1 DESCRI PTI ON MOVABLE BCDY DRI VE SYSTEM PATTERN FORVATI ON
APPARATUS, EXPOSURE APPARATUS AND EXPOSURE METHOD, 5 AND DEVI CE
MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention relates to
novabl e body drive systens, pattern formation apparatuses, exposure
apparatuses 10 and exposure nethods, andjdevi ce nmanufacturing

met hods, and nore particularly to a novabl e body drive systemthat
neasures the position of a novabl e body using an encoder system and
drives the novabl e body substanti al DESCRIPTH @iNedet ermi ned pl ane, a
pattern formati on apparatus equi pped with the novabl e 15 body drive
system an exposure apparatus equipped with the novable body drive

system and an_exposure net hod u5| ng t he_ __novabl e bod drlve syste
and a devi ce MR Ygﬁiﬁ r BRP¥re si et OFEex po PR m ION
f!‘&ﬁé?iéﬁ;%%%%@&%? %%ﬁ%&%%?%ﬁﬁév%@@é %&P&#ﬁaﬁ METHOD,

devi ces) gﬁ.@ !Eﬂit? d crystal display
devi ces, gn exposure appara ugAg'ﬂié as a proj ecti on exposure

apparatus 25 by a step-and-repeat nethod (a so-called stepper) or a
proj ection exposure apparatus by a step-and-scan nethod (a so-called
scanni ng st emECHNICAN FIELDBO called a scanner) is mainly used. In
this type of exposure apparatus, in general, position 2 nmeasurenent

of a stage that holTds @radestir atrevemt ben expbseds tbomoerbipl dody drive

waf er, was perfornmed using a | aser
systems, pattern formation apparatuses, exposure apparatuses

10 and exposure methods, and device manufacturing methods, and
more particularly to a movable body drive system that measures
the position of a movable body using an encoder system and
drives the movable body substantially along a predetermined
plane, a pattern formation apparatus equipped with the movablie

15 Dbody drive system, an exposure apparatus equipped with the
movable body drive system and an exposure method using the
movable body drive system, and a device manufacturing method

using the exposure apparatus or the exposure method.

20 BACKGROUND ART
Conventionally, . in a lithography process for
manufacturing microdevices (eiectron devices) such as
semiconductor devices and liquid crystal display devices, an
exposure apparatus such as a projection exposure apparatus
25 by a step-and-repeat method (a so-called stepper) or a
projection exposure apparatus by a step-and-scan method (a
so-called scanning stepper (which is also called a scanner)
is mainly used.

In this type of exposure apparatus, in general, position



interferoneter. However, a |evel of required perfornmance has becone
hi gher due to finer patterns acconpanying higher 5 integration of

sem conduct or devices. For exanple, a permssible value of a total
overlay error beconmes an order of several nm and according to this
perm ssible value, a permssible value 0§ a position control error

of the stage becones |less than or equal to a subnano order.
Accordingly, 10 short-termvariation of nmeasurenent val ues caused by
air fluctuameermingreny ofgenstaged e hod dseapeuhttreteard dte arxposed,
and/ or tenperature gradient of an atnosphere in a beampath of the

| aser interf &BnetEramyifiot de VyFR¥ed Wy nbeELoTRetef AN e@entdaper
an encoder havi n% a high resolution 15 that is hardly affected by

air fluctuati*ghts Ini t HOVRBELy it ¢RVEL ore FEAHAS Rt GHIReFE g S

ctiontion. 290 sh oPOSNLE ARPALL! UL ses 11, Ncglet, (8L e

posi ti on nmeasurenent” © a

refer to Pat i_treratu 1 L ke) he c
exposur e go ngl:)tae atahtgogltes%?i b%%ﬁ?ﬁoéﬁgctg%en?eﬁﬁéréturgéi Oéaxagﬁrlflde’ a

plate is usedrmiisGiblics viaatat 8¢ aboyead SwbslsptEriePleAtbL ML der
a wde range of an area including an entire area of a novenent range

of the subst et edwlda doweved , ascde€ing t6 dhibi pukihikeimaaufvagiugr,e a
the grid 25 plate with a large area and high precision as is

di scl osed i metrivd sRdtdmt viailver atfure pbs id iplnuranttng lofergwird ofl dthes stage
needed to be placed_side by side. Fighter, to use the grid plate

havi ng a | ar §ECAES 4SSESERRB E0sEHELNCS FeSPRREAP PFdeF at uPscordiagly,
dravvbacqu)i n terns of Ia‘#)u,t and accuracy, and also is 3 al nost

unreal i st?c ESPEGHGF i R 1ER MO OL o BFISBEFRRI L i Mg uredyseq), By air

Pat ent Appli%%%k%%ations that is generated due to temperature variation
and/or temperature gradient of an atmosphere in a beam path
of the léser interferometer cannot be ignored any more.

Therefore, recently, an encoder having a high resolution

15 that is hardly affected by air fluctuations compared with the

interferometer has been gathering attention, and an exposure

apparatus that uses the encoder for position measurement of

a wafer stage or the like is proposed (e.g. refer to Patent

Literature 1, and the like). In the case of an exposure

20 apparatus described in the Patent Literature 1, a grid plate

is used, which is located above a substrafe table and covers

a wide range of an area including an entire area of a movement
range of the substrate table.

However, since it is difficult to manufacture the grid

25 plate with a large area and high precision as is disclosed

in the Patent Literature 1, a plurality of grid plates needed

to be placed side by side. Fighter, to use the grid plate

having a large area as is disclosed in the Patent Literature

1 has drawbacks in terms of layout and accuracy, and also is



Publ i cati on No. 2006/0227309 5 DI SCLOSURE OF | NVENTI ON MEANS FOR
SOLVI NG THE PROBLEMS The present invention has been nmade in view of
the circunstances described above, and according to a first aspect

of the present invention, there is provided a first 10 novabl e body
drive systemthat drives a novable body substantially along a
predeterm ned plane, the system conprising: a first scale which is

pl aced, with a first direction serving as its |ongitudi nal

di rection, omladstr stnraslams itthasHemias. hd moeistie dodipsnd i s
parallel to the 15 predeterm ned plane, and in which a first grating
whose periodic di FEEEREN i E1FRTRRBTEI r sk’ di Pebti onPdFeih a Adddir@tion

di rection per di cuyl.ar t i jrection is formed; a second
scal e which ig% %%ﬁiioRﬁﬁﬁf{5§§4i§§%¢¥Qﬁ rection serving as its
| ongi tudi nal direction, on the first plane, and in which 20 a second
grating whose periodic direction is orthogonal to the periodic

di recti ons of gHGcLOFIRE" P ngmliﬁfjﬁd; a neasurenent system which

has a first head group 1ncluding a plurality of first heads that are

pl aced at di MEARS! FORI SOIMING THE PROBIENg ection on a second
pl ane of the novabl e body 25 substantially parallel to the

predet er m ned pl anfhengprtmant theventbasuheaebket mecid oivs vhewhef the
periodic direction of the first grating, and a second head group

i ncl udi ng a pluncamstanasfs séeordibeddsbonat and plageardingli teeperfiirst
positions in the first direction on the second plane of the novable
body and 4 REPETHh&L Theadfcsfdift AeddtiBns thedhe H&asudided a first

Gl ect 1oy o e ReCRd, T BL0S, SCall D ORISR PR L PRL1e oy
substantially along a predetermined plane, the system
comprising: a first scale which is placed, with a first
direction serving as its longitudinal direction, on a first
plane that faces the movable body and is parallel tc the

15 predetermined plane, and in which a first grating whose
periodic direction is in the first direction ox in a second
direction perpendicular to the first direction is formed; a
second scale which is placed, with the second direction serving
as its longitudinal direction, on the first plane, and in which

20 a second grating whose periodic direction is orthogonal to
the periodic direction of the first grating is formed; a
measurement system which has a first head group including a
plurality of first heads that are placed at different positions
in the second direction on a second plane of the movable body

25 substantially parallel to the predetermined plane and have
their measurement directions in the periodic direction of the
first grating, and a second head group including & plurality
of second heads that are placed at different positions in the

first direction on the second plane of the movable body and



degrees of freedomw thin the predeterm ne plane including 5 the

first and second directions based on an output of the first head

that faces the first scale and an output of the second head that

faces the second scale; and a drive systemthat drives the novable
body al ong the predeterm ned plane based g@n the positional

information that has been conputed by the 10 neasurenent system

Wth this system based on the output of the first head that faces
the first scdlaeaandcifensaspaenentt Hérsetdatshbadthe rariedies direction
second scal e, the measurenent system conputes _positional information
of the novabl% bdlly i §S&PTFealf 2508y r e@PRongh bFh { VEPTMRIYr e s Rysitional

f d it hi, h edet 1 ned | i ncl udi t he first d
second i rect RN b Aot e IV DoaD: bRt LAPOmHEFBRCEARE Fado
b t { ; - j . i L
been SO G e ATSILETEN Vel S, VIR e sl g e
body 20 can he ek y¥en AlLaachRg P det 8518 BRd Rl SN E ot TF the first

preci sion, based on the neasurenment val ues of the neasurenent system
in the entime=ar eaaf facwRvementirangecal et Bedndyabheobodys tWd hdond
pl aci ng scal es (gratings) corresponding to the entire area of the
novenent randgeadf thae famesbt ke bedypnd2scAteprdidydtrava sectomithspetives
of the present invention, there is provided a second novabl e body
drive syst emtiigamovabilgedodynadablethbodyredpsemminad| ylanenpzed on the
predeterm ned plane, the %ystenyconprising: a scale which is placed,
with a firsP®e@qn L8P taOT t $hedngheadi RaF™ di FEBRYERE Y 5 the
a first ane that faces the novable body and is parallel to the

pr edet er ne@ﬁﬁ%ﬂﬁﬁmﬁﬁﬁi%W$%WWth a two-di mensi onal grating whose

periodic directi On%i%ﬁlethﬁ]stws{érﬁftbadgéc?%hi Phe output of the first head

that faces the first scale and the output of the second head
that féces the second scale, the measurement system computes
positional information of the movable body in at least

15 directions of two degrees of freedom within the predetermined
plane including the first and second directions, and based
on the positional information that has been computed by the
measurement system, the drive system drives the movable body
along the predetermined plane. Accordingly,thenmvablebbdy

20 cmnbedrivenalongthepredeterminedplanewithhighpre?ision,
based on the measurement values of the measurement system in
the entire area of a movement range of the movable body, without
prlacing scales (gratings) corresponding to the entire area
cf the movement range of the movable body.

25 According to a second aspect of the present invention,
there is provided a second movable body drive system that
drives a movable body substantially along a predetermined
plane, the system comprising: a scale which is placed, with

a first direction serving as its longitudinal direction, on



and in a second direction perpendicular to the first direction 5 is
fornmed; a neasurenent systemwhich has a plurality of
t wo- di nensi onal heads that are placed at different positions in the
second direction on a second plane of the novabl e body substantially
parallel to the predeterm ned plane and hgve their neasurenent
directions in the first and second 10 directions, and which conmputes
positional information of the novable body in at |east directions of
two degrees & fire&dphangi tihih fdreeprideemenvpicde phdieandcl sidianpllied to
first and second directiops based on an output of the
t wo- di mensi of&e RESCEHAEMIRSLE e @ 1ERE  se; LBndH Gt i Fe teipsEManFacnal
drives the nnvag]e 15, body redeternlned ane_based. .on %
88 1on

posi t onal S g 08 O ST ot P AR e oSt
system %nhh%ﬁe%é?sﬁ% cphaéee& o %Qgggyh%hlg& t'ﬁcb%hte"‘f dirensional,

head t hat faces Sca e neasu

posi tionab infsoraminan of hBgsiAP¥aAbhe Q%@Xem?%ﬂﬂbﬁﬂhé§a§tpQM&EQEE?n%f
of two degrees of freedomw thin the pr édet ermi ne pl ane 1 ncl udi ng

first and seeqiddddimectiicns, heatd blased i pllBeepost td oMl rémd Qoratiions
that has been conmputed by the neasurenent system the drive system
drives the niwvabhe sdooyd aioertin pnedeteconded plcandé. the coyvilnlg pody
the novabl e 25 body can be driven along the predeternm ned plane with
hi gh preci sisg®stisaddgldy Piee addgdurtenaie palegled eginimiesl pdaser emshthave
systemin the entire area of a nmpvenent range of the npvable body

wi t hout pl acith§idcaME8SPgFEEPgs F1EBFF&8B8ndiRg ?Qﬁtfﬁ#rﬁﬁulq@§laﬁ@§°nd

f th t f_t bl e 6 A t thir
Sspect obdt nelsrEaatns At TORCE CHOIIN S BPGIEaga=d parperacioh St the

formation ap%fv%‘i% LB&S {9r s leésEa&}Lﬁé@tP&Q%P%%%eg%@gsaé’P%rr%e m

conprising: a pattern
within the predetermine plane including the first and second

directions based on an outpuf of the two-dimensional head that
faces the scale; and a drive system that drives the movable

15 body along the predetermined plane based on the positional
information that has been computed by the measurement system.
With this system, based on the output of the
two-dimensional head.that faces the scale, the measurement
system computes positional information of the movable body

20 in at leasf directions of two degrees of freedom within the
predetermine plane including the first and second directions,

and based on the positional information that has been computed

by the measurement system, the drive system drives the movable
body along the predetermined plane. Accordingly, the movable

25 body can be driven along the predetermined plane with high
precision, based on the measurement values of the measurement
system in the entire area of a movement range of the movable
body, without placing scales (gratings) corresponding to the

entire area of the movement range of the movable body.



device that generates a pattern on the object; and one of the 5 first
and second novabl e body drive systens of the present invention,

wher eby a novabl e body, on which the object is nounted, is driven by
t he novabl e body drive system for pattern formation to the object.
Wth this apparatus, by the patterning degice generating 10 a

pattern on an object on the novable body that is driven with high
precision by one of the first and second novabl e body drive systens
of the present inve@RCPEAING theofBirfoasPere of civmmasrnpdrtvant icom,
t he obj ect Wﬁtti'ih hi g_Lh precisjon. According to a fourth aspect of the
present i nvetiSoF 1SIPRNEET € RS T2 TG ST §RRARAE U fdadt forms
that forns a_ aE{:éEH O%nalalnokg)b' ect . ith irradiation af .an ener VA .
beam the appararus corrprisﬂng. 2 P R I Ty AETTEE A ¢ F P ey e
the object y e Of, ~t f iyl

novabl e bodywﬁ‘{l\géehg?g?e gﬂ%?g?%% a;:f%zstét%ﬁ:nl Ir?\r}e\lfﬂ:lt?(le odngj%v%%?gﬁ‘?e%ggﬁ the
novabl e bgdy.fia Waineh Q@ RPIMRAiad 1T BIHY ’hiveS dtels B e present
novabl e body drive system for relative novenent of the energy beam
and the obj edinveidilort, hivheapar ad uovalel e riebay| venmaviegRntthef ciect is
energy beamthat is irradiated fromthe patterning device to an obj
ect 25 and tiweirdigdacti s t el venable thedynormhite chodhedobjectsyissem, for
mounted is driven with high precision by one of the first and second
movabl e body P@rﬁt\%%ﬁ@éw thfe Wreskedthvention.  Accordingly,

the pattern can be f,oE1 d, on the obj ecl% vv'hth hi gh precision by ,
scanni ng exposure. "¢t A@Hﬁ‘ BPRETELUS 7Y Fhe AR b HEV pFeSSReTrating

i i h i i_ded h
Vet Lo e BB oS BECOG SXBRRHE S ARBRI . 1% SRR

high precision by one of the first and second movable body

drive systems of the present invention, it becomes possible
to form the pattern on the object with high precision.
According to a fourth aspect of the present invention,
15 there is provided a first exposure apparatus that forms a
pattern on an object with irradiation of an energy beam, the
apparatus comprising: a patterning device that irradiates the
object with the energy beam; and one of the first and second
movable body drive systems of the present invention, whereby
20 a movable body, on which the cbject is mounted, is driven by
the movable body drive system, for relative movement of the
energy beam and the object.
With this apparatus, for relative movement of‘an energy
beam that is irradiated from the patterning device to an object
25 and the object, the movable body on which the object is mounted
is driven with high precision by one of the first and second
movable body drive systems of the present invention.
Accordingly, the pattern can be formed on the object with high

precision by scanning exposure.



novabl e body that can nove along a predeterm ned plane, while 5

hol ding the object; a scale that is placed substantially parallel to
the predeterm ned plane, with a first direction serving as its

| ongi tudi nal direction; and an encoder system that has a plurality

of heads which are arranged on the novable body and whose positions
are different in a second direction 10 orthogonal to the first
direction within the predeterm ned plane, and neasures positional

i nformati on of theAsseakliachégya 5%f€ba%$PﬁQFi%% e amgsest imwention,
object, using.,at |least one . of the plurality of heads that faces the

scale. Wth tHi& SgFarfdrsidsd A ey B FPARE Ueh Cdidr exppses
system are arran e%c|1di movabl e ho Lo 2N at | east durin? e
exposure of e b ject, pog%ﬁtﬁﬂﬁquIoFWhtiJﬁaﬁﬁﬂﬁﬁ§ﬁﬂﬂ/ rﬂﬁﬁﬂ?' &
i s measured I f I ; t S

cal e whi oh 8 Ao ed Y ub S APy rE R & BplePREn AR R LAST e
plane with the1fdirsf ©héeebloBrseViNG1Lh@stils bonegkbuGdivitantially
direction. According to a sixth aspect of the present invention,

there is proygaded 1&lf itksthdeviredemanniiaetiupl age peirhod, 2 RUFY idGim&Gtion
exposi ng an object using one of the first and second exposure

appar at uses cfenviegpresens lonveitudinaland re28 idevebopi ay ¢heodemp eyed em
obj ect. According to a seventh aspect of the present invention,

there is profi@ddhasfd piurakpsyuriehpadioth beh expost mpeed obj el mopiat e
an energy beam  the nmethod conpri sing: hoL%in%‘the,ob'ect wth a

movabl e body;°5Hd 38 YRAGStARS EHody-Hy-6re oF 8 STHIY IHSreEien

secons nayable Bl % YA 9IS R e LIS S0 Mo

movabl e body fihale ol §$edlures positional information of the movable body
at least during exposure of the object, using at least one
of the plurality of heads that faces the scale.

With this apparatus, a,plurality'of]neadé of the encoder

15 system are arranged on the movable body, and at least during
exposure of the object, positional information of the movable
body is measured by at least one of the plurality of heads
that faces the scale, which is placed substantially parallel
to the predetermined plane with the first direction serving

20 as its longitudinal direction.

According to a sixth aspect of the present invention,
there 1s provided a first device manufacturing method,
comprising: exposing an object using one of the first and
second exposure apparatuses of the present invention; and

25 developing the exposed object.

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

with a movable body; and driving the movable body by one of



object is driven with high precision by one of the first and 5
second novabl e body drive systens of the present invention,

favorabl e exposure can be perforned to the object. According to an

ei ght h aspect of the present invention, there is provided a second
exposure method of exposing an object heBd by a novabl e body t hat
noves substantially along 10 a predeterm ned plane, with an energy
beam wherein_a flrst scal e and a second scale are placed on a first

pl ane that fa&c&stifRE FhEY SFFETHRYY ANHS |k%°dé’aFléFV%I53f%teirh%°f the present
det d t he, f t l.e b th a f

b rectFon seditRg e HE (6B e SRR L

grating formed 15 yhenetn; thosenpar IO Lo AULELLARIESHEY IR { HSTas an

direction or in a secon ectr oh perpen

direction, @N%e@%el%EQQEeeﬁcﬁi@hl}?ij}Q R0 M By bhe §8CORd first and
direction serving as its |ongitudinal "direction, "and having a second

grating fernmeadoner eiorabhesbopgr dedire ste@ﬁsO@flﬁl@rﬁMhr&%ﬂt@on,
the periodic direction of the first grating, the method conprises: a
neasur enent greovesdlef ecpmpuitiengguogid ipsnrao rmarf dravetheookofedthe
novabl e body in at | east directions of two degrees of freedomw thin
the predeternine pﬁ&ﬁ@rdﬁ@guﬂeﬁﬁleﬂﬁéthi@%@e@ﬁdﬁ%éb@n@r%ﬁ¢@ﬁnhﬂﬂ@§tlonr

based on an out put of flnft 25 head that faces the first scal e and
an output of SRSL&corit Mt dehat FaCeRt REPSBEERIMSERPE, Oﬁr SHPRFIRG &7

bl aced ot dePPEFEESS Sﬁ'a?gaoafgo"' TG B GRA MRS | BB Lobond Long
pl ane Oi th g?%@gk%rg dSB?%h%nthﬁkhyaHaé@%£§$ ﬁ E%ﬁ%relq'$ first

pFEdetern]ne ane an ave E|{ nmeasur enen reC I'ons i'n
periodic direekii@ngf 4 Q@cf)hﬁséczgi@ta'r‘égplé’@gd%ﬁg%rﬁfjsﬁ‘%@gne%l%‘@ faces

including a plurality of the second heads that are pl aced
the movable body and is parallel to the predetermined plane,
the first scale being placed with a first direction serving
as its longitudinal direction and having a first grating formed
15 therein whose periodic direction is in the first direction
or in a second direction perpendicular to the first direction,
and the second scale being placed with the second direction
serving as 1ts longitudinal direction, and having a second
grating formed therein whose periodic direction is orthogoﬁal
20 to the periocdic direction of the first grating, the method
comprises: a measurement process of computing positional
information of the movable body in at least directions of two
degrees of freedom within the predetermine plane including
the first and second directions, based on an output of a first
25 head that faces the first scale and an output of a second head
that faces the second scale, from among a first head group
including a plurality of the first heads that are placed at
different positions in the second direction on a second plane

of the movable body substantially parallel +to the



at different positions in the first direction on the second 5 pl ane

of the novabl e body and have their neasurenent directions in the
periodic direction of the second grating; and a drive process of
driving the novabl e body al ong the predeterm ned plane based on the
positional information that has been conputed in the neasurenent
process. 10 Wth this nmethod, based on the output of the first head
that faces the first scale and the output of the second head that
faces the secsmfedcumngsbyilengnand s rdisiignmepstihemenbvablechbelys in
in at least directions of two degrees of freedom wthin the

pr edet er mi nedH5 BREIPALFUH TRt Hen Of Ehe drid SegbaEG119 ARG & FRR]NESead
conput ed, and based on the conputed.positipnal informatiqn, the

rovabl o body SOt FOSHUAFBRG PRACap: BaateH R mer b Re  da T b up Ag R aced
the movabl e %Oc%iffaf%l%%t Lisugn (3long fcps PﬁEQEt&{P%QE’EoR'&Q%%t cond
hi gh precision based on the néasurenent values 0 € neasurenen

system i nst hg)120, £HE ithe REEaL PE LR RPYEIBRY MaNge: AbatecmBY AR & Lad%ns
wi t hout placing scales (gratings) corresponding to the entire area

of the novemant thangerebdiBed py¥abl énbofyhaar@dRRCgrabigh; PaREI Sidive
exposure can be perfornmed to an object held on the novable body. 25
Accor di ng topratigssh cfspedtvialy the poeskbhe bodediang thdgrmedetermined
provided a third exposure method of exposing an object held by a
nmovabl e body rligare npweedsgbsttdm i BPEytaboag 4nfpraddtiienni heat phage been
wi th an energy beam wherein a scale, in which a two-dinensiona
grating whos&EPEUEH o iithec (G ERIe Ty 59549 Si rst direction and in

2 Sec0nty gl Scti on et PRRd! Sl Qe LT AL TALSEH O Lol BLIB0 e
direction, that faces the first scale and the output of the second head
that faces the second scale, positional infeormation of the
movable body in at least directions of two degrees of freedom
within the predetermined plane including the first and second
15 directions is computed, and based on the computed positional
information, the movable body is driven zlong the
predetermined plane. Accordingly, the movable body can be
driven along the predetermined plane with high precision based
on the measurement values of the measurement system in the
20 entire area of a movement range of the movable body, without
placing scales (gratings) corresponding to the entire area
of the movement range of the movable body, and hence
high-precision exposure can be performed to an object held
-on the movable body.
25 According to a ninth aspect of the present invention,
there is provided a third exposure method of exposing an object
held by a movable body that moves substantially zlong a

predetermined plane, with an energy beam, wherein a scale,

in which a two-dimensional grating whose periodic directions



on a first plane that faces the novable body and is parallel 5 to the
predeterm ned plane; the nmethod conprises: a neasurenent process of.
conmputing positional information of the nmovable body in at |east
directions of two degrees of freedomw thin the predetermnne plane
including the first and second directioh8 based on an output of a
t wo- di nensi onal head 10 that faces the scale, fromanong a plurality
of the two-dinensional heads that are placed at different poaltiogs

y lrecCtlion

i nbt he s_ec?)lnélrﬁi rRt i dn B s HIREDHIUhe B t HE nmbvabFECBSd

substanti a arallel to th det i Rl i

(rjreasur enment é?gf%z%ﬁ’s‘lﬁg E%ghgirfjslfesgrﬁ?rggg&ngagg %r}?n& ’ygﬁgl}g?né gren
rive process,Q riLyi ; . had g i

bl ane based BRS: FeepbshersagiOR BREF LI s Brar Tpndt s e st ian,

the measurengnt pFOCeSS,1 AN RHAH $a0REheHe a1 Ede 0l Rt patal hel

t wo- di nensi onal head that faces the scale, positional 20 information

of the noyabke bedy i pratiekeastindir eplibaas othtwonmdeynees cofipicieedom 2
within the predetermned plane including the first and second
directions i mcasnputed: amdceasedfononpeticgnposédiposilt iofgirmation of
i nformation, the novable body is driven along the predeterm ned

pl ane. Accor dhegipvaitie dodablie bodyl 955t ahl BecEEPyenchl bHg frgrees of

Vel uos of t héxiedeny EHERER S BREHRSERBIBE] 1S A SRR hBuerErt® 21
ange of L1e SIDME0 5 POt LSO oL ACL 10, REALED ALLMBRY ona neas
o an obf Lot tHeld “BRCEne HovaRTE body " Aecard y to Bt oatht Lepect e
of the prese%hJJ@fH@H§y5nal heads that are placed at different positions
in the second direction on a second plane of the movable body
substantially parallel to the predetermined plane and have

their measurement directions in the first and second

15 directions; and a drive prodess of driving the movable body

along the predetermined plane based on the positional

information that has been computed in the measurement process.

