1 DESCRI PTI ON MOVABLE BODY SYSTEM PATTERN FORVATI ON APPARATUS,
EXPOSURE APPARATUS AND MEASUREMENT DEVI CE, AND DEVICE 5
MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention relates to
novabl e body systens, pattern formation apparatus, exposure
apparatus and 10 measurenent devi ces, and! device manufacturing

met hods, and nore particularly, to a novabl e body systemincluding a

novabl e body which substantially ﬁBﬁgigﬁtﬁﬁgéﬁgpredeternined pl ane,

a pattern formation apparatus whic with the novable
body system an exposure apparatus which is equipped 15 with the
novabl e body system a neasurenment device arranged in an exposure

apparatus, ambyaHew EopEEvSreM NIPATTHRN FORMATION { AP PRERTULS,
appar at us. BACKGROUND ART 20 Conventionally, in a lithography process

for manuf acEXPOSUREARPRARATUS AN} MEASUREMENT DEVECE, AND DEVICE
sem conduct or devices (such as integrated circuits) and liquid

crystal b spMANUEACTHIRINGIMETEQIppar at uses such as a projection
exposure apparatus by a step-and-repeat nethod 25 (a so-called
stepper) and a projection exposure apparatus by a step-and-scan

met hod (a so-called scanning stepper (which is also called a
scanner) areTl%ﬁ:ﬂN&q?sTEdFI ver, sem conductor devices will lead to

b oner M SGLAT, OB KD 1A e A, RSB} R ) Sygrene,

waf er pattern formation apparatus, exposure apparatus and

10 measurement devices, and device manufacturing methods, and
more particularly, toamovable body system including a movable
body which substantially moves along a predetermined plane,
a pattern formation apparatus which is equipped with the
movable body system, an exposure apparatus which is equipped

15 with the movable body system, a measurement device arranged

in an exposure apparatus, and a device manufacturing method

which uses the exposure apparatus.

BACKGROUND ART
20 Conventionally, in a lithography process for
manufacturing electron devices (microdevices) such as
semiconductor devices (such as integrated circuits) and
liquid crystal display devices, exposure apparatuses such as
a projection exposure apparatus by a step-and-repeat method
25 (a so-called stepper) and a projection exposure apparatus by
a step-and-scan method (a so-called scanning stepper (which
is also called a scanner) are mainly used.
However, semiconductor devices will lead to higher

integration in the future, and accompanying this, it is certain



wi |l becone finer, and further inprovenent of the position detection
precision of wafers and the like will be required in the exposure
apparatus which is the mass-production 5 apparatus for sem conductor
devi ces. For exanple, in Patent Literature 1, an exposure apparatus
whi ch has an encoder type sensor (an encoder head) nounted on a
substrate table is disclosed. However, in the case when an encoder

head is installed th t t ahl 10 b th bst r.at
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installed 15 on the substrate table, dragging of such wiring cou
become a najigr ekstagiduatagifaddtded afilien s Ure Radefdroduction
Application Publication No. 2006/ 0227309 20 DI SCLOSURE OF | NVENTI ON
MEANS FOR5 SOWdNG aftdEls FRGBLEMS. docbraliarg deoviacds r st aspect of the
present invention, there is provided a novable body system i ncl uding
a novabl e body whifelr exeewlsl,ong &ahesdetldrtmneddiys] dne,ant RXEHAITEN
25 conprising: a novabl e body having a main section which noves
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encoder heads arrange
10 because the substrate table performs a vertical movement and

inclined drive, there was a risk of the tension which acts
on wiring for supplying power and the like to the encoder head
interfering with the smooth movement of the substrate table.
In the case when a plurality of encoder heads is installed
15 on the substrate table, dragging of such wiring could become
a major obstacle.
Patent Literature 1: U.S. Patent Application

Publication No. 2006/0227309

20 DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
According to a first aspect of the present invention,
there is provided a movable body system including a movable
- body which moves along a predetermined plane, the system
25 comprising: a movable body having a main section which moves
along the predetermined plane and a table member which can
finely move in at least a direction orthogonal to the
predetermined plane and a tilt direction with respect to the

predetermined plane on the main section; and a measurement



tabl e nenber, and neasures positional information of the novable
body within the predeterm ned plane, based on an output of at |east
one encoder head which faces a grating section 5 placed substantially
parallel with the predeterm ned plane outside the novabl e body,

wher eby the neasurenent device has a trabsmtting and receiving

equi pnent whi ch perforns transmtting and receiving of a neasurenent
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description, the termwreless communication is used in such a
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i nvention, the measurenent device has a transmtting and 20

recei vi ng equiyseme whiechopeblerinedy r asrielty ffpcamgdapecengnhgdeficee has
measur enent beam and/or a signal by w reless communi cation between
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of encoder heads and the conponent outside the encoder heads can be

performed without 4ireless communication, in this case, widely includes
communication using electromagnetic waves, and includes not
only wireless communication by microwave or electric waves
of other frequencies, but also wireless communication using
15 infrared radiation and other optical wireless communications.
In the description, the term wireless communication is used
in such a sense.
According to the movable body system of the present
invention, the measurement device has a transmitting and
20 receiving equipment which performs transmitting and receiving
of a measurement beam and/or a signal by wireless communication
between each of the plurality of encoder heads arranged on
the table member and a component outside the encoder heads.
Therefore, even if the main section of the movable body moves
25 along a predetermined plane, and the table member also moves
finely in a direction orthogonal to the predetermined plane,
transmitting and receiving of the measurement beam and/or the
signal between each of the plurality of encoder heads and the

component outside the encoder heads can be performed without



any problenms. Accordingly, positional information of the novable
body within the predeterm ned plane can be neasured wth good

preci sion, without being affected by the fine novenent of the table
menber. 5 According to a second aspect of the present invention,
there is provided an exposure apparatus tRat exposes an object with
an energy beam the apparatus conprising: a stage assenbly which has

a tabl e menber ol t ject -and_is .novabl.e. i a _di.rection
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direction parallel to the predeterm hed plane; a grating section to
whi ch the taljieHeer dacessand iwicdangethsubstanidaldy #as afded
to the predeterm ned plane; and a measurenent devi ce which has a
plurality of rencodert heidshdl S sasraangetban. t he tabl e nenber, and a
transmtting and receiving equipnment which perforns transmtting and
recei vingdbof a nedswomdemg beatn skt asmEanalt bhewresess invention,
conmuni cati on_ between each of the plurality of encoder heads and a
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section. Acc i t he .exposur.e apparat us ,of .t he,present , .
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measur enent beam and/or a signal” by wreless communi cat et ween
each of the pldgwaldd ¥hobhengdart Nerds dilangase PAn 4 Aentabhe sfeeiner

whi ch holds the object and is novable in the direction orthogonal to
t he predet er imedopkanen aafddrekeion parallel to the predetermined plane;
a grating section to which the table member faces and is
arranged substantially parallel to the predetermined plane;
and a measurement device which has a plurality of encoder heads
15 arranged on the table member, and a transmitting and receiving
equipment which performs transmitting and receiving of a
measurement beam and/or a signal by wireless communication
between each of the plurality of encoder heads and a component
outside the encoder heads, and measures positional
20 information of the table member within the predetermined plane
based on an output of at least one encoder head facing the
grating section.
According to the exposure apparatus of the present
invention, the measurement device has a transmitting and
25 receiving equipment which performs transmitting and receiving
of ameasurement beam and/or a signal by wireless communication
between each of the plurality of encoder heads arranged on

the table member, which holds the object and is movable in

the direction orthogonal to the predetermined plane, and the



5 conponent outside the encoder heads. Further, the table nenber is
supported in a non-contact manner by the main section of the stage
assenbly. Therefore, in the case the nain section of the stage
assenbly noves along a predeterm ned plane and 5 the table nenber
nmoves finely in a direction orthogonal to> the predetermned plane,
transmtting and receiving of the neasurenent beam and/or the signal

bet ween each of the | ur.al.i f encoder_ heads and. the co ent
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that supports the table nenber in a non-contact nmanner
assembly related to the predetermined plane can be obtained
with good precision, without being affected by the fine
movement of the table member, which in turn makes it possible
to perform exposure with high precision of the object held
15 Dby the table member, while controlling the position of the
stage assembly within the predetermined plane with high
precision on exposure.
According to a third aspect of the present invention,
there is provided a measurement device arranged in an exposure
20 apparatus exposing an object held by a stage assembly with
an energy beam that measures positional information of the
object in a predetermined plane, the device comprising: a
plurality of encoder heads which are arranged on a table member
of the stage assembly that holds the object and is movable
25 in a direction orthogonal to the predetermined plane; and a
transmitting and receiving equipment in which at least a part
of the equipment is arranged at a main section of the stage

assembly that supports the table member in a non-contact manner

and moves 1n a direction parallel to the predetermined plane,



and noves in a direction parallel to the predeterm ned plane, 6 and
perfornms transmtting and receiving of a neasurenent beam and/or a
signal by w reless comunication between each of the plurality of
encoder heads and a conmponent outside the encoder heads, whereby
positional information of the table menbef 5 within the predeternined
pl ane i s neasured, based on an output of at |east one encoder head

whi ch faces %n%rggkggrascef M AL A e@%%dsggéég%ha'égcor d&t&@% ndhi Bean
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information of the table nenber within a predeterm ned plane can be
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novenent of the table nenber in the direction orthogonal to the
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of an enbodi merthinFtiee pz&@@migwdjgéénsoi%mglaaiumeal phasedem apfoutput
encoder heads and interferonmeters. 20 FIG is an enlarged vi ew of
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FIG 6 is a %lﬁl Ciia% agld arﬂos‘g%\q nq? acpﬂal n configuration of a control
€ 0 e

systemrel at age contr exposure apparatus in FIG 1
According to the measurement device of the present

10 invention, positional information of the table member within
a predetermined plane can be measured with good precision,
without being affected by the fine movement of the table member

in the direction orthogonal to the predetermined plane.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view that shows a schematic configuration
of an exposure apparatus of an embodiment.
FIG. 2 is a view used to explain a placement of encoder
heads and interferometers.
20 FIG. 3 is an enlarged view of the wafer stage in FIG.
1 partially broken.
FIG. 4 is a view that shows a part of the inside of a
circle C in FIG. 3 enlarged.
FIG. 5 is a view used to explain an internal
25 configuration of a head.
FIG. 6 is a block diagram showing a main configuration
of a control system related to stage control of the exposure
apparatus in FIG. 1.

FIG. 7 is a partially broken enlarged view of a wafer



FIG 7 is a partially broken enlarged view of a wafer 7 stage which
configures an exposure apparatus of the second enbodinent. FIG 8 is
a view used to explain an internal configuration of the head in FIG
7. 5 BEST MODE FOR CARRYI NG QUT THE I NVENTION - A First Enbodi nent
Hereinafter, a first enbodiment of the présent invention will be
described, wth reference to FIGS. 1 to 6. 10 FIG 1 shows a

schemati c configurafi. [ o RS t in t fil
enbodi nment . tﬁg];éur%;eh%glpg&;oéﬁ}%%s%ns 3 prolrgec;éﬁ%%aq%xeﬁ%sﬁtﬂer ¥econd
appar atus of the SteRrand-scan nethod, nanely the so-called scanner.
As it will be described later, a projection optical systemPL is

arranged in the enpadi.mantis 15 vareh uedhe cdes@lisatd em heltewnad
direction parallel to an optical axis AX of projection optical
system PL wi |dorfe gudegdrdrbed ahd hesadt axi direéction, a direction
within a plane orthogonal to the Z-axis direction in which a reticle
and a waber are relatively scanned will be described as the Y-axis
20 direction, a direction orthogonal to the Z-axis and the Y-axis
will be descBBST MORKe FRRCARRYENG QUT JREE of ¥V

(inclination) directions arpund the X-axis, the Y-axis, and the
Z-axis will be’d slrﬁﬁtb&tsi“ Bt e vy and B z directions,
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10 FIG. 1 shows a schematic configuration of an exposure
apparatus 100 in the first embodiment. Exposure apparatus 100
is a projection exposure apparatus of the step-and-scan method,
namely the so-called scanner. As it will be described later,
a projection optical system PL is arranged in the embodiment,

15 and in the description below, a direction parallel to an
optical axis AX of projection optical system PL will be
described as the Z-axis direction, a direction within a plane
orthogonal to the Z-axis direction in which a reticle and a
wafer are relatively scanned will be described as the Y-axis

20 direction, a direction orthogonal to the Z-axis and the Y-axis
will be described as the X-axis direction, and rotational
(inclination) directions around the X-axis, the Y-axis, and
the Z-axis will be described as © x, 6 y, and © z directions,
respectively.

