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 equi pped with a
novabl e body that noves at least in an axis direction within a noving
pl ane, an exposure apparatus i s eqHBPRIRIION he novabl e- body
apparatus, an exposure nethod in which a pattern is formed on an

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

exposure et hpes RAGKGREEND gg@% onal | ith
process, on n%%u acturing m cro evi gfetgé(el ec r%cglg evi 8%{5? et
a sem conduct BXPOSURE, METHGD!) dANDY SIFV T CE SRANUFA CPMBRINGZ MEIgoD a

reducti on-projection exposure apparatus of a step-and-repeat type (a
so-cal | ed Bt epper), a scanni ng proj ection exposure apparatus of a

st ep- and-scanTtE%é(?%ﬁogg d scanning stepper (also called a

scanner), etc |nIy used. 25In this type of exposure

apparatuses, to tr@ﬂﬁiebr@s@§£tgﬁaegklan delg (oL, a m AL bgdy
plurality of shot areas on a substrate such as a wafer and a glass

pl ate (herei napp@ratigenemldyposeirer epdatotds, an Wafisike @cwBbel and
stage that holds the wafer is driven in an XY two-
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-



2 dimensional direction, e.g., by a linear nmotor etc. Particularly
for scanning steppers, not only the wafer stage, but also a reticle
stage that holds the reticle is driven by a linear notor etc. in a
scan direction within 5 a predeternmi ned stroke. Position neasurenents
of the reticle stage and the wafer stage are generally perfornmed by
using a laser interferometer with a good stability of measurenents
for a | ong perdisgnaadnal highreasiohut i eng- Hoviewera, dueeto fmmerr etc.

atterns which _cone from 10 hi gher integration of sem conductor
gevi ces, a pog?atri%éﬁliltlaﬁgg‘ut FOF| atfiaY P I0fs EPRGES witdF aChlyhghe wafer

precision i S requkl edura0ds BOUL » 2 SIAY b BLMLLUCKURLL OfY, T BASUY ¢
val ues caused by "a fluctuation of atnospheric tenperature on optica

pat hs of beansirafehaser ai ntieeber ageber stbasidba besameq neseiegl igidalkig.
On the other hand, recently, an encoder, which is a type of

posi ti on- mBas@r epEtdctaiices] afFrtke neaRvmidriemt meseoludmeprs of the

i | ent t .hi gh than that of |aser interferoneters has
appeared. and 't P‘igqgégg?o‘a% e&ﬂ%eW TefCGHEr AEFNERTRT Pyt v R Gfegped

appear ed, and tec

scale and a | ~gasur t . ' A 1 e t.. of
the wafer st a?ggﬁﬁégge%ar}%g%goég%Irg%%)%%%{eurgQﬁa@e%eﬁ%t%@%ﬁéﬁas85
(refer, e.g., reesRateabtCi tat izonoh). pkbWeYeind f-omighcedes sugescr i bed
in Patent Citation 1, 25 etc., since it was necessary to install a
linear scale far froPeaStaf efifour?i fgnsesi Pabre o t Wainhf ecorst agecha

position 9ptonahheh an exposile Jd a3 a6Leal! Yol radiated),, Lhere
controllability of stages 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



3 errors in neasurenents and upsizing of the external shape of the

entire wafer stage. Patent Citation 1. Kokai (Japanese
Unexam ned Patent Application Publication) No. 2004-101362 5
DI SCLOSURE OF | NVENTI ON MEANS FOR SOLVI NG THE PROBLEMS The

present invention has been created under the circunstances descri bed
above, and according to a first 10 aspect, there is provided a first
novabl e- body Frparat us voaprRIenNy:s @ndbvablieihodyfttiad svesiadt sheast

in an axis dlrectbon W thin a novi g pl ane; and a measuring device
havi ng: a IlgﬁF $86r 8B tHat¥dh5%adit4P8s a light onto a noving grating

on a predetermined plane qﬂ]tta@%ﬁvyabkgka’@ &%&gmg@e?f%%g%%&ﬁﬂ;%@nt

pl ane crossing the noving plane; an optical temo

posi tional relrgbiloBawibh pmlldaghbnsoubcezm@ﬂzuma@zand which allows a
plurality of diffracted Iights generated fromthe noving grating to
interfere With each other; and a detection instrunment 20 that detects

the interfere | i tus, the noving grating is
arranged on agﬁ#gggégpﬁkﬁé@?p$§§§%ﬁaﬁwgh crosses the noving plane, of
the novabl e bebang Fbo@isdtvifGadal askbapmMde |ight
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



source of the measuring device onto the noving grating, 25 the
optical systemof which a positional relation with the |ight source
is fixed and which allows a plurality of diffracted |ights generated
fromthe noving grating to interfere with each other, and the
detection instrunent detects the interfered lights. In this case,
because the 4 noving grating is arranged on a predeterm ned pl ane
whi ch is a pafevéngt Asarbvyable ébwge@lpWZIan@r@ﬁetﬁemermd reel arsy atlieh

body can be suppressed F%rttg_Hﬁ |n rference occurs between a
plurality of di’ff}aRtbd 8 SERLe RV SPRDY N dPF f FaEt Sptire

lights) whichpass)thr ough e r?mal!)é( C'sgggrggé &a' patﬂsrrth'eyf' UeNGee

caused by a fluctuation o I ent at nosphere becones | ess

conpari son to iceeveatennal ddtesl ebermiar sa aplhddlus,y aof dlff}facted
hi gh- preci si on nmeasurenment of positional 10 information of the

movabl e body ildghide b@s%i bl gheFurldterorderm dafisadted ntégfierometérs,

the opti cal f di ated f the Jight f.the
moasuri ng. deviE8Scah BR Lot F6: BRELS orf 14 551 aNaa tF poPAL i cif Togoe

standard of ”&%u@%as%ye”%“tfl@é%att%ﬁ & 13mPABasHT eRibL Wk B0l AhkS
errors i s made possibl'e. Note that of course the apparaF IS not

limted to a measurieneaémydtisem AbbeorvemrisanaAc COTH Mg oeaeseC0RAd
aspect of the present invention, there is provided a second
novabl e- body 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 scource
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



20 appar at us,

conprising: a novable body that noves at |east in an

axis direction within a noving plane and has a refl ection plane which
crosses the noving plane on a part thereof; and a neasuring device
having: a |ight source that irradiates aglight onto the reflection

pl ane; fixed 25 scal es of which positional relation with the |ight
source is fixed, which have a one-dinensional grating wth a periodic
direction in tligh&gi soeneexitddn trand dhe whrsh-ddnenghpneéf | @otEdgonto
the reflection plane enters; an optical systemthat allows a

Zasat SBerbPare

plurality of di

gted "44ghe d F¥onf t HE Giréarmehisi gwgrent

grating to iPE%%EeEStﬁéfQ-ﬁ%?qxﬁkﬂ%%ieéngi detection instrunent that
i ghts.

detects the interfered

I'n"this apparatus, a light is

irradiated fromther®d khgbt apperecudf &heigrasuki NG rdevke€edorFtomt ke
reflection plane of the novable body, a light reflected on the
refl ectionSpl ddghéntsersca ehetdenbrsponing gieiery @ita Hehd | xald esdabas

with a fixed pqsitional
plurality of difffacted Hifghteva

10

15

290

25

relation with the |i sou
le gody, a gggght réé%léﬁ@%@’ g% the

reflection plane enters a one-dimensional grating of the
fixed scales with a fixed positicnal relation with the
light source. Then, a plurality of diffracted lights
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 position measurement of the
movable body with a one-dimensional grating can be
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
led to an optical system by approaching 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
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.