With this method, based on the butput of the

two-dimensional head that faces the scale, positional

20 information of the movable body in at least directions of two

degrees of freedom within the predetermined plane including

the first and second directions is computed, and based on the

computed positional information, the movable body is driven

along the predetermined plane. Accordingly, the movable body

25 canbe driven along the predetermined plane with high precision

based on the measurement values of the measurement system in

the entire area of a movement range of the movable body, without

placing scales (gratings) corresponding to the entire area

of the movement range of the movable body, and hence



there is provided a fourth exposure nmethod of exposing an 5 object

hel d by a novabl e body that can nove al ong a predeterm ned pl ane,

with an energy beam the nethod conprising: neasuring positional
information of the novable body at |east during exposure of the
object, with at |east one head of a plurglity of heads that faces a
scale that is 10 placed substantially parallel to the predeterm ned
plane with a first direction serving as its longitudinal direction,
by usi ng anhembogerecssicemetdrats uras dare el wreadfidryneaf theads obhjiectt held
are arranged on the novabl e body and whose positions are different

in a second & &ds Fwvektifodmehi- to the first 15 direction within

the predeterm ned plane. Wth this nethod, by using the encoder _
system having a pPGFRFPERIofFOhBabISR R3PS ¢ drite HTE ST dreipntion,

th d direction that. d on th body, .
posi L onal (RG] o o TH Fobant 6 boay Fo THelPed By SreRsige =0

one 20 0f5th;€?b§|el&r al h{ex%jgf?bzeaadsmﬁ&?&l‘é@cﬁéd%hetﬁa‘:@! a&haﬁobgi Pésf&? a

substanti al | aral l e e pre erm ned plane with the

direction sepUi@tasSrlit®d ORAhR] Nghtdi reat i ORerdy B&AS! dUd Nthethod
exposure of an object. According to an el eventh aSpect of the present

invention, Z2bnididrAngs peavudetgapsecendndevi seormavi aatoif id1: movable
met hod, conprising: exposing an object using any one of the second,

third and fobody expdsase metrtiods eofpdshereprods anlte ichvjentti,onittardt least
devel opi ng the exposed object. 12 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a vnewheelepdt BcRlhyashowi n§ heednftlyar afdess afsemle that is

exposure apparatus_related to_an enbodinment. FIG 2 is a view )
enl ar gi njgo an®1eK5H ﬁ@b@‘é%gﬁ@%%g Rargdel to the predetermined plane with

a first direction serving as its longitudinal direction, by

using an encoder system that has the plurality of heads which

are arranged on the movable body and whose positions are

different in a second direction orthogonal to the first
15 direction within the predetermined plane.

With this method, by using the encoder system having a
piurality of heads whose positions are different in the second
direction that are arranged on the movable body, positional
information of the movable body is measured by at least one

20 of the plurality of heads that faces the scale that is placed
substantially parallel to the predetermined plane with the
first direction serving as its longitudinal direction, at
least during exposure of an object.

According to an eleventh aspect of the present invention,

25 there 1is provided a second device manufacturing method,
comprising: exposing an object using any one of the second,
third and fourth exposure methods of the present invention;

and developing the exposed object.



5 vicinity of a stage device shown in FIG 1. FIG 3 is a plan view
showi ng a wafer stage together with encoders and interferoneters

that neasure positional information of the wafer stage. FIG 4 is a
bl ock di agram showi ng a control system 10 related to stage control

of the exposure apparatus of the enbodiment with a part of the
control systemomtted. FIG 5A is a view show ng a state where the
wafer stage is located at a position at which a portion near the
center of aBRIEBF IDESCRIPDION OFcTHE DRAWMINGSroj ection unit PU,
15 and FIG 5B is a view show ng a state where the wafer stage- is

| ocated at a positifeF-at WhixWigwrehpeaticalbet feeninger coarfiisruratdon

the circunference of the wafer is positioned, directly upder the
proj ection uflt ATFIREPHALS SPRATRY EhdRIfRF e stutdd ﬁﬁé?cé{]:'tn}?é’l%f er

stage 20 is |ocat t sition. at. which partion near a +Y sid
edge of the wafer ;%gego%iajﬁ%n‘éﬂe‘gierr%@ﬁ%}n@nagg Proj edd FeRPIAE ¥SP’O‘,IE’Ehe

and FIG 6B iﬂﬂn‘ﬂt?go:‘%"%%%?%a%@}i%é’@&vﬁ h&, Vﬁé:‘g%r stage is

|l ocated at a positi a portion near an edge of the wafer,
which is angled at p4%.deareeoMird BibASNRGHiAD st hLF 2P Xapd S0888hENSith

Y-axis when viewed fromthe center of the water, 1is positioned
directly undemqudyrect iand unitit@tfefdetdrss ahétewmeshewrey PpEtiafieonal
where the wafer stage is located at a position at which a portion
near a +X si defosugd iohn tdfe teef evafier posigd.oned directly under
projection unit 13 PU FIG 8 is a view showi ng an encoder system
for a wafer stagefE&-at®dit o2aReOré&r ESHRETEMOYW FIG 29CP8 0 @ystem
showi ng ?8 eq:ce?l_% redsytsc;[ esnil.a];g(;)er gor\{\@l];g{ of the exposure apparatus of the
embodiment with a part of the control system omitted.

FIG. 5A is a view showing a state where the wafer stage
is located at a position at which a portion near the center
of a wafer is positioned directly under a projection unit PU,

15 and FIG. 5B is a view showing a state where the wafer stage
is located at a position at which a mid portion between the
center and the circumference of the wafer is positioned
directly under the projection unit.

FIG., 6A is a view showing a state where the wafer stage

20 1is located at a position at which a portilion near a +Y side
edge of the wafer is positioned directly under projection unit
PU, and FIG. 6B is a view showing a state where the wafer stage
is located at a position at which a portion near an edge of
the wafer, which is angled at 45 degrees with respect to the

25 X-axis and the Y-axis when viewed from the center of the wafer,
is positioned directly under projection unit PU.

FIG. 7 is a view showing a state where the wafer stage

is located at a position at which a portion near a +X side

edge of the wafer is positioned directly under projection unit



5 stage related to yet another enbodi nent. BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON An enbodi ment of the present invention is described
below, with reference to FIGS. 1 to 7. 10 FIG 1 shows a schematic
configuration of an exposure apparatus 100 related to the

enbodi nent. Exposure apparatus 100 is a T3duction projection
exposure apparatus by a step-and-scan nethod, which is a so-called
scanner. As iP?‘] described later, a projection optical systemPL is
provided 15 i'm'this enbodi ment, and in the description below the

expl anation is giveg-asguning \;it&q‘lg C%O%;i;ngtgirrﬁo%EBgagkl %’3}%.&& A0y 2 wafer

optical axis AX of projection o s a
direction, a ROy W Ghadat iGhs Sk a wafer are relatively

scanned within a pl'ane orthogonal to the Z-axis 20 direction i s a
Y-axis direction, and.asdigegtyiong tdraiwiiry 20r thegasal s{yotamZraxi$ waifér
a Y-axis is an X-axis direction, and rotation (inclination)

directi ons alguwtgeanred-ahdds,td heet el mehddeinerax s are x, Oy and
Qz directions, respectively. 25 Exposure apparatus 100 is equi pped
with an illumnation system 10, a reticle stage RST that holds a
reticle R a_projection unit PU_a wafer stagle device 12 including a
waf er stage oMGRE c FOR \EGABRYAENG QUIFt THE ~ENVENTIONont r o
system and the like. 14 i s disclosed in or_exanple, .U S ,
Pacent Appli cati on USRS SN 5005, 0598886 RUCRRACT: e described
i1lum nationy system;1Q irrécfe%%e ad iﬁgs_solurtcoe;F/._and an illumnation
optical systemt_Hat as an T11um nance uniformty optical systemb5
containing an optigal; i At gAERE0R 8Behbeidi & 2 1611 5F &n exposure

apparatus 100 related to the embodiment. Exposure apparatus
100 is a reduction preojection exposure apparatus by a
step-and-scan method, which is a so-called scanner. As is
described later, a projection optical system PL is provided

15 in this embodiment, and in the description below, the
explanation is given assuming that a direction parallel to
an optical axis AX of projection optical system PL is a Z-axis
direction, a direction in which a reticle and a wafer are
relatively scanned within a plane orthogonal to the Z-axis

20 direction is a Y-axis direction, and a direction that is
orthogonal to a Z-axXis and a Y-axis is an X-axis direction,
and rotation (inclination) directions about an X-axis, the
Y-axis and the Z-axis are 0Ox, Oy and 0z directions,
respectively.

25 Exposure apparatus 100 is equippedxﬂith.an.illumination
system 10, a reticle stage RST that hclds a reticle R, a
projection unit PU, a wafer stage device 12 including a wafer
stage WST on which a wafer W is mounted, and their control

- system, and the like.



blind and the |ike (none of which are shown) . Illum nation system

10 illum nates a slit-shaped illum nation area AR, which is defined
by the reticle blind (a masking systen), on reticle Rwith an
illumnation Iight (exposure light) IL with 10 substantially uniform
illumnance. In this case, as illumnatigan [ight 1L, an ArF exci ner

| aser |ight (wavelength: 193nm is used, as an exanple. On reticle
stage RST, reticle R having a pattern surface (a |ower surface in

FIG 1) on which a?As tediscdasest inarfpr eganhie} e .aPetént dapliisation
fixed by, for exarrpl e, vacuum suctl on. Reticle stage RST is finely
drivabl e wit RUYPliebée %{ﬁe A3 /AP R vanfe the aldksy gridlégrination

d d which is th
i o0t § on berHs 7 ) oy v re%@fi"h'to o Jﬁ%é'EaalélsaéhFiéE@lBP%#Panplt)l‘%al

h I d | e,
e e e e ot s 4y
rotationak '<:‘?dcr1(?trani‘%h'rf?_:]1 a'n%{a’ﬂ?cgi %E@ ié@n@} Hq eld ‘i&‘ies"éﬂé £3kticle

within the XY plane (a novenent plane) is constantly defected at a

25 resol utiomldind f2erd examliee aneHado@. khDEhWatd shéwi) ¢l elllag@mation
interferoneter (hereinafter, referred to as a "reticle

i nt erferonet eysgteht IShadl umirEt@s B \dla ta-gharsdel € Ifiutioratimon (@uvea IAR,
actuality, a Y novable mrror (or a retroreflector) having a

refl ection sutfigde i6r dR6goadl bY chheetiaxiss bdilngct honaahitng ssystemn , on'
nmovabl e mirror having a reflection surface orthogonal to_the X-axis
direction ar &&% gdyltmat%lélprﬂkéétﬁf’ﬁr&gh’@m EReAEUARPhy) BasH th
of an X xed r]grror a Y fi ed mrlror as a reffreLr}L[cl_éJSSV\hlch is
fixed to he SHRFd of*a §r“} el 5 G ERSE -constT t case, as

proj ection quld%{natlonllghtIL,eﬂ1ArFexcimerlaserllght(wavelength:

193nm) is used, as an example.
On reticle stage RST, reticle R having a pattern surface
(a lower surface in FIG. 1) on which a circuit pattern and
15 the like are formed is fixed by, for example, vacuum suction.
Reticle stage RST is finely drivable within the XY plane and
also drivable at a designated scanning speed in a scanning
direction (which is the Y-axis direction being a lateral
direction of the page surface of FIG. 1), with a reticle stage
20 drive system 11 including, for example, a linear motor or the
like.
Positional. information (including rotational
information in the 6z direction) of reticle stage RST within
the XY plane {(a movement plane) is constantly detected at a
25 resolution of, for example, around 0.25nm with a reticle laser
interferometer ({(hereinafter, referred to as a “reticle
interferometer”) 16 shown in FIG. 1 via a movable mirror 15
(in actuality, a Y movable mirror (or a retroreflector) having

a reflection surface orthogonal to the Y-axis direction and



Projection unit PUis held by a part (a barrel platform of a body
(not shown) via a flange FLG below reticle stage RST in FIG 1.
Projection unit PU includes barrel 40 which has a cylindrical shape
and has flange FLG arranged in the 10 vicinity of a | ower end of the
outer periphery thereof, and projectioniaptical systemPL which is
hel d by barrel 40 and is conposed of a plurality of optical

el ements. As projection optical systemPL, for exanple, a dioptric

system that i X aPEPdE éﬁlréodq deing 2ot edeickaiore [stSFce (qretrlwgonal
el ements) 15 di sgg al on t| cal axis AX parag | el ttgjrt he. Z eégl

direction |<UTE “PARSed) %aresfs%ﬂqa lirs ¥ mirror
bot h-si de tellqlcg{]ﬁ 'é'c%u%rlq_tarﬁ egclri) ﬁ%ﬁ"%‘{%y@ eCt' Y fwgled mirror)

magni fication ter, one- ereaiE or 8,

i ITumi nation gy Qaréf&éﬁcé ! Wma?@aedfm/ea ltloueheaéi&é' A Adhbel L bfa&%l

illumnation system 10, illumnation i ght having passed through

reticle Rswhage tpait ighsuhacss igrdiasadn syﬁa{c gngially coincident
with a first plane (an object plane) of projection optical system PL

forms a reduced i nRgejektdoncunttiRU patheld biyaa editcéd bhavgel @fl aa form)
part of a circuit pattern) 25 of the reticle within illum nation area

| AR on an ared (alodyxpesir shamed) vikate ifd acws JG& ddlov Ideddiolat isdrge
area | AR described previously on wafer which is placed on a ‘
second pl an&lars Fd§e 6I an%lfOE‘PG’él%]fl %@b‘fe%[ﬂledﬁf f‘cak?a%%%]teﬁrﬂ phich

d wh f h
t o Sficfféwaﬁét l Efaﬁ" 3eah %ﬁma%e%%?ds%x;(hsnﬁe”s' : i a&tr?qeaam e
0 i um gat Lol aXI A ?Rr eC%Dlﬂgg] 8%&' 89 1!1’1@ cguij.é‘g f)er EW %31 ec(rjf agld

direction (thé SO nMovin Ve

the exposur eg@’oej%c(t' |dn“'5'p%§tc'aqn sly's@%h bjl':.) wRikA ig%éf&‘rﬁ'}}r %ﬂéfcﬂtd Ahd

(the Y-axis réction)
is composed of a plurality of optical elements. As projection

optical system PL, for example, a dioptric system that is
composed of a plurality of optical elements (lens elements)
15 disposedalongoptical axis AX paraliel to the Z-axis direction
is used. Projection optical system PL is, for example,
both-side telecentric and has a predetermined projection
magnification (e.g. one-quarter, or one-fifth). Therefore,
when illumination area IAR is illuminated by illumination
20 light IL from illumination system 10, illumination light IL
having passed through reticle R whose pattern surface is placed
substantially coincident with a first plane (an object plane)
of projection optical system PL forms a reduced image of a
circuit pattern {a reduced image of a part of a circuit pattern)
25 of the reticle within illumination area IAR on an area f{an
exposure area) that is conjugate to illumination area IAR
described previously on wafer W, which is placed on a second
plane (an image plane) side of projection optical system PL

and whose surface is coated with a resist (a sensitive agent),



synchronous drive of reticle stage RST and wafer stage WST, scanning
exposure of one shot area (divided area) on wafer Wis perforned,
and a pattern of reticle Ris transferred to the shot area. Mre
specifically, in this enbodinment, a 10 pattern is generated on wafer

Wby illumnation system 10, reticle R arg@d projection optical system
PL, and the pattern is fornmed on wafer Wby exposure of a sensitive
| ayer (a resist layer) on wafer Wwith illumnation light IL. Wafer

st age devi ce Vi pgoggaitppedoptihad sysgeniRise Then}bbyhaevimg reticle R
supported al nost horizontally with a plurality.&e.g: 3 or 4) of .
vi bration i s&SdEGYerEChahl YRENEBRPR tBEEE F AFhd 1 ldpBadnagdpnpl ekl Bn 4n
base plate BS.installed op a floor surface ,F, wafer stage WST that |,

i s placed ab&V& EF%ElBascglrﬂ‘?tJaO%F Tse%dR HhsE St gﬁfjﬁl%?n&m’lng

O Fcwaer 8040 B0 She LU, dilaces pals SLa08 VL. 1)

and the |ike” t-age base iI's nade of"a vin

outer shape, ;and s ‘?{ni%gjrf‘?ﬁ det ifdd S(hc%%-sgf.—%lg;itso Qﬁ\i%c’tﬁé)\ﬁgryby

hi gh I evel of flatness degree, and serves as a gui pl ane used when
waf er stage Wehdmreoud Bgiide siragethase £dagdSrReTCohd w¥dr istage WST,
housed, which includes a plurality of coils "placed in a matrix shape
with the XY tswanthinensixpraiurd reflanenshaerardgg (@S vd deawadigsfctdromafer
and a colum direction. As shown in FIG 2, wafer stage WST has a
stage mai n bddys BOrandradwadied a alsite-akFBokhicehicd et Rel sippem shatiarh to
of stage 17 nmin body 30, and on the bottom portion of stage main
body 30, a fBgnethict udreasl Havpngreaiifdeality ofn nblghet smogAimgnt, a
constitu{&s a nggpeth | evitatio %{pe | anar not.Qr together wth

the coi | TUni P3SN BEd IHGFELG% O Wy ugt TS E e O s

coil unit ha%ceri]:%tcl%anya%a L)a(?: )j(!e%tgbrrtlegltjlzz?gal system PL, and the pattern

is formed on wafer W by exposure of a sensitive layer (a resist
layer) on wafer W with illumination light IL.
Wafer stage device 12 is equipped with a stage base 71
15 that is supported almost horizontally with a plurality (e.qg.
3 or 4) of vibration isolation mechanisms (omitted in the
drawings) placed on a base plate BS installed ona floor surface
F, wafer stage WST that is placed above stage base 71, a wafer
stage drive system 27 (not shown in FIG. 1, refer to FIG. 4)
20 that drives wafer stage WST, and the like.
Stage base 71 is made up of a member having a tabular ‘
outer shape, and its upper surface is finished so as to have
a very high level of flatness degree, and serves as a guide
plane used when wafer stage WST moves. Inside stage base 71,
25 a coil unit is housed, which includes a plurality of coils
placed in a matrix shape with the XY two dimensicnal directions
serving as a row direction and a column direction.
As shown in FIG. 2, wafer stage WST has a stage main body

30 and a wafer table WTB which is the upper section of stage



drive coil and a Y-axis direction drive coil, but also a Z-axis

direction drive coil, and the coil unit and the nmagnetic unit
descri bed above constitute a noving magnet type planar notor (a two
di mensional |inear actuator) by a electromagnetic drive 10 net hod

(Lorenz force drive nethod), which drivesgwafer stage WST in
directions of six degrees of freedomwhich are the X-axis direction,
the Y-axis direction, the Z-axis direction, the Ox direction, the 6y
di rection, aﬁlﬁilﬂhe’?%ﬁhf dtrec@ndrn e botsiayurt v SistssmaEy nasin body

configured i | udi ng the pl anar tor 15 described above. In the
enbodi nent , ﬁ%gfﬁj}é'caﬁﬁl CaPleBEVORI0R RIBEFFIEY R rr%?ﬂn%%pl“ﬂ@d:h

ol h d b
control l er fdmﬁ ﬁtc. i 3P bRk STk e R RreBadirty: Yagether
20 exanpl e, rEoEPahnﬁ ?f&%c&&%d"‘ 3 de st@geamgggggdy tnhacthe

is driven wt |n ane by a linear notor,

the |ike, San%nﬂad@cn%’nﬂ abdkfé tdwty i nelyy it ey 'a’h Q@ dﬁasStdlrectlon
directions of three degrees of freedomwhich are the Z-axis

direction, theri®e dofecinda,Y-adxh ¢ e r@y-tdichedt 1 o8 28 19nbthibe idage -axis
mai n body by a voice coil notor or the like. In such a case, a

pl anar not or diyredisl drodenzeetetly amagridtd codii welt windchhesmalgset bsethit
in, for exanple, U S Patent No. 5,196,745 and the |ike can also be
used. Inci derﬂeeﬁq%ﬁbq%@b@rvanapnﬁﬁ@*éuteu 8 MUEing magegtt bYPRed laprapzotor

el ectromagnetjc drive nethod, 18 but a planar notor a variabl e
magnetic resi @ GHe& @A Ok ibaeear?%ﬁ ¥e Bgeadel@%gwamagnﬁabpélme

f d f h d fi
by, for Shamfiar Ch bRt P bR o S s okt AT R bEEFOR ToF S

like. WST in directions of six degrees of freedom which are the X-axis
direction, the Y-axis direction, the Z-axis direction, the
Ox direction, the Oy direction, and the 8z direction. Wafer
stage drive system 27 is configured including the planar motor
15 described above. In the embodiment, the magnitude and
direction of electric current supplied to Ieach coil
constituting the coil unit are controlled by main controller

20.
Incidentally, wafer stage WST can also employ, for
20 example, a structure that is equipped with a stage main body
that is driven within the XY plane by a linear motor, a planar
motor, or the like, and a wafer table that is finely driven
in at least directions of three degrees of freedom which are
the Z-axis direction, the 6x direction, and the Oy direction
25 on the stage main body by a voice coil motor or the like. 1In
| such a case, a planar motor by the Lorenz electromagnetic drive
which is disclosed in, for example, U.S. Patent No. 5,196,745
and the like can also be used. Incidentally, the planar motor

is not limited to the Lorenz electromagnetic drive method,



Further, a configuration is enployed in which positional information
of wafer stage WST within the XY plane can be neasured by an encoder
system 50 (refer to FIG 4) including scale nenbers 46B, 46C, 46D
and the like, and a wafer laser 10 interferonmeter. system

(hereinafter, shortly referred to as an 8 nterferoneter systen') 18,
respectively. A configuration and the |like of encoder system 50 and
interferoneter system 18 for wafer stage WST are described in detail
bel ow. I nci déttal® plande SRAF Msniservadimblis asefs ¢ Aqed tangg grive
plate, a gratir;C nber, aJd ference nenber and the like. As shown
ina plan vi8F %fo 1B 3-%6h Thé'Sffper surface of wafer table WIB

f W5T) , [, i | f
Char o naf tor. | shor OB P3EE8 e o W88 SAE Ly b WA CERSF o e DE MR o
and Y heads (hereidtaflfr, amharitday 11 erdfd s eadzu @ raded) (or

641 to 6410 are arranged so as to enclose wafer W To be nore

specific,5at diketrbssids ¢ ettt e -thesildeend of the wafer table
WIB upper surface, X heads 661, 662, ..., 665 and 666, 667, ...,

6610 are placed at F2xthepr edebefignedtdiostanernpabgrg irhehXehxicsitional
direction. And, at the +X side end and the -X side end of wafer

tabl e WIB upp&dorggrtiigee ofy wrlris $4age 6UST withig4shandYepdangdan be
..., 6410 are placed at a predeterm ned di stance al ong the Y-axis
direction. RSISIATDPYYARAECE] I B P haidekerehasi §641 4o belyding

head 19 " haviaq contlgurapbonaim Lap LB head (e, cpcarer) e
e oA S PR | 0 AL OB
or the like iz$, usednrbpelbdepbably. LPstb8”) 18, respectively. A
configuration and the like of encoder system 50 and
interferometer system 18 for wafer stage WST are described
in detail below. Incidentally, the scale member can also be
15 called a grid plate, a grating member, z reference member and

the like.

