1 DESCRI PTI ON PATTERN FORM NG APPARATUS AND PATTERN FORM NG METHOD,
MOVABLE BCODY DRI VE SYSTEM AND MOVABLE BODY DRIVE 5 METHOD, EXPOSURE
APPARATUS AND EXPOSURE METHOD, AND DEVI CE MANUFACTURI NG METHOD
TECHNI CAL FI ELD The present invention relates to pattern formng 10
apparatuses and pattern form ng net hods, @#ovable body drive systens
and novabl e body drive nethods, exposure apparatuses and exposure
nmet hods, and devi ce manufacturi ng ngﬁ? 8 and _nore particularly to
a pattern form ng apparatus and a p SCRIBTY qnqng met hod that are
suitable for being used in a 15 |lithography process when
nanufacturing electron devi ces such as seniconductor devi ces and
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25 manuf act uDBRYISEMANVERGTURING MEXEODces) such as

sem conductor devices (integrated circuits or the like) or |Iliquid
crystal display devices, exposure apparatuses such as a reduction

projection e ] a by a step-and-repeat nmethod (a
so-cal |l ed sté@%§é¥ﬁgﬂgga%§hgﬁgction 2 exposure apparatys by a
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call ed a scanner)) are
10 apparatuses and pattern forming methods, movable body drive

systems and movable body drive methods, exposure apparatuses
and exposure methods, and device manufacturing methods, and
more particularly to a pattern forming apparatus and a pattern
forming method that are suitable for being used in a
15 lithography process when manufacturing electron devices such
as semiconductor devices and liquid crystal display devices,
a movable body drive system, a movable body drive method, an
exposure apparatus and an exposure method that can suitably
be used when manufacturing the electron devices, and a device
20 manufacturing method in which the exposure apparatus, the

exposure method or the pattern forming method is used.

BACKGROUND ART
Conventionally, in a lithography ©process for
25 manufacturing electron devices (microdevices} such as
semiconductor devices (integrated circuits or the like) or
ligquid crystal display devices, exposure apparatuses such as
a reduction projection exposure apparatus by a

step-and-repeat method (a so-called stepper) and a projection



used. In these types of exposure apparatuses, the wavel ength 5 of
used exposure light is getting shorter year by year due to finer
integration circuit, and also the nunerical aperture of a projection
optical systemis gradually getting larger (larger NA), to inprove
the resolution. However, there has been a possibility that the focus
margin at the tinme of exposure 10 operation becones insufficient
because a depth of focus becones too narrow due to the shorter
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of 15 focus red in the air, an exposure apparatus maki ng use

a liquid inmersion nethod has been gatherlng attention recently

-(e.g. refer to Pateff tBekat £ pPed)ot RIS ®RITe @?ﬁb?@tﬁ%gg'rﬁﬁ@”ﬁa&éﬁéngth
overlay accuracy becones stricter to cope w finer integrated

circuits, 5i npruerehtexpilure QRiSgHE os cdyild adhiditer (yeed s ngear due
position setting performance) of a stage (wafer stage) on which an
object to béxeipaeedintemreﬂtmmﬂqirqmimafendo&laogﬂmssumeaieal aperture
(hereinafter, generally referred to as a wafer') is nounted has
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the 25 wafer ta has been downsi zed so as to be a slightly | ager
than the wafe trhéP m&evemﬁ%hreéoé}lgé%m | Bepever, there has
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sensor that nReRInes tidd HEkRakl Qe HOMhOBNBRter wavelength of exposure
light and the larger NA of the projection optical system.
Therefore, as a method of substantially shortening an exposure
light wavelength and also increasing (widening) a depth of
15 focus compared in the air, an exposure apparatus making use
of a liquid immersion method has been gathering attention
recently (e.g. refer to Patent Citation 1).
Further, as the requirement for overlay accuracy becomes
stricter to cope with finer integrated circuits, improvement
20 in position controllability (including position setting
performance) of a stage (wafer stage) on which an object to
be exposed, for example, a wafer or a glass plate (hereinafter,
generally referred to as a ‘wafer’) is mounted has been also
required. Therefore, in the recent exposure apparatuses, the
25 wafer stage has been downsized so as to be a slightly lager
than the wafer, and another stage (which is also called a
measurement stage), which mounts various types of measuring

instruments that were mounted on the wafer stage before, such

as a sensor that receives illumination light via the projection



i mge plane of the projection optical system and an aerial inage
measuring instrunment that nmeasures light intensity of 5 an aeri al

i mage (projected image) of a pattern that is projected by the
projection optical system which is disclosed in, for exanple,

Patent Citation 2 and the |ike), has been3 arranged separately from
the wafer stage (e. g. refer to Patent Citation 3) . In an exposure
apparatus that is equipped wwth 10 the neasurenent stage, various
types of mealRefcht S¥aRRelSyeh £6riRd lddiHgatve ReRshre nansiggular
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control error could occur on exposure, and thus, exposure defect
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at nosphere oRd/1®ARRM Q8L HgI StRECARLBYrement stage, for example, in
parallel with wafer replacement on the wafer stage, and as
a consequence, the throughput can also be improved. Further,
in this exposure apparatus, for example, a best focus position
15 of the projection optical system is measured using the aerial
image measuring instrument, and based on the measurement
result, focus leveling control of the wafer stage (wafer) on
exposure 1s performed.

In this case, however, a stage used for measuring the
20 best focus position and a stage used for the focus leveling
control of the wafer on exposure are different, and therefore
focus leveling control error could occur on exposure, and thus,

exposure defect could occur due to defocus.
Further, position measurement of the wafer stage is
25 generally performed using a laser interferometer with a high
resolution. However, position control of the stage with
higher precision has been required due to finer patterns to

cope with semiconductor devices with higher integration, and

therefore, short-term fluctuation of measurement values of



uni gnorable now. Patent Citation 1: the panphlet of International 5
Publ i cati on No. 2004/053955 Patent Citation 2: Kokai (Japanese
Unexam ned Patent Application Publication) No. 2002-014005 Patent
Citation 3: the panphlet of International Publication No.

2005/ 074014 10 DI SCLOSURE OF | NVENTI ON MEANS FOR SCOLVI NG THE PROBLEMS
The present invention has been nmade in consideration of the
situation descri bed above, and according to a first aspect 15 of the

present invertt®nlagher NS HRAEE Fitel pat tedwseér Ryng-emperature
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and a second &a%%}loﬁrnﬁlfegg%fq{hg the 20 first axis, holding the object;

a second novabl e badydiat ci FR¥ESN! nﬁ?p%nPEMpB&%@ t8e Hd&rnational
novabl e body wthin the plane; and an aerial 1nage nmeasuring unit a

partial ssctimmliddfatwdrchvng s apoangebst the first novabl e body and
part of the remaining section of which is arranged at the second 25
novabl e body, and Waitehtmfdsuweom addlal | (Tegarefsea Urerdamifrardrethtent
via the optical system Wth this apparatus, since a partial section
of the aeri &@PRlisge imsaAndHgamian) HNar rded #0@he first novabl e
body that holds the object on which a pattern is formed, 5 _
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DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
The present invention has been made in consideration of
the situation described above, and according to a first aspect
15 of the present invention, there is provided a first pattern
forming apparatus that forms a pattern on an object with an
energy beam via an optical system, the apparatus comprising:
a first movable body that moves within a predetermined plane
that includes a first axis and a second axis intersecting the
20 first axis, holding the object; a second movable body that
moves independently from the first movable body within the
plane; and an aerial image measuring unit a partial section
of which is arranged at the first movable body and part of
the remaining section of which is arranged at the second
25 movable body, and which measures an aerial image of a mark
formed via the optical system.
With this apparatus, since a partial section of the
aerial image measuring unit is arranged at the first movable

body that holds the object on which a pattern is formed,



of optical properties of the optical system (such as the best focus
position) based on the neasurenent result of the aerial 5 inmage can
be performed. Accordingly, when formng a pattern on the object with
an energy beamvia the optical system the position of the first
novabl e body in the optical axis directisn of the optical systemis
adjusted with high accuracy based on the neasurenent result of the
optical properties. 10 Further, since only a partial section of the
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of the first movable body is not increased, which makes it
possible to favorably secure the position controllability,
According to a second aspect of the present invention,
15 there isprovided a second pattern forming apparatus that forms
a pattern on an object, the apparatus comprising: a first
movable body that moves within a predetermined plane that
includes a first axis and a second axis intersecting the first
axis, holding the object; a second movable body that moves
20 independently from the first movable body within the plane;
a first measuring system that measures position information
of the second movable body; and a second measuring system that
measures position information of the first movable body and
whose measurement value has short-term stability superior to

25 that of the first measuring system.
With this apparatus, position information of the second
movable body is measured by the first measuring system, and
position information of the first movable body that moves

within a predetermined plane holding an object is measured



Accordi ngly, position control of the first novable body that holds
the object on which a pattern is formed can stably be 5 perforned.
According to a third aspect of the present invention, there is
provided a third pattern form ng apparatus that forns a pattern on

an object by irradiating an energy beam ®&he apparatus conprising: a
first novabl e body which noves within 10 a predeterm ned pl ane that
includes a first axis and _a second axis intersecting the first axis,
hol di ng the dB &dt® SHEPHH ST EH- Y 15 ¥SECTy rHtQ IRy MIBIUIRRERE grakushdias
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movabl e bady pddfddinddie pl ane; and a second neasuring 20 system t hat

i ncl udes an encoder systemthat has a plurality of heads to which

the first and secoda¢qratimgscarethévdr abpygctpbaceitke faod gwnt antdrention,
measures position information of the first novable body within the
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second grating are arranged on rst “novabl € body and €ac
have a gratingwWq$e Re@dinG the first axis, holding the object, and on

which a first grating that has & grating whose periodic

direction is adirectionparallel to the first axis and a second

grating that has a grating whose periodic direction is a

15 direction parallel to the second axis are arranged; a second

movable body that moves independently from the first movable

body within the plane; a first measuring system that includes

an interferometer that measures position information of the

second movable body within the plane; and a second measuring

20 system that includes an encoder system that has a plurality

of heads to which the first and second gratings are severally

placed facing, and measures position information of the first
movable body within the plane.

With this apparatus, position information of the second

25 movable bedy within a predetermined plane is measured by the

first measuring system that includes the interferometer, and

position information of the first movable body within the

predetermined plane is measured by the second measuring system

that includes the encoder system that has a plurality of heads,



direction is a direction parallel to the first axis or second axis
respectively are severally placed facing. Accordingly, 5 position
control of the first novabl e body that holds the object on which a
pattern is forned by irradiating an energy beam can stably be
performed. According to a fourth aspect off the present invention,
there is provided a fourth pattern form ng apparatus that forns 10 a

pattern on an object, the apparatus conprising; a novable body on
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a predetermined plane that includes a first axis and a second
axis intersecting the first axis, holding the object; a first
grating that has a grating whose periodic direction is a
15 direction parallel to the first axis, and is placed on the
movable body; a second grating that has a grating whose
periodic direction is a direction parallel to the second axis,
and is placed on the movable body; a first axis encoder that
has a plurality of first heads whose positions are different
20 in a direction parallel to the second axis, and measures
position information of the movable body in a direction
parallel to the first axis by the first head that faces the
first grating; and a second axis encoder that has a plurality
of second heads whose positions are different in a direction
25 parallel to the first axis, and measures position information
of the movable body in a direction parallel to the second axis
by the second head that faces the second grating, wherein the
plurality of first heads are placed at a distance that is

shorter than a width of the first grating in a direction



second grating in a direction parallel to the first axis. Wth this
apparatus, when the novable body is noved, 5 while sequentially
switching the plurality of first heads of the first axis encoder,
the position of the novable body in a direction parallel to the
first axis can be measured based on the geasurenment val ue of the
first head that faces the first grating, and in parallel with this
operation, while 10 sequentially switching the plurality of second

heads of the PaEdIRE &R0 sheresoar axhe, posl therP bira ki redaptecpddypads
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first and second novabl e bodies that are 1 ndependently novable
within a 9"ed&ii@.l’dﬂs@q@eﬂltdl&&llyaﬁdi@cﬁ@ngeﬂ@@t}_:jlﬂﬁ:atlriiﬂy birar: has Hdd®d of
and second nenbers respectively arranged at the first and second
novabl e bodi ehe didsdetadiss entbhdeenethy peamtivba dhetHié msdvawice Seobndn
menbers. Wth this apparatus, since the first and second nenbers are
arranged at thdifecstoandasaddnd povile € di exis2Bandspentdsasted based
detection of the energy beam can_be perforned by the detecting unit
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second axis encoder, the position of the movable body in a
direction paraliel to the second axis can be measured based
on the measurement value of the second head that faces the
second grating.

15 According to a fifth aspect of the present invention,
there is provided a first exposure apparatus that exposes an
object with an energy beam via an optical system, the apparatus
comprising: first and second movable bodies that are
independently movable within a predetermined plane; and a

20 detecting unit that has first and second members respectively
arranged at the first and second movable bodies, and detects
the energy beam via the first and second members.

With this apparatus, since the first and second members
are arranged at the £first and second movable bodies

25 respectively, detection of the energy beam can be performed
by the detecting unit while moving the first movable body.
Further, since only the first member that is part of the

detecting unit is arranged at the first movable body, the first

movable body does not increase in size, and therefore the



there is provided a second exposure apparatus that exposes an object
wi th an energy beam the apparatus conprising: a 5 first novabl e body
that is novable wthin a predeterm ned plane, holding the object; a
second novabl e body that is novable independently fromthe first
novabl e body within the plane; and a nmeasuring systemthat includes

a first measuring unit that neasures position information of the
first novable body 10 and a second nmeasuring unit that neasures

posi tion i nf Gafd P Qﬁn?WRi%ﬁﬁkﬁﬂFYnﬂ@ﬂﬂh?tﬁﬁﬁpr%b%&a%ﬂﬁ@ﬁﬁh{ val ue
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i nformati on f the first v bI Ey t hat noves mnth

pr edet er mi ned” i 'ane’ cﬁrao B Oﬁe%fs%raeb&wwe%a&texposes
nmeasuring unity V&Pﬁ_fc %%msm‘%&or ngf%fflﬂpﬁy

superior to that -of the secon ring unit 581t 1%n @

control of tie-dd hetrapRERIR, QLQQM :LtshrﬁéveQQi(Q%ﬂtﬂ@n@b@@ﬁ@@@ﬂﬂ’ﬂh@ﬁ p'?Lane,

20 pattern is formed can be stably performed. According to a seventh
aspect of thewqirEisentthiaiveni¢on; atbetendsmpravidedodyt hinkd espafiitle
apparatus that exposes an object with an energy beam the apparatus
conpri sing: addemsndarablfedwdhewiichti sorpbabl koiln ¥itlsinarte plane;
second directions 25 within a predeterm ned_pl ane, holding the
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measuring unit having short-term stability superior fo that

of the second measuring unit.
With this apparatus, position information of the first
15 movable body that moves within a predetermined plane holding
the object is measured by the first measuring unit whose
measurement value has short-term stability superior tc that
of the second measuring unit. Accordingly, position control
of the first movable body that holds the object on which a
20 pattern is formed can be stably performed.

According to a seventh aspect of the present invention,
there is provided a third exposure apparatus that exposes an
object with an energy beam, the apparatus comprising: a first
movable body which is movable in first and second directions

25 within a predetermined plane, holding the object, and on which
a first grating section that has a grating periodically arrayed
in the first direction and a second grating section that has
a grating periodically arrayed in the second direction are

arranged; a second movable body that is movable independently



systemthat neasures position information of the first novable body
by a plurality of heads different two of which face the 5 first and
second grating sections, and a second neasuring unit that includes
an interferoneter that neasures position information of the second
novabl e body. Wth this apparatus, positilan information of the second
novabl e body is neasured by the second neasuring unit that 10

i ncl udes the 'nter erometer, and %osition information of the first
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aspect of the present invention, there is provided a device
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one of the first to third exposure apparatuses of the present
invention; arkdadevéhopudgst hen expesetminetis Abetr diemgstoes magtition
aspect of the present invention, there is provided a first pattern
forni ng net hddfermadrimmet The seanst masiebde ot , the met hod

conprising: a first &}ocess of nounting the object on a first novable
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first movable body that moves within a predetermined plane

holding the object is measured by the first measuring unit
that includes the encoder system whose measurement value has
short-term stability superior to that of the interferometer.
15 Accordingly, position control of the first movable body that
holds the object on which a pattern is formed can be stably
performed.
According to an eighth aspect of the present invention,
there is provided a device manufacturing method, comprising:
20 exposing an object using any one of the first to third exposure
apparatuses of the present invention:; and developing the
exposed object.
According to a ninth aspect of the present invention,
there is provided a first pattern forming method of forming
25 apattern on an object, the method comprising: a first process
of mounting the cbject ona first movable body that moves within
a predetermined plane that includes a first axis and a second
axis intersecting the first axis; a second process of measuring

position information of a second movable body that moves



measuring position information of the first novable body using a
second nmeasuring system whose neasurenent value has 5 short-term
stability superior to that of the first neasuring system Wth this
nmet hod, position information of the second novable body is neasured
using the first neasuring system and pasition information of the
first novable body that noves 10 within a predeterm ned pl ane hol di ng
the object is measured .using the second neasuring system whose

measur ement  vidl RPN Sho Qe hes fABEIES F‘?‘fé@ﬂs@rg%ﬁiyt%l?}hja@ gte tHegne,

first neasurin syst%*n Accordin posi.ti on control he first
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i nventi on, t“%giﬁlﬁpgégggégaﬂgfe%%%%lpég?%)grt%%)g(ri%lsgﬁoye%%lo%B%gghslng
forming a pafteeecem aﬂeQQh@QE?bYS}'fﬁEé’rﬁ“ G AN8BEEENcREAMalHE has
met hod conprising: a process of nounting the object on a first

nmovabl e 20 badwrithatemiDeeabliltitiynsappir-edet €6 imad ofl ane £hadt imkddidasg
a first axis and a second axis intersecting the first axis; a first
measur enent pEyedess. of nmeasuring position information wthin the

pl ane of a second novabl e body that noves independently fromthe
first novabl e body Wiitthithitshaegiihede, 025 idgiony ia fanmstt isgasfy ithe second
systemthat incluydes an interferoneter; and a second nmeasuremnent
process of rré‘l&‘é’@:fﬁf?g boshsiits ML ATHGhetI G dha He 4h steafVaB%e e,
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using the second measuring system whose measurement vaiue has
short—-term stability superior to that of the first measuring
system. Accordingly, position control of the first movable
body that holds the object on which a pattern is formed can
15 be stably performed.
According to a tenth aspect of the present invention,
there is provided a second pattern forming method of forming
a pattern on an object by irradiating an energy beam, the method
comprising: a process of mounting the object on a first movable
20 body that moves within a predetermined plane that includes
a first axis and a second axis intersecting the first axis;
a first measurement process of measuring position information
within the plane of a second movable body that moves
independently from the first movable body within the plane,
25 using a first measuring system that includes an
interferometer; and a second measurement process of measuring
position information of the first movable body within the plane

using a second measuring system that includes an encoder system

that has a plurality of heads, to which first and second



to the first and second axes respectively are severally placed

facing, and neasures position information of the first novable 5

body within the plane. Wth this nmethod, position information of the
second novable body within a predetern ned plane is nmeasured using
the first nmeasuring systemthat includes 12he interferoneter, and
position information of the first novable body within the 10
predeterm ned pl ane is measured using the second measurin system
that incl uded%afe- it dd&t st é’ﬁ‘]af:ﬁ% Oﬁa§h§ BJrHFEIIF‘?‘{/abJo? gf?ﬁf&dsan‘i dave
which first and . .second.gratin re ced rc{aleflrst novahl.e
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first novable body that holds the object on which a pattern is

formed bysiradiatdirhirarceheiighdeam can be stably performed. 20
According to an el eventh aspect of the present invention, there is
provi ded a novabl eWhadly tdriisveresyoids mptosdtt icin Vet oarmatmiveabloes kody steltmind
nmoves within a predeterm ned plane that includes a first axis and a
second axi s @cvesgendlcdvovwesahn ot heedethenipedepd zoaprs sigapured iussng

interferoneter that 25 neasures position inforpation of the novable
body in a d.trh@ctfftaﬁtp%ﬁ%%w@rnw&f%em LSt aszpéuﬁ?sﬂ%%dméﬁrrf@r@meterf

b f1 ect f d on. th
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g measur enent eamto ace arrange
the movabl e hod¥erfthbtSinciudes the encoder system that has a plurality
of heads, to which first and second gratings that are placed
on the first movable body and have gratings whose periodic
directions are directions parallel tc the first and second
15 axes respectively are severally placed facing, and measures
position information of the first movable body within the plane.
Accordingly, position control of the first movable body that
holds the object on which a pattern is formed by irradiating
an energy beam can be stably performed.
20 According to an eleventh aspect of the present invention,
there is provided a movable body drive system that drives a
movable body that moves within a predetermined plane that
includes a first axis and a second axis orthogonal to each
other, the system comprising: a first interfercmeter that
25 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 on the

movable body; a second interferometer that measures position

information of the movable body in a direction parallel to



grating that has a grating whose periodic direction is a direction
parallel to the first axis, and is placed on the 5 novable body; a
first head unit that has a plurality of heads whose positions are
different in a direction parallel to the second axis and constitutes
a first encoder that neasures position it#ormation of the novable
body in a direction parallel to the first axis by the head that

faces the first 10 grating; a second grating that has a grating whose
periodic di riétd i d3RCPRAa Adilifechy oA IFACARILEINS: A t REASBEEAE AxiREamNES &
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arallel tot fiairst is d.c i se oder .t hat.
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grating; an arithnetic processing unit that, whi novi ng t he

novabl e bedy ridvad1d beeli;0n Parsd elad anthechat Has axpsubasedy ¥ heads
measur enent val ues of the first and second 20 interferoneters, or

measur enent valases pofitthenseapaddiffveedfierionet dirandibhepéraslehead the
unit, obtains correction information on grating warp of the second
grating by p&ecend ki preéderes il metdest at Esrptaknconput &hatn mesisnges
nmeasur enent val ues obtained fromthe plurality_ of heads of the _
second head PPS#tiCR hrfeFrpategierti dhs IB’P‘é@%%Ief 86y imeasedgwgtion

orating, accordiin o Lt oyt and g nepeuerenl yelbe of Bl fovec
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placed on the movable body:; a second head unit that has a

plurality of heads whose positions are different inadirection

parallel to the first axis and constitutes a second encoder

15 that measures position information of the movable body in a
direction parallel to the second axis by the head that faces

the second grating; an arithmetic processing unit that, while

moving the movable body in a direction parallel to the first

axls based on measurement values of the first and second

20 interferometers, or measurement values of the second
interferometer and the first head unit, obtains correction

information on grating warp of the second grating by performing

a predetermined statistical computation using measurement

values obtained from the plurality of heads of the second head

25 unit that are sequentially placed facing the second grating
according to the movement and a measurement value of at least

one of the first interferometer and the first head unit that

corresponds to each of the measurement values; and a controller

that performs drive of the movable body in a direction parallel



val ue of at |east one of the first interferometer and the first head
unit and the correction information on grating warp of 5 the second
grating. Wth this system the arithnmetic processing unit obtains
correction information used to correct warp of each grating
constituting the second grating, and the tontroller perforns the
drive of the novable body in a direction parallel to the 10 second

axis while correcting the neasurenent values obtained fromthe

second head Jﬁ?thﬁé?%&oﬁﬁ-éxﬁéasHPéHEnFOGEPGElBg e MeASYFRINGRY Sfalues
terf t d t f h d ti
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of the second,HALIMG ke tth% c§§9@e@leﬁagnyakﬁat%£h9ﬁt Pﬂﬂgg warp of
affected by the warp of each grating constituting the second

grating. FBurtiey sdiondesdfariidqg the operations similar to those

descri bed above 20 also with respect to a direction parallel to the
first axis, the dMiivé ofiislsgsiewabiles bodyhimetdcdireotsompanatlcdtaions
the first axis can also be performed w th good accuracy. According

to a twel fth Gsp@atign tuﬁ?éogm@éfetmn useehtioriorrenerears pf dade@rating
novabl e body drive net hod a 25 novabl e body that_ noves

within a pred&emtTd 5&‘@ Fﬁééggﬂ%@é@a % SheagPRt bl ar Redrrms
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of the first interfercmeter and the first head unit, and the
correction information on grating warp of the second grating.
Accordingly, the drive of the movable body in a direction
15 parallel to the second axis can accurately be performed using
the encoder that is composed of the second grating and the
second head unit, without being affected by the warp of each
grating constituting the second grating. Further, by
performing the operations similar to those described above
20 also with respect to a direction parallel to the first axis,
the drive of the movable body in a direction parallel to the
first axis can also be performed with good accuracy.
According to a twelfth aspect of the present invention,
there is provided a movable body drive method of moving a
25 movable body that moves within a predetermined plane that
includes a first axis and a second axis orthogonal to each
other, the method comprising: a first movement process of
moving the movable body in a direction parallel to the first

axis, based on a measurement value of a first interferometer



measurenent beamto a reflection surface arranged on the novable
body, and based on a neasurenent value of a second 5 interferoneter
that neasures position information of the novable body in a
direction parallel to the second axis by irradiating a neasurenent
beamto a reflection surface arranged ori% he novabl e body; a first
deci si on process of deciding correction information on grating warp

of a first 10 ratln that has a grating whose periodic direction is
a dlrect|0n1fé% Wﬁ?%:ﬁ85§§&ﬁﬁdl§;P§méﬁ&°Ps°5IEE%d“%ﬁa?%% body in a

bl e body, ..y, perf d d_stati st t at
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measur enent val ues, the plurallty of heads being anong a plurality

of heads ®hosetpasidrcnrs e ecldif f eeaglirks dditEein ofn2Arpar Bbh ebrt @he
the first axis and which are included in a first head unit that
constitutes awveldeddodvhdn measiured ipusidared 16Infter td greaeind k&xis by
novabl e body in a direction parallel to the second axis by
irradiating & ﬁ%ﬂgIi&ﬁﬁeQSPRQﬂ?Hﬁrbﬁaﬂgr@¥lﬁg rgﬁbegt@®mv§urface

process of perf drive of t novabl e 25 a direction
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in the first "novenent process and the I ST On process
correction direction parallel to the second axis and is placed on the

movable body, by performing a predetermined statistical
computation wusing measurement values obtained from a
plurality of heads that are sequentially placed facing the
15 first grating according to movement of the movable body in
the first movement process, and a measurement value of the
first interferometer <that corresponds to each of the
measurement values, the plurality of heads being among a
plurality of heads whose positions are different inadirection
20 parallel to the first axis and which are included in a first
head unit that constitutes an encoder that measures position
information of the movable body in a direction parallel to
the second axis by irradiating a detection light to the first
grating; and a drive process of performing drive of the movable
25 body in a direction parallel to the second axis, while
correcting the measurement values obtained from the first head
unit based on a measurement value of the first interferometer
and the correction information on grating warp of the first

grating.



information used to correct grating warp of the first grating 1is
obt ai ned, and by the processing in the drive process, the 5 drive of
the novabl e body in a direction parallel to the second axis is
performed, while correcting the neasurenent val ues obtained fromthe
first head unit based on a neasurenent valaie of the first
interferoneter and the correction information on grating warp of the
first grating. Accordingly, the drive 10 of the novable body in a

di rection paral |l el H&hhelsaeshedaxpy thepr oreeperidindd it Fsgarayement

accuracy using the first grz@%nngand the first head unit (the )
encoder), wit S5ei ngRaf f &8Ped Ty Tyr afFRYSWARp BECLRESH| r forrection
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the first axis can also be perfornmed. According to a't

aspect of 5t heyireseftthd AvQBbIlebodPNenhes ids riei@victedaal el & Pahé &dtond
form ng nethod, 20 conprising: a process of nmounting an object on a

novabl e body axiat icampermioern@d, hiwhid erod megeqil iange ;then e qureces s ofalues
driving the novabl e body using the novabl e body drive nethod of the
present i nversttairfast fromnehe ¢i reft hepatireinmbagethen ebpegsursieht tisiigie
nmet hod, a pattern can be formed on the object 25 with good accuracy.

Further, in &7 ifodrigpmly Heedssone i tarch T I rdrifsy o omation
oblect Wi ih, 8g0d,secuact by foom pa Lhe paliern o he  sblect uaing.
et o0 UL 2 LORSHL S8l oL L LOER, UL DU 0 FR0 B ani
devel oprent, andiRt eRiRGkmed with good accuracy using the first grating
and the first head unit (the encodexr)}, without being affected
by grating warp of the first grating. Further, by performing
the operations similar to those described above also with
15 respect to a direction parallel to the first axis, the drive
of the movable body in a direction parallel to the first axis

can also be performed.
According to a thirteenth aspect of the present
invention, there is provided a third pattern forming methed,
20 comprising: a process of mounting an object on a movable body
that can move within a moving plane; and a process of driving
the movable body using the movable body drive method of the
present invention for formation of a pattern to the object.
With this method, a pattern can be formed on the object

25 with good accuracy.

Further, in a lithography process, a pattern can be
formed on an object with good accuracy by forming the pattern

cn the object using any one cf the first to third pattern

forming methods of the present invention, and a microdevice



to the object on which the pattern has been fornmed. Accordingly, it
can also be said froma fourteenth aspect 5 that the present
invention is a device manufacturing nmethod in which any one of the
first to third pattern form ng nmethods of the present invention is
used. According to a fifteenth aspect of tthe present invention,
there is provided a first exposure nethod of exposing an object 10

with an energy, heam via agn optical system the nethod conprising.

det ecti ng thgy%ﬁég’dﬁ\{%ﬁr\ﬁegqaiw 5R3 SEcBROVTABRBERY BythisIered arield

detecting unit _that- has the first .and second nbers respectively .
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performed by the detecting unit while noving the first novabl e body.

Further, Sindshamnlthe2@rchenft davereiber ithatdésiparmarlfdden el etdtiigpd
unit is arranged at the first novable body, the first novabl e body
does not i ncireabedchnesy xae afidthadriefsdr e ttier positttiean forming methods
control labilit can favorably be secured. According to a sixteenth
aspect of thepridsemresrientimrentm tkeresed. provi ded a second

rerét)ﬁggrgomat hod of Ag%ggﬁg%gé%ﬁ%th an ener%y beam th,eV ntion,
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comprising: detecting the energy beam via first and second
members by using a detecting unit that has the first and second
members respectively arranged at first and second movable
bodies that are independently movable within a predetermined

15 plane.

With this method, since the first and second members are
arranged at the first and second movable bodies respectively,
detection of the energy beam can be performed by the detecting
unit while moving the first movable body. Further, since only

20 the first member that is part of the detecting unit is arranged
at the first movable body, the first movable body doces not
increase in size, and therefore, the position controllability
can favorably be secured.

According to a sixteenth aspect of the present invention,

25 there is provided a second exposure method of exposing an
object with an energy beam, the method comprising: a process
of measuring position information of a first movable body that
is movable within a predetermined plane holding the object

and of a second movable body that is movable independently



first neasuring unit has short-termstability superior to that of

t he second neasuring unit. 5 Wth this nethod, position information
of the first novable body that noves within a predeterm ned pl ane
hol ding the object can be neasured by the first neasuring unit whose
measur enent val ue has short-term stability8 superior to that of the
second measuring unit. Accordingly, position control 10 of the first

bl e bod hat I t bj.ect whi. . tt is forned can
rovable body Lt 00l g5 LDS.SLEEL Lon, e, cRELESED S LOETRO con
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nmeasuring posditdanmbREQL MR IA t0had gﬂdﬁ—ﬂwgkgblwgysdﬁ@ﬁ%f o that
novable in first and second directions within a predeterm ned pl ane

hol di ng the a&f etie avuta WiaduEifg ngtic.grating section that has a
grating periodically arrayed in the first direction and a second
grating section thétthashh 20mertatd ngopet oo cahEyrmat ayedoitn thiee first
second direction are arranged, by a plurality of heads of an encoder
system conprioSEd lienbadyi FBaT reesrs ivighini 8, paefebeeninedr kaidodiding
whi ch faces the first and second grating sections; and a _process of
measuring podilts 6RIBREOFARL PTG B XL OGP ROTABFE DSEBHFNE Har1G grhose
novabl e i ndependent|y from.the firs vabl e body. .within the plan
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a predeterm ned pl ane
pattern is formed can be stably performed.

According to a seventeenth aspect of the present
invention, there is provided a third exposure method of
exposing an object with an energy beam, the method comprising:

15 a process of measuring position information of a first movable
body, which is movable in first and second directions within
a predetermined plane holding the object and on which a first
grating section that has a grating periodically arrayed in
the first direction and a second grating section that has a

20 grating periodically arrayed in the second direction are
arranged, by a plurality of heads of an encoder system
comprised in a first measuring unit, different two heads of
which faces the first and second grating sections; and a
process of measuring position information of a second movable

25 body that is movable independently from the first movable body
within the plane by an interferometer comprised in a second
measuring unit.

With this method, position information of the second

movable body is measured by the second measuring unit that



hol di ng the object is neasured by the first neasuring unit that

i ncl udes the encoder system whose neasurenent value has 5 short term
stability superior to that of the interferonmeter. Accordingly,
position control of the first novable body that holds the object on
which a pattern is forned can be stably Igerfornmed. According to an
ei ghteenth aspect of the present 10 invention, there is provided a
devi ce nanufacturin%;nethod conpri sing: exposing an object using

any one of tHEGHYARS t5e LRFPUTRXPBSEPE, mitthEls I6F rhdnppegahion of the
invention; a evel opi-ng.th sed object .. .15 BRI EF SCRI PT.

OF THE DRAW %1 é?o"l‘;ﬁ?Jseg§°v°?ye\?vy}§a&1é‘%%¥t‘%écé‘lﬁ‘i?%h&wpﬁgeda?%mmed Plane
configuratio ; ! r to i . ;
FG 5T e o poaRRL S CRR R B AR g, unie
pl an vi ew shawa1g ihbe ulledCeABN n &S d¥ATd RS m #PoRRARYE LNTcARRAN-A USeSas

(such as encoders, alignment systens, a nultipoint AF system and Z
sensors) Shatsmane egumppedbibitiyheupxpostine appar at usheé N rftlefekonfdtGr.
4A is a plan view showing a wafer stage, and FIG 4B is a schenmatic

si de vi ew sh@wiangrdimngant, glosditdss sentiroh o5 hef fuafermstragbe WBIdy that
FIG 5A is a plan view show ng a neasurenent stage, and FIG 5B is a
schematic si d@hdsewhshohilggtaoparhiigh erpastesntianfowied men be stably
measurenent stage. FIG 6 is a perspective view showing the vicinity
of the 20 +?%ﬁ£ﬁ¥ portion of X-axis stators 80 and 81 in FIG 2
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10 invention, there is provided a device manufacturing method,
comprising: exposing an object using any one of the first to
third exposure methods of the present invention; and

developing the exposed object.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing a configuration
of an exposure apparatus related to an embodiment.
FIG. 2 is a plan view showing a stage unit in FIG. 1.
FIG. 3 is a plan view showing the placement of various
20 measuring 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
25 of wafer stage WST.
FIG. 5A is a plan view showing a measurement stage, and
FIG. 5B is a schematic side view showing a partial cross section
of the measurement stage.

FIG. 6 is a perspective view showing the vicinity of the



FIG 8 is a block diagram showing a main configuration 5 of a
control system of the exposure apparatus related to the enbodinent.
FIGS. 9A and 9B are views used to explain position neasurenent
within an XY plane of a wafer table by a plurality of encoders each
including a plurality of heads placed in 2the 10 array arrangenent,
and the transfer of neasurenent values between the heads. FIG 10A

i i howi ng an ex |l e of a figuration of the coder,_and
FIG 108 is & vicnsrd i tHE L SFAURES YR B et g or 2-

sectional shape thal;ds %\.Oggaﬁ?gr%%r%%yg lF_ﬁe%!l Oc% &x EL.ra&ﬁtt':l'?en o fed:%ktoions

i
grating RGis used as a detection | 1S a vi ew use

explai n gratidy PidicihpLomeatd pns@nd grating deformation correction
of scales perfornmed’in the exposure apparatus related to the

enbodi nent. 20 Fl G21GL2A L9 430 @fle Mi=gwanlsadwh geXphaih df8lguration
alignment perfornmed in the exposure apparatus related to the

enbodi mrenb. HKIG8. cd8Arbd §3€tameo¥itduws cxpedure eppkaknusi ralidaadots the
detection of marks on a wafer by a plurality of alignment 25 systens
per formed whisasHaRjitng the Z-position of a wafer table WB (wafer
W. FIGS. 14A and 14B are views used to explain a baseline o
nmeasur enent oper at EdFSof W pRRfafy &Legrifeits syseentoreaglaina pafdtion

195 e VI SR SR 2 HaRel 18 oo esR Y SHOL ORTALLON By

lot. FIG 16 déeﬁokﬁh@%“@&ghtﬂm&@df%‘ aa‘pPS%gh.ﬁ_Qg &P%Célélds placed in the

10 array arrangement, and the transfer of measurement values
between the heads.

FIG. 10A is a view showing an example of a configuration
of the encoder, and FIG. 10B is a view showing the case where
a laser beam LB having a sectional shape that is elongated

15 in a periodic direction of a grating RG is used as a detection
light.

FIG. 11 1is a view used to explain grating pitch
correction and grating deformation correction of scales
performed in the exposure apparatus related to the embodiment.

20 FIGS. 12A to 12C are views used to explain wafer
alignment performed in the exposure apparatus related tec the
embodiment.

FIGS. 13A to 13C are views used to explain simultaneous
detection of marks on a wafer by a plurality of alignment

25 systems performed while changing the Z-position of a wafer
table WTB (wafer W).

FIGS. 14A and 14B are views used to explaln a baseline

measurement operation of a primary alignment system.

FIGS. 15A and 15B are views to explain a baseline



operation of the secondary alignnent systens performed at 5 every
waf er replacenment. FIGS. 17A and 17B are views used to explain a
position adjustnent operation of the secondary alignnment systens.
FIGS. 18A to 18C are views used to explain focus mapping performed in
t he exposure apparatus related to the enbddi rent. 10 FIGS. 19A and
19B are views used to explain focus «calibration perforned in the
exposure apparat us reIIgEf ted to the enbadinent. FIGS. 20A and 20B are

views used t SFEXPHAIEOT f SRS 2btPRct Pdn éﬁﬁﬁﬁdﬁﬁyseﬁsl&tgémﬁ@r orfERfems
n the expos el at.e tothee odi FI GS. 21A
' P %%fo@ne@gﬁ% expeffe aa%dt % fgmt

and 21B are Vi éws ‘used aTh Ot raver¥eZ-movi ng cor rect i on
performed in the expesures appar A edy t 9. L e grodl] @%’1& FI
22 is a view showing a state o ‘% stagexg %l rzrg S ne"ldheck

nmeasur enent  sigRge Wil eoexpRs Ué@c@Mdér?'[ &migﬂﬁeﬁﬁa@yﬁ%bﬁ%d pelr%o%ielag at
performed to a wafer on the wafer stage. 23 is a view showi ng a

state of Bhe anvafrer weige wapl addmemeasur enent st age when exposure to
waf er Whas ended on the wafer stage WST side. 25 FIG 24 is a view
showi ng a state of HleS .waf/ér agtdalyeB arick i sreasdr eneexpdé Ager magitt ion
after a state where both stages are separate has been shifted to a
state where BEHNSHTRIEs ORFEEGIPR Gt ddte iaIPTetiy GtlHenmestt eyystems.

sszﬁgenszsaeﬁ'e%xé%agzs&ta@gpz%%“ﬁ“ ER LR T S R
a0 ™ A A AL IR S LS KA B octinenc.

10 FIGS. 19A and 19B are views used to explain focus
calibration performed in the exposure apparatus related to
the embodiment.

FIGS. 20A and 20B are views used to explain offset
correction among AF sensors performed in the exposure

15 apparatus related to the embodiment.

FIGS. 21A and 21B are views used to explain
traverse-Z-moving correction performed in the exposure
apparatus related to the embodiment.

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

20 themeasurement stage while exposure by a step-and-scan method
is being performed to a wafer on the wafer stage.

FIG. 23 is a view showing a state of the wafer stage and
the measurement stage when exposure to wafer W has ended on
the wafer stage WST side.

25 FIG. 24 is a view showing a state of the wafer stage and
the measurement stage right after a state where both stages
are separate has been shifted to a state where both stages
are in contact with each other, after exposure ends.

FIG. 25 is a view showing a state of both stages when



table in a Y-axis direction. 5 FIG 26 is a view showing a state of
the wafer stage and the nmeasurenent stage when the neasurenent stage
has reached a position where a Sec-BCHK (interval) is perforned.

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

measur enent stage when the wafer stage haz noved fromthe 10

unl oadi ng position to a | oading position in parallel with the

Sec-BCHK (interval) being perfornmed. FIG 28 is _a _view showng a

state of the M}t BFASPEGRCRASIFR LFFARTHRFe M 2 stagdr GRekOR (fad the wafer

2 val e has BEETEA dndir VTS GG VT S oA i 5o 89 1 Hp<Eing
how t f
0si L1 on uhereo R OB T e T ir OLeel o7 & oot T & st

measur ement stage 5 arld g adiddhe-aptimal scrum waiting position.
20 FIG 30 is a view showng a state of the wafer stage and the

nmeasur enept stage Wien abipanentewBskswaigangedtinot e Ao §t&6é and
al i gnnent shot areas are being simultaneously detected using

al i gnment sydthenmgeAllirefie2?2 ahdgAlZ3en RAiE m@hsuzeaewnitentshovihag r@eached
state of the wafer stage and 25 the neasurenent stage when the focus
cal i bration fomfsitinpédssiag iSLOPHHY perfiormiedl) RGreXdimnedyvi ew
showing a state of the wafer stage and , the neasurenent stage when

al i gnnent marks ar Faffged’i h° thB18F| $OEERDFd SERF§refth s et ear srdared

beL 10, S L 0Nl B R SEh S BN, LORTEL SYBLEID AL Bl one
and - the; FeaseiRih S H38e (e 8ta h8a8ng"So 91+ 188 & baBOHhall K the
Sec~-BCHK (interval) being performed.

FIG. 28 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

15 on the wafer table.

FIG. 29 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pri-BCHK
former processing is performed while the measurement stage
is waiting at the optimal scrum waiting position.

20 FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in the
three first alignment shot areas are being simultaneocusly
detected using alignment systems ALl, ALZ2; and ALZ2j;.

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

25 the measurement stage when the focus calibration former
processing 1s being performed.

FIG. 32 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in the

five second alignment shot areas are being simultaneocusly



processing and the focus calibration |latter processing is 5 being
performed. FIG 34 is a view showing a state of the wafer stage and
t he nmeasurenent stage when alignnent marks arranged in the five
third alignment shot areas are being sinultaneously detected using
al i gnnment systens ALl and AL21 to AL24. BB FIG 35 is a view show ng
a state of the wafer stage and the neasurenent stage when alignnent
mar ks arranged |n the three fourth alignnment shot areas are being

si mul taneouslcg? ed:é_‘t tuéd'qgsiaﬁlglgé}“i STEAS digt And %22t8n3L3\E23

Elegsufgrrie?\t asrlag\év When ?%easf oc‘gtégvr“?g% Itgjgnqv:%;eé%g d%t%led’aé?ri%t%ge and
flowchart usedd ﬂeSéB%?&nQnﬁ ﬁ%é; menL f a%.tdSMéCt?f ‘Eﬁ?“ﬁﬁfté{f}ﬁﬁ?@attfer

nmethod. FIG 38 1s a to ex plain a specitic exanple

step 204 in ?r@ce%%lnzgo BTt DEHR CARRYENG: GWT 11 EE E%b%lﬁa is

enbodi ment of the present invention will be described below, with
reference5t obeli@s. pekrtferdfed.FI G 1 schematically shows a

configuration of exposure 25 apparatus 100 related to the

ermbodi ment . ExposuféGappéria asvigevGheringeashahg exposurefapparagasnd
by a step-and-scan nethod, that is, a so-called scanner. As wll be
descri bed | afté® NeRSureEISErh Sdiagenthes BrldioaEensn eEtisc AL repsesmip the

3o o080 2,200 L1 (L] g, dosgription w1l be tde aseuming o,
OBl cel SYSLEDEL S SRS SRS e et dn ks,
10 FIG. 35 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in the
three fourth alignment shot areas are being simultaneously
detected using alignment systems ALl, AL2; and ALZ23.
FIG. 36 1s a view showing a state of the wafer stage and
15 the measurement stage when the focus mapping has ended;
FIG. 37 is a flowchart used to explain an embodiment of
a device manufacturing method.
FIG, 38 is a flowchart used to explain a specific example
of step 204 in FIG. 37.
20
BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be described
below, with reference to FIGS. 1 to 36.
FIG. 1 schematically shows a configuration of exposure
25 apparatus 100 related to the embodiment. Exposure apparatus
100 is a scanning exposure apparatus by a step-and-scan method,
that is, a so-called scanner. As will be described later, in
the embodiment, a projection optical system PL is arranged,

and the following description will be made assuming that a



to the Z-axis direction is a Y-axis direction and a direction 5 that
is orthogonal to a Z-axis and a Y-axis is an X-axis direction, and
rotation (tilt) directions around the X-axis, the Y-axis and the
Z-axis are ex, ey and ez directions respectively. Exposure apparatus
100 is equipped with an illum nation 10 XZystem 10, a reticle stage
RST that holds a reticle Rthat is illumnated by an illum nation

|l ight for exeﬁsure, her ei ﬁf&er, referred to.as_an "illumnation
light" or an®® BaFPS Bhtq ERfORM $3} GFiLSRY OF ByRigrtien optical

rojection uynpit PU_that _includes.praojection optical system PL_that.
15 proj ect's IMIUhGF‘on21 1 GHE-T LLBRCELSR” 11 OAFEERe RO R 2 e L
W a stage unj 0 ; .

stage MST, t knlaler%dr éCT'(\)T%tE ?%I Qﬁ%s’%elvﬁ?élg‘{ledﬁ{ %g:%]n}é%—g @Q%Q&a%e;%onal
wafer Wis rr&tmﬁ@-zlékyéﬁdwémowitsemﬁ-Oagi@ldlﬂ%%tladd 8hl SR tion

and an 20 illum nation optical systemthat has an illum nance

uni form ty opthatalisystemvgonsdai nbng dnacfitsi cald integsai or isand Xhexis
like, and a reticle blind and the |like (none of which are shown), as

i s di scl oseddixedtdromexangl eot&okan (JapanedeectiexsntnednPatientX-axis,
Application Publication) No. 2001-313250 25 (the corresponding U.S.
Pat ent Appl i &S oh#%bF | éati omNoZ-a2De3/0W25890) Candithefki deregiions
illumnation system,10,. a slit-shaped illum nation area | AR on
reticle R th&SSPETFfiSted by the reticle blind (masking system is

L nat ed by 1 RABASLOR bLBDL L SROSUT Sl AL W o
i SO TH (RS d el o A g e e
is illuminated by an illumination light for exposure
(hereinafter, referred to as an “illumination light” or an
“exposure light”) IL fromillumination system 10, a projection
unit PU that includes projection optical system PL that
15 projects illumination light IL emitted from reticle R on a
wafer W, a stage unit 50 that has a wafer stage WST and a
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
20  illumination optical system that has an illuminance
uniformity optical system containing an optical integrator
and the like, and a reticle blind and the like (none cf which
are shown), as is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
25 (the corresponding U.S. Patent Application Publication No.
2003/0025890) and the like. In illumination system 10, a
slit-shaped illumination area IAR on reticle R that is defined

by the reticle blind (masking system) is illuminated by

illumination light (exposure light) IL with substantially



fly-eye lens, a rod integrator (internal reflection type 5
integrator), a diffraction optical elenment or the |like can be used.
On reticle stage RST, reticle R having a pattern surface (the |ower
surface in FIG 1) on which a circuit pattern and the like are
formed is fixed by, for exanple, vacuum sakction. 10 Reticle stage RST
is finely drivable within an XY plane and also drivable at

desi gnat ed scan,niqr}%?vel oci,ty in a scanning direction (which is the

Y-axi s directdort Pt g LATABRREENt af " [iTeERFEn 3F RETdAGE 1onr + hglkt JiL
FIG 1), by areticle stage,_drive system1 not, s FIG 1, refer
Lo FIG 8) 1 el BaEng e rer b SRk bt B eheiobi: o Bt fe Wb as en
Position inf i o] i.cl e_ st T wi-t hi Vi

(i ncl udi ng r%%?%dol%q'i n?ﬂg%ﬁ}a}!{elgénalén ec;%gzlé%&i ?g@ﬁggﬁ)’w:}g %Q%s‘?%%&e%/e’ &
detected at FUesQldtioNsof o hQy AP S0AT P¥ePnad LericlMWh R Re
reticle laser interferoneter 20 (hereinafter, referred to as a
"reticle pnteanrferquaia)’,) dlli it gD i dll didmskt (i @6 ualkdd ban
a Y novable mirror (or a retroreflector) having a reflection surface
ort hogonal tde tumed-axis direction and an X novable nmirror having a
reflection surface orthogonal to the X-axis direction are 25

arranged) . The ne&surehente adlapsRET, reaiidle Rnmaying enpaetern Minflese
sent to a main controller 20 (npt shown in FIG, 1, refer to FIG 8).
Mai n cont rol 161926 °¥6kt PBFSaFReTPOsIFi on Pakliifhedvelbertly)pajitern and

ticl t RST . t t.he_. it f ticl t RST i,
the % axi s AEPECTTGF, SERE et it SRR b 6 SHAMPRE: G TR et o0
based on § he JIRASIRAL. Yalues 9f Lot gle, LAter) emEter W6, And .y

e st syste %ase on e 1t

controlling retic ge drive conputati on
results. also drivable at designated scanning velocity in a 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 FIG. 1, refer to FIG. 8) including,
15 for example, a linear motor or the like.

Position information of reticle stage RST within the
moving plane (including rotation information 4in the 6z
direction) is constantly detected at a resolution of, for
example, around 0.5 to 1 nmwith a reticle laser interferometer

20 (hereinafter, referred to as a “reticle interferometer”) 116
via a movable mirror 15 (in actuality, a ¥ movable mirror (or
a retroreflector) 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
25 arranged). The measurement values of reticle interferometer
116 are sent to a main controlier 20 (not shown in FIG. 1,
refer to FIG. 8). 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



I ncidentally, instead of novable mrror 15, the end surface 5 of
reticle stage RST nmay be polished in order to forma reflection
surface (corresponding to the reflection surface of novable mrror
15) . Further, reticle interferometer 116 may be capabl e of
measuring al so position information of r&icle stage RST in at | east
one of the Z-axis, O« and Oy 10 directions. Projection unit PUis

| aced bel ow reti.cl sta e RST | FIG. 1. Projection unit PU
Pnel udes a bav it uGLARGT pPBj B R thR é%ﬁﬁr@&tlé’{?’s}?%ﬁ‘?‘ﬂ’lf’%ﬁ@?ﬁft?ae?urement

| | f h d
Dol 1 onal 1 TEHERbeS RIS shIRh reAL8RE 1 8, A SRSLEOTLIRE ranice
PL, for examitea & GLopLTisGsreystem thatql C%W@Segmgﬁtétﬁ Hr aﬂelsf%E

of lenses (lens “elenents) "'that are arrayed al ong an optical axis

di rection pwrﬁi:ﬂcﬁn‘da(lltﬁe 1&g Qi pethBNel Bivsed. 16 O&I%térg:[‘ surface
optical systemPL is, for exanple, both-side tel ecentric and has a

20 predet@rmqﬁukemxwkmtsbagﬁa@mﬁ|mzy|b® psldbhas dme-apddt eto form a
one-fifth or one-eighth tines) Therefore, when illum nation area | AR
is illum natedbedtianmisvattiose |(cghrespohddms £l ting neg f e tsian emrigce
illum nation Ilght | L having passed _through reticle R whose pattern
surface is pl é@vf@l§u8§F§ﬁF|&ﬁpy correneent 18t iF ke i feniqraugtarcd 16

(obj ect plan f pro |on optical systemPL for a reduced i mag
O "h ol 1 obi ¢ T (25 CTRSP bRy B8 AR o1 Far 10 oPOSLERPR UL SBREFAPR) OF

o el sl g e o S e, e

also referred to as exposure are co a
i I'lum naffon greadiARLON wafer W which is placed on a second
surface (image plane) side of projection optical system PL and whose

surface is coated Wirbhet@So$tunit PU is placed below reticle stage RST in
FIG, 1. Projectionunit PU includes a barrel 40 and projection
optical system PL having a plurality of optical elements that

are held in a predetermined positional relation within barrel

15 40. As projection optical system PL, for example, a dioptric
system that is composed of a plurality of lenses (lens
elements) that are arrayed along an optical axis AX direction
parallel to the Z-axis direction is used. Projection optical
system PL is, for example, both-side telecentric and has a

20 predetermined projection magnification {such as one-quarter,
one~fifth or one~eighth times). Therefore, whenillumination

area IAR is 1lluminated by illumination 1light IL from
illumination system 10, illumination light IL having passed
through reticle R whose pattern surface 1s placed

25 substantially coincidently with a first surface (object
plane) of projection optical system PL forms a reduced image

of a circuit pattern (a reduced image of part of a circuit
pattern) of reticle Rwithin illumination area IAR on an area

(hereinafter, also referred to as an “exposure area”) IA that



(phot osensitive agent), via projection optical systemPL 5
(projection unit PU). Al though not shown in the drawing, projection
unit PUis nounted on a barrel platformthat is supported by three
support columms via a vibration isolation nechanism As is disclosed
in, for exanple, the panphlet of |Interna™onal Publication No.

2006/ 038952, however 10 pr ojection unit PU may al so be supported in
a suspended state @g ?)Qri,* a nenber such..a main frarre menper

(not shown) Jt%é:tonljélgﬁl a?cr?(& ulﬁ%ﬁﬁ&&?%ﬁf%&%@;} YR&Tblse Which is
|
menber on \8/8310%1:6{ t' el s E:%%% R§ fg% ?ﬁgge I\Pége gl n% rﬁOZjuerC ion

apparatus 1 € efbd |rrent sure appryi

l'iquid i mrersign et hé(}ﬁsﬁén pﬁréﬁ n@ﬂosehgu§%§Eeu&% U JLL)1GH e S e

becones | arger when e numneri ca aperture of projection optica

system PL  sufisicadddetld AT £gses) , Thekefr®edtich dbgplEht %Xz%‘t%ﬂi‘ PL
made up of only lenses, it becones difficult to satisfy the 2

Pet zval cbndr{rpmec/rmouh trehidsPU p. | emtthougin hotr easeni IinSIth-; drfautiey,
projection optical system In order to avoid such an increase in

size of the pPwjiestiom optitcdU systmnted cat aditoptrdlc hyadtfemm that is
including mrrors and | enses nmay al so be  used. Further, on wafer W
not only photB3¥FEETIVEV 5&7@?@ wp%t AGnFH T igy anphREatal g grsdiEhien

film (topcoat fil or t rotects the fer or the
phot osensi ti \’i‘eecir%r}q:}rsé“'rra_ “%( %Ise UrtheéPr PA2BR SSU?%E%%%%% of
i qui d | mer STaR 28 - HeiHod ?rg%%&%%rtg%&ﬁr?{ O b TR i o e
of a locah | ' j(jECﬂer}p[iﬁlj.@.nPy%at 81is$) érﬂ}%%jrtsé)% :?1? elerﬁ)c?@dts}%%te
peri phery t he | ower end portron of rre o]
opti cal wn.th respect to a member such a main frame member {not shown)
that is placed above projection unit PU, or a base member on
which reticle stage RST is placed.
Note that in exposure apparatus 100 of the embodiment,
15 since exposure applying the liquid immersion method is
performed, the aperture on a reticle side becomes larger when
the numerical aperture NA of projection optical system PL
substantially increases. Therefore, in a dioptric system
made up of only lenses, it becomes difficult to satisfy the
20 Petzval condition, which tends to lead to an increase in size
of the projection optical system. In order to avoid such an
increase in size of the projection optical system, a
catadioptric system including mirrors and lenses may also be
used. Further, onwafer W, not only photosensitive layers but
25 also, for example, a protective film (topcoat film) or the
like that protects the wafer or the photosensitive layers may
be formed.
Further, in exposure apparatus 100 of the embodiment,

in order to perform exposure applying the liguid immersion



el ement that is closest to an image plane side (wafer Wside) 5 that
constitutes projection optical systemPL, which is a |lens

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

t he enbodi nent, as shown in FIG 1, the lower end surface of nozzle
unit 32 is set to be substantially flush2dth the |ower end surface
of tip lens 191. Further, nozzle unit 32 10 is equipped with a supply
opening and a recovery opening of liquid Lqg, a |lower surface to_.
whi ch waf er WS ag APFHE Rt L Sfdt Bt wersh 1ENE ctedie Py Bpeffhd jaid
arranged, and_a suppl f..ow channel and a recovery flow channel .t hat
are connect edmr%eorsrallcir?/dlﬁjil guﬁ‘f?l ?rﬁiaﬁgeglioaﬂﬁ BOI%/%JICHS? etgb‘?/é’reflé%h&&y
31B 15 respectd vely. I - Ll.gui d I

liquid recovgfy\ﬁgll%éc@%és%ﬁ\eﬁnP%gF?hgdogtb%%gg%gfgu%?é%gp%%g% géjerﬁo%v%lqlcﬁl

respect to the e shdic! e6td onsadd dhanYiaxhe Sidgethor (hArarhh Ade)
vi ew (when viewed from above) and are symmettfically placed wth

respect t® awstatacghttlitneek\bidy ddieion ayics cadQ s $est iPon tHatn Bass8%ns
through optical axis AX of projection optical system PL. One end of

a supply pipelhemtirstiowy), edscamietesd tte al'itgu desafpl Yo biipetBiA case.
while the other end of the supply pipe is connected to a liquid
supply unit I fide shbedimankl, Gs 1shewn rigf ¢ilG.o 1| theglowencchesvaridce
of a recoveryf,gi pe (not shown is connected to |iquid recovery pipe

31B whi | e t h&@Tof&™ Eng ™ 151 3@%1é5r 8EbvEPyPpi P TRk dd 4 ith the
004 [eoOva g SRS ELE b SRS LG B s
" o S S £ NG iRVl MEObSL of LR L MBI R o
exampl e, a flhQWidf &q, 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 flow channel that are connected
to a liquid supply pipe 31A and a liquid recovery pipe 31B
15 respectively. As shown in FIG. 3, liquid supply pipe 31A and
liquid recovery pipe 31B are inclined at an angle of 45 degrees
with respect to the X-axis direction and the Y-axis direction
in a planar view (when viewed from above) and are symmetrically
placed with respect to a straight line LV in the Y-axis
20 direction that passes through optical axis AX of projection
optical system PL.
One end of a supply pipe (not shown) is connected to
liquid supply pipe 31A while the other end of the supply pipe
is connected to a liguid supply unit 5 (not shown in FIG. 1,
25 refer to FIG. 8), 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 unit
& (not shown in FIG. 1, refer to FIG. 8).

Liquid supply unit 5 includes a liguid tank, a



control valve is preferably used so that not only the 5 supply/stop
of the liquid but also the adjustnent of flow rate can be perforned.
The tenperature controller adjusts the tenperature of the liquid
within the liquid tank to nearly the sanme tenperature, for exanple,
as the tenperature within the chanber (n® shown) where the exposure
apparatus is housed. 10 Incidentally, the tank for supplying the

liquid, the co ressjon pu t he tenperature contraller, the valve
and the |ikée ?ﬁﬁs¥ﬂql EH&Bft&ibEe@ggFﬁEBBelﬁKEQﬁﬁgéﬁgVap%aF§%N§ for

cqui pront “or A T k6 B R TP 62 5rEnd Lo Expbatie Sugply pive
apparatus 10037 lmﬁa{l_ﬂ@dl#é qu'A% rt%ceor%{wmftoﬁé )#istopafao#loqﬁ e

tank, a suction punp, a valve for cont |dg recover

liquid via |datisht eGaveky pép?r%lf%ra@;rl@ theehi k& O8atheoal ¥82v@ the
flow rate control valve is preferably used simlar to the valve 20

of Iiqui d5Ssuppipplnidtdp ofnchdanicalildg/puthel damkef o4 eenyet ioTLLBR rate
liquid, the suction punp, the valve, and the |ike do not all have to
be equi pped idRrexpdspeefappadat uBhé00empandtarel east: rpdlerofadihernscarne
al so be substituted by the equipnment available in the plant where
exposur e appdretRfsraftoore 25t jthe nskgiediginin Hhenbotieritanlasa mearly
| i qui d descri ed abov% ure mateé éherel after, Lt will sinply be
referred to emE@§FHB§eth SSetPFyT %@P?§ature within

necessar ) L éﬁ%ﬁ&n@w DL RSB PSR b A st e
T i e i e o Ao e
compression pump, the temperature controller, the valve, and
the like do not all have to be eguipped 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 apparatus 100 is installed.