25 Exposure apparatus 100 is equipped with an illumination
system 10, a reticle stage RST holding reticle R, a projection
unit PU, a wafer stage device 50 including wafer stage WST
on which a wafer W is mounted, a control system for these parts

and the like.



on which a wafer Wis nounted, a control systemfor these parts and

the like. 8 illumnnation system 10 includes a |light source and an
i1lumnation optical systemthat has an illumnance wuniformty
optical system which includes an optical integrator and the |ike,

and a reticle blind and the like (none 5 &f which are shown), as is
di sclosed in, for exanple, U S. Patent Application Publication

No. 2003/ 0025890 ang g ke, S,Xﬁ%\%vn%l PCTYSLEM, 1Ps Lht WIOALES By an

slit- shapedlllumnatlon I'STset"onh Te
reticle blind;(n; o?ﬁ&m,s &neﬂwrﬂ&atarpmu@mné@a@osure
light) 10 IL wt asubstatlally unitformillumnance. In this case,

as il um natign 4d:@hitty loptfitia eXaat &, amAE @xiumss |asespt heam
(wavel ength 193 nm) is used. On reticle stage RST, reticle R on which

a circuit patitergraood hadlihee likef, cameed 0at 1 ¢ Be patiner ang wheat £két hrene
| ower 15 surface in FIG 1) is fixed, for exanple, by vacuum

chucki ng. 5RetdfclvhistragersRShaws if i reed Y drd vl add tiin for XRpicdfe ahd -
drivable in a scanning direction (in this case, the Y-axis

di rection, wHadtenitsApPRéiratéral Papteedtbandfo t%peo%déb(@@ﬁﬁf age the like.

FIG 1) at a redet erm ned scanni eed b ticle 20 drive

Section 11 (ol SHOAT I FYELoR LG 07 oPRtBarbes 8] LERataDP ol dss i aigon

exanpl e, allnear tor.aqrn t he Li Ltion i f

(1 ncluding r tati orfrﬂ{ i A &rcr}rlatl%or?elt Ophggggggl r%c ?%%)Q ‘%iclrbel:Lnd &
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i nterferopet e, (hereianalibetanefianngduherasmaiinghighBce. In this case,
as illumination light IL, for example, an ArF excimer laser
beam (wavelength 193 nm) is used.

On reticle stage RST, reticle R on which a circuit
pattern or the like is formed on its pattern surface (the lower
15 surface in FIG. 1) is fixed, for example, by vacuum chucking.
Reticle stage RST is finely drivable within an XY plane and
drivable in a scanning direction (in this case, the Y-axis
direction, which is the lateral direction of the page surface
in FIG. 1) at a predetermined scanning speed by a reticle stage
20 drive section 11 (not shown in FIG. 1, refer to FIG. 6) that
includes, for example, a linear motor or the like.
The positional information (including rotation
information in the 6z direction) of reticle stage RST in the
XY plane (movement plane) is constantly detected, for example,
25 at a resolution of around 0.25 nm by a reticle laser
interferometer (hereinafter referred to as a “reticle
interferometer”) 16, which irradiates a measurement beam on
a movable mirror 15 (the mirrors actually arranged are a Y

movable mirror (or a retro reflector) that has a reflection



interferoneter”) 16, which irradi ates a nmeasurenment beamon a
novable mrror 15 (the mrrors actually arranged are a Y novable
mrror (or a retro reflector) that has a reflection 9 surface which
is orthogonal to the Y-axis direction and an X novable mrror that
has a reflection surface orthogonal to tRe X-axis direction) shown
in FIG 1. Projection unit PUis placed below (-Z side) reticle 5

stage RST in @I@ﬁfﬁq vﬁﬁ%kt}rgpgtixd%?gcglnaglaréo Qi & hady: { trce;{]ﬁw nd an
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As projection optical systemPL, for exanple, a dioptric systemis

used, consi stghyg faxa Ppldiradddiorof drengesid Fid ens. el enents) that has
been di sposed al ong optical axis AX, which is parallel to the Z-axis
direction. ProjectiPoojeuttical unsiyrsttémill plsceddbedxanpl-€ sadeit hretiidd e

telecentric dioptric systemthat has a predetermn ned projection

magni fi caPi oftqEURAT &) BAE- quapheris reSFHY ehpabE O(fn@léicjg’nl(hotisr?@m) .
15 Therefore, when illumnation light IL fromillumnation system 10
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passed through reticle R which is placed a.that its.pattern surfac
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resist (a 25 sensitive agent) and is placed on a second plane (an

i mage which is parallel to the Z-axis direction. Projection optical
system PL is, for example, a both-side telecentric dioptric
system that has a predetermined projection magnification
(such as one-quarter, one-fifth, or one-eighth times).

15 Therefore, when illumination light IL from illumination
system 10 illuminates illumination area IAR, illumination
light IL that has passed through reticle R which is placed
so that its pattern surface substantially coincides with a
first plane (an object plane) of projection optical system

20 PL forms a reduced image of the circuit pattern (a reduced
image of a part of the circuit pattern) of reticle R formed
within illumination area IAR, via projection optical system
PL, in an area (exposure area) IA conjugate to illumination
area IAR on wafer W whose surface is coated with a resist (a

25 sensitive agent) and is placed on a second plane (an image
plane) side of projection optical system PL. And by the
synchronous drive of reticle stage RST and wafer stage WST,

reticle R relatively moves in the scanning direction (the

Y-axis direction) with respect to illumination area IAR



pl ane) side of projection optical systemPL. And by the synchronous
drive of reticle stage RST and wafer stage WST, reticle Rrelatively
noves in the scanning direction (the Y-axis direction) wth respect
toillumnation area AR 10 (illumnation light IL) while wafer W
relatively nmoves in the scanning directildh (the Y-axis direction)

Wi th respect to the exposure area (illumnation light IL) , thus
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wafer Waccording to illumnation system 10, retic ,
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sensitive |ayer (resist layer) on wafer with illum nation 1% | i ght

I L, the patterth d sHoar raton diafietedNadan )t en perighear i Opdtoredi dand
end of barrel 40, a scale plate 21 is placed parallel to the XY

pl ane, at5a heigmeattsubstodntriedliioyef Rush Wrahsiespeflacetonthdeshonesrea.
end of barrel 40. In the enbodinent, scale plate 21 consists of a 15
rectangul ar plhtte 1fhi R s cabediawindr bperpalt ¢ Vith eRrneratedzopnpmier
of barrel 40 _is inserted and a circular opening jn which _the -Z end

of an ali gnmEht?SSRAEMI descrl Tt %sﬁﬁgeﬁ]'ed‘fet]t%e ctr c?ﬂ‘gr
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t wo- di nensi onal grating (refer to . 4 .and 5) is forned,
consi sting ofy i atrl nanhQse: feFd ot Crofhd €I O fSr iw, the Y-axis

direction having a predetermned pitch of, for exanple, fpm and a
grating whose peri adi €he periphery on the -7 side end of barrel 40, a scale
plate 21 is placed parallel to the XY plane, at a height
substantially flush with a surface on the lower end of barrel
40. In the embodiment, scale plate 21 consists of a
15 rectangular plate which has a circular opening in which the
-7 end of barrel 40 is inserted and a circular opening in which
the -Z end of an alignment system, described later, is inserted,
the circular openings formed in a part of the plate, and is
supported by suspension from a body (not shown). On the lower
20 surface (a surface on the ~-Z side) of scale plate 21, a
reflection type two-dimensional grating RG (refer to FIGS.
4 and 5) is formed, consisting of a grating whose periodic
direction is in the Y-axis direction having a predetermined
pitch of, for example, lum, and a grating whose periodic
25 direction is in the X-axis direction having a predetermined
pitch of, for example, lum. Two-dimensional grating RG covers
the movement range of wafer stage WST.

Wafer stage device 50 is equipped with a stage base 12

supported almost horizontally by a plurality of (e. g. three



25 direction is in the X-axis direction having a predetermned pitch
of, for exanple, fpm Two-dinmensional grating RG covers the novenent
range of wafer stage WST. WAfer stage device 50 is equi pped with a
stage base 12 supported alnost horizontally by a plurality of (e. g.
three 11 or four) vibration isolation néédhanisns (onitted in the
drawi ngs) on the floor surface, a wafer stage WST pl aced above stage

base 12, a Vé%frirfo%%g%i%ti%%@?yégsmvﬁriccﬁno é/chaarﬂg sta ]9 omit eeéy%%p;e;ﬁ

shown in FI , ref rives r 'stage

encoder syst emzhQ R )deacHded bt &frrice Waf Gk rLaselrs @it 1 908 &hove
systemand the |like. Stage base 12 is nade of a nenber having a

tabul ar formstagrdobie degrgevdfef |tpsAfvd BesRRED 7SUbhBGEa igart of
extrenely high and serves as a guide surface en waf er stage T

noves. 10 | ngihdesgbage basshdy im €aGl. Upitefesr heused, 6nelwididig cxives
plurality of coils 14a placed in the shape of a matrix with the XY
t wo- di mendi owalifedi péegicoSEer anngnasdarr ovstemete ilom deswr dadlliater, a
direction. As shown in FIG 1, wafer stage WST has a stage nmain 15

section 91, &FdeF w&S&T taried IRrsmAticdh Y8t ced éﬁkﬁ/elh Sxge main

i 91 di ted i - t it t t
Stage main eectionS5R0ebesy 14 15 IS & e cRE S ATHONS S Lo foT,
t hi , b i i -
T Eorey R ch@LEa B L8 SHRGILOL Bne2uBBR:oant Acke TS cbhh v
(repul sion) sueh gsqtervel %%tggmw%hgfg%%@ﬂ%ﬁﬂ& dewgway gh fnfalrv%%.

(gravitation) ‘including the self-weight at three points, and is also
finely doivensinedisteeld orseofid hreedagreas ofs eedom wWHiGHiHE a

plurality of coils 14a placed in the shape of a matrix with
the XY two-dimensional direction serving as a row direction
and a column direction.
As shown in FIG. 1, wafer stage WST has a stage main
15 section 91, and a wafer table WTB which is placed above stage
main section 91 and is supported in a non-contact manner with
respect to stage main section 91 by a Z tilt drive mechanism
(not shown). 1In this case, wafer table WIB is supported in
a non-contact manner by Z tilt drive mechanism by adjusting
20 the balance of the upward force (repulsion) such as the
electromagnetic force and the downward force (gravitation)
including the self-weight at three points, and is also finely
driven in directions of three degrees of freedom, which are
the Z-axis direction, the 6x direction, and the 8y direction.
25 At the bottom of stage main section 91, a slider section 9la
is arranged. Slider section 9la has a magnetic unit made up
of a plurality of magnets arranged two-dimensionally within
the XY plane, a housing to house the magnetic unit, and a

plurality of air bearings arranged in the periphery of the



the Z-axis direction, the ex direction, and the ey direction. 25 At
the bottom of stage main section 91, a slider section 91a is
arranged. Slider section 91a has a nmagnetic unit nmade up of a
plurality of magnets arranged two-dinensionally within the XY pl ane,
a housing to house the magnetic unit, andZa plurality of air
bearings arranged in the periphery of the 12 bottom surface of the

housing. The fRQnGt NI SOBE! GL 0%, 8. bl Andf TRLAE 30, 6TP! 04l PG o

drive nethod uses t orentz elec onagne

di scl osed i ny 08, ex8apt &0 bhpio Eﬁ&%ﬂ&rh@e etk %ﬂ?ch%s@!ﬂt%tﬂbﬂenﬁ;z

coil unit previously 5 descri ed I'ncidentally, as planar notor

the drive nmethode (s186trbhAbhedithtoiaseatzchosea {©) %trr@mgp;e&;m S.
force) , and a planar notor by a variable reluctance drive system

can al so be pusecht Waf.ers,dt%qel ASKT dlomuppaitt echdbyedigvidratt qreahiowesly
stage 10 base 12 by a predeterm ned cl earance, such as around

several bm dgparidegs.ur dhictiyeotadily, beapilags rdexscrd Bed Hisodel vametinpd
driven in the X-axis direction, the Y-axis direction, and the Oz

di rection by i BR&rl Hbtbrd @@ed%@éﬁ%édfodméelﬁ@éépa@ﬁ@wlc frree) » and
table WIB is drivable with respect to. stage base 12 i.n |rect|oq
of st x. dogr eSO RRF RN Hih o R® SRBb8 O TSt Sl A0 CH SEFEr <50 =
controls the Q¥§ude and direction of current supplied to each of
the coils 1&% configuring the coil unit. Wafer stage drive system

1L oo Cobhany TR SEagErabt) 00, R R 8 D200 o i e
nmot or 30102 mRgretbehl eyidalddait ivine Plaralr ROl suedNabeatisetd several
um, by the plurality of air bearings described above, and is
driven in the X-axis direction, the Y-axis direction, and the
Oz direction by planar motor 30 described above. Accordingly,
wafer table WTB is drivable with respect to stage base 12 in

15 directions of six degrees of freedom.

