be forned (an

obj ect subject to exposure to which an ehergy beamis irradiated) in
t he above-descri bed enbodi nents and nodified exanple is not limted
to a wafer, butfmagcheeatouhit, gysddtosucintalaoctl esch phfite,sidge can
ceram c substrat a filnmreriber, 25 or a mask bl ank. The usage of

the exposure aj ﬁgﬁ’%’ﬁiﬁfﬁeg HE Fhe £BECEYF PHETER FESGFEPeHARPEE Witk
for manufactur 'a'ﬁg %ﬁﬂ@%?ggé’t?%?iz wqu%‘ﬁ: %?es exp0Su P %ﬁggét:‘.d‘nv??%g}?o%ﬁ@d

be widely applie xanp an~ exposuré appar a or
manuf act uri ng buguallso MhénCtiés nadastirspbaly RWaeesnWH ¢lrtbafed er sug,

liquid crystal di sgl ay device pattern onto a square-shaped gl ass
plate, and > @ancther head unit that can be used during the measurement
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
10 information of each wafer stage WST may also be measured using
these head units and corresponding moving scales (62B to 62D)
when the measurement operation is performed. In the twin
wafer stage type exposure apparatus, at least two moving scales
are arranged on each of two wafer stages, and when an exposure
15 operation of a wafer mounted on one stage is finished, the
other stage on which a next wafer whose mark detection and
the like have been performed at a measurement position is to
be mounted is placed at an exposure position, in oxder to
replace the one stage. Further, the measurement operation
20 performed in parallel with the exposure operxation is not
limited to mark detection of a wafexr and the like by an
alignment system, but detection of surface information (level
difference information) of the wafer may also be performed
instead of the mark detection or in combination with the mark
25 detection.
Incidentally, in each of the embodiments above, the case
has been explained where while each wafer replacement is being
performed on the wafer stage W3ST side, the Sec-BCHK (interval)

is performed using CD bar 46 on the measurement stage MST side.



to an expoSure apparatus for manufacturing organic EL, thin-film
magneti ¢ heads, imagi ng devices (such as CCDs), 5 m cronmachines, DNA
chips or the Iike. Further, the present invention can also be applied
to an exposure apparatus that transfers a circuit pattern onto a

gl ass substrate or a silicon wafer not only when producing

m cr odevi ces such as sem conduct or devices, but al so when producing a
reticle or 10 a mask used in an exposure;gpparatus such as an optical
exposure apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and_an el ectron beam exposure apparatus.

| nci dental |y, FRECHBVabihe Bagyedt i venideamtambt Ranibedbte thdgy and

drive nethod of .t resent _invention.can be 15 applied nof only to

t he exposure aSBa_?%?%ts,o eutOfcgﬁegT%olq‘&élméBSP?%d“?ﬂ%g‘é:FV??g {ﬁrl’fgr
substrate processimthaRRARRLYEESNESUCH 222181 | ARffe MRARLFeRRRAr atUs, a
substrate inspection apparatus and the like), or to apparatuses

equi pped wi t h aaweliadeabedse Siveimess wreseay@ntiidte okeesawbe ivier farRéd
t wo- di mansignal | ane of such as a position setting apparatus for

speci men or>a WPHRY POHITTGSHPPAT atRREGURCBE fle fMABEFERPBh hadRLsesOf
Further, th h t I I
urther e e?ﬁQQéHfé?neal—&p%‘c\%gH?'Méf, ear@at. gr&é%@@%hggggﬁgﬂ ?}%&1531%‘

each of the enmbodi nents abo i'S manufacture

vari ous subsysbemeflehted ihnmdgudarther 5 acFeettiosse papssindteatted bRdt .

are recited in the clains of the present application, so as to keep

predet ermi ned fieepaftdllvacEer axpmpékeecadiveiment f aeglariapoptatal

accuracy. In ogde o BrSESUrE the%e vari.ous ki nds of accuraércé/aab fore
C

e
and after 158°¥heTaddeBlyP® BRFGSFRERSY S4ERFEAE FRE-5ht sed on
accuracy fo5 VR S Rkkad! rsmgiens, adjustnment to achieve the

mechani cal
Further, in each of the embeodiments above, the scales
may be arranged also on measurement stage MST and position
control of the measurement stage may also be performed using
the encoder system {(head units) described above. That is, a
15 movable body whose position information is measured by the
encoder system is not limited to the wafer stage.
Incidentally, in view of decrease in size and weight of
wafer stage WST, the scales are preferably placed as close
as possible to wafer W on wafer stage WST. When it is allowed
20 that the size of the wafer stage is increased, however, two
each of position information in the X-axis direction and the
Y-axis direction, that is a total of four pieces of position
information, may be constantly measurable at least in an
expesure operation of a wafer by increasing the size of the
25 wafer stage and increasing the distance between a pair of
scales placed facing each other. Further, instead of
increasing the size of the wafer stage, for example, by
arranging the scale so that a portion of the scale protrudes

from the wafer stage, or placing a scale on the cuter side



accuracy for various nechanical systens, and adjustnent to achieve
the electrical accuracy for various electric systens 5 are perforned.
A process of assenbling various subsystens into the exposure
apparatus includes nechani cal connection, wring connection of

el ectric circuits, piping connection of pressure circuits, and the

| i ke anmong various types of subsystens. Needl ess to say, an assenbly
process of 10 individual subsystemis pejformed before the process of
assenbling the various subsystens into the exposure apparatus. Wen
the process of assenbling the various subsystens into the exposure
apparatus i s c@fptles ethfex sbage madpuseatinn usiperdrommsdlaady wdakeusn

ki nds of accurag s.the entire exposyre 15 a ratus are secured.