10 generated fromthe one-di nensional grating are allowed to
interfere with each other by the optical system and the detection
instrunment detects the interfered |ights. As described above, since a
posi ti on neasurenent of the novabl e body with a one-di nmensi onal
grating can be 15 perfornmed via a reflection plane arranged on the
novabl e body, it is unnecessary to arrange a one-di nensional grating
on the novabl e bodjccendinmpsixzianghotrdt aspenivalfl ehkodyesant himvention,
suppressed. Further, since a plurality of diffracted |ights generated
fromthe fixed'SC8l essTarPBV B89 e t othhr Opt PeErP Lyl byapparatus,

approachi ng w A Qt her, _infdu ed by_a_fluctuation of .
aﬁgi ent at ?msﬁ%g?g%gg%gh”eg T%%%sg%en%c}o gr%:")%oﬁOY%s c%thvg% E|H:onla an axis
interferonetersreandon hiighipr eCintv@RgMeasHEeBAl of ROSIAiRAldevice
i nformati on of the novable body is mage 25 possi ble. Further,
simlarly Po ttheti ntreedsarumeet epositieoropt p€al téwei s mfvdiight sbody, by
irradi ated ermtge Ii,rght sQurce of the neasuring device can be set

to pass on a STARGAREPSI At TWATENCTEC a? SPARHRY dI At HHe HEE\weEmeeny

6 Accordin a i a f pr nt_4J.nvention,.ther
is provided a%t hig%él erm\?;fttll ég%ogr%q%%égr a%%]ogf’ cgﬁgri%llange: gr?r%%h% et%e
body that novesvahgl pashe} Namd BXiStddtaeli an1Whhi Pads SOV RINAREE
and a neasuring device 5 that neasures position of the novabl e body,
by irradiatingaihpgtirabi®. a noving grating arranged al ong a pl ane
of the noyabl e body tggi%)l ane crossing the noving plane, and by
detecting a |ight paRsed s HFRIGR PRe NOVTh G ZOFAGY DT hithiagranged
apparatus, Singe hhe MRVIde 0bady Nds attalgeds o0 bhe dOVARLE hady lig
arranged al ong a plane crossing the noving p?ane, nfl dence causéd By
a fluctuationtat anbiient ElamsphedelecenesdLss b E0MALEEAN: 60 of
conventional interferoneters. Hence, a high-precision 15 nmeasurenent
of positional aRienkat iadmoskheke ndeabesbodyesiss nbwe posshbieon to
Further, upsizin o%.the entire _novabl e body can be suppressed. . .
According to 501“%‘6? hoRBhedt t6F TERBTDT EEENt | AVETR oR, FHE@Lssision
provi ded fo es ; ar rising. b

body t hat @%Dvgh%%igﬁg%x%ﬁ e%f%ﬂ;z)éalrogﬁ Bell%t%?%?gfﬁgs%éaﬁ% ng Jeg%\&%i égdy
within a noving phage; pekibleasur Fagekley, cexphaving: arl ighd sounee
that irradiates a light onto a noving grating on a predeterm ned

pl ane of the #eVable bedly, carhé<25uppedeted i ned pl ane crossing the
novi ng plane; a fi nggcc?lgc}.i cal el enent_ of ich positiagnal relation

with the light sourc® s fi%ed wii chf Y% adt&eGt 1 6¥1 edt'§ a ATPGRET
diffracted at jhhe,ppying gratd ngis?”ﬂr&@f&gdq the fight, t 9, 408,0¥%LA9

grating; and a detection instrunen
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



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 the.,noving 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 tihetl| detedtbyat heglit xiet-opfteired| aétenepssaindy Ihhroetgbr nke
to the noving grating, a light interfered at the noving grating are
det ect ed by tﬁ%vaﬁﬁe FRo9 M4 &ent. In this case, since the noving
grating is arranged.on_qa.pr L hed_p bei_ng _a _par f .the
novabl e body, upsiz%%gtg%gtﬁggéﬁéﬁﬁg’n%vggpgtbé nggﬁg 8£%§p6F %558?
15 Further, siingati QRS epee RCURSaDetwReNdbhecs i xed OpthEalovin
el ement and the noving grating, influence caused by a fluctuation o
anbi ent at posphiecénpecomes? | eysdefecoipad | gomnee cehvent i onadses the
interferoneters, ,and ihus, a_hi gh- preci_si on neasurenen;ﬁg{éfositiona

i nformation of"°Z6"%h8 ﬁ%%ab?% ?Rﬁnﬂqqﬁbﬁﬁdgoﬁgss?%feé 5 JHfrpgted
interferometers, tth%er&RItl' !grac?@i%g()fer!tleggt S rﬂqile%t eo%JircOaT te emlelnght

source of the neasuring vitce can be set to pass on Standard pol nt
which is a standardighitt hehareasurerent the5AGaeKdi eﬁti@aﬁ fd fdnfn@spest
of the present invention, there is provided a fifth novabl e- body

appar at us, cofpfiEspaged acnovablectrotybyt hidte nbives! igptd deilr stleandtaand

second diiﬁctiogs ortEoggﬂal to,each other within a predeterm ned
pl ane and“has T8 F'EFF ecti 6A° plBRE WP R 118 o rfbsSedr &t H GerdRaedt ahnthe

acute angle a i-chia diLffr i rat i i ed; rng
devi co that | oy eate SEE P opt fear (o ngh DT R AR
extendi ng in the thikstcadie; ectines substartihgl hyzpargl hel adrhfgédeon 2
pl ane and a part of which faces the reflection plane, irradiates a

| i ght beam onP&Sffakc¥einatt Pbanp| dedngl ongpehe fifr sthedi meeehbbs, badd,

detects diffracted, beamwhich are generated fromthe reflection plane
and reflected”BR thadf Ff\gghﬁpt?%%rgeel%??é?ﬁeleank&"q%ec?%f P&ctigtpressed.

15 Further, 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



10 plane, after allowing the beans to interfere with each other, and
measures positional information of the novabl e body. In this
appar atus, the neasuring device includes the fixed scale, which is
arranged by extending in the first 15 direction substantially
parallel to a predeterm ned plane and has a diffraction grating,
irradiates a light beamonto the fixed scale via the reflection plane
of the novabl etsedgsanthadetrdetis aatpl anal atyteof adpflér atcedobeamsich a
gener at ed fronnge fixed scale after allowing the beans 20 to

interfere wtK&acACOLRRr ITARA FedsSur B M565i (3 ORGP SPARLRY NBEV SRS of-hehe
novabl e body. ; ' her ebs n ry ange. a grating_on th
novabl e body,lg%éhégéi%i§§MB t égﬁ%SEbT%Q%%§§ g%ﬁ“%% é%pﬁf%gggﬁé %y

Further, infleaneadeaysed hea f1ued uatiofofn agidh&nin@bOsPhe@125:1
beconmes less in conparison to conventional interferoneters, and a

hi gh- pr eci 8i offoneidsurehert ehdpasirdwnatbf i whoematfroas oftheheranfeattlion
body is made gﬁssible. 8. Aciordin to a sixth aspect of the
present inventi6R% t AEFBSH DT oFi utd'a 253 HPHW dbt e - Hohe A 9ar &Lage
conpri si ng: aaqeﬁablt@leboﬁyréﬂahiE&\!@?or{,“_ Qn&'fgéfteégg 3:%86800.0 pean
directions orthogonal to each other wthin a predet erm ne p?ane;
and a neasuri mfidavi eeet haknenetedlestaod | xgtk scad @ oM GR | $13heangad
by extending in the first direction substantially parallel to the

pl ane and has *&LdpFEPAce? ofhgyratiaty, onticadi at esent | duphttiream @ricoibhe

fixed sca via_a reflectio | ane of the novabl e body 10 and detects
a plural i hy ofﬁaln?f rgcfjt%ga bag%%é"l&gnglhﬁt g%eal‘“?sonrr‘i’ hénf"?g%‘ﬁr%c‘é{?'%haﬁ?@}r‘
al l owi ng the Q%ﬁ€§,t9nﬁnﬁ§£§§¥é%\%341t%%gaioﬁﬁﬁénggg%ﬂﬂ%ﬁ§Qﬁg§Hmfﬁgle

positional information of the novable I S appar at us,
measuri ng devkedylncl udes the 15 fixed scale, which is arranged by
extending in the first direction substantially parallel to a
predet ermi ned pl anelardd' ifasPR2ERERE acthomegsatiing, deviealijatadsidas| kght
beam onto the tiégd scgle via_the reflectiog@plane of, the nopvabl e

a

body and deteltd°a BFTrali Ty Ot of frFTEttesd beam So98aerat &4°f foRrt
t he fiXedl§Cah§r@EE§6naé&ﬁ@ﬂéﬂiﬂéh@yb§§g§ligli@geéfégéa%géﬂﬁ§%%8hpﬁ?ne
vabl e body. i's

ot her, and nmeasures positional information of the

t her eby unnecesdaryst oa adt &Agectal @r agtagimey) theramvalelse dodygh@ndeam
upsi zi ng of the novabl e body can be suppressed. Further, 25 influence
caused by a fPBEPudticontdreantsicent dtirospher eclféeotben| @denegn of the

measur emont oFSTRAL BoETET oRAT T GF Mt o Wt v ADI e Boagc B e
possi bl e. 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.



