1 DESCRI PTION  MOVABLE BCODY DRI VE SYSTEM PATTERN FORMATI ON
APPARATUS, EXPOSURE APPARATUS AND EXPOSURE METHOD, 5 AND DEVI CE
MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention

rel ates to novabl e body drive systens, pattern fornmati on apparatuses,
exposure apparatuses 10 and exposure nethods, and device
manuf act uri ng nmethods, and nore particulgrly to a novable body drive
systemthat neasures the position of a novabl e body using an encoder
system and drives the novabl e body substantially along a
predeterm ned plane, a pattern for RESCRIRIECH us equi pped with the
novabl e 15 body drive system an exposure apparatus equi pped with the
novabl e body drive system and an exposure nethod using the novabl e

exposur o app IRV AP 1 RELE poBREY et ROY TR BABRERRE AGORMATION
conventi onal | ypphRaArts| "EKEPEVRE! AVTIRAPOS AN EXBOSURE METHOD,

. . F{ L 2
m cr odevi ces (el ectron devices) such as sem conduct or vi ces an

l'iquid cryst ZANDI HEVHCHe MANGFACTURING UMETHQDA at us such as a
proj ecti on exposure apparatus 25 by a step-and-repeat nethod (a
so-call ed stepper) or a projection exposure apparatus by a

st ep- and- sca Q-call ed scanning stepper (which is al so

called a sca[#g&%%ﬁi %I:[F'It%ed. In this type of exposure apparatus,

in general, positiaf, %pr%%%ﬁlﬂr %‘%‘%Bt%naréiéggst@é‘tmé‘%ﬁfe ai?c?aéﬁ’s&fﬁ}ee
l'e, was per aser

to be exposed, for exa a wafer, s p ornmed using a

i nterferonmet esysddigvpat térh @vematfi ohegifdred upek! AR -asphesoidss
hi gher due to finer patterns acconpanying higher 5 integration of

sem conddét orardk\expesureone ekedpl eanda deerh pe ssdl & ol nieigofniedhbds aland
overlay error becones an_order of several nm and according to this
per i ssi bl e VAHRPARTHERHFELY hPed arahleRolypdsi ¥ sHstantthalt BedYtrast

the stage beqaies,d853 MR 9" nSYNELe 'S0l SHANANG,OLARG 4o AP ALIYLY,

drives the movable body substantially along a predetermined
plane, a pattern formation apparatus equipped with the movable
15 body 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



10 short-termvariation of measurenment val ues caused by air
fluctuations that is generated due to tenperature variation and/or
tenperature gradi ent of an atnosphere in a beam path of the |aser

i nterferoneter cannot be ignored any nore. Therefore, recently, an
encoder having a high resolution 15 that is hardly affected by air
fluctuations conpared with the interferogeter has been gathering
attention, and an exposure apparatus that uses the encoder for
position neasurenent of a wafer stage or the like is proposed (e.g.
refer to Pat eneasizamertuod 4,st@uk thetlhdkkds a subbhbrabsembeaaxposed,
exposure 20 a Pgarat us described in the Patent Literature 1, a grid
plate i s usedtO%hi SFRTRIG0cd ed'alisdve H3SubBLraPETeab| BSHRE chdveldser

wi de range of, e cI ud| an entire ve ran of
the substrate l?p%]?fe wever QSI PR £ 1 ??I e@lutlrgg n%??frglépﬁg}
the grid 25 phatgmeM hb l@ef:aﬁlgg L3 Kk hﬁbgibt@fr%c'éé@&n%ﬁ.%g higher
di sclosed in the Paten%I Literature 1, a plurality of gridplates
needed toSbe phteeprhisicde by siaeicdriquhitetr, devises!he i depbbie, a
having a large area as is disclosed in the Patent Literature 1 has
drawbacks i n PeFmestbleayadteand @@@tﬁécyveahely&wn becymgbnestorder
unrealistic especially in terns of cos Patent Literature 1:
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I NVENTI ON permissible value of a position control error of the stage

becomes less than or equal to a subnano order. Accordingly,
10 short-term vériation of measurement values caused by air
fluctuations 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 resclution
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



MEANS FOR SOLVI NG THE PROBLEMS The present invention has been made in
view of the circunstances descri bed above, and according to a first
aspect of the present invention, there is provided a first 10 novabl e
body drive systemthat drives a novabl e body substantially along a
predet erm ned plane, the systemconprising: a first scale which is
placed, with a first direction serving ag its |ongitudinal direction,
on a first plane that faces the novable body and is parallel to the
15 predeterm ned plane, and in which a first grating whose periodic
direction is fhuesk ynrealigtiscrispecopliy nseeorml af rasstt-on
perpendicular to the first direction is_forned; a second scal e, which
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DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS

The present invention has been made in view of the
circumstances described above, and according to a first
aspect of the present invention, there is provided a first
movable body drive system that drives a movable body
substantially along a predetermined plane, the system
comprising: a first scale which is placéd, 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 first grating whose
periodic direction is in the first direction oxr 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
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 pesitions
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 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 plane of the movable body and



the periodic direction of the first grating is forned; a neasurenent
system whi ch 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 novable body 25 substantially parallel to
the predeterm ned pl ane and have their neasurenent directions in the
periodic direction of the first grating, gand a second head group
including a plurality of second heads that are placed at different
positions in the first direction on the second plane of the novable
body and 4 hh#eetthdir measurenent direaitionss innthée@qydodddi direction

direction of the second grating, and which conputes positional,
i nf or mati on O?Ptﬁéuﬁnfgﬁ B9 0¥ T I |%@£stWB$$%ctq teE t ReSHkLrRRS
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second directions based on an outpu e firs at” taces

first scal e addypdedBPUWrldcneisasanehdessbddialrifiaces1the $8600@ing

scale; and a drive systemthat drives the novabl e body al ong the
pr edet er mnedtp dnesbasei senohfieipesittibondlasanf ot aatdwrputhat thast een
conputed by the 10 neasurenment system Wth this system
based on the rAPUhadt fagest thet ey aqede padean thitHut if §bal eecond

th tput of _th d head that f th nd le, th ,
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body in at |easd movable body along the predetermined plane based on the
positional information that has been computed by the

10 measurement system.

With this system, based on the 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 cmnbedrivenalongthepredeterminedplanewithhighpreéision,
based on the measurement values of the measurement system in
theentireareaofkamovementrangeofthenwvablebody,without
placing scales (gratings) corresponding to the entire area
of 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



15 directions of two degrees of freedomw thin the predeterm ned

pl ane including the first and second directions, and based on the
positional information that has been conputed by the neasurenent
system the drive systemdrives the novabl e body al ong the

predet ermi ned pl ane. Accordingly, the novable body 20 can be driven
al ong the predeterm ned plane with high precision, based on the
nmeasur enent val ues of the neasurenent systemin the entire area of a
novenent range of the novabl e body, w thout placing scales (gratings)
cor r espondi ngat®blitie pdaner ehak daass the meianenbodanged ofs phsagbeibte
body. 25According to .,a second aspect of the present invention, there
i s provided at %cBﬁﬁdﬁB95‘BT‘%e%oH§aH?ivénglys“tnerﬁ’lﬁf&i Ar itYesdampRespr Rt
body _su_bst ?ntéﬂ{:?/n |“&%%ea?8£f<?§£§(r§ﬂ'r@%g'Bhgrgere tj.getﬁé/ 1$¢ direction
conprising: a scale which TS placed, W th a first drfection Serv ng
as its longitaglhnal a detssli Bhe@ ondpérddddiclants thats fageg;i tbecion
novabl e body and is parallel to the predeterm ned plane, and in which
a two-di nénsi bmafognedi ng mbheser@esntodsgsthm eciiamnshas ea i plddel fHiy sdf
direction and in a second direction perpendicular to the first
direction 5 i5"etHiRaNs Pnrdabarerditats §5e ambadsicc At st fenengr aps i wts
t wo- di nensi ongl _heads that .are placed at different sitions

) i th
second i r ect FoiPenSaCRRESHESHTARE OF & RECRBY At DO, BeraRL P9y
llel tot { j : (-
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positional inflgimt neasireBatnyabéeindy LA athdeastrdi r gali osscsiid
two degrees of freedomw thin the predeterm ne plane including the

first andOsecdivtkatiiast,i end WaisEd conpahe s wignitt iohatl hen f eworati imen o £ ortad
head that faces the scale; and_a drive systemthat drives the novable
15 body al ong"¥¥P 45 BAEY ek hitietiedF ad 15554 ans ek Kyopdry¥een el freedom

i nformati on that, has,been conput.ed by _the, asure t system
Wth this systambio8aoaete e Bt R Bf e JSCdr AR il P A estFond

that faces the Scali@nd DEsSBRIUERRALLE Y% £ CRURUE RSnROShE] 8RAk that
information of the novable body 20 ih at |east directions of two

degrees of fréstombhict Bealéheamd edetrdra Bgs pbanthd thelrudiesgthbandvdlsie
and second directions, and based on the positional information that
has been ldonAdd apnchéheeasadeennizgdtmignea fhasgd ve shet posrianssl
t he novabl e body al on redet erm ned EI ane. Accordingly, the

movabl e 25 bodyf TR PR EAaR DFE CRBPHEEOATE F R SIAEh Y Iegh
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novenent range of the novable body. 6

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 Dbody 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.



According to a third aspect of the present invention, there is

provi ded a pattern formati on apparatus that forns a pattern on an

obj ect, the apparatus conprising: a patterning 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, whereby a novabl e body,
on which the object is nounted, is drivems by the novabl e body drive
system for pattern formation to the object. Wth this apparatus, by
t he patterning device generating 10 a pattern on an object on the,
“novabl e body that *HENEH WPtH HHHT peeersi oh Wie FEssntt havertian,
and second noy,abl e body dr.ive syst of .t he .present inyvention, it
becones possiEﬁ%f?(%%(ﬁ%%%ﬁ%é%pgt %EEE%% %?ﬁ?%)ﬁ%ﬁﬂ?pﬁﬁfﬁ¥ﬁﬁghgat forms
preci sion. Acgerdiagntdh anf@dd asReshoatat i RhS$eatnk I \UePL L O0m Ry
there is provided a first exposure apparatus that fornms a pattern on
an object w tdevidadhati geneafaads angs gye e am théeapparnattd one of the
conprising: a patterning device that irradiates the object with the
ener gy beam Hhestorrndbfsadeadf mpyabiadosdy ohl vro\Esitemsody thée veresent

systens of the present invention, whereby 20 a novaple body, on which
t he obj ect ileé%ﬂﬂ%ﬂﬁ'iﬂPQﬁ% el HVVFHienB9QBre°BoH9lﬂ?i9%g59§1%ﬁﬁ 18
for relative t 0 Y. ] &Cl W

t hi s appar at urlgo?)’ or re Jaté&?e%\eﬁeﬁe%l?ggﬁggéﬁe%?%&bcg%ﬁ? hsésfs?esm' %A}

irradiated fromtde RIARALAItdevYheeohPe@n, Obj ect 25 and the object,
t he novabl e body on which the object is nounted is driven with high

preci sion by one ofWithetHis sppanatisecbpdheqvetll e ntiodydeirioegsyst ety
of the present invention. Accprdinglé%%the gattern can be fornmed on
t he obj ed0 wid RAKCGHMRRENSPRICHY cocEimimeyasrpdaefe thay is driven with

According t fifth t.of th i tjon, t i
or ovi ded a Gt RBSISIE Rpara te. Thar Bilosid SHCaB EeTdbL By

J atus that o |
energy beam am@@,ggrt% USo g I;p?e%%ﬁgﬁé%ﬁ%&q, qqy pbRahe§ ge@l;zﬁéet

al ong a predetermn ane, e object; a sca

i's placed subss amddnaldne patakkal ohothdeoyasietardn megnpbaseisvbih a
first direction serving as its longitudinal direction; and an encoder
system that has a plegpabing of ehéadsthtdsgecr efarhapgedeon tireention,
novabl e body and whose positions are different in a second direction
10 ort hogdnal th&Fa He® RTSH I écthiigi twiekRPALERe2pPabREeF nthaly fEe 2

and, reasures pANLIoRR! Jh SO A0l 18 IINGPLE ROl BRRE sng
heads that ' f agas: tNQ SEGMSr1 Wiidt bk 1ARandlaSyi & Bhit aldday it ebaads
of the encoder
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 object 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.



15 system are arranged on the novabl e body, and at |east during
exposure of the object, positional information of the novable body is
nmeasured by at | east one of the plurality of heads that faces the
scale, which is placed substantially parallel to the predeterm ned
plane with the first direction serving 20 as its |ongitudinal

di rection. According to a sixth agpect of the present
invention, there is provided a first device manufacturing nethod,
conpri sing: exposing an object usi'nfg one of the first and second
exposur e appar at usé<CEFrARE Fred ehit I asmeictnof ablte I asendl dpragt oy
exposed obj ec%. re 1 Acg.g{?oclgng to a.seventh aspect %1;1 th resent

i nvention, th&PEF s HIGHY 3F PRSP A X PERUT & Frett ST A Sei?ga i igPaRes
object with ag,e h 0 i sing:..hal di j ec
wi th a novabl gnbo y?é/%n ria\tﬂ %Sg?ﬁg %ggmﬁ%oﬁ%%%%ggeE%ngsf@ﬁ%' .
first and secaddaipny dlldy tigdy cdhi Hevs ¥ badba direldbecpnesed tpliahes Nih DTk
and exposing the object with the energy beam Wth this

met hod, sishcehohdimpvale eobbelyt + hat shaldsthatobpepilacsddsiibehanttdlly

hi gh precision by one of the first and 5 second npvabl e body drive,
systens of thRa¥REE&httq FPEnPForeteavidiathPd aagpotitie i rsé pereetirn

to the object , According.to.an.eighth aspect .of the present
i nvention, t heF e 1% ﬁrSO\l/}g el g écél%&r? le%%ﬁes%?leor?fefaﬁgaa%fengf o8 %s%ﬁ{n

obj ect hel d byna: mR¥abLeubadyt{ ket ndmyLensERsRN Akl e ARG ofable
predeterm ned plane, wth an energy beam wherein a first scale and a

second scal e lw@y pnacetosa poditisinsphasadihtdrdmaces 4 e dadall eebothn
and is parallel to the predetermned plane, the first scale being
pl aced wilth actrihegonfl d¢titde Férotndglreciion Iwitdiitudheabrdieeernired

and having a fjrst grati n% formed [15 therein whose periodic direction
TS in the fi Rty BRSMARTOreR PO dIORd TR LOTRE SRR koA
the first directq .t he scal el | a i

second di rectiaggnjl'és?a[e]srtvﬁugéjdﬂzﬁlgIJ iet§ Egggg8i§€dﬁgldﬁaﬁc&dt ﬁlgg'n\éﬂa%g ?ﬁgglsthgonae

second grati ncgffTQ{éTgﬂdﬁ’é@__riQiynowhﬁéng?fhé}Qi facbd agld @Rahs . ort hogonal
20 to the periodic direction of the first grating, the -nethod

conpri ses: a nmeasufdrmbnthis apeasavhis cenplbralposiftheatsd of nfher emtoder
of the movable body in at |least directions of two degrees of freedom
within t R predEiet firfedpraneed ol GEPNECYHRLY Posly : ol fdcdrgst during

directions, based on a utput of a fi,rst 25 head that fa t he
firer Lonts SRSy BR Mt BEL o8l Biop ihangat it b onnar Segarable
scal e, froma}gwg- ' ad.group. i Hel udi I ' f

first heads that é%emg{aiglg%eatgydlé?fg?ée% %}géslr}% %r}ll% #&F\Lﬁ%hyg c%%g?eads
direction on ¢h@edardsptivaedefle, hehieal p1hedy sutiaattiiaahkyparallel

parallel to the
to the predetermined plane with the first direction serving
20 as its longitudinal direction.

