1 DESCRI PTI ON EXPOSURE APPARATUS, EXPOSURE METHOD, AND DEVI CE
MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The present invention
rel ates to exposure apparatuses, exposure nethods and device
manuf act uri ng nmet hods, and nore 10 particularly to an exposure
appar atus and an exposure nethod to formalpattern on an object with
an energy beam and a device manufacturing nethod that uses the

exposure apparatus or the exposure CKGROUND ART
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The present invention relates to exposure apparatuses,
exposure methods and device manufacturing methods, and more
particularly to an exposure apparatus and an exposure method
to form a pattern on an object with an energy beam, and a device
manufacturing method that uses the exposure apparatus or the

exposure method.

BACKGROUND ART

In a lithography process for manufacturing electron
devices such as semiconductor devices (integrated circuits
and the like) and liquid crystal display devices, an exposure
apparatus such as a projection exposure apparatus by a
step-and~-repeat method (a so-called stepper) or a projection
exposure apparatus by a step-and-scan method (a so-called
scanning stepper (which is also called a scanner)) is mainly
used.

In this type of exposure apparatus, in general, by using
a laser interferometer, the position of a wafer stage that
holds a substrate to be exposed such as a wafer or a glass
plate (hereinafter, generically referred to as a wafer) is
measured with the side surface of a barrel of a projection

optical system serving as a reference, and position control



nmeasured with the side surface of a barrel of a projection optica
system serving as a reference, and position control 2 of the stage
With respect to the projection optical systemis perfornmed using the
measurenent results (e.g. refer to Patent Literature 1). Accordingly,
even if the position of the projection opfical systemfinely varies
due to vibration 5 or the like, the mafer stage can be nade to foIIow

the positi On%f \4:%“ %tt ?#eeW1trtl1 *}J r | S use et fiepe) ectlo ec1ca]t s secem

case where the Iaser fer ome Sure 't posi

of the wafer ;s aggeerf’éﬁxtr&‘é& hes PRg T g‘t# Shggsﬁyé{q@ﬁg oL st ‘Espr%l get 'x%rfer to

optical systemserving as a 10 reference e optica path I"ength of

the measur emeni: H2AMiRRGAMRS A3 )|.0Ngcasrat AYNY, SeYEh A £ h&t@r&%mrw@f
nore. Therefore, an error occurs in the nmeasur ement val ues i'n sone

cases due t o titenpepadteureohl upt uaki osgs e rf ifrlalct watrierssfiueftd e bration
at nosphere generated around the optical path of the 15 measurenent
beam andSt hiox ethor lbéeoneshea Wateor sdgeosian ohal mdeld atd ofiodfiow the
patterns formed on the wafer and overlay error between patterns of a
plurality of HoBdrionaatyadie tigered fartl Frormiar it athe waf er. Pat ent
Literaturel: U. S. Patent Application ZOP%ﬁécmu on No. 2007/0288121
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first aspect eof PS npeassuefn'e thgvpeonstitolndn of the wafer stage with the barrel
side surface of the projection optical system serving as a
10 reference, the optical path length of the measurement beam
becomes as long as around several hundreds mm or more.
Therefore, an error occurs in the measurement values in some
cases due to temperature fluctuations (air fluctuations) of
the atmosphere generated around the optical path of the
15 measurement beam, and this error becomes a factor of positional
deviation of patterns formed on the wafer and overlay error
between patterns of a plurality of layers that are layered

and formed on the wafer.
Patent Literature 1: U.s. Patent Application

20 Publication No. 2007/0288121

DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEM
According to a first aspect of the present invention,
25 there is provided a first exposure apparatus that exposes an
object with an energy beam via an optical member and forms
a pattern on the object, the apparatus comprising: a movable
body that moves along a predetermined plane, while holding

the object; a holding member that holds the optical member;



25 there is provided a first exposure apparatus that exposes an
object with an energy beamvia an optical nmenber and forns a pattern
on the object, the apparatus conprising: a novabl e body that noves
al ong a predeterm ned pl ane, while holding the object; a holding
menber that holds the optical nenber; 3 and a first encoder that
measures a di stance between a predeterm ned reference position and

the ol ding nepber iy 8,10l 8x) S dLtestion, parall el o Lhe plane.

Wth this apparatus, stance i n e firstaxis 5 rection

the reference ROgiHdQN iy tﬁ%é}@r@éﬂ%g@m%n that ) 811N PRERr in

menber is nmeasured by the first encoder. Accordingly, 1t becones

possible to peasue tha sdistanres d ¢gadthea diefey emee qaesid.ion to the
optical nenber with high precision, even if the change in the

at nosphere such aswifiht ertpies abpperbtust uat | dhstoccar $nornclidhefirst axis
peri phery of the first encoder and the hol ding nenber. Consequently,
it becones posgiasitd oro frovetbe peferennct heshbvabl o bdoy hwiltding glember
precision with the optical nmepber serving as reference. According to
a second aspéétorothe thcelRhit C hWeHSENL s IS ashgrs! PE theoli Bel eqcoder.
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20 has a scalgilanged e%r@n@fofthfehec%ééaknW%meraéﬁwsgﬁ@rgolg%ﬂg as

menber and a head arranged on the other, and measures positiona
information eferiee a@ptdecal ueiher ohB GcdliFf£eh Ohe RREIJIRIr 0ftHige First

predet erm ned pl ane.
encoder and the holding member. Consequently, it becomes
possible to move or position the movable body with high
precision with the optical member serving as reference.
According to a second aspect of the present invention,
15 there is provided a second exposure apparatus that exposes
an object with an energy beam via an optical member, the
apparatus comprising: a movable body that can move within a
predetermined plane, while holding the object; a holding
member that holds the optical member; an encoder device that
20 has a scale arranged on one of the optical member and the
holding member and a head arranged on the other, and measures
positional information of the optical member in a direction
parallel to the predetermined plane.
With this apparatus, the encoder device that has the
25 scale arranged on one of the optical member and the holding
member and the head arranged on the other measures positional
information of the optical member in a direction parallel to
the predetermined plane. Accordingly, it becomes possible to

measure positional information of the optical member with high



Wth this apparatus, the encoder device that has the 25 scale
arranged on one of the optical nenber and the hol ding nenber and the
head arranged on the other neasures positional information of the
optical nenber in a direction parallel to the predeterm ned pl ane.
Accordingly, it becomes possible to measufe positional informtion of
the optical nmenber with high 4 precision, even if the change in the

at mospher e S%ﬁéﬁc@ itGrpeLaLyr ¢ «f Lyt u&t‘%ﬁ??é M L ggtrfﬁ%pﬂ?&{ép@%rc}é as

of the hol di er.” According to a't d asp present

invention, 5 dhiadtsidy ovideduat deMice iy agt ukinRg gt oty of the
conprising: a process of formng a pattern on an object by using one

of the first mndiisecahexposure apparatuses of the present

i nvention; and a process of devel oping the object on which the

pattern has been fécweddit@Acoordthyrtioaapéotirdf dspactednit hemvention,
present invention, there is provided a first exposure nethod of

exposi ng an dbjese 1w Phodhdeder g vdegnmnehufaatoptnoahe vepderccamrising:
formng a pattern on the aobject, the nethod conprising: a first

measur ement [ 6EESESSt OfedSGFLRG & PBEFEFBnal #BI 2PJ Rt vy vieeng e of

tical 15 memper_and det er i ned ref ition withi
Toverent pl ARt orT 0 Hovai e Byt RAPoves TR TEL 1M Bh) SeP ypsent

using an ean%%%ﬁ%@%ﬁyﬂand a process of developing the object on which
the pattern has been formed.

10 According to a fourth aspect of the present invention,
there is provided a first exposure method of exposing an object
with an energy beam via an optical member and forming a pattern
on the object, the method comprising: a first measurement
process of measuring a positional relation between the optical

15 member and a predetermined reference position within a
movement plane of a movable body that moves holding the object,
by using an encoder system.

With this method, the positional relation between the
optical member and the predetermined reference position

20 within a movement plane of the movable body that moves holding
the object 1is measured by wusing the encoder system.
Accordingly, 1t becomes possible to measure the positional
relation, with high precision, between the optical member and
the predetermined reference position within the movement

25 plane of the movable body. Consequently, it becomes possible
to move or position the movable body with high precision with
the optical member serving as reference.

According to a fifth aspect of the present invention,

there is provided a second exposure method of exposing an



Wth this nethod, the positional relation between the optical nenber
and the predeterm ned reference position 20 wthin a novenent plane

of the novabl e body that noves hol ding the object is neasured by

usi ng the encoder system Accordingly, it becomes possible to neasure
the positional relation, with high precisPon, between the optical
menber and the predeterm ned reference position within the novenent

25 pl ane of va b . tl it o] p i.ble.to.
nove or posi Hﬂ%n t eHrEr%\C/iab e 8?&33%91?ﬁ8hi%%d§prgg?gi o%ﬁéhwi %%%ehe‘gﬁgm @
optical nembeyresRINd MG A peEBEENGEN an enerASOUHAY 400t hbht hhember,
aspect of the present invention, there is provided a second exposure
met hod of expoesi ngtnad denghyjiecindieh brycasdoyaleubody drhahceaarme ce
wi thin a predetermn nedpl ane, wi t hanener gybeanvi aanopt i cal menber,

t henet hodconhiasi gisapr eoessofardangesi gy ameerndoddre detiice It hemdwas aand
scal e arranged on one of the optical nenber and 5 a hol di ng nmenber

t hat hol d8 t 9e hoptdicy] masvhrer il ahpbdd Aheanpédceh meaberhend a head
measuring positional infornmation of the optical nenber in a direction
paral l el to £ FEFetdt filtfed Pisdne MWTH 4 PIftHol 2 by ST tee of
encoder devi ccgltha%. haf 10.t he. scal e arranged O?li oget OL t he opt.ical. q
menber and t FEShoP ot Ryt FEMbSr HAG $HeS Ferd RAFangs PRE TSRS rine
positional i ?;l%rn@ti on of the optical nmenber in a direction parall el

to the predeterm ned plane is neasured. Accordingly, it becones

possi bl e to measur githetROsi hiORSY, 'E%Qfsm%{d @heOEntRBePPELGREe Ionat has
menber with high precision, even if the change in the atnosphere such
as tenperat urd buel gald iyt eUren OB £t tige petiipheryebe t RerchohdiHg ding
menber . According to a sixth aspect of the present invention,
there is prowegécra dedi cehaeramglact arraggadt hod, thenpotiseng: Rigional
process of formng a pattern on an object by using one of the first
and second expdorretimrhedstbe omel predeaitosnvienti dhreahdon mroekbsl to
of devel opi ng the object on which the pattern_has been forned, 25

BRI EF DESCR|%ﬁxxﬁF@ﬁeﬁﬁﬁmEﬁggmqk§§estmeasured. Accordingly, it becomes

possible to measure the positional information of the optical

15 member with high precision, even if the change in the

atmosphere such as temperature fluctuations occurs on the
periphery of the holding member.

