DESCRI PTI ON MOVABLE- BODY APPARATUS, EXPOSURE APPARATUS, EXPOSURE
METHOD, AND DEVI CE MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The
present invention relates to a novabl e-body apparatus, an exposure
apparatus, an exposure nethod, and a device manufacturing nethod,
nore particularly to a 10 novabl e-body apparatus equipped with a
novabl e body that noves at least in an axis direction within a noving
pl ane, an exposure apparatus is eqRBPERIRTIPON he novabl e- body
apparatus, an exposure nethod in which a pattern is fornmed on an

obj ect by exposing it, and a devi ce 15 manufacturing nmethod with the

exposure et hpes RAGKGREEND gg@% onal | Pds i thogﬁ,
process, on m%g’u acturl ng m CI’O evi (i‘lggé(a ec I’O(?]I? evi CGS? sSucC 7S
a sem conduct BXPOSURE, METHGD!) dANDY SIFV T CE SRANUFA CPMBRINGZ MEIgoD a

reduction-projection exposure apparatus of a step-and-repeat type (a
so-cal | ed &t epper), a scanni ng-projection exposure apparatus of a

st ep- and-scanTtE%é(?%ﬁo gﬁ,ﬂlﬁg scanni ng stepper (also called a
scanner), etc § inly used.
he present invention relates to a movable-body
apparatus, an exposure apparatus, an exposure method, and
a device manufacturing method, more particularly to a

10 movable-body apparatus equipped with a movable body that
moves at least in an axis direction within a moving plane,
an exposure apparatus is equipped with the movable-body
apparatus, an exposure method in which a pattern is
formed on an object by exposing it, and a device

15 manufacturing method with the exposure method.
BACKGROUND ART

Conventionally, in a lithegraphy process, on
manufacturing micro devices (electronic devices) such as
a semiconductor device, a liquid-crystal display element,

20 etc., a reduction-projection exposure apparatus of a
step-and~repeat type (a so-called stepper), a scanning-
projection exposure apparatus of a step-and-scan type (a
so-called scanning stepper (also called a scanner), etc.
is relatively mainly used.

25 In this type of exposure apparatuses, to transfer a
pattern of a reticle (or a mask) onto a plurality of shot
areas on a substrate such as a wafer and a glass plate
(hereinafter, generally referrad to as a “wafer”), a

wafer stage that holds the wafer is driven in an XY two-



251 n this type of exposure apparatuses, to transfer a pattern of a
reticle (or a mask) onto a plurality of shot areas on a substrate
such as a wafer and a glass plate (hereinafter, generally referred to
as a "wafer"), a wafer stage that holds the wafer is driven in an XY
two- 2 dinensional direction, e.g., by a linear notor etc.
Particularly for scanning steppers, not only the wafer stage, but

al so a reticl gligeagéonpht Hotelstidme retgcl e hw dri véneby andimearctc.

notor etc. in_a %gan di][ec%' on within 5 a predeterm ned stroke.
Posi ti on measUrémsfitsdbty t HETr e1GaI e "8t SFE PR St he'Shaf 8R 1%t 558 arder

general ly perfqrped ush er, | rfe t L th a gqad .
stability of r?ggggr' e%ﬁtgiggrggﬁln%épe%%%g% Ig%ggaﬁ%ll%\%] Q?aeso u llc(%r?. s
However, due tdaifrenebypat tenearwhbebr cese. f 1OM 104 0heFed itLONALHQRA
of sem conductor devices, a positional controllability of stages with
a hi gher pPecidsi Bredstewuiadedstaekk now, Per igtiont - mexsnfdmertogat o Hn tok
neasur ed val ues cagsedtg%/ea fluctuation of atnobspheric tenperature on

|
optical paths T8 165anE | 332 @i Graear §TRad®15  hebprrerformed
non-negligibl @y using 201:kRe qgl@@%f@?&ﬁ’&téﬁ%ﬁﬁ?ﬂ Ya £ NG elrl’it\{}hlo%h

is a type of position-neasurenent devices, W a neasur enent

resol uti on equieraleahetos ofohisghengt bapiddadndfa haser rkpbenf esomet ers
has appeared, and techniques to use the 20 encoder (including a

| i near scal e and a Tt nessar erentfigevi ceytfornpogiticbn come from

reasur omogh ofsblie VRl eLeshes, LISle. an, axppsy s, appar aLus, havg been
encoders desckbhﬁgoiﬂagﬁiﬁﬂﬁ gftagi:%g-’ with a higher precision is
required, and now, a short-~term fluctuation of measured
values caused by a fluctuation of atmospheric temperature
on optical paths of beams of laser interferometers has

15 become non-negligible.

On the other hand, recently, an encoder, which is a
type of position-measurement devices, with a measurement
resolution equivalent to or higher than that of laser
interferometers has appeared, and techniques to use the

20 encoder (including a linear scale and a length-
measurement device) for position measurement of the wafer
stage inside an exposure apparatus have been also
proposed {refer, e.g., to Patent Citation 1),

However, for encoders described in Patent Citation 1,

25 etc., since it was necessary to install a linear scale
far from a wafer-mounting position on the wafer stage (a
position onto which an exposure light is actually

irradiated), therxe were fears of occurrence of Abbe



25 etc., since it was necessary to install a linear scale far froma
waf er - nounting position on the wafer stage (a position onto which an
exposure light is actually irradiated), there were fears of
occurrence of Abbe 3 errors in measurengnts and upsizing of the
external shape of the entire wafer stage. Patent G tation 1:
Kokai (Japanese Unexam ned Patent Application Publication) No.

2004- 101362 5 eBirSCE OSUREcFuF MVENH GNAVEANSz FOR SOLM NG AtH4E RPROBhENS
The present invenéi on has been created under the circunstances

descri bed abovd, tBRdSRETET diHEh 5 t49Pr r st

Patent Citation 1: Kokail (Japanese Unexamined Patent

Application Publication) No. 2004-101362

DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
The present invention has been created under the
circumstances described above, and according to a first
10 aspect, there is provided a first movable-body apparatus
comprising: a movable body that moves at least in an axis
direction within a moving plane; and a measuring device
having: a light source that irradiates a light onte a
moving grating on a predetermined plane of the movable
15 Dbody, the predetermined plane cre¢ssing the moving plane;
an optical system of which a positicnal relation with the
light source is fixed and which allows a plurality of
diffracted lights generated from the moving grating to
interfere with each other; and a detection instrument
20 that detects the interfered lights.
In this apparatus, the moving grating is arranged on
a predetermined plane, which crosses the moving plane, of
the movable body, a light is irradiated from the light
source of the measuring device onto the moving grating,
25 the optical system of which a positional relation with
the light source is fixed and which allows a plurality of
diffracted lights generated from the moving grating to
interfere with each other, and the detection instrument

detects the interfered lights. In this case, bescause the



10 aspect, there is provided a first novabl e- body apparat us
conprising: a novable body that noves at least in an axis direction
within a noving plane; and a neasuring device having: a light source
that irradiates a light onto a noving grating on a predeternm ned

pl ane of the novable 15 body, the predeterm ned plane crossing the
novi ng pl ane; an optical systemof which a positional relation with
the |ight sourmeging grgbdnants wiiednasld ows aappkdebeininegt wlidnfer abtiel

i ghts generat.ed fromthe novin rating to interfere with each
other; and a d@té%t?%ﬁtiﬁgtFﬁﬁ%%?gﬁﬁﬂfhgkoikﬂe%?%l%*ﬁgiﬂ%eF%@réﬁtlre
lights. In thig.appar atisy, t he,Jroving ' i$ arra a .
predet er mi ned pl ane, mhicﬁ cp%§sesb?hegkg%F%gS% ane, g?&?ﬁgghnvgﬁpge
body, a light iingeirfeadhat edbdduam t betdeght asoprices 10ft t her megisti-iarged

device onto the noving grating, 25 the optical systemof which a
posi ti onal 5relldaghta wi¢ o t/he theghtl sowrceri sdifiedtadd whilkhs al Wovwsha

plurality of diffracted |ight enerated fromthe novi g grati to
Cnterfere witIWagdch BIHSE AG*THE: HetdeeFor P st undAt det ect's HFRE®
interfered Ii QQE%edlrb§lqES Efﬁ%%anggﬁus5¥1:gﬁbient atmosphere becomes
less 1in comparison to conventicnal interferometers, and

thus, a high-precision measurement of positional

10 information of the movable body 1is made possible.

Further, similarly tc interferomesters, the optical axis

of lights irradiated from the light source of the

measuring device can be set to pass on a standard point

which is a standard of the measurement, and thus, a

15 measurement without Abbe errors is made possible. Nete

that of course the apparatus is not limited to a

measurement without Abbe errors.

BRccording to a second aspect of the present
invention, there is provided a second movable-body

20 apparatus, comprising: a movable body that moves at least

in an axis direction within a moving plane and has a

reflection plane which crosses the moving plane on a part

thereof; &and a measuring device having: a light source
that irradiates a light onto the reflection plane; fixed

25 scales of which positional relation with the light source

is fixed, which have a one-dimensional grating with a

periodic direction in the axis direction, and on which a
light reflected on the reflection plane enters; an

optical system that allows a plurality of diffracted



4 nmoving grating is arranged on a predeterm ned plane which is a part
of the novabl e body, upsizing of the entire novable body can be
suppressed. Further, since interference occurs between a plurality of
diffracted 5 lights (e.g., the Ist-order cdiffracted Iights) which
pass through extrenely close optical paths, influence caused by a
fluctuation of ambi ent atnosphere beconmes |less in conparison to
conventi onal ildgétEer oppeeatsed arfdorhushe a dngldipeasishah nEasUTENERP
of positional 10 i@fornati n of the vabl e body js nade possi bl e.

Further, sim &MY EESi Atdr eFoRet EF8ST{ N6t Pl te6 408 HigHgent
irradi at ed frqgh%hgegggpg seurce of: t.hg e i ng device can be set

to pass on a standard point which is a stanhdard of the neasurenent,

and thus, a 15 neasufefrnt wobhedtudpbe ergnts iks imdaipessi Brem Nakte
that of course the apparatus is not limted to a neasurenent w thout
Abbe error§. Adebtdisrgrce afsébenteaspetny ofetiee prsenths nvaiit€icgaon

there is provided a second novahl e-body 20 apparatus, conprisin
movabl e body. EHACSmotes WF | BACE 1 Qikai & GRLRRE| e WEERFH eToiPRg
pl ane and has x%fgsglc%ﬁ' BRLRL ang whi C% GhOSEER 4N IRVING tRhaNE £0RKE

part thereof; an measuring device having: a |light source
fixed scales with a fixed positicnal relation with the

light source. Then, a plurality of diffracted lights
10 generated from the one-dimensional grating are allowed to
interfere with each other by the optical system, and the
detection instrument detects the interfered lights. As
described above, since a positicn measurement of the
movable body with a one-dimensional grating can be
15 performed via a reflection plane arranged on the movable
body, it 1is unnecessary to arrange a one-dimensional
grating on the movable body, and upsizing of the movable
body can be suppressed. Further, since a plurality of
diffracted lights generated from the fixed scales can be
20 led to an optical system by appreoaching with each other,
influence caused by a fluctuation of ambient atmosphere
beccomes less in comparison to conventional
interferometers, and a high-precision measurement of
positional information of the movable body is made
25 possible. Further, similarly to the interferometer, the
optical axis of lights irradiated from the light source
of the measuring device can be set to pass on a standard

point which is a standard of the measurement.



that irradiates a light onto the reflection plane; fixed 25 scal es of
whi ch positional relation with the light source is fixed, which have
a one-dinensional grating with a periodic direction in the axis
direction, and on which a light reflected on the reflection plane
enters; an optical systemthat allows a plurality of diffracted

| i ghts generated fromthe one-dinensional grating to interfere with
each ot her; and a #etecrdimn tinst tonedt aspatt det ebks prhsennt erfertddn,

lights. In this apparatus, a |ight is irradiated fromthe 5 |ight
source of the tﬁ’@é?urilr?g deVPEESht o t hBhEd | eRPY IR PIRANY of aRBAEatus,

movabl e body, mgggggng?g% er%}(%]xgﬂfloé“ ﬁc?*&?crg %lce%%%%é‘ag' DS Sl axis

one- di nensi ona ratin I xe es w i Xed posi

relation wthdiheckight wseHigea TheNAnga pFllaHé@-' ia‘h)ﬂ_ Qf Iﬁjéafglfra_&lbed:levice
lights 10 generated fromthe one-di nensional grating are allowed to
interfere Withhedch medmurdsy thesbpitdrcal oSysttdm ancvdlie debedti onby
i nstrunment detects . the i nterlf, ered lights. As descripbed above, since a
posi ti on neasdréRENE ORIt Ae lhBUEDPREDoBY™MAF 1Y a0ttt rnsinGiesl along

grating can beg 1 f i flection n rfanged_on the
novabl e body, %LI tglligé)ﬁ%n%gggg}sl%r ?}m?rgrbg?r a]%cggd«leﬁa gh%- %%enr?m %ﬁgfsbrrl%t %HS

on the novabl echady, paste ppshaillg Qftddi@ngpuabl gnbogdyssad B8-ough the
suppressed. Further, since a plurality of diffracted |ights generated
fromthe fixedoyéabegretnde

10 In this apparatus, since the moving grating arranged
on the movable body is arranged along a plane crossing
the moving plane, influence caused by a fliuctuation of
ambient atmosphere becomes less in comparison  to
conventional interferometers, Hence, a high-precision

15 measurement of positional information of the movable body
is made possible. Further, upsizing of the entire
movable body can be suppressed.

According to a fourth aspect of the present
invention, there 1is provided a fourth movable-body

20 apparatus, comprising: a movable body that moves in a
direction parallel to at least a single axis within a
moving plane; and a measuring device having: a light
source that irradiates a light onto a moving grating on a
predetermined plane of the movable body, the

25 predetermined plane crossing the moving plane; a fixed
optical element of which positional relation with the
light source is fixed, which diffracts or reflects a
light diffracted at the moving grating, and return the

light to the moving grating; and a detection instrument



20 led to an optical system by approaching with each other, influence
caused by a fluctuation of anbient atnosphere becones less in
conparison to conventional interferoneters, and a high-precision
nmeasur enent of positional information of .the novabl e body is nade 25
possi ble. Further, simlarly to the interferoneter, the optical axis
of lights irradiated fromthe |light source of the neasuring device
can be set totba§sd©neatstanHEQMt[ﬁﬁﬂﬁrﬁM1bdhafsea s¢andar dhofoughe the
measur enent . According to a third aspect of the present

i nventi on, th@P@ng provideF% third novabl e- body apparatus

conpri sing: a movable bady LhaL mEYES 2t jLeast LN .an axis di pestion,

within a noving plane; and a asuring de 5°t hat

position of theghevahhe-dodys hynd rhadéatifg aclight CQH:TOO ahémwok}gng
grating arranged al ong a plane of the novabl e body, the plane

crossing the mBeFARIpl @ame,a amdedptdensoed nglanki ghthpassedrddwesughhe

t he novi ng gratlgg. 1$In t hi paratus since the noving grating
arranged on t R&€Vrb%aBt & %o E%FW%W&%& RPBHg %ﬂ%l%n%l%W%§§##§aFﬁéd

movi ng pIane,aan]%eqﬁgngﬁpto con aegﬂ%&%uaklo% Lrgggiepg a%gpsghgre

beconmes |l ess in conpariso Ventional nter nce

hi gh- preci si omh&5 Deaisur efrert @ht@@glttﬁﬁ“ﬂfﬂx@ﬁorH?EL@@lOfeﬁéH%nt is
novabl e body is made possible. Further, upsizing of the entire
nmovabl e body éaﬁfbécéﬁ%pﬁésgéﬁlected by Adoortlixsg taptd cedurtlemaspeeatd

of the pregent invent there,is provided a fourth novabl e-body 20
apparatus?8 ofpri*&ihg’ S tﬂ%vQBVén%ogﬁa?*ﬁ% foveIhth Rigirtecefoat the

parallel to ahob@ﬁétg§a§iﬂglQrﬁxhétg%ﬁéﬁlﬁ¥a foyi pg. blane; ﬁﬂ%%ﬁimga%b

nmeasuring device having: a t source t irradiates a

a novi ng gratEngthmsacpbade@emabnedeph@ﬂen@fgkaelﬂ@vabl@rb@ﬂyedtbﬁ 25
predeterm ned pl ane crossing the noving plane; a fixed optical

el enent of whPERIpBSITimAthl PEatat beAngi teh phet | ioght tisoumceabbe f bred,

whi ch dlffracts or. reflact a light diffr cted at the noving grating,
ond return ¢ nEPFEERES L 8L oV o BT Te ShRih Gt ebe PP essed:

iNStrumenis  purther, since interference occurs between the fixed
optical element and the moving grating, influence caused
by a fluctuation of ambient atmosphere becomes less in
comparison to conventional interferometers, and thus, a
high-precision measurement of positional information of

20 the movable Dbody 1s made possible. Similarly to
interferometers, the optical axis of 1lights irradiated
from the light source of the measuring device can be set
to pass on a standard point which is a standard of the
measurement.

25 According to a fifth aspect of the present invention,
there is provided a fifth movable-body apparatus,
comprising: a movable body that moves in a first and a
second directions orthogonal to each other within a

predetermined plane and has a reflection plane which



7 that detects a light interfered after passing through the noving
grating again. In this apparatus, a light is irradiated from
the light source of the neasuring device onto the noving 5 grating on
a predeternined plane, which crosses thegnoving plane, of the novable
body, and a light diffracted at the noving grating enters the fixed
optical elenment. The light that enters the fixed optical elenent is
di ffracted or aretkeet ethdy ptlheef i xed 2opt 2cate ebegdat antd &0 retirnsa

to the moving grating, a light interfered at the noving grating are
det ect ed by tﬁgf%éﬁé tPOn GEASEFRNERt . TP s2 cHEBSUEE e IPHECHD ARG

grating is arnangedoon A predeternnad ol ane,being & pact ol Lhe,
novabl e body, upsizing of the entire novabl e body can be suppréessed:

15 Further, siencentnhgr fier efiee oCedn sabedaern t hgoddx8d 20041 GAlra1lel
el ement and the noving grating, influence caused by a fluctuation of
ambi ent at AospiReridrsheebars Peds ai rpasunpaf | sbach o feoaverthieonadflection
i nterferoneter and .t hu reci sion neasurenment of positiona

: hus, a hi gh-
i nf or mati on ofaiﬁethérﬁﬁééﬁT%sb%d}E%@FrﬁﬁﬁF[ﬁﬂﬁﬁtﬁQ§ S iiqdrdiop ©dane
'nterferonEte%§othQjﬁptfffgtaé&?e&%}éﬂghgédlE%@ghgge%i%kgg%Egﬁ s Qt
source of the neasuring device can be set to pass on a'standard point
which is a stahdahd aefet hgereasusenmenton 254ccortiNgdaon fidfithcaspagt
of the present invention, there is provided a fifth nmovabl e- body .
apparatus, cofPELSFReS an novabiasbdptiifal mbeesnt nard filrestregigcaion

seoon et L9080 LIRNGNTL LB Sach Gl Ner, W LN 2 prsdel et e,
other, and measures positional information of the movable
body.

In this apparatus, the measuring device includes the

fixed scale, which is arranged by extending in the first

15 direction substantially parallel to a predetermined plane
and has a diffraction grating, irradiates a light beam
onto the fixed scale wvia the reflection plane of the
movable body and detects a plurality of diffracted beams
generated from the fixed scale after allowing the beams

20 to interfere with each other, and measures positional
information of the movable body. It 1is thereby
unnecessary to arrange a grating on the movable body, and
upsizing of the movable body can be suppressed. Further,
influence caused by a fluctuation of ambient atmosphere

25 Dbecomes less in comparison to conventional
interferometers, and a Thigh-precision measurement of
positional information of the movable body is made

possible.



crosses the plane at an acute angle and on which a diffraction
grating is fornmed; a neasuring device that includes a fixed optica

el ement, which is arranged by extending in the first direction
substantially parallel 5 to the plane and a part of which faces the
reflection plane, irradiates a |ight beamonto the reflection plane
along the first direction, and detects diffracted beam which are
generated from t heAreptdotd div pl anethndspedt adt adecoprehent | xegention,
optical element and the reflection 10 plane, after_allow ng the beans

to interfere WtKSeact® ot PEIVIH mbasttEs? poSPY#oHIPINt or FRRAGHU6r
the novable b R N o i pparat ys,. .t asyring | C
i ncl udes the ?ﬁ%@ *ta é,awﬁ%%ﬁ%%g E%Sgngégtbgﬁggﬁeﬁ'lﬁg F%§¥%eg??rgt

15 direction sihshant hakéyepadal lgltnbgodapr eget ezphnedtpbanesaid nhas
a diffraction grating, irradiates a |light beamonto the fixed scale

via the refl ectriegrtprahredf pidiee muvablae nisadyrand devect sthepliyadvidey
of diffracted beans generated fromthe fixed scale aftfer all\g ng t he

beams 20 to i ft érfEfle SAPLA @Ei?Pcﬂﬁmﬁfrﬁﬁ%ﬁdngﬁsﬁﬁégn%b%qt?bn rst
i nformation Ofdﬁ.tr@%t[irgﬁﬁglugcs)ggg¥iai y'ﬁafmreqbytémﬂ?&e&@%?é/ LQgankange

a grating on the nova and ‘upsi zi ng of the novabl e body can
be suppresseddifdrhbeioni nfdatenge cotisedahysa 4| aayhat itoraof oandi ehe
at nosphere 25 becones | ess in conparison to conventiona

i nterferoneterfdxednd@lsi ghigpracicsEbachieds upbant 06f thesimaveRar body

information of the npvable bo i s .made possihl e, Accordin
to a sixthlasf@ét OFCTHE pFes&%"trqﬁ‘r’r\Fé’nt‘?’gnfhtf%é?‘ét?g BPETE detf ¥ S Eh

movabl e- body apparatis, GQuREi Sikpgic.a gRvapl exbodyiddat fbvesdd ato
first and a second directions orthogonal to each other within a 5

pr edet er m ned ipltar€erand watAEasdEhNgodeyice that mastwudes gpddixeidnal
scale which is arranged by extending in the first direction
subst anti al | y ipeficaimpgionoof hehrplenvebardohds: a di ffraction grating,

irradiates a light beamonto the fixed scale vi.a a reflecti | a
of the novabl e bodyZ0™ahd TEHBEE s g?ﬁr%ﬁ??%fﬁﬂg 3??%?30%%éﬁﬁé%ﬁ£§%e

gener at ed Erom.the fixed scalenafternaklowg ng, the heams tig idderdiae
wi th each ot her, and neasures positional “information of the novabl e

body. direction substantially parallel to a predetermined plane

and has a diffraction grating, irradiates a 1light beam

onto the fixed scale via the reflection plane of the

movable body and detects a plurality of diffracted Dbeams

20 generated from the fixed scale after allowing the beams

to interfere with each other, and measures positional

information of the movable body. It is thereby

unnecessary to arrange a grating on the movable body, and

upsizing of the movable body can be suppressed. Further,

25 influence caused by a fluctuation of ambient atmosphere

becomes less in comparison to conventional

interferometers, and a high-precision measurement of the

positional information of the movable body 1is made

possible.