As shown in a plan view of FIG. 3, on the upper surface
cf wafer table WTB (wafer stagé WST), a plurality (ten each,
in this case) of X heads (hereinafter, shortly referred to

20 as heads, as needed) 66; tc 6619 and Y heads (hereinafter,
shortly referred to as heads, as needed) 64, to 64;ip are arranged
sc as to enclose wafer W. To be more specific, at the +Y side
end and the -Y side end of the wafer table WTB upper surface,
X heads 66;, 662, ..., 66 and 665, 667, ..., 6619 are placed at

25 a predetermined distance along the X-axis direction. And, at
the +X side end and the -X side end of wafer table WIB upper
surface, Y heads 64;, 64,, ..., 645 and 64g4, 645, ..., 6415 are
placed at a predetermined distance along the Y-axis direction.

As each of Y heads 64; to 6419 and X heads 66; to 6615, a head



description below, Y heads 641 to 6410 and X heads 661 to 661lo are

al so described as Y heads 64 and X heads 66, respectively. Meanwhil e,
as can be seen when viewing FIGS. 1 and 3 together, four scale
menbers 46A to 46D are placed in a state 10 of enclosing the

peri phery of the | owernost end of- projectjon unit PU from four sides.
In actuality, scale menbers 46A to 46D are fixed to the barre
platformin a suspended state via, for exanple, a support nenber,

al t hough oni theetincnare@ L igevat howisdnidtay cac‘glhleheta@b (dhavwmgeodds) that
Scal e nenbers 46A and 46C are placed on the -X side and the +X side
of projectiodSuftisPISAY H-he o HHTdig-edt-iSon Pafemli Alp -as/ 423 4931 or

opt Lcal ot s S GIBIL ety on 5nta%r%%ﬁ?oe%?%ﬁi»é‘&gg%%pvh“gﬁvh éﬁfﬁq"?ﬁsiﬁs
menbers 468 a(ﬁ%eé%%r%rets}?%%jc&r%ceip Sonéf hCe d'lOtI’{]%éleY_Llca :Lon No.

proj ection un i diTERy ser Ving

| ongi tudi 8al 51 aeidens jand: ag gePhaged lssyrmsé&' cabh; #EhBa1 9POTh ihe

optical axis AX of proj ectl on optical systemPL. Scale ne

46D are made (fsdhigtSTE UERLRT,| &l he28s(640tc2 64§ %@mdf:x Be8h3S66 N2V @gm
a low thermal expansion, or the like), and on the surface of each

scal e nmenber a(ﬁdﬁelbovmésczsihsé@(ae trmddds 61, ahd & hetbe 66) fraspautitdy.
-Z side), a sane reflective diffraction grating having the periodic
direction in a di Meenwbd lger pendiaculbsr seent hingrongistuidion AIGEH r detainoh 3
20 is forned. This diffraction grating is nmade by being engraved

with a pi tch U&aewé@%;rlﬁeﬁm §6ahﬁ1m@nl§ers igPhta ppParopPlased in a state
InC|dent

the of t ting is sho
Fomar Kably WedePRESRBAREC R EF ROt A tF L e RBSeak @ et 1o
conveni ence E%ﬁt %bq%go%tfgur 51éé§?rin ac% %ll%rtagggle members 46A to

46D are fixed to the barrel platform in a suspended state via,
for example, a support member, although omitted in FIG. 1 to
avold intricacy of the drawing.
i5- Scale members 46A and 46C are placed on the —-X side and
the +X side of projection unit PU with the X-axis direction
serving as their longitudinal directions and are placed
symmetrically with respect to optical axis AX of projection
optical system PL. Further, scale members 46B and 46D are
20 placed on the +Y side and the -Y side of projection unit PU
with the Y-axis direction serving their longitudinal
directions and are placed symmetrically with respect to
optical axis AX of projection optical system PL.
Scale members 46A to 46D are made of the same material
25 (é.g. a ceramic, a glass having a low thermal expansion, or
the like), and on the surface of each scale member {the lower
surface in FIG. 1, i.e., the surface on the -Z side), a same
reflective diffraction grating having the periodic direction

in a direction perpendicular to the longitudinal direction



(the grating surfaces) of scale nenbers 46A to 46D, a cover nenber

(e. g. aglass plate or the like) , which is substantially

transparent with respect to a neasurenent beam fromthe head

descri bed above, can be arranged. 10 Since scal e nenbers 46A and 46C
have the diffraction gratings whose periggdic direction is in the
Y-axis direction, they are used for position neasurenment of wafer
stage WST in the Y-axis direction. And, scale nenbers 46B and 46D
have the di fifsr Gerned. gritihdd fmase ipargwali tndilsderdoivyi Belng tagraved
X-axis 15 direction, they are used for position neasurenent of wafer
stage WAT i nWiH& X-BkFshdrgleeesna.38mn thedibcRli Frentith Readscheaf lum.

662, ..., 665, 66,, . 667, , H6 I fer, tahl B
at a distanc I\ﬂ%ﬁj‘?nq\ﬁﬂiléfh adj gggn‘t 3[’\/\3: _ a[?gé:%é"a%%dgg% Vfg% rlggalses own
corr espondi ”%e?r&l%ﬁ%]b%% &F‘[EHB?:rcé éfé@%ﬂt%ntﬂéaééﬂg%%?i@ﬁ,aggg d'sake
or nore specifically,” at "a distance that 1's | ess n or ‘equal to

around as| enrgt kBfvdm@rfid IHACH10M GAld M | N 58 rdeeCt l@N +h@N surfaces
arrangenent direction of the diffraction grating) that is orthogonal

to the | ongi tutienairadiiheckuefaeksscakesarnbensmydéBs 26n atsl 4&h). a cover
Simlarly, Y heads 641 to 645 and 646 to 6410 are placed on wafer

tabl e WIB at meemdhiest éace. wi ¢ hashirdlatadpaddret 1{we) ¥ whicddss Ghibcariftded 1y
a correspondi ng scal e nenber (diffraction grating) sinultaneously,

or nore specitfidg@narendt wathi seapeet 2o a pegsiuganesd bram bromduxs head
around a length of the diffraction grating in a direction (an
arrangenment SSRGS GOMMFe TR A%t i ng) that is orthogonal

Lo e | oLt i nal, T Sebiansglyscal 8T 8 AR 0035 son
gratings whose periodic direction is in the Y-axis direction,
they are used for position measurement of wafer stage WST in
the Y-axis direction. And, scale members 46B and 46D have the
diffraction gratings whose periodic direction is in the ¥-axis

15 direction, they are used for position measurement of wafer
stage WST in the X-axis direction.
in the embodiment, X heads 66, 663, ..., 665, and 66g,
667, ..., 6619 are placed on wafer table WIB at a distance with
which adjacent two X heads 66 can face a corresponding scale
20 member (diffraction grating) simultaneously, or more
specifically, at adistance that is less than or equal to arcund
a length of the diffraction grating in a direction (an
arrangement direction of the diffraction grating) that is
orthogonal to the longitudinal direction of scale members 46B
25 and 46D,
Similarly,' Y heads 64; to 645 and 64¢ to 64,9 are placed
on wafer table WTB at a distance with which adjacent two Y
heads 64 can face a corresponding scale member (diffraction

grating) simultaneously, or more specifically, at a distance



of scal e menbers 46C and 46A and constitutes a nultiple-lens, or to
be nore precise, five-lens Y |inear encoder that neasures the
Y-position of wafer stage WST. Further, each of X heads 661, 662,
..., 665, and 666, 667, ..., 6610 faces any one of scale 10 nenbers
46B and 46D and constitutes a multiple-lens, or to be nore precise,
five-lens X linear encoder that neasures the X-position of wafer
stage WST. In the novenent range of wafer stage WST on exposure
where waf er \Whag {sdatsedthah ow poof édid ancupdischéngybtoehtPe dilffraction
(projection unit PU), Y heads 64i (i=any one of 1 to 5) and 64]
(j =i +5) resp&AEtEYy Faceé sEdechithefdN48CrangerBAt ek xof the
heads 66p (p=a one of 1 to 5 and 66¢g (g=p+5 respectively face
scal e menber §4GE 35 FeBrarg) Spaki f‘?‘c‘éﬂ%‘? ?%%lr?g%ﬁﬂeeﬂﬁﬂg%q}é’?l
of four encodgrs in total, 20 which are air,of .Y linear encoders
50C and 50A ré‘ﬁfeé:’rtJ’[O(:I)Q1 O?I écag_‘)e Wﬁrg%elﬁsut% baﬂpck(%Gé:a'ds 641 and 64j
that facegscale ngpaberss46G, 45A respectiNel:y, d A . Pal f

il \ SERPE et Rl X HEngpe

| i near encoders 50B and 50D (refer to CORstit ut

66P and 66q tJfatchaeanshad s MRIDEHE 468 anRd-4AB i espestd YRINLipA-Alhs,

supplied to main controller 20. Encoder system 50 shown in FIG 4 is
configured i tdibegnerpairecddfseY FinealersaolEriSar TCoaRG DRA: aktsures
pair of X linear encoders 50B and 50D. Further, as shown in FIG 2,

i nterferonet éhesyspemit8oncofisvahet ysthet®dtIT .pofutritbral, eatbrofitd treads
of wafer stage WST, 22 for exanple, at a resolution of around

0.25nm by i ffadi @éing ., B 7=ef badt Pon St ace Bonnddcerns ahy end of scale

sur face wafer table_ WB and a vable mrror 43 fixed tq stage
mai n boo@6 30 £S5 45 e bt ABEhFOTRE HIAESE & parit igle-lens,” or to

[ nterf eromet g, SYPbEeile (Gie ALK PP BENERIE fl Lo the
X-position of wafer stage WST.

In the movement range of wafer stage WST on exposure
where wafer W is located below projection optical system PL
15 (projection unit PU), Y heads 64; (i=any one of 1 to 5) and
645 (j=1i+5) respectively face scale members 46C and 46A, and
also X heads 66, (p=any one of 1 to 5) and 664 -{g=p+5)}
respectively face scale members 46B and 46D. More
specifically, the measurement values of four encoders in total,
20 which are a pair of Y linear encoders 50C and 50A (refer to
FIG. 4) constituted by Y heads 64; and 645 that face scale
members 46C and 46A respectively, and a pair of X linear
encoders 50B and 50D (refer to FIG. 4) constituted by X heads
66p and 664 that face scale members 46B and 46D respectively,
25 are supplied to main controller 20. Encoder system 50 shown
in FIG. 4 is configured including a pair of ¥ linear encoders

50C and 50A and a pair of X linear encoders 50B and 50D.

Further, as shown in FIG. 2, interferometer system 18

constantly detects positional information of wafer stage WST,



to a barrel platformin a suspended state. As shown in FIG 3, on

waf er stage WST, a reflection surface 17Y that is orthogonal to the
Y-axis direction serving as a scanning direction and a reflection
surface 17X that is 10 orthogonal to the X-axis direction serving as

a non-scanning direction are actually farared, but these reflection
surfaces are shown as a reflection surface 17 as a representative in
FIG 1. As showmn in FIG 3, interferoneter system 18 includes 15

five interferforecersplani ¢h aaresaliwaien of ianwnikPerénar RBY rradigting
wafer X interfergneters 18X1 _and 18X2, and a pair of Z

i nterferonet & §€182¢TARE T8YSACAL UM OF EREsRF iVE TG effer brbtiarle

181, 18X1, 1 1821 d 72, . M | - h d | .
interferoneter Far 53%5‘75 ?V\%%%%ﬁuzgiﬁ}%ggépy%Eﬁ%{;géggy}g‘%¥ﬁ€§rﬂth
Zeeman ef f eCta fn%g%ﬁ%gmeﬁgl?égrﬁ.se A@&%%&?g&%ﬁ%f fﬁtg\@{:gf(\)ﬂ}ﬂle%%r hsa}/sstaem

i nterferoneter a laxi al inter ris used,

pluralitysof jgmasyy em@nbpaXesli Gak¥deRg: LWOnFRASU ERENS 0@X&ES) thatlrixed
are symetric with respect to an axis (a reférence axis) parallel 25

to the Y-axi £d hatbagiasseoiduipigh aptd calspaddedVstdthe. center of the
exposure area conjugate to illumnation area | AR described earlier)

of projection opti @dal sdystnemrPlE'IEnd 33 aetwedldmrstegyd 6¥STf aanreflection
alignnment system ALG (to be described later), as shown in FIG 3.

| nci dent al | y sugffaste Y/¥Fhghisroetipaerel toYthe YwxitedigestiPhetprving

|l ater on. Wafer X interferometer,6 18X1 irradi ates reflection _surface .
17X with a néss@r 8ReRPIBEait 5P ohyCR FRASFEFFCTE s SUFhafephdddshat is

:)2; ggg h ¢ ﬂ@ugﬁ’l ric&%?gcog}eaf Jg)rih%gg 5&%?1,[ %%1% 2 '6%:|ee|rce’\cloifot no 55e rtvrzll.ef\lgxé gxzil Snénh—aé[canning
direction are actually formed, but these reflection surfaces
are shown as a reflection surface 17 as a representative in
FIG. 1.

As shown in FIG. 3, interferometer system 18 includes

15 five interferometers, which are a wafer Y interferometer 18Y,
two waier X interferometers 18X; and 18X, and a pair of Z
interferometers 18Z; and 18Z,. As each of these five
interferometers  18Y, 18X, 18X,, 1872; and 18%., a
Michaelson-type heterodyne laser interferometer that uses

20 two-fregquency laser making use of the Zeeman effect is used.
Of these interferometers, as wafer Y interferometer 18Y, a
multiaxial interferometer is used, which has a plurality of
measurement axes including two measurement axes that are
symmetric with respect to an axis (a reference axis) parallel

25 to the Y-axis that passes through optical axis AX (the center
of the exposure area conjugate to illumination area IAR
described earlier) of projection optical system PL and a
detection center of an alignment system ALG (to be described

later), as shown in FIG. 3. Incidentally, wafer 'Y



t he exposure area described earlier) of projection optical system
PL. Wafer X interferoneter 18Xl neasures a displacenent of
reflection surface 17X, with a reflection surface of the X fixed
mrror that is fixed to the side surface 10 of barrel 40 of
projection unit PU serving as a referenceysy as positional information
of wafer stage WST in the X-axis .direction. Wafer X interferoneter
18X2 irradiates reflection surface 17X with a neasurenent beam al ong
a nmeasur enentliddarertmaten e YX-1ax i Bidihreac tdemrrtitatd plasses drhv ough
the detection center of alignment system ALG_and neasures a .
di spl acement of r#pifestidn NikgreRramten th¥Xa rifradidbes sweldastgon
the fixed mrror that is . fixed to the side surface of alignnent

system ALG s&MAIAFSad '8 ViFRr2 MR SWEddh OeGHaR LPRPOR FaR 3 Thr e braxds
waf er stage T.in the X—t%i’gﬁis irectian. (Furt r, as sha in _Fl %llt

and 2, novabl@dk PG TREITT R R o it eSS Vit B at ©
| ongi t udi nal | kectlQn.i i sutf.aces0 e.+Y.
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25 shown). A les@fo b dLIRRIANe &4 1anrd. ) 1842 fﬁﬂ?ﬁjtecjtrircﬁ'ﬁicﬁatﬁcal
novable mrror 43 with neasurenent beans are placed facing novable
mrror 43 (refetdnd BIG 3) Wake:be spedifdrfe@snadr bESseemashieres &
viewing FIGS. 2 and 3 together, novable mrror 24 43 is made up of a
menber whose diemgtacamertthe iX-wxd bedi t@ct sonfacs LdKgewithar tdedtlegftion
reflection surface 17Y (wafer table WHB) and which has a hexagonal,
sectional sh&yefigaeecs thaokbt g d vy worathettigh§ikas tmdhaensideseeiiase
trapezoid, 5 Mrror-polishi n% i's, agcpl ied to the surface on the +Y
si de of 10 ~of barrel 40 of projection unit PU serving as a reference,
as positional information of wafer stage WST in the X-axis
direction.

Wafer X interferometer 18X. irradiates reflection
surface 17X with a measurement beam along a measurement axis

15 1in the X-axis direction that passes through the detection
center of alignment system ALG, and measures a displacement
of reflection surface 17X, with a reflection surface of the
fixed mirror that is fixed to the side surface of alignment
system ALG serving as a reference, as positional information

20 of wafer stage WST in the X-axis direction.

Further, as shown in FIGS. 1 and 2, movable mirror 43
with the X-axis direction serving as its longitudinal
direction is attached to the side surface on the +Y side of
stage main body 30 via a kinematic support mechanism (not

25 shown).

A pair of 7 interferometers 18%Z; and 18%; that irradiate

movable mirror 43 with measurement beams are placed facing

movable mirror 43 (refer to FIG. 3). Tc be specific, as can

be seen when viewing FIGS. 2 and 3 together, movable mirror



novable mrror 43, and three reflection surfaces as shown in FIG 2
are formed. As can be seen fromFIG 3, Z interferonmeters 18Z1 and
1872 are placed on one side and the other side of Y 10

interferoneter 18Y in the X-axis direction spaced apart at
substantially the sanme distance fromY intserferoneter 18Y. And, Z
interferoneters 1821 and 1822 are actually placed at a position
slightly lower than Y interferoneter 18Y, respectively. 15 From each
of Z interferénmitensdd 8Flofind kB8R r whosholemgtm iF &8s X2-anids 3limction
measurenent beam Bl in the Y-axis direction is irradiated toward the
upper side réf dEHIIHT mafrhctélat( iofc Imedd @ odumadeyr fecamdvidbl (waher gable
43 and a neasurenent m B2 in the Y-axis direction is irradiated

toward the | dWek s‘?’ag Y& | Bei éh LExPoBaLi ek dlir FRGEF of1ke @
novabl e m rrar mfdb natl hl? g”b%%'tg%“t 22 fi Xaege;nn%(ﬁssﬁ;?shigag%gﬁld

reflection SUrtace ort ogonal Sufemst
reflecteds of fyj sH %fla £08 SYrfRces, ANt ohl XA LW d Y £
47B havi ng a reflec |oriL sul(r?{gaée o??%ogona to Zél measuroemant -lt-)eam ©

that has beemdseiiectedroff 48heahouairsd d@r1kRitliet karrabekage Q{cﬂm in
arranged extending in the X-axis direction, respectively, at a

position a pradet & mmedorttie’i.ance apart to the + Y direction from
projection unit PU in a state of not interfering w th measurenent
beans Bl and 25 B2s Faredenseenrisray Aldhd 347B antestippometdrbyl8fpmand
exanpl e, a sanme support body (not shown) arranged on the barrel

pl atform thaBZguppis t PLSecPRoreimi 51P8. Redsubkeemtissanside 08 Y

B2 in th Y-a,X|s rection from, 5 ach of Zinterferometers 1871 and
1822 resﬁ%ctl meter 18Y in t -axis direction spaced apart at

substantially the same distance from Y interferometer 18Y.
And, Z interferometers 18%Z: and 18Z, are actually placed at
a position slightly lower than Y interferometer 18Y,
respectively.

15 From each of Z interferometers 18Z; and 182, as shown
in FIGS. 2 and 3, a measurement beam Bl in the Y-axis direction
is irradiated toward the upper side reflection surface
(inclined surface) of movable mirror 43 and a measurement beam
B2 in the Y-axis direction is irradiated toward the lower side

20 reflection surface (inclined surface) of movable mirror 43.
In this embodiment, a fixed mirrér 47A having a reflection
surface orthogonal to measurement beam Bl that has been
reflected off the upper side reflection surface, and a fixed
mirror 47B having a reflection surface orthogonal to

25 measurement beam B2 that has been reflected off the lower side
reflection surface are arranged extending in the X-axis
direction, respectively, at a position a predetermined
distance apart to the + Y direction from projection unit PU

in a state of not interfering with measurement beams Bl and



irradi ated toward novable mrror 43, and these neasurenent beans Bl
and 62 are incident on the upper and |lower reflection surfaces of
novable mrror 43, respectively, at a predeterm ned incident angle,
and then are reflected off each 10 of the reflection surfaces
respectively and are incident perpendicusparly to the reflection
surfaces of fixed mrrors 47A and 47B. Then, neasurenent beans Bl

and B2 reflected off the reflection surfaces of fixed mrrors 47A

and 47B i nver¥el y Fipadsnihrongh thenshA#Bopté calogeatiedabyt hEoomxdamatle,
path -at the 15 tinme of incjidence and return to Z interferoneters 1821
and 1872. A$ §ABRFURPAIECdY athElPVEl GriEtastoeBYynitrabrares platform
reflection syrface 17Y with neasurenent beans B4l and 642 al ong

measur enent !qFHHﬁ§tﬁ4Bﬁ?9?ﬁ§%ﬁﬂi%ﬂrqFEH'are a same distance
apart on the -X side and +X 5 fe LM 2 atiight,Lie 20 Lreler ence o

axis) parallel to —axi’s passes "t hroug tthe projec

center (opti Gal-rAxhp Q‘X’irfteécrefertd?ne%eql‘s, 1%'89{( ?xﬁ)&ohg%i Qgsgehiﬁﬁ%ly are
ight "o

system PL, and receives a reflection each of neasurenen

beans B4l and B4l dthel elywet efdvd e pRSHAd oA, DR O s walint
stage WST in the Y-axis 25 direction at irradiation points of

nmeasur enent leamms Bllamd@d2 B42,indidera: ref tRetuppesunbtiatevef ddreétion

fixed mrror fixed to the side surface of barrel 40 of projection

unit PU serviswgfames refermaveblencivdentoal | y3i n Fe&pe@iiwedgur emént a

beans B41 and B42 are representatively showm as a beam 64. 26

Further, Y i MI&deddmEirsd 189ifepsdnd B8, avehbanaiehirefesmtes afbmpch
e Y-axis direction that i et erni ned

R U EREI S AL RUC N L T
Zaxis directione Lavard a pont 6o, LRILERLLANSSHELACE BRTALLS HiGrors
47A and 47B. Then, measurement beams Bl and B2 reflected off

the reflection surfaces of fixedmirrors 47A and 47B inversely

pass through the same optical path as the optical path at the

15 time of incidence and return to 2 interferometers 187, and 18%,.