According to a sixth aspect of the present invention,

there is provided a device manufacturing method, comprising:

20 a process of forming a pattern on an object by using one of

the first and second exposure methods of the present invention;

and a process of developing the object on which the pattern

has been formed.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1jjsa schematic view showing an exposure apparatus
related to an embodiment.
FIG. 2A is a view used to explain an arrangement of head

units and pickups, and FIG. 2B is a plan view showing a wafer



FIG 1 is a schematic view show ng an exposure apparatus rel ated to

an enbodi nent . FIG 2Ais a view used to explain an
arrangenent of head units and pickups, and FIG 2B is a plan view
showi ng a wafer 6 stage. FIG 3 is a _perspective view showi ng a

measurement mount. FIG 4 is a view used fo expl ain an arrangenent of
t he pi ckups and scal es arranged on a barrel. 5FIG 5 is a block

di agram showi1g, & control system of the enbodi nent. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON An enbodi nent of the present

invention is descriryed 39s@F_@Wsp‘éUtﬂvé&fﬁév@@ﬁ@w&ﬁg@ #SastrkReRt mount.
FIG 1 shows a schematic configuration of an exposure apparatus 10 of

t he enbodi nent. Expasurd apparatars dded Scaeppdpeat honaexpogement of the
apparatus by a step-and-scan nmethod, which is a so-called scanning
stepper. As i adexoy idvet detlers afrangudjwmctd dewoptl cal system PL i s
arranged in the enbodi ment, and_in the description below the

expl anati®n is gi védCasSuieng Phatkaflapraeafhoniag di rextiomt ofystem of

projection o thigcal systemPL is a Z-axis direction, a direction in
which a reti fﬁ@%ﬂ%ﬁ% are relatively scanned within a plane
orthogonal to 20 the Z-axis direction is a Y-axis direction, and a
direction that is orthogonal to a Z-axis and a Y-axis is an X-axis

in ;)e(icti on, a%h%@t MABR @d}fltﬂﬁtﬂﬂ?} didc}gft' fﬁ'@ﬁN‘f‘fO@‘( axi s, the
- s and the Z-axis are 1x, ey an z directions, réespectively.
25Exposur e appar at g Ehdod i@HPRed ¥hé hpraBeht! WAkBALEGA is described
10 below, with reference to FIGS. 1 to 5.
FIG. 1 shows a schematic configuration of an exposure
apparatus 10 of the embodiment. Exposure apparatus 10 is a
projection exposure apparatus by a step-and-scan method,
which is a so-called scanning stepper. As is described later,
15 a projection optical system PL is arranged in the embodiment,
and in the description below, the explanation is given assuming
that an optical axis direction of projection optical system
PL is a Z-axis direction, a direction in which a reticle and
a wafer are relatively scanned within a plane orthogonal to
20 the Z-axis direction is a Y-axis direction, and a direction
that is orthogonal to a Z-axis and a Y-axis 1s an X-axis
direction, and rotation (inclination) directions about an
X-axis, the Y-axis and the Z-axis are 0x, 0y and 6z directions,
respectively.
25 Exposure apparatus 10 is equipped with: an illumination
unit IOP, a reticle stage RST that holds a reticle R, a
projection unit PU including projection optical system PL,
a wafer stage WST that moves within an XY plan while holding

a wafer W, and their control system; and a column 34 that holds



unit I1OP, a reticle stage RST that holds a reticle R a projection
unit PU including projection optical systemPL, a wafer stage WST
that noves within an XY plan while holding a wafer W and their
control system and a colum 34 that holds 7 projection unit PU;, and
the |ike. Il'lumination unit |OP inéludes a |ight source and an
illumnation optical system and irradiates a rectangular or circular

arc illum nag;r%gse%rtgao%la eq_jdiefal dckfé’ %ﬁé eld stop 5 (which is

al so call ed I ng ind), which is placed

i nsi de '||U”‘nat'OﬁlQthna@Eodeﬂlﬁﬂldﬁ|ﬂﬂ@ﬂﬁ§é§”&|ﬂﬁHHtIéoufggjand an
illumnates reticle Ron which a circuit patternis formed wth

uni form il | uminance.atAsd bbudlcaat 59t bhghind lirrariiAtdese¥CtdBtah@SBir or
| ight (wavel ength: 10 193nm) is used, as an exanple. Reticle

stage RST is qilacecabovel bluretnat 2osttage base i3Pdefhatdconst fieléstop
top board of colum 34 (to be described later), and is supported by

| evitatioh abowd dretiisclad sst apd s e mlﬁy\qa hﬂwgﬂmetqrc 3 evfttigtlieorplind) ,
force that is _generated by, 15 for exa a magnetic, levitation

type two-di néRsiGhat S| iedredclastisr tgg%—u%ﬁét;il%t et r dPFel evsEagen

For exanpl o MACTIR ScE dri o hacer siiﬂl@lgﬁ PRoReERELR cR Sk fien =
o hreral g ?&Hl&ﬁ BLELELRT Tenotb AR R LR b i BXA AnBLEBEL O 2

driven al so iin 1tfE tddrS1 diheci 08n QQEKJHQeraAséi' i?@ﬁto(%atx%lté?fgth
page surface of FIG 1) and'the Oz direction, and furthér finel y

driven also i1p3rhkg Z-axisedli rectdrore:angblidcl i nation directions (the

Ox 25 direction and the Oy direction) wth respect to the XY pl ane,

by reticle stage dReréciysseapdIRST is placHie agposict bonetinté udiage thase
rotation in the Oz direction) of reticle stage RST (reticle R) within
the XYpl ane i3®acbhstarrist detlees edtap krarsolfucdbwnnf34 floe lexalgsa;ibed

around
later), and is supported by levitation above reticle stage

base 32a by a magnetic levitation force that is generated by,
15 for example, a magnetic levitation type two-dimensional
linear actuator that constitutes a reticle stage drive system
19R. And, on reticle stage RST, reticle R is fixed by, for
example, vacuum suction or electrostatic suction. |
Reticle stage RST is driven with a predetermined stroke
20 in the Y-axis direction (a lateral direction of the page
surface of FIG. 1), and finely driven also in the X-axis
direction (an orthogonal direction to the page surface of FIG.
1) and the 06z direction, and further finely driven also in
the Z-axis direction and inclination directions (the 0x
25 direction and the Oy direction) with respect to the XY plane,
by reticle stage drive system 19R.
The position (including the rotation in the 0z
direction) of reticle stage RST (reticle R) within the XY plane

is constantly detected at a resolution of, for example, around



8 0.25to 1 nmwith areticle laser interferoneter (hereinafter,
referred to as a "reticle interferonmeter”) 18R that irradiates a
reflection surface fixed (or fornmed) on reticle stage RST with a

| aser beam And, the position of reticle Rin the Z-axis 5 direction
is measured by a reticle focus sensor RF gnot shown in FIG 1, refer
to FIG 5) that is conposed of a nmultipoint focal position detecting
systemthat is (i scl.osed i for. ex lLe, U S Patent . H, 448, 332.
The neasur emg n‘tzcgvg? ulegmo"‘fl_'tr%e [ %?%l?ﬁ?ngrafs Sronet &F ]?iﬁ?fngﬁbr 1(31erree[:1nca131§cer !
focus sensor r%%e@r%c?’%'_@ lé gd‘LIeQ;iQ:l thQQ?%{:%@?@érl} 1(§E{3fcﬁ5ttiq:r§|d§‘ates

5). Main controller 1 rives reticle stag via'reticle stage
drive systemgl9Rrhased 2N shheasuppliked MBasysenell yalmes:chx FHteafc}é ®HBT

unit PU referred to above has a barrel 40 15 having a cylindrica
shape, and prdjgctilescopbeésal sl eahPloanmiasedfafetal gllaRald t e TF-axis
optical elenents held in barrel 40. In the enbodinment, barrel 40 is a
si ngl e babr eldidsgtt ifcor iexampberetary el r4dicaa HecwomfanguredF| ayet istgpwn
a plurality of barrels each of which holds one or a plurality of
optical 20 el'@mERE(s), Fafehiko dake, J)t thatpisf epabpeethaf & mailtipoint
plurality of barrels are housed in a seal ed nmenber and . the cl eaning

| evel of projf@SEloPTpti 't E<IemPL FEShaRntARhedSafligCchrgRd ével for

As j ecti ti-cal t PL .d i , f | e,
G opt 11 ¢ sysCAREHEY (5 Commeat of a P VA 1y 25 of “opt i cal -
elements (lens el e'f‘?ﬂ%tr{?%aéxﬁ‘@ém&ﬁ@vﬁ'ﬁ%@i&f’isé't%ﬂe.ti*}’r"ceozpéérc&ah}etaé% #8R and

parallel to the Z-axis direction is used. Projection optic system

PL is, foy exampla.e bethsskdisbel Reentd i Nd Los Aaphedstesmnether 11
projection magnification (e.g. one-quarter, or one-fifth). Therefore,

when the 9 i(dafidmaid @ucar 6a.dessthbeshipreviodsly dsivdd wddiailed dnage
illTumnation light IL fromillumnation unit 10P, illumnation |ight

| L havi ng passddvtiar peghciet $tdge Rimos e yatareli®Rsbebadeon st it anggplied
al nrost coincident with a first plane 5 (an object plane) of

proj ecti on opEiccalr espstteiieRlustsor ns a reduced i mage of a circuit
pattern (a reduced _imge of a part of a circujit pattern) of reticle R

within the illuni né’trioa;g%‘rcgrrl_é?él SRS &Y &SR SFpEAFE Aday Cdrgls 40
conj ugat et o, s I Lus pathon.at e, described ahave on uater. Wohich oy
composed of a plurality of optical elements held in barrel

40. 1In the embodiment, barrel 40 is a single barrel, but for

example, barrel 40 can be configured layering a plurality of

barrels each of which holds one or a plurality of optical

20 element(s). Inthiscase, it is preferable that the plurality

of barrels are housed in a sealed member and the cleaning level

of projection optical system PL is maintained at a high level.

As projection optical system PL described above, for

example, a dioptric system that is composed of a plurality

25 of optical elements (lens elements) that are disposed along

the optical axis parallel to the Z-axis direction is used.

Projection optical system PL is, for example, both-side

telecentric and has a predetermined projection magnification

(e.g. one-quarter, or one-fifth). Therefore, when the



10 on a second plane (an inmage plane) side of projection optical
system PL and whose surface is coated with a resist (a photosensitive

agent), via projection optical system PL. Then, by noving
reticle Rin the scanning direction (the Y-axis direction) relative
to the illumination area 15 (illuminatiof light IL) and al so noving

wafer Win the scanning direction (the Y-axis direction) relative to

t he exposure .area .(illum nation |ight..IL) by synchronous.drive of
reticle stagel and waf e?r%?ageesgéfpegzzfnyne%go%i sﬁ?eloflugﬁélaécﬁgt by
area (divide r.ea : fer IS rf d, : tern -
reticle 20 qul?ﬁflar%\asi%gﬂr,\gdgggx\téhe @ﬁot Qrg?ga. %bnl?“len?lsr%g%ﬁﬁ ca%i},t i nIOP’
the enbodi menty, 1 anipadideid JigHaener aked ngnpwaken YWWbyubh! #8t Datd of whose
unit IOP, reticle R and projection opti cafD system PL, "and the pattern

i s fornmed on psafterrniNshy fexpasdipe agk daa BROISt tdoderdiayert ¢LesissEikayaslane
on wafer Wwith illumnation light IL. 25 Colum 34 includes a
plurality5(e.@n tdveect rpidms) cafeprofiebegonecbicdns 132lysitehe Hlegforms a
section on the side of depth of the page surface is not shown) and
reticle stag&asbeBiaagrablia Support eatassve (a 1edyred difeare of pypart
| eg sections 32b. In the center Eorti on of reticle stage base 32a, an

openi ng 34a h&AH T Rt | &1 SHRipeEie B RS Wiew wHepation
viewed from aatgfoeve)(mi;ckg)a\'g1 penet rB‘at es_in the vert'scaflé di.rection %&het th
Z-axis directi’$i) rEOf 3P iedS B&'T SEPAGUS, F 8R! exitplie, CQRHEPRGR O the
menber havi ng s 1l Lol abape; BEEMAAR Eraxke i eqtiion SEMYI Ay
as its longitu inal direction that houses projection optical system
PL, and aopr i Wds88c88G8 1k | (@ OhEBE platdp Cenpt e Qioégét?&tltc%@ical
wall . Inside the protruding section, an optical nmenber that is

| ocat ed at ths/dwamer PENGnafl iojeckuemaept iical coystamwi@Plai sehelsd, (a
and in the center of the protruding section, an opening section that
serves as a pdatdiaferssitidvdairdgrttlon tightrosedororedpiiisl i sysiotm PL.
intended to be limting, and the bottomwall of barrel 40 is ‘
configured of a pl &henmreRparonad n§tacéerR dinakhe seminng fogsacthonhethe
center portion, and a holding 15 nenber that hol ds the optical, nenber

| ocat ed at t He a%owvier SHEOFIPrbj eEEroh1 BBt E8I V&t e PUTEAR P hader e

per | pher boat CHa BUGIAT B ¢ RAPCTE s PG5 FoVRr ot Re teReaio T ng
the, hel aht didcaidon, of:70 PALEE! of0ecR:hATEA Fly APYNG Aell08, 2058

is integrally arran
(illumination light IL) by synchronous drive of reticle stage

RST and wafer stage WST, scanning exposure of one shot area
(divided area) onwafer W is performed, and a pattern of reticle

20 R is transferred to the shot area. More specifically, in the
embodiment, a pattern is generated on wafer Wby illumination
unit IOP, reticle R and projection optical system PL, and the
pattern is formed on wafer W by exposure of a sensitive layer
(resist layer) on wafer W with illumination light IL.