In this apparatus, the nmeasuring device includes the 15 fixed scal e,
which is arranged by extending in the first direction substantially
parallel to a predeterm ned plane and has a diffraction grating,
irradiates a |ight beamonto the fixed sgﬁle via the reflection plane
of the novabl e body and detects a plurality of diffracted beans 20
generated fromthe fixed scale after allowing the beans to interfere
wi th each other, andcheasur®@s PosSid i oralerithf ormaeton of t hlee movedsieat
body. It is thereby unnecessary to arrange a grating on the va&!e
body, and upsiizivegtéfont he thevabl &s boeyr et e asuﬁﬁﬁ’@%@d.m?ﬂ?n}?}n P05
i nfluence caused by a fluctuatiaqn of ambient. at h becones | gs
in conpari son ¥RPLGTVENt | THHTINEr f € oite ‘gl?lsc? gﬁggaq{?%&h%greci singn%

measurenent of .t he positional.d.af ofinadeanef dritecsenabl ecbadyh sottede
possi ble. 10 ccording to a seventh aspect of the present

i nvention, ¢ heperriis pt ovidted aardeednphaneyabhé- hadyzappasat tgflection
conprising: a novable body that noves in a first, and?g?sec%%%

directions ortihbyonathes eachasthesed vt heh-PPrédelf efn ne ol S

and has a first, reflection plane th i anged._b Lepding & Ot
t he second dir%&%?Qﬁ?%ﬂu?qgwﬁﬁ§§§efh§£pIE%gﬁétggnggcéfg%anglg within a

plane parallel tg the firstcdi recthenrang: oaihogaral and bhehpyamel
a second reflection plane that is arranged 10 by extendi ng al ong the
first directiophangist@sses & heepbaherstleatigoubéaafgbati thi AraanIsd
pl ane parallel to the second direction and qiiho anal tQitQP ¥&§peﬁhe
and a measut i ngydewiceadinat alpepudds oL 55 st 4°%edBid Fefiecting

menbers substantially parallel to t . 1 f%&grﬁgggihgblto the
ext endi ng, resBé%??véFyfql?ﬂﬁ%g'fF}H% ghg%ﬁﬁeégggond di recti ons,

irradiates a f%éé&néiEHEréE%%%honéﬁutfM%thb@shalehkec&hen plame apdd a
allows a plurality of first diffracted beans reflected on the first

reflecting nmenhessanthg heldviicst tiedt ecricdndpbare 1Skt efP@r & wPER2D

each other and detects the beans, irradi ates, a seco i qht
t he second refkeéﬂpgﬁi@gaﬁ@mgﬁasaﬁqaﬁgaatlafly para?gei QO '9%9”b9§£9

15 and arranged by extending, respectively, in the first and
the second directions, irradiates a first light beam ontoc
the first reflection plane and allows a plurality of
first diffracted beams reflected on the first reflecting
member and the first reflection plane to interfere with

20 each other and detects the beams, irradiates a second
light beam onto the second reflection plane and allows a
plurality of second diffracted beams reflected on the
second reflecting member and the second reflection plane
to interfere with each other and detects the beams, and

25 measures positional information of the movable body in
the first and the second directions, wherein a
diffraction grating is arranged on at least one of the

first reflection plane and the first reflecting member



plurality of second diffracted beans reflected on the second
reflecting menber and the second reflection plane to interfere with
each other and detects the beans, and 25 neasures positional

i nformati on of the novable body in the fjrst and the second
directions, wherein a diffraction gratiﬁé‘is arranged on at | east one
of the first reflection plane and the first reflecting nenber 11 and
on at | east omedofort et seeadtd oré | o€t ian plkanadané fibetsecobBlane and
reflecting nenber. In this apparatus, the nmeasuring device
enabl es a hi gilfr 883D Heesiriagee™esr posi ti onal information in 5

he fi dth directi f.ih bl e bady. with |
I nf 1 uence caused by s Pt GREPORCBT abf oRES4C RESPNATEiTh CBABLIY sbn

to conventionglghnpesf £5 IRt BESsuFd e o f S%BQ?tiQﬁ’af’i EhEBEhL O in

grating is arranged on at |east one of the Tirst reflection plane and

the first 5 the first and the second directions of the movable body
with less influence caused by a fluctuation of ambient
atmosphere in comparison to conventional interferometers.
Further, since the diffraction grating is arranged on at
least one of the first reflection plane and the first

10 reflecting member and on at least one of the second
reflection plane and the second reflecting member,
upsizing of the entire movable body can be suppressed.

According to an eighth aspect of the present
invention, there is provided a first exposure apparatus

15 that exposes an object to form a pattern, the apparatus
comprising: any one of the first to the seventh movable-
body apparatuses of the present invention which includes
a movable beody that moves the object while holding the
object.

20 In this apparatus, since the movable body inciuded
in each of the movable-body apparatuses described above
moves while holding the object, the object can be moved
at a high precision and a high acceleration on exposing
the object to form a pattern, and thus, a high-precision

25 exposure can be performed at a high throughput.

According to a ninth aspect of the present invention,
there is provided a second exposure apparatus that
transfers a pattern formed on a mask onto an object, the

apparatus comprising: any one of the first to the seventh



10 refl ecting nenber and on at | east one of the second reflection

pl ane and the second reflecting nmenber, upsizing of the entire
novabl e body can be suppressed. According to an ei ghth aspect
of the present invention, there is proviged a first exposure
apparatus 15 that exposes an object to forma pattern, the apparatus
conprising: any one of the first to the seventh novabl e- body
appar at uses ofrotvhblpriesént appneeatisore whi ciithenglredesta imyeablbenboihy ch

that noves the object while h0|dk£9 t he object. 20ln this apparatus,
since the novaBréuBddy2i ARV Riiveddi tofioVRe Wobadl kelbidyy at least

apparatuses d ri.be i I | di ng the object, the
Sagr b Qhé‘bz{?%& %&%hﬂhbkﬁe&?.

obj ect can be noved at a high precision and a high acceleration on

exposi ng the obj ect1h otHOf Mpbaiter Natandathusne dohi @ LU ShaN R

exposure can be performed at a high throughput. According to a

ninth aspebt obliehe prebehd amyedtivem vhébhe mevapbyillety arsdookd in

exposure apparatgs that transfers a pattern formed on a mask onto an
at

obj ect, the apf& é%ﬁbrWEV%@%eﬂﬁVhbn@pBTr?Wﬂfﬁﬁ r §ESEEIRHE SEPERL h
12 movabl e bogy - apnaral Uoss, ol bitePLESENL IVelld OB YhLER BEhides,a

novabl e body that noves € holding at Teast one e mask and

t he object. |mhkhingsappanat ushe atbjRASt oNelfsd hendresk and WBekSand
object is held and driven by the novabl e body included in each of the
movabl e- body &pparcétiests desdrsd beevesbaite. a Fhrglh hpsereason, anth a high
transferragg t he Eattern formed on the nmpask ontaq the object, at |east
one of thé’maékCEna TheCuh] 8¢t BAW be® nbvEY B SH SHichh SFPEEPEF ofi*BndS a

hi gh performed at a high throughput.

According to a tenth aspect of the present invention,
there is provided a first exposure method in which an
object is exposed and a pattern is formed on the object,

15  the method comprising: irradiating a light onto a
predetermined plane, which c¢rosses a moving plane, of a
movable body that moves along the moving plane while
holding the object, and measuring a position of the
movable body by using a light wvia the predetermined plane

20 and a moving grating with a predetermined positicnal
relation to the predetermined plane; and exposing the
object while the movable body is moved, based on the
measurement results.

In this method, since the position of the movable

25 body is measured via a predetermined plane crossing the
moving plane of the movable body that moves while holding
the object and via the moving grating with a
predetermined positicnal relation to the predetermined

plane, influence by a fluctuation of ambient atmosphere



10 accel eration, and thus, a high-precision exposure can be perforned
at a high throughput. According to a tenth aspect of the present
invention, there is provided a first exposure nethod in which an
object is exposed and a pattern is formed; on the object, 15 the

met hod conprising: irradiating a |ight onto a predeterm ned pl ane,

whi ch crosses a noving plane, of a novable body that noves al ong the
novi ng pl ane Vi | kedrol drngranire xdbpectto andnveasimalg anpesidiartefs .

t he novabl e bod 3% usi,ng.a light via the predeterm ned plane 20 and
a noving gratiﬁé th étpﬁédépg?ﬁ?ﬁ%ﬂr%og?t?Eﬁ%ﬂg%Eﬁ%ﬂ%?ﬁ?n@é ffabers

predet er m ned planeicoand. £XPOSLIG, JE DI B! PAL! Gy s, MOVaRLE bodk,

is noved, based on the nmeasurensnt Tesults.

position of thesteyvapl ef 2bndoshycirs m&a&%&@dbMﬁﬁ ﬁspgﬁgkﬁéygadnedTﬂbane

crossing the noving plane of the novabl e body that noves while
hol di ng t hé oﬁFecﬂwaﬁéleiéOﬂMeCﬁDvbﬁgmgwaﬂing w thhiogh predéseéoni aed a
ositional re on to redeterm ned pl ane, .influence by a .

Pluctuatlon 0 18 |§ﬁfei?ﬁ% bier e aq% 2 Pnighienroughpat® ha” hign-

precision exposure can be realized.
According to an eleventh aspect of the present
invention, there is provided a second exposure method in
10 which an object is exposed with an exposure light, the
method comprising: holding the object by a movable body
that moves in a first and a second directions orthogonal
to each other within a predetermined plane and has a
reflection plane which crosses the plane at an acute
15 angle and on which a diffraction grating is formed;
measuring positional information of the movable body, by
irradiating a light beam onto the reflection plane along
the first direction and by detecting diffracted beams,
which are generated from the reflection plane and
20 reflected on a fixed optical element arranged by
extending in the first direction substantially parallel
to the plane and the reflection plane, after allowing the
beams to interfere with each other; and moving the
movable body based on the positicnal information.
25 In this method, a highly precise positioning and
higher acceleration of the movable body is made possible,
and a high-throughput and high-precision exposure can be

realized.



is less in conparison to conventional interferoneters. Further, it is
unnecessary to arrange additional nenbers used for the measurenent on
t he novabl e body, and upsizing of the entire novable body is
suppressed. Thus, 5 the novabl e body can, pe noved at a high precision
and a hi gh accel eration, and a hi gh-throughput and hi gh-precision
exposure can be realized. According to an el eventh aspect of

t he present inventidogotdiere it provitded fahsegopricex posurégarettiedenh
10 which an object is exposed with an exposure |ight, the nethod
conprising: hdPIERGiPRe GBPEEt 1By PAOHDISRI &ShGdy-Fst SHERPELTen Mg thed
first and a second.diregtgns.orinoganal.qt 0:each, oLhssid Nt cne
pr edet er m ned BIane and has & F et ecti on pl ane ich crosses the
plane at an acik@odd 2aghesang: ORoYRiLh endi bbfact i pn gr atdvaglis body
fornmed; neasuring positional information of the novabl e body, by

i rradiating a thiaghtmolyeamionto filvetr ehbeet iseroptiaférarohe s Her fiqoepal
direction and by detecting diffracted beans, whic ener ated f.rom

. h
the reflecti ol &he! ad 26 reriiedt ed éﬁfgefﬁ§%ﬁn%%?&§§ Sél et

arranged by eXE%@@%EQai” t hee s HOQIr68¥IOﬂj§beE@QEbQE|y pal | ey
to the plane and ‘the refl ection pl ane, after allow ng the beans to
interfere withgaghaethgr.a anthHOVbegnt batsowabi exdibdychhsedwbinchhes
positional information. 25 In this nethod, a highly precise ,
posi tioni ng ardrhingkdr abrel ecatieofding t heR novelt e bdHSH s ndfeection

possi bl e, and a_hi gh-t hroughput. and _hi gh-preci si on_ exposur

real i zed. 1914 substantagidy gp EF%%%%i?Q&%hﬁtﬁgggﬁeéPdoﬁg?h% %%ééghé¥ion
i nvention, there.i.s provided j hLrd SUE e thosh e Wi ahd
object is exp&?@&l%ﬁfh%gh gx6%?&%8EF%gh??§$%é&£e%ﬂ%d conprisié%ﬁ

hol di ng the ohjechebyc@inpvablaukadytrd Fatdimives tied doddmsstgarnaged
second directions orthogonal to each other within a predeterm ned

pl ane; neasur ifprpdsict | Orald isvRdrraBNEnTeTithe AT aBPER PRIy Oy Pased
irradiating a light beamonto. a fixed _scale, which is arranged by
extending in tHe Fier SOSHLFERET o TG ™6 Panti al Iy parallel to the

pl ane and .has a diffracti.on gratifng, oVia &1k efd.eehisen gl ane @fingheind
novabl e bggy, and bgkdg%g%?ing a dlu?ali?@ gfl%ifﬁfacﬁgg beans

generated fromihefixediseakteonant tmyimgdtie wodgblie bedy basetblon
the positional information.
and a high-throughput and high-precision exposure can be
realized.
Further, in a lithography process, an object 1is
20 exposed by using any one of the first te the third
exposure methods of the present invention, a pattern is
formed on the object, treatments (e.g., development,
etching, etc.) are applied to the object on which the
pattern 1is formed, and thus productivity of highly-
25 integrated micro devices can be improved. Therefore, it
can be concluded that the present invention, according to
further another aspect, is a device manufacturing method

with any one of the first to the third exposure methods

in the present invention.



15In this nmethod, a highly precise positioning and hi gher

accel eration of the novable body is nade possible, and a

hi gh-t hr oughput and hi gh-preci si on exposure can be realized. Further,
in a lithography process, an object is 2(4 exposed by using any one of
the first to the third exposure nethods of the present invention, a
pattern is forned on the object, treatnents (e.g., devel opnent,
etching, etc.) are applied to the object on which the pattern is

fornmed, and t o] t Vi hi hI - 25 integrated micro devices
can be inprovgﬁié% 83&d&i§¥i8ﬁa Eg rRBﬁW@yé%mu t he present

i nvention, accordi o furthe o] . e d

manuf act uri ng methn]%[cg li'an{% gﬁgao%gfﬁgﬁf%rgkhF%ggﬂe ?%Eﬁ:tg%lg sur 5

met hods in thehpresp@§umvéqmdr@r&us ih B8R BR AFSERLBEL O THE

DRAW NGS FIG 1 is a view showing a schematic constitution
of the expdsure appd¥at ud 19 &heefspattiorbodievershowdEbGa dafsrastage
perspective V|e§/shomnn waf er stage and an encoder. FIG 3 is a

top view of tRe eﬂ%o%%?g¥ﬁ¥ in FIG 2.

FIG. 3 is a top view of the encoder 20X in FIG. 2.

FIG. 4A 1is a perspective view for explaining an
encoder in the second embodiment, and FIG. 4R is a view

10 showing a condition in which the vicinity of a reflection
plane 134 in FIG. 4A is seen from the +X direction.

FIG. 5A 1is & perspective wview for explaining an
encoder of the third embodiment, FIG. 5B is a view for
explaining the principle of the encoder in FIG. 5A, and

15 FIGS. 5C and 5D are views showing modified examples of
the fixed scale in PFIG. 5A.

FIG. 6A is a perspective view showing a modified
example (1} in the third embodiment, and FIG. 6B is a
perspective view showing a modified example (2) in the

20 third embodiment.

FIGS. TA to 7C are views for explaining the
principle of position measurement with respect to the Z-
axlis direction for the .wafer stage in the fourth
embodiment.

25 FIGS. B8A to 8C are views for explaining the
principle of position measurement with respect to the Y-
axis direction for the wafer stage in the fourth

embodiment.



FIG 4A is a perspective view for explaining an encoder in the second
enbodi nent, and FIG 4B is a view 10 show ng a condition in which the
vicinity of a reflection plane 134 in FIG 4A is seen fromthe +X

di rection. FIG B5Ais a perspectié/e vi ew for explaining an
encoder of the third enbodinent, FIG 53 1s a view for explaining the
principle of the encoder in FIG 5A and 15 FIGS. 5C and 50 are views
showi ng nodi fi ed exBhfd esdofartchedH iaved vdeakeshowbhds mbAified exampEEE
6A is a perspective view show ngi a nodified exanple (1) in the third
enbodi nent, ard FP& reB ¢tippérieépectfde vi ew showing a nodified
exanple (2) in the thiyd _enbodinment. . FIGS 7A to 7C are
views for expl aini nép%hgldé)rjisngi E)’Ilgwoghop%lsl} i%On eﬁﬁ‘é‘éﬁ‘? e?r@rﬁlavﬁeﬂ?nt of
respect to thenéd- axhodd# eGbironpd pfothigiy Waher st a8 rkBst hes f qutbRon
enbodi nent. 25FIGS. 8A to 8C are views for explaining the principle
of positioh neassneepamtwi th respect to the Y-axis direction for the
waf er stage in the fourth enbodinent. 16 FIGS. 9A and 9B are
vi ews showi ng nodi fied exanples of the reflection plane 134.

BEST MODE FOR CARRYING OUT THE INVENTION
First Embodiment
Hereinafter, we describe a first embodiment of the
10 present invention with FIGS. 1 to 3.

FIG. 1 shows a schematic constitution of an exposure
apparatus 10 in the first embodiment. The exposure
apparatus 10 is a projection exposure apparatus of the
one-shot exposure type such as a stepper etc. As

15 described later, in the present embodiment, a projection
optical system PL 1is arranged, and hereinaftexr, it is
supposed that a direction parallel to the optical axis AX
of the projection optical system PL is the Z-axis
direction, the horizontal direction in FIG. 1 within a

20 plane orthogonal to the Z-axls, a direction oxrthogcnal to
the Z-axis and the Y-axis (a orthogonal direction on the
page surface of FIG. 1) 4is the Y-axis direction, and
rotation (tilt) directions around the X-axis, the Y-axis,
and the Z-axis are, respectively, the ©6x, 08y, and 6z

25 directions.

The exposure apparatus 10 includes an illuminatiocn
unit IOP, a reticle holder RH that heolds a reticle R, a
projection optical system PL, a stage unit 50 including a

wafer stage WST that holds a wafer W and moves two-



FIG 10 is a view show ng an exanple of placenent of the encoder for
performng the 6 degrees of freedom5 neasurenent. BEST MODE FOR

CARRY! NG OQUT THE | NVENTI ON Fi r st Enmbodi ment Her ei naft er,
we describe a first enmbodi nent of the 10l resent invention with FIGS.
1to 3. FIG 1 shows a schematic constitution of an exposure

apparatus 10 in the first enbodi nent. The exposure apparatus 10 is a

proj ection expdseneiappblat asond thewnetehoinedpedune type suchlasea
stepper etc. As 15 described |later, in the present enbodi nent, a

proj ecti on optn€ardsyst ERPPEX |a§l§r @éﬁ‘ge’%ﬁe kR ey ePﬁ*élW%‘?nali tto seach

supposed that a, di rectlgn parallel to t olg\g_ cal aX| S

t h
proj ection optireaf systeans PELFSe e?ngll@e ecf”ll on, ttrlA?é h%WE%%t af

direction in Eheselgbidid @20 pl ane orthogonal to the Z-axi s, a
direction orthogonal to the Z-axis and the Y-axis (a orthogonal

direction &on the pdffe sutfacenafidal Gnilt) IGP t hecM:ded sadilienti eanraad
rotation (tilt) directions around the X-axis, the Y-axis, and the
Z-axis are, r@8Pecd® véilyUndRatERn Optigad Y PEMi rééFP@h%tGS an  an

e, exoosure JOELe 06 L0skudss AL IRLON AN LR B,
PL, a stage umuguéﬁnamrudaagaa wafier Stage Bl t@atfi@cgssﬁlog‘!‘af gisW
and noves two- 17 di nensional | y along a predeterm ned plane (an XY
pl ane includi pglikd X-axsbiamdbidde Yerxa sroridiegdnalnd)o pdackdotihetds n
t he present enbodi nent), a control system of these devices, etc.
the unit,”’ and uniformly illuminates the reticle R on
which a circuit pattern is formed. As the illuminaticon
light IL, it is supposed that, e.g., a bright line in an
ultraviolet region (the g-line with a wavelength of 436nm,
the i-line with a wavelength of 365nm, etc.) from an
15 ultra high pressure mercury lamp is used. Here, wvacuum
ultraviolet lights such as a KrF excimer laser light
(with a wavelength of 248nm), an ArF excimer laser light
(193nm)}, and an F; laser light (157nm) can be used instead.
The reticle holder RH is placed below the
20  illumination unit IOP. The reticle holder RH is actually
mounted on the upper surface of the projection optical
system PL (in FIG. 1, for convenience of illustration,
the reticle holder RH and the projection optical system
PL are separately shown). Specifically, the reticle
25 holder RH is designed fc¢ hold the reticle R on a base
fixed on the upper surface of the projection optical
system PL, and capable of fine drive in the X-axis
direction, the Y-axis direction, and the 08z direction by

the controller (not shown). Note that the reticle holder



5The illumnation unit IOP includes a |ight source and an

illumnation optical system irradiates an an illumnation light IL
onto a rectangular (e.g. square) illumnnation area, which is set by a
field stop (also called a nmasking bl ade areticle blind) placed
inside 10 the unit, and uniformy illumnates the reticle R on which
acircuit patternis fornmed. As the illumnation light IL, it is
supposed t hat REe.qgn, ke brlsghtcdnaid tuedn tol thrael 6l etunrcedioon offt e mply
g-line with a wavel ength of 436nm the i-line with a wavel ength of

365nm etc.) fR3AEAA 15N81 tFatHih fresdiite AELELRY |Hhifp iCysds R-

Here, vacuum u travi ol l i ghts. suc S KrF ,excl r i .
(with a mavelgkﬁFﬁeéf gﬁ%nr ,l%ﬁaXﬁgq%fc?ﬁeﬁﬁﬁaggén?%%#%§%fﬁgﬁ%§$c3%d
an F2 | aser |isghtofnlBb7n@dn G DelsedcbisigakatENg . reticle hol der RH

is placed below the 20 illum nation unit 10P. The reticle hol der RH
is actual | § nount ed2omathefuppgegnsant aserlef (nve phojett i omuopriceal on
systemPL (in FIG 1, for convenience of illustration, the reticle

hol der RH and @ F&-5r GifedtforrebpEital - sySPefPLPEF &SR pdFAEINF "Showy .
Speci fically, Lhe beiie! @23 Nohdal) RikLs.fes! agd 40.n0bg 18 grnent
reticle R on a base frxed on the upper surface of the projection
optical systemaRks ad capabd@iofmiine €6ivesddndihe Xdxtisosh r est itas,
the Y-axis direction, and the Oz direction by the controller (not
shown). Note tadert hetagti ¢158 hbldeysirk8 RH t2ii P aRSHIBOARE | tnsedm

to have a function of sinply holding the reticle R, .not drjving.t.h
reticle RIOFuPeHers tfe p%%%éﬁ%¥?ﬂﬂ e?‘F&iggﬂf_yhegﬁﬁgféct{%% d%??éhﬁ
system PL Canhgﬁd%ESORgl%&?dtﬁﬁﬂﬁfagg%ﬁlt§Acﬂg'%h%f AkLgRrEM LB keig

(not shown) is arranged on a part o ereticle R In the present

enmbodi ment, t he 1¢erkEobLbeLt{&M0ing ohaeasuces Rherpaiclofanidrgrment
mar ks and fiducial marks corresponding to those on the wafer stage
WST by using a retiBbethti pnoistigystampical system PL, for example, a

dioptric system composed of a plurality of lenses (lens

15 elements) arranged along the optical axis AX parallel to

the Z-axis direction is wused. The projection optical
system PL is, e.g., Dboth-side telecentric and has a
predetermined projection magnification (e.g., 1/4 or 1/5).

Hence, when an illumination area 1is illuminated by the
20 illumination light IL from the illumination unit IOP, a
reduced image of a circuit pattern in the illumination
area of the reticle is placed on a second plane {image
plane) side via the projection optical system PL by the
illumination light IL that passes through the reticle R
25 placed such that its pattern surface is matched almost to
a first plane (object plane) of the projection optical
system, and the image is formed on an area (exposure

area), which is conjugate to the illumination area, on



10 before an exposure, e.g., finely drives the reticle holder RH by
using results of the measurement, and perforns positioning of the
reticle R (reticle alignnent). As the projection optica
system PL, for exanple, a dioptric system conposed of a plurality of
Il enses (lens 15 el enents) arranged alongl%he optical axis AX parall el
to the Z-axis direction is used. The projection optical systemPL is,
e.g., both-sidectehecenir b andehas wegirsedghepiibaedeps 0f oot iagent) is
magni fication (e.g., 1/4 or 1/5). Hence, when an illumnation area is
illum nated byoehed20 illumnation light IL fromthe illum nation

unit 10P, a reduced_inmage of a.circuit ttern i.n the, i - i
area of the reticIeIPst$?d@é&q&ﬁyaoggE@%%”ﬁﬁgﬁgagphﬁggi%%gg;Qﬁk&PgL’

. Si de
via the projectian. i.cal - Liheg) I nat.i i

that pasees ¢ Ao PrE EerTETaT RS BIAEEaotter™ iy PRk esr "
surface i sgmat:ghedadm0st 40 aidudisll plaane Eabjteet wplfamelstebet WET is
projection optical system and the inmage is fornmed on an area
(exposure ar earranbich i Ascbhf ughiEmedtt FYStRPUMRat f o areSTGivT 18

the wafer Won which a resist (a t it i
the vicinity GPBtH€E6FOP§8FF8HSB%EF§%$S§%§bganggggﬁﬁg F%ﬁ%ﬁﬁ{%§y§bgm

on the vaf e STEE WEETE 4 Tangod Acthe a1 anrent Syetem aLG
. gnnment system ALG

e.g., a sensor{@fpanese Unexamined Patent Application Publication) No.