Liguid recovery unit 6 includes a liquid tank, a suction
pump, a valve for controlling recovery/stop of the liquid via
liquid recovery pipe 31B, and the like. As the valve, a flow
rate control valve 1s preferably used similar to the valve

20  of liquid supply unit 5. Incidentally, the tank for
recovering the liquid, the suction pump, the valve, and the
like do not all have to be equipped in exposure apparatus 100,
and at least part of them can also be substituted by the
equipment available in the plant where exposure apparatus 100

25 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

the ArF excimer laser light (light with a wavelength of 193



no adverse effect on the photoresist on the wafer, to the 5 optical
| enses or the like. Refractive index n of the water wth respect to
the ArF excinmer laser light is around 1.44. In the water the

wavel ength of illumnation light IL is 193 nmx 1/n, shorted to
around 134 nm 10 Liquid supply unit 5 argb |iquid recovery unit 6
each have a controller, and the respective controllers are

controlled by main controller 20 (refer to FIG 8) . According to
i nstructi ons ™omSdih Rl eFuEe, “areTc6ATr BRI BPtatnedging large

I it 5 th I ted to liqui I i 15 31A
o 5 br odet cPHAIGd Heg 85 1 & BUSBT ARy MPBUE AEC SpABE Bigen s g 1ke
I 191 and waf Wi a4 1 gui |y Ri t ly fl .
cﬁgﬁnel aﬁg t%hgo[)u&pla#%fpleénlﬂ#@g %ﬁhlétr%l%ﬁoeﬁgﬁt e v&‘%ﬁ&% es@pfgmae‘&ng
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liquid recovery unit 6 opens 20 the valve connected to Iiquid

recovery Ppi pepiiRdlo lariyeadeierdiadad igegree to recover the water from
the space between tip lens 191 and wafer Winto liquid recovery unit
6 (the liquid tankRefiracttierer enderry adpehengatéhevirtdc aespgctf towhe ArF
channel and liquid recovery pipe 31B. During the supply 25 and
recovery opercddigey, lasiar domthtoliserarzoing Vet omfantibe wetemethe
controllers of liquid supply._ unit 5 and_liquid recovery unit 6 so
that the quar‘IﬁVte}e&rg%Pélro 11&5@%319@ thehsphled s BévwaBNX th/14 sherted
191 and wafer Wconstcgrl# equal s the quantity of water recovered
fromthe spacd® A gﬁyﬁm'a constant 31 quantity of liquid

(om0 43, Co1o") SO el 7 ke e, 108, 2SRt BENERR Pk ave
between tip lepsnt®L13Re, and the respective controllers are controlled
by main controller 20 (refer to FIG. 8). According to
instructions frommain controller 20, the controller of liquid
supply unit 5 opens the valve connected to liquid supply pipe
i5 31A to a predetermined degree to supply water to the space
between tip lens 191 and wafer W via liquid supply pipe 313,
the supply flow channel and the supply opening. Further, when
the water is supplied, according to instructions from main
controller 20, the controller of liquid recovery unit 6 opens
20 the valve connected to liquid recovery pipe 31B to a
predetermined degree to recover the water from the space
between tip lens 191 and wafer W into liguid recovery unit
6 (the liquid tank) via the recovery opening, the recovery
flow channel and liquid recovery pipe 31B. During the supply
25 and recovery operations, main contrcller 20 gives commands
to the controllers of liguid supply unit 5 and liquid recovery
unit 6 so that the quantity of water supplied to the space

between tip lens 191 and wafer W constantly equals the quantity

of water recovered from the space. Accordingly, a constant



wafer Wis constantly replaced. 5 As is obvious fromthe above

description, in the enbodinent, local liquid imersion unit 8 is
configured including nozzle unit 32, liquid supply unit 5, liquid
recovery wunit 6, liquid supply pipe 31A and liquid recovery pipe
31B, and the like. Incidentally, part of3docal liquid inmrersion 10

unit 8, for exanple, at |east nozzle unit 32 may al so be supported

in a suspended state b i n frame (including the barrel platfaorm,
that hol ds prBiEtti%h C%%ﬂtl%d or” lallsh (45 g ddd -atl ardt igld in

frame nmenber .that_isS. s te from-the infra O, in_the.case
proj ection unit: POIE %%%ret%e T8 s 581 é‘%’efsetratwe‘ agni Lhis case,

d i bed i ers, iyt ;]
escribed eanljigfig Q%%}eﬁc}“\f/lmh %éﬁd Ryl $Q.Re %Bg%?%gﬁglmlﬁsé 191 and

suspended state integra t proj ection unit

enbodi nent, Rezare wnid Fhdthntdly agady.a neasurenent frame that

is supported in a suspended state independently from projection unit
PU. In 205this casés projoectivan Wicm RPHedadsvieoidelave pitd dpe Suppekt ed
in a suspended state. Incidentally, also in the case neasurenent

stage MST i s embeshmed thellowadr djientiichrimmsins iR, urhie Sace dvetfigprreal
measurenment table (to be described later) and tip lens 191 25 can be
filled with wiCdrdima rez3leipdl FanAdAUEs IURPHAHREE S .dbseriBagcovery

above. Incidentally, . in the above descrjption,.one liquid supply

pipe (nozz e} it Cond! il Pt e alg\eat(lﬁg?%}d WY e oo 312,
arranged as a resen i nvent.i.on .i s .ng .
fimted to tArS {gﬁdhgkgénﬁ%ﬁ%%gﬁlﬁ%m%%rt G ke it ersion

di scl osedy i ny,fiQr Xl i PaRhl1Rls 10T J QS Rakional Rupldi1caf han
No. 99/49504, may al so be
supported in a suspended state by a main frame (including the
barrel platform) 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
15 in a suspended state as is described earlier, nozzle unit 32
may also be supported in a suspended state integrally with
projection unit PU, but in the embodiment, nozzle unit 32 is
arranged on a measurement frame that is supported in a
suspended state independently from projection unit PU. In
20 this case, projection unit PU does not have to be supported
in a suspended state.
Incidentally, also in the case measurement stage MST is
located below projection unit PU, the space between a
measurement table (to be described later) and tip iens 191
25 can be filled with water in the similar manner to the manner
described above.
Incidentally, in the above description, ocne liquid
supply pipe {(nozzle) and one liquid recovery pipe {(nozzle)

are to be arranged as an exmpale. However, the present



enpl oyed, in the case such arrangenent is possible taking into 5
consideration a relation with adjacent nenbers. The point is that

any configuration may be enployed as far as the liquid can be
supplied in the space between an optical nenber in the |owest end
(tip lens) 191 constituting projection oma cal system PL and waf er

W For exnpale, the liquid imersion 10 nechani smdisclosed in the
panphl et of International Publication No. 2004/053955, or the liquid

i mer si on  mEdHEH SANilScPesSediNAt eAt ERIRR e andAppF ¢ B P WAt 10N having
Publ i cation can also he applied_to the exposure

.1 420 29 RP
apparatus ofe Rifo o S afrdRSFePPPRgiBacket FIRLlY, Wiagemmhlet
50 i s equi ppe i t.h f.er st WET .and as t age T that
are pl aced a@%vgntf%n;a%el%noa} gfq‘?ﬂlcaant%onnt rekf ,ekﬁ'ogermﬁo@y ml\éﬁﬁ? rbe
(refer to FI el ydi —axk S r.ter e -
nmeasur e pos?%%gﬁkfﬁgoéﬂg?ﬁgﬁgg%:g%gggg§a e%%EENE%Fégﬁggﬁéiggkbﬁ&lﬂto

system 205 (t @:digs idrsetd ked al A8 B4) 1 EMA thSa S8 Ao mJIBASAY | NGHROSHIHAON 5
i nformation of wafer stage WSBT on exposure or the like, a stage

drive systemti24 @mef eontfd gllrGt i®hn hgt bdr eMpiogtages W andhdBEquid
and the like. On the bottom surface of each of wafer stage WST and

25 measur enermarsbageuplied horidentaetebeatveagn (amobpshiowd) mefber in the
exanpl e, a vacuum prel oad type hydrostatic air bearing (hereinafter,
referred to 39Vt &nd pddD Jensr ridhgeaprtidutping fnaledfigoimisical
and waf er stage WST _and asurenent stage MST are supported.,in a |,
noncont act ni’g’ﬁgﬁ%ipé' f‘ﬁé@r &' of F8% e§PlBé‘l8fs§\i?§r al IHArapBTE T 5498

bou 3 L21qb A Y SIS A, BT SRR ALY AP sl
stages VBT anpdiBEation No. 2004/053955, or the liquid immersion
mechanism disclosed in the EP Patent Application Publication
No. 1 420 298 can also be applied to the exposure apparatus
of the embodiment.
15 Referring back to FIG. 1, stage unit 50 is equipped with
wafer stage WST and measurement stage MST that are placed above
a base board 12, an interferometer system 118 (refer to FIG.
8) including Y-axis interferometers 16 and 18 that measure
position information of stages WST and MST, an encoder system
20 {(to be described later) that is used for measuring positiocn
information of wafer stage WST on exposure or the like, a stage
drive system 124 (refer to FIG. 8) that drives stages WST and
MST, and the like.
On the bottom surface of each of wafer stage WST and
25 measurement stage MST, a noncontact bearing (not shown), for
example, a vacuum preload type hydrostatic air bearing
(hereinafter, referred to as an “air pad”) is arranged at a

plurality of points, and wafer stage WST and measurement stage

MST are supported in a noncontact manner via a clearance of



are independently drivable in two-dinensional directions, 5 which are
the Y-axis direction (a horizontal direction of the page surface of
FIG 1) and the X-axis direction (an orthogonal direction to the
page surface of FIG 1) , by stage drive system 124. To be nore
specific, as shown in the plan viewin FIX8 10 2, on a floor
surface, a pair of Y-axis stators 86 and 87 extending in the Y-axis

direction are respectivel | aced on one side _and the other side in
the X-axis di%ﬁﬁ%ﬁ(&ﬂaﬁgﬂmb%@%d%%e P34 derwB¥nStHL AR iRr_IHh £
urize

86 d 87 h._. d_of, f aml e, _a neti.c pol.e unit

Coae s non S R Bl AR PSR L e
I I i I t
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direction. Ataré afiderdrfas SGanthiPib A ws-anfen JMUEIS B2 b,
and two Y-axis novers 83 and 85 are 20 respectively arranged in a

noncont act engragedastatiee V-Haxnidhal rewdtids, (£ Qrieomdss aOversi8a, oB84he
83 and 85 in total are in a sate of being inserted in the inner

space of Y-axiagsssarbace8F BLG87 \whndahx¥zXsartl s adialectuirdnaen hattargonal
U-1i ke shape, and are severally supported in a noncontact manner via
a cl earance 2ZB-rsctifgy t@)@é?ﬁ)?égea?lbﬂ?ﬁﬁ%@‘ﬁe?m- Brv Vb ¥ sttiRgead¥ ipagysten
(not shown) ith respect to corresponding Y-axis stator 86 or 87.
Each of Y-axi“s’'novers 82, 84, 83 and 85 is conposed of, for exanple,
an armature unit that., incorporates.armature cail.s

glikacefl at_.a .
predet er ni ned di st aﬁpgearflgﬁ T A% 3P §R. CRRiab L7 Vi i, FIG.
the embogyment, of aXie Juy i Belnd, himRde un 0l 4 Ir;sgclae LY €ny g7

units and Y-aXis stator 86 made up o e magnetic uni t
constitute MauRGHEGY ihyPRe Y3k Ss [diNRRN i QK8 respectively placed on
one side and the other side in the X-axis direction having
base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
15 incorporates a permanent magnet group that is made up of plural
pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and aiternately 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
20 respectively arranged in a noncontact engaged state. Inother
words, four Y-axis movers 82, 84, 83 and 85 in total are in
a sate of being inserted in the inner space of Y-axis stator
86 or 87 whose XZ sectional surface has a U-like shape, and
are severally supported in a noncontact manner via a clearance
25 of, for example, around several um via the air pad (not shown)
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,



respectively. Simlarly, Y-axis novers 83 and 85 and Y-axis 5 stator
87 constitute noving coil type Y-axis linear notors respectively. In
the foll owi ng description, each of the four Y-axis linear notors
descri bed above is referred to as a Y-axis linear notor 82, a Y-axis
| inear notor 84, a Y-axis linear notor 838 and a Y-axis |inear notor
85 as needed, using the 10 sane reference codes as their novers 82,

84, 83 d 85. 8 8 f t Y- t 82

53 out of LR (U SRR roa HHLDIO IS 1 A 14 f‘%ﬁo $ i S ghe
d dt | .d Xi

one, Snd,and, Wi BLAL L Boe Longl Ludigel L eghhanplor MR

and 85 of theJ1eMaiMitNGEING ¥ Sadvi8Aco MRS %ﬁﬁat 83 & ot s

to one end and the other end of an X-axis stator extends in

the X-axis didegiddafivelAccosdhnghyl yX- axkgistdwsss 83 and 83 M@ v-axis
driven along the Y-axis by a pair of Y-axis linear notors 82 and 83

and a paib 20 adfory-Baxicoristnigartemotooring4cnd Bper espedts VelneaFachtors
of X-axis stators 80 and 81 is conposed of, for exanple, an armature
unit that ind@FFRHIEE 15t rraﬂnr@%(ﬁqlslowmrwc@asarlatpoed@tae:rhrpr&etihe four
di stance along the X-axis direction. One X-axis stator, X-axis stator
81 is arrangé%Q%+%ﬂlQ§a§FQﬁ9%ﬁd%é?ﬁﬁbﬁﬁ§%¥ﬁﬁﬁlﬁﬁ%ﬁ?Qﬂ%%FﬁgﬁiﬁdfaX1s

shown) fornegﬁ_ a_stage ctlon 91 ggf in FIG 2, refer
Lo FI G Bedo Rt ut 5T R £ 1 Ao ine 11 rear
openi ng of Strr&&%rn%'iv’n a%%lCta' 91 a%gjls %e%)@%t% %5”%%”%%%6%?' %laﬁl%%l t’c’he

whi ch has a permanent magnet group

pairs of1@ nath pARBmERelRR aass@ﬁ[élrp(?r{cﬁré@w g aga%d g B5.
predeterm ned distance and alternately along the X-"axi’s ect1 on,
is arranged. This megeelsi g2pghe 8Midf al@d 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 X-axis stator 80 that extends in the X-axis direction.
15 Further, movers 84 and 85 of the remaining two Y-axis linear
motors 84 and 85 are fixed to one end and the other end of
an X-axlis stator 81 that extends in the X-axis direction.
Accordingly, X-axis stators 80 and 81 are driven along the
Y-axis by a pair of Y-axis linear motors 82 and 83 and a pair
20 of Y-axis linear motors 84 and 85 respectively.

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-axils stator, X-axis stator 81 is arranged in a

25 state of being inserted in an opening (not shown) formed at
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



X-axis stator 81 constitute a noving magnet type X-axis linear 5
notor that drives stage main section 91 in the X-axis direction.
Simlarly, the other X-axis stator, X-axis stator 80 is arranged in
a state of being inserted in an opening forned at a stage main
section 92 that constitutes part of neasuienent stage MST. I|nside

t he opening of stage main section 92, a 10 nmagnetic pole unit, which
is simlar to.the.magnetic pole uggt n the wafer stgge WET si de

(stage main $ectidon PeLrst @) @ peT rpaﬁﬁeﬂ?g%FSa%ﬁ FE AL umegnet
and X-axi s stat i vi.n n t X-axis _|linear
not or t hat d&]ﬁ\?g{seégrgag reén%ér#é%?%%@ﬁé’%anqﬁ%hgh% %5?%“&??%@%’ i%lngn%ghe
In the enbodi ‘) f: dhe il ors -§H¥k'
constitute sggggﬁﬁ1?§gggﬁgfgﬁ1i§4a?258§%FYOIT€g§Q%§ nafﬁégg¥$?gﬁﬁ%?and
20 shown in KR-Gxi& stacbdent abhyrieaeh a hbReak mayest k§pRot-LiNd iedear
to either one of the noving nagnet type or the noving coil type, and
t he t ypesScamoappr opat atrelwes 20abe medlreséedias deedathe Xngk dertialelot.ion.
by maki ng thrust forces severally generated by a pair of Y-axis
| i near not or $184 lard y85 the ofiheghtd-axdisf fadradmty,, yavixig (Stettatd @P ils
the 8z direction) of wafer stage WST can be controlled. Further, by
maki ng t hr usBLEBGCdS serdrdld wigddmat darssyrtedhdiy agf opeming formed
i near notors, 82 and 83, be sli, ht%g i fferent, %amﬁn of asur enment
stage MST c&W "E‘)ét@(?ﬁtlp%]r?éﬁ.c':\}g’f”e eCUBTC 1 et ot eerdt Gy depgirement
section 91 a er . t I n n_stage LN

V%ga%g Were &ﬁgﬁgemgﬁe Eggnﬁﬁgngg E%%8§nTgﬁgugﬁggéog 92, a

section 91 a Z-1evelrng nmechani’sm’(not °s

voice coid Mpf@fetidngois Jdinel ¥yndehves digliativectid ShagfefBbNhole unit
section 91 in the Z-gxis direction, tﬁe 6x direction a%g ?ﬁeq%y .
direction. on the wafer stage WST side (stage main section 91 side), is

arranged. This magnetic pole unit and X-axis stator 80
constitute amoving magnet type X~axis linearmotor that drives
measurement stage MST in the X-axis direction.

15 In the embodiment, each of the linear motors described
above that constitute stage drive system 124 is controlled
by main controller 20 shown in FIG. 8. Incidentally, each
linear motor is not limited to either one of the moving magnet
type or the moving coil type, and the types can appropriately

20 be selected as needed.

Incidentally, by making thrust forces severally
generated by a pair of Y-axis linear motors 84 and 85 be
slightiy different, yawing {(rotation in the 8z direction) of
wafer stage WST can be controlled. Further, by making thrust

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

Wafer stage WST includes stage main section 91 and a

wafer table WTB that is mounted on stage main section %1 via



Incidentally, in FIG 8, stage drive system 124 is shown 5 incl uding
each of the linear notors and the Z-leveling nechani sm described
above. On wafer table WIB, a wafer holder (not shown) that holds
waf er Wby vacuum suction or the like is arranged. The wafer hol der
may al so be fornmed integrally with wafer 3@able WIB, 10 but in the
enbodi nent, the waf er hol der and wafer table WIB are separately

confi gured, an fer i side . a recessed portion
of wafer tabl% e Pgé%? Ijelsnzb HthﬁlﬂHn sUEPFBA R YHeS FE% motor)

Further, on afhg E%pffméﬂ fcﬁciav%{ Vé’?g%rvmret abl e, %maairp aley EDIHI Tlld‘l the

repel | ent pl at IS afran I has T heé sur ace
repel I ent surfage)s s:u%t@eﬂdral lphd laishy mddy ddie f’é-?ét%

nounted on the wafer holder 'to which l'1quid repe ent proce53|ng

with respectIdcdddridld W,q iirs mIET.f &, ek a sl vee Gyt a2 OUtLrshown
shape (contour), and has a circular opening that is formed 20 in the

center pobti dmcindiiingy saagghtdfy trer demeehamdtve svafret tHwolZdredsl ing
nounting area of the wafer) Plate 28 is made of materials with a | ow
coefficient #feaiwerims degsaridiesh abawsh as gl asses or ceranmics (such

as Zerodur (the brand nane) of Schott AG A12C3, or TiC), and on the
surface of plate 287 wedar |tlaﬁ)l}leC]Wr'F%p@| yaher fioalfsts (RoF @d"'@y that holds

materials, fl uorln eri,es resin

cuch as pol YR Fa@e?r%rvoaeﬁw GHECRBH POrERT doh G et R AE ar G MeEer
S TE R 30 S e TN L e
ELS 4A, 10! aﬁo@l@&nh@ﬁeaeﬁbea&mlehgw éhéeﬁgkéﬁrﬁol&f%@@%a’wﬁ%@é@ma
pe (contour) is rectangul ar enclosing a circular opening, and a
second | i qui dricepebd £0te By @@dnZ8Bured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum
suction or the like. Further, on the upper surface of wafer
table WTB, a plate (liquid repellent plate) 28 is arranged,
15 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
respect to liquid Lg is performed, has a rectangular outer
shape (contour}, and has a circular opening that is formed
20 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
as glasses or ceramics (such as Zerodur (the brand name) of
Schott AG, Al;03, or TiC), and on the surface of plate 28, a
25 liquidrepellent filmis formed by, for example, fluorine resin
materials, fluorine series resin materials such as
polytetrafluoroethylene (Teflon (registered trademark)),

acrylic resin materials, or silicon series resin materials.

Further, as shown in a plan view of wafer table WIB (wafer



that has a rectangul ar frane (annular) shape placed around 5 first
liquid repellent area 28a. On first liquid repellent area 28a, for
exanple, at the tinme of an exposure operation, at |east part of a
liquid imersion area 14 that is protruded fromthe surface of the
wafer is formed, and on second liquid repellent area 28b, scales for
an encoder system (to be 10 described later) are forned.

Incidentally, at |east part_of the surface of plate 28 does not have
to be flush %38 BeT)sdPr 5EE- of At LGRS B PPRat T Shali®ale repellent

di fferent hei_gh ace of the wafer. F

hat of th th .
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configured 1 -Jﬁgmg i .l ural it t-es,,.f or first
and second ISG} gyuji rep%lqi%nr?lr%%'atég{sd t%astfgcccglrcfels [S)%unl(fp troe%%%?l;%neq iaqfuelrad 28D
repel l ent aremaA8:ANt SRCAMhdU 1Y & FBRel | 8HualLa ABhe placed around
respectively. In the enbodi nent, pure water is used as liquid Lqg as

i s described fmhoe,liand ¢ hepeflldeet heweei nakt erof i f5ts20 1duwid depellent
repel l ent area 28a and second liquid repellent area 28b are al so
referred to a&rdd 28, wiberexappléemt pllet ¢ i2@aofand sqpondravatperration,
repellent plate 28b. In this case, exposure light IL is irradiated to
first water depépeénpaptif 228ad8adt Haneppben ke Idhthatekpasapteuded

25 light IL is hardly irradiated to second water repellent plate 28b
on the outer e FaRIAGAERI ST fAG "PAES BN 198K, oD #£¢PRA 1iquid
enbodi nent, a firfﬁe ter r | I ent_.area.to which w@ter re eleen

coat having srueﬁei cient ¥es] ¢ cgs%aole& osur! 9GS Lsﬁf(ﬁfi t 5%
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the surface of first water repellent plate a, an secon
repel | ent aredd GuMisd Wi @1 41@Peld efes GRA! MAM D TRSISLAN U the

exposure light IL inferior to the
surface of the wafer, that is, may have a different height
from that of the surface of the wafer. Further, plate 28 may
be a single plate, but in the embodiment, plate 28 is configured
15 Dby 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 area 28b
respectively. In the embodiment, pure water is used as liquid
Lg as is described above, and therefore, hereinafter first
20 liguid repellent area 28a and second liquid repellent area
28b are also referred to as first water repellent plate 28a
and second water repellent plate 28b.
In this case, exposure light IL is irradiated to first
water repellent plate 28a on the inner side, while exposure
25 light IL is hardly irradiated to second water repellent plate
28b on the outer side. Taking this fact into consideration,
in the embodiment, a first water repellent area to which water

repellent coat having sufficient resistance to exposure light

ITL (Iight in a vacuum ultraviolet region, in this case} is



first water repellent area is applied is formed on the surface 5 of
second water repellent plate 28b. In general, since it is difficult
to apply water repellent coat having sufficient resistance to
exposure light IL (light in a vacuumultraviolet region, in this
case) to a glass plate, it is effective t38 separate the water
repellent plate into two sections in this 10 manner, i.e. first water

repell ent plate 28a, and.second ter repellent plate 28b around it..

| nci dent al | y,2HA7e %t LSRR O U ESRBIOT FATPEdITS | RPRS LhRACMEFte
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and 25 second water repellent plate 28b. A fiducial mark FMjs fornmed
"n the cent e S The Sbrgludiasn) diT Goid g H o Mltrurdeit Shfiegta v to

(0,5, ke B g5 PLAGHTE 00 A 8l B P 10

measur enent s asur enen

formed ingthesyawet gi cal £39s+ maaﬁéf{ggbgyﬁteﬁtr f&@&tzétagamesgsgﬁ&rwaoe‘er

the fiducial mark on one side an er s_del_n e X-axiIs
direction of ddpellfdriuGiilcdrards AHo@aLhiof atth:denitiBag, MaASURERRNE

stit invention is not limited to this, and two types of water
repellent coat that have different resistance to exposure
light IL may also be applied on the upper surface of the same

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

20 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,
and a measurement plate 30 is embedded inside the rectangular
space (inside the cutout) that is enclosed by the cutout and

25 second water repellent plate 28b. A fiducial mark FM is formed
in the center in the longitudinal direction of measurement
plate 30 (on a centerline LL of wafer table WIB), and a pair
of aerial image measurement slit patterns (slit-shaped

measurement patterns) SL are formed in the symmetrical



patterns SL, an L-shaped slit pattern having sides along the 5 Y-axis
direction and X-axis direction, or two linear slit patterns
extending in the X-axis and Y-axis directions respectively can be
used, as an exanple. Further, as shown in FIG 4B, inside wafer stage
WST bel ow each of aerial inage neasurem&® slit patterns SL, an 10
L- shaped housing 36 in which an opti cal systen1containing an

obj ective len

I d d
attached in &% qn}eaﬁtl Vlécﬁbéaaegg&ggs kgegﬁgh g Fh?oﬁb‘ﬁsgb%lr gk on
the inside of,yafartable WIB g@f&s g%fehm Lo s U %'n”g)é%e

IS arranged in palrs correspon alr aerla I ma

measur ement  sildn A3t &S SLAsaEEBHUQE ngﬁbﬁd;mhplg FQEE\%@ %li‘?t

optical systeminside housing 36 guides illunina

has been transmtdded thr, oagma@ﬁa@éd_slm&g%ammr Eaﬁﬂhgséicﬂe@adﬁcﬁ{d“ the
SL al ong an L-shaped route and 20 emts the light toward a -Y

directions | Neiademt alilngctiimn ked feldxw ry réesdrdmt ican,tWiche ioptarcallit
systeminside housing 36 is described as a light-transmtting system
36 by using PEEteyae exdendamee icnddcad teaus B ool &t Itk reaitd agfs
conveni ence. Moreover, on the upper surface of second water repellent
25 plate 28b reﬁéﬂeﬂtﬁ{"@]@’r SAMFY VFesardé @ &P lormed in a

predeternine pl chealong,each ofLoun hdes. Mre, Shectiieal L, d
Gecond, v AU Lent, BEaLe 190 (UALE nebftpelld IR NOAIAL <o, an
reSPGCt'Y@|YL—%%@pgd$ﬁ@h§§n 9¥3 NP andbBteash SPMPOsed A, ithing an
reflective grating (e.qg. fraction grating) having a peri oc?
direction Inobﬁ%c¥1&él&eﬁbEeﬁﬁﬂﬁﬁtor, 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 is arranged in pairs corresponding to the pair
15 of aerial image measurement slit patterns SL, although omitted
in the drawing.

The optical system inside housing 36 guides
illumination light IL that has been transmitted through aerial
image measurement slit pattern SL along an L-shaped route and

20 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 ccode as housing 36 for the sake of convenience.

Moreover, on the upper surface of second water repellent

25 plate 28b, multiple grating lines are directly formed in a
predetermine pitch along each of four sides. More
specifically, in areas on one side and the other side in the

X-axis direction of second water repellent plate 28b {both

sides in the horizontal direction in FIG. 4A), Y scales 39Y;



in which grating lines 38 having the longitudinal direction 5 in the
X-axis direction are fornmed in a predetermned pitch along a
direction parallel to the Y-axis (Y-axis direction). Simlarly, in
areas on one side and the other side in the Y-axis direction of
second water repellent plate 28b (both dgitdes in the verti cal
direction in FIG 4A) , X scales 39X1 and 10 39X2 are forned
respectively, X scal es 39X]1 and 39X2 are each conpaqgsed _of

reflective gFﬁFP%&YFeaﬁe Fie cY?%ﬁPCEﬁ%ﬁ¥¥KDaq%§@im&a&eﬁeﬁﬁgalénd 39Y,

di t th X- t ch r at n le 37
Che L ongi t udig SHeTeePrBREER, s AR For R EeA ) ton
predetermi neq;r%ftt &) 1@&{%’&?1%9%]‘33 {c?d:fé Qﬂr%%rﬁ.g:!nellnt Qhé he gg( 63('c§rect3.0r1

(X-axis dlrectlon As eac the scal es scal e made u

reflective dif ihaeh gRagrali NGnBS églﬁvﬁ%)tﬁéqbﬂ@wﬁaiaqd dA¥edt@lon

exanpl e, hologramor the |ike on the surface of second water

repel | ent5pl dtre t28bXiaxtsedirkntibhsacaseormad his caloe duas <2 igreat pigsh
made up of narrow slits, grooves or the like that are narked at a

pr edet er m nec ldinst ander¢pt i oh)paisa Gralddat kbasY-aThe t¥peciof direction).
diffraction grating used for each scale is not Ilimted, and not only
the diffraction gr%ﬂmﬁéaﬁéﬁe &p éreaar@6v@%eoﬁl@¢nﬂm¢w&ﬁqrﬂﬁhQﬁeﬁlde in
mechani cal |y for . also, 25_for exanple, f&ffractlon

Grating that e Crekiss B téﬂﬁb%‘rcrﬁf‘%% FREF LT 1| e PO °& 280 (both
hot osensi t er S cr.eat b
garklng tLelvgf% ﬁ{%ﬁ%v- e dl%F?mﬁngﬁ‘ rngg f&% gf&ﬁﬁlggxiﬁnd
tch ; pet n I i f f a
G0 oo LPonaeey dponmife %‘Efe@%%ﬂ e S%Ib%%é“qlﬁ% FRT Pha Skl Bre

repel | ent fllé@c(hwaoaipors@aieldfe%t rféﬂl@ctq%crgﬁ@c%@b%eg Idlquti%@téildry
the pitch of the grating is shown nmuch w der
grating) having a periodic direction in the X-axis direction
in which grating lines 37 having the longitudinal direction
in the Y-axis direction are formed in a predetermined pitch
15 along a 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. 10A) that is created by, for
example, hologram or the like on the surface of second water
repellent plate 28b is used. In this case, each scale has
20 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 mechanically formed, but also,
25 for example, the diffraction grating that is created by
exposing interference fringe on a photosensitive resin may
be used. However, each scale is created by marking the

graduations of thediffraction grating, for example, in a pitch

between 138nm to 4um, for example, a pitch of lum on a thin



in FIG 4A than the actual pitch, for the sake of convenience. 5 The
same is true also in other drawings. In this manner, in the

enbodi nent, since second water repellent plate 28b itself
constitutes the scales, a glass plate with |lowthernmal expansion is
to be used as second water repellent plale 28b. However, the present
invention is not 10 [imted to this, and a scal e nenber made up of a

Grating | FOrRSRayR ShATE: { AP DA CPRESUPRE BT a6 gt diautd
t abl W'B, f . i . vacuum suGt i on), or
tﬁe Iei ke so a%%egﬁg%%vgfnﬁlq%/o@aﬂnéeg%%eﬁe%le eég%nl\@oﬁ&eﬁ%#%%ag %f";:ea'se,
a water repelipntqdi@te ¢0 s ¢y ddhe ﬁ%%ﬁtiﬁgé Mowrt OftfcH Srider

applied on the entire surface my be used I nstea plate 28. O,

waf er tabl e WIBroBy 4 sthhetherameidy preicer,i abs 1 tBka bPWonvenience.
coefficient of thernmal expansion, and in such a case, a pair of Y
scal es and a fred rsanfe X sscatues ateyo ben ditteot Idrawihdsar med on the upper
surface of wafer table WIB. Mrror finish is severally applied to the
-Y end surface andnt h@ilsxnapgesurincehofenmpddinenibl s MIB: saubral water
reflection surface 17a and a reflection surface | 7b shown in FIG 2

are forned. WPEdREalip s e titigldn qonsdrifertafetide seahess af glass
t t flecti f .17a, and fl i
(resurom ol el ssilan St o 20 1811l L0 BRI

i nterferomet 1 - A%ies 1N ne -aXi . .
interferonet gegfgé%?% %gta%gh)gv%%'i nﬁﬁ%{?é% %% eélz(%oer(tél Eg %}tlo?n s not
i nterferoget arSydLroliBibl ehfl 4 3G BhyBARULR A8 of 2 glass plate
di spl acement of each reflecfion surface froma datum position

(general ly, @i ixedlmkerefth Slot-aged teb%aﬂs‘i%ns'éhf AEechfa grating is
projection unit PU, and the surface is used as a datum surface) ,
formed may also be fixed on the upper surface of wafer table

WIB, for example, by a plate spring (or vacuum suction} or

the like so as to prevent local shrinkage/expansion. In this
15 case, awater repellent plate to which the same water repellent

coat is applied on the entire surface may be used instead of

plate 28. Or, wafer table WIB may also be formed by materials

with a low coefficient of thermal expansion, and in such a

case, a pair of Y scales and a pair of X scales may be directly
20 formed on the upper surface of wafer table WIB.

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

25 {measurement beam) to reflection surface 17a and reflection
surface 17b and receiving a reflected light of each bean,
Y-axis interferometer 16 and an X-axis interferometer 126
(X-axis interferometer 126 is not shown in FIG. 1, refer to

FIG, 2) of interferometer system 118 (refer to FIG. 8) measure



that is, position information of wafer stage WoT within the 5 XY

pl ane, and the nmeasurenent values are supplied to main controller
20. In the enbodi nent, as both of Y-axis interferoneter 16 and
X-axis interferoneter 126, a nmultiaxial interferonmeter having a
plurality of optical axes is used, and b#sed on the neasurenent

val ues of Y-axis interferoneter 10 16 and X-axis interferonmeter 126,

mai n controller 20.can neas ot on.infornation in the ex
direction (i .%%*SBlECATABY O o4 oRsb &%ierﬁtapﬁawaﬁa?%fm@asgaawwﬁwon

. e. |1
yaw ng) | of vl Tt S vt S !5#3 REToR 08 PRECRpGE: hon s G fee of
Y-position ofy, f’@:ﬂceqftlhcﬂp{;ﬁﬂ{% gtd %ga@@gegagtusm%vaea@ﬂ%wfa%

information Within the XY plare |nc udi n rotation 1 nformati on

in the Oz direrdd an), @fos\&a;fl@rn ih@@%m\é\@-[on(Mfﬁéfé@béﬁacyg_a)si’ Svi@liN fhe
measured by an encoder system (to be described |ater) that includes

the Y scabes xandltdres X saohligdse 2tk dascsmdiad atlowes ank télq;puul@i tBdnain
t he neasurenent values of interferoneters 16 and 126 are secondarily
used in the cagdsrolsiesh s wien thengmbedimingct ast bethobft Keaxis
measur enent val ues of the encoder system (e. due to deformation
over time of InURFiRzARASenl 6tard KrR&) si gnt.;%z?g eeeret ¢ & 20 amedit iaxial
Further, 25 Y— xis interferqmeter 16 is used for_neasuring the

Y- posi ti on TS g SF Y thei44ee ieart r?é’td'rﬂaéaﬁ’i’f"gg is used,
it bed, |
position a&:\ %%%91' 2 89 oSN, (Lo n%eyav\/g%é:, agéj‘e/é.ﬁnteforrogerometer

repI acement . SO In I'TDVGI'TEI’]

exanpl e, 1 et ween, &y 1Qadiing Qperatd Qi aﬂh@' 'ng;mryonﬁoﬂ%% ald Un

and/ or between an exposure operation an di ng operati on,
nmeasur enent iddfa@yurad i:t afior rurﬁaﬁ&aﬁﬁmrﬁrlrﬁycsieerexl&réck@oﬂ Spi &,

| east one of position

pitching}, rotation information in the €y direction (i.e.
rolling), and rotation information in the 6z direction (i.e.
yawing) of wafer table WIB in addition to the X-position and

15 Y-position of wafer table WIB. In the embodiment, however,
position information within the XY plane {including the
rotation information in the 6z direction) of wafer stage WST
(wafer table WIB) is mainly measured by an encoder system (to
be described later) that includes the Y scales and the X scales

20 described above and the like, and the measurement values of
interferometers 16 and 126 are secondarily used in the cases
such as when long-term fluctuation of the measurement values
of the encoder system (e.g. due to deformation over time of
the scales, or the iike) is corrected (calibrated). Further,

25 Y-axis interferometer 16 is used for measuring the Y-position
of wafer table WTB or the like near the unloading position
or the loading position (to be described later), for wafer

replacement. Further, also in movement of wafer stage WST,

for example, between a loading operation and an alignment



information in directions of five degrees of freedom (the 5 X-axis,
Y-axis, ex, 9y and Oz directions) is used. Incidentally, at |east
part of interferoneter system 118 (such as an optical system may be
arranged at the nmain frame that holds projection unit PU, or nmay

al so be arranged integrally wth projectddn unit PUthat is
supported in a suspended state 10 as is described above, but, in the

nbodi t, interfe t t 118 is to be arranged at the
Teasur enent (TR GO I B S RS AR SE | SPHE bttt

waf er stage WSH 4.S34 ﬁ%ﬁ! le st t h S freely
novabl e mﬁth&ﬁlééyﬁége p aﬁﬁihn wa é%? alﬁéghéﬁaﬁﬁégiéénnunted

on stage Mai i SeGid Gl ANG st Aeky Shivald e fiehabiyech S 3k ition
main section 91 in the Z-axi's direction, the ex direction and the

By direction.irHewersarior e pligseitdidiy et i Oivd diptedd Mt etkeddbrt hithe
and a single stage that is novable in directions of 20 six degrees of
freedom nhy d-sxibe ema:0yed s Viaf endtémel i BT iasm s nipd tiesedf

course. Further, instead of reflection surface 17a and reflection
surface 17b, Ilacwsleapiad hil.r fbrlarederatp of iatpranaemater sy ateyn 4l8d sieh

arranged at wafer table WIB. ~ Moreover, position information of wafer
stage WST is &% 2PeOP51irgasBYBHCHSI FRY thfe erre@d 8f BhpfEaREN frampe that

fixed m d . i i it PU dat , but

the. posi {1 ORI BLPHE TAPEIBUFf Bhe 0% AYARL80; RE ML AR4RT ctegTe 1Ly
oot . il . 0 st

ot i waye haid BrpdBeBen da sl ARt EaY SpRbrr8Lon ) Q08peNRld Bt

in the eppodient,aPastihon ke MLt o Pk nwad Rl siRge: VEhtBasW S ter

by interferonmeter system 118 is not fo be used in an exposure
operation or s3iztain UGB tORRY att8Aged at the measurement frame described
above.
Incidentally, in the embodiment, wafer stage WST is to
include stage main section 91 that is freely movable within
15 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 the Z-axis direction, the 6x direction and the
Oy direction. However, the present invention is not limited
to this, and a single stage that is movable in directions of
20 six degrees of freedom may also be employed as wafer stage
WST as a matter of course. Further, instead of reflection
surface 17z and refiection surface 17b, a movable mirror made
up of a planar mirror may also be arranged at wafer table WTB.
Moreover, position information of wafer stage WST is to be
25 measured using the reflection surface of the fixed mirror
arranged at projection unit PU as a datum surface, but the
position where the datum surface is placed is not limited to
projection unit PU, and position information of wafer stage

WST does not always have to be measured using the fixed mirror.



(to be described later) but is to be mainly used in a 5 calibration
operation of the encoder system (i.e. calibration of neasurenent

val ues) or the like. However, neasurenent information of
interferoneter system 118 (i.e. at |least one of position information
in directions of five degrees of freedoM4 may al so be used in
operations such as the exposure 10 operation and/or the alignnment
operation. In the g,[rat%o i ment,, - he encoder system neasures position

i nformation of waf $Ege WisTH s FOHrER dédraastdrn of
reccom (s Aot ArLarmmsion tn U s, 1eiihe: o, 65

di rections. n-t"he " exposure o

nmeasurement 15 yaf.orggti Qnoéx%gggﬁ%ggéﬁﬁdqﬁ%% gH‘alﬂjfsc%%n?né}jl’é' operation

position information related rectrons

measurement  @ig el iR Xad®), s @NbOadid18etiQns):i Pfa
position information of wafer stage WST by the encoder system for
exampl e, Bel atedd Hr@attiher Gredbt €ohi @h tardtoddre s@y temr eCt ¢ a2 ey ion
al so be used. O, in addition to the position information related to
di fferent di rodctmicsmirgyssitt il dasf)oramtiilon riddeat edlowevetrthemsasarement
directions as the neasurenent directions of the encoder system (i.e.
at | east onelgffammatioaxicd, intgxitersngteszsuptent { bhs)inny al sease one

used. Further,_ interferomneter 5 system 118 may al so be capabl e of
measuri ng pOQQJQ9§%qﬁ9ﬂrhﬁﬁQﬁm%%l f%ﬂraﬂﬁﬁﬁ¥%ﬂ§Pithﬁﬁ¥%L rges of

direction. | this.c , ifion information.in the Z-axi

d:rection na&f%é?@%Qegiﬁnaﬁﬁé %xﬁﬁ?ﬁ?éibﬁgsgﬁFéﬁngrSPﬁél??Q§¥5eXposure
Measur e t %%g% i i aﬁg;' . 2 4 .
neasureggat ?ﬁblet%ﬁglﬁgﬁkgg3§§igg? agg%gi ségﬁggﬁ 93?9%R£§§§¥5%£ﬁﬁt'
table MIB is tieuRieddet ShagendhieEdd Hb8% S nAdrdhad 141 e hidtGr

mechani sm (not shown). However, the present

stage WST in directions of three degrees of freedom, that is,
position information in the X-axis, Y-axis and 8z directions.
Then, in the exposure operation or the like, out of measurement

15 information of interferometer system 118, only position
information related to different directions from measurement
directions (the X-axis, Y-axis and 8z directions} of position
information of wafer stage WST by the encoder system, for
example, related to the 0x direction and/or the 6y direction

20 may also be used. Or, in addition to the position information
related to different directions, position information related
to the same directions as the measurement directions of the
encoder system (i.e. at least one of the X-axis, Y-axis and
Pz directions) may also be used. Further, interferometer

25 system 118 may also be capable of measuring position
information of wafer stage WST in the Z-axis direction. In
this case, position information in the Z-azxls direction may

be used in the exposure operation or the like.

Measurement stage MST includes stage main section 92 and



invention is not limted to this, and, for exanple, neasurenment 5
stage MST having a so-called coarse/fine notion structure in which
nmeasurenent table MIB is configured finely novable with respect to
stage main section 92 in the X-axis direction, the Y-axis direction
and the 8z direction may al so be enployeds or a configuration may
al so be enployed in which neasurenent 10 table MIB is fixed on stage
mai n section 92 and stage main section 92 |ncluding nmeasurenent

tabl e MIB i s UMSABHEIMT didel ifohs RURise diyrdedomaesfsihion 92.
{abl & I {alF St RORTHS ReGRELTOR o7 obr e i, Sxctipi e LS SSioun 1 21o0
FIGS. 2 and §A,, OBAS ' 3L | Ly

Censor 04 that st o Bl oI % ChaCd S TORE TRRBH ng deCer b TR e rent

receives il umwaidion L 11108431 wrﬁ@,_eaabg%lotexaﬁlghectﬂé&urement
optical system PL, an aerial inmage neasuring instrunen 96 t hat

measures &n asragd MSmapev2ig(Pproa-ecilacdd regekegfiacpabt eon dhaict$re in
proj ected by projection optical systemPL, and a wavefront

aberrati on nmedsigl ngasinsmeoniredb D8 MIB { hec@hfbioks Hat tfime lyetdrosbidatith
is disclosed in, for exanple, the panphlet of International

Publ i cati on UREPEF3/ 865308k ttheelctieraPé Enpiheyddaxis davettiom, Ihe
aberration r’rgfasur,i ng .i nstrunent 98, the onpe disclosed in, for

exanpl e, the P& G T6C e PRE: itBﬁa?ZF‘ng?E‘é%%rf“Né.al%/}%?O%‘Plﬁﬂ%ir

di P P N Licati Publi cat i ..1.079 223
corTespond! L £ ESkent £9pLLEA o PUPLLCRELSR, Noun B0 2200 SBhcn
emiar Lo ! heatne et d 3 Aol aoatdn i SR S0y s pain

(the correspeR@iti®nU.of PrieRti ¥ nbh46%mb8) @Mle MTR is drivable in

directions of six degrees of freedom.
Various types of measurement members are arranged at

measurement table MTB (and stage main section 92). For

15 example, as shown in FIGS. 2 and 5A, measurement members such
as an irregular illuminance sensor 294 that has 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

20 (projected image) of a pattern that is projected by projection
optical system PL, and a wavefront aberration measuring
instrument 98 by the Shack-Haritman method that is disclosed
in, for example, the pamphlet of International Publication
No. 03/065428 and the like are employed. As wavefront

25 aberration measuring instrument 98, the one disclosed in, for
example, the pamphlet of Internaticnal Publication No.
99/60361 (the corresponding EP Patent Application Publication
No. 1 079 223) can alsc be used.

As irregular illuminance sensor 94, a configuration



the |like can be used. Further, as aerial inmge nmeasuring 5 instrunent
96, a configuration simlar to the one that is disclosed in, for
exanpl e, Kokai (Japanese Unexam ned Patent Application Publication)
No. 2002-014005 (the corresponding U. S. Patent Application
Publ i cati on No. 2002/0041377) and the |i4e can be used.
Incidentally, three neasurenent nmenbers (94, 10 96 and 98) are to be

arranged at neasurenent stage MST in, the, epbodi nent, however, the ]
types and/ or S[J'ﬁ[éﬁTﬁﬁTﬁ& tglle %HﬁagﬁﬁEnéﬁtdh%%%?§da¥%¢ | oM XA & e G 1

them As the ure t__nenbers,_ for_exanpl.e, .neas nt_.nmenher
such as a't r(ajr%%%}etsae nce er%(eaarqslurlre?cfl § 35 %P;g;'tl Tt nnéﬂéugjﬁécsa o No.
transm ttance1f P10 LGN [ e EL, rvé. Qgﬁ%w'
instrument that o servggh%bggﬁEF%ghpgxﬁ 8}§io%§9%é?€kg, "or é*% |§Fd

nozzle unit 3hd arild Rdrese B4 .0r Fubkeneki ke smyraksoiR8gusRdasuring
Furthernore, nenbers different from the neasurenent nmenbérs such as

a cl eani ng neEmberrunzait deans 2 Miegalaa i tsi3d, 144 pd ense ke adhdthe s
| i ke may al so be mounted on neasurenent stage MST. In the

enbodi nent, &ksiscdwdss deenfdr andRIG e SKokielhe (Tapasess Uhmtamaireed Patent
frequently used such as irregular illumnance sensor 94 and aerial

i mage measur BRPLiFSTIeTe FLbdE caté opl) alled 2609n0 4l @eht €t wergesponding

- axi | he cent. . VST,
Therof or 6. i 1 thob BRBRUARNL S riFL EPBASRE caSP ity 1 ROJ64004nadra 2 the
be perfor med | T only in the Y-axi
e b or 10 90 BASInATEOL 5805 VT, S0 GBS o s,

(11 i nange menF Ly Ehe has 8ol GRET Sadt v g Rastian Ravrng oy tn The
ght-Teceiving section having a
predet er m nedrdyRAEMAS HidleveBCEIIRS dyddiNaiat i dHelOMumber 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
15 transmittance of projection optical system PL, and/or a
measuring instrument that observes local liquid immersion
unit 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
20 nozzle unit 32, tip lens 191 or the like may also be mounted
on measurement stage MST.

In the embodiment, as can be seen from FIG. 54, the
sensors that are frequently used such as irregular illuminance
sensor 24 and aerial image measuring instrument 96 are placed

25 on a centerline CL (Y-axis passing through the center) of
measurement stage MST. Therefore, 1n the embodiment,
measurement using theses sensors can be performed by moving

measurement stage MST only in the Y-axis direction without

moving the measurement stage in the X-axis direction.



IL on the imge plane of projection optical systemPL nmay al so 5 be
enpl oyed, which is disclosed in, for exanple, Kokai (Japanese

Unexam ned Patent Application Publication) No. 11-016816 (the
corresponding U S. Patent Application Publication No. 2002/ 0061469)
and the like. The illum nance nonitor ist7lso preferably placed on
the centerline. 10 Incidentally, in the enbodiment, |liquid inmersion
exposure is performed in.which wafer Wis exposed w th exposure

light (illum natior P&E}ﬁ)thE FPacprdjYcititen SepErEsl 0eysEERed pibrRy an
liquid (water),.Lq.. and accordingl,y irregular illum nance sensor 94 .
(and the ill ulr%lnug[}\lcngdnr%enl%ﬁgrl) Prtae ?%Flasl% Tekde rﬁ&fﬂﬁnﬁgs?ﬁgf?ﬁ%@%mg
96 and wavefrp éﬁgﬁ Y £@§f i i rAUpRn it . used i
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IL via projeqtbanoptintaje Y&HEM Plordfd ARl opFUEL NSy st YIPREY also
of each sensor such as the optical System may be nounteéd on 20

measur enebt ttablendEE dndvisiagel sTad i Sletdd DNird2)fodreddid lentidieai
sensor may be placed on neasurenent table MIB (and stage nain

section 92). (Ampstiege iUndHa@irsR] Batferanddmphlapsd: it dotivieinta tnienbeio.
42 is fixed to the end surface on the -Y side of stage main 25
section 92 ofl imrddQfldnelith s tapyeraverndiurag HerS . tRRtaned b igdtsdas on
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exposure i1s performed in which wafer Wis exposed with exposure
light (illumination light} IL via projection optical system
PL and liquid (water} Lg, and accordingly irregular
illuminance sensor %4 (and the illuminance monitor), aerial
15 image measuring instrument 96 and wavefront aberration
measuring instrument 98 that are used in measurement using
illumination 1ight IL receive illumination light IL via
projection optical system PL and water. Further, only part
of each sensor such as the optical system may be mounted on
20 measurement table MTB (and stage main section 92}, or the
entire sensor may be placed on measurement table MTB (and stage
main section 92),.
As shown in FIG. 5B, a frame-shaped attachment member
42 is fixed to the end surface on the -Y side of stage main
25 section 92 of measurement stage MST. Further, to the end
surface on the -Y side of stage main section 92, a pair of
photodetection systems 44 are fixed in the vicinity of the
center position in the X-axis direction inside an opening of

attachment member 42, in the placement capable of facing a



photomul ti plier tube, and a housing that houses them As is 5 obvious
fromFIGS. 4B and 5B and the description so far, in the enbodi nent,
in a state where wafer stage WST and neasurenent stage MST are

cl oser together within a predeterm ned distance in the Y-axis
direction (including a contact state), i48umnation light IL that
has been 10 transmtted t hrough each aerial inmage nmeasurenent slit

f_ : | 30 i i ded b h
P oht £ ansmBAI g oy it Je T e e TyeThe 611 GREH 6ei vi g
| f i is, BNt {
S0c T ght -t r SRR EG AN A b ciRlead e SR Ben

constitute ansaef iz d "Bgey MBasr g uHi-Adfef Ry dddfe floh as a
which is simlar to the one disclosed 1n Kokali (Japanese Unexam ned

Pat ent  Appl iptadtt g IR i st itaie ,Nand28 0o 4409 T Hdthe ctekisespefdi s is
U S. Patent Application Publication No. 2002/0041377) 20 referred to
previousl §, apdritches lirdce FOESat &chmenbBrentiethd 2desccomt 1 cdlendd afadarin
(hereinafter, shortly referred to as a "CD bar") 46 that is nmade up
of a bar-shédped mefi gt & redatehgiilere sestdordiagshdp s
serves as a reference nmenber is arranged extending in the 25 X-axis
direction. CHVFUANGYE I§GitRatiTaldsf it E&Qﬁg'kh%d@tﬁ%rﬁ st age

MST by full-kinematic .nount,.structure. 46, serves
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set high to be around the sane |evel as a so-called datum pl ane
pattern SL of measurement plate 30 1s guided by each

light-transmitting system 36 and received by the
light-receiving element of each photodetection system 44,
That is, measurement plate 30, light-transmitting systems 36
15 and photodetection systems 44 constitute an aerial image
measuring unit 45 (refer to FIG. 8), which is similar to the
one disclosed in Kokail {(Japanese Unexamined Patent
Application Publication) No. 2002-014005 (the corresponding
U.S. Patent Application Publication No. 2002/0041377)
20 referred to previously, and the like.
On attachment member 42, a confidential bar (hereinafter,
shortly referred to as a “CD bar”) 46 that is made up of a
bar-shaped member having a rectangular sectional shape and
serves as a reference member is arranged extending in the
25 X-axis direction. CD bar 46 is kinematically supported on
measurement stage MST by full-kinematic mount structure.
Since CD bar 46 serves as a prototype standard
(measurement standard), optical glass ceramics with a low

coefficient of thermal expansion, such as Zerodur (the brand



plate. Further, as shown in FIG 5A a reference grating (e. g. 5
diffraction grating) 52 whose periodic direction is the Y-axis
direction is respectively forned 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%re forned apart at a
predeterm ned distance (which is to be "L") 10 in the synnetrical

pl acenent with resgect to the center_in the X-axis direction of

bar 46, that 18e)cBhtsMGHfelieare %P%ﬂé?d SnthRgASFeR Isur f 4B8 fc;faté‘ﬁss
bar 46, I |it f f f d t I

a5 shown i ‘%%ée%a% thE SrEra B dre defer sheE Rar 8T rih B Shr set

i 15 th d ' :

:aﬂd thet a; (ra:y ?TM eac fg%%luéﬁfggﬁgééﬁel iésglﬁﬁ ?‘?edn#r gt—%gac &A%Lﬁbrplﬁne
a predeterm paditd St @ngenich, tér@sxo@wfn @tf;eo;zi 8. ref%%&a@geétmg e.g.

reference marks M a two-di mensi onal nark havi ng a size that can
detected by alifFfirmstyical ygatenl) HEwREEaEAbERcaNdatyYishiigNgBBty-axis
systens (to be described later) is used. Reference mark M may be

di fferent in sl i(const irespieon) viedgmtofrimgdciial tharki&EMibutof ntiehend
enbodi ment, reference mark Mand fiducial mark FM have the sane
constit uti on P& &0 O[l’h@yleh@;ée fRe ShArcthbastside ion Wi Hanmitusiinal
an al i gnnent rk of wafer Incidentally, in the enbodi nent, the

surface of CHW&EHE™ /LR @ 651‘ ac@“%?aﬁféagﬁr%ﬁert%gé‘aWBgém &re

may i ncl ude

d d, ab
covered with ftogrq q%lpg&?e% 15 gﬁ%kéﬁ%&g g%‘é%%f%ih’fhlfcﬁ? h° >20 be *17)
several | yo Alip0 (i ikt AdiS Wlacmand Jig Xandowd ase dodly in
ction surtraces 1

nmeasur enment ta e MI are

simlar to wahey XL%QJ:L% \@E.@e%stldjﬁgﬂ ked mhoves (rt@lfaﬁ:r lSt 0 fAEer12 gy,

5A). By projecting an interferoneter beam
Further, on the upper surface of CD bar 46, a plurality

of reference marks M zre formed in the placement as shown in
FIG. 5A. The plurality of reference marks M are formed in
15 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
a size that can be detected by a primary alignment system and
20 secondary alignment systems (to be described later) is used.
Reference mark Mmay be different in shape (constitution) from
fiducial mark FM, but in the embodiment, reference mark M and
fiducial mark FM have the same constitution and also they have
the same constitution with that of an alignment mark of wafer
25 W. Incidentally, in the embodimenit, the surface of CD bar 46
and the surface of measurement table MTB (which may include
the measurement members described above) are also covered with
a liquid repellent film (water repellent film) severally.

Also on the +Y end surface and the —-X end surface of



(measurenent bean) , as shown in FIG 2, to reflection surfaces 5 19a
and 19b and receiving a reflected |ight of each interferometer beam
Y-axis interferoneter 18 and an X-axis interferoneter 130 (X-axis
interferoneter 130 is not shown in FIG 1, refer to FIG 2) of
interferoneter system 118 (refer to FIG5®B) neasure a di spl acenent

of each reflection surface 10 froma datum position, that is,

position informtion of sur nt stage MST (e.g. including, at

| east positi SIFETHIDIFHL i ali% %%‘%&%W Y'fi(”a‘S(qgasC?ﬁ retd iad’r‘njs%aﬂlfﬂ are
rotation inf i jsn L 6 irection) nd_t he sur enent
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FIG 2, stop FRehani . a .are sarr ang -axi t
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of the +X si dene8nt-pediid BBaf) , Xad¥hswat Bl 0% .80, aRdr821EPtdon surfaces
perspective view, stopper nechani sm48A includes a shock absorber

47A servi hg 20=asma Y emdindcdihatng sa arafngettdt] Xtaxicst dattor 81
and made up of, for exanple, an oil danper, and a shutter 49A
arranged at latsgdiaiaetathédecamd Juekdceioherfierovespdel 8fandher X-exd s
portion) on X-axis stator 80 that faces shock absorber 47A. At the
posi tion on XPHEEtORGEBRI Thatd Tatles e sty 135 g7 Aotgphown

i i d. i |G. 6,. sh 49A is dri le |
Pt D ona” i EPFOY REBRE a5l Al SraPedr bt Sheion syytrm 118 Gedty
hani 3 i -Y si.d ' 51A f
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pened state or a closed state. The opened/cl'osed state of opening
51A by shutt efe AV dnerdetAGiRd MBT ak.g. including at least position
information in the X-axis and Y-axis directions and rotation
information in the 8z direction), and the measurement values
are supplied to main controller 20.
15 Meanwhile, as shown in FIG. 2, stopper mechanisms 48A
and 488 are arranged at X-axis stator 81 and X-axis stator
80. As shown in FIG. 6 that shows the vicinity of the +X side
end portion of X-axis stators 80 and 81 in a perspective view,
stopper mechanism 48A includes a shock absorber 47A serving
20 as a buffer unit that is arranged at X-axis stator 81 and made
up of, for example, an oil damper, and a shutter 49A arranged
at a position {the end surface on the -Y side of the +X end
portion) on X-~axis stator 80 that faces shock absorber 47A.
At the position on X-axis stator 80 that faces shock absorber
25 47A, an opening 51A is formed.
As shown in FIG. 6, shutter 494 is drivable in directions
of arrows A and A’ (Z-axis direction) by a drive mechanism
34A that is arranged on the ~Y side of opening 51A formed in

X-axis stator 80 and includes, for example, an air cylinder



openi ng/ cl osi ng sensor 101 (not shown in FIG 6, refer to FIG 5 8)
that is arranged in the vicinity of shutter 49A, and the detection
results are sent to main controller 20. Stopper nechani sm 48B has a
configuration simlar to stopper nechanism48A. In other words, as
shown in FIG 2, stopper nechani sm 48B i3icl udes a shock absorber 47B
that is 10 arranged in the vicinity of the -X end portion of X-axis

stator 81, and shutter 49B arranged at a position on X-axis stataor
50 L hat {acel ChEE BbESr bAC UAETION iR ubR0Cag Ak o oA
shutter 49B qf. X-axis r an._openi n 1 is farned. 15

Herein, the gﬁ%ﬁ&t?@n83%3%§t8§%éﬁ ﬁ%c%aﬁ%%%%§4§§?%%d §§’qﬁﬁqeq&§losed

expl ai ned basgd @ JH Genfifd &12Dpf QNG c?l@ﬁ?i@%tedw?ﬂ;%ﬁ;mp\

as a representative. In the case shutter 49A is in a state o i ng

openi ng S51Axershelids ilGsefdoreMEN (WaENsHowtiish stal &f, 8irandio FIG.
X-axis 20 stator 80 cone close together as shown in FIG 7B, X-axis

stators 831 amd &Batadsotreangednynctbsevibinsheckt adisorter 43Y,A and the
shutter 49A conming into contact with (contacting) each other. In

this case, adedsfdtgwratiesnlits ams Gpad ite whaiich comdfnerl ltegbl2d .WIB and
measur enent table MIB do not cone into_25 contact with each other

even in the case WREPEPSEThERFISEdEM0BR1b28 Ai goafigugatipnopigilar to
pi ston rod 104a _of shock ahsor 47A nmpves to the nost -Y sid

(i.e. in the S@&?@%@th&“&ﬁﬂ ?:85%“ R %%%)W%lfé%ho%% B et EEFA 2
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opened state. In this case, when X-axis stators 81 an
81, and a shutter 49B arranged at a position on X-axis stator
80 that faces shock absorber 47B. Further, at the +Y side
portion of shutter 49B of X-axis stator 80, an opening 51B
is formed.

15 Herein, the operations of stopper mechanisms 482 and 48B
will be explained based on FIGS. 7A to 7D, focusing on stopper
mechanism 48A as a representative.

In the case shutter 492 is in a state of closing opening
514 as shown in FIG. 7A, even when X-axis stator 81 and X-axis

20 stator 80 come close together as shown in FIG. 7B, X-axis
stators 81 and 80 cannot come any closer by shock absorber
47A and shutter 49A coming into contact with (contacting) each
other. In this case, a configuration is employed in which
wafer table WTB and measurement table MTB do not come into

25 contact with each other even in the case where a head section
104d fixed to a tip of a piston rod 104a of shock absorber
47A moves to the most -Y side (i.e. in the case where a spring
{not shown) of shock absorber 47A contracts most, and the

overall length becomes shortest) as shown in FIG. 7B.



80 cone close to each other, at |east part of a tip portion 5 of

pi ston rod 104a of shock absorber 47A can be inserted into opening
51A as shown in FIG 7D, which nakes it possible to make X-axis
stators 81 and 80 conme closer to each other than the state shown in
FIG 7B. In such a state where X-axis st®ors 81 and 80 are cl osest
to each other, wafer tabl e WIB 10 and rreasur enment table MIB (CD bar

46) can be madeto 0 ct vmth h 0 to cone

cl 2)ser t oget her at © %\‘ﬁ‘?:}éﬁ?) %16 #ggejré CEJKW@ dpygward
and the |ike F ) ni 51A

set so that)aiL'Aa’z;:§1j|cs)ﬂlq}sf,¥rl c%{(]lr?rl\e(%1 mé@ngghggg&gbg%rgf "4 OrPaennaﬁlﬁﬁA is
ternmination poy hhoapéﬁeaogttaw cany eapandi £y, tufhé'h Et%&q@ FeLtQQQ%MHd

51A even in a state where X-axis stators 81 and 80 are closest

each other, @0 mRmbelsek 36 thah bendrsesti D8asdOdgk©foPistap KREtion
104a of shock absorber 47A touches the termnation portion. Further,

in order %o p:rfepeﬂltoahncﬂ i absosherkdddsarite a AV kapobtinisafted into
opening 51A fromcomng into contact with each other even in the
case X-axis swsgmy MR andsBovwnelat Fi€l y7hovehieh timkeos aixi ossible to

direction, a wdth of the opening portion may also be set in advance
in accor danc@2kf lxﬁaéléuéﬁtaFP?So? 3 5 Wecllfﬁﬁéﬁe’ﬁ? eagh other than

I ncidentally,_,in th Odl rrent sto han sm 48A and
48B are to b& % eed af&{ 8& XaaB? ?t EbSFeB -axis

However, -~ onl yone,.of g5t 888%0 r@f@%o St %%Aegﬁg 4§§egaywﬁ%9fa%%le WTB

arranged, or a stopper nechanismsim oné déscri
may al soj pe %ﬁ&@ﬂg§gu§5m§@Eeﬁa§i@@ﬁE§3CDWﬁE:@Qg AEASME &IIRIY +St@YRe into

MST. Referring back to FIG 2, a clearance detection sensor 43A and
a collision @eﬁﬁ%tdtomlﬁzeﬂ%ﬂckﬂaﬁwre @, angedcile tN®ser together at a
distance of around 300um) (refer to FIG. 14B and the like).
As shown in FIG. 7D, the depth of opening 512 may be set

so that a gap is formed between shock absorber 47A and a
15 termination portion (a portion corresponding to a bottom) of
opening 51A even in a state where X-axis stators 81 and 80
are closest to each other, or may be set so that head section
104d of piston rod 104a of shock absorber 47A touches the

termination portion. Further, in order to prevent shock
20 absorber 47A and a wall portion of opening 51A from coming
into contact with each other even in the case X-axis stators
81 and 80 relatively move in the X-axis direction, a width
of the opening portion may also be set in advance in accordance

with a quantity of the relative movement.