According to a sixth aspect of the present invention,
there is 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



9 predeterm ned plane and have their measurenment directions in the
periodic direction of the first grating, and a second head group
including a plurality of the second heads that are placed at
different positions in the first direction on the second 5 plane of
t he novabl e body and have their neasurenent directions in the
periodic direction of the second grating;8 and a drive process of
driving the novabl e body al ong the predeterm ned pl ane based on the

positional information that hag been co ted . in the nmeasurenent
process. 10W{1P1e ? §%n%?£88f3°8§§%’a6’rjre[ﬁgg%ﬁitrﬁﬁ? Bfsheme Pf e Reggent

t hat faces thfm;éﬂ&‘fcffcﬁ‘laee dsihg ?ﬁ%g&rﬂﬁﬁ) ttﬁg%ﬁt%%n%n@?gﬁeﬁg%%y in

faces the second scale, pOSqu?)I onal I on € nova

at |east directionyigh twosdeaiaas @finbeeetldMoNableNobd¢ that holds an
predeterm ned plane including the first and second 15 directions is

conput ed, andolvpsed iendirheenonpit édghoprécinadn ibyf ongedt ame fhest and
novabl e body is driven al ong the predeterm ned plane. Accordingly,

t he movabl®% bEREPRAFPELdEi Dedy ABHE systenedef dlm Pegsgn&nénvgrkion,
hi gh precisiop_bas on the neasurepent val ues, qof the nmeasurenent
systemin thePaZ‘bo%%qier EXRPELTST CA BV elREh OIFI%ﬁfb%oofthteng’%ﬁﬁ\?ﬁbl e body,
W t hout placing scalesL3hatidgs) ' t i f
t he novenent range .of the %Dvabﬁeeﬁ%?,?ggﬁgghg%c{e:ﬁﬁi%%Sgé&tetlcg'g‘l’%rﬁl&aorp’
exposure can tigeperforgmsridedan dieeld Rabdsanet hethBY abF ecPEing an
25According to a ninth aspect of the present invention, there is
provi ded a thbhikaxpeddrky rretbydbde exgwshay movedjsedtsthettdabyyaalong
novabl e hody that noves substantially al ong a predeterm ned plane,

with an éfer ff BFESRtSHEREANP 2R al"Bl th ADWARRRIR RN divReA§ienal fixst
grating whose riodi.c dir i.on 10 are in a fitgst direction din
a second diret aﬁoengggrapgﬁatg%%Isé:raateoa]?%glg Fre{sgtond?relcﬁsltoﬁi?%e ftglla%ea%ce]ss

placed with thig fokab1di 564 iy $87 YA AS kbSthOMHddedicRdlined plane,
direction, on a first plane that faces the novablé body and is

paral l el 5 tohdhe&ipsedetelal hethglHreed hethed Midstodpieseionaserving
measur enent process of conputing positional information of the

nmovabl e body dhihs loagitudipaddiagnstopnans kigirurs Lot stravmddmont admias
t he pr edﬁgerm ne Ian%é)i ncluding.the first and second directions
based on-an oA oM RSEWBELTAERS| THEFCHRR 1P0 1PhAfer 5LBET { brectdion
from anong a . I ; - dl i I d t..are. ce
at i fferent BoiPe sholly 4ipELiB RITINIIR NI nk Mirel G In 05
the nmovabl e hogdy t$ebstashiasdyl d¥AlELh1h8eb et a9t 8eBbARIIPIENS on

and have their neasurenent directions 1n the first and second
serving as its longitudinal direction, and having a second
grating formed therein whose periodic direction is orthogoﬁal
20 to the periodic 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



15 directions; and a drive process of driving the novabl e body al ong
the predeterm ned pl ane based on the positional information that has
been conputed in the nmeasurenent process. Wth this nethod,
based on the output of the two-di nensional head that faces the scale,
positional 20 information of the novable body in at |east directions
of two degrees of freedomw thin the predeterm ned plane including
the first and second directions is conputed, and based on the
conput ed positional information, the novable body is driven along the
pr edet er m nedPpEankerpERes @#lagryand ke veoviadl e Msedirenenhfliye cdiiopsnin
al ong the pregﬁterntne . ane W th recision.based

i,qh \ h
nmeasur enent valGésor ﬁgdjr%ea%tifroé’r@ ![L%seygpéﬁi; igﬁattl’]rélgerﬁq‘fg staercgjéldo}fﬂe%d
ot | n . | .
movenent rangsreu?tﬁbl%maxag aepmpa/%l%w%te HLaGidgde552 t?’“%g:ﬁ%eﬂ%%ﬂ%?%

corresponding™to the entiré area o e novenent range o

body, and henge diffdr<it poeEisbAB X pasdira re@ndbee Peldwrdre@dhkos@fond
obj ect held on the novabl e body. According to a tenth aspect of
the preserit ipvantiodrihahevablisbpdpweinddthee toeit neagposnent derhotiofs
exposing an 5 object held by a novable body that can npve al ong a

pr edet er mi nediPI Hie PERLOATS A BT GhPTh @4nt he eGRch 882 E P i1 g; drive
measuri ng posjti i.nfon o) f the - novahl e bod t least, durin
exposur e of (R SEREct RiTRPL CRE SV IS HEAY Brond g BERRG SR A%

heads that fagesna@ eakg bRattHes JdhiRliased SUbAldiahl el aldelpdh
the predetermned plane with a first direction serving as its

| ongi t udi nal dompeectéednn hausicdguarmeneodesceyst em t hat has the
plurality of heads which are arranged on the novabl e body and whose
posi tionstlare diff dHdt thisanefdshdbaredan sheruimygorsdl the fiwetihead

15 di ti ithin th t i d pl ) Wth thi t.hod,

by b1 oot he Dhat hdal RErFEE S TGS Bidhe ouspub GheimGegend Kedd
usi coc i e PP e .

Poe toonn) o Pt TELEIE it LRGCRACRRG &) TREL Albdiol T 8L e BROSE Ol

neasured by ahov£sEd KRG 20 =0f 1thet Rl iHRtibhs0bf heRd8edhéds fACeseddiéhn
scale that is placed substantially parallel to the predeterm ned

pl ane with thelfhisthei pesidtrrmsierd phams incdubdongitthedfhast dindes¢ o]
at | east during exposure of an object. According to an eleventh
aspect oftX hedpreRleing AvereTRIte DS anfepased Gy BRe dedy tescBadL Bbonake

the second, TR Four (1 RO L et fSde. o ¢ Hex prebent1ond " eHe
invention; angd.devel9pi g tHeneXPoREL, PRI &Fly, the movable body can be
driven along the predetermined plane with high precision based
on the measurement values of the measur'ement 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 exposiﬁg an object
heilid by a movable body that moves substantially along a
predetérmined plane, with an energy beam, wherein a scale,

in which a two-dimensional grating whose periodic directions



12 BRI EF DESCRIPTION OF THE DRAWNGS FIG 1 is a view schematically
showi ng a configuration of an exposure apparatus related to an
enbodi ment. FIG 2 is a view enlarging and show ng conponents in the
S vicinity of a stage device shown in FIG 1. FIG 3is a
pl an view showi ng a wafer stage together with encoders and
interferoneters that measure positional lonformation of the wafer
stage. FIG 4 is a block diagram showi ng a control system 10 rel ated

to stage control of the exposure apparatus of .the_enmbodingnt wmith.
part of the GftréR systehmdm tdtlé(?.crélon ang) g™ sA i?egor\g&ev?%#eo%l%él

a state where the wafer stage LS |,63ec ALl G POTcARR, e BhbeBadich

t
. la
portion near RYELECEr 26t a warer Is positioned directly under a

proj ection unife RYrst54andcEith 58:-vm@ a6 awsshewgguaisshtel vdarion,
the wafer stage is located at a position at which a md portion

bet ween the agnteriasd glhmeithaunfacendheofovhblediaty odpbsirduiid@l
directly under the projection unit. FIG. 6Ais a view showing a
state whebe tire Wwifer peedgeezningd| Rkanas atthe pHSERPEn SP™RhiIFFa @

B oj eoti on- LIRGPEETES PEECSRS PE SoM & Shaneny ahat af B arr L AheT
of the vt or i R Tean s Bt s Ga5T ot a Lo espac o e
freedom within the predetermine plane including the first and
second directions based on an output of a two-dimensional head

10 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 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 procéss 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 'output 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



25 X-axis and the Y-axis when viewed fromthe center of the wafer, is
positioned directly under projection unit PU. FIG 7 is a
view show ng 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 13 PU. FIG 8 is a view
show ng an encoder systemfor a wafer stage related to another
enbodi nent . FIG 9 is a view show ng an encoder system for

a wafer 5 stage related to yet another enbodi nent. BEST MBE FOR
CARRYI NG OUT MiEh+pnaENEIQR exposurpncanborli periomfed fe pnesenect held
invention is described below, with reference to FIGS. 1 to 7. 10FI G
1 shows a sch®mmtit ROHIGuPRYon of an exposure apparatus 100

eloLed, Lo e erool e EXpoeu s APRRLALYS, 100 R LRIUELL Oy,

proj ecti on exposur é appar atus C nme

so-call ed scapiefe A$ pfoPRRL iPeburdtelexpdshie] AELhOA 9Pt bESbs SYStAM
PL is provided 15 in this enbodinent, and in the description bel ow,

t he expl adat i amjest gheéd dsgurl ngotdiale abddyecthan panalhele t @lang a
optical axis AX of projection optical systemFL is azZ-axis direction,
a direction ipredetdrinest | pleanand altinf @ apeergy athesdl,y sbanreethod
within a plane orthogonal to the Z-axis 20 direction is a Y-axis

di rection, arPEPTHTRE BRAPHELDS S HORGal REOTHRDI0R (o &Rg movable
Y-axis is an X% axi [ ti0n, an L Ol (dificlhnaticon) s di rect{ ons
about an X- ax%%@t%eqdaa% gggﬁﬁat %}éﬁ%’g\% s&arﬂé{éo?tbq%rflzlténﬁlg;% sE1

directions, respedddelrya phlxposty & apranat thad Ofhdss @quicapedemit his
an illumnation system 10, a reticle stage RST that holds a reticle

R, a projléct ipraaed subPtlanat walkr pstrajbetiew tiee b2edatbudingd @ laakerith
stage WST on which a wafer Wis nounted, and their control system
and the |ike.2 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 is 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.



14 As is disclosed in, for exanple, U S. Patent Application
Publ i cati on No. 2003/0025890 and the like, illum nation system 10
includes: a light source; and an illum nation optical systemthat has
an illumnance uniformty optical system5 containing an opti cal
integrator and the like, and a reticle blind and the |ike (none of
whi ch are shown). Il lum nation system 1044l um nates a slit-shaped
illumnation area AR, which is defined by the reticle blind (a

maski ng systen), on reticle Rwi'th an illum nation |ight (exposure
light) IL w tRRIGE DESGRIRTIONUGE CPHE| DRAWINGS8e. In this case, as
illumnpnation light 1L %nArF exci rrer I aser i ght wavel engt h; 193nm
is used, as an exari%. T 1S @ VERW sghemat 1R E € Bng‘ﬁ’éé\‘/?Jrfﬁ‘

a pattern surface ( n ) | circuit
pattern and 1{§§ %é éi%qie ar e%#%) gu% gl xed& 5 afnor Hceb%g%p éE vacuum
suction. Reticle stiage RSE asrﬂéwnsﬁya%iﬂgaaha éfnctﬂrﬂ_:; EbgpYe Pt 278 @
al so drivable at a designated scanning speed in a scannlng direction
(whi ch is & hevieaxitsyy diff ectsitagebdenfca shadwet aln di®ectli.on of the page
surface of FIG 1), with a reticle stage 20 drive system 11

i ncl udi ng, for exarﬁilce 3453 pdap Weophevinge vaker stage together with

P t l'i nformati on(i ncl udi ational information in the
direction) of FEITID. cHHie FEFARERTRCERE XIABtanBota oy aRerEtonal
plane) is conisltl@ggnll 46t et edeal 282958 é)l ution of, for exanple,

a
around O . 25nmvv|t a retlcﬁ FJaser I nt r’ferorreter (hereinafter,
referred to as a "meld.cle interbesokel Bigland bsishvoiy | &b&r&l Vi Ps téem

novable mrror 15 (in actuality, a Y m)vable mrror (or a
retrorefll@ct orgldtad g stage control 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 is located at a position at which a portion 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



a reflection surface orthogonal to the Y-axis direction and 15 an X
nmovable mrror having a reflection surface orthogonal to the X-axis
direction are arranged) , with a fixed mrror 14 (in actuality, each
of an X fixed mirror and a Y fixed mrror) as a reference, which is
fixed to the side surface of a barrel 5 40 that constitutes
projection unit PU. Projection unit PU i%3held by a part (a barrel
platforn) of a body (not shown) via a flange FLG below reticle stage
RST in FIG 1[JProjection unit PU includes barrel 40 which has a
cylindrical sﬁabe and has flange FLG arranged in the 10 vicinity of a

| ower end of the outgy, gefiphefikyt Qﬁf)@@ﬁg_ﬁp@ngbajefc§§l€&r9%rcgl wafer
system PL which is held by barrel 40 and”is conposed of a plurality

of optical elet®yd scelds:qa ajcc@nothe@pbmbadiinyst em FL, for exanple, a
dioptric systemthat is conposed of a plurality of optical elenents
(lens el ements) 15 HiGpdsed alvdey spoviady axiescadepasydten ficx gheafer

Z-axis direction )
5 stage related to yet another embodiment.

BEST MDDE FOR CARRYING OUT THE INVENTION
An embodiment 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 embodiment. Exposure apparatus
100 is a reduction projection 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-axis 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 0x, 0Oy and 0z directions,
respectively.

25 Exposure apparatus 100 is equipped with an illumination
system 10, a reticle stage RST that holds 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.



is used. Projection.optical systemPL is, for exanple, both-side

tel ecentric and has a predeterm ned projection magnification (e. g.
one-quarter, or one-fifth) . Therefore, when illumnation area AR IS
illumnated by illumnation 20 light IL fromillumnation system 10,
illumnation light IL having passed through reticle R whose pattern
surface is placed substantially coincidepf with a first plane (an

obj ect plane) of projection optical systemPL forns a reduced i nmage
of a circuit pattern (a reduced image of a part of a circuit pattern)
25 of the reticle V@ hedisalesedsdit .ofonegampAR, ¢h SanPalkent faalication

cxposur e, ar eob gkt SO0 OBl Bob LA 28t A8 PRL AR Grelber,

DLarch o on ShyBLPLTO(R 08 ol LB, B AOREHL Ao} ican

system that has an illuminance uniformity optical system

5 containing an optical integrator and the like, and a reticle

blind and the like (none of which are shown). Illumination

system 10 illuminates a slit-shaped illumination area IAR,

which is defined by the reticle blind (a masking system), on

reticle Rwith an illumination light (exposure light) IL with

10 substantially uniform illuminance. In this case, as

illumination light I1L, an ArF excimer laser light (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.

Positionai 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



16 via projection optical systemPL. Then, by noving reticle R
relative to illumnation area AR (illumnnation light IL) in the
scanning direction (the Y-axis direction) and al so noving wafer W
relative to the exposure area (illumnation light IL) 5 in the
scanning direction (the Y-axis direction) by synchronous drive of
reticle stage RST and wafer stage WST, sg@anni ng 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

enbodi ment, a®10X FRTARYF T TFORePavERTon HRfacicsy surrﬁaﬁﬁna};mmonal
system 10, re |cIe and d&F |on 0 tlcallgy emRP g. 8 .
pattern is forfe vy "eXBo&tTF 2 0F A st yar< (Grrror
resist |ayer) 1@Q1W3§cﬁfuaW1Vr‘!'yt heddH YFTRAL 9Dl ﬁ'ng.ri%okrland\@ffeflx%t frror)
device 12 is equipped wth a stage base 71 15 IS supporte

al most hori zogs & kyreréhcsd, phucal 14 ¥ikedgto 3hersfde @ur¥bbeadf @barrel
i solation nechanisns (omtted in the drawi ngs) placed on a base plate
BS instal Ifed &b thdt comsgutiides Projafeiostaye BT that is placed
above stage base 71, g wafer stage drive_system 27 Qnot shown_in FIG

1, refer to FIG 4)Pr§depﬁapndifi%§%ea? beldibige RAgt (afkpraed Plaeform)
St age base 71 fS %} U(I?IO f S%O [)dTbsE.a hgvltfﬁ’}%vtﬂ@&)elogﬁ%g 11:e%e?t%qe

and its upper sutfa ini's SO as e a very

fl atness degreer laﬂ¢1%er VES @ f GUicte uRk 8By USRd W peekel @@%ch
WST noves. |nside stage base 71, 25 a coil unit is housed, which

i ncl udes a plhaala toyldhdedicks phapedam@ hasnﬁﬂangeshapeamthhgé&elﬁﬁthe
two di nensional directions serving as a row direction and a col um
directi of0 vicinigy $foanleweFiend »f meeqau‘@@lagteer\memsthegt:g@e and

body 30 d, f bl e WIB whi ¢ch t
Stage 17 maiSEBIRFLE30oREAgsEn VRSOt SHLEBr £F OIE Gt S9 GgEChR hO Gty
30, a magnet ':E:s Hein ogérd %%Vé %aﬂ.e;{a&f ngtféafgggﬁ&ﬁtsVm'A(r;shﬁgrc\)A}?%tJt%ne

constitutes a nmagnetic |evi atlon pe planar notor toget !
coil unit desggihed ahiemen i, arcanesdmphs, tBedﬁoQﬁiap@lléyT@memta@@Oﬂsl
unit has not only an X-axis direction drive coil and a Y-axis
direction drlwnmﬁelq ofus plwialdtZ afi spticeltelmmdartisvdlens| elamshidie

coi l unlt and the netic unit described above constitute a noving
nmagnet ty g aPH«sa%naeféﬁs%mxalwea@ tQ@tZra%fS) dJal;/e%Flon
electronagnetlc déé%@ 19 net hod éLor %orce dr| é? g%
drives wafer Y ag2°WeT FROUTT Bt ofiR b?a §YﬁE§?e 6P fr éﬁo%%%@ﬁ H

e ey SmEa dgdecanta i eatle. e depeticl,
drive systenuaignﬁfumMEhbguKedglruﬂdﬂﬂdaitbﬂe Ok aoteg- AIFE@N) . 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 o©f the reticle within illumination area IAR on an area {(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),



15 descri bed above. In the enbodi nent, the magnitude and direction of
el ectric current supplied to each coil constituting the coil unit are
controlled by main controller 20. Incidentally, wafer stage WST can
al so enpl oy, for 20 exanple, a structure that is equipped with a
stage main body that is driven within the XY plane by a |inear notor,
a planar notor, or the like, and a waferj¢able that is finely driven
in at |east directions of three degrees of freedomwhich are the
Z-axis direction, the Ox direction, and the By direction 25 on the
stage mai n bodla pyrogd egdiica epticabtsmstem Phe |Thiea, by mamwimaaressele R
pl anar notor by the Lorenz_ el ectromagnetic drive which is disclosed

in, for exa A That ehiM AT M §6°2 45 arld 1 HBPRRECR A HTs Sl be
uocc oo denil gk OR M AT O ol 1408 0603 108 0L Shfriog
magnetic resipdedeq féive vetBotheakpadkaehediSe8di1umination 1ight IL)
5 in the scanning direction (the Y-axis direction) by
synchronous drive of reticle stage RST and wafer stage WST,
scanning exposure of one shot area (divided area) on wafer
W is performed, and a pattern of reticle R is transferred to
the shot area. More specifically, in this embodiment, a
10 pattern is generated on wafer W by illumination system 10,
reticle R and projection optical 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.q.
3 or 4) of vibration isolation mechanisms (omitted in the
drawings) placed on a base plate BS installed on a 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 dimensional 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