As shown in FIG. 3, Y interferometer 18Y irradiates

reflection surface 17Y with measurement beams B4, and B4, along

measurement axes in the Y-axis direction that are a same

distance apart on the -X side and +X side from a straight line

20 (reference axis) parallel to the Y-axis that passes through

the projection center (optical axis AX, refer to FIG. 1) of

projection optical system PL, and receives a reflection light

of each of measurement beams B4; and B4,, thereby detecting

positional information of wafer stage WST in the Y-axis

25 direction at irradiation points of measurement beams B4; and

Bd,, with a reflection surface of the Y fixed mirror fixed to

the side surface of barrel 40 of projection unit PU serving

as a reference. Incidentally, in FIG. 2, measurement beams

B4; and B4, are representatively shown as a beam B4.



43, and receives neasurenment beam B3 refl ected off the center
reflection surface, thereby detecting the position of the center
reflection surface of novable mrror 43 (i.e. wafer stage WST) in

the Y-axis direction. 10 Based on the average val ue of the

measur enent val ues of the neasurenent ax&s corresponding to

measur enent beans B4l and B42 of Y interferoneter 18Y, main
controller 20 conputes, the_Y-position of reflection, surface 17Y,

that is, the Y-poguﬁt&?ron %?rﬁ%?%ewlﬁs%%FéFaQtlaaésv%ﬂea%%rement
nore 15 speC| cab?yala di s | acenent AYo_ in t directio

Further . bas® %os SASUTRRE R Rt B, B Gl PaeRi S At e o ghat
cent er refl eqtd o sii F62: Aln IR VADLEALL Qbodda TBLD: QOB Gl Ll Ahent

conputes a dlspla nent pi t chi ng anount

the rotati ondesHy a4, and @4, diheehion) 520 AW tLbe, X‘t%%a'a%d a center
~direction. Further, based on the measurement results of

i nt er f er ofet efes 184 %and sh8Z2cenmpafaThal rd kthe 29 pﬁ&mdiem’prhkb@&ble mirror
di spl acenents AZo, AYo, AQz and My of wafer stage WST in the Z-axis
direction, tHe,Yandi seckiees immysutenadt bepechs arefdrdt25l pli¢ Oye center
direction, by the nethod that is disclosed in, for exanple, the

panphl et of Imefdandlian ARG c b R oFeIND. debeo?ing3¥B8 ppRation of the
correspondln U. S. Patii161 Applicatjon Publication No. 2007/0288121)

and the |i ke ContamIdm GET9Th SHrEace of MAVEH S THet s UBXE Frd water

18X2, 27 Y i terf t.er ,.18Y,, and Z interferonmeters 1821 and 1872
are represer?t ati VE‘W‘E t]h as % Hers ecijbrr%cftelr I%yst em 18, and the X

;:igg g:%?g: ;8: é?%é??.g#:iﬁ%:ﬁﬁ%ﬂ%ﬁa'Bbgﬂemﬁﬁ%%k:HSQEu?@ﬂenEh@alues of
pcosi t1 on neasur ement are

representati v@ley meRorcaend hked cBirhbbondingUEbNBEasurement beams B4,
and B4; of Y interferometer 18Y, main controller 20 computes

the Y-position . of reflection surface 17Y, that is, the

Y-position of wafer table WTB (wafer stage WST), or more

15 specifically, a displacement AYo in the Y-axis direction.
Further, based on the Y-position of reflection surface 17Y

and the center reflection surface of movable mirror 43, main

controller 20 computes a displacement (pitching amount) AXo

of wafer stage WST in the rotational direction (0x direction)

- 20 about the X-axis direction.

Further, based on the measurement results of 2
interferometers 18Z; and 18%Z,, main controller 20 can computes
displacements AZo, AYo, ABz and ABy of wafer stage WST in the
Z-axlis direction, the Y-axis direction, the 8z direction and

25 the Oy direction, by the method that is disclosed in, for

example, the pamphlet of International Publication No.
2007/083758 (the corresponding U.S. Patent Application
Publication No. 2007/0288121) and the like.

Incidentally, in FIG. 1, X interferometers 18¥%; and 18X,,



al i gnment system ALG and the fixed mrror fixed thereto are omtted
in FIG 1. In this enbodinent, wafer X interferonmeter 18X1 and wafer
Y interferoneter 18Y are used for calibration of an encoder 10
systemthat is used during an exposure operation of wafers, and wafer
Xinterferoneters 18X2 and wafer Y interfa&roneter 18Y are used
during mark detection by alignment system ALG Incidentally, in this
enbodi nent, instead of formn reflection surfaces 17X and 17Y_gn

the end surfa\r"céél_tS‘F:f\‘/“‘v&PE‘teFfﬁ g%r@%@, 1RtREGEB PRS0l 8¢ pleRcal 822 are
Whfer bt age WEPTSF R oDl aho ChoE CECRBRALT: SYPFRBALEf 3pd the
tate where it s.surf same. height. . o

Surface of t feTgHCRER 0800 K RIS BBl 5o B Lo inde dtingnt and

fiducial marksd @ 1 @LHGhE-Bd+ FYERL 13Rd dﬁré.@ﬁggg %&Qﬂ@i&h @ K dent
| C

basel i ne neasurenent of alignnent system ALG has a known

positionab relmi ipbmddhidie vdliy shdwidugd ad fribkdks, maneot he7 | | knaieer,
formed. Exposure apparatus 100 of this enbodinment is further 25

equi pped wi t lala graiemtofs yredtainc Bé.Gakingnikat £ systlensr 48A fixked 3B exfaind are
shown in FIG 1, refer to FIG 4) that are placed a predeterm ned

di stance aparittachenX-FabG-s Idi rection above reticle stage RST. As

reticle alignnent systenms 13A and 13B, _a TTR (Through The_ Reticl e)
al i gnnent syst em i 2Rt FREPIGEER 2 dva ey KMt s far At b8ty and water

vavelenot {9 RSOGO 00,5 £ P DR SE i
o EaPoge gty D LSl s o S SR s,
system and wafer X interferometers 18X; and wafer Y interferometer
18Y are used during mark detection by alignment system ALG.
Incidentally, in this embodiment, instead of forming
reflection surfaces 17X and 17Y on the end surfaces of wafer
15 table WTB, a movable mirror (planar mirror) can be fixed to

the end of wafer stage WST.

Further, on wafer stage WST, a fiducial mark plate (not
shown) is fixed in a state where its surface has the same height
aswaferW. On the surface of the fiducial mark plate, at least

20 one pair of first fiducial marks for reticle zlignment and
a second fiducial mark for baseline measurement of alignment
system ALG, which has a known positional relation with the
first fiducial marks, and the like are formed.

Exposure apparatus 100 of this embodiment is further

25 equipped with a pair of reticle alignment systems 13A and 13B
(not shown in FIG. 1, refer to FIG. 4} that are placed a
predetermined distance apart in the X-axis direption above

reticle stage RST. As reticle alignment systems 13A and 13B,

a TTR (Through The Reticle) alignment system is used that uses



is disclosed in, for exanple, U S. Patent No. 5,646,413 and the
like. Incidentally, as the reticle alignnment system for exanple, an
aerial inmge neasuring systemwhose |ight-receiving surface having a
slit opening is placed on 10 wafer stage WST can be used instead or
together. In this case, the first fiduci4l narks described earlier
do not have to be arranged. Simlarly, although omtted in FIG 1,

CxpOSUI e, 20 LS. 10PL L5 L LDSEoSOULOREG. MR, UL DAL 5l

15 position I'ng systemby obT I que i

conposed of i o At 'Sy 2@ : : LO
420 (refer 1R )T WRian Te ST T Fo thacbas MaFke P S e
exanpl e, U Sydate dNpais 448, 3324 and fdiecs ldikey 20 skird hYnrddponding
exposure apparatus 100, in the vicinity of projection unit PU,

al i gnnment sygicemhALfS des diicdhed Lamairgs v{aagir i om obltGeal, syeten PL.
to FIG 3) is arranged. As alignnment system ALG for exanplé, an FIA
(Field I mage Tha idgireeinted symtfeigusataron mefye-hpy ooesisi g aletdiotkrits system
used. 25 Alignnment system ALG supplies_positional information of

marks with af Glifddescehier $ervErgTRIca PeberBakent dlomidy 646,413 and

q
controller . Based op the information that has been supplied and
on the neas ﬁ%eval {fé%l‘g?nFﬁﬂﬁezfsﬁJFeﬁelfﬁtja%e% FEPESHSNTY RSt FOF

reasu eTent R . S92, T bt SLELOELST 181028 Mhose

t he neasure Ues O i nt

i nterferomet r; SHSLAIMLS, 1 JRI .MU UL LG rggi.?isé” nig'%qzic:iit% ﬁ:!(;!l.galﬁeyd on

information of the mark subject to detection, re s
the second fhdutdaktagekianchied Ldual Bhsed@bl Db@LendF . the this case,

alignment mark on the wafer on a coordi nate
the first fiducial marks described earlier do not have to be
arranged.
Similarly, although omitted in FIG. 1, exposure

apparatus 100 is further equipped with a multipoint focal

15 position detecting system by an oblique incident method that
is composed of an irradiation system 42a and a photodetection
system 42b {refer to FIG. 4}, which is similar teo the one
disclosed in, for example, U.S. Patent No. 5,448,332 and the
like.

20 Further, in exposure apparatus 100, in the vicinity of
projection unit PU, alignment system ALG described earlier
(not shown in FIG. 1, refer to FIG. 3) is arranged. As
alignment system ALG, for example, an FIA (Field Image
Alignment) system by an image processing method is used.

25 Alignment system ALG supplies positional information of marks
with an index center serving as a reference to main controller
20. Based on the information that has been supplied and on

the measurement values of the measurement axes corresponding

to measurement beams B4; and B4, of wafer ¥ interferometer 18Y



system (an al i gnnent coordinate system that is defined by the

measur enent axes of wafer Y interferoneter 18Y and wafer X
interferonmeter 18X2. FIG 4 shows a control systemrelated to stage
control 10 of exposure apparatus 100 of this enbodiment in a block
diagram wth the systembeing partiallypnmtted. The control system
shown in FIG. 4 includes a so-called mcroconputer (or workstation),
whi ch is conposed of a CPU (Central Processing Unit) , an ROM (Read
Only Menory) andathRANEERamdosNActassehembmpier K5 iagerifhecneker afd. of
is minly configured by main controller 20 that perforns overall
control of tHOTERIFEERF R atsyStamn fposBprénapparbraslano Havilfpaures
configuration as , descri.bed abqve, duri a fer alignment operation
that is peerﬂSr?éFle%tHé" @@O%Eﬁﬁgn”&é\gﬁ@‘c}%&?cgl"r%rfi?e’%%)ﬁtlonr or
nmet hod, 20 i i j.SGl in, for ex l, U.S. _Paten . 4, 780,
517 and the Hoits sbsE e Ga0Y Bog 3rott Balus el vack Thauts dhdira1

val ues of swafgrYphaker feraet rigﬂrﬁn\ér?aﬁfaa%fﬁm%@%ewf%rﬂ 8ho oevafrtqliﬁ%né?te

of interferoneter system 18, the ~ position o r stage W5

the XY plane dyssteant (0 |80 gmdit drSiatoldwitadD, @nt dW i ined by
operations other than the wafer alignnment operation, for exanple,

duri ng an expisumeasopenrghitoaxebasfdvafert he ineasfeesrnteval 8€sawd wafer
encoders 50A to 50D, the position of wafer stage WST is controlled

by main cont¥ driter xromgeAcdBdi ngly, during a period after the

waf er alignnment operation is conpleted until the exposure is started,

a switching operafiléh 4f SROBBS t3BH TRdasuEEREN e yseant ActRge aprfeol
Dot (O Tof ot b Dk Ehe e posti o0, TRBSU el Yol S USed 8100, asagran,
with the system being partially omitted. The control system
shown in FIG. 4 includes a so-called microcomputer (or
workstation), which is composed of a CPU (Central Processing
Unit}, an ROM (Read Only Memory), an RAM (Random Access Memory),
15 and the like, and is mainly configured by main contrecller 20

that performs overall control of the entire apparatus.

In exposure apparatus 100 having the configuration as
described above, during a wafer alignment operation that is
performed by the known EGA (Enhanced Globel Alignment) method,

20 which is disclosed in, for example, U.S. Patent No. 4,780,
617, and the like, as is described above, based on the
measurement values of wafer Y interferometer 18Y and wafer
X interferometer 18X, of interferometer system 18, the
position of wafer stage WST within the XY plane is contreolled

25 Dby main controller 20, and during operations other than the
wafer alignment operation, for example, durlng an exposure
operation, based on the measurement values of encoders 50A
to 50D, the position of wafer stage WST is controlled by main

controller 20.



is switched fromwafer Y interferoneter 18Y and wafer X

interferoneter 18X2 to encoders 50A to 50D. This swtching operation
of the position neasurenent systemis perfornmed roughly in the
foll ow ng procedure. 10 After the wafer alignment is conpleted, main
controller 20 drives wafer stage WST in gy predeterm ned direction

for exanple, in the +Y direction, based on the neasurenent val ues

of interferoneters 18Y, 18X2, 1821 and 18Z2. Then, when wafer stage
WST reaches a posi thasrenghiars whduriBgne asenr ekt tseaheroafer alignment
interferoneter 18X2 and the neasurenent ~beamfrominterferoneter

18X1 are si mARSHFEOUR! y1fr CaAPAE®d tentel | EBEI BFRAFURR el A 7R ahed, 2

controller 20 adjusts the ttitude of wafer stage WST based on the
measur enent VIS GHRTT Kb ¢t R rRN T TR o e fipeds

18X2, 1821 2 t.a. 6z tati . i
O rotation (GPbd g i ot & st BhEE PR A I pf Epdioec
reduced §o Zﬁ@go%@@ibﬁ%a@&'é@ér& B@%H@@ﬁ@é?%&é’@hﬁﬁﬁ.ﬂfthe %(Y plane

interferoneter 18X1 to a sane val ue as the neasurenent value o

interferonet elrs 182t ehelhErp@i Mafidy t ¥ MBNt2S fAfoactlhe 18 e- 884t WAder X
waf er stage WST is stopped at the position for a predeterm ned

period of tinmhuenfdrddeaemflaiente entosbast SORrtovabDat it duavitching
air fluctuations (tenperature fluctuations of air) of the
measur enent \ilaratgforeaeh B¢ spositinnemtasomenens s§xteandsl§edrmed

reduced to an ignorable | evel 31 by averaging effect, and the
aver aged val GBI hel hddirfcetving Rigacedutet er f eronet er 18X1

OO e U 10 (DDLU BUELRA, YA 4 T 1S S oo
(S?Eeag\?e?gu ﬁ%r%.vaelss%atf%% %‘égrg%gﬁgTvi%ug 1911_:e Q‘ge Ih/frrlgcgegiflé%ﬁjleosn, for
ge
example, in the +Y direction, based on the measurement values
of interferometers 18Y, 18X, 18Z; and 18%,.
Then, when wafer stage WST reaches a position where the
15 measurement beam from interferometer 18¥, and the measurement
beam from interferometer 18X; are simultaneously irradiated
to reflection surface 17X, main controller 20 adjusts the
attitude of wafer stage WST based on the measurement values
of interferometer system 18 (interferometers 18Y, 18X, 187,
20 and 187Z;) so that a 0z rotation (yawing) error (and a 6x rotation
(pitching) error and a Oy rotation (rolling) error) is reduced
to =zero, and then pre-sets the measurement wvalue of
int_erferometer 18%; to a same value as the measurement value
of interferometer 18X, at the point in time.
25 After the pre-setting, wafer stage WST is stopped at the
position for a predetermined period of time until the influence
of short-term variation due to air fluctuations (temperature

fluctuations of air) of the measurement value of each axis

of interferometers 18X; and 18Y is reduced to an ignorable level



val ues during the stop tinme) of the respective nmeasurenent val ues of
a plurality of axes of interferoneter 18Y acquired during the stop
time is carried over as the neasurenent value of Y |linear encoders
50A and 50C. Accordingly, the 10 pre-setting of X |linear encoders 50B
and 50D and Y linear encoders 50A and 53 or nore specifically, the
switching operation of the position nmeasurenment systemis conpleted.
After that, main controller 20 contraols the position of wafer stage

WST based on BhevAEaghPefnteSal aes be éﬁ’@&é‘@ﬁéi %@%u? (S’f E%emsqri?ment

ml ar

f
convent i onal JGadinn g dBGsserroHotan 48 %ot 4T HLAg g otop time
reticle alignmgpt Guhiy g;gg gghﬂgeéu{:g%?tﬂ{lg %,_Jb?ert%{egl s Soprdipate. . : as

systemto the wafer co nate syste and nmeasur enen

al i gnment sy siRMmBl=Gurene! %r:c% S5q ﬂgliﬁéaﬁlsnc@aéggn?@é SYSIRIB, and
13A and 13B, the fiducial mark plate on wafer stage WST, alignment

system ALE anrd ddehlei keerRgsit vOhue contine adbragbidctelséagerRSbwtdiged
waf er stage WST during the series of operations is perfornmed based

on t he neasurederms 2B niglaudhenfstragt itcilme )i rtfertfher arestperctlifreamasurement
interferoneter system 18. Next, main controller 20 perforns wafer
exchange on ‘Wdﬂ@rs ﬁagepmakb*éﬁﬁ ke Pér 1nbauf agomeReT heB t asguired

where there js no nger on waf er, stage WST) using a wafer |oader 32
(not shown), Fap aFehrimdi 1(5eC©rrE€% ‘b‘Fe¥ e FPEe‘)leWIfﬁem?%%ﬁ’é’étue

h f )
an arr angeneit coor GASEE of "GOBrral Ty G SROC ar edt e THE W eithe
on the al} o £aardiqale $YELS0 P LALLM IS i 7 1

obt ai ned.
encoders 50A and 50C, ox more specifically, the switching

operation of the position measurement system is completed.

After that, main controller 20 controls the position of wafer

stage WST based on the measurement values cof encoders 50A to
15 50D.

In exposure apparatus 100 of this embodiment, similar
to the conventional scanning stepper, a series of operations
suchasreticlealignment(whichincludesrelatingthexeticle
coordinate system to the wafer coordinate system) and baseline

20 measurement of alignment system ALG is performed using reticle
alignment systems 13A and 13B, the fiducial mark plate on wafer
stage WST, alignment system ALG and the like. Position
control of reticle stage RST and wafer stage WST during the
series of operations is performed based on the measurement

25  values of reticle interferometer 16 and interferometer system
18.

Next, main controller 20 performs wafer exchange on
wafer stage WST (performs wafer icading, in the case where

there is no wafer on wafer stage WST) using a wafer loader



After that, the switching of the position neasurenment .system
described earlier is perforned, and while controlling the position
of wafer stage WST based on the baseline neasured in advance and the
nmeasur enent val ues of encoders 50A to 50D, 10 and controlling the
position of reticle stage RST based on t3% neasurenent val ues of
reticle interferoneter 16 described previously, main controller

Do e of e shbundt oRaf G EER S, ér%‘r@%npéi‘tet{‘q‘ie%%ed“éﬁ?fieﬁ' ofmth
reticle 15 Rﬂe%g;er Stf eLh %dwgg%% agghgrahatgxmektsg mkaﬁleﬁﬁ@ With this
respectively, hows“a state eére waf er ‘stage

WET is | ocat g reat a@1@%%1'eh*tonaﬂh§f§aﬁc§@mé’ﬂl§'dB&ﬂﬁlQTaﬂé"%fcg%ﬁﬁré’ilty of
wafer Wis directly under projection unit PU and FIG 5B shows a

state 20 whershotmaf=are=sf age HWeT wa¥drocal etheatala Posdt vohBatddeysten
vicinity of an area in between the center and the periphery of wafer
Wis direbt| ylasmebgs gjmecticrsluniis RivteHurdder, FIG  6A shows a
state where wafer stage WST is |ocated at a position where the
vicinity of the +YAditga éh@érof:hﬁ/aﬁ@itt\?\‘lli@gd@fe%fwW%—ﬁﬂrﬁfeﬁﬂeasurement
projection unit PU, and FlG ows, a state where wafer_ stage WST,

is |ocated atsya?tﬁ&gﬁ?{iﬁlﬁﬁéir ‘éa?iée'?ljc?r lﬂecr)fodrfnet%eangd‘@téllm 5od Ling

di I d dt
V-axi o vhen JTGWBHSEFSRTc e VEaRTer 151 Ak BROGR OF ararogy red Hedsired
directly undgr, eaeb@;@ £fd YHd nBYsu3Rmebl b08hes Véfen% %BE,BAS{@%%P

wher e wafer st age ocate at a position ere e vicinity o

the +X side eg@e haf1arin 7q\Nﬂrfe Hotilon WHaretirQiedtie Wit Jdded on

Wien viewing FIGS. 5A to it can be seen that in any one of these
drawi ngs, 5 ahd gaasussrReheach(ids bifi ScedDSiinRAlL.f ORttedd] 6ddsMribed

heads) ,
previously, main controller 20 performs exposure by
‘step-and-scan method in the procedure similar to that of the
conventional scanning stepper, thereby a pattern of reticle
15 R is transferred onto a plurality of shot areas, respectively,
on the wafer.