25 Column 34 includes a plurality (e.g. three in this case)
of leg sections 32b (the leg section on the side of depth of
the page surface is not shown) and reticle stage base 32a that
is supported above a floor surface F by leg sections 32b. In

the center portion of reticle stage base 32a, an opening 34a



Flange FL is supported by a plurality, e.g. three of suspension
support nechani sns 137 (however, the suspension support nechani snms on
the side of depth of the page surface 25 is not shown) whose one ends
are fixed to the lower surface side of reticle stage base 32a, thus
barrel 40 is supported in a suspended stat%® bel ow reticle stage base
32a. Each suspension support mechani sm 137 includes, for exanple, a

coil spring éﬁgfgﬁfg | a n t] gpgr f lp%, ql bl e.
Cot eEr LS P, LacPaRRIne IR R 00, LKl Fucdn on
in a directi Rl PeRdkCYLAELEOtERC ORHL e r@Xics1(LReele 8XhS) e 7-axis
projection optical systemPL, and isolates vibration in the direction
per pendi cul argitedtheoptiLatoands. 5 of projection optical system PL
(i.e. prevents the vibration of the floor fromreaching to projection
optical system PL) Bakurtlhel( icoj | fespréngmiBé, hashalhogh membeat igving a
i solation performance also in a direction parallel to the optical ’
axis. |nchdemyalindrigal hagsseviifertdiaa oawied il radtoran tdemvisuppor tig s
10 projection unit PU is provided, the barrel platformcan be
support ed i n @USPEHIEd Siaeetipr ot diiiR e PrrAre 1otsprhsFodh system
i . i Cini r rtion of
suppor t mechayyi se 437, Ln the wicinity of the center portion of epch
bottomwall. Inside the protruding section, an optical member
that is located at the lower end of projection optical system
10 PL is held, and in the center of the protruding section, an
opening section that serves as a path of an illumination light
is formed. This is not intended to be limiting, and the bottom
wall of barrel 40 is configured of a plate member having a
circular opening formed in the center portion, and a holding
15 member that holds the optical member located at the lower end
of projection optical system PL can be made to protrude from
the circular opening.

Further, on the outer periphery at the position that is
slightly lower than the center in the height direction of

20 barrel 40, a flange FL having a ring shape is integrally
arranged.

Flange FL is supported by a plurality, e.g. three of
suspension support mechanisms 137 (however, the suspension
support mechanisms on the side of depth of the page surface

25 is not shown) whose one ends are fixed to the lower surface
side of reticle stage base 32a, thus barrel 40 is supported
in a suspended state below reticle stage base 32a. Each

suspension support mechanism 137 includes, for example, a coil

spring 136 that is a connecting member having a flexible



| eg sections 32b of colum 34 in the Z-axis direction, a 15
protrudi ng section 134a is forned. Further, between each protruding
section 134a and flange FLG of projection optical systemPL, a drive
mechani sm 440 is arranged. Each drive mechani sm 440 i ncl udes a voice
coil notor that drives projection opticalllsystemPL in a radius
direction of barrel 20 40 and a voice coil notor that drives

pr oj ection omiale sysLem BL,1 0, the, optiqal gxisodi neciom (Lhe. ke o

Z-axis directi©o reé drive nechani sns e drive nechani sm

on the side of. depth of 4he page sWd AP HG ] ’&?T g%;tl%éﬁ.v‘@%%s (the

arranged between three protruding sections 134a and f e ;
proj ection optsGals)systemPbicanibe dBdtviainl nodishkeet | 0Ns odn@i Xsolates

degrees of freedom In the enbodinment, main controller 11 (refer to

FIG 5) contmdlgatherddhvehefdide-tvide@er@dndintdray to the optical axis

5 of projection optical system PL (i.e. prevents the vibration

of the floor from reaching to projection optical system PL).

Further, coil spring 136 has a high vibration isolation

performance also in a direction parallel to the optical axis.

Incidentally, in the case where a barrel platform that supports

10 projection unit PU is provided, the barrel platform can be

supported in a suspended state by, for example, three
suspension support mechanisms 137.

In the vicinity of the center portion of each of three

leg sections 32b of column 34 in the Z-axis direction, a

15 protruding section 134a is formed. Further, between each

protruding section 134a and flange FLG of projection optical

system PL, a drive mechanism 440 is arranged. Each drive

mechanism 440 includes a voice coil motor that drives

projection optical system PL in a radius direction of barrel

20 40 and a voice coil motor that drives projection optical system

PL in the optical axis direction (the Z-axis direction). By

three drive mechanisms 440 (the drive mechanism on the side

of depth of the page surface of FIG. .1 is not shown) arranged

between three protruding sections 134a and flange FIL,

25 projection optical system PL can be driven in directions of

six degrees of freedom. In the embodiment, main controller

11 (refer to FIG. 5) controls the drive of the voice coil motors

of each drive mechanism 440 so that projection optical system

PL is in a stationary state with respect to column 34 and floor



of each drive mechani sm 440 so that projection optical systemPL is
in a stationary state with respect to colum 34 and floor 12 surface
F, based on, for exanple, acceleration information that is detected
by an accel erati on sensor (not shown) arranged on flange FLG of
projection optical system PL. Wafer stagel2ABT is supported by

| evitati on above a stage 5 platform BS, which is placed bel ow

proj ection ops'élir%aabels“yfst n(_;lysF;I(_ij %rr%g ri %g{ét ally i nste |1 ed on flo orrériartion
surface F, vi al i n MAgE ed:ratéféhﬂ )
bearings or thel|ke auanged, op 14s. hottomsuchase. | 0 vaker, $1.ade.qeq
WST, waf er Wlsthe eby vacuum suttion (or & ecProstg%lc § SEJC |o%§

via a wafer hgl ;?rﬁ%(e)tmﬁﬁ )rprsoy—]eCtio The,osi 11 anofy, waf er stage

WST i s neasured encode stemthat is disclosed in, for

exanpl e, U S. Pat emta fARPEt &8¢ T Pubdgatidans phioy e 007 D388 e Adstage
2008/ 0088843, No. 2006/0227309, and the like. [n the enbodi nent, the

15 encoded sydtzefidras BBouwhlicheds pAncedebel ddApto€0Dibnedetridadl HyEtem
5), and as shown in FIG 2A four encoder head units 62A to 62D are
pl aced on t héll owed borfacetefla rneehwldreehtompdavofhalwdiferarelber)ia a
51 (the details wll be described |ater on). Meanwhile, as shown in
FIG 2B, a pailurgrlivsed] asngontand PeaLawagi t Ror hexampke s &iF &adromgs
serving as their |ongitudinal directions and a gair of X scal es 44B

I
and 44D are fAx&RS & 1tFe tppBEcEuPPatESoPOTAPEr SEFSgEensn Water stage

respectively as_ to cl.gs fer W_On the rface of each of .
eoPect an | B Pt e e Bt By e huh ! Futibar ey it ¥static

per i odi ¢1@5 diyaaldn i each dongididinalndli raghion i s f or med.

The surface on the +Z side (the upper surface) of stage platform BS
is processed so asThe he @ Meryrhiyghet! atnees Weor £6, naBdusBHVEY aShe

a reference surface (a guide surface) during novenent of wafer stage
WET. Wafer stagedAbTsiystdm vest is disclosed in, for example, U.S. Patent
Application Publications No. 2007/0288121, No. 2008/0088843,
No. 2006/0227309, and the 1like. In the embodiment, the
15 encoder system has four linear encoders 70A to 70D (refer to
FIG. 5), and as shown in FIG. 2A, four encoder head units 62A
to 62D are placed on the lower surface of a measurement mount
(holding member) 51 (the details will be described later on).
Meanwhile, as shown in FIG. 2B, a pair of Y scales 44A and
20 44C with the Y-axis direction serving as their longitudinal
directions and a pair of X scales 44B and 44D are fixed to
the upper surface of wafer stage WST, respectively, so as to
enclose wafer W. On the surface of each of scales 44A to 44D,
a reflective type diffraction grating having a periodic

25 direction in each longitudinal direction is formed.

The surface on the +7Z side (the upper surface) of stage
platform BS is processed so as to have a very high flatness

degree, and serves as a reference surface (a guide surface)

during movement of wafer stage WST. Wafer stage WST is driven



13 with a predetermned stroke in the Y-axis direction, and finely
driven also in the X-axis direction and the Tz direction, and

further, finely driven also in the Z-axis direction and the
inclination directions (the Tx direction and the Oy direction) 5 with
respect to the XY plane, by a wafer stageldrive system 19W

Measur enent nount 51 is supported in a suspended state by flange FLG
of projection .qptical stemPL, vja plural it ge. . four, in this
case) of suppor ﬁ@ﬁﬁ@%%%ﬁ&@%ﬁ?&ﬁ%%%ﬁﬁ grcgl%?ﬁfe?n’oﬁnfir#emely
side of depth, of the. page surface i.s not shown). h support nber
55 1 act ual [ GOt FOGPoR AT AR e F AR EHUEP At NG ACFTekore 2nd
section at botfi-enpds. HaEh f lexwes secki 9R Pas Highi&i @i didyibh 108 the
I ongi tudinal direction (the Z-axis direction) of the support nenber,
and 15 has | qwdiii@iHtoh hArEBeishBerch pacdians: Qin Eh&iec}ﬁf@g%@isrégtion)
freedom Accordingly, neasurenent nount 51 is supported by the four
support nenberitwhridspdur dloy ten&ivapiiagea bgaet wafief ostcegdedmeesn system
measur enent nount 51 and flange FLG As shown in a perspective view

of FIG 3, méd@Urenent 20 nount 51 has a mmin section 52 having a
circular plate shape, and four extending sections 53A, 53B, 53C and
53D each having a &&f@mr;?nseaﬁam@uglﬁaéé 9 SRR e ShaReRted state

e O e e Ky ool e T s ethion, b i X tey
52. Of Ty nc386LHoN '1s%a%%gt59“s& o 0 M sc%aghéﬁg%é?,”)the
t hat excludes a i mseétion having ring ape on the dut er

ci rcunf efgnt gl gdge i i ssgpd septiQn-Hla
whose i nner b%tpt om sﬁmagcéewids{pﬁg{mee%%ﬁﬁ hozepr%i}{mecgigcti on. 145q%nd, i

the center omdrecgssad Seehkichn shgdo ran mfibd Aars suld aca @es, Weiridgured
slightly lower than the inner bottom surface of recessed section 52a

and is par al lielchwalitrhie auppek memideackav $n§ar tedxuthesednesn at both ends.
circunferential edge and the outer 5 circunferential edge of the
annul ar sur f deeharfde e tdrectrion dest iloridesigridisdy prrevilsusiongireidinal
concentric. The inner circunferential edge of the surface area serves
as the inner JiTeaHHBY ditficalZ -Serifagé r6Ftaosi) r edl aRe operPagt SoPahe and
surface ?geakgggIEQFIEQQ%Ht%pE%ng2UE£ g% 8£réggggggdo egiéé”hegrees of
freedom. Accordingly, measurement mount 51 is supported by
the four support members while hardly generating a reaction
force between measurement mount 51 and flange FLG.
As shown in a perspective view of FIG. 3, measurement
20 mount 51 has a main section 52 having a circular plate shape,
and four extending sections 53A, 53B, 53C and 53D each having
a roughly square shape in a planar view that are arranged
protruding in the +X direction, the +Y direction, the =X
direction and the -Y direction, respectively, from main
25 section 52.
Of main section 52, a section (an inner circular section)
that excludes a rim section having a ring shape on the outer

circumferential edge of the upper surface is a recessed section

52a whose inner bottom surface is lower than the rim section.