10 04-065603, its corresponding U.S. Patent No. 5,493,403

specification, etc. Detection results of the alignment
system ALG are sent to the contreller (not shown).

The stage unit 50 is equipped with the wafer stage

WST that holds the wafer W with a wafer holder (not

15 shown), a wafer stage drive system 124 that drives the

wafer stage WST, etc. The wafer stage WST is placed

below the projection optical system PL in FiG. 1, and

supported, e.g., by a gas hydrostatic bearing, which is

an air bearing arranged on the bottom surface of the

20 stage, above the upper surface of a base (not shown)

without contact. The wafer stage WST is driven in the X-

axis direction and the Y-axis direction in the XY plane

(moving plane) by the wafer stage drive system 124

including, e.g., a linear motor, a voice coil motor, etc.

25 at a predetermined stroke, and finely driven in the Z-

axis direction orthogonal to the XY plane and the

rotation directions (the BOx-direction, the By-direction,

and the Oz-direction).



t he i mage processing type can be used; the sensor of the inage
processing type is disclosed, e.g., in Kokai (Japanese Unexam ned

Pat ent Application Publication) No. 1004-065603, its correspondi ng
U.S. Patent No. 5,493,403 specification,_etc.Detection results of the
al i gnment system ALG are sent to the cont ol | er (not shown).

The stage unit 50 is equipped with the wafer stage WST that holds the
wafer Wwith a waf exs hed stefi {gaotabbbeshawdhoudh Waiervstage tdbeV@sT is
system 124 that drives the wafer stage WST, etc. The wafer stage WST
is placed bel ewsthelpr 6fecei shiopt i callrsyatlemiPL § eRir@es] ofarfgeedom
supported, e.g., a gas hydrostatic bearing, which is an air
begfing arrangédtg% Pﬁgsfﬁﬁt?ﬂﬁ%gﬁW%Eé BPttﬂémf%ﬁ%tﬁbé?”éboﬁgetH@fer
upper surface ty.sh )~ i.t.ho e f

VB St vonoPhol BTG N0t no N0k acy FI° JRIRY BLAgP
XY pl ane (BoviBgaplaneyebyyt hecwahernst &ge rainee SystemdRbe that is
including, e.g., a linear notor, a voice coil notor, etc. 25 at a

pr edet er m ned9gtrokeat aheir 3 niet \3 didoressi aft heegdexisigiatdenisont the
ort hogonal to _the XY I%pe and the rotation directions (the
x-direction, %th Xoya-‘gfi YeOoRCTARRS tHe W& dfr 8ER¥oN) .

Positional information of the wafer stage WST is
constantly detected by the linear encoder system 20 shown

10 in FIG. 1 and sent to the contrcller (not shown).

Describing this further in details, the linear
encoder system 20 includes an X-encoder 20X, which are
composed o©of a so-called three-grating interference
encoder as shown in FIG. 2, and a YZ-encoder 20YZ.

15 The X-encoder 20X, as shown in FIGS. 2 and 3, where
FIG., 3 shows a top view of the encoder 20%, includes a
light source 22 that irradiates a light onto a moving
grating 30X which is arranged on & surface of the -Y side
of the wafer stage WST, fixed scales 24A, 24B that have a

20 fixed positional relation with the light source 22 and
focus diffracted lights generated from the moving grating
30X, an index scale 26 that allows diffracted lights
focused at the fixed scales 24A, 24B to interfere with
each other, and a detection instrument 28 that detects a

25 light interfered at the index scale 26.

The light source 22 emits a coherent light, e.g., a
laser light with a wavelength A(=850nm) from the -Y
direction toward the +Y direction in FIG. 1. In this

case, the position of the light scurce 22 is set such



20 As descri bed above, although the wafer stage WST is a
single stage which is drivable in 6 degrees of freedomin the present
enbodi nent, not limted to this, the wafer stage WST can be of course
constituted by an XY stage 5 novable freely within the XY plane and a
table that is driven at least in 3 degrees of freedom directions of
the Z, Ox, and Oy directions on the XY stage. Posi ti onal

i nformation oftnthetwafl ept stages MBT drs teanshant| v;set esiad Ly 48 tne
| i near encoder system 20 shown 10 in FIG 1 and sent to the

control l er (nétgbhoweprce 22 paBeser isbimmpitehits ohurckeheéeri Mmdéthes sthe
the |inear encoder fystem 20_incl udes an X-encoder 20X, which are

conposed of a®86*Cati e®thr &&t gridt i f§S nPERFREBNCEFVRIEIREE ) as °Sholhie
in FIG 2, angr\%ﬂggﬁf%oﬂi%ﬁ\{%s%ém ghe X-encoder 20X, as shown in
sho

FIGS. 2 and 3, ere FIG 3 a top view of the encoder 20X,

includes aslight som€en@2righatatin@diet s a bk ghtaept o &y MMINAOwith
grating 30X which is arranged on a surface of the -Y side of the

waf er stage W8T, pé¢rkedfiscaligsclasn 248 that hawsisa 20rfixkedn. This
positional relation with the Ioiaght source 22 and focus diffracted

lights gener al"84P¥ o efié "Aovity $ridtgs30X, PARTFhifek S€al%® fZ62rRat
al I ows di ffra@ESHt%]i ghts focusedqat the L xed scalgs i%%Ad ﬁt‘;lBlt'O ts
a 8 that égpects

interf_ere vvith each ot her, an etection 1 nstrunment _
a 25 light intecferedsaéws henendex: §C3@e26.di frractedhe idnght soOULEE

22 emts a coherent light, e.g., a laser light with a wavel ength

X(=850nm) 9 r o £ REacted Fietttisonenonated t from Yhgi mevi nongiat FIgG30%. | n

this case, the pOSifﬁgnfgieéh%cLEth2%%9r9£ﬁgzaig %%%nggggsiﬁg phase
gratings composed of ©plates on which a diffraction
grating with a periodic direction in the X-axis direction
is formed and placed on the -Y side of the light source

15 22, Further, the index scale 26 is a transmissive phase
grating composed of a plate on which a diffraction
grating with a periodic direction in the X-axis direction
is formed and placed on the ~Y side of the fixed scales
24a, 24B.

20 The fixed scale 24A diffracts the -lst-order
diffracted light generated from the moving grating 30X to
generate a +lst-order diffracted light and this +1st-
order diffracted iight travels to the index scale 26.
Further, the fixed scale 24B diffracts the +lst-order

25 diffracted light generated from the moving grating 30X to
generate a -lst-order diffracted light and this -1lst-
order diffracted light travels to the index scale 26.

Here, the = lst-order diffracted lights generated

from the fixed scales 24A, 24B overlap to each other at



that the optical axis of the laser light emtted fromthe |ight
source 22 passes a projection center (matches the optical axis AX in
the present enbodi nent) of the projection optical system PL. 5The
noving grating 30X is a diffraction grat'zng with a periodic direction
in the X-axis direction. This noving grating 30X generates a
plurality of diffracted lights with different orders based on

i ncident |ightbse Fh@ Roshoiws tdre thkstindedescdid fr@act erh |dightrs wok-athe
10 diffracted lights generated fromthe noving grating 30X

The fixed scaltBs 2#AlsbABrdge tiffsattyd véiphbse igrtatrifrgs corposedciof
| ates on whi diffraction grating,wth a periodic direction in
ltohe X-axis di %gggi:ocﬁnitsh olrnrf%é( gﬁahﬁl%léged on the -Y side of the |ight

source 15 22. Furt hef,cfd§ddidex $6BbEiREnLS Bhd ANGITS3i G Bhﬁ% of
grating conposed of a plate on which a diffraction grating with a

periodi c dbreetrbndiffrhet¥d axighdi yeatirared sffan medeamdvhhacedaong
the -Y side of the fixed scales 24A, 24B. 20The fi xed scal e 24A
di ffracts the3%%stSordfder@ifrraccagenrghtl yehErat EavVEHong ttheo ot pgr

grating 30X to. rate a +1st-order diffracted li,ght _and.thjs
+1st-order di ?%gggge%%ﬁ%ﬁ Ir%{r\l/eqlse t'o Htve SORESER ggaﬁggzg}kﬁ;ﬂr?ﬁewe
the fixed scahev24® dichtiagt sokhe +dsterudercd dibfracted |ighte of
generated fromthe noving grating 30X to generate a -1st-order
diffracted |ighe dricit-hirslerldt £oraeredilfiighast genéitghdd travelkset 8ikbe
i ndex scahﬁ 26. Here, the 1st-order diffracted |ights

gener at ed ¥ r oifEheS f PRBd é&1 et 1A, IUBBREBFIHD follerh Gt ol ©D2

the = lst-order diffracted lights generated from the
moving grating 30X) is determined consequently from
wavelength of the laser lights and pitch of the fixed
scales 24k, 24B. Hence, it 1is necessary to set
15 appropriately wavelength of laser light, pitch of the
moving grating 30X, and pitch of the fixed scales 243,
24B. For example, in a case of using the = Ist-order
diffracted lights generated from the moving grating 30X
for measurement as described above, the light-dark period
20 of fringes on the index scale 26 is twice the arrangement
period of the moving grating 30X, and in a case where the
index scale 26 with a pitch slightly different from a
light-dark period of the fringes, a light quantity
distribution in a form of a sine wave can be generated on

25 the detection instrument 28.
Since this light quantity distribution varies as the
moving grating 30X moves in the X-axis direction,

positional information with respect +to the X-axis



the sane position on the index scale 26. In other words, the
l1st-order diffracted lights interfere with each other on the index
scale 26. In the present enbodinent, the diffraction angle of 5 each
diffracted |ight generated fromthe novi grating 30X is determ ned
consequently from wavel ength of |aser lights emtted fromthe |ight
source 22 and pitch of the noving grating 30X. Further, the
diffraction anglecofiothefl sther d&rfedci f $ragt edSITi gtds genenad ed-dd ohy

the fixed 10 scal es 24A, 24B (i.e., an apparent deflection angle of
the 1st-or defS8PFELERt ERP | TS 19BNE} BR e K5THeChe ORoV R RigE it R -

30X) is determ ned equent | rom.wavel en f the Ia er I| ht s
ﬁg) CHJ cpé ‘él}f% %&ll—é cq: t]]:\e% tb %é/ % 1n%t

and pitch of the fiXx scales iTNE¢es ary 5

15 appropri at hy muekeaaérb of s l3ses ddsght ameuﬁ@hapcﬁmwetﬂ@w Rgis to
grating 30X, and pitch of the fixed scales 24A, 24B. For exanple, in

a case of Bbsimggnkthete lskigrdedridighbr actdedy | ghisy geher atédef rfomnghe,
nmovi ng grating 30X for nmeasurenent as descri bed above, the |ight-dark
peri od 20 of PPPh@égn ReERBIE R QbaFle 262127 t 2k 2% t HeT aFRAnfenBhe®
period of the ¥F ?ratlng 30X, and in a case where the index scale
26 wth a pitgh S % Iy different froma |light-dark period of the
fringes, a light quamtﬁziey rHeSlehictbuhbodihdht® BEMIOF £ fa St 1vh WA eCaBn
be generated on 25 the detection instrunment 28. Since this

| i ght quantityedinstiei boalbar viay | eskiay tthe povEmgeodriate ngB0X mm@egnGn
the X-axis _direction, positional information with Jesp pect to th

X-axis 230di P8&t i TR he walter "SVaRe \REREEH b hesdlr ebF b}hereby
detecting the_ vy gggﬁtég E{?%‘¥§f§?&b8@ |9§£ryg§pttggsl ght Sourc
Pibed a ridex 6 26

Instead of th& bove otatlng the 1 scal
by a trace an@@”%ﬂ@fQﬂﬂg ffﬁé&l§%éﬁé§CQ4A 24B. Further, the j:lst—
order diffracted lights generated from the moving grating
30X can be led to the fixed scales 24A, 24B 1in close
15 proximity to each other.

Further, by appropriately setting thickness of the
optical flux of 1laser lights emitted from the light
source 22 and/or areas of the fixed scales 24A, 24B and
the index scale 26, a high-precision measurement can be

20 performed even if the distance to the moving grating 30X
varies. In other woxds, the employment of the
interference-type encoder in the present embodiment
enables to increase a variation permissible amount of
distance from the encoder 20X to the moving grating 30X

25 (generally called “standoff”}.

The YZ-encoder 20YZ, as shown in FIG. 2, includes a
light source 42 that irradiates lights onto a moving
grating 30YZ arranged on a +X side of the wafer stage WST,

fixed scales 44A, 44B and 44C, 44D which have a fixed



5 generate noire fringes and by using the noire fringes, position
measur enent of the wafer stage WST can be al so perforned. In
the present enbodi nent, the diffraction angle can be nade snaller by
taking the pitch of the noving grating 10 30X coarser. The noving
grating 30X can be thereby placed at a position relatively far from
the light source 22 and the fixed scal es 24A, 24B. Further, the

-l storder difbractecndl ghtsagemer ated fthemitib@dtneangegréat | agd 3@Xcean
be led to the fixed scales 24A, 24B in close 15 proxinmty to each

ot her. diffraeted byl HppT aiticaréry S8R B the ekt sE abfinghe 0¥z,
optical flux of laser lights emtted fromthe ligh our.ce. 22 and/ or,
areas of the pré@dgéaﬁégqf4&; fﬁﬁﬁéﬁaﬁ¥ﬁg fﬁégk%§%§?e%i§%t§_f%cused
hi gh- pr eci SI OR,MBASHI EEERL C@i‘x&ﬁ 22 1Rer hermedsgveny i fnd he disstanees
to the noving grating 30X varies. In other words, the enploynent of

t he interferenee;tyae® encoileter fetchewirtesenth enbioelr meatd epablegscttoon
i ncrease a variation perm ssible anount of distance fromthe encoder

20X to the movPA§rEReRt P JoX 2otg@TEralightal PP r st ohe index
The YZ-encoder %?YZ’ 625 sﬁkoemmé@inqjggrazc’i{m:gzgﬁloggsésa a! ILQJ%—- '%érncé%o)ﬂ(g}_

that irradi at 8§82 Fghfs onto a movichg gra arranged on a +
side of the wafgristade WehcH i xediseahesi AdAyrddBhandi ddCa 44 ivhich
have a fixed 24 posSitional relation with the Iight source 42 and
focus diffractiedebtgbts generat ed-frdm tdiccaupiiong gndt i g BOVZacgmnon
index scale 46 that allows diffracted |ights focused by each of the
fixed scalBs 4ZAtiRdBvhRY ? Hee¥io@F Sddresignaip, thao? 13 ihterrereon

wth each other, and.a dsteotioninst ryment 43 Lhal et egts Jdahtse,

interfered at e GAdexXScal e hovi‘ng grating 30YZ is a
t wo- di mensi ona)e ghat i1AgnikNswhiked a2diéfsaetéodh gfiaid Nchaviddtidal axis

periodic direction in the Y-axis direction and a diffraction
of the laser light emitted £rom the 1light source 42
passes the projection center of the projection optical
15 system PL (coincided to the optical axis AX in the
present embodiment).

The fixed scales 44A, 44B are transmissive phase
gratings, similar to the fixed scales Z24A, 24B mentioned
above, composed of plates on which a diffraction grating

20 with a periodic direction in the Y-axis is formed. On
the other hand, fixed scales 44C, 44D are transmissive
phase gratings composed of plates on which a diffraction
grating with a periodic direction in the Z-axis is formed.
The index scale 46 is a transmissive two-dimensional

25 grating on which a diffraction grating with a periodic
direction in the Y-axis direction and a diffraction
grating with a periodic direction in the Z-axis direction

are formed. Further, the detection i1nstrument 48



10 grating with a periodic direction in the Z-axis direction are
conmbi ned. Further, the position (and the attitude) of the |ight
source 42 is set such that the optical axis of the laser |ight
emtted fromthe |light source 42 passes the projection center of the
projection optical 15 system PL (coincid%ﬁ to the optical axis AX in
the present enbodi nent). The fixed scal es 44A, 44B are

transm ssive phased@satengs, &i Abharaiw ddwe Jdeeedisaaliast2dfen?dSr a
menti oned above, conposed of plates on which a diffraction grating 20
with a periodic€bdirection in the Y-axis is formed. On the other hand,

fixed scal es 440, 44D are, transm ssive phase gratings conposed of
pl ates on which a dif#rattfh gidtishg ¥ih h HiPedcsdi ¢ Wer ectlisénoraer

the Z-axis isf he. L nde 6:.5.a a 1.SSI.VE

two- di menai ondl-Serored | BiORE GAneRs edP rr g BRI Rk on, gegeing
periodic dsreetitBnai BethedYc adi sedlt r@CctironrANdr-a:disf faiaett©8ngeat tRY
wth a periodic direction in the Z-axis direction are forned.

Further, the devényi amachsyr dABAt t48 g2Bripfie| wdes,steogdera diffracted
four-divided detection instrunent or The fixed scale

a CCD. _
44A diffracts tABC-38F- Dhtert Hi ¥ 114 ed FT GREC HenkrHted FH6nrt h8 the
diffraction gﬁﬁhé{:‘gséa%t hea P&sJ.Qdi¢ dih@ctd;gnyi N Lhe Yy@XiS reracts

direction of the noving grating 30YZ fo generate a +1st-order
diffracted |ight andsthbsdddst dofeedctdid f naghed lgeghtateavekscho the
i ndex scale 46. Further, the fixed scale 44B diffracts the +1st-order
diffracteddl i ghffgeneren edrdiorm tiweth Oa drefiadid ontygeltiang W t bha Y-
periodic direction n the Y-%$i direction of the Vi ng rating 30YzZ
to generate a2**#stdbrabronity ract ERVEPghETant ¢ h?ﬂg’oz-fé’t-g Pgeptc 2 -

di ffracted li@@&—&£§¥f'§iff&éé%%d qqgﬁtsgﬂhet§§s ~lst-order diffracted

light travels to the index scale 46.
Here, the =£ lst~order diffracted lights generated
15 from the fixed scales 44A, 44B overlap to each other at a
same position on the index scale 46. In other words, the
F1st-order diffracted lights interfere with each other on
the index scale 46.
On the other hand, the fixed scale 44C the diffracts
20 -lst-order diffracted light generated from the
diffraction grating with a periodic direction in the Z-
axis direction of the moving grating 30YZ to generate a
+lst-order diffracted light and this +1lst-order
diffracted light travels to the index scale 46. Further,
25 the fixed scale 44D diffracts the +lst-order diffracted
light generated from the diffraction grating with a
periodic direction in the Z-axis directicn of the moving

grating 30YZ to generate a ~lst-order diffracted light



Here, the 1st-order diffracted |lights generated 15 fromthe fixed
scal es 44A, 44B overlap to each other at a sane position on the index
scale 46. In other words, the 1st-order diffracted lights interfere
with each other on the index scale 46. On the other hand, the fixed
scale 44C the diffracts 20 -1st-order dif¥racted |ight generated from
the diffraction grating with a periodic direction in the Z-axis

direction of the ®RYENg1gfatidd I0¥Eherggneigte araidsils ¥d@he index
diffracted light and this +1st-order diffracted light travels to the

i ndex scal e 46cafFaréher, 25 the fixed scale 44D diffracts the
+1st-order diffracted |ight generated fromthe diffraction grating
with a periodic di rgRi§onthe thesz-axpsrdididérrehedf ligbtaowengrated

grating 30YZ t:q.gepgrate, & -dsirarder dijhbracted | ight,, 26 apd this,
r g rave .

-1st-order di acte s t6 the Index ‘scal e

Here, the slstafiedpbsdiidd agt ethd ighks genecated fromihe fiored, the
scal es 44C, 44D overlap to each other at a 5 sane position on the

i ndex scal e 46:1ld¢tn-atdwer didifdsctédiel igttonderrdité ractreccddghtcsier on
interfere with each other on the index scale 46. In this case
as wel |, simnF8FI yP8e* t}e2 2 éfcoder 20X nentioned above, the

diffraction angl e of, diff d_10._l4ghts t from each gratjng
of the noving gratiHbq%d'Z%%%%dg%ev%4%bdﬁggﬁggggeﬁgI§ﬂ??%ﬁ?ﬁﬁggﬁe%g?h

of laser |ightsnembhéed duam,t henki obi rsGen42aa80e pid€h Affrtheted
novi ng grating'301z and the apparent deflecting angle of the
1st - order1¥i f figbtedophghrsegeermtext!f ranattimg of the moving grating

30YZ is determined consequently from wavelength of laser
lights emitted from the light source 42 and pitch of the
moving grating 30YZ and the apparent deflecting angle of
the = lst-order diffracted lights generated from the
15 moving grating 30YZ 1is determined by appropriately
determining the wavelength of the laser light and the
pitch of the fixed scales 44A to 44D.
Here, in the YZ-encoder 20YZ, a two-dimensional
pattern (a checkered pattern) appears on the detection
20 instrument 48. Since this two-dimensional pattern varies
dependently on positions of the wafer stage WST in the Y-
axis direction and the Z-axis direction, positions of the
wafer stage WST in the Y-axis direction and the Z-axis
direction can Dbe measured by measuring this wvariation
25 with a four-divided element, a CCD, etc. that constitutes
at least a part of the detection instrument 48.
In the YZ-encoder 20YZ as well, by rctating the

index scale 46 by a trace amount around the X-axis to



15 nmoving grating 30YZ is determ ned by appropriately determ ning the
wavel ength of the laser light and the pitch of the fixed scal es 44A
to 440. Here, in the YZ-encoder 20YZ, a two-dinensional
pattern (a checkered pattern) appears on,} he detection 20 instrunent
48. Since this two-dinensional pattern varies dependently on
positions of the wafer stage WST in the Y-axis direction and the

Z- axi s directigengrposi tricdms dfrinkgeswainer st ageiMbTtha ther¥- @disges,
direction and the Z-axis direction can be measured by neasuring this
variation 25 WCERTACR R -Hi%i"BE@ rePERBAL ST TBEDPeeeasEhRd -
constitutes at Iea;ina,t art of the det ec%ion % t r unent 4C8. a4 Jcn
the YZ-encoder 2017 &s-wel T-PH FotfBEPARG The’t ndex REaIE 46 Rpigmen
trace amount acayeditbes X-aXi sudridlagenghabe Npike fringes, and hy:
using the noire fringes, position of the wafer stage WST can be

measured. 5 stepbarsheaexposele dppamants of bhbe- pies eida eiraadhaeat
constituted as described above, simlarly to normal 5 steppers, a
reticle aligniBft, "HBFaseliymerteasuriesienflor e viaf #afaki girenment

system ALG and waf er _al i gnnment, su s an. enhance bal.

al i gnent (EG&)ucgi sl o‘s_”eld,ergl.agn.c,ed’l ng}%%)hiaal f‘?%\%%lﬁ%%e Uﬁgégméﬁesﬁlﬁifght
Application PdbbicationkoNgi Gha@4A429 (eekhRsROMdipRgHrS. adpatient : No.
10 4,780,617 specification) etc. are performed under instruction of

t he control | ePubhdotashaown)l¥o Afdler0 44480, (@aosoes@bidithgstieE-.ardteepest.

exposure in which positioning and exposing of a shot area on the
waf er ont6%a pat' B8r Al projseCCrEACAF A exFbSur e Hi%a) PEELPHRSA  under

broj ection optical,dp; system Pl ape repeat ed hased on resuLls. gl the

waf er alignne I's perforned and a pattern of there

sequential |y kbansiesdedteptond-phpdal | EypOdu.sholnangasnhondhe iwaigg
W Wile these operations are perfornmed, the controller (not shown)
drives the waker skageiWM@Tofi a shot area on the wafer onto a pattern

projection area (exposure area) of the projection optical

15 system PL are repeated based on results of the wafer

alignment is performed and a pattern of the reticle R is

sequentially transferred onto a plurality of shot areas

on the wafer W. While these operations are performed,

the controller (not shown) drives the wafer stage WST via

20 the wafer stage drive system 124 based on measurement
results of the encoders 20X, 20Y%Z mentioned above.

