1 DESCRI PTION  MOVABLE BCODY SYSTEM PATTERN FORMATI ON APPARATUS,
EXPOSURE APPARATUS AND MEASUREMENT DEVI CE, AND DEVI CE 5 MANUFACTURI NG
METHOD TECHNI CAL FI ELD The present invention relates to
novabl e body systens, pattern fornmation apparatus, exposure apparatus
and 10 measurenent devices, and devi ce manufacturing nmethods, and
more particularly, to a novable body systemincluding a novabl e body
whi ch substantially noves along a predeterm ned plane, a pattern
formati on apparatus which is equi p&?ﬁs?éﬁ}?‘f novabl e body system
an exposure apparatus which is equippe W t he novabl e body
system a neasurenent device arranged in an exposure apparatus, and a
devi ce manufacturing nethod which uses the exposure apparat us.
BACKGROUND AMOVABLE cROD¥NHYSTEMn PATTHRY FOBMATICOXN APBARATUS,
manuf acturing el ectron devices gnicrodevices such as_sem conduct or

devi ces (sucEREOSHRRyARRRRRTY, PEAS NI DEVLGE (RN REVICE
devi ces, exp as a projection exposure apparatus
by a step%angaggﬁggggﬁéﬁhgg?%@a#gago-caIIed stepper) and a projection
exposure apparatus by a step-and-scan nethod (a so-called scanning
stepper (which is also called a scanner) are mainly used.

TECENICAL FIELD

The present invention relates to movable body systems,
pattern formation apparatus, exposure apparatus and
10 measurement devices, and device manufacturing methods, and
more particularly, toc amovable 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
liguid crystal display devices, exposure apparatuses such as
a projection exposure apparatus by a step-and-repeat method
25 (2 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



However, sem conductor devices will lead to higher integration in the
future, and acconpanying this, it is certain 2 that the circuit
pattern which should be formed on the wafer will 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 conddctor devi ces. For
exanple, in Patent Literature 1, an exposure apparatus which has an
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SOLVI NG THE PROBLE _ Ccording to & first aspéct
present invenjpeiratehdich RaOHHedcadapVaile skadyrsyst efdoderuttng)

a novabl e body whi ch noves al ong a predeterm ned plane, the system
mounted on a substrate table is disclosed. However, in the
case when an encoder head is installed on the substrate table,

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 enceder 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 cculd become
a major obstacle.

Patent Literature 1: U.S. Patent Application
Publication No. 2006/0227309

20 DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
Rccording to a first aspect of the present invention,
there is provided a movable pody 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



25 conprising: a novable body having a main section which noves al ong
the predeterm ned plane and a table nmenber which can finely nove in
at least a direction orthogonal to the predeterm ned plane and a tilt
direction with respect to the predetern ned plane on the main
section; and a neasurenent 3 device having a plurality of encoder
heads arranged on the table nmenber, and B®easures positional
informati on of the novable body within the predeterm ned pl ane, based

on an output of at least one_encoder head i f LRg
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transmtting and receiving equi pnent which perforns transmtting and

recei vi ng of mov@Easdibeasiiltheamans ade toe Siigial pynay bekedsn an output
comuni cation between each of the plurality 10 of encoder heads and a
conmponent outgf d&t tirRhcogecnkedds. head whialy rf@aess ac omatihing as¢ohion
in this case, wdely includes_comruni catjon, ysi el ect romagneti c
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is used in such a sense. According to the novabl e body system

of the presentramseiittiiony avie reeasuiegeof alewexaitwsrd feansantdfonga
and 20 receiving equi pnent which perforns transmtting and receiving
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the main section ofyitRe AOVARLA.POMY: fAWESn this case, widely includes
communication using electromagnetic waves, and includes not
only wireless communication by microwave or electric waves
of other fregquencies, 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 ameasurement beam and/or a signal by wireless communication
between sach 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



25 along a predeterm ned plane, and the table nenber al so noves
finely in a direction orthogonal to the predeterm ned pl ane,
transmtting and receiving of the neasurenent beam and/or the signal
bet ween each of the plurality of encoder heads and the conmponent
out side the encoder heads can be perfornmed wi thout 4 any problens.
Accordi ngly, positional information of tHe novable body within the
predeterm ned plane can be neasured with good preci si on, w thout
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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 ocutput 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 encocder heads arranged on
the table member, which holds the object and is movabie in

the direction orthogonal to the predetermined plane, and the



S conmponent 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
noves finely in a direction orthogonal to the predeterm ned pl ane,
transnmtting and receiving of the neasureénment beam and/or the signal
bet ween each of the plurality of encoder heads and the conponent
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obj ect held by a stage asse w th an energy beamthat neasures
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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
plurzlity of encoeder heads which are arranged on & table member
of the stage assembly that holds the object and is movable
25 in a direction orthogonal to the predetermined plane; and a
transmitiing 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 parailel to the predetermined plane,



According to the neasurenent device of the present 10 invention,
positional information of the table nmenber within a predeterm ned

pl ane can be neasured with good precision, wthout being affected by
the fine novenent of the table nmenber in the direction orthogonal to
the predeterm ned plane. 15 ! KI M? DESCRI PTI ON OF THE DRAW NGS

FIG 1is a viewthat shows a schematic &onfiguration of an exposure
appar atus of an enbodi nent. FIG 2 is a view used to explain

a placenment o gads, Is I . F I '
enl arged vi ewg%g%%%gg\%gger st%ggtilntg%ﬁé? r%g%%r@thﬁglol%ggﬁr%o %rﬁeﬁleatﬂ peam
FIG 4 is a vhigavdhalsSHows by pardieds thamhnstdei el bateeeal €adh bl the

FIG 3 enl arged. FIG 5 is a view used to explain an
internal 25 cohfirglurat borergfodernesatls and a compsi€ht euisideiheckncoder
di agram showi ng a main configuration_ of a control systemrelated to
stage control headshe'hsgebsupesaparat usnfarmaidon ofFtae papdegmenber
partially 5br Otﬁat J_erm:gtra%erded\élt%vz\:lm?jle gfgneeris measured, based on an output
of at least one encoder head which faces a grating section
arranged substantially parallel with the predetermined plane
outside the movable body.
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 i3 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



7 stage which configures an exposure apparatus of the second

enbodi nent . 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
| NVENTI ON - A First Enmbodi nent Hereinafter, a first enbodi nment

of the present invention will be described, with reference to FIGS. 1
to 6. 10 FIG 1 shows a schematic configdration of an exposure
apparatus 100 in the first enbodi nent. Exposure apparatus 100 is a

proj ection ex ppar f the s -gpgg 0
so-cal |l ed sca%ﬁ%%éqﬂgﬁ??c&%#ﬁggge eggr%ggo ater, éggﬁgjggt?gﬁE£505£@
optical systegubbdimersdranged in the enbodi nent, 15 and in the
description below, a direction parallel to an optical axis AX of

proj ection optical Eiat 8miBL awvlikwbesedsor idad s e iAtaxnsl
direction, a direction within a plane orthogonal to the Z-axis
direction in pREloEFEkae|f &4h¢ Acadf &R BFe rbl atively scanned wil |
be descrigfd 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,
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-axis, and the Z-axis wll be described as X, y, and 0 z
directions, respertitaelpmbotimep@sure apparatus 100 is equi pped with
an illumnation system 10, a reticle stage RST holding reticle R, a
proj ection unit Pt)jexeinaffderstaferseenbedsoenheolf Udicnprord el isvegeion
VBT on Whl ch a'ilvff}gé c\lln\e/sicsrirkr)%udnt %(:jt.’tharggggér?clze Si}/gtFeIrESf.orl ttb)e%(? parts
and the |ike. Wt ’

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 8 x, & y, and 8 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.



8 ['l'lum nation system 10 includes a |ight source and an
illumnation optical systemthat has an illum nance uniformty
optical system which includes an optical integrator and the I|ike,
and a reticle blind and the like (none 5 of which are shown), as is
di sclosed in, for exanple, U S. Patent Application Publication

No. 2003/ 0025890 and the like. Illum nati®n system 10 illuni nates a
slit-shaped illumnnation area | AR, which is set on reticle Rwith a
reticle blind (a i t p r
[ Tont) 10 1Lt th & SUBRERRIPE Py tin o i e anbt  Hok A B

as illum natlpmlhzhﬂmtldn Jé%c%&a@gls@emaﬂhéf Fh&xcdirerhaseknkeam
(wavel ength 193 nm is use reticle stage RST, reticle R

on which a ciuciidrmaty evpticfall bgskieke whitiriveclwies tan p@tUeam
surface (the lower 15 surface in FIG 1) is fixed, for exanple,
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information (including rotation information in the ez direction) of
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detected, for exanple, 25 at a resolution of around 0.25 nm by
reticle | aser™PpEERy shoHETErr EerBi haltBinG gkt ld@hto (%Pésuifétib‘lﬂét

Tt er e At o) ARy AVLERLLEREL B0 S R RSB e o TR
retro reflector); 1hali Ras R 1e5hectl OMor 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 8z 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 measuremeni beam on
a movakle mirror 15 (the mirrors actually arranged are a Y

movable mirror {(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 the X-axis
direction) shown in FIG 1. Projection unit PUis placed below (-Z
side) reticle 5 stage RST in FIG 1, and is heldby a part of a body
(not shown). Projection unit PU has a barrel 40, and a projection
optical system PL consisting of a plurality of optical elenents held
by barrel 40. As projection optical system PL, for exanple, a

di optric syst ! Si I lJ.t 0
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one-fifth, or one-eighth tinmes). 15 Therefore, when illum nation
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part of the ciyetér mpatbsndt Oig ot bcpRuR fidryred bt hddn lelllemafhﬁatm@m
area |AR, via projection optical systemPL, in an area (exposure
area) |A conjhgdteerned Pl uMinaricdnchien AR wabtem Winhdeoe sxafipon
is coated with g resist (a 25 sensitive agent) and is placed aon_a
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light IL) while wafer Wrelatively noves in the scanning direction