10 According to a seventh aspect of the present invention,
there is provided a seventh novabl e-body apparatus, conprising: a
novabl e body that noves in a first and a second directions orthogonal
to each other 5 within a predeterm ned pljane, and has a first
reflection plane that is arranged by extending al ong the second
direction and crosses the plane at an acute angle within a plane
parallel to the fiRstoditrertticor addtbrésiogunalf ttdet beeptanelramhtdon,
second reflection plane that js arranged 10 by extendi ng al ong the
first directi ofedfid criossRE Dl dhe at*Eh aRATRPHHRAU i tFHRFR YS!

pl ane paral | e'coﬁngrﬁgﬁné?an%oqria[‘bﬁtggsb%@lya’%‘i’lag&r gﬂ:&%%naj!n to H???ﬂa%&; a

and a neasuring device that 1nc a“firs a second re cting

menbers subst arldoakl Yapaeati@ls t othegphane b anrdnar banged wthin  a
extendi ng, respectively, in the first and the second directions,
i rradi at esb5a faresietkightedhepmont anche ficesuriaf| devion praheliradddes

allows a plurality of first diffracted bea reflected on the first
refl ecting neﬁbé?xéﬁdSFﬁéefWP%?hr%ﬁI%ﬁﬁQQ9$gEP§n§XF8n ﬁ?%r%%né?%m 550

each ot her anddetects LB beaa iy radiates asecandolight sheamonto

the second reflection plane an plurality of second

diffracted beangfiratkeched;:eitinhe sheordatetl ect ilnghierdein andts hehe
second reflection plane to interfere with each other and detects the
beams, and 25 friwgduremssosiia onalrefhtotien i phard Phe thSv ASIV@PBEA P IIH

the first _and the second directions, wherein diffraction grating_is
arr anged SR a@“@eaé?t?ﬁﬁf‘oF tQ&yra ity OE dlf?raczed eams “generated

from the fixed scale after allowing the beams to

interfere with each other, and measures positional
information of the movable body.

In this apparatus, the measuring device includes the

15 fixed scale, which is arranged by extending in the first

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.



first reflection plane and the first reflecting nenber

| east one of the second reflection plane and t%e second rléf ?ggtiozgat
nmenber. In this apparatus, the neasuring device enables a

hi gh- preci si on nmeasurenent of positional information in 5 the first
and the second directions of the novabl e"body with | ess influence
caused by a fluctuation of ambient atnosphere in conparison to
conventional interfareopgetens. Furtherseweinmte bheediffohcttlon gresond

is arranged on at |east one of the first reflection plan
first 10 refl eotiangivenbethand ohs at PFEEstehne ofsetvﬁg‘tgegﬁaggbfeh"emdy

reflection plane and the second .reflectin [, URSIZI -

entire novabl ERRFR? CEn b BUpprédsed. mogagfggggg dﬁ%éazc!t (r}g%‘géseit gﬁtﬁ
aspect of the lﬁ{fsscengmﬁ nyentd g tdel@thisnhr Qvicdedoaali kst egposarer
apparatus 15 that exposes an object to forma pattern, the apparatus
conpri si ng:s anyi gy of phedddaratined phensevend hhﬁ@vabrférb’@dyegle“ion
apparatuses of the present invention which includes a m)vat%l e bod

that moves thepbbjecthahi | heFarRgEd h€Yobf &R 3W n2tRfE dpPara %Osnd

since the novabl e body inc)uded in ch h a {thi

appar at uses de%ﬁ?%téﬁynat?&#e %\?éss‘?sv\%?i ep%fl%i %Bntgﬁegggfggtg?{g%%emthm
obj ect can be %P%f&éﬂtpaarahu@l RLEEhSI enranddardiighraceel erahbgonah to
exposing the object to forma pattern, and thus, a high-precision 25

exposure can benpepiardreshdata asbéghl tiregipon. plane ABgdr dF ngrFanEd

ninth aspect of the present invention, there is provided a
exposure apparayusxthading addpPeds thepatitten 4%‘?%85&0% ae{ldna%ﬁgsgsg%g Bty

object, the apparatus conprising. any ongrah thepfidstpdmina seventd
second direction and orthogonal to the plane; and a
measuring device that includes a first and a second
reflecting members substantially parallel to the plane

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



12 novabl e- body apparatuses of the present invention which includes a
novabl e body that noves while holding at | east one of the mask and
the object. In this apparatus, at |east one of the mask and the 5
object is held and driven by the novabl e body included in each of the

novabl e- body appar at uses descri bed above™ For this reason, on

transferring the pattern forned on the nask onto the object, at |east
one of the naskdanrc tdte Dbje€ct ocanobe thevedcahda Rifgbcpieci sllane andda
hi gh 10 accel eration, and thus, a high-precision exposure can be
perforned at &"Ri §ACPIR otRfHAAting membekording to a tenth aspect of

th (O tion,. th ' ided a_first. t hod i
uhi ch an obj ect i< BkpbEea SRESEEPRIT obe| BCFER RULP ool He® 0B BELS® 18

the method compbhshRgeidid@dhablfeiedd 0Bt QBEO-dopiedehertiethn in
pl ane, which crosses a noving plane, of a nbvable body that noves

al ong the bovithg [Fliane whidl ehrzoliargdt kid rebreéchs anfd theasdirahfeabody
position of the novable body by using a light via the predeterm ned
pl ane 20 and HifEBvilF§Sgridtignfet Haaseledst et mifABEtBoETI¢R oAl ambient

relation to th redet erm ned pl ane; and exposing the, object while
he movabl o bagOr e TEvel: TV B0 R FEALO ERENT ! reCU e TR SERP s
met hod, sincertRen@Psi 108 Ofnd hes FEMAN 802% - Bed¥% 4l 3sMBaSHEEEIVER At
predet ermi ned pl ane crossing the noving pl ane of ?he novabl e body

t hat noves whilkesholcdiengef hehebjféctstanc Alleattihe miwneg agrdat thg Mhitbhta

predeterm ned positional relation to the predeterm ned pl ane,
i nfluencelby asflactindi amérranbi®ntratdospgaése 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



13 is less in conparison to conventional interferometers. Further, it
IS unnecessary to arrange additional nenbers used for the neasurenent
on the 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 i mggablenpodhererasapesad defl ahsegordeexpdswreatiethhoedich
10 which an ohject is exposed with an exposure light, the nethod
conprising: hoP@iHgeFhd BBYaRte RPY rdableveddyh i hathediey iat deast
first and a segand.dj.yections oft ggggiécéo each other wthin a

predet erm ned pl'ane and has a reflectron plane which crosses the

plane at an acute 1bnangle ashQrushi b acdif feactd o atddg 4nd the
formed; neasuring positional information of the novabl e body, by

irradi ati n§ acbight besahebwtand hdriefl éot itbr pbuaelal loedy tirelfudedt in
direction and by detecting diffracted beans, which are generated from

the reflecti oﬁaﬁpa_n% aﬁ&‘eZOmP‘é?]?Je%Tk&?Yona_ap?¥%%tFe(f‘pt Fear: ebefrentoove-
arranged by extendiig 1R.4de 115t cdreplionsubslaptially pataldehs
t 0 g b o]

to the plane an e reflecti'on plane, after "al [ ow e beans
interfere wthnheaehsat herco antk npqdag,t he: myvaid eododyr bagedmaBkt Bed
positional information. 25 In this nmethod, a highly precise
posi ti oni ng amdehiogiectaceal draatiwredofatt he hbvabbeebodion sapdide high
possi bl e, _and _a high-t hroughput and hi gh-preci si,on exposure can be
Poal i zed. 1014200 draktony Guid Fobs (bt ¢ BRSeCr OBt SRE PFESERD be
i nvention, thgg@ 5§mgﬁqyéq§qﬂkﬁl@hggbgﬂ%@gposure met hod in which an
g W t ' ght,

obj ect is expose an exposure t he net hod conpri si ng:

hol di ng the obj ectadyomdireyall @ hedyh Saddwait BVeSel prasdémt Sinvamdian,
second directions orthogonal to each other within a predeterm ned

pl ane; measur ithgrposdist i pratidasd or ndtireh ekerkeraovebihedbody, whych an
irradiating aPhgght beam onto a fixed scal e, whi is arra

h nged hy
extending in FFrsf GrPREET oA"d0® stibsteht i I%%‘jalqneltht%o PHECE
pl ane and, has g.di [;Ie%ﬁ%' Oﬁpﬂfaﬂéﬂ?;: V'J?rﬁc{i%ftgﬁ§t' an EEGE‘E ohnthe
novabl e body, and by detecting a plurality o IfTfracte eamns
generated fromrthetéimetescal &ie andhidyi agoddes npvablendogyabaseds oa
the positional information.