FIG. 5A shows a state where wafer stage WST is located
at a position where the vicinity of the center of wafer W is
directly under projection unit PU, and FIG. 5B shows a state

20 where wafer stage WST is located at a position where the
vicinity of an area in between the center and the periphery
of wafer Wis directly under projectionunit PU. Further, FIG.
6A shows a state where wafer stage WST is located at a position
where the vicinity of the +Y side edge of wafer W is directly

25 under projection unit PU, and FIG. 6B shows a state where wafer

| stage WST is located at a position wrhere the vicinity of the
edge, which is in a direction angled at 45-degrees with respect
to the X-axis and the Y-axis when viewed from the center of

wafer W, of wafer W is directly under projection unit PU.



whi ch bel ongs to each group of four groups consisting of Y heads 641
to 645, Y heads 646 to 6410, X heads 661 to 665, and X heads 666 to
6610 on wafer table WIB faces a corresponding scale nenber. As can

be seen when conprehensively considering 10 this fact, and the
symmetric arrangenent of scale nmenbers 46/ to 46D in the verti cal
direction and the horizontal direction wth optical axis AX of
projection optical systemPL as the center, and the symetric
arrangenment dlurthssadEle417 tsdaausl o staaite Xhisegdwabet staBEWSTI hstlvecated
X-axis direction and the Y-axis 15 direction with respect to the
center of wafédr asPageiioBWhere WepFigiaisppataths 206 idevergpfofhafader
stage WST is _]qcated at any positign within a npvenent range of

waf er stage Ws#® @&F@ﬁﬁhé& FePTOAECEACR BPLY RHadd" YEWwAY ¢S

Y heads 646 StAO t%4]70’ i ndca?ﬁ r?:)eeadssee§161(:11';[a0c Q.%S ae}ln o)%eheoagschGGSGet tctora%al%%s,
faces 20 the “Corresgondi ng hoVi ng scal e, and asurenent 0 he

X-position ang thgs¥-HOSHJLN (9h Vf SlrdlRUGWET %E{hé#}‘”&)r @»@8‘?1‘3%%1%),

50A to 50D can be al npst sinultaneously performéd at all tines.

ot her words, HieH engidhg ddhe 1 JP/PEHE AR Yrows eaalsioftithe of v
four head groups, 641 to 645, 646 to 6410, 661 tg;r 665 and 666 tﬂgge

6610 (e.g., iheddwe cdaseoofdeadhgnaepe8dltd GH4p, X Hdwldidd,aneec69 and

cover head 641 and 645) is set longer than a size (diameter) of

waf er Wso a¥ theackhvéibtst he epioi P wréarotabiaditdvienes: stookmesponding

(nmovenent range). of wafer stage WST when 34 scannjng exposure is

per formed t o S&2lScBeEPERe &t FRB RQUPEER&NGT CREPERhAELHet Higpnsidering
head grou 641 to 645, %6 to 6410,

561 to 655 andiBo8°Es, SBIH (b SRBMEE S PLARESTEBES naEAneESBrFLe Aon
from the cor fesReRdlng scale TRIe: boLol ARt iR AEALLOM a1 YL RS on
with optical axis AX of projection optical system PL as the
center, and the symmetric arrangementrof Y heads 64; to 64y
and ¥ heads 661 to 66319 in the X-axis direction and the Y-axis
15 direction with respect to the center of wafer stages WST, in
exposure apparatus 100, even if wafer stage WST is located
at any position within a movement range of wafer stage WST
during exposure, one each of Y heads 64; to 645 and Y heads
6dg to 644¢, and X heads 661 to 665 and X heads 665 to 6619 faces
20 the corresponding moving scale, and measurement of the
X-position and the Y-position of wafer stage WST with four
encoders 50A to 50D can be almost simultaneously performed
at all times.
In other words, the length of the arrangement area of
25 each of the four head groups, 64; to 645, 64¢ to 64:y, 66; to
665 and 665 to 66:¢ (e.g., in the case of head group 647 to 64;s,
the distance to cover head 64; and 64;) is set longer than a

size (diameter) of wafer W so as to cover the entire area of

the movement stroke (movement range) of wafer stage WST when



the four head groups does not .becone incapable of perform ng
measurenent, at |east during scanning exposure and a period of

accel eration/ decel erati on and synchronous stabilization of wafer
stage WST before and after the scanning exposure, 10 for all the

shot areas). Further, simlarly, the |lendgih of each of four scale
menbers 46A to 46D in each |ongitudinal direction (which corresponds
to the wdth of the diffraction rat'ng% !s set _ |l onger than, or equal
to around th@%&%?x?ﬂs&%@ 59 % E6VRE Jtef?es%ﬁpﬁr%nﬁ%ﬁ%l %’Frface

h wh
per formed. o O PRegEtt (D EtS BttuifRhee 8P SEfer et yfoosué%aﬁsgﬁoups
prevent four digad 06 S 1,64 40,046, 84550 S8, 8. de, B AT 406,

to 6610 (neasurenent ‘beans)” fronm nmoving o rom the coﬁ

scal e menber $efhd)didelsagbl 0o 9& & f N GSom Qhe”@é@ré@ﬁéh&hﬁ@' éaaléqne%ﬁoer
to prevent the four head groups from becom ng i ncapabl e of

perform ng neAAfreeEnion ajrdtaast) ,dwH ngrehepexpdsuatl opesattiont fatfy of
wafer W. As is described in detail ed above, according to exposure

25 appar at us the0 folurt heagr gsewnps eipglinmenbeceneodecapgblenmft@erforming
comput es positional information of wafer stage WST in directions of

t hree degr ee\e5fS Freaeddm \ﬁltt H.eﬁStthéuxsmm aAeNNpagedxpASEHR @Qfﬁpmtpemlod
a pair of Y he ds 6 that ‘f ectively face scal e nenbers 46A and

46C and t he P L A I I B 6 WL e AR - Fcen
| b 6 t t f
ont rol oy o MR < aaqge @fbe“fg;i%zmaz?a 7 B RO oo e,

al ong theg XY f.ang 1 %§£ S|t|onal i nformation conputed by
encoder systen15 50 Accor ngly, |t beconmes possible to drive wafer

stage WST Further, similarly, the length of each of four scale
members 46A to 46D in each longitudinal direction (which
corresponds to the width of the diffraction grating) is set
longer than or equal to around the movement stroke so as to
15 cover the entire area of the movement stroke of wafer stage
WST when scanning exposure is performed to at least the entire
surface of wafer W (i.e., so as to prevent four head groups
64, to 645, 64g to 6441y, 661 to 665 and 665 to 6619 (measurement
beams) from moving off from the corresponding scale members
20 (diffraction gratings), or more specifically, so as to prevent
the four head groups from becoming incapable of performing
mezsurement, at least during the exposure operation for wafer

W) .
As is described in detailed above, accordiﬁg Lo exposure
25 apparatus 100 of the present embodiment, encoder system 50
computes positional information of wafer stage WST in
directions of three degrees of freedom within the XY plane
based on the output of a pair of Y heads 64 that respectively

face scale members 46A and 46C and the cutput of a pait of



wi th high precision along the XY plane based on the neasurenent

val ues of encoder system 50, in the entire area of the novenent

range of wafer stage WST, w thout placing the scales (gratings) so

as to correspond to the entire area of the novenent range 10 of

waf er stage WST. Further, according to exjposure apparatus 100 of the
present enbodi nent, during scanning exposure to each shot area on
wafer W main controller 20 can drive reticle R (reticle stage RST)
and wafer W Gv&fedsstagbhibTyespenyl They sagmiang LEsngmbecsi 6AE (2@ 46D,
Y-axis direction), wwth high precision based on the neasurenent

val ues of retd®d &% ﬁ?éPPEgSn)g?e%nle%W-O%%&fd@ra%nSGﬁnEﬁel%@E%%nd*’afer

50B d 50D), d 1_al dri f W f 1}
on. ceanni ny S SR Pt ERET G ERET wehes S S I hope attkkp1ane
whi chal . o | h o P
bosi i oning Satdbnah PSR PLEnAR AEGAE {IE RGN BHIN 8hBhacr cvspem
(wafer sg agejd/)BThcicBrﬁll%g'l‘%n'%%@%sﬁé@é’.{}g?@ +PEEPLE AN stBEe wsT

pattern of reticle R can be formed with I gh precision on a

plurality of whoi hagRas < svadresl Whgdhd REigiemabbYedidi tRaclkLNcRGRINt
used in this enbodi ment, various nethods such as the diffraction

i nt er f er ence wetvwd o f desorddredyalbhewne; 0 prinatise-evalilreda pe e lafpt hetrwodment
can be used, and a so-called scan encoder or the like, which is

di scl osed i fandgs o wafsiestaysiSEatwhthowt rédac3ngede andlerel diakeings)
can 36 be used. Next, another enbodi mrent of the present invention is
descri bed bas€dasntRl €9 BESPANENT X Hs B e disharsrus T ofhe Hiqvement range
enbodine?B, s#?ce nly .an e er systemfor a wafer stage 5 is

di fferentfrdh 1RTH P 14 i ousiy described enbodi nent,

Further, according to exposure apparatus 100 of the
present embodiment, during scanning exposure to each shot area
on wafer W, main controller 20 can drive reticle R (reticle
stage RST) and wafer W (Waferlstage WST) along the scanning

15 direction (the Y-axis direction) with high precision based
on the measurement values of reticle interferometer 16 and
encoders 50A and 50C {(and 50B and 50D), and can also drive
wafer W (wafer stage WST) in the non-scanning direction (the
X-axis direction) with high precision, which also makes it

20 possible to perform the Thigh-precision positiconing-
(alignment) of reticle R {reticle stage RST) and wafer W (wafer
stage WST) in the non-scanning direction. Accordingly, the
pattern of reticle R can be formed with high precision on a
plurality of shot areas on wafer W.

25 Incidentally, for each encoder used in this embodiment,
various methods such as the diffraction interference method
described above, or & so-called pickup method can be used,
and a so-called scan encoder or the like, which is disclosed

in, for example, U.S. Patent No. 6,639,686 and the like, can



t he encoder systemis described below Incidentally, only the
configuration of the encoder systemis the difference from FIG 3,
and therefore in the description below, the sane reference signs are
applied to the constituents having the 10 sanme or equival ent
operations or functions as/to those showPéin FIG 3, and the

expl anation thereof is omtted. Further, interferonmeter system18 is
omtted in Flb% 8u e’AdS shown in FIG 8, scale nenbers 46A° and 46B
each havi ngan e ongat ed rectangul ar pl ate shape are placed on the

15 -X side and theyky,si %‘gﬁctfhetﬂwe %\Qﬁm Oeﬁn;tlhl%; p?ﬁfe%ée%&t itigﬂfte%'j"gﬂ.j:[on is

PU. These scal e nenbers and are actu

barrel pl atfodBdmiesusRerded stat eg Vi & a3UBRBLEurBEADEEr2aS68! &F this
menber 46A'" is placed on the -X side of projection 20 unit PUwth

the X-axis digngeidiaerssr Wintgaornly drongiddadlimalys i el en,wdfe @ stage
state where an extended line of a center line related to a direction
per pendi cbl arig difheréohditamithat irdtheqitricon qies lgedeescribad entteehidiand: ,
in the longitudinal direction) is orthogonal to the optical axis_ of
proj ecti on 25hspeneafes pssdanpLs desaridesipe bee. (tlncigentialel Buphardhe
of scale nenber_ 46A', a reflective type diffraction grating with a
pr edet er m ned:oﬂqlrﬂﬂraftdro%%r&l%@, SRHIWSF THSHFTR SwidSe @ sdice from

di ti isdnt X-axi s, di ti IS .f d i th im |

o the manner Rrevioutry BUSEFIRRS. 3 i TRETEIRERTS RENBYY o8 TRe
| q oh : | . . . U i Voo . .

ge?\(iiengogs [ ?5%%?&% lcjgciigggélmag% Egﬁlg%& iér?) é:"l‘ﬂsei gzt e l}r%%tﬁs g{xa{vg% egﬂle

line of 1@ cen oki 8guiehatrd & fadisretd Onupernend sulah tioddeun

| ongi tudi nal direction (a center |line extending in the
in FIG. 3, and the explanation thereof is omitted. Further,
interferometer system 18 is omitted in FIG 8.
As shown in FIG. 8, scale members 46A’ and 46B’ each
having an elongated rectangular plate shape are placed on the
15 X side and the +Y side of the lowermost end of projection
unit PU. These scale members 46A’ and 46B’ are actually fixed
to the barrel platform in a suspended state via a support
member.
Scale member 46A’ is placed on the ~X side of projection
20  unit PU with the X-axis direction serving as its longitudinal
direction, in a state where an extended line of a center line
related to a direction perpendicular to the .longitudinal
direction (a center line extending in the longitudinal
direction) is orthogonal to the optical axis of projection
25 optical system PL. On the surface (the -Z side surface) of
scale member 46A’, a reflective type diffraction grating with
a predetermined pitch, for example, with a lum pitch whose
periocdic direction is in the X-axis direction is formed in

the similar manner to the manner previously described.



| ongi tudi nal direction) is orthogonal to the extended line of the
center axis of scale menber 46A° in the longitudinal direction at
the optical axis of projection optical system PL. On the surface
(the -Z side surface) of scale nenber 46B', 10 a reflective type
diffraction grating with a predetermn ned 3'/itch, for exanple, with a
1m pitch whose periodic direction is in the Y-axis direction is

formed in the sim lrdiJiRINCLCAQ LORLEBNAGE: A LD iAalY JPRAE! PEsi dd of

this case, the wi dth ion

per pendi cul arp A ddie ckp drangistudiiRal tdbr echk08 A1 PecM GhhsOfvihe 25 its

diffraction gratl ng) 1is alnost the sanme as that of scal e nmenber 46A

‘descri bed eanldreyitudinthl b raeictibrgf incal £ aeihele 46Bn ekbenuedt hiwd of
the diffraction grating) is about twice the width of scal e nenber
46A" (the wiadtderofert heink f febgtedntgr at digect20nMpanweindd cudmrt e the
upper surface of wafer table WIB, X heads 661, 662, ..., 665 are
pl aced reBpediangditydimajospireasionhete vensads bise xtending ezuQ the
were placed i.n the e rrent descrl bed earlier. Further on the
upper surfacé-oé‘fg’\ﬁé’fcgl?“qt SRESN Y e QU hpprnags X0 f%?’re@ llne

I d 2
here pl aced i b’:ﬁeey T %gi‘# RURPREr S DERIE 000 002 8RS
in the nove Qaft Wﬁ'fee ropsct e :uil \Qﬁ-lé q)"f jeéf:‘?:%solﬁ %tp\’%{l%a%_ V@secrem

Wis | ocated ow pr oj ection tical system

adj acent 'Y h%ds Bai t A d 64 atL 6@1@ (—'Z‘@Me%’ﬂl‘%f%fce]) b8 Dale member 46B7,
si mul taneously face scal e nenber 46B', and also at | east one X head

66P (p=any one reff 1kdtd & ﬂ;,qmem%alr&n@ra&% wWibite =5 peeiddteadntbed
t he neasurenent values of a total of three encoders, which are two Y

| i near encpdgﬁicﬁl,cﬁnstéxmlﬁﬂebwi\tmean&n%tcaﬂdh%je*ﬁefﬂ@dm dseal ion
member. 466 is in the Y-axis direction is formed in the similar manner
to the manner previousliy described. 1In this case, the width
of scale member 46A" in a direction perpendicular to the

15 longitudinal direction (the width of the diffraction grating)
is almost the same as that of scale member 46A described earlier,
and the width of scale member 46B’ (the width of thediffraction
grating) i1s about twice the width of scale member 46A’ (the
width of the diffraction grating).

20 Meanwhile, on the upper surface of wafer table WTB, X
heads 66,, 66z, ..., 665 are placed respectively at positions
where Y heads 645, 647, ..., 6419 were placed in the embodiment
described earlier. Further, on the upper surface of wafer

table WTB, Y heads 64;, 64, ..., 645 are placed respectively

25 at positions where X heads 6631, 663, ..., 665 were placed in the

embodiment described earlier.
In this embodiment, in the movement range of wafer stage
WST during exposure where wafer W is located below projection

optical system PL, at least two adjacent Y heads 64; and 64;4



and an X linear encoder constituted by X head 66P facing scale

menber 46A', are supplied to main controller 20. Based on positional
information in the X-axis and Y-axis directions and rotational
information in the Oz direction of wafer stage 10 WST, which are
conput ed based on the neasurenment val ues 3 these three encoders,
main controller 20 perfornms position control of wafer stage WST via
waf er stage drive system27. Accordingly, two-dinensional drive of
waf er stage WETaH4 RehP§hl pr@dlsisé# spos SPBReSFAL € Heewae 46B7,

manner as in th 15 above-describ enbodji nent. Incidentally, in
T he P A e AP R Er e aa, S dP ey £hE MEal 14 cligaces
641 to 645 1 5 .. i . f d 641t
045, tho di comAde TeRREl AR, - worklohlS: £8851 Py, IRRREL HPRRd: plues

si ze (dianet gy 50f YAl &t r 39 WeSRnASdb2sCOVRE ch kéeré\}\gtw'or ¢ ﬂﬁ@a?%ﬁd&ers

novenment stroke (novenent range) of wafer sfage T at least during

the exposurecmariaiuty oy wad&sdVdd,; Na 9l her; WFdS nS8casetl e &Y &I¥R’
each of the head groups (neasurenent beans) fromnoving off fromthe

cor r espondi ngirstahex rieineerr eédicbtieactooat ratéddy X2bead M acing scale
specifically, so as to prevent each of -the head groups from becom ng

i ncapabl e of msekfenr MaRy neasurarentiedurd mplsceemtngl bxposlr e Bsfsedd lon
the shot areas) Further, in the encoder systemshown in FIG 8, the

| engt h (cor r &FEAdiNG 1t o N hHEFGrqfatito i angeofs and difopHdctdigrpctions
grating) of scale nmenmber 39, 46A or scale nepber 46B in the

| ongi t udi nal 2% EetpsAoReL EREorpabRentiHakber Yo qlidietto o4y adntr fpe stage

movemnent 18 tr %éei[‘ SQH%h taq: Cocvoﬁplf&edt Efargsl e{@_loar[ ,?cehem;msettahse ATeE r%Jtalues of

stroke (movenent’ ‘range) of Warer Stage at e uring the

exposure 5 ORgfAld Qe A4 W, Mt oMU HASLe 1S D RD 1 Y s tion

each
control of wafer stage WST via wafer stage drive system 27.

Accordingly, two-dimensional drive of wafer stage WST with
high precision becomes possible in the same manner as in the
15 above-described embodiment.

Incidentally, in FIG. 8, the length of the‘arrangement
area of the two head groups, 64; to 645 and 66; to 665 (e.qg.,
in the case of head group 64; to 645, the distance to cover
head 64; and 645} is set longer than a size (diameter) of wafer

20 W so as to cover the entire area of the movement stroke
(movement range) of wafer stage WST at least during the
exposure operation of wafer W (in other words, so as to prevent
each of the head groups (measurement beams) from moving off
from the corresponding scale member (diffraction grating),

25 or more specifically, so as to prevent each of the head groups
from becoming incapable of performing measurement, during
scanning exposure of all the shot areas). Further, in the
encoder system shown in FIG. 8, the length (corresponding to

the formation range of thediffraction grating) of scale member



of the head groups (measurenent beans) from noving off from the
correspondi ng scale (diffraction grating), or nore specifically, so
as to prevent each of the head groups from becom ng incapable of
perform ng nmeasurenent, during scanning 10 exposure of all the shot
areas). Next, yet another enbodi nent of t3% present invention is
described based on FIG 9. In an exposure apparatus of this

nmbodi t, si I d t f f. 1t J , .
orbodi o siie 1 A% HiSger A4SUSR 9%, A UBLATRLA 1l Bcnucn 1
d t i i I i I 0
cncoer oyst & s eRtr Lhed Bel et el dontald ¥ocORDYGhEL cprore so

and therefored ndg deseréRtion HBEOWo rt REeS aR enle@C@NCK eS| QIS At
applied to the constituents having the same or equival ent operations

or functions ms/de) tboseaFhawnst2fei WKl Gt 31ecasd tdieriaxpl 8nat iddposure
thereof is omtted. In FIG 9, a scale nenber 46B" having an

el ongat ed> r egteareduilar ofl aedeshiipd insopharedopdst heo 136 siaemdvdrie each
| ower nost end of projection unit PU Scal e nenber 46B" has the sane

si ze (| engt hodndhmi Beryl asoypsl énaaRbsenapt Heswsi beuoR Sueiravy qufs] yErom

On the surface (the -Z side,surface%$of scal e nenber 46B", however,

a refIectivetﬁ?becPﬁﬁgﬁpﬁBﬁépgnafca f f{HEGHCGoR | AGaLARE) v s Or more
conposed of a_grati.n ith a _predeterm ned pitch,. for .exanmple, al

5 toh havi ng FSartadeY dieti 6 PRCPRECY2ARNSCR: TG (ToAR BHPWE From
grating with - i j . 1 i .
havi ng a peﬂéﬁﬁg%léﬁ?gg%ﬁéﬁlggg%ﬁ%£§§5§?§5 |recuéﬁ$€zf?%?%%ggcannlng
Further,19n theddper surdiace f é’}ﬁicteraﬁeaé%’ge. WIB, five

t wo- di nensi onal heads (2D heads) 681 to 685 are placed at a 5
predeterm ned di st &ase,i pethenXtBxkrSeflbo&eChend, of tHdSa®ht invention
is described based on FIG. 9. In an exposure apparatus of this
embodiment, since only an encoder system for a wafer stage
is different from that in the previously described embodiments,
15 the encoder system is described below. Incidentzlly, only the
configuration of the encoder system is the difference from
FIG. 3, and therefore in the description below, the same
reference signs are applied to the constituents having the
same or equivalent operations or functions as/to those shown

20 in FIG. 3, and the explanation thereof is omitted.

