1 DESCRI PTI ON MOVABLE BCODY DRI VE METHOD, MOVABLE BODY DRI VE SYSTEM
PATTERN FORVATI ON METHOD, PATTERN FORM NG APPARATUS, 5 EXPOSURE
METHOD, EXPOSURE APPARATUS, AND DEVI CE MANUFACTURI NG METHOD

TECHNI CAL FI ELD The present invention relates to novabl e body drive
10 net hods, novabl e body drive systens, pattern fornmation nethods,
pattern form ng apparatus, exposure nethods, exposure apparatus, and
devi ce manufacturing net hods, and ) j.cul.arly to a novabl e
body drive nmethod in which a novabﬁ%ﬁfq ;Ehbﬁggiven in at least a
uni axi al direction, a 15 novabl e body drive system suitable for
applying the nethod, a pattern formation nmethod that uses the

movabl e body MsVART.EHASE DRI IMETHOS" MAYBPRRBOBY bﬁ@"%?ﬁﬁ%{‘r

equi pped with the novable body drive system an exposure net

uses the noOPRTEERN FORMATION METHOD £ PZPTERMNEFORMING APFAREIUS,
the 20 novabl e body drive system and a device manufacturing nethod

t hat uses®the pattBXPOSURE iMETHOMpJIEXROSTIREUAPRRRATUS, AND
Conventionally, in a lithography process for 25 manufacturing

m crodevi ces (el ectronic cﬁﬁi’&é};ﬂ MANUHEACTRIRINGUMEEEOR | i quid
crystal display elenent or the like, a reduction projection exposure
apparatus by a step-and-repeat nethod (the so-called stepper), a

scanni ng proj i p apparatus by a step-and-scan net hod
(the so-calIggﬁéhﬁgggﬁﬁiﬁéﬁgﬁ%pper (al so called a scanner) ) and the
like have Dbeen relgll YelohhteQURRIM HS8d1ates to movable body drive

10 methods, movable body drive systems, pattern formation
methods, pattern forming apparatus, exposure methods,
exposure apparatus, and device manufacturing methods, and
more particularly to a movable body drive method in which a
movable body is driven in at least & uniaxial direction, a

15 movable body drive system suitable for applying the method,
a pattern formation method that uses the movable body drive
method, a pattern forming apparatus that is equipped with the
movable body drive system, an exposure method that uses the
movable body drive method, an exposure apparatus that has the

20 movable body drive system, and a device manufacturing method

that uses the pattern formation method.

BACKGROUND ART
Conventionally, in a lithography process for
25 manufacturing microdevices (electronic devices and the like)
such as a liguid crystal display element or the like, a
reduction projection exposure apparatus by a step-and-repeat
method (the so-called stepper), a scanning projectiocn

exposure apparatus by a step-and-scan method (the so-called



Wth these types of exposure apparatus, in order to transfer a
pattern of a reticle (or a mask) onto a plurality 5 of shot areas on
a wafer, the wafer stage that holds the wafer is driven in a XY
t wo- di nensional direction, for exanple, by a linear notor or the
|l i ke. Especially in the case of a scanniAg stepper, not only the
waf er stage but also the reticle stage is driven in the scanning
direction w tshcaoredet er.m ned 1(0 I

%

trokes b | i t t
like. Positi o HERSE snertPehof lls‘?eor O@ﬁﬁ&%agﬁgéggggﬁ&Er?ﬂgdv\gt%%r{@f%d@ve
is normally Q%ér?r%tﬁ?éi\;&glﬁréﬁﬁ{tiﬁt yderometer, which has good
a a

stability of neasurenent ues-over ong period of tine, and also
has high resol uti ea.thlaHduevefpe Jdusr tdd e RAIGEH NS4 hatn Ry to

wi th higher integration of sem conductor devices, position control

of the stagesramdfehigherttprecbsi anrétsidbeo@mneg maguredtoandblurality
short-term fluctuation of neasurenment values due to tenperature
fluctuati bn off shetatnespher @ vaie¢he Heamadptri sahg@Cipat hodtist hige wafer
| aser interferometer is now becoming a matter that cannot be

i gnored. Meanvthidré VeredBn 13 tav-4lifiges ismad poseriteprpeasurenample, by
unit, an encoder, that has a neasurenent resol ut,m of, thgl sane | evel

or hi gher thdh a1 er™ I riterter ter Yras HEEENT Pt Yo diic &4 253 e Cdr 2
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a scale (grating efror factors rif

[ xed posit!qtdlid i abNGEMRy @KPRAHANNYNG; LOCLLLES) s LR REMrrlihea

the scale due to the passage of use tine“exist,

encoder fack ddrckedreehani cakatangedLrdp shabibkby. dheref o eeddifement
encoder has a drawback of | acking nmeasurenment value linearity and

bei ng of the reticle stage and the wafer stage is normally performed

using a laser interferometer, which has good stability of
measurement values over a long period of time, and also has
high resolution.

ib However, due to finer patterns that come with higher
integration of semiconductor devices, position control of the
stages with higher precision is becoming reguired, and
short-term fluctuation of measurement values due to
Temperature fluctuation of the atmosphere on the beam optical

20 path of the laser interferometer is now becoming a matter that
cannot be ignored.

Meanwhile, recently, as a type of a position measurement
unit, an encoder that has a measurement resolution of the same
level or higher than a laser interferometer has been introduced

25 (refer to, for example, Patent Citation 1). However, since
the encoder uses a scale {grating), various error factors
(drift of grating pitch, fixed position drift, thermal
expansion and the like) that occur in the scale due to the

passage of use time exist, which makes the encoder lack in



inferior in long-termstability when conpared with the | aser
interferoneter. 5 Patent Ctation 1. U S. Patent No. 6,639, 686

DI SCLOSURE OF THE | NVENTI ON MEANS FOR SOLVI NG THE PROBLEMS The
present invention has been nade in consideration of 10 the

ci rcunst ances described above, and accordi3ng to the first aspect of
the present invention, there is provided a first novable body drive

hod whi h I b v, in a st a uni axi al
G rooti on, 1R aﬁ%%aaﬁolﬁwé’ ot Sraniie o, Bhecs? Pﬁewhf—f%ﬁ ghdoder has
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val ues excel in short-termstability mhen conpar e th measurenent
val ues of thenferSdromasaen enent unit, and based on neasurenent
results 20 of the first and second neasurenent units, correction
informati &n for corBestnihdinedsiorenentU V&l kst aft thhe SBoEIR 686
measurenent unit is decided; and a second process in which the
novabl e body is driven in the uniaxial direction based on the
measur enment Valgﬁiﬂff t he second neasurenment unit and 25 the

correction i Mb HREAQS  THEy FRVENTIAN: hod, fby the calibrati |hon
ecting the
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nmeasur enent val ues of I rst neasurenent uni t

measur engnt @@@§r@ﬁm§h@n&bés&eé@@%@%&§ve uphl. aJ&Wlel}@%%dtl‘?@ fihet
nmeasur enent val ues of the second

aspect of the present invention, there is provided a first

movable body drive method in which a movable body is driven
in at least a uniaxial direction, the method comprising: a
first process in which a calibration operation is performed
15 where positional information of the movable body in the
uniaxial direction is measured using a first measurement unit
and a second measurement unit whose measurement values excel
in short-term stability when compared with measurement values
of the first measurement unit, and based on measurement results
20 of the first and second measurement units, correction
information for correcting measurement values of the second
measurement unit is decided; and a second process in which
the movable body is driven in the uniaxial direction based
on the measurement values of the second measurement unit and
25 the correction information.
According to this method, by the calibration method
above, correction information is decided for correcting the
measurement values of the second measurement unit whose

short-term stability of the measurement values excel when



measurenent unit and the correction information, the novable 5 body
is driven in the uniaxial direction. Accordingly, it becones
possible to drive the novable body in the uniaxial direction with
good accuracy, based on the nmeasurenent values of the second
measurenent unit that have been corrected4using the correction
information, that is, the nmeasurenment values 10 of positional

i nf ti f the vahl.e.,body in the uniaxi al irection whose
| SnST torm st S%WP?{}G szgﬁhsngé%i%?%%?e% VIS ?gﬁ:ﬁ% fipstIpor F LT UrRRE

tability. A i t c f.th ent _invention
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first axis and a second axis orthogonal to each other erein

posi tional i niessmatéenanofurtite ameyahk echodyct Ton arndiorettiion panalhetanie
to the first axis is nmeasured, using a pair of first gratings that
each incl ade ody at $ ndgr peen othi cahé yuRDaxli spodedecnian di Pestdmhingly, it
parallel to the first axis within a plane parallel to the

t wo- di mensi orRECYNAH DS HMke o aBT EVE bidely TeitR b ke fhadedimpare umiaxial
direction orthpgonal to the |qngitudinal direction of the grating
within the pl&hesQntPr &5y g?ogrﬁ%ﬁa%apaﬁgg A hdsdmaAPHrERgRt values
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extends in a direction intersecting the longitudina irection of

first grabi ngSeowing ok 1aihepeinkydbAadf Shedinb®sb1 8NN ihSthe uniaxial
periodically disposed in a direction parallel to the second axis on

a pl ane par aldistedtoidthevhiowe diomnst @meal st 4bane: pni § hel sevedrerdoty, in
and a second encoder that has a
addition to the short-term stability.
According to the second aspect of the present invention,
there is provided a second movable body drive method in which
15 a movable body is driven within a two-dimensional plane
parallel to a first axis and a second axis orthogonal to each
other wherein positional information of the movable body in
& direction parallel to the first axis is measured, using a
pair of first gratings that each include a grating periodically
20 disposed in a direction parallel to the first axis within a
plane paraliel to the two-dimensional plane on the movable
body and is placed apart in a direction orthogonal to the
longitudinal direction of the grating within the plane and
a first encoder that has a head unit that intersects the
25 longitudinal direction, and positicnal information of the
movable body in a direction parallel to the second axis is
measured, using a second grating that includes a grating, which

extends in a direction intersecting the longitudinal

direction of the first grating serving as a longitudinal



head unit that intersects the longitudinal direction of the 5 second
grating, whereby the novable body is driven based on the positional
information that has been neasured. According to this nethod, as

| ong as the novabl e body remains within a predeterm ned stroke range
where a head unit that the first encodersShas faces at |east one of
the gratings 10 of the pair of the first gratings, and a head unit
that the second encoder has faces the_second grating, then, at |east
one of the fitsieqriah ﬁagaaﬁdpﬁﬁéoﬂﬁzeélweo%@s%a&ﬂ@lfﬁ@fm parallel
positional infornmation of the novable body in.the direction  .parallel
to the first q-'a?xitsq,%,% %%Eioﬁﬁea%lescgﬁldag?%ﬁl% agr?gji e b 15 SR dOT Ertddercnal
measure the positd Qiple VBRI LSy t Nfg ARl P bt hs,
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is favorable, the positional information of the novable body wthin

t he two- dbnensicanal 2@ tilmane wihe rekas thedmei kb1 gooddacLsirdcyveT hedsed on
the novable body is driven, based on the positional information of

t he novabl e tsdyassidsiared viin e medd cre dilvac yia sAdemrdingg gy read.

becones possible to drive the novable body wi th good accuracy.
According to the tRGCOLEIHECECotniBenBERENt 26 ny@RY | %, theomaiRrle jbody
provided a third .novabl e . body drjve nmethod in ich a novable body .
Pt ven at HBRY ROk SAaoshe oot ToRE e AR B A tnd t
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surface of the mpvable 6, rbody MEEtagJ?é@ﬁﬁgg néﬁ]?da q{éf&tdrﬁf% M G
as a period direction and rmeasures positional information of the
nmovabl e bodgddvrichenpioedet aagi Aededi tREt s8BcRASEEL ©MMd | ScH&f) eat st
one of the first grating and the first encoder measure the
positional information of the movable body in the direction
parallel to the first axis, and the second grating and the
15 second encoder measure the positional information of the
movable body in the direction parallel to the second axis.
Since the short-term stability of the measurement values of
the first and second encoders is favorable, the positiocnal
information of the movable body within the two-dimensional
20 plane is measured with good accuracy. Then, the movable body
is driven, based on the positicnal information of the movable
body measured with good accuracy. Accordingly, it becomes
possible to drive the movable body with good accuracy.
According to the third aspect of the present invention,
25 there is provided a third movable body drive method in which
a movable body i1s driven at least in a uniaxial direction,
the methed comprising: a drive process in which based on

measurement values of an encoder that irradiates a detection

light on a grating placed on an upper surface of the movable



light and correction information of a pitch of the grating, 5 the
novabl e body is driven in the predeterm ned direction. According to
this nethod, the novable body can be driven wth good accuracy

wi t hout being affected by drift or the like of the grating pitch.
According to the fourth aspect of the pre§ent invention, 10 there is
provided a first pattern formation nmethod in which a patternis

f d wh which th bj ect
mounted | s TS TSThG: dy RS B D T b T ol SOy

drive nethod of, %&:hﬁoq{g %eaégi‘gg'gcgﬁr d{ﬁatln&%ér}n%rtqgnoégﬁéﬂ '?rt va%: e

respect to the objéect can According to
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body driven w th good accuracy using any one of the first to third

nmovabl e bodyidihiventgetbetdeet ibhe ipfeseatibAvents oitdh MY rating,
possible 20 to formthe pattern on the object with good accuracy.
Accor di ngot o thige ravied cadypeipt isf dtierepr eserthel predteit@rmindlede destion.
provi ded a second pattern formation nethod in which a pattern is
formed on an obj ecBCoRFERENt AtticaBetbne, dgheamopriialhady ernioy sligen

bodi | udi bl e bod which 25 the object is nmounted is
O ven uorng ik BAER G AT AT MEROLD G ARkraes BB A o8 i hede

of the prese i pve i . t pattern formation with respect to
t he obj ect c%% b@ %&l%qnﬁé%l ccording to this nethod, for pattern

formation with 7 nespeetnbo:d tE‘?leOPJJ@PEh adbeltast tmgpfés@n@'l R;%'nlt%%n,

of novable bodies is drivén with good accuracy using any one 0O

first toothicheroyabbechodyddei ¥erset hod: fn theriiesatnd tMRNtirORh i ch
a pattern is formed on an object, wherein a movable body on
which the object is mounted is driven using any one of the
first to third movable body drive method of the present
invention so that pattern formation with respect to the object

15 can be performed.

According to this method, by performing pattern
formation on the object mounted on the movable body driven
with good accuracy using any one of the first to third movable
body drive method of the present invention, it becomes possible

20 to form the pattern on the object with good accuracy.

According to the fifth aspect of the present invention,
there is provided a second pattern formation method in which
a pattern is formed on an object, wherein at least one of a
plurality of movable bodies including a movable body on which

25 the object is mounted is driven using any one of the first
to third movable body drive method of the present invention
so that pattern formation with respect to the object can be

performed.

According to this method, for pattern formation with



and a pattern is generated on the object nounted on one of 5 the
novabl e bodi es. According to the sixth aspect of the present
invention, there is provided a device manufacturing nethod incl uding
a pattern formation process wherein in the pattern formation
process, a pattern is forned on a substrate using one of the 10 first
and second pattern formation nethod of the present invention.
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whi ch the object is nmounted is driven using ‘any one of the first to

thi rd novabl edady rdr meeaptehoddpfdr ihe myesenb i ONentFofesO ihaindike,
energy beam and the object are relatively noved. According to this
met hod, for tarel reelpsttibes movemmETte it e R ®rt e mdrigpotheamritracadirateed of
on the object and the object, the novable body on which the object
is nnunte% i Shdr impstrldie Podje accuracy using any one of the first

to third novabl e bqd dr.ive nethod of the present invention. ,
Accordingly, it b%&%ﬁ&éﬂrl&&sEPb%ets&xfté}rﬁ?lagﬁ‘atqfeFﬁeoW%%e%jlé’é&emw’
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direction, the system conprising: a first neasurenent unit that

neasures posigricarals, B8a pateemat i onr@fmddedmevabbatckady 18ihhene of the
uni axial direction; a second neasurenent unit that neasures

posi tional ififrernaricorseaforicheatmeat] e drodytiion treecnond ad alhddigmeatdron
whose
invention.

According to the seventh aspect of the present invention,
there is provided a first exposure method in which a pattern
is formed on an object by irradiating an energy beam, wherein

15 a movable body on which the object is mounted is driven using
any one of the first to third movable body drive method of
the present invention so that the energy beam and the object
are relatively moved.

According to this method, for the relative movement of

20 the energy beam irradiated on the object and the object, the
movable body on which the object is mounted is driven with
good accuracy using any one of the first to third movable body
drive method of the present invention. Accordingly, it
becomes possible to form a pattern on an object with good

25 accuracy by scanning exposure.

According to the eighth aspect of the present invention,
there is provided a first movable body drive system that drives

a movable body in at least a uniaxial direction, the system

comprising: a first measurement unit that measures positional



short-termstability of nmeasurenment val ues excels the first 5
measurenent unit; a calibration unit that perfornms a calibration
operation of deciding correction information so as to correct

measur enent val ues of the second neasurenent wunit using the

measur enent val ues of the first neasureneft wunit; and a drive unit
that drive the anabIe body in the 10 uni axial direction based on the

measur enent vaI f, the cond ur.enent, uni.t and the _cor.recti.,on
i nf or mati on. 0561} A t ;ﬁ |L5’reaﬂndﬁ}iﬁ 7

the calibratipon féﬂ%@féﬂ@%l@%eat AL, S Lt Or]c:Lonal:L5 of

information i S C?EC correcting t neasur ement V ues

the second nﬁﬁﬁﬂﬁ%ﬁﬁﬂkﬂﬂ@f%H@H%ﬁ%@f@%Bd&@ﬁ?kﬁ%qghdéﬂéf@liggt1onwhose
measur enent val ues excels when conpared with the first nmeasurenent

unit, using thereassmersibivdtyesfohebBarbnest vARASHI &AEN s WHL first
Then, based on the nmeasurenent val ues of the second neasurenent unit
and t he cbrr estEsewramsror natiiton,a 20 tiker aovabluen bodyhats pérrificemsd e t he
uni axial direction by the drive unit. Accordingly, it becones

possi bl e to @Eli®rHd o NEPEEEE UsedpLi et hadingi axFaectl o i faymatipn so

good accuracy, based on the neasurenent val ues of the second
measur ement @i t-° W%@W%teé{ae‘dl%i% tthl’?’e S@W@cﬁe@ﬁurem@nt
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stablllty Accord ing tot e n|nt aspect of e present 1 nvention,
t here i si1@rovinded ia 1SeGanrd dTvale Loty Qrﬂé/@ae%)éﬂr%ﬂetﬂ’tatvaldfésv%sf &he

novabl e body within a two-di mensi onal plane parallel to a first axis
and a second sa&dcsdMricals atemenrtt hoganalnd tdhe correction information.
According to this system, the calibration unit performs
the calibration operation described above, and correction
information is decided for correcting the measurement values
15 of the second measurement unit whose short-term stability of
the measurement values excels when compared with the first
measurement unit, using the measurement wvalues of the first
megsurement unit. Then, based on the measurement values of
the second measurement unit and the correction information,
20 the movable body is driven in the uniaxial direction by the
drive unit. Accordingly, it becomes possible to drive the
movable body in the uniaxial direction with good accuracy,
based on the measurement values of the second measurement unit
that have been corrected using the correction information,
25 that is, the measurement values of positional information of
the movable body in the uniaxial direction whose long-term
stability is also favorable, in addition to the short-term
stability.

According to the ninth aspect of the present invention,



system conprising: a first grating placed on a plane parallel 5 to
t he two-di nensional plane on the novabl e body that also includes a
grating disposed periodically in a direction parallel to the first
axis; a pair of second gratings that extend in a direction
intersecting a longitudinal direction of9the first grating serving
as a longitudinal direction on 10 a plane parallel to the

t wo-di nensi onal plane on th vabl e ody, .and are also placed apart
oy aet e o i 1 d B P g TS e A e e
each include g.. i i odi cal | i sposed J.n_a direction parall.el
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encoder that has a head unit intersecting the longitudinal direction
of the pabr dfo sEeordragrdatmengsi,crarid pl2tharesas wles mposidliconaldy that also
i nformation of the novable body in the direction parallel to the
second axi s dingHgiofis I tdrapPdia Dfspotrsbmegiedigaysly dmd s drdact g t
that drives the novabl e body _based on positional_ information,
neasured by BREFiHt hdhssdddind éiddderss PET Adc NG 9§ atHings that
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novabl e body in the direction parallel to the first axis, and
second gr ati ngdandahbeasecanso eficosed aRasuiasatderection orthogonal to
the longitudinal direction, and also each include a grating
periodically disposed in a direction parallel to the second
axis; a first encoder that has a head unit intersecting the
15 Iongitudinal direction of the first grating, and measures
positicnal information of the movable body in the direction
parallel to the first axis along with the first grating; a
second encoder that has a head unit intersecting the
longitudinal direction of the pair of second gratings, and
20 measures positional information of the movable body in the
direction parallel to the second axis along with the pair of
second gratings; and a drive unit that drives the movable body
based on positional information measured by the first and
second encoders.
25 According to this system, as long as the movable body
remains within a predetermined stroke range where a head unit
that the first encoder has faces the first gratings, and a

head unit that the second encoder has faces at least one of

the pair of the second grating, then, the first grating and



posi tional information of the novable body in the direction 5
parallel to the second axis. Since the short-termstability of the
measur enent val ues of the first and second encoders is favorable,
the positional information of the novable body wthin the

t wo- di nensi onal plane is nmeasured with gddd accuracy. Then, the
novabl e body is driven, based on the 10 positional information of the

bl e bod i th good ._Accordingly, it bes
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direction serving as a longitudinal direction on the novabl e body,

and al so has 20 lgrlattionghpes¢oaid axdis .di Sposedtha shaoit-ectimmrtability
parallel to the first axis; a second grating that extends in a
direction p&falihda negsWenanistvadiies Wit Fhehdidiste@nidbpesond mgcasieg s
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with the first grating; a Second encoder “has a heéd unit t
intersects lbodtiha dhaiechirormpakahl®f the hbeablé BoBXhea80EABASHE &S 0d

posi tional information of the novable body in the direction parallel
to the secondcaxirzcgl.ongcabiriihheysecandegbabkngpssible to drive the
movable body with good accuracy.
According to the tenth aspect of the present invention,
there is provided a third movable body drive system that drives
15 a movable body within a two-dimensional plane parallel to a
first axis and a second axis which are orthogonal, the system
comprising: a first grating that extends in a direction
parallel to the second axis with the direction serving as a
longitudinal direction on the movable body, and also has a
20 grating periodically disposed in a direction parallel to the
first axis; a second grating that extends in a direction
parallel to the first axis with the direction serving as a
longitudinal direction on the movable body, and alsoc has a
grating periodically disposed in a direction.parallel to the
25 second axis; a first encoder that has a head unit that
intersects the direction parallel to the second axis and
measures positional information of the movable body in the

direction parallel to the first axis along with the first

grating; a second encoder that has a head unit that intersects



and a drive unit that drives the novabl e body based on the 5
positional information neasured by the first and second encoders,
wherein at | east one of the first and second encoders has a
plurality of the head units placed apart in the | ongitudinal
direction. According to this system by tlie first grating and the 10
first encoder, and the second grating and the second encoder,

ol ane) °?n([‘h’tet%w” oA o Tk o gt e A ?ri%%ﬁ‘fré"s[‘ﬁ'e
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of the neasurenent values of the first and second encoders

favorabl e, pesid izorali vienfuerimatihen driclewdithg metatilendodyi %fa%reﬂiabhoﬂhe
of the novable body within the two-di mensional 20 plane is neasured

wi t h goodS acewsady.onBilennfvaved iom tleasupesi tyortdle ififretmatidoseafoniche
movabl e body nmeasured with good accuracy, the drive unit drives the

nmovabl e body enﬁ:@@@rréun‘gwremtatbb@@ﬁ’wn@o@%“tbleef%bs*éiram\sdesetch@ndr@m@ﬁ@rs
body with go accura 25 Acc rdlng to the el eventh aspect of the
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present inv G¥s %y ERsady dr ithe
system that_.L rl% S, nnqy%p % |n at | east uni axi al direction,
t he systen1conp9i5| g an “éncs hat irradiates a detection |ight
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a periodical direction, on~an upper ace nova
nmeasur es] Posist rafabnbHEOF Madd P nef séegndr@afa’:tbu@; l&@l@)’th@ éé@:\nd encoder,

predet erm ned direction based on a

rotation (rotation around the axis orthogonal to the
two-dimensional plane) in the two-dimensional plane is
measured, in addition to the positional information of the
movable body in the direction parallel to the first axis and

15 the positional information in the direction parallel to the
second axis. Further, since the short-term stability of the
measurement values of the first and second encoders is
favorable, positional information (including rotational
information) of the movable body within the two-dimensional

20 plane is measured with good accuracy. Then, based on the
positional information of the movable body measured with good
accuracy, the drive unit drives the movable body. Accordingly,
it becomes possible to drive the movable body with good
accuracy.

25 According to the eleventh aspect of the present
invention, there is provided a fourthmovable body drive system
that drives a movable body in at least uniaxial direction,

the system comprising: an encoder that irradiates a detection

light on a grating placed in a predetermined direction, which



reflection light; and a drive unit that drives the novable 5 body in
the predeterm ned direction based on neasurenent values of the
encoder and correction information of a pitch of the grating.
According to this system the drive unit drives the novable body in
the predeterm ned direction, based on thé2 10 neasurenent val ues of
t he encoder and the correction information of the pitch of grating.

Accordi ngly, the novable g e drlven wi th good accur ¥ £ th
o thout by ng B ERa= BYEUPLEEAD TR 1 R ocrntaﬁleugpaf. e %ho the
According to the.t V@IB‘&C{} %eaoguxtégeﬁﬂfs%t dr%patl ko t

is provided a flrst pattern Tormng appara st orns a pa ern

on an obj ect ,mctxm;ll&lﬂo@mmf't%iéW%re%i&&iﬂn?fﬂad‘gil%étlérh%a%'%ﬁtaes
a pattern on the object; and any one of the first to fourth novable

body drive sysifireqifidrhd iprasenind i eiiticomniwhaiteith driergval ediety e
drive systemdrives the 20 novabl e body on which the object is

mount ed sb adady per fidremp yeatetmymifrordrat i mere tviidrh reesppbcin tedsherement
obj ect. According to this apparatus, by generating a pattern wth

the patterni YA oéntiRecBBpPEet aRdt ferrevabie botlgrmaliverofhia witch
good accuracy&¥5|ng any one of the first to fourth 25 novabl e body
drive system9 Qﬁigﬁﬂﬂ'invention it becones possible to forn1a

pattern on an obje% c@&dg %?%% AGGUr ag % rggﬁq to t&%d%%g{t%en
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conprising: a patterning unit th generates a pattern dn
obj ect; @0 pl wealduren@itmovables kadies IHdading iy a8 Redy: oron

whi ch t he object is nmounted; and any one of the first to
information of the pitch of grating. Accordingly, themovable
body can be driven with good accuracy without being affected
by drift or the like of the grating pitch.
According to the twelfth aspect of the present invention,

15 there is provided a first pattern forming apparatus that forms
a pattern on an object, the unit comprising: a patterning unit
that generates a pattern on the object; and any cone of the
first to fourth movable body drive system of the present
invention, wherein the movable body drive system drives the

20 movable body on which the object is mounted so as to perform
pattern formation with respect to the object.

According to this apparatus, by generating a pattern
with the patterning unit on the object on the movable body
driven with good accuracy using any one of the first to fourth

25 movable body drive system of the present invention, it becomes
possible to form a pattern on an object with good accuracy.

According to the thirteenth aspect of the present
invention, there is provided a second pattern forming

apparatus that forms a pattern on an object, the unit



fourth novabl e body drive system of the present invention, 5 wherein
t he novabl e body drive systemdrives at |east one of the plurality
of novabl e bodies so as to performpattern formation with respect to
the object. According to this apparatus, for pattern formation with
respect to the object, at |least one of aplurality of novable 10
bodies is driven with good accuracy by any one.of the first to fourth

bl e body drive. syst th tterning unit enerates a
pattern on RO B Pt ahiong LY Metioyabreai0q setteln on tne

According to u t!gﬁg_t t r nt 15 inyentiaon her e
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patterning unit that irradi ates the energy beam on the object; an

any one of theoudittstmdvabTowddy viakd e potdih df s steayard ftfi&ntion,
present invention, 20 wherein the novabl e body on which the object is
mounted i § dtliesErirbyhehmomepakl koipdyr Ure \eey ssyest emisest hat 1ehet one of
energy beam and the object are relatively noved. According to this
appar at us, f e éllgiiade bvahemvadile thadigreryy dedm ingriim abigrern
the object fromthe patterning 25 unit and _the object, the novable

body on whi cH ¥ G5t Gt HroiRiEd G WS W SGh good accuracy f
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a step-and-scan net hod t hat
to fourth movable body drive system, and the patterning unit
generates a pattern on the object mounted on one of the movable
bodies.
According to the fourteenth aspect of the present
15 invention, there is provided a first exposure apparatus that
forms a pattern on an object by irradiating an energy beam,
the apparatus comprising: a patterning unit that irradiates
the energy beam on the object; and any one of the first to
fourth movable body drive system of the present invention,
20 wherein the movable body on which the object is mounted is
driven by the movable body drive system so that the energy
beam and the object are relatively moved.
According to this apparatus, for relative movement of
the energy beam irradiated on the object from the patterning
25 unit and the object, the movable body on which the object is
mounted 1s driven with good accuracy using any one of the first
To fourth movable body drive system of the present invention.
Accordingly, it becomes possible to form a pattern on an object

with good accuracy by scanning exposure.



alternately repeats scanni ng exposure of synchronously noving 5 a
mask and an object in a predeterm ned scanning direction so as to
transfer a pattern formed on the mask onto a divided area on the
obj ect and novenent of the object to perform scanning exposure on a
following divided area is perforned to seguentially transfer the
pattern onto a plurality of 10 divided areas on the object, wherein

positiogal_iﬂforna iggg¥ﬁﬂgg&ﬁas§ Stﬁ%%ﬁ%gf h0|dsté2§bg%%§££%sent
measured w an e Srasie
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deci ded fromgs posid.Ahalpd Afordmid e ofr dhe fmsk St 406 i ngydhe

encoder and an interferoneter at |east during scanning exposure to
each divi ded dArgana@id; BBe8OEIRAINMIMd BkpHBREEYY b§ncEabhBial 8Goving
based on neasurenent values of the interferoneter and the encoder
stored dubi ng tisss le)qras wre dpjerct iion 2y ddtke t 2histeep -sarathrsican diptdwad.on
According to this nmethod, on exposure by the step-and-scan nmethod to
the next obj &t ast he WorryEsE bathernnagknedage the magkseahni agivided
exposure (at the tinme of pattern transfer) of each divided area can
be control | ed5d WTyddtf 2P I8Tursdtd) NHRRE ok Héedsiadndift Reglfpadn

of the encoder_whi.ch have been cor&g t.ed .usi ng t.h orrect.,i on £ g
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transferred onto the plurality of divided areas on the object by
scanni ng expesuaenad i Btggedti€tiolideNthe mask is measured with an encoder
and movement of the mask stage is controlled, based on
measurement values of the encoder and correction information
of the measurement values of the encoder decided from
15 positional information of the mask stage using the encoder
and an interferometer at least during scanning exposure to
each divided area,, and the correction information is
calibrated, based on measurement values of the interferometer
and the encoder stored during the exposure operation by the
20 step-and-scan method.

According to this method, on exposure by the
step-and-scan method to the next object, the movement of the
mask stage during scanning exposure (at the time of pattern
transfer) of each divided area can be controlled with good

25 accuracy, based on the measurement values of the encoder which
have been corrected using the correction information, that
is, measurement values of the positicnal information of the
mask stage in the scanning direction having good linearity

and long-term stability, in addition to good short-term



According to the sixteenth aspect of the present 5 invention, there
is provided a second exposure apparatus that perfornms an exposure
operation by a step-and-scan nethod which alternately repeats
scanni ng exposure of synchronously noving a nmask and an object in a
predeterm ned scanning direction so as tkbtransfer a pattern forned
on the mask onto a divided 10 area on the object and novenent of the

bj ect t f . i a foll ow di vi ded area, the
appar at s | coHET B a ATEOE BrRY  nbUSoPBLFRTA CPEAST PRetie A hGan
di ti hol.di ; j.ect e, vable in,at least t
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scanning direction; and a control 'unit that controls novenent of the

mask stage, based gromasWEmNtzhevadivesfiH RerRREOAET @ present
correction informati on of the neasurenent val ues of the encoder

deci ded fbPomiposirttiional tR@rieni vpmiviickedd ddmmiskpetage aspagathe that
encoder and the interferoneter at |east during scanning exposure to
each divi ded®PSHErNpAd CEIDIE eserabledrmeststap-iandraamn nathofadddh
on neasurenent. values of the interferonmeter and the encoder stored
during the eXdSi & Sper SEPBATH I §KBPSHAE- Y aKNFBERARBAUSLY moving

A di to thi t when .the caontraller, rforms the, .
exposur 6 opernt I Bl FE: S dTs e MRS e Ao b L e o
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object, the controller controls the hbvenent of the Mask s age
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information of the neasurenent values of the encoder "deci ded from
the positionacanning exposure on a following divided area, the apparatus
comprising: a mask stage movable in at least the scanning
direction holding the mask; an object stage movable in at least
the scanning direction holding the object; an interferometer
15 and an encoder that measure positional information of the mask
stage in the scanning direction; and a control unit that
controls movement of the mask stage, based on measurement
values of the encoder and correction information of the
measurement values of the encoder decided from positional
20 information of the mask stage using the encoder and the
interferometer at least during scanning exposure to each
divided area, and calibrates the correction information,
based on measurement values of the interferometer and the
encoder stored during the exposure operation by the
25 step-and-scan method.
According to this apparatus, when the controller
performs the exposure operation by the step-and-scan method
inwhich a pattern is sequentially transferred onto apiurality

of divided areas on an object, the controller controls the



information of the mask stage by the encoder and the 5 interferoneter
during the scanning exposure of each divided area, and calibrates

the correction informati on based on the neasurenent val ues of the
interferoneter and the encoder stored during the exposure operation
by the step-and-scan nethod. Accordinglylé the novenent of the mask
stage during 10 scanning exposure (at the time of pattern transfer)
wth respect to each divi.ded area on the object after calibration

can be coﬁtr&ﬁqu%ﬂﬁkP &gﬁaﬂFﬁgiﬁQﬁﬂelhﬂﬁﬁétﬂ?t MEFS SRt values
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can be transferred wth good accuracy onto the plurality of divided
areas on bhe i2Gaotfjeanimdiert kimrdcgnnhegsexposugeexposordi o) daact e vided
sevent eenth aspect of the present invention, there is provided a
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decides correction information in which neasurenent values of the
encoder is caesgeledtyseagh divided area on the object after calibration
can be controlled with good precision, based on the measurement
values of the encoder that have been corrected using the
calibrated correction information, that is, measurement
15 values of the positional information of the mask stage in the
scanning direction having good linearity and long-term
stability, in addition to good short-term stability.
Accordingly, the pattern formed on the mask can be transferred
with good accuracy onto the plurality of divided areas on the
20 object by the scanning exposure.

According to the seventeenth aspect of the present
invention, there i1s provided a third exposure apparatus that
synchronously moves a mask and an object in predetermined
scanning direction with respect to an illumination light and

25 transfers a pattern formed on the mask onto the object, the
apparatus comprising: a mask stage movable in at least the
scanning direction holding the mask; an object stage movable
in at least the scanning direction holding the object; an

interferometer and an encoder that measure positional



measur enent values of the interferoneter, based on 5 neasurenent
results of the interferometer and the encoder, which are neasured by
driving the mask stage in the scanning direction at a slow speed at
a level in which the short-term variation of the neasurenment val ues
of the interferoneter can be ignored andreasuring positional
information of the mask 10 stage in the scanning direction using the

interferoneter nd the e q%lﬁ r](;:l ontrol unit that cocptrols
movenent of e O Tt aogfg it r eerwof LN & TR A geSSd By 2
th ty h i
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t he mask Sta&ﬁaésﬁn@rﬁé&?@ Hdn e SCau %&&%tisorbc%r@ct%cpvﬁsﬁfbe
at a level in which the short-termvariation of the neasurenent

val ues of thendawiefdregroimettiuaar Hecignores: ferheidle, P& dd anal
information of the mask stage in the scanning 20 direction is

measur ed bsi mgpashecanwrgr frsyonBterofant4 hetendedemetethemd hdsedramwder,
t he measurenent results of the interferoneter and the encoder,
correction i AFGrGfRBIrEnr8FuESEr REII N ie theedaGkeAbATe VAL Ude slcarmd.ng
encoder using .the neasurenment values_  of the interferometer, that is,
correction i 5%h o %550\‘50?9%%%%% hEVRBasrdmsh g Foordrterm

t he encoder .shor term stability of.the ur enent _val ues
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transfer, based on the nmeasurenent values of thé encoder and the

correction inher satbder; Aecdradicegkyoli init that controls movement of the
mask stage during transfer of the pattern, based on the
measurement value of the encoder and the correction
information.

15 According to this apparatus, by the calibration unit,
the mask stage is driven in the scanning direction at a slow
speed at a level in which the short-~term variation of the
measurement vaiues of the interferometer can be ignored, and
the positional information of the mask stage in the scanning

20 direction ismeasured using the interferometer and the encoder.
Then, based on the measurement results of the interferometer
and the encoder, correction information for correcting the
measurement values of the encoder using the measurement values
of the interferometer, that is, correction information fox

25 correcting the measurement values of the encoder whose
short-term stability of the measurement values excels the
interferometer, using the measurement values of the

interferometer whose linearity and long-term stability of the

measurement values excels the encoder, is decided. Then, the



becones possible to control the novenent of the mask stage 5 in the
scanning direction during pattern transfer with good accuracy, based
on the measurenent values of the encoder that has been corrected
using the correction information, that is, the nmeasurenent val ues of
the positional information of the mask sittage in the scanning
direction having good linearity 10 and long-termstability, in

addition to good short-term stability. Accordingly, the pattern ,
fornmed on the‘ﬂﬁ%?g%éH”¢b§QFF&' el dmﬂﬁ?ﬁeﬁﬁoaga%E%r@&ﬁ£2ﬁﬁQQ§fﬁ?rlng
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the apparatus conprising: a nmask stage novable in at |east the 20
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| east the scanning direction holding the object; an interferoneter
and an encod@&cquraCyveleged pogiltd ogasurepkotnmadlees off the emckdst ddet
in the scanning direction; a calibration unit that perforns a '
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including a first position and a second position which are positions
on bot h edgestefvid irrangeawheteihfg@y, the pattern formed on the mask can
be transferred with good accuracy onto the obiject by the
scanning exposure.
According to the eighteenth aspect of the present
15 invention, there is provided a fourth exposure apparatus that
synchronously moves a mask and an object in predetermined
scanning direction with respect to an illumination light and
transfers a pattern formed on the mask onto the object, the
apparatus comprising: a mask stage movable in at least the
20 scanning direction holding the mask; an object stage movable
in at least the scanning direction holding the object; an
interferometer and an encoder that measure positional
information of the mask stage in the scanning direction; a
calibration unit that performs a calibration operation of
25 correcting scaling error in a map information that denotes
a relation between the measurement values of the
interferometer and the measurement values of the encoder,

based on the measurement values of the interferometer and the

encoder each obtained at a predetermined sampling interwval,



illumnation light is irradiated on a pattern area of a mask 5

subj ect to exposure; and a control unit that controls the novenent
of the mask stage during transfer of the pattern, based on the
nmeasur enent val ues of the encoder and the map information after
correction. According to this apparatus, i%e calibration unit 10
obt ai ns rreasurerrent values of the interferonmeter and the encoder at
apredetermnd I| interval while position setting the mask

stage at a pI |Eteitd:r11§1q s sé:afqer &t o L}roﬂ%ﬁ’d%f
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val ues excels the interferoneter and the neasurenent val ues of the
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measur enent va he encoder .is corrected. Then, by the
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direction during pattern transfer with good accuracy, based on the
map i nformat ieorcalklreat a predetermined sampling interval while position
setting the mask stage at a plurality of positions including
a first position and a second position which are positions
on both edges of a2 range where the illumination light is
15 irradiated on a pattern area of a mask subject to exposure,
and based on the measurement values that have been obtained,
the calibration unit performs calibration operaticn of
correcting scaling error in a map information that denotes
a relation between the measurement values of the
20 interferometer and the measurement wvalues of the encoder.
That is, the scaling error of the map information that denotes
a relation between the measurement values of the encoder whose
short-term stability of the measurement values excels the
interferometer and the measurement values of the
25 interferometer whose linearity and long-term stability of the
measurement values excels the encoder is corrected. Then, by
the control unit, based on the measurement values of the

encoder and the map information after correction, the movement

of the mask stage during pattern transfer is controlled.



correction and the neasurenent val ues of the encoder. 5 BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a view that shows a schematic
arrangenent of an exposure apparatus related to an enbodinent. FIG
2 is a planar view that shows a reticle stage, along 10 with an
encoder system which neasures positional 40hformation of the reticle
stage and an interferonmeter system FIG 3 is a planar viewthat

shows a wafer, sta | on ith an encod ad an jnt rferometer'

whi ch neasuréqcposﬁqflln(?ﬁéf qitng(?rcr?ﬁ‘lei SoR°GF* Eﬁl@ f%‘?mé¥ g hq ggpjegeng of
posi 11 on of st seAey T it S AR R o B T 3
nei ghbori ng Wvﬁitﬁg%ocﬁaééuﬁac\f& e‘ﬁ!atst%@toﬁaﬂ%aﬁplﬁféﬂﬁaﬁlgﬁ a@ler

arrangenent of an encoder. 20 FIG 6 1s a block diagramof a control
system parti aldyrecamidd ethd related diuxr-diage wonldplo Of: N expery e
apparatus related to an enbodinent. FIG 7 is a view (No. 1) for
describing a switching operation of a position nmeasurenment system

25 FIG 8 is a view (No. 2) for describing a switching operation of

a position mBRLEENESCRARNION QF oTHE DPBAFANGS. 1) for

descri bing a scannin peration of a reticle stage for exposure

i ncl udi ng a sWi t chi ﬁg% % FRIG ﬁfgl%éh«?éaaapyﬁeﬁts%@%@c GPerRIBe Yt of

an encoder ZJéx tohseurreeta{ cle asc'us o CI10EI VI e No.. 2) for
descri bi ng a scan péDrpa‘_’ﬁ on of ala? S LXposure
including a sw tCh'E&%. 2 is a planar view that shows a retic}.e stage, along

10 with an encoder system which measures positional information
of the reticle stage and an interferometer system.

PIG. 3 is a planar view that shows a wafer stage, along
with an encoder and an interferometer which measure positional
information of the wafer stage.

i5 FIG. 4 is an extracted view that shows a Y interferometer
which measures a position of wafer stage WST in FIG. 1, a Z
interferometer, and the neighboring components.

FIG. 5 is a view that shows an example of an arrangement
of an encoder.

20 FIG. 6 is a block diagram of a control system partially
omitted, related to stage control of an exposure apparatus
related to an embodiment.

FIG. 7 is a view (No. 1) for describing a switching
operation of a position measurement system.

25 FIG. 8 is a view (No. 2) for describing a switching
operation of a position measurement system.

FIG. 9 is a view (No. 1) for describing a scanning
operation of a reticle stage for exposure including a switching

(linking the measurement values) operation of an encoder on



(l'inking the nmeasurenent val ues) operation of an encoder on 5 the
reticle side. FIG 11 is a view (No. 3) for describing a scanning
operation of a reticle stage for exposure including a switching

(l'i nki ng the measurenent val ues) operation of an encoder on the
reticle side. 10 FIG 12A is a view that &hows a state in which the
wafer stage is |located at a position where the area around the
center of t\r,]\tl waf er. i.s directly under a projection unit, and FIG
12B is a vie q}%éﬁe Sifows $Sate in which the wafer stage is |located

t iti wh [ - Lddl e \b th t f,
The wafer and tho BarpRery of FRETTer 1 Z6y SRy ngsr 4 Re=rting

projection uniderddiGn d8A }stBcVd @WabRatoS Qgpﬁsﬁréti%&m%geatﬂﬁtching

wafer stage is |located at a position where e vicinity of” the edge
of the wafer @irdliggrthsl deaissirémeat Y 1UBEEr opeoheLhh 0N N terddbddd on
and FIG 13B is a view that shows a state where the wafer stage is

| ocat ed ab a thesindtorrlsherigle.he vicinity of the edge of the wafer in
a direction at an angle of 45 degrees to the X-axis and the Y-axis
when vi ewi ng from tRA&-cdrit é8 & Villee idicer 3)i £odi degarjbimgee scanning
projection unit PU., 25 FIG 14 js a view that shows a state where the

waf er stage 9F&H ‘afé'_cr%tjip%%? fﬂ:éﬁem EXPﬁ§u§Pp]iI‘rﬁ]ﬂij36fgf‘ﬁé”5€@éng
of the wafer %@1]41@1% EEﬁaef}n%%sh%egnl h cy | P%Q ]?(ra Q%% f%:%ﬂ %Ietricsope'r on

: i Y
FIG 15 is a diragra OWs "a xa
obt ai ned by aHd 1Sk i¢ald krsafd on operation of encoders 26Al, 26B1,

and 26Cl. FIG 16 is a view (No. 1) used for describing a second
10 FIG. 12A is a view that shows a state in which the wafer

stage is located at a position where the area around the center
of the wafer is directly under a projection unit, and FIG.
12B is a view that shows a state in which the wafer stage is
located at a position where the area in the middle between

15 the center of the wafer and the periphery of the wafer is
directly under the projection unit.

FIG. 13A is a view that shows a state where the wafer
stage is located at a position where the vicinity of the edge
of the wafer on the +Y side is directly under projection unit

20 PU, and FIG. 13B is a view that shows a state where the wafer
stage is located at a position where the vicinity of the edge
of the wafer in a direction at an angle of 45 degrees to the
X~axis and the Y-axis when viewing from the center of the wafer
is directly under projection unit PU.

25 FIG. 14 is a view that shows a state where the wafer stage
is located at a position where the vicinity of the edge of
the wafer on the +X side is directly under projection unit
PU.

FIG. 15 is a diagram that shows an example of a map which



calibration operation for calibrating nmeasurenent errors of 5
encoders 26A1, 26Bl1, and 26Cl. FIG 17 is a view (No. 2) used for
describing a second calibration operation for calibrating
measurenent errors of encoders 26Al, 26B1, and 26Cl. FIG 18 is a
view that shows an exanple of a nap whicl2 10 is obtained by a second
calibration operation. FIG 19 is a diagramthat shows an exanpl e of

a map which ,is tain b . second .calibration operation for

Cal Thrating ToaBareRBR B B ESE PR ToBRI 68 CAECoBEES 26A1/
FIG 20 is amigew ysgadofer describing a long-term 15 calibration
operation (a;% st “cal ibration operation) of neasurenent val ues of

encoders 50A to SOprd.hak kg, aa WdeWnHsed ﬁgédd§§?rc§@§&9ﬂ§f_hg a serc]:ond

acqui sition operation of correction information of a grating pitc

of a novenentceScadretdnth c@@agdlonOfolrNEQL MBEAOMNGImEH @ltdent errors of
deformation. 20 FIG 21 is a view that shows neasurenent val ues of an

i nterferobet emcantdran HfaedebBnhi &hd cadChbe obt ai ned t hrough

sequential calibration of measurenment errors of the encoder. FIG 22
is aview (No. 1) d3&d £dridescrign ndfoan2)avgafsfer adleapetatior ¢econd

correction infqormation of a gratin 25 pitch of novenent scal es 44A
and 44C r el at€d 13F & IS OPeEA t 10k ahBIF e £ ¥ 353N JUeR M ERRYNo B ojors of

used for descrjhi an, ..acqui.sition,o ation of correction
i nf or mati on @P%%%%%ﬂ:%%fi’pgkéh’o?n%ngi ‘nt scal es 44A and 44C

related to a ”Ddif%§%.2§8 f§a§x0f%w|@€%; %%o%% anéggﬂyisdo%FH m%? which

descri bing an acquisition operation correction ormati on of a
grating ioneis obtained by a second calibration operation.

FIG. 18 is a diagram that shows an example of a map which
is obtained by a second calibration operation for calibrating
measurement errcrs of encoders 263A;, 26B;, and 26C;.

FIG., 20 is a view used for describing a long-term

15 calibration operation (a first calibration operation) of
measurement values of encoders 50A te 50D, that is, a view
used for describing an acquisition operation of correction
information of a grating pitch of a movement scale and
correction information of grating deformation.

20 FIG. 21 is a wview that shows measurement values of an
interferometer and an encoder which can be obtained through
sequential calibration of measurement errors of the encoder.

FIG. 22 is a view (No. 1) used for describing an
acquisition operation of correction information of a grating

25 pitch of movement scales 44A and 44C related to a modified
example.

FIG. 23 is a view (No. 2) used for describing an
acquisition operation of correction information of a grating

pitch of movement scales 44A and 44C related to a modified



deformation (grating |ine warp) of novenent scales 44B and 5 44D
related to a nodified exanple. FIG 25 is a view that shows a

nodi fi ed exanple of an encoder systemfor a wafer stage. FIG 26 is
a view that shows a different nodified exanple of an encoder system
for a wafer stage. 10 FIG 27 is a view td8at shows a nodified exanple
of a wafer stage used in a liquid inmersion exposure apparatus. BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON An enbodi nent of the present

i nvention wi 1958 fescribed 15 below, referring to FIGS. 1 to 21.

FIG 1 shows the eg?;d-e zcaor%ix%u%téworﬂls%fd a1, . X e%%%rii%sin%p%%;%trﬁt@&lsq ion

related to the enb nent’. posure appar at'us

exposur e appa i R3Sk %xare%t%%rﬁfkl% 36 giﬁggﬁjbaegﬁl"i&g:ﬂ@ fai'}ﬁe

so-cal l ed scanning stepper. As it wl ter’

proj ection opid femayisdreMdlatih@rrianged »d)n dhentrdhedid a1 and 480 and
the description below, a direction parallel to an optical axis AX of
proj ecti oh optdlralelsystcerno RL mudilfilxel setamgsid.he Z-axis direction, a
direction in which a reticle and a wafer are relatively scanned
within a plane 25 dithogdnak govife Zhaki shews|a beodiefied atmmpleaxifs an
direction, and a direction orthogonal to both the Z-axis and Y-axis
will be set SBEAdF RBHE diFed "G H I, the rotati onal

(gradient) directi around the X-axis, ,Y-axis,, d Z-axis. _wll be
set as 6x directi OE&GQ/ﬂéilrse%tvil&W,t fd s@f’wﬁi?g&tf%%ﬁ,en?ﬂoglfmd example
respectively. 0 NP Ea_,‘lt#g‘_ i.S I ith an illum nation
system 10 thaothi)é%c%uwcfg)s a !as"lrg t S(])f(l}(r)rcéa1 éqﬁ%%é:g%ﬁ%l%&m nation optical
systemang illum nates 3etiscl @3 Fle R sREwM & BoRA fied example of a wafer

stage used in a liquid immersion exposure apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be described
15 below, referring to FIGS. 1 to 21.
FIG. 1 shows the entire configuration of an exposure
apparatus 100 related to the embodiment. Exposure apparatus
100 is a scanning exposure apparatus based on a step-and~scan
method, that is, the so-called scanning stepper. As it will
20 be described later, a projection optical system PL is arranged
in the embodiment, and in the description below, & direction
parallel to an optical axis AX of projection optical system
PL will be set as the Z-axis direction, a direction in which
a reticle and a wafer are relatively scanned within a plane
25 orthogonal to the Z-axis will be set as the Y-axis direction,
and a direction crthogonal to both the Z-axis and Y-axis will
be set as the X-axis direction. Further, the rotational
(gradient) direction around the X-axis, Y-axis, and Z-axis

will be set as 6x direction, Oy direction, and 0z direction,



5 illumnation |light (exposure light) IL, a reticle stage RST that
holds reticles RL and R2, a projection unit PU a wafer stage unit
12 that includes a wafer stage WST on which a wafer Wis nounted, a
body BD on which reticle stage RST, projection wunit PU and the |ike
are mounted, a control systemfor these 240 conponents and the |iKke.
[l lum nation system 10 illum nates a slit shaped illum nation area
AR (refer to FIG 2) that extends in the X-axis direction set with
a reticle bl iMFRFESKISY system) (not shown) on reticle RL or R2 by

ill i i [ i IL.15 with tiall if. il.l i .
' this cage. as  AARGHTE PERePRERS T TR A iteslindr P T om
(wavel ength SlA3 M1 J S HEGEd A4S Ak LXAMP it F_é,%mrtféhee a%cfi%‘ﬁ a%-lidnflnéation

supported on a reticle base 36 that conflgures e top plate o

second col umpp3 f] refdwde Haseil LonBPatéor rexaspts, RYi ana RLeaANCEN
of several mby air bearings or the Iike (not shown) arranged on its

bot t om subf acie.lvisinateitdrelld gdittagexR8Eurkol igkamplie, a reticle stmge RST
that can hold one reticle, or a twin reticle stage that can nove

i ndependent | y-hadi heldgchehordeagRbmnd did cleepraiebéiosednitnPRp & hiafer
enbodi nent, a reticle stage by a double reticle holder nethod that
can hol d two @9 Pestat? Fhathdnrdugees vatey ekagst Byt orsyhirh & miader

case, oo Doyl IS Ardyen hamilsenslonal L (8 4 RS, oo oron
pl ane 25 p%‘?ﬁrtd'?%%ﬁa {:l‘?eopf%é.aa{reaﬁo%rf%édm a%?%ﬁggio%%g@érhﬁr these
on

system PL by a reticlée stage drive system 11 I ncludes I near

not or or1ghe dorendnidd Rela dret iclie stage RST can be driven
reticle base 36 in a predeterm ned scanning direction (in

Illumination system 10 illuminates a slit shaped
illumination area IAR {refer to FIG. 2) that extends in the
X-axis direction set with a reticle blind (masking system)
(not shown) on reticle R1 or R2 by an illumination light IL

15 with a substantially uniform illuminance. In this case, as
illumination light IL, an ArF excimer laser beam (wavelength
193 nm) is used as an example.
Reticle stage RST is supported on a reticle base 36 that
configures the top plate of a second column 34 of reticle base
20 36, for example, via a clearance of several um by air bearings
or the like (not shown) arranged on its bottom surface. As
reticle stage RST, for example, a reticle stage that can hold
one reticle, or a twin reticle stage that can move
independently while each holding one reticle can be used. 1In
25 this embodiment, a reticle stage by a double reticle holder
method that can hold two reticles at a time is used.