25 Incidentally, in the embodiment, a pair of stopper
mechanism 48A and 48B are to be arranged at X-axis stator 81
and X-axis stator 80. However, only one of stopper mechanisms

48A and 48Bmay also be arranged, or a stopper mechanism similar

to the one described above may also be arranged at wafer stage



+X end portion of X-axis stator 80, and a pl ate-shaped nmenber 5 41A
that is elongate in the Y-axis direction is arranged protruding to
the +Y side at the +X end portion of X-axis stator 81. Further, as
shown in FIG 2, a clearance detection sensor 43C and a collision
detection sensor 43D are arranged at the 53 X end portion of X-axis
stator 80, and a pl ate-shaped nenber 10 41B that is elongate in the

Y-axis direc i s, arranged rotrudin o the +Y side at the -X end
portion of WS"’”’S‘{ étfec?rs%“ r% @%ectl on sensor 43A is
conposed of, for %@I L.an % pho n ( LED- PTr

15 transm ssive pho oser]fgtoﬁf\bga%d%n udgé a %?;g(%ﬁgﬁr%%b%er%fzwlhasﬁnﬁ&r

a U-shape, anda shigght&m 1184 é@@éé@fbr%ﬁﬁs%ldz@}a éscgh;%rfgﬁ LY 9 the

section 144B that are respectively arrange on a palr surfaces

faci ng each othendopoftxefl drembekilddiatads SNOWAd A FldEe SshMdd member
cl earance detecti on sensor 43A, in 20 the case X-axis stator 80 and

X-axi s statordldl tdate id edeondatrd her Hrreon-taha sstaitreedfidrl Gs Grranged
pl at e- shaped nmenber 41 A comes between |ight-receiving section 144B
and | i ght - eninndtpdigect p el 44 & igledat Hdd H§lend pont Loglat ¥mdxt s wgator
section 144A |s intercepted by a |lower half portion of plate-shaped

nmember 25 4181 anguéthﬁéhtaﬁﬁwqynr@(%l ved E&elaif&ﬁper@%%ﬁ“\?zh‘@llilsensor
t 144 |1 t t ua
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than a predetérmn di stance by curren

shown in &l Ga16 GRld issd %oqﬁtaecfé lion a@waﬂ@dfﬂé@&% & fdrediged
menber 143 having a U shape, ‘and

protruding to the +Y 31de at the -X end portion of ¥—-axis stator
81.
Clearance detection sensor 43A is composed of, for

example, a transmissive photosensor {(e.g. LED-PTr

15 transmissive photosensor), and includes a fixed member 142
having a U-shape, and a light-emitting section 144A and a
light-receiving section 144B that are respectively arranged
on a palr of surfaces facing each other of fixed member 142,
as shown in FIG. 6. With clearance detection sensor 43A, in

20 the case X-axis stator 80 and X-axis stator 81 come close
further from the state of FIG. 6, plate-shaped member 41A comes
between light-receiving section 144B and light-emitting
section 144A and the light from light-emitting section 144A
is intercepted by a lower half portion of plate-shaped member

25 41Aa, and a light quantity received by light-receiving section
144B gradually decreases and the output current gradually
becomes smaller. Accordingly, main controller 20 can detect
that the clearance between X-axis stators 80 and 81 becomes

equal to or less than a predetermined distance by detecting



light-emtting section 145A and a light-receiving section 5 145B t hat
are respectively arranged on a pair of surfaces facing each other of
fi xed menber 143. In this case, as shown in FIG 6, light-emtting
section 145A is placed at a slightly higher position than
light-emitting section 144A of cl earance 34detection sensor 43A, and
l'i ght-recei vi ng section 145B is 10 placed at a slightly higher
position thar]C ht -reccel vin section 144B of cl earance detection
sensor 43A s Uersrpeg'htd‘ to light-emtting section 145A. Wth

col lision det ectl o% SeRsor. A_IL%B, lﬁ;[ the st5 g% %}e te%tt g’lﬁsee\%h%ﬁorr %5)%0

and 81 further cone cI ose to ea er an
CD bar 46 (meagirgmmnts table; M@b&prﬁ% M8« Ccr%ﬁtaa% M4 eaghy of her

(or at the stage where wafer table WB and bar 46 (rreasurerrent

tabl e MIB) cankhy-eadrtdiogetdecical o sH dance 10fgrar-owek 38t Phectia
position of the upper half portion of plate- shaped menber 41A is set

bet ween 28 | ilgtB erhattt iange smﬂpm:tﬁ#éﬂéz amj:dn@”u -greceipding cecimisces
145B, and therefore the light fromlight-emtting section 145A is

not inci dent feeingracherehas v §ezeforemisB14Accofditiylsy casgmi as shown
controller 20 can detect that both tables conme into contact wth

each other (df Ebfe &é@ﬂ“tﬂ?&éﬁ:ﬁépgﬁe%tH‘P%tlér?@eléﬁﬂﬁc%ﬁ 8Gnd S3dghtly
pm by detec t he ou urrent from, ht -recei vi
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simlar to plsait-ishaped Breier dblArdesddd®tion sensor 432 so as to
correspond to light-emitting section 145A.
With collision detection sensor 43B, at the stage where
X~-axis stators 80 and 81 further come close to each other and
15 wafer table WTB and CD bar 46 (measurement table MTB! come
into contact with each other (or at the stage where wafer table
WTB and CD bar 46 (measurement table MTB) come closer together
at a distance of arcund 300 um), the position of the upper
half portion of plate-shaped member 41A is set between
20 light-emitting section 145A and light-receiving section 145B,
and therefore the light from light-emitting section 143A is
not incident on light-receiving section 145B. Accordingly,
main controller 20 can detect that both tables come into
contact with each other (or come closer together at a distance
25 of around 300 um) by detecting the output current from
light-receiving section 145B becoming zero.
Note that clearance detection sensor 43C and collision

detection sensor 43D that are arranged in the vicinity of the

-X end portion of X-axis stator 80 are also configured similar



above. 5 In exposure apparatus 100 of the enbodinent, in actuality,
a primary alignnment systemALIis placed on straight |ine LV passing
t hrough the center of projection unit PU (optical axis AX of

proj ection optical systemPL, which also coincides with the center

of exposure area |A in the 10 enbodi nent)>3and being parallel to the

Y-axis, and has a detection center at a position that is spaced

t f t tical ' t, . det jned di stance on t -Y.
e as Show i aar o SRR GRS 195 I O e tection
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system ALl is fixed to t ower surfade o mai n shown)

Via a supportz 1nRyreeh 34408 90gi shde atttée-s@ita%%rd fbflBer MA RRscribed
X-axis direction with primary alignnment system ALl in between,

secondary al iagguwwent systens AL21 and AL22, and AL23 and AL24 whose
detection centers are substantially 20 symetrically placed with
respect tb strai ghilnl iexpcosvrar eppsewdnal 11y 0arorfardged embloati mesyt , f iine

al ignment systems ALl and AL21 to AL24 are placed so that their

det ecti on cemcai@ldity, ploadadratalblgnperhsyposmilohssimlades sastireight
direction, that 1is, placed along the X-axis direction. 25 As is

repr esent at i veiF Sowe S5 "o TR ANSymfsieT SfstRAAIATLoTeagHt PU
secondary alignnent..syste L2n (n=1 to 4) is fixed to ip.,.
(urning end) SR n bR Soht FE # e i ety Bt Bpaphy Pepich also
rotation center . Q.: e ' 1.ned QQ?I r.an in

cl ockw se ang%alrrll%ilp o%:%tgl.er%g S I rtgecrt %fﬁ%g%pﬁ’rsﬂ% 3. nﬁt ﬁ'gl the
enbodi Meng, @mPRAILiRIntSe GO bei0ly §RGMISREONAML Al GAMRNT SYSHRY -

AL2" (e.g. including at [east an optical systemthat irradiates an
alignment |iglkttection center at a position that is spaced apart from the
optical axis at a predetermined distance on the -Y side as
shown in FIG. 3, although omitted in FIG. 1 from the viewpoint
of avoiding intricacy of the drawing. Primary alignment
15 system ALL is fixed to the lower surface of a main frame (not
shown) via a support member 54. On one side and the other side
in the X-axis direction with primary alignment system ALl in
between, secondary alignment systems ALZ2: and AL2,, and AL2s
and ALZ; whose detection centers are substantially
20 symmetrically placed with respect to straight line LV are
severally arranged. That is, five alignment systems ALl and
ALZ; to AL24 are placed so that their detection centers are
placed at different positions in the X-axis directiocn, that
is, placed along the X-axis direction.
25 As is representatively shown by secondary alignmenﬁ
system ALZ;, each secondary alignment system AL2, (n=1 to 4)
is fixed to a tip (turning end) of an arm 56, (n=1 to 4) that

can turn around a rotation center O as the center in a

predetermined angle range in clockwise and anticlockwise



to a detection area and also leads the light that is generated 5 from
a subject mark within the detection area to a |ight-receiving
elenent) is fixed to arm56n and the remaining section is arranged
at the main frame that holds projection wunit PU The X-positions of
secondary alignnent systens AL21, AL22, #AL.23 and AL24 are severally
adj usted by turning around 10 rotation center O as the center. In

econdary. al (TR Ly SPLRTAL 31,  REobe AP UF M 0@ SAFLLAL section
i ndependent | y_ 4my ' --axl [ eatd ordi ngl t.he,.
relative posi%%nagcq‘lofsé%neé%& éc%rﬁnnegj}t{ea é0‘?@“!:}1;15rzfﬁgrré::a{‘r J%aﬁi'gﬁﬁlg%t‘l%mg at

system ALl andzl3 s8fptarss ald st eustians Aldls A2 11i’%‘rﬁ%r§}ﬂgight

AL24 are adjustable in the X-axis direction. Incidentally

enbodi nent, theaXiPosttionurefa seacmss Y 2ldsUoRENMt i gUsteas i Mgherated
AL22, AL23 and AL24 are to be adjusted by the turning of the arns.

However, $he fpreesentsubmesTit intrrk svindtid ithd etkttart20nt hixssa arwd za dri ve
mechani smthat drives secondary alignnment systens AL21, AL22, AL23
and AL24 bacK igid frsradi ving Béexeax) sis dilxest tommmpbalasel bee remaining
arranged. Further, at |east one of secondarg al i gnment systenms AL21,
AL22, AL23 arffCAlPR rdy p&angSFaBletR6t MaaNyE T ame Hehak digldsipreckgcdnon

T e B L L I I R )
I nformation A f2 t,h .pal tndt %_ath '§r% & e:[‘gl ! rgc?qpsﬁésd rEﬁ?scglrr%qln%n%%o%nd
sensor (not S wn SEJCah as aﬁ |nterterone r, r an encoder. e

sensor npy Onlot JPBATUEENPESI] & ORHNESRFBET ONrf Bt Be u?sr@g,stﬁ% detection
direction of secondary alignnment system AL2n, or nay be capable of

nmeasuri ng posirda@n (0¥ aH@tdededii @naiditfe i)y e iboddry examnt
the Y-axis direction and/or the rotation direction
systems ALZ;, AL2;, ALZ; and AL24 are independently movable in
the X-axis direction. Accordingly, the relative positions of
the detection areas of primary alignment system ALl and
15 secondary alignment systems ALZ2,, AL2Z,, AL23; and AL2,; are
adjustable in the X-axis direction. Incidentally, in the
embodiment, the X-positions of secondary alignment systems
AL2,, ALZ;, ALZ23 and AL24 are to be adjusted by the turning of
the arms. However, the present invention is not limited to
20 this, and a drive mechanism that drives secondary alignment
systems ALZ:, ALZ2;, AL25 and ALZ2,; back and forth in the X-axis
direction may also be arranged. Further, at least one of
secondary alignment systems ALZ;, AL2;, AL2; and AL2; may be
movable not only in the X-axis direction but also in the Y-axis
25 direction. Incidentally, since part of each secondary
alignment system ALZ, is moved by arm 56,, position information
of the part that is fixed to arm 56, is measurable by a sensor

(not shown) such as an interferometer, or an encoder. The

sensor may only measure position information in the X-axis



(including at |east one of the 6x and 6y directions). 5 On the upper
surface of each arm56n, a vacuumpad 58n (n=l to 4) that is
conposed of a differential evacuation type air bearing is arranged.
Further, arm 56n can be turned by a rotation drive mechani sm 60n
(n=l to 4, not shown in FIG 3, refer t®®FI G 8) that includes, for
exanple, a notor or 10 the like, in response to instructions of main
controller in controlle Zof‘ﬁCti vates each vacuum pad 58n to

20,.
fix each ar rﬂjﬁ%ehc RO T OENBRBWDY Py kbt tionr dtaepe capable
rotation adkH?%ﬁEtKg%%ﬁrégkﬁgﬁpPTgﬁgPrﬁgsi%hagg.gﬁo%%%gi iggéﬁghﬂg for

after rotation ang a desired i‘oha

relation betvwggprd mme 3_igiaent rsystem gxgh/a?dtﬁg%t GBIt ion

al i gnnent systens AL21 to AL24 is maintalin nci dent a specific
rotation adj usitnmnidiaig each ad8 driwtor ithe ik adiUsdy ng Fedhiath Of
relative positions of four secondary alignnment systens AL21 to AL24
with respect to priomthe20pakirganeftceystesadhl amhliésheadesentnedad 58,
later. Incidentally, in the case a portion of the main frane facing
arm56n is a magnéoi €) Bk isncerpesednufmedifiprahtsdalbevanpd bieu type
i nstead of vacuum pad 58. In the enbodi nent, as each of primary

al i gnnent syStemPeRFIAg G FemIssecoRBaEDCEl | ghftenfn A5t s tAnEd dY

AL24, for exanple, .an FJ A (Field | mage Alignnent ystem an i mge
processi ng nét E%&aitsml?s 1ta ™S 'Sgk Qnag%gga‘ﬁ%a d DYet "Trbnmbg%r‘r?\'
t hat does not, e r.esi on,,a  waf.er. t subj ect _mark, and_pi.cks
up an i nage 03f’ ?%g%gcutﬁ%ectﬁc;nhr ft\(g%ir:e néu%gns’a%cirgrﬁ%aﬁn léLeel’viéh oﬂ)ﬁognéjr

ib%dte)f(le(;ﬁibg ﬁétgx)‘:edlh&%bt ihr PR L H8s e SUPIs %ttﬂﬁ%rt&o%%dog%éﬂﬁ%ﬂr er 20.
pattern on an index plate arranged wthin eac
al i gnment sysf=8m cof@troller 20 activates each vacuum pad 58, to fix each
arm 56, to & main frame (not shown) by suction after rotation
adjustment of arm 56,. Thus, the state of each arm 56, after
rotation angle adjustment, that is, a desired positional
15 relation between primary alignment system ALl and four
secondary alignment systems AL2Z; to AL2, is mzintained.
Incidentally, specific rotation adjustment of each arm, that
is, an adjustingmethod of relative positions of four secondary
alignment systems AL2; to ALZ2,; with respect to primary
20 alignment system ALl will be described later.
Incidentally, in the case a portion of the main frame
facing arm 56, is a magnetic body, an electromagnet may also
be employed instead of vacuum pad 58.
In the embodiment, as each of primary alignment system
25 ALl and four secondary alignment systems AL2; to AL24, for
example, an FIA (Field Image Alignment) system by an image
processing method is used that irradiates a broadband

detection beam that does not expose resist on a wafer to a

subject mark, and picks up an image of the subject mark formed



shown) , wusing an inmagi ng device (such as CCD) , and then outputs 5
their imaging signals. The inmaging signal fromeach of primry

al i gnnent system ALI and four secondary alignnment systens AL21 to
AL24 is supplied to main controller 20 in FIG 8. Incidentally, each
of the alignnent systens described 10 abdve is not limted to the

FI A system and for exanple, an alignnment sensor, which irradiates a

coherent detection light to a subj.ect rk and detects scattered
light or a dift raaglt ﬁedﬁ?lvg]é}%r@taé'tﬁ ;Hriyoi}hht%er%ﬁtﬁcé_tﬁd ?Fdr‘ﬁ“to Lk dde
two diffract ] | : i.ffracte i.ght. fot S, order. or
diffracted 1%%?3'9%}%5%{3%%9&& ?gfr; alc“?a ;jonét e l}aq(r)tre\eX d'a‘r%ecjta}llragen pattein on

generated from ife SYbiad JBrdnddH srf@l& %l’fieé]%?}n?né?cn system) ({(not

interference light, can naturally be used by itself” or

conbi nati on amoweededsinfurt hekgihyvwewvldgnBBeh SY8tenp Ald tBBE Medhits
to AL24 are to be arranged in the enbodi nent. However, the nunber of
20 al i gnnent thesitrenBndsimptsigmaltsed Thef ivagihgt sfhay:alie firben parhen
equal to or nore than two and equal to or less than four, or may be

t he nunber eduainany crlimyenthaysien Arl rand beouhe eevetn muridrgnosott
t he odd nunber. Moreogver, in_the enbodi nment five alignment systens
ALl and AL21 %5 tAIPu Akre 10 Abe {15 &dPPd ied tRend bnsonddioldes 8P i IG.
mai n frame t%at hol ds projection wunit PU, via support menber 54.
However, the present invention is not limted to this, and for

exanpl e, the T1ve maldignomt 13ySLemn 0RYcAL SO DEALIANGRA B 8 crinea

measur enent frane escri I er n exposure apparatus

ol e ebodigmne, a5 ShOISeB B el 88, bl 8 LSRR 0!
32 on all alignment sensor, which irradiates a coherent detection light
to a subject mark and detects a scattered light or a diffracted
light generated from the subject mark or makes two diffracted
lights (e.g. diffracted lights of the same order or diffracted
15 lights being diffracted in the same direction) generated from
the subject mark interfere and detects an interference light,
can naturally be used by itself or in combination as needed.
Further, five alignment systems ALl and AL2; to ALZ, are to
be arranged in the embodiment. However, the number of
20 alignment systems is not limited to five, but may be the number
egual to or more than two and equal to or less than four, or
may be the number equal to or more than six, or may be the
even number, not the odd number. Moreover, in the embodiment,
five alignment systems ALl and AL2; to ALZ2: are to be fixed
25 to the lower surface of the main frame that holds projection
unit PU, via support member 54. However, the present
invention 1s not limited to this, and for example, the five
alignment systems may also be arranged on the measurement frame

described earlier.



four sides. In actuality, head units 62A to 62D are fixed to 5 the
foregoing main frame that holds projection unit PUin a suspended
state via a support nenber, although omtted in the draw ngs such as
FIG 3 fromthe viewoint of avoiding intricacy of the draw ngs.
Incidentally, for exanple, in the case prfojection unit PUis
supported in a suspended state, 10 head units 62A to 62D may be

ted ded st at i nt eqgr al W th_ proj on un|t PU,
or Moy be arr anged 5t CHHES HEaaPAREAF S LiReOhoss | BEP S 1anghoun

units 62A and G%QG?r% r%%ﬁﬁch'éﬁl gEF@C%9§Og then ﬁg e eng? §§§%em

of projection unit PO havin ongi Pnaf - di T ectTon

X-axis directiQn,p1andarie, ‘?4 $2 2t aed \BRYUN Rlngs YRSIAN Ihalily 3{2hpon all

same di stance fron1opt|cal axis AX of projection optical systemP

symmetrical | yronid Bidegspeth dcc@ptieg) hasds uAXe sFepa hes ,62|meagleUfu>Eéd to
62B and 62D are respectively placed on the +Y side and -Y side of

proj ecti oh 2Ghmifiorielddian mgitnhérkorgthadi halddi pecieonion whet YedaxXirs a
direction and are al so placed apart at substantially the sane

di stance fr orﬁucﬁﬁeif‘@@ld axpseAxiafa grppectimemiopti caltheyhepmiptedAsn the
shown in FIG. 3, ,head units 62A and 62C are each 25 equipped with a
plurality of ES™NIF D Eid)IC¢ nbddepihe Waewhe 1 é?:fg(iivé?tldd-ng

ot cal Q‘X.”Ed/&% 3%%3?8&??%?%%#@@ ; Eg}g%éﬁpﬁﬁi‘ix S Bardpiey o the
the X-axis, %%g p%%ﬁx&%tq)gns un eE‘:Ut l%n tlérH tln6%A %E)%tndteléit %%a%e,

mul tipl e- Iens ens in |s case |near enco €
(hereinafger hedORlit s %@hﬁ%6962b0m§§ Be " SuSRCRAEH "110Ta A s RARRAIE S ate

as needed) 70A (refer to FIG 8) that neasures the position in the
Y-axi s integrally with projection unit PU, or may be arranged at the
measurement frame described above.
Head units 62A and 62C are respectively placed on the
+X side and -X side of projection unit PU having the
15 Jlongitudinal direction in the ¥-axis direction, and are also
placed apart at substantially the same distance from optical
axis AX of projection optical system PL symmetrically with
respect to optical axis AX. Further, head units 62B and 62D
are respectively placed on the +Y side and -Y side of projection
20 unit PU having the longitudinal direction in the Y-axis
direction and are also placed apart at substantially the same
distance from optical axis AX of projection optical system
PL.
As shown in FIG. 3, head units 62A and 62C are each
25 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 AX of projection optical
system PL and is parallel to the X-axis, along the X-axis

direction. Head unit 62A constitutes a multiple-lens



direction (the Y-position) of wafer stage WST (wafer table 5 WB)
using Y scale 39Y1. Simlarly, head unit 62C constitutes a
multiple-lens (six-lens, in this case) Y linear encoder 70C (refer
to FIG 8) that neasures the Y-position of wafer stage WST (wafer
tabl e WI'B) using Y scale 39Y2. In this ca®e, a distance between
adj acent Y heads 64 (i.e. neasurenent beans) 10 equi pped in head

units 62A and 62C.i s set shorter than.,a width jn the X-axiLs
direction of (PiEcHeRs 5o h iR aoky t10eHE SRoreer, &%F%%%af%e%ﬁ&toﬁtly

of grating |ine38) Further, oyt of 3 p Lﬂ%a%%éyerg%%a%e%%sln%ﬁ@@ 702

are equi pped’in each uni

i nnermost i s fixed. t tE&% l %")’e:thja%b%%s%gets' QB 0 Y q_:to nhe . f(lj'xe Y-axis

proj ection opt| cal system PL ' (to be nore accura

nozzle unit 32 eRelies NGHd F-donTibh) 30 3T 0 e gel aeed @r%f%'r_o%%ble
as possible to the optical axis of projection optical system PL.

shown in ¥l GHT®) teddgunsta®2B9s .eqeippedriwt head 20ipl wcalcloh)etdfcutes
(seven in this case) X heads 66 that are placed on straight line LV
at a predet eemitnétiigletanve &donglehe, iVt Bkis chselct bhnefurdrmrder 70C
head unit 62D is equipped with a plurality of (eleven in this case,
out of el ever{-'ﬁ)%fﬁ‘é’aH@ I%O\ﬁévéhattfw‘@@u;@ﬁédv%Yt‘ﬁ@ls-lé\?-@ﬁl ap waiemeygage

al i gnnent sy m 25 are not hovvn in FIG 3) heads 66 that are
pl aced on ?«rsgr é:aL QTR p%@d&gerymsr?é’&edlé Yance! D Heuts rige, 2

ncader ( her éﬁ%ﬁc 0'5“%% RSt R SINCA Ter ity éﬁams
“encoderp as iegdedy Zﬁg?e(é&h% fsoagh%n&)azfd“ s?i%%%&eﬁhgﬂea Wi

pOS|t|on |n t he X-axis rection e X-position er stage
(waf er tabl e WBheuglag: X @f@é@tﬁ&xlof yrdebhes, 3beadddnisby62B 6 be more

constitutes a nultiple-Ilens
accurate, a length of grating line 38). Further, out of a
plurality of Y heads 64 that are equipped in each of head units
6Z2A and 62C, Y head 64 located innermost is fixed to the lower
15 end portion of barrel 40 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
axlis of projection optical system PL.
As shown in FIG. 3, head unit 62B is eguipped with a
20 plurality of (seven in this case) X heads 66 that are placed
on straight line LV at a predetermined distance along the
Y-axis direction. Further, head unit 62D is equipped with a
plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
25 ALl are not shown in FIG. 3) X heads 66 that are placed on
straight line LV at a predetermined distance. Head unit 628
constitutes a multiple-lens (seven-lens, in this case) X

linear encoder (hereinafter, shortly referred to as an “X

encoder” or an “encoder” as needed) 70B (refer to FIG. 8) that



(el even-lens, in this case) X linear encoder 70D (refer to 5 FIG 8)
t hat neasures the X-position of wafer stage WST (wafer table WB)
using X scale 39X2. Further, in the enbodinent, for exanple, at the
time of alignment (to be described later) or the like, tw X heads
66 out of eleven X heads 66 that are equilpped in head unit 62D

si mul t aneously face X scale 39X1 and 10 X scal e 39X2 respectivel y in
sone cases. In these cases, X, scale 39X1 and X head 66 facing

scal e 39x1 C&f?satsi%liﬁsetly(elﬂmlorbh]a(;@@rx?%lséiﬁ'(i:e%té'@é’i ét@@%zpéw&tkon
head 66 f 39X2 t t X d D. n,
sg?re of e?gi/eo% )‘ﬁ’asr{g Wﬁﬁ? (lssl ceus abtlﬁelrgvg[ad 1%‘1”5?%%‘9?;%? af'fjiaeHejrgSal
ttached bel t L1.
attached pel gw,S4RPO eré‘?:mﬁ{ J‘sacent W@{z&: @g?{ﬁ@lpﬁyes RPN

Furt her, a distance betvveen a nmeasur enment

beans) that a8 8H-ReG r.irﬁ%‘ﬂls H=RBad unides 628 e 6207 S(r%%ter £o

shorter than a width in the Y-axis direction of X scal es 39XL and
39X2 (to be muE arcihiat eecazQrasl engtdrpefsigriain 0@ Wd fwer 3thgeFT hetafer
X head 66 |ocated innernost out of a plurality of X heads 66 that
are qui pped tapleadTBof Usdad dnistsl62Bo%8nd GRIrtirseA,i xed the tembddiwent,
end portion of the barrel of projection optical system PL (to be
nmore accurat €0% §X?ﬁ§l§v det ghensipeec i kigmanic|(6si g degerbedagter)

191) so as to be plaged as close ssible tqo the gptical _axis of
proj ection o/t 55‘? i‘%?erﬁ‘fﬁ‘ﬁ X %ﬁ@gﬁvgg oBh Yhé&levey dehsprdsctdidaty are
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system ALl argaale3subahant nhalakys sty 2aldadle 39X, constitute X linear
encoder 70B, and X scale 39X; and X head 66 facing X scale 39X,
constitute X linear enccder 70D.
Herein, some of eleven X heads 66, in this case, three
15 X heads are attached below support member 54 of primary
alignment system ALl. Further, a distance between adjacent
X heads 66 (i.e. measurement beams) that are equipped in each
of head units 62B and 62D is set shorter than a width in the
Y-axis direction of X scales 39X; and 39X, (to be more accurate,
20 a length of grating line 37). Further, X head 66 located
innermost out of a plurality of X heads 66 that are quipped
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
25 lens 191) so as tobe placed as close as possible to the optical
axis of projection optical system PL.
Moreover, on the —-X side of secondary alignment system
ALZ2; and on the +X side of secondary alignment system AL2,,

Y heads 64y: and 64y, are respectively arranged, whose



pl aced with respect to the detection center. The distance 5 between Y
heads 64yl 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 where the center of wafer Won wafer
stage WST is on straight line LV as showfZ2in FIG 3. On an alignnent
operation (to be described later) 10 or the like, Y scales 39Y2 and
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described later) or the'like, a pair of reference gratings

bar 46 face Ylhesads WOaH Ab&dy 2 d esiedd i dhoratbntdie, YTpaSidtiis®@ance
of CD bar 46 is neasured at the position of 20 each of reference

gratings 52 lpetwdsends edylk &dg.164y2 aayg, fiacisey sdfsreericelgnatdaugd to
52. In the follow ng description, encoders that are conposed of Y
heads 64yl ard GAPES écﬁﬁgcrﬂ—@ﬁér presliguatiyngsy Seadspdoti eatlyb4ye face
referred to as Y-axis near_ encoders 70E and 70F (refer to FIG 8).
25 The neasurYeﬁﬁﬁiew?a?%saB@ 33%4 TR BFR bYidrsa AR ko WS Bhe center

ST PRSI Sy SRR L) ALY U
posi ti Wi

I 7 70D, I
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g?a;sl;rg)r:%g; u;bzﬁl gﬁﬁaggicﬁlsn%g%c%@f@gm ARE 298l 27@Fp148.8euihd FhGads
64y, and 64y, respectively, and the Y-position (and the 6z
rotation) of wafer stage WST is measured by Y heads 64y; and
64y, (i.e. Y encoders 70C and 70A composed of Y heads 64y; and
©dyz) .

15 Further, in the embodiment, at the time of baseline
measurement cof the secondary alignment systems (to be
described later) or the like, 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

20 each of reference gratings 52 by Y heads 64y; and 64y; and facing
reference gratings 52. In the following description,
encoders that are composed of Y heads 64y; and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 8).

25 The measurement values of six linear encoders 70A to 70F
are supplied to main controller 20, and main controller 20
controls the position within the XY plane of wafer table WTB

based on the measurement values of linear encoders 70A to 70D,

and also controls the rotation in the Bz direction of CD bar



enbodi nent, a nultipoint focal position detecting system 5
(hereinafter, shortly referred to as a "nultipoint AF systent) by an
oblique incident nethod is arranged, which is conposed of an

irradi ation system 90a and a photodetection system 90b, and has a
configuration simlar to the one disclosed in, for exanple, Koka
(Japanese Unexam ned Patent Application 10 Publication) No. 06-283403

(the correspondin .S, [Patent No. 5,448, 332) d the like. In the
Srbodi ment o BASeRaitie HERSRRE N ey St 61 D04 e TpPHERH=BR {H and
-Y side of t =X end portion of head unit 62C and phot odetecti on
system 90b is "placed on the -Y side of the +X end portion of head

unit 62A 15 in a ${Aate R IRPISIANY 3‘,”1'] t:eg%jo%r%y %tp?gr%%s( é@g, Sory*®

plurality of detection points of the nmu int AF “system

are placed atemdduriedeisr i ned wdigdianc e N Hodiie ofr Bt Mpetd Rt on
the surface to be detected. In the enbodinent, the plurality of

det ect i on5poi (itesredmea flcatedhob ol y e fexargl €o dona tire lariarigen®Rts yaftedn” )
row matri x having one row and Mcolums (Mis a total nunber of

det ection poiawt &n oblifaei hecivent ovwstlad iN eskanasd¢ Nvhich taldongosad
total nunber of detection points) . In FIG 3, the plurality of
detection p&ne8d Feramiahien detsdem SAaeagtha BhesoararE]ippr a e @Ob,
are 25 not indivéduall ut _are shown a detectio

| t
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system 90a a t.od t:i O t .ol.nce e l.ength .of ..
detectio n ar e%g(aﬁﬁﬁleri ?{102&5%- a@a?aaegégciﬁ%ﬁ% aﬁ{slri!lesdetE_Iathcoenzicr or}%jr‘rorc;L Jt‘%’uaet hhe
as the di@gnmetgy,19fcmafey) MV).R%—lztﬂﬁbﬁ_‘}thbrﬁ&f@éﬁ%ﬁﬁy.%%atent No.

position information )in the Z-axis direction across
substanti al | 5 ,entd, I3Bsuhacehef 1waker 1MV e dbdeasared & Lhlekample,

scanning wafer Win the Y-axis
irradiation system 90a is placed on the -Y side of the -X end
portion of head unit 62C and photodetection system 90b is
placed on the -Y side of the +X end portion of head unit 622
15 in a state of opposing irradiation system 90a.

A plurality of detection points of the multipeint AF
system (90a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected. In the
embodiment, the plurality of detection points are placed, for

20 example, in the arrangement of a row matrix 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 severally irradiated are

25 not individually shown, but are shown as an elongate detection
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 diameter of wafer W, position



direction once. Further, since detection area AF is placed 5 between
liquid imersion area 14 (exposure area |A) and the detection areas
of the alignnment systens (ALl, AL21, AL22, AL23 and AL24) in the
Y-axis direction, the detection operations of the multipoint AF
system and the alignnment systens can be fferforned in parallel. The
mul tipoint AF system may be 10 arranged on the main franme that hol ds
projection unit Puag:r e, hut is to be arranged on t
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even between the different rows. Mreover, the plurality of
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area of detection area AF. Furthernore, the length of detection area
AF in the X-aties ldikegctouan idoas mef didetided ke reds medhig s frame
described earlier 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. Moxeover, the plurality of detection points
20 are to be placed along the X-axis direction. However, the
present invention is not limited to this, and all of or some
of the plurality of detection points may be placed at different
positions in the Y-axis direction. For example, the plurality
of detection points may be placed along a direction that
25 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 may



as the dianeter of wafer W 5 In exposure apparatus 100 of the
enbodiment, in the vicinity of detection points |ocated at both ends
out of a plurality of detection points of the nultipoint AF system
that is, inthe vicinity of both end portions of detection area AF,
one each pair of surface position sensorséFor Z 10 position

measur enent (hereinafter, shortly referred to as "Z sensors") , that

IS, i f Z 72b d ai sensors 72c d
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has a configuration like an optical pickup used in a CD drive unit,
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measur enent franme described earljier or the like. Mreover, head unit

62C i s equi ppEdiALHY" B ST PUNYiSE ddth MAigiRai it }E%tS&TStemr
in this case) sensors 74: j (1=, 2,.j.=l, 2, ,......

pl aced at a ﬁh@&:etlésr’m%dﬁédlvs]t%ty aci%r%’%’acar?dofpot%%‘t% aﬂ%ﬁ{ tlelcﬁe?n

h | t
}_Halt nar Set \?\ggatr—lr%%n %ﬂ'ec%%?eamagﬁ& rec ]{ i Ono%‘%e%aéé ne aCV'CQQ %c} | fé% rhe
66 Y heggs %%s%_&qcﬁ{ ﬁte@%h%leh%lntt Phateahghteki %&H rfetﬂax%:e%ﬁ%e a?]

sensors 741, E and 742,E nmaking a pair are placed sy trically wt
respect to stsreamﬁts'i inehkk. i EYrd RHORE, 7 PlesdrsPARBSand 72b and a pair
of Z sensors 72c and 72d are arranged in the symmetrical
placement with respect to straight line LV. Z sensors 72a to
72d are fixed to the lower surface of amain frame (not shown).
15 As Z sensors 72a to 72d, a sensor that irradiates a light to
wafer table WIB from above, receives the reflected light and
measures position information of the wafer table WTIB surface
in the Z-axis direction orthogonal to the XY plane at an
irradiation point of the light, as an example, an optical
20 displacement sensor (sensor by a CD pickup method), which has
a configuration l1ike an optical pickup used in a CD drive unit,
is used. Incidentally, Z sensors 72a to 72d may be arranged
on the measurement frame described earlier or the like.
Moreover, head unit 62C is equipped with a plurality of
25 (six each, twelve in total, in this case) Z sensors 74;,; (i=1,
2, 3=1, 2, e , ©6) that are placed at a predetermined
distance, along each of two straight lines that are located

on one side and the other side having straight line LH in

between in the X-axis direction that connects a plurality of



(six pairs, in this case) of Z sensors 741,E and 742,j and a 5
plurality of Y heads 64 are placed alternately in the X-axis
direction. As each Z sensor 74i,j, for exanple, a sensor by a CD

pi ckup nethod simlar to Z sensors 72a to 72d is used. Herein, a

di stance between each pair of Z sensors 7K,E and 742,E that are

| ocated symmetrically with respect to 10 straight line LHis set to
be the sane distance as a di stance between Z sensors 74c and 74d.
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exanpl e. Furtdiersala tpaidf of hda8ensdrasre/@ladedOzandribZedvaie tlocd-etkis
on the same straight line in the Y-axis direction as with Z sensors
72c and 72d. dincid=niral | $s eacEl G s8nsoea%dy,eeftr séeagep MeT 4 ssensor by
omtted and a liquid imersion area that is fornmed by water Lq held
in the space ®&DWPespageitbpeneisidgs MBTZanansPps 2624 e 7Y jss used.
shown by a reference caode 14. Further, in FIG 3, a reference code
78 indicates a | oc&deT&ir cBnet PFBRFRPE YR R AATMPEHTFORE Gr3eFIrs 7413
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where a vaf gletQaiizekchablke YWIB 4gq Unlpaded r1aRd aar gherenee ciRors
741,4 and 74;,4 are located on the same straight line parallel
to the Y-axis direction as with Z sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
15 (twelve in this case) Z sensors 76,4 (p=1, 2 and g=1, 2, «««+ - p
6) that are placed symmetrically to a plurality of Z sensors
74, with respect to straight line LV. BAs each Z sensor 76
p,qr & sensor by a CD pickup method similar to Z sensors 72a
to 72d is used, for example. Further, a pair of Z sensors 76;,3
20 and 763,3 are located on the same straight line in the Y-axis
direction as with % sensors 72c and 72d.
Incidentally, in FIG. 3, measurement stage MST is
omitted and a liquid immersion area that is formed by water
Lg held in the space between measurement stage MST and tip
25 lens 191 is shown by a reference code 14. Further, in FIG.
3, a reference code 78 indicates a local air-conditioning
system that blows dry air whose temperature is adjusted to

a predetermined temperature to the vicinity of a beam path

of the multipoint AF system (90a, 90b) by, for example,



LP indicates a | oading position where a wafer is |oaded on 5 wafer
table WIB. In the enbodi nent, unl oading position UP and | oading
position LP are set symmetrically with respect to straight line LV.
I nci dental ly, unloading position UP and | oading position LP nay be
the sane position. FIG 8 shows a main cafiguration of the control
system 10 of exposure apparatus 100. The control systemis nainly
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other, and Y scales 39Y1 and 39Y2 and head units 62A and 62C (Y
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i ndi cated by being circl Therefore, in the effective stroke rang
of wafer stag@®nfigured of main controller 20 composed of a microcomputer

(or workstation) that performs overall control of the entire
apparatus. Incidentally, in FIG. 8, various sensors such as
irregular illuminance sensor 94, aerial image measuring
15 instrument 96 and wavefront aberration measuring instrument
98 that are arranged at measurement stage MST are collectively
shown as a sensor group 99.
In exposure apparatus 100 of the embodiment having the
configuration described above, since the placement of the X
20 scales and Y scales on wafer table WTB as described above and
the placement of the X heads and Y heads as described above
are employed, X scales 39X; and 39X, and head units 62B and
62D (X heads 66) respectively face each other, and Y scales
39Y1 and 39Y, and head units 6224 and 62C (Y heads 64) or Y heads
25 64y; and 64y, respectively face each other without fail in an
effective stroke range of wafer stage WST (i.e. a range in
which wafer stage WST moves for the alignment and the exposure
operation, in the embodiment), as is exemplified in the

drawings such as FIGS. 9A and 9B. Incidentally, in FIGS. 9A



WST descri bed above, main controller 20 can control position 5
information (including rotation information in the 6z direction)
within the XY plane of wafer stage WST with high precision by
controlling each notor constituting stage drive system 124, based on
t he measurenment val ues of at |east three 68of encoders 70A to 70D.
Since the influence of air 10 fluctuations that the nmeasurenent

val ues of encoders 7QA t 70D receive is, small enough to be ignored
when conpari g ﬁﬁegﬁﬁgérFé?BHE?E? CRRCUFET FRR ?%@%9&&qgi%ﬁtﬂr Y
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scales do not have to face the corresponding head units. For
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and 25 39Y2 do/ does 9 t have to f ce the head unit. In the case on
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di rections can constant € neas Furt in the case one o

scal es 39X1 ang _382@16\8(11@@@(15@1 Xné‘a%he@o %%Ylgn@@@dmgndﬂbn&%rfrﬁf%lth
t he head units, two scales face the head
the interferometer, the short-term stability of the
measurement values that i1s affected by air fluctuations is
remarkably better than that of the interferometer.

15 Incidentally, in the embodiment, the sizes (e.g. the number
of heads and/or the distance between the heads) of head units
62B, 62D, 62A and 62C are set in accordance with the effective
stork range of wafer stage WST, the sizes (i.e. the formaticn
range of diffraction gratings) of the scales, and the like.

20 Accordingly, in the effective stroke range of wafer stage WST,
all of four scales 39¥;, 39%,, 39Y; and 39Y, face head units
62B, 62D, 62A and 62C respectively, but all the four scales
do not have to face the corresponding head units. For example,
one of X scales 39X; and 39X; and/or one of Y scales 39Y; and

25 39Y, do/does not have to face the head unit. In the case one
of X scales 39%; and 39%; or cne of Y scales 39Y; and 39Y, does
not face the head unit, three scales face the head units in

the effective stroke range of wafer stage WST, and therefore,

position information of wafer stage WST in the X-axis, Y-axis



units in the effective stroke range of wafer stage WST, and 5
therefore, position information of wafer stage WST in the Oz
direction cannot constantly be neasured, but position information in
the X-axis and Y-axis directions can constantly be neasured. In this
case, position control of wafer stage WSP may al so be perforned
using position information in the 10 Oz direction of wafer stage WST

asured by interferoneter system 118 in conbination, Further, when
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WET is system 118 in combination.
Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outlined arrow in FIG. 94, Y head
64 that measures the position in the Y-axis direction of wafer
15 stage WST is sequentially switched to adjacent Y head 64 as
indicated by arrows e; and e; in the drawing. For example,
Y head 64 circled by a solid line is switched to Y head 64
circled by a dotted line. Therefore, the measurement values
are transferred before and after the switching. In other
20 words, in the embodiment, in order to perform the switching
of Y heads 64 and the transfer of the measurement values
smoothly, & distance between adjacent Y heads €64 that are
equipped in head units 62A and 62C is set narrower than a width
of Y scales 39Y; and 39Y, in the X-axis direction, as is
25 described previously.
Further, in the embodiment, since a distance between
adjacent X heads 66 that are equipped in head units 62B and

62D is set narrower than a width of X scales 39X; and 39X, in

the Y-axis direction as is described previously, when wafer



sequentially switched to adjacent X head 66 (e.g. X head 66 5 circled
by a solid Iine is switched to X head 66 circled by a dotted |ine),
and the neasurenent values are transferred before and after the
switching, simlarly to the above-described case of Y heads 64.

Next, a configuration and the |ike of encdders 70A to 10 70F will be
descri bed, focusing on Y encoder 70A that is enlargedly shown in

FI G 10A, as % %3& entative. FILG %OA shows . one Y, head 64 of head
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10 70F will be described, focusing on Y encoder 70A that is
enlargedly shown in FIG. 10A, as a representative. FIG. 10A
shows one Y head 64 of head unit 62A that irradiates a detection
light (measurement beam) to Y scale 39Y;.
Y head 64 is mainly composed of three sections, which
15 are an irradiation system 64a, an optical system 64b and a
photodetection system 64c.
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,
20 a semiconductor laser LD, and a lens L1 that is placed on the
optical path of laser beam LB emitted from semiconductor laser
LD.
Optical system 64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,
25 & pair of reflection mirrors Rla and Rlb, lenses L2a and L2b,
quarter wavelength plates (hereinafter, referred to as a A/4
plate) WPla and WP1lb, reflection mirrors R2a and R2b, and the

like.

Photodetection system 64c includes a polarizer



splitter PBS via lens L1, and is split by polarization into 5 two
beans LB1 and LB2. Beam LBl havi ng been transmtted through

pol ari zati on beam splitter PBS reaches reflective diffraction
grating RGthat is formed on Y scale 39Y1, via reflection mrror
Rla, and beam LB2 reflected of f pol arizatilon beam splitter PBS
reaches reflective diffraction grating RGvia reflection 10 mrror
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severally converted into a circular polarized |light by A/'4 plates

WPl b and WPl apliiadeeness k2b asdslL2a, and isedpect asy MprLafilectison into
mrrors R2b and R2a and then the beans pass through A/4 plates WPl b
and WPl a agaitwcalndameddh 201 pBt ar iBean BB, beaimg pldacrt eraPBGi byed rtaciongyh
the same optical path in the reversed direction. Each of the

pol ari zat i on PdilEedtFadiLoPe RS MG tRsaRBS tiechasayef teathed diffraction
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W th the firstser aeard ftfeacidlan dieamad dedMcident beam into a
P-polarization component and an S-polarization component.

Predetermined-order diffraction beams that are

generated from diffraction grating RG due to irradiation of

15 beams LB; and LB;, for example, the first-order diffraction
beams are severally converted into a circular polarized light
by A/4 plates WPlb and WPla via lenses L2b and L2a, and
reflected by reflecticn mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and WPla again and reach

20 polarization beam splitter PBS by tracing the same optical
path in the reversed direction.

Bach of the polarizationdirections of the two beams that
have reached polarization beam splitter PBS is rotated at an
angle of 90 degrees with respect to the original direction.

25 Therefore, the first-order diffraction beam of beam LB; that
was previously transmitted through polarization beam splitter
PBS is reflected off polarization beam splitter PBS and is

incident on photodetection system 64c, and also the

first-order diffraction beam of beam LB, that was previously



LB1 and is incident on photodetection system 64c. 5 Then, the

pol ari zation directions of the two first-order diffraction beans
descri bed above are uniformy arranged by the analyzer inside
phot odet ecti on system 64c and the beans interfere with each other to
be an interference light, and the interf'rence light is detected by
t he photodetector and 10 is converted into an electric signal in
accordance with the jntensity of the interference light. As is
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changes and thus the intensity of the interference”light changes.

Thi s change 20 in then, ntlenpblyrokathen dtesderenceridightwo Fidetectred r
by phot odetection system 64c, and position information in

accor dance widilf fitretiivrebsiaimg deangébies sbvpatans wihef ommels wemerged by
val ue of Y encoder 70A. O her encoders 70B, 70C, 70D and the Ilike

are al so confiffuPedlyizeitl ansidecnbotiefdeoatios AgskeaBhoenovteriheapeans
encoder having .a resolution of, for exanple, around O.Ilnmis used.

I nci dental 'yt q?ﬁﬁﬁfﬁmv &Ly qg¥§1;éﬁb$ﬁiﬁ@hﬂﬁ@%¥ﬁﬁ%ﬁﬁ?q %?@hir :nd
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light. 1noFl Gg E%nvé%egg%pﬁtgﬁl élseke_f;gegig%éfow agagcg_rg?a[rﬂée§%i>eh the

conpared with grating e neanti ne, e scal encoder
llack the intensity of the interference 1light.

As is obvious from the above description, in Y encoder
70A, since the optical path iengths of two beams to be
interfered are extremely short and also are almost egual to

15 each other, the infliuence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage WST) moves
in the measurement direction (the Y-axis direction, in this
case}, the phase of each of the two beams changes and thus
the intensity of the interference light changes. This change

20 in the intensity of the interference light is detected by
photodetection system 64c¢, and position information in
accordance with the intensity change is output as the
measurement value of Y encoder 70A. Other encoders 70B, 70C,
70D and the like are also configured similar to encoder 70A.

25 As each encoder, an encoder having a resolution of, for example,
around 0.lnm is used. Incidentally, in the encoders of the
embodiment, as shown in FIG. 10B, laser beam LB having a
sectional shape that is elongated in the periodic direction

of grating RG may also be used, as a detection light. In FIG.



| ong-term nmechani cal stability, because the diffraction 5 grating is
defornmed due to thermal expansion or other reasons, the pitch of the
diffraction grating partially or entirely changes, or the |ike al ong
with |apse of operating tine. Therefore, since the errors included
in the neasurenent values becone |arger & ong with | apse of '
operating tine, the errors 10 need to be corrected. In the foll ow ng

descri ption, atin Ltch carrectjon and grating defQrmation \
correction ofl%’s%akagg‘m IE‘JﬁaJtS a&éﬁ‘%‘rynﬁ R %3‘2?)‘5@%?@%%{)&%&%%% wgfth
t he enbodi rregatrav%l\dlé?f described referring to FIG 11. In FIG 11,
reference co estl and 1 BY2 indicate 15 neasurenent beans of two

optical axes out ofpymuhld pl-@@d%es, kha! 8 Jd 'Adialed 104 6&%&%&%@e

surface 17a of wafer table WB from Y-axis interferoneter

reference codesd-B¥lm artHM2dINdH G118 BAS WaiRHe RO G F A 1 on
optical axes out of nultiple axes that are irradiated to reflection

surface 29 | #radfinmal erddfaidmedMiBeft@nhdraxilsexmdes { @f oredeied 2@aslons,
this case, neasurenent beans |BY1l and I BY2 are placed symetrically
with respect the $titsilglef [thee AV fnaritdlernc ginediides prirttiad 1ystoraiegittirely
line connecting the centers of a plurality of X heads 66), and the
substanti al FEEHSSTeRT Hhés Idtkey-adang 25 intlarise arfetanetre icw rdinge

ith straight, |i LV. Th f Y-axi s i f t 16
measur e the WIS BFCWAIGE STESTS P8 WEhtot Dbee Fgrent values

Siml ly, . i | 1
wiih respect ot BREREE Tirab Y O A BpEE0  RUITEN (e hrroxs
line conpgcti@d e ¥4 & & of F’ﬁ Ehﬁr%iiaw%?ﬁgﬁe@ﬁ

é%@ntlayét'n
passes through the optical axis of projection optica sﬁjstem'PL an 9

iXs paral | el giedrhgoXra¥t sonaiih FhetsHhsdani i t IRASUreERRE caXes @b les
e that are performed in exposure apparatus 100 of the embodiment
will be described referring to FIG. 11.
In FIG. 11, reference codes IBY1l and IBYZ2 indicate
15 measurement beams of two optical axes out of multiple axes
that are irradiated to reflection surface 17a of wafer table
WTB from Y-axis interferometer 16, and reference codes IBX1
and IBX2 indicate measurement beams of two optical axes out
of multiple axes that are irradiated to reflection surface
20 17b of wafer table WIB from X~axis interferometer 126. In this
case, measurement beams IBY1 and IBY2 are placed symmetrically
with respect to straight line LV (which coincides with a
straight line connecting the centers of a plurality of X heads
66), and the substantial measurement axes of Y-axis
25 interferometer 16 coincide with straight line LV. Therefore,
Y-axis interferometer 16 can measure the Y-position of wafer
table WTB without Abbe errors. Similarly, measurement beams
IBX1 and IBXZ2 are placed symmetrically with respect to straight

line LH (which coincides with a straight line connecting the



interferoneter 126 coincide with straight |ine LH parallel 5 to the
X-axi s that passes through the optical axis of projection optical
system PL. Therefore, X-axis interferoneter 126 can neasure the
X-position of wafer table WB w thout Abbe errors. First,

def ormation of grating lines (warp of gratdng 10 lines) of the X
scal es and correction of pitch of grating lines of the Y scales wll

be d i bed. in, flecti 7b_ | dtob

"deal plane, GO THo° aéep&gr%fﬂ#?# Sﬁ?a%soqéf@%%gg’éﬁﬁﬁ% Bﬁ;c‘?‘%m dhe
f all, i t 1.0l l_er. i r 1K a on _the

O oty ormt "APLGRL L0 ZOebLYEE G o5 A0 WL o PSR 20 d1e)

interferonetel, 126, xandi 85 SPWR BubsGindilart s&l‘é?ﬁéritoangssrg@f axis

stage WBT is set at a position with which Y scales 39Y1 an are
pl aced just halty tafdespondi @) deiadi diivis 024 @nihf2G i deasiranel
head) respectively, and also 20 one ends on the +Y side of Y scales
39Y1 and 39YZ( diHd ractiion thpptatpass)s cddirmigle tiid hopeairazels ponics ngt

head units 62A and 62C respectively. Next, main controller 20 noves
waf er stage EEPIarhinn optidizleavysiemsls Theiredioad by¥-amigrrow F in

FIG 11 at a, 25 | ow speed at _a level in which short-termfluctuation
of the nmeasurdHEsRISEAMRF ST 1¥-6aRpl TR e FRtdiefePobstian BE Takor dgble

and with the sur mar)c'éi ‘%%li ue of X-axis interferoneter 126 being
fixed to a predeterme UETKHIFe maintaining all  of the

pitching amunt, the ! AGAINGAE ha il Nty AIRNI 82810

based on t he nmeasureément’ val ues o axi fomet'er 6 an

sensors Y41, 4,in&td, 85 tﬂfelx?%@e)nﬂegﬁ%d%orf%{i@n b2 p £X @Y €y 1 PER QNS s

ends (the ends on the -Y side
of the Y scales will be described. Herein, reflection surface

17b is assumed to be an ideal plane, for the sake of
simplification of the description.
First of all, main controller 20 drives wafer stage WST
15 based on the measurement values of Y-axis interferometer 16
and X-axis interferometer 126, and as shown in FIG. 11, the
position of wafer stage WST is set at a position with which
Y scales 39Y; and 39Y; are placed just below corresponding head
units 62A and 62C (at least one head) respectively, and also
20 one ends on the +Y side of Y scales 39Y; and 39Y,; (diffraction
gratings) coincide with corresponding head units 623 and 62C
respectively.
Next, main controller 20 moves wafer stage WST in the
+Y direction as is indicated by an arrow F in FIG. 11 at a
25 low speed at a level in which short-term fluctuation of the
measurement value of Y-axis interferometer 16 can be ignored
and with the measurement value of X-axis interferometer 126
being fixed to a predetermined value, while maintaining all

of the pitching amount, the rolling amount and the yawing



of Y scales 39Y1 and 39Y2 coincide with corresponding head units 5
62A and 62C respectively (in the effective stroke range described
above) . During the novenent, main controller 20 |oads the

measur enent values of Y |linear encoders 70A and 70C and the
measur enent values of Y-axis interferomet® 16 (the neasurenent
val ues by neasurenent beans | BY1 and | BY2) at 10 predeterm ned

sanpling intervals, .and obtains reI tion between the neasurenent
val les of Y IR e%o?oeerr%a%%cﬁ %%W%g{ﬁ%pw s

f Y- 16 he | t I
Shat rars AT erzol?"’%%"n%”setngs?oaa S A R
bet ween 15 adjacent M@Ek@ﬂﬁhbneﬁﬁe éugezﬁIncgbs g%éleﬁag 38 Yénd hat s%%

sequential |y placed facing head units according toth

novenent of waf erscsfiages YBTaa0B LQrdSiGid Ivﬂf:ﬁrd&tﬂégborﬁﬂﬂd‘ﬁead units
grating pitch. The correction informati on can be obtained,

exanpl e, 8s @&@2Forarertdan regpddatveshowsira 2He rﬁﬁdﬁlﬁrdﬂ&tﬂrﬁﬂ{é b.oiﬁge
nmeasurenent values in a curved line in the case a horizontal axis

i ndi cat es t helessasiresh@itowaal .ue Dugfingh&hentnerktaeoiet eaiandoatvredflecal0
axis indicates the neasurenent values of the encoders, or the |iKke.
The neasur er%&ﬁd%h@e@ewwewm% Yauas efokekidreams engodsirs ¢aBeard 70C

are obtai ned when,scanni n age T _at the extr

speed descri 5ﬁ8v@eaéﬁ ePﬁ@?eVGﬁBg |¥¥25na¥k§t4ﬂ) er?&éﬁe§¥i§ (the
nmeasur ement I r t I es i.n mhlch er I or . 5an b

i gnor ed, bec\zgr%saé%% %{’e%tlacﬁl%qL ong yaénlrém aiTe ttl erfmérrl CF%BYC? at

hort-t fl 7 t
shor efm e ntﬁrﬁ%ﬁd %’q[nﬁﬁ.lﬁ.sr%d :Lt?*y:eé‘_"tfalsﬁ A ali ans, of ]]J{E?Lon

| i ke are har I nmeasur enent  'val ues. 1nci dentaﬁ
grating pitchetaadirstaRcachetwesantadhacent ograti ged+ e o ra’ 708 and

scal es 39Y1 and 39Y2 and correction

70C and the measurement values of Y-axis interferometer 16
based on the loaded measurement wvalues. That is, main
controller 20 obtains a grating pitch (a distance between

15 adjacent grating 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
on the grating pitch. The correction information can be
obtained, for example, as a correction map that shows a

20 relation between both measurement values in a curved line in
the case a horizontal axis indicates the measurement wvalue
of the interferometer and a vertical axis indicates the
measurement values of the encoders, or the like. The
measurement values of Y-axis interferometer 16 in this case

25 are obtained when scanning wafer stage WST at the extremely
low speed described above, and therefore, it can be thought
that 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



information on the grating pitch may al so be obtained in the 5
procedures simlar to the above, by noving wafer stage WST in the -Y
direction within the range descri bed above as is indicated by an
arrow F' in FIG 11. Herein, wafer stage WST is to be driven in the
Y-axis direction across the range where oth ends of Y scales 39Y1
and 39Y2 traverse correspondi ng head 10 units 62A and 62C. However,
the drive range is not limt to this, and wafer stage WST nmay aI SO

be driven, fdr¥&EPIERS PR 1%5%@56.*}@%%vn&}ileea.lrfe‘ehﬁmwrement
whi ch f WBT t the t f t

2 vef er - ELrSfthére Hur ﬁgid%‘é %l%é GoGarIB0d ROVEROIE O CRArer Ddeen
stage VST, %erﬁe@kgﬂn R gt}%ﬁélg%@%ctan%gtnéﬂgf%ffr%%tg,%n

def ormati on (vvar rati haveé sequenti a

a plurality qfnf%rm@aﬁs:rﬁ@nbyh@eﬁ@fmaggpl@crpm%q;ebqrs@ B@dol%éihéél'ﬁ@'the
conput ation, using the neasurenent values obtained fromt

pluralitys of pfdueails 66 2thidfarhead thd tabHi2B &i}dn&ﬂﬂghaiafwxe stage WST
sequentially placed facing X scales 39X1 and 39X2 according to the
movenent of vidf ghestdgelind®T immd wildimedde emerge vElsgeigfed above as is
interferoneter 16 corresponding to each of the nmeasurenent val ues.

On the corrpd@é@c@r?e%i&’na%(ﬁﬁl?cﬁff E&r lQOFE%rrﬁUt-es Hefrginexdapes, stadae MST
measur enent val Ps%( arithnetic_wei maan%%of t he lurality of

heads of headSuhPt® 63BVaRd 82T RapXar Slg%% AT D Bectr SR g TS
X scal 25 SO AIoRR IGEIR 1S, 208 oD SALLETLI B0 LOLAL L 20 o
creel e0 SRRSRG Ehe SR Rk ST e e SIel, LA e oo
surface 17bticsthfsi, dgad i ane stard henri Pra.sLoer @Eib@ﬂ, 'fﬁ@@?&%&ﬂp@%,
in the range in the Y-axis direction in which wafer stage WST
is moved at the time of exposure operation of a wafer.
Further, during the above-described movement of wafer
15 stage WST, main controller 20 also obtains correction
information on deformation (warp) of grating lines 37 that
have sequentially faced a plurality of X heads 66 by performing
a predetermined statistical computation, using the
measurement values obtained from the plurality of X heads 66
20 of head units 62B and 62D that are sequentially placed facing
X scales 39X; and 39X, according to the movement of wafer stage
WST and the measurement value of interferometer 16
corresponding to each of the measurement values. On the
computation, main controller 20 computes, for example, the
25 measurement values (or arithmetic weighted mean) of the
plurality of heads of head units 62B and 62D that are
sequentially placed facing X scales 39¥; and 39%; and the like,

as the correction information on g¢grating warp. This is

because the same variation pattern should repeatedly appear



on deformation (warp) of grating lines 37 that have 5 sequentially
faced the plurality of X heads 66 can be accurately obtained by
averagi ng the neasurenent data obtained by the plurality of X heads
66, or the like. Incidentally, in the case reflection surface 17b is
not an ideal plane, the unevenness (bendi’hg) of the reflection 10
surface is neasured and correction data of the bending is obtained in

d . Then, h t of t WoT . in the +Y
i ot on or tha hey KRR O e e bkt SR, Siar et PSR Gy
n or “the 2% s Ch i | St e
X pos 11 on of a2l S50 ThET bE G Tha 1 S1EoFFBE T oL Har 0 FTEAFS

of fixing theMeasusgMEmda 3 iusof ané-éﬁ'é?eks%srf@é@f@é@{or}%%& tion

predet erm ned val ue. Thus, “correction infornmation on grating pitc

of the Y scalgs @fbrneaii@ct Wiy g)nfor rptdtomen Geforamtdn (Warg) of
grating lines 37 can be obtained in the sane manner as descri bed
above. 2051 nciedpreredilad 1 yreasade e gdatee lalitaigeK headpldd addr ypeof X
heads 66 is data in plural on the basis of different areas on
reflection s@dcagetrdly, dridirtesd fsadsrepdinedhe eeadefmameatt grta
(warp) of the sane grating line, and therefore, there is an

i nci dent al efREAETHAEY e ulibirll ter i afmiedd s hefdi fdacdrireet i on
of the reflection surface.is.averaged to be roximate to the true
val ue by the avera Pﬁj%ﬁé@ ilgédlng@ﬁgaéﬁdr?ﬁggﬁk%n(ﬁ%éﬁ%ﬁ%%@,@t
t he i nfluence_ of; in resj |__error . r o] .
aver:agi n; thglnné%e%ﬁe%g%%e’gatthf vz\}%&genlnn or n(éjt%?lor&r%%?% 3’%;%?‘%9 r?é’lfr%eesc)tlon

obt ai ned1 §py the iBe RlUrAddn-f Heads)rrMaxton def 'Bﬁiﬂﬂé(geﬂqfﬁdlﬁk
lines (warp of grating lines) of the Y scales and correction o
pitch of gratbi@ilddesn advance. Then, on the movement of wafer stage WST
in the +Y direction or the -Y direction described above, wafer
stage WST may accurately be moved in the Y-axis direction by
controlling the X-position of wafer stage WST based on the
15 correction data instead of fixing the measurement value of
X-axis interferometer 126 to a predetermined value. Thus,
correction information on grating pitch of the Y scales and
correction information on deformation {warp) of grating lines
37 can be obtained in the same manner as described above.
20 Incidentally, measurement data obtained by a plurality of X
heads 66 is data in plural on the basis of different areas
on reflection surface 17b, and the heads each measure
deformation (warp) of the same grating line, and therefore,
there is an incidental effect that the residual error after
25 bending correction of the reflection surface is averaged to
be approximate to the true value by the averaging described
above and the like (in other words, the influence of the bending

residual error can be reduced by averaging the measurement

data (warp information on grating lines) obtained by the



of the X scales will be described. Herein, reflection surface 5 17a
is assuned to be an ideal plane, for the sake of sinplification of
the description. In this case, the processing that needs to be
performed is the correction described above with the X-axis
direction and Y-axis direction interchartfed. 10 That is, first of
all, main controller 20 drives wafer stage WST, and sets the

posi tion of fer sta eiyﬁg %&;a position with which X scal es 39X1
and 39X2 arewgfgiéﬂjiué% 510 corresponding head units 62B and 62D

(at least one headkix&esgggg ¥oorf %%ggg%%&ggf %% qwé& ?

i
(or -X side) 15 of séales 3 and raction gratin §%a%§ng
coi nci de wi th i espopdivna-dead auni &o 628 anch 62051 espegt gf&yng lines

Next, main controller 20 noves wafer stage WBT in the +X direction

(or -X directi ohg abcalkewisperd @dsdrimvwel lHlér\éﬁilnc;hréhDé&ti@ﬂi Burface
fluctuation of the neasurement value of X-axis interferoneter 20 126

can be i ghor édaand wistsuntdre UmMrae‘rreirﬁeaﬂalpkarm Yaaxithe sake of
interferoneter 16 being fixed to redet erm ned val ue, while

mai nt ai ni ng ﬁﬂmRﬁlﬁHﬁ?HﬂQQﬂﬂﬁu} Cr#ﬂﬁi@&ﬂIﬁﬁgtéﬁﬁuﬁaseanﬁhﬁhe
yaw ng anount to zero based on the nmeasurenent values of X-axis

i nt er f er omet &FCPEE AR (Hheh iNgedsuftq 108 e Tz s Iq wergEarsion

d th d f X | es 39X1
5050 soi ! deRatiR Relh Mt AR S See St S raa e iy o
(in the effeg%k%gc%%r%F & range described above). During the
novement, nain contro " 20 |l oads the nmeasurenent val ues of X

linear epgoders 70Bnard; £0Drang:tde aA9, ABABUESAERL1YaLUSS d}fu)ésawa%er
interferoneter 126 (the measur ement val ues by neasurenent beans | BX1

and | BX2) at stpigedetsar, mape ssanpltirg godierival RNk |y ORi@l W at a
relation position with which X scales 39X; and 39X, are placed just below
corresponding head units 62B and 62D (at least one head)
respectively, and also one ends on the +X side (or —X side)
15 of X scales 39X; and 39%; (diffraction gratings) coincide with
corresponding head unit 62B and 62D respectively. Next, main
controller 20 moves wafer stage WST in the +X direction (or
—-X direction) at a low speed at a level in which short-term
fluctuation of the measurement value of X-axis interferometer
20 126 can be ignored and with the measurement value of Y-axis
interferometer 16 being fixed to a predetermined value, while
maintaining all of the pitching amount, the rolling amount
and the yawing amount to zero based on the measurement values
of X-~axis interferometer 126 and the like, until, for example,
25 the other ends (the ends on the -X side (or +X side)) of X
scales 39¥; and 39%; coincide with corresponding head unit 62B
and 62D respectively {(in the effective stroke range described
above}). During the movement, main controller 20 loads the

measurement values of X linear encoders 70B and 70D and the



bet ween t he nmeasurenent values of X |linear encoders 70B and 5 70D and
t he measurenent values of X-axis interferometer 126 based on the
| oaded neasurenent values. That is, main controller 20 obtains a
grating pitch of X scales 39X1 and 39X2 that are sequentially placed
facing head units 62B and 62D accordi ng i the novenent of wafer
stage WST and correction 10 infornmation on the grating pitch. The

correction informati on . can be obt ai ned, for ex | e, as t hat
shows a rel aﬁ%ﬁ?u%?%tenvagldi% r‘%é\s}%"raé?ﬁtl qr??ff%&%&kﬁe in
the case a i i.s .jndi,cates the syr enent | ue fzgﬂhﬁej
i nterferonet gr?er a{an a vnet?ﬁacsla e%xbﬁg r[llenalasitU(L:raetnclaesa}-t hbeearrrnesasIur erreanI}CPI at

val ues of th ﬁ@é@h‘?ﬂmé&éaﬁﬁﬂ!ﬂrﬁfin@&%ﬁ%l My V8% Llrelation

X-axi s inter?peroneter 126 in this case are when scanni ng

waf er stage Wekwader heiceibei®leneh@wwanaed desgribedsr avee @4 0B and
therefore, it can be thought that the nmeasurenment values are

accur at e val v iamdmihehmessorenantbeal gasrefl, X 20x be daltse fetorartdar 426
| ong-term fluctuation error but also a short-termfluctuation error
caused by ai rddasttamtlingnsl apded medqkenars haldies i nEhaded si nmghe
measur enent val ues. Further, during the above-described novenent of

waf er st age IREEXHeiST é8rmrerins a20ral 569 dbttaithefobecadeisondPpand 39X,

Sequent al 1y PHled o5 PIATATY oY PYERIL BRI FetoiAug P and 62D
det er m st Gal Lon, WS h t. val

bt ai ned 1 ofTRE B 4t £ SoReyeheRhoBaEErt ol BT oh gt Hgton

that arejgequemtdaldes J 8aathd agbegng%i%%ghg% d&t%’%]_le@@ﬁoﬁ%}%omation

according to the novenent of wafer stage e measur enent
val ue of intehepemebeniddl, £O6Fr&sPMENGE @ RaphtRhtt HEoNPas WeaRAbn

val ues. On the

between both measurement values in a curved line in the case
a horizontal axis indicates the measurement value of the
interferometer and a vertical axis indicates the measurement

15 walues of the encoders, or the like. The measurement values
of X-axis interferometer 126 in this case are obtained when
scanning wafer stage WST at the extremely low speed described
above, and therefore, it can be thought that the measurement
values are accurate values in which error can be ignored,

20 because not only a long-term fluctuation error but also a
short-term fluctuation error caused by air fluctuations or
the 1ike are hardly included in the measurement values.