In FIG. 9, a scale member 46B” having an elongated
rectangular plate shape 1is placed on the +Y side of the
lowermost end of projection unit PU. Scale member 46B” has
the same size (length and width) as scale member 46’ described

25 previously. On the surface (the -Z side surface) of scale
membex 46B”, however, a reflective type two-dimensional
diffraction grating that is composed of a grating with a
predetermined pitch, for example, a iympitch having a periodic

direction in the Y-axis direction and a grating with a



arrangenment as with head groups 641 to 645 shown in FIG 8 described
previ ously. Each two dinensional head can be configured, for

exanple, including a pair of X diffraction gratings and a pair of Y
diffraction gratings (fixed scales) 10 that emt neasurenent beans in
the +Z direction and converge diffracted,Jights of a predeterm ned
order of the neasurenent beans fromthe two-dinensional diffraction
grating; an index scale nade up of a transm ssive type

two- di mensi oale detidrintiatdd L Ok plicHdex b T, BEKES pihehdidfImehedriodic
lights that 15 have been converged respectively at the pair of X
diffracti on dyrstdtigs amd the Jpaixiofdivaitfioractd oromgeesti ngs

interfere; a detector that detects the lights that have interfered
at the index scal Eurfdes spacihe cipRrsr synigneliofenstenarabbadbtr five
head by a so-called three grating diffractjqon 20 interference nethod
Can be used ASCTS AR L (B (20 RS oty tOi At GHE G AGR T 2
heads, a gpne-di Si I head i {h_a.neas di tio

' the X Sxi Sl PaR IO e S ie. QmbhE) Snaf Redhrr S hehe) iy aore
measur enent i i Y= axl i i 0y, C u LN

conbi nat i on. c-JICZPSIraI tm%inllsﬂ (r:ha%sgﬁ%h?%% géd#gltgé%n@‘%)logbt ib%rfs%gl?)wlt%én FIG. 8
nmeasur enent  ReATS Rfd t Peewi Beadyand Haire Yeheadid@nRebnRavend£ beadt be
a same position. Incidentally, 1n the present description, a term

"t wo- di nensi aralf iheadd,i Sotsedkaap e ,cdmedptdimelaidiaig tdfe X diffraction
conmbi nati on of two one-di nensi onal heads |ike the conbination 41 of
the X head amtatherge hesdaasatdesth itbddfdbevsionngraeisyagef desd ceales)
equi pped_ wi th the encoder system having the configuration shown in

FIG 9, 1% tRA&abeedEnferangement hedes Kt &de WBTAdEeFhgoR U wamverge

wher e waf er A | ocat .5 unde rojection.optical system PL, at
| east two adj\%{%ﬁa%deglgh%s o% apprggetermlngd order >c/)f the measurement

beams from the two-dimensional diffraction grating; an index
scale made up of a transmissive type two-dimensional
diffraction grating, which makes the diffracted lights that
15 have been converged respectively at the pair of X diffraction
gratings and the pair of Y diffraction gratings interfere;
a detector that detects the lights that have interfered at
the 1index scale. More specifically, a two-dimensional
encoder head by a so-called three grating diffraction
20 interference method can be used as 2D heads 68; to 68s.
Incidentally, instead of the 2D heads, a one-dimensional head
(X head) with a measurement direction in the X-axis direction
and a one-dimensional head (Y head) with a measurement
direction in the Y-axis direction can be used in combination.
25 In this case, the irradiation positions of the measurement
beams of the X head and the Y head do not have to be at a same
position. Incidentally, in the present description, a term
“two-dimensional head” is used as a concept including the

combination of two one-dimensional heads like the combination



heads 68i and 68 +i (i=any one of 1 to 4) sinultaneously face scale
menber 46B". More specifically, the neasurenent values of the two

t wo- di nensi onal encoders constituted by 2D heads 68i and 68i +i that
face scal e nenber 46B" are supplied to maj.n 10 controller 20. Main
controller 20 performs position control waf er stage WST via wafer
stage drive system 27, based on positional information in the X-axis

and Y-axis digreaiieons ha 4/ ationalnd i of daid Q- ik d N d¥e di rection
of wafer stage WST that are conmputed based on the neasurenent val ues

of these 15 two enqeders sAce® digvglas ShgibHyEGiisitoReHevertidRNsifden
drive of wafer stage WST becones possible in the sane manner as in
t he enbodi nendtssriatypbe dorciidental lon showhhien £asSe S stnhtBsmokenent hange
rotational information of wafer stage WST in the Oz direction does
not 20 have afo W5 ere&s@oed WSar dumang eﬁéosgrati«bﬁae vafor Mation.darted

the Oz direction neasyred by interferoneter stem. 18 is used, a
confi gur aPi oE&F B éoéﬁﬁlt&)?é’dopﬁlﬁﬁllcﬁy%ﬁ*em adnéegptabromairceyy 2D

to 685 f b B'.,in thi .

monber 405" RGO TS T 28T Dot horerBiHh oo tsly face
di ffract ol sred . '
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the exposure JEenat kg8 €a8- d@ﬁeﬁ@!@h@@ @hbbsekge@bﬂgﬂ@@téa@yqnm
scal e menber from increasing. In this case, the two scal e nenbers

can be pl aced842ans6d;hattHate Faeepees i ¥ endmang taglinal-cdshippl i @ASt AN
orthogonal to each other or can be placed with the respective

| ongi t udi®al caditrmedtlieong0i.n Masanmedirekctdn0 pacfdentapdyition eanitrol
of the enbodi nents above, although 5 position control of wafer stage
WST is to be qfewﬁ@ﬂepfegtggpn@ST via wafer stage drive system 27, based on

positional information in the X-axis and Y-axis directions
and rotational information in the 6z direction of wafer stage
WST that are corﬁputed based on the measurement values of these
15 two encoders. Accordingly, high-precision two-dimensional
drive of wafer stage WST becomes possible in the same manner

as in the embodiments above.
Incidentally, in the cases such as where the rotational
information of wafer stage WST in the 0z direction does not
20 have to be measured, or where the rotational information in
the 0z direction measured by interferometer system 18 is used,
a configuration can be employed in which at least one of 2D
heads €83 to 685 faces scale member 46B”. In this case, instead
of scale member 46B”, two scale members in which
25 two-dimensional diffraction gratings are formed can be
arranged. By doing so, the entire area of the movement range
of wafer stage WST at least during the exposure operation can
be covered while keeping the size of each scale member from

increasing. In this case, the two scale members can be placed



t he encoder system described earlier during the exposure operation

of the wafer, position control of wafer stage WST can be perforned
usi ng the encoder system shown in the drawings such as FIGS. 3, 8,

and 9 also in operations such as an alignnent 10 operation (including
at least a mark detection operation with 42alignnment system ALG

and/ or an exchange operation of wafers. In this case, the switching
operation of the position neasurenment system described previously
natural | y bedsnebatitreeespaeyiveslongindinakdinastipascase agdagonal

t he encoder ste described earlier (FIGS 3, 8 and 9) is used al.so
during oper R SREh clidie et Gevbae ot %%Faﬁ??&reﬁawﬁ&ﬁ tyginal
or the second,.fiducial_ nmarks of waf.er st.age WST using alignnent
system ALG | lﬁe%%plroe Serabl% THA reeC?lcrlrogfln'gement (e.g. 20 including
at least one of th ib d; ; d/ar.
arrangenment of t he%gg(alﬁghr%%zlslé %ggg%?ﬁ%%uegi{bn%&g%erf%ggﬁog%é a%t}{oﬂu?h
posi tion, 5t he,dauriein aBekthle ofi éeFeAr£fd e SBIT alsSOol BKI gk Fited using
consi deration the novenent range of wafer stage WST during this
det ecti on operrat i @tco@br Meyetspediasiczdldey, «d sl etir dngihbe tiet esigodnre
operation of the marks that is perforned after the wafer stage is
moved to the opseadurenerdt thesiwhifem, opoaliLganenontysl enf MG ef ctage WST
exanple, in order to nmake position neasurenent in directions of
three degre&Srope Readdeiast Ubhed X prCoYen)a Y ket sBevwliimeth e slrawgags
- possible, it is prefer blg hat ége arrangenment. of the Eeads nd/ or

a . ,hadrll

the scale ne 122D RS HRISUCe As R A ypnment
continue,to face the sape andlor different scal menber (s . .
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In this case, the switching operation of the position
measurement system described previcusly naturally becomes
unnecessary.

15 In this case, in the case where the encoder system
described earlier (FIGS. 3, 8 and 9) is used also during
operations such as detection of alignment marks on wafer W
or the second £fiducial marks of wafer stage WST using alignment
system ALG, it is preferable that the arrangement (e.q.

20 including at least one of the position and the number) of the
heads and/or the arrangement of the scale members (e.g.
including at least one of the position, the number and the
size) are/is set also taking into consideration the movement
range of wafer stage WST during this detection operation.

25 More specifically, also during the detection operation of the
marks that is performed after the wafer stage is moved to the
measurement position of alignment system ALG, for example,

in order to make position measurement in directions of three

degrees of freedom of the X-axis, Y-axis and 8z directions



stage is prevented fromdiscontinuing due to the position :
measurenent with the encoder system becom ng inpossible. In this

case, as an exanple, the size of the scale nenbers in each of the
enbodi nents can be set so that the scale nenbers 10 can be used both
in the exposure operation and the alignngst operation, or scale
menbers to be used in the alignnent operation can be arranged
separately fromthe scal e nenbers described previously. Especially

in the | attempcasidld,orit exampdierihbe stadte thenbersngkoehd b€ the heads
arranged for alignment 15 system ALGin the arrangenent simlar to

t he arrangen@md/® télkowsals nesbdrawih@esgehthatratsleast ghupre ieads
O, by using at |east one of a pl uralitggof scal e nbers used in

the exposur EBFeratGlon Cond 1aue &8stagRet R afam o Heffgeent scale
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reticle Ror reference marks of reticle stage RST with the aerial

i mage nmeasur i@ Sysiemtdesen bed eretdddLlsysithen Pesbili 6 IBESEBIEN! In
of wafer stage WST with the interferoneter system described

previ ously camilse qeerd,oraedn dxamplie,i $her efieraakife tHratsddle pesikddren in
measurenent of wafer 44 stage WST is perforned with the encoder

syst em i ncl udiasd chethscamecabers @in &xcisedf sphehaboviee desthe Megoers
enbodi ments. Further, in the case where the encoder system descr.i bed
earlier %@:I cSargbegusag @‘?t}il stiydde \ﬁﬁé’ﬁ’%ﬁePp§Fé§é°Wﬁisth% 3locEmsqt

at the eXCha%%%f%%?&ﬂf"Bgfs%% %r%@ﬁﬂg¥émgggbgtd§§§tin the alignment

operation can be arranged separately from the scale members
described previously. Especially in the latter case, for
example, the scale members should be arranged for alignment

15 system ALG in the arrangement similar to the arrangement as
shown in the drawings such as FIGS. 3, 8 and 9. Or, by using
at least one of a plurality of scale members used in the
exposure operation and at least one scale member arranged
separately, position measuremeht of wafer stage WST can be

20 performed with the encoder system also in the alignment
operation or the like.

Incidentally, during detection of the first fiducial
marks of wafer stage WST with the reticle alignment system
described earlier, and/or during detection of projected

25 images of marks of reticle R or reference marks of reticle
stage RST with the aerial image measuring system described
earlier, the position.measurement of wafer stage WST with the
interferometer system described previously can be performed,

but it is preferable that the position measurement of wafer



one of the |oading position and the unloading position), it is
preferable that the arrangenent and the |ike of the heads and/or the
scales are set, in the simlar manner to the manner descri bed
earlier, taking into consideration the novenent 10 range of the wafer
stage in the wafer exchange operation as 44nell. Mre specifically, it
is preferable that the arrangenent of the heads and/or the scale

menbers is set so that the position control of the wafer stage_ is
prevented fr&ha%d &ﬂégni-?rﬁﬁﬁgolam%dt“bl%éhﬁo@fspéﬁrn%&%wwﬁﬁ Y@ing the
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measurenent position of alignment system ALG and t he exposure
position. Mmeevert, ths Leadingl pseiflition dmd exanpllyadiyy fRatignion)25 it
No. 6,262,796 and the like, also in the case of an exposure

appar at us by 1 puefenabde- shajethetondrnetamnsk&bet é1ha obxpus ireads
operation and a npeasurenent operation (e.%. mark_ detection with an
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arrangement of the heads and/or the scale members is set so
that the position control of the wafer stage is prevented from
discontinuing due to the position measurement with the encoder

15 system becoming impossible, also at the wafer exchange
position. Further, this can be said for the case where the
encoder system described earlier (FIGS. 3, 8 and 9) is used
during movement of wafer stage WST between the exchange
position of wafers and the exposure position where a reticle

20 pattern is transferred via projection optical system PL or
the measurement position where mark detection with alignment
system ALG is performed, and/or between the measurement
position of alignment system ALG and the exposure position.
Moreover, as is disclosed in, for example, U.S. Patent

25 ©No. 6,262,796 and the like, also in the case of an exposure
apparatus by a twin-wafer-stage method that can execute an
exposure operation and a measurement operation (e.g. mark

detection with an alignment system and the like) almost in

parallel using two wafer stages, position control of eachwafer



operation, position nmeasurenent of each wafer stage can be perforned
wi th the encoder system described earlier by appropriately setting
t he arrangenent of the heads and/or the scale nenbers in the simlar
manner to the manner described 10 previously. For exanple, by
appropriately setting the arrangenent of,d he heads, position control
of each wafer stage can be perforned using the scale nenbers of each
of the enbodi nents above w t hout change, but a scale nenber that can
be used duri ngadee gemadus epenfooned atsOngcaheakseobe rasyanged ddfscribed
separately fromthe foregoing scale nenbers. in this case, as an
exanpl e, fourasddlesr fERBER s3t Hatndre) plravbdchnhedds sarg amgemgrtl at each
simlar to the scale nenbers of each of the enbodi nents above, for
exanpl e, pl a¢®d & S a@0$d 4R apd Ywiteheaghi ginehe SYReSHIALE aaPefrRe. In
center are arranged, and positional 20 information of each wafer
stage can be ttlf’é“a?sﬁ’aé(?'vwntogf HeSe AU % THEERO SHTE t%’@&r%‘sgjdﬁdiarﬁ"o
ln_the case

heads dur rati d i bed ab .
of the  epoSiT A SoRAPAT C8 Y R T, WAF ST IR0y FOEROd CPOFApaNEnt

heads are arr 4 ;'S PeRIdMalh Infe LNE- A, e 4% dhe
previously-descri é' 6a§§; FIGS. 3, 8 anéﬁg?ggﬂgﬂﬁ%en the ex égﬁ%glbe
operation of pa@frafedDUDtRd Ok OBACHAESN STR88n IdeCARIRL elariDer by
ot her wafer stage on which a next wafer, to which mark detection and

the |ike haveppreprmertfadyredtat ngtttee praswoemenit pOlitid beadisSan@idt ethe
is placed at the exposure 46 position in exchange of the one wafer
stage. Furt hecalehaempeasuianthe speiidsronathat i tpey emred idescribed
parallel with the exposure operation is not limted to_mark

det ect i oR0 of PSFioNgEflet- wi 191t heXarPdaneRY spPPERPrBatedyt eteiolnef the

surface 5 information (such . as. level difference infornation) of the
arrangemen(t o% the heads, position contro(.')L gPeach) wafer stage

can be performed using the scale members of each of the
embodiments above without change, but a scale member that can
be used during the measurement operation can also be arranged
15 separately from the foregoing scale members. 1In this case,
as an example, four scale members that are placed in the
arrangement similar to the scale members of each of the
embodiments above, for example, placed in a cross shape with
alignment system ALG as the center are arranged, and positional
20 information of each wafer stage can be measured with these
scale members and the corresponding heads during the
measurement operation described above. In the case of the
exposure apparatus by a twin-wafer-stage method, for example,
heads are arranged respectively in the arrangement similar
25 to the previously-described case (FIGS. 3, 8 and 9) and when
the exposure operation of a wafer mounted on one wafer stage
is completed, the other wafer stage on which a next wafer,
to which mark detection and the like have been performed at

the measurement position, is mounted is placed at the exposure



waf er can al so be perforned instead of or in conbination with the
mark detection. Incidentally, in the description above, in the case
where position control of the wafer stage using the encoder 10
system descri bed previously is discontinued at the nmeasurenent
position or the exchange position, or durdthg novenent of the wafer
stage fromone of the exposure position, the neasurenment position

and t he exchange ,positjion tq the other ositiopn, the position
control of tAEXfs™ s]trhgeexé?alf% ‘1€ ‘?%%B%%% i%P%s?if?g‘ﬁs Jritddi§ g the

the novement e%fs%:r e.rg:? o%%?:\é. ioinng.ral%f L Z:%?e!ﬁ/féar%efé)ringg?lfggTg%gv?fié}&hghe

1
measur ement evi ce an 1 nter I'OITE? an enco

that is separé;;p%sgg@raggﬁﬁr&pd% r%étl%rﬂiﬂ:é&ftﬁ?rmaﬁlg Ofod N the

enbodi ments above, as I's 20 disclosed 1 n, for exanp t he panphl et

of Internati aaaer ReH Catlé 081 NgnmERO560446H4 Lhke ReeSRANH NG Bce
Pat ent Application Publication No. 2007/0127006) and the like, a

measur eneht dirggernies ianT atgech sepatatvel ydt fapreheewdhdo ralaaden)and the
t he neasurenent stage is placed directly under projection 25 opti cal
system PL i nv@fsrange aisoHe wairtdorgegdgéndtieadge s opeiat tonsisachomgwith
t he exchange operation of wafers, and the characteristics of the
exposure appdtd Ferke dptadtelon nage-forning characteristic (wavefront

aberration) of the_ pr.ojectiqn optical system the pol]arization

Charact eristic 47 RIS RATYL ot [ohe SFoCTbpt{fa RPREF: caf Boe case
measured. In_,this aLh e.als ac n the sur enen
stage and pgshlet |eoﬁ%%§ﬁctlrogﬂl %8%%?%2‘ %elzfagﬁreeﬁ%g%rsggﬁ S can bR pEt formedt

L s DS ABI S CEeLA et FUL D PRSP e
measurement position or the exchange position, or during
movement of the wafer stage from one of the exposure position,
the measurement position and the exchange position to the other
position, the position control of the wafer stage at the

15 respective positions or during the movement referred to above
is preferably performed using another measurement device (e.q.
an interferometer, an encoder, or the like) that is separate
from the encoder system.

Further, in each of the embodiments above, as is

20 disclosed in, for example, the pamphlet of International
Publication No. 2005/074014 (the corresponding U.S. Patent
Application Publication No. 2007/0127006) and the like, a

" measurement stage is arranged separately from the wafer stage
and the measurement stage is placed directly under projection

25 optical_system PL in exchange of the wafer stage during
operations such as the exchange operation of wafers, and the
characteristics of the exposure apparatus (e.g. the

image-forming characteristic (wavefront aberration) of the

projection optical system, the polarization characteristic



t he neasurenent stage withdraws to a predeternm ned position that
does not interfere wwth the wafer stage and accordingly the
nmeasurenent stage i s noved between this withdrawal position and the
exposure position. Therefore, the 10 ar r ahgement of the heads and/ or
the scale nenbers and the |like are preferably set simlarly to the
case described earlier so as to prevent position neasurenent by the

encoder system ifinemikeea®nnd iigHRossi, bbe and Pork} i 88nCYAHOls@fed he 1n
measur enent stage from being discontinued also at the 15 wi t hdr awal

position or ahi® daskepgtheveeid afreoal st lafcddien whehisasatepast tsteye
and the exposure position to the other, by also taking a novenent
range- of thendepsstehentcauttage. plittthe neasudemanitont agerichar by peo fdrmed
case of the wafers stage. . Alternatively, in the case where the .
posi tion cont¥SdiRSfhenecadenpgshrerefes st dgedngas hteencddEithamst éwring
described_earlier is discontinued t he_wi t hdrawal| posjtion_or
during the mivERERPOSUFRORTET TN PO B Shb &0 F Bt St &Gege

i's preferabl )Ehepglre%%lh% eﬂ‘lqti gggﬁgm ngeujlggmﬁlgg%g.waerf:;[redaee\r/t;efrgnign?e'c%pé%&[tﬁgn

interferoneter, an encoder or e Il I'S "Ssepa 0

encoder syst @M OfoekNBoPOBhLd PF £ORIG Rk &Q?er'@@éﬂ?’é eé’f?cpi%bcei?%ngly

can be perfornmed only wwth the 1nterferoneter systentdescr

earlier. Furthes, méfseashent thepnbodi MRSy abevqecd OiSIANGA thdrawal
between a pair of the scale nenbers that are arranged extendi ng 48

in a sane di pectitdmrhasarid hfhd nogasate dymditidror exaiplrefora,Si e
of projection unit PU or the like, and therefore during scanning
exposur eldf arspeceientshbttioy baads snd bor \Whef ocalexmmnidays andhote like
area | ocated on the outernost circunference, 5 a correspondi ng head
does not fac@rGn®IELemedlyaisctorsiiHdagdal &0 the case described earlier

s0 as to prevent position measurement by the encoder system

from becoming impossible and position control of the

measurement stage from being discontinued also at the

15 withdrawal position or also during movement from one of the

withdrawal position and the exposure position to the other,

by also taking a movement range- of the measurement stage into

consideration similarly to the case of the wafers stage.

Alternatively, in the case where the position control of the

20 measurement stage by the encoder system described earlier is

discontinued at the withdrawal position oxr during the movement,

the position control of the measurement stage is preferably

performed wusing another measurement device (e.g. an

interferometer, an encoder or the like) which is separate from

25 the encoder system. Or, the position control of the

| measurement stage can be performed only with the
interferometer system described earlier.

Further, in each of the embodiments above, a distance

between a pair of the scale members that are arranged extending



menbers in sonme cases. As an exanple, when the size of projection
unit PU shown in FIG 3 is slightly increased, any corresponding X
head 66 does not face scale nenber 46B of a pair of scale nenbers

46B and 46D. Furthernore, in a liquid 10 i mrersion type exposure
apparatus in which a space between projegtion optical system PL and

a wafer is filled with a liquid (e.g. pure water or the like), which
is disclosed in, for exanple, the panphlet of International

Publ i cati on Na. a 984350z cinibn thes tkebe dmuzd sededuer tor fdéme dxsmple,
that supplies 15 the liquid is arranged so as to enclose projection
unit PU, and EhéredhPEoiedesnslrorte odi the dulke t angl Beereherqshdsng
close to the exposure area descrjbed ear|ier of projection aqptical

system PL. ARG FXRGP MR Wask HeehptoyPRgtt RES2eRBodEL oLy frehOT
shown in FIG_3 in the liquid i rsi.on, type, 20 exposur.e appar.at us,

two pi eces ofez’ﬁf)aérl :]Iei’o afh‘?ﬁfao‘?%t 'o§r?qer%j © aﬁﬂeo?utf%’g“%%ﬁlst%fﬁ%erence’
Y-axis digect] : r t
xS g ect 08se40RonRinfdied oS EORLALY JERRUIAD] £obbhe LhEe
i nformation aeodrRASLY aBbRel a2 0f AdeaX- axampaRd Yiitl Sthe size of
directions and one 25 piece of positional information is nmeasurable

in the other proyesce ispeanfitCBl I ghowrn ihhPIEOS3 tisob1egnt Lol irtréd®ed, any
waf er stage (or the measurenent stage) with the encoder system two

pi eces of pesitresreindinfoXmaeiach 66ndeashnot faee Xsaxls rertbek AGR of a
directions, which are four pieces of positional information 49 in
total, do notdiécO3saFRLy memeerd 4B dwH 460ur t Rertheprmedenh B & Hdquid
enbodiner@s above, the configuration of interferoneter system18 is

not |imited fEMYHRBhé Mo RFAIFHIGAPPAIRARIS It SR & SRA&GE Hrkveen

scal e menberg 5 A& R A550: 8L Al B LY 2% er 245 LA 185 131 quida
measur enent

(e.g. pure water or the like), which is disclosed in, for

example, the pamphlet of International Publication No.