(the Y-axis dsystodm ®I) iw), t or espeqtl o, 0at betlexpodatelaceatric dioptric
(illumnation light IL), thus scanning exposure of a shot area
(divi ded area§Y%#?mw#hﬁt Weiss appreeeherningd 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 1s 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



5 the pattern of reticle Ris transferred onto the shot area. That
is, in the enbodinent, the pattern is generated on wafer Waccordi ng

to illumnation system 10, reticle R and projection optical system
PL, and then by the exposure of the sensitive |ayer (resist layer) on
wafer Wwith illumnation 10 light IL, the pattern is formed on wafer
W In the periphery on the -Z sidélend of barrel 40, a scale

plate 21 is placed parallel to the XY pI ane, at a hei ght
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supported al nost horizontally by a plurality of (e. g. three 11 or
four) vi br at i BANF 56l R |1(§Yer¥edﬁaﬁiL§*ﬁsl&(§Eﬁﬁ}t C8dWRASE HE WHrtdhwilAd¥ bRt ore

fl T d b t 12, f
oo ariE ittt i s B B 088 6 e e T B o
refer to FIG 6), Vﬂ}ieﬂe%fﬁ%ewm%eﬂ@%d@%d ar @ameaosxésé@me

to be described | ater, waf ér [aser interferoneter system and t
like. plate 21 is placed parallel to the XY plane, at a helght

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
-Z 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 -2 side) of scale plate 21, a
reflection type two-dimensicnal grating RG {(refer to FIGS.
4 and 5) is formed, consisting of a grating whose periedic
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, luym. 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



St age base 12 is made of a nenber having a tabular form and the
degree of flatness of the upper surface is extrenely high and serves
as a guide surface when wafer stage WST noves. 10 |Inside stage base
12, a coil wunit is housed, including a plurality of coils 14a placed
in the shape of a matrix with the XY two-dinmensional direction
serving as a row direction and a colum #rection. As shown in FIG
1, wafer stage WST has a stage main 15 section 91, and a wafer table

WIB whi ch is plaggd.jahoys stage suBh §e $65tHOMN AL And (ioﬁlﬁlegg%aeghén a

non-contact manner with respect to stage main section aziilt

drive nechani graitgs)sbawne £l8ot s re286,a Wakter daleew¥¥Bliaged above
supported in a non-contact manner by Z tilt drive nechani sm by

adj usti ng 20 stechdlasecéZofa efaupwandefdrice Evepelston)orslych asrt het
el ectromagnetic force and the downward force (gravitation) including
the sel f-wei gHi® &StRMedS plids Inahtf i 4raFe8es iTReFyCdréveihiigh drives

directions of t e r of freed which are the Z-axi

i recti on ¢ HEE RrEe Foh: amdetiaas, SPred: formed ek tbhd tatenme
of stage main;seOL iRk irkeslrbdBhetEFl PR A adS (Al aRged. Slider
section 91a has a magnetic unit nade up of a plurality of magnets
arranged two-di nensicagal bysavlthi f rddde XY sphadi®sr hakausg Hdab0lBUSE m,
the magnetic unit, and a plurality of air bearings arranged in the
peri phery of amk thezdpgreemidlbivesefof Hachvopenguriieeenagnett xanisly

configures aéPJ%Pnar not or 30 enpl oéi ng a drive nmethod which uses the
Lorentz for c& &l BRErUHaliTetf @ P81IH8)SHHteQe Wt MR forof taga i drovgss,

Pat ent a D, e 0 i t he i1 uni t. previ_ousl .
descri bsg.o I nfcr?%ednet a%ﬁa?,e ggsga%gf rr%t %(?Pjsotfﬁtn%el sgrh ?’ég%#ét é% l?%lrh%ta
limted the LonemistoogectelectiHmagRR ¢nf OhEIhaAN & raaPhaPal x TR
by a variable reluctance drive systemcan al so be used. Wafer stage
WST i s supportled Xy twevdimaenohomdb v refcigenl Hebatey Ex byraw direction
predet erm ned cl earance, such as around several pm by the plurality
of air beari i desOliBEddaBe¢Eioand is driven in the X-axis

Tt or 50 descri bed MnSUBYTALEoF B nat y. "Ll Bl AORTERT o2 i FYbIELn
with respect 0452096103561 12vhPer table WIB 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). In this case, wafer table WTB 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 91a
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



15 directions of six degrees of freedom In the enbodi nent, a
main controller 20 controls the magnitude and direction of current
supplied to each of the coils 14a configuring the coil unit. Wfer
stage drive system27 in FIG 6 is configured, including planar notor
30 and the 20 Z tilt drive nechani sm previously described.

I ncidentally, as planar notor 30, a magn&tic levitation type planar
notor can be used. On wafer table WIB, wafer Wis nounted via a wafer

hol der - Sucﬁ@{oﬁ%%)aceaaﬁ v hixedn ng.y ek BBCHAN SR ares a

shown) , exa vacuuntsuction (or e ctrosta

adsorption). ?lanar mEEbEIHTem@l&PIHq Quiﬁ%%bﬂrﬁacﬁﬁﬁi@rya@ewft&féaLcrentz
positional information of wafer stage WST in the XY plane is

measur abl e byfencodelesysbtrayiOt{mdbrshdwisialobkd. ir, frefetampd el G.S.
6). 13 Hereinafter, details on a configuration and the |ike of

encoder syst ePdTeRHNQ- 6bjé%§8ﬂﬁbeél°ng Wlthﬂ?h?ﬁ?Qﬁ&p@Pl§uPFSE%OEElY

waf er table a ar w_in Fl G. er S
Cher i nat tor csartisi e RarorSabh iR o ¥ Thoat nods Zo . SRS iRo R
are attached | the {9 &%eeﬂ&nerr&sm é@%&%@&@@@é%@%ﬁ%a
60D are housed wthin through-holes int Z-aX|s di fection which

have been foragd anarwabesr tb@bharazﬁgﬁ_&blreespm&tme’ draseshpsten dakl 2 s3
wi th head 60C taken up as a representative.
be used.
Wafer stage WST is supported by levitation above stage
10 Dbase 12 by a predetermined clearance, such as around several
pm, by the plurality of air bearings described above, and is
driven in the X-axis direction, the Y-axis directien, and the
0z direction by planar motor 30 described above. Accordingly,
wafer table WIB is drivable with fespect 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 14z configuring the coil unit. Wafer stage drive system
27 in FIG. 6 is configured, including planar motcr 30 and the

20 2 tilt drive mechanism previously described. Incidentally,
as planar motor 30, a magnetic levitation type planar motor
can be used.

On wafer table WIB, 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. i, refer to FIG. 6).



10In this case, a pair of heads 60A and 60C, which is |ocated on one

of the diagonal lines of wafer table WIB, are heads whose neasurenent
directionis in the Y-axis direction. Further, a pair of heads 60B
and 60D, which is |ocated on the other diagonal |line of wafer table

WIB, are heads whose 15 neasurenent direction is in the X-axis
direction. As each of the heads 60A to 68D, a head having a
configuration simlar to the head (encoder) disclosed in, for

exanple, U S. , ﬂfm I;Rat |

Publ i cati on h%g%%g%?%géﬁggﬁldg tg E{ea {:(F&Efe S uslezin. 8&%\%\,@%3} fmidnf)?ﬁ%wer
enbodi ment, 28yédem | 1@hiiSowCcgeaa¢ibba. phot odetector are arranged
external to each head, and only the optical systemis arranged inside
of each head. And tdre theghppreouros aard ophot Deettedtler WTRBNdad Bdoopt Load
system are optically connected via an optical conmunication path

whi ch i ncl udeBlamopticvali™ FB6r £habnaPPer 2aE ddsceibedtrat efhoRCLlY
‘Heads 60A and_60C confi gure | i pear. encoders. .Z0OA a 70C (refe 0.
G o) r%_sp%}%é roaf ,toaﬁc%%_ i ?ﬁ%%@ﬁ%aoﬁfo?%i ggﬁaaéeﬂ
in e Y-axis r rr su HepITss S

light) on scale pl atlle%g)l aﬁg' 1415%%%?‘(—/%% d?fﬁfgrggcl%i on beaggaf lF’Hg)gnthe
grating whosehpesédaichihteabugh-hsleéBanYtitxzsadi s eilveen ibamEdhafave
the surface (lower surface) of scale plate 21. Further, heads 60B and

60D conf i gur ebsen ifpsaedencsdées CAOB caWtB 70Bspeetérvely, RIsGheyn iB FIG.

respectively, _whjch neasure the Egsiti on of wafer staig’e WST in the
X-axi s direct? ot By 1530R0%t CRGFCAeEBURBNMBNTeERERN TG 1Y€al e plate 21

oS L eCelt 10, 011 A PEUERTS LI EHG BT MRS MELHT Focacec
plate 21. on one of the diagonal lines of wafer table WTB, are heads
whose measurement direction is 1n the Y-axis Qirection:
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 like is used. However, in the embodiment,
20 the light source and the photcodetector are arranged external
to each head, and only the optical system 1s arranged inside
of each head. A2nd 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 be 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



10l n the enbodi nent, as shown in FIG 4, which is a view of a part of
circle Cin FIG 3 enlarged, head 60C has a housing 22 which has two
sections; an optical system housing section 22a having a cylindri cal
shape whose height is shorter than the diameter, and a fiber housing
section 22b having a 15 cylindrical shape of a predeterm ned |ength
arranged extending in the Z-axis directi®h bel ow optical system
housi ng section 22a. Qutside the | ower end surface of fiber housing
section 22b, i : SHC f e (o} C A
opti call 11 bers esa hu RoE e EhnORam o The ur e et ggodebericaic
respectively. dThecoidreiseiit pfaeps idcakctibgrsida endheHuaieze (lower
connected, respectively, to an optical systeminside optical system
housi ng sect i snrPRee) ref ercale ElGte5Plas Hurbhielr, beadesePBband | &iler
on. One end of optical fibers 24 and 26 are pl aced, respectively,
faci ng one enBORFLPPIS caltifieser §n69438 AR %EHL7QQNﬂ9&5ﬁFaFPy?I¥n 6},