Reticle stage RST, in this case, can be finely driven

two-dimensionally {(in the X-axis direction, the Y-axis

direction, and the 8z direction) within an XY plane



5 this case, the Y-axis direction, which is the lateral direction of
the page surface in FIG 1) at a designated scanni ng speed by
reticle stage drive system 11l. Reticle stage RST can enploy a
coarse/ fine novenent structure as is disclosed in, for exanple,
Kokai (Japanese Patent Unexam ned Applicéts on 10 Publication) No.

8- 130179 (the corresponding U.S. Patent No. 6,721,034), and its
configuration is nqgrlinit%d to the one referred.to.in this

embodi ment  ( HEPFGCHE FPk LRt ifgiie & ffe PRSTECS Loantylrat systen
that its posig; i i ithin_ the XY .plane,(nmoy nt pl.ane

can be 15pma%Lu?>gggb§éE;{€J{e¥?séﬁa§él #f%ﬁe?%ﬁ%r&rllg% lecrrrll(gg ?3 eisn%llul gsar
a reticle Y lagely igf %hteewﬁgteerfteAeef,naz!‘ettelrclree%%@%dRé@ @8n be driven

"reticle Y interferometer”) 16y and the Ii ke, and an encoder system

whi ch i ncl udes: ergadale Baads3¢hal e paktereshiBbY sehRIREHI L @Sion (in
"heads") 26Al1 to 26A3, 26Cl to 26C3, a novenent 20 scal e 24A and the

| i ke showh i rtHElsGade, EFhG Yiashowd racstiate whnhet eésttiee Upperaddeection
surface of reticles RL and R2 are exposed above novenent scal e 24A.
However, thi % §heopagheswaiiacofin Eéfvehl aérice dhehgdesedi Hannime speed
enbodi ment, therefore, the actual state will_ be different. 25 The
confi gurati orrYah8ttRee|SHEF SR+ BE iSYISE <&t dhe RSE1fustane B fepemploy

interferoneter syste nd encoder .system.that neasure the sitiq
of reticle sEag@RSFANLH AARESRF 5 et (o e IS [ pd OF

further descré}&%l%g[r%écﬁ (S Wy gL Hd G éﬁze;!a%i%%zgﬁgsl%;caogiodu

reticle stage 26 rectangular recessed section or ned,

whi ch ext @ndSuald2avlon)i Rot he-Y3ax1s AiHLebireR sHiRei$e@hNEN%Patent No.
direction) in a planar view (when viewed from above) t he bottom

surface insiegd@2lgossiyed asectiitenc3ALibweasubat asthet | yislted o the one
opentngs referred to in this embodiment (FIG. 2 or the like).
Reticle stage RST is configured so that its positional
information within the XY plane (movement plane) can be
15 measured by a reticle interferometer system, which includes
a reticle Y laser interferometer (hereinafter referred to as
“reticle Y interferometer”} 16y and the like, and an encoder
system, which includes encoder heads (hereinafter simply
referred to as “heads”) 26A; to 2643, 26C; to 26C3, a movement
20 scale 24A and the like shown in FIG. 1. FIG. 1 shows a state
where the upper edge surface of reticles Rl and R2 are exposed
above movement scale 24A. However, this is for the sake of
convenience when describing the embodiment, therefore, the
actual state will be different.
25 The configuration and the like of reticle stage RST, and
the reticle interfercmeter system and encoder system that
measure the position of reticle stage RST within the XY plane

(movement plane) will be further described below.

As is shown in FIG. 2, in the center of reticle stage



5 (not shown) are forned side by side in the Y-axis direction, and
in a state covering these openings reticle RL and reticle R2 are

pl aced side by side in the Y-axis direction. Reticles Rl and R2 are
each vacuum suctioned by a suction nmechanism (not shown) such as,
for exanple, a vacuum chuck, which is 10 2&rranged on the bottom
surface within recessed section 22 in the two openi ngs, on both

id [ h s d Furth d t
Ind X 51 do gy SaAT BN THESUPPLTS SAFPACE o LPeit e cY e R hgs

pair of moveent,,scalias, r’xé‘d}f ?\Eﬁ?l;%ﬁ.r%rc% 1Yd rq@ﬂ%dsx\é}lglﬁgedl%@tlon 19

di rection being t Iongltu dlrectlon nan arran

symetric to Apt8Ahervad SwhahatlShed (frtolﬁ?algbééb S dif efkl Q@ttéﬂ%turface
passes the center of illum nation area AR (in the embodi nent,

center subst a@nidiald yeecebneddasciiidrh20ptivedls ub@xias tAX 1 Wit Sinfa Be fdpresltlngs
pl ane (object plane) of projection 20 optical system PL) Movenent

scal es 24A andha4Bhawe)made DOérmedies istmbymatidei ah {lseich-aas,s fddrrection,
exanpl e, ceramcs or low thermal expansion glass), and on the
surface, a réf1%én drFtatpecyrrinactrore RN Mg et ikde Bl g ggticle
direction in_the Y- XI s di recgl on,i.s formed_in an arrangenent

symetric to¥h&roP %‘Fﬁ%rs%ﬁ Yr 3 8F U TG 4pdtes nscé‘ieés'LCles

24A and 24B t| cle Sta xaml e um,
suct ?gn (or Rg_r dt)eﬁ&gﬁﬁr%ng S vt ulngl?élc 8nteﬁ£1tbye>?ﬁo5ﬁl§’t& HEEnEns sm
contraction %ecs ShRherQC GcH %%a' o RBRYS IOV SRl GRS ALY s

24B (on the +Z side), as 27 i's 'shown in , two pairs of he

26A1 and1 @6A2r rade2bBh RO @0E USRS S wIRASHN FBEeEB84PASEL1iORN dN in
the Y-axis direction are arranged faci ng novenent scal es 24A and

24B, in an aheangenmepersyEet inc ot ht kd deantier tavd X-aefier rdddazrion.
above Further, on the +X side edge section and -X side edge
section on the upper surface of reticle stage RST, a pair of
movement scales 24A and 24B are arranged with the.Y—axis
15 direction being the longitudinal direction, in an arrangement
symmetric to a center axis parallel to the Y-axis direction
that passes the center of illumination area IAR (in the
embodiment, the center substantially coincides with optical
axis AX within a first plane (object plane) of projection
20 optical system PL). Movement scales 24A and 24B are made of
the same material (such as, for example, ceramics or low
thermal expansion glass), and on the surface, a reflection
type diffraction grating that has a period direction in the
Y-axis direction is formed in an arrangement symmetric to the
25 center axis referred to above. Movement scales 24A and 24B
are fixed to reticle stage RST, for example, by vacuum suction
(or a plate spring) cr the like, so that expansion/contraction

does not occur locally,

Above movement scales 24A and 24B (on the +Z side), as



5 (refer to FIG 1) . O these heads, heads 26Al and 26Bl1 are placed
at positions where their neasurenent centers substantially coincide
with a straight line (nmeasurenent axis) in the X-axis direction that
passes the center of illumnation area |AR previously described.

Furt her, heads 10 26A2 and 26B2 are respettively placed at positions
the sane distance away from heads 26Al1 and 26Bl1 in the +Y direction,

Iso in pl i th heads 26A1 and 26B1._ Furth _alsojn pl
W ih hoads 2641 B 2eRIT SRt T SYIRELES & (iPfeadEPac g 2864 265

ding th i i1, ads, 15_26A3 and. . .
2653 15 ol aogh a CEnRrrae Thes cans sPel il A e A Mg ton

and 26Bl in the 2% AdRE 1k nHNendJyifs PaldS e Of2 d1eadsy 264 and an
26B1, 26A2 and 2662, and 26A3 and 26B3 are each fixed to reticle

base 36 vi a sippeider@iengumdioti SheMthe dJdeittdierax i@ Adre r%¢sitde a0hbve
novenent scale 24A on the upper 20 surface of reticle stage RST, a
movenent $ScalleeZ®@mitich Rllte  1¥-.axD$ theeet hendbei hgatlbe2bangindidi 6@l are
direction is placed in line with novenent scale 24A, and is fixed to
reticle stag®laRsSH By g tehedvip e Kga dlNFrh s Wt Sovy efisn ta asprtianp

plate) or the like. venment, scal e 28 . is nade of the sane materi al

as 25 movenmemiRSERATEE 4N Sind ARl U & SHEH Ibtarpine  (@sasiTERendy

llow thermal expansion.gla _)éa‘,[x.and .Qn the u ertrsurface, refl ection

type diffraction’grating t adt & S5&O8y @it 66T it_rpetaﬁ@n)?-eixio_
direction i5iﬁgﬁﬁﬁ%aQQEQf%Q%aa&ﬁﬁsgr%gb§%%f h%@séﬁiﬁgﬁ"r?&fﬁﬁéﬁra%%%ds

direction. 28 Above novenent scal +Z S| de), as I's s’_hown
in FIG 2y twerheads 266 and 206l dsierb P RasiidiN$dNe i RRSitHe0R ame

in the X-axis direction are arranged facing novenent scale 28 (refer
to FIG 1) . difsttahese ahegdsromeadad6CloRs and 268; in the +Y direction,
also in plane with heads 26A; and 26B;. Furthermore, also in
plane with heads 26A; and 26B; and in symmetry with heads 261,
and 26B; regarding the above measurement axis, a pair of heads
15 Z26A3; and 26B; is placed at positions the same distance away
from heads 26A; and 26B; in the -Y direction. The three pairs
of heads 26A; and 26B;, 26A; and 26B,, and 26A; and 26Bj3 are
each fixed to reticle base 36 via support members (not shown).
Further, on the -X side of movement scale 24A on the upper
20 surface of reticle stage RST, a movement scale 28 with the
Y-axis direction being the longitudinal direction is placed
in line with movement scale 242, and is fixed to reticle stage
RST by, for example, vacuum suction (or a spring plate) or
the like. Movement scale 28 is made of the same material as
25 movement scales 24A and 24B (such as, for example, ceramics
or low thermal expansion glass), and on the upper surface,

a reflection type diffraction grating that has a pericd

direction in the X-axis direction is formed covering almost

the entire length in the Y-axis direction.



5 positioned substantially on the straight |ine (neasurenent axis)
in the X-axis direction that passes the center of illumnation area
| AR previously described. Further, head 26C2 is placed at a position
inthe vicinity of head 26A2, which is a predeterm ned distance away
fromhead 26C1 in the +Y 10 direction, ar@B also in plane wi th heads
26A1, 26A2 and the Iike Furthernore, also in plane with head 26C1
and in symetry head 26C2 regardi ng t he above neasurenent axis,
e

a head 26C3 is pI %fnoéfe&?ﬁttl lz?hﬁ (ﬁ@fleF]Er?nJé%l e hncs aWayShown
f head 26Cl Y d T t 26Cl, 26C2
lrSO?GCSegre eg%:hﬁl? e to 913}%(?6%# cslea%g ? §es\i§%gs?°ﬁe%%?§r%ﬂ%t Bl
shown) . I'n the embodinept . gjé(fg H%r@@ﬁ%ﬁ %gé; %g%@é%.fggfﬁ' riement

2683, and 26Cl to 26C3 are fixed to retic ia su

menbers (not £hOMN)28 howeser té'@ﬂxpregentOE”%%@%boﬁeb%snoheah'@%t?dls
to this, and for exanple, the heads can be arranged 20 in a frane

menber seb orpasifticored urdlacesrtt vl ley asecid altraiBfhtvilarse Viryadur@ment
i sol ati on mechanism In the enbodi nent, heads 26A1 and 26Bl1 and
novement scal¥dss 24M drite 24 dmtd frret tdre tesd pawaest itthe eentpat rofof
Y |inear encoders used for neasuring the position of reticle 25 stage
RST in the Y-ahuWnidigtean qrgar Ip“e"slﬂlieﬁfril)ousjm defcridedty | furéhesel srad

f t he sake .of , conveni ence, these Y |line encoder s | |
i cated: as PG HobT SEEoth APSERILARA D RBE T ARATHI X RS RepR 262, which

e o A A T o e TR STl oS
X-axi s dipectdigncdiQm the Lo ek ﬁaﬂé hﬁ‘&hﬁ%é@é‘ 2¥nga2bAR (n'cf‘tﬂé'qlke
embodi nent, coinciding with opfical axis of proj éction optical
system PL) pr evi owsint hdes@rd)ed] sAneh pRind ka:thtéﬁd Qf6 CeXPRBUR & afnet ry
with head 26C,; regarding the above measurement axis, a head
26C3 is placed at a position a predetermined distance away from
head 26C; in the -Y direction. The three heads 26C;, 26C;, and
15 26C3 are each fixed to reticle base 36 via support members (not
shown). 1In the embodiment, the nine heads 26A; to 26R;3, 26R;
Lo 2683, and 26C; to 26C3 are fixed to reticle base 36 via support
menbers (not shown), however, the present invention is not
limited to this, and for example, the heads can be arranged
20 in a frame member set on a floor surface F or a base plate
BS via a vibration isclation mechanism.
In the embodiment, heads 26A; and 26B; and movement
scales 24A and 24B that face the heads constitute a pair of
Y linear encoders used for measuring the position of reticle
25 stage RST in the Y-axis direction (Y positicn). In the
description below, for the sake of convenience, these Y linear
encoders will be indicated as Y linear encoders 26A; and 26B;

using the same reference numerals as the heads.

The measurement axes of Y linear encoders 26A; and 26B;



5 the like, for exanple, the Y position of reticle stage RST is
measur ed, based on an average val ue of the neasurenent values of Y

| i near encoders 26Aland 26Bl. More specifically, the substanti al
measur enent axes for measuring the positional information of reticle
stage RST with Y linear encoders 26Al1 10 Zhd 26Bl1 pass through
optical axis AX of projection optical systemPL. Accordingly, at the

Can be measurtt QSRS T1HEHT LG 2GR A S0 A EHoUE ABE--on
can be neasur a
errors. Furt f}q,_rd}&)rt%,e EQE@E%Ogﬁllig{rﬂ@%{%{; 4 ar ?E& C nséﬁgeem%%r ifbnt,

15 the Oz direction (yaw ar ne measuremnen

val ues of Y Idﬂ%lcﬁr}fgow;% 86A1cand; 268hx %lfnbkaﬁwtleﬁa&&@@f@ s%c{em

26A3 and npbvenent scale 24A hat faces the heads  each constitute

| i near encodeL)ugedvifars Ieakydrigddie Xnppskti Oe Ofo1iet i ot %}ﬁirﬁeﬁﬁce or
RST. Simlarly, 20 heads 26B2 and 26B3 and novenent scal e 24B t hat

faces theShedds lddeh constdsameleg YHa negrosnciodero fused fadre stage RST
measuring the Y p05|t|on of reticle stage RST. In the description
bel ow, for tife MEHE 1S rcd?ﬁ/%ﬁﬁ Nt @ tansde |Valew ahdddemeagygement
each be indi c ted a near encqders 26A2, 26A3, 26B2, and 26B3
25 using the ¥ f%e¥ éﬁ@@%uﬁﬁ?ﬁﬁ%rﬁszé%a%‘é%@l FUR RSP ardad o2y s

d f h
o ooy e *?“Caéﬁ%%@a%?%ltfﬁecaeS%%eﬁm%ﬁxsfs CESE st g ha e tippal

X-axis direct |n@§>| e et 60 R k%%?@lealsgggxf%% t%{]rta}{ ght ; LiLoe QE‘ES‘{%E?% i&n,

the X-axis 30 t1on (nmeasurenent at passes throu
center of ildndmiomalipasar ea-bAGhPEsYions! yx desor ibe rdﬂaéﬂ%m optical

description below, for the sake of conveni ence, the | i'lnear encoder
wi Il be indi catse@rabLX |Adesrdemebgent26hd psimgotfhexposure or the like,
the Y position of reticle stage RST can be measured using ¥
linear encoders 26A; and 26B; without Abbe errors.
Furthermore, rotational information of reticle stage RST in
15 the 0z direction (yawing) is obtained based on the measurement
values of Y linear encoders 26A; and 26B;.

Similarly, heads 26A; and 26Az and movement scale 244
that faces the heads each constitute a Y linear encoder used
for measuring the ¥ position of reticle stage RST. Similarly,

20 heads 26B; and 26Bs; and movement scale 248 that faces the heads
each constitute a ¥ linear encoder used for measuring the Y
position of reticle stage RST. In the description below, for
the sake of convenlence, these Y linear encoders will each
be indicated as Y linear encoders 26A;, 26A3, 26B,, and 26B;

25 using the same reference numerals as the heads.

Further, head 26C; and movement scale 28 that face the
head constitute an X linear encoder used for measuring the

position of reticle stage RST in the X-axis direction (an X

position) along the straight line parallel to the X-axis



5 sane reference nunerals as the head. Accordingly, at the point of
exposure or the like, the X position of reticle stage RST can be
nmeasured using X linear encoder 26Cl w thout Abbe errors. Simlarly,
heads 26C2 and 26C3 and novenent scale 28 each 10 constitute an X
| i near encoder used for neasuring the X Fbsition of reticle stage
RST. In the description below, for the sake of conveni ence, these X
| i near encodey.s wl, h _be indicated)aihx | i near quoders 6C2 and
a

|
26C3 using th %ﬁﬁﬁ§c”$e oS e PAS ) asPAePABRGS . Y15 W the center
measur ement g .Lﬁsh{?ﬂiﬁi\fiéﬂ eltd NS peﬁ‘ecxpldog,([asflsm ;&‘%ﬁ%‘;&%&%‘ ';ac S

al so be appropriately referred to as “enco

are sent (ref@sd@dliGn Beild, 2oWBiRe CONL QJd e6n98ntkater tReRt Ginecar
1). The three novenent scal es 24A, 24B, and 28 are set so 20 that

their |ength edntddeer ¥%iaxi sedinacthosd(gery aspondi redotlert hect ardmid ame
range of the diffraction gratings in novenent scales 24A and 24B,

and t he wkdt kagfe thef adidrfgaactirmraratasngha memventotosdahgl®8) at the
covers the entire area of the novenment strokes (novenent range) of
reticle stag®RIL PhH THROFUEKICY PBedi¥lert ithe Wnas isdarmpiigrekpesarsdage
of wafer Wi erforped via at |least one of reticles RL and R2 (in

t he enbodi nersﬁé,% CATaP® TeasEratr FHtRe He KOGt RGCOLEEsaPE: dHid ki o Abbe

during acceg%r%%ion/deceleration and synchronous settling period of
reticle stage RST YBefore and after the scanni ng exposure, for 31

exanpl e, anong heads 264 ,%ad?@%&%gﬂgc% %Eglatngi ﬁgvem\%ﬁggc)aml%i;?%%tach

set in threes, at | east on sgt 0 . ur enent eans
so that 1¢ deenstatturyerdff 1lilreL0rdReRANdiNGd MM IRMs SSHE the X

(diffraction grating), that is, an
position of reticle stage RST. In the description below, for
the sake of convenience, these X linear encodars will each
be indicated as X linear encoders 26C; and 26C; using the same
reference numerals as the heads.

15 The measurement values of the nine linear encoders
{hereinafter will also be appropriately referred to as
“encoders”) Z26A; to 26C; above are sent (refer to FIG. 6) to
a2 main controller 20 (refer to FIG. 1).

The three movement scales 24A, 24B, and 28 are set so

20 that their length in the Y-axis direction {(corresponding to
the formation range of the diffraction gratings in movement
scales 24A and 24B, and the width of the diffraction grating
in movement scale 28) covers the entire area of the movement
strokes (movement range) of reticle stage RST in the Y-axis

25 direction when scanning exposure of wafer W is performed via
at least one of reticles R1 and R2 {(in the embodiment, in at
least during the scanning exposure and also during
acceleration/deceleration and synchronous settling period of

reticle stage RST before and after the scanning exposure, for



5 unneasurable state is avoided) Further, the width (corresponding
to the wdth of the diffraction gratings in novenent scal es 24A and
24B, and the formation range of the diffraction grating in novenent
scale 28) of the three novenent scales 24A, 24B, and 28 in the
X-axis direction previously 10 described 3% also simlarly set, so
that it covers the entire area of the novenent strokes of reticle

t RST in th - axi di ti i nbodi t, far ex le, .
among heads Z6RIEISegmotth RHIS HIAL 28Bsy" 0R SR ke ‘Gom dnich
f[hr ees, at l%?asﬁe aOQQFSE}l ﬂflrggg,dsa aass"f:r %E{%”Eeleegffﬁ%?éé Sﬁefass%rteﬁ'r%tnt
it does 15 not nove off 1ts correspondi ng novenent scale ?d raction

grating), thadednfs) an WBHEISUFIDE & SIRIR hetaneldedir i fetd il s RirRES g
RST can be finely rotated in the Oz direction, therefore, the size

(length and wicdtdnersf ddeeld hidtief et el iasy)24Ahat24B:, and 28

described earlier in the X-axis and Y-axis 20 directions is naturally

deci ded abso wraldampialile sdmist dey atvaidadie. r fuathemal thangedich t he

6z direction, so that measurenent by at |east the three |inear .

encoders 26A1COTIFFROHNAQECL ey ittt e dife Whrdfaaatdsive afwe itngs in

this rotation. 25 Furthernore, in the_enbodinent, in the scanni ngfathe
t

exposure usihy FEcISERES 2hé BBS ?ggnaf‘nijn?}%? MR TR LI MRS

| east the posi.tiQns .i.n t : axi, d Y-axis directi a t he
rotati onal IOdi%{rlefc i ocr#_ l|Q)r{1 ?%Eééégéd‘?lr@% Ton) - &6 aﬂ?tﬁ?c)l 8%3%?gggrﬁ%floé’~§ﬁlent
be measured by tihe sis | ingar sncodens, 2641y 26A% 26BL:i3% R8Bous1y
26Cl, and 26C2. Further, in the scanning exposure using reticle ISf
the posi1donaleddifipydmmtiison] &b nolmidiNa Bkeleass tHdre iR0sbEESchd tf re

X-axis and Y-axis directions and the Trotational direction in the Oz

direction) ofameet oflthesthagement strokes of reticle stage RST in the ¥-axis
direction (in the emboediment, for example, among heads 2634,
26B;, and 26C; (i=1 to 3), which make a set in threes, at least
one sel of heads {measurement beams) is set so that it does

15 not move off its corresponding movement scale (diffraction
grating), that is, an unmeasurable state is avoided). Reticle
stage RST can be finely rotated in the 0z direction, therefore,
the size (length and width) of the three movement scales 24A,
24B, and 28 described earlier in the ¥-axis and Y-axis

20 directions is naturally decided also taking into
consideration the rotational range in the 0z direction, so
that measurement by at least the three linear encoders 26A;,
26B;, and 26C; does not become unmeasurable due to this
rotation.

25 Furthermore, in the embodiment, in the scanning exposure
using reticle R2, the positional information (including at
least the positions in the X-axis and Y-axis directions and
the rotational direction in the 6z direction) of reticle stage

RST can be measured by the six linear encoders 26A;, 26R,, 26B;,



5 RST can be neasured by the six linear encoders 26Al, 26A3, 26Bl1,
26B3, 2601, and 26C3. Further, in the enbodi ment, exchange of
reticles R and R2 is perfornmed on the +Y side or the -Y side wth
respect to illumnation area | AR previously described, or reticle RL
is exchanged on the -Y side while reticle2R2 10 is exchanged on the
+Y side, and al so at such exchange posi tions, the positional

i nf ti t t ST d t

three of ?Re%ﬁfﬁza%%eﬁc%agg%@ U5 ot Lo es aP L P S St e
26A3, 2663, 1 ped”gg :

reticle stage ?&L%']Fq I Q%Hcl)eﬁ I guocqL thmt%%n%ﬁig)cehe l\s%crs'r%ﬁ{}f alt jeast
24A, 24B, anthe®and ivhead, unid z&imlshaa%&wneaﬂe@%x?&%&% ?a%? the

26B1 to 26B3, and 26Cl to 26C3, however, the confi guratl on of the

encoder syst emiax itolal idided itah tihe ne e&hwédtllan@ . raid c1fe0lstage
exanpl e, the head unit can nerely have three heads, 26A1 20 26B1,

and 2601. 51 n RS sapdsenensnetdtsy pbs:i&i}odiméalreeemccb@ersﬁé@er RSRB;, 26Bq,
becones unneasurabl e by |inear encoders 26Al, 2681, and 26Cl at the
reticle exch#ffer pd&Fui 8Rd0% G | Euﬁﬁbr@ﬁg 31 t%@ml@@@ln@ﬁ@te@x@we of

t th I t STcnbe nmeasur ed,
ggzlrrp: Ce),n usi eﬁ&%’%%e\ﬁf eﬁ’fldn%%étf(ra@sﬁé APtt %r+%t331d€;§’F %h‘f)ar‘lf sgde
th ticl fe Furth
the enbodi melE.ot FePRECe Conby S RAe §¥e§fl oD 'Sy Boridss
to reticle stoqge_»eta%iﬁrelng_sa é&%@é%@ﬁ%@fémy & 1RIAL R 1SR | r3811e R

the Ii ke, however, besides such for exanple, a screw clanp can

33 be used, 1@fe£c|5ll¢aﬁ|gé(ﬁb@l%h@ﬂ’f%f&éﬁﬁn@%m&ﬁa@'iﬁﬁ{éﬂcﬁ%@@@os@@lons,
reticle stage RST. Furthernore, in the enbodinent, novenent scal es

24A, 24B, andth%chasEtammahgedmmath@nw@eetlsmefme(RBtfwam]aémmsured
system side) of reticle stage RST,
using at least three of the linear encoders 26A;, 26B,, and
26C; or linear encoders Z26As, 26B;, and 26C;.
In the embodiment, the encoder system for reticle stage
15 RST is configured with the three movement scales 24A, 24B,
and 28 and a head unit that has nine heads 26A; to 26R;3;, 26B;
to 26B3, and 26C; to 26Cs3;, however, the configuration of the
encoder system is not iimited to the one shown in FIG. 2, and
for example, the head unit can merely have three heads, 26A,,
20 26B1, and 26C:. In this case, when the position of reticle
stage R3T becomes unmeasurable by linear encoders 262;, 26B,,
and 26C; at the reticle exchange position or while moving to
the reticle exchange position, the position of reticle stage
RST can be measured, for example, using a different measurement
25 unit, or at least a part of the reticle interferometer system
referred to eariier. Further, in the embodiment, the three
movement scales 24A, 24B, and 28 are fixed to reticle stage

RST using a suction mechanism, a plate spring or the like,

however, besides such ways, for example, a screw clamp can



5 however, novenent scal es 24A, 24B, and 28 can al so be arranged on
the | ower surface (projection optical systemside), or the placenent
of the head units (encoder heads) and novenent scales 24A 248, and
28 described earlier can be reversed, that is, the head units can be
arranged on reticle stage RST and noveneni3 10 scal es 24A, 24B, and 28
can be arranged on the body side. The reticle interferoneter system

i i d with ticle Y interferoneter 16y and a.retjcle
nterferonet di® ARS8 A7 (W% i T4 HGS 05 | yd aTADS :sw?idx forned
FIG 2, ti j s f t 16 i es._a n ea A
(not shO\rNﬁ :ﬁgrﬁlléﬂ%%n%{agi@oﬁ?baf%‘urs;?lgtrgl%r%ﬁi ?Lnl(f%%f ise%& Th JCé

edge surface pfyddic! & Sta0e 1 RSH AN they 2§ side. o Senspq hgad Au)&jp%r

fixed on the upper surface of reticle base 36, and sensor head 19

i ncor por at es sudfghd SOUNGelnad or2 s P dng ad 1 Ee/)S LM r $ M- 1B 3 2R ST,
(pol ari zers) , two photoel ectric conversion elenents and the |1 ke

i nsi de. A8 tHewdwt, sovenent scaiws 2d@quedBy drabeB tdratluselse tdraanged
Zeeman effect is used. The optical systemenlarges the sectional

shape of the Aaéée lpeamIydmaci(priightiopuerelcal ttwstvar sidat alor the
direction, and 25 as is_shown in FIG 2, a beam BM whose secti onal

shape is enl & gﬁitﬂeelae?ﬁibﬁ%i§én§%t?0q’%%hf9dsle%iﬂ mPH?@BPF@&IalES
i M. i | i.nto t , t .

STt beams i ndrdent in s T19 et Bed s arn RS reRones, ha o

splits the beam 959 ﬁi%?:g? ﬁ%’éeé;f%%&g@& ?gﬁ@ﬁdclae g%ag%eﬂﬁr g?&?o%ﬂ@nt

Measur enent bean1BNn.|s ecte gctlon surface o
pl anar mororscdlesiidrg thes r efipf enr e abeaMd s ditfd £GLhhd Hody side.

exanple, by the reflection surface of reticle stage RST, and t'hen
returns to the firShebeamisild titeferferometer system is equipped with
reticle Y interferometer 16y and a reticle X interferometer
16x, as is shown in FIGS. 2 and 6.
As is shown in FIG. 2, reticle X interferometer 16x
15 includes a sensor head 19A (not shown in FIG. 1) and an optical
system unit 19B fixed to the edge surface of reticle stage
RST on the +X side.
Sensor head 19A is fixed on the upper surface of reticle
base 36, and sensor head 19A incorporates a light source, an
20 optical system, two analyzers (poclarizers), two photoelectric
conversion elements and the like inside. As the light source,
a two-frequency laser that uses the Zeeman effect is used.
The optical system enlarges the sectional shape of the laser
beam from this light source in the horizontal direction, and
25 as is shown in FIG. 2, a beam BM whose sectional shape is
enlarged is emitted from sensor head 19. Then, in optical
system unit 19B, beam BM is split into two beams, and one of

the split beams is incident ona first beam splitter (not shown),

which splits the beam into a measurement beam BM; and a



5 where it is concentrically synthesized and then is output from
optical systemunit 19B. Simlarly, the other split beamis incident
on a second beamsplitter (not shown), which splits the beaminto a
measur enent beam BM2 and a reference beam Measurenent beam BM2 is
reflected by a reflection surface of 10 a&%lanar mrror 21, while the
reference beamis reflected, for exanple, by the reflection surface

of reticle sta RST, .and then returns to the_second beam splitter
where it is %ﬁ%‘?ﬂ?‘? e s&ﬁ'@ﬁ&?ﬂ@&ta § 24 ERLj ésoﬁ?ﬁh?c?‘gﬁn?y a

optical  SySLermulL; OB ALLIoYgN, Lo Mot slow | eihe audgs s e

15 in the enbodine anar mrror I xed toa

descri bed eaﬁiééﬂ1i5598@1§§te59rf@fQQggﬁbléf)Hﬁ?%h%lfe??é@%%éﬁ §Gr¢§g% of

second colum 34, or to a barrel platform(min franme of a first

colum 32 whirdtilld sbegdessr) ked taterrdtudhetodaseriiPitobeard@plitter
Further, return lights fromboth the first and the second beam

splittersbinsitbrepptiicakosysnéntoaill v19Fh {isyat hes azeldt hém dht ovfput from
measur ement beanms BML and BM2 and the respective reference beans
descri bed ab®rdigedt gvstes sensot dhead A arlnsitée sehsorshbat dgsm is
these return lights are incident on 25 separate analyzers via the

optical systemCldfht R Bn?eFPRd diRa ISgHitE SSut At RO bacthEralspldits
are recei ved _,separately by the two phqtoel ectrjc _canversion

el ements, and™9 Mt é’l’é:r?cé ﬁeﬁéi%e“ge&%o%cﬁaﬁr@ 83ghaoFeFﬁ€ence beam.
interference j t =10 - j | .. pr SSi

Showny - 35_ s Hhsheie pReRl BiP B T 08508 RO PIGLEM Wirace of
phot oel ecyri G LRMET $i0r& eMENt,hilike HONRF SHRLRS Hdeh S LRIPILIRS ],

a phase change that occurs due to a Doppler shift in the phase of

the neasurerfent cheaplwi, t byrespacit tartim phasecef ofhect e B entye RST,
and then returns to the second beam splitter where it is
concentrically synthesized and then is output from optical
system unit 19B. Although it is not shown in the drawings,

15 in the embodiment, planar mirror 21 is fixed to a part of body
BD described earlier, such as, for example, to reticle base
36 of the second column 34, or to a barrel platform (main frame)
38 of & first column 32 which will be described later in the
description.

20 Further, return lights fromboth the first and the second
beam splitters inside optical system unit 19B (synthesized
light of measurement beams BM; and BM, and the respective
reference beams described above) return to sensor head 19A.
Inside sensor head 19A, these return lights are incident on

25 separate analyzers via the optical system, and the
interference lights output from each analyzer are received
separately by the two photoelectric conversion elements, and

interference signals according to each of the interference

lights are sent to a signal processing system (not shown).



5 beamto performa heterodyne detection for neasuring the change in
the interference signals caused by the phase change. And then, from
the change of the interference signals that have been detected, the
signal processing systemconstantly detects the positional
information of reticle stage RST in 10 th® X-axis direction at the
irradiation points of neasurenent beans BML and BM2 with planar

1 21 i f hat th sition

'nf o mat i on_ of et PAPESTAGESRET 5 e?ﬁaéérsr%}eaaﬁﬁ Trhe opelectric
measur ement 1%\.{”0 Qﬁ!eﬁ%t 1g$%,ci| esg ?yr )%Nge% a phase
approxi mat el y 0. Reticle ST oner &

M chel son het(ﬁf&?@@%haltaéééukgtcﬂé %&Hebéﬁpigﬁtsﬂ@i Q¥§tﬁe hase of the
two-frequency | aser that uses the Zeeman effect as its |ight source

as in reticl enbsuddreiiteelit &LithbxesBeticte thé pieideraomeliey rHerence
constantly detects the Y position of reticle stage RST via a novabl e
mrror 205 (sbcRmaso peplfarara heteapdgnealestatarat e trmaa)s kS ngvbhe ehiasige
fixed to reticle stage RST, at a resolution of, for exanple,

appr oxi mat el y-rothet snteRRPTANER Hidnaky TauTest bl/4tbf‘3eh‘>1@$8$ chagg. 1pnd
fixed to the side surface of a barrel 40 configuring projection unit
PU servi ng as&AreférEntae ﬁPaPESS?fat%%r%ngﬁFé%r?Qﬁﬁ(ﬂ%ﬁnﬁls that have

terf t 6 f | t t di t h i
source) 1o 1 ek el B P Gt eies e e s Al
information fyQemdhe Hwo eﬁ: i rle%m(‘floe_‘rmaf‘:él évrf‘\(%rff q:rec& her sjcgl)é ré!( T S:Ln

the Y positional information from3 reti I nter ronete
sent to m@i n+eeNkrokl era2b & et t19e Riread)at iHiepbeht 6l & me)a(surement

interferoneter system previously described is equipped with
i nterferonet éeatGxBMhahdhBg, senaosldrea mirror 21 serving as a reference,
that is, the X positional information of reticle stage RST
at the irradiation points of measurement beams BM; and BMa,
at a resolution of, for example, approximately 0.5 to 1 nm.
15 Reticle Y interferometer 16y is a Michelson heterodyne
laser interferometer that employs a two-frequency laser that
uses the Zeeman effect as its light source as in reticle X
interferometer 16x. Reticle Y interferometer 16y constantly
detects the Y position of reticle stage RST via amovablemirror
20 (such as a planar mirror or a retroreflector) 15, which is
fixed to reticle stage RST, at a resolution of, for example,
approximately 0.5 to 1 nm, with a fixed mirror 14 (refer to
FIG. 1) fixed to the side surface of a barrel 40 configuring
projection unit PU serving as a reference. At least a part
25 of reticle Y interferometer 16y (for example, an optical unit
excluding the light source) is fixed, for example, to reticle
base 36.

The X positional information from the two axes of reticle

X interferometer 16x and the Y positional information from



5 19A and optical systemunit 19B arranged in reticle stage RST,
however, the configuration of X interferoneter 16x is not Ilimted to
this, and for exanple, the arrangenent of optical systemunit 19B
and planar mrror 21 can be reversed, or nore specifically, a
configuration in which a neasurenent beam&rom 10 optical systemunit
19B placed on reticle base 36 is irradiated on a reflection surface
(corresponding . t.o plapar mrror 2 f.or med ext ngn i,n the Y-axis

di rection on %técs%ed?]sﬁﬂtfe TGRSR iTd% St AR RSP g e tler 20
enpl oyed. Furgéef_r & rRENSYN head 19A is arranged on reticle base
36, however, for exanpl'e, ‘at least a part of sensor head 19A can

be arranged on a B fRADEN: (fHdf AL L {00 R0dy, Lﬁ%vf&ﬁéi‘frdeéd}ik%ed

the enbodinent, as the reflection surface fof the interferometer o

the reticle i erdidppet erit3y s ent AR d8r 1@x Phady hddhedrided head
referred to earlier fixed on the edge surface of 20 reticle stage RST
i s used, howeh&dr anidnspiehch bisysteabhei mlri%Forrribgetioin exadplle, saage RST,
reflection surface, which can be obtained by mrror polishing the
edge surface h®igde Burtf Qordil gumataian ot agd ISTE fagamradiasd dsediot
Further, in the .enbodi ne erferoneter 16y had one neasurenent

t, Y i
axis and X 25 3Hi&S éPoFrEiLér %&n SPREPHEas b enehf 2 ageenh eyt 1cal
th b f i be, .f | d
ocwea e SRR URSEETba e £ R 5nak Pl HT I b FHFEREE, o more
the interfer rﬂc%qufag@obﬁ\% i%n mrw%i%e§m§%§%%ﬂe§’1ltl ¥elfl £rom

the latter case, Y inter f eroneter 16y can neasure the rotational
information igptlike 188y 8t £RGIHIGNT B IHIGRISIN Het iQld 54 8 P08 iRSE ARG ed

X interferoneter 16x can neasure the rotational information in the
8y directiondyal kefigecetonr etr€bees{ager&JIonding to planar mirror 21)
formed extending in the Y-axis direction on the side surface
of reticle stage RST can also be employed. Furthermore,
sensor head 19A is arranged on reticle base 36, however, for
i5 example, at least a part of sensor head 19A can be arranged
on a frame member different from body BD. Further, in the
embodiment, as the reflection surface for the interferometer
of the reticle interferometer system, movable mirror 15 or
the like referred to earlier fixed on the edge surface of
20 reticle stage RST is used, however, instead of movable mirror
15, for example, a reflection surface, which can be obtained
by mirror polishing the edge surface (side surface) of reticle
stage RST, can alsc be used. Further, in the embodiment, Y
interferometer 16y had one measurement axis and X
25 interferometer 16x had two measurement axes, however, the
number of measurement axis can be, for example, reversed
between the X-axis direction and the Y-axis direction, or both

of the interferocmeters can each have two or more axes.

Especially in the latter case, Y interferometer 16y can measure



5 I n exposure apparatus 100 of the enbodi nent, the neasurenent
values of reticle interferoneter systens 16x and 16y are used only
for calibration of neasurenent values of encoders 26Al, 26B1, 26Cl
and the like, which will be described |later, and on exposure
operation, the position of reticle stage 30 RST is controlled
according to neasurenent values of the encoder systemon the reticle

side. Especially the position_of retic|le stage RST during scannjn
exposure is H%F@Itla@do ﬁﬁfﬁr@ﬁﬁ%PBIJr%rt%,%xb‘aééﬁcBhO?h%pltChlng of

measur enent 5}%?56(){3 r?a ncei%ﬁ; Sar?af’gl &n%%%]fel%%t%qplr&f‘cc%%r qr{e%gsll.yr'e Phe

it can be easi rom on exposure operation, a
swtching o I | sk - ]_.pemayg; : )y OF ; o]
used for pogc?{t?af)ﬂnlqjglo%llt rl(r)}|<E %}%ngr%e?%rﬁ?g age R qjheggﬁ o b(ey'tot[;%rl?J g’ﬁ ng)gr
Details w || deeiddscrddeese IRg®r in the description. Above reticle
stage RST, a pair of reticle alignnent 20 systens 13A and 13B (not
shown in FIG 1, rélhercxposklr@ a@paratach 1OOnifsttineg eofbooaii malnitg n et
system by a TTR (Through The Reticle) nethod that uses light of the
exposur e wav @SSfgaen v@etiest phgrat ipdia 1ot efrifguealt ernpKstoms wefeand
stage WST anﬂéa correspondi air of reticle marks on the reticle

at the 25 san@% iR W dpr%]lgfgt 1%n ORI 1QPs emiT8IE SYLEMg Yoa VG diSisn £
the X-axis directj a predet i ne i st apnce. ,As .t he ir ,of .
reticle ali gnerrrle(r\?tde%ry%s?tgA ’ % lanzﬁédi%ﬁ?géa%s?y;%g?ﬁ hwgﬁ%wéleg?‘? G&ESGF&Ped
simlar to t i Oé%go' I [

Ulnexam' ned P;l%g%{}%A%%ié?gati Oné%%ﬁp%ggiﬁg%,ﬁ%@ggé&%%x}%g&?tf%e stage

correspondi N®se. 35 RatritoINed 24603 RY) @ thedNe-diid GRN RS ¥ethe
Projection unit PUis held by a part of body BD, below reticle stage
RST in FIG ZEndBaiy BRsitemequifipedeamitdi e Bedei.r skspecially the position
of reticlie stage RST during scanning exposure is controlled
by main controller 20, based on the measurement values of
encoders 26A;, 26B;, and 26C;. Accordingly, as it canbe easily
15 imagined from FIG. 2, on exposure operation, a switching
operation (linking the measurement values) of the encoder used
for position control of reticie stage RST has to be performed.
Details will be described later in the description.
Above reticle stage RST, a pair of reticle alignment
20 systems 13A and 13B {(not shown in FIG. 1, refer to FIG. 6),
each consisting of an alignment system by a TTR (Through The
Reticle) method that uses light of the exposure wavelength
for detecting a pair of fiducial marks on wafer stage WST and
a corresponding pair of reticle marks on the reticle at the
25 same time via projection optical system PL, is arranged in
the X-axis direction at a predetermined distance. As the pair
of reticle alignment systems 13A and 13B, a system having a

structure similar to the one disclosed in, for example, Kokai

(Japanese Unexamined Patent Application Publication) No.



5 colum 32 arranged on frame caster FC installed on floor surface F
of a clean roomand the second colum 34 fixed on the first colum
32. Frame caster FCis equipped with a base plate BS laid
horizontally on floor surface F, and a plurality of, e. g. three 10
(or four), leg sections 39 (however, the 3%g section in the depth of
the page surface of FIG 1 is omtted in the drawings) fixed on base

: i i i pped_with b I f
(mai 0 frame) 567 GHIER §4F spos ot LUbe it oGP Mior | or 4 loyand
a plurality of, e 0.t ﬁ%é%?ég_ur), first wvibration isolation
in ua

nmechani sms 58 11 Xe I'vi'dual Ty on the upper end of the plurality
of leg sections 39 ghate qond %ri%sPufiﬁ(rﬁeﬁ@% £ S'g:)%rtl BPB55&!BD, below

platform 38, a circular opening (not s or med _
substanti al | yrdti dlheseageetsT and-id the Kddgebars «6REPHBE,wiPEREH L
unit PUis inserted fromabove and is held by barrel platform38 via
a flange ELG@Iamgell artdregelter fxEme wdserentf@lirsecdilond on fheor
upper surface of barrel platform 38, at positions surrounding

proj ecti on ururfage gne2s engapt heomoare ehd)setondptetahnt34 ofixed on
e.g. three (ar, fo I%§ | egs 41 (however, the leg in the depth of the
page surface 16 é% £ £9"¥hit4ed in the drawings) is fixed. The

h d h d f t I .41 i tantially fl
otner end (the upher, g o est. oo el RS AL 1L o
I 41, th f i i | ] i r
05 81, the e sin{arguoh sl LaleaRase J0udeperLbede oAl Lok Ihree

hori zontabl y @ipR@ihs ,f aldckeckases38s (Abatvks, tREicls hasei 36 ANdhe
| egs 41 that support reticle base
depth of the page surface of FIG. 1 is omitted in the drawings)
fixed on base plate BS.
The first column 32 is equipped with a barrel platform
(main frame) 38, which is supported substantially
15  horizontally by a plurality of, e.g. three (or four), first
vibration isolation mechanisms 58 fixed individually on the
upper end of the plurality of leg sections 32 that configures
frame caster FC.
In barrel platform 38, a circular opening {(not shown)
20 is formed substantially in the center, and in the circular
opening, projection unit PU is inserted from above and is held
by barrel platform 38 via a flange FLG arranged on the outer
circumferential section. On the upper surface of barrel
piatform 38, at positions surrounding projection unit PU, one
25 end (the lower end) of a plurality of, e.g. three (or four),
legs 41 (however, the leg in the depth of the page surface
of FIG. 1 is omitted in the drawings) is fixed. The other end
(the upper end) of these legs 41 is substantially flush on

a horizontal surface, and on each of the upper end surface



5 36 constitute the second colum 34. In reticle base 36, an opening
36a, which serves as a path for illumnation light |IL, is forned in
the center. Projection unit PU includes barrel 40 that has a cylinder
hol | ow shape with flange FLG arranged, and projection optical 10
system PL consisting of a plurality of opi3cal elenents held in
barrel 40. In the enbodinent projection unit PU was nounted on

barrel platfaor 8 h mev as is disclosed.in for exa

panphi et of | f &?%%ﬁ.%%fm@%/%%m ST dqabr ibed
proj ection unit. ai‘s éé{i)porz%]e%hjém ) H‘:S%%%%'r?& G eSPeel o

a mai nframe ne&% not aced "above projection umt’PUST to

reticle base &@rﬁlw%f hidggs mshemjzs%!a@myogaffaﬁakt§y§é@mf’é pd K 36.

exanple, a dioptric “system’is used consisting of a pluralit

| enses (I ens T2 ekenest 531¢haisane ghenesedsalong: epppeat ﬂét_‘écfé(base
which is parallel to the Z-axis direction. Projection optical system
PL is, fob exdnplassia thoth-Biadeaosinec entluinn déopt Fn crayst ben bd dmt3hasn
a predeternlned projection magnification (such as one-quarter or
one-fifth ti mRONINIThEGaef dttelc V55 89 @rikedt g1 jightuningtiom light
illum nation ysten1 Oillumnates illumnation area | AR, a reduced

i mage of the “ci'rciif t Cb‘ﬁ‘[‘q R B (éed"tfrf’e‘a'inage of a part of the

h LAR, with .
{11 nat on' 1§ pht TEAEL ok, bR b TP PL R e R TotTeFd T sk
whose patter @1031.%3@%%&1%@ w B Sy ea]:“}_.ﬁ %g#é}ﬁ{/st emWsthct)ﬂgc{iéﬁto tical

pl ane (object plane) prOject n opti an- ar
conj ugat gt o syidddiripnatbaniaeeagl AR L IEHAN Y 6EXPHSUES] A Bdle MOIR 14

surface is coated with a resist (a sensitive agent) and is placed on
in barrel 40. In the embodiment, projection unit PU was
mounted on barrel platform 38, however, as is disclosed in,
for example, the pamphlet of International Publication
W02006/038952 and the Like, projection unit PU can be supported
15 Dby suspension with respect to a mainframe member (not shown)
placed above projection unit PU or to reticle base 36, or the
like.
As projection optical system PL, for example, a dioptric
system is used consisting of a plurality of lenses (lens
20 elements) that are disposed along optical axis AX, which is
parallel to the Z-axis direction. Projection optical system
PL is, for example, a both-side telecentric dioptric system
that has a predetermined projection magnification (such as
one—-quarter or cne-fifth times). Therefore, when
25 illumination light IL from illumination system 10 illuminates
illumination area IAR, a reduced image of the circuit pattern
(a reduced image of a part of the circuit pattern) is formed

within illumination area IAR, with illumination light IL that

has passed through the reticle (Rl or R2) whose pattern surface



5 the second plane (inage plane) side, via projection optical system
PL. And by reticle stage RST and wafer stage WST being synchronously
driven, the reticle is relatively noved in the scanning direction
(Y-axis direction) with respect to illumnation area | AR
(illTumnation light IL) while wafer W10 4& relatively noved in the
scanning direction (Y-axis direction) with respect to the exposure
area (|Ilun1nat|on e of $bshot rea

(di vi ded areéﬁ a%&ﬁ%iEquggqﬁﬁ4nw sglngh Fﬁé ga? AR BiP1%e- plane)
e bodi nent rtﬁé S ANt LN, Shato Aneder, That 1o o L0k e uate to

enbodi nment , pattern 1's gene on Waf'er by

system 10, tﬂemﬁm@d&n é@gapfm%%tw&ﬁef)w'(&ﬁﬂao§1¥§é%r£‘epla waagetéwface
by the exposure of the sensitive layer (resist layer) on wafer

with illum natd epdteghtvikh, at hes patt ef mdrsifrdredgentwakaeg 1¥Vp2ﬂ:ed on
Wafer stage unit 12 is equipped with a stage base 71, which is

suppor t ed>substeamscandy plemiez datralgkypbhyne) pside) i tya mfojexctglort hupgeical
or four) second vibration isolation nmechanisnms (omtted in draw ngs)
pl aced on bas¥ i ELBS, Ap@dfst retagée yEUpREfedndbmien Beagpp®pT being
surface of stage base 7 waf er 25 stage drive section_ 27 that

drives mafer%ﬁhﬁﬂ? %@hgrﬁﬂgn*lFQE r %@%eﬂékée ftﬂ§e%ﬂd@°8Fdéjlthe

flat plate, S | at f.or upper_surface
is fi ﬁl shed so atqﬂutnq acjlljcoegr ce Q% alef){)a nCIelsswcllts ytp geh% THe
upper Surfacellsl‘%ﬁéﬁ%tal%rf”are% %‘Rd‘?ﬁ%ﬁ&%tg’eﬁ”l @rIE}anf‘?llV@IEafer W

noves. Wafer st age WST has a nmain section an e section ove
t he mai n1gectisDn;e jatd vesl Winotady frort X aihidd) didid@stdronssofx s X

degrees of freedom which are the X-axis
direction) with respect to the exposure area (illumination
light IL), thus scanning exposure of a shot area (divided area)
on wafer W is performed, and the pattern of the reticle is
transferred onto the shot area. That is, in the embodiment,

15 the pattern is generated on wafer W by illumination system
10, the reticle, and projection optical system PL, and then
by the exposure of the sensitive layer (resist layer) on wafer
W with illumination light IL, the pattern is formed on wafer
W.

20 Wafer stage unit 12 is equipped with a stage base 71,
which is supported substantially horizontally by a plurality
of (e.g. three or four) second vibration isolation mechanisms
{omitted in drawings) placed on base plate BS, wafer stage
WST placed above the upper surface cof stage base 71, a wafer

25 stage drive section 27 that drives wafer stage WST, and the
like.

Stagebase 71 ismade of a flat plate, whichisalsocalled

a platform, and the upper surface is finished so that the degree

of flatness is extremely high. The upper surface serves as



5 direction, the Y-axis direction, the Z-axis direction, the x
direction, the Oy direction, and the Oz direction by wafer stage
drive system 27 that includes, for exanple, linear notors, voice

coil notors or the |like. Wafer stage WST can al so enpl oy a
configuration, for 10 exanple, in which 4dafer stage WBT is equi pped
with a wafer stage main section driven in at |east the X-axis
direction, tahe Yi'cf‘eXisS 'ar ecti.on, a thect z q‘HTﬁCti on by a linear
motor or theé ITKES it B Rardct af e 9% et %t ven on the
waf er stage main s i L t t - axi i.rectij.o

di rection, and the%%'tfIe iFggggoﬁéﬁgﬁésJ%?EéjkéF?tggbogﬁaog-%%é§%!§%§?&0n
On waf er stageBl iy WD Desdm&Mr eGiS s AUbithia ! alle o881 oN in
menti oned above) , wafer Wis nounted via a wafer holder (not

shown), and whfrerctWdrss fdfxed st alddreamiedr fhalddRim, forick0 sanple x-tkis
vacuum suction (or electrostatic suction) or the |like. Further, a
confi gur abi onliiredrigiroy édhd ¥ ehiich ddosidtiiemal thenflotensits ol refctiafgr the
stage WST within the XY plane (novenent plane) can be neasured by
both an encod&r déyseeirnhathe My ddascrioheaandilis 6268 ra6Cioany 46Der

and novenent scal es 44B, 44C, nd 44D and_the |i ke and a wafer | aser
i nterferonet egrsjcaﬂfsajéwe (sﬁ’@F&“h%\?ftg‘ratrﬁ(g]ﬁ%%s't bozE&uauFlsy linear motors,

i nt erferonet Ssyst end’) 8,.s i n-Fl 1. Next, details on the
o1 éﬁ?l m#hgﬁﬁrﬁﬁy{he 11(%.

configuration an e Il e encoder’ system for wafer stage WST

and wafer 42 intephetomtalesygemat8 Mdd o gﬂg@g icg%%-igﬁ%aitﬁ oSO

in FIG 3, on the upper surface of wafer stag our “movenent

scal es 444 t @x4B 1, e ifd xed SUAEdistg ganafoar 1W M@ rsReGiiftncal hbrer
novenent scales 44A to 44D are
stage main section driven in at least the X-axis direction,
the Y-axis direction, and the 8z direction by a linear motor
or the like, and a wafer table that is finely driven on the
wafer stage main section in at least the Z-axils direction,
15 the 06x direction, and the Oy direction by a voice coil motor
or the like,

On wafer stage WST (or to be more precise, on the table
section mentioned above), wafer W is mounted via a wafer holder
(not shown), and wafer W is fixed tc the wafer holder, for

20 example, by vacuum suction {or electrostatic suction) or the
like.