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



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 20, 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,

et ching, etc.)sarkesppliredamparieopbjtect convewtiicinalheipadt Brroniegers.

formed, and thus _producgtivity of highly- 25 integrated mcro devices
can be inpr ovgb‘.rtgﬁﬁr efbr &S UPIESRSHRIEohT | BHERFShatddiHe Preds dipmbers

vt on S oL 4L R AT, SHEEC L SR S

manuf acturing nmethod w any one of the ftirst ure
net hods in theppiesegt of nvieatémitre HovBBEEFLBEPCRE PIbEINFsebHE Thus,
DRAW NGS FIG 1 is a view showing a schematic constitution
of the expdsuitécapparkiasbedyt kenf besmowabodimenthigbFlr@ec2signaand a
perspective v'hew show a wafer stage and an encoder. FIG 3 is

n a
top view of t éggncgﬁgreg?@(t’r%'ﬂ G"2. F dllgfk§k§°élgﬁlé’il§peéppve hf/f?EVv
for explaini U%r@@igf‘gﬁ%ipdsrhrteh%aﬁeﬁagt”ﬂe?ﬂﬁ gcg ment, and FIG 4B is a

view 10 showi ng a condition 1n whic e vicinity of a reflection

plane 134 in FIG 4fkdsrdern tbomi heltkedthecdddgtt 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.



FIG 5Ais a perspective view for explaining an encoder of the third
enbodi ment, FIG 53 is a view for explaining the principle of the
encoder in FIG 5A, and 15 FIGS. 5C and 50 are views show ng nodified
exanpl es of the fixed scale in FIG 5A FIG 6Ais a
perspective view showi ng a nodified exanﬁ1e (1) inthe third

enbodi nent, and FIG 6B is a perspective view showng a nodified
exanple (2) in the 20cétdirdy enrodianertvelfth aspddiGS. o7 A the 7@ rasent

views for explaining the principle of position nmeasurenent with
respect to thén¥eakiendi LBEEF oSt GEOVAEeInafer dtHgE | RIS SFodiFthod

embodi ment . 25F1 GS. 8A to_ %ég{eiyi? {%kgﬁggéggg%ng bihe PrifG pkee

of position measurenent w r espec S rection for the

waf er stage i melRedl Quklphiemhgdi ABDEing 16he object! 5. a9Mcant18Bvatie
vi ews showi ng nodi fied exanples of the reflection plane 134.

FI Gf 10 i sSah\tihaw sowsngnan &iaspl endf aplsacendntiscthenencdderoongt
performng the 6 degrees of freedom5 neasurenent. BEST MODE FOR .
CARRYI NG OUT THE PRVENPEORTFi Fsth Ernbddifhsee Fe=mined 1> feihatter, >

we describe afl.feh ofEPOl [RAl-:Qle LR 102 Pr aSENt kidvapibon whdy FI 65
irradiating a light beam onto a fixed scale, which is
arranged by extending in the first direction

10 substantially parallel to the 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; and moving the movable body based
on the positional information.

15 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.

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.



FIG 1 shows a schematic constitution of an exposure apparatus 10 in
the first enbodi ment. 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 presed enbodinent, a projection
optical systemPL is arranged, and hereinafter, it is supposed that a
direction parallel to the optical axis AX of the projection optical
systemPL is the Z-axis direction, the horizontal direction in FIG 1

within a 20 p the Z-axis,_a direction orthogonal to
the Z-axis anh&gﬁgﬁYﬁggggaggr% Nh&FoEHE JPRBVINGS on the page surface
of FIG 1) is the Y, iy ec %gg [otati t i.ons
ar ound thé X- axi s, Fﬁ% Y-gX|§ %%%g t ﬁg%i§C§§8g£%és%%ﬁ%€€%§£lgﬂ

X, Oy, and c»:haSedpdsmata Qfiparatus in THEe eXRRSULRL3APAERE US 10
includes an illumnation unit 10P, a reticle holder RH that holds a
reticle R °a projecti®on dpi$cal reysperiiPle, vdest ajewdnit a5Waifrcl sdhog
a waf er stage T that holds a wafer Wand noves two- 17

di mensi onal | y*8Fofy ' pt<tet er ni ned pl ane (an XY plane including the

xaxis and the V- axig ord hoganal, Lo, sacly ather,LBuLbe @ &setirc. -

enbodi nent), a contr systemo evi ces

illumination unit KR nehudes a Ige@Bbesouvee vaad afbid | bhploati QN an
optical system irradiates an an illumnation light IL onto a
rectangul ar (ergedsfuanefhil sgrpnat Fohodirent wrch T setB bys aaf veed

sto al so.cal | ed., a maski ng. bl ade or .a cle . blin | aced |n5|de
0 e un gD e ARG [y Y TP 8a SPrb e ot 1 GhF v e At Son
circuit patt%mahé i@&nﬁi rrdS Yhe;il Lo nﬁ{dnprahle' Rt gl becifod S

supposed that, e.g., a bright line in an traviolet region (the
g-line with a waveler@t hsaf 436ampetrbeettivae vikelwh somavebengiihgfan
365nm etc.) froman 15 ultra high pressure nercury lanp is used.
Her e, vacuun1@PFP%%¥oPéttﬁﬁgﬁ¢§r§uéﬁi@§lmeKﬁF E%Eknéﬁ U&se& Vlg%tfor

(with a wavel en i of 248nm, an ArF ex qg | ase él F , and
S F2 Laser | FOHES TR M AR He" (R S PR PR IE T ot Her =Rl
i's placed;pel pysEhe 520 4ld ugp natd on,upit shgi’ %J hﬁoagﬂg&eeﬂ% £Ls Rshs
is actually nmounted on the upper surface of the projection optical
system PL (intkéGiidsd fotaleonventenceaof illustration, the reticle
hol der RH and the projection optical systemPL are separately shown) .
Specifically, the r%¥$cl@ﬁ 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
enmbodiment.
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.



25 holder RHis designed to hold the reticle R on a base fixed on the
upper surface of the projection optical systemPL, and capabl e of
fine drive in the X-axis direction, the Y-axis direction, and the Oz
direction by the controller (not shown). te that the reticle holder
18 RH can be al so constituted to have a tlnction of si mply hol di ng
the reticle R not driving the reticle R Further, the reticle holder
RH and the projectibiGHptixandsydt emePlviean bBoals® pbacEkd examples
separately. 5A pair of alignment marks (not shown) is arranged on a
part of the ré&fi &Pe RRItectiRe plésent3énbodi nent, the controller (not
shown) measures theFP irldﬂisa%ignggnghgﬁﬁ¥s andxf%d ciq% q@rks £ of
correspondi ng to those on the warer stage WeT 5y USihga Tt deer ©
al i gnment system 10,befor e ran e%s@%wﬁnge- gne fd neleyrdekvess t heeedom
reticle holder RH by using results of the neasurenent, and perforns
posi tioni ng ofmektherere¢ntcle R (reticle alignnent). As the
projection optical systemPL, for exanple, a dioptric system conposed
of a plurality of Ienses (lens 15 elenents) arranged al ong the
optical axis r | t A ik estl [ The

proj ection opé%'cégff1 @?is??‘em L ‘?gR%‘ga%ié (g%?h%l:‘ﬂge&@igign ric and has
a predeterm nedrprOofrmeddiedmgni fication (e.g., 1/4 or 1/5). Hence,

when an illumnation area is illumnated by the 20 illum nation |ight
IL fromthe illum ndiomaftietr,| @GR, desredbeed iflagé embaddémenti bf the
pattern in the illumnpation area of the reticle is placed on a second

pl ane (imhle BF&ABYTsTRESRA L™ e thr Bf €2t ibrFDptical system PL by the
i11umnation [ight 1.t khatsh%%gsgssg?%rﬁ%%r% tcf%%srt%hﬁkg?Ra@%nglegzﬁggure

such that its pattern surface is nmat¢ almost to a first _

(obj ect planekhpphrbbes praj echi obhOPlAiGak SysbenaaRd t herhdBg&poSure
formed on an area (exposure area), which is conjugate to the

illum nation apparabms 19 tike aabep]dtormomheéshoairesagpafatus of the

phot osensitive agent) is coated.
one=sho 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-