FIG 4, f h ke .of [ jcal . fl :
s R A e I A L

62a and 6 ptica S arger an i

actual proporijofhe x-axisCRiEESEidd B 32402081 86 ML NRIENRY bBahs RGI
hol di ng section 28 arranged projecting at the upper end of stage nmain

15 section 91s&#14 batteadhmheceatly1sg dhfpasat 1@t baehb frbe theaytrsting
Optical fiber 24 which has been arranged so that one end faces

optical fibervwlsse ireriddighdigending +§bdie Xmkichdigeréioanfonped on
optical fiber 24 is tic%igy onnect ed %o a light source 5 arranged
in stage mai ntR@cty , CR1GsPBFeexhnpl e, a seni conductor | aser

and the ljike. Furt pt.i . fl.her .26 i.ch begn aryr d. so.
t hat one]éﬁd faceshggfpga%h§§ék§éd¥%3a%sS§Q+§gﬂ???gée?0ﬂﬂgigP%§rasgﬁaq

is optically gprnestedrtoiaphetadetects @m&y%é&ﬂhéa@tscﬁmw)a Wb S1h g
i ncludes a 10 pol ari zer (an anal yzer) and a photodetector, such as
for exanpl e, 22 pldicbnbbsiipie eectibesansh tpe ikcakesystemigeding s¢aigeon
mai n section 91. . A schematic_configuration of the ogtica
system i nsi de2RdPEOC @i Frlbedabezt iPepe phsed el ditcissshprEpgethan

optical the diameter, and a fiker 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 fibexs 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, inFIG. 4, for the sake of convenience,
the gap between optical fibers 62a and 62b and coptical fibers
24 and 26 is shown larger than in the actual propoition.
Optical fibers 24 and 26 are held by a fiber holding

section 28 arranged projecting at the upper end of stage main



15 system housi ng section 22a of head 60C, an optical system 64

i ncluding a polarization beamsplitter PBS whose separation plane is
parallel to an XZ plane, a pair of reflection mrrors Ala and R b,

| enses L2a and L2b, quarter wavel ength plates (hereinafter, referred
to as a %4 plate) WPla and WP1lb, 20 reflection mrrors R2a and R2b,
and the like is housed. The surfat® of the other end of
optical fiber 62a is placed facing the incidence plane of beam

spliter PBS. candiihe;sur Lage Ol f heo aher, and. of Rl Gal: [iher 62b,.

is placed f act e outgol'ng plane o eam's

encoder 700 cgpiiend edply JLadi6AGa LLbAS & r RERBILE, (LIRASHAE BRI faces
beam) emtted Tfromthe light source is incident” on polarization beam

splitter PBS wpoiepl ifdberféhens24,] amtaisenspher fibdmyand Ens capei-caid
fi ber 62a, sequentially, which is split by polarization into two
beanms LB andofBRtiBednfLBRr 2416 shapthgabeeranngesait ted tLAgdtighource
pol ari zati on beam s% ifter PBS reaches the refl ec%Lon ty&e

t wo- di menst ondFEHRIFF adt iRIGr BEFRgSREF IR mitr o Rt &% ThrafEadaleyid
reflection m f ed 0f | arl o]t
splitter PBS %&?Ie%c Cg%c%l?\%gg]ﬁ%é?o%g%édi Ffatgtglgbﬁg%%gét%lnglggg\%%
reflection mgroeh Rdy el 8RiRGEY so Hhlaktt oRY¥ 0l afdzat bpRickD fibhs:
case neans the splitting of an incident beaminto a P-polarization
conponent andéain 3 pollargttatriecrivonpofigidr, Rrellaiseopitiedldydeonnected
diffraction beanms that are 10 generated fromdiffraction grating RG
due to irradi&®idrPttasesestipn gratem2 (nelrsktghp W@ ichhd NElREes of der

ol 11 act i Desle pLo sprer e sameried LI Cla oL, gglanl
reflected by refl el OnnBicbhah 1 F2be ARALB2A LPLL 1 AR, e A8RABI N stage
main section 91.
A schematic configuration of the optical system inside
head 60C will be described, based con FIG. 5. Inside 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 L2b, quarter wavelength plates
(hereinafter, referred to as a A/4 plate) WPla and WPlb,
20 reflection mirrors RZ2a 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 ¥ encoder 70C configured by head 60C, a laser beam
LB (measurement beam) emitted fromthe light 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 LBz. Beam LB;



15 pass through X/ 4 plates WPlb and WPl a again and reach pol arization
beam splitter PBS by tracing the same optical paths in the reversed
directions. Each of the polarization directions of the two
beans that have reached pol ari zati on beamsplitter PBS is rotated at
an 20 angle of 90 degrees with respect to the original direction.
Therefore, the first-order diffraction béam of beam LB that was
previously transmtted through polarization beam splitter PBS is

reflected off olarlzatl Qn beam [

phot odet ect i 01?1 ‘%e*?ﬁ I\/ f)s H:%E %%u@‘ggg aj%%lt s“"é“% ngggﬁ lefﬂ?er
| ayer, and opbpgalefdier tﬁé réﬁpé@mraltwe AR Blrst dikeiafli Sk rpsEeTon
diffraction bean1of beam LB2 that was previously reflected off

pol ari zati on pesirsplRA tRirm@BSohs stadaspidtedt hvdughepakatizatmoncor
beam splitter PBS and is synthesized coaxially with the first-order
diffracti on bRbm and marbéamrlemeaﬁéducsfﬁ nel@ehzatlpn heam splitter PBS

phot odet ecti on systen1 vi.a opt.i cal flb t he atno pher | ayer,
and optical fFeRs ?%1j§e&ﬂ§hpﬂgﬁpﬁl°?ﬁ %%kﬁ?ﬁﬂ%ﬁl%ﬁ% Bﬁre& i ons

of the two fi I‘g}_l dgj.:tgiegr%ﬁ gféi‘ %Btl Oﬂlc%. taﬁﬁ Cr‘{% g. tec Slg£§zation”

uni formy arrange e ana yzer |n5| pho Ion system

so that the bfﬁr@usmc%rsfeefnea%tbh@aﬁlﬁtﬂl@f be Be aiciddes beeanesto a
light, and the interference light is detected by the phot odet ect or

and i s converpesblartieaan el ecinpioaecsitgaall am Sopolraddree iwnt bonhendgt .

intensity of the interference |ight. As is _obvious fromthe
above descri ption, Bagdetexsdaes- ?GéeFe%héﬁﬁ#quﬁﬂjh&@@F tgﬁﬁcér?he

tical path | the t t fered
hor t - and thl SBSEFEA LR o a‘a‘ﬁ?r% it et iy deredtah o o
fluctuations {15, can grogthyrhe ?gmp Ee%héﬂ’fﬁ%‘@fo@de@ 89§f¥\§3tlon

nmoves in the measurenment dlrectlon Is case, the Y-axis
direction) , 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
waspreviouslytransmittedthroughpolarizationbeamsplitter
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 LBz 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



or nore specifically, head 600 noves relatively in the measurenent
direction with respect to scale plate 21 (two-dinensional diffraction
grating RG, the phase of the 20 two beans changes, respectively,

whi ch changes the intensity of the interference |ight. This change in
the intensity of the interference light is detected by the
phot odet ecti on system and positional in¥brmation corresponding to
the intensity change is output as a neasurenent val ue of Y encoder 25

190 1%, g S 3, 10 AR R LB 0 e

the like are &

I nci dental 'y, ohi dde deser kbbi ophahavRsoheads 5%t 0 HRPopagRaharmer
optical fibers 62a and 62b, and corresponding to 18 optical fibers

62a and 62b epej ppeshdntieddck .of the heads 60A to 60D individually, a
total of eight optical fibers 24 and 26 are arranged in stage nain
section 91. Howeverlheesthiepodarhzat konfigaehieonolfithe Wmbersprorder

tical fib _ d not b ifjed I the |i.ght
(reasur emgnt #GhCTHTHPERESCRS BB R AISEY Sof TP Yt Gt 85 7ERAE Y

gui ded to opt}j i ; §§@g§:%gé 0, fgﬁp j
transnission,tgﬁén%ggg%Fg%%l?%g%}c N orﬁ%?f%h ronfggpgga %ﬁ)%ﬂs
62b that heads,60frd 2 6BREaAGRNKNAYReEao S tDeardrdreehndi Vigue) | ahd
10 to the photodetection systemarranged in stage main section 91 by
air transm sstloa.irRerr fexamalee 1 ightteadedkcapti bnl tHa pdioso@4tandorand
an optical fiber (e. g., a dual-core optical fiber) which perforns

bi di r ect i onal 1®RINEAT 1GRABKPSBR chl e Ise SaPPahGHY 3GPRLSHCRedyth the
whi ch nakes a,total, of f arranged in stage main

section 91 lntensﬁ%rﬁéﬁ%e?ngyt“l&%%l‘p%%%?;‘gPﬁ%&b tical fiber in fiber
Louhad 25Ct Lo 220 1 bk Ll L Lo RRESR g 4 o
measur ed by a7pef@nhdcaeer héat esuker, osties togsdetical 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, respectiwvely, 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
{encodexr 70C).
Incidentally, in the description above, heads 60A to 60D

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



20(hereinafter called the "wafer interferoneter systent) 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 WIB, respectively, mrror-polishing is
applied and reflection 25 surfaces 17a and 17b are forned (refer to
FIG 2). Wafer interferoneter system 18 & equi pped with at |east one
Y interferoneter 18Y which irradiates a plurality of neasurenent

beans !n the g? 5&‘%15@%@ QQaQQu{%Ekeghkgﬁgﬁﬁggﬁggcﬂ7@fTﬁﬂph@ads 60A

plurality of erferorreters Int ment

interferonetegs 61@ (hard al8X2y, Wai €dt 4 1T lo3diedtiRt OfS Dia INFiGelridand oded
measurenent . beans in the X-axis direction on reflection surface 17b