10 52a are coupled by a taper slope. The surface area around circul ar
openi ng 52c and the taper slope forma housing section 52b. As
showmn in FIGS. 2A and 3, on the inner bottom surface of recessed
section 52a of measurenent nount 51, a pickup 54x 15 and a pi ckup 54y
are placed, which serve as sensor head sel&ions of |inear encoders

50x and 50y (refer to FIG 5) to be described later on. As
shown in FI G, 2A .pickup 54x is_placed on a straight lLine Px, _and. i
equi pped wt hAnadrAf\ %Hh%ed 5o etrhcéF riercreasdgleacilégciéog ??%htanu%%}lﬁafi%ua%ce
direction). SimJaply spickup,58y is,olased onasstrai gt Lin

and is equi ppergg Wi ?lﬁa aly ﬁea@ ggg t??ét irradiq’atee% a%?i gﬁjt&t%%m%%,ace of

On the |over idae Glhe i 6agea08 10 a4 Side) LELR QhBELI SR EEd i
PU, for exanple, on the | ower surface of barrel 25 40, an x scal e 58x

and a y scal €ha®edare fiedihaerngepickupsrSdxiand &ibe r aspecthyeldtter
as representatively shown by x scale 58x in FIG 4. As shown

i n the arbangenmenmidmntofalFle@Gge24f khescalmuBb8x dux fplcacaedeanastirdightim
line Px that is orthogonal to the optical 15 axis of projection
optical syst &RFILAhdPECaARgRad Pae AR gt eesewWadndedsidct- t oThRe inner
X-axis, with g direction parallel to straight line Px serving as its

| ongi t udi nal HESEGEERE $I9€aPE BBy AR &F 6n S8EVESgRE Fhine mer
that is orthaoganal to .the optical axis of projection optical,syst

PL and is angcﬂerc‘fué[ff%i%er&el ?lee uﬁf?ﬁeré’ ett Ct%#ﬁ@rY-oa&‘? -1 %’ﬁca THe
di rection par ral L ' ' I ' ' :

di rection. Fusfdtrlﬁegajrc,et %ﬁ%:ah%ﬁ??v}\}eér ELgglre a%§€%¥ﬂﬁerbgl s%da%:éfoﬁgig%%ygg}r%c&eﬁon

of each 0f sl 2BxAM &Bby & Mhgef lerdpyve Re HAfIRCtH Y around
grating having a periodic direction in the longitudinal direction is

f or med. cirdilekuppbAXne @ hhatese 8Ap¥r|dIngas reprredrbubOXg(dfteron
to FIG 5) by an optical nethod that detects the displacenent of
barrel 40 (prgection optical systemPL) in a direction
As shown in FIGS. 2A and 3, on the inner bottom surface
of recessed section 52a of measurement mount 51, a pickup 54x
15 andapickup 54y are placed, which serve as sensor head sections
of linear encoders 50x and 50y (refer to FIG. 5) to be described
later on.
As shown in FIG. 2A, pickup 54x is placed on a straight
line Px, and is equipped with an x head 56x that irradiates
20 a light upward (in +2Z direction). Similarly, pickup 54y is
placed on a straight line Py, and is equipped with a y head
56y that irradiates a light upward.
On the lower surface (the surface on the -Z side) of
projection unit PU, for example, on the lower surface of barrel
25 40, an x scale 58x and a y scale 58y are fixed facing pickups
54x and 54y respectively, as representatively shown by x scale
58x in FIG. 4.

As shown in the arrangement view of FIG. 2A, X scale 58x

is placed on straight line Px that is orthogonal to the optical



15 parallel to straight Iine Px, which is caused by, for exanple,
vibration, by using a reflected light (a diffracted |light fromthe
diffraction grating) obtained by irradiating x scale 58x fixed to the

| ower surface of barrel 40 with a light. Simlarly, pickup 54y
constitutes a y linear encoder 50y (referli3o FIG 20 5) by an optica
met hod that detects the displacenent of barrel 40 (projection optical
systemPL) in a directioon parallel to straight |ine , by using a

ol act od || GRS S GTHERIIAT PPOESF 1O FHor HPFET So AHoh Sor ik e orees
obt ai ned by iy.radi ati al.e 58y fj.xed to.the | [ rfac f
barrel 40 w twﬁ"tg1 Zg%él%%%%/ 26%the %{Iaﬁut is"glc%thsefg fj?ﬁ\é%cfcﬁﬁga%agﬁg& élr to
S0x and y | inear eaodehn SR s2-4ibbractien jateri ghonee dype.head, ang
whi ch has a configuration simlar t6 the configuration of the encoder
head that is \erel0sedsiynisforaexaMH &t AdiShiPatient POt h 7t 288,93hogdkl
U.S. Patent Application Publication No. 2007/0288121 and the like, is
used as pbckups thdx cutd &y .adtdonwesergrad yedthicn esgraidiaterdystigm BICckups is
54x and 54y, a light source and a photodetection system (including a
phot odet ect o@naares! phacéd Slegnesisdevheasueenrent rounths1Yaadienl wita a
part of) an optical systemincluding a polarization beamsplitter ,
that splits BVGsitaiqrzaPrealaclhi ghe fSORIHE | LgRe sour éenvengl aged 1ts
on the inner bottom surface of recessed section 52a of neasurepent
mount 51, t hat°i%:  WHaEed Fa&Gig X 'scalet88% rafb § 1§ caP e BT 13- ntdre
specifically, all_ sectio of ,pi_.ckups x_and 54y_do. not -have_to he
arranged at ﬁ%g§%¥§hé% ﬁ%%ntZSf}dFﬁ fhi§ﬁ%%§é?éb% %%%% Pgé F&hggy' a

source angd ! he Mhetadal eeljon dflﬁffe:@ctgggyt BeapRhibCahasynben I, .

and/or signals are trans receive erial "transm Ssion via an

optical 15 fifieledtidin ShoWhe IdhdNaidaser iptian el ovs Edhenapt i cal
systemthat is placed on the inner bottom surface of recessed section

52a of neasurenent piwikip 54 sonefternedst anag aipeskupncdier demt aldefer
menbers that are placed outside neasurenment nount 51 are not limted
to the |ight tsoBEGe ahdit ke 20t phet odetleed itdra ts st entt sbubhe chirs hles aamignt
the light source, or can be only the lIight source and a

phot odet ect i &f &gt {Gelsm)scloron mptigel system Rlyrtiera disrection
shown in_FIG 2A_.on the |ower surface (the -Z side surfaceé of
measur enefit FOFHALSE TPoUr T e dri e By I8 1M £ (HETRT Mt ePT iAW Lles
referred to as.head units) 62A to Qg are.pl.aced, so,. to.en gos the
ber i phery of EHE 4 Gl BN B hror Bet PO Spria (SyLeierh it 3T SASrbL- o™
si des. £rdead. g%&:’ﬁ‘t&@%ﬁg?ggiﬁ@g %?&ih@&doef‘ﬁ%%ﬂa%igﬁsQegééi’g'5)’8x
pl aced on the +X side and t -X srde of projection unit '
fixed to the lower surface of barrel 40 witha light. Similarly,
pickup 54y constitutes a y linear encoder 50y (refer to FIG.
20 5) by an optical method that detects the displacement of barrel
40 (projection optical system PL) in a direction parallel to
straight line Py, by using a reflected light (a diffracted
light from the diffraction grating) obtained by irradiating
y scale 58y fixed to the lower surface of barrel 40 with a
25 light.
Inthis case, in x linear encoder 50x and y linear encoder
50y, a diffraction interference type head, which has a

configuration similar to the configuration of the encoder head

that is enclosed in, for example, U.S. Patent No. 7,238,931,



17 with the X-axis direction serving as their |ongitudi nal
directions, symetrically with respect to the optical axis of
projection optical systemPL. And, head units 62B and 62D are
respectively placed on the +Y side and the -Y side of 5 projection
unit PU, with the Y-axis direction serving as their |ongitudinal
directions, symetrically with respect to the optical axi s of
projection o t|ca

62A and 620 &iéﬁg %ug]%thcﬁﬂﬂnam&kﬁ%ﬁ*}ﬂp Nop ?ﬂpg/gégg?g%umé&r“e
Y heads 64 1qJ_Q§t ageuglgc%d 2; ed%ﬁﬁrWIQQQr€ staﬁ eegégnglth%hls
2 con pIe t

X-axi s dlrectlon ad unlt 6 Ttufes 4 ens; his

case, five-lg ?&Yﬁh r apcodetug0AsLLet, ﬁk{ oy F1G P EIU'sBH‘EQe Wbl 5

a plurality o ‘64 t hat neasures e posi tlon the Y-axi s

direction (Ypp@sadd&@c@od/\@&@teﬁt ag@cﬂﬁlngisa ﬂﬁo%@dXté@:@b@ laced
described previously on wafer stage WST. Simlarly, head unit 625

constitutes audaleld elssYremeear menaoder 400 lsf €a parkl &) Bn optical
equi pped with five Y heads 64 that measures the Y-position of wafer
stage WBT, usivsgen scaleddaq descrdhehpravitmest ppl20Eert heat slits by
shown in FIG 2A, head units 62B and 62D are each equipped with_ a
plurality, iRt Zeds@n fi véobft )’Zrﬁ@aaéeaélghétswé%l Ja%éal%ﬁecé on the
pr edet er m ned dlst%nce alon the Y-axis direction, t 623

Const i tutes 4T PREETeASLEoPE £F So0aS8ear TYet] Shesde | 1@ surement
cnooder 105 (LSLS! Ao FhGy, S SMRPS-25,M 1Pl ud Hhx 91t
waf er stpge YWole Qﬁbegflcally, all sections of plckups 54x and 54y do not
have to be arranged at measurement mount 51. In this case,
between the light source and the photodetection system, and
the optical system, lights and/or signals are
transmitted/received by aerial transmission via an optical
15 fiber (not shown). In the description below, the optical
system that is placed on the inner bottom surface of recessed
section 52a of measurement mount 51 is referred to as a pickup.
Incidentally, members that are placed outside measurement
mount 51 are not limited to the 1light source and the
20 photodetection system, but can be only the light source, or
can be only the light source and a photodetection element
(sensor), or the like.
Further, as shown in FIG. 2A, on the lower surface (the
-7 side surface) of measurement mount 51, four encoder head
25 units (hereinafter, also referred to as head units) 62A to
62D are placed so as to enclose the periphery of the lower
end of projection optical system PL from four sides.

Head units 62A and 62C described above are respectively

placed on the +X side and the -X side of projection unit PU,



X scal e 443 described previously. Simlarly, head unit 62D
constitutes a five-lens X linear encoder 70D (refer to FIG 5)

equi pped with five X heads 66 that neasures the X-position 18 of
waf er stage WST, using X scal e 44D descri bed previously.

Measur enent nount 51 having the configuration as described above is
supported in a suspended state with the above-described four support

mbers 53 (h tt 5 menb the side, af depth of th
page. surface ?ﬂﬁefhsh%%s ‘iﬁﬁﬁwa@sg‘f ReRBE VAR 17 ked Eeanmuetot 4!

fl FLG .
segtn?gns 532@% respe r@\‘fgﬁsuaéael :g’&saldcp acgl%%i @géopf)%ﬁe?gﬁﬁdéﬁg axis

predet er m ne%ﬂb%bi%%%llo%v‘@ﬁtﬁletsbﬁste;n ¢irf echhan) nhddanfihe 195! SMET62D
surface of barr hi s suspended support state, as shown in

FIG 4, the pie! risigyr-iseediwnodDicédechovee endsobebancelc 40 -iys side of
housed in housing section 52b forned at neasurenent nount 51.