Further, a configuration is employed in which positional
information of wafer stage WST within the XY plane (movement
plane) can be measured by both an encoder system that includes

25 head units 46B, 46C, and 46D and movement scales 44B, 44cC,
and 44D and the like and a wafer laser interferometer system
(hereinafter referred to as “wafer interferometer system”)
18, shown in FIG. 1. Next, details on the configuration and

the like of the encoder system for wafer stage WST and wafer



5 made of the sane material (such as, for exanple, ceramcs or |ow
t hermal expansion glass) , and on the surface, a reflection type
diffraction grating that has a period direction in the |ongitudinal
direction is fornmed. The diffraction grating is fornmed having a
pitch, for exanple, between 4 mto 138 nrd2 10 In this enbodi nent, the
diffraction grating is forrred having a 1 mpitch. In FIG 3, for the

sake of convenien in the |tch of the grating wll be
i ndi cat ed muchSa% §e onHaT e q_f 8'6@] %t %%?‘r?@ogppl ies to

ot her draw ngs. The o l.-di rectio vemen

oL ner a1 anl ngs. A AOGKLUHL 1Rl ot oL Berent o aliep, f4A.301
scal es 44A andT44G R rdfVeRRFRd Jdk 1ML ¥ Mgty %%%D%E(etdo suf 5%%351&@

line that passes through the center of wafer stage (consi

excl udi ng novaiflea mi.r roeseldfeandiddyY)y, Dﬁ’éﬁ@éﬂl@:ﬁtt&éi@s Yr@XitH 44D are
direction, and each diffraction grating 20 fornmed on novenent scal es

44A and 44C msida@ oF phacedne mashamietl  suobgasdi Agr tdweaged ercddarecs or
Si nce these novenent scal es 44A and 44C have diffraction gratings
arranged periledi Eagrpal expnaps vragissal r edtd on, thseméaces calred L4g¢Aion
and 44C are ysed far neasuring the position of wafer stage WST in

the Y-axis 39P& Fdefrantien EﬁéFlnﬂhEhF‘Bn@W WIiRRE LA Bdta ot in the

novement scall%§1 454 i_s direction

FG 3 and %ﬁ“&?a‘?gge‘ﬁﬁégﬁh%eiaﬁﬂaae ke A T 1
wi th respecggg&  seker Ll gecbhat passes,Liv ouglh dfie, cenfer. of 43,

waf er stage consi udi ng ndv e MmTrors
parallel1¢o tI'&etPizgxérﬁbcﬁlcﬂirﬁ@ﬁt Oheald rEaah tdiohf ?ﬁﬁﬂﬂa 1 ORI having

formed on novenent scal es 44B and 44D is al so plfaced "in symetry
regarding the gephesitine. 19 NUEG.t BESEoNDYRERSM ke of convenience in the
drawing, the pitch of the grating will be indicated much wider
than the actual pitch. The same applies to other drawings.
The longitudinal direction of movement scales 44A and
15 44C coincides with the Y-axis direction in FIG. 3, and movement
scales 44A and 44C are arranged in symmetry with respect to
a center line that passes through the center of wafer stage

WST (considered excluding movable mirrors 17X and 17Y)
parallel to the Y-axis direction, and each diffraction grating
20 formed on movement scales 44A and 44C is aiso placed in symmetry
regarding the center line. Since these movement scales 44A
and 44C have diffraction gratings arranged periodically in
the Y-axis direction, movement scales 443 and 44C are used
for measuring the positioﬁ of wafer stage WST in the Y-axis

25 direction.

Further, the longitudinal direction of movement scales
44B and 44D coincides with the X-axis direction in FIG. 3,

and movement scales 44B and 44D are arranged in symmetry with

respect to a center line that passes through the center of



5 scal es 44B and 44D have diffraction gratings arranged periodically
in the X-axis direction, novenent scales 44B and 44D are used for
measuring the position of wafer stage WoT in the X-axis direction.
In FIG 1 the state is shown where wafer Wis exposed 10 above
novenent scal e 44C, however, this is for 43he sake of convenience,
and the upper surface of novenent scales 44A to 44D is actually at
the substantially sane heiqgg(t, or, positioned_ . above the upper surface

of wafer W NMERRMPFEISAST d CORFIIGES ok %5 FREENY MR 1# 6P EnkbHend

15 head it i_naf.t hort d to "head it") 46A 4
ol aced cr oss g ' 8 8arFas ot R by hett Stal By ADK (4 40t 7 on
Stale where Uieow R0eder EadsnSHE LUK b BRLI BBETYS Oy 481 2ced

| owest end of” projection unit om four directions.

is omtted i&rFls%métﬁ:S/OHé@QEdpﬁjﬁ“ih@_Q:leté:VQiiﬁbr.‘g SONELSI HY e QS Rent
head units 46A to 46D are actually fixed to barrel platform38 in a

suspendeds st atom1\isa 48 BS Wb ra4D maveerdi fHeadt tirir $réGA ayad AGGraye!

pl aced on the -X side and +X side of projection unit PUwth the

| ongi t udi nal pdivdectiiced 1y25nbdismg—tke s)Xahrést tdn ectdvementhschlies 44B and
orthogonal to the |ongitudinal direction_ of the corresponding

novenent scaléd gAVSRY L0C MEmeur-iag $h@ peeditewn wiFrales) stagrd WST
is also placed .in symmetry, regarding optical axis AX of projection
optical syst@m®BE g(lfl?rxtlﬁerd,l Hhits 46B and 46D are placed on the

44 +Y side and - YIEi g‘?G.C.)f lp£8jee%l£%ﬁg %:%}Hﬁ%&\%ﬁé meaéelorn,?\}oti%?:?%%losed

direction being thé Y-axis diréc ogona

| ongi t udi mal HHRC tiYR @%Elcl%r r@%ﬂqogﬁ%@?@veﬁ@ 1s5GRhes B 3rdor

44D (the X-axis direction in ),
convenlence, and the upper surface of movement scales 44A to

44D is actually at the substantially same height, or positioned
above the upper surface of wafer W.
Meanwhile, as is cbvious from FIGS. 1 and 3, four encoder
15 head units (hereinafter shortened to “head unit”) 46A to 46D
are placed crossing the corresponding movement scales 44A to
44D, in a state where the four encoder heads surround the
periphery of the lowest end of projection unit PU from four
directions. Although it is omitted in FIG. 1 from the point
20 of avoiding confusion, these head units 46A to 46D are actually
fized to barrel platform 38 in a suspended state via a support
memper.
Head units 46A and 46C are placed on the —-X side and +X
side of projection unit PU with the longitudinal direction
25 Dbeing the X-axis direction, which is orthogonal to the
longitudinal direction of the corresponding movement scales
44A and 44C (the Y-axis direction in FIG. 3), and is also placed
in symmetry regarding optical axis AX of projection optical

system PL. Further, head units 46B and 46D are placed on the



5 also placed in symretry regarding optical axis AX of projection
optical system PL. Head units 46A to 46D can each be a unit that has,
for exanple, a single head or a plurality of heads that are di sposed
seanl essly. In the enbodi nent, however, as in FIG 3 10
representatively show ng head unit 46C, t4e head unit has a
plurality of, e.g. eleven heads 48a to 48k, disposed at a
predet er m ned, di stance_ in the | i tudi pal directijon. cidentally,
T P

| ;
in head uni ts éﬁdeaIﬁ%[_),Y th Jé??ﬁ}tb‘?nﬁ’é‘&&swdﬁeﬂhftgﬁdlﬁ%ﬂ]ﬁu nal
o stance So Lol acanl, e beqds. L 4116 5l uigli 4y of Deads D <.

not go astray fromfhe correspondi hg novenent scal e

grating), or dyk Otdyedi W OSa1 ali rSEOUEK & PecsanEs Bt ance:i 0f AR LRWeS

than the width of the diffraction grating in the direction

orthogonal t Gddies |OoRgididlisa (dheegt-bans( digpesabndinecttonzpf 4he is
diffraction 20 grating) of the novenent scale. Head unit 46A
constitutés almd pilptedliensyhyperyaredardibe optecal awiatZ odiprojection
el even-lens Y linear encoder 50A (refer to FIG 6), which is

equi pped wi t PHekes! 4B3s%em 4k, for neasuring the Y position of

waf er stage WST al ong with novenent 25 scale 44A. Further, head unit
46B constitutes an 8V ERLENECAXEP| HRRICHh AR D508 BRéEethdh MG for

6) for neasur] t.he X _.position.of wafer stage WST along with _,
novenent scalee’pa%%l.e’ ﬁLIc’rJtr}TaéTe, h?‘@%&’ru"ﬁiptlu é’%l%g’n%‘%/\ﬁ?&% SHigt are disposed
el even-1| ens j ncade 0 refer. to El far a i ng the
Y position 4éééo E‘e\?\sr/asi‘leyﬁ3 s?qailgret. %miajlogﬁglevrﬁttfhﬁr?g\?g%ﬁt %_sscgﬁe C. 3

Fur t her, 1o0heaggi e QR iGANSS idHHBH AMRlevant! 88, Xchngasd eneodelas a

50D (refer to FIG 6) for neasuring the X position of wafer stage
WET al ong wi tdiumaiemanto Scad ey 44D evidre eadirerendo vl klesdidfposed at a
predetermined distance in the longitudinal direction.
Incidentally, in head units 46A to 46D, the plurality of heads
are disposed at a distance so that adjacent two heads of the
15 plurality of heads do not go astray from the corresponding
movement scale (diffraction grating), or in other words, at
around the same distance or narrower than the width of the
diffraction grating in the direction orthogonal to the
longitudinal direction (disposal direction of the diffraction
20 grating) of the movement scale.

Head unit 46A constitutes a multiple-lens type, or to
be more accurate, an eleven-lens Y linear encoder 50A (refer
to FIG. 6}, which is equipped with heads 48a to 48k, for
measuring the Y position of wafer stage WST along with movement

25 scale 44A. Further, head unit 46B constitutes an eleven-lens
X linear encoder 50B (refer to FIG. 6) for measuring the X
position of wafer stage WST along with movement scale 44B.

Further, head unit 46C constitutes an eleven—-lens Y linear

encoder 50C (refer to FIG. 6) for measuring the Y position



5 encoders 50A to 50D are sent to main controller 20. In the

enbodi nent, the four head unit 46A to 46D are supported by
suspension frombarrel platform 38, however, in the case exposure
apparatus 100 of FIG 1 has a configuration in which projection unit
PU is supported by suspension with respectd 10 to a mai nfranme nenber
or areticle base 36, for exanple, head wunits 46A to 46D can be

supported by sus sion int al W th projection unjt PU, or_th
foEP head u%iot]ésJ W%gf%rt 5 A5 %%EapnahénarWéﬁaeﬁo{’ﬁﬁﬁﬁEnﬁ%ﬁi?y&q’omFurt%er'
rojection unjt Is SUr. nt_fra [te spensi on
1I‘O r ojm the main eraér;gn&?Sg%%%oglrS%olr rrecreos‘m‘—’lF1 et %?%Qﬁges%s g%ﬂ&%%% E%I??O%esr i580 D

shown in FI G (rbriosit Fegal o) HLA ABELARin ft?{\@ff?o%tjﬂg_%n\\l/ﬁ?cnhasfer stage

constantly detected by wafer interferonmefer system 18,

irradi ates mMBEIUEEBRGtwDER KD veMET¥able MBI OrmhelfeabdrdReht X @k of
waf er stage WST, at a 20 resolution of, for exanple, approxinmately

0.5 to 1 mm anafeeters miOdr frer 6198t aresyshent &8mhas atnteaslen Dart Iof the
its system (for exanple, the optical unit excluding the |ight

source) fix&dbasiimantel Yeatfarmmiesd mra ts yfferded 5t atve sApplogdasd by
a part of wafer interferoneter system 18 can be supported by 25
suspensi on i MSFEAPTNHIPThRFEE A AFRITTPES oMV Sie  dY idifgédSean
t he neasurenent franme_as_is deﬁﬁ)‘i}befd 3$0Vﬁ. As is ?hovvn an FI G % h
on wafer stag&BRErT Y2 hBP4BFES & 177t hdt2hasCgnFePreatien 10 whic

surface ort h%%%&@ctti%nlt rﬁ%i% DY S s ng%)%%t%g %E%%ﬂre%fs%‘%% %ac@lnir%%gect

direction, a rmvabga 6. mrro . . e Iectl_on surface
orthogongh ted Bema¥nAxhme Hdmsdd @1 aW 18 Jhe ReN- 868U Nh1e, head

direction, are actually arranged. In FIG 1, however, these mrrors
are represendtisveldp showsasawablseipforted bf. suspension integrally
with projection unit PU, or the four head units 46A to 46D
can be arranged independently from projection unit PU in a
measurement frame supported by suspension from the mainframe
15 member or from reticle base 36.

Further, as is shown in FIG. 1, positional information
of wafer stage WST is constantly detected by wafer
interferometer system 18, which irradiates measurement beams
on movable mirrors 17 and 43 fixed on wafer stage WST, at a

20 resolution of, for example, approximately 0.5 to 1 nm. Wafer
interferometer system 18 has at least a part of its systenm
(for example, the optical unit excluding the light source)
fixed to barrel platform 38 in a suspended state. At least
a part of wafer interferometer system 18 can be supported by

25 suspension integrally with projection unit PU, or can be
arranged in the measurement frame as is described above.

As is shown in FIG. 3, onwafer stage WST, Ymovablemirror

17Y that has a reflection surface orthogonal to the Y-axis

direction, which is the scanning direction, and X movable



5 As is showmn in FIG 3, wafer interferometer system 18 includes
five interferoneters, which are; a wafer Y interferoneter 18Y, two
wafer X interferonmeters 18X1 and 18X2, and two Z interferoneters
1821 and 18Z2. As these five interferoneters, 18Y, 18X1l, 18X2, 1821,
and 1872, a M chel son 10 heterodyne interderoneter is used that

enpl oys a two-frequency laser that uses the Zeeman effect O these
interferoneters

Ylnterfer ter, 18Y, mul ti -
i nterferonetétt J‘{J;sorus]ewﬁzt t g qu%fs% og% to the

i ncluding t Sur Whl ch symetric wth spect
to an axis \(N(%en réJad;ll srgtlggr(dl I"e sl?éc élxolns Sﬁjéasflsﬁlrlll rec():udhon’ are

optical axis At f1 1B 8 Y OptI'nC%"IGaX'lS %g(ervlé‘?c ¢eBker m9h b ‘% are

exposure area previously described) and f he etection centéer o

al i gnment sy stepyReNeat aS desl S s MdsaB.e 20 Mafer: X _
interferoneter 18X1 irradi ates a measurenent beam on novable mrror

17X al ongba measur &sents akbwgnt hat Fpasses waifwougitapfd catetad syt 18
projection optical systemPL parallel to the X-axis. Wafer X
i nter f er omet eMCIgiE st datatfe puwtd whalvwhiinforansti on V(ﬁ‘fqmeY

reflection surface of 25 npbvable mrror 17X, which uses th
reflection sdff&dd FEmetss x8d - nine Hraffelrx%(}ntt@rtfﬁé”%e&@rsgu??%ténéf18X2r

b | 40 of t ti, f

Pater atae e GE L Thiytte ot B A SRE 085, it SRR L ©
bl T |

Teasur ement Ehre?ﬁfze{?ﬁ*% dEpabhei iper Lg% a 9P§Hna%§'érzenea{"1‘4&ﬁfgeﬁson

t hat passes et ectlén center 6f a ment §t e
paral | el 10t 0 Hhe Pbifies i rARd fBAHEAS tihe RS tdpalerdifRydrat i on of

the reflection surface of novable mrror 17X, which uses the
two-frequency laser that uses the Zeeman effect. Of these
interferometers, as wafer Y interferometer 18Y, a multi-axis
interferometer is used that has a plurality of measurement
axes including two measurement axes, which are symmetric with

15 respect to an axis (center axis) parallel to the Y-axis passing
through optical axis AX of projection optical axis AX (the
center of the exposure area previously described)} and the
detection center of an alignment system ALG, as is shown in
FIG. 3.

20 Wafer X interferometer 18%; irradiates a measurement
beam on movable mirror 17X along a measurement axis that passes
through optical axis AX of projection optical system PL
parallel to the X-axis. Wafer X interferometer 18X; measures
the positional information of the reflection surface of

25 movable mirror 17X, which uses the reflection surface of X
fixed mirroxr fixed to the side surface of barrel 40 of
projection unit PU as a reference, as the X position of wafer

stage WST.

Wafer X interferometer 18X, irradiates a measurement



5 reflection surface of a fixed mrror fixed to the side surface of

al i gnment system ALG as a reference, as the X position of wafer

stage WST. Further, on the side surface of the main section of wafer
stage WST on the +Y side, novable mrror 43 whose |ongitudinal 10
directionis in the X-axis direction is a%tached via a kinematic
support nmechani sm (not shown), as is shown in FIGS. 1 and 4. A pair
of Zinterferoneters 18 ijz;nd 187 h constitutes a part of

i nt er f er onet et- Y 3F &Y ’BKFF?Q Oni@ B ARUEHPeRE A isetie bpasses

novabl e mr ri:)rhr%:%\% ¢ ALT anged 10 c‘élen JIO¥2Rl g mn{e-rnqcr %ggmgif;éné)aiallel

FIGS. 3 and re particu as 7s %

the |ength of;mouabke; £ &1 Ang fﬁéa‘sﬁré@%ﬁ% ?:?85%) Jn%ELt hHEokﬁak?BHe&f the

than novable mrror 17Y, and is nade of as a

hexagonal sectdfarAlt igapar 2y fChndweoke Iniikec rect,anglieanteN the
i soscel es trapezoid conbined together. Mrror polishing is applied

on the suffaceficicmmmablhefateral a48i ved tierre¥ Sided mndhthsede surface
reflection surfaces 43b, 43a, and 43c shown in FIG 4 are forned.

Refl ection s@ff adégagantorvrgemedLE s edgefomchase on 26 X st igidert
of novable mrror 43, and is parallel to the X2 plane as well as

ext endi ng i n "BHEIX S5a%e BiSTect i on. Ref | ection surface 43b confi gures

| paral lel to a pPUREReEr| PadAgy Hie AaaRae hedeagre St on of Vafer
| ock di 4 F t

o onds Stldenfish bif e Jaﬁsg-?}. ongvéﬁ?%%ﬁ%oﬁr 135801309180 na)

configures the rwiface Adieent L q-dihe 3i43ide0fi J efdection W face

43a, and is arranged in symmetry with reflection surface 43b with
kinematic support mechanism (not shown), as is shown in FIGS.
1 and 4.
A pair of Z interferometers 187Z; and 18Z, that
constitutes a part of interferometer system 18 and irradiates
15 a measurement beam on movable mirror 43 is arranged, facing
movablemirror 43 (refer to FIGS. 3 and 4). More particularly,
as is shown in FIGS. 3 and 4, the length of movable mirror
43 in the X-axis direction is longer than movable mirror 17Y,
and is made of a member that has a hexagonal sectional shape,
20 which looks like a rectangle and an isosceles trapezoid
combined together. Mirror polishing is appliedon the surface
of movable mirror 43 on the +Y side, and three reflection
surfaces 43b, 43z, and 43¢ shown in FIG. 4 are formed.
Reflection surface 43a configures the edge surface on
25 the +Y side of movable mirror 43, and is parallel to the XZ
plane as well as extending in the X-axis direction.
Reflection surface 43b configures the surface adjacent to the

+Z side of reflection surface 43a, and is parallel to a plane

tilted by a predetermined angle in a clockwise direction in



5 reflection surface 43a in between. As is obvious fromFIGS. 3 and
4, Z interferometers 1821 and 18Z2 are respectively arranged on one
side and the other side of Y interferonmeter 18Y in the X-axis
direction, spaced apart at substantially the sanme di stance and al so
at a position 10 slightly lower than Y i4tterferonmeter 18Y. As is
shown in FIGS. 3 and 4, Z interferoneters 1821 and 18Z2 proj ect

measur enent nd B2 on reflection surfaces. 43b and 43c,
respectivelnggyﬁﬁng%@'VeéﬂQ§tdtPe55Foﬁz apReANA bR At ik dde

mrror 47A t eflectlo ce 15 ol nmeasur, ement am

Bl reflected of? fﬁé 5o S ur 5?26 %é8n|§u§|ﬁ€§t%§§r688 l@&F§F|3%

i nci dent and §h£f3ggidﬂ{§ég %% gHgH g1 as; Qg;hgggl f égé 43a,
refle Qgc

whi ch nmeasur enent beam cted off reflectlon suﬁface

al nost per pendic Ulsabkyahgetdent s gings iy Wre@@@bt@&heggtﬂgcéna;jﬂmeuth
20 X-axis direction. Fixed mrrors 47A and 47B are supported, for

exanpl e, Susimef Itdver isames ustfppor t4 Recind def(wsdn shown) arranged in

barrel platform38. Incidentally, fixed mrrors 47A and 47B can al so
be supported u3|ngAﬁhéSnﬁ@%lﬁwﬂniﬁpﬂwFéﬁ@ pt evidotis |3y ipseterpinbedrsA8Z;
is showmm in FIG 3, Y interferoneter 18Y project measurenent beans
341 and B42 &?%@&@l@%%@%ﬁeqwe%x HFaed pEashFefbRt an@<he ather

Y- di t h d t t h
Ve de ana B @6 Fronae RORTIar R |lmnéhs£%?a$$£‘$ T fre e
passing thr O"ég:t}irtlﬁg sl?fbcgtea%ﬁ%rllf}ﬁ?flgrs&gn%o g@%néé'a%da‘g(lsé%];thgé po%ltlon

FIG 1) of ection optica y Fecel ving

respectiye refilpghion heambnah intigrdarQmrier L8Y detects the

posi ti onal
As is shown in FIGS. 3 and 4, Z interferometers 18%; and

187, project measurement beams Bl and B2 on reflection surfaces
43b and 43¢, respectively, along the Y-axis direction. 1In the
embodiment, a fixed mirror 47A that has a reflection surface
15 on which measurement beam Bl reflected off reflection surface
43b is almost perpendicularly incident and a fixed mirror 47B
that has a reflection surface on which measurement beam B2
reflected off reflection surface 43¢ is almost
perpendicularly incident are arranged, each extending in the
20 X-axis direction.

Fixed mirrors 47A and 47B are supported, for example,
using the same support section (not shown) arranged in barrel
platform 38. Incidentally, fixedmirrors 472 and 47B can also
be supported using the measurement frame previously

25 described.

As is shown in FIG. 3, Y interferometer 18Y project
measurement beams B4; and B4; on movable mirror 17Y, along the
measurement axes in the Y-axis direction, which are spaced

apart by the same distance on the -X side and +X side from



5 informati on of wafer stage WST in the Y-axis direction at the
irradi ation point of nmeasurenment beans B4l and B42 while using the
reflection surface of a Y fixed mrror fixed to the side surface of
barrel 40 of projection unit PU as a reference. In FIG 4,

measur enent beans B41 and B42 are represeifatively 10 shown as
measurenent beam B4. Further, Y interferometer 18Y projects a

d fl 43 f bl
15 ol ong o e e S TR Y b G et Db, SOugH the
d i t b
Bl and Baz o s et S A L B o AT g o i
nmeasur enent  headme BailoangcB44 1i §¥§t§ﬂnqﬁ. vigw, b)‘?"}%ceki)(rl4‘§1;€he¥{'f&pectlve

measur enent beam B3 refl ected off reflection surface

i nterferonet efe Bt tdedkanishey pogictriferaine tieh 08 vRldt@t1¢f thefd st iWhal
surface 43a of novable mirror 43 20 (that is, wafer stage T) in

t he Y-axi § diimettimatidmiof wefierodteye ABTC onprihe sy -tahe sYdpeskction af the
nmovable mrror 17Y, that is, wafer table WIB (wafer stage W5T),

based on an bR ven peist PhaaRmmAMETEnbesas R ondiBie while usmg

nmeasur ement S CcO res ondi ng t o nmeasurenent beans B4l and 25
of Yi nterferfry}%ﬁatr l%ﬁp%éracenﬁfnac%rﬁjf}iﬂq BLrFeT Eb%pot BS 1%1?1% Slde

amount) . basehRINEY et ot OFf MVAE L rPbrE FAY S Feference.
L2250E3°2néwé‘z%%?of§&@%a %‘?%89er o B et 760 T g ey
are respegti ot nd d@gsﬁhmgrg{ lyecdnt agy surfaces 43b and 43c of
novable mrror 43 at a predetermned incident angle (the angle is
0/2), and are refFeattéckrof fy rieftleadcromesierd ages A cand 43ecandir@nent
beam B3 toward reflection surface 43a of movable mirror 43
along a measurement axis in the Y-axis direction, which is
positioned substantially in the center between measurement
15 beams B4; and B4, in a planar view and also positioned at the
—-Z side of measurement beams B4; and B4; in a side view, and
by receiving measurement beam B3 reflected off reflection
surface 43a, Y interferometer 18Y detects the positional
information of reflection surface 43a of movable mirror 43
20 (that is, wafer stage WST) in the Y-axis direction.

Main controller 20 computes the Y position of movable
mirror 17Y, that is, wafer table WIB (wafer stage WST), based
on an average value ¢f the measurement values of the
measurement axes corresponding to measurement beams B4; and

25 B4, of Y interferometer 18Y. Further, main controller 20
computes the displacement of wafer stage WST in the 6x
direction (pitching amount), based on the Y position of movable

mirror 17Y and reflection surface 43a of movable mirror 43,

Further, measurement beams Bl and B2 projected from Z



5 perpendicularly incident on the reflection surface of fixed

mrrors 47A and 47B. Then, neasurenent beans Bl and B2 reflected off
fixed mrrors 47A and 47B are respectively reflected again by
reflection surfaces 43b and 43c, and then are received by Z
interferoneters 1821 and 18Z2. 10 In the ¥ase the displacenent of
waf er stage WST (that is, novable mirror 43) in the Y-axis direction

is 4Y d the displ t t) in theZ -axis .
hisrect?i 22 is l?f%oe,rltsetolﬁogg%nelfnscaﬁ(é%\égﬁ%lngﬁggﬁggﬁa F%%]P%ﬁtﬁ[?fgf Tncident on

measur ement heam . [ e riation AlL2

measur enment beam%fg’p%el%efavcg b{;ﬁa{% Eﬁ?ﬁ gricep%rre O\éfasbli%f%arnrdmiB% actana
respectively ., expnesse i {Hﬂﬁﬂiéﬂﬁﬁ 1 ) .o ALL _AY
cosO - 4Zo X pS| no . .. Ehﬁads l,&T_b21~A 0 X cose(O Qrt}ﬁé;gang?zlsﬁ E% .cé.ly.'?)(’Z)arf%1 ark
Accordi ngly, dgfineempitd s fl)e@ihbr( Bur A% AMBA ¥ 20 Tamhe are
obtained by the follow ng equations, (3) and (4). AZo = (AL2 - AL1l)/
2sin0 ...b§3) pivpendiAlllariAt AnciZeoglon. thé) rdhkcabbye dsisphaceneftixked
AZo and 4Yo are obtained by each of Z interferoneters 1821 and 18Z2.
Therefore, tRE®LH Hifacsirert’P obffachedBRsArEAcElf beomst 8l $821B2

wll be AZoR d AYoR, and the displacenents obtained by Z ,
interferoneté%ﬁﬂf§ff 'Qé%tﬁ%%ﬁﬂH? Ry A & 4R R dssregively

G stance, (TR o JESRLSTELL Beelh, hyId B2 4 418 587 2 chen

direction isin

di spl acement pofg %‘@yveecm}:ﬁ})'% i ddfitlor Iesﬁfl%rzﬁzgﬁae%ﬁgb in the

)
8z direction (yaw ng anount) AOz and t acerent vabl e

mrror 48p(that isinnwaher cskagen¥Bdlshlatbfe8Y oflidLed At {dOWdMg that
anount) A8y can be obtai ned from equations

is, movable mirror 43) in the Y-axis direction is AYo and the
displacement (movement amount) in the Z-axis direction is AZo,
the optical path length variation ALl of measurement beam Bl
and the optical path length variation AL2 of measurement beam
15 BZ receivedby Z interferometers 18%Z; and 187, can respectively
expressed as in eguations (1) and {2) below.
ALl=AYo x cosB - AZo x sind - (1)
AL2=AYo x cosO + AZo x sinf w (2)
Accordingly, from equations (1) and (2), AZo and AYo
20 can be obtained by the following equations, (3} and (4).
AZo = (AL2 - ALl)/ 2sin@ - (3)
AYo = (ALl + AL2)/ 2cos8 (4
The above displacements AZo and AYo are obtained by each
of Z interferometers 18Z; and 18Z;. Therefore, the
25 displacements obtained by Z interferometer 18Z; will be AZoR
and AYoR, and the displacements cbtained by Z interferometer
18Z; will be AZolL and AYoL, and in the case the distance
(spacing) of measurement beams Bl and B2 in the X-axis

direction is indicated as D (refer to FIG. 3), then the



5 (5) and (6) below. A8z = (AYOR - AYoL)/ D ...(5) A8y = (AZoL -
AZoR) /| D ... (6) Accordingly, by using the above equations (1) to
(6), main controller 20 can conpute the displacenent of wafer stage
10 WST in four degrees of freedom AZo, AYo, Aft, and A8y, based on

t he measurement results of Z interferonetidrs 43A and 43B. Further,
as 1s described above, main controller 20 can obtain displacenent AY

of wafer sta T in the Y-axis, .direction di, spl acengnt

(pi tohing amhBL RSPt Rir B vaBLE REETURT T ATPRG B% dff ERE ighege WST)
based on the . neasurgpent_ results, _of. Y interfer ter Y. ..

hei dental 1y Gg & Al =SSP st BROUTE 1 AR FABIRE gikgppacement
interferonmet ¢S 18213 822 .are r atj y f
interferoneter system%cljérfll anftqﬁge (%P{(ag%%%’_rwg\r%% or rye%?u\rl}?lngtrhtehgy
position in theektaXrs (dbl echhyhank { ROy txethe BLEEORSAS O orlRAZMILIIRG
the position in the Y-axis direction are representatively shown as
fixed mryor (57. aFgr t{er belalvi.gnment system ALG and the fixed mrror
fixed to alignment system ALG are onmitted in FIG 1. 25 In the

enbodi ment, wafer XOenterdA¥pBnet d¥olgXiDand wafer Y isieérferoneter
18Y are used for calibration of the encoder system used when

per forni ng exposur 808per 48¢6h of AZRB)aPer, whereas wdfér X

interferonmeter 18X2 and wafer Y. interferoneter 18Y ar.e used f.or rk
detection perfor med by ST garentYsyEi Bt @%e %ﬂﬁ’e Iﬁﬁ‘f%%lr?nsoe%]i)déCQHB(G) ’

measuring t hﬁa\inpeéﬁ&ﬁm@i MALen cfc;rrﬁ?%eo}\f\ﬁ%-ic}io %c%?]ér{‘é %%;wﬁ@ﬁ%%%e

18Y can al so neasure the rotationa e bx direction

(pitching) .kt therEPQURILs 028 EBERETARS! IR, SUBEACeSa Ao NBased
measur enent beans of X
on the measurement results of Z interferometers 43A and 43B.

Further, as is described above, main controller 20 can
obtain displacement AY of wafer stage WST in the Y-axis
direction and displacement (pitching amount) ABx of wafer

15 stage WST in the 6x direction, based on the measurement results
of Y interferometer 18Y.

Incidentally, in FIG. 1, X interferometers 18X; and 18X,
and Z interferometers 18Z; and 187, are representatively shown
as wafer interxferometer system 18, and the fixed mirrors for

20 measuring the position in the X-axis direction and the fixed
mirrors for measuring the position in the Y-axis direction
are representatively shown as fixed mirror 57. Further,
alignment system ALG and the fixed mirror fixed to alignment
system ALG are omitted in FIG. 1.

25 In the embodiment, wafer X interferometer 18X, and wafer
Y interferometer 18Y are used for calibration of the encoder
system used when performing exposure operation of the wafer,

whereas wafer X interferometer 18%; and wafer Y interferometer

18Y are used for mark detection performed by alignment system



5 interferometers 18X1 and 18X2 and Y interferoneter 18Y of wafer
interferoneter system 18 previously described, novable mrrors 17X
and 17Y fixed to wafer stage WST were used, however, the enbodi nent
is not limted to this, and for exanple, the edge surface (side
surface) of wafer stage WST can be mrror32l0 polished so as to forma
reflection surface (corresponding to the reflection surface of

bl ' 17 17Y). . Th , t | f Y
ot or for ot A8 L REer e HIER BE SHAT ot 1a%5 - Bicp 1 VA£ex stage
interf t 1 | - §
Fur ther . on VaTer "SrS58 VBT oo RCey B ar® BRAPAAd Shodgraig oy

fixed in a st; Bt grelg g i t he; sae, o hei ght -
On the surfaclg{%‘ thilg)r% Pgu%%?gp év'jtez:,tq“tgtn rl§zg§ast aggéi ?ﬁlo ﬁ%e I rog{lm\é/nt’
fiducial markss uded feflgeticn] esustd et the et dndghicivdanirde x
used for baseline 20 neasurenent of alignnment system ALG whose

posi tionab réelrdtdmrerame tdis fBKsanfl TR ahd Maiksei Sekooanean@t b wafer
like are formed. |In exposure apparatus 100 of the enbodi nent,

al though it igteahfarcdgteFiIsgsten g npnasplaisial meswddiedodiaiadne

detection systemb obl | i,nci dent nethod consisting of 25 an
i rradiation é%}sftréﬂrﬁv%ggxéﬁ@ ﬂ*ﬁﬁ&f*&%ﬁ%@@#@ﬁ RGP A28 S BFef fOVEVET

6 iml tq.th .di_scl i f | Kokai . (J
Patent Unexariiod ROGHTENG o Pabl L eatral 2OREM o SHARG T CHGREIe, the
correspondi NgddeSsuPahert (MyeS:@482337)01 Uaddie skl weTatiANgethi 23 x

Fu_rther, in exposure apparatus 100, in the vicinity of projection
unit PU 1@n @dianmt <5y HemALGrS Ameanerd im0k urdaeen (dd fieGpohbing

As this alignment system ALG for exanple, an alignnent sensor of a
so-cal | ed Fl Ao REited ddfitege iAin grurdisicde of movable mirrors 17X and 17Y).
The measurement values of wafer Y interferometer 18Y,
X interferometers 18X; and 18X;, and Z interferometers 187,
and 18Z; are supplied to main controcller 20.

15 Further, on wafer stage WST, a fiducial mark plate (not
shown) is fixed in a state where the surface is at the same
height as wafer W. On the surface of this fiducial plate, at
least a pair of a first fiducial marks used for reticle
alignment, a second fiducial mark used for baseline

20 measurement of alignment system ALG whose positionzl relation
to the first fiducial marks is known and the like are formed.

In exposure apparatus 100 of the embodiment, although
it is omitted in FIG. 1, a multiple point focal position
detection system by an oblique incident method consisting of

25 an irradiation system 42a and a photodetection system 42b
(refer to FIG. 6) similar to the one disclosed in, for example,
Kokai (Japanese Patent Unexamined Application Publication)

No. 6-283403 (the corresponding U.S. Patent No. 5,448,332)

or the like is arranged.



5 system by an inmage-processing nethod is used. This alignnent
system ALG by an off-axis nmethod supplies positional information of
mar ks using index center as a reference to main controller 20. Based
on the information that has been supplied and the neasurenent val ues
of interferoneters 18Y 10 and 18X2 of waf® interferonmeter system 18,
main controller 20 neasures the positional information of the marks

subject to detectign, .or to be nore specific, neagsures the . |,
positional infor nﬁi%ﬁle&' tReSERRBNESFIRRAT A Fer iy R the Fichrity of

mark plate g{:ﬁéﬁ%ﬁ'{d@%ﬁ t Pmrgﬁyaﬁ]ieﬁrgexﬁ{sgfrst%?n ar, O%%,daillnl?ér?ged (not

system 15 ( coordi nate s Wis se

interferonet effuiBYnaRdc18X%2. MNextp khe Confdguratdon, gf ct hfofi%%ﬂ?ﬁler
i e) o

encoders 50A to 50D wi be described, focusing representativ

encoder 50CaheMigankatgathddy bEG s8-chn 1BUGR IR, (FARE Ofndgads 4Bmdr )
20 48k (FIG 3) of head unit 46C, which irradiates a detection beam
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reflection mrrors R a
20 measures the positional information of the marks subject
to detection, or to be more specific, measures the positional
information of the second fiducial marks on the fiducial mark
plate or the alignment marks on the wafer on a coordinate system
15 (alignment coordinate system), which is set by
interferometers 18Y and 18X,.

Next, the configuration or the like of encoders 50A to
50D will be described, focusing representatively on encoder
50C shown enlarged in FIG. 5. In FIG. 5, one of heads 48a to

20 48k (FIG. 3) of head unit 46C, which irradiates a detection
beam on movement scale 44C, is indicated as a single head,
as a head 48y.

Head 48y can be roughly divided into three sections,
which are; an irradiation system 64a, an optical system 64b,

25 and a photodetection system 64dc.

Irradiation system 64a includes a light socurce that

emits laser beam LB at an angle of 45 degrees with respect

to the Y-axis and the Z-axis, such as, for example, a

semiconductor laser LD, and a lens L1 placed on the optical



5 and R b, lenses L2a and L2b, quarter-wave pl ates (hereinafter
referred to as k/4 plates) WPla and WPl b, reflection mrrors R2a and
R2b, and the |ike. Photodetection system 64c includes polarizers
(anal yzers), photodetectors and the |like. 10 In encoder 50C, |aser
beam LB emtted from sem conductor |aser34D is incident on

pol ari zation beamsplitter PBS via lens L1, and is split by

pol ari zation into t bea LB& nd . LB2 eam LB1t hat , has

Prans tted B ar S 1 OTe DRSS g (T4 o TR RS S et | aper LD-
diffraction gratin r vrgqﬁ}. o 44C via ref]ectjo
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grating RGvia reflection mrror Rb. "Split by polarization, " in
this case, meansalihsl td hehd NG deindeampsi sepanadBkdditdn aniRrors Rla
pol ari zati on conponent 20 and an S pol arizati on conponent.

Diffracti 6n vahBldbf, hepsesddtZer ahddilnr derrtiear-wexanpletes f (lreste ioraddre r
diffraction beans, are generated fromdiffraction grating RG by the
irradi ati on ofefruarad (tR1agnt/ { B2latar) &Rler anthéPbeamssBtection mirrors

respectively conver to a circular polarized 25 light by k/4 plates
WPlb and WPl £47 £1 ?f%eké' Bty lejdf‘:P't he beanms are then reflected

by reflection m ;L%rh%t t%prg%li%%a Sa‘{%r%%npa&sc ti%rc&.lv{g{]e %pééél%eqs%vpl b

. S
and WPl a agai n, reac ari zdtion beam'sp er

passing through 1ihe, e, RS Salfatdyd Ny reversad direction. 55

The pol ari zed directions of each of the two beans that have reached
pol ari zatpon beam spl &ht6he PBOWHI Ba &6t Hetith Bb endlt taR0F £oRTs 30 (OQIRES

with respect to the original direction. Therefore, the first order
diffracti on BeeawflLbeaamildliddrat on polarization beam splitter PBS via
lens L1, and is split by polarization into two beams, LB; and
LBz. Beam LB; that has transmitted poclarization beam splitter
PBS reaches a reflection diffraction grating RG formed on
15 movement scale 44C via reflection mirror Rla, whereas beam
LB; that has been reflected off polarization beam splitter PBS
reaches reflection diffraction grating RG via reflection
mirror Rlb. ™“Split by polarization,” in this case, means that
the incident beam is separated intoc a P polarization component
20 and an S polarization component.

Diffractionbeams of a predetermined orxder, for example,
first order diffraction beams, are generated fromdiffraction
grating RG by the irradiation of beams LB; and LB, and after
the beams are respectively converted to a circulax polarized

25 light by A/4 plates WP1lb and WPla via lenses L2b and L2a, the
beams are then reflected by reflection mirrors R2b and R2a
and pass through A/4 plates WP1lb and WPla again, and reach

polarization beam splitter PBS while passing through the same

optical path in a reversed direction.



5 has transmtted pol ari zation beamsplitter PBS earlier is
reflected by polarization beamsplitter PBS and is incident on

phot odet ecti on system 64c, and the first order diffraction beam of
beam LB2 that has been reflected by polarization beam splitter PBS
earlier transmts polarization beamspliti%r PBS 10 and is

synt hesi zed concentrically with the first order diffraction beam of

b LB1 dth dent an,.phot odetection . sy 64c. .Then,
'nei de. phot odet ect (117 BySFenBaca: PRa: SHAFySer B Cruttr BPR 5 arFite that

the polarize r.st actio
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phot odetectors, and is converted into electric signals according t

the intensityrigfrdfftere,i rihes feteRCerdeghiif 20 Asidis i @isb&émgmhat
description above, in encoder 50C, since the optical path |engths of
t he two beanmshashdtraarsenineiched ol dmitzrifiene eraa esglrieredry EHBOIda rdnick raries
substantial ly equal the influence of air fluctuation can nostly be

i gnored. Theref %ﬁfé@q’rWe@@ﬁﬁrééaﬁéOM@e@mhéPli’ét@%P%‘ﬁ Fiage WsFident
noves in 25 the ggasurerrent direction (in this case, the_Y-axis

di rection), ﬁSQ@tSFtéﬁeWﬁtT}rﬁé?maﬁgé}ﬁehéﬁﬁﬁﬁeo%%r {He fraction
i i f f t T

i nt ensi 1y 3f‘°e§=‘he b dEnEBar i R 2EE1pER R, SYREP Rt o beam
system 64c, 4 pasidd.onaly 't%ﬂ%ﬁﬁtc‘sg&brfé&cf’{ﬂ %ahhg%lltter PBS

intensity 56 ange I's output as e nea enent val ues of ‘encode
50C.  Thgpot faelrd anc Rt alAe PABnnt HHA 1812 a3 RN gWed rder

simlar to encoder 50C. Further, also for the nine encoders 26Al to
26C3 for the diﬁﬁr@lc&ﬁﬁﬁ@ﬁ:anamferhmdemﬁayahhethen is incident on
photodetection system 64c.
Then, inside photodetection system 64c, the analyzers
uniformly arrange the polarized directions of the two first

15 order diffraction beams above so that the beams interfere with
each other and beccme an interference light. The interference
beam is detected by the photodetectors, and is converted into
electric signals according to the intensity of the
interference iight.

20 As is obvious from the description above, in encoder 50C,
since the optical path lengths of the two beams that are made
to interfere are extremely short and are substantially equal,
the influence of air fluctuation can mostly be ignored. Then,
when movement scale 44C (that is, wafer stage WST) moves in

25 the measurement direction (in this case, the Y-axis direction),
the phase of each of the two beams change and the intensity
of the interference light changes. This change in intensity

of the interference light is detected by photodetection system

64c, and the positional information according to the intensity



5 diffraction interference nethod that has a configuration simlar
to encoder 50C is used. And, as each encoder, an encoder that has a
resolution of, for exanple, approximately 0.1 nmis used. FIG 6
shows a bl ock diagram which is partially omtted, 10 of a control
systemrelated to stage control of exposurfe apparatus 100 of the
enbodi nent. The control systemin FIG 6 is configured including a

so-cal l ed m cr.oconput er_ (or . workstation)_ nmade .up of a CRPU (Central
Processi ng USit)o ?L%epalﬂt Gl r%erir%‘%reﬁ}ﬁﬂt( ,&’cfgeeé“éméer 50C.
Menory), and d jacﬁq: i i C(%{H%ﬁsang i Q I
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exposure appaiatiusrled thabdhassptbe canfdiuy atileR rdesendhedh e ders
when wafer alignnment operation is performed by the EGA (Enhanced

G obal Al gnia) toeblbad dorthiel réei20e disslosesni ancd@er esanphe,
Kokai (Japanese Unexam ned Patent Application Publication) No.

61- 44429 and die reortriegpomtianfengrte Ret@End Ndiat4,He80,6 Ko ranidtrted ion
|'i ke, the position of wafer stage WST is controlled by nain

control | er 2GHdedF &® tECdfza fehtusad uedngs @af each encoder, an

interferoneter system 1 s is 25 descri bed above, and at the tine
besi des waf ef~"4 %ﬁnghﬁ% ﬁ%@r%ﬁe@rﬁﬂé‘\}&ﬁr’agg'f ?re%?éﬁﬁﬂd]ee,' GRpregimately
exposur e operati %%b . dhepesition of wafer stage WST is controlled by
main controller lbase on the neasurenent val ues of encoders 50A

to 50D. Incidental s thenpesid io@Bcﬂfdi\@ﬂm,s&ﬁgéh\é*@p%@iQfl bmitted,
control |l ed based on the neasurenent val ues of encoders 50A to 50D

al so whenowafodr aaldogit@t Apafed i@ dtedPald FoRek cditddderns idgkddhire

case the position of wafer stage WST is controll ed based on the

measur enent \agioaestofs éf0odérshd®bodiment. The control system in FIG.
6 is configured inciuding a so-called microcomputer (or
workstation) made up of a CPU (Central Processing Unit), ROM
(Read Only Memory), RAM (Random Access Memory), and the like,

15 and is mainly composed of main controller 20 that controls

the overall operation of the entire apparatus.

In exposure apparatus 100 that has the configuration
described above, when wafer alignment operation is performed
by the EGA (Enhanced Global Alignment) method or the like

20 disclosed in, for example, Kokai (Japanese Unexamined Patent
Application Publication) No. 61-44429 and the corresponding
U.S. Patent No. 4,780,617 and the like, the position of wafer
stage WST is controlled by main controller 20 based on the
measurement values of wafer interferometer system 18 as is

25 described above, and at the time besides wafer alignment
operation such as, for example, during exposure operation,
the position of wafer stage WST is controlled by main

controller 20 based on the measurement values of encoders 50A

to 50D. Incidentally, the position of wafer stage WST can be



5 to 50D when wafer alignnent operation is perforned, at |east one
of the measurenment values of wafer interferonmeter system 18 (e.g.
positional information of the Z-axis, the Ox, and the By direction)
can al so be used together. Accordingly, in the enbodinent, in the
period after the 10 wafer alignment oper3ation until before the

begi nni ng of exposure, a switching operation of the position

t t h to b f d, in which th osition
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bel ow. At therpoigitl adhérasiead ern aHegnienurasieen lamplat ethecatk dheon
position of wafer stage WST is controlled by main controller 20,

based on bhe treadir ghent wybtnesl igfnmemit efesrednietrens ¥8¥fot8X2, dABZkast
and 1872 as is shown, for exanple, in FIG_ 7. Therefore, after wafer
al i gnnent ha$5eeh té@m%@@ﬁ?mﬁﬁi Vecois 6/fl spfen it ek ypmeressageen

WST in the 25 +Y direction via wafer stage drive system 27, based on
the neasureneént(Srd udL DL iINEEe i Gt LB -apghe, depPx, and

and 1822. Then, en, . waf er. stage WAT reaches a position where the
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at that tinme, after adjusting
exposure, a switching operation of the position measurement
system has to be performed, in which the position measurement
system used for measuring the position of the wafer stage is
switched from wafer interferometer system 18 {(that is, wafer
15 Y interferometer 18Y and wafer X interferometer 18%,) to
encoders 50A to 50D.
The switching operation of the position measurement
system will now be briefly described in the description below.
At the point when wafer alignment has been completed,
20 the position of wafer stage WST is controlled by main
controllier 20, based on the measurement values of
interferometers 18Y, 18¥,, 18Z:, and 18Z; as is shown, for
example, in FIG. 7. Therefore, after wafer alignment has been
completed, main controller 20 drives wafer stage WST in the
25 +Y direction via wafer stage drive system 27, based on the
measurement values of these interferometers 18Y, 18X,, 18%Z4,
and 18Z-.
Then, when wafer stage WST reaches a position where the

two measurement beams from interferometer 18X%,; and 18%;



5 the attitude of wafer stage WST so that the Oz rotation error
(yawing error) (and the 8x rotation error (pitching error) ) of
waf er stage WST becones zero based on the neasurenent val ues of
interferoneter 18Y. The 6z rotation error of wafer stage WST can
al so be adjusted, based on the nmeasureneni8 val ues of 10 Z
interferoneters 1821 and 1822. Then, after the preset, main

troll 20, ds f t WET. th osition.for a
S?gd;?erﬁgnedJﬁg eqh ﬁiﬁgveéléhgggrPﬁ 'FgFﬁbﬁaggugéHebyaﬁj+s shown

fluctuation (H§qﬁﬁga%urﬁa§hqg&%§&% 195C?$r% % Fgqu eve qﬁ%ﬁ values

val ues 15 of interfefoneters and 18 can

be ignored c&@ﬁ&@ﬂr%@e@msgﬁf@&tth@@%ﬂeh%alaégré@st@é/%&eaagﬁrement
addi ti on average val ue (average val ue during the suspension tinme) of

measur enent waduess off intenfRnormier 184l ebtahaed: i) iddhediusting
suspensi on of wafer stage WST as the neasurenent 20 val ues of X

| i near enéodettse 2B iandicb0D. waf @nG M dd WIS 8o Ofpet atliec0Bz Pt dtion error
controller 20 carries over an average value of addition average

val ues (aver a@eawﬁaim@mﬂ nd aride theuSpenstanion neraf (mwEasthrigmerrror))
val ues of the pluralit axes of interferoneter 18Y obtai ned

during the s&%@ﬂ&arﬁ %@S?@%Féﬁﬁrﬁaw pBL e g2 pRrRgRpNt values

d 50A C._ Wth thi t set of X linpear
encoder s 208 %n&“%@ﬁf&ﬁ&mem By R e B R REser PPt Stge
swi t chi ng opgfat i aQEOtQ %ﬁ?ﬂéﬂéﬁ‘ %%Eegssﬁéggﬂ}?ﬁénﬁ values of

conpl eted. Thus, erelna te mai n ‘control I er confro
posi ti onypf w@ﬂﬁﬁtggfegaﬁggéﬁQFEgyysggdoq8@9e measur enent val ues of

encoder 50A to 50D. Scanning operation of reticle stage RST for
exposure Wwill be deéser,i ketenexthe ipnelsedi,ngnatife camitirehilrg Qpersatspemds
wafer stage WST at the position for a predetermined time until
the short-term variation caused by air fluctuation
(temperature fluctuation cof air) of the measurement values
15 of interferometers 18X; and 18Y falls to a& level that can be
ignored due to an averaging effect, and then carries over an
addition average value (average value during the suspension
time) of measurement values of interferometer 18X; obtained
during the suspension of wafer stage WST as the measurement
20 values of X linear encoders 50B and 50D, Along with this
operation, main controller 20 carries over an average value
of addition average values (average value during the
suspension time) of measurement values of the plurality of
axes of interferometer 18Y obtained during the suspension as
25 the measurement values of Y linear encoders 502 and 50C. With
this operation, preset of X linear encoders 50B and 50D and
Y linear enceders 50A and 50C, that is, the switching operation
of the position measurement system, is completed. Thus,

hereinafter, main controller 20 controls the position of wafer



5 (linking the neasurenent values) of the encoders in the encoder
systemfor the reticle stage. For exanple, in the case of scanning
exposure by the novenent of wafer Win the +Y direction and the
novenent of reticle RL in the -Y direction (to be referred to here
as a 10 plus scan exposure focusing on th® novenent direction of
wafer W, acceleration of reticle stage RST in the -Y direction

b f t t t Pti Fl G
hi's accel e S TE S EAR p6RI LrEn P RGe BOSHEI BRUBF® TEITEISt A b

RST i s neasurfgh by main controller 20 using 15 encoders 26A2, 26B2,
and 26C2. Then, at the point of acceleration finishing when t he

accel eration of r etd g i AR Rk 1idh e fe\él@lree%lﬂa%’é hasr BREN exposure

conpl eted, as an exanple, the -Y edge of reticle R "substantially

coi nci des wi tvhi TheverHeestge dd indxty niatd lomateahe G iARhASy | oSN
in FIG 10. And, inmmedi ately before this, heads 26Al1, 26Bl, and 26C1
move so that headelrZpphe meBlireamdt P801¢aL @ Indveprnbdecal iestB4Ancoder
24B, and 28, respectively. That 1is, it becones possible to neasure
the position VSt if% tha Kt iRIE M@ y with encoders 26A2, 26B2,
and 26C2, but al so _ 25 mnth 26A1 2% 1, and 26Cl. Therefore, t he
measur enent val ues '6F &FETR Do gase Ogn(fcf‘é’@?n@c&i‘rﬁcs\%%é’éf the

whose predet g1y eqltor&&fe% %«FEB tg cal eyl 2adl NG, VAN nd\Wnent of

exanpl e, at sone point - fromthe 0|n ere € pos
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until the point where acceleration has been conple I'S succee
wi t hout 1any pohangesnhyk Lﬂ:éﬁ@6'&:[1@hh@roraz@h@&nm&éﬁ@m%c\t@o%e@f Hafer

encoders 26Al1, 26Bl1, and 26Cl. Hereinafter, main controller
W), acceleration of reticle stage RST in the -Y directiocon
begins from the acceleration starting position shown in FIG.
9. At this acceleration starting position, the position of
reticle stage RST is measured by main controller 20 using
15 encoders Z26A;, 26B,, and 26C,.

Then, at the point of acceleration finishing when the
acceleration of reticle stage RST in the -Y direction has been
completed, as an example, the -Y edge of reticle R1
substantially coincides with the +Y edge of illumination area

20 IAR, as is shown in FIG., 10. And, immediately before this,
heads 26A;, 26B;, and 26C; move so that heads 26A;, 26B;, and
26C; face movement scales 24A, 24B, and 28, respectively. That
is, it becomes possible to measure the position of reticle
stage RST not only with encoders 26A,, 26B;, and 26C;, but also

25 with 26A;, 26B:, and 26C;.

Therefore, the measurement values of encoders 26A;, 26B,,
and 26C; (count values whose predetermined origin is zero
(scale reading values)), for example, at some point from the

point where the position of reticle stage RST becomes



5 20 uses encoders 26Al, 26Bl1, and 26Cl to control the position of
reticle stage RST. Then, fromthe point showmn in FIG 10, reticle
stage RST begins novenent at a constant speed, and when the pattern
area of reticle RL reaches illum nation area | AR after a 10
predeterm ned settling time has passed, &&osure begins (refer to
FIG 16). Furthernore, after a predeterm ned period of tinme has
passed, exposure |S | eted (refer ecel ecation af

Fl 7
reticle st agequ?_ssluroaebglioens,Slgﬁde[_&%??i%?%tzgqpéggz6’%?845‘5‘%2%@8%{’1“:&2 the polnt
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reticle stage RST can begin al nost at the sane t

conpl etion ofarBXRGEHEEs Ay ik b WAHS e BiSs Hrantd-ckdontdWdNgs of
the period frombefore the beginning of exposure (that is, the point

where the swirtcideny &féd;he2enpcodeids 26sed frerenmd fiodt ) ngpirheontroller
position 20 of reticle stage RST has been performed) through the

scanni ng Sexpdsuwsespenicodeunt 2EA1heé deceird stdGnthasobeenl complpetsdd,ion
the position of reticle stage RST is controlled by main controller

20, based on @theatedsis eiefe Falllres of encoders 26A1, 26B1, and

26Cl1. 25 Meanwhi | int f. i , by the_. novenent
of Cwmfor W in the Thedr BEPR AT Dhc MR Lof 14 oV PERELR S1a0% AST
Y di ti M site e S_scan
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+Y direction Jyegidis & Hir apddhe statieshawn i HFG ik daié%g%e At the

point shown in FIG 10 where exposure has been conplete
swi t chi ngo opafeatd t@rn(ilndikigeg dlhig JTRANE eNRNtp A MBS Je:@fodilie SNRGPGRY S

is perforned, and during the deceleration period, the position
(refer to FIG. 16). Furthermore, after a predetermined period
of time has passed, exposure is completed (refer to FIG. 17)
and deceleration of reticle stage RST begins, and reticle stage
RST stops at the position shown in FIG. 11. Incidentally, the
15 deceleration of reticle stage RST can begin almost at the same
time as the completion of exposure.