In the vicinity of the projection optical systemPL, an alignnent
system ALG whi ch detects alignment marks on 5 the wafer Wor fiduci al
mar ks on the wafer stage WST is arranged. As the alignnent system
ALG e.g., a sensor of the inmage process';1g type can be used; the
sensor of the inmage processing type is disclosed, e.g., in Kokai
(Japanese Unexam ned Patent Application Publication) No. 1004-065603,
its correspondingnti&naPat ealoiNg. a5, 8338le4@3mspedi foleaki ofan XY plane
etc. Detection results of the alignment system ALG are sent to the
control | er (néPCc3RBipy . the X-axfRe afdagdiunttasis | sreked Pped Wt Rache

waf er stage WS, that. holds the wafer .t h waf er hal der (not 15
shown) , agwaf (Ca)-rghgfaglé1 d%kll?/epé:ﬁg’?rel fﬁlg"p‘ﬁﬁ%nﬁh vEs (fcf{btr\ﬁg‘f e%y%Ti%eOf
WET, etc. Therwatergstage Wetd s placed bel ow the projection optical
systemPL in FIG 1, and supported, e.g., by a gas hydrostatic

beari ng, which is drhaiilbeainatg car nangedi@n ihelbidd om sughaceoakce

the 20 stage, above the upper surface of a base (not shown) w thout
contact. The #@Ferakt dde MTaE40Wr iRREHCRA t MesDerhxi 4 rdRFAERESDN a@ndan

e S LSSt e R phane v g planel by heqieelacy
nmotor, etcC. iliumination area, which is set by a field stop (also
called a masking blade or a reticle blind) placed inside

10 the unit, &and unifeormly 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



25 at a predeterm ned stroke, and finely driven in the Z-axis
direction orthogonal to the XY plane and the rotation directions (the
Ox-direction, the Oy-direction, and the Qz-direction). 20 As
descri bed above, although the wafer stagﬁ8 WST is a single stage which
is drivable in 6 degrees of freedomin the present enbodi ment, not
limted to this, the wafer stage WST can be of course constituted by
an XY stage 5Rioval e reldg ewddtiintuttkd XY plagre aanthrecttiabl eft smpl g
driven at least in 3 degrees of freedomdirections of the Z, O, and
Oy directions"etdiRe Xﬁ%ta@%tlde R, P@Sitt | GRAVIRGF oF Mt i K IGH et h8-

waf er stage ¢on antl ct by, ..t I er. s

20 shown 10 |nuﬁlé 1 gfﬁ sen q}chle (J:Co%ﬁ roﬁfierkﬂgaéfgg?i&jl{ OXDSCH%QH
Descri bi ng t hisgshkupt BEr cim kﬂ?taﬁﬂslosplhhéd| sdeafatengder system 20

i ncl udes an X-encoder 20X, which are conposed of a so-called

t hree-gratbng i nteriepziceoerdodemeas shown (nptFsGowR) aﬂdalafanged on
YZ- encoder 20YZ. 15 The X-encoder 20X, _as shown in FI%%%C?

where FIG 3 $hesta Hfophei &ftofriEng- endBdERe 2BXES | eInltghtthe
source 22 that_Jrr es i nt n r X

arranged on a SOFf %g%g%f aOt %}b RFQS eé(%/vafggrg :é%lg}g \%\%T A’V{hig%?neh%
scal es 24A, Z%rﬁcaataﬁwvg@c&(wlﬁf@ﬂcaoocsbﬂénaﬂndﬁ@batﬂmntmm the the
| i ght source 22 and focus diffracted |ights generated fromthe noving
grating 30X, amfiemdextsagal 61526 bhatusindows dif¢tfydet eéiﬁgglﬁ?%tfmﬁa
at the fixed scales 24A, 24B to interfere wth each.other a1
det ecti onlpnstbreér?éﬁt 28 t RO YBtact §-9-25 ’erJ‘rrtﬁqt ||$Fé?’?3re1ah%t ]ieném €
i ndex scale 2 rg THE, | 0 t c A@ght anq
e.g., a laser Ti Sﬁtr W t h a L8591tn ng?%gS ggéS%??n) Scfhr%omﬁtgﬁéé%m%lt?ectl on
toward the +Ydirreekk0BobntFbiEnd . of neHiretease, rt heepodsl¢ i anipimenhe .

| i ght source 22 is set such 21
As the projection optical 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



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 gratjng with a periodic direction
in the X-axis direction. This noving gr atd ng 30X generates a
plurality of diffracted lights with different orders based on
incident |ight$e Fh&r2usbawshifie a Isdsigrdan ghbitoastett ivghicenah the
10 diffracted lights generated fromthe noving grating 30X

The fixed scalest24A, 24B are transm ssive phase gratings conposed of

pl ates on which a diffraction grating with a riodic directiaqn.i
the X-axis directiofis"§ o‘flrFéﬁgﬁﬁfdo IBIE%QP%WETPC% OPYOEFﬁ%agfsﬁf%een\ ?g{mt

source 15 22. FuQﬁ?%%meﬁgfgkggg% ﬁgﬁl@hgéhi§e€%é€§”5ﬁﬂéﬁﬂéﬁ% RR3%E on

grating corrposaéldo p on which a diffraction grating with a
periodi ¢ disr eGiHeORafR 1t e o axiduddianeaidras ios frowemsd famd sphgeedsBnis
the -Y side of the fixed scal es 24A, 24B. 20The_fixed scal e 24A
diffracts the arkshgesder Adi the agtsannenghtsY§ERBr BFEd rdm theeSo\ng T
grating 30X to generate a +1st-order diffracted |ight, and this - iy
+1st-order di ffeactedel PGRESEFAVEI §78% ﬁl%a]?endue‘?(e%’ca £y E%nsg&r ther®

the fixed scaligqaééBn%%};ggggﬁ?t h@ypkelsti-sor delsc28sdhf fracd ed lirghtrokai

generated from ing grating 30X to generate a -1st-order
diffracted |igfiapandsthimexkstinoddentdnt f hapl echtight Publavasits-ong e
i ndex scal e 26. Here, the 1st-order diffracted |jght

gener at ed 1or orA 4196 560Red Steal 89r PEFROTUBIoVerT ap PRESBEC A ot hi‘rq%ﬁ’ 1035

t he sane position agn the index scal e 26. .l.n ather rds, cfdesq; £
1st-order dif f¥RCHed FEGRTs |"‘C"ftrf:erfelfeetevﬁttlﬁmea{:cetr%%(%ft ero(%gntt ST rdex

scale 26. In thie nreseht eabodieeny ciheoditorast i gntangbenot

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).



5 each diffracted |ight generated fromthe noving grating 30X is
determ ned consequently from wavel ength of |laser lights emtted from
the light source 22 and pitch of the noving grating 30X. Further, the
diffraction angle of the Ist-order diffracted |ights generated from
the fixed 10 scales 24A, 24B (i.e., an dﬁbarent defl ecti on angl e of
the 1st-order diffracted lights generated fromthe noving grating
30X) is determ ned xoOnsesHeiniddy sfooom wavehengt e ddwed asegel wght 8s
and pitch of the fixed scales 24A, 24B. Hence, it is necessary to set
15 appropri at &l ginavel ehged ohithases d¥ghblepiirct cfeadsesnofi fgeedom
grating 30X, and pitch of the fixed scales 24A,  24B. Faor exanple, in
a case of usin§ Fﬁ% pf%F??ﬁ(ﬁﬁmQﬁﬂmﬁpﬁctQBtlEbﬂfge%éﬂéﬁﬁPéﬁ fhsm e R8T

moving grating.30X f@&n%%sma@t rggsq{c!ng%qtﬁggﬁe’bgt he, | k@hgagggk

period 20 of fringes o I ndex scale 26 1s twce the arrangenen
peri od of themso¥bhg @ratingwldBXinamdei mya prase Wher exthgpisdexascake
26 with a pitch slightly different froma light-dark period of the
fringes, a |ightveguantitgash sitribsggsesncd forpdot &lwiaid ongvefcahe
be generated gn %5 t he theqtion_instrunent 28. Since this

li ght quantit{’ dP¥t riButofFaFFEeRaLm Héendvi AG2gf at i ng 30X noves in

the X-axis directi ofys30%ida10nal £d M0 BRE | O %héhw%%éEe%&%gét%E% is
X-axis 23 direction of the wafer stage WST can be neasured by
detecting thecvastahton dwtdridie bgetc@et lonek ASEficIt L& tem 20 shown

I nstead of the method described above, by rotating the index scale 26
by a tracélanmbinflar obimid e 4%i §he ocBrigeridieat dnabi plec¥rli nges and

by using the nmoire fringes, posjtion. neasurenent of the wafer stage
WBT can be al so peré%sf 09 %hlsl nfT%tz’eprr e<@nt “8hboudf nent™e tﬁréngar

diffraction apgkeseanshe-oRAS SN 18IaeRY 42Kk NG DR PI3HH Ofnihe are
novi ng grating 10 30X Coarser. The noving grating 30X can be thereby

pl aced at a pesmpooadr eldt i vel ysbataflream t tierdd -ghtatsiagr ceird2 randehbe
fixed scal es 24A, 24B. Further, the -Istorder diffracted |lights
gener at ed fr oRPERGSHORS nPYratitn§ 180X cande [Yédenecdpe 3§%ed scal es

24A, 24B 59 cl ose JéhénﬁvgﬂggdértQOQ?CQSOgggmﬁ 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



Further, by appropriately setting thickness of the optical flux of

| aser lights emtted fromthe |ight source 22 and/or areas of the

fi xed scal es 24A, 24B and the index scale 26, a high-precision
measur enent can be 20 perfornmed even if the distance to the noving
grating 30X varies. In other words, the ®hploynment of the
interference-type encoder in the present enbodi nent enables to
increase a varhati @Aepeptissi .6 ABFURLOfladE st ange: 4R ddhe ear0dRE
20X to the nmoving grating 30X 25(generally called "standoff").