Further, as slmogedtidd Gnid, PY heitbvwers Yrxdes of rbatieh s&xvdandy hecheir
inner bottom surface of recessed 15 section 52a face each other via a
pr edet er m ned e, tudieald Beve Lok BYTBERE itk M B oal @) 5B deddd dhe
t he | ower surface of barrel 40 face each other, and y head 56y of

pi ckup 54y arPh ekl 58P IRKBFE Tt PhePB ol stirdleeie 0F- barrel 40

o Sonsor v, att B B (BT SRR HOUTEA el AR e ocon
measur ement 3; vﬁ%ha"%ﬂ%%gi%ﬁ?t%‘ AhGs gaésnsﬂvgyo%”y'r@&? 64

processi ng nmethod ‘can be use i's Sensor by ah inage processing

met hod i $0di sglasedd glaf—;@&i &% Rod i@l e dilrRAResg1bRgxand ’)@C!axm
Pat ent Application Publication) . 04- 065603 (the corresponding U S.

Patent No. 5d9%403n. Fwetahlannua$2\nfaé<ﬁfsﬁmu§e§@ﬁﬁﬂtl\meil@my\ma&hls
focus sensor that is disclosed in, for exanple, Kokai (Japanese
Unexam ned Pateeydt, AppkittahsdhlPubbircatd¢@iyr NOA (6 283340F (G hé) equipped
with a plurality of Y heads 64 that measures the position in
the Y-axis direction (Y-position) of wafer stage WST, using
15 Y scale 44A described previously on wafer stage WST.
Similarly, head unit 62C constitutes a five-lens Y linear
encoder 70C (refer to FIG. 5) equipped with five Y heads 64
that measures the Y-position of wafer stage WST, using Y scale
44C described previously.
20 Further, as shown in FIG. 2A, head units 62B and 62D are
each equipped with a plurality, in this case, five of X heads
66 that are placed at a predetermined distance along the Y-axis
direction. Headunit 62B constitutes amultiple-lens, in this
case, five-lens X linear encoder 70B (refer to FIG. 5) equipped
25 with a plurality of X heads 66 that measures the position in
the X-axis direction (X-position) of wafer stage WST, using
X scale 44B described previously. Similarly, head unit 62D

constitutes a five-lens X linear encoder 70D (refer to FIG.

5) equipped with five X heads 66 that measures the X-position



19 corresponding U. S. Patent No. 5,448, 332) can be used.

I ncidentally, in the enbodi ment, since the above-described scal es 58x
and 58y and head units 62A to 62D, and the |ike are arranged at
measur enent nount 51, measurement 5 nmount 51 can also be called a
metrology frane or the like. Further, inishe enbodi nent, not only
scal es 58x and 58y but al so head units 62A to 62D, alignnment system

ALG and wafer focus sensor WF _are arranged at neasurenent pount 51,
but this is Mt "RAtEn8E8ICOVBE | HATEPNY, SaRmte fb1D demfflidehPnegdqusly.

ith 10 f head it 2A to 62 | i t t G f
felocugrsensgpe\/\g ca aeﬁé%g:ei“%ﬁl edmaﬁnﬁnc%%gﬂa%g%rtﬁ Ztgﬁﬁt%%%%ﬁn “as
f t . : Fl t f

rom measur e%@crq%%git Oa?o%ve is sué:pr?g‘r‘]cte% %_movﬁlst&%%egx%d’ cgtasc%ﬁéﬁ@ho the

exposur e apparat us t he "énbodi In a I'agr am

control system.s Shown side kG r S g MRS B 52 §8! (hethefieG! OCRERMERort

(or workstation), which i1s conposed of a CPU (Central Processing

Unit), ans ROMeRead oentde Mot W ded hRAM { IRaRQI8 ACe€38eMeBDEYY) shown)
and the like, and is mainly configured by main controller 11 that
perfornms ovemdldsecaoppeolernds bire &hked e apparcttad). t20f langxpdsuaerd whose
apparatus 10 having the configuration as descri bed above, wafer stage
WST t hat hol doweaf emds iard ddatest (seirgwe rsaburtamart anslimg Seaturdngg S3A
t he exposure operation, Y scales 44A and 44C pl aced on the upper
surface of wdfer >$9Pagé& SRBTCradeNead2bfi t $562R1AAEI62%E r B patdivietyn 2

d X I 25 44B d 44D f head its 6 20 tl ly.
and X sl es 20 415 and 400 gce head s 528, an) €20, remper gl e
d i f,aci cal 44
reacured by NeaL 0l 800 #nd 52 acinen Viscal s AN, (X,

the X-axis digechiom i3 measuned. Ry hegd unihg 20643 4ndi620 i nghg
X scal es 44B and 44D (X linear encoders 703 and 70D). Further, at the

same time, by migkupeb4xot et Haeesd XigCalrs38 Hasetonsebe rhowed at
surface of barrel 40 (y linear encoder 50x) and pickup 54y that faces
y scal e 58y meplsanedhaat tbentcodlkr stuf@Eoer pofasbahpeh 40 KOG .| Bpeahe lower
encoder 50y), the displacenent of barrel 40 in directions parallel to
strai ght |inewfaasdostiparygat 4G redPyhenorrees faditfdre ghikfacehef recessed
position of barrel 40 within the XI' plane is nmeasured. Then, nain
control | &F 1Bafiiitors andaser €Reht OLBSY| V$aok NradeferBaRe@rédiers head

70A and 70C and X linear encoders 70B and_700,. and. measur enent
resul ts of X%V?ﬁ8§rpéﬁ Baégﬁﬁdﬁl ﬁds§aﬁ?n% EEH%H%EP“SB&? Qgﬂeﬁﬁvgghce

\rN:; g; ef\égge VO\%T bvgrtrheiln éd]efa)gé é%lce}lneotvgetrh, baarH e}l/ h4e0ac§e§é/§} N9 6})sic?kup 54y
and y scale 58y placed on the lower surface of barrel 40 face
each other.

20 Furthermore, an alignment system ALG, a wafer focus
sensor WF, and the like (refer to FIG. 5) are attached to
measurement mount 51. As alignment system ALG, a sensor by
an image processing method can be used, and this sensor by
an image processing method is disclosed in, for example, Kokail

25 (Japanese Unexamined Patent Application Publication) No.
04-065603 (the corresponding U.S. Patent No. 5,493,403).
Further, as wafer focus sensor WF, the wafer focus sensor that

is disclosed in, for example, Kokai (Japanese Unexamined

Patent Application Publication) No. 06-283403 (the



As is described above, according to exposure apparatus 15 10 of the
enbodi nent, the displacenent of barrel 40 within the X' plane during
t he exposure operation is neasured by pickup 54x placed on

measur enent nount 51 that faces scale 58x placed on the | ower surface
of barrel 40 (x linear encoder 50x) and pi%kup 54y pl aced on

measur enent nount 51 that faces 20 scal e 58y placed on the | ower

f f b | 40 (y. li d 0 i ngl if th
Sosi 11 on of BAPFESHRE WA 4 he S b e b1 B P VA Y
;!bratlon caused b&n%q%eggggq&ﬁt ogjyafqﬁm§;agﬁiygﬁ_ qggthegﬂﬁg% ttg%e

| spl acenent can be measure th high precision, an
consequent | Y1abQﬂ7%1dé§bﬁ%d Qlea9t sBE erarsd &G Wod medd dhe opbhcad 62D,

axis of projection optical systemPL held by barrel 40 serving as a
ref erence camrhetperfiatdradevd £ Faid @ apress ShPment mount 51, measurement
5 mount 51 can also be called a metrology frame or the like.
Further, in the embodiment, not only scales 58x and 58y but
also head units 62A to 62D, alignment system ALG and wafer
focus sensor WF are arranged at measurement mount 51, but this
is not intended tobe limiting, and for example, at least either

10 one of head units 62A to 62D, alignment system ALG or wafer
focus sensor WF can be arranged at another member that is
separate from measurement mount 51.

FIG. 5 shows the control system of exposure apparatus
10 of the embodiment in a block diagram. The control system

15 shown in FIG. 5 includes a so-called microcomputer (or
workstation), which is composed of a CPU (Central Processing
Uﬁit),zﬂ1ROM(ReadOnlyMemory),eanAM(RandmnAccessMemory),
and the like, and is mainly configured by main controller 11
that performs overall control of the entire apparatus.

20 In exposure apparatus 10 having the configuration as
described above, wafer stage WST that holds wafer W is located
below measurement mount 51 during the exposuré operation, Y
scales 44A and 44C placed on the upper surface of wafer stage
WST face head units 62A and 62C respectively, and X scales

25 44B and 44D face head units 62B and 62D respectively. And,
the position of wafer stage WST in the Y-axis direction is
measured by head units 62A and 62C facing Y scales 44A and
44C (Y linear encoders 70A and 70C) and the position of wafer

stage WST in the X-axis direction is measured by head units



Further, a light (hereinafter, referred to as a nmeasurenent |ight)
emtted frompickup 54x or 54y is reflected 21 off X scale 58x or y
scal e 58y, and propagates back and forth between pickup 54x or 54y
and x scale 58x or y scale 58y fixed to barrel 40, and the path of
the neasurenent light is shortened to a I&vel that can be ignored
conpared with the path of the 5 neasurenent light in the case of an
|nterferonete A(:co‘rie%d;%g%(%:,r even if air fluctuatlons occur on the

peri phery or 4R ai%k e UEFRhSHd @(rﬁ%‘hr% e SHRax trgRders
stability of,} i near encod r 50x

f
| i near encode#ﬂgﬁy cZﬁbggEQ?%ﬁg?gggﬁgq gk?nﬁag§é& Fo 3n%é?5ﬂpvé%#lthat
the case of qﬁi % éﬁéiﬁ%? égd on thﬁlfgwégugurfébétg% barrel,K 40
ups 54x an 4 mt t

enbodi nent, pic e measur ement ht "used

for neasur erre@k 1@&@&5@5@@@@%5095 @@arﬁlc% A tﬁh%%dfgebtssyfigé’ai@ 58y
62D that neasure the position of wafer stage WST are both placed at

measur emebt 18 a@itorbkhelneneforea r it poSiddonel 4@1 @t il0mdet veetbder
pi ckups 54x and 54y, and head units 62A to 62D i s mai ntai ned

constant, and®@ocordienglismeasamanenit dramrel Wt dotclinsedetamepatallel
| i near encoders 70B and 70D and Y |inear encoders 70A and 70C t hat

per f or m neas (refEFE 1@htth LAagpBEtan®d tafedighst dgaevBy, apee s i fimsarly,
encoder 50x and y linear encoder 50y that perforn1neasurenent W th
respect to bartelPAY e 1 rk@diﬁeeld 40 within dcigient &43ne id pRasured.

mbod he di spl f barrel 40 in directi
paral 1 o) 1o SVl GRE | et Gt et a AL 107 7 THA e g &7 T

45 degreeg Wit gloer&gﬁfeggsdé tﬁ)oz&%%%veé'&l@&dlggsax @ﬂ%é%ézss %%&dm

by x linear en X an I'i near encoder IS is no
i ntended to Qﬁmihﬁb%b&%me%ﬁdrEQ@lQBSQf@9@5§ﬁ&u@%ﬂ@@3@% 56Q hﬂdthQJnear