I nci dental |y, VﬁicﬁaiﬁrkfﬁﬁF PHE ¥ &Feaﬁﬁﬁﬁggﬁu FsdbﬁEﬁQﬁ%aEF§ween
performed in aaCheap 4OYBMAST &ridiendCHRBEAL Wkon BRI LI be
cleanliness and the like are controlled. InCidentally, the above

di scl osures of inheeased aimi28rpwbl i cati ons, the panphlets of the

I nternational Publications, and the U S. Patent plication
Publ i cation® and t héWt8erpatiefEENtPathar @MRAHEGNER 2RRVS o1 tHr€er to

erbodi ment s abave, AN Leakedy o, YASSUERAPRAIALYAGS AN L NBLLEK e

are each incorporated herein by refrerence. n-enbodi ien a

devi ce manuf acberfdrge iRt pegtidladhbehstdied 06e9qidad «aXPOBURRd H¥GT IS
(pattern formati on apparatus) is used in a |lithography process wll
be described. X scalesf3@X:13BERGEs, £o ewphple, coagangxeamplbe ahehied

manuf act urin vice (a sen conductor chi sych an |.C 159
9 %oq_ e surf(ace S0 as to cover at ea%t t%e d:i?fraction gratings,

10 or a cover glass may be arranged. In this case, in a liquid
immersion exposure apparatus in particular, a liquid
repellent protective film may also be coated on the scales
{grating surfaces), or a liquid repellent £ilm may also be
formed on the surface (upper surface) 6f the cover glass.

15 Moreover, each scale is to have diffraction gratings that are
consecutilvely formed on the substantially entire area in its
longitudinal direction, but for example, diffraction gratings
may also be intermittently formed on a plurality of divided
areas, or each moving scale may be constituted by a plurality

20 of scales. Further, ineach of the embodiments above, the case
has been exemplified where an encoder by a diffraction
interference method is used as the encoder. However, the
present invention is not limited to such an encoder, and an
encoder by a so-called pickup method, or a magnetic method

25 wmay also be used, and in addition, a so-called scan encoder
that is disclosed in, for example, the U.S. Patent No.
6,639,686 and the like may alsoc be used.

Farther, in each of the embodiments above, as the Z

sensors, instead of the sensor by the optical pickup method



or an LSI, a liquid crystal panel, a CCD, a thin filmnmagnetic head,
a mcromachine, and the like). As is showmn in FIG 35, first of all,
in step 201 (design step), function and perfornmance design of device
(such as circuit design of 5 sem conductor device) is perforned, and
pattern design to realize the function is perfornmed. Then, in step
202 (mask manufacturing step), a mask on which the designed circuit
pattern is fornmed is manufactured. Meanwhjle, in step 203 (wafer
manuf acturing step), a wafer is manufactired using 10 materials such
as silicon. Next, in step 204 (wafer processing step), the
actual circuit des¢rihedicakdiare fogrereoipde, theenadehabyng ithhodpldohynor
the like in a nan%er that wll b descrlbed | ater, using the mask_ and

the wafer prep&PadiPRratLars m9g12L80 X3 UsPRentha’ ds §P@pc%@-g(udfé§i'-€%
assenbl y st ep) theﬁ'fsee%§§ﬁﬁ%¥mltﬁ ne EQEE%%n‘é%B:”Q:mQﬁ %re s nsor

processed in step 204 57 nclu es processes such The arel ng

process, the b@&daﬁgopﬁﬁﬂS@;c&ﬁﬂ hétth REGEAGERG: IpAdess e Iacement
encapsul at i on) and the |i ke when necessary. 20Finally, in step 206
(i nspect i onSst EFPSCFektEhath opséFatlvrceadisr 5bﬁ|¢1%§913&¢@eflhe0$|a<e are

perfornmed on t e step 203. te thes ste

devi ces are co%%ﬁgﬁ}'[%‘%%r?}td”%%ﬁﬁﬁgds%ﬂ aceFllﬁ:-i Ag% #s §+qn ovm ng
a detailed exanpkeaoitsifp géog@%edﬁseéI@%dmaégu&méa%teﬁsj@& fsqrﬂ&
36, in step 211 (oxidation step), the surface of wafer is oxidized