The YZ-encoderigb¥Zsocagscsh@wn AassEsGa Rrdircitides cankteght(msouhee 4Re
that irradiates |i rts opnto a nmoving grating 30YZ arranged on a +X
side of the mﬁ?&?cg ag®* VBT, 2% i Xy | e®TFAAE 1ABRRRENENE) 426 whiPRh
have a fi xed : itional. relati ,th the |light source 42 and

f ocus diffracpgéjP?S%%% {E&%%gtggsgg%ﬁ$ he noving grating 30YZ, an

i ndex scal B 46 thatrid lenendi bkeachedds ght & boewsed: byn epchioly then
fixed scal es 44A, 44B and the fixed scales 5 440, 440 to Iinterfere

wi t h each ot hér, pantedl detddeseicohon nsitr utrbat #8:xtimat ddetetisnl i ghTiis

interfered at the index _scale 46. The noving grating 30YZ is a
t wo- di mensi onBPVYRat i9FG FHRIWH %h SEREFFRIctT oRLBFatthy it Hiffracted

periodic diregthansifithe 3 @ Sl rd%t?ir%” LA gLt fi%%‘i&%%?@ Qnts.

grating with a periodic direction in the Z-axis direction are

conbi ned. Further, 2 henpesi then Lang theedt tditidalteh thenisdhts the
source 42 is set such that the optical axis of the laser 1ight

emitted f#om ehéfraghed soighde 42npasted finm ihej movion wentiery DXt he
proj ection opticalééﬁ s¥sten1PL coincided to the optical axis AXin
the present enbodi meht) T+¥ed S5CatRE 4%Red <Thl BES 44AANARES G} e Phase

transm ssive at'gggb i mar e fix I , .
nment i oned abo@gggg%%%os%d ofﬁﬁﬁafgs gﬁgaﬁgchég gﬁ?ﬁ%ic??oﬁﬂgﬁggéﬁéoao
with a periodgeadifi@ctitin 4 npdhiedfcaxisetsidor edihOK-the sotdheechasd,
fixed scal es 440, 44D are transm ssive phase gratings conposed of

pl ates on whi éh &ogrefr asei phagedt Pigthkt hYaspdei odi ¢hdi Aéghiomoiince

the Z-axis_is.forned. The index.scale 46 is transm ssive |
t wo- di maniT5 ongllE - 25 ' §F5FPh BIHQV\H?%FF‘ a ot r26162t3isor15l Y SRivR ghase

periodic diregthophn theboxi §edi 59%&33% apd a,di L ract icﬁgf%éﬂ&g

with a periodic direction in the Z-axi's direction are formned.

Further, the detectd omitinsd rpERidi48direction in the X-axis direction
is formed and placed on the ~Y side of the fixed scales
24n, 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



25 includes, e.g., a four-divided detection instrument or a CCD.

The fixed scale 44A diffracts the -1st-order diffracted |ight
generated fromthe diffraction grating 5 with a periodic direction in
the Y-axis direction of the noving grati 30YZ to generate a
+1st-order diffracted Iight and this +1st-order diffracted |ight
travels to the index scale 46. Further, the fixed scale 44B diffracts
t he +1st-ordethdi ffnacpeshtightorgamer ahedxf seamé¢ hees 10 i fdfuract wends,
grating with a periodic direction in the Y-axis direction of the

novi ng gratin§hsovZ tetyerdant diffradisad oddehtdi fifrtagtfedel ighth andch
this -1st-ord iffracted ljght travels to the index scale 46. Here,
t he 1st-orde§E8?¥f?%2§53JfF%%igcaé%eféted 15 fromthe fixed scal es

44A, 44B overlap toreaoh PNerdl absaiBeROS| tHON O ANE iiRdex scale
46. In other words, the 1st-order diffracted lights interfere wth

each ot her5onethe idndéxastadleldght Ogehbeaidherrdrandhet hevihyedracahe
44C the diffracts 20 -1st-order diffracted |ight generated fromthe
diffracti on gPati A§ WMaeraiperi sanecarrrely oATPA FRBSFeRKis dfr é2ston

of the noving ing 30YZ. t ener at.e +1st-ord diffracted Light
and this +1st}%§§%% %?*??%éﬂé? {%ﬁﬁ ﬁé%&eﬁgufgetﬁg PRdeR* 8%I8%4ghe
Further, 25 theviixedrseahg 44R.diffgagls t hensrlst rorder: i fixaad ede
| ight generated fromthe diffraction grating with a periodic
direction in the Zlati-erderedifdnacied he ghmyi ggngratedor RRYZhe0fixed
generate ﬁ -1st-order, diffracted light 26 and this -1st-order

di ffractet®li GAEtLET avéfs t2dB hEl ihdex@scapPeamgt deflection angle of

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



Here, the 1st-order diffracted |ights generated fromthe fixed

scal es 44C, 44D overlap to each other at a 5 sane position on the

i ndex scale 46. In other words, the Ist-order diffracted lights
interfere with each other on the index sgal e 46. In this case
as well, simlarly to the X-encoder 20X nentioned above, the
diffraction angle of diffracted 10 Iights generated from each grating
of the novi ngdgratingn3®¥Z thedetaifan nethgon¥&quesd y bier omea@wsicenygy h
of laser lights emtted fromthe |ight source 42 and pitch of the
novi ng grati n§36E71aAd e Hpiarent YHeR | 'R idfeatgPe dRstRanent 28.
1st-order diffracte I s.generated fromthe.1 ving qrating,30YZ
is determ ned by ap%?%ﬂp%gat% yghd%t%?%‘lﬂon% n%gst%%b\?gvg%é)ﬁr&fh%gf rtoht%tlng

| aser |ight ar@et hgapktsband 1d&f ixadseabRSufdAmtQuftfhhe v-axis to
Here, in the YZ-encoder 20YZ, a two-dinensional pattern (a checkered

pattern) appeaeseoatthecdetediriage20 andstrwmesind8Lh&i moe rehifsringes,

t wo- di nensi onal pattern varies dependently on positions of the wafer
stage WBT in PRETYIER| BeaFPERRS N Shdihevatexi 3375 e¥ET ofa” pBSi AiLdRs
of the wafer E%%QSrM@J in the Y-axis direction and the Z-axis
direction can“bé neasured by nmeasuring this variation 25 with a

four-divided el ementn #hlPResehe. chbedikanst ichet escatadeast agnar banf
the detection instrunent 48. In the YZ-encoder 201Z as wel |,

by rotating the madexssedler 46y byakingr 4be ambomt o ar gumdndhiendX-garicsng o

27 generate mpire fringes and by using the mgire i nges, position of
t he waf er 18t ag@*Ws1°¥it e nedd r@‘&?’lgg grating h%(g)éx 8§‘ur}ge aﬁ%‘ﬁfﬁmﬁs

of the presen lggpadggegt%@gg?m Lﬁe%%t%%eﬁ_j?zl@%j:bfg?r@b&Yee’li%_}.H{i | AGkY

a
to normal 5 steppers, ar e al 1 gnnent, ase-11ne nmeasurenent of

the wafer alignmenly sl efLALG stk el erosd | gnrepthsuchcas anise-
enhanced gl obal alignnment (EGA) disclosed, e.g., in Kokal (Japanese

Unexani ned PavenerAgpFfratierh Puliitiscgenenytad. f6dm O 2@ ving grating

correspondi ng U S. Patent No.
( P %OX can be led to the fixed scales 24A, 24B in 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



10 4,780,617 specification) etc. are perfornmed under instruction of
the controller (not shown). After that, a so-called step-and-repeat
exposure in which positioning and exposing of a shot area on the

waf er onto a pattern projection area (e&gosure area) of the
projection optical 15 system PL are repet¥ed based on results of the
wafer alignnent is perfornmed and a pattern of the reticle Ris
sequential |y ppansiensedrebboien piital ithy afigshotscaneas on the Wates
W While these operations are perfornmed, the controller (not shomm%
drives the waféffseabed BTON PO arRéedaf 6 sty aneifine Spdtiam 2944,

based on neasurenent results of the encoders.. QYZ .ment i oned

above. 2Rs l&‘ggér isﬁg&eabqo{/e?hagccc%r "y qlgf%dﬁg%ﬁpesléﬁ?‘tts_ Telusea
enbodi nent, the EOULNGrOFRL T POkAPX L3QY¥ 2 aks ahs anged i & &ldecfies
the wafer stagé WST, a light is irradiated from 25 the | i ght source