X-axis direction and the Y-axis direction can be neasured u5|ng
encoders, or drwds@acensit mfvdmanrete 4G M dhineT hel i ol ane Xy plane
with barrel 40 serving as a reference.
As is described above, according to exposure apparatus
15 10 of the embodiment, the displacement of barrel 40 within
the XY plane during the exposure operation i1s measured by
pickup 54x placed on measurement mount 51 that faces scale
58x placed on the lower surface of barrel 40 (x linear encoder
50x) and pickup 54y placed on measurement mount 51 that faces
20 scale 58y placed on the lower surface of barrel 40 (y linear
encoder 50y). Accordingly, even if the position of barrel 40
within the XY plane slightly varies due to vibration caused
by the movement of wafer stage WST and the 1like, the
displacement can be measured with high precision, and
25 consequently, position control of wafer stage WST with the
optical axis of projection optical system PL held by barrel
40 serving as a reference can be performed with high precision.
Further, a light (hereinafter, referred to as a

measurement light) emitted from pickup 54x or 54y is reflected



22 can be neasured by nmeasuring the displacenent in arbitrary two
different axis directions. Mre specifically, the |ongitudinal
directions (the neasurenent directions, the periodic

di rections/arrangenent directions of the 5 diffraction gratings) of
scal es 58x and 58y are not limted to dir&ctions parallel to straight
lines Px and Py but may be arbitrary directions. Further, in

2t moasur eeAt AL 2B TH Grss SEBLT0° BU0itl h HERE OB U f O e
of hoat doos "mar RAVE T o Do Lot Garear e rhe Trght Saur Ce “aadFor o1 e ol

phot odet ecti an, system4g, nehddinagod fie BNl odebest-ankntan MlS9shhortened
pl aced at neasurenent nmount 51. 15Further, in the enbodinent above,

pi ckup 54x oftoxal iB€al engedesn SEX iath L kdmpedeDdiviyhl tAeapa enCOBiaihe
50y are attached to nmeasurenent nount 51, but this is not intended to
be Iimtihg, mercdyrareups S4ddghand 154y tdree atdsschexf t arbarineledzramckter.
the di spl acenent of barrel 40 with respect to neasurenent nount 20 51
can be nmeasufeEBEinglng SFaNnes 5B dld BB Lt Qs Ived Uro oreblsemEamhery
mount 51. Further, in the description above, pickups 54x and
54y or scal eS8y 58y Cdr PaFtedc Y ¢orihe PESReFUERd Sher adwigf-term

jecti it . PU.(b | .40), but pick 54 d_54y 25 I
S6x and 5oy GhTd TGS t5 ot har CEEBFronSatHaN Phet | DURS B ST RcE™
¢ oot : ' Further  ip. .
gbO\IC/)(ra,oJ )?CI : gerééllrw;%cgggé g{);&acno %/r I |591 arcaélng%%e(rgligf)ﬂ&%%)%gﬁﬁggggtq{%ﬂca| ed,

method arg useddare divsiRlpGaEMa JRastneIBY Gfe bt el rdndul, t he
met hod i s not 3limted thereto, and for ‘exanple, an encoder by an

el ectromagneti ¢ i ndwuetihest ,net hod &Aodl BOnHE pUSeEhps 54x and 54y that emit

the measurement light used for measurement of displacement

of barrel 40, and head units 62A to 62D that measure the

position of wafer stage WST are both placed at measurement

15 mount 51. Therefore, the positional relation between pickups

54x and 54y, and head units 62A to 62D is maintained constant,

and accordingly measurement error that occurs between X linear

encoders 70B and 70D and Y linear encoders 70A and 70C that

perform measurement with respect to wafer stage WST, and x

20 linear encoder 50x and y linear encoder 50y that perform
measurement with respect to barrel 40 can be reduced.

Incidentally, in the embodiment above, the displacement

of barrel 40 in directions parallel to straight line Px and

straight line Py that are angled at 45 degrees with respect

25 to the X-axis and the Y-axis is measured by x linear encoder

50x and y linear encoder 50y, but this 1s not intended to be

limiting, and the displacement of barrel 40 in the X-axis

direction and the Y-axis direction can be measured using the

encoders, or the displacement of barrel 40 within the XY plane



Further, in the enbodi nent above, the displacenent of barrel 40 is
measured by using x |inear encoder 50x and y linear 5 encoder 50y
respectively equi pped with pickups 54x and 54y that receive reflected
lights obtained by irradiating the scales with lights, but this is
not intended to be linmting, and as an endoder to neasure the

di spl acenment of barrel 40, for exanple, an encoder that neasures the

di spl acenent usin 10 trans tted |ights that have been transmtt.
t hrough scal é§'5 %ﬁﬁ% th Jksﬁi Her * Qfﬁfbf%rary

encoder can bc%qocoa&wgaeﬂtca%@éedq ger@ ng thg. i §§é§£§£@§hgh the

barrel 40 not only in two ar rary ent axis dir Ions su

the X-axis am%ﬁgiﬂd&iﬁﬁﬁxa§reéﬂlo§£SQtﬂé”mé%éw@%ﬁéntnd%@@%@%%ns, the
direction (such as the Oz direction) I ncidentally, in the

enbodi ment akte,odiroj ecaipébwmrtsmf@rﬁ@daz@@ﬁton @@ﬁ:b@@hoﬁ}éSte@fPL) the
is supported in a suspended state below reticle stage base 32a by

t hr ee suspensiichif suppan 2@ mecsnicfnscilésvbixf badge8 FlLixe butt tlhinsited
is not intended to be |limting, and projection unit PU (projection
optical systén R e augporkeld ty st iy el i atBrorand it byt may
hori zontal ly supported on the floor surface via the vibration

i sol ati on deVScErQIF 1% Ha&Et RIS ur ement nnunt 51 can al so 25 be

t ed t at | tf T
TGN i 185 o AR LR R St T ORI A L I #onthe
t | t f
gﬁohfg bzyiea urg%P?g %%ﬁbag'ﬁéggggﬁ%g er§£ﬂ%%$%ﬂ%%b%%? #eas% r to
one of head uRidi% %2ﬁeta<% 820rcal i gneent, +B4 systeméLS Oke Wﬁué%@%f

sensor W described earlier can be arranged on the barrel platform

i ndependent | \wdatomareasukaidibeaunt thd. ifeltBate b hbet eddodinBithave
the position nmeasurenent of 5 wafer stage WST is performed using the

encoder syst ém bkatonattieded, Xhé ricdarhtesoodersarfdoanthe @b ermdietection
| i near encoders 70A and 70C, but the nmethod of the position

measur enent &y stefter (Ig1elgel \WBT tihe mdtotade teet ahereto.a iy esxanasd at
the position neasurenent of wafer stage WST can be perfornmed by 10 an
|nterferonet€F%§Hﬁ%%ﬁQﬁ BRIt f er onet er system and an encoder

h h f_th
crstem 18 he M LOLO! 1 SISLel L he.RonliL o0 Tessu e o the .
system PL as %Jo‘%fefeﬁ §B§eanaa£39c‘i<ﬂ%r§zf§ 5% {he L&l 88&58&%@ 2g& aqcftécqq

measur enent b
tomeasurement mount 51, but this is not intended to be limiting,

and pickups 54x and 54y are attached to barrel 40 and the
displacement of barrel 40 with respect to measurement mount

20 51 can be measured by using scales 58x and 58y attached to
measurement mount 51.

Further, in the description above, pickups 54x and 54y
or scales 58x and 58y are attached to the lower end surface
of projection unit PU (barrel 40), but pickups 54x and 54y

25 or scales 58x and 58y can be fixed to other sections than the
lower end surface of projection unit PU (barrel 40).

Further, in the embodiment above, x linear encoder 50x

and y linear encoder 50y by the optical method are used for

displacement measurement of barrel 40, but the method is not



15 the interferonmeter system does not have to be arranged at
projection optical systemPL. Incidentally, the exposure apparatus
equi pped with both the interferoneter system and the encoder system
is disclosed in, for exanple, U'S. Patent Application Publications
No. 2007/0288121 and No. 202008/0088843, %nd the like. Further, in

t he enbodi nent above, the case has been exenplified where the encoder

t [ l.oy.ed j n whi th ti t Y I d X
SUal 09) oo BTG G at GG ol (VG Sag@ ard T Xhdds =7
dY head 1 ! th
rati ng sect rane Y o RGL TR SRl To R 1T 0. AR s i s

di sclosed in, for exammles, YnScnBabkgBbafRehicabbes, Publieali Of-Mant of
2006/ 0227309 and the like, the encoder heads are arranged on the

waf er stage ad-ddiedgriad nbgsseetiongs{Bgk 1ghabirthsRidd 608 ardbyafirdear
t wo- di nensi onal grating, or of one-dinensional gratings placed

t wo- di mensi oraldode rarsd yplracgek ajuitvsd lJde ddel pyafderwisttagel soues 34 faack 54y
t he encoder heads. In this case, Z heads that neasure the position of
the wafer tabdhet radrive axeElebredtidahts obtained by irradiating the

scales with lights, but this is not intended to be limiting,
and as an encoder to measure the displacement of barrel 40,
for example, an encoder that measures the displacement using

10 transmitted lights that have been transmitted through scales
58x and 58y can be employed.

Further, the encoder can be configured capable of
measuring the displacement of barrel 40 not only in two
arbitrary different axis directions such as the X-axis and

15 the Y-axis, but also, for example, in another direction (such
as the 06z direction).

Incidentally, in the embodiment above, projection unit
PU (projection optical system PL) is supported in a suspended
state below reticle stage base 32a by three suspension support

20 mechanisms 137 via flange FLG, but this is nct intended to
be limiting, and projection unit PU (projection optical system
PL) can be supported by the barrel platform that is
horizontally supported on the floor surface via the vibration
isolation device. In this case, measurement mount 51 can also
25 be supported in a suspended state by the barrel platform. The
point is that the positional relation between projection unit
PU (projection optical system PL) and the reference position
within the XY plane should be measurable by the linear encoders.

Further, at least either one of headunits 62A to 62D, alignment



5 are also arranged on the wafer stage and the surface of the grating
section can be used as a reflection surface to which the neasurenent
beans of the Z heads are irradiated. In such a case, a single head
having a function of the encoder head and the Z head can al so be
used. Further, the grating sections 10 (&kcal es) can be supported by
t he neasurenent nmount or the barrel platformdescribed earlier, as an

| e. F L d t th h bee
doscr | bed whaE e ALeSENta A T 0h 0 R0 M ed=rt L RECSRaRALAG CAn be

stepper, but ‘?1 zuézfegj no,, i ”kg@de%é%% S LE0g, 1§n%@g %Q%n‘grl Segsrom

i nvention canm e appliedtoa i cTexposure apparatus su

a stepper. Fydh8lnenddI® RIKSENts1 nvention can al so be applied to a
proj ecti on exposure apparatus by a step-and-stitch nethod that

synthesi zes a shot raireaea)dia EobmBbEAMeABF Ui dQos itthenmagashikeabhon £
of the projection optical systemin the exposure apparatus of the

enbodi nend abeMeid stegle GIHTY iz noedifetinned SysitremMtiauteradgercaydieem that
ei ther an equal nmagnifying systemor a magnifying system and

proj ecti on opticdaldesy &t epmpPRri engodedal YOR adicoptod @ngly%tleme@mermwrs
can 25 be elther a cagHPtrlc systen1or a catadloptrlc system and |n
addi ti on, Cﬂ@r%.ﬁﬁﬁéﬂéﬁh@?@g@l’cﬁm

upri ght |nage urt er, i m nation._li is not limted to.the
ATF oxci mer [EEER 19 V&éﬁeﬁna?ﬁ 1559065 S otan béokn SaEle,” the
U|traV|O|etl'éﬁﬁtuﬁ@PF%%u% eé%ng%eEaégagglﬁgg %&@W&é%ﬂ%ﬁ%ﬂm@d by

248nm), or a Racuum ultravi 6 such as“an aser

(wavel engg h: a}ﬁl%%krf%%%hgﬁ%rt@%s&%&h%% éﬁffﬁfggfé90ﬁg9¥§’s§%kem and an

emssion line in an ultraviolet range 5 such as a g-line (wavel ength:

436nm) or andnrdddie Warehength: t865nM et hatohmst gENEFat &, Bhébosition

extra-high pressure nercury can also be used as illum nation |ight
| L. Further, nresduwsrediestd efedhenyafer exampldnedInSt RatentoNege performed
7,023,610, a harnonic wave, which is obtained by anplifying a
with a projection optical system PL as a reference, and
therefore the reflection surface of the measurement beam of
15 the interferometer system does not have to be arranged at
projection optical system PL. Incidentally, the exposure
apparatus equipped with both the interferometer system and
the encoder system is disclosed in, for example, U.S. Patent.
Application Publications No. 2007/0288121 and No.
20 2008/0088843, and the like.