In step 212 (Cepdstegg)living t&lnsmfdtecrtgdflﬂghntl,sa fiot vedeoni athehaiatietves

surface. In st&g e%%%ﬁel ectrode formation step % ,_an electrode is .
formed on the thohe Fragtefisestiqnnandgpsecond sensoxr

10 {such as an encoder) that measures the displacement of the
first sensor in the Z-axis direction. In the Z sensor having
such confiquration, the following modes can be set, that is,
a mode {a first servocontrol mode} in which the drive section
drives the first sensor in the Z-axis direction based on the

15 output of the first sensor so that a distance in the Z-axis
direction between the measurement-subject surface, for
example, the surface of the scale and the first sensor is
constant at all times, and a mode {a second servocontrol mode)
in which the target value of the second sensor is given from

20 the outside (the controller) and the drive section maintains
the position of the first sensor in the Z-axis direction so
that the measurement value of the second sensor coincides with
the target value. In the case of the first servocontrol mode,
the output of the measurement section {second sensor} can be

25 used as the output of the Z sensor, and in the case of the
second servocontrol mode, the output of the first sensor can
be used as the output of the Z sensor. Purther, in the case
such a Z sensor is used and an encoder is employed as the second

sensox, as a conseguence, position information of wafer stage



i npl antation step), ions are inplanted into the wafer. Each of the
above steps 211 to 214 constitutes the pre-process in each stage of
waf er processing, and the necessary processing is chosen and is
executed at each stage. 5Wen the above-descri bed pre-process ends in
each stage of wafer process, post-process is executed as follows. In
the post-process, first in step 215 (resist formation step), a
photosensitive agent is coated on the wafgf. Then, in step 216
(exposure step), the circuit pattern of the mask is 10 transferred

onto the wafer b)./r t he_ exgosure aﬁplar atus (pattern formation
appar at us) des@FoEtR o vBR Sh HTBh el e SpERTF e PREd X derrassy f freedom

formati on methady bkenl- NeHLIpd 18" A 21 (IRXELARTORL SLEPLe Lhe

waf er that has been exposed i s and in’'s ching

step), an exposedotEf®ets 1bodd, ab MeeRsehbsk, EBABCENBy ¥ tBa rWMidketion
resist remains is renoved by etching. Then, in step 219 (resist

renovi ng st ep) MeRheds ethiadgo becemplatesd, the resist that is no

| onger necessary is remgved. ,By repeatedly perform ng the pre-process
and the 20 Post-proc %%m?leﬁm f‘f‘p?%‘g{iora’:’tcﬁgf Bare t3r 8PP B med®on t he

waf er . BYndsbighing deU £he BMHiAGEYLANGE BN 0+ § N

enbodi nent descri bed above, because the exposure apparatus (pattern
formati on appadatesfeiomeszals chat heezadredporht soraldofer®at o dfheafer
exposure met hod %pattern formati on net hod) thereof are used in the

exposure step C588p WiB)2recpfbsttithd Honthh sonbeyrpliorandehe

P e oy PRIl D8 e pa g er g, s ARl BV

patterns arLe fesmBthLeibhefi thY aredrte dddk teMPUREIRbALeARIVGARY LiaTtYas
position information of wafer stage WST in directions other
than the measurement direction of the encoder system can be
measured. The point is that a measurement device (regardless
of whether it is an interferometer), which canmeasure position

15 information of wafer stage WST in directions other than the
measurement direction of the encoder system, only has to be
equipped in addition to the encoder system described above.
For example, the above-described Z sensors may also be used
as the measurement device.

20 Further, in each of the embodiments above, the Z sensors
are to be arranged besides the multipoint AF system. However,
for example, if the multipoint AF system can detect surface
position information at exposure-subject shot areas of wafer
W when exposure is performed, the Z sensors do not always have

25 to be arranged.

Incidentally, in each of the embodiments above, pure
water (water) is to be used as liquid, however, the present

invention is not limited to this as matter of course. As the

liquid, liguid that is chemically stable, having high



As is described above, the novabl e body drive system and the novabl e
drive nethod of the present invention are suitable 5 for driving a
novabl e body within a novenent plane. Further, the pattern formation
apparatus and the pattern formati on nethod of the present invention
are suitable for formng a pattern on an object. Furthernore, the
exposure apparatus and the exposure nethod, and the device

manuf acturing nmethod of 10 the present kg&pntion are suitable for
manuf acturing mcrodevi ces . 162 CLA 1. A novabl e body
drive nethod in which a novable body is driven within a noving plane
i ncl udi ng firsttrangmiebanee é%eslltwa{flaér-endﬂtgwgbhandt sakmth withesuch

the nmethod i ncl_udin g roce S of ving. t he
it o

novabl e body i r?saadl %‘é%f %%’cﬁ&?;ifﬁ”e‘?g t]dlelrlife © Be’dd BR $e
measur ement Valf‘lﬁo?ﬁ.n@—ééﬂtﬁlnlﬂﬁe{ﬁ@f@m‘%.tq%&dt hgby %5&83 PORAR@RE