22 (42) tosthe4npvisag grat imge 3¢ IQYZE) , eakH f valcded bnghiks dpereradbed
fromthe noving grating 30X (30YZ) are allowed to interfere with each
other by the fpg&gusenf edd 2@t HetecAsAligh B DNt R TIFchare therf iREG®

positional relation with the |ight source 2 2)., 8. i
scal e 26 (46)Fc3%8 ﬁﬁ% 'r#%ﬁf%ﬁé%?qi%ﬁﬁ%gagréogété@tggdgvgfﬁ%Q%Slgggf
detection insifupepy 28 (#8ch | A HhiksrE@skn sirddald ywion canyeintbenal
interferoneters, since a neasurenent with the side of the wafer stage
WET can be 5 pertoried because ofr-theésardiargeanent eofhdt he mbMifrgction
grating 30X (30YZ) on the side of the wafer stage WST, the optical
axis of |ifht STRFiadi uted FroPFiRiq (GHECSOaR cL 290 o Het S et 156 Tpa8s
on the optical _axis of the prgjection tical. t L,..an -
posi ti on neasdrémsi %iﬁegf tﬁﬁhﬁh er 5%%9 %&é$§§§nqgh§r§€% %g%ltude)
perfornmed w t hgut.nAbhe g8kr QharcEULE hes, séorsiidie Encodale idbdiRal axis
present enbodi nent, since interference occurs between |ights passing
t hrough extrenrel yticd osSesept i taghtpaehd tsadh faent hehe | [ligthtor gewrce 42
diffracted lights, influence by a tenperature 15 fl uctuation

. (a,.
fluctuation ofP3dSPEf rid | BECT SR of Ui eff &PRodPIRdFE E1PR ITRAIEE?
by & shortzt erm.ilyctyation of seasured yal ugs,; o clidss caused:  cne
e.g., by Re f@ﬁpgwature uctuation” of atnos%ﬁere on the beam

optical paths,,capnbechgdycgschin comparison with an 20
interferoneter, which uses interference of |ights passing through

entirely different Opti cdkepatdrsalwsi chdili vétge atrewarthrempsvabke phase

mrror and a fixed mrror. Further, in the present enboq% nt, sinca
it is unneces<HRAFingsar faftgeaadlPt FBRaFI§ed ROV orfati ﬁgdW3UHﬁnF e

waf er 25 stag%gxﬁghcg?%%%%gg af: %Hgtggtgﬁew égrasggggryﬁﬁﬁﬁgﬁﬁg&ing

suppressed, a Irgh-precrsron positroning and a er
accel erati;gn qf; hes WakefoStage: MET ican e aedi evedis Ther eboned. a on

hi gh- preci si on position o
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



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 directi on was freasured by using the
encoder, not limted to this, only at |east one axis direction can be

nmeasured by ushBguéde, eacodera EputhissiGRse, de¥eher ofli haet -oAsn €adk be
measured 10 by using anot her neasuring device such as a | aser

i nterferonetefCDFor exanple, the position of the wafer stage WST in
the Z-axis direction can_pe peasured Qy using a multiple-point focus

posi tion detection r'%t}f.st ehtitfat Hetiect TR pd@if(ﬁr@ﬁécsof tthﬁe_ WalfSér order
surf ace. 15FUB&?%£ac§é&‘C§ihQ€ ‘é%kgEa%c?ggr%T.tgé vahle ip,6 ‘}395&?5
e enbodi ne ed a

of freedomdirections int n escri ove, neasurenen

in 6 degrees efithreegemidiiectioas:tan e Py fornrd by raceapgi BY ahe
plurality of the encoders 20X, 20YZ. Further, for the encoder 20X, a
constitution 20vshegi baptingt REYEndodarer2@¥Zecan bleterrpldeyediitfdracted
performa neasurenent in two-axis directions. Second Enbodi nent Next,

we describe a'd8BbnE enblotf ikttt oF e dpresenteestitedtiegn i A the
FI GS. 4A and ﬁﬁﬁejibrsﬁaléoréléonsftdrtt ent Rakt %&&Qams'ccéagle 4QROMys Ffracts

equi valent to those in the first enbodi ment describ above, the sane
mar ks are usedhand+tbekbrexpl agatf ot aar e 1Sighgl | fjeed ratec@m Fied. tB86

FIG 4A shows a perspective view corresponding to FIG 2 in the first
enbodi menl? Adifhosmtion FGRtYYg vihth he peesentc epborithienmt im the Y-
refl ection plane 134, I, Arfanged onihey Y sl de, ol heater ,
stage WST and
lst-order diffracted light and this =ist-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



5 the constitution of a main body of an encoder 20Y' is different
fromthat of the encoder 20X in the first enbodi ment. The reflection
pl ane 134 is forned by vapor-depositing, e.g., alumnumetc. on a
plane tilted by 45 degrees to the XY plane formed at the -Y end of
the wafer 10 stage WST. In other words, the reflection plane 134
crosses the XY plane on the YZ plane at an acute angle. Further,
above the waf ehdstage Wodi-grdd# sfidrrsedegcal end35-de1a plAteShansx
with the Y-axis direction as its |ongitudinal direction is arranged
substantial | yspatal #el 15 to the XY plane. The first fixed scale 135
is areflective scale on which a pattern (e.g., a diffraction
grating) with a peri®kic 8heectilsit-Prdere NLaxpsteir déohon igeresrhed,
and is fixed, ) n rf,ace qf..a _supporting surface plate
(not shown) tﬁg? gZ?%u%%%%??'%h%%r%ﬁéc? ﬁgnog%ff%paltos%s C&mo%ﬁ‘.e rsﬁﬁc%
the first §ixedmscpbeidBhn heis whediifdaeacticane g1 @t i Neh O Hd'S WJRWR! the
surface (its -Z surface), it is also referred to as a fixed grating,
a grating nenbelstetcleddritftiencted tihge ésentfenbod fleniacH eher on
position in the X-axis direction 25 of |aser lights which enter the
reflection pl &R 134°%I Ty @ H€-Y-axis direction, is set such that the

optical axis of the;]|i.ght S pr.oj n f th
proj ection optical Isrjils%{elnsflgﬁggngaﬁ%flc’enstqénﬁq%lrﬁphggf%rr%stffeinfg esrc%P}é
135 is set subshapbhad | yadve,he tsamed posiddiann 3inyiéh sespacte-hocthe
X-axis direction of the optical axis of the laser lights that enters
the refl et?i odiphhhegeBdratmg t fiegn 2dmh sIpRSGNGi vd $inef acyipbageadhng
whi ch t he proés%i on ogptical systemPL is nounted is supported by 5

three poles td whi &R &TEPTUIBFGt FONS HRtHEYs e O&r ¢'238vErRgFPy T Taser

arranged. For =W i in Jater Lonal bl.L i
2006/ 038952 péﬁ%ﬁ?}ét ,gm%ﬂ%ecgu%%%‘?f?%g 2 rh;%a%é)%%}:gt gécgﬁgbg&gg%pggte °
by suspendi ngmbtrifig ograt iy N3¢y AnEndrerier agite rsh@wil cet.€ngphaged of
above 10 the projection optical systemPL. Further, the first fixed
scal e 135 cantbhe alsdsarpadged did fancthdr ¥rgrs ngaberated g.from the
measur eme?g frame supgorted by @uspendi ng fromthe main franme nenber

i nst ead ot t hB°&UPpor PF AL S0r F AL pl 18 e. I HEFHINGcadly (ARPTARSPEFET g
surface 15 pl bi€ing t pr.Qj I ORtd C S RL \ t
supported by ?Egzﬁéﬂ%ﬁnggfrlh'g?n t@ﬁ%?gg?rgﬁe %keenb%r%gg] lll)ghg}at%rgcggﬁlpg
t he mai n bodypotchhef etteodErke20¥cal 85 corstid utaed substantially
simlarly to the encoder 20X in the first enbodi ment descri bed above
as a whole, it is ZBufffépenthon Yd-porader haa0¥¥econd fixelimsoaliesal
124A, 124B are ELaced at Cﬂ‘%sitiorél,ts far fromthe |light source 22 in
the -Y direct PBh&Hd t'Re S HiSFEC iR5T X ™ heF PR r &1 | bRe  GFt&ChbPht
that pattegns; m s§i e rgrak| ; t nd_fixed
IR NI oo Pk e e R
poi nt that a paptedentofy aom igudaxiseal ef 126e (wafhy Lageamsmi S8 ¥Be Y-
phase grating) is periodic in the Z-axis direction.