(refer to Fl @6ZamndddaBged) in5bJteyes ulssirasticai onedsur élopriveaxi gesides
i ntheY-axisdirection of Y interferoneter 18Y is a straight line
parallel to t#ecly-aaniigueRtpasseshe MBIRFT 6t PREICakilsbaXSopeed not

| d i
Cyet om ALG PR i8R TT T (RosdrTeas) Bhbr L e IR BRG ot N Loyt 457
measures the g %Zéf %”ghukgiﬂwdé Qﬁgﬂfc Y8l Sled %QhebW&lcféé '%% é’p@%éél

direction, the direction Ox direction.

the substanti gl pée &4 ehRNheadisS60A tbheo Xedhsh&ld BgtaMthaann1351on,
interferoneter 18X1 is a straight line parallel to the X-axis which
passes throughndpthealighd slopXiohllsnpeopetiomn s @@rtlsylét EiPeL. 630
interferoneter 18X1 neasures the positional infaormatj

table WIB i n EbRt Reags LU FRELPSHRARETHCRRE ISP RF 9@&3‘?%%@%&1&%@3@2

dlreCtlon&J to the photodetection system arranged in stage main section

91 by air transmission. For example, instead of optical
fibers 24 and 26, an optical fiber (e. g., a dual-core coptical
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 9.
From a similar point, the optical fiber in fiber housing
section 22b is not limited to two optical fibers.
Further, in the embodiment, the positicn 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
méasurement beams in the Y-axis direction on reflection

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



Further, the neasurenent axis of X interferoneter 18X2 is a straight
line parallel to the X-axis which passes through 20 the detection
center of alignnment system ALG X interferoneter 18X2 neasures the
positional information of wafer table WIB in the X-axis direction and
in the Gy direction. Incidentally, for exanple, instead of reflection
surfaces 17a and 17b described above, a fdvable mirror 25 consisting
of a plane mrror can be attached to the end of wafer table WB.
Further, a reflsstipohsurdRr& ingleiRedoplc8Rs a0k 4bxdegnpes to
the XY plane can be arranged on wafer table WIB, "and the position of
waf er tabl e WBradidhe odeaxt sodiergedn one ez sheeneas Wethay/ia tHex-axis

reflection surface. 20 The neasurenent val ues of each of the
i nt erf er onet edsroftivt on rafkederansusfasgst@mitefaresdgpl i 2@ndoFIG.
controller 20 _(refer to FIG 6) . In the enbodi nent, however,

posi tion i nf ofhation within the XY pl ane (including the positional 5

informatign (rotati é%%‘%ﬂiiaoln%e%Quigﬁen%%%l%gﬁgh%n‘}—giimgeéﬁ:%on

stage WST (wafer table I'S mal ATy neas encoder sys

descri bed aboye,y antkdhe rRrsEregRt _i)éa!aU%ré)jngﬂ“ﬁrrfee\;\E%@t&@ 18Yghe
18X1, and 18X2 are secondarily used in cases such as en long-term
fluctuation (Yeixexanpla dasskd tarpaghl odefcsratxtion 28r dfherbhketbén
the scal es) of the neasurenent val ues of encoder system 70 is
corrected (cafPbiedlgystenPlagndddlenpetictinn ceneebPitinment system

chror el )| s SPGHT BISkem. Lo, 315t Sn Al e pl2ssd o

predeter fqonedméié%ﬁ@ggc%he' Sod 18 0%9@%;% alei t2BY LR AhGne
for exanple, an Fl

, A (Field I'mage I gnnent) system by an I nage
processi ng nmethogh 4 sqiused itdagt ther adi at escaidi oaghanthdekedt reat beam

t hat does not expose resist on a wafer to a subject mark, and picks
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 positicnal information of wafer table WIB in the X-axis
direction and in the 8y direction (and the 8z di:ection).
Further, the measurement axis of X interferometer 18X,
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 WTB in the X-axis direction and in the 8y direction.
Incidentally, for example, instead of reflection
surfaces 1l7a and 17b described abcve, a movable mirror
25 consisting of a plane mirror can be attached to the end of
wafer table WIB. 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.



20 up an image of the subject mark formed on a |light-receiving plane
by the reflected light fromthe subject mark and an i nage of an index
(an index pattern on an index plate arranged within each alignnent
systen) (not shown) , using an inmagi ng device (such as CCD) , and
then outputs their imaging signals. The 25 imging signals from

al i gnment system ALG are supplied to cont®oller 20 in FIG 6.
Incidental ly, alignnment system ALGis not |limted to the FI A system

and an al i gnnent s%%oalgta\gg%ége}ir@ﬁ@{%faeégﬁiegﬁnghedggﬁg%%gpoﬂné%%s

to a subject mark an a 21 scattere ght or a ract

| ight generatgd 4P theestbiofsic MRk teh TG SugPlidd &l BbRPESLler
light of two diffracted |ights (for exanple, diffracted lights of the

sane order orzdi {fefet b Firght 8) beilmg tdef énacdEoent, threeyame position

direction) 5 generated fromthe subject mark and being interfered,
can natural | yipgoxmaian oidhdn ithec§¥bPhare ohlnglufidedhel ROAHET! PR,

. 100 of th nbadi mul tipl i f |
b0 nt posit i oW BRI Bh SRS AP EP FER e ST (1 PBr BRFRHC e At
mul ti poi nt AFwéf%ié%%gé%ﬁ%g&&%f’ér shpyw WT%_)Fiseknalnlf;?Je%%u_ QafEnédady

t he oblique incidence net aving a simlar configuration as the

one di scl osedsy&rerh 070 xdfti®edUabovBat 88 e easttckdhtandllbe of
like, is arranged in the vicinity of projection unit PU Detection -

signal s of nuitipoferonitesysilém, AFSHL e ssuppledto sESongiepmidgnueed |
20 (refer to FIG 6), via an AF_signal processing, system %ggt shomg?(.
Mai n control | 88599 HEeES H6S LraRaFerhf st I (Hiod REPEP Gy

curTace I Eafadtl £ LA g bro B A g L petaL

based on the n-signa ul"t'T poi Nt system (
performs 20 a,50s¢Abl&t RAWSS e¥ekhpgqaepnsyol a7 ovafercoidreiag the

scanni ng exposure based on the detection results. Incidentally,
mul ti poi nt AF(sysileratced) berass anmgaschp actttee time of output abnormality
in the encocder 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 their 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



vicinity of alignnment system ALG and surface position information
(unevenness information) of the wafer surface can 25 be obtai ned
beforehand at the tinme of wafer alignnent, and at the tinme of
exposure, the surface position information and nmneasurenent val ues of
"a different sensor detecting a position of the wafer stage upper
surface in the Z-axis direction can be udkd to performthe so-called
focus leveling control of 22 wafer W Exposur e apparatus 100,

furthermore, ks, Cauapomt il b2 Pal koL b %&a%g/eq{é%%dsﬁhﬁnﬁhé%

and 13B (not shown 1n r ef ereticle

consi sting of sgpJdét fhd bk Qe ddie: Rek ligke) fakGRERALL S WH GFS dVBE shctise

| i ght of the exposure wavel ength. Detection signals of reticle
al i gnnent detetghion st ewanplA, addf A8R-tarce 1dgppki efl the mame order or
controller 20 via an alignment signal processing system (not shown).

10FI G 6 is adbféractichgramtshdriing diparacted yrohia s@reofirgrtion)

t | ated t t trol . t .100. _Thi
Coni Tl Syot cHER S LT LG od ashd SHai R b T OGP D R HERE°Rente?

of the controﬁ?ggfm DR LORGEAL! B EQ_é&%#ﬂagaégu% -a%hgg.

m cr oconput er station) 15 consisting o Centr

Processing Unit), R@Vad&eetbrinby disdte affMLtandomeAceas smbbabtiyqt,
and the |like, and has overall control over the entire apparatus.

| n exposur e appawkhtisld @®icdgnffiogalegointt bes marrerdatesdiiobedyabeuve,
on manufacturing devices, reticle alignnent o
(héreinafter shortly referred to as a multipoint AF system)
10 AF (not shown in FIG. 1, refer to FIG. 6) by the oblique
incidence method having a similar configuration as the one
disclosed in, for example, U.S. Patent No. 5,448,332 and the
like, is 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 senscr 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



20 and basel i ne neasurenent of alignnent system ALG are perforned, in
a procedure simlar to an typical scanning stepper (a procedure
disclosed in, for exanple, U S. Patent No. 5,646,413 and the |ike)
using reticle alignnment detection systens 13A and 13B, a fi duci al

pl ate (not shown) on wafer table WIB and 25 the |like previously
described, and around this tine, wafer aPZgnment (Enhanced d obal
Alignnent (EGA) which is disclosed in, for exanple, U S. Patent No.
4,780,617 and_theg |pke) and the like are perforned. Then, main
controller 20 perfor'ms an exposure operation 23 by the step-and-scan
net hod, based on t hexgmasiy eppatatesudes, durktherhaseline pbl8 with
results of the wafer alignnment, and a pattern of reticle IS
transferred oatpakachf ofeta. @lairdlighyent shoteras eB3R amdvdf3er (Mot Thhewn

exposure operation is perforned 5 by alternately repeating a scannin
exposur e oper afi BRGwhbr er&fificiroddGs fbvahert wtied &/e congdetReT ©

(St cppi n)® operat | UH B Waln ERbE €. Ghev B UFBE SYADE0eP I ROvet 0.
an accel eratigg shard 0o pasif .MEBQEI’I?XM&:[I n I %é*ﬂgt off @‘tizﬁ%

During the scanning exposure above, “main controller controls t
position of wafegnhébt elddERtiBnt fgsthPliancantiln arassippiied to main
positional information (including the rotation information in the Qz
direction) incoher«¥lpt 2evos ammbéighabhe MEBalupkngeentodleysdpst émot
70, and al so perfornms the so-called 15 focus | eveling control of

waf er Wwher eSB°¥att (an area corresponding to exposure area |A) of

t he shot ea subj t . exposur e of .waf er is.ade taq . he.coinciden
W thin tHS depth o 15cas or ot b ek oy S Fear Bh <t et sag Suphut fa:

Ztilt drive pgghagi %g‘s(t@ﬁtréﬁ%’m t D238l 08 NBASLL 8NBRt o MAl 88 p 202 O s
mul tipoint AF system AF. Therefore, wafer table WIB is driven in at

| east one direg0i oIThdfs ¢dret b laxiysteh i e ctdnd gulrke v idigeLin eantastler
the Sy direction during the focus |leveling. In this case, because the
nmovabl e str okelots vidfeceniisice B¢ reatieccZ- aypsei r dadinogons rad bend 0

for exanple, 100pm (50pm 25 ove and bel ow a neutral position), when
vievi ng 1rom THEL APT St n68 FrEACBPMRAERF hie, W Seer TERBY ¢ WIS

7 oS A LB EADRLAT A 000 4N, SBKLEr LT .3l RS AMAL0A,
head 60C, thevghstancerMet MReRIdMNAcBRds SUERGER) Xnd 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 andbaseline measurement of alignment system ALG are pexrformed,
in a procedure similar to an typical scanning stepper (a
procedure disclosed in, for example, U.8. Patent No. 5,646,413
and the like) using reticle alignment detection systems 13A
and 13B, a fiducizl plate (not shown) on wafer table WIB 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 contreller 20 performs an exposure operation



24 optical fibers 62a and 62b and the end surface of optical fibers
24 and 26 widens only by around 100pm at a maxi numfromthat shown in
Fig. 4 as the reference state. Accordingly, the air transm ssion

bet ween optical fibers 24 and 62a of |aser beam5 LB, and the air
transm ssion between optical fibers 62b and 26 of the first-order
diffraction beans of beans LB and LB2 p?®viously described are
hardly affected. The sanme can be said for the other heads. Therefore,

according to u pnar ¢ 0] i

position (i nck?ﬁg:?%gé??g %g%éléglnﬂllggh?%’e%g%e i?rggplgg!ﬁ 0 ev\H/% gtrr%?%lgtes
WET in the XYopl@ane vaxar1kecCondrold adsuith BrgthereGiey anichasad, aihd
t he nmeasurenent information of each encoder of encoder system 70

whi | e per f or na g titkensof caltliedefPdust taavefd mgpdonto @achf ofvaf ptutility
15As descri bed above, according to the enbodi ment, encoder system 70
has optical fPbshetArenfdoR@afRai-halelssErefdseHPeLRGeaNHS Reafrermed

[ ti 91 af f t VBT faci ach of th I | i.t f
heads 60A %0 RBIHTRAGEAT O KRS AT INEY SRACINGS SRSEETCaT TR
at the one 9”9%% P?r?nﬂléh{%%ﬁ@ﬁt e Yo paral 1&ls gborgr dhherd N s@ﬁggfwm

Z-axis directi orthogonal to the XY plane. "And, between eac

heads 60A to $8&iQUls1PdBechDhEd ILHEECorRPE) GRld &intBicmehia (806pHidiy)
equi pped i nside each of the heads 60A to 60D, and one end of opti cal
fibers 24 ande@érataion breémernssiiars eohelrgsesfbeahao WaB hdiotviegl to an
first-order diffraction beans of LB]. and LB2 is perforned.
Therefore, evRFCFISREGR FRFRTEREPPSHTIP HRA e EXBPIRES CRet N SHoAnerea -

(ana 1, ueper Suiass Pl iaSRRAck e ISR, cla USRS MRS
to the XY pl apgntids €Xe 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 2
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
0% direction, and the 8y direction during the focus leveling.
In this case, because the movable stroke of wafer table WIRB
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 100um. Therefore, for example, when

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



25 direction, and the ey direction for the focus |eveling control of
t he wafer, because each of the heads 60A to 600 only nove finely only
in adirection (the Z-axis direction) along the optical axis in the
end of optical fibers 24 and 26, air 5 transm ssion of |aser beam LB,
and the first-order diffraction beans of LBl and LB2 can be perforned
wi t hout any probl ens between each head ab4l optical fibers 24 and 26.
Accordingly, positional information of wafer stage WST in the XY

I b W th d i_Si i th bei ffect b
10 the 11 ne. HORGHEN “bPeHAFeR THbF 2o ATH HaFEhar  Tate SRy o {Heese

OpLhe {1 ne ovefiett. oF Ge (e i | _
R S e S e S R R

stage WBT. Therehone, rig. thescase retragenssist20Gt | R8cSddimyes, ahengir
15 the XY plane (along the upper surface of stage base 12) , and

waf er tabl e WiBamowiess fambkeywieanatptieaslt foherdiddenidonlafod RasZxraxean
direction orthogonal to the XY plane, the ex directjon, and the ey

di rection,’ eakh dnq kEehdadst BIXISHOD BRIEYCABVIRE¥alefy Prgsa62b and

direction (t Z-axis direction) al. the opfical axis iR th d
of "opt1 cal 11 Eerd SEtanrSE PR Rt idartaet hathe T boEhe Hih e BB
secti on. ACCg&f@&%ﬂdélfﬂdééaﬁ%%%ﬁ‘§§b°Ha9&l|5§¥¥eé%§ﬁﬁ LBne a8hnd h&in be
first-order diffraction beans of LB]. and {BZ can be perfornmed

W t hout any psa&td efsr hetaveshegatballead and the one ends of optical

fibers 24 and 26. In addition to 25‘this, in the enbodi nent, because
each of the heads GUAIEE08E0 attALhEny tte waAbeFLrabIRPANER WhYChat Hre

optical systembuilt in, wiring,to suppl wer to stage.main section
0 and t &0 he TRARITSI ta iR PO L haPBr EBOHE AR 1 TOR R dnT coh® 07
t he out put si of .t i n T 0

pr obl emps) occu&%&plaornt)i Qﬁ%ﬁ-‘%g\,%%% Q?&%?@%?‘f‘?%ﬁn%g%%ﬁ %%%‘glﬁl. S
attached to wafw{ niahl ﬁrw&i&w HRBkd HEGHESRLBEF &ndiSt N FWrfnbBYoA Nk

the |ike connected to heads 60A to 60D, the Z tilt drive of wafer
tabl e WIB caredeh pordataredSsenabhiey, system 70 while performing the
so-called focus leveling contrecl 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 WTB, and whose optical axes at the one ends are

20 substantially parallel to a direction (the Z-axis direction)
orthogonal to the XY plane. 2nd, 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 of laser beam LB,

25 and the first-order diffraction beams of LBy and LB; is
performed. Therefore, even if stage main section 91 moves
along the XY plane {alcong 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



5 without any adverse effects by the tension of the wiring and the

i ke. Therefore, the positional information of wafer stage WST in the
XY pl ane can be obtained with good precision wthout being affected
by the fine novenent of wafer table WIB, which nmakes it possible to
control the position of wafer 10 stage WST in the XY plane with high
preci sion on exposure and to performa h&ghly precise exposure of
wafer Wheld by wafer table WIB. Further, because the |ight source

and the phot ogg%gﬁ]%n’ %/ﬂh%ebggglﬁggﬁﬁ%ns%g gﬁé,’[fao%]%g %f&iéﬁf[ﬁgﬁ«g%él

i nside the hea e influence on wa

reduced. of 4HCkdeRtal bycalfe e reRROGh &8I ADBYE, t MYIE ohh§ faee

has been descri bed where the |Iight source and the phot odetection
system (i ncl udingl ¢ helphdhodefiecéororari@hel acedi exderawedi gt agenguihe
section 91) to heads 60A to 60D, 20 and between the light source and
t he phot odet eePtbrebyatiemimndiceged of ehbiprhdSiBoR 23 608, 28 ralr

t 1 SSi f both the |ight t f he lLight .

L anm soiPn, oLy L L5 LSO SRy Senrl LT Al P
toth hot od f h i f

9t h Pt a5 ATLAe, SNSBFR Lo gRL e LS BESSED

Next, a secondeeidadlicERAthodid bhe fsesent ripkestinanwidd. bacdeseihdged,
referring to FIGS. 7 and 8. Here, the same 27 reference nunerals

will be used positimnaladeformstudh arf sefer arisngesWBR drhéhkiX¥tplane can
enbodi nent previously described, and a detail ed description
t her eabout wiP¢ BREYHied ¢ thTgecexpestt el appdtiditrirtofeing aéésrbed by

enbodi mar!l:[O dl{lflgrfir(l)enlrélox}err]nent of wafer table WTB.

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 WIB moves finely in at least one direction of the
Z-axis direction orthogonal to the XY plane, the 8x direction,
and the 8y 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 LBz 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,



5 a part of the configuration inside each encoder head when conpared
w th the exposure apparatus of the first enbodi ment previously
described and in the point that optical fiber 26 is not arranged, and
wi th such configurations, in the point that a receiver 32 is arranged
at stage main section 91 of 10 wafer stage WST (or, at other
appropriate places external to the encode? head) . Accordingly, the
exposure apparatus of the second enbodi nent will be descri bed bel ow,

focusing mainly g‘%’&bﬁ%ﬁ@ ShdfL8N66%1 AT alrSewdipWr d P1ELSL i fy offOSHSd L

on head 60C as 15 representati've, outside the | ower end surface of
fi ber housi ngh&eofd iiena22bciedd housdfyr 23bla WIor t Fuavegt) decasgehtlosre
for exanple, only one end of optical fiber 62a, is exposed to the

out si de. I n cbsrespdmdegcendittie Lhks, comnédird toohehag ¥ctticoA0DRg Wfe
stage main section 91, only optical fiber 24 20 which_.is a

| i ght - sendi ng? fibler 45t Welod, “RaEFngPPhe BHe it RSt PEREPERPT T PRRY !5
NSO TN LIS A8, 0LLCaL, LLDET s BEl e DY LishEh DPlldd:seRL! Al

28 so that” the one end-is In paralle

described, incgde secondnepbedi&Entne QRIddalonkibeh £omb2Pondk water
light-receiving fiber 26 previously described are not arranged.