99/49504 and the like, anozzle member or the like that supplies

15 the liquid is arranged so as to enclose projection unit PU,

and therefore it becomes more difficult to place the heads

close to the exposure area described earlier of projection

optical system PL. Accordingly, in the case of employing the

encoder system shown in FIG. 3 in the ligquid immersion type

20 exposure apparatus, two pieces of positional information in

each of the X-axis and Y-axis directions doe not have to be

constantly measurable, but the encoder system should be

configured so that two pieces of positional information are

measurable in one of the ¥X-axis and Y-axis directions and one

25 piece of positional information is measurable in the other,

More specifically, in the position control of the wafer stage

(or the measurement stage) with the encoder system, two pieces

of positional information in each of the X-axis and Y-axis

directions, which are four pieces of positional information



position), interferoneter system 18 does not have to be equipped
with wafer X interferoneter 18X2, or wafer X interferoneter 18X2 can
be constituted by, for exanple, a nmultiaxial interferoneter simlar
to wafer Y interferonmeter 10 18Y, and rotational information (e.g.
yawi ng and rolling) of wafer stage WST c¢&h al so be neasured besi des
the X-position of wafer stage WST. Furthernore, in each of the

enbodi nent s ‘ach;/GCali nt orfeortorretcer Ss rs.tem 18 is tﬂobe used for
calibration of thé enctuét S)}ﬁéﬁ?ﬁo Jflc?f }bao"ée?tfioo TredE it enent of the

waf er 15 stage in epghigld,ons ; thgrtjlchhagft hey, EX PO -&gg{gti%%%u;r%e

this is not to be intended to be m ting, and encoder System

i nterferomet forsshamt® LT hatesed laaelhesyisheatl 18! £8stoONeiRftddeo
exposure operation, the measurenment operation” (including the

al i gnment opettat bna)shaandihlErd. Be btoFo2G:ex@ld ,ewhef tHesease nwhieiers
encoder system 50 cannot perform neasurenment or its measurenent

val ues aré abnor palaceehedder atsgdtigmméOtcapshemnshi® ched tthee measurement
interferoneter system 18 to continue position control of wafer stage
WBT. | nci dentRfSition)n ebehebferamebabodivivdsts Hbhodees| madr fleaoereter be

system 18 25 does not have to Pe arranged, and the encoder system can
only be arr &GedPSeUr FRER, YRLRAcH of ERETEABBEIERENt $8%ovET thefer X

poo 410 Of JRLSIe 308 VPT 48, 2 35l 008 PLLLLS Ky, o
T ot oneC A8 L A TSV STEIL R B
met hod t gt qm,naﬁauwtéhfoﬁgyiﬂlp@rrh@tiéxhe(eZ.-c_ﬁ.xiy%w%@esﬁa%fﬁih@ﬁ of
arranged on the wafer stage 5 separately fromthe heads descri bed
previously, aafldreshea@sWwST can also be measured besides the X-position
of wafer stage WST. Furthermore, in each of the embodiments
above, interferometer system 18 is to be used for calibration
of the enceder system or for position measurement of the wafer
15 stage in operations other than the exposure operation, but
this is not to be intended to be limiting, and encoder system
50 and interferometer system 18 can be used together in at
least one of the exposure operation, the measurement operation
{(including the alignment operatioh) , and the like. For
20 example, in the case where encoder system 50 cannot perform
measurement or its measurement values are abnormal, encoder
system 50 can be switched to interferometer system 18 to
continue position control of wafer stage WST. Incidentally,
in each of the embodiments above, interferometer system 18
25 does not have to be arranged, and the encoder system can only
be arranged.
Further, in each of the embodiments above, the position

of wafer stage WST in at least one of the X-axis and Y-axis

directions is to be measured with enceder system 50, but this



descri bed previously can be heads that can neasure the position in

at least one of the X-axis and Y-axis directions and the position in
the Z-axis direction. Further, in the encoder system shown in FIGS. 3
and 8, 10 at |east either of the X heads or Y heads are repl aced

with the 2D heads and the scal e nenber fsmci ng the 2D heads can be a
scal e nenber on which a two-di nensional diffraction grating is

formed. In this case, in the encoder systemshown in FIG 3, the
number of théss&site intpbees anbpel otk eagedand dred vukon Snaapunmnent in
the fewest, and in the encoder systemshown in FIG 8, by using a

scal e nenber % it S ¢ibea HensFeRaflgPabrnyerntoisdred FRE seample,

oo 453, R S b el e SR MBS
R

wher e ones Meaghif-8nR1 PeeFDERE MRS ADRIIB 1be JTBRSWI SNRAY,,C8P 18 heads
continued by switching it to another neasurenent beam I'n this case,

a plurality cfestRasycepestidbsbeamm sa@nhches thatcahetdmutdensegrldtion
menber fromone head, or froma plurality of different heads. In the
case where aimplatir ey ohenedsthen®¥néxbeaamsd af eaxis adli et dros ael the
scale nenber, the plurality of neasurenent beans are preferably

irradi ated t®odiiftfleredn gds 4@l ofinectsicgte nenmber. 51 Furt her
each of the scale nenbers descrjbed earlier can be confi gured g% apd 8

nmeki ng a pIuraIityFHFF§ﬁ§PIl§CEP% RGPS SR IheshgMR iy RéFd-
Pt egher 0 aLfey] ey ok oEhLReCaSEecuhen 2 iead, LBl 19508 v
unneasurablet%% E%ShgﬁééuéﬁaePﬁe scale member facing the 2D heads can be
a scale member on which a two~dimensional diffraction grating
is formed. In this case, in the encoder system shown in FIG.
3, the number of the scale members can be decreased from four
15 to two at the fewest, and in the encoder system shown in FIG.
8, by using a scale member on which a two-dimensional grating
is formed as scale member 46B’ in particular, the width of

the scale member 46B’ can be narrower.

Further, in each of the ecmbodiments above, a
20 configuration is employed in which a plurality of measurement
beams can constantly be irradiated to one scale member, and
in the case where one measurement beam becomes abnormal,
measurement can be continued by switching it to anocther
measurement beam. In this case, a plurality of measurement
25 beams can be irradiated to the scale member from one head,
or from a plurality of different heads. In the case where a
plurality of measurement beams are irradiated to one scale
member, the plurality of measurement beams are preferably

irradiated to different positions on the scale member.



abnormality, position nmeasurenment can be perforned alternatively
usi ng anot her head that faces sections other than the connecting
section. Further, the arrangenent of the heads described in each 10
of the enbodi nents above is an exanple, and the arrangenent of the
heads is not intended to be limting. Further, in each of the

enbodi nents descri bed above, the scale nenbers are to be fixed in a

FoSPEnted Lo L0 SR S s UL R g O e

the scal e nenbers can 15 Be anot her an

the barrel patdammgurdd heF md KRR Pfutde wphodidmnts desdd iebers
above, the tenperature adjustnent of the scal e nenbers can al so be
perfornmed as meededgr&lLyhesld bn epathtomdnttereabatin®nks. descthbetase,
above, 20 since the scales (gratings) do not have to be pl aced

cor r espondi ng'htem hieeadttirat dressob ¢drneovione ieatarngebet waahethe small
stage WST, there is also the effect that the air conditioning can be
per f or med norsEadssi MEMbeE dBRCAMEy, HAMeasHrableheoBntorl malRasurement
descri bed above, 25 the case has been descri bed where the present

invention is?@ et 13 t hBOSEAAAng RERPPEFIChUt OFis | 8enotPeriormed

intended to |.im.t.ing, and the present in ti,on. can al sq .be
applied to ziiqgc[ealﬂactlérx% Slﬁselnagppaarfoa%hesr skl?c%algcgla&: sm"taecpepsers.e%fecﬁl%o[tﬁer
the stepper, &y magurd g dhe pesiddon,pf a stage, on which 52 an
object that is subject to exposure is nobunted, using an " encoder,

occurrence of posi trGR NEBASHHEERIN 218 &dn € A4S EHe Neadd Hekluabiat 1 ONSich
can be reduced to alnbst zero, which is unlike the case where the

posi tionlof idfe t$leagabosimeasyl adousi g Snadximbesf efodredles .amithgement
therefore the position of the stage
of the heads is not intended to be limiting.

Further, in each of the embodiments described above, the
scale members are to be fixed in a suspended state to the barrel
platform via the support member, but the scale members can

15 Dbe held by another holding member other than the barrel
platform. Further, in each of the embodiments described above,
the temperature adjustment of the scale members can also be
performed as needed.

Further, in each of the embodiments described above,

20 since the scales (gratings) do not have to be placed
corresponding to the entire area of the movement range of wafer
stage WST, there is also the effect that the air conditioning
can be performed more easily.

Incidentally,jJ1eachcﬁftheembodimentsdescribedabove;

25 the case has been described where the present invention is
applied to the scanning stepper, but this is not intended to
be limiting, and the present invention can also be applied

to a static exposure apparatus such as a stepper. Even with

the stepper, by measuring the position of a stage, on which



can be set with high precision based on the nmeasurenent val ues of
t he encoder, which consequently nakes it possible to transfer a
reticle pattern onto the object wth high precision. Further, the
present invention can also be applied to a 10 reduction projection
exposure apparatus by a step-and-stitch Yfet hod t hat synt hesi zes a
shot area and a shot area. Further, the magnification of the

proj ection optd : t i lﬁé@é eq&f}r : d f

enbodi nment s %tge@rjiegg% gﬁ;dvgslt tsg%ln t on:‘t;oea e l}gelu?né %@%Cﬂblﬁﬁg%gn
can 15 be eidrieidsd) ddlr @R byl POsSYSbaMALsdreABARI ¥iHH SU &MLy
and projection optical systemPL is not only a dioptric system but

al so can be aiitrh€luatcatophticarspstretiuedatoatladbapters, Wyisitens w@ild ke
in addition, the projected i mage can be either an inverted inmage or

an upright i rdge.ca® Mlredeerthd |Idasiitiam @f [Ghghtsdage sianatedsuniadedigtiong
the ArF exciner |aser |ight (wavel ength: 193nn), but can be an

ul travi ol et 1EgHO ARG 2eset G/ F anekithar 9oy thgmositiareladhdifte stage

248nm), or a vacuumultrayiolet light ,such as an E2 |aser |ight
(wavel engt h: Cfé#ﬁﬁ)sep%wi@yid}.ﬂﬂs@ﬁ@ﬂ%%gaﬁs? Ux &R BSATPLEEIBE gl ues

No. 7,023,610 rqopni g wav mhich _is obtained anpl i fyin

si ngl e- wavel gr?g?%lb?aser&ggﬁm ﬁwnh:wf}hec??}??%}lglaggy VES=HI 2}‘)1? ah gsgbile to
itted b i f.i , [ W i har. .

oo rer oo S e S8R cfiecl oy 8361 o R o,

ytteribium, midHr, S53the0pYEEENRT ihamave] epgh hah Bbo Wi tasvi pbgtto a

light using a nonlinear optical crystal, can also be used, as vacuum
ul travi ol@et ldeghict ifur plerecthotashpodfutdapgrdredivebl/sa 8r@yeand-stitch
illumnation 5 light IL of the exposure apparatus is not limted to
the |ight methed that synthesizes a shot area and a shot area.
Further, the magnification of the projection optical
system in the exposure apparatus in each of the embodiments
described above is not only a reduction system, but also can

15 Dbe either an equal magnifying system or a magnifying system,
and projection optical system PL is not only a dioptric system,
but also can be either a catoptric system or a catadioptric
system, and in addition, the projected image can be either
an inverted image or an upright image.

20 Further, illumination light IL is not limited to the ArF
excimer laser light (wavelength: 193nm), but can be an
ultraviolet light such as a KrF excimer laser light
(wavelength: 248nm), or a vacuum ultraviolet light such as
an F, laser light (wavelength: 157nm). As is disclosed in,

25 for example, U.S. Patent No. 7,023,610, a harmonic wave, which
is obtained by amplifying a single-wavelength laser beam in
the infrared or visible range emitted by a DFB semiconductor

laser or fiber laser, with a fiber amplifier doped with, for

example, erbium (or both erbium and ytteribium), and by



having a wavel ength nore than or equal to 100nm and it is needless
to say that the light having a wavel ength | ess than 100nm can be
used. For exanple, the present invention can also. be applied to an
EUV (Extreme U traviol et) exposure apparatus 10 that uses an EW

light in a soft X-ray range (e.g. a wavelsgngth range from5 to 15

nm . Besides such an apparatus, the present invention can also be
applied to an exposure apparatus that wuses charged particle beans
such as an elceatvieqt ipgarmbher warve liegry thedmt ol 1 lfettierlet i igddh wfinche
enbodi ments above, a transm.ssive type mask (reticle), which is a
transm ssi ve NCSJHESERAt OPGA G G YA Terled &8ér milmed Be gitedshiad diaggum
pattern (or phase pattern or a light attenuation pattern) is

formed, is Hgéﬁéwlﬁéﬁgaélﬁptrhis reticle, however, as is disclosed

20 in, for exanple . P nt. No, 77 7. an. el ron. Kk . .
(which is also cal F@gtg%éﬁrgﬁaézhs ggceh %asE?ig%nggt%%v%’as%&%éﬂrmg%lon
I mage gener atQiynaffl d MehudesnoEQte Foud 1 MY (@R £o the 1ight
Mcromrror Device) that 1s a type of "a non-em ssion type inmage

di splay devi e@v(isRakl ¥aviel@hgtioeidral @hkarOlbot Reuds kel oo, WMaingh 12 is
light-transmtting pattern, a reflection pattern, or an em ssion
pattern is foreedeascondsayg tloat ellectiriemitc hdatagod wiarespatdet Mddmt-han
is to be exposed can also be used. In the case of using such a

vari abl e shapédnmeskn beaustdge Fnr ekavhla, waferreacyt dewapitdton oan eieo .
like is nmounted 54 is scanned relative to the variable shaped mask,
and t her ef or ¢ #RRl &8@ivmRENEU R fEadirams BAERABLOLRE) cHHHRRF Weh BPPaFa e s

can be obtained by neasuring. the position of the stage with an
ey DR e e b e 4808 o o ke U A S R S e ength
range from 5 to 15 nm). Besides such an apparatus, the present

invention can also be applied to an exposure apparatus that
uses charged particle beams such as an electron beam or an
ion beam.

i5 Further, in each of the embodiments above, a
transmissive type mask {reticle), which is a transmissive
substrate on which a predetermined light shielding pattern
(or a phase pattern oxr a 1ight attenuation pattern) is formed,
is used. Instead of this reticle, however, as is disclocsed

20 in, for example, U.S. Patent No. 6,778,257, an electron mask
(which is alsc called a variable shaped mask, an active mask
or an image generator, and includes, for example, a DMD
(Digital Micromirror Device) that is a type of a non-emission
type image display device (spatial light modulatocr) or the

25 like) on which & light-transmitting pattern, a reflection
pattern, or an emission pattern is formed according to
electronic data of the pattern that is to be exposed can also
be used. In the case of using such a variable shaped mask,

a stage on which a wafer, a glass plate or the like is mounted



of International Publication No. 2001/035168, the present invention
can also be applied to an exposure apparatus (lithography systemn

that forns |ine-and-space patterns on wafer Wby formng

interference fringes on wafer W 10 Mreover, the present invention
can also be applied to an exposure apparstus that synthesizes two
reticle patterns on a wafer via a projection optical system and

al nost sinmultaneously perforns doubl e exposure of one shot area on

t he wafer by J'@necsnaﬁdinfglaé)dpm;UDeﬂ;h@yahsta@ilawlm@@@dmsld,oand_&herefore
exanple, U S. Patent hb 611, 316. Further, an apparatus that forns

a pattern on & @@Uéé’ta qnst ot aGtiteead e tdepeatad %%t ve can

(lI'i t hography rlbed eV|o sly, and for ex
present inveﬁ)t%/(ﬂ[l?% ri%dt % Bas Hppdt afud %}?aﬁtaﬁ’iﬁ Hth an

pattern on %E%aé%bject by an ink-jet nmethod. Incidentally, an
object on which™a pattern is to be forned (an object subject to

exposure go which @ﬂr%@%&gyaQQ%ydlébléééﬁjﬁ%egbr'gx fe?ﬁjhﬂgfmphlet

enbodi ments above is not 'imted to a e anot

obj ect such a¥ ar@laassdilaia pu%ila:aoﬁr@mmb.swlr/ai%we,flﬂﬂe RN ¢
or a mask bl ank. The use of the exposure apparatus is not limted to
the exposur dragpariainisarora e Udeacippliingl Seim aroredtpeisar- deapmass tudut
the present invention can also be widely applied, for exanple, to an
exposur e apparldttrofraphy quistsarly Stralt dicsplsayl 56 -adwirisgescd ttterns on

transfers a liquid crystal di spl ay device pattern onto a rectangul ar
gl ass pl ate, ¥@i¢ra¥ & n@oﬁa}tﬁnfsea%}ce FIqEs hPorpdiR T WELs,
thin-fil nagnetlc heads devij ces (such asCIIﬁ

m cr omachy nes, BHﬁﬁgeranB hgr???EF R CathalgPekempplied to

I nvention Ca%nb%x%%%hr%gagggrg u% %Qa% synthesizes two reticle patterns

on a wafer via a projection optical system and almost

simultaneously performs double exposure of one shot area on

the wafer by one scanning exposure, as is disclosed in, for
15 example, U.S. Patent No. 6,611,316.

Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system)
described previously, and for example, the present invention
can also be applied to an apparatus that forms a pattern on

20 an object by an ink-jet method.

Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an energy beam
is irradiated) in each of the embodiments above is not limited
to a wafer, but may be another object such as a glass plate,

25 a ceramic substrate, a film membezr, or a mask blank.

The use of the exposure apparatus is not limited to the
exposure apparatus for manufacturing semiconductor devices,
but the present invention can also be widely applied, for

example, to an exposure apparatus for liquid crystal display



exposure apparatus for producing m crodevi ces such as sem conductor.
devi ces, but can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicon
wafer to produce a reticle or a mask 10 used in a |ight exposure
appar atus, an EUV exposure apparatus, arPX-ray exposure appar at us,
an el ectron-beam exposure apparatus, and the like. Incidentally, the

movabl e body frjive syghemefhdfs s Rre td'twgseahms&@wae?l@géip%%tern

not only to the exposure 15 apparatus, but tan al so be “app

widely to ot Rertcsubstded@gPl H£EH NI paRRAl aME S EXBORLRS FAobpABRFus for
repair apparatus, a substrate iInspection apparatus and the 1ike), or

to apparat ugeddgiimped-gdrtitc &Iy ail i -stidge meigtetaise ehqpadd L iiaging
setting apparatus for positioning a sanple in other precision 20

machi nes or aeniiaeshoadth@sappas at od criomeicddénesl, | BNA che pabored the like.
di sclosures of all the publications, the panphlets of the

| nt er nat i dnalF IS eathenBresgRe spEentienttandPofriided Botparbytto an

Application Publications and the U S. Patents that are cited.in the
5P descr | pti GRERSINE GRPTH St 0 TR FH SIS St e

li ke are eac cor t ed ;herein ef er . lncident al |
sem conduct o%egle\/cgjgggfcgcrogf %ﬁ%&f%ggt’ %%}(E:I Ctahrggéﬁ ]?%eap%cpo% eéiw%ﬁgg%teex o
step where thg . fUnctd rf.rEnce design.ofs 3 fdavd ' foried,
a step 56 whg)rpéal a ret i({rg{lag;ei%oarrranuf ac%ﬁr el%%afsegj on %Iﬁ?fsd ecgi%r?qstep;
a step wher e sap#frelcd srmandhiastuhedakeemsi bi68icaBs eFé@lSle & a mask

| i t hography step where a pattern fornmed on a nask is transferred
onto an Dbj ectseslith aaligheredpodlne: expasutesd apEavatksosoreaghaofztus,

t he enbodi nents above; a devel opnent step
. an X-ray exposure apparatus, an electron-beam exposure
apparatus, and the like,

Incidentally, the movable body drive system of the
present invention can be applied not only to the exposure

15 apparatus, but can also be applied widely fo other substrate
processing apparatuses (such as a laser repalr apparatus, a
substrate inspection apparatus and the like), or to
apparatuses equipped with a movable stage such as a position
setting apparatus for positioning a sample in other precision

20 machines or a wire bonding apparatus.

Incidentally, the above disclosures of all the
publications, the pamphlets of the International Publications,
and specifications of the U.S. Patent Application
Publications and the U.S. Patents that are cited in the

25 description above and related to exposure apparatuses and the
like are each incorporated herein by reference.

Incidentally, semiconductor devices are manufactured

through the following steps: a step where the

function/performance design of a device is performed, a step



where the exposed wafer is devel oped; an etching step where an
exposed nenber of an area other than the area where resist remains
is renoved by etching; a resist renoving step where the resist that
is no |l onger necessary when the etching is 10 conpleted is renoved; a
devi ce assenbly step (including a dicingérocess, a bonding process,
and a packagi ng process) an inspection step; and the like. In this
case, since the exposure apparatus of each of the enbodi nents above

is used in PRETS ChoGraphy steflaiHeddicceanah M gitlisntdegrian Gteps
15 can be manufactured mﬁthegﬁgd. ieId._INQUSTEI L APPLI CABI LI TY Asl .
i s descri bed “aB6VE, "ERESVENE BodYHPEGETEgSPehi BF St c%ﬂ&?&ﬁFla Si
: O . - ; hlh p | |
predet er i ned. pATOTER thar o Ahd B oA A% Beskt e

present i nNVertdQMn fcsr&d (RRIE drofofRIdH NG cif PLRIN BN @k WiRdure
such as a wafer. Further, the exposure apparatus, the exposure

met hod ansl t hgpdevdtee PMRAACbEriing empetiinenet dheves asesiel oyraht tep
are suitable for manufacturing 25 mcrodevices such as sem conduct or
devi ces. 57 wOlsAleMBhe. eAppoedbive fbodys diével gysdenan heitcldinyes.ep where
novabl e body substantially along a predeterm ned pl ane, the system

5 conpri si ng@rackppsedseeiec it srppaelter ilan dhei aseadihers ir@sist
serving as its lagngitudinal direction, on a first plane that faces
the novabl e BEHPIARD 1Fs LFEPIPPePYt BEEREND! clctRT 1 hetPIPTiE Stam) Whsre

c direction 10 is.in the

which a firs rating.whose periodi first, .

i ecti on or T 8 SSaand B Bt ion | AR ACEET S S i SCring is

directi Oflp | Scfo%ri%q;ed is removed; a device assembly step (including a
dicing process, a bonding process, and a packaging process);
an inspection step; and the like., In this case, since the
exposure apparatus' of each of the embodiments above is used

in the lithography step, the devices with high integration

15 can be manufactured with good yield.

INDUSTRIAL APPLICABILITY
As is described above, the movable body drive system of
the present invention is suitable for driving a movable body
20 along a predetermined plane. Further, the pattern formation
apparatus of the present inventicon is suitable for forming
a pattern on an object such as a wafer‘. Further, the exposure
apparatus, the exposure method and the device manufacturing
method of the present invention are suitable for manufacturing

25 microdevices such as semiconductor devices.



a second scale which is placed, with the second direction serving as
its longitudinal direction, on the first plane, and in which a

second grating whose periodic direction is 15 orthogonal to the
periodic direction of the first grating is forned;, a measurenent
system which has a first head group incliding a plurality of first
heads that are placed at different positions in the second direction
on a second plane 20 of the novable bogxﬁgtgﬁtantially parallel to

the predeterm ned plane and have thei astrenent directions in

the periodic direction of the first grating, and a second head group
including a plurality of second heads that are placed at different
positions in the fiirstAdnbegblonbedyt el 6€CHPSk Ih hanelOfvddhes movable
novabl e body and have their nmeasurenent directions in the periodic

di rection of kdduy sederichrgristliing,zlandy whipetedetormitres] pdsirid ondle system
information of the novable body in at least directions of two

degrees of freEeHSANi n the predeternmine plane including the first
and second directions based on an 58 output of the first head that
faces the first sc& &1Z5¢ gF21l6urpafhotsthbacedonti Ml it Hggction

t he second scal e;. and a.drive systemthat, drives the noyabl e bod
blong the  pradstethroihl Mt bR oh e qiihs Jhar FRSE darrim that
that 5 has u t r T ,
e 12 DR S SRS o ! BEATPORT AL SYEL P on U I B
a width, whiehdriyeanal ihhenfinst £11Qthgads i agnyah sul fapeousd Wi ak& i on
in the second direction, and the neasurenent "system conputes
posi tionad i nfsor mat i @heof fiRetnoyabkethedy bn difedd i ascdd t ieRction
degrees of freedom

perpendicular to the first direction is formed;

a second scale which is placed, with the second direction
serving as its longitudinal direction, on the first plane,
and in which a second grating whose periodic direction is

15 orthogonal to the periodic direction of the first grating is
formed;

a measurement system which has a first head Qroup
including a plurality of first heads that are placed at
different positions in the second direction on a second plane

20 of the movable body substantially parallel to the
predetermined plane and have their measurement directions in
the periodic direction of the first grating, and a second head
group including a plurality of second heads that are placed
at different positions in the first direction on the second

25 planeéfthenmvablebodyandhavetheirmeasurementdirections
in the periodic direction of the second grating, and which
computes positional information of the movable body in at least
directions of two degrees of freedom within the predetermine

plane including the first and second directions based on an



wi thin the predeterm ned plane, based on outputs of at |east two of
the first heads that sinultaneously face the first scale 15 and an
out put of the second head that faces the second scale. 3. The
novabl e body drive systemaccording to Claim1, wherein a pair of
the first scales are placed at a predetera¥i ned 20 distance on the
first plane, with the first direction serving as theirs |ongitudinal

di recti ons, torflecpfuitr e Q%%d QP He\%ndlo lé:r_l%gc? fag:éetss? %&%:%g%%fé%%i%%nd an

novabl e body T'nFan arrangenent” in

first heads cap ity 3‘?%0 c}brfﬁa%%a%fa el fa%%spg:ihre %fec%%éf 5 hidStang

scal es when t he novabl ody is located in a predéetermne ective

area, and the measur @FeRt system €RERUGLSvEOSELL ORSahTd WSdRY i Ohn Pl he
t he novabl e body in directions of three degrees of freedom wthin

t he predet er pireektpiraiecdaiatdeoba oad pit $hef pbedt 06ndY idherfatsSdén that
heads that sinultaneously. face the pair of the first scales

respecti vel y hasndeam aowmputest thhe hse omadstheakntthatystfeaces t he second
scale. 5 4. The novabl e body drive system according to Caim1l,
wherein a pair of the second scales are placed at a predeterm ned

di stance on the first plane, with the second direction serving _as

their |ongitudinal 2di r £REiBHEP LR PORY dELBRS YRR 65 T8 DFaCeRn 1

t he second ph%%%egf t he novabl e body in an arrangenent in which at
| east one eac "t he second heads can si mul t aneously face each of

the pair of the seﬁen@ém' §SatBeRathe FPyab! &hody {15-d 06 89,d i rst

the effective area, an
10 heads can simultaneously face, in the second direction, and

the measurement system computes positional information
of the movable body in directions of three degrees of freedom
within the predetermined plane, based on outputs of at least
two of the first heads that simultaneously face the first scale

15 and an output of the second head that faces the second scale.