i nformation of the novable body in a direction parallel fo the second
axi s by irradi dthagbaamdasuree mEnBM Damado Saat e exdn (ba ased ac@he

arranged on_the_novabl e body, and a neasurenment value of a second
i nterferonefer ﬂ-HSFl%a%‘EﬂtésmﬁBgl’cq% LhAbtdeS 8hSDfeRRe LADBY N8 Barly

ot oot | o pBihBldibod Bfertddist . Akl ILEACLILLIY 3:3858lion

measur ement beSm t6 a Secon ection surface afra

novabl e body; has a refrackipéOness BigREEiWHan0pGos r\@%@homalﬁhfmeaiir@n
of grating pitch of a scale that is sequentially placed facing a head
uni t accordi ngipgerié arpmntehid Of, f%emnm.elquyd hnvmgaafangactlve
movi ng process,

ased o val u he se
interferoneter?: Q et ﬁ%n?r\%‘ Ear%h% e c%%i’é CahefT- g?rﬁ"isoﬁy%‘?'l
flatness ofgt hafsg%@mt heheadnsid | aC%Q%Hbi:th{}Qaci fi%qeﬂ&of%mtghatn
measures position information of t he novabl e body in a direction
paral | el to thkifhdisg oaxxd-$ biastichasuch aedswpenpatol hbutngt @ flraative

that faces the scale arranged on the novabl e body having a grating in
a predet er ni ned™PF¥ Gf #REYk lpefr dHfiveedicte b4 hieTid) (Y igdr @ StaACt ive

parallel to thg &é{:%ff é‘%‘é 1apg hgﬂda L AG 3n D g gh%&g{ior?é%{d?gﬁgﬁggﬁt)

that are placed at a term he stance a

parallel to theueﬁcmm@ﬁr&,, B8ftane or decand, pﬁoca%s:alm driving the
novabl e body in a direction parallel to the first axis, wile
correctingt néé%‘aiﬂé‘f%'frﬂné\?éllt alemraiedntr anrefiadidag tndex tnds aliovh

t he correction.ipformt,ion.o ratln h. nmovabl e body,
drive method accgéﬂl Y l_th &IlL : grcg“ é rfétﬁapﬁblv%lys’e@oﬁaq‘%’o%i ng
process of mMoVbpgaifes BYwaRERg EQQYtJ:é‘r}at@b 6@%&%ﬂ3@l{@$$@4e—td‘ésc}§§ed

predetermined liquids may be used, or a liquid obtained by

adding (mixing) the predetermined liquid to {with) pure water
20 may also be used. Alternatively, as the liquid, a liquid
obtained by adding (mixing)} base or acid such as H*, Cs*, K',
Cl™, 80,7, or PO to (with) pure water may alsc be used.
Moreover, a liquid obtained by adding (mixing) particles of
Al oxide or the like to {with) pure water may also be used.
25 These liquids can transmit ArF excimer laser light. Further,
as the liquid, liquid, which has a small absorption coefficient
of light, is less temperature-dependent, and is stable to a
projection optical system (tip optical member) and/or a

photosensitive agent (or a protective film (topcoat film),



t he second axis based on a neasurenent val ue of the second
interferoneter and a neasurenent value of the first interferoneter;
and a process of obtaining correction information of
grating warp of a second scale by statistically processing

measur enent val ues obtained from plural heads, which are sequentially
pl aced facing the scale according to the novenent of the novabl e body
in the second noving process, out of the urality of the heads;
wherein in the process of driving, the novable body is
driven in a direction parallel to the first axis while correcting a
nmeasur enent vaPlecbbtirHasrtiranfile fsadhanlikdaswdted @Méﬂwbﬁﬁ@g@¢©n

i nformation of grati itch a t coryection information o

grating warp. OgSﬁ_%é%%afté?rP%%ﬁ%ﬁ&FE%h ﬁ%ﬁhgaF’ﬁﬁb%ﬁai$ﬁfe an Iy laser
i Ehin o movi ng plane: ang s Leaners bR R B Ry OB gt

wi t hi Vi ; I Vi

novabl e body usi ng tFwertmerablneedmdyf dihevedknetihedtacborve hhetrecCiraren 1
in order to_forma gattern on tkmaégﬂ ect. 4. A devi ce nmanufacturing

met hod i ncl Udi nYTA PICFPH TEESREL 0K PR IddssCasfrepet i ber that paPe T
formation procegSyy t:}%ff%ﬂ ﬂ% %g&ggggc&;il%qgﬂsﬂ %&%fgg%ﬂ‘%n%%an%ed

pattern formatioh me accor EXpOSUT e
met hod i n whi chnaa paidieidn resoteryRchi®) anrebpesty Bypkr sadiad i1gre0f an
energy beam the nethod including: driving a novabl e body
on whi ch the object Ineigguradly, iBieaghtdfetheeabrdinrnhs ahdvee thet btk
according to aiml for relative novenent of the ene beam and.,
the obj oot . nes Bern dRbebihdl wHE AR EipoBct cARrARAL L 8o Lidiid
movabl e bogy Mﬁlﬁéfhi&:ﬂf&&bage)@%@ﬁﬁré RebHELPEs [ | ke fRY, S8eOPL-SRS
that are orthogonal to each other, the system conpri sing:

a first interfénvemtian tisanohehibuitesl posréeton butf camadlsm bef stihkably

novabl e body in dk&ection arallel to the second axis by
rradiating a MERSECREACHERH HHRPSER ARAEGR LS that Perfolms exposure

of wafer W without liguid (water).
Further, in the each of the embodiments above, the case
15 has been described where the present invention is applied to
a scanning exposure apparatus by a step-and-scan method or
the like. However, the present invention is not limited to
this, but may also be applied to a static exposure apparatus
such as a stepper. Even with the stepper or the like, by
20 measuring the position of a stage on which an object subject
to exposure is mounted using encoders, occurrence of position
measurement error caused by air fluctuations can be minimized
substantially to zero likewilise. In this case, it becomes
possible to set the position of the stage with high precision
25 Dbased on the measurement values of the encoders and each of
the correction information described above, and as a
consequence, highly accurate transfer of a reticle pattern
onto the object can be performed. Further, the present

invention can also be applied to a reduction projection



164 surface arranged at the novabl e body; a second
interferoneter that neasures position information of the novabl e body
in a direction parallel to the first axis by irradiating a second
measurenent beamto a second reflection surface arranged at the

novabl e body; a scale that has a grating in a
predeterm ned pitch whose periodic direction is a direction parallel
to the first axis, and is placed on the ympyvabl e body; a

head unit that has a plurality of heads placed at a predeterm ned

di stance along a direction parallel to the second axis, and
constitutes, tGFEPRBFS FRARUAESSEYIR Step-andoakttahaethedsthass

position i nf or @B‘tﬂ@si’{eé Qes%g: gpéa aggdysl qi %gg‘!“%\%‘%&{noﬁ ar al | elrawgus

the first axis; eCl S1 on " uni

body in a direeli anppatatitel nbehbde af'nﬁ&troéxp.@ojt@@ﬁ@noalﬁgms'é&eﬂﬁélt

value of the first interferoneter and a neasurenent value of the

second interferdketer, and decides correction information of grating
| aced_facing the head unit

itch of the scale t i S seguentiall,
gccor di ng tg the no %tﬁ’t rbagg r‘dgﬁéagb?%n‘é% {EhPa PORI BFE ¥e OREL Y
i nterferometer syat@&ﬁaﬁp&ﬁ@ﬁ@ipaﬁiféeasﬁaémseaﬁogséh %&dthé‘feqr[b%&hg&son

fl atness of the scal e; a controller that drives
novabl e body i mbaveiirsabtompanatédictiont Sigstdn,Sbudxd BsaMiby ®e either
correcting a neasurenent val ue obtained fromthe head unit based on
the correcti on®PnPEiHatiaeR 1Y 1RaeS N RY ﬁlfﬂ%ﬁ)‘ﬂlfﬁlmﬂhéymﬂhblaédbody

drive system aﬁﬂ}igé{%ﬁ[ %9&{“ Srst\éﬂe L not onl}{ hed%le%trl%e%?g%?r?’

a pitch betwee spectlv gratings of he scal e isio

noves the novabhe 4y mag laecglrtel@h:l Qeipdich 8l s§Hrdrherf & redta@tbsr Alc @
speed at a level in which short-termvariation I n neasurenent val ues

of the second FW§esMerandetar a@@htlb-mrl qnerm:loj@:teﬁmmﬂoaahﬂyebbodyther
drive system accQqr further conpr 165 parall el

to the second 3X|mvI nggéggﬁgﬁ %%I%HPE?'%? ipafee BIPng‘ée’é'eE}é‘?lﬁxposure
i nterferoneter;asg @ BASHS gﬁygﬂ{uﬁ/aaclllég Qj_?ﬁ@e_[ﬁl rsSErEQ&ﬁé{eQ{ it er,

and obtains correction information of grafting warp of e scal e by
statistically pr@::@:;@m:gommair epre’cﬁm P&l e an abi-aixieds fagz0tthgt ihaludes
heads, which are se entially, placed facing the scale according to
the moveneht o?P‘Eh%a ¥4p 1A BbAn she f&ﬁlfih%f Brajaffisn eptireddsysten

wher ei n PL. However, for example, as is disclosed in the pamphlet of

International Publication No. WO 2004/107011, the exposure
area may also be an off-axis area that does not include optical
axis AX, similar to a so-called inline type catadioptric system,
20 in part of which an optical system (catoptric system or
catadioptric system) that has plural refilection surfaces and
forms an intermediate image at least once is arranged, and
which has a single optical axis. Further, the illumination
area and exposure area described above are to have a
25 rectangular shape. However, the shape is not limited to
rectangular, but may also be cilrcular arc, trapezoidal,
parallelogram or the like.
Incidentally, a light source of the exposure apparatus

in each of the embodiments above is not limited to the ArF



the drive unit drives the novable body in a direction parallel to the
first axis while correcting a neasurenent val ue obtained fromthe
head unit based on the correction information of grating pitch and
the correction information of grating warp. 9. A pattern
formati on apparatus, conpri sing: a novabl e body on which
an object is nounted and which can nove wthin a noving pl ane,

hol ding the object; and t he ppyabl e body drive system
according to Caimé6 that drives the novabl e body for pattern

formati on on the qbject. .. An_exposure apparatus that forns
a pattern on arfXSBf&ct L#5etr A %tﬁlﬁfﬁ%ﬂ-aﬁﬁréﬁ@ﬁy%\émﬁ sigB as a KrF

appar at us corrpréx%lgigr S%h ﬁ%@a‘%gwggé%yng t é:{d' gl ate tlhe engoutqéut

beam to the object; rive sy t et a cor

Cl aim6, wher elw’hvelength 15706h) |, VA 9f 148 nevaphe h%@ieﬁﬁtt\{\h'ﬁ%nhhe
object is nounted by the novabl e body drive systemis perfornmed f
rel ati ve novenmegrt 2oKrt Hesenef@ytiwsanavetendid :objféun), or an extra- hlgh

5 pressure mercury lamp that generates an emission line such
as a g-line (wavelength: 436nm) or an i-line (wavelength:
365nm) can also be used., Further, a harmonic wave generating
unit of a YAG laser or the like can also be used., Besides,
as is disclosed in, for example, the pamphlet of International

10 Publication No. WO 1999/46835 (the corresponding U.S. Patent
No. 7,023,610), a harmonic wave, which is obtained by
amplifying a single-wavelength laser beam in the infrared or
visible range emitted by a DFB semiconductor laser or fiber
laser as vacuumultraviolet light, with a £iber amplifiexr doped

15 with, for example, erbium (or both erbium and ytteribium),
and by converting the wavelength into ultraviolet 1ight using
a nonlinear optical crystal, may alsc be used.

Further, in each of the embodiments above, illumination
light IL of the exposure apparatus is not limited to the light

20 having a wavelength equal to or more than 100nm, and it is
needless to say that the light having a wavelength less than
100nm may be used. For example, in recent years, in order to
expose a pattern equal to or less than 70nm, an EUV (Extreme
Ultraviolet) exposure apparatus that makes an SOR or a plasma

23 laser as a light source generate an EUV light in a soft X-ray
range (e.g, a wavelength range from 5 to 15 nm), and uses a
total reflection reduction optical system designed under the
exposure vgavelength {(e.g. 13.5nm) and the reflective mask has

been developed. In the EUV exposure apparatus, the
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arrangement in which scanning exposure is performed by
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 also be applied
to an exposure apparatus that uses charged particle beams such
a5 an electron beam or an ion beam.

Further, in each of the embodiments above, a
transmissive type mask (reticle), which is a transmissive
substrate on which a predetermined light shielding pattern
{or a phase pattern or a 1ight attenuation pattern) is formed,
is used. Instead of this reticle, however, as is disclosed
in, for example, U.S. Patent No. 6,778,257, an electron mask
(which is also called a variable shaped mask, an active mask
or an image generator, and includes, for example, a DMD
(Digital Micromirror Device) that is a type of a non-emission
type image display device (spatial light modulator) or the
like) on which a light-transmitting pattern, a reflection
pattern, or an emission pattern is formed according to
electronic data of the pattern that is to be exposed may also
be used. 1In the case such a variable shaped mask is used, a
stagé on which a wafer, a glass plate or the like is mounted
is scanned with respect to the variable shaped mask, and
therefore, by measuring the position of the stage using the
encoder and by driving the stage based on the measurement
values of the encoder and correction information according
to position information of the stage in the non-measurement
direction that is measured by the interferometer, the effect

equivalent to that of each of the embodiments above can be
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obtained.

Further, as is disclosed in, for example, the pamphlet
of International Publication No. WO 2001/035168, the present
invention can also be applied to an exposure apparatus
(lithography system) that forms line-and-space patterns on
a wafer by forming interference fringes on the wafer.

Moreover, the present invention can also be applied to
an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost
simultaneously performs double exposure of one shot area on
the wafer by one scanning exposure, as is disclosed in, for
example, Kohyo (published Japanese translation of
International Publication for Patent Application} No.
2004-519850 {(the corresponding U.S. Patent No. 6,611,316},

Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system)
described above, and for example, the present invention can
also be applied to an apparatus that forms a pattern on an
object by an ink-jet method.

Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an energy beam
is irradiated) in the above-described embodiments and
modified example is not limited to a wafer, but may be ancther
object such as a glass plate, a ceramic substrate, a filmmember,
or a mask blank.

The usage of the exposure apparatus is not limited to
the exposure apparatus used for manufacturing semiconductor
devices. The present invention can be widely applied also to,

for example, an exposure apparatus for manufacturing liquid
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crystal display devices which transfers a liquid crystal
display device pattern onto a square-shaped glass plate, and
to an expo'sure apparatus for manufacturing organic EL,
thin-£film magnetic heads, imaging devices (such as CCDs),
micromachines, DNA chips or the like. Further, the present
invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicon
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.

Incidentally, the movable body drive system and the
movable body drive method of the present invention can be
applied not only to the exposure apparatus, but can also be
applied widely to other substrate prgcessing apparatuses
(such as a laser repair apparatus, a substrate inspection
apparatus and the like), or to apparatuses equipped with a
movable body such as a stage that moves within a
two~dimensional plane of such as a position setting apparatus
for specimen or a wire bonding apparatus in other precision
machines. |

Further, the exposure apparatus (the pattern formation
apparatus) in each of the embodiments above is manufactured
by assembling various subsystems, which include the
respective constituents that are recited in the claims of the
present application, so as to keep predetermined mechanical
accuracy, electrical accuracy and optical accuracy. In order

to secure these various kinds of accuracy, before and after
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the assembly, adjustment to achieve the optical accuracy for
various optical systems, adjustment to achieve the mechanical
accuracy for various mechanical systems, and adjustment to
achieve the electrical accuracy for various electric systems
are performed. A process of assembling various subsystems
into the exposure apparatus includes mechanical connection,
wiring connection of electric circuits, piping connection of
pressure circuits, and the like among various types of
subsystems. Needless to say, an assembly process of
individual subsystem is performed before the process of
assembling the various subsystems into the exposure apparatus.
When the process of assembling the various subsystems into
the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure
apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room
where the temperature, the degree of cleanliness and the like
are controlled.

Incidentally, the above disclosures of the various
publications, the pamphlets of the International Publications,
and the U.S. Patent Application Publications and the U.S.
Patents that are cited in each of the embodiments above and
related to exposure apparatuses and the like are each
incorporated herein by reference.

Next, an embodiment of a device manufacturing method in
which the foregoing exposure apparatus (pattern formation
apparatus) is used in a lithography process will be described.

FIG. 35 shows a flowchart of an example when

manufacturing a device (a semiconductor chip such as an IC
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or an LSI, a liquid crystal panel, a CCD, a thin £ilm magnetic
head, a micromachine, and the like). As is shown in FIG. 35,
first of all, in step 201 (design step), function and
performance design of device (such as circuit design of
semiconductor device) is performed, and pattern design to
realize the function is performed. Then, in step 202 (mask
manufacturing step), a mask on which the designed circuit
pattern is formed is manufactured. Meanwhile, in step 203
{wafer manufacturing step), a wafer is manufactured using
materials such as silicon.

Next, in step 204 (wafer processing step), the actual
circuit and the like are formed on the wafer by lithography
or the like in a manner that will be described later, using
the mask and the wafer prepared in steps 201 to 203. Then,
in step 205 (device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205
includes processes such as the dicing process, the bonding
process, and the packaging process (chip encapsulation), and
the like when necessary.

Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are
completed and shipped out.

FIG. 36 is a £lowchart showing a detailed example of step
204 described above. Referring to FIG, 36, in step 211
(oxidation step}, the surface of wafer is oxidized. In step
212 (CVD step), an insulating film is formed on the wafer
surface. Instep 213 (electrode formation step), an electrode

is formed on the wafer by deposition. In step 214 (ion
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implantation step), ions are implanted into the wafer. Bach
of the above steps 211 to 214 constitutes the pre-process in
each stage of wafer processing, and the necessary processing
is chosen and is executed at each stage.

When the above-described pre-process ends in each stage
of wafer process, post-process is executed as follows. In the
post-process, first in step 215 (resist formation step), a
photosensitive agent is coated on the wafer. Then, in step
216 (exposure step), the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern
formation apparatus) described above and the exposure method
(pattern formation method) thereof. Next, in step 217
(development step), the wafer that has been exposed is
developed, and in step 218 (etching step), an exposed member
of an area other than the area where resist remains is removed
by etching. Then, in step 219 (resist removing step), when
etching is completed, the resist that is no longer necessary
is removed.

By repeatedly performing the pre-process and the
post-process, multiple circuit patterns are formed on the
wafer,

By using the device manufacturing method of the
embodiment described above, because the exposure apparatus
(pattern formation apparatus) in each of the embodiments above
and the exposure method (pattern formation method) thereof
are used in the exposure step (step 216), exposufe with high
throughput can be performed while maintaining the high overlay
accuracy. Accordingly, the productivity of highly integrated

micredevices on which fine patterns are formed can be improved.
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INDUSTRTIAL APPLICABILITY

As is described above, the movable body drive system and
the movable drive method of the present invention are suitable
for driving a movable body within a movement plane. Further,
the pattern formation apparatus and the pattern formation
method of the present invention are suitable for forming a
pattern onanobject., Furthermore, the exposure apparatus and
the exposure method, and the device manufacturing method of
the present invention are suitable for manufacturing

microdevices.
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CLAIMS

1. A movable body drive method in which a movable body is driven within a
moving plane including first and second axes that are orthogonal to each other, the method
including:

a first moving process of moving the movable body in a direction parallel to
the first axis, based on a measurement value of a first interferometer that measures position
information of the movable body in a direction parallel to the second axis by irradiating a
measurement beam to a reflection surface arranged on the movable body, and a measurement
value of a second interferometer that measures position information of the movable body in a
direction parallel to the first axis by irradiating a second measurement beam to a second
reflection surface arranged on the movable body;

a process of deciding correction information of grating pitch of a scale that is
sequentially placed facing a head unit according to the movement of the movable body in the
first moving process, based on a measurement value of the second interferometer, a
measurement value of an encoder and information on flatness of the scale, the head unit
constituting the encoder that measures position information of the movable body in a direction
parallel to the first axis based on a measurement value of a head that faces the scale arranged
on the movable body having a grating in a predetermined pitch whose periodic direction is the
direction parallel to the first axis, and including a plurality of the heads that are placed at a
predetermined distance along a direction parallel to the second axis; and

a process of driving the movable body in a direction parallel to the first axis,
while correcting a measurement value obtained from the head unit based on the correction
information of grating pitch.

2. The movable body drive method according to Claim 1, further including:

a second moving process of moving the movable body in a direction parallel to
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the second axis based on a measurement value of the second interferometer and a
measurement value of the first interferometer; and
a process of obtaining correction information of grating warp of a second scale
by statistically processing measurement values obtained from plural heads, which are
sequentially placed facing the scale according to the movement of the movable body in the
second moving process, out of the plurality of the heads; wherein
in the process of driving, the movable body is driven in a direction parallel to
the first axis while correcting a measurement value obtained from the head unit based on the
correction information of grating pitch and the correction information of grating warp.
3. A pattern formation method, including:
a process of mounting an object on a movable body that can move within a
moving plane; and
a process of driving the movable body using the movable body drive method
according to Claim 1 in order to form a pattern on the object.
4. A device manufacturing method including a pattern formation process, wherein
in the pattern formation process, a pattern is formed on a substrate using the
pattern formation method according to Claim 3.
5. An exposure method in which a pattern is formed on an object by irradiation of
an energy beam, the method including:
driving a movable body on which the object is mounted, using the movable
body drive method according to Claim 1, for relative movement of the energy beam and the
object.
6. A movable body drive system that drives a movable body within a moving
plane including first and second axes that are orthogonal to each other, the system comprising:
a first interferometer that measures position information of the movable body

in a direction parallel to the second axis by irradiating a measurement beam to a reflection



164

surface arranged at the movable body;

a second interferometer that measures position information of the movable
body in a direction parallel to the first axis by irradiating a second measurement beam to a
second reflection surface arranged at the movable body;

a scale that has a grating in a predetermined pitch whose periodic direction is a
direction parallel to the first axis, and is placed on the movable body;

a head unit that has a plurality of heads placed at a predetermined distance
along a direction parallel to the second axis, and constitutes, together with the scale, an
encoder that measures position information of the movable body in a direction parallel to the
first axis;

a decision unit that moves the movable body in a direction parallel to the first
axis based on a measurement value of the first interferometer and a measurement value of the
second interferometer, and decides correction information of grating pitch of the scale that is
sequentially placed facing the head unit according to the movement based on a measurement
value of the second interferometer, a measurement value of the encoder and information on
flatness of the scale; and

a controller that drives the movable body in a direction parallel to the first axis
while correcting a measurement value obtained from the head unit based on the correction
information of the grating pitch.

7. The movable body drive system according to Claim 6, wherein

when measuring a pitch between respective gratings of the scale, the decision
unit moves the movable body in a direction parallel to the first axis at a speed at a level in
which short-term variation in measurement values of the second interferometer can be
ignored.

8.  The movable body drive system according to Claim 6, further comprising:

an arithmetic processing unit that moves the movable body in a direction
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parallel to the second axis based on a measurement value of the second interferometer and a
measurement value of the first interferometer, and obtains correction information of grating
warp of the scale by statistically processing measurement values obtained from plural heads,
which are sequentially placed facing the scale according to the movement of the movable
body, out of the plurality of heads; wherein
the drive unit drives the movable body in a direction parallel to the first axis
while correcting a measurement value obtained from the head unit based on the correction
information of grating pitch and the correction information of grating warp.
9. A npattern formation apparatus, comprising:
a movable body on which an object is mounted and which can move within a
moving plane, holding the object; and
the movable body drive system according to Claim 6 that drives the movable
body for pattern formation on the object.
10. An exposure apparatus that forms a pattern on an object by irradiation of an
energy beam, the apparatus comprising:
a patterning unit that irradiates the energy beam to the object; and
the movable body drive system according to Claim 6, 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.