Further, during the above-described movement of wafer

stage WST, main controller 20 also obtains correction

25 information on deformation (warp) of grating lines 38 that
have sequentially faced a plurality of Y heads 64 by performing
a predetermined statistical computation, using the
measurement values obtained from the plurality of ¥ heads 64

of head units 62A and 62C that are sequentially placed facing



conputation, main controller 20 conputes, for exanple, the 5

measur enent values (or arithmetic weighted nmean) of the plurality of
heads of head units 62A and 62C that are sequentially placed facing
Y scal es 39Y1 and 39Y2 and the like, as the correction information
on grating warp. This is because the sarf® variation pattern should
repeatedly appear 10 in the process where wafer stage WST is noved in

the +X diregtion_or e - irection in the case reflection surface
17a is an id@éﬁcaﬂsﬁeﬁ,%«nanﬁ%%f%?%?r%mé&FBﬁ RO¥GRGRIt Pdnva bRt stage

def ormati on p). of .agrating |lines 38 .that have sequentially ced
the plurality o¥ %?Cﬁé:éjgas%f carnenbeenSAC 15 5 Fardl % réglnheetaeroylge’a
averagi ng thecﬂq_aeggoq.ggq{ tad neg | J Yshe
64, or the like. Inci entgaldtl%t %al(%pt e casgyeﬁ%%e&lréeﬂfe‘}cétlﬁloeﬁg'surogaggg

17a is not ajbrifArdtiRIrgnena iirhedmevannass o ReAHRDs ,0frdh@xample, the
reflection surface is neasured and correction data of the 20 bendi ng

i S obtai ned imeaadvaneet TMEneon dhemmrersic ofe wafteld nid=age MBTEHaN
the +X direction or the -X direction described above, wafer stage
WST may accurcdtiglal ifey iy debdds tdfe Deaakiwmnitdi réedd® isonl B2 dritatoldieng
the Y-position of wafer stage WST based on the correction data ‘

i nstead of fiSENFYH& HeaBlreREntamg ¥l seakds ¥IYxiad AP ¥ pacfomrpe drike,
16 to a predeterm ned valye. Thus, correction information on grating
pitch of the®R 5% eS* &y IR G 1 o I G 101 d8FStnatfds 1S

(uerP) ot 9 e 0853 UL COL LN A5, R SR P
CorrSCt 20 | AR LR Q5P MR A 9S% SCRLES AN e o
and correcti @i deftAgbirOtheN-Grfilndtd Rl G Bhel BEsX SLAI&AS ion surface
17a is an ideal plane, and therefore, correction information
on deformation {(warp) of grating lines 38 that have
sequentially faced the plurality of ¥ heads 64 can be
15 accurately obtained by averaging the measurement data
obtained by the plurality of Y heads 64, or the like.
Incidentally, in the case where reflection surface 17a
is not an ideal plane, the unevenness (bending) of the
reflection surface is measured and correction data of the
20 bending is obtained in advance. Then, on the movement of wafer
stage WST in the +X direction or the ~X direction described
above, wafer stage WST may accurately be moved in the X-axis
direction by controlling the Y-position of wafer stage WST
based on the correction data instead of fixing the measurement
25 wvalue of Y-axis interferometer 16 to a predetermined value.
Thus, correcticn information on grating pitch of the X scales
and correction information on deformation (warp) of grating

lines 38 can be obtained in the same manner as described above.

As 1s described above, main controller 20 cbtains



and correction informati on on deformation (warp) of grating 5 lines
38 at each predetermned timng, for exanple, with respect to each

|l ot, or the |ike. Then, during the exposure processing of wafers in a
lot or the like, while correcting the neasurenent val ues obtai ned
fromhead units 62A and 62C (i.e. the medslurenent val ues of 10
encoders 70A and 70C) based on the correction information on grating
pitch of the Y scales angg;he correction information _on deformation

(war p) of gr &9HFI547Es - ,?ﬁﬁ%q+ngﬁprQFFEFFgZQlEEPf8Fn%h%d%i%QQﬂ?s and
Comt 1o f vl et i VBE LBt by s onk i L bepaes,

. n
possi bl e to perform posi contr

Y-axi s directdon,y 904 ; g I Y. |1 d 7
70C it hout b na e O EHEBEN LG LLBERG AR BE Lne e

the Y scal es aran@oweR tafongh attbRaiak i BES 0R8de F&FhAELon AA AY) td¥e grating
exposure processing of wafers in a 20 lot or the like, while

correcting tHemeasdy ertenrtactalpresie todrmdimet Hfindmd)eatb irdd=8nB28 andh
62D (i.e. the neasurenent values of encoders 70B and 70D) based on

t he correcti or¢spadtorbratdagh drotgr atd ndiepiltidde.of the X scal es and the
correction information on deformation (warp) of grating lines 37,

mai n 25 control | er TAGNpefnbEAE fm%ietwug@nprgpeﬁﬁlm@[f@? wefzge WBR lot

in the X-axis djrection. Thuys, it beconmes possible to perform ,
posi tion contqrolt'ﬁ‘afljvﬁaef'eFJE&ﬁﬁg‘éOWthg KMEGRPYLEMPBEL TRhe Rt ained

i ectod by CRAMGESBUErEEReoPR Ua PR b LEn G1° (e U2 Ciee aratemaT

af fected by change over ratrn

warp of ggatihngdddIes 784 ah8Ct Sentdldas ohntégecgf§§£{f%ﬁﬁﬁhfg¥ﬁg%ion on
correction information on grating pitch and grating Iine warp is to
be grating pitch of the Y scales and the correction information
on deformation (warp) of grating lines 38, main controller
20 performs position control of wafer stage WST in the Y-axis
direction. Thus, it beccmes possible to perform position
15 control of wafer stage WST in the Y-axis direction with good
accuracy using Y linear encoders 70A and 70C without being
affected by change over time in grating pitch of the Y scales
and warp of grating lines 38.
Further, during the exposure processing of wafers in a
20 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 70D) based on the correction
information on grating pitch of the X scales and the correction
information on deformation (warp) of grating lines 37, main
25 contreoller 20 performs position control of wafer stage WST
in the X-axis direction. Thus, it becomes possible to perform
position contrel cof wafer stage WST in the X-axis direction
with good accuracy using X linear encoders 70B and 70D without

being affected by change over time in grating pitch of the



obtained for all of Y scales 39Y1 and 39Y2 and X scales 39X1 5 and
39X2. However, the present invention is not limted to this, and
correction information on grating pitch and grating |ine warp may be
obtained for either one of Y scales 39Y1 and 39Y2 or X scal es 39X1
and 39X2, or the correction information @&h either one of grating
pitch or grating line warp nay be 10 obtained for both of Y scales

39Y1 and 39Y2, and .X scal es 39X1 _and 39X2.. For nple, in the case
onl'y correct ior GhfoT r’?d}c?o%rpono%r%ﬁarwqi]r@%r is obtained, wafer

stage WST may be It Y-.axi.§, di i.0n :bas t he .
nmeasur enent val ueg%o%chnﬁanlg r é?i%o ar sd§3%l%%&%%%%ﬁ%o&or&sﬁcﬁgmn
Y-axis 15 i ntig{d et ok qrak 19 %&t%hagﬁdv\ﬁla%)i be; FRVEL-h N L Re pe

X-axis direction based on the neasurenent values of X |Inear

encoders  70Bkaud nfD At Baut ofsivngcXiaxi sovntaid eyoneben $26caNext3ox,
waf er alignnent perforned in exposure apparatus 100 of the

enbodi ment widrd B@Xari efdwedescriledussagt ArGEnt 2th 1i2A rter 12@ited to
Incidentally, the details will be described later. Herein, the
operation i niHeé case gperecybonfindeirmedd orshptomrteasy ASEconpa i tWng
on which a plurality of shot areas are forned in the |ayout (shot

map) shown i i AGYarpcnay ke Jufgipadfps gdthprganemt shecaarsad i land

be d i bed. i dent al | t MST | itted in FI

19A" and 19879% 7L BETTREF O oS n 2 DAT TSI 141 JRaRaTe tion
di ti f J t b 8

per for med bef ey Cany (T oy Shete B hhs B Seny bRy be
shot aregs ASbuNGidderba! bycnacspecddd Gedref gaﬁa 39heapeskt k@1 es 39X,

adj ust rent of secondary alignnment systens AL
and 39X;. Forexample, in the case only correction information

on grating line warp is obtained, wafer stage WST may be moved
in the Y-axis direction based on the measurement values of
Y linear encoders 70A and 70C without using Y-axis

15 interferometer 16, or wafer stage WST may be moved in the X-axis
direction based on the measurement values of X linear encoders
70B and 70D without using X-axis interferometer 126.

Next, wafer alignment performed in exposure apparatus
100 of the embodiment will be briefly described using FIGS.

20 12A to 12C. Incidentally, the details will be described
later.

Herein, the operation in the case where 16 of colored
shot areas AS, on wafer W on which a plurality of shot areas
are formed in the layout ({(shot map) shown in FIG. 12C, are

25 to serve as alignment shot areas will be described.
Incidentally, measurement stage MST is omitted in FIGS. 122
and 12B.

It is assumed that position adjustment in the X-axis

direction of secondary alignment systems AL2; to AL2,; has been



to AL24 will be described later. 5 First, main controller 20 noves
waf er stages WST, on which the position of the wafer Wcenter is set
at loading position LP, toward an obliquely upper left direction in
FIG 12A, and sets the position of wafer stage WST at a

predeterm ned position (alignnent startif&yy position to be described
| ater) 10 at which the center of wafer Wis |located on straight |ine

LV. The m)verﬁ%r}}fégmaev&afbeéfoséegg%q\iﬁ&iancc'iohiC? caesg?j;@bqg%opgr%ecd bJC of
mai n control IFer r1ving e o t eff‘ﬁf}
based on the arﬁweqﬁe%o\eagysa%g e%%%fe&%%%ﬁvﬁgﬁ gﬁ?ﬁﬁfé%?e{%&né of

value of Y-axis interferonmeter In"a State e posi

of wafer stag,d\pbditieRf adl ulsheedltl %@@@Eonﬁb%?? EDYgRAShE! Q¥stens AL2;
control of the position (inCluding the ez rotation) wthin the XY

pl ane of waf efo t7ald,ew\MB be WhkehivatienatWki,s nounted is perforned
based on the measurenent values of two X heads 66 that are equi pped
in head ubit 62D ahd rfsdce m20.nX condired 13X P Oame vBEXFarfespedtdoesl WSTandn
Y heads 64y2 and 64yl that face Y scale 39Yl ad 39Y2 respectively
(four encoded)ich Nbe Pafeiti ot dhee Wal® il e niesirerl sstS@fe AfB L dasling

the +Y direction hy a_predeterm ned di stance based on the ) ,
measur ement  WRSGed 3¥ Lghet%%)?/%-aﬂ’e%??ﬁéﬂlﬁ/d&ﬁ’p%é&f& dirgrgiopsin dils -

iti f .at, th iti h i.n_FlLG . 12A. .
and, “mai ' cortPol Ta8 S5 S TR EE A T ShBRaer LA R VP e Tnined
detects ali g%’ltti@{ Ifél%éﬁfn@ﬁtt 8t n itidh %Ioebelc?éogcﬁ?g@@gi%Qer)

rst alignnent a

inthe three fi i shots area usi ng primary I gnnent

system ALh and secendane aldraurerts §hre3yH e Wedd RANGA 2313 1ine

links the detection results of three alignment systems ALl, AL22 and
AL23 and t heLveasThemetenwattties wafet herdgpusencoderis daserided raboved

at the tinme of the

by main controller 20 driving each motor of stage drive system
124 based on the measurement value of X encoder 70D and the
measurement value of Y-axis interferometer 16. In a state
15 where the position of wafer stage WST is set at the alignment
starting position, control of the position (including the 8z
rotation) within the XY plane of wafer table WTB on which wafer
W is mounted is performed based on the measurement values of
two X heads 66 that are eguipped in head unit 62D and face
20 X scales 39X; and 39X; respectively, and Y heads 64y, and 64y;
that face Y scale 39Y,; ad 39Y; respectively {(four encoders).
Next, main controller 20 moves wafer stage WST in the

+Y direction by a predetermined distance based on the
measurement values of the above-described four encoders, and
25 sets the position of wafer stage WST at the position shown
in FIG. 12A. And, main controller 20 almost simultaneously
and individually detects alignment marks {refer to star marks

in FIG. 12A) arranged in the three first alignment shots areas

AS using primary alignment system ALl and secondary alignment



detection and stores themin a nmenory (not shown). 5 Incidentally,
secondary alignnment systens AL21 and AL24 on both sides that do not
detect the alignnment marks at this point in tine my be nmade not to
irradiate a detection light to wafer table WIB (or a wafer) , or may
be made to irradiate a detection light. urther, in the wafer
alignnment in the enbodi nent, the 10 position of wafer stage WST in
the X-axis direction,Ls set that, primary alignnment system ALl isS
pl aced on thesysg:éerﬁserAfti%ﬁeangfAﬁg?’e?nga%%kWéF B %H%r%s iitﬁn%%rj&hree
system ALl t; L t K j h
that is Iocgdta'Lel on ﬂa@%g%éggnﬁg, gﬁgz \%g?eéfg %%?%em%%?g??%zﬁgﬁg%alues
al i gnment marde e a0 kevdidmd ddsd e LAUbSHOta @8R A maVaf et Y
but in the enbodi nent the alignnent mark is to be fornmed outside
each shot are®tddtion Sndstorsdy atten iite { SEmdye, (ridie)sHdwat) di vi des
mul tiple shot areas on wafer W Next, main controller 20 noves wafer
st age WSToi n Ingd de2(- a8V i secondarpyld goredet ey st eres Adi2s tamcBLbasedoth
on the neasurenent values of the four encoders, and sets the .
position of Si&Rs tadgeongptarded gsdsithicom lagnmsnth Manks &t divesnoint
systens ALl ,and, AL21 to AL24 can al nost sinultaneously and
i ndi vi dual | y *TdetBEMEhESANFIFhREN T rdrke Hiatah§etP st figdtske Rder
25 al i gnnent t as._AS on fer and al nost si nul.t.aneous nd
i ndi vi dual | yt%%t(ieec@éﬁt o B ’gﬁrFeV}ﬁ?yr%er Eéglﬁ)si}%érﬁfﬁ%at&? tion
systens ALT L21 4,. t I t S
of five ali g%ri rl{{%'syg%lgﬁé\laitllrgg eA‘]L}%%% galiiﬁg%%gn%?%ﬁ% (lr"r@g%%gg%e%t the
val ues of ot hedsauri BNCEIeF At sttfé%eBﬁSTt e tofe the det egtion iapd is set
stores themin a nmenory (not shown) Next, main controller 20 noves
waf er stage WBT tihatt e ima¥yvdiadleeinn@h s v tanedgtleris nhd e tanagie
based on the

centerline of wafer table WIB, and primary alignment system

ALl detects the alignment mark in the alignment shot area that
is located on a meridian of the wafer. Incidentally, the

15 alignment mark may also be formed inside each shot area on
wafer W, but in the embodiment the alignment mark is to be
formed outside each shot area, that is, on a street line {scribe
line) that divides multiple shot areas on wafer W.

Next, main controller 20 moves wafer stage WST in the

20 +Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position
of wafer stage WST at a position at which five alignment systemns
ALl and ALZ2; to ALZ,; can almost simultaneously and individually
detect the alignmeni marks arranged in the five second

25 alignment shot areas AS on wafer W, and almost simultaneocusly
and individually detects the five alignment marks using five
alignment systems ALl and AL2Z2; to ALZ2,4, and then links the
detection results of five alignment systems ALl and AL2; to

ALZ, and the measurement values of the four encoders at the



measur enent val ues of the four encoders, and sets the position 5 of
waf er stage WST at a position at which five alignnment systens ALl
and AL21 to AL24 can al nost sinultaneously and individually detect
the alignnment marks arranged in the five third alignnent shot areas
AS on wafer W and al nost sinultaneously &nd individually detects
the five alignment marks (refer to star 10 marks in FIG 12B) using

fi | | . d AL21 . to AL2 d_then links t
et cct | on 1 oSUS Cor PP VI L Giie AN SR S AR B RS0t DAL 2P -

th t val ' theeli tier
€ nmeasurenent vahyles o HEQCO%%%%l%%%?gﬁrﬁo@&s ?Sf%gn§E§%? ﬁgﬁr%n the

. a
detection and stores them in a nenor not shown

controller 20-yoyasmef® 1) a0 MBed didifed M M IRE 454 & the
predet erm ned di stance based on the nmeasurenent val ues of the four

encoders, anthssatrdrientposiluieent ehewed ef ctlcage rd5Tand s HR0Shé ik ialion
whi ch the alignnment marks arranged in the three fourth alignnent

shot area8 A®onafieferta2® WTart dbeocalimen st wolitanEoushkyignident systems
i ndi vidually detected usin primary alignment system ALl and
secondary al i RE Adydyt IQAEzglﬁzﬂoﬂLEQNW%ﬂinﬂQﬁﬁﬂy@hﬁﬁkﬁﬁn@@mﬁ%}y
and i ndi vi dual | detects the three alignnment marks using three

al i gnment sﬁﬁ‘é&t e alygpwmeniquar ks arzagoere FhRKst thEh et ediiggment

| t 25 of .t | i t t AL1 L22 d AL23 d t.h
s oot il Sl HUTRNE RO A S TS @anon
a | . !
and stores ”l‘?fal'ﬂc%agﬁ]@?%g(a@@s SHOWA) o &%WW%?W gkéfgfﬁ%{ star

conputes an array o shot areas on on a coor e

system (€09. k18 i86r16001 diNat &1y St Usiitthldif eRikeals axhSafl ar2;
projection optical systemPL as its origin) that is set by the

measur ement axeBL29f ahbe: el ianeoties slefkettt chepdsunt § D), £DY¥e alignment
performng a
systems ALl and ALZ2; to ALZ,; and the measurement values of the
four encoders at the time of the detection and stores them
in a memory ({(not shown).

15 Next, main controller 20 moves wafer stage WST in the
+Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position
of wafer stage WST at a position at which the alignment marks
arranged in the three fourth alignment shot areas AS on wafer

20 Wcanbe almost simultaneously and individually detected using
primary alignment system ALl and secondary alignment systems
ALZ; and AL23, and almost simultaneously and individually
detects the three alignment marks using three alignment
systems ALL, ALZ; and ALZ3, and then links the detectiocn results

25 of three alignment systems ALl, AL2; and AL23 and the
measurement values of the four encoders at the time of the
detection and stores them in a memory {not shown).

Then, main controller 20 computes an array of all the

shot areas on wafer W on a coordinate system (e.g. an XY



statistical conputation by the EGA nethod, which is disclosed 5 in,
for exanple, Kokai (Japanese Unexam ned Patent Application
Publ i cation) No. 61-044429 (the corresponding U S. Patent No. 4,

780, 617) and the like, using the detection results of a total of 16
al i gnment marks and the correspondi ng neesurenent val ues of the four
encoders obtained in the manner 10 descri bed above, and the baseline

of secondary alignment system AL2n, As i.s descri bed above, in the,
enbodi nent . 5 HOW 1 WAV EE STt WY G5F e 4L BT PoRCangn oPtical

setting the %ﬁgélelgtpi@’nogs gorf#ﬁ?ﬁet\%-% ats Laur ]ﬁ'g? AL %neoanﬁlirhe%en Via@{%s

route, posit ornation o gnment s”in alignmen

shot areas AF athdlGqol M-ddedot @fo&m}]&% qmiaaﬁe,d gy &f%ﬁg{i@gb'é’

shorter period of tine, conpared wth the case ere a‘sin

alignment  sysafamse@ENtoably adebach thkerehinsyrid, wanks 8¢ dikclosed
points. In this case, for exanple, as is understandable in

particul ab 20 whefox enxsngerd nKaetd gnivkatarsysst ahseAdninad Batand: AL23,
each of alignnent systens AL1l, AL22 and AL23 detects a plurality of

al i gnnment nma@ePldrgehian Bhbhgcaheon) dkd.s6drPéé€R8n(tHmcoraeeponding U.S.
sequentiaIIyEpIaced wi thin the detection area (e.g. corresgonding to

the irradiat ifeteaelooft /89 fdt/dcine il Yy, ugsngsddwedgteathpprasvdts
The For agor ng et HeriE a6 HHETHIS A Srits 4. G0 FRREOnding.
e foregoi s ,
t i -axi s _di ion.. F ,
i vase Dol 9L208s BT nE R SHEBYs P REEhE p LhL Relomer

measur enght REISHSIR] M@ MK DL MR{Elor Wddhaigane Al Maent
simul taneously detected by a plurality of alignnment systens di ers
dependi ng on gyle ORI QN Wi thin
As is described above, in the embodiment, by moving wafer
stage WST in the +Y direction and setting the position of wafer
stage WST at four points on the moving route, position
15 information of the alignment marks in alignment shot areas
AS at 16 points in total can be cbtained in a remarkably shorter
period of time, compared with the case where a single alignment
system sequentially detects the alignment marks at 16 points.
In this case, for example, as is understandable in particular
20 when considering alignment systems ALl, AL2; and AL23, each
of alignment systems ALl, AL2; and AL2; detects a plurality
of alignment marks arrayed along the Y-axis direction that
are sequentially placed within the detection area (e.q.
corresponding to the irradiation area of the detection light),
25 associated with the operation of moving wafer stage WST
described above. Therefore, on the foregolng measurement of
the alignment marks, it is not necessary to move wafer stage

WST in the X-axis direction.

Further, in this case, the number of detection points



the XY plane of wafer stage WST (the Y-position in particular 5 (i.e
t he access degree of wafer Wto a plurality of alignnent systens)).
Theref ore, when noving wafer stage WST in the Y-axis direction that
is orthogonal to the array direction (X-axis direction) of a
plurality of alignment systens, the marks at positions different
from one anot her on wafer Wcan 10 be detected sinultaneously using

th ired nb ' t t rd th t

posi 1o of vaTBr ouPane et s SRR BRSO @%ﬁ‘%%mé%rmw@er
shot ‘array %ﬁ W@Reﬁrgy %F?Q%hk&ﬁul%gﬁegHgiﬁcgeQécﬁé d%gll of
i deal pl ane and nor ma has sone unevenness ccord

case the si razu I RRRRMS srp%ac%ﬂsermrﬁfe% %e?:]e‘:'zrcﬁlr!gt Yrofe 'p%%rﬁ:'lton within
systens descri bed above'is performed only at a’certain position

the Z-axis ditheckivonl 4k reectvia@a rpet abd efsT qtopt vepbsaxisn ﬁQ(p‘éfrtlcular
projection optical systemPL) of wafer table WIB, it 20 is highly
probabl e % hat(iate.l thstaoress aldegneentd £ sysitenipes fopieradétgctf anl iohment
alignnment mark in a defocused state. Thus, in the enbodi nent,

measur enent SYEGETS) pos?bﬁ§ﬁ§0§ﬁ:awhgﬁn@ﬁﬁlnﬁaWﬁ§ermﬁt@ﬁel@SEamgedhe

by detection_of ali nnent marks perfornmed in a defocused state, is
suppressed i If e Smhitt&Ct 195 FSdr ilife PIHECGANEFhEC Lo RETAY direction

(not shown)) éﬂ?on”glﬁﬁﬁ%ﬁ 2mdt oo Rt %iiﬁér?&%%ﬁﬂ SE5 £y the
AL24 so that ,each of BLLOPIBAL oIBEkS{ONTRG, Al BERASLLLANG. FhRY can
rom on er

are dlfferent anot on waf s a

si nmul t anppusly detect-ed @ﬁn@qocfane@dsgw@tm@y%@ﬂ l%tap%nmﬂ Qf
each alignnent mark, while changing a relative positional relation
in the Z-axi alignment systems, in accordance with the position of wafer
stage WST, in other words, in accordance with the shot array
on wafer W.
Meanwhile, the surface of wafer W is not an ideal plane
15 and normally has some unevenness. Accordingly, in the case
the simultaneous measurement by a plurality of alignment
systems described above is performed only at a certain position
in the Z-axis direction (direction parallel to optical axis
AX of projectiocon optical system PL) of wafer table WTB, it
20 is highly probable that at least one alignment system performs
detection of an alignment mark in a defocused state. Thus,
in the embodiment, measurement error of positions of alignment
marks, which is caused by detection of alignment marks
performed in a defocused state, is suppressed in the manner
25 described below.
That is, main controller 20 controls stage drive system
124 (Z-leveling mechanism (not shown)) and a plurality of

alignment systems ALl and AL2; to AL2,; so that each of alignment

marks formed at the positions that are different from one



direction (focus direction) perpendicular to the XY plane 5 between
alignnment systens AL1 and AL21 to AL24 and wafer W nounted on wafer
table WIB (wafer stage WST) using the Z-leveling nechani smthat
constitutes part of stage drive system 124, at each position at
which the position of wafer stage WST i $8et for detecting the
alignment marks in the 10 respective alignment shot areas descri bed
above. FIGS. 13A.to 13C S?%‘ﬁ@ Status where tecti OEMof mar ks

on
wafer Wis p&forifddChy"? 4% Cs§STRIEAERUERY FPACTEE N sA<h
in the state i 2 | L . f e

is set at théalag%gﬂ%ogkf%ggnt ?%%@%5%@?%%@3% ef%%rr%‘iﬁg%igﬁg% h@é i Xﬁie
al i gnment shot, 4y, deseni + 1RGN l4 ; 13C ;shows
a status where vvag:‘izllr%'I t abl e%%%\j\%‘\égrtl W i slcglc%(lfca%t ed 13?'%[ e Zdi%%le%r"ent
Z-posi tion ard rddtfierentsocld Gt ifR)K e rdd ila S ivalldranesus dane
bei ng detected wusing alignnent systens ALl and AL21 to AL24. In the
state 20 df EleGwekdAaldlgrgrmnts yerstrenRIAL2hdand.2AL24 an2boddd sialesr W
are in a focused state and the renmining alignnent systenms are in a
def ocused st santied offe wafsire t@bl @TBIIRalHy grimas WSSYs tuenig oAt

and AL23 are in a focused state and the remaining alignnent systens
are in a def GcdSFSS& @eohpnisd fhdtte o sis tmtes et ofl P radeyysiaiie

t AL1 in_th t IS i f d_stat th enai
al f gnent sy SUSTE™aPe 4n 5 SABRORESCH: Shat &, VIHER HAE ARG ChPs

perform ng sijaul agg%qu mg% ur. .al j t, . b '

systens A!_I an g%L .t(S';L AL }ésg@\%ﬁtlegtc%gngﬁ%%g&lre aﬁt\/éna%’(])éﬁ&@%%gﬁe
relatiompn thepl@ive diilpeldn {HAcus iy eldIbRELIRRR 2
plurality of alignment systens ALl and AL21 to AL24 and wafer W
mounted on wafer tabkg, 13A to 13C show a status where detection of marks

wafer

on wafer W is performed by five alignment systems ALl and AL2;
to AL24 in the state shown in FIG. 12B where the position of
wafer stage WST is set at the detection position of alignment
15 marks in the third alignment shot areas described above. Each
of FIGS. 13A to 13C shows a status where wafer table WTB (wafer
W) is located at the different Z-position and different
alignment marks are almost simultaneously being detected
using alignment systems ALl and AL2; to AL2,. In the state
20 of FIG. 13A, alignment systems ALZ2: and AL24 on both sides are
in a focused state and the remaining alignment systems are
in a defocused state. In the state of FIG. 13B, alignment
systems ALZ; and ALZ3 are in a focused state and the remaining
alignment systems are in a defocused state. In the state of
25 FIG. 13C, only alignment system ALl in the center is in a
focused state and the remaining alignment systems are in a
defocused state.
In this manner, by performing simultaneous measurement

of alignment marks by alignment systems ALl and AL2; to AL2,



WIB (wafer stage WST) by changing the Z-position of wafer table 5 WIB
(wafer W, any of the alignnent systens can neasure the alignnent
marks in a substantially best focused state. Accordingly, main
controller 20 can accurately detect the marks fornmed at positions
different fromone another on wafer Ww#&%hout being affected by
unevenness of the wafer Wsurface 10 or the best focus difference

anong a Iurallt of ali.gnnment stens, b erentially, using the,
det egtl oﬁ reé’\’.ﬂ htaﬁ]@ Fkre%éfy'lg?aﬁﬂﬁé%lgﬂaﬁhjée StOR afbridlff ¢ -axis

focused stategledach, @LPNTROLCSYELEM A, de J Dkeyal 6l EALAl dment

in the descri th on or exa tron fesul

the mark in IN&E alavarable f@&m@q arid %%equﬁ%iﬂm%d GAMPOEer table

systemis to be preferentially used. "However e present invention

is not linitewrs owkbes,stangk wog) rbyc@ﬁaﬁgb.hgrth%oznpas@bi@hra;ﬂf)@éfét%ble
information of alignment marks also using the detection results of

the nmarks520 Wik awidfeaciedaayyadbé. tha &bhignease, sfdeentetenat nersure the
results of the marks in a defocused state may be used by mnultiplying
the detecti ¢diunts Marishame ghibdtarddedrldadss wifideudssl state.

def ocused state. Further, the detection result of the mark 1in the

def ocused st &C@q@wu B TH AT AT t4thtCa agminef PasidatRsais dde
state, for exa f Endlng)slg:materl Is of %a ersforngﬁ on the
wer. or t oA roP RN ¢ Ml (e Rt FEGSPE THIREOR BROFRET on wafer
I t t f f

Staro it hsmﬁﬁﬁpﬁg@nﬁéﬁﬁ?;ﬁea#%%ﬁé frrinBSE ot s kil stace

in a defogused shatl Bes@ndodls BQ?E%&QHcé“éﬁéH&ti%&faf reafis%l ent
be obtained using such detection results. Furt as can be seen
fromFIGS. 13Adtenb3ChyaptefbBeentially using the detection result of the
mark, for example, in the most favorable focused state of each
alignment system, or the like.
Incidentally, in the description above, for example, the
15 detection result of the mark in the most favorable focused
state of each alignment system is to be preferentially used.
However, the present invention is not limited to this, and
main controller 20 may obtain position information of
alignment marks also using the deteciion results of the marks
20 in a defocused state. In this case, the detection results of
the marks in a defocused state may be used by multiplying the
detection results by the weight in accordance with the
defocused state. Further, the detection result of the mark
in the defocused state is sometimes better than that in the
25 best focused state, for example, depending on materials of
layers formed on the wafer, or the iike. In this case, with
regard to each of the alignment systems, detection of the marks
is performed in the focus state with which the most favorable

result can be obtained, that is, in a defocused state, and



optical axes of all the alignment systenms do not always 5 coincide
with the sane ideal direction (Z-axis direction) accurately, and due
to the influence of this tilt (telecentricity) of the optical axes
wWith respect to the Z-axis, the detection results of positions of
the alignment marks could include error.20Accordingly, it is
preferabl e that the tilt 10 with respect to the Z-axis of the optical

axes of all the nt systens._i nmeasured i n _advance, and the
atecti o v Eemitd g e LR B e Pl T R Har S pae i Lt syen
based on th enent. . f Its Next, basel i ne neasur enment

(basel i ne cheéﬁ%ﬁﬁglbrlnary 15 allgnnent system ALI w Il be

described. Herein, pihenRasebsngan e NddBIBL Al FEREENT 38YSE eI@CALlall the
nmeans a p05|t|onal rel ation (or a distance) between a projection

posi tion wherstd pal tefds dfe.ad.l aheatdlaighninyg eljstlenRdd hidd @iieeked
by projection optical systemPL and a detection center of primary

al i gnment> 2@odystiem Alilth dheAtsariee ipiall dirddmpmh@rdaseldirection)
measurenment of primary alignment systemALl is started, as shown in

FIG 14A n@z:ﬂuefaﬁmhy 3ancpdus [toglle ilmfdusinge arfedhls Bdtldeen
proj ection opt| systen1PL and_at | east_one of measurenment 25 table

MIB and CD bdrte @Ceﬁﬁéthjsty vif éhes%fgﬂec%zﬁxaﬁdﬂ%agapéﬁﬁmo thageaxis,

MST t f t b
roasur et 6T 1 FHATS G CERHARE Xy SPERCALES F FPer O B AL

in FIG 14A iBRhReoRtioll era20ofsl #6135 9p S ORsaIaEs bfé q:lillcatalthrgatclilt

FM |l ocated i n the cenfer on neasure

al i gnmentg systiem Aelspeief @b the &-$tals %&r%ﬂéqdﬂﬂ§ca%4%kes EEe%il”%%%
controller 20 nakes
alignment systems is measured in advance, and the detection
results of positions of the alignment marks are corrected based
on the measurement results.
Next, baseline measurement (baseline check} of primary
15 alignment system ALl will be described. Herein, the baseline
of primary alignment system ALl means a positional relation
{or a distance) between a projection position where a pattern
(e.g. a pattern of reticle R) is projected by projection
optical system PL and a detection center of primary alignment
20 system AL1.

a. At the point in time when baseline measurement of
primary alignment system ALl is started, as shown in FIG. 14A,
nozzle unit 32 forms liquid immersion area 14 between
projection optical system PL and at least one of measurement

25 table MTB and CD bar 46. That is, wafer stage WST and
measurement stage MST are in a state of separating from each
other.

On baseline measurement of primary alignment systemALl,

first of all, as shown in FIG. 14A, main controller 20 detects



the detection result of primary alignnment system ALl 5 correspond to
t he measurenment val ues of encoders 70A to 70D at the tinme of the
detection, and stores themin a nenory. Hereinafter, this processing
is referred to as a Pri-BCHK former processing, for the sake of
conveni ence. On the Pri-BCHK forner procdssing, the position within
the XY plane 10 of wafer table WIB is control | ed based on two X heads
66 i ndicat ed be| '.r | ed .in FIL.G t fac X scal es 39X1
and 39X2 (enco ers 'fO% léf L m b&é eaddslrb atid 64y P

i ndi cated by hejng <l idta‘c@ gfﬁ g‘}.theé‘rhlﬂgl'y %&nﬂ&@%éﬁt%ﬁuél:l a(r}%fer

39Y2 (encoders 70A an as s

control ler 2@skastsr ﬁ@y@rmwm wafgr, stags, Vt@étlhncértl@rdm@f rz&ﬁtda%s
so that nmeasurenent plate 30 is | ocated di rectly bel ow proj ection

optical syst emePlde tAfdteirors trarsdilng dhe simeane il dighrdif Y% st eqtli on

of wafer stage WST, main controller 20 detects the 20 approachi ng of
waf er st age WSFrasgparshdur sirennessagembBT baseds of ¢heodertputGA dfo 70D
cl earance detection sensors 43A and 43C. Before and after that, that
is, during tR&E rbferdime of (e deteditieeyi amdofsthuaes téeayd ST nemeny -
controller 20 starts to gpen shutters 49A and 49B vja drive

mechani sns  34RTEAFEEHS ﬁﬁﬁdp&&%stss”t%elsf lﬁetft?eﬁ'regpﬁﬁbéacgm%é’rdt“BCHK

f t d t t th h
Fur ther . - iai 11008k .%{5'3 B e 1% Hksp bt RS R N Sr < Do kBng
498 b?SEd p@r@& ®Br etu%£308£sﬁ%@?“ﬁ?ﬁ?&%ﬁk&%n.§9§&%?lpﬁe & plane

Next , |mTed|aterater ecting t . stage 9
measur enegt irage M tGIR NI iGOHARrMItdd SRR DR twd ¥ HRAE! 66

cl oser together at a distance of around 300pm based on the outputs

of colli sion idefiecttisonbgansice AR 1aUiA3G. 14A that face X scales 39¥%;
and 39X; (encoders 70B and 70D}, and two Y heads 64y, and 64y,
indicated by being circled in FIG. 14A that face Y scales 39Y;
and 39Y, (encoders 70A and 70C).

15 b. Next, as shown in FIG. 14B, main controller 20 starts
movement of wafer stage WST in the +Y direction so that
measurement plate 30 is located directly below projection
optical system PL. After starting the movement in the +Y
direction of wafer stage WST, main controller 20 detects the

20 appreoaching of wafer stage WST and measurement stage MST based
on the outputs of clearxance detection sensors 43A and 43C,.
Before and after that, that is, during the movement in the
+Y direction of wafer stage W3ST, main controller 20 starts
to open shutters 49A and 49B via drive mechanisms 34A and 34B,

25 and permits the further approaching of wafer stage WST and
measurement stage MST by opening the shutters. Further, main
controller 20 confirms the opening of shutters 49A and 49B

based on detection results of opening/closing sensor 101.

c. Next, immediately after detecting that wafer stage



main controller 20 stops wafer stage WST. After that, main 5
controller 20 further noves neasurenent stage MST and wafer stage
WET integrally in the +Y direction while keeping a contact state of
measur enent stage MST and wafer stage WST (or, keeping a distance of
around 300pm) Then, in the middle of thé%wovenent, |iquid imersion
area 14 is delivered from 10 CD bar 46 to wafer table WIB. d. Then,

h h
contronl or 20 ale hd RGeS RO TR0 o hobath 85 sfBh Beper
i mges (aerialy, pREEs:1 9fep AL, AB7 &E‘F%Wie Locnl §08Hdr§(§¢&he blgsed

that are projected by projection 15 optic system PL, using aeri

i mage nMeasur igig tny toﬁémﬂsuaw@dml@@wrc%rmtlmrats%r?&rsmgaa%@u3D
i mages of measurenent marks in pairs are severally nmeasured in the

aerial i ngeanEasuwnerent] cop@laticepsbyades! EtageansTet MOt SiHMAE main
pair of aerial image neasurenent slit patterns SL, simlar to the 20
met hod t hat icondizscllesed (i furtberexampbene&kokaenédtpsinese MIheralivades r
Pat ent Application Publication) No. 2002-014005 (the corresponding
U.S. Patent AfidecdtSTorlmmsibacaty ot Ndie +X0ch sy whidfeerkaaping a

previously and the Il%qeﬁr%st hen stores the neasurenent results

(aerial i mag&Mt&tsi MECCOTEIIRTE i e TP o diafieon Sgrge WST
aer bl VIR DB Bl Pl ) RSSULAIEDG

processi ng of "aéria measurenen

Ris referregs Qh@sméveﬁéhtBCnghi‘Ht fﬁmQEQESﬁSéPQafPJ téa'%ieslﬁl@ercg% from

conveni ence. the Pri-B tter processing, the position w
the XY 980 planesef apfer waadde M\MBd sygontrol | ed based on two X

heads 66 indicated by being circled in FIG 14B that face X scal es
39X1 and 39X2 (encadeTlsed PBhamdwd 08} ,stanrte a0 Medeoss tb4é position shown
in FIG. 14B, main controller 20 stops both stages WST and MST,
and measures projected images (aerial imagesﬁ of a pair of
measurement marks on reticle R that are projected by projection
15 optical system PL, using aerial image measuring unit 45
including measurement plate 30. The aerial images of
measurement marks in pairs are severally measured in the aerial
image measurement operation by a slit-scan method using a pair
of aerial image measurement slit patterns SL, similar to the
20 method that is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2002-014005
(the corresponding U.S. Patent Application Publication No.
2002/0041377) referred to previously and the like, and then
stores the measurement results (aerial image intensity in
25 accordance with the XY position of wafer table WTB) in a memory.
Hereinafter, this measurement processing of aerial images of
measurement marks in pairs on reticle R is referred to as a

Pri-BCHX latter processing for the sake of convenience. On

the Pri-BCHK latter processing, the position within the XY



i ndi cated by being circled in FIG 14B that face Y scales 39Y1 5 and
39Y2 (encoders 70A and 70C). Then, main controller 20 conputes the
baseline of primary alignnment system ALl based on the results of the
Pri-BCHK former processing and the results of the Pri-BCHK latter
processi ng descri bed above. 10 Incidental%3y, at the point in tine
when the baseline nmeasurenent of primary alignment system ALl ends

reacur enont SURGES NEFT 1A Ao e PAgG SPBTORF CORASe DBRPACE: Crark haads
t at f bei ; - 18 ,di f d
S00pm) - Next o TSaR A alF Baent oberatt T A SRk bao £/fNes

ali gnnent sysigem Alkdn 3031 (bRc8dler¥hi 68 LaqPebhor "RAqMR B! ¥ nkhQss4a

waf er at the head of a Iot) right before the processing to wafers in
the lot is stiatdieshtod by beidgseridiesh iHerecn, 149 thhe basely Beadks 39v,
secondary alignnment system AL2n neans a relative position of (a

det ecti onScertretr Y. dacikcosiecenda@ty anal i7garent system AL2n with (the
detection center of) primary alignnment system ALl as a datum

I ncidental ly, the iy Rin saie Rled £ Wigeutites dhesdemedame of

al i gnment system AL2n (nh=1 25 to 4) is assuned to be set by beid;%
driven by r ottt Y3 VST Rith o SRS L RS ek Hfpl e i e Bbldot dethdeée

ith th h . t f th fers int lot. e., Ont b |,

heacur onent G e el e Bed S "R R TN Tod s ¢ MK

at the head fatacérof%r%‘% 4&‘?@9%’?4&161%&2'%005 eferred to as " Sec- BCHK"
aﬁ, as sho n Fl

as needed), first wn 195'A, mai n controller 20

ﬁg;gCtS 80 specifi qralilgnment yTerEkk ehafBin WiProGRSSMaf 8 Haddi@ne
measurement of primary alignment system ALl ends (i.e. the
Pri-BCHK latter processing ends) as is described above,
measurement stage MST and wafer stage WST are in a contact
state (or a state of being separate from each other at a
15 distance of around 300um).
Next, a baseline measurement operation of secondary
alignment system AL2, (n=1 to 4), which is performed mainly
(to a wafer at the head of a lot) right before the processing
to wafers in the lot is started, will be described. Herein,
20 the baseline of secondary alignment system ALZ2, means a
relative position of (a detection center of) each secondary
alignment system AL2, with (the detection center of) primary
alignment system ALl as a datum. Incidentally, the position
in the X-axis direction of secondary alignment system AL2, (n=1
25 to 4} is assumed to be set by being driven by rotation drive
mechanism 60,, for example, in accordance with the shot map
data of the wafers in the lot.

€. On the baseline measurement of the secondary

alignment system performed to the wafer at the head of a lot



of alot with primary alignnment system ALl (refer to a star 5 mark in
FIG 15A) . Then, main controller 20 nmakes the detection result
correspond to the neasurenent values of encoders 70A to 70D at the
time of the detection, and stores themin a nenory. In the state of
FIG 15A, the position within the XY pl dife of wafer table WIB is
controlled by main controller 10 20 based on two X heads 66 facing X

| 39X1 and 39X2 d 70B +and Y heads .6
84yl facing Y secraﬁlégaé%%"ai eSO 0 TR A0 Sope ke ret
mai n control lgr 20 TP er; stage \&% I&afﬁlg fgg% 17841 QN c{%%e%ts a

predet erm ned di st dnce, "as "shown in tect S
specific ali giyant tflraaéh1§hﬁ1€n§%@ﬂ9%ww§£égwrgﬁkoé¥§5%ﬂ£ at' €h€head
to a star mark in FIG 1 , and makes the detection resul

correspond tQﬁihElﬁﬁaﬂdtﬁﬁpmﬁmaY§|HE&gﬂﬁeﬁﬂC99§t§m7ﬁﬁltOréfﬁlfﬁﬁja star
stores themin a nenory. |In the state of FIG 15B, the position
within the Xvigdkane: 20 Gf Mefler Tabhe WEBni socsmbidkelredObas&dsonhewo

X heads 66 facing X scales 39X1 and 39X2 (encoders 70B and 70D) and
two Y heads 49Uy PeEd PIPEP 130\ SEsieraneTTA valdier) O)f
g. Simlarly, main controller 20 sequentially noves wafer stage WST

in the +X di FEGAGTaddAsEQueRy sl IhPudiaet 8T dBeifrtepetoni @nd stores
| h th t t

Ao o Afgk*le%%nta%%%méﬁﬁﬁ'e%”ﬁb et A R Rt S R §aenin

correspond t get ney gq%alérsﬁ%affervﬂ éw% @889@&8118@%339%29,5?(;%&&%%1er

time of the and stores themin a neno

control leg 2@ coapeld 8% thexhaseid pe f_% Qﬁ%cﬂ@ s%%@é%d%}y ahd @@@Q&ancoders
system AL2n based on the processing of the above , and
t he processi @R esdl 13D pfardidhewo ¥ heads 64y, and 64y; facing Y scales 39Y;
and 39Y; (encoders 702 and 70C).
f. Next, main controller 20 moves wafer stage WST in the
-X direction by a predetermined distance, and as shown in FIG.
15 15B, detects the specific alignment mark with secondary
alignment system AL2: (refer to a star mark in FIG. 15B), and
makes the detection result correspond to the measurement
values of encoders 70A to 70D and stores them in a memory.
In the state of FIG. 15B, the position within the XY plane
20 of wafer table WTB is controlled based on two X heads 66 facing
X scales 39X; and 39%; {(encoders 70B and 70D) and ftwo Y heads
64 facing Y scales 39Y: and 39Y, (encoders 70A and 70C).
g. Similarly, main controller 20 seguentially moves
wafer stage WST in the +X direction and sequentially detects
25 the specific alignment mark with the remaining secondary
alignment systems AL2,, AL2; and AL24, and then sequentially
makes the detection results correspond to the measurement
values of encoders 70A to 70D at the time of the detection

and stores them in a memory.



above "f" or "g". 5 In this manner, since the baseline of each
secondary alignnment system AL2n i s obtai ned using wafer W (process
wafer) at the head of a lot, by detecting the sane alignnent mark

on the wafer Wwith primary alignment system ALI and each secondary
al i gnment system AL2n, the difference in%fetection 10 of f set anong
the alignnent systens caused by the process can also be corrected by

Secondary ai i gment: SYeY eIPALIRHELP U LB BRT o Ee SA T St SRC
Kk f : t y Al f .
1 gnront 18 et R P RT (VTR S aooF FhLeral S ECFRard

measur ement pleata +30 dsseddl Apbhe basel hng @f@@?&@é@ﬁiﬁ rddUT® %£ the
al i gnnent system AL1 may be used, that is, fiducial mark FM may al so

be nmeasured Epeach Seeandary. al i gnnment system AL2n. O, for

exanple, the "n" nunber of datum marks are 20 arranged on wafer stage
WBT or neasurenent Ist &ge sMBENNeg t, he insamthpodiatsiediale ©d atkichn saesonbiatry
of secondary alignnent system AL2,,, and detection of the datum

mar ks by secédda&rynedly gyinean Aldyusieabpa2nedas ivw vrbenthkpeoatsmsrter)
sinultaneously.9£§?%Pe datum marks, for exanple, reference marks M

of CD bar 46 3fa %0 Hé dSsd. MWbrsdest inghd hasgmemalitgnfsnt mark
b | t | t, t AL b

arranged on i OF FISE WETh T PramEtal enriani Tosnis G Re R Grch
ith fiducial E . i . PEJ J .

System AL, SRaCRSEat Fok IR o e R A o Bhe VR PE L AR Gl WRR s0n

al i gnment o sy sir@acAl 2RoRBY the Sxegitabl & Aldme! Shimalt B?%%@' oMdd can
detection of fiducial mark FM by primary alignnment system AL1l. In
this case, thagaumkeccafredalddanpyarks f grdeaseliime as a result.
Incidentally, baseline measurement of secondary alignment
system ALZ, may also be performed using a datum mark on wafer
stage WST or measurement stage MST, instead of the alignment
15 mark on the wafer. In this case, fiducial mark FM of
measurement plate 30 used in the baseline measurement of
primary alignment system ALl may be used, that is, fiducial
mark EMmay also be measured by each secondary alignment system
AL2,. Or, for example, the “n” number of datum marks are
20 arranged on wafer stage WST or measurement stage MST in the
same positional relation as that of secondary alignment system
AlLZ2,, and detection of the datum marks by secondary alignment
system ALZ2, may be executable zlmost simultaneocusly. As the
datum marks, for example, reference marks M of CD bar 46 may
25 also be used. Moreover, the datum marks for baseline
measurement of secondary alignment system AL2, may be arranged
on wafer stage WST in a predetermined positional relation with

fiducial mark FM for baseline measurement of primary alignment

system ALl, and detection of the datum marks by secondary



measur enent of secondary alignnment system AL2n may be one, or 5 the
datum marks may be arranged in plural, for exanple, the sanme nunber
as the nunber of secondary alignnent system AL2,,. Further, in the
enbodi ment, since each of primary alignnent system AL1 and secondary
al i gnnent system AL2n can detect two-di fénsional marks (X and Y
marks), the baselines in the 10 X-axis and the Y-axis directions of

secondary al TONEReRY SLEFLn 20, G20 100 ORLALNRY SLIMLLANCQUSIY DY

using the two-dimensio I'rme "0 asel i ne nmeasur

of secondar y,salH QQE@BEi&{S&fﬁéﬁ%@allrﬁh#@%m?@%@kr}? %%i%é% system

mark FM and reference marks M and the alignnen

waf er includerif.or texaapkecakbe @ne- dunBBsi orakiaXuiBmk raRld ro¥ BBEK1ERe
which a plurality of Iine marks are periodically arrayed in the

X-axi s and Yseedssimtirteedt bdnsecespect ialelghnd¥extsysaebeBt.BCéy be cne, or
operation, which is perfornmed at predetermned timng during the
processi ng ofthgafdertaimi magkisomay Be &vraegadple, pkupeki obf raoramghen the
exposure of a wafer ends until when the | oading of the next wafer on
waf er tabl e \RFB'S 8umpgaphetidte NURRET of SR AR dnEshacBRBREM AL2n.
will be described. In_this case, .because.the Sec-BCHK is perfaqrned

at intervals%%?ggﬁgh %&f@bergﬁgagéﬁﬁﬂg{ ﬁ%?%?n%ﬁ?%réiﬁﬂ¥%ﬂ?§§u§- ent
is also refer 0 t (o} i_nt, ), [ ec- BCHK
(interval) ,Eéggé oéﬁﬁiﬁné1g%gé§a%%#r#l€§§ﬁ§@ﬁI%#Qf%?%gégs%ancgetECt
measur ement  $530%1iMeh SO N3 @Nhngl Y NEa LV PN WM b ddi€ines in the
detection center of primary alignnment system ALl is place

subst antial | X-codiRCANl@ThY thagesladdta Ak oFls cidth RlrS0a CRyRAEN B Bystem
faces primary alignnent system ALl and secondary alignnent system

AL2n. Then, mdi2p cent bel beka2fedadinsl sahbeu8zyr byatisangoth€D bar 46
based on the neasurenent
two-dimensional marks at the time of baseline measurement of
secondary alignment system AL2,. In the embodiment, fiducial
mark FM and reference marks M, and the alignment marks on the
15 wafer include, for example, the one-dimensional X mark and
Y mark in which a plurality of line marks are periodically
arrayed in the X-axis and Y-axis directions respectively.
Next, a Sec-BCHK operation, which is performed at
predetermined timing during the processing of wafers in a lot,
20 for example, a pericd from when exposure of a wafer ends until
when the loading of the next wafer on wafer table WTB is
completed, that is, during wafer replacement, will be
described. 1In this case, because the Sec-BCHK is performed
at interwvals of each wafer replacement, hereinafter the
25 Sec-BCHK is also referred toc as the Sec-BCHK {interval).
On this Sec~BCHK ({(interwval), as shown in FIG. 16, main
controller 20 moves measurement stage MST so that straight

line LV on which the detection center of primary alignment

system ALl is placed substantially coincides with centerline



values of a pair of reference gratings 52 on CD bar 46 and 5 Y heads
64yl and 64y2 indicated by being circled in FIG 16 that face the
pair of reference gratings 52 respectively (Y-axis |inear encoders
70E and 70F), and also adjusts the XY-position of CD bar 46, for
exanpl e, using the neasurenent values of9the interferoneters, based
on the measurenent values 10 of primary alignnment system All

i ndi cated by being circled . in 16 that detects reference mark M
| ocated on cétt @P%i A&soctPdpa &%@&?@nPEEQBFg BIBPERh $HRESF it Apd

t hereof. Then,_  jin thi t, in.contralder 20 obtains each.o th
basel i nes of S‘Tec()'ﬂi?rnC}saer onag‘al%{/n ail gns M emsf% éé‘r’ns ﬁlﬁ%’ t%al,bﬁlzﬁ?n&i%ijb?/r %0

St aneousiy fIRAEWadet o SYANas, B Ephbon ADuBaky10: AL rsurement

| ocated within ield of ea e secondary alignment systens
using four segangay bald guEnt SsiRFemi? il ANt 52 TERD Mart & and
subsequent processing, drift of the baselines of four secondary

al i gnnent5syst érmdAl it 0aAE244ys nodieciad b2 bdingisding tdie inewmG. 16
nmeasured baselines. Incidentally, the Sec-BCHK (interval) described
above is to tyepdefa e paisi mi trafeomaegmatedmas O oisfertaintely
reference marks by a plurality of secondary alignnment systens,
However, the Fresdm Liimaatt igiradenfot’ 08 minded Ofa t iinsl adm@ 2xliewdts dhe

t he basel i nes_of faur, secoandary aljgnnent systens AL21 to AL24 ma
PR ST el AR EA S 1 el L e ot L S

sane referen r k . 4 Lt | urali of _seconda
ST et oy SR § ke BRL Ao tLED, DA B e RLa SRERRERE Yralues
secondaryq 98 ,salj.gnaent SYemALZ, Ml 88 Qraidy iRed Pasedieq
on FI GS. _17AO a 59'178. |t¥LiS assu%reggd's that a pélso’?Ltior?a %yel ate;ngtr)] ©
between priMBLYFIG. 16 that detects reference mark M located on centerline

CL of measurement table MTB or in the vicinity thereof.

Then, in this state, main controller 20 obtains each of
the baselines of four secondary alignment systems AL2; to ALZ,,

15 by simultaneously measuring reference mark M on CD bar 46 that
is located within the field of each of the secondary alignment
systems using four secondary alignment systems AL2; to ALZ2,.
Then, on the subsequent processing, drift of the baselines
of four secondary alignment systems AL2, to AL2, is corrected

20 by using the newly measured baselines.

Incidentally, the Sec-BCHK (interval) described above
is to be performed by simultaneous measurement of different
reference marks by a plurality of secondary alignment systems.
However, the present invention is not limited to this, and

25 each of the baselines of four secondary alignment systems AL2;
to ALZ2; may also be obtained by sequentially
{(nonsimultaneously) measuring the same reference mark M on
CD bar 46 with a plurality of secondary alignment systems.

Next, the operation of position adjustment of secondary



al i gnment system ALl and four secondary alignnent systens AL21 5 to
AL24 is the positional relation shown in FIG 17A, before the
adjustnent. As shown in FIG 176, nmain controller 20 noves

measur enent stage MST so that prinmary alignnment system ALl and four
secondary alignment systenms AL21 to AL24 %% e | ocated 10 above CD bar
46. Next, in the simlar manner to the case of the Sec-BCHK

(interval) d rj in controller dj ust.s e ez
rotation of %%%ngél%%i’é:aggégam?;ﬂ'%]%"él%e]?seul%l %?y (gea%%lsb%cﬁ %—S%?i Qn FIGS.
| i near encoderg 7Q5 ang 70F (Y heads 64yl and 64y2), and al so adj ust
t he XY-position of CD bar 46 based on 15 the neasurenent val ues of

primary alignnent sysiemsAuheldhehat depssts:sel £reNee iR KeMibOs§8ehary
on centerline CL of neasurenent table MIB or in the vicinity

thereof. Si mllittmresiiskystenlAltihbsdafhuissaedhdaigidl ool k@st2Rs ALZ,
rotates each of arns 56 at the tip of which each secondary 20

al i gnment 3 sy $toe ALAL 2¥s ithaposigddnadr ceddtéaohshovat innFTentiéiR, asfore
indicated by arrows in FIG 17B, by driving rotation drive

nmechani sns 6618 ¢6OSHHEIEd on shot map i nformation including

informati on on size an | acement. of _al i gnnent shot _areas on a wafer
to be exposed nextg i .Sg.og'ﬁl é@gﬁgﬁt' 3{’% ﬁﬁeﬁf’nﬁﬁplﬁe%%nmﬂ‘fgs

wafer). In ths G35 RIdL contial ler 20,Stops the inolation of each;,

arm 56 at the position wher iTe efere

is located ipnhecfii-ebd-£4ele td&%’bnr@éﬁ@)sﬁg:eﬁ%cﬂL?le%n%igg Ald gnrent 4

system AL2n, while nonitorin etection results of" eac condary
al i gnmento 99 apeyet em Bh2nd6 Thussxit ha basel sNR: 0k rSREQREAT Yo ARONMERY of

system AL2n is adjusted (changed) in accordance with the placenent
of alignnent tier BecaBChfigedntarivhe) atiegonkhéd sdigdvey egsid @ontroller 20
adjusts the 0z rotation of CD bar 46 based on the measurement
values of Y-axis linear encoders 70E and 70F (Y heads 64y; and
64yz), and also adjust the XY-position of CD bar 46 based on
15 the measurement values of primary alignment system ALl that
detects reference mark M located on centerline CL of
measurement table MTB or in the vicinity thereof.
Simultaneously with this adjustment, main controller 20
rotates each of arms 56 at the tip of which each secondary
20 alignment system ALZ, is arranged, around each rotation center
as indicated by arrows in FIG. 17B, by driving rotation drive
mechanisms 60; to 60, based on shot map information including
information on size and placement of alignment shot areas on
a wafer to be exposed next (i.e. placement of alignment marks
25 on the wafer). In this case, main controller 20 stops the
rotation of each arm 56 at the position where a desired
referencemark Mon CDbar 46 is located in the field (detection
area) of each secondary alignment system ALZ2,, while

monitoring detection results of each secondary alignment



be detected. In other words, the position in the X-axis 5 direction
of the detection area of secondary alignnment system AL2n is changed.
Thus, only by noving wafer Win the Y-axis direction, a plurality

al i gnnent mar ks whose positions in the X-axis direction are
substantially the sane and whose positidi¥s in the Y-axis direction
are different on wafer W10 can be sequentially detected by each

secondary al QIR a5y 5! HIAL A e 1L NG RTBOALIRAL L, 0§ DENRL LTy stem

al i gnnent operation, that 17, etect T 1Y operat

alignment  ngks g Lhe,watbar &%Haﬁg%gﬁri/n %&&ﬂ%&&ﬁﬁﬁ{ntﬂé A ement

secondary alignment syStem AL er Wis to

one- di mensi oA la)l iR O U diindedXiih LG iQhmedt WHIt BRas to
descri bed | ater. However, during the operation, the detection area

of at |east are deecandat.y dhi ghhent weyssemtAk2posandonafiar tWensyahes
relativelg noved in a direction different fromthe Y-axis direction
(e.g. in ?he Hrpdts ai pécthionetectd c20ar b o tasepntheypobignnenbfs yishien
detection area may be adjusted by the novenent of secondary .
al i gnment sy$tem AB2FRaRyednl yhugaf @0 RaympELIRGVEITER Wil tdte thexis
adj ustnent peyr.iod aof tinme . or change.in the baseline. Then, after, th
Dasel i o of | SISy af A ) St armoB CARSRCE S TRRS, BOB4 TR RPEHS the

Tanner i N COntiold el A0 L1 6%, AR TAAY (R JIREN SIATR L0t

shown) by sucCtion by activatin each vacuum

of each arm 56 afichls Uhe £HeOLAAN, ANUR AUUISIIR N A BN BeGor

Incidentally, in the above description, reference narks

at different posidd ereuehtGRING A RRd B PeadH @Hc‘o@i&qg/s'aﬂi%ent
individually detected with five alignnment systens ALT and AL21 to
AL24. Howevermsystilem piiesentIn nvientemodiment, in the wafer alignment
operation, that is, in the detection operation of the alignment
marks on the wafer by primary alignment system ALl and
secondary alignment system ALZ,, wafer W is to be
15 one-dimensionally moved only in the Y-axis direction, as will
be described later. However, during the operation, the
detection area of at least one secondary alignment system AL2,
and wafer W may be relatively moved in a direction different
from the Y-axis direction (e.g. in the X-axis direction}. 1In
20 this case, the position of the detection area may be adjusted
by the movement of secondary alignment system AL2,, or only
wafer W may be moved in view of the adjustment period of time
or change in the baseline.
Then, after the baseline of secondary alignment system
25 ALZ, is adjusted in this manner, main controller 20 fixes each
arm 56, to a main frame (not shown) by suction by activating
each vacuum pad 58,. Thus, a state of each arm 56, after the

rotation angle adjustment is maintained.

Incidentally, in the above description, reference marks



isnot [imted to this, and the baseline of secondary alignment 5
system AL2n can al so be adjusted, for exanple, by sinultaneously and
individually detecting alignnment marks forned at different positions
on wafer W (process wafer) with five alignnent systens ALl and AL21
to AL24 and adjusting the rotation of edeh arm56n. Further, in the
enbodi nment, the 10 baseline (the position of the detection area) of

secondary alj t t I s ta.be _adjust usi ref erence

mar ks M of &%&;&;[{é EGS%? cﬁ‘rr?ef%'j%}le? Hgt)smjl'ei:vl&rfs tHhe %jb@sﬁ [}lgekntar(?pé:roarctieon
isnot limt j 1 SXENPY q:@%% I

AL2n only hagqtri)ﬂl?eﬁr%\}le%wtjgﬁg %Ig%(get Lg%%lffi on ﬁcgh&gﬂr;émas%raﬁﬁ |{g§lt
position witkyhensensarafdesond,bed abpye. ubtevbhi StE8@Sreddnt S ion
necessary to enploy the sequence in which the baseline that has been
measur ed bef drsendvhd imdvenend tird s ,cand etiecitla babttle @T §deoPdst § iadn g@ment
t he novenent amount of secondary alignnent system AL2n neasured by
the senso?, éwstiee 2G.Z%haseahi aéspehsurdivateds &recekeupdgai hyafter

t he novenent, or at |east the baseline measurenent of secondary

ali gnment s PIFRhTAREPYSd Yoo e vafdusrl lvh dahsrdrisst alNgament marks

detection of position information (surface position information) of
the waf er Wé%%éeaigné%%ée%ré‘%ipsos(lﬁo@isr 8Bt %f]er( HelBrngpparvater) with

referred to 0 i.n i r i posur.e,.appar at
100 of the ctB3a ane ENE Shet 4Rt ALY AR e AbCie Rt e the
shown in FIG g i tr 20 gont S Si 4 o W t.hi
t he XYI pl anerggﬁ%?(%frﬁavovg‘ éer%%{hagl%d %Iéé' based %%'X %Iggtd?P%Gé%(g%ﬁégé?’ the
scal e 399@ (Xasenaae (@MeOgRNsifAh ¥ thao b theadsnb4¥2a3nd t64%tondary

facing Y scales 39Y1 and 39Y2 respectively (Y linear encoders 70A
and 70C) . |altikament system AL2, is to be adjusted using reference marks
M of CD bar 46 or the like. However, the adjustment operation
is not limited to this, and for example, secondary alignment
system ALZ, only has to be moved to a target position while
15 measuring its position with the sensor described above. In
this case, it is only necessary to employ the sequence in which
the baseline that has been measured before the movement is
corrected based on the position or the movement amount of
secondary alignment system AL2, measured by the sensor, or the
20 baseline measurement is executed again after the movement,
or at least the baseline measurement of secondary alignment
system ALZ, is performed after the movement.
Next, detection of position information (surface
position information) of the wafer W surface in the Z-axis
25 direction (hereinafter, referred to as focus mapping) that
is performed in exposure apparatus 100 of the embodiment will
be described.
On the focus mapping, as shown in FIG, 18A, main

contreller 20 contrels the position within the XY plane of



state of FIG 18A, a straight line (centerline) parallel to 5 the
Y-axi s that passes through the center of wafer table WIB (which
substantially coincides with the center of wafer W coincides with
straight line LV. Then, in this state, main controller 20 starts
scanning of wafer stage WBT in the +Y dilPéction, and after starting
10 the scanning, activates (turns ON) both Z sensors 72a to 72d and

b the mubel B REBLE R Pssd Shatteadie, FIR MBS prplh: Lok (g i Ea
. RERS . 15

e Tnoue (BB Sntid ] 12h208s ol alla 'R, IR LSS Lo ofOs0y,

system (90a, [Qb}osi MdANG0U % QRET Bl &a r @51coRAWN7bA a!:rlc@m@:&}]'} In the

position information (surface position 1nformation) of the wafe

tabl e WIB surdtace: (urrfiace 18k, phatera28hti Dihde(demxd 81 thé £ G3d 1 Tdmatt o
is measured by Z sensors 72a 20 to 72d and position information
(surface positlieon-Hanfier raticopyseést hrerawaflerc WY swnfrace of nwa Ber ZaXis WTB
direction at a plurality of detection points that is detected by the
mul ti poi nt AR Wisthe i ogantoigp) L aree irosdias atl iy éde araritesd ofs argflemgl)
intervals during a period when wafer stage WST is 25 proceeding in

the +Y directGHrc I"Gadde d ¥R ki ¥ dfV- information, i.e. two

ki nd f the | oad f ition information and_.the neasurenent
Vales of v 11 near Thssn oS Rt AR B SR PPNGE T s iy e o

rade 10, o1 ARl Ll KNl AN ARIGI! AL L

(r:rglntlrgﬂ 29 /;OEhé)é%ta@mi&%(}aac%%tagwt@iﬁsfé@mw@d‘r{erz ¥en8BHE 72a to 72d
and the multipoint AF system {(90a, 90b) by the time when
detection beams of the multipoint AF system (90a, 90b) begin
to be irradiated on wafer W due to movement of wafer stage
WST in the +Y direction.