3. The movable body drive system according to Claim 1,
wherein
a pair of the first scales are placed at a predetermined
20 distance on the first plane, with the first direction serving
as theirs longitudinal directions,
the first head group is placed on the second plane of
movable body in an arrangement in which at least one each of
the first heads can simultaneously face each of the pair of
25 the first scales when the movable body is located in a
predetermined effective area, and
the measurement system computes positional information
of the movable body in directions of three degrees of freedom

within the predetermined plane, based on outputs of two of



15 the neasurenent system conputes positional information of the
novabl e body in directions of three degrees of freedom wthin the
predeterm ned pl ane, based on outputs of two of the first heads that
simul t aneously face the pair of the first scales respectively, and
outputs of two of the second heads 20 thafs si nul taneously face the
pair of the second scales respectively. 5. A novable body drive
systemthat drives a novable body substantially along a

pr edet er mi nedhsl ahesttiradsy shem s2Butoapedes hy.fexesthbeait off tlhe first
pl aced, with a first direction serving as its |ongitudinal

di rection, oFCRIES FESpeSTe ieHal Rackan he vy & &hsodpcand ingad that

parallel to the prggfterniggfﬁpl ne, and in which a two-dinensional
grating whosed5&T i 66¢° ¢&ri%ns are in the first direction and

in a second direction perpendicular to the first direction is
fornmed; a neasurenent systemwhich has a plurality of

t wo-'di mensi onal heads t s gL f j tqs j
t he secon% directi%ﬁ O%ﬂgrggﬁgﬁgigfgﬁgéﬁ%g%H%ﬁ%%%%gﬁ%ﬁ%%ﬁ%ﬁﬁto5:1£hm 1
substanti al | wreafdlnl el to the predeterm ned pl ane and have their
measurenent directions in the first and second directions, and which
conput es positi onak pafooifathereabnidheca hey altleep bodyd iant atpreegiermined
directions of two degrees of freedom 10 within the predeterm ne pl ane

i ncl udi ng t haifsitegiceapnd tdechdstdikarst i washbasedeornand b ptionfservdng
t wo- di nensi onal head that A faces the scale; and a drive systemthat
drives the msVabhelBodpr@idingingd Prediefined pl ane based on the

post L1 ongf I nf ormat | on_Lhat , 15 has, been computed by, Lhe, feasyrenent .

the movable body in an arrangement in which at least one each
of the second heads can simultaneously face each of the pair
of the second scales when the movable body is located in the
effective area, and

15 the measurement system computes positional information
of the movable body in directions of three degrees of freedom
within the predetermined plane, based on outputs of two of
the first heads that simultaneously face the pair of the first
scales respectively, and outputs of two of the second heads

20 that simultaneously face the pair of the second scales

respectively.

5. A movable body drive system that drives a movable
body substantially along a predetermined plane, the system
25 comprising:
a scale which is placed, with a first direction serving
as its longitudinal direction, on a first plane that faces
the movable body and is parallel to the predetermined plane,

and in which a two-dimensional grating whose periodic



6. The novabl e body drive systemaccording to Claim5, wherein the
scale has a wdth, which three of the two-di mensional 20 heads can
simul taneously face, in the second direction, and the neasurenent
system conput es positional information of the novable body in
directions of three degrees of freedom wighin the predeterm ned

pl ane, based on outputs of at |least two of the two-di nensional heads
that sinultaneously face the 25 scale. 7. The novable body drive

syst em accor diimgats caryavaan phe diaistsdireot bpnwinst &nm shecddidigection
systemincludes a planar notor that drives the 61 novable body al ong
the predet er RSFEETSIEE2 8 ton tha tfdris t sHikgGtorpmappariimedhat ~ f or ns

a pattern on an object, the apparatus conpri,sing, 5 a patternin

devi ce t hat generataesn?aﬁéllrtegﬁeﬁ‘ on Styﬁgenbg.j%@&tcfh ab@S hé nﬁaémaél%adyOf
drive system_accoy.di t n i to_7, reh s
rmvable_body,i-‘%'c%’_n(Bir |ecr}%31c%€alo§je§§§ '?éa‘%%% gg?_jcﬁeg Fic\iljém%]nfeﬁ%%l%?otsﬁé:lons
movabl e body ;6f t¥e SYSLEM i Ul YNl QL8B4 RO &Cin1 & body

The pattern formation apparatus according to Caim 8, wherein 15 the
obj ect has a ss@RSidritvie: 118y Paraandlt e pHd riided e rAEVHRE (JRRY 3RS Mive

pattern on the object by exposing the sensitive |ayer with
irradi ati on dhednr emengy reeamt 10irAstémpesutr appar afimssi haind orsekomd
‘pattern on an 20 object with irradiation of an energy beam the
appar at us directions, and which computes positional information of the
movable body in at least directions of two degrees of freedom
10 within the predetermine plane including the first and second
directions based on an output of the two-dimensional head that
faces the scale; and
a drive system that drives the movable body along the

predetermined plane based on the positional information that

15 has been computed by the measurement system.

6. The movable body drive system according to Claim 5,
wherein
the scale has a width, which three of the two-dimensional
20 heads can simultaneously face, in the second direction, and
the measurement system computes positional information
of the movable body in directions of three degrees of freedom
within the predetermined plane, based on outputs of at least
two of the two-dimensional heads that simultaneously face the

25 scale.

7. The movable body drive system according to any one
of Claims 1 to 6, wherein

the drive system includes a planar motor that drives the



conprising: a patterning device that irradiates the object with the
energy beam and the novable body drive system according to any one
of 25 Clains 1 to 7, whereby a novabl e body, on which the object is
nounted, is driven by the novable body drive system for relative
novenent of the energy beam and the objeat. 62 11. An exposure
apparatus that exposes an object with an energy beam the apparatus
conprising: a novabl e body that can nove al ong a predeterm ned pl ane,
whi | e hol di n§oms&lebitesty: a3 oags ddice Ruedeermgingck Piamsst anti al | y
parallel to the predeterm ned plane, with a first direction serving
as its longitudinal direction; and an encoder systemthat has a

plurality of headsywhi e aryanged on_the vab o] and whose
positions are 10 i'ff%rbean FH af’osrétfzjﬁgcﬁL TufPEe ggrlfsojrcﬁﬁgg]g Al % Be e

first directi@n W thi-Rdhe Ledelermn r@}ﬁ :apd neasures
posi tional infornatign of’ thg n§%§b|e“§§égl t ﬁéggf during exposure
of the object, usiBgpattlkeashonriwfcd hendt ugahdtytedfahpadsethabn the
faces the scale. 15 12. The exposure apparatus according to Caim 11,
further conprbgiead:; angy oj ecti on systemthat projects the energy beam
to the- object; and 20 a hol di ng nenber that holds the projection
system whereby the movable body drive system according to any one of
Claims 1 to 7, whereby
a movable body, on which the object is mounted, is driven

10 by the movable body drive system, for pattern formation to

the object.

9. The pattern formation apparatus according to Claim

8, wherein
15 the object has a sensitive layer, and the patterning
device generates a pattern on the object by exposing the

sensitive layer with irradiation of an energy beam.

10. An exposure apparatus that forms a pattern on an
20 object with irradiation of an energy beam, the apparatus
comprising:
a patterning device that irradiates the object with the
energy beam; and
the movable body drive system according to any one of
25 Claims 1 to 7, whereby
a movable body, on which the object is mounted, is driven
by the movable body drive system, for relative movement of

the energy beam and the object.



the scale is supported in a suspended state by the hol ding nmenber.
25 13. The exposure apparatus according to one of Clains 11 and 12,
wherein each of the plurality of heads can neasure positional
information of the novable body in tw different directions. 63 14.
The exposure apparatus according to any dgdte of Cains 11 to 13,
wherein a plurality of the scales are provided, and in the encoder
system the plurality of heads are 5 arranged on the novabl e body so

as to correspond tdihefNpREPAPRIS BIPAIREUTHNGE eXBesESt Pve@we% with
furt her oo ?QP‘%%?S o A R B G R i EE e s 't he ener oy
beamto the object, Qbf‘e %%dﬁ/ g1 £¢ ‘n%@é@i% trﬁﬁ&e&@@egﬁﬁﬁgﬁ Hlane,

mark on the obj ect erel n tHhe ‘enco ystem an nmea

posi tional i Qf}-grlrgatudq_ralﬂg's e td1ey erfgy.abl e body during det ectl on of
the mark. 16. The exposure appar at us according to Claim15, wherein

the scal e5is pl aced isealeoxihit Vi & @ = Prsajedamii S)st @aral2@1antd the
anot her scale that is separate fromthe scale is placed in proximty
to the mark deteststtiempisyst erharky, witdewd dimenudiastairiony swethody as its
conpri si ng: exp05| ng an obj ect using the exposure apparatus 25
accordi ng to l&ng isfaloddigacticnio a8l and devel opi ng the exposed

obj ect . . .
an encoder system that has a plurality of heads which

are arranged on the movable body and whose posltions are
10 different in a second direction orthogoﬁal to the first
direction within the predetermined plane, and measures
positicnal information of the movable body at least during
exposure of the object, using at least one of the plurality

of heads that faces the scale.

15
12. The exposure apparatus according to Claim 11,
further comprising:
a projection system that projects the energy beam to the
cbject; and
20 a holding member that holds the projection system,
whereby
the scale is supported in a suspended state by the
helding member. |
25 13. The exposure apparatus according to one of Claims

11l and 12, wherein
each of the plurality of heads can measure positional

information of the movable body in two different directions.



18. An exposure nethod of exposing an object with an energy beam

the nethod conprising: 64 holding the object with a novabl e body;

and driving the novabl e body by the novabl e body drive system
according to any one of Clainms 1 to 7 and exposing the object wth
the energy beam 5 19. An exposure nethodzpf exposing an object held
by a novable body that noves substantially along a predeterm ned

pl ane, with an energy beam wherein a first scale and a second scal e
are placed on a fidét TIheplexpeaurg Feretyre asveabiienpoty ang iome of

parallel to the  predeterm ned plane, the first scal e being placed
with a first Cl@ifectlilofSerdn 1'e%&3i% s | ongi tudinal direction and

vi th afirst O difEotior Seri e nal direction an
' the first i roct B1OBF YA Yo llid TSR FBY SOrIGTRLurR 15 ©o
the first di ti t bej j t h
second di rect on SOV a8 FEaCFont atnal o) FAteran Y & NBgrRg %

second grati RG rfeiRd dNeEsEn nthe3a PHI B &0 QErqgiiQQrfésﬁ%%QOQBn%he

to the periodic direction of the first dgrating, 20 the net

conpri ses: apIeasureenrif AHeCess s, camupddigwasitional information

of the novable body in at |east directions of two degrees of freedom

within the predeternine plane including the first and second

di rections, based on an output of a first 25 head that faces the

first scale and anldut pdheoferposagmndprathtuhatc¢arding heosaoyngne of

scale, fromanong a first_ head groufp including a plurality of the
first heads fH&L™Sr &lpl ddedngt 14, further comprising:

10 a projection system that projects the energy beam to the
object; and
a mark detecting system that can detect & mark on the
object, wherein
the encoder system can measure positional information

15 of the movable body during detection of the mark.

16. The exposure apparatus according to Claim 15,
wherein
‘the scale is placed inproximity to the projection system,
20 and another scale that is separate from the scale is placed

in proximity to the mark detecting system.

17. A device manufacturing method, comprising:
exposing an object using the exposure apparatus
25 according to any one of Claims 10 to 16; and

devéloping the exposed object.

18. An exposure method of exposing an object with an

energy beam, the method comprising:



different positions in the second direction on a second plane of the
novabl e body substantially parallel to the 65 predeterm ned pl ane

and have their neasurenent directions in the periodic direction of
the first grating, and a second head group including a plurality of

t he second heads that are placed at diffg@rent positions in the first
direction on the second 5 plane of the novabl e body and have their
nmeasurenent directions in the periodic direction of the second
grating; and a dri welghogesdeobhdeicki mg thhe movablle body :alaomy t he
predeterm ned plane based on the positional information that has

been conputed in tﬁélﬁéégdﬂéh@ﬁﬁagﬂéd@§%ybYOﬂEDmOTﬁbl@%ﬁﬁbﬂdélﬁéﬁﬁﬁﬁem
according to Caim,19, wherein the first scale has a width, which,
three of the®q 1K 4852 RR PTG Mfl Féﬁéﬁlﬁsfyt‘? dc@ndi EPRRIRE iy oPJect

di rection, agg %p he qu§ur%yent process, positional information of
15 the anabIetbo§y% ¥ et 6y of three degrees of freedom wthin
the predeterm ned plane is conputed, based on outputs of at |east
two of the first heads that sinultaneously face the first scale and

an output of the segqndaheagpddate fRELBoaIHE SHEONTh$ Al Qabjﬁ&@l}elﬁ%y
e

exposure method according to Caim19, wherein a pair of t first
scal es are plaagedableadm@iedebermbned subsdaltcienldy klentl 4 Sirgaderamined
with the first direction serving as their |ongitudinal directions,

25 the first plead ,gmidh s Erecey dreanhe weooric pl ane of novabl e

body in an arrangenment in which at |east one each of the first heads
can simul taneouslyaf f¢&sEagpab AWM HAHGCyd scale are placed on a first

10 plane that faces the movable body and is parallel to the
predetermined plane, the first scale being placed with a first
direction serving as i1ts longitudinal direction and having
a first grating formed therein whose periodic direction is
in the first direction or in a second direction perpendicular

15 to the first direction, and the second scale being placed with
the second direction serving as its longitudinal direction,
and having a second grating formed therein whose periodic
direction is orthogonal to the periodic direction of the first
grating,

20 the method comprises:

a measurement process of computing positional
information of the movable body in at least directicns of two
degrees of freedom within the predetermine plane including
the first and second directlions, based on an output of a first

25 head that faces the first scale and an output of a second head
that faces the second scale, from among a first head group
including a plurality of the first heads that are placed at
different positions in the second direction on a second plane

of the movable body substantially parallel to the



the first scal es when the novable body is located in a predeterm ned
effective area, and 66 in the neasurenent process, positional
information of the novable body in directions of three degrees of
freedom wthin the predeterm ned plane is conputed, based on outputs
of two of the first heads that sinultaneassly face the pair 5 of the
first scales respectively, and an output of the second head that
faces the second scale. 22. The exposure nethod according to Claim
19, wherein PFSEtersiingierdansnand e thed rphgasyrabent directions in
pr edet er m ne 10 di.stance, on the first pl.ane, with t
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novabl e body 1s located in the effective area, and In
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directions of three degrees of freedom wthin the predeterm ned

pl ane i s conput edhe pasdchdire alitrypuitsl R0 of thwo wefcdrite Jratsingyveadsd t hat
si mul taneously face the pair of the first scales respectively and

out puts of two of ®hdriyecpndcheadefthaiviiguthameusdie flady tleonmibhe
of the second scales respectively. 25 23. An exposure nethod of
exposi ng an @eﬁe@ﬁtq@@%{jplanﬁo%%% o dyret Haﬁlgwéélsub%@%tﬂa@m yhat
along a predeterm ned plane,, with an ener beam_ wherein a scal e,

in which a tWESditREsiSSHRY ihtlih QHNﬂﬁ?Séﬁém i PHfiT%ettions are in

a first Fbrection and in a second

20. The exposure method according to Claim 19, wherein

the first scale has a width, which three of the first

heads can simultaneously face, in the second direction, and

in the measuremeni process, positional information of

15 the movable body in directions of three degrees of freedom
within the predetermined plane is computed, based on outputs

of at least two of the first heads that simultaneously face

the first scale and an output of the second head that faces

the second scale.

20
21. The exposure method according to Claim 19, wherein
a pair of the first scales are placed at a predetermined
distance oh the first plane, with the first direction serving
as their longitudinal directions,
25 the first head group is placed on the second plane of

movable body in an arrangement in which at least one each of
the first heads can simultaneocusly face each of the pair of
the first scales when the movable body is located in a

predetermined effective area, and



67 direction perpendicular to the first direction is forned, is
placed with the first direction serving as its |ongitudi nal
direction, on a first plane that faces the novable body and is
parallel to the predeterm ned plane; 5 the nethod conprises: a
measur enent process of conputing positiong information of the
novabl e body in at | east directions of two degrees of freedomw thin
the predeterm ne plane including the first and second directions
based on an out put 16f thelmes apreherhshoned s hearb 1 Hatorak e fidmmasdaine o
fromanong a_ _plurality of the two-dinensional heads that arefpl aced

a
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according to Caim?23, wherein the scale has a wdth, which three of

t he two-di nensiz@nahatheads scamesigaddraneissley, face, in the second
direction, and in the nmeasurenment process, positional information of

t he novabl e body in directions of three degrees of freedom 25 within
the predeterm ned plane is conputed, based on outputs of at |east two
of the two-dinensi dRal Peadxrdmire yeirhbrtapeovsding &ceClhdmsktdl erhe2®in
An exposure nethod of expasing an object_held by 68 _a novable body
that can nove al ond R2%F 8deties FrREF T emESS @itenPlaced at a predetermined

10 distance on the first plane, with the second direction serving
as their longitudinal directions,
the second head group is placed on the second plane of
the movable body in an arrangement in which at least one each
of the second heads can simultaneously face each of the pair
15 of the second scales when the movable body is located in the
effective area, and
in the measurement process, positional information of
the movable body in directions of three degrees of freedom
within the predetermined plane is computed, based on outputs
20 of two of the first heads that simultaneously face the pair
of the first scales respectively and outputs of two of the
second heads that simultanecusly face the pair of the second

scales respectively.

25 23. An exposure method of exposing an object held by
a movable body that moves substantially along a predetermined
plane, with an energy beam, wherein

a scale, in which a two-dimensiocnal grating whose

periodic directions are in a first direction and in a second



an energy beam the method conprising: nmeasuring positional

informati on of the novable body at |east during exposure of the
object, with at |east one head 5 of a plurality of heads that faces

a scale that is placed substantially parallel to the predeterm ned
plane with a first direction serving as d+4s |ongitudinal direction,

by using an encoder systemthat has the plurality of heads which are
arranged on the novabl e body and whose positions are different 10 in

a second di r etitrcart iant begpralditalbietbitlsd fdirsactiaactibhi s fdwemed, is
predet erm ned plane. 26. The exposure nethod according to C aim 25,
wherein the sealesl iwd tdupper fedsindarsaspendecrsing eadylts Hoindiingpditml
menber that holds a projection systemthat projects the energy beam
to the objectdirEEtiTHe @@p@séﬁéséepﬂaéaea“ébégdfﬁ@eﬁot%éﬂ%ﬁa@%ihfﬁimﬁnd

and 26, wherein 20 ach of the uralit f heads, a head that can
measure positt é’r‘?‘dflai'slrﬁ rfatin HﬁepC{%%}%f@J@dlﬁf in two different
directions is used %ﬁﬁel%%d%% sur.e._net hod according to any one of

Claims 25 25 to ZJi-'h erein ap lfrlaslelst'y of the scal es are provided,

and the pluralit f ra t no :
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correspond to the plurality o cales, respectl _
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encoder system can neasure positional information 5 of the novable
body during deieeidsor Off matnk wantHire 0l etedetermine plane including
the first and second directions based on an output of a
10 two-dimensional head that faces the scale, from among a
plurality of the two-dimensional heads that are placed at
different positions in the second direction on a second plane
cf the movable bedy substantially parallel to the
predetermined plane and have their measurement directions in

15 the first and second directions; and

a drive process of driving the movable body along the

predetermined plane based on the positional information that

has been computed in the measurement process.

20 24, The exposure methed according to Claim 23, wherein
the scale has a width, which three of the two-dimensional

heads can simultaneously face, in the second direction, and

in the measurement process, positional information of

the movable body in directions of three degrees of freedom

25 within the predetermined plane is computed, based on ocutputs
of at least two of the two-dimensional heads that

simultaneously face the scale.

25. An exposure method of exposing an object held by



with a mark detecting system 30. The exposure nethod according to
Claim?29, wherein the scale is placed in proximty to a projection
system 10 that projects the energy beamto the object, and another

scal e t hat

is separate fromthe scale is placed in proximty to the

mar k detecting system 31. A device manufgcturing nmethod, conprising:
15 exposi ng an object using the exposure nmethod according to any one
of Clains 19 to 30; and devel opi ng the exposed object.

10

15

20

25

a movable body that can move along a predetermined plane, with
an energy beam, the method comprising:

measuring positional information of the movable body at
least during exposure of the object, with at least one head
of a plurality of heads that faces a scale that is placed
substantially parallel to the predetermined plane with a first
direction serving as its longitudinal direction, by using an
encoder system that has the plurality of heads which are
arranged on the movable body and whose positions are different
in a second direction orthogonal to the first direction within

the predetermined plane.

26. The exposure method according to Claim 25, wherein
the scale is supported in a suspended state by a holding
member that holds a projection system that projecis the energy

beam to the object.

27. The exposure method according to one of Claims 25
and 26, wherein

as each of the plurality of heads, a head that can measure
positional information of the movable body in two different

directions is used.

28. The exposure method according to any cone of Claims
25 to 27, wherein

a plurality of the scales are provided, and

the plurality of heads are arranged on the movable body
so as to correspond to the pluralify of the scales,

respectively.
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29. The exposure method according to any one of Claims
25 to 28, wherein |

the encoder system can measure positional information
of the movable body during detection of a mark on the object

with a mark detecting system.

30. The exposure method according to Claim 29, wherein
the scale is placed in proximity to a projection system
that projects the energy beam to the object, and another scale
that is separate from the scale is placed in proximity to the

mark detecting system.

31. A device manufacturing method, comprising:
exposing an object using the exposure method according
to any one of Claims 19 to 30; and

developing the exposed object.