As is obvious from FIGS. 10 and 11, during the period
frombefore the beginning of exposure (that is, the point where
the switching of the encoders used for controlling the position

20 of reticle stage RST has been performed) through the scanning
exposure period until the deceleration has been completed,
the position of reticle stage RST is controlled by main
contreller 20, based on the measurement values of encoders
26A;, 26B;, and 26C;.

25 Meanwhile, in the case of scanning exposure by the
movement of wafer W in the -Y direction and the movement of
reticle Rl in the +Y direction (a minus scan exposure),

opposite to the plus scan exposure described above,

acceleration of reticle stage RST in the +Y direction begins



5 of reticle stage RST is controlled by main controller 20, based on
t he neasurenent val ues of encoders 26A2, 26B2, and 26C2. In FIGS. 9,
10, 11 and the like, the state is shown where the position of
reticle stage RST is nmeasured using interferonmeters 16x and 16y in
addition to the encoders, 10 however, itétlis a matter of course that
the position neasurenent of reticle stage RST does not necessarily

h b f h Th hod of, using .
he. measur enhot PR FrEt 6" Sriiet 6By ST Ena TRy b DRLETS T Gy 17
16y obt ai neg@ur g 3 SRS Hap L e GrRedid eé;h‘é!'e'éwﬁ%hjl

described, later in the es I ption. though ardet ai scrlptlo

wll be om tk%raltfldrhe( lll@ikli%gsm EERQATH M 11 S ) S 3N tBEP RSB ers
that use reticle R2, encoders 26Al, 26Bl1, and 26Cl and encoders

26A3, 26B3, dnrdpeZbtBnade avsedurThe t$w dede Ngropesaean od, i tike pestike on
20 measurenent val ues) of the encoders simlar to the description
above is per fdr netiohe sitese BXPdsurest asl bed by math aoniteadilerd®i bgsed
t he scanni ng exposure, the position of reticle sta RST is
control | ed byt €@ﬁﬁﬁﬁqm@ﬁt2036§§@d0§hepﬁ@d#§§s%ﬁ@ﬁen?6$alG§§Hﬁ6cz

d 26Al, 26B Cl, Furth | | th
bosi L1 ons of Feti ot @f@%e%msiro REREEE 3&%&“@% s Soranm e
position of %ﬂg B%l%&%gpfﬁsletfél h%t ed%%%p O%e%%%@e%gL81 sed on

t he neasurene al ues t he encodér. an exp osuf apparatus 0 of

the enbodi ment 3 re9RT 62 1@ ARSI Alg,0NS, %tafaqt%nr &lJ ctlh% Al yent

(includes making the reticle coordinate system and the wafer
coordi nat@ sYyssiemerGolf espond tWeldoeaehretheidt thasebd nei deasuserenknt

of alignment system ALG and the |ike are perforned, using reticle

of reticle stage RST does not necessarily have to be performed
with the interferometers. The method of using the measurement
results of the encoders and interferometers 16x and 16y
obtained during scanning exposure in the embodiment will be

15 described, later in the description.

Although a detailed description will be omitted, in the

plus scan exposure and minus scan exposure that use reticle
RZ, encoders 26A;, 26B;, and 26C; and encoders 26A3, 26B3, and
26C3 are used. The switching operation (linking the

20 measurement values)of the encoders similar to the description
above is performed on these exposures as well, and at least
during the scanning exposure, the position of reticle stage
RST 1s contreolled by main contrcller 20 based on the
measurement values of encoders 26A,;, 26B:, and 26C;. Further,

25 as well as the X, Y positions of reticle stage RST, main
controller 20 also controls the position of reticle stage RST
in the 0z direction (yawing), based on the measurement values

of the encoder.

In exposure apparatus 100 of the embodiment, a series



5 alignment systens 13A and 13B (FIG 6), the fiducial mark plate on
waf er stage WST, alignnent system ALG and the like, as in a typical
scanni ng stepper. The position control of reticle stage RST and
waf er stage WST during the series of operations is perfornmed based
on the nmeasurenent values of 10 interferd¥eters 16y and 16x, and
interferoneters 18X1, 18X2, 18Y, 1871, and 18Z2. In the reticle

al i gnnment or ¢ l.1 S nt,. the.position,control of, .
reticle st agggg?%gﬁglo\?\%f %{r}ggtégége lceaﬁﬁﬁgnf)ﬂgp Ot“ﬁ% f%%%%dn% l%lt§le

the neasurenmgndy ; Mal Ues, Qf; 1he eRERAS! S HeSald Q%%@ﬁ%élﬁd&%?;‘é%&{%:eem

neasurenent 15 values of both the interferoneters an

Next, wafer exchangerf wihe, wafer amaaf ensdade dMmkddutrentdift Gase no
wafers are on wafer stage WBT, wafer loading is perforned) is

per f or ned by atdignreorit sgbten 205 audi e 4 iwefere peadfdemednots showsticle
(carrier unit), and then, wafer alignment 20 with respect to the

waf er is per fadrigsderftopyekampllsh apdtiid (EGA. et hblde fisiueg adl mgnkmimte
system ALG And accordi ngPto this  wafer alignnent, the arrangenent

coordi nates &F HRéSpl GFaFPtYST ofa Saimentedy Tif RéGnaner tha thie, as in
LS oL AR L R SR B st

t i i | i i
The” posi t1 on P RETHE Rl3 CSFALERST ANLATERe SUBLLE CONNETariMs
the baseline ianGgheRCRURIS 20 d On 20R MRASHIRGhSA! arant @l so

controlling the position of 63 reticle stage RST based on the

measur enefit \ialtees coforeieadensy 26411 626Bhanc t26Ck rdesediedsx,, 18X,,
earlier, main controller 20 perforns exposure by the step and scan

met hod i n t hé8grotedur endsi A} ar Trothet ygpi tal e sddgmimegtsbepper baard ine
the pattern of the
measurement, the position control of reticle stage RST and
wafer stage WST can be performed based on only the measurement
values of the encoders described earlier, or on the measurement
15 wvalues of both the interferometers and the encoders.

Next, wafer exchange of the wafer on wafer stage WST (in
the case no wafers are on wafer stage WST, wafer loading is
performed) is performed by main contrecller 20, using a wafer
loader (not shown) (carrier unit), and then, wafer alignment

20 with respect to the wafer is performed, for example, by the
EGA method, using alignment system ALG. And according to this
wafer alignment, the arrangement coordinates of the plurality
of shot areas on the wafer on the alignment coordinate system
previously described can be obtained.

25 Then, main controller 20 performs the switching of the
position measurement system previously described, and then,
while controlling the position of wafer stage WST based on

the measurement values of the baseline and encoders 504 to

50D measured earlier and alsoc controlling the position of



5reticle (Rl or R2) is transferred onto each of the plurality of
shot areas on the wafer. FIG 12A shows a state in which wafer stage
WET is located at a position where the center of wafer Wis
positioned directly below projection unit PU, and FIG 12B shows a
state in which 10 wafer stage WST is |ocad®d at a position where the
area around the.mddle in between the center of wafer Wand its
circunference is, positioned direct|y bel ow projection unit PU.
Further, FIG* heké9g P atRA 358 RRi the RFsTd mamege- VigFuessof sagastprs
at a positio er he_are | ose to..the edge of 15 wafer W th
+Y side is ponZS| li'o%cggld?ﬁgc??{;ﬁ b%so%l reocjge%atl%blner’uﬁ?atlrblfo%woﬁl% 20
13B shows a SIat&ifl WhbeRuwaher ($agee¥Bhq kssh at, 8 PPUId N
e buﬁ%ofge%%éaqﬁ& EndPUIdYhre

where the area close to the e wa In the directron-at an
angl e of 45 degriges Wot B 48Si scle@rlifg Xtaxpsrathd ReYpaxt s rWhen the
viewed fromthe center of 20 wafer Wis positioned directly bel ow

proj ecti ob unidgtiRlle (RdrblreR2) H Gt rhshwowsed osittat eath abite wAfietality
stage WST is |ocated at a position where the area close to the edge
of wafer W ®f tdhwtianrgage drs Posiwaimred directly bel ow projection

unit PU Wen viewng FIG. 12A to 14, it can be seen that in each

25 drawi ng, at | eastConk?} BAoMige? 6kBEEI HehicBiwiGr shpyediST he located
el even heads _in_each af the hee%%&units 46A t o 46D faces

gt .
cor r espondi ng BVt ELEF 8 ]LC e Oot i SE d%?ﬁ%#ﬁénefiﬁlglectly
fact, the YR Bl EaRsNenh, 0 PUSAhABIES A5A S0 2 aFREL, G4 cn

e
and horizont a optical axrs AX of projecti

system PLoserdmg 88abhe®entel ocapdatdie sSYHuet {48 wiRlHARIENBAL 5 Of - oung
novement scales 44A t0 44D in the X-axis direction and Y-axi s

direction w tthe espeiie tim Haweiit athofcertafero Stage WGl ardde ts
followng is obvious; that is, in exposure
circumference is positioned directly below projection unit
PU. Further, FIG. 13A shows a state in which wafer stage WST
is located at a position where the area close to the edge of
15 wafer Won the +Y side is positioned directly below projection
unit PU, and FIG. 13B shows a state in which wafer stage WST
is located at a position where the area close to the edge of
wafer W in the direction at an angle of 45 degrees with respect
to the X-axis and the Y-axis when viewed from the center of
20 wafer W is positioned directly below projection unit PU.
Further, FIG. 14 shows a state in which wafer stage WST is
located at a position where the area close to the edge of wafer
W on the +X side is positioned directly below projection unit
PU. When viewing FIGS. 12A to 14, it can be seen that in each
25 drawing, at least one (in the embodiment, one or two) of the
eleven heads in each of the head units 46A to 46D faces its
corresponding movement scale. And, when totally considering

this fact, the symmetric arrangement of head units 46A to 46D

vertically and horizontally with optical axis 2X of projection



5 apparatus 100, no matter at which position wafer stage WST is

| ocated within the novenent range of wafer stage WST during exposure
operation, at |east one of the el even heads in each of the head
units 46A to 46D faces its correspondi ng novenent scale, and the X
position and the Y position of wafer staget 10 WST can be constantly
measur ed by the four encoders 50A to SOD. Further, yaw ng of wafer
stage WST can_al.so .be nmeasur | n, ot her words, the f our novenent

scal es 44A t &% 416:8:% S S Eieoﬁtvg’é}g tAarF th & SHAF @“aﬁjrré:th& )SY(S‘Fnetrlc

wafer Win t 3P9| Jan ot the n he

| ongi t udi nal % lrén e%:rt%j cog’tetngesponaca I og]ﬁtetcf orin[gt n r ar?%;

the diffract 'c&r]:egftﬁ[drf‘%dc‘?\lﬁk§stJi'fr@@%iéﬁ ﬁvﬁ{i V@H@%enter of
strokes (nmovenent range) of wafer stage WST when at Ieast performng

scanni ng expesifica obabBarEmt the Sirfaca Pl swfBloudl thattike in exposure
enbodi ment, the four head units 46A to 46D 20 (neasurenent beans) do
not nove 6ff adyres regrurse sifdhd inng medveTe rEt mmm$dai|ﬁjdm®¢af@r stage WST
gratings) in all the shot areas at |east during scanning exposure,
during the ae@eileiaa’eﬁémﬂde@erté?ﬁam@'eﬁmetltrera@t‘gmeferafsarageamsTW%’emmeng
and after the scanning exposure, and during the synchronous settling
tinme, 25 th%ﬂ%%ﬁ&%&%&é@%n@tu%%eetﬁ%loef) theyetpeen Reads gy each

head units 464 46D . t dth I
or 1onger "t hat ERE NOYANGHLS SEPokBS Tth SHGa o BhDI LT Tl Jffi%m%éfﬁment

so that the length a’f‘ld tt'?t% ‘xogggﬁi;'?bﬂaéng'E}‘?&tt%‘o%f@ﬁr?sﬁ ts%age

the formation 65 ‘range o raction grati‘ng)” covers the ént

area of 1¢he wwvemRNtSdRkes el Wales il20 e VB hMieh Al rlBRfl-s 50A to
perform ng scanning exposure on the entire surface of wafer W(that
is, at |east 5dar.i nguexhesyreawines atfl Wafef swafey WY can also be measured.
In other words, the four movement scales 44A to 44D are
each set longer than the size (diameter) of wafer W in the
longitudinal direction, so that the length in the longitudinal
15 direction (corresponding to the formaticn range of the
diffraction grating) covers the entire area of the movement
strokes (movement range) of wafer stage WST when at least
performing scanning exposure on the entire surface of wafer
W (in the embodiment, the four head units 46A to 46D
20 (measurement beams} do not move off the corresponding movement
scales (diffraction gratings) in all the shot areas at least
during scanning exposure, during the acceleration/
deceleration time of wafer stage WST before and after the
scanning exposure, and during the synchronous settling time,
25 that is, avoid becoming unmeasurable).
Further, the four head units 46A to 46D are each
similarly set around the same level or longer than the movement

strokes in the longitudinal direction, so that the length in

the longitudinal direction (corresponding to the formation



5 the four head units 46A to 46D (neasurenent beans) do not nove off
t he correspondi ng novenent scales (diffraction gratings), that is,

avoi d becom ng unneasurable) Incidentally, head units 46A to 46D can
be configured so that the position neasurenent of wafer stage WST by
encoders 50A to 50D can be 10 perfornmed ndgt only during the exposure
operation, but also during other operations such as the alignnent

operation (includi té\%fer, nment and,basel i ne nmeasurenent, which

3
were previ ousiq Hestr i d)d.lfl%rlfI ¢ foderent9ecaPEcof the PHcbferdrh et
fixed positi %%%\Pém%ﬁﬁf%cgg%qﬁqf £ Shd 15, quen t%énheatpalsﬁsa?sgﬁel Sf

use tine, or the pitc fraction grating changes par

or entirely fhuerdQn e TIRInRARSIRR @R chhen ki ke 1 WO Sl PRKE S, £ Bﬁﬁer
encoder lack in long-termstability. Therefore, the errors Include

in the neasunen@tatyaldlesthecomns: lAigelg dBipchtd dderRassSagsr (fafese w,

time, and calibration becones necessary. |In the description bel ow,
cal i brati bn dyer dbuonhedd ture tseAédder 4,6DMmehsi:sepent draws )i o not move
exposure apparatus 100 of the enbodinment, will be described. First

of all, a fircfhf ERPiIIEHISIPIEPSTROPYANEDE B 1t (£ ngehaPn wratdmgs)
and linearity errors of the measurement values of the encoders
configuring tHE encod&V B RIAIHNT HMGH GRSt age MFPENEe 11y, head

d i bed. Si fi lib i ) i i f d,. .f.
exanpl e, per ‘Bad 157 BT 7 G2 e iy TRED S ot b o By
waf er, that 'n%achtﬁ;é(n%ﬂs@gffsgaf@tr Qtagégﬁ{a%yw Y %g}ﬂ,ajco.!)@D")ﬁalﬂ be

al so be referre ong-term ration 1n the description

bel ow. Mpe Rt Inbt MHIN GRIMINY tofe 2% IR 3108, WIR &1so
illumnation area | AR passes (it actually is the range
during other operations such as the alignment operation
(including wafer alignment and baseline measurement, which
were previously described).
In the movement scale of the encoder, the fixed position
15 of the movement scale shifts due to the passage of use time,
or the pitch of the diffracticn grating changes partially or
entirely due to thermal expansion and the like, which makes
the encoder lack in long-term stability. Therefore, the
errors included in the measurement values become larger due
20 to the passage of use time, and calibration becomes necessary.
In the description below, calibration operation of the
encoders, which is performed in exposure apparatus 100 of the
embodiment, will be described.
First of all, a first calibration operation for
25 correcting gainerrors and linearity errors of the measurement
values of the encoders configuring the encoecder system for the
reticle stage will be described. Since the first calibration

operation is performed, for example, per each lot befocre

beginning the exposure of the first wafer, that is, performed



5 where (the pattern areas of) reticles R and R2 nove across
illumnation area IAR) reticlesRland R2 (their pattern areas) at an
extrenely slow speed at a level in which the short-term variation of
t he neasurenent values of the interferoneters can be ignored, while
noving reticle stage RST in the Y-axis 18 direction. During this
first calibration operation, illumnation area |ARis not necessarily

I ted with jll tian light 1L, h

order 1o dedtr Fbd T HEVShaEbadi i ot Tt e iy PRaF iR o
learly und 1

i Trum nat | o rba iR naak e B TR T R ARG et e

scanni ng above, ”aW%r%p@?%%lE%EaaQytaﬁ§§n'80n£981ﬂ§§39®e§@553\%Hé“¥%nge
of reticle Y interferone 16y, Y  linear encoders 26A1 and 26B1

reticle X interder ameteink®ion ardaXIAR R seNCAderstA80 yai s&he range
predeterm ned sanpling interval, 20 and stores the measurement val ues
in a menoby (Wictreshdhe) pataredmalasealsab@ aetiplas Rh #HEGRA moore tadheross

measurenent values of Y |linear encoders 26A1 and 26B1 and
measur enent \i-&lu@suwthrew@aé% i rterebeoidtand RBy(thair pAtthen areas)
nmeasur enent val ues reticle Xinterferonmeter. 16x and the

nmeasur enent @§16858§§r%me Y13 HEASPEFC0aEr 3 Zﬁﬁﬁ-1Pe§Bé€P{V§?FhOFﬁeterm
f t t t h
N I T A R
which th t &@H@ I :
;RreelCencodg}EP%EA%BHSg%?re%%gigé%g @%Elkgﬁgg%%rgrgggl#ﬁh?%%??%%ls

67 arealh ARpasses el i eliesnf tand Bzréfth@bnlgémz%a @F@?;«ahoﬁl G 15
is aline map that shows a curve C, which shows a relation between

t he measur emenitl wrelnses cof area MR fier ot ete ceayyth tilley MEdSHrieT®dd with
val ues of an encoder in the case the
illumination light IL, however, in this case, in order to
describe the movement position of reticle stage RST in a
clearly understandable manner, the expressions such as
15 Millumination area IAR passes” and the like are used.
During the scanning above, main controller 20 takes in
the measurement values of reticle Y interferometer 16y, Y
linear encoders 26A; and 26B;, reticle X interferometer 16x,
and X linear encoders 26C; at a predetermined sampling interval,
20 and stores the measurement values in a memory {not shown),
and zlso makes a map as in FIG. 15 on the measurement values
of ¥ linear encoders 26A; and 26B; and measurement values of
reticle Y interferometer 16y, and on the measurement values
of reticle X interferometer 16x and the measurement values
25 of ¥ linear encoders 26C;, respectively. The reason for taking
in the measurement values of the three encoders 2631;, 26B,,
and 26C; is due to taking into consideration the point in which

the position of reticle stage RST is controlled using the three

encoders 26A;, 26B;, and 26Cy in the range where illumination



5 horizontal axis is the neasurenent values of the interferoneter
and the vertical axis is the neasurenent values of the encoder, and
the difference between this curve C and an ideal line TL indicates
the errors included in the neasurenent values of the encoder. The
line mp in FIG 15 10 can serve as a cord%ection map for correcting
t he measurenment values of the encoder w thout any changes. The

reason for this i ecause, for, exa e, inFE 15, point Pl

i ndi cates that"® tﬁ?essr’%%s’{ﬁte]rfg%s% L?é“ngZL ﬁ%t%&@rtﬁesf%a%?es) :
measur enent val ue gf~ t r ndi.ng..4 ni er.f eroneter is~il, and
since 15 this neas&?gﬁegs %%ﬁ%éﬁ%% ﬁﬁg F%$%r$%?%%e 8§IF§ %’JQFHQIShOWS

which was oly EEm@gi%%tﬁféérpkﬁe%é&%r%%ﬂéﬂ‘@§a§ﬁé§'&qaﬁtirfﬁ%rtferometer

extrenely slow speed as is previously described, It Iis safe to say

that this vandte trat uiead dur @i vie yes 1Mot el d atd Aheelds RS
well as alnbst no short-termvariation errors due to air 20
fluctuati dn, hemd 2drdtali taxis drs ddcumsdas wadmend nvadhiech o ridres  can be
ignored. Wen the relation between the neasurenent val ues after
correction ofirdifdd@araneiealandelE vartllioaCr¥ifobe thsaser ansanenty gajass

have been corrected according to the correction map 25 of FIG 15 and
the correspoftdi ngS RREPPELonenEr §RPsdbbtaraRas PehEcsR| Bl pFurve C and

incid i th i, l. l.i.ne i.;n FIG_15. .The __correcti.on p far
orrect i ng  FE: Saet e NalUeE ot SR T AR | be
made based opdhe nBAsU enERLs V@ %@%ai@%gga\%};?fwgg%ﬁé]qnépﬁigfLE%GX 15

interferoneter 16x, which 68 are obtail e driving r (
stage RSTpi N dahes¥rasi 8s &idastd oM khighf8r "BYABL &t { 890G e MR urement

controller 20 can al so make correction maps for the remaining
encoders, usiviegusseo fiehsueeoedd r wdlthesitodny changes. The reason for this
is because, for example, in FIG. 15, point Pl indicates that
when the measurement value of the encoder is el the measurement
value of the corresponding interferometer is il, and since
15 this measurement value of the interferometer is a value which
was obtained when reticle stage RST was scanned at an extremely
slow speed as i1s previously described, it is safe to say that
this value naturally contains no long-term variation errors
as well as almost no short-term variation errors due to air
20 f£luctuation, and that it is an accurate value in which errors
can be ignored.

When the relation between the measurement values after
correction of encoders 26A,, 26B;, and 26C; whose measurement
values have been corrected according to the correction map

25 of FIG. 15 and the corresponding interferometers is obtained,
the relation coincides with ideal line TL in FIG. 15. The
correction map for correcting the measurement values of

encoder 26C; can naturally be made based on the measurement

values of encoder 26C; and reticle X interferometer 16x, which



5 interferonmeters 16x and 16y in a procedure simlar to encoders
26A1, 26Bl, and 26Cl descri bed above. However, besides the long-term
cal i bration operation described above, in the case of also

perform ng together a short-termcalibration operation which will be
described 10 later, curve C of the correcdd on map above can be
separated into a | ow order conponent, which is an of fset conponent

component bed e Bl G HoHEOHorkSt Ur & O EL ot i XoaLs
be kept for bd)]tr%ég& Ijlqy\_{ rdera cigorg)q%rientraand t he high 15 order
or oV

conponent, W order conponent™ tan H{tt her be separated into

the of fset conponemsigndofPes81adi ANt aGoPONg) %&e Pr@cﬁféﬁﬂﬁ&kpfog%%e

can be kept for both the offset conponent he gradi ent

conponent, alg ity télﬁ:cfd&f£Ctd§lﬁlgT&ﬂ1é)fmeat§1ﬁ:éﬂéﬁ't OfBies of
conponent. O, a correction map (correction 20 information) on the

hi gh ordeb canponefdrosstcird 3 cexpetléy it a peototmyaliiaiflenr 8o encoders
relatively |lo period can be kept, and the correction information

of the |ow or?céh:cé’ﬁﬁ@ne@@dv\?lﬁ@h dqs@l@)ﬁ%i:té‘é@‘t&) change in a
relatively short period can be obtained by the short-term
calibration operat FONEVES /| PaHidlegeddtd oo tagdv &2 lilbpratd on operation

i ormat i on See%ﬁaﬁel'b"%%aa%m%?éﬁ{” 5% U Hrag PO SoRE eT
26B1, reticley oQtLi‘}a 0% RS LRY, éﬁheclsocr?‘%l% %Jzﬁftﬂeo’héﬁtéﬁﬁed
on (0]

I
Y-axis directl In a range ere the pattern areas reti

69 and BB resped) \&ﬂr)(re'TQV%faEﬁ@Séokl:laHﬂBﬁtth? A &Fe | AR ﬂg)\@%\fﬁarmted
t he nmovenent range of reticle stage RST is not Timted to this.

exanpl e, the:ﬂﬁMﬁﬁEmbwr@ﬂ@@rGﬂﬁmﬁﬂb§¢ﬁﬂﬂWhﬂcﬂy1@6ahh@fﬁ§étrébmponent and
nmeasur abl e range (corresponds to the formation range of the
a gradient component, and a high order component that is a
component besides the low order component, and a correction
map can be kept for both the low order component and the high
15 order component, or the low order component can further be
separated into the offset component and the gradient component
and a correction map can be kept for both the offset component
and the gradient component, along with the correction map of
the high order component. Or, a correction map (correction
20 information) on the high order component which is expected
to be immovable for a relatively long period can be kept, and
the correction information of the low order component which
is expected to change in a relatively short period can be
obtained by the short-term calibration operation.
25 In the description above, in the calibration operation
of obtaining (deciding) the correction information of the
measurement values of at least encoders 26A; and 26B,, reticle

stage RST was moved in the scanning direction (the Y-axis

direction) in a range where the pattern areas of reticle R1



5 diffraction grating of novenent scal es 24A and 24B) of encoders
26A1 and 26B1, or the novenent range during the scanning exposure
using one of the reticles RL and R2. The novenent range during the
scanni ng exposure can be a novenent range not only during the
scanni ng exposure, but can al so include P the novenent range in at
| east a part of the tine of acceleration/ deceleration before and

f h i dth h ttli t] .
ofter the, scanp g eiposce ad e el onous, SN0 LR, poueer,
h t i t . 1} i i ,
(e, Toveent. i angEilt S5l sl A0e T JUCNGR SN ARASIS IS

during the neasuseERPlec ORGIAhSPEsSE PN &I LLEREeARAK 1 1( MY + QMY re
arranged on reticle stage RST. The reference mark can be at | east

one mark arrangedieblletbaglse JoagecBhbnds tbethe YESHAL Wb hrdregpect the
toreticle R and/or on the +Y side with 20 respect to reticle R2.
Next, a sécont tatdadiriain gnabdpeg atfi novénentakcalieat 2 4fyaad Il )noErmandea s
scaling error_of an encoder neasurement value to an interferoneter
measur enent \dfueRNEn26Rcoder stemoveomeit ramge 28CIing e i scanning

performed, for exanple, per each wafer (during 25 a so-called
over head ti m&{HYE Hq&ﬁgappgroéoﬁB?eFéﬁ@C@ﬁ Rix%%éd?%'oﬁﬁf\m%mﬁment
until the beginnjn . e sure of .the next wafer)), wll be
descri bed. S%lr?glgiet %i_eu(%‘en o% T &A1 Tt at icé"ﬁg i)bse ﬁelm_rogrerlﬁ‘?&tf gAnge
each wafer or,dihed)i aurtmgt th: sch nEﬁgfé’}E gl el atd valy shantige
interval, this operéation 7 MA|F al so be referred to as a short-term

calibratign ighd i vedRSts ifdidden shelaw.: JdiSta Hard lof ahd LisROWE i N
FIG 16, main controller 20 sets the position of reticle stage RST
in the scanniergeleration/ deceleration before and after the scanning
exposure and the synchronous settling time. Further, the
movement range of reticle stage RST is not limited to the
movement range of reticle stage RST during scanning exposure
15 that uses reticles Rl and R2, and can include the movement
range during the measurement operation using a reference mark
(not shown) arranged on reticle stage RST. The reference mark
can be at least one mark arranged on reticle stage RST on the
-Y side with respect to reticle Rl and/or on the +Y side with
20 respect to reticle R2.
Next, a second calibration operation for calibrating a
gain error (a scaling error of an encoder measurement value
to an interferometer measurement value) in encoders 26A;, 268,
and 26Cy which is performed, for example, per eachwafer (during
25 a so-called overhead time (the period after completing the
exposure of a wafer until the beginning of exposure of the
next wafer}), will be described. Since the secondcalibration
operation is performed for each wafer or the like, that is,

is performed at a relatively short interval, this operation



5 direction (the Y-axis direction) to a first Y position (hereinafter
also sinply referred to as a first position) so that the edge
section on the -Y side of the pattern area of reticle R (or R2)
used in the next exposure coincides with the edge section on the +Y
side of illumnation area AR On 10 thi s/Ccalibration operation as
well, illumnation area AR is not necessarily illumnated with
illumnation area AR i s

illumnation light .IL,, however, in FIG 16,

| ndi cat ed | n Widrdat St DRaRE LERESHOEPt RO GTHGRETCHER g TREA Whdik it he

to under star}%scg}g qleo'ﬁ brgalitoqq controller 20 continues the position
Feticl e s

setting state o age RST at the first position above shown

in FIG 16 for a predeteps aﬂ,psmga@o&ﬁ MEn %.Oﬁ,gﬁféili%?gngQer

this state, obtains the neasurenent val ues

and 26Cl and Fnterderonetys thin 3T iy 2@ alt Aredetiel Medcanning
sampling interval, and stores the nmeasurenment values in nenory (not

shown) . Next dingiaticont (tdld ér-z20 sdrdivestrietn)clte st dgeRST igoditdon Y
direction, and as is shown in FIG 17, sets the position of reticle
stage RST to @eswdowd cepedisei shmphereeferted tal @6 25Lsisplposidfiamledo
to as a second position) so that the edge section_on the +Y side of
the pattern &her 808 8eRE1PBr ONRDNE cof net FR O Wit tHfE tedge area of
section on the_ -.Y.sSi f _Lhlumnation area | AR._Then, mai.n .
control l er 20 'enggsquﬁeh%o%? ohnstetf“?irhed‘%teéipeosd*fer S G ydth
RST at the Sesndadd sPOBLLL M 30QVeySHOND I i G 12386 Brea 1aR. oOn
of 't [ afe,

predet erm ned peri Ime, an e continuing this's
obtains ihe tHRasHEeMBRLLYBhUSS.Pht £OSQMCES146A1 ] 12ABLataBd 2651 B i s

interferoneters 16x and 16y at a predeterm ned sanpl i ng
not necessarily illuminated with illumination light IIL,
héwever, in FIG. 16, illumination area IAR is indicated in
order to make the position of reticle stage RST easier to
understand.

15 Then, main controller 20 continues the position setting
state of reticle stage RST at the first position above shown
in FIG. 16 for a predetermined period of time, and while
continuing this state, obtains the measurement values of
encoders 26A;, 26B;, and 26C; and interferometers 16x and 16y

20 at a predetermined sampling interval, and stores the
measurement values in memory (not shown).

Next, main controller 20 drives reticle stage RST in the
-Y direction, and as is shown in FIG. 17, sets the position
of reticle stage RST to a second ¥ position (hereinafter also

25 simply referred to as a second position) so that the edge
section on the +Y side of the pattern area of reticle R1 (or
R2) coincides with the edge section on the -Y side of

illumination area IAR. Then, main controller 20 continues the

position setting state of reticle stage RST at the second



5 interval, and stores the neasurenent values in nmenory (not shown).
Then, based on the neasurenent values (information) stored in nenory
at each of the first and second positions above, main controller 20
conputes the addition average value 10 (time averagi ng val ue) of the
nmeasur enent val ues at each of the first dnd the second positions
descri bed above, for encoders 26A1, 26Bl1, and 26Cl and

interferoneters Then, ed he co ut d results,

mai n cont rol 1% ersj%d’ g:’ a SR ot %gf%ms&(s}u &ife gser('}‘fm‘?q Pegdrd
encoders 26A d cI

i nterferonet (ja‘or l}% Y, Egla gLonQ%t egﬁre taSJtlvéa des o StI%C

i nt erferonet efe k0% caithtX JdnRay @@%de%%cbsplg kegbhe one %@Wrand n

FIG 18. In the map in FIG 18, point P2 and point P3 are pol hts

that show t he ntelratdremdisire a4 e draasurenento nslates it eef ddidiing
interferoneters at each of the first and second positions whose
short -t erm vamitarvend ,dwed ctaines lthet vetaisoir emem tt ve luidee iins meadugyednot
by the averagi ng effect and the nmneasurenent val ues of the

correspondi n@héWé?dders Next, main controller 20 conputes a gradi ent

conponent 25 (scal ) of a correction map used _for cqrrectin
th(rarp measur enment vraplpl‘?g‘ glas?ﬁe oBnébGeFeds| ﬁ&mﬁﬁé Ffé&§ﬁﬁer¥éﬁtf°€§qal§é§n

f th f f || -
o hon, R 4 WA rip%l“@%gtt%%”%ﬁg&. A SR PO s
the correcti qp AP LHahL m&f&ﬁ% Qﬁp&'&fﬁ%\/ s g:ﬁé‘gdgﬁﬁgbﬁrgvera%e value

conponent in the ¢orrection map of the conponent
based oni¢he (@amceal/ic@B iRl 0h1LBE LOW RE dRLa SORBANENtva1hal hasheenr

repl aced and the high order conponent kept as
the first and the second positions described above, for
encoders 26A;, 26B;, and 26C; and interferometers 16x and 16y.
Then, based on the computed results, main controller 20 makes
a map on the measurement values of Y linear encoders 26A; and
15 26B;1 and the measurement wvalues of reticle Y interferometer
16y, and also on the measurement values of reticle X
interferometer 16x and X linear encoder 26C;, like the one shown
in FIG. 18. In the map in FIG. 18, point P2 and point P3 are
points that show the relation between the measurement values
20 of the interxferometers at each of the first and second
positions whose short-term variation due to air fluctuation
or the like is reduced by the averaging effect and the
measurement values of the corresponding encoders.
Next, main controller 20 computes & gradient component
25 (scaling) S, of a correction map used for correcting the
measurement values of the encoder using the measurement values
of the interferometer from the following equation.
Se = (e3 - e2)/(i3 - 1i2)

Then, main controller 20 replaces the gradient component



5 the correction map, main controller 20 nakes a new correction map

for correcting the | ow order conponent and the high order conponent.

In the description above, the position of reticle stage RST was set

to both the first position and the second position, 10 which are the

positions on both edges of the range wher”@ illum nation area | AR

passes the pattern area of reticle RL (or R2), which is subject to
wa

1 d d t .. d i f dI t .
comput e the fw: BB TEC DO ARG ATt ofF <IRSER | SMP oL B Edien & 2iRet
tati [ li m_t.ed i t i-ti ticl
Ctage. RST caf UHOnSA AELrhEs PREeRrTer Re: 1 oS A Retied Srlgbichenc.

position, tQanNIRGLS PGP RS Mieh igiclyde 13t 8@t eRGronent
position between the first position and the second position. Ang

then, the proeessiakgbsiell kaplhectihgndesiEs it 1o s & dnfppesfongd, as
20 and a | east squares approximtion straight line of the three or
nore poi nds tthat chavecbéen oy amedeh cantbeltenpifl edkeand ndasedrention
the approxi mation straight |line, an offset conponent can also be
conputed i n @@ £PErceBrediel yy ddichpvconponammpastertthendothedtish ordsr
(scaling error) . In this case, a new 25 correction map for

correcting t K&MPGRESder conponent and the high order conponent can
be made, based on the, low order . .co nent of the.carrectio t hat
nas been computed (gF AR SR CHIGHERPCIRA TFT S S afBoRErgE HaF Fhage
hi gh order gempeRent. kept 5§a ; [ ; fl

and 73 secon pos?ti onggtbo %QE %gggékggégﬁgin{gﬁ%géc%%@aggSI'}QQ}OR'
is set wes NRAQ cho sGQF RSP it Rt hredgrsn @ldhe JIDVRE HandARgR of

reticle stage RST so that the entire pattern area of the reticle
noves acr 0ss iilllmdinaatiicon sarea I AAR-hBsébethe pattern area of reticle R1
(or R2), which is subject to exposure, and a predetermined
processing was perforﬁed 50 as to compute the new correction
information described above. However, the computation is not
15 1limited to this, and the position of reticle stage RST can
be set besides the first position and the second position,
to three or more positions which include at least one position
between the first position and the second position. And then,
the processing similar to the description above is performed,
20 and a least squares approximation straight line of the three
or more points that have been obtained can be computed, and
based on the approximation straight line, an offset component
can also be computed in addition to the gradient component
of the correction map (scaling errcr). In this case, a new
25 correction map for correcting the low order component and the
high order component can be made, based on the low order
component of the correction map that has been computed
(gradient compecnent and cffset component) and the high order

component kept as the correction map. Further, the first and



5 scanning direction. However, the present inventionis not Ilimted
to this, and for exanple, the position of reticle stage RST can be
made to correspond to the actual novenent range (the novenent range
including the tine of acceleration/ deceleration before and after

t he scanni ng exposure and the 10 synchrontus settling time) of
reticle stage RST during scanning exposure using one of the reticles
R and R2. Furthernore, at |least _a part of the novenent range in the

scanni ng di r ERGTHH S5 e TA FELCEndhERBRUTHBRI ¢ oFRE LG Herge RST

hifted f h { | RST. f
ant i pat LoriT S VGE TRES B0 OB PEPROUet Rchgts SRR O nati bR egent

| AR, however 1rdr¥&;é S P alE A %t‘facqr H:h:ef JP VSRt eaqeguecﬁ:eet ﬁ@‘cr aelr]]:gle area

first and second positions to I nc | east t e novene

reticle stageRIhd ofed el EMdve: NI rhlalr&@ugettitdl@ d:8dd cir tiCh e
across illumnation area 20 | AR Further, the novenent range of

reticle sbagesddSihioan d:i et tuicken t helomwemenﬁ:hreap@‘es@ukl Ag veRas vheABNhot
operation using the reference marks. Next, a third calibration

operati on perfigretl pertivief,eand(fdreesonpiil ddcopesheddntdfmeytioie stage
revising a gain error (a 25 scaling error and an offset of an

encoder neasUdremETRY \Rﬁ dm2d% th QW@%M%rt%mmOW% Hamge

encoder s 26A1 2681 26Cl, that ow orde onent . of
the correcti oriF][1 dﬁ H?dm«le%ﬂr}%]rugwq IhSH"e B ] @cFC %E‘t'tlkﬁrf/d

cal ' br at ' on %ea_i.tér%]clvéﬂrl lb %qu_% Q\%dr ggf%r E:eghéo%g$nﬁlr§<9%§)£rps<%seo£% aa'rid the

cali bration below e sane reasons as ore

mai n conggol Is%;n&pfcg{dafsesséteélﬁige SthRge. oﬁ%esz,téﬁest\ég@@szd'cm%gon
within a predeterm ned range in~ which illumnation area | AR passes
the pattern arearging el{ipgdsire using one of the reticles RLI and R2.
Furthermore, at least a part of the movement range in the
scanning direction set by the first and second positions can
be shifted from the movement range of reticle stage RST for
15 the entire pattern area of the reticle to move across
illumination area IAR, however, it 1is preferable for the
movement range set by the first and second positions to include
at least the movement range of reticle stage RST for the entire
pattern area of the reticle to move across illumination area
20 IAR. Further, the movement range of reticle stage RST can
include the movement range during measurement operation using
the reference marks.
Next, a third calibration operation performed per wafer
(the so-called overhead time) for revising a gain error (a
25 scaling error and an offset of an encoder measurement value
to an interferometer measurement value) in encoders 26R;, 26B4,
and 26C,, that is, the low crder component of the correction

map described earlier, will be described. This third

calibration operation will also be referred to as a short-term



5 R (or R2) used in the next exposure. Reticle stage RST is driven
at a |l ow speed, but at a level in which the throughput can be

mai ntai ned wthin an all owabl e range even if the throughput of
exposure apparatus 100 decreases due to performng the third
calibration operation. Then, during the 10! drive, main controller 20
obtains the positional information reticle stage RST at a

of
pr edet er m ned ling interval usin i.nterferonmeters 16x and 16y
and encoders “2%‘%!13)”2 n rlé "2’66':1{%e M- FEE (FRAFRIR B mMO5AR ues
in menory (not shown) this thir ihration, illum.natio
area | AR is not 15%'&0@52& faﬁ;g’i Rfﬁuﬁ na gﬁg%h?% ?@I%ﬁ”ﬁ% iroennl]‘JlCfajg""htsnCage

I L, however, ry rea e . i ;
RIOr RS IR 1& @g%gc?%oﬁ [9tRin Q%fé(@é@éﬁhﬁg%i Sﬂ‘%rﬁgeéis.m

“"illum nation area | AR passes” e Il ke are used. Furt

novenent rangéhiodh ietluflieastiages RS 1Bk pAes St d gageeas arldheotande cle
described in the second calibration operation. 20 However, in the

t hird cal bbr &1 oo per)atised, iposhei apxsetkpogurefl rdiidtlks sttagee REMT is
does not have to be perfornmed at both edges of the novenent range.
Then, main coht¥in @t 20l emlaaeed.chufealdisa ilevelednvehtrh Swwhrianghput
FIG 19 for each of the neasurenent, values of Y linear 25 encoders
26A1 and 26BF3hdd @ HiEShentt i s DFLIEhs Fargntsiaeridhdtis

16y, and the sur.enment val ues of reticl Xinterferoneter, K 16x and
thg measur enen vuac-{thjg‘{sat o‘?flfﬁﬁ%&ﬁe aéJrPca})IEFgcru Egé{la c{%raeasﬁerﬁ 14 fhner
as in the prewy - R0 . 19, e .

i ndi cat es !toh?épr eggﬁmihgdﬂ}%}n%gggégklgﬁl\%ﬁi %&ﬁﬁ%’na?ﬁ%ﬁ’ﬁ??i&he
passes the paidierd) akea bntfrsliske RbukelinR2tnethedi{fond Ne PN ®N

section. Next, main controller 20 obtains a | east squares
appr oxi mat i o fsteai ght duae LT aft £ptw€eCermanddtdmwip Obi@ingerval using
interfercmeters 16x and 16y and encoders 26A;, 26B;, and 26C.,
and stores the measurement values in memory (not shown). Also
on this third calibration, illumination area IAR is not
15 necessarily iiluminated with illumination light IL, however,
for the same reasons as before, the expressions such as
“illumination area IAR passes” and the like are used. Further,
the movement range of reticle stage RST is the same range as
the range described in the second calibration operation.
20  However, in the third calibration operation, position setting
of reticle stage RST does not have to be performed at both
edges of the movement range.
Then, main controller 20 makes a curve as in a curve C1
shown in FIG. 19 for each of the measurement values of Y linear
25 encoders 26A: and 26B; and the measurement values of reticle
Y interferometer 16y, and the measurement values of reticle
X interferometer 16x and the measurement values of X linear

encoder 26C;, ina similar manner as in the previous description.

In FIG. 19, reference code EA indicates the predetermined range



5 an offset drift OD and a scaling drift SD of approximation straight
line FL to ideal line TL. Then, using offset drift (offset error)
and scaling drift (gradient error) that have been obtained, the
correction map of the | ow order conponent Kkept in advance as a map
is revised. Then, based on the 10 correctiton map of the | ow order
conmponent that has been corrected and the correction map of the high
order conponent _kept dvance as a nm mai n controller 20 makes a

new correctidh dr 1rpeactcjrcﬁ’g 3458 | W daRse T difomattt Sy attRg of
hi gh order corrg%&%elrg R (ed%\{ P! ast airt chhet heexprmsvuerrgent Crtng e of

reticle stage hir'd ca ralon oper ion hi fted

from a predeterni fmtr ang@s %rnrt%%rmql @@ PP Y € ST 15 A

for the entire pattern area of the reticle to nove across

iI'lum nation apm@e iRt onerer ghtt Lsneref eyakhe ot 1t hendHmy pentins
range to include at |east the predeterm ne range, and for exanple,

the novengnt arange seean chel ftheheindala moaligg rdange &D loft iappeosdiage ion
RST during scanni ng exposure (the novement range that includes the
accel er at i on/sfecdlBrtatiiog Fén‘elcswm onigss Tdet t They, pesing defawte daddt

after the scannl ng 25 exposure) using one of ret| cles R1 and R2.
Furt her, the Orﬁﬁf@rﬁaﬁtrrtoéfﬁgén@fSF@HEged’é%gEge %ﬂd%%tlwq}@e thae have

overent Y SA0SOULL 19 RS 2L S0ET AL U3 LS, LR o
con 17 8t i e o0 i g Pt
for comtgol ldoiaddia Rosidd ¥F ahaafer stage c\é%diwﬂﬁ”'&ﬂéte HRXP QUYE
operation in a simlar nethod as in the first to third
corrected and the correction map of the high order component
kept in advance as a map, main controller 20 makes a new
correction map for correcting the low order component and the
high order component.
15 At least a part of the movement range of reticle stage
RST in the third calibration operation can be shifted from
a predetermined range (corresponding tc exposure section EA)
for the entire pattern area of the reticle to move across
ililumination area IAR, however, it is preferable for the
20 movement range to include at least the predetermine range,
and for example, the movement range can be the actual moving
range of reticle stage RST during scanning exposure (the
movement range that includes the acceleration/deceleration
and synchroncus settling period before and after the scanning
25 exposure) using one of reticles Rl and R2. Further, the
movement range of reticle stage RST can include the movement
range during measurement operation using the reference marks

previously described.

In exposure apparatus 100, main controller 20 performs



5 calibration previously described. However, wafer stage WST noves
wi thin a two-di nensional plane. In this case, main controller 20
drives wafer stage WST on an orthogonal coordi nate system set by
wafer Y interferoneter 18Y and wafer X interferoneter 18X1 and
obtains a correction nmap based on 10 a di%stribution of errors of the
measur enent val ues of X Iinear encoders 50B and 50D, as well as a

correction based n ri bution of errors o he asurerrent
val ues of Y | Om—:b @(L? PR et 95 & 5&1 ‘%gj 53Tk

direction of H]I%]%Igfrnactl on tg_,Lr%tl CQLY rlcr(r)o ee}_ﬂrgsnoiol.,%sc;caéJ 44A 3{1(51%)440

and 15 the Iongl Aal - ditection o S nesr- encoders (?A an

are both in , i
head units 4gﬁa§(§}61%@¥%§gtﬂsgg&sa%??ggf%é%gs??g cei!{ad(’jg éle%?)lo%ﬁlre

the X-axis digreotdtdon Nexta dibe 1ongrdteidn Gl i atHeorr iopar ald aniihe
first 20 calibration operation) of encoders 50A to 50 D perforned in

exposur e apparadtitesrafi®roforelve camigdirent i behat Heyewdr, acgfpsidtizae WST
operation of correction information of the grating pitch of the
nmovement scameyegndiddvited itore -dinfesrsiariadn ofargr-at Engthéboraaei onash
waf er stage WST will 25 be described, based on FIG 20. In FIG 20
measur ement Eé’é‘rﬁfoééllfrar?cp B e MaEer fidde et 8P

symetrically

Fored when (S TR SFSEeR e A PO R haaTer %?3%&@5913%%5? &ﬁ&er
head unit 46'% @Eﬁ%e?c?ﬁeﬂo?de’% de) l@@ir aérllgloﬂ@afgg %ﬁeéﬁﬁ Qr@aﬁaz%%hsed on

through the optical axis o prOjectlon optlc system
substantigl BasHreRRELoAX)S 0¥ sl Ot @HcehonBh 8EMdBY RO Q?SX Wit s r

a straight line parallel wth the Y-axis that passes through
encoders 50B and 50D, as well as a correction map based on
a distribution of errors of the measurement values of Y linear
encoders 50A and 50C. In this case, the disposal direction
of the diffraction grating of movement scales 44A and 44C and
15 the longitudinal direction of Y linear encoders 50A and 50C
are both in the Y-axis direction, and the longitudinal
direction of head units 46A and 46C (the disposal direction
of the heads) is in the X-axis direction.
Next, the long-term calibration operation (the first
20 calibration cperation) of encoders 50A to 50 D performed in
exposure apparatus 100 of the embodiment, that is, an
acquisition operation of correction information of the
grating pitch of the movement scales and correction
information of grating deformation of wafer stage WST will
25 be described, based on FIG. 20,
In FIG. 20, measurement beams B4; and B4, from Y
interferometer 18Y are placed symmetrically to a straight line

(coincides with a straight line formed when the center of a

plurality of heads of head unit 46B and head unit 46D are



5 the optical axis of projection optical systemPL. Therefore, wth
Y interferometer 18Y, the Y position of wafer stage WST can be
nmeasured w t hout Abbe errors. Simlarly, the neasurenent beamfrom X
interferoneter 18X1 is placed on a straight line (coincides with a
straight line formed when the 10 center of7 a plurality of heads of
head unit 46A and head unit 46C are joined) parallel to the X-axis

P ahd the g eﬁleﬁéﬁgligﬁ' R YTt b Grarer ST Rb odenc e SR O L
gpt ?E:;?I ngt S o pr 0] ?J{Qﬁlc‘)aré%olﬁq 2%85% %r#%ietm 2? o% gh%ymg“{]ut# h%nlaal

i nterferonmet gfeallbmddie 2% iROY 10N Bfe MRS RInHA08 METE L3 1 28 w1th a

measured w t hout Abbe errors at the point of exposure and the |ike.

Now, as an examaligghtan iaewaHalile epEermatihen volaxd@ edreelbses through
information of deformation of the grating lines (grating |line warp)

of the X Scaltdreandtihel correetifipno]¢nt bomeatktdreadf syheegriii nGheirecbre,
of the Y scale will be described. In order to sinplify the
descrlptlon Wwitd Yr énteefreansterat®Y ofthmvabpeifipnoe Woces stadseWST

an i deal ane. First all, main controller 20 drives wafer
stage WST bé%@ﬂ ‘H%%gﬁpéﬂﬂﬂ C PR Fe STHOTE i nPaPLeREMEL eFEY, X

i nterferonet d | er. neter 1871 .and

t he p03|t|on%bﬁ%&§%g$§% géb asX?s S oa% LTSS 1%%;755 ggaFﬁgton &

novenent scalgs44Mangd,44 tqill e:%fayl 8% net BSrmed when the
S e and the

correspondi ng head units 4 east 0 hea

edge on ihe +t¥nsicdeodfa FManENt s s ﬁéae@llcﬁf actd %ltg@@mm)he%ﬁumt
and 44C each coincide with the correspondi ng
46C are joined) parallel to the X-~axis that passes through
the optical axis of projection optical system PL, and the
measurement axis of X interferometer 18X; coincides with a
straight line parallel wit the ¥X-axis that passes through the
15 optical axis of projecticon optical system PL., Therefore, with
X interferometer 18X;, the X position of wafer stage WST can
be measured without Abbe errors at the point of exposure and
the like.
Now, as an example, an acquisition operation of
20 correction information of deformation of the grating lines
(grating line warp} of the X scale and the correction
information of the grating pitch of the Y scale will be
described. In order to simplify the description, the
reflection surface of movable mirror 17X is to be an ideal
25 plane.
First of all, main controller 20 drives wafer stage WST
based on the measurement values of Y interferometer 18Y, X

interferometer 18X;, and Z interferometers 182; and 18Z;, and

sets the position of wafer stage WST as is shown in FIG. 20



5 head units 46A and 46C. Next, main controller 20 noves wafer stage
WST in the +Y direction, for exanple, until the other end (the edge
on the -Y side) of novenent scal es 44A and 44C coincides with the
correspondi ng head units 46A and 46C as is indicated by 10 an arrow F
in FIG 20 in a |low speed at a level in witich the short-term
variation of the neasurenent values of Y interferoneter |8Y can be

i gnored and al s% with the neasurenent values of X interferoneter

18X1 fixed at>% BREJEPEFRFRES AL %R 44 pasedt tn atn?epﬂré&%r%%%@tlﬁml%er
f Yinterfer ter 18Y and 15.Z_ interfer ter nd 1872 ile
(r)rai nt Iai ning al'l” 6 rtrr‘?gspog‘uﬂﬁ“&% rl?geagn%rﬁﬁ{:,s &ﬁl%nn% %ﬁ?iﬁ?, gﬁﬁﬁgy%ﬂl\? myad)
t t i t hi ! 1 ak: i :
the reasur et U gl Bl el ETPR o T A, Ry, s e fon

neasur ement \ladieisidd) Ydntard eyametam W (dRas uieeth 2t aldi8onding
according to neasurenent beans B41 and B42) at a predeterm ned

sanpl i ng bnt érasal ,urdrick t46n aolit ad46. the rel ation between the
measur enent val ues of Y Iir]ear encoders 50A and 50C and the
measur enent val ues Ngixty matler tenswetléer 28Ynobasedabart sicage dsif enerithe

val ues that are taken in. Mre 25 specifical {/\% mai n controller 20
obtai ns the gratif§Shiiteh forhexamsigncenbétwebs abhaEernd gitts mfge on

i f I 44A and 44C ich are ced sequentially
facing head TR 1 ABARNG 46E BT L Ahe fo b o aFores A
WST dth J 10§, i.an of . th ragpn i . Lhe,.7

corr eg?i on ?r‘f?%; %}%g%@ép’%{%ggﬁegﬁ Hgllﬁ%t gﬁgpg{ﬁabgmgb%%ihlnsedlf}ldjfcgarted by
exanpl e, 15N the 1623 FhenhdrEzops aln axitey Boeedt 88 LheevaRasUng®RMN the

values of the interferonmeter and the vertical axis indicates the
measur ement \saloies t@frnt e renaodel s5f ahe measurement values of Y
interferometer 18Y can be ignored and also with the measurement
values of X interferometer 18%; fixed at a predetermined value,
based on the measurement values of Y interferometer 18Y and
15 Z interferometers 18Z; and 18Z; while maintaining all of the
pitching amount, rolling amount, and yawing amount at zero.
During this movement, main controller 20 takes in the
measurement values of Y linear enceoders 50A and 50C and the
measurement values of Y interferometer 18Y (measurement
20 values acceording to measurement beams B4; and B4,) at a
predetermined sampling interval, and then obtains the
relation between the measurement values of Y linear encoders
50A and 50C and the measurement values of Y interfercmeter
18Y, based on the measurement values that are taken in. More
25 specifically, main controller 20 obtains the grating pitch
(the distance between adjacent grating lines) of movement
scales 44A and 44C, which are placed sequentially facing head
units 46A and 46C along with the movement of wafer stage WST

and the correction information of the grating pitch. The



5 correction map or the like that denotes a relation between the two
using a curve. Since the neasurenent values of Y interferoneter 18
in this case are values which can be obtained when wafer stage WST
was scanned at an extrenmely slow speed as is previously described,

it is safe to say that these values 10 natlurally contain no |ong-term
variation errors as well as alnmpst no short-termvariation errors
due to air fl uct uat.i an accurate v

. i.n which
errors can bé qrd?'?ocrte]dm lf’%ggﬁﬁagl@&:ﬁ Wé? eg}raé—tjéﬁ?epﬂ\g?%\/\ggnﬁ? \P@Irif%ilﬁmd'
the Y-axis d'f_r %Cfi%ﬂr%ceovgr 2:%1 & craasr}-geck{en h honb: cflhcat&s the

novenent scales nove across t e Correspondl ng
units 46A an(i'ne‘la@%rem-g}?c {}BYQQ?'Hf FBRYSt YRRt dSa A8 Hd %%@gcéf ax1s

this, and for exanple, wafer stage WST can be driven in a range I

the Y-axis dindEcats itheviedsudeintstageddbbf sHowetdigddd as a
exposure operation of a wafer. 20 Further, during the novenent of

waf er stage WBE,rdmticst atdapstdrcaltey Iprieec eds th gletrioe: e @s uredrgritory dlateeen
(measurenent values of X linear encoders 50B and 50D) obtained from
the pluralithicoftwieadsing shend it t 1868 &he BEBsunBNehtavelues of Y

sequentially pI aced facin enment scal es 44B and 44D al ong 25 wi
t he movenent O StHC tfg‘eng\l% LRLBIFIEE #BF VELAHA ‘éhlc byraay ?é’@tﬁ@ne‘j

B et R R e S
sequentially afsafggtf'@um&gl? H%¥c9£b%?éd1§cols-r§g§e -3 %%%‘ﬁ%% {L@eég%alues

case the reflecti surfa nova mrror is an 1deal

pl ane, the saRwanial ichtRald e 1gheuid rf eReatedlyn AReAs %lsr hfed1 as
the process of sending wafer stage T in the +Y direction,

t herefore, iflretnrastienentethatvariaktannedrbys tde pbuiat lftLyldtﬁlation,
heads i s averaged, the correction
and that it is an accurate value in which errors can be ignored.
In this case, wafer stage WST was driven in the Y-axis direction
covering a range in which both edges of movement scales 44A

15 and 44C move across the corresponding head units 464 and 46C.
The movement range, however, is not limited to this, and for
examplie, wafer stage WST can be driven in a range in the Y-axis
direction in which wafer stage WST is moved during exposure
cperation of a wafer.