As described above, according to the present

embodiment, the moving grating 30X (30YZ) is arranged on

a side of the wafer stage WST, a light is irradiated from

25 the light source 22 (42) to the moving grating 30X (30Y2),

diffracted lights generated from the moving grating 30X

(30YZ) are allowed to interfere with =ach other by the

fixed scales 24A, 24B ({44A to 44D), which have a fixed

positional relation with the light source 22 (42), and



20 the wafer stage drive system 124 based on neasurenent results of

t he encoders 20X, 20YZ nentioned above. As descri bed above,
according to the present enbodi nent, the noving grating 30X (30Y2) is
arranged on a side of the wafer stage WET, a light is irradiated from
25 the light source 22 (42) to the noving grating 30X (30Y2),
diffracted lights generated fromthe noving grating 30X (30YZ) are

al l owed to intErd ermdant t Bcebeh26t HEK) by ahkde Hhex ethtsodlcaed24A,gh24B are
(44A to 44D), which have a fixed positional relation with the Iight
source 22 (42)3etErFeddy nehe ndekeskite destumentamt t A8l nt edfertéd s
i ghts are detected A} etection instrument, 28.(48). 1In thi.s
cage, simlar Icf/‘asted c%)rgq/leln%ilgn;tl% iénotnérrefné:rlg?r% erlrleejélf%]rc%raeéceﬁesaSLfrlgﬁSnta
with the side wfadhenvaterishagaeWaiqeanbans RRrer edhe¢ause.of pe
t he arrangenent of the noving grating 30X (30YZ) on the side of the
waf er stage WSErfioremedpt beabuaxi sobf theghtaxrampadeat edof r onhd hend+iiglat
source 22 can be set to%oass on the optical axis of the projection

optical systefdPEIMnE R pbii 4 onPhebtir 8R8ft 010 THF 7 Shaferrast JGE
WST can there e Wi t hput. . errors. . Further, for the
encoder in thg%p?lroeg ﬁ%é%%bn%%l\rérﬂengg slilrei\gggi n r‘(rarr éfagﬁ(%:{e %r(:ocmurisﬁ%etl\/\llggr?
| i ghts passingsdunceugi? extn enel seclas ot igal ciRatdise isuoh B8s st R the
LlI:1st-order diffracted lights, influence by a tenperature 15
fluctuation (&@ddigctiani optotad spbremt Pve andex) pobinntxm enéasurement
a short-termfluctuation of neasured val ues,

at nosphere, influence b i
which is g‘guseo, 'g".‘eg.‘fa RF t A2 9enper at et FFIRRUatS oRe Bf oS st

on the beam opti,cal , C ed d.n c on._ W an_ 20
i nterferonet e?%ﬂb\%hi %ﬁé%s i flﬁialellr{5 g?én%(e&ofé% g%?‘gg%%%s?ﬁg t:h%r oFt’Jrgeﬁq'ent
entirely diffenmnidiephical spatds whiehrddionesge otewasd Bervabl e1ights
mrror and a fixed mrror. Further, in the present enbodi nent, since
it is unneces$@SFing ahrange addienohaldlpsas setingl grathng ertowsd thike
waf er 25 stage, BT, lggsi zing of the entire wafer stage WST can be

suppr essed, ard 1Rtneedey At fRegited Sit tHos P GHPREGS af & hegpRiFature
accel eratign ofy {he.waber st age MBI.can, beachi eyed., Theref oLg.. @ ¢

hi gh- preci si on position
ambient atmosphere, influence by a short-term fluctuation

of measured values, which 1is caused, e.g., by the
temperature fluctuation of atmosphere on the beam optical
paths, can be reduced in comparison with an
20 interferometer, which uses interference of lights passing
through entirely different optical paths which diverge
toward a movable mirror and & fixed mirror. Further, in
the present embodiment, since it 1is unnecessary to
arrange additionally a moving grating around the wafer
25 stage WST, upsizing of the entire wafer stage WST can be
suppressed, and hence, a high-precision positioning and a
higher acceleration of the wafer stage WST can be
achieved. Therefore, a high-precision position

measurement of the wafer stage WST, a high-precision



29 positioning and a higher acceleration of the wafer stage WST, and
a hi gh-throughput and hi gh-precision exposure can be realized
eventually. In the enbodi nent described above, although the 5
position of the wafer stage WST in the X;axis direction, the Y-axis
direction, and the Z-axis direction was neasured by using the
encoder, not limted to this, only at |east one axis direction can be
nmeasur ed by usiorgttheiemcedeéra haghérsacasksragtier odi rdet iveifercanabe
measured 10 by using anot her measuring device such as a | aser

i nt er f er onet eMSTrRorak afpl & IR HEpEgRPrBN 3BF tWeIhfECcisiafe INBPSHARS
the Z-axis direction_can. be neasured.by using a nmultiple-point focus
position deteé??b%es§§ gﬁ%??uﬁvﬁﬁgﬁgggg'z-positions ofpthepmafer

surface. 15Further, rgi ngf t Bepvaieinst agecWoled s JmMaD! eal Phdagegr.ees
of freedomdirections in the enbodi nent descri bed above, neasurenment

in 6 degreés glsfitéedomidithectwrdns sbagbeWPlr for nee Byaars ahigiangian,
plurality of the encoders 20X, 20YZ. Further, for the encoder 20X, a
constitution Ssi i PELSt 0%t hecettibderr™P0Y2REanZpexbhpl SYftion was
performa meagurenent |, t‘é’&’ﬁﬁx%ﬁ dLr essd ons, Second Hrhodigent  Next,
we describe a S6CoNd embodi Bt “of the présen I'nvention W t'h

FIGS. 4A and 4B. 1HRke, cher a&9Bstktuepiopatds pdemdd fidded ByOlusing the
equi valent to those in the first enbodi ment described above, the sane

mar ks ar e usecnardetrhei Inexplianakisonsciner sinpe¢fiwd orarorhd treghsured

10 by using another measuring device such as a laser
interferometer. For example, the position of the wafer
stage WST in the Z-axis direction can be measured by
using a multiple-point focus position detection system
that detects Z-positions of the wafer surface.

15 Further, since the wafer stage WST is movable in ¢
degrees of freedom directions in the embodiment described
above, measurement in % degrees of freedom directions can
be performed by arranging a plurality of the encoders 20X,
20YZ. Further, for the encoder 20X, a constitution

20 similar to the encoder 20YZ can be employed to perform a

measurement in two-axis directicns.

Second Embodiment
Next, we describe a second embodiment of the present
25 invention with FIGS. 42A and 4B. Here, for constituent
parts identical to or equivalent to those in the first
embodiment described above, the same marks are used and

their explanations are simplified or omitted.



30 FI G 4A shows a perspective view corresponding to FIG 2 in
the first enbodinment. As shown in FIG 4A, in the present enbodi nent,
a reflection plane 134 is arranged on the -Y side end of the wafer
stage WST and 5 the constitution of a nai,j body of an encoder 20Y' is
different fromthat of the encoder 20X in the first enbodi nent. The
reflection plane 134 is fornmed by vapor-depositing, e.g., alum num
etc. on a plane til fég.by:M5sdegr eesptospdet X¢ prame torreshatditnkhe «oY
end of the wafer 10 stage WST. In other words, the reflection plane
134 crosses t helSey lidhetfh tHe ty2mprrddBeat - antacabevanyt ef X Furtherin
above the wafe t , I i.xed_scal e,135.in a plate pe
with the Y- axi{shezi ?Fg%?sl\ggj} agenlhatosd%L gn!léf t ui ngfa%:c[i??t(salc ] onpiljasnear rrz}}rlqgedls

substantial |y paraldedl b tethe XYapl ang. oFhenk nalrdd xadscaler 13n
is areflective scale on which a pattern (e.g., a diffraction

grating) wh ahpertodittuitectebdnai matihe Dodaxi of denechnicodeirs 2031 meid,
and is fixed, e_.tg., on a_|l ower surface of a supporting surface plate
(not shown) t W& TERFeSippbFeR tHhe tpr of ectitoneoptital 28y st ¥m phe Sfhce
the first fixe cal 35 i i rat.i,ng_on i | ower
surface (its -%ﬂlgouaﬁfngege', i %i geg%%{%ﬁ ep?i%e fltgélagsa@f):r})?% ]g a‘{?gﬁogr,
a grating menb@pofitGnghUrd.REr, dilmiRemPee&enbnerbadisRntsiliR@ by 45
position in the X-axis direction 25 of laser lights which enter the
reflection pl atreyrkd®s doorrgpet HE ¥lane sfaimettatorthel sYsenhdsa€htidhara fdre
optical axis of the |lights passes the projection center of the

proj ecti ont%ptFEHe sYstem PLRarffFERe ‘&Cg'?ﬂ r bfet FELARFELOR| Rdd Ecat¥
135 is set sub jal t |ty ith_re t he
X-axis di recti%ﬁn%o]stfést héeryeogﬁ ca rgeiln% gﬁ%t h%é)ln%%s%?e Y\%égh?l{s %ﬁ%fcé eéhr?%lreg'

the refl ecti onmptang, 13bhovUriheryatdie supporddmg surface pl.ade amle
whi ch the projection optical systemPL is nounted is supported by 5
three pol es tolwhi th antplaticbratden wethahhsny -arésseligegltlipn as its

arranged. For exanple, as disclosed in International Publijcation .
2006/ 038952 pahPHet"Phé SdpF6FtPhgtSur =¥ a%U&Sééﬁtb@ﬁ%meﬁgel

by suspending {4 fam aymeLn,{y aTe RREDEE (Ot cshoun) sl phaced.

above 10 the projection I cal systemP urt t Irst fixed
scal e 135 can herialsa var rsaged dno wdnehher datraaenmesbgr, . gifflaction

measur enent franme supported by suspending fromthe main franme nenber,
i nstead of thegysaippant i nglBur facepptratdic | nditeatioase, it hetlkupporaiisg
surface direction is formed, and is fixed, e.g., on a lower
surface of a supporting surface plate (not shown) that

20 supports the projection optical system PL. 3ince the

first fixed scale 135 has a diffraction grating on its

lower surface (its -2 surface), it is also referred to as

a fixed grating, a grating member, etc. Further, in the

present embodiment, the position in the X-axis direction

25 of laser lights which enter the reflection plane 134

along the Y-axis direction, is set such that the optical

axis of the lights passes the projection center of the

projection optical system PL and the center of the first

fixed scale 135 is set substantially at the same position



15 plate (i.e., the projection optical systemPL) may not be
supported by suspending fromthe main franme nmenber. Al t hough
the main body of the encoder 20Y' is constituted substantially
simlarly to the encoder 20X in the first__enbodi ment descri bed above
as a whole, it is 20 different on a poinﬁlthat second fixed scal es
124A, 124B are placed at positions far fromthe |ight source 22 in
the -Y directi eptandetipectZrdi fleetx-oakity dilectdodi bECthenpphncal pekiy
that patterns (e.g., transm ssive phase gratings) of the second fixed
scal es 124A, 124Btaf el 25 pekiddisc thatt Retgraxike disfdedtdnn apdnenldd.
point that a pattern of an index scale 126 (e.g., .a transm ssive
phase grating)gth%%?ﬁo ﬂ¥3irPWﬂ¥?r }Hﬁissfﬁ{%ﬁﬁi(ﬁ%ate on  pRifRe the

mai n body of t Yi ,.q1a li f4-0 h i u i
irradiated to ﬁ%ﬁgggﬁggtééﬁﬁ%ﬁkuégé%%? f%hngﬁoﬁ%ﬁéﬁgiYggx%gspgg%é&;by

direction, @as shos i poREG 48, weitiect edci-omandtiba +Aecdhbscthon o
the reflection plane 134, and enters the first fixed scale 135. This
fi xed scal e 135°¥Rehelkt esaaragiandal i ty Hsfr diskEpaéeed Epghtiséseieted in

di fferent orders, due to inci ce of lights. F 4A and 4B, the
Tst order di {1 PREF IR TAAls. Sneranaant A « eDF (1S9 ittty 1
out of the diftpacted |4 obtscare pldustiatede INBRErtddt pO A8k pendsi
diffracted Iightgﬁenteﬁ}the 10 ré%lection plgne %34? and,9as S Saml?%
FI G 4B, ‘are retl ecdreca amihefragde eeinben phanesiad)( atcca pekkeat abdve
angle identical to the incident angle), and then, simlarly to the

first enboli nehke EFCSECEACRhEPdEadt |0 teAst Flunentf Xdhgira tHe séebld
fi xed scal es 1%f£%d1248 gnq3%5 t he EQde scal e 126.

scal can alsoc arranged to another frame
member, €.g., a measurement frame supported by suspending
from the main frame member, instead of the supporting
surface plate. In this case, the supporting surface
15 plate (i.e., the projection optical system PL) may not be
supported by suspending f£rom the main frame member.
Although the main body of the encoder 20¥Y7 1is
constituted substantially similarly to the encoder 20X in
the first embodiment described above as a whole, it is
20 different on a point that second fixed scales 1247, 124B
are placed at positions far from the light source 22 in
the -Y direction and the +Z direction or the -7 direction,
on a point that patterns (e.g., transmissive phase
gratings) o©of the second fixed scales 124A, 124B are
25  periodic in the Z-axis direction, and on a point that a
pattern of an index scale 126 (e.g., a transmissive phase
grating) is periodic in the Z-axis direction.
In the main body of the encoder 20Y’, a light from

the light source 22 is irradiated to the reflection plane



In this case, since an incident position of the light fromthe |ight
source 22 to the first fixed scale 135 varies as the wafer stage WST
noves in the Y-axis direction, a light quantity distribution detected
by the 20 detection instrunment 28 varies. Therefore, positional
information on the wafer stage WST in théy-axis direction can be
nmeasured by detecting the variation of the light quantity
distribution wWigh thendet&od | gRakDSt ureBt @8, kB tdwowar esentrIc. 4B,
enbodi ment, the encoder is 25 constituted by including at |east the
mai n body of thefkiretodert2@yd ahd tthedtrestidr xaod Wealreflgstiion plane

Meanwhi | e, alt gh_ FIG_ _4A illustrate |y the [ ody of th
encoder 20Y' p2$¥brﬁpﬂge55gf?i5ﬁen€3§ﬁ e%gﬁ¥dofcﬁﬁg aéﬁkr st Ay g&ﬁEd
in the Y-axis 333 difectiqn ok E'5&&@91£§?t$E5Hiﬂ¥¥§ckb9nzight with
measur enent of the wafer” stage WST in the X-axis direction can %e
perfornmed by adfafngidarg sorndefdseaieonoplantdsidd | tighttbe r ehl ects onda

pl ane 134 on the +X side end (or the -X side 5 end) of the wafer
stage WST and andli Bt fiheel Isdaloedasediffrached X1aghss doeretdtar from

measur enent, apd acgcordingly by arrangin mai n_body . of._an_encoder
used for the ngii +af eggﬁgﬂ ﬁggéﬁrgﬁéngngid?#a?g?o%fﬁgrﬁ%}% bgﬂih?ﬁ
t he encoder 20Yy. {mddH;Site@se, a reflection plane arranged 10 on the
X side end of the wafer stage WST crosses the XY plane at an acute
angle (e.g., 45 degrmeesk WxhiptthedetX plisfirracthe filkghti Xeftscal ghe

used for the X-axis direction neasurement has a pattern with a
peri odi ci t30 i ntehkeotipd sPdprrectidn, amdr acfanyresuBSt akhtFal 14P, are

ongi t udi nal QFFELTT o Br EHEr “UREbpET c Rt ARed 1 IGaet FrahFECion
whi ch several | ynent er; gde-tn refd ectieon ipl-anestcannheepl acgdqt orbs,,
orthogonal to each other at the projection center of the projection
optical systemsBhilarly to the first embodiment, enter to the detection
instrument 28 via the second fixed scales 124A, 124B and
15 the index scale 126.
In this case, since an incident position of the
light from the light source 22 to the first fixed scale
135 wvaries as the wafer stage WST moves in the Y-axis
direction, a light quantity distribution detected by the
20 detection instrument 28 wvaries. Therefore, pecsitional
information on the wafer stage WST in the Y-axis
direction can be measured by detecting the wvariation of
the light gunantity distribution with the detection
instrument 28. In the present embodiment, the encoder is
25 constituted by including at least the main body of the
encoder 20Y’ and the first fixed scale 135.
Meanwhile, although FIG. 4A illustrated only the

main body of the encoder 20Y’ performing position

measurement of the wafer stage WST in the Y-axis



20 Further, instead of enploying an encoder as a neasuring device
used for position neasurenent in the X-axis direction, another
measuring device, e.g., such as an interferoneter etc. can be

enpl oyed. Further, position nmeasurenent %p the X-axis direction can
be perforned by 25 using the main body of” t he encoder in the present
enbodi mrent and position neasurenment in the Y-axis direction can be
performed by dsiragtaompasoti ngmdeviicep heiiBg potsitheneneaderemedd of
As it has been described above, according to the second enbodi nent,
since the positfPondeisursdrgnt BTt Ha waher %tage W8Trestper f mamedody
usi ng the firg%rggxed sgalg 1%? . which i s%paratglx arranged from
the wafer 5 stage WETS Wathe 389 et T itane P380Er PARGERT ohOt hie®
vaf er stage WBEe1bbtisn UBDSGESSR Yol O L I 2008; & SERK € (9P Lhe waferye
stage WST, and upsi zing of the wafer stage WST can be suppressed.

Furt her, sbncenil p§ pbssibfert stédgadidthernbste afidert difderactadel Lghd s
generated fromthe first 10 fixed scale 135 to the second fi xed

scal es 124A, f9E3TPR &rggdspfokPRTISD tReEBEET6er 2N8 HCGRIPLBET %I o
position neas a .realized I,n_the odi nent .
descri bed abog%?ggﬁ%%%ughﬁgﬁ yggﬁ ﬁ%iﬁnbgaﬁog?rtH36§2285egE§O§F?XlS

whi ch nmeasur eaipestié®nnebsibehdier Waligl1 8t age WBE | Halhe v¥udXisk the
direction with the reflection plane 134 of the wafer stage T, was

arranged, not ehfpfieedZ8%’ t hi $n thds medse bodi esf ofctercoddnsict hatranged

measure a @OSitiOH in the Y-axis direction can be arranged separately
with a predet 8Pmi-A&d*di*¢EEnEEY Rt hbe2akeaxssaderr BETi 6AOSFRS t Blg XY

case, by passj he, opt i X ights jrradiated fr t he t
nmai n bodi es OFB%%% %%cg%eggh%%r%%%ﬁip‘%1'Voﬁg é%ﬁ§e§anng§%3|ghew9X
di stance fronplheepoptigal axisc ofrihr) prj-act i QReapt ispal system Pkis
W th respect to the X-axis direction to average neasurenent 25

results of eaghrasiirhotpsofrearctders, aapdttdmien poditt izompeafictiiei naf ot

stage WST in %Fe g—axis gjrection can be measured w t hout Abbe
errors, and fart herfidre, b5 T EK0ng 289dPEFRP 87E eS Wt hder ald ¥s Braabhe L

resul ts ofseach mahd Body DfaRNCQdens: chbe £o5atd O ALNdLthg 2 gl s
longitudinal direction. Further, the optical axes of
laser lights which severally enter the two reflection
planes can be placed to be orthogonal to each other at
the projection center of the projection optical system PL.

20  Further, instead of employing an encoder as a measuring
device used for position measurement in the X-axis
direction, another measuring device, e.g., such as an
interferometer etc. can be employed. Further, position
measurement in the X-axis direction can be performed by

25 using the main body of the encoder in the present
embodiment and position measurement in the Y-axis
direction can be performed by using a measuring device,

being not the encoder.



35 waf er stage WST can be neasured. Further, a reflection plane can be
arranged on the +Y side end of the wafer stage WST, and nmain bodies
of encoders used for the Y- axis direction measurenment can be placed
on both sides of 5 the projection optical systemPL with respect to
the Y-axis direction. Simlarly, main boti es of encoders used for the
X-axis direction neasurenent can be placed on both sides of the

projection optical gystemfds MupoNgicr@ed Neodid Stattxetimcate i8S,
a scale of a transm ssive 10 type can be enployed instead of that of
a reflective tsgpendThibddEnbodi nehice the pdwbitiorwsegeseripetact hiPd
enbodi ment of the present invention with FIGS. 5A and 5B. Here, for

constituent 1%aggrt <stagent¥<Rl 160 P6F L8GUEY aPEnt 8% ht'de Eﬁr?ﬁe fixed

d enbodi [ '
oxp mat i one. SEAlel it (AP OYS: pbRE2E0E TREAGE BEGH BRD Lagke

_ pi'fied or om shown in FIG b5A
in the pregent;erRogistentyisa Al tern ouictibnappentodie dirrectednonhn thhe
X-axis direction’20 (e.g., a diffraction grating) is fornmed on the
\rMeJ Lﬁcgl ggt Fleraﬁév?/ii?ﬁtgbet WeTwafier 1st agee¥BTSamy {4k BEEFe al:?S’_alSnon
_ periodic direction in the X-axis directian
(e.g., diffradticorageat shgpei §5For iBY BRT THitH has' e R e
direction as Iéé%lﬂ%ngh%%ggggédgir@ﬁ%éﬂa},i%ince it is possible to lead
the +ist-order diffracted lights generated from the first
10 fixed scale 135 to the second fixed scales 124A, 1248 in
close proximity to each other, a high-precision position
measurement can be realized.
In the embodiment described above, although only one
main body of the encoder 20Y’, which measures position of
15 the wafer stage WST in the Y-axis direction with the
reflection plane 134 of the wafer stage WST, was arranged,
not limited to this, two main bodies of encoders that
measure a position in the Y-axis direction can Dbe
arranged separately with a predetermined distance in the
20 X-axis direction. In this case, by passing the optical
axes of lights irradiated from the two main bodies of the
encoders through positions away at an equal distance from
the optical axis of the projection optical system PL with
respect to the X-axis direction to average measurement
95 results of each main body of encoders, and the position
of the wafer stage WST in the Y-axis direction can be
measured without Abbe errors, and furthermore, Dby taking

a difference Dbetween measurement results of each main

body of encoders, the rotation arocund the Z-axis of the



25 arranged substantially parallel to the XY plane above the wafer
stage WST, and furthernore, the constitution of the main body of the
encoder 20X is different fromthe first and second enbodi nents
descri bed above. 36 The fixed scale 135" is a reflective
scale, and fixed on the | ower surface of >t he supporting surface plate
(not shown) that supports the projection optical systemPL, simlarly
to the second \gikadiderfe AT tder Soothedshantl, thertray) bodyedfeddien
encoder 20X includes a light source 22, a beamsplitter 29 arranged
on the +Y si delofnet heatd | ght agoarged 22n ahe the Fetectidnoindteundriter
28 arranged below (the -Z side pof) the beamsplitter 29, FLG _
shows a princi%ﬂ%gqﬁ@ﬁﬁ%uﬁ%é ?ﬁ%neﬁegﬂ%ﬁ Pﬁ]fgc?aﬁr%rgggﬁtfor e v
enbodi ment. Hereg, : f h r 0 BqF, 3sides of
constitution i%ﬁ*%?%ggg%ggth%%g?ga ornggnoﬁgtﬁgagg?lg%i?%ﬁhplane 134
i s enployed, ithdFl &GohRdion corienilengetoh explanatirespetheto the Y-
reflection plane 134 in FIG 5A is replaced by a transm ssive scal e
134' 15 whi ch dsigprdictaatdlony ecﬁiiff\iélaégt/rt@a%%eb?‘éﬁ%c‘?fo‘ﬁnﬁdﬁ@ Fpd
As shown in FIG 5B, in the main body of the encoder 20X _i
present enbodi et FhFagqéraxllisgh‘ilsreec%ﬁofled“?arsélrﬁefnﬁg | i ght Xg%u é%ggﬁ on
transmt the ldelst & | efpdilg 1t kgasEhSsive B6Ad@ver,
134' (the ref e ossﬁdﬁfsag’éf %%2) ?Qgﬂéﬁ‘ff‘g}fﬁ acted Tighte with a
plurality of ofgderse arergeneiad®dscalea Pt ex ns¢alali ¢fractiransmissive
grating) formed on the scale 134' (the reflection plane 134). Note
that in FIIGS. SparmkbBe eabyovhRe ippseadrifertiditt Plradt E§T1PGht & 29/RST
t hem are shown. Then, the fixed scale 135" further diffracts the
-1st-order diffracted |ight generated on the pattern forned on the
scale 134" (t h{fﬂ'%?ﬂ&d&&eﬁka”e 134) to generate a +1st-order

and f

diffracted |ight, urthernore, diffracts the +1st-order
diffracted |ight Next, we describe a third embodiment of the present
invention with FIGS. B5A and 5B. Here, for constituent
15 parts identical to or equivalent to those in the second
embodiment described above, the same marks are used and

their explanations are simplified or omitted.