In the embodiment, a main controller 20 controls the
magnitude and direction of current supplied to each of the
coils 14a configuring the coil unit. Wafer stage drive system
27 in FIG. 6 is configured, including planar motor 30 and the

20 Z tilt drive mechanism previously described. Incidentally,
as planar motor 30, a magnetic levitation type planar motor
can be used.

On wafer table WTB, wafer W is mounted via a wafer holder
(not shown), and is fixed by a chuck mechanism (not shown),

25 such as, for example, vacuum suction (or electrostatic
adsorption).

Further, a configuration is employed where positional

information of wafer stage WST in the XY plane is measurable

by encoder system 70 (not shown in FIG. 1, refer to FIG. 6).



On wafer table WIB, wafer Wis nounted via a wafer holder (not
shown), and is fixed by a chuck nechani sm (not shown), 25 such as,
for exanple, vacuum suction (or electrostatic adsorption). Further,
a configuration is enployed where positional information of wafer
stage WBT in the XY plane is neasurable Yy encoder system 70 (not
shown in FIG 1, refer to FIG 6). 13 Hereinafter, details on a

configurati O AN éff k%?é:r?@é%ﬁ%%g%ﬁ? %@t?r%n"‘élllé tR% fﬁ?e%kbe%dcoder

On the upper sur ace S “'shown anar

in FIG 2, e%o:pkeém hepds; (Gheseipafdemeshortly 5 ref erred to as a
head, as needéd) 60A to 60D are attached in the four corners,

respectively. Thesenheadsufpértoubbirarer used MWl inrst hesughoke! 85 a
in the Z-axis direction which have been formed in wafer table WB,
respecti vel y plasahomrew niFIFGG. 2 widrtdizad GEC s akerraimeaS e, shortly
representative. 10 In this case, a pair of heads 60A and 60C, which
is located aeferrssd tohesdpadgondl 33 meedsfdwdOdy toabPe W@ aiatr@ched in
heads whose neasurenent direction is in_the Y-axis direct

Further, a pérhre P%%n@éﬁraﬁﬁs@tl\iﬁﬁd’h |§h13%%a}t'1%%ld%n691heto o@%rare
di agonal l'in e WB, .are hea ose, 15 nea ure

direction is e\r,ij\g H%Ps "G bcﬂ‘lleSA%ng%Ea\nAE ?Xl?rﬁjel Bhave
GOD, a head r-at i d

di scl osed | n%aef%?@g%agm YHEEY plplh e rebBskiteatee 1S HEET fa prc-

of Internati @nq\}lt@yméa@tg@n tNacen 2007083738, .and Ahe:- 14&ke is used.

However, in the enbodi nent, 20 the I'i ght source and the phot odet ect or
are arraned ext er nal thi@ceeeh dpadr AMHe 88k ¥ oEhen@pBICGath Syst eMdsated

arranged i nside .

on one of the diagonal lines of wafer table WTB, are heads
whose measurement direction is in the Y-axis direction;
Further, a pair of heads 60B and 60D, which is located on the
other diagonal line of wafer table WTB, are heads whose

15 measurement direction is in the X-axis direction. As each of
the heads 60A to 60D, a head having a configuration similar
to the head (encoder) disclosed in, for example, U.S. Patent
No. 7,238,931, the pamphlet of International Publication No.
2007/083758 and the 1like is used. However, in the embodiment,

20 the light source and the photodetector are arranged external
to each head, and only the optical system is arranged inside
of each head. And the light source and photodetector, and the
optical system are optically connected via an optical
communication path which includes an optical fiber that will

25 Dbe described later on.

Heads 60A and 60C configure Y linear encoders 70A and

70C (refer to FIG. 6), respectively, which measure the position

of wafer stage WST in the Y-axis direction by irradiating

measurement beams (measurement light) on scale plate 21 and



of each head. And the |light source and photodetector, and the
optical systemare optically connected via an optical comunication
path which includes an optical fiber that will 25 be described |ater
on. Heads 60A and 60C configure Y |inear encoders 70A and 70C (refer
to FIG 6), respectively, which neasure tlfe position of wafer stage
WST in the Y-axis direction by irradiating neasurenent beans

(measur ement ﬂéc@ltx)in%f‘g d\?m%@r%&li%hegi%%mgngréﬁ tﬁécﬁé(x%%gg IS aGd Qg ¢

beans fromthe grati ose perio direction Y-axi s

direction forqmedan dhessiid 8cg <l koere cS6E F6eheef 08 GHeLsl-8h8e2b.ower
Further, heads 60B and 60D configure X |linear encoders 70B and 70D

(refer to Fl Gufacd resSpeciliergdlstaMiich measuee,t heapesicdisomanef 60D
waf er stage WST in the X-axis direction by irradiati ng measurenent
beans on scamflatee Al ldndarcegicddey i TdH @gtd o) be@rest€r am tHE. 6),
grating whose periodic direction is the X-axis direction formed on
the surfate fesEftesilate Wichl gepsurifetERDBEAFREAPD @5 EhbEoR S¥RIE @ST

4, which is g view _of a part of circle, Cin FIG 3 enlarged, head
60C has a housi G ¥23#ScA RaStiap eéc%%ﬁ%}a%n%m%%wr%&%%ﬂ?eams on

h i i 22 i | i,ndri cal h . wh hei ght . i .
Shorter than e Branardd rets e HoUS g CACERBR 220 RividE 5
15 cylindri C%Jho%@g;%g & Predetarm ned | t}p—.a%{irsa%%cﬁ)gig%ﬁgad Bn
the Z-axis direction é10m10pt|ca system housi ng section a.

Qut si de the lquers gnd surdace-pfe fdare ousing  section 22b, short
wavegui des, such as for exanple, one end of optical fibers 62a and

62b are egposed to Inheheutsbdeim20trespesiowelin Flle athehiendiofa view
optical fibers 62a and 62b are
of a part of circle C in FIG. 3 enlarged, head 60C has a housing
22 which has two sections; an optical system housing section
22a having a cylindrical shape whose height is shorter than
the diameter, and a fiber housing section 22b having a
15 <cylindrical shape of a predetermined length arranged
extending in the Z-axis direction below optical system housing
section 22a. Outside the lower end surface of fiber housing
section 22b, short waveguides, such as for example, one end
of optical fibers 62a and 62b are exposed to the outside,
20 respectively. The other end of optical fibers 62a and 62b are
connected, respectively, to an optical system inside optical
system housing section 22a (refer to FIG. 5) as it will be
described later on. One end of optical fibers 24 and 26 are
placed, respectively, facing one end of optical fibers 62a
25 and 62b. Incidentally, in FIG. 4, for the sake of convenience,
the gap between optical fibers 62a and 62b and optical fibers
24 and 26 is shown larger than in the actual propoftion.
Optical fibers 24 and 26 are held by a fiber holding

section 28 arranged projecting at the upper end of stage main



connected, respectively, to an optical systeminside optical system
housi ng section 22a (refer to FIG 5) as it will be described |ater
on. One end of optical fibers 24 and 26 are placed, respectively,
facing one end of optical fibers 62a 25 and 62b. Incidentally, in
FIG 4, for the sake of convenience, thé3ap between optical fibers
62a and 62b and optical fibers 24 and 26 is shown |arger than in the

actual propori.en. Opti gal. LLbers, 24,900, 20 SS el DY, 41 DEE oo

hol di ng sectlion arranged projecting at e ‘upper

main 15 sectgan Qb sopkhals AGR1OASs AUk $ A3 nRRRLL &ln W bhet Qﬁ% faces

Z-axis. Optical fiber 24 which has been arranged so that one en

faces opticaptidear réRari 62a id ght 1§ppdagai hgefiband sietpkhefnehdnd
of optical fiber 24 is optically connected to a |light source 5
arranged i n stfagetdeiai sébeirond %ls cudiradd f apnexateldercaa 1ight source
sem conductor | aser and the like. Further, optical fiber 26 which

has been arr awyedhosy timatsteoe awd 1f soesiopt iTlal fudderas 62Xy isxample, a
light-receiving fiber, and_is optically connected to a ‘ ,

phot odet ect i GIFTEETEIREREt LSBSRNFRANT S Jiiks udEsrihed pePhiF2érfthgr 26
anal yzer) and_a photodetector, such as for, exanple,_a . .
Dot bl 11 pl FEE TUSE i ST B S PRESCasPangal S1e SPBgeE So PRt bf tDex

91 A schemati, confl quialion of; e onkical Systeminside; head 80C .
on IG5, de opt System

X S
will be descri ed} base nsi de ‘optica ousing

section 22a qf, head §QG @10 G8)s 1SSt GBOBAHRR UAINGR includes a

pol ari zation beam'splitter PBS whose separation plane is parallel to
an XZ plape, ppRalilzf (£f el rid & At Ridvr | enses d2afor

and L2b, quarter wavel ength plates (hereinafter, referred to as a
X4 plate) WR:amnaick WPldhotomultiplier tube and the 1ike, arranged in stage
main section 91.
A schematic configuration of the optical system inside
head 60C will be described, based on FIG. 5. 1Inside optical
15 system housing section 22a of head 60C, an optical system 64
including a polarization beam splitter PBS whose separation
plane is parallel to an XZ plane, a pair of reflection mirrors
Rla and Rlb, lenses L2a and L2Zb, quarter wavelength plates
(hereinafter, referred to as a A/4 plate) WPla and WPlb,
20 reflection mirrors R2a and R2b, and the like is housed.
The surface of the other end of optical fiber 62a is
placed facing the incidence plane of beam splitter PBS, and
the surface of the other end of optical fiber 62b is placed
facing the outgoing plane of beam splitter PBS.
25 In Y encoder 70C configured by head 60C, a laser beam
LB (measurement beam) emitted from the 1ight source is incident
on polarization beam splitter PBS via optical fiber 24, an
atmospheric layer, and optical fiber 62a, sequentially, which

is split by polarization into two beams LB; and LB;. Beam LB;



20 reflection mrrors R2a and R2b, and the like is housed. The
surface of the other end of optical fiber 62a is placed facing the

i nci dence plane of beamsplitter PBS, and the surface of the other
end of optical fiber 62b is placed facing the outgoing plane of beam
splitter PBS. 25 In Y encoder 70C confi gded by head 60C, a |aser
beam LB (neasurenent bean) emtted fromthe |light source is incident

on pol ari zatiqn .beam splitter P %bv' Qptical fi her -1 ;
at nospheri c Ihél—’lf/elrn,g gr? noﬁct]:iaélaﬁm%l eedr% é),uggle l?elr?t%?a al%;‘},onm%ecaﬁn Sipslltter

split by pol agzathonesntfet WOr Pearso LBl and J L% i BeamdBh 16 £ Mavign

been transmtted through pol arization beamsplitter PBS reaches the

reflection t tH\WRy @d@@n@%ﬁ'orﬂ'sféaﬂ%cgl%&e gt g REMYdmGbromirror
scale plate 21, via reflection mrror a, and beam LB2 refl ected

of f pol ari zalR1Gn aAeamepl LBL ete RBS thed edc hesl 4 hiez 4 twoerdibranmssphat ter PBS
diffraction grating RGvia reflection mrror Rib. Incidentally,

"split by5polmeichats drite twe-tdiimercasmatealist fneectsipin taiafginef Rin via
incident beaminto a P-polarization conponent and an S-polarizatiaon
conponent .  Pedd@cdrimBar B A& i f FPaétrphabédns It Ay @ol@rization”

generated fraomdiffraction grati RG due.to irradiati pn of . beans
LBl and LB2, {for-Pd@afpe, MERE St EhS: SBLdbE 1BET PEadh | BHCL DAL Lhto 2

several ly conyvert.ed .int i I | ari |.i ght_ . &l 4
WA b and’ VPLE T A ansse b AR o uRh #f Sriered By uf Sl SR
mrrors R2b and R2g and Lhen e NS (i Mass (Y Yliahs) ihal ales

WPl b and WPl a again and reach polarization beamsplitter PBS by
tracing the sphRQPdLAronPALFEriaRttibe peuersgdrdi destt®nser&dicdt Un of

the polarization directions of the two beans that

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

15 pass through A/4 plates WPlb and WPla again and reach
polarization beam splitter PBS by tracing the same optical
paths in the reversed directions.