FIG 8 shows stegatsmnah wenkigelaid eandbe htisiingd22i0f goeddp 6861 3 ivn
t he second enbodi nent. |nside optical system housing section 22a, a
phot odet ect i onl gysttedagiingc laddenged 28 Pt Hom asverpngeol svabes cerb ks

wel | as optical_ system 64 preyiously described. Photodetection_system
56 i 5 pl aced T3 MG CHE TR DG ST LHEE o Bob Xp e RS HaS™ Phr At

noused. 10 SGH B ARl e MR R breR s S BT fbsR- S
configured incd he-Feraes egaki pedc abe\&podulrasef wagem fibheld by watfer

(nmeasurenent bean) froma |light source (not shown) is guided to

pol ari zati on tmske IPIH.t t EnrPBS: pfoepucaltiey dtightbdpuvta opd | T

fiber 24 10 (refer to FIG 7 _ogtically connected to the Iight sour ce
and optical fRRRFOETIEGHL cHNLFIcBAREE Pl IREFE0CATRNBOT t A sanged

ressur et OELS AR BB ELEERILOD bRl At EELETL R cor
LB2 reach d he & wos fiensi onal diffraction grating RG via
Incidentally, in the embodiment above, while the case
has been described where the light source and the
photodétection system (including the photodetector) are
placed external (stage main section 81) to heads 60A to 60D,
20 and between the ligh%f source and the photodetection system,
and each of the heaas 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 B. Here, the same



15 the sane path as is previously descri bed. D ffracti on beans
of a predeterm ned order generated fromdiffraction grating RG by the
irradiation of beans LB]. and LB2, such as, for exanple, the
first-order diffraction beans, reach pol arization beamsplitter PBS,
respectively, 20 follow ng the sane optical paths as descri bed
previously, and are synthesized coaxi al | ¥7 by pol ari zati on beam
splitter PBS and incident on photodetection system 66. Then, the

pol ari zation diftect] t MO L f LSt - ffr i 2

Geser i bod anovet St T Bier Sa i3 b Bs O o e, R, 8%, AEAEes

phot odet ect i of SYSd£4N=861 BREt fErpeaABoLhERE SrevibhiB] fafdb QtilRY, téhd
be an interference light, and the interference light is detected by

t he phot odet extadtaiiced slesamierttied thepeabowt ectlrl desicgrialedn The
accordance with the intensity of the interference light. And, the
el ectric si gre#pesurpdpraresdusyot dohe seeeonit evpodumenty #ififerst pely in

nmodul ating signal is on the carrier wave. and i.s sent, to receiver
o i rel ods A BT e oIS SRBL L LY LI T R PES VS

a predeterm , far o 1 Cr e i
Subh as & tneSd S AT« BRSO SESAIRE of TAL O ot L

normal wirel gsgedIANS} deRloriBell £AOWRY & He BBSAL tElRdt VTiAMr aiBdr 26
transmtter and the |like can be used as transmtter 34, and as

recei ver 32, s medeiareanged; espodnditiy stieht hesfieratpiem, danthe psiuk:
Moreover, simlar to the first 10 enbodi nent above, fiber ho[ding
section 28 isthlde® tXeIRVEropti ¢8I 2FFPpRICIEWHIAYS Jagn section Il of

| i ght-receiving.fiber, inside fiper housing.sectipn 22b, .a_short
wiegul 4D s SaeolRol T gk BhETE AP cRer 2R el Bl rRdl o
optically conecLedohor -0yt PUAcEh Qlgily, a8dTbkE8Eu34 apPRdat hE®E the
electric signal 15 corresponding to the iI'ntensity of inferference

| i ght out put decdAphaiadeiheell aiisyséede66rilsedrodilloat, edobysing mainly
transmtter 34, which uses light as a carrier wave, and air
transmi ssi on @f suwh optfifealeniosSer mati on, which is the nodul ating

signal placed on the carrier wave_(light), can be perfor bet ween
the 20 optical fib&® df ShGEd ab Fﬁ%-dbtpﬂvnﬁﬁagop P&ﬁggESFe?s3ﬁ and

OPL1 a1 HDCT, B8 AL SR (LA, FREL S PR OB rovss
transm ssi on feM i8R 22b of housing 22, a short waveguide, such as for
exanple, only one end of optical fiber 62a, is exposed to the
ocutside., 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. B8 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



O her heads 60A, 60B, and 60D, and encoders 70A, 70B, 25 and 70D
including the heads are configured in a simlar manner as head 60C
and encoder 70C descri bed above, and function simlarly. In the
second enbodi nent as well, the nmeasurenent values of each of the
encoders are supplied to main controller 30 According to the
exposure apparatus of the second enbodi nght configured in the manner
descri bed above, besides being able to neasure positional information

of wafer sta eédlw‘?%%g‘tit%e]é%)t he XY R!aéggd"“ Lh ac da% ga%{ﬁlégﬂag@y@&ﬂtm

being 5 affe ne nmovenent of wafer

equi val ent effect; ass BXRRSE@HABPAr Bl M B ohhayEtest s €Mbodi Ry
can be obtai ned. I ncidental ly, when a configuration that
houses an i rr fsk At orhes yatteymiagngil ahengf dbean | spghitt teouP@E . s utirtdse 1,0
sem conductor lasers, a converging lens and the like inside the
housi ng of t henidel fibesPwiiay SAFELAY 426y 08 Upaiingg2 poweErapsnheer
| i ght source wil] he necessary. However, such a configuration can be
adopt ed i P thet it ‘caused by the wiring is to the degree that

it can be ignored.pwhggdgﬁghgﬁgQgcgée§uﬁgéﬁgg?géiggggghgﬂmzgﬁTéig?ﬁsd

configuration of processi e return nore” specific

the case of eaehrd rzheecenbodtABLS ARNE, at DEsSY s LBeUnbs ghter@dint
the first-order diffracti on beam of beam LB2 and the first-order

di ffracti on besamdfrbmanii@2t soaxtcal {mptsyimivresiiz guiilbedpnl pelaat iomion
beam 20 splitter PBS) fromeach head, a configuration sinmilar to the
one descri bed>®3n Gird i§ferhBB idls OPEABBdI FETIRSTRAG / t BE2 SRtGIv@L fiber 24

o e e R L EA ST “hiP et e conb B R YRS P
encoder systemZ0.d6 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 1B;. 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



25 equipped with a pair of X heads and a pair of Y heads, the present
invention is not limted to this. Mre specifically, the nunber of
encoder heads need not be specified, however, to neasure the
positional information (including rotation in the Oz direction) of
waf er stage WST in the XY plane, the 31 encoder should have a total
of three heads, including at |east one X¢Head and one Y head each.
Incidentally, in each of the enbodi nents above, the case has been

described wherg,fle: present EH&e{HérPFEhieSmé‘rH’LE’iét%lq}g}n%t:%BQ[lszﬁmﬂ“Qn the

st epper; however, the present I nvention Is not tothi's, an

can al so be apptipeh hxv@ ghatis RHIOSHI LeAPPAHABUSWSHENHS1 VB, StaPHeTs
Even if the present invention is applied to a stepper, by neasuring

t he position ofs¢hesstgeaoniahiveive hendijeettrisubiecbftperposareinad
mount ed using_an 10 encoder, position neasurenent error caused by air
fluctuation cBFCSHRTENEHEN §3 e hGrRERLe W dH GrOVEEf @F ertdtfy SHERMEh

measuri ng & he Sitl of t t.age using an interferoneter..a it
becones possi BRe U PHs AN 2Bt alamnrE TG BPeg: SP6n Bhet n 2
the nmeasuremend i@ ueScfedd@ BACRIRE e r W Oh: doudld WrdndBRH 88 ekl an
possible to transfer a reticle pattern on the object with high

preci si on. Futhfeired heapeasentrinve thicoDikarcaal 58 heedppl tedntRitier
- reduction projection exposure apparatus by a step-and-stitch nmethod
that synt hesi2®s an&hs Hced vamd 33, shoreaebver 20Rpespondingeto these
magni fi cation of,thetfﬁghg tion optical system.,n_the exposure

apparatus in BECHTH . odSfgnt &M Efirs Sﬁ&tllﬁﬁl foathedittston
system tild)t aér@:?omexﬁ:e 28! erfﬁﬂegq{@id{@%rﬂ ! %)ésg.gn%nggiea‘to hold
yste rcal system

magni fying s m and proj eétion op _ i's"not “only"a
dioptric systestics Bubed! 50 whRY¥hDEs @i 1 Nt ar LALIAALY £15¢8] @MOin&ide

catadioptric system and in addition, the projected | mage nay be
ei ther an invEibbed horegeoseaniopr Rght &nelgert 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.



Further, illumnation light IL is not limted to an ArF excinmer |aser

beam (wavel ength 193nm, and can also be an 32 ultraviolet |ight

" such as the KrF exciner | aser beam (wavel ength 248nn), or a

vacuumul traviol et |ight such as the F2 | aser beam (wavel ength 157nm
As disclosed in, for exanple, U S. Patent No. 7,023,610, a harnonic

wave, which is obtained 5 by anplifying &0singl e-wavel ength | aser

beamin the infrared or visible range emtted by a DFB sem conduct or

I fib I fib fi d f
i s
wavel engt h 'né ﬁéﬁ@ %%15h9@5:ﬂ§% ﬂH%y'H@ ?éhggﬁ'éﬁﬂve,obesides

cryst al, can a e USG as vacuum u tra

Further, in t}b@l@@twtempt naboiee pddiiichalli @Arbrghtidd o whler stage
exposure apparatus is not limted to the |light having a wavel ength

equal to or nBE® whEmirlOOremXYapdane wéthegdb@seraai sion whidhotthebeight
havi ng a wavel ength | ess than 100nm can 15 be used. For exanple, the

present i nventfERcERMPBE Pl FRACVENGAT BOWT ESE Fé%e WiTEr R SPﬂét-Yalent
exposure apparatus, that uses_an EUV X- ra n

= havel ength TRRHEE Ao rBosr e srTn et A0 L GER S ShpdPRrtent et
present inventioh,cihead So be applied to an exposure apparatus that
20 uses charged particle beans such as an el ectron beam or an ion
beam Furthernore, Iftedenesant,,i pxent & otowdiyghxeatappl itedtt Boases Gan d

i mer sion type exposure apparatus which has liquid filled in the

space bet meenirh@dpatbi}cuctsme@ppp@aﬁssysgeqf ahdligie weecedsyehosed
in, for exanple, S, Patent plication 25 Publicati