Further, in the embodiment above, the case has been
exemplified where the encoder system is employed in which the
grating sections (Y scales and X scales) are arranged on the
wafer table (wafer stage) and the X heads and Y heads are placed

25 outside the wafer stage so as to face the grating sections,
but this is not intended to be limiting, and as is disclosed
in, for example, U.S. Patent Application Publication No.

2006/0227309 and the like, the encoder heads are arranged on

the wafer stage and the grating sections (e.g. grating sections



10 singl e-wavel ength | aser beamin the infrared or visible range
emtted by a DES sem conductor |aser or fiber laser, with a fiber
anplifier doped with, for exanple, erbium (or both erbium and
ytteribium, and by converting the wavel ength into ultraviolet |ight
using a nonlinear optical crystal, can aldo 15 be used, as vacuum
ultraviolet |ight. Further, in the enbodi mrent above,

illum nation of the exposure apparatus is not limte

light L P to the
i ght havi ng % HavEP ehGTRMROPea b Halr oI Gaeh Of CTOOMMCHPRT L (& atings
e e oo IRt LA AL AAYL 09 2 AEl ANOUILA-80% LRENI00N Beage

can 20 be us or exanpl €, in rec ,_1n order to éxpose

pattern less dhan er egual +£o SO0 AL (BxtreresUbiEavi pligldys that
exposure apparatus that makes an SOR or a plasma [ aser as a |1 ght

sour ce gener afee sy FtlVe Igc@itt iidh af 20fd wXreay drAnRgen (hedz-ax e \el enatibn
range from5 to 15 nm, and uses a 25 total reflection reduction

opti cal systemadedisgnedranderd thetexpesfice wasxeteagthtfe. gurilcdnny the
and the reflective mask has been devel oped. In this apparatus, the
arrangenent igragtineh sscanvinngaexposiged s pertbiastdiby syntacenougihich
scanning a mask and a wafer using a circular arc illum nation can be
27 consi der edPaRG2EHEEBEBEELC e D ddent HeRAN GG 1E4RJaREEIpe In such

liedt h .| ditjon, t t
hventi on caff 4FC0 b8 SYPIEa R b8 ans EXpHSt: £ ApPErAl 16 THRrSer head
h d ticl Lon. .
or cover | 1 e By Baga e Ryat] BACDdT SFER ne Sep ey Y g AP RT glet dons

| MTer si oflg eXPRSUNE APRAAIYS SHSH-ASed NSy | LAMI AcLBTRLREAR SHRPIUIE the
apparatus in which a space between projetction optical systemPL and a

wafer is filledrit biadidpn deddEhd pHe Wt eradrart hexdrigdey, which

is disclosed in, for exanple, the panphlet of International

Publ i cati on No. 9949504 randr hehd i &sbodiment above, the case has been
described where the present invention i1s applied to the
scanning stepper, but this is not intended to be limiting,

15 and the present invention can also be applied to a static
exposure apparatus such as a stepper. Further, the present
invention can also be applied to a 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 of the embodiment above is
not only a reduction system, but also can be either an equal
magnifying system or a magnifying system, and projection
optical system PL is not only a dioptric system, but also can

25 Dbe either a catoptric system or a catadioptric system, and
in addition, the projected image can be either an inverted
image or an upright image.

Further, illumination light IL is not limited to the ArF

excimer laser light (wavelength: 193nm), but can be an



Further, in the enbodi nent above, a transm ssive type mask (reticle),
which is a transm ssive substrate on which 15 a predeterm ned |ight
shielding pattern (or a phase pattern or a |ight attenuation pattern)
is formed, is used. Instead of this reticle, however, as is disclosed
in, for exanple, U 'S. Patent No. 6,778,2%Ff an electron mask (a
vari abl e shaped mask) on which a light-transmtting pattern, a

r

reflection 2 attern, .or..an.em Ssian pat nis formed according to
el ectronic da lgc 6f Qﬁ‘ee tpa}tjtgglrtn St%cg} 4% oérbe ee}%cplénseerd rf:"’lasneraf:lsloq e

used. Furt her(wa%%e?{ﬁﬁ”tzzﬂ@h‘ﬁ%r}t iQn Lan alse Lﬁ%raanrzl!g]]eedc 10 such as

exposur e appar at us ography 'system that forns I ne- and- space
patterns on waf er, YWab¥rf @8 BhAY (WAt enEepence 1EnhRges BasvalertM¢ asqghss
di sclosed in, for exanple, the panphlet of International Publication
No. 2001/ 035k&Ferred to Bbbeeyean ehesptiesebinéniendn afl toadyiad s heinge
applied to an exposure apparatus that synthesizes two reticle

patterns 528 sewhaasef grlihe @vaprolecyion 4gpnindadbr syst ehimad walvedstingth:
si mul t aneously perfornms doubl e exposure of one shot area on the wafer
by one scanni%@@%pmte,l%gqr@nﬁtﬁg &edn BXHEr hdgmpliesyrg mercury

Patent No. 6,611, 316. 5lncidentally, an object. on which a pattern is,
to be forrredc(a%aaﬁoe@[e AHEES tio Bpda e o MHteht Tan gﬁélté}?rbeéﬁl 1s

is irradiated). in the, enbodi nent above i ot_ |.im.t t fer. but
may be anot hedzl Soclor;joescetd sud hdfaosr a Xga\mé’s S ’pIU:itég', H&tah ?ugos r'a@e(?’ a

filmmenmber, yarmd MRSk Rlanky 19, The 456 0l 4 he, g&ﬁ%ﬁ;ﬁ L paratus is

not limted to the exposure apparatus for manufac m conduct or
devi ces, 1put kg 1RI-eseR ddmant koBrGah@li$0tRE W Oel e BRIl v e8ipfOrange

exanple, to an exposure apparatus for liquid crystal display devices
t hat transfersmiatddawydacDyst akmilcsptiaytdeviesepadbtefiber laser, with a
fiber amplifier dopedwith, for example, erbium (or both erbium
and ytteribium), and by converting the wavelength into
ultraviolet light using a nonlinear optical crystal, can also
15 Dbe used, as vacuum ultraviolet light.
Further, in the embodiment above, illumination light IL
of the exposure apparatus is not limited to the light having
a wavelength more than or equal to 100nm, and it is needless
to say that the light having a wavelength less than 100nm can
20 Dbe used. For example, in recent years, in order to expose a
pattern less than or equal to 70nm, an EUV (Extreme
Ultraviolet) exposure apparatus that makes an SOR or a plasma
laser as a light source generate an EUV light in a soft X-ray
range (e.g. a wavelength range from 5 to 15 nm), and uses a
25 total reflection reduction optical system designed under the
exposure wavelength (e.g. 13.5nm) and the reflective mask has
been developed. 1In this apparatus, the arrangement in which

scanning exposure is performed by synchronously scanning a

mask and a wafer using a circular arc illumination can be



15 onto a rectangul ar glass plate, and an exposure apparatus for
produci ng organi c ELs, thin-film magnetic heads, inmaging devices (
such as CCDs ) , mcronmachi nes, DNA chips, and the like. Further, the
present invention can be applied not only to an exposure apparatus
for producing mcrodevices such as 20 serilconduct or devi ces, but can
al so be applied to an exposure apparatus that transfers a circuit
pattern onto a gl.a

bst il fer to.prod ticl
br & mask USRI OF AN 6 pOSGF ORPpal T UG, LR OV "eRboel Gn 2156 be
t ’ = L] t -
SppartUs, S3.K0 S PALR . S, AL 00 RO BIRES  cne
di scl osures ofy dAldyd lﬂﬁy@H@Hbﬁa%érPﬁisp]Eﬁ@a ARilets of e{(}bgsure apparatus

I nternational” Publications, and specifications of the Pat ent

Appl i cation Rukld ¢@llsonsaafgddt Pertli Sle R Ssuidiatasabe €léedrbn Bd@n or
29 description above and related to exposure apparatuses and the |ike

are each btncamparaat éckdrer ei n by reference. I ncidental |y,

sem conduct or devices are manufactured through the follow ng steps: a
step where the 5 f MesEicsmeiher pagsentelsipniofom ateviadeoi ke applied to
performed, a step where a reticle is manufactured based on this k&
desi gn step; 3a StBP WHere 25 WRlF %R Heth ARRA LA EH fTUTh 3% itdom 1iquid

terials; lith hy st wh tt, f th k ti
e Cranst er Ao T hE RGP by A A0Sl &7 S ar R T (p A TSI L0
s tra o e i _ W (pttefiio
devel opront SSH WD, TRE SHPOSHT o AP o YVSTohaa Lo i g Lautd

step wheig QWeQ?&O?gﬁWr ofr amarea ot hefnidan 4 e aEedsabere, ror

resist remains i's noved by etching; a resist renoving step where

the resist thkatans 10 drNGRIMPIEICES S YInkie Miredy ddrel eddi ek d Son No.

conpleted is renoved; a device assenbly step (including a dicing
process, a bewdi4atp@r ecressshearnidi ke packagi ng process) ; an inspection
step; and the like. In this case, since the exposure apparatus of the
enbodi nent above i Sursder,nivhehki ehbgdaphytsekepyet he tevioess witdh type
hi gh 20 integration can be manufactured with good yield. | NDUSTRI AL .
APPLI CABI L] Tyask (reticle), which is a transmissive substrate on which
15 a predetermined light shielding pattern (or a phase pattern
or a light attenuation pattern) is formed, is used. Instead
of this reticle, however, as is disclosed in, for example,
U.S. Patent No. 6,778,257, an electron mask (a variable shaped
mask) on which a light-transmitting pattern, a reflection
20 pattern, or an emission pattern is formed according to
electronic data of the pattern that is to be exposed can also
be used.
Further, the present invention can also be applied to
an exposure apparatus (lithography system) that forms
25 line-and-space patterns on wafer W by forming interference
fringes on wafer W, as is disclosed in, for example, the
pamphlet of International Publication No. 2001/035168.

Moreover, the present invention can also be applied to

an exposure apparatus that synthesizes two reticle patterns



As is described above, the exposure apparatus, the exposure nethod
and the device manufacturing nmethod of the 25 present invention are
sui tabl e for manufacturing el ectron devices such as sem conduct or
devices and |liquid crystal display devices. 30 CLAI M 1.
An exposure apparatus that exposes an obj4ct with an energy beamvia
an optical menmber and forns a pattern on 5 the object the apparat us

conpri si ng: | e hod at _nov redet er ned
pl ane, while Yol dWr?Sf% abj ecﬁrg’jae%ollocf1 nogf) lc at horf(% i

tical nb & c t
P o ever oo ﬁf%}%‘%%ﬁ?ﬁ%@?ﬁotﬁ'&%%&%?%%%%%é?n%%ﬁ% Spuge e oo

a 10 predeterm ne

first axis dltr}%:wa%rp%r&abh@ stAnhh8gPkapBsure, as i9- dﬁé@l@g@@sme for
apparatus according to aim1, further conprising: 15a second

encoder that ereaglress A Sl Harwe: bei wegneihesr®f erence position and

t he hol ding nmenber in a second axis direction that is parallel to the

pl ane andSdi f f er entl nfoicantied Ifyi,r stn @kijedi rectiloch 203atierrexiposur e

apparatus acceiége gg g%?égé%ﬁﬂﬁﬂi;?%% exposure to which an energy beam
is irradiated) in the embodiment above is not limited to a
wafer, but may be another object such as a glass plate, a
ceramic substrate, a film member, or a mask blank.