Each of the polarization directions of the two beams that

have reached polarization beam splitter PBS is rotated at an

20 angle of 90 degrees with respect to the original direction.
Therefore, the first-order diffraction beam of beam LB; that
was previously transmitted through polarization beam splitter
PBS is reflected off polarization beam splitter PBS and is
incident on the photodetection system, via optical fiber 62b,

25 the atmospheric layer, and optical fiber 26, sequentially,
and also the first-order diffraction beam of beam LB, that was
previously reflected off polarization beam splitter PBS is
transmitted through polarization beam splitter PBS and is

synthesized coaxially with the first-order diffraction beam



have reached pol ari zation beamsplitter PBS is rotated at an 20
angl e of 90 degrees with respect to the original direction.
Therefore, the first-order diffraction beam of beam LBl that was
previously transmtted through polarization beamsplitter PBS is
reflected off polarization beamsplitter 1PBS and is incident on the
phot odet ecti on system via optical fiber 62b, 25 the atnospheric

| ayer, and O%té %%laqnf %Qgr%r%gisfﬁrgt?f@ézjlglc!ry*thea“gg?glaag}:%gg%éhr%}%%@élﬁ‘,ervia

diffracti on beamo e was previously re

pol ari zat i on Jeamspld;ieer 6785 Lae Ltapsghbted thyoHohelan 2ali Mper

beam splitter 'PBS and is synthesized coaxially with the first-order
diffracti on begmskfueaftibgarg LBl and is incident on the

phot odet ecti on system via optical fiber 62b, the atnospheric |ayer,
and optical fiber T2en,segentlicalilzytithed rddielpod afitdet ton first-order
directions of the two first-order 5 diffraction beans descri bed

above ar ebunididridactdraraiigedisbyescifé bgdabpeee dneidel feremly arranged by
phot odet ecti on systemso that the beans interfere with each other to

be an interfé&hengeal VRt indidle the phortadedesden s yhteT sodetdctag apms

e P anes vt arEE o Sl SR P e Hh T ol e oty and
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other, the influence by air fluctuations 15 can nostly be ignored.
Then, whep waflersdiage METHBVIESs: d FfeddiecdrERsgieent direction (in

this case, the Y-axis direction), or nore specifically, head 60C
noves relatively | ast he obvious from the above description, in Y encoder
70C (encoder head 60C), since the optical path lengths of the
two beams to be interfered are extremely short and also are
almost equal to each other, the influence by air fluctuations
15 can mostly be ignored. Then, when wafer stage WST moves in
the measurement direction (in this case, the Y-axis direction),
or more specifically, head 60C moves relatively in the
measurement direction with respect to scale plate 21
(two-dimensional diffraction grating RG), the phase of the
20 two beams changes, respectively, which changes the intensity
of the interference light. This change in the intensity of
the interference light is detected by the photodetection
system, and positional information corresponding to the
intensity change is output as a measurement value of Y encoder
25 70C. Other heads 60A, 60B, and 60D (encoders 70A, 70B, and
70D) and the like are also configured similarly with head 60C
(encoder 70C).

Incidentally, in the description above, heads 60A to 60D

each have optical fibers 62a and 62b, and‘corresponding to



measurenent direction with respect to scale plate 21

(two-di nensional diffraction grating RG, the phase of the 20 two
beans changes, respectively, which changes the intensity of the
interference light. This change in the intensity of the interference
light is detected by the photodetection $ystem and positional
information corresponding to the intensity change is output as a

measur enent val f 0 7 - S , 60

(encoders 70,8%#8:@(1 afng%r}%%?ga%gdt% Ieﬁ%%fréebe% sgggﬁn??gﬁ?%g{@a@g%OA
simlarly wth headi806yviGeRAAIET 2706 a1! BEI deghel dysidd tHfbers 24 and
description above, heads 60A t0 60D each have optical fibers 62a and
62b, and cor resperdiaRgah@elB inoptihgal mbihesscb2enand. 62 wegid ppettdikies
each of the heads 60A to 60D individually, a total of eight optical
fibers 24 andudbaarendigangedonn shageumben sEcopoicl. f Howeverged not
besi des such a configuration, the nunber of optical fibers need not

5 be spechfi é apdafg eas ashd dnghs (Wreasirdvrentmagsyiementorhidiie drrom
a plurality of light sources can be guided to optical fjber 62a that
heads 60A t o WODC&adhPHavRLbyYapF thHHs ARESS Cagnbet Helfegnto optical

tical infaormti f t] fib 62b h d 0A 60
Sach have cart o5hE Gt DS AITIPOPBIALP S260 (HE 1 e ahOF COrEH Ton
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transm ssion can be arranged in each head, which makes a total o
four optigal b thicbghstatkarged onnsykage HRrAngeat i ansOdge MM &section

simlar point, the optical fiber in fiber housing
91 by air transmission. For example, instead of optical
fibers 24 and 26, an optical fiber (e. g., a dual-core optical
fiber) which performs bidirectional optical transmission can
be arranged in each head, which makes a total of four optical
15 fibers arranged in stage main section 91.
From a similar point, the optical fiber in fiber housing
section 22b is not limited to two optical fibers.
Further, in the embodiment, the position of wafer table
WTB can be measured by a wafer laser interferometer system
20 (hereinafter called the “wafer interferometer system”) 18
(refer to FIG. 6), independent of encoder system 70.
On a surface on the +Y side (the +Y edge surface) and
a surface on the -X side (the -X edge surface) of wafer table
WTB, respectively, mirror-polishing is applied and reflection
25 surfaces 17a and 17b are formed (refer to FIG. 2). Wafer
interferometer system 18 is equipped with at least one Y
interferometer 18Y which irradiates a plurality of

measurement beams in the Y-axis direction on reflection

surface 17a, and a plurality of X interferometers, in the



section 22b is not limted to two optical fibers. Further, in the
enbodi nent, the position of wafer table WB can be neasured by a
wafer |aser interferoneter system 20 (hereinafter called the "wafer
interferoneter systent) 18 (refer to FIG_6), independent of encoder
system 70. On a surface on the +Y side (t}n9e +Y edge surface) and a
surface on the -X side (the -X edge surface) of wafer table WB,

respectivel y,enBdd im0l 1S4 N 45 PR+ Gk A It eclicon g28 synfages

17a and 17b are formed (refer to FIG 2) . Wafer ‘interferoneter

system 18 i s iaridqipat Whtho AtndreashaAghmebBueEhehoMes s 18t wBixctaxis
irradiates a plurality of neasurenent beans in the Y-axis direction
on refl ecti ondimurifiaoe oh7acfaadtaopl amafaty 10 Xrefterferatet ér sndiFiG.
the 19 enbodinment, two X interferoneters 18X1 and 18X2, which

irradi ate onélor nore than one neasurenent beans in the X-axis
direction_on reflection surface 17b (refer to FIG, 2 and FIG 6) . 5
The substantial nmedd® eWertaaki 3l MeasHe opet 3% &F AacthoN ~agf sydirection

interf t Y i trai ght |ji.ne llel, to th Y- axi ich
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t he _Ox di recti on. Fur_ther, t he substanti a! msasure_rrent axrs in t he
X-axi s directiren wofi ok iwithiar ber aaeten pk8Xi ke racst r af gt d+ Nerpased 4 elgy

to the X-axis which passes through optical axis AX of 15 projection
optical 3%@st emdures icheepdeivhehel FBXirnmeaisit e wafer table WTB in the
Y-axis direction, the 0z direction, and the 6x direction.
Further, the substantial measurement axis in the X-axis
direction of X interferometer 18X; is a straight line parallel
to the X-axis which passes through optical axis AX of
15 projection optical system PL. X interferometer 18X; measures
the positional information of wafer table WIB in the X-axis
direction and in the 06y direction (and the 6z direction).
Further, the measurement axis of X interferometer 18%,
is a straight line parallel to the X-axis which passes through
20 the detection center of alignment system ALG. X
interferometer 18X; measures the positional information of
wafer table WIB in the X-axis direction and in the Oy direction.
Incidentally, for example, instead of reflection
surfaces 17a and 17b described above, a movable mirror
25 consisting of a plane mirror can be attached to the end of
wafer table WTB. Further, a reflection surface inclined at
an angle of 45 degrees to the XY plane can be arranged on wafer
table WTB, and the position of wafer table WTB in the Z-axis

direction can be measured via the reflection surface.



the positional information of wafer table WIB in the X-axis
direction and in the 9y direction (and the Oz direction). Further,
the nmeasurenent axis of X interferoneter 18X2 is a straight line
parallel to the X-axis which passes throu h 20 the detection center
of alignment system ALG X interferoneter18X2 neasures the
positional information of wafer table WIB in the X-axis direction

and in the Oy d're%%!o&easgg%bg%gtgghﬁ sf 8F gé@ﬂpgf'tﬂé“ﬁﬁ%gkfgromegfrs

refl ecti on surfaces escrl d above, a novable mrr

consi sting of @w@'f%@%ﬂké!’:@ér@ﬁ@t@? @3‘}5@&9% b9t bg Em@eafto\@rﬁ{roller
tabl e WIB. Further a reflection surface inclined a? an angle of 45

degrees to the X\Eetﬁe&n%ocmspeear.ran@e@h@remﬁmeﬁ@plrﬁ;mr,ambéﬁeion
position of wafer table WIB in the Z-axis direction can be neasured

via the refl dctficomassirdrace.t2ith thee ¥ gsiarenrefitnolaldiesy o:fheee;wsiﬁidrtael
interferoneters of wafer interferoneter system 18 are supplied to
controll ep 2fomfadriqro EIGatB)on IAnfqiweteiyodiirerthe Hawdiatection) of
position information within the XY plane g)zl(:l udi ng the positional 5

i nformation (Wadtek pHAIRHFOT Kru@ifeﬁ)tqhwlet HEBOZ npéBLY SR Btrehay gncoder

t WST f t I db d 7
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corrected (calibrated), or as backup at the tine of output
abnor mal ipy ddhddie entodeimsyisdremr AngmBn sy stiem ML ¢8) phaced on

the -Y side of
measurement values of encoder system 70 is corrected
(calibrated), or as backup at the time of output abnormality
in the encoder system.
Alignment system ALG is placed on the -Y side of
15 projection optical system PL away by a predetermined distance.
In the embodiment, as alignment system ALG, for example, an
FIA (Field Image Alignment) system by an image processing
method is used that irradiates a broadband detection beam that
does not expose resist on a wafer to a subject mark, and picks
20 up an image of the subject mark formed on a light-receiving
plane by the reflected light from the subject mark and an image
of an index (an index pattern on an index plate arranged within
each alignment system) (not shown), using an imaging device
(such as CCD), and then outputs theilr imaging signals. The
25 imaging signals from alignment system ALG are supplied to
controller 20 in FIG. 6.
Incidentally, alignment system ALG is not limited to the

FIA system, and an alignment sensor, which irradiates a

coherent detection light to a subject mark and detects a



15 projection optical systemPL away by a predeterm ned distance. 1In
t he enbodi nent, as alignnent system ALG for exanple, an FIA (Field
| mage Alignnent) system by an inmage processing nethod is used that
irradi ates a broadband detection beamthat does not expose resist on
a wafer to a subject mark, and picks 20 W an i nage of the subject
mark formed on a light-receiving plane by the reflected |ight from

m o } @l g
ndex ol ate ahraamr SR te 8, A emied BRCRBAES Ao tne
using an i magi g devhgex Sehe@8s G nt &Ptk theRe QULBYLSE ENBidiffracted

i magi ng signals.” The 25 imaging signals fromalignmént system ALG are
supplied to 1GQHULl(fRr 2&aiplEl Gdi6srhaeiedent ghky, ocal ti9anenhe Sysd&Mor
ALGis not limted to the FIA system and an alignnment sensor, which

i rradi at es a didoherared deitogdts dredrigghii fifrsactsadjiectt mmardanen dl idetecton)
a 21 scattered light or a diffracted |ight generated fromthe

subj ect nar k geneg@ttesd Sram itierferiewe ndghtared hedonai frivecierkd, can
lights (for exanple, diffracted |ights of the sane order or

di ffracted | iINGHt S PeihPiFFFhA TS (P% He* AP dFEdn o B15i8fer at ed
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i nci dence method having a simlar configuration as the one disclosed
in, for exanmpire, (dtS.srRalrenin NG 5,448 agl r1e. 4) key dise asyanged

in the vicinity of projection unit PU.

incidence method having a similar configuration as the one
disclosed in, for example, U.S. Patent No. 5,448,332 and the
like, 1s arranged in the vicinity of projection unit PU.
Detection signals of multipoint AF system AF are supplied to

15 main controller 20 (refer to FIG. 6), via an AF signal
processing system (not shown). Main controller 20 detects
positional information of the wafer W surface in the Z-axis
direction at a plurality of detection points based on the
detection signals of multipoint AF system AF, and performs

20 a so-called focus leveling control of wafer W during the
scanning exposure based on the detection results.
Incidentally, multipoint AF system can be arranged in the
vicinity of alignment system ALG and surface position
information (unevenness information) of the wafer surface can