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



In the main body of the encoder 20Y', a light fromthe |ight source
22 is irradiated to the reflection plane 32 134 along the Y-axis
direction, as shown in FIG 4B, reflected toward the +Z direction on
the reflection plane 134, and enters thezjirst fixed scale 135. This
fixed scale 135 generates a plurality of"diffracted lights with 5
different orders due to incidence of lights. In FIGS. 4A and 4B, the
1st-order diffractedel nghtrse garexatednir am t eidd r shef mvedescaliagd 85
out of the diffracted lights are illustrated. These 1st-order
diffracted |i gREstéArert tHe 1@ feaf PEaYF ISl %Te PE3NEagHEEd as shown i n

FIG 4B, are reflected._on the refl ection, plan 34 (at a reflection
angl e identical to %%et?%c?%ﬁﬁﬁuﬁﬁuﬂggffagﬁﬁ ?ﬁeﬁ?esé?ﬁﬁ%ﬂﬁ3fqﬁﬁdﬁﬂgnt

first enbodi neBhLst@PheLdt 0 hegdet,8ellionLASE! UNBNE: 2814 athe ;segond
fixed scales 124A, 124B and 15 the index scale 126. In this
case, Sincé asteppedentaposticlon adfignmenki ght basem ihe ndghireseuecer
22 to the first fixed scale 135 varies as the wafer stage WST noves
in the Y-axist@Pr&taish, 2Rt qBanEs™ yAHF st BtButd oaderectldgnpynt

the 20 detection,instrunent .28 varies. Therefore osi.t.ional.
nformatton of e Tt 8 STUGTVET $300Te GLASTEUT T QB On s gaed
neasured by detgcting t Rexyari@hbane9f thexhhohia deanthty application
distribution with the detection instrunent 28. In the present

enbodi nent, tFebéncadern) sN@5 loriBi4iRdt édobyespaddidiong .&t. [Peashtt Ne.
mai n body_of the encoder 20Y' and the first fixed scale 135.

Meanwhi | el0al End8EnCEl G SPRCEFEGaEFAed 6fFy t e Sai REBEEYIRF t Rader

encoder 20V perfprglng, POsi LN IRASWRTEN, R S paf g stage, V5T,
in the Y-axis
so—-called step-and-repeat exposure in which positioning
and exposing of 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



33 direction, not limted to this, position nmeasurenent of the wafer
stage WST in the X-axis direction can be perforned by arranging a
reflection plane simlar to the reflection plane 134 on the +X side
end (or the -X side 5 end) of the wafer stage WBT and a first fixed
scal e used for the X-axis direction neasurenent, and accordingly by
arranging a main body of an encoder used for the X-axis direction
measur enent sittid arndex t heabmi A6bddy) of athe @rcadere X@Y¥ed |idghhisS are
case, a reflection plane arranged 10 on the X side end of the wafer
stage WBT cr o<I&FEqHe o pFamedgteahl At utesanticat( e28. (495- dedreddyis
wi thin the zX ne,_: fi.rst. fixed scale used for the X-axis.

di rection nea§%%%ﬁeﬁ?kﬂgfr§§p§fiefﬁyﬁptﬁogage%PB f%$ IG5 He SRIER §
direction, anthfdiargedtsushanhialdiveparaldhgl hFeto fhgeX¥ish! ang be
with the X-axis direction as its |ongitudinal direction. Further, the
optical axes afedfageed | ghtsunhi chf sevter aldnyraegeeent heof wotlief |rgotiingn
pl anes can be placed to be orthogonal to each other at the projection
center of the $F0E6t i 0K opti'cdl Wsthen pide 20 FiPEherRfetnsttads HST,

enpl oying an Rtodgh.as, 2 TEasurip0 deykee USedLoraPosidd 0. 1iqn
measurenent in the X-axis dirfection, &anofher neasuring devi Ce, e.g?.,
such as an i ntaifreomet efaretts €an he R AedhdWddiRlal RESIst if@N the
measurenent in the X-axis direction can be performed by 25 using the
mai n body of tHr@liestdder oprithé pretent Penbadimenpoantiposintéaourement
measur ene in the Y-axis direction can be perforned by using a

neasur i ngqheviocé,ﬁbeei‘ﬁ@%%t%%%e eftode?n tl?}%reby be ﬁ%rf‘?r“l‘%g WHediput
described abovgpACEOIAINg 1 & LhRc3eCoNd SIRONLIE L., SLACE NG, oo
posi tion nmeasurenent of the wafer sfage WST is perfornmed by using '
first fixed scalediddntwhi ebnés sepesatlancar r apgadsf rpatfden waf @3
stage WST, via the reflection plane 134 arranged on the wafer stage
WBT, it is unmecesdsar Fhrouahr angeene st allesen obhécalf patist agech\BE, taerd

upsi zi ng of th_g waf er stage WST can be suppressed. Further, since it
i s possi bl e to FE&ACFHRT 19t ThFafdredilfifohast ednEL BRRSE goviet at wBPTTadMT e

the firStlﬁo,fﬂﬁﬁa%uﬁgébﬁ 1ﬁ£r%QuE@§aE§&9nQﬂ;!éedr§¥¥gé¥iv%24fhdégﬂ3o%n

close proximty to each ot , a high-precision position neasurenent

can be realizeghbient atmbBph&ge enboflivsnrt deser ishedtabeve, rahdhoudhn
only one main body of the encoder 20Y', which neasures position of
of measured values, which 1is caused, e.g., by the

e

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



15 the wafer stage WST in the Y-axis direction with the reflection

pl ane 134 of the wafer stage WST, was arranged, not limted to this,
two mai n bodi es of encoders that neasure a position in the Y-axis
direction can be arranged separately mﬁtp a predeterm ned di stance in
the 20 X-axis direction. In this case, by passing the optical axes of
lights irradiated fromthe two main bodies of the encoders through
posi ti ons awayoatitannéguabndi st angkef r aned heraoptoncalf edties waffetrhetage
projection optical systemPL with respect to the X-axis direction to
aver age neasuféfenta?b pesiti s throsgbRvmidR b oL rETdSdens =X rd UERe
position of the fegegigge WST i.n Ege Y-axis direction can be

measured without ABbé erroﬁ%,eiﬁ? “furt her mor e, by taking a difference

bet ween measur ement rf esiid S epho8RkdnRIR sBeUN-Qf LnRcRdersitth&h the
rotation around the Z-axis of the 35 wafer stage WST can be

measur ed. Fart pesitaonebfetctheomapkanetean BET ain angedX oax thed e Siide,
end of the wafer stage WST, and main bodi es of encoders used for the
Y- axis directidn feagdtfenthtecaiPbe Faced8n Bothlsi desrsttinn hyas
projection optical system PL_ r t_to the .Y-.axi irectio

Simlarly, nafﬁaﬁgaﬁéskgfugﬁg d%E% %égﬁﬁé%ﬁ e }%§¥§§&iréb%fdn%hly

neasurenment caf heapkaced aribBouRrstfesn ofad hee PH AGIHODLORTIGE! the
system PL. Moreover, as the first fixed scale 135, a scale of a

transm ssi ve ®lcogpe.cadnbehenpleeyed rhiteadivéctivats ofara breefricectired
type. Third Enbodi nent Next, we describe a third enbodi nent of
the presedt iAentiSéRIwi BROEIES. BRSHTINIB. ARV &S f of " TCondd t Fentt2f5r

B o oo o B.LUGES, | 0rbnEoseEend ertatlenes:

sinplified or s@@gkt ébT in the 2Z-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.



As shown in FIG 5A, in the present enbodinent, a pattern with a
periodic direction in the X-axis direction 20 (e.g., a diffraction
grating) is forned on the reflection plane 134 of the wafer stage
WST, a fixed scale 135 on which a patter,g with a periodic direction
in the X-axis direction (e.g., diffraction grating) is fornmed and

whi ch has the Y-axis direction as its longitudinal direction is 25
arranged subst anti alFiig.pairal $iedwd oat herXeqiiare abowectdhes syafreringt age
WST, and furthernore, the constitution of the main body of the .
encoder 20X i Gi % elentd romtthéemicfdnenhd sdeofoehbbri Fght st/ in
descri bed abov. 3 e f.i scale 135 is a reflectiv .
scale, and fi xgh ong ]f%seeqtomeemsolﬁjrlk\ égg’ of gt héagg%%%lr Tn elsