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

manuf acturi ng nmet hods, and nore particulagly 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 formati on nmethod using the

nmovabl e body drive nethod and a pat DEFCREPERONon 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

movabl e body dr MOVANSECBODINbRI VL IBLHOBN Uhas MO VABLEE HEY USRE¢E20
the pattern formati on nethod. BACKGROUND ART Conventionally, in a

| i thography procR¥STEM, [RATRERNaTORMARIOQN METHOD: AN SAPPARATUS),
devices or the 11Ke)  pypOSURE METHOD AND APBARATUS, AXND

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 f{formation method using the movable body drive method and a
pattern formation apparatus equipped with the movable body
drive system , an exposure method using the movable body drive
method and an exposure apparatus equipped with the movable
body drive system, and a device manufacturing method using

20 the pattern formation method.

. BACKGROUND ART
Conventionally, in a lithography process in the
manufacturing of microdevices (electron devices or the like)
25 such as semiconductor devices and liquid crystal display
devices, exposure apparatuses such as a reduction projection
exXposure apparatus by a steb—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 patteen 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 -dimensional directions_by, for exanple, a
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stepper, not only thenwehese St@ad R o2bsGufe M&iG®uSbage: i Sofld.V ]y

by a linear notor or the like in a scanning direction in a

pr edet er m ned dtregisderGanmrtdiem, oposideitdnldO(oranskenmenta @lutBeity of
reticle stage or the wafer stage is perforned using a |aser

i nterferoneter SHFSsBERRA BnEhie v aP EaTeTavEage ddiadt hpl s thhef vpfer is
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position contr has required 0 Trner

wi th hi gher i ntidgieatri motef otethe Aitkect o pagbdoiroenthytidi@ase of the
short-term fluctuation of the neasurenent val ues caused by variation
i n the tenperatSfea@nasngtHerrenoIpterpl vrrheheafronatape budl almt b oftidie
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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, more accurate position control has been
15 required due to finer patterns to cope with higher integration
of semiconductors, and recently the short-term fluctuation
of the measurement values caused by variation in the
temperature of the atmosphere on the beam optical path of the
laser interferometer has been accounting for a large share
20 of the overlay budget.
Meanwhlle, as a measurement apparatus other than the
laser interferometer to be used for position measurement of
a stage, an encoder can be c¢cited, but because the encoder uses
scales and the scales lack mechanical long-term stability (due
25 to drift of scale pitch, fixed position drift, thermal
exXpansion, and the like), and therefore, the encoder suffers
from the disadvantages of lacking the linearity of the
measurement values and being inferior in the long-term

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 disadvantages of |lacking the lingarity of the neasurenent

val ues and being inferior in the long-termstability, conpared with

the | interf . . i ew of. the di sadvant f
he | aser i nt or f or ontk G4k T sieoibal <GEs REUR bateanboE: PGS

types of appar aingseshd hahcBBEsURR 1Bl Ubdfe,@ F4AOMLSERSPOLER
a laser interferometer and an encoder (position detection 5 sensor
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Ctations 1 and 2, and,the Iikez. Further, although a ‘
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resol ution equal or 10 superior ase eronet ers e
cone out (e.g. (refer to® Matemnt cCtaaidron 13aaad2} hend idke) 11287, t he
techni que of conbining the laser interferonmeter and the encoder has
been gat hering att enf$dherHovelfdroughn ahaegsysepest t imasodpasor erdnt a

i Lhe, 15 MM g PLANESOlo R SISt SAE BT ALCH & 568 S vonoter,
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St 10 superior tothe laser interferometers have come out (e.g. refer
to Patent Citation 3 and the 1like), and the technique of

combining the laser interferometer and the encoder has been

gathering attention.

However, in the case position measurement within the

15 moving plane of a wafer stage on which a scale (grating) 1s

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

an exposure apparatus, the accuracy of the grating is similar

to that of a movable mirror without bending correction, and

therefore from the viewpoint of accuracy, it is obvious that

20 the result of the position measurement without any correction

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

correction in view of the accuracy error of the grating is

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

a complete plane and the exrror component due to the uneven

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

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

corrected. Moreover, there is the inconvenience that the

measurement error of the encoder occurs due not only to the

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



to that of a novable mrror wthout bending correction, and therefore
fromthe viewpoint of accuracy, it is obvious that 20 the result of
the position nmeasurenent w thout any correction can hardly be used
for the position setting. That is, correction in view of the accuracy
error of the grating is required. Further, in actual, since a grating
surface is not a conplete plane and the error conponent due to the
uneven 25 surface of the grating surface §s also included in a count
val ue of the encoder, this error conmponent also needs to be
corrected. Nbrﬁpver t here Hﬁ éhe |nconven|ence t hat the measurenent

error of the e C5HEFL8R TP ub Mot 13nI5P PolPRE Wil deo¢ 8- garadifntess
of the grating 34/ fagRd,0r & atifi8cal characteristics) , a relative

displacement of the head and the scale in directions different
from a measurement direction in which the encoder measures
3 the position of the wafer stage, or the like.
Patent Citation 1: Kokai (Japanese Unexamined Patent
Application Publication) No. 2002-151405
Patent Citation 2: Kokai (Japanese Unexamined Patent
Application Publication) No. 2004-101362
10 Patent Citation 3: Kokal (Japanese Unexamined Patent

Application Publication) No. 2005-308592

DISCLOSURE OF INVENTION
MENAS FOR SOLVING THE PROBLEMS

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

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

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

With this method, position information of the movable



4 formation error) but also to a head unit (e.g. gradient of the
head, or optical characteristics), a relative displacenent of the
head and the scale in directions different froma measurenent
direction in which the encoder nmeasures 5 the position of the wafer
stage, or the |ike. Patent Citation 1. Kokai (Japanese
Unexam ned Patent Application Publication) No. 2002-151405

Patent Ctation 2: Kokai (Japanese Unexans ned Patent Application
Publ i cati on) No. 2004-101362 10Patent Citation 3: Kokai (Japanese

U i ned Pat ent Li cation_Puplication) No. 2005- 308592 DI SCLOSURE
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according to a first aspect of the present invent _
provi ded a fir st heedabhat biodpddeiee aeidtedtionwhidgh aocnmavabhie he€inks
driven substantially along a predetermned plane, the method 20
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body in a pegedef, ) s | within a. plane pacallel to the

pr edet er m ngd ?ﬁ%gg‘g’?ﬁg’%ﬁ%‘%\% ef {]%%ec_ﬁggaj;" adr?lf]ig:the! PracfiafBd
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direction is the predeterm ned 25 direction and receives a reflected

| i ght from t hebgsafieon g ofkadrirement tviad uppafibdie deodycthobhin which a
predeterm ned direction based on thcgbget%sur enent val ue and

i nfornation OanFaPﬁ%*g%ntO?r{:%cgea? e flatness of the scale included

in the measurement valve 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

amovable 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 beanm

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

measurement value of a second interferometer that measunres

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

di rection based on the neasurenent value @fter correction in which a
measur enent error caused by the flatness of the scale included in the

nmeasur enment value of the en een cqorrected 10 based on
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first interferonmeter that neasures position information of the

movabl e body i Wadudieeet head fhetl fated shehecalecendangéd doythe movable
irradiating a g§ suyrenent beamto.,a reflection surface arranged on
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direction parallel to the first axis by rrradiating a nmeasurenment
beamto a teéfl| éotiodisurd agbumrlriayged amet headevahke Bedyplaced 0S€SS
of deciding correction information of grating pitch of a scale that
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nmeasur ement va e ’seécond et oneter .
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constituting the encoder that
measurement value obtained from the head unit based on the
15 correction information of grating pitch.

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

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

25 movement of the movable body in the first moving process is
decided based on the measurement value of the second
interferometer, the measurement 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 measurement value of a head
that faces the scale arranged on the novabl e body having a grating in
a predeterm ned pitch whose periodic direction is the direction
parallel to the first axis, and 10 including a plurality of the heads
that are placed at a predeterm ned distance along a direction
parallel to the second axis; and a process of driving the novable
body in a direction parallel to the first axis, while correcting a

nmeasur enment val obt ai n fromthe head unit based on the 15 )
correction inf 6’%enjélil? Swvﬁggﬁrbﬁdiynbnﬁ PRECR AP FA Sl gletAddie £hEst axis

movabl e body i egy | ' | I fd.r | S,
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parallel to 20 the second axis and the neasurenment value of the
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of the novable body 1n the first noving process is
parallel to the second axis. 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 correction 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 one of the first and second movable body
drive methods of the present invention in order to form a -
pattern on the object.
With this method, by forming a pattern on the object that

ismounted on the movable body that is driven with high accuracy



deci ded based on the measurenment val ue of the second interferoneter,

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

pl aced at a pred rm.ned dista ipn,a direction ara%% | to.the,
second axi s. !%sﬁhﬁse%éhgg Ogeﬁ%§§%$e£§ﬁ§t oFe%%ﬂggﬁw' E?r&??X he8s
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corrected based on information 10 on the fl atness of the scal e, and
correction i nf onmahe ovbfctt wethrlatgmaaeutrebycan be deci ded based on

t he measurenent val ue of the encoder after the correction and the
measur enent val ue ofA4HELBENRI 2 FRwrersnetlert TR Prefant einvention,
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is driven in aidtLedinga gatalrheforinaiibg drickeksahereASCO dhaghytethe
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an object on a novabl e body that can nove within a noving plane; and
a process B9 dthereg s heownixeabkefirst 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 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 methed, for the relative movement of the energy
beam irradiated to the object and the object, the movable body
on which the object is mounted is driven with high accuracy
using either one of the first and second movable body drive

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

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

25 1is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a

predetermined plane; and driving the movable body within the

predetermined plane, based on measurement information of an



25 body using either one of the first and second novabl e body drive
met hods of the present invention in order to forma pattern on the
obj ect. Wth this nmethod, by formng a pattern on the object
that is nounted on the novable body that is driven with high accuracy
8 wusing either one of the first and second novabl e body drive

nmet hods of the present invention, the pattern can be fornmed on the
object with high accuracy. According to agfourth aspect of the
present invention, 5 there is provided a first device manufacturing,

met hod including a _pattern formgtiqQn process, wherein in the pattern
f or mati on proc& ?dgrp%stt&“hlf'g"?}fjdﬁ‘né’geoﬂ & SuBstRAt¥eGdPRgatth head
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fifth aspect of the present invention, ere is provided a
exposur e net hodhenobhéct iz patheed drsl fthenethen @ thbj geating section
irradiation of an energy beam the nmethod including: driving a
novabl e body oRt@titenhedrbupbi detanzangsd fiasdngdsienguiriadecet she movabhe
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irradiated to the object and the object, the novabl e body on which
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of the first and secon abl e body drive 20 net hods of the present
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the present invention,
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
153 is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane so that a measurement error
20 of an enceder system, in which one of a grating sectilon and
a head unit is arranged on a surface of the movable body on
which the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
25 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



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

obj ect on a novabl e body that can nove in at |least first and second
directions that are orthogonal within a predeterm ned plane; and
driving the novabl e body within the predeterm ned plane, based on
measurenent information of an 9 encoder systemin which one of a
grating section and a head unit is arranged on a surface of the
novabl e body on which the object is mounted and the other of the

t ection and ead unit_js.anr ed facing the surface of
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According to an eighth aspect of the present invention,
there is provided a fourth exposure method in which an object
is exposed with an energy beam, the method including: mounting
10 the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement
information of an encoder system in which one of a grating
15 section and a head unit is arranged on a surface of the movable
body on which the object is mounted and the other of the grating
section and the head unit is arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane, and based
20 on correction information to compensate a measurement error
of the encoder system that occurs due to f£latness of the grating
section.

With this method, the position of the movable body can
accurately be controlled within a predetermined plane using
25 the encoder system without being affected by a measurement
error of the encoder system that occurs due to the flatness
of the grating section, and therefore the object mounted on

the movable body can be exposed with high accuracy.

According to a ninth aspect of the present invention,



15 is exposed with an energy beam the method including: nounting the
obj ect on a novable body that can nove in at |least first and second
directions that are orthogonal within a predeterm ned plane; and
controlling a position of the novable body within the predeterm ned
pl ane so that a neasurenent error 20 of an encoder system in which
one of a grating section and a head unit is arranged on a surface of
t he novabl e body on which the object is fgunted and the other of the
grating section and the head unit is arranged facing the surface of
the novabl e body and, which neasures position information of the

movabl e 25 body™\#ehth RAYIAP Jefaf AR reposhandietinede bpdricht a1l obiaskd
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wi th high accuracy. According to an ei ghth aspect o
present invent iofiprhéieten i€ pnosncieibra syetenhiexidstr enseshaod grating
whi ch an object is,exposed with an energy beam the nethod including:

mounting 10 t héesBi%Pnerﬁ Bead Vabt & odeRAngesk o' arsyriges 9f Ghe mexsble
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an encoder systemin which one of a grating 15 section and a head
unit is arrangé&fedrevrbdgr bade asfd whechmegisig e b defys idv onhi ofo triee iobj @Tt

is nounted and, the ot t he, grati section gnd th head unjt is
arranged faci ngg?h ovan?%feag’gdgfw%ﬁbmwﬁggbi”ée RRFERgd V\H e mERSuPaged
posi tion i nfor gatédky ft ibRe: AR oRody aManhQaw% Héggﬂé?{éﬁtnggror
pl ane, and based 20 on correction information to conpensate a

measur enent er pbrtiof enbedencydérnstisttenctitad duectc Shdugraoiid akvessn
of the grating sectlo Wth this nethod, thE%OSItIOI’I of the
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pl ane using 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 measuremenf

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
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system wi t hout being affected by a neasurenent error

system that occurs due to the flatness of the grating
herefore the object nounted on the novabl e body can be
i gh accuracy. According to a ninth aspect of the

ion, 11 there is provided a fifth exposure nethod in

whi ch an object is exposed with an energy beam the nmethod including:

nounting the o
and second dir
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25According to a tenth aspect of the present invention, there is

provi ded a six
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at occurs due t%: the grating section and inclination
of the movable body.

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
error of the encoder system that occurs due to the grating
section and the inclination of the movable body, and therefore
the object mounted on the movable body can be exposed with
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
and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement
information of an encoder system in which one of a grating

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



mounting the object on a novabl e body that can nove in at |east first
and second directions that are orthogonal within 12 a predeterm ned
pl ane and also can incline with respect to the predeterm ned pl ane;
and controlling a position of the novable body within the
predet ermi 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 whichsthe object is nounted and
the other of the grating section and the head unit is arranged facing
t he surface of .t he novabl.e,body.and .whi ch asures positian .

i nf or mati on of btcﬁ@ %Vab?%tgﬁ %Saﬁg\hstr?ﬁ”ﬁ‘tgﬁ@“ﬁi;@beeg@ﬁ ﬁgd"hﬁl Had1ng
and based on CodREbhOMN HfH! %&a%iEOiEWEef&W%%Ee%E%% '
of the encoder systemthat occurs due to the grating section an

i nclination of theemowalld dddgdynd Whilkht dessuretshpdsitivh pasbimoticf of
t he novabl e body can 15 accur at el %ng controlled wthin a

pr edet er ni ned nBOVaPHY Rl WAERHREhe reArhrTMaRd BerRY, Ak dregd
by a measur gnenf, Séf-{? e orl ?ﬁf@{l&ﬂ% §¥ﬁ S eb%%rt.goaggn rassug%gergé) 8

grating section an e 1 nclhination of e y

therefore the olf ee¢ ¢nvodieeds @t edehaP\valzliesady tearmderaxpRs adowi bh
20 hi gh accuracy. According to an el eventh aspect of the

present invent i2®f, thhehead gindtovi ded a seventh exposure nethod in
uhi chan obiect s SRSRRL N ene grbeam, e el o, Ll i ng
ol ane: and controrTEag b soer T o o Phar e B e BB P Ao
predet er m hed phanencddsedyshenmeasilicenebeingf of fettiednbof a aneazweedent
systemin which one of a grating section and a head unit is arranged
on a surface ofIfR: ﬂ%dﬁﬁigncoder system that occurs due to the grating
section and the head unit, and therefore the object mounted
on the movable body can be exposed with high accuracy.
According to a twelfth aspect of the present invention,
15 there is provided an eighth exposure method in which an object
is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; preparing an encoder system in which one
20 of a grating section and a head unit is arranged on a surface
of the movable body on which the object is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body and which measures
position information of the movable body within the
25 predetermined plane, and an interferometer system that
measures position information of the movable body in at least
the first and second directions; and deciding correction

information used to compensate a measurement error of the

encoder system in the first direction that occurs due to a



13 body on which the object is mounted and the other of the grating
section and the head unit is arranged facing the surface of the
novabl e body and whi ch neasures position information of the novable
body within the predeterm ned plane, and based 5 on correction
information to conpensate a neasurenment error of the encoder system
that occurs due to the grating section and the head unit. Wth
this nethod, the position of the novabl ejdody can accurately be
controlled within a predeterm ned plane using 10 the encoder system
wi t hout bei ng fec%ed by a neasurenent, error of the encoder system
that occurs dud%8? ﬁ%n%ﬁ”irnﬁf $BE TR 1R9dS e Hel Fe aBa %R On BgRpUrement

therefore the qbjegcha MRLNtSH O ! t@g%&gt@@gx{lﬁgghgeiﬁ%&fseer%m%w

hi gh accuracy. According to a twe pfesen

invention, 15 tdyetemi sbpatwédiasy afowighttheexpaspie Botbodni Rhehirghsan
object is exposed with an energy beam the nethod including: nounting
the obj ect on &liFEFhbrR apddiaaedarn dadonpakiamontflagasesfaf the amdting
second diregtigns,.that are ortho al withip,a predeterm ned pl ane; -
preparing a% er?%gaé?n‘sya"sqagr%opgﬁrﬂgf%ﬁ 5‘n§’°§69"0‘?n é’fgg i'ﬁ‘@véélﬁ :%6’ Yahdy
a head unit istaeranasd GQRedt Soi HAGRISn G Hgyab}e@qelﬁ%%f’&ﬁr{]ﬁv o Lhe
object is nmounted and the other of the grating section and the head
unit is arrangétef antodpt yssanfant e chersoviadl dnlfodyanish whi ch

measures position information of the novable body within the 25
predet er m ned pl ane, WiiutEhe inatdrieridifePesisian &h thraimorahiakedy can

posi tion i nforggatyon fy EQ?CW&Wl%deQ j!ﬁqaz‘#arét?e%fe&'m&plgdf ijfat%[e %ang

second directions; and “deciding correction iInformtion us 0

conpensat e1@ neasusedRidr @ks0emOfidHiRiteBeOaleramnssied by 4 he dsukshent
direction that occurs due to a 14 formation error of the grating
section, basedesROFERS FhemeREoer chvidkemohhat admirenduelero sy Stogmabheh

e L e o s S S A S oL VR Sttt et
section, and cent¢®é lidlepaePRsayiQh ok thgoomyahle Rogy ddbtdefirst
direction based on the neasurenent infornation of the encoder System
and the correction iAticorg@bhgorto a thirteenth aspect of the present
15 invention, there is provided a second device manufacturing
method including a lithography process, wherein in the
lithography process, a sensitive object is exposed and a
pattern is formed on the sensitive object using either one
of the second to eighth exposure methods of the present
20 invention.

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

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

light from the scale, and measures position information of

the movable body in the predetermined direction; and a drive



Wth this nethod, the position of the novabl e body can accurately be
controlled wthin a predeterm ned plane using 10 the encoder system
w t hout being affected by a neasurenent error of the encoder system
that occurs due to a formation error of the grating section, and
therefore the object nounted on the novabl e body can be exposed with
hi gh accuracy. According to-a thirteenth aspect of the present 15

I nvention, there is provided a second dewvisce manufacturing nethod
including a |ithography process, wherein in the |ithography process,

a sensitive object, is _exposed and a pattern is fornmed on the )
sensitive obje ev&§?n§%§£tﬂﬁ?v%%etQﬁ pebdEc HREYt dnefthfit Rresporimised

nmet hods of the {r at, - 2. 1 i.oQ. ' t.0_a_f.o eent h, as t
of the present Cﬁrﬁ%%ﬁt%%n{}a%%e/?g ias%grag‘\%%{e‘%{%q’ﬁlgset o%ogé I%H%%df a8
drive system t Haifodmby£6n sorimfdakhesbosly hebstansj al ly al ong a
predeterm ned plane, the system conprising: an encoder that has a
head that 25 irradi af®kh Fhdet aysiem thghdrive desiae cdrizeisngha mpvabilag

st BEr o oo ahl £l B SREt SHPRELaf A 2 Pk adn e

fromthe scal eyaand BEaghE @icBAsh! {14t ifdaQLPBL | L ¥ion 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. ZInthis case,

10 the drive device can drive the movable body in the

predetermined direction, based on the measurement value after

correction inwhich a measurements error caused by the flatness

of the scale inclnded in the measurement error of encoder has

been corrected based on the information on the flatness of

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

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

According to a fifteenth aspect of the present invention,

there 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



t he novabl e body in the predeterm ned direction; and a drive 15
device that drives the novable body in the predeterm ned direction
based on a neasurenent value of the encoder and information on
flatness of the scale. Wth this system the drive device drives the
novable 5 body in a predeterm ned direction based on the neasurenent
val ue of the encoder that neasures position information of the
novabl e body in the predeterm ned directizgn and i nformati on on the
flatness of the scale to which a detection light fromthe head of the
encoder is irradiatgd In this case, 10 the drive device can drive

t he nmovabl e bodyPTH TW%P&G&%WW?@&qu%é@W friirection
nmeasur enent Valfg{épraﬁfléfrtoc%%%(ikls{?%fighgﬂdc{]s ?)ilgggﬁégnegﬁggn%vgﬁiOlbodyi')r

caused by the atness of the scalel uded nmeasurenment er

of encoder has abeesndoniact Ehthasad onplheal idoremt he@ddNpih®ed at a
flatness of 15 the scale. Accordingly, the novable body can be driven
in a predet er miP¥ededereadiigtanchi ghore car deyeasiong navaléatoter the
wi t hout bei pg affected by the unevenness of the scale.

Accor di ng tg a F’Pgeéﬁ’f”hy’as tcoﬁgfﬂ%tﬁ’esté’r?fa%r‘%e‘ﬁ’t?I_bnt;het [F&R&er san
provided a secendonByaBhe rRadurds b¥e:sYSt SAF S ORI 129 OF ENES0R8DY BBLE
body within a noving plane including first and second axes that are
ort hogonal to éach dittectionhmrsidbénmcahprisiatgaxiisf ia slecision device
interferoneter ;that neasures position informatjion of the novabl e body

in a directiontPaFarPess tdet Revakte RPdaxid dydinackdrat Pagpllel to the
measurenent beam Lo a,23 rh?JJe%Ct&PnaS%Ja%%?e%Eﬂ@nQr%ngt Jflqﬁ%ﬁ)\é%?%?et

body; a second interferonmeter that measures position I nfor

t he novabl 20bodytenferdiatect | omd par ahé£dudethehite ¥aTsd a¥i Stk second
irradiating a neasurenment beamto a reflection surface arranged at

t he novabl e bodjpterferamederhanddecisdegrenaunegtiian information of grating

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

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

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

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

information on the flatness of the scale, the decision device



a predeterm ned pitch whose periodic direction is a direction
parallel to the first axis, and is placed on the novabl e body; a head
unit that has a plurality of heads placed at a predeterm ned di stance
along a direction parallel to the 5 second axis, and constitutes,
together with the scale, an encoder that neasures position
information of the novable body in a direction parallel to the first
axi s; a decision device that noves the magabl e body in a direction
parallel to the first axis based on a neasurenent value of the first
10 |nterferoneter nd a neasurenent val ue, of the second

i nt er f er onet er 385AHSAe GHEECELPR e AITORMPRE R N&EI oFEHFLIGr aPihep pibene
of the scale t%ehbalé%%%@mmé B @eed bkl A b8 ek ot axis

accordlng to t novement based on a neasu ue 6] € second

i nt er f er onet er thatnees Weanenhay akte caf 1§ fb@qllaneﬂsmeblaaddl e aHEEhen
on flatness of the scale; and a controller that drives the nopvabl e

body in a di redeR8rpdr acrerding theths movemsnt ofhthe neyrbaetihady athe
measur enent - val ue ,abt, |ned from,t he head. unit, gVéF% on_th correctlon

i nf or mat i on° of "ERS unrlat PP T R o GRBER BRI ﬁfa}?\é’ GEAKHRRe
devi ce noves tmevasy@lyoaypoaye bﬂc@d@!& Eﬁﬁ&In%sﬂééélﬂo%taenti}ﬁfofﬂnﬁﬁion

axi s, based on the neasurenent value of the first ‘interferoneter that
measur es posit pénthenfrovaile dodefin hedimaaliloa trochllien oo dheefiidamaxis
parallel to the agcond axi s and the neasurenent val ue of the 25

second i nt er f ePBfelBV1PHat R%HE%%%%Yp%glh?%ﬁﬁ|Pﬁ%ﬁ%ku4an%ﬁdqW%ﬂuned
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based on the neasurenent v RTon erferoneter
nmeasur emenio vatkhes Q:Etsbhﬁ:]‘x%ﬂﬂétﬁ&floﬁm’ew.ce 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
interferometer. Then, the controller drives the movable body
in a direction parallel to the first axis while correcting
the measurement value obtained from the head unit based on
the correction information of the grating pitch. Accordingly,
20 the movable body can be driven in a predetermined direction
with high accuracy 'using the encoder without being affected
by the unevenness of the scale and the error of grating pitch
of the scale.
According to a sixteenth aspect of the present invention,
25 there is provided a pattern formation apparatus, comprising:
a movable body on which an object is mounted and which can
move within a moving plane, holding the object:; and either

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

present inventlon that drives the movable body for pattern



information on the flatness of the scale, the decision device 17
deci des correction information of grating pitch whose periodic
direction is a direction parallel to the first axis that the scale
has, which is sequentially placed facing the head unit according to
t he nmovenent of the novabl e body, the 5 head unit constituting,
together with the scale placed on the novabl e body, the encoder that
measures position information of the novable body in a direction
parallel to the first axis and having a plurality of heads placed at
predeterm ned di_stapce alo a gLrection parallel to the second axis.
In 10 this casé T l%%é?%ﬁ%ﬁ §eVFEE can correct a measurenent error

caused by the flat negscptnidgpseaias, 1) H@@?ﬁﬁﬁe@?wﬁm&ﬂ%&

e
of the encoder based on informati on on 't he of the scal e, and
can deci de cor repatbern mrorthet cbieod ogr ahengoyidleh bbagethan fhelxriven

measur enent val ye of the encoder after the 15 correction and the
measur enent vaPMa&h SLIPREIEEER Y HidLr Gk Bhe fTRsh andfecepftoypble

dri th ' ' ' |, : £irst '
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based on the cberesimed dmfcpenobi et afithhBigh afddigaRivt ch.
Accordingly, 20 the novabl e body can be driven in a predeterm ned
direction with high &xeosding ¢ ny cheertreoddr adndwsutobethg @frkeeted

by the unevenness of.the_scale and the error of gratin itch of the
s)éal e. Accor di AJYERE Y %E%E‘ﬁﬁ? EE%‘é’ccfe%? %{e&p‘?&%ﬂrﬁgﬁ RAEI G, that
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novabl e body on which an object is nounted and which can nove 'w
a novi ng pl@nethaepdrngtthecnbreeingaagaticeheingdevite thet fiinratiatgs
second novabl e bodgl drive systens of the present invention that

drives the nmovEBfe"MIEY PEAMpER t1dis °PI8CE oranst iedivheA P hjtbet first

and second movable body drive systems 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 object
and the object, the movable body drive system of the present
invention drives the movable body on which the object is

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

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

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

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

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



Wth this apparatus, by the patterning device generating a pattern on
t he object on the novable body that is driven with high accuracy by
either one of the first and second novable 5 body drive systens of
the present invention, the pattern can be fornmed on the object with
hi gh accuracy. According to a seventeenth aspect of the
present invention, there is provided a first exposure apparatus that
fornms a pattern on an object by irradiatii@gn of an energy beam 10 the
apparatus conprising: a patterning device that irradi ates the energy
beamto the object; .and _geithe ne of the first and second npvabl e
body drive syst oF Pﬁgeﬁr (ﬁ%? IRFENET oPeCtiedr 8RR BRe VRGRP gifthds
movabl e body onahebqt Bec ol 6¢e S3-ERUDLSE By LG APYabl &, bady dniye
systemis perforned for 15 relative novenent of 'the ener g beam and
t he obj ect. mea suWes hpdstits cappaicad$ioh @ the rovhabl & bdyowereid tak
the energy beamirradiated fromthe patterning device to the object
and the obj ect PHERStREVEMAEP R/ ard s drdysdemioe that dyiweehe movable
i nvention dgiv he . b bod n ich the object,is 20 nounted
Wt high acourssy “AERERGrHe SEYattEIEE] bAfnEbFiidetr dipdi enete
obj ect wi th hi ghraesst sy obtrECatUdG: S¥XPOSHERM infomatﬁﬁ{:eﬁ@l%gntees
ed a

an ei ghteenth aspect of the present invention, there is provid
second exposur @fappararasinchaecekposes an object with an energy beam
t he apparatus 25 co t hat can nove in at |east

iSiﬁ . a novabl e bod
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the grating section and the head unit is arranged facing t he surface
of the novabl e2B8dyReuREAKS ERhe RAdSGEeBowkid conthe fmeviehi e oprdif cahebe

novabl e body withi ]y erm.ned plane; and a drive device that
drives the nn&%%F%Q%agﬁLy &ggﬁi% ?ﬁ?mﬁgedeternined pl ane based on

measur enent i nf or mtARrAfinkhe£Ng0d8hetkehein ARdebn! YrMBEhON L@Bsent
flatness of the grating section.

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 surface of the movable body on which the object 1s held

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

arranged facing the surface of the movable body and which

measures position information of the movable body within the

predetermined plane; and a controller that controls a position

25 of the movable body within the predetermined plane so that

a measurement error of the encoder system is compensated, based

on measurement information of the encoder system and

correction information in accordance with characteristic

information of the grating section and the head unit.



Wth this apparatus, the novabl e body can accurately be driven within
a predeterm ned plane using the encoder system 10 w t hout being
affected by the flatness of the grating section, and therefore the
obj ect nmounted on the novabl e body can be exposed with high accuracy.
According to a nineteenth aspect of the present invention, there is
provided a third exposure apparatus that 15 exposes an object with an
energy beam the apparatus conprising: aaJgovable body that can nove
in at least first and second directions that are orthogonal within a
predet ermi ned pl ane, hol di.ng the object; an encqder systemin which

one of a grating secfibh GPRAERE Ui £hE POSItARPeR ZieoRouaRls Pedy
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of the novabl e. Qe Béc?:ﬁr}é"ﬁéfy P& MBS ed Sw{e\:g—lﬁa%n%éétﬂgtgérﬁﬂea&g é)l})apg

grating section and the head unit 1S arrang € sur

t he novabl e bodyiagd e chnoeastr egspasi WidRoL Ol WeiRll WERictele by a
novabl e body within the predeterm ned plane; and a controller that
control s a posiMERSHTSBERF LHRECHDVADILBehE@FOURT hiskstere prused ebri réde
pl ane so that asurepent error _of the.encoder, systemjs .
conpensat ed_,% bgégg agﬁé%n%slu%ser?gﬁt R ?oﬁe%?lcir?:u@n n_bhﬁ_e}?eas%/élpéﬁw‘
and correctionangfl SREBEE: tRcaSSRIAAR6EN Ve rCPRE atd i1t b6dy can be
information of the grating section and the head unit. 20 Wth

t hi s appar at us expheegogitth drighf acberammabl e body can accur at el y be
controlled within agr edet.ermi ned pl ane using the encoder system

wi thout being af f ect’EF B IEINER GHEREHRERAFRICHPE (the RERSSAErIpaLeaD,
caused by (the Reehal aGkap;elics Bl e, BbAULNGSR0LER0 ANd. g figad

unit, and therefore t j ect nounte gdy can

exposed w 16 hieghobgecttt atith an enerdicteafll Nghé apparatisi ebpraispagt of
the present invention, there is provided a fourth exposure apparatus
that exposes 1BCHALLD| Bedy wkba: afrrefertfy beafy ldrstagiasst ged second

conprising: a e bo hat can nove.in, at, | east first, an econd
di rections tha?g 35/‘?%36?]? gé%&aﬁ’fa\/\ﬁ)f%wc’é’m&r‘é %%Wee&eﬁFﬁﬁé?‘?‘Fdw&iBPﬁg
the object; annheneoA@tnhs)sHiRBL] i\ Sl Ny Henfd JLALLNGRR S b QR a2
head unit is arranged on a surface of the novable 15 body on which

t he object is BefHiemdntirehesthanibfist meragroeti owgaseotiace ahthé mevhbae

unit is ar gng d.faci nﬁ,the surface of the novable body and which,
measures posit POAY it RHER e BPI¢He LA anB P Qe RTt Ree grating

pr edet er m ned ,egavaﬁe,n Al RnEOMdPLLheE 1hal-S0LE %858 408k td k08 LPe

novabl e body w t hi
the movable body and which measures position information of

the movable body within the predetermined plane; and a

controller that controls a position of the movable body within

20 the predetermined plane, based on correction information to

compensate a measurement error of the encoder system that

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

With this apparatus, the position of the movable body

25 can accurately be controlled within a predetermined plane

using the encoder system without being affected by a

measurement error of the encoder system that occurs due to

the flatness of the grating section, and therefore the object

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



20 the predeterm ned plane, based on correction information to
conpensate a neasurenent error of the encoder systemthat occurs due
to flatness of the grating section and based on neasurenent
information of the encoder system Wth this apparatus, the position
of the novabl e body 25 can accurately be controlled within a
predet erm ned pl ane using the encoder system w thout being affected
by a measurenent error of the encoder syshyemthat occurs due to the
flatness of the grating section, and therefore the object nounted on
t he novabl e body can_be exposed with hi gh accuracy. 21

According to a twent})FTEdadvect bYentie firesenePratenti dhe wrerents

B oo | RAEHPOSH ShABBNLLHS LA S KPARC S B000 BEbaALlh Bac

energy beam the a par at u a nova

in at |east fi re&boseancaxﬁegmtdl weehi QRS émgﬁrseaﬁthegenaapﬁarhhhg
a predetermned plane, holding the object; an encoder systemin which

one of a grati sgmpeteinm: ahdwaahbadxuhathas ean awged ionat rasftacerst
t he novabl e bod on whi ¢ £ ég- ject is held and the ot her of the
grating sec?loﬁ nd SEHg" ?ﬁﬁl long JEP%HréﬂﬁbdoFEE?gﬁf%4ua“&GPFﬁcea

of the movabl e hadyrang v gmaﬁga%mng%hw@da&f ;OLBLL g{LJ@em

novabl e body mﬁthln the predeterm ned plane: a controrler t
control s a posiihi v af ohheamBV@thﬁ.nhoslgcwdrhaﬂdtalﬁﬂe@ﬂQﬂ&itei:fnaiednged
pl ane, based on correction informati on to conpensate a neasurenent
error of 15 th&NehcBFEACEYRE &net %%Yak&?cﬁpéydﬁewbéch Hehegphi ¢ ey isebeldn

opd o, dLepl acegRat ol SheRlE Bognd AciLhersat ol el amdr o
of the encooler agysh§l facing the surface of the movable body and which
measures position information of the movable body within the
predetermined plane; and a controller that controls a position
of the movable body within the predetermined plane, based on
correction information to compensate a measurement error of
15 the encoder system that occurs due to the grating section and
a displacement of the movable body in a different direction
from the first and second directions and based on measurement
information of the encoder system.
With this apparatus, the position of the movable body
20 can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to
the grating section and a displacement of the movable body
in 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



Wth this apparatus, the position of the novable body 20 can
accurately be controlled within a predeterm ned pl ane using the
encoder system wi thout being affected by a neasurenent error of the
encoder systemthat occurs due to the grating section and a

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

t he novabl e body can be exposed with hi ghsaccuracy. Accor di ng
to a twenty-second aspect of the present invention, there is provided
a sixth exposure aggaratus t hat exposes an object with an energ

beam the apparfl'B55%29° HRFFPEIAgPOY MBFADFER BFP fRatt c]_aﬁﬁs*_f’ﬁ)éérﬁﬁ
at |east first ,apd §888£‘&'| dhy Rkl 0RS O f'a‘raﬁ:eor%QQH?E@%athtéﬁltﬂig a

predet erm ned plane and al so can incline with respec

predet erm ned plradetehoinbdglahe 01 €746 cal BAKIGERS wSHS reBpBct toMiheh
one of a grating section and a head unit is arranged on a surface of
t he novabl e bo®@yeBAteFMEed Pdapp; cieldisghehe ebikatlieant ergodsr setem

grating section , t.he he unit . s arranged facing,the syrface of

t he novabl egbo_ f/lé\'_éqﬁjb‘:hv\ﬁlngh&dnéa%{ﬁtéglgp%%‘fttjiog‘nailﬂfaobﬁg?i”6’r’rto¥5 f&anged
movabl e body wiohhi r‘sdx‘f@céoof)rt@l@eﬁ@wﬁéﬂﬂeegoﬂ%%ﬁﬁh%@ﬂ e BBY £ QL 1§ nEhat
controls a position of the novable body within the predeterm ned

pl ane, based oandothectilrer iaff dheapraninm ssatpensahe cherdasdr anentis
error of the encoder%iy temthat occurs due to the grating section

and i nclinati oR*57"¢ | EhBoBYT ERRE 1k EBeoRoRRlaktirRafyn Angswhich
i nformation of maagugﬁggggt§aﬁti%%mati n Pév‘%ﬁ I’n&r?b%?ﬁgg?t%ﬁhhitnh&e

position of the nov dy can accurate e contr wthin a

predet er m hed prkasetasiingd plarencodes coystemad thatboketdlg abbest esh
by a neasurenment error of the encoder s%/stemthat occurs due to 20

the grating seefi®¥t ar¥akIR body| vHEinokheforede tapn i Phaty, based on
therefore the gbject nount gd on_ the novab osed w tP

. tion information to l%bdy Cansbe ey
hi gh accuracy. “Accor di hg to & T went yot g g8pect "6 Sthe™pte S&moT ©
the encoder system that occurs due to the grating 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 body,
and therefore the object mounted on the movable body can be
exposed with high accuracy.
According to a twenty-third aspect of the present
invention, there is provided a seventh exposure apparatus that
25  exposes an object with an energy beam, the apparatus
comprising: a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane, holding the object; an encoder system

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



i nvention, there is provided a seventh exposure apparatus that 25
exposes an object with an energy beam the apparatus conprising: a
novabl e body that can nove in at |east first and second directions
that are orthogonal within a predeterm ned plane, holding the object;
an encoder systemin which one of a grating section and a head unit
Is arranged 23 on a surface of the novable body on which the object
Is held and the other of the grating sectezgon and the head unit is
arranged facing the surface of the novabl e body and whi ch neasures

ition informati th ble body within the 5 predeterined
bl ane; and a cORt P ol PEPEhE CUNPPEFRlS 96 97 G 16h tie oRaeah S BBdY

wi thin the predglerfkngenat w,thgagﬁgt% CHAACH 9fg! ﬂﬁ]@fﬁ@éd QU1k0; s
conpensate a neasurenent error of the enctoder systemthat occurs due
to the gratingaseshged facirdhehkecadriacd @hdHeamedabDe NBABUILREWhich
information of the 10 encoder system Wth this apparatus, the

posi tion of th&SABYERS FOFHYCRINREBAFEERIOF Ble BoNRPEE IRa@ywit Hiim Bhe

predet erm ngd B.lcgagtermined plane; and a controller that controls a position
of the movable body within the predetermined plane, based on
correction information to compensate a measurement error of
the encoder system that occurs due to the grating section and
the head unit and based on measurement information of the
10 encoder system.

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

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

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

20 comprising: a movable body that can move in at least first
and second directions that arxe orthogonal within a
predetermined plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged
on a surface of the movable body on which the object is held

25 and the other of the grating section and the head unit is
arranged facing the surface of the movable body and which
measures position information of the movable body within the
predetermined plane; an interferometer system that measures

position information of the movable body in at least the first



usi ng the encoder systemw t hout being affected by a nmeasurenent
error of the encoder systemthat occurs due to 15 the grating section
and the head unit, and therefore the object nounted on the novabl e
body can be exposed with high accuracy. According to a twenty-fourth
aspect of the present invention, there is provided an ei ghth exposure
apparatus that exposes an object wth an energy beam the apparatus
20 conprising: a novable body that can neye in at |least first and
second directions that are orthogonal within a predeterm ned pl ane,

hol di ng the objecgt; an epncqder systemin which one of a grating .
sect i o% and a JI"i'él‘éd ﬁ‘?ﬁ?ncrsgéf"?% fon®3d s (d f GERERILASHe gﬁ%\bl%%@ﬁ?f

on which the objeebct Sol1ehdodms @R (& 0L %%fupgﬁsé’g@a%eadrsiuggméﬁ’gtegsggr

and the head unit is
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 1in the first direction based on the measurement

10 information of the encoder system and the correction
information.

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

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

accuracy.

20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing the configuration
of an exposure apparatus related to a first embodiment.
FIG. 2 is a plan view showing a stage device in FIG. 1.
FIG. 3 is a plan view showing the placement of various
25 nmeasurement 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 is a schematic side view showing a partial cross section



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

pl ane; an interferoneter systemthat neasures position information of
t he novabl e body in at least the first 24 and second directions; and
a controller that decides correction information used to conpensate a
measurenent error of the encoder systemin the first direction that
occurs due to a formation error of the grating section, based on 5
measurenent information of the encoder systemand the interferoneter

syst em obt ai ned vin vabl e body in the first direction and
based on |nforn5?¥ggn %ﬁ% ﬁFEDness of the grating section, and

controls a position @fe t B 1OYaDIH POy Bwihg I hbsdudifsat 59%%@,8%88

on the measurenent 10 information of the encoder system and t}
correction i nf @ERwtSE0Ps a schemat M shd¢ hiisw appat ad Hparthel pasistisertodbn

t he novabl e body can accurateh¥ be controlled within a predeterm ned
pl ane using thé& eﬁE%d%ﬁa§ﬁﬁ§F§ wWPERHArt being affected by a 15

measur ement gerror Er‘]fC-beﬁ %@Cé)gﬁgcﬁ)éigﬁgéél @g Pv}%l ?10 g due é[:gn%i uration

formation EI‘I’OI’ of t rating sectio re

nount ed on t heoﬁoyaiainarbmcbysﬁﬁm be mepespsswd B Bhﬂé‘tt@&@:’é&éﬁ&d t&0the
BRI EF DZSCRI PTION OF THE DRAWNGS FIG 1 is a V|em/schenat|cally

showi ng t he cofitFrghrembeiiment.

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 encecder, énd FIG. 8B is a view used to explain the
15 mechanism in which measurement errors occur and to explain
a relation between an incident 1light 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



of an exposure apparatus related to a first enbodinent. FIG 2 is a
pl an view showi ng a stage device in FIG 1, FIG 3 is a plan view
showi ng the placenent of various 25 neasurenent apparatuses (such as
encoders, alignment systens, a multipoint AF system and Z sensors)
that are equipped in the exposure apparatus in FIG 1. FI G
4A is a plan view show ng a wafer stage, and FIG 4B is a schematic
side view showi ng a partial cross sectionrg 25 of wafer stage WST.
FIG 5A is a plan view showi ng a neasurenent stage, and FIG 5B is a
schemati c side Vi 'iw showi ng a partial cross section of the
measurement stdge-®5FIG 6 is a block di agram showing the main

configuration of a cppig Ohlﬁléiheﬁ‘éjéré*%%eﬁéﬁf%g %E@féfx‘i 4n 4 ?r@&?gn

to the first enbodi nent I ews us

expl ai n positi (frmrmspuiesltagt wirtrtbttiom XYE@phedte oof wsowbf €6 tabtéctbyaa
plurality 10 of encoders each including a plurality of heads placed
in the array aMc3AYEPBMRET e4kart Pk 2y gASPLsTr IR Rinstirenvedery atansed by

bet ween the5he%ﬂ§ relative motion of the head and the scale in a

non-measurement direction.

FIG. 12 is a graph showing measurement errors of the
encoder with respect to the change in the Z-position when a
pitching amount 6x equals to o {6x=0).

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

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

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

20 FIGS. 16Ato 16D areviews (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
pltch 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 8A is a view show ng an exanple of the configuration of the
encoder, and FIG 8B is a view used to explain the 15 nmechanismin
whi ch neasurenent errors occur and to explain a relation between an
incident light and a diffracted light of a beamw th respect to a
reflective diffraction grating within an encoder head. FIG 9A is a
vi ew showi ng the case where a count value 20 does not change even
when the relative npbtion in a non-neasurenrent direction occurs

bet ween the head and the scale of the encoder, and FIG 9B is a view
showi ng an exaﬁgl e of the case where g}count val ue changes when t he

rel ati ve noti o P EHGTEREhSTPERaMTedirbety BRt 6T AUt tserhbehh shages
head and 25 t h%h%@@é e Qdm thE LRGRILE -which boti s ﬁgeéfg%:ﬁleeé:nco r%rom

views used to explain the case where a count va

changes and theachsethwdrete 4 kateuii whakhebd0Lstages oaRgententhbe
relative notion in a non-neasurenent direction occurs between the
head and the 23tBcapeh other, aftey egposwpeahy ifl;-ll)l:?h&ﬂe views used to

cupl a0 an SPTeL oSS R RALSE! 20 LI TR R
5 the rel ativetABth@dsenlch® beage atdnl RRe SEA Rirefhedt NOPa R ATURSHERY
di rection. FIG 12 is a graph show ng neasurenent” errors of
the encoder with fespecdirectinn ehdngee iwafietesZagosist moninheward an
pi t chi ng anmoun uals to.,a (ex=m. 10F]G 13 is a view_used to
expl ai n an ope}]ﬁf?%%ﬂ?%rpwltlon while keeping the positional relation

between both stages in the Y-axis direction.

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

the measurement stage when the measurement stage has reached

a position where a Sec~BCHK (interval) is performed.

FIG. 22 is a view showing a state of the wafer stage and
the measurement stage when the wafer stage has moved from the

15 unloading pesition 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 wafer has been loaded

20 on the wafer table.

FIG. 24 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pri~BCHK
former process is performed while the measurement stage is
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 AL2j.

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



acquiring correction information used to correct a measurenent error
of another encoder (a second encoder) caused by the relative notion
of the head and the scale in a non-neasurenent direction. 15FIG 14
is a view used to explain the inconvenience that occurs in the case a
plurality of heads neasure a plurality of neasurenent points on the
sanme scal e. FIG 15 is a view (No. 1) used to explain a

met hod of measuring unevenness of the scease. 20FI GS. 16Ato 160
areviews (No. 2) used to explain anethod of measuring unevenness of

the scal e. the n@a%ur%r%ehé gtgé;eewyggﬁg{:fxgn_)égbg:, gﬁi%raagﬁ %iélﬁi | Ogr

operation of acquiring correction®rn

correction inf grdelesani ofhdirdt pagrdehay mation of 25 the scale.
FIG 18 is a view showing a state of the wafer stage and the

measur enent stage WhBIGexXposurevimpn ashetriapr amnxtaseaot nmdkehotf d1s sbegagnad
performed to a wafer on the wafer stage. FIG 19 is a view showing a

state of the Er ST AYETURE S539° pRETnRhsUIEREnba sk nge TRRARE ki &Rye
oo 2 ehobe Sechiihattaden, Skl tD DELE Bl S0 Bl e
cone into contasting &higachtoshetenafdtar aupasay @ o 81.pj.ni shed.

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, ALZ2, and AL2j.

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

20 themeasurement stage when the focusmapping has been finished;

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

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

FIG. 34 is a view used to explain an acquisition



5FIG 20 is a view showing a state of the wafer stage and the

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

FIG 22 is a view shovvi ng a state of the wafer stage and the

measur enent st age wafer. sta has noyv fromthe

5 .
unl oadi ng posi t1 c?r?atlon r}e%%ﬁ'ﬁg“ﬂgs? roer?tllﬁ’np’d}%m&f:l‘v'\i‘tc‘r’f %ﬁ%ormatmn
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a state of the wafer stage an maasuremant stage
measur enent st ageamatusovediteo sanongtenimldisentm wai ti ng position and

a wafer has been Ioaded 20 on the wafer table. . FIG 24is a
vi ew showi ng a st at e¥ 8- 5o+ §t§d§§%§d’%qﬁetmlaéﬂa@beﬁ§§dmﬁ@doﬁo

a position éheredbt}ﬁcé’fmax%@a"étm@ﬁ%f eq{h%%ess is performed while the

measurenent stage Is waltin I'mal scrum waiting position.

25FIG 25 is a view Bi‘l}).\/\ﬁﬁ\gsaa ﬂcaicﬂmdlft sHRr il £Epst B8 RshdNEor step
nmeasur enent stage when al i gnment mar ks arranged |n three first

al i gnnent shot 28fe&8 B¥® BSi-ng si mul t aneously detected using
al i gnment systens AL1l, AL22 and AL23. FIG 26 is a view show ng a
state of the wafer stage and

BEST MODE FOR CARRYING QUT THE INVENTION
10 <<Flrst Embodiment>>

A first embodiment of the present invention will be
described below, with reference to FIGS. 1 to 31.
FIG. 1 schematically shows the configuration of an
exposure apparatus 100 related to the filrst embodiment.
15 Exposure apparatus 100 is a scanning exposure apparatus by
a step-and-scan method, that is, a so-called scanner. BAswill
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 inwhich 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 anX-axis direction, and rotation (tilt) directions
25 around the X-axis, the Y-axis and the Z-axis are 8x, 6y and
0z directions respectively.
Exposure apparatus 100 includes an illumination system
10, a reticle stage RST that holds a reticle R that is

illuminated by an illumination light £for exposure



29 the neasurenent stage when the focus calibration former process is
being performed. FIG 27 is a view show ng a state of the wafer stage
and t he neasurenent stage when alignnment marks arranged in five 5
second al i gnnent shot areas are being sinultaneously detected using
alignment systens AL1 and AL21 to AL24. FIG 28 is a view show ng a
state of the wafer stage and the neasurenent stage when at | east one
of the Pri-BCHK |atter process and t3pe focus calibration |atter
process is being 10 perforned. FIG 29 is a view showing a

state of the ma{er stagﬁ and the measurenent stage when alignnent
marks arranged SISFEVBTERTr d SBEPGRAENTShEE ar @%ﬂ?“ﬁ@?ngﬁkght or

sinultaneously\Qngghfglggggg)ghhggggphfﬁéﬁaggé}ét%tgpgoA%%%ﬁg%d%&gé.

15FIG 30 is a view show ng a state age ah

measur ement st agd tWhen teHaitgrimenthdasr so pedEinge bgtlcair egstemr A that
al i gnment shot areas are being sinultaneously detected using

al i gnnment syst &F®JIAEES W bmizagiop oBight) &L enifted fricmwretibmag an a

o g han SbedetprakE e AAGe 20 dE BB TRY A W20 YNED. WS 18813
measurement stage MST, their control system, and the like.
On wafer stage WST, wafer W is mounted.
Illumination 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 lasex
light {(wavelength: 193nm) is used as an example. Further, as
the optical integrator, for example, a fly-eye lens, a rod
integrator (internal reflection +type integrator), a
diffraction optical element or the like can be used.

25 On reticle stage RST, reticle R having a pattern surface
{the lower surface in FIG. 1) on which a circuit pattern and
the like are formed is fixed by, for example, vacuum suction,
Reticle stage RST is finely drivable within an XY plane and

also drivable at designated scanning velocity in a



FIG 32 is a view (No. 1) used to explain an acquisition operation of
acquiring correction information of grating pitch of a Y scale in an
exposure apparatus of a second embodi ment. 25FIG 33 is a view (No.
2) used to explain an acquisition operation of acquiring correction
informati on of grating pitch of a Y scale in the exposure apparatus
of the second enbodinent. FIG 34 is a view used to explain an

acqui sition 29 operation of acquiring cagrection information of
deformation of grid lines (warp of grid lines) of an X scale in the

exposure apparatus of the second enbodi nment, ) _FIG 35 is a
flowchart used XE§IBXBFEHHF N SERDRITeALreFt TP debick ddnuthet JripKys

nmet hod. I 1S, 1 o] oW . | ¢ exampl e .of
step 204 in FI g‘i r%t§g’é§%%é ﬁ%ﬁ% R SR LT ROBNT B Suzfdce
10<<First EnbodifnEn¢>31), by a rAtitiststagbogiienyetet el Qh8EEHown in

i nvention will be described below, with reference to FIGS. 1 to 31.
FIG 1 schenat ifé&k |y BHER®E te FdGe dif inphuwiingn ffr exrrpdposudénepparhons
100 reIatedstoo&hghéi{fﬁepnbodinent.

Position information of reticle stage RST within the
moving plane (including rotation information in the 6z
direction) is constantly detected at a resolution of, for
example, around 0.5 to 1l nmwith a reticle laser interferometer

10 (herxeinafter, referred to as a “reticle interferometer”) 116
via a movable mirror 15 (in actual, a Y movable mirror having
a reflection surface orthogonal to the Y-axis direction and
an X movable mirror having a reflection surface orthogonal
to the X-axis direction are arranged). The measurement values

15 of reticle interferometer 116 are sent to a main controller
20 (not shown in FIG. 1, refer to FIG. 6). Main controller
20 controls the position {and the velocity) of reticle stage
RST by computing the position of reticle stage RST in the X-axis -
direction, the Y-axis direction and the 8z direction based

20 on the measurement values of reticle interferometer 116, and
controlling reticle stage drive system 11 based on the
computationresults. Incidentally, instead of movable mirror
15, the end surface of reticle stage RST may be polished in
crder to form a reflection surface (corresponding to the

25 reflection surface of movable mirror 15). Further, reticle
interferometer 116 may be capable of also measuring position
information of reticle stage RST in at least one of the Z-axis,
6x and 6y directions.

Projection unit PU is placed below reticle stage RST in



15 Exposure apparatus 100 is a scanni ng exposure apparatus by a

st ep-and-scan nethod, that is, a so-called scanner. As wll be
described later, in the enbodinent, a projection optical systemPL is
arranged, and the follow ng description will be made assumi ng that a
direction parallel to an optical axis 20 AX of projection optical
systemPL is a Z-axis direction, a direction in which a reticle and a
wafer are relatively scanned within a pl ape orthogonal to the Z-axis
direction is a Y-axis direction and a direction that is orthogonal to
a Z-axis and a_Y-axis LS an X-axis directjon, apd rotation (tilt),
di rections 25 gigury} thléc’;@céﬁﬁc’?,u’ilﬁept%(}%‘iir%deén‘ﬂb?ﬁﬁe]z-%gﬁ“g%ﬁoéeéi,m%y
and Oz directi i i ;

Tncl udes an i 11 he oag | ot THY 2 R VAR R Ehaneh gt
reticle R that aire Lidldubn rap eshidnyeranned [poei RAbhaN relgbt of aLtRXPOIYEE]
30 (hereinafter, referred to as "illumnation |ight" or "exposure
light") ILfroni*PrufthBEPHPCIias eptiarl ayprest 8Bt ifF e¥dmPlRY @ Kdpeptric
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|1l um nation s{otdne E0-axis! diesctdoni htusour cRreiabtdoni bpuidalasysten
optical syste hat has. an illum nance 10 uniformty optical system
cont ai ni ng anng%t it %ﬁfeg‘?ﬁ“l?meandb?ﬂb'qiidﬁe, F%\%%C%‘trréfi cind bry“iaﬁd a
and the |ike (BQ@@e‘@ngﬂe‘arbfo?je%&@\ﬁﬁ)magﬁﬁfiéagir&?l(Qﬁ@l‘fla%{}gy{e{—%g rter,

exanpl e, Kokai (Japanese Unexam ned Pat’ent Application I on
No. 2001- 31B256n¢thefidoor eapeatiiit tinks)Pat Bidr Aoilel, Gdenall lumination
Publication No. 15 2003/0025890) and the like. In illum nation system
10, a slit-shaPEe?i FPHnitmat L bhuknedefaey hhtlyeingéfipped gt L from
reticle blind ' .SY.S e ds _in the X-axis direction on
reticle Ris iF‘ um n%é’?{]b%/gﬁﬁ%gﬁaﬁ%%aé%n( > hdcs)élr['zh?‘fld’ﬁt fa??_ecp

Wi th substanti ghtyudini fesgddllel Ul NaR68e 2Pat Ferdi SUFEFSRe a%s  placed
illumnation light IL, an ArF exciner laser |ight (wavel ength: 193nn

is used as an awagipintlapdit medincidentiey opttlvak ifdregr suofacé orlobject
exanpl e, ly-eye lens, a rod jntegratar (internal reflection type
i nt egr at o?]}g,’ asﬁ%{T??eic?Fgﬁoéﬁ?F%%{T O&I:‘Je?_?g]n?§'%?erf ﬁ%%"irﬁlé ac’éﬁd‘b‘éeq.&%%e
25 On reticle sfageiRehitl ght £ Rah3¥hnged MAUJCHR SuEf al Byt
| ower surface in FIG 1) on which a circuit pattern and the |like are
forned is fixedatygriflopfevegniplle, R waehimiduchinatidetirel AR aganRSded S
finely drivable wthin an XY 1pI ane and al so drivabl e at designated
scanni ng vel Ocﬁ?@qwrﬁ 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



31 predeterm ned scanning direction (which is the Y-axis direction
being a horizontal direction of the page surface of FIG 1), by a
reticle stage drive system 11 (not shown in FIG 1, refer to FIG 6)
i ncluding, for exanple, a linear notor 5 or the I|ike. Position
information of reticle stage RST within the noving plane (including
rotation information in the Oz direction) is constantly detected at a
resolution of, for exanple, around O . 5330 1 rimwth a reticle

| aser interferoneter 10 (hereinafter, referred to as a "reticle

interferoneter'y vabl e
e er ot of )G MDY BBl 81 A8 LB o0, Yypushle
and an X rmvablmmm L8 pridanengnisod@fen@¢t i Qhtsurhace g%fe*i@qeaa&n tarkhe
X-axis direction are arranged) . The neasurenent values 15 of reticle
i nt er f er omet er MinGidbentaitionestenild , coe retlcde 40 pnojectiowodtical

FIG 1, refer to FIG_6). Min controller 20 controls the gosition
(and the vel oc|5ty)732e’8fPIr'ef’P8Ité‘%?%@'éer@s?ﬁyf%ﬁﬁﬁ? ket frRESFo syt eseEe

reticle stage R$Tis@nthe;ds Qé#ﬁe (LbE L | 'l%&er % Ja A bg) {[fﬁ}r&ﬁﬁt@eﬁ'

the Oz direction based 20 on neasur enent ' val ues o

i nterferoneter 1346t mnd BdricudH hog shetrhalretsé agawingy @rayjetedd nit
based on the conputation results . Incidentally, instead of novable
mrror 15, the PniS S9uRSEE O arkanrelen b tHipemRE R a g wmtﬁsﬂ“ﬂ@ﬂ thpee

order to form flection surface espandi to th 5
) 1
reflection sur?a@é ? movabre’ m rr gr f%§l° d‘rsf)hgglo? 94 atlﬁsm Bs is
i nterferoneter al36188yd ben Capabl Sap1al SenBeganph G POSI £h@national
information of reticle stage RST in at | east one of the Z-axis, X
and Oy dir@&@ti nblirrbiat toen?Ri006PABESSH aowdver) quwojetitor IB’ﬁathU
RST in 32 FIG__1. Projection unlé PU includes a barrel 40 and
. . may also be supported in a suspended state with respect to
proj ection
amain frame member (not shown) that is placed above projection
unit PU, or a base member on which reticle stage RST is placed.
Further, in exposure apparatus 100 of the embodiment,
15 in order to perform exposure applying the liguid immersion
method, a nozzle unit 32 that constitutes part of a local liquid
immersion device 8 is arranged so as to enclose the periphery
of the lower end portion of barrel 40 that holds an optical
element that is closest to an image plane side (wafer W side)
20 that constitutes projection optical system PL, which is a lens
{hereinafter, also referred to a “tip lens”) 191 in this case.
In the embodiment, as is shown in FTG. 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 is 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 318



optical system PL having a plurality of optical elements that are
held in a predetermned positional relation within barrel 40. As
projection optical systemPL, for exanple, a dioptric 5 systemthat
is conposed of a plurality of lenses (lens elenents) that are arrayed
along an optical axis AX parallel to the Z-axis direction is used.
Projection optical systemPL is, for exanple, both-side telecentric
and has a predeterm ned projection magni f3sgation (such as
one-quarter, 10 one-fifth or one-eighth tinmes) . Therefore, when
illum nation ar g, | AR.I m nat by, il ation light IL from

i |l uni nation sys SO |lHL “nat isg’g’wfli b‘htElIlléan ﬂ'a\}'ilﬁﬁiﬁa f Y% RrRugh?
reticle R whoseapatlighflastédaesy sipd anedasebsiantical by £0ngh et sy
with a first surface (object
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.
Cne end of a supply pipe (not shown) is connected to
liguid supply pipe 31A while the other end of the supply pipe

10 is connected to a liguid supply device 5 (not shown in FIG.
1, refer to FIG. 6), and one end of a recovery pipe (not shown)
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. 6).

15 Liquid supply device 5 includes a liquid tank, a
compression pump, a temperature controller, a valve for
controlling supply/stop of the liquid to liquid supply pipe
312, 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 liquid tank to nearly
the same temperature as the temperature within the chamber
(not shown) where the exposure apparatus is housed.

25 Incidentally, the tank for supplying the 1liquid, the
compression pump, the temperature controller, the valve, and
the 1like 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



15 surface) of projection optical systemPL fornms a reduced inage of
a circuit pattern (a reduced imge of part of a circuit pattern) of
reticle Rwithin illumnation area | AR on an area (exposure area) |A
that is conjugate with illumnation area I AR on wafer W which is

pl aced on a second surface (inage 20 plane) side of projection
optical system PL and whose surface is coated with resist _ _
(phot osensitive agent), via projection opsi cal system PL (projection
unit PU) and quuid Lg (refer to FIG 1). Then, by synchronous

driving of retl t.a T, and stage WST, the reticle is
noved ?n the sc ﬁﬁﬁg gS @§Hé%ﬁﬁaﬁ6%§5%1.s di recti on) relatively to
i Ilumination area | A&%‘hid w@ce%kgruédl%t 6! bl sal SQiURLE AWK, S

noved in the scanning direction axis directi fel a rvely td fhe
suction pump, a valve for COntrolllng recovery/stop of the

liquidvia liquid recovery pipe 31B, andthe like. Asthevalve,
5 a flow rate control valve is preferably used to correspond
to the valve of liquid supply device 5. Incidentally, the tank
for recovering the liquid, the suction pump, the 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

10 equipment available in the plant where exposure apparatus 100
is installed.

In the embodiment, as the liquid described above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits

15 the ArF excimer laser light (light with a wavelength of 193
nm} is to be used. Pure water can be obtained in large
quantities at a semiconductor manufacturing plant or the like
without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to thea

20 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 % 1/n, shortened
to around 134 nm.

25 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). Accoxding
to instructions from main controller 20, the controller of

liguid supply device 5 opens the valve connected to liquid



exposure area (illumnation light IL), and thus scanni ng exposure is
performed to one shot area (divided area) on wafer 33 Wand a _
pattern of the reticle is transferred to the shot area. That is, in

t he enbodi ment,

a pattern is generated on wafer Wby illum nation

system 10, the reticle and projection optical systemPL, and the
pattern is forned on the wafer by exposure 5 of a sensitive |ayer

(resist |ayer)

on wafer Wby illum natiomglight IL. Al though not

shown in the drawi ng, projection unit PU is mounted on a barrel

pl at f orm t hat

i sol ati on mechanis
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to the space between tip lens 191 and wafer W via liquid supply
pipe 31A, the supply flow channel and the supply opening (refer
to FIG. 1). Further, when the water 1s supplied, according
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
Lqg from the space between tip lens 191 and wafer W into liguid
recovery device 6 (the liquid tank) via the recovery opening,
the recovery flow channel and liquid recovery pipe 31B.
During the supply and recovery operations, main controller
20 gives commands to the controllers of liquid supply device
5 and liquid recovery device 6 so that the quantity of water
Lgq supplied to the space between tip lens 191 and wafer W
constantly equals the quantity of water Lg recovered from the
space. Accordingly, a constant quantity of water Lg is held
in the space between tip lens 191 and wafer W (refer to FIG.
1). In this case, water Lg held in the space between tip lens
191 and wafer W is constantly replaced.

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 31A and liquid recovery
pipe 31B, and the like. Local liquid immersion device 8 £ills
the space between tip lens 191 and wafer W with water Lq using
nozzle unit 32 and forms a local liquid immersion space
(corresponding to a liquid immersion area 14) including an
optical path space of illumination light IL. Accordingly,

nozzle unit 32 is also called a liquid immersion space forming



10 Publication No. WD 2006/ 038952, however, projection unit PU may

al so be supported in a suspended state with respect to amain franme
menber (not shown) that is placed above projection unit PU, or a base
menber on which reticle stage RST is placed. Further, in exposure
apparatus 100 of the enbodinent, 15 in order to perform exposure
applying the liquid i mersion nethod, a nozzle unit 32 that
constitutes part of a local liquid innersryon device 8 is arranged so
as to enclose the periphery of the |lower end portion of barrel 40

hat hol d t_that closest tg,an im | ane side
Emgferovvgi32)%%%b%%étecon Eﬁ?ﬂ?@%“ﬁ?% Ect3of°8 %?%%ﬁ“%?@?gﬁfbfm'the
which is a | engi(aer eimaidedtal 8 S @akefedr 161t 91@1& hfam f'ﬁfbr) advikcd 8,

this case. In the enbodinent, as s shown in ower end '
sur face for example, at least nozzle unit 32 may also be supported

in a suspended state by a main frame (including the barrel
5 platform described above) that holds projection unit PU, or
may also be arranged at another frame member that is separate
from the main frame. Or, in the case projection unit PU is
supported in a suspended state as is described earlier, nozzle
unit 32 may also be supported in a suspended state integrally

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

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

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

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

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



of nozzle unit 32 is set to be substantially flush with the | ower end
surface of tip lens 191. Further, nozzle unit 32 25 is equipped wth
a supply opening and a recovery opening of liquid Lg, a |ower surface
to which wafer Wis placed facing and at which the recovery opening
Is arranged, and a supply flow channel and a recovery fl ow channel.
that are connected to a liquid supply pipe 31A and a liquid recovery
pi pe 31B 34 respectively. As is shown i3 FIG 3, liquid supply pipe
31A and liquid recovery pipe 313 are inclined at an angle of 45

degrees with r bl Bntdig s Xz axd IL.rgcti.on and the Y-axis direction
in a planar view :?V\/nen %i%\%@éa?r%&nt%o%)hé%d %foes% E?/r@e% F’?g%ﬁ)l %E’lan
pl aced with respecbutgommgisuaifgbé df meplVend Uohe ¥r ot SpdiE8CIiAM on
t hat passes through optical axis AX of projection optical systemPL.
One end of a sU§ SPIRYePLFR sthoRA)tipslevhihdttisdals Filhledwithpeyer

i Gui d suppl y duFeE oS0 haRrL o1 ERER o tRerERseoeFs seyie ondis
one end of 8 raea¥eras pi PR KBOLL IROMN: hsy CORREGIAN 1R hdPHL Lrpoyed
recovery pipe 31B while the other end of ¥he recovery plﬁg 'S
connected to aalsi fakdas egeyéigulieviare b8 énpplidwt LBabt Gn khe epete
to FIG 6). between an optical member in the lowest end (tip lems) 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 liguid 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
Lo FIG. 6) including ¥ interferometers 16 and 18 and the like
that measure position information of stages WST and MST, an
encoder system (to be described later) that is used for
20 measuring position information of wafer stage WST on exposure
or the like, a stage drive system 124 (refer to FIG. 6) that
drives stages WST and MST, and the like.
On the bottom surface of each of wafer stage WST and
measurement stage MST, a noncontact bearing (not shown), for
25 example, a vacuum preload type hydrostatic air bearing
{hereinafter, referred to as an “air pad”) is arranged at a
plurality of points. Wafer stage WST and measurement stage

MST are supported in a noncontact manner via a clearance of

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



15Li quid supply device 5 includes a liquid tank, a conpression punp,
a tenperature controller, a valve for controlling supply/stop of the
liquid to liquid supply pipe 31A and the |like. As the valve, for
exanple, a flowrate control valve is preferably used so that not
only the 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 liquwa tank to nearly the sanme
tenperature as the tenperature within the chanber (not shown) where

h LS N . ;25 Incideptally, the tank_ for
Supply i ng t he AR Sepd dI3ERE: 13 BIdR S50 Sonthe A% S covara the

control l er, thepmveursdk bierddk8od0dmat, abhriave LPadss 484 pRefgn

exposur e appar at us .
are independently drivable two-dimensionally 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-axls direction having
base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural
15 pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
Y-axis direction, At Y-axis stators 86 and 87, two Y-axis
movers 82 and 84, and two Y-axis movers 83 and 85 are
respectively arranged in a noncontact engaged state. Inother
20 words, four Y-axis movers 82, 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 85 is composed of, for example,
an armature unit that incorporates armature coils placed at
a predetermined distance along the Y-axis direction. That is,

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



100, and at |l east part of themcan also be substituted by the

equi pnent or the like available in the plant where exposure 35
apparatus 100 is install ed. Li quid recovery device 6 includes
a liquid tank, a suction punp, a valve for controlling recovery/stop
of the liquidvia liquidrecoverypipe 31B, andthe |like. As the valve, 5
a flowrate control valve is preferably used to correspond to the

val ve of liquid supply device 5. Incidentsally, the tank for
recovering the liquid, the suction punp, the valve, and the |ike do

not all have t [ d in exposure _apparatus 100, and at | east
part of them c%r{%gltgggb‘gggtusogpﬁt%t%’hwbﬁ’t?ﬁ‘gr E‘aﬁ?p‘?ﬁaﬁ’% hainameEirn
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enbodi nment , asgihe | i qui d descri bed abéte? purg?watgflfhé%%?%gf%ggfs

it will sinply despeetévely. t §imslaniat, e¥~akicsindesrs 98 aas @85\hed Y-axis

specifying is n%% ssaé%) that transmts 15 the ArF exciner |aser
light (1ight WSHT2*walefEIRftAUEE BB NGFots t P -g&da. lingar weters
can be obt akned..l uanyt it t i ] r ufact urin
rant or the | Heerart hace dr Fhiten o euaaREBb LY SRR RraRbeGR S
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optical lenses or the I|ike. Refractive index n of the water

with respect t@ ¥hexiy pisgarmatara8er 4 ¥garis dimeeumpitordss, | Yrheis
wat er the mavehﬁng

n%POer!éma“_Q'ii tILis_lQ%nm( 1/n,_ .
shortened to around 134 n#lafgﬁ urd 5%&39r%%05e 8 fhBeriey ysing
recovery devi cehb £afd reference codes as their movers 82, 84, 83 and 85.

10 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 81 that extends in the X-axis direction.
Accordingly, ¥-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 X-axis direction.

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

25 a stage main section 91 (not shown in FIG. 2, refer to FIG.
1) that constitutes part of wafer stage WST. Inside the
opening of stage main section 91, for example, a magnetic pole
unit, which has a permanent magnet group that is made up of

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



have a controller, and the respective controllers are
control |l edbymain controller 20 (refer to FIG 6). According to
instructions frommain controller 20, the controller of liquid supply
device 5 opens the valve connected to liquid 36 supply pipe 31Ato a
predeterm ned degree to supply water Lg to the space between tip | ens
191 and wafer Wvia liquid supply pipe 31A the supply flow channel
and the supply opening (refer to FIG 1) .4iFurther, when the water is
supplied, according 5 to instructions frommin controller 20, the

control l er of |j,qui 0 devi.ce .6,.0pens the valve connected

li quid recover l%lléﬁg %ﬁ% ¥%é%etﬁ?r5'agF%rd 'Sﬁgﬁcaead}degﬁt—'%m? ef - Wt %ge

Lg fromthe spasaxbstweesttiicn,| e8%rk9hqad Wakiermd¥hditix bbosighit and

recovery device 6 (the liquid tank) via the recovery opening, 10 tﬁe

recovery flow &raraslstater§lgodms ridubes yoplpenddBet Bupe Xgakhe 14uppky
and recovery operat itglns, mai n control | er 20 gives commands to the

control | ers” of MOEQGi PP SREAEIME LR G Hin dbeerayrigdiirest 0B o
t hat the qugntigt); t 1 space .he tdp .l ens
191 and v or VA5 enngt am o taanar Sothe, S a8 T PO Br PSP oS

recovered fromatrengpdcin =Actetdi ofylbeing cassiead iguant %%i@fg WakRed
Lg is held in the space between tip |lens 191 and waf er (refer to
FIG 1). In thf§ 2&$F@Jeviraiar segtil 82 (mothehaypuée Blét.weerretfiep teREG.
191 and wafer [ o ntly replaced. 20As is_obvious fromthe
above descri pt !!\é)nﬁ‘afc_ng%&%lécr%gaipr%éc%t?fd’-ln%%%qr%e&ﬁi 3 % oﬁnﬁ&ﬁ tkeg
i's configured opehush g Bedgd ﬁaﬂﬁ'éec%%n'ﬂzquh%a?%Eh& ¥ G811, which
l'iquid recovery device 6, |iquid supply pipe 31A and |'iquid recovery
pi pe 318, &afd fLhesimld@r tochhe [nagmedicmelsuontdavithe 8afér [stadb WoE

space between tip lens 191 and wafer Ww th water Lq using nozzle
unit 32 and forsf‘rgeafslt&g,ﬁlmqli“qiﬁc&lpﬁrﬁ%?r‘%ﬁ‘? 'sb%tééré‘ﬁ‘é?ﬁiesﬁghﬁlﬁﬁgn?’él%

l'iquid inmmersi g @hedteldly kn%fp'sggt@:p Bgmdn%%htﬂgér%rg@gﬁ%g lgg%l}elte’ay%e

illumnation light IL. Accordingly, nozzle unit 0 C

l'i quid i mer si Braspaddnkarmotpr SHateihiets MeadetakAt B YageEMPE in( e
confinenment nenber) or the like. Incidentally, part of local liquid

i mer si on devi €83%8Ls {HreSkdRBle, at | east nozzle unit 32 may al so be

supported {§ a suspended. sigla: Ry 2 T §f a8 {10elvding, thg barrel
above that constitute stage drive system 124 is controlled
by main controller 20 shown in FIG. 6. Incidentally, each
linear motor is not limited to either one olf the moving magnet
type or the moving coil type, and the types can appropriately
20 Dbe 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
8z direction) of wafer stage WST can be controlled. Further,

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

Wafer stage WST includes stage main section 91 described

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



5 platform descri bed above) that holds projection unit PU, or may

al so be arranged at another frame nenber that is separate fromthe
main frame. O, in the case projection unit PUIis supported in a
suspended state as is described earlier, nozzle unit 32 nay al so be
supported in a suspended state integrally 10 with projection unit PU,
but in the enbodi ment, nozzle unit 32 is arranged on a neasurenent
frame that is supported in a suspended state i ndependently from
projection unit PU In this case, projection unit PU does not have to

be supported i pghde tate., 15 i de t | | also in the case

measur enent st%e%taéﬁ oL I%%g?ﬁdl §1oaﬁgrﬁ? @% BAME BFtioe 95 pate
bet ween a rreaswmaeytdiﬂk&nelﬁt%@%—@Qigrdﬂ%t&%erﬁh@@ﬁt biPedians ;ﬁ&
can be filled with water in the sinilar manner to the above-descri bed

manner. 20l nci déet @Y Kirethicerheiabogel eesicmignté cmnicme (dotgehowsuppl .

pi pe (nozzle) and.one liquid recover i pe (nozzle) are to be
arranged as an é‘)‘?&ﬁaf%g A BRETR SO ’if? SEnths H\’f&ﬁ%l’iﬁ%aﬁévﬁéi’ 49 hpeed

to this, ang apeqnll gall puhaviogeguldi Pl g f10agl 65, A JLiel gaedclh

for exanple t he panphl et nt ernati'o [i'Chtion

99/ 49504, nmay abse bimergilyowed, caf HhdneasRed UL 1AHANYRNERY F-Sinis
possi bl e takin% into consideration a relation with adjacent nenbers.
F.

Further, a con '5ﬁ¢‘ai%rwi#ﬁlyraﬁs@ctbeweﬁﬁpo&?écpliawmchtmeima@weplane

surface of noz n:t IS la ed _clos to f1he |jma | ane _of 8
proj ection opt?%a? 2 e%°l°nP?pP sy@%%%%#” % 4ﬁfﬁgﬁ}9tﬁﬁhEFﬁe 3
out goi ng surfageagé ddifel §§‘§te1a91240.{s @noeﬁtlr&%d@a&mm Bbecrfébuﬁﬁéar

pl ane side of tip lens 191 is also filled with water in addition t

an optical 1at hobors hedltmgfelphrahengmdehmlam gescrides d@ire aiftea ﬁolﬂt
is that any confl ra%lon na be e & ed as far as the liquid can be
suppl i ed at Ie5¥f ﬂ?a§ﬂé BeBRf S3h - o ERPT MRS EE HaRLEHEB may

NI s S e g
t he of the X-axis, Y-axis and 8z directions.
On wafer table WTB, a wafer holder (not shown) that holds
15 wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integrally with wafer table WTB,
but in the embodiment, the wafer holder and wafer table WTRB
are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum
20 suction or the like. Further, on the upper surface of wafer
table WTB, a plate (liquid repellent plate) 28 is arranged,
which has the surface {liquid repellent surface)
substantially flush with the surface of a wafer mounted on
the wafer holder to which liquid repellent processing with
25 respect to liquid Lg is performed, has a rectangular outer
shape (contour), and has a cilrcular 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



10 panphl et of International Publication No. WO 2004/ 053955, or the

i quid i mersion mechani smdisclosed in the EP Patent Application

Publ ication No. 1 420 298 can also be applied to the exposure
apparatus of the enbodi nent. Referring back to FIG 1, stage device
50 is equipped 15 with wafer stage WST and neasurenent stage MST that
are placed above a base board 12, an interferoneter system 118 (refer
to FIG 6) including Y interferoneters 1@83and 18 and the |ike that
nmeasure position information of stages WST and MST, an encoder system
(to be describ t I ed faor 20 measuri sition

i nf or mati on of%&E g%gé%%égﬁ%@#%%ﬁiﬁjsggéﬁgs&FrPagrlﬁ%ﬁ?gﬁag?dﬁgE&rPge

system 124 (refshote &t GAa160;,t BatTo)i vasdsinaes ¥elrand 1a@@gt e
like. On the bottom surface of each of wafer stage T and

measur ement st dgauBTeralhont falnds foened by (Tootexstrpin) £1uoriRS resin
exanpl e, a vacuum r.eisc‘)agla‘t pe hydrostatic, air bearing (hereinafter,

referred to as TS 4f TRe ¢ LiRFe dealn MHTeHLS FUBE Points.
Waf er st ageSmEo@?ée%ﬂ%@hy?éﬁ@e(%Iogr Er S rQds Qdé]nabréc%é,

noncont act manner "via a cl earance of around several pm above

board 12, by statiytiprnessiurrabtérild®,psessliicondsatied hakih Sndtle@ipl out
fromthe air pad toward the upper surface of base board 12. Further,
st ages WBT and ENBTaF e dsnéie fdyiantn ¢ ran ybpe afvwadendediledls (whfer

e 2 Sany ERRbgMd BATEAONLEL HARThe A0L NGB et ke

FIG 5 1) and the-X-axi's™di rectioh {ano at™

page surface ohrEh@salghddd bifed sRagdqbentbied Bl ANG ah&Y18E 3R os iRy
stage drive system 124, To be nore specific, as is shown in
the plan vi@w theRHiGcularoppenifngpoand ar fece)d digaid mpeYlant srekaly s

86 and 87 10 extending in the Y-axis direction are respectivel
pl aged on one )ﬁﬁagd"é%% alt ﬁgcai?ﬂ%’ff%"% Jéa%“ﬁ ‘Hié‘%aéﬂi §haP$eE:1t§|C(\g’ﬁl %E‘W%

base board 12 kR betMeRAd Yefi feritl 8105 36 a0 AL 81§D r%ggﬁ?
of, for exanple, a magnetic pole unit that incorporates a perhanen

magnet group thaeai28apdde aypmplleplwvhralan exposure operation is performed,

at least part of a liquid immersion area 14 protruding from
1% the surface of the wafer is formed, and on second ligquid

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. 1In the embodiment, pure water is used

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

first liquid repellent area 28a and second liguid repellent

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

28a and second water repellent plate 28b.



15 pairs of a north pole magnet and a south pole magnet that are

pl aced at a predeterm ned di stance and alternately along the Y-axis
direction. At Y-axis stators 86 and 87, two Y-axis novers 82 and 84,
and two Y-axis novers 83 and 85 are respectively arranged in a
noncont act engaged state. In other 20 words, four Y-axis novers 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 XZ44ectional surface has a

U- I i ke shape, and are severally supported in a noncontact manner via
a cl earance of, for e 0 I vi;ag i ik d (na
shown) 25 with respeg%adtﬂg'lsc%?%e's%gﬁalél%ee\}?ﬁ?? LS'EL %tlofr]ze a&? 831-70. %éﬁéﬁ
of Y-axis novenmt82, réfel 1BhtaplaBd 28s ennRsednef sifqy, axamdlepodlre
armature unit that incorporates armature coils placed at a

predet ermi ned dil§h&ndeialterglynErraddrited dior eecérshwaTémirepellémt phete

enbodi ment, Y-axis ers. 82 and 84 de of the K 40 armature units
and Y-axis st a'?z)(gs:‘b %lguci\fnhed%?%%r S’f"g?he @éﬁgt' Spg?(ét &ﬁ]ltf’ TRt ARateon-
movi ng coi | 5t yRe tha¥hBodined!, AMBteLs JaRSPeUde 8hyt a%a‘ﬂ@&{nycn Ya8&ts
novers 83 and 85 and Y-axis stator 87 constitute noving coll type

Y-axis |inear mepeliedt respéeaviuglspfflinitéhe réslsomngtdesposptée Qbght
each of the four Y-axis |inear notors described above will be ‘
referred to as *& ViR 5 Re¥PChyt dHltgeviglet g ony ndartivst Gasel, ig
Y-axis |inear Pf o83 sy - Al i [ ne i
the sane refere %e %ozgs %gg?éﬁﬁ%%%%@%%ﬂ%gftg t%% egggf%%t #Ig%g‘?s

82 and 83 of t®&@aY-aadiSstidiabkat®dt eepe Bl g &3touhioh waheri@ellent
Y-axis linear notors are respectively fixed to one end and the other
end in a | bRgi £AEF MRAVIGHTr cesidirnse A okroaureslt ighyr I801inferiamxttentise

in the X-axis dit i_on. Further, novers_84 and,85 of the remainin
two Y- axi o | nokre eRaE GeeadohhAT8s Lt aoF} FRGLE doamet S iphece
other end of aB£Xseon® wi@lOkefd11dia! p€XtERES .1 Nrf Ene X Since it 1
direction. Accordingly, X-axis stators 80 and 81 afe driven al ong tshe

Y-axi s by a padifdictatiosapphearatrent aese BRerainatodd hadimg paiffiefent

Y-axis linear nmotors 84 and 85 respectively. 20Each of X-axis stators
80 and 81 is cORPLIRAPSSTEC PéPO%&ﬁfthal}t af é%ﬁfﬁttdrrbaaﬁicﬁumh&ttramlet

| noor por at gs. ALEBIL © 160khssPhagad Al a2spredsnarti ned di dnce, along
Cc r, - 1S

the X-axis direcfion. One ‘X-axi s st at axls stator
arranged in a stpiesatod theiwgdmsepsé Erbithpdar ®ReBbNGd BeLLSEOMIN this

forned at
manner, i.e, first water repellent plate 28a and second water
repellent plate 28b around it. Incidentally, the present
invention is not limited to this, and two types of water
20 repellent coat that have different resistance to exposure
light IL may also be applied on the upper surface of the same
plate in order to form the first water repellent area and the
second water repellent area., Further, the same kind of water
repellent coat may be applied to the first and second watex
25 repellent areas. For example, only one water repellent area
may also be formed on the same plate.
Further, as is obvious from FIG. 4A, at the end portion

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

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



25 a stage main section 91 (not shown in FIG 2, refer to FIG 1)
that constitutes part of wafer stage WST. |Inside the opening of stage
mai n section 91, for exanple, a magnetic pole unit, which has a

per manent magnet group that is nade up of plural pairs of a north

pol e magnet and a south pole nagnet 41. placed at a predeterm ned

di stance and alternately along the X-axis direction, is arranged.
This nmagnetic pole unit and X-axis statoms81 constitute a noving
magnet type X-axis linear notor that drives stage main section 91 in
the X-axis direction. 5 Simlar e, other X-axis,stator, X-axis
stator 80 is arann%énﬁaFHr%“%?%PiXB? t“’@e’r%ﬁ@ﬁ%‘i‘?‘féﬂﬁ e IReoiRstiangular
formed at a stagacHBihsite! {00 RRoLEPLIBRONG dift1BL& By +hef Sled HLE
1) that constitutes part of neasurenent stage MST. Inside the opening
of stage mai n secbhdwa®r rapedlest btapobebuniatfidvhiial X BM § folhasd
to the magnetig pole unit on the wafer stage WST side (stage nmain
section 91 sidéf IhfsCeftedadthrniagitygainsk Jigiestiant ohmpasugrnent
stator 80 c@nst. Vi X-axis, Line tor.that.
drives rreasgr e%%?gggéggl\/%%nn%?gﬁ?(&ég?g wcﬁafréé:c{;ia%ge %fglqg THe 2 pair
enbodi nent, eaeli eéridle irageamea®i®endescit bnd rabavest hate GRARELL L €
stage drive system 124 is controlled by main controller 20 shown in
FIG 6. Incidefhgl symmedgdiealli neagemantorith redpddtnitbetihe ocaittdrepfone

of the noving net e, oL, the novi, coji|. type, and, the types can
appropriately %39%%1%%?4‘56{%@4 58 ?féeeﬁéafg and the OIE%E‘EFd%’rﬂealle?gegif"ams
meking thrust Horeesi SR #likycPenel-akeduby i3 BaLh §F & A4S ihhgear

notors 84 and 85 be slightly different, a yawing anount (a rotatlon

anount in lbe Geagirecmton}ivpateésrs SLagea WShapaa ski tcpattetd Reving
Further, 25 by paking thrust forces severally generated by a pair of
Y-axis |inear AOHG? saqg?gaWbe g33Bes JirgRtLon Fodf Sragts ddreaihien candemt

of measurenent ,stage control | ed. Waf er stage WST
i ncl udes stageurra?% sggsét};l %%Qggf%l'escri bed above and a wafer table WIS

that is nmounted on StagReBRids 1s shown in FIG. 4B, at a portion of wafer

stage WST below each of aerial image measurement slit patterns

15 8L, an L-shaped housing 36 inside which an optical system
containing an objective lens, a mirror, a relay lens and the
like is housed is attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 36 1s arranged in pairs

20 corresponding to the pair of aerial image measurement slit
patterns 8L, although omitted in the drawing.

The optical system inside housing 36 quides illumination
light IL that has been transmitted from above to below through
aerial image measurement slit pattern SL along an L-shaped

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

convernience.



42 section 91. Wafer table WIB and stage main section 91 are finely
driven in the Z-axis direction, the 8x direction and the

9ydi recti onvi aaZ. -l evel i ngnmechani sm (not shown) (e.g. including a
voice coil nmotor or the like) relatively to base 5 board 12 and
X-axis stator 81. That is, wafer table WIB can nove mnutely and can
be inclined (tilted) in the Z-axis direction with respect to the XY
pl ane (or the image plane of projection aptical systemPL).
Incidentally, in FIG 6, stage drive systen1124 is shown including
each of the |inear S velin necha |sn1descr
above and a drive sé@téﬁﬁﬁ% é%ggﬂ%gﬁ% § g?%? TPl ﬁe? Rﬁﬁ?é?ent
tabl e WIB may maeenimwmtappa%ﬁ@ﬁlﬁbauaﬁé YairREENG ﬁ&ﬁﬁéd Inak

| east one of the X-axis, Y-axis and 8z directions. On wafer table
WIB, a wafer h@Fééﬁt?Wn%M%ﬂ? 2¥entg leaktsofi Sfavaf ed.desby Moaeuum
suction or the Ilke |s ran ed. The wafer holder may also be forned

integral Iy wtKPR&FETC] S3F,P1 {90 fid %r?&?dFlﬁ%lﬂ hegnpgid@figrthe
hol der and waf gnaml&lmlaﬁeofeswo%ewtggrﬁ ngei&sﬂtbgfgiﬁrg%b“gé@{h

hol der is fixed inside a recessed portion o
exanpl e, by vaeddes2(h shethonizonthbedirdeeiohuid G, 4A) ! Nesoppey 39Y;
surface of wafer table WIB, a plate (liquid repellent plate) 28 is

arranged, whi cﬁnﬂa%gﬁﬁh%r%éﬁﬁeg 9sSpgGaveEpel Kevralas BA8epnd 39Y; are
substantial ly hecsur e of waf.er unted, o waf er
hol der to whi CEEPI quallM1 O:%gtf)ieﬁlfe%tgegfrclggg%g?n F rrgg ?és%]e%tr CglPqu d

Lg is perfor medratiagg)ahbech@rgpé A odiy airém ﬁ.ﬁcﬁ?lteokwix:.@@l:d..rgéé;l(ﬁl
circul ar genl ng that is formed in the center portion and is slightly

| arger thaklt hénvidiieh Hslidelines AbBurtiimg healwigithdinat etjreckiabei8
is made of mat pow coef ICIS nt of thermal, expansion

e g3 hs o) Ehe XBstt (llr Bt Lt 828 e Sl S B ORt FEvSeS TR S o
Schott AG Al 29331 Mcthich) Bai‘ﬁ'ﬂl&n ttoh%héufié’}ﬁ% Uy Rk AL €9:285-43 ol ¢ qUI d

repellent filmis forned for exanple, fluorine resin materials,
fluorine series resﬁriMBely,alm snedis am onpobjdetandl thoragidykeae in
(Teflon (registered trademark)), acrylic resin materials, or_silicon

series resin mER@rETAKES GEEREREGD Oh SEcond RS i sPreLIERR Plisbw B (latdr
{abl o W95, 4val gr, o0 VETL I FLG Aol 8 20 o st sd) ayf

repel l ent area ose outer s cont our) I's réc%{angu

encl osi ng 10 tHEXﬁaf@lﬂo&fneﬁﬂ.@Bp@@tlﬁ@ﬂ{.a KesNG sl ol ghd SR, 2Bt UL
28b that has a rectangul ar frame (annul ar) shape placed around first

liquid repel | eftmeesed 2822 X@F1EFELYE Iqrqdiiidgr epal.| dhffracao28darating)

exanpl e, when gsur e onerati rfor ped,. at, .l easf part of a
liquid i mrersi %ﬁwal}c’gg HABTOC %%‘7 J1‘01“0 the ¥ akis direction in which

grid lines 37 having the longitudinal direction in the Y-axis
20 directionare formedin apredeterminedpitch alonga direction
parallel to the X-axis (X-~axis direction). As each of the
scales, the scale made up of a reflective diffraction grating
RG (FIG. 8A) that is created by, for example, hologram or the
like on the surface of second water repellent plate 28b is
25 used. 1In this case, each scale has gratings made up of narrow
slits, grooves or the like that are marked at a predetermined
distance (pitch) as graduations. The type of diffraction
grating used for each scale is not limited, and not only the

diffraction grating made up of grooves or the like that are



15 the surface of the wafer is fornmed, and on second liquid repellent
area 28b, scales (grating sections) for an encoder system (to be
described later) are forned. Incidentally, at |east part of the
surface of plate 28 does not have to be flush with the surface of the
wafer, that is, may have a different 20 height fromthat of the
surface of the wafer. Further, plate 28 may be a single plate, but in
the enbodi nent, plate 28 is configured by7conbining a plurality of

pl ates, for exanple first and second liquid repellent plates t hat

correspond to f| Lg epe n a ea a and con

repel l ent 25 area rJlelisbbgét‘Bv 3’ The "ErbBit gﬁ %&Fl?’%
used as |iqui dg'}:@t@ﬁg'@héi?icsr b?égtécp%ﬂﬁex%glﬁ&"%rn%feg‘%@ REL & 1) ‘?Jgtee%
first liquid repellent area 28a and sécond |iquid repeﬁeent area 2 IE')

are also refer raedhbbowsfmtnsre watior magpied [weved. pl idwev23a asch seeaBdis
wat er repellent plate, 28b. In this case, exposure light IL

is irradiated FSeFF?QPY\MWnEQ@IQWaﬁFQP%OfS'é‘eocfﬂlﬁ Cltﬁﬁérgréfcéegr
whi | e expos rer L)Eg%;:arhﬂrl%]e 1p1a5d4;:¥tél’{ rb%%fé&lqdli e__cog%{l ?r example,

repellent p ate 28 t outer Side |s °f

consi der ati on, abpitict be 1gfbediameiin paafé rﬁbpé@tg@.'és’éepeﬂﬂe%@t s@dl Loe
whi ch wat er repel | ent coat having sufficient resistance to exposure

light IL (li ghFOFﬁr%ld wa@bmhmlmm oerellendi Hlm (watdw sepadbynt §1lm)
applied is for e.surfa el l ent plate 28a
and a second wge@(fr PR AReNE- aﬁ%‘g FS“E\%J?%H%«&? "g"pé’Fl ERe FRtdpgris
having resi st agggwh quetPQadee 1h Os | bal PhK 11Qfe bethhe fivst walefne
repel lent area is applied is formed on the surface of second water

repel l ent pfat eak8lpf ¢ongerienak, dhecsand is$rdefdlisouln otheapivhyings er
repel | ent coat havi Pﬁ"t sufficient resistance to exposure light IL
(light in a vacuum 8V P ghainers i"ég"il’tf‘nempﬁd%rﬂﬁrstrc&%?et%%”&l agger

e it hS, oELBLiug. tALREPARI A JAG MBS 308 lcﬁgt dAE

sections in this manner rst water rep e ent 8a aﬁ

second wat er rppetéd enttiplhatew28h:mrieuedti &£ ﬂhﬁtnd&néﬂibéWudHWQspE@&%\t
invention is not limted to this, and two types of water 20 repellent
coat that haveV8f®fas @(ﬁCOPéSW§’F%C@P€élGRboBlﬁt@ RBhht Hawemway.athkod be
appl i ed onéhe u%)?er%surfaeo t he n_orde toformthe

first water’repe Hres Ay %%3&5‘?1589\2& e?:hf“‘%pé‘\nl At S Eqmemb

Further, the spage kid@rok yEdy pigpeldenheCofte rmy;hbs f&P'do%féf&elérh?
first and second vvater 25 T epel Ipent areas. For exanple, only one

wat er repel | enbt arfesrmrely eabsonshan faor whdchne tdrtdageipl &dmed may also

Further, as is_obvious fromFI G 4A at the end portion on the +Y
side of first RAtdFePPLitREMPPEE AW 388 R WRrERE &RGUP A Re uE S LxREP e,

formed in the ﬁ?né 1Y Ebgﬂn{;n é.r.hpvaéuaﬁs' ngéjle%(it bPMhe 1ike so as to

20 prevent local shrinkage/expansion. In this case, a water
repellent plate to which the same water repellent coat is
applied on the entire surface may be used instead of plate
28. 0Oz, wafer table WTB may also be formed by materials with
a low coefficient of thermal expansion, and in such a case,

25 apair of ¥ scales and a pair of X scales may be directly formed
on the upper surface of wafer table WTB,

Mirror finish is severally applied to the -Y end surface
and the —X end surface of wafer table WTB, and a reflection

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



45 and a neasurenent plate 30 is enbedded inside the rectangul ar
space (inside the cutout) that is enclosed by the cutout and second
wat er repellent plate 28b. A fiducial mark FMis fornmed in the center
in the longitudinal direction of neasurenent 5 plate 30 (on a
centerline LL of wafer table Wt), and a pair of aerial inmage
measurenent slit patterns SL are fornmed in’'the symetrical placenent
wWth respect to the center of fiducial ndBk FM on one side and the
other side in the X-axis direction of fiducial mark FM As each of
aerial imge 1 ur I Ntlsx Eagg it
pattern havi ng%’?ﬁ%g' aﬁﬁgbﬁ%&%};}%ﬁg?%ct c??il élr?éé - axﬂgrée qrr BE%IP on

can be used, agmeasexemgitebeam) to rEfilédielon 88rEScshPenahd FHiGectdBon
at a portion of wafer stage WST bel ow each of aerial inmge

measur ement sl SRCAEE et i 2angd Wceigping. aegfdgchedst ¥apt36Li asthideani ch

an optical syst niainin n objective lens, a myror,..a rel

| ens and the I%‘%g]efgge%%%es%g&gilg %I{CF cié Iﬁ?ré’nﬁg?ﬁg%@ éﬁ%eﬁb‘g&%ét%e
penetratingst hiauehr@asiet@lrst 15 itdsh 8 Lk Mef Gholable Md, and. 206,

mai n section 91. Housing 36 is arranged in pairs 20 corresponding to

the pair of aefil@l Zhdagetnreasatihere relrict opainiemferShetat tdyigh 118

i The opti cal gist em i nsi de housing 36

omtted in the draw ng. ¢
gui des il uni ndff ﬁrﬂi%gﬁFGr L%k 2R SHEE HELAPLRSFRGAY PédetelorefisoRien

bel ow t hr ough i idpRge ’%H-{ i Sl L an_ .
L- shaped 25 rogtﬁgf%\%l em tg t he Pgﬁ?ht%lwa{%ﬁggﬁg% rgeg?%{%%%ﬁror S

I ncidental ly, phatée dmolthewshge dastfzcpt bonNpréfrataphi aalt Syst emd asé de
housing 36 is described as a light-transmtting system 36 by using
the same r&fer 8REERRD S ASeHoRS | hfadomf sprfarelsaksasdf ieorrasiitdnne.

46 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 multilaxial
interferometer having a plurality of measurement axes is used

15 as will be described later, except for some of the
interferometers.

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

20 wvia a kinematic support mechanism {not shown).

Apairof Z interferometers 43A 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 together, movable
mirror 41 is designed so that a length 1n the X~axis direction
is longer than reflection surface 17a of wafer table WTB, by
at least a distance between Z interferometers 43A and 43B.

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



Mor eover, on the upper surface of second water repellent plate 28b,
multiple grid lines are directly fornmed in a predeterm ne pitch al ong
each of four sides. Mre specifically, in areas on one side and the
other side in the 5 X-axis direction of second water repellent plate
28b (both sides in the horizontal direction in FIG 4A), Y scales
39Y1 and 3912 are forned respectively. Y scales 39Y1 and 39Y2 are
each conposed of a reflective grating (e.4p. diffraction grating)
having a periodic direction in the Y-axis direction 10 in which grid
| ines 38 havin oRGLLiudi-Ra i recti i -axis djrecti.Qn
are formed in g{'l%o}!rldg‘:I et g‘?érﬁlgglgap%?%er’aﬁg%gpae%fntfb’g%f ?ggn P4 eézi F’gluql e
Y-axis (Y-axis dlizeetthgi)ar and an iHd¥ickdtkYsrdgez3iaas M- reRerShde agd
the other side in the Y-axis direction of second water repellent

pl ate 28b (bot RPF-1&ddex the -ttheldesurfate df meombdn nirmrd1,448d three

scal es 39X1 andre )ézt%e f or.ned rg l;Igec‘%i vel )é {( scal es 39X1 and 39X2
are each conpossd of -a Fefted e S a1y 3P8. §1C A4S REMe8n grati ng)

having a pesi odi ¢ di Re€1d@ oM c¥ A4 Sorfliti@Qkb Oy af\@ﬁ |
| i nes 37 having the |ongi tuc?i nal dicr ection in the Pa%ll S %Paci%éélgw%n
are formed in aYpsaédetef movedlpinichcal ohgarad dixtentis gupanalll e the khe
X-axis (X-axis directi oni. As each of the scales, the scale made up

of a reflectiv@'@Pet PALtHorhgr &rPRis REectéongaARefhactien credeed bib
for"exemi e, hoggrame, e, b ectn Le, RELAGE o sebotg WS

repellent plate 28b is use I'S case, each

made up of nar rsawfatetsla gneiRends pdrealiekets haplane vmkkesd idlcl@ned
predeterm ned di stance (pitch) as graduations. The type of
di ffracti onOgr afi #%) 2ngéd gopredriirrmdakd degrres in aitledkvand dicecondy

the diffraction i made up of grgoves or the |like that are 47
mechani cal | y f(%P?rEreI?,' %f'ggﬁl §8?B?‘5‘|—' tg rﬁﬁaél,e.? 18 Pﬁ”@ﬁlérijlgfre&f-ﬂﬁ'
that is creategebyeoxpaskigradd eif I RRESLAFLNYR agﬁa%eﬂle Re!dH Ve

resin may be used. However, each scale Is created by marking the

gr aduat i ons of ~Ehddei §f reftdaidograttifage 43 afaord Eexanpireged symanetiviehlly
bet ween 138nmtqQ 4gm _for .exanple, a g}i}tch of Igm on a thin plate
shaped gl ass. ThEBersacdoq ¢ ¥ ity Retlefuice Feptadediarinm
(water repekl eptifily) described above. Incidentally, the pitch of
the grating is showm nuch wider in FIG 4A than the actual pitch, for
the 10 sake of converd emcebvities @ iwsekin® FIGEQ INafd her e hgsz

interferometers 43A and 43B are respectively placed on one
side and the other side of the X-axis direction of ¥
interferometer 16 at the substantially same distance from 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-axls direction
is irradiated toward reflection surface 41b, and also a
25 nrneasurement beam B2 along the ¥-axis direction is irradiated
toward reflection surface 4lc (refer to FIG. 4B). 1In the
embodiment, a fixed mirror 47A having a reflection surface
orthogonal to measurement beam Bl that is reflected off

reflection surface 41b and fixedmirror 478 having a reflection



In this manner, in the enbodi nent, since second water repellent plate
28b itself constitutes the scales, a glass plate with a | ow
coefficient of thermal expansion is to be used as second water
repel l ent plate 28b. However, the 15 present invention is not limted
to this, and a scale nenber nade up of a glass plate or the like with
a low coefficient of thermal expansion on which a grating is forned
may al so be fixed on the upper surface ofsowafer table WIB, for
exanple, by a plate spring (or vacuum suction) or the like so as to

20 prevent |ocal, shrink xBansion n this,case ter repellent
plate to whi chaé e *Sane wa‘{g% ?e%elqeaﬁflr%%%rft P30 opt %@oﬁsﬁﬁﬁ? a
surface may be diFefkfilRei-eaf sOk fREAUE AP e Pran¥lh @ktbAR] & YW BrEBY 22550

be formed by materials with a | ow coefficient of thernmal™ expansion,
and in such a (ﬁag@ct.?ﬁnare;ﬁpetctgire}{ysoaai @osahtioms paiat akeXspamdds

maybe directly fo rred Onitfp er surface of wafer table WT.
Mrror finish |P§ eV erRtT éiﬁﬁl Eﬂet"’lfatrﬁeer‘“é?Ri’aQ}ref Béerehdty He the

end surfacegof wafierodiahle WHR s glgge %fr £6d Q%&EQEeLSfW%%%ﬁthTZ@aS%QQ{n%}t

reflection surface 17b shéwn in are y severa
irradi ati ng anbeamer BeranetEar. beam (nmeasurement beam) to reflection
surface 17a and reflection surface 17b and receiving a reflected
i ght of each beam W.%a¢ BLFEebHHEA7dr and 4ikd axei sumndrdedrefer £xppgle,

127 and 128 (X f roneter 6t018aenot shown ip FIG 1
refer to FIG 5?% at I@%nsutpptotﬂzszazr {hgF 5 Bﬁfaeﬁr@f?gfe °I7s§‘s£ e {Bot

(refer to FIG sﬁbwﬁp@at%@p&cﬁsI;%gaeaioroﬁnfaa% relfAc%feh@alfy,r %éﬁ@d
froma datum position (generally, a fixed mrror is placed on th

side surfat@ omipm;%cﬂﬂoandmw gy ahsb tlecatfamyad aneths mﬁaesuiramemt
datum surface) , that igﬁsml on, i nformati on of wafer stage WST

within the XY prafg, d%ﬁ’ﬁf APy Y SH¥as et sdsi 19 ohhe rﬂ“&’i"ﬁiﬁ“%‘%}' to
mai n control | efo¢914d @nltrli‘%re@q{yv% Ly h AR ‘E@%E e 13D €urface 4t1).'r13,0?1a

interferoneters, a nmultiaxial interferoneter having a plura

nmeasur enent axesdi $lajsethdlFiasdwhidrdye decandadpl aterto excepirahgéd,
sone of the interferoneters. Meanwhile, as is shown in FIGS.
| and 4B, a rvaBFéhﬁﬁ%ﬁnﬁPWWFﬁ@néslwltWﬁﬁo Hriect Fon examphe

Soarton o1 P50 8tdrtBhERCIGH nbg MG oo eRbESY L 308 p8ln BERASLIR Reox
having an inclined surface at an angle of 45 degrees is arranged
on the side surface of stage main section 91 and a fixed mirror
is placed above wafer stage WST. 1Inthis case, the fixedmirror
may be arranged con the support body or the measurement frame

20 described above.

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

25 side and the +X side froma 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



A pair of Zinterferoneters 43A and 43B constituting part of
interferoneter system 118 (refer to FIG 6) that irradiate

nmeasur enment beans to novable mrror 41 are arranged opposi ng novabl e
mrror 41 (refer to FIGS. land 2) . To be nore specific, 25 as is
obvi ous when viewing FIGS. 2 and 48 together, novable mrror 41 is
designed so that a length in the X-axis direction is |onger than
reflection surface 17a of wafer table WIB1 by at |east a di stance
between Z interferoneters 43A and 43B. Further novable mrror 41 is
made up of a 815 |nglgr cfLatlexa sec onal sha seens

whi
to be forned gf/t%%m t‘?ﬁ% a rectangaar’a d:saﬂ |r%ec?ssélé'le$§ %Pfﬁgfg g and

Mrror finish ig,apphhicedehfating iX ﬁitﬂe 1S Uhtaeer SlerfONabhe g1, & ]
and three reflection surfaces 41b, 4la and 41c are formed

S5Ref | ecti on surErgcdedtassurRdtiively eshawn bydasued saceenmantt heam B de of

nmovable mrror 41 anrfd %}end arallel to the KZ plane and in the
X-axis direction. T tG%on {stPF e ATt 8Bk |1t1'1ﬁaé1§35‘f’|5 Jfarverment

surface on the btémssﬁ@o@;mr @ékf&éel% Mffa%%e ﬂlélog{btda%sgﬂg&a&% aligl

to a plane that is inclined at an angle o re ermne egr ees
in a clockw se iditrecti-anis ﬂlEé&J.dersm&dfu éq&;ﬁléﬁ:eﬁ:ﬁlﬁgd ahaten@ddph Pt

the X-axis direction. Reflection surface 41c constitutes an adj acent
surface on the 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 mirxoxr 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 WST), based on the average value of meaéurement values
15 of measurement axes corresponding to measurement beams B4; and
B4, of Y interferometer 16. In addition, main controller 20
computes a displacement {yawing amount) A8z in the rotation
direction around the Z-axis (8z 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 6x direction of wafer stage WST
based on the Y-position {the displacement AY in the Y-axis
direction) of reflection surface 17a and xeflection surface
25 4la.
Further, as is shown in FIG. 2, X interferocmeter 126
irradiates measurement beams B5; and B5; to wafer table WTB
along the two measurement axes that are spaced the same

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



-Z side of reflection surface 4l1a and is arranged symetrically with
reflection surf ace 41b, with reflection surf ace 4la in 15 between.
As is obvious when viewwng FIGS. 1 and 2 together, Z interferoneters
43A and 438 are respectively placed on one side and the other side of
the X-axis direction of Y interferoneter 16 at the substantially sanme
di stance fromY 20 interferoneter 16, and at positions that are
slightly lower than Y interferoneter 16. 52 As is shown in FIG

1, fromeach of Z interferometers 43A and 433, a neasurenent beam B

al ong the Y-axi I i is.irradiated toward reflection, surface
216, Cand al so P58 hE THlr8lah bkl SRR BN Gl PPN UL B o1 &8 FEREen
irradiated towatd Jref hed cont se faCL0 4bapht&f ehe R sk Fon4B) the kDakhe
enbodi ment, a fixed mrror 47A having a reflection surf ace

ort hogonal to WeasgrireniX-peantB8dnt Hat besmord |eciedtef fa rafdpdatknent

surface 41b and_fixed mrror 478 having a reflection 50 surface
orthogonal to ASatsurt&sefTabamiBectinn) p§ vafartakie &R, rbesed onokhe

surface 4lcsar geabhARead %iﬁ@gid}gtw xﬁéa%aé:aaﬁéﬁé ,%isf 88%1-%41) nding to

respectively, at positions that are space pr edet er m ne stance
apart from novabhsurémerdr béims nB3;han8 B5.di Medhiedn, mhin acdiaiog 18F 7ot
interfering with neasurenent beans Bl and B2. Fixed mrrors

47A and 47B ar €o8RpERA tedispbacenentpl (¥avbyg tamusdireAsufbaint thedpz (not
oo Sy A B0 SRR il SURPE 2 BB Sl 2
on the measur epgaiufdnit 423644 RELRE ME@USENen FWeBeEortdsdBing to
enbodi ment, novable mrror 41 having three reflection surfaces 4(_3Lb,
4la and 410 ameda$unerbnt beans BS7 AmanB5478Iac idmahe vars@ifedht blied
the present i n\rlggrgi}?rinitsér zg-_')grorlcuj:trg_r_t %%6t gncti hézsm E%Ii:aféggpflreo’m Y
interferometer 16 are equal to each other, and they represent
a displacement (yawing amount) A8z in the 6z direction of wafer
table WIB.
15 Further, as is indicated by a dotted line in FIG. 2, a
measurement beam B7 is emitted from X interferometer 128 along
the measurement axis parallel to the X-axis. In actual, X
interferometer 128 irradiates measurement beam B7 to
reflection surface 17b of wafer table WIB located in the
20 wvicinity of an unloading position UP and a loading position
LP (to be described later, refer to FIG. 3), along the
measurement axis parallel to the X-axis that connects
unloading position UP and loading position LP. Further, as
is shown in FIG. 2, a measurement beam B6 from X interferometer
25 127 is irradiated to reflection surface 17b of wafer table
WTB. In actual, measurement beam B6 is irradiated to
reflection surface 17b of wafer table WTB, along the

measurement axis parallel to the X-axis passing through the

detection center of a primary alignment system ALlL.



15 a configuration may al so be enployed in which a novable mrror
having an inclined surface at an angle of 45 degrees is arranged on
the side surface of stage nain section 91 and a fixed mrror is

pl aced above wafer stage WST. In this case, the fixed mrror may be
arranged on the support body or the neasurenent frame 20 descri bed
above. As is shown in FIG 2, Yinterferometer 16 irradi ates
measur enent beans B4l and B42 to a refl eéBion surface 17a of wafer
tabl e WIB al ong the neasurenent axes in the Y-axis direction that are

spaced the sane di st [t.-0n e -X.25.si.de and .t he + i,de from
a straight |ine par aﬁ%ﬁc%@é{%& -%é(]f:%np?gg i”ﬁé:q‘teh lﬁfdﬁcﬁﬁglﬁ)i jjé'tﬁ%n
center of proj ectkos dipteictabn fSterePtab DPWrgad 1saX £ Bort\¥he mefffirbRent
FIG 1) , and receives a reflected |ight of each neasurenent beam

t her eby det ect i"AgueE po3serenentnbedie BY-ofk Ksindierderpveat¢2y1gdsAnd 6rdm
of wafer 51 t%lpllee WB. at irradiatio oi nts of rreasurirrent beans B4l

and B42. |ncidéntalrty: 1 AErG a1ve PEHETIC He dIfE™ A1 Ahd B42 are

represent at fveliytshosworit et ARSULRKBOLr POHD BlacEMEANE o Yhree X
interferoneter 16 irradi ates neasurenent 5 beam B3 toward reﬂeectl on

surface 4la al angeafememsteasehls,alilg ami the areadi Sfelteract horhes gagets a
predeterm ned distance apart in the Z-axis direction from neasurenent

beans B4l and 823°ChHhePr SR8 tRRrefOL8nr E IEheTBRRATEEY dPFeks arpegt Fhen

reflection surg 4la,; clq -he- Y= pqsi t],on .of
reflection 10 s%?%%e ifagg%gé%?fgﬁ%g %Jr{rgioﬁnﬂi{?i ?@f f\“{/vannetre'rsfte gaﬁemr

WST) . Mapn icontedlheh RAfR0aDUsRferithes biFoirhiba@nhd ERoWE 1RDFIR:
accurate, a displacenent AY in the Y-axis direction) of reflection
surface 1780 tA&RWiRgS Suchaper FIGhI28, \WiBd (Keiftdre réeagee WBT)128b4s edsesh

t he average va of surenent, val ues 15 of urenen es
cor respondi ng ggrrlreaaswl%%geﬁeh? Ceddes B 1Shovg Eﬂzgﬁc? ‘Yzﬁn?'é fﬁ&ﬁgt@en
16. In addition, wiBdh GONLIGhEES 20 FONRUILSF® dizgpl acement (yaw ng
anount) AeziE in the rotation direction around the Z-axis (Oz

direction) of wafer MeashgendiB: freamst B2 ahd fBr edcegbeiewtaxtiBeare
measur enent val ues pfteyggrég measur enent axes correspondi ng t

measur enent bedhE BA 23Rt Ket DCHH ST EEREFDI 4% aQ@g%S@rqrﬁﬂ‘f@'sd a
e haceretd, (BRI, Nl e, el BER0 g0 B0
direction) of oeftrefitdcadocaustate-ek/dlBngnd ofleolri advenrd aGeror 41 at
a predetermined incident angle (to be ©/2), respectively.
Then, measurement beams Bl and B2 are reflected off reflection
surfaces 41b and 41lc respectively, and are vertically incident
20 on the reflection surfaces of fixedmirrors 47A and 47B. Then,
measurement beams Bl and B2 reflected off the reflection
surfaces of fixed mirrors 47A and 47B are again reflected off
reflection surfaces 41b and 4lc respectively (i.e. return in
the optical paths, through which the incident beams passed
25 through, in the reversed directions), and are received by 2
interferometers 43A and 43B.
Herein, when a displacement in the Y-axis direction of
wafer stage WST (i.e. movable mirror 41) is assumed to be AYo

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



2541a. Further, as is shown in FIG 2, X interferonmeter 126

i rradi at es nmeasurenent beans B51 and B52 to wafer table WIB al ong the
two nmeasurenent axes that are spaced the sane di stance apart froma
straight line LHin the X-axis direction 52 passing through the
optical axis of projection optical systemPL, and main controller 20
conputes the position in the X-axis direction (X-position, to be nore
accurate, a displacenent AX in the X-axi $4direction) of wafer table
WIB, based on the 5 neasurenent val ues of the measurenment axes
correspondi ng tQ neasurenent. be B51. and B52 . Further, main
control ler 20 cA%r’?}jufagso%tJaclaslplpﬁggsn‘]a‘?ﬂg]t(}yﬁ&ﬁﬂgea"}Ft;ur‘hf) WRA WY $HER T Deep
direction of wafieandabl 8pWE T AR Thdthf E%WQLQ%%QQSEP&& t beam
measur enent val ues of the neasurenent "axes corresponding to %1
measur enent bed¥s tB8l arel WERivedchydhtiaiteyfeASw(he)rsolBAI amdl 43B0mrX
interferoneter 126 and, Qzm obtaipned fromY interferonmeter 16 are
equal to each STREFSSEALR H%‘S? ?83}%&*& SUaF s aicEteAPY( YA ng
amount) A8zsi nrreQ?eggi@éjﬁcti on of wafer table WIB. 15Further, as is
indicated by a dotted line in FIG 2, a neasurenent beam B7 is
emtted from X interder einalver x128 al-@ag) t heazwasyrgaent, axi s parall el
to the X-axis. In actual, X interferoneter 128 irradi ates nmeasurenent
beam B7 to reflecti dit& i B¥eex1fb bicondl et A%blxe sWiB | océlled in the
20 vicinity of an unloading position UP and a | oading position LP (to
be described later, refer to FIG 3), along the nmeasurenent axis
parallel to the X-axdddhahgtenness «Hal eqe a0k i 8 UR)andnhe

| oadi ng position LP. Further, as is shown in FIG 2, a neasurenent
beam B6 frofh Xdispbzdamarist 2o and AYo are obtained by the following

equations (3) and (4).

AZo = (AL2 - ALl) / 2sin® ...(3)
AYo = (ALl + ALZ) / {2 (1 + cos8)} ..(4)
15 The displacements AZo and AYo are obtained by each of

Z interferometers 43A and 43B. Then, the displacements
obtained by Z interferometer 43A are assumed to be AZoR and
AYoR, and the displacements obtained by 2 interferometer 43B
are assumed to be AZoL and AYoL. A distance between
20 measurement beams Bl and B2 irradiated by each of =z
interferometers 43A and 43B that are apart from each other
in the X~axis direction is assumed to be D (refer to FIG. 2).
Cn such assumption, the displacement (yawing amount)} A8z in
the €z direction of movable mirror 41 (i.e. wafer stage WST)
25 and the displacement (rolling amount) A8y in the 9y direction
of movable mirror 41 (i.e. wafer stage WST) are obtained by
the following egquations (5) and {6).
ABz ~ (AYOR - AYoL) / D ..(5)
ABy ~ (AZoL — AZoR) / D .. (6)



25 127 is irradiated to reflection surface 17b of wafer table WIB. In
actual, neasurement beamB6 is irradiated to reflection surface 17b
of wafer table WIB, al ong the neasurenent axis parallel to the X-axis
passi ng through the detection center of a primary alignnent system
ALl . 53 Mai n controller 20 can obtain the displacenent AX in
the X-axis direction of wafer table WIB al so fromthe neasurenent

val ue of measurenent beam 36 of X interfgsoneter 127 and fromthe
nmeasur enment val ue of measurenent beam E7 of X 5 interferoneter 128.
However, the placenents of three X interferoneters 126, 127 and 128
are different in the Y-axis direction, and therefore, X
interferoneter 126 igg:4sQ N ©%R0 i 0 d o) in
FIG 18, X interferéﬁ%tequ 7§15 usegg&ﬁgﬁﬁﬁgfgp %Fﬁgﬁﬂgﬂﬁﬂﬁgﬂe

perfornmed as sHawpladenidit s10f domd deFraHeCBE FrebiGn, 2D.e.a88o X AYo, Az
interferoneter 128 is used when a wafer is | oaded as shown in FlGS.
22 and 23 and #REMAQY wif Bafes SheealRH hesedhowthennEagirament results

Measur enent ¢ be Y;axis are irradi.ated from.each
! sbegps Bl 9 ]
of Z interferoneters %g‘%ﬁ;ﬁqgéhgﬂ -9%&21&14% ﬁ%&gﬁpé trlilierarboorve4J’:_i.escmbeCF
Measur ement beageaBlorand 332tar egj nci dent on refl ection surfaces 41b
and 41c of novable mrror 41 at a predeterm ned incident angle (to be

0/ 2), respectively. IFhéhisnmparngeneainbeemsrBleand0 Bamobtrdh| ele ed
off reflection_,surfaces 41b and_41c respectively, and are verticall
i nci dent 20 ondfﬁ%{?’ceeﬂeél@ﬁ%ﬁwgﬁﬁaséé‘ge S%H'&éi&¥ﬁi:€3r%‘?%°%7%%ﬁﬁgﬁ .
Then, neasurengat rheaion B, apd B2 g1 bgcitd @f fdi&»Qgt{@ﬂié)e%o Nthe
surfaces of fixed mrrors 47A and 47B are again reflected of

refl ecti onl&urhezssrefbntandsdllics reesjatbrfetometieresysedémiriia.n t he

optical paths,_through which the incident beans passed 25 through, in
the reversed di[?%’cqeilg%ﬂ-)l}“ atd Hite erbedinert hytnzer feepmaisnserem 45148

ST et B Bk AR ek B S LS
a di spl acenent staygd WSTZiaxtBe MiReitionsi 6f agsudedrtds ber 24edon.
However, the measurement directions are not limited to the
15 directlions 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, WIB) 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 6x direction and the 8y direction. 1In this case,
movable mirror 41 described above is arranged on wafer table
WTB. Further,l instead of reflection surfaces 17a and 17b, a
movable mirror made up of a planar mirror may be arranged at

wafer table WTR,



AZo, an optical path | ength change AL1 of neasurenent beam 31 and an
optical path length change AL2 of neasurenent beam 32 that are
received by Z interferoneters 43A and 43B are expressed in the
foll owi ng equations (1) and (2), 5 respectively. AL1 = AY x (1 +
cose) - AZo x sine -(1) AL2 = AYo x (1 + cosB) + AZo x sine -.(2)
Accordingly, fromthe equations (1) and (2), the 10 displacenents AZo
and AY are obtained by the follow ng equations (3) and (4). AZo =
(AL2 - ALl) / 2sine -.(3) AYo = (ALl + AL2)d/b{2 (1h+ ?ose))-.(4)
15The di spl acenent s and AYo, are obtai ne each of Z
interferogeters 43A ‘hﬁ*ﬁ@§@€§§ ,5%41 CYPEDta rLeRotREgTEF IRy of

i nterferometer w434y 38 g@ 3B TRA AeQ 116184008 )a00 AYO e ﬁ?g’l%ggt(gog%tﬁ'bl_

di spl acenents obtained by Z interferoneter 43B are assumne

and AYoL. A di shd@nceathiinvdend2feceiasiy efeohréeatiyrBésast Bedom
irradiated by each of Z interferoneters 43A and 433 that are apart
from each ot herPFAhUERI ROE&F Lo pEeRa oNsimEbafeddi xedid o) (Femaintp

(1 o2 o SRaBFRII B shBiadl JLBCRTER, o/ BELDE BRI o7
the di spl acenefhe (ficd dugrediDUaIYe AR, ihBette-pptdisers) ol 100vakl e
mrror 41 (i.e. wafer stage WST) are obtained by the foll ow ng
equations (5) &pgofddrily used in the cases such as when long-term
fluctuation of the measurement values of the encoder system
(e.g. due to deformation over time of the scales, or the like)
10 is corrected (calibrated), or when the backup becomes
necessary at the time the abnormal output of the encodex 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 6z direction is measured by the encoder
system (to be described later), and position information in
directions of the remaining three degrees of freedom, that
is, the Z—axis direction, the 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 11B. For example, the position
25 information in the Z-axis direction and the 6y direction may
be measured by the measurement system and the position
information in the 6x direction may be measured by

interferometer system 118.

Incidentally, at least part of interferometer system118



Aez( AYOR - AYoL) / D Aey(AZoL - AZoR) / D _.(6) 55

Accordingly, main controller 20 can conpute the displacenents of four
degrees of freedom i.e. AZo, AYo, Aez and Aey of wafer stage WST
based on the neasurenent results 5 of Z interferoneters 43A and 433,
by using the above-described equations (3) to (6). In this
manner, main controller 20 can obtain the displacenments of wafer
stage WST in directions of six degrees ofs7freedom (Z, X, Y, Oz, ex
and ey directions) fromthe 10 rreasurerrent results of interferoneter
system 118. | nci |nterf er _system
118 is to be cgpggp atsltfral Ny’ posnﬁtlln%‘ﬁ nd Or g oang%%‘ev%? §t8%e
WET in the di rct@htoml@é pﬁﬂo&ed@%@%ﬂf ol 8L Gy HAWBVBE . atifhged
measurenent directions are not limted to the 1gd|rect|ons of Si X
degrees of free@@ﬂng}' my:habsm@@:ichnr @ofitoPE wWiatf isesappdEssl in a
degrees of freed I ncidentally, in the enbodlnent al t hough

the case has b&BAPERLRY PHBEE Acicsafd egh R NS 01D ERFSFICd igent,
singl e stags thatelBe opaiaesy H eﬁfﬁcag%soeogrﬂ 9L 868 m%f %%ﬁ&?é“

20 the present invention iIs mted thereto

al so be confi gdtedlei dedardibeg sbage. mai n section 91 that is freel y
novabl e wthin the KY plane, and wafer table WIB that is nounted on
stage mai n section JMeagngement |5f1-'@|95¢ YET vid udes| athye nainstsegéliomi 972

section 91 in ggscgfééd taggve and a measurement table MTB mounted on stage

main section 92. Measurement table MTB is mounted on stage

10 main section 92 via a Z-leveling mechanism (not shown).
Bowever, the present invention is not limited to this, and,
for example, measurement stage MST having a so-called
coarse/fine motion structure in which measurement table MTB
is configured finelymovable with respect to stage main section

15 92 in the X-axis direction, the Y-axis direction and the oz
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 82). For
example, as is shown in FIGS, 2 and 5A, measurement members
such as an uneven illuminance measuring sensoz 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



25 direction, the ex direction and the ey direction. In this case,
novable mrror 41 described above is arranged on wafer table WB.
Further, instead of reflection surfaces 17a and 17b, a novable mrror
made up of a planar mrror may be arranged at wafer table WIB. 56

In the enbodi nent, however, position information of wafer stage WST
(wafer table WIB) within the XY plane (position information in
directions of three degrees of freedomirgsl uding rotation information
in the ez direction) is mainly 5 nmeasured by an encoder system (to be

descri bed | ater repent. val ues.of interfer ters 16,
126, 127 are sé‘%:bc()grﬁ%rQ ?P%mﬁ%aer%larﬁngt feé> cad: %séghb%\st grlilalc%%'?“f@i‘arﬂ
fluctuation of rdidodeasit ef@disvabyes of, e eReRIRS, Syel sanfSrdr ofue
to deformation over tinme of the scales, or the like) 10 is corrected

(calibrated) , Iortemhehiohel FabRdpabbooles WecEy9&by28tadchéehti hikd hee

abnor mal out put_ of thg encoder stem occurs. Incidentally, in the
embodi ment, out®™BO¥EE: t ASnVRREOTIRN RBRT FAC 1R BRASYEHY W e 98,

directions gf s r f eedo han j [ '
directions gf ?ﬁ%@gﬁ%SS%%agggg g?'fg%% om %gfdggagkgﬁ%hggaéfs
direction, the IMtaxhatibmac Pubhieatd dnfeo eHOM I /AOBIEAN( e BBASIHRMIRNg
the encoder system (to be described |ater) , and position information
in directions &Ff FRECRHeRPALAYL 1T Sublbertiden B§o. fIr 888074 3)t han dlso bae
Z-axi s directi% edthe Ox direction and the By direction 20 is
measured by a néasurenent system (to be described later) having a

plurality of Z sensois.uddeic@i N11&fena3Re hbQ8utiHLERELSN9A N the
directions of the remai ning three degrees of freedom may al so be
measur ed b¥0borhnfheurstisur simhlasyst dineande i thayr fier diret bos &/ singmEox

118. For exanple, the ition 25 information in the Z-axis direction
and the O i L EEETBICHA R (HASRERF Do RBONR RASRSHADB) kARG

the position iBheli@it ol fo! BS-_exysld GEAL 88, BV ARBAT W O bl wo.
interferoneter system 118. Incidentally, at least part of
interferoneter 4s¢65e%d)18nd the like 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 ZApplication Publication) No. 2002-014005 (the
corresponding U.S. Patent Application Publication No.
2002/0041377) and the like can be used. Incidentally, three
measurement members (94, 56 and 98) are to be arranged at
20 measurement stage MST in the embodiment, howevex, 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 ligquid
immersion device 8, for example, nozzle unit 32 (or tip lens
191} or the like may also be used. Furthermore, members

different from the measurement members such as a cleaning

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



57 (such as an optical system) may be arranged at the main frane that
hol ds projection unit PU, or may also be arranged integrally with
projection unit PU that is supported in a suspended state as is
descri bed above, but, in the enbodinment, 5 interferoneter system 118
is to be arranged at the neasurenent frane descri bed above.

Measur enent stage MST includes stage nmain section 92 descri bed above
and a neasurenent table MIB nounted on stsage mai n section 92.
Measurenent table MIB is nDunted on stage 10 mai n section 92 via a

Z-1 evel i ng mechanj ver resent invention is
not |inited toqféﬁ)i g%‘g dé Sxa%lreeas%ﬁglﬁ? 9%¢"8Je MST having a
so-cal | ed coarse/fi n@n nid embéaﬁh&wr%sl Badfh& Ny BRASULR MY, 153D1 e MTB
is configured finely movable with respect to stage main section 15 92
in the X-axis diengetrs dijatt hee VEmqguentily ecdddonuandcag haeBan dilrleaiihance

may al so be enpl oyed, or the configuration may al so be enpl oyed in
whi ch neasur eggﬁegt!ab% SERECF 9% PQ&&%&E&t%@@%ﬁﬁ%@m opsteuneny 96e

Clage mai n Sectrant83Ts O SR e TR, Ohl TR pob R ohd, Mg,

freedom Vari ogentyppsobincasagenerenitagenkers Therdf 281066 ahe
nmeasurenent table MIB (and stage nain section 92). For exanple, as is
shown in FI GS. ePPaaiagx, WﬁtuW®mwsmmhemmformed
i I lum nance negsqﬁl sensor

li ght - r ecei vi ng¥section the lfrel’“éeélécl Vg ?{F‘ﬁrﬁrﬁé{)hgn@%ﬁeﬁﬁg’?ﬁ_ Preghion

i mge plane of wQEHb@@tmd?ﬁln@pth@Qﬁea%\(ﬁ{eﬁﬁhPLst Ml 3L LPGL axi s
measuring i nstrument 96 that neasures an aerial imge (projected

i mage) of k0 patieeetidrat is projected by projection optical system
PL, and a wavefront s
In addition to each of the sensors described above, an

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

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

25 image measuring instrument 96 and wavefront aberration
measuring instrument 98 that are used in measurement using
illumination light IL receive illumination light IL via

projection optical system PL and water Lg. Further, only part

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



58 aberration neasuring instrunent 98 by the Shack-Hartman net hod
that 1§ disclosed in, for exanple, the panphlet of I|nternational
Publ i cati on No. WD 03/065428 and the |i ke are enployed. As wavefront
aberration measuring instrunent 98, 5. the one disclosed in, for
exanpl e, the panphlet of International Publication No. WO 99/60361
(the correspondi ng EP Patent Application Publication No. 1 079 223)
can al so be used As uneven illum nance mgasuring sensor 94, the 10
configuration simlar to the one that is disclosed in, for exanple,

Kokai (Japanese Unexam ne te | j cation Publication) No.

57~ 117938 (1 ho REBF FECRE 516, B® i SThES mriosos689 atRl 1 8 FPfe
can be used. Fugkhes, [ h 1R [ '

configuration ?i Eimfggrse'tﬂgotgﬁ%ygdﬁeﬁ) 15t %ﬁ?gé%&gﬁ%ﬁ%ﬂ%@ﬁ{ﬁ% ggmd E@gge
exanpl e, Kokai mgiapseecsiorddeyam ned Pat ent Application Publication)

No. 2002-014005 (the cgrresponﬁing U.S. Patent Application
Publ i cati on No. 200002 E5?YN BnBIG heBt akEramarsherad égtarheereneEes

three measugemyat prers (9% 99.and. SR), arecto be arcanged ot 20,

measur enent stage In e enbodi nen owever ,

the nunber of geasisenENtMRERSH Serdir®/ is8a§OtMdT .M Fefthdr,t ReMhédSerdde
nmeasur enment nenbers, for exanple, neasurenent nenbers such as a

transmittance ABagace My ithst rineide ifastagasuaies sact temsif ¢ rapebr off

projection optiga stem PL, 25 and/or a peasuring instrument that
observes | ocal pﬁ?Jﬁ%‘?%tEi%*gPsFSﬁt%i CedBe Ftehianphe, VioAAY Ahi thes2

(or tip lens 183)toF pTo@_eLth!aK%_z{fBMe%é&i@ed#%%‘%-ioﬁu{ﬁéﬁfer@ﬁ% %&H’Becf]é
different fromthe neasurenent nmenbers such as a cleanl ng ménber -t hat
cl eans nozi® e ahtaciBigntt mpmbens4Z9kinothe heldddrent58apable of facing a
pair 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-axis 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 i1s guided by each
light~transmitting system 36 and received by the
light-receiving element inside each photodetection system 44,
That is, measurement plate 30, light-transmitting systems 36
25 and photodetection systems 44 constitute an aerial image
measuring device 45 (refer to FIG, 6), which is similar to
the one disclosed in Kokai {Japanese Unexamined Patent

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



may al so be nounted on neasurenent stage MST. In the

enbodi nent, as can be seen fromFIG 5A the sensors that are
frequently used such as uneven illum nance neasuring sensor 94 and
aerial imge nmeasuring instrument 96 5 are placed on a centerline CL
(Y-axis passing through the center) of neasurenent stage MST.
Therefore, in the enbodi nent, neasurenent using theses sensors can be
performed by noving neasurenent stage MsS&lonly in the Y-axis

di rection without aning t he neasurenent stage MST in the X-axis 10
di rection. dd tion.to fac ghe sensors described above,
an illuninance nDnl %?uﬁ?eﬁéguﬁ F8%et¥¥%rg section having a

predeterm ned area smrzstﬁmanern%%n%%s: 424 léj%ﬂlﬂdé?ﬁlah.%tr {tte ANk BEC
i mage pl ane of projection optical systen1PL may al so 15 be einoyeJ:

whi ch is discl sbetdtiyn, rdfmrredahpl & KoK b{d'aparteshatinex amddee dpPaf ent
Application Public tiéga hb 11- 016816 (the corresponding U S. Patent
Appl i cation PuBPFCETTREH %5 TOSE 0B DL 26 95 C hAREUIE ppﬁﬁloqqﬁgshape and

i | 1um nancesmoRLLLsiss & $Q IQ%%IE“ %Palrr%egl @gegrzoa%gtelaeegggﬁ 1n the

20|nC|dentaIIy, In the enbo I MEer si‘on exp osur

performed in mhkahlswﬂiﬂédﬂﬁbﬁ exmobed ﬂwtib<k&ﬂ6ﬁﬂfﬂci1%¥“5upported on
(illTumnpnation light) IL via projection optical systemPL and |iquid
(water) Lag, anﬂeéﬁ%%ﬁmﬁq$gP$aGﬁeNﬁﬁ1Hﬂ ﬁuﬁinb;mﬁmaﬁéasmpumg SBENSBHred

(and the illum nance rrr}():nl [Sﬁ %% a%isr S,a v25 mat?g‘? mea gurl Qigﬁ st r.unment
96 and wavefront abeérvati asur i%7gVFRsTT fhdte sed in
measur ement usigigaéhtdrEntabt oRad Nt obkiksLeiMed Lbughnad 'uﬁ"ch' hgmwl L
via projection optical system PL and wat er Lg. Further, only part of
each sensot0 suchefficdemtopf ithelmsy stpmnsdyn b esuvhuas @drodur 6(ne brand
name) of Schott AG are employed as thematerials. The flatness
degree of the upper surface (the surface) of CD bar 46 is set
high tc be around the same level as a so-called datum plane
plate. Further, as is shown in FIG., 5A, a reference grating
15 (e.g. diffraction grating) 52 whose periodic direction is the
Y-axis direction is respectively formed in the vicinity of
the end portions on one side and the other side in the
longitudinal direction of CD bar 46. The pair of reference
gratings 52 are formed apart from each other at a predetermined
20 distance (which is to be “L”) in the symmetrical placement
with respect to the center in the X-axis direction of CD bar
46, that is, centerline CIL 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



measurenent table MIB (and stage nain section 92), or the entire
sensor may be placed on neasurenent table MIB (and stage main section
92). As is shown in FIG b5E, a frane-shaped attachnment nenber 5 42 is
fixed to the end surface on the -Y side of stage main section 92 of
measur enent stage MST. Further, to the end surface on the -Y side of
stage main section 92, a pair of photodetection systens 44 are fixed
inthe vicinity of the center position imgz2the X-axis direction inside
an opening of 10 attachnent nmenber 42, in the placenent capabl e of

facing a pair of lLight-transmttjn tens 36 described previously.
Each gf pE\ot odét 5‘&??0@%@5?8@3 t%ﬁ%érﬁ)‘b%‘& B’Fl%arFYoﬁﬂ-FEnge%R/ﬁéﬁgm

such as a rel aydeeBScoRdd i ihRRELYI meas iBed 1
phot onul ti plier tube? and }g hégsi ng ték}%tt%hguses hﬁf@%s@%gﬁ% 'iasteé: S|1fy
concei vabl e fr omell CRe#Gecand bixland mhhealles &Wd pliif@ersnt fiar shapet he

enbodi nent, in a state where wafer stage WST and neasurenent stage
MBT are cl oser ‘COJ&thevtifmnfron ficugbetmarkeM dbyt ai herenbediveaki s

direction (kncludi t ). blummnation light 1L that has
been 20 transm#?ggg?ﬁer oughﬁgﬂagﬁégél_r%uala!!lrr@%'ek%ggﬁrv?ngﬁ? {5
pattern SL of mweasuieweldn Rhat 8199 dieydHkEE0thY Laehconstitution with
light-transmtting system 36 and received by the light-receiving

el enent i nsi detdathopiit edegrpentomagiksormatdr Whatlnicsddeneally,eenthe
plate 30, light-fransmtti systens 36 25 and photodetection systens
44 constitute 3#’8@ P ﬁﬁgeSﬁﬁéﬁ%iﬁ iorfche]@?%e4£@n€r Ehersinfaseceis)
which is simlapab@rddtetOnapdbSit®Sathilch Kokain{iJapa dexapned
Pat ent Applicati gn JI:3‘ubl i cation) No.@gbOZ- 013500115 tgegggﬁlespong%ﬁg

U. S. Pat eni0Appkinbets alesRubbedaibore)Nare20024 (4L ER) wit 4 afieiad to

previously, and the |ike.,
repellent film (water repellent film) severally.

Also on the +Y end surface and the -X end surface of
measurement table MTB, reflection surfaces 19a and 1%b are
formed similar to wafer table WTB as described above (refer

15 to FIGS. 2 and 5A). By irradiating an interferometer beam
(measurement beam), as i1s shown in PIG. 2, to reflection
surfaces 19%a and 19b and receilving a reflected light of each
interferometer beam, Y interferometer 18 and an X
interferometer 130 (X interferometer 130 is not shown in FIG.

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

25 the 8z 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



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
havi ng a rectangul ar sectional shape and 5 serves as a reference
menber is arranged extending in the X-axis direction. CD bar 46 is

ki nematically supported on neasurenent stage MST by full-kinematic
nmount structure. Since CD bar 46 serves as a prototype standard
(nmeasurenent standard), optical glass ceggmcs with a low 10
coefficient of thermal expansion, such as zerodur (the brand nane) of

Schott AG are | oyed.,as_the nmaterials. The fl atness degree, of the
upper surface ?ﬁﬁ%gﬁﬁf’?ﬁ%’éﬁmof’pﬁ?%ﬁyﬁ%e’? gLsé‘Thlrﬁhg‘?nlst%CBén%&‘%ﬁﬁwUl‘E%e

sane |evel as %h%oc&%éxe%fd@{#@u?é aQEeQ' n £ Il diﬁénﬁ)séta\?ﬁ@iﬁ&

FIG b5A, a reference grating ractlon grati

peri odi c direcpiaealisl tbah‘é—ﬁa-misdlahmialsoarld%ecﬁﬁ&ﬁﬁ@éﬂﬂé&layt £ QoBREL M
the vicinity of the end portions on one side and the other side in
the | ongi t udi n&ha8i¥eeprerd apach fyam We oPhécphiprisfatl afrgegeternined

Gr211107 22 B LOLTEY A AL BhAGH oA PAEUTLELIL DS, 2

di st ance ( Ke )Y

respect to thelﬁeﬁi@f i rfrbﬂet%e Wi@;@lh%céf%ﬁdl% PRt r Aoyt %@t thé
centerline CL described above. Further, on the uppér surface of

bar 46, a pl ur drp¥ingf Peimzanedigamdst MyatemfAdimbs ﬁ::xetdh'eomr@cémnt

as shown in 25 FI 5A._. The pluralit reference marks M are forned
in three-row aFPﬁ%C‘? Rt ﬁé“afmagﬁm‘ﬂl(\?{@&t FRAFYIN ViR SHRBOBF MSHDRE et -

the array of egghodoWile 504 "B BEALY Sllef ifidedd XTu&AE s rection with

10 primary alignment system ALL in between, secondary alignment
systems AL2; and AL2,, and ALZ23; and AL24 whose detection centers
are substantially symmetrically placed with respect to
straight line LV are respectively arranged. That is, five
alignment systems ALl and AL2; to AL2; are placed so that their

15 detection centers are placed at different positions in the
X-axis direction, that is, placed along the X-axis direction.

As is representatively shown by secondary alignment
system AL24,.each secondary alignment system AL2, (n=1 to 4)
is fixed to a tip (turning end} of an arm 56, (n=1 to 4) that

20 can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise
directions in FIG. 3. In the embodiment, a partial section
of each secondary alignment system AL2, (e.g. including at
least an optical system that irradiates an alignment light

25 to a detection area and also leads the light that is generated
from a subject mark within the detection area to a
light~receiving element) is fixed to arm 56, and the remaining
section is arranged at the main frame that holds projection

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



ot her by a predeterm ned distance in the X-axis direction. As each of
reference marks M a two-di nensional mark having 62 a size that can
be detected by the primary alignnment system and secondary ali gnnent
systens (to be described later) is used. Reference mark M nay al so be
different in shape (constitution) fromfiducial mark FM but in the
enbodi ment, 5 reference mark M and fiducial mark FM have the sane
constitution and al so they have the saneggonstitution with that of an
alignnent mark on wafer W Incidentally, in the enbodi nent, the

surface of CD 4 nd th urface of measurenent. tabl e MIB (whi ch
may i ncl ude thgi?ré’ag&? g&%‘ RERDRT G PHEPF tsL 0E) B ng) apound

covered with arbltgm&h EeRedd 81l fid A Bt er oy 89@&% ﬁgkc_i%( eﬁ% detection

severally. | so on the +Y end surface an surface
of neasur enent alradi)b e(dMTBher ebteeticn ceutéase sofl 3rconda P bargmkat ned
simlar to wafer table WIB as descri bed above (refer 15 to FIGS. 2

and 5A). By irPHEFSET AgZon AlAterlés @ﬁétpé{z‘ib@'@(ﬂ{lmmm%@éﬁﬁ imgs
i's shown |n Fi flefg r? éurfa CES 19a_,and celv n
er

a reflected |I§h? ofa&eac on FEPRT I T FR % er%ﬁ%lt e

and an X intertreon@iitibdlateas @Rt &1 hdfnkSs %Qﬁe@bﬁﬂnahﬂ
FIG 20 1, refer to FIG 2) of interferoneter system 118 (refer to

FIG 6) neasureeaoma:m! adegemenfsysdehsr 3L2:0cBLOn P2t oeld fAIEM a:e
dat um posi tion tion inf or mat i on of _measurenent sta

MBT (e.g. incl ﬁ‘a a:P[leI é‘gsﬁ’ﬁo’%ﬁ’ilﬁ‘n FRESF IR o FHASTHE DkYaxi’
Y-axis directi aaﬁo@l%r{tot 8hbOR JdVRIRLT O ddbRtak 0, Fradlich O Ohns

and the measurenent val Ues are supplied to main co

I n exposurke appbzat B523,0812f ahtierlback rerbe adjuatédaly, the ivdhing of
alignnment systemAil is placed on straight |ine LV passing through
the center of prejaEs: on‘g AR PULRDRIeEERt adéention 1s not limited to

this, and a drive mechanism that drives secondary alignment
systems ALZ,, AL2;, BLZ23 and ALZ2, back and forth in the X-axis
direction may also be arranged. Further, at least one of
15 secondary alignment systems AL2;, AL2;, AL2; and ALZ2; may be
movable not only in the X-axis direction but also in the Y-axis
direction. Incidentally, since part of each secondary
aligﬁméntsystanALZnismovajbyarmSGh,positioninformation
of the part that is fixed to arm 56, is measurable by a sensor
20 (not shown) such as an interferometer, or an encoder. The
sensor may only measure position information in the Z-axis
direction of secondary alignment systemAL2,, or may be capable
of measuring position information in another direction, for
example, the Y-axis direction and/oxr the rotation direction
25 (including at least one of the 6x and By directions).
On the upper surface of each arm 56,, a vacuum pad 58,
{(n=1 to 4) that is composed of a differential evacuation type
air bearing is arranged. Further, arm 56, can be turned by

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



63 AX of projection optical systemPL, which also coincides with the
center of exposure area |IA in the enbodi nent) and being parallel to
the Y-axis, and has a detection center at a position that is spaced
apart fromthe optical axis at a predeterm ned 5 distance on the -Y
side as is shown in FIG 3, although omtted in FIG 1 fromthe
vi ewpoi nt of avoiding intricacy of the drawing. Primary alignnment
system ALl is fixed to the | ower surfaceggf a main frane (not shown)
via a support menber 54. On one side and the other side in the X-axis
direction with_10 primary alignment system AL1 in between, secondary
al i gnment syst émsrg{?‘l ‘%EIQLZ@, SR Anodudetr AoraeRmBREe dét setporPL
centers are su ial i . ce i r.espect t
straight line E%Egiﬂe?eg%e%%g% %ﬁb%&g& lﬂ%ﬁ%% Erfal ig%’?%ﬁ‘fl;iﬁﬁe% )
systens ALl andafh2&hritaoAl2d 20 acpliesess sachhadcduiepsd 158,064 aGhd @4ch
centers are placed at different positions in the X-axis direction,
that is, placedT®@l Yhgte Remadmbicemei nogt slopwn) by sucthonj after rotation
representativel y.shown by _secopdary_alig nt, system AL24, each
secondary a igﬁé%%?t%%tt é%mggt‘n:ﬁ?%’ ?fg'r‘%i §t?'%<8% t° aﬂ'“pg%“t 3f g
end) of an arm&fat {dirkrg@etdaliitines®, CaRat Ud) &' Q& "AlkkBha1
center 0 as the center in a predeterm ned angle range in clockw se
and anti cl ockwrskatdiore deitensni pr =Gy 31iymmdrdte sgwhedi ARNtanda fparti al
section of each secondary alignnment system AL2" (e.g. includi ng at

0 a

| east an opti cAPCTFASMAAIETERYT NGBS Melaf? dHrfants |Mgintadge
detection area and Qtln%gdlaﬁ@éjfl)t,hq.nl Jct@%a%'%%ﬁc&t%%ﬂ%@?ﬁ?e oM gran{e)

subject mark within t etection area to a -recei ving €lenen

is fixed tm ar fading amth $6e1s e MaBhegis eRldyONah L1RCE28886hat mhpea sy n
frame that holds projection unit PU The X-positions of secondary

al i gnnent syst efsemmirtied dusiea ofAvaguandeasl 38.are several |y

adj ust ed by turning.arpound otgti on center, 0_as .t he ceﬁ er. |Ln other

words, the detection arsas P PHE d8F tTHAT CEHIEY) S b ITWiets n AT P
alignment systgn® fM2Fouflddeorfiiaky?d12G8nd24 Akt NEeReRdeRtdy for

novabl e in
example, an FIA (Field Image Alignment) system by an image

15 processing method is used that irradiates a broadband
detection beam that does not expose resist on a wafer to a
subject mark, and picks up an image of the subject mark formed
on a light-receiving plane by the reflected light from the
subject mark and an image of an index (an index pattern on

20 an index plate arranged within each alignment system, not
shown), using an imaging device {such as CCD), and then outputs
their imaging signals. The imaging signal from each of
primary alignment system ALL and four secondary alignment
systems AL2; to ALZ2, is supplied to maln 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 the X-axis direction. Accordingly, the relative positions of the
detection areas of primary alignnment system AL1 and secondary

al i gnnent systens AL23, AL22, AL23 and Al 24 are adjustable in the
X-axis direction. Incidentally, in the enbodi nent, the X-positions of
secondary alignnment systens 10 AL23, AL22, AL23 and AL24 are to be
adjusted by the turning of the arnms. However, the present invention
is not limted to this, and a drive nmechagi smthat drives secondary
al i gnnent systenms AL23, AL22, A 1.23 and Al 24 back and forth in the
X-axis directi al sQ be arranged. Further,_ at_ |east one of 15

secondary al i g%nﬁ@hr‘ta B§s3 CRL?%rkA?_IZ?akﬁEZBW%rﬂfﬁEE&tﬁﬁylwl%\ﬁabge
not only in th%.l%f?éb‘é&(&“lﬁ.?ﬁﬁé 8?' £ s 8 Qr&&]- Bp%l:l}f é:ée ﬁ%?ﬁiégelng

I ncidentally, since part of each secondary a nnen

nmoved by arm 5G@iffinsctéednini tfosERe it ibhp g}b@l@'&:at@@tfr‘o& theedpyect
arm 56" is measurable by a sensor 20 (not shown) such as an
i nt erf eronet er P3Gk ARE GG And THRL erdiss o m’yeloﬁﬂl;en@saéwbtfpdaml on

i nformationgin xi.s . direction of sec

syst emAL2", 5 ng%r%lf %péfﬁleg leonﬁeoe{sﬂﬂl i EJB%ﬁlc?Ibﬁs qﬁ‘?lgg?ﬂat iFOREPRE
anot her dir ect iF@Re aflqrgnﬁéﬁﬂma&tehgw}i ERGE NIy S aflél%%e ta*}%anged
rotation direction 25 (including at | east oné of the ex and
directions). 1in the e@mdimem:ppeﬂome‘rawhmfnumeh i mlE@zﬁmenia SY8TtemEN

pad 58,, (n=1 to %té[hat nposed of a differential evacuation
type air bearing 1% atrta Ho Wre[’h}élllt méVrﬁGSGhEﬁ“ﬁ’@rt%ﬁtﬁédtﬁ;Pramore

rotation driveigechap i nCI uéle 19? bt Peds tF]xQ}x &%nol’%aﬁ) ?ﬁ w?ﬁ)er

refer to FIG 6) t hat exa t or

response tb0i nefinarticons rmcfrermhanm,r GHrﬁy BQ. tMieR-eGOMtinid ¥ th@@ad :
activates each vacuum pad 58" to fix each arm56, to amain frane (not
shown) by suct P&ntRg t P@f“ﬁ?FonMSraéY%@t rigntthef empodB@Nt, THAse t he

deai red pooi 1 kA oY ShobE AR b AAY AFTORRENS BFor biRAEL iy
four secondar ylad;é:grgt&rﬁacayéfet% Madl EPard 2hatS nBRESI R IWEtion 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 AL2y to AL2, 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 62A to 62D of the encoder system
are placed in a state of surrounding nozzle unit 32 on all
four sides., In actual, head units 623 to 62D are fixed to the

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

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



Incidentally, in the case a portion of the main frame 10 facing arm
56, is a magnetic body, an el ectronmagnet may al so be enpl oyed i nstead
of vacuum pad 58. In the enbodi nent, as each of primary

al i gnnent system AL1 and four secondary alignnent systens Al,21 to
AL24, for exanple, an FIA (Field Inmage Alignnent) system by an inmage
15 processing nethod is used that irradiates a broadband detection
beam t hat does not expose resist on a waker to a subject mark, and

pi cks up an image of the subject mark formed on a |ight-receiving

pl ane by the reflected light fromthe subject nmark and an inmage of an

i ndex (an i ndefBRPFEFH 1B Wpsﬁld.eao%et@Ja{tt@gaﬁwaﬁgéah\mrpﬁPﬁtaa%ﬁnlt
al i gnment syst @@ Bt S0QMN ) US| élﬂaefcn thgﬁgég&zde?n‘éh%ef£§ﬁ§*}sfe%scr9@é

and then outputs their 7 maging s I magi n rom each
of primary aligboeat system All and f our secondary al i gnnent systens
AL21 to AL24 is supplied to main controller 20 in FIG 256.

| nci dental |y, each dfeach&nats gﬁﬂi’eﬁﬂds@%ﬁ are despedtia¢labplaced onothe

limted to the, El ste and.an I nmat sens ich irradiates
a coherent I'c’llet egt ;A\(l)%e\'/ll R jpé%tj TRE aiy dgpwg?g 1nd I8 tered
light or a di fﬁ.bﬁ@i@ﬂdmﬂﬂh&iﬁ@éﬁfo@ﬂ ef +Hebx-4 Mkt RE- St eﬁﬁd@_’rekaféo
makes two diffracted |lights (e.g. diffracted |ights of t'he” same order

or diffracted pighed a@@ﬂfhgﬁtﬂﬁhéraﬂi&é@nﬂ:malm ssmpediditaecki Hrgm optical
generated fromthe suy; ect mark, interfere and detects an interference

[ight, can 5 ndftf M WHeradeatibrptéral nSehih Rat F WS insdd¥rith
Further, f 2
orranged i n ¢ he eobon Neoy i angs RN pE kB pBLeal 1Mo 2x,

is not |in®edFupthidwe headt unhys s bﬁdnaznb@ree%abe&@i@élwl@ilacé&adh
two and equal to or less than four, or may be the nunber 10 equal to
or nore than sF%® bf Sigle Bedthe féw@noﬁunﬁ@jeqtrmaaméfw Hevdad the

sttt ST ok e BT O e R R
that holds pr OpsséécprapuattatPtJhevsl@s&uﬁﬁ%im%aﬁérd@canée% opt&a1
present invention is
axis AX of projection optical system PL.
15 As is shown in FIG. 3, head units 622 and 62C are each
equipped with a plurality of (six in this case) Y heads 64
that are placed at a predetermined distance on a straight line
LH that passes through optical axis &X of projection optical
system PL and is parallel to the X-axis, along the X-axis
20 direction. Head unit 62A constitutes a multiple-lens
(six-lens, in this case) Y linear encoder (hereinafter,
shortly referred to as a “Y encoder” or an “encoder” as needed)
70A (refer to FIG. 6) that measures the position in the Y-axis
direction (the Y-position) of wafer stage WST (wafer table
25 WTE) using Y scale 39Y; described above., Similarly, head unit
62C constitutes a multiple~lens (six-~lens, in this case) Y
linear encoder 70C (refer to FIG. 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



15 not limted to this, and for exanple, the five alignnent systens
may al so be arranged on the nmeasurenent frame described earlier.
Further, alignnment systens Atl and AL21 to AL24 are sinply called
mar k detection systens in the enbodi nment, since alignnent systens AU
and AL21 to AL24 detect alignnent marks 20 on wafer Wand the
reference marks on CD bar 46. I n exposure apparatus 100 of the
enbodi nent, as is shown in FIG 3, four kead units 62A to 62D of the
encoder systemare placed in a state of surrounding nozzle unit 32 on

all four sides._J.n_ac e nits 62A to 62D are fixed tg the 2
f or egoi ng nai n FPETE" hﬁbéﬁgﬁ %g '(ﬁ'é&?i%ﬁeﬂlﬁf‘?%rﬁsﬁ %q%Ffﬁgn’d'é ea
state via a suppQth §EAMAG eabtiOugh o itsd hanFl %iéﬁhf i{?”ﬂﬁ&?—axis
vi ewpoi nt of avoiding intricacy of the drawing. Incidentally, for

exanpl e, in theicastipnedt soalemidoYPldnd $S9¥uppor thednbpe aastisfaesdes
state, head units 62A to 62| be _67 supported in a suspended

D ma ]
state integral Ilf“\ﬂnt{‘r?quliijdeﬂri%#hni Fupperyr owa ot FeP Biiadi§E P ¥ hepds
measur ement 5f r gae, ' beeEHJ : lw ! 620
respecti vel35/ pl ace O%E%he %E%{?Llndgggﬂ& - a?sdl gééggrggﬁojg%%g?gh Yuﬁ?‘?d
PU havi ng the lsangidat@inalnedinbe€ s @ixied tohttheXt G Sefld ?Sﬁii&{\ofﬁagrét[e
al so placed apart at the substantially sane distance from opti cal
axi s AX of prof@cef grusctéan eptsicam Prstapmbbt (tedid ponetdcquspecttae o
optical axis of oj ection opti,cal,system,PL. 10 _Further, head
units 62B _andAgB_f)saCEee 9 e_g%@fﬁ:’ \}‘é’Il% ]f)? a%?&oéﬁngh%lﬂ%eélisdﬁ&a%fo- st Ue
of projection waid1aRddhavéngsd iepbondiiicudi Bak ot 1 851 EQDs b Jr3§e¥e Xl S
direction and are al so placed apart at the substantially sane
di stance ftom optical spdtemAKLof projection optical system PL. 15As
is shown in FIG 3, head units 62A and 620 are each equipped with a
plurality of (six irfgHSsSRYERINVFREadky &fafnaRitéeBplacedipped with
predet er mi ned di St i ght.+].i_n u
Dbt i cal axi s A% or e oy Sabed S eid Eace] b el B Bt R Bl e
the X-axis, al ongsthwightadise2lV ditr @CbirefetdignithddNidl s62dc& ANhigt ULES
a multiple-lens (six-lens, in this case) Y |linear encoder
(herei nafter, $nd¥is yirereierd Fyrikern headngvdef2Dors gauipprddett as
needed) 70A. (refer F 6) t hat, sures the position in_the
Vaxts di ribt| BRTrRHE Bl r bl o E P Tt mcutuas plgrer ¥ Beres,

however, three X heads that overlap primary alignment system

ALl are not shown in FIG. 3) X heads 66 that are placed on
straight line LV at a predetermined distance. Head unit 62B
constitutes a multiple-lens (seven-lens, in this case) X

20 linear encoder {(hereinafter, shortly referred to as an “X
encoder” or an “encoaer” as needed) 70B (refer to FIG. 6) that
measures the position in the X-axis direction (the X-position)
of wafer stage WST (wafer table WIB) 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 1s performed, two X heads 66



25 WIB) using Y scale 391i described above. Simlarly, head unit 62C
constitutes a nultiple-lens (six-lens, in this case) Y |linear encoder
700 (refer to FIG 6) that nmeasures the Y-position of wafer stage WST
(wafer table WIB) using Y scale 39Y2 described above. In this case, a
di stance between 68 adjacent Y heads 64 (i.e. neasurenent beans)
equi pped in head units 6224 and 62C is set shorter than a width in
the X-axis direction of Y scales 39Y1 angs39Y2 (to be nore accurate,
a length of grid line 38) . Further, out of a plurality of Y heads 5
64 that are equi peg i.n each of head units 62A and 62C, Y head 64

| ocat ed i nner nO¥E P5 $IVER £08AF POWER e RFepBRTIRREDANRPRG|IndE 62D

at ed i nner bt A : .
nozzle uni 32 SRl ST rp T ens o1y et B etk el

possi bl e to thencfurecedseaxi STDEhPsOLe6& $,0R sER1eoke ahd SV R kEacin
As is shown in FIG 3, head unit 62B is equipped with a plurality o
(seven in thisXcae)e X9KesasseE-uttaX ldneap| enaodesn’ i r ang it stahe 30%

at a predeterm i St along, the, Y-axis direction, Further, head
ini s 89D | S eqtiaetoar et 2ot Bk, bAFTY o SORESERLS & LpeAT BholRy
of eleven X heads, however, three X heads that overlap primary

al i gnnent system AL1 are not shown in FIG 3) X heads 66 that are

pl aced on straight |Hareiny sdmenoprebstesr Kimedisdb6] aircehi Hemaseynthr&2B

constitutes a nultiple-lens (seven-lens, in this case) X 20 |inear
encoder (her ei ﬁg’ﬁ""g AreRfrtacRefemeiiedoyer sertare sddmebgaprost mgpber

" der" d ! | t t L ti
i Che x-axi s ST Sl A (T ne OBealt POy b AGl of CELAE RERLTOaTE

t abl e WIB)1@isi hgtweat abig¢a38¢] xdeseisi bed 1abovashneibef behfaf tHaitt 2 &2D
constitutes a 25 nultiple-lens (eleven-lens, in this case) X |inear
encoder 70D (r@@e}Prast Fn@ach) of haadiskdgr &b ape 6¢pbsiseitothaftanatean

L ege VST, (1Sl £ D w200 L BRLSL AR Hnirt U BRRVE, (oo
descri bed | at ebg nret BeclidR,i § RRGEATSE iV BPADSFlBther, 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
AL2; and on the +X side of secondary alignment system AL24,
Y heads 64y: and 64y, are respectively arranged, whose
detection points are placed on a straight line parallel to
the X-axis that passes through the detection center of primary
25 alignment system ALl and are substantially symmetrically
placed with respect to the detection center. The distance
between Y heads 64y; and 64y, is set substantially equal to

distance L described previcusly. Y heads 64y; and 64y, face

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



69 out of eleven X heads 66 that are equi pped in head unit 62D

si mul t aneously face X scale 39X1 and X scal e 39X2 respectively in
sone cases. In these cases, X scale 39X1 and X head 66 facing X
scal e 39X1 constitute X linear encoder 70B, and X scale 39X2 5 and X
head 66 facing X scale 39X2 constitute X |linear encoder 700. Herein,
some of eleven X heads 66, in this case, three X heads are attached
on the | ower surface side of support nenggr 54 of primary alignnment
system ALL Further, a distance 10 between adjacent X heads 66 (i.e.
measur enent begns) that are equi pped in each of head units 62B and
62D i s set shortBReIhARCLRLELIPT HafereW ranatexiptage MSA bf oX sfealeht

39X1 and 39X2 (jt:q .bes,nor, CLH - | enath of ,gri.d |.ine 37
Further, X head'tlglg ngatogldgﬁnénjlel?gkﬁgf]go?ﬁe 0 lggpf%)r ald F§58¥§‘3§%&5E§%6
that 15 are equirppre likesae s chesal,umd $962B and1 828 irachhyednbds

the lower end portion of the barrel of projection optical system PL
(to be nore acé®dvatand t&dve heessiegsivelnoazide thai Y-B&sidriohogang thep 6z

| ens 191) sp as to _be placed_as close as possible to the optical axis
of projecti gn 58%?85@&?8%%%@%%%&&I?ewrﬁ?eb&'% die@dsopy: and

secondary al i gaRnt(iS¥st eBnALdd-&ndcothd B8 tXnb anda
al i gnnment systeg?AL54, Y heads %41/1 and 64y2m§rgggg§%ggglveIéXY1and

arranged, whosé4gekection points are placed on a straight |ine
parallel to the X-axis that passes through the detection center of
pri mary Further, in the embodiment, when baseline measurement
of the secondary alignment systems (to be described later)
10 or the like is performed, a pair of reference gratings 52 of
CD bar 46 face Y heads 64y; and 64y, respectively, and the
Y-position of CD bar 46 is measured at the position of each
of reference gratings 52 by Y heads 64y; and 64y, facing
reference gratings 52. In the following description,
15 encoders that are composed of Y heads 64y; and 64y, facing
reference gratings 52 respfactively are referred to as ¥-axis
linear encoders 70E and 70F {refer to FIG. 6).
3ix linear encoders 702 to 70F measure position
information of wafer stage WST in the respective measurement
20 directlons 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 WIB based on
the measurement values of linear encoders 702 to 70D, and also
25 controls the rotation in the 8z 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



25 alignnment system AL1 and are substantially symetrically placed
with respect to the detection center. The distance between Y heads
641/ 1 and 64y2 is set substantially equal to distance L descri bed
previously. Y heads 64yl and 64y2 face Y scales 39Y2 and 39Y1
respectively in a state shown in FIG 70 3 where the center of wafer
Won wafer stage WST is on straight line LV. On an alignnent
operation (to be described later) or the<hi ke, Y scales 39Y2 and 39Y1
are placed facing Y heads 64yl and 64y2 respectively, and the °
‘f-position (and the az 5 rotation) of wafer stage WST i s nmeasured by

Y heads 64yl affagHySmERt efi.e"?csnEB%%r%eafe@eanaosrﬂdaa}%%ﬁé@@&afbifowof
heads 641/ 1 and,G4y4); thﬁ Z—axEH'&'QSEtit%rPﬁ ne. H@g | Mgt evghﬁ)%diment,
t ary alig y to be

basel i ne neasurenent o e secon nmen St es

described | atergs theoposita dni eassr@eidftonsRice A 2RIl howel B enee 3,
gratings 52 of CD bar 46 face Y heads 64y2 and 64y2 respectively, and
the Y-positiondfuébipeintudocsl npesiticy deteteiqosiysten Oiemdahfoer,
ref erence ggati by. Y _heads_64yl and 64y2_facing reference.
rat ngs 5901 AAPRET] GRESHERG CHALT PRoAP 1M B cureRe i Shebique
conposed of Y headgeRtyetaidd 64Y2riffiddd LRI&K eNCeoahakhadss 3
respectively are referred to as Y-axi's Iinear encoders 70E and 70F
(refer to FI G iByadbekidrn syatemrfiladend & @hotod@dcinieas 8yet@n Sk, 0find

informati on of wafer stage WST in the respective nmeasurenment 20
directions at 23FetDf IITHIYFatIR FdABFeto dpuracodiscipredada, t fief r

t . ! aeiAcha
Controller 20 WATR o Per areBy con e Rl BRdAR ASG Gl

pl ane of waber Puabieatikl)hinscd6or834Us (BRS U6 eFBSondanYas, Nf rhtdiRaNo.
encoders 70A to 70D, and al so 25 controls the rotation in the ez
direction of CBrB&¥: ¥t Ibasddtioh kifke . nels dhenerhodiglenss a$ dn eearple,

Croer s 1O A8y PO bt DSBS GO pe 8L L e
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, 90b) are placed at a predetermined distance along
the X~-axis direction on the surface to be detected, though
omitted in the drawing. In the embodiment, the plurality of

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

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

photodetection system 90b. Since the length of detection area

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



I n exposure apparatus 100 of the enbodi ment, a position neasurenent
device that neasures position information of wafer Win the Z-axis
direction is arranged. In the enbodi nent, as the position neasurenent
device, as is shown in FIG 3, a multipoint focal position detection
system (hereinafter, 5 shortly referred to as a "nultipoint AF
systent) by an oblique incident nethod is arranged, which is conposed
of an irradiation system 90a and a phot odet ecti on system 90b, and has
the configuration simlar to the one disclosed in, for exanple, Kokai
(Japanese Unexg][ﬁ ne%ePatént Agpl ication 10 Publication) No. 06-283403
(the correspondtAfCHRE O PFPERE Mo POSLEARN IBSPTHARLGTh SHEkRSe RpSifdon

embodi ment ,  as ;F.e¥arPbeyid ﬁ@%gkig!&ﬁ%@g@ng%&tgé%91% 8L LRE 2 Y

side of the -X end portion of head unit ot odetecti on System
90b is placed @if wher W sizde bef meleured e&donDdy tdcimn@hghRagetini tin62he
15 in a state of opposing irradiation system 90a. Aplurality
of detection pdiA¥sSoiiiarEinn enpRdi nFupFherssénre dbrtecsdby aren pFated
at a predeterm [ ce al.ong.the X-axis direction on the surface
to be det ec?egjp&tggguglﬁé%eﬂ gé%}lgdtlﬁ“eme&séﬁpn%’?eq ﬁ"lt HEXBRBGH ARE, “Ehe
plurality of 2Qndetiestde@BcpObiiaredkbeoPaeesh idrieneXaid s (ALl Nar2,,
matri x arrangenent having one row and M colunms (Mis a total nunbér
of detection pdLRts)Al@s ardiRidd wn ridwes Yaasl N diclegmisn( Nohes deteakionf

a total nunber of dgtectio g‘oi ntfe_. In FIG 3, the plurality of
detection poi nPESEB LTI T tdEt BRt T RPIBEART | SYems @pdr e 23 igomgnkt ed

are not indivi dyakbys SV BHEf@fn?eoS'l?l‘N?(_aﬂélfél el %%%ﬁt%%%&ééhﬁﬁ

area (beam area) AF that extends 1n the axi's direction
i rradi at i oh0sysyetedOeaard sphbt ogletakiedodn Sylsd e@id0Brahe Ngeat M1ds
| ength of detection' area AF in the X-axis direction is set to around
t he same as t hBroFection unit PU or the like, but is to be arranged on the
measurement frame described carlier in the embodiment.
Incidentally, the plurality of detection points are to
be placed in one row and M columns, or two rows and N columns,
15 ©but the number{s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is
two or more, the positions in the X-axis direction of detection
points are preferably made to be different even between the
different rows. Moreover, the plurality of detection points
20 are to be placed along the X-axis dixection. 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 aloang 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



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

waf er Wcan be neasured by only scanning wafer Win the Y-axis
direction once. Further, since detection area AF is 5 placed between
liquid imersion area 14 (exposure area |A) and the detection areas
of the alignnment systens (AL1, AL21, AL22, AL23 and AL24) in the
Y-axis direction, the detection operations of the nultipoint AF
system and the alignnment systens can be performed in parallel. The
mul ti poi nt AF S may._ al.so, be .arranged _on .t he in frame that
hol ds proj ecti %‘%YU%?%‘?% o *PRESFE et,o’b%f’gi TP ﬁggaﬁ%?dreor?rﬁﬁeﬁ
measurenent frarkecdessn iked marl reFtHatnbbe, @HROUARM of detection area
Incidentally, the plurality of detection points are to be placed in
one row andNl c@Fuimsheci~-anic diovwsstded ddesohomisye 1o batndare ynthdbesarns)
of rows and/or colums,is/are not limted to these nunbers. However,
in the case thésnﬁﬁﬁe$l?5'i‘e%v£fi‘§aft%wor nmore, the positions in the

X-axis diregtion of ﬂ@tt%gté%c?glw%s el @hgr‘%&qm@%?fo{r?gge%&&e oints

di fferent even between the erent Tows. reov urafrty of
detecti on poi ntlec2fedrs: botheepisnoed &f eng1hhel Xepwirsddié@EetdOBoints
However, the present invention is not limted to this, and all of or
sone of the pl @fatha Pudtipetnde AF givspemnt Bhatays aligot be vilcaoéty atf both

different positigns . in the Y-axis_ di égcti on, Elor exa

. le, th o
plurality of dePEEFEACRSIH LT % &5 SR siactap 8%“%33?%‘3 g’PFéEJt?non

that intersectgehobhs dfort e plsdiich aRdshPendh@XintrelRattdsS, dHdCt1y
positions of the plurality of detection points only have to be

different 40 | zaferred ttheaX-"Exsenstinsddt i thut Eaytahernir et smtdoas HEam

is to be irradiated to the plurality of detection points in the _
embodi ment, buf® &0 BrPHEamT 733eNRRFsal€e WY i'PradF ardFanged Bt

exanpl e, the eght!&ndiced:0h) Goloehiedd AEA BbpelUUNELID Gt Wi 1y,

| ength of detection area AF in the X-axis ction does ave
be nearly the Zasmnsasst hea dicaned elreofivdf €b We Sbiet hevrgabedd MmNk iri N
the vicinity of detection points
frame (not shown). As 7 sensors 72a to 72d, a sensor that
15 irradiates a light to wafer table WTB from above, receives
the reflected light and measures position information of the
wafer table WIB surface in the Z-~axis direction orthogonal
to the XY plane at an irradiation point of the light, as an
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
sensora 72a to 72d may also be arranged on the measurement
frame described above or the like.
Moreovgr,headunit620describedpreviouslyisequipped
25 with a plurality (six each, twelve in total, in this case)
of & sensors 74iy (i=1, 2, j=1, 2, »->-+- r B) that are placed
at a predetermined distance along two straight lines that are

on one side and the other side of straight line 1LH, which runs

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



| ocated at both ends out of a plurality of detection points of the
mul tipoint AF system that is, in the vicinity of both end portions
of beam area AF, one each pair of surface position sensors for Z
positi on neasurenent (hereinafter, shortly 10 referred to as "Z
sensors"), that is, a pair of Z sensors 72a and 72b and a pair of Z
sensors 72c and 72d are arranged in the symmetrical placenment with
respect to straight line LV. Z sensors 72a to 72d are fixed to the
| ower surface of amain frame (not shown). As Z sensors 72a to 72d, a
sensor that 15E%rradgst S to. wafer ,taple WIB from above,

e

i gh
recei ves the retl’edt i%?ﬁtrlﬁgagﬁe]a’ﬂﬁégl pBsPeFHREn ARG Rat2bieloftot he

wafer table WI ] i e Zzax i i or nal .. :
BSUPIERAR He Pty S RBOT L eSS,

pl ane at an irradiafion point of the
di spl acement semsiof sesensddpyn aheotteradt 2 gpitCkite 88tha@hondd elch
has the configuration |ike an optical pickup used in a CD drive

device, is use@tPPhci ddmt AhLg, caseseRstrRsSm THe 7RE Téy makinda@ pair

arranged oncth f scr.i_bed above or the, like.

Mor eover , hgad%tf%?ﬁ%é% ggsc_reft“gg%a% e\ﬁl(t)-‘g‘slr)e/s?%c:te&ﬁi Shhg o8 ﬁniPﬁ’ Ll
plurality (sixreaeherhoed VELifall@iads (1 bBiSs €AIMN sQfasd) IHNG QkdisdAl ]
(i=1, 2, j=1, 2, , 6) that are placed at a predeterm ned di stance

al ong two strai’§niand At anda phwxsldityoneY Sedds 44 cirelrd aotekerl teirdet oly
straight line LH, whixch runs, in the X-axis direction_and connects_a

plurality of Ylﬁ_e%t}b% TPELB4 I NRCERCR he St PRFY Mt SPRIRF IR nT R tWEBR1and
parallel to stpasghdod beard bbeidol bﬁéh&,%%@éﬁirsﬂnﬂhr% O EerPidrd 350%1

| ine and Z sensor 742) on the other strai ne correspond to e
other . Ini@hi $ocdde,i¥ we@sors 741) and 742) making a pair 5 are

pl aced symetrically with respect to straight Iine TM Furthernore,
plural pairs (six pdl5$ifn & Arstaedyeldfesn $6636p5S 741j anthd4242] cagitla

plurality of Y. 4 Lp the X-axis .

direction. As ggﬁdéageﬁg%?lo%%g& Por%gigﬁ%ﬁgwéggerﬁssgﬁc V- ARTER T
pi ckup nmethod sifeélm ikoset $RNEOIthe dand Uilstahdd 4 aU8ESkance between
Herein, a distance between Z sensors 741] and 742] in each pair that

are | ocated syfmdnSazgl V32 andh’ glesplerther serpdighti|3 senbers J4satand
be the sang; di between Z s

Further, a pai ?E%p C%egéﬁg% %ag%gcti’eaﬁam%s%ﬁazlgi&zgég?Zﬁgt@{}dggéﬁn%
same straight hipecifbd he ¥- 8¥isod meg! kA8 72 sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
(twelve in this case) Z sensors 76p¢ {(p=1, 2 and g=1, 2, ++++1,
6) that are placed symmetrically to a plurality of Z sensors
20 7435 with respect to straight line LV. As each Z sensor 76,
a sensor by an optical pickup method similar to Z sensors 72a
to 72d is used. Further, a pair of 2 sensors 76;,3; and 762,3
are located on the same straight line in the Y-axis direction
as 4 sensors 72c and 72d. Incidentally, Z sensors 74;; and
23 716pq are arranged at, for example, the main frame or the
measurement frame described above. PFurther, in the
embodiment, the measurement system having Z sensors 72a to
72d, 74i3 and 76pq measures position information in the Z-axis

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



Further, head unit 62A is equipped with a plurality of (twelve in
this case) Z sensors 76pq (p=1, 2 and g=1, 2, 6) that are placed
symmetrically to a plurality of Z sensors 20 74ij with respect to
straight line LV. As each Z sensor 76m a sensor by an optical pickup
method simlar to Z sensors 72a to 72d is used. Further, a pair of Z
sensors 761,3 and 762,3 are | ocated on the sane straight line in the
Y-axis direction as Z sensors 72c and 72@s Incidentally, Z sensors
74i] and 25 76pq are arranged at for exanple, the nmain frame or the

nmeasurenent frane desc Further, in the enbodi nent, the
measur ement sysStoT’ ﬁi@/ %’ g?é E08, SCEL9 58 YA &R SRR -

measur es posi tirgarLeb ok ene'afugggz 33 dbh o LaRo0Ls WAL PTns 7S

WST using one or a plurality of sensor ace('s) 1R

scal e(s) descritbetdeabore.fokhepelidien neasibemextpeser ewoperad IaQia:,oralng
sensors 74ij and 76pg to be used for position neasurenment are
swi t ched accor&Pn&OY%m%ﬁ/é’r?eﬁ‘FfSF SR WSTagdupsier Fuin Hdre exposiee

exposure 5 gper; I and .at Iea t one sensor

face each o her%lrggi ilg%egigé&ydnangt A 8 SEOHEP‘Z% SEHESF 7%‘?% 9?%%
each other. AceatcHi fghyr, tahe FEISMT LYY, SUSLEMEAN: BASY %eﬂ%roﬂi}’
position information in the Z-axis direction of wafer stage WST b

al so position Eafereach O?th(etrol IACFFgJ)rdlﬁgljn; tthe Byeaduremetnt)rsysftemmaar
stage WST. Further, in jment, each Z sensor of the

measur ement sy ZEBRIFS P c&fé]tye}&?s’atlgﬂ"a’f?mﬁllf’ﬁc’él the fopKasigaection
surface of diffHraghion G ﬁ9§)bu@tgls%aﬁas&fls&mg%ogﬁgt%é0( A1 264 2

surface different fromthe grating surface exa surface
of a coverlgl ass thateyraierstibe of atafeg suacj@GrET Purther, in the

Incidentally, in FIG 3, nmeasurenent stage MST is omtted and a

i quid i nmersi Sﬂb‘a‘i”éaeftbnateaic@ ?oﬁﬁfﬁPrbewa]ﬂ%rmqacfuﬁémﬁnF nsY$tems paceo

bet ween neasur gnepoLy. § a ?i‘%é DS 91 S g
g
ref erence code %ﬁ 1i: E 96 é’Per% cec8 Jjj‘)?{fgra‘éﬁjo?’bs
a local air-coggdatimgd) r],g bﬁ}‘.sbaahméﬂen@b@/\ﬁaﬁra\'ls%' Eie\é@@ﬁeatﬁ{ﬂ%&ét ure
is adjusted to a predeterm ned tenperature to the vicinity of a beam
path of the nuiﬂ!-f%%ﬂfﬁmt Kliomyth%r\gl(ajﬁ@g g0bfades, foor eexepisd.c2 dowfdce
| ow as |si§1d|cgte tlllne arrows in FIG 3. Further, a
co er 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
1q held in the space between measurement stage MST and tip
lens 191 is denoted by a reference code 14. Further, in FIG.
20 3, a reference code 78 denotes a local air-conditicning 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 i1s 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 unlcaded, and a reference code LP denctes
a leading position where a wafer is loaded on wafex table WTB.

In the embediment, unleoading position UP and loading position

LP are set symmetrically with respect to straight line Iv.



25 reference code UP denotes an unl oadi ng position where a wafer on
wafer table WIB is unl oaded, and a reference codeLPdenotes a | oadi ng
position where a wafer is |oaded on wafer table WIB. In the

enbodi ment, unl oadi ng position UP and | oadi ng position LP are set
symmetrically with respect to straight line LV. 76 Incidentally,
unl oadi ng position UP and | oading position LP may be the sanme

posi tion. FIG 6 shows the main cagfiguration of the control
system of exposure apparatus 100. The control systemis nmainly 5
configured of main controller_ 20 conposed of a m croconputer (or

wor kst at i on) t HACIHERER+HE 30dPafing erei bl oBUR RBd dadiagappeltdionsLE
Correction infgp BEOPhéthm% gggfﬂ&p_ed |ater) is stored in a nenory

e
34 that is an external storag evice connected to main controller

20. Incidental ly, inrftGe sBowd@heafaiaUonFaRaaciSHER tAS WRBYEN system
il lum nance neasuring sensor 94, aerial imge neasuring instrunent 96

and wavefront &bferPxnefore mppeyrtng 16t r themorgg ol haystere isr mangkyl at
measur enment st age MST _are col ]l ectively sh as a sensor_group 99.

151 n exposufe SBPATILEES POOTHT ERBERMST ROMROTRETPAGY Renicrodempiter

configuration descidbed RBEUE tHHNSEr e sPLACEIBNLLRE Y
scal es on wafer table WB as?descrllgbed at?ove and tﬁe ]E) agg%ﬁef;}?g&a

heads and Y heaglpaastgescCobeecalorvinfrmatiphoytedye destebsdd DaeerX is

head 66 out of a tota|l of 18 X heads that belong 20 to head units 62B
and 62D faces SEOFE3st? & MFBPTYNeA Jihak dEafe FPErngl shxpagefigvice

| east one each 64 _t ha i ¥yely.bel.gn Q head it
62A and 62C orcﬁﬂ%%pdfégcfy%a%ﬁdé%%y %%egi scI(I;{1 é‘segg%(]tllyan&niﬁg&' GS’
respectively wwhhoots fsdinlsoirs utrebbegidws si1akndrdR0Re duvaiftesisoe
WST (i.e. a range in which wafer 25 stage WST noves for the alignnent

and the exposufé: ope¥ial diagknmesrudmsodnaeruent &6 padesxagflriohted in
t he draw ngs s A _and [7B. That, i | east one each of
b e

uch_as FIGS. 7 .

cor r espondi ng ﬂé%ﬁ%a?Ja%neénegFuFb%%tl“ts'rVB‘E'eﬁ uPr&cafranged at

I ncidental ly, h@gﬁhﬁ@ﬂenﬁﬁ'&% M8r akBeNe_AE; TOB shékf as a sensor group
89,

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
38X, or 39Xz, and at least one each of Y head 64 that respectively
belongs to head units 62A and 62C or Y heads 64y; and 64y, face
Y scales 39Y; and 39Y; respectively without fail in an effective
stroke range of wafer stage WST (i.e. a range in which wafer

25 stage WST moves for the alignment and the exposure operation,
in the embodiment), as is exemplified in the drawings such
as FIGS. 7Aand 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



77 the corresponding X scales or Y scales are indicated by being
circled. Therefore, in the effective stroke range of wafer

st age WST descri bed above, main controller 20 can control position 5
information (including rotation information in the ez direction) of
waf er stage WST within the XY plane with high precision by
controlling each notor constituting stage drive system 124, based on
measur enent val ues of at |east three encaggers in total, which are
encoders 70A and 700, and at |east 10 either one of encoder 70B or
70D. Since the influence of air_ fluctuations that the neasurenent
val ues of encod@PsCIOEIRNABPL FLEERYRS PE S FERIe B AEEgndFared bnbréay
when conparing Mith.jhe interferonmeter, the short-termstability of
t he neasurenent values that is affected by air fluctuations is 15

remar kably better thbfetdfatreofir BReidittett e4®RREBke range of FHféPREage
when waf er stagg WBT is driven in the X-axis direction as indicated
by an outline &fFodeseribeg almgye ymhtadostrohier 2facan eonthel posiition

in the Y-axis direction of, water, K sta T is sequentially swtched
to adj acentl‘E’Y RE5G°B Q:'aosHZ e Hld%%‘_? e%’%&ﬁbﬂgo _"“E{\"é:r?_ﬁit &2 FHF 9%
drawi ng. For eawBkeion)Y Jeadrbf talgel Rer I tAi50Lhd ¥y R8ahS SWiH ﬁ*ﬂg‘ﬁ
to Y head 64 circled by a dotted line. Therefore, a |inkage proces

of the neasurepertividrubdy centperlfiidngeshdhefotrer andsaftwrirghetage drive
switching. In other words, in the enbodinent, in order to performthe

25 switchi ng ofY¥*RBaticd /6h25R8 PRGISNEBE N briides of Bheleasistherent
I hl LSt | t hat
it ned o hebaelaPr SR AGER, A Sralen) IRIR A ML Y Gpevy

equi pped in head units et shorter an a’w
scal es 39Y10 andi8R¥? dne bhenXodxk S0l 6ECIDON, SAfcd SheasElubREe of air

previously. 78

fluctuations that the measurement values of encoders 70A to
70D receive is small enocugh 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. 72, 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 & dotted line. Therefore, a linkage process of the
measurement values is performed before and after the switching.
In other words, in the embodiment, in order to perform the

25 switching of Y heads 64 and the linkage process of the
measurement values smoothly, a distance between adjacent Y
heads 64 that are equipped in head units 62A and 62C is set
shorter than a width of Y scales 39¥; and 39Y; in the X-axis

direction, as is described previously.



Further, in the enbodi nent, since a distance between adjacent X heads
66 that are equipped in head units 628 and 62D i s set shorter than a
wi dth of X scales 39X1 and 39X2 in the Y-axis direction as is

descri bed previously, when wafer 5 stage WST is driven in the Y-axis
direction as indicated by an outline arrowin FIG 7B, X head 66 that
measures the position in the X-axis direction of wafer stage WST is
sequentially switched to adjacent X head 86 (e.g. X head 66 circled
by a solid line is switched to X head 66 circled by 10 a dotted
line), and the |inkage rocess of thn?b measur enent val ues is perforned
before and after the Eﬁﬁ? Oq@%f’-tftﬁjen%eorﬁ PdaEarFDPedeen

encoders 70A thJ%%,en{lnﬂ I{Jﬁ . %%etlﬂe %ﬁ%g; IPeg hetaocfzﬂ%.gg % Ynd

encoder 70A t hat |s enl argedl y shown h as a representative.
FI G 8A 15 shov&zmohe etheddrGérofhdieadwidin OQZA shdatesd BORMIAHESORD in
detection light (neasurenent beanm) to Y scale 39Y1. Y head 64
is mainly conpdé’@dYoﬁx%ﬁr%é’e?éé?il(ﬂFslSV\#ﬁﬁiﬂﬂ@ﬁd Bﬁe‘rxmﬁdwmmﬂn spageem

64a, anotlcal 64b .and a ph tection s
201 rr adi afl on syst em gailalsl SErugRst %}ll ght —a"slzf‘ugéé ¥ﬁ’a n é‘ﬁl f‘%d’aca}%epy

beam LB in a didneelit@iné ngdidiednatr@n AN9& neha4ss degtefsa¥hids the
respect to the Y-axis and Z-axis, for exarrpl e, a sem conductor | aser

LD, and a conv@ognMQOhens tilie Khakis sdmea:d:édnonft\#ﬂaxptsltagé m h.sof
| aser beam LB emtted,f om 25 sem conductor | aser

system 64b i s SGHERELE WY I’?“&tﬁBf’%rJﬁozéflﬂﬁ?\erﬂ'eé‘np%Pl§§ de- PBS?‘\Mﬂﬁ'éieﬁs
separation pl ang £2eRaald ehyi AheTPleNznn 0GE rd BEI SO oy

mrrors Ma and R b, lenses L2a an uar er vvave
(hereinaftef, metetted limens Xthd the linkage process of the measurement
values is performed before and after the switching.

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

15 shows one Y head 64 of head unit 62A that irradiates a detection
light (measurement beam) to Y scale 3;9Y1.

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

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

Optical system 64b is equipped with a polarization beam

splitter PBS whose separation plane is parallel to an XZ plane,

a pair of reflection mirrors Rla and Rlb, lenses L2a and L2b,

guarter wavelength plates {hereinafter, referred to as A/4



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

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

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

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

pol ari zation into two beans LB 1 and LB2. Beam LB1 havi ng been
transmtted through polarization beam splistter PBS reaches reflective
diffraction 10 grating RGthat is formed on Y scale 39Y1, via
reflection mrror R a, and beam LB2 reflected off polarization beam
splitter PBS rédat&s) rBrizand, BPHps refdercsnon miiaaysRR2i and di2becendn
mrror Rib. Ingideqtally, "split by polarization" in this case neans
the splitting oflan I'nci dent beaminto a 15 P-polarizati on conponent

and an S-pol ari zati opheyHe@eeRtieon system 6E&ed@iIRIdEsNEUpoT &l zer
diffracted beans that are generated fromdiffraction grating RG due

to irradiation (@habgags) LB Phahdd¢B:torer anstablpt dlikehe first-order
diffracted geans are_seyeral verted into a cirgular polarized

|
light 20 by X/ 4 plat® °8§Jac?°}£%a 19P8% | R LA SPLEHRA LfIO M and
reflected by reflheeth@i-v8y nQLksr EH i@q.nﬁaeﬁ@qﬁf %%Pa&?faﬁmegﬂss

through X/ 4 plates WP1lb and WPl a again a reac ari zation beam
splitter PBS bypilidteng@Bsheisaransoptl} caid gat bpl it thepbeyeisadon into
direction. 25Each of the polarization directions of the two beans
that have reac¥8 §56MarBarddiBeb e AR R nEBS enst ragsat. sHed thapugh

T o o0 e M S L B S e
previ ousl y10r aggati A eGtHhaBUGHE ROl diZ aldcan38a1) $Bkidelr@Ection mirror
Rla, and beam LB reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection
mirror Rlb. Incidentally, “split by polarization” in this
case means the splitting of an incident beam into a
15 P-polarization component and an S-polarization component.
Predetermined-order diffracted beams that are
generated from diffraction grating RG due to irradiation of
beams LB: and LBa, for example, the first-order diffracted
beams are severally converted into a circular polarized light
20 Dby 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



80 PBS is reflected off polarization beamsplitter PBS and is

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

pol ari zati on beamsplitter PBS is transmtted 5 through polarization
beam splitter PBS and is synthesized concentrically with the
first-order diffracted beam of beam LB2 and is incident on

phot odet ecti on system 64c. Then, tghe pol arization directions

of the two first-order diffracted beams descri bed above are uniformy
arranged by 10 e, anal |n5|g hot,odet ecti on system 64c and the
beans interferé i R ’é%‘\ @teﬁlef’ P ralﬁatﬁP’érl?%ﬁ@élFF@ﬁtPBsaﬁ&dth%

nterference | ighiiabse d5) SRR LhePHLOdS 66l OrprandiLs gprver ted

into an electric signal In accor ance w e 1 ft ensi

interference |ifjhst-dbder idi fahucoes Heaamot eaaboue tdm;cwa@tpm,lohgly
encoder 70A, since the optical path |lengths of two beans to be
interfered are *&ttPehet pifhapiasirrtirgobeate splibter dRgalstioransphtted

ot her, the infl fluct atlonsc elgnor d. Th
when \ scal & s6YESLEn Bofar P B R TP IR RS By AEft
direction (the chsnaénﬁrﬂtarlqg;t W0 ﬂHé E*ﬂfs?tiiﬁ%@c dif‘@:éﬂ%@%ebeém Qﬁcﬂeaﬁ
the two beans changes and thus the intensity of the interference

| i ght changes. LBhianthangscidenthen phehsd¢teafionheystemrdder.ence |ight
is detected by photaqgetect.ion %L;stem 64c, and position information in

25 accordance with tHEN/ntEHReI3FAaLAGR GEeEEd PRt 0B She huotiasitrarers
val ue of Y enCQ;dLQErZ%d Yhrs 3@&&@&!& £B3ve “é%\%ﬁ?‘ﬁgyt ah'g%ﬁfkgfe

al so configured simlar to encoder 70A en“wa

st age WBT mVeﬂ;henamalqalzeecﬂ.n@idedlphbem@tecftﬁ.@m Eaetom ®BMicSatlll rert bédns
and a relative nmotion in 81 a direction other than the direction to
be measured (réPREFIRFE Wibhi BACh rPtefoRonea sl dmtrrigreres ildahti sand

generated bet ey DA ASH0F 11 BE°LE A s oRUT IRY BRLIeSRhr ape
mechani sm of 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 lengthé of two beams to be
interfered are extremely short and also are almost equal to
each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; {i.e. wafer stage WST) moves

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

25 accordance with the intensity change is output as the
measurement value of Y encoder 70A. Other encoders 70B, 70C,
70D and the like are also configured similar to encoder 70A.

Meanwhile, when wafer stage WST moves in a direction

different from the ¥Y-axis direction and a relative motion in



5 this measurenment error occurrence will be described bel ow

First of all, a relation between the intensity of an interference
light that is synthesized fromtwo returning beans ' Al and LB2 and a
di spl acenent (a relative displacenent with Y head 64) ofY scal es 39Y2
(reflective diffraction grating 10 RG is derived. In FIG BB,
beam LBl reflected off reflection mrror Rla is incident on
reflective diffraction grating RG at an gngle of Gap, and the
neitlLorder diffracted light is assumed to be generated at an angle
of 0.1. Then, a returning beamthat is 15 reflected off reflection

mrror Rea and & PRERRE Ao bRk thomtbe 4 nassiar ho Bﬂ "Ieé‘fsflé‘éiil \F@latl"e
diffraction grallig, Egh a n@ﬁ'— é1§feﬁgn9 -l F; H{l) e%é%&%g bk

is generated agal n. reln, racte I'S generate

an angle of 0. meaacst;permmedsmegwp,féaeas@fbnmrftr@frdﬂ @cémst{ra%ﬂeoa&e
original 20 optical path is the nath-order diffracted light that is

the same order 4% d4retgi the zeletive ghtigedorme sl cages he Rapesloadlsm of
eam LB2 ref of f reflecti

t the oth
o e Rb Ps RPN Ener SE T SORTE FPAG ('l o ey AhgtTAE oot bh oy
angle of Qn “and t hersiioer der, dl heaaet s ddwien PrdCNAALAL AL o,

angl e of Ohl. This diffracted |ght is assuned to be reflecte
reflection mrdoteRreamut tlighe thet daneyopieécialedpdtrbmt twd eidti@ning
reflection mrror RLb. In this case, the intensity "I" of an

i nterference | PGRPS 182 3HhLB; §“§;ﬁﬂ9ﬁ§§4%@iﬂeﬂ’¢oﬁ@t%altéﬁar%ﬁﬁ’daﬁéfaw
LBl and LB2 depefdsd gy dbt LeENEe shy, g?é?fecg]t‘}{%% S AEraLELSNGRL the

bet ween two returnlng eans |on posi
of the phoLoderettbs ,ddhated.s, |ccl +cos9. In thl s case, the

In FIG. 8B, beam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of 6.0, and the n,"™-order diffracted light is assumed to be
generated at an angle of 9,1. Then, a returning beam that is

15 reflected off reflection mirror R2a and traces the back route
is incident on reflective diffraction grating RG at an angle
of Ba1. 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 LBz reflected off reflection
mirror Rly is incident on reflective diffraction grafing RG

25 at an angle of By, and the ny*~order diffracted light is
generated at an angle of 6p;. This diffracted light is assumed
to be reflected off reflection mirror R2b and trace the same
optical path to return to reflection mirror Rlb.

In this case, the intensity “I” of an interference light



5 intensities of two returning beans LB1 and LB2 are assune to be
equal to each other. Phase difference 9 can theoretically be
calculated in the followi ng equation (7), though the way to derive
phase difference 9 in detail is omtted herein. 109 = KAl + 4n(nb
na) AY / p + 2KAZ (cosabi + cosebo - cosBal coseao) In this
case, KAL denotes a phase difference caused by an optical path
difference AL between two returning beang;LB/ and LB2, AY denotes a
di spl acenent of reflective diffraction 15 grating RGin the +Y

direction, AZ %ﬁggtes a di splacement of reflective diffraction
grating RG in tHE +F WHEESLERY 15 OB RS W NHNY LR 2BF 1B @nefBadepsnds

grating, and nb_o tes.the diffraction, order of each
diffracted Iigﬁp ée§g$f%¥§§%§b6@e§h§éﬁ%ﬁﬁ§ﬁﬁ? ?%é?%ﬁ%ﬂ&& rQ?%eEﬂﬁﬁEngaoto
be configured setasning Yafamsf yBi hedopt) eal apshdtdlictberess it oanss

the symetric property shown by the follow ng equation (B). O s0ebO,
Qal r=. (8) Intbachhotedssmctazryebhadtt i EHd+pas@nt iestisis casee therd

25 termon the.right-hand side of the,equation (7 ecomes zero, and
at the san‘egti r%é“kg%?%%ﬂa S=ﬁ? }g o & ti“§Pi‘-Ié‘g,L!395H‘& 5&%?&% §Te Ffgume to
foll ow ng equabkoBgif) €ARRE bh&t ned. (N AY)=2nAY/ (p/4n) From the
above equation (9), phase difference 9syr, does

Phase difference ¢ can theoretically be calculated in
the following egquation (7}, though the way to derive phase
difference ¢ in detail is omitted herein.

10 ¢ = KAL + 4m(ny - n.}AY / p

+ Z2KAZ (cosBp, + cosBpg — €088, - COSB4g) (7

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
denctes a pitch of a diffraction grating, and np 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 Ali=0 and the symmetric
property shown by the following equation (B)}.

Oa0 = Opo, Bar = Bp1 ... (8B)

In such a case, a result in the parenthesis in the third

25 term on the right-hand side of the equation (7) becomes zero,
and at the same time ny=-n,(=n) is satisfied, and accordingly,
the following equation (9) can be obtained.

Qsym (AY)=27AY/ (p/4n)  ...{9)

From the above equation (9), phase difference Qs does



83 not depend on the wavel ength of Iight. Herein, two cases
shown in FIGS. 9A and 9B will be considered, as sinple exanples.
First, in the case of FIG 9A, an optical axis of head 64 coi ncides
with the Z-axis 5 direction (head 64 does not incline). Herein, wafer
stage WST is assunedto be displaced in the Z-axis direction (AM,
AY=0) In this case, since optical path difference AL does not change,
the first termon the right-hand side of gshe equation (7) does not
change. The second term becones zero because of the 10 assunption:
AY=0. Then, the third t rnbe omes zero,  be se the symmetric

b ca
property in th&%qTEPEBA B)thes wageierqtdy of gt%ti‘fch ngly, phase
difference 9 does nOEEPmpg%’WOaBQSéé sﬁlo‘qnelh nﬁﬁbS' t% g%ﬁt% will be

interference |ight does not change. As a consequence, e nmeasur enent
val ue . (count E@huéﬁenédlhﬁ;k5m§D@QﬂﬁM@dé§S matsghaigehe case ofORIGNE
ot her hand in the case of FIG 9B, the optical axis of head 64
inclines with rPésp@Bt oPbléde aZJ-ﬁng KQ?@aMGQOi%Meﬁewthvﬁh‘lﬁerzwage

VST d the. dirgction f
State (Azony adiopCehPhIBR8 R Al ERBI o Bt Bl i Cade wor

difference AL daasdiedtpO8ishhscdd Lﬁtthteezr-me &Q%cusﬂt AEé@dﬁLé’F

of the equation (7) does not change. The second term ecorres zer
because of thelamq)a:am sﬂrii:ei)opt—hyﬂvmth dhefdence Aledoe saes dhahge,

becone zero, ause the s I’m‘EtI‘IC ty in the equation (8) is 25
not kept due t%g h%‘ H‘?’é‘%fmotfhet FEItHe g’d‘nda?l‘diec A thsi eatdem d?aﬂ@%%
in proportion betaclzaﬁlgépl 268 "Blion/t+ o £ O YorBNBOE LU Ler liee 9

changes and as a consequence, t he neasur enent Va anges.
I nci dent al 1§, ewxsamphisn:hardo 54 THeRS thettHitel dxen béb@m&s/mér Wecause

property in th% gqg3$$é¥}£g8£roperty in the equation (B) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intensity of the interference light does not change. As a
conseguence, the measurement value (count wvalue) of the
15 encoder does not change.
On the other hand, in the case of FIG. 9B, the optical
axis of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assumed to be displaced in the
Z-axis direction from this state (AZ=0, AY=0), Also in this
20 case, since optical path difference AL does not change, the
first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0. However, the third term does not become
zero, because the symmetric property in the equation (8) is
25 not kept due to the gradient of the head, and the third term
changes in proportion to a 2 displacement AZ. Accordingly,
phase difference ¢ changes, and as a conseguence, the

measurement value changes. Incidentally, even when head 64

does not incline, the symmetric property in the equation (8)



84 is not kept due to, for exanple, the optical characteristics of
the head (such as telecentricity) , and the neasurenent val ue changes
simlarly. That is, characteristic information of the head units that
is a factor causing neasurenent errors 5 of the encoder system

i ncludes not only the gradient of the heads but al so the optical
characteristics of the heads and the |ike. Further, although
omtted in the drawing, in the case wafeggstage WST is displaced in a
direction perpendicular to 10 the neasurenent direction (Y-axis

direction) and,to the optical axis direction (Z-axis _direction)
(IAx#o, | AY):O, AZEoNgt e]l‘teﬁ’g A $Gr e E*0EP LRy &Bésoi?fdtca&hﬁ}i‘@’@%ser%-é*ﬁlﬁ%

a direction Inqwhidngdd i’a&é}ﬂ&i 88%%%5'{51%?%3951 AN %&@g’f&ﬁgﬁt (rglue

[
| ongi tudi nal direction) is ort 0 heasur e
direction. In tchengasesiridarapgi thditnak, diiaeicteri b61d otnfyriniegenads
to the neasurenent direction, however, the sensitivity is generated
at the gain th&hej Regd dputsi shatels @ fRetangausinoxneaswrensmdnpkeors

t he four cages_gh in ELGS. 10A to 20,10D will. be._considered.

First, in the 8§s%fenﬁ°8erlﬁyﬁ et“héHS%??%SaPOgX?%l_%%hﬁ’egﬁa HoPhcHifes
With the Z-axi sedisasit alsbhaad of4:id9eciobctBE] 464)s oEVERe WagRsaler
stage WST noves in the +Z direction fromthis state to go into a

state in FIG tb8, Like. neasurenent val ue of the encoder does not

change 25 because this s the sanme as the case of FIG 9A described
above. Next , v!;“a\’r‘%?’ea Y hREeh; enittadhdl tRe CERHLBIarBukder prSe

Xaxis fromthgastald il il s 0408 10600l SO RITLE +
10C. In this case, although the relative notion between & head and
t he scal e ddesthetnexnitemenhadiitesstion (Y-axis direction) and to the
optical axis direction (Z-axis direction) (AX=0, AY=0, AZ=0,),
the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face (a
longitudinal direction) is orthogonal to the measurement
15 direction., In the case the longitudinal direction is not
orthogonal to the measurement direction, however, the
sensitivity is generated at the gain that is proportionate
to the angle.
Next, for example, the four cases shown in FIGS. 10A to
20 10D will be considered. First, in the case of FIG. 10A, the
optical axls of head 64 coincides with the 2-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. 94 described above.
Next, wafer stage WST is assumed to rotate around the
X-axis from the state in FIG. 10B to go into a state shown

in FIG. 10C. In this case, although the relative motion

between the head and the scale does not occur, that is,



85 regardl ess of AY=AZ=0, the neasurenent val ue of the encoder
changes, since optical path difference AL changes due to the rotation
of wafer stage WST. That is, the neasurenent error occurs in the
encoder systemdue to the inclination (tilt) 5 of wafer stage WST.
Next, wafer stage WST is assuned to nove downward fromthe state in
FIG 10Cto go into a state as showmn in FIG 10D. In this case,
optical path difference AL does not changg since wafer stage WST does
not rotate. However, because the 10 symretric property in the
equation (8) is not kept, phase difference 9 changes due to the Z

di spl acenent AZeHPrehess rﬂlJ+3 4Y£d%7R otheneeasugiemenhnte lsledefothe lpacoder

equation (7). Lnal.y,. .the .nmeasur nt..val ue t.he encqder

changes. Inci d?ﬁggé%,’ g“Jf ¥1ecerr%t’]%ts''ucrag A m\% G8T 8% ﬁé SRS 8}1?1 fonEhe

case of FIG 1G@btiabibeamearéhetagaensml uehdth ikhetkanasRashr&hat d0hor

As a result of the simulation inplenmented by the inventor and the

like, it was fOGRETENhER Ghife encader aratenydiecko dhet heckhmuden Hakkt)

t he sensitigit% W t %EWEQ not only the positional change of the
on,

. £MLR, T eshe i, : . :
scale in thd Y axI'8 8 r2é@5 which 20 is the nmeasurenment direction,

but al so the attitudee.ahapaget BthBe W3 dbroshiRa Pt 89Sl LCkign)

and the Oz direction (yaw ng direcCtion), and besides, in the cases
such as when t hbesstratet in FI6n 0T tty g ibhtokentase dessli¢wrednaimsiel0b he
measur enent val ues depend al so on the positional change in 25 the
Z-axi s directi 6R.thigafasey, ophicalhpatle i Eferengs Ahgoesmateckzndsedince

above and the Lgsultsled HrSUIM A0 BBLEL: noever HiZusbNcife

enbodi ment, correction information Tor correcting nmeasur errent
error of eagch epmmehericautsedrby iheaneekahivsomis)onsohot heefteaghass

the scale in the
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 éase of FIG, 10D
15 becomes 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 8x direction {pitching direction) and the 8z direction
{yawing direction), and besides, in the cases such as when
the symmetric property is broken as described above, the
measurement values depend alsc 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



86 non-nmeasurenent direction described above is acquired in the
manner descri bed bel ow. a. First of all, main controller 20
drives wafer stage WST via stage drive system 124 while nonitoring

t he neasurenment 5 values of Y interferoneter 16, X interferonmeter 126
and Z interferonmeters 43A and 43B of interferoneter system 118, and
makes Y head 64 | ocated on the nost -X side of head unit 62A face an
arbitrary area (an area indicated by beigg circled in FIG 11A) AR of
Y scal e 39Y1 on the upper surface of wafer 10 table WIB, as is shown
in FIGS. 11A and 11B. hen, based_on the neasurenent val ues

of Y interferomEPePeagLaRenE ‘?Heecrtflé’Po‘?ﬁcé?@e%@@Oé’ﬁdlaﬁquﬁfﬁ?ﬁ in the

controller 20 dnhyes aadsrlikabl B (wafer stage WST) so that both
the rolling armSnt By an lt g y(g%/\ny%g anount az of wafer 15 table WIB

(waf er stage WST) betomerzerar an, al=3e &éhecqyiiehi 2@ AARUBtwae DEEHFES
a desired value ao (in this case, ao is assuned to be equal to
200prad) . Af t eMSTHéadrtagierdyige sustem k%ml‘elmr(nmﬁ:engwagea\agﬁmem

mai n controkle rr det ctl ht. fromthe he

descri bed a%ovgaggeéar etZ%AﬁngFrgeE%ﬁ §r2823 glnta?ﬁée§?‘8?t'e%r t]‘??% and 2
measur ement vahueeﬂ\é&&r@t@%rmgﬁmsh%falﬂt’f@}ﬁ%'oﬁ%&&k%y%@eiﬁ%%' g
signal fromthe head 64 that has received the reflected’light, in an

i nternal nenorpakes Y head. 6{\éxtatbdsedtha mds: ARaside vEheathhngs €A Y
interferoneter _16 and Z interferoneters 43A and 432, nmain 25

control ler 20 HPFY R GHPAETREY| FFeRTEAPWRYSR addgatedy iheingecizabads
direction in a;preget gig’yﬁoga@ggalg%%x&g?bgme&agggf%e O%O‘anfn

+100pmasisinicate arrow I n mal nt ai ni ng
attitude of0owafeblé atiize WEBi§veiem shapec$\Bh1a( bha pisching armunt
&x=a0, the yawi ng anount az=0, the 87
b. Then, based on the measurement values of Y
interferometer 16 and Z interferometers 43A and 43B, main
controller 20 drives wafer table WTB (wafer stage WST} so that
both the rolling amount 8y and the yawing amount 8z of wafer
15 table WIB (wafer stage WST)} become zero and also the pitching
amount 8x becomes a desired value oy {in this case, o 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 2R of Y scale
20  39Y;, and stores the measurement value, which corresponds to
a photoelectric conversion signal from the head 64 that has
received the reflected light, in an internal memory.
¢. Next, based on the measurement values of ¥
interferometer 16 and z interferometers 43A and 43B, main
25 controller 20 drives wafer table WTB (wafer stage WST) in the
Z-axis direction in a predetermined range, for example, a range
of -100pm to +100um as is indicated by an arrow in FIG. 11B

while maintaining an attitude of wafer table WIB {wafer stage

WST) (the pitching amount 8x=0y, the yawing amount 6z=0, the



rolling anbunt 017=0), and during the driving, while irradiating a
detection light fromthe Y head 64 described above to area AR of Y
scal e 39Y1, main controller 20 sequentially |oads the neasurenent

val ue corresponding to a 5 photoelectric conversion signal fromthe
head 64 that has received the reflected |ight at predeterm ned
sanpling intervals, and stores themin an internal nenory.

d. Next, main controller 20 changes the ghtching anount of wafer
table WIB (waf er stage WST) to (Bx=nD-An) based on 10 t he neasurenent

value of Y interferoneter 16. e. Subsequently, the simlar
operation to tFOLoPpRE RTUNY RYEAL, Ak duging sthe sixdaagwi wih kehe
changed attitu copao ' En cantrqller 20 repeats
t he operati onsq':}ﬁat(:]1 aét%%%vae d?ftgg%#%atlgpfqg%ﬁ% %%ye, C’)"ah‘aa? o%déj%tsﬁﬁlbed

neasur enent 15 avakeetofaheadr6dri n scalangeypf dahe abswesidescepbed
Z-driving range at An(rad) intervals, for exanple, 40prad intervals,
Wi th respect t@&egRentbhge’ ilpadhitdte nheswidmsmtngakmo worresposding to a

- 200pr ad 200pr ad . .. Next, by plott] h i
data wi t bt not hEPSBOPHIEPT CRBRBTS-That e LSt PBOPEFACH tpeEnbas

processes of thacabpy® the 881 1&‘6‘?&:%8%&%%&%98& déég@flﬁgg%’:t em

that has a horizontal axis show ng Z positions a verti

show ng encodernktezwairerentd sabres,thendisespeniteank] senmeet i ng pl ot

points at which the pitching anount is the 25 sane, and then shifting
the horizontal axis CF'nNF’ﬁ*'e' Veineatrakier dlrdranidss W phbehing ppreurty

hori zontal |i ngfi Q?fehre t%%%eHB t(r‘]’atf?%(r)%{}agq(r:?t f"ﬁ&épgi}‘?lg(%t ?gg_i%#)zaﬁtsaémgnch

the pitching anmbunt™1s Zero passe

shown in FIG tRe(degiinphechiatablows vaihedt (iroeRRacacigristics of BB
measur enent val ues of the encoder (head) in accordance with the
Z-1eveling of the wef-efulieapentily, dheatimidar operation to the operation

in the above c. is repeated with the changed attitude.
f. After that, main controller 20 repeats the operations
in the above d. and e. alternately, and loads the measurement
15 wvalue of head 64 in a range of the above~described Z-driving
range at Ac(rad) intervals, for example, 40nrad intervals,
with respect to the range in which the pitching amount 6x is
~200prad<6x<+200urad.
g. Next, by plotting the respective data within the
20 internal memory that have been obtained by the processes of
the above b. to e. on a two~dimensional coordinate system that
has a horizontal axis showing Z posltions and a vertical axis
showing encoder measurement values, and sequentially
connecting plot points at which the pitching amount is the
25 same, and then shifting the horizontal axis in the vertical
axis dlrection so that a 1ine {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



The val ue of each point in the vertical axis in the graph in FIG 12
is a measurement error of the encoder at each Z 5 position in the
case where the pitching anmount Ox equals a (Bx=a). Then, main
controller 20 assunmes the pitching anount Ox, the Z-position, the
encoder neasurenent error at each point in the graph of FIG 12 as
tabl e data, and stores the table data in a nenory 34 (refer to FIG
6) as a 10 stage-position-attributabl e-erggor correction information.
O, main controller 20 assunes the nmeasurenment error as the

mat hemati cal function of a Z-posifion z and the pitching amunt O,

pLlC .
obtai ns the matWETHIFEEIT FEICESoN By ScBRTRAT Y PaAdktisy ArRegdance with
coefficients usdh@gzrjggemfethgh@a%é Isetgggfsjgsuaor,&%i% hod, and

un age-pos

stores the mat henati cal ction as s tTon-attributabl e-error

correction infornatiTie valt@d@réeacipoint in thh.ve¥@Xtal MR LOBhE Qhhsh
20 drives wafer, stage WST via stage drive system 124 in the -X
direction a pré@leféfm hed 2@ apasarrentheresono tthei pgcofier at each 2

measur enent .values_of X interferoneter 126 of interferonmeter system
116, and as®i o FORSHACT nAHIRE £35S TOR GBS TBnaFORSL | G ka1 (P

the second positokp f @bl SbficdideOfo beathdinthe 2)%0%15{1‘%?{35115 c

next to the Y head 64 of which data acquisition has n co

as descri bed alfsvé&hefagwsitdan ARhg@neadendieeateehdnt detagatieach pdint
FIG 13) of Y scale 39Y1 on _the upper surface of wafer table WB.

i . Then, main ¢OntPRITEAPBE EtGorlrs2t HePEoERE e 218 ALPERS (tdhe Kable

above to the | 4hegd; f4, hd. Stese ti 9 j;,nformation of Y
encoder 70A t hat islcoansti tlf eg bg;retc%rerr $8hgg%' 6 é-:‘r?d];Y scal e 39Y1

within menbfy 3dage-pddttdionaedt rilbutdba eskehtbarcdriRRel on COkfE6iat0bn.
information of Y encoder 70A that is constituted by each of

Or, main controller 20 assumes the measurement error as the
mathematical function of a Z~position z and the pitching amount
0x, obtains the mathematical function by computing
undetermined coefficients using, for example, the

15 least-sqguares 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 622 (Y head next
to the Y head 64 of which data acquisition has been completed

25 as described above) face area AR (area indicated by being
circled in FIG. 13) of Y scale 39Y; on the upper surface of
wafer table WTB.

i. Then, main controller 20 performs the processes

similar to the above to the Y head 64, and stores correction



5 remaining Y heads 64 of head unit 62A and Y scale 39Y1, correction
information of X encoder 70B that is constituted by each of X heads
66 of head unit 628 and X scale 39)(1, correction information of Y
encoder 70C that is constituted by each of Y heads 64 of head unit
620 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 X
scale 39X2 are respectively obtained andggtored in nenory 34. Herein,
it is inportant that sinilarly to the above-descri bed case, when
performng the a escribed 15 negﬁurenent usi ng, each. X head 66 of

head unit 62B, é’rg'ﬁ °R °&a \‘?SHC%I%’E: 8 Wkl gopskituthtehY féer bhRr%g

the above- descrdgdameass RISRY, Usiiil nCRE ad 64 of head unit
62C, the sane area on Y scale 3§9Y2ﬂlﬂll£i us Og(y ‘when performing the

above-descri bed neasjir eiiirvagt pgieatie X:dﬂemlr Gt rpfe rheadr Zé-tikint 62D,
the sane area gn X scale 39X2 is used. This is because if correction
of each interfdMSREVRFiH qfn?e‘?rf%ﬁef’@ﬁ tHhah ém aarsstiitasedddngach of

correction qf f C urf ces, 1

reflection gur%a@ggngﬁg d% §h4i uﬁé‘éng%br?&% %eﬁcgf%es’%'
attitude of waftrstagsn \A&‘foﬁﬂatb&u%@xt&l&d%%% desived attdddiderated
anytine based on the neasurenent values of those interferoneters, and

even if the scéiveesghfatel iheadncté netl headasni BNl aedr Br scale 136K,
occur anong the headﬁdue to the inclipation of_the scale surfaces,

by using the s&RETPEHIDANGPTRALIPEEE & enaggler 70C th@ﬁr%ﬁé?onsututed
regarding Y heBS}SeM%@th@é&’szﬁé}”?%%e%‘anﬁﬁﬂ'@rc 39 %%{}2 and

above-descri bed neasurenent usi e sane area on sca es and
39Y1 as thtlar eartrbetids infedminroreachx \éﬂmaierﬂoanthheaﬂs Wiris 1. 6dked

and 62A respectively, and 5 obtains correction information of Y head
64yl facing Y S¥afeCBPD X BRRGUAC PHCReadhdinddr FaBtansh ¥ Aratemiienacd

YA e aa. | RELPEctt A Bptdited WEOURE LN, (AN LDEE StOTeS hem

in menory 34. proce ures e-descri bed

10 case when the pi tHdtieng, aiPWE iipoghangethat iR COPL§ Ald @he20
sequentially changes the yaw ng anount Oz of wafer stage WST in the

range of -200pRrRESz4esCridegr a%lseth@nnaﬁnf@Jrrmnwg thet #bovre-deistrhbad)

anmount and he rolli unt _of fer, st WET to, zero, and drives

waf er tabl Vm—gef%%eét%rg&aénw ﬁ ]P?'Feg head unit’62B, the same
area on X scale 39X; is used; when pexrforming 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 interferometer of interferometer system

118 (including correction of bending of reflection surfaces

17a and 17b and refiection surfaces 41a, 41b and 41c¢) has been

completed, the attitude of wafer stage WST can be set to a

25 desired attitude at any time based on the measurement values

of those interferometers, and even if the scale surface is

inclined, measurement errors do not occur among the heads due

to the inclination of the scale surfaces, by using the séme

portion of each scale.



15 Z-axis direction in a predeterm ned range, for exanple, in a range
of -100pmto +100pm at each position , and during the driving,
sequentially | oads the neasurenent val ues of the heads at
predeterm ned sanpling intervals and stores themin the internal
menory. Such neasurenent is perfornmed to all 20 heads 64 or heads 66,
and each data within the internal nenory is plotted on a

t wo- di nensi onal coordi nate system havi nggghe hori zontal axis

i ndicating Z-positions and the vertical axis indicating encoder

measur enment values ipn the simlar procedures to those descri bed
above, plot points at %S 19895 ng ARFSSBuMNG edenaadgrongreller

sequentially c t Ig . 1S .S ifted sq.that_a
line (a hori ZO%&Q?QF?ﬁ%mfﬁehgﬁ 82%%%%’}%? g&he&ﬁ%%l{rﬁg%gléwuﬁgn (r:{rzl%-‘ﬁentS S
zero passes thraagghohhe swaigsn3sendntihesebysariy aplkasitAht af s ti@ekih€or
graph in FIG 12 is obtained. Then, main controller 20 assunes the

yawm ng 91 nouf@c8zY Rerd Adpedi heath unite fR@sandf@At respertiatelyacand

point in the obtaipned graph as tahl e data and_,stores the table data
as correcti gn iO%%S:rerlrEétG?Jd: SCHLRR r§3€1@ ,or%n?éiﬁ'ﬁa(?oﬁﬂ”oflaﬁ“%&’ scale
assunes the neasys e@RbABE I IC)A8nk h@o:’l‘%@?&ﬁt:‘!@m@l‘dﬂsyﬁw%@%d 4y,
Z-position z and the yawi ng anount Bz, obtains the mathenmatica

function by cofpainagy wridieeSAYne@ncodés i Tizent andstinvgn Jtare@xang@h ein
t he | east-squares nethod, and stores the nmathematical function as
correction infB8FRBF¥oifin nenory 34. Herein, in the case the pitching

amount of waf er st agg.d0 YT ylese gl 2500 AN A0, the YANBTRUL, | S

not zero, it can be conSi neasurenent €rror o

encoder whed wehee wiengehd\Bltehihgcaiceaitais ZnaAGed) aRia ésntha 18kl e
sum (linear sum of the nmeasurenent error in accordance with the
pi t chi ng anounfege’Rizxldy abaneesihbe tyreingaznauntefr «f vefer rethge WST

accordance with_the yaw n : | S ,i.S,because.it has been
confirned as al?e@h a(r)lgetg%gmsélﬂ%F%%{Hoﬁﬁtzﬁg{m?%éﬁ%&s’ﬂ?wl@ﬁr%‘?tb(a
count val ue (MERSWitMAALg\EIdRL)and REEMA 18HENERRnt No AGELE HANGE Width
the change in the Z-position also in the casé where the yaw ng’i s
changed. 20l n thezdmi,| el iiridescvafan orplé RTE lfeaBaketale WST) in the
sinplifi ca;'%on of the explanatjon, it is assuned that regardi nﬁ the Y
heads of edth ¥ BHRtOIETCECEIAR HefaPredrteumAsoRatieh $He sFerRhe ngin

%U?La?éhgcgag%dﬁagﬂr@%m% +§66p1{1 hg gé&?%o‘isiigf]oﬁ ,Ognwu%rinattﬁgae
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 axls indicating Z-positions and the vertical axis
indicating encoder measurement values in the similar
procedures to those described above, plot points at which the

25 yawing amount is the same are sequentially connected, and the
horizontal axis is shifted so that a line {a horizontal line
in the center) at which the yawing amount is zero passes through

the origin, and thereby a graph similar te the graph in FIG.

12 is obtained. Then, main controller 20 assumes the yawing



25 error Ay, as is expressed in the follow ng equation (10), is
conputed and stored in nenory 34. Further, it is assunmed that

regardi ng the X heads of each X encoder, a mathematical function with
the rolling amount Oy, the yawi ng anount Oz, and the Z-positionz of
waf er stage WST that shows a neasurenent 92 error AX, as is
expressed in the follow ng equation (11), is conputed and stored in
menory 34. Ay = f(z, X, z) = x(z-a) +9§)z(z-b)-(10) Ax = g(z, Oy,
Qz) = Oy(z-c) + Qz(z-d) 5In the above equati on (10), "a" denotes a
Z-coordinate of a point where the straight lines intersect in the
graph in FIG f‘?‘mgrﬁf"‘ e&eﬁeﬁégl%'ZtE%G}eGFHE?@e%ﬁ CATPBiAN CIHePeiRhe

straight lines; E:(Etd:.h@d tgj}ﬁggraasogaﬁiénda@g énd H‘Eer %he EFFAl% cl:l'\‘;2

that is obtai ne |n the case aw ng anount an ed | n order

to acquire cor laecédamduifoarifaﬁd:aﬂtﬁzfmtlhﬁmgm@fgﬁgder Or FMéiHQ:fo,nth:Bliéle
above equation é)ll) 'c" denotes a Z-coordinate of a point where the

straight |i nes 2 rﬁ@r"é‘@@tthmmﬁh@l@wﬁ %Itrrﬂﬂ af th@ ndidieonsical EFuGetich

that is obt |neg|nt
o]

th h d d
to acquire 15 correct?OSi%asﬁfequn%?‘iE%ﬁ‘ %’gggj@ dé an‘(’liglt'rﬂ:i’“nrédor °
denotes a Z- copgehami®l @fl fulaih W@Blﬁpﬁ{!ﬁlcﬁ'&ﬁ@é%lhba é:'f%@f.ﬁr?l?g

in the graph simlar to the one in FIG 12t Is obtained in't
case the yaw nysanpurfori exaripargethe leastesquareschetiic,candectidres the
information of the X encqders. .20l ncidentally, the neasurenment error

Ay or Ax shows™EhReRRIgrEe fopciHeRRs ﬁ%”fﬁ%ltoi“o’ri’wf"ﬂéﬁ-@ﬁ 15t BRROTRETE 4§ n
a non-neasurenent digeelhon { ¢54. éJéZt %(_;LB Ofho it %)P afbr stage
nand th axi’s dire W P = R oY

direction, the Oz diTectid t|o

encoder orla@ hewdr encaderzedd ead S llsbet e daut fFetiun¥al 41610@f zero, it can
be considered that the measurement error of each encoder when
wafer stage WST is located at Z position z is the simple sum
(linear sum) of the measurement error in accordance with the
pitching amount described above and the measurement error in

15 accordance with the yawing amount. This is because it has been
confirmed as a result of the simulation that the measurement
error (a count value (measurement value)) linearly changes
in accordance with the change in the Z-position also in the
case where the yawing is changed.

20 In the following description, for the sake of
simplification of the explanation, it is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount 8x, the yawing amount 8z,
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



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 error can be used w thout change as
correction information, the correction information 93 is referred to
as stage-position-attributable-error correction information.

Meanwhi l e, in the case the optical axis e the head of the encoder
substantially coincides with the Z-axis and all 5 of the pitching
anount, the rolling anount, and the yaw ng anount of wafer stage WST
are zero, as i?riS‘Bg/ %saFrJosrneE‘HEe%iﬁﬂatho Eedoning corpt e’ diibed.s

above, the nmeaguRERBId £y g[: piqgt ﬂﬁ{r&g\/\%%e‘g described above that is

caused by the attitude of vva er t s not supposed to occur,

but in actual, 10 the re&sd|esento=9r eopx pi-4)he en¢edsy s, Ay zero
even in such a case. This is because the surfaces of Y scales 39Y1
and 39Y2 and X scal % 3982zamy.3®%2 (t ﬁE(m)f acézmz dlecond hdat er

repellent pfate 28b) el |deal | an angd_ha evenness
Waen there %’s unevenneégeoa(r%) the” Sur Ogegls%’ t fle d\l%’ Z‘@& %?n(:PBr‘P)Jenarﬁ?re
accurate, the gifémagtitogharattng s&%ﬁ gee. 11?;\1@% hAtEPS&238 the graph
diffraction grating is covered with a cover glass, the surface of the
cover gl ass isinngiGddd), arder”i dendiges ase- mmlnsﬂ:agef\%'pol:mvam:are
al ong a pl ane ﬁ raIIeI o t he XY plane, the scale surface is

di spiaced in the®Z tIeig 1201'3tii'i‘°“15e&'9 Preeat. T HheyBEaRR SiPdARF B0 She one
inclines with gespect 1.5_0c1$abc919 Aheking %’ﬂ%og {e 1! ?%@ﬁig% Yunt is

results in occurrence of the at1ve notion between and
scal e i n althoneneasur dneotded«k Itecht@.mreaﬂdrsel@tlfh.d’reh.ﬁfbyzﬁatmﬁri off the Y
becones a factor of neasurement error as is described earlier.
25Furt her, as FRC¥FHEM | Furhher,14n he apruemaatiiant hblloade” denotes

a Z-coordinate of a point where the straight lines intersect
in the graph similar teo the one in FIG. 12 that is obtained
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 acquire
correction information of the X encoders.

20 Incidentally, the measurement error Ay or Ax shows the
degree in which the position of wafer stage WST in a
non-measurement direction (e.g. the 6x direction, or the oy
direction, the 0z direction and the Z-axis direction) of the
Y encoder or the X-encoder affects the measurement value of

25 the Y encoder or the X-encoder, and accordingly, in the
following description, the measurement error Ay or Ax is
referred to as a stage~position-attributable error, and since
the stage-position-attributable error can be used without

change as correction information, the correction information



a plurality of heads 66A and 66B neasure a plurality of measurenent
points Pl and P2 on the same scale 39X, if the inclinations of the
optical axes of the plurality of heads 66A and 66B are different from
each other and the surface of 94 scale 39X has unevenness (i ncl uding
inclination) , the influence of unevenness on the neasurenent val ues
is different by each head due to the difference in the inclinations,
as is obvious fromthe fact that AXA is nmgt equal to AXE (6)(2044) 5
in FIG 14. Accordingly, in order to elimnate the difference in the

i nfluence, the unevennes of the_surface of scal e 39X needs to be

obt ai ned bef or etang S Thed Urfe?én 1ERSS HOTHE OB 7 PP GRPLEFF EEHOX may

be neasured usld&r@c@@ﬁqﬁ}gggtggﬂ! ce other than the encoder such as
the Z sensor descri bed above, 10 but the neasurenent accuracy of the
unevenness is defi nededwitiie, ntashecoent thesgptifdalnagis tdfethe head of
measur enent device in such a case. Therefore, in order to neasure the

unevenness Wit i ﬁc?ﬂ:‘%:%rS&E?ta‘EW@rléY §°-'H’fb"6%e§| BEER thhe Ragxds and all
hi gher - h t hat
e eckst 00 900 UGGl sersat L SHOSRS MR v

required for the pur pos’e i use

Thus, in the eshodhtest wdfee BeaAHOdIM a\f.vﬁl @@r&,ﬂ%\éeae%ﬁvﬁust B8 om the
surfaces of the scales is neasured using the encoder systemitself is

enpl oyed. Her erABftéens (k@) sndhdd ) widscrbbedabore bétie rRRAsreseshewnot n

t he graph (erraor haract ristic gcur n FI G, 12 that _shows
vari gtl gn ((:har SEt S ?FF%‘S Ilb?jeltsﬁﬁlu %?EPlgﬁﬁﬁ?tv’a? Gausef }%SYhEh%ﬁEGéIE‘l‘de

(head) in accopgapgee Mithh1there- Isexslclﬂgap%fsewaégroc%mgeb&qﬁlnd%eﬁwed

above, with respect to each encoder there exist$ only one point
in the Z-ak@s ZBednaraEmnrlemﬂnt\Mnroln o5 theterseniert iy @ot0zexrd bkén in such
operation of wafer stage WST, that is, a peculiar point at which the

measur enent er PRSF t MEtBAE RFSAUSE tﬂ'@r B BrEcdP e IS @l ash@Ys and 39Y;
inclination anglg of &I 3 ka%eﬁdV\g;X ﬂ resp gctet the Xl plane.
When this point can Ebélhf ound by moving Warer s SEPRY aar'ie
repellent plate 28b) are not ideal planes and have some
unevenness. When there is unevenness on the surfaces of the
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 encoder. This exactly results in occurrence
of the relative motion between the head and scale in a
non-measurement direction, and such relative motion becomes
a factor of measurement error as is described earlier.
25 Further, as is shown in FIG. 14, for example, in the case
a plurality of heads 66A and 66B measure a plurality of
measurement points P; and P; on the same scale 39X, if the
inclinations of the optical axes of the plurality of heads

66A and 66B are different from each other and the surface of



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 wafer stage WST via stage
drive system 124 while nonitoring 10 the neasurenent values of Y
interferoneter 16, X?bgterferoneter 126 and Z |nterferoneters 43A and

433 of interferSRefe MPEYERNGsRy (Tpeinding oiprliipagien) 15therpkes
an arbitrary Y ijhgadeRte B@%e‘%’r@hhe@gé gh@m@a?%%??h%nt ¥a?ﬁ§%§§§§%ﬁegﬁnt

FIG 15 face the vicinity of the end portion o scal e

the +Y side. Thaneaohimeabriueokbeth? Hidifangrse tite thiet ¢AcDinATRMBL 4€X
rotation anount) of wafer stage WST in at |east two steps at that
position in thésSsPRTIous fuamdhe Saethdhabode- Hesoti &tk Intnntfs ( Axvd Xs)

Seant (moved) varee ot hon i Ry o, PRART B it Bu e PR Bk Fusthactre

the Z-axis direatig inFluents ;&@Lieaﬁﬁé\;gar&e@et@ﬁkh%ns&fﬁﬁe bEarmaY heqd
64h2 to a subject neasurenent point of Y scale 39Y1 in a state where

the attitude ohe@dfeko sh&a@@tﬁsfre@tbetﬂca:tehpnﬁ nt The uhﬁeerirsasmaiorit theed,

and perfornms sa n errent results of Y head 64h2 25
(encgder 70A) tsngfL'a %88?‘3? Xé“@@%“‘&ﬁ??ﬁ%dPﬁ%n%émsHéeTﬁ%Flgﬁ’éh?3

Incidental Iy, bhgeahower gﬁécerdcfae@rsm h?gtﬂeszpﬂrfﬂﬂrﬁg e,?ﬂﬂeed LhEve,

yawi ng anount (and the rolling anount) waf er st age

mai nt ai nedl&t betd:heTtnea$umentcaud:mrﬂd}ebfzma)bhavémééae:Lerc[eﬂirineafby
characteristic curve glref er to FIG 12) at the subject neasurenent
poi nt of encod&he ARFAS EGQEEBrr&éﬁ&étW% ot Hee Z@aagr%mw 8rvhee dn siclye

WET with _reSpegtcerlQe.eaEHePéf% ghacl:’}:éélr % Iﬁ%t%‘} g%lsaalrl‘r% #neg%gl ]

pr edet er m ned conmput at1on on result’s

assumes an i nt rigieclocngapp) theak iwhi gsaipl U8} that thid:lﬁzeﬁ&@Elslon
characteristic curves intersect, that is, the point at whi

measur enent er fBR TS ecpewdet STOROY $havrd seager dhessinfreghéred foxr the
I nelinatiop, angl g, of, waf o 3L age AT oM 108 85PGRL Lostie XY
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 characteristics of the
measurement values of the encoder (head} in accordance with
the Z-leveling of wafer stage WST described above, with respect
to each encoder head, there exists only one point in the 2-axis

25 direction, which is not sensitive to a tilt operation of wafer
stage WST, that is, a peculiar point at which the measurement
error of the encoder is zero regardless of the inclination
angle of wafer stage WST with respect to the XY plane. When

this point can be found by moving wafer stage WST similarly



10 plane as a peculiar point at the subject neasurenent point, and

then obtains Z-position information zt (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 ingerferoneter 16, X

interferometer 126 and Z interferoneters 43A and 433 of

i nterferoneter iyigen1118. This step npvenent is perforned 20 at a
e

| ow speed at af F FﬁsﬁﬁﬁéﬁcﬂHérh%%§ﬁFénent error of the
i nterferonmet ergddue-59s foﬂjaHQEEﬁﬁééHE%{%?Qo?ecﬁgﬂgﬁﬁgh informath§

Then, at the positionh after the step novenen post tion Thformation

zp (in this casescpiBgd aboaepetid painPoizRbosit £s00deh HHAs8ntd® o be

position is obtained, simlarly 25 to the above-described (a) .

After that, maienPeewt¥ay Peinb@iHbhaiensodepotad.onWierd Ghentporatzon of
of nmeasuyrenent

(B2t ok 0B o BT AL 50 (Rl PR SRS
direction on Ymeaaheedhtl podhtBYoh aiRAledh Y, Pald QhalBY (RS AHRES of
simlar to the above (b) and (c). FIG 16B shows z-position
informati on zi tbe aupboed icdr thei stalat cahebét dbtneasdr, enent poi nt
obt ai ned in the manner .
{a) Accordingly, first of all, main controller 20 drives
wafer stage WST via stage drive system 124 while monitoring
10 the measurement values of Y interferometer 16, X
interferometer 126 and % interferometers 43A and 43B of
interferometer system 118, and, as is shown in FIG. 15, makes
an arbitrary Y head of head unit 62A, for example, Y head 64;;
in FIG. 15 face the vicinity of the end portion of Y scale
15 39Y: on the +Y side. Then, main controller 20 changes the
pitching amount (6x 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 Y head 64, to a
subject measurement point of Y scale 39Y; in a state where the
attitudeofwaferstageWSTatthatpointintimeisnmintained,
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



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
controller 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 16D, one end of each two-headed arrow that indicates Z-position
Zp of the peculiar point at each of the mgasurenent points on Y scale
39Y1 is made to coincide with a predeterm ned datumline, so that a
curved line that conpects the other end of each 15 two-headed arrow

i ndi cates the SUPFACESSHAPE (URETeMF) t6f F{bscedle afothe subject
Accordingly, ngicasaeBhe st lp%'in%oo9bér?écg‘l%ra7 tmr?édo%lanfzg%%%h?%he

z=f1(Y) that denotes the unevenness, by performng curve-fi g (the
| east squares @ppoextimt ichwadbrt seageoiwstr of th heespeher tensh@f oFash

t wo- headed arrow, and 20 stores it in nmenory 34. Incidentally, "y"
denotes a Y- co@t#raat ey oIf witékudeagdWBErfiemsined pyeyetermined

i nterferoneter . Main controller 20 severally obtains a
mat hemat i ca f&%gffmlj%%tlzo:q 5%%%%&%@#& 85 ﬁ'hee sﬁﬂggjerh%eggxo?ss\}m?@a?%
39Y2e 25 a nat hawetésad ifdiRethONa? @ik at PBL-rABNQL 63 RS digpenness
of X scale 39X1, and a mat hematical function z=g2(x) that denotes the

unevenness of XhstatteBEXAc amdvest dnesridram thatenpr yhS8doint at which
I ncidental ly, "x" denotes an X-coordinate_ of wafer stage WST neasured

by X interferoffSB8IF BT eggor of enqorernTOich Z6BPar AFHG 1S 6F r Bhe
characteristicigui Vg {y %Egi & ﬁ‘afl.' )S }S%CEWFﬁevgitarp(%gg%Et ecaoctahe

measur ement point on each sCale, in the cdse the error ar act SFTsty ¢
curve in whe chpaaneasukrepestil iy pbins aOrAbaMIDIeZenea @G tepsiwf, 5
the change in Z-position is obtained, the pitching anount of wafer
stage WST when@BBtthieRi oRfaimiestgrosditciendindereatten &1 dupfer GorFdspbiids

to an inclinat ggnt%%ggrtgﬁ% cal e surface at the neasurenent

poi nt. Accordingly, me ‘above, information on inclination

at each measurenent Qi RéxtRYadhSntdcheepinpReH s dddptddenkdt of
i nformati on on height of the scale surface. By doing so, the fitting

wi t h hi gher aceafekypteanWEE Qyex poedele i nedalicievnee fiint thengY désect hed
above. 15 wvia stage drive system 124 with the pitching amount and the
rolling amount of wafer stage WST maintained at zero while
monitoring the measurement values of Y interferometer 16, X
interferometer 126 and Z interferometers 43A and 43B of
interferometer system 118. This step movement is performed
20 at a low speed at a level in which the measurement error of
the interferometers due to air fluctuations can be ignored.
(c) Then, at the position after the step movement,
Z-position information z, (in this case, p=2) of a peculiar
point of encoder 70A at the position is obtained, similarly
25 to the above-described {a).
After that, main controller 20 obtains Z-position
information z, {p=2, 3, ....., 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 39Y,



In the nmeantime, the scale of the encoder |acks nmechanical |ong-term
stability for the reasons such as 15 deformation of a diffraction
grating due to thernmal expansion and the like with | apse of the
operating tine, 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 beggorrected. In the foll ow ng
description, an acquisition operation of acquiring correction
information of gratin jtch and correction information of gratin?
def or mati on of g’ 8RBT B E R I SRR e na phidd st A e dPqvse ()
embodi nent W | Iynhe (expl ai ned based on FIG 17. 25In FIG 17,

measur enent beans é41 and B42 are synmmetrically placed with respect
to straight line LV OEscriébeshaioyepodiid ocaci nbd riasur eMehta pees10dr Y

interferometer 16 coincide with straight line LV parallel to the
Y-axi s directi 8R1hatt pisds MersugmeHe noghtcabtaiiesl ¢h the manner

proj ection gpti em PL. Ther r Y interferoneter 16 can_,
measur e thng- Sgguhf?%% O%BO\XEf e?n‘gaﬁ(’g g\fﬁ TR Jt pRB_E) 1} (gyrormation
Simlarly, measyré&menipekaans: BlintndrBbre ar® myduRERbAR! byt aced
Wth respect to straight line LH 5 described above, and ‘actual

measur enent axes of )i Bhenf ardmetertrblderdhobteims tunestnaéghio] tne

LH parallel to thﬁ X—a§%§ directjon that passes through the optica
axi s of proj ectPOROPtIcdl S§91LT etn PLOAS b P8 BrROSBEjoR dPFeFRAE®r 2126

can neasure t hger-__Qp-_Signi 8e ﬂge V&fc%'iita%b}l)oeinv‘t\ﬁ_%b\e'iag.gg&tfo'e‘cb%%cgioogr{hoé S
10 plurality of measurement points. As is shown in FIG. 16D, one
end of each two-headed arrow that indicates Z-position 2, of
the peculiar point at each of the measurement points on Y scale
39Y; is made to coincide with a predetermined datum line, so
that a curved line that connects the other end of each
15 two~headed arrow indicates the surface shape (unevenness) of
Y scale 39Y:. Accordingly, main controller 20 obtains a
mathematical function z=fi(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 Y interferometer
1l6.
(e} Main controller 20 severally obtains a mathematical
function z=f2(y)} that denotes the unevenness of Y scale 39Y,,
25 a mathematical functlon z=g;({x) that denotes the unevenness
of X scale 39X;, and a mathematical function z=g;{x) that
denotes the unevenness of X scale 39X, and stores them in
memory 34. Incidentally, “x” denotes an X~coordinate of wafer

stage WST measured by X interferometer 126.



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 planer for the sake of sinplification of the description.
Further, it is assunmed that prior to the acquisition operation, the
above- descri bed neasurenent of unevennessgi nformation of the surface
of each scal e has been perfornmed, and the mathematical function 20
z=f1(y) that denotes_the unevenness of Y scale 39Y1, the mathemati cal

function z=f2(Y) thatetRiot B8eR RPtRABIRA TS e5FoY Ggeétaetsgwth Farve
mat hemat i cal fu( Ele?nt&?q xfz)t RaL . A8 %tzgﬁyt%t%gtj eno %éafgme% pgatlt

39X1, and the enmat | ca function z=

unevenness of Xmsead:le s3AX2, hiay ehbees2bheter @ ERa FRIERINY s84e curve in
First of all, mmin controller 20 reads the mathemati cal function

z=fy(y), the nitReRadiRedsurgRent oprreyf 26YFonstantiot Benat fegd rdleast oHn

deth th t f ¢t t d 34
o the i nPor RAR Wu 1 trat tiof g F e PhE nebTER Moot

waf er stage Ws{arke rst%kgé 'W@T%hérf‘ol?éa 1n‘§.ﬁ§tthqgeefyorxe&ﬁdr%r&t%E1EE§C &lrve

direction and -Y direction, as is indicated by arrows F and
FIG 17, withi worhesmmhcttpvm dhebdkea triamg endest vifbeke mce\leomsdf;a,ceaét 5
a |l ow speed at | evel in which short-termfluctuation of the

measur enent vaI & IB?aSVJTI'%e@Itf BPb‘P‘ﬁe‘t eP‘c‘?L‘Gr‘%“d't’Fllye FQnE]?‘ed“%ﬁ’@dV\P]PW%rhe

predeterm ned v ina state ching m)unt

rol | i ng anboint bambﬁatie.eyaaw Egdﬂﬂmtﬂﬂ:oéﬁrrﬁfdﬁlaﬂh‘.ah rtedha,@gtat oE et baéf@l
on the neasurenent values of Y interferometer 16 and Z
interferoneter §UH§¢F%ﬂdB£$1%ﬁpngthmélﬁﬁvemth Whgher corqueery negn

L e e SR S A LOER IS00RLT J08,end 1
main controller 20 Ipadget iﬂ@aﬂtﬁn@a%ﬁéeg@cﬁe VAl ues 8hlsdert h%cks
correction and the neasurenent values of Y interferoneter 16 (to be
nore accur at e, ne@ganical long-term stability for the reasons such as
15 deformation of a diffraction grating due to thermal expansion
and the like with lapse of the operating time, or partial or
entire change in the pitch of a diffraction grating.
Tlterefore, since the error included in the measurement value
of the encoder becomes larger with lapse of the operating time,
20 the error needs to be corrected. 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
symmetrically placed with respect to straight line LV
described above, and actual measurement axes of Y

interferometer 16 coincide with straight line LV parallel to

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



measur enent val ues of neasurenent beans B4::, and B42) at
predeterm ned sanpling intervals, and obtains a relation between the
nmeasur enent val ues of Y |inear encoders 70A and 20 70C (the

measur enent val ue corresponding to a val ue obtained by assigning the
out put of encoder 70A to the mathematical function f1 (y), and the
measur enent val ue corresponding to a val ue obtained by assigning the
out put of encoder 70C to the mat hematicakgfunction if (y)) and the
measurenent values of Y 25 interferometer 16. That is, in this

manner, main controller 20 obtains the grating pitch (a distance

bet ween adj aceREOdPFHITT ABEICHE SYStemPhs J9vichrie 39 irterheremeter 16
sequential ly placedefacing nead.4nid 0,020 and.H2C,agChrEI NG LA S
novenent of wafer stage , and correction raformati on o €
grating 101 pietebrsAs sthel&OTy eGica@irenéd RngNssf ahldepgs aldeng
pitch, for exanple, a correction map that shows a relation between
bot h t he neasusERBetricaliysplaced curthedebpaet ite stgatase kirsodiHzont al
axi s indi cates gt he ryfsac?uremant v%\I ue of the 5 interferonefer and a
vertical axPs rRarcates TRESmeal r‘="e"'re1r"t35‘r‘7‘t1 Par TSPt RE*2thders (the
measur ement vakHesrididMiiteR D6 &Siiceaysedl draliBar UNEYERReSSeI1d e
scal e has been corrected) , or the |like can be obfained. The

measur enent vakoesheoK-¥xistdrketboritdratlfasses hhsowds ehar eptolt=di aeis

when scanni ng wafer (10 stage WST at the extrerrel)f/ | ow speed descri bed
above, and thePEPSPdecFtoRRRt bR} RYEEFR PlhatTeReIAEas ridrhemi ey apeiear

are accurate vabyes.dbi-eh el 400, CAN Bcod gL ed.pheqass: f1ol, oLy, @

| ong-term fluctuation error but also a short-term atTon error
caused by Bdr étustslati ons or the like are 15 hardly included in the
measur enent val ues. Further, during the above-described
moverment of wafer sttagetwsn aemiisigdancperarionofadayimsng correction
statistical procgssing, for .exanple, averaqgi,ng, (or performn ,

wei ght ed averajg?ﬁérr%%q%oph%f %gg ae%?ﬂ Ogaﬁlggrs]ﬂd'g*tsal{‘ﬁ%’? PEoRiY Lines)
plurality 20 obf XxteadschPe Odndiersd bkt sn 6%E AR 60 éf‘?\‘}ra@iﬁg pitch
sequentially placed facing X scales 39X1 and 39X2 (the reasureénent
val ues of X |ieedhechoosdéevill8bardpIoiedccledeiny trefldetinmyeueftce

t her eby al so obf.ai ni ngcorrectiani nformationof deformati on (warp) of
grid |ine51§7 t t%é\%&“@@ﬁu@‘ht?ealai“y1#5%%&%%@50&*Eﬁl%u%at 8f X

heads 66. Thi Ssiﬁpﬂ%@‘éﬁ?oﬁh&%di%lggéi%/@%rﬂat%‘ﬁf{h I,Oqltdigggsa}m%%'y

appear in the process where wafer s I's nove n-the
direction or tHeat ¥rdbtaet the ddqutiBet tasepeehtast, 0Ae AdvacaedFPida

an ideal plane, and therefore, correction information of deformation
(war p) of 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 389Y;, the mathematical function 2z=qg; (x) that denotes
the unevenness of X scale 39X;, and the mathematical function
2=gs (%) 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=g2(x%) stored in memory 34 into the internal memory.



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
novenment of wafer stage WST in the +Y dirmction or the -Y direction,
waf er stage 10 WBT may accurately be noved in the Y-axis direction by

novi ng waf er stage T in_the +Y directi or the -Y direction while
control ling the X-portiofesf ﬁ%ﬁ%ﬁoﬁiFégggvﬁﬁ”ﬁ§a§§536nsY?ﬁF(ﬂﬁFre§?¥on

data instead ofgxhingia irh%tn'.e..éﬁH'EerS‘fﬁ—:ntdﬁ@!:’c'fo:Pfof thil e¢f §f QRLAL 126

to a predeterm ned value. Thus, 15 correction information of grating
pitch of the Y-¥cdiesctamsh,cas riectindbcatrdcobyedimwsof glef @ nbh iroE. 17,
(warp) of grid lines 37 can be obtained in the sane manner as

descri bed abov&ItRARi HhielifieGtive anokfertnerdesssdbpr ceraiionsly, at

Plurality o5, Xeleadisplta s, 0l 921400 4G DIRLR HaALELSLEYr the

areas on 20 reflection surface eac eads

neasures def or mebborered Ph10é e 0@ MHricthekbpele A AT B8, and
there is also an incidental effect that the residual error after warp

correction of WhEhtEE ReasUERNeDE vadaeiof Bistayteranetes Hipbeiagrateed o
the true val ue_hy. the eragi ng descri ped above 25 and_the like (in
ot her wor ds, tF&'F ﬁeugﬁgg“%?e‘?ﬁfg%r p-'t EsPUTEP ES6r a%ilntiﬁepféﬂéj%
by averaging taaoa@@,sufl@rfemhggamo&ﬂ@wd LREQLIRhy QRoBht ik thalihB8sn &)
acquired by the plurality of heads 66). Next, an acquisition

operation 9 aefuierimipasedrartithenmedAd amehor valuem odf Y diefterdfel bnet af

grid lines (warp of %rid | i nes) of the Y scale and correction
i nformation of 18r%ﬁq g prexcdieropetaes ¥38cand 4RB-|  Hurdagctipagvenent,

Herein, reflectjofe subtacedy ank a8 IR 9208 ANl iR s PLEEY 1 f &,

t he sake of
encoders 70A and 70C using the mathematical functions z=fy(y)

and z=f,;(y) respectively, main controller 20 loads the

15 measurement values after the correction and the measurement
values of Y interferometer 16 (to be more accurate, the
measurement values of measurement beams B4: and B4,) at
predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encodexs 70A and

20 70C (the measurement value corresponding to a value obtained
by assigning the output of encoder 70R 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
lines) of Y scales 39Y, and 39Y, that are sequentially placed
facing head units 62A and 62C according to the movement of

wafer stage WST, and correction information of the grating



5 sinplification of the description. In this case, the process that
needs to be perforned is the correction described above with the
X-axis directionandY-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 neaswenent val ue of X
interferoneter 126 can be ignored and with the neasurenent val ue of Y
interferoneter 1 ei fixed to a.predeterm ned value, in a state
where all the P&Qﬁsfc%néhﬁn%?ﬁﬁef;%tlﬁﬁ 1 qr?rﬁﬁlaﬂn?ﬁtt%&nar?W%/ﬁntﬁﬁf
amount are mai Hogl BR&Ple 28l Sobase a n

interferoneter 126, Y%te}gfg?onetgﬁgg%hgﬁc Z ?ﬁﬁe%gﬁ%%ﬁ%&x&%ﬁd
43B. During théombvehemtsassrehent oraleeisi Ag & heurmais Qiasent tial daseod
X linear encoders,70B and 70D, using the 20 mat hemati cal functions
z=gl(x) and zzg‘?ﬁ?o?@%]p@d‘t’-isvép%c $ tégniedthiamery vadae ehdhe
measur enent cval; 1 he rr i.an.ang. t h sur nt_val ues of
X interferonet éﬁ%%ggé%(t%ﬁeéegdaeit&gFrr?%%%‘%&n%%%égﬁggeﬁsa gE MR F s e hs

a rel ation bet wagnes hef mhasei@®iAs (ehéefea@hir&mbhnean uescodens ck0Bhe
and 25 70D (the neasurenent val ue corresponding to a val ue obtai ned

by assi gni ng t BEXphicpusedbyaieotevereBsseh the aathrehas beah dorretted) ,
gl (x), and the S ment _val ue carrespanding to a val ue _obt ai ned
by assi gni ng tﬁgngﬁ? pulﬁ{eofcagnﬁ%a"g?ta?‘@ﬁ 0 ﬂ?‘?g“‘%ﬁ?ﬂﬁ%?‘?tcé’lali“ﬁﬁc?f%
92(x)) and theinpassdLditlerial 14esh Pl cXse 494 JRLELEQLATRLEEN 20, HJ%‘%I

is, in this manner, nmain controller 20 obtains the grating pitc
di st ance b® weehagelj¥Femt ghedextirme)lyoloX smaddesled8Xibadhdhld®e? hhat
are sequenti al Pl aced facing head units 62B and 62D according to

|
the movenent OFM% W' SEAFE DB ARSIt R ERP aIPATHISRRRE i B UGE 2T
grating pitch. of8uidig GALLEE! ] LNH;OLNBEL OlhiPhocl B8, OLAL ! AL RLLE Mo
p i 5" Bet vieen Borh THe

for exanple, a correction map that shows a rel ati

measur enent vabhkg a NMangettevedf lidt@atiohherEas®ud BOES ZO N rtaxk tm
i ndi cates the neasurement value of the 10 interferoneter and a
vertical axis FhEFRIAES™ AErGRasUFeddm ajl llastoptions emcblerdd kecare

(0 | 1ke ¢29 D0 st The TSR ReR L Al 0 X | ereromel e

126 in thi's case ar arne :
extrenely | ow speed migsaekpetirabgvene AMdvENGELL O hbvERIHPS £t Hosight

that 15 the nmeasurenent values are accurate values in which error can
be ignored, beghage Widl, oaliy eoritmdleer 8t f pamctaratsi enseatriortical
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 39X, (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 +4Y direction or the -Y direction

in the case reflection surface 17b is an ideal plane, and

therefore, correction information of deformation (warp) of



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 facingg Y scales 39Y1 and 39Y2
(t he neasurenent vaI ues of Y linear encoders 70A and 70C) accordi ng
correctl on information

to the novenent reb tainin

def or mati on (W& g fl g?“‘ng‘%/ ﬁ?f& e PRAYCIHARS Ly bRt ithel 91‘F%é&3’t fie
plurality of Y 6 i Qﬁf%]gﬁj

pattern shoul d%gggg?eg?ygégpggarécl nt e%pkgg%%zé%\h r%@% %ta e WST

is noved in theeaXudenest idanaocicduisedbgithechl wrnliiiyt be x:aseds 66, or
reflection surface_17a is an ideal plane, and therefore, correction
i nformation of T8&f 6tKati on (warp) of 5 grl d I | nes 38 that have

1y f d f.Y h
obtai ned by aver agi i THETFALL ARCHT® SEAL s FEE B9 SHee bt 1R 113

of Y heads 64, i@r nbbead i frall ﬂ@hﬁ@,ﬂt‘lﬁde' )&neb@nﬁé’h‘% l{%'éﬁhlﬁ&ﬁeof the
reflection surface 17a 10 is not an ideal plane, the unevenness

(bendi ng) of t mefiett ken isowfeaef e andasuredsane teame et don eddtizomidaha
of the bending, is obtai negFl n a vancgV Then, _on novenent of wafer

stage WST in t RENEAY +eoPtah" 0GR 1 eChE RN CNWEPERNRR L GE YisFer
may accuratelysbgyawsed;d Rrths && gz dze%lao'if Qi’s\%@%’ d?ag N s %9!1 e
116 Cont T ol T

stage WST in the +X direction or t rection

the Y-posiidonWset mef accusntaamy\/!ﬁa'nbasadimﬁhé he-a&a kI fiGidctiod b moving
instead of fixing the measurenent value of Y interferometer 16 to a
predet er m ned Vag%.St’Pﬁﬁs‘?S“béPr"élﬁ i+ riingcsipatdoahef- gt ¢alg g vehleof

the X-scales agd tro11ing the X-position of wafer stage WST based on the

correction data instead of fixXing 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 reflection surface 17b, and each of the X heads 66 measures
deformation (warp) of the same grid line, and therefore, there
is also an incidental effect that the residual error after
warp correction of the reflection surface is averaged to be
approximate to the true value by the averaging described above

25 andthe like (in other words, the influence of the warp residual
erroxr can be reduced by averaging the measurement data (warp
information of grid lines 37) acquired by the plurality of
X heads 66).

Next, an acquisition operation of acquiring correction



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
information of deformation (warp) of gritodines 38 at each
predetermned timng, for exanple, with respect to the head wafer of

each lot, or t qﬁfo&lﬁﬁtio&%@ %eﬁ%matl_gr?%’f du]{({ Tgﬁ%%g aragtce. %Egéfﬁalﬁg}

or the like, while correctin € neasurenen
head units 62AEN@h62¢ §dale ahHecWi%Hemﬁfﬂﬁﬁéﬁ%nogfeﬁfé)gﬁ{gsp(zjgéh

and 70C) based on the correction information of grating pitch an
t he correctiondinthe Mestale villbkotamtiibad( waiegpiof wrfildckiorsudBacad
based on stage- R si.tion- at t({i buggbl e-error correction information in

accor dance wit o ghésza?)%"g‘?et &R 2¢ 3hd 5Pl cRT #Reafd¥nthexsakel e
yaw ng anpust %m@ii%ﬂicﬁ{[@E%hg\%-léstcgﬁlhg}%rﬁonggs&flri%dcéjéle thegﬁgﬁ?ss

interferoneter system 118, nain contro perforns nov

control of waf&hastmgeisNEd benpehfoMakis the ectteft 1t AgsYr 86 8Bove

39Y1 and 39Y2 and head units 62A and 62C, that is, Y linear encoders

70A and 70C. WPEhRihesXopetadisactian ped oimesipodisiasitd onol Merfchanged.

novenment control of f.et .stage WBT. in.the,Y-axis direction with high
accuracy 15 using Y |r11:e<5;i?’ e“%%é"d%?%t Aegn%la{ﬂ?(‘feﬁi‘i’ fth SB@??\d"SRT’ B

affected by charg@poyeritd B 18a4¢ arieN@i Phé€ibPlost BRe YR R1ABH YR P
of each grating (line) constituting the Y scales, and w thout being

af fect ed b¥y0t heXcHargeirn vihbipsbetefdrcoivavateokstragge W8Eciribed above,
non- neasur enent _di recti ons % he relative._ notion 20 between the head

and the scale PR T HE"NDREFLASLT AL HF MECCROPRITE HEEThEHICtHAGIAR the
process of a | ohe Gfeddi@ehbke vatllie! O GOI£EG INGnbRE, MBASULATRN Jyal dles

. é H
obtained fromhead units 62E and 62D (1.e. the neasurenent va des o
encoders 70B aadd 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 yawing amount are
maintained at zero based on the measurement values of X
interfercmeter 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 functicns z=g:{x) and z=g:(x%) respectively, main
controller 20 loads the measurement walues 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 708 and
25 170D (the measurement value corresponding to a value obtained
by assigning the output of encoder 70B to the ﬁathematical
function g;{x), and the measurement value corresponding to a
value obtained by assigning the ocutput of encoder 70D to the

mathematical function g»(x)) and the measurement values of X



25 70D) based on the correction information of grating pitch and the
correction informati on of deformation (warp) of grid |ines 37 and
based on stage-position-attributable-error correction information in
accordance with the Z position z, the rolling anobunt Gy and the

yawi ng amount &z of wafer stage WST that 107 are neasured by
interferoneter system 118, main controller 20 perforns novenent
control of wafer stage WST in the X-axisighrection using X scal es
39X1 and 39X2 and head units 62B and 62D, that is, X |inear encoders
70B and 70D. W.tp: t?i s 50 e; %i on, it becones possible to perform
novenent cont r & -6f Wé?l@?tefs)‘? g + VERAF Sy pih XPLS MEnReF e PR BrEIRERL AEFH
accuracy using .

by change over 2’?5 i %@3{59%%%%}%7@%%???@Q&%%ﬁ?géwgﬁ%ﬁﬁgééﬁﬁgg%h
grating (line) ldans}idfiKi sxgalidse3 XK s anl X, aitthtwa +& GdlquéAt el NP placed
affected by the change in the position of wafer stage WST in

non- measur enenttagirecreFhanitRebfR | and $@Dnaerorlimng: keehhe Heoveagt andl

(he scare |8 18 a0namRasareRl, dLrsarons) ol dtnt ol vd B LD

descri ption aboveé, ‘cofrection i ntor

grid line warppisch0 e 8B6Ud@dkebnbalf0htlibe of 268! §8adid bhecK
scal es. However, the present invention is not limted to this, and

correction inf&eneeianrlsf, greriregtonchamndagr sows merabatpiompebeeen

acquired for e{ther,one of the Y scales ¢or the X scales, or the
correction 20 Pﬁ?grm? i SHFCRPEhet2 0fE OF FrfEvRg prienihrthgr Faseike

warp maybe acqubtegodod1 hotl &H&ieétse%?‘tfxé ROLL Xt S €5 0 S Y
n warp of grlg

exanple, in the case only correction information o

| i nes 37 o010t hén¥estatmties and|ui verticsaf £fisiageceE ARy e sipyaehd N

the 1-axis direction based on the neasurenent
values of the encoders, or the like can be obtained. The
measurement values of X interferometer 126 in this case are
obtained when scanning wafer stage WST at the extremely low
speed described above, and therefore, 1t can be thought that

15 the measurement values are accurate values in which error can
be ignored, because not only a long-term fluctuation error
but also a short-term fluctuation error caused by air
fluctuations or the like are hardly included in the measurement
values.

20 Further, during the above-described movement of wafer
stage WST, main controller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained from a plurality
of ¥ heads 64 of head units 62A and 62C that are sequentially

25 placed facing Y scales 39Y: and 39Y, {the measurement values
of ¥ linear encoders 70A and 70C) according to the movement,
thereby also obtaining correction information of deformation

(warp) of grid lines 38 that have sequentially faced the

plurality of Y heads €4, This 1s because the same blurring



25 values of Y linear encoders 70A and 70C wi thout necessarily using
Y interferometer 16. Simlarly, for exanple, in the case only
correction information of warp of grid lines 38 of the Y scales is
acqui red, wafer stage WST may be noved in the X-axis direction based
on the measurement values of X linear 108 encoders 703 and 70D

W t hout necessarily using X interferoneter 126. Further, only either
one of the stage-position-attributable eggpr described above and a
measurenent error of the encoder that occurs due to the scales 5
(such as the flatness of the grating surface and/or a formation error
of the grating RATErGdPheRis £EReaEedyy agpear |iméhaapircmss vhere Wagpr)
(hereinafter, r r a_scal.e-attrjbutable errgr), may . be
conpensat ed. Ngéxtts‘i%ea%%gr%%ﬁ@%gfggegﬁ n'ré(e(c)%é‘ra% 1Sh olfs?tﬁﬁ W f%’rresc%ééaﬁ
10 WST and neasiy ementasé ager IMBT1bA SXPRY €7aPParAt USieh®0p9ind heing
enbodi nent will be described based on FIGS. 18 to 31. Incidentally,
during the opertdiiredodes cedbrdtiehoimnfommationondf old forma@iper fwaum® of

openi ng/ cl osi ng._cant ¢ ol ch val ve of |iquid supply device 5 and
liquidr ecoéer%r&gvitlt‘:’ée%%f@f %ﬁﬁgaﬁa"f’SSFFﬁ?ﬁt& 'lﬁ'ﬁfefég%ch tgevprLerglidy pE
descri bed ear!| ivefe280d6k heySRACE M I iR, !

projection opti caieasyst em PL%S%%%%%%%%?Q?%?%{%% b& taﬁrg\%g%%’}g Qghe
However, descr imghisonenegardditagacnritdeal befrhe glirhSitgpby Yavhae & ,a6d
liquid recovery device 6 will be omtted in the follow ng
description, ifP6rdéke20 to nake the description easily

der st andabl e. Furt ., | 1.0wW d i pti di h
operation wi| | be moi T RE by THE A TORL B CRELSE PLARE: AL

of the saneonerkenstas® SIAWN pil AnsPNEhed AV ESSe ANALROHI §§PVWE idhet he
other drawings. That is, the reference codes shown are different 25

in each of ther@riafhisn Mrfachete mrsmnradsasthowndectsanedata of the

configuration regardl ess of existence or non-exi stence of the
o BeRdG 5 oPraTiP et AOBRPSE oalhol ThECHPHERNAGS Hater

ref erence codes.

in the descriptigge #¥aVen thbGx 48rsbioMm Sr hal S WOLLE: SXPOSYEE: RY ade

st ep- and- scan
WST may accurately be moved in the X-axis direction by moving

15 wafer stage WST in the +X direction or the —X direction while
controlling the Y-position of wafer stage WST based on the
correction data instead of fixing the measurement value of
Y interferometer 16 to a predetermined value. Thus,
correction information of grating pitch of the X-scales and

20 correction information of deformation (warp) of grid lines
38, which are the same as those described above, can be
cbtained.

As 1is described above, main controller 20 obtains
correction information of grating pitch of the Y scales and

25 correction information of deformation (warp) of grid lines
37, and correction inforfnation of grating pitch of the X scales
and correction information of deformation (warp) of grid lines
38 at each predetermined timing, for.: example, with respect

to the head wafer of each lot, or the like.



109 nmethod 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 st ance between them Therefore, the saiggdi stance as the

predet ermi ned di stance descri bed above is sufficient as a noving

di stance of 10 neasu&gnent st,age, MST that is_needed when going into

the contact state (o ﬁ?b_x‘ih‘}ﬁ ERARAOSHEEh Ot efCts CagEN OB et ¢hitfe
exposure ends. correctibM+i ffi€uf & ,HE! Qb*?&%e'ﬁﬁ%k&@ 1¥hd units
W thin he%?Y pllane

controls the position (including the Oz rotation

of 15 wafer taldaa WiB q2@f(ere stthgemdEremaseeh Nikst BE dRBFLESMEIN and
val ues of at |east three encoders out of two X heads 66 indicated by
bei ng circled i1 kpsaBoprde ferkeckiopsintorzaxionmf goting pitch and

respectivel y ( n rs.r70 nd 700) a wo Y heads 64 indi ed by
bei ng circl )‘eéd ?#%F‘?% f%ltoﬂgtn%fjﬁ%%t g g%@?ﬁ‘ﬁa%?‘éﬁ%ﬁﬁrggames
respectively (deeas@Bbed B/ stHyd-£06) £1 A HR238dt M e-error correction
stage-position-attributable-error correction information of each
encoder (corredinifopmphion intdarvrdenpetwadhi the Repedutdbhan €46)pittehing

(11)) in accordance w,th the pitchjng amunt, the rolling amount, the
yawi ng anount gﬂjaupﬁ\é\%’i-i%gitpgoﬁa%]fn SOREPEr 0%t fgarafisT shage HST that

measured by | nbebf REOERLES K3y $hESfhBneBd b é?nci'ia.c%égftd;/\c;gz&go%%er

information of grating pitch and correction Tnfornmation

grid l'inesldf eachestraimes mbesidner commidl 6Dniafel! efagdOwePAahrehs YLhgis
position in the 2-axis direction, and the ey rotation (rolling) and
the ex rotati ofiTEEDIPHIUSERPNgSCBiehatdn argbPaYMEBd hrmsbyndhs td28 and

reasuoTEnt Vales Bl B0 b Plab SRR Ha A FAEL, MIELERLT
one side and tbpe@hbesn SiidebeBokdd phsdibse i & 85ddrRRmObot iR M t8ht ro1
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 ¥ 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 2 position z, the rolling

amount 8y and the yawing amount 8z of wafer stage WST that



5 table WIB surface (Y scales 39Y1 and 39Y2 in the enbodi nent)
Incidentally, the position in the Z-axis direction and the By
rotation (rolling) of wafer table WIB nmay be control | ed based on the
nmeasur enent val ues of Z sensors 741j and 742, and 761gq and 762g and
the Bx rotation (pitching) may be controlled 10 based on the
measurenent values of Y interferoneter 16. In either case, the
control of the position in the Z-axis di{gction, 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

mappi ng t hat wa<e15epeYFest Mvd ipkeptercamedesy syseemiisi porin mtspiiem
descri bed ear| 'z%z%lebesz%&ge%?& ESROTY 8¢ Whred a“O” '@s?@h“f@”‘ﬁq-aﬂs
6]

mai n controller repeat | ng & moving oper ati on b

whi ch waf er st agee¥&loh aisTRyed sbalassmﬂmwagk@&ha%gwﬁhitmz%%nd
(accelerating starting position) for exposure of each shot area on

waf er W based 6RD¢ h‘éhiﬂésuﬁ,t Xof inederergiodgnae@B (eadg 70Bnhaiéet Ghisbal

Al i gnment GA rfor bef or ehand, the Iatest basel i nes of
e e bRk BE oy FEApScotes Bb sl Bt HeFHorpanceibnt Seaf?hg

exposure oper abirogh#dy Whi&h W%Tzﬁq Eﬁét)@-rango&l%%tQBn rvﬁtﬂhchf%ﬁacéuracy
transferred to each shot area by a scanni ng exposure
I ncidental |y, ubénexpaosimear encoders 70B and 70D without being affected
by change over time in grating pitch of the X scales and warp
of each grating (line) constituting the X scales, and without
10 Dbeing affected by the change in the position of wafer stage
WST in non-measurement directions (the relative motion
between the head and the scale in the non-measurement
directions).
Incidentally, in the description above, correction
15 information of grating pitch and grid line warp is to be
acquired for both of the Y scales and the X scales. However,
the present invention is not limited to this, and correction
information of grating pitch and grid line warp may be acquired
for either one of the 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 values of Y linear encoders 70A and 70C without necessarily
using Y interferometer 16. Similarly, for example, in the
case only correction information of warp of grid lines 38 of
the Y scales is acquired, wafer stage WST may be moved in the

X~axis direction based on the measurement values of X linear



operation described above is perfornmed 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 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 |like. Then, before the | ast shot area on
wafer Wis exposed, 5 main controller 20iggpves neasurenent stage MST
(measurenment table MIB) to the position shown in FIG 19 by
controlling stage dri ve st%ém pased on the neasurenent val ue of

Y i nterfer onet §R°PESHA T Pn‘i’h‘ﬁ‘oﬂjfenﬁﬁ%ﬁﬁ‘%‘nlé’nfm&&ﬂ% of X
i nterferoneter ;134,k8-6nbQNSLARL WlMGe: Mol SiRALAGAD IO diei, Lhe
8 u PapI e )

end surface on the -Y side of bar renent and
t he end surfacestxalget-pesﬁ'&icﬂi—detﬁibmﬁa‘}:ﬂre taabbe W rdhed BbeeAtart awi th
each other. Incidentally, the noncontact state (proximty state) may
al so be kept b?‘eaﬁBFe’Eﬁr&%ﬁFéor ﬁérﬁh%?qum*éhﬁﬁa%mﬂéﬁéﬁﬁ Sarkescales

the 15 integfer encod at, neasure

di rection p03| t(lg({)gﬁPl eac%ﬂ? 'y OF hegps};?ﬂ'? ﬁ&rn%%%a%?:%ﬁﬁ OABRE Vi
and waf er tabl @ ¥EB &5 tthléegi/a’@i(rlgs (dh&@@&ir@p@tcﬁ &hisdan §1&>f11@1re0%!€b
300pm Waf er stage WST and neasurenent stage MST are se th

posi tional rel andohhehbivifeliln (FeGi2(Xted®, dat s;mgrabepusdr \‘300&5 vea f er w
and after that, gth t he, bs{}tgggs are noved so as to keep the

posi tional rel SCROR attrl BBt PeY e ?%“Pﬁ?ﬁ\ﬂ;ﬁeijn FIG 20,
whil e k h i
il e keeping the pqgd,d Ogilarﬁgii@iagﬁgc%ﬁl}ﬁ?r{beo s A3 dl Jﬁﬁh%ﬁepg{

waf er table WB and measur ément n contro sta
10 WST and measurement stage MST in exposure apparatus 100 of
the embodiment will be described based on FIGS. 18 to 31.
Incidentally, during the operation 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 liquid immersion device B as is described earlier, and the
space directly below tip lens 191 of projection optical system
PL is constantly filled with water. Howew}er, description
regarding control of liquid supply device S and liquid recovery
device 6 will be omitted in the following description, in order
20 tomake the description easily understandable. Further, the
following description regarding the operation will be made
using many drawings, but the reference codes of the same
members are shown in some drawings and not shown in the other
drawings. That is, the reference codes shown are different
25 in 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



25 an operation of driving neasurenent stage MST in the -Y direction
and al so starts an operation of driving wafer stage WST toward

unl oadi ng position UP. Wen these operations are started, in the
enbodi ment, neasurenent stage MST is noved only in the -Y direction,
and wafer stage WBT is noved in the 112 -Y direction and -X
direction. When main controller 20 drives wafer stage WST and
measur ement stage MST sinmultaneously as i descri bed above, water
that is held in the space between tip lens 191 of 5 projection unit
PU and wafer W(water in liquid inmersion area 14 shown in FIG 20)
sequenti al |y ndRFEEOf bFnReimgr PV Erscate wEEexch hin 4e.s gpge, to be a

reasurerent e WS- aPELALIG, G VST ol ol o ansplet 20,

nmeasur enent stage NCl al1y

foregoi ng novementn éhemgiont aat wd St e( RETPr @X%i phiy i1ﬁhn0£ime,
wafer table WIB and neasurenent table B i s mai ntained.

| nci dent al |y, Megsupengtipwsage $i5dtmay wght ated orithdeserl bnsitiern dhere

i mrersion agea 14.is,delivered fromplate 28 to CD bar 46. Further,
in the stat sﬁ83wﬁi%°rh%t%26?fﬁﬁi SEAB S L3 r2vR3%8gnt PBF it fre

posi tion wi thi RmbBRiASh XY mRhaREerkdIC Ls‘ﬂg%ﬁgdstlhgs%tfi% kbfﬂéwi%go¥>@£§£

table WIB (waf er stage WBT) , based on e measur enent ~val uUes

t hree encoder s st@d¢ WAI8dle kMDiharndpredetermined distance between them.
stage-position-attributable-error correction information of encoders
70A, 70B or 70Bh&Fetetr i theemdRy Hetancacedritimaredrt erninedidichames

amount, the rolLLpg, t.an e.yaw nhg anount nd_the

Z' -position of hmg?%lr&%% 2“%“3\5% %“a’%ﬂgrl§n3rérﬁe%%uar em(?vﬁi}gi %%%Hrécreor?gt er
system 11810 anflegSiiféitdrit0B thhk OMPBIiHRR 95 SEdddIhRht §8idNdnto the
correction information of grid lines of the scales) . Wen wafer
stage WST and ReRstestate stoagerwvEMmiszyest2fedi with antousitpgartbT aftex

slightly driveghfurther i n _the above-described directions
respectively from THE 3t at &9 FIG 20, position measurement of wafer

per formed. - Ther cf or 6t ot BT o T Rat ™ a1 ot ol | 5 50 en f chite
t he control 1¢8sition (including the 6z rotation) within the XY plane of
15 wafer table WTB (wafer stage WST), based on the measurement
values of at least three encoders out of two X heads 66
indicated by being circled in FIG. 18 that face X scales 39¥%;
and 39X, respectively (X encoders 70B and 70D) and two Y heads
64 indicated by being circled in FIG. 1B that face Y scales
20  38Y; and 39Y; respectively (Y encoders 702 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



of the Y-position and the ez rotation of wafer stage WST (wafer table
WIB) fromthe control based on the neasurenent values of Y 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 alignnent systens (hereinafterii@lso referred to as the
Sec-BCHK (interval) as needed) that is perfornmed at 10 predeterm ned

intervals (int i.ﬁﬁgase wi th respect_to each wafer replacenent) is
per for med. ThenPTAEPANELREr G T30 T T sPREed R Shefteasusgaepb Taates
t he position, i ye hey . r,,St a .

unl oadi ng posi ?’Fgﬁa%%&vﬁ):’f‘l g %eelgs;blrjrtrsi 2%1’%8)2-4565?’? fi\(;gr?-%’? %ﬁi%cejzr Ssetnesialé.s

WST by X head @&:lZndndsgatest heshbebngveiy daed tihe i3 pditidwd chaegs
X scale 39X1 (X-linear encoder 70B) and measuring the Y-position, the
Bz rotation andifiRe®?q Kdepgthey sidefir chetEraxis dhdetion effErometfers

432k and 43B, t wafer stage WST unl,oadj n siti.on, UP.
| nci dent al | 3'57 i%%ggﬁeﬁﬁasf%f%?e I'—(%(:gcazlfs Egﬁl’v\/ﬁpgrﬁd’é J?T'bf%gei FRUETEpLLe
bet ween measur exenbehed1n MtBeapdsitivd GRStA1z-axis dirSPEGAUSRT te
as is showmn in FIGS. 21 and 22, main controller 20 adjusts the ez
rotation of CDByaro#étbasedodhinhe afeamfeentuntles ATBesapfbel-avnitsolled
| i near encoderg’ 70E and. 70F 25 descri bed above that are constituted

by Y heads 64yP2aRd Buybe MearBaeRnhyabehgict senaers qim and Fzthand
SopeCt Ly 195 FaBte ot Slengnar Buah %5000 o BeretBrrng

;
supported by nmeasur ement ‘st age Ion
of CD bar #6 baseddom tthe measwrarRmt vyRlee oFf vpiiteinsrohbgarerny, 249
system All indicated by being circled in FIG 22 that detects

ref erence mar kSMFRPRLCISS/| 58§t BenBrPlc ot Ehe i prsidiionf inetherkermens

e T, %o BeHEC A Bty DELERLer TRey LAV ST Bl e

of four secondatycaé i GVENhgSYSHENBL Ae2dakOr A 124uklilg 18 Adpb8ure is

positions of the four secongary al i gnnent systens vm'?h respépct to

primary alignnearfeymaciraaed)orathe seamrlal| 9f dieafomis mipping that was

S ane O e Y BRI el R RS By HhE ] bt RE Spstan dedesibed
earlier.

The foregoing exposure operation is performed by main
controller 20 repeating a moving operation between shots in
which wafer stage WST 1s 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 (EiGA)) performed beforehand, the
latest baselines of alignment systems ALl and AL2; to AL2,,
and the like, and a scanning exposure operation in which a

25 pattern formed on reticle R 1s 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 andwafer W. Further,

the exposure operation 1s performed in the order from the shot



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 movenent pin CT (not shown in Pi{G 21, refer to FIG 22),

whi ch has been driven upward when perform ng the unl oadi ng, kept

rai sed a predeterm ned anmpunt. 20Next, as is shown in FIG 23, main

control | er 20 FVEsiREAsE Rehle stagddnme theanhehianea 1aprtechgn the
position (herei . referyed L opt.i crumwaitj.n
position") useﬁg‘é{ﬁﬁ?tﬁg@s{% eiﬁ?fdsﬂ%lgcs%&rlghgﬁf@éﬁ aﬂ%%fsrd&%%éosed

state of being iawagof revampaé erehet age. Wateho Nd1e 40086 pct? ahat€ne?Diko!
proximty state) with wafer stage WST descri bed previously. In

paral lel with this opesmat beforerdihe tasit sbbkerre(ogiwaien Hele expased,

and nmakes a:drive_system.qf oad arm (not shown) |oad new wafer W
ont o waf er Fabfnng%.mqrr?ltqﬁirgziéf‘?ér?ss‘f‘?ﬁ:sélrteﬂlén&% ISHeEF e RA&SureRpnt

movenent pin ClabseldBedAtnd 159 edet enpined, @f%@ﬂ&gi@'?cgn%mﬁ@g

the wafer | oading can be perfornmed in a shorter period o
conpared with shegeadeliwhevetemril4 dasedvenettie pieasGfensntiriales of Y
downward and hqQused_i nside the wafer holder. Incidentally, FIG 23

shows the 5 st ZPESHABTISHEFet® Wide medadalBhngdherneaiiiemelB, value of
I'n the enbodi ”ﬁnimﬁg}fel:fo%%?' h Rt ian@&nesﬁ: LML YRLL ] ngtp&si% :?%tr{ﬁgfin

measur ement st age s appropriately sét i nm accor dance Vi

Y-coordi nales efiméhehal égheeptac@olsciay ~anged ¢ cbhshal boMEmRLrshe
areas on the wafer. Further, 10 in the enbodinment, the optinml scrum

wai ting positi&Ab1S MY audithet crdeusiiabe on thietE oritdec of stafiee taple
BT o e SR DR RIS S A By el e PR g e
FIG 24, main geptéRld@ s2Q-8DMRDximity state) may also be kept by, for
example, monitoring the measurement wvalues of the
15 interferometer or the encoder that measures the Y-axis
direction position of each table and separating measurement
table MTB and wafer table WTB in the Y-axis direction at a
distance of around 300um. Wafer stage WST and measurement
stage MST are set in the positional relation shown in FIG.
20 19 during exposure of wafer W, and after that, both the stages
are moved so0 as to keep the positional relation,
Subsequently, as is shown in FIG. 20, while keeping the
positional relation in the Y-axls direction between wafer
table WIB 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 wafer stage WST from | oading position LP to a position w th 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 tapjle WIB fromthe contro
based on the nmeasurenent val ue of encoder 705 regarding the X-axis

di rection descrivbed aboye and the peasurenent values of Y 25
i nterferonmeter TnEerPEFLIR GRS ~#3RLZ61F#8B regardi ng the Y-axis

direction and the Ogzgg Hely cgpt 0 POSi L] Wt Bin
the XY plane based on t gﬁaﬁgagaégrn‘%l%%rvgpuégi% Jé’ttagﬁgag?é‘#%ﬁde%g ang

encoders, whi clmeasaraneteashgonesobinvbtandirady £6 iddesataskdypbeing
circled in FIG 24 that face 116 X scales 39Xl and 39X2 (encoders
70B and 70D) aM@teRotheheddseddyin Sfthe Goece beiasm ddrbjemeiify of

circled in El at_fac scal es 39Y nd 39Y2 (encoders, 70A and
700, “and" basedaiebt iop MSE ol ST uETes Butuies 1 L om B0 IRREE T aves
information of 17 emeéh eRCOGRT 26 £ YekBeht P I VHELERIARR & ked, bRatde
above-descri bed equations (10) and (11)) in accordance wth the

pi t chi ng anpbung8erCliiwer K6} kndgeasbuahent hebyaWlrBg agoonding aatotrbRent
Z-position of w%fer stage WST that are neasured by interferoneter

system 118, an8Tp¥ERF Sh2Ee M AN FepFUrAPeR hdttiegh B3T FrathagYpFide
and correctionghpat QLEBIIGN Q954 dHd 183605 £ RERLE. the contlPEM
mai n controller 20 performns the (‘lbrl EJB%%I% ?orrir process in Wi ch
fiducial nbok Bbkis (detpodcchityi ightR)i GBRWALSLIGNTRMTES Y68 &i8aAkkeint
this point in tinme, neasurenent
table MTB is maintained. Incidentally, FIG. 20 shows a state
right before water in liquid immersion area 14 is delivered
from plate 28 to CD bar 46. Further, in the state shown in
FIG. 20, main controller 20 controls the position within the
153 XY plane (including the 6z rotation) of wafer table WTEB (wafer
stage WST), based on the measurement values of three encoders
10aA, 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 dirxections respectively from the state of FIG.
20, position measurement of wafer stage WST (wafer table WTB)

by Y encoders 702 {and 70C) cannot be performed. Therefore,

right before that, main controller 20 switches the control



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 measurenment values of at |east three encoders and each of the
correction information described above. 113 Then, when wafer stage
WST reaches the position shown in FIG 25, nmain controller 20 stops
waf er stage WST main controller 20

. i 25,10 thi ti v
activates (turrfs %r\ﬁl Qrzp%%hgjgo&a#‘gﬁgggg%&%gﬁanr?éfag FsStae ¥ShJurtshn
and the inclinakiae ¢ide B¥n PLatdRRr80hINg B 1 3l Q}?ﬂén‘e’\@rfagges

table WIB at the point in tine when Z sensors 72a to 7 ace wafer

tabl e WIB, or Ioef 8r entbddrpdioat ahd T00meo thd7control bAkberom hehest op
of wafer stage WST descri bed above, main controller 20 al nost

si nul t aneous| y PERGVFRBERS difdiey ebtedrderherametamd® andrks arranged
in the three fi; al i t refer ta.star-shaped nmark
5] .15’1%{er;.é}: S %gg ar?({ e4%%( 'ﬁ'le ALf%gﬁa asle%%erﬂ%gre?nlneds

in FIG 25) using prinary al'ignment "syst'em

alignment syst eeeidlZr atke Alad3is dhdwhi kst he1dehesdithenesitldi Bir
three alignnent systens ALl, AL22 and AL23 and the neasurenent val ues
of at |east thréachagsdmsitdesntheredasibdine aeasheenémeodithets@condary
detection (the ?(easurerrent val u after__correction by each 10 of the
correction inf8rrabTERy , SYERG St gﬁ%’%e%ﬁﬁn AP FESERARd nERsy the

As is describegeabgyigr |MtlhgaerbadidRaka) tHgaShid bel@olhiay cant act
state (or proximty state) of neasurenent stage MST and wafer stage
WBT i s conpf et pdedetehmeimmasintervalwetn Ihidetaet | onitof rebpect itgnadsi
marks in the first alignment shot areas is perforned, and fromthe
position, the Wﬁ@%ﬁe’fﬁpg]iah?ef“ﬁétl 135 RerfeEredn CheRp Hdverontrodbler Eoa

S ion "ot Lo BT e RS0 B S ey
cont act further wafer stage WST toward unloading position UP while
measuring the X-position of wafer stage WST by X head 66
15 indicated by being circled in FiG. 21 that faces X scale 39X
(X~linear encoder 70B) and measuring the Y-position, the 6z
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 6z rotation of CD bar 46 based on
the measurement values of Y-axis linear encoders 70E and 70F

25 described above that are constituted by Y heads 64y; and 64ys
indicated by being circled in FIG. 22 that respectively face
a pair of reference gratings 52 on CD bar 46 supported by

measurement stage MST, and also adjusts the XY-position of

CD bar 46 based on the measurement value of primary alignment



20 state (or proximty state) is started by main controller 20. Prior
to the start of novenent in the -1-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 multipoint AF
system (90a, 90b) toward wafer 25 table WIB. Wth this operation, the
detection area of the multipoint AF systemis fornmed on wafer table
WIB. Then, during the novenent ofifpth stages WST and MST in
the -1-Y direction, when both stages WST and MST reach the position
shown in FIG 26, main controller erforns the 118 focus

20 p . .
calibration forsﬁ’ﬁ’fte’ﬁrp&t]eég‘?l%ﬁﬁdom%eﬁ@ac%@%di oh FB&r vire Rh# hdletects
measurenment ValugsyGhed RANSH tndeds MeharbdCof Nttt dRAE
position information at the end portions on one Side and tHe ot her
side in the X- axkasudénect itablef MImicar ihathe vi MABYy aikrebe. datheat i O
result (surface position information) at the detection point (the
det ecti on poi ntthi§cataEe, i mainecerkt@rlegr 20npehEonm ithiet FeeHRGHFOf | out

of a plural ity tectian I on .t he asurenment pl ate_ 30

Sur face by Pha GOEFEEE TAEAByEh Hadlonss off, F econdafumdigngent
straight 10 |iRgstemsgtatd,i 8)aid) (bSe YeedtI vl p8SIEAMPBESERY £y 0ugh
the center of wafer table WIB (which substantially coincides wth the
center of wafesewpndarneldesnantt bystems ghth reppedV/toAtrinbrg aldignhentn
time, liquid imersion area 14 is |l ocated near the houndary between
CD bar 46 and MFE?mt%ﬁe ARPBSeYRERLYs obtainedyRY iShREL SIiPUsl¥a 14

i s about to berdgliveredofetom CDH3k AP 0 - '
Then, when botﬂrl stages‘fV\gT aﬁ% l\/g% %ﬁrtﬁtgr CBn@gvagIr i4rﬁ t agt %g |°rcealéctgfiolfln
whi | e keeplag thei fiebhieceashasecdmiapr axi ghhents tsgisepmanst e dohirt he
position shown in FIG 27, main controller 20 20 al nost

si mul t aneous| y S&REN{HN \AldGATEYE dtsdems AR &0 §hAent Indacaldel antidd
in the five se i .shot,areas_(refer.to ar.- shaped narks
G by oo RIS BeAREL B0k B Rt ikt )0 By RS ORfi

the detection paeUldiesOh diMe BLbesRRt asYshem Ak @d Mah)t Gnil2d
and the 25 neasurenment val ues of three encoders 70A, 70C and 70D at

the tine of thwaderdtonorafehetamasii®erivit sadbpestafindeadiory gosi tioiby
each of the coggectli?é)n i nf gr mat i O"f% and stores themin the internal
menmory. At hi “pof 3499 ARives; o€t RERES | S Thdnxtheatr thigectae st
scal e 39X1 andphgel ACRLLHo0Mi i LBEIPion 1P 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 controller 20 moves
measurement stage MST to an optimal waiting position
(hereinafter, referred to as an “optimal scrum waiting
position®™) used to shift a state of measurement stage MST from
a state of Being away from wafer stage WST to the contact state

25 (or proximity state) with wafer stage WST described previously.
In parallel with this operation, main controller 20 gives the
command and makes a drive system of a load arm {(not shown)
load new wafer W onto wafer table WTB. In this case, since

the state where vertical movement pin CT is raised a



119 line LV in the Y-axis direction that passes through the opti cal
axis of projection optical systemPt, main controller 20 controls the
position within the Xl 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
information (two-dinensional position in{pymation) of alignnent marks
can be detected at the point in tine when detection of the alignnment
marks in the second 10 alignnment shot areas ends. Then, at this
stage, nmain corHrFSPFéFmé@e‘ngnaPﬁ*é ishiea Sed inggl, (B rafaynickidéngianm) bef

wafer Why, for vx rformng a.statistical conputat,ion,. which
i s disclosed i r{eﬁgﬁégaﬂggéh SRA e(rjé’Sa?lfez:émEJhe%? ”Egé ‘?&?‘e’?‘ﬂe case
Appl i cation Pulinegat ¥&i0idda nédedAdg e (dThes 116N &SRR HnSused
Patent No. 4,780,617) and the like, using the position information,

and based on t Hasédepthedvaieot hpbder f | datidentaidiva €DAL r2d |stww20thay

al so adjust _optical characteristi¢cs of projection optical system PL,
for exanple? tﬁéag?oﬁ"%‘?ﬁ? d'f?tfﬁ'&gﬁi 3 cjﬁaid(%ﬁ’ BY ®dHT HAPLRGWER-

adj ust ment 20 devi cer,68 Ll &fifqs I 6 ' ey N,
adj usts optical characteristi gslgngPEbr%&ee% Iréé%éi&# P%g#m%yé%g%n %%lBiL/ng
for exanple, dpoeibfom spewaiueenomalytageeNsT CONHhtrebNGtPIPjsRet EAN
optical system PL or changing the pressure of gas inside the airtight
roomthat is fAFFEEIHRESEEThs S8R} ¥Tecqnsdinate2 ok gt pldgnment marks
projection opti t. .-qr..the |ike. urther, after the
si mul t aneous dea% g%??%‘?l 1%?1:?%@161 gpaﬁ%n h°%a?ﬁ%asaPPaﬁ‘b%a’ a?ﬁf thé ulr_fr:{}%r r
second al i gonedh SHWlendb8afeNdShe BHHIRANEEALA ﬁéi@@n(ﬁ%@%ﬁ'ﬁi@@@dsnset
novenent in the -FY direction of both stages WST and T in the
contact state se2thaf ghepsbkfhitioy theat@jtacandtate tlve paoeinityestate)

starts the focys nappi in which Z sensors_72a to 72d_and the
Tl 1] ol nt AP SISF MRS HEOTS0RS e FETRAFTSh A PORLEion Bare WRER,
in FIG 27. 5ngggevw§ep &%@ sLAoes \Q@‘Eegngl%&%&}ch the position
Next, as is shown in FIG. 24, main controller 20 moves
15 wafer stage WST from loading position LP to a position with
which the position of fiducial mark FM on measurement plate
30 is set within the field (detection area) of primary
alignment system ALl (i.e. the position where the former
process of baseline measurement of the primary alignment
20 system (Pri-BCHK) 1s 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 2 interferometers 43A and 43B regarding
the ¥-axis direction and the 8z 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



wi th which neasurenent plate 30 is |ocated directly bel ow projection
optical systemPL shown in FIG 28, main controller 20 perforns the
Pri-BCHK | atter process and the focus calibration latter process.
Herein, the Fri-BORIC |atter 10 process neans the process in which
projected images (aerial images) of a pair of measurenent marks on
reticle Rthat are projected by projection optical systemPL are
measured using aerial inmge nmeasuring deyjge 45 descri bed above that
has aerial imge nmeasurenent slit patterns SL fornmed at 15
measurenent plate 30, and the neasurenent results gaerial i mag

f

d e
intensity in act§FadREe’Witand Ré*s I(epeieTH 08f and’OP) tand EvarBheada

stored in the i r . IS oce sk m| y 1.0 _the

met hod di scl ose%ﬁngﬁgq%@5gbg g?é %kp%%n tcligﬁl?%ﬁﬂ gia{.’i ozﬁ' T\%an: tace
2002/ 0041377 desckchhed Bay;| bes PPranenddeds kea Lhe W09) esh@d, 4506
of a pair of neasurenent marks are nmeasured in the aerial inage
measur enent opertEgeorodyt torsiattrdbareistesdoysiquyegsipnlinfyegat ion of
nmeasur enment _slit §atterns S irs.., Further, the focys, calibration

latter procdss SASENS EREShr @Iéfg'gg?ho%\/rﬁp TIEELPY CHBNTSFnik e 28, 25

whil e control | igvtbgePOSIHdLBhAINE QBD) CRHla PEnE) dj [ g%t:b?@ar‘fge ith
projection optical system PL (%— position) of neasurenent plate 38
(waf er tabl e WEBp pitsdgd ngnasunftace thestdldmg oyt tioa yakingfabunt,
tabl e WIB neasured by Z sensors 72a, 72b, 72c and 72d, main

control l er 20 RBEstRRSATRRSIAdPPaPTivAlfss sStage W3T (Hhatnass ureafewed by
marks fornmed o t 0 reticle Ror.reticle
st age RST, andqgggggg%%%f%ggé%?elnﬁﬂ %sg%%‘? Teasires tHe best

focus posi tloon iafophet b6l i gept i@l pityst aft Phorrdte i GRASKHE &RMion of
operation of projected 5 i mages of the neasurenent marks is disclosed
in, for exanpl 8righéipessfl @achf s¢ater nati onal Publication No. WO

05/ 124834 and the like. Main controller 20 |oads t neasur enent

val ues of Z sensors %’41,“3_179,23,%,&? ;?’é %&@efgﬁf—"ﬁ? Iﬁfn@ﬁ%%ﬁ?ﬁﬂ%lf?rﬂ?\‘f’fh
the | oading of F&Beeggtjnwh%gr@d@iam REFE By 1 9P BRAULL 1 10imar
devi ce 45, while noving neasurenent plate 30 in the Z-axi's direction.

Then, main conelophreent2GysttemedLl heAtatbes mfink dansims, ehsdrendit 4,
762,3 and 762,3 that correspond to the best focus position of
proj ect i ontBpt PEEPE N iy F’E‘thn% Frefdey oPhbrak G vaiwaeesatign
the reason med[agi?rﬂ?é&taib% ol.N the 15 optical axis direction of
projection optical system PL (Z-position) of neasurenent plate 30

(waf er table WB) i Nexant ki edntiséXige Pe staktaamvie@sht idwafer stage
information neasured by Z sensors 72a, 72b, 72c and 72d in the focus
cal i bration | alff&rirpEBeessdize¢tinn Fowardaurosidlioprehgnthatrldgnment

process 20 1s RetforiBLididt I8 MUty 418 AGUSLIREPLOG d5R5LT Ded
previously. i
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 72a to 72d and measures the Z-position and the
inclination (the Oy rotation and the Bx rotation) of wafer

table WTB at the peint in time when Z sensors 72a to 72d face

wafer table WTB, or before that point in time.



In this case, since liquid imersion area 14 is fornmed between
projection optical system PL and nmeasurenent plate 30 (wafer table
WIB) , the above-described aerial inage 25 neasurenent is perforned
via projection optical systemPL and water Lqg. Further, because
measurenent plate 30 and the |like are nmounted at wafer stage WST
(wafer table WIB) and the photodetection elenent and the like are
nount ed at neasurenent stage MST, the abope-described aerial imge
measurenent is 122 perforned while keeping the contact state (or
proximty state) of fer stage WST and neasurenent stage MST, as is

shown in FIG 28. WEHeHhER eh¥atensd@orIERT QBB‘&’éi,bet%ébOV?r main
measur enent Valclé‘?xir?ilgr %%@ﬂﬁo%%ﬁé%m&l%%és%%%ﬁ?jhﬁ Cx'ri?:l%%l ¥ oy 82t 2

surface position information o e stalte Whiere a

straight line (mherdiignimea) matksherréndeis ndik&eho8 rRAs6aNgghhéaughot
the center of wafer table WIB coincides with straight line LV, which

corresponds t o ar§ashesefearnEass prsiahapadotagkoiacFI®n 25pt istig pyineny
PL, are obft gi neq.. 10Then ontroller 20 c utes the baseline of

primary ali gnn’gn%ggrﬁ%?%r‘?yﬂﬁﬁ eﬁ’%ﬁe?ﬂ%d?%’sﬁﬁggmeqthﬁyﬁ?m%@k and
former pr 00355Aﬂ.§§,0ra51¥2!3diﬁﬁ5:f:1‘{'—‘é Rt hsn rasite sob £t b & iaﬁggigeszé% o

| atter process described earlier. Along with this operation,

a rel ati on bet wgehenhAliipadlberent ALS; wamduelke alieaswensot sval2es d2bat
72c and 72d (surface position information of wafer table WB) and the
detection resu Pafgu?lf%&ee SPGSHRTDrAsSfIPREL ople At the wteaf she

poi nts on the gg@éyifg}?n&hgl ﬂ&&s@%ﬁ%&f gglfu %hate ATULLL c?ci'rg;naﬁlyoeach

system (90a, 90b) that has been obtaine n ocus~cali n

former 20 POoOCeSsheadisr 36 @n0h AidiRaiResL) 8AR Biov-ak URenoin Zn SABSHESI
741,4, 742,4, 761,3 and 762,3 (i.e. surface position information of
waf er tabl e WIBFMme®Y+ esponding to the best focus position of

proj ection optical stem PL that. have been.obtajned in. the focus

calibration latter ?)%/So% rsﬁsfscﬁé?’ﬁécmrﬁ‘fredl f"é&%e’%‘f%@%‘tﬁtkﬁé (’J%Ffsfé%

at a represent ghé @riQlRChHE N p(‘?)'rnﬁ)r&:!:ﬂnitt@'h§t§@€)e1o@mg§§@férde91@ QE’Az{B
y

| ocated in the center or in the vicinity thereof, out of a plurali
of detection pMEBtand wadlert bbagell#ITpdisncodletst em (B aoARhpnviriidre
respect t Oyg hegleoggétjfo%cg &Oes iaFI_i:'ngmgIIt %gglcsecfnl %I’lleo J':[ris?:a:lllisyn?r:[e?lrg] sPth;t
and adj usts“th g
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



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 perfornmedyig he Pri-BCHK fornmer process
does not need to be perfornmed either. And, in this case, main

controller 10 20 onlg itho move wafer stage WST from | oading
position LP to *8°H8sFet aaFtlo\Rhleﬁm‘f%é’ré’lcie@ﬁrre?ﬁd r?é:itléénﬁr@alfﬁﬂe?&lpﬁ

e L pot ot | JEenboAale ALEAR RN fallRles) GscdaaidIzpl Ahbk, 1 L

case the Pri-BCHK process Is not asel i ne’

measured in tha2sdi mﬁﬁa@ppdsﬁtm st rieafionead T HRXPAS Wokt0bnd oMb KL
that is previous to wafer Wsubject to exposure, is used. Further, in
the case the f&dds am T-ll?fF athen Slai@tm tbfzdt@scsm di nesttipardfovatel tahke

best focus pos n_o ct 0 m PL that was neasured
just befor egexgtgggraen% 5 dﬁ‘% J;%gyiﬁ (sé%/%al‘:ﬁrpcisd'ttlﬁ@ THOEMGFL e
20 baseline. at théngdtdrntiakl ﬁfolrﬁﬁ" {he a&@@@cfgn Elogntzﬁocat't!%% §RCHSe
mappi ng descri bed above is being continued When waf er stage
WBT reaches t heepbsrtomnnsittbenvicliEt@ tﬁ@rbgfnmm;lmm al plihd ity¥ of

direction of both stages WST and MST 25 in the cgontact state (or
proximty stat 8FCHESLTt PegNhbb PR bRt SleaguppReRt Slatnel) surfaes &y the

time, main Confn[xﬁjciﬁén?tOA%t ngtééﬁif(%a t&a8 \i\?T ablwté_r%ag,hg ‘%la;tlf ralsfhncd

al so conti nues e novenent rreasurerrent stage
direction Wt hdihe Siceppenlind). ifher, Y @il eDrddtdldnepa ndl ¥S&Jugh the

si mul t aneousl y and
center of wafer table WTB (which substantially coincides with
the center of wafer W) coincides with straight line LV. At
this point in time, liquid immersion area 14 is located near
the boundary between CD bar 46 and wafer table WTB. That is,
15 liquid immersion area 14 is about to be delivered from CD bar
46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity
state) and reach the position shown in FIG. 27, main controllexr

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 ALZ2; to AL24, links the detection
results of five alignment systems AL; and ALZ, to AL2; and the

25 measurement values of three encoders 702, 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 39X; and is located on straight



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, links the
detection results of five alignnment systens AL' and AL22 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 infgfdgmation) and stores themin
the internal nmenory. At this point in tinme, the focus nmapping is
bei ng continued., 10 On the other hand, ,after a predeterm ned period

of time from t HENEISH B RGAFErIsEgEehEan HB%ErPiagées &bh&oagh the optieal
of measurement .5hadgsMuloANM WAT 65 SLAIS N1, S ftﬂ?aifR; ?é@#fﬁllceq:nﬁﬁd

state (or proximty state) to the separation state. € Shirt

to the separ at icontsbhs echenpesi fEas wl EABN tthet RYH1ER M wagaehes1anuwTs
exposure start waiting position where nmeasurenent stage MST waits
until exposurebasedtar ttd@ mgaparewant grless 26 &t bead MSafachneit ssabge

MST at the posi.tL.0 . Nex in_c ol ler 20 star novepent
of waf er stgge afrti.xnlJtrf1‘:"e“’l £ E?c?ﬁseéremgﬁ“ﬁ%\éﬁﬂﬁﬁ’éﬁ?@ﬁr%b%ﬁﬁ%% e
al i gnment 20 marks aid aB0&&kd A Helr §8oJUEH Nl EABIBMert0b HCBSBEE
detected. At this point in tine, the focus mapping 1I's being

conti nued. Meadwhibezl nEapesénmbol StfageabBdni stwiaidtimags fdndlheosition

exposure start ,waiting position described above. Then, when wafer
stage WST reacHBECFRR i Of FHIBRAL ks epsbesdetesiad abritheoppiit

20 immedi atel y gt f.ar 208, . ikt a sl y_and
i ndi vi dual l'y delt ecJ?ﬂZe ?@gﬁa??%nnerﬁ\ﬁsﬁgrﬁbdgﬁ%gﬁé%%éiﬂr?%tkf%eﬂ?ﬁ#éaeg?%%q h
al i gnment 3bot adt gasern shdftebr¥dé rafay, tThed,aEtshapsedstdydsSmhain Fl G

30) using primary alignnent system AL1 and secondary al i gnnent
syst ens controller 20 obtains the scaling (shot magnification) of
wafer Wby, for example, performing a statistical computation,
which is disclosed in, for example, Kokai {Japanese Unexamined
Patent ApplicationAPublication) No. 61-044429 (the
15 corresponding U.S. Patent No. 4,780,617) and the like, using
the position information, and based on the computed shot
magnification, main controller 20 may also adjust optical
characteristics of projection optical system PL, for example,
the projection magnification by controlling an adjustment
20 device 68 (refer to FIG. 6). Adjustment device 68 adjusts
optical characteristics of projection optical system PL by,
for example, driving a specific movable lens constituting
projection optical system PL or changing the pressure of gas
inside the airtight room that is formed between specific lenses
25 constituting projection optical system PL, or the like.
Further, after the simultaneous detection of the
alignment marks arranged in the five second alignment shot

areas ends, main controller 20 starts again movement in the

+¥ direction of both stages WST and MST in the contact state



125 AL22 and AL23, links the detection results of three alignnent
systens ALl1l, AL22 and AL23 and the neasurenent val ues of at | east
three encoders out of the four encoders at the tinme of the detection
(the neasurenent values after correction by each 5 of the correction
information) , and stores themin the internal menory. Also at this
point in time, the focus mapping is being continued, and measurenent
stage MST is still waiting at the exposujg start waiting position.
Then, main controller 20 conmputes array I nfornmation (coordinate
values) of all the shot 10 areas on wafer Win a coordinate system
that is set by (HePhehbritenshatelesndfat hbefsane shvedatarte. the fheuXy

coordi nate system.assum nqg.the_center o fe abl B its
origin) , for é“)?gﬁﬁpg,lrb?%(lﬁg %@f%ﬁﬁo#%\ﬁ%ﬁaée%qeﬁgf%‘?f%Fe@F
the U S. Patents 9030, : ] i h ts%%twb
results of 16 aly:ygﬁrr?é(r?tbgr'm?)@ ?ﬁgfgggllt%ﬁl%eﬁ%gd%ﬁi%ggscri gﬂqgg%'ve

and the corres@dndi ng neasurenent val ues of the encoders (neasurenent
val ues afteg correction by each of the correction information)
o]

Next, main Control | ethSy “BRR|bRIS stages ST ardghihgeashvrhe ®omdiony
f t W5T ;i + i i i T . h t i
varer SLage VELLR WEarLSeshin 4000 e e LLe-Celegtia)

waf er W surf acerogéct sorsbpwhicd Nsis€em 81 shewhnircond s ok akidQGends1ide
focus mapping. After that, based on the result of the foregoing wafer

al i gnnment ( EGAY92Bepeedmist (i BeioP@Harddtteneptenesst abdselhé nowusft five
al i gnnent syste d 1 to AL24, d t.he troller

cg_;i.iél':‘ail' baels) lAItg r e ?g Lr_li]ke II% e Oh
20 perfornms exposure by th 1EFERE MEREEAn it ot i hite TGRS MAEFST on
exposure nep hOEr@BQs§%&%§t t18d Ipkolokanstehdienr Sid1dR eRalh£Idl QReRial
plurality of shot areas on wafer W 126 Afterwards, the simlar
oper ations areimepest edl g greinf of meshsurcoepdemanksespastiche R eimi-nd g
wafers within the |ot. , , \
projected by projection optical system PL are measured using
aerial image measuring device 45 described above that has
aerial image measurement slit patterns SL formed at
15 measurement plate 30, and the measurement results (aerial
image intensity in accordance with the XY-position of wafer
table WIB} are stored in the internal memory. In this process,
similarly to the method disclosed in the U.S. Patent
Bpplication 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 SI in pairs. Further, the focus calibration latter
process means the process in which, as is shown in FIG. 28,
25 while controlling the position in the optical axis direction
of projection optical system PL {(Z-position) of measurement
plate 30 (wafer table WIB) based on surface position

information of wafer table WTB measured by Z sensors 72a, 72b,

72c and 72d, main controller 20 measures the aerial images



As is described above in detail, according to exposure apparatus 100
of the enbodinent, in the case wafer stage WoT 5 is noved in a
predeterm ned direction, for exanple, in the Y-axis direction when
waf er alignnent, exposure or the like is perfornmed, wafer stage WST
is driven in the Y-axis direction based on neasurenent information of
t he encoder system position information (including inclination
information, 10 such as rotation infornai%pn in the ex direction) of
waf er stage WST in a direction different fromthe Y-axis direction,
and characteristic information of the scales (such as the flatness of

the grating surfatle Zvdrsrenenty anrky Soorettdmthemaak) platmtins shoef er
stage WST is drjven .sqg that asur ement errors of.the encoder
system _(encpder‘-')_srJL rﬁ)_ car?dﬁ]?ﬁd}%?l\%fac%%(?@ ‘( ‘ﬂ’ﬁ??%@ln(ﬁ HETERENt
(1 ncludi ng i nClreRat k8N) médsfseEnst s \é%Eubnp@sﬂijn%%”ﬁrS’jé&gtohon
fromthe Y-axis direction and due to the scale, are conpensated. In

t he enbodi nent optaral coystrenl [PEr 2thedmiewesrawdrer opeageiMblod mrohected
Y-axis directign, 20 based on the neasurenent val ues of encoders 70A

and 70C that ne488F8 Gfotit MGASPREBIHalRERS 3 Fbfosstay BT axamphe,

Y-axis directiqp, ggmﬁﬁf&e'o‘%o%h%é%@o%ilbg%ﬁf:{rﬁtﬁ%%o?0&6 eo%t(iig?saa

information (correcttion I nformtfion conput € equation

descri bed abovehdittheartits.dapsen WohBrDEd 1t 2 ON obAE AMEBid U rdRe Rf vRAH &L
stage WST in a direction (non-nmeasurenent direction) different from
the Y-axis dir&étZopentonsnd 4tianme? f ot N1 veandr Eirent syhohrencarslyeyvitn
accordance with iti.on ipformtjon of wa stage, W5T in the ex
direction, t hetlelgo%ardel&gi %ﬁ t do?%%‘ﬂ-z- &gpgi grro@c?g’bjﬁlt ARpggmeasuring
measured byoY qd3¥cénimr an0aehetidd rdddulehdtie 12HaMEh ef S 143A7306
43B of interferometer system 118, on.correction informtion of
grating pitch direhqelion.scihes, (meinchonisraldreree?i ororef ahantdlarsi of 2

whi ch the unevenness (Fff | atness) of the Y scales is taken 5 into
consi der at i on) SERRATDA tedr r Ferdr 0h®h nEBH nkfzi R CRAFBSBINGEP NS hrst

38 of the Y scalegs ﬂcfkittllixﬁoggnéﬁgj’e&ﬁ%ﬁdoﬂpiéﬂeggggéggﬁ&t taxgtlaﬁi'c?rsy

of encoders 70A and 70C, surenent” error
rel ati ve di spl gnetrehbwnf . Y IsealienBiMly, 0thd9¥2sandnhy dheasb=B4 ibh ithhehe

non- neasur enent

15 optical axis direction of projection optical system PL
(z-position) of measurement plate 30 (wafer table WTB) is
controlled using the surface position information measured
by Z 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 liguid immersion area 14 is formed

between projection optical system PL and measurement plate
30 (wafer table WIB), the above-described aerial image

25 measurement is performed via projection optical system PL and
water Lg. Further, because measurement plate 30 and the like
are mounted at wafer stage WST (wafer table WTB) and the

photodetection element and the like are mounted at measurement

stage MST, the above-described aerial image measurement is



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 controlled and
waf er stage WST is driven in the Y-axis direction. In this case, the
measur enent val ues (count values) of 15 encoders 70A and 70C are the
same as the results obtained when neasuring an ideal grating
(diffraction grating) by an ideal encodef,{head). Herein, the idea
grating (diffraction grating) is the one whose surface is parallel to
t he nmovi ng pl ane (XY planei of the stage and al so which is a conplete
20 pl ane, and HEFEIprieR ¥hitiedepsingtheiongratistgtedoparsaxiatity state)

beam of an intersf ter he ,di st ances_between idlinesg are,
conpl etel y equaf ﬁ%)?%g%gﬁ%pﬁsefr R T A R {i%{éadq)s B3 sﬁ"f?émoﬂé
whose optical @GS 2§. PALRENELE Uhetisur@mbRe dBNBR! 8B&yd X¥nRl ane) of
the stage and al so whose count values 25 do not change due to the

Z- di spl acenent mepevethent atugmnil fgsensors74, kurtdhar 76 dfe7 65561, e.
waf er stage WST is noved,in the X-axjis direction, wafer wa

L ) WBT i
driven in the RUEAPSS FOPSLLPoERERAT WP RESAHEEIRIS TBY it Fhobate
Lhe encoder syhem PONAdiofc! oK TRIAR.01 4R el SLOGE AT dieBeion

different 128 direction fromthe X-axis directio i nc

i nclination i nbassbhg ahroagt floy cenpaploE, wabdAatthble iWHROESRAE QRS Rithe
By direction), and characteristic information of the scales (such as
the flatness oftFAtIRt ALnadVs uitsdecarnfspongs grodtigest fornaposht ion

error). That I t ag T js..driven.so that nmeasurenment errors
of the encoder?gyé\?‘fé}eéc(%ﬁgoggsr@gc%ﬁyasﬁ&%gﬁﬂ)'—‘:‘r%oltbgﬁllaﬁ Ur due to the
di spl acenent (i ncl udig,i Aelh nadritaviiel Pof@npt-agetNEhddei1dne of
different direction fromthe X-axis direction, are conpensated. In

t he enbodi nent prigaymialigonent| $5te20 Adidi basedvainethet ageuMBBE théhe

X-axis directiqn on the neasurenment val ues, of encoders 70B and
70D t hat rreasu?@ib%@ff%ﬁ‘“?ﬁf%‘?‘?‘?ﬁsisoﬂe%?r%?ag{’aeg% APRTERG, Hegult of

X-axis directiepe B Sage1ReskE | MRl HhNt A &r %5&953,99%985%%{&%

information 15 (correction information conputed 1n the equatio
descri bed abovehlis mpmeadddandemakd bnpoAdliabhoh 'deaiwarhi tite afe awat atient
stage WST in a direction (non-neasurenent direction
15 wvalues of 2 sensors 72a, 72b, 72c and 72d (surface position
information of wafer table WTB) and the detection result
(surface position information) at the detection points on the
measurement plate 30 surface of the multipoint AF system (90a,
90b) that has been obtained in the focus calibration former
20 process, andbased on the measurement values of Z sensors 74;,,,
T43,4, 7631,3and 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 controller 20 obtains
25 the offset at a representative detection point (in this case,
a detection point located in the center or in the vicinity
thereof, out of a plurality of detection points), of the

multipoint AF system (90a, 90b) with respect to the best focus

position of projection optical system PL, and adjusts the



different fromthe X-axis direction at the tinme of the neasurenent,
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 interferonmeters 43A and 43B of
interferoneter 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 is23aken into consideration),
and on correction information of warp of grid lines 37 of the X

scales. In this, nanper, based on the surenent_val ues of encoders
703 and 700, WRSEECHEYS PRt Obr B} SAdBRH byRR (YSEERat T/ SxaD LS,

di spl acement ofinX: g6 absr 3P4 nRENSI X% A tXchEGr A+ %e[:?ﬁ 230,
non- neasur enent direction and caused by grating pitch o ?(qscal e 39X1
or 39X2 and warp of Tpidisicaes, FZohahe hiesipodat refcimsl-dwinroughput,

respective correction information, stage drive system 124 is
control | ed and“Ra¥ePPetAydPRAeTrisBEHl VattPr PHeCSEs1Rnd Bheifasusi on.

In this case, : v 7 nd 70D are_the same
as the result s cantarEtr Ao BrofRee Bk SelBer Althell) S e BFPoRATEs
grating) by anmbhgealifeneoded néhepidce ACEONHUIG SRR RE e3tAEE pYEle &8N
be driven in a desired 10 direction with high accuracy using the
encoders, w t héata parhgr off caunse, bin the gasleatlie @rioBCHIN 1 bbtewepnotéss
head and the scale in directiog%o%her t.h n.a direction to be

¥ Bik oo

measured (neadtr&emtrdPrREt S Pt EPRE REFEECWPH Hoheneed
unevenness of {hensGGorAlY ¥idaQut ZJPrﬁ:i,nQnawt_ﬂ.%tc%%e?yméi}?(ﬁ%ﬁt%ﬁéf‘g

pitch and grating warp of the scale. Furt her, accor gto
exposur e appar a0 usnl0Baeftd mevedetlimenage AT £hem reladt hy oomebR P
of wafer Wand illum nation Iig}tlt IL, which is irradiated from

ighyither aLigMent MBEEF cRE TR eEpip clle

first alignment shot areas AS are detected. Incidentally, in

i |1 unination s§St2maiiennaF ey
system

the case the Pri-BCHK process is not performed, the baseline,
which was measured in the similar operation just before
15 exposure of a wafer that is previous to wafer W subject to
exposure, 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 Dbaseline.
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 1n the +¥ direction of both stages WST and MST
25 inthe contact state (ox proximity state) described above after
a predetermined period of time, main controller 20 stops wafer
stage WST at that position, and alsc continues the movement
of measurement stage MST in the +Y direction without stopping

it. Then, main controller 20 almost simultaneously and



20 PL and water Lg, nmain controller 20 accurately drives wafer stage
WST on which wafer Wis nounted, based on the neasurenent val ues of
each of the encoders descri bed 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-neasurenent direction at the tinme of the
measurement, and on correction informati o of grating pitch and
correction information of grid Iines of each of the scal es.
Accordingly, a pattern of reticle R can be fornmed on the wafer with
hi gh accuracy Bypddvadnihly €Rpesis Ehe pddonnerhaarkyrdangeeisi the five

exposure net hod, , ; r, .accordi t.o the enbodinment, wh
acquiring staggﬁﬁggiaﬁlgﬁggﬁ :&lﬁﬁﬁtaérﬁlag- grre_r F COPFRtT eldﬁqaorﬁ‘ﬁajtrf gﬂsbf
the measurenenoyabsgnpirikbea k. s Pt dhC ARE rHd 8122 G OAERANTESKs
the attitude of wafer stage WST to a plurality of different

attitudes, andthevéstagifion seswles\\6T five héiZnmeeits sgstect A3A amd AL2,
pr edet er m ngd st Ei%ﬁ% range, While irradiating a _detection light from
head 64 or 86 8% koS I S FREuet 84 a5 1sesll EPBeyEncadess
39X1 or 392 1By 5tk WBEeehBSIdM Bt LhUdenl ALl S1a08 YAT (L5
mai nt ai ned based on the measurenment results oOf 1nterteronster system

118 with respentatoresait ablidsidetenArdrpett by tdiehsanphe RPrebct hén
measurenent results of the encoder during the novement. Wth this
operation, w t RRfREpRicion)oadERones ithedeln A attiegnal meametgr nditi ol of

t he neasurenen th ngoder in _accordance with the position
bot & 57 sl GEpECERaR maPpRBgorm P aae: FeRs e

in a direction s‘direction) o g pl ane

of wafer stage WET (g fhe i@ e@Hd,CREFAC LGS Fidte rRYANE pRE1SH DMK ik
the graph of FIG 12) is obtained. 20Then, main control Iper 20 obtai ns

correction inférpmtihen sgbptdie wedas usenenisFatlescoibedhebensodde state
accordance with_positio faormatjon o e WST in the

i f t
non- measur emenP® d‘i‘e_raesé‘trleg‘ﬁ%’gbvaﬁ& Yot rﬁ“ﬁ’gxgg‘% é%_@ggr‘?ﬁ%éaiﬁ%ﬁﬁfﬁﬁ%
based on the sggptdidd sk@el! iSr prlddlimiSy dcheYad AlneORe b i ARl O,

After the shift to the separation state, when measurement stage
15 MST reaches an exposure start waiting position where
measurement stage MST walts 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 +¥ 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 walting position described above.
Then, when wafer stage WST reaches the position shown
25 in FIG. 30, maln controller 20 immediately stops wafer stage
WST, and almost simultaneously and individually detects the
alignment marks arranged in the three fourth alignment shot
areas on wafer W (refer to star-shaped marks in FIG. 30) using

primary alignment system ALl and secondary alignment systems



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 enbodinment, in the case the correction information is
decided with respect to a plurality of heads 5 that constitute the

same head unit, for exanple, a plurality of Y heads 64 that
constitute headlt?aiandbak: 3ralé§¥@¢t}’ﬁo¢iet}ﬁf§monl esyltadpattddepromonaent Y

head 64 to the SP fi re corr onding Y sc 9l 1
performs the ab%@ esgﬁ'be 2aTp g i meg‘gu]f“% mrfeé"gu]v? i Q%nat
encoder, and tm%sl@aﬁleﬂeel@needébﬁ oil%”@f'% £688#|drbodkP8 at the time of
stage-position-attributable-error correction information of each

encoder that i $heotsteahipad the rmsimr‘émha’aafaﬂidearadté’rmh:eceﬂdﬁlbyeach
deci ded. Th%ref%r%% as a conseguence geonetric error that occurs
l.I‘—

due to gradient®of"% fidt Hed st %&aéb??b'cﬁ%QISt?Be’F A8t hBerthgoindernal
when obt ai ni ng ﬂea%rgorrﬂ%'wthpé BLERL QN QY eolfgngsl h%%{%ﬂlr%%‘%%&s

that correspond to the sane sca mal n contr’

correction inf comatnaoadpfandl sedfeeimetfcorefe MERkiNg@tinl raiting at the
consideration a geonetric error that occurs due to gradient of the
head of the sul?jx@(é‘ﬁuéﬁc%%?t WaéHiDg Refiddost addensTmRLN resrddoiliber ha0
Z-axis directi n the nbod Jent hat
i s caused by dl%p{‘mgren E‘\grka %ﬁ r%%g BE'or° l&aﬁlea‘fa\q‘t ifor}eae](;ldéh%lﬁ Qt
not occur. 1BUr tak@ks b #d¥C RS Enda NRATHBHEAL < PEFO t‘RQEU{§ éé‘t ‘bk}ethe
encoder due to, for exanple, optical characteristics of the

(such 25 as t elMeeenE ehent preevdnthd fgnadiremdect (8 hyaati'meﬁmfdmesrdmnate
occur, occurrence of the neasyrenent error can be prevented, and

therefore redul¥PbRMiAPSIBLNEI TP EOMEGOPLHATFTAEFOHT Mharasy 168 Kgd v
can be prevent ed, &ya,3i1d, | @y Ltlﬁeoﬁiz@h-gtﬂ&j WS .EQLEL AL, Ofhy BEQRIRE | O

That is, in the enbodinent,
U.8. Patent No. 4 780,617 and the like, using the detection
15 results of 16 alignment marks in total obtained as is described
above and the corresponding measurement values of the encoders
(measurement values after correction by each of the correction
information).
Next, main controller 20 continues the focus mapping
20 while moving wafer stage WST in the +Y direction again. Then,
when the detection beam from the multipoint AF system (90a,
90b) begins to miss the wafer W surface, as is shown in FIG.
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 AL2; to AL24, and the like, main controller
20 performs exposure by a step-and-scan method in a liquid

immersion exposure method and sequentially transfers a

reticle pattern on a plurality of shot areas on wafer W.



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 Embodi npjgt >> Next, a second

enbodi ment of the present invention will 10 be described with
reference to FIGS. 32 to 34. The second enbodinent is different from
the first enboéifﬁﬁﬁva’é%%cﬁ:hﬁe@@{i@xeopqunﬁ ahe neperbedbn neefbonerkd

when correction_i |on of grating p correctio

i nformati on of rlvvaf”f) ezf 5t FEPPF R qglﬁéné'&‘él‘é e&rsewégﬁhl?r 125d the
15 configuration of gdesapRal:abis :%El:eOEHPcret%BQr ald Yid eté'eﬂ%b@ﬁreto
those of the first enbodinent. Accordingly, the differen n

be descri bed bebparatisy d0A, carthaceubsiimiean, onertablme)fqaaeqwmlgﬂmsm'
correction 11_)nformat|on of grating pitch of the Y scale and 20

correction ?nfof BT 1 adBF%‘???‘hEtIi”H-l‘ileﬁlf de‘?‘%F‘anne§°(-'\A%’Fﬁ5“R%fergWothe
lines) of the ¥ ggal gl‘é‘e&lgﬁ ?SQ %_I;ngﬁ %@:p?%f:?ce iq ? jf

assuned to be an i1de I'ane e sa cati on 0
descri ption. Fusﬁerm‘brméd wHBEA stagé mlrll%rdﬁﬂrerneﬁdﬁhé lye afBs H@EE&H@{
based on measurement information of the encoder system,
position information (including inclination information,
10 such as rotation information in the 6x 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 702 and 70C), which
occur due to the displacement (including inclination) of wafer
stage WST in a different directlon from the Y-axis direction
and due to the scale, are compensated. Inthe embodiment, main
controller 20 drives wafer stage WST 1in the Y~axis direction,
20 Dbased on the measurement values of encoders 70A and 70C that
measure position information of wafer stage WST in the Y-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 8z

direction and the Z-axis direction that are measured by Y



25 function z=f1(y) that denotes the unevenness of Y scale 39Yl, the
mat hemati cal function z=f2(17) that denotes the unevenness ofY scal e
39Y2, the mathematical function z=,.cft(x) that denotes the
unevenness of X scale 39X4, and the mathematical function z=g2(x)

t hat denotes the 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 es wafer stage WST, for
exanple, in the +Y direction indicated by an arrow F in FIG 5 32,
for exanple, within the effective stroke range, with the neasurenent
val ue of X int énterdeeengter2dthandig? finted fepometprasd 488r andetBB affue,
in a state Wnere t he pitchi u the raolling anount, and_t he
yawi ng amount af Eeﬁ%?ﬂ?r%ﬁ%gdng'gglgaﬁ)ﬂdaggd%ﬁr?%%g%?monvSFues
of Y int erferoaeae&nglgl%@h%zduze YIRnEEr QIR LAMNS éﬁr@lgoﬁ%ﬁ;fo t{'&h
t he novenent, | e correcting the neasurenent value o

i ndi cated by bennghmlr ¢hedunevdrr@ss32fldatedsgces %es&abeaBéB(J:.saﬂdkms
|l ocated at a distance "a" in the +X direction fromstraight line LV

(Y linear encodBF° 78S HfFathen et é’ﬁeﬁf’r%ﬂﬁ}é’noﬂnﬁﬁé%l@-%oéﬂarp
dicated by b 3 t f i
oonr ot oty Py ncer]‘c’%*%gl n t{é %hf g %agjt ac 7 t\ﬁl%C%aSn % Re I

| ocated at a di st i%6n romstralg

(Y linear encodre né{Juisiens vhtudBmidreantbedts Moachnansog=fukoxk: and
z=f2(y) respectively, main controller 20 |oads the measur enent val ues

after the corrBeRF&FPRETE EREODY qmﬂégdrmme valafsveofiiyplacement of Y
DL o Ot o 4181 LU IR AEE 1 e 19 TR STENL L2, O
predeterm ped gapRtd G bﬂﬁ%é@eﬁ by grating pitch of ¥ scale 39Y; or 39Y,
and warp of grid lines 38 have been corrected by the respective
correction information, stage drive system 124 is controlled
and wafer stage WST is driven in the Y-axis direction.
In this case, the measurement 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 also which is a complete
20 plane, and the pitch direction of the grating is parallel to
a beam of an interferometer and the distances between grid
lines are completely equal to one another. The ideal encoder
{head) is the one whose optical axis is perpendicular to the
moving plane (XY plane) of the stage and also whose count values
25 do not change due to the Z-displacement, leveling and yvawing.
Further, in the case wafer stage WST is moved in the
X-axis direction, wafer wage WST is driven in the X-axis
direction based on measurement information of the encoder

system, position information of wafer stage WST in a different



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 novesgwaf er stage WST, for
exanple, in the +Y direction indicated by an arrow F in FIG 33, for
exanpl e, wthi g?,_the effective stroke range, wth the neasurenent

val ue of X int 8tFEFoIft drot2B ety ifi KEHSt0i R SPPLUing ninfddndttate,
in a state whejgeiiie Idnﬁhéﬂw £ %? FOG 50l L, anLBB fH €he oy

mai nt ai ned at zero and the yawi ng antunt 1S nai ntaine Zero as

much as possi bberdasiesh }gn ahleceasiteeient c vatitamatl oY éhtelf eeanss er
16 and Z interferoneters 43A and 43B. During the novenent, while 10
correcting the(fedsgeehElabrers of theheaadtbu snyfece eadbyr Feonrting

circled in Fl t.hat faces |.scal.e 39YLl and is cated.at_a

i stance -t 1 BRIt IY Gr RGO oRRTT o A aRret RERTY B8 Prmdg that

encoder 70A) aféadi@ed@@asdresBNtoVahdeeRbode N894t b [HSRYEI7HY and

being circled in FIG 33 that faces Y scale 1573912 and is |ocated at

a distance "a"79m + hricK dtcectdusn tbr ohe sdisiigloemknhe{inclpdihgnear
encoder 70C) usin thematical functions z=f1(Y) and z=f2(

th
respectively, Hf %ﬁ?ﬁl?%?’aﬁﬁr 5888 e hrdadit Ehent Fararsd oarirom
the correct! oncgdick-ldis sTRIPLECIIRN YaLUESHLAIRE! CrOlTRLE! Lnddidie,

nmore accurate, 20 the measurement values of neasurenent b

B42) i nto tthe mairercealt rokber y2@tdrivedevef & nadgsanwdl i 19 thet eyl s.
However, since the positions of Y heads 64 in the XY coordinate
system are al réaRFUeBwnbages ra thenmeaswrsianitofaleey . ofc gncederory0B

f i i | 39Y1 and 25 3912 b ;
ndependent | y St 4P Red iy FeBET RS 35 Rl SRireahb L Hale oo,

i ndependent |y y settrn e sinu eou

the sanpling vpl ugse Khakibaye-LagBnpbtai ned in the above-described
two operations and solving the sinmultaneous equation. Incidentally,
in the usual catganresstieftattiipntehtéageror correction information

i5 (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 acccordance with position

20 information of wafer stage WST in the 6y direction, the 8z
direction and the Z-axis direction that are measured by Z
interferometers 432 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. 1In this
manner, based on the measurement values of encoders 70B and
70D, whose measurement errors caused by the relative

displacement of X scale 39X or 39%> and X head 66 in the



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 WST 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 gpda instead of fixing the
measurenent value of X interferometer 126 to a predeterm ned val ue.

10As is described above, after obtaining the correction information
(e.g. correcti GANFRPTSOFeRFNEt HAEePriath 2ot vaused &y ggvtingeidgloof X
respectively, L e CRRL I 0, hoves -waf.er. sta T iLn the +Y
direction as i srsr%ég?)vm h?%é%z %ﬁi a3 Pﬁegrégn]f naersg%} }é\és‘é%legg PFERBRE

in the case of byl €he 2dspect v bbkeedbidiesaEdRAL 13ROV adeNdt S sG26&n
e.d.

as in the case of acquiring correction information ( correction

map) of gratind2piizkontralleshbed W3EeEr sra39yR, is Heivensureneltaakes
of X i nterfgrogeter 126 a d:xé,heads 66 i ndi cat ed b% being circled in

FIG 34 thal fStESKCETH el 3G%F GHRF 3PO CPERpIELPGRIOF enqedegsidB and

coaxi al, and thgpe LN c o AALEN | ;

of wafer stage V\STQJ?JF;g?theit ggﬂ%aé%% g:fg{'l%%agi%ter g?oﬁ%%ﬁme%%gggg&gl}

fluctuations i $deat|gdednign (4hef reasivnegeating) wes aaf idedieadizodbrt hat
face X scales 39X1 _and 39X2 respectively (X encoders 70B and 70D), as
an error 25 (héPe¥®after, shortly referred to as a

yaw ng-attri but abl e r h econd V@ﬂ)odi nt.. however, the
apparent yaw ng arrmﬁﬁcogg%réﬂﬁehag %ngagfa Wel 8?nrs{°t%aéjélwlf’haafie?gred
nmeasured byo t heitedterden DiFeh €4h dUEuifcpinbihd URE LALLESs CADL It bein

measured using a pair of Y heads 64 indicated by being 136 circle
in FIG 34 thaeffecledioydikasr30VvemigdyRy esipeeni tied edd asddddessaIZ0A

and 70C) . Tha;[.niéire@ilo%scgéﬁggtgh%% Eslhgsi.zc::ggtnj:[on to be measured
(measurement direction), without being affected by the
unevenness of the scale, and without being affected by the
15 grating pitch and grating warp of the scale.

Further, according to exposure apparatus 100 of the
embodiment, for the relative movement of wafer W and
illumination light IL, which is irradiated from illumination
system 10 to wafer W via reticle R, projection optical system

20 PL ahd water Lqg, main controller 20 accurately drives wafer
stage WST on which wafer W is mounted, based on the measurement
values of each of the encoders described above, on
stage-position-attributable-error correction information of
each of the encoders in accordance with position information

25 of the wafer stage in the non-measurement direction at the
time of the measurement, and on correction information of
grating pitch and correction information of grid lines of each
of the scales. Accordingly, a pattern of reticle R can be

formed on the wafer with high accuracy by scanning exposure



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 yayqg amount 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 sti@géhpsiiawid Hameysion esstbosrrenaerhabntrol | er 20

sequentially | oads 15 the count val ues (the asurenment val ues of X
| i near encoders 70B g%rdt D) ?Cﬁﬁ’r‘%ﬁ‘%fté’ %B?a‘lg’r’ﬁ%#iftﬁe(’i‘ﬁf AP rERgPE Ting
X heads 66 of @eageuﬁbe&i@ﬁaeegiﬁz@mf@ter%e RIERLLA it o PhACEH of
facing X scales 39X1 and 39X2 according to the novenent, i1nto the

i nt ernal nenor that mpasaoierti vedus ampltiheg ennbéewalnminThent r&0.drok0t he
simlar reason to the above-descri bed reason, main controller 20 al so

obt ai ns corPecfi Bﬂgf’ﬁf'ﬁ?err&?ttitéﬁu%_%f‘ﬁrﬁ?&t FERIT Ml Tp)toor BFMERIAtNe’E 37
that sequentialyelace: Lheiphits] by AlvdS gads sgc% evasplg?LH AL AL N

statistical processing of, anp eragrn or ofm ng

wei ghed 25 averageagiai )int Aepriste rvahb@Strordeshhde WRe1e N@E8hting
menory. Further, also in the case of obtaining the correction

i nformation (eagietestientlight fugn heladdiaer 6§ i thehentoderstah epe8ific
arid 1ines 37 Boar T 1 MaP S srager Wi et Fake. 40 3o Ak 8FFbrihe
indicated by apteWide id¥ Fh®Sr SLags3Hsrand Rk 1takind8 LB on the
consideration the so-called reciprocal difference, the process
simlar to thenpasceswrtesesulisdofibover Sdmomled elves ol TRedith respect
SNean e, M e e p i ke L A 0 Phe measurement
r

results of the encoder during the movement. With this

operation, with respect to each attitude, variation

15 information of the measurement values of the encoder in
accordance with the position in a direction (the Z-axis
direction) orthogonal to the moving plane of wafer stage WST
(e.g. the error characteristic curve as shown in the graph
of FIG. 12) is obtained.

20 Then, main contreller 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



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 the correction information

15 descri bed above along three lines in the width direction, on the
right, left, and in the center, and when the correction information
of the grid |i®y Weprekaticuicherdge cofyrihe hiead ewth e scale in the

representatively chaosen and.its rp _can he asured. Thi,s seens_to
be preferabl e, %Po%é?ﬁ%rwe&ﬁpgfﬁ%na%ﬁEbfcgg?’ffy%dnvﬁ)rskﬁﬁﬁ meghod.
In the second embodi F@Athe.t,Nen ARCEMSQRR:  OPE AL ONS Phe B ection
controller 20 and the configuration of the apparatus are simlar to
those of the filngpraabbch nentedbiat wiell adpeet Accordiurgilioy tdheads
exposure apparatus related to the 25 second enbodi nent described so
far, the ef Pectd&EgtRVERIENE St Fase hiac Helki for erymliementplurality

described abovescan b8, t%J&egangﬁﬁt&eesh?ﬁun%’kfz(;%w""ag‘;g%éaéé\ﬁgﬁﬁ’gt

does not al ways have to be nove an extrere

acquiring the gerieeidiitddEOsHBIdcN YOhe 44 a4 8O ©hd Famef spdia Scah8sa
and/ or 138 the correction information of deformation of the grid
lines (warp of ofimergiesgoniiingy syalehid B\ caldaser fdmsadpalbote-gescribed
operation of t on information, can perfoc{' nmed in a short

period of tinEggm§9££§%%%masurementresultsonSuaenco er, and then based
10 on the sampling results, the
stage~-position-attributable-error correction information of
each encoder that is constituted by each Y head 64 and Y scale
39Y; is decided. Therefore, as a consequence, a geometric
error that occurs due to gradient of the head 13 also corrected.
15 1In other words, when obtaining the correction information for
a plurality of encoders that correspond to the same scale,
main controller 20 obtains correction information of a subject
encoder, taking into consideration a geometric error that
occurs due to gradient of the head of the subject encoder when
20 wafer stage WST is moved in the Z-axis direction. Accordingly,
in the embodiment, a cosine error that is caused by different
gradient angles of a plurality of heads does not occur.
Further, in the case a measurement error occurs in the encoder
due to, for example, optical characteristics of the head (such
25 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 obtaining the

correction information. That is, in the embodiment, wafer



5Incidentally, in each of the enbodi nents descri bed above, correction
information of grating pitch of the diffraction grating that a scale
has is to be decided so that a neasurenent 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 nmeasurenent direction of an encoder based on
information on the flatness of a scale angh the neasurenent val ue of

t he encoder, independently of acquisition of the correction

information of grati ch of the diffraction grating that the
scal e 15 has. V%% %né TR §9 5 awgrmeé?&ﬁ%m%@?eifﬁmf RE t?‘eé%i"?der

direction or tgis%eﬁxbébdyﬂfﬁ%tﬂﬁg Eér%%éﬂﬁgﬁﬁr %%Eﬁaf%ef 1%

encoder or the encoder my al so be correcte ase on rnforma |on

on the flat nesxedbride t¥% asatlee Gleathet ¥ Baalaglel Bridh)s 16 asMupaasat bE.
scal e-attributable error, the measurenent 20 error of the encoder
that occurs dudPEddemea¥lvt hasgdopn (Fhansekpelslemindoreatiquothahe

for exanpleg i asges uch as..when t of, the ,sca

f avor abl e, ?heﬂﬁéggﬁﬁe gﬁe%?%ﬁhqﬁn%$ﬁ§4§%8%d%¢Q?%%Fagbéﬁﬁéoﬁﬁﬁgiﬁa%
grating format bﬁareéf@flsﬁlctsb"? S5 k8aiS & cbflﬁéétqo@;glrpf&ﬁﬁt%ﬁclff the
and/ or 25 deformation of grid lines or the ke) may only be

corrected as theasergmesrt Wlaﬂbasa@f ether retmcoder systemmiRi se casputetie
flatness of the scale incI $§£ onI t he unevenness but al so the
inclination of the §ﬁ?¥%f@ That is, even if the grating

surface of the scal g fias %%%oh!aeenmo@&méheto%ea%? &fe ihPeiine, ﬁfﬁ

the scale itself |ncI|nes a neasurenent erro e attri uta
error) of ithe bacaelerr ieclvs tHuse fardrite hecrxmeulamntol34eamheo£e&$ﬁa
enbodi ments descri bed above, such a scale-attributable error can al so

be 5 correct edSMPREIRRINT A4F| §i THerenti £xom dheofipst Eboginenhgesctiped
due not only t9b§$53fJﬁ%%nﬁgstﬁéngAé¥gtf%n'E%%#éﬁﬁ'd)wﬁ o;g%%g %ge but

al so to the nmanufacturirg error

embodi ment s desgfohest iMOVE, gtiei fRA thASahe aibdeeet bheth ke 18RI &F

controller 20 perforns 10 novenent control of wafer stage WST in the
Y-axi s directidarprof lprik dxnes dbF addte espalss rapey Aconéaed ereomdéhs 70A

and 70C or I|ne r_encqders_70B and 70D whil e correcting the
measur errean vaPORE B A HENRE oHdT LRATEATHP 2 ’bcgt%%ﬁedof’? YRE REA

units based ongiff £ORLEhbOD dNEAEMTRLIAN eRboSIMAANY REEG Iingly, 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 170 is assumed to be an ideal plane, for the sake of
simplification of the description.
First of all, main controller 20 reads the mathematical
25 function z=f;(y) that denotes the unevenness of Y scale 39Y,,
the mathematical function z=£;(y} that denotes the unevenness
of Y scale 39Y;, the mathematical function z=g; (x) that denotes
the unevenness of X scale 39%;, and the mathematical function

z=gs (X} that denotes the unevenness of X scale 39X, which have



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 al ways ha to be perforned.

Further, if an error anount of grating pitch of a diffraction
gratlng, whi ch a scale has, that is caused by the 25 fl atness of the
scale is remar Wyapﬁ’#g?é&d tiffapdumnes rand shouad bf mgrari ndd piltntle dhe
the diffraction Qratlf caused by other factors, correction

i nformation of graEPﬁqu (e g. correction nap) does not need to

be obtained in advanggyt amlﬁhean@fdme&gzw@&eétﬁ%r@ [ iIDOTYE ©
or the like, position 140 i nformation of wafer stage W5

predet er mi ned dixeepléeonin the M airsciiorednhdanated tH?eaﬁ(-aaxbg E‘ in FIG.

di rection) nay be neasured_using_the encoder, and based on the
measur enent “valide £0% SFATBIAmIORIBFhELEPaEHER $tEPXe h‘@ngéal‘@-th/vﬁlﬂ%r

stage WST nmay ﬁleggllgéljﬂé/ w}a'iu% hgf eiqnecte.ec'fg}:&%g‘%gé rl%%t :-:te%eE

t he neasurenent val ue of the encoder e correc u5| ?he

stage- posi ti Onp&bﬁétbﬂﬁﬁt&ﬁﬂt{é}rlﬁ@ré’tﬂt@ Whetd5 01 HBEI F&chmng amount
accordance with position information of wafer stage W5T in a

non- neasurenenﬁhalF@%%inﬁ1ﬂmea§nr%nﬁljwelﬂawnn@rimnﬂmmeaee wAigttaringd Saton

this d h.of t nbodi
degirlggglggoveer? bas ﬁ% Fpa§ﬁréﬁ?$$§ﬁggﬁﬁe gﬁf&PgﬁﬁﬂgFW@ter 16

head-attri gt abhe ze{rmrf@qoﬂ@ﬁe?é. Y8y anhawg to dﬁ%lﬁgrthe%%@ment while
si mul t aneously, but may be corrected individually. 15 Further, in

each of the enbodreenirsy ddecmebedraizmte valhe cfisk heasd beenuﬁesmedU@ﬂ
where t he acqu55|t|on of unevenness information of each scale is

performed usi n§°tHe TS eE Fontit frg>eidedetacHut s9vdeptesdnd :I"ﬁ‘J‘éﬁ@'F%
is not lim tedatchgrcgé&g@l%@ Lhe i @h@e%? d&%@é?@ﬂeﬁi}m Qf:rgfrﬁpct ESQL.GLV

my al so be neasure usi ng anot measur enent
separate from t(lﬁelﬂlfh&:&d@n.coder 70A) and the measurement value of Y head

15 64 indicated by being circled in FIG. 32 that faces Y scale
39Y; and is located at a distance “b” in the ~X direction from
straight line IV (Y linear encoder 70C) using the mathematical
functions z=f;(y) and z=£,(y) respectively, main controller
20 loads the measurement values after the correction and the

20 measurement values of Y interferometer 16 {to be more accurate,
the measurement values of measurement beams B4; and Bé4s) into
the internal memory at predetermined sampling intervals.

Next, after moving wafer stage WST a predetermined
distance in the +X direction based on the measurement value

25 of X interferometer 126, main controller 20 stops wafer stage
WST at a position (the position shown in FIG. 33) which wafer
stage WST reaches after being moved a predetermined distance
in the -Y direction indicated by an arrow F/ in FIG. 32 based

on the measurement value of ¥ interferometer 16,



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 ctonstituents of the 25 exposure apparatus, such as
the stage system the interferonmeter system and 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 per{grned by a plurality 141

of controllers. For exanple, a stage controller that perfornms the
control of wafer stage WST and the |ike based on the neasurenent

val ues of the encode @W@@@%ﬁ-Fﬁ@ﬁ&?lﬁ@ﬁséﬁsmewnﬁtW&fetnsbageﬂﬁﬁhtéor
system may be a n ed con r ol n controller 20
Further, the abg\?gl 85CT b§8 HS%E‘FSF pet fl&dﬂrgaga‘é/ BYafh 598 B1 e FI%0
does not al vay g3na¥sr xahg1kLaliithed e REEAURIS stelf_‘Bké LR, Bfith the
realized in software-wi se by a conputer programthat sets an
operation of nueasvoememt [velug0odrx elaierderopyvesall2cobeing | Rixed bata

share and p rforn1the 10 control as is described above.
Inci dental | §, PFEIELRFMRFLATEbIFahl & AE2RE d‘é‘@ﬁérﬁheoﬁ’l*%%n@n%wt and

system the | neElRhQTRLSANS Lo nd 1S JIULLROL Mo AF SHEYSI ADdnbic: 2

sensors in each of t |nents ar e nerel exa

W t hout sayi ngithatiste e IENEet VRN u@h 25 pé@éﬂ51e|bﬂbé@dx{QhEhe”1
For exanple, in each of the enbodi nents above, the case has been

exenplified wh&easargeant grlvescef 66 izderfanomaioew? Lgsaudfdr t he

Y-axis directi ositio t, .and of X scal es 39 and
39X2 used for gﬁtgﬁféﬁﬁﬂ? §Ire§géoﬁp ) 'oﬂhﬁﬁﬁguF%ﬁmﬁﬂyeE?E Carf
on wafer 2@gt aEb@rW@;n@&@éﬁe@%ﬁ&n&@ Rr3§99r61f Yo LR8N 4 & RAICH e by
head units 62A and 62C are placed on one side and the other side of
the X-axis di rbe@n@m:la;fﬂ pdoineEIGOEBG:atartcﬁceswstseﬁa{ﬂ.EBQa!nchrﬁi bailbecafed
head units 62B % g 62D are aced on one side and the other side of

t

the Y-axis dir& (ﬂ?‘S&IanEPOJ]% j1r’o’n'1"‘c‘)p’f>F GHireshigy strom pLrai@iteddre he
present i nvent i @M i fod}0lenlcbBbE SHOAL il Sne GREh QRO SRA B0k Alag
| east either palr of Y scales ¥ axis direction
posi ti on nmeasugentdicated BpadeamgSQi(ﬂ:cB@dJ i39X2G{ 33 Xhaxi sacHd GCEESTE
posi tion neasurenment may_ be arranged al one, not in pairs on wafer
tabl e WIB, 1%r 39Y2 and is located at a distance “a” in the -X direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=f;(y) and z=f;(y) respectively, main controller
20 loads the measurement values after the correction and the
measurement values of ¥ interferometer 16 (tobemore accurate,
20 the measurement values of measurement beams B4; and B4;} into
the internal memory at predetermined sampling intervals.
However, since the positions of Y heads 64 in the XY
coordinate system are already known, correction information
{e.g. correction map) of grating pitch of Y scales 39Y; and
25 39Y; can be independently obtained by setting up the
simultaneous equation using the sampling values that have been
obtained in the above-described two operations and solving

the simultaneous equation.

Incidentally, in the usual case where reflection surface



142 only one head unit of at |east either pair of head units 62A and
62C or head units 62B and 62D nmaybe arranged. Further, the direction
in which the scales 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 periofdsx direction of the
diffraction grating may be a direction orthogonal to (or 10

i ntersecting) direction of each scale, and in this

ngi t udi nal
case, a pIuraIiTboggHﬁghégeéﬁe?%ép%%F%e§B8nﬂm?ﬁfqﬂ§§é Gherdigly chathe
; o e ! s e o .
to be arranged gi;Lbe; gl 00 oL Hagendl Lgdt&%r%%'i:ﬁgglga% S ;H@;

of diffraction grating. eac uni t  nay have a

of heads that aeadingdsgsstalined ihadvasdear @R, 68)tHaNaowi-RetkOved
orthogonal to the periodic direction of the diffraction grating.
Further, in eafRVeFearthefomiad seansWabdnethe ¥ digeethas shewn in FIGS.

exenplified.whegre t epcoder  sys i s enploye hat has, t he \
Cont Lgur at B A T A Eraerage BET ey SRt b ey S0 e reie
scal es) are ar yapEEE: M bl o MRl aftAbLafaVaiser 1 S LAES)Y ai ARG S ASild
face the grating section, the head units (the X heads and the Y
heads) are pl aceutoeitlsinge theeXwad=itishage. wibme senget MET (rameenbn the
invention is not limted to such an encoder system and an encoder

syst em havi ng CREFRONATy(R4ei BhseaRd RIvAT EREidGdBralERRedr ¥alue of
arranged on a %ﬂiﬁ%efﬁéy%%F%eg 9 | ”%ogggggﬁ%gﬁaﬁi codet. heads,

t wo- di nensi onal gratings (or two- nsi on y placed one-di nensi onal
grating setdions) ams pkadeshdivesi geoid)ie afBEeromiage nfayhalco@rb6tion
enpl oyed. In this case, when Z sensors are also placed on the upper
surface 143 ofnfpEnaidfsy (stgeorrant iopcai)nehsrahing giteh pgs? gozles

t wo- di mensi onal by QBQCSQYOQ%@di Pgional ratin cti 3% may al_so
be used as the Teflectiont sur nggs P mragfll Cé'%rf'gf‘??l@'eﬁeg@ L¥eh"358ans
fromthe Z senseage wAISOnithd he &a8tibE as is shown in FIG. 34, in the
similar procedures to those in the case of FIG. 32 or the 1like
15 described above. In this case, as in the case of acquiring
correction information (e.g. correction map) of grating pitch
of Y scales 39Y; and 39Y;, the measurement axes of X
interferometer 126 and X heads 66 indicated by being eircled
in FIG. 34 that face X scales 39X; and 39X, respectively are
20 not coaxial, and therefore, the influence of the apparent
yawing amount of wafer stage WST that is measured by the
interferometer due to air fluctuations is included in the
measurement values of X heads 66 that face X scales 39X, and
39X, respectively (X encoders 70B and 70D), as an error
25 (hereinafter, shortly referred to as a yawing-attributable
error). In the second embodiment, however, the apparent
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 ¥ heads 64 indicated by being



5 encoder system having such a configuration is enployed, basically
in the simlar manner to that in each of the enbodi nents above, wafer
stage WST can be driven in the neasurenent direction of the encoder
based on the neasurenent value of the encoder and information on the
flatness of the 10 scale. Wth this operation, wafer stage WST can be
driven in a desired direction with high accuracy using the encoder,

w t hout being affected by the unevenness t he scal e.

Incidentally, in each of the enbodi nents above, rotation information
in the ex direction (the pitching amount) of wafer 15 stage WBT is to
be measured by dimcéded dnofiks.e34 $§latéarc¢]&8$Cda]Lﬁs 3% id 3hY e areotdte ipy
al so be obtaineq fro e t he nmeasurenent values of a pair
of Z sensors 74§|jerb9°rgfr§e’£%?§d7gﬁh Ghatiist, whikprerressing the Eaiﬂilt

of (2 Sensor (s) a3k G Ariangad gk 3F Aok, g2 nggg%dvgg D6A W S

62B and 62D, 20 simlarly t ead units pi Cchi ng

amount nay al sechecobiai nedobnatidihernEasiireNpitcly druessflesh®9¥% and
sensors that face X scales 391 and 39X2 respectively. Wth this
operation, PosiPFerrhasf BF%tDQﬁﬁl gbtobred it ag@;am maini eenrtrioddsr 0?0

d f f
Zlyxangg;gezl ?ec rg%g%glé’n Hise a%%%seﬁﬂ%éﬁa%gnﬂ“@}é %‘T’\%%rd@reéi e c?.lfew?%er

sensors, W thogtagsiwer bakeal st amat easu@y%e%;léifteTﬂﬂ%habeaﬁéi%%ﬁl bed
measur enent of position information of wafer stage WST in directions

of six degreestbf daigedbrt bthdem:seﬁeadmds?a@d trthenZ moomtm;&ehezo
performed 144 not_ onl osure  operation, but also in the

al i gnnent oper SPPO?P J‘:oghfehga‘(l’a 1@ HhEd B APt s O o e Besiiachalove
earlier. FypthggingnRAC azeweyﬁmg,gsgggﬂégcﬁggg @aseggorg JIRATHES H

val ues of the encoder sys em are t

correction i nf oheatdmerdezeeibeed edydvieer so that the neasurenent
error of the encoder system which occurs due to the displacenent of
waf er stage WST (rel"tilgecarsetteldemthe paving atdadbapeblthersonl @y in

a direction d'ELSEEHBeJ LA 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 ¥ 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 X heads 66, by performing statistical
processing of, for example, averaging (or performing weighed
25 averaging of} the count values loaded in the internal memory.
Further, also in the case of obtaining the correction
information (e.g. correction map) of grating pitch of ¥ scales
39Y; and 38Y; and/or the correction information of deformation

(warp) of grid lines 37 by dxiving wafer stage WST in the -Y



10 predetermned direction in which wafer stage WST is driven, is
conpensat ed. However, the present invention is not limted thereto,
and for exanple, a target position at which the position of wafer
stage WST is set may be corrected based on the correction infornmation
descri bed above, while driving 15 wafer stage WST based on the
measur enent val ues of the encoder system O, in the exposure
operation in particular, while driving wafer sage WST based on, for
exanpl e, the nmeasurenent val ues of the encoder system the position
of reticle stage AST may be corrected based on the correction

i nf or mati on 20ddssetidredndbodted by arrowrft LhetIGSi. 3%2adh, @hdt hetaking
enmbodi nents abov e WST s to be driven, based on the

only. wafer st o}
measur enent vallﬂg% %cfn%/lﬁgrgﬁi% s§8T e e recknniad, dhhETr @i6Sosthe
is perfornmed, Bubcées %m&etoaﬂﬁfﬁéﬁ EEsSé(é%fJ;bteﬁaEb%@%Hogﬁdt Be

position 25 of reticle stage RST iIs itiona arranged and reticle
stage RST nay pksHoimediri ven based on the neasurenent values of this

encoder system and based on correction information according to

posi tion infornati ohesrwhfker ¥hpR dcwiadng thewerashi prasieEmiron of

directi on that ob soIEASW ede iyl €L1.phe, 148,01 8 LGLoBRLer 116, e o

Further, in eac the e S “above, e cas as

expl ai ned where one1dd xed BEI ¢ Yolti@aNBItcHS oit @MeaRdsE Qs , MayaR! e
secondary alignnment systens are equi pped, and 5 alignnment marks
arranged in lecenixment 28hperigwss the shee vipfomesar es dit diteedaba t he

sequence that |s '%ri(}:pe %or the fiv a%i_gnneg}, sys%em;. However, fhe
secondary al i ghn® sesf‘gta AEe o Hdt B HSIFSTADPR, 2 dend - Atkber
of secondafy ahigiwEnn %MEEF&%H&@&.beDéfb}ﬁ.l@UHPeguchTﬁﬁoQé’éﬂn%?:li(ifaﬁe
at | east one 10 alignnent systemthat can detect algnnent rks on a
waf er only hasonbttysd.arranged. Incidentally, in each of the

enbodi nents above, the . .

Since each scale (diffraction grating) has a width, the
correction information of the grating pitch can be acquired,
for example, by obtaining the correction information

15 described above along three lines in the width direction, on
the right, left, and in the center, and when the correction
information of the grid line warp is acguired, a grid line
can be representatively chosen and its warp can be measured.
This seems to be preferable, from the viewpoint of accuracy

20 and workability.

In the second embodiment, the other control operations
of main controller 20 and the configuration of the apparatus
are similar to those of the first embodiment described above.

According to the exposure apparatus related to the

25 second embodiment described so far, the effects eguivalent
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/oxr



exposure apparatus equi pped with nmeasurenent stage MST separately
fromwafer stage WST, which is simlar to the 15 exposure apparatus
that is disclosed in, for exanple, the panphlet of International
Publ i cati on No. W2005/074014 and the like, is described. 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. 10-214783gsand the corresponding U. S
Pat ent No. 6, 341,007, and the panphl et of International Publ i cati on
No. WO 98/40791 and t he qorrgs ondln% U. S. Patent No. 262, 796, and
the like, also f SOTRFF18f TP IUMaTOPyDE d@iﬁagla%oraﬁp%#ahgrwnim%h
a0, Sxposure OPAiaLbgs AL ArIRATUIIEN: RET AL AL Z3ntCatauiBiion
detection by an alignnent syste can be ‘execute stan

paral | el usi ngopepattderofsthgasrreesi bh Ofh RAALEObn Qfarﬁﬁéf'pdh_@ﬁc&heatﬁge
can be perfornmed using the encoder system described above (refer to
FIG 3 and the2 FReyt Paxiochps ehee by appropriately settlng t he

I t d the | I
Gach el er St age can ke BBHF o Vot SECRG L IE SIHSHERRES PR TReLrrber

above wit hout éBi‘r@&‘@hﬂQﬁan@@t:mQ@i% WreBrhben £ RSN 6f091% Qfl'f@?‘abislon
performed but al so when the neasurenent operation is perforned. But,

5 anot her headgpating hhet cascdle baedsdur begieh:lieledmsthaﬂ:mmteaepeerﬁnmn

may al so be arra ge%g arately fromthe head units described above
(62A to 62D) .°SEbYT FeSng raaged it $henblatiesspPackir issathels

Cross arrangengg{_.r@é@égn Nl 48 07 t&.}go?%geqm&%eﬁ%!f&?@ Sbt3%1hig

center are arranged, and positidn ormati on each wafer s age
WET nay al5®© behereisyyr ead waiegsthgsushead dlsolite antvarif a%Rasdafent
novi ng scal es éGZA to 62Wwhen the nmeasurenment operation is

per f or ned. heeetdian Réfar e§t=a@@r tbpaedexpwﬁpém@pm anudhe flateesst

two movi ng sca s ranged. on eac r. stages,. and when
an exposur e 15J’.>§per at |lona§%l e@rsuremﬁ?gdmﬁ ﬁ’g Eﬁﬁg Gty hj shed,

the other stagendspeémicaitla aﬁxathmfsartwﬂ%ﬁ m%o%ée@iérprin@egmmeon
| i ke have been perforned at a neasurenent position is to be nounted

is placed at a9f esgrisimdeprposhtadrrhel dibfdeetiicm geptane thHae the stalge.

Further, t measur nt ., operation, 2 erformed in araIIeI w th the
exposure operation &geﬁo’f ‘Tﬁef"e&r%?‘ﬁgr“f@f&ét EERFRNTE 12 hAPe¥3KiS

the like by angpld anmenbr St %mg#?thﬂ%tc%%hontrﬂi %HE B&iferd 1#‘%9%%’%&0”

(level difference information t he waf er naya e per
i nstead of thethark edefoeleri on tire |Xneﬁcaﬁemaﬁayorambthet&ta:ﬁmlt&da&sed

det ecti on. | ncidentally, in_each of the enbodi nents above, the
case has been ‘é‘?(ﬁ{“éloﬁ@ﬁt%\ﬂ’l‘éroé W [FdasBess waf the YeptakeErithe Z-pedliRy

perforned on the e W5T s BCHK erval
per f or med usi ng égi‘% Y 6 onl% ;el_c?rjfs%sdutrterr%ehl?ab% QGer RI%TQS?(T Askrddent

20 error of the encoder that occurs due to the flatness of the
scale is corrected. Further, for example, in the cases such
as when the flatness of the scale is favorable, the measurement
error of the encoder that occurs due to a grating formation
error of the scale (e.g. including pitch error and/or

25 deformation of grid lines or the like} may only be corrected
as the scale-attributable error.

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



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 also be reflected in exposure of a wafer to be
performed after that. Specifically, for gxqanple, adjustnent of

proj ection optical system FL can be perforned by adjustnment device 68

based on 10 the_ neasurenent result. Further, in each of the
embodi nent s abﬁgﬁut#eﬁsaéé’ieéé degrege oy ihmgese Ehesoahe itashf dmehines,

stage MST and Q%%ééu@c%mggg?e&géro(fscta?%égg@:?fgﬁq%%E% esllr%ggeo(r}‘:ag}%g‘ leggog%:

performed using the enco system uni escri ove. at

I's, a 15 novabloechodydwhage tResihiéimduibar Matd @achSofbasceBolYmd ies
encoder systemis not limted to the wafer stage.
| nci dental |y, P8s¢rERpdrbaeer sych & rsogileeabriwdiaghe ofrovatan adsagee

WBT, the scal es _are preferabl | aced close as possihle to wafer
won waf er s ag%oﬁ\ﬁ?tpﬁ'eni??lcreélEﬁaﬁé’\ﬂegﬁ%é’ﬂé@ efﬁ_gr sz 161 SEARIHAS er
stage i s increasedrs HILYSE ol 4O r8aGH: _Cfflal@ﬁébé'&%c'lﬂﬁj%gai c@.?n%n@i&lﬂle
X-axis direction and the Y-axis direction, that is a total o our

pi eces of posi pifohhe faarleabiibnalsmytdeéheonshafddipnrimrgsetradd.e at | east
in an exposure operation of a wafer l% i ncreasing the size of the 25
g

waf er stage and i ncridddiRyr theafsehfbe pbrenants faserdiedges the
e anror ol SoEA%P B S oL Pl SRLEETy | IFERIELLP I B
portion of10@ hemscahentprcoht oo wafet e RS F5TSIMG8e VraplAGH B8cion
scal e on the outer side
or the X-axis direction using Y linear encoders 702 and 70C
or X linear encoders 70B and 70D while correcting the
measurement values of the encoders that are obtained from the
head units basedon the correction information of grating pitch,
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 Y head (or X head)
20 and a single Y scale (or X scale), for example, correction
of the stage-position-attributable error described above does
not always have to be performed.
Further, if an error amount of grating pitch of a
diffraction grating, which a scale has, that is caused by the
25 flatness of the scale is remarkably larger than an error amount
of grating pitch of the diffraction grating caused by other
factors, correction information of grating pitch (e.g.

correction map) does not need to be obtained in advance, and

when driving wafer stage WST on exposure or the like, position



198 of the wafer stage nmain section using an auxiliary plate on

whi ch at | east one scale is arranged, the distance between a pair of
scal es arranged facing each other may al so be increased simlarly.
S5Further, in each of the enbodi nents above, in order to prevent
reduction in nmeasurenment accuracy due to adherence of foreign
particles or stains to Y scales 3971 and 39Y2 and X scal es 39X1 and
39X2, for exanple, coating may be applieg fo the surface so as to
cover at least the diffraction gratings, io or a cover glass may be
arranged. In this case, in a liquid imersion exposure apparatus in
particul ar, a lindergatepeldfenafpr citegei WL finl m pradediesoibed ciiateetiiom

the scales (grating,surfaces), .or aliquid r repellent filmmay also be
formed on the g&ﬁg%—ea_x(l&p%eﬁe)%&ﬁ‘&?eiﬁh%?{f?ﬁes gavert {isyay pgmeasured
Moreover, each.sgaberhe &:dRve dhifLactd of ghatidos, bhak: f‘&sa":tue and

consecutively forméd on.the substantially entire areain

| ongi tudi nal dilnéotinaniomoh flor fextmgdLof iHd s6£1¢ ORagentistigs WHYmay
also be intermttently fornmed on a plurality of divided areas, or
each novi ng®sc&Pedrayehe it shst PratetrmingdpliFettion . 20Fwitheral ske

CurnEr L CaghaRl LA, YR e I S338 008,08 sgio

exenplified where an enco raction-n

used as the eneadestadoeakiohbgt PFAsRAb1EINER} QR rrscPPinlimi ted to
such an encoder, and an encoder by a so-called pickup nethod, or a

magnet i ¢ met hodnZsrmeilicr ép drcarsiedce aridhi posiddion bmfomnasdenadl edfer
scan encoder thﬁt iﬁﬁgésclosed in, for exanple, the U S. Patent No.
89|

6, 639, 686 and f My “afeB~Per yEgent directdan Repsursd &ych of

the enbodi 0§Nt $5,808¥ESromtelN8ySLSENSY $n LHSL %;mfn the sensor by the
optical pickup nethod 149 described earlier, for gxanple, a sensor

havi ng the fol |l owi ngrcdeiengatagi on eaay ofl i3 dfodEadnts MakckShed BSove,
configuration which is equipped with: a first sensor (which may be a
sensor by an opffcifagi Eess theRndeUrusehte IacanddiBel acement 5

sensors) that 985&95‘4&9’16&%9%%‘&9} %%l gggn%nv}ayosf hgve to be corrected

simultaneously, but may be corrected individually.

15 Further, in each of the embodiments described above, the
case has been described where the acquisition of unevenness
information of each scale is performed using the corresponding
encoder, 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 is separate from the
encoder.

Incidentally, ineach of the embodiments described above,
for the sake of simplification of the description, main
controller 20 is to control respective constituents of the

25 exposure apparatus, such as the stage system, the
interferometer system and the encoder system, but the present
invention is not limited thereto, and it goes without saying
that at least part of the above-described control performed

by main controller 20 may be shared and performed by a plurality



measur enent - subj ect surface in the Z-axis direction by irradiating a
probe beamto the neasurenent-subject surface and receiving the
reflected light; a drive section that drives the first sensor in the
Z-axis direction; and a second sensor 10 (such as an encoder) that
nmeasures the displacenent 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 firsiy servocontrol node) in
which the drive section drives the first sensor in the Z-axis

di rection based on thelES output of the first sensor _so that a

di stance in t h&TABEFELIFFErt FBR FerRL.n A HE ANt At *habpesforms
surface, for exagpkéntidie o%UgBEQP ﬁag%h%ﬁcéﬁc? apd 1ihe %Aéf& 0%9‘2§8T
an nod€) i n

is constant at all tines, a node (a second servoconfro

whi ch the targekagaterentf vihees esOntleSensRier Sygt&en theom hslte and
outside (the controller) and the drive section naintains the position
of the first s&RSotnheriefemgeRisysdiencnay &ie soramzad uhdeneduceneml

| f th d, i ngi.d ith the t t val ue. t
e of e B RGP SRR o R A L Pk M AR ke Bphio
section (secongesedsmdd HARabE @ntusAdeas2b heoutRuyt aPJJa}tsh%a%eS'té‘ﬁ%a )

e

and in the case of the second servocontrol nobde, the output of

first sensor camabézed byl rdwacepuiyiuit olaytihe réadbnsdin deftivherswide

t he case such gaz sensaor is used and an encoder is enPoned as the
1

second sensor, “¥& SCUEIHEERAELEE™ LRk $5ohaR APSFABIIHAT BRINEPBEre Ife
150 WBT (waf epgt [ j [ X .d es.of f

can be measur ea Ut RETTNG Souedtr CPGrPRLee ML oA S d pd 8RR
enbodi nent 50 abovetreék dshdsZdseesied akBsers by ot her detection

met hods can al so be enployed. SFurther, in each of the enbodinments
above, the confi gur dficdAeBRA 1 hetko BRI AT ion andithe Bl dqepent: of the

i nterferoneter re.position informtion of fer. stage T

are not linmte m%%&‘%%gﬁ g?)%?’l SUF at TS S8R E R &8 Flﬁatt;ﬁ%nmlﬂletsl@rog%%

above. Any coniiygtembhannang saikos GOSNk Qe Sfbddi®ents are mexely

interferoneters nmay be enployed as far as position information of

waf er stage WSFxamplhs,eand bhgoes Wéthowasayheg rbat the peetedt devtntiorof
oi.nt js that _a measurenent

t he encodey_ syst emtg.%%e rre%shur ed._The ] ¢
devi ce (re%‘_%r di 8884 of E?Iifg_r i SFUSF RN etbRRERPS the RPN
measure positi Qﬂoxgé, iRk otmt hog b%fen\l\@{ plﬁ.tfﬂga Lo 4§ 1E6E IYO%]éa]hes
ot her than the nmeasurenent direction of 'the encoder system only has
to be equi pped3tn addi B8DON usedt Ber entoodenxsystitredsser pbbetk alove. For
exanpl e, the above-described Z sensors nmay al so be used as the
measur enent deWgagirement 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 622 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
38Y; and 39Y; for Y-axis direction position measurement or X

scales 39X; and 38%, for X~axis direction position measurement

may be arranged alone, not in pairs on wafer table WTBR, or



20Further, in each of the enbodi nents above, the Z sensors are to be
arranged besides the nultipoint AF system However, for exanple, if
the multi point AF system can detect surface position information at
exposur e-subj ect shot areas of wafer Wwhen exposure is perforned,
the Z sensors do not always have 25 to be arranged.

Incidentally, in each of the enbodi nents above, pure water (water) is
to be used as |iquid, however, the presepi,inventionis not limted
to this as matter of course. As the |IQUId2, liquid that is chenmically
stabl e, having high 151 transmttance to illumnation light IL and
safe to use, sEPRYaN% PepdoyrHeofont éleﬁ*lsﬁgeﬁfé?lt PR g haag lbblt@s@%ﬁ

As the fluorin ner.t. | exa | e, Fluqgri t he
brand nane of %ﬁ}]ﬁLF ('fae%l @?a{iesn)l (S:’aér;l & Hséﬁ) afrangeg ér’
f 1 uori ne- cont aithiengi #dfibonl iqu#hdchSt@ §ea§é§9alﬂe69£rér[ BQEerQﬂda i
cooling effect. Further, as the liquid, liquid which a refractive

i ndex hi gher t kae cpmeect\mmem (whichfriechewd unidexars aan:eugeld Ex4éhdidopr

exanpl e, uid havin actlv i ndex equal ,to or higher than 1.5
may be used® herEiiet tButEs BT anthaptiet of leRiphe Supot e Ant kL

|iguid having ket ool ngh0tpg- B0 sBuely a5 Lsopsapanelfievi ng 2

refractive i ndex of about 1.50, glycero glycerin) having
refractive i ndembofiiredrtist abo6éd, Butpreedet aste nes Yd @lilrdc{DcBrgﬁrﬂh@t

sol vent) such as hexane, heptane or decane, or decalin 15

(decahydr onaphtREPEFRIt RAGR PEHETY effiiasheTe hmo@er:@rdlabbmecj;leo ofoghe

the like can b |veI & I| gqui d obtained b

arbitrary two g%f%géeimﬁ ig% abo escrl éﬁe‘f)fr’eodleoég %%‘?v)all t(?w g’é
may be usedp Oﬁ_nﬁei:$ébﬂldlg()’b§@.oﬂ%@t@&hﬁé’p'dﬂgeémé(ﬂ @@)eéé}?scale, and in
predetermined liquid to (with) pure water 20 may al so be used.

Al ternativel y, this casel |aqnmra3mﬂm qﬂh&adbtcsﬁ hmicta;trastnhwgngrheamg)lt
base or acid suc - to (with) pure

wat er may al so Bgyf}’sae tﬁ/bl?‘:é&\f&angﬁdl*’h&h& 81)’6%1 ‘Héiﬂ‘ B§t]é?ﬁffrﬁ’gl o the
(mi xi ng) Dartigéﬁf'od}if le@&w@nogf tdl%fh:hggléﬁ)gf: &H? %tﬂ@l-er

al so be used. 25 These liquids can transmt ArF exc aser t.

Further, as thbeadquiid, maiyghate avplcithasta Gﬂﬂidadabsﬁﬁtptaﬁ"l arranged

coefficient of light, is |ess tenperature-dependent, and is stable to

a 15 witHout clearance(s) in adirection orthogonal to the periodic
direction of the diffraction grating.

Further, in each of the embodiments above, the case has
been exemplified where the encoder system is employed that
has the configuration in which a grating section (the X scales

20 andthe Y scales) are arranged on the wafer table (wafer stage),
and so as to face the grating section, the head units (the
¥ 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. In

this case, when Z sensors are also placed on the upper surface



projection optical system (tip optical nenber) and/or a

phot osensitive agent (or a protective film (topcoat film, 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 |ight
source, fonblin oil may be selected. Further, in each of the

enbodi nents above, the recovered 5 liquid may be reused, and in this
case, a filter that renoves inpurities f{pmthe recovered liquid is
preferably arranged in a liquid recovery unit, a recovery pipe or the
l'i ke. Incidentallg, in each of the enbodi nents above, the case
has been descriBedPfnEFEcY RS 3gRpokRf - HpsdmahsLonal Frptdnss (@F

i nrer si on type o] 8 Vers, . pres ioventiQn i
not 15 mited { heret oy ARG, YEaccl Selpbit BT Gk LY FA e e

exposure appar ataySalddibepesdd=Ebt RX PRFUEEt Dbn W€ hcd¥ WiHbhopé Fld AUt se
(water). Further, in the each of the enbodi nents above, the case 15

has been descr iMgegdupesnt tigangr Examtthiengesgnsnrsi.s Amy iledthe crse the

scanni ng exposure ar at.us a_step-.and-scan nethod or the |ike.
onover ) tnB o PREefPE Th G Bl SR e bRl lnIRe, Thutmsigyest <o

be applied t0 8a5188iLy SHPASHr S1iAPDH AHMSeSUEH @5 15l BRPEI or FBpen
with the stepper or the |ike, by 20 neasuring the position of a stage
on whi ch an obgmbbdindgter abboeexpofiyr stagenIsNtach bl dgl eac aderche
occurrence of Eosition measurenent error caused by air fluctuations

can be nini m z&@G2SHEFIHHL PAFPSEIR 2B1AGS FIGRMeSPa99d ehithediapsurppent
becones [Poss! Dbe1L0 SPlerknenDORll AR Pled N LRI WH" 1L Bl PL 6 ShON

25 baseq on_the nmeasur enent  va s of "t'he encoders and &a _
correctionionfecansi owmidaseiiiHede pdoMe, WAtk AStAgE WITCEME BECdr RictM 1Y

accurate transfer of a reticle pattern onto the object can be
perforned. Fureh@esined qressheniviidntiioh eepuzrasd usénepphé exhdoden,
reduction proj %nggurL]t being affected by the unevenness of the scale.
Incidentally, ineach of the embodiments above, rotation
information in the 6x direction (the pitching amount) of wafer
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 Z sensor(s) is/are
arranged adjacent to each head of head units 62B and 62D,
20 similarly to head units 62A and 62C, and the pitching amount
may alsc be obtained from the measurement values of the 2
sensors that face X scales 398, and 39%9X:; respectively. With
this operation, position information of wafer stage WST in
directions of six degrees of freedom, that 1s, the X-axis,
25 Y-axis, Z-axis, BX, Oy and Bz 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 Z sensors may be performed



153 exposure apparatus by a step-and-stitch nethod 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 opticahssystemPL is not only a
dioptric system 10 but also may be either a catoptric systemor a
catadioptric systen% and in addition, the projected i nmage may be

ei ther an invert%d®Hage bre Eﬁpﬁf)‘r"i'%ﬁpe?:ﬁﬁb@' %F@d«?@rln the @é@é@ﬂﬁ%
area to which 'dl_yje‘ifa“tﬁ'%' O }d9Rhe! Fodid n{arp?i ﬁbggeéf/él@ogr ggsg

optical systemPL is an on-axis area th I'ca aX|s AX
within the fielahrafieptoj ection optical system PL. However, for
exanple, as is disclosed in the panphlet of International Publication
No. WO 2004/ 107011, Phetléepoéur eacgh eaf rﬁh@ amb@dmera:w ebbvexithear ea

t hat does n@t | Iudeotlc aX| ar to a so-ca I|n
type cat adi g’pt f"?agsgﬁrt“en% v gueﬁ ﬁx ?nmefhs%%e&bf‘f’%aw E?s‘i"errﬁe‘:te

(catoptric 5ysuﬂ@aarorpﬁhédio@ﬁb&tfoﬁIﬁk@f‘i}za’éfgﬂ aB8Se M 8 1iQH! £ELLRD
surfaces and forns an internediate i mage at |east once is arranged,

and whi ch has &hsimzdsimgpentarraxi of thardriwdert syes tdm, Ui iai bemuay eae
and exposure area deécrl bed above_are to have a 25 rectangul ar shape.

However, the sipe's §1rptagsmant e Fef%&t&ﬁsm% (r%]tﬁt grd@cpment

Incidentally, a |ight sourc e exposure appara us eac
enbodi nent $0aberedésennindd Hltéﬁkidm.HHENH&&ﬁ wafer stage WST is driven,
is compensated. However, the present invention isnot limited
thereto, and for example, a target position at which the
position of wafer stage WST is set may be corrected based on
the correction information described above, while driving
15 wafer stage WST based on the measurement values of the encoder
system. Or, in the exXposure operation in particular, while
driving wafer sage WST based on, for example, the measurement
values of the encoder system, the position of reticle stage
RST may be corrected based on the correction information
20 described above.

Further, in each of the embodiments above, only wafer
stage WST 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



154 excimer |laser, but a pulse laser light source such as a KrF

exci mer l-aser (output wavel ength: 248nnm), an F2 | aser (output

wavel ength: 157nm, an Ar2 | aser (output wavel ength: 126nn) or a Kr2
| aser (output wavel ength: 146nm), or an extra-high 5 pressure nercury
| anp that generates an em ssion line such as a g-line (wavel engt h:
436nnm) or an i-line (wavel ength: 365nn) can al so be used. Further, a
har noni ¢ wave generating unit of a YAG I r or the |ike can also be
used. Besides, as is disclosed in, for exanple, the panphlet of

I nternational 10 Publication No. WD 1999/46835 (the correspondi ng
U.S. Patent Nointeggereugher dlkar noni ¢ wave, which is obtained by
anplifying a single grh laser_beamin the infrared or visible

- wavel

range enitted by a D%_Q@/%@r%ir’]pﬁhﬁﬁg o?f_ Fageﬂ”b(??l‘?‘?%@ a_P%%r the ARULAT

ultraviolet |iglbn dpihidell Qﬁér@@l'eh%fiféd ga‘}gﬁgr%%l"!gﬁaﬁenfco%s?é%@ﬁ&
brum, an y C t e

erbium (or both erbiumand ytteri nverting

wavel engt h i nt doukt navalleetsekbgliary A NgnmeAONystRms apki 6lippenst ahd
may al so be_used. Further, in each of the enbodi ments above,
i1umnation | PGREMMENbMaTks axperint i@ppsr at iennentnshot | aneasd opothee

l'i ght 20 havin I q o.or nore.than 100n nd.t.is
needl ess to saga?ﬁg'%\é%h%@%%het% Jr%llg\L/tll’lngseéquv(\e/z]ﬁt]\c/:8I ehr?é:t h° Ipécggg% H%ﬁ tﬂf'oﬁ%ﬁ’e
may be used. Fanigxaemt €ystlng ECEBLeYEA) SheldtRndBEy 12 iGXROSE sPstems

pattern equal to or less than 70nm an EUW (Extrene U traviol et)
exposur e appar demetihane pakenoaabBeRavd taegluaben Ebsd @seiargs 1a ghinghit

source generate _apn EUV light in a soft X-ray range (e.d. a wavel ength
range from5 tayige%)“}aya?fﬁ ﬁg%sn'ﬁrﬁ?‘:tﬁ'al ThefRodati of 'r}é%h@tti dRadptIEl
system desjgned; uadednt RGsSXROSIIE MRAVELENG! D1 ( Sndlent! Ba2RE) oAyl B

reflective mask has been devel oped. In the EUV exposure apparat us,

the 155 arrangehentas rtorbechrsamged.ng exposure is perfornmed by
synchronously scanning a nask_and a wafer using a circular arc

iI1um nation can be X¥6HEPRERELY difd eBREr ef fhe ampedpperiehtabioNgenthon
| b i I - .
can al s0 be Su!a;t é&'rela%%gﬁ?gtﬁg éﬂﬁ%pgg %%%Sryﬁraesu%eﬁggg r?éa)"ge MST

Besi des, the present I'on ca € applie 0 "an” exposure
appar at us t hat sgs@satdiar gedmpaatd £l aReawsT UL RS i8NsShERiy @3 bgam

or an ion beam Further, in each of the enbodi nents above, a

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, Kokal (Japanese Unexamined Patent Application

20 Publication) No. 10-214783 and the corresponding U.S. Patent
No. 6,341,007, and the pamphlet of International Publication
No. WO 98/40791 and the corresponding U.S. Patent No. 6,262,796,
and the like, alsoin a twin wafer stage type exposure apparatus
in which an exposure operation and a measurement operation

25 (e.g. mark detection by an alignment system) can be executed
substantially in parallel using two wafer stages, position
control of each wafer stage can be performed using the encoder

system described above {refer to FIG. 3 and the 1ike). 1Inthis

case, by appropriately setting the placement and the length



transm ssive type nmask (reticle) , which is a transm ssive 10
substrate on which a predetermned |ight 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 nmask, an active mask 15 or an inmage generator, and
i ncludes, for exanple, a DVMD (Digital M £§n1rror Device) that is a
type of a non-em ssion type image displa§ evice (spatial |ight
nodul ator) or the like) on which a light-transmtting pattern, a
reflecti on pattaf eacbrhead emissimrsigdbhecontolf ofneaclacadedi sigadeocaf
el ectronic data of the pattern that is _to be exposed may al so be

used. In the c&SePeEtHrued/uringdFhe snspaer Fyskendassadbed abpygearighout

whi ch a wafer, I t | ] i t LS, nned w.t h
respect to the a\?lg?{: a%i geéj,sﬁgggg&%@-ﬁe’n %ﬁ% e%‘ﬁ’ggg?%roggr8§l$r€§§ﬁ%rr;f§r{nﬁ%
position of théust agso usidigthheneisueesefer o thyndis WG olhed st 8ge,

based on the neasurenment values of the encoder and correction

i nf or mat i onSac@dCHNAY Berpowiiti bhat rdaw et beadoduting thagmeasunement
non- neasurenent__direction that | s neasured by the interferoneter, ,the
ef fect equi val é’ﬁ’tertagl?rﬁﬁayo? seoa%ﬁ a(ffraflﬁﬁgegr?ﬁ%‘alaﬁﬁﬁ}{ r&ﬂo’ﬁbe g‘gifﬁélts
156 obtained. gescribedH¥d¥el (688 15 68bFC! G820ekmpIOr BYAMUL

panmphl et of Inter ng%i rEl)nal Publ(i cation I\ES) WO 2801/%35168, ?%e p}lrelggsﬁt
invention can &hst dee gipkeedint tharcmeposurangdEatabysuting bhdegr apdy

system) that forns |ine-and-space patterns on a wafer by formng
interference fALAGEReRN SYSECRAFLAS 1ts centeymneopErangath prR@Pesition

R g S e SN L NI
system and al mikese head units and corresponding moving scales {623 to 62D)
when the measurement operation is performed. In the twin
wafer stage type exposure apparatus, at least two moving scales
are arranged on each of two wafer stages, and when an exposure
15 operation of a wafer mounted on one stage is finished, the
other stage on which a next wafer whose mark detection and
the like have been performed at a measurement position is to
be mounted is placed at an exposure position, in order to
replace the one stage. Further, the measurement operation
20 performed in parallel with the exposure operation is not
limited to mark detection of a wafer and the like by an
alignment system, but detection of surface information {level
difference information) of the wafer may also be performed
instead of the mark detection or in combination with the mark
25 detection.
Incidentally, in each of the embodiments above, the case
has been explained where while each wafer replacement is being
performed on the wafer stage WST side, the Sec~BCHK (interval)

is performed using CD bar 46 on the measurement stage MST side.



10 simul taneously perforns doubl e exposure of one shot area on the
waf er by one scanning exposure, as is disclosed in, for exanple,
Kohyo (published Japanese translation of International 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 (Ilithography
systen) described above, and for exanpl ej4it he present invention can
al so be applied to an apparatus that forns a pattern on an object by
an ink-jet method. 20Incidentally, an object on which a patternis to

be fornmed (an GBFE¥ET s lijSe e xifismtdor ol siiath laniberigy thaam anrd
rradiated) inotheaboveidescribed, sihadi nents and gedLlied exanpl e
is not limted to a wafer, but nmay be andther  obj ec Lekh a0y gl ass

plate, a ceramicleMbsddcd @eadutéhéntyEMagEa? 5 gl mBBSKrdhGHHK .
The usage of the exposure apparatus is not limted to the exposure

appar at us usedvRgefpemuthber tatilog mavivcendat tod teviidesnayThe pprésemid

invention can be.w dely applied alsqo to, for exanple, an exposure_
appar at us f%r_ Ente a@i%ﬂeﬁguﬁ'ﬁ%iH‘Stfsl_‘f‘eEF?st%ﬁasd’ir§B?’é§z RRHsEEd Qi ch
transfers a | iGUbOurdnetiabedbsrydd, daK ehe AALIRIANENE Srdbul may also

squar e- shaped gl ass plate, and to an expo' sure apparat us

manuf act uri ng begafilecEkd inhixpdshreomgretfiee thaessdser frmgidgr tavi ges,
(such as CCDs), 5 mcromachines, DNA chips or the like. Further, the
present invent PBRCEEFaIYe FRF &5FMPLE t%ﬁalﬁt@%‘@s%f-r prajgriraruerteal

% ey, Bibkin AL bR AL, IR, 8 0 SRS
but al so when phedusisigetehe! fdtar
Further, in each of the embodiments above, the scales
may be arranged also on measurement stage MST and position
control of the measurement stage may also be performed using
the encoder system (head units) described above. That is, a
15 movable body whose position information is measured by the
encoder system is not limited to the wafer stage.
Incidentally, in view of decrease in size and weight of
wafer stage WST, the scales are preferably placed as close
as possible to wafer W on wafer stage WST. When it is allowed
20 that the size of the wafer stage is increased, however, two
each of position information in the X-axis direction and the
Y-axis direction, that is a total of four pieces of position
information, may be constantly measurable at least in an
exposure operation of a wafer by increasing the size of the
25 wafer stage and increasing the distance between a pair of
scales placed facing each other. Further, instead of
increasing the size of the wafer stage, for example, by

arranging the scale so that a portion of the scale protrudes

from the wafer stage, or placing a scale on the outer side



10 ‘a mask used in an exposure apparatus such as an optical exposure
apparatus, an EM exposure apparatus, an X-ray exposure apparatus,
and an el ectron beam exposure appar at us. I ncidental ly, the
novabl e body drive system and the novabl e body drive nethod of the
present invention can be 15 applied not only to the exposure
apparatus, but can also be applied wdely to other substrate

processi ng apparatuses (such as a |aser ggpair apparatus, a substrate
i nspection apparatus and the |ike), or to apparatuses equipped with a
nmovabl e body such as a stage that noves within a 20 two-di nensional

pl ane of such &F &hgosrisoRtaeetTaig apphian 0 ingr as FueilddarvPRtR PR
bondi ng appara L.n_other_.precisi machi_nes. Further, the
exposure appar éﬁié:h( ?ﬁei}%%stt?é)r%% Sé)%at:isor?rgﬁrﬁ%?%’t dgy° Fﬁsé%%%e Siet¥ReEn
enbodi nent s abevgais HRNEAGERHaRFePYrRIBGMOAEN D AR BHS also be
subsystens, which include the respective constituents that are
recited in the igiczersedfsimidaplgsent application, so as to keep

pr edet er mi ned nechanjcal, accurac elLectrical accuracy and opti cal
accuracy. IE order to'% r’el?ﬁéz:g‘ Q%ﬁ%(?ﬁquﬂd%e“&is N fradl, omierot
and after 158p&ﬁ%eﬁ@SfEGHdﬁioﬁthSﬁéggﬁrehgnéc£%éﬂgagyhgHQpE6c%q%grence

accuracy for various optical systens, adjustnent to achieve

nmechani cal accwfatyréign vartbdobesreahabatnd toy gt &Elesa8dYAdndSEPBNEN O
achieve the electrical accuracy for various electric systens 5 are
perforned. A profededf3dssanbiiTg, vERT c¥3mBLSs yatadiEg] Re Reapplied
exposur e appar i S hanj cal necgti.on, . W ri connection
of electric ci r%%w esé,]ﬂpflé%%nsg({%%ﬁﬁe@gf oo eaps(rsce%%eu?le c]farccr% PESTaRE%F he
li ke anonglyar b@us dotReSgDiss$ wRSYBé eifrandead! ess thos Sike, afh a5 3eHRl &
process of 10 individual subsystemis performed before the process of
assenbl i ng t heipagroicn AXPOFLrenspranadushen exposiag azppar ktqsid Wien

t he process of _ass lin he vari gus subsyste into the exposure
apparatus is c5%?gf%bt, pgcoﬁ:(?fﬁf'v%d‘ipﬂé'l HEHt Xf%o%%’?ﬁ@ﬁ AhFhrasrates
ki nds of ACCUr qG¥adnd e 8akbEE, XPASYIEuIe ARRANRNLYS A ﬁ%ﬁ%p@g-be
Incidental ly, the nmaking of the exposure apparatus is preferably

performed in afolmed grodmenseréatde(uppepesatfdeas) dfetHegt@eewiglass.

cleanliness_and the |ike are controlled. _
15 Moreover, each scale is to have diffraction gratings that are

consecutively formed on the substantially entire area in its
longitudinal direction, but for example, diffraction gratings
may also be intermittently formed on a plurality of divided
areas, or each moving scale may be constituted by a plurality
20 of scales. Further, 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 may also be used, and in addition, a so-called scan encoder
that is disclosed in, for example, the U.S. Patent HNo.
6,638,686 and the like may also be used.
Further, in each of the embodiments above, as the 2

sensors, instead of the sensor by the optical pickup method



I nci dental ly, the above disclosures of the various 20 publications,
the panphlets of the International Publications, and the U S. Patent
Application Publications and the U S. Patents that are cited in each
of the enbodi nents above and rel ated to exposure apparatuses and the
| i ke are each incorporated herein by reference. 25Next, an enbodi nent
of a device manufacturing nethod in which the foregoi ng exposure
apparatus (pattern fornmation apparatus) ié%used in a lithography
process will be descri bed. FIG 35 shows a flowchart of an
exanpl e when manufacturing a device (a sem conductor chip such as an
| C 159 oranLSldesgribedicgardigst formussiplea a0SBnser having the frddosing
head, a m cromachine, and the like).. As is shown in F|G 35, first
of all, in ste6’°£‘61g’(‘ﬁ%€’r°dh“§é’e §§?3 R aten E%t o f GL%ﬁ@g%PBﬁO%f
device (such agngichCid tegqgﬁwal w3tn? asmgerm%er@%\eh&ﬁay b8 a sensor
performed, and pattern design to realize the function i1s “perforned.

Then, in step 2Q2afinaskicEnpiagtprieihet ep) otReragkt iealwhi bl ddement
designed circuit pattern is formed is nmanufactured. Meanwhile, in

step 203 (waf e RaAET hcthih RETIFRPYY neagsr Ehe| displaerrentred auisi ng 10
materi al s Sucr‘m@?sﬁkéﬁ&?@*sub&'eg{:'ﬁes | e k0 ?ﬁgpz_zq&ﬁ(\@?];gét I 0¢essing

step), the actual circuit an e are forned o e wafer By

l'i thography or ithediikind @ pré®eBREmt @t Hel hba Her HRve-EBfe @@k face
using the mask and the wafer prepared in steps 201 to 203. Then, 15
in step 205 (dépfcEecedyéndtpestafdectddviightassdnisry sest ey foatnddives

using the wafer,processed in st Zgﬂ. St 205, i ncl udes processes
such as the di ¢i'ig P ocBTd°% ﬁ%q%‘(?n |?f§li)§85%§§3;°rhnan ﬁesgﬁ%éFﬂ@or
process (chop ¢BGaRSaH ald @RLodaPH (e hbKeu e HEEeSSALdement of the
first sensor in the Z~axis direction. In the Z sensor having
such configuration, the following modes can be set, that is,
a mode (a first servocontrol mode} in which the drive section
drives the first sensor in the Z-axis direction based on the
15 output of the first sensor so that a distance in the Z-axis
direction between the measurement-subject surface, for
example, the surface of the scale and the first sensor is
constant at all times, and a mode (a second servocontrol mode)
in which the target value of the second sensor is given from
20 the outside (the controller) and the drive section maintains
the position of the first sensor in the Z-axis direction so
that the measurement value of the second sensor coincides with
the target value. 1In the case of the first servocontrol mode,
the output of the measurement section (second sensor) can be
25 used as the output of the Z sensor, and in the case of the
second servocontrol mode, the output of the first sensor can
be used as the output of the Z sensor, Further, in the case
such a zZ sensor is used and an encoder is employed as the second

sensor, as a consequence, position information of wafer stage



20Finally, in step 206 (inspection step), tests on operation,
durability, and the like are perfornmed on the devices made in step
205. After these steps, the devices are conpleted and shi pped out.
FIG 36 is a flowhart showi ng a detail ed exanple of step 25 204
descri bed above. Referring to FIG 36, in step 211 (oxidation step),
the surface of wafer is oxidized. In step 212 (CVD step), an
insulating filmis formed on the wafer sygdace. In step 213

(el ectrode formation step) , an electrode is formed on the wafer by

deposition. In _step 214 gion 160 i npl antation step), ions are
i npl ant ed i nt o "t 'VRFST LA AT ImEiapebvirng epsixideqrsesiaf freedom

constitutes the.prfs OGRS s‘frf?:_ﬁ'%h%t afE,8L, e S£trPe{rQC§ﬁséQ%1 e
0S€ age.

t he necessary processing IS ¢C and 1S executed at ‘each’s

5When the abovenBieatnédesapoee ProaDSSE 88H60L ) seASHrSha@ehet aie@kion
process, post-process is executed as follows. In the post-process,

first in step Peshedastan Flsonke omrkawsgs)., a photosensitive agent is
coated on the wafer._Then, in stqg} e ste the circuit

. 216 )
S eoéf 5??‘(%)(; ‘gﬁ‘g‘gﬂw&%‘?o‘f%e posur e

pattern of the mask 13§ 16 7rAsFE

apparat us (pat t-ghBi§@rdBidORnAPPRE AldiDindeichi bed dave: and Jhe
exposure nethod (pattern formation nethod) thereof. Next,” in step

217 (devel opnenntstrépiomdtireswahet ndwmaturkapobietiore xpds edat sordeekkaped,
and in step 21%ﬁéetching step%:n,51 an exposed nenber 15 of an area ot her

than the area wheP® TEsi%t® ekt L Ged fonbhedcHFigterthen amterthein
step 219 (resi ghobeIDV 0 SEER) e8I R ﬁo% don rEGIPL AL 8T ankiNEny

t
resist that is no longer necessary 1s re
10 combination of the interferometers may be employed as far as

position information of wafer stage WST in directions other
than the measurement direction of the encoder system can be
measured. The point is that a measurement device (regardless
of whether it isaninterferometer), 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 % 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



By repeatedly perform ng the pre-process and the 20 post-process,
multiple circuit patterns are forned on the wafer. By using

t he devi ce manufacturing nmethod of the enbodi nent descri bed above,
because the exposure apparatus (pattern formation apparatus) in each
of the enbodi nents above 25 and the exposure nethod (pattern
formati on nethod) thereof are used in the exposure step (step 216),
exposure wi th high throughput can be perfgfned while maintaining the
hi gh overl ay accuracy. Accordingly, the productivity of highly
|ntegrated m crodevi ges on which fine patterns are formed can be

i nproved. 161 HRBSBTRFARCABOLI A inptyon light Bk gngl gate tiopese abuve,

the novabl e body dricyg,sysie i ggP%QfdﬂP$Qbﬁ§gg [y ve tgggegf éﬁ|the

pr esent i nvention are suitab I VI ng m)va

novenent pl ane.fiEvkihercodtharpayt enerd arlr@tluonf@pwaabué aﬁﬂléﬂ?xert
pattern formati on nethod of the present invention are sultabl e for
form ng a pattditfeohrand objmecof BYrPvicdratbiSsatehe @pbsuneedppdhat us

o[ e expgsuyg, e hotko A e, BT RN ACL et Lna s hod Bl
162 CLAI M5 point of cooling effect. Further, as the liquid, liquid which

has a refractive index higher than pure water (a refractive
index is around 1.44), for example, liquid having a refractive
index equal to or higher than 1.5 may be used. As this type

10 of liquid, for example, a predetermined liquid having C-H
binding or 0-H binding such as isopropanol having a refractive
index of about 1.50, glycerol (glycerin) having a refractive
index of about 1.61, a predetermined liquid (organic solvent)
such as hexane, heptane or decane, or decalin

15 (decahydronaphthalene) having a refractive index of about
1.60, or the like can be cited. Alternatively, a liquid
obtained bymixing arbitrary two or more of the above-described
predetermined liquids may be used, or a liquid obtained by
adding {mixing) the predetermined liquid to {(with)} pure water

20 may also be used. Alternatively, as the liquid, a liquid
obtained by adding (mizing) base or acid such as H', Cs*, K%,
Cl~, S04*", or PO* to (with) pure water may also be used.
Moreovex, a liquid obtained by adding (mixing) particles of
Al oxide or the like to (with) pure water may alsc 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

photeosensitive agent (or a protective film (topcoat £ilmj,



1. An exposure nethod in which an object is exposed with an energy
beam the nethod including: 5nounting the object on a novabl e body
that can nove in at least first and second directions that are
orthogonal within a predeterm ned plane; and driving

t he novabl e body within the predeterm ned pl ane, based on neasurenent
I nformati on of an encoder system 10 in which one of a grating section
and a head unit is arranged on a surfaceisd the novabl e body on which
the object is mounted and the other of the grating section and the

head unit is arran faci t he,surface_ of _t he novabl e body and

whi ch measur es aﬁ’o?ﬁ??ﬁﬁﬁ%ﬁ%"ﬁa??%’ gt (e MbiabI a6y i HH Furheces
predet erni ned plrageya@dd based QrabAtor mbian,on f katness af, %hﬁase
grating section. 2. The exposure nethod according to al mi,
wher ei n is used @hetovudbhe boded,s fanbyien @illsmabasedsdlrected.

information on a formation error of the grating section. 203.The
exposure met hod accoff it otrceashri thirepxiddments above, the negevered

novabl e body i s.dr.i d Qsi.t.ion_infaqr i an_of _ the
novabl e bodj% i %lgﬁé%{?%éﬂ)%gr%%éﬁérae% E?ftoh_rﬁst 251 Pst” Ay E%%%r‘f&mwes
directions. 4. ifperexpes frenEhdedca¢esedindntia £ Yr@rdra¥he=8irAnged
25t he novabl e body is driven also based on inclination information of

t he novabl e bodp @i thapkdmecoveny tireltpr edeceoneriedipeane. the like,

Incidentally, in each of the embodiments above, the case
has been described where the exposure apparatus is a ligquid
10 immersion type exposure apparatus. However, the present
invention is not limited thereto, but can alsoc be suitably
applied to a dry type exposure apparatus that performs exposure
of wafer W without liquid (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 alsoc 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 likewise. 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



5. The exposure nethod according to Claim1, wherein the novabl e body
Is driven al so based on 163 characteristic information of the head
unit that is a factor causing a neasurenent error of the encoder
system 6. The exposure nethod according to Caim1l, wherein the
grating section is arranged extending in the 5 first direction as a

| ongi tudi nal direction, the head unit has a plurality of heads pl aced
at different positions in the second direg3ion, and position

i nformati on of the novable body is neasured by a head that faces the

grating sectio al it f heads.. 107. The. exposure
met hod accordiEggﬁ%ug%a%$ﬁ%f§€5$e%§i% ékep g%% Stlgéhtqégqﬁ a?ﬁ%

section is arraygedesnzas aUSHKACEr64 anB\vABhE: Bedy, a@ln@xgab%&eﬁ%a%i:hs
is arranged facing the surface of the novabl e body. The exposure

met hod accor di ®y BorPCPaimitl matbedi ne ISy ofrupt bpectisinnglagness wre vkeat
systemthat ne s§res position information of the novable body in a
third dfrection™ thogonal to the predeterm ned plane by a sensor

that faces ghe grating-GRGL @ﬂeoﬂégﬁfi%aﬁkaﬁa&ft%eﬁgrggeﬁgiv%%%gg%

on the same side as the head unit, a position of t
in the third disyetemom itheconpooliedpbaseth®i nneashireient éncrimehton
of the measurenent system
above is not only a reduction system, but also may be either
an equal magnifying system or a magnifying system, and
projection optical system PL is not only a dioptric system,
1¢ Dbut also may be either a catoptric system or a catadioptric
system, and in addition, the projected image may be either
an inverted image or an upright image. Moreover, the exposure
area to which illumination light IL is irradiated via
projection optical system PL is an on-axis area that includes
15 optical azxis AX within the field of projection optical system
PL. However, for example, as is disclosed in the pamphlet of
International Publication No. WO 2004/107011, the exposure
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 reflection 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 circulaxr arc, trapezoidal,
parallelogram or the like.

Incidentally, a light sourxce of the exposure apparatus

in each of the embodiments above is not limited to the ArF



9. The exposure nethod according to Caim8, wherein

t he neasurenent system neasures position information in the third
direction and inclination 25 information of the novabl e body by a
plurality of sensors that face the grating section. 10. The exposure
met hod according to Claim@8, wherein out of position information of

t he novabl e body in directions of six degrees of freedom position
information 164 in directions of three dagrees of freedom i ncl uding
the first direction, the second direction and a rotation direction

wihin the predelanminedool ane s Seasied by e easoder, sxsiem apd

position information’in direction

of freedomis neasiueedl et f@@uﬁmswéﬁéﬁﬁgtfhysiﬁﬂm)llan-EQQa%éﬁ?O&}ﬂlﬁtﬁut
met hod according to Caim 10, wherein a position of th

novabl e body at%‘@é@ﬂ%"ﬁhenlfﬁ’@rﬂor am frzaha expdsut pub pervaliength s 126nm)

control |l ed based on_th asured osition infaormation in _
directions of 1% 2dEg? 3@?86 ?‘f?éﬂzoﬁgvelength‘ 146mm), or an extra-high

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 fiber amplifier doped

15 with, for example, erbium (or both erbium and ytteribium),
and by converting the wavelength into ultraviolet light using
a nonlinear optical crystal, may alsc be used.

Further, in each of the enbodiments above, illumination
light IL of the exposure apparatus is not limited to the light

20 having a wavelength egual to or more than 100mm, 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 v_vavelength {e.g. 13.5nm) and the reflective mask has

been developed., 1In the EUV exposure apparatus, the



12. The exposure nmethod according to Claim8, wherein

in addition to the encoder system and the neasurenent system a
position nmeasurenent unit that neasures 15 position information of
the object inthe third direction is further used in a nmeasurenent
operation of surface position information of the object. 13. The
exposure method according to Claima8, wherein t he
encoder system and a mark detection systesg 20 that detects a mark on
the object are used in a detection operation of the mark. 14. The
exposure met hod accor di to Caiml, wherein: i n order

to drive the nfi‘\féﬁ?%erb in HBIAR ASCAEES SKRAP B FR SR BECRIRS dCoder
SySt em I S used SIYHCH'PO %%%HEE:LI? eJ %Is%naggda %'&r SQEIID a Clrcular

informati on of an inter met er stemthat neasurés pos

i nformation of athe lrnvahheihodynibe @indidesed] Badfdhegbrans, ﬁﬁ@@&dsent
directions is used in an operation different fromthe exposure
operation. 15. lmﬁén’é;@bsqﬁﬂe aﬁé?h‘é@i %@(’E@Péwngmble@ gonsud) athexppaure
165

he reagure nformation of the enc ef

i's used in 2 dech%l on ope??ﬂ% orf BIFGPH%S‘?I% RDERSP %1}}?32 ﬁS\éPi’r‘g%w

i nformation of tbheg @}Eb@.ﬁ_{re apparatus that vuses charged particle beams such
as an electron beam or an ion beam.

Further, in each of the embodiments above, a

transmissive type mask (reticle), which is a transmissive

10 substrate on which a predetermined light shielding pattern
(or a phase pattern or a light attenuvation pattern) is formed,
is used. Instead of this reticle, however, as is disclosed
in, for example, U.5. Patent No. 6,778,257, an electron mask
(which is also called a variable shaped mask, an active mask

15 or an image generator, and includes, for example, a DMD
{(Digital Micromirror Device) that is a type of a non-emission
type image display device (spatial light modulator) or the
like) on which a light-transmitting pattern, a reflection
pattern, or an emission pattern is formed according to

20 electronic data of the pattern that is to be exposed may also
be used. 1In the case such a variable shaped mask is used, a
stage on which a wafer, a glass plate or the like is mounted
is scanned with respect to the variable shaped mask, and
therefore, by measuring the position of the stage using the

25 encoder and by driving the stage based on the measurement
values of the encoder and correction information according
to position information of the stage in the non-measurement
direction that is measured by the interferometer, the effect

equivalent to that of each of the embodiments above can be



16. The exposure nmethod according to Claim 14, wherein 5at |east part
of the measurenent information of the interferoneter systemis used

I n the exposure operation. 17. A devi ce manufacturing nethod
i ncluding a |ithography process, wherein in the

| i t hography process, a sensitive object is 10 exposed and a pattern
Is formed on the sensitive object using the exposure nethod according
to daim1l. 18. An exposure nethegsin which an object is

exposed with an energy beam the nethod I ncl uding:
nounting the object on a novabl e body that can nove 15 in at | east
first and secorfPt@iPe€ti ons that are orthogonal within a

B e e Lo ST ol L0 PO Ll YRR, SR
an encoder SySto@nateMutGbnaner il ida8iat a0 #E2hoeN0 8 ke PREG2Qent
unit is arranged on a surface of the novable body on which the object
i's mounted and inienbiérrcast afllse Ye appigesietbi am eupbstire appakattist i s
arranged fagl nql&ggogyargh%rcesyg];:ertn)hethna})tvaf%lr?ns 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

10 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).

15 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
cbject by an ink-jet method.

20 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 another
object such as a glass plate, a ceramic substrate, a film member,

25 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



body and whi ch nmeasures position information of the novabl e body
within the predeterm ned plane, and based on correction 25

I nformation to conpensate a neasurenent error of the encoder system
that occurs due to flatness of the grating section. 19. The exposure
met hod according to Claim 18, wherein by the correction information,

a neasurenent error of the encoder systemthat occurs due to a
formation 166 error of the grating sectigm is al so conpensated. 20.
The exposure nmethod according to Claim 18, wherein by
the correction inf or | on, a nmeasurenent error of the encoder system

that occurs du§ ¥5taldiiiiaveERicss athiche tHAVER %S Hodyarid rystal
different di re%‘s%aﬁ:rc{gpﬂcg%éﬂ{éﬁ and, seg lghdredlsﬁlgcégao%afg p%]eer'e?l'ﬁd

conpensat ed. 21. e” exposure Tet hod accor ing to
to an exposure apparatus for manufacturing organic EL,

thin-film magnetic heads, imaging devices (such as CCDs),
3 micromachines, DWA 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
10 amaskused 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
15 applied not only to the exposure apparatus, but can also be
applied widely to other substrate processing apparatuses
(such as a laser repair apparatus, a substrate inspection
apparatus and the like), or to apparatuses equipped with a
movable bedy such as a stage that moves within a
20 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
25 Dby 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. Inorder

to secure these various kinds of accuracy, before and after



the different direction includes at | east one of a direction
orthogonal to the predeterm ned plane, a rotation 10 direction around
an axis orthogonal to the predeterm ned plane, and a rotation
direction around an axis parallel to the predeterm ned plane. 22. The
exposure method according to Cl aim 21, wherein by
the correction information, a neasurenent 15 error of the encoder
systemthat occurs due to at least a foroggion error of the grating
section is conpensated. 23. The exposure nethod accordi ng to Caim
18, wherein %the correction information,

measurement  er O JFSTIRHYend STt maptt bmachaeve ddsr P hREY Bccuracy fox
i ncl i nation 20 vafiblis oJpRyabl ¢ Redys) ahgugéﬁ&?»&fc%%%h&lase F&Egﬂg&@%@&ﬂ

pl ane is al so conpensated e exposure net accor arm
23, wherein by at:lcaraoyrm Iv@l&ibﬁéQﬁéﬂﬂdrﬁ.ﬁalasf@!ﬁéhw,eﬁﬁﬂtadjustrr@hf:OEo
of the encoder stemthat occurs due to at least a 25 formation
error of the gra LAYe $o¢t phert cadnpesizacydfop yaripes elpetuie systaos
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due to the headndBithd exabseré ¥PRAREALEAncludes 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

10 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

15 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

20 publications, the pamphlets of the International Publications,
and the U.S. Patent Application Publications and the 0.8,
Patents that are cited in each of the embodiments above and
related to exposure apparatuses and the like are each
incorporated herein by reference.

25 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



167 26. The exposure nethod according to C aim25, wherein

by the correction information, a neasurenent error of the encoder
systemthat occurs due to at |east optical characteristics of the
head unit is conpensated. 527.The exposure method according to Caim
25, wherein by the correction information, a
measurenent error of the encoder systemthat occurs due to at |east a
formation error of the grating section issgonpensated. 28. The
exposure method according to Cl aim 18, wherein 10t he nmeasurenent

i nformati on of the oder, ,syst.em or target position at which the
novabl e body i sorpﬁgﬁt%%dn%&lﬂ}élgdﬁyé;&?il& e GIYDr e tRER (S iepgmetic

i nformation. 2%ea5he; &4RES h Ok dj t i i ei
the object is expgse% by tﬁé%ﬁ%’ggqg:éé% %?iéé‘g, n%ggsafgbéﬁ n&ﬁgéf ?Eé
exposure is perfiimstedf alposirt isaepo201 helewgk bsespNta@idtednbased on
the correction information so that the neasurenent error is

conpensat ed, WHETFECIRRIFH FaHINNBF aBeEl dodpushses eiratis destan efent

i nformationgof the engoder,. 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

10 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 wafexr prepared in steps 201 to 203. Then,

15 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.

20 Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are
completed and shipped out.

FIG. 36 is a flowchart showing a detailed example of step

25 204 descrilbed above. Referring to FIG. 36, in step 211
(oxidation step), the surface of wafer is oxidized. 1In step
212 (CVD step), an insulating £ilm is formed on the wafer
surface. Instep 213 (electrode formation step), an electrode

is formed on the wafer by deposition. In step 214 (ion



system 2030. The exposure nethod according to Claim 18, wherein

the grating section is arranged extending in the first direction as a
| ongi tudinal direction, the head unit has a plurality of heads placed
at different positions in the second direction, and position

i nformati on of the novable body 25 is neasured by a head that faces
the grating section out of the plurality of heads. 31. The exposure
nmet hod according to Caim 18, wherein 180 the grating
section is arranged on a surface of novable body, and the head unit

i s arranged facingethe surface, 168 of the novable boq%EEBZ.The

exposure et hod™REEBFAFHY: 5588 aitinfsaretdPdpAted 1into wafep, Each

further using %fnﬁﬁétﬂt%%nﬁtéyétzﬁg‘_ EJ‘@lA”&?ﬁé’c&ﬁtﬁtBBS@[l{% g@ﬁgﬁ&’&&@ Lon

of the novable body in a third 5 direction orthogona

predet erm ned phahestyyaosensiar phadedANGS ihe tpeaiddi@sae¢ipAte@Eingf
a plurality of sensors placed on the sanme side as the head unit, a
posi tion of thésnBhapee awsHy-si Aremetedchiatd egichestaam is control | ed
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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

16 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

15 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

20 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

25 and the exposure method (pattern formation method) thereof
are used in the exposure step (step 216), exposure with high
throughput can be performed while maintaining the high overlay
accuracy. Accordingly, the productivity of highly integrated

microdevices onwhich fine patterns are formed can be improved.



t he neasurenent system neasures position information in the third
direction and inclination informati on of the novable body by a
plurality of sensors that face the grating section. 1534. The exposure
nmet hod according to Caim 32, wherein out of position
information of the novable body in directions of six degrees of
freedom position information in directions of three degrees of
freedomincluding the first direction, thelsecond direction and a
rotation direction 20 within the predeterm ned plane is nmeasured by
t he encoder system and position information in directions of the
remai ning three degrees of freedomis neasured by the neasurenent
system 35. Th&NDPSTRIAINAPRPELTIGABANLAMY to C ai m 34, wherein 25a
position of the rmvab%gsbody at | east when perform ng an exposure

operation is control #2dSRREF 1BRUAROVRe dF BV P S peSndrhTo EHEEEHAN N
directions of shx HaAHESyAf S g@%gm posure.net hod .
according to Cl%zt;;ém 32,bg\(:e/hctla%eﬁenIEI £ the pm%e%)é 19‘3?? “géaﬁa'r%ns"t% aP %%

encoder sysbemfamddiie e ovaBbea boulyShERirAa RRYiehbAD JTRASU §ARRher,
unit that nmeasures position information of the object in the third

direction is f&PEnBRtESER Formatieasapeaerituopadathenpattenn fwmation

vt ng o elBb4 0 And B2208kE rvehl s N2 2 PN B10°E 0 Sorming a

patternon an object. Furthermore, the exposure apparatus and
the exposure method, and the device manufacturing method of

10 the present invention are suitable for manufacturing

microdevices.



t he encoder system and a mark detection systemthat detects a mark on
the object are used in a detection operation of the mark. 1038. The
exposure net hod according to Claim 18, rein: in
order to drive the novabl e body, the neastirenment information of the
encoder systemis used in an exposure operation and neasurenent
information of an 15 interferoneter systemthat measures position
information of the novable body in at dig@gigt he first and second
directions is used in an operation different fromthe exposure
operation. 39. The exposure nethod according to Cl aim 38, wherein

t he neasurenent information of the encoder system?20 is used in a

det ecti on operati oh. of tAre expols uardhethedrimoeripdsiatn objentof setdmmised
of the object. 40. The exposure nethod according to Claim 38, wherein
at | east par¥ilt amechersvrieent the onewi¢dnintledengnterferoneter

systemis used in the exposure operation. 2541. A devi ce manufacturing
met hod i Rcl udi ng a |it hEPHYDFB. &8 eckner @ pvable body that panmpye

|11 hogr aphy,pr ocessa g SN LY obLech b exposed B0, 2 PRLLAID Sy
G aim 18. within a predetermined plane; and
driving the movable body within the predetermined
plane, based on measurement information of an encoder system
10 in which one of a grating section and a head unit is arranged
on a surface of the movable body on which the object is mounted
and the other of the grating section and the head unit is
arranged facing the surface of the movable bcdy and which
measures position information of the movable body within the
15 predetermined plane, and based on information on flatness of
the grating section.
2. The exposure method accoxrding to Claim 1, wherein
the movable body is driven also based on
information on a formation error of the grating section.
20 3. The exposure method according to Claim 1, wherein
the movable body is driven also based on position
information of the movable body in a direction different from
the first and second directions.
4. The exposure method according to Claim 1, wherein
25 the movable body is driven also based on
inclination information of the movable body with respect to
the predetermined plane.

5. The exposure method according to Claim 1, wherein

the movable body is driven also based on



170 42. An exposure apparatus that exposes an object with an
energy beam the apparatus conprising: a novabl e body
that can nove in at least first and seco directions that are
orthogonal within a predeterm ned 5 plane, hol ding the object;

an encoder systemin which one of a grating section and a head unit
is arranged on a surface of the novabl e body on which the object is

hel d and thechtbheetetithecaiats Rgasest igncasdnthe head tHitt ilsSa factor
arranged facing the surface of the novable 10 body and whi ch neasures

posi tion infoaoaihgnaohetheramyabl erbodyodi thenehbedpr edeseeni ned

pl ane; and a drive unit that drives the novabl e body
within the predetefn ned'lpd arpobasedneirhaeaswmoewemy toflbratat lowhfrein
t he encoder systemand information on flatness of the grating 15
secti on. 43. ThehsgastiadapparapPisiacooriany estengingqdn the
wherein , . __the novabl e body is, drjiven al so based on ,

[ nf or mat on GhESE{ SFRAETOAReRf o KNG HEIGIRA T G Sect O, Stmdieh unit
exposure ap tu r.di ng.-t.o aim.42, er ej L th
movab e bodyire AR ERareo patan S T Bt ot pas i oprel A the

movabl e bodyglBoAq HifRelih, did & @8t oM Nl £ {5t #NhSREAB1e body

di rections.
is measured by a head that faces the grating section out of

the plurality of heads.
10 7. The exposure method according to Claim 1, wherein
the grating section is arranged on a surface of
movable body, and the head unit is arranged facing the surface
of the movable body.
8. The exposure method according to Claim 1, wherein
15 by further using a measurement system that
measures position information of the movable body in a third
direction orthogonal to the predetermined plane by a sensor
that faces the grating section out of a plurality of sensors
placed on the same side as the head unit, a position of the
20 movable body in the third direction is controlled based on
measurement information of the measurement system.
9. The exposure method according to Claim 8, wherein
the measurement system measures position
information in the third direction and inclination
25 information of the movable body by a plurality of sensors that
face the grating section.
10. The exposure method according to Claim 8, wherein
out of position information of the movable body

in directions of six degrees of freedom, position information



2545. The exposure apparatus according to Claim42, wherein

t he novabl e body is driven al so based on inclination information of
t he novabl e body with respect to the preggterm ned plane. 171

46. The exposure apparatus according to aim42, wherein

t he novabl e body is driven al so based on characteristic information
of the head unit that is a factor 5 causing a nmeasurenent error of

the encoder sjsd#fBctions of #Hred MBS UEEE APBIGALIHT 186GIHLRE £ Drst
Claim 42, wherein the grating section is arranged

extendi ng i ndithectiost theesttondadiactohghtaddnal rdtaetdhodirébeion
head unit 10 has a plurality of heads placed at different positions
in the secondithiecthenpraddtposinednpiaher hat heasvfed hkynbhabércbddy
is measured by a head that faces the grating section out of the
plurality of Shehgs, and position ipformatéxposirdlinpphtanascohckbedi ng
to Caim42, 15 wherein t he gratin section. is arﬁanged
on a surPaceSF2HBYEB| ERhsaydednaet nef nbaacdat 17 P8R P ARGRdPY akblRg

t he surface he vabl e y. 49. The exposure
appar at us ad@%?%?ﬁ%ﬁg%QC%%?E§ 2, 20 further conprising:
1

1 The exposure method according to Claim 10, wherein
a position of the movable body at least when
performing an exposure operation is contreolled based on the
10 measured position information in directicons of six degrees
of freedom.
12, The exposure method according to Claim 8, wherein
in addition to the encoder system and the
measurement system, & position measurement unit that measures
15 position information of the object in the third direction is
further used in a measurement operation of surface position
information of the object.
13. The exposure method according to Claim 8, wherein
the encoder system and a mark detection system
20 that detects a mark on the cbject are used in a detection
operation of the mark.
14. The exposure method according to Claim 1, wherein:
in order to drive the movable body, the
measurement information of the encoder system is used in an
25 exposure operation and measurement information of an
interferometer system that measures position information of
the movable body in at least the first and second directions
is used in an operation different from the exposure operation.

15. The exposure method according to Claim 14, wherein



a nmeasurenent systemthat neasures position information of the
novabl e body in a third direction orthogonal to the predeterm ned

pl ane by a sensor that faces the gratinguﬁection out of a plurality

of sensors placed on the sane side 25 as tThe head unit, wherein

a position of the novable body in the third direction is controlled
based on neasurenent information of the nmeasurenment system

50. The exposure appar atise aeaehdeRgntoi kF & dlhn ok /ZhdReERIRr system
t he measurement system measures position information in the thir

di rection andsi asédnat i Drddtdarirat iopr reft itdie ofovabl aabldynbyoa surface
plurality of sensors that 5 face the grating section. 51. The
exposur e appreattsonctofdirmgtionChbai thd9pbphetei n out

of position infornation of the novable body in directions of six .
degrees of freedom ©posithoRXPAPBERAEE dPABCrArdingdid ohaimfl 4y Hrleerein

degrees qof freedomincluding the first direction, the second
directio%iand a rotati orfdiE®s &30k Chi APENBSRFBUENETRRi RO PRahteR ©f

measur ed by e encoder system_ and position .information . in .
i recttons of e erE R T head el Pt F #7 s8Rt PSP hER emenr tion-
the 17. L device manufacturing method including a

lithography process, wherein
in the lithography process, a sensitive object is
10 exposed and a pattern is formed on the sensitive object using
the exposure method according to Claim 1.
18. An exposure method in which an object is exposed
with an energy beam, the method including:
mounting the object on a movable body that can move
15 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 section and a head
20 unit is arranged on a surface of the movable body on which
the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane, and based on correction
25 1information to compensate a measurement error of the encoder
system that occurs due to flatness of the grating section.
19, The exposure method according toClaim 18, wherein
by the correction information, a measurement

error of the encoder system that occcurs due to a formation



15 neasurenent system 52. The exposure apparatus accordi ng
to Caimb51, wherein a position of the novable body at

| east when perform ng an exposure operatj

gn is controll ed based on

|
the 20 measured position information in §|rections of six degrees of

freedom

53. The exposure apparatus according to C ai m 49,

further conprising: a position neasurenent unit that neasures 25
position infermeki 88 Phet§LaPDhCLebPibReiEhhT o dEbRELH 9B cMNEr €I N

t he encoder system the neasurenment system and the position
measurenment unit az@. userhd BxpoFRAS WA a0perai h§rcofl sl fl@Gesherein
position information of the object. 173 54. The exposure
apparatus accordi ng to GwithelGofnadthien confnimstnigin, a measurementa
mar k detection systemthat detects a nmark on the object, wherein 5the
encoder systerfandk fdenaproder eotdtom $hstenarcurs due to a displacement

5
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of the movable body in a different direction from the first
and second directions is also compensated.
21. The exposure method according to Claim 20, wherein
the different direction includes at least one of
a direction orthogonal to the predetermined plane, a rotation
direction around an axis orthogonal to the predetermined plane,
and a rotation direction around an axis parallel to the
predetermined plane.
22. The exposure method according to Claim 21, wherein
by the correction information, a measurement
error of the encoder system that occurs due to at least a
formation error of the grating section i1s compensated.
23. The exposure method according to Claim 18, wherein
by the correction information, a measurement
error of the encoder system that occurs due to inclination
of the movable body with respect to the predetermined plane
is also compensated.
24. The exposure method according to Claim 23, wherein
by the correction information, a measurement
error of the encoder system that occurs due to at least a
formation error of the grating section is compensated.
25. The exposure method according to Claim 18, wherein
by the correction information, a measurement
error of the encoder system that occurs due te the head unit

is also compensated.



are used in a detection operation of the mark. 55. The
exposure apparatus according to Caim42, further conprising:

an interferoneter systemthat neasures pﬁiition 10 information of the
novabl e body in at least the first and second directions, wherein

in order to drive the novabl e body, the neasurenent information of
the encoder systemis used in an exposure operation and measurenent

information of thezds infigs EepoRBEEMeDRIEALESrYSRY td'c 801 ARS! AlhFein
different fromthe exposure operation. 56. " The exposure
apparatus according to GuithéSLomwetteidh information, a mddMurement
measurenent information of the encoder system20 is used in a

det ecti on operattr @f thetdrearmksgatdénrtisur bacerpadid cormt Akestatpical
of the object. . 57. The exposure apparatus according to Caim
55, wherein characteristics of the headtupaktiefceneengasedement
information of 25 the interferoneter systemis used in_the exposure .
oper at i OF. 268, A‘?P%%B@Eliéeéfﬁﬁ%‘raﬁ BECPRAt NS P bR IR 4 Sopf e in
wi th an energy beam the_apparatus canpri

Tovabl e body that can mive T AtCTASt §1 ot SHE Sind dRtiomnt
that are OrtQPEQPa$fmfﬁQ'Qn@ogé§d§§§£g%n€ﬂat occurs due to at least a

formation error of the grating section is compensated.
28. The exposure method according to Claim 18, wherein
10 the measurement information of the encoder system
or a target position at which the movable body is positiocned
is corrected based on the correction information.
29. The exposure method according to Claim 18, wherein
the object is exposed by the energy beam via a mask,
15 and when the exposure is performed, a position of the mask
is controlled based on the correction information so that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder
system.
20 30. The exposure method according to Claim 18, wherein
the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
has a plurality of heads placed at different positions in the
second direction, and position information of the movable body
25 1is measured by a head that faces the grating section out of
the plurality of heads.
31. The exposure method according to Claim 18, wherein
the grating section is arranged on a surface of

movable body, and the head unit is arranged facing the surface



174 pl ane, hol ding the object; an encoder systemin

whi ch one of a grating section and a head unit is arranged on a
surface of the novabl e body on which theuﬁbject is held and the other
of the grating section 5 and the head unit is arranged facing the
surface of the novabl e body and which neasures position information

of the novable body within the predeterm ned plane; and a controller

t hat controlgfata@shbbgﬁlgfbbag_anabIe body within the predeterm ned
pl ane, based on 10 correction information to conpensate a neasurenent
error of the encodg?.sysllesrekhatuoecathatiectorfiagnesslaimtiife wherein
grating section and based on neasurenent information of the encoder
system 59. by hen s urssl. ragp pa mest a s mereor i i 90p tteon Gl tm

58, 15 wherein .. by the correction information, a _
measur ement BERBHIBE Rl e dérf dypattdmnt Rat the dipswkitke aslyain a third

formation error of .the gratin ection i s al so cqonpensat ed.
60. The ekpoStFeCappArat tROGNTHE dithd Mo PECARHESEITSE RhaRE) Ry a sensor

by the cor T eghLONeLDLOTIR L9 1B TEBSYE SHE. S1f O 0 LS CENGPURIn cors

a
system that occurs due to i'SpFFacenen a

different diggstéonod rom thmd iditle andsecagdadhheet! NSol e 2h30ot the
conpensat ed. 2561. The exposure apparatus according fo al m 60,
wher ei n movable body in the third direction is controlled based on
measurement information of the measurement system.
10 33. The exposure method according to Claim 32, wherein
the measurement system measures position
information in the third direction and inclination
information of the movable body by a plurality of sensors that
face the grating section.
15 34. The exposure method according to Claim 32, wherein
out of position information of the movable body
in directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
20 within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the
measurement system.
35. The exposure method according to Claim 34, wherein
25 a position of the movable body at least when
performing an exposure operation is controlled based on the
measured position information in directions of six degrees
of freedom.

36. The exposure method according to Claim 32, wherein



the different direction includes at | east one of a direction
orthogonal to the predeterm ned plane, a rotation direction around an
axi s orthogonal to the predeterm ned plane, 175 and a rotation
direction around an axis parallel to thel6fredeterm ned pl ane.

62. The exposure apparatus according to Claim®6l, wherein 5by the
correction information, a nmeasurenent error of the encoder system

that occurs due to at | east j@rnatio error o theégéatin section
i s conpensat ed. 3.2 WIhoSurd appirdtas 3¢ 'arfgjt Y aim

58, wherei | i nf.ornat |
he encoder SYStEhPTRAr DECUTE BUE o el PRATFORCAT The Soassres Dot
wi th_r espectobos £ gn P efot Il 124 PLABCOD Soal SOy CHPRIRLLH rection is

¢
64. The exposure apparatus according to aim 63, 15 wherein
by the correghioRekNhiosdain GNmcd siBRTEHEMBRE rakhoh 6f $Herfepsostesition

systemthat occurs due to at |east a
5 information of the object.
37. The exposure method according to Claim 32, wherein
the encoder system and a mark detection system
that detects a mark on the object are used in a detection
operation of the mark.
10 38. The exposure method according to Claim 18,
wherein:
in order to drive the movable body, the
measurement information of the encoder system is used in an
exposure operation and measurement information of an
15 interferometer system that measures position information of
the movable body in at least the first and second directions
is used in an cperation different from the exposure operation.
39. The exposure method according to Claim 38, wherein
the measurement information of the encoder system
20 is used in a detection operation of the mark and/or surface
position information of the object.
40. The exposure method according to Claim 38, wherein
at least part of the measurement information of
the interferometer system is used in the exposure operation.
25 41, A 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

the exposure method according to Claim 18.



formation error of the grating section is conpensat ed.

65. The exposure apparatus according to Caim58, 20 wherein

by the correction information, a nmeasurenent error of the encoder
systemthat occurs due to the head unit 178 al so conpensat ed.

66. The exposure apparatus according to Caim 65, 25 wherein

by the correction information, a measurenent error of the encoder
systemt hat occurs%gue to at Ieast o tica cteristics o

head unit is conpensated.” S*POSUrSaY pé\‘ﬁ#%?( gngﬁgﬁeﬁr}]gE]ec@ with
according to gghgy_,gg, beEn[%G %grg%lp {__%tus CO]H%H ys%et he correction

I nformati on, a neasdrenent  error e enco m t hat occurs

due to at |east a formatjd %v%%ﬁ%rb9é¥tﬂ??a’£E§B'rﬁk9vé%%té@rléa%t first and
conpensat ed. 568. The exposure apparatus according to Claimb5

wher ei n second directions that are orthogonal within a predetermined
5 plane, holding the object:
an encoder system in which one of a grating section
and a head unit is arranged on a surface of the movable body
on which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
10 body and which measures position information of the movable
body within the predetermined plane; and
a drive unit that drives the movable body within
the predetermined plane based on measurement information of
the encoder system and information on flatness of the grating
15 section.
43, The exposure apparatus according to Claim 42,
wherein
the movable body is driven alsc based on
information on a formation error of the grating section.
20 44 . The exposure apparatus according to Claim 42,
wherein
the movable body is driven also based on position
information of the movable body in a direction different from
the first and second directions.
25 45. The exposure apparatus according to Claim 42,
wherein
the movable body is driven also based on
inclination information of the movable body with respect to

the predetermined plane.



t he neasurenent information of the encoder systemor a target
position at which the novable body is positioned is corrected based
on the correction information. 1069. The exposure apparatus accordi ng
to Caimb58, wherein t he obi7éct is exposed by the energy
beam via a mask, and when the exposure is performed, a position of
the mask is controlled based on the correction information so that
the 15 nmeasurenent,error_.is conpensated, ile drivi t he vabl e
body based on the asuf%ﬂﬁnﬁxégé%ﬁﬁnﬂﬁgﬂf§)u%fﬂ??ﬁﬁéﬁiﬁ'q§§s m 42,
70. The expogyLe apparatus according to Caim58, wherein 20the
grating section i's arranged extending in the first direction as a
'ongi tudi nal direction, whe haatnidodips @ Rl idi Pfhheads,pl aced
at different positions in the second direction, and position
informati on ehatherspyable ROrs IBASH eHebyeag haad thatt facesrdder
grating section out of 25 the plurality of heads. 71. The
exposur e Sappasas iisg ag coeds ngehent arno 580 £ whiee eemcodgy ofstdre. novabl e

body.
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47, The exposure apparatus according to Claim 42,
wherein

the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
has a plurality of heads placed at different positions in the
second direction, and position information of the movable body
is measured by a head that faces the grating section out of
the plurality of heads.

48. The expcsure apparatus according to Claim 42,
wherein

the grating section is arranged on a surface of
movable body, and the head unit is arranged facing the surface
of the movable body.

49, The exposure apparatus according to Claim 42,
further comprising:

a measurement system that measures position
information of the movable bodyina thirddirection orthogonal
to the predetermined plane by a sensor that faces the grating
section out of a plurality of sensors placed on the same side
as the head unit, wherein

a position of the movable body in the third
direction is controlled based on measurement information of
the measurement system.

50. The exposure apparatus according to Claim 49,



72. The exposure apparatus according to Caim58, further conprising:
a nmeasurenent systemthat neasures position 5 information of the
novabl e body in a third direction orthogonal to the predeterm ned

pl ane by a sensor that faces the grating738ection out of a plurality
of sensors placed on the sane side as the head unit, wherein a
position of the novable body in the third 10 direction is controlled
based on neasurenent information of the nmeasurenent system

73. The expoilFESLPpar at us according to Claim72, wherein the

neasur enent system measyngs nfeoa%L} Lo ko gﬁtoerméag%heg%ogyfge%tﬂgn

direction and |ncI|nat|on i nfornati on of mova
plurality of;senspisithainfese Eﬂfrgr@i£@8t§§ﬁté9@ 1ncllnatlgﬁ The

exposur e appar at us according to Caim 72, wherein 20out of position

i nformation DhféheatDyakiethedyotdbd beealiwns pfuskxi deyeesnsbrs that
freedom position information in directions of three degrees of
freedom ibncl fwitegt hdiegtat shgdseectioon, the second direction and a
rotation direction within the predeterm ned plane is neasured by the
encoder 25 system->hnd Pos tdxpeduforapid it usm adigostinghs ofClidian 49,
remai ni ng three degrees of freedomis neasured by the neasurenent

system
wher ei n
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wherghl The exposure apparatus according to Caim 74,

out of position information of the movable body
in directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the
measurement system.

52 . The exposure apparatus according to Claim 51,
wherein

a position of the movable body at least when
perferming an exposure operation is controlled based on the
measured position information in directions of six degrees
of freedom.

33. The exposure apparatus according to Claim 49,
further comprising:

a position measurement unit that measures
position informaticn of the object in the third direction,
wherein

the encoder system, the measurement systemand the
position measurement unit are used in a measurement coperation

of surface position information of the ocbject.



178 a position of the novabl e body at |east when
perform ng an exposure operation is controlled based on the neasured
position information in directions of six degrees of freedom 576. The
exposure apparatus according to Caim 7273further conpri sing:

a position nmeasurenment unit that measures position information of the
object in the third direction, wherein 10t he encoder system the
measur enment syste nd the pqasition neasurenent_ unit..are . us i.n
measur enent opera’?%’ %‘n ofﬂlseurq‘xaocoesuproesﬁﬁpo r<"]eﬁryfsor Ciolro%mc?f H%g&oa&jn}egatg.’
77. The exposyleyapprasaLHs ording to Claim72, further conprising:
15a mark detection syst n1%ﬁg "detects a mark on the object, wherein

the encoder system and theaRrdeederdn o sewal €M @R téeed 4 hadk on the
detection operation of the nark. 78. The exposure
appar at us acepfdttg wRetbamm 58, 20 further conprising:
5 the enceoder system and the mark detection system
are used in a detection operation of the mark.
55. The exposure apparatus according to Claim 42,
further comprising:
an interferometer system that measures position
10 information of themovable body in at least the first and second
directions, wherein
in order to drive the movable body, the
measurement information of the encoder system is used in an
exposure operation and measurement information of the
15 interferometer system is used in an operation different from
the exposure operation.
56. The exposure apparatus according to Claim 55,
wherein
the measurement information of the encoder system
20 is used in a detection operation of the mark and/or surface
position information of the object.
57. The exposure apparatus according to Claim 55,
wherein
at least part of the measurement information of
25 the interferometer system is used in the exposure operation.
58. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a movable body that can move in at least first and

second directions that are orthogonal within a predetermined



an interferoneter systemthat neasures position information of the
novabl e body in at least the first and second directions, wherein in
order to drive the novable body, the 25 neasurenment information of

t he encoder systemis used in an exposuré4 operation and neasurenent

i nformati on of the interferometer systemis used in an operation
different fromthe exposure operation 79. The exposure

appar at us accordi ng da wherei n t he
measur enent Pﬁ?%?ha??gﬁlB? g 8%%88§r systemis used in a detection

operation of the mark aQﬂ48£c885§%ﬁﬁﬂRﬁ§ Bwﬁldﬁgﬁé%ﬁt P@%$tlon

obj ect. 580. The exposure appar at us accor Ing to

| east part ofnfihe HEaswARERL LPLohgBEI R Lisddidanber Eﬁé%@{ré’ﬁle body
systemis used in the exposure operation.

exposur e net 8AGHiR:Hh € bER b € tle lidsa 8% posest Hér Wﬂﬁh@@r@ﬂ@h@)/s@cﬁlﬁmn
t he met hod i ncl udi ng:

5 and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane; and

a controller that controls a position of the
movable body within the predetermined plane, based on
10 correction information to compensate a measurement error of
the encoder system that occurs due to flatness of the grating
section and based on measurement information of the enccder
system.
59. The exposure apparatus according to Claim 58,
15 wherein
by the correction information, a measurement
error of the encoder system that occurs due to a formation
error of the grating section is also compensated.
60. The exposure apparatus according te Claim 58,
20 wherein
by the correction information, a measurement
error of the encoder system that occurs due to a displacement
of the movable body in a different direction from the first
and second directions is also compensated.
25 6l. The exposure apparatus according to Claim 60,
wherein
the different direction includes at least one of
a direction orthogonal to the predetermined plane, a rotation

direction around an axis orthogonal to the predetermined plane,



mounting the object on a novabl e body that can nove in at |east first
and second directions that are orthogonal within a predeterm ned

pl ane; and controlling a position of the novable body within 15 the
predet ernined plane so that a neasurenent’error 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 nounted and the

other of hegfeahi P9-5eshh 0 e0dibe bessunih Ly rpepaed. o6 e

information gf-tbe.pRYAbLepPedy Wi thin the predetermined plane, is
conpensat ed,” based on neasurenent information of the encoder system

and correction infezmatiTie i dkFHGord Ml chdaed8ld Sid Claim 61,
information of the grating section and the head unit. 2582. The
exposure nethodratcording to C aim8l, wherein t he

correction information is set in accordance with position information
of the nmdvabl e body in &yithtdornraitfifar dnfdmenide fa msaasyrement

second directions. 83. The exposure nethod according to Cl aim 81,
wherein 18perror of the encodpp pppteBttati prerhatden ¥3 aktleast a
accordance w.th igclination igfornatio .of the povabl e bod

aapect o {HRTBREURR coRFRECDI SR, STAEHIT SGtLRpottr eomRTRIRE -
?ﬁgﬂjgiegg to Caim8l, wherelnatlie FAGS]d S &% Y B 1@ in ss,
wherein
10 by the correction information, a measurement
error of the encoder system that occurs due to inclination
of the movable body with respect to the predetermined plane
is alsc compensated.
64. The exposure apparatus according to Claim 63,
15 wherein
by the correction infermation, a measurement
error of the encoder system that occurs due to at least a
formation error of the grating section 1s compensated.
65. The exposure apparatus according to Claim 58,
20 wherein
by the correction information, a measurement
error of the encoder system that occurs due to the head unit
is also compensated.
66. The exposure apparatus according to Claim 65,
25 wherein
by the correction information, a measurement
error of the encoder system that occurs due to at least optical

characteristics of the head unit is compensated.

7. The exposure apparatus according to Claim 65,



i nformati on

on flatness and/or on a formation error of the grating

section. 85. The exposure nethod according to Claim 81, wherein
the characteristic information includes 10 information on optical
characteristics of the head unit. 86.17fhe exposure net hod
according to Claim 81, wherein t he neasur enent

i nformati on

of the encoder systemor a target position at which the

novabl e bodyw%é [2) itioned is corrected based on the correction
B

i nformation.
the object i
exposure is
the correcti
conpensat ed,
measur enent

he exposure nmethod according to Claim 81, wherein

s exposed by, g, Lnel gy ASR ik AnfsSkon 2nf Iﬁ(glaeéhrtseg%nt

performed, a‘position of the mask I's controlled ba on

8hrbAf 8f N"BhE 0Bn&OdE haty & hem NERSHT 88BAEs EAOT thSat least a
while driving the novabl e 20 body based on the

fofmathdnhoarobrt be eneogest Sygt esrt 88n Thecexpessisieed.

met hod according to G aim 81, wherein the grating
section i arrange®8 ext it rerpgsute dopatatdis ectdandiasgy £o0 Claim 58,

| ongi t udi nal
pl aced at di
i nformation

direction, the head unit 25 has a plurality of heads
fReFeh® positions in the second direction, and position

of the novabl e body is neasured by a head that faces the
grating section out of tHE BraPAFPEF bR IHERRAL 68 STidoxpEetre systen
met hod accorg}__ ng tta%ggtab@s§%io¥1m§£e&ﬁicﬁ"%‘he movable body is positioned

10

15

20

25

is corrected based on the correction information.
69. The exposure apparatus according to Claim 58,
wherein
the object is exposed by the energy beam via a mask,
and when the exposure is performed, a position of the mask
is controlled based on the correction information so that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder
system.
70. The exposure apparatus according to Claim 58,
wherein
the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
has a plﬁrality of heads placed at different positions in the
second direction, andposition information of the movable body
is measured by a head that faces the grating section out of
the plurality of heads.
71. The exposure apparatus according to Claim 58,
wherein
the grating section is arranged on a surface of

movable body, and the head unit is arranged facing the surface



the grating section is arranged on a surface of novabl e body, and the
head unit is arranged facing the surface of the novabl e body. 90. The
exposure nethod according to Claim81, wherein 5by further using a
nmeasur enent systemthat neasures positiofd’informati on of the novabl e
body in a third direction orthogonal to the predeterm ned plane by a
sensor that faces the grating section out of a plurality of sensors

pl aced on thgfsgﬁﬁ ﬁ%ﬁgbfédggg¥head unit, a position of the 10
e ire

novabl e body Tn ird tion is controlled based on

measur ement i”for”?éion'ﬁﬁeté%bd?ﬁ?%”éﬂﬁ%ﬁaéﬁ@“éﬂ@oﬁﬁ&néﬂﬁ% ROFHI,
met hod according to Caim 90, wherein t he neasur enent
system neasurestipesi tb@prisiogmation in the third direction and
inclination 15 information of the novable body by a plurality of
sensors that face the gratngss sentdron.sy3d eml haax pesine arethad tion
according to Caim90, wherein out of position

i nf or mat iSon biferma wbyabife puyvahldibait Lorkstlvf rédx ré¢egieap ifhogonal
freedom position information 20 in directions of three degrees of
freedom i ncl tRith§ PREELRSTIALARLEBR O BeSeRERRd it ééCrentARE Rt ing

encoder syst S-S BbsPE br oot an FHSOFF det? SFS cor thfeeaite sLde
renmai ning three degrees &fligfr e‘%lé)f%ig measured by the 25 measurenent

syst em
a pesition of the movable body in the third

10 direction is controlled based on measurement information of
the measurement system.
73. The expcsure apparatus according to Claim 72,
wherein
the measurement system measures position
15 information in the third direction and inclination
informaticn of the movable body by a plurality of sensors that
face the grating section.
74. The exposure apparatus according to Claim 72,
wherein
20 out of position information of the movable body
in directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation directicon
within the predetermined plane is measured by the encoderx
25 system, and position information in directions of the
remaining three degrees of freedom is measured by the
measurement system.
75. The exposure apparatus according to Claim 74,

wherein



93. The exposure nmethod according to C aim92, wherein

a position of the novabl e body at | east when perform ng an exposure
operation is controlled based on the nea gred position information in
directions of six degrees 182 of freedo 94. The exposure
met hod according to Caim90, wherein in addition to

t he encoder system and the neasurenment system a position measur enment

uni t that measures 5 pos thou d fOIIRLIAD Rvdbe. ALl mdde. Lhdd

direction is further used 1n a nmeasurenent operation of surface
posi tion infgerabirAMngf ah hexmbieed .oftirathihs aspesuie1etloda3eqos4i g

to Caim90, wherein t he encoder system and a mark
detecti on symtesut8dtpatitédecisfarmat kownih heiobteténaref used degmpees
detection operation of the nark. 96. The exposure mnet hod

accordi ng tocfl aree8dm.wherein: in order to drive the novabl e body,

t he
76. The exposure apparatus according to Claim 72,

further comprising:

a position measurement unit that measures
position information of the object in the third direction,
wherein

10 the encoder system, the measurement system and the
position measurement unit are used in a measurement operation
of surface position information of the object.

7. The exposure apparatus according to Claim 72,
further comprising:

15 a mark detection system that detects a mark on the
object, wherein

the encoder system and the mark detection system
are used in a detection operation of the mark.

78. The exposure apparatus according to Claim 58,

20 further comprising:

an interferometer system that measures position
information of the movable body in at least the first and second
directions, wherein

in order to drive the movable body, the

25 measurement information of the encoder system is used in an
exposure operation and measurement information of the
interfercometer system is used in an operation different from
the exposure operation.

79. The exposure apparatus according to Claim 78,



15 nmeasurenment information of the encoder systemis used in an
exposure operation and neasurenment information of an interferoneter
systemthat neasures position information of the novable body in at

| east the first and second directions isl’/Bsed in an operation
different fromthe exposure operation. 2097. The exposure net hod
according to Cl aim96, wherein t he neasur enent
information of the encoder systemis used in a detection operation of
the mark and?BfTS€HRface position information of the object.

98. The exposure nethod &ccgggisnge&gnfgﬁégﬁ%@ ti@n%%i{]}gég&oh g?né}fsstem

part of the neasurenent infornmation o nterreroneter sys

used in the exposus e PREIRLR 1 on operati®n éfd%iecﬁ?lfﬁlnéﬁ@%f”&%gface

met hod including a |ithography process, wherein in the |ithography

process, a sgpsitiy¥e OREFEEhatsSonlSB exposeseand a pattern is forned
on the sensitive object using the exposure nethod according to Caim

81. 5 100. AmQexpadiy exreishoth igppsyathisamclyretiing $cexjiesied 78,
with an energy beam the nmethod including: 5nounting the object on a
nmovabl e bodywhéaeigan nove

at least part of the measurement infeormation of
the interferometer system is used in the exposure operation.
81. An exposure method in which an object is exposed
10 with an energy beam, the method including:
mounting the object on a movable body that can move
in at least first and second directions that are orthogonal
within a predetermined plane; and
controlling a position of the movable body within
15 the predetermined plane sc that a measurement error 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 1s mounted and the other ¢f the grating section
and the head unit is arranged facing the surface of the movable
20 body and which measures position information of the movable
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.
25 82. The exposure method according to Claim 81, wherein
the correction information is set in accordance
with position information of the movable body in a direction
different from the first and second directions.

83. The exposure method according to Claim 81, wherein



in at least first and second directions that are orthogonal within a
predet erm ned pl ane; and controlling a position of the
novabl e body within the predeterm ned pl ane, based on neasurenent
information of 10 an encoder systemin w#ch 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 measur es posigti onatrﬁ?ﬁ g?%qcofﬁ‘ciﬂ‘ lt"'rﬁé)”: &61%@5%5@“3\??%?5%%%6

predet er mi ned, pl, ane. ¢ n%cP&%?ﬂfO?mg‘%%ﬁcéfg;g}ei @%g%ﬁ%i Oy Rith respect

conpensat e a neasur ene error hé "enco em thail” occurs e

to the grating sgetLeBqaRdrhhg-Hepdatalt . , 101. The
exposure method according to Claim 100, 20 wherein by

the correction infgymatime egpBBasdmI®Idd QEEOFdRhgthecRACAGEr, WYSEEM
that occurs due to at |east optical characteristics of the head unit

i's conpersat ed. the cH2sctldrel £xipo sin Bo med thiosh aiccolndiesy t o
Claim 100, 25 wherein by the correction information, a
measur enent énformafiphecrntbdenesysardy ohavnogclipsnaubon cerrot eakttize
formation error of the grating section is conpensated. 103.
The exposur e9hethod &@@gﬁﬁﬂng to Caim100, 184 wherein

85. The exposure method according to Claim 81, wherein
the characteristic information includes
10 information on optical characteristics of the head unit.
86. The exposure method according to Claim 81, wherein
the measurement information of the encoder system
or a target position at which the movable body is positioned
is corrected based on the correction information.
15 87. The exposure method according to Claim 81, wherein
the object is exposed by the energy beam via a mask,
and when the exposure is performed, a position of the mask
is controlled based on the correction information so that the
measurement error is compensated, while driving the movable
20 body based on the measurement information of the encoder
system.
88. The exposure method according to Claim 81, wherein
the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
25 has a plurality of heads placed at different positions in the
second direction, and position information of the movable body
is measured by a head that faces the grating section out of
the plurality of heads.

889. The exposure method according to Claim 81, wherein



t he neasurenent information of the encoder systemor a target
position at which the novable body is positioned is corrected based
on the correction information. 5104. The exposure nethod according to
Cl ai m 100, wherein the grafling section is arranged
extending in the first direction as a longitudinal direction, the
head unit has a plurality of heads placed at different positions in
the 10 second direction, an%ﬁp sition information of the nnvablg ony
a bid

is measured by a head t HEte rﬁh€e§F&PPnéSSEEFFBHegu?no?_?%% ce
plurality OIA%Q$§Qfe LR andlt%eg hed G POSY grﬁﬁg%g ﬁ%ci%rggtir?g dfrface

Cl ai m 100, erern rating section is arran on'a ace o
nmovabl e body,rapgetRsviigad wpsy.is arranged facing the surface of the
novabl e body. 106. The” exposure nethod according to Caim

100, wherein 20by §@rt hemdiskpgsar SRRIWRNBOE BY5h @t dBd 1 iBaS UiRSrein
position informati on of the novable body in a third direction
orthogonal to the predeter Muretchgyt areiryy za reerssorentdrat fyatesn thhat
grating section out of a plurality of sensors placed on the sane side
as the head ma@suras posditiom éhfckama2s omoeibt ke boriaki ke oyt Ahra third
direction is controlled based on nmeasurenent information of the
measur enent @y5eeRion orthoganyyl trhéhexpssdeéexBeRsd REBBRIPHGR NSO
A aim 106, w@ﬁéEiggces the grating section out of a plurality of sensors
placed on the same side as the head unit, a position of the
10 movable body in the third direction is controlled based on
measurement information of the measurement system.
91. The exposure methed according to Claim 9G, wherein
the measurement system measures position
information in the third direction and inclination
15 information of the movable body by a plurality of sensors that
face the grating section.
92. The exposure method according to Claim 90, wherein
out of position information of the movable body
in directions of six degrees of freedom, position information
20 in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position informaticon in directions cf the
remaining three degrees of freedom is measured by the
25 measurement system.
93. The exposure method according to Claim 92, wherein
a position of the movable body at least when

performing an exposure operation is controlled based on the

measured position information in directions of six degrees



t he neasurenent system nmeasures position 185 information in the
third direction and inclination information of the novabl e body by a
plurality of sensors that face the grating section. 108.
The exposure nethod according to Claim 168, 5 wherein

out of position information of the novable body in directions of six
degrees of freedom position information in directions of three
degrees of freedomincluding the first direction, the second
direction andtat¥884f on direction 10 within the predeternined plane

i s neasured by theggncodﬁ{eg stem. ?nnedc [0 it(i:ogdilnf A éi)nrll iOn wherein
directions of the Temaining Rraé 8egr ces of “f1eelddm’ s feh ur’eoPeby

the measurement system in agdition toChe Q}?cc?d%%o%gfs%éﬁ?taﬁﬂfj
1r}5 ereln a po

. ; th
according to C aim 108, sition of tehe

novabl e bodypalsheastnWhenseel,f Q8 i3h RXR9SYERARAAN QRatSneasures
controll ed based on the neasured position information in directions

of six degrepgssdfibneattramald0 .o fThacexippstt eimehikodhacdodtiagtion is
Claim 106, wherein in addition to the encoder system
and t he neastmetkar sysd em aampesiutreornieaparefenn ohisuthate messilriem
position information of the object in the third direction is 25
further usediinhormabhetrehehe opeiast on of surface position

i nformati on of theé)bject. X , ,
95. The exposure method according to Claim 90, wherein

the encoder system and a mark detection system
10 that detects a mark on the object are used in a detection
operation of the mark.
96. The exposure method according to Claim 81,
wherein:
in order to drive the movable body, the
15 measurement information of the encoder system is used in an
exposure operation and measurement information of an
interferometer system that measures position information of
the movable body in at least the first and second directicns
is used in an operation different from the exposure operation.
20 97. The exposure method according to Claim 96, wherein
the measurement information of the encoder system
is used in a detection operation of the mark and/or surface
position information of the object.
98. The exposure method according to Claim 96, wherein
25 at least part of the measurement information of
the interferometer system is used in the exposure operation.
899. A device manufacturing method including a
lithography process, wherein

in the lithography process, a sensitive object is



111. The exposure nethod according to C aim 106, wherein 186 that
detects a mark on the object are used in a detection operation of the
mar K. 112. The exposure nethod according to C aim 100,
wherein: 5in order to drive the novabl e ¥8dy, the nmeasurenent

i nformati on of the encoder systemis used in an exposure operation
and measurement information of an interferometer systemthat rreasures

t f t th bl I t h f
Pocond di 1 ocerBnecd s 2 BenCPRAore coaedl Bn e Faredt eoRpaRgt tsing
gxlo_osure Opm;]ﬁ‘é'Qonsure methdd- azésrgmgmyaecfzmog according to

aim 112 asurenent 1 nformation of

the encoder systempg, usgf JxpA 3%t RELhOR %%ﬁdr?%nof)btj@%t@é‘%x osed
and/ or surface 15 position information of the object 114?

The exposureywielhgd acepsdi Pgahp thaimedddd M@I@diﬂng. at
| east part of the neasurenent information of the interferoneter
systemi $ used in the expositrimopkeatij@ct on a movable body that can move
in at least first and second directions that are orthogonal
within a predetermined plane; and
contreolling a position of the meovable body within
the predetermined plane, based on measurement information of
10 an encoder system in which one of a grating section and a head
unit is arranged on a surface of the movable body on which
the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
15 bedy within the predetermined plane, and based on correction
information to compensate a measurement errcr of the encoder
system that occurs due to the grating section and the head
unit.
101. The exposure method according to Claim 100,
20 wherein
by the correction information, a measurement
error of the encoder system that occurs due to at least optical
characteristics cof the head unit is compensated.
102. The exposure method according to Claim 100,
25 wherein
by the correction information, a measurement
error cf the encecder system that occurs due to at least a
formation error cf the grating section is compensated.

103. The exposure method according to Claim 100,



20115. A device nmanufacturing nethod including a |ithography process,
wherein in the |lithography process, a sensitive object
is exposed and a pattern is forned on the sensitive object using the
exposure net hod according to Caim 100. 23116. An exposure appar atus
t hat exposes an object with an energy beam the apparatus conprising:
a novabl e body that can nove in at least first and second directions
that are orthogonal within a predeterm ned plane, hol ding the object;

187 T€18n encoder systen1|n whi ch one of a gratlng section
and a head unit is arranged on_a.s ce he noy d n which
the object is held and t & OCREr s Phelrbfo |a|‘1tglosne8 |1_Ohne %ﬁ %d%e %S%em

unit is arragged en&’ ‘?LtS_L‘érnf Q‘Eewﬂicﬂ;ﬁ&%@%‘ﬁébgﬁwlﬁnﬁoé’ﬂf@ned

nmeasur es p05|t|on I n tion of the nov thint

predeternlneﬂsptggeeceed BaSent bAl tBE &Bake@@ﬂbﬁohﬁf@rﬁQﬁithn of the
novabl e body within the predeterm ned plane so that a neasurenent

error of 3 he encoded4systiemn d:spennpensaitesy dasecikly o MEasin elntent
i nformation of the encoder systemand correction information in
accordance whareharacteristic

the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
has a plurality of heads placed at different positions in the
10 seccnddirection, andposition information of the movable body
is measured by a head that faces the grating section out of
the plurality of heads.
105. The exposure method according to Claim 100,
wherein
15 the grating section is arranged on a surface of
movable body, and the head unit is arranged facing the surface
of the movable body.
106. The exposure method according to Claim 100,
wherein
20 by further using a measurement system that
measures position information of the movable body in a third
direction orthogonal to the predetermined plane by a sensor
that faces the grating section out of a plurality of sensors
placed on the same side as the head unit, a position of the
25 movable body in the third direction is controlled based on
measurement information of the measurement system.
107. The exposure method according to Claim 106,
wherein

the measurement system measures position



i nformation of the grating section and the head unit. 117.
The exposure apparatus according to Caim 116, wherein 15t he
correction information is set in accordance with position information
of the novable body in a direction diffeként fromthe first and
second directions. 118. The exposure apparatus according to
Claim 116, wherein 20the correction information is set in accordance

ith inclinati ' ti f rh bl e, bod it h t toth
! ol P OEL o0, g1 eyl bRy L espect o Che
Claim 116, wh ' h h | SthC i ' L pcl

G oL 155, VOREELREEEL% EURLSR OIS} Lo ILOLTENL I D5 a8 8o

section. face LB gFBEiRYPOSUEEcARPPAratus according to Caim 116,
wherein 188

108. The exposure method according to Claim 106,
5 wherein
out of position information of the movable body
in directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
10 within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the
measurement system.
109. The exposure method accerding to Claim 108,
15 wherein
a position cof the movable body at least when
performing an exposure operation is controlled based on the
measured pcsition information in directions of six degrees
of freedom.
20 110. The exposure method according to Claim 106,
wherein
in addition to the encoder system and the
measurement system, a position measurement unit that measures
position information of the object in the third direction is
25 further used in a measurement operation of surface position
information of the object.
111. The exposure method according to Claim 106,
wherein

the encoder system and a mark detection system



the characteristic information includes information on optical
characteristics of the head unit. 121. The exposure apparatus
according to Claim 116, wherein 5the neasurenent information of the
encoder systemor a target position at wWtch the novabl e body is
positioned is corrected based on the correction infornmation.

122. The exposure apparatus according to C aim 116, wherein 10t he

obj ect is exposed by the ener beam via a nmask, and when th ,
exposure i s PBAFORREACTS poBRFFoRNof "EhEPRESK FEeCBREROPed BEERTLHAN

t he correctign ;:nfcgrgag;foghsomgggt t he neasurenent error is
conpensat ed, RArretdri vi ng the®novabl e body based on the neasurenent

i nfornmation of thelf??ogq{e %&g% method a%:di-ﬁbe te(g(t € 100

apparatus according to alm 116, erein e grating
section is agrapged:extending in the first direction as a

| ongi tudi nal direction, the head unit 20 has a plurality of heads

pl aced ats di fferent posiin ansddm tdedseconthdainie@citlon, badg pasd tion

i nformati on of the novabl e body is nmeasured by a head that faces the
grating sectmeasouemeftthefptuzelon o bithreadsoder system is 124d Thean
exposure apparatus according to Caim 116, 25 wherein

the grating S¥RPFBRei SPAFRrhRgRJ2DA Be3GETaRenbf 1RboEbielppd9t &hd t he

head unit is, arranged facing the surface of the novable bodg. )
interférometer system that measures position information of

the movable body in at least the first and second directions
10 1is used in an operation different from the exposure operation.
113. The exposure method according to Claim 112,
wherein
the measurement information of the encoder system
is used in a detection operation of the mark and/or surface
15 position information of the object.
114. The exposure method according to Claim 112,
wherein
at least part of the measurement information of
the interferometer system is used in the exposure operation.
20 115. A 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
the exposure method according te Claim 100.
25 116. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a movable body that can move in at least first and
second directions that are crthogonal within a predetermined

plane, holding the object;



125. The exposure apparatus according to Caim 116, 189 further
conpri si ng: a nmeasurenent systemthat neasures position
I nformati on of the novable body in a third direction orthogonal to
the predeterm ned plane by a sensor thatl8faces the grating 5 section
out of a plurality of sensors placed on the sane side as the head
unit, wherein a position of the novable body in the
third direction is controll ed based on neasurenent information of the

measur enent system 1012H1e?ﬁ@d%§66§ﬁﬁ@1&%&%%ﬂl@n%eéd?HFﬁﬁlpaQ§9§%ﬁn
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secti on. exposur e appar at us accor m 12
wher ei n and the hea@Winiof 19%&'ﬂdr@éd pher ARtdHaNsQtrhhe d@’éﬁ@ln%\my

in directions of six degrees of freedom position infornmation
5 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 so that a
measurement error of the encoder system is compensated, based
10 on measurement information of the encoder system and
correction information in accordance with characteristic
information of the grating section and the head unit.
117. The exposure apparatus according to Claim 116,
wherein
15 the correction information is set in accordance
with position information of the movable body in a direction
different from the first and second directions.
118. The exposure apparatus according to Claim 1186,
wherein
20 the correction information is set in accordance
with inclination information of the movable body with respect
to the predetermined plane.
119. The exposure apparatus according to Claim 116,
whereiln
25 the characteristic information includes
information on flatness and/or on a formation error of the
grating section.
120. The exposure apparatus according to Claim 1186,

wherein



20 in directions of three degrees of freedomincluding the first

direction, the second direction and a rotation direction within the
predeterm ned plane is neasured by the encoder system and position
information in directions of the remaini¥§ three degrees of freedom

is neasured by the 25 neasurenent system 128. The exposure
apparatus according to Clain1127 wherein a position of the novable
body at |east when_ 19 ured position i fornatlon i n.di_.rections

of six degrees of F?%é: eris 1‘1?5f0¥ﬂ8 é?Bdgﬁ?%MEﬁbépépﬁgatlon'On
according to, f&gl18§ar£8£&?§%t§8§pékskﬂg h%gdp giLlon measurement

unit that measuré&s positron i nfornmation ect inthe third

direction, whereinigy. The exposuretéﬁbé¥g¥ﬁg”aéﬁﬁ¥dﬂﬁ the claim 116,
measur enent SySt em and t he pOSltl on neasurenent unit are used in a

measur enent gperathon 10 of surface position information of the
obj ect. 130. The exposure apparatus according to C aim 125,
further &onpri sing: the measurement information of the encoder system
or a target position at which the movable body is positioned
is corrected based on the correction information.
122. The exposure apparatus according to Claim 116,
wherein
10 the object is exposed by the energy beam via a mask,
and when the exposure is performed, a position of the mask
is controlled based on the correction information so that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder
15 system.
123. The exposure apparatus according to Claim 116,
wherein
the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
20 has a plurality of heads placed at different positions in the
second direction, and position information of the movable body
is measured by a head that faces the grating section out of
the plurality of heads.
124. The exposure apparatus according to Claim 116,
25 wherein
the grating section is arranged on a surface of
movable body, and the head unit is arranged facing the surface
of the movable body.

125. The exposure apparatus according to Claim 116,



a mark detection systemthat detects a mark on the object, wherein
15t he encoder system and the mark detection systemare used in a
detecti on operation of the mark. 131. The exposure apparatus
according to Claim116, further conprisikg: an
interferoneter systemthat neasures position 20 information of the
novabl e body in at least the first and second directions, wherein

in order to grlv t he novabl e body, the neasurenment |nfornat|on of

t he encoder ﬁF.gOHEEaSFHgan exposure operation and neasur enent

i nf ormati on of the 25 i ng é«:—%@f@'ﬁeq{t Sé’f&eéﬁ |&#§§geé1ﬂg_a%sx%p(§gag |oq,p

different fromthe exposure operation. ure

appar at us acgREgdiRgt § nFel M I3barMaes sl i n9ni 54 ¥8ed dtn od &Pé}?&ééx%‘l
operation of the mark and/or surface position information of the

\%EJ ect. to tHSPretle coxAosy plappasalauseas6orthaty a6 ah8 d3dting
sretn 5 section out of a plurality of sensors placed on the same side
as the head unit, wherein
a positicn of the movable body in the third
direction is controlled based on measurement informaﬁion of
the measurement system.
10 126. The exposure apparatus according to Claim 125,
wherein
the measurement system measures position
informaticon in the third direction and inclination
infermation of the movable body by a plurality of sensors that
15 face the grating section.
127. The exposure apparatus according to Claim 125,
wherein
out of position information cof the movable body
in directions of six degrees of freedom, position information
20 in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the
25 measurement system.
128. The exposure apparatus according to Claim 127,
wherein
a position cof the movable body at least when

performing an exposure operation is controlled based on the



bat | east part of the measurenent information of the interferoneter
systemis used in the exposure operation. 134. An exposure
apparatus that exposes an object with an energy beam the apparatus
conpri si ng: a novabl e bB8y that can nove in at |east
first and 10 second directions that are orthogonal within a
predet erm ned pl ane, hol ding the object; an encoder
systemin mhﬁchsonedofoa.?ggtingfsecékon and g.heaﬂ.gnit %s arr q&ed s
on a surface of *the“nBVabra Body  Sh"ahi 2h tHe“obfect®Te tel & and™The
ot her of the ?rghgggoﬁ?ction 15 and the head unit is arranged facing

t

the surface 0 e novabl e body and whi ch neasures position

information of the;povablie hodo g tdidpdhediLdei e mingd @l anesimnd R,
controller that controls a position of the novable body within the

pr edet er m neduptnse, cbapedsong20 correction information to conpensate
a nmeasurenent error of the encoder systemthat occurs due to the
grating $ection and the dheagsiunmidn amsh hQasetron ureds wrrentemieasures

i nformation of the encoder system 135. The exposure
appar at us aceepidFhgnt ntpanatisy, opsthpepleiect in the thirdpgixertion,
correction information, a nmeasurenent error of the encoder system
that occurs WB®T®d"at |east optical characteristics of the head unit

iCIS conpensat ed. 0endBEe PRV BRBUANS B S 08 And the
aim 134,
position measurement unit are used in a measurement operation
10 of surface position information of the object.
130. The exposure apparatus according to Claim 125,
further comprising:
a mark detection system that detects a mark on the
object, wherein
15 the encoder system and the mark detection system
are used in a detection operation of the mark.
131. The exposure apparatus according to Claim 1le,
further comprising:
an interferometer system that measures position
20 information of themovable body in at least the first and second
directions, wherein
in order to drive the movable body, the
measurement information of the encoder system is used in an
exposure operation and measurement information of the
25 dinterferometer system is used in an operation different from
the exposure operation.
132. The exposure apparatus according to Claim 131,

wherein

the measurement information of the encoder system



192 wherein by the correction information, a
measurenent error of the encoder systemthat occurs due to at |east a
formation error of the grating section is conpensated. 5137. The
exposure apparatus according to d aim 13¥®¥! wherein t he
measurenent information of the encoder systemor a target position at
whi ch the novabl e body is positioned is corrected based on the
correction i plormmign., 4430, i ExRosUe apparatis aceondhndefoea
Cl ai m 134, whérefn r)thé)gra i'ng sectronis %r?aﬁge% ©
extending in Lrs ' k ongi inal direction, the
head unit hag5§§EF%§aF??§E§%E%ggdgﬁpﬁgéeggg%egffferent positions in
the 15 second direggson, TianceRasd d O g 1B | QAeOfaide i vl 8n bosty,
is measured by a head that faces the grating section out of the

plurality ofwheadsn 139. The exposure apparatus according to
Claim 134, wherein 20the grating section is arranged on a surface of
5 at least part of the measurement information of

the interferometer system is used in the exposure operation.
134. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a mevable body that can meove in at least first and
10 second directions that are orthogonal within a predetermined
plane, holding the object;
an encoder system in which one of agrating secticn
and a head unit is arranged on a surface of the movable body
on which the object is held and the other of the grating section
15 and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane; and
a controller that controls a position of the
movable body within the predetermined plane, based on
20 correction information to compensate a measurement error of
the encoder system that occurs due to the grating section and
the head unit and based on measurement information of the
encoder system.
135. The exposure apparatus according to Claim 134,
25 wherein
by the correction information, a measurement
error of the encoder system that occurs due to at least optical
characteristics of the head unit is compensated.

136. The exposure apparatus according to Claim 134,



novabl e body, and the head unit is arranged facing the surface of the
novabl e body. 140. The exposure apparatus according to Caim
134, further conprising: 25a neasurenent systemthat neasures
position information of the novable bodyl®n a third direction
orthogonal to the predeterm ned plane by a sensor that faces the
grating section out of a plurality of sensors placed on the sane side
as the head unit,.wherein 193 a position of the
movabl e body"REEH8 third direction is controlled based on

neasur ement i nf or mation 15%%ﬁggﬁﬁg%figﬁg%éﬁ§§@?€&$n,_a measureient

The exposure apparatus accor er'ein

the measur engpl,sYStephgeasUs &Sy POSLELRN h B OKBBL} 9N4hd thHeathiLbst 2
direction and inclination information of the novable body by a

plurality ofreenseisntbatofase the grating section. id0dd@pedbgted.
exposure apparatus according to Caim 140, wherein out
of positison i nfornh37on Tfe tdwpamurablagpdeodit i aideactiirong ofClsaixm 134,
degrees of freedom position information in directions of three
degrees of fwkeddhnincluding the first 15 direction, the second

direction and a rotation direction wthin the predeterm ned plane is
neasured by the encoder the measurement information of the encoder system

or a target position at which the movable body is positioned
is corrected based on the correction information.

10 138. The exposure apparatus according to Claim 134,
wherein

the grating section is arranged extending in the
first direction as a longitudinal direction, the head unit
has a plurality of heads placed at different positions in the

15 seconddirection, andposition information of the movable body
is measured by a head that faces the grating section out of
the plurality of heads.

139. The exposure apparatus according to Claim 134,
wherein

20 the grating section is arranged on a surface of
movable body, and the head unit is arranged facin(j the surface
of the movable body.

140. The exposure apparatus according to Claim 134,
further comprising:

25 a measurement system that measures position
information of themovable body ina third direction orthogonal
to the predetermined plane by a sensor that faces the grating
section out of a plurality of sensors placed on the same side

as the head unit, wherein



system and position information in directions of the remaining three
degrees of freedomis neasured by the nmeasurenent system 20143. The
exposure apparatus according to Claim 142, wherein a
position of the novable body at |east wh¥d perform ng an exposure
operation is controll ed based on the neasured position information in
directions of six degrees 25 of freedom 144. The exposure

apparatus according to ¢ aima140, further conprising; . . a
posi tion measurenment unit Rq'ﬁajtjtjr%hsciﬁ e{}‘epd%?‘frgh ei%@rﬁﬂi%ﬁe SR
obj ect in th&iLQEEQoH'{§Q£dﬁykolf%?1%gg%&ﬁb% measurement in%gfmggfggeéf
system the mneasurenent systemand the position neasurenent unit are
used in a nmeggurREELL-OREHAL LQBLeh . surface position information of

the object. 5145. The exposure apparatus according to C aim 140,
further conprisingi4l. The exposure apparatus according to Claim 140,
5 wherein
the measurement system measures position
information in the third direction and inclination
information of the movable body by a plurality of sensors that
face the grating section.
10 142. The exposure apparatus according to Claim 140,
wherein
out of position information of the movable body
in directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
15 direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the
measurement system.
20 143. The exposure apparatus according to Claim 142,
wherein
a position of the movable body at least when
performing an exposure operation is controlled based on the
measured position information in directions ©of six degrees
25 of freedom.
144. The exposure apparatus according to Claim 140,
further comprising:
a position measurement unit that measures

position information of the object in the third direction,



a mark detection systemthat detects a mark on the object, wherein

t he encoder system and the mark detection system 10 are used in a
detecti on operation of the mark. 146. The exposure apparat us
according to Claim 134, further conprisi¥4: an
interferoneter systemthat neasures position information of the
novabl e body in at least the first and second 15 directions, wherein
in order to drive,the novabl e body, the neasurenent information of

t he encoder g@@F%ﬁ?is used in an exposure operation and nmeasurenent

information of the interfer grr{gggrers%%ittgeﬁ’i %hg%%%siu%ﬁ%r%ﬁ%}ﬁéﬁgnd the

different from 20 the exposure oper _ e’ exposure
apparat us acggQ gti‘@n&r%a%@éﬁé’rﬂpun‘ﬁ’geéfé Rsed in a measurement®peration

nmeasurenent Tnformation of the encoder systemis ysed In a det'ecti on
operation of othgupBake apdboti SHr i AEErRELPORI bEOPhENSBFBBEL ON Of the

obj ect. 148. The exposure apparatus according to C ai m 146,
wherein 5 145. The exposure apparatus according to Claim 140,
further comprising:
a mark detection system that detects a mark on the
object, wherein
the encoder system and the mark detection system
10 are used in a detection operation of the mark.
146. The exposure apparatus according to Claim 134,
further comprising:
an interferometer system that measures position
information of themovable body in at least the first and second
15 directions, wherein
in order to drive the movable body, the
measurement information of the encoder system is used in an
exposure operation and measurement information of the
interferometer system is used in an operation different from
20 the exposure operation.
147. The exposure apparatus according to Claim 146,
wherein
the measurement information of the encoder system
is used in a detection operation of the mark and/or surface
25 position information of the object.
148. The exposure apparatus according to Claim 146,
wherein

at least part of the measurement information of

the interferometer system is used in the exposure operation.