20 Further, during the movement of wafer stage WST, by
statistically processing the measurement values (measurement
values of X linear encoders 50B and 50D) obtained from the
plurality of heads of head units 46B and 46D, which are
sequentially placed facing movement scales 44B and 44D along

25 with the movement of wafer stage WST, such as for example,
by averaging (or weighted averaging), main controller 20 alsc
obtains correction information of the deformation (warp) of

the grating lines that sequentially face the plurality of heads.

This is because in the case the reflecticon surface of movable



5 information of the deformation (warp) of the grating lines of
novenent scal es 44B and 44D that sequentially face the plurality of
heads can be accurately obtained. In the case the reflection surface
of novable mrror 17X is not an ideal plane, the unevenness
(distortion) of the 10 reflection surfadd is to be nmeasured and
correction data of the distortion is to be obtained in advance. Then,
on the novenent of f.er _st, the +Y directign desgglbed

above, inst&ad SF ti ilﬁga?ijr a@h?%ﬁeﬁpe\/ﬁ?rﬂ%véﬁlﬁtllﬁpe?? Shesdeuld

18X1 to a pr nt 1ol )
waf er st age %%t asecg‘ ?’ﬁg%cg?lfy%cgl %hgd Jf&ge\%\gf o s%dlr{go\@%er 558
accurat el y rfmsqdmnthae+¥ éﬁécgiéﬁﬁtl@é‘re%@@ EL Sth&&ﬁ{a%tdr%érﬁ; data
applied, the correction information of the grating pitch of novenent

scal es 44A antht4Geandytdre: sourati torof hehasnpd aee rabeth et e lcemraidcarn
(warp) of the grating Iines 20 of novenent scal es 44B and 44D can be

accuratel y obdionsdtiien cdnphet elef driveitsame (vemper odfs the thetdbgvéines
description. The neasurenent data obtained using the plurality of
heads of heaéPf FHeRedB saxdd o468 45 aqpldfalghar e diend iatl 1y fHageeithe
regi ons Eﬁéler nce on hlhe reflecﬁ%ce)n surfac of rmv,abl e mrror
17X, 25 and Yoﬁ’ -of the sane

rating line. Therefo ing or t
gbove, gan i nci dent g% e}%f é:cat)ée eﬁ e%ﬁ‘ﬁ ¢heth aC8I ’15819 %rcfie BEfror 17
correction regi dual Qf jReqr ?1' ?—L%t' Q es‘t'ﬂe%%rfe% a(‘é‘glsac%%l%‘?l )t hat t'hte
becones closer to a true va in ot S y averagi'ng the
measur enept gatfa o WarR isni-erat u@nto%etxﬁ@agﬁ@éa Nthd idrtAmedthy of

a plurality of heads, the influence of the distortion residual can
be reduced). tSencd saninyt itce idi Spodal ohitadciddon rofadviaecdi.f f TRehl 08n the
movement of wafer stage WST in the +Y direction described above,
instead of fixing the measurement value of X interferometer
18%; to a predetermined value, by controlling the X position
15 of wafer stage WST based on the correction data, wafer stage
WST can be accuratelymoved in the Y-axis direction. When this
operation is applied, the correction information of the
grating pitch of movement scales 44A and 44C and the correction
information of the deformation (warp) of the grating lines
20 of movement scales 44B and 44D can be accurately obtained in
completely the same manner as in the above description. The
measurement data obtained using the plurality of heads of head
units 46B and 46D is a plurality of data at different regions
of reference on the reflection surface of movable mirror 17X,
25 and the heads each measure the deformation (warp) of the same
grating line. Therefore, by the averaging or the like
described above, an incidental effect occurs in which the

distortion correction residual of the reflection surface is

averaged so that it becomes closer to a true value (in other



5 grating, the longitudinal direction of novenent scales 44B and

44D, and the longitudinal direction of head units 46B and 46D (the

di sposal direction of the heads) in X |inear encoders 50B and 50D
are opposite in the X-axis and Y-axis direction to the Y |inear
encoders 50A and 50C, details on the acquilsition 10 operation (the
first calibration operation) of the correction information of the

def ormati on (war %f t_he ratin%rqlines of th%ﬁﬁs?cale and .t .
correction i nfortHt ioh of° T ati S § it <of SENE T8 AR TGS on
and 50D wi | | j t - t r ' t-h

perfornmed is t é&{:gorgﬁrgagctlltl)1 ni%%deggﬁﬁg%%g%yve%g\ﬁ]f%[atlﬁgt@%gi%s?g%s’ the

di rection and nf1axdrcdideaiHeon 1 dodaangaed. 4As idhd e desgsddyi on

above, main controller 20 obtains the correction infornmation of the

grating pitch of nverenionlscahes d4pocard 4MEedthenceiT gl @A ffraction
information of the 20 deformation (warp) of the grating |ines of
novenent ScalestigB die 44D gittveligerlr eGthesrt lionf erfmatovemenft tsheles 44B

grating pitch of novenment scal es 44B and 44D and the correction

i nformation ¥ A8, SR ilonolkacpnadf di hechianidlg hedesnsts 46B and
novenent scales 44A and 44C per a predeterm ned timng,, such as for
25 exanpl e, FeD 6hoR JO%POSPﬁeH,Qr&&Hﬁa ThEHEPEear e 1t SobkasHg SGorkes
| i ke of the i he_lo ip_control l.er 20 perfqQrns .posj.tion,
control of e e% sdtgg(:jﬁeD %\E‘T’ %’Rpggég?-:é%%h%ifeac}ﬁsor?%%{ XIS PedEhg R
t he measure ' e
encoders 502% g\%ﬂ%ggﬁ?%ébétﬁa?%ggaf FC %m]ggga%@gaﬁgigg%?%%&e %%gélel 1(1):r:]L on
the corregti @?;ér@ftqrdmr(m@ Afrdthea @i BEhREoRI dfdr-Aithn it B €08 LeGtRR ion

0

i nformation the deformation (warp) of the grating |ines of
novenent scalieoddmtamt 44CthAccerfdirngltdon (warp) of the grating lines
of the Y scale and the correction information of the grating
pitch of movement scales 50B and 50D will be omitted because
the processing that needs to be performed is the correction
15 described above with the X~axis direction and Y-axis direction
interchanged.

As in the description above, main controller 20 obtains
the correction information of the grating pitch of movement
scales 44A and 44C, the correction information of the

20 deformation (warp) of the grating lines of movement scales
44B and 44D, the correction information of the grating pitch
of movement scales 44B and 44D and the correction information
of the deformation (warp) of the grating lines of movement
scales 44A and 44C, per a predetermined timing, such as for

25 example, for each lot.

Then, during the exposure processing or the like of the
wafer in the lot, main controller 20 performs position control
of wafer stage WST in the Y-axis direction while correcting

the measurement values {that is, the measurement wvalues cf



5 it beconmes possible for main controller 20 to perform position
control of wafer stage WST in the Y-axis direction with good

accuracy using linear encoders 50A and 50C, without being affected
by the influence of the tenporal change of the grating pitch and the
grating line warp of novenent scales 44A%&nd 10 44C. Further, during
t he exposure processing or the like of the wafer in the lot, main

troll 20 it t.ral f t MW5T in th
09 b R B TS OHT M PRE LIRS 40 B e
th t ; 0 d 5 tai
e, easur emanlo AP AL e oL £0eRd S SR AL P00 ol dedt o eat

pitch and the {OldBG-N JInnfi QFER L@ off cENEndelOF FBhL 0Nk WBSPp) Uf the
the grating Iines of novenent scales 44B and 44D. Accordingly, it

becones possiddag ifray 1imigs e@nibokheht28chles204pesh@r4EOSiAdc@rdingly,
control of wafer stage WST in the X-axis direction with good

accuracy bsing beneaesanoodidris 508 remich cbObrowilelro2d thepay aff gctsdd i on
by the influence of the tenporal change of the grating pitch and the
grating |ineSRYFadf cfngeéaenstagal sl 448thedY44Ris 28l recihen with good

description above, the correction information of the grating pitch
and the war p SFCHHRE RN 4iNfeE et alHedrbr Kac i igihquie being

| 44A D .h i ' ' .
Tmited Lot RS DKa T obhF bEPTGh SirF o7 METEor o1 CERES Gk G e
dth f i ' | f I
moveront  SCATCS AR A A AC A RN e oL A AR A AADSor! {ng "

correction infiermation of only one of the grating pitch and the warp
of the grating lines can be obtained for both novenent
Further, during the exposure processing or the like of

the wafer in the lot, main controller 20 performs position
control of wafer stage WST in the X-axis direction while
correcting the measurement values (that is, the measurement

15 values of encoders 50B and 50D) obtained from head units 46B
and 46D based on the correction information of the grating
pitch and the correction information of the deformation (warp)}
of the grating lines of movement scales 44B and 44D.
Accordingly, it becomes possible for main controller 20 to

20 perform position control of wafer stage WST in the X-axis
direction with good accuracy using linear encoders 50B and
50D, without being affected by the influence of the temporal
change of the grating pitch and the grating line warp of
movement scales 44B and 44D.

25 In the description above, the correction information of
the grating pitch and the warp of the grating lines were
obtained for each of the movement scales 44A to 44D, however,
the present invention is not limited to this, and the

correction information of the grating pitch and the warp of



5 scal es 44A and 44C and novenent scales 44B and 44D. Al though a
detailed description will be omtted, the short-termcalibration
operation (the second and third calibration operations) of encoders
50A to 50D used for controlling the position of wafer stage WST
during the exposure 10 operation is to be¥erfornmed according to the
| ong-term calibration operation (the first calibration operation)
descri bed above. Then, o;o{t he exposure operation by the step-and-scan

met hod, mai n CHntFE et 2616 (e HERUA I T it A6t s Flemaiement
Sage ST a0 5 Aot o] o kel 0 18 ey 20l s ot
the position d A f 50%"61515% eof\/\éllgaéﬁg gh the ﬁf@%&%ﬁ%h and

val ues of encoders 50A to nd their Correction m er,

in exposure apawatdod@fetirdtEnenbodisn®i e s8¢ Ched RL a8t h eldveh@nt

R2 can be sinultaneously nmounted on reticle stage RST. Therefore, by
havi ng cobpl etced ersetd 4 endaldghmed mefveneintclasRleanh B efrid| 4102,

main controller 20 can perform doubl e exposure, for exanple, using
reticle RL 25 and méttihciughR2, defradileyl yeroripd ioet iwdlld. SteagmiR$Ed, the
based on the neasurenent val ues of encoders 26Al, 26Bl1, and 26Cl

without per FI9RETG 8% Gl ad 1o IPafge tdper alttiten aranst il Hidge
RST. The encoder,s used in the enbodinment is pot limted to 84 he
encoder by tt‘l:éﬁdi I WIS FE erfte SRS Sde@ﬁi%déo}}at}bﬁﬁéiéﬂf
encoders of varj t f S e as encoder
by the so-calﬁ%g{(ﬁg)?c :M-B;Sé}rlr% oggftqg)?l %Eaggg%aﬁae(ge Iéqcs;gt]éﬁ%nlgl gﬂe\ﬁﬁiggg’ure
details ape dpelaases i dPhe performed according to the long-term

calibration operation (the first calibration operation)
described above.

Then, on the exposure operation by the step-and-scan
method, main controller 20 performs position control of

15 reticle stage RST as is described earlier, based on the
measurement values of encoders 26A;, 26B;, and 26C; and their
correction maps, as well as the position control of wafer stage
WST based on the measurement values of encoders 50& to 50D
and their correction maps.

20 Further, in exposure apparatus 100 of the embodiment,
reticle Rl and reticle R2 can be simultaneously mounted on
reticle stage RST. Therefore, by having completed reticle
alignment of reticle Rl and reticle R2, main controller 20
can perform double exposure, for example, using reticle R1

25 and reticle R2, by simply moving reticle stage RST based on
the measurement values of encoders 26A8;, 26B;, and 26C; without
performing the reticle exchange operation to reticle stage
RST.

The encoders used in the embodiment is not limited to



5 exanple, U S. Patent No. 6,639,686 or the like. As is described in
detail above, according to exposure apparatus 100 related to the
enbodi nent, main controller 20 perforns calibration operation of,
for exanple, encoders 26Al, 26Bl1, and 26Cl. More specifically,
correction information for 10 correcting g¥easurenent val ues of
encoders 26Al, 26Bl1, and 26Cl1 and the |ike whose short-term
stability of the neasurenent. vaglues is superior. to interferoneters
16y and 16x dr¥ SEGOOREIPY e iy fire Grdadurerentevargegnefhod described
interferoneters 16y and 16x,  whose_lineari and Long-termstahilit
of L he' measuRBTE ST2 FINOHE Y STeupEnrar FYPERcoRaPeibRAL SHRRE Uk
26C1. Then, ' i 2t icl t 1

JRID £ONI] oéﬁﬁq(egg i egs JL14L01 651208, Rol AU o a

scanni ng exposure or the on the neasurenert val ues and

the correctigndaifiddeddnn HencodelssL0R)k2:126Bkrantd 28Gked in, for
Accordingly, reticle stage RST can be driven with good 20 precision,

based on the gasigdlieonal. 3 nfrariattd oto .of6 ré&t9,der @t age: RSlkawhose
linearity and long-termstability is good in addition to the

measur enent val ues 2¢f iendedersbe@Aln d24RBd,l abdve268tthatiihgvee Eegwsure
corrected using the correction information, that is, the short-term

stability. 258R@Raers &k sediefgct §oekheserecabpartt Usr 1DEIBIt iR er 20
enbodi nent, by the long-termcalibration previously described,

Cor et on’ | RISl b Eby PR HPEbuT oridih SaTELs, GRSt
26A1 and 26B 0s t-t S L t he surenment _val ues

i s superior #§g#n%§$25§hétg%ﬂ%%%sggkggxaggHU%gf,efE#ﬁbl?ﬁgrma Toh for

nmeasur eneft @l 4es-10fnd RESLHLCLRARBLS 2 1OYs MhOsELLRES dA.Y 9@?10, and 26C,

long-termstability of” the nmeasurement val ues are superior _
encoders 26AzrNd1R6BY kelhetbs<dwho - featd erdadinanst &/t alhd heddde@®ment

main controller 20 controls the

values is superior to interferometers 16y and 16x are acquired,
using the measurement wvalues of interferometers léy and 16x
whose linearity and long-term stability of the measurement

15 wvalues are superior to encoders 26A;, 26B;, and 26C;. Then,
main controller 20 drives reticle stage RST during scanning
exposure or the like, based on the measurement values and the
correction information of encoders 26A;, 26B;, and 26C;.

Accordingly, reticle stage RST can be driven with good

20 precision, based on the positional information of reticle
stage RST whose linearity and long-term stability is good in
addition to the measurement values of encoders 26A;, 26B;, and
26C; that have been corrected using the correction information,
that is, the short-term stability.

25 Further, according to exposure apparatus 100 of the
embodiment, by the long-termcalibration previously described,
correction information for correcting measurement values of

encoders 26A; and 26B; whose short-term stability of the

measurement values is superior to interferometer 16y is



5 novenent of reticle stage RST based on the neasurenent val ues of
encoders 26A1 and 26Bl1 and the correction information. Accordingly,
it becones possible to control the novenent of reticle stage RST

wi th good precision, based on the positional information of reticle
stage RST in the scanning direction 10 wifdse linearity and | ong-term
stability is good in addition to the nmeasurenent val ues of encoders

26A1 and 26B1 t hat have .beep corrected using.the carrection
i nformation, 39t ﬁ%; PﬁéngSEB?tm?%ﬁQH%ﬁ%ﬂﬁl' e%FH?t%%?eré&%QW?ﬁ?ﬁ)l6y

to exposure tg{/ 4 lojn enmnodi r%%lllbty r}et%e NS surement
ratlons pr

short - tern1ca |ousl escrlb correcti on i AF ST Tat Fon

for correcti %1%50\51@ @%’ber@%@?@egﬁc§§§§§'@@Ae”Q{l’26@r a8 | Mhring
error and a scaling of t) a map inf ormation t denot es ‘a

rel ati on betwearterdrhe rgpasereseihe/aues wfih icerd-eranst en é&thme;he
linearity 20 and long-termstability of the neasurenent values are
superi or 5t o rencoderts 02684t ante 268saRA Tt hesa@ asutbrenda vat eresnofvalues
encoders 26A1 and 2681 whose short-termstability of the neasurenent
val ues is suptr iBrCadeintaaeproreléP: 18%di shaceerredtighern fonnat hon -

pattern transfer or, the like, main controller 20 25 controls the
movenent of ASGAE G ae IRSPECRISSIPEASERES hRaserBRehtthampsensmt of

component - had %21%&%6B%?as%éﬁugfﬁggoeﬂg%%%%&f HER%3 SPnkit =i tional
obt ai ned abo%%f&%ﬂéﬂﬁﬁn<ﬁ§%&&ﬁdﬂ%té% quQﬁggé&%ing%ﬁ df?d&ﬁyén

controller 20 perforns calibration operation o
encoder s180A @ ROR iR athe yranael oahmtban teabhei £al i@rg?esdcmn addition

operation of encoders 26Al and 26Bl described above. More
speci fical | ytccaheeatasnrenént med1wss foff etiebreetsi PGA; and 26B; that have
been corrected using the correction information, that is, the
short~-term stability.
Further, according to exposure apparatus 100 of the
15 embodiment, by one of the short-term calibrations previously
described, correction information for correcting a low order
component (scaling error, or a scaling error and a scaling
offset) of a map information that denotes a relation between
the measurement values of interferometer 16y whose linearity
20 and long-term stability of the measurement values are superior
to encoders 26A; and 26B; and the measurement values of encoders
26A; and 26B; whose shorxt-term stability of the measurement
values is superior to interferometer 16y is acquired. Then,
during pattern transfer or the like, main controller 20
25 controls the movement of reticle stage R8T, based on the
measurement values of encoders 26A; and 26B; and the map
information whose low crder compenent has been corrected using

the correction information obtained above.

Further, according to exposure apparatus 100, main



5 measurenment val ues of encoders 50A to 50D whose short-term
stability of the neasurenent values is superior to interferoneters
18Y and 18X1 are acquired, using the neasurenent val ues of
interferoneters 18Y and 18X1 whose linearity and long-termstability
of the measurenent values 10 are superior8& o encoders 50A to 50D.
Then, main controller 20 drives wafer stage WST during scanni ng

, d . b hot
the I ke, ‘5;'5” ro&*fa@ﬁﬁ%ﬁ%ﬁ%ﬁ”@ﬁﬁvaéilaﬁéo“ﬁﬂar&c% ol ot HhoLe,
| nformation %8%&19.1‘5[9%&&@ %&H Q.lu;a(@hé{r %_’\@ftg{ Eig%r‘éﬂon
can be drlven WI g precision in hé axis an

directions, basadttih tcrfe leb%cIéx%né%PlNEﬂEi”E%B?nd@écﬂ‘%&ﬁ %%@ Warb re
in the X-axis and the Y-axis directions whose linearity and

| ong-term stsaleidiifiyalsl ygoa dreEddin 1i0IF dnddionreasureimdctigiqgies of
20 encoders 50A to 50D that have been corrected using the correction
i nf or mat i on, MeRetudegientherasherst feremcstdahid i%0A toASHdr dihmgley shwirtth-term
exposure apparatus 100 of the enbodi nent, on scanni ng exposure of

each shot ar &Fabi e Wit dle MAESILESIRYOMadE20 Igapumenion éd cl e R
or R2 (reticle stage 25 RST) and fer w wafer staeV\ST in the
scanni ng di r e¢t BPMELEE §itfec 3h6h) %%ﬁ 6068‘18&58 aci}sb ge816n the

measur enent Wﬁ%lsltllg‘iemg eqfcatiqler S 2£6Ajﬁt %:?_-Fjrom% (% (ni#eiﬁﬁn et W§P5OA

to 50D, as orm p03| i on se

Rl or R2 (retl'lgeeaﬂtiﬂﬂ%nasnm 0d paf Qfalg\{i!‘@{(eé% ?ne\é%Dregn%nﬂ Natihes

non-scanni ng direction (X- aX| direction preci sion.
Accordingby, drde kegerasrpessthtedkesf gom thesopat tTQféh,Ofmari@lt icehe Bller

(or R2) on the plurality of shot areas on wafer Ww th good

accuracy. 20 drives wafer stage WST during scanning exposure, during
the stepping movement in between shot areas, and the like,
based on the measurement values and the correction information
of encoders 50A to 50D.

15 Accordingly, wafer stage WST can be driven with good
precision in both the X-axis and the ¥Y-axis directions, based
on the positional information of wafer stage WST in the X-axis
and the Y-axis directions whose linearity and long-term
stability is good in addition to the measurement values of

20 encoders 50A to 50D that have been corrected using the
correction information, that is, the short-term stability.

Accordingly, with exposure apparatus 100 of the
embodiment, on scanning exposure of cach shot area on the wafer,
main controller 20 can drive reticle R1 or R2 (reticle stage

25 RST) and wafer W (wafer stage WST)} in the scanning direction
(Y-axis direction) with good accuracy based on the measurement
values of encoders 26A;, 26B;, and 26C; and encoders 50A to

50D, aswell asperformpesition setting (alignment) of reticle

Rl or RZ (reticle stage RST) and wafer W (wafer stage WST)



5 I n exposure apparatus 100 of the enbodinment, main controller 20
revised the correction information of the neasurenent val ues of the
encoders based on the neasurenent values of the encoders and the
interferoneters, which were obtained by noving reticle stage RST
separately fromthe 10 exposure operati o7 However, for exanple, the
correction information can be revised, using the neasurenent val ues
of the encoders.and the interfergneters, which are .obtained during
the novement *3F TH& Q% PG IS FIFRITNE™ HE &gss dHd e t Fgivh bigh
More speci fically,_.when rformng the _expaosure 15 o ation_by t
step-and-sca%’é%lﬁﬁfq'n 5 F8ﬁdﬁﬁggﬁat%ErﬁBCSPePeFPSFEEEE 8rfﬁ%T ?ge
sequenti al | y J4Jiansferr - p iI\{ V-0 o}

t he positionﬁ%# regngggeg?gggqgéTh%éﬁé)e¥€B%P§2?¥%d£ gg%da%%ﬁ%ﬁga@éas

measur ement w2l Weserofw thererRee=ciithdyhe correction infornation,

for exanple, 20 during the scanning exposure of each shot area. And,
in paralbel wth theezpotuak @erpaatne APEr atfi aheokmbbe inaher, ) matihe
nmeasur enent values of the interferoneters and the encoders can be
accunul at ed. <Pmdrrcld@sed Corravhies eg dineu Icatrant e asurierfismmardlare 9,f the
sequential calibration of nmeasurenment 25 errors of the encoders in
whi ch the coffPESITSHIN SRrbEiSoRT TRerere@pre, Pasefh P ey MeRisgFement

that denotes a.rel ation.between neasur%E%nE alﬁgs of the
S

i nter f er omet 3¢ Td Anéd e SGCERER AV al SEHETERESGERs 45 ich were
e hert SEFARATER S, EACES p A 2l RS ARANS D P
average v@l ueQhdihe apemdiahed fdalaveandsbbi gxdabacof thhe-ay¥eLageon
value is an averaging of the short-termvariation (variation 1n
measur ement Jalfuemaduent eadl bef kel vaki| ois D thes Indeurdiment values of
the encoders and the interferometers, which are obtained
during the movement of reticle stage RST during the exposure
operation. More specifically, when performing the exposure
15 operation by the step-and-scan method in which the pattern
of reticle R1 (or R2) is sequentially transferred on the
plurality of shot areas on wafer W, the position of reticle
stage RST can be controlled based on the measurement values
of the encoders and the correction information, for example,
20 during the scanning exposure of each shot area. And, in
paralliel with the control (exposure operation of the wafer),
the measurement values of the interferometers and the encoders
can be accumulated. Then, based on the accumulated
measurement values, sequential calibration of measurement
25 errors of the encoders in which the correction information
(for example, amap information that denotes a relation between
measurement values of the interferometers and the measurement

values of the encoders as is shown in FIG. 21) is calibrated

in prior to exposing the next wafer can be performed.



5 the neasurenent values of the interferoneter. In this case, the
data during scanni ng exposure does not have to be accunulated for

all the shot areas, and the data during scanning exposure can nerely
be accunul ated for the nunber of shot areas enough to performthe
averagi ng of the short-term 10 vari ationsaf the neasurenent val ues of
the interferoneter. In FIG 21, reference code EA indi cates an
exposure section as in FIG 19. In this case as well

per form ng exposur &éopéFat#bn rQﬁe@W%é‘%ﬂe\ﬁéﬂerb%/n‘%‘éa%‘?%dl%é“@ééﬁe
met hod, the m enent §5 of ret e RST dul?

st
exposure of &4chSskdt © PeaCEBE?P geE}afl?g?h ??%n‘ér:!e‘?‘n)gda(s:%n%%%e average
control | ed with goed . xgrae(%rségé){}h%%%sﬁﬂeo 69@—&? C%‘{{?" M8S 18k ion
te AT or nat 1°on

t he encoders Tcorréc correction i

exanpl e, the i "RpakikamERL ealuesFén% bkt ! Balick8at9Bnt 8@ fesitienabs
20 information of the reticle stage whose linearity and | ong-term
stabi litys5is igrodebBuddtichi-onal get hef Ihey tntekegbabikirly. In this case,
Accordingly, it beconmes possible to transfer the pattern forned on
reticle Rl (drheRZ)atsy dSodmy ey aenposy eepors urte dagisumalt thavef tehdte
areas on the wafer with good accuracy. The 25 calibration can be

per f or med not2 I 1E ache o |alﬁe§rheer$é@dera§rea@ut 3@l ¢-hen defre )dqwi@ar

encoders, or the calibration can urt be preforned og the encod
system (encoc?%r%@& FFPFOB)° 61 ﬁ@ ePesta&&élm%ﬁ‘t% Sbr & ex
apparatus 100 e _enhodi ment above correctl on f ion
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In FIG. 21, reference code EA lndlcates an exposure section
as in FIG. 19.
In this case as well, when performing exposure operation

of the next wafer by the step-and-scan method, the movement

15 of reticle stage RST during scanning exposure of each shot
area (during pattern transfer) can be contrclled with good
precision, based on the measurement vaiues cof the encoders
corrected using the correction information {for example, the
map information in FIG. 21), that is, on the positiocnal

20 information of the reticle stage whose 1inearity and long-term
stability is good in addition to the short-term stability.
Accordingly, it becomes possible to transfer the pattern
formed on reticle R1 (or RZ2) by scanning exposure on the
plurality of shot areas on the wafer with good accuracy. The

25 calibration can be performed not only on the Y linear encoders
but alsc on the X linear encoders, or the calibration can
further be preformed on the encoder system (encoders 50A to
50D) of the wafer stage.

In exposure apparatus 100 in the embodiment above,



5 An acquisition operation of correction information of the grating
pitch of novenent scales 44A and 44C and correction information of
deformation (warp of the grating lines) of the grating |lines of

novenent scal es 44B and 44D will now be described. Further, in order
to make the description sinple, 10 the refd ection surface of novable
mrror 17X is to be an ideal plane First of all, main controller 20
noves wafer stage AT, nple, .in the +Y dlrectlon indicated b
an arrow F if® qgt%ﬁ?l 6k8fr5H5egﬁ?E%P8d%+9C%é§ér' grovement

while 15 nai rgcaalréén'g %l J:o?Lect:Pf ' tg%] tglr%ory%tf’ }rhglng fuegg’gng?n §;an

and the yaw ng anDun to Zero, ase € nmedasur enen

i nterferomet gfe %%’éaﬁa'é@i Byl gtr@éér%&r@%rt%dl%%la%}ﬁ%@d égéatr&ﬁé' ¥Hgn

t he neasurenment values of "X interferoneter 18X1 to a pre erm ned

val ue. Duri ngvitlli Samaeeimithedrddlodd controller 20 takes in the

measur enent val ues of encoders 50A and 50C and t he nmeasurenent

val ues of 5Y interf@&roreteisi8Yon(bheratasurefrendr vad ties: aiociarmhiatg dro of
measur enent beans B4l and B42) into an internal nenory at a

pr edet er m ned-hsagpF HEI Ak 9 movienarti scehse 4 4Fhendddsuredwarrection
val ues of encoder SOC 25 are obtained from head 48k of head unit 46C

which is i ndilddtddatedmn ssedrfrmaeior| @ane pfGhegratdos: ings) £f the

di "a" the +X d f
Pohe | OV par oD e 5 5 i e B e e, el g e
of projecti Oraie%%trll%%ld Syﬂlgqhgk Offr‘?‘%'r%l%gnpg £HE §804§3t1r9€%r%1ﬁ1g%§

Further t he rreasurerrent val ues enco 1 s obtal ne
48e of head whd rd6fccWhb g srd ddicFahedagns osed 'lﬁXaJ.§|trcp§)(@ M ideal

FIG 22, located at a position a distance "b" away in th
di recti on f r @basder.ai ght |line LV, facing novenent
First of all, main controller 20 moves wafer stage WST,
for example, in the +Y direction indicated by an arrow F in
FIG. 22 in the stroke range previously described, while
15 maintaining all of the pitching amount, the rolling amount,
and the yvawing amount to zero, based on the measurement values
of Y interferometer 18Y, and Z interferometers 18%Z; and 187,
while fixing the measurement values of X interferometer 18X;
to a predetermined value. During this movement, main
20 controller 20 takes in the measurement values of encoders 504
and 50C and the measurement values of Y interferometer 18Y
(the measurement values according to measurement beams 84; and
B4;) into an internal memory at a predetermined sampling
interval. Inthis case, the measurement values of encodexr 50C
25 are cbtained from head 48k of head unit 46C, which is indicated
enclesed in a circle in FIG. 22, located at a position a
distance “a” away in the +X direction from a straight line
LV parallel to the Y-axis that passes through the optical axis

of projection optical system PL, facing movement scale 44C.



5 scale 44A. Next, after main controller 20 noves wafer stage WST in
the +X direction by a predeterm ned di stance based on the

measur enent values of X interferoneter 18X1, main controller 20
noves wafer stage WST in the -Y direction indicated by an 10 arrow F
in FIG 22 by a predeterm ned di stance ba¥ed on the neasurenent
values of Y interferoneter 18Y, and then nakes wafer stage WST stop

at this position. Then, main controller 20 noves wafer stage WS], f.or
exampl o, i n CHEERPTI IS TR SISt e Ay 6 S EoWaEam JGLS pptagned

in the str Okefxro?t{]g%at%%\éieoﬁ?! %egssﬁﬁE?G?GAmxjdlueclg%%snti%%ﬁcga%et&]genclosed

pi t chi ng anmount an ero g anoun 0 zero, awin

amount cl ose 40 2Z8f0c88 MHCHAT@S POSSIRlMePaECd 99siPEor BABWY “h
values of Y interferoneter 18Y, and Z interferoneters 1821 and 1872

whi |l e fixing dwis MRasly exeliire2d vl 8e6meft vhiightel { g6 ot escdSEhdven@nt
predeterm ned value. During this novenent, main controller 20 takes
in the neaswcaentdéddfal ues of encoders 50A and SCC and the

measurenent values of Y interferoneter Y18 (the neasurenent val ues
accordi ng to nmeasuliémEnt abeansnaql cand BAAe AP greres wadierabtage WST in
menory at a predeterm ned sanpling interval. In this case, the

measur ement \VAEuES SRLISTORET 08 iIRF St mEd S Shieare igeast Hedde

it 46C, which is indicated d i ircle .ig FIG, 23
'Ocat od at 8 BOSHON S APetSRCE bR R e T 1Rt PRAT SR EahLeT

strai ght i n‘%OLMovEQC%QQeQD%‘?Q@%tWSSf@ e +44C. gé%rgHE%ggai%%J;@%?e%ggd an

mefasurement yal ues pf gncoder Als o jtal ned rom
unit 46A10wWhigeh-dws ¥ ngdhcated BnglyosedrelBtarsi hehedi 8t fh& ¥dsed on the

| ocated at a position a distance "a" away in the -X direction from
strai ght | i neea¥urfeam@ntg vaiverertf Y interferometer 18Y, and then makes
wafer stage WST stop at this position.
Then, main controller 20 moves wafer stage WST, for
example, in the +Y direction indicated by an arrow F in FiG.
15 23 in the stroke range previously described, while maintaining
the pitching amount and the rolling amount to zero, and the
yawing amount close to zero as much as possiblie, based on the
measurement values of Y interferometer 18Y, and Z
interferometers 18Z; and 18Z, while fixing the measurement
20 values of X interferometer 18X; to a predetermined wvalue.
During this movement, main controller 20 takes in the
measurement values of encoders 50A and 50C and the measurement
values of Y interferometer Y18 {the measurement values
according to measurement beams B4; and B4,) into an internal
25 memory at a predetermined sampling interval. In this case,
the measurement values of encoder 50C is obtained from head
48e of head unit 46C, which is indicated enclosed in a circle

in FIG. 23, located at a position a distance “b” away in the

+X direction from straight line LV, facing movement scale 44C.



5 scal e 44A. However, since the position of each head on the XY
coordi nate systemis known, by form ng a sinultaneous equation using
the sanpling values obtained in the two operations above and solving
t he sinul taneous equation, the correction 10 information (e.g. a
correction map) of the grating pitch of %fovenent scal es 44C and 44A
can be respectively obtained independently. In the case the

flecti f f bl e ni 17X | t an jdeal pl. t h
Unevenness. ( diBTGIE or) B fIGARH LSS o Monk1 St SRS T & WP iffp Jotained

d and o | he_ di tion. i,s 4.0 e .ohtaj i
reasr 0 a0 cagg oion s ookt ol 0L 10 ORI o

direction shawna BiELES. in22r@ndh 23 1desaidbed abgyeitinstead &fance va~
fixing the nmeasurenment val ue of X interferometer 18X1 to a

pr edet er m nedwaal Ue tHay-RAiceritiald f AgmtdieraX Pasi ihenwf faei e relvagent
WST based on the correction data, wafer stage WST can be accurately
nmoved in St hescwlaxidiidirection. After the correction information

(e.g. a correction map) of the grating pitch of each of the novenent
scal es 44A and 25H94¥€EVIREs BaaReoBhE PG iitd crhefngredr heasiconpéde XY

above, main controller 20 then vVes fer stage WST in the +Y ,
di rection a§QQ§QﬂﬁﬁRﬁSyﬁFeﬁiégg?%Wni 3¢¥%¥m2%9Eﬁﬁl%P%Y%%%ﬂﬁ§@quatlon

oLl L0 MRl G kLK ISOLLE R e TS e
o o head Sy Bty BB A BC e Sl
i ndi cat ety engln@Rehaltl o Qiel.¢l.€al Boktk&ct 24nf AghN0o £ NRYVE B SERAIBT AAB T
and 44D, are |ocated away fromthe
movement scales 44C and 44A can be respectively obtained
independently.
In the case the reflection surface of movable mirror 17X
is not an ideal plane, the unevenness (distortion) of the
15 reflection surface is to be measured and correction data of
the distortion is to be obtained in advance. Then, on the
movement of wafer stage WST in the +Y direction shown in FIGS.
22 and 23 described above, instead of fixing the measurement
value of X interferometer 18X; to a predetermined value, by
20 contreolling the X position of wafer stage WST based on the
correction data, wafer stage WST can be accurately moved in
the Y-axis direction.
After the correction information (e.g. a correctionmap)
of the grating pitch of each of the movement scales 44A and
25 44C has been obtained in the manner described above, main
controller 20 then moves wafer stage WST in the +Y direction
as is shown, for example, in FIG. 24, in a procedure similar

to the case in FIG. 22 or the like described above. This case

is different, however, from when the correcticn information



5 measurenment axis of X interferoneter 18X1. Therefore, an apparent
yawi ng anount of wafer stage WST neasured by the interferoneter due
to air fluctuation affects the neasurenent values of encoders 50B
and 50D (head 48g of head unit 46B and head 48i of head unit 46D) ,
and is included in the nmeasurenent 10 val9%es as an error (hereinafter
referred to shortly as a "yaw ng-induced error). However, in this

ottt r omet 20%'9%@%%%%%%&%%%?%% “ReLtr G ARG fan dpge ned,
0
nead 15 aah SFhCSHCun e Tac Sha Bae fACa Rt rirer R Hepd PRAR G en

nmovenent scakes A4AantdHtate MUTRISRRE fiical |- W 138, a0y T et 'f‘&gzm
t he neasurenent val ues of encoders 50A and 50C using the correction

i nformati on afovidiergr aldaigpiddeh 0fd noMEMeite sealtes 44GaftddArhat
has been obtained earlier, nain 20 controller 20 can obtain the

appar ent yawmegsamsmsn ofaxiel erf Xstiage MBT atesen B abdlies rdbased, om
t he nmeasurenent val ues that have been corrected. Then, main

control | er 2@PP&FedoMEedng Faopmi v ivedivde & targco W e s dathoy éhe
using the apparent yaw n armount t hat. has been obtali ned 25 Main
cont ?m | er pe&?ﬁ&&%yﬁaffe&re taG & WBTE %Félwora@ﬁé@ﬁ h%ﬁ&a&&Fﬁﬁkjnt
this nmovenen e \Y; tal d f.roma

tv’ l&%‘é 8}1:' %mt:ggegg% dn%RB Vﬁb gage]'dnuje?lt%%q Iaf}d

plurality of fea ead untt

pl aced faci ”%e’i‘&vgﬁ?rﬁf %%%Beénlé‘h%rﬁ ?iél\%}s 1@1%‘111%1’33& %e{r{@ e'é"%‘ﬁ'% ehent

at a predetermned 93 sanpling interva correcting t

yaw ng- i noluCed 1@ief0lk s iah @&&dﬁﬁ&@r&%@ﬂ&e%%@d Haaershd‘&rlyt he a

sane reasons described earlier, main controller 20 perforns
statistical “prodegsiingluard bErmasurmewalmﬁsh&ak@@sen tHee apparent
' nternal yawing amount of wafer stage WST measured by the interferometer
due to the air fluctuation described above can be measured,
using encoders 50A and 50C {head 48h of head unit 46A and head
15 48h of head unit 46C enclosed in a circle in FIG. 24, facing
movement scales 44A and 44C). More specifically, while
correcting the measurement values of encoders 50A and 50C using
the correction information of the grating pitch of movement
scales 44C and 44A that has been obtained earlier, main
20 controller 20 can obtain the apparent vawing amount of wafer
stage WST described above, based on the measurement values
that have been corrected. Then, main controller 20 can
correct the yawing-induced error described above, using the
gpparent yawing amount that has been cbtained.
25 Main controller 20 moves wafer stage WST in the +Y
direction, and during this movement, takes in the measurement
values obtained from a plurality of heads of head units 46B

and 46D, which are sequentially placed facing movement scales

44B and 44D, into an internal memory at a predetermined



5 nmenory, such as for exanple, averaging (or weighted averaging) so
that the correction information of the deformation (warp) of the
grating |lines of novenent scal es 44B and 44D can al so be obtai ned.
Further, also in the case of obtaining the correction 10 information
(e.g. correction map) of the grating pitcs of novenent scal es 44A
and 44C and/or the correction information of the deformation (warp)

of the grating lines of novenent  _scales 44B and 44D by driving wafer
stage WST i n SHPLNAT difyssdiVidon "adec 8PEAS By 1B BE Frayingrrigsiuced eryor

and 24 taki ngjﬁéscﬂ nt o _consi der at.ibondt € SO-C bl ed reci % ocal

di fference, t pt SEBEET hd ST 1B e dg Ef ptP8n é‘ﬁo@@m?h5ﬁf35°ns
b ¢ . O] bt ai i ; . . ¢
0%, her for e eanubl | g 0 DbRLNL NS0T OF) LAY TR0

44A and 44C auhddies iGRS TACHRN dfirBdtdan w1 e whatd NG RiHCA fernal
novenent scales 44B and 44D, main controller 20 perforns the sane

processi ng desetdgdsabbwss Bbt feddie D&, axrer 6L 861 (cNwe 8t Eh@véraxiing)
direction interchanged. Details on this will be omtted. 25 Since
each scal e (did thatt tbha cpatéay)ohasifmrmadtiion off thbtdefvmgitien (warp)
correction information, the correction information of the grating
pitch can be Wbithengdating bikappl et NaFpwittaissadgst HéBc@?l‘Fie‘g‘iD orn also
i nformation %pov?1aLon three lines in the width direction, on the
right, left, PaRY ‘94 center, and as for the correction

E oo of SRR B MRy BB IS B correction

preferabig, fir@Q L8 MEWRPIN A AGGYAGA AN ARl Mg pitch of
movement scales 44A and 44C and/cr the correction information
of the deformation (warp) of the grating lines of movement
scales 44B and 44D by driving wafer stage WST in the ~Y
direction indicated by arrow F’ in FIGS. 22, 23, and 24 taking

15 1into consideration the so-called reciprocal difference, the
processing similar to the description above should be
performed.

Meanwhile, on obtaining the correction information of
the deformation {warp) of the grating lines of movement scales

20 44A and 44C and the correction information of the grating pitch
of movement scales 44B and 44D, main controller 20 performs
the same processing described above with the X-axis direction
and the Y-axis direction interchanged. Details on this will
be omitted.

25 Since each scale (diffraction grating) has a width, on
obtaining the correction information, the correction
information of the grating pitch can be obtained, for example,
by obtaining the correction information above along three

lines in the width direction, on the right, left, and in the



5 According to the nethod related to the nodified exanple described
above, when obtaining the correction information of the grating
pitch of the scale and/or the correction information of the
deformation of the grating lines of the scale (warp of the grating
i nes), wafer stage WST does not 10 neces¥arily have to be noved at
an extrenely | ow speed. Therefore, it becones possible to perform
the acquisition gferat on ch correction. informtion gescrlbed
heseh

above in a sci"ﬁﬂ FFITEF ST e 05 a4 0BnR b e JFRtem9

f h || d f
e Hes 96 A bratana  TI60] 026 pL HELLIG L R, SR <o
configurati 0rh§f:otrrhfas§ﬂ“é3€|ﬁé w%)ﬁ'} emrh'i@%,rsef) é?erbBlEhefrcgt?§ﬁé'v§:[ém&ant

bel ow, for parts that have the same or sim arrangenent an
function as id¥ Hdaurhcy hensamrwaferance 20 nunerals will be used

and the description thereabout will be omtted. As is shown in FIG
25, on thé upper suwdcaceliofy bwaftie netthgel WWolatédo-omaheneosdi Stad exabipAe
and 52B whose | ongitudinal direction are orthogonal to each other

and t he | ongiGaffidle R Rfivoctwhan iabtsHainaxine domadterprand fidmation
X-axis direction, respectively, are fixed in an L-shape. On the

surface of tHE o HlemshtPisch & 52 m@@n%Q%fﬁh&:tqqu@n
SiivecTon Sralign ot e s awiat Sbest gl o 5
pair of head Jnits (%a@@p pd tﬂ@éﬁ%{: §a§grégé aceg, LSS 4 tu&‘:,e% does not

correspondi ng novenent - scal es hd are flxe
platformgs8 ifecesUSPBNIRESHY &/ i S WRPYU T J1BHSIe ((N0tows N4 -

Head unit
Therefore, it becomes possible to perform the acquisition
operation of such correction information described above in
a short time.
Next, a modified example of an encoder system for the
15 wafer stage will be described, referring to FIGS. 25 and 26.
In FIGS. 25 and 26, the only point different from FIG. 3 is
the configuration of the encoder system, therefore, in the
description below, for parts that have the same or similar
arrangement and function as in FIG. 3, the same reference
20 numerals will be used, and the description thereabout will
be omitted.

As is shown in FIG. 25, on the upper surface of wafer
stage WST, two movement scales 52A and 52B whose longitudinal
direction are orthogonal to each other and the longitudinal

25 direction is the Y-axis direction and the X-axis direction,
respectively, are fixed in an L-shape. On the surface of the
two movement scales 52A and 528, a reflection type diffraction
grating that has a period direction orthogonal to the

longitudinal direction is formed.



5 46A is placed on an axis (center axis) parallel to the X-axis that
passes through optical axis AX of projection optical systemPL with
the longitudinal direction (the disposal direction of the heads)
being the X-axis direction (the period direction of the diffraction
grating), which is orthogonal 10 to the I¥ngitudinal direction of
novenent scale 52A (the Y-axis direction), and constitutes an X

Stage VBT i n the LB FGED, Gt CBochEr S HEEH 5%3% %'tu"ng”&a‘?é B
The el r , of dead s OB A0 4682 308 Rlaced GEALALS
symmetric to an axi’s (Cent &f ~axi aral T el tOt aXISth

passes throughOpid oiln a$ #5%8 Ofar{H Q&L 0 PR Q%er%\is%ﬂ@tﬂ:drm Wt A

the | ongitudinal direction (the disposal direction of the heads)

bei ng the Y- axkss@eheeti otutd ke aperdugpdtit gehben (it khewa)f.f rasidemit
grating), which is orthogonal to the 20 Iongitudinal direction of
novenent 8Scaldbr2B plhceX-axias adiseltentgr sands )cpashiltletlesoatlYe X-axis
| i near encoder 56B that neasures the positional information of wafer
stage WBT in &E passEs Winwigh aptEicalvir i ds,oft agetiwetn tpptical
novenent scale 526._25 Furthernore,, the neasurenent val ues of the

two |inear eSS sPlseVA%hotfs%é%%lwpmlediﬂt@%% clorite gtisosed,

d based h f t X- d. t
V-axi s di reotl GHCRY PR ol AEFBvare I Gt TBALT ArRg G (Che period

direction, majn LQntdplder: é@&%égdﬁ&oggfa&g_g@gn hl%hoflsi’%rt\ﬁ%fg%

stage WST via wafer stage Ive section 2 I ngly waf er sta
WET can be drio/eRe 1\WorgdtTRASI2ANG] oM 4R o e @C 58k 08, 54D @K@qua)f{ls

t he sane manner as in the enbodi nrent above.
direction), and coenstitutes an X linear encoder 56A that
measures the positional information of wafer stage WST in the
X-axis direction, together with movement scale 52A. The pair
of head units 46B; and 46B; are placed in an arrangement

15 symmetric to an axis (center axis) parallel to the Y-axis that
passes through optical axis AX of projection optical system
PL, with the longitudinal direction (the disposal direction
of the heads) being the Y-axis direction (the period direction
of the diffraction grating), which is orthogonal to the

20 longitudinal direction of movement scale 52B (the X-axis
direction), and constitutes a Y linear encoder 568 that
measures the positional information of wafer stage WST in the
Y-axis direction at two points, together with movement scale
52B.

25 Ffurthermore, the measurement values of the two linear
encoders 56A and 56B are supplied to main controller 20, and
based on the positional information in the X-axis and the
Y-axis directions and the rotational information in the 6z

direction, main controller 20 performs position control of



5 FIG 26 is a viewthat shows a different nodified exanple of an
encoder systemfor the wafer stage, and the only point different
fromFIG 25 is the point that besides a set of |linear encoders 56A
and 56B, another set of linear encoders 56C and 56D is arranged. As
is showmn in FIG 26, on the upper surfacé&6l0 of wafer stage WST, two
novenent scal es 52C and 52D whose |ongitudinal direction are
orthogonal to ch ot her d,the _longitudinal directiaon is_the

V- axi 5 di rectiick Tante FRATSE BkF e i BEEPOIE 1 PRECLVBIY. « aPErredgaly,
in an L-shap t S ce. of 1 : vengnt. scal 2C.and . .
52D, a reflegftalfc%}f S%%gteygjgsfigic%frlr 5’& ir&ca)rnltv\éé?ja@r?g ftnﬁ%gbgl%g'l;eﬁ%él high
direction or t4QQ9QqRalort 0 ithe R YNyl FEEHERN 4lsS 1HORARA en®dthi ment
novenent scales 52C and 52D are placed in an arrangenment symetric

to novenent s@alves 52A and 52B, in relation to the center of wafer
stage WST. 20 Further, head unit 46C and a pair of head units 46D1

and 46D25are eachFiplaced iecrassemng: idie shomses pdfidieng nrovedrent ed scangd e
52C and 52D, and are fixed to barrel platform38 in a suspended

state via a SUppdren@aeapersysietnshiowbhe vaded anhee, 4861 i Hheladedpoint
symmetric to head unit_46A described earlier, 25 in relation to_ _,
optical axi s dA¥LETSHof BARIEGH -opt ilSaFPR Poieh tipit Pesddesss satrahgdaear
on the axis (center axis) r el_t the X-axis.that passes t h
opt cal axi s RSB 568 5P AS e nsel RS b0gt TG-S Yo
direction (t [ p&éaé( b regll h S)> bei.ng - axi
direction (t %?Dg%% 0 %éﬂ({{jl rtcaA%t ?%nﬁqg%&?ﬁg g??f rzaéé’t iogntlé?gﬁ%n%(,sﬁrface
whi ch i s10rt RegenRdsr @ alyee Woangithiddidddlerinte GldaaRr 0fs JrDueRE B 5 G’ e

52C (the Y-axis direction), and constitutes an X |inear encoder 56C

that neasur ésnighievpasiztli anakcitibor apei ontvbgvat ertStageh \Wshdm anfde the
longitudinal direction is the Y-axis direction and the X-axis
direction, respectively, are fixed in an L-shape. On the
surface of the two movement scales 52C and 52D, a reflecticon

15 type diffraction grating that has a period direction
orthogonal to the longitudinal direction is formed, and
movement scales 52C and 52D are placed in an arrangement
symmetric to movement scales 52A and 52B, in relation to the
center of wafer stage WST.

20 Further, head unit 46C and a pair of head units 46D; and
46D, are esach placed crossing the corresponding movement
scales 52C and 52D, and are fixed to barrel platform 38 in
a suspended state via a support member (not shown). Eead unit
46C is placed symmetric to head unit 46A described earlier,

25 in relation to coptical axis AX of projection optical system
PL (that is, arranged on the axis (center axis) parallel to
the X-axis that passes through optical axis AX previously

described), with the longitudinal direction (the disposal

direction of the heads) being the X-axis direction {the period



5 X-axis direction, together with novenent scale 52C. The pair of
head units 46D1 and 46D2 are placed in an arrangenent symmetric to
head units 46B1 and 46B2 described earlier, in relation to optical
axis AX of projection optical systemPL (that is, arranged symetric
inrelation to an axis (center 10 axis) parallel to the Y-axis that
passes through optical axis AX), with the |longitudinal direction

(the disposal,  direction _of the heads), being the Y-axis direction

(the period Fr&EGHGR off thfe ddiftrrattioon %%&lmd)r, viRtiCEh iis 0rthogonal
orthogonal taq t | ongi. t udi nal ,direction_of novement scal D (the,
X e 518 i Pectio el bR A A o S o S oals B PR ok
reasures the OYdiong], IOIRISAL Mo Al 94398 ANBhAMNS 6T 188
direction at two points, together wth novenent scal e .