25 Dbe obtained beforehand at the time of wafer alignment, and
at the time of exposure, the surface position information and
measurement values of a different sensor detecting a position

of the wafer stage upper surface in the Z-axis direction can

be used to perform the so-called focus leveling control of



Det ection signals of nultipoint AF system AF are supplied to 15 nain
controller 20 (refer to FIG 6), via an AF signal processing system
(not shown) . Main controller 20 detects positional infornmation of
the wafer Wsurface in the Z-axis direction at a plurality of

det ection points based on the detection i gnals of nultipoint AF
system AF, and perforns 20 a so-called focus |eveling control of

waf er Wduri %ix%ewscanni ng exposure based on the detection results.
I ncidental |y, nultipoint AF systemcan be arranged in the vicinity

of alignment system.N.Gand3W:hace Papit i 9ﬂrthQEHBg@EL?§réécﬂgﬁﬁ/ %ctﬁl%ﬁsth

information) of the wafer surface can 25 be obtal ne

the tine of wafesialdgneitcland i gindhe 4y exPasid €38 hghot shown
surface position informati on and neasurenent values of a different

sensor det ectimg@ & pdsi tredfer dfo tHES wed eralsiageratppere Ry fagesigt e of
Z-axis direction can be used to performthe so-called focus |eveling
control ob 2ZTRwfTéyronghElpesbes iappar al dgnhe0f EusthBEnOREchigse light
equi pped with a pair of reticle alignnent systens 13A and 13B (not
shown in FI @f £he PRI FIGVH)eHdve Peticdtd R sdemsilst iafg reftisle
TTR (Through The Reticlg) alignnent syst which use light  of the |
exposur e \/\/avé}}e’Tﬂj}“PﬁntDéi[e)é—'@ﬁt TsPYREF Sof%eﬂ”?%l B gfreghfeRL 1ed to main
detection sys e -su ied t.ao in_controller 20 via
an al i gnnent %O?{}Elraqllslgrgggsi’?%ggéyas]tlﬁr%enno sS4 ﬁlgvmf.rofﬁsﬁﬁ&g AR (iibe
bl ock diagramghpwing a partially omtted control systemrelated to
stage control 1 n exposure apparatus 100. This control systemis

configured having maidl @oAkr @l beébck diagram showing a partially omitted
control system related to stage control in exposure apparatus
100. This control system is configured havingmain controller
20 as the center of the control system. Main controller 20
includes a so-called microcomputer (or workstation)

15 consisting of a CPU (Central Processing Unit), ROM (Read Only
Memory), RAM (Random Access Memory) and the like, and has
overall control over the entire apparatus.

In exposure apparatus 100 configured in the manner
described above, on manufacturing devices, reticle alignment

20 and baseline measurement of alignment system ALG are performed,
in a procedure similar to an typical scanning stepper (a
procedure disclosed in, for example, U.S. Patent No. 5,646,413
and the like) using reticle alignment detection systems 13A
and 13B, a fiducial plate (not shown) on wafer table WTB and

25 the like previously described, and around this time, wafer
alignment (Enhanced Global Alignment (EGA) which is disclosed
in, for example, U.S. Patent No. 4,780,617 and the like) and
the like are performed.

Then, main controller 20 performs an exposure operation



20 as the center of the control system Miin controller 20 includes
a so-called mcroconputer (or workstation) 15 consisting of a CPU
(Central Processing Unit), ROM (Read Only Menory), RAM (Random
Access Menory) and the like, and has overall control over the entire
apparatus. | n exposure apparatus 100 configured in the manner

descri bed above, on manufacturing devices, reticle alignment 20 and

basel i ne measyr %HE”ét%]-%%?%{a?r%e%%tde%é%gggéﬁ tﬁ%ﬂﬁé’éé‘@?%%zgt Fesults

procedure sim’l arto scanni g s r (a proce

di scl osed in,,d qf£%a8Rh8neUaRd Eﬁ&egésﬁ@ts5@54@h§455fé¥"£ffghﬂéﬁﬁa and

using reticle alignnment detection systens 13A and 138, a fiducia

plate (not showA}tepnvef eletlialler WB tanehs22 i) bhke fH@VbeUsIpiurality
described, and around this time, wafer alignnent (Enhanced @ obal

Al i gnment ( EGKX st chrdas dh selfesed. iThid expexanplaneddtS.orPakerdr NNacmed
4,780,617 and the like) and the like are perfornmed. Then, main

control | ep 2Gypeitermetan yexppsat engpesatinor rkgexpysthe spepsbhon sdwre
nmet hod, based on the neasurenent results of the baseline and the

resul ts of t NGNS BRFBAEN ot rof isatd 6AI6f RPBIENT waRersstage WST

transferred onto each of a pluralit of shot areas on wafer W. Thi s
R E X i Rl R SR DR e B e

exposure operation whe synch Qus e t_of reticle.st 1)
Oé)e on E)%twe)énl SE% S Wh%g% v?%f'eprer%toa} e g{%Tg%% Iﬁggegﬁio an

and waf er stage previousl y descri

nmovement (St%‘Q;Q!'é'!1 ra QRG] §E59@i?§gﬂ€§ﬂt§$‘9tﬁ%§28sﬁ%%f $4206n¥BL A

noved to an acceleration start position for exposure of the shot
area. 101Huring theusGaRNtRg SXNOSLRE a1 r TRV veQNhE Ohl €n2Poller 20

controls the position of wafer table WIB in the XY plane while

controls the position of wafer table WIB in the XY plane while
measuring positional information (including the rotation
information in the 6z direction) in the XY plane of wafer table
WTB, using encoder system 70, and also performs the so-called

15 focus leveling control of wafer W where a part (an area
corresponding to exposure area IA) of the shot area subject
to exposure of wafer W is made to be coincident within the
depth of focus of projection optical system PL by driving Z
tilt drive mechanism (not shown) based on measurement values

20 of multipoint AF system AF. Therefore, wafer table WIB is
driven in at least one direction of the Z~axis direction, the
©x direction, and the 6y direction during the focus leveling.
In this case, because the movable stroke of wafer table WTB
in the Z-axis direction is around, for example, 100um (50um

25 above and below a neutral position), when viewing from the
arrangement position of each head, wafer table WTB is merely
driven substantially along the Z—axis in a stroke equal to

or less than around 100pm. Therefore, for example, when

looking at head 60C, the distance between the end surface of



measuring positional information (including the rotation information
in the Oz direction) in the XY plane of wafer table WB, using
encoder system 70, and al so perforns the so-called 15 focus |eveling
control of wafer Wwhere a part (an area corresponding to exposure
area | A) of the shot area subject to expdsure of wafer Wis nade to
be coincident within the depth of focus of projection optical system

by dri vi i b dr hani h d . .
reasur ement VATUSE 20 BF A SRORAD A Sye TR AL Trer o BPbLCRAidPerS

table WB is »driye 6iQi3énEe@§i qgﬁéﬂ%ﬁﬁgfh@@pﬂfakhg %ﬁ@fﬁﬁ@ rom that

direction, the Ox direction, an y direction during t ocus

leveling. | sHRS igasey. becauspet herdbvald e tsivokenetovafie 18@%1@3 air
WIB in the Z-axis direction is around, for exanple, 100pm (50um 25

above and beltwrasmietdiral bpasickinobprivhent vbens iy famimebheof laser beam
arrangenment position of each head, wafer table WIB is nerely driven
subst anti al | y-Eal eng the Ziaxisahpmasstipokeectgaah ¢optionl|edsethaslb and
around 100pm_Therefore, for exanple, when |ooking at head 60C, the
di stance bet w€erRft Kecehdrstirpaeeroflipiragpipeapednpe?rs wanadd62pd LB:

and the end surface of optical fjbers 24 and 26 wi dens only by
around 100umFdtSVa 'yn%%qrdrﬁetdnaﬁre Y R ST as Tve SPEFecéRc £°

state. Accordinqi t air i ssion between optical fibers 24

Sal yfor thetrr é}fsargs - . . .
and 62a of |asSer béam 5 LB, and tHe &ir transm ssion between opti cal

fibers 62b and 26%%&%.@}%E‘c%ﬁ:@i%gf“&@;%?g%%gg'eb%ﬁggré’{ugef‘@@ dBlne

and LB2 previously described are har . sane can be
sai d foriphe Biheimeads thEheyfidion aGGIdidithd Q HRX PSS APPa! alss oz

100 of the 10 enbodinent, the position (including the rotation in

the 6z direction) of wafer stage WST in the XY plane can be controlled
with high precision, based on the measurement information of
each encoder of encoder system 70 while performing the
so-called focus leveling control of wafer W.

15 As described above, according to the embodiment, encoder
system 70 has optical fibers 24 and 26 that have one ends
arranged at stage main section 91 of wafer stage WST facing
each of the plurality of heads 60A to 60D arranged on wafer
table WIB, and whose optical axes at the one ends are

20 substantially parallel to a direction (the Z-axis direction)
orthogonal to the XY plane. And, between each of heads 60A
to 60D, or to be more precise, optical fibers 62a and 62b
equipped inside each of the heads 60A to 60D, and one end of
optical fibers 24 and 26, air transmission cof laser beam LB,

25 and the first-order diffraction beams of LB; and LB, is
performed. Therefore, even if stage main section 91 moves
along the XY plane (along the upper surface of stage base 12),

and wafer table WTB moves finely in at least one direction

of the Z~axis direction orthogonal to the XY plane, the 6x



direction) of wafer stage WST in the XY plane can be controlled wth
hi gh precision, based on the neasurenent information of each encoder
of encoder system 70 while perform ng the so-called focus |eveling
control of wafer W 15 As descri bed above, according to the

enbodi nent, encoder system 70 has opticd5 fibers 24 and 26 that have
one ends arranged at stage mmin section 91 of wafer stage WST facing

h of th , lit f ds 60A to 60D f .t abl .
B, and whott Rt iR P Lt e o BB s aRE L A fyPontrol
arallel t i i th - axi j t,i t I
paral el L9 BAERCLLO,({he £y anl s dhreEtyanh ot BegoDal o8 18, Xove

optical fibers 623 apd 62h sequigpedoynside gach; ofaihe-heads S04 tne

60D, and one end of opti cal ers 24 and 26, air transmssion o

| aser beam LBptd>=andstihe ifd rgle asrderodiddaedi o heans ofaddBl @ndhir
LB2 is perforned. Therefore, even if stage main section 91 noves

al ong t he5XY gdaarseni(sad iangof Hes seppbeasn Wiy ,aeadathesf Agetbasdet )i f fraut ion
waf er table WIB noves finely in at |east one direction of the Z-axis
direction ortdssgenalf tldit hedX¥Bpl ade, be heodxE RFnediwiddtawn, arahdndiglems
By direction for the focus leveling control of the wafer, because
each of the MRefiewB0AIEH BoAr G orbyealf fHREYS Afl PN @ i ILY,
(the Z-axis direction). algng the optical axis in e e of _optical

{1 bers 24 andoftianEs THERAERSOran dre ot o Hea L el A (HebLafE can
first-order diffraction _beans of,LB nd LB2 c erfo r’r?f

wi t hout any preoﬁt}egar%ureodetwijgcgln oé)c% H%t;laeacglSalnc'dr1 'oﬁfl?tgjﬁ%etfi eel.rn S aencdt eéjG.by
Accor di nghy, + RO it{onal,drifor it ione of mafer imge VST in the XY

pl ane can be neasured with good precision, wthout being affected by

Further, according to the embodiment, wafer table WTB
is supported in a non-contact manner with Z tilt drive
mechanism (not shown) to stage main section 91 of wafer stage
WST. Therefore, in the case stage main section 91 moves along

15 the XY plane (along the upper surface of stage base 12), and
wafer table WTB moves finely in at least one direction of the
Z-axis direction orthogonal to the XY plane, the 6x direction,
and the 6y direction, each of the heads 60A to 60D only moves
finely in a direction (the Z-axis direction) along the optical

20 axis in the end of optical fibers 24 and 26 in a non-contact
manner to the main section. Accordingly, air transmission of
laser beam LB, and the first-order diffraction beams of LB;
and LB, can be performed without any problems between each head
and the one ends of optical fibers 24 and 26. 1In addition to

25 this, in the embodiment, because each of the heads 60A to 60D
attached to wafer table WTB only has an optical system built
in, wiring to supply power to stage main section 91 and to
the heads attached to wafer table WTB, or to communicate the

output signals of the head will be unnecessary. Therefore,



10 the fine novenent of wafer table WIB. Further, according to the
enbodi nent, wafer table WIB is supported in a non-contact manner
wth Z tilt drive nmechanism (not shown) to stage main section 91 of
waf er stage WST. Therefore, in the case stage main section 91 noves
al ong 15 the XY plane (along the upper s#%ace of stage base 12), and
wafer table WB nmoves finely in at |east one direction of the Z-axis

d! rect! on or %01939?8%%&18 3%%%8%€P@%%%f§r Qe)%eq"f E?% ﬂraﬁ@@& 5P%n%36der

di rection, each onl'y noves |ne
direction (t I?x%a%l’saibsatgﬁié?édi eR) wakepg: dhite Gt Caku2Onax) %é@a&é‘@ tefde
of optical fibers 24 and in a non-contact manner to the main

section. Accqrsdhagw,rlagraltldia&tsénlslasnrco@ﬂ‘nedt@seercobﬁaauls%o;anﬂoténﬁ), the
first-order diffraction beans of LBl and LB2 can be perforned

wi t hout any pgr abllemsidistevedn weder hedd e &ITER tdee dre pendrmofecopmacdlhly,
fibers 24 and 26. In addition to 25 this, in the enbodi nent, because
each of the MdadoUB0ANY026UBr sat¢bEReds thy Wdfe it engbloa V\#Bt]@)ﬁlwilfﬁdsg amd

optical systembuilt in, wiring to supply power to stage nai
section 91 ande dikehe RBSASTaFEachbE P@S&éﬁépaﬂaﬂpéoﬁﬁétlSP 95 wafer
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adverse effects by the tension of the wiring and the
Theref orgg t he apesittiromal t Hafxar pabhens Dfh waif @1 pretcage oWbdni dkpdieu2dY and

pl ane can be obtained with good precision wthout being affected by
the fine novereptrdbrwad ériglabl @recise exposure of wafer W held by wafer
table WTB. Further, because the light source and the
photodetector, which become heat sources, are not arranged
inside the head, the influence of heat on wafer table WIB can
15 Dbe reduced.