15 Then, in a state where 7 sensors 72a to 72d and the
multipoint AF system (90a, 90b) simultaneously operate, as
shown in FIG. 18B, position information (surface position
information) of the wafer table WTB surface (surface of plate
28) in the Z-axis direction that is measured by 7 sensors 72a

20 to 72d and position information (surface position
information) of the wafer W surface in the 7Z-axis direction
at a plurality of detection points that is detected by the
rnultipoint AF system (90a, 90b) are loaded at predetermined
sampling intervals during a period when wafer stage WST is

25 proceeding in the +Y direction, and loaded three kinds of
information, i.e. two kinds of the loaded surface position
information and the measurement values of Y linear encoders

70A and 70C at each sampling timing are made to correspond

to one another, and are sequentlally stored in a memory (not



ends the sanpling described above and converts the surface 5 position
information at each detection point of the nmultipoint AF system
(90a, 90b) into data, using the surface position information by Z
sensors 72a to 72d that has been | oaded sinultaneously, as a datum
More specifically, based on the average ¥8Fue of the 10 measurenent
val ues of Z sensors 72a and 72b, surface position information at a
predeternine%ﬂ%uﬂy (e.g. corresponding to a mdpoint between the
respective neasurenent points of Z sensors 72a and 72b, that is, a

poi nt on substanti alylop t W@ ersSAMR KAES 1% Wddhd e %rk{ea}‘nuqfti%éa int AF

plurality of detection points 15 of the nultipolint AF system

90b) : hereinafdt@im (05 PONt move bekerEefl F8ras W, le{in MmasWEMmRIY 20
point) on an area (area where Y scale 39Y2 is fornmed) in the

vicinity of tdrels Xisi deampanchpatddcmnibefd pratve 28d ssobtaaitdedhe surface
Further, based on the average value of the nmeasurenent values of Z
sensors 72c angiigorpgnfeumghtenpdseacbrilsidfarimat pohnftofathe multipoint

predeterm ned point (e.qg. corresponding to a midpoint between the
respective asﬁ)’rsér%‘ht(‘%(ﬂfnt%o}:ﬂf 12%@&?59 7 ngh i gunfisge ppsigion

D ural ity of WECETAT P boinie TIPSHE EAA 1501 THE APy SidmHsn, Lozgied
90b) : herei naf. , i jnt_js ref ed to as a right measurenent
poi nt) on an%alﬁ[glglt ?ﬁg@?s@ﬁ’ér easl\(sasca tg’{“g’QYl is formed) in the

vicinity of the +Xpwgide sendiRardi1aR, oh Rt &n 48 d vRMRINED1 v ENeRE: the

as shown in FIG 18C, main controller 20 converts the sSurface

posi tionif nf algalureheats eatledes et E6As303 7P0iaMd 9bbt LR dd RRISt ion
AF system (90a, 90b) into surface position data zl to zk using a

strai ght |i ndntfleatmagdrmeat:sa phedstefatrepgostinon(®fga deeftesponding to
measur enment point Pl and the
a midpoint between the respective measurement points of 2
sensors 72a and 72b, that is, a point on substantially the
same X-axis as with the array of aplurality of detection points
15 of themultipoint AF system {(90a, 90b): hereinafter, this point
is referred to as a left measurement point) on an area (area
where Y scale 39Y; is formed) in the vicinity of the -X side
end portion of plate 28 is obtained. Further, based on the
average value of the measurement values of Z sensors 72c¢ and
20 72d, surface position information at a predetermined point
(e.g. corresponding to a midpoint between the respective
measurement points of Z sensors 72c¢c and 72d, that is, a point
on substantially the same X-axis as with the array of a
plurality of detection points of themultipoint AF system (90a,
25 90b): hereinafter, this point is referred to as a right
measurement point) on an area (area where Y scale 39Y,; is
formed) in the vicinity of the +X side end portion of plate

28 is obtained. Then, as shown in FIG. 18C, main controller

20 converts the surface position information at each detection



surface position of a right nmeasurenent point P2 as a datum 5 Min
controller 20 perforns such conversion to the information |oaded at
all the sanpling timngs. Since the foregoing converted data is
obtained in advance as is described above, afterward, for exanple,
on exposure or the like, the Z-positionl8Ad the tilt (mainly the 10
ey rotation) with respect to the XY plane of wafer table WIB are

conput ed, byxﬂg ri ¥ﬁf- t abl f ( int_ . ont

area where Y-'sca e&ég%fte‘!qgn orl%OdmZérjlﬁa 0|tf]etLM oﬁ :té}f_eago}ﬂealn fere iy 2ce
scal e 39Y1 i $JQRA) Mth A INSU 2shdl B A 44hd 11N ERMRL Bt s
762,q. By using the conputed Z-position and tilt 15 wmth respect to

t he XY pl ane tofe wafréladealplos 1\¥WiBnand suléacenePOSHEMOR: A PnZ ot QraK the
descri bed above, surface position control of the upper surface of

waf er W can Beirpgerdeopeed tiichhofita micthuialnes saitemiemithgoduif B2 ea P as idaitam .
information of the wafer surface. Accordingly, since there is no
pr obl em eVYen Mafin genppo ket iZfobatr fAFNS wiadnTPeVeraten tat the podiornern ion
away from projectjon optical system PL, the focus mappi ng of the
embodi nent c&ﬁ;aéjtﬁq &5 Ve WispI5%8WP linsh Higid¥sexposure  appar at us

wh Ki di stance is,shqrt, or, the like. Incidentally, in the
degisiE?{ohngbobe,%ﬁﬁge;Epﬁa%éreﬁglﬁgéFﬁpéﬁrgﬁdi9%tané&sﬁ% ﬁéﬁ@dpépnt

o and the SUCAGRDAY el AN IRASI BRI A Nrh? ALyl Py

conput ed based on average val ue of n€asurement Values
sensors 72a aRghobre aROcihde guer age Z%H@i@ioﬁ%ﬁi‘%‘ﬁ@eﬂiﬂfahﬁ%ﬂi é:%e

sensors 72c and 72d respectively. However, the present i1nvention
not 104 1¢i meedotattibhg, watld t&epsof fasaROivt hoAnENSOri@Ed O 1 e WTB

each detection point of the multipoint AF system (90a, 90b) may
al so be convertedompt vedutiyacea posihg dhedad fer ftab lex@iPlse,rface (a point
on the area where Y scale 39Y; is formed and a point on the
area where Y scale 39Y; is formed) with Z sensors 14,,5 and 743,5,
and 76;,4 and 763,4. By using the computed Z-position and tilt
15 with respect to the XY plane of wafer table WIB and surface
position data zl to zk described above, surface position
control of the upper surface of wafer W can be performed without
actually obtaining surface position information of the wafer
surface. Accordingly, since there is no problem even if the
20 multipoint AF system is placed at a position away from
projection optical system PL, the focus mapping of the
embodiment can suitably be applied also to an exposure
apparatus whose working distance is short, or the like.
Incidentally, in the description above, the surface
25 position of left measurement point Pl and the surface position
of right measurement point P2 are to be computed based on the
average value of measurement values of Z sensors 72a and 72b

and the average value of measurement values of Z sensors 72¢

and 72d respectively. However, the present invention is not



using a straight line that connects the surface positions 5 neasured
by Z sensors 72a and 72c, as a datum In this case, the difference
bet ween the neasurenent value of Z sensor 72a and the neasurenent

val ue of Z sensor 72b obtained at each sanpling timng, and the

di fference between the measurenent val ué®6f Z sensor 72c and the
measur enent val ue of Z sensor 10 72d obtained at each sanpling timng

oo OPLAINEO Sl Lt D vy TUERc RS BSOS SUULACE, cocr

position cont¥r htehjf?’ne exposure

Lhe wafer tablie MEBSWdiage i th RENSOIS ot bk s%f%dce%f‘zvdo(aﬁg[%b,gl may

761, and 762,90 an nputing the Z-position and the tilt 0

the 15 8y rotaldOmbedWortler®dda o Qlatdn)oditdl JIESRAG, o R 1e,
pl ane of wafer table WIB, surface position control of wafer Wcan be
perfornmed usivgriche camaitgctt Z-ipasidhaon anthdddd td burRspe o dia itdiss
XY plane of wafer table WIB, and surface position data zl to zk
descri bed> abovesanrgd by di $¢nsenedLadesdr Vbed a2@ dbtve,. winhduts case,
actual Iy obtaining surface position information of the wafer surface.
The descri pt it déffgrensennabvassuradeafair anfsleViidss cfoessetor 722
exi st on the fer table WIB surface. In actualitry,J however,

S

shown in FIG# he; FgaS BreMGTey & Bn 4 FENSP | @F’a@é’t@flg\ﬁgfj;@rt each
bl , i f fi t t.i 28b1 Y

ool e Tovy | Samphind RErING] 28808 dLERL R A AP Lo bl et

where Y scal ,3%%l S 7f Qefed, 7L %H%a #ﬁg%e{%\%{f nt VENd b4 fzes%g%%r

unevenness exits on thg surface o ter ta as 1s despr!be
above, supfagedlebtapasidt heNeEOAt EQhpM A EXhT IR Do B RIRCisehRra11y

can be performed at a point on a neridian of wafer W(a straight
line parall dh tdvbheeY- a¥hen} hathepdasseso i oy gut fre-anvafoeyi tdent ebhtrol
at the time of exposure or the like, by measuring the wafer
table WTB surface with Z sensors 74,5 and 745,45, and 76;,4 and
162, and computing the Z-position and the tilt (not only the
15 0Oy rotation but also the 8x rotation) with respect to the XY
plane of wafer table WTB, surface position control of wafer
W can be performed using the computed Z-position and tilt with
respect to the XY plane of wafer table WIB, and surface position
data z1l to zk described above and the differences described
20 above, without actually obtaining surface position
information of the wafer surface.

The description so far is made assuming that unevenness
does not exist on the wafer table WIB surface. In actuality,
however, as shown in FIG. 18C, there is unevenness on the

25 surface of wafer table WTB, that is, the surface of a first
partial area 28b; where Y scale 39Y, is formed, the surface
of a second partial area 28b,; where Y scale 39Y; is formed,
or the like. However, even in the case unevenness exits on

the surface of wafer table WTB as is described above, surface



The surface position control at a point on the nmeridian 5 will be
descri bed bel ow. When the focus mapping is perforned, Z sensors 72a
to 72d that serve as datuns when perform ng the mappi ng detect
surface position information of certain positions (XY coordinate
positions) on the wafer table WIB surfacé®3Then, 10 as is obvious
fromthe description above, the focus mapping is perforned fixing

' aes waf
Straignt in oRSLGE ot ase With M SR AN AL SRS O3 be
surface of S%ﬁﬁ‘%fﬁ?&t& Ll €& BNL an‘?etr%caaaqv) o®My V\%frﬁ 435S f@fcﬁhg%ﬁ_ne

to 72d detect the surface 15 position 1 nformation en per orm

focus mappi ngz=80 e D€GOFRe St it hbitNess HAE alH @udip t'h@ewé(f@i('c%nter ).
When the focus mapping is being performed (when wafer stage WST

moving in the +Y dilhectiofjce pdei shat cargadloaat£doion bhetlﬁ@ﬁrledllaﬁan
of the wafer is to be placed at an exposure 20 position (bel ow

proj ecti op optiildalbss\dtsmifegd wiglliout noving wafer stage WST in the
X-axis direction. \Wen the shot area on the neridian reaches the
exposure position, éleﬁlafﬂheoﬁozws@ﬁ@ﬁﬁ-@gm& Rerharmag, 42 t3Rnsere e to
t he sane straj i.ne ar al to the Y-axis as,with Z sensors 72a
and 72b, and%g%g%hﬁﬁlﬁe5 eZa§eﬁ§BP§S7%Ee% R 9851 ng ¢ @ﬁﬁ?%ﬂgtﬁ%§60t

same strai gh(,félt egtrg:ee %%;Saig %n q}éﬂ@na{% S, scevy t h Z(PSﬁ%r}So{%szZéga

72d are Ace Posi tion 1 niof mat i on i

the same as 48 AUAHS ?%@l\&%ﬁr t ahlen VR Aty \Ma'_b% #TRENSLE S 28 Then,

and 72b, and Z sensors 72c and 72d have respectively detected 106
surface posi tAso0Asi BbeLgak ERoat thBedds 8Bt 16QCASoTRPRINY . fodRinadphing

the datum surface neasured by the Z sensors that serves as a datum
in the det ectisopeaffosuridade xpagi thenX+pdetvhdbhodf wafer stage WST while
moving wafer stage WST straight in the +Y direction. 1In other
words, the lines (on the surface of second water repellent
plate 28b) on which Z sensors 72a to 72d detect the surface
15  position information when performing the focus mapping also
become straight lines parallel to the Y-axis.

When the focus mapping is being performed {when wafer
stage WST is moving in the +Y direction), the shot area located
on the meridian of the wafer is to be placed at an exposure

20 position (below projection optical system PL) without moving
wafer stage WST in the X-axis direction. When the shot area
on the meridian reaches the exposure position, a pair of 2
sensors 74;,, and 745, that are on the same straight line
parallel to the Y-axis as with Z sensors 72a and 72b, and a

25 pair of Z sensors 76;,3 and 763,35 that are on the same straight
line parallel to the Y-axis as with Z sensors 72c and 72d are
to detect surface position information at points that are the

same as the points on wafer table WTB at which Z sensors 72a

and 72b, and Z sensors 72c and 72d have respectively detected



by the nultipoint AF system (90a, 90b) is the same at the tine 5 of
focus mapping and at the tinme of exposure. Therefore, when exposing
the shot area on the neridian, even if unevenness, wundulation or the
| i ke occurs on the surface of wafer table WDB, focus control of the
waf er on exposure can be perfornmed usindOfhe Z-position obtained at
the tinme of focus mapping 10 w t hout change, w thout taking the

unevenness, q?gw% ion or, . the like i.nto cansi,der.ation d therefare
hi ghly accurate 616‘%64(: sosclotn Ornollncfaonr aetlpoenr o > RAASH B oosqur‘?g farPing.

shot areas othel: B‘_Q?QH@Sa@Eﬁ[RtSL@f%%elrggaélgf%cg%M t%ié@ghsé.tr%ecgﬁ%}:ﬁgﬁeserves

there is no unevenness, undul ation or t ace of

waf er table WBa eeusm canthel daceurasy Of $hersads,demel oS A GaS®n
of the shot area on the neridian can be secured. In the case there

i S unevennessyy thedulatipoiot Aheykitke 0904 heyr fiacehofsanaf ar tlablieme
WIB, however, focus control accuracy depends on accuracy of 20

traver se- Z- nofi figcegrmaepioh afdoabe descmebel ekppenye. Flnéheforén when
the cases such as when noving wafer stage WST, for exanple, in the
X-axis di rectd%PS M Drider smgceﬁé@@eovh%heslh%ﬁlﬁwas ot¢feri § hpevemaess,

one on the nerigdian,, nmain ntroller 20 perforns the transfer_of the
measur ement \Vat q%%?héﬁh%%g &lBPuPSPPF§ of ?h%e%%%f%c%uQﬁuY%ﬁﬁq1qﬁ%;e
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direction in a certain datumstate and a detection result
the 1like into consideration, and therefore highly accurate
focus control can be performed.
When exposing the shot areas other than the shot area
on themeridian, in the case there is no unevenness, undulation
15 or the like on the surface of wafer table WIB, focus control
accuracy of the same level as the case of the shot area on
the meridian can be secured. In the case there is unevenness,
undulation or the like on the surface of wafer table WTB,
however, focus control accuracy depends on accuracy of
20 traverse-Z-moving correction (to be described later).
Further, in the cases such as when moving wafer stage WST,
for example, in the X-axis direction in order to expose the
shot areas other than the one on the meridian, main controller
20 performs the transfer of the measurement values between
25 aplurality of Z sensors along with the movement of wafer stage
WST.
Next, focus calibration will be described. The focus
calibrationmeans the operation in which the processing {focus

calibration former processing) of obtaining a relation



(surface position information) at a representative detection 5 point
on the measurenent plate 30 surface of the nultipoint AF system
(90a, 90b), and the processing (focus calibration latter processing)
of obtaining surface position information at end portions on one
side and the other side of wafer table WIB in the X-axis direction
that corresponds to the best focus 10 position of projection optical

system PL detected using aerial i in a state
y eCI: erl 3 I%

Jael .. .mage asurci. ng unit_ 45 t
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mul ti poi nt AR ssyfl=erg posithen! ikeoimapiesd pared. rérd dentfHeirse detection
calibration, as shown in FIG 19A, main controller 20 controls the
posi ti on Wit ointhenXvhpl massofemgotwal etet Ab| sutfiRdasie dhen it i)¢oint
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encoders 70BA&n§YPOBR 482y wB0bY, herd st sy aarbsiqyal (fadusy o ldbalagd on
39Y1 and 39Y. arfgspecti vel é éY | i near .encoders_70A and, 70C) .. In the
state of Fl G'3EKT PFRECEEAPES | $h&PINANSr SEABRES VAT Hot Sit itdds Tivit on
straight line,2 V, E r. in the stat f Fl 19A,, wafer_ table
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table WIB (wafer stage WST) and water is held in the space between
CD bar 46 andmsafecmetablendiBitwnrd,tip a keaselHnOfapre eBkiddtum state

optical systemPL (refer to FIG 31).
described above, are performed, and based on the processing
results, the processing of obtaining an offset at the
representative detection point of the multipoint AF system
15 (90a, 90b), that is, the deviation between the best focus
position of projection optical system PL and the detection
origin of the multipoint AF system, or the like is performed.
On the focus calibration, as shown in FIG. 19A, main
controller 20 controls the position within the XY plane of
20 wafer table WIB based on two X heads 66 facing X scales 39%;
and 39X, respectively (X linear encoders 70B and 70D) and two
Y heads 64y, and 64y; facing ¥ scales 39Y; and 39Y, respectively
(Y linear encoders 70A and 70C). 1In the state of FIG. 193,
the centerline of wafer table WIB coincides with straight line
25 LV. Further, in the state of FIG. 192, wafer table WTB is
located at a position in the Y-axis direction with which
detection beams from the multipoint AF system (90a, 90B) are

irradiated to measurement plate 30. Further, although

omitted in the drawing, there is measurement stage MST on the



(a) Inthis state, main controller 20 perforns the focus 5
calibration fornmer processing as follows. That is, while detecting
surface position information of the end portions on one side and the
ot her side of wafer table WIB in the X-axis direction that is
detected by Z sensors 72a, 72b, 72c and ¥4 in the vicinity of each
of detection points that are | ocated 10 at both end portions of the

det ect i f .th |tipoi t 0 , i .
detecton, 2153 gLablee TAL00LRS . A, AR (095, 700) p U . e
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72b, 72c and 72d (surface position’information at end portions on

one side and the ot(kgrisicthe sof:uaépmdiabben¥EBllartd®epsr@viriis the focus
direction) and the detection result (surface position information)

at a det ezt i oalpdimtt icnhd cdeteac pracepaiintg lasc £iodd oG .i nThhe depnt ghide
the vicinity thereof out of a plurality of detection points) on the
measur ement  pledee t3Qds sird@e oo asid Lopy [infpgimat LA fstde €00apoglppns
in a state where the  centerline of wafer table WIB coincides with
strai ght |in&? PR §idepng; Heg other pydResk Waksirnt okt M9H &P Ze Kogeds
waf er stage T in. the +Y directian a, predet er mined.di stance
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position in the optical axis direction of projection optical system
PL (Z-positiom) sglstrpaS@oenNe™b), main controller 20 uses the surface
position information as a datum and detects surface position
information of the surface of measurement plate 30 (refer to
FIG. 3) using the multipoint AF system (%0a, 90b). Thus, a
15 relation between the measurement values of Z sensors 72a, 72b,
72c and 72d (surface position information at end portions on
one side and the other side of wafer table WIB in the X-axis
direction) and the detection result (surface position
information) at a detection point (the detection point located
20 in the center or the vicinity thereof out of a plurality of
detection points) on the measurement plate 30 surface of the
multipoint AF system (90a, 90b), in a state where the
centerline of wafer table WTB coincides with straight line
LV, is obtained.
25 (b) Next, main controller 20 moves wafer stage WST in
the +Y direction by a predetermined distance, and stops wafer
stage WST at a position with which measurement plate 30 is

located directly below projection optical system PL. Then,

main controller 20 performs the focus calibration latter



plate 30 (wafer table WIB), using surface position information 5 as a
datum which is nmeasured by a pair of Z sensors 741,4 and 742,4, and
a pair of Z sensors 761,3 and 762,3 that neasure surface position
information at the end portions on one side and the other side in
the X-axis direction of wafer table WIB, LABin controller 20 neasures
an aerial image of a neasurenment mark 10 fornmed on a mark plate (not

shown) on retj . reti-cl sta T. by a slit-scan t usi.n
aeri al) i nagetggnrgdacgeusﬁlngg a%nlff%lig,wséng?%%gejds’oﬁ% ﬁbOWEaéLﬁr%ﬂghrng' wilde
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and neasurenment plate 30 (wafer table WIB), the aerial inmage

measur enent pdeswr Bbeldvaalzaveabie pirH)or tRUnY i Aa@jeepd s 001 Optinc rmat ion
system PL and water. Further, although omtted in FIG 19B, since
measur emeht Fsateddbuni weithllid megeuressbyi again tof43 aews@fsthh, . and
i ke are mounted on wafer stage WST (wafer table WIB) and the

| i ght - r ecei vi'rfg el @R Pakhl theé 9n&e s é6npdicedbon thdaserensatsurface
stage MST, the aerial ,i ge measur enent described above is perforned
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position of projection optical system PL.
unit 45, and based on the measurement results, measures the
best focus position of projection optical system PL. In this
case, as shown 1in FIG. 19B, since ligquid immersion area 14
15 1is formed between projection optical system PL and measurement
plate 30 (wafer table WTB), the aerial image measurement
described above is performed via projection optical system
PL and water. Further, although omitted in FIG. 19B, since
measurement plate 30 of aerial image measuring unit 45 and
20 the like are mounted on wafer stage WST (wafer table WTB) and
the light-receiving element and the like are mounted on
measurement stage MST, the aerial image measurement described
above is performed while keeping wafer stage WST and
measurement stage MST in a contact state (or a proximity state)
25 (refer to FIG. 33). By the measurement described above, the
measurement values of Z sensors 74;,4 and 74;,4, and 76;,3 and
762,3 (i.e. surface position information at the end portions

on one side and the other side in the ¥X-axis direction of wafer

table WTRB) in a state where the centerline of wafer table WTB



(c) Thus, main controller 20 can obtain the offset at 5 the
representative detection point of the nultipoint AF system (90a,
90b), that is, the deviation between the best focus position of

proj ection optlcal system PL and the detection origin of the
mul ti poi nt AF system based on the relatiféR between the neasurenent
val ues of Z sensors 72a and 72b, and 10 72c and 72d (surface position

i nformation gpg t Qt her de in

the X-axis d?%ec I"on of mé#e }éﬁpéq&%ﬁf Jﬁgﬁeéyal ‘fon%bggglt
(surface poSindaQfhrdtiar AR c%frrte@g)o'?i%a§5r efEMbe Bt afcﬁc ﬁl&qﬁ% of
by the nultipoint AF system (90a, 90D) that has been tal In the

15 focus cal igycatd i drordpi qI0Gassidg . t he above (a), and based
on the neasurenment val ues of Z sensors 741,4 and 742,4, and 761, 3

and 762,3 (i.e. sur(ficac&hpesi medn cohoroifikeen2atcaheokeinsi porid wifsemn at
one side and the other side in the X-axis direction of wafer table
WIB) correspdidi Agpresentabese dadcis ipospelioh oof tR6 mwldjigetindnAF system
opti cal systen1PL t hat have been obtained in the focus calibration

latter processify it e tél?&vels('b)tf}% C’f%aférﬁfbdierﬁé?ﬁe; e best focus
t det.ect t t on, poi nt
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t he adj ust memnt ovaxde perdiurmes Fatsu@abhyubﬁoﬂ@éﬁgﬁrﬁnangta@gé@d bbktions
adj ustmrent of a plane parall el ate (not shown) inside
phot odet ect i omn syst=imM<O8hd Ore mamsmelmthéfommlhection of wafer
electrically adjusted. Alternatively, the offset nay be
table WTB) and the detection result (surface position
information) of the measurement plate 30 surface by the
multipoint AF system (90a, 90b) that has been obtained in the
15 focus calibration former processing in the above (a), and based
on the measurement values of Z sensors 74:,4 and 743,4, and 761,3
and 76z,3 (i.e. surface position information at the end portions
on one side and the other side in the X-axis direction of wafer
table WIB) corresponding to the best focus position of
20 projection optical system PL that have been obtained in the
focus calibration latter processing in the above (b). In the
embodiment, the representative detection point is, for
example, the detection point in the center of the plurality
of detection points or in the vicinity thereof, but the number
25 and/or the position may be arbitrary. In this case, main
controller 20 performs adjustment of the detection origin of
the multipoint AF system so that the offset at the

representative detection point becomes zero. For example,

the adjustment may be performed optically by performing angle



stored, wi thout perform ng adjustnment of the detection origin. 5
Herein, adjustnment of the detection originis to be perfornmed in the
optical nethod referred to above. Thus, the focus calibration of the
mul ti poi nt AF system (90a, 90b) ends. Incidentally, in the optical
adj ustment of the detection origin, sinéélit is difficult to nake
the offsets at all the 10 renmi ning detection points other than the

representati .Hﬁiﬁ i Q oi.nt__be 1 1he of fsets .after the .
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system (90a, 90b) (hereinafter, referred to as of fset correction

anong AF senstrcsdedy Whtheudeseridedinadihetathsed £ cheréstéoniamardgin.
AF sensors, as shown in 20 FIG 20A, main controller 20 nmakes

i rradi atidn $igstedm,9ediostmehs ofiltthispdienechtosyst ki 9Gatod@hperformed
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of a plurality of 112" sensors that individually correspon

pl ural i tyo of red@ti@ﬁtﬂgorud&@dﬁis;rb@ﬁﬁd;w dthee o Sgnalss-deaded ive
the manner described above and storing the relation in a nmenory,
detection point be zero, the offsets after the optical
adjustment at the remaining detection points are preferably
stored.
Next, offset correction of detection values among a
15 plurality of iight-receiving elements (sensors) that
individually correspond to a plurzlity of detection points
of the multipoint AF system (20a, 90b) (hereinafter, referred
to as offset correction among AF sensors) will be described.
On the offset correction among AF sensors, as shown in
20 FIG. 20A, main controller 20 makes irradiation system 90a of
the multipoint AF system {(90a, 90b) irradiate detection beams
to CD bar 46 equipped with a predetermined datum plane, and
loads output signals from photodetection system 90b of the
multipoint AF system (9Ca, 90b) that receives the reflected
25 lights from the CD bar 46 surface (datum plane).
In this case, 1f the CD bar 46 surface is set parallel
to the XY plane, main controller 20 can perform the offset
correction among AF sensors by obtaining a relation among the

detection values (measurement values) of a plurality of



or electrically adjusting the detection offset of each sensor 5 so
that the detection values of all the sensors becone, for exanple,
the sanme val ue as the detection value of a sensor that corresponds
to the representative detection point on the focus calibration
descri bed above. In the enbodi nent, howevé#, as shown in FIG 20A,
main 10 controller 20 detects a tilt of the CD bar 46 surface using

Z sensors 72 /s 7%‘%%‘;%%%%%! 0@0@1{@5 e C’gpaut%%j(}garla%%b)g{ om

phot odet ecti on system e I poin system
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parallel to the XY plane. In other words, as 15 nodeled in FIG 20B,
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i ne that comneelsctrhealpperdamsising thieeddetect bnroifdates fhasch sensor
unevenness as shown in a dotted Iine in the drawi ng, each detection
val ue only 2Ghadatothe defestéansvatngs eheall nehe lernsomdéstcenehe for
upper ends of the detection val ues becones a line shown in a solid
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val ues of the Z sensors that detect 113 position information
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water repellent plate 28b of wafer table WIB and t he detection
val ues of suiZfaerspositdagni2b, 72c and 72d when loading the output signals
from photodetection system 90b of the multipoint AF system
(90a, 90b), and therefore, the CD bar 46 surface does not always
have To be set parallel to the XY plane. 1In other words, as
15 modeled in FIG. 20B, when it is assumed that the detection
value at each detection point is the value as severally
indicated by arrows in the drawing and a line that connects
the upper ends of the detection values has unevenness as shown
in a dotted line in the drawing, each detection value only
20  has to be adjusted so that the line that connects the upper
ends of the detection values becomes a line shown in a solid
line in the drawing.
Next, traverse-Z-moving correction, in which
information used to correct influence of unevenness related
25 to the X-axis direction of the wafer table WTB surface, to
be more accurate, of the second water repellent plate 28b
surface is obtained, will be described. Herein, the
traverse-Z-moving correction is performed by simultaneousiy

loading the measurement values of the Z sensors that detect



information of the wafer by the nmultipoint AF systemat 5
predeterm ned sanpling intervals while noving wafer table WIB in the
X-axis direction. On the traverse-Z-noving correction, simlar to the
case of the focus mappi ng descri bed above, as shown in FIG 21A
mai n controller 20 controls the positionlhfthin the XY plane 10 of
waf er table WIB based on two X heads 66 facing X scales 39X1 and

39X2 ti M |4 ! 7 7 t ad
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wafer table WB using Z sensors 72a and 72b, and Z sensors 72c and
72d, 20 add &radedesanead palpdengctiteiind bt @hpdsinooing wedemat dlohe WTB
of the wafer using the nultjpoint AF system (90a, 90b).

Subsequent | y 1 Hvdite o 16 S ifres” waf er stage WST in the -X

direction at a pr egetek{lm' ned speed as is indi catted bg.an out | igﬁd

arrow in FIG 21A “Burith§ eRETREVEmBRY IR T 8- 1P POl LA I¢@ acafse
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sanpling intervals. Then, as shown in FIG 213, at the point in ne

when thelsi malft areeus thide lwradinagadeser ithed xabeeid 6 RiAhg Wee14s
sensors 72a and 72b and Z sensors 72c and 72d face the points in the

vicinity of 3%e and & pordpensioély X eihher sicdedareddmoantthEOD) and
surface two Y heads 64y; and 64y; facing Y scales 39Y; and 39Y,
respectively (Y linear encoders 70A and 70C). In the state
of FIG, 217, the centerline of wafer table WIB is located on
15 the +X side of straight line 1V, andmain controllier 20 measures
surface position information of the points in the vicinity
of the -X side end portions of the either side areas on the
surface of second water repellent plate 28b of wafer table
WTB using Z sensors 72a and 72b, and Z sensors 72c¢ and 724,
20 and at the same time, detects surface position information
of the wafer using the multipoini AF system (90a, 90b).
Subsequently, main contreoller 20 moves wafer stage WST
in the —-X direction at a predetermined speed as is indicated
by an outlined arrow in FIG. 21A. During the movement, main
25 controller 20 repeatedly executes simultaneous loading of the
measurement values of Z sensors 72a and 72b and Z sensors 72c¢
and 72d and the detection values of the multipoint AF system

(90a, 90b) at predetermined sampling intervals., Then, as

shown in FIG. 21B, at the point in time when the simultaneous



of second water repellent plate 28b of wafer table WIBis 5

conpl eted, main controller 20 ends the operation. Then, main
controller 20 obtains a relation between the surface position
information at each detection point of the mnultipoint AF system

(90a, 90b) and the surface position infétfation by Z sensors 72a to
72d t hat has been 10 si mul taneousl y | oaded. Then, main controller
conput es ej;/encpess eI at c}o t he X-axis directiaon t he suro,/%éEl and
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and position %4515 &S lrjfltql?elil Q%Fnét&PPeEFl %ﬁC]Bf ehecharerPost 4ff &he
durii th t. by .na us f t h| rel ati
ulrjlreilgﬁnesg ;Tquqlrg ot:Ln %/Sxi_‘le di réct |990 offtha g rafoaed S P TE
wat er repell gl LAle Cé%[}”%l.g t I

0 J:'hoz;t!lve bggﬁ%gbt ai ne jzf' &0 % IDJHé[tla Hés)’ ngn

rel ati ons that erent sanpling timngs. 115
In this NN imiTRahCREIOIIERIde2D, obhahnsnbrhokeRtren1aR POSkbhpltes

variation in the Z-axis direction of the wafer table WB surface
t hat occurs wheivamafesys tralihe oM Bo(Wad el-mtiagelirection of the surface of
second water repellent plate 28b from a plurality of relations
that have been obtained at different sampling timings. In
other words, in this case, since the offset among sensors of
15 the multipoint AF system (90a, 90b) has been adjusted, the
detection values of the sensors corresponding to any detection
peints should be the same value as far as the same point on
the surface of second water repellent plate 28b is detected.
Accordingly, the differences among the detection values
20 obtained when detecting the same point on the surface of second
water repellent plate 28b by the sensors corresponding to
different detection points are directly reflected by
unevenness of the surface of second water repellent plate 28b
and position wvariation in the Z-axis direction of the wafer
25 table during the movement. Then, by making use of this
relation, unevenness related to the X-axis direction of the
surface of second water repellent plate 28b is computed from
the plurality of relations that have been obtained at different

sampling timings.



WST) noves in the X-axis direction (is |located at different 5
X-positions), based on the results that have been sequentially
detected using the multipoint AF system (90a, 90b), while noving
waf er table WIB (wafer stage WST) in the X-axis direction. Miin
controller 20 perforns focus control of wWhfer Wwhile adding this
information as a correction anount, on 10 exposure. Next, a parallel

processing operatiqp H§%89n¥@ﬁ$%e om§¥oﬁﬂgfr§@%ﬂ%§¥QQ§ Sg%%ma¥son

in
in exposur e appar atus I ment " w escri be ase

on FIGS. 22 tg %@5151%91 QJearltlaAtl%n q.‘i'lr 'tri‘l% ch%xci%ercﬁtr’e@?:l%%s%rf' hed wafer

bel ow, main 15 cController 20 perforns opening/closing control of each

valve of |i quid eswpplaidftide Bhandddud fheeGRMRLYLaIBLE WoRO{wh PERlstage
liquid imersion unit 8 as is described earlier, and the space on

t he out goi ng WMf aweesi de ohet KpakbasdilBdcofopr oi@dmcmtecomu @dlf ferent
system PL is constantly filled with water. However, 20 explanation

r egar di ngd coRtosls igfidnsgui dasepsinytbninessi lamdthat @@W@ becnveyemtiit 18y
will be omtted in the follow ng descrlptlon in order to nake t he
description &&SH8GFed MRk éﬂ’d%a@l”é IngdtHeAF et | Riang 90b), while

i s bufSR e Ao aE oo ?&qw%gﬁﬁ&ﬁw&g%% XSG i n
some  draw n (11 %t Sgggﬂféﬁéﬁﬁloéﬁgbﬁ%%f%ggg c>rlscrolb<§“)fc wafer

reference co S own are In ea raw n

these draw ngs W%HQ\@ L1 1SRITR AN iRy A+ AR o %%arad'c%sr%e%ftlo“r‘%'a%{o%@l‘%e on
or non-exi stence of the reference codes. The sane 11 is true

in each Db tRegdsamiglgs used in the description above. FIG 22 shoms
a state where exposure by a step-and-scan
Next, a parallel processing operation using wafer stage

WST and measurement stage MST in exposure apparatus 100 of
the embodiment will be described based on FIGS. 22 to 36.
Incidentally, during the operation described below, main
15 controller 20 performs opening/closing control of each valve
of liquid supply unit 5 and liquid recovery unit 6 of local
ligquid immersion unit 8 as is described earlier, and the space
on the outgoing surface side of tip lens 191 of projection
optical system PL is constantliy filled with water. However,
20 explanation regarding control of liquid supply unit 5 and
liquid recovery unit 6 will be omitted in the following
description, in order to make the description easily
understandable. Further, the following explanation
regarding the operation will be made using many drawings, but
25 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 in each of the drawings,
but these drawings show the same configuration regardless of

existence or non-existence of the reference codes. The same



method is being performed to wafer W(in this case, to be a 5 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 time, neasurenent

stage MST is noving follow ng wafer stage WST while keeping a
predet ermi ned di stance between them Thet&fore, the sane distance as
t he predeterm ned distance is sufficient 10 as a novi ng di stance of
measur enent a i i | 0t o, t contact. . .
state (or prg%i%?Pgsg%ggg%nﬁ%?%$%%ggng§?§§ggé§§u%%éé%}E%ﬁa%ﬁggglptlon
after the exppsH#ie ends. During the exposure, main controller 20
controls the position (including the ez rotation) within the XY

plane of 15 waf er Firghl 22 Wi Wdraf ef a 6& age MEE)pbased B9 4 Reep-and-scan
measur enent val ues of two X heads 66 indicated by being C|rcFed in

FIG 22 thameftacel Xssbalieg B8Xfoandd38X2waEspedt { Melthi(X cerregders be a
70B and 70D) and two Y heads 64 indicated by being circled in FIG

22 that facemydséafes ooy teaid 390t rlengelet vonralviing 2hoade? yateAs) ,
and 70C) Further, main controller 20 controls the position in the
Z-axi s di recfoRl &ﬁ&mpﬂ§)e?nr@@éﬁFbﬁta@ﬁoﬂﬁTng)Aéngh%ﬁepeknFoﬁatFéﬁer
(pitching) of wafer table WB, . based on t measurenent val ues_of a
ot 1 Cof 2 soRSHRLTRIETE Soaue ¥i3 TS TaHANg S o Y SERE GLATRAS | whide

762, that 25_r cti ; rti 0 i de

92,0 1At ZheleaRect! KGR Lachn SLA s a0, 0055l denand. LhE.,
I nci dent al | yth?eh:?ax{%’%itét‘%{hdé’a%%%ﬁ@c@t@ﬂrﬁ%@@ﬂi@ﬂgnég‘%_s Ghrficient
rotation (rolling) of wafer table B may be controlled based on the

neasur enemt wal Hefovind densaice trlmbagnder@dt stddé MaNd L, i aBdded
762,9 and the ex rotation (pitching) may be controlled based on the

nmeasur enent waknegoohgYiakosthe tentfaconetere lr loroedinhiary Gasee)t heth
control of the
wafer stage WST described above after the exposure ends.
During the exposure, main controller 20 controls the
position (including the 8z rotation) within the XY plane of
15 wafer table WTB (wafer stage WST) based on the measurement
values of two X heads 66 indicated by being circled in FIG.
22 that face X scales 39X; and 39X; respectively (X encoders
708 and 70D) and two Y heads 64 indicated by being circied
in FIG. 22 that face Y scales 39Y; and 39Y, respectively (Y
20 encoders 70A and 70C). Further, main controller 20 controlis
the position in the Z-axis direction, and the Oy rotation
(rolling) and the 6x rotation (pitching) of wafer table WTE,
based on the measurement values of a pair of Z sensors 74,;
and 743,45, and a pair of Z sensors 76,4 and 763,4 that
25 respectively face the end portions on one side and the other
side in the X-axis direction of the wafer table WTB surface.
Incidentally, the position in the Z-axis direction and ihe

8y rotation (rolling} of wafer table WTB may be controlled

based on the measurement values of Z sensors 74:,4 and 74,4,



position in the Z-axis direction, the ey rotation and ex 5 rotation
of wafer table WIB (focus |leveling control of wafer W during the
exposure is perforned based on the results of the above-descri bed
focus mappi ng perfornmed beforehand. Further, during the exposure,
shutters 49A and 49B are set in a stateldf closing openings 51A and
51B, in order to 10 prevent wafer stage WST and neasurenent stage

MST fron1comé%h féCBg£1 pg@thgﬁmiﬁgg?ﬁggaﬁgﬁh%&ggn@%hq%%%? $%§6IQ%

f or egoi ng exposur'e ‘theration'ts pe y nain

repeating a mHd¥HI10R Hdy ket waeh whats-dibn o afer wtage WST

is noved to a scanning starting position 15 (accelerating starting

posi tion) forirexpeerdndafereach shat ciadhez easwal ehe\\ebased1081t hee
result of the above-described wafer alignnent (EGA) perforned

bef or ehand, tduesiltdteestin hdseld-resl sofdiatd gninent s téamercAldt iand AR bx
to AL24, and the like, and a scanning exposure operation in which a
pattern 20 fdorediom pdt veferRakle Wik fldocsd tevedihostontopbaohyadfer

scanni ng exposure nethod. Incidentally, the exposure operation
descri bed abdVe G'E1Fgr F8enBdPPAVESsE 8t BehRRFBEedPEPed | @ Hetel Hapulfes of

bet tip,l 91 d W_ Further, he exposure
operation | o et PHATET 9 RSt G OIS s S b SR o
the - ¥ side to {he shah.qar ea,Loaa! ot A Ide, oY B4R AN FhG 222 405 are
Further, main controller 20 nmay al S6 accunu at'e € ~measdrenent

val ues of engegens 40AcLec70P andsihe SpasungEesia Mah U Ofin order to

interferometers 16 and 126 during exposure and update 118 " the
correctiom Mg coRSes WhEdredtddeMsasaNaafetsuddteint &% a3ROMBTI firdth Goming

23, before exposure to wafer W ends, for exanple, before the |ast
shot area is cdxpesedogediner than a predetermined distance.

The foregoing exposure operation is performed by main
controller 20 repeating a moving operation between shots in
which wafer stage WST is moved to a scanning starting position

15 (accelerating starting position) for exposure of each shot
area on wafer W based on the result of the above-described
wafer alignment (EGA) performed beforehand, the latest
baselines of alignment systems ALl and AL2; to ALZ24, and the
like, and a scanning exposure operation in which a pattern

20 formed on reticle R is transferred to each shot area by a
scanning exposure method. Incidentally, the exposure
operation described above is performed in a state where water
is held in the space between tip lens 191 and wafer W. Further,
the exposure operation is performed in the order from the shot

25 area located on the -Y side to the shot area located on the
+Y side in FIG. 22.

Further, main controller 20 may also accumulate the

neasurement values of encoders 704 teo 70D and the measurement

values of interferometers 16 and 126 during exposure and update



different shot areas on wafer Ware sequentially exposed, nmain 5
controller 20 starts the lowering drive of shutters 49A and 49B via
drive nechani sns 34A and 34B, and sets openings 51A and 51B in an
opened state. After confirm ng that shutters 49A and 49B are in a
fully opened state via opening/closing &&hsor 101, main controller

20 noves neasurenent stage MST 10 (neasurenent table MIB) to the
position sho in FIG 24 b control.l.ing stage drive system 124
based on the%r?eeascl?rrerneecn O dtdde dgﬁefscﬁlﬁﬁcg qarﬁﬁgﬁreracﬁ’rﬁee%dsefg whi |l e

mai ntai ning the nmeasurementyyalue ofrX-axss | &tgeéggga o
constant value. At thi's po:;'snt |hn t'i e, 't%e’ en%% surface %Lﬁf? %‘{? <t w

side 15 of Clrkey, 46r(ERasy!NMERErsAbEndMIB)saREthgr8Rdi S W IACE Phen

the +Y side of wafer table WIB are in contact with each ot her.

| nci dent al | y ditfife reonceonbacirsaiaba afox ity sebaika) 16aY vadseosd®, main
kept by, for exanple, nonitoring the neasurenent values of the

i nt er f er obet eordgrraliere@dodérrtbathreasueesng hér posi¢f cghut2tof 4achnd
table in the Y-axis direction and separating nmeasurenent table MIB

and wafer tali%® WFB FAfiFRemychrndsmgi et 2R AP a andisaice wernngmdla

300pm Subsequently, ,as shown in FIG 25, while keeping the
posi ti onal rglnéﬁ’&%’ IR PREBREREG StitCect | DACBEIGRIET KAFRY that samitéers

WIB and neasuyy, t | e_MIB, ai ontroller 2Q starts_an.operatian
of driving mest BB Ae R Fade et T fPe s o, hr e B
an operation -Qf I Vi f T 0 u i Sitl

0P, “When t hes soar o gnitar RIS o oA e A a8 ws
measur enegt StRGeUMShdnt Waved Lt8) el Yhbnpbber+dn dikeet ion.r@nd 24 by

waf er stage WST is noved in the -Y direction and -X direction. Wen
mai n contr ol lcent2@1drintestwaketritragey¥6dmantld based on the measurement
value of Y-axis interferometer 18 while maintaining the
measurement value of X-axis interferometer 130 to a constant
value. At this point in time, the end surface on the -Y side
15 of CD bar 46 (measurement table MTB) and the end surface on
the +Y side of wafer table WTB are in contact with each other.
Incidentally, the noncontact state (proximity state) may also
be kept by, for example, monitoring the measurement wvalues
of the interferometer or the encoder that measures the position
20 of each table in the Y-axis direction and separating
measurement table MTB and wafer teble WIB in the Y-axis
direction at a distance of arocund 300um.
Subseguently, as shown in FIG. 25, while keeping the
positional relation in the Y-axis direction between wafer
25 table WTB and measurement table MTB, main controller 20 starts
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



measur enent stage MST sinultaneously as is described above, 5 water
that is held in the space between tip lens 191 of projection unit PU
and wafer W (water in liquid imersion area 14) sequentially noves
fromwafer Wto plate 28, CD bar 46, and neasurenent table MIB
according to movenent of wafer stage WStl&8nd nmeasurenent stage MST
to the -Y side. Incidentally, 10 during the foregoing novenent, the

contact stat %rf)]ﬁé il%/'r’rgﬁieni’%‘ Yai E A &n Of&f“ﬁ?{“%éﬁ%?ﬁ?%&aqgsmg ed in the

measurenent ta s ~ mai nt ained. WS a

state right bef oyeredist 4dy lix0WHd-ddaey,sion area 14 is delivered
fromplate 28 to CD bar 46. 15 Wen wafer stage WST and neasur enent

stage MST are simiHsanerUs! oandcllieghtdoy ddriiven Wafddrhestdge W and
direction fromthe state of FIG 25, position neasurenent of wafer
stage WST (wafesrunegidng: \WEB)eb)ISY enmodlensed0Alands 70€ deauitbdik above,
performed. Therefore, right before that, main controller 20 20

swi t ches ®he "&dftt d1hast ishdiedcpogl thiteh sabe Reetearottain drensofl Wafast
stage WST (wafer, table VWB% fromthe control based_ on .the )

measur enent FHAUSES OOV UBAEJR AEI7OAT @R AT THELEE thd 1akdft Hnepaser agea

h t I f, Y-axis_ interf t 16. T i ft
LTSS YA A B L R
oS 1 on et o oe PO LM BUNCIL ISR RSRGOELLE I s tace

stage MST alydthenBoskbEQPendnd 859 didves LHEt herswad er 19lage ey,
toward unloading position UP while neasuring the X-position of wafe

120 stape WBhdiygXcheabregding satedehy, heingost a6t edadte BbEprdkimity

that faces X scale 39X1 (X-linear encoder 70B) and neasuring the

Y-position, tshet8? rodl atdferr drblichdllH landynebsaxiesnent table MTB is
maintained. Incidentally, FIG. 25 shows a state right before
water in liquid immersion area 14 is delivered from plate 28
to CD bar 46.

15 When wafer stage WST and measurement stage MST are
simultaneously and slightly driven further in the ~Y direction
from the state of FIG. 25, position measurement of wafer stage
WST (wafer table WIB) by Y encoders 702 and 70C cannot be
performed. Therefore, right before that, main controller 20

20 switches the control of the Y-position and the 8z rotation
of wafer stage WST (wafer table WTB) from the control based
on the measurement values of Y encoders 70A and 70C to the
control based on the measurement value of Y-axis
interferometer 16. Then, since after a predetermined period

25 of time, measurement stage MST reaches a position where the
Sec-BCHK (interval) described earlier is performed as shown
in FIG. 26, main controller 20 stops measurement stage MST

at the position, and also drives further wafer stage WST toward

unlcading position UP while measuring the X-position of wafer



interferoneter 16, and stops wafer stage WST at unl oading 5 position
UP. Incidentally, in the state of FIG 26, water is held in the
space between neasurenent table MIB and tip lens 191. Subsequently,
as shown in FIGS. 26 and 27, main controller 20 performns the
Sec-BCHK (interval) in which 10 relativé2positions of the four
secondary alignnment systens with respect to primary alignnment system

b i ous| '
bar Z‘Eeofeaﬁgraif%r;@ém B B ﬁ\;%%’éée SR PUPBibEhe SR e 26
(interval), %%'&ter SOkl §éa§<9 V\Inl) %xt %ngg@% %9 TRKLS P 2 AL G g

system of an u arm (not sho on mafer stage

WST that st O%eatywsqaecﬂdag RO tgzo&&é%tl%iﬂ arfl SR AriiMes ﬁ/yafxeraﬁsage
WST in the +X direction to nove it to |oading position LPwith a

vertical novenmerir feirorEEgmats, HmwstobsFhafedb,stRfeemMITo A GnldEding
whi ch has been driven 20 upward when perform ng the unl oadi ng, kept
upvard a pr egesdrtdioredPanolmeidémtahly, casehet featalodilGg 26, tweter is
wafer is performed as follows: vertical novenment pin CT supports

waf er W fr omisdicowlahlie| $paae it Wehre meashd st tu iR Mﬁﬁrﬁrpﬁ ddleedens
to beIOM/mafﬁr W and then vertical novement pin 25 CT is slightly

| owered or tHe€lunl oad armis sllghtly rai sed or the Ilke and the

wafer is delivered,fromyver lca nov nent p ﬁgT ?% gload .arm
Next. s shown | 1 FPECSREEREATE! gon ERRr e s T650eC® HBSsAr endiin
stage VBT 10 capGRhigl P RS D egc)zkcyﬂw SHRANAN, el eI

to as an optlmal scrum walt 1 ng pOSItIO used a state
neasur enemt  sage sMaT Josami ok sStat @ nef fwrnge%wafrryorm\&@wen%t agRtems

WST to the contact state

with respect to primary alignment system ALl are measured in
the procedures described previously, using CD bar 46 of
measurement stage MST. 1In parallel with the Sec-BCHK
(interval), main controller 20 gives the command and makes

15 a drive system of an unload arm (not shown) unlcad wafer W
on wafer stage WST that stops at unloading position UP, and
also drives wafer stage WST in the +X direction to move it
to loading position LP with a vertical movement pin CT (not
shown in FIG. 26, refer to FIG. 27), which has been driven

20 upward when performing the unlcading, kept upward a
predetermined amcunt. In this case, the unloading of the
wafer is performed as follows: vertical movement pin CT
supports wafer W from below and 1ifts the wafer, and the unload
arm proceeds to below wafer W, and then vertical movement pin

25 CT is slightly lowered or the unload arm is slightly raised
or the like, and the wafer is delivered from vertical movement
pin CT to the unioad arm.

Next, as shown in FIG. 28, main controller 20 moves

measurement stage MST to an optimal waiting position



(or proximty state) with wafer stage WST descri bed previously, 5 and
cl oses shutters 49A and 49B in the foregoing procedures. In parallel
with this operation, nmain controller 20 gives the comand and nakes
a drive systemof a |load arm (not shown) |oad new wafer Wonto wafer
table WIB. The | oading of wafer Wis petfbrmed in the follow ng
procedures: wafer Wheld by 10 the load armis delivered fromthe

| oad arm o VALY, MUE M e ldy &b WOSE, SIS 0f) helng, ralsedy,

upward a predeterm ne a'm)un% iI"s” mai ntal ned,

i's w thdrawngevafiein W 18 e ADUNEEd @NE e %Tr@éamgﬁérb@%t\éﬁgﬂﬂf&@lfrom

novenent pin CT being lowered and the wafer is sucked by a vacuum

chuck 15 (nota shews)of beAnkhh$agFsem shhee dheysStiBtrecharecygtdtedtate
novenent pin CT is raised upward a predeterm ned anount is

mai nt ai ned, tle padrinivaditeageganible wadidros tede WS Tadshorieed pgraviiatisly,
of time, conpared with the case where vertical novenent pin CT is
driven downward cdoseshehubderast 9 aritk 4R én hot deore@ing procedures.
Incidentally, FIG 28 shows the state where wafer Wis | oaded on

waf er tabl e WBPAFRLILRE EhboditienPPerRE 1Py SRt MGEtiHC s éPugd ves the
iti iti t st. MST | i at el t i
L0 DOl RSP SL20e BT s AR LRLLY Gt By
In the_ al i gmi%rg[d %@%t WQES§SW05§EQ%M%FbWet &TtBhl ST}ttu.—s:%c}écg'Jgn Uk wafer
operation of "novi ng nmeasurenent st age to the ™ optimal scrium

wai ting posi & 9B DEcErRRUNIRCERSAEYI YOG or ool Al eedf MRASLIPIRIL by

stage MST shifts to the contact state (or proximty state) desc

above, and t heref 4@ arihes 422 i veuebef r &f tABVERN L raft Seasti 888 Movement
stage MST can be decreased by one conpared with the case where

measur enent stag€TVEhdse giede tof WeHilnatraal qeebidgward katprieleawmynined
fromthe optimal scrum
amount is maintained, and after the load arm is withdrawn,
wafer W is mounted onto the wafer holder by vertical movement
pin CT being lowered and the wafer is sucked by a vacuum chuck
15 {not shown). In this case, since the state where wvertical
movement pin CT is raised upward a predetermined amount is
maintained, the wafer loading can be performed in a shorter
period of time, compared with the case where vertical movement
pin CT is driven downward to be housed inside the wafer holder.
20 Incidentally, FIG. 28 shows the state where wafer W is loaded
on wafer table WTB.

In the embodiment, the foregoing optimal scrum waiting
position of measurement stage MST 1s appropriately set in
accordance with the Y-coordinates of the alignment marks

25 arranged in the alignment shot areas on the wafer. With this
setting, an operation of moving measurement stage MST to the
optimal scrum wailting position becomes unnecessary when the

state of measurement stage MST shifts to the contact state

(or proximity state) described above, and therefore, the



wai ting position. Further, in the enbodinent, as the optimal 5 scrum
wai ting position described above, the optiml scrum waiting position
is set so that the shift to the contact state (or proximty state)
descri bed above can be perforned at a p05| tion where wafer stage WST
stops for the wafer alignnent describedldbove. 10 Next, as shown in
FIG 29, main controller 20 noves wafer stage WST from I oadi ng

position LP trﬂm@o&o%'ft fngtasmehfe %'ﬁ&s%ﬁn@ﬁéisﬁag{édﬂ%gg%gﬂ%gld é%sed

FM on nmeasurenent plate 3 set wt ection are

of primary alggmntonphsbenAth fhe ©addHROY Liba8yWhRERL! Q@age MST is
foregoing Pri-BCHK 15 former processing is perfornmed). In the mddle

of the noveneds tobkaitt BObbeLt 26n Mdichesawaptin ehet hiet PASI tdctim
within the XY plane of wafer table WIB fromthe control based on the

measur ement e iteirgf pesdsden.70Burelyer diimgthheebakimentdi recthemgemithal
t he measurement value of Y-axis interferonmeter 20 16 regarding the
Y-axi s di PectSBaAtRHHa P vitEidpieseritrd aonte ol tisasmt o k ecrum
nmeasur ement values of two X heads 66 indicated bggbel n circled in

FIG 29 that $deng EE’SFLE%O@Q%@S%H%@?@ téRcdld tméd n%ow*g%%tmte

h t | f d d 64yl i.n at

bor e arror odd, Yy sfothe) MR ogaio SoVER R FEFSOTRed at a
d 70 7 C h

b T R or B "cpr%cé@s.%ﬁ?ﬁe%ﬁ%12%&%12.%%829&9 H@rﬁ%%%%ﬁa&l@nment

usi ng primarWeldiuepsyst em ALT. At this point in tine,
nmeasurenment stage MST is waiting at the optinmal scrumwaiting

positionld23 descieed aberewnNextFIGTeR 9, el 6bhefoL0e80A kSves wafer
novenent of wafer stage WST in the +Y direction toward a position
where the al ispragentWST 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 foregoing Pri-BCHK
15 former processing is performed). In the middie of the
movement, main controller 20 switches control of the position
within the XY plane of wafer table WTB from the control based
on the measurement value of encoder 70B regarding the X-axis
direction and the measurement value of Y-axis interferometer
20 16 regarding the Y-axis direction and the 0z rotation, to the
control based on the measurement values of two X heads 66
indicated by being circled in FIG. 29 that face X scales 39¥;
and 39%; (encoders 70B and 70D) and the measurement values of
two Y heads 64y, and 64y, indicated by being circled in FIG.
25 29 that face Y scales 39Y; and 39Y,; (encoders 702 and 70C).
Then, main controller 20 performs the Pri-BCHK former
processing in which fiducial mark FM is detected using primary

alignment system ALl. At this point in time, measurement

stage MST is waiting at the optimal scrum waiting position



mar ks arranged in the three first alignment shot areas AS 5 (refer to
FIG 12C) are detected, while controlling the position of wafer

st age WST based on the neasurenent values of the four encoders
descri bed above. After starting the novenent of wafer stage WST in
the +Y direction, main controller 20 opéfAd shutters 49A and 49B in
the procedures 10 described earlier, and permts the further

appr oachi ng i WRde WET and neasurenent stage MST. Further,
main control eesré%ﬁ:don Irms the opening of shutters 49A and 49B

based on the detecticai ,r@suhtcit apen nabckostpg eRTINt10F wIASP stage
when wafer stage WST reaches the position showmm 15 in FIG 30, main

control | er 20idet actise thiatdiwaicer osit BgRa Vbl pard tiRasWherBNthsagenMeht
come into contact with each other (or cone closer together at a

di stance of aroksd a30GpYed basere Wirdehe iostpurlsi fmegdl Idisitorareas AS
detection sensors 43B and 43D, and imredi ately stops wafer stage

WBT. Prio? tdrehier I® Jpér-atidn, ans fedenteash efhide aantvslds na dhss
ON) Z sensors 72a to }Zd nd starts _neasurenent of the Z-position

and the til e By 9 oﬁsgﬁénsgﬁaet%Té%a%%@aw dri}e Freamsrsmandpve Lues

WB at the pg intime when all, of ar rt of Z nsors,72a.to
72d face(s) v?/%‘er%trheta k' \ﬁfﬁoc{(;errsnéjfedsrcemtbr‘?%f a%)&vrﬁ' i%‘%FFﬁe.Stﬁg%AF?the
the stop of wafer  skags \{%‘% ' ontdoll er.,20 Al Lot s -
si mul t aneousl'y am?%l n_g)i Vi uaﬁﬁ%géect s the ali gnnmen Srar k¢ énrarlél_nged
in the three donitsloialdrgmepshots nateas sAF oA lfery dro it %&e”'?ﬁ:]&%e'dﬁres
FIG 30) using primary alignment system ALl and secondary alignnment
syst ems M.22 dantrAld, cand ildmksntP4de rntie sdairec tiumt Heds Wps RfcHibiee £
alignment systens ALl1l, AL22 and AL23 and the neasurenent val ues of
the four encoddes #ttagme WIT rendofmetahver rebeteadt isdmgeanb st oFesthhem maia
menory (not shown)
controller 20 confirms the opening of shutters 49A and 49B
based on the detection result of opening/closing sensor 101.
Then, when wafer stage WST reaches the position shown
15 in FIG. 30, main controller 20 detects that wafer stage WST
and measurement stage MST come into contact with each other
(or come closer together at a distance of around 300um), based
on the outputs of collision detection sensors 43B and 43D,
and immediately stops wafer stage WST. Prior to this
20 operation, main controller 20 activates (turns ON) Z sensors
72a to 72d and starts measurement of the Z-position and the
tilt (the By rotation and the 6x rotation) of wafer table WIB
at the point in time when all of or part of Z sensors 72a to
72d face(s) wafer table WTB, or before that point in time.
25 After the stop of wafer stage WST, main controller 20
almost simultaneously and individually detects the alignment
marks arranged in the three first alignment shot areas AS

(refer to starmarks in FIG, 30) using primary alignment system

ALl and secondary alignment systems AL2; and AL23;, and links



I ncidental |y, the simnultaneous detection of the alignment 5 marks
arranged in the three first alignnment shot areas ASin this case is
performed while changing the relative positional relation in the
Z-axis direction (focus direction) between a plurality of alignment
systems ALl and AL21 to AL24 and wafer Wfounted on wafer table WB
by changing the Z-position of 10 wafer table WIB, as is descri bed

previously. Ahd sofleselbhatkabiveod futhe TRy sL0f: NS [aL9, anc

the contact state (or proximty stat urenen

waf er stage WBD.i snQORRLehedsatehbetr PESi b o here rist eGld ok of atthghe

alignment marks in the first alignnent shot 15 areas AS is perforne

and from the tpagi $f athe tiBecaRYBARMHNd ERotBe thelh het tkieed riySteP: shown) .
novenent toward a position where the alignnment nmarks arranged in the

five second dhicgeimeritaldhot ther edsuAS caree e tdedtteadt ias des dttidbed i gnment
previouslg) of both stages WST and MST in the contact state (or

proxi m t y° st fB&ks| arspageddinothy taige dénstobllégnpentPrhotr aweashids in
start of novenent in the +Y direction of both stages WST and MST, as
shown in FI GtP36 C2#Gild PEREPSIREr bt Ay ing hArat st bre gesdétirssl

b f th |ti poi.nt ,AF syst 90a, .90b) t fer. tabl .
WenT Chis oFSLACEER. 1t ife Taeriion TSR tAPT HE QMR FUSERE IRE hetdRen
25 is f d i ng -t f

e ages VBT and R hed i S1{bHneRERt £ty 0.1 B RVE Ea IRy R Ve
reach the peskibu@Rcsh@M WaFdH Gapdl whal B CoRbhglihgr +2Q @e?fo%ri@ohh%f

focus calibration fornmer processing described above,” and 12 obt ai ns
a relatiom betfeen thihe eneEsyr enels RIses efd Areenselssy.72a, 72b, 72c

and 72d (surface position information at the end portions on one
side and the ot herAsi tle destchibed aabsre, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
MST and wafer stage WST is completed at the position where
detection of the alignment marks in the first alignment shot
15 areas AS 1s 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 AS are detected as described previously) of both stages
WST and MST in the contact state (or proximity state) is started
20 Dby main controller 20. Prior to the start of movement in the
+Y direction of both stages WST and MST, as shown in FIG. 30,
main controller 20 starts irradiation of detection beams of
the multipoint AF system (90a, 90b) to wafer table WIB. With
this operation, the detection area of the multipoint AF system
25 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. 31, main controller 20 performs the

focus calibration former processing described above, and



direction of wafer table WIB) and the detection result (surface 5
position information) of the neasurenent plate 30 surface by the
mul tipoint AF system (90a, 90b) in a state where the centerline of
waf er table WIB coincides with straight line LV. At this point in
time, liquid inmersion area 14 is formedl2fear the boundary between
CD bar 46 and wafer table WIB. That 10 is, water in |liquid imrersion

area 14 is i t i [ i lLivered fromCD b 46 to
Nafer table B Ten PYR R Or Crrafe e b e o IS Shp o
the +Y directipn v | & keep{Ngddeidy comadd, Stats, (iQ{fo%%Tﬁ-]'i;l%rﬂ >1é§ écéle

state) and reach the ‘position showmn in FIG 32, main contr

al nost  si mul teae Qsti gl dihding dikadd Yardetad odie aldgnireindaiks s
arranged in the five second alignnment shot areas AS (refer to star

mar ks i n Fl Gdi3®ctusimgf Waferat algha®iTs) systassidAldcanth AR2T1t o ST, ce
links the detection results of five alignnent systens AL1 and AL21

to AL24 ahd tdesitdaguiadermazgondl aéstd meaves Urnmrerdnpddées3atsuhéace by
time of the detection, and stores themin a menory (not shown)

I nci dent al |y, then@ulGiRAimn ou s wrdiast t { R of Qe 11 igyrivkeaite mitdae the
dinth fiv, d ali t t AS i.n thi , .S
S0 ber T or (AT S i HE Tt HE DL 550 o it aft Hhi e e e
o F . 3 r | ity M OT" "Wl ¢ Lo S
hoad t hat - T acds REskars R Shar ey dilely Dhmblol bl 13°14 ke

not exist, nRidY cABRtEOLI&Lr 2O LIRS e 4@0§ﬁaiv§4§é@ tcaioﬁ_\etulmgj?. §\fhat

pl ane of wafer table WB based on the nmeasurement val ues 126
head 66 faci ng,Xwseake BIXZulYy 1thmensi encader 1400 jand st¥tkl NS before

encoders 70A and 70C. As is described above, in the enbodi nent,
position being 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. 32, main controlier

15 20 almost simultaneously and individually detects the
alignment marks arranged in the five second alignment shot
areas AS (refer to star marks in FIG. 32) using five alignment
systems AL; and ALZ2; to ALZ4, links the detection results of
five alignment systems AlL; and AL2; to AL24 and the measurement

20 wvalues of the four encoders at the time of the detection, and
stores them in a memory {not shown). Incidentally, the
simultaneous detection of the alignment marks arranged in the
five second alignment shot areas AS in this case i1s also
performed while changing the Z-position of wafer table WTB,

25 as is described earlier.