Fur t her nor e, richeuIRASHRENEIY i VAIUES 10ff dirht@ thour ok i r s2Q@NBeHerS the
56A to 56D are supplied to main controller 20, and based on the

positionab i X-emiatdbnechibhe Dogditeemad thhmovemeaxt $cdileb2ConsTangair
the rotational information in the Oz direction, main controller 20
perforns posicfi tieagomyidls dfoDiwahedr 46PageragTl aded waf ean st ghmiaret
section 27. Accordingly, 25 wafer stage WST can be driven _ .
t wo- di mensi ofYF ERLCh TR §82dpiBditsi 6RB1| n@ xR fesre 198k cagArer agn

inth nbodi . ab . _Si, th d temin FIG 26 h

Four i o S dsP BEeae T S ot s e Y S it s wahaen 71
t e IS S oo P nar 1 I

i rootion and RS rorartorareEntinePrin th BA AtEn aR e S
const anty oa&@isgg%azwﬂwtta easl yLhr ee @npodess «Qf tnibeqh tildva\{s}_el’_é%is

encoders 56A to regardl ess of the position of wafer”stage
during waf er A&XposUte tHeNAng@rudven dfirection (the disposal direction
of the heads) being the Y-axis direction (the period direction
of the diffraction grating), which is orthogonal to the
longitudinal direction of movement scale 52D (the X-axis
15 directicn), and constitutes a Y linear encoder 56D that
measures the positional information of wafer stage WST in the
Y-axis direction at two points, together with movement scale
52D.
Furthermore, the measurement values of the four linear
20 encoders 56A to 56D are supplied to main controller 20, and
based on the positional information in the X-axis and the
Y~-axis directions and the rotational information in the 0z
direction, main controller 20 performs position control of
wafer stage WST via wafer stage drive section 27. Accordingly,
25 wafer stage WST can be driven two-dimensionally with high
precision, in exactly the same manner as in the embodiment
above. Since the encoder system in FIG. 26 has four linear

encoders 56A to 56D, positional information of wafer stage

WST (positional information in the X~axis and the Y-axis



S the head units are not placed close to projection optical system
PL when conpared with the encoder systemin FIG 25. Further, in the
encoder systemin FIG 26, Y |linear encoders 56B and 56D each had
two head units, however, the nunber of heads is not limted to this,
and for exanple, the linear 10 encoders %an nerely have a single
head unit. Wafer X interferometer 18Xl referred to earlier has at

| east one neasurenent axis that includes a neasurenent axis

(correspondi i 56 4 HE 881 the inee At onRe H?léﬁﬁ"t@*é}onvﬂfﬂ Ehe @pddgiegéd on)
th t | | l. to t 15 that
W an aX'Sc§§F@>er '%%mﬁsa% iney rom XIS % tg%e A%%%%%ﬁ hgf

t hrough optical” axis | €ec N op |caI sys

encoder syst eRshgup 1&&A@nc%ée%d56ﬁ% §6b'ﬂ§gad'rc?l'&%d%% 204 Q)%&%mn

56C) is placed so that the center axis e measuremnment axis

X measur enento Ofvafrek t¥gel wser&@wﬁ@t@éféﬁﬁﬂ EDLPE | s I itctht@iren if
measurenent axis (the 20 disposal direction of the heads) of head

unit 46A fand46@ead Rurittwerarenafcdr pYadaetce rdlersanetee rprtBé adfoer roed ifoa 1
earlier has a plurality of nmeasurenent axes that include two

measur enent Saddem Fér Waspoadinagred WehhstBa lereed®d s whown by BHéE.i &5
lines in FIGS. 25 and 26?‘1 arranged symmetric in relation to an axis
25 (center aXi&thed RedrafReb NE PR HRIASL SYSLehdn 5§§se%6th¥dlt}d’r?albﬁﬂc@5hers

AX of t t | PL dth det ect t
1 gnent . sy SCBmAAECOSANESCY PEHoRC. %3@?1%%8%03%%9%%5 S Ry of

so that the rgl di f th e

of head uni tsrﬂ%%%%l g]toé_'g)ﬁzrb%%t&("gtﬁd t}g%i gifg%[Z) pléadt ?tvre?el Eﬂ%)ear
correspong t%nfc}&%ietﬂéo ca@%wquemav@%s 5 IR Hidg xmldcl fference in
nmeasurenent val ues becone dif ult to occur in the case the

nmeasurenent axi s @hkfekex| inearrencndesr arek t herarasdr esesr B S Hfs at
the least one measurement axis that includes a measurement axis
(corresponding to the solid line in the drawings), which
coincides with an axis (center axis) parallel to the X-axis
15 that passes through optical axis AX of projection optical
system PL. And, in the encoder system shown in FIGS. 25 and
26, X linear encoder 56A {and 56C) is placed so that the center
axls (the measurement axis in the X measurement of wafer X
interferometer 18X;) coincides with the measurement axis (the
20 disposal direction of the heads) of head unit 46A (and 46C).
Further, wafer Y interferometer 18Y referred to earlier has
a plurality of measurement axes that include two measurement
axes (corresponding to beams B4; and B4, shown by solid lines
in FIGS. 25 and 26) arranged symmetric in relation to an axis
25 (center axis) parallel teo the Y-axis that passes through
optical axis AX of projection optical system PL and the
detection center of alignment system ALG. And, Y linear

encoder 56B (and 56D) is placed so that the measurement axes

(the disposal direction of the heads) of head units 46B; and



5 wafer interferonmeter coincide with each other as is previously
described, and it becomes possible to performthe calibration
operation described earlier with good precision. In the nodified
exanpl e, the nmeasurenment axis of the linear encoder and the
measurenent axis of the wafer interferomefger coincide 10 with each

ot her, however, the present inventionis not [imted to this, and
both axes can be placed shifted within the XY plane. Further, the
same can be it flendt AéDendodi 4ekt) alsmpect(iMeGy Fordaspcns! drcdder two
system shown in FIGS. 25 and 26, the two_ 15 or four novenment scal es
(52A to 52D) MRS URERETS RS saRECONELapilyl CdGERTRECEf 6P BRamPrement

] low th | i . and di ng th
espact i ve. | GRS RGeS F EEL oS ¢ HAd angth L hlors 88 dotRieg g e
idth of th iff i on .grat.i ' t i

\(Mdi arre? er) g@ )%Irsf molgfgﬁe\?\p'slg{et%hfa%g%%dg%%%}*%\?énreggg{}e}r%zlg Iat%‘ﬁes of the
entire arga RfrdhenfBy¥earBhe Ll kEH (IS IER d2NIENe Pl ML O eRtid9R 1y

WST during exposure operation of wafer W(in other words, during
scanni ng expeRisceitfeddl hntihe: $helomisepsss €aTs diepdribiri t{deasueeion
bean) does not nove off the correspondi ng 25 novenent scale

(di ffractionogreatatign desatrilssd aar lumreasiiraloed tratees dissi cavoi dedkhe
Further, in the encoder systemshown in FIGS. 25 and 26, the three

or six head IidELiqyeramglagDR)e degr eIt apGs eXabpt elineay wgiceder
head, or a wunit _having a plurality of heads _that are_al nost .
seam essly 1669 BRF IHyEr HokiEy 1S A tHE BAREBdet s/t BriHiowh codncide

A R R U IR R
I'ongi tudi nal dj reGtd on, FWIRErIIEL . Jh reach head iidted B8 thin the xy
plane. Further, the same can be said for the embodiment above
(FIG. 3).
In the encoecder system shown in FIGS. 25 and 26, the two
15 or four movement scales {52A to 52D) are made cof the same
material (such as, for example, ceramics or low thermal
expansion glass), and regarding the respective longitudinal
directions, the length {corresponding to the width of the
diffraction grating) is set longer than the size {(diameter)
20 of wafer W so that the length covers at least the entire area
of the movement strokes (movement range) of wafer stage WST
during exposure operation of wafer W {in other words, during
scanning exposure of all the shot areas, each head unit
(measurement beam) does not move off the corresponding
25 movement scale (diffraction grating), that is, an
unmeasurable state is avoided). Further, in the encoder
system shown in FIGS. 25 and 26, the three or six head units
(46A to 46Dz) can each be, for example, a single head, or a

unit having a plurality of heads that are almost seamlessly



5 plurality of heads are placed at a distance so that adjacent two
heads of the plurality of heads do not go astray fromthe
correspondi ng novenent scale (diffraction grating), or in other
words, at a distance around the same or smaller than the formation
range of the diffraction gratings in the1t0 direction orthogonal to
the |l ongitudinal direction (disposal direction of the diffraction
gratings) of the novenent scale., Further, the Iength gforrespondlng

to tEe get e_ct"’lrd‘"rf’”}%e fveste it ftrréf’lctqf‘tﬁi’cbar%tﬁ : chaie Jﬂ"lrFé@Sor 25
the same ?Jg'vteaism(lé lPa‘Pagﬁ%%% e VSR SEPskes DrraRter < dads

WST so t hat aq_q;g gg% i
novenment st rtf) s (nove mant range)EL vva%%ng%gac{e u?glln%rnixposure

operation of l\@ﬁfgeirtdét'l(ﬂﬂ o e twends, FQHEh@QméE@”E:P%a%PHéHB%nPE the
all the shot areas, each head unit (neasurenent beam does 20 not

move of f She mmﬁaaslpgnmfngeadsematpmcﬁ diaf isebhes sgratdt@diacent
that is, an unnmeasurable state is avoided). Further, in the exposure

appar at us equivspeeadist bf ttee ericuddri gy sifehestiowto imptFhGSa s 2Bapnit @6 the
calibration operation (the first to third calibration operation
previously 25FERENBEHINT SFORRA RFalfe CHrffaadtden wimtiadlon wf in

t he measurenent vaIu of _each, encoder formed exactly the
same as in eg’g’ r &ué FHEENA l?dﬁar‘rﬁ’({ CerfédePTsPeiddrhsr than

h FI G t f
Tnstance, tehg%r?oer}ﬁi% e"?l"bf%glé‘%o%ts. 5 e R e e 48 dmte i n
the |0n91@Umdﬁ?edﬁﬂﬁ?Ek@Ho?%néﬁtt§Qjﬁb% n%EEuSQHanddﬁ&ﬁ:ﬂ%Yq%ﬁgbosal

scal e coincides wth the correspondi ng uni t
movenent scaldg desdedrithd @Qf@r&@i@n fgriechyon oot nbheoFiddiacidaan .

grating (the direction orthogonal to the

Further, the length (corresponding to the detection range of
the diffraction gratings) of the three or six head units (46A
to 46D;) in the longitudinal direction is set to the same level
15 or larger than the movement strokes of wafer stage WST so that
the length covers at least the entire area of the movement
strokes (movement range) of wafer stage WST during exposure
operation of wafer W (in other words, during scanning exposure
of all the shot areas, each head unit (measurement beam) does
20 not move off the corresponding movement scale (diffraction

grating), that is, an unmeasurable state is avoided).
Further, in the exposure apparatus equipped with the
encoder system shown in FIGS. 25 and 26, calibration operation

(the first to third calibration operation previously
25 described) for deciding the correction information of the
measurement values of each encoder is performed exactly the
same as in exposure apparatus 100 {including the encoder system

shown in FIG. 3) in the embodiment above. In this case, for

instance, in each encoder, the position of the movement scale



5 longitudinal direction) by a distance around the sane |evel, or
nore than the width of the novenent scale. Furthernore, after the
novenment scale is noved in the longitudinal direction by a distance
around the sane | evel as the magnitude of the neasurenent beamin

one head of the head units, the novenent 1Q0 scale is noved simlarly
in the disposal direction of the diffraction grating, by a distance
around the sane _level , qor. nore than the width of the npvenment scale
e of nat ter - & hederat s Resc ALDBa tabBVES: SoF cRBat AT yoHarast i The
until the  otpefognd dlodie Imyemenl. saqhe ol neldes WN e fieadn: ¢
unit. 15 Then, base oné¥%e measur enent val ues Of the encoder d

obtai ned by J sndhiMe aRdehRe NBasUE %@ﬂ&v&@!ﬂ?%h_@fdféﬁoé"%‘_ Sirection
interferoneter that has the sane neasurenent direction as the

encoder, the grorhectigfirbatoomaliraninf (Hee eiLpsericanbtodgweided the
In this case, wafer stage WST was driven so as to 20 cover the range
in the | ohgi tlwdigidluddirredctiiorcthiene bptd ddrdsnoaf arbendoviessdnsdatvel,
coincides with the corresponding head unit, however, the present

i nvention i s 9fofmarieniched thet Width ahdthefreevenene s ean Foe tiheirwere,
for exanple, in the range in the |ongitudinal direction where wafer,
stage WST i s 3fhPedtNOBIOYEFERG TXHbR ard Ot abitdie bpnehbudarat dipgctien
enbodi ment and the.mdified_exa s described. above ositio

control of rg?ﬁgl lgggﬁgeRé%ogﬁgpkﬁ?e?a@?a BV ET® QQﬁﬁﬂé%tﬁﬁ rge
only the enc AN AR o 2 2 r.eyiousl

descri bed du?%%fugkpogﬁiggéggﬁgt?%n1%%%§cbfﬁﬂﬁeﬁ%% e?ﬂi ngﬁﬁfn%§ﬁ§$nt

if the cahi brsalilen i@PeAHOR i AN 1GUSIY RS GihRd (1eshed@iloh W the
short-termcalibration operation) is perforned, there may be a case
when at | eastdifd raartticef gtthe ipesi biyonali stdmyenairioand Bhéheante adselgndr

axis mcre than the width of the movement scale. Hereinafter, the
operation described above is repeatedly performed until the
other end of the movement scale coincides with the head unit.
15 Then, based on the measurement valuss of the encoder obtained

by this drive and the measurement values of the wafer
interferometer that has the same measurement direction as the
encoder, the correction information of the encoder can be
decided. In this case, wafer stage WST was driven so as to
20 cover the range in the longitudinal direction where both ends
of the movement scale coincides with the corresponding head
unit, however, the present invention is not limited to this,
and wafer stage WST can be driven, for example, in the range
in the longitudinal direction where wafer stage WST is moved

25 during exposure operation of the wafer.

In the embodiment and the modified examples described
above, position control of reticle stage RST and wafer stage

WST was performed using only the encoder system (FIGS. 2, 3,

25, and 26) previously described during exposure operation



5 directions and the rotational information in the 8z direction
necessary for the position control referred to above cannot be
obt ai ned during the exposure operation since problens such as the
positi on becom ng unneasurabl e, the neasurenent accuracy exceeding
an all onabl e range and the |ike occur fot020 sone reason (such as
forei gn substances adhering on the novenent scale, positional shift
of the novene cale, . tilt of the head u

Cel ecent 11 ol B (073 HESdud HRNEYS ai SEFALhehiSoP "L RE- R4 ereRPegaklen
in the Z-ax %fge' RO acCLOT. iy 96L100: 01100000 d.8 LiGUE188EL e son

exceedi ng an range a I nce e enco

system shown odd}akliGH) %sa@@r%@19@¥? O L RGNS o Eﬁ%ep%%b%!%% least
control described above can be perforned even if a problemoccurs in

one encoder, shpaevest tHhe pheiencaderisystrat 560OWh theFkGoxis Zrand-3%xis
if a problen1occurs in one encoder, then the position 20 control
above canbhot dieguerifcorsnedd Herefartéonial ihEoexpdsoheaphardd direation
first drive node that uses the positional information neasured by

t he encoder n§§§@@ﬁﬁﬁ?é@ﬁoﬁ@ﬁypgéébiPhe@o%hﬁoh.%%@Qﬁﬁﬁﬁﬁﬂwé¢WWﬁeCﬁﬁ@Pt

uses the posi tlonal i rmati on neasured by the interferoneter
system previ PHTALRE 4%&? Bﬁﬁ%ﬁpiﬁﬁ%éﬁﬁﬁagﬁﬂTthFﬁém?Rﬁ§W%§uCh

oper ati on. - TRSN tm%d%%s;ang o PR AN THER AT (BRI SEeret
the posi ti onaldyatex E:b@@dhﬂgt%ﬁ A5 Ao YK HhECBLEONE AN o0

the rotational |nfo tioni1n’t Oz 103 direction necessary for t

positi om@ontsiile refethed sh@naReVY & o reanRols e teRiisnednay nORFE fthe
during the exposure operation or the I'ike, the first drive node is

preferably swotvehethtt ecailbe sesbintomkl vhinftide fantethevq@osht imale, tilt
control of the reticle
of the head unit or loss of telecentricity in the head unit,
displacement of the movement scale in the Z-axis direction
(the direction orthogonal to the surface) exceeding an
15 allowable range and the like). Since the encoder system shown
in FIGS. 3 and 26 have four encoders, the position control
described above can be performed even if a problem occurs in
one encoder, however, in the encoder system shown in FIGS.
2 and 25, 1f a problem occurs in one encoder, then the position
20 control above cannot be performed.

Therefore, in the exposure apparatus, a first drive mode
that uses the positional information measured by the encoder
system previously described and a second drive mode that uses
the positional information measured by the interferometer

25 system previously described should be prepared, and in the
setting, the first drive mode is to be used normally during
exposure operation. Then, for example, in the case when at

least a part of the positiconal information in the X-axis and

Y-axis directions and the rotational information irn the 8z



5 stage or wafer stage is to be perforned in the second drive node.
Furthernore, a third node that uses at |least a part of the
positional information neasured by the encoder system previously
described and at |least a part of the positional information neasured
by the interferoneter system previously 103descri bed together can

al so be prepared, and the position <control of the reticle stage or

the wafer stage can be perfornmed. usjng one of the second and the
third drive HOGRRCT 1M RESES SBF VI NEPEMOT: - 4n BRI EO Mt e HiRsl to above

sw t chi ng of first driv e he second drive node (or.to..
the third drf%%ﬁﬁ%ﬁéfaf%tﬁé ﬁg?ggynégg e6n$§r%%gtﬁh9t§§ﬁg%%re§>53&F&on

operation, and. e lsi‘Met,Ct&&u'%gfgégtbﬁrﬁ%fﬂ&s%diéiﬂé@éf&b%”:}éﬁ%&%é’&frto

operations (such as for exanp nmeasur enent operation as

al i gnment  andtHdgelcioke) dr Fuetiels andl the REHEri OPIAidNSor the r@dele
does not have to be set to the first drive nobde in 20 advance, and

ot her drive nooes (fmwaeanplegeotne todeeopethiermsécomdlendddund drive
drive nodes) can be set instead of the first drive node. In such a
case, for examsle, WHekhgrmereoeraddtind nodier thgtt heepasi tlieastcomant of
of the stage by the other drive node, the node can be switched to a

di fferent nodd'§ MRS AR e, 1B HIFE IRTh e HTHE DILY Hd'S &BIRPSh FYstem
third drive nodes, or. th first drive de) Furthernore, .the drive
mode can be ﬁﬁﬁyl%ﬂﬁ%¥néﬁﬁ%§%ﬂﬁqrﬁ?QFﬁgtaﬁg%ﬁiﬁnPﬁﬁql tin Rpe tional
exposure operat| | i t iLLi.e :
descri bed 10?ILr?£ta Igr{v&ét,l({}hégggggg_ﬁg%%eenﬁggggr@%ggg\g\l/t\%gr%Y%%%Wd‘%%wwly
switchi ngo ORRSAMbPf I8 RAsidd P IRARY a¥S! &Ad e position

measur enent values of interferoneters 18X1 and 18Y are carried over
to encoders adcl SORMS tet i vbt e agleage tWETvd SesHspeadecth b@performed
using one of the second and the third drive modes, instead
of using the first drivemode. The switchingof the first drive
mode to the second drive mode {(or to the third drive mode)
15 1is not limited only to the time of exposure operation, and
the switching can be performed similarly during other
operations (such as for example, measurement operation as in
alignment and the like). Further, in the other operations,
the mode does not have to be set to the first drive mode in
20 advance, and other drive modes (for example, one mode of the
second and third drive modes} can be set instead of the first
drive mode. 1In such a case, for example, when an exrror occurs
during the position control of the stage by the other drive
mode, the mode can be switched to adifferent mode (for example,
25 the other mode of the second and third drive modes, or the
first drive mode). Furthermore, the drive mode can be made
selectable during the operation other than the exposure

operation.

In the embodiment and the modified examples described



5 a predetermned tine until the short-termvariation caused by air
fluctuation (tenperature fluctuation of air) of the neasurenent
values of interferoneters 18X1 and 18Y falls to a level that can be
i gnored due to an averaging effect. The present invention, however,
is not limted to this, and for 10 exanplé4 the sane operation as the
second calibration previously described can be perforned and the

t I f interf ters, 18X1 .an 8Y can be carrije
reasur ement 4SS ol L ke oTeLer s, e and S can be sarid e
has be_en obt gi dihd B%ﬂ% I?Jrs%tt'l%[ﬁmgé:'élﬁ)grﬁe {@?/ssc\@n{[,cgfqggne]a% rement
operation of t'he position neasurement Sys en1d%es not necessarﬁ1y

have to be perdnided s Mie specdddicatd gt ,hendpas! | iaQ@alfair'}fi%'a”f%tvie&mto

of the alignnent marks on wafer Wand the fiducial marks on wafer
stage WST carerhedeeas B0l wWsidup aldegniiifies L8 AP and sfinded for
interferoneter system (18X2 and 20 18Y), as well as the positional
informati bn of prtwldigucirad tmErk sirdn wafter s$tcage- 48T usimig i caused
reticle alignment system and the encoder system and based on the

posi tional i Afbradet ifdhctysgsian of emmnadiunst Rl twertarors tadfg et ican dfe the
performed by the encoder system_ 25 Further, in the_enbodi nent_and
the nodifi ed eI ELN e qe&e&fa%‘&@}’f@ﬁé’m@é?éShégXbe@%ﬁd]&%rﬁa&écﬁ to

her e the Sy allctes,wl Lehod. TAOILINE dt Ll eporeter 1.t hee eocody,

as the smﬁté%lng operation o pé% n

hovever, the Jrasent iiRveALIAN hewRQkd | It gdet Plﬁlbiﬁ% ’Ifgrtﬂloé,t aalnldecfor

exanpl e, in the case such as when alignment system I ns .
at a posibi oreguffliesi atd AR Jd e RI0jLCtHHRN d8Hdnd R4 iWH ts

simlar to head units 46A to 46D should be arranged also in the area

wher e the al ipgrmentusdperdddcanibesi ngan be performed and the measurement
values of interferometers 18%; and 18Y can be carried over to
encoders 50A to 50D, based on the low order component that
has been obtained in the calibration. Further, the switching

15 operation of the position measurement system does not
necessarily have to be performed. More specifically, the
positional information of the alignment marks on wafer W and
the fiducial marks on wafer stage WST can be measured using
alignment system ALG and wafer interferometer system (18X; and

20 18Y), as well as the positional information of the fiducial
marks on wafer stage WST using the reticle alignment system
and the encoder system, and based on the positional information,
position control of the wafer stage can be performed by the
encoder system.

25 Further, in the embodiment and the modified examples
described above, the case has been described where the system
was switched from the interferometer to the encoder as the
switching operation of the position measurement system,

however, the present invention is not limited to this. For



5 alignment system ALGis to be perfornmed, in the shape of a «cross
with alignment system ALG in the center. Then, an origin is set for
each of the novenent scales 44A to 44 D, and on wafer alignnment such
as EGA, the positional information of each alignnent mark on wafer W
that uses an origin of a coordinate 10 sy8bem (that is, the point set
by the origins of novenent scales 44A to 44D) set by the conbination

of nmovenent scal es 44A t 44D as a reference i s detected using _the
head units afd iR ent S RS S LTS Sy Shd SJtl’r%H“ethssé‘/os A s

detect]on esildn i BERISHEEM BRd G AL QN 68D B8 PELLOLIPHR Oni e

as to obtain ative p |onal area

wi th respect py,0 HR) QUi N srl%qr,—,{leckc; qleaatzp\{%ueéﬁ m SFagh Hbuld be
exposure, detectlng the origin using encoders 50A to 50D, each

shot area cmf@mgmvadsbom hheaagekerigd O net alt bAleRBShte L fOF using
exposure using the relative positional information of each 20 shot
area W t hSr especinmentt heey sorangiALY efsertree bet peatfowmed,n it Hile casge of a
since position drift between the head and projection wunit

PU al i gnment SSipsseri AR @ ldlgwapdcoetemALlér Fpitheatgetert Then, an origin

preferable tﬁﬁperforn1callbr§t|on on the positional shift. In
enbodi nent ardd FRE HRIIPAS W@é’eH%‘Er?%]oesfélAaE%\/ﬂe‘lDfpéyit‘?%Nafer

| of | f d
U1 ng. expos d BHET L oS A BT L VIR cMesaae S gy each
previously desarihed { FLER- og’wﬁerz% aﬁgg udbd a&@ﬁ@%@ﬁ Lhe, Q:ga%r[o‘]l?l%te

control of the stages using the enco systemis n lTmte

during exposwetere(ehhon.s, 100 pRRGthast dos b Ngi hBQ EXBPSHERL scales
operation, for exanple, in the detection operation of the reticle

al i gnment mardésy ap £he) sef &ende wankd nam ibeat bEl ecséagat ReJalss NYiA to
the reticle alignnment system or in the reticle exchange operation,

44D as a reference is detected using the head units and movement

scales 44A to 44D, and then, based on the detection results,

a predetermined calculation can be performed so as to obtain

15 relative positiocnal information of each shot area with respect

to the origin referred to above. In this case, on exposure,

by detecting the crigin using encoders 50A to 50D, each shot

area can be moved to the acceleration starting position for

exposure using the relative positional information of each

20 shot area with respect to the origin referred to above. 1In

this case, since positiondrift between the head and projection

unit PU/alignment system ALG also becomes an error cause, it

is preferable to perform calibration on the positional shift.

In the embodiment and the modified examples described

25 above, position control of reticle stage RST and wafer stage

WST was performed during exposure operation of the wafer using

the encoder system previously described (FIGS. 2, 3, 25, and

26), however the position control of the stages using the

encoder system is not limited only during exposure operation,



5 position control of reticle stage RST can be performed using the
encoder systemshown in FIG 2. Simlarly, for exanple, in the
detection operation of the alignnent marks of wafer Wusing

al i gnnent system ALG or in the wafer exchange operation, position
control of wafer stage WST can be perfor#®@ 10 using the encoder
system shown in FIGS. 3, 25, and 26 In this case, as a matter of

T e e ild BUANAPAALR e (iba il f?'éo%gfﬁc&?@ﬁrgﬁe Hip1E) in
previously %Hb'@@@t&gh%ﬁ%r %or I(%G)et I d %%s fo Wg#ﬁ%k? fine

the 15 alignnment marks o ucr a er’s

WET using al irgimsiindy staMAldn e idurd ng dhe r@isqt%ﬂquﬁ e ﬂéﬁcle

fiducial marks on wafer stage WST using the reticle i gnnment

system it i siprefereablsydtent aker iint cronsitderiad iedehdrhe: rapeanganiton,
range of wafer stage WST during the detection 20 operation. It is

pref erabl e t @osdttitde cloafigol ¢6rret hebesitdge RSTt henl oagi¢nthmedd using
direction of each of the head units or to arrange head units
di fferent frdhesBRC6RTt ABShBRGSRANE SN dGvel-s %%%aé%ﬁbecﬁcaﬂ lgjgample,

during the mark tectlo eratlon Operform&*d en the waf sta
is noved to tfie &‘F&‘r}t nzé’pﬁdfﬁ &h °5f S @ﬁﬁ@ g’é@ﬁr
of the head s 4% %GCD q e t ve a

%n Iﬁﬁﬁg ?g#?tg% %.%h by o RS an%§

t he correspondlng ane Scal i on gra i'ngs

t he S'tuat'%@é@%@ﬂ%&f%bﬁ@%@&%%ﬁﬁﬂ&oﬁ%&@Qa%@? ﬁ§T§%§¥ erformed
becones unneasurabl e and t he position control of the wafer st age

is cut off i msavel €86 .edabddiekystBmt StowEase DfGS'.Sl?J)92Bh€érﬁﬁQ€derEn this
system previously described (FI GS. 3, 25, and 26) at the wafer
exchange posickisen @isnel ndingradvf| eastsonetlod dvhiecdiniath ngperation of the
position measurement system will not be required.
In the case of using the encoder system previously
described (FIGS. 3, 25, and 26), during the detection of the
15 alignment marks on wafer W or fiducial marks on wafer stage
WST using alignment system ALG, or during the detection of
the fiducial marks on wafer stage WST using the reticle
alignment system, it is preferable to take into consideration
the movement range of wafer stage WST during the detection
20 operation. It is preferable to set the length (or placement)
in the longitudinal direction of each of the head units or
to arrange head units different from each of the head units
above, so that especially during the mark detection operation
performed when the wafer stage 1s moved to the measurement
25 position of alignment system ALG, each of the head units (46A
to 46D, 46A to 46D;) does not move away from the corresponding
movement scales (diffraction gratings), that is, the

situation where the measurement using the encoder system

becomes unmeasurable and the position control of the wafer



5 position and the unloading position), or during the novenent from
one point to the other between the wafer exchange position and the
exposure position where transfer of the reticle pattern is perforned
via projection optical systemPL or to the nmeasurenent position
where mark detection by alignnment systeml40 ALGis perforned, it is
preferable to simlarly take into consideration the novenent range

of wafer sta WST .at t he f.er exchange position and during wafer
exchange ope%%ﬁQ§Lls éﬁ%zfgﬂgéfsfﬁgnﬁﬁﬁgenent and the | ength each of

the head units or ggarrange head unit %fdhfsf-%;qe%ef QD8N rsrgfﬁgzgﬁle

head units 15 above, so that the situation ere thHe neasure

using the enRGRAAL YS! FBNRAGHRS UNIRASW able antd) e RASidHONafer
control of the wafer stage is cut off is avoided. Furthernore, even

i N an exposufexchpparaipes iy drhe ilndlnd iwaf et Sieage meihod il 1eaming
perform exposure operation and 20 measurenent operation (for

exanpl e, Par bogdttecti endbiyhanral dagghimenrosydtiom) ,sabsdentnalthe movement
parall el using two wafer stages whose details are disclosed in, for
exanpl e, Kok&iroM Jap&redd thdkgne hledr patasenripe Wvedeirepgcinge position
10-214783 and _the corresponding U S. Patent No. 6,341,007, ,and in

the 25 panphPEe Dre FREEHEEI R BUbMPEAE G VD 4815 Bkl ¢ hepattern

correspondi ng U_S. . Y/ i i ke, itio

control of egghp§%?gg&§%g§§%b %bﬁg%%éggbgﬁg&cugiﬁgﬁgﬁgpgﬁbg e%o the
system previ I il ; : j
appropriatel3Q§§¥¥?%§§?hg§%%g£%§§%¥§§%§éfﬁgﬂ%§%§%ﬁni%g‘gggiﬁm%?§?Hgng

head uni1@ netconlsy pdHfidichelX PATUMS QREITAHAN bl ASAaGUR RGike into
measur enent operation, it becomes possible to performposition

control of eaohsialfcertstongdhes mayatiee teneoder o fsysifem praveoWsity at the
described (FIGS. 3, 25, and 26) w thout any
wafer exchange position and during wafer exchange operation,
and to set the placement and the length each of the head units
or to arrange head units different from each of the head units
15 above, so that the situation where the measurement using the
encoder system becomes unmeasurable and the position control
of the wafer stage is cut off is avoided.
Furthermore, even in an exposure apparatus by the twin
wafer stage method that can perform exposure operation and
20 measurement operation {(for example, mark detection by an
alignment system) substantially in parallel using two wafer
stages whose details are disclosed in, for example, Kokai
(Japanese Unexamined Patent Publication) No. 10-214783 and
the corresponding U.S. Patent No. 6,341,007, and in the
25 pamphlet of International Publication W098/40791 and the
corresponding U.S. Patent No. 6,262,796 and the 1ike, position
control of each wafer stage can be performed using the encoder

system previously described {(FIGS. 3, 25, and 26). In this

case, by appropriately setting the placement and the length



5 changes. However, head units that can be used during the

measur enent operation separate fromthe head units previously
descri bed (46A to 46D, and 54A to 54D2) can al so be arranged. For
exanpl e, four head units can be arranged in the shape of a cross
with alignnment system ALG in the center, 188d during 10 the

measur enent operati on above, positional information of each wafer

stage WST can b asured using these head units and the i

cor r espondi ngearfgbg’%eﬁ?e?b%?(g_ém(%&?@AnPB ABEY T L RXPPEUEO R e Put
cxposur e SRR AL AR SO T N LB e <o
exposure operallQn.0f,a; Wahar-pwy ed 0 cl'?Qig\f%fr éﬁ%ct;ég%g_%gt-ﬁe encoder

conpl eted, then the wafer stage 1s exchanged so t er wafer

stage on whi gy dihen pextyivakey dédatibas Undsy.genes HpHdqdekechi omo@ndny
the like at the neasurenent position is placed at the exposure

posi tion. 520 dharideer., Hbeecweasuheaeniinaper ahkan cpear ber neddi Aupangl kek
with the exposure operation is not limted to mark detection of the
waf er by t he mdspmmmanisppesatlanddrstasrl fobm e headcombt s atbeoniously
with the mark detection, for exanple, detection of the_ surface

i nformati on (SSEIIRAG f{@P8nEe 467 ordsd iP4R) tefo4R8 €RB abferPe af rangsd.

he e or St Z58 GSrTE Eno Bt ORBFASYAL bind Ll SGPAAESL AR The shar® of

e

measur ement positjan, qf exsbange oSl LLon. apE Wi L, Lhe vaf er. stage ;g
n

is nmoved from one of the exposure position, measurene

posi ti 0Ny g and 1RXGRANGE ARMH Ik At PRIV POYdd i onldl IiHiformation of
preferable to performposition control of the wafer stage at each of

the positionsaabowe ferr ditbigegwsecARVBaBda $iISTEE LS "e IR Y E R s
unit (e.g. an interferoneter or an
and the corresponding movement scales {(46A to 46D, and 52A
to 52D). In the exposure apparatus by the twin wafer stage
method, two or four movement scales (FIGS. 3, 25, and 26) are
15 arranged, and when exposure operation of a wafer mounted on
one of the stages 1s completed, then the wafer stage is
exchanged so that the other wafer stage on which the next wafer
that has undergone mark detection and the like at the
measurement position is placed at the exposure position.
20 Further, the measurement operation performed in parallel with
the exposure operation is not limited to mark detection of
the wafer by the alignment system, and instead of, or in
combination with the mark detection, for example, detection
of the surface information (level difference information) of
25 the wafer can slso be performed.
In the description above, when the position control of
the wafer stage using the encoder system is cut off at the

measurement position or exchange position, or while the wafer

stage is moved from one of the exposure position, measurement



5 encoder) separate fromthe encoder system Further, in the

enbodi mrent and the nodified exanples described above, as is

di sclosed in, for exanple, the panphlet of International Publication
W)2005/ 074014, the panphl et of International Publication

WD1999/ 23692, U.S. Patent No. 10 6,897,988%and the like, a

measur enent stage that has a neasurenent nenber (a reference mark, a

sensor and the l.i.ke can, be. arranged separate from,the waf.er stage, .
and during esrltle%(ndhéar%je e(%{pcglraé}q%r}?odsrletf e Itﬂ<éa,not & mEAS it AR

stage can be ,.exchanged .y %?r%g{ﬂﬁ?%ft%ﬁ%%lb%fp‘ﬂﬁg LALEeGldde at

under 15 pr(?j ection optic L so as to neasure the

characteri sticzseipfoft keSO BP RIS K ukidd&hd TR IMNG ng
characteristics of the projection optical system (such as wavefront

aberration), galtdrdw atdazurateartactrat std.cs afn iddtsd fatdnertdd ght drl,
and the like) In 20 this case, novenent scales can al so be placed on
the measr emertodsiriges ermtd tchd positioreromdan|sywftarhe measur enent
stage can be perfornmed using the encoder system previously

descri bed. Further FUdfiehg the t&epsitodigsatatingn toe fReifigreexamples

ted th f, tage, the.neasurenment .stage is 25 w t hdrawn
o predet or m MEF TN SROWRert 16 UGS GRAC 1Pntke T ERETREN tHo ATIRGL St

stage, and he FRISUSERNL 5! 80814 84t BoRYEOBE) Yo L NI MINANANE) o f

position and thé exposure posi erefore; Wi

pPoSi tion or GG £:henIORRRL R A PASIAIan t ¢ tdhe Qiher: No .
between the withdrawal 110 position and the exposure position, it is

preferable t@,t5ake 9Nt ats danad,i on s Ui ts daaroe eft the =
measurenent stage as in the case of the wafer stage, and to set the
pl acenent ameashe dremgt hepael 08 tabeheack urtls ar sensarramgetheddke)
units can be arranged separate from the wafer stage, and during wafer
exchange operation or the like, the measurement stage can be
exchanged with the wafer stage and be placed directly under
15 projection optical system PL sc as to measure the
characteristics of the exposure apparatus (e.g. the
image-forming characteristics of the projection optical
system (such as wavefront aberration), polarization
characteristics of illumination iight IL, and the like). 1In
20 this case, movement scales can also be placed on the
measurement stage, and the position conitrol of the measurement
stage can be performed using the enceoder system previously
described. Further, during the exposure operation of the
wafer mounted on the wafer stage, the measurement stage is
25 withdrawn to a predetermined position where it does not
interfere with the wafer stage, and the measurement stage is
to move between this withdrawal position and the exposure

position. Therefore, at the withdrawal position or during the

movement from one position to the other between the withdrawal



5 different fromeach of the head units above, so that the situation
where the nmeasurenent using the encoder system beconmes unneasurabl e
and the position control of the neasurenent stage is cut off is
avoi ded. O, when the position control of the neasurenent stage by
t he encoder systemis cut 10 off at the Wi@hdrawal position or during
the novenent, it is preferable to performposition control of the
measurenment st age u5|n% ggother nmeasur e

C

i nterferonet &S or*%h? 8r§*Bepar atd § n%%%ﬁPhé %80@5??§§§?%ﬁhto take
hover t or endfsf 889%&5’(89 £ 208 £HenDdRLL e L SHRADE e Ao SEPERLDE S cage

above, for ex ependi ng on t e Size o roy ection uni

di stance bet\@@e&nt h’s@lep@'arseof)fhﬁﬁg HREES s@é@@n%ﬁd% endi ng,d Ea;ztaf&%ment
sane direction has to be increased, which coul d cause one unit of

the pair of heatithsilsndth ranvg o8vielye fiveam theteosr espandinge MYVLIRME s
scal e during the scanning 20 exposure of a specific shot area on

waf er W Suchllidsferfamt faxammash @SHite dresal lwoddtse dibarve, hes couthertnogte
periphery. For instance, when projection unit PU beconmes a little
larger in FIsGtugtigm t"’rli@rﬁaltrh%ﬁ“q‘?éaidf@mﬁrtts UGB rtd 4 6DCasEad Susiten

46B may nov fromthe corresponding novenent scal e 44B, 25
Fur t her nor e, % é%é’lsi quE S e‘or‘l—"ncc{/‘| BRSSO T A HUs O% HAYE has

liquid (e.qg. %f@% 'tg{%ég%g ié%@' B Lhe spa%@ bfhep051tlon

proj ection optic sys and"t WhoSe defal

di scl osed in, [ BX i L t
099/ 49504, tcr?gﬁp)rgﬁ‘p%%@%fﬁ%w i nseres ﬁ{eg%?lgga%ongy%éﬁ% At

W02004/ 06895 (it Be €RErespRMeingl 343t Rat et dArRhiycaht oo A€ation 5
2005/ 0252506), U.S. Patent No. 6,952,253, European Patent

Appl i cation @ﬂ@ﬁanmhhm1td«paﬂﬂﬁﬁﬂ@&sﬂﬂﬂqunqﬂﬂnﬁl(ﬁfrmmﬁmnmmum@Ment
Publ i cation stage using another measurement unit {(e.g. an interferometer
or an encoder) separate from the encoder system.
Further, in the embodiment and the modified examples
15 descxibed above, for example, depending on the size of
projection unit PU, the distance between the pair of head units
arranged extending in the same direction has to be increased,
which could cause one unit of the pair of head units to move
away from the corresponding movement scale during the scanning
20 exposure of a specific shot area on wafer W, such as, for
example, a shot area located on the outermost periphery. For
instance, when projection unit PU becomes a little larger in
FIG. 3, of the pair of head units 46B and 46D, head unit 46B
may move away from the corresponding movement scale 44B.
25 Furthermore, in a liquid immersion type exposure apparatus
that has liquid (e.g. pure water or the like) filled in the
space between projection optical system PL and the wafer whose

details are disclosed in, for example, the pamphlet of

International Publication W099/49504, the pamphlet of



5 W)2004/ 055803, the panphlet of International Publication

W)2004/ 057590, U.S. Patent Application Publication 2006/0231206,

U. S. Patent Application Publication 2005/0280791 and the |ike, since
a nozzle menber for supplying the liquid is arranged surroundi ng
projection unit PU, it 10 becones nore ditficult to place the head
units close to the exposure area previously described of projection

optical syst PL._ .Theref |n t.he gﬂﬁﬂﬂf wn in F

3 and 26, theleqrpve\ornpaotsil I%aglngEly tf‘?'acfr} eac{(q‘s%rsgtﬁﬁq}%é:or%eﬁ@dmg
and Y-axis dhf%§tl§%F% - 1% t

at all tinmes, and e en?%ﬁﬁ%-§§§§§ﬁﬁ?géﬁgg¥gﬁf§,5b¢§3¢; n|t) égn
be confi gur ed8@rdthal. taym 03147 OEakopéQfm(Ifé@stdtOﬂpﬁ:LHE@%ﬁqiﬂkﬁz'détlon
one of the X-axis and Y-axis directions and one posi ti onal

information i .mMEAA0ZHS e tite dampriidteroDfIdthe netaddrss larmhiold-iaxd tsion
directions. That is, in 20 the position control of the wafer stage

(or the neasWOsEHt/ 0518 e) e trmricodert sirsteema ttie alwo yiisii ¢ wimad
information each for both the X-axis and Y-axis directions, which is

a total of FEHOYIAYT i qrﬁorP@Q%AMWOmWQ%PH have
b d. E 25 t

b s shown BYAE2H G0 et T AR el S e W on

the upper surfife Rl dRieh.gtage Bl {lodalel, | able, Kk e 9F RB1ving

made of gl ass, scal'e patiérn’ can e arrange

glass. O, thgnafy 1tC?Q.searcraé?1dQ§j @&%&Iﬁ@%fdj@éﬂ%d 'Lﬂﬁtd PU, it

I Mrer si on exposure appar at us equi pped wth a wafer stage (
measur eneot $HerR@ejes t—daﬁfe bag rtikhe 1RO e mhcécah@Shé@dtmmg@rﬁo the

and the nodified exanples described above (FIGS. 3, 25, and 26), it
i's preferablexposurer mreed ippevd auepet [deetcfided arf (e jsotfiaee aftical
system PL. Therefore, in the encoder system shown in FIGS.
3 and 26, the two positional information each for both the
X-axis and Y-axis directions does not necessarily have to be
15 measurable at all times, and the encoder system {especially
the head unit) can be configured so that two positional
information is measurable in one of the X-axis and Y-axis
directions and one positional information is measurable in
the other of the X-axis and Y-axis directions. That is, in
2C the position control cof the wafer stage (or the measurement
stage) by the encoder system, the two positional information
each for both the X-axis and Y-axis directiocns, which is a
total of four positional information, does not necessarily
have to be used. Further, in the liquid immersion exposure
25 apparatus, as is shown in FIG. 27, for example, a liguid
repelient plate WRP on the upper surface of wafer stage WST
{or wafer table WTB) can be made of glass, and the scale pattern

can be arranged directly on the glass. Or, the wafer table

can be made of glass. In the liquid immersion exposure



5 the novenent scal es. Wen taking into consideration the decrease in
size and weight and the |ike of wafer stage WST, it is preferable to
pl ace the novenent scal es as cl ose as possible to wafer Won wafer
stage WST. However, when increasing the size of the 10 wafer stage is
acceptable, by increasing the size of théldafer stage as well as the
di stance of the pair of novenent scales placed facing each other,

h itjonal inf ' h_for both the X-axi d Y- axi
i rect ona. TR 'S 4 SEBLRP SO Yo BEet SN (PhrOFRAERbHIS o BEe)

constant|y maasur ﬁgsléq@ﬁo%saaht%al@s EE%@‘Q%H?%&H?%@ PRe HodiB ea

wafer. Further, 1nstead of Increasing the size o e waf'er 'stage,

for exanple, ey et S @ berasd angedb on 4he y@f eristage

so that a part of the novenent scale protrudes fromthe wafer stage,
or the novenenteSoaliElcan Herpl acktqoid thepuiert Fide oh the A0rfwderor
stage main section using an auxiliary plate on which at |east one
novenent Bcaltds imvameygettslesas to i ncrease the distance of the
pair of novenent scal es placed facing each other. Further, prior to
perform ng the posiftieéhtebnigolntyd coRsideradigget by dareraafpdarsize and

t f le, i i ef bl t the tjlt of _th
haad uni ta (419 10R B dbme i keg0 T KeToraxFaon| PoRt | bhyl® oA to
t he head i in.t it i h Lk
L of tel e are orBrRBE ehate bRy (R BbBRRils Her et tsm
neasur enent residt S é%@.@ﬁbb@%&?%}h@h Q?l%?cre'agggxg?%g%esize of the

Furthernore, for exanple, it is preferable to neasure
di spl acement «aifbtabhel §badi-ptbbarQupy Qfcddislrikenefsihe o fMeNe R

scale in the Z-axis direction (the direction
stage as well as the distance of the pair of movement scales
placed facing each other, the two positional information each
for both the X—-axis and ¥-axis directions, which is a total
of four positional information, can be constantly measured
15 at least during the exposure operation of the wafer. Further,
instead of increasing the size of the wafer stage, for example,
the movement scale can be arranged on the wafer stage so that
a part of the movement scale protrudes from the wafer stage,
or the movement scale can be placed on the outer side of the
20 wafer stage main section using an auxiliary plate on which
at least one movement scales is arranged so as to increase
the distance of the pair of movement scales placed facing each
other.
Further, prior to performing the position control of the
25 stage by the encoder system, for example, it is preferable
to measure the tilt of the head units (tilt with respect to
the Z-axis direction), disposal of the heads within the XY
plane (the position, distance or the like), tilt of

telecentricity of the heads, and the like, and to use the



5 perpendicular to the surface), and to use the neasurenent results
in the position control described above. The first to third

cal i bration operation described in the enbodi nent and the nodified
exanpl es above and the sequential calibration operation described
above can be 10 perforned separately, or ldppropriately conbined.
Further, during the position nmeasurenent by the encoder system and

the interferoneter systemin.the calibration operation, the, st

was noved at "X 0w ¥t ” e??'E%%EﬁFﬁgﬁﬁFlgﬁ&%ﬁ?ﬁoﬂe?grlhﬁﬁgﬁmve'
limted to thi ]ﬂ997 e ed 15 | evel . of
speed as durirb:lbgftt e s%:%’nisfr%g&%%iroeg’ ;%v%%%sﬁ%lpee@gitb%ﬁe u]ﬁ%etrlfe
in the enbodidqiyyl andndhe éﬁ%ﬁﬂ,e@h@(%%Bg%nt?QB\éﬁgtp&?' Eﬁ@nlfl%'té%'the

of the reticle stage and wafer stage "was performed using the encoder

system The micesamdnt nedltd om 2 ovweyes ,disedoton | Rediedticn

and for exanple, position control using the encoder system can be

per f or med>i n mrrafdicer dtd dle shagtecad, tdred viaf ersstdge , meaxhitament
the other stage, position control using the interferonmeter system

can be perf orafdt Ut Hergroras 16 ipn Heorersoldi Framr dirt teovidi fi ed 25

exanpl es above, th he%d uni%s og,the encoders were placed above the

reticle stage, ho Limgs hRabRkft S2 bFRPTRBLOR dkRfed bt Qe i RRE 4 »

bel ow the re\ttihC ﬁeerrﬁ%[o"%:gﬁ'ﬁer‘ll’t!~I a';nhc.l ISR edioj‘%ihf%gé)égag%nﬂ]tsesag?aoégeei_asﬁzt%oe to

be arranged on oWwer surtace  si

Furthernore, &é}@cmc@ﬂiwéédﬁ%gpét%gci%ﬁ%%bﬁ%&% g fied

exanpl es above (FIGS. 3, 25, an ura novenment

scal es (#4A e Hmea b dt@152D)oArdppaanh fds.d donma{&l. stagener,
WST, for exanple, by a suction
during the positicn measurement by the encoder system and the
interferometer system in the calibration operation, the stage
was moved at a low speed, however, the present invention is
not limited to this, and the stage can be moved at the same
15 level of speed as during the scanning exposure previously
described.

Further, in the embodiment and the modified examples
above, position control of the reticle stage and wafer stage
was performed using the encoder system. The present invention,

20 however, is not limited to this, and for example, position
control using the encoder system can be performed in one of
the reticle stage and the wafer stage, and in the other stage,
position control using the interferometer system can be
performed. Furthermore, in the embodiment and the modified

25 examples above, the head units of the encoders were placed
above the reticle stage, however, the head units of the
encoders can be placed below the reticle stage. 1In this case,
the movement scale is also to be arranged on the lower surface

side of the reticle stage.



5 mechani sm such as a vacuum chuck or a plate spring, however, the
novenent scal es can also be fixed, for exanple, by a screw clanp, or
the diffraction grating can be forned directly on the wafer stage.
Especially in the latter case, the diffraction grating can be forned
on the table where the wafer 10 hol der iL§4fornmed, or especially in
the liquid innersion exposure apparatus, the diffraction grating can

be formed on the i.d re Ient late. Furth oth reticle
stage RST and waf rqgﬁf %@ﬁ%@?eoﬁy ?%P?ﬁguﬂ?T?? %T?%Eand
grating is f i é?éﬁ e or e 5

descri bed ea0{| eqs |lrs1§lper&gféelgaa y con |gur > oéwg]t hAerrAr(ra 6%

expansi on mtﬁu@dllwefaﬁoeeﬁéﬁtcecéfeg R eeum@f a'i»r‘c!l@tztz\ to 52D) are
Corporation or the li'ke). Further, in or er to prevent he

measur ement  aeil atikdd o des;fr@:assﬂ”eg;eﬂuasﬂ o fof @mpsl@stk@nc&e%uctlon
adhesi on or contam nation, for exanple, at least 20 a coating can be
applied tb thecarfiare ssghasst @ womamn tdie:ckdiofrf raglaoa gpatiqyg horevar,
cover glass can be arranged. Furthernore, in both reticle stage RST
and wafer stdge NBYSNenkeserIes £ BASGroR itAFSRast eBrRE TS| Py dEpagw
substantially _ covering. the %ntrre surface,of each novenent scale in

the 25 Iongrfﬂ&ﬁﬁhIQﬁ BEt A frﬁSﬁéQ@rngBanx%ﬁ%IQF #Tﬁ@?ﬁfQ%QREQ%ﬁ1on
t te t tI d t
grating can qﬁ Q&ﬂ? g£ er m Egﬁe a%gégaag gaﬁ ural i éPe

areas, or eac ITDVEITEI’I'[ S e C

scales. In thg Jepda éﬂzﬁg% fcérb%eef'gﬂgém tﬂgdcépr?fe @g'rte'ﬁ%:lv]a%er

exanpl es above y in The encoder systemin case

was exenpbi fired adheries thamai,r of dmament tlaﬁcﬁi athe 4dRnang e Msied
for neasuring the position in the Y-axis rection and the pair of
novenent scaleepdiBcangpé4Btusedthe diffraction grating can be formed on
the liguid repellent plate. Further, in both reticle stage
RST and wafer stage WST, the member on which the diffraction
grating is feormed (including the movement scale or the like
15 described earlier) is preferably configured of a low thermal
expansilon material such as ceramics (e.g. Zerodur of Schott
Corporation or the like). Further, in order to prevent the
measurement accuracy from decreasing due to foreign
substances adhesion or contamination, for example, at least
20 a coating can be applied to the surface so as to cover the
diffraction grating, or a cover glass can be arranged.
Furthermore, in both reticle stage RST and wafer stage WST,
the diffraction grating was continuously formed substantially
covering the entire surface of each movement scale in the
25 longitudinzal direction, however, for example, the diffraction
grating can be formed intermittently, divided into a plurality
of areas, or each movement scale can be made up of a plurality

of scales.