_ o No. . .
2005/ 0259454 S FHE A L2sES, BTN L8BR P (THE eibBai v
above, a transil 3| ¥enbyRe NBRK " &S LELRAyLS, HREHng MY Cildt A ng power

to the iight 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 prccessing the
return beams (more specifically, in the case ¢f 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
cne described in cne 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 6z direction) of wafer stage WST in the XY plane, the



transm ssive substrate on which a predetermned |ight shielding
pattern (or a phase pattern or a light attenuation 33 pattern) is
formed. Instead of this reticle, however, as is disclosed in, for
exanple, U S. Patent No. 6,778,257, an electron mask (which is al so
called a vari abl e shaped nask, an active mask or an inmage generator,
and includes, for exanple, 5 a DVD (Digifal Mcronirror Device) that
Is a type of a non-em ssion type i mage di splay device (spatial |ight

modul ator) or oL hgali k@b QR phieh @oﬂalgbk-éﬂlaéésgégag,nqne%agflﬁéa Aeast

reflection pattern, or an em ssion pattern is rmed accor
el ectroni ¢ dabaeof héwd paid ere thakadsebhenbe 10 exposed can al so be
used. In the case of using such a variabl e shaped mask, because the
st age where a waf erincidgrdsd. 1yl atreeachtdfethé kmbbdimeuns ethoivs , Stennese
with respect to the variabl e shaped nmask, an equival ent effect _as the
enbodi nent abB%@ REAP HESEELEPASHIIAPL FOSSRFFIRP | HEVEBSLPT oS GPPLRed to
st age usiqﬁ an égﬁﬁpcoder Further, . as_is_disclaos

the

. ed.in, .for
exanpl e, panp SRESSEY §%HaPP8ﬁ§FrpuEP?c%f?%ﬁPF«ianﬁ%ifﬁséieﬁ?t
the present inygtdonLanidl ShdeaarPld Lt foill SXRSHIK ANRALAYSre
(l'ithography system) that forns |ine-and-space patterns on 20 a wafer
Wby form ng apperderenaet rsngestoppswf eEvdh if the present invention

is applied to a stepper, by measuring the position of the stage
on which the object subject to exposure is mounted using an

10 encoder, position measurement error caused by air fluctuation
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 it possible to transfer a reticle pattern on
the object with high precision. Further, the present
invention can alsc 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 1s not only a reduction system, but also may be either
an equal magnifying system or a magnifying system, and
projection optical system PL is no%t 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 alsc be an



Mor eover, as disclosed in, for exanple, 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 al nost sinultaneously 25 perfornms doubl e exposure of one shot
area by one scanni ng exposure. Further, an apparatus that

forms a pattern on an object is not lini#e&d to the exposure apparatus
(I'ithography system described above and the present invention can

calso be appl i g $fke TarXAlRLea s AN APRAF ALUS; AN A B

pattern on an object by an Sj et me ncidentally, an

obj ect on whi ¢hade PAidtet D4BEM} P d¥eaFRIJREN-LAR rEb) 6TEL SUBhecCiud as the
exposure to which an energy beam5 is irradiated) in each of the

enbodi nent s abplaesésbren {wavielledgtd 1 waf)er , Abdti sphygsee landidreexample,
obj ect such as a %Jass plate, a ceram c substrate, a film nmenber, or
a mask bl ank.U-S. PatenkeNesd 023y heélexdpbaamanapiavarudhi el dét oPFatred

| to t tus f f j i d [
devi ces, Bt PRETETGSIIRS, AV G " LN S5 P i ST By ol grred
exanple, to ag.gXRagyLer ERLUSeh Yy LW deff YSt Rt SPLaYr i WMHEh

a liquid crystal display device pattéern is transferred onto a
rectangul ar glaséer pliathea Al ARMPAPGSYEedGPRRiAths for epraamile, ngrbium
organic ELs, thin-fil mnmagnetic heads, 15 i magi ng devi ces (such as
CCDs) , mi cr omaéhir nesth B ichi pod anderhbitnke. alrheonvies ipgesbat

invention can be applied not only to an exposure apparatuys for
produci ng mi cYBuRLFRE SHER 4L EEH CLRdUGABE D8UTEek nETERR SPELHe

appl i ed 10, an, eXROSH! S APRAIH YR Lah LEAPSLELR B Gl bPUbRED
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 alsc 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



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 el ectron-beam exposure apparatus, and the
like. Incidentally, the novabl e body system of the present 25

i nvention can be applied not only to the exposure apparatus, but can
al so be applied widely to other substrat@3processi ng apparat uses
(such as a laser repair apparatus, a substrate inspection apparatus

and the 11%€)par 0Lod P APRALALUSeS, SAULPRAD HiLh. 2. TDVaDl&, alage suc,
as a position setting apparatus tor p03|§|on|ng a sanple Tn of her
preci sion machi 9€BoHd a e Hdnpdeappasat bstent No. d,MGisdental by,

t he di scl osures of the various publications, the panphlets of t he

| nt er nat i onal e Padbt r eatmassis, (whiahdis heldd SalPetieat vépidhleatshaped mask,
Publ i cation descriptions and the U.S. Patent descriptions that are
cited in the enBediventasdbeyanaiirgeranedater erpdsincd usssarErussamatry

the like qge gaﬁﬁbi{Efg{%gf“ﬁ?lﬁg%ﬁ%&grbﬁeégég{e{ﬁg% is a type of a
non-emission type image display device {spatial light
modulator) or the 1ike) onwhich a light~transmitting pattern,
a reflection pattern, or an emission pattern is formed
according to electronic data of the pattern that is to be

10 exposed can also be used. In the case of using such a variable
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 exXposure 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 alsc be applied to an
exposure apparatus that synthesizes two reticle patterns via
a projection optical system and almost simultaneocusly

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



I nci dental |y, sem conductor devices are manufactured 10 through the
steps of; a step where the function/performance design of the device
is performed, a step where a reticle based on the design step is
manuf actured, a step where a wafer is manufactured fromsilicon
materials, a lithography step where the pattern forned on a mask is
transferred onto an object 15 such as th&dwafer by the exposure
apparatus in the enbodi nent above, a devel opnent step where the wafer

o et et BIAEIR 3 S8VEL O OO 105100 0

exposed nenbef of "an ‘are€a ot e area resi's

remains is reppvad DykBfahiagnoa.resi st renoving step where the
resist 20 that is no | onger necessary when etching has been conpl eted

is removed, a devi dacaskeamhilyystep thinedtidbmortd ot ai pgtpepness,t@ be
bondi ng process, the package process), inspection steps and the |ike.
In this case,fdatedidant pie] expheslpl echppacsPrasura thehéaboti rERE JHRAR

is used in the lithaogr Step,, devi ces 25 having high |ntegration
can'be pr Guck W EA BB yRLPRCh RS RFROIABPLF CABRTYS mot TimiRed
descri bed abaye, V 4 e i i i
suitable for Qﬁécgr?t E’%?Ie?lr')\g t gn%ggigt ?%%Eﬁ%%%gjfj e%%ngégﬁlg 5o ;g\%&t gﬂoeg’d
preci sion. The &xREsW &dRRIaALYSa0F] thendfesentord BV eREKOB1kLSK.
suitabl e for manufacturing el ectron devices such as sem conduct or
devi ces and |i qui d Tétwyssel ofli gt axpdevicreesppiuatineris nioé basted ety
device of 5 the present invention is suitable for neasuring the
posi tion of a3tide FLRAEBEyY 2RPER2EBDILPF eraiiGigturing semiconductor

10 devices, but the present invention 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~filmmagnetic 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 oxr silicon wafer Lo 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 invention can be applied not only to the exposure apparatus,
but can also be applied widely to other substrate processing
apparatuses (such as a laser repalr apparatus, a substrate
inspection apparatus and the like), or to apparatuses equipped

with a movable stage such as a position setting apparatus for



37 CLAIMS 1. A novabl e body system i ncluding a novabl e body which
noves al ong a predeterm ned pl ane, the system conpri sing:

a novabl e body having a main section which noves al ong the
predet erm ned plane and a table nmenber which can finely nove in at

| east a direction orthogonal to the predeterm ned plane and a tilt
direction with respect to the predeternm Bed pl ane on the nmain
section; and a neasurenent device which has a plurality of
encoder heads_arranged on the tabl.e Hber and nmeasures paositional

i nf or mat i on oPOTHE: AOVABI% BEE wibne N ERed BrGHBt S Mt Brans, bLsE
on an out put A8, £ncoder head of the plurality of encoder
heads whi ch f%%%§£%é3€%%?ng éﬁction pl aced substantially parall el

wi th the predetermmnes qdntae 19ut shdedi be1soviedd edathe valrebesn

t he measurement device has a transmtting and receiving equi pnment

whi ch per f or npuibk beshiens nghapagrpddetsiafgtbé Iatpeastitenehifubéanntions,
and/or a signal by wreless comunication between each_ of the

plurality bf ¥MEdder Uhdad® i APEOAPBRERR "Xn's aé PR DR Reatisd
the transmiting A0 bEEELYIHIL SIWRIRLL A o PLIA L hY 0l RBLLERLA:
nged a I on eac

fi bers whose énd Sections are arr é nain sec

facing each ofnptfe plaralidoeolcrepdslirbeadsaransdhase ekl ¢ake aXLS
are substantially parallel to a direction orthogonal to the

pr edet er m nedeptianen@drjds tend heeetinoby aaference. at | east one
of transmtting and rqceivina of the nmeasurenment beam and air
transmi ssion of a sityHalentaghy i sepérporuetobhelsiticieseadls sprnphactured

plural ity of encoder heads and Lhe end setion of Ahe aetical Likerc,

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 lithography 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 is 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 1like. In 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 gocod yield.

