1 DESCRI PTI ON MOVABLE BODY APPARATUS, EXPOSURE APPARATUS AND
EXPOSURE METHOD, FI NE MOVEMENT MEMBER, AND DEVI CE 5 MANUFACTURI NG
METHOD TECHNI CAL FI ELD The present invention relates to novabl e body
apparatus, exposure apparatus and exposure mnethods, fine novenent
menbers, and devi ce manufacturing nmethods! and nore 10 specifically,
to a novabl e body apparatus that is equipped wth a novabl e body
that noves at |east in one axial di bef@é{?ﬁir? hori zontal plane, an
exposure apparatus that is equi pped vabl e body appar at us
and an exposure nethod that wuses the novabl e body apparatus, a fine
novenent nenber that 15 is supported finely drivable with respect to

the novabl e hegvaRmMd BoBy i GEPPRARATPOSUr | X BEShEd: t NePPRIASTURE AND
exposure apparatus or the exposure nethod. BACKGROUND ART 20 In

recent years EXPQSUJREaMEIHOD) cFINEINMOVEMENTUMEMBER asANDe DEVICE
foll ow ng have mainly been used in |ithography processes for the
manuf act ube MANUHRAQRURING MBTROGD, |iquid crystal display

el enents, and the like, with increasingly greater integration of

sem conductors_and the_ 25 like: reduction projection-exposure

appar at us by %ECW%dFrJ@EQt met hod (so-called steppers), and

Foanning, P OLect | SR EBERULE MRS Y, O SLEAG SERD PO e,
these types QfxBSRASUrEAPRANA Ushy a8 5 ATy TG 18y Cer Mt ovement
members, and device manufacturing methods, and more
10 specifically, to a movable body apparatus that is equipped
with a movable body that moves at least in one axial direction
in a horizontal plane, an exposure apparatus that is equipped
with the movable body apparatus and an exposure method that
uses the movable body apparatus, a fine movement member that
15 is supported finely drivable with respect to the movable body,
and a device manufacturing method that uses the exposure

apparatus or the exposure method.

BACKGROUND ART

20 In recent years, sequential-motion exposure apparatus
such as the following have mainly been used in lithography
processes for the manufacture of semiconductor devices,
liquid crystal display elements, and the like, with
increasingly greater integration of semiconductors and the

25 like: reduction projection-exposure apparatus by a
step-and-repeat method (so-called steppers), and scanning
projection-exposure apparatus by a step-and-scan method

(so—called scanning steppers (which are also called scanners).



drives a photosensitive object (hereinafter, referred to as a
"wafer") such as a wafer, a glass plate, or the like, a wafer stage
apparatus is used that has a coarse novenent stage, which 5 is driven
wi thin a two-di nensional plane using a biaxial linear notor, a
pl anar motor, or the like, and a fine novénent stage that holds the
waf er on the coarse anenent stage and is driven finely in the

Z-axis di rectirprgheF %Qﬁ]gggoghgs% atlls, gge 'dﬂ&%iq%ydsvxeg%at

coil motor or the Fiving devi ce suc

mot or, p|anthﬁ@ﬁéH1a p%%%%%e%%'%l@%tgbgegﬁ gﬂgréhﬁgft@rthﬁef@£§éd to as
stage apparatus descri bed above is equi ppe an armature unit

having a pl w adkietteroh sach ssaadvarsmgaedlans tolsd Ngraclid urkadd,t ¥ wffer
magnets, and therefore, the coils constituting the armature 15 unit
produce heat shsdg eppbeetnicicusednthdiehag soppleedndwendriiestapks.which
Accordingly, in order to suppress adverse inf|luences of this heat
produced By tifedEdVes Wik hdipaiuos digeasisnyl phaeptisynda béaddpt linear
(tube) has been connected to t of %F J fer stage, and cool ant

has been suppti<ttArB @ﬁaﬁd“‘? cc?ri‘dﬁ %e)ari%atﬁénx?llﬁ?}ﬁ‘?%“?%fstage
t he heat - proqichgo ngglogﬁfgkqg$ he gggﬁgh&F%%EQ&h% or coo ﬁadrlven

supply is “ed a ong w nnvenent

position Corftlrr@lyaqlnl Lhy¥ Z)-f-aiff d’@&fticﬁ? r%@%ﬁdln%iﬁgd(@{? f@xﬁl Yor

causes exposure accuracy to decline to a conventiona

stage, W ringmnd itike ldkes dQrcdis@din rﬁch;ébﬂr lc!keafhémltﬂ{e or planar
not or, and voi ce coil notor i s connected fromthe outside, , and

thereforgg simlar Thieodt hei cgelevikcet fiecicasdtlid 1(hebe)maticcussedar motor,
above, this wiring and the like are pulled along with driving of the
st age which Jyoice coil motor, or the like in the wafer stage apparatus
described above is equipped with an armature unit having a
plurality of coils and a magnet unit having a plurality of
magnets, and therefore, the coils constituting the armature
15 unit produce heat due to electric current being supplied to
the coils. Accordingly, in order to suppress adverse
influences of this heat produced by the coils on exposure
accuracy, recently, a conduit (tube) has been connected to
part of the wafer stage, and coolant has been supplied through
20 the conduit (tube) to the vicinity of the heat-producing
portion. Since the conduit (tube) for coolant supply is
pulled along with movement of the stage, however, the position
controllability of the wafer is reduced, which consequently
causes exposure accuracy to decline.
25 Also, to a conventional wafer stage, wiring and the like
for use in the linear motor or planar motor, and voice coil
motor is connected from the cutside, , and therefore, similar

to the case of the conduit (tube) discussed above, this wiring

and the like are pulled along with driving of the stage which



causes position controllability of the wafer to decline. D SCLOSURE
OF | NVENTI ON MEANS FOR SOLVI NG THE PROBLEMS 5 The present invention
has been nade under the circunstances described above, and accordi ng
to a first aspect of the present |nvent|on there is provided a
first novable body apparatus, conprising® a novable body having a
heat - di ssi pating section; a driving device that 10 two-di mensionally

dri th -
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novabl e body and absorbs heat radiated fron1the novabl e body;
wherein one of the waste-heat nenber and the heat-dissipating

section exterpBEStI.OSWREA GF cUIRVENTION r ange in one axial direction
in the predeterm ned plane, and the other of the waste-heat nenber

and t he heat -MEANSHHORg SOLVING ¢RHEN®ROBREMS predet erm ned range
in a direction orthogonal to the one axial direction in the

predet er nPned pl anéh2POfSH m%’%ﬁﬁéﬁht eerp isele imdgastidrcheat
menber absorbs heat radi ated fr movabl e bo it becanes

possi bl e 10 sﬁﬁpfp%%ss TS RPSETEAPRL Vee'oﬁn?t?élqﬂ}%/ﬁ&ﬂ}‘?etﬁéﬁlrsrtrﬁsmﬁ
this case, e a nbe he ea I SS

section eqU|g§%§' ﬁg%%%vagﬁghgo y e%p % over&%gp?e ?%ﬁrﬁﬁﬁﬁ?ie

range in one gl pﬂié}%@@d&on’cm al £ %9% htah &&él?lr AN S P

predeternmined range in a direction ogonal to the “one axi
direction, ambditheriefonmtignenedtianh i he ddwaiie lodicdomastin a

range in a two-dinensional plane where at |east part of the

wast e- head® nenveerdianechsditorladdist d4ives the movable body in a predetermined
plane; and a waste-heat member that is disposed in a
non-contacting manner relative to the movable body and absorbs
heat radiated from the movable body; wherein one of the
waste-heat member and the heat-dissipating section extends

15 over a predetermined range in one axial direction in the
predetermined plane, and the other of the waste-heat member
and the heat-dissipating section extends over a predetermined
range in a direction orthogonal to the one axial direction
in the predetermined plane.

20 With this apparatus, because the waste-heat member
absorbs heat radiated from the movable body, it becomes
possible to suppress heat-wise influence of the movable body.
In this case, one of the waste-heat member and the
heat-dissipating section egquipped in the movable body extends

25 over a predetermined range in one axial direction, and also
the other extends over a predetermined range in a direction
orthogonal to the one axial directicn, and therefore, even

when the movable body moves in a range in a two-dimensional

plane where at least part of the waste-heat member and at least



part of the heat-dissipating section face in a non-contacting

manner, the waste-heat nenber can absorb heat radiated from the
novabl e body. According to a second aspect of the present invention,
5 there is provided a second novabl e body apparatus, conprising: a
nmovabl e body; an el ectric-power-input section which is disposed on

t he anabIe body and to which electric power is wrelessly input; an

el ectric- power;,qutp hé%%ta' ﬁlté%g%b tgL %dEéBa?E?H 42 1700 noq{“claci‘%{ﬂa{&lng

manner reI at|ve to t m)va na State o COI’]tI nua

opposed to atydfast, Q@ﬁiiﬁyétetﬁ%aﬁlﬁ%hbbg EgﬂeébbgPHth§§€t£éﬁha@g§1from
wirelessly outputs electric power toward the electric-power-input

section; and tre didwibig deddee that drives the novabl e body by using
el ectric power input to the electric-power-input section. 15 Wth

this apparatus, thécelcectmiotponesedaplitaspectti off the wihésdnieliestaritcion,
power is mnrelessly input is disposed on the novable body, and al so
the el ect Pi c-iFsies lﬁlﬂrmﬂlc@?b@ﬁ(ﬁ?mt%@?vﬂm-@l% yrparpbus, elemyiscing:
power toward the ekﬁéhrlc ower - ut section is disposed in a

non- cont act i iy “OF et | Ci‘b“%%é’%ﬁéﬂ@%diﬁ‘?’%%ﬁ ﬂ%lt‘“eh ofS
of . t e el
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driving devi h

connect ed to“Ehé;%%%ga{e E &; %IHQM%Qgﬁggggge |n gﬁ£%¥§§§-§§§ﬁfgglﬁ
of the novableg hadedue annbﬁnébﬁﬂa@f:J.h@emééﬁhfléﬂgré,@é‘tl@@ tpcsea/r@éltnﬁﬁlzable
According to a third aspect of the present invention, there is

provi dedia t higdy nnwa)ls&aHM)omrmﬂﬁaIru&llqprmfpicﬁmg:to &t te deady of
a neter disposed on the novabl e body; a
the electric-power-input section, and wirelessly outputs
electric power toward the electric-power-input section; and
a driving device that drives the movable body by using
electric power input to the electric-power-input section.
15 With this apparatus, the electric-power-input section
to which electric power is wirelessly input is disposed on
the movable body, and also the electric-power-output section
that wirelessly outputs electric power toward the
electric-power-input section is disposed in a non-contacting
20 manner relative to the movable body in a state of continually
facing at least part of the electric-power-input section.
Therefore, wiring for supplying electric power to the driving
device that drives the movable body does not have to be
connected to the movable body. Thus, decrease in movement
25 accuracy of the movable body due to tension of the wiring can
be prevented.
According to a third aspect of the present invention,

there is provided a third movable body apparatus, comprising:

a movable body; a meter disposed on the movable body; a



5 transmtter that is disposed on the novabl e body and wirel essly
transmts a signal output fromthe neter; and a receiver that 1is

di sposed in a non-contacting manner relative to the novable body in
a state of continually opposed to at |least part of 5 the transmtter,
and receives a signal transmitted wireles8ly fromthe transmtter.
Wth this apparatus, the transmtter that wirelessly transmts a

signal out pu'tt){}%%%f%frﬁhgg: ﬂssdglsfgggs%rﬁgh% E‘ng;va%[i\éq:%c%( g(r:r)ag%/v\?siraemdessly

the receiver t ecelves a sl gna rom transm

di sposed in a NN ACkE §8- MBANSt M&lat EMe hocLhe arﬂa/abksc@@xrinﬁ}at

a state of continually facing at 1east part of the transmtter, a
therefore, wid 8gsbosedtakiangon-Sbgnatt Dug pidinrfarofe 1 he: LY tHeeH N 1e
have to be connected to the novabl e body. Accordingly, decrease in

15 novenent dogly doy sofsttdiee nmo atdre: oyl dueodm deehsiomofldde: part of
Wi ring can be prevented. According to a fourth aspect of the present

i nvention? tHer 6rpESPHiotrdednd terst vegppsuidaadpparasnsttadtwitalmssly
pattern on an_object by exposing the object, the apparatus 20
conprising: tHe iﬁhﬁ & appar atus of the present

i tion, in whi .t h hject is nt on the vabl e .bady., /th
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to a fifth aspect of the present invention, there is provide
second exposwhe apparatittdhats fdirsosed in a non-contacting manner
relative to the movable body in a state of continually facing
at least part of the transmitter, and therefore, wiring for
taking a signal output from the meter does not have to be
connected to the movable body. Accordingly, decrease in
15 movement accuracy of the movable body due to tension of the
wliring can be prevented.
According to a fourth aspect of the present invention,
there is provided a first exposure apparatus that forms a
pattern on an object by exposing the object, the apparatus
20 comprising: the first movable body apparatus of the present
invention, in which the object is mounted on the movable body.
With this apparatus, since an object that is subject to
exposure is mounted on the movable body of which decrease in
movement accuracy is prevented, the object can be moved with
25 high accuracy, and hence, it becomes possible to improve
exposure accuracy.
According to a fifth aspect of the present invention,

there is provided a second exposure apparatus that forms a

pattern on an object by exposing the object, the apparatus



pattern on an object by exposing the object, the apparatus 6
conprising: the first novabl e body apparatus of the present

i nvention conprising a plurality of novabl e bodies, wherein in
exchange of one novabl e body of the plurality of novable bodies on
whi ch the object is nmounted, another novalsl e body, 5 on which an
obj ect to be exposed next to the object on the one novable body is

rounted. 15 plaged: alah SXPISULE ROSEhNMeLE-eXpOUr £eoLul e o

obj ect is per t he prede m ne ane

the first movable,body appsralusy él 1 Eaﬁq%pr?SﬁBE FT¥Q@5H?QS'SW$Freln

provided that is eqU|pped wth a ural ity of novabl'e bodies Wit

whi ch hi gh- pracisti@iendd igmnment n@&@bu% Be gobﬁeﬂheaﬁﬂukéllﬁi%h@ﬁ%@ible
one novabl e body of the plurality of novabl e bodies on which an

object is miwniess anehlieh nheabibpebodys mounticGhaantabjreadvibat dddy,
shoul d be exposed next to the object on the one novable body is

mount ed, &an ¥e Prededmtokirekpos e pastisdmatiere Bxposuiecoforanthe
object is perforned in a predeterm ned plane, and therefore,

exposure to & OPIRPLE %?dlﬁﬁjse@f”sméﬁﬁr Je%ﬁéé@@ﬁ FeI1an BEPpEREERRYLtion

Accordi ngly, it becones 0.to perfor |y cur at

exposure Wt H”Il'her%efiﬁf’(%%ﬁp%‘i[ F%IheA%%%?ﬁT'r]r& Por OEF%QH%@%&&‘%&? efggnined
present invenijon, there is provided a first exposure nethod of
forming a pattern ~on an object, the nethod conprising: driving the

novabl e body of thg rtsltisn%?alr%t%dytﬁ@pgiege%%aﬁbg %&y?%paratus
invention 25 in a state where the object is nounted on the nobvab

body, when expasiy ewisdite 0bjaciids perdasvrtg Wide tid Secgteiplsp@a with
since an object that is subject to
a plurality of movable bodies with which high-precision

alignment can be performed, and in exchange of one movable
body of the plurality of movable bodies on which an object
is mounted, another movable body, on which an object that
15 should be exposed next to the object on the one movable body
is mounted, can be placed at an exposure position where
exposure of an object is performed in a predetermined plane,
and therefore, exposure to a plurality of objects can
consecutively be performed. Accordingly, it becomes possible
20 to perform highly accurate exposure with high throughput.
According to a sixth aspect of the present invention,
there is provided a first exposure method of forming a pattern
on an object, the method comprising: driving the movable body
of the first movable body apparatus of the present invention
25 in a state where the object is mounted on the movable body,
when exposure of the object is performed.
With this method, since an object that is subject to
exposure 1s mounted on the movable body of which decrease in

movement accuracy is prevented, the object can be moved with



exposure is nounted on the novabl e body of which decrease in

novenent accuracy is prevented, the object can be noved with 7 high
accuracy, and hence, it becones possible to inprove exposure
accuracy. According to a seventh aspect of the present invention,
there is provided a second exposure nethod of fornming a pattern 5 on
an object, the method conprising: by using the first novabl e body

appar atus of .t. S8 i nven |on conpri ural it of novabl e
bodi es, dri vihnlggqqone no%aacbxf e %od B1“The" I u‘? § ?Sjtkﬁ% n%?/ajr)l?%ro

bodi es that is.siduat ed-at-an, exposure p03|t|on wher e exposure of
the object is perforned in the predeterm ned 10 pl ane, and pl acing

anot her novabl e bodyscornimy €B AR RIS aspechbe £xpPRsgde88Xt 1r&diteion,
obj ect on the one novable body is nmounted, at the exposure position

i n exchange amdﬂmueq&ovmmabhednnbdembbhutmmeﬁﬁmmoﬁfdﬁmnﬁgagbttern
novabl e body apparatus of 15 the present invention is provided that

is equi pped Wit An@biRalakheyatfhabeabbeibddpedwirshnghilchfirst movable
hi gh-precision _alignment can be performed, and in exchange of one
novabl e  bodPBFY ?HEaEPEPaqu( Fhefosfnaib énﬁsaiﬂégn&pmﬁﬂcﬂﬂ-%acﬂﬁ@ahty

[ d, h d whi ch h 0 s _
be exposed ndkt NG DBFGEE: Oh-t Re B MRELDOBsY P TR Lcy
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performed in a pre |"ane, ~ "and thererore, exposure

plurality of eRjRCE8p680reCONSBEUHYELY 1RELPEESBREB %Q%Q&Qé’rmlr{ed
becones possi ble 25 Fo perform highly accurate exposure with high
throughput. pAcgay,dian@ boaaning ghbRhasprRetrabllet BedP) esenihi @l el idhect
to be exposed next to the object on the one movable body is
mounted, at the exposure position in exchange of the one
movable body.
With this method, the first movable body apparatus of
15 the present invention is provided that is equipped with a
plurality of movable bodies with which high-precision
alignment can be performed, and in exchange of one movable
body of the plurality of mowvable bodies on which an cbject
is mounted, another movable body, on which an object that
20  should be exposed next to the object on the one movable body
is mounted, can be placed at an exposure position where
exposure of an object is performed in a predetermined plane,
and therefore, exposure to a plurality of cbijects can
consecutively be performed. Accordingly, it becomes possible
25 to perform highly accurate exposure with high throughput.
According to an eighth aspect of the present invention,
there is provided a fourth movable body apparatus, comprising:

a movable body; a fine movement member supported in a

non-contacting manner relative to the movable body; and a



there is provided a fourth novabl e body apparatus, conprising: a
novabl e body; a fine novenent nmenber supported in a non-contacting
manner relative to the novable body; and a 8 driving nechanism
having four armature coils that are disposed on the novable body and
a magnet unit that is disposed on the fife novenent menber and
cooperatively operates with the four armature coils to generate a

driving force, .5 \¥ LS. aratus,. the resultant.of .the respective
ari v ng 1 or ot Sattd Aekd=Bs SPRENE rebe IRt Poe B e R e

unit correspqidicng ﬁ@végﬁefggﬁyQ%ﬂ%%gﬁﬁgﬁgkl§nifqgﬂﬁgﬁ%£§§géﬁaed on the

operating can be made to act on t novenment e
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Thus, heat generation per armature coil can be suppressed. According

to a ninth aspecttuwfe tdwel v esenjengnserd ionjritivey efoscgrovi ded a fine
novenent nenber that is supported finely drivable relative to a
novabl e bbdy, the fierclls copatadiusy: tad inssuidearientt Mdien temhective
supported in a A non-contacting manner relative to the novabl e body;

and a nagnetiTATiNG KATGES Gicsisdad@oR Yt heef fABI nbveRERTe neP Al DR the

d t tivel ith fou t ils di d on th
movabl o body T anel it WTHIUHE Y ce D WH (HIE 11 GfovEfrent
vabl e bo | Fod 2
the four ar mitari oy b GerRE TR B lidde B8 A SRR R The Rl Men

four armatur e &@dS GROREEREIFUSLY cBRELHAPLABNCANr PENFBYE, LORCt L AR coil
the fine novenent nmain body, and therefore consunption current per

ar mat ur e100i lca2b eaBule reypRiIdesSeHus Thhsat hgatc BRPESAIPON PEature coil
armat ure coi
can be suppressed.

According to a ninth aspect of the present invention,
there is provided a fine movement member that is supported
finely drivable relative to a movable body, the member

15 comprising: a fine movement main body supported in a
non-contacting manner relative to the movable body; and a
magnet unit that is disposed on the fine movement main body,
and operates cooperatively with four armature coils disposed
on the movable body to generate a driving force.

20 With this fine movement member, the resultant of the
respective driving forces generated by the four armature coils
and the magnet unit corresponding to the four armature coils
cooperatively operating can be made to act on the fine movement
main beody, and therefore consumption current per armature coil

25 can ke suppressed. Thus, heat generation per armature coil
can be suppressed.

According to a tenth aspect of the present invention,

there is provided a fifth movable body apparatus, comprising:

a movable body; and the fine movement member of the present



can be suppressed. According to a tenth aspect of the present
invention, there is provided a fifth novabl e body apparat us,
conprising: a novable body; and the fine novenent nenber of the
present 9 invention supported in a non-contacting nanner relative to
t he novabl e body. According to an el event® aspect of the present
invention, there is provided a third exposure apparatus that forns a

5 patt j , i sing. . h b]
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nount ed on t hend i Rg J@VenBHy, Menber. Wth this apparatus, decrease in

exposure accuracy caused by heat generation can be suppressed. 10
Further, by form nqaacduadifs BoQh alevbathaiepaist BE te prbisest invention,
exposure nmethod of the present invention, productivity of

m crodevi ces wi¢te highorowededta orhtad deposprovadearFms hehat bforms a
formng a pattern on a substrate using the first exposure apparatus

of the préseaftR@Emtemmn phitketi iRy afPat e reduvt teknad tihai fherth
i ntegration caniﬁgki roved. According, it can also be said from

anot her aspecto¥Hte %&Y BPBEEAT VP e it iCoRT PECRt FbRY ¥t TR fidc Vit FRgthe
met hod includi%ﬁE a pattern téansfeé?pfocess to a substrate using the
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first exposur

facturi th i cLi ;
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substrate using the first ex e apparatus of the presen

invention. BRI JEIER I ONy e J4HE DRAWNGS: 25,5 & sded s @ schematic

Vi ew show ng an exposure appar at us
10 Further, by forming a pattern on a substrate using the

first exposure method of the present invention, productivity
of microdevices with high integration can be improved.
Further, by forming a pattern on a substrate using the first
exposure apparatus of the present invention, productivity of

15 microdevices with high integration can be improved.
According, it can alsoc be said from another aspect that the
present invention is a device manufacturing method including
a pattern transfer process to a substrate using the first
exposure method of the present invention, or a device

20 manufacturing method including a pattern transfer process to
a substrate using the first exposure apparatus of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a schematic view showing an exposure apparatus
acceording to an embodiment,
FIG. 2 is a plan view showing a wafer stage apparatus
in FIG. 1.

FIG. 3A is a longitudinal sectional view of a wafer stage



according to an enbodinent. FIG 2 is a plan view show ng a wafer
stage apparatus in FIG 1. FIG 3Ais a longitudinal sectional view
of a wafer stage 10 W5T1, and FIG 3B is a view show ng a

di sassenbl ed state of FIG 3A FIG 4 is a view used to explain the
configuration and operation of a planar ¥btor. 5 FIG 5 is a pattern
di agram show ng a state of a base BS viewed fromthe +X direction.

FIG 6Ais a Spect show n vabl e el enent o] itutin

a fine novene rfec%adn:.ﬁrﬁl g’\#d el g§W| gH3WlBgr§ Jc??%ezgti’g‘%s %%gjf
a fixed el erTwG coypstituting the fine 10 novenent mechanism FlGS.

7A to 7C are views used to explain a driving nethod of a fine

novement stage by @ﬁ%'fManWQWQﬂﬁﬁﬁuﬂﬁﬁQ%ﬂb%ﬁlalﬁlghescéﬁffburatlon and
| ongi tudi nal sectional view of an enpty-wei ght-canceling nechani sm

15 FIG 9 is apariawdrsest t gt mdtherj nternal  configuration of a
power -receiving, heat-dissipating arm FIG 10 is a view used to

expl ai n the interndllGoif iguraprbheoh dipogwen- shawsnytaisigate of a base
waste-heat frame. FIG 11 is a view showi ng heads di sposed on the

waf er 20 st d&je HiftFast i &gt dikpo'se Fidie dtHeOpower - t ransni t ti ng,

wast e- heat frane. 12A and 12B are views (No. used to expl ain
a parallel- procesg'II% 8het 2 Bﬁr?HeFﬁévéxY)b%‘ﬂrsé“%ﬁg% grp_vabie gdement

13A and 13B %o%svﬂl W& (r{\&) @111 S%o&e?newlr%&anlsm, and FIG. 6B is a

perspective view showing a fixed element constituting the fine
10 movement mechanism.
FIGS. 7TA to 7C are views used to explain a driving method
of a fine movement stage by the fine movement mechanism.
FIG. 8 is a longitudinal sectional view of an
empty-weight~canceling mechanism.
15 FIG. 9 is a view used to explzin the internal
configuration of a power-receiving, heat-dissipating arm.
FIG. 10 is a view used to explain the internal
configuration of a power-transmitting, waste-heat frame.
FIG. 11 is a view showing heads disposed on the wafer
20 stage and scales disposed on the power-transmitting,
waste-heat frame.
FIGS. 12A and 12B are views (No. 1) used to explain a
parallel-processing operation in the exposure apparatus.
FIGS. 13A and 13B are views (No. 2) used to explain a

25 parallel-processing operation in the exposure apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention is described

below with reference to FIGS. 1 to 13B.



25 paral l el -processing operation in the exposure apparatus. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON An enbodi ment of the present
invention is described belowwth reference to FIGS. 1 to 13B. 11
FIG 1 schematically shows the overall configuration of an exposure
apparatus 10 related to an enbodi nent. Inlthe depicted exposure
apparatus 10, as discussed below, a projection optical systemPOis

ed, and therefor in.the 5 foll ow ng_descrjption, Z-axi. s ,
gisrecti onis a di rg?cth of %&el{lﬁ”l@%‘i‘)ﬂ%%ﬁloﬁﬁ Ehgfo‘{% GPeétpgRation of

opLical, SYSL o e sen ALGE U L Pepe ot ot aln (0Ll o0 i 4

pl ane ort hogonal i on, ih”thé page

L and an X-dudsodid eetionuis dpslrsaid ofy oribogonalsdonthe age,

surface. 10 The exposure apparatus 10 projects an 1 nmage of part’ o a
circuit pattefsnjstedidtedil @l elisten RO Visaukbe, PEAHEEREPEFoBR) | £Rlthe
system 20 onto a wafer W (or wafer W2), while relatively scanning
the reti cbe Hadwiaierdadlc{igt waf,era WRpxiisnda reaed dnnmeasahofibtection of
direction (here, the Y-axis direction) 15 with respect to the

proj ecti on optlicabtigsaienxPp oft bherpirfestiathepsitalesys temiRO patferris
of the reticle Rin a step-and-scan _nethod onto each_of a pluralitf

of shot regi SHEH 1k Wafeforivorbplvdiescipyn Ihe ekpBsupethogonal to

o s OV 11 g (LT 1 e S v Padi B 4 191 Uit orend 2
O oy o0 2800y SRl S LB ORI L UL B e
'I[Ehef Lgm %Pﬁ LL?P;C?HH eSpodevieCephizat sCaYSErdNecdd A iBagkocentert of
a circuit pattern, defined on a reticle R, via the projection
optical system PO onto a wafer W1l (or wafer W2), while
relatively scanning the reticle R and wafer Wl (or wafer W2)
in a one-dimensional direction (here, the Y-axis direction)
15 with respect to the projection optical system PO, to transfer
the entire circuit pattern of the reticle R in a step-and-scan
method onto each of a plurality of shot regions on the wafer
Wl (or wafer W2).
The exposure apparatus 10 is equipped with: a light
20 source device 112 that emits EUV 1ight (light in the soft X-ray
region) as illumination light EL; an illumination optical
system (not shown) including a bending mirror M that reflects
and deflects the illumination light EL from the light source
device 112 to cause the light EL to enter the pattern surface
25 {the lower surface {the -Z side surface)) of reticle R at a
predetermined incident angle such as around 50 mrad
(incidentally, the bending mirror M exists inside a barrel

of the projection optical system PO but is actually part of

the iilumination optical system); a reticle stage RST for



25 (the lower surface (the -Z side surface)) of reticle Rat a
predeterm ned incident angle such as around 50 nrad (incidentally,
the bending mrror Mexists inside a barrel of the projection

optical system PO but is actually part of the illum nation optical
systen); a reticle stage RST for 12 holding the reticle R, a
projection optical system PO for projecting the illum nation |ight

(EWV light) L eflected by the pattern surface of the reticle R

per pendi cul a iN%h tesidcdcso Rhed é?(lﬁbﬁﬁtel%rhrcf%@ec?]t h%yﬁ%rpo for
iffgﬁﬁinﬁtgiﬁr%rfe Fris PP er utagt appar arhs (108 Hhare] ddrudadipoted
hol di ng - The Mafer V2 “and TRATTkeT Tt Ernsd f%éﬁ&?gﬂyg yfﬂtb
onmitted in thedfaw Ngs tide V\gﬂid&ﬂé? ssjla@ﬁ:é?%hepr@g%:&@kfl&é)p@ﬂr@+z
system PO, and wafer stages Tl and WET2, and the l'ike are actually
cont ai nedswi tdiide auyaAsud inathalhdera ferol 1 s(b@vwafermn,hm hilghhmeaUrs3&tem
device 112, a |laser-excited plasma |ight source is used as an

exanpl e. The Aléser- arferedtpyasappataght HButbeti inadiudeesaavafer stage

hi gh-intensity | aser beamat an EUWV 15 light emtting materi al
(target), whi leiertf@s;ctw thpgafaniia aﬁvgﬁ %aeﬁ%fsaﬁaiaéﬂ%m%éﬁﬁ holding

Aot Tl e ) Bl 0 e it Bl
down. In thi %mlet_fg% F %ﬂ'\édlrﬁi}t h:%\“ q_’%tt%hcvi%ves:t% ”%ho’n rodjhetc%lon

nm for 20 exa nm 1S nmaln ‘use

ﬁLrrojhe%okngeptg?dzogyee&fn% %mtﬁgféfg ﬁngé% {@t 'a%t e like
gth selecting w ndow or t neither is own
, and the berdighgctuznary Voot atihed wﬁemiﬁhg vacuum chamber (not shown).
As the light source device 112, a laser-excited plasma
light source is used as an example. The laser-excited plasma
light source irradiates a high-intensity laser beam at an EUV
15 1light emitting material (target), which excites the target
to a high-temperature plasma state, and utilizes EUV light,
ultraviolet light, visible light, and light of other
wavelengths that are emitted as the target cools down. Inthis
embodiment, EUV light having a wavelength of 5 to 20 nm, for
20 example, 11 nm is mainly used as the illumination light EL.
The illumination optical system includes an
illuminationmirror, a wavelength selecting window or the like
{neither is shown), and the bending mirror M or the like. The
illumination light EL, emitted by the light source device 112
25 and passed through the illumination optical system (EUV light
EL reflected by the bending mirror M discussed above), is
shaped into an arc-shaped slit illumination light and

illuminates the pattern surface of the reticlie R.

The reticle stage RST is situated on a reticle stage base



illumnation light EL, emtted by the |light source device 112 25 and
passed through the illum nation optical system (EUV Ilight EL
reflected by the bending mrror Mdiscussed above), is shaped into
an arc-shaped slit illumnation light and illumnates the pattern
surface of the reticle R The reticle stage RST is situated on a
reticle stage base 13 132 situated along the X-Y plane, and is

| evitated an upported ahove the reticle stage base 132 by a
magnetic | esli%zzﬁpjo%tef%r%eorb%n Qred et "’é}‘gn‘p‘f ,e‘él?%b‘?f%t?%d

| evitational e ;dimensi.gnal _|inear actuator_t constitutes
a reticl e-st a%@&%eﬁdngékgvs etrolnl TR r BT %% gfééez g@’r T I hC

at a predet erydnad stdpke f&é@g%@w}étsed diy ecidon by the dt gﬂe%ggi‘getic

force generated by the reticle-stage drivi'nhg system 134, an

driven smal | JaBUWHS dribh 1 Reype axi$-d et drdl anth & B2 S iLE4+ Ofhat
(rotation direction about the 10 Z-axis). Further, the reticle stage

RST can abso dvensdriitvueres a senltlapptuateidrihind -sapdtendilBact | Dile atrekicie
inclined directions wth respect to the X-Y plane (the Ox direction
bei ng the rdtt@&dooRd decdirdieabstt at heeXeagisingd sheoldy ihrigee ibraxis
being the rotation direction about the Y-axis), b adjcust ment of 15
the magneti ¢ PRATEHGHRY tho L Vderefares ‘J?P?ﬁﬂ’%?%lbéf Peca@tishemtrage

th ticle- dri vi 134. A reticl | d f .
bl ectrost at1 Sgaed ek Srol T4 rRdd b Ar Lo Tan bl S bRy i e
di d t | f j.d f. th ti.cl : RST nd .t

et Poct ve 20 st @ i, Bt o e s X RE Fhti he
is Conp9§edzmé§iéﬁﬂnEﬂE%h@r9ftﬁeskékﬁe@e“@{ggg REBrEdn also be driven

| ow- expansi on gl ass, or the like, and on the -Z side surface
a small amount in the Z-axis direction and inclined directions

with respect to the X-Y plane (the 0x direction being the
rotation direction about the X~axis and the Oy direction being
the rotation direction about the Y-axis), by adjustment of
15 the magnetic levitational force generated in multiple
locations by the reticle~stage driving system 134.

A reticle holder of an electrostatic-type chuck {or
mechanical-type chuck, not shown) is dispcsed on the lower
surface side of the reticle stage RST, and the reflective

20 reticle R is held by the reticle holder. The reticle R is
composed of a thin plate of a silicon wafer, quartz,
low-expansion glass, or the like, and on the -Z side surface
(pattern surface) of the reticle, a multilayer film for
reflecting EUV light is formed, which are made up of, for

25 example, approximately 50 pairs of a £film of molybdenum (Mo)
and a £ilm of beryllium (Be) alternately layered at a period
of approximately 5.5 nm. The multilayer film has a
reflectance of approximately 70% for incident EUV light having

a wavelength of 11 nm. Similar types of multilayer £ilms are



(pattern surface) of the reticle, a nultilayer filmfor reflecting
EUV light is fornmed, which are made up of, for 25 exanple,
approximately 50 pairs of a filmof nolybdenum (M) and a fil m of
beryllium (Be) alternately |ayered at a period of approximately 5.5
nm The nultilayer filmhas a reflectanck of approximately 70% for
incident EUV light having a wavelength of 11 nm Simlar types of

mul tilayer fi 1 f d.on the reflecti.ve surfaces of. the
bendi ng m rroéré%'egélgm g?et%ef%?%%lrverﬁsrurrorasceisnOtfhghe %en&lng mirror M and

i 11 um nat i on-pptidal ,Syst em » QYL M‘ect{@;ﬂ'[i&b(ﬂaﬁiéﬁﬂ%{%ﬂ ;@%ér@érﬁl.

surface of the reticle R for exanple, ayer of nicke

alum num 5 (Al) i Hweated AN1theao8L felsui agR %ﬁt%@rﬁbégkbhag of the
| ayer, and the patterning is applied to the absorbing |ayer to define

a circuit pattesricleltie, post tasamyliecladiayg6zf adatkan) (NI tde 2dhinum
plane of the reticle stage RST (reticle R) is continually detected

10 at a résol Willon ofcogmorinmabel pndiset sutfage foramxarpbehimy layer,
reticle laser interferoneter (hereinafter referred to as "reticle

i nt erf er onet &9 tE§REEHATN R GjiecEBPALPEt theaths o b legfaretpidaLine
surface di sposed.éor. foragtld(%1r on the reticle stage RST. 15 The
position of th&ETettdt @R G5 The z-axis direction is neasured by a

oLl ol e focus sensghd 1AL AN LSk 3o BOTEOPEE, B0, & TULLLRL L, cne

o TR PALER R AOLA AL, 0 ok ot oy O el

Measur eng0t \&e&l uesredfo e dretd £l g Ad-eimfaronet®ers k2R nm, for example,
by a reticle laser interferometer (hereinafter referred to
as "reticle interferometer™) 182R that projects a laser beanm
onto a reflective surface disposed (cor formed) on the reticle
stage RST.

15 The position of the reticle R in the Z-axis direction
is measured by a reticle focus sensor (not shown) that is
composed of a multipoint focal-position-detecting system as
disclosed in, for example, Kokal (Japanese Unexamined Patent
Application Publication) No. 06-283403 (correspondingtoU.S.

20 Patent No. 5,448,332) and the like.

Measurement values of the reticle interferometer 182R
and the reticle-~focus sensor are supplied to a controller (not
shown), and the reticle stage RST is driven by the controller,
via the reticle-stage driving system 134, based on the

25 measurement values.

As the projection optical system PO, a catoptric system
that has a numerical aperture (NA) of 0.1 and is composed of

only reflecting optical elements (mirrors) is used, and the

projection optical system PO having a projection magnifying



and the reticle-focus sensor are supplied to a controller (not

shown) , and the reticle stage RST is driven by the controller, via
the reticle-stage driving system 134, based on the 25 neasurenent

val ues. As the projection optical system?20, a catoptric system that
has a numerical aperture (NA) of 0.1 and i3 conposed of only
reflecting optical elements (mrrors) is used, and the projection

optical syst %{BJQ Qa@' g, A éj}{a%%ﬁi‘::égi é‘lg(s%rétgtlr}ritgfoyiing ulsS%q POQY&T 'OE]; i’cg%'ﬁoé’EL

exanple, 1/4*tinmes 1Y used i'n nsequen y,rl

refl ected by ddedidilay Reand 14t et e d IR P CONGHAIG # e

pattern defined on the Treticle S projected onto t

(W2) , and acieaididigiy i%fUl@aﬁt&Uxﬁb&n@@:rhﬁ%%@héC gtbets deduesd dd 4he
times, and transferred onto the wafer W (\W2). e projection

optical systemtPQ@liesReard pgaredtedadnudi hiye wa fray Wor (WA)headd aand dEingly
reflective optical elements (mrrors), for exanple, situated inside
the mirrob tdhe reELtegn tdve gretlic il stz siuedl 19 tifmashe and
mrror tube 117, a rectangular opening 117b vertically penetrating

the upper waliTadrsHegrast ontehdoh Watet Wi ¥ wal |, an opening 117a

is f d. The b i i M tituti 1L lum nati ,
opti oAl syst om i Sogaet bobet PERERe) Sreti B S piEt BRbe Anauaing
tube 117. 15 _T - axi i - . .S di .

e 17”15 The 011 gt o Laren Brstem AL sosen. ol o

proj ection- opdCakamy st eMiRQatAY 1081 4L GRIRNELSY S0 B BNthEApper
(Field I'mage Alignnent) alignnment sensor is used that irradiates

br oadbanto | i ghiliat(+@n wildegmraEnt) e kHeomia v} fiigdd-i1mpoe mietaddMilar
(FM2) ) on the wafer W (W2), receives
opening 117b vertically penetrating the upper wall is formed,
and on the -Y side wall, an opening 117a is formed. The bending
mirror M constituting the illumination optical system
discussed above is also situated inside the mirror tube 117.
15 The off-axis alignment system ALG is disposed at a
position located a predetermined distance to the +Y side from
the projection-optical system PO. As the alignment system ALG,
an FIA (Fleld Image Alignment} alignment sensor is used that
irradiates broadband light at an alignment mark (or a
20 field-image meter FM1 (FMZ2)) on the wafer Wl (W2), receives
the light reflected from the alignment mark, and performs mark
detection by image processing. Alternatively to the FIA
alignment sensor, as the alignment system ALG, any of various
other components such as an LIA (Laser Interferometric
25 Alignment) alignment sensor, an LSA (Laser Step Alignment)
alignment sensor, a scanning-probe microscope such as an AFM
(atomic force microscope), or the like can be used.

A wafer focus sensor {not shown), similar to the reticle

focus sensor discussed above (not shown), which is disclosed



the light reflected fromthe alignment mark, and perfornms mark
detection by inmage processing. Alternatively to the FIA alignnent
sensor, as the alignnent system ALG any of various other conponents
such as an LI A (Laser Interferometric 25 Alignnent) alignnment sensor,
an LSA (Laser Step Alignnment) alignnment Xensor, a scanni ng-probe

m croscope such as an AFM (atom c force m croscope), or the |ike can

ocus sensor i S5560da ARBVEFTIRIC S Rowy in CRPPECAF Gt oRahtef fapent

1N
f ocus sensor discussed a Shown

detail, for WI i I e i,Red .
Appl i cation Publi c%t%lodr% 5%%8%%%%%28\?( ggr?ggggﬁd‘.d;%tlféog%?’?m%?eUn&S'

No. 5,448, 33Datdrs: rt.egr alslgy 3athachadi heethg1 Myl 80 acholerd hOfmithe r
proj ection optical system PO via a holding 5 device. The wafer focus
sensor neasuresd Hel pasi thihen puoidee ik apts dil egtdiom & tie a holding
inclination of the surface of the wafer W or W, with the mrror
tube 117 df tdavimenj e@hieonafept fealks syt POas e s therensdtiFhein the
waf er stage apparatus 100 includes a base BS, the 10 wafer stage

WET1 that is &idiidat St R R bde BOAnidiaiohrss ©f thsheweipgs gfe the
hol di ng t he wafer , the wafer stage WST2 that ves in.the X-Y .
pl ane gol di né”’atfﬁaé & W &dh \}i%rg?\g m%%rﬁ‘ft}?amri g erRiggEon
WST1 and WST jnt Sy, nmeasures the positions
of the stage?a}@%fllansgj{%g@% fncfs%%g}%ﬁll%e'. As can be seen when
referring together 7@ GhGerls@BgeFhfoardthBal o6hoMe1 fqsk al S IeTEs t he e

waf er stage apparatus 100 is viewed from above, on the base BS, two
power - t r aps mwdidlg st ayask et hediatf Hames t24Aeangdo 3¢S dHmb et 8RMand moves

| engthwi se in the

in the ¥-Y plane holding the wafer W1, the wafer stage WST2
that moves in the X-Y plane holding the wafer W2, a driving
system that drives the stages WST1 and WST2, an interferometer
system that measures the positions of the stages WST1 and WST2,

15 and the like.

As can be seen when referring together o FIG. 1 and FIG.

2 that shows a state where the wafer stage apparatus 100 is
viewed from above, on the base BS, two power-transmitting,
waste-heat frames 24A and 24B that extend lengthwise in the

20 Y-axis direction are disposed at a predetermined interval from
each other in the X-axis direction. Viewed from the +X
direction toward the -X direction, the power-transmitting,
waste-heat frames 24A and 24B each have an inverted U-shape,
and their one ends and the other ends are fixed to one end

25 surface and the other end surface of the base BS in the Y-axis
direction, respectively. Of these power-~transmitting,
waste-heat frames 242 and 24B, the lower surface of the portion

parallel to the X-Y plane, positicned over the base BS, is

maintained at a predetermined gap relative to the uppermost



20 Y-axis direction are disposed at a predeterm ned interval from
each other in the X-axis direction. Viewed fromthe +X direction
toward the -X direction, the power-transmtting, waste-heat franes
24A and 24B each have an inverted U shape, and their one ends and
the other ends are fixed to one end 25 su¥face and the other end
surface of the base BSin the Y-axis direction, respectively. O

h - i tti -heat f 24A 4B, .t he | ,
TS 7S R ol R A OB S
he b BS, | NAi i ned d 1 ' to t

e pece, 55, e el ans Alpa Sl siri e (elablye fo he

uppernost 17 _ t'he” wa er stages The specific
confi gurati oo NGl HsmBdi ddhe v%dé‘@e-q{eé@efraﬁﬁ’é@rZ"QA SN 3 44 mgilll be

wast e- heat franes 24A and 24B Wi | be discussed in further detai

bel ow. 5 As shiowpudded|ia flurthemoieiaimide By ncluding a plurality

of permanent magnets is disposed in a state of being enbedded on the
upper surbace si de Agf shoven basEI®S1, Theagaghein UniB0 30c1 whirst btpitiesaliity
part of a planar notor to be discussed below, and as can be seen
fromthe pl aPiPeRrpreptGragnetfcliuddsposadahan stattagicbeingemhriided

28S t hat ced by, for exanple, sintering rare-earth
naterigls?r:ﬁg{g ; HﬁBﬁét?%E@a?% %%a? OF. BRPSPHFP et i orf e magnet unit 30
di cul arl . tized) ..The.+Z side,  surface .of the r manent
agnet 28N | ST G LR RE T M e Btef ok 8 pacaUgpoRrecon and
per manent MAgNeL 282 ksiehl SromRYLplanfAG8, 1ANer@enMRnRat  ABINRL S 48N ¢
alt y i h

and 28S are ernate _arraye N a matrix at prgdeternlne
i nterval spoal egridies X@Kisnd digeatian A preiGdigection. o i 1e,

per manent magnets 28N and 28S each have a roughly square shape in

pl anar view (adirewedng rare-earth materials, and are magnetized in the
Z—axis direction (perpendicularly magnetized). The +Z side
surface of the permanent magnet 28N is its N-pole face, and
the +Z side surface of the permanent magnet 288 is its S-pole

15 face. The permanent magnets 28N and 28S are alternately
arrayed in amatrix at predetermined intervals along the X~axis
direction and Y-axis direction. The permanent magnets 28N and
285 each have a roughly square shape in planar view (viewed
from above) and each have an identical size.

20 The magnet unit 30 also includes permanent magnets
(interpolation magnets) 32 magnetized in the X-axis direction
or Y-axis direction (horizontally magnetized). The
interpolation magnets 32 are disposed between adjacent
permanent magnets 28N and 283, and as can be seen from FIG.

25 5 showing the base BS viewed from the +X side, the surface
of the interpolation magnet 32 contacting the permanent magnet
28N is its N-pole face, and the surface of the interpolation

magnet contacting the permanent magnet 285 is its S-pole face.

Each interpolation magnet 32 has a roughly square shape in



from above) and each have an identical size. 20 The magnet unit 30

al so includes permanent magnets (interpolation magnets) 32

magneti zed in the X-axis direction or Y-axis direction (horizontally
magneti zed) The interpolation nagnets 32 are di sposed between

adj acent pernmanent nagnets 28N and 28S, Hhd as can be seen fromFI G
25 5 showing the base BS viewed fromthe +X side, the surface of the

t | at t ;32 contact th t t 28N
N pol b face, BARLhe i (406 6F TRE" FRETBOI St i S Gont 4B ThgPe
the permanen 112%%g‘r§e€§52 B9l £ of 5 wﬁaﬁCQu&Htgrr{?&%ﬁétgﬂ?lt 30,

magnet 32 has a roug y square shape in nar “vi ew

above) and hasmhBResaBE- St &l ASahhse RermNeste FagNets 28Mhand n?ﬁg%etlc
Wth such a magnet unit 30, a magnetic circuit can be formed (see

FIG 5) in wilatk negnetncialflywxcisequentialiie gdmhasenn fdenaperamnenthe
magnet 28N, the 5 permanent magnet 28S, and the interpol ati on magnet
32, and bhe nenmsTpoldmagnemdgid s B dadre iintengid e tien megrettonist i eend
force. As shown in FIG 5 (and Fig. 1), on the upper surface of the
base BS, a prtd?%épft\?épﬁ’llétté%mé@ﬁﬁ%eﬂ? sfarp indaredAyt tlee MapnR@rdtEive
i s disposed |£§&a state of covering the magnet unit 30 from above. The
protective pl'&@¥®6 prevents direct contact between the wafer stages

WST1 and WST2, and h%ho%%r %n%li[s r’rggEet §8N, ggs (glﬁnd 1%% L%;ed tshuursface
) ; S s

prevents danage to *t Re per mane

show 1 51 Cogiha et 2Laok S SURPEILE 5 1013 i

roughly 1ect apgd-araishapeliiispoRleanan i 89atsi 80egoféPMhg the magnet unit
30 from above. The protective plate 26 prevents direct
contact between the wafer stages WST1l and WST2, and the
permanent magnets 28N, 28S and 32, and thus prevents damage
to the permanent magnets 28N, 28S and 32.

15 As shown in FIG. 2, the wafer stage WST1 is equipped with
a coarse movement stage WRS1 made up of a plate-shaped member
having a roughly rectangular shape in planar view (viewed from
above), and a fine movement stage WFS1 mounted on the coarse
movement stage WRSI1.

20 As can be seen from FIG. 3A showing a partial
cross—-section of the wafer stage WST1 viewed from the +X
direction, and from FIG. 3B showing a disassembled state of
the wafer stage WST1 in FIG. 3A, an armature unit 130 that
constitutes part of a planar motor that drives the coarse

25 movement stage WRS1 (wafer stage WST1) in the X-Y
two-dimensional plilane is disposed on the lower surface (-2
side surface) of the coarse movement stage WRSI1.

As shown in FIG. 4, the armature unit 130 includes

sixteen armature coils 34:;-344:. Electric current can be



above), and a fine novenent stage WS1 nounted on the coarse

novenent stage WRS1. 20 As can be seen fromFI G 3A show ng a partia
cross-section of the wafer stage WS5T1 viewed fromthe +X direction,
and fromFIG 3B show ng a disassenbled state of the wafer stage

WST1 in FIG 3A, an armature unit 130 thatg constitutes part of a

pl anar notor that drives the coarse 25 novenent stage WRS1 (wafer
stage WET1) in the X-Y two-dinensional plane is disposed on the

| ower surfaceYRA ied dendepend)tbf theeadarcse HRteminatage WRSIS

As shown in ElG 4, the_arnmature unit 130 includes sjxteen arnature,
coi |'s 3411- 34441~ Efect rPE TRFRAD EHR- e 365128081 PoEh iGid8pBAUBREIGPLLS
to each of t e mat ure_cajl 411-3444. As shown in FIG 4, .a

si ze of each%gﬁﬁu_gérﬁ‘t ﬁ?es%%ﬁos%hégl%@%?éefq%h §§o§8 ?Jn(g? ]t%gqf‘lgr]rgif‘ﬁ the
of one side i uayl n nBON 28N,

28S and 32. St%It%qlt ﬁli%ﬁégcnk%% %%@%éﬁgﬁ\%%n%%g%@’se%%%fl gure%%' of the
armature gnit 130 andihhe SMES@imet| 3018hsPOsEEoE NS d@ntrhgurkaser the
BS. By supplying electric current to the armature coils 3411, 3413,
3431 and 343Frmamtdrieviung f ABCeand tie mégnais uliirecli abspeaddbenside the
i nposed on the armature unit 130, when the armature 10 unit 130 is at
the positionleEssRBown By fuRlvingedectic suppeyt np ehecarngtoneramnils
to the armature caoils 3422, 3424, 3442 and 3444, a force in the .
Y-axis di rectifn Snzbedenpssdetitno® ghévanrgetance bnithadoaxfardivgction

b | yi electric current to the armature cai 3412, 3414,
s PR SR e daEd i AN e [ o Ge Wbt GraReTe

arnaturelHnIHHﬁﬁgqﬁo is at the position as shown in FIG. 4, Also, by

supplying electric current to the armature coils 34,5, 34,4,
344, and 3444, a force in the Y-axis direction can be imposed
on the armature unit 130. Further, by supplying electric

current to the armature coils 34.,, 3414, 3433, 3434, a force

15 in the Z-axis direction can be imposed on the armature unit
130.

In this embodiment, even in cases other than when the
armature unit 130 is at the position shown in FIG. 4, by
calculating the magnitude and direction of the electric

20 current to be supplied to each coil according to the position
of the wafer stage WST1 and by varying the electric current
according to the calculation results, a driving force in a
desired direction can be 1lmposed on the armature unit
regardless of the position of the wafer stage WSTL.

25 Consequently, in the controller {not shown), it is
possible to drive the wafer stage WST1 in the desired direction
by controlling the electric current supplied to each coil,
based on the detection results cf the interferometer unit

(discussed below) that detects the position of the wafer stage



In this enbodi ment, even in cases other than when the armature unit
130 is at the position shown in FIG 4, by calculating the magnitude
and direction of the electric 20 current to be supplied to each coi
according to the position of the wafer stage WST1 and by varying the
electric current according to the calculaiion results, a driving
force in a desired direction can be inposed on the armature unit
regardl ess of the position of the wafer stage WST1. 25 Cbnsequentlg,

in the contrdf¥®et: (3R Showrs ,difesiioprnd breleel by i e noweniierof the
stage WST1 in the desireq%%% ection by controlling the electric
current supplT&FT o° &3¢ ©  based on the detection results of the

i nterferoneter uni tlﬁ%a%ﬁf%%gjniq‘%nw 4 fe%tqndeegieg?%c} he, nt%sélt on of .

t he wafer stage 20 e 'dir on "an ocity of
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body nenber 96 for generating nagnetic attraction between the

per manent smagreN sindb 2238Niands 28elsoaffixabway el bewehe eehofutdeaunit
armature unit 130, as shown in FIG 3A A gap of approxinmately

several m crioifet evs shsowmi it di'fied Tt wéerrarh e ft earse ximssrdnt  sstvage 1
WFS1 and the upper surface of the base BS by a bal ance anong the
magnet i c at t MR Gre R e Nelia tedgieet Pethegy mbfRbepadse Ioegnenhestage

per manent magnets 28 nd 285; the_enpty weight of the wafer stage
WST1; and th ﬁse]viaﬁ]éi\litg‘ﬁaPpPSFc%uﬁﬁﬁ%c%% HF Rawe PiSak¥r 2 ki HRDCRSmong

shown in Fl 3A and .3B ;the fi.ne vﬁg_rrent i.ncl udes .a
&t £

. WEFS1,
table 92A t hat SERFRS T RS SF&FE R 8ﬁeph§£ggﬁggne 5C PULY JigmRer 96

waf er hojder (ot phQynan&1d i P AL ES-SRREH BRIeT e empty weight of

the wafer stage WST1; and the levitational force produced by
the planar motor.
As shown in FIGS. 3A and 3B, the fine movement stage WFS1
includes a table 922 that supportis the wafer Wl from the lower
15 side via a wafer holder {(not shown), and a plate-shaped member
92B that is suspended from and supported by multiple (e.g.
three) hanging support members 92C on the lower surface side
of the table 92A.
On the upper surface side of the table 92A, as shown in
20 FIGS. 1 and 2, the field-image meter FML is disposed for
performing measurement of the relative positional
relationship between the location, on the wafer surface, at
which a pattern formed on reticle R is projected and the
alignment system ALG (so called "baseline measuremeni"), and
25 the like. The field-image meter FM1 is equivalent to a
reference mark plate of a conventional DUV exposure apparatus.
Further, a reflective surface is formed on each of the -Y side
surface and -X side surface of the fine movement table 9234,

by mirror finishing.



92B that is suspended from and supported by nmultiple (e.g. three)
hangi ng support nenbers 92C on the |ower surface side of the table
92A. On the upper surface side of the table 92A, as shown in 20
FIGS. 1 and 2, the field-inmage neter FML is di sposed for perform ng
measurenent of the relative positional r&l ationship between the

| ocation, on the wafer surface, at which a pattern forned on reticle
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mrror finishing. 21 'As shown in Fi 3A and 3 a fine novenent

appar at us 14Qfeordffdgieiad drdtutdich thes fiing msemmiit dage WiSH idahd e
X-Y plane, and enpty-wei ght-canceling nechani sns 22A1-22A3 are

di sposed bet weerrschendviewermo\eereyd WHAge WFS1 and the 5 coarse
novenent stage WRS1. The fine novenent apparatus 140 includes a

movabl e el enent 5@Deudperda¢vememtarpragsion dd tyinaliudes @ mevgble

three) of the _han m&gsup ort rrenbers 94 fromthe tahle 92A  of the
fi ne movement® J@ng@ G i P SATEheHPRY (S fos g oA - 9-

WRSL. I the oA &m%ﬁr‘)&f‘ag@%@%geﬁ‘é;%ﬁéﬁg% refoeBaTE TITE Srare e o2
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50), andy g he §upROrdugPRIMEMedbe MY bn the upper surface of the coarse
movement stage WRS1. In the wafer stage WST1 in an assembled
state (the state in FIG. 3A), the movable element 50 and the
fixed element 60 are engaged (the fixed element 60 is inserted
in the movable element 50), and the support member 58, which
15 supports the fixed element 60, is inserted in an opening 92Ba
(see FIG. 3B) formed in the plate-shaped member 92B of the
fine movement stage WEFS1.
As shown in FIG. 6A showing the movable element 50 in
a perspective view, the movable element 50 has a roughly X
20 shape (cross shape) in planar view (viewed from above), and
includes four magnet units 52A, 52B, 52C and 52D, and four
holding members 48A, 48B, 48C and 48D that are each L-shaped
in planar view (viewed from above) and hold the magnet units
52A-52D in a predetermined positional relationship.
25 Each of the magnet units 52A-52D is equipped with a pair
of magnetic pole portions 40A and 40B with a predetermined
distance therebetween in the Z-axis direction, as

representatively shown with the magnet unit 52A in FIG. 6A.

Cne magnetic-pole portion 40A includes a flat plate-shaped



15 supports the fixed elenent 60, is inserted in an opening 92Ba

(see FIG 3B) fornmed in the pl ate-shaped nenber 92B of the fine
novenment stage WFS1. As shown in FIG 6A show ng the novabl e el enent
50 in a perspective view, the novable element 50 has a roughly X 20
shape (cross shape) in planar view (viewdd from above), and includes
four magnet units 52A, 52B, 52C and 52D, and four hol di ng nenbers

48A, 48B, 48C and 4 h . h L-shaped . i I i [ d

from above) SIS d Fite SEGHGE LN PEO B oALEIP T ARG BF bdAr T Pedt and
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predet er m nedi2adi rdNGe HArerRhataveen ddyddie e dSrtHdast ifiynas
representatively shown with the magnet unit 52Ain FIG 6A ~ One
magnet i c- pol e ipordrpal 4041 nedgrdes) &l d |dits gl i isdtapeth 2he Madieinent
42A, vertically magnetized pernmanent magnets 44N and 44S di sposed on
t he | owerSsurfaanetef 4dNeaptat €S shdpfed lomsresur{24e 4ntd aidwrswofdad ) wE
magneti zed permanent magnet (interpol ation magnet) 46 di sposed
between the pémpfERBHagraneuMNaie 445 NrpoloWacsusfutdhe Zovwer

side surface) of. th er manent net 44N is its N-pole face, and .
the | ower sG??ﬁEEEX?Z srdy es%??ﬂ%%?}d?fﬁﬁ§ B@FW&R@H& naghet 44% igits

its S-pole face, e p ent i pol ation net 46,
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constituting the planar notor
magnet 44S is its S-pole face. The operation of the
interpolationmagnet 46 is similar to that of the interpolation
magnet 32 of the magnet unit 30 constituting the planar motor
discussed above.

15 The other magnetic pole portion 40B is vertically and
horizontally symmetrical to the magnetic pole portion 40A,
but hag the similar configuration. In octher words, the
maghetic pole portion 40B includes a plate-shaped member 42B
and permanent magnets 44N, 4435 and 46, and further the upper

20 surface (+Z side surface) of the permanent magnet 44N is its
N-pole face, and the upper surface (+Z side surface) of the
permanent magnet 445 is its S-pole face, and of the permanent
magnet {(interpolation magnet) 46, the surface in contact with
the permanent magnet 44N is its N-pole face and the surface

25 1in contact with the permanent magnet 44S is its S-pole face.

With the magnet unit 524 configured as is described above,
a magnetic circuit as shown by the bold arrows in FIG. 6A is

formed.

The other magnet units 52B-52D have the similar



di scussed above. 15 The ot her magnetic pole portion 40B is vertically
and horizontally symmetrical to the magnetic pole portion 40A, but
has the simlar configuration. In other words, the magnetic pole
portion 40B includes a pl ate-shaped nenber 42B and pernmanent nagnets
44N, 44S and 46, and further the upper 2®3Xurface (+Z side surface)
of the permanent magnet 44N is its N pole face, and the upper
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above, a nagnetlc circuit as shown by the bold arrows in

forned. The afrhematm@nedic wailles pp2B19aDibavest Betshfbladn 28he upper side
configuration to the one described above, but the magnet unit 52B

and the nbgnet+umitded2D are different in that the nmagnetic pole
portion 40A is situated on the | ower side é Z side) and the magnetic
pol e portion 40B i §nsithgalmedabact Réeuppér S rd@he&sdv(mzc‘@i@@)lnwhztcﬁe the
novabl e el enent 50, the direction in which the net units 52A and
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10 FIGS. TA-7C).

The fixed element 60 includes a housing 54 having an
X-shape (cross shape) in planar view (viewed from above), and
four armature coils 56A-56D disposed within the housing 54,
as shown in FIG. 6B that shows the fixed element 60 in a

15 perspective view.

The armature coils 56A-56D are inserted between the
magnetic pole portions 402 and 40B of the magnet units 52A-52D,
respectively. Due to the electromagnetic interaction of the
electric current flowing through each armature coil and the

20 magnetic field generated by each magnet unit, as shown in FIGS.
TA-7C, a force can be generaited in a direction inclined at
a 45-degree angle relative to the X~axis and Y-axis (direction
shown with black arrows).

With the fine movement apparatus 140 configured in this

25 way, as shown in FIG. 7A, by supplving a clockwise electric
current of a predetermined magnitude to the armature coils
56A and 56D {in FIG. 7A, the direction of the electric current

is indicated by outlined arrows) and supplying a

counterclockwise electric current of a predetermined



four armature coils 56A-56D di sposed within the housing 54, as shown
in FIG 6B that shows the fixed element 60 in a 15 perspective view.
The armature coils 56A-56D are inserted between the nagnetic pole
portions 40A and 40B of the magnet units 52A-52D, respectively. Due
to the el ectromagnetic interaction of the4 electric current flow ng

t hrough each armature coil and the 20 magnetic field generated by

each magnet unit,..as, sho in_FIGS. 7A-7C arce n be,gener ated
T a i pecti SRAHESA abnese s hupe (o 1R BT BPE P67 © e Racrce
and Y-axis (dif et ' bl.ac r AN Rt '
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magni tude to the armature coils 56A and 56D (in FIG 7A, the

direction of fllielcediiicduguUrdeit armatiuith cadiad dnd aiid imetheat 1OWS)eld
and supplying a counterclockw se electric current of a predeterm ned
24 magni dud€amechéyarcmttura gl srB6B afdos6Chea résutitagtl oifcéheise
the direction shown by the black arrows is generated due to _

el ect r omagnetdrd Viifndef QEEE n &k ebnd e cel dethpdiargtenn (fFEslingption)

t hrough each ,armature coil _and the nmagnetic field 5 forned by each
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direction can be caused to act on the movable element 50 {fine
movement stage WES1).
As shown in FIG. 7B, when a clockwise electric current
is supplied to the armature coils 56A and 56B and a
15 counterclockwise electric current is supplied to the armature
coils 56C and 56D, a driving force in the direction indicated
by black arrows is generated by the electromagnetic
interaction between the electric current flowing through each
armature coll and the magnetic field formed by each magnet
20 unit. Due to the resultant of these driving forces, a driving
force in the direction (-X direction) indicated by a hatched
arrow is imposed on the movable element 50 (fine movement stage
WEFS1l). Further, by supplying the respective coils with
electric currents in directions opposite to those noted above,
25 a driving force in the +X direction can be imposed on the
movable element 50 {(fine movement stage WFS1).
As shown in FIG. 7C, when a counterclockwise electric

current i1s supplied to the armature coils 56A and 56C and a

clockwise electric current is supplied to the armature coils



novenent stage WFS1l). As shown in FIG 7B, when a clockw se electric
current is supplied to the armature coils 56A and 56B and a 15
countercl ockwi se electric current is supplied to the armature coils
56C and 56D, a driving force in the direction indicated by black
arrows is generated by the el ectromagneti45> interaction between the
el ectric current flow ng through each armature coil and the magnetic

field f d t 20, unit._Due to t |tant of th
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the armature coils 25 56B and 56D, a driving force in the direction
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above, a driving force in
the opposite rotary direction around the Z-axis
(counterclockwise) can be imposed on the movable element 50
(fine movement stage WFS1).
Returning to FIGS. 3A and 3B, the three

15 empty-weight-canceling mechanisms 22A1-22A3 (in FIG. 32, the
empty-weight-canceling mechanism 22A3 is omitted for the sake
of simplicity) support the fine movement stage WES1 in a
non-contacting manner at three points on the coarse movement
stage WRS1, and each empty-weight-canceling mechanism is

20 configured including a driving mechanism (voice coil motor),
or the like. With each of these mechanisms, the fine movement
stage WFS1 is finely driven in directions of three degrees
of freedom, which are the Z-axis direction, the 6x direction
(rotation about the X-axis), and the Oy direction (rotation

25 about the Y-axis). The empty-weight-canceling mechanisms
22A1-22RA3 disposed in a state of penetrating openings 928b
formed in the plate-shaped member 92B of the fine movement

stage WFS1.

Of the empty-weight-canceling mechanisms 22A1-22A3,



the opposite rotary direction around the Z-axis (counterclockw se)
can be inposed on the novable elenent 50 (fine novenent stage WFS1).
Returning to FIGS. 3A and 3B, the three 15 enpty-wei ght-canceling
mechani sms 22A1-22A3 (in FIG 3A, the enpty-weight-canceling

mechani sm 22A3 is omtted for the sake & sinplicity) support the
fine novenent stage WFS1 in a non-contacting manner at three points

on the coars vqtﬁ%earv_ { 3 and each enmnt yswei ght - cancel i ng
mechani smis CONTT gu“?ezl I ncﬁ\gﬁll nlglnag d?elc\(}}anngl@n%c %ﬁ girﬁ (voi ce coil
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stage WFS1 is finely drivenin directions of three degrees
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about the X-axis), and the Oy direction (rotation 25 about the
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a state of penetrating openings 92Bb forned in the plate-shaped
menber 92B omadi@rfisie Jidenent stage WFS1. OF the
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second nenber 64 disposed above the first nenber 62, a third nenber
66 1¢ dispcsed inside the first member 62 and the second member 64,
and a bellows 68 disposed in a state of connecting the lower
end surface (-Z side surface) of the third member 66 and the
upper surface (+Z side surface) of the coarse movement stage
WRS1.
i5 The first member 62 is composed of a member whose outer
shape is roughly column-shaped, and a circular recessed
portion 62b of a predetermined depth is formed on the center
of the lower end surface thereof, and a circular through-hcle
62a penetrating to the upper surface of the first member 62
20 is formed in the central portion of the inner bottom face (upper
surface) of the circular recessed portion 62b. Specifically,
a stepped through-hole is formed by the circular recessed
portion 62b and the through-hcle 62a.
The second member 64 is composed of a member whose outer
25 shape is roughly column-shaped, and a recessed portion 64c
having a predetermined depth and a circular shape in cross
section is formed in the center of the lower end surface thereof.

Further, a chamber 64a, which has a circular shape in cross

section having substantially the same diameter as the recessed



10 di sposed inside the first nenber 62 and the second nenber 64, and
a bellows 68 disposed in a state of connecting the |ower end surface
(-Z side surface) of the third nenber 66 and the upper surface (+Z
side surface) of the coarse novenent stage WRSLl. 15 The first nenber
62 i s conposed of a nenber whose outer <Hape is roughly

col um-shaped, and a circular recessed portion 62b of a

predeterm ned depth is forned on.the center . of the Lower end. surface
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circular recessed portion 62b and the through-hole 62a. e second
menber 64 i s cformes et fssedydreri wWhose: elierinmidlr dhape isidRughlof the
col um-shaped, and a recessed portion 64c having a predeterm ned
depth andba ciramidear lwapeld famss irsddtd gedend oremze s r64 he Aceateum
of the lower end surface thereof. Further, a chanber 64a, which has

a circul ar sEgseaad svess (J3EEEreRtRaY RYNBLDSt BYPe bl A§resied prdoearing
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64c. A circul 2] nect | t he- i nner ttom face (upper
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type (differen Ing type) aerostatic bearing 72 1s xe

the upperpsurdacr ofrdine & eaghreidern 64 ndspeaidd ealdy nddestpRerthe
surface of the
empty-weight-canceling mechanism 22A1 due to the balance of
the static pressure generated by the vacuum preload type
aerostatic bearing 72 and the empty weight of the fine movement
stage WFS1. To maintain a predetermined gap between the
15 second member 64 and the fine movement stage WFS1, a mechanism
generating a magnetic repulsive force may be employed instead
of the vacuum preload type aerostatic bearing 72.
The third member 66 has a tip portion 66a having a
circular plate shape that is slightly smaller than the chamber
20 64a of the second member 64, a first shaft portion 66b disposed
on the lower surface center portion of the tip portion 66a,
and a second shaft portion 66d disposed on the lower end of
the first shaft portion 66b and having a diameter greater than
that of the first shaft portion 66b. As a whole, the third
25 member 66 has a T shape in the Y-Z cross-section (as well as
in the X-Z cross-section).
In the third member 66, & hinge portion 66c is formed

on the side that is slightly upper from the center in the

height-wise direction of the first shaft portion 66k, and the



enpt y-wei ght - cancel i ng nechani sm 22A1), and the fine novenent 10
stage WFS1 is supported in a non-contacting nmanner by the

enpt y-wei ght - cancel i ng nechani sm 22A1 due to the bal ance of the
static pressure generated by the vacuum prel oad type aerostatic
bearing 72 and the enpty weight of the fi4fe noverment stage WFS1l. To
mai ntain a predeterm ned gap between the 15 second nenber 64 and the

fine novenent, %gig\g%r 'cﬂ?gﬁgﬂi eaggﬁggrpﬁ#ﬂgar?6gg%% %Jgfdsctiylpleated

repul sive for enpl oyed I ns e 'vacuum prel o

aerostatic bearidig w2 tJhawd hi gk remer 86 dhas,a tip portion 66a
having a circular plate shape that is slightly smaller than the

chanber 20 64a of prheisesohderbabesmb?d & Hispbsshadd ther tpbpdr Ghlrface
di sposed on the | ower surface center portion of the tip portion 66a,

and a second &l owpostindr @cdf dhsposedoohibheddaowe T heml npadieerhani sm
first shaft portion 66b and having a diameter greater than that of

the firstoshafd igormatorflegeriless i i drawad hibut 2B teider g8 hdes a
T shape in the Y-Z cross-section éas well as in the

X-Z ,
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66a. The air padnechanism 5 74 is not detailed in the draw ng, but
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vacuum suction opening for drawi ng gas, exhausted fromthe gas
exhaust openitsg,the air pad mechanism 74 is performed by a gas supply
apparatus (not shown) wvia a conduit line (not shown) formed
in the second member 64 and first member 62 and via a gas supply
pipe (not shown) connected with the first member 62, With the
15 air pad mechanism 74, a predetermined clearance {e.q.
approximately several micrometers) is formed between the tip
portion 66a of the third member 66 and the upper and lower
wall surfaces of the chamber 64a of the second member 64.
Multiple air pad mechanisms 174, similar to those
20 described above, are also disposed on the inner wall surface
of the first member 62 that is opposite to the second shaft
portion 66d of the third member 66. Thus, a predetermined
clearance {(e.g. approximately several micrometers) is formed
between the inner wall surface of the first member 62 and the
25 second shaft portion 66d of the third member 66.
A gas supply pipe (not shown) is connected to the bellows
68, and gas is supplied from a gas supply apparatus (not shown)

via the gas-supply pipe, and thus, a predetermined pressure

is maintained in the interior of the bellows 68.



at | ow vacuum (e.g., approximtely 102 to 103 Pa); and a high vacuum
suction opening for drawi ng gas at high vacuum (e.g., 10

approximately 10-2 to 10-3 Pa) . The supply of gas and the like to
the air pad nechanism 74 is perfornmed by a gas supply apparatus (not
shown) via a conduit line (not shown) forded in the second nenber 64
and first nenber 62 and via a gas supply pi pe (not shown) connected
with the first ne W the 15 ai a Lsm 74

pr edet er ni ned clegggﬁggmt 3 Qpp?ﬁx?d%?%fﬁn éV%B%I1ﬁ1%+%%%?%?§3e§%?en

fornmed between,d f}f‘ills'tpmeH?EE' &4 8k %Qﬁg %nﬂ@?%?h 66,8ng-1 D€ coin

upper and | ower wall aces of the c e Second

menber 64. Mudddy ersallhdg@qie@esh@mxsaseiz&enﬁl%hainém&b@éea@armature
descri bed above, are al so disposed on the inner wall surface of the

first menber &A1 Hadtxedds coppos Leppea thefseeond shafflr@@rm@rﬁwleﬁ%lz pfand
the third nenber 66. Thus, a predetermned clearance (e.qg.

appr oxi mabel & sevekdle milememst é03)hisifioranpe rrzetendenagheti Ahgedwah [the
surface of the first _nenber 62 and the 25 second shaft portion 66d

of the third Sr%&@oéfﬁléamt\e@a@rW%ﬁ%.@&tbﬁﬁem Hox tdsh 8deedt tigre

the bellows 68 S upplled froma gas supply apparatus (not
shown) via fﬁ¥k§§gqéﬁhﬁ and thus, a predeternlned pressure

is maintained in tgﬁl s% rhleorV Q:% tielrrh%\/&sr 68 29. %r %;rorﬁoaél . @

voi ce coil notor |spose PetWween e first ne

second nenber. 54 {ER4Q) 68 @@é Iz a@ifitsoéllzécti‘%@éaén@er; ‘t’ﬁ%%?k?ﬂ?gmber

76B including an armature coil fixed on the upper surtace o
first menber @2ananthédsacopdakind et 80BN 6A1 Ravidiber B MRNEBE varied.

magnet fixed on the side wall interior surface of the recessed

portion 64c of theAn encoder 83 is disposed between the third member 66
and the first member 62. The encoder 83 includes a scale 82B
that is disposed on the lower-end portion of the third member
66; and a sensor head 82A that is disposed on the side wall

15 interior surface of the recessed portion 62b of the first
member 62, and has an irradiation system for irradiating a
light beam toward the scale 82B and a light-receiving element
for receiving light reflected by the scale 82B. Using the
encoder 83, the positional relationship in the Z-axis

20 direction between the first member 62 and third member 66 can
be detected.

The other empty-weight-canceling mechanisms 22A2 and
22A3 are configured similarly to the empty-weight-canceling
mechanism 2221 described above.

25 With the empty-weight-canceling mechanisms 22A1-22A3
configured in this way, the fine movement stage WFS1 can be
supported by the bellows 68 constituting each of the
empty-weight-canceling mechanisms 22A1-22A3, with low

rigidity at three points via the third member 66, second member



second menber 64. Using the voice coil notor 78, the positional
relationship in the Z-axis direction between the first nmenber 10 62
and the second nenber 64 (and third nenber 66) can be varied. An
encoder 83 is disposed between the third nenber 66 and the first
menber 62. The encoder 83 includes a scal¥ 82B that is disposed on
t he | ower-end portlon of the third nenber 66; and a sensor head 82A

that is di Sp?@ a2y Lhe Ebﬁ%%@hég%?m' 74 eri4qf t%‘irf%%lgl of.f,ge {§J§§f§§dof

portion 62b th I'rst and has an irradration

for irradiatimek aelight dean towarddhescn)l 828 aMh & herefore based
light-receiving element for receiving |ight reflected by the scale

82B. Using the tercedesuddmehlierpesitkonaltielcaidcerahip,i bhtheo Ze@xdsil
20 direction between the first member 62 and third nember 66 can be
det ect ed. Thendgidrer? &ty -beeidghitvegantiele g strecmnticc e RRA? @ r2PAB ty
are configured simlarly to the enpty-weight-canceling nechanism

22A1 descPi bédE 556\}3@1]?5*75\/\36% t Rer y URdinghthe sisedinadg eredhahi smym) ,

22A1-22A3 caonfigured in this way,_ the fine npvenent stage WSL can
be supporte&' lhﬁ?@ﬁﬂ?(ﬁ&f?ﬁ? OFf¥% 12 TA¥ Yy PRI oroR Hiriving can be

h I 22 3 h.l ,
Chree poi ots Tk b PR dmar E e aa(e a1 fehbar S faft Shnpiacing
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not conpletely zer ere or e based t he measurenent resu
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as to negate the rigidity 5 of the bellows 68. Further, using t
control | 80 (ratrchawmhe Z-axis direction on the fine movement stage WFS1.

Returning to FIG. 2, a power-receiving,
heat-dissipating arm 20A is disposed on the +¥ side end portion
of the upper surface of the coarse movement stage WRS1. As
can be seen from FIG. 2, the length (width) of the

15 power-receiving, heat-dissipating arm 20A in the X-axis
direction is set longer (wider) than the distance between the
power-transmitting, waste-heat frames 24A and 24B discussed
above, and therefore, part of the upper surface of the
power-receiving, heat-dissipating arm 20A is constantly in

20 a state ¢f confronting the lower surface of at least one of
the power-transmitting, waste-heat frames 24A and 24B.

The internal configuration of the power-receiving,
heat-dissipating arm 20A is described here together with the
configuration of the power-transmitting, waste-heat frames

25 24A and 24B, with reference to FIGS. 9 and 10, and other
drawings. FIG. 9 is a view showing the power-receiving,
heat-dissipating arm 20A as viewed from the +X side with the

internal configuration, and FIG. 10 is a view showing an X-Z

cross—section of the power-transmitting, waste-heat arms 24A



the electric current for Z-axis direction driving can be supplied in
conmbination wth the electric current for negating the rigidity of
the bellows, to the coil of the fixed elenent 76B of the voice coil
notor 78, in order to apply a driving 10 force in the Z-axis
direction on the fine novenent stage WSI31 Returning to FIG 2, a
power -recei ving, heat-dissipating arm 20A is disposed on the +Y side

end portion of,the upper surface of the coarse novenent stage WRSI.

Ao tan b s@di? PABm GRS YLEPS SR CRCHRITGr CRECT8LsE bating arm
power -recei vigyg, heat-dissipating arm20A in the X-axis direction is
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l'i qui d- t eppeqiienRreguhabi M@s1 SESILEM 88e MLt €FL IdH-IROVWET th dRWnmature

system 84, a

unit 130 constituting the planar motor, the armature coils
56A-56D constituting the fine movement mechanism 140, the
voice coil motors included in the empty-weight-canceling
mechanisms 22A1-22A3, and the like). The

15 liquid-temperature-regulating system 86 includes a feedback
section 86A to which is connected one end of a coolant conduit
line 202 inside of which a coolant liquid passes through; a
circulating pump 86B; a temperature-regulating section 86C
which is disposed on the side of the circulating pump 86B

20 opposite to the feedback section 86A and to which the other
end of the coolant conduilt line 202 is connected; a Peltier
element 86D disposed in & state in contact with the
temperature-regulating section 86C; and a heat-dissipating
section 86E disposed in a state in contact with the surface

25 of the Peltier element 86D opposite to the
temperature-regulating section B86&C.

The temperature-regulating section 86C is a tank capable

of containing a predetermined volume of coolant liquid, and

the coolant liquid contained in the temperature-regulating



5 signal-transmtting system 88, and a head section 90 constituting
t he encoder are di sposed inside the power-receiving,

heat - di ssi pating arm 20A. The | i qui d-tenperature-regul ati ng system 86
is arranged in the vicinity of the heat source of the coarse 10
novenent stage WRS1 (e.g., the armature cdils of the armature unit
130 constituting the planar notor, the armature coils 56A-56D

t1tut t he f t 140, th | t
"o uded | n R T S e SEAREer Py PHELRLRTETRe S DA TSR (Y e
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f eedback section 86A and to which the other end of the cool ant

condui t | ne 202 hes beorendt ed ,ared Relddherrged éreerit B6RMH sposedtd mfa the
state in contact with the erature-regul ating section 86C, and a
heat - di ssi patHedglesr-‘ecﬁhaﬂjrrer% r% sPoddt iTide sienasite donttd with the
surface 25 of the Peltier element 86D opposite to t he

t enper at ur e- FEFH %ﬁqqﬁf%ﬁﬁﬂqq%?QHﬂﬁ Sﬂﬂ¥%Qﬂn§§Qn Thggaudsisy through
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8|6§n2as a0 UBRelid1aee il daysuhstandaldy dar aldel -t ddie gy,
P heat-dissipating arm 20A.

Meanwhile, as shown in FIG. 10, inside one
power—-transmitting, waste-heat frame 24A, a waste-heat
section 186 for absorbing heat from the heat-dissipating

15 section B6E is dispcsed. The waste-heat section 186 extends
over the entire area in the Y-axis direction of the
power—-transmitting, waste-heat frame 24A. Consequently, in
a state where the power-receiving, heat-dissipating arm 20A
and the power-transmitting, waste-heat frame 24A face each

20 other in a vertical direction, part of the waste~heat section
186 and part of the heat-dissipating section 86E continually
face each other. For example, since coolant is supplied to
the waste-heat section 186, heat radiated from the
heat-dissipating section 86E can efficiently be absorbed.

25 The similar type of waste-heat section 286 is disposed inside
the other power-transmitting, waste-heat frame 24B.

Returning to FIG. 9, the electric-power-input system 84

includes a receiver 84A, a power-converting section 84B, an

A/D converter-amplifier section 84C, and a connector 84D. A



(parallel to the X-Y plane when wafer stage WST is situated 5 on the
base BS), and di scharges heat on the surface of the Peltier elenent
86D on the side opposite to the tenperature-regulating section 86c,
to the outside through radiation. The heat-dissipating section 86E
actual |y extends over the entire area in*the X-axis direction (i.e.,
direction 10 orthogonal to the page surface) of the power-receiving,

heal - di ssi palddigy ol 2UeeihRaml k.35 8BAUD | 0.EL Cs10. s Lnsi dsoone i

power - transmtti ng, waste ranme a Was sect1o

for absorbi ng-heate ddi0pat i heatrndi §§h@aék’89né§ 595}:'@1%8@1&115@ area in
di sposed. The waste-heat section 186 extends over the entire area in

the Y-axis dittecti-aakid dihectpiower (ihansimddiing wmsieydiest 4 alfe page
24A. Consequently, in a state where the power-receivVving,

heat - di ssi patduifaran 20A thenddvree poases ktimens mdat -l s sigstekripatrm 20A.
frame 24A face each 20 other in a vertical direction, part of the
wast e- heaP section %W@ﬁ@rpme dﬁ‘o‘ﬂt@d-’e‘“qf@étﬂ@ltstsh%t iR teetheadn fBGme
continually @T‘ﬁ‘ge each, ot her. exa since cool.ant is_sup

to the wast 5@%}8&%@%%&0 HRSP TR H?S?%da fremeipster 184 et fing
il ar type b CARSE NaAD S85t ontbdb e YREEEa M het iAo EhE BhgoLL

simlar type ™ Section i SPOS

power - tr ansmitdd Ngs tW%%t @rgﬁ%liféﬁﬁgnd%é‘rﬂé&é %)&}:L:@llglngbge the

el ectric-power-input system 84 includes a receiver 84

power - conver tidie iSeGt Ban Bk cakh N £ARVE Rl i ekt 8881 idkbctric
84C, and a connector 84D. A 33 coil for receiving electric power

wirel essly i padicapempgliird fremr enetVert Bd-pdher €oubp byt £nssr HMes (not
the entire area in
shown) can be transmitted wirelessly between the transmitting
coil and the receiving coil. Since such a wireless
power-transmission method is disclosed in Kokoku (Japanese
Examined Patent Application) No. 05-058660, Kokai (Japanese
15 Unexamined Patent Application Publication) No. 58-115945 and
the like, its description is omitted herein. The other
power-transmitting, waste-heat frame 24B also incorporates
the similar type of transmitter 284 including a transmitting
coil, and in a state where the transmitting coil in the
20 transmitter 284 and the receiving coil in the receiver B84A
face each other in a vertical direction, wireless
electric-power transmissiocon can be made between the
transmitting coil and the receiving coil.
Thus, electric power supplied from the
25 power-transmitting, waste-heat frame 24A or 24B and received
by the receiver 84A of the electric-power-input system 84 in
FIG. 9 is converted toelectric current in the power-converting

section 84B, and then undergoes analog-to-digital (A/D)

conversion and amplification in the A/D converter-amplifier



the X-axis direction (the direction orthogonal to the page surface)
of the power-receiving, heat-dissipating arm20A. 5 Meanwhile, one
power-transmtting, waste-heat frane 24A shown in FIG 10

incorporates a transmtter 184 including a transmtting coil. In a
state where the transnitting coil insidethis transmtter 184 and
the receiving coil inside the receiver 84A face each other in a

vertical di reapéc!tcﬁrbn[ eél-f(f:t rér&% %%ﬁ%@l%ﬁe&%&ﬁ&véf om aéheprpslnji?(% en(fjia the
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(Japanese 15 Unexani ned Patent Application Publication) No. 58-115945
and the |ikesorigtsitdgsiorg ptheom s toniet nedthéBli nf The midwsr motor, the
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84 in FIG 94 s1eenvappbedctiotsl €8s rpL) ¥ @lenidhit BED and the pump 86B
power -converting section 84B, and then undergoes anal og-to-digital

(A/D) cobversirest snct ianpldHd datquoind 4 tengeer AU comprliay trad ydi e S

section 84C, and the anplified power is supplied via the
discussed above. If the wafer holder for holding a wafer Wi
on the fine movement stage WFS1 is an electrostatic type wafer
holder, this electric current also can be supplied to the wafer
holder. 1In this case, the supply of electric current between

15 the coarse movement stage WRS1 and the fine movement stage

WES1 can be performed wirelessly in the power-transmission
method discussed above.

The signal~transmitting system 88 includes a connector
88A, an A/D converter-amplifier section 88B, awireless signal

20 generator 88C, and a transmitter 88D.

As shown in FIG. 10, a receiver 188 corresponding to the
transmitter 88D is disposed in one power-transmitting,
waste—-heat frame 24A, and a receiver 288 is disposed in the
other power-transmitting, waste-heat frame 24B.

25 With the signal-transmitting system 88 and the receiver
188 (or 288), measurement results obtained by the sensor of
the field-image meter FM1l or the like disposed on part of the

fine movement stage WFS1 are transmitted wirelessly from the

transmitter 88D of the signal-transmitting system 88 to the



connector 84D to the coils of the driving mechanismfor driving the
coarse nmovenent stage WRSL (e.g., coils 3411-3444 constituting the
armature unit 130 of the planar notor, the 5 coils included in the
fixed elenment of the voice coil notors 78 constituting the

enpt y- wei ght - cancel i ng nechani sm 22A1-22&3, and the armature coils
56A-56D included in the fine novenent nechani sm 140, and the |ike)

This electricLuirent 14 ppl i-ed t Pel t1 er .el.e 6D
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performed wirelessly in the power-transm ssion nethod di scussed

above. The sﬂﬁﬁﬁ*-transnitting system 88 includes a connector 88A,

an A/D converter-anplifier section 88B,. a wreless si%PaI
t

20 .
generator 88C, and &% Fafsti AISER T LAL IS SHRT S 8 €ani e £Pddgwred
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Wth the signal-transmtting system 88 and e receiver _ _
288), measur eyeife Ul tm o Haitech 04 tthel sens aheofsidhe fialtniimde g

nmeter FM or the |li ke disposed on part of the fine novenent stage
WFS1 ar el @ r asgrattered SwWarel edsd wdfaedmehea 84 riansragd)er 88D of t he
signal-transmtting system88 to the 35

The receiver 188 (288) does not to have to extend over
the entire area in the Y-axis direction of the
power~transmitting, waste-heat frame 24A (24B), but may be
extend over a range where the transmitter 88D is positiocned

15 when field-image measurement or the like is performed on the
wafer stage WSTI1.

As shown in FIG. 11, in actuality, the head section 90
includes multiple heads 90y for Y-axis direction measurement
for measuring positional information in the Y-axis direction,

20 and mulitiple heads 90x for X-axis direction measurement for
measuring positional information in the X-axis direction.

The multiple heads 90y for Y-axis direction measurement
are arranged at predetermined intervals in the X-axis
direction, and the heads 90x for X-axis direction measurement

25 are arranged at predetermined intervals in locations that do
not interfere with the heads 90y.

Corresponding to the heads, a scale 190 is disposed on

the bottom face of one power-transmitting, waste-heat frame

242, and a scale 2920 is disposed on the bottom face of the



receiver 188 (or 288) In this case, for the signal interchange
between the transmtter 88D and receiver 188 (or 288) , for exanple,
an infrared beam can be used, or other waves such as radi o waves,
acoustic waves, or the like can also be 5 used. The

signal -transmtting system 88 can be confifured capable of
perform ng both transm ssion and reception, and the control signal

f th t
t;gzgnl?tggnéﬁgk?ﬁéogggﬁé§%transnﬁfﬁr %%rheékggg ﬁé an fhe scales
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extend over the entire area in the Y-axis direction of the
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over a range where the transmtter 88D is positioned 15 when

field-inmge resorienenittoroft Hend ke gisiepentdorpued iem tdee theafercistiage of
W5T1. As shown in FIG 11, in actuality, the head section 90

i ncl udes pul tihe eondamsl Wtflo?rn elaxite davwssttorpasisuyigrentvasigr-heat
measuring posjtional_ inforpation in the Y-axis direction, 20 and
mul ti pl e headd3dHe P Reki< B riectRSH 1ieslr enent f or neasuring
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di rection neasurenent are arrang e at preaeterm ne rva In
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the heads, a scale 190 is disposed on the bottomface of one

power - t rafsmdrt 299, Masie-daedlg fuhamemuldddlantals cale XXk direction
di sposed on the bottom face of the
measurement, and measurement of the Y-axis direction position
of the wafer stage WST1 can be performed at a head 90y opposite
to the scale 190 or 290, from among the multiple heads for
Y-axis measurement. The intervals between neighboring heads
15 90x and the intervals between neighboring heads 90y are set
go that position measurement can be performed using the scale
190 (or 290} at the same time. The case of arranging a
plurality of heads that constitute the head section 90 has
been explained above, but it is alternatively possible to
20 arrange only one head if the head can cover the measurement
range.

Returning to FIG. 2, the other wafer stage WST2 has the
similar configuration to the wafer stage WST1 discussed above.
Specifically, the wafer stage WST2 is equipped with a coarse

25 movement stage WRS2 similar to the coarse movement stage WRS1;
and a fine movement stage WFS2 similar to the fine movement
stage WFS1 that is mounted on the coarse movement stage WRSZ

via three empty-welght-canceling mechanisms 22B1, 22B2 and

22B3 disposed at three locations not on a straight line. A



36 other power-transmtting, waste-heat frame 24B. The scales 190
and 290 are two-dinmensional lattices formed wwth a predeterm ned
period in the X-direction and Y-direction, from the vicinity of the
+Y side end portion to the vicinity of 5 the central portion of the
power-transmtting, waste-heat frames 24/ and 24B, respectively.
Wth the head section 90 and scales 190 and 290, neasurenent of the

X-axis directjd osition f t waf er, sta WET1 can be perforne
2 a head oor shamade Befrs' 821% Hisbie% oboue FmmmABRGaCRAT the

mul tipl e heads fop,mx)5 sde #%C*’?Q?he% ST e o VERRHE T arYom,

the Y-axis direction OSItIO s’tae can
perforned at s@head %%v +@RPeShtemot-embhe zﬁ@éﬂlgn}% Pio Z%L%cbagégam

the nultiple heads for Y-axis nmeasurenent. The Intervals between

nei ghbori ng heads sbo s banedekhe that eb¥aks hevvRent net ghoMRIY HeddSine
90y are set so that position neasurenent can be perfornmed using the
scale 199 (oov@@ntattibhe BEIR, tamea ditecrasecofviang angiaig-d ssipating
plurality of heads that constitute the head section 90 has been

expl ai ned abév@ 2pBt §imilantecihabovery ngossdiviing t be20- @\wang@tmgwrm
one head if the head can cover the megsurenment. range. Returnin

FIG 2, the &%ﬂ%ﬁﬁ”&seﬁzf&@WTé%éjsl%ﬂ%sedsﬁﬁ It dgsHingdnat ﬁheoﬂ
t he mafer stggg WET dIS ussed .a

et s ean aane i, BetEdRRC e sgﬁéﬁt%%%%é%%s%@%v\?%?ﬁ ‘Rigne
coar se wvenﬁ)@mesﬁ%ece% o kA0S TSP 5 WES2, s il ar

to the fine venent stag t hat e coarse

novement 3 gt a@%w\éBS%edélaqﬁﬁy e 6 ML B irpNGel | lm BCRAN P above,
22B1, 22B2 and
transfer of heat generxated in the wafer stage WST2, wireless
transmission of electric power, transmission and reception
of signals detected by the field-image meter FM2 on the wafer
stage W3TZ2, and detection of the position in the X-Y plane
15 of the wafer stage WST2 can be performed between the
power-transmitting, waste-heat frames 24A and 24B.

The interferometer system for detecting the position,
in the X-Y plane, of the wafer stages WST1l and WST2 will be
explained next.

20 As shown in FIG. 2, the interferometer system includes
an X-axis interferometer 18A that irradiates a
length-measuring beam parallel to the X-axis passing through
the projection center of the projection optical system PO;
a Y-axis interferometer 16 that irradiates a length-measuring

25 Dbeam parallel to the Y-axis passing through the projection
center; and an X-axis interferometer 18B that irradiates a
length-measuring beam parallel to the X-axis passing through

the detection center of the alignment system ALG.

With the interferometer system having such a



22B3 di sposed at three |ocations not on a straight line. A 37
field-image meter FM2 is di sposed on the upper surface of the fine
novenment stage WFS2. Further, a fine novenent nmechanism simlar to
the fine novenent mechani sm 140 di scussed above, is disposed between
t he coarse novenent stage WRS2 and fine 5%hovenent stage WS2, and a
power -recei ving, heat-dissipating arm ZOB simlar to the

-receiving, heat-d | |
(i Sposed | n IREUEITA 1301 (R B Eat d e FOPERGT OfoPReibhe the

movement Sta%éi’%s%tmgé & B%‘é’eio%?i%gd"h‘egthg ?&sﬂféﬁ%%ﬂ&%%{r{”m

20B, as in the recei vin eat-dr ssi arm cusse

above, transf, eﬁ:h%f l@%@ﬁzhgﬁl@%%%trggg' Beﬁﬁef%ﬁ%hét}@%i\@sﬁgﬁté’ff’@fcﬁ%\ter
transmission of electric power, transm ssion and reception

si gnal s det eatsed iky itrhadibekd- bABgee Rl £foFMPi ONsh &S M]ﬁictﬁ@@ﬁ;rface
WS5T2, and detection of the position in the X-Y plane 15 of the wafer
stage W5T2 cam bbepef fodeedf boaewtome trveepener stagasiFidlt thgt constitutes
wast e- heat frames 24A and 24B. The interferoneter systemfor

det ecting thévap;iﬁsﬁ freae WITH .t aied xhe Ipngid) —fas el ngbeprsizgjeshelrexis
and W5T2 wi | | expl ai ned next. 20 As, shown in FIG,6 2, the

i nterferonet é‘"rn eé‘}r)ﬂr@%%cf-e% lsaﬂ-r)?aaf;&astei%tcé} fidto Mo e hehed

di at I t.h- b 1
113021008 g SR BEMELEL Sl 19 18 B0 6 0O Do
a Y-axi s int grir ongher, 1@hgh%n £radlales i '%@ghh TIBAS YhNg 25 heam

parallel to e Y-axis passi ng t roug the p 01 ection center;

X-axi s inper figramtaiondR 4 hats iid adi e ted |anatts TRASA Y -El DeaE
parallel to the X-axis passing through

reflective surface on the -X side of the fine movement stage
WE'S2 that constitutes wafer stage WST2. In the situation
shown in FIG. 2, the length-measuring beam of the
interferometer is not irradiated on the mirror-finished

15 reflective surface on the ~Y side of the fine movement stage
WESZ.

In the case when the positional relationship of the wafer

stage WST1 and wafer stage WSTZ2 is opposite to that shown in
FIG. 2, the length-measuring beam of the interferometer 18A

20 is irradiated on the -X side refleciive surface of the fine
movement stage WES2, the length-measuring beam of the
interferometer 16 is irradiated on the -Y side reflective
surface, and the length-measuring beam of the interferometer
18B is irradiated on the -X side reflective surface of the

25 fine movement stage WFS1. The interferometers 18A and 18B are
multiaxial interferometers having a plurality of
length-measurement axes, and therefore, in addition to
measurement of positional information in the X-axis direction

of the wafer stages WST1 and WSTZ2, measurement of "rolling"



t he detection center of the alignnent system ALG Wth the
interferoneter system having such a 38 configuration, in the case
when the wafer stage WST1 and the wafer stage WST2 are | ocated at
the positions shown in FIG 2, the | ength-neasuring beamfromthe
X-axis interferometer 18A is irradiated ¥ the mrror-finished
reflective surface 5 on the -X side of the fine novenent stage WF-S1

t hat consti tu& es wafer stage WST1, and t(gg Iet;g:t_h- neasuring beam
fromthe Y-axi®Lt3mah t'dre 1673%1 % r F4ai gihend "yawing

i -fini shed flecti f .the -Y sjd f the fi
moverent st age OESLY ATS TS N8 PangehLfeLs (g bRERTPFORTE he b e
10 interferongitelr A8B s d ¥ ragli &l ed Qudhe M1 raediflsheder, Va\i:nSdZ

reflective surface on the -X side of the fine novenent stage

that constit ulles-avedes, strageidifilion 4o tia Sitadn®On s shomwridhdd G 2,

t he | engt h-measuring beam of the interferoneter is not irradiated on
the mrrob-fiinifshetht il rief ket Yvexssrdamcsctoion kel tYeswdécof stheged iWaT1
novenent stage WFS2. In the case when the positional relationship of
the wafer stéfEWHET1 RERPURETEEN S PAJE MBS dppbstientadqitathshovxis
in FIG 2, the |length-nmeasuring beamof the interferoneter 18A 20 is

i rradiated on(%h&orRtspae )r anfekavied s{kdiaaieler irhébei fle dimrekeon) can
stage WFS2, tbhe | engt h- neasuring beam of the interferometer 16 is
irradi ated o't He - ré‘?eg' reflective surface, and the

| engt h-measuring begyy g&{@s%igte(rﬁo ggﬁ%ﬁ;ﬁv@éﬁgm %é@%@%@%@ﬂ-&&%e

-X side reflective surface o e 25 fine \ nt stag .
interferopget gr-s; 134nands 488 Ak eneMldia @ls tafee et ot airgohayi MY High

plurality of

accuracy, based on the measurement values of the
interferometers 18A and 16 during exposure to be discussed
below, and controls the position, in the X-Y plane, of the
fine movement stage WEFSZ (or WFS1l) with high accuracy using

15 the measurement values of the interferometer 18B and the head
90y for Y-axis direction measurement constituting the head
section 90, during alignment (and during wafer exchange) to
be discussed below.

In this embodiment, when a planar motor for driving the

20 coarse movement stages WRS1 and WRSZ2 is not being used {such
as when base BS transport, exposure apparatus assembly,
maintenance, or the like is performed), a magnetic-flux
leakage preventing plate 36 as shown in FIG. 5 can be arranged
so as to cover the upper surface of the base BS.

25 The magnetic-flux-leakage preventing plate 36 is made
of a nonmagnetic material and is a plate used to prevent the
magnetic flux generated by the magnet unit 30 from infliuencing

the exterior of the system, and as shown in FIG. 5, is

sufficiently thick to cover the magnetic circuit formed by



| engt h- neasur enent axes, and therefore, in addition to neasurenent
of positional information in the X-axis direction of the wafer
stages WST1 and WST2, neasurenent of "rolling” 39 (rotation about
the Y-axis (8y rotation)) and "yawing" (rotation in the 8z
direction) can be perfornmed. Also, the i4fterferometer 16 is a

mul tiaxial interferometer, and therefore, in addition to neasurenent

of positional_ 5 information in the Y-axis direction of the wafer
st ages WBT1 %W@ﬁﬁ&gﬁrg%nt of "pitching" (rotation about the

X-axis (8x rotati ) %IQ .3 (rotatian, i he 8z direction). .can
be perforned. The ¢C ntro qle%l%g%esﬁn%v%qﬁetggntﬁéfxs%ﬁaéka 5Si éeéfn%gi_’llr?%
the 10 XY glape #f thefdna myensitstage Weh (cﬁf MES2); W tlkeq by
hi gh accuracy, based on t'he neasurenent val ues of the

i nterferonmet efrs ocbAaangd 16 durhpglexpostiecd® the thHeseugsed uhet0¥ when
and controls the position, in the X-Y plane, of the fine novenent

st age WFS2 ( drhaNgSlnam trotoghi saootr doyi s ivgedS ddre e gsteesreidd from
values of the interferoneter 18B and the head 90y for Y-axis

direction neastFEHEMY cist i funtihry t Hdrehaaf 1 seae orf 9 gnmkiFingilux on
al i gnment (and during wafer exchange) to be discussed below In this
embodi nent, REH G2 pISFEPTHItOrSYGE & IRAGRIGRES 2PF o sk kRw etishtthe

stages WRS1 and.\\RS2 isaﬁot bei n.q_élr@led (suc as when base BS . .
transport, e L A EsTermbtYF Othel MEn4HEE BT ST K i &
per f or med), | =Ll l.e e I l.at.e i
FIG 5 can bge rrangée pfpggéz%lst gh%gvggéﬁa:%ﬁ%gpgéa fgggngéoﬁﬁgéﬁg%%rg be
BS. 25 Thge megnatiLtfl ux-1 eakage preventing plate 36 is nade

Next, a series of operations, including parallel
processing operations of an exposure operation to a wafer on
one wafer stage and an alignment operation to a wafer on the
other wafer stage, and the like, performed by the exposure

15 apparatus 10 of this embodiment, will be described with
reference to FIGS. 2 and 12A to 13B.

FIG. 2 shows a state in which the wafer-alignment
operation for the wafer W2 on the wafer stage WST2 is being
performed in parallel with the exposure operation for the wafer

20 W1 on the wafer stage WST1 being performed .

In advance of the state shown in FIG. 2, when the wafer
stage WST2 is at a predetermined loading position, a previously
exposed wafer on the wafer stage WSTZ is unloaded from the
wafer stage WST2, and a new wafer W2 is loaded on the wafer

25 stage WSTZ2 (i.e. wafer exchange is preformed), by a wafer
loader (not shown).

Then, while controlling the X-position of the wafer
stage WSTZ2 based on measurement values of the interferometer

18B, and meanwhile, also controlling the Y-position of the



of a nonmagnetic material and is a plate used to prevent the
magnetic flux generated by the nmagnet unit 30 frominfluencing the
exterior of the system and as shown in FIG 5, is sufficiently
thick to cover the nmagnetic circuit forned by 40 the nagnet unit 30.
By arrangi ng the magnetic-fl ux-|eakage pr&venting plate 36, a
situation, in which a tool or the |like used by an operator is

b tl tt d th t t 30 wh 5, the, pl an npt or,

not bei ng usdif: eﬁraﬁ‘c%ge Fel2 e d P 2asEaEReRG, VRHEET Gt Adheat fecing
o henee OF NG!S e 1 STPACBLORULRIEAbO SUET, 81 PACEIBY RIS che
or the like, an i fT1°Uenceé of “naghe FI 0% oR ot er appar tUs

used in an @%@&&U!’)@y%@f%kﬁ‘ﬁ&%’ltﬁ*&% Ipélé@ufém&% aq sb%%%%p@f{ Eﬁ@ W br
be 10 avoided. Next, a series Of operations, including parall

processi ng opsafajd oD @ XGRS B pefradt Ghdwn R M@fta@rpoﬁlﬁional
waf er stage and an alignnent operation to a wafer on the other wafer

stage, and t henfldroetiper fodr mad cloyenliemexiosisemtbe appakal usrddhgdd with
this enbodi ment, will be described with reference to FIGS. 2 and 12A
to 13B. FI G @ phowsl i wtal enaridhicshdie Wafiamal (e shoperzadioms)
for the wafer W2 on the wafer stage WST2 is being perforned in

paral | el wit IP% HdS% ot &' opetsttot Forr k@i ersY WA t he

E?Eerz?tﬁﬁinvﬁi wBPet PBeagH siaeod APV ACH eRerta il ea bt e ion

position, 3 Rusloes SPased Aalare 00 I vAlSfomd agp SRR S e

unl oaded from er st age and new
the wafefgp controller executes EGA (Enhanced Global Alignment) to find

the respective array coordinates of all the shot regions on
the wafer W2 by a statistical calculation using the
least-squares method, as disclosed in, for example, Kokai
{Japanese Unexamined Patent Application Publication) No.

15 61-044429%9 and the like. Before performing the EGA, the
controller also can perform baseline measurement using the
field-imagelneter FM2. 1In this case, the measurement results
of the field-image meter FM2 are wirelessly transmitted from
the transmitter disposed on the power-receiving,

20 heat-dissipating arm 20B to the receiver 188 or 288 disposed
on the power-transmitting, waste-heat frame 24A or 24B.

During the wafer exchange and alignment operations

discussed above, based on detection results obtained by the
interferometer 18B and heads 90y (scale 190 or 290), the

25 controller drives the coarse movement stage WRS2 with a long
stroke using the planar motor discussed above, and also finely
drives the fine movement stage WFS2 using the fine movement
mechanism and empty-weight-canceling mechanism 22B1-22B3.

In parallel with the wafer exchange and alignment, a



25 stage WBT2 (i.e. wafer exchange is preforned), by a wafer | oader
(not shown). Then, while controlling the X-position of the wafer
stage W5T2 based on neasurenent values of the interferoneter 18B

and nmeanwhile, also controlling the Y-position of the 41 wafer stage
WST2 based on neasurement val ues of a hedtf facing either the scale
190 or the scale 290 of a plurality of the heads 90y for Y-axis

position ma%ﬁ%d—%(%gp%%f$%ﬂ@ﬁe{io§tjf%ﬁpné‘ﬁr&mé ®n .the wafer

controller (not "shown) tect's positional 5 in tion of alignhnment
marks (sanpl estmfkismar ranged W twhich Riridddy MHotspedddiqPBeration
regi ons (sanple shot regions) on the wafer W2, using the al1gnnment
system ALG Nextmoveased: ore fidese atpt a3 b g esuldscalnek 4 hieopast 4 10ihg
coordi nates of the specific shot regions in design, the 10

control |l er exssRittdsEER Y Btk @ bissdchAl shpthemsdicro dn nthe heafer Wi
respective array coordinates of all the shot regions on the wafer W
by a stat?stmnted o sbpovafisr nitade Wiastaspirasthet posulag of the

disclosed in, f | e, . Kokai Unexani ned Pat |

Appl 1 cat i on MRIT Rt BRTSRG -DrE B35 BRFIZO.SrREY e HEPEBe BeT T & Scanning
f i t t f [ |

perform ng ¢ Nedidhed Upe SonbroLber Al 0, ERD Rrf 1 PRSELIDS: (reticle

measur enent r&slild RsT9f shRechlelded rage RIS EM R fsthf el #Ssly Y—a2:><di.s

transmtted from the transmtter disposed on the power-receivVing,

heat - di ssi patdingAiPrBd @ rahefleecei pat 388 06rRA88 GhspesetetDind he to
power-transmtting, waste-heat frane 24A or 24B. During the wafer

exchangel@nd tdld gihmentregpematarorchadivediessétl aticy &hebased cart idet-eqttiianl
results obtained by the
system PO are repeated.

During the step-and-scan exposure operation discussed
above, the controller drives the coarse movement stage WRS1
with a long stroke using the planar motor discussed above,

15 and alsc finely drives the fine movement stage WFS1 in the
X, Y, Z,0x, OBy and Bz directions relative to the coarse movement
stage WRS1l, using the fine movement mechanism 140 and
empty-weight-canceling mechanisms 22A1-22A3. As a matter of
course, the measurement results of the wafer focus sensor

20 discussed above are taken into consideration on the driving
in the Z, 6x, and Oy directions.

Because the procedures for the exposure operation itself
and the like are similar to those in a conventional scanning
stepper, further detailed description thereof will be omitted

25 herein.

Of the wafer alignment operation to the wafer W2 on the

wafer stage WSTZ2 discussed above and the exposure operation

to the wafer W1 on the wafer stage WST1l, the wafer alignment

operation normally finishes first. After completing the



interferoneter 18B and heads 90y (scale 190 or 290), the 25
controller drives the coarse novenent stage WRS2 with a | ong stroke
using the planar notor discussed above, and also finely drives the
fi ne novenent stage WS2 using the fine npvenent nechani sm and

enpt y-wei ght - cancel i ng nmechani sm 22B1-22B%® In parallel with the
waf er exchange and alignnent, a 42 step-and-scan exposure operation

I's perforned oned he walGle St age WaLL 3148, gg{_‘%d%iscgh@nwéféf;s;g%@é WST2

steppi ng operation to nove the wafer stage to an acce on

starting posiditor £9r gexBesyba Qﬁde@@mi%tir&giu%ﬁn%nthae}ﬁi‘@ﬁ§£ MWt dr,
nounted on the wafer stage W5T1, based on the results of the wafer

al i gnment t hathdas fleeest ae emdy perilosmadyveanto a peatstagmiasposStdred-by
operation to relatively scan the reticle R (reticle stage RST) and
the wafer W Kowiftekorst bgpe VBT )posithen Yohxilse whfectstorngaiicT2 asfRIG.
a pattern formed on the reticle Rto 10 the shot region on the wafer

W via the priojfet i optiahred 3t Em s EtFepeat ed. During the

st ep- and- scan exposure operatjion di scussed above, the controller
drives the coarse retEheRnegtHie SWRSEUNA PREA=FORG St POV REPRYTL AB the

pl anar not or ﬂfﬁ%us%%%%e?ﬁg¥f’>%&%,oﬂ‘%ieg(e?foﬁhgﬁ%%btgfé VES: WS Jd PRe warfer

novenent stage Irections

relative to the,£oafge My &Ry YA WRRL, a1 ng dhe 44 16, myermat.p
mechani sm 140 aﬁ%p enpt y- wei ght - cancel 1 ng né%hanisng‘ZZAl-z A3 AS A

matter of cqrfear tecdeasurenenter eadlikstRé sheudpieh {QHSOSEMOIthe
20 di scussed above are taken into consideration on the driving in

the Z, Ot0 ander@thtimesciumoirsy BeasisErdrinetips acethr Bsrdstdie P asid €16
operation itself
stop being incident on the —-X side reflective surface and the
-Y side reflective surface of the wafer stage WSTI1,
respectively. In this situation, certain of the heads 90x and
certain of the heads 90y are situated facing the scale 290,
15 and hence, the controller switches the position measurement
of the wafer stage WST1 from the measurement by the
interferometers 18A and 16 to the measurement by the heads
90x and 90y. Then, when the length-measuring beam from the
interferometer 16 ceases to strike the -Y side reflective
20 surface of the wafer stage WST1l, the length-measuring beam
from the interferometer 16 begins to strike the -Y side
reflective surface of the wafer stage WST2, and hence, the
controller switches the measurement of the Y-axis direction
position of the wafer stage WST2Z to the measurement by the
25 interferometer 16.
Next, as shown in FIG. 132, the controller causes the
wafer stage WSTZ to move to a position directly beneath the

projection-optical system PO, using the planar motor, based

on the measurement results relating to the Y-axis direction



and the like are simlar to those in a conventional scanning
stepper, further detailed description thereof will be omtted 25
herein. O the wafer alignnent operation to the wafer W2 on the
waf er stage WST2 di scussed above and the exposure operation to the
wafer WL on the wafer stage WST1, the waf® alignment operation
normal ly finishes first. After conpleting the 43 wafer alignnent,

the control | %%ﬁ@%ﬁ;%ﬂ@%&éﬁ%ﬁ%@ %@ 48 onf %ér?%.%%en t

-X direction using t | anar not or. waf er st age

moved to a pr@wpﬁrme@atih?n@o B¥e £0Sk1d 0N 388 JNELPAShELYY Bheliias
waf er stage WsT2 in FIG 5 1I2A), and retained at that position. Then,

when the expdslx.e cpexattion lieodthe maafserr iWg o8ak f-omvaheri rsdeage: \dEk e r
is conpleted, the controller noves the wafer stage WST1 in the +X
direction and-8# idi rigstddigtagity tthe —Pptuinty milorct iftdG sul2Behows the
the situation just before the 10 |ength-measuring beanms fromthe

i nt er f er ofret i e gRVATEF6 SteEsp WBSEngurhepdent s groYereenty, sl position
reflective surface and t e reflective surface of the waf

h -Y sjd
Stage VIBTL, TSRy L FRE RIS} GAFEGH. OBer Phi MRS Heags WOT2
90x and cer ta%{%n sqji”éc{h?eo$e1‘_azdo§rls %:Q{e anqeeafz%lle%etnecd }:];fci'!l'peg I'Eehaedssc < t(2ﬁ90the

15 and hence, € con I"er” swi'tches e posi ti-on nmeasurenen

the wafer stage MEELSL0M ) he dreasy et ed hgsp interferometers 18A
and 16 to the mssasurerrent %y the heads ~90x and 9pby. Then, when the

| engt h- measuri ng ber@nwhamd,hén dHY fEFerosBl s WG 1CE88ES AtotBbldded tion
the -Y side reflective 20 surface of the wafer stage WST1l, the

| engt h- ne@surdhgirbéantIé r A2, hehe Merifieromtesutémbagi oif the safekestage
the -¥ side WST1 has switched from the measurement by the interferometers
iBA and 16 to the measurement by the heads 90x for X-axis
direction measurement and the heads 90y for Y-axis direction
measurement. Thus, whilemeasuring the position in the X~axis

15 direction of the wafer stage WST1 using the heads 90x facing
the scale 290 and the scale 290, and alsomeasuring the position
in the Y-axis direction of the wafer stage WST1 using the heads
20y facing the scale 290 and the scale 290, the wafer stage
WST1 is moved in the +Y direction.

20 Then, as shown in FIG. 13A, at the moment in which the
length-measuring beam of the interfercometer 18B is irradiated
to the ~X-side reflective surface of the fine movement stage
WEFS1, the measurement relating to the Y-axis direction is
switched to the measurement by the interferometer 18B, and

25 the wafer stage WST1 is moved to the position (wafer exchange
position) shown in FIG. 13B,

Then, on the wafer stage WST2Z2 side, a step-and-scan

exposure operation is performed on the wafer W2, similar to

the exposure operation performed on the wafer Wl, and on the



reflective surface of the wafer stage WST2, and hence, the

controller swtches the neasurenent of the Y-axis direction position
of the wafer stage WST2 to the neasurenent by the 25 interferoneter
16. Next, as shown in FIG 13A, the controller causes the wafer
stage WBT2 to nove to a position directlybeneath the

proj ection-optical system PO, using the planar notor, based on the

measur enent hesld S AAG L0 ddie AN S ALLaRd olh e A0 f]elgﬂfngr{? a

the interferoneter 16 and on the neasurenen resulis re

X-axis directdprphtpided-dyetdhaheads, IW4nSCanddier to those

| engt h-neasuring beamfromthe interferoneter 18Ais irradiated to
the - X-side reafdanidare saofeace of the 5 fine novenent stage WS2
during this novenent, the position neasurenent, in the X-axis

di rection, of the Vifer, $hageeWsiosare appamtiat oot t tiel sreasiordimentt,
by the heads 90x to the neasurenent by the interferoneter 18A

Meanwhi | e? ofhiHe RErdCraiage chsrangedet e mad giositeioes WED1 strowiS TR,
FIG 12B, the position neasurepent of the wafer stage . WST1 has

swi t ched fromtthEXREIEGFeMBRE2by R NE ithF'Bffér ottt FatpgaShAge1621S the

the neasurengﬂg%§yf%$§$E§%$%n%p%hgoaa%é Xéfi%gﬁéggtéggﬁ%§$gﬁh$ ép%afer

and the heads f . I rectron " neasarenent
VBTL usi ng.  ReT RaGda O T Het Ra e SR e o205 LR Sehr e gt g !
al so neasuri Rg-ddesqaesg.tion in the Y-axis direction of the wafer
stage WST1 using the heads 90y facing the scale 290 and the scale
290, thel@afer stage tWRE]L ertooridwetht,n dud by tier efttrieaynin) pEherl,1eds
shown in FIG 13A, at the noment in which the
processing, a state, in which the upper surface of the
power—-recelving, heat-dissipating arm 20A of the wafer stage
WST1 and the lower surface of at least one of
power—-transmitting, waste-heat frames 24A and 24B are facing
15 eachother, ismaintained, and therefore the supply of electric
power to the wafer stage WST1, the transfer of heat generated
at the wafer stage WST1, and signal transmission and reception
can be performed in the facing portions.
Alsoc with respect to the wafer stage WST2, similaxly to
20 wafer stage WST1, the upper surface of the power-receiving,
heat-dissipating arm 20B and the lower surface of at least
one of power-transmitting, waste-heat frames 24A and 24B are
facing each other, and therefore the supply of electric power
to the wafer stage WSTZ, the transfer of heat generated at
25 the wafer stage WST2, and signal transmission and reception
can be performed in the facing portions.
As is discussed above in detail, according to this

embodiment, because the power-transmitting, waste-heat

frames 24A and 24B continually absorb heat radiated from the



| engt h- neasuring beamof the interferometer 18B is irradiated to the
-X-side reflective surface of the fine novenent stage WS1, the
nmeasurenment relating to the Y-axis directionis swtched to the
measurenent by the interferometer 18B, and 25 the wafer stage WST1 is
noved to the position (wafer exchange pods‘:iti on) shown in FIG 13B.
Then, on the wafer stage WST2 side, a step-and-scan exposure

operation is - sned: t fer SLm t e
operation per}% med on elrfgfs\ég%t%ﬁnv\ggg %ﬁﬂt ew%germg?ggégﬁ%gg RXEF%)’
side, wafer exshange iand walRs ki HEEBNYenORSF & 11NShal §28XeCHt £k iWETL
a simlar manner to those discussed above. Thus, in the exposure
apparatus 10 @fSTi sneabpdsueatacclrady kanpies farpp rig sxdchangetof s tdigse,
waf er stages WBT1 and WST2, the exposure operation to a wafer on one
waf er stage, sindtd Hé iwafieneesshangetanmbriteiwal epndlignfenbe) from the
operation_of a wafer on the other wafer st%gse are perfornmed by

si mul t aneBus PHrHidero prodesanhgrage WAt S Tehbdernewpdl vine ipalmnt,
f oregoi ng paral |l el rocessing, . a state, in_which the upper surface

of the | Donerliuma o TREEICHF T par T O mPsoReGr T Rebaarey T b e
W5T1 and the r t least,aon f retransmtti .y
weste-heat Trimeo A aRie Andhel FB31 RS EtlsaR ot AP i kining

mai nt ai ned, angd,dharef &t supp|pf £lectsdc power to the wafer
stage WST1, the transfer ofélﬁ/eat gelnggat ed atbpt he wafer stage WST1,

and signal transm ssiréhea)diheeRPi SfbodafeRe, PEd R J ikt @Gt
portions. Also with respect to the wafer stage W5T2, simlarly to
10 system 84 by which electric power is input wirelessly to the
wafer stages WSTL and WSTZ are provided, and alsoc the
transmitters 184 and 284 for outputting electric power
wirelessly to the receiver 84A of the electric-power-input
system are disposed on the power-transmitting, waste-heat
15 frames 24A and 24B. Hence, the wiring to supply electric
current to the driving mechanisms that drive the respective
constituents of the wafer stages WSTLl and WST2 does not have
to be connected from the outside to the wafer stages WST1 and
WST2, which makes it possible to prevent declines in movement
20 accuracy of the wafer stages WST1 and WST2 caused by tension
of such wiring. This can also improve exposure accuracy.
Further, in this embodiment, the transmitters 88D for
transmitting wirelessly the signals output from the meters
on the stages (e.g., field-image meters FM1l and FM2) are
25 provided on the wafer stages WST1 and WST2, and the receivers
188 and 288 for receiving signals from the transmitters 88D
are provided on the power~transmitting, waste-heat frames 24A

and 24B. Hence, wiring used for taking the signals output from

the detectors need not to be connected to the wafer stages



20 waf er stage WST1l, the upper surface of the power-receiving,

heat - di ssi pating arm 20B and the | ower surface of at |east one of
power-transmtting, waste-heat franes 24A and 24B are facing each
other, and therefore the supply of electric power to the wafer stage
W5T2, the transfer of heat generated at 25 the wafer stage W5T2, and
signal transm ssion and reception can be perforned in the facing

portions. As Wssrldéﬁﬁlﬂ%q%gfﬂgﬂ\ﬁ%é Budgiak! vvast i I{?lé&t ﬁtgbsin tEﬁi\ case,

enbodi nent, because ower-transmtting, I ames

and 24B Conthﬁﬂ%bhbmégsﬁbgsmﬁﬂé tadi et semthes4bn movement accuracy
heat - di ssi pati ng section 86E of the wafer stage WST1 (W5T2), adverse

i nfl uences ofothedte gemeeyet ethd rntd heenwmifear of age WEind \&&T2)n athe
exposure accuracy can be suppressed. In this case, since it is
unnecessary ta@rosmidetngg corki tarnd dis)cd rewpashes outsiasy taan e
waf er stage WST1 (WST2) for supplying coolant, declines in novenent
accuracy of tiffPsest- st age WST1 (V\STZ) due to conduit tension can

sechr oty Eucher S PR Btk 3 Hote B T s
system 84 by Lot ri g u sl the waf er

stages W5T1 av%%gd are prov are tso(?\gf{] %r é‘ﬁlslngl gsh PEFEREY
284 for out plétltl'g‘?ﬂlefﬁteﬁgrﬂ&s% asV‘.‘Lé Qi;%%sisxgéopabb@er%\e% 848 Mrer

the el ectric-power-input  system are di sposed on

power - t r ansmigttfdgeg moest Bebeaén 15 ﬁdﬁ@%@éﬁr@&@l%@elbﬁ% S ection
wring to supply electric current to the driving nmechani sns that

drive theOrespedidalesysdant?Q@ Uextos safret peswaien) strapespMETi andi\WeEL 1y
does not have to be connected fromthe outside to the wafer stages
WST1 and below the alignment system ALG (alignment position), and
therefore the wafer exposure operation and the wafer alignment
operation can be performed in parallel. Accordingly, it
becomes possible to perform high-accuracy exposure with high
15 throughput.
Further, according to this embodiment, the wafer stage
WST1 (WSTZ2) is equipped with the coarse movement stage WRS1
(WRS2) and the fine movement stage WEFS1 (WFS2), and the coils
for all the voice coll motors that constitute the planar motors,
20 the fine movement mechanism 140, and the
empty-weight-canceling mechanisms 22A1-22A3 (22B1-22B3) are
disposed on the coarse movement stage WRS1 (WRS2) side, and
therefore the wiring to supply electric current for driving
to the fine movement stage WFS1 (WFS2) does not have to be
25 connected. Thus, more accurate wafer alignment can be
achieved because the wiring is not connected from the coarse
movement stage to the fine movement stage requiring high

alignment accuracy. Also, because the coolant supply may be

performed only on the coarse movement stage side due to the



W5T2, which makes it possible to prevent declines in novenent 20
accuracy of the wafer stages WST1 and WST2 caused by tension of such
wiring. This can al so i nprove exposure accuracy. Further, in this
enbodi ment, the transmtters 88D for transmtting wirelessly the
signals output fromthe meters on the st¥es (e.g., field-inmage
meters FML and FM2) are 25 provided on the wafer stages WST1 and

VET2, and the.gereiars, 198,00 288, 05 186000 SLA0BhSALT OIEDE o,

transmtters 88D are provi power-transmitting,

frames 24A and i24BanEBBSSarY #é NG rusRd E%oé?&ﬁ{@%ub@@.fyzﬁgﬂéh§t%’éﬂgen

from the detectors need not to be corinected to the wafer stages 47
WET1 and WSTZHe auardye autendat Acegedimglthe @ise mbBvbheatCcabege, isthich
beconmes possible to prevent declines in novenent accuracy of the

st ages due t Elsngidesfit rosdihley s dohidree Ingliventdwrady cester and
hence exposure accuracy can be 5 inproved. Further, according to this
enbodi nenP, tHeIVREVaf er stages WST1 and WST2 are equi pped with

the tuo. nf o st e e B0 VB R vt 19K 19F B i Cobl
rojection 1 ical . ur Ltiaqn) .and a ition

8irgctly be%&ﬁ%ﬁiégP?ézkggﬁﬁgygﬁé%ﬁﬁiﬁ?gﬁﬁaéﬁghCﬁ%%ﬁ%ﬁ@%?ﬂ%ﬂﬁfates
therefore the wafsf: RXAASME QPeY a4 QL@nsh the é%t:iq%d gﬁgg%éasxis and

operation can be perfornmed in parallel. Accordingly,
possible to pard qr-raﬂisgﬁta@@uaagye@époaﬂaetwfethiﬂéqhbvéﬁemr twrs1

Further, according to this enbodinent, the wafer stage WST1 (W5T2)

i s equi pped wirtch RR}E2 cogy Sk inoarenienttist ageaMMRSland Y-axis directions by
the resultants of these driving forces. Conseguently, the
electric current consumed by one voice coil motor can be
suppressed, compared to the case of simply using a voice coil
motor that generates a driving force in the X-axis direction

15 and a voice coil motor that generates a driving force in the
Y-axis direction. Accordingly, the heat generation by the
motors can be suppressed, and therefore, declines in exposure
accuracy caused by the heat generation can be suppressed.

Further, in this embodiment, since the protective plate

20 26 1s disposed on the base BS, when the supply of electric
current to the coils constituting the armature unit 130 of
the planar motor is stopped, damage to the permanent magnets
on the base BS in instances in which the wafer stage falls
onto the base BS can be prevented.

25 Further, in the embodiment above, the heads 90x and 90y
and scales 190 and 2920 are provided, and measurements of the
wafer stages WST1 and WST2 are performed at a point where the

length-measuring beam from each interferometer does not

strike., Hence, even when the wafer stages WST1 and WST2 move



(WRS2) and the fine novenment stage WFS1 (WFS2), and the coils for
all the voice coil notors that constitute the planar notors, 20 the
fi ne novenent nechani sm 140, and the enpty-wei ght-canceling

mechani snms 22A1- 22A3 (22B1-22B3) are disposed on the coarse novenent
stage WRS1 (WRS2) side, and therefore t wWiring to supply electric
current for driving to the fine novenent stage WS1 (WS2) does not

have to be ZQDMglﬁpt&pﬁpQJi%n r@flee@&%ggk?%%o ; i AL AN, G0 P61

achi eved because the wiring 1s not con om t'he Ttoar se

novement st ags,dtrt @ Ehbea BYSMENn $iaged18AweNond - Ab oM 1 ghhdRfeNfsten
accuracy. Also, because the cool ant supply nmay be perforned only on

t he coarse nhlehentirsthgensicteimhre: hbotrbe %48 inokkSebemsgedidipgsedi tion
only on the coarse novenent stage side, it is unnecessary to arrange
a cool ant su@d yrcdiddui 2 Bet wedhictlkatcoaFfkes navementa stedectaneh tite the
fine novenent stage, which also nmakes it possible to achieve

hi gh- accuPacyWier & allitfinehionghf%her, in this enbodi nent, each of

th i il ituti the fi t hani sm 14Q |
(e vol oo coll, ol Bucoisk LR Lhe Ll nF ouement Ehaplan 149,
t he Y-axi t; i WEST ng .
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current consuned by one voice coll notor can be “suppressed, conpared

to the case aficgiinptenisd Mg Brardiilcaiing elent Batt YORECAL €8e &oolant
driving force in the X-axis direction 15 and a voice coil nptor that

gener at e$0a drdnduig flanee20h fidreciYeaties idigr ecdlant Accottiengsfertdtmge
heat generation by the
WST1 (WSTZ2)) is connected. But, this configuration is not
intended to be limiting, and the power-transmitting,
waste-heat frames 24A and 24B may also absorb the heat radiated
directly from the wafer stage WST1 (WST2), without providing
15 the cocolant conduit line 202, heat dissipating section 86E,
and the like.

In the embodiment above, plate-shaped members that are
narrow in the X-axis direction are used as the
power-transmitting, waste-heat frames 24A and 24B. However,

20 this configuration is not intended fo be limiting, and the
size (width in the X-axis direction) of these members can be
increased so long as exposure and alignment are not affected.
In this case, it is also possible to make the area of the
heat-dissipating section 86E smaller (to make it local}, and

25 to make the power-transmitting, waste-heat frame have
approximately the same area as the upper surface of the base
BS. PFurther, the power—-transmitting, waste~heat frame is not

limited to being disposed on the ceiling side (above the wafer

stage WST), but alternatively, this frame can be disposed on



notors can be suppressed, and therefore, declines in exposure
accuracy caused by the heat generation can be suppressed. Further, in
this enbodi nent, since the protective plate 20 26 is disposed on the
base BS, when the supply of electric current to the coils
constituting the armature unit 130 of th¥ planar notor is stopped,
damage to the permanent nmagnets on the base BS in instances in which

|0t he enbo Hen( Bbove el hoRIC. Gy Grek ooy dnd Sed) X360 and

290 are provipdad - @%ﬁ@&tﬁ@%%&oﬁfeémaw@i@é o 29880 Y8 brafde IRl r

are perforned at a point where the |ength-neasuring beamfrom each

i nterferonet equrdease Mitde AT iKe: wehee, stemph WSEN Thetweafgr ast ages
WST1 and WST2 nove 49 between a position directly bel ow the
proj ect i on- opltdiddlce -sypsimrd ROwed- Er posiiiomali recs s e ow tdies,
alignment _system ALG as in the enbodi nent above, the interferometer

di sposi ti 8n %ﬁwmﬁe@é by yrsi kg Ehedfiwo PAWSTabFansmatEéndetwantqtheat

the 5 nunber i nterfer ers. In the enbodi ment above, a case was
described in %‘v’rﬁnzﬁ? Héaf™ 5%%%%&%7 QARIRLL 8PRYE VIBTT ?Q/@@l%@d
radiated into the I sgip t1on 8GE disposed in

| i qui d-t enper at ur e- EPS%U eg:.'['l r§1Lg ‘g}f/st em %n%ai%c VShé Eﬁgﬁan‘—fls (%fcrlbed
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(WBT2)) is connected. But his contiguration s not intended

limting, andrdhespovertiié sl thsmasiiardleat shicamRst24Aarld 248 and
may al so absorb the heat radiated directly fromthe wafer stage WST1

(W5T2), Wt hAdB proovicdilnglowhSwhbBeecenebansecandust 1BEnend0286 hedtowever,
di ssi pating section 86E,
this conflguratlon is not intended to be limiting, and for
example, a cooling mechanism such as a Peltier element or the
like may be provided on the waste-heat section. Also, if
attenticn is focused only on the fact that the waste-heat
15 sections 186 and 286 of the power-transmitting, waste-heat
frames 24A and 24B absorb heat radiated from the
heat-dissipating section, coolant needs not be supplied.
In the embodiment above, a case was described in which
either of the power-transmitting, waste-heat frames 24A and
20 24B is continually in opposition to (facing) the waste-heat
section 186 and 286. However, this configuration is not
intended to be limiting, and sometimes the power-transmitting,
waste-heat frames 242 and 24B may deviate somewhat from such
an opposition state, if the heat radiated from the waste-heat
25 sections 186 and 286 is absorbed by the power-transmitting,
waste-heat frames Z24A and 24B. Specifically, in the
embodiment zbove, a case was described in which the

power-transmitting, waste-heat frames 24A and 24B are

disposed over the entire range of movement in the Y-axis



and the like. In the enbodi nrent above, pl ate-shaped nenbers that are
narrow in the X-axis direction are used as the power-transmtting,
wast e- heat frames 24A and 24B. However, 20 this configuration is not
intended to be limting, and the size (wdth in the X-axis
direction) of these nmenbers can be i ncredsed so | ong as exposure and
alignment are not affected. |In this case, it is also possible to

meke the areaqofsdihgn Qﬁfatthhi §§5€B§t£99%é%s§f on gB8E skl £t r(ét?rig}?rée%ded

it local), and 25 to make the power-transmtting, 'waste-heat

have approxidmid y1 i S2E anee ahel RRwdRPer Sri3e8 of, thedaseat
BS. Further, the power-transmtting, waste-heat frane is not Ilimted
to bei ng di sposetorsithendeldd nayshlleetabaveel hevaaliisposidgeeWsd)range
but alternatively, this frane can be di sposed on 50 the floor side
(bel ow t he wefallstagéaansThe apadgehef nesnetssifpatiengadect $bag8GT in
may al so be di sposed on the |lower surface side of the wafer stage
%@fﬁﬂg

WST. Further the YtizediSpdepondt thafs dittiogg cargst airdguts
oo, San e Kl R B R AE itk 57 T el 8ol thore may
Further, int J. .ab | e, I bed i I, C

cgglaﬁ¥ i;nsﬁ%%fﬁggﬁﬁ%nﬁﬁ%J&bg%gFﬁegggge% iO%geﬁgéhgand%ékﬁg%ﬂEé?mfhort
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wast e- heat séctions 186 and 286. However, this configuration is not
intended to heddrAtddismiaih @l waxaent ar 00 | on MELARNI H1g Stied

as a Peltier elenent or the |ike nay be provided on the waste-heat
secti on. 1A sojastfe-raatemsteiotons 1B6c286) ordry ban cpipe sfeac t ot hathtdieher at
wast e- heat
least in a range in which the wafer stage WST1 (WST2) moves
during exposure of a wafer on the wafer stage WST1l (WST2),
for example.
In the embodiment above, a case was described in which
15 the power-transmitting, waste—heét frames 24A and 24B extend
in the Y-axis direction and the power-receiving,
heat-dissipating arms 20A and 20B extend in the X-axis
direction. However, this configuration is not intended to be
limiting, and the power-transmitting, waste-heat frames 24A
20 and 24Bmay alternatively extend in the X~axis direction while
the power-receiving, heat-dissipating arms 20A and 20B extend
in the Y-axis direction. Also, without being limited to the
X- and Y-axis directions, one of the power-transmitting,
waste-heat frames 24A and 24B, and power-receiving,
25 heat-dissipating arms 20A and 20Bmay extend in a predetermined
direction in the X-Y plane, and the other may extend in a
direction intersecting the predetermined direction in the X-Y

plane.

In the embodiment zbove, a case was described in which



15 sections 186 and 286 of the power-transmtting, waste-heat franes
24A and 24B absorb heat radiated fromthe heat-dissipating section,
cool ant needs not be supplied. In the enbodi nent above, a case was
described in which either of the power-transmtting, waste-heat
frames 24A and 20 24B is continually in 3pposition to (facing) the
wast e- heat section 186 and 286. However, this configuration is not

i ntended to ke d é%ﬁlkﬂge g%%%rgh%gfa A RQWEr 1%r p%%%ééd %gf the wafer

wast e- heat frane and Iate sonewha suc

opposi tion statge ididhe heabveadi ahed £50M Lhe vashe; et 2otended to
sections 186 and 286 is absorbed by the power-transmtting,

wast e- heat f namasid4A raf|d 248 tiRpesiid atd Yanith 41t refok Neilay be
above, a case was described in which the power-transmtting,

wast e- heat f rdmg st Aoathe?dBsarks sddsposethevergridieuaht imsey banjesmfsed
novenent in the Y-axis 51 direction of the wafer stage WST. But,

this is not 9t déhgedaies Béabensidey. Aagthehe bovidre terhinanthgbove,
wast e- heat franes 24A and 24B may alternatively be di sposed. over

range snal | é SBR&nYERedRERGEPEE HovEret e R lnafter stagkl Vigre i‘%@e
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duri ng exposWoaretfers wafier conftibereafien staget WoldefdEd 2o bd Arimiting,
exanpl e.

and the coils alternatively may be situated on the fine

movement stage side, in the case when there is no adverse

influence of such a configuraticn on the movement of the fine

movement stage, even when wiring is arranged between the coarse
15 movement stage and fine movement stage.

In the embodiment above, a case was described in which
the following are performed between the power-transmitting,
waste-heat frames 24A and 24B, and the power-receiving,
heat-dissipating arms 20A and 20B: wireless transmission of

20 electric power, transfer of heat, transmission and reception
of detection signals from the detectors, and position
measurement when a length-measuring beam is not ilrradiated
from the interferometer. However, this configuration is not
intended to be limiting, and at least only one of the above

25 may be performed.

In the embodiment above, a case was described in which
a thick plate as shown in FIG. 5 is used as a
magnetic-flux-ieakage preventing plate 36. However, this

configuration is not intended to be limiting, and a thin,



In the enbodi ment above, a case was described in which 15 the
power-transmtting, waste-heat frames 24A and 24B extend in the
Y-axis direction and the power-receiving, heat-dissipating arns 20A
and 20B extend in the X-axis direction. However, this configuration
is not intended to be limting, and the %%mer-transnitting,

wast e- heat franmes 24A 20 and 24B may alternatively extend in the
X-axis directy i - iving,: I SSi LAY

204 and 208 diard 1 The Yok S et A o S TRaay “herag ey be

limted to thelaced apdv¥-d padicl BT HaNs sg\@@ércﬁeﬁﬂf@f, so that the height
power-transmtting, waste-heat frames 24A and 24B, and

power - r ecei viay,th2buppat- sihsSapatiingras e 20 Acanan@0E e axtighd oH the
predetermined direction in the X-Y plane, and the other may extend

in a directiwprsnterdasds of the pegdeteenfhed-Ueaksgeoprevernhenk-plate
pl ane. In_the enbodi mnent above, a case was described in which 52 the
armature Ani 39S harR¥C motor is di sposed on the wafer stage

i de. Ho , thi fi L i t i d t be limting,

o ey rouever LN S EO0L) R g0, Loygl | Hendegetee BE L L0Bhe anc
id dth i . di t t | de.
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coil side of @ lodhipg ne@iieR t%o%érﬂyfﬁﬁﬁaéﬁtﬂéﬁ3ﬂgd@%x@ﬁﬁﬁﬁﬁﬁbf the wafer
mechani sm 140 and enpty-wei ght-cancel’i ng nechani snms 22Al1- 22A3

(22B1- 22B3) istagdd WETEM Hid tWET ToaHSw eRRYE MRt sS agd 1\WSh ti\WRS2)s not
side. 10 However, this configuration is not intended to be limting,
and t he t0i | sirdlaratarhtiodley Inayithieng, tarad edbgnithecbisieg wheemenmber of
stage side, in the case when there is no adverse
interferometers constituting the interferometer system,
position measurements of the wafer stages WST1 and WST2 may
be performed using only the interferometer system; or
alternatively, the position measurements of the wafer stages
15 WST1 and WST2 can be performed using only the encoder.

In the embodiment above, a case was described in which,
in the movable element 50 constituting the fine movement
apparatus 140, the direction in which the magnet units 52A
and 52C are aligned and the direction in which the magnet units

20 52B and 52D are aligned are inclined at 45 degrees relative
to the X-axis and Y-axis. However, this configuration is not
intended to be limiting, and as long as the direction in which
the magnet units 52A and 52C are aligned and the direction
inwhich the magnet units 52B and 52D are aligned are directions

25 that intersect the X-axis and Y-axis in the X-Y plane, the
angle with respect to the ¥-axis and Y-axis may be any angle.
Further, in the embodiment above, a case was described in which

each of the voice coil motors of the fine movement apparatus

140 generates a driving force in a direction inclined at 45



i nfluence of such a configuration on the novenent of the fine
novenent stage, even when wiring is arranged between the coarse 15
novenent stage and fine novenent stage. In the enbodi nent above, a
case was described in which the followjg%:are per formed between the
power-transmtting, waste-heat franmes 2 and 24B, and the

power -recei ving, heat-dissipating arns 20A and 20B: w rel ess
transn153|ondg

sfen .t
eception {92l LLECHT I L PONET o LRERSEEN Ol B ellaxild AASHSELOL AR,

etectlon signa fromt etectors, and position

measur enent Wftﬁfﬂaxféﬂ LG RAFUIGuRG thedM isSnBet ihféadiated bd rlomatﬂ%lg,
interferoneter. However this configuration is not intended to be

limting, ancarat tlh@aahgdml ysohenatet hel abovengasmaychedpevingnesecd nis
t he enmbodi nent above, a case was described in which a thick plate as
shown i n Fl Goshdgmaumbdnas da regagoot tleaf [Lmteresicadget pe sirentiisngnglatasis
36. However, this configuration is not intended to be |limting, and
a thin, 53 piatdsiapediAiie may alternatively be enpl oyed and may

b I d ab t nb t. hat hei ght,
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encoder (heady;SQIdRN 0 AN S e L andk 290) & Used I state of

conbination to perform position neasurenents of the wafer stages
WET1 and WBTZowdaweuerthd Masgreonfirgit a0 ofivds a8vel0 Haterded taike

limting, and by increasing the nunber of interferoneters
const i t ul 0 ng ddref digvtrertfienonet erotsyisttemded to be limiting, and
alternatively, a protective plate may be disposed on the lower
surface of the wafer stages WST1 and WST2. With this
alternative protective plate, direct contact between the
wafer stages WST1 and WSTZ2, and the permanent magnets 28N,
15 288 and 32 is prevented in the similar manner to the case of
the protective plate 26 in the embodiment above, and thus,
damage to the permanent magnets 28N, 288 and 32 can be
prevented.
In the embodiment above, a case was described in which
20 the present invention is applied to a wafer stage apparatus
having two wafer stages. However, the present invention is
not limited to this configuration, and the present invention
can also be applied to a wafer stage apparatus having only
one wafer stage, or can also be applied to a wafer stage
25 apparatus having three or more wafer stages.
Further, in the embodiment above, a case was described
in which only one alignment system ALG is provided. However,

this configuration is not intended to be limiting, and

alternatively, a configuration can also be employed in which



positi on neasurenents of the wafer stages WST1 and WST2 may be
performed using only the interferoneter system or alternatively,
the position neasurenents of the wafer stages 15 WS5T1 and WST2 can be
performed using only the encoder. In the enbodi nent above, a case was
described in which,  in the novable el emelr 50 constituting the fine
novenent apparatus 140, the direction in which the magnet units 52A

and 52C are aiﬂcg%qgg%%ntthgygitéﬁngtﬁﬂ@ 44k ?nggrdtggig gg??ggeUHhéngtz\‘g% the

52B and 52D are aligned are’inclined at 4 ative

X-axis and Y-axier dHowpvernisthishcapdpguration is not intended to be
limting, and as long as the direction in which the magnet units 52A

and 52C are alignedlanrdrtdtd vdilnedio asingnawhatbrt hecuagaehsonids H2Bhe
and 52D are aligned are directions 25 that intersect the X-axis and
Y-axis in thenkodigieiie ahdiee, angur i cs fospatgtactidre dwxis rmay be
Y-axis may be any angle. Further, in the enbodi nent above, a case

was descrgbed”?‘ﬁijiﬂﬁcgﬁn 8aRPdBNHE RDIEE BsPlerblLensCBELIERAd FYFieem PO.

t 14 t I Vi f e i di t .
el imed at 25545 SHEGASS T Th RSN BoPhEe kP e L AUE P feHne:
the X-Y pl ;Howeysery, s 4 i i ' ' I nt ed.to be ..
| ﬁ‘i ti ngl,o aggx the ang tel%glsﬁm%}rgalrl aq{ %{sa{olgﬁgn;a ;lgi%eeécr%]heag)?elc\gibnega“?’orwéléwh

is generatedd nrardik8ebiON tdiHed RHEHSECd Saddiee KXAXhSwAREy, Y- Sud v
in the X-Y plane. In the enbodi nent above, a case was described in

whi ch the pricicdetdne gl ajte 26 feanpesed 0f1 syHonsmgnieting ket dns having
di sposed on the upper surface of the base BS in a state of covering
t he magneé? umi tde3@draomfahovesceHomiengerihe hiest - toahfliigyirtata Ot hies beatm
intended to b.elirritirclig, and o
irradiated by the irradiation system, such as a
one-dimensional CCD sensor, line sensor, or the like. Thus,
using a plurality of point-shaped irradiation regions as
measurement points, the Z-position (positional information
15 relating to the Z-axis direction, perpendicular to a
predetermined plane (X-Y plane) in which the wafer moves) of
a wafer can be detected at each measurement point, in the same
principle as the known detection principle of multipoint AF
system. In this case, before starting exposure, when a wafer
20 passes through the irradiation region of the
surface-form-detection device, the distributicn of the
Z-position information of the wafer surface is calculated
based on the measurement values (the position of the wafer)
from the interferometer system or head section 90 and the
25 detection results from the detection apparatus, and during
the exposure operation, the position and attitude of the wafer
stage relative to the Z-axis direction can be controlled based

on the calculation results.

In the embodiment above, a planar motor is used as a



alternatively, a protective plate nay be di sposed on the | ower
surface of the wafer stages WS5T1 and W5T2. Wth this alternative
protective plate, direct contact between the wafer stages W5T1 and
W5T2, and t he pernmanent magnets 28N, 15 28S and 32 is prevented in
the sinmilar manner to the case of the priftective plate 26 in the
enbodi mrent above, and thus, damage to the permanent magnets 28N, 28S

and 32 can bedv]\;nil Ciﬁlvgegg%tqlgglfbf Qﬁi : %%ﬁ%%a%g%aggise WAy W?g% with

described in present ion 1s ap 0 a wa

stage appar atdlgonfaytpgrtwo maf errstagesnotoMavEded RS BEEBEM ting, and
invention is not limted to this configuration, and the present

invention can lalrsmbena it dmna wafley redagse appaf at us having only
one wafer stage, or can also be applied to a wafer stage 25

appar at us havi ng t Aheewefenpseagas iSBl ages WSAIr tthetheiemtddiment above
enbodi nent above, a case was described in which only one alignnent
syst em ALB i 55 sptdeanneehedero WitHing esaf cgudaiten et mdttamadnioed v,
to be Iiniti&ﬁ{,and alternatively, configar tion can al so be

enpl oyed | n MRS OGN aPPGhREAR SFoh ERELAES Of 8 ROV RIeg the wafer

cor respondi ng Lo Lhgovel ey slages, WBIL and V612, Alternatively o, o,

usi ng a waf er Cus sensor as 1 n I men Ve,

surface-f or Ml 9a1ORACKLCENRYREASL B CHL ARLEL R & DALY HOH Ik Hiko

proj ection optical system PO ch a surtace-tormdetection device

i s configuredd aakugi8gt ofRr Emnadbaht9ns SYBtamMbaruiRKiRg 8r the like.
| i ne-shaped beam which 1is, for exanple, |longer than a dianeter of a

waf er, obdiquely iImciHentmbodtihenwediesve and cask ght-deseribag Ry siamh
having the fine movement mechanism 140 and empty-weight-canceling
mechanisms 22A1-22A3 and 22B1-22B3 are provided on the wafer
stages WST1 and WST2. However, this is not intended to be
limiting, and either mechanism may be provided, or a
15 conventional voice coll motor may be provided instead of the
fine movement mechanism and empty-weight-canceling
mechanisms. As the voice coil motor in this case, either a
moving-magnet-type voice coil motor or a moving-coil-type
volice coil motor can be employed, but a moving-magnet type
20 voice coil motor can be employed from the standpoint of
aveiding drag of the wiring, as discussed above.

In the embodiment above, a case was described in which
the movable body apparatus of the present invention is employed
as a wafer stage apparatus. However, this is not intended to

25 be limiting, and it alternatively is possible to employ the
movable body apparatus on the reticle stage RST side.

In addition, in the embodiment above, a case was

described in which the present invention is employed in a wafer

stage for holding a wafer surface parallel to the horizontal



10 a detector for receiving the reflected |ight of the beam
irradiated by the irradiation system such as a one-dinensional CCD
sensor, line sensor, or the like. Thus, using a plurality of

poi nt - shaped irradiation regions as nmeasurenent points, the
Z-position (positional information 15 rel%ting to the Z-axis
direction, perpendicular to a predeterm ned plane (X-Y plane) in

whi ch the velsfa Ve ol ok Va1 Shueaa e citeqted Rt s8a8hiea co be

measur enment In the sane princi pI e as t nown ction

principle of mﬂltﬂﬂgj N £hey pheBenkn i hhkat¢88CcaRCiPES 184 Al Nyed in
exposure, when a wafer 20 passes through the irradiation region of

the surface- fomwafiat ectdgn demtCiesal heafhdStaidys) ofoofhdleing a wafer
Z-position information of the wafer surface is calculated based on

t he measur enentr fsalauesib@ttae tgedilty parefl leletwadep)anéronthdgonal to the
interferoneter systemor head section 90 and the 25 detection results
fromthe det &ty ¢dHadparatus, and during the exposure operation, the

position and attituy of the wafer stage relative to the Z-axis_ ., |
direction can be cgﬁﬁr8FP§8n6a§EHen5ﬁ°Ph8a8a?iﬁ?a??O%PPE%%%f%O § e

enbodi nent a anar. qmtor_ d as. a 56 rivi deV| for
driving the wa q érsc%besaﬁﬁﬁg %1 lSClcTong S t ?Wn

i s not 'nten%ﬁéﬁé{%dﬂ tpd}gllcaaxdl I\idn r%fodﬂﬁiéﬁ na 1\5%'yt%y

be used. The wafer stages W5T1 and T2 |n nt above

are not conneGiRftur@ Woddihtand onrdd teﬁnbémtmeaiﬂ eiatd el be equlpped
wiring-conduit ports can be provided on a portion of the wafer

stages VBTl and BT Znesuidsaterdi reacigeeltacdty iics poaerr stuppinonorehd heafer
| i ke can be perfornmed to the wafer stages WST1 and W5T2
stage (s}, as disclosed in, for example, the pamphlet of
International Publication No. WO 2005/074014, and the like.
In this case, the movable body apparatus of the present
invention can be employed as a measurement stage MST, along
15 with the wafer stage WST or instead of the wafer stage WST.
Further, in the embodiment above, a case was described
in which the present invention is applied to a scanning-type
exposure apparatus by the step-and-scan method, or the like.
However, it goes without saying that the application range
20 of the present invention is not limited thereto. Specifically,
the present invention can also be applied to a projection
exposure apparatus by a step-and-repeat method, further to
an exposure apparatus by a step-and-stitch method, or to an
exposure apparatus by a proximity method, a mirror projection
25 azligner, or the like.
The use of the exposure apparatus is not limited to
exposure apparatus for semiconducter manufacturing, but for

example, the apparatus can be widely applied to exposure

apparatus used for liquid crystal that transfer a liguid



in the event of an energency such as nmalfunction or the like. 10 In
t he enbodi nent above, a case was described in which the fine
novenment nechani sm 140 and enpty-wei ght-canceling nechani sns
22Al - 22A3 and 22B1-22B3 are provided on the wafer stages WST1 and
WET2. However, this is not intended to be® limting, and either
nmechani sm may be provided, or a 15 conventional voice coil notor may

be provided i §¥%% of @g %%§§Q%: I

enpt y- wei ght égy(xal ngS neghaH%EEHP t épggp%gegg%?ﬁﬁgf%ﬂglas%r?late’
case, either @ JEHNGIRARIrdMPRe M GG d g Brdhnic ELs,

novi ng- CO|I-type voi ce coil nmotor can be enpl oyed, but™ a

novi ng- magnettitiypef i20n Magaettoileadd olmaghnhe lesmdrayedctpemridiehe 1ike),
standpoi nt of avoiding drag of the wiring, as discussed above. In

t he enbodi nemictymesh imasas 8Nfash Hes c mingeth & nl vite . h Futrfiderpvahé eodsodnt
apparatus_of the present invention is enployed as a wafer stage

appar at us® HAWREETE1amhiis 3l sfptanmikrrdeled tt ﬁm@qmﬂnwawﬁj fhat

I Iy, bl h b
The roti ol o S IRETOSF AR CIPBURT o o191 REPSIIORaREn %%5&%%
vt or st age Tof TRoFirRG Rona e Rt SRbuEAF ket nP e BREY Fea i

57 plane (X %n&&ﬂﬁ‘j)u H&N‘%\i%heﬂt@ Sb'u% QQEo'P&PQH&%E&@&lﬂé rPetﬂ:L’}QLes

and the present invention can also be enployed in a wafer stage

(vertical wafer mstageludedt Moldiviga waieisusdird@mee- subst v addpbsure
parallel to a plane orthogonal to the 5 X-Y plane. The present

|nventlohOcampﬂamaﬂm&,aﬂpkagdekpoaukeqmpﬂaranwersexmbtm@mxhﬁ&m exposure
apparatus disclosed in the panphl et of
apparatus, and the 1like.
In the embodiment above, a case was described in which
EUV light having a wavelength of 11 nm is used as the exposure
light. However, this wavelength is not intended to be
15 limiting, and alternatively, EUV light having a wavelength
of 13 nm may also be used. In this case, to ensure an
approximately 70% reflectance to the 13-nm wavelength EUV
light, it is necessary to use a multilayer film composed of
alternating layers of molybdenum (Mo) and silicon (8i), as
20 the reflective fiim on each mirror.
Further, in the embodiment above, SOR (Synchrotron
Orbital Radiation) is used as the source of exposure light.
However, this is not intended tobe limiting, and alternatively,
either of laser-excited plasma light source, betatron light
25 source, discharge light source, X-ray laser, or the like may
be used.
In the exposure apparatus of the embodiment above, light

having a wavelength of 100 nm or less is used as the exposure

light. However, this is not intended to be limiting, and



I nternational Publication No. WO 2004/ 053955. Al so, the exposure
apparatus of the enbodi nent above nmay be equi pped 10 with a
measurenent stage that is separate fromthe wafer stage(s), as

di sclosed in, for exanple, the panphlet of International Publication
No. WD 2005/074014, and the like. In thi¥ case, the novable body
apparatus of the present invention can be enployed as a neasurenent

stage MST, alongdowifdnfhe fteﬁa§iﬁ@:abw§£e9'énig§%t8§dldﬁ n}nhgr‘g%j ter

stage WST. Further, 1 n the erbodi nent ove, a case was descri

in which the Qresano by ertldon sughaBkl hadsk8 2aseanBbadst ¥BEh as an ArF
exposure apparatus by the step-and-scan nmethod, or the like.

However, it goesimizd Hastershgbng(tvhatéléhethppl $Tatm)gn ar ApFecR0imér theser
present invention is not limted thereto. Specifically, the present

i nventi on caedsdWaeedgpidtdd £48anpi oj @etFohasexpbsame( wppatangish byl 57
a step-and-repeat nethod, further to an exposure apparatus by a

st ep- and- 8t i tBH methéd? bRSeh RePM eNfEr N Gibartudmy angr axKat thaser
met hod, a mirror projection, 25 aligper r t.he like, The use of the
exposur e app R P STera it 140 B0 RS sphiares FOFR 45 d-line
seni conduct or fact.yri f X amml e, t b

wi dely appl i _e(& { oL!Lee?{1 %{jr 2‘93%3# r’a'(t)‘alrjnsd %?ﬁeor(%%eulﬁp%@s%§?ﬁyt %rom
transfer a |iQuidS& -1orgsile sl aye RLEMAENMARA L €48 ed , the
rectangul ar glass plate,” to exposure apparatus for manufacturing
organi ¢ ELs, pddiigttidindipgnedi Ghaads,id mag noelemers { Cdsad thiag

like), mcromachines, DNA chips, and the |ike. Further, the present

5 inventlon isysdlesn dppl iadldidmmatolwxXipos uran dppariathesr thatagritnisieror

circuit patterns to glass substrates, silicon wafers
enlarging system. Furthermore, the projection optical system
is not limited to being a reflection type projection optical
system composed of only reflecting optical elements, but
alternatively, it is also possible to use a

15 reflecting-refracting type projection optical system
(catadioptric system) having reflective optical element (s)
and refractive optical element(s), or a refractive type
projection optical system having only refractive optical
element (s).

20 The present invention can also be applied to an exposure
apparatus using & charged particle beam such as an electron
beam, an ion beam, cr the like.

Further, in the embodiment above, a light-transmissive
type mask (reticle), which is a light-transmitting substrate

25 on which a predetermined light-shielding pattern (or a phase
pattern or a light-attenuation pattern) is formed, is used.
As an alternative to this reticle, an electronic mask (or

variable-shaped mask, for example, a DMD (Digital

Micro-mirror Device) which is a type of non-light-emitting



or the like, not only for manufacturing m crodevices such as

sem conductor elenents, but also for manufacturing reticles or masks
used in optical exposure apparatus, EUV exposure 10 apparatus, X-ray
exposure apparatus, el ectron-beam exposure apparatus, and the |iKke.
In the enbodi ment above, a case was described in which EUV I|ight
havi ng a wavel ength of 11 nmis used as the exposure |ight. However,

t hi s wavel ength i i e&_f}d&gg 14 1 4 ,nﬁggic ively,
EUV |i ght ha\gajitn}ir.ilﬂ e;&m%\})ejl%%gt or%@l nsln(?n%%/ﬂa%%(r)gbe uselga.jE ?In{@#s

case, t0 ensuantAPPNOXddBielsh D% Feidectante g dde 13 Maflective
wavel ength EUV light, it is necessary to use a nmultilayer film
conposed of mittermat idiga ayehs-ehinelivhdeatmeghd) sandraedicofed Shr) ,the
as 20 the reflective filmon each mrror. Further, in the enbodi nent
above, SOR (®resttrmnrighdaOebif dheReafi teimip e copedeas the sl be sofed,
exposure Light. However, this is not_intended to be |imting, and

al ternati Vel \25 déprhepeafinader-esairry pl-SsndeteyhiNosobir 688, bt at Maen

i ght 25 source, discharge light. soyrce, X-r | aser, or the like ma
b tsed. 1 (R T & SiHaS TR Rl i ST (gL ol
having a wavel ength of 0 r. less is.used .as th Xposure - light.
However, thi séci S nogt O|fn'gt glnedg'[c?L }feor baglcfipn%%ﬁenr& la%ac?t %Snaeyaﬁieer%nealiﬁlovrél?e yc% by

l'i ght havi ng & avel eRgt BrQhsh90+« MY 05 OF EA4L &5 _&%ﬂe@k&%ebgagﬁggn to be

(such as pul sed | aser beans such as“an ArF exciner |aser beam
(wavel engt h: £83ndtMbaseddn X diior ias @lat Heam fnave] Sngihst 248 d¥the

an F2 | aser beam (wavel ength: 157 5 nm), an Are | aser beam

(wavel engd h: de2eaimign aredsd tér 1 ader alignment mark discussed above,
during the exposure of at least one separate shot region for
which exposure is performed after a shot region which was
exposed at the time of the alignment mark detection, from among
the plurality of divided regions on the wafer.

15 Further, as is disclosed in the pamphlet of
International Publication No. WO 2001/035168, the present
invention can also be applied to an exposure apparatus
(lithography system) that forms line-and-space patterns on
a wafer by forming interference fringes on the wafer.

20 Moreover, the present invention can also be applied to
an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost
simultaneously performs double exposure of one shot region
on the wafer by one scanning exposure, as is disclosed in,

25 for example, Kohyo (published Japanese translation of
International Publication for Patent Application) No.
2004-519850 (corresponding to U.S. Patent No. 6,611,316).

As long as the national laws in designated states( or

elected states), to which this international application is



beam (wavel ength: 146 nm; and em ssion |ines such as g-1line

(wavel ength: 436 nm), and i-line (wavel ength: 365 nn) from an
extra-high-pressure nercury lanp) . Further, the projection optical
systemis not limted to a denagnifying 0 system but

alternatively, can be either a magnifyin r enlarging system
Furthernore, the projection optical system is not limted to being a

reflection tyRgipred eqd o OPtHHAlapsHsStenmounesed of M Warious
reflecting optical elenents, but alternatively, it is also possible

to use a 15 nefdlectddigref nae igedhRe: Proyj enttiomapnidreal mystieMmtions,
(catadioptric system having reflective optical elenent(s) and
refractive opricdheelUeSenfPéspntodeacriptachsvare ypecompay@cdd drerein by
optical system having only refractive optical elenent(s). 20 The
present inver8iBr¥it-al so be applied to an exposure apparatus using

a charged_particle_beam such as an el ectron _beam an ion beam or .
the |ike. OFurther, 59 HR& e ABRRRAMA T SHIET AOFP§HR RETHAGH 98 7 object
type mask (retjcle),,.whi.ch i.s | ight-transmtting substrate .25 on
which a pr edgtser%rﬂec)nelcf%tg% -ts%?cﬁed%ﬁ{éj Pattert’ IC(ao":r&ausphgcgjee Pt HEH Y
a Iight-atte@H%H ) d i a t .ve
to this reticle, egdr}. g?%asf:c?{lc%eidcsanﬂgd;{(é?g}rue ?aﬁ%agpg%dpgﬁn%%ﬂoﬁ
exanpl e, a DNBddtGidralcarMarsdy B :@p13d 68 aMifdhdratd WtOfforms a
non-light-emtting 60 image display elenent (also called a "spati al

i ght nodul stadrtern em whi clbjedt aesdd tdrmarpatilerigt anagtefddect i ve
pattern, or a light-emtting pattern is forned based on the

el ectroni@ data of Inigédsatteddy,t eérbebdastsed, widychalas paieesmedhould be

formed {(an object subject to exposure to which an energy beam
is irradiated) in the embodiment above is not limited to a
wafer, but may be other objects such as a glass plate, a ceramic
substrate, a mask blank, or the like.

15 Further, the exposure apparatus of the embodiment above
is manufactured by assembling various subsystems, which
include the respective constituents that are recited in the
claims of the present application, so as to keep predetermined
mechanical accuracy, electrical accuracy and optical accuracy.

20 In order to secure these various kinds of accuracy, before
and after the assembly, adjustment to achieve the optical
accuracy for various optical systems, adjustment to achieve
the mechanical accuracy for various mechanical systems, and
adjustment to achieve the electrical accuracy for various

25 electric systems are performed. A process of assembling
various subsystems into the exposure apparatus includes
mechanical connection, wiring connection of electric circuits,
piping connection of pressure circuits, and the like among

various types of subsystems. Needless to say, an assembly



5 as disclosed in, for exanple, U S. Patent No. 6,778,257. Wen

usi ng such a vari abl e-shaped nask, the relative positional control
of the wafer and pattern image nay be perforned by varying the
transmtting pattern or reflective pattern to be fornmed based on

el ectronic data, with consideration of the 10 detection results of
the alignnment mark di scussed above, during the exposure of at | east

chot rogion B e e BT 18 RLIAUIRE IR de ne

shot region EXpPOSE i‘gnnen

detection, fromamngs és%nmwﬁkag x%frﬂ:il%g gfﬁgspe%ﬁgsi&b Eﬁe M Sure

15 Further, as is disclosed in e panphle nt er nat1 ona

Publ i cation NeppaM2001/ GR32ho8nhet e de@SERE alsR@MIioN Rl Hasq RE
applied to an exposure apparatus (lithography systen) that forns

| i ne- and- spaceipatdterms ioto ahwadéepobyré arppauptiud disf epaptetid, ngesotal
on the wafer. 20 Moreover, the present invention can also be applied
to an exposwdd wppanst ds rratosprdhesd 7esr iaws ratridd efpacterasy an e

wafer via a projection optical systemand al nost _simnultaneously
performs doufiTE-‘&HFHRRI WIS FRPIFOIIT Afidree T the V@CeASHFadder the

i . i.s discl di 25 for, h .
scann! o SXPOR S 85 b issloned Lnu 2o, Lor exarpl e KNG, cornaa 1n
P [ i i - 8 i , ;
cacent Aol cebigal, Moo A0 SIS0, 0oL 85RO I0LO S FHENnse

or elected siipf 8%)e 10 ML ddHsSrdNtLL national application is 61
applied, permt, the above disclosures of the various publications,

the panphbets of | HegriratidinalorPWalvicald ens mandddeiAdS.cHRaheM the

descriptions are incorporated herein by
following steps: a step where the function/performance design
of the device is performed; a step where a reticle is
manufactured based on the design step; a step where a wafer
is manufactured using silicon materials; a lithography step

15 where the pattern formed on the mask is transferred onto the

wafer by the exposure apparatus cof the embodiment above; a
device assembly step {(including a dicing process, a bonding
process, and a packaging process); an ilnspection step; and
the like. In this case, since the exposure apparatus of the

20 embodiment above is used in the lithography step, productivity

of devices with high degrees of integration can be improved.

INDUSTRIAL APPLICABILITY
As is described above, the movable body apparatus and
25 the fine movement member of the present invention are suitable
for being used in an exposure apparatus. Further, the
exposure apparatus and the expcsure methed of the present
invention are suitable for forming a pattern on an object by

exposing the object. Further, the device manufacturing



reference. 5 Further, an apparatus that fornms a pattern on an object
is not limted to the exposure apparatus (the |lithography systen)
descri bed above, but for exanple, the present invention can also be
applied to an apparatus that forns a pattern on an object based on
an ink-jet method. 10 Incidentally, an olf3ect on which a pattern
should be forned (an object subject to exposure to which an energy

beam is irradiate in the enbodinent above is.not lipited to a .
warer, but| mATE e b PEeRE TS, LRVALE A5G s s iabae Bk G ia cruring
substrat e, a#¥§y%%§¥i¥%80r the like. 15 Further, the exposure
appar at us of e enbodi nent above is manufactured by assenbling
various subsystens, which include the respective constituents that
are recited in the clainms of the present application, so as to keep
predeterm ned mechanical accuracy, electrical accuracy and optical
accuracy. 20 In order to secure these various kinds of accuracy,
before and after the assenbly, adjustnent to achieve the optical
accuracy for various optical systens, adjustnment to achieve the
mechani cal accuracy for various nechani cal systens, and adjustnent
to achieve the electrical accuracy for various 25 electric systens
are perfornmed. A process of assenbling various subsystens into the
exposure apparatus includes mechanical connection, wring connection
of electric circuits, piping connection of pressure circuits, and
the |like anong various types of subsystens. Needl ess to say, an

assenbly 62 process of individual subsystemis perfornmed before the
process of assenbling the various subsystens into the exposure



apparatus. Wien the process of assenbling the various subsystens
into the exposure apparatus is conpleted, a total 5 adjustnent is
performed and various kinds of accuracy as the entire exposure
apparatus are secured. Incidentally, the making of the exposure
apparatus is preferably performed in a cd%an room where the
tenperature, the degree of cleanliness and the |ike are controll ed.
10 Sem conductor devices are nanufactubﬁgﬁhgéough the follow ng
steps: a step where the function/perfo design of the device is
perfornmed; a step where a reticle is nmanufactured based on the
design step; a step where a wafer is manufactured using silicon

materials; a |ithoaraphwcst@n el DoMierpddia et g ardme.on the mask
is transferred onto the wafer by the éexposure apparatus of the
enbodi nent above; a nrienvide assBnblayisicem Hewdulisyg patdirgy ngction;
process, a bonding process, and a packagi ng process); an inspection
step; andd the |ike dmivihics deadiae dihade tvive dxposurce:apparcativse softhe
t he 20 enbodi nent above is used in the |jthography step, productivity
of devi ces WMV h RRHF s DPTIRVREIAT IR (375 oved.

| NDUSTRI AL APPLI CABI LI TY is described above, the novable bod ,
apparatus and 25 Fh‘éaﬁ?fgﬁ%E ernjé]r"r‘BErlso%il?ﬂgs'ﬁ?léﬁjeﬁtnqxh'\@{{ﬁacﬁ?mg

are suitable,f %rer_bgggg{cg%%dtéa ”ch%”m%%@%&ﬁ%ﬁ?%%{e&%%brﬁ "RESL A g

exposure apparatus an e exposure me resent invention
are suitabl e £,05, fQIdTRg, A RAWKIP QhS Q] ect by exposing the

obj ect. Further, the device manufacturing 63 nethod of the present

inventionois suitabhe ber tABNWABEEUREREY mEMEEPURYA CESe heat-dissipating
section extends over a predetermined range in one axial
direction in the predetermined plane, and the other of the
waste-heat member and the heat-dissipating section extends

over a predetermined range in a direction orthogonal to the

15 one axial direction in the predetermined plane.

2. The movable body apparatus of Claim 1, wherein
the heat-dissipating section extends in one of the one
axial direction and the direction orthogonal thereto , and
20 the waste-heat member extends in the other of the one
axial direction and the direction orthogonal thereto, and is
disposed at a plurality of positions spaced apart in the one

of the directions.

25 3. The movable body apparatus of Claim 2, wherein
the heat-dissipating section is disposed on one surface
of the movable body substantially parallel to the

predetermined plane.



64 CLAIMS 1. A novabl e body apparatus, conprising: a novabl e body
havi ng a heat-di ssipating section; 5 a driving device that

two-di nensionally drives the novable body in a predeterm ned pl ane;
and a waste-heat nmenber that is disposed in a non-contacting mnanner
relative to the novabl e body and absorbs &feat radiated fromthe
novabl e body; wherein 10 one of the waste-heat nenber and the

heat - di ssi pati j t end t i ned |, i

axial | direction i iR PRUERAAHRAY AERRE S ia The Tt b o EHE L
wast e- heat menber apd LpG Bﬁétbgaiﬁhﬂﬁg!ﬂgaﬁgagggg 5%%@84§ecﬁgﬁﬁ f that
predeterm ned range in a arrecti o ort hogonal "to ke one- axiar

di rection in itrhe iedetirs Mdaad Pl S8 2ngl N IOMAD S PglYs @pPaf & Useat
of Claim1l, wherein the heat-dissipating section extends in one of

the one axi gratiuee! ion coul e e eeddabloddwgonal thereto , and

20 the waste-heat nenber extends in the other of the one axial
directiondand the direction orthogonal thereto, and is disposed at a
plurality of positions spaced apart in the one of the directions. 25
3. The novabl e body-appaeato¥abiechrafih arrakerepnoft Réaim 4, wherein
heat - di ssi pating section is disposed on one surface of the npvable
body substantialIy%%ﬁﬁ%??%Td%%s PRU1PY FFsh e iselia piaansrcpsat yonpysten

novabl e body ar at f (% im3 erei t.he novabl e body has, a
heat-dissipaF?%%’gééﬁ%ﬁ%ﬁﬁ %%f@dlé%% Sd a tempergkure re@ﬁlé%lng
section that regulates temperature of the coolant, and
10 the waste-heat member is disposed in a state of
continually opposed to at least part of the

temperature-regulating section, and absorbs heat radiated

from the temperature-regulating section.

15 6. The movable body apparatus of Claim 5, wherein
the circulation system has a conduit that carries a
coolant and a pump, and
the temperature-regulating section has a cooling
mechanism that absorbs heat from the coolant and dissipates

20 the heat to the outside.

7. The movable body apparatus of Claim 1, wherein
the waste-heat member has an electric-power-output
section that wirelessly outputs electric power, and
25 the movable body has an electric-power-input section
that inputs electric power output wirelessly from the

electric-power-cutput section.

8. The movable body apparatus of Claim 7, wherein



i ncl udes the heat-dissipating section and di scharges heat produced

by cooling the novable body. 5 5. The novabl e body apparatus of C aim
4, wherein the heat-dissipating nechanismhas a circul ation system
that circulates a coolant and a tenperature-regulating section that
regul ates tenperature of the cool ant, and6l0 the waste-heat nenber is
di sposed in a state of continually opposed to at |east part of the

t enperature-regul ating sectio nd _absoybs, heat radjated fromthe

t enper at ur e- r egul a&hﬁgmggéﬁig:}?o%%q@s ‘?hée?rjb\_/ bFﬁlBﬁthﬁﬁ%‘f%ﬁl%ﬂBf’that
Claimb5, wher:gj j |_at i . conduyj hat. carrjes
cool ant and é{ﬂ;)c{}rlrlpéehsgr@e[ %%%%ﬁ‘%%r%&éﬁ%%ﬁﬁ%ﬁo(r%lgdagle(%:tc%los%tﬁ‘?é%eas Tedt
cool i ng  mechanicyBddaly absonhsdeats v qEdhs coglant and dissipat es
20 the heat to the outside. 7. The novabl e body apparatus of Claim 1,
wherein the wast etheaheatrheEshpst 8gahasidn Csrip RSy OHEPlipus eQlid@tic
that wirelessly outputs electric power, and 25 the novabl e body has

an el ectrbc- powmsr-.i nput section that inputs electric power output
wirelessly fromthe electric-power-output section. 8. The novabl e
body apparatus of Claim 7, wherein 66 the novable body has a

heat - di ssi pati ng chani sm t h%g i ncl udes the heat-dissipating section
and di ssipates heat : aBSoFREGCHY LREYWASPEREAS RénberiMfard therein

heat - di ssi pating n%%@aga%%%u% %C%Q%CI%%%%IGH%C%EE% to cool the movable

body.
10
10. The movable body apparatus of Claim 7, wherein
the driving device drives the movable body by using
electric power input to the electric-power-input section.
15 11. The meovable body apparatus of Claim 1, wherein

the movable body has a transmitter that wirelessly
transmits a signal output from a meter disposed on the movable
body, and

the waste-heat member has a receiver that receives a

20 signal transmitted wirelessly from the transmitter.

12. The movable body apparatus of Claim 11, wherein

the movable body has

a coarse movement stage that moves at least in one axial
25 direction in the predetermined plane, and

a fine movement stage that finely moves relative to the

cocarse movement stage.

13. The movable body apparatus of Claim 12, wherein



5 power. 9. The nopvabl e body apparatus of Claim?7, wherein the input
el ectric power is used to cool the novable body. 10 10. The novabl e
body apparatus of Caim?7, wherein the driving device drives the
novabl e body by using electric power input to the

el ectric-power-input section. 15 11. The @¥ovabl e body apparat us of
Claim1, wherein the novable body has a transmtter that wirelessly

t i t i gnal _out put _f et er di d on th bl e body,
and the wast e- heat WEnDer THaY GoTEEE: vBF L HHRE ¢ SUorVES RO SRl (e

transmtted wreless! yddom the tt}{]aacnﬁ{gsl t ermcb%aﬁjyl e Jovabl.6 Pling o

appar at us of aim 11, sreimn the movabl e as a coarse

novement st agﬂdr@iﬂ@&%%%néﬁéﬁiéﬁb%oﬁxﬁﬁé £i%re AbteREheNs{fyd heing
predet erm ned plane, "and a fine novénent stage that finely noves

relative to taheixeohldermmenBril kiiage.a Plurte gp\wable ibedyi sposed on
apparatus of Claim 12, wherein 67 the driving device includes a

novi ng- magnetthtey e afrigge mmorcerseTit atecteaniasd t hat has a novabl e el enent
including a plurality of magnets disposed on the fine novenent

stage, and a fixedhel ERpamavedand ajagepluianely &fiven Irelgitdyesee the
on 5 the coarse novenent stage, and the fine novenent stage is

finely driverddS& P FEhetadfarse Tty dndit "AEERe Ty Rardan e

novement nechani sm

14. The movable kbody apparatus of Claim 13, wherein
10 the fine movement mechanism includes a first fine
movement unit that generates a driving force in a first
direction intersecting a first axis direction and a second
axis direction that are orthogonal in the predetermined plane,
and a second fine movement unit that generates a driving force
15 1in a second direction that intersects the first axis
directicn, the second axis direction, and the first direction
in the predetermined plane, and
the fine movement stage is driven in at least one of the
first axis direction, the second axis direction, and a rotary
20 direction in the predetermined plane, by a resultant of the
driving forces generated by the first and second fine movement

units.

15. The movable body apparatus of Claim 13, wherein
25 the movable body is driven in a horizontal plane
orthogonal to a gravitational force direction, and
the driving device includes an empty-weight-canceling
mechanism that cancels an empty weight of the fine movement

stage, and a moving-magnet-type voice coil motor that makes



14. The novabl e body apparatus of C aim 13, wherein 10 the fine
nmovenent nmechanismincludes a first fine novenent unit that
generates a driving force in a first direction intersecting a first
axis direction and a second axis direction that are orthogonal in
the predeterm ned plane, and a second fig¥e novenent unit that
generates a driving force 15 in a second direction that intersects

the first i direction, th d IS, di t] d the first
Hrection 117 CHG TPBHEOBFR natpEaRes T ahat tABSE | T vt ity on
driven in at ﬂ %a%tin%”‘?no%feir@% Jﬂa{ axis direction, the second axis

i rec

direction, and a rotary on in the predeterm ned plane, by

a resultant of the driving forces generated by the first and second
fine nmovenent units. 15. The novabl e body apparatus of C aim 13,
wherein 25 the nouahl @hlothyvia®1@dr beely iappa A@iisz @ft @laAhdns, wherein
orthogonal to a gravitational force direction, and the driving device
i ncl udes an enpty- wbeghovediecebiogy hasc lzahiesrn-tdhiats ipandelss mechempbtsyn at
wei ght of the fine novenent stage, and a noving-nmagnet-type voice

coi | notor tH&ESFaRestE8E whidi dEnglispeeedisn the gpavpedieomment giege,
direction act_on the fine novenent stage, 16, The novabl e body

appar at us of ‘GSPAT 5. NGHEEIh 2 Beehedhoe BRI RS AP HaLthat 15 opposed

heat - di ssi pat.i_n ismat _|east part of which is disposed on the
coar se nnverrétr?t qsggé}eggqet hrﬂee%ﬁcar er[;La[’r(?c]ﬁ'udi ng a heat-di ssipating section

that is opposed to the waste-heat nenber. 10 17. The novabl e body
apparatus of Caim1l, further

10 17. The movable body apparatus of Claim 1, further
comprising:
a base whose movement surface on which the movable body
is placed is set substantially horizontal, wherein
the driving device has
15 a magnet unit disposed on the base and having a plurality
of permanent magnets arrayed in two-dimensional directions,
and
an armature unit disposed on the movable body and having
a plurality of armature coils situated in two-dimensional
20 directions in a state of opposed to the magnet unit, wherein
the movable body 1s driven by electromagnetic

interaction between the magnet unit and the armature unit.

18. The movable body apparatus of Claim 17, wherein
25 the magnet unit includes a plurality of
thrust-generating magnets that are arrayed so that polarities
of adjacent magnet faces are different from each cther and
have rectangular magnet faces, and a plurality of

interpolation magnets that are arranged in a path of magnetic



conprising: a base whose novenent surface on which the novabl e body
is placed is set substantially horizontal, wherein the driving device
has 15 a nagnet unit di sposed on the base and having a plurality of
per mmnent magnets arrayed i n two-di mensional directions, and an
armature unit disposed on the novabl e bodf and having a plurality of
armature coils situated in two-dinensional 20 directions in a state

o PPl LSrle RO oo S o TS RS, Do AL,
it. 18. T ; ; i 17, wh i 25 th
i 1o Tedmiane padamaalis, oA 17, vhereln 25 he

magnet unit a plur rust-generating nagnets that
are arrayed so that polarities of adjacent magnet faces are
different fromeach other and have rectangul ar magnet faces, and a

plurality of interpadl.atihen rMBgnaless Hdwat i rardiangesd dikian A#,h wferein
magnetic 69 flux fornmed between adjacent thrust-generating magnets
and intebsify a mideetariwtingedbuice. géferdhesmpvhdl et dodynapparatals in
of daim18, wherein 5 the driving device generates a |evitational
force, in a3grEAtdEEmaYdracsidierasiomn ot Hesrovaibiel e daydibypy

el ectromagnetic interaction between the g%%net unjt and the armatur

uni t. 10 20. SHRCTRARAITE Houy i add @ BFTEesnT 2§ NpgREhepnIt and the
conpri si ng: %£%§¥H¥é(ﬁ§¥¥W'nenber that is disposed on the novable

10 20. The movable body apparatus of Claim 19, further
comprising:

a magnetic body member that is disposed on the movable
body, and generates a magnetic attraction with the magnet unit
and maintains a predetermined gap between the movable body

15 and the base by a balance between the magnetic attraction and

the levitational force.

21. The movable body apparatus of Claim 20, further
comprising:
20 a nonmagnetic-body protective member that prevents

contact between the magnet unit and the movable body.

22, The movable body apparatus of Claim 21, further
comprising:
25 a cover member that can be installed on the movement
surface of the base, and suppresses or prevents leakage of
magnetic flux from the magnet unit when the movable body is

not in use.



body, and generates a magnetic attraction with the nagnet unit and
mai ntai ns a predeterm ned gap between the novabl e body 15 and the
base by a bal ance between the magnetic attraction and the

| evitational force. 21. The novabl e body apparatus of C aim 20,
further conprising: 20 a nonnmagneti c-bodi® protective menber that
prevents contact between the magnet unit and the novabl e body. 22.

The novabl e body a us _of furth (of0) i sing:

cover nenber that %%a ?ehe} ﬁ%cfveﬁ%led Cﬁ%{ t°* s q‘%g'ofélf%er
base, and su\%&ﬁg% rgr)%: prevents | eakage of magnetic flux fromthe
magnet unit e novabl e body is not in use. 70 23. The novabl e

body apparatus of grfikaﬁ*i‘c%defrul':haﬁrha§0£¢h'éaslé'9:haaen1%”@@@%65%3%&'@1% Sf
scale that is disposed on one of the waste-heat nenber and

novabl e body,tendrastedtkdthatemtderd aindi smsmdveblbhbodyhean@fatHn@ad that
wast e- heat nmenber and the novabl e body and irradiates a |light beamto
the scales 24 dimposrdbie Hodyodpparaf ushofwddadhes, mfemibderand the
conprising: 10 an interferoneter that detects positional information

of the novableYshe R e detcadidievia thglpoftand Fhe ovemte on
of the novable body using the encoder is executed at |east when
detection of the positional information of the novabl e body using

the 15 int erferor’rl=2t4er RN IR tva%(::“teo%r fcﬁ/r r};\%%aratus of Claim 23, further

comprising:
10 an interferometer that detects positional information
of the movable body, wherein
detection of the positional information of the movable
body using the encoder is executed at least when detection
of the positional information of the movable body using the

15 interferometer cannct be performed.

25. The movable body apparatus of Claim 1, further
comprising:
a temperature-regulating apparatus that regulates

20 temperature of the waste-heat member.

26. The movable body apparatus of Claim 25, wherein
a plurality of the movable bodies are provided, and the
waste-heat member absorbs heat radiated from each of the

25 movable bodies.

27. The movable body apparatus of Claim 26, wherein
the plurality of the movable bodies can mutually

exchange their positions in a predetermined direction.



25. The novabl e body apparatus of Claim1l, further conprising: a
tenperature-regul ati ng apparatus that regulates 20 tenperature of

t he wast e- heat nenber. 26. The novabl e body apparatus of C aim 25,
wherein a plurality of the novabl e bodies are provided, and the
wast e- heat nenber absorbs heat radi ated fflom each of the 25 novable
bodi es. 27. The novabl e body apparatus of C aim 26, wherein the
plurality of the novabl e bodies can mutually exchange their
positions in a predeterm ned direction. 71 28. The novabl e body

apparatus of C ai m2%7 'I\M?ae 'vréblteh%o ﬁ)&% %JEE’H‘Frcﬂaﬁn %7, wherein

| ongi tudi nal direction’in the predetermi |rect|on and i's

di sposed at a pl uralid %as@eofhe@lﬁﬁsh'éh%@% ﬁasaa wﬁéﬂfééilﬁéwc?ﬁé@%féﬁ/ in
| ess than or equal to a wid of the novable body in a direction

ort hogonal tahd Ipeemee;@emmnmad_r@ldta@w oandnitheippedetesmangd urality
pl ane. 29. The novabl e body apparatus of Claim28, further 10

conpri si ng: airpasdrtdmast adpparatusrtdhtappeasumes gigsileisenahan or equal
information of the novable body that is driven by the driving device
ina first régi@nWéﬁt@h@fp?ééeméﬁﬁbﬁédbﬁﬁﬁnén Eﬁ¢ﬁkﬁﬁ|QR$ dgonal to

driving by t drivi deV|ce . least in th 15 first region,
posi tion conﬁﬁﬁ 4%%? q%??xﬁq(ﬁ PrefgiRyiied plane.

positional information neasured by the neasurenent apparatus, and
al so the radi ated heat is absorbed by the waste-heat nenber. 20 30.

The novabl e body appar atus Qf 1% B2 MR8IMs of Claim 28, further
10 comprising:

a measurement apparatus that measures positional
information of the movable body that is driven by the driving
device in a first region of the predetermined plane, wherein

during the driving by the driving device at least in the

i5 first region, position control of the moving body is performed
using the positional information measured by the measurement
apparatus, and alsc the radiated heat is absorbed by the

waste-heat member.

20 30. The movable body apparatus of Claim 29, wherein
the driving device drives the movable body situated in
a second region that is different at least in part from the
first region, and
the waste-heat member absorbs heat radiated from the

25 movable body during the driving in the second region.

31. The movable body apparatus of Claim 30, wherein
in exchange of a first movable body situated in the first

region from among the plurality of the movable bodies, a



the driving device drives the novable body situated in a second
region that is different at least in part fromthe first region, and
t he wast e- heat nenber absorbs heat radiated fromthe 25 novabl e body
during the driving in the second region. 31. The novabl e body
apparatus of Claim 30, wherein in exchantfe of a first novabl e body
situated in the first region fron1anDng the plurality of the novable

bodies, a 72 seco bod at.ed | the second region i
olacod in tHE fm POV@&%%% L g e SR A e e Ty iiaged
31, wherein - q&% QQE%3£{OHS are executed to objects nounted

on the respectlve nova .ﬁ les in the first and second regions,

and the driving device drives the respective novable bodies in the
first and second regions so that at |east respective 10 parts of the

di fferent operati o .amepaidveibIrd odyadrelcus3dF Thenpvabl eHeedyin
apparatus of Claim 32, wherein each of the plurality of the novable
bodi es is>driven tddxf—f@irmrtsbpeaatanam:telﬁaxea;utuealttaﬂi@s]iepmSi ngunted on
mechani smin 15 which a heat-dissipating section extends in the first
axis directitd® rﬁSPﬁ@tw@d@t\@bﬂiewg@daean@ thsdf 1 hat st eehend naTivers,
is disposed intersecting the first axis direction in the
predetern1neé”51ane 20 34. The novabl e body apparatus of C aim 33,
wherein the waste- lplea

. Y | :
ort hogonal to the f |rs%ré fgg&k?é%%? ﬁl%%S er%?%%ﬁ%%&%ﬁ%%ﬁé%fﬁﬁggﬁes

and is disposed @l #iRkYrghlt ¥eBbnd regions so that at least respective

10 parts of the different operations are performed in parallel.

33. The movable body apparatus of Claim 32, wherein
each of the plurality of the movable bodies is driven
two-dimensionally, and has a heat-dissipating mechanism in
15 which a heat-dissipating section extends in the first axis
direction in the predetermined plane, and
the waste-heat member is disposed intersecting the

first axis direction in the predetermined plane.

20 34. The movable body apparatus of Claim 33, wherein
the waste-~heat member extends in the second axis

direction orthogonal to the first axis direction in the
predetermined plane, and is disposed at a plurality of
positions spaced apart in the first axis direction, and

25 the heat-dissipating section extends over a
predetermined range no less than an interval between a
plurality of the waste-heat members in the first axis

direction.



positions spaced apart in the first axis direction, and 25 the
heat - di ssi pati ng section extends over a predeterm ned range no |ess
than an interval between a plurality of the waste-heat nenbers in
the first axis direction. 73 35. The novabl e body apparat us of
Claim 33, wherein the waste-heat nenbers/¥xtends in the second axis
direction orthogonal to the first axis direction in the

pr edet er mi ned pl ane, agfqvis di sposed at a plurality. of 5 jtigns at
an interval a_pproxi% tery Ess a??oéﬁ’ @_t%%ra_ttdls afyfvvi(%tar%nggs‘{’hé’%erem
heat - di ssi pating sggld %ét%—th%%tf 'n{e%oeb xt 'I{C%Cti'noqrhe?’%ed%n@va%glse

body apparatus, conprising: a novable body; an

el ectri c- powe{iddHililors st iyl Ched Sl spased on 4 he: rdmvahl e podye

and to which electric power 1s wrelessly input; an

el ectri c- powgrraalgtaimiseed ignritdatarid i spseskdd £ NOMH O BiCt ¥ NeF
manner relative to the novable body in a state 15 of continually
opposed tb atpdssdsitorpartt eh iheerehbcppoe:powere infsssébbhonr amdal to
wirelessly outputs electric power toward the el ectric-power-input
section; and 3 Wrdtl mf dds deatinds tinadsinhesrhiabl eltbddie BiA 1 mgis
el ectric power, input to the electric-power-input section. 20 37. The
novabl e body U5 of A aim36, further conpri sing a waste-heat
menber that is disposed in a non-contacting manner relative to the
novabl e body in a state of continually

36. A movable body apparatus, comprising:
i0 a movable body;
an electric-power-input section which is disposed on the
movable body and to which electric power is wirelessly input;
an electric-power-output section that is disposed in a
non-contacting manner relative to the movable body in a state
15 of continually opposed to at least part of the
electric-power~input section, and wirelessly outputs
electric power toward the electric-power-input section; and
a driving device that drives the movable body by using
electric power input to the electric-power-input section.
20
37. The movable body apparatus of Claim 36, further
comprising
a waste-~heat member that is disposed in a non-contacting
manner relative to the movable body in a state of continually
25 opposed to at least part of the movable body, and absorbs heat

radiated from the movable body.

38. A movable body apparatus, comprising:

a movable body;



25 opposed to at least part of the novabl e body, and absorbs heat

radi ated fromthe novabl e body. 38. A novabl e body appar at us,
conprising: a novable body; 74 a neter disposed on the novabl e
body; a transmitter that is disposed on the novabl e body and
wirelessly transnits a signal output from%he neter; and a receiver
that is disposed in a non- contacting manner 5 relative to the novable

body in a state of c%ttler}u%{ %%Qlo%%d £ HeO nflvd q_aestb I of the

transmtter, and recelves a signa transnltte W rel’égssly fromthe

transmtter. 39. Thecpavahhetbedyhappas dikpdfellodl Bhe, m¥PEHEEbodP and
t he novable body is situated in a vacuum or subat nospheric pressure

envi ronment . wiGelAssExpastaresnapparatdisyidiatodtpus frqatired mededn and
obj ect by exposing the object, the apparatus conprising: 15 the
nmovabl e body appar @& gecaéverdingt tic Aispmskd in ahiah-¢dretobi oy nasiner
nmount ed on the novabl e body. 41. An exposure apparatus that forns a
pattern o aﬁel@éilé@c tByt@(ﬂ@éﬁaﬁdetlh‘édlﬁtijréétStQ%Oépﬁﬁlﬁ?i%@@ally opposed

conprising: .20t novabl e bo aratus .according, to Caim?26, ,
wherein in e%@ni’rjfgé'ec?f oré o % tgpeg(j}dﬂfnﬁmt L‘?rr% iGSF S e Sy apiagal

bodi es on whigh Srﬂlqboalgaeq}l ne;ﬁ{v %“ﬁnﬁ%t her. @S\%%J{ body, on

whi ch an object e expose jec ‘he one
novabl e body is nmounted, is placed at an exposure position where
exposure of the object is performed in the predeterm ned plane.

39. The movable body apparatus of Claim 1, wherein
10 the movable body is situated in a vacuum or

subatmospheric pressure environment.

40. An exposure apparatus that forms a pattern on an
object by exposing the object, the apparatus comprising:
15 the movable body apparatus according to Clalm i, inwhich

the object is mounted on the movable body.

41. An exposure apparatus that forms a pattern on an
object by exposing the object, the apparatus comprising:
20 the movable body apparatus according to Claim 26,
wherein
in exchange of one movable body of the plurality of
movable bodies on which the cbject is mounted, another movable
body, on which an object to be exposed next to the object on
25 the one movable body is mounted, is placed at an exposure
position where exposure of the object is performed in the

predetermined plane.

42. The exposure apparatus of Claim 41, wherein



42. The exposure apparatus of Caim4l, wherein 75 in parallel wth
at | east part of an exposure operation of the obj ect on the one
novabl e body, neasurenent of the obj ect nounted on the another
novabl e body is perforned at a measurenent position that is
different fromthe exposure 5 position in/Xhe predetern ned pl ane,
and the anot her novabl e body is noved fromthe neasurenent position
to the exposure position sur us of _Claimi4z2

..43. Th , .
further 10 compri ShBe 4 hELs i Ehe LAHBArAtLe ndl TEASTBS R o
 ndependent  JyagRgon OS] bh AR od OLAWIBLAMLA, hAEIRLARLE DodKeidh et

first region inc ng the exposure positiom’in the predetermn

pl ane, and pegidrdtielon Ry NBtd ik Ofndhe MOVRRLE 209Ye i fbandd Second
region, of which at least part is different fromthe first region,
and whi ch i nelastes dreen theasirteirmantt asi is o f ferdrite fradedles Basskure
pl ane. 44. The exposure apparatus of C aim43, wherein 20 the

wast e- heab mavsartigysdrrbshet dabttdwwingddilatrert dvdm t he novabl e
body situated at the exposure position. _45. The exposure apparatus
of O ai m 44, wher ei*h%t RBORBSE I PBAP L Frerfsrdy MSsm@rf@ﬁoEéamoW% TR af1 rgfmen t
mounting 25 surface of the novabl e body,, the novabl e body has a
heat - di ssi pafi9tg Me&thad S (FXRAT LI e di ssi pating section is
situated on the side of the nounting surface, and heat is absorbed
by the waste-heat nenber via the 76

43. The exposure apparatus of Claim 42, further
10 comprising:
ameasurement apparatus that measures, in an independent
manner, positional information of the movable body in a first
region including the exposure position in the predetermined
plane, and positional information of the movable body in a
15 second region, of which at least part is different from the
first region, and which includes the measurement position in

the predetermined plane.

44 . The exposure apparatus of Claim 43, wherein
20 the waste-heat member absorbs at least heat radiated

from the movable body situated at the exposure position.

45. The exposure apparatus of Claim 44, wherein
the waste-heat member is disposed on a side of a mounting
25 surface of the movable body,
the movable body has a heat-dissipating mechanism in
which the heat-dissipating section is situated on the side
of the mounting surface, and

heat is absorbed by the waste-heat member via the



heat - di ssi pati ng section. 46. The exposure apparatus of C aim 45,
wherein the novable body is situated in a vacuum or 5 subat nospheric
pressure environnent. 47. An exposure nethod of formng a pattern on
an object, the nethod conprising: driving the novable body of the
nmovabl e body apparatus 10 according to d@im1l in a state where the
object is nounted on the novabl e body, when exposure of the object
IS perfornEdngqﬁmﬁqﬁgx qﬁure Q;thod of formng a pattern on an
object, the 6t hod conpr %ﬂQKE Qﬁﬁﬁﬂr usi ng the novabl e body
apparatus according to Claim 26, driving one novabl e body of the
plurality of the novable bodies that is situated at an exposure

posi tion where expasur &€helfexlR Rl ¢jparStReS I MG i 4918 wherein
predet erm ned plane, and placing another novabl e body, on which an
obj ect to be exposethe2@ovexile dddie igbjsdatuarrd Her eneramnable body is
nounted, at the exposure position in exchange of the one novabl e
body. 49.5A deNdadenaspiefrbct wriewpums odricommrdrgi.ng a | it hogr aphy
process, wherein 25 in the |ithography process, a pattern is forned

on a substrate, using the exposure nethod according to Caim47.

50. A device manufacturing nethod conprising a,lithography process,
wherein 77 in the%ﬁi't%ﬁg‘é’wr&%%ﬁgg? of B‘glflf‘%?%ai Bg?Bgﬁ%cPrb‘ﬁnéij ect,

substrate usk%% EQ§¥§§P%§M{%jﬁﬂﬂﬁgatus according to Caim40. 51. A
us, &ﬁr|5|

novabl e body appara co - 5 a novabl e body;
driving the movable body of the movable body apparatus

10 according to Claim 1 in a state where the object is mounted

on the movable body, when exposure of the object is performed.

48. An exposure method of forming a pattern on an object,
the method comprising:

15 by using the movable body apparatus according to Claim
26, driving one movable body of the plurality of the movable
bodies that is situated at an exposure position where exposure
of the object is performed in the predetermined plane, and
placing another movable body, on which an object to be exposed

20 next to the object on the one movable body is mounted, at the

exposure position in exchange of the one movable body.

49. A device manufacturing method comprising a
lithography process, wherein
25 in the lithography process, a pattern is formed on a

substrate, using the exposure method according to Claim 47.

50. A device manufacturing method comprising a

lithography process, wherein



a fine novenent nenber supported in a non-contacting manner relative
to the novabl e body; and a driving nmechani sm having four armature
coils that are disposed on the novable body and a magnet unit that
is disposed 10 on the fine novenent menber and cooperatively
operates with the four armature coils tod’generate a driving force.
52. The novabl e body apparatus of C aim 51, wherein the magnet unit

includes at |east qne.pal rliﬁchgt&%%gﬁiﬁgr]o%e%%oo%e%at&e Cpﬁso%%rme\q 2311 a

any of the four arnature co pose ortifons o e ‘magne

form ng the paidstwar# HhisinBPOsE tee%a%wé EYpapatud e VAU £ +BodYaim 40.
apparatus of Claimb51, whefein 20 the driving nechani sm nakes at

| east one of a translational driving force in a two-di nensional

pl ane and a rotary driving force in the two-di nensional plane act on
the fine novenent MmEnbér moyadbdlee Mioidye lap psupring, ngosipedtsding : cur r ent

to the four coils. 25 54. The novabl e body apparatus of O aim 51,
further eonprising MaVaddst PORI‘ght - cancel i ng mechanismthat is

di sposed on the novahl e body and supports an enpty weight of the |
fine 78 novenent fle Qﬁ.m§§£m?ﬂé ﬁﬁ%@ﬁﬁesﬁéﬁ?r r&t §s PR @R tRE4A N

wherein the fine v nt nber, and t enpt y-wei ght -canceling 5
mechani sm do "6 neé‘ﬂgﬁ:teggetlv\\f nﬁtoegcc v &%vear%i%gjo%e Fbvabl e body

appar atus of G ai M54y ; WS Gldbn drites SRR nieE Rk -HANGE I TBENAML S Dy e

makes a novi ng
disposed on the movable body and a magnet unit that is disposed

10 on the fine movement member and cooperatively operates with

the four armature coils to generate a driving force.

52. The movable body apparatus of Claim 51, wherein
the magnet unit includes at least one pair of magnets
15 opposed to each other via any of the four armature coils, and
opposed portions of the magnets forming the pair are of

opposite polarity.

53. The movable body apparatus of Claim 51, wherein
20 the driving mechanism makes at least one of a
translational driving force in a two-dimensional plane and
a rotary driving force in the two-dimensional plane act on
the fine movement member by selectively supplyilng electric
current to the four coiils.
25
54. The movable body apparatus of Claim 51, further
comprising:
an empty-weight-canceling mechanism that is disposed on

the movable body and supports an empty weight of the fine



force in a direction perpendicular to the two-di nensional 10 pl ane
and a noving force in a direction inclined with respect to the

t wo- di nensi onal plane, act on the fine novenent nenber. 57. The
novabl e body apparatus of Claimb51l, wherein the fine novenent nenber
is situated above the novable 15 body in’®% vertical direction. 58.
The novabl e body apparatus of Claim51, further conprising: a planar
not or t hat dqﬁégg?%dga e body. 20 59. A fine novenent nmenber
that is supporte I nely rivable relative to a novabl e body, the
menber conprising: a fine novenent main body supported in a
non-contacting manner relative to the novabl e body; and 25 a magnet
unit that is disposed and heddble ma@netipdmitus Ay And sopenaidsin
cooperatively with four armature coils disposed on the novabl e body
to generate a drivithg foneeoveherntheehbae aml/ ehe mmptemeri gft -Gaaigrling
59, wherein 79 the magnet unit includes at |east one pair of nmagnets
opposed t® edEthmHa™ \da oy Gintart Moidih #arlt widewils, and

opposed portions of the magnets formng the pair are of opposite
polarity. 5 61. The fine novenent nenber of C aimb59, wherein the
erpty velgnt of Lhed ! af TRl T Bodv and NG ARanel i A8

supported by an enpty-weight-cancel1n ani sm
movabl e body. 10 the empty-weight-canceling mechanism makes a moving
force in a direction perpendicular to the two-dimensional

10 plane and a moving force in a direction inclined with respect

to the two-dimensiocnal plane, act on the fine movement member.

57. The movable body apparatus of Claim 51, wherein
the fine movement member is situated above the movable

15 Dbody in a vertical direction.

58. The movable body apparatus of Claim 51, further
comprising:

a planar motor that drives the movable body.

20
59. A fine movement member that is supported finely
drivable relative to a movable body, the member comprising:
a fine movement main body supported in a non-contacting
manner relative to the movable body; and
25 a magnet unit that is disposed on the fine movement main

body, and operates cooperatively with four armature coils

disposed on the movable body to generate a driving force.

60. The fine movement member of Claim 59, wherein



62. The fine novenent nmenber of Caim61, wherein the fine novenent
mai n body and the enpty-weight-canceling nechani smdo not contact
with each other. 15 63. The fine novenent nenber of C aim62,
wherein the enpty-wei ght-canceling mechani sm nakes a noving force
in a direction perpendicular to a t wo- di nehsi onal pl ane and a noving
force in a direction inclined with respect to 20 the two-dinensional

pl ane, act on the ﬁﬂﬂ?nﬁ%%%&p 1Rk c@ﬂggg tﬁ4i?§SED8ﬁQé§EPPQ%E%aﬁnets

appar at us, conprising: a novable bo I Né nov

according to GridadcsHppRrdEsker 375_‘Ld Bng HEN-KOHAGL hPPGaFBRPBCECiI1s, and
relative to the novabl e body. 65. An exposure apparatus that forns a

pattern on an obj ecippddeel appataheso£amer nagnet st hermbvahliee bady are of
apparatus according to Caimb51, in 80 which the object is nounted
on the fine rREe mensarity.

5
61. The fine movement member of Claim 59, wherein
the empty weight of the fine movement main body and the
magnet unit are supported by an empty-weight-canceling
mechanism disposed on the movable body. |
10
62. The fine movement member cof Claim 61, wherein
the fine movement main body and the
empty-weight-canceling mechanism do not contact with each
other.
15
63. The fine movement member of Claim 62, wherein
the empty-weight~canceling mechanism makes a moving
force in a direction perpendicular to a two-dimensional plane
and a moving force in a direction inclined with respect to

20 the two-dimensiocnal plane, act on the fine movement main body.

64. A movable body apparatus, comprising:
a movable body; and
the fine movement member according to Claim 59 supported

25 in a non-contacting manner relative to the movable body.

65. An exposure apparatus that forms a pattern on an
object, the apparatus comprising:

the movable body apparatus according to Claim 51, in



80

which the object is mounted on the fine movement member.