10 The use of the exposure apparatus is not limited to the
exposure apparatus for manufacturing semiconductor devices,
but the present invention can also be widely applied, for
example, to an exposure apparatus for liquid crystal display
devices that transfers a liquid crystal display device pattern

15 onto a rectangular glass plate, and an exposure apparatus for
producing organic ELs, thin-film magnetic heads, 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

20 semiconductor devices, but can also be applied to an exposure
apparatus that transfers a circuit pattern onto a glass
substrate or silicon wafer to produce a reticle or a mask used
in a light exposure apparatus, an EUV exposure apparatus, an
X-ray exposure apparatus, an electron-beam exposure apparatus,

25 and the like.

Incidentally, the above disclosures of all the
publications, the pamphlets of the International Publications,

and specifications of the U.S. Patent Application

Publications and the U.S. Patents that are cited in the



t he second encoder has a second detection device that emts an
illumnation light, and measures a position in the second axis
direction of the holding nenber with respect to the reference
position by receiving a reflected light or a 25 transmitted |ight

froma second scale that noves relative ta the illumination light. 4.
The exposure apparatus according to Claim3, wherein 31 an
illumnation Ji and asures.a po it' ninthe first axis

i roction of 9 B Ay e HB e her] FEch BB R T e PEPErgbiges and the

iti b fil ht f
st scale DR mvesnl o n?%%re%doé% AR et

first scale t
The exposure appar%&%%d%%%%ﬂ@bngéé%fgdﬁd“d%ofMH¥#¥dé§'E%J'ﬂéﬁuf%&%d%ed

and the second scale are arranded on the hol di ng nenber.

6. The exposure caRa el ACGHF it G thed AN YO NE: f v@le"&*émtl“?eto 5,
further conprising: a measurenent device that neasures a

di spl acen®ent foihdthenypeaticertzodye wWetsh ghespextddva dehe srpéefenned, a step
position; and 15 a controller that controls novenment of the novable
body, based oMmexengasigtermdiet irseginuieic ture drdmsiace mentt ey i dses igmd sdtep;
| east one of a measurement result of the first encoder and a

neasur enent PeSGEP Bhefﬁea§ﬁﬂﬁﬁal@n@éaéﬁaC?9¥edTﬁéo@%%b%h?%né%ﬁé?

according to aﬁ%%%%g%%p yagquzwhere a pa%tern of the mask (reticle) is

transferred onto the wafer by the exposure apparatus (pattern

10 formation apparatus) of the embodiment described previously;
a development step where the exposed wafer is developed; an
etching step where an exposed member of an area other than
the area where resist remains is removed by etching; a resist
removing step where the resist that is no longer necessary

15 when the etching is completed is removed; a device assembly
step (including a dicing process, a bonding process, and a
packaging process); an inspection step; and the like. 1In this
case, since the exposure apparatus of the embodiment above
is used in the lithography step, the devices with high

20 integration can be manufactured with good yield.

INDUSTRIAL APPLICABILITY
As is described above, the exposure apparatus, the
exposure method and the device manufacturing method of the
25 present invention are suitable for manufacturing electron
devices such as semiconductor devices and liquid crystal

display devices.



the first axis direction and the second axis direction are orthogonal
to each other. 258. An exposure apparatus that exposes an object with
an energy beamvia an optical nenber, the apparatus conprising: a
novabl e body that can nove within a predeterm ned plane, while
hol di ng the object; a hol ding nenber that3tholds the optical nenber;
and 32 an encoder device that has a scal e arranged on one of
the optical nmenber and the hol di ng nenber. .and a head arranged on the
ot her, and measures positional infornaFF@Hmﬁ$ the optical nmenber in a
direction parallel to the predetermined 5 plane. 9. The exposure
apparatus according to Claim8, wherein the encoder device has two

bt cal menber 10 and The RaTdl g MRRBE! - and Radiy ee honl LlohalT "ien

optical nenber 10 and t di ng neas

information e therept keah reEbeh bprachirstnebieshiofoARs & H8GAh on
direction that are orthogonal to each other within the predeterm ned

pl ane. 1530. thee céxjRasyr & e payad s B\ canth igs frayone of Clains 8 and
9, further conpri sing: an encoder systemthat has a scale
arranged on one of at hevabyeabbedpodye amdvese 2 Llholbda ngr exdetbernamed e lane,

head arranged on the other, and neasures positional information of
t he while holding the object;

a holding member that holds the optical member; and
a first encoder that measures a distance between a
10 predetermined reference position and the holding member in

a first axis direction parallel to the plane.

2. The exposure apparatus according to Claim 1, further
comprising:

15 a second encoder that measures a distance between the

reference position and the holding member in a second axis

direction that is parallel to the plane and different from

the first axis direction.

20 3. The exposure apparatus according to Claim 2, wherein
the second encoder has a second detection device that

emits an illumination light, and measures a position in the
second axis direction of the holding member with respect to

the reference position by receiving a reflected light or a

25 transmitted light from a second scale that moves relative to

the illumination light.

4. The exposure apparatus according to Claim 3, wherein

the first encoder has a first detection device that emits



20 novable body in a first direction and a second direction that are
orthogonal to each other within the predeterm ned plane, wherein
novenment of the novable body is controlled by using neasurenent
information of the encoder device and the encoder 25 system 11. A
devi ce manuf acturing nethod, conprising: 31 a process of formng
a pattern on an object by using the exposure apparatus according to

any one of dai 1 to 10; rocess of deve| opi.ng the
obj ect on VWHQHJ£Lk¥ ﬁég%ﬁeeﬁnﬁopﬁéauggf2a $ﬂsé§b8§u+% e HodF st

of exposing an,.qbj ec th apcenerg m Vi n, opt nenber
forming a pat 6H1é%§ j 8t % %Jﬂ#%%%jmem r|5|1r'|‘§]1§ll RSPPPSE W ene

measur ement Flfe%geﬁ%%a prggéﬂ'_ﬁbﬂgeﬁ} pQé!:Ie%L%ﬁ r£l %E?Qc%&"‘ﬁﬁ%ﬁé‘eor a

opti cal nenbe etermn erence position w

novenent pl are-6fsné diacabligrhody dhat rapyesshah di plat oo vbi ecd1abive to

usi ng an encoder system
5 the illumination light.

5. The exposure apparatus according to Claim 4, wherein
the first scale and the second scale are arranged on the
holding member.
10
6. The exposure apparatus according to any one of Claims
2 to 5, further comprising:
a measurement device that measures a displacement of the
movable body with respect to the reference position; and
15 a controller that controls movement of the movable body,
based on a measurement result of the measurement device and
at least one of a measurement result of the first encoder and

a measurement result of the second encoder.

20 7. The exposure apparatus according to any one of Claims
2 to 6, wherein
the first axis direction and the second axis direction

are orthogonal to each other.

25 8. An exposure apparatus that exposes an object with
an energy beamvia an optical member, the apparatus comprising:
amovable body that can move within a predetermined plane,

while holding the object;

a holding member that holds the optical member; and



13. The exposure nethod according to Claim 12, wherein in the first
measur enent process, a distance between the 15 reference position and
the optical nmenber in at |east one direction of two orthogonal axis
directions within the novenent plane, by using the encoder system

14. The exposure nethod according to one 3 Cains 12 20 and 13,
further conpri sing: a second neasurenent process of neasuring

a di spl acenent of the novable body wth respect to the reference

posi tion, by using3Fh&nERESdereyySeeffainias a scale reypgeg|on one of

f trol | i, t h bl e 25 bod d
reasur emont  POSuPPE 6R LURETFEF bl s oo ARSI e or Gtad ggzanged
15. An exposure Bt h8?h8£ ©XRAS' 19, %ﬂ:eosblﬁéi@férﬁ’aPYin%éﬁﬁ‘aUﬂo%”of the
energy beam via an opfical nenber,si e od conpri sI'ng: a

process of, %ﬁ%a!lgn%%b%'lcggﬁé Q?l‘%&’éi&ﬂ%af@i@lélstc@liﬁq@r A8 O ned

one of the optical nenber and a hol ding nenber 5 that hol ds the

optical nenbgnaanrd a head arranged on the other, neasuring positional
information of the optical nenber in a direction parallel to the

pr edet er mi ned pl ane. 16. The exposure nmethod according to
Claim15, wherein 10 the encoder device has two scal es having

di fferent neasuren®nt dheectdiaonsrapppagetusmaie diing he @ptircll wherein
menber and t he hol di ng nmenber, and neasures positional informtion of

the optical nenber the £FG39RT dipBEEPoRaENTE Y seedhds dheFdiPoritffgrent

are orthogonal to each other wthin the ,
9 measurement directions arranged on one of the optical member

10 and the holding member, and measures positional information
of the optical member in a first direction and a second
direction that are orthogonal to each other within the

predetermined plane.

15 10. The exposure apparatus according to one of Claims
8 and 9, further comprising:
an encoder system that has a scale arranged on one of
the movable body and the holding member and a head arranged
on the other, and measures positional information of the
20 movable body in a first direction and a second direction that
are orthogonal to each other within the predetermined plane,
wherein
movement of the movable body is controlled by using
measurement information of the encoder device and the encoder

25 system.

11. A device manufacturing method, comprising:
a process of forming a pattern on an object by using the

exposure apparatus according to any one of Claims 1 to 10;



15 predeterm ned pl ane. 17. The exposure nethod according to
one of Clains 15 and 16, further conprising: a neasurenent process of
measuring positional 20 information of the novable body in a first
direction and a second direction that are orthogonal to each other

Wi thin the predeterm ned plane, by using 3n encoder systemthat has a
scal e arranged on one of the novabl e body and the hol di ng nenber and

a head arrangfd on the other, wherein 25novenent of the novabl e body
is controlle rﬁ@ usi ng neasurenent infornation of the encoder device
and t he encoder syst A dev nuf acturing, net hod
comprising: 35 ¥ BPgegp R ae VR KiETRaTarh BRLaR b edtter

using the exgggy%%égﬂgg%$é§cordlng to any one of Clains 12 to 17;

and a process evel opi ng the object on which the pattern
has been forned.

5 12. An exposure method of exposing an object with an
energy beam via an optical member and forming a pattern on
the object, the method comprising:

a first measurement process of measuring a positional
relation between the optical member and a predetermined
10 reference position within a movement plane of a movable body

that moves holding the object, by using an encoder system.

13. The exposure method according to Claim 12, wherein

in the first measurement process, a distance between the

15 reference position and the optical member in at least one
direction of two orthogonal axis directions within the

movement plane, by using the encoder system.

14. The exposure method according to one of Claims 12
20 and 13, further comprising:

a second measurement process of measuring a displacement
of the movable body with respect to the reference position,
by using the encoder system; and

a control process of controlling movement of the movable

25 Dbody based on measurement results of the first and second

measurement processes.

15. An exposure method of exposing an object held by

a movable body that can move within a predetermined plane,
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with an énergy beam via an optical member, the method
comprising:

a process of, by using an encoder device that has a scale
arranged on one of the optical member and a holding member
that holds the optical member and a head arranged on the other,
measuring positional information of the optical member in a

direction parallel to the predetermined plane.

16. The exposure method according to Claim 15, wherein
the encoder device has two scales having different
measurement directions arranged on one of the optical member
and the holding member, and measures positional information
of the optical member in a first direction and a second
direction that are orthogonal to each other within the

predetermined plane.

17. The exposure method according to one of Claims 15
and 16, further comprising:

a measurement process of measuring positional
information of the movable body in a first direction and a
second direction that are orthogonal to each other within the
predetermined plane, by using an encoder system that has a
scale arranged on one of the movable body and the holding member
and a head arranged on the other, wherein

movement of the movable body is controlled by using
measurement information of the encoder device and the encoder

system.

18. A device manufacturing method, comprising:



35

a process of forming a pattern on an object using the

exposure method according to any one of Claims 12 to 17; and

a process of developing the object on which the pattern
has been formed.