Incidentally, in the embodiment above, while the case
has been described where the light source and the
photodetection system (including the photodetector) are
placed external (stage main section 91) to heads 60A to 60D,

20 and between the light source and the photodetection system,
and each of the heads 60A to 60D, air transmission of both
the light (measurement beam) from the light source and the
light returning (signal light (optical information)) to the
photodetector from the encoder head is performed, the present

25 invention is not limited to this.

~ A Second Embodiment
Next, a second embodiment of the present invention will

be described, referring to FIGS. 7 and 8. Here, the same



WIB, which makes it possible to control the position of wafer 10
stage WST in the XY plane with high precision on exposure and to
performa highly precise exposure of wafer Wheld by wafer table
WIB. Further, because the |light source and the photodetector, which
becone heat sources, are not arranged iride the head, the influence
of heat on wafer table WIB can 15 be reduced. Incidentally, in the

mbodi ment above, while th . b i hed where the light
Source and { RGBT GUSEBTION SYStome \ACUAHD Tie PHGL GHet Setor):

are placed SXL&n; Ist g§tﬁg%hga.f:['r%ﬁg&%&%{%ﬁr}éggggﬁgﬁsﬁgf'gﬂéQc@PQed,z nd

and between the Tig sour ce and I'on sys and eac

of the heads ;6049 180D JAIdr T ARG QAR RPN 1 the ddidhted. The
(measurenent beanm) fromthe light source and the I|ight returning

(signal |ightexfephirealappafrerimt b@nkhy s6cbhe embednaetecdoffdromrtinge in
encoder head is perforned, the present 25 invention is not limted

to this. 5 AaSeeartd cEriddi rentf iNNexta t isprs docondieerdzadi nrertodsfr tHemd when
present invention will be described, referring to FIGS. 7 and 8.

Here, the sawer@aredefaéiténtle mirrzlse Wddatsdused the fhestsambasiiment
simlar sections as _in the first enbodi ment previously described,

and a det ai PEGVdESEiYpress rithéfeabout tnF e B%l%ﬁ1%@%%.omﬁ%9a%x%6§ﬂ%@6
apparatus of ,the %econd enmhodi nt.géfferé only.in 5 a art.oﬁjghe nt
confi gurati orrSi ASi-d8TEACH EncBler "hedd® Wh nCO%%h%%ae‘al ith t'he-"e Poin

eLposure SPPRIALS S o8 STU Ry U S0 iF g deslnd, o
configuragi ons.rdstREePRED (or, at other appropriate places external to
the encoder head). Accordingly, the exposure apparatus of the
second embodiment will be described below, focusing mainly
on such differences.
As is shown in FIG. 7, focusing on head 60C as a
15 representative, outside the lower end surface of fiber housing
section 22b of housing 22, a short waveguide, such as for
exanmnple, only one end of optical fiber 62a, is exposed to the
outside. In correspondence with this, in fiber holding
section 28 of stage main section 91, only optical fiber 24
20 which is a light-sending fiber is held, facing the one end
of optical fiber 62a. Also in this case, optical fiber 24 is
held by fiber holding section 28 so that the one end is in
parallel with the Z-axis.
As described, in the second embodiment, optical fiber
25 62b and light-receiving fiber 26 previously described are not
arranged.
FIG. 8 shows an internal configuration of housing 22 of
head 60C in the second embodiment. Inside optical system

housing section 22a, a photodetection system (including a



that a receiver 32 is arranged at stage main section 91 of 10 wafer
stage WST (or, at other appropriate places external to the encoder
head) Accordingly, the exposure apparatus of the second enbodi nent

wi |l be described below, focusing mainly on such differences. As is
shown in FIG 7, focusing on head 60C as 28 15 representative, outside
the | ower end surface of fiber housing section 22b of housing 22, a

520, i 5 oxpoSt B TIRE Lt Ss B ot mianod WA T & Yo 64
fib hol di ' .St [ [ 1, I t i,
i ber 24 20 SHESRTS Y [onis Sonth g FLBor e RETd = FaeTngt fe- bAgec

end of opti (@cifﬂ(#jeﬁh@aﬁ;tg%i i Il & €338 APl C&led 1830, 24uiSher,

hel d by fiber hol ding section so that the one end is in parallel

Wi th the Z-axinsidks rdpserhdeding nddie sseeepdo erdiifRND2, OPtueAlsmitter
fiber 25 62b and light-receiving fiber 26 previously described are

not arrabgeds4 ElGhdisshows an i nternal configuration of housing 22

of head 60C in the second enbodi nent. Inside optical system housing
section 22a, a phofedetrsdnidorne Jysteat¢r "Outnaguaing hesthb Bdataiigyred
66 i s housed, as well as optical system 64 previously described.

Phot odet ect i it §)/$t BANHELi §epraébed pREVRg 2he2 Dot JOFHY It ameoTuISEaRT

splitter PBS, Further, insjde fiber housin ection 22b of housing .
25, a transmREl TEOB2 L0 ST CALEOF Y oL Y PSRt ition

[ ncl udi ng hegd. B0C.5QRLIQUESY kN e TRTNAY: eS| bed 3BeYE. 2 1Asers
10 (refer to FIG. 7) optically connected to the light source and
optical fiber 62a optically connected to head 60C. And, this
measurement beam is split by polarization by polarization beam
splitter PBS into two beams LB; and LB,. And, these beams LB;
and LB; reach the two-dimensional diffraction grating RG, via

15 the same path as is previously described.

Diffraction beams of a predetermined order generated
from diffraction grating RG by the irradiation of beams LB;
and LB;, such as, for example, the first-order diffraction
beams, reach polarization beam splitter PBS, respectively,

20 following the same optical paths as described previously, and
are synthesized coaxially by polarization beam splitter PBS
and incident on photodetection system 66. Then, the
polarization directions of the two first-order diffraction
beams described above are uniformly arranged by the analyzer

25 inside photodetection system 66 and the beams interfere with
each other to be an interference light, and the interference
light is detected by the photodetector and is converted into

an electric signal in accordance with the intensity of the

interference light. And, the electric signal is modulated by



beanm) froma |light source (not shown) is guided to polarization beam
splitter PBS of optical system64, via optical fiber 24 10 (refer to
FIG 7) optically connected to the light source and optical fiber
62a optically connected to head 60C. And, this nmneasurenent beamis
split by polarization by polarization beatf splitter PBS into two
beans LB1 and LB2. And t hese beans LB1 and LB2 reach the

two- di mensi Onc%a ICHD 1?@% ngaggﬁt i:ﬂgréam; oadulaa: hbe(f alp"li.tsh 2‘% on the

previ ously descri Ion a pre ned or

generated fromdidfract aadgietg@et RG %ctél%f @dm&%%se&ybeaﬁ this

LB1 and LB2, such as, for exanple, the first-or er diffraction

beans, reach d%féeayr béa&h@ﬂ:a&@d@ﬁﬁhv& ein BBScthespestd Wl ¥ .pr2lietermined
foll owi ng the sanme optical paths as described previously, and are
synt hesi zed coaqurdgy byuadl asi Zati examebm sphiitdrerwwaRBSorablightcsdemntas
on photodetection system 66. Then, the polarization directions of

the two fbrstths deytwifdd asrdictideamadest ridted. above speaidiiffceddy a
arranged by the anal yzer 25 inside photodetection system 66 and the
beans i nt erféwrwlt 1 3P Dt AR I e Tan 3 M Rtasie & 1anyHed temier 13
interference, Ag% det ect t he hfI odetector and is converted
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transmtter Atih Signha carrie
wave and is %edﬁlﬁn%r{tecc%lnv%e 3 e'nfl%%%@(rer' Ny ﬁarc%%erth%s ftﬂ%t
carrier wave, an electric wave of a predeterrined frequency, Such as

for exanpbe, emHHCimwaY avd, dhitbestiolb 1asi iy tdeed i areedi 4 agi @ i+ hold
can be used. More speC|f|caIIy, a normal wreless transmtter, a
m crowave tr apgniddlefibam 26 which is a light-receiving fiber, and inside
fiber housing section 22b, a short waveguide, such as for
example, an optical fiber, is arranged optically connected
to an output end of transmitter 34. And, the electric signal
15 corresponding to the intensity of interference light output
from photodetection system 66 is modulated by transmitter 34,
which uses light as a carrier wave, and air transmission of
the optical information, which is the modulating signal placed
on the carrier wave (light), can be performed between the
20 optical fiber arranged at the output end of transmitter 34
and optical fiber 26 on the stage main section 91 side by
optical transmission (optical communication) which uses air
as the transmission medium.
Other heads 60A, 60B, and 60D, and encoders 70A, 70B,
25 and 70D including the heads are configured in a similar manner
as head 60C and encoder 70C described above, and function
similarly. In the second embodiment as well, the measurement
values of each of the encoders are supplied to main controller

20.



infrared transmtter and the |like can be used as transmtter 34, and
as receiver 32, a receiver corresponding to these equipnment can be
used. Moreover, simlar to the first 10 enbodi ment above, fi ber
hol di ng section 28 is nade to hold optical fiber 26 which is a
light-receiving fiber, and inside fiber 3using section 22b, a short
wavegui de, such as for exanple, an optical fiber, is arranged

optically connected to an outpuHEend of transmtter 34. And, the
el ectric signal 15 dichd- %o S9RE SIS ARRAF 11T itferfs sifeend
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transmtter uses | ¢
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signal placed om the carrier wave ig t?, can be per?orne et ween
the 20 opticajst ipeinal rangedr al1dhe wutipWosnd 14 s ideduBdbeing
and optical fiber 26 on the stage main section 91 side by optical
transm sspon fftdeal boamaifi aatnorgmert el wis®sr abblea®rs,hen equivalent
transm ssi on nmedium O her heads 60A, 60B, and 60D, and encoders 70A,
70B, 25 and €fii@dnelsudkpgstite hpmdsatne t@hfifgwhedfinsd shpddament can
manner as head 60C and encoder 70C described above, and function
simlarly. |Pa mEedwtt enbodi nent as wel |, the neasurenent val ues

of each of the encaoders are supplied to nmain controller 20. 30

According to the expssded rat{ie o (4 St b ddidredtouses an
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the housing of the head is employed, wiring for supplying power
to the light source will be necessary. However, such a
configuration can be adopted if the influence caused by the
wiring is to the degree that it can be ignored. When employing
15 such a configuration, as a configuration of processing the
return beams (more specifically, in the case of each of the
embodiments above, the synthesized light of the first-order
diffraction beam of beam LB; and the first-order diffraction
beam of beam LB, coaxially synthesized by polarization beam
20 splitter PBS) from each head, a configuration similar to the
one described in one of the first embodiment and the second
embodiment above can be employed.
Incidentally, in each of the embodiments described above,
while the case has been described where encoder system 70 is
25 equipped with a pair of X heads and a pair of Y heads, the
present invention is not limited to this. More specifically,
the number of encoder heads need not be specified, however,
to measure the positional information (including rotation in

the 0z direction) of wafer stage WST in the XY plane, the



ef fect as exposure apparatus 100 of the first enbodi nent can be
obt ai ned. Incidentally, when a configuration that houses an
irradiation systemconsisting of a |light source such as 10

sem conductor |asers, a converging lens and the like inside the
housi ng of the head is enployed, wring for supplying power to the

| ight source will be necessary. However, such a configuration can be

adopted if t %%doﬁlé#ﬁ@%%%%%ﬁ%@g ab¥<i{sQJe_ o%ﬁtﬁirg%n]%ésaég, ti@l%l%%géq%ga%qaéast

it can be ignore i ng sSuch "a~conf i guration,

configurationpf sprpeessing dhe ynatdinheams (nore specifically, in

the case of each of the enbodi nents above, the synthesized |ight of

the first-order diffdiaEddten Ream tfadieamiBleandatiRentkradswd dehe case
diffraction beam of beam LB2 coaxially synthesized by pol arization

beam 20 spli tHeer bRBY) dEsamipachwhead, tiee grfdegity dhnivemtdion Larapplide to
one described in one of the first enbodi nent and the second

enbodi mend abovecaraninse smpoyed. hdwevaentH@ie yprésemacinointhen is not
enbodi ments descri bed above, while the case has been described where
encoder syst g g% topbhégui Ppdant ehse baiarptisd feadssbablia gwmasure
of Y heads, the vention is not limted_ to this. Mor

resent | e ,
speci fical | y,apH%?F@trﬂﬁrbsé%c P Sefc S§EPPREadsERBR A hotNpeP P igyention
however, to .ne e e positional infornmation . .(including ro Lo
o e 62 ATEanPhEetif BORLEAERE PRSLIRE PR RN Ep UL G Bt Fhage
encoder shoul : t .Qf ..t ads, .1 LN
head and oneC%‘H@ggﬂgééﬁ.gkﬁgféeg?gﬁfgﬁ ?% %%@ﬁgg?ét%%q%ﬂ%gggifﬁéégh)gn
above, the casgodias beentdenchd bed-ahere e PELSE8l Jynyentdatd & tion

applied to
can substantially be nulled, which is different from when
measuring the position of the stage using an interferometer,
and it becomes possible to position the stage with high
precision based on the measurement values of the encoder, which

15 in turn makes 1t possible to transfer a reticle pattern on
the object with high precision. Further, the present
invention can also be applied to a reduction projection
exposure apparatus by a step-and-stitch method that
synthesizes a shot area and a shot area.