In the encoder system of the embodiment and the modified



5 for nmeasuring the position in the X-axis direction are arranged on
waf er stage WST, and corresponding to the novenent scales, the pair

of head units 46A and 46C is arranged on one side and the other side
in the X-axis direction of projection optical systemPL and the pair
head units 46B and 46D is 10 arranged onlbhe side and the other side

in the Y-axis direction of projection optical system PL. However,

h t t nd  of t
44n "and- 44c TIPS, SREYEr FAGhe pos Ei DR ] RCRASY. ST o Pedon

and novenent §eal e« 4‘%%@%‘%%@1%%%% fufle ac%‘é mg::%%xl 2% RV Js%al%@ss

the X-axis direction | east one set o ment scales

a single unitqdmshrad @f ddedads n%rar@lq% %é@ﬁltﬁrﬁ% Wek YQfa;ﬁf
the pair of head units 46A and 46C and the pair head units 46B and

46D, at | eastdioretdein eihd hdichead runift snovedenhe staSigdgl4@BURINd 44D used
arranged instead of in pairs. The sane 20 can be said for the encoder
syst em shown dar F&utng Elet pesitiemenedteldandsdiinesttion & ne whirelmged
t he novenent scales are arranged and the extending direction in

whi ch the he&® BAFEE S&ree HTanged WEIRRONIIAT &0 thedrr Tinsigsralles,
direction as _.in the X-axis dlrectl%% and Y- s dlrectlon in the

enbodi nent  25%aBéVE. FulBRG Uik Aeﬁﬁ@dl Safd TeRE oA P&§ side
exanpl es %él%[ tth[éh S quration t%];e \9@- git ec%rl%qpt osjteerEn

isnot limte e one snown I n or exarrp

case of placipgiahead id =l $0d Rl 'p%'l’ferlﬁtea%y%ﬁmsllﬂ%l?; lngl 46D lS

(measurement position), the interferometer systemdoes not have
be equi pped wridnwaiesn ¥t egtermrehelothiPPsige imahery Xaxis dlrectlon

interferoneter 18X2 can be configured, for exanple, by a nulti-axis
i nterferonet ef ggojeatdfoer oy timtadr fsgrsarmet &L.. However, the present
invention is not limited to this, and of movement scales 444
and 44C used for measuring the position in the Y-~axis direction
and movement scales 44B and 44D used for measuring the position
15 in the X~axis direction, at least one set of the movement scales
can be a single unit instead of in pairs arranged on wafer
stage WST, or of the pair of head units 46A and 46C and the
pair head units 46B and 46D, at least one set of the head units
can be a single unit arranged instead of in pairs. The same
20 can be sald for the encoder system shown in FIG. 26. Further,
the extending direction in which the movement scales are
arranged and the extending direction in which the head units
are arranged are not limited to an orthogonal direction as
in the X-axis direction and Y-axis direction in the embodiment
25  above.
Further, in the embodiment and the modified examples
above, the configuration of wafer interferometer system 18

is not limited to the one shown in FIG. 3, and for example,

in the case of placing a head unit also in alignment system



5 18Y, and besides the X position of wafer stage WST, rotational
information (such as yawing and rolling) can be nmeasured. Further,
simlar to wafer X interferoneter 18X1, wafer Y interferoneter 18Y
can be a single-axis interferoneter, and wafer X interferonmeter 18Xl
can be a nulti-axis interferoneter 10 sihi®ar to wafer Y
interferoneter 18Y. The nulti-axis interferoneter can be configured

so that only n urabl 33 th rot.atio i nformation.
Furt her nor e, p}ﬁ@"‘ (I)I%e orem BRSNS P er St er tFE: 3&% TSR Wat & Syem does

i nterferonet %rot 18 EBebé”é {SIOITGHA, Gade C?H’Eégf'é? nSPek Lhﬁéxzt,h%r

15 rotati onal ormati on ne Ilnlte to one

pi tching) . m@teﬁ &% iwabererbierber 0uRl efas\sd eBnk8 pfrdd1e for example,
enbodi ment can enpl oy various configurations as long as at | east Fhe

positional infommabilen-erithénKeagesomatdeY-axistn wHiecty dntendetbieter
rotational information in the Oz direction 20 (yawi ng) can be

measur ed durildy -t Ardégrogiese tbpet @oisdt ioh ¢hevafigaf ekagkrii3he rotational
enbodi ment above, the case has been described where the present

i nvention waéneﬁ%maédotno EUSbaFi AgvWdtighgad rotddnsy e§@ﬁlt Hen WERSUaiee -

however, is Ilnlted this, and 25 it can be a to a statjc
exposur e appg' the SU@H -3 t§t§ & &@ﬁ%ﬁ}%ﬁ%&e lg ¥¢ BBeF

and the like, oy, ABAGUL er}gl%@ecgﬁs}%édé)%lqr%féqeaéi[&q t%r}f/gyo?r@ er, and

obj ect subjecCt 10 éxposure 'S foun an "énco genera dn

of position w@%&%%’ﬁ%@rf@ﬂo@c{eﬁze@%k c@hmd 5%%1%§§ﬂtg‘?‘cf@§@ﬁ%§gr
al nost 117 to zero, unlike when the p05|t|on of the stage is

neasur ed1 0 usisigitlke ikt eiafferovetien e dfwridiRrerbased onheonheet -00is
information for correcting the short-termvariation of the
measur enent \altees eglonietie remeadér woinig culredresas where i lyalyeesng is
measurable as the rotational information. Furthermore, in
one of wafer X interferometer 18X; and wafer Y interferometer
18Y, the interferometer can be configured so that the
15 rotational information measurable is limited to one (rolling
or pitching}. That is, wafer interferometer system 18 of the
embodiment can employ various configurations as long as at
least the positional information in the X-axis and Y-axis
direction and the rotational information in the 6z direction
20 (yawing) can be measured during the exposure operation of the
wafer.
In the embodiment above, the case has been described
where the present invention was applied to a scanning stepper.
The present invention, however, is notf limited to this, and
25 it can be applied to a static exposure apparatus such as a
stepper. Even in the case of a stepper and the like, by
measuring the position of the stage on which the object subject
to exposure ismounted using an encoder, generation of position

measurement errors due toair fluctuation can be reduced almost



5 of the interferonmeter and on the nmeasurenent val ues of the
encoder, it becones possible to set the position of the stage wth
hi gh precision, which makes it possible to transfer the reticle
pattern onto the object with high precision. Further, the present

i nvention can also be applied to a reductidn 10 projecti on exposure
apparatus by the step-and-stitch nmethod that nerges shot areas, an

tys. o i 7 L thod, .a_mi jecti,
al L gner or tHE AR e “Aee ST EA ol of "the eG) et o= ==
O ol | YT BTl £ SHROS R R 21 R Dbl CLaTBATLIERL 300K Coho

15 not limted to a reduction system an System may be erther an

equal magni f Vin¥h reiestien FHord dBAUIAING t3)ES @B tPHQIRC K200 a tARIH &3 the
systemPL is not limted to a refracting system and the system can
be either a mefdsentaremisysless @f ahearadident iis tng $het wda s@nehsé e values
proj ected i mage can be either an inverted inmage 20 or an upright

i mge. Fubt herinthe, irherdeposwtemeeal om whiec meaistinemendt ived usisgiof the
is irradiated via projection optical, systemPL is an on-axis area

i ncl udi ng optEiNEAdedn| ¢t A TPRPT POIHE S EPdsot WeRrosH Lary etlilun stage
optical systemPL, .however, ,the expasure area can be_an_off-axi

area that dods TohiPRcPHEE:28noTh Gt MRKSS AX BPRFLAFoL G ti@nster the

S0l €0 | s L oL ULARL L SYSLER AL A BAAN PR Cohopcner,

system (a reflection systemor a catadiop S

plurality of ¢neeld:Reldnen i$Hhaaes anth LA AN AphePdALe JJRAG 13
| east once arranged in a part of the catadioptric systemand al so

118 hasl@ sipighec@plincakpasiuse dppekasad b, cHOIs AR Bstieh method
panphl et of International Publication W2004/107011. Further, the

shape of the tihatumengtsoshat eread, tdre egppesueeappaeatpseyy GUPrpximity
descri bed was a rectangl e, however, the shape
method, a mirror projection aligner or the like.
Further, the magnification of the projection optical
system in the exposure apparatus of the embodiment above is
15 not limited to a reduction system, and the systemmay be either
an equal magnifying systemor amagnifying system. Projection
optical system PL is not limited to a refracting system, and
the system can be either a reflection system or a catadioptric
system, and the projected image can be either an inverted image
20 or an upright image. Furthermore, the exposure area on which
illumination light IL is irradiated via projection optical
system PL is an on-axis area including optical axis AX within
the field of view of projection optical system PL, however,
the exposure area can be an off-axis area that does not include
25 optical axis AX similar to the so-called inline type
catadioptric system, which has an optical system (a reflection
system or a catadioptric system) that has a plurality of

reflection surfaces and forms an intermediate image at least

once arranged in a part of the catadioptric system and also



5is not limted to this, and it can be, for exanple, a circular

arc, a trapezoid, a parallelogramor the like. Further, illum nation
light ILis not limted to the ArF excinmer |aser beam (wavel ength
193nn), and illumnation light |IL can be an ultraviolet |ight such
as the KrF excinmer |laser 10 beam (wavel edgBh 248 nm or the |ike, or
a vacuumultraviolet [light such as the F2 | aser beam (wavel ength 157
nm . As a acuum ul traviolet light, as,is disclosed in, for

exanpl e, thé'ParbHiBtIot THresitatdtin Puti ik olrp'\/‘l)él%ﬁ%%%e'( e
correspondi ng, 1} fHateat 7.440s 1 - NI e WY, ﬂ}a?/ al so
be used that gplas 0 ta?ncgf; Iby arer%%%}}aglgogaubmﬁng el-rgv%\{]/ave engtf/h %%Iz'r

beam in the imf#@afad eha/kshpkestange mynliethdbrAaPEB 288M KONdYIQl e
| aser or fiber laser, with a fiber anplifier doped with, for

exanpl e, er biamay ptebabhserbiewe atited ti=ey bbitatgangland nbyegeryef hé Mhape
the wavel ength into ultraviolet light using 20 a nonlinear optical
crystal . PBurtifmenoti himheedrodhnent andove cantbé s fomakbaplef acourgdar
that as illumnation light IL of the exposure apparatus the light is
not linmted t5F% 13 gHteRIERLIhas PasRlel b for e k. nore, and

a light whose wavel ength is,less,than 100 25 nm can al so be used. For
exanpl e, in recent Fﬁ%&‘ﬁr'i ﬁiiﬁl‘aé?atﬁiné%gel& atPsr it oo tont e ArF

under, an E fole) r i i vel oped, t hat _gener at es

o U (it r GBS 8RR (ParpRenSERD LOHE) R LBl BRRELS, Thane
wavel ength r f L Mo oL, ,a

| \g;ht sgur ceqﬁga‘ﬂaﬁg %ég%ﬂ%]g‘g%?}%%ﬁgle%ﬁ (%réﬁrheéﬁ&c?%ﬁf%%%t%%éaﬁ%e@ia%er
system whi Clbedns (esegeadtbased 00 bhetpXposiy e owayel£ngih (18 &viclet

13.5 nm, and a reflection typed mask. In this apparatus, because
t he structurledgift soarimiay texpdguilaesier webah (Wheehaaktand SThampaf exs a
vacuum ultraviolet light, as is disclosed in, for example,
the pamphlet of International Publication WO1999/46835 (the
corresponding U.S. Patent No. 7,023,610), a harmonic wave may
15 alsobeusedthat is obtained by amplifying a single-wavelength
laser beam in the infrared or visible range emitted by a DFB
semiconductor laser or fiber laser, with a fiber amplifier
doped with, for example, erbium (or both erbiumand ytteribium),
and by converting the wavelength into ultraviolet 1light using
20 a nonlinear optical crystal.

Further, in the embodiment above, it is a matter of
course that as illumination iight IL of the exposure apparatus
the light is not limited to a light that has a wavelength of
100 nm or more, and a light whose wavelength is less than 100

25 nm can also be used. For example, in recent years, in order
to expose a pattern of 70 nm or under, an EUV exposure apparatus
is being developed that generates an EUV (Extreme Ultraviclet)
light in the soft X-ray region (e.g. wavelength range of 5

to 15 nm) using an SOR or a plasma laser as a light source



5 are synchronously scanned using a circular arc illumnation can be
considered, the present invention can also be suitably applied to

t he apparatus. Besides such apparatus, the present invention can

al so be applied to an exposure apparatus that uses a charged
particle beam such as an el ectron beam oAl@&n 10 ion beam Further,
in the enbodi nent described above, a transmttance type mask
(reticle) was use snrssr e substr

d i . whi ch .
pr edet er mi ned19 g“fﬁes saf"P eéfllu‘]iS rlrgefp]?ﬁ‘%acejl‘?‘f1 St %Ctp]'r%{be t eqaglr]r‘?yoértceé“’?iwé’fﬁ‘:h

attenuation r %55%@9 i i.cl h V,

as is drsclége r?%rbéiggpﬁﬁdtQ% at ent hg8§§%§%§ §7g Oﬁg 5 m

el ectron nasKar(cﬁ'aSQeQQEl:Q.dLoﬁ V?ﬁé@%@s@ha%ﬂtﬂﬁ§kapﬁﬁr§§ﬁév%eé@t§é‘e the
or an image generator, and includes, for exanple DVD (tlgrtal

M cromrror DBevhice)yrewbifcdcasnnkiexbpaafure 20 WwioneH adeahd ¥€ andBgge wafer
di spl ay device (also referred to as a spatial optical nodulator), or
the Iike)>on as clyrehrdnghisly sesmined ngipgt aechrcalaefdsetildnmination
pattern, or an emnmission pattern is forned according to electronic
data of the GFdt PeraeRPbEcEPdul 1D reRpssetn vamt a8 e agsedoe |au:ttr@é>iy

25 case of us vari abl e, shaped mask, because the sta
whi ch the mfaé%pgl%arripaa{é?salﬁ?%% EYF - t P §39%° PEChGIRAEFTUY § ﬁrﬂﬁ?@ent
Wi th respect nggn%t géﬁﬂ s%h%BGQ g@ Fd Pg aIqeasu |n t%gé) %ﬁr Q.-

of the stage "using Fie Encd er and or m ng car
measur ement Yﬁk%?%.%%a&@%d;%@rtg%ﬁgdﬁéaﬁsEﬂght § QEQ%e sane 4 W& an

of the interferoneter ds 1S previously descri ect as
in the epbodigremeaabove can be obt ai ned. Further, for exanple, as is
di scl osed in, the panphl et

Further, in the embodiment described above, a

transmittance type mask (reticle) was used, which is a
transmissive substrate on which a predetermined light
shielding pattern (or a phase pattern or a light attenuation

15 pattern) is formed. Instead of this reticle, however, as is
disclosed in, for example, U.S. Patent No. 6,778,257, an
electron mask {also called a variable shaped mask, an active
mask, or an image generator, and includes, for example, a DMD
(Digital Micromirror Device), which is a kind of a

20 non-radiative image display device (also referred to as a
spatial optical modulator), or the like) on which a
light~transmitting pattern, a reflection pattern, or an
emission pattern is formed according to electronic data of
the pattern that should be exposed can also be used. In the

25 case of using such a variable shaped mask, because the stage
on which the wafer, the glass plate or the like is mounted
is scanned with respect to the variable shaped mask, by
measuring the position of the stage using the encoder and

performing calibration on the measurement values of the



5 of International Publication W2001/035168, by form ng

interference fringes on wafer W the present invention can also be
applied to an exposure apparatus (a lithography systen) that forns a
| i ne-and- space pattern on wafer W Furthernore, as is disclosed in,
for exanple, Kohyo 10 (published Japane$@0transl ati on of
International Publication for Patent Application) No. 2004-519850

(the correspoer}ldci ng . U.SS}L.n Pattheent eNos.ur% %11-3 ?%fl ) t%ef resentt i vq:ntnie n_
can also be appq ied 10 &h expé%lfre aﬁrba{)r at'is 1 Hat s&ﬁjtehé@i 765 ©° ©

patterns of Jfwg Jefloles,or Qié’%]ﬁ{ﬁevci,a ahduple-bardal Jy oGt on

15 optical system “and perforns e ‘exposure of a shot area on

the wafer al ®mglocdimadd aneousldad bOMHISGHYEY ng exposure. Furt her,
the apparatus for formng a pattern on an object is not limted to

t he exposure appar auishdr,t hogrephypsystad)is pievilosstyidpsttid bethohlet
and for exanple, the present invention 20 can also be applied to an
appar at us5f oroff dmtiarnat ipatale rhubori cagdri ab W0 Wy’ Gdd li68kj dty ristrioichg

The object on which the pattern is to be fornmed in the enbodinent

and the nodi fird@ RN THHGEE T e “sHjeec W s (S A e Se@ te B y$iirtd ofin can

whi ch t he ener beamis irradiated) is not 25 limted to a fer,

and can be ofHeR BB PERL SSbh SR KRB0 SR aDPRFALES & boFAnpEaphy System)
substrate, a gnk, il | or__.t i ke. Fyr r, the
shape of the t(rg%sééc@ IS r?otalﬁr%émr%r{eag%%rcea pcaltr%ﬁﬁrlar&sﬁﬂé—ﬂp%rt raafid it can

be other shapes sugh;3%c3amdr@Ct aR0YlsaliSRAR N ithe ddrkexal@le, TR&hyo
usage of the exposure apparatus is not limted to the exposure

appar at uso f or(pUfaEdIThpEns el CANMHIA T Sh oENthtéAtaPI&SENtPublication
invention can also be widely applied to, for exanple, an exposure

appar at us forfdd duiterdr ystedlisatham) No. 2004-519850 (the corresponding

U.5. Patent No. &,611,31l6), the present invention can also

be applied to an exposure apparatus that synthesizes patterns

of two reticles on a wafer via a double-barrel projection

15 optical system, and performs double exposure of a shot area

on the wafer almost simultaneously in one scanning exposure.

Further, the apparatus for forming a pattern on an object
is not limited to the exposure apparatus {lithography system)
previously described, and for example, the present invention

20 can also be applied to an apparatus for forming a pattern on
an object by an inkjet method.

The object on which the pattern is to be formed in the
embodiment and the modified examples above (the object subject
to exposure on which the energy beam is irradiated} is not

25 limited to a wafer, and can be other objects such as, a glass
plate, a ceramic substrate, a mask blank, a film member or
the like. Further, the shape of the object is not limited to
a circular shape, and it can be other shapes such as a

rectangular shape or the like.



5 transfers a liquid crystal display device pattern on a square

glass plate or the like, or to an exposure apparatus used for

manuf acturing organic ELs, thin film magnetic heads, inaging devices
(such as CCDs) , mcromachi nes, DNA chips and the like. Further, the
present invention can also be applied toldh 10 exposure appar at us
that transfers a circuit pattern onto a glass substrate or a silicon
wafer or the |ike aTels onJ éw%%nthgroducing m crodeyi ces_suc

h as .
56 SrEPPETaDT B ik LB Ih O

sem conduct ors, but &l SO en prodﬁ%?ﬁau

exposure appaial Usp3ighe QQEQPaQQQhQﬁJmﬁﬁggﬁﬂE%rﬁﬁgaé@ﬁf?on@@cg%%é, and

exposur e apparatus, 15 an ray exposure apparatus,” an el ectron beam
exposure appafatdise st therdridieon i RIeseMe WALy AP SidWtto, for
limted to an exposure apparatus, and can al so be widely applied to
ot her subst r asemmpiregc essianpamnites Apparataud aser Iiepaid amidtalas that
substrate 20 inspection unit and the like), or to an apparatus

equi pped Swi tiranshreshent igt ddefstalpddspiley devicagahtiarmobnaa square
sanple, a wire bonding unit and the like in other precision

machi nery. THE-AASELESE €5 i€ diiikherphd|at SEPOSSLY St REPPAAPHE etsedfior

the Int ti | Publicati the U S. Pat t 25 i ti \ )
PUDI i Gat | on, "R 180 PREEHE CIRYRt  HHore Lt BRAPBA PG THRE, imaging
exposure app%fe%til&eso&s&gﬁ 4d Egng?f %@{c?rdora&ﬂjgaeé,h%tqg@&géyg% AROME ke .
are each incor por ate ereln Yy r’e erence. em conduct evli ces are

nmanuf act ur ed stfpiolgh the e sdi oW i3ERSn ]?alssfcﬁﬁaé"’t‘a‘ﬁ:ﬂf&? to an

function/ performance design of a device is perforned; a step where a
reticle basedxpodihie Aesigt & ehdts MR drLdi A Sepawiee anto a

wafer is manufactured using materials such as silicon; a |ithography
glass substrate or a silicon wafer or the like not only when
producing microdevices such as semiconductors, but also when
producing a reticle or a mask used in exposure apparatus such
as an optical exposure apparatus, an EUV exposure apparatus,
15 an X-ray exposure apparatus, an electron beam exposure
apparatus and the like.

The present invention is not limited to an exposure
apparatus, and can also be widely applied to other substrate
processing units (e.g. a laser repair unit, a substrate

20 inspection unit and the like), or to an apparatus equipped
with a movement stage of a position setting unit of a sample,
a wire bonding unit and the like in other precision machinery,

The disclosures of all the publications, the pamphlet

of the International Publications, the U.S. Patent

25 Application Publication, and the U.S. Patent descriptions
related to the exposure apparatus or the like referred to in
the embodiment above are each incorporated herein by

reference.

Semiconductor devices are manufactured through the



5 step where the pattern formed on the mask is transferred onto a
phot osensitive object using the exposure apparatus described in the
enbodi nent above; a device assenbly step (including processes such
as a dicing process, a bonding process, and a packagi nhg process); an
i nspection step, and 10 the like. In thi$2¢ase, in the |ithography
step, because the exposure apparatus in the enbodi nent above is

e modtr o TR A LB ABK L3RI RE, IR AGHUL £8 ML R 08RG UL Bl o

The exposure “appar rm ng appar at us odimen

and the nodifjed gxapkess 3RAVE G Pe 8RS wHOrdY @éi%@%i ﬂgsgarazp;&%e

subsystens that include each of the conponents given in the scope o
the clai ms ofdddigyrpreasantis apu LAt 0eE0 4 e WHadeteaMed 1 s
mechani cal accuracy, electrical accuracy, and optical accuracy are

mai nt ai ned. mMmanuwradsnted secmgentiheseavar sous aecui hoc@s; daefiahegarghy
after 20 the assenbly, adjustment for achieving the optical accuracy

i s perforded SteP vhergakhe ws opire dloraest ens;hadjags refirdmgferred onto
achi eving the chani cal, accuracy is perforned for the various

mechani cal s \Ps PR O SEIE ddi s (RIRCT oS chitd\d RFRARITE eRngradius
accuracy is perfor.ned. f.or .the various electric 25 systens. Th
assenbly pr o%sssc%lrboerﬁ tlt?e_%’aﬁ' ieﬁsocgﬁbeﬁsta}r%ve.t'o a tq?éylé‘)?pcfsstﬁeé“bﬁy step
apparatus inoliudas, dEEhylcals LANNGEH i, Mididig SAEG O Horddieg
electric circuits, piplng connection of the pressure cirduits an

the like betywaenrddhe waid %uiaaw&@i%%gb&ocelsts)i;sa@l MRltRI- Al CRHESE and

that prior to the assenbly process fromthe various subsysteéens

to the exposute apparatls, tHikerasei siarcasserbbyrppdgesseh proeatisOfhe
t he individual subsystens. Wen the assenbly process fromthe

vari ous subsystrersirteo adpe radbysosur € hep pantatdisiengs dbeere denplsetded high
total adjustnent is
integration devices can be manufactured with good yield.
The exposure apparatus (pattern forming apparatus) in
the embodiment and the modified examples above can be made
15 Dby assembling various subsystems that include each of the
components given in the scope of the claims of the present
application sc¢ that a predetermined mechanical accuracy,
electrical accuracy, and optical accuracy are maintained. In
order to secure these various accuracies, before and after
20 the assembly, adjustment for achieving the optical accuracy
is performed for the various optical systems, adjustment for
achieving the mechanical accuracy is performed for the various
mechanical systems, and adjustment for achieving the
electrical accuracy is performed for the various electric
25 systems. The assembly process from the various subsystems to
the exposure apparatus includes mechanical connection, wiring
connection of the electric circuits, piping connection of the

pressure circuits and the like between the various subsystems.

It is a matter of course that prior tec the assembly process



5 perforned, and the various accuracies in the exposure apparatus as
a whol e are secured. The exposure apparatus is preferably built in a
cl ean room where conditions such as the tenperature and the degree
of cleanliness are controlled. 10 |INDUSTRI AL APPLICABILITY As is
descri bed above, the novable body drive #@#B8hod and the novabl e body
drive systemof the present invention are suitable for driving a

novabl e bod i th good accuracy. Further, the pattern fornation
method and t HeF Baitér Rof oPHE ngRASYSHERS dhSher CRESBFEsenkat pivim (S re

are suitable f f ] ter n ohject..Further, .th
exposure netﬁggggnﬁégﬁggl%gﬁgg%?§;gﬁ%a?a?%ég%ﬁﬁ?hﬁnp%gég %li%ﬁhﬁﬁﬁgﬁms‘

are suitabl e yfidy ther BLBgnB1 AL LEE8s ONF 1S QR %‘égig%ﬁsfﬁEB%QQe&Qeco the

object. Further, the device manufacturing netho e present 20
invention is etidalte dxya il actdhduh Hefdadces Al thgudddedit is
124 CLAIMS 1. A novabl e body drive nmethod in which a novable body

is drivenbin arieastd,a aml axtialvadtiect iamutde eetihod e comrdwsiang:

a first process in which a calibration operation is perfornmed where
posi tional i rfRRaRRLEU a6f 2t Weo ke \aile edsodied i nThBecxipdantalaphaeation s
is measured using a first neasurenent unit and a second neasur enent
unit whose né&ﬁi%e??é%ﬁy PRiGEslAR LA FROBHHIILY &ORTEitalpns sYchan the

conpared w th neasur.enent l.ues, of the first asurement unit nd
based on nea&ﬁ%ﬁ%ﬁﬂtu¥%§ﬂr¥§Qﬁ qqﬁ?%ﬁr%ﬁ %%ﬁ?%iiﬂﬁﬁfrﬁﬁ%d?’ 1Tea.

units, correction information for correcting nmeasurenent val ues of
the second neasurenent unit is decided; and

10 INDUSTRIAL APPLICABILITY
As is described above, the movable body drive method and
the movable body drive system of the present invention are
suitable for driving a movable body with good accuracy.
Further, the pattern formation method and the pattern forming
15 apparatus of the present invention are suitable for forming
a pattern on an object. Further, the exposure method and the
exposure apparatus of the present invention are suitable for
forming a pattern on the object by exposing the object.
Further, the device manufacturing method of the present
20 invention is suitable for manufacturing microdevices and the

like.



15 a second process in which the novable body is driven in the

uni axi al direction based on the neasurenent values of the second
nmeasurenment unit and the correction information. 2. The novabl e body
drive nmethod according to Cdaiml 20 wherein at |east one of a
linearity and a gain error in a map inféEéation that denotes a

rel ati on between neasurenent values of the first and second
measurenment units is calibrated, basegﬁbﬁgasuremnt val ues of the
first and second neasurenent 25 units d while driving the
novabl e body in the uniaxial direction. 3. The novabl e body drive
met hod according to Caim2 wherein 125 the gain error includes a

scaling error of the nRagsSHNESLLAEB) agiv@fmébﬁoé%@%l@ag%&me body
unit to the neasurenent values of the first neasurement unit.

The novabl e bhcdydrdriare iretatod escctoradigl 400 {0 adimelct Mdrer eite anethWd
order conponent of a map information that denotes a relation between
measur enedt vaElmysslsgfdghe first and second neasurenent units is

revi sed, based on neasurenent values of 10 the first and second
measur ement units &bt élrﬁécd DRSS sd ity ivig chy fe GRdvidiiad isedp ey atien is
uni axi al directi

one of O ai rPse%ootrcr)“ A noﬁvo%gtﬁ‘r?glo v’g{ﬁ ek hOd %(r:cf\?edl ! b(lﬁe%Ody
uni-axi ?" di reﬁn[ %1%' u?ltlaﬁal H‘%?nggor?as%%%gf}feé 0 %' Cepfipgt sture?n

variation of € neasur enen ues “of asurene
can be ignongdf ehdt BeseabhRr ALLONrOREHBL LM whose measurement values

10 excel in short-term stability when compared with measurement
values of the first measurement unit, and based on measurement
results of the first and second measurement units, correction
information for correcting measurement values of the second
measurement unit is decided; and

15 a second process in which the movable body is driven in
the uniaxial direction based on the measurement values of the

second measurement unit and the correction information.

2. The movable body drive method according to Claim 1
20 wherein
at least one of a linearity and a gain error in a map
information that denotes a relation between measurement
values of the first and second measurement units is calibrated,
based on measurement values of the first and second measurement
25 units obtained while driving the movable body in the uniaxial

direction.

3. The movable body drive method according to Claim 2

wherein



20 6. The novabl e body drive nethod according to any one of Cains 1
to 4 wherein the novable body is driven reciprocally in the uniaxial
direction for the calibration operation. 25 7. The novabl e body drive
nmet hod according to any one of Clainms 1 to 6 wherein the novabl e
body can be driven switching between a fil£&t drive node that uses

t he measurenment val ues of the second rreasurerrent unit and the
correction |nformat| Qn and t he secan

.mode _t hat t he
measur enent val ues THE CHAY ITEOT ERAFEReA ST G SR iy e
body o ve AR ARGRNI A0LID oY GNP o 5 lo BT hdt LHETE] e
1S r e

the novable b Iven WI in atw nmensi ona ane para

to the uni aX'nﬁiasiiﬂe@(féﬂ@ﬂre@.%@ oH reed lﬂ&s@rﬂm@l@ﬁ@ dde: uni axi al
direction, and the first and second neasurenent units can

respectively measure positional 10 information of the novable body in
the uniaxial direction and a direction orthogonal to the uniaxial
direction? and the4.calhbrievonlegerdt idon vef meigodnhagbatiidgreetGlonin 1
and the direction orthogonal to the uniaxial direction is perforned.
15 9. The nov4Bi%®Body drive net hod accor ding to Caim8 wherein
instead of the first._drive, node that . E t he measurenent val ues

of
the second neasur efeh?” M 1C L@ PRECESr PEA 6% 1 ?BW%E'?GnthﬁmgenOtes
movabl e body .Cas ¢, dhlyen, oy, e second ULYE0 FRgR ERAL usgs LRqq

measur ement va ues o ITE&SUI’EITEI’I'[ or a

node that uses-at:dRasit @Fe%tleréJ@se@E%%tgmﬁtmagéﬁfémQﬁtt\nﬂues of

second neasurenent unit,
10 the first and second measurement units obtained while driving

the movable body in the uniaxial direction.

5. The movable body drive method according to any one
of Claims 1 to 4 wherein
15 the movable body is driven in the unilaxial direction at
a low speed at a level in which the short-term variation of
the measurement values of the first measurement unit can be

ignored for the calibration operation.

20 6. The movable body drive method according to any one
of Claims 1 to 4 wherein
the movable body is driven reciprocally in the uniaxial

direction for the calibration operation.

25 7. The movable body drive method according to any one
cf Claims 1 to 6 wherein

the movable body can be driven switching between a first

drive mode that uses the measurement values of the second

measurement unit and the correction information and the second



correction information, and at |east a part of the measurenent

val ues of the first nmeasurenment unit together. 25 10. The novabl e
body drive nethod according to any one of Clains 1 to 9 wherein the
correction information is revised, using the nmeasurenent val ues of
the first and second neasurement units 1276 that are obtained while
t he novabl e body is driven based on the nmeasurenment val ues of the

second neasur rrection |nf natlon %i%i f%
novabl e body “drive ng%%o Q%Eé%%ﬁ'ng%n?%ﬁ%?%ﬁ%§n R %e rst

wher ei n | i negfd 2l Jongntierm stability of the neasurenent val ues
of the first neasurenent unit are at a |level the same or exceeding
the second neasurenent unit. 10 12. The novabl e body drive nethod
according to any one of Clains 1 to 11 wherein the first neasurenent
unit is an interfeBomeTke. mdb:ldBe bduy ninvale achhdy detvedi®thod any one
according to any one of Clainms 1 to 12 wherein the second

measur enedt @i Clissmen lerfcodemhereinThe novabl e body drive nethod

according to Claim 20 13 wherein the novable body is driven within a
t wo- dlnen3|onal pltafe MRARRLEe POLY ﬂﬁedéﬁW§%|&PtaﬁpeétﬁUﬁ“gﬁ@e§Sl°nal
ure

dlyection oreiggonal 9. Lhe Uk, et e 1eaRULeTS,
i nformation Q) t%%egorﬂ%\ia'pgetl"gOQXJ,éngE%irectlon and the first and second
measurement units can respectively measure positional
10 information of the movable body in the uniaxial direction and
a direction orthogonal to the uniaxial direction, and the

calibration operation of the uniaxial direction and the

direction orthogonal to the uniaxial direction is performed.

15 8. The movable bedy drive method according to Claim 8
wherein
instead of the first drive mode that uses the measurement
values of the second measurement unit and the correction
information, the movable body can be driven by the second drive
20 mode that uses the measurement values of the first measurement
unit, or a third drive mode that uses at least a part of the
measurement values of the second measurement unit, the
correction information, and at least a part of the measurement
values of the first measurement unit together.
25
10. The movable body drive method according to any one
of Claims 1 to 9 wherein
the correction information is revised, using the

measurement values of the first and second measurement units



uni axi al direction, which is neasured using a first grating that
extends on the novabl e body with a predetermi ned direction parallel

to the two-di nensional plane serving as a |ongitudinal direction and

al so has a grating periodically 128 disposed in the uniaxi al
direction, and a first encoder that hasld’head unit that intersects
the longitudinal direction. 15. The novabl e body drive nethod
according to i 5 rein.the asurenent, val ues of. the.second
measur enent yt%aiad rglrr?cloéﬁea\;ﬂ%gsfﬁ fL(:)Lr?a!tH:ea_n 8?%;1 ?okr)l?%qz Jf%e_rn}b‘\rl%rblbeasoeéafn
ina directiygp ﬁ%%gﬁggﬁ%htt\_?ai@@%w @ﬁb%e%ﬂ&?&éﬁ@ure%@b uhgt and the
measured using a second grating that extends on the novable 10 body

wth a directdgn-ddiieirseciigndthepr edeterm ned direction parall el
to the two-di nensional plane serving as a |ongitudinal direction and

al so has a grating periodically disposed in a direction orthogonal

to the uniaxial direction, and a second encoder that has a head unit
that intebsects thdl.15Themprakfiedloddi detveorediod keowasing graaingne
16. The novabl e body drive nmethod according to Claim 15 wherein the
measur enent Pl (SIS the T itStvhagssldr ement unit 20 incl udes

posi tional informati.on _of .the novabl e bo%y in. the un%a Lal direction

and a direction or tHEFATAITY 6 Fhe M &G StaPredt ot WiiScfegurement
nmeasured using ad nterferenmeter, %?ﬁfgﬁe%pQ£ﬂHp%E%gS% % i%#%%ckﬁ%ﬁame

i nterferoneter ichirradiates a Taser eamon a firs

surface of the naalld ROHLS RH:RNGME I ridig difRCti on ort hogonal

to the uni axi al direction and a second interferoneter which
irradi ated a | aser beamon a second reflection surface of the
novabl e body
12. The movable body drive method according to any one
of Claims 1 to 11 wherein

the first measurement unit is an interferometer.

15 13. The movable bedy drive method according to any one
of Claims 1 to 12 wherein

the second measurement unit is an encoder.

14. The movable body drive method according te Claim
20 13 wherein
the movable body is driven within a two-dimensional
plane parallel to the uniaxial direction and a direction
ocrihogonal to the uniaxial direction, and
the measurement values of the second measurement unit
25 includes positional information of the movable body in the
uniaxial direction, which is measured using a first grating
that extends on the movable body with a predetermined direction
parallel to the two-dimensional plane serving as a

longitudinal direction and alsc has a grating periodically



extending in the uniaxial direction. 129 17. The novabl e body drive
met hod according to one of Clains 15 and 16 wherein the first and
second gratings are respectively placed apart in a pair in the
direction orthogonal to the longitudinal 5 direction, and positional
information of the novable body in the uAf@xial direction is neasured
by the pair of the first gratings and the first encoder, and

posi tional igﬁ%ﬁgﬁ%%fg§ﬁgﬁetgﬁ%%%¥39|§i§g%¥ﬁéﬂj %%%b%ifﬁgékcghCOQeﬁl¥hat

ort hogonal t ion i's neasure e pair’o e

second gratingss andeadOuhhe sgsend epcoders & ﬁﬂg&vamdﬁaqomr%qt&%n.

met hod in which a novable body is driven within atwo-di nmensiona

pl ane parallel to a first axis and a second axis orthogonal to each
ot her wherein 15 positional information of the novable body in a
direction parallel itoo tHeefmostbixilsody debsemetthasiagardiaig twfClaim
first gratings that each include a grating periodically disposed in

a directi®n %&rthﬂeWb the first axis within a plane parallel to

t he two-di nensi onal plane on the novable 20 body and is placed apart
in a direction ortAG5GoREPSHESRRET VBAYPE BT nBle diSERR] Sifasuneaient unit

grating wthi.n t.he plane .and f.irst _encoder t has head uyni.t

that intersec nscj’[uhdeelOS Ipéar?d]%tll?d}aﬂall iTEE TR Odt‘[r&%&oé[iotvi% Tody''in a
information qf; ,the NPy Jagg% [ i reclign el to. .t

second axi s :asl rreasltrﬁheg’?}tﬁlsi ng a% r{sogétg%dq}é{lgatg%lﬁg_ tcﬁgcie%lénlc nuid_(e?”'sl,ug:_(%1 S
grating, whi e-ext-edssinga Jebeali §Rat DhEr 9Lt | 1ot dhes |andiHIIdiRAb 1e

direction of the first grating serving as a |longitudinal direction

and is Deri adidyaithdiss pisetdinm idiveatidaimarnald ¢rddeddieisreond
direction parallel to the two-dimensional plane serving as
a longitudinal direction and also has a grating periodically
disposed in a direction orthogonal to the uniaxial direction,

and a second encoder that has a head unit that intersects the

15 longitudinal direction of the second grating.

16. The movable body drive method according to Claim
15 wherein
the measurement values of the first measurement unit
20 includes positional information of the movable body in the
uniaxial direction and a direction orthogonal to the uniaxial
direction, which is measured using an interferometer system
that includes a first interferometer which irradiates a laser
beam on a first reflection surface of the movable body
25 extending in the direction orthogonal to the uniaxial
direction and a second interferometer which irradiates a laser
beam on a second reflection surface of the movable body

extending in the uniaxial direction.



130 axis on a plane parallel to the two-di nmensional plane on the
novabl e body, and a second encoder that has a head unit that
intersects the longitudinal direction of the second grating, whereby
5 the novabl e body is driven based on the positional information
that has been neasured. 19. The novabl e B88y drive nethod according
to Caim 18 wherein 10 the second grating is placed apart on the

pl ane of the novabl i.n pair .in.a.directjon orthogonal, to
each Iongitudinalq&ﬁrgg%lgﬁya% s #ﬁgyn8§égﬁem%%%98d??%%r%%?%&53One of
according to one f 155 {4 &g 19 wherein the novable body is

driven based on the positional 1 nformation corresponding to at | east

three of the pair afhe tthesfd astl geabhfgd§randnghes PaifeMeddtrsBE PNiced
gratings. 20 21. The novabl e body drive nmethod according to any one

of dainms 18 dmm@0intepein jposhtidinadctinfroorahbganal thehatvaty s dabidyal
ina direction parallel to the first axis and a direction parallel

to the seeondliaga-ian albge reastiedabylrformt el e ramther mopsbigsheny in
22. The novabl e body drive nmethod according to Claim 21 wherein the
movabl e body ‘¢¥h B dtiate AiGHAtdRITn g ShBeReared Prrshe 13air Rf vdeddest

that uses the pasitional,informtion by the first and second ,
encoders and gﬁ%{%%&sor?dqddﬁq'{fe %{E)l]ifet t OC{?srefs aﬂ?ﬁ P -thraﬁmmformatlon
information by the rﬁdva%feefﬂayiq{ tA¥Hi8Bction orthogonal to the uniaxial

direction is measured by the pair of the second gratings and

10 the second encoder.

18. A movable body drive method in which a movable body
is driven within a two-dimensional plane parallel to a first
axis and a second axis orthogonal to each other wherein

15 positiconal information of the movable body in a
direction parallel to the first axis is measured, using a pair
of first gratings that each include a grating periodically
disposed in a direction parallel to the first axis within a
plane parallel to the two-dimensional plane on the movable

20 body and is placed apart in a direction orthogonal to the
longitudinal direction of the grating within the plane and
a first encoder that has a head unit that intersects the
longitudinal direction, and

positional information of the movable body in a

25 direction parallel to the second axis is measured, using a
second grating that includes a grating, which extends in a
direction intersecting the longitudinal direction of the
first grating serving as a longitudinal direction and is

periocdically disposed in a direction parallel to the second



5 23. The novabl e body drive method according to Claim 22 wherein
instead of the first drive node, the novabl e body can be driven by
the second drive node, or a third drive node that wuses at |east a
part of the positional information by the first 10 and second
encoders, and at least a part of the positéPonal information by the
interferoneter systemtogether. 24. The novabl e body drive nethod

di t ; I 23.wh in.1l5 correction
accordi g 10 il s B1aOL AN, PIef 4 23, WNRLELN: A2 ROLLECUL B0 o e
are deci ded hasad, Q0 HRs) tboRak sddfok @{e%a%dfftﬁaftehgeva% ?@ﬁﬂyiﬂ i

direction parallel to the tirst axis and rection parallel to the

second axi s aoGfLHAE kot Denfitclinal Seeand @neFdens sboide 2 ing,
interferoneter system which is obtained by driving the novable body

in the directwlhmrgiarallel to the first axis and the direction
parallel to the second axis, and the correction information is used
when drivPng the migbimeveddye 2825 s Tird viesy dslsebody tde o sivtilood 1
according to Claim 24 wherein the correction information is revised
using the postiamdKdiahitdiatatiaoh Ren measuHatd-and second encoder s
and the interferoneter system which is obtained when driving the
132 novabl e body based on the positional information by the first

and second encoder §.q 26 I d LV r di .
any one 5 of dai sr%g'15T?%h§%g§%g§e§%gfh%rf%érlglﬁ?{t}gé@ngﬁ%%%?ecrqulon% t(gffialm
the first andgegndigratings coincides with a disposal direction of
the grating,

10 the second grating is placed apart on the plane of the
movable body in a pair in a direction orthogonal to each

longitudinal direction.

20. The movable body drive method according to one of
15 Claims 17 and 19 wherein
the movable body is driven based on the positional
information corresponding to at least three of the pair of

the first gratings and the pair of the second gratings.

20 21. The movable body drive method according to any one
of Claims 18 to 20 wherein
positional information of the movable body in a
direction parallel to the first axis and a direction parallel
to the second axis is also measured by an interferometer

25 system,

22. The movable body drive method according to Claim

21 wherein

the movable body can be driven switching between a first



and the first and second encoders have the head units arranged in a
range the sane level or larger than a stroke of the novable 10 body
in a direction orthogonal to the longitudinal direction. 27. The
novabl e body drive nmethod according to Claim 26 wherein the first
and second encoders each have a head uni&3in 15 which a plurality of
head sections are arranged at a distance the sane or snaller than

the size of tol(]:ﬁv%r@ id%gtbgtt h es dc!}{ee%{Js%&%{#agogg%%km%ﬁ%égeb thdc—e first

| ongi t udi nal rection. € novable rive me actordi ng

to any one 20 0fsedRdentede?®s23nWhenREI Qe&gﬁd: QPG L udh fal i ﬁgéso'%he

of the first and second gratings is orthogonal to the di sposa

direction of gdg tgroandIng.nfh g oy theanc saeendricadersdayve the

head units arranged in a range the sanme |level or larger than a

stroke of the novable 25 body in the disposal direction. 29. The
novabl e body drive nethod according to Claim 28 wherein the first

and second encoder ¢3eachhhapevabheddodini drive 1@thathiadrardging 41d Glaim
of head sectigns are arranged at a distance the same or snaller than
the width of % SF&tiTn area of the grating in the disposal

direction. 5 30. The novabl dy_.drive ,net hod according tqQ one o

O aos 98 and 26 wiEPERREaES BREY eShaY SrrTRe FodSs Uik Mt Bty can
encoders has : [ ead. i | ace LE

ool tudi nat SgrdER LY 48] SLBENSAE YO, BEN BAYL aLivb Moge that
a nmovabl e bodes at least a part of the positional information by the first

10 and second encoders, and at least a part of the positicnal

information by the interferometer system together.

24. The movable body drive method according to any one

of Claims 21 to 23 wherein

15 correction information of measurement results of the
first and second encoders are decided based on positional
information of the movable body in a direction parallel to
the first sxis and a direction parallel to the second axis
according to the first and second encoders and the

20 interferometer system, which is obtained by driving the
movable body in the direction parallel to the first axis and
the direction parailel to the second axis, and the correction

information is used when driving the movable body.

25 25, The movable body drive method according to Claim
24 wherein
the correction information is revised using the
positional information of the first and second encoders and

the interferometer system, which is obtained when driving the



is driven at least in a uniaxial direction, the method conprising: a
drive process in which based on neasurenent values of 15 an encoder
that irradiates a detection light on a grating placed on an upper
surface of the novable body with a predeterm ned direction serving
as a period direction and nmeasures positf®nal information of the
novabl e body in the predeterm ned direction based on its reflection

light and 20 nﬁlq;arbg(ét b8ayiﬂg%§r§}1i%gee?go%.i@i%%%loin%gﬁnﬂg% %%h%ﬁg%irst

novabl e body i1's driven'in the pr rm né irection.

novabl e body f/d wdmidhed, astargding to Caim 31 wherein 25 in the
drive process, the novable body is driven in the predeterm ned

direction further based on correction information of deformation of

a grating line that constitutes the grating. 134 33. A pattern
formati on net hod i R6whi Theangath ey hody dfdvesck tmdrcajreding wherrer wne
a novabl e _body on which the object is nounted is driven using the
movabl e bddy odr Gl imst Hordtébc?ogr difFeis: any one of 5 Clains 1 to 32

so that pattern forpmation with respect to the _object can be
performed. 34. Ap eﬁﬁnﬁﬁFﬁgﬁpéi RECRGEOR Wi dhea fgdttepnd §econd

or e 00 A S5 MASEEL Al Bl 2350 18 00 BRL ALY gracans,

movabl e bodi &5 “inc I'"ng " a nov

mounted is driyepnusd g %R@l é@%&% e A h 46 BINAD AAGHAL AL 09 L@ geq
any one of Claims 1 to 32 so that pattern formation with respect {6
the object Ganaheey tReMbie level or larger than a stroke of the movable

10 body in a direction orthogonal to the longitudinal direction.

27. The movable body drive method according to Claim
26 wherein
the first and second encoders each have a head unit in
15 which a plurality of head sections are arranged at a distance
the same or smaller than the size of the grating in the

direction orthogonal to the longitudinal direction.

28. The movable body drive method according to any one
20 of Claims 15 to 25 wherein
the longitudinal direction of the first and second
gratings is orthogonal to the disposal direction of the grating,
and the first and second encoders have the head units arranged
in a range the same level or larger than a stroke of the movable

25 Dbody in the disposal direction.

29. The movable body drive method according to Claim
28 wherein

the first and second encoders each have a head unit in



15 35. The pattern formation nmethod according to Caim34 wherein at
| east one of the plurality of novable bodies driven includes at

| east one of the novable body on which the object 20 is nounted and
a novabl e body on which at least a part of a patterning unit that
generates a pattern on the object is nodABed. 36. The pattern
formati on nethod according to Caim35 25 wherein in the patterning

i t | . j t th bl bod
bat tern 1 or matt S Bt hbaaREED G s, baf s TBHE Ak Mgt sl Sstisranse
wherein the Qﬁi@%tantéaérasﬁ§fféf'ﬁﬁar{ %‘ﬁ%r wi8PH & paatfb?c'fn%t'l% gE’gngf e

the object by irradiating an energy beam so as to expose

sensitive | aypfatinmg8in Arded G dufictddd iteh et hod i ncl ud| ng a
pattern formation process wherein in the pattern fornmation process,

a pattern is formed on a substrate using the pattern formation

met hod accor ding 10 to any one of Clains 33 to 37. 39. An exposure
met hod i nSwhich a Fétt eFheisovaphedoaly danivshprethobyarrpadiagi by @re of
energy beam wherein a novabl e body on which the object is nounted is
driven 15 uSiifgdMhe Sriigbl4® BEHRE<IN ve net hod according to any one

of Cains 1 to 32 so_.that the e eamand he object are
rel atively noved. % least oneé J%aéﬁé %1rst an secoﬂd encoders has a

plurality of the head units placed apart in the longitudinal
direction.
10
31. A movable body drive method in which a movable body
is driven at least in a uniaxial direction, the method
comprising:
a drive process in which based on measurement values of
15 an encoder that irradiates a detection light on a grating
placed on an upper surface of the movable body with a
predetermined direction serving as a period direction and
measures positional information of the movable body in the
predetermined direction based on its reflection light and
20 correction information of a pitch of the grating, the movable

body is driven in the predetermined direction.

32. The movable body drive method according to Claim
31 wherein
25 in the drive process, the movable body is driven in the
predetermined direction further based on correction
information of deformation of a grating line that constitutes

the grating.



40. A novabl e body drive systemthat drives a novable 20 body in at
| east a uniaxial direction, the systemconprising: a first
measurenment unit that neasures positional information of the novable
body in the uniaxial direction; a second neasurenent unit that
measures positional information of the AB%able body in the uniaxial
di rection whose 25 short-termstability of neasurenent val ues excels

the first measurengnt wnili,g gakbbration WOLLOANAL PEILONI® & o 1

. . . . . a
calibration operation Ing correction rnrormati on SO "as

correct nmeasgyeiRNo al e Rict hessecond neasurement unit using the
136 neasurenent values of the first nmeasurenent unit; and a drive

unit that drive the mevable bedy dhwhhehuphaxi@ecdiflerbliffeBasedir@ien
t he neasurenent val ues of the second neasurenent unit and the

correction i nfsammatihenmo¥adle Foheyndvabkembdiyddacuerdyst etw ancprahiengt
to Caim 40 wherein the calibration unit perforns calibration
oper at i on2of Cldd@dilngot B erihext ipert tierrofparasa cbagéthorespect to the
nmeasur ement 0 values of the first and second neasurenent units,

whi ch are obtHIFsd WD €UMSKATRFISE novabl e body in the uni axial
direction at a slow speed at a level in which the short-term

variation of the neasurenent values of the first nmeasurenent unit

Can e dnone, 1582 TG PYRH! SohayL B LBYS BT BECH 1 e
conponent of formed on an object, wherein
10 at least one of a plurality of movable bodies including
a movable body on which the object is mounted is driven using
the movable body drive method according to any cone of Claims
1 to 32 so that pattern formation with respect to the object
can be performed.
15
35. The pattern formation method according to Claim 34
wherein
at least one of the plurality of movable bodies driven
includes at least one of the movable body on which the object
20 is mounted and a movable body on which at least a part of a

patterning unit that generates a pattern on the object is

mounted.

36. The pattern formation method according to Claim 35
25 wherein
in the patterning unit, at least a mask is mounted on

the movable body.

37. The pattern formation method according to any one



a map information that denotes a relation between the 20 neasur enent
values of the first neasurenent unit and the neasurenent val ues of
the second neasurenent unit, based on the neasurenent val ues of the
first and second neasurenment units obtained while driving the
nmovabl e body in the uniaxial direction af%a slow speed. 25 43. The
novabl e body drive system according to one of Cains 40 and 41

wherein the Qﬁ“dﬁéﬁﬂé”hé”ﬂé §§HJﬁg¢%&§aJibration oper ation of

correcting scaling error in a map information that denotes 137 a

rel ation between theJBESUELTRA 2 \RINES iQfe 186E 18y 2 TRASWSI®E o rmed

unit and the neasurenent” val ues of the second neasurernent unit,

based on the orpasiy emgrRictvaluesratiibhen hat enapgdy S8EON s deBS WL MBHose
units each obtained at a predetermned 5 sanpling interval at a

plurality of Yesigdronigitvmtlayest.ude a first position and a second
position in the uniaxial direction to which the novable body is
positioned. 44. The novabl e body drive system according to one of 10

Clains 40 and 41 w@%rein the calibration unit calibrates |inearity
and scaling error % a®m’ 5% JRRHASH YHALY denbres ACHefaRd oh pattern

bet ween the fng:%sal{rierlr}entrovcaésuses of et.he first neasurenent unit and the
measur enent values of the secoﬁﬁmﬁ%éghrenent unit, based on 15 the

nmeasur enent Valuesi%ftﬁQeEBEEégnafgrﬁgggggh SalL n%?&g%ﬁ%&%ﬁjfhgormed

obt ai ned during a reciprocal novenent nmovabl e

uni axi al dir esf ir0BuWRLERtESuBEhEOERBASNOSER IR o InddHRS 3@ g
short-termvariation of the measurenent values of the first
measur enefit wn targarrke caveriageds 33 to 37.

39. An exposure method in which a pattern is formed on
an object by ilrradiating an energy beam, wherein
a movablie body on which the object is mounted is driven
15 using the movable body drive method according to any one of
Claims 1 to 32 so that the energy beam and the object are

relatively moved.

40. A movable body drive system that drives a movable
20 body in at least a uniaxial direction, the system comprising:
a first measurement unit that measures positional
information of the movable body in the uniaxial direction;
a second measurement unit that measures positional
information of themovable body in the uniaxial direction whose
25 short-term stability of measurement values excels the first
measurement unit;
acalibration unit that performs a calibration operation
of deciding correction information so as to correct

measurement values of the second measurement unit using the



20 45. The novabl e body drive systemaccording to Claim 40 wherein
the calibration unit calibrates at |east one of linearity and gain
error inain a mp information that denotes 25 a relation between
t he neasurenent values of the first and second nmeasurenent units,
based on the nmeasurenent values of the #?%st and second neasurenent
units obtained while driving the novable body in the uniaxial

direction. 138 .Afenthe mANIE OGN NG SYRLAMAGEOLIING Lo Gepl m

45 wherein the gain error es scaling error of e nmeasur enent

val ues of the secoRdifeasW-ATRRhaHM AL 40 thRenIRASIE IR 1 Ml HeSni1axeh1
the first neasurenent unit. 47. The novabl e body drive system

accor di ng t o ddlraidni 40 balrereion tthe erladdmaiieon uwriludgewsehan de@tnd
order conponent of 10 a map information that denotes a rel ation
bet ween t he messswrememtt wWidltuesidoft hicheorinestt iamd igdcome tieasur enent
units, based on the neasurenent values of the first and second
nmeasur eneht units obtained whi | e driving t he novabl e body in the

uni axi al direction. 8. The bl dy drive system accordin

any one of d ai msﬂro aﬁ%e 3P @/a"‘i’/ﬁ?fg‘féf ihe R PEBFH 1% G }%\}éﬁm
for calibratu%nw%%%%g ion in the uniaxial direction at a sIOM/speed
at a level in whi 0O the short-termvariation of the neasurenent

val ues of the firsthcneasuseiRNty WH it 6RR FBemis909f £8ration operation of

deciding the correction information based on measurement
10 values of the first and second measurement units, which are
obtained while driving the movable body in the uniaxial
direction at a slow speed at a level in which the short-term
variation of the measurement values of the first measurement
unit can be ignored.
15
42. The movable body drive system according to one of
Claims 40 and 41 wherein
the calibration unit revises a low order component of
a map information that denotes a relation between the
20 measurement values of the first measurement unit and the
measurement values of the second measurement unit, based con
the measurement values of the first and second measurement
units obtained while driving the movable body in the uniaxial
direction at a slow speed.
25
43. The movable body drive system according to one of
Claims 40 and 41 wherein
the calibration unit performs calibration operation of

correcting scaling error in a map information that denotes



49. The novabl e body drive system according to any one of Cains 40
and 45 to 47 wherein 25 the novabl e body is reciprocally noved in the
uniaxial direction for calibration operation. 50. The novabl e body
drive systemaccording to any one of Clains 40 to 49 wherein 139

the drive unit can drive the novabl e body3While switching between a
first drive node that uses the neasurenent values of the second

measur ement unif 1%”:‘5&:1“%&%{4@%‘3% %n nldYf ai'h%st & S§eond drd ve

node that uses tehe measur enment ues SSI : II’St measur enent

unit. 51. ThemyakiRody,dri 'a‘{ﬁi St\h%t %f@a%‘i&%rn@rﬂg JRAY & nhPfsecond
Clains 40 to 50 wherein the novable body is driven wthin a

t wo- di mensi on@lasu@niranenpar aldxeid ba thendasaxeakndi F£00d OB faflde Eirst
direction orthogonal to the uniaxial direction, and the first and
second neasurereatcaniteesar ereasl e ltposach aidlainddaire pordef erhgned

movabl e body in the uniaxial direction and a direction orthogonal to
the uni axPal SERRIiIFECHingRr L athe wevasld tho®f @oisidiopst &fat include

according to Claim_ 51 wherein e calibration unit perforns the
cal i bration ésa’ﬁtor?o%%o& C?édqcfe SO RGO iiF ShfatindR HiG

both t he uni Ir ct n n the d|r ctlon or,t hogo
uni axi al d|?§€%¥gﬁ% % éi%5va %'drlvé’s sﬁg) étéF%#ng to

one of 25 Clainms 51 and 52 wherein the anabIe body can be driven by
any one of a first drive

44. The movable body drive system according to one of
10 Claims 40 and 41 wherein
the calibration unit calibrates linearity and scaling
error in a map information that denctes a relation between
the measurement values of the first measurement unit and the
measurement values of the second measurement unit, based on
15 the measurement values of the first and second measurement
units cobtained during a reciprocal movement of the movable
body in the uniaxial direction which is performed enough number
of times so that short-termvariation of the measurement values
of the first measurement unit can be averaged.
20
45. The movable body drive system according to Claim
40 wherein
the calibration unit calibrates at least one of
linearity and gain error in a in a map information that denotes
25 a relation between the measurement values of the first and
second measurement units, based on the measurement values of
the first and second measurement units obtained while driving

the movable body in the uniaxial direction.



node t hat uses the neasurenent values of the second neasurenent unit
and the correction infornmation, the second drive nbde that uses the
measur enent val ues of the first neasurenment unit, 140 and a third
drive node that uses at least a part of the neasurenent val ues of
the second neasurenent unit, the correctf®dn information, and at

| east a part of the neasurenent val ues of the first nmeasurenent unit

together. 5 54. Thedr V%Réemﬁ‘\?g%lgrbé{ ﬂ‘?‘?]o%? xgié‘&éxodsr[‘% tgé“%:lalm

of Clainms 40 to 53 reln t he correc fon1sre
usi ng the nessypeimnt, val ues of the flrst and second neasur enent
units 10 obtained while the novable body is driven based on the

nmeasur enent val ues ttfe fhenR0endi neasde SRR IWY rapd dihehe eRFTRGtEMRIME
i nformation. 55. The novabl e body drive system according to any one

15 of d ai ns wluer 64 thkkesecond meeanireyneartduh bngot Bremstabirkmeptofalues
the nmeasurenent values of the first nmeasurenent unit are at a |evel
the same 2or &xddeliflg atheneaipitefdasutidnent unit. 20 56. The

novabl e body drive system according to any one of Cains 40 to 55
wherein the first nmeasurenent unit is an interferometer. 57. The

movabl e body drive system ﬁgﬁgﬂi“%égy ay 10nesdbé§2t561§%0%ﬁ?#e beci glalm

wherei n the second méasur éne un t an ehco
body drive sysf eRAacy ding to daim 57 wherein 141

the calibration unit revises a low order component of
10 a map information that denotes a relation between the
measurement values of the first and second measurement units,
based on the measurement values of the first and second
measurement units obtained while driving the movable body in
the uniaxial direction.
15
48. The movable body drive system according to any one
of Claims 40 and 45 to 47 wherein
the movable body is driven for calibration operation in
the uniaxial direction at a slow speed, at a level in which
20 the short-termvariation of the measurement values of the first

measurement unit can be ignored.