On wafer table WIB, wafer Wis nounted via a wafer hol der (not

shown), and fixed by, for exanple, vacuum suction (or 5 electrostatic
suction) or the I|ike. Further, a configuration is enployed in
whi ch positional information of wafer stage WST within the XY pl ane
can be nmeasured by an encoder system 50 (refer to FIG 4) including
scal e nenbers 46B, 46C, 46D and the |ikeg7and a wafer |aser 10
interferoneter system (hereinafter, shortly referred to as an

"interferometer systent) 18, respectively. A configuration and, the
like of encod®?iB\ReIMEL &Rd Pht ERECPD ?@wPQ£EﬁQQn°f8SFBEGME$%ﬁ body
stage WBT are, escrlb tai el qw. Inc den Y. the s¢
nmenber can alsg ?baﬁfeagagd%%%aVI %?% a%%‘%%ﬁﬁgpe r Sunich
reference ”E”@&Es@‘i'%ﬁéhea' M‘@neﬁ% .S_QQ%a{:ﬂoﬁ bg)p%npj./&@%\f ‘Hot%'reto
t he upper surface of wafer table WIB (wafer stage WsT), a plura |ty
(ten each, i nwith stt@sedidf uibeadsctiies®i asbter , ishartdrygedf ermredie
20 as heads, as needed) 661 to 6613 and Y heads (hereinafter, shortly
referred to agnbredidientas theeded)] vrittlassig: a:rné-yalama?igealsodasecm)ion
encl ose waf er e specific, at, the +Y side end and the -

e era ot Clartve Rett Al & peia b %%e@lvacaéadsb%éls%ezz-ms

665 d 666, t
al ongnt he X- a‘%?%e%ﬁlrdencg ?g‘%g %Jn p!aﬁae%]eatcﬁg gg ﬁ%gﬂegaé.%{ﬁe
gzg 01;34\;vaf er &@%L%)B%?glé@ﬁ@rc&&gﬁlﬁe X Iﬁ@@ﬂﬁg ﬁé%ne@“@ype plan8fnddyt

(a two dimensional linear actuator) by a electromagnetic drive
10 method (Lorenz force drive method), which drives wafer 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 Oy direction, and the 0z 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 i1s 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. 1Incidentally, the planar motor

is not limited to the Lorenz electromagnetic drive method,



pl aced at a predeterm ned di stance along the Y-axis direction. As
each of Y heads 641 to 6410 and X heads 661 to 661o, a head 19
having a configuration simlar to the head (the encoder) that is

di sclosed in, for exanple, U S. Patent No. 7,238,931 or the panphl et
of International Publication No. 2007/083758 (the corresponding U.S.
Pat ent Application Publication No. 5 2007¢ 0288121) or the like is
used. Incidentally, in the description below, Y heads 641 to 6410 and
X heads 661 t]g t6610 lare al s% de%cri bed as Y heads 64 and, X heads 66,
respectivel y.Put & Pl fiotes, P¥sacBarbrPLe dR i v ireRiAgeRFeiryve

and 3 toget h%etﬁ(ﬂ&'erca??aajl%o”%%{)?rs%ﬁ%A to 46D are placed in a state

10 of enclosing t periphery o € |l owernost end of projection unit

PU from four sides.onl hag&t #abil EWTSCakee FRNDE RS uABAdA ASR B Kb KL
to the barrel platformin a suspended state via, for exanple, a

support nenbeftnoaldhwugh emdt fédednbF) God dxmmpie,dviertunncanytbént o
drawi ng. 15Scal e nenbers 46A and 46C are placed on the -X side and
the +X si de FL$FiHEHGGHT SHctLiPy) wPEhtRPel Maxi s direction serving
as their longitudinal .directions,and are placed s tricall it h
respect to optical r%g%t CAX ao?oﬁbf FER T gi?f“@if’yéﬁeﬁlﬁ?’. péﬁj\r,\%%%"réfl
scal e menber s 4GR-ANA A6 ALR 20 Riagedyal fhenty ShANBNNLNE cdh ve
side of projection unit PUwth the Y-axis direction serving their

| ongi t udi nal midAtdDOBY aNerdRidd 39edetys0THirkireal ty mid.h 4y espenid iy
optical axis AX of projection optical systemPL. Scal e nmenbers 46A to
46D are nade sfalichaegipegsnatBr i 46C23 e agd bheekim candl gl mssehaldswy
a |l ow thermal, expansion, or the like), and on the surface of each
scal e menfler ¥4 M ESEr PYEE ST (Rprpinatiery shogdly rehesrsd thes

-Z side), a Sg® i terferometer system”) 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, a reference member and
the like.

As shown in a plan view of FIG. 3, on the upper surface
of 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; to 6639 and Y heads (hereinafter,
shortly referred to as heads, as needed) 64, to 64,9 are arranged
80 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;, 66, ..., 665 and 665, 667, ..., 6619 are placed at
25 a predetermined distance along the X-axis direction. B2and, at
the +X side end and the -X side end of wafer table WTB upper
surface, Y heads 64,, 645, ..., 645 and 64¢, 644, ..., 6419 are
placed at a predetermined distance along the Y-axis direction.

As each of Y heads 64; to 6439 and X heads 66; to 6619, a head



reflective diffraction grating having the periodic direction in a
direction perpendicular to the longitudinal direction 20 is formed.
This diffraction grating is made by bei ng engraved with a pitch
between 138nmto 41.tm e.g., with a pitch of 11.tm. Incidentally, in
FIG 3, the pitch of the grating is shown renmarkably w der conpared
with the actual pitch, for the sake 5 of gonveni ence for

illustration. Further, on the surfaces (the grating surfaces) of
scal e menbers 46A to 46D, a cover nenber (e.g. a glass plate or the
like) , whichhasingescamiieutatiqrapspatanttorbhd haeshéthe tepopder) that
measur enent beam from t he head descri bed above, can be arra

. d,
10Si nce scal e* e _@s{?é%lé’ndfﬂ?ﬁcéﬁﬁvgl?he?d?f fRef&toN ogr 4t 2%55‘9%0%
00 T4 S5, 10 L LS B B b P

position neasure r-stage -axrs I on.

scal e menber s43 a-ARniavne the. dphf Lt A iHALIAIPUNOSStion No.
periodic direction is in the X-axis 15 direction, they are used for

posi ti on Meas20EWHIR8aI2afer Sagki METLis nusbe. X- ancsdahtraldiyi,onin the
In the enbodi ment, X heads 661, 662, ..., 665, and 666, 667, .., 6615
are placed orfSRGEiPtias WP, a¥f heafisstdnde Wittt apki EMeainéénttq vd1X

heads 66 f . ' I 0 di ti .

0 ating) S mATARIBAY S SETOrE L BERRFI Chrhy ¢GPS & REBSTRAeT%
| ess than or equal 1j.3h048d 8s! 09UN Afeddufl f%@%h&%%ét'@a@ #
direction (an arrangenent Irection o t%e | fnl‘ actiron-grating) that

i s orthogonaltdgreiher,| g8girt sieh mefbeestd 610 tof 460 alre pRabes S eBsPite
and 46D. Simlarly, Y heads 641 to 645 and 645 to 6410 are

pl aced odOwafef ehabbeingB et pardpbeance whe hlondsinriesddénd exft propedtion
heads 64 can face a corresponding scale nenber (diffraction grati ngt)
si nul t aneous|YPitoPUndrensiady mitcgs)y, Incvgildtincecaby menbers 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
avoid intricacy of the drawing.
15~ 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. PFurther, 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 serxrving 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 1like), 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



that is less than or equal to around a length of the diffraction
grating in a direction (an arrangenent direction of the diffraction
grating) that is orthogonal to the |ongitudinal direction of scale
menbers 46A and 460. 5Each of Y heads 641 to 645 and 646 to 6410
faces any one of scale nenbers 46C and 46A and constitutes a
multiple-lens, or to be nore precise, fize-lens Y |linear encoder that
neasures the Y-position of wafer stage WST. Further, each of X heads
one of scale 10

661, 662, ..., 665, ndf@%ﬁ% 667, , 6610 faces an ,

menbers 46B ahd t26B%8nd Pttt ectPHarer pre-dsdghrde By heg nseepgraved

precise, five-]lens X.linear encod t hat ,nmeasures the X-positio f

waf er stage VBT-D @ pllccﬂ G rd‘rg\élalﬁe it 4?‘9@%' B/ \X’/ér(fs‘t _raﬁjgcgcg" Q%Tﬂgfh

- exposure whergnyed&it Vi ligcatred ??'%%P&&Ptdi‘)%h‘ép%lrﬁéhn y$t eM&in
15 (projection unit PU , Y heads 64, (i=any one of to 5) and 64

(j =1 +5) r especénartabifaeddse adonpaabiew st GGecandt b A piant , atf ao tKehedds

66, (p=any one of 1 to 5) and 66gq_(q=p+5) respectively face scale
menbers 463 a7 ABDeNSESsfoE filéupEyatior. ndasihefenenvihgesupfaces

four encoders,in total,, 20 ich are_a ir of Y lipear e ders 50C
and 50A (1 of of % RRELNE SBASERE T B0 RESHETB ATt ARt heover
face scal e ngphs 0.a i : d.a.pair i r
encoders 50B ancg%ogé(?é%g?ﬁ%ﬁs é?%{?g%ﬂ éé*ﬁ%ﬂ‘?ﬁf é’g‘l%?} 54 %{é%%j%sygglgaalalﬁd
66q that face:saidpaEBIORLsh46:pHEL 460 TRSRRGNaYbe 2P ot SHRMdRI
to main controller 20. Encoder system 50 shown in FIG 4 is
configured i ndsakiiiged gpaivie, ofa bensaramgmbder s 50C and 50A and a
pair of X linear encoders 50B and 50D. Further, as shown in
FIG 2, ilfterferonSi@fesyspdm BeMROfS 46T 13pd&iEchavEoshei dhbfraction
i nformation of fer s e WET, ..22 for exanple, resol ytion .of
around 0. 28nn{= 1 ARPRE G R B A HT O o U (oo BP o 1A S THE Ry
surface of wafidy bakl §s¥MEANY 03 FRYANLE, dUSdrint43s T sk R agkoWer in
mai n body 30 wit'h a neasurenent beam At |east a part of
i nterferonet ethesyshrils Wik@dtaof. amndpbicadk nudde rexebrGndg 6D hagBithe
source) is fixed to a barrel platformin a suspended state. As
shown in Fl GdiFfrastigheyratiags vi8Tse perépictdimectdrhdcelin THethaxziiss
ort hogonﬁl5 to the Y-axis direction serving as .a scanning direction

e

and a refPectP it EdOPacdheyxatRatsee 4 HIHIORaMeREUE RBSE & svater
direction sers\[/gaéqe %@iﬁoQEECQDQLEQ éii{ee&,giocm are actually fornmed,
ectl

but these ref_ i on surfaces are"shown as a refl ection surface 17 as
a representative i BpFkfe dmpbodiment, X heads 66,, 665, ..., 665, and 66¢,

667, ..., 66319 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) simultaneocusly, or wmore
specifically, at adistance that is less than or equal to arocund
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 4eD.
Similarly,' Y heads 64; to 645 and 64¢ to 6410 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



As shown in FIG 3, interferoneter system 18 includes 15 five
interferoneters, which are a wafer Y interferometer 18Y, tw wafer X
interferonmeters 18X1 and 18X2, and a pair of Z interferonmeters 1871
and 18Z2. As each of these five interferoneters 18y, 18X1, 18X2, 1871
and 18Z2,a M chael son-type heterodyne | aser interferoneter that uses
20 two-frequency | aser making use of the,Zeeman effect is used. O
these interferoneters, as wafer Y interferoneter 18Y, a nulti axi al
interferoneter is used, which has a plurality of neasurenent axes

i ncl udi ng t wothadasardleasnthaxes qaval be eroynds Lérgtk off thesgeffractiam
axis (a reference axi{s:% garal lel .25 to the Y-axis that passes through
optical axis (e tentellFLSthanefls FiFaRdsReRondgacEiry ©of the
“illum nation ar I e i i er) jectio pt i cal stem
PL and a det cott araseatar el e Teh e ep b A B L L A

later), as showeddidal Gr 3cahBchdeptal| yen waffract. 23 interferoneter
18Y is further described | ater on. Wafer X interferometer 18X2

irradi ate$ refl ect iFachsof fadeatiagXew) tHo aipgearucdperd cdeafaakengny@ one
measurenment axis that passes through an axis (a reference axis)
paral l el to 2% geakepembausat6p 46y Ronptitaread suhbdplerclens,

center of the e sure area descrj,bed_earljer) of projection optical
cyetom PL. Vol BRa TS PEFGHEE o LTERE HEds bt beTh B EhF R cHRE o e
reflection s e WMt ref i rf t X
mrror that :Jgsﬁeﬁﬁigﬁgé%l%e%?] ggéjurg?éégrb&%ﬂof gﬁg#r?%f' Zé%‘%ﬁf ok ﬁqle_ads
proj ection ungd,, PkbserVvi nab.asarid el eréce, .. asepPshb 9Ny ionkos FeddonR
of wafer stage WST 1 n the X-axis direction. V\afer%(

i nt erferdfet erenk®X® 46Badndt é6Dr afd ectnsii SibefsaeemtIXipiéhlens, or to
measur enment beam al ong a neasurenent axis 15 in the X-axis direction
that passes t3f BAgR RIRCIF-etivonleehtet intanlcnGRABAt tRASPEASAESS tied
nmeasures a diﬁ(s_pl acemrent fwg fl ec%i on s face 17X, with a reflection
surface of tHe FI1Xed A Prol®that°t39FiXed to the side surface of

al i gnment system AkG $REVIHGeRSn faﬁ{cfé' HEGards BPshLi 988l on exposure
information 20 of wafer stage WST in the X-axis diréection.
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+45) respectively face scale members 46C and 46A, and
also X heads 66; (p=any one of 1 to 5) and 664 -{g=pt5)
respectively face scale members 46B and 46D. Mozre
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 64; 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
66, 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 Y 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,



Further, as shown in FIGS. 1 and 2, novable mirror 43 with the X-axis
direction serving as its longitudinal direction is attached to the
side surface on the +Y side of stage nmain body 30 via a kinematic
support nechani sm (not 25 shown). A pair of Z interferoneters
1871 and 1872 that irradiate novable mrror 43 with nmeasurenment beans
are placed facing novable mrror 43 (refgs to FIG 3). To be
specific, as can be seen when viewing FIGS. 2 and 3 together, novable
mrror 24 43 is made _up of a menber whose length in the X- axi s
direction is %ﬁé‘é‘ra“tpllr& Phat rorotet i Oiforreid 8@85H!TPY k{m%ﬁd%%ﬁbl@

W'B d which h h t I k

a rzac'?gngul :i(r:afn%i %tl?élg%g?é%cﬁ %gﬁlg% a%n el\/F?‘FI&J“& & s‘ﬁ rV %te§ Lale
applied to thgrsufpcengpabige m\h%rdq OM&;{ 5%&9&&%@@0%&?
refl ection surfaces as shown in FIG are forne

seen from Fl G mdastriefieaitl Gsmet ak sl d84l aapal tl 8221 @ &r o AsRd coNs Péieem
side and the other side of Y 10 interferoneter 18Y in the X-axis

di r ect i on Sspat®d(eshr rarpsibsi amitaldaclvde ngasel dilst aveecle) ons YEixed
interferoneter 18Y. And, Z interferoneters 18Z1 and 1872 are actually
placed at a ptRid iRAFEEd glatformwdn Fhéﬁsﬂeﬁlﬁiﬁ%rs’r@%t er 18Y,
respectively. 15Fr Qm % ch _of. ZFEEt egferome ],c[821 q, 182 s P8

shown in FIGS. 2 an A melshrément Plar a>’<| g GFrec cf‘?lor‘fl

is irradiatedsomasd e HEwes Htaeghahh e | tHQ M&l@p&lﬁémcw@gmng
surface) of novable mrror 43 and a neasurenent beam B2 in the Y-axi's

direction is asradcahadnyodirettim bades siflec2@onebhetdconuehacess
(inclined surface) of novable mirror 43.

10 orthogonal to the X-axis direction serving as a non-scanning
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 wafer X interferometers 18X; and 18X,, and a pair of Z
interferometers 18%; and 182Z,. As each of these five
interferometers 18y, 18X, 18X%,, 182, and 182Z,, a
Michaelson-type heterodyne laser interferométer that uses

20 two-freguency 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 BAX (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



In this enbodinment, a fixed mrror 47A having a reflection surface
ort hogonal to neasurement beam Bl that has been reflected off the
upper side reflection surface, and a fixed mrror 47B having a
reflection surface orthogonal to 25 nmeasurenment beam B2 that has been
reflected off the |ower side reflection surface are arranged
extending in the X-axis direction, respegiively, at a position a
predet erm ned di stance apart to the + Y direction from projection
unit PUin a state of not interfering with neasurenent beans Bl and
25 82. Fixed itrenferapheizndB8i78safertppotasaribped floteaxanpl e, a

sanme support body (nhat shown) arranged on the barrel platformthat,
supports projecti O&\Yal;ﬁirt PUINGEZISGrEREREr bddie S LA ages nrehkection

Y-axis di reCté@fkééeogg?jg@bta%eéaLgéﬁé{frboe%t gﬁ.én%??ﬂgﬁ%ﬂ{%ﬁéﬁt axis

respectively are irr oward novabl e mrror ese

measurement bew® Jdssad t82086R AACALEN! (Dedie-cHRRCEx28Y hbAWRT1el to
refl ection surfaces of novable mrror 43, respectively, at a

pr edet er mSnedchen&i-danits angt easares thenghreptriefdleeked af f({thachedBenfof
the reflection surfaces respectively and are incident perpendicularly
to the refl ectiornasidcedrer ApRetlned reaslisrA QfdPapgecthen, optical

nmeasur enent bea Bl and 32 reflected, off the reflectiqon surfaces of
fixed mi rrorssyf%nhn(fiérm i?’ﬁg?gel paRkey etrhetlgghe Bpiseds @

path as the cﬁﬁééﬁgcéﬁgﬂﬁ e E%%lection surface 17X, with a reflection

surface of the X fixed mirror that is fixed to the side surface

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 in 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 Z interferometers 18%; and 18%Z, that irradiate
movable mirror 43 with measurement beams are placed facing
movable mirror 43 (refer to FIG. 3). To be specific, as can

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



15 time of incidence and return to Z interferoneters 18Z1 and 18Z2.
As shown in FIG 3, Y interferoneter 18Y irradi ates reflection
surface 171 with neasurenent beans B4l and B42 al ong neasurenent axes
in the Y-axis direction that are a sane di stance apart on the -X side
and +X side froma straight line 20 (reference axis) parallel to the
Y-axis that passes through the projectiop,center (optical axis AX
refer to FIG 1) of projection optical systemPl" and receives a
reflection |ight of each of nmeasurenent beans B4l and 342, thereby
det ecti ng pos#3iienapdé nfropfea menoet whafss lengage INGThe ﬁC-tahfe'-SYdéxefstiz@’l
direction at jrradiation points of neasurenent beans B41l and

with a refl ect? ofPfFT dd¥oithekeof FEAESCH N tutiacsd /8 t(H@f§Fd*eable
f f b f .
surtace o, ogtg) 00 oElaon WLl NG 997 LRLSESISRe «

represent at i vedip SHOWbASoR ReamtBinguibs and anF%bgéélesf trapezoid.
interferometer 181 irradiates a rreasurerrent beam B3 al ong a

measur enerit axi srom-gdiel striag $sdipEcitddnot tiad s fader edetles medde of
di stance spaced apart from neasurenent beans B4l and 842 in the

Z-axi s directheoyeblowdrgoy ¢antand shree| reflention pucdapes &8 shovp in
the XZ pl ane { noyvabl e rror 43, and receives neasurenent beam B3
reflected of f¥tte %&ﬁee,{" Zefect i on surface, thereby detecting the

position of the cenf §Egh$&ée§één°'%rﬁﬂrﬁ“f§e #f WMSQJc?et rﬁétoérs4318(z' -&nd

waf er stage WST) in th axi s directron ase e averag

val ue of the neasuseseHlacelduesn ofontehesi@@suharreme aéeae@orgﬁzwoa@l ng
t o measurenment beans B41l and B42 of Y interferoneter 181, main

control | é0 20iwoempidasnatiee L8Fosnt the X¥faxisd |diotdadn osuspaced 1ayart het
is, the 1-position of wafer table WIB (wafer_ stage WST), or nore 15
specifically, S%%ﬁ%%@%ﬁﬁeA?émﬁnd%ﬁ%am%xﬁ@nd : dotEsRer PHpEReri8Y.

based he Y- f face 171 and the
ot Lecti on SBISCE oF RAIABPESHIFY of B nHal RZEAHHS, LLEF 126 BORGER &6

a di spl acenenf (ﬂysth:ll'o?lg QUDYRE )y AXQRfr Waf e SE age t\WSEe-BnkPEy 18y,

rotational direction (Ox direction) 20 about the X-axis direction.
Further, basetespedtisrglgasurenent results of Z interferoneters 1821
and 1822, main controller 20 can conputes di spl acenents AZo, AYo, AOQz
and My oflSwaf er st &yem\8Ichrof e 1Atgxiferdineter$ ok 2.t ard YL &), sas shown

direction, the Oz di rectl on and 25 the Oy directjon t he net hod
that is di sclg5&4CFn,2 PBF bxa MRS UGeREe TSt B ¥ T hﬁt%raﬁ‘&ﬁ Shegction

Fut catt om A, 1EB0IL0ERTSN {08 Sald c30RREL WA SoFR By syercy
in FIG 1, X jiHerfRio8et 258 )18Xhnanth18%2rror 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 mirfor 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 exteﬁding 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



27 Y interferoneter 18Y, and Z interferoneters 18Z1 and 18Z2 are
representatively shown as interferoneter system 18, and the X fi xed
mrror for X-axis direction position neasurenent and the Y fixed
mrror for Y-axis direction position neasurenent 5 are
representatively shown as a fixed mrror 57. Further, alignnment
system ALG and the fixed mrror fixed thggeto are omtted in FIG 1.
In this enbodi nent, wafer X interferoneter 18X. and wafer Y
interferometer 18Y are used for calibration of an encoder 10 system
that is used B2iri iy xad Bkposts d7@pandtdidnané swadfpersedapy, Vafreexample,
interferoneters 18X2 and wafer Y interferoneter 18Y are used during
mark det ect i of SB{FeaFIRRMHENPOLY Do shicgn) | aeranpgahPnyhe harrglsplatforn

enbodi nent, instead of f.ormn flectio rfaces 17X and 17Y on the
end surfaces gﬁ 2 et EPE§ &5 geﬁ\%%on u €a}g¢le mirror (planar mrror)

can be fixed to thwa%r%fme%fﬁémg gg%n\fgﬁgz in th ﬁg§ag%lre%%l%fffom

stage WST, a fiducial mark plate (not s Ixed In a state

where itsssuréace baszt helt&&rferbmegbtsaasm@f @ﬁdV\is@ tospseit ey dre
the fiducial mark plate, at |east 20 one pair of first fiducial marks
for reticle alfrxpoveritedridvarsenondbledutradr el k dnok thasel naasurement
measur enment of alignnment system ALG which has a known positional

fel ation wi t PPEHES Bilrard 1B|2d%|%‘? AMChEPRE, oraﬁaet%épqn red gy o pglection

Exposure appag%flasc 100 g% t ]?efebodl and ﬁ%grtggsrpeéclv%%pped W|th

a pair reticle a |gnrrent sys
predetermined incident angle, and then are reflected off each

10 of the reflection surfaces respectively and are incident
perpendicularly to the reflection surfaces of fixed mirrors
47A and 47B. Then, measurement beams Bl and B2 reflected off
the reflection surfaces of fixed mirrors 47A and 47B inversely
pass through the same optical path as the optical path at the

15 time of incidence and return to Z interferometers 18%Z, 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 arxe 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
projeétion 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
B4,, 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.



(not shown in FIG 1, refer to FIG 4) that are placed a

predeterm ned di stance apart in the X-axis direction above reticle
stage RST. As reticle alignnment systens 13A and 138, a TTR (Through
The Reticle) alignnment systemis used that uses 28 a light with an
exposure wavel ength for sinultaneously observing a pair of the first
fiducial marks on wafer stage WST and a pair of reticle marks on a
reticle corresponding to the first fiducial marks via projection
optical systemPL. 5 The detailed configuration of the reticle

al i gnment ~ syst em | SHESEFostd e TREPMEX RIS 1oradipaeem mapsurement

5,080,415 and e KEonl LSO AL 35 thensty ol eopl NN o oo

l'i ght-receivipg §%£@&é’té’5§¥1d&i %%lt'a&lc@p%%egd' apgk@Cfﬁoﬂg&ﬂ%Q?mxﬁént

stage WST can be used instead or together I's case I rst
fiducial marksesles@d.baddesnlivi e miadiavalirecheonl rasgeed a center
Simlarly, although omtted in FIG 1, exposure apparatus 100 is
further edui ppeitlegtivrasnufecp@areliedato thepdsinloon dberrbig wistam
by an oblique jncident nethod that is conposed of_ _an irradiation

system 42a an%ta'aaBF?oJE%‘a%’t‘é‘%? MEASELSREHY ??@W?%fr&fl@StPﬂ@fﬁfhevﬁﬁWr
5 425, 332 and THETTIRE JUEOREher o0 GE ety Appara te SOST (A (e
vicinity of FﬁéﬂﬁEE'ﬂEfﬂé@tﬁOHUSu@féé%"@?“méﬂ@ﬁf@nmﬁEgbge§§rkpeg wafer
earlier (not shown in FIG 1, refer to FIG 3) is arranged.
al i gnnent systteagAINGT ) din ehenmkaxlarﬁﬂdbt(forel d I mage
10 Based on the average value of the measurement values of
the measurement axes corresponding to measurement 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 1824 and 18Z;,, main controller 20 can computes
displacements AZo, AYo, ABz and AOy of wafer stage WST in the
Z-axis direction, the Y-axis direction, the 0z 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 Applica&ion
Publication No. 2007/0288121) and the like.

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



Alignnment) system by an image processing nethod 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 neasurenent val ues of

t he neasurenent axes correspondi ng to nmeasurenent beans B4l and 842
of wafer Y interferoneter 18Y 29 and thgy measurenent val ues of wafer
Xinterferoneter 18X2 of interferoneter system 18, main controller 20
measures positional information of the mark subject to detection, or

nore speci fi cal¥RFefReBEEBRAL Y ddePat I fsrompeers ditdarnd Tfgriare
| at th i t ) th f, di t t

D) Fannent - coot P HATE Byeeny PRATE 48 ddieenea BiSERe AELST dhent

of wafer Y ingerferopetes 1Y ﬁngx%fﬁrgéﬂi%heégﬁ%ﬂg@{ SealB¥emeht Gnd

shows a control systemrelated to stage contro exposure

appar at us 100tipd ¥t Hise@mbiadicreibrin-axid dékedt o Posiwildh hbessyaiarn
being partially omtted. The control systemshown in FIG 4 includes
a so-cal | &d mxe ccammaeatatdvelyr Rbowri an)a Wxerh nignoanPpdsedrofther,
CPU (Central Processing Unit). an ROM (Read Only Menory) , an RAM
(RandonﬁccessaikﬁﬂW%ﬂF %yfgeﬁn%L@rﬁPqiqgﬁ,féﬁﬁdi%1¥ﬁﬁ§ﬂ§}x@8nFP§E?Eﬁl%ﬁF
mai n controllgﬂigg)&tyg ﬁ%%rfgrns overall control of the entire

appar at us. 9% exposur € "appar atus 100 havi ng the configuration

as described above ndthiNEmBodBh&it Ak BEFRMN QRS IAR LN, lahid wafer
performed by the known EGA (Enhanced d obal Alignnent) method,
Y interferometer 18Y are used for calibration of an encoder
10 system that is used during an exposure operation of wafers,
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. Onthe suxrface of the fiducial mark plate, at least

20 one pair of first fiducial marks for reticle alignment and
a second fiducial mark for basgline 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 diregtion above
reticle stage RST. As reticle alignment systems 132 and 13B,

a TTR (Through The Reticle) alignment systenliS‘used‘that'usés



20 which is disclosed in, for exanple, U S. Patent No. 4,780, 617,
and the like, as is described above, based on the neasurenent val ues
of wafer Y interferoneter 18Y and wafer X interferonmeter 18X2 of
interferoneter system 18, the position of wafer stage WST within the
MY plane is controlled 25 by main controller 20, and during
operations other than the wafer alignmeng8operation, for exanple,
during an exposure operation, based on the neasurenent val ues of
encoders 50A to .50 th osition of wafer stage.WSI is controlled
mai n control I%r Lgnt B%letlp an S ru(fieng"l’i‘/‘fesjtﬁj%% gOJbEISilBIH&g?PE?u?
waf er al i gnMeghsOPLl A ILBalis 62MPhEtAd-dntl bybhg1 SXPASUIS Haféka%w&e
a switching operation of "a position nmeasurenent system needs to be
performed, |inishiaid tdhepgiasicfi eatieasuneredtons s rmikiedcdrk@kponding
positi on neasurenent of the wafer stage within the XY plane is

swi t ched frontadfher £irsntidduededenarks 82aapnb imafteionXephi eat eveiremerL..
18X2 to encoders 50A t.o 50D. This switching operation of the position
measur ene s@%ﬁeﬁﬁﬁ%&%ﬁﬂPFﬁPﬁé&uFéﬁgﬂPyofréh?u?q@ﬂQLﬁMaﬁ@gﬁmﬁﬁgd%Y%ﬁem
10After the er. al-i At | onpl et.ed, in,contraqller driyes
waf er stage aE%C#ﬁﬁgigggggbérﬁ?%é%gﬁﬁyéﬁtngf ?%Fe%&gﬁﬁlg{%gﬁ’?h 3Rp

di rection, baged1gRet herfeasiiemBnt yalues-of i did s&&gmgﬁ& &S tiRY: For
18X2, 1871 and 18Z2. Then, when wafer stage WST reaches a poésition

wher e the 15 emmmpilresentanbeaasefian i nigker oneaetir B2 agdtehe whose
measurement beam frominterferoneter 18X1 are sinultaneously

i rradi at ed tol¥&Tteadedivisgr pagéacexhavind adititolopening adj pbaced n
attitude_af wafger stage T based on, the neasurenent val ues of,

Tt erfer dlet ST ARR BEAPS AR FRE DRI LI B LOAB P HBEEneta7 ] 1o 6 THcrase!
1872) so thatyd, G4 Q1 81500: ¥ NG d@%{:?ib%@%%ﬁ@& E8LAH Mve to be
(pitching) error ang a ey rotatron (rollTng errof) i §°reduced t o
zero, and thefrfumyeiit s the neasurenent val ue of interferoneter 18X1
to a sane val ue as the neasurenent value of interferoneter 18X2 at
the point in tine. SA5Afleelyt healrleowst t iongitedf etn stBlige WBT i sxposure
stopped at the position for a predeterm ned period of tinme until the
i nfl uence of PARFTAHUS MOParisatiugithete cE81aPRAf VB uat PBhEipoint focal

(temver abur e dLAOLAR L90RcBlnd ) b RO e P 82
31 is composed of an irradiation system 42a and a photodetection
system 42b (refer to FIG. 4), which is similar to 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 a.n. 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 Y interferometer 18Y



by averaging effect, and the averaged val ue of the neasurenent val ues
of interferoneter 18X1 acquired during the stop tinme (the averaged
val ue during the stop tine) is carried over as the neasurenent val ue
of X linear encoders 50B and 50D, and 5 al so the averaged val ue of

t he averaged val ues (the averaged val ues during the stop tine) of the
respective nmeasurenent values of a plurabjty of axes of
interferonmeter 18Y acquired during the stop tine is carried over as

t he neasurenent value of Y linear encoders 50A and 50C. Accordingly,
the 10 pre- seandrigheomelshrapant erglotey 9f508fenK 30Deafdrométiewedi8X, of
encoders 50A and 50C, or nore specifjcally, the sw tching operation
of the positi bRCFEERTARGSH] §9’§¥@ﬁ1i%8'coﬁ‘&llé‘t e@oniFe ket ha0, Bappures

control | er 200001 Ue RASLLLON, Of, MLet oL 305, WET ased pa L e,

measur enment V% ues Oor encoders 0]

appar at us loom@fetJBééffﬂ@%dh??nEheEgégdda'fﬁQuEangﬁQM§QﬁJQﬂélfiducial
scanni ng stepper, a series of operations such as reticle alignnent

(whi ch i nd udesrk ellattiengritte aetgahentorrd batiths wattem ¢10 at beoraieite
coordi nate system) and baseline 20 nmeasurenent of alignnent system

ALG i s perforaeetemi ran rdiligamens| rgandhnaty ssxgheml3Ahandis3defined by
fiducial mark plate on wafer stage WSI, alignment system ALG and t he
like. PositiofleSRASHTFEFetxes &5svager RSt ﬁafﬁféf”éﬁetﬁe@g AR§ water
during the seygi oneratd,o is perforned based on the neasurenent
25 val ues ofe$ejt'erl§tc efl nterter gr%%?'er 16 and interferoneter system 18.

Next, main control leEer:.2q SeswdEMEonBEET ethange1 gL rakR08MNEL1
(perforns wafer |oading, in the case where there is no wafer on wafer

st age WST)0 usohgxaosaterappaadens 13V of notl ssdnivor)imeartdi mafdrocdd & tpnament,
(e.g. EGA or the like) with respect to the wafer using alignnent
system ALG. WiHh tHhiesSyafer balingnhrartiably siidhgdrenthe sondirpat v yiem

plurality of shot ar.ea&I t he,wafer _on_the aliq_nment. coordi nat e
system 5 desctT1DEY ple igﬂsvi) BCOBLET ndy.50-cal edAf‘PJeCrr(}‘W&P,u%Fﬁe (or
swi t chi ng of fositdan r; e i Rl 4 | Sqs
perfor meg, an%&?(mi l e E:déﬂt'rgﬁ??%gl%ghggéié%i%(;@ngo‘?ﬁg\a(?%?ltgtgalgté?%éﬁsmg

based on the hasel, af ROPASRELUOhDy ddMRRGS , AHIRAN G RABASHIZRIBIYs NShAISS ,
of encoders 50A to 50D, 10 and controlling the position of reticle

st age RSTShaswnt dinet hékepaand éseneinky e fafguredi by endimt epherohikerr20
16 described previously, main controller_ 20 perforns exposure by
st ep- and- scanthat REFEIFMSHhOVErad ddePRt 5¢hi 2 harthe anfdreopPPagatus.

conventi onal scamigo SESRREL. ISR, 398 S0 Und S G AR LA %
waf er. - described above, during a wafer alignment operation that is
performed by the known EGA (Enhanced Global 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 1s controlled

25 by main controller 20, and during operations other than the

wafer alignment operation, for example, during an exposure

operation, based on the measurement values of encoders 50A

to 50D, the position of wafer stage WST is controlled by main

controllier 20.



FIG 5A shows a state where wafer stage WST is |located at a position
where the vicinity of the center of wafer Wis directly under
projection unit PU and FIG 5B shows a state 20 where wafer stage
WBT is |ocated at a position where the vicinity of an area in between
the center and the periphery of wafer Wis directly under projection
unit PU. Further, FIG 6A shows a state yhere wafer stage WBT is
| ocated at a position where the vicinity of the +Y side edge of wafer
Wis directly 25 under projection unit PU, and FIG 6B shows a state
where waf er stage \iBIcomlingdat,eduaing gppsicipdraftiter thehefdcrhigyment
the edge, which is in a direction angled_at 45-degrees with respect
to the X-axi sCBREAEHR Y18xCOMRRERSH SRE LT (AR (HPWMRerl of shregdiy 2
of wafer Wi Ssv(sjrﬂ.tt.gﬁ“l ggg}éﬂrearti%rnmo%c%l ggsggignp#easu?)r?)ement system needs
to be performed, in which the position measurement system used
5 for positionmeasurement of the wafer stage within the XY plane
is switched from wafer Y interferometer 18Y and wafer X
interferometer 18X; to encoders 50A to 50D. This switching
operation of the position measurement system is performed
roughly in the following procedure.
10 After the wafer alignment is completed, main controller
20 drives wafer stage WST in a predetermined direction, for
example, in the +Y direction, based on the measurement values
of interferometers 18Y, 18X,, 187Z; and 18%Z,.
Then, when wafer stage WST reaches a position where the
15 measurement beam from interferometer 18X, 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,, 18%Z;
20 and 18Z;) so that a 0z rotation (yawing) error (and a 8x rotation
(pitching) error and a Oy rotation (rolling) error) is reduced
to =zero, and then pre-sets the measurement value of
interferometer 18X%; 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 18%; and 18Y is reduced to an ignorable level



Further, FIG 7 shows a state where wafer stage WST is |ocated at a
position where the vicinity of the A-X side edge of wafer Wis
directly under projection unit PU Wen viewing FIGS. 5Ato 7, it can
be seen that in any one of these drawings, 5 at | east one head (in
this enbodi nent, one head or two heads), which belongs to each group
of four groups consisting of Y heads 641310 645, Y heads 646 to 6410,
X heads 661 to 665, and X heads 666 to 6610 on wafer table WTS faces
a correspondi ng scal e menber. As can be seen when conprehensively

consi deri ng 19 eNeEagabe et nd Fhs 9@ aedy vikiareftt sy mgaapeément

mbers 46A to 46D in th L diyecti d.the horizontal .
i oot on wi T DR (o ACEE SRKOBF B of Gt PORSBRT e Sk Lo PEOBS

center, and tg%éﬂvé%rgiea GL1a09REN eﬁezﬁ.*tfpﬂ@im@&lié%aﬁr 2 AR X a5

heads 661 to In the ™X-axis directi'on a e Y-axis 15 direction

with respect tige thisigiehtofalaéest ¢ agesaVWodncddle &X BRI GRJAPPRS Hrids
100, even if wafer stage WST is | ocated at any position within a

nmovenent Pangeled dhef avestaged WABTedafi the evposged, valieedtheodvetaged
heads 641 to 645 and, Y heads 646 to 6410, and X heads 661 to 665 and
X heads 666 tREET AR Hhke SEBPr BYPRh R g hfoFesgestare, mapgurenent

ressurerent oLy SPOSLILENCLn G, ReSL anc el Bl SR T
at all times.qlsi0f REE WSS imkNes | @RFiRG0Svd NQ saf hangaRHerdheay Diue
25 each of the four head groups, 641 to 645, 646 to 6410, 661 to 665
and 666 to 66dD (Ye. gJinebn tdrecwbns obOheagthd)r 60Q.641 Aceodingly, the
10- pre-setting of X linear encoders 50B and 50D and Y linear
encoders 50A and 50C, or 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 of encoders 50A to

15 50D.

In exposure apparatus 100 of this embodiment, similar
to the conventional scanning stepper, a series of operations
suchasreticlealignment(whichincludesrelatingthe:eticle
coqrdinatesystantothevmfercoordinatesystem)andbaseline

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 wvalues of reticle interferometer 16 and interferometer system
18.

Next, main controller 20 performs wafer exchange on

wafer stage WST (performs wafer loading, in the case where

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



t he di stance to cover head 641 and 645) is set |onger than a size
(dianmeter) of wafer Wso as to cover the entire area of the novenent
stroke (novenent range) of wafer stage WST when 34 scanni ng exposure
is perforned to at least the entire surface of wafer W(in this

enbodi ment, so that any of four head groups 641 to 645, 646 to 6410,
661 to 665 and 666 to 6610 (neasurenent Bzans) does not nove off from
the correspondi ng scale nmenber 5 (diffraction grating), or nore

ifically, t hat f, t four, head t .
Reapabl o of BEFF GG Eat fnt 1 SERF ROl tir PHG SEATR Agee) with
exposure and g.perdiod Pk rACHEESE Ald HY %Q_QL%]S%%?&' 99sﬁé@}-ﬁi AEICNEOPRUS, ;i 5

stabilization of wafer stage WST before a after-t scanni ng
exposure, 10 dofenldlihtmenlptaz@@shgement codnililagle, ofidrbharhyit{ her
| ength of each of four scale nmenbers 46A to 46D in each | ongitudi nal
direction (whkdt coreasonddet watfhe ondthe oflidmamegit foactioatgrsys ray)
is set Io%ger t han, or eqrual, to_around the npvenent stroke so as to 15
cover the JentFFICEHREE A IHOUFDYerBnPPERFRRE: of wafer stage WST when

scanni ng exposur e iAsft%(?cr ftﬂggggi%ﬁeg s%}itlc?&%tg 5Petﬁe”%:k;%?.ﬁ:%%%&%%ae%ﬁ%ex%e&t

wafer W(i.e., so asto prev our head~groups

6410/ 661 to ﬁﬁs%aﬁ@eé@@ibedmi@feﬁgtzﬁmﬂme@qaﬁa JH1a® 8OVt A Of g

fromthe correspondi ng scal e nenbers 0 (diffraction gratings ) , or
nore speci fi clé pposdtian dbwpfeyattageesST basebaad thje o lfihemmeasured
becom ng i ncapabl e of perform ng neasurenent, at |east during the

exposur e operih @gvanse apd dhevpeagwremerdegalpacdf angedars &d2abova)D,

accordi ng .t o exposur.e .apparatus 100 of the present enbodi nent,
encoder g&ste?ﬂ 2 éélgpgé?tf"&ﬁjap?rhf r?:e?ﬁplt?ﬁreo?tﬁﬁ?egsgt%%%ew

in the measurement values of reticle interferometer 16 described
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 aplurality 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 projection unit 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 wvhere 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.



directions of three degrees of freedomw thin the XY plane based on
the output of a pair of Y heads 64 that respectively face scale
menbers 46A and 46C and the output of a pair O 35 X heads 66 that
respectively face scal e nenbers 46B and 460, and in response to
i-nstructions of main controller 20, wafer stage drive system 27
drives wafer stage WST along the Xl plangzbased on the positional

i nformati on conputed by encoder system5 50. Accordingly, it becones

possible to drive wafer stage WST with hi gh precision along the X
pl ane based oRU¥HeeFeddGremSROWsad FEgtef g Hafesatiagn BOT iislepeted

entire area of, the noyenent, ran of . waf gr st age T, without placin
the scales (g?atd R8§)1¥§8na"§h‘?%e %glﬁr'éjsﬁjd?foqf &Lt ﬁlée\é\'ﬁ(t istglea‘? 8& Vs
novenent ran ; f f ') . Eubi; her, ccar.di

Cepocure appal APttty naksdtiection anikl PUMCNACGIEEIRG Kos.

exposure to esghcshpt i earobewaben YhafBim Lot logr t38seadrahings,
reticle R (reticle stage RST) and wafer W (wafer stage WST) along the

scanni ng B dat derisgnoni¢ head- &k $hdisr erchdédimenti, t bndihgadpoedive beads) ,
based on the neasurement values of reticle interferoneter 16 and
encoders 50A ReMF 501835RdIBORY, CAntPHa PSS genveshingrofvy

5
(waf er stage 1) int n- scannin irectjon he X-axis
di rection) V\Ii%/%a%lsl geﬂllpjregc€s”i’o% g%?%%ﬂgl é% Réséi eafg %ésﬁ%ﬁé% gand
performthe hy olsMLYe3i 08 SAFIdn WURG cabl @RI Y s HeLbELEsFonding
(reticle stage RST) and wafer W (wafer stage WST) 1 n the non-scanni ng
direction. AcseaXi mghpert heispeisn berseain wiedn ebapRehas beefweondidétinhg
hi gh precision on a plurality of shot areas on wafer W S
251 nci dertlal | §hig dactacendhbedeymsianid arrangenemodifnepale wambeys 46A
met hods such as the, diffraction jinterference nmethod described, above,

or a so-cal | € FielktD Thst KRBt oA Hd teSE4On A EheNiwtadcdhrection
ag?og?EBST6%3&%#%%&ﬁ&%%?ﬁgfkgd%£%%%%ﬁ%gek@iogospf?%gqﬂé?stngPLngqﬂ%a
center, and the symmetric arrangement of Y heads 64, to 6444
and X heads 66; to 66;5 1n 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
646 to 6410, and X heads 661 to 665 and X heads 665 to 66, 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, 644 to 641y, 66, to
665 and 66 to 663 (e.g., in the case of head group 64; to 64s,
the distance to cover head 64; and 645) 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



be used. Next, another enbodi nent of the present invention is
descri bed based on FIG 8. In an exposure apparatus of this

enbodi nent, since only an encoder systemfor a wafer stage 5 is
different fromthat in the previously described enbodi nent, the
encoder systemis described below Incidentally, only the
configuration of the encoder systemis tBge difference fromFI G 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 SFARRIPIFEPISIES 148 éfgﬁﬁﬁﬂ_tichatl@a%t, thfPHge surface
o analon tnersd § AL EURL D AL PLOTELET BV 181

omtted in F owWn 1n Sca

468 each having taneel ongates 6r4§§,t FBgU Al 60! AL cSPARE 681 E (RLASHHANt
the 15 -X side and the +Y side of the | owernost end of projection
unit PU. Theskeasra) eloearhet snetA'ofdndr&b B heareragspohdingd isxad et etiber
barrel platformin a suspended state via a support nenber. Scal e
menber 46AR i §9pfEeaetim gratirgdi der gloys specifonaldbyursa thigtwanh of

the X-axis direcféon ervi%g as its longitudinal direction, in_a

state where an@xiBHIBF2R FeOBIS SOBENRRY HSS0Ee dnGeRaP1S oF BEFERFMRE -
uher | e of a eenter e . A
per pendi cu ar%%gsn%?&%elﬁton@tt ﬂgggé d%%n%ts'cgﬂngggggggg&#é deéFgé‘%Jfé‘@_

in the longit réction) Is o ona ptical “axi

proj ection 25 9pidcatemtsieifdRee 1 Opat N6n Sakd asmm iR oud stEB1 SusdaLs)

of scale nmenber 46A, a reflective type diffraction grating with a
pr edet er m nedopivafrr foragex M@l beforehand | gt tudle woaneipgr erdosure,
direction is in the X-axis direction is formed in the simlar manner
to the méifherfof oty shedcpirsag) - 37 Further, scal e nenber
46B' is placed on the tY side o ojectian uni.t PUw th the Y-axis
di rection serving surit}‘ rl’oﬁéwgaﬂl& @?EF glﬁrigg:r\-‘, Olfnegcglt 8%eg%3ér%cad]r?
extended lin e redi rela t ' L PN | Cul.ar
o the 5 | onglTia ral oy 56t 1on (5 Senrer o PRc ahahqaRELPEnh CHiten
| ongi t udi nal ¢breedps its enéhopdialos @hkhei extaneash lgmeial)t he set
center axis of scale nenber 46A" in the |ongitudinal direction at the
optical axis binggnjden on egtatato sysed Phe @rvehents atirake Ethes -t
side surface) of scale nenber 46B', 10 a reflective type diffraction
grating Wt h @PYReddernthsa preaint fthe vr¥mprat sitHe ofghpfeenstage

ok Lo RS R A0 RS

simlar manner e nanner Vi ouslry scTi

wi dth of scalg,ehernAgaretnya(did ectdonspes ARGt FHoukOnkhg doups
| ongi tudi nal direction (the width of the diffraction grating) i5S

al nost the saéy as ¢hat 6ef tecabg,mepbew 46Aaes6bi hedseay linessupstbnt
the width of scale nenber 46B' (the width of the diffraction grating)
i s about tw dean® Wirgmhmeying 0%l fnebethdeporesuongdidich sgalehrembers

diffract iZ%n g{ﬂgprge?dtion gratings), or more specifically, so as to prevent
the four head groups from becoming incapable of performing
measurement, at least during the exposure operation for wafer
W) .
As is described in detailed above, accordiﬁg to 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 ¥ heads 64 that respectively

face scale members 46A and 46C and the output of a paif of



20Meanwhi | e, on the upper surface of wafer table WIB, X heads 661,
662, -., 665 are placed respectively at positions where Y heads 646,
647, . _, 6410 were placed in the enbodi nent described earlier.
Further, on the upper surface of wafer table WIB, Y heads 641, 642,
._, 645 are placed respectively 25 at positions where X heads 661,
662, _., 665 were placed in the enbodi meps described earlier.

I n thls enbodi nent, in the novenent range of wafer stage VBT during
exposure where waf er Wis |ocated belomlgrOJectlon opti cal stem PL,

at |east two §d?%1%%’?1t 6yt Hesd%eseﬁﬁct&ﬂ&l@u age pcajg nepbakg aafi 116%

4) simultaneo Yy fac | e nenb r.4 al.so_at

head 66p (p= a%@done§b%p%%?o'%3lﬁ casc &8F8 %gﬁﬁ&?—ﬁ%%?rgﬁglf%% Wafer
speci fical ly, st hge RBASUr SR, ¥4l f

which are two Y |nea?léencoder sﬁgfge%ﬁgtvatafuétfe)%ggb%gvsﬁgﬁglggeﬁggﬁr tane
641. +1 faci ngbssed ennebpos #685na Bhdfafmat 1 dmeanpateQ B e § s ©sh
by X head G5, facingscale nmenber 46A", are supplied to main

control | er5 2050 Bad@$ordipadivt iignbecomtpprasibheite dhivewages siage WST
Y-axis directiopons and rotatioonal_ information in the Oz direction of

vaf er stage 1% ?lg ﬁﬁ?¥§¥€néﬁHﬁH¥Eﬁe§§§§ﬁﬂﬁﬁb?ﬁﬁdﬁ@d?ﬁ?@ﬁ%ﬁ?rement
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control of ma age Via wa er étage rive sys

Accordingly, ié(\@géibmésﬂé%“@ﬁagfgwy'ﬁ ofi twehienh13-aae MMTs M Idl My 8hcings)
preci sion becones possible in the sane manner as in the 15

above- descri bed anttodcoendspémtitdenhal ¢yt iren abed. o8, tHdhaovenghth tdnge
t he arran%Fnent area of the two head groups, 641 to 645 and 661 to
665 (e.g.l0 i nof Heekesst¥9eh¥8d -group 641 to 645, the distance to

cover head 641 and s set er  than a size dlaneter fer
20VVVso as to coveF%FﬁﬁeéntFFgoﬁgéggoFotﬁépﬂﬁeﬁﬁeﬁép%¥?%%% 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 (wafer'stage 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 high-precision positioning-
(alignment) of reticle R (reticle etage 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 a 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



(movenent range) of wafer stage WST at | east during the exposure
operation of wafer W(in other words, so as to prevent each of the
head groups (nmeasurenent beans) fromnoving off fromthe
correspondi ng scal e menber (diffraction grating), 25 or nore
specifically, so as to prevent each of the head groups from becom ng
i ncapabl e of perform ng nmeasurenent, durB&g scanni ng exposure of al
the shot areas). Further, in the encoder systemshown in FIG 8, the
| ength (corresponding to the formation range of the diffraction
grating) of sBSI 8Seenber 39 46A° or scale menber 46B in the

longi tudinal dir eCtl\iIe%pc[ i San%?:%elrog%crad%gggt et q:qluefalg%z}e%e%q:ogﬂgﬁ%lpg?r} :iKs
t he oKe

novenent stroke so as t'o COVEr entire area O he "novere

(moverent ranggycpiod@iflsest saerMBT sat {£ast «dubkide t45HLHUULE Pris
operation of wafer W(in other words, so as to prevent ‘each of the

head groups (emeasdimsretit dierses pnflyoamnmentode offyddedmfiorea wafer stage
correspondi ng scal e (diffraction grating), or nore specifically, so
as to preventiegdéfferenhdnemahaft dupdef poev e dgs¢nteghpneodiment,

f i t, during, i of all _the shot
reagy 0 TR R POty b A CBRBBURSRAE LR -« HEGHAESERE LY nves Ore

oueroe e SOTEREL L o il SUCSNEOTIGR P S (9 e coon

different fromg¢has, i andhenprevbpeisty €rsCHbbELi SO HEIYS, the same

reference sigﬁs are applied to the constituents having the

10 same or equivalent operations or functions as/to those shown

'in FIG. 3, and the explanation thereof is omitted. Further,
interferometer system 18 is omitted in FIG B.

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 lpm pitch whose

periodic direction is in the X-axis direction is formed in

the similar manner to the manner previously described.



15 the encoder systemis described below Incidentally, only the
configuration of the encoder systemis the difference fromFI G 3,
and therefore in the description below, the sane reference signs are
applied to the constituents having the sane or equival ent operations
or functions as/to those shown 20 in FIG 3, and the expl anation
thereof is omtted. In FIG 9, a %tale nenber 46B" having an
el ongated rectangul ar plate shape is placed on the +Y side of the

| ower nost end of pr tion un t PU. Sc 468" e
si ze (I ength and vlethrﬁ-)Ch “4¢ 2G4 %Wﬂfbegr ﬁgg Cl?éid°§5ﬂbe? gg @‘Fy‘?f
On the surfac&r&ié@cl& Hrde sy facs)crd YSQQEE &?H@@El%@emmoeeggrlt
reflective type two-di nensional diffraction grating t i's conpose
of a grating widiwudiedederacoednpitich, s Hte etmRl 8n exiddiidd thne of
having a periodic direction in the Y-axis direction and a grating
with a 40 pradesmtan nbtheitekstedbreeramiirectaohpppirpehdhavlany o the
periodic direction in the X-axis, direction is fornmed. Further, on the

upper sur fPacet RIWHENGapfireaE o | 8 t%t&rne%%ri%néf‘tﬁ’é‘é%%g(zl} the
heads) 681 t g5 ta{aejtrﬁalacdq.%e%tclgng éeccni ’éheggmwrétd %g(re:% %z%d%cge.l.%rbe

X-axi s dlrectlo € sane arrangenmen
645 shown in & GneB daseri beds L\dQuS ¥emBag Ny 40 fH weasi oG + a1

can be configured, for exanple, including a pair of X diffraction
gratings and éipsttricof a¥ dihkf pacttah gtbd o) Prdiexedoacapesdall Osdtaim
emt neasurenent beans in the +Z direction and converge

PL. On the surface (the -7 side surface) of scale member 46B',

10 a reflective type diffraction grating with a predetermined
pitch, for example, with a 1pum pitch whose periodic direction
is in the Y-axis direction is formed in the similar manner
to the manner previously 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 mefnber 46B’ (the width of thediffraction
grating) is 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 665, 66, ..., 665 are placed respectively at positions
where Y heads 644, 647, ..., 6419 were placed in the embodiment
described earlier. Further, on the upper surface of wafer
table WTB, Y heads 64;, 642, ..., 645 are placed respectively

25 at positions where X heads 661, 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 6441



diffracted lights 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 nensional 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 detegg¢s the lights that have
interfered at the index scale. Mre specifically, a two-dinensional
encoder head bﬁ_a so-called three grating diffraction 20 interference
S

met hod can be (TSR £8P hbdds 468 imel B ousis] ééﬁ?a‘?‘ﬁ/l,e PEEPEL &R 1
he 2D heads, - di ' WM t
the eads ?ﬁ%o & !a@egééggaénQ%ﬁﬁggé ggn*g?%i_\r%n@ ofte ?@ﬁgégr’?g ace

d!rection in -axi's !recplon an ( ( srona ea
W th a measur goend ndinbeetd @it i nubhe s¥edXics cdh I §C M EA Retgorhitks

conmbination. 25 In this case, the irradiation positions of the

measurenent of a total of three encoders, which are two Y linear encoders
5 constituted by Y heads 64; and 64;4+; facing scale member 46B’,
and an X linear encoder constituted by X head 66, facing scale
member 46A7, are supplied ;co main controller 20. Based on
positional information in the X-axis and Y-axis directions
and rotational information in the 6z direction of wafer stage
10 WST, which are computed based on the measurement values of
these three encoders, main controller 20 performs position
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.g.,
in the case of head group 64; to 645, the distance to cover
head 64; and 645) is sAet 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
enccecder system shown in FIG. 8, the length (corresponding to

the formation range of the diffraction grating) of scale member



beans of the X head and the Y head do not have to be at a sane
position. Incidentally, in the present description, a term

"two-di nensi onal head" is used as a concept including the conbination
of two one-di nensional heads |ike the conmbination 41 of the X head
and the Y head as descri bed above. In the stage device

equi pped with the encoder system having 8%e configuration shown in
FIG 9, in the novenent range of wafer stage WST during exposure

wh f Wis, | t 5 jecti tical PL, at
'cast v ad] ARAntC SO FAE BB s A560 8 oL (7 LAE e Be11 cr 6ogy Ton Ls
si mul t aneousl g?{ ai% ltﬁaﬂ'egpg\%lfgg\l "i:O g@é&f&?f\e‘ ;ﬂ Gérlﬂégt stt%ke Sa %Sy

nmeasur enent values of the two t mensi onal encoders constitute

2D heads 68i e8dc68dri thdaént pee H6al & MRemARBenar 8+sHRR! iBEvément
main 10 controller 20. Main controller 20 perfornms position control

of wafer stageamBd) vl waifer sitwgpe di$Veatyskeewt2 udiagediton exposure
positional_ informatjon in the X-axis and Y-axis directions and
rotational® i nPRRFREIVh I vekerdd i Qitisgnerdfaf e &t dgePPBYSRhatach

are conputed b d qn _the neasurenent val ues of thgse 15 two
encoders. AcG%?gﬁﬁb%fééhgﬁﬁgﬁ?ee%%ﬁ%ﬂf%ﬂﬁ&gdﬁﬁ%ﬂggdﬁ%?“&FW&ngffaafﬁﬁm
stage VBT becopes ResekBbagkAgt &[T (HRARLI 4%, ng&Q@iﬁ&Pdeqeﬂﬁéke

~above. Incidentally, in the cases such as where the rotatTonal
i nformati on oépaaifircallage sVWbdsi to tgevahtdetett bONE KD e adordGphafitom
to be neasured, or where the rotational information in the Oz
direction nedetgauing innapaple ofumentosydngmess yremgadd, during scanning

10 exposure of all the shot areas).

Next, yet another embodiment of the present invention
is described based on FIG. 2. 1In 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 theencoder system is describedbelow. Incidentally, 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 is 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
member 46B”, however, a reflective type two-dimensional
diffraction grating that is composed of a grating with a
predetermined pitch, for example, a lympitch having a periodic

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



a configuration can be enployed in which at | east one of 2D heads 681
to 685 faces scale nenber 46r. In this case, instead of scal e nenber
46B", two scale nenbers in which 25 two-di nensional diffraction
gratings are fornmed can be arranged. By doing so, the entire area of

t he npovement

range of wafer stage WST at | east during the exposure

operation can be covered while keeping thg size of each scal e nenber
fromincreasing. In this case, the two scal e nenbers can be pl aced
42 so that the respective |ongitudinal directions are orthogonal to
each ot her orpradetbermirasktdi e hfohexaeppecta Vjgm banghthzdiingla periodic
directions in_a saneg direction. Incidentall g% in each of the

I

enbodi ment s aﬂbﬁ%pt%ﬂqtﬁﬂuﬂ?GSXp8§ﬂF|Ghrﬁﬁﬁ%

1 fEQpaes stage WST is

to be performed usi:gdhe egoder gyster deses idier garllgh Jinhnoethe

exposure operation

i ON con rol er S

can be perforﬂe@l—m&gsltéaele%eaer (ShSkedasSN B 8 éégea%amaeédsy@m
as FIGS. 3, 8 and 9 also in operatlons such as an al 1 gnnent

oper ati on ¥ i nerede tegrmainddedistanoar kn dﬂteex&aamso@eraittmn,vmmhthe same
al i gnnment system ALG and/or an exchange operation of wafers. In this
case, the swi REFRRIPPET &S oH-téf herd gosPPhofdmitas flentheowsytn efAG. 8
descri bed pre |ouslﬁ paturall beco gc#nnecessar¥8115lf khls case,

in the case

10

15

20

25

two dime ona ead can be

BT 1 eﬂE%%&ﬁ 5t e
configured, for example, including a pair of X diffraction
gratings and a pair of Y diffraction gratings (fixed scales)
that emit measurement beams in the +Z direction and converge
diffracted lights of a predetermined order of 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
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 index scale. More specifically, a two-dimensional
encoder head by a so-called three grating diffraction
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.
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



described earlier (FIGS. 3, 8 and 9) is used also during operations
such as detection of alignnment marks on wafer Wor the second
fiducial marks of wafer stage WST using alignnment system ALG it is
preferable that the arrangenent (e.g. 20 including at |east one of
the position and the nunber) of the heads and/or the arrangenent of
the scale nenbers (e.g. including at | east one of the position, the
nunber and the size) axelis set also taking I nto consideration the

t th| det operation. 25
Vor o spect 11 oaF LY Sie Aty e TABERL: Foretier A AR o o, mar ks
that is perfor ”Ed afr} &hd @%a\éf@f aévﬂ:@g@qﬁ %ttho ee%gagﬁeg’;&gem

p05|t|on of alignnment system Al exa e, Inorder to ma
posi ti on neaskieleRthe m@ﬂleg@;tﬁa@man@hdw £¢ rdegreesn ehefmerdemiotaddie

X-axis, Y-axis and Oz directions

of wafer stage WST during exposure where wafer W is located
5 under projection optical system PL, at least two adjacent 2D
heads 68; and 68i4; (i=any one of 1 to 4) simultaneously face
scale member 46B”. More specifically, the measurement values
of the two two-dimensional encoders constituted by 2D heads
68; and 6834 that face scale member 46B” are supplied to main
10 controller 20. Main controller 20 performs position control
of wafer stage WST via wafer stage drive system 27, based on
positional information in the X-axis and Y-axis directions
and rotational information in the 0z 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 68; 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



43 possible, it is preferable that the arrangenent of the heads

and/ or the scale nenbers is set so that at |east three heads
constantly continue to face the sane and/or different scale nenber(s)
(diffraction grating(s)) corresponding thereto, or 5 nore
specifically, so that the position control of the wafer stage is
prevented from di scontinuing due to the sition nmeasurenent with the
encoder system beconm ng i npossible. In this case, as an exanple, the
size of the scale nenbers in each of the enbodi nents can be set so

t hat the scal =o halietrlse T6spantbee Usedibotihnah direceéipas e opeliad ool

and the alignment operation, or scale menbers to be used in the
al i gnnment opefaERr6h CAPRr grRdIRyRdacePaiahdiie Frapsehiovs danel heddietls

descri bed preyjously. Especially in the, |latter case, for exanple, the
scal e menber S SFEUT AP Bt AaRglYE POFSaFIPhment 15 system ALG In i he

arrangenent siml ar ange {4 | N
e HSTE B and- grogRERT LRI of Trtlb s QM PRt

scal e menger spotsiadh o coh@ reX pes WaeaPet age WMETAAE 86 YL Pl FORREGR $hg
menber arranged separately, position neasurenent of wafer stage WST

can be 20 perfhe nedcodeh shetencdderrSyst emanaliszr i duting athegnespisure
operation or the like. Incjdentally, during detection of the first
fiducial mar KPP HeerisEagev BT WS 1then, epperel Af yadent Styee AT
descri bed ear|lier, .and/ or urig%%g tectian_of proj cted.Z% [ es, of
mar ks of ot I EHPR P £ SRR R B kR R T
aerial inmage JRASHEIFGSSYS 8MARSS Ll BEA reGhd + & s o SuPPEL PN i gnment
measur enent of wafer stage WET with the interferoneter system
descri bed opr et iyorc ahnbeupirid atneshsthatmd tk Hetpeeien apleeathah with
posi ti on nmeasurenent of wafer :
alignment system ALG) and/or an exchange operation of wafers.
In this case, the switching operation of the position
measurement system described previocusly naturally becomes
unnecessary.
15 In this case, in the case where the encoder system
described earlier (FIGS. 3, 8 and 92) 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.g.
20 including at least one of the position and the number) of the
heads and/or the arrangement of the scale members (e.q.
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 0z directiomns



44 stage WST is perfornmed with the encoder systemincluding the scale
menbers of each of the above-described enbodi nents. Furt her,
in the case where the encoder system described earlier (FIGS. 3, 8
and 9) is used when wafer stage WBT is 5 |located at the exchange
position of wafers (including at |east one of the |oading position -
and the unl oading position), it is preferable that the arrangenent
and the like of the heads and/or the scat®s are set, in the simlar
~manner to the manner described earlier, taking into consideration the
nmovenent 10 rgheeiwie t he vafere @ ol Bhéb&ﬂ@&@&aﬁﬁéﬁ@zﬂ@%@lﬁﬁé%ﬁéﬁb
as well. More specifically, it is preferable that the arrangenent of
t he heads andimdt/dhehecakbelaembdrexrs dsse¢t s® that dhelgeesi thoae heads
control of the wafer stage is prevented from discontinuing due to the
posi tion meastREHEBRTIW CPNERBUENER dercel S hey samen HEYEH ﬁ‘@fgﬁﬁ%%if’tﬂ@,e

| t th f h ifi ) th t hi b id
the case her iR BHlcGALEE LIS ISR AEaEiTBoN bAPTrerpprntes etgthy or
9) is useg qug(;f@ s%%\é%"f‘i@%l? ,V@J%ﬁla%tegg_p\ééﬁﬁ%%s&wf oﬁxeggm%fer

position of ers and the exposure position ere areticle

pattern is trafisfeerieh el exiomiepbheahusigt e Pto Othé hfosition
measur enment position where nmark detection with alignment system ALG
i s perfornmed,mneaslimamdrdt weéeh thee eneadear eapsiterpbsconbng dinpaisisghirent In
system AI G and the exposure position. Mreover, as_ is disclosed in,,
for exanpl e, WS PBR%en@ES2EINGXaBPL82, 7% P tHe HckEC24f sBERREEhHe R
case of an exposur arat us. by .a tw n-waf er-st age th h
exocute an odlre BB SRR R SRR e at SRS AR pas reiarhe

detecti on oW tds amealsgRMBIEL SYSERE Abdie bbg‘f’lt%zg%ﬁd ik RePAT Bddnt

using two wafer stages, positiaon control of each wafer 45 stage can
be perforned asergyidis encodeslesynéeberestesi bed waad iigr {id Galighméht
and 9) in which heads are arranged at each wafer stage simlarly

to. each of teratafddinmeansbabaveanded sepgratisdy Howm diley sdad ¢ menres

exposure operation but alsaog 5 during anofher operation, for exanplg,
during the rrég%?m e Sy - ngP‘F?b"ﬁlﬁé rg}ﬁ%n At 4 SHaf
stage can be r i er e dgsg[ rli
appropri at el y%é%%%%gﬁ?egg?;gﬁbegﬁ%%% S'Pgﬁzé ﬁéea S e{{ %ggfg?héej_'g %r{%lt
menbers i t he,Sidi Ak FRNERE 4 - diRniRRNsimsessridatheldrpafybnsst Yas
For exanple, by appropriately setting the arrangenent of the heads,

posi ti on contstelwrofineabé dwafveimast agehcan FIESpedf & mad 2si 0y ,t hg sciale
menbers of each of the enbodi nents above w thout change, but a scale

nmenber that cdh Rassen et ng Pheradhslrefredta bpdratbif ety the

arranged 15 separately from.,the faregoin cal e rrerrgers. In_this

case, as an EXEIES U LdsPe MEnBEr ¢ TRkt CAPeohrAEcleTRCt Hettanged

arrangement sl %ﬂté]&tg’%sﬁ%ﬁ READSE Smt &HC Ry afe Q%aﬁ@bﬁﬁ'@éﬁ Soe

above, for exarpl'e, pldc in a cross shape wth alignment system ALG

as the cent erpef@mddangeth 8RE paASbHELNElstem 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 positionzneasurement of wafer stage WST with the

interferometer system described previously can be performed,

but it is preferable that the position measurement of wafer



20 information of each wafer stage can be neasured with these scale
menbers and the correspondi ng heads during the neasurenent operation
descri bed above. In the case of the exposure apparatus by a

tw n-waf er-stage net hod, for exanple, heads are arranged respectively
in the arrangenent simlar 25 to the previously-described case (FIGS.
3, 8 and 9) and when the exposure operatjpn of a wafer nounted on one
waf er stage is conpleted, the other wafer stage on which a next

wafer, to which mark detection and the |ike have been perfornmed at

t he neasur enesitag®IiSTi o8, pefanmet wilthstip soeddar sywtaxposipndingghe

position in exchange of the one wafer stage. Further, the neasurenent
operation thatc3e g‘&ﬁ"fl?frrﬁeﬂ’fi faphr af | Bhe Vi %V%WSQﬁb?Gr EMBREr AR ohr

is not limted to %rri%hg%t elcr$ it?lre] %Oa{slefqgge%ftq{e %EQd%Pgsg ltiee\%gﬁrggéribed

system but detection of Surface ormati on (suc

di fference i ndornedid omprcef. Bhegwahgrorals alsy %e&ek}ﬁa%ﬁﬁgtéﬁétw i
or in conbination with the mark detection. Incidental Ty, in

t he descr i5pt i bscatrayet the édehangepubet opadsi wa Her<hhedhddig bheleast
waf er stage using the encoder 10 system described previously is

di scont i nued @ne tdfe theasaréhphtPqrddilionoandr th¢ andaaddngerpdst i poh, idr
during novenent of _the fer stage fromone of the exposure position,
t he measur enefit pﬁg?g!etriagﬁ:gaﬁba? ﬁg‘%eiﬁﬁﬁﬂ%@“?f&iaﬂdoﬁh‘?éﬂ]ﬁeoﬁ EQ? heads
posi ti O.n’ theal‘HiP/SC!II £8Q é:c%ltersogr fsettheiwacfh rs?ﬁ?ﬂfrﬁl nh@? the mannerx
respective positions or during the rovenment referred to above is

preferably peddsimtRa usirmdea)ot-AREnFEARYHEEBALIdEVAELOA Ctlfle @vement
interferoneter, an encoder, or the like) that is separate fromthe

encoder 4y¥st emndaicithéhe vafeachagfe tihetkabeomliermw ixchabgeeppasatsorR@s
di sclosed in, for exanple, the panphlet of International Publication
No. 2005/ 074094t he ¥oFe eshesdifigalls, Phtents Appicifeaebéa that the

Publ i cati on No. 2007/0 23 061)1 néd O¥she lJ ke, g nmeasurenent stage i.S
ar r anged sepaarrdi%%?“\‘ern%m h SIS PRGLCAnk ?h%c%eeawfng’ﬁﬁﬁtl t3ge 5%
placed directlnysUpHeLd¥iYi®nl éGkrol 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



25 optical system PL in exchange of the wafer stage during operations
such as the exchange operation of wafers, and the characteristics of
t he exposure apparatus (e.g. the image-form ng characteristic
(wavefront aberration) of the projection optical system the
pol ari zation characteristic 47 of illumnpation light IL, or the
li ke) can be nmeasured. In this case, the,peads are also placed on the
measur enent stage and position control o# t he measurenent stage can
be perforned using the scal e nenbers described earlier. Further,
during 5 the ekposucen operperHormdd ausvafe rehro wmicediean stylséematiescribed
stage, the neasurenent stage withdraws to a predetermnm ned position
that does not ®#htER¥ G-t fv thandateingthigdh hpadacss arnagnged ke each

t st [ d_het t hi it | iti dth
xposur & posi VFEFE HAFSROFELERE 50 S0 ie RERt COPOT TS HEn e TR o

the scale menpers ank thed io'?ﬁ.ga'a%rﬁﬁ f@ﬁé‘béfypésq;réicggelr%rtlﬂgnt E&%Pﬁ%so

case described earlier so as tO prevent position neasurenent

encoder syt ednf 19MaheCaB e IADS, b & AREMPOE| @A NGOHd Bbashiréént
measur enent stage from being discontinued also at the 15 w t hdr awal
position or aperaftkdmg papidiem repenremendfof hmaki Wadieawakapescan dre
and the exposure_position to the other, by also taking a novenent
range- of the RRESUTRRNT1ERadd s neocednisi ¥FREPoRleSICALPER| Pard itke by

case of the I t ., ALt ernativel in the ¢ ere th
position con%r%?rsjt%%%’fosﬁég%% écrlrleen }_(rs %%eemeor& ?ﬁe%%ee\r,\\ggﬁg? a@!ﬁ’@rﬁhe
described eariéfre inferfie¥GORhi PHEM A1 Hd1e W hBAT 8¥al L PARINNEPNdQEcribed
during the novenent, the position control of the neasurenent stage Is
pref er abl0 pesferimdslysi Nng Famotdreimpirgs ube mepiprdeviate(¢. Getdling the
interferoneter, an encoder or the like) which is separate from 25 the
encoder syst edfrapgendnt pddihe beadonbesitben taeatmedsuf eachtwadieaget agm
be perforned only with %he interteroggter system descri bed earlier.

Further, in e%th BF PRETBRBEUI HEAPY &BGvVECFASAFEIRAEE Bt W& Phpdihe
of the scale Wn%rwgbg{'g m%_ri:rh%ri'ﬁeghgﬁé&ngh@ga scale member that can

be used during the measurement operation can also be arranged
15 separately from the foregolng scale members. In 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 systemALG 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



48 in a sane direction has to be increased, due to, for exanple, a
size of projection unit PU or the like, and therefore during scanning
exposure of a specific shot area on wafer W for exanple, a shot area
| ocated on the outernobst circunference; 5 a correspondi ng head does
not face one of the pair of the scale nenbers in sonme cases. As an
exanpl e, when the size of projection unijgPU showmn in FIG 3 is
slightly increased, any corresponding X head 66 does not face scale
menber 46B of a pair of scale nenbers 468 and 460. Furthernore, in a
liquid 10 inn@@%f%mpmypé<§¥ﬁ@§ﬂﬁe0§pﬁhﬁa90§ W%ﬁ%ﬁuQﬁﬁQESpébétb@ruwﬁhe
projection optical system PL wafer is filled wth a |iquid

(e. 0. pure webeqsErenent PPEE?%lRﬂlWF 5 @i Rwd i PR L BdappiR, the
the panphl et 822 cgﬁf%rlﬂ%é l hg@t 191{{'11{\&1 oglm%%:ioﬂie%ggtﬁ.gﬁ J)f k@he

a nozzl e menber: supp
wafer with the allgnment system, but detectioh of surface

5 information (such as level difference information) of the
wafer can also be performed instead of or in comblnation with
the mark detection.

Incidentally, in the description above, in the case

where position control of the wafer stage using the encoder

10 system described previously is discontinued at the

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.g.

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



15 the liquid is arranged so as to enclose projection unit PU and
therefore it becones nore difficult to place the heads close to the
exposure area described earlier of projection optical system PL.
Accordingly, in the case of enploying the encoder system shown in
FIG 3 in the liquid inmersion type 20 exposure apparatus, two pieces
of positional information in each of thetX-axis and Y-axis directions
doe not have to be constantly neasurable, but the encoder system

shoul d be Conéfgﬂrﬁ(;.?nt 3t 1&?95@1?0% %fhep‘iiké 00, Bé‘%x%’é@%&%@“ anf

nmeasur abl e i n one e X- axi Y-axis dlrec i ONsS an

pi ece of posithDHasie)l ORERQR 4B MADUPBRESD I0h LRhE riih@iremMBEestage
specifically, in the position control of the wafer stage (or the

neasur enent samgepswittbntdretendoote theysiaamr emen tps oes cah hpoge t famed
information in each of the X-axis and Y-axis directions, which are
four pieces deJd&lttheoﬁEPlFrﬁ‘?ﬁlﬁ%ﬂfﬁ Sigscribed earlier. Further, during

5 the exposure operation of a wafer mounted on the wafer stage,
the measurement stage withdraws to a predetermined position
that does not interfere with the wafer stage and accordingly
the measurement stage 'is moved between this withdrawal
position and the exposure position. Therefore, the

10 arrangement of the heads and/or the scale members and the like
are preferably set similarly to the case described earlier
so as to prevent position measurement by the encoder system
from becoming impossible and position control of the
measurement stage f£rom 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 using another measurement device (e.g. an
interferometer, an encoder or the like) which is separate from

25 the encoder system. QOr, the position control of the
measurement stage can be performed only witﬁ 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



49 in total, do not necessarily have to be used. Further, in
each of the enbodi ments above, the configuration of interferoneter
system 18 is not limted to the one shown in FIG 3, but for exanple,
when the scale nenbers 5 are placed also at alignnment system ALG (at
t he neasurenent position), interferonmeter system 18 does not have to
be equi pped with wafer X interferoneter &?XZ or wafer X
interferoneter 18X2 can be constituted by, for exanple, a nultiaxial
interferoneter simlar to wafer Y interferometer 10 18Y, and
rotational inferameamendixedtiganabotanbe {ndteayd, otiveater fatragramifile,
can al so be neasured besides the X-position of wafer stage WST.
Furthernore, &®iggchf profieetéppotiieilsombbeelikat anddihmnstforesyetiang
18 is to be used for calibration of the encoder gsten1or for

posi tion neas%ﬁ%ﬁﬁ%ﬂg(ﬁXRQﬁ¥RﬁﬂQQ’al?ﬁ??éééclﬁhBEe BeRomR BRhRF WnakPr
the exposure &Bﬁﬁ Og S #% %%f a@gé H? 98 6 &ﬂ@?qiggr? fere?Fe,
er sys

limting, and ér Sys er one

used togetshera 'c@r%%sb@ﬁain?%a@c dé@@ n@¥PRAY BnERAT 8hé P2irl B€ the scale
measur enent operation (including the alignnent operation), and the

i ke. For 20 retebgtse, innsthe caseswheRe encecempdpgst einehO th@nrize of
perform neasurenent or its neasurenment values are abnornal, encoder
system 50 carP¥RJ %%thzhéalt:omi shernelbiifer3 SypssbhonBly dnesreisade any

t trol of | d | |
Embodi ment Sna‘%%f%o L RoREror & AP eE S8CDURr TRoroRess $05%F °
arranged, 33 ?ngﬁgﬁér%é?@eefg (ﬁ%@ R Yadtf Ak A00Efore, in 2 liquid
in eac e e waf er

Furt her, ment s a ove, the position of

stage WBT0i N Bimdeaisin ay@e0kbxbbeuXe axpsatithsr-1axXivhidhr &CbHOBS bétiden
be neasured with encoder system 50, but this 50 is not intended to

be limting, e qdsicn aptiessayetenttliand avaZeaxisidl tetwioh achiguid
al so be performed. For exanple, heads by an encoder nethod that can
measure the pbsi%i gifien "ﬁ’f@rZO&”xFéledllrlé‘@tvoWhéﬁh be dirahRRr ot Hee

waf er stage 5 $ rate fron1 heads scrl e rt
heads descri b&d Iﬁ?%?lohé? Hg' he% gf g ﬁoﬂg% ﬁ%gﬂfﬁét68§|€ron
in at |east 0(4)9‘5 d4h§na<’l:ﬁé'l%]éénda ¥o3%h 8 nsé&nﬁo%etdxoeﬁe q&@&etaﬁaw@gl%
in the Z-axis direction. Further, in the encoder system shown In

FIGS. 3 and 8he 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 liquid 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



10 at least either of the X heads or Y heads are replaced with the 2D
heads and the scal e nenber facing the 20 heads can be a scal e nenber
on which a two-dinensional diffraction grating is forthed. In this
case, in the encoder systemshown in FIG 3, the nunber of the scale
menbers can be decreased fromfour 15 to two at the fewest, and in

t he encoder systemshown in FIG 8, by useng a scal e nenber on which
a two-dinensional grating is forned as scal e nmenber 46B in

particular, the width of the scale nenber 46B° can be narrower.
Further, in ea?:ht%?a%hej‘e%dlﬁ%ﬁ%aé%v&a‘ae2‘63&%f‘%s@fﬁr ation is

enpl oyed in which rality_of asu t be can .constantly
irradi ated to one 25(:’0"[;%11:;{‘1 ménbér iy ffngggas%&@%de%erbﬁ‘?e ﬁéggﬁferﬁfﬁ
beam becones abRe!f@kat IHRASH ?H@Q%fé’@&né}?exc%%‘t@ﬂe@s bys %\Mtt §hhDgediteo

to anot her neasurenent beam In this case, a“plurality of measurenent
25 beans can tiee bheatigiretn Fact. e, saalferneesld, rommmaemme BEmB e KN
a plurality of different heads. In the case where a plurality of

measur ene® bawerelaced edsdi at el tanmend syskemmdibelat tthe peasaténsnt

of neasurenent beans are 1Ii)ref erably irradi ated to di fferent ﬁgOSItI Qns
on the scal e ARfbeton) 511 terferqﬂiﬁtﬁ?ersyﬁﬁéh Yt dpessigfely

descri bed ear %‘gﬁ?ﬁrﬁacpegrgﬁy eg t}% er}%m%tgkurfé){zty oLI ‘sﬂgg [_, x

scal e nenbers on a plate nmenber

this case, whgn & hioadhdihat ﬂs@ﬁeéaﬁ EQ“E@ﬁEtﬂQu@@&t]bW‘ P&ﬁV\@%}nﬁl@ a
small 5 scal e menbers becones unneasurabl e or has neasur enent

abnormal ity, mostiid:orelrdaseréaeahecan diemijerf domedifext tYed naerfetymeter

usi ng anot her_head that faces sections other than the connecting
section. 10 18Y, anF’uFPh@FIOIFhJe larfpamgehem(eofgtbrewmeaopéwheeénlr-beu Qi

each 10 of the above s an e a and, e. ar n enment
or he hoads TRt UATEoRBAcEs sy B Frantrsa UK dak e R19E B an

of the enbodi wasf 46@95{;%%% boi‘ﬁr%ﬁtxgﬁ?gfél & MEODET S 248 LALbE n;bﬁm%d

in a suspende stateto arre ormvia t e support nme

but the scal eap@rdersteaetbndeehe@tby BNakhes Heohgbd G oreshEi b hitin
than the barrel platform Further, in each of the enbodi nents

descri bed abovgthehencmipespster cadf ospeeit ioh rdes sealca tnefribesyaiar
al so be perfor med as needed. Further, in each of the enbodinents

descri beddabo¥e299 015 iomeg athenscaf et E?%l%)ex@é’sh‘é? ﬁﬁ%a‘t?borbe but
pl aced corres nd| ng t thentl re ache_8 ]?e the novenen
S c

waf er stage S iepelit RS A TRE &5 88&8??1‘* o Hg™

can be perforé@dar{lprﬁt%%%'e%me#;@@ deotah!ys ddh erchiseh EB&ether in at
enmbodi nrents descri bed above,

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 oﬁe of the X-axis and Y-axis

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



25 the case has been descri bed where the present invention is applied
to the scanning stepper, but this is not intended to be Iimting, and
the present invention can also be applied to a static exposure
apparatus such as a stepper. Even with the stepper, by nmeasuring the
position of a stage, on which 52 an object that is subject to
exposure is nounted, using an encoder, oggurrence of position
measurenent error caused by air fluctuations can be reduced to al nost
zero, which is unlike the case where the position of the stage is
measur ed usi ngs Mman iinteadkedr boeber], irdnd nbheaed ges 1 thieomp asasueamefit t tre
stage can be set with high precision based on the measurenent val ues
of the encode??emﬁT%ﬁFﬂ%o%%%‘%ﬁi‘émq yataledsd teepegifigraeds t Fansewamale,

ticl tt th bj ect with high i Si . Further, .th
bresent | nventP ¢ SBORUShIF RS (5 EOnr BHALTOR T BPBLEFOR n
exposure appagg@l us_by; a a&%eaéfgﬁ5%550%e”%&H%ﬂgEBaEu§Mﬂ&§?ﬁéé§$ §ﬁ$ge
a urt t he of the

shot area and a shot area. er, magni fication

proj ecti ors opségataisd/St Eomnt id @086 Er BRRBHREWS ollBL PAWY Bhethads
enbodi nents descri bed above is not only a reduction system but also

can 15 be ei téescuibahpadv eyl ¥ ganpesyestdmiioat aanagrisyierthesyss smon
and projection optical systemPt is not only a dioptric system but

al so can be ei? iEr 18384 8perPE Hatedde aneaf mibprdirecsyenaengndrihe
in addition, the. project i page.can. be either an inverted i mage or
an upri ght iﬂ%ﬁﬁ%:fﬁLdf¥%gF,g?%ﬁﬁﬁiﬁéf??ﬁﬁ??ght ILis not limted to
the All" excimer |agghnlhghtn (May eheBakl: s J S MshowBUin GRELE 3280nd 8,
ultraviolet light such as a KrF exciner |aser |ight (wavel ength:
248nm) , 1r aatvdoiast elithavi of ethd ixgMeagiscbras wgnd® araseeplaghd with
(wavel ength: 157nm) . As is disclosed in, 25 for exanple, U S. Patent
No. 7,023, 61the #lhheadai andviie sehilemémoarhifaicied blye adiphiebygisngam be
si ngl e-wavel engt h_| aser, beamin the infragred or visible range emtted

by a DFB seni2RAUEIHT I8P B d1 Berva gedenshPRAL £ iF&C APl 73 €hnd
doped wWith, oL sOIAR. € rLRLMAOL, DOl bnel DN AN MLLRT SN o r R
gt ravi ol et g g a

by 53 converting € wavel en rntou using
nonlinear opt3caheCh¥ibét ofC8Re M &N DAHBEs @ KaCadRdd ddAYk8hetour

'Taht. 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.

Ffurther, 1in each of the embodiments 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 another
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. 1In 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.



Further, in each of the enbodi nents above, illuminati-on 5 light IL of
t he exposure apparatus is not limted to the Iight 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
exanpl e, the present invention can also be applied to an EUV (Extrene
U traviol et) exposure apparatus 10 that &%es an EUV light in a soft
X-ray range (e.g. a wavelength range from5 to 15 nu). Besides such

oxpostr e appar at us AT ce haFquIr RaF i1 BRECRE AN e oo o7 oan
el ectron beamyorc&fri AlrEHY mbriik! QeFlufé‘lJ‘?@}F*’b@fsr&aﬁq eehedi AERLSrs

above, a transm ssive type nask (rétic IS a transm ssive

substrate on M@|mlﬁe@rauegeieefdmme(bllaﬂﬂmeﬁ]&£bdItllt@ Pikd er In(tHiscase,

phase pattern or a light attenuation pattern) is fornmed, is used.

| nst ead of th¥ken &t hehd, tfrﬂj:/\éa@es asonpedt vy cawt 120 batwéen tieasphll
No. 6,778, el ectron mask (which is also called a

U S. Patent
vari ab?eeg’napﬁﬂa}%sﬁﬂe réctB@@"‘ﬁ%%k ‘H}me&ﬁulrﬁﬁéé g%erk%ftsormeéﬁﬂrement
includes, for_gx Aleltfype | gﬂg&g al mf% oLLer Revi cel% g%#ormed

type of a nonz em Ss10on nage di sp eV| Cé (spatia

nmodul ator) oraiferea1448) @AnwhbeBtBeli H@éd LRSS @atcre'aneEQEEﬁé n@t}?er
reflection pattern, or an em ssion pattern is fornmed according t

el ectroni ¢ datkamfthideqatdcrimagt lsattisnt o be exposed can al so be
used. In the case of using such a variable shaped nask, a stage on
which a wafer, a glfasdherat hearrraoenreticl fbameadls gasesikediinethch

relatlvetoth aria shaped nmask,, and therefore t equi val ent
effect td eac Egé’ﬁﬁgﬁf‘ n?%o‘é%d\?ea(‘?aﬁx%‘@p%‘f)t aﬁrﬁtg NGy 2 FEARGFITRE

the position ‘?E gk{% \g tn%tagp@gﬁgggrto agf] ]&Q@{t’ln i s disclosed

in, for exanple e parrph et of Internation ‘i on No.
2001/ 035168, the prregehier, MeBhERm Lok 2h58dRReAPP e rl Bed MR SEH L

apparatus (lithography system) that fornms |ine-and-space patterns on
waf er Wby foserlmgrmenbers erencebbriigesing swpendad 40N eovtdre batmeel
present | nvenptll.aotnfocrzinn vz%LlaS(i):h%e s%gglolr’gdmttan?ber, but the scale members can
15 Dbe held by another holding member other than the barrel
platform. Further, ineach 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, in each of the embodiments described above',
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



an exposure apparatus that synthesizes two reticle patterns on a
wafer via a projection optical systemand al nost sinultaneously
perfornms doubl e exposure of one shot area on the wafer by one
scanni ng exposure, as is disclosed in, for 15 exanple, U S. Patent
No. 6,611, 316. Further, an apparatus that forns a pattern on an
object is not linmted to the exposure apparatus (Iithography system
descri bed previously, and for exanple, the present invention can also
be applied to_,an ' :ha p e on 20 an.ohject.by an
i nk-jet net ho‘—gilf’il oBJEEE ?’Inhc%ﬁ:dé%t %PF) %ggng%b%eéc?édo}ne \rl\?lhsl couélts frern'y
to be fornmed {(RdodbieWcchithietel &8 RIRASWCHEAsWhLALN AR 8RR G¥uDEAy
is irradiated) in each of the -enbodinents above is not limted to a
waf er, but mayibdélandttibeiondicaatbsnetuasd ao Assstptate, wABch iGelamm ke
substrate, a filmnenber, or a mask bl ank. The use of the
exposur e appafa® uzass whstrd ithet pasiblenecxPos tagsppsr acasuted using
manuf actur5i ng_sem.c uct or. devi cgsthbut t he present, i nvention ca
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di spl ay device pattern onto a rectangular glass plate, and an

exposur e appasft def ehcpred)Civhdchr ¢dhiseqEbat1yhimaxbs! Memganatide to
heads, imagi ng devices (such as CCDs) m cromachi nes, DNA chips, and

the like. 5 Furadefer & hretpcésenit tiemmentticovhe abjbet apiphi leidshnpte ois jort.o
an exposure apparatus for produci ng m crodevices such as .
seni conduct orFHeies, it PERFERT sEnpenEid i ednt 8lap bgpeppiéed to a

apparatus -t h nsfers a circuit pattern ontq a gl ass, substrate or
a sili coﬁowa?%erél{co lﬁ’r%@%%%e% Tt %P SBFeaaR%srl?ociﬁ }ggfdsitﬁpéalll‘?l'@%ltw
exposur e appaily +HatEWYneXBASHES 2PRU AU BB I¥al BYoEXROSLT €
appar atus, an el ectron-beam exposure apparatus, and the |ike.

I ncidental |y, the mavahke, boHy fadgversysiion off the presestidémvesdicn
can be applied not only to the exposure 15 apparatus, but can al so be
appl i ed w delsystiemtineEheudkposure pppesesiaglapeprrhtods tbe (suiodd asend s

| aser repair aratus,. a supstrate inspection apparatus and the
like), or to %&&@E%ﬁbﬁ%ﬁ’é’& LR 3 SeAEhensT e uditaglso can

Dl 5 A3° B ':0RRR" B Nl mBGRLEV A Wy HPBP' £ wladn@Ehy systen,
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



20 machines or a wi re bondi ng appar at us. I ncidentally, the
above disclosures of all the publications, the panmphlets of the

I nternational Publications, and specifications of the U S. Patent
Application Publications and the U S. Patents that are cited in the
25 description above and rel ated to exposure apparatuses and the |ike
are each incorporated herein by referencegs I nci dental ly,

sem conduct or devi ces are manufactured through the follow ng steps: a
step where the function/performance design of a device is perforned,
a step 56 wheervertisy dhe waveagnohbt Lnke wHuwmyiedethild gbbshghngtap;

a step where a wafer is nufactured fromsilicon nmaterials; a
|'i t hogr aphy s?%%ﬁvﬁﬁ?%‘%ﬂ%ﬁ?%eFﬁYPB?ﬁedc%ﬁl%§§ﬁ1 iSefly aAst EBRFEE ont o

an object su f ar ; exposure 5 apparatus in each of the
enbodi nment s §853§¥ﬁ§%‘§5§ﬁ§§§ént step where the exposed wafer is

devel oped; an et chippgtseep Wheaenar expes@bdinehes MHowl) aieanPidelon
than the area where resist renmains is renoved by etching; a resist

renovi ng $t epligier ELtdie thesesgtodhad appanatiorigenonddessadycaian tight
etching is 10 conpleted is renoved;, a device assenbly step (including
a di ci ng prodt¥ELNG HERTCA§REEBCEIES BN LHAWAG 1§ pPBeBssInd gt is
i nspection step;.and the like. In thjs case, .since the exposure
wpparat s of TRHIRE FResBhTRtbRE S B00 FaveRasarA R L LRos sy
step, the dewgfhs, W i in rati 1 ] i
good yi el d. |iNDUST%{/"’AFe%P%S'CAE?%%\?I“@%’%%rggeﬁgg?%‘éggggg\ye%ﬂo'

the novabl e hedypglive tyah@UWIEkDBEcRE EI@REVEBYEDS IXpIstireUbpEdt L us
for driving a novabl e body 20 al ong a predeterm ned plane. Further,

t he pattéPn fdratanben aaphady dtightofin eheor Eseny dangen{¢ op. iaswave eyt
for formng a pattern on an _object such as a wafer. Further, the
exposure appaitdfirPRe eXpéstitle nBEAdHea IR ABPRERE RaNGPERIRTST

T ! oo IO, AT RSBy oEb ! oL 18P
uses charged particle beams such as an electron beam or an
ion beam.

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

20 1in, for example, U.S. Patent No. 6,778,257, an electron mask
(which is also called a variable shaped mask, an active mask
or an image generator, and includes, for example, a DMD
(Digital Micromirror Device) that is a type of a non-emission
type image display device (spatial light modulator) or the

25 1like) on which a light-transmitting pattern, a reflection
pattern, or an emission pattern is formed according to
electronic data of the pattern that is to be exposed 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



57 CLAI M5 1. An exposure apparatus that exposes an object with
an energy beam the apparatus conprising: a novabl e body
that can nove along a predeterm ned plane, while holding the object, -
the predeterm ned plane including a first direction and a second
direction orthogonal to each other; a scal e section that
is placed on a plane substantially paralbel to the predeterm ned

pl ane, and has at |east one scale including a first scale:

an encoder systemthat has a plurality of heads which are arranged on
the novabl e bblyC3RREY seb%@tei%ma%ﬁ Bhared sassr abthstakree

body in direc{ﬁ%"@%ﬁgzéf%ﬁ%ae %%eﬁoogaéﬂe@f“ﬁﬁ%ﬁ%ﬁgé&%g%gg; above ca

predet ermi ned pl an east during exposure o using a

| east two heags efcdiedlgy Adak¥irehgheRdspddie: 0P Jieade ishahudyeh aln

| east one head that faces the first scale and respectively facing
correspondi ngescadeas. of the scal e section; and a projection system
that projects the energy beamto the object, wherein t he
first scal® has a redithegul af bt diicagoardalpl deasdexamp}e4 tthe pamphlet

| ongi tudi nal direction . i.,n the fitst direction, lateral to_.the

proj ection sy3 E%F%fﬁﬁ%ﬂ%;ipﬁb%ﬁFéﬁlSHe %hc?Q#1%¢%§ ach& BFgserh
the | ongitudi irectl faces .a i i I .on
system and Iﬁ%eﬁ%léﬁéd%ﬂLgl%Fuﬁgl?ng%%&ﬁ%%géi?ﬁ@%ﬁﬁg%hgbgégéﬁhghree
heads di sposel edhcyRiRaetsittenedtHhst 88ERs | 1iddhanseepadedbheet i on
2. The exposure apparatus according to claim1, further conprising: a
hol di ng nenbevafdiatW ot Forriagpioferfenensy steimgashemewafemeWscal e
section is supported in a suspended state by the hol di ng nenber.

3. The eXfosure apPRFEOTSTackit RLFFeNS ENEERELON WRer 8O bsgapplied to

cach O b1 BRMSLE 8 AheacRr e Raayr RO Y ML enL
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 member, 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



4. The exposure apparatus according to claim1, wherein

the scale section has a plurality of scales that include the first .
scal e, and a second scale that has a rectangular grating area placed,
with its longitudinal direction in the second direction, lateral to
the projection system and ng t he encoder system the
plurality of heads are arranged on the Vabl e body so as to
correspond to the plurality of the scales, respectively. 5. The

exposur e appadaticeachardirhsferel Alighididitishal CRIEEEES capaBE&rn
detecting systemthat can detect a mark on the object, wherein the

encoder systepntar reatangupasictliessaplatrd orndtdrnexpbsthe appeadsitasbboly
during detectlon of the mark. 6. The exposure apparatus according to
claim5, wherBfpducing OrganlqIﬂ@sscapénsgé%md%a%%%5ah6Fﬁ§$’séQP§lP%at

|5 separate Taop1Lle (368hed CooBPartfoldAlAle bik 8hi8cale And | S

placed in proximty to the mar Ny~ sys

manuf act urg ngraBtee, tERNBELSERY: 1&9@H¥$o&gcéﬁkﬁpl?%hléﬁ'ﬂgtkﬂﬁgrto an
exposure apparatus according to claim1; and developing the exposed

obj ect . exp@surd apgEosine fetrthpdodfic Exgasi aupdaviakisesiichekd by a
nmovabl e body that can nove along a predetermnned plane that includes
a first directemireniietaedendces r &t oan cﬁhﬂ@o@%rﬁ@pl{l@de‘a@t&no@hmsure

LD, B0 SheT e ReRID IS0 SOIRTLLIGE L sy el SR O
oo o R it PeypEseien epRLane, 2ol g i
heads by 1gsi ngs&d iane 0dght gioemrechabprasdd)ean IV exposure apparatus,
. 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 to other substrate
processing apparatuses (such as a laser repair apparatus, a
substrate inspection apparatus and the like), or to
apparatuses equipped with a movable 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



plurality of heads which are arranged on the novabl e body, the two
heads respectively facing corresponding scales of a scale section
that is placed on a plane substantially parallel to the predeterm ned
pl ane and has at | east one scale including a first scale, and the two
heads including at | east one head that faces the first scale, wherein
the first scale has a rectangul ar gratingéarea placed, with its

|l ongitudinal direction in the first direction, lateral to a

j ecti t t hat ts_th t he ,obj.ect, i
S ato i whi CHGRE AP O And AT AG B ER (P 191b rbAg FuiFRApm Secp:

direction facgsah, gRkik-cal vﬁi(?e% 0f A%, ARG 9g%r§yszi?lqrgona§gg?rjéals;

the plurality of heads include at | east three he I spose

predet er m neda di Stlaneaghy tdtepsetend gdi peetéon. rdmeOnePRSHKE s

met hod according to claim8, wherein ~ the scale section is
supported i n ransirenteat aitat anbpbachdl sioly arerdfisr tdyatthkokdpobhee
projection system 10. The exposure nmethod according to claim8§,
wherein ©° ~apparatugip£achopt ithe mipdinantsoRbeieaidd, devHeRnekagtep
can neasure positional information af the movahl e body.i.n t
Gifrorent di FERREY e-odRT e Xs WRSsTRVET; ot cirender SPRg here
claim8, whergiRxposed member anCH& g%ﬁékoﬂ'ﬁ]{i%hé & Yt Plsist
scal es that incl uge the first scale, and a second scale that has a
rectangul ar greding drseacpbasédey Widhiinks hongsisitlivedovdinbestéprwhdre
the second direction, lateral to the projection system and

the pluralitychd nesds ahetaisangedonyer egrnssisve wbedytbe asching is

correspoqﬁeto th lurality of the scal es, respectively. 12. The
exposur e -fret HoY§" Ty FEBO¥PLF nf 8l ikt ¢ IR Yo eS8 18GLHEME oh

nmeasure positional, LafaLoetion of..the noy egd 60 _durin )
detection of @ Har bon t%g' oagj ect l\%lmgt%l:ngz;cean%r’ka gt%(ﬁ%c%ﬁlgg?gtgﬁ?cess) !
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 invention is suitable for forming
a pattern on an object such as a waferl. 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.



13. The exposure method according to claim 12, wherein

anot her scale that is separate fromthe first scale is placed in
proximty to the mark detecting systéﬁ1 14. A devi ce manufacturing
met hod, conprising: exposing an object using the exposure mnethod
according to claim8; and devel opi ng the exposed object. 15. The
exposure apparatus according to claim4, wherein at | east
one head of the plurality of heads is always facing a respective
scal e regardl ess of the position of the novabl e body at |east during
exposure of the object. 16. The exposure nethod according to claim
11, wherein at | east QIcABNES! of the plurality of heads
Is always facing a respective scale regardl ess of the position of the
novabl e body at | east during exposure of the object.

1.  An exposure apparatus that exposes an object with an energy beam, the
apparatus comprising:

a movable body that can move along a predetermined plane, while holding the
object, the predetermined plane including a first direction and a second direction orthogonal
to each other;

a scale section that is placed on a plane substantially parallel to the
predetermined plane, and has at least one scale including a first scale:

an encoder system that has a plurality of heads which are arranged on the
movable body, and measures positional information of the movable body in directions of three
degrees of freedom within the predetermined plane, at least during exposure of the object,
using at least two heads of the plurality of heads the two heads including at least one head that
faces the first scale and respectively facing corresponding scales of the scale section; and

a projection system that projects the energy beam to the object, wherein

the first scale has a rectangular grating area placed, with its longitudinal
direction in the first direction, lateral to the projection system in a state in which one end of
the grating area in the longitudinal direction faces an optical axis of the projection system, and

the plurality of heads include at least three heads disposed at a predetermined
distance in the second direction.

2. The exposure apparatus according to claim 1, further comprising:
a holding member that holds the projection system, wherein
the scale section is supported in a suspended state by the holding member.

3.  The exposure apparatus according to claim 1, wherein
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each of the plurality of heads can measure positional information of the
movable body in two different directions.

4.  The exposure apparatus according to claim 1, wherein

the scale section has a plurality of scales that include the first scale, and a
second scale that has a rectangular grating area placed, with its longitudinal direction in the
second direction, lateral to the projection system, and

in the encoder system, the plurality of heads are arranged on the movable body
so as to correspond to the plurality of the scales, respectively.

5. The exposure apparatus according to claim 1, further comprising:

a mark detecting system that can detect a mark on the object, wheréin

the encoder system can measure positional information of the movable body
during detection of the mark.

6.  The exposure apparatus according to claim 5, wherein

the scale section has another scale that is separate from the scale is separate
from the first scale and is placed in proximity to the mark detecting system.

7.  Adevice manufacturing method, comprising:

exposing an object using the exposure apparatus according to claim 1; and

developing the exposed object.

8. An expvosure method of exposing an object held by a movable body that can
move along a predetermined plane that includes a first direction and a second direction
orthogonal to each other, with an energy beam, the method comprising:

measuring positional information of the movable body in directions of three
degrees of freedom within the predetermined plane, at least during exposure of the object,

with at least two heads of a plurality of heads by using an encoder system that has the
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plurality of heads which are arranged on the movable body, the two heads respectively facing
corresponding scales of a scale section that is placed on a plane substantially parallel to the
predetermined plane and has at least one scale including a first scale, and the two heads
including at least one head that faces the first scale, wherein
the first scale has a rectangular gréting area placed, with its longitudinal
direction in the first direction, lateral to a projection system that projects the energy beam to
the object, in a state in which one end of the grating area in the longitudinal direction faces an
optical axis of the projection system, and
the plurality of heads include at least three heads disposed at a predetermined
distance in the second direction.
9.  The exposure method according to claim 8, wherein
the scale section is supported in a suspended state by a holding member that
holds the projection system.
10. The exposure method according to claim 8, 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.
11.  The exposure method according to claim 8, wherein
the scale section has a plurality of scales that include the first scale, and a
second scale that has a rectangular grating area placed, with its longitudinal direction in the
second direction, lateral to the projection system, and
the plurality of heads are arranged on the movable body so as to correspond to
the plurality of the scales, respectively.
12.  The exposure method according to claim 8, wherein

the encoder system can measure positional information of the movable body
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during detection of a mark on the object with a mark detecting system.
13.  The exposure method according to claim 12, wherein
another scale that is separate from the first scale is placed in proximity to the
mark detecting system.
14. A device manufacturing method, comprising:
exposing an object using the exposure method according to claim §; and
developing the exposed object.
15. The exposure apparatus according to claim 4, wherein
at least one head of the plurality of heads is always facing a respective scale
regardless of the position of the movable body at least during exposure of the object.
16. The exposure method according to claim 11, wherein
at least one head of the plurality of heads is always facing a respective scale

regardless of the position of the movable body at least during exposure of the object.