20 Further, the magnification of the projection optical
system in the exposure apparatus in each of the embodiments
above is not only a reduction system, but also may be either
an equal magnifying system or a magnifying system, and
projection optical system PL is not only a dioptric system,

25 but also may be either a catoptric system or a catadioptric
system, and in addition, the projected image may be either
an inverted image or an upright image.

Further, illumination light IL is not limited to an ArF

excimer laser beam (wavelength 193nm), and can also be an



5 a scanni ng stepper; however, the present invention is not [imted
to this, and can also be applied to a static exposure apparatus such
as a stepper. Even if the present invention is applied to a stepper,
by neasuring the position of the stage on which the object subject
to exposure is nmounted using an 10 encode¥, position nmeasurenent
error caused by air fluctuation can substantially be nulled, which

is different fromwhen asuring.the itJ f ith t i
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be applied to a reduction projection exposure apparatus by a
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157nm . As disclosed in, for exanple,
Further, in the embodiment above, illumination light IL
of the exposure apparatus is not limited to the light having
a wavelength equal to or more than 100nm, and it is needless
to say that the light having a wavelength less than 100nm can
15 Dbe used. For example, the present invention can be applied
to an EUV (Extreme Ultraviolet) exposure apparatus that uses
an EUV light in a soft X-ray range (e.g. a wavelength range
from 5 to 15 nm). Besides such an apparatus, the present
invention can also be applied to an exposure apparatus that
20 uses charged particle beams such as an electron beam or an
ion beam. Furthermore, the present invention can be applied
to a liquid immersion type exposure apparatus which has liquid
filled in the space between the projection optical system and
the wafer disclosed in, for example, U.S. Patent Application
25 Publication No. 2005/0259234 and the like.
Further, in each of the embodiments above, a
transmissive type mask (reticle) is used, which is a
transmissive substrate on which a predetermined light

shielding pattern (or a phase pattern or a light attenuation



‘U S. Patent No. 7, 023, 610, a harnonic wave, which is obtained 5 by
anplifying a single-wavelength |aser beamin the infrared or visible
range emtted by a DFB sem conductor |aser or fiber laser with a
fiber anplifier doped with, for exanple, erbium (or both erbium and
ytteribium, and by converting the wavel®hgth into ultraviolet |ight
using a nonlinear optical 10 crystal can al so be used as vacuum
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(Extreme Utraviolet) exposure apparatus that uses an EUV light in a

soft X-ray rangecteve masMeyelrenghhelqige-atfdomhdtindindey, fBesdsdele,
such an apparatus, the present invention can also be applied to an
exposure appar aMis (hisgitz0l usiesramarged Parice) ecleeanss actyes @h a

el ectron beamor an ion beam Furthernore, the present invention can
be applied t®radnigdiPn meumqu@@(mﬁ%vmﬁ)amn@%ukm%s
liquid filled in the space between the projection optical system and
the waf er di ABESEIMN, OFGhexakpl &1 whSChlﬁaﬁ—éﬁPtABBPPEQEFBHHQZBEttem'

Publ i cation No. 2005/0259234 and the Ik t h
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shi o di ng. pat Scsd r%(l%bbsgg aglee&k%&rh&é)roeﬁd %%%uau on J3S to be

shi el di ng pa ern a phase pattern or

pattern),ps farimmdy haﬁté‘péio ok thig. retd ehe, cefi"é)e\!\%\feus:Lﬁé dukh a variable
disclosed in, for exanple, U S. Patent No. 6,778,257, an

shaped mask, because the stage where a wafer, a glass plate

or the like is mounted is scanned with respect to the variable

shaped mask, an equivalent effect as the embodiment above can

be obtained by measuring the position of the stage using an
15 encoder.

Further, as is disclosed in, for example, the pamphlet
of International Publication No. 2001/035168, the present
invention can also be applied to an exposure apparatus
(lithography system) that forms line-and-space patterns on

20 a wafer W by forming interference fringes on wafer W.

Moreover, as disclosed in, for example, U.S. Patent No.
6,611,316, the present invention can also be applied to an
exposure apparatus that synthesizes two reticle patterns via
a projection optical system and almost simultaneously

25 performs double exposure of one shot area by one scanning
exposure.

Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system)

described above and the present invention can also be applied



el ectron mask (which is also called a variable shaped mask, an
active mask or an imge generator, and includes, for exanple, 5 a DVD
(Digital Mcromrror Device) that is a type of a non-em ssion type

i mge display device (spatial light nodulator) or the Iike) on which
alight-transmtting pattern, a reflecti®h pattern, or an em ssion
pattern is fornmed according to electronic data of the pattern that

is to be 10 exposed can so _be used. In th ase of usjng such a, .
Vo Sbl e Shasb R B S el TH G e it o2 gt ni EL a0 dn Bniiest
or the like i unt ed j ed with respect to the variable

shaped mask, b?nrgglq&r\ﬁlglje% %Ig%}g)p " as the enbodi ment above can be

obt ai ned by neasur 'I@l%itd&b%%'f;},' A Fpidie HrAgm U no ;?a!’ctfe]él eNcader,e

Further, as is disclosed in, for exanple, the panphlet o
I nt er nati onalsd2udd qahi epjder A H3368xpbBarpreseaMicH @Vle@ﬁé@%y(}ﬁhm
al so be applied to an exposure apparatus %Iithography systen) that
forms |ing-and spaedipaketiérivs each20f ahakabolihyntaraboge il pot erienicesd
fringes on wafer W Moreover, as disclosed in, for exanple, U S
Patent No. 6%®BIW3f6r t hetpregere anndmy obicat susd be applisd nlete,
an exposure apparatus that synthesizes two reticle patterns via a
proj ecti on opt TS tBHR Hh &8 most L siinieeRious? Yy 250HTF flokamk -
doubl e exposure of _one shot a&ga b% one scannin exposure._ Further,
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pr esent inventlon can -a | e : exanpt e,
appar at uggt hafefiIdE, BuRAHELRRRNAMN PPELEIon can also be widely applied,

for example, to an exposure apparatus for liquid crystal
display in which a liquid crystal display device pattern is
transferred onto a rectangular glass plate, and an exposure
apparatus for producing organic ELs, thin-film magnetic heads,
15 imaging devices (such as CCDs), micromachines, DNA chips, and
the like. Further, the present invention can be applied not
only to an exposure apparatus for producing microdevices such
as semiconductor devices, but can also be applied to an
exposure apparatus that transfers a circuit pattern onto a
20 glass plate or silicon wafer to produce a mask or reticle used
in a light exposure apparatus, an EUV exposure apparatus, an
X-ray exposure apparatus, an electron-beam exposure apparatus,
and the like.
Incidentally, the movable body system of the present
25 1invention can be applied not only to the exposure apparatus,
but can also be applied widely to other substrate processing
apparatuses (such as a laser repair apparatus, a substrate
inspection apparatus and the 1like), or to apparatuses equipped

with a movable stage such as a position setting apparatus for



by an ink-jet nethod. Incidentally, an object on which a pattern is
to be fornmed (an object subject to exposure to which an energy beam
5is irradiated) in each of the enbodi nents above is not limted to a
waf er, but may be anot her object such as a glass plate, a ceramc
substrate, a filmmenber, or a mask bl ank35 The use of the exposure
apparatus is not limted onIy to the exposure apparatus for

manuf acturi ng sem .conduct or deV|ce but the present jnvention

can al so be %V%}q G S lox PLHF SIS U dtius oS

liquid cryst Mhich a I|qU|d crystal display device
pattern is ?¥§ﬁ§ éf‘%ﬁ%a to & rectangul ar glass plate, and an
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heads, 15 i nmagi ng ces (such m cromachi nes, DNA chi ps,
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only to an exposure apparatus for producing m crodevices such as
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silicon waf ertheoUpfoedbeeent messic orprianitbagsede ditead Linghhe estposiliment
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apparatus for 35
design of the device is performed, a step where a reticle based

on the design step is manufactured, a step where a wafer is
manufactured from silicon materials, a 1ithography step where
the pattern formed on a mask is transferred onto an object
15 such as the wafer by the exposure apparatus in the embodiment
above, a development step where the wafer (object) that has
been exposed 1is developed, an etching step where an exposed
member of an area other than the area where the resist remains
is removed by etching, a resist removing step where the resist
20 that is no longer necessary when etching has been completed
is removed, a device assembly step (including a dicing process,
a bonding process, the package process), inspection steps and
the like. 1In this case, because the exposure apparatus in the
embodiment above is used in the lithography step, devices

25 having high integration can be produced with good yield.

INDUSTRIAL APPLICABILITY
As described above, the movable body system of the

present invention is suitable for controlling the position



positioning a sanple in other precision nmachines or a wire bonding
apparatus. Incidentally, the disclosures of the various

publications, the panphlets of the International Publications, 5 and
the U S. Patent Application Publication descriptions and the U. S

Pat ent descriptions that are cited in thel®enbodi nrent above and
related to exposure apparatuses and the like are each incorporated

herei n by ref%ience. Inc ntal Ep1conductor Vi ces are ‘
manuf act ur ed °18 FNBUY éf %%%%go((} Jée%}%bo%er & fgPosure apparatus
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where the pattern forned on a mask is transferred onto an obj ect %5
such as the wafiertdly dikelexpasut eecapparat tiset ) demeabodenBAt dabOy¥E, of
a devel opnment step where the wafer (object) that has been exposed is
devel opeds arthet phriesgnst epveherienahs expiossd e fenbaerashirangatiea mpitierion
than the area where the resist remains is renoved by etching, a

resi st renovidly stE¥PUheresaHel ¥ esitt Q0rd hate¢sshonl onger necessary
when etching has been conpleted is renoved, a device assenbly step
(including a dicing process, a bonding process, the package process)

, inspection steps and the like. In this case, because the exposure
apparatus in the enbodi nent above is used in the |ithography step,
devi ces 25 having high integration can be produced wth good yield.

| NDUSTRI AL APPLI CABI LI TY As descri bed above, the novabl e body system
of the present invention is suitable for controlling the position 36



of a novable body with good precision. The exposure apparatus of the
present invention is suitable for manufacturing electron devices
such as sem conductor devices and liquid crystal display devices.
Further, the neasurenent device of 5 the present invention is
suitable for neasuring the position of a7%stage assenbly with good
precision. 37 CLAIMS 1. A novabl e body system i ncluding a novable
body which noves along a predeterm ne%ﬂﬁg, the system conpri sing:
5 a novabl e body. having a main section noves al ong the
predeterm ned plane and a table nenber which can finely nove in at

| east a direction orthogonal to the predetermined plane and a tilt

direction wth respectto, f1e PLEedet &7 M Hed n AL L8 R8P Body which

section; and 10 a neasurenent devi Ce having a plurality of encoder

heads arranged,«n dihed ablge dmithem sl JRasd eshdosjdi@natomprising:

informati on of the novabl e body within the predeterm ned pl ane,

based on &n out put aofrcatblleasbdgneaehncpdemaieadenhiioh fates maves along
grating section placed substantially parallel with the 15

pr edet er m nedhd @redaitesindaache lameabhd botighlaheerbyr thel pleasan emarwly
device has a transmtting and receiving equipnent which perforns

transm tting WaE fecetfvipyshia d1inasdsd e peirnopeamlaha/ e Pradfiarbyned
wi rel ess co ni cati on be%me n each of the plurali of encoder .
neads and & GURIENGHE 2205 bhi L ERE L T eHidtER SHEats o2t he e Stk e ned
body system %clcacglredlon H9 d.aim le(%/@iecgne;l n.the transmtting and
recei ving equi'pnent  has a pl'urality ~of optical fibers whose end
section {g arranged QL Lhe-MBLP device having a plurality of encoder heads
arranged on the table member, and measures positional
information of the movable body within the predetermined plane,
based on an output of at least one encoder head which faces
a grating section placed substantially parallel with the
15 : predetermined plane outside the movable body, whereby
the measurement device has a transmitting and receiving
equipment which performs transmitting and receiving of a
measurement beam and/or a signal by wireless communication

between each of the plurality of encoder heads and a component

20 outside the encoder heads.