49. The movable body drive system according to any cone
of Claims 40 and 45 to 47 wherein
25 the movable body is reciprocally moved in the uniaxial

direction for calibration operation.

50. The movable body drive system according to any one

of Claims 40 to 49 wherein



t he novabl e body has a grating in which a grating is periodically

di sposed in the uniaxial direction, and the encoder has a head unit
that intersects the longitudinal direction of the grating and al so
is placed on substantially 5 the entire stroke area of the novabl e
body. 59. The novabl e body drive system a&é€ording to Claim 58
wherein the head unit includes a plurality of head sections 10

placed at a dist anﬁé&ri@éhn&‘ﬁo%%f@%&%%ﬂ@@?g‘ﬁ’%%%i})%fwh%ﬂeas%ﬁ@chq%g

not nmove away fromthe grafing. e nova ve system

according to heedn L@ 38:1980nadeWiREE! Asd tHe AU MndSt values
placed with the |ongitudinal direction substantially coinciding with

t he uni axi al «ff teetsetonantdsigeneadutinttand thker adgedcexbend figrmadt idn
direction orthogonal to the longitudinal direction. 20 61. The

movabl e body alvd e ystemdchor mpdo Wrest ofseCFiarsndsSmmhd® values
wherein the grating is placed with the |ongitudinal direction being
subst ant i al | Ylortfodorsit teeasieramirexiWlitei recti on, and the head

unit is arranged extending in a direction orthogonal 25 to the

| ongi tudi nal direction. 62. The novabl e body drive system accordi ng

to one of Cains dianggg%Tﬁgsgfé@x%ﬂfg%k%%t%QEQQHEEQEH&HEP‘%gx?%yégua

i ncludes an interferone Syst at "h a neasur eme
substanti al | yy¢ kg S 4 Pasd tdPnias-d:he head unit in the | ongitudinal

direction. 63. The novabl e body drive system according to any one 5
of Clainms 58 to 62tmeemRivable body is driven within a two-dimensional
10 plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction, and
the first and second measurement units can measure
positional information of the movable body in the uniaxial

direction and a direction orthogonal te the uniaxial

15 direction.

52. The movable body drive system according to Claim
51 wherein
the calibration unit performs the calibration operation
20 to decide the correction information for both the uniaxial
direction and the direction orthogonal to the uniaxial

direction.

53. The movable body drive system according to one of

25 Claims 51 and 52 wherein
the movable body can be driven by any one of a first drive
mode that uses the measurement values of the second measurement
unit and the correction information, the second drive mode

that uses the measurement values of the first measurement unit,



the encoder has a plurality of the head units placed apart in the

| ongi tudi nal direction. 64. The novabl e body drive system accordi ng
to daim 10 57 wherein the novable body is driven within a

t wo- di nensional plane parallel to the uniaxial direction and a
direction orthogonal to the uniaxial diféBtion and also has a first
grating that has a grati ng peri odically disposed in the 15 uni axi aI

d t t
tlhreegelcgzdwnegg{surenent un nﬁd%gcsﬁag@f%%gs) déegnrg(r%ler fsjhagf)ehﬁg
unit that 'ntn?éasﬁ%e?neﬂﬂ"evém tadinal hesed 'nﬁé‘a&jrén%ﬁ'ﬁrﬁt grteﬁé ng

and neasures positional information of the novable body in

uni axi al 20 digreaidmiroral afdgrikbthohheadd 6st1 gt iangar®2f The n’(&i\éﬁﬂe@nent
body drive system according to Claim 64 wherein the novabl e body has

a second gratviaiggrarce [t@le i ttstt heea R awentdivensitothpane t hat
extends in a direction intersecting the predeterm ned direction
serving a8 a longitudinal direction, and also has a grating
periodically dispqgsed | di rection orthogonal to the uni axial
direction, and thg’ secgﬁﬁ LR B MY Gﬁﬁf’gh%\%sﬁer%mdéf%*&@ra@%&tne
has 143 a heafdd,_lL 1msth4aot ntersect s the | ongitudinal direction of

the second gratl ng and rreasures pOSIJ’[I onal information of the

novabl e body in th%h@' rc%(iir'e%l(&rnt g.g%lﬁrlattl%n rll li%' )éieg:i. u%iirn ttih%n

along with the second grating. novab body dri ve system

accordi ng t o rfdaaiuPenh When ks of the first and second measurement units
10 obtained while the movable body is driven based on the

measurement values of the second measurement unit and the

correction information.

55. The movable body drive system according to any one

15 of Claims 40 to 54 wherein
linearity and long-term stability of the measurement
values of the first measurement unit are at a level the same

or exceeding the second measurement unit.

20 56. The movable body drive system according to any one
of Claims 40 to 55 wherein

the first measurement unit is an interferometer.

57. The movable body drive system according to any one
25 of Claims 40 to 56 wherein

the second measurement unit is an encoder.

58. The movable body drive system according to Claim

57 wherein



in the novabl e body, a first reflection surface extending in a
direction orthogonal to the uniaxial direction 10 and a second
reflection surface extending in the uniaxial direction are arranged,
and the first neasurenent unit has an interferonmeter systemthat
includes a first and second interferometal that respectively
irradiate a | aser beamon the first and second reflection surfaces,

and neasures 15 pogiy %%Iabil%f YRt e af Jthe spvab) %ﬁﬁ%@ly.ai .rtalt&%ng is

uni axial direction and the direction orthogonal” to the uniaxia
direction. 6feriReiiman) elikhsd iive 1SS LRIM-AGGAr Hintdia e HLfa 2
Clains 65 and 66 wherein at |east one of the first and second

gratings is pEracethr dpar ta iheaal paiit atreandgermemsdatd thadiireectiitaniinal
orthogonal to the |ongitudinal direction, and positional information
of the novalligasddyn @t hbeumwaking adid edscohsaptecde afi sebisitemtdslly
orthogonal to the uniaxial direction is measured using at |east one
of the first t&fd eddTd Grraiongess sdedpdavabid & 998%-  ar r angenent
and the first and second encoders. 68. The novabl e body drive system
according to Claim1144 67 wherein the first and second grating are

pl aced apart in a pair r t,. i the dir ' hogonal, t :
t he | ongi tudi nal gi@r'ec??%n. g%fg@ }?Aé%vcg&gll‘gé b d%/ﬂeg?ia\%é Sys ttohgtlalm

drives a novalg enhdiedy, within a two-di nensional plane parallel to a
first axis and a second axis which are orthogonal, the system

conprising: a firstherakkdgupliacedcondaspkhapeupanakkeb it aeblie sections
10 placed at a distance so that two head sections which are

adjacent do not move away from the grating.

60. The movable body drive system according to one of

Claims 58 and 59 wherein
15 the grating is placed with the longitudinal direction
substantially coinciding with the uniaxial direction, and the
head unit is arranged extending in a direction orthogonal to

the longitudinal direction.

20 61. The movable body drive system according to one of
Claims 58 and 59 wherein

the grating is placed with the longitudinal direction

being substantially orthogonal to the uniaxial direction, and

the head unit is arranged extending in a direction orthogonal

25  to the longitudinal direction.

62. The movable body drive system according to one of
Claims 60 and 61 wherein

the first measurement unit includes an interferometer



10 two-di nensional plane on the novable body that also includes a
grating disposed periodically in a direction parallel to the first
axis; a pair of second gratings that extend in a direction
intersecting a longitudinal direction of the first grating 15
serving as a longitudinal direction on alpfane parallel to the

t wo- di nensi onal plane on the novabl e body, and are also placed apart

.18 oo AL I OB el o L5648 0TS e

each incl ude ing perio a direc

to the second,@xiSiorrG @ flid HeLNGRMES :Prhaéhé‘ai%:?qfﬁ?&&r&ﬁh' f[direcatnidan.

intersecting the longitudinal direction of the rst grating,

measures positional information of the novable body in the direction
parallel to the first axis along with the first grating; a second
encoder that has a@¥eadToainovaibs decty dgitrhesy2beh argidnddineako any one
direction of the pair of second gratings, and neasures positional

i nformati on off tHeims 8 £bdh vhendier direction parallel to the
second axis along with the pair of second gratings; and a drive unit
that drives the nov&s & Thd$ed 2o 1% L igysioi hescormdtisop laced

measured by the first and _second ,Lencoders. 70. The novabl e body
drive system&&cor d'irhdze}}eo 9 udslrbaé \/ﬁerreeq%qrhe first grating is
pl aced apart in a pair arrangenent in the direction orthogonal to
the longitudinal direction. 71. The novabl e body drive system

according to one ofga, 107Gk akh8%a68e ahcay MheL ed hstdie rddRiY tto claim
drives the novabl e body based on the
10 57 wherein
the movable body is driven within a two-dimensional
plane parallel to the uniaxial direction and a direction
orthogonal to the uniaxial direction and also has a first
grating that has a grating periodically disposed in the
15 uniaxial direction within a plane parallel to the
two-dimensional plane, and the second measurement unit
includes a first encoder that has a head unit that intersects
the longitudinal direction of the first grating and measures

positional information of the movable body in the uniaxial

20 direction along with the first grating.

65. The movable body drive system according to Claim
64 wherein
the movable body has a second grating parallel with the
25 two-dimensional plane that extends in a direction
intersecting the predetermined direction serving as a
longitudinal direction, and alsc has a grating periodically
disposed in a direction orthogonal to the uniaxial direction,

and the second measurement unit has a second encoder that has



positional information which is obtained corresponding to at | east
three of the pair of the first gratings and the pair of the second
gratings. 15 72. The novabl e body drive system according to any one
of Clainms 68, 70, and 71 wherein the first_and second encoders each
have a pair of head units that correspoh@to the pair of first

gratings and the 20 pair of second gratings. 73. The novabl e body

drive system di t 12
y FAEeRHOL RO %ﬂ'ln@%@se@:ftsglgévrﬁr%%%%ﬁl g&@b@lgl o the

first and second gratings are each pla ongitu

di rection subsicyid ajdar 6o} N ot M Ady t ndl&msainﬁfxﬁﬂl&ﬂ S the
the grating, and the head units of the irst and second encoders are

each arrangedndvakaleranggzaitn titee diare-tievelomrhdoorger tdarhea wiirapkienl
range of the novable body in the direction orthogonal to the

| ongi t udi nal Hirextion.alre Wwith THe mrebice debindrd ve system
according to Claim 73 wherein the first and second encoders each

have the Read unit 5 in which a plurality of head sections are
arranged at a di st e he_sa spal Ler than the size

graiing in the o1 hEGPERBEL A STE FHEVT ogr iR i b frop et
75. The novab qﬂy:gqlve system according to any one 10 of O ains
65 to 72 mhereln t Irst and second gratings are each placed with

the 1ongitudinal diye¢ld aRvae1RI pRSt antdialhy eiheganal sh%ffaf&%
di sposal direction of the grating, and the head units of the first
and second ercadsrdny eéneach raldtdrRgedrtRogohaDgs hetli®iaxial direction
10 and a second reflection surface extending in the uniaxial
direction are arranged, and the first measurement unit has
an interferometer system that includes a first and second
interferometer that respectively irradiate a laser beam on
the first and second reflection surfaces, and measures
15 positional information of the movable body in the uniaxial

direction and the direction orthogonal to the uniaxial

direction.

67. The movable body drive system according to one of
20 Claims 65 and 66 wherein
at least one of the first and second gratings is placed
apart in a pailr arrangement in the direction orthogonal to
the longitudinal direction, and positional information of the
movable body in the uniaxial direction and the direction
25 orthogonal to the uniaxial direction ismeasured using at least
one of the first and second gratings placed apart in a pair

arrangement and the first and second encoders.

68. The movable body drive system according to Claim



15 sanme level or larger than a stroke range of the novable body in

t he di sposal direction. 76. A novable body drive systemthat drives a
novabl e body within a two-dinensional plane parallel to a first axis
20 and a second axis which are orthogonal, the systemconprising: a
first grating that extends in a directi oh®parallel to the second
axis with the direction serving as a longitudinal direction on the
movabl e body,gand,8lsq, has a grating periodically disposed in a
direction parallel to the first 25 axis; a second grating that

extends in a directihenrpakdl el sddddherbicislt axépMmddy bhardi et ipn
serving as a longitudinal direction on the novable body, and al so

has a grati ngaryerdendiraalilny tiespdgedtionactdtiegdhah tparidld dlorod e nal
second 147 axis; a first encoder that has a head unit that

i ntersects tErafitylesti on parallel to the second axis and neasures
positional information of the novable body in the direction parallel
to 5 thedfirst axis along with the first grating;, a second encoder
that has a head unit, that intersect he directio rallel to the
[irst axi o and meadiress BOGt 1 orsioy AEdrrmEyor B CERE SOVt & Bbdble
in the directj | el _ is a i_th_ th ecand _ .
grating; ;Okgﬁgfgeg%?besu%%€ %{ﬁééﬁfgggg %;%Agﬁﬁéﬂge%o % %é@%&ﬂb%Xls
the pos't'0%@d!ﬂHéHdﬁHhQEsWﬁ§§H{§QerﬂHEb5ﬂ£§}tﬁQQaﬁﬁﬂgﬂ%omprising:

encoders, wherein at |east one of the first and second encodersS has a
15 plurality of the Headtugirksiplbagedcapabh anplhed eagiatiudinal the

10 two-dimensional plane on the movable body that also includes
a grating disposed periodically in a direction parallel to
the first axis;

a pair of second gratings that extend in a direction
intersecting a longitudinal direction of the first grating

15 serving as a longitudinal direction on a plane parallel to
the two-dimensional plane on the movable body, and are also
placed apart in a direction orthogonal to the longitudinal
direction, and also each include a grating periodically
disposed in a direction parallel to the second axis;

20 a first encoder that has a head unit intersecting the
longitudinal direction of the first grating, and measures
positional information of the movable body in the direction
parallel to the first axis along with the first grating;

a second encoder that has a head unit intersecting the

25 longitudinal direction of the pair of second gratings, and
measures positional information of the movable body in the
direction parallel to the second axis along with the pair of
second gratings; and

a drive unit that drives the movable body based on



direction. 77. The novabl e body drive systemaccording to Claim 76
wherein 20 the head units of the first and second encoders are each
arranged in a range at the sane level or larger than a stroke range
of the novable body in the disposal direction of the grating. 25 78.
The novabl e body drive system according 965any one of Cains 75 to
77 wherein the first and second encoders each have the head unit in

whi ch a pluralddi idfnd1ead, SEGH 10N M AIFRNIRA drk tﬂ%s@i%@f cond

direction at "a distance around the same |evel or 148 snm t han

the width of emdgeigrai.ion area of the grating in the disposa
direction. 79. The novabl e body drive system according to any one 5
of Clainms 65 to 78 wherein at |east one of the first and second
encoders has a pIuraIitg of the head units placed apart in the

| ongi tudi nal  di r edi-onThe ongvabIeebady abt evd oy thn e aystiorg to Claim
according_to any one  of Clainms 69 to 79, the system further

conpri si ng: i &Y omet er system that measures positional

i nformat i f th bl e, body in the directi llel,to_ th
first axis and the i ebEr bif i did i POUPRE tond a8 1% 25 NHEFERR®

the drive uni: ‘ : dy. b Wi i . tm@ﬁ ,
first drive r#)]dgt@%%hg{lr\é?gtsl%t%he@:\égﬁgﬁno%a?ﬁ% 3rg_'fh%r %&@&%%dog%tlhe %iegéctlon'
and second encoders and the second drive node that uses the
positional information of the interferoneter

71. The movable body drive system according to one of
10 Claims 68 and 70 wherein
the drive unit drives the movable body based on the
positional information which is obtained corresponding to at
least three of the pair of the first gratings and the pair
of the second gratings.
15
72. The movable body drive system according to any one
of Claims 68, 70, and 71 wherein
the first and second encoders each have a pair of head
units that correspond to the pair of first gratings and the

20 pair of second gratings.

73. The movable body drive system according to any one
of Claims 65 to 72 wherein
the first and second gratings are each placed with the
25 longitudinal direction substantially coinciding with the
dispesal direction of the grating, and the head units of the
first and second encoders are each arranged in a range at the
same level or larger than a stroke range of the movable body

in the direction orthogonal to the longitudinal direction.



20 system 81. The novabl e body drive systemaccording to aim 80
wherein instead of the first drive node, the drive unit can drive 25
t he novabl e body by the second drive node, or a third drive node
that uses at |least a part of the positional information of the first
and second encoders and at |east a part of ot he posi ti onal
information of the interferoneter systemtogether. 149 82. The
novabl e body drive system according to one of Cains 80 and 81, the
system further conprising: a calibration unit that decides correction

information of megsurereatmbesHl &spodytdeidé rﬁs@é}ﬁl SR reneefensin
based 5 on positional information of the novable body in the
direction parid Iwlertedint he first axis and the direction parallel to
the second axis by the first and second encoders and the '
interferoneter systté® fagett Raddepeendnencodesst rclediaeetliton head unit
infornatign when 10 drjving, the novabl e body. 83. The novabl e body
drive systemidctotal fPterahitvré etd epatieneF 12 yoanghd adyaddmtance
further conprising. an _interferoneter stemth asures, positiaqnal
15§ nf or ot | GO e SovABId Bodyarh THe 4 et dl para didle tgt o
first axis and e dif eolih RRNAl Ll 1A SRLONL A Secdlith 2
calibration Sﬂit tﬁat SEC|32% corré%tlé% |n%%Tna ion gémﬁ%asufenent
results of the first and second encoders, based 20 on positional
i nformation of the novable body in the direction parallel to the
first axis and the7d8i.r eChé aoasiad beldyt arihe swecandcaxixsliby tbeany one
first and second encoders and the
10 of Claims 65 to 72 wherein
the first and second gratings are each placed with the
longitudinal direction being substantially orthogonal to the
disposal direction of the grating, and the head units of the
first and second encoders are each arranged in a range at the
15 same level or larger than a stroke range of the movable body

in the disposal direction.

76. A movable body drive system that drives a movable
body within a two-dimensional plane parallel to a first axis
20 and a second axis which are orthogonal, the system comprising:
a first grating that extends in a direction parallel to
the second axis with the direction serving as a longitudinal
direction on the movable body, and alsc has a grating
periodically disposed in a direction parallel to the first
25 axis;
a second grating that extends in a direction parallel
to the first axis with the direction serving as a longitudinal
direction on the movable body, and alsc has a grating

periodically disposed in a direction parallel to the second



interferoneter system wherein the drive unit uses the correction

i nformati on when 25 driving the novabl e body. 84. The novabl e body
drive systemaccording to one of Clains 82 and 83 wherein the
correction information is revised using the 150 positional
information of the first and second encod&fs and the interferoneter
system which is obtained when the novable body is driven based on
the positionglgsigformation by the first and second encoders. 5 85
The novabl e body drive system according to any one of Cains 66, 80

to 84 wherein the anferéeramiRir systemad BChydesurd f khst intersects the
interferoneter that has a measurenment axis whose position in 10 the

di rection pardldesititom pheastedntb akiesssubstl adtiiabhy roed ot ae poaiitthonal
the head unit of the first encoder placed along the direction

paral l el to tipdammadiicixps, thadievaetombdy dtekherdieectiomhatatwlsied to
measur enent axi s whose position in the direction parallel to the

first axi3 sdbst drithsH 1IBFIS dAnskivddS iheh GRS theddidid of the

d d I d al t he di [ llel ta th d
S St o I e HE R S R
at |least uni %ealdi%'erc@ﬂtdnoﬁjﬁrtallﬁeﬁysgoe@h%o@lrfssﬂ N9 s 20 A4S
that irradiates a detectio ight" on a grating placed in a

predet er m ne¢h(@ikQGI-0N i WRIFERtIONVES BfeanoPEhlodbsd) M red akeRAon
an upper surface of the novable body and neasures positional

i nformation ghrdie aiovablthcbedyednd adie predet arirhnetedisceehicor rhased ;
on a reflection light; and
10 and
a drive unit that drives the movable body based on the
positional information measured by the first and second
enceders, wherein
at least one of the first and second encoders has a

15 plurality of the head units placed apart in the longitudinal

direction.

77. The movable body drive system according to Claim

76 wherein
20 the head units of the first and second encoders are each
arranged in a range at the same level or larger than a stroke
range of the movable body in the disposal direction of the

grating.

25 78. The movable body drive system according to any one
of Claims 75 to 77 wherein

the first and second encoders each have the head unit

in which a plurality of head sections are arranged in the

disposal direction at a distance around the same level or



25 a drive unit that drives the novable body in the predeterm ned
direction based on neasurenent values of the encoder and correction
information of a pitch of the grating. 87. The novabl e body drive
system according to Claim 151 86 wherein the drive unit drives the
novabl e body in the predetermned directf®n, further based on
correction information of deformation of a grating |line that

constitutes %ﬂﬂqeggjf %Ha@xg{cﬁéswiﬁ‘tﬂaéfeé Q0 % aRRaAr gkusyl %ai{ﬁg@n

a pattern on an object, e unit conprising: a patterning u

generates a paid elisgpsdheioki&ctsn. 10 and a novabl e body drive
system according to any one of Clains 40 to 87, wherein the novable

body drive systemdrives the novabl e body on which the object is
nounted so as to performpattern 15 formation with respect to the

obj ect. 89. The path%r nTherméval ke padat dsidecoy s ey aaratidding t88&ny lae
apparatus_further. conprising:_ a separate novable body placed at a

posi ti on wherd (Heimp Smtherif ferakiiton is performed in exchange for

t he novabl e body o ﬁ_fg 023 t he o% % its unt edg, V\hl&m i S SO g}gﬁve
by th ble b €l . HIE &t it I Capgar a
a)écordie”gorg {Lﬁéé?ﬂi&&ol%gtﬂ’?ié Jd{‘lecss aral e moyabl g gggﬁ |2 ‘1{ id"'%”l
i ndependent | )I/:) rom- t'he rmvagllqe (go y on%\;hlcta:eh Fﬁg Object 'is Sotn ue&, &

and an obj ecty{ QxWHch a pattern is to be forned next to the object
can be

10 80. The movable body drive system according to any one
of Claims 69 to 79, the system further comprising:
an interfercometer system that measures positional
information of the movable body in the direction parallel to
the first axis and the direction parallel to the second axis,
15 wherein
the drive unit can drive the movable body by switching
between a first drive mode that uses the positional information
of the first and second encoders and the second drive mode
that uses the pesitional information of the interferometer

20  system.

81. The movable body drive system according to Claim

80 wherein
instead of the first drive mode, the drive unit can drive
25 the movable body by the second drive mode, or a third drive
mode that uses at least a part of the positional information
of the first and second encoders and at least a part of the

positional information of the interferometer system together.



nounted. 152 91. The pattern form ng apparatus according to Caim
90, the apparatus further conprising: a neasurenent systemthat
neasures at | east one of 5 positional information of a mark on the
obj ect mounted on the nobile body and surface information of the
object at a position different froma pé4Ption where the pattern
generation is perforned; and a encoder systemthat neasures

posi tional informatdon 10 ngﬁéﬂfe @9&3'/ \‘E}ﬂ% s%rtie?rﬁa%cgmﬁgf{gngggr?%nof

one of the two position to the ofher, erein-on € nova

which the objedinks sPWHE®R A t1H & § N Se@Fdangeshihats 4,5y used for
measuring positional information by the encoder system 15 92. The

pattern form ng appacattubractondimy: tthad demn d88 wberettidhe rfepalation
novabl e body is driven independently from the novabl e body on which
t he obj ect i shmaasedenagnt xeamits oZ0ths famsdanged sevaind snasddrfprbased
detecting a characteristic of the patterning unit. 93. A gatte'rn .
f ormi ng appardt Besihabnpérivfarmriier L bie avvebjlechody He Bppatisas-ion

ising: 25 tterni pnit that generates,a pattern on th
obj bct: a pEASHTISE o FvablESbotif £8 STHGL iﬂgrs%%bpé%@?f fh the

whi ch t he Ob]seecéoﬂé @tbgg;th%]dfj%%ntov%%‘i es bcoéjr}/d derriq\;aidesf/sﬁaen@ the
accordi ng to any one o al B 0] , ereln
interferometer system, and
the drive unit uses the correction information when

10 driving the movable body.

83. The movable body drive system according to any one
of Claims 69 to 79, the system further comprising:
an interferometer system that measures positional
15 information of the movable body in the direction parallel to
the first axis and the directicn parallel to the second axis;
and
a calibraticn unit that decides correction information
of measurement results of the first and second encoders, based
20 onpositioconal information of the movable body in the direction
parallel to the first axis and the direction parallel to the
second axis by the first and second encoders and the
interfercometer system, wherein
the drive unit uses the correction information when

25 driving the movable body.

84. The movable body drive system according to one of
Claims 82 and 83 wherein

the correction information is revised using the



t he novabl e body drive systemdrives at | east one of the plurality of
novabl e bodies so as to performpattern formation wth respect to
the object. 5 94. The pattern form ng apparatus according to Claim
93 wherein the at | east one of the plurality of novabl e bodies
driven includes at |east one of the novabP® body on which the object
is mounted and a novabl e body on which at |east a part 10 of the

patterni ng UidsitSi JARMNL@ Anrt 1 € oRather pi £ or Mg AMd-oders and

according to Claim 94 wherein the patterning unit, at least a mas

i's mounted onrHéentdereRvable rbofy:e®b whike patderdt fal phea apeMALUS e
according to any one of Clains 93 to 95 wherein the plurality of

novabl e bodi édar esdizivem byseiembiallosi 2@ nzadyndorvet $ystgntharfd rst
al so includes a novabl e body different fromthe at |east one of the
plurality of afsldsicesbdinedfnisen. 97. The pattern forning apparatus
according_to any one of Clains 88 to 96 wherein 25 the object has a
sensitive’layer, and the patterning unit generates a pattern on the

bj ect Dby i di ati b to expose the .sensitive
Layer. 98. An expolire ABRATSYIRLE RSV OF e Bt TR Prcor o159 aay one

object by ir ro%dicﬁ:]aji’i'{% Ay engy 9y, M, 48 apparatus conpri si ng: a

patterning unit that irrdadiates the energy beamon the object; and 5

a movabl e body driv@esyskepraceictichd bty i9RAwfes a first
interferometer that has a measurement axis whose position in

10 the direction parallel to the second axis substantially

coincides with the head unit of the first encoder placed along
the direction parallel to the first axis, and a second
interferometer that has a measurement axis whose position in
the direction parallel to the first axis substantially

15 coincides with the head unit of the second encoder placed along

the direction parallel to the second axis.

86. A movable body drive system that drives a movable
body in at least uniaxial direction, the system comprising:
20 an encoder that irradiates a detection light on a grating
placed in a predetermined direction, which serxrves as a
periodical direction, on an upper surface of the movable body
and measures positional information of the movable body in
the predetermined direction based on a reflection light; and
25 a drive unit that drives the movable body in the
predetermined direction based on measurement values of the

encoder and correction information of a pitch of the grating.

87. The movable body drive system according to Claim



Clainms 40 to 87, wherein the novable body on which the object is
nmounted is driven by the novable body drive systemso that the
energy beam and the object are relatively noved. 10 99. An exposure
met hod in which an exposure operation b¥ a step-and-scan net hod t hat
alternately repeats scanning exposure o 5%ynchronously novi ng a nmask
and an object in a predeterm ned scanning direction so as to
transfer a patd gy ks fornmed on the mask onto a divided area on the
obj ect and novenent of the object to perform scanni ng exposure on a

fol | owi ng divided aneadirs vRelharned ke sseauenicvaldly boarsfier thkhe
pattern onto a plurality of divided areas on the object, wherein 20
posi tional | mirexdeatdran refd alivesk istrpge urdtate hdladed ke dasdedtsion
nmeasured with an encoder and novenent of the mask stage is

control |l ed, Bafegmet insasirdskrrnatieesiot anet imwddar Hmt constitutes
correction information of the nmeasurenent val ues of the encoder

deci ded f?omi8sidhadi&d i nf or mati on of the mask stage 25 using the
encoder and an interferoneter at |east during scanning exposure to
each divided area, and the correction information is calibrated,

based on neasureme va j r Qg?; t oder,
stored during the g?ﬁoséﬁgtg%ﬁégﬁ%%%i %lﬁé S etgg- a‘%{c}?csc%ﬁ:%t%hg%.ttem
155 100. Therexposiedet hofd aced ddapAigida m 99 wherein in the
calibration of the correction infornmati on, neasurenent val ues are

used of the interfermieiernanguhtie tinicgendeatsber pdtderhnm the object:
exposure operation to divided areas, which is perforned enough
nunber oi0ti mesi so that short-term
a movable body drive system according to any one of
Claims 40 to 87, wherein
the movable body drive system drives the movable body

on which the object is mounted so as to perform pattern

15 formation with respect to the object.

89. The pattern forming apparatus according to Claim
88, the apparatus further comprising:
a separate movable body placed at a position where the
20 pattern formation is performed in exchange for the movable
body on which the object is mounted, which is also drive by

the movable body drive system.

90. The pattern forming apparatus according to Claim
25 89 wherein
the separate movable body is driven independently from
the movable body on which the object is mounted, and an cbject
on which a pattern is to be formed next to the object can be

mounted.



vari ation of the nmeasurenent values of the interferoneter can be
averaged. 10 101. The exposure nmethod according to one of Clains 99
and 100 wherein the calibration of the correction information is
performed at | east prior to an exposure gggration to a followng
obj ect of the object. 15 102. The exposu nmet hod according to any
one of Clains 99 to 101 wherein the correction information is a map
information that denotes a relation between neasurenent val ues of
the 20 interferoneter and the neasurenent val ues of the encoder, and

the calibration of duhe vherpsttoni iSRG Obpd Sattdd Id¥@1Dhg Ao Claim
linearity and scaling error in the map information. 103. An exposure
appar at us t h&t0,pertfeoramaare g dsurthe 2 o aogeriatiiray by a st ep- and- scan
nmet hod which alternately repeats scanni ng exposure of synchronously
nmovi ng a mask and &nTEgSEEEemeng éYﬁﬁéﬁeﬁéﬁﬁiW@@S§@@@nﬁﬁgl@ﬁﬁécpm@noio
as to tragsfer a_ _.pattern formed on the mask onto a divided area on
the obj ec é&?émlnéprfﬂﬁéleaj %Eta fﬂarﬂse?%‘mﬁ §P§ﬁﬁ|tn@°‘é§5‘6§£ré the

f ol d
tage movabl &t ebrak e nEE s i S RRAR O R PRI RGP e Ramicron
an obj ect stage #mvall &gy af Jd 8 l&#%y@g@fgﬁ tpaSEt%fneg}é rdkAaldi ng

the object; an interferoneter an enco measur € posi tional
information @fertthe sk s5i@ge in the scanning direction; and a
control unit that controls novenment of the mask stage,

a encoder system that measures positional information

10 of the mobile body during a movement from one of the two
position to the other, wherein
on the movable body on which the object is mounted, a
grating is arranged that is used for measuring positional
information by the encoder system.
15
82. The pattern forming apparatus according to Claim
89 wherein
the separate movable body is driven independently from
the movable body on which the object is mounted, and a unit
20 1is arranged that is used for detecting a characteristic of

the patterning unit.

93. A pattern forming apparatus that forms a pattern
on an object, the apparatus comprising:
25 apatterning unit that generates a pattern on the object;
a plurality of movable bedies including a movable body
on which the object is mounted; and
a movable body drive system according to any one of

Claims 40 to 87, wherein



based on neasurenent values of the encoder and correction 10
information of the neasurenent val ues of the encoder decided from
positional information of the mask stage using the encoder and the
interferoneter at |east during scanning exposure to each divided
area, and calibrates the correction infoﬁﬁgtion, based on

nmeasur enent values of the interferometer and the 15 encoder stored

during the exposur %h@ﬁ[}@ﬁb?g k;%ydét Ia?ci%g y%vﬁﬁ%%e%mgg%as’]'tp%neTgf the

exposure apparatus according to Claim1 erein 20 the control

unit uses negsu{RENy Yalesale bhai ek & Likef & RESL aNdat Per R MItion
stored during the exposure operation to divided areas, which is

per formed enoughh medyerct ofo tiheolspedthat short-term vari ati on of the
nmeasurenent values of the interferonmeter can be averaged, in the
calibration of 25 the correction information. 105. The exposure
apparatus_according to one of Clains 103 and 104 wherein the control
unit perferms the G4+ bFAEi BALBRIRKECUBRING IPRaEd Fo%h IGRVFFHAT P &laim
| east prior to an exposure operation to a follow ng object of the

obj ect. 106. kﬁ?ﬁg re apparatus according to any one of 5 Cains

103 to 105 wher ei n cifie Goriech and nfoLBl L1 @ 18R (0LQETAl koY e

that denotes a relation between neasuremnent

i nterferonet efriang {Re1MBRSUL MBI s Ales rOf nd %\%&Pl%j%'bdgagg witd¥h the
control unit calibrates linearity and scaling error in 10 the map
i nformation. cl&actAdsexpostee AP abuabllBabosyNeieNAQIShY MOYES A part

10 of the patterning unit is mounted.

85. The pattern forming apparatus according to Claim
94 wherein
the patterning unit, at least a mask is mounted on the

15 movable body.

86. The pattern forming apparatus according to any one
of Claims 293 to 95 wherein
the plurality of movable bodies are driven by the movable
20 body drive system, and also includes a movable body different

from the at least one of the plurality of movable bodies driven.

87. The pattern forming apparatus according to any one

of Claims 88 to 96 wherein
25 the object has a sensitive layer, and the patterningunit
generates a pattern on the object by irradiating an energy

beam so as to expose the sensitive layer.

98. An exposure apparatus that forms a pattern on an



mask and an object in predeterm ned scanning direction with respect
to an illumnnation light and transfers a pattern forned 15 on the
mask onto the object, the apparatus conprising: a mask stage novabl e
in at |least the scanning direction holding the mask; an object stage
novabl e in at |east the scanning direct?%ﬁ hol di ng the object; 20 an
interferoneter and an encoder that neasure positional information of

the mask stagg,-i GAHH NG 19 [Welp jbratj j t
deci des corrgf:q.otjiéo&r;Ct iﬁ%{‘oslr mat |l%ﬁ:lq1d;1%ﬁ1ieg-%rr§agﬁérégpﬁeﬁ%He\?% esrtao t he
encoder is cQiomgetied ési ng neasurenent val ues of the interferoneter,
based on 25 neasurenent results of the interferometer and the

encoder, Wwhich are peasareindyrdri vhay ihesdietiestagesndrdh®eam on the
scanning direction at a slow speed at a |level in which the

short-term adiestti’omngf t he neasurenent val ues of the interferometer
can be ignored and neasuring positional information of the mask 158
stage in the scann@n@oﬂﬁpé@t%@ﬁyugﬁﬁdetﬁ§s¢ﬁ@eﬁpépéﬁépért&n@ﬂYtﬁ@e of
encoder; and contr uniH th%} control s novenent of the nask stage
during transfe?8F tite Batter 1S58 on the neasurement value 5 of

the encoder and th%h%%céfe%i@%g‘x/ﬂ@%%&'c n‘%l’ﬁ%‘%ﬁ)ﬁg@@i%é‘%%?@% is driven

apparatus according to daim eréin rev

within a pregdgt engl N8dabaBISoa WML & fdher lslburhBat £98 didhly ikam and
irradiated on"at least a part ~of a pattern area of the mask;” which

is to be ill whenalgddurdmiy rdli=aisfery afovidir pattern. 109. The
exposurelgpparatus according to C aim 108
99. An exposure method in which an exposure operation

by a step-and-scan method that alternately repeats scanning
exposure of synchronocusly moving a mask and an object in a
predetermined scanning direction sc as to transfer a pattern

15 formed on the mask onto a divided area on the object and
movement of the cobject fto perform scanning exposure on a
following divided area is performed to sequentially transfer
the pattern onto a plurality of divided areas on the cbject,
wherein

20 positional information of a mask stage that holds the
mask is measured with an encoder and movement of the mask stage
is controlled, based on measurement values of the encoder and
correction information of the measurement values of the
encoder decided from positional information of the mask stage

25 using the encoder and an interferometer at least during
scanning exposure to each divided area, and the correction
information is calibrated, based on measurement values of the
interferometer and the encoder stored during the exposure

operation by the step-and-scan method.



15 wherein on the mask stage, the mask can be arranged in the
scanning direction in a plurality of nunbers, and the nask stage is
driven wiwthin a range where the illumnation light 1is irradiated on
a pattern area of the plurality of masks_ _ 20 arranged on the mask.
110. The exposure apparatus accordi ng tolaﬁy one of Cains 107 to
109 wherein the calibration unit drives the nask stage in the 25
scanning direction at a slow speed at a level in which throughput
can be maintained within an allowable range, in a predeterm ned

range where the il h@o.natheretdgiiird siethbrogtad i G > PALERAI 90 dhR&ein
of a mask subject to exposure, neasures positional information of

the mask stage in tine tbs9 cadddnmritigndiofe chieorousicrg itolhe information,

interferoneter and the encoder, and revises a | ow order component in
a map i nf or MG IEEeRinyalaea ke e orsask dforr henfigybestfiesronisdsed aod ttne
measurenent resuljts. 5 111. An exposure apparatus that synchronously
noves a TrasErGRE SIS bBF 8L UG T Eﬁ%r@é%ﬂﬁ%@ RARAT hEn dFor %—bﬂ%ﬁd\ﬁr@ﬁlsr

t ot i.l L um_nat i | i ght t f . pat t f d
he’ mask. ont G O8] Bet COERRSapaTaR JET BB Pis AES 107 & LR FGEAgE e
bl e i I : [ j [ | di t :
0b] cot st Age TBuaRS T & Al BSeC L RECLEahny Ba” U FaRL T MR Theer

obj ect; an i peerfRraRiLer and an encoder that neasure positional 15
information of the mask stage in the scanning direction;

10 101. The exposure method according to one of Claims 99
and 100 wherein
the calibration of the correction information is
performed at least prior to an exposure operation to a
following object of the object.
ib
102. The exposure method according to any one of Claims
99 to 101 wherein
the correction information is a mep information that
denotes a relation between measurement wvalues of the
20 interferometer and the measurement values of the encoder, and
the calibration of the correction information is calibration

of linearity and scaling error in the map information.

103. An exposure apparatus that performs an exposure

25 operation by a step-and-scan method which alternately repeats
scanning exposure of synchronously moving a mask and an object

in a predetermined scanning direction so as to transfer a
pattern formed on the mask onto a divided area on the object

and movement of the object to perform scanning exposure on



a calibration unit that perforns a calibration operation of
correcting scaling error in a map information that denotes a

rel ati on between the measurenent values of the interferoneter and
t he measurenent val ues of the encoder, 20 based on the neasurenent
val ues of the interferoneter and the enésfler each obtained at a
predeterm ned sanpling interval, while position setting the mask

stage at a plargdiit Qg ﬂ%&é&%édﬂp'ﬁﬁ{gﬁxgﬁ&iﬂﬁ RO L O pnd a

second position which are positions on ges of a‘range ere

the 25 illum natioR hhghtstsgd MAGALUN0: 3 Rt EHE Lo Dig A ion
subj ect to exposure; and a control unit that controls the novenent of
the mask st agddiurg righe meaxdder of the pattern, based on the

nmeasur enent val ues of the encoder and the map information after
correction. 160 182 oRJj®Falsit@dsody vambilee igy site herlsdt tei wesnaing
novabl e body on a predeterm ned plane in at |east a uniaxi al

direction®  tHéS StBMCHIMSitHe IaFtencoder that irradiates a
beam on a grating secti

d_ext endi ' h i axi al _
i 16C1 1 on wi thi n achl SHe ok AT BT 26t oo P BBt aP iR Bh Br@ost ferEal

novabl e body . 5@39 ition | L0 royahl e bo

in the uni a%?la%l%r I .rezjtlﬁlr gﬁ; Pf;%drﬂéi%k Zént&!(ﬁ gh@b%n@?gﬁniﬁgt i rradlloari)’e%%d
a beamon a reflecti 0ht 841 fage that ddersrchsvbhent edehermiedage,
pl ane of the novable body and neasures the positional information of

the novabl e Haedy ioh thesuitiemdrl wdHinest ian, thwhenreidud:heno vl e ada

is driven using at | east one of the 15 encoder and the
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frompositional information of the mask stage using the encoder
and the interferometer at least during scanning exposure to
each divided area, and calibrates the correction information,
based on measurement values of the interferometer and the

15 encoder stored during the exposure operation by the

step-and-scan method.

104. The exposure apparatus according to Claim 103
wherein
20 the control unit uses measurement values of the
interferometer and the encoder stored during the exposure
operation to divided areas, which is performed enough number
of times so that short-termvariation of the measurement values
of the interferometer can be averaged, in the calibration of

25 the correction information.

105, The exposure apparatus according to one cf Claims
103 and 104 wherein

the contrel unit performs the calibration of the



112 wherein calibration of the encoder is perforned, based on 20
measur enent values of the interferoneter. 114. A novable body drive
systemthat drives a novable body on a predeterm ned plane in at

| east a uniaxial direction, the systen1ﬁgﬁprising: 25 an encoder
that irradiates a beamon a grating secti arranged extending in
the uniaxial direction within a plane parallel to the predeterm ned

pl ane of the gmwvahie Lody rantat TBASIH @éaeeﬁ%ﬁildégl\% érpégﬁggﬁkg%ﬁgr%ﬂ%n

novabl e body in the wuniaxial direction; a a correction’un

that correct soeasivE®inErdfsctofot htheengoptass . whi ch occurs due to
the grating section. 115. The novabl e body drive system according to
Claim 5 114 wherein the correction unit corrects neasurenment errors
that occur due to_a head unit of the encoder. 116. A novable body
drive systemthat di‘ivesThenB¥aBFBre18rpadytoa acppedéner ibnadyppafeot
in at least a uniaxiagl, direction, the systemconprising: an encoder

that irradi atedSd% aiP &Gt dSFection arranged extending in

the uni axial direction w.thin.a pl.a rallel to_the.predetermn
pl ane of the m)vab:;té1 Ot frraér? 5 %@%ﬁ?‘%&lﬁ&ﬁﬁ SndPH nf'or alﬁ&r?no%%at
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the control unit calibrates linearity and scaling error in

10 the map information.

107. An exposure apparatus that synchronously moves a
mask and an object in predetermined scanning direction with
respect toanillumination light and transfers a pattern formed

15 on the mask onto the object, the apparatus comprising:

a mask stage movable in at least the scanning direction
holding the mask:;

an object stage movable in at least the scanning
direction holding the object;

20 an interferometer and an encoder that measure positional
information of the mask stage in the scanning direction;

a calibration unit that decides correction information
in which measurement values of the encoder is corrected using
measurement values c¢f the interferometer, based con

25 measurement results of the interferometer and the encoder,
which are measured by driving the mask stage in the scanning
direction at a slow speed at a level in which the short-term
variation of the measurement values of the interferometer can

be ignored and measuring positional information of the mask



117. The novabl e body drive systemaccording to Claim 116 wherein
the control unit uses information related to a head unit of the
encoder. 25 118. A novabl e body drive systemthat drives a novable
body within a predeterm ned plane parallel to a first axis and a
second axi s which are orthogonal, the sy$P®m conprising: an encoder
t hat has a head unit which intersects a 162 grating section,

arranged eXtQ§g§ Eﬂgrbébﬁﬁ Raraldeln W9n g ?Qréﬁﬁﬁrnégémék r and

pl ane of the nD asures positi on o

t he novabl e ngyeﬁidagk Higy novabl e body drive system according to
Caim 118 wherein the head unit has a plurality of heads, which are
arranged, at a predetentrodduditsttarcecontaolsrmetément idft ensatdslngGtage
the grating section. 10 120. The novabl e body drive system according
to one of Ccinigli8anafelld whermi et praridngn $bethens isenentngede
extendlng in adirection parallel to the first axis and the second
axi s, and®thehddd® ersasinn s e igutranfiion Hafamadrisdet s with the
grating section parallel to the first axis and a second unit that
intersects wth the grating section parallel to the second axis.

121, The movable bady drkke syshem acgording,Lo.any a0, 20 efogiai g

112 to 120 wherein'thé gratin Ion i Sposed
peri odi cal | y yyaAe extendi ng direction

the mask stage is driven within a predetermined range
10 where the illumination light is irradiated on at least a part
of a pattern area of the mask, which is tobe illuminated during

transfer of the pattern.

109. The exposure apparatus according to Claim 108
15 wherein
on the mask stage, the mask can be arranged in the
scanning direction in a plurality of numbers, and the mask
stage is driven within a range where the illumination light
is irradiated on a pattern area of the plurality of masks

20 arranged on the mask.

110. The exposure apparatus according to any one of
Claims 107 to 109 wherein
the calibration unit drives the mask stage in the
25 scanning direction at a siow speed at a level in which
throughput can be maintained within an allowable range, in
a predetermined range where the illumination light is
irradiated on a pattern area of a mask subject to exposure,

measures positional information of the mask stage in the



122. A novabl e body drive nethod that drives a novable 25 body in at
| east a uniaxial direction on a predeterm ned plane, wherein
positional information of the novable body in the wuniaxial direction
is neasured using at |east one of an encoder that irradiates a beam
on a grating section arranged extending 363 in the uniaxial
direction within a plane parallel to the predeterm ned plane of the

nmovabl e body %%ﬂh%r%igef&ri%fﬁehgﬁngiﬁgé ﬂﬂ{(ﬁ;?eazto%t%xg%ﬂ@ 191@? a%rhceoder,

reflection su ce that intersects pre erm ne ane 0

novabl e deY-aﬁH_%%3isE@eaﬂQMﬁQE@ePQQﬁm&Hﬂéﬁ%.Eﬁﬁggﬁﬁﬁ§ﬁ969h9915§ 48} Mg
122 wherein calibration of the encoder is performed based on

measur ement vad ugse ofot et drerfrefomeieion Ihdéd. oA Ty ald £sbashyent
drive nmethod that drives a novable body in at |east a uniaxi al
directi on on zEPtlddet ermi ned pl ane, wherein positional information
of the novable body in the 15 uniaxial direction is neasured using
an encodeP that irradiates a beamon a grating section arranged

extending in the i.axial direction within a plane parallel to the
oredet ernined plane 0r t BB TERADYES BRRE TSt foacuF SRERECBPFSLY pves
t he encoder r e LN ion.is._ 20,corrected..
19, e rovanrex pRELs BHSeks, LACP2Raki GPniseh! Al ting HEG TR aen
measur ement  erd Ms-10f oL EDGRIEE+ 1 HAN iQFFUENAY¥e HQ B rs a pattern Formed

on the mask onto the object, the apparatus comprising:
10 a mask stage movable in at least the scanning direction
holding the mask;
.an object stage movable in at least the scanning
direction holding the object:
an interferometer and an encoder that measure positional
15 information of the mask stage in the scanning direction:
acalibration unit that performs a calibration operation
of correcting scaling error in & map information that denotes
a relation between the measurement values of the
interferometer and the measurement values of the encoder,
20 based on the measurement values of the interferometer and the
encoder each cbtained at a predetermined sampling interval,
while position setting the mask stage at a plurality of
positions including a first position and a second position
which are positions on both edges of a range where the
25 1llumination light is irradiated on a pattern area of a mask
subject to exposure; and
a control unit that controls the movement of the mask
stage during transfer of the pattern, based on the measurement

values of the encoder and the map information after correction.



25 head unit of the encoder are corrected. 126. A novable body drive
met hod that drives a novable body in at |east a uniaxial direction

on a predeterm ned plane, wherein 164 positional information of the
novabl e body in the uniaxial direction is _neasured using an encoder
that irradiates a beamon a grating sectPBn arranged extending in

the uniaxial direction within a plane parallel to the 5 predeterm ned
pl ane of the novabl e body, and the novable body is driven based on
information related to disposal of the grating section and

measur enent val ues 1af2.t hg eheasEs bold/dribe spyvadh erhedurdvbye; MR e
according to Claim 10 126 wherein information related to a head unit
of the encodérodysonsedretiotdrmyeetipd amavablage bedyt al28izAl abvdEbleetion,
body drive nethod that drives a novable 15 body within a

predet er m nedhs @vshsar eldmrissrgfirst axis and a second axi s which
are orthogonal, wherein pasitional information of the novable body is
measured °by an en@&dBRCPASE RRRT ol He Al 2 WRPENON N &fdchng gection
grating sectionrﬁr%ﬁn%%d %ﬁﬁending within a gl ne _9ra||ej to thel

20 predet er mMAEE HEh &G FHEIoVablE BOUT 1297 Fhet hev abt i Hody PLane
drive nethod rndiing .t i ej di £f i
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novabl e body drive method according to one o ains 128 and 129
wher ei n uniaxial direction; and
10 an interferometer that irradiates a beam on a reflection

surface that intersects the predetermined plane of the movable
body and measures the positional information of the movable
body in the uniaxial direction, wherein

the movable body is driven using at least one of the

15 encoder and the interferometer.

113. The movable body drive system according to Claim
112 wherein
calibration of the encoder is performed, based on

20 measurement values of the interferometer.

114. A movable boedy drive system that drives a movable
body on a predetermined plane in at least a uniaxial direction,
the system comprising:

25 an encoder that irradiates a beam on a grating section
arranged extending in the uniaxial direction within a plane
parallel to the predetermined plane of the movable body and
measures positional information of the movable body in the

uniaxial direction; and



165 the grating section is arranged extending in a direction

parallel to the first axis and the second axis, and when neasuring
the positional information, a first head unit that intersects with
the grating section parallel to the first axis 5 and a second head

unit that

intersects with the grating seéffon parallel to the second

axis are used. 131. The novabl e body drive nethod according to any

one of Cains 122E;%O&%%dgm%hehﬁl%othgg SBEEéQQSSﬁgééﬁEbhéﬁ%L&%?%f% of

grating disposed periodically in the extending direction.
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the encoder, which occurs due to the grating section.

115. The movable body drive system according to Claim
114 wherein
the correction unit corrects measurement errors that

occur due to a head unit of the encoder.

1i6. A movable body drive system that drives a movable
body on a predetermined plane in at least a uniaxial direction,
the system comprising:

an encoder that irradiates a beam on a grating section
arranged extending in the uniaxial direction within a plane
parallel to the predetermined plane of the movable body and
measures positional information of the movable body in the
uniaxial direction; and

a control unit that controls movement of the movable body
based on information of disposal of the grating section and

measurement values of the encoder.

117. The movable body drive system according to Claim
116 whereiln
the control unit uses information related to a head unit

of the encoder.

118. A movable body drive system that drives a movable
body within a predetermined plane parallel to a first axis
and a second axis which are orthogonal, the system comprising:

an encoder that has a head unit, which intersects a
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grating section, arranged extending within a plane parallel
to the predetermined pilane of the movable body, and measures

positional information of the movable body.

119. The movable body drive system according to Claim
118 wherein

the head unit has a plurality of heads, which are
arranged, at a predetermined distance in a direction

intersecting the grating section.

120. The movable body drive system according to one of
Ciaims 118 and 119 wherein

the grating section is arranged extending in a direction
parallel to the first axis and the second axis, and the head
unit has a first unit that intersects with the grating section
parallel to the first axis and a second unit that intersects

with the grating section parallel to the second axis.

121. The movable body drive system according to any one
of Claims 112 to 120 wherein
the grating section includes a grating disposed

periodically in the extending direction.

122. A movable body drive method that drives a movable
body in at least a uniaxial direction on a predetermined plane,
wherein

positional information of the movable body in the
uniaxial direction is measured using at least one of an encoder

that irradiates a beam on a grating section arranged extending
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in the uniaxial direction within a plane parallel to the
predetermined plane of the movable body and an interferometer
that irradiates a beamon a reflection surface that intersects

the predetermined plane of the movable body.

123. The movable body drive method according to Claim
122 wherein
calibration of the encoder is performed based on

measurement values of the interferometer.

124. A movable body drive method that drives a movable
body in at least a uniaxial direction on a predetermined plane,
wherein

positional information of the movable body in the
uniaxial direction is measured using an encoder that
irradiates a beam on a grating section arranged extending in
the uniaxial direction within a plane parallel to the
predetermined plane of the movable body, and measurement error
of the encoder that occurs due to the grating section is

corrected.

125. The movable body drive method according to Claim
124 wherein
measurement errors of the encoder that occur due to a

head unit of the encoder are corrected.

126. A movable body drive method that drives a movable
body in at least a uniaxial direction on a predetermined plane,

wherein
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positional information of the movable body in the
uniaxial direction is measured using an encoder that
irradiates a beam on a grating section arranged extending in
the uniaxial direction within a plane parallel to the
predetermined plane of the movable body, and the movable body
is driven based on information related to disposal of the

grating section and measurement values of the encoder.

127. The movable body drive method according to Claim
126 wherein
information related to a head unit of the encoder is used

to drive the movable body.

128. A movable body drive method that drives a movable
body within a predetermined plane parallel to a first axis
and a second axis which are orthogonal, wherein

positional information of the movable body is measured
by an encoder that has a head unit, which intersects a grating
section arranged extending within a plane parallel to the

predetermined plane of the movable body.

129. The movable body drive method according to Claim
128 wherein

a different head in the head unit is used according to
a position of the movable body related to a direction

intersecting the grating section.

130. The movable body drive method according to one of

Claims 128 and 129 wherein
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the grating section is arranged extending in a direction
parallel to the first axis and the second axis, and when
measuring the positiocnal information, a first head unit that
intersects with the grating section parallel to the first axis
and a second head unit that intersects with the grating section

parallel to the second axis are used.

131. The movable body drive method according to any one
of Claims 122 to 130 wherein
the grating section includes a grating disposed

periodically in the extending direction.