As shown in FIG. 5A, in the present embodiment, a
pattern with a periodic direction in the X-axis direction
20 (e.g., a diffraction grating) is formed on the reflection
plane 134 of the wafer stage WST, a fixed scale 135’ on
which a pattern with a periodic direction in the X-axis
direction (e.g., diffraction grating) is formed and which
has the Y-axis direction as its longitudinal direction is
25 arranged substantially parallel to the XY plane above the
wafer stage WST, and furthermore, the constitution of the

main body of the encoder 20X’ is different from the first

and second embodimenits described above.



37 generated on the pattern formed on the scale 134" (the reflection
pl ane 134) to generate a -1st-order diffracted Iight. The |st-order
diffracted lights generated fromthe fixed scale 135" travel to the
scale 134" (the 5 reflection plane 134) again, and overlap and
interfere with each other at an identicaf position on the scale 134
(the reflection plane 134). Instead of the fixed scale 135 wth the
diffraction gratingrnéixeseapti&ale elesentis sUcheasesefd£CEiNCe, and
mrrors 135a, 135b as shown 10 in FIG 5C and a prism 135¢c as shown
in FIG 5D carfibedusen. the alwaser ofurhece efdfecthwe swipprotsnd 35arf888b

or the prism135¢c as a fixed optical element, simlarly to the fixed
scal e 135", t K3 Ef | BERG vERMWTr oF82br SPRBOBFT siPs RBAI&EFd&aN PRtheal

Y-axis directi 5Then, . nt-erfer li.ghts. i r . t he al
134" (the refﬁ%gfﬁogﬁﬁléﬁgﬁf% lﬁaﬁg)dgg$e%?%%ﬁ§y£$%§§%%%ﬁTspI?ﬁtége
29 toward the cdekecthiaan, i RELM MARAt H38y apd tiesebveshdly ddye defaebikona
instrunment 28. The detection instrunent 28 is capable of neasuring 20
posi ti onal i nflaommit isomref td%e waflesanst apgbl VB | 29 t Aerdaged somi tket i+8n
by detecting light quanti y distributigons of interfered lights. It is
obvi ous from tH&Sf & eﬁané BXpl ANH TSt RAC the EREdgRtoR sinstrument

tituted bygl J th i ' - I n
body of the 22 chiaor 0% M1 ThE prestar Enbadimonry LHCtE PR

present enbodi ment BscGWeth ,shywd of aldimgibhe pasdesmn ©f dhe diodr in
scale 135" and the pattern on the reflection plane 134 by a fine
angl e to gEnertate nnsiseatf Mmpgddmant- by Heerectailirgohphhtoquahei tapcoder
diStribUtionSsh%%n in FIG. 5A a censtitution in which a pattern is
formed on the reflecticon plane 134 is employed, in FIG.
5B for convenience of explanation, the reflection plane
134 in FIG. 5A is replaced by a transmissive scale 134’
15 which 1is practically equivalent to the reflection plane
134.

As shown in FIG. 5B, in the main body of the encoder
20X’ in the present embodiment, laser lights emitted from
the light source 22 transmit the beam splitter 29, and

20 enter the transmissive scale 134’ {the reflection plane
134). Then, diffracted lights with a plurality of orders
are generated on a pattern (a diffraction grating) formed
on the scale 134’ ({(the reflection plane 134). Note that
in FIGS. 5A and 5B, only the Xlst-order diffracted lights

25 of them are shown. Then, the fixed scale 135" further
diffracts the -lst-order diffracted light generated on
the pattern formed on the scale 134’ (the reflection

plane 134) to generate a +1st-order diffracted light, and

furthermore, diffracts the +lst-order diffracted light



caused by the noire fringes, the positional information of the wafer
stage WST in the X-axis direction can be neasured. In conparison to
the encoders in the first and 5 second enbodi nents, even if the wafer
stage WST is renmote fromthe |ight source 22 and the detection
instrument 28, the encoder in the present’ enbodi nent is constituted
to be harder to suffer frominfluence of an air fluctuation etc. in

the space. Thignksabegawse dhe patarderencrdlbdeses i bediabage’ ogehes
between the reflection plane 135 and the fixed scale 135 and the

optical path cefiecting phend i jii) sourasee22tand thetdefdss b fracted
instrument 28 to the reflection plane 134 does nat in princiglg
i nfl uence t he lilghér f drence. L aGRy 9gas Hilfed “AB6v &1 9REE 0 9FPRGEEEt FEO™

present enbodinent .. since the positi su nqﬂ; of,Lhe weder stage
WST is perfor o] b§lﬁ%?ndSEﬂ€ pg§§erﬁn§ﬁ2?heggef é%tfgn pl ane 133

arranged on the Mmater st agendbhiand iheid, xedd seakeldds anar riangedere
separately fromthe wafer 20 stage WST, it is unnecessary to arrange
a scal e exter nalthy ¢actt hetvaf eptstagel BT ia7d | PODEdRRSOPoSEFDISEAL S

suppress upsi zing of the wafer stage WST. rthe Lh_the_presen.

enbodi nent as]ﬁﬁﬁ!,(%ﬂ%uﬁﬁ?¥ﬁ?§%%%) N8 %gﬂd to&gﬁ#?%é ?oﬁﬁg Fixea
i nfluence of an, gir Iié’fc.tﬁﬁ‘%ﬂao'%h%t Gii A1a@P 1 SANRALESAY, t Gikeavespticnal
i nterferoneters, the position nmeasurenment of thHe wafer stage WST can
be perfornmed. Jihefefar &ucan LXpestiicetiiveh md rivogh tthbeughpib asd shown
hi gh precision can be realized also in the present enbodiment. 39

In the thitod erboticeniC desdr ebediaboldscapehahighnodly Fp6si tPoral Pe
information in the X-axis direction was asured,. not |imted {tQ,

this, it is als®%ossihla P8ceRpl 5§ear85ﬂ§?1ﬁ‘ﬁeti%lnrraosrsshlo@v?ﬁ’i T Pcor
6A. In other 5 words, In [ esent .eXappl ca BSe SOAWMYL | Ns MiGarBA to
the first fixéa“% ?%%g3%&?§ %rrangeé ingPea%aofethe fi xed scale 135
and the mai n bggdy ofxddeceneodes’ 20XYe | se finpitdyed mi@nothect i vz #1desd

scal e 235, patterns 92a, 92b with a periodic direction in the X-axis
direction is extended in the Y-axis direction.
15 Then, interfered lights interfered on the scale 134/
(the reflection plane 134) are deflected by the beam
splitter 29 toward the detection instrument 28 and
received by the detection instrument 28.
The detection instrument 28 is capable of measuring
20 positional information of the wafer stage WST 1in the X-
axis direction by detecting light quantity distributions
of interfered lights. It is obvious from the foregoing
explanations that the encoder is constituted by including
at least the fixed scale 135’ and the main body of the
25 encoder 20X’ in the present embodiment.
Iin the present embodiment as well, by rotating the
pattern of the fixed scale 1357 and the pattern on the
refiection plane 134 by a fine angle to generate moire

fringes and by detecting light quantity distributions



10 (hereinafter, referred to as "X pattern”) and a pattern 94 with a
periodic direction in the Y-axis direction (hereinafter, referred to
as "Y pattern") sandw ched between the X patterns 92a, 92b are
arranged. In this case, the Y pattern 94 is placed at a 15
position where the Oth-order light(the Oﬁﬁ-order diffracted light, in
this case, the regular reflection light) of a plurality of diffracted
| i ghts gener at:gdskromyt hehdpahd e ofiddie,r efleciéortipnne k¥ eatess,
and the X patterns 92a, 92b are placed at positions where the +1st-20
order diffractdd fieghvaferd thage 1§6Toriderthdi f frameteddiregptient egn be
several ly. On the other hand, the main body of the encoder
20XY has a coR§fPE&Efon such that the main body of the encoder 20X

RS SAand the i niady;gbot he, e0g0deR2AL. ! 1 25 ke pcaNdang

enbodi ment (see FI e conbi ned and, specifically, is equipped
W t h t he | pghtssgodACemBagithdie: Hearespliift tae R9fet hetadlpd 6TIT dis remote
instrunment 28, second fixed scal es 224A, 224B, an index scal e 226,
and a detecti dmoimsheukeaht 298urce@2 and thfhgehafhippdy PFrHrRset 28,
encoder 20XY constituted i.n this manner can neasu e.positi%n m@t@
onstitute to

respect to théhﬁ-éff?dﬁFré%Ei FiIR VS CRE e aSurdien
performed by the By bedy (afrbhe ;eBE0deE: (dtie M4 Mbogy: of1ddiation

etc. in the space. This is because the interference

10 described above occurs between the reflection plane 135
and the fixed scale 135’ and the optical path connecting
the light source 22 and the detection instrument 28 to
the reflection plane 134 does not in principle influence
the interference.

15 As described above, according to the present
embodiment, since the position measurement of the wafer
stage WST is performed by using the pattern on the
reflection plane 134 arranged on the wafer stage WST and
the fixed scale 135’ arranged separately from the wafer

20 stage WST, it is unnecessary to arrange a scale
externally to the wafer stage WST and it becomes possible
to suppress upsizing of the wafer stage WST. Further, in
the present embodiment as well, since the encoder is hazrd
to suffer from influence of an air fluctuation etc. In

25 comparison to conventional interferometers, the position
measurement of <the wafer stage WST can be performed.
Therefore, an exposure with a high throughput and a high

precision can be realized also in the present embodiment.



5 encoder in FIG 5A) 20X in the third enbodi nent descri bed above.
Further, since the Oth-order |light generated fromthe reflection

pl ane 134 is used regarding position in the Y-axis direction (in FIG
6A, a light used for the neasurenent in the Y-axis direction is shown
10 in dash-dotted lines), the measurenment® can be perforned similarly
to the main body of the encoder (the main body of the encoder in FIG

4A) 20Y" in the secend.gabad]imentedeghiRed RReYELeBY 3B tN&hough
encoder shown in FIG 6A, since the 15 position of the wafer stage

WET in the X-axiiyg digsdcticanlarc formaheorY- axi shdi eeakion ddarcbéon was
measured and it is unnecessary to arrange a noving scal e external I\t/
to the wafer FEageredT $io¥ | B¥MyEady thethhfr d énbodi Ab¥ BeSErPHRd™C
above, upsizin f the entire fer stage WBT .20 be.suppres

Further, in c&%‘ﬁgf”?’soan {;8“?%3(%1% onk er%gow?helnenﬁg%‘er%ﬁé ha?ﬁ t%ggex

suffer frominflugncersuch gsARnal rexfa{nggépabgoahanﬂ anhirgh- praci shen
position nmeasurenent is nmade possible. Furthernore, in the third
enbodi nent degdrished ialzov e5ca2% 1235 sial sorpossi biestea@npFfoyha fixed

constitution as shown in FIG 6B (an encoder including at Ieaﬁf{a .
fixed scal e 33523Rd &3taidthoble ofddh ehedlerfooXye) sncoder &

6B, unlike FIG_ qggeg_paténerg?‘\?mezftlhrgtf Qﬁl%gf Sga&%gzgiﬂe%ﬁcegg?hs 92a,

grating is ar reaﬁjg on there Ion pl ane and 't I xed
scale 335 is @Q&ﬁ”gﬁgliBSFﬁéﬁidHEdfﬁiﬁédﬁignsqa{EtBBSXﬂéxis direction

t wo- di nensi onal pattern with a formof a grating is arranged for the
fixed scalle 33merandadtposi redarredthe Xy {‘Worditirensl donahddiar edttitean
can be 5 neasured b%/ usi ng these two-di mensignal pat tYe_r ns. |C5'I. tehcitglon
case, by using4 ewgth & fBEFIOTYF dEdTEFERRNt T2 XD, o€ Cas"1ife

det ection | nst fudRnh-g8ey 51 MIALLLA Ochhe, detact Ion sty UMbty Ara
the first enbodiiren sée’ Fl , a two-dinensional pattern that
appears on théetween the X patterns 92a, 92b are arranged.

In this case, the Y patterxrn 24 1is placed at a

15 position where the O0Oth-order light {the Oth-order
diffracted light, in this case, the regular reflection
light) of a plurality of diffracted lights generated from
the pattern on the reflection plane 134 enters, and the X
patterns 92a, 92b are placed at positions where the +lst-

20 order diffracted 1light and the -lst-order diffracted
light enter severally.

On the other hand, the main body of the encoder 20XY
has a constitution such that the main body of the encoder
20X’ in FIG. 5A and the main body of the encoder 20Y’ in

25 the second embodiment (see FIG. 4A) are combined and,
specifically, is equipped with the light source Z2Z, the
beam splitter 29, the detection instrument 28, second

fixed scales 224A, 224B, an index scale 226, and a

detection instrument 228.



10 detection instrunent 28 is detected. By detecting variation of the
t wo- di nensi onal pattern, the position of the wafer stage WST within
the XY plane can be neasured. In FIG 5A, the position
measurenent of the wafer stage WST in the X-axis direction was
performed by using 15 the reflection plale 134 with a pattern with a
periodic direction in the X-axis direction on the -Y side end of the

waf er stage WSET, thend i x88nseale LI tha@ndntbge MBboxPOdYynetitheed in
encoder 20X . Not limted to this, a reflection plane simlar to the

refl ection pl &hésl84nnirhc20 aepatirer powithom peth odespeltt etdi dhei K-
the Y-axis direction is arranged on the +X side end (or the -X side
end) of the wafFeP StAGETYRT ARBLLAFiXk e st S emBr Fitt merfogRed by

directi on nea e i ranged,. .correspaondi t o t.hes a in
body of an enggéeﬁg %io%i(ll a‘?Lgt %hteheélﬁr%?cgerbocﬁgg%f THe' e%ggﬁe;@zo%?

used for the ¥nayhsrdi LECt FOH. NEG/UI ePBM | 5, arFrangechi@nd ddpdsinkhe
position nmeasurenent of the wafer stage WST in the Y-axis direction
can be perforedcrided Siahdvar.| y, Turihve,exanpte itheF|l Gthédydear Llight
reflection plane simlar to the reflection plane 134 with a pattern
with a periodPER8F7ERY i DFOT n-hherElacitd oni PERTS o’ 1 startshifyedIgndine

;éafgdgiﬁ??agEFSE?ﬁ%ﬁﬁﬁéggggggﬁéaQ{stQ?réc%@L$r(§ﬁag%GVBEﬂLa £i§§ght
used for the measurement in the Y-axis direction is shown
10 in dash-dotted lines), the measurement can be performed
similarly to the main body of the encoder (the main body
of the encoder in FIG, 4A) 20Y" in the second embodiment
described above.
By using the encocder shown in FIG. 6A, since the
15 position of the wafer stage WST in the X-axis direction
and in the Y-axis direction can be measured and it is
unnecessary to arrange a moving scale externally to the
wafer stage WST similarly to the third embodiment
described above, upsizing of the entire wafer stage WST
20 can be suppressed. Further, in comparison to
interferometers, the encoder 1is hard to suffer from
influence such as an air fluctuation and a high-precision
position measurement is made possible.
Furthermors, in the third embodiment described above,
25 it is also possible to employ a constitution as shown in
FIG. 6B (an encoder including at least a fixed scale 335
and a main body of an encoder 20XY’).
In FIG. 6B, unlike FIG. 6A, a pattern with a form of

a two-dimensional grating is arranged on the reflection



235 is placed with the X-axis direction as its |ongitudinal
direction, and a main body of an encoder simlar to the main body of
t he encoder 20XY can be placed by facing to the reflection plane on
the +X side 10 end (or the -X side end) of the wafer stage WET.
Simlarly, in the exanple in FIG 63, a tefl ection plane simlar to
the reflection plane 134 on which a pattern with a formof a

two- di mensi ongllageatisngah8 themedxed ssadrangss on 4hermpéasiidetend 66r
the -X side end) of the 15 wafer stage WST, a fixed scale simlar to
the fixed scaltbe3383 xesl paded M h t he Deoadizedfieral opakikeyn swith a

| ongi t udi nal irection, and the in
9 orm of & grat%ng 9? ar?gg @gfféyetggcgggéd scale 335,

and a position in the XY two-dimensional direction can be
5 measured by using these two-dimensional patterns. In
this case, by using, e.g., a four-divided element, a CCD,
etc. as the detection instrument 28, similarly to the
detection instrument 48 in the first embodiment (see FIG.
2, a two-dimensional pattern that appears on the
10 detection instrument 28 1is detected. By detecting
variation of the two-dimensional pattern, the position of

the wafer stage WST within the XY plane can be measured.
In FIG. 5A, the position measurement of the wafer
stage WST in the X-axis direction was performed by using
15 the reflection plane 134 with a pattern with a periecdic
direction in the X-axis direction on the -Y side end of
the wafer stage WST, the fixed scale 135’, and the main
body of the encoder 20X’. Not limited +to this, a
reflection plane similar to the reflection plane 134 with
20 a pattern with a periodic direction in the Y-axis
direction is arranged on the +X side end (or the -X side
end) of the wafer stage WST and a fixed scale used for
the Y-axis direction measurement is arranged,
corresponding to these, a main body of an encoder,
25 similar to the main body of the encoder 20X’, used for
the Y-axis direction measurement 1is arranged, and thus,
the position measurement of the wafer stage WST in the Y-

axis direction can be performed.



20XY' can be placed by facing to the reflection plane on the +X side
end (or the -X side end)of the wafer stage 20 WBT.

Additionally, arbitrary two of the three encoders with constitutions,
respectively, shown in FIGS. 5A, 6A and 63 are conbi ned, and one of
the two encoders conbi ned can be pl aced T the X side of the wafer
stage WST and 25 the other can be placed on the Y side of the stage.

Fourth Enbodi ment  similalNext,invecrdessidpe ea ihowrich ehodi neftleatibhe
present invention with FIGS. 7A to 80. 43

| nt hepr esent epledemennifheposi thenakfletoraratilomeofl ther W ér PofAgeEn
\(;\];ST'[ Ihg the z %I)g'_lt% dé ' %%trli%gilcs daj!rsecc):tq%%S UJ]_‘I?d tg\e/ L?—iar;gst hgi gg‘cizt?iobnOdXs
arranged on the +X side end (or the =X side end) of the
5 wafer stage WST, a fixed scale similar to the fixed scale
235 is placed with the X-axis direction as its
longitudinal direction, and a main body of an encoder
similar to the main body of the encoder 20XY can be
placed by facing to the reflection plane on the +X side
10 end (or the =-X side end} of the wafer stage W3T.
Similarly, in the example in FIG. 6B, a reflection plane
similar to the reflection plane 134 on which a pattern
with a form of a two-dimensional grating is formed, 1is
arranged on the +X side end (or the -X side end) of the
15 wafer stage WST, a fixed scale similar to the fixed scale
335 is placed with the X-axis direction as its
longitudinal direction, and the main body of the encoder
20XY’ can be placed by facing to the reflecticon plane o©on
the +X side end {or the =X side end)of the wafer stage

20  WST.
Additionally, arbitrary two of the three encoders
with constitutions, respectively, shown in FIGS. 5A, 6A,
and 6B are combined, and one of the two encoders combined

can be placed on the X side of the wafer stage WST and

25 the other can be placed on the Y side of the stage.

Fourth Embodiment
Next, we describe a fourth embodiment of the present

invention with FIGS. 7A to 8C.



encoder 20XY descri bed above shown in FIG 6A and the 5 first fixed
scal e 135 of the second enbodi nent descri bed above. Since a pattern
with a periodic direction in the Y-axis direction simlar to the
pattern 94 forned on the first fixed scaJe%e 235 mentioned above is
formed on the first fixed scale 135 (her&inafter, for conveni ence, 10
denoted as the pattern 94), it can be considered that the main body
of the encoder 20XYimand thwe figsisehitxedespaieng3db (a part Qlostiheonal
pattern 94) are used. In the present enbodi ment, two | aser
lights Li, L2iaferiprkben ated fEean tth@fem ghttageur @& T22 ignt 6hehe 218xis

reflection pI ne 134 at different an (see F

posi ti onal %(%Frﬁ PO TR ThEC A% é(ct‘ﬁsﬁﬁga%& ﬁ%l? g)‘?% of the
di rection areeﬂeaawee@ow URd 204 %asugb%@%ntsﬁcﬁﬁyliﬁ @hkal nad yhd Nene
these two laser lights LI, L2. FIG. 7Ato 7C sinplistically show a
vicinity of tHKer20 fFiksd ttapel 588l of 185 andcsme enb@tithedft hecwabed
stage WBT (the reflection plane 134). These draw ngs show that the Z

position of tRECHAfer S§088e2 VBT var eslfly om Reveledd isiddeersipneinzthe

d f FIGS. 7A, 7B d 70. Not hat El TA d
Show the oy or 92000 B 5y | B B0 B o (1 03h B SRorfRtne IR

FIG 7B out ofs;the %rl%\éfdn%al\élh%st hge 1R nle@S &l hieg it kérr@élﬂ &2 whih
different angles fromthe light source are irradiated onto the

reflection pl ddest34fitde lsasar | 1ght S(Hdrein2 frek| ectoon ddweenience,
reflection plane 44 134, respectively, at reflection angles
i dentical 1fo £RBOLARI @%n‘fh%r@%t@sernaﬁd)enﬁ’érCf‘ﬁeb%a‘?‘?%?lrﬂegf&dofchﬁﬁethe

1150 [ixed seale d38, A IS OLILy BGRLLLATS g1 WILED SRl 285
235 {a part of the pattern 24) are used.
In the present embodiment, two laser lights L1, L2
are irradiated from the light source 22 onte the
15 reflection plane 134 at different angles (see FIG. 7B),
and positional information in the Z-axis direction and
the Y-axis direction are measured by using measurement
results obtained with these two laser lights L1, LZ.
FIGS. 7A to 7C simplistically show a vicinity of the
20 first fixed scale 135 and the -Y end of the wafer stage
WST (the reflection plane 134). These drawings show that
the Z position of the wafer stage WST wvaries from the -Z
side to the +7Z side in an order of FIGS. 7A, 7B, and 7C.
Note that FIGS. 7A and 7C show the state in FIG. 7B with
25 dotted lines.
As shown in FIG. 7B out of the drawings, when the
twe laser lights L1l and L2 with different angles from the
light source are irradiated onto the reflection plane 134,

the laser lights L1, 12 reflect on the reflecticn plane



5 scale 135 are shown as the point A and the point B. Al though not
shown, the incident laser lights are diffracted into the Y-axis
direction, respectively, on the point A and the point B, pass optical
paths simlar to the dash-dotted Iines in FIG 6A, and enter
severally 10 detection instrunments prepaté®ed individually (for

conveni ence, denoted as detection instrunents 228A, 228B). Note that

the second fi )ﬁ.@d,SQQEﬁ@c@JQM)lz,ZZéEB Aheh dhe ohndexy18calige226-£aNHeihne

used in comon for the laser lights LI, L2. 15Heére, the detection
i nstrunments 228Aide28Bavahesbt and mRasur eémentpatesuht L4cosf espondi ngt

to positions of the point_A and the point B. In this case, as clear
from a conparit$8R9afbRyc FLES: 7Att Bh D, Palpade Péthween ath&hpshneacy
and B is wder en. p e en_.t he ints .20 nd B.in FLLG 7B
i s conpared W?EEsl ﬁg?hgﬁg%gt %@%&%S&po@nﬁ & a%oceé:ﬁd 9%‘ Q;%n%ﬁlee%lfitaﬁax%g
space betweensthespaidnt safe aRdwB' dsS5 NRd I ewehc WRENafhe t$Racs, gt ween
the points Aand Bin FIG 7B is conpared with that between points A"
and B" in Fl GALZDoudherebor eshsymce the 25ididehancéabetrweéngbash are
point relates to position of the wafer stage WST in the Z-axis
direction, a PosFfRoMEPz 18f0t He'qhal 67> 5t afe ¥BT ¢ t KESPE@XiEwly, on

L0 RS BUIGER S 02 o T SN D £y 258

coefficient (t icient Kis term’'n a

the laser |ightsthe, dbeh-suppasedi idiatim MRAS WAEMRHY Bkt sebtakned
with the laser light Li is denoted with Na and a neasurenent result
obt ai ned Wt hdehectaser | ightrugerts denotegdireidt h Nmdividually (for
5Pz=k( Ma- M) . -gl , In the present enbodi nent, the position of
the wafer stag8 V&I he A ob8%s a8 FSEErbROT sTRUFCHcAtSd 2488 £RBB) -

oy TabE, R PP S A AP
index scale 226 can be used in common for the laser
lights L1, LZ2.

15 Here, the detection instruments 228A, 228B can
obtain measurement results corresponding to positions of
the point A and the point B. In this case, as clear from
a comparison among FIGS. 7A to 7C, a space between the
points A’ and B’ is wider when a space between the points

20 A and B in FIG. 7B is compared with that between the
points A’ and B’ in FIG. 7A and a space between the
points A” and B” is narrower when the space between the
points A and B in FIG. 7B is compared with that between
points A" and B in FIG. 7C. Therefore, since the

25 distance between each point relates to position of the
warfer stage WST in the Z-axis direction, a position Pz of
the wafer stage WST in the Z-axis direction can be
expressed by the following equation (1) with &k as a

coefficient (the coefficient k is determined by the angle



which the positions of the wafer stage WST in the Y-axis direction
are different with each other. FIG 8B shows a condition identical to
that shown in FIG 7B mentioned above, FIG 8A shows a condition in
whi ch the stage 15 shifts to the -Y side%romthe Y position in FIG
8B as a standard (a condition in FIG 8B8'1s shown with dotted | i nes)
and FIG 8C shows a condition in which the stage shifts to the +Y ’
side fromthee¥cnosoli onhen Fiéer 8B iamta stapdard) (ascemeidd orthan  a
FIG 8B is shown with dotted 20lines). Here, the detection

instrunments 22BAsuzeBsntarncebihi PPFRASEAeMEAR ESultaSor teEPontit ngs
to positions of the

oi.nts A and.B _(th ints, A g . B
B'). Inthis éj:f?é’,tegg_w&r% art ?gﬂ?cggwﬁrg%s grlﬁﬁgﬁ%nﬁe%ﬂggéogﬁg Eeigq“géf‘
the points A .and; Bs.in BiG BA sshisdkhote@mddie moints A and B to the

-Y side by a distance identical to the novenent distance of the wafer

st age WST, sand t he p@i:}ﬂtn&aMb)andlB" in FIG 8C shift fromthe points
A and Bto the +Y side by a distance identical to the novenent
di st ance In thé present embodiment, the position of the wafer
stage WST in the Z-axis direction is calculated with the
above equation (1) and the positional control of the
wafer stage WST is performed.
10 on the other hand, FIGS. BA to 8C show conditions in
which the positions of the wafer stage WST in the Y-axis
direction are different with each other. FIG. 8B shows a
condition identical to that shown in FIG. 7B menticned
above, FIG. 8A shows a condition in which the stage
15 shifts to the -Y side from the Y position in FIG. 8B as a
standard (a condition in FIG. 8B is shown with dotted
lines), and FIG. 8C shows a condition in which the stage
shifts to the +Y side from the Y position in FIG. 8B as a
standard (a condition in FIG. 8B is shown with dotted
20 lines).
Here, the detection instruments 2284, 228B can
obtain measurement results corresponding to positions of
the points A and B (the points A’ and A" or B’ and B”).
In this case, as clear from comparison among FIGS. 8A to
25 8C, the points A’ and B’ in FIG. 8A shift from the points
A and B to the -Y side by a distance identical to the
movement distance of the wafer stage WST, and the points
2” and B” in FIG. 8C shift from the points A and B to the

+Y side by a distance identical to the movement distance



46 of the wafer stage WST. Therefore, supposing that the measurenent
result obtained with the laser light Li is denoted with Ma and the
measurenment result obtained with the laser light L2 is denoted with
Mo, a position Py of 5 the wafer stage V%g‘wﬁth respect to the Y-axis
direction can be expressed as the follownhg equation (2).

Py=(Ma+Md)/ 2-.(2) In the present enbodi nent, the position of
the wafer stagéE WBE i mafde ¥Yeagd SWHT I ectlih@nreifsreal cubatetihgv that hehi0

above equation (2) and the positional control of the wafer stage WST
i s performed. Measuremagt j&gepipe@PaBdved #Hdtbr ditkg 13 athel Bidseht is
enmbodi nent ,

crogt et PGEPRbRY, 0, VLS B RN A BB, L
L2, and by usi:pg maaswr enght nesulst $1.ebtaknedtandst he eduati gAsp( 1)
and (2) described above, positions in the Y-axis and the Z-axis
di recti ons5carthbe wagasuisedgel WSTswt hier ebyppossidl €hd of perifsordhm@ction
measurenment w thout increases of the nunber of fixed

can be expressed as the following equation (2).

Py={Ma+Mb) /2-+ (2)

In the present embodiment, the position of the wafer
stage WST in the Y-axis direction is calculated with the

10 ‘above equation (2} and the positional contreol of the
wafer stage WST is performed.

As described above, according to the present
embediment, by employing an encoder with a constitution
similar to the encoder in FIG. 6A, by measuring with the

15 two laser lights L1, L2, and by using measurement results
obtained and the equations (1) and (2) described above,
peositions in the Y-axis and the Z-axis directions can be
measured. It is thereby possibkble to perform a
measurement without increases of the number of fixed

20 scales arranged around the wafer stage WST. Instead of
using two lights, reflection planes are prepared at
different angles and positicnal information in the Y-axis
and the Z-axis directions can be similarly measured.

In the fourth embodiment described above, although

25 the position of the wafer stage WST with respect to the
Y-axis direction and the Z-axis direction was measured by
using a constitution similar to that of the encoder in

FIG. 6A, not limited to this, position measurement with

respect to the Y-axis direction and the Z%-axis direction



20 scal es arranged around the wafer stage WST. Instead of using two
lights, reflection planes are prepared at different angles and
positional information in the Y-axis and the Z-axis directions can be
simlarly neasured. In the fourth enbodi pent descri bed above,

al t hough 25 the position of the wafer stage WST with respect to the
Y-axis direction and the Z-axis direction was neasured by using a
constitution siam Il perthatedf witie encedend rsikliGar6Ao notat | mt ede
to this, position neasurement with respect to the Y-axis direction
and the Z-axi §odiricBctomipdizpngafaserpbpfioriddenith 8 FOORGdteFaPrart

to that in the fourth enbodi menf described_above.in a titution_ of
ot her enbodi n€r¥f‘§r( 8?’59??139%%?15{‘? Tt'i 6n G!Orr]lsﬁﬂ%lgh% or’ E%E I\?@ar?\fhi%lBZ,'
two encoders with be,fmod asel, khabbsrdivwith kaeatydi ihesent: angl es,
described in the fourth enbodi mrent descri bed above are pl aced,

respectiveby, 10n aaneigifdecandathbeotdrercrsibgd ah the projidrtérgrpdiment
optical systemw th respect to the Y-axis direction, and tilt |

i nformation ofdeskE iRGFePLRY AR TGSt atiesReFhE BR et i Uh §1F tHE e T0
di rection) can.be asured from pQsiti i.nf.ar i on -of f
Stage VBT i n (48 Z2GaTE GFEct bh eastr BECE {7E (G eRbongro en
Simlarly, thedpwaceneedens W-tkithaitweci@serand ot Linfdihaation of
di fferent angl es described in the fourth enbodi nent descri bed above
are placed, 15Heespectivedtggeonwone sicetdnrd t hefotiwmricai denof thde Ox
projection optical systemw th respect to the X-axis direction, and

tilt inforfatiHFsetirRe GAPePe sTayEIIRST (%0t &CS6HPRT or At OW T19™t Ré
Oy direction) can be neasured,from posit) anals iNfACIRLL ofe of, LNe wich
HREFER Tt R o i TP

waf er stage 2 inthe axi's recti on neasure

encoders. Altarpatduel ¥ncdr£ncogais i) tdhe tiwe laserddrsghtishl lthe
L2 at different angles described in the fourth enbodi ment descri bed

above can be plwaceddhsatr |ldgdttsonlonéd2diatectifdaront t Aegles siererifteed iR
side, the +Y side, and 25 the -Y side of the projection optical a

system O codi¥e, forEdth RPeHECdseFEEerehed aglﬁ’éf\?e, S | o

planes can e senglauly Bl epal ed.a! Add eoph! Aol 8enERstaRl obsUsiag
the two encoders*wth 't | aser T ghts Li, L2 at different angles.

projection optical system with respect to the X-axis

direction, and tilt information of the wafer stage WST

(rotation information in the 68y direction) can be

measured from positional information of the wafer stage

20 WST in the Z-axis direction measured with the two

encoders. Alternatively, two encoders with the two laser

lights Li, L2 at different angles described in the fourth

embodiment described above can be placed at least on ocne

direction of the +X side, the -X side, the +Y side, and

25 the -Y side of the projection optical system. Of course,

in each of the cases described above, reflection planes

can be severally prepared at different angles instead of

using the two encoders with the laser lights L1, L2 at

different angles.



48 In the second to fourth enbodi ments and the nodified
exanpl e descri bed above, although descriptions were given for
arranging the reflection plane inclined by 45 degrees to the XY pl ane
on an end of the wafer stage WST, not 5 |imted to this, it is also
possible to enploy a constitution as shown in FIG 9. In other words,
by arranging two reflection planes 25a, 25b on the wafer stage WST as
shown in FIG 9A IiInishalsaogossbbFeutoh andadikbetst age tie hdddtrien
equivalently to the 10 reflection plane inclined by 45 degrees. By
doing this, aSFaiPérnd®FERIRePIRTHI-c adithegphofiepar el saxiege given
di rection and pattern.with a periodi.c direction in t - aXi

di rection canf%5 Séﬁﬁ?g%%?yp%ﬁrgﬁég’q&ﬁnegéﬁn?e%P%£¥F%gﬁﬁia ed%?ﬁﬁgs
i ncreases degrees:yf ifeﬁﬂgﬂé'BnlénPQQQNQ£EOQn@“Qa§§§'QB%§§ patt enps.
Note that a prism 25 can be arranged on the wafer stage T as shown
in FIG 9B5i ndtieadedf the tlkisectiton ipl arésc25aps28ble | ntd hisnpdase, aa

pattern can be arranged not only on the reflection planes, but also
at | east one ZOT6FifFEhSMi §§i oHIPIPankd FSE; Z5d. Empl ofisly Saehksa by

prism 25 brings_an advantage_ that parall.el nov nt t he waf er
stage WST cangﬁéaﬁﬁ%%?yQr‘?’é)asﬂ?ge?aecbt;p/loﬂtiﬁ’lleazr}erf’g ?‘E’r%’englg%i 19t yg\?% water

rotation betweedqgkhaydmpad / oubput shi giks and the prigmso23Natepibat,
it is possible to use encoders, in an appropriate conbination, which
rel ate to eachldbwt herenbosiiamnt stand fuhetiodi f egdiexbant ey descr i bad

above. Therefore, as shown in FIG 10 for exanple, a sinultaneous
measur emenf | ReERECKION, Prangyingdinesh PYOAS gipgrees. By doing this,

a pattern with & pericdic direction in the X-axis

direction and a pattern with a periodic direction in the

Y-axis direction can be separately arranged on each

reflection plane. This increases degrees of freedom in
15 preoducticon and design of patterns.

Note that & prism 25 can be arranged on the wafer
stage WST as shown in FIG. 9B instead of the reflection
planes 25a, 25b. In this case, a pattern can be arranged
not only on the refiection planes, but also at least one

20  of transmission planes 25c, 25d. Employing such a prism
25 brings an advantage that parallel movement of the
wafer stage WST can be purely measured by utilizing
insensibility to rotation between the input/output lights
and the prism.

25 Note that it is possible to use encoders, in an
appropriate combination, which relate to each of the
embodiments and the modified example described above.

Therefore, as shown in FIG. 10 for example, a

simultaneous measurement in the X, Y, Z, 8x, By, and 0z



directions is possible by using two main bodies of the enco '
in FIG 6B and the encoder which is capable of nmeasuring w ?ﬁrrggé\e(ct
to two axis directions described in the fourth enbodi ment (see FIGS
7A to 8C). 5 In this case, by passing the optical axes of lights '
irradiated fromthe two main bodies of t A2 encoder 20XY' into
positions with an equal distance fromthe optical axis of the

proj ection opt{.Gal +§¥sLeMPL, o i18N1HPr&Lirsy Ofudreasus e |

Abbe errors is ‘rade 10 posss:-%ol e.l P Inrgdach of tﬁﬂé gengggiwngﬁ?ghe

cli;scrl 3ed gb?}@coaileghamglﬁ'tlnﬁ reasutRnent thas epepflornsdidgly usiRPAEHE
-order diffracted lights, not limted to this, the neasur

be perforned WE usterpuHaRndiiditderte e 3r d-%r det 1%x%%eu%f%r{qn%rocgp

diffracted lights. . , ,
Qescribed in the fourth embodiment (see FIGS. 7A to 8C).

5 In this case, by passing the optical axes of 1lights
irradiated from the two main bodies of the encoder 20XY’
into positions with an equal distance from the optical
axis of the projection optical system PL, a high-
precision measurement without Abbe errors 1is made

1¢ possible.
in each of the embodiments described above, although
the measurement was performed by using the & lst-crder
diffracted lights, not limited to this, the measurement
can be performed by using the + 2nd-ocrder, the 3rd-order,
15 the n-th-order diffracted lights.
Further, in each of the embodiments and the modified
example described above, although the light souzrces 22,
42 were placed by facing to sides of the wafer stage WST,
for example, the light sources can be placed far from the
20 wafer stage WST, and laser lights emitted from the light
sources can be transmitted by using an optical member
{(such as an optical fiber and/or a mirror, etc.}.
Moreover, in arranging a plurality of main bodies of
encoders, a laser light from one light source can be led

25 to each of main bodies of encoders by splitting into a
plurality of lights.

In each of the embodiments and the modified example
described above, at least a part of the main body cof the

encoder (e.g., except £for the light source) mentioned



Further, in each of the enbodi nents i fi
er, and the nodified
?:zfabbfg 2?322, ?I:Eoughfthe | i ght sources 22, 42 me?éangged by
o] e wafer stage WST, for exanple, the Ii
sources can be placed far fromthe 20 waf er st 06 W oo Tor
( _ _ age WST, and
ngréslenlaéed fromthe light sources cafi be trgnsnittednbylﬁzfag an
NBreoSernE' er (such as an optical fiber and/or a mrror, etc.)
DLV " LAY, Boplatiali, ok gmin hodies ofpemonite o ofece
_ t source can be led 25 to each i
2gglhe§f oI hgﬂg@ﬂ%@ hbylt Sphﬁghl nghé ntacg epkdipal | $8tigfa icéﬁtggegm h
iments and the nodifi i -
| east a part m@unﬁﬁﬁ”nmqhebogyaéﬂrﬁﬁ%n%ﬁg%%%%yFégﬁ;%%ééégggb?%€VS%%ﬁu

| i ght source) nentioned 50 abov anaad,
. b : .
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X . pl at e- shaped nmenb

3gsiixgddon the W@fﬁﬁaééa e nemberlﬂaaachﬁbfath@t@ﬁﬁgaiﬁ@ﬁ@seg 16w
i bed above, although descriptions were given for using

encoders t
this, flor tJoe FAeasanenent tbermak 9@@@93@¥hg@mﬁgﬁicﬁOFtFrhi?ga Fge
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plate-shaped member can be fixed on the wafer stage.

In each of the embodiments described above, although
descriptions were given for using the encoders for the
measurement of the wafer stage WST, not limited to this,

15 it is also possible to use the encoders for the
neasurement of the reticle holder RH.

tn each of the embodiments described above, as
disclosed, e.g., in International Publication No.
1999/46835 pamphlet (corresponding U.S. patent No.

20 7,023,610 specification), harmonics obtained by
amplifying laser lights with a single wavelength in an
infrared region or a visible region, which 1is oscillated
from a DFB semiconductor laser or a fiber laser, with a
fiber amplifiex into which, e.g., erbium f{or both of

25  erpium and ytterbium) is doped and by wavelength-
conversing Lo an ultraviolet light with a nonlinear
optical crystal can be used as the illumination light IT.

further, the projection optical system may not be

only a reduction system but also either of an equal-



32tzélgshg:32rpgifible to use the encoders for the neasurenent of the
reticle d . I'n each of the embodiments described above
s di tose ,e.g.,inlnternational Publication No. 1999/46835 1
Ea?ﬁnn?cgcggig?ﬁggdkng U.F:Fatent No. 2%17,023,610 speci fication)
_ d by amplifying laser I'ghts with a si ’
wavel ength in an infrared region or a vis?ble region,S;E?Lﬁ i's

osci | ]
fib;rlgteﬁ';rgg%giggﬁ%i? conduchegnl Bl osyatémber |Bser prapeRtHOn
ytterbiﬂﬁ)li;eégéggl u§¥& e.gi, eégiun%(or both of 25 erbign%ang
: _ oflopesh ags tham wawelrerigbk cohy er st LGrF Y 1ol et°°
light wwth a nonlinear optical crystal can bz ﬂgﬁﬁaiéﬁ i eFait'ol €

i | Tumination kiigher| pf a refleghiphefysidib apﬂdojaec‘f?tgarsmdito Trag Systenn,

may not be onl i :

ry not be oy 8 LSCUECLon gt SN s Uneeof o s
not be only a.di ' : Ion optical system na
éi Opj)'g]:ﬁglgt riGasyst et cal somedd her oforaoveft ectHEPugPst é)F/h

and a cata Cc system and i . _
; ; ts projected inmage may b i
an inverted 5 dmagaranctimn evece edhimhgéhe gtEna either, of
exposure area onto which the iIIuninatgoh P?¥ ’ éPPhgﬁjh an

E)h'?i pr IOj ecti Oﬂm@ﬁ@apdsyésﬁem@Lp?%j%lé)ﬁl_ g%g.ggea# Iésa§{|§%écnf L%?:qlasl t%ﬁm \Gna
ag dicgc| g)s(lez, A%’({Jg :[ahrlerc]:l ti@leclt.lid%lng Qf et BEtPE:Qi egtiHneoptiidaln slgkg:_t @%lelilg,
of the projection optical system PL, as disclosed, e.9.,
10 in International Publicaticn No. 2004/107011 pamphlet,
the exposure area may be an off-axis area that does not
include the optical axis AX, similarly to a catadioptric
system of a so—called inline type in which an optical
system (a reflection system oF & catadioptric system)
15 that has a plurality of reflection planes and forms an
intermediate image at least once is arranged in a part of
the system and which has a single optical axis. In this
case, the center of the exposure area; i.e., the
projection center of the projection optical system PL is
20 different from the optical axis AX.

In each of the embodiments described above, although
descriptions were given for a case where the present
invention was applied to an exposure apparatus of the
step-and-repeat type (a so-called stepper), not limited

55 to this, it is also possible to apply the present
invention to a scanning exposure apparatus of the step-
and-scan type. In this case, TO measure position of a

reticle stage, being movable at least in a single axis

direction while holding the reticle, it is also possible



10 in International Publication No
. 2004/ 107011 panphl et

gggfig{eai{gaA;aysPe_?n Fff-axis area that does ﬁo?pinclhdéhfhe
opt i AX, simlarly to a catadioptric systemof a so-
Lg{;gfoggffclgyg?gﬁ; ig ?Egicﬁl systFn1( reflection systen1g?|;ed

_ : _ as a plurality of reflecti
forms an intermedi ate i ma B4 s

_ ge at least once is arranged in a

t he system and  Whiseh thas & csidegl e foptacdalofaxiis GI!mif?Ctd(ﬁH@néésgiaerS{cﬁg}ged

center of the ex i i '
posure area, i.e., the projection center %E %Q@h the

proj ecti on optaboak.sydnem Pespswherdi FRer epto4Tom e opti cal axi s

AX. In each of the i i
descri pti ons ﬁéﬁédgﬁﬁéﬁeFoﬁgg?ggggn;;égg§fEgggggggﬁrgn aithosghece..

f op- ) . a .

gttt Pl e S i oo
, possible to apply th

exposur e apparaiye1ef sthge st epur Clasmgorteo ﬁ@&sggégﬁ%gf%$géﬁgagﬁaCan be

suitably applied to an exposure apparatus of the step-

and-stitch type, an exposure apparatus of the proximity
type, a mirror projection aligner, etc.

In addition, the present invention can be also

10 applied to an immersion-type exposure apparatus in which

liquid is filled between a projection optical system and

a wafer as disclosed, €.9., in Internaticnal publication
No. 2004/053955 pamphlet etc. In this immersion-type
exposure apparatus, the reflection plane (134 etc.) of

15 the wafer stage can be covered with a liquid repellency
cover member (e.g., & glass plate, thin film, etc.), &
member (e.g., a groove) can be arranged on the upper
surface of the wafer stage to avoid that the liquid
reaches a reflection plane. Further, it is possible to

20 apply the present invention not only to an exposure
apparatus with an exposure 1llumination light in a far
ultraviolet region, a vacuum ultraviolet region, etc.,
but also to an exposure apparatus, €.d., with an EUV
light, an X-ray, and a charged particle beam such as an

25 electron beam and an ion beamn.

Note that the expcsure apparatus in each of the
embodiments described above may be also a twin-wafer—
stage type capable of performing an exposure operation

and a measurement operation (e.g., mark detection with an



reticle stage, being novable at least in a single axis 52 to use the
encoder of each of the enbodi ments described above. In a case where
the encoder is equipped with the fixed scales 135, 135, 235, 335
shown in FIG 5A etc., the fixed scales can be placed either above or
below the 5 reticle stage. Furthernore, ®he present invention can be
suitably applied to an exposure apparatus of the stepand-stitch type,

an_exposure appar@tis:ofs§diedr oXLALE ¥t ¥P8y apALET OL1 PLAKBCT QD two
aligner, etc. In"addition, the present invention can be also 10

applied to an vafreer skoagéype sexpasscrosghar at gs, i nimhikohali qUiabansse
filled between a projection optical systemand a wafer as disclosed,
e.g., in |nterfeeadardpgBlreat Rl N L 120041339551 pahpht et 1 &1 %6309

this i nmersion:tYpe ex ure apparatus, t.he reflection plape {.134.
[k?%ﬂ%fer ggggsn%sg aﬁneﬁamﬁ?ed. %a%en@. é%ﬁéﬁ%ﬁ%ﬁ?n

etc.) of 15t h be covered wth al'rquid r

cover nmenber (@d.ica®i8hfSHoP! ahez14 N fddrPesgbhding au NENOEL . Fio..
a groove) can be arranged on the upper surface of the wafer stage to

avoi d that thes l5%uicd4r eaphest izateébhict iloreephanéonslr gl ichties No.
possi ble to 20 apply the present invention not only to an exposure
appar at us wi t P&#0dRpoearent e untrat i PISYRE i FhE PEPCRFET AARRAETUS

2 VST S LD 00 e M s
beam such as alp2hchectdpnppeamand an hddbea@nt stage including a
10 measurement member (e.g., fiducial marks, and/or sensors,
etc.,) in addition to the wafer stage, e.g., as disclosed

in International Publication No. 2005/074014 pamphlet etc.

In each of the embodiments described abkove, an

optically transmissive mask, where a predetermined light

15 shielding pattern (or phase pattern, light attenuation
pattern) was formed on a optically transmissive substrate,

was used. Instead of the mask, an electronic mask that
forms a transmissive pattern, a reflective pattern, or a
light emission pattern ({(or a variable molding mask

20 including, e.g., a DMD (Digital Micro-mirror Device) that
is a type of a non-emissive image display element (also
called a spatial light modulator)) may be used based on

the electronic data of & pattern to be exposed, as
disclosed, e.qg., in U.s. Patent No. 6,778,257

25 specification. Further, as disclosed, e.g., in
fnternational Publication WNo. 2001/035168 pamphlet, the
present invention can be alsoc applied to an exposure
apparatus (a lithography system) that forms a device

pattern on a wafer by forming fringes on the wafer.



Note that the exposure apparatus in each of the embodi ments described
above may be also a tw n-waferstage type capable of performng an
exposure operation and a neasurement operation (e.g., mark detection
with an 53 alignnent systen) substantially parallel with the two

waf er stages, as disclosed, e.g., in Kokaf (Japanese Unexanined

Pat ent Application Publication) No. 10-163099, Kokai (Japanese

Unexam ned Patent Apptésadionad Buliicsatl 08) gNo. id0pdAifdtd Japanese
(corresponding U. S. Patent No. 6,590,634 speci ficati on),

| nt er nat i onal TPabkileatipon Nof 98PAD791apphptdeion et o Mor eMEr-S10RE0
exposure apparatus of the enbhodi nent descri bed above nmay be also an

appar at us equi FPEISAPPRI A frelstir eABRE st Hge Pnéfbdihy %P%‘Blflcatlon)r
addi tion T mcm\i/rgfr(egegt’ oveHeL s %ic(i@sc%ose FRRARR & naetC hoslire

addition to the er stage, e.g., I on

Publicatiof Nepp2@@bh0740i4 panpbket el6. reticle bBLeafhs ObnthBewafer
enbodi nents descri bed above, an optically transm ssive nmask, where a
pr edet er m ned Viigghta 15P§<Pd%¢@|qﬂi)g perttiened (Oﬂlrquﬂwse et t ewbstlargmally
attenuation patte ormed_on a optically transm ssive
substrate, was" Wgég;n?ﬂg?&idpﬁff‘?ﬂ‘éﬁ nasROY3He eFERPTOFT cORBEk OPRathot
forms a transgissiye PALRIf: aiBlLACLHYE AL LELD QLog, L gt

em ssion pattern (or a variable nolding nmas uding, e.g., a
DVD ( Di gl tal M cro-mritiosr Deyhceppthatus Sthat ygeratk & ne-@dSSbéyean
| Tage dls?hayo%ggggntjﬁflsggt limited to the exposure apparatus
(Lithography system) mentioned above, but the present
invention can be also applied, e.g., to an apparatus that
forms a pattern on an object, e.g., in an inkjet method.
Further, the present invention is not limited to an
15 application to the exposure apparatus for manufacturing
semiconductor devices, but can be widely applied, e.qg.,
to exposure apparatus used to manufacture various devices,
e.g., display devices such as a liguid-crystal display
element that is formed on a square glass plate, a plasma
20 display, etc., an imaging device (CCD etc.), a micro
machine, an organic EL, a thin film magnetic head, a DNA
chip, etc. Moreover, the present invention can be also
applied to an exposure apparatus that manufactures a mask
(photomask, reticle, etc.) on which mask patterns of
25 various devices are formed by using a lithography process.
As described above, an object irradiated with enerqgy

beams to be exposed in each of the embodiments described

above is not limited to a wafer but may be another object



di scl osed, e. g.,inU S. Pat ent No. 6, 778, 257 25 specification. Further, as
di scl osed, e.g., in International Publication No. 2001/ 035168
panphl et, the present invention can be also applied to an exposure
apparatus (a lithography systenm) that forps a device pattern on a
wafer by formng fringes on the wafer. 52 Mor eover, as
di scl osed, e.g., in Published Japanese Transl ati on of PCT application
No. 2004-519850:4icid espardisng1bes, PaterdmiNe.substt2£816a film member,
specification), the present invention can be also applied to an
exposure 5 appanataks btllatkseoaposes two reticle patterns on a wafer
Vi r oj ion i cal m an ntiall i, mul .

a a projection optical systemand substantia t(ﬁ:nu tg eous%%% ng

performs a doubl e eXPESHRE’ oMt THE L6t *BPRE? Y S SWEPEFSERr
one-time scan SR 5. Ry ther, A0 aRPUAUSnERaE §O5 8B ke PAUBALN 1an
an 10 object i ng%HF%%ifgﬁe%B t he exposure agparatus (Ilithographey:L
system nenti aradaheveedbily tdesquiasant viemyensi enbeapsbenal socluding
applied, e.g., to an apparatus that forns a pattern on an object,
e.g., in an i Mddt werREUTUERF t Fdemehie PFENRHCIPAVveRti dihS sSRgPe  °f

limted to an 15 application fo the exposure a ratus far '
manuf act uri ng %E%?@%n&ﬁthF dE%iéE?f&ﬁﬁP can %é?%%%ﬁﬁﬂ#“§§p|P%ﬁ?a%i%il

to exposure apxpgg@{t %nu'seqmj[ o] e_r@g{frq_gggr epygeigil&l,devgllg@s, a®. Joptical
di spl ay devices such as a liquid-crystal display elenent that is
formed on a squed®ei glass prat eecarpl asese 20adiep ayypet cof anethaigimg
device (CCD etc.), a micro machine, an organic EL, a thin film .
magneti ¢ Hehd, ad) BNmestyi [oretachipyiagyer, PhéCpt eBERELFHoRNTT ofi® THI'S
be also applied to an exposure apparatus that f re SKi ca1
(phot omask, re???ﬂQéa'eFX:fe%%’mﬁggﬁsﬁg% tpa?%e?ﬁgHgﬁﬁ§§ Jir?%us rea
devi ces are fofped; by, Usipga,kbLN0GEBRAY: RI0CEFStent's, deseT bhgUstment
above, an object 1rradiated with energy beans to be exposed in each
of the enbodi nesats desceivbed akeve ¢keqtotickilni tretkdicianwafef butrheys
be anot her obj ect
electronic systems are performed before and after the
15 assembly. An assembly process from various sub-systems

to the exposure apparatus includes mechanical connection

among various sub-systems, wiring connection of
electrical circuits, piping connection of pneumatic
clircuits, etc. Note that of course the assembly process

20 of each sub-system comes before the assembly process from
various sub-systems to the exposure apparatus. Once the
assembly process of various sub-systems to the exposure
apparatus ends, the total adjustment is performed, and
various types of ©precision as the entire exposure

25 apparatus are secured. It is desirable that the
manufacturing of the exposure apparatus is performed in a
clean room of which temperature, cleanness, etc. are

controlled.



55 such as a glass plate, a ceram c substrate, a filmnenber, a mask
bl anks, etc. Further, the exposure apparatus (the pattern
form ng apparatus) in each of the enbodi nents descri bed above is 5
manuf act ured by assenbling various sub-systens including each
constituent elenent exenplified in the s%gpe of clainms so as to

mai ntain a predeterm ned nechani cal precision, an electrical

precision, and an opki CRlndr el Stion. nk@iseelr e.awiseskn vareisdgsat ypes! caf
precision, 10 adjustnent for achieving an optical precision of

various opti catlesytstddnss taigjsustorerbichr théhi dntagnat Adehanpegfication
preci sion of various_nechani cal syste nd_ adj ustment . for ,achievi
an el ectrical ﬁ?e@?@?ﬁﬁgo?GQ%&'bugﬁ%lgg??@%ﬁ%;%%s%%ﬁ%ya%é Sé?ngnégﬂg
before and after the 15 @assefhlvq AbAassenblapnresessnf r enbyaci olss,
sub-systens to tthe exposure apparatus includes nmechani cal connection
anong vari gus sateSyustiens) VRudlngaconnegkinphlet, ebedt rtbeal U ¢ r cBtant

pi ping connection of pneumatic circuits, etc. Note that of course the
assenbly procedzeFishtégeh sflsykasmnctones bt oPEPP AR GsBRBF-Uo°S

process fronlvark%¥sv§$P-s §éeg&s;gPéggeﬁg&?§&ﬁﬁsap%%5atgﬁe Msei they

assenbly proceSst u 0 the exposure apparatus

ends, the total, adiust Rl i$cReRhov8BLre AN MATIIS pb¥RESd Oherein by
precision as the entire exposure 25 apparatus are secured. It is

desi rabl e that réhergrmyauf acturi ng of the exposure apparatus is

performed in a clean room of which tenperature,,cleannesz, tc.dar%)
control | edl0 56 As lPong s&8'icRBIRGEPBNal 999 i n ‘Fesi JHAE 8C§5fe Y

conducting: a step in which function/performance design
of a device is performed; a step in which a reticle is
nanufactured based on the design step; a step in which a
wafer is formed from a silicon material; a step in which
15 a reticle pattern is transferred on the wafer by the
exposure apparatus of each embodiment described above; a
step in which the wafer on which the pattern was
transferred (formed) is developed; a step in which a
circuit pattern is formed by applying etching to the
20 wafer after development and exposed members of areas
other than areas with residual resist are removed; a step
in which unnecessary resist after completing etching is
removed; a device assembly step (including a dicing
process, a bonding process, and a packaging process); an

25 inspection step, etc.

INDUSTRIAL APPLICABILITY
As described above, the movable-body apparatus of

the present invention is suitable for driving a movable



el ected) states to which this international application is applied
permt, the disclosures cited in all of the Japanese Unexam ned
Pat ent Application Publications, 5 International Publication
panphl et, and the U.S. Patent Specificat%gns with respect to the
exposure apparatuses cited in each of thé enbodi nents and the
nodi fi ed exanpl es descri bed above are fully incorporated herein by
reference. 10Asely candwekor devioebssiandf ascttircedloy tbdndacthongng aplstnep
in which function/ performance design of a device is perforned; a step
in which a retfEitdsrs rEifuf HRUTEE RRREF a6t RO Y= ea Jepd
in which a mafg{ gﬁﬁforned from.a si.licon materi
t

1 acSEeR L whLch
15 areticle poa i PPRNs T aa"6R the warer lyetﬁé exff sar e!g "

apparatus of eaghenbadumept Aessribegdaabeve; a shefner, Witsd tderice
waf er on which the pattern was transferred (fornmed) is devel oped; a
step i n whisch meargifiaetivteipgt method sof ormedotppeapplipvagteeehi hgswiaie
20 wafer after devel opnent and exposed nenbers of areas other than
areas with resiuPTESCERTARS TEMR EGV15%8t ep i n whi ch unnecessary
resist after conpleting etching is renoved; a device assenbly step

(i ncluding a dicing process, a bonding process, and a packagi ng
process); an



25 inspection step, etc. | NDUSTRI AL APPLI CABI LI TY As descri bed

above,

t he novabl e- body apparatus of the present invention is

suitable for driving a novable 57 bogy at least in an axis direction
wi thin a noving plane. Further, the exposure apparatus and the
exposure nethod of the present invention are suitable for exposing an
object and formng a pattern. Further, the device 5 manufacturing

nmet hod of the present invention-is suitable for manufacturing mcro
devices. 58 CLAIMS 1. A novabl e-body apparatus, conpri sing:

a novabl e body that noves at least in an axis direction within a

t wo- di

mensi onal plane including a first axis and a second axis
CLAIMS

ort hogonal to each other; and

1. A movable-body apparatus, comprising:

a movable body that moves at least in an axis direction within a
two-dimensional plane including a first axis and a second axis orthogonal to each other; and

a measuring device that has a light source which irradiates a light onto a first
grating arranged on a predetermined plane of the movable body, the predetermined plane
crossing the two-dimensional plane, an optical system which allows a plurality of diffracted
lights generated from the first grating to interfere with each other, and a detector which
detects the interfered light, and that measures positional information of the movable body
with respect to at least the axis direction, wherein

the optical system has a second grating composed of a transmissive grating,
and an optical member that changes directions of the plurality of diffracted lights generated at
the first grating toward the second grating, and

the detector detects the interfered light of the plurality of diffracted lights

emitted from the second grating.

2. The movable-body apparatus according to claim 1, wherein
the first grating is a one-dimensional grating with a periodic direction in a

direction within the predetermined plane.

3.  The movable-body apparatus according to claim 1, wherein

the first grating is a two-dimensional grating with periodic directions in two



a nmeasuring device that has a |light source which irradiates a |ight
onto a first grating arranged on a predeterm ned plane of the novable
body, the predeterm ned pl ane crossi ngp t he two-di nensi onal plane, an
optical systemwhich allows a plurality of diffracted |ights
generated fromthe first gating to interfere with each other, and a
detector which detects the interfered Iight, and that neasures
positional information of the novable body with respect to at |east

t he axj. i i Qe i cal system has a
secon 1%?%%§§§£%%§5%¥g§ﬁ%#ngy}gﬁ§%$§%?yéﬁgpéﬁ%ng, and an optica
menber that changes directions of the plurality of diffracted |ights
generated at the first grating toward the second grating and

t he detector, det cts tQﬁ L éerfered | i he p rallty of
diffracted 14ght Ehcanpyahlebpdy prmariusase 3P, wherei o

novabl e- body apparatus according to cIa|n1| wherein

first grating istha biedeignmingd Bﬁ&? B§r at Phagewsyhstantiplhy |Kﬁyp@d&iuﬂ?écttq otll‘le
in a direction within the predeterm ned plane. 3. The novabl e- body
appar dwesdimsogipail plpneo cl aim 1, wherein 59 directions crossing each
other within the predeterm ned pl ane. 4. The novabl e- body
apparatus according to claim 3, wherein t he
predeterm ned plane is a plane substantially perpendicular to the

t wo- di mensi gnal THeammwable-body apparaliie acdovdib} etobeldim al peadpparatus further
according to claim1l1, the apparatus further

comprising:
.a controller that controls a position of the movable body by using measurement

results of the measuring device.

6.  An exposure apparatus that exposes an object to form a pattern, the apparatus
comprising:
the movable-body apparatus according to claim 1 which includes a movable

body that moves while holding the object.

7. An exposure apparatus that transfers a pattern formed on a mask onto an object,
the apparatus comprising:
the movable-body apparatus according to claim 1 which includes a movable

body that moves while holding at least one of the mask and the object.

8. A movable-body apparatus, comprising:
a movable body that moves at least in an axis direction within a

two-dimensional plane including a first axis and a second axis orthogonal to each other, and



conpri si ng: a controller that controls a position of the
novabl e body by using neasurenent results of the neasuring device.
6. An exposure apparatus that exposes6@n object to forma pattern,

t he apparatus conpri sing: t he novabl e- body appar at us
according to claim1 which includes a novabl e body that noves while
hol di ng the object. 7. An exposure apparatus that transfers a

pattern formed on a mask onto an object, the apparatus conprising:

the noyabl Rababy ARRAKRICH SrAGK %Mdlh%nﬁbﬁélrplénevw @f&ad {iEledf8Rd @

novabl e body that” noves while holding at |east one t he mask and

the object. mea@um@g @l%) 1t ?19935 %Bt?ﬁcgzvm&?@éd&w? 1%1t onto the

a novabl e body t at nov east aX| S rection w

o OSSP ] DSOSl R AR BA, trcin

cr Osses nt geaxgs 1rgc|t1rc§%n§r|1 % hpI gﬁt rer}lectegaornt thtehr%hggc}con Slane enters, an optical
system which allows a plurality of diffracted lights generated from the one-dimensional
grating to interfere with each other, and a detector that detects the interfered light, and that
measures positional information of the movable body with respect to at least the axis direction,
wherein

the optical system has a transmissive grating which the plurality of diffracted

lights enter, and

the detector detects the interfered light of the plurality of diffracted lights

emitted from the transmissive grating.

9. The movable-body apparatus according to claim 8, wherein
the one-dimensional grating reflects the light to generate a plurality of
diffracted lights, and

the reflection plane makes the diffracted lights enter the optical system.

10. The movable-body apparatus according to claim 8, the apparatus further
comprising:
a controller that controls a position of the movable body by using measurement

results of the measuring device.

11.  An exposure apparatus that exposes an object to form a pattern, the apparatus



a nmeasuring device that has a |light source which irradiates a |ight
onto the reflection plane, a fixed scale which has a one-di nensi onal
grating with a periodic direction in éhe axis direction, and which a
light reflected on the reflection plane enters, an optical system
which allows a plurality of diffracted |lights generated fromthe
one-di nensional grating to interfere with each other, and a detector
that detects the interfered light, and that neasures positional

i nf or ngh it the novable body with respect to at |east the axis

di rection, wherein the optical systemhas a transm ssive

grating which t htﬁe%Wa%ié—chy Ce)zg q}afnﬁd; ?(%éﬁ(ﬁn%kogp%ﬁn %névﬁfc}jiiﬁgiggef‘s a movable

the detector detects the in ere e plura

diffracted, l.ights emtt fromthe transm ssive grating. 9.
The no élﬁ'ﬁl%%t ‘&stg’wsﬁ‘af‘ﬁ%g %‘8?8%6 f‘ng to claim8, wherein

t he one-di nensional grating reflects the light to generate a
plurality of diffi-acted |ights, and the reflection plane nakes the
diffracted lights enter the optical system 10. The _
novabl e- bodyl 2ap pdy BPASIre pRATHIA ot Fargfers spgtternHarmagsen amask enfpapepject,
conpri si ng: o a controller that controls a position of the
novablthe berdyats/campisingreasur ement results of the nmeasuring device.
conpri si ng: t he novabl e- body apparatus according to claim
8 whi ch i ncl udesha nmowblettedycgpatahst acvondésg tohelhien Bokhiich gndlhdesabmeeible
- 12. An exposure apparatus that transfers a pattern forned on a nask
ont o &odelh aioves vhilahplirg d1deas 0oy o fth& giask and the object.

13. A moviable-body apparatus, comprising:

a movable body that moves at least in an axis direction within a
two-dimensional plane including a first axis and a second axis orthogonal to each other; and

a measuring device that measures positional information of the movable body
with respect to at least the axis direction, by irradiating a light onto a first grating arranged
along a plane of the movable body, the plane crossing the two-dimensional plane, and by
detecting a diffracted lights via the first grating, wherein

the measuring device has a second grating composed of a transmissive grating,
an optical member that changes directions of the diffracted lights toward the second grating,

and a detector that detects an interfered light of the diffracted lights emitted from the second

grating.

14. The movable-body apparatus according to claim 13, the apparatus further
comprising:

a controller that controls a position of the movable body by using measurement



t he novabl e- body apparatus according to claim8 which includes a
novabl e body that noves while holding at | east one of the mask and
t he object. 13. A novabl e- bodys2appar at us, conpri sing:

a novabl e body that noves at least in an axis direction within a

t wo- di nensi onal plane including a first axis and a second axis
orthogonal to each other; and a nmeasuring device that
nmeasures positional information of the novable body with respect to

at Ieal%guﬁsl"@rtgeqal%aﬁ% g%{,lgFl by irradiating a light onto a first
an

grating arrange e of the novabl e body, the plane
crossing the two-dinensional plane, and by detecting a diffracted
lights viathefirst grating, wherein t he nmeasuri ng

Gevice, 1as 8.2ooRn B R ERIRASI G horl NI} B BB

toward the second grating, and a detector that detects an interfered
| i ght OMRIRE&iffracted lights enmitted fromthe second grating.

14. The novabl e- body aratus according to claim 13, the apparatus
further conpri sithg: mowggth qdy appareiis aseeraing taglaiey] Twhich includes a movaple
exposure apparatus that exposes an object to forma pattern, the
appar dtody thaymprves ivgle holding the object. t he novabl e- body appar at us
according to claim 13 which includes a novabl e body that noves while
hol di ng the object. 16. An exposure apparatus that transfers
a pattern fornmed on a mask onto an object, the apparatus conprising:
t he novabl e-lsodWnmgpasat uppasaotiet fgnst@s & pattém ¥ormvddl diha inasd 6ifle an abject,

novabl e body that noves while holding at |east one of the mask and
t he ohh&gpparatus comprising:
the movable-body apparatus according to claim 13 which includes a movable

body that moves while holding at least one of the mask and the object.

17. A movable-body apparatus, comprising:

a movable body that moves in a direction parallel to at least a single axis
within a two-dimensional plane including a first axis and a second axis orthogonal to each
other; and

a measuring device having: a light source that irradiates a light onto a moving
grating on a predetermined plane of the movable body, the predetermined plane crossing the
two-dimensional plane; a fixed grating of which a positional relation with the light source is
fixed, which is placed parallel to the two-dimensional plane, and which returns a light
diffracted at the moving grating to the moving grating; and a detector that detects a light

interfered after passing through the moving grating again.

18. The movable-body apparatus according to claim 17, wherein



17. A novabl e- body apparatus, conprising: a novabl e body
that noves in a direction parallel to at least a single axis within a
t wo- di nensional plane including a fir& axis and a second axis

ort hogonal to each other; and a measuring devi ce having:
a light source that irradiates a light onto a noving grating on a
predet erm ned pl ane of the novable body, the predeterm ned pl ane
crossing the two-di nensional plane; a fixed grating of which a
positional relatj it - L Ir i i hch. i .
baral 1ol o the Pea gt et iinhll o 2Ll Katlng WHCT pirfod, BfEfhon
diffracte . th V] rating ta the noving grating; and a

det ect%‘ra(ﬁﬁ%&m%g%& sto%s?r%ﬁ% a}inn’taél(rafered af ter passing through the
novi n rati ng agai,n,. 18. The vabl g- hody. aratus accordi.ng to
clainglg, mhe?ei elé%“Somcelnmﬁgw§ﬁeﬁ$5xdécggg? efﬁhﬁﬁdﬁgﬂS%XBtOthe
one-di nensional grating wwth a periodic direction in a direction

par al 1'8PVINg &F@¥@8Esj ngl e axi s, and the light source
irradiates a light which is parallel to the single axis to the noving
grating. 19. The novabl e- body apparatus according to claim 17,

wherein the fixed grating includes a one-di nensi ona
grating with9 pErdwdyabletbedscanperatisacaordingtotclapm lyawhelesl to t he
si ngl e axis, the light source irradiates a plurality of

l'i ghts inclined the fixké geitingliacladéssa bye-dinidneioaait gratigd @sthtaopdriveiddivéchign
grating within a plane perpendi cular to the two-di nensional plane

i ncl udhnglifebeorsparaile t@rieSingddakis, the nmeasuring device
conputes a position in a direction perpendicular to the

two- di mensi onal tpé 3t Sburtd@rd@uabh HIRARY Hyligas MtlRed s ed siapler 8sUbY
which is obtained by the detector with each interfered |ight

gener afifitteht HPIES BE YhViAS Yrathg! Wilh S plane perpendicular to the two-dimensional
plane including the single axis, and |

the measuring device computes a position in a direction perpendicular to the

two-dimensional plane of the movable body by using a detection result which is obtained by

the detector with each interfered light generated from the plurality of lights.

20. The movable-body apparatus according to claim 17, wherein
the measuring device measures positional information of the movable body
with respect to a direction parallel to the single axis within the two-dimensional plane by
using a Oth-order light generated at the moving grating, and measures positional information
of the mox;able body with respect to a direction orthogonal to the single axis within the

two-dimensional plane by using a diffracted light except for the Oth-order light.

21.  The movable-body apparatus according to claim 20, wherein

the fixed grating includes a first one-dimensional grating which is placed at a



20. The novabl e- body apparatus according to claim 17, wherein

t he neasuring device neasures positional information of the novable
body with respect to a direction paraddel to the single axis within

t he two-di nensi onal plane by using a Oth-order |ight generated at the
novi ng grating, and neasures positional information of the novable
body with respect to a direction orthogonal to the single axis within
t he two-di nensional plane by using a diffracted |ight except for the
Ot h- or | i - bhod -

20, ar i Biph o chd %%*?%%%fa&%h*o@é’%?“ﬁ%%ﬁaﬁﬁéﬁeé?ezw B2 b Befbaic
novi ng,.qrating epters and eriodic di ctlonlnadlre

par o Pafefish 38 o Bisia Bl Yo P SeliC s BIES seRiil PafuPiepRhn b gatine
which is Iaced at ap03|t|onvvh fracte g exc for th
0t h- otk s YRECdA AR RdINGR 2 %@F‘ieég’igi?t a?fqeefc%ratw ‘5{% B3 bt Pty 20
orthogonal to the single axis 22. The novabl e- body appar at us
accor d1a8g Degogdic ginection inaliresom prhegonal forthesings @i si ng:

a controller that controls a position of the novabl e body by using
measurenent results of the neasuring device. 23. An exposure
apparatus that exposes an object to forma pattern, the apparatus
conpri sing: 22. The movabletbody nappatahes- badydiag parddins 14c ter eppagateo further
claim17 which includes a novabl e body that noves whil e hol ding the
obj ectcomprising: 24. An exposure apparatus that transfers a pattern
formed on a mask onto an object, the apparatus conpri sing:

t he novabl e- body, apRpanat st @8E6Ts dp‘tﬁhtioﬂ oFltlad b dabl B by eh sl Ssufement
novabl e body t hat noves while holding at | east one of the mask and

the OBL&E of the measuring device.

23.  An exposure apparatus that exposes an object to form a pattern, the apparatus
comprising:
the movable-body apparatus according to claim 17 which includes a movable

body that moves while holding the object.

24." An exposure apparatus that transfers a pattern formed on a mask onto an object,
the apparatus comprising:
the movable-body apparatus according to claim 17 which includes a movable

body that moves while holding at least one of the mask and the object.

25. A movable-body apparatus, comprising:
a movable body that moves in a first and a second directions orthogonal to
each other within a predetermined plane and has a reflection plane which crosses the

predetermined plane at an acute angle and on which a diffraction grating is formed; and



25. A novabl e- body apparatus, conprising: a novabl e body
that noves in a first and a second directions orthogonal to each
other within a predeterm ned plane arfid has a refl ection plane which
crosses the predeterm ned plane at an acute angle and on which a
difft action gating is fornmed; and 65 a nmeasuring device
that includes a fixed grating, which is arranged by extending in the
first direction substantially parallel to the predeterm ned plane and

a part of which {agesufihe defickethi FIRNE. fkdd Belitiagewhch iiPRtrah@AMby
onto the reflection plane along the first direction, and detects

di ffr i ' ~ RhbErkhen piRhe Bk 8t
refl e?%ﬁﬁél%e%hn%eﬁ?ﬁe CS{“S‘% %ﬁgﬁ%}?’? %Bl?é;t%glgqt?on p alne, pa#lt er et of
al l ow n ] rfe i & h
posi 1 Dt Hos? AEereBb bRk cIig e ARk A Bl RESSAERRH bR lone he
appar at us ..accor di o, cl.al wher.ei.n ip the novabl e
oty HHES PRIt Henthl S haye aensspigd digmsfhs v Teeen Siacg and
directign. 27. Th vabl e- body appar atus according. to claim 25,
wher eitktiested an ths Geed gritige 2 ﬁ%e ¥“§1%[5‘é91} Bl#ne afier plaving e prams & bierfere
direction. 28. The novabl e- body apparatus according to claim 25,
wher eiWith each other, andaegspses gogjtional sfommprtiond sheamgyadie briivperi odic in
the first direction and positional information of the novable body in
the first direction is neasured. 29. The novabl e- body appar at us
according to claim?25, wherein the fixed grating includes
a grating pe&oi odite movdbihebedycappdradisragcdridmg takthip @S| whemml i nf or mati on
of the novable body in the second direction is neasured.

in the movable body, the reflection plane is arranged by extending along the

second direction.

27. The movable-body apparatus according to claim 25, wherein

the diffraction grating is periodic at least in the second direction.

28. The movable-body apparatus according to claim 25, wherein
the fixed grating includes a grating periodic in the first direction and positional

information of the movable body in the first direction is measured.

29. The movable-body apparatus according to claim 25, wherein
the fixed grating includes a grating periodic in the second direction and

positional information of the movable body in the second direction is measured.

30. The movable-body apparatus according to claim 25, the apparatus further

comprising:



30. The novabl e- body apparatus according to claim?25, the apparatus
further 66 a controller that controls a position of the
novabl e body by using neasurenent resdél ts of the neasuring device.
31. An exposure apparatus that exposes an object to forma pattern

t he apparatus conpri si ng: t he novabl e- body appar at us
according to claim25 which includes a novabl e body that noves while
hol ding the object. 32. An exposure apparatus that transfers

a pattern formed, gof R Pkt &J?ﬁtx%ls?f{‘%d%mo‘?%ﬁthé Hl%%&?mcg{]%f% Cﬁ%ﬁl&eéﬁ%&ﬂént

t he novabl e- body apparatus according to clalm

anabHﬁmﬁggxﬂ&ﬂ%&mggggagﬁggIe hol di ng at | east one of the mask and

t he objec novabl e- body apparatus, conpri sing:
a novabl e body that noves in a first and a second directions
orthogonal to each other within a predeterm ned plane; and

a neasuring device that includes a fixed scal.e which is arranged by
ext endi ng i m 1t heAR CKRISUER 3npatatsthal Boosastanauiset 1o form & patfgng the apparatus
predeterm ned plane and has a diffraction grating, irradiates a |ight

beam sMWPIISHE: f | xed scale via a reflection plane of the novabl e body
and detects a plurality of diffracted beans generated fromthe fixed
scal e-after al | dhé mpvable-Hods mpparatus rearflimgdo wiaim Hawhicbtihdndesi amgvable
transm ssive grating, and neasures positional information of the
novablbedp ddy moves whil8Boldiiipstherobjatl e- body appar atus according to claim
33, wherein

32. An exposure apparatus that transfers a pattern formed on a mask onto an object,

the apparatus comprising:

the movable-body apparatus according to claim 25 which includes a movable

body that moves while holding at least one of the mask and the object.

33. A movable-body apparatus, comprising:

a movable body that moves in a first and a second directions orthogonal to
each other within a predetermined plane; and

a measuring device that includes a fixed scale which is arranged by extending
in the first direction substantially parallel to the predetermined plane and has a diffraction
grating, irradiates a light beam onto the fixed scale via a reflection plane of the movable body
and detects a plurality of diffracted beams generated from the fixed scale after allowing the
beams to interfere with each other via a transmissive grating, and measures positional

information of the movable body.

34. The movable-body apparatus according to claim 33, wherein



67 the neasuring device detects the plurality of diffracted beans via
the reflection plane. 35. The novabl e-body apparatus according to
claim 33, wherein _ t he neastiri ng device irradi ates the

| ight beamonto the reflection plane along the first direction and a
position of the fixed scale is practically identical with a position
of the light beamw th respect to the second direction. 36. The

nmovabl e- body apparatus according to claim 33, wherein t he
reflection planepinedueess devidd @lech! tﬁ@ﬁluhhﬁ;l of HHﬁ§&§d b&ns via the reﬂectlon
predeterm ned plane at an acute angle within a plane parall el t he
flrst]g % gction and orthogonal to the predeterm ned plane. 37. The
novabl ody apparatus according to claim 33, wherein on

t he novabl e body, the reflection plane is arranged by extendi ng al ong
the second direction. 38. The novabl e-body apparatus according to

cl aim 33, rei t he d|ffract|on ratjng.is.periodic at
| east in t\r,:g%fi r'@ie geyahle-bedy %RP&T*}S‘&)%%CP?TSH& °|° IBrzﬁag’lh Tt the
novabl e body in the first directiaon is neasured.

the measuring device irradiates the hght beam onto the reflection plane along

the first direction and a position of the fixed scale is practically identical with a position of the

light beam with respect to the second direction.

36. The movable-body apparatus according to claim 33, wherein
the reflection plane includes a first plane that crosses the predetermined plane
at an acute angle within a plane parallel to the first direction and orthogonal to the

predetermined plane.

37. The movable-body apparatus according to claim 33, wherein
on the movable body, the reflection plane is arranged by extending along the

second direction.

38. The movable-body apparatus according to claim 33, wherein
the diffraction grating is periodic at least in the first direction and positional

information of the movable body in the first direction is measured.

39. The movable-body apparatus according to claim 33, wherein
the diffraction grating is periodic at least in the second direction and positional

information of the movable body in the second direction is measured.



39. The novabl e- body apparatus according to claim33, wherein

the diffraction grating is periodic at least in the second direction
and positional information of the nowbl e body in the second
direction is nmeasured. 68 40. The novabl e- body apparatus accordi ng
to claim33, wherein the diffraction grating includes a
one-di nensional first grating with a periodic direction in the first
direction and a one-di nensional second grating with a periodic
direction in the second direction and the positional information of
t he novabl e body in the first and the second directions is neasured.

41. The nnvq&je-?g of éﬁ&%ﬁﬁﬂﬁﬁﬁﬁﬁﬂk&%hkgPg%@§Q§4Q%8t erein

on the fixed sca sec grating 1s n sides of the
first grating with respect to the . second di.rectio nd .. . L
the measuring delf dtaatapals PRAGES 3P e timEnenl it e v p ggriodic
fromthe two.secaond gratings,after.all ow the beans .to interfere .
wi th SHERUSR bie nrRetion rad & sESrimaNiane] Seord-arion " 4 PaiodsStction
body i.n the second direction. 42. The nupvabl e- body_ apparatus
accor di i sesord direation and fhe Rysitional information phheangapleciadyin gefirshad the
i ncludes a two-di nensional grating periodic in the first and the
secondeeindediractors igmeapued-t i onal i nfornmati on of the novabl e body in
the first and the second directions is neasured. 43. The novabl e- body
apparatus according to claim 33, wherein
41. The movable-body apparatus according to claim 40, wherein
on the fixed scale, the second grating is placed on both sides of the first grating
with respect to the second direction, and
the measuring device detects diffracted beams severally generated from the

two second gratings after allowing the beams to interfere with each other, and measures

positional information of the movable body in the second direction.

42. The movable-body apparatus according to claim 33, wherein
the diffraction grating includes a two-dimensional grating periodic in the first
and the second directions and positional information of the movable body in the first and the

second directions is measured.

43. The movable-body apparatus according to claim 33, wherein
the measuring device detects diffracted beams which are generated from the
fixed scale in different directions by irradiating the light beam after allowing the beams to

interfere with each other.



t he neasuring device detects diffracted beans which are generated
fromthe fixed scale in different directions by irradiating the |ight
beam after allowi ng the beans to inteéif¥ere with each other. 69 44.
The novabl e- body apparatus according to claim 33, wherein

t he neasuring device irradiates a plurality of |ight beanms onto the
fixed scale by making irradiated positions different in a periodic
direction of the diffraction grating. 45. The novabl e- body apparat us

according t ugl arThe dbvate8b8y Bpparatus according 10Q1IBEBY Whegiflevi ce
detects diffracted beans generated fromthe fixed scale by

rradiating two il BEAMICRal fifdidtR Dbty bR Hapkiduto 8o fldNae

beans, after allowng the beans to Interfere wth each other.
novabl.e- . Of: gH : ai . i n. . . on
e SR RORASG 5o RRIALR b, BB A NS Bl i naraing O
pl ane and the plurality of |ight beans include beans generated from
the diffraction grating of the reflection plane in different

directions. 47. The novabl e-body apparatus according to. claim 46,
wher ei n 45. The goyahie-gorlanprasie acerrdye tpiclai i MR grating on
the reflection plane is practically identical wwth that of the

di ffiaction gratthagessunngdevisedetedniidiracigd baayes gengraied fipwdire fixed scale

appar at us accordin? to claima46, wherein
by irradiating two light beams paired up out of the plurality of light beams, after allowing the

beams to interfere with each other.

46. The movable-body apparatus according to claim 44, wherein
on the movable body, a diffraction grating is formed on the reflection plane
and the plurality of light beams include beams generated from the diffraction grating of the

reflection plane in different directions.

47. The movable-body apparatus according to claim 46, wherein
a periodic direction of the diffraction grating on the reflection plane is

practically identical with that of the diffraction grating of the fixed scale.

48. The movable-body apparatus according to claim 46, wherein
the diffraction grating of the reflection plane is periodic at least in the second

direction.

49. The movable-body apparatus according to claim 46, wherein

the diffraction grating of the reflection plane includes a two-dimensional



the diffraction grating of the reflection plane is periodic at |east
in the second direction. 49. The novabl e-body apparatus according to
claim46, wherein 70 grating periodi®in the first and the second
directions. 50. The novabl e- body apparatus according to claim 44,
wherein the neasuring device irradiates the plurality of

| i ght beans onto the reflection plane fromdifferent directions to
make the irradiated positions different on the fixed scale. 51. The

movabl gahdyetRRehhY B RGAONLISBEbib AR 33, wher i n the

reflection plane 1 ncludes a second plane that is arranged by
extending along the first direction and crosses the predeterm ned
pl ane at an acute angle within a plane parallel to the second

direction a ort.hogonal. to.the predeter.m ned, pl ane, ,and

t he neasurigglde T OYﬂ%?ﬁa%%ﬂ%’ ACCpTdig {0 g@?e,’%@?ﬁaldifferent
fromthe fixed scale, which is arranged by extending in the second .
direction substd ?i“éﬂaﬁ'ﬂ“n@a&é’llqeérrafi@tegﬁ]ée 5‘3{‘@3‘@( 85118@%3&%&&@ %ﬁdefﬂ%élo‘é
diffraction grating, irradiates a |ight beamonto the another fixed
scal e Riane froa deféaedligschons, to inde g w@diated nositions dilprent op ither fixedisegie.
beans which are generated fromthe another fixed scale and reflected
on the second plane after allowing the beans to interfere with each

ot her. 52. The novabl e- body apparatus according to claimb51, wherein
51. The movable-body apparatus according to claim 33, wherein

the reflection plane includes a second plane that is arranged by extending along
the first direction and crosses the predetermined plane at an acute angle within a plane parallel
to the second direction and orthogonal to the predetermined plane, and

the measuring device includes another fixed scale, being different from the
fixed scale, which is arranged by extending in the second direction substantially parallel to the
predetermined plane and has a diffraction grating, irradiates a light beam onto the another
fixed scale via the second plane, and detects a plurality of diffracted beams which are
generated from the another fixed scale and reflected on the second plane after allowing the

beams to interfere with each other.

52. The movable-body apparatus according to claim 51, wherein
the measuring device irradiates a light beam onto the second plane along the
second direction, and a position of the another fixed scale is practically identical with that of

the light beam with respect to the first direction.

53. The movable-body apparatus according to claim 51, wherein

the another fixed scale includes a diffraction grating periodic with respect to at



the neasuring device irradiates a |ight beamonto the second pl ane

al ong the second direction, and a position of the another fixed scale
is practically identical with that of7the |ight beamwth respect to
the first direction. 53. The novabl e- body apparatus according to
claim51, wherein 71 |east one of the first and the second

di rections. 54. The novabl e- body apparatus according to claim
51, wherein the nmeasuring device irradiates a plurality of

l'i ght QQ%@F??% A88 AN Kebnd gﬁ(c -8ﬁ§_al e by making irradi ated

posi tions erent 1n a periodi Irection of the diffraction
grating. 55. The novabl e- body apparatus according to cl ai m 54,
wherei n on the novabl e body, a diffraction grating is

formed on theg second pl.an nd th | ural.it f. 1ight beans include
beans. gener ated | ROROVHAC BPY FRRETTBA<GP AT G Ho"Dgebnd pl ane i n
different directions. 56. The novabl e-body apparatus_according to

cl ai m 54, wher ei the measuring devic drradigtes & Rigraigy iof dight bsgns ato gﬁean(’ther
plurality of |ight beans onto the second plane fromdifferent .
di r ectfixfdsscels trarakingaradiatedi pesisignp diffarerdris adperiodiceditecton of eheaididréion
fixed scale. 57. The novabl e- body apparatus according to claim
33, thwatgparatus further conprising:

55. The movable-body apparatus according to claim 54, wherein
on the movable body, a diffraction grating is formed on the second plane and
the plurality of light beams include beams generated from the diffraction grating of the second

plane in different directions.

56. The movable-body apparatus according to claim 54, wherein
the measuring device irradiates the plurality of light beams onto the second
plane from different directions to make the irradiated positions different on the another fixed

scale.

57. The movable-body apparatus according to claim 33, the apparatus further
comprising:
a controller that controls a position of the movable body by using measurement

results of the measuring device.

58. An exposure apparatus that exposes an object to form a pattern, the apparatus

comprising:



a controller that controls a position of the novabl e body by using
measurenent results of the neasuring device. 58. An exposure
apparat us that exposes an object to f& ma pattern, the apparatus 72
t he novabl e- body apparatus according to claim 33 which includes a

novabl e body that noves whil e hol ding the object. 59. An
exposure apparatus that transfers a pattern forned on a nmask onto an
obj ect, the apparatus conpri sing: t he novabl e- body

appar at us accor dh8gndvabl- RN apPariitisClcoidfilgudasgaim IPARLEInbREYs 4 BRfvable

noves while holding at | east one of the mask and the object.

60. A%Z%t%&%?%hﬁ@%fﬂg@le obRUEPr i Si ng: a nmovabl e body

that noves 1n a first and a second directions orthogonal to each
other within a predeterm ned plane, and has a first reflection plane
that is arranged by extending along the second direction and crosses
t he predeterdni ned plane at an agu angle wthin a plane parallel,.to
the F1rst. divectroiPante aPRRayoi Gethind PAtaado e sotmharao 2h qblret
second, refl ection plane that is arranged by extending along the first
direcﬁh%ﬁngﬁﬁu%?%%éﬁ%n$he predet ermined plane at an acute angle
within a plane parallel to the second direction and orthogonal to the
predet er m ned plthp@ovablg-body apparatus aceprdingdn clayg Hewhich inelydesi hmoyede
a first and a second reflecting nenbers substantially parallel to the
pr edetbedyithié thoyeaiwdile haldire s hepstionpofdhe wask ang, the ebjpeict i vel y, in the
first and the second directions, irradiates a first [ight beamonto
the first reflection plane and allows a plurality of first diffracted
beans reflected on the first reflecting nenber and the first

refl ection gbane\ movabitdoligapparatul) ceaphisipgher via a first

transm ssive grating and detects the beans, irradiates a second |ight

beam onto the sec@Bdatlebbef ith@MmiVana Akt ahdl QSecand iie@ onk Yor®bgonal to
second diffracted beans refl ected on the second refl ecting nenber and

the sesANGmELHABRE! i Predeledfel Hl1add Ghd BhEa WrdtReBAGRN PIART h¥l R AraRESOH
transm ssive grating and detects the 73
extending along the second direction and crosses the predetermined plane at an acute angle
within a plane paralle] to the first direction and orthogonal to the predetermined plane and a
second reflection plane that is arranged by extending along the first direction and crosses the
predetermined plane at an acute angle within a plane parallel to the second direction and
orthogonal to the predetermined plane; and
a measuring device that includes a first and a second reflecting members
substantially parallel to the predetermined plane and arranged by extending, respectively, in
the first and the second directions, irradiates a first light beam onto the first reflection plane
and allows a plurality of first diffracted beams reflected on the first reflecting member and the
first reflection plane to interfere with each other via a first transmissive grating and detects the
beams, irradiates a second light beam onto the second reflection plane and allows a plurality

of second diffracted beams reflected on the second reflecting member and the second

reflection plane to interfere with each other via a second transmissive grating and detects the



beans, and neasures positional information of the novable body in the
first and the second directions, wherein a diffraction
grating is arranged on at |east the fT¥st reflecting nenber out of
the first reflection plane and the first reflecting nenber, and a
diffiaction gating is arranged on at |east the second reflecting
menber out of the second reflection plane and the second reflecting
menber . 61. The novabl e- body apparatus according to claim 60,

the appanat bed fiehdhey }?&?tfﬂ?fal fifShation of the movable Bo&PH 1! A8 arldBE second
controls .a position of the novabl e body by using neasurenent results

of thqhﬂ§ﬁﬁﬁ%hﬂgﬁ%§VIce 62. An exposure apparatus that
exposes an object to forma pattern, the apparat us conpri sing:

the novabl e- body ﬁﬁﬂ%tﬁ)t u i flrgg ﬁgfftjr%larrll g Pﬂe &e f‘i’\r’rs-'t rerf.ieétpncgégter% er out of

novabl e body t hat “Imoves

exposure _.a hat fer pattern f rmed on a mask onto an
obj ecti'1 FPEQ%QP%PE&&B%PQ?FH&ﬁ%“ﬂ% member, andt he ppyabl e- body
apparatus according to claim60 which includes a novabl e body that
moves whil e hol & ﬁ‘%ff%ttl(’!l&@tngdﬁ arrgiged 198 aipaRt the gecond reflsicling 1 member out of

64. An exposure nethod in which an object is exposed and a pattern is
for mecrhe peconé reflsicien plapg andriielserpnd geiectias mpmber.

61. The movable-body apparatus according to claim 60, the apparatus further
comprising:
a controller that controls a position of the movable body by using measurement

results of the measuring device.

62. An exposure apparatus that exposes an object to form a pattern, the apparatus
comprising:
the movable-body apparatus according to claim 60 which includes a movable

body that moves while holding the object.

63. An exposure appara;rus that transfers a pattern formed on a mask onto an object,
the apparatus comprising:
the movable-body apparatus according to claim 60 which includes a movable

body that moves while holding at least one of the mask and the object.

64. An exposure method in which an object is exposed and a pattern is formed on

the object, the method comprising:



74 irradiating a light onto a first grating arranged on a
predet erm ned pl ane, which crosses a two-dinensional plane including
a first axis and a second axis orthoga@nal to each other, of a novable
body that noves at least in an axis direction within the

t wo- di mensi onal pl ane whil e holding the object, and neasuring
positional information of the novable body with respect to at | east
the axis direction by using an interfered light of a plurality of

diffracted |ight; fq i in: .
e heoe o 1) S P BMEE SN btk AEARLI, o ABESL Bined o whic

conpos I : SSi - aty] t.o -he_ i nt r | d
the pricsrer SrhBRSMAN PRadfirhdle oOuPuly o MBI A, blllonaPeach
t wo- di nensi pnal pl.ane;. an . exposi ng t he,obj,ect ile.th
row bl Btio» PR By B anevs af Irasin go B BHE PR S P tE o meygn?
A devi ce mapyfacturi t hod,, conpri sing:.. . . l'ithograp
proce el B @% it N PGHUEIE AN Jfrmatipn of gV eiﬁgy
obj ect by using the exposure nethod according to claim®64, and a
pr ocedith respget gqmatdeatSF hstaxisrireciombyphyieg ap wterfraedlhght of aghoraly of difffacted
pattern was forned. _ 66. An exposure nethod in which an object
i s expightsazeneratedaat thodistgrating, ivglereint he met hod conpri si ng:
hol di ng the object by a novable body that noves in a first and a
second direct i onke phirdlog of diffincted dightsqase thromghha secang izedmigeromposell of a
pl ane and has a reflection plane which crosses the predeterm ned
pl ane tahsaiysiae gtaingngbe tirridteeferedlighh aaddi f fraction grating is

the predetermined plane is a plane substantially perpendicular to the

two-dimehsional plane; and

exposing the object while the movable body is moved, based on the

measurement results.

65. A device manufacturing method, comprising:
a lithography process in which an object is exposed and a pattern is formed on
the object by using the exposure method according to claim 64; and
a process in which a treatment is applied to the object on which the pattern was

formed.

66. An exposure method in which an object is exposed with an exposure light, the

method comprising:
holding the object by a movable body that moves in a first and a second
directions orthogonal to each other within a predetermined plane and has a reflection plane

which crosses the predetermined plane at an acute angle and on which a diffraction grating is



f or ned, measuring positional information of the novable
body, by irradiating a |light beamonto the reflection plane along the
first direction and by detecting diffTsacted beans, which are
generated fromthe reflection plane and reflected on a fixed grating
arranged by extending in the first direction substantially parall el
to the predeterm ned plane and the reflection plane, after allow ng
the beans to interfere with each other; and noving the novabl e body
based gp,the positional information. 67. A device
nanufacturlng met hod, conpri sing: a |ithography process

in which an obj el%’igasluﬁngréj%gﬁlggalaﬂgorglaﬁ&g ﬂ% hl%v];lg[% %%9%3% frrmala?gge fl%ht

by using the exposure accordi ng £0 "¢l aim roce
whi ch .a treat plied to the_.object.on he ern
For macbeai St g get BB RnE b e it 68 dﬁe%rﬂnc#g;hy Oefeeind 3@@%@%8
W th an exposure I| t he t hod conpri si hol di ng
obj ectwlyyﬁ AGrEeAssItE %&y ften??ie eqfiRpeRlang, agd r?ﬂegtedaﬁma dixed grte arrangeé
directions_orthogonal to each other within a predeterm ned pl ane;
neasurdxipdpigsin then &rsti giresHpmtsubstansially nearahsl 4B the Hyeadetensiingd pl@ap A nge
a light beamonto a fixed scale, which is arranged by extending in
t he fire8ectivnmdane aftersllowingithe bbarys foantsiferd with eadheotiperpatst er mi ned pl ane
and has a diffraction grating, via a reflection plane of the novable
body, and by detmatinggheamplvabiabodyybaséd ch fiierpasitiodal ifanmatiener at ed from
the fixed scale after allowing the plurality of dill." acted beans to
interfere with each other via the reflection plane and a transm ssive
grating; and 76
67. A device manufacturing method, comprising:
a lithography process in which an object is exposed and a pattern is formed on
the object by using the exposure method according to claim 66; and
a process in which a treatment is applied to the object on which the pattern was

formed.

68. An exposure method in which an object is exposed with an exposure light, the
method comprising:
holding the object by a movable body that moves in a first and a second
directions orthogonal to each other within a predetermined plane;
measuring positional information of the movable body, by irradiaﬁng a light
beam onto a fixed scale, which is arranged by extending in the first direction substantially
parallel to the predetermined plane and has a diffraction grating, via a reflection plane of the
movable body, and by detecting a plurality of diffracted beams generated from the fixed scale
after allowing the plurality of diffracted beams to interfere with each other via the reflection

plane and a transmissive grating; and



novi ng the novabl e body based on the positional information. 69. A
devi ce manuf acturing met hod, conprising: a |lithography
process in which an object is exposediéand a pattern is forned on the
obj ect by using the exposure nethod according to claim®68, and a
process in which a treatnment is applied to the object on which the
pattern was formed.

moving the movable body based on the positional information.

69. A device manufacturing method, comprising:
a lithography process in which an object is exposed and a pattern is formed on
the object by using the exposure method according to claim 68; and
a process in which a treatment is applied to the object on which the pattern was

formed.
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