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

present invention is suitable for controlling the position



2. The novabl e body system according to claim 1, wherein

the transmtting and receiving equi prment supplies a neasurenent beam
via each of the plurality of optical fibers to each of the opposing
encoder heads. 3. The novabl e body system according to claim1,
wherein t he neasurenent device detects optical information
sent by air transmssion fromeach of thééplurality of encoder heads
to each of the opposing optical fibers. 4. The novabl e body system

according to SJL.ad' z%w;%ﬂ\f@ﬁ%ﬁ with ?O%Pregggl%ﬁan%éék cgs@fgjapparatus

recei ving equipnent has ar celve ch perforns W reless

comuni cat i onoWi the s &t tihercargeder sheadsavidl faceiaRTaelplhg
signals from each of t he encoder heads. 5. The novabl e body system
according to elattrdn wherigies such as semihendeckdwelewises end dfigqaid
m crowave and an infrared radiation to communicate with each of the
plurality of @ﬁ%%ﬁ§¥‘Hé§H§Y'%evq?ﬁﬁﬂmgﬁﬁFEe50d¥“%?§?§ﬁ¥§@@8%@@ﬁécﬁdpf
cIa|n11

havi ng a roct BN AR DR P RES D P Urel RN e RESBHASGEr RRait i
placed in eachrof {gyd O&Erse%@l@;e%%tﬁf gbba m}%@@éfsﬁﬁber- 7. The
novabl e body system according to claiml erein t he
grating section includes a two-di nensional grating which covers a
novenent range of the novabl e body.



8. The novabl e body system according to claim1, the systemfurther
conprising: a drive system of the novable body, including a planar
not or which drives the main section g\d{t hin the predeterm ned pl ane.
9. The novabl e body system according™to claim 1l wherein the table
menber is supported in a non-contact nmanner by the main section. 39
10. A pattern formation apparatus that forns a pattern on an object,
t he apparatus conpri sing: t he novabl e body system
according to claim1 in which the object is nounted on the table
menber; and a patterning device which generates a pattern on an
obj ect nmounted on the table nmenber. 11. The pattern formation
apparatus according to clai m10 whdsAIMS the object has a
sensitive layer, and the patterning device generates a pattern on the
obj ect by an exposure of the sensitive layer by irradiation of an
ener gy beam 12. An exposure apparatus that fornms a pattern
on an obj ectl. by Aamdvabrdbaly oyitedi iatluding ragyndveblm bddyewhishamatessalong a
conpri si ng:

predetermined plane, the system 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 device which has 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 of the plurality of
encoder heads which faces a grating section placed substantially parallel with the
predetermined plane outside the movable body, wherein

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 outside the
encoder heads,

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

at least one of transmitting and receiving of the measurement beam and air

transmission of a signal light is performed between each of the plurality of encoder heads and

the end section of the optical fiber facing the encoder head.



a patterning device that irradi ates the energy beam on the object;

and t he novabl e body system according to claim1 in which
the object is mounted on the table mggber, whereby t he
novabl e body on which the object is nmounted is driven for relative
novenent of the energy beam and the object. 13. A device

manuf act uri ng nmet hod, includi ng exposing an object using the exposure
apparatus according to claim12; and devel opi ng the object which has
been exposed. 14. An exposure apparatus that exposes an
object with an energy beam the apparatus conprising: a
stage assenbly which has a table nenber that holds the object and is
novabl e i n & di T@emeiabisroly gptiem ageprdingieelained nwvhetging| ane, and a
mai n section which supports the table nenber in a non-contact nanner
and noves in a dhe gensnuittingaaral teskiving ehepmed syppldest @ mpEapgdmphtabeam via
a grating section to which the table nenber faces and is arranged
subst andh @l thy plwealay bébptical fibes fr edhivé thei oppdsipg enedesindds. a
measur enent devi ce which has a plurality of encoder heads arranged on

the tabl e nBnberrheansaBlelbod Si¥térh iabehraing td €laih V) Where@ui pment  whi ch
perfornms transmtting and receiving of a neasurenent beam and/or a

signal by wirel g&snfepfiiriédfalcvRR d%féc‘(@é;lﬁlti&ﬁﬁ{foﬁﬁatioﬂeseﬁi ¥y alrl fransBfission
encoder heads and a conponent outside the plurality of encoder heads,

and MpARULRE 8@%?;%1%&}}?5?&“{:6{{%&&% @hch dF8hd @;fﬂo@in 841 fitlefshi n the

pr edeterm ne on an output of at l'eas ne encoder head,

of the plurgli ty;0f, GAGRASEy RRAR acdAEhR% b 4lkaig Secti on,

wher ei n

the fransmitting 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.
5.  The movable body system according to claim 4 wherein
the receiver uses one of a microwave and an infrared radiation to communicate
with each of the plurality of encoder heads.
6. The movable body system according to claim 1 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 of the four comers of the table member.
7. The movable body system according to claim 1 wherein
the grating section includes a two-dimensional grating which covers a
movement range of the movable body.
8. The movable body system according to claim 1, the system further comprising:
a drive system of the movable body, including a planar motor which drives the
main section within the predetermined plane.
9. The movable body system according to claim 1 wherein

the table member is supported in a non-contact manner by the main section.



the transmtting and receiving equi pment has a plurality of optical
fi bers whose end sections are arranged at the main section each
facing each of the plurality of encog r heads, and whose optical axes
are substantially parallel to a dire ?ion orthogonal to the
predeterm ned plane at the end section, and at | east one
of transmtting and receiving of the neasurenent beam and air

transm ssion of a signal light is perforned between each of the
plurality of encoder heads and the end section of the optical fiber
facing the encoder head. 15. The exposure apparatus according to
claim 14 wherein the stage assenbly can nove table nmenber in

di rections df. siAkpatayn deysatibn fappasatusrthal formibreepasiepo o re ohjsethtiz apparatus
according to claim 14 wherein the tabl e nenber is novabl e
in at cbedsaitindi recti ons of three degrees of freedomincluding a
direction orthogonal to the predeterm ned pl ane and rotational

directions aroumige yovatslx 86dPsishpgacatding tdtlaing 1 h amhechthe abjeed istogouniae
predet erm ned plane. 41 17. The exposure apparatus according

to cl 3hihddbRESbdR; and the stage assenbly includes a planar
nmot or which drives the main section within the predeterm ned pl ane.

18. A device manuiaciihd NevieBWRG gbdiedetdh NMittern on an object mounted on the

table member.
11.  The pattern formation apparatus according to claim 10 wherein
the object has a sensitive layer, and the patterning device generates a pattern on
the object by an exposure of the sensitive layer by irradiation of an energy beam.
12. An exposure apparatus that forms a pattern on an object by an irradiation of an
energy beam, the apparatus comprising:
a patterning device that irradiates the energy beam on the object; and
the movable body system according to claim 1 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.
13. A device manufacturing method, including
exposing an object using the exposure apparatus according to claim 12; and
developing the object which has been exposed.
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 table member in a non-contact manner and moves in a direction parallel to the



exposi ng an object using the exposure apparatus according to claim
14; and devel opi ng the object which has been exposed. 19. A
nmeasur enment device arranged in an expgsure apparat us exposi ng an
object held by a stage assenbly with 'an energy beamthat neasures
positional information of the object in a predeterm ned plane, the
devi ce conpri si ng: a plurality of encoder heads which are
arranged on a table nenber of the stage assenbly that holds the
object and is novable in a direction orthogonal to the predeterm ned
pl ane; and a transmtting and receiving equipnent in
which at |least a part of the equipnment is arranged at a nmain section
of therelctaymingdgdanst y t hat supports the table nmenber in a non-contact
manner and noves in a direction parallel to the predeterm ned pl ane,
and whi ch per f orangratingasestion to whichtite tableenarnbyy fadfes andrsostangesitbstagtially
and/or a signal by wreless comruni cati on between each of the

pl ur alpataylebio tRepredeermigad plaa@tnd conponent out si de the encoder heads,
wherein positional information of the table nenber within

the predeterni ngdnpdsaRgndns dRASWhRH habageekaRfy densddd Head) arfdngb@®as tthe
one encoder head of the plurality of encoder heads which faces a

grati ' r : i.al: it "
1S ﬁ%ﬂ(}ﬁﬂ 4 @ﬁ&%lgiggfﬁg%n%esgbg gﬁ%@%’lﬁlﬂﬂhﬂh perfoliBs tt:taﬁsemlttmg and

predeterm ned pl ane outsi _ _ _
L o0 A e HLBPY T B B AR oo
21" SRR kDSl e oFRPRLE e HR AR Moo ARk
HEGETLEN SN TSR W M———
Dl APPSOt Gt OTraee e sat s Bh @I FIGHOF ey i ey g
FaCT N, ton, wharem | 000"
the transmitting and receiving equipment has a plurality of optical fibers whose
end sections are arranged at the main section each facing each of the plurality of encoder
heads, and whose optical axes are substantially parallel to a direction orthogonal to the
predetermined plane at the end section, and
at least one of transmitting and receiving of the measurement beam and air
transmission of a signal light is performed between each of the plurality of encoder heads and
the end section of the optical fiber facing the encoder head.
15. The exposure apparatus according to claim 14 wherein
the stage assembly can move table member in directions of six degrees of
freedom.
16. The exposure apparatus according to claim 14 wherein
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.
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17. The exposure apparatus according to claim 14 wherein

the stage assembly includes a planar motor which drives the main section
within the predetermined plane.

18. A device manufacturing method, including

exposing an object using the exposure apparatus according to claim 14; and

developing the object which has been exposed.

19. 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
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

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
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, wherein

positional information of the table member within the predetermined plane is
| measured, based on an output of at least one encoder head of the plurality of encoder heads
which faces a grating section arranged substantially parallel with the predetermined plane
outside the movable body,

the transmitting and receiving equipment has a plurality of optical fibers whose

end sections are arranged at the main section each facing each of the plurality of encoder
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heads, and whose optical axes are substantially parallel to a direction orthogonal to the
predetermined plane at the end sections, and

at least one of transmitting and receiving of the measurement beam and air
transmission of a signal light is performed between each of the plurality of encoder heads and

the end section of the optical fiber facing the encoder head.