Further, at this point in time, since the X head that
faces X scale 39¥; and is located on straight line LV does not

exist, main controller 20 controls the position within the

XY plane of wafer table WIB based on the measurement values



i nformation (two-di mensional position information) of eight 5
alignment marks in total can be detected at the point in tinme when
detection of the alignnent marks in the second alignnent shot areas
AS ends. Then, at this stage, nmain controller 20 obtains the scaling
(shot magnification) of wafer Wby, for 1é%anple, perforning a
statistical conputation by the EGA 10 nmet hod descri bed above using

the position Jmkornatd @, f%%qngb%sgea% F:Bﬁz @J{“fgl%?edalf%% oder 70D). and

magnl fication, nmain contro may al SO a I cal pr opertl es

of projectior aptieed erdsdam Plon fa1q exanpl e, the projection
magni fication. In the enbodinent, optical properties of projection

optical system 15 Bk dre dagicidbed kyposent riel kiheg eatiods ehg ,URids 188 on

(refer to FIG 8) that adjusts the optical properties of projection

optical systémiRirmaiy adr i(¢iwpgdamepediohiad posablen| EmSorgansont utf mgght

projection optical systemPL or changing the pressure of gas inside

the airtight arloGmmeigt ma§kﬁo%1r»refd>ttfelt weenbedepreted @l 6heegoint in tlme
or. the |jike. That Iis,

[ [ PL
The st age whePETaiFRRBARSyS (BAEIARRMERY RIDSS 0 ALD.F YA ardsnent
, h f th
mar ks on val & gﬁa??%tﬁé?%fﬁ‘?%r | GG g LR o ket o ST e 20

68 so that 2%]0%%'1'1'1% LR EEbhﬁ%ase Etlﬁaﬁhfa&ggﬁf@'ﬁ pé]??%{%éle% %fy, for

projection optical system PL on t efection te

I nci dent al |y exahe 1RY MRy ffru Ik S st AAlsdiidi1t @bl t@it@n by hdaf
of the total nunber of marks subject to detection, but only has to

be the nudbemethod examlided afdiveedhsfiorg tAé p@@littlitdnng.ntfhﬁn&(taldnng and
of the wafer or the like. Further, after the sinultaneous detection
of the alighesed ourklse aramgnygest] isthicttheafhuéisetond, aha gnmentt shidter 20
may also adjust optical properties of projection optical
system PL, for example, the projection magnification. 1In the
embodiment, optical properties of projection optical system
15 PL are adjusted by controlling adjusting unit 68 (refer to
FIG. 8) that adjusts the optical properties of projection
optical system PL, by driving a specific movable lens
constituting projection optical system PL or changing the
pressure of gas inside the airtight room that is formed between
20 specific lenses constituting projection optical system PIL,
or the like. That is, at the stage where alignment systems
ALl and ALZ2; to AL2,; have ended detection of the predetermined
number (eight, in this case) of the marks on wafer W, main
contrcller 20 may alsc contreol adjusting unit 68 so that
25 adjusting unit 68 adjusts the optical properties of projection
optical system PL based on the detection results.
Incidentally, the number of marks is not limited to eight,
or a half of the total number of marks subject to detection,

but only has to be the number, for example, required for



areas AS ends, main controller 20 starts again novenent in 5 the +Y
direction of both stages WST and MST in the contact state (or
proximty state), and at the sane tinme, starts the focus nmapping
described earlier using Z sensors 72a to_72d and the nultipoint AF
system (90a, 90b), as shown in FIG 32. ¥hén, when both stages WST
and MST reach the position 10 with mhich measurenent plate 30 is

| ocat ed di re(‘CICJHfbl fe n%‘é‘/th%r (yC%cltl grl £ em thesll in FIG

33, main contr perfornms atter proce55| ng

described earlier raRehthe %@%& %Iel %rﬁf&ﬂ%n@%htseael%%%@ B the
described earlier. 15 Then, main controller 20 conputes the baseline

of primary alliigmwenit &mmaélﬂarmedmrtﬂeh&*lﬁz@lﬂetcdmfd t=he gnieintBeHs
former processing and the result of the Pri-BCHK |atter processing.

Al ong wi t h t kireagpéitateinors, based comtaolileratilors thettwe ey atime movement in
measur enent val ues of Z sensors 72a, 72b, 20 72c and 72d (surface

posi tion ?nféﬁﬁhﬁﬂbﬁ%ﬁ¢QMH@neﬁ§ &@ﬁh(ﬁﬁ?geﬁnw@ﬁéa§@dgsgndntﬁ@eoﬁﬁ@ﬁact
side in the X-axis directi er table WB) and the detection

result (surf&C&55odPE] BHOXFH%BYn%WB% Ging /¢ ﬁ@ssa@aﬁeﬁﬁm@m atterE the
i b | 90h). .t hat has bee

gg:a?ﬁgd ynt?ﬁbU%gK% u;nza |br %F%%&aﬁéF 5@%@@%2 5%%55% &gge&o H2d

the measurenept +y é'dﬂ&‘ft?éﬁ%né%[ﬁ% t bl 80a’ 3970 a%lsﬁo%d:.r?ﬁezxc? 32,

(i.e. surface p03|t|on ormation at the eh ortions on oné sid

and the other si deTh@nt,hahéna%bﬁhdsfsgésOumsrpfarv@fwﬁ bl WHR) p081t:|_on
corresponding to the best focus position of projection optical 128

syst em PLO t hati thawe ilote meehtaienett plidte f3CcUs dalddyeat iddredtatt @elow
processing, main controller 20 obtains the offset at a
repr esent at i peodecddrnovppocat sofsttdrePmAttdwoint P AR 8@streamin controller
20 performs the Pri-BCHK latter processing described earlier
and the focus calibration latter processing described
earlier.
15 Then, main controller 20 computes the baseline of
primary alignment system ALl based on the result of the
Pri-BCHK former processing and the result of the Pri-BCHK
latter processing. Along with this operation, based on a
relation between the measurement values of Z sensors 72a, 72b,
20  T72c and 72d (surface position information at the end portions
on one side and the other side in the X-axis direction of wafer
table WTB) and the detection result (surface position
information) of the measurement plate 30 surface by the
multipoint AF system (90a, 90b) that has been obtained in the
25 focus calibration former processing, and based on the
measurement values of 7 sensors 74,4, 742,4, 761,3and 76,3 (i.e.
surface position information at the end portions on one side

and the other side in the X-axis direction of wafer table WTB)

corresponding to the best focus position of projection optical



(90a, 90b) , and adjusts the detection origin of the nultipoint 5 AF
systemin the optical method described previously so that the offset
becones zero. In this case, fromthe viewpoint of throughput, only
one of the Pri-BCHK | atter processing and the focus calibration

| atter processing may be perfornmed, or th&8procedure may shift 10 to
t he next processing wthout performng both the processings. As a

matter of CO‘#g’%%ﬁr@ %&%ﬁﬁﬁ%a%%x;eh%e%hi OB e el %%t%i)%%elii%r%%on

performed, t or mer processing  does not nEe

performed ei tlfé%rt-erAf%@ocie@stins,_ 7838, cORtPo1E8PLSO! bisFa A0 Ay S5 d0at
nove wafer stage WST from |l oading 15 position LP to a position at

which the al izgrepRtsBREkSigEraggedtion gdint igfsthal memresdishr akeaemn
AS are detected. Incidentally, in the state of FIG 33, the focus
mappi ng is b&0ag 80hi} runedadiWehswaferdestageoBir igacbhéstidaultipoint
position shown in FIG 20 34 by novenent in the +Y direction of both
stages WoT aRd BBFtempinHde omtdsialsmgtacfodepevkbaiityrerieeyly so that
descri bed above, mmin controller 20 stops wafer stage WST at that
position, bitSSfiSfeLSESFoAERNt of neasurement stage MST in the

Y di ti i t hout st i it. T , i t | 20 2 t
Sl { ancoul y and TPrih oF Bt Eiet RH v REPRr R D ki EORAPRE ey PRRE B8
in the fi i i f i ,
' 54 vei 53 FeBPLANERAK PAOe SRS IAE MG R Sl Rbl SR son
the detectionkeeW bso0bsEiNg raly Eé%foﬁd@ﬁ% #ld p2Bdelli2d R shi Ft

AL24 and the neasurenent val ues "of the four encoders at the tine
of the ded ecticothamex3tOf &Se HEMy wiift ha LAEE®F §o fADlg BR@WNhe processings.

I ncidental ly, the sinmultaneous detection of the alignnent marks
arranged in flseaf magtehi od course, in the case the Pri-BCHK latter
processing is not performed, the Pri-BCHK former processing
does not need to be performed either. And, in this case, main
controller 20 only has to move wafer stage WST £rom loading
15 positionLP to aposition at which the alignment marks arranged
in the first alignment shot areas AS are detected.
Incidentally, in the state of FIG. 33, the focus mapping
is being continued.
When wafer stage WST reaches the position shown in FIG.
20 34 by movement in the +Y direction of both stages WST and MST
in the contact state (or proximity state) described above,
main controller 20 stops wafer stage WST at that position,
but continues the movement of measurement stage MST in the
+Y¥ direction without stopping it. Then, main controller 20
25 almost simultaneously and individually detects the alignment
marks arranged in the five third alignment shot areas AS (refer
to star marks in FIG. 34) using five alignment systems ALL
and AL2; to AL2,, links the detection results of five alignment

systems ALl and ALZ; and ALZ, and the measurement values of



alignment shot areas AS in this case is also perfornmed while 5
changing the Z-position of wafer table WIB, as is described
previously. Further, also at this point in tinme, the focus mapping
is being continued. Meanwhile, after a predeterm ned period of tine
fromthe stop of wafer stage WST descri bé8 above, shock absorbers
47A 10 and 47B wi thdraw from openi ngs 51A and 51B forned at X-axis

stator 80, angd,d ?%u%t&ra@ogérér%ﬁ:s\fﬁ%%e ra0fe “&E%{%&@%gﬁt %€5§8§ them

WST shifts fromthe contact state (or proximty st

separation stial & m¥rdfy t hishddwi)o t hacseparaiingn tstatemui®hReous
controller 20 sets openings 51A and 51B in a closéd 15 state by

driving shut teerte=ct9brand 498 apwanhtevitamdrkyearfeeheni sisBtA g third
34B, and when neasurenent stage MST reaches an exposure start

wai ti ng posi talognstarte sinvdsaremenks stragd 1 VBE swail 5 sa Lis ihe eiposad erhiide
started, nmain controller 20 stops neasurenent stage MST at the .
posi ti on. ° 20 NS intithec dnPeditépn2ofsvafes mebbeeftB ofawdfedestcagded
WST in the +Y direction toward a position at, which the alignnment

mar ks arrangé’&qvﬁ'o[%elﬁ'hrg‘ﬁrltgﬁﬁ h2 FPgﬂFreﬁfu%%‘?l%?e’é% tAgieptdhe focus

detected. At thi Lt dn tine, t.he focus mapping is being
conti nued. Ngg%\ﬁﬁir%g}%néoaesllﬂger?edrﬂtlﬁuae € MST is waiting at the 25

exposure start wai Me%glwﬁgﬁie?,iQﬂﬁg%ﬁﬁf?ﬁ%ﬁyé%dggﬂ’odv@f%i fffor&&he

stage WST reaches the position s main controller

i medi atel y stops oWef8fe 8t 8985 WBT Jare -abreshpsiaul sgpepusissand.s 47a
individually detects the alignnent marks arranged in the three

fourth aldgneent 4SBotvitBAraar €asmASpenimakes IAVAf@f BIB thsia] dmxkaxis
in FIG 35) using prinmary alignnment system AL1 and secondary
al i gnment systtetor A022aaddthAe28tatenks ndmsdetreent ataes MIB aofd wafer
t hree al i gnment .
stage WST shifts from the contact state (or proximity state)
to the separation state. After the shift to the separation
state, main controller 20 sets openings 512 and 51B in a closed
15 state by driving shutters 49A and 49B upward via drive
mechanisms 34A and 34B, and when measurement stage MST reaches
an exposure start waiting position where measurement stage
MST waits until exposure is started, main controller 20 stops
measurement stage MST at the position.
20 Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position at which the alignment
marks arranged in the three fourth alignment shot areas AS
are detected. At thispoint in time, the focusmapping isbeing
continued. Meanwhile, measurement stage MST is waiting at the
25 exposure start waiting position described above.
Then, when wafer stage WST reaches the position shown
in FIG. 35, main controller 20 immediately stops wafer stage

WST, and almost simultaneously and individually detects the

alignment marks arranged in the three fourth alignment shot



systens ALl1l, AL22 and AL23 and the neasurenent values of the 5 four
encoders at the time of the detection, and stores them in a nenory
(not shown). Incidentally, the simultaneous detection of the

al i gnnent marks arranged in the three fourth alignnent shot areas AS
in this case is also perforned while chéﬁaing the Z-position of
wafer table WIB, as is described 10 previously. Also at this point in

tinme, the focisedBpRE NG i9a rdEINILOALE NUS s AN, IBAS U eRAE S%%)gﬁ.lsing

MST is still waiting at the exposure start walting position.

mai n control lerim20y AR takkaY ehNADI Bid eRcoe0akeY A8t gnMahbes)stins
all the shot areas on wafer Won the XY coordinate Ssystemthat is

set 15 by t heAlmasundehk?d, ddeksothéhietfori@nocederiss bar texasmd i gniisnt
perform ng a statistical conputation by the EGA nmethod described
earlier, usiryttirngidildot iFdZzr esdl Ak2pfantibthki yarenremanrksaines ovdlthe

obt ai ned gs i s described above and the _correspondi ng nmeasurenent
val ues of °t hefTDUCTEIRGHST £t FHNEERS REi AnBoREFBFF PN 2RRG T T PiERS them

t he focus mappi n whi |l e vi ng wafer stage T.i.n the +Y direction
agai n. Then, plpﬂk%ﬁ“?%%r%eprg%t‘ti PH&am 3&‘)’3#%%3% ﬁgﬁenﬁlmﬁlézﬁ]te&’ﬁs
90a, 90b ff_fr, e rfa hown,in_Fl G 36
gmi n cont I’2)| %%&eé\%gf?ﬂgé%o%%lﬁéﬁb%%gk% {?ié? %‘ﬁ%tl,n Jﬁgsee%hﬁ%eo%drth
the result ofyithedaieaeing waber aal i gnmend LEGA) s Lig, ﬁ@ff&fmec'ib\ while

measurenent results of the baselines of five alignnment ‘systens

and AL21 to Alidhgiang dihe 2-ipessitRin ogonbEel! eab120wpe] f 94 Mbs eXIRSUNR G
by a step-and-scan nethod in a liquid inmersion exposure nethod and

sequenti &Pl y praansferlsy a B3ko aetilcl e ppdnttei n tine, plher dbctiy médpshed is
areas on wafer W Afterwards, the simlar operations are repeatedly
performed td&aHW Kadiniuay waher geaistienenfiestoge MST 1s still waiting

at the exposure start waiting position. Then, main controller
20 computes array information {coordinate values) of all the
shot areas on wafer W on the XY coordinate system that is set

15 by the measurement axes of the four encoders, for example,
by performing a statistical computation by the EGA method
described earlier, using the detection results of 16 alignment
marks in total obtained as is described above and the
corresponding measurement values of the four encoders.

20 Next, main ceontreoller 20 continues the focus mapping
while moving wafer stage WST in the +Y direction again. Then,
when the detection beam from the multipoint AF system (90a,
90b) moves off from the wafer W surface, as shown in FIG. 386,
main controller 20 ends the focus mapping. After that, based

25 on the result of the foregoing wafer alignment (EGA), the
latest measurement results of the baselines of five alignment
systems ALl and ALZ; to ALZ,, and the like, main controller
20 performs exposure by a step-and-scan method in a liquid

immersion exposure method and sequentially transfers a



As is described above, according to the enbodinment, a 5 partial
section of aerial imge neasuring unit 45 is arranged at wafer table
WB (wafer stage WST) and part of the remaining section is arranged
at neasurenent stage MST, and aerial inmge measuring unit 45
measures an aerial inmmage of a measurenent3lmark forned by projection
optical system PL. Therefore, for 10 exanple, at the time of the

focus callbraldan desaiidat, of QVidlinah It Aflddls  IROSITRARY RO

unit 45 nmeasures the best focus position-of projection optica

system PL, thetafmasdssment eanibarpepspsieenysiig A fesily Y2 :@ormed
wafer table WB (wafer stage WST), at which a partial section of

aerial 15 i nage theaswriaig iy twedmerss wardtdngethe ilota direction

parallel to the optical axis of projection optical systemPL as a
datum of the best ABodasdpesribed. aiperer diagdylindero exXposimigpdiment, a
wafer with illumnation [ight IL, the position of wafer table WDB
(waf er stage PASHLAINSECHLPRRT G p@lalimagetitea Her U u@dlt 20 xiag renged

rojection optical system is adjusted with high precision based,
ot he: oas uRbrRATSF SIS BB Refbhb s s, S RTTIRGT. RhrtHor eneiades
only a parti al i i I e _neasurin .t 45 ., s arranged
ot wafer tabPEA T darar U ec HERe U T S AR et e 2080
WET) is not Lpcleadsed & ikn4si ﬁ@a@ﬂgeghgn\?ﬁ%ffféfrﬁ_ rF 1 ahiclist M ofRB

favorably be secured. Incidentally, the e remalhing section o

aerial i mgeareasgrngd HPidrdfestoas npicikavesi,atbs arl anged-dore, for

measur enment stage MST, but the renmaining section may al so be
arrangedl par eixaltpy eat areadr ernert oFft age NMBEuwandadutsiadd dnhelek3? ibed
measur enent stage MST, respectively. Further, according to the
enbodi nent, Yrgxiiousiliytevhenonetesl Lignayed mgagwirs niontiat £ e Dmetaeru k30 the
reasure best focus position of projection optical system PL, the
measurement can be performed using the position of wafer table
WTB (wafer stage WST), at which a partial section of aerial
15 image measuring unit 45 is arranged, in a direction parallel
to the optical axis of projection optical system Pl as a datum
of the best focus position. Accordingly, when exposing a
wafer with illumination light IL, the position of wafer table
WTB {(wafer stage WST) in a direction parallel to the optical
20 axis of projection optical system PL is adjusted with high
precision based on the measurement result of the best focus
position. Further, since only a partial section of aerial
image measuring unit 45 is arranged at wafer table WTB (wafer
stage WST), wafer table WTB (wafer stage WST) is not increased
25 1n size and the position controllability can favorably be
secured. Incidentally, the whole remaining section of aerial
image measuring unit 45 does not have to be arranged at

measurement stage MST, but the remaining section may also be

arranged partially at measuremeni stage MST and outside the



position information of measurenent stage MST, and four linear 5
encoders 70A to 70D nmeasure position information of wafer table WB
(waf er stage WBT) . Herein, |linear encoders 70A to 70D are
reflective encoders that include a plurality of gratings (i.e. Y
scal es 39Y1 and 39Y2, or X scal es 39Xl ahd?39Xx2) that are placed on
waf er table WIB and each have a grating whose periodic 10 direction

is a directiqpparaldsle to dhe weaxis &5@xis, and a plurality
of heads (Y heads 64 or X hed;'p(;s 66) tos%’\&citéc}h s}gal es 39Y1, 39Y2, 39X1

and 39X2 are pl aceduhr@ticnq. atReefioie to ithd icARRIdieRe@JeRS 2404 tO

70D, the optical path length of the beamirradiated fromeach head

to the faci ngraealferaqgretdmd)s End KX-aichs shardieier aepar dd witda durese
of Y-axis interferoneter 18 and X-axis interferoneter 130, and thus,
the beamis pdisfiftiieyl inforbetidhedt vdabyranent |aictasallsDnsndafidur linear
short-term stability of the nmeasurenent values is superior_ to those
of Y-axi? i ROGOCSSTEYRILCIBORAGARVARIRCT Ht T énérenaEiepef pafer table

ncoor Ll PESPAER, O3S Lo, BLaPLy PeLLe DUpSSLLL o 905l
d' H | d ) . _ . .
s6oor i 00 LA ool B e RhoesEntedl 2L00E PRI ANLS (1o

direction isytfgsYad¥ioy, HdLebioNnoksk Sg ;eer%@wn& ha  oddth. Lo they
or 39Y2, an

X-axis direction of Y scale 39 _ the placénent distance
in the Y-axi endiwaeeld arblRetiveen Rlddalidvwe of gedraads ok Wessiodic

measurenent direction is the X-axis direction is narrower than a
wi dt h i nl® he dYraxitd ondi sectiarcofioX scah E1S8DXD dthe 3Pk isThergionxeaxis,
when noving wafer 133 table WIB (wafer stage WST), the Y-position of
waf er table awiBa(patieplitigef iBRdeall heavsaddr ed Baseadorbdheo which
measurenent val ues_of Y_linear encoder 70A or_70C that irradiates
det ecti on scales 39Y;, 39Y:, 39%; and 39X; are placed facing. Therefore,
in linear encoders 70A to 70D, the optical path length of the
beam irradiated from each head to the facing scale (grating)
15 is much shorter, compared with those of Y-axis interferometer
18 and ¥X-axis interferometer 130, and thus, the beam is
difficult to be affected by air fluctuations, and short-term
stability of the measurement values is superior to those of
Y-axis interferometer 18 and X-axis interferometer 130.
20 Accordingly, it becomes possible to stably perform position
control of wafer table WTB {(wafer stage WST) holding a wafer.
FPurther, according to the embediment, the placement
distance in the ¥-axis direction between a plurality of ¥ heads
64 whose measurement direction is the Y-axis direction is
25 narrower than a width in the X-axis direction of Y scale 39Y,
or 39Y;, and the placement distance in the Y-axis direction
between a plurality of X heads 66 whose measurement direction

is the X-axis direction is narrower than a width in the Y-axis

direction of X scale 39%; or 39X;. Therefore, whenmoving wafer



lights (beans) to Y scale 39Y1 or 39Y2, while sequentially 5
switching a plurality of Y heads 64, and in parallel with this
operation, the X-position of wafer table WIB (wafer stage WST) can
be nmeasured based on the neasurenent val of X linear encoder 70B
or 70D that irradiates detection lights Egiams) to X scale 39X1 or
39X2, while sequentially switching a 10 plurality of X heads 66.

Further, accarging s th@aﬁ@%dﬁé‘twsmert@‘@%é’i@éi%n 5§§Ja%e\é7f%b1e

(wafer stage WST) in the Y-axis rection for cobtaining t

correction i i@ Makifer Ofags AIMIcehthmebstifed 5£d@ondess niddirement
above, main controller 20 obtains correction 15 infornmation

(correction ivdlorambfdhlonegratriquglenal A arsedCtthatchrredi atnas pledfection
each grating line 37 that constitutes X scales 39Xl and 39X2, in the

procedur es desietitiFed(Qerasaloust Y spede 3%%hi be 88¥pecvhhbet fequentially
measur ement val ues obtained fromhead units 62B and 62D based on the

Y-posi tion i emEiTvhadelwed et @ % ddreadersdwanerinpage lhst) Wiy this
the correction information , on grating warp of scC s 39X1 and

5%2. (and t KBRS RE F AT T DA E O R ARG SR Tty b §Eage WST)
controller 2 erfo iLYi.ng. o er

WET) in the -aglx?? &%}% P gg%ﬁoggﬁégngnxhslca %éss‘%g%g%%\%@gé aonfd%{ég‘ ear

units 62B an%n&a@%D-TO%C%Qrdbﬁg{:MaﬁtiirP@&Pé@és ROSE B £ Qﬁﬁ&;g;]g(tb%lam

perform the driving of wafer table WIB (wafer stage W5T) 1™n
X-axis direceid on susilng Iradounibs, 52 and S2duéhal ause vBEah£8g 39X

and 39X2 (encoders 70B and 70D) , wthout being affected by the warp
of each gbat ipigiredndty taf ihdqieedscdes 39X1 and 39X2. 134 Further, by
performng the simlar operation to the above operation also with
respect to the Y-a¥igtierecaroeprdine taltheienpatineiter whabl rowWiBy wafer
(wafer stage t\é\%?e iWnTE;[ h(?nra\w{f-eq:)(is%:age WST) in the Y-axis direction for
obtaining the correction information on grating pitch of the
scales described above, main controller 20 obtains correction
15 information (correction information on grating warp) used to
correct warp of each grating line 37 that constitutes X scales
39X; and 39¥%;, in the procedures described previously. Then,
while correcting the measurement values obtained from head
units 62B and 62D based on the Y-position information of wafer
20 table WIB (wafer stage WST) and the correction information
on grating warp of X scales 39X; and 39X;, (and the correction
information on grating pitch), main controller 20 performs
the driving of wafer table WIB (wafer stage WST) in the X-axis
direction using X scales 39X; and 39X; and head units 62B and
25 62D. Accordingly, it becomes possible to accurately perform
the driving of wafer table WIB (wafer stage WST) in the X-axis
direction using head units 62B and 62D that use X scales 39X,

and 39X; (encoders 70B and 70D), without being affected by the

warp of each grating constituting X scales 39X; and 39X,.



direction can also be perfornmed with good accuracy. 5 Further,
according to the enbodi mrent, while wafer stage WST is noving
linearly in the Y-axis direction, surface position infornmation of
the wafer Wsurface is detected by the nultipoint AF system (90a,
90b) having a plurality of detection po?ﬁ#s that are set at a
predeterm ned distance in 10 the X-axis direction, and also the

al i gnment nmargs-whose b)p%%ﬁf&@ﬁﬁ & 1fh ng‘.ﬁﬁiel'Er f M ONg, . AN08 hals %{bove

wafer Ware detected by a plurality of alignnent systens ALT an

AL21 to AL24gendtigp hel deteicih onesgaas ddathane afiayed-ddt @i | Rehe
along the X-axis direction. In other words, only by wafer stage WST
15 (waf er W diingard yhassierg tdidiegmehe(wa igmldttageofwsipt det ithie Y-axis
points (detection area AF) of the nultipoint AF system (90a, 90B)

and the det edtlizartdrsasat alg dralnasf ofmed iwjriergood ystenmsacatl  and
AL21 to AL24, detection of surface position information on the
substantial ly enti F&rdiracRCePriarertanEde ek dcreet i ohide wrfer meage

al i gnment mar t.0 be detected on waf rhW e.g. the al.ignment rks
in the align héteYardas HSit the ar "af}%rﬁ C t e,

the thr OUthg;lt’oés&%orpgTrjf'ﬁn%vte_L% Comeegwﬁ -eté:hévé%%rcg%sc% V:l\fhser eatt"flactedf by

det ecti on opération gnien S tection operation o

surface 25 pegid i) diFfAnRiAPn (d1Q6ys d0Hf ,orgm)i o)y i3] é;ﬁf&g%f‘a{tlﬁgd}} |9k

(separately) perfornmed. In the enbodinment, as I's obvi dus

expl anati on defcddid papalihels Praeesss NG1OREr at h PBGe tSIMIN Y@ B stS4Rae in
WET and neasurenent stage MST descri bed above, in the mddle of 135
nmovenent 1of wéifee X -stdge MBEdtiam,t kend eddiong hposi tiicomdronatat- kst héhose
exposure position (exposure area |IA) (i.e. during the novenent of

waf er stage WEFBlitdartfe aveadis fineadt iforgm arei mnother on wafer W are

detected by a plurality of alignment systems ALl and AL2; to
Al2y having the detection areas that are arrayed in a line along
the X-axis direction. In other words, only by wafer stage WST
15 (wafer W) linearly passing though the plurality of detection
points (detection area AF) of the multipoint AF system (90a,
90B) and the detection areas of a plurality of alignment
systems ALl and AL2; to AL24, detection of surface position
information on the substantially entire surface of wafer W
20 and detection of all the alignment marks to be detected on
wafer W (e.g. the alignment marks in the alignment shot areas
in the EGA) are finished, and therefore, the throughput can
be improved, comparedwith the case where a detection operation
of alignment marks and a detection operation of surface
25 position information (focus information) are independently
(separately) performed.
In the embodiment, as is obvious from the explanation
of the parallel processing operations using wafer stage WST

and measurement stage MST described above, in the middle of



controller 20 makes a plurality of alignment systenms ALl and 5 AL21
to AL24 sinultaneously detect a plurality of the marks (alignnment
marks in the alignnent shot areas) whose positions in the X-axis
direction are different on wafer W and also makes the nultipoint AF
system (90a, 90B) detect surface positi&ﬁsinfornation of wafer W

t hat passes through the 10 detection areas of the plurality of

al i gnment sy d /e ACEQ fhRE- O A e WV &TRAL + A Y@é&:{%it};?cgﬁt\%%it%ward

the Y-axis direction. Therefore, the throughput can | nproved,
conpared W t hHehe xgaset reh ey i idel ecligyyore=aldon9f @lidnmiing the
mar ks and a detection operation of surface position 15 information
(focus i nf or matvien@ntaref iwadepe nderntd WTerifortmed ¥ -abie denteattliyn)i,Nmain
t he enmbodi nent, the |oading position and the exposure position are

to be differ@ontnellesr X0anékediz attumm,itbotf ehégpositi systéms tAid and
X-axis direction may_be substantially the sanme. In this case, wafer

stage WBTP caftlife RBvRHZ2Gubianfoudly detfad 13 Fiemltife I@agihﬁ?]marks

iti to the, detecti | f th | i t t t \
Port pornt ARER RER RS0 oL ot STk LT Tt g2 sons
uni oadi ng. RS than 1y, ;e L0 335 IS Hike BRI IR 88505 104 1 60
t he enbodi nent, I ['e méasuring the position in the Y-axl's

direction angd ke 8% ahatdiyd ity a nGls+h Wafer ke df\é?'t_:%c(tw%glgirfggfz

stage WST) based on the neasurenent values of a pair of Y hea

and 64yl facigegitdopaiin fofrmétSe F IR¥krand t3A¥2 PasReCtiMugH &he
pair of Y-axis |inear encoders 70A and 70C), wafer table WB (wafer

stage 1360 WSE)Xecdn ome ameaed ofn thiee pYapdld tgi rodfc taildmnofeuntt ksrst eims
this case, since noverment of wafer table WB (wafer stage WST) in
the Y-axi s diecestidamacaw Béer galvieredti 9 fa vetfatre siagee WSHe in the Y-axis

direction. Therefore, the throughput can be improved,
compared with the case where a detection operation of alignment
marks and a detection operation of surface position

15 information (focus information) are independently performed.
Incidentally, in the embodiment, the loading position and the
exposure position are to be different in the X-axis direction,
but the positions in the X-axls direction may be substantially
the same. In this case, wafer stage WST can be moved

20 substantially linearly from the loading position to the
detection areas of the alignment systems (and the multipoint
AF system). Further, the loading position and the unloading
position may be the same position.

Further, according to the embodiment, while measuring

25 the position in the Y-axis direction and the 8z rotation
(yvawing) of wafer table WTB (wafer stage WST) based on the
measurement values of a pair of Y heads 64y, and 64y; facing
a palir of Y scales 39Y; and 39Y; respectively (a pair of Y-axis

linear encoders 70A and 70C), wafer table WTB (wafer stage



relative positions in the X-axis direction of secondary 5 alignnent
systens AL21 to AL24 with respect to primary alignment system ALT
are adjusted according to the array (such as the size) of the shot
areas formed on wafer W the alignnent nparks in a plurality of shot
areas (e.g. alignnent shot areas) vvhoselﬁﬁsiti ons in the Y-axis
direction are the sanme and whose 10 positions in the X-axis direction

are differenyan waheheWiotdd D¢ vRAFULED SHAVLERASAUSI ¥, Y& 11 this
plurality of alignnent systens ALl and AL21 to AL24. Further,

accordi ng to d:we eshedenRbvengBtNo M ot ltelb1 LATRE REESrt H€age WST) in
alignment marks on wafer Wusing alignnent 15 systens ALT and AL21

to AL24, whi ltdnec@arxdld idigedta. qrosian dre ofealafzrd tiablee VR o Wafeate the
stage WST) based on the neasurenent values by the encoder system (Y
| i near encodé&res atdAcam®siddonsX in ridwr Xerwcuderds rAIR immd cf0Becondary
other words, the alignment narks on wafer Wcan be detected using

al i gnment ® sy SteFEIMANT FY SHFRSAPI L1t 5OARDA iR T 0RO | Fage¥HRATY

ition of wafer table WB (uwaf T) with high i Si

Paced on t ho ST e ke VAAIEC GF VR GHOPECIRY W SB8) T4t Boypuch
d 39Y2 i vel 1 7 70 dX heads 66

Faci ng X scarde dOXT Sao 300 Phgboet vyaiy i Pl n Bodars “138hughe

and 70D). Fugihes, iﬁ‘(écﬁiq@rﬁgiE? S PereAbedi NENts .ngi.g)ﬁlggmﬁgﬁtog ot areas)

detection points (the nunber of neasurenent poi the alignnent

mar ks on waf @hobkt basieiensiifikthaneous] y ddeleatieth aby w@ld §BABNMNd whose
systens ALT and AL21 to AL24 differs depending 137 on the position

Wi thin the Xposlidnenst inwaftére Kalalxd sWERB rewafien astagd f\BFent on wafer W
Therefore, for exanple, at the tinme of the foregoing wafer alignnent
or the |ike, S@iteRenbersg el eimuddlageously by a plurality of alignment

systems ALl and ALZ; to ALZ,.
Further, according to the embodiment, main controller
20 detects the alignment marks on wafer W using alignment
15 systems ALl and AL2; to AL2,, while controlling the position
of wafer table WIB (wafer stage WST) based on the measurement
values by the encoder system (Y linear encoders 70A and 70C,
X linear encoders 70B and 70D). In other words, the alignment
marks on wafer W can be detected using alignment systems ALl
20 and ALZ; to ALZ2, while controlling the position of wafer table
WTB (wafer stage WST) with high precision based on the
measurement values of Y heads 64 facing Y scales 39Y; and 39Y,
respectively (Y linear encoders 70A and 70C) and X heads 66
facing X scales 39X; and 39X, respectively (X linear encoders
25 70B and 70D).
Further, according to the embodiment, the number of
detection points (the number of measurement points) of the
alignment marks on wafer W that are simultaneously detected

by alignment systems ALl and AL2; to AL24 differs depending



WIB (wafer stage WST) in a direction intersecting the X-axis, 5 for
exanple, in the Y-axis direction, it becones possible to

si mul t aneousl y detect the alignnent marks whose positions are
different from one another on wafer VVusag t he requi red nunber of
al i gnment systens, in accordance with th gosition of wafer table
WB (wafer stage WST) in the Y-axis direction, in other 10 words, in

accordance widrhthBeppk acesBniidl By AHe) x0f o1 e dW0laraieasny 98 Wil giyaler
Further, according to the enbodi nent, at the stage where the

al i gnment marksigen weaf)er Whkeelierdet eetredxhyplibe aki gABEAEMeSYSt EAB
remain (e.g. at the point in tinme when detection of 15 the alignnent
mar ks ar r angechragaing wetendlalgrgmentrstiot lakeaswhéGmends)y yatar seid e
cases, main controller 20 controls adjusting unit 68 so that

adj usti ng unifTBe8vadpystsaahddpt iead digiespeaicri ésterspebiaetilon X-axis,
optical system PL based on the .detection results of a plurality, of
(e.g. 8) Ali REHRIRs 20 e warerl WHRECTHAPe bESNCHEIRR IRRFB\P k0
al i gnment syst, by then. .Ipn.s cases, for ex le, in the case

an oper ati on > Stret 555 Yt é’cglegﬁcggtmaenai ﬁgﬁgeg‘fi’ %a%ngﬁgf’&erﬁ?@dtlons are

: T GEeHF & _
perTormed  af et e Ay DA CRoIE ST T RS ORT LCAl BF Gpbr T oke By Fed hunbes

proj ection Z%m@ligﬁheﬁyﬁa@ﬁéﬂs, eMeibddrdditcd Faee Qe bbeimBasu MR
mark shifts due to the adjustnment, the image of the neasurenent

mark after theakdki WIBi swarbas witede WBWM ) asn & HONsagieNgeretbeonshid brokr
the image of the neasurenent nmark due to the adjustnent of the
optical PpPopertides ofr proprdanca wpth ddle pyscemeBlt dbegotBB ofhdthe shot
become a neasurenent error factor. Further, since the adjustnent
descri bed abé&¥&aiss o8t #atfed Wased on the detection results of the

al i gnnent mar ks that h%ye been qflected by then,
Further, according to the embodiment, at the stage where

the alignment marks on wafer W to be detected by the alignment
systems remain {e.g. at the point in time when detection of
15 the alignment marks arranged in the second alignment shot areas
AS ends), in some cases, main controller 20 controls adjusting
unit 68 so that adjusting unit 68 adjusts the optical
properties of projection optical system PL based on the
detection results of a plurality of (e.g. 8) alignment marks
20 on wafer W that have been detected by the alignment systems
by then. In such cases, for example, in the case an operation
such as detection of an image of a predetermined measurement
mark (or pattern) by projection optical system PL is performed
after the adjustment of the optical properties of projection
25 optical system PL, even if the image of the measurement mark
shifts due to the adjustment, the image of the measurement
mark after the shift is measured, and as a conseguence, the
shift of the image of the measurement mark due to the adjustment

of the optical properties of projection optical system PL does



before detection of all the alignment nmarks to be detected 5 is
finished, the adjustnent can be perfornmed in parallel with the
detection operation of the remaining alignment marks. That is, in

t he enmbodi nent, a period of tine required_for the adjustnment can be
overl apped with a period of tine from whéA® detection of the
alignment marks in the third alignnent shot 10 areas AS is started

until when deiGetd o, éh@e%dﬁ}éﬁ‘é ét%éé%gfhé&éf‘? fFyrR Al is@lglré%mthe

shot areas AS is finished. Thus, put can be i nproved,

conpared W t hhd e aanveddsetdlbedbbolB Wi Shh i) 3djsest BEMthd Hetection
started after detection of all the nmarks is finished. 15 Further,

accor di ng to tdwilenbodi teats,] iduriend @apksititht haos yéden dan eepedaby Ghen
(e.g. the Pri-BCHK former processing) of neasuring the positional

rel ati on bet vasfrre shdjectiaon ohaosilt itdre ofligmnentyeaofks tratierdetected
(e.g. a pattern of reticle R) by projection optical systemPL and a
det ect i on°cenitef 161 s8§dal T mchiisyraremcAn be Regdlame b napagakbat with
system ALI) i 54 rted until en the operation is conpleted (e.qg.
Uhe Pri- BOHK SO ProtbiSg 1O 197 SHE) E ST H R T b rarks
erforns a d QN [ 1 alLi gnmen rks (e.q.._the

gl i gnnent na?Ithacclt ﬁgfhggt k?léeee |ng5 egﬁ’gﬁng%{‘-l%%o%@écﬁzn%r?guéﬁﬁgt -2 the

five second 'jg' st e ; 0N :
ALl and ALzlaAtdo AL2A.HQIS'%EI Pe ,g‘i%r?g%ﬁﬁ?&ﬁiﬁ“ b‘%ip ef}‘J HOUBECLLRY LK when

operation of ddiedwrdes ¥y thbes Bl 4R tma SYS ieNs heaph bed per { i@k ighot

parallel wth the neasurement operation of the positional relation.

Accor di ngly, aateatshmss i3Ostpptad umt il Reenlat ddia dreas whenebi gapenaiadiks

of the positional relation is conpleted, at |least part of the

det ecti on opemathenfobyth el igringnteshosystreas A is pioiahedy dfhus, the

al i gnnment marks , , ,
throughput can be improved, compared with the conventional
art in which the adjustment is started after detection of all
the marks is finished.

15 Further, according to the embodiment, during a period
from when an operation (e.g. the Pri-~BCHK former processing)
of measuring the positional relation between a projection
position of an image of a pattern (e.g. a pattern of reticle
R) by projection optical system PL and a detection center of

20 alignment system ALl (baseline of alignment system ALl) is
started until when the operation is completed (e.g. the
Pri-BCHK latter processing is finished), main controller 20
performs a detection operation of the alignment marks (e.g.
the alignment marks in the three first alignment shot areas

25 and the five second alignment shot areas) on wafer W by
alignment systems ALl and AL2; to AL24. That is, at least part
of the detection operation of the marks by the alignment

systems can be performed in parallel with the measurement

operation of the positional relation. Accordingly, at the



to be detected on wafer Wcan be finished. Thus, the throughput 5 can
be inproved, conpared with the case where the detection operation of
a plurality of alignnent marks by alignnment systens is perforned
before or after the neasurenent operation__of the positional

relation. Further, according to the enboa?%ent, during a period 10
fromwhen starting a detection operation by alignment systens ALl

and AL21 to Aed4t0f na iditakhtvhOheaki.gRMRAL %rgikétwn be tﬁ@b%%tigcqogfal

wafer W(e.g. the wafer alignment operation cri bed above,

det ecti on opefatitdoroi s torpllieg@git 1eakkspd #t botile §eveEal by operation
arranged in the first alignnment shot 15 areas AS to the fourth

al i gnnent shdaty dheas JAgnmentti |s veafearse ofc emplletvaid tvhe fopariaminemnt mairks
controller 20 perfornms a nmeasurenment operation of the positional

rel ati on bet wedpe detgcsedcan satpodl canpeofinhshedge Wiusa phae ttémoughput
reticle R by projection optical systemPL and a detection center of
20 al i gnment s PEM APTOVFdsefPHB2EE Il BANERE @538 dfiealel therhigtegtdon

t he nmeasur enment. _operati %ﬁof t he siti

I, | at,i be _ .
performed i nSparalré™ W &q‘rutra(}ﬁ yhgfggatqﬂéq%@r%éo%%’rj‘%n@ﬁ’ %&F%nt

mar ks by the gl §%§_=t . i.ng ki ' .
the detecti or?yosgg?{agf?%ﬁ y a |éin}rg;%?]&g%fs@t%%Eeg§hﬁn@e%ndp%ﬂﬁgtoggigiion
of a plurality ehaaldognmmrhaanks Qe detected on wafer Wis
perfornmed, the measurenent operation of the positional relation can

be finished. Thus, Fulthethr augbpyt ngado behé ngHeyenecONRANEIHML Bethed
case where the neasurenent operation of the positional relation is
per f or mrelll 14@rohefioer Hraafirer at det det Dot ioge repercat bgre biygrale rgnegst ems

systenms of a plurality of alignment nmarks to be detected on wafer W
Further, accéidi Agdt BLEhe-@idedi AEng, PHUr# gty peraloignment marks to be

detected on wafer W (e.g. the wafer alignment operation
described above, i.e. a detection operation of 16 alignment
marks in total severally arranged in the first alignment shot

15 areas AS to the fourth alignment shot areas AS) until before
completing the operation, main controller 20 performs a
measurement operation of the positional relation between a
projection position of an image of a pattern of reticle R by
projection optical system PL and a detection center of

20 alignment system ALl (baseline of alignment systemALl). That
is, the measurement operation of the positional relation can
be performed in parallel with part of the detection operation
of the marks by the alignment systems. Accordingly, during
a period when the detection operation by alignment systems

25 ALl and ALZ; to AL2, of a plurality of alignment marks to be
detected on wafer W is performed, the measurement operation
of the positional relation can be finished. Thus, the
throughput can be improved, compared with the case where the

measurement operation of the positional relation is performed



fromwhen a detection operation of a plurality of marks to 5 be
detected on wafer W(e.g. the wafer alignnent operation described
above, i.e. a detection operation of 16 alignnment marks) is started
until before the detection operation is _conpleted, main controller
20 performs a state switching operationif®tween a contact state of
waf er table WIB and 10 neasurenment table MIB (or a proximty state of

making both WA ,es cogprcl0seL Jagether, o&%%g?ﬁ%?ﬁ%?E%fgqéﬁéﬁgnﬁyétems

| ess) and a separation state of separatin

wor ds, accor @img poutheieybedi nmdot IdBk] @3 areqeentrokl &8 waser w.
that the detection operation by the alignnent systens of 15 a

plurality of marksFuetherjetecbeding waf €he Whisogimehed duridden period
contact state (or proximty state) , and the switching from the
contact stat €xoar Wireoxiandgtesttdtcs) drerdaid sepdr & ipdmrstidtty dfsmarks to
performed before the detection operation of all the plurality of

marks i s eonpleetd@deA@brdi nfer duriend -a ther ived <20 adtiemmed operation
detection operatiaon o lurality of marks to be detected on _wafer
Wis perfor Sctrtjré’eé:{ Q%QQ@WI t-cRi'ng FpEPatich ORSFAHECR % sifedlipraent

the thr Othp&‘lnta1r9<asB l%.e !s%rrocve%p ’un;%%n%gegeo%gfwé nt e ae?qa%for{%gegfétg@ OlrF

state switching operation 1S per

operation of cnga Rl Arldith ordtBldss 0 N flaleahad L UAlLls M ching

Further, according to the enbodi nent, main - cont

neasur enent @pRIAHIH PethRPaseldfadf stldIMeRla S teR ALyt dde
separation state, and ends the neasurenent operation in the contact

state (OLOprexiamunerbél tefbdtee MTRUT (ders, paexdnditly ste tiche rermzedinge Bloth
main controller 20 controls stage drive system 124 (Z-1eveling
mechani sm( nottables come closer together, for example, at 300um or less)
and a separation state of separating both tables. In other
words, according to the embodiment, both tables are controlled
so that the detection operation by the alignment systems of
15 a plurality of marks to be detected on wafer W is started in
the contact state (or proximity state), and the switching from
the contact state (or proximity state) to the separation state
is performed before the detection operation of all the
plurality of marks is completed. Accordingly, during a period
20 when the detection operation of a plurality of marks to be
detected onwafer Wis performed, the state switching operation
can be finished. Thus, the throughput can be improved,
compared with the case where the state switching operation
is performed before or after the detection operation of a
25 plurality of marks to be detected on wafer W.
Further, according to the embodiment, main controller
20 starts the measurement operation of the baseline of

alignment system ALl in the separation state, and ends the

measurement operation in the contact state (or proximity



shown) ) and alignnent system AL1 and AL21 to AL24 so that while 5
changing a relative positional relation in the Z-axis direction (a
focus direction) between the pIuraIity of al i gnnent systens and

waf er Wby the Z-1eveling nechani sm @Ilgnnent mar ks whose
positions are different from one anothe n wafer Ware

simul taneously detected by a plurality 10 of correspondi ng alignment
systems. In ofthetemords, while changing the relative positiona
relation in the focus direction between the plurality of alignnent
systens and wafer rYrSihad,t areeusliygarenghé haupbdimént y @fimldgmiltler
systens, the marks whose positions are different fromone another on
15 waf er W ard siomilriodisestisty dieiectsgctieyn a2pl (Zaletylig mechanism(not
correspondi ng alignnment systens. Thus, each alignnent system can
performthe rdr®Tdet aafl dhignmeniesamiies ALh antkAgstto Rhdorsabtiat while
focused state, and b referentially usi the detection result, or
the Iike, “t h&hHIdS s:%elﬁd‘s%‘f% &f?ﬂél@l&% oﬁerlfaetrﬂém ¥ dririe attot her

f W be .det th ff
by Unevenneed BT e harbr o“%ssﬁ% A e i R et
h |y fq t
mbodi mont | aripaeay ST AT T BR APy %%%“ﬂmdﬁe S

25 substanti 35'1'1@’ Al i de méad %%é'ee(ﬁdsqrtld?@"f‘a\ieé ditfe 1Rt rﬂ@nﬂ Bne

whi ch while changing the relative positional relation in the focus

direction betaeahex phuvatét W ake &l h@nn@enéosysy e aiibaabed pMirality
simul taneously anong the plurality of alignnent systens, the marks
whose positi arfs carmrestondiind eriergnrfarom gres eareot hé&n onheaf eordbar ehile
simul taneously neasured by a plurality of corresponding alignnent
systems is ahsqamiedia aqlntcitiemgiddanait sodfatdldrgrimemhe ysrarms

direction between the plurality of alignment systems and wafer
W simultaneously among the plurality of alignment systems,
the marks whose positions are different from one another on

15 wafer W are simultaneocusly detected by a plurality of
corresponding alignment systems. Thus, eachalignment system
can perform the mark detection, for example, in the most
favorable focused state, and by preferentially using the
detection result or the like, the marks whose positions are

20 different from one another on wafer W can be detected with
good accuracy without being affected by unevenness of the wafer
W surface and the best focus differences among the plurality
of alignments systems. Incidentally, in the embodiment,
alignment systems ALl and AL2; to AL2, are to be placed

25 substantially along the X-axis direction. However, the
method in which while changing the relative positional
relation in the focus direction between a plurality of
alignment systems and wafer W simultaneously among the

plurality of alignment systems, the marks whose positions are



different fromthe placenent described above. The point is 5 that
marks fornmed at positions different fromone another on wafer Wonly
have to be detected al nost sinmultaneously with a plurality of

al i gnnment systenms. Further, according to % e enbodi nent, the encoder
system which includes encoders 70A to 7 whose neasurenent val ues
10 have good short-termstability, and the |like, neasures position

information ofiswaf@mnd atddn W WAdinkA e X4 fARE oM i B eneously

preci sion without being affected by air fluctuations or the Iike,

and al so t he msighace] posid ipdn rEASWY 9T EySteaiBondit e k1l REIMEIRS Lstems
sensors 72a to 72d, 741,1 to 742,6, 761,1 to 15 762,6, and the |iKke,
measur es posiits el smfereattiore din wefter MaklemaAtS iof taie ghuerits systems
direction orthogonal to the XY plane w th high precision w thout

bei ng af f ect € Thergnt fingst Gas sAscesenthdeprkébefnabave. cddee miimde is
bot h of the encoderri%sten1 and the surface position neasuring system

directly a§ﬁ?§:§6 eLOpPEH bt N Susidt raiite TWPB, 0RE it iy on
W can be' per PERREaT BOAYNGRT 2680 RE 10 The THLTU HaHL I LY with
f ocus nappi%gﬁwﬁygji Scﬁigmg_ ot MRiSL santroller 20 25

si mul t aneously "acti vat ace position neasuring system and

the nmultipoint AF sys@@( %3co @My tBNhSBANBHE Sent Ne HIELEELHOP systen,
results of the multipoint AF system (90a, 90b) into data, using the

measur enent reduht $nefludes sucbaees POBI toOTODBATIHG MBS SILMBAS values
datuns. Accordingly, by 143 obtaining the converted data in advance,

it beconks pdsyieblgmod ehwertf-dremns wtfaddd ipgsi tarah thentlride ,ofmamefiare sW
by only neasuring position information of wafer table WIB in the
Z-axi s position information of wafer table WTB within the XY plane
with high precision without being affected by air fluctuations
or the like, and also the surface position measuring system,
which inciudes Z sensors 72a to 72d, 74i,1 to 74,5, 761,1 to
15 162,56, and the like, measures position information of wafer
table WTB in the Z-axis direction orthogonal to the XY plane
with high precision without being affected by air fluctuations
or the like. 1In this case, since both of the encoder system
and the surface position measuring system directly measure
20 the upper surface of wafer table WTB, simple and direct
position control of wafer table WTB, and therefore, of wafer
W can be performed.
Further, according to the embodiment, on the focus
mapping described previously, main controller 20
25 simultaneously activates the surface position measuring
system and the multipoint AF system (80a, 90b}, and converts
the detection results of the multipoint AF system (90a, 90b)

into data, using the measurement results of the surface

position measuring system as datums. Accordingly, by



direction and position information of wafer table WIBin a 5 tilt
direction with respect to the XY plane by the surface position
nmeasuri ng system afterward, w thout obtaining surface position
information of wafer W Accordingly, in hhg enbodi ment, al though the
wor ki ng di stance between tip lens 191 a 4" the wafer Wsurface is
short, focus-leveling control 10 of wafer Won exposure can be

executed Wi t br3QOGh 3GE ¥haC¥onvitkt BQUa P4 OBl §M%ank, t e Il fiefss 183 o
is obvious fromthe explanation of the parallel processing opération

usi ng waf er sicage Mbkm and fmas Woritors tage: MIT desarided \hly N

t he process in 15 which wafer Wnoves fromthe position (loading
position LP) magserengpesiWos iodorimed itom el fvarf est taajel \BTBtim the Z-axis
position where predeterm ned processing to wafer W for exanple,
exposur e ( patterafFHamaich Mo sid imay figriesia tiwim odomarfslt érblZQWTB in a
perforns ghe siul f.aneous operation of the surface position 20

measuri ng® systidh &hid Gde FUMLTHoiGRSPRe ts <&t &S 0 Pleds) bandhe pairface
data converting. .pr.ocessing (.focus [ described. ahove. Further
in the errbodipr%%n%,lqnn Hﬁ?esq‘lﬁ(rlél@essé’ %@%@#&ﬁwﬁr%m@gﬂ%ﬁ cf’gjé:radﬁjﬁ’rg by
al i gnment sysf g, g . : 24 ur gl.i rks

be detected (e. gFé%%8§3g%§#2%r$%ﬁnenfﬂbég}g%?g%Q%esggF%éggggggé)Ifg%e

started unti lentRRA rdie dehiesidRm toRENRALIKAM P& tRInWA Y h 1BIKS ens
is completed, main controller 720 starts thé simnultaneous operation

of the surfad®lpasatttios wakeas W isngfayst em siert hef gBild- IRoidt i rAF control

system (90a, 90b) and 144 also starts the data converting

processihgy. BIr tiader dccor dixpystuae lverne beodizpenttedawiith descr ishetiracy,

above, since the surface position of wafer table WIB, and t hus,
without problems.

In the embodiment, as is obvious from the explanation
of the parallel processing operation using wafer stage WST
and measurement stage MST described above, in the process in

15 which wafer W moves from the position (loading position LP)
where wafer W is carried to wafer stage WST to the position
where predetermined processing to wafer W, for example,
exposure (pattern formation) is performed, main controlier
20 performs the simultaneous operation of the surface position

20 measuring system and the multipoint AF system (90a, 90b) and
the data converting processing (focus mapping) described
above.

Further, in the embodiment, in the process from when a
detection operation by alignment systems ALl and AL2; to AL2,

25 ofaplurality of marks tobe detected (e.g. the wafer alignment
operation described above) i1s started until when the detection
operation of a plurality of marks is completed, main controller

20 starts the simultaneous operation of the surface position

measuring system and the multipoint AF system (90a, 90b) and



the surface position of wafer Wcan be controlled with high 5
precision, it becones possible to performhighly accurate exposure
hardly having exposure defect caused by surface position control
error, which nmakes it possible to formaT4 i mge of a pattern on
waf er Ww thout inmage blur. Further, according to the enbodi nent, for
exanple, prior 10 to exposure, main controller 20 neasures surface

position infarsmistentef wwaf efztW Wine dhiedehestdsyn il ues
(measurenent val ues) of the nultipoint AF system (90a, 90b) , with
surface position Fnfraheati encatdénd porthensneddiwadretr, tablies WEBc@ibed
one side and the other side in the X-axis direction, as a datum 15

Al so on expogdpoF e, ndince diter vt Bace Posdtfiomnst pedier orbl adjlis t amatt hofs,
wafer Win a direction parallel to optical axis_ AX of projection
optical syst&mePEugAdcs PrEttdrreefi vafart® cardiedontyaldedvdte high
orthogona% to _optical axis, AX, with surfac% ositjon information at

[

end portidns PG WEFEF 1t atsi @%%pﬁsdﬁ&esi e Paid AHe Ngahdy Sicryenate
the X-axi Si ﬁ}e&%%ts'u%%’n hg%%\%&c g%%gs %%{ioars%r%g ld)é’f.e%ltt r(]:%lﬁ%%ds %r f as%eﬁ\:f ace

position or mat sured prior to exposure,

surface posifyisQR i6eNIRl Of @%&%&,m@%ﬁ%hbﬁam%%fQE”%@S@%%ﬁghkghform an
t he enpodl ne

preci sion on actual exposure. 25 Incidentally, in i ment

above, the casggkasbeepatexemplonf wedaher & :ahpait! iafzg¥ $oales 39Y1
and 39Y2 used for Y-axis direction position nmeasurenent and a pair

of X scales 39X1 @&ndtBe8X? arssd-diorg Keatessedbo@tment, fosi ¢xample, prior
nmeasurenent are arranged on wafer table WIB, and corresponding to

t hese 1450 s&gl egposugsi r leflnheadtieillsr62R med sE2€sasanflaaece ¢osi tdwa
side and the other side in the X-axis direction with projection
optical syst émPETRLIRE: Yk adf sl ubhbone Rl defres lop ekt s dpeasurenent

values) of the multipoint AF system (90a, 90b), with surface
position inforxmation at end portions of wafer table WTB on
one side and the other side in the X-axis direction, as a datum.

15 Also on exposure, main controller 20 performs position
adjustment of wafer W in a direction parallel to optical axis
AX of projection optical system PL and a tilt direction with
respect to the plane orthogonal to optical axis AX, with
surface position information at end portions of wafer table

20 WTB on one side and the other side in the X-axis direction,
as a datum. Accordingly, although surface position
information of wafer W is measured prior to exposure, surface
position control of wafer W can be performed with high
precision on actual exposure.

25 Incidentally, in the embodiment above, the case has been
exemplified where a pair of Y scales 39Y; and 39Y, used for
Y-axis direction position measurement and a pair of X scales
39%; and 39X; used for X-axis direction position measurement

are arranged on wafer table WTB, and corresponding to these



are placed on one side and the other side in the Y-axis 5 direction
with projection optical systemPL in between. However, the present
invention is not limted to this, and only one scale of at |east
either pair of Y scales 39Y1 and 39Y2foE4g(- axis direction position
measurenent or X scales 39X1 and 39X2 for X-axis direction position
measurenent may be 10 arranged by itself, not in pairs on wafer table
WIB, or only sciesshead piiid off miad easittLiddreraef @maide ¢f1head on one
units 62A and 62C or two head units 62B and 62D nay be arranged.
Further, theidla ecditdre ochhehischida he tSeakesxas @ iaracdrnigedwand drivg ection
direction in which head units are arranged are not limted 15 to

ort hogonal did¥dctGadnsysiem 85 inerstwsen, dindkdticoheaddunhes &2Rudrsi 62D
direction as in ;geﬁ enbodi mrent above, but only have to be directions

that interse@eRFRha” Feidst A1, the Aenadds o dhapowsis

t he case phas ,.heen .descr.i.hed where whil e wafer replac nt i.s being

20 perf or?red B Shar s s‘”flé-‘g]e RSP =T OnSeoc,p-tétﬁQﬁ (qyr#eﬁn{/% jng betweerr.

per formed usi ar_,46 rqr%n_t- t age T.- ver,,

present i nverﬁft%?]gﬁ;ailg r%lt% Iﬂﬂrﬁ teg ;iél thi sl,O%ag" élt%ﬁl é&gﬁ%gﬁe Oofttl‘irles’ and

irregular illgnTynamee seRasuCemaRt 16a8d bhkHRLNBACE oFEASYLLBOtIgy, and
aerial inmge neasurenent, wavefront aberration 25 neasurenent and the

like is perfa@aredasivrgxtBedimasti@iebk it iBrhes£c 0f erfias bi-etrenh 18 hagex
MST, and the neasurenent result nay also be reflected in exposure of
a waf er that ansl pé@hofpedX-aktier dimattiSpepbbiitabhymebenrexanpl may be
adj ustment of projection optical system PL can be perforned by

adj ust i nj0 146 rrg@ideeRvybasedlén ok FHeasurament wassul tabladitenta oply
in the enbodi nen{ above, the case has been described where wafer
tabl e WIB isOﬁﬁvéaagtualFoaf§ﬂéé§55t either of a pair of head units 62A

and 62C or two head units 62B and 62D may be arranged. Further,
the direction in which the scales are arranged and the
direction in which head units are arranged are not limited

15 to orthogonal directions such as the X-axis direction and the
Y-axis direction as in the emboediment above, but only have
to be directions that intersect each other.

Incidentally, in the description above, the case has

been described where while wafer replacement is being

20 performed on wafer stage WST, the Sec-BCHK (interwval) is
performed using CD bar 46 of measurement stage MST. However,
the present invention is not limited to this, and at least
one of irregular illuminance measurement (and illuminance
measurement), aerial image measurement, wavefront aberration

25 measurement and the like is performed using the measurement
members of measurement stage MST, and the measurement result
may also be reflected in exposure of a wafer that is performed
after that. Specifically, for example, adjustment of

projection optical system PL can be performed by adjusting



(extrenely | ow speed) at a level in which short-term5 fluctuation of

t he measurement values of the interferometers can be ignored when
performng the calibration to obtain the correction information on
grating pitch of scales. However, the p gsent i nvention is not
limted to this, and wafer table WDB can also be noved at a speed
which is not an extrenmely 10 | ow speed. In this case, for exanple, in
the case corneciti @8 bYadad mat ithe aeghatdnhtpidedulaf. Y scal es 39Y1

and 39Y2, or the Ilike is obtained, correction information (e.g.
correction map) oflngristerig lgivt,chn dfhet émbddswahtshraye behe case has been
i ndependently obtained, by setting the wafer table at the positions
that 15 are @sFaridmd ivhatre walisd ssahiedtifns amvathidte ardvawhEndssl
wafer table in the Y-axis directjon as in the enbaqdi nent above at
each of the XSFIHFOns, Y MRGStHedtsId 155 g tHE Chedikterhasn

val ues of -encader.s. 70A and 70C and the asurenent . val ue of _Y-axi

i nterf er ofret ﬁ%u&tﬁoﬁb o%hglqmee%%e,m ﬂa&élefooapttﬁ%é'nﬁerﬁﬁetré’rq@%ﬁ s
equations usidg, bRe: SABRLLNG YA MESe d il RAC 0900001 BhNE kAP the
tw ce-operations of Sinultaneou oa |n&{ and solving the

si nul t aneous RAYAIANH 1h¥LERAE 1 ohNoh hfraed’iqﬁf'p%% 8B0Y&a1 85, ShRWR- Y,
FIG 10A, an encoder by a diffraction interterence nethod in which
the 25 |ighttHa prretbat! i ghén 500 cies in®tbl ancbed thy thhie ,0phHca fer table
el ement such as the beamsplitter and two reflection mrrors to
reflect theWlFghktarafalero tdee norvast ltarce spepeidopend dbs itso nioe wse@d=xdremely
encoders_70A to 70F. However, the types of encoders are not Ilimted
to this,1@nd 1@v eresder by Widi £esget fon 9xamEror dickhesmserechrggction

using three gratings, or an encoder equi pped wth Iight refl ection
bl ock that i gl ' PR, 9¥BF LR &1 E ORok et 2 (Fapafesti UiéXani tredhe
Pat ent ApplIi%%énlgmggeéfﬁﬁﬁnkg¥%ection information (e.g. correction

map) of grating pitch of the Y scales may be independently
obtained, by setting the wafer table at the positions that
15 are different in the X-axis direction, and while moving the
wafer table in the Y-axis direction as in the embodiment above
at each of the ¥X-positions, simultaneously loading the
measurement values of encoders 70A and 70C and the measurement
value of Y-axis interferometer 16 during the movement, setting
20 up the simultaneous equations using the sampling values that
have been obtained in the twice-operations of simultaneous
loading, and solving the simultaneous equations.
Further, in the embodiment above, as shown in FIG. 104,
an encoder by a diffraction interference method in which the
25 light from the light source is branched by the optical element
such as the beam splitter and two reflectionmirrors to reflect
the light after the branch are equipped is to be used as
encoders 70A to 70F. However, the types of encoders are not

limited to this, and an encoder by a diffraction interference



2005- 114406 and the Ii ke may al so be used. Further, in the 5

enbodi nent above, head units 62A to 62D are to have a plurality of
heads placed at a predeterm ned di stance. However, the present
invention is not limted this, and a sin I4 head may al so be

enpl oyed, which is equipped with a |light Source that emts a |ight
beamto an area elongated in the pitch direction 10 of the Y scale or
X scal e, andnmadHdplieihtgiirdegehtings, ebeapnéscéiat afg ppaIselivh 1ight
arrayed in the pitch direction of the Y scale or the X scale and
recei ve a refdegthtegt ddrgliloqiditHataciedisqghigdedfin hefdn ginanydam fHodmi
the Y scale or_X scale (diffraction grating). 15 Further, in the
enbodi nent abldl@anfEfadinsEnined jHat ettt Al gt tiun igradtiangs Neay
be prevented cqouering the reflective diffraction grati ngrps]%vw th a
prot ection n@%esr‘ll(’qs apdl ShenihkeiPay dYSARe 488%I at ByrEmRE, cgh the
transmt fhe etectiaon_lights from head its A to_62D. Further, .
inthe Zoéenﬁegg)lorf@n en%b%%@,get eq'cgf’lflégﬁi 5Pf§$§8ﬁeoiho 3E AGL HAG Y
to be arran a%:r?f ; ta 1)

subst anti al | %%gél%#%ﬁ)lt 0 tLe gictger%t%{ﬁ{%dz C?lg%a\ﬁgzﬁ yeliowever, the
di ffracti on graldeids iABENRe odl LaNged Oinihes lrower, sHbf 881081 WalLS may
stage WST, for exanple. In this case, head units 62A 25 to 62D are,

for exanple, salsaced emplbgebiasehptiates teopuipipedl wike howeghisWdaes: ehat
waf er stage WST faces. Moreover, in the enbodi nent above, wafer

st age WBT i s erd tseanggtk Wieehi hotdre arker ¢ rongat eplianehebpd t clmy ialesd 1 on
be nmoved within a plane that intersects the horizontal plane (such

as a zX pPan®f theut werrlerg4g ¥ paie cage matlitdind s tldgdhtRIpdesiving

t wo-di nensional |y noved, an encoder system having a configuratiaon
simlar to th e“é&&\?efcg‘é‘gcF"irﬁeﬂe@ﬁ%éie?r%?/}é?%n%% QRS B Hraeatgar of
to measure the Y scale or the X scale and receive a reflected light
(diffracted light) of the light beam from the Y scale or X
scale (diffraction grating).

15 Further, in the embodiment above, damage or the like of
the diffraction gratings may be prevented by covering the
reflective diffraction gratings with a protection member
(such as a thin £ilm, or a glass plate) that can transmit the
detection lights from head units 622 to 62D. Further, in the

20 embodiment above, the reflective diffraction gratings are to
be arranged on the upper surface of wafer stage WST
substantially parallel to the XY plane, but the reflective
diffraction gratings may be arranged on the lower surface of
wafer stage WST, for example. In this case, head units 623

25 to 62D are, for example, placed on the base plate to which
the lower surface of wafer stage WST faces. Moreover, in the
embodiment above, wafer stage WST is to be moved within the

horizontal plane, but may also be moved within a plane that

intersects the horizontal plane (such as a ZX plane). Further,



position information of reticle stage RST. 5 Incidentally, in the
enbodi nent above, interferoneter system 118 is to be capabl e of
nmeasuring position information of wafer stage WST in directions of
five degrees of freedom (the X-axis, Y-ajks, 9x, By and 8z
directions), but may be capable of neasuring al so position
information in the Z-axis 10 direction. In this case, at |least at the
time of exposiur &éheopesat tenjcpesstdgn REMiEOtwotdvaérs i shaney Wdvemy an
al so be perfornmed using the nmeasurenent val ues of the encoder system
descri bed absveaint tdws taraswreimnta wabneisyuwfati intrersiericeet ero tdyst em
118 (including at |east position information in the 15 Z-axis
direction). |£ﬁ%ﬁﬂ%ﬁ%ﬁl&%9§@@ﬁﬁ{1&&r%@wﬁwlq@l@mamnqﬁcbtmamre
in the Z-axis direction of wafer SC%{% WST, by arraqnﬁgi ng a

[

ge . .
reflection sHIHTECWHBIPTEGIRT iHed HHECLP piétt dimined angle (e. g.
45 degrees) with r t.he .XY_plan n the side surface of
vvafergsjta?éé WBT, af%‘% einlgt(l’%a}:d'lyét !lﬁgtgen%rgg%&e%% eoa‘fﬁ’viléltteﬁ%erometer
reflection suface 19g g n&f h@cééﬁ%fé'rgﬁﬁgﬁgﬁEﬁﬂggoQ gdﬁ)r' AR on
on the barrel ™ platformor the nmeasurenent frane cri bed above, as

is disclosedfi maffed s@xagplier Kakakir£dBpanessr Unexamapck £ateNtrreedom
Application Publication) No. 2000-323404 (the correspondi ng 25 U. S.

Pat ent No. 7,(XIf 40H)xiKohyraxipybldshed, kapameseli dadismt)i,omuef may be
I nternational Publication for Patent Application) No. 2001-513267

(t he correspoadiaig sUcS. mPasening Nol s@ 268,407 indpdmahéohi ke.the Z-axis
Interferoneter system 118 can  al so neasure position information in
the 6x difecig®didror Inothigecppedi pécileart ph &bei five P§ ekwposure
Z-axis direction, using a .plurality of neasurenent beans. In this

case, the mERETPEHSY KL %?é’e&ot%t]%?éa &GS SEWS KT MR 6t Sion e

the performed using the measurement values of the encoder system

described above and the measurement values of interferometer
system 118 (including at least position information in the

15 Z-axis direction). Interferometer system 118 measures
position information in the Z-axis direction of wafer stage
WST, by arranging a reflection surface, which is inclined at
a predetermined angle (e.g. 45 degrees) with respect to the
XY plane, on the side surface of wafer stage WST, and

20 i1rradiating a measurement beam via the reflection surface to
a reflection surface arranged on, for example, on the barrel
platform or the measurement frame described above, as is
disclosed in, for example, Kokal {Japanese Unexamined Patent
Application Publication) No. 2000-323404 (the corresponding

25 U.S. Patent No. 7,116,401), Kohyo (published Japanese
translation of International Publication for Patent
Application} No. 2001-513267 (the corresponding U.S. Patent
No. 6,208,407), and the like. Interferometer system 118 can

also measure position information in the 6x direction and/or



6x direction and/or the By direction that are irradiated to 5 the
novable mrror of wafer stage WST do not have to be used.
Incidentally, in the enbodi nent above, a plurality of Z sensors
74i,) and 76p,q are to be arranged at he§g units 62C and 62A.
However, the present invention is not Iini?ed to this, and a surface
position sensor simlar to the Z sensor may be 10 arranged on, for

exanmpl e, the tteasyr anesttivapein Rddieion o dhst BRgRi beiveert 1€, using
encoder head or the Z sensor and the upper surface of the wafer

stage i s preferbinglddgualof onemsumswetthdreans di Ihanté sbetween thiep
optical elenment 191 of projection optical system PL and the upper
surface of tMea@Irameitageanssisen toxappbare ghgition Aadorhnetion in the
di stance. Thys, t.he neasurenent accuracy can be inproved. In this

case, a sinpl%¥ AiL&rEden andépretbevly PtEBFELPY %ng%@sfee itryadiated to

difficultct the . AF .-l nci_dent i n.the enbodi nent

Sboye:"t vt o0 ARSEpRcns o800 lard SHABAL oo Lt REEPR T e
f f the ti Jqcal I t i i i cal P

S tobe subst antioRAcEHalSy R £k BRORAERLOP OROYET o WRLERITY or

limted to th sensand far exapie,  the vk é%gagéd%t noZLh & id oc

32 may al so be placed closer to g[,%e i mage plane of projection

optical 25 sysiceerdi. @ouavdhethafmidsdianntbatovhdal gt Junfiacee) 86 this,
the tip optical elenment. That is, the configuration of local Iliquid

i mer si on uni@ndgai sunbecki pesedion sdmsa@baieridescricbetde Z sensor may be
configuration, and the configurations can be used, which are
descri bellli n 2HENdeea APl efCERE IR . AR MeasisamPolbl frargon BIBEhap. a

1 420 298, the panphlet of |nternatiagnal Publication No.
2004/ 055803, dtlf?%aﬁ]ﬁ‘?pﬂ??t’e%? Yh& BRRSEPEMHAPEEI F ek $rnaer and the upper

2004/ 057590, stur}efa%%ngglte.tge %tafler}t EEQSé'ios”%'re?‘é?:'a ‘i%téc‘f@af'%o or less than

a distance between tip optical element 191 of projection
optical system PL and the upper surface of the wafer stage,
15 for example, shorter than the distance. Thus, the measurement
accuracy can be improved. In this case, a simple Z sensor is
effective, precisely because it is difficult to arrange the
AF sensor.
Incidentally, in the embodiment above, the lower surface
20 of nozzle unit 32 and the lower end surface of the tip optical
element of projection optical system PL are to be substantially
flush. However, the present invention isnot limited to this,
and for example, the lower surface of nozzle unit 32 may also
be placed closer to the image plane of projection optical
25 system (i.e. to the wafer) than the outgoing surface of the
tip optical element. That is, the configuration of local
liquid immersion unit 8 is not limited to the above-described
configuration, and the configurations can be used, which are

described in, for example, EP Patent Application Publication



2005/ 029559 (the corresponding U S. Patent Application 5 Publication
No. 2006/ 0231206), the panphlet of International Publication No.

2004/ 086468 (the corresponding U S. Patent Application Publication
No. 2005/0280791), Kokai (Japanese Unexagjned Patent Application
Publ i cati on) No. 2004-289126 (the corresponding U. S. Patent No.

6, 952, 253), and the like. 10 Further, as disclosed in the panphlet of

| nt er nat i onalNo.Pabkpoaz$®n tiiee p20R41@194281AtbengoidseSPaNG NG44 in No.
Pat ent Application Publication No. 2005/0248856), the optical path

on the obj ectZ0fl4%i¥e $lde dfhe el edptdfc din telersmnitonsdly Palkdd catdon No.
filled with liquid, in addition to the optical path on the 15 inage

pl ane side of2G4He 4579 %t itde ramprdmt. Hurlrf@mmstdonal tiod ifdatrhonh e .

i | hili di | uti ent i f ti also b
Formea o e AR e e e U o o S e R Bt
ith i id t.h ti h i ti e nt . ,
TG00 e o e saedast lokne i OpLcal sl ot oo
needs no di ssRMULIQR IRYEYENT 'M4/f08|@68m%rh%a]§dﬁe%§%n ?@ ®f 3. patent

fluorite, at least a dissolution preventing filmis preferably

formed. | nci dephaldaytidr fiftg iehadinment, 200\ve.02807® 118t @b kaiWal@bhnkSe

to be used as [iquid, however, the present invention 25 is not
limted to thinexamimeid atehtcomrdd caAd drheudblquwadidn)quicd that-i289126
chem cally stable, having high transmttance to illumnation |ight

| L and safe ti¢hgseprsashoadiag ¥l foriatsercoicai A B§2| AéBY , | andicherdy ke.
be used. As the fluorine-containing inert liquid, for exanple,

Fl uori net? 15nrthere Bard sedescst 1aMtbs regrbistedf daresaaddedallhe

{Luor! ne- coneainung ner L1 gy s e, excell ent fromine, B0V R 9L,
Application Publication No. 2005/0248856), the optical path
on the object plane side of the tip optical element may alsoc
be filled with liquid, in addition to the optical path on the

15 image plane side of the tip optical element. Furthermore, a
thin film that is lyophilic and/or has dissclution preventing
function may also be formed on the partial surface (including
at least a contact surface with liquid) or the entire surface
of the tip optical element. Incidentally, quartz has a high

20 affinity for liquid, and alsoc needs no dissolution preventing
film, whereas in the case of fluorite, at least a dissclution
preventing film is preferably formed.

Incidentally, in the embodiment above, pure water
(water) is to be used as liquid, however, the present invention

25 is not limited to this as matter of course. As the liquid,
liquid that is chemically stable, having high transmittance
to illumination light IL and safe to use, such as a
fluorine-containing inert liquid may be used. As the

fluorine-containing inert liquid, for example, Fluorinert



has a refractive index higher than pure water (a refractive 5 index

is around 1.44), for exanple, liquid having a refractive index equal
to or higher than 1.5 may be used. As this type of liquid, for

exnmpal e, a predetermned |iquid having GH, binding or 0-H binding
such as isopropanol having a refractive 1 ndex of about 1.50,

gl ycerol (glycerin) having a refractive 10 index of about 1.61, a
predet er m ned(dhegWwrhr{drgam coS@N anti)ted Wiaass hexanee hepidne Toe
decane, or decalin (decahydronaphthal ene) having a refractive index

of about 1. 60uaringrecdn el ciary beenitt édquAkt ésnal svedycehlénguixtbm the
obtained by mixing arbitrary two or nore of these liquids nmay 15 be
used, or a | iRfUTT BEtERNENDeLaggitng (i Xxihag) ast thedsguwine lefluifdeddch
liquids to (with) pure water nmay be used. ~Alternatively, as the ,
liquid, a lidtfiti%bfarrctity aadenghiehrxi hgen bakES dre it d s dafastive
H+, Cs+, K+, . 42- . . 0F .p - to (wth) pure water may be ed.. .
I\/breover,ga |llg(§ii-.leixd§gb a?%%%lzgﬁiy %a%lgr}félmpﬁﬁ(i Jg?ub%ﬁaﬁvﬁrﬁésad:feﬁacuve
oxi de or the 44 i t y ) se 41qui

can transmt lﬁd&e%%iu(r?\gr ttg% 8521?{%%%&5 urt'hée)?[fa%zggt Hggﬁlqu)%\édq}ﬂldé type
l'iquid, whichhas quigeldor ahagiptd,on gaefddidantingf 1idhts HaviRs -1
t enper at ure-dependent, and is stable to a projection optical 25
system (ti p dpiriddalg oenbet piaddharsuciphet DsepsopaNel ageihg @refEactive
protective film (topcoat film, an antireflection film or the like)
coat ed on thérsigsf afeabput Wali@r gliysemadf dudbcerinfFuneéheng 4 wetthective
case an F2 laser is _used as the light source, fonblin oil nmay be

sel ect ed!V Furt¥gex cas2heiet [Li-§dirda rrqdefiamanirss 1pguidg(ermghesolvent)
refractive index to illumnation light IL than th%f of pure water,

for exanpl e, Sélcrheﬂsaé’_ﬁ’??élq'n _ GRBURECH S (F L9FaPey be used. As
the liquid, %%Qﬁﬁﬁ{ﬂ&f&ﬁgpﬂéﬂgf%ne) having a refractive index of about

1.60, or the like can be cited. Alternatively, a liquid
obtained by mixing arbitrary two or more of these liquids may
15 be used, or a liquid obtained by adding (mixing) at least one
of these liquids to (with) pure water may be used.
Alternatively, as the liquid, a liquid obtained by adding
(mixing) base or acid such as HY, Cs*, X', C17, S0.*", or PO,%"
to (with) pure water may be used. Moreover, a ligquid cbtained
20 by adding (mixing) particles of Al oxide or the 1ike to (with)
pure water may be used. These liquids can transmit ArF excimer
laser light. Further, as the ligquid, liguid, which has a small
absorption coefficient of light, is less
temperature-dependent, and is stable to a projection optical
25 system (tip optical member) and/or a photosensitive agent (or
a protective film (topcoat film), an antireflection film, or
the like) coated on the surface of a wafer, is preferable.
Further, in the case an F; laser is used as the light source,

fomblin oil may be selected. Further, as the liquid, a liguid



can al so be used. Further, the tip optical elenment of 5 projection
optical systemPL may be fornmed by quartz (silica) , or

single-crystal materials of fluoride conpound such as cal cium
fluoride (fluorite), bariumfluoride, stﬁg?tiun1 fluoride, lithium
fluoride, and sodiumfluoride, or may be "Torned by material s having

a higher refractive index than that 10 of quartz or fluorite (e.qg.
equal to or hisphers tlaiyHeByefhacttike et ital 51 havi Mgt ok afi@et iN@han
i ndex equal to or higher than 1.6, for exanple, sapphire, gernmani um
di oxi de, or tthet bifkeuds s tosed fior ¢hempaaphd etefofaciitver hatlernat around
Publication No. 2005/059617, or kaliumchloride (having a refractive

i ndex 15 of dbduitcl17%) mgy bReubpRe s cilsdddw-dheyranshiidtiasfl fluid

| nternational Publ.i catk{ on No, 2005/059618 can be used. _ Further, in
the enbodi mefEafdv® Ahé§€tovEREGRETrquiBeniyPhePEeGadd S 18RENENCENI s

: fiElt t.hat_. i it f t d liqui.d.i
b of er abl ¥ abFSHGRT SOOPRI S (7 ECAVEY YU Ere YeBovEr y e
the like. Ing I ' Sadi t 4 Qgﬁ
degcr: bgd V\Egjrﬁej%{lhtr?lee;{qﬁg urt;earlgppar gﬁ:ﬁsi?sog :{%tﬁlé;é?mm gjl%ﬁds Sﬁl%glg &s

exposur e appajzaldism HOWRMAGe tH8 W8S, MARE] N doyi 0t ddBrdedint 0
this, but can also be enployed in a dry type 25 exposure apparat us

that perfor nglexpdsia, e 1dft hiafie rf IWoMitdegutand isgdiithm Vat@ride, or may be
Incidentally, in the enbodi mrent above, the case has been described
wher e t he présemed hyersticonidlss hpplined hoghbhe rekposuies dppakatiusn that
that is equipped with all of wafer stage 153 WST (novabl e body),
measur eneht SdgeuRETZ(@hdthrikwdel-¢- padayl, te ive Slogerehbasysi®ns As

(AL1, AL21 tgQ AL24), th nul ti poi nt AF S)és,tem,(QOa, 90b), the Z_
Sensors intgppe af 1S having a refractive index equal to or higher

than 1.6, for example, sapphire, germanium dioxide, or the
like disclosed in the pamphlet of International Publication
No. 2005/059617, or kalium chloride (having a refractive index
15 of about 1.75) or the like disclosed in the pamphlet of
International Publication No. 2005/059618 can be used.
Further, in the embodiment above, the recovered liquid
may be reused, and in this case, a filter that removes
impurities from the recovered liquid is preferably arranged
20 in a liguid recovery unit, a recovery pipe or the like.
Incidentally, in the embodiment above, the case has been
described where the exposure apparatus is a liquid immersion
type exposure apparatus. However, the present inventicn is
not limited to this, but can also be employed in a dry type
25 exposure apparatus that performs exposure of wafer W without
liquid {(water).
Incidentally, in the embodiment above, the case has heen
described where the present invention is applied to the

exposure apparatus that is equipped with all of wafer stage



system 118, the encoder system (70A to 70F) and the like, but 5 the
present invention is not limted to this. For exanple, the present

i nvention can also be applied to an exposure apparatus in which
neasurenment stage MST or the like is not,carranged. The present
invention can be applied as far as an exposure apparatus i s equi pped
with the wafer stage (novable 10 body) and other parti al
constituents WAL @Ofowdiel calimudy)desord hetkreanstddqEeMST Ah@thexXamplahle
the invention focusing on the mark detection system for exanple,
can be appl itedivls ftdre asl igmrexposiysappaifdilys Al2eqoi Bped) wi the at

| east wafer stage WST and the allgnrrent systens. Further, it 15 is a
matter of co JtHi%i{nfbﬁFlﬂtﬁtetﬂhé Pat egquérro'ﬁbﬁ&rs@?wém iarienieroneter

encoder system s ha to be arran Further, in_ the
embodi nent abiéii enl ﬁéBCaE Th eEn Beagmﬁl%r@%erapéil Jci"li@rajgjeke but
measur i ng un|t 4 Vi, dI Iaced t d|f er,e ages,

speci fi cally tl% e%eq]tstlgjge "3 & aﬁ% ‘ang?.té}é{' ye INET Sxample,

However, e t%@‘%ﬁreééi'?ct 'rﬁréﬂtbmecaa)h %Jlasfoe%é i dd M4 e [ Qddiire

aerial imge nmeasuring unit may be a wavefront aberratio

nmeasuring i nggpgamitus Ah Whe chi keash:eemeX@mpt8geFUEThEF . thd€like is not
different stages do not |limted to the conbination of the substrate

stage and 2ameasgwcenelhespageentulthentiom ddre benhedilaedt aaboye,as an
the case has been described where the present invention is applied

to a scanni n@xXpeposURPPappérat Us dyuipedp-ididibeanafet orthae (hgable
like. Hovvever the present invention is not limted to this, but 154

may al sol®e &6 e&mtdo & haramad tehgdo e tdgprdtsue Wudf dde a

stepper. Even w th er or .the like, by neasuring the
position of &P&Y: fgéit %&ﬂeéﬁcéPHSGl}jté]@Pt§ubj Rt AR CHAPOSE @he invention

focusing on the mark detection system, for example, can be
applied as far as an exposure apparatus is equipped with at
least wafer stage WST and the alignment systems. Further, it
15 is a matter of course that both of the interferometer system
and the encoder system do not always have to be arranged.
Further, in the embodiment above, the case has been
described where aerial image measuring unit 45 is dividedly
placed at different stages, specifically, at wafer stage WST
20 and measurement stage MST. However, the sensor that is
dividedly placed is not limited to the aerial image measuring
unit, but may be a wavefront aberration measuring instrument
or the like, for example. Further, the different stages do
not limited to the combination of the substrate stage and
25 measurement stage.
Further, in the embodiment above, the case 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



is nounted by encoders, generation of position neasurenent 5 error
caused by air fluctuations can substantially be nulled Ilikewse. In
this case, it becones possible to set the position of the stage with
hi gh preci sion based on correction info tion used to correct
short-term fluctuation of the neasurenent values of the encoders
usi ng the nmeasurenent 10 values of the interferoneters and based on

the neasurenmenly alaldies efpglieEREOEEstatARd 3% B GRNSYPHANERs Il Ys
accurate transfer of a reticle pattern onto the object can be

performed. FRurtthgpert.heEpeasenthi hvensteppoenncalge bel lepplbethdasuding
reduction projection exposure apparatus by a step-and-stitch 15

met hod that $net ResitesnaoShRottagerramlighsantokgresd, sahjexposurexposure
apparatus by a proximty nmethod, a mrror projection aligner, or the
li ke. Noreovérs MR tSdedshieTGareiS oW eradliss 9€ pPasiltienm mpagurement

lti- i, d with I |t f
rul L1t oBe 0 SXRERNLEAORE it CAY PR B 8 BLUEL 1o
U i ned Pat. ; licatiqgn_P i A . - 9
nexam e, ol gpl et Lan,PUik et Lons) by oig1830°8, ond e

(publ i shed J ' - i.onal; Pubkication. f -
Dt ant Al | B Dk S R PR o B kB8l g ection

No. 5,969, 44infotmadthenUuSedPalice o Mactd G A dermatd ddt@iddid of the
Further, the magnification of the projection optical systemin the

exposur e apparstsusegfentheradnfeediafenthealovedess neti nenlohea nfeetiuntdnemt
system but also may be either an equal nmagnifying systemor a

magni fyi ¢ syetlems @&fd theojladeizdie rpBBtegpt iscal baysside mnPIt hies meets ugement
a dioptric system but also m be either a catoptric systemor a

cat adi opt ri c V&SSP ARE eiﬂﬁ@&édﬁ%ri BRI 3hé PPBFEEVEACE ity assurate

either an i n\g?:gn%%er of areticle pattern onto the object can be performed.

Further, the present invention can alsc be applied to a
reduction projection exposure apparatus by a step-and-stitch
15 method that synthesizes a shot area and a shot area, an exposure
apparatus by a proximity method, a mirror projection aligner,
or the like. Moreover, the present invention can also be
applied to amulti-stage type exposure apparatus equipped with
a plurality of wafer stages, as is disclosed in, for example,
20 Kokai (Japanese Unexamined Patent Application Publications}
No. 10-163098 and No. 10-214783 (the corresponding U.S. Patent
Neo. 6,580,634), Kohyo (published Japanese translation of
International Publication for Patent Application) No.
2000-505958 (the corresponding U.S. Patent No. 5,969,441),
25 the U.S. Patent No. 6,208,407, and the like.
Further, the magnification of the projection optical
system in the exposure apparatus of the embodiment above is
not only a reduction system, but also may be either an equal

magnifying system or a magnifying system, and projection



i mage or an upright inmage. Mreover, exposure area |Ato which 5
illTumnation light IL is irradiated via projection optical systemPL
is an on-axis area that includes optical axis AX within the field of
projection optical systemPL. However, fgr exanple, as is disclosed
in the panphl et of International Publication No. 2004/107011,

exposure area |A may al so be an 10 off-axis area that does not

i ncl ude opti cadtisdls siXtesi BL| B¢ ndtooalygoa chldrad-idlsiyse emypBut also may
catadioptric system in part of which an optical system (catoptric
system or catediedgther a sypdtaatr itchaty sas plucalcartefdiegttione syrsftargs and
and forns an  internediate inmage at |east once is _arranged, and which
has 15 a si ndi"e 3ptitdan -axihe Fmiardred tiady May hft isdiih@re@raddgverted
exposure area _described above are to have a rectangul ar sha

e. ,
Hovever , t he "SKSROT SBE 1 ¥ i LB %0 r BOFSRGEF arsH Gyt 8F 98 t@hich
ciroular arc.; iaARsee Al 1 RALAIL L]0 f NG, 1Ke o el dent al oy, 2,

|l i ght source ™o € exposure apparatus in

not limted tQ dhe ATF j@XGiH®LJ a8 ’are%u%h%tplilrﬁ%q%ée%s%f'iﬁ%if aécr;]'LsFﬁkX

source such as a KrF exciner |aser (output wavel ength:

| aser (out putyiwaviel engt Eiel@55!ﬂ”i>ro?8cﬁi§n| 8€ich DU peteave] enghldver,
126nm or a Kr2 laser (output wavel ength: 146nm, or an extra-high
pressure ner darye28mpaep dddts déneiated an tém pampnl et nef Iuekrastdonal
g-line (wavel ength: 436nm or an i-line (wavel ength: 365nm can al so
be used. Fur thyérlicgthammdei.c20Bdélgéntt atéxppsmie aofeca IXAG Y| abs0 oy an
the |like can also be used. Besides these |light sources, asis

di scl osetPi nofor¥dganpre, thae freHMt 1oc1eepPRbEiFhadxisS@X, similar
Publ i cation No. 1999/46835, (the corresponding U.S. Patent No.

7,023, 610), &C%hdr f6AIC (1305\%(1 "Eh tiy§’eol§@§iar‘?gﬂ"p§§l§nﬁlyisﬁ3ﬁ%g ingpart of

singl e-vavel %qtcﬁll la%s%rptq_%%rf isr}stt%?a i(rgart%'b%q:i%r s\ﬂiis%.e?nl % N %dioptric

system) that has plural reflection surfaces and forms an
intermediate image at least once is arranged, and which has
15 a single optical axis. Further, the illumination area and
exposure area described above are to have a rectangular shape.
However, the shape is not limited to rectangular, but may also

be circular arc, trapezoidal, parallelogram or the like.
Incidentally, a light source of the exposure apparatus
20 in the embodiment above is not limited to the ArF excimer laser,
but a pulsed laser light source such as a KrF excimer laser
(output wavelength: 248nm), an F; laser {(output wavelength:
157nm), an Ar; laser (output wavelength: 126nm) or a Kr, laser
(output wavelength: 146nm), or an extra-high pressure mercury

25 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 these light sources,

as is disclosed in, for example, the pamphlet of International



emtted by a DFB sem conductor |aser or fiber |aser as vacuumb5
ultraviolet light, with a fiber anplifier doped with, for exanple,
erbium (or both erbiumand ytteribium, and by converting the

wavel ength into ultraviolet light using @:.nonlinear optical crystal,
may al so be used. Further, in the enbodi rent above, illum nation

light IL 10 of the exposure apparatus is not |limted to the Iight
having a waweibEngtdtiequb. tlo 39 /48835 t(has dOORpeanding Ul.$ . negtdes No .
to say that the light having a wavel ength | ess than 100nm nay be

used. For exdndlZs, G618 )reeehtryents,wave omderch dsedposined lpatmgld fying
equal to or less than 70nm an EUV exposure apparatus 15 that nakes

an SOR or a pl ashalpaseyedsnathilgiwerseran éngdreintoarad cEUVL ¢ Bxle emmge
U traviol et) ILqptcgﬁ a soft X-ray rag%e (e.g. a wavel ength range
from5 to 15 ey {dEL SCMOFRRAMEFPECtRORT Feddbeirond opFigavacuun

oot o deg! IN9d e 10 SRS NS SO Dol O B0, Ao

reflective ma Has Been

appar at us, t _e ay1RNIRIR L. N o MY &R, %%&%m%n%wﬁaﬁnﬂe”a%{%?,

by synchronously” scanning a mask and a wafer usi'ng a circul’ar arc

i I'lum nati on cop@ie e reonsidder8d1 ARdtH Neref e rdiie 1Re3gRht IERY QN
can also be suitably applied to such an exposure apparatus. 25

Besi des, thenprdsenriard mygaritdadn cxamtallsonke aupld ed tu@ean exposure
apparatus that uses charged particle beans such as an el ectron beam
or an ion beam FuFuksheri,nin lidceabodiment ahoves, alinmnsatishvEiglypel
mask (reticle), which is a transm ssive substrate on which 157 a

pr edet er b ne@%l tHRt S3PPENEE MPHataern (oNok phadeepate erre laghd heghng
attenuation patter formed, is used. Instead of this reticle,

i
however . as PSW6F§E%8§28 pRua OQOé%éﬁ5F§1than 100nm, and it is needless
to say that the light having a wavelength less than 100nm may

be used. For example, in recent years, in order to expose a
pattern equal to or less than 70nm, an EUV exposure apparatus

15 that makes an SOR or a plasma laser as a light source generate
an EUV (BExtreme Ultraviolet) 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
wavelength (e.g. 13.5nm) and the reflective mask has been

20 developed. In the EUV exposure apparatus, the arrangement in
which scanning exposure is performed by synchronously
scanning a mask and a wafer using a circular arc illumination
can be considered, and therefore, the present invention can
also be suitably applied to such an exposure apparatus.

25 Besides, the present invention can also be applied to an
exposure apparatus that uses charged particle beams such as
an electron beam or an ion beam.

Further, in the embodiment above, a transmissive type

mask (reticle), which is a transmissive substrate on which



U S. Patent No. 6,778,257, an electron mask (which is also 5 called a
vari abl e shaped nmask, an active nmask or an imge generator, and

i ncludes, for exanple, a DMD (Digital Mcromrror Device) that is a
type of a non-emission type inmage display-device (spatial |ight

nodul ator) or the like) on which a light-transmtting pattern, a
reflection pattern, or an 10 emi ssion pattern is fornmed according to
el ectroni ¢ dat prefdetichenipaid arightthahiesdiagbpaexpesedonty b Bttern
used. Further, as is disclosed in, for exanple, the panmphl et of

| nt er nat i onalo®Pabliohti aht dloval0on/85168;) tike fpresdnt 1sinyvent i dnstaad
al so be appli ed to an exposure apparatus 15 (lithography system that
forns |ine-amf Sece 1Rftiedans we%%f@ gy HerahiaRpd rtter flarere@mple,

fringes on t fer. l\/breov resent. i nventi on can_al so be
applied to a?fi’a @é&%%ﬁ% [?3% 'SR RS AT Mo Shet Whiieh is also

patterns gon A, Aro ction optical s temand al nost
si mul tane%uslcga per or m; &01}@1 e Sglxa oscpure ot o% %% 8P P T cﬁPe 1mage

scanni ng expoilfeiatds- | Sifl SR d N edOr s catl i3 af Igy‘%a(tm%{)fggll shed

Japanese transl ation of International Pu

Appl i cation) MNe:ro2iQ4-188590cE1 e 001 & %S@?]?Q'dﬂa ¥rSenfalsaRih Mope image

6,611,316). 25 Further, an apparatus that forns a pattern on an
obj ect is natiddlay ddvioet fepaxipaslighappaiwlatsof) birhags aphe ) sys t@kh
descri bed above, and for exanple, the present invention can also be
applied to am dpdrtatiusnshett Fiovnead tratrt,eren waf lact iohj ectttsrmn or an
ink-jet nethod. 158 Incidentally, an object on which a pattern is to
be formetl (afTEBfEOn dRjEn e e'@@&’@@ﬁjr Eqce nfkineh ten edsetgprideamaties of
irradiated) in the nbodi nent ,above.is not limted to a
the pattern that is to be exposed may also be used.
Further, as is disclosed in, for example, the pamphlet
of International Publication No. 2001/035168, the present
invention can alsc be applied to an exposure apparatus
15 (lithography system) that forms line-and-space patterns on
a wafer by forming interference fringes on the wafer.
Moreover, the present invention can also be applied to
an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost
20 simultaneously performs double exposure of one shot area 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.5. Patent No. 6,611,316).
25 Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system)
described above, and for example, the present invention can

also be applied to an apparatus that forms a pattern on an

object by an ink-jet method.



waf er, but may be other objects such as a glass plate, a ceramc 5
substrate, a filmmenber, or a mask bl ank. The usage of the exposure
apparatus is not limted to the exposure apparatus used for

manuf acturing sem conductor devices. Thegpresent invention can be

wi dely applied also to, for exanple, an exposure apparatus for

manuf acturing liquid 10 crystal display devices which transfers a
liquid crystal di Splcayledendldey,patt ey et @ wquar er shapedgliasso be
plate, and to an exposure apparatus for manufacturing organic ELs,

t hi n-fil m nagatmiasd Headsb] eaagh iy euvitoesxpsanhease @), an energy beam
m cromachi nes, DNA chips or the like. Further, the present 15

i nventi on car%sallé%if%jela&pﬂﬂ i eldt ttéleariel@%ﬂﬁfé: ARsaieaties nfatlimited to a

transfers a cir tter ass su rate a silicon )
waf er not onl*y bgg gﬁé{]ﬁﬁﬁ gé@FEESS”S%bﬂSef‘sgf%%ﬁipé@ﬁt?uc?&reramm
devi ces, gut s@b%%%een Rr cﬂtﬁ{ g&[& J et |Ocrl e (I’nraskzéa aplﬁ( used in an

exposur e apparatus such as "an optical’ exposure paratus, an EUV

exposur e appar at uspan Y s@€XPpAsU r Gt
ThaNuXabRY 08X PAs éﬁpoéﬁﬁ@ %%# %?@@%dggrg%?llﬂ¥{ed to

beam exposure apparatus. “Incidentall Ive system

and the novakhe b&@bs@&bVépﬁBEE@dsouséaeﬂﬂf%%ﬁﬁfddﬁﬁ¥ﬁﬂé“&éﬁ%&&%ﬁuctor
applied not only to the exposure apparatus, but can al so be

appl i ed wi deldgvticest.heThsuyhstserite 1pnreﬁeisnrtgambeaﬁmwsﬁap@iu@hi absd@to,
| aser repair apparatus, a substrate inspection apparatus and the
like), or tofmpaﬁam@sl@s egueppedunet dpparaovabf e bfwylmllaslgallquld
stage that noves wiithin a two-dinensional plane such as position

setting aPpardsaiseiispdr s pieciifas o ichitersdmhing dﬁﬁhﬂzﬁ @Mﬁ?al

ot her precisign .nmachines. ther, the exposure ar.at th
patterﬁ fornpﬁﬁ play device pa£tern onto a s uaremsgg ed gfasg plate, and

to an exposure apparatus for manufacturing organic ELs,
thin-film magnetic heads, imaging devices (such as CCDs),
micromachines, DNA chips or the like. Further, the present

15 invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicon
wafer not only when producing microdevices such as
semiconductor devices, but also when producing a reticle or
amask used in an exposure apparatus such as an optical exposure

20 apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.

Incidentally, the movable body drive system and the

movable body drive method of the present invention can be
applied not only to the exposure apparatus, but can also be

25 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

two-dimensional plane such as a position setting apparatus



apparatus) of the enbodi nent above is manufactured by 5 assenbling
vari ous subsystens, which include the respective constituents that
are recited in the clains of the present application, so as to keep
predet erm ned nechani cal accuracy, electgpcal accuracy and opti cal
accuracy. In order to secure these various kinds of accuracy, before
and after the assenbly, 10 adjustnent to achi eve the optical accuracy
for various dfud calecisyst ensa adipesbordintoapebievest e cEchanealision
accuracy for various mechanical systens, and adjustnent to achieve
the electriewchhdg@a.acy for various electric systens are perforned.
A process of assenbling various subsystens into 15 the exposure
appar at us incIudesﬂﬁ&ﬁaﬁﬁnxﬂhQNﬁﬁRQﬁq%ﬂLaRHQﬁ%Rysc@ﬁﬁb@ﬁﬁﬁ?ﬁﬂ=forming
electric circuits tﬁ%gin cqnnection of = pressure circuits, and the

es

li ke ampng vaHPGIE FERe RNt RIS RTEERACTHT o Rhbl v
i_ndj vi i f . bef th f .
Process O% Iy éﬂﬁ&fﬂ %HHEX%&F%EE%EQ%%FOK?ﬁelgﬁ gﬂ%}%dgp Q?%%%}é%tlve

20 assenbl'i ng the various subsyste in Xpos

Wien the process Ofc AssamMiig 4:he vty J,%Pbéu\’étcel%siﬂé"to% tth!éﬁé; esent

exposure apparatus 1s conpleted, a total adjustnent 1s perfor an

various ki nds:p9f] iaGaUraty sasad e s (e RHRRTH & c AR AH Y8a Bk curacy,
secured. Incidentally, the nmaking of the 25 exposure apparatus is

preferably pelfeatrddtdlnaacokean #@odmwptiftericatberbepperai vidert f€ secure
degree of cleanliness and the Iike are controlled. Incidentally, the
above di scl odiliess varipes wdmidsust aggiriacat i lowtere hedpafipht ehs asfsenid v,
International Publications, 160 and the U.S. Patent Application
Publ i catt®n @SY9SERAGNEC Acdiavretile optPgiadnpcavsaey paonari pas optdcal

cited in the enhodi nment,, ahove aand rel ated t?leépoiyre appar at uses
and the |ike Sy&ems, adjustment to achieve the mechanical accuracy for

various mechanical systems, and adjustment to achieve the
electrical accuracy for various electric systems are
performed. A process of assembling various subsystems into

L5 the exposure apparatus includes mechanical connection, wiring
connection of electric circuits, piping connection of
pressure circuits, and the like among various types of
subsystems. Needless to say, an assembly process of
individual subsystem is performed before the process of

20 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 1is
performed and various kinds of accuracy as the entire exposure
apparatus are secured. Incidentally, the making of the

25 exposure apparatus i1s preferably performed in a clean room
where the temperature, the degree of cleanliness and the like
are controlled.

Incidentally, the above disclosures of the various

publications, the pamphlets of the International Publications,



each incorporated herein by reference. 5 Next, an enbodi nent of a
devi ce manufacturing nethod in which the foregoi ng exposure
apparatus (pattern formng apparatus) is used in a |lithography
process will be described. FIG 37 shows,g,flowhart of an exanple
when nmanufacturing a device (a seniconduc?or chip such as an IC 10
or an LSI, a liquid crystal panel, a CCD, a thin filmmagnetic head,

a micronachi reyd and Uhe. |Pkegnt AdplikemnonnPibGicd¥iohidsdcrObt Bdhs and
in step 201 (design step), function and performance design of device

(such as cir dliet Ud8si gt it skrrcdmduictner thdévace clitedenfidienethboarithent
pattern design to realize the 15 function is performed. Then, in step
202 (mask mamcF& @ichgelsates) to exppsioien amfas? tuse sdesiqyiée dilkesuiare
pattern is forned K is nanufactured., Meanwhile, in step 203 (wafer

manuf act uri ng®% éﬁﬁOQ?Qﬁﬁﬁﬁdi@??ﬁ%ﬂﬁ%ﬁnﬁﬁ@%FQEﬁ%@ materi al s such as
i rourt aRd the 11 RS oF SR I G Ll B o7 PEPHOGE SRRy hagre R in
Ui ke " \ . !

the val e pr anaiely b Bdred®G sl MRS < sl pdle e AR
assenbly stepppadewizs asSAE Ynis1iPBLECRERY Mishddk d ugl\m%@ﬁeshcribed.

processed in step 204. Step 205 25 includes processes such as the
di ci ng process, the@Isondiinghopsoeesy owahd rithe fpack agiang1pr atess (chip

encapsul ation), and the |ike when necessary. Finally, in step 206
(i nspecti on seep)facdtegtisioor depyercat i (@n,sedurcalniduicttpr ahd o sedh ke amne IC
performed on the 161 devices nmade in step 205. After these steps,
the devitls &FedNcompl & éddahd SHY Preld peael FRECRE g shanffbwkhaonetic
show ng a de%%%bf%a%ﬁ%ggggcggnzﬁﬁﬁxithelike). As shown in FIG. 37, first
of all, in step 201 (design step), function and performance
design of device (such as circuit design of semiconductor
device) is performed, and pattern design to realize the
15 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), awafer ismanufactured usingmaterials such as silicon.
Next, in step 204 (wafer processing step), the actual
20 circuit and the like are formed on the wafer by lithography
or the like in a manner that will be described later, using
the mask and the wafer prepared in steps 201 to 203. Then,
in step 205 (device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205
25 includes processes such as the dicing process, the bonding
process, and the packaging process (chip encapsulation), and
the like when necessary.

Finally, in step 206 (inspection step), tests on

operation, durability, and the like are performed on the



204 descri bed above. Referring to FIG 38, in step 211 5 (oxidation
step), the surface of wafer is oxidized. In step 212 (CDV step), an
insulating filmis forned on the wafer surface. In step 213

(el ectrode formation step), an el ectrode &s formed on the wafer by
deposition. In step 214 (ion inplantati&ﬁ step), ions are inplanted
into the wafer. Each 10 of the above steps 211 to 214 constitutes the

pre-process idevieasd mskbdagen oft @@ pracessi tes@nd die pREESSA Yes are
processing 1is chosen and is executed at each stage. Waen t he

above- descri eohgiresqui coes sheings=d rowach stage of wafer process,
post-process is executed as follows. In the 15 post-process, first

in step 215 (resi stFICor Aatlison fSephara phovisgrsdetablagendanics ecofitsdekp
on the wafer. Then, in step 216 (exposure step), the circuit pattern

of the nask X4 tesfsfdisb@Raite t Relfrardndbfot HdGexg8suia appar ailds
attern _formn par at us) descri bed above and the exposure net hod
28 (pattern fG%ﬁgﬁﬁgﬁﬁiﬁ5ﬁ¥%vhgﬁgo 9rg%§?,Ofﬁ”§¥ﬁbl§19xgﬁﬂé9§rohﬁbﬁFeP
step), the been exposed .i.s vel.ope and in step 8
(et E%ﬂ ng st \g/a%l,ezr a@}g{( p%}}d ’rrea‘nnoelrrl'os1‘1§T‘3‘%alr{1 garéeilgmbtlhsgr&{ﬁ%ncgt% tj}eeé" dret

where resist S,8MINS ign@a@/@% {%ﬁh&md@fo%?Eioh%tﬁ@R 24 2L1ectrode

(resist renmoving step), when 25 e Ing 1s co ete ‘resi st that
is no |onger ineGRsSAY o THEMRMRG: Ry dapaatiedy, perf atebng1uheion

pre-process and the post-process, nmultiple circuit patterns are
formed on themplafreratilo? stBy)siogstdwes denti e tehuhaet uhenga et hodach
of the enbodi nent descri bed above, because the exposure apparatus
(pat t er n1® or wiinghappheueuseps e tenBddi oenstabovesanite thee~process in
each stage of wafer processing, and the necessary processing
is chosen and is executed at each stage.
When the above-described pre-process ends in each stage
of wafer process, post-process is executed as follows. In the
15 post-process, first in step 215 (resist formation step), a
photosensitive agent is coated on the wafer. Then, in step
216 (exposure step), the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern
forming apparatus) described above and the exposure method
20 (pattern forming method) thereof. Next, in step 217
(development step), the wafer that has been exposed is
developed, and in step 218 (etching step), an exposed member
of an area other than the area where resist remains is removed
by etching. Then, in step 219 (resist removing step), when
25 etching is completed, the resist that is no longer necessary
is removed.
By repeatedly performing the pre-process and the

post-process, multiple circuit patterns are formed on the

wafer.



exposure method (pattern form ng method) thereof are used in 5 the
exposure step (step 216), exposure with high throughput can be
performed while maintaining the high overlay accuracy. Accordingly,
the productivity of highly integrated nﬁ odevi ces on which fine
patterns are forned can be inproved. 10 STRI AL APPLI CABI LI TY As

i s described above, the pattern form ng apparatus and the pattern
form ng method, th@yexpdsiy &hapRriElds mmt f2he uremRP sidte Jetdrdhand

t he devi ce manufacturing nmethod of the present invention are

sui tabl e for ewrmdiacinir idep etidetd ahcrd,b edces Sucteaosure apparatus
sem conductor devices, liquid crystal display devices, and the |ike.
Furt her, the (RAHSR Fodylad wepaystay) andthaeembpodbhenporyod iarsl the
met hod of the present invention are suitable for driving a novable
body that moVEPIFHHG AeiRoAnwéPar RBRR Tl ipy difdhotha thergpfsate ysed in
pattern fprm apparatus that forns attern on an object wth an
ener gy be§n1J?%3aﬁggfffgaﬁgg§ség ePt%gG 5 SHPATAtTs T %éﬁlﬁﬁr%¥5%PUt

first novabl %a%ogéég@foﬂ?é@%h\ylte Qiﬁtgm?@%g%{cg[ Iﬂ(h% h ﬁ%f'falq? rsét%tcur.acy.

includes a first s and a second axis'1n axi s,

hol di ng the ebjestdimSecand & Ry, Ufathiﬂ%h tly

M&s ;i
fromthe 10 first novabl e body within the prede eﬁiﬁhed pl ane; and
an aerial i magererstldagonhti ch Pirié bak teeelki e 8brBHGln bs improved.

arranged at the first novabl e body and part of the remaining section
of which is arranged at the second novabl e body, and which measures
an aerial imge of a mark forned via the optical 15 system
10 INDUSTRIAL APPLICABILITY
As is described above, the pattern forming apparatus and
the pattern forming method, the exposure apparatus and the
exposure method, and the device manufacturing method of the
present invention are suitable for manufacturing electronic
15 devices such as semiconductor devices, liquid crystal display
devices, and the like. Further, the movable body drive system
and the movable body drive method of the present invention

are suitable for driving a movable body that moves within a

two-dimensional plane.



2. The pattern form ng apparatus of Caim1l, wherein the aerial

i mage neasuring unit perfornms the neasurenent in at |east one of a
first state where the first novabl e body 20 and the second novabl e
body are closer together and a second siaie where the first nmovable
body and the second novabl e body are in contact with each other. 3.
The pattern form ng apparatus in one of Clains 1 and 25 2, wherein
the aerial imge neasuring unit has a gEaAIM®nment pattern and an
optical nenber that are arranged at the first novable body and a
phot odetection systemthat is arranged at the second novabl e body,
and neasures the aerial inmage with 164 the photodetection systemvia
t he measurement pattefrPainke fhef ocBHNG APPsysitan thatTherpatd @aftern on

form ng appar.at of Cla 3, wherein 5 at the first povabl e body
t he neasur err@ﬁlt o33% ’{?Ei a?h@“SﬁQVc&’leagysf’ilé?n%ﬁeol@'a?:‘ﬁa%ar ?éfﬁ?j@@fl whe

pairs, an g)gq_,a%% og:%tm?}\i%@ %r .body, a pair of photodetection

systens t rrespon a pair of the neasurenent patterns and a

pai r of the optical §Y§£@W§o@é]§1@rﬂcﬁz{e}9%ﬂatlﬂo§esb{aeugﬂgta%&teg%g@rmped

apparatus of Caim4, wherein at the first nova uci a

mark is arrapgede tia@ ipcodeledr Mo tPos] & honad skebabl @ﬁly\nlhlf&e%sré@t&ng
of the neasurenent patterns. 15 6. The pattern form ng apparatus of

Claimb5, wheréien fiaspaiaxiaf, tlddimesahenentcpat;t erns are placed apart
in a direction parallel to the second axis on a surface of the
a second movable body that moves independently from the
10 first movable body within the predetermined plane; and
an aerial image measuring unit a partial section of which
is arranged at the first movable body and part of the remaining
section of which is arranged at the second movable body, and

which measures an aerial image of a mark formed via the optical

15 system.

2. The pattern forming apparatus of Claim 1, wherein

the aerial image measuring unit performs the measurement

in at least one of a first state where the first movable body

20 and the second movable body are closer together and a second
state where the first movable body and the second movable body

are in contact with each other.

3. The pattern forming apparatus in one of Claims 1 and

25 2, wherein
the aerial image measuring unit has a measurement
pattern and an optical member that are arranged at the first
movable body and a photodetection system that is arranged at

the second movable body, and measures the aerial image with



first novable body, and the fiducial mark is placed between 20 a pair
of the measurenent patterns and on a center axis parallel to the
first axis on the surface of the first novable body. 7. The pattern
form ng apparatus in any one of C ains o 6, further conprising:
25 a position neasuring systemthat neasures position information of
the first novable body within the plane. 8 The pattern formng

apparat us of tBeaphbZodebeceion 4 e 0siiki DRe MRAHIHAGRY pheferACindene
165 a first grating that has a grating whose periodic direction is a
direction pargtiglalt swsernf.irst axis, and is placed on the first
novabl e body, a second grating that has a grating whose periodic 5
direction is a direction parallel to the second axis, and is placed

on the first novabl e body, a first axis encoder that has a plurality
of first heads whse p6sPAtER<IafOTE e PORELRTVE @ifr E4E1L8N Spararrern

to the sgcond axis d asures sitiaon ipformation of the first
10 m)vablg body i n°& gﬁ?e@f‘?%% nboérrag:i eeltbol%é/’tﬂéefm?ﬁuﬁ‘?ﬂ‘%ﬂh})a{%m and
first head t f t-h [y ating, n S copder
that has a plr%%:ealog)t%)(;l%gfl % ggr?? a‘r%reeac?ls?l ggrel%ﬁ%se?fi(igln%agiges’di er ent

in a direction parakl ehe k@cbhg hbfSb1dXbgdyand PRASULSS RORIeRR tion
information of the 15 first novable body in"a direction parallel to

the second axiystehy thetsesonsshwad tiohatpdiaces the reecancbgal id@tePns
The pattern form ng apparatus of Claim8, wherein at |east one of

the first gratidng aadr ke sheomptdratli myst2hs s acednigedpai rs
spaced apart at a predeterm ned distance in a direction intersecting
the periodic direction of the

5. The pattern forming apparatus of Claim 4, wherein
at the first movable body, a fiducial mark is arranged
in a predetermined positional relation with a pair of the
measurement patterns.
15
6. The pattern forming apparatus of Claim 5, wherein
a pair of the measurement patterns are placed apart in
a direction parallel to the second axis on a surface of the
first movable bedy, and the fiducial mark is placed between
20 apairof themeasurement patterns and on a center axis parallel

to the first axis on the surface of the first movable body.

7. The pattern forming apparatus in any one of Claims
1 to 6, further comprising:
25 a position measuring system that measures position

information of the first movable body within the plane.

8. The pattern forming apparatus of Claim 7, wherein

the position measuring system includes



grating on the first novable body. 10. The pattern form ng apparatus
in one of Cains 8 and 25 9, wherein the plurality of first heads

are symmetrically placed wth respect to the optical systemas a
center, and the plurality of seconded hgads are symetrically placed
with respect to the optical systemas a center. 166 11. The pattern
form ng apparatus in any one of Clainms 8 to 10, further conprising:

a controller that perforss grarsher wHatn MEaSW egeatind wabde heimeenic
the plurality of second heads according to novenent of the first
novabl e body diredfeldi rist aaxiigeditiect pemalladdtpetherfisrstamsier afdds
measur enent val ue between the plurality of first heads according to
moverment of tHEF9F I TR bl ks harRrale iodibcond axis direction. 10

12. The pattern form ng apparatus in one of Clains 8 to 11,
wherein the plural i®y® I¥$r§¥aﬁéﬁﬂst59é piasc et BRARANG X WEOFRaPeriodic

h f Lh t I llel . 15t
he second axt et e i Sarrby S astbhel b SrEepiac Bt n an io
axis that pagses &fHﬂngHétﬁE%é%ﬂﬁéyaH? e Iy pptical systemand is

e

parallel to"the first axis. 20 13 patt’€rn formi ng apparatus of

Caim12, wherein zatileasdxionenebdkherhis Haheash thatidp olfoﬁﬁf% heads
|nnernDst out of the plurality of first heads and the second head

that is |ocatiedd poerimishsodireodii fherghtirial ia yiekcseeandahgenlslitso the
fixed to the optical system
second axis, and measures position information of the first
10 movable body in a direction parallel to the first axis by the
first head that faces the first grating, and
a second axis encoder that has a plurality of second
heads whose positions are different in a direction parallel
to the first axis, and measures position information of the

15 first movable body in a direction parallel to the second axis

by the second head that faces the second grating.

9. The pattern forming apparatus of Claim 8, wherein

at least one of the first grating and the second grating

20 is placed in pairs spaced apart at a predetermined distance
in a direction intersecting the periodic direction of the

grating on the first movable body.

10. The pattern forming apparatus in one of Claims 8 and

25 9, wherein
the plurality of first heads are symmetrically placed
with respect to the optical system as a center, and the
plurality of seconded heads are symmetrically placed with

respect to the optical system as a center.



25 14. The pattern form ng apparatus in any one of Clains 8 to 13,
wherein all of the first grating and the second grating are directly
formed on an upper surface of the first novable body. 167 15. The
pattern form ng apparatus in any one of Ckains 8 to 14, wherein the
second novabl e body conprises a reference nenber on 5 which a pair
of reference gratings that are irradiated with a detection |ight
fromtw first heads out of the plurality first heads are forned,
and the reference nmenber is kinematically supported on the second
movabl e body. 10 168.1.TR&eppateennfivrming gumrmEus iin any one of Claims
Clains 1 to 15, further conprising: a liquid inmrersion unit that,
when at | east® &ife ¥ thiethsy omiiaing hody and the second novabl e

body faces the 15 optical .system_ forns a |liquid imrersion area by
supplying liquid t§ &% éagiﬁﬁ B TS AT AP LEEMmOdn G {ifé siprement

| east” one of, e, moyaple, bodies at ;taces the optigal jsvstem (17,

The pattern form ng apparatus o 6, "Wwher el

and the secopghv@chtab@ 19fd b?ggﬂédox}a%féﬂﬁaquw e ARG e LiQuideion,
imrersion unit has a liquid supply plpe an a liquid recovery pipe

that are pl aced yewBsrheatbinvbséh ofesPafdadiOr-aiferdXi $2Pak abkeliebq the
the first axis and severally 25 extend in directions that intersect
the axis at aduvardli€yfof £45rdeégheeds according to movement of the first
movable body in the second axis direction.
10
12, The pattern forming apparatus in any one of Claims
8 to 11, wherein
the plurality of first heads are placed on an axis that
passes through a center of the optical system and is parallel
15 to the second axis, and
the plurality of second heads are placed on an axis that

passes through the center of the optical system and is parallel

to the first axis.

20 13. The pattern forming apparatus of Claim 12, wherein
at least one of the first head that is located innermost
out of the plurality of first heads and the second head that
is located innermost out of the plurality of second heads is
fixed to the optical system.
25
14. The pattern forming apparatus in any one of Claims
8 to 13, wherein
all of the first grating and the second grating are

directly formed on an upper surface of the first movable body.



18. The pattern form ng apparatus in one of Clains 16 and 17,

wherein 168 on an upper surface of the first novable body, a first
liquid repellent area in the vicinity of a nmounting area of the

obj ect and a second liquid repellent are hat is placed around the
first liquid repellent area and whose reSistance 5 to the energy beam
is inferior to that of the first liquid repellent area are forned.
19. The pattern form ng apparatus of Caim 18, further conprising:

10 a liquid repellent plate that is arranged around the nounting
area of the object 16n The pppeersufdacngfagderdtiustin Aoyabhe dbdyaims
wherein the first liquid repellent area and the second liquid
repel | ent ar &a @ d 4ol esm an upper surface of the liquid 15
repel l ent plate. 20, The gattern form ng apparatus of C aim 19,

wherein all of th&hs PEECRANRTHRP LB eCSBRBHES §rafPAGLERES MYTRRE on
h f f..the Ligquid |lent plate. 20 .21. Th .

pattern for mRg ApaPatdsorn &hg - SRECOF T AMFe ST P20 L IOApA i hyrt €

a stopper nega]h%%% kgt ﬂ%ﬁtaf%f gfvguﬁﬂsé‘“ﬁe%%éh%\%ﬁ He ol 1096k

the two novabl e bodies from com ng ser to ea er than a

predet er m ned idis3t e heR thanshut tefq is closed, the buffer unit
bei ng arranged at one of the first novable body and the second

novabl e body and bthkerepgrenpacheris@mi @ kiReaxicakadilfestppdrtadtht e
shutter being able to conme into contact with the buffer unit, being
fornmed at theeogtmer mafvable body.

10
16. The pattern forming apparatus in any one of Claims
1 to 15, further comprising:
a liquid immersion unit that, when at least one of the
first movable body and the second movable body faces the
15 optical system, forms a liguid immersion area by supplying
liquid to a space between the optical system and the at least

one of the movable bodies that faces the optical system.

17. The pattern forming apparatus of Claim 16, wherein

20 the first axis and the second axis are orthogonal to each
other, and

the liquid immersion unit has a liguid supply pipe and

a liquid recovery pipe that are placed symmetrically with

respect to an axis parallel to the first axis and severally

25 extend in directions that intersect the axis at an angle of

45 degrees.

18. The pattern forming apparatus in cne of Claims 16

and 17, wherein



169 the novabl e bodi es and opening/cl osing an opening in which at

| east part of a tip portion of the buffer unit can enter; and a
drive unit that drives the shutter, wherein 5 during novenent of at

| east one of the first novabl e body and hge second novabl e body in a
direction in which the novable bodies c& cl ose together, the drive
unit starts an operation of opening the shutter. 10 22. The pattern

form ng apparatus ofn &haippe, s¥heset s When rdirkkengphpatedsdPn 4 h8 rst
obj ect are sequentially exposed, the drive unit starts the operation

of openi ng t He queltregre ey eraa ast taceaitsnexposeda Mduding herea of
pattern form ng apparatus in any one of Clains 1 to 22, wherein at

t he second ndvebldjeodyangl arstcerypdsipfiderperd eatearphatcieat ds glaced
straight line that passes through a center of the second novable

body in a di PéQUrsh tihe Whreh LREVLRr SePABYaBE ea DA iy vinbe e ssetamge
novabl e body co cl ose together, or, separate fromeach other. 24. A,
pattern fgr Mg araths i PE e A% &h Rt & SjSedirsithd tquid
appar at us conpri_siing: first. movabl e body that noves within a

pr edet er m ne p é}%tt %gtte% fe1udes B irst axis and a second axis
intersecting the first axis, holding the object; a second novabl e
body that noves independently fromthe first novable body within the

plane; 170 a firstioTeassrpag:systemdhal a?%&lart%% BeStihOm 18, further
i nformation of the second novabl e body; an
comprising:

10 a liquid repellent plate that is arranged around the
mounting area of the object on the upper surface of the first
movable body, wherein

the first liguid repellent area and the second liquid

repellient area are formed on an upper surface of the liguid

15 repellent plate.

20. The pattern forming apparatus of Claim 19, wherein
all of the first grating and the second grating are
formed on the upper surface of the liquid repellent plate.
20
21. The pattern forming apparatus in any one of Claims
1 to 20, comprising:
a stopper mechanism that has a buffer unit and a shutter,
and blocks the two movable bodies from coming closer to each
25 other than a predetermined distance when the shutter is closed,
the buffer unit being arranged at one of the first movable
body and the second movable body and buffering impact from
a uniaxial direction, and the shutter being able to come into

contact with the buffer unit, being formed at the other of



a second measuring systemthat nmeasures position information of the
first novabl e body and whose neasurenment 5 value has short-term
stability superior to that of the first neasuring system 25. The
pattern form ng apparatus of C aim 24, m&géein on the first novable
body, a first grating that has a 10 grating whose periodic direction
is a direction parallel to the first axis, and a second grating that

has a gratinghessrames il CedidRetdh iy A& ddsed 180 RABAldE!d Qhich
the second axis are arranged, and the second neasuring system

i ncl udes an ercdderstsystenvfld thatpdasi ch foff sheasiisrencedet ddraterias;
a plurality of first heads whose positions are different in a
direction paraldel to the second axis and neasures position
information of the first novable body in a direction parallel to the
first axis by thed id&venaad & Kdwa ashé e sduigreati ndiermid a
second 20_axi s encoder, that has a plurality of second heads whose
positions”are diff&MECI AOREHPRRAS Bh 145K PRE AotPR HStsRovaR g body

d LLi i nf t f.the first bl h '
irect on pardt) Erecl i bERsRISRIY 87 ¢ riteclans -hetd Tnabe rhvable
the second giildia cdneabioddieBRELELN {0L WG ARPAL %&%%t%fagogﬂe?a%%n
wherein on the first novable body, the first grating is arfange I'n

pai rs spaced @FYderdin HLdghgrdd ed distance in a direction
parallel to the second axis and the second grating 171 is arranged

in pairs spaced apart at a predeterm ned distance in a direction
parallel to the first axis, and the encoder system neasures position
information of thez22. The pattern forming apparatus of Claim 21, wherein
when different areas on the object are sequentially
exposed, the drive unit starts the operation of opening the

shutter before a last area is exposed.

15 23. The pattern forming apparatus in any one of Claims
1 to 22, wherein

at the second movable body, plural types of sensors are

placed on a straight line that passes through a center of the

second movable body in a direction in which the first movable

20 body and the second movable body come close together or

separate from each other.

24. A pattern forming apparatus that forms a pattern on
an object, the apparatus comprising:

25 a first movable body that moves within a predetermined
plane that includes a first axis and a second axis intersecting
the first axis, holding the object;

a second movable body that moves independently from the

first movable body within the plane;



first novable body in a direction parallel to the first axis 5 and a
direction parallel to the second axis and rotation information wthin
the pl ane, based on neasurenent values of at |east three heads out

of two of the plurality of first heads E?gt face a pair of the first
gratings respectively and two of the pl lity of second heads that
face a pair of the second 10 gratings respectively. 27. The pattern

formng apparatus ian anysenem@hs&hahfs s@éedR 2Ghaheraidhide $REAMd on
measuring systemincludes an interferometer 15 systemthat neasures

posi tion i nf dmfatrmet iefh tdfe the HedmmuhMeradiedwau:hiahd he pl ane. 28.

The pattern form ng apparatus of Claim26, further conprising: 20 an

optical systemthat iseadndt eseasuehey gy iseam ohhehe madg eods woerdiion

the plurality of first heads are placed on an axis that passes

t hrough a certdedrRtien eft tbal fiystanpumale OPAY adnkIwhasse reessEesedt

axi s, and_25 tqf pkural%tz of second heads are placed on an axis tha
Yre PLh

| ] 1at
passes t hr oudi g&nf TLERE Db tht by yiRsh it tiostpakapt dibe fgrst

the first axis. . .The ttern form ng apparatus of C aim 28,
wherein 172 &W%ﬁgﬁﬁﬁp égﬁmPhat is located i nnernost out of the
plurality of first heads is fixed to the optical system and the
second head that is |located i nnernost out of the plurality of second

heads is fixed to phe Opbiga t SYSRIPNIMAppEhRtRat berMm 4 kM ANY wherein
apparatus in one of Cains 28
on the first movable body, a first grating that has a
10 grating whose periodic direction is a direction parallel to
the first axis, and a second grating that has a grating whose
periodic direction is a direction parallel to the second axis
are arranged, and
the second measuring system includes an encoder system
15 that has a first axis encoder that has a plurality of first
heads whose positions are different in a direction paralilel
to the second axis and measures position information of the
first movable body in a direction parallel to the first axis
by the first head that faces the first grating, and a second
20 axis encoder that has a plurality of second heads whose
positions are different in a direction parallel to the first
axis and measures position informaticon of the first movable
body in a direction parallel to the second axis by the second
head that faces the second grating.
25
26, The pattern forming apparatus of Claim 25, wherein
on the first movable body, the first grating is arranged

in pairs spaced apart at a predetermined distance in a

direction parallel to the second axis and the second grating



and 29, wherein the second neasuring systemincludes an

interferoneter systemthat nmeasures position information of the

first novable 10 body within the plane. 31. The pattern form ng
apparatus of C aim 30, further conprisi?g' a measurenent controller

t hat nmeasures position 15 information o %he first novabl e body

usi ng the encoder system at the tinme of an operation of formng the
pattern on the ebjreated BmgareasypasefospdiOrd AfOrd@dt &MmDied M stance
first novable body wusing the interferoneter systemat the tine of an
operation ofimrr epldaiery: itdme pehjaddte Indunttéd: il dshe axirsst amavabl e body.
20 32. A pattern formng apparatus that forns a pattern on an object
by irradiating an &Rergycedamsitienpparuras povhprisingoraatipstof the
novabl e body which noves within a predeterm ned 25 Rlane t hat .

i ncl udes a fifrSafPyaRnG Aod¥chhd SLTeGtHCEr aceilagl ERethe isiradkiagls
hol di ng the abject, ;and on which a.first grating that has_a gratin
whose perlgodia(?!dgiar e%ﬁ%%tjr%“apaF?Z&??o%O %&}eaﬁ%qoq% HeS £ PPE; TkasLion
and a second :grat .t hat - r af i riodi ' t '

a direction ﬁgfg%#%gu%%l%}gﬁiPﬁ%hgé%%%ggh$?§%§¥§8a¢§%%§% ;é§€§%§@ﬁ%§of

movabl e body astthata gevas-dNdenggdant by £49W bee Jid:sti mmyakl £ POYeads
within the plane; a first measuring systemthat i ncl udes an

i nterferonetehatbfblat anpasures Posi £ioe: ig¥adiradd e PedtherSBERRH@ two
novabl e body w thin the plane; and a second neasuring systemthat
i ncl udes an ericbderplurality of second heads that face a pair of the second

10 gratings respectively.

27. The pattern forming apparatus in any one of Claims
24 to 26, whereiln
the second measuring system includes an interferometer
15 system that measures position information of the first movable

body within the plane.

28. The pattern forming apparatus of Claim 26, further
comprising:
20 an optical system that irradiates an energy beam on the
object, wherein
the plurality of first heads are placed on an axis that
passes through a center of the optical system and is parallel
to the second axis, and
25 the plurality of second heads are placed on an axis that
passes through the center of the optical systemand is parallel

to the first axis.

29. The pattern forming apparatus of Claim 28, wherein



systemthat has a plurality of heads to which the first and second
gratings are severally placed facing, and nmeasures 10 position
information of the first novable body within the plane. 33. The
pattern form ng apparatus of C aim 32, ein the second nmeasuring
systemincludes an interferonmeter 15 syStemthat neasures position
information of the first novable body within the plane. 34. The
pattern form ng appaeatfissaf Hdad Mk WbelstateaninfbirfabtSYSteWt the
that irradiates the energy beamon the 20 object, and position

i nformati on gflurted iftiy otf fovabl kebddyls <ixmasor edeuspiigcs hes wtomgerand
systemat the tinme of an operation of formng the pattern on the

obj ect via tH&epereas mgéﬁﬁt and osediad dnnennesmitoriothe ipd Uriadstty
novabl e body d 25 using the interferometer systemat the

if; meas%r
time of a replad&meny thi%orfied e W% @P st ¥ if%he first

novabl e \%@idy. 35. The pattern form ng apparatus in one of Cains 31
and 34, erein 174 at the tine of the replacenent operation,

posi tion informati @.@.Ofl‘%i%[]ﬁgfci:[ﬂ?ﬁ m&?hgnggﬁrg@ug ﬂ%r&%io%suaims 28

parallel to one axis 0O Irst axis e Second axis i
measured usigH the iyHe/digr onet er system and position information of
5 the first novable body in a direction parallel to the other axis

is measured using the sacofemeysiring 3§stEheipalhees d0iMtRG ferometer
apparatus in any one of Clainms 8 to 15, 25 and 26, wherein 10 the
plurality of shistsm bleadneasmngsagesiflon idifstranadd ot bAtthiesf hast owerble

than a wwdth of the first grating in a
1 body within the plane.

31. The pattern forming apparatus of Claim 30, further
comprising:
a measurement controller that measures position
15 informaticn of the first movable body using the encoder system
at the time of an operation of forming the pattern on the object,
and measures position information of the first movable body
using the interfercometer system at the time of an operation
of replacing the object mounted on the first movable body.
20
32. A pattern forming apparatus that forms a pattern on
an ocbject by irradiating an energy beam, the apparatus
comprising:
a first movable body which moves within a predetermined
25 plane that includes a first axis and a second axis intersecting
the first axis, holding the object, and onwhich a first grating
that has a grating whose periodic direction is a direction
parallel to the first axis and a second grating that has a

grating whose periodic direction is a direction parallel to



direction parallel to the second axis, and the plurality of second
heads are placed at a distance that is narrower than a wdth of the
second grating in a 15 direction parallel to the first axis. 37. A
pattern form ng apparatus that fornms a paﬁgern on an object, the
apparatus conprising: a novabl e body on ich the object is nounted,
and which 20 noves within a predeterm ned plane that includes a

first axis ak aseeand axd saﬂé]tﬁls&m‘géd]g the first axis, holding

the object; a first grating that has a grating whose periodic
direction is a direcseonngaratilele bodvhehst mdveaxiadepeddedt125from the
pl aced on the novabl e body; a second grating that has a grating whose
periodi c di ridgtdtomavalkal eilbyastyt ivolttplar ailelptandhe second axis, and

is placed on the novabl e body; a first axis encoder that has a
plurality of first 3hEhbst 1?5 sUiHESeS posst tbas el uflgs epdmtegnfegometer
direction_parallel to the second axi and measures posi tion

i nfor mati on G ATHhESASYAGPLOBbHPR i T REHITORE fdta S REPEe Pt ¢ Rody

axis by the fj.rst. d t faces the first grating; and 5 a second
axi s encoder%ﬁi&u%ggﬁhéﬁgh%ﬂﬁﬁvfof second heads whose positions

are different in ajdidactiPnypacal! gl ﬁ%%t%%eéﬂi iﬁéié%e@ngn.encoder

t
nmeasures position information of the able body 1n a direction

parallel to tdistsecemdtan=s Byplubaisegond headsthatyh acescid e sRaongid
grating, wherein 10 the plurality of first heads are placed at a

di stance thatedsichayraoviergd hare asevdthal by phecédr shcdnat i B@d medsures
direction parallel to the second axis, and
position information of the first movable body within the

plane.

33. The pattern forming apparatus of Claim 32, wherein
the second measuring system includes an interferometer
15 system that measures position information of the first movable

body within the plane.

34. The pattern forming apparatus of Claim 33, wherein
an optical system that irradiates the energy beam on the
20 object, and
position information of the first movable body is
measured using the encoder system at the time of an operation
of forming the pattern on the object via the optical system,
and position information of the first movable body is measured
25 using the interferometer system at the time of a replacement

operation of the object mounted on the first movable body.

35. The pattern forming apparatus in one of Claims 31

and 34, wherein



the plurality of second heads are placed at a distance that is
narrower than a width of the second grating in a 15 direction
parallel to the first axis. 38. An exposure apparatus that exposes an
object with an energy beamvia an opticgg system the apparatus
conprising: first and second novabl e bo {&s that are i ndependent |y
20 novable within a predeterm ned plane; and a detecting unit that

has first and secor@ nE®etsmer egPadid VeLy1 acémdgedopbrhRechi r Yosatdon
second novabl e bodies, and detects the energy beamvia the first and

second nenberisif@ma39.onThé expd&iyrse appabatuso®f i@ ai il B8t hereiralatkel
the tinme of the detection, the first novable body is placed facing
the optical $pstem aahd ehalendnigygtbeansfaminihcheeophidcakisyist emassired
led to the second nenber of the second novable body via the first
nmenber of th&SFNStheokabrétBsalete¥6syabemTaed dxpdsuien dpparamalsidm of
one of dai 38 .and 39, erein the first novabl e body out of the
first and seddid f%gsﬁo{}‘éfﬁﬂagiﬁogf’gé’ &anah%wae%h%a?aeﬁl.lyﬁli.wrﬁ@e other
exposure apparatus of i wher.ei n the second .novabl e body has a
measur enent %e Sers'LSt ﬁnﬁgsaégoggjﬁé\g% etef}er (?%%%dzerseséfosﬁ‘c?mrferrber and is

used for an operation 10 different fromthe exposure. 42. The
exposure apparatus of Claim4l, wherein at |east part of the

neasurement menber 3 @heapgete Bt FrSiHd a0l e 15e8RP L ADVEDIR 2 ims
body that is substantially 15 parallel to the plane. 43. The
exposure appd&r atud S,n 28nyrohe 6f wleadagim 38 to 42, wherein
10 the plurality of first heads are placed at a distance
that is narrower than a width of the first grating in a
direction parallel to the second axis, and
the plurality of second heads are placed at a distance

that is narrower than a width of the second grating in a

15 direction parallel to the first axis.

37. A pattern forming apparatus that forms a pattern on
an object, the apparatus comprising:
a movable body on which the object is mounted, and which
20 moves within a predetermined plane that includes a first axis
and a second axis intersecting the first axis, holding the
object;
a first grating that has a grating whose periodic
direction is a direction parallel to the first axis, and is
25 placed on the movable body;
a second grating that has a grating whose periodic
direction is a direction parallel to the second axis, and is
placed on the movable body;

a first axis encoder that has a plurality of first heads



part of the first nenber is arranged at a surface of the 20 first
novabl e body that is substantially parallel to the plane. 44. The
exposure apparatus in any one of Clains 38 to 43, wherein the
detecting unit nmeasures a pattern image E?g is 25 formed via the
optical system 45. The exposure appar at of Claim44, wherein the
first nmenber includes an aperture pattern that is pl aced facing the

opti cal SyStQﬂkﬂﬁ@@Mﬁﬂﬁnﬂﬁﬁﬁ@&bnglEBEEEA€ZHImp@§§%%%leEpQ§51§ém to the
image via the aperture pattern. 46. The exposure apparatus in any one

of O ains 38 derorkbaxfiutfed neerdes pgsﬁlanrrﬁaﬁwfm@zglcsry@tfeﬂhé hadvable
includes a first nmeasuring unit that neasures position information

of the first hmrablre shddyecindnapseadie lntasthenfjinatt axhatbyredsuris st
position information of the second novabl e body, wherein a

measur enent \eRafk B2k Heades sthamelisint rayamingnaand 10 short-term
stability_superior to that of the second neasuring unit. 47. An

exposur e appar at us & &S é??bfs"‘é@ ﬁ?‘%%};e‘-’ctt%tt MEET éHéJr]@r“Elé’arﬁf tfeond
5 t nov e

PP or adet er B RS e BB Ehe Bof SEP o EnE ottt HoAE E Tbothy o1 Lel

that is nmovahle dpdependenthy f il mgggugggsgogx’ ?helﬁf’(%g\em L. NSe

pl ane; and a neasuri ng systemt I nc nmeasuri ng uni
20 that measW@&EASIHdEN lrﬂfaprdwe;&w{ g flidist: dmamabl & Loy aﬁ%d by

a second nmeasuring unit that nmeasures position information of the
second novablshebadysorad reasurgmentfatdsiecid ddordd rgtating, wherein
10 the plurality of first heads are placed at a distance
that is narrower than a width of the first grating in a
direction parallel to the second axis, and
the plurality of second heads are placed at a distance

that is narrower than a width of the second grating in a

15 direction parallel to the first axis.

38. An exposure apparatus that exposes an object with
an energy beamvia an optical system, the apparatus comprising:
first and second movable bodies that are independently

20 movable within a predetermined plane; and
a detecting unit that has first and second members
respectively arranged at the first and second movable bodies,

and detects the energy beam via the first and second members.

25 39. The exposure apparatus of Claim 38, wherein
at the time of the detection, the first movable body is
placed facing the optical system, and the energy beam from
the optical system is led to the second member of the second

movable body via the first member of the first movable body.



measuring unit having short-termstability superior to that of the
second neasuring unit. 25 48. The exposure apparatus in any one of
Clains 38 to 47, wherein the first novable body noves in first and
second directions hol ding the object mﬁhgin the plane, and al so on
178 which a first grating section that a grating periodically
arrayed in the first direction is arranged, and the first neasuring
unit includes an encoder systemthat neasures position information

of the first novable body in 5 the first direction by a first head
unit that has a det&kt iThre eapgeuwnedeppihabus v dirde off theifkrss and 39,
grating section in the second direction. 49. The exposure apparatus
of Cl aim 48, witkerasim 10 the first grating section is arranged in

pairs with the object in between in the second direction, and the
first head unit ha§hﬁm¥%ﬁﬁ%c@@%ﬁbiﬁnééd&nQﬂkﬂp%fth%oﬁhrgtd@§dﬁsaﬂvnd
irradiati n p05| i.on of the energy beamin 6 the second direction. 15

50. The e posftl?réEl AU oI 491 #RI%ET the first head unit

has the detection ranges that are spaced apart in the second
direction at a distance that is substantially the same as, or w der

than a width of thegfir p
apparatus in any one of é%ﬁggﬁ?%:§bé§§%%ﬁ£f§?%ﬂ' gﬁﬁﬁrs%ﬂﬁfé uni t
has a plurality of thig stcbeadsnowhese vody has a measurement member that

is separate from the second member and is used for an operation

10 different from the exposure.

42. The exposure apparatus of Claim 41, wherein
at least part of the measurement member is arranged at
a surface of the second movable body that is substantially

15 parzallel to the plane.

43. The exposure apparatus in any one of Claims 38 to
42, wherein
part of the first member is arranged at a surface of the

20 firstmovable body that is substantiallyparallel to the plane.

44, The exposure apparatus in any one of Claims 38 to
43, wherein
the detecting unit measures a pattern image that is

25 formed via the optical system.

45. The exposure apparatus of Claim 44, wherein
the first member includes an aperture pattern that is

placed facing the optical system, and the detecting unit



25 positions are different in the second direction, and the encoder
system nmeasures position information of the first novable body in
the first direction by the first head that faces the first grating
section within the detection range. 179 3%. The exposure appar at us
of Claimb51, wherein the plurality of fifdt heads are pl aced at a

di stance that is narrower than a width of the first grating section

in the secondngh$€ess Othe SpHBt e THELRXPOSH £ ERPALBEHButE Sdyr OP., Of
Clainms 48 to 52, wherein on the first novabl e body, a second grating
section that has a grating periodically arrayed in the second
direction 10 is arranged, and the encoder system neasures position
information of the 44 MEte mxpalsveehethpaira tiuse iseeogdoder eftChaiby 38 to
second head wunit_that has a detection range w der than a wi dth of

the second ot ifgrisertiephisHedfirst direction. 15 54. The
exposure gpparatus of Claimb53, wherein t econd natin% section is,

) h
arranged i°n pairs \ﬁf“ﬁf—"tsﬁémgbf%ﬂemrjﬁh@& Gx/géiufjﬁst% Sststegrresppomit
ancthe secon,feag s ge b L1 g0, (aneE, 1 each o1 20, b

sides of an irradiation po i on of

di rection. 55nJhes &XNOSHES APRALALYS:, | bBE 5 -
wherein 25 thélsecond head Snit EagﬂgzEPS?%%%%F%%égggéggOﬁgggg%matlon
whose positi ans e shdded endvapnd heody ) skhaigection, and the

a measurement value of the first measuring unit has

10 short-term stability superior to that of the second measuring

unit.

47. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
15 a first movable body that is movable within a
predetermined plane, holding the object:;
a second movable body that is movable independently from
the first movable body within the plane; and
a measuring system that includes a first measuring unit
20  that measures position information of the first movable body
and a second measuring unit that measures position information
of the second movable body, a measurement value of the first
measuring unit having short-term stability superior to that
of the second measuring unit.
25
48. The exposure apparatus in any one of Claims 38 to
47, wherein
the first movable body moves in first and second

directions holding the object within the plane, and also on



encoder system neasures position information of the first novable
body in the second direction by the second head that faces the
second grating section within the detection range. 180 56. The
exposure apparatus in any one of Clainms 48 to 55, wherein position
i nformati on nmeasured by the encoder systé is 5 used in at |least an
exposure operation of the object. 57. The exposure apparatus in any

one of O ai myH&H @ fﬁﬁst\gﬁéﬁiﬁﬂ; Begictbant hat admti @Baf@ﬁétﬁeeﬂ&ylééﬁy
1IN

encoder systemis 10 use | east a detection Operation of nmark

on the objectarréfed The theposiure: appasaiit i 1s aprangedf &ains 38 tO
46, wherein the first novabl e body noves in first and second 15

di recti ons hol di ng thisef bb§ teteasivrting whet plrariedesndn gmadtlechs yat paitthat
of first grating sections that each have a grating periodically
arrayed in t REFTHRS AILCHIVh Weomatdmiedivtiie Tivnstopjasedlien body in

bet d f d t

ST BT L By O i
d di t d wi £ !

Fecond 1o aua gty R0, A OB L bekveen A INE L

measuri ng sy%kgmﬁduglféggtg§5 an encoder systemthat measures
position information of th irst novable body in 25 the first

direction by a plurality of first heads whose positions are different
in the second direction and different two heads of which face the
pair of first gratidsy Seet icomssurandpplase ti@asfr €3 a1esids,0vherein
information of the first novable body in the second direction by a
pluralityOof secondhkefidlsst grating section is arranged in pairs with the
cbject in between in the second direction, and
the first head unit has the detection range on each of
both sides of an irradiation position of the energy beam in
the second direction.
15
50. The exposure apparatus of Claim 49, wherein
the first head unit has the detection ranges that are
spaced apart in the second direction at a distance that is

substantially the same as, or wider than a width of the first

20 grating section.

51. The exposure apparatus in any one of Claims 48 to

50, wherein
the first head unit has a plurality of first heads whose
25 positions are different in the second direction, and the
encoder system measures position information of the first
movable body in the first direction by the first head that

faces the first grating section within the detection range.



181 whose positions are different in the first direction and
different two heads of which face the pair of second grating
sections. 5 59. The exposure apparatus of C aim58, wherein the
plurality of first heads are placed at a 'bstance that is narrower
than a wdth of the first grating sectior% in the second direction,
and the plurality of second heads are placed at a distance that is

narrower than a w dizh afhd heodkrse cipth H@ald ngr 01 N Y- diid st
direction. 60. The exposure apparatus in any one of Cains 48 to 59,

wherei n the second teagunimg iuni tofi ddredereadsi aterpesoset £t a kb dthatce
measures position information of the second novabl e body. 61. The
exposur e appdittusi g mamgowaie WiarC ainislds 4 t1so, fistelr gjratting figdtion
measuring unit includes an interferometer 20 systemthat neasures

posi tion i nf orhdthoreForhel¥59%ti9Rwvabl e body, and a neasurement
direction.of position information of the first novabl e body by the
interferommeter systemincludes a direction that is different froma

nmeasur enent directi:on Qf it [ i,on_o he first vabl
body by the 25 encoder ey Sraa=d2. “BRE-ARhseaPo ahnarar iE Gl tai o
61, wherein tfie iyHsrd/roneter system neasures position infornation

of the first novable body in a direction different 182 from
directions W thin tohetpkanie:stbRovibe e s Ubes PP s iindy 988t 96n that

Clainms 61 and 62, wherein
has a grating periodically arrayed in the second direction
10 is arranged, and
the encoder system measures position information of the
first movable body in the second direction by a second head
unit that has a detection range wider than a width of the second
grating section in the first direction.
15
54. The exposure apparatus of Claim 53, wherein
the second grating section is arranged in pairs with the
object in between in the first direction, and
the second head unit has the detection range on each of

20 both sides of an irradiation position of the energy beam in

the first direction.

55. The exposure apparatus in one of Claims 53 and 54,

wherein
25 the second head unit has a plurality of second heads
whose positions are different in the first direction, and the
encoder system measures position information of the first
movable body in the second direction by the second head that

faces the second grating section within the detection range.



5 the interferonmeter system neasures position information of the
first novable body in at | east one neasurenent direction of position
information of the first novable body by the encoder system 10 64.
The exposure apparatus in any one of d ai 61 to 63, wherein the
second measuring unit includes an interféroneter systemthat

measures position information of the second novable body, and 15 the
exposure apparatus further conprises a controller that controls
novenent of the first novable body based on neasurenent infornmation
of the first neasurdtg Theniekpblsatrel apbadesuposht aop onéosfretisoims 48 to
measured by the interferoneter system 20 65. The exposure apparatus
of C ai m 64, Mher&igraide neasurenment information includes position
information of the first novable body by the interferometer system
in a direction thatdsdiqF erERETALRNATRRBETR BN NESCArPERE JNSTBRM 15

position pnformafion of the first novable body by th ncoder
system 6%. e iﬂbsqfreleaapsp%raﬁtf?q?%% Qﬁlee“yaoffl‘éé? t%fs% ‘g@ecé%,
further conprising: 183 an optical nmenber to which the object is
pl aced facing, and which emts the energy beam and a liquid

| rer sion system thigt, Qe x3 olsh gl qpitomrcagom_n éﬁ?%x@% %fldi%ﬂné 48 to
space between the optical nenber and the 5 object wt I qui d,
wherein the lsguiwhdzgmme sion area is nmaintained in a space

position information measured by the encoder system is

10 used in at least a detection operation of marks on the object.

58. The exposure apparatus in any one of Claims 38 to
46, wherein
the first movable body moves in first and second
15 directions holding the object within the plane, and on which
a pair of first grating sections that each have a grating
periodically arrayed in the first direction are arranged with
the object in between in the second direction and a pair of
second grating sections that each have a grating periodically
20 arrayed in the second direction are arranged with the object
in between in the first direction, and
the exposure apparatus further comprises
a measuring system that includes an encoder system that
measures position information of the first movable body in
25 the first direction by a plurality of first heads whose
positions are different in the second direction and different
two heads of which face the pair of first grating sections,
and also measures position information of the first movable

body in the second direction by a plurality of second heads



bet ween the optical nenber and the second novabl e body that is

pl aced facing the optical menber by replacing the first novable

body. 10 67. An exposure apparatus that exposes an object with an
energy beam the apparatus conpri sing: ?rst novabl e body which is
novable in first and second dlrectlons mn hin a predeterm ned pl ane,
hol di ng the object, 15 and on which a first grating section that has
a grating pernitadicapbyiarsnyedren difgEdbdcngt i regdi enrand 43 r8e¢688 and
grating section that has a grating periodically arrayed in the

second di r ectdidrifesrenartvangeddsaoc § ectonch niacablidebpdy rt batsesombvwahite ng
i ndependently from 20 the first novable body within the plane; and a
measuring sy$stthitd- has a first measuring unit that includes an
encoder systemthat measures position information of the first

novabl e body by a plurality of heads different two of mhich face the

first and second grati sections, and 25 a se r|n uni.t
that inclUdes an i é’?erﬁ%roﬁé?@ﬁ%fﬁat pﬁ&f&d@e&%@i ion

of the second nvva%%lgg%w@gr OEh%l%mﬁgg@ﬁagp@ O@i;yé &fatﬂ A8 ce

further conprising a correction uni Fect
measur ement  em=ar iQf {he KRGOde arsystamdhals eGRUIS dye r%ﬂtngl el io

one of the first and second grating sections. 5 69. A device

manuf act ur i ng nMeio e QI IdiHatE 1 orEX RO e b 104 LGt Juiﬂﬂl%etd&fhd heads
exposure apparatus in any one of Clains 38 to 68; and devel opi ng the
exposed obj e@tre placed at a distance that is narrower than a width of the

10 second grating section in the first direction.

60. The exposure apparatus in any one of Claims 48 to
59, wherein
the second measuring unit includes an interferometer

15 that measures position information of the second movable body.

61. The exposure apparatus in any one of Claims 48 to
60, wherein
the first measuring unit includes an interferometer
20 system that measures position information of the first movable
body, and a measurement direction of position information of
the first movable body by the interferometer system includes
a direction that is different from a measurement direction
of position information of the first movable body by the

25 encoder system.

62. The exposure apparatus of Claim 61, wherein
the interferometer system measures position

information of the first movable body in a direction different



10 70. A pattern form ng nethod of formng a pattern on an object,
the nethod conprising: a first process of nounting the object on a
first novable body that noves within a predeterm ned pl ane that
includes a first axis and a second axisi'gtersecting the first axis;
15 a second process of neasuring position information of a second
novabl e body that noves independently fromthe first novable body

wi thin the plfaney disterrisorfd neftHBasiHd nglawstem and a third
process of measuring position information of the 20 first novable
body using a second neasuring system whose neasurenent val ue has
short-termstability superior to that of the first neasuring system
71. The pattern fofdi-nghreerbpdsoteGpparFounnier ¢ine oZ5Coaimhebtiiarst 62,
novabl e body, .a first grating that has a grating whose periodic
direction is"4SHSEttion parallel to the first axis and a second

grating that has a_grating whose eriodic direction is a directian,
parallel To the sedoid aﬁitegﬁkg%ﬁggﬁﬁed,s§ﬁ ®Rg5 MPRSPRESt hj APSition

process, an %Hﬁﬂgﬂﬁﬁ§¥ﬁ{egfiﬁjﬂ§egi§§ttqﬁﬂﬁggggdpgggsufﬁn%tsyfég one

t he encoder systemhaving a first ~axis enc haSs a plurarity

of first headsMBS8edOHtLNS A & didJErany i1k R Qidet Y RafRldi6lst

to the second 5 axis and neasures position information of the first

novabl e  bodynoviakd edibeeBt N iRy AdRldd0 dhedn.rst axis by the first
head that faces the first grating, and a second axis encoder that

has a plurality of second heads whose positions are different in a
direction parallel to the first axis and 10 neasures position
i nformat1®n of the%fi-r Shenp¥RpPErBodypranatus in any one of Claims 61 to

63, wherein
the second measuring unit includes an interferometer
system that measures position information of the second
movable body, and
15 the exposure apparatus further comprises
a contreller that controls movement of the first movable
body based on measurement information of the first measuring
unit that includes position information measured by the
interferometer system.
20
65. The exposure apparatus of Claim 64, wherein
the measurement information includes position
information of the first movable body by the interferometer
system in a direction that is different from a measurement
25 direction of position information of the first movable body

by the encoder system.

66. The exposure apparatus in any one of Claims 38 to

65, further comprising:



a direction parallel to the second axis by the second head that
faces the second grating. 72. A pattern form ng nethod of formng a
pattern on an 15 object by irradiating an energy beam the nethod
conprising: a process of nounting the o?ﬁgct on a first novabl e body
that noves within a predeterm ned pl ane t includes a first axis
and a second axis intersecting the first axis; a first measurenent

process of neasuri rg ppshEkOMmembet HOLABRELOH MY dEt B Pl 4084 HacB ng,
second novabl e body that noves independently fromthe first novable

body within tamed wiliatte,emisisng:tee farrestgyreasinii nchdyst em t hat i ncl udes
an interferoneter; and a second nmeasurenent process of measuring
position 25 inforalignidfinterfiossysteabteabobyrms thl hqthe ipreresion
using a second neasuring systemthat includes an encoder systemthat

has a pl ural iA5F%Phdads 1D aWiRATS iGedtvesid e omF igradt i ex fpgd the

are placed on, t.he fir, vabl e bqody and have gratings whose
periodi c gi r SRS % ch.l 'Jrcﬁjdtq%oﬁfgl%%ﬁjé} lel to the first 186 and

second axes respec%ﬂgﬂégégga?fﬁﬁégélg%pgg%gdfgﬂ%%#thﬁﬁéggfgﬁéf%%ace

posi tion information of novabl e~ body "W

73. The patt ¢jdt faumich@ PBihed 10fefbal-Mm43, +nbes el dirﬁbx}é};ﬁ%fiﬁ&%ﬁmt

nmeasur enent process, position information of the first nova

is measured usi pQddel Feeand dRATPUIRG IS YEh@®Baby hedlia® of ¥ first
operation of formng a pattern on the object nmounted on the first
novabl e body mowabl@ ibodadi ati ng the energy beam and the pattern
formng nethod further conprises a third neasurenent process of
measur i ngP posi tion

67. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a first movable body which is movable in first and second
directions within a predetermined plane, holding the object,
15 and on which a first grating section that has a grating
periodically arrayed in the first direction and a second
grating section that has a grating pericdically arrayed in
the second direction are arranged;
a second movable body that is movable independently from
20 the first movable body within the plane; and
a measuring system that has a first measuring unit that
includes an encoder system that measures position information
of the first movable body by a plurality of heads different
two of which face the first and second grating sections, and
25 a second measuring unit that includes an interferometer that

measures position information of the second movable body.

68. The exposure apparatus of Claim 67, further

comprising:



information of the first novable body using a third neasuring system
that is conposed of an interferoneter, at the tine of 15 a

repl acenent operation of the object nounted on the first novable
body. 74. The pattern form ng nmethod of E?' m 73, wherein in the
third neasurenent process, at the tine o 8¢he 20 repl acenent
operation, position information of the first novable body in a

direction parallel 40.,088c8%k% Qhithendd rSrraXis aaﬂgagafeﬁsgen&r%i St

is neasured with the third neasuring system and position I nformation

in a directi ahganabbiel §pstdhenethtcaxs Hues thEas1eedtushd @t BBe first
second neasuring system 25 75. A novable body drive systemthat

drives a novablke sdymrhd tdrat inoyessatiitdrisn. a predet erm ned pl ane t hat
includes a first axis and a second axis orthogonal to each other,

the systemconprising: 187 a first interferometer that neasures
position information of the novable body in a direction parallel to
the first2axis by i%radi &8¢ ea MREREHEERHN D ERNASHa comsmisdmion
surface arranged on _the .novabl e body; 5 a second interferoneter that
measures position THEOrME Fon° ?e?ﬁeum%ﬁ’e@ G&8Y S Sat PP ERERB AT anY

parallel to c%r{be O?Qﬂ%qﬂ?sxid:% hy, i6rsr’,adci ing a nmeasurenment beamto a

refl ection surface arranged on the novabl e body; a first grating that
has a grating whosgeRaniRding +H @ix%%%teid)%hjj%c%.di rection parallel to

the first axis, and is placed on the novabl'e body; a first head unit
that has a plurality of heads whose positions are different in a
direction parallel to the second
10 70. A pattern forming method of forming a pattern on an
object, the method comprising:
a first process of mounting the object on a first movable
body that moves within a predetermined plane that inciudes
a first axis and a second axis intersecting the first axis;
i5 a second process of measuring position information of
a second movable body that moves independently from the first
movable body within the plane, using a first measuring system;
and
a third process of measuring position information of the
20 first movable body using a second measuring system whose

measurement value has short-term stability superior to that

of the first measuring system.

71. The pattern forming method of Claim 70 wherein
25 on the first movable body, a first grating that has a
grating whose periodic direction is a direction parallel to
the first axis and a second grating that has a grating whose
periodic direction is a direction parallel to the second axis

are arranged, and



axi s and constitutes a first encoder that measures position 15
information of the novable body in a direction parallel to the first
axis by the head that faces the first grating; a second grating that
has a grating whose periodic direction is a direction parallel to
the second axis, and is placed on the nofabl e body; 20 a second head
unit that has a plurality of heads whose positions are different in

a direction parallgl, t@ct Qﬁlerﬁfo 8%ks éﬁ“&éﬁﬂ?ﬁe #%%% aiéeﬁggg.as the

encoder that neasures position OI’ mation

direction parsdd®ld teadie; cswteaw SHY ditediead yhain fwsné he rirst

second grating; 25 an arlthnetlc processing unit that, while noving
the novabl e dhady encaddir etidtonhpar al |gluitolithe bifr st 1 Badi shbaged wHke
measur enent val ues of the first and second interferoneters, or

measur ement \Edsi@ofs vlire defbdadenntiar Reddbneteicmamh taid e)f tosthéeadond
unit, obtains correction information on grating 188 warp of the
second grat i r?gutﬁyaﬁ&fﬂ@raﬁ:uﬁ@Sapaﬁéaéperhﬂﬁ@émag@aﬂl @fﬁélm TSlorgpu terviadn ©

usi ng neasur ene t val ues obt ai ned t he l|t of heads of the
second head GG tiad Qﬂée%:é&&eﬁﬁffaﬁﬁ?lpiﬂacﬁ% EFh Hhe Sabcie £

Peast one-of R tHEFoE o RPor o1 ont o &q}eﬁi‘é%%r”%?é%é% Y Hpgoder

| east one of erone

corresponds 3 eachy Oéca %ﬂﬁrﬁ‘ig%gr%ﬁerﬁe cﬁ{ldjeﬁea@*@dwﬁogg E'E:%lzllﬁ that.o

perforns drive of the novable rection parall

second axi s, gatdea-garrest langiltm;tl& NBABAHT BEENL oV alHie st PPt Al aggs and
fromthe second head unit based on the neasurenment value of at | east

one of the fimestsurey erdsartanet em fanthdtherf igStthead Ayt mabIheody in
correction information on grating warp of the second grating.
a direction parallel to the second axis by the second head

that faces the second grating.

72. A pattern forming method of forming a pattern on an
15 object by irradiating an energy beam, the method comprising:
a process of mounting the object on a first movable body
that moves within a predetermined plane that includes a first
axis and a second axils intersecting the first axis;
a first measurement process of measuring position
20 information within the plane of a second movable body that
moves independently from the first movable body within the
plane, using a first measuring system that includes an
interferometer; and
a second measurement process of measuring position
25 information of the first movable body within the plane using
a second measuring system that includes an encoder system that
has a plurality of heads, to which first and second gratings
that are placed on the first movable body and have gratings

whose periodic directions are directions parallel to the first



15 76. The novabl e body drive systemof Caim75, wherein the
arithmetic processing unit conputes an average value of the

nmeasur enent val ues of the plurality of heads of the second head unit
that are sequentially placed facing the ;g%ond grating, as the
correction informati on on grating warp. 77. The novabl e body drive
systemin one of Clains 75 and 76, wherein the reflection surface of

the novabl e hady skeothi §Ret he sgmasiureneli-ebeam 4 01% the *RCeRding, and
interferoneter is irradiated 5 is anideal plane, and the

arithnetic prmoeessiewy posiit ipoviast dites tivablfec o dy rsicmavah Yepbigneithin
parallel to the first axis based on a neasurenent value of at |east
one of the fittlst pamgferoneter and the first head unit while fixing
a nmeasurenent value of the second 189 interferoneter to a
predeterm ned value. 78. The novabl e body drive systemin any one of

Clains 75 to 77, erein 5 the arithnetic prqocessing unit further
moves the novabl e m@o‘d Reh PR St i g ig é‘?qtg'loq &k het gt ofra gherein

based on, roasuremanl Yalues, ol pLbe,LLESk S0 Serond Lol et oreLers

and whil e noving the nova 0 0 co

grating pitchoffhe sgeqnd, gratiog is i]n%a%%&lé%ntd%iaﬂ Ekgcgs%cond

facing the second head unit according to the novenent sed on

measur enent vl ing hﬁymr@lt théetigeopet ah 3pd rAtRASWERMning a
val ue of the second head unit, and the controller perforns drive of

the novabl e pedtdm an Ihdidgepidtomaartadd edn tithd hel secoidy 8K , body by
whil e correcting the
10 irradiating the energy beam, and
the pattern forming method further comprises
a third measurement process of measuring position
information of the first movable body using a third measuring
system that is composed of an interferometer, at the time of

15 & replacement operation of the object mounted on the first

movable body.

74, The pattern forming method of Claim 73, wherein
in the third measurement process, at the time of the
20 replacement operation, position information of the first
movable body in a direction parallel to one axis of the first
axis and the second axis is measured with the third measuring
system and position information in a direction parallel to
the other axis is measured using the second measuring system.
25
15. A movable body drive system that drives a movable
body that moves within a predetermined plane that includes
a first axis and a second axis orthogonal to each other, the

system comprising:



measur enent val ues obtained fromthe second head unit based on a
measur enent val ue of at |east one of the first interferoneter and
the first head unit, the correction information on grating warp of
the second grating and the 20 correction bgfornation on grating pitch
of the second grating. 79. The novable %ody drive systemof Caim
78, wherein the reflection surface of the novable body to which the

measur enent beam fr:om £hesti r shtientrerbercaret erthst i r nadkaked Hodition
an ideal plane, and the arithmetic processing unit noves the novable
body in a diimgoiinmtigar aiff dlhd ondved Isedont)y adi @ khHsedtooa parallel to
measur enent val ue of the second interferoneter while fixing a

measur ement V@lueférstheaxis sbvi nterddiambrer a oneagd9oempnedéteami hed a
val ue. 80. The vabl e body drive systemin one of Clains 78 and 79,
wherein 5 t héSridHme& @ngﬁ?c‘”é?sséll?i‘@arlﬁﬁq Ve tHYFRvalteibody in a

direction.parallel to the second ax%s at ,‘?%I OWFEQ ed at a level in
n

whi ch shoPt-term f Iauctsgjea%cfrb ot Fret ERLE T &he al B&35H e FESGdon
v ert o o o e 4.0n0r o 10 AL, AL & ] SLDIG ARPIALS 1 1o

conprising: a novable on whi ch an object 1s nounte

can nmove Wt hiHd as8B¥HhAY ddidneny haldizng athe obj egly saRdnehie WPMADLE 4
body drive systemin any one of " Clains 75 to 80 that drives the

novabl e body rfedrl daarirmt isatr fce fatdreyan b i therahjedod82. The

pattern form ng apparatus of Claim8l, wherein the formation of a

pattern is perfornmed Dyrsxpgsehgnphehadbjlees by dratadiat whgsan perdoght.c

beam 10 direction is a direction parallel to the first axis, and is
placed on the movable body;

a first head unit that has a plurality of heads whose
positions are different in a direction parallel to the second
axis and constitutes a first encoder that measures position

15 information of the movable body in a direction parallel to
the first axis by the head that faces the first grating;

a second grating that has a grating whose periodic
direction is a direction parallel to the second axis, and is
placed on the movable body;

20 a second head unit that has a plurzlity of heads whose
positions are different in a direction parallel to the first
axis and constitutes a second encoder that measures position
information of the movable body in a direction parallel to
the second axis by the head that faces the second grating:;

25 an arithmetic processing unit that, while moving the
movable body in a direction parallel to the first axis based
onmeasurement values of the first and second interferometers,

or measurement values of the second interferometer and the

first head unit, obtains correction information on grating



20 83. A novabl e body drive nmethod of noving a novabl e body that

noves wthin a predeterm ned plane that includes a first axis and a
second axis orthogonal to each other, the nmethod conprising: 25 a
first novenment process of moving the movabke body in a direction
parallel to the first axis, based on a neasurenment value of a first
interferoneter that neasures position information of the novable

body in a di nextp onf pahal Iselcdna g frig Shy apksrbymi hgadi @rdikiermined
measurenent beamto a 191 reflection surface arranged on the novable
body, and bastwtigtixalkasomenentieal ueinf amesecwrothennt eraflereeneidrained
t hat nmeasures_ position information of the novable body in a

direction pdarkan dhe glugalissond hseds BE itheadiesoindghaadearit epprt are
beam 5 to a reflection surface arranged on the novabl e body; a first
deci si on proé§§QQﬂt%é;%¥ﬁ9ﬁfQﬁﬁr@iﬁ%Qﬁlth%ﬁ%ﬁ?ﬁﬂq(ﬂf%ﬁ%QﬂVQQQRfQ&ﬂQJtO
of a first gratin hat .has rating whose periodic_djirection is
directi ongpartglei ér[%‘%eénent%éangg(?oﬁﬁagk%gmgﬁg i‘@EBFaE datbni?%%t n%r\l/eaﬁ?%%he
body, by perfor.m r . S LSty i SJ
moasuronen VAl ee bt A o A i LT ey rh el Phdt Ghst¥dthas

sequential | y tpleaced JRGHY ddesdddmidnt9rali g AceRy ding to movenent
of the novable body in the first novenent process, and a neasurenent

val ue of the first a obrtieldertiat halr feonieapondsot aeambviblefbéde in
measur enent val ues, the plurality of heads being anong a plurality

of heads whosedpoertionsparel el fter ehe secend dixiect wanlpacattettinmg the
the first axis and which are included in a first head unit that
constitult®s @eesHEsmant Wal ussashited negosremohhe ngeeend i erdfunite based

movabl e body in ahdirection .
on tThe measurement value of at least one of the first

interferometer and the first head unit and the correction

information on grating warp of the second grating.

i5 76. The movable body drive system of Claim 75, wherein
the arithmetic processing unit computes an average value
of the measurement wvalues of the plurality of heads of the
second head unit that are sequentially placed facing the second
grating, as the correction information on grating warp.
20
~ 77. The movable body drive system in one of Claims 75
and 76, wherein
the reflection surface of the movable body to which the
measurement beam from the second interferometer is irradiated
25 is an ideal plane, and
the arithmetic processing unit moves the movable body
inadirectionparallel to the first axis based on a measurement
value of at least one of the first interferometer and the first

head unit while fixing a measurement value of the second



20 parallel to the second axis by irradiating a detection light to
the first grating; and a drive process of performng drive of the
novabl e body in a direction parallel to the second axis, while
correcting the nmeasurenent values obtaingd fromthe first head unit
based 25 on a neasurenent value of the first interferometer and the
correction information on grating warp of the first grating. 84. The
nmovabl e body idrtesref aveirtetcte 0ft < aigp S tahieimaid vdludhe first decision
process, an average value of the 192 neasurenent val ues of the
plurality of heads of the first head wunit that are sequentially

pl aced facing the first grating is conputed, as the correction

i nformation on grat7i8ngTMr$9V§b$5.bm%%l%Wy idr B0F ome ol Glgims
one of Claims7 83 apﬂ %ﬁ,&evm,erein the reflection surface of the

movabl e body 1o Whi'ch tH¥TSEasur enent beam from the second
interferopeter is i.rradiated .is _an ideal plane. a 10int firs
novenent %?ocess, (HE FOVEETRE bD8Y OCS SHevEad ™Y fgrgﬂ%&qv&s Eg?g}qv&tble
tothe first s £2sedqonea IBASYLEIRL) YA UhOT L8861 Lol s pased on
interferoneter while fixing a neasurenent Vval ue of the sécond

i nterferonet gledsr@ndei@udned ¥Yabuei -6 861 shodPUMIE R0eters,
drive nethod in any one of Clains 83 to 85, further conprising: a

second novenenid pwaddes abvimyi nthd heworawdkl ebbady |dbt itk r eedriretion
parallel to the second axis based on neasurenment values of the first
and second i rtdidfrmadristrers; gued 120 pigedond déw siegrorpt goessingf that is
obtaining correction _information on grating pitch of the first
grating that Segiuedddidaty Bilpyep] heetng ddingadead hest Wehll agferding to

according to
the movement based on a measurement value of the second

interferometer and a measurement value of the second head unit,

and
the controller performs drive of the movable body in a
15 direction parallel to the second axis, while correcting the
measurement values obtained from the second head unit based
on a measurement wvalue of at least one of the first
interferometer and the first head unit, the correction
information on grating warp of the second grating and the

20 correction information on grating pitch of the second grating.

79. The movable body drive system of Claim 78, wherein
the reflection surface of the movable body to which the
measurement beam from the first interferometer is irradiated

25 is an ideal plane, and
the arithmetic processing unit moves the movable body
in a direction parallel to the second axis based on a
measurement value of the second interferometer while fixing

a measurement wvalue of the first interferometer to a



novenent of the novabl e body in the second novenent process, based
on a neasurenent value of the second interferoneter and 25

nmeasur enent val ues of the first head unit, wherein in the drive
process, drive of the novable body in a g rection parallel to the
second axis is perforned, while correctt B t he neasurenent val ues
obtained fromthe first head unit based on a nmeasurenent val ue of
the second i Heidearangtid Wl3ie the correction information on grating
warp of the first grating and the correction information on grating
pitch of the first grating. 5 87. The novabl e body drive nethod of
Claim 86, wherein the reflection surface of the novable body to

whi ch the neasure®ént Theamofrebdet hedfyi dsivensestenohet@re ict Claims 78
irradiated is an ideal plane, and in the second novenent process,
the movabl e B8y 1% MBfE®1i™M0 in a direction parallel to the second
axi s based on a urengg val ue of the second |nterferoneter whi

fixing a.neasure Far-Ge"6H BT PFPEP LA BRE BrifnEt Rt mpvable body
predeternlneqélg7agmﬁé§lgg P%@%%ﬂgyap$q:QQ%%KQ%fV%xg%LQSS {#W spegd at

Clains 86 an € Second nhovenen

novabl e body d %.em?a\ﬂ.GQn /b i HdighRetd %r‘ﬁ@rﬂldc%luattqw%fs% %%'u%e?f}ent

a low speed at a level in which short-termfluctuation o

nmeasur enent  v2Q wealdse fe R ERE At d iR tRin N ke dARPr ed.
89. A pattern form ng nethod, conprising: a process of nmounting an

obj ect on a novabl e body that can nove within a nmovi ng pl ane; and 25
a process of driving the novabl e body using the novabl e
10 81. A pattern forming apparatus, comprising:
a movable body on which an object is mounted, and which
can move within a moving plane, holding the object; and
the movable body drive system in any one of Claims 75

to 80 that drives the movable body for formation of a pattern

15 to the object.

82. The pattern forming apparatus of Claim 81, wherein
the formation of a pattern is performed by exposing the

object by irradiating an energy beamn.

20
83. Amovable body drive method of moving a movable body
that moves within a predetermined plilane that includes a first
axlis and a second axis orthogonal to each other, the method
comprising:
25 a first movement process of moving the movable body in

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

the first axis by irradiating a measurement beam to a



body drive method in any one of Clains 82 to 88 for formation of a
pattern to the object. 90. The pattern form ng nethod of C ai m 89,
wherein 194 the formation of a pattern is perfornmed by exposing the
object by irradiating an energy beam 91 devi ce manufacturing

met hod, conprising: 5 a process of form 8 a pattern on an object
using the pattern formng nethod in any one of Clains 70 to 74, 89

and 90; and s fAIQaEsh AuiR{dOrdP ith O ES HHY i e %c@ct aQﬂi based
which the pattern has been forned. 10 92. An exposure nethod

exposi ng an ahj eceasiuder@nt eatngy fiearcvhd @it td aaletS3SERAL ntehs.%ures
met hod conprising: detecting the energy beamvia first and second
menbers by ugiangtaadet eefdérngathdt ofattHmsmohebler lodgndirseeond rection
menbers 15 respectively arranged at first and second novabl e bodi es
that are i ndsgerdent F9 WY &5ONE BRILA Ry predetiatiinged prasierewsnt Hean
exposure pet d of m.92, wherein at the tinme of the detection,

the first”no qtslorﬁcﬁupﬁfffcc?d FEAWED 1 FRS é‘éﬂvaﬁﬂsﬁ (;é?ﬁdyand

b f t ne
LPetEQGQEXonS""”‘WL%} S 0Sa, PP ERE YT PR rtoaht ordig errfq‘)é‘ bR en
body. 94. Th%n%%@l%%rhg#j:é{ﬂle@ewﬁ QA gﬁf%aengb %Pg Oggaggl%s a

the first novabl e body out |rst and secon .
can hold the 0Rjtacly wBoseTherexpasuneraBtgd of LOfimO4 oivhaneiin k9%

the second axis and is placed on the movable body, by performing

10 a predetermined statistical computation using measurement

values obtained froma plurality of heads that are sequentially

placed facing the first grating according to movement of the

movable body in the first movement process, and a measurement

value of the first interferometer that corresponds to each

15 of the measurement values, the plurality of heads being among

a plurality of heads whose positions are different in a

direction parallel to the first axis and which are included

in a first head unit that constitutes an encoder that measures

position information of the movable body in a direction

20 parallel to the second axis by irradiating a detection light
to the first grating; and

a drive process of performing drive of the movable body

in a direction parallel to the second axis, while correcting

the measurement values obtained from the first head unit based

25 on a measurement value of the first interferometer and the

correction information on grating warp of the first grating.

84. The movable body drive method of Claim 83, wherein

in the first decision process, an average value of the



t he second novabl e body has a neasurenent nenber that is separate
fromthe second nmenber and is used for an operation different from
the exposure. 5 96. The exposure nethod of C aim 95, wherein at |east
part of the nmeasurenent nenber is arrang 92 a surface of the
second novabl e body that is substanti allg parallel to the plane. 10
97. The exposure method in any one of Clains 92 to 96, wherein part

of the first q@iiaferientaibangehb o suatacer plod Headélcsﬁh@fﬁ?é@ head
body that is substantially parallel to the plane. 15

exposure net hod t rtharty ore sfqudreiinsl 92 dle®Eh fameﬁgewhea fﬁ_aziétﬁrgi:atlng
image that is fornmed via the optical system is neasured using the

det ecti ng uniis c20r¥@edihesexpesareraethod vhf¢mam 8, omheraiimg herp.
first nmenber includes an aperture pattern that is placed facing the
optical system and the pattern inmage is neasured via the aperture

attern. 5 100. A exposure hod of 0Si ng an o ect with an
gnergy be t he 15ho EOWBF’gEﬁﬁgbOQYpSSEE‘ésm%F %y Politaige 83

infornatlon fcf flr%{] Ig&q_able body that is m)vable within a
pr edet er m ne%l pl an ol ng the object and of a second novabl e body

that is novable 196y pdependent !y, f£0m wtﬁerfévmvﬁ@o%ybegywm}b e

the plane, using first and second neasuring unit
measur enent  wlas@ réinditebbbinst r R 8BH Mo iih tRaF e rSRQrt £ Mrradiated

stability superl or to that of the second neasuring 5 unit.
is an ideal plane, and
10 in the first movement process, the movable body is moved
inadirectionparallel to the first axis based on a measurement

value of the first interferometer while fixing a measurement

value of the second interferometer to a predetermined value.

15 86. The movable body drive method in any one of Claims
83 to 85, further comprising:
a second movement process of moving the movable body in
a direction parallel to the second axis based on measurement
values of the first and second interferometers; and
20 a second decision process of obtaining correction
information on grating pitch of the first grating that is
sequentially placed facing the first head unit according to
movement of the movable body in the second movement process,
based on a measurement value of the second interferometer and
25 measurement values of the first head unit, wherein
in the drive process, drive of the movable body in a
direction parallel to the second axis is performed, while
correcting the measurement values obtained from the first head

unit based on a measurement value of the second interferometer,



101. The exposure nethod of C aim 100, wherein the first novabl e body
noves in first and second directions holding the object within the
pl ane, and also on 10 which a first grating section that has a
grating periodically arrayed in the firgé direction is arranged, and
the first neasuring unit includes an enc ar system that neasures
position information of the first novable body in the first

direction by tnd bbsbeheadnum o rinlati HASH & r3QLEGT &P bF 13088 rW dffating

than a wdth of the first grating section in the second direction.
102. The expesul eheetbedeot iGhai ntdOhat Woeren A fd bStcar afitige first
section is arranged in pairs with the 20 object in between in the
second directgmatirand the first head unit has the detection range on
each of both sides of an irradiation position of the energy beamin
the second direction. 25 103. The exposure nethod of Caim 102,

wherein the first ad unit has_the detection ranges that are spaced
apart at a dist ancg’e}t'hgk{ei BOo¥EBLe MR FRIdN ihaedhedl 88 ClatnG Geredgin

i dth of the fi i ti 197 4. Th t had
o, W h of Lhe 1S OLRHD. SeRlLon d9% 0L, The Shoosiy p bl
plurality of ars?}ré?%qg,sb BSLroMaSid ! ’l%taiﬁtgk%fe?&‘ﬁ@&ek”ié rlerr%%ci%’{%d
directi on, an t he encodaer syst em neasures position | nfornati on o

the first novapls beail pithe fidst direction by the first head that
faces the first grating section within the detection range. 105. The

exposure met hod of i@ @hensk@bndnherahendBrokespl, urad hbyabl efHdEt i Bardsed

are placed at a distance
10 in a direction parallel to the second axis based on a
measurement value of the second interferometer while fixing

a measurement value of the first interferometer to a

predetermined value.

15 88. The movable body drive method in one of Claims 86
and 87, wherein

in the second movement process, the movable body is moved

in a direction parallel to the second axis at a low speed at

a level in which short-term fluctuation of the measurement

20 value of the second interferometer can be ignored.

89. A pattern forming method, comprising:
a process of mounting an object on a movable body that
can move within a moving plane; and
25 a process of driving the movable body using the movable
body drive method in any one of Claims 82 to 88 for formation

of a pattern to the cbiject.

90. The pattern forming method of Claim 89, wherein



narrower than a width of the first grating section in the second
direction. 106. The exposure nethod in any one of Clains 101 to 105,
15 wherein on the first novabl e body, a second grating section that
has a grating periodically arrayed in thz econd direction 1is
arranged, and the encoder system neasure 9gosition i nformation of the
20 first novable body in the second direction by a second head wunit

that has a detecti omnd 2B9RaWi B8 of RABaR WAL s ofe tehg- Bgde;&s%@{w%e
0 f aim

section in the first direction. 107. The exposure met hod

106, wherei n o2bjddie secionth Qiradimy SediOny} a.anged in pairs with
the object in between in the first direction, and the second head
unit has the detection range on each of both sides of an irradiation
position of the energy beamin the first direction. 198 108. The
exposure net hod i n %dne folde@igien®anyd agig rigiy, meiherdei warpe isdagnd

head unit_has a plurality of second heads 5 whose positions are
different®in the fifr BEOGPPECPEoRCTBABTL AcPabheBAE sIt¥H 9Rfadifidy the

position information of the first ., novabl e body.in the con

di rection by ef%%héﬁﬁnﬁggde%EPd ?ﬁc%%ytqﬁgéé%gﬂ&laﬁa? nbogéﬁtﬁﬁhand
within the detgactjep range. 10 109. The exposure nethod in any one of
Clains 101 to IO@; wherein position information nmeasured by the

Syt UL e s e Aol e iR AL el
the pattern has been formed.
i0
82. An exposure method of exposing an object with an
energy beam via an optical system, the method comprising:
detecting the energy beam via first and second members
by using a detecting unit that has the first and second members

15 respectively arranged at first and second movable bodies that

are independently movable within a predetermined plane.

93. The exposure method of Claim 92, wherein
at the time of the detection, the first movable body is
20 placed facing the optical system, and the energy beam from
the optical system is led to the second member of the second

movable body via the first member of the first movable body.

84. The exposure method in one of Claims 92 and 93,
25 wherein
the first movable body out of the first and second

movable bodies can hold the object.

95. The exposure method of Claim 94, wherein



wherein position information nmeasured by the encoder systemis used
in at |least a detection operation of marks on the object. 20 111.
The exposure nmethod in any one of Cains 101 to 110, wherein the
second measuring unit includes an interf?rgneter t hat measures
position information of the second movabi-é body. 25 112. The
exposure apparatus in any one of Clainms 101 to 110, wherein the

first nmeasuring unignd @@dé@l%ﬁm@ﬁ}ab'l‘éebﬁﬁﬂzoﬂggeé méyﬁﬁ@éﬂzé@@tméwr@%t

position information of the first novableé body, and a neasurenent

direction of msepa@atbrﬁmﬂmhle%le&ﬁnd_%mﬁe&ealﬁdrl%t usBN Y ea b it 1 on
the interferoneter systemincludes a direction that is different
from a neasurdinfeitratit ettdortheofepmsittreon i nformati on of the first
novabl e body by the encoder system 5 113. The exposure nethod of
Caim 112, wherein the interferometer system measures position

informati on of the first npvable body in a direction different from
directiong within thfe dl @X%uﬂeﬂr}/ S Thettho P is¥ <die of

d 112 d 113, t f t t
pog:gfon |ﬁ?ornatﬁghwges h%a¥|rs% g%%g%%%ﬁﬁgﬁknﬁﬁﬁgﬁg%ggggq%aﬁenqgg on

measurenent dj rLGIHQN fr RGN %f%&fﬂ%ﬂeo%oqn%{[ hég%tf' S te IRV %bclrl%lly

body by the encoder system 1 e exposure I N any one
Caims 112 tgaklllel to the plane.

10 97. The exposure method in any one of Claims 92 to 96,
wherein
part of the first member is arranged on a surface of the

first movable body that is substantially parallel to the plane.

15 98. The exposure method in any one of Claims 92 to 97,
wherein
a pattern image that is formed via the optical system

is measured using the detecting unit.

20 99, The exposure method of Claim 98, wherein
the first member includes an aperture pattern that is
placed facing the optical system, and the pattern image is

measured via the aperture pattern.

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

a process of measuring position information of a first

movable body that is movable within a predetermined plane

holding the object and of a second movable body that is movable



wherein 20 the second neasuring unit includes an interferoneter
system that neasures position information of the first novable body,
and novenent of the first novable body is controlled based on
measurenent information of the first nmeasuring unit that 25 includes
position information neasured by the i nt érfer onet er system 116. The
exposure method of O aim 115, wherein the nmeasurenent information

i ncl udes posi i MHan L ¢f; Lhe ki | &5 t
interferonet elr d%s.%/ste%%][r};?di res:tﬂéi or}r:sﬁa{ngyéggiep?é?gn‘t% rg%%ye ﬂeane’

nmeasur ement lieetfonstOfaOsiddoiy ind 08 nmidPnaoft 4 heydd #&tn novabl e
body by the encoder system 5 117. An exposure nethod of exposing an
object wth an ener gyedmammdriie nellodofonhei Sikgt &ecpCOGERY @it has
measuring position information of a first novable body, which is
nmovabl e in fishartaiesessadidiitecsipasioct Coakhhinrd theedetendimeburing
pl ane hol ding the object and on which a first grating section that

has a gra indnﬁé%iodically arrayed in the first direction and a
second grating section that has a grating periodically arrayed in

the second direction are arranged, by a plurality of heads of an

encoder system 15 GOAR! gl db A Sl TRASW 18 U Lol fifenent, two
heads of which faces 'the Tirst and second grating secti’ons, and a

process of neasuri nggPosi £&oN fdQ 1t 98y Ol R ieCond fbir%‘@béﬁ‘ﬁb ond
that is novable independently fromthe fitst novable body wthin the

pl ane by an iditreidterOe Rl GePrihgedbject within the plane, and zlso on

10 which a first grating section that has a grating periodically

arrayed in the first direction is arranged, and

the first measuring unit includes an encoder system that

measures position information of the first movable body in

the first direction by a first head unit that has a detection

15 range wider than a width of the first grating section in the

second direction.

102. The exposure method of Claim 101, wherein
the first grating section is arranged in pairs with the
20 object in between in the second direction, and
the first head unit has the detection range on each of
both sides of an irradiation position of the energy beam in

the second direction.

25 103. The exposure method of Claim 102, wherein
the first head unit has the detection ranges that are
spaced apart at a distance that is substantially the same as,

or wider than a width of the first grating section.



20 in a second nmeasuring unit. 118. The exposure nethod of Claim 117,

further

t he

conpri si ng:

201

conprising: a process of correcting a neasurenent error of

25 encoder systemthat occurs due to at |east one of the first
and second grating sections. 119. A devigggnanufacturing met hod,

exposi ng an object using th xposure nethod in any one

of Clainms 92 to 118; and devel opi ng the exposed object.

10

15

20

25

104. The exposure method in any one of Claims 101 to 103,
wherein

the first head unit has a plurality of first heads whose
positions are different in the second direction, and the
encoder system measures position information of the first
movable body in the first direction by the first head that

faces the first grating section within the detection range.

105. The exposure method of Claim 104, wherein
the plurality of first heads are placed at a distance
narrower than a width of the first grating section in the second

direction.

106. The exposure method in any one of Claims 101 to 105,
wherein

on the first movable body, a second grating section that
has a grating periodically arrayed in the second direction
is arranged, and

the encoder system measures position information of the
first movable body in the second direction by a second head
unit that has a detection range wider than a width of the second

grating section in the first direction.

107. The exposure method of Claim 106, wherein

the second grating section is arranged in pairs with the
object in between in the first direction, and

the second head unit has the detection range on each of
both sides of an irradiation position of the energy beam in

the first direction.
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108. The exposure method in one of Claims 106 and 107,
wherein

the second head unit has a plurality of second heads
whose positions are different in the first direction, and the
encoder system measures position information of the first
movable body in the second direction by the second head that

faces the second grating section within the detection range.

109. The exposure method in any one of Claims 101 to 108,
wherein
position information measured by the encoder system is

used in at least an exposure cperation of the object.

110. The exposure method in any one of Claims 101 to 109,
wherein
position information measured by the encoder system is

used in at least a detection operation of marks on the object.

111l. The exposure method in any one of Claims 101 to 110,
wherein
the second measuring unit includes an interferometer

that measures position information of the second movable body.

112. The exposure apparatus in any one of Claims 101 to
110, wherein

the first measuring unit includes an interferometer
system that measures position information of the first movable

body, and a measurement direction of position information of
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the first movable body by the interferometer system includes
a direction that is different from a measurement direction
of position information of the first movable body by the

encoder systiemn.

113. The exposure method of Claim 112, wherein
the interferometer system measures position
information of the first movable body in a direction different

from directions within the plane.

114, The exposure method in one of Claims 112 and 113,
wherein

the interferometer system measures position
information of the first movable body in at least one
measurement direction of position information of the first

movable body by the encoder system.

115. The exposure method in any one of Claims 112 to 114,
wherein

the second measuring unit includes an interferometer
system that measures position information of the first movable
body, and

movement of the first movable body is controlled based
on measurement information of the first measuring unit that
includes position information measured by the interferometer

system.

116. The exposure method of Claim 115, wherein

the measurement information includes position
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information of the first movable body by the interferometer
system in a direction that is different from a measurement
direction of position information of the first movable body

by the encoder systemn.

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

a process of measuring position information of a first
movable body, which is movable in first and second directions
within a predetermined plane holding the object and on which
a first grating section that has agratingperiodically arrayed
in the first direction and a second grating section that has
a grating periodically arrayed in the second direction are
arranged, by a plurality of heads of an encoder system
comprised in a first measuring unit, different two heads of
which faces the first and second grating sections; and

a process of measuring position information of a second
movable body that is movable independently from the first
movable body within the plane by an interferometer comprised

in a second measuring unit.

118. The exposure method of Claim 117, further
comprising:

a process of correcting a measurement error of the
encoder system that occurs due to at least one of the first

and second grating sections.

119. A device manufacturing method, comprising:

exposing an object using the exposure method in any one
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of Claims 92 to 118; and

developing the exposed object.