2. The movable body system according to Claim 1 wherein

the transmitting and receiving equipment has a plurality

of optical fibers whose end section is arranged at the main

25 section each facing each of the plurality of encoder heads,

and whose optical axis is substantially parallel toadirection

orthogonal to the predetermined plane at the end section, and
transmitting and receiving of the measurement beam

and/or air transmission of a signal light is performed between



25 section each facing each of the plurality of encoder heads, and
whose optical axis is substantially parallel to a direction
orthogonal to the predeterm ned plane at the end section, and
transmtting and receiving of the nmeasurenent beam and/or air

transm ssion of a signal light is perform®d between 38 each of the
plurality of encoder heads and the end section of the optical fibers

G ai M2 wher G £ RES ENEA TLPhG A FHE VI SO priai. bpyacd on
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one of Clains 10 2 and 3 wherein the neasurenent device detects
optical information sent by air transmi ssion to the opposing optical

fibers fromeach of. theepldtradid yoaly encosiendeadsnglbo Blallke2 wherein
novabl e body system according to Claim1l wherein the transmtting

and recei ¥i ng equi phent: riasmd trtacel \verd nshuedly iper feannmpnsntelsegplies
comuni cation with each of the encoder heads and receives out put

si gnal s fr ommsachiaginarife beassdép theaixo2Mme erfpslarpngbls , bvidyg each of
system according to Claim5 wherein _the receiver uses one of a

m crowave andih Blvradriddy QfadiRdtiet tTotRSni cate with each of the

plurality of encoder heads. 25 7. The novabl e body system accordi ng
to any one of

4. The movable body system according to one of Claims

10 2 and 3 wherein
the measurement device detects optical information sent
by air transmission to the opposing optical fibers from each

of the plurality of encoder heads.

15 5. The movable body system according to Claim 1 wherein
the transmitting and receiving equipment has a receiver
which performs wireless communication with each of the encoder

heads and receives output signals from each of the encoder

heads.
20
6. The movable body system according to Claim 5 wherein
the receiver uses one of a microwave and an infrared
radiation to communicate with each of the plurality of encoder
heads.
25

7. The movable body system according to any one of
Claims 1 to 6 wherein
the table member is made of a member having a rectangular

shape in a planar view, and the encoder head is placed in each



Clains 1 to 6 wherein the table nenber is nade of a nmenber having a
rectangul ar shape in a planar view, and the encoder head is placed
in each 39 of the four corners of the table nenber. 8. The novable
body system according to any one of Clains 1 to 7 wherein 5 the
grating section includes a two-dinmensional® grating which covers a
novenent range of the novable body. 9. The novabl e body system

according to y.one of Cdains 1 8, .t system furt her
conpri si ng: f%ngh(ﬁ %Pélrsfsqré}ﬁro% Qt%gc%\ﬁ?g? £ B5dY i ncl uding a pl anar

not or which drives the main section within the predeterm ned plane.
10. The novabl e body system according to any one of 15 Clains 1 to 9

wherein the table genbenci so$uBPAr Hedyl By8tBAN2EORLAChgMRANGHy BYet Be
mai n section. 11. A pattern formation apparatus that forns a pattern

20 on an obj egtaintdhea appar atHes-<«cionpri si ng: the novabl e body system
according to any one of Clains 1 to 10 in which the object is

nount ed oh the tabltkengnbeing sawk Bopadttcdnnias]adeve céimémn shogeheymtasg
a pattern on an 25 object nounted on the table nmenber. 12. The
pattern formathieh gepens vs resnalithgangd el mhel 1 mgiveddien ol -obj ect
has a sensitive layer, and the patterning 40

9. The movable body system according to any one of
Claims 1 to 8, the system further comprising:
10 a drive system of the movable body, including a planar
motor which drives the main section within the predetermined

plane.

10. The movable body system according to any one of
15 Claims 1 to 9 wherein
the table member is supported in a non~contact manner

by the main section.

11. A pattern formation apparatus that forms a pattern
20 on an object, the apparatus comprising:
the movable body system according to any one of Claims
1 to 10 in which the object i1s mounted on the table member;
and
a patterning device which generates a pattern on an

25 object mounted on the table member.

12. The pattern formation apparatus according to Claim
11 wherein

the object has a sensitive layer, and the patterning



devi ce generates a pattern on the object by an exposure of the
sensitive layer by irradiation of an energy beam 13. An exposure
apparatus that forns a pattern on an 5 object by an irradiation of
an energy beam the apparatus conprising: a patterning device that
irradi ates the energy beamon the object40 and the novabl e body
system according to any one of Clains 10 1 to 10 in which the object

is mounted on the table nenber, whereby the novabl e body on which
the object i $SVohiRt SFNE RSV én PA TRt | %&ﬂeﬁ%rbbyofaq [FERATRTSy ©OF

beam and t he gbject. ..15 14. An expasure,.apparat t hat exposes. _an
object with }écglele r?eel)nggyltblé’aeméh e }ﬁgalrraﬁaudsl conpr io;%is nagr% st gzoean?'
assenbly which has a table nenber that holds the object and is

novable in a direction orthogonal to a predeterni ned plane, and a

mai n section whi chi1SUPPRAt 8xpH8uRD 4 3bhLaFBEDERAat NESr MO G ALt on an
manner and noves in a-direction parallel to the predeterm ned pl ane;

a gratingssecidi@rd @wirch ddwi dahilen reeirhaer draeepy dswbm,| scrad raangecktus
substantially parallel to the predeterm ned plane; and 25 a

measur enent dewipoe sdtigch has a plurality of encoder heads arranged

on the table nenber, and a transm tting and receiving equipnent

whi ch per f or s Ratdesmiing mipvEme rdedi irigpdicited des @heahhit Qeeamon the
and/or a signal, by wire| ess conmmuni cati on between each of the
plurality of %N&der 3hds and a conponent 41 outside the encoder

heads, and neasure%hgoab%g E%lbody system according to any one of Claims

10 1 to 10 in which the object is mounted on the table member,
whereby
the movable body on which the object is mounted is driven

for relative movement of the energy beam and the object.

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

a stage assembly which has a table member that holds the
object and is movable in a direction orthogonal to a
predetermined plane, and a main section which supports the

20 table member in a non-contact manner and moves in a direction
parallel to the predetermined plane;

a grating section to which the table member faces and
is arranged substantially parallel to the predetermined
plane; and

25 a measurement device which has a plurality of encoder
heads arranged on the table member, and a transmitting and
receiving equipment which performs transmitting and receiving
of a measurement beam and/or a signal by wireless communication

between each of the plurality of encoder heads and a component



information of the table nenber within the predeterm ned pl ane based
on an output of at |east one encoder head facing the grating
section. 5 15. The exposure apparatus according to Caim14 wherein
the transmitting and receiving equi pnent has a plurality of optical
fi bers whose end section is arranged at t4ie main 10 section facing
each of the plurality of encoder heads, and whose optical axis is

substantially parallel to a directio orthogonal to the .
predeternine@%%%%ﬂ?zﬁh?fﬁ? Settdon, %ﬂél FTHHSTR 1R Tk HompL

receiving of .t nmeasure t beam and/Qr air, transm ssiqn,.of a si I

| Tant 1< per Fotmad et iedh LrrsaaLe Tor st bt RS, BEp B Sbade S didpe
and the end opt| j Gi ncedey qg%ii :
exposure appg{aasiegg Oélcc%)dr gﬁlﬁfl’i{%q{)ﬁeaftgfl%%ﬁ %eem an(fJIS erf]eaiecn:Ln The
the stage asspi¥ihLabdDwsh the table nmenber in directions of six
degrees of freedom™ 17. The exposure apparatus according to any one

of Cainsg 14 to 16 wherein 25 the table nenber is novable in at

| east directions of three degrees of freedomincluding a direction
orthogonal to thelpr.ed&her pkpedupkanpprandtoet acticomdiingi tectileam 14
around two axes orthogonal within a plane parallel to the

predet er mi ned@hgslsdife. 42 18. The exposure apparatus according to any

one of Clains 14 to 17 wherein, o , ,
the transmitting and receiving equipment has a plurality

of optical fibers whose end section is arranged at the main

10 section facing each of the plurality of encoder heads, and

whose optical axis is substantially parallel to a direction

orthogonal to the predetermined plane at the end section, and
transmitting and receiving of the measurement beam

and/or air transmission of a signal light is performed between

15 each of the plurality of encoder heads and the end of the

optical fibers facing the encoder heads.

16. The exposure apparatus according to one of Claims
14 and 15 wherein
20 the stage assembly can move the table member in

directions of six degrees of freedom.

17. The exposure apparatus according to any one of
Claims 14 to 16 wherein
25 the table member is movable in at least directions of
three degrees of freedom including a direction orthogonal to
the predetermined plane and rotational directions around two
axes orthogonal within a plane parallel to the predetermined

plane.



the stage assenbly includes a planar notor which drives 5 the nmain
section within the predeterm ned plane. 19. A device manufacturing
nmet hod, including exposing an object using the exposure apparatus
according to any one of Clainsl3 to 18; and 10 devel opi ng t he obj ect
whi ch has been exposed. 20. A neasurenent4Zevice arranged in an
exposure apparatus exposing an object held by a stage assenbly with
an energy beamthat neasures positional information of the 15 object
in a predeterm ned plane, the device conprising: a plurality of

encoder heads whi C'izﬁ“%ﬁ%r ESngQ Qgpééglcg[sg%@%&dgkgt bs %K»@;g%ne of

assenbly that hol ds the o nova I'n ecti

or t hogonal t@ltatle;nsorle@e(_t@rlm ngd.-plane; and 20 a transmtting and
recei ving equipnent in which at least a part of the equipnent is

arranged at a maint3eCktage0isddio] pliaga wrrseal) yadhatnotepPRRL hidei ves
tabl e nenber in a non-contact rmanner and noves in a direction

paral l el to tidtee precidetsyad nved windlaire, tlen o pstdtormei nednsimand i ng and
receiving of a 25 neasurenent beam and/or a signal by wreless

comuni cati on between each of the plurality of encoder heads and a
conponent outside the encoder heads, whereby positional information

of the table nenbertwitfhi ASVRES E‘P@HéﬁéFHirﬁéa prahedi s IReasaied,

based on an output of at, | east 3Ht ne encoqﬁ{ head whi ch face%:
grating sectlon ar FRRGEF "% W PG H 195 0% &% IS thePparatus

pr edet er m netcnlji q{helr@utﬁsd d‘%&’ t(pne nyabl e body.. 5 féL Jhe neasur ement

devi ce accor
developing the object which has been exposed.

20. A measurement device arranged in an exposure
apparatus exposing an object held by a stage assembly with
an energy beam that measures positional information of the

15 object in a predetermined plane, the device comprising:
a plurality of encoder heads which are arranged on a
table member of the stage assembly that holds the object and
is movable in a direction orthogonal to the predetermined
plane; and
20 a transmitting and receiving equipment in which at least
a part of the equipment is arranged at a main section of the
stage assembly that supports the table member in a non-contact
manner and moves in a direction parallel to the predetermined
plane, and performs transmitting and receiving of a
25 measurement beam and/or a signal by wireless communication
between each of the plurality of encoder heads and a component
outside the encoder heads, whereby
positional information of the table member within the

predetermined plane is measured, based on an output of at least



wherein the transmtting and receiving equi pnent has a plurality of
optical fibers whose end section is arranged at the main section
each facing each of the plurality of encoder heads, 10 and whose
optical axis is substantially parallel to a direction orthogonal to
the predeterm ned plane at the end sectiod8 and transmtting and
recei ving of the measurenent beam and/or air transm ssion of a signal

light is perforned between ach, of the plurality of encoder heads
and the. end 6T (O T3 ash v T e & G o e THE Hh el Hodi anged

10

15

substantially parallel with the predetermined plane outside

the movable body.

21. The measurement device according to Claim 20
wherein

the transmitting and receiving equipment has a plurality
of optical fibers whose end section is arranged at the main
section each facing each of the plurality of encoder heads,
and whose optical axis is substantially parallel toadirection
orthogonal to the predetermined plane at the end section, and

transmitting and receiving of the measurement beam
and/or air transmission of a signal light is performed between
each of the plurality of encoder heads and the end of the

optical fibers facing the encoder heads.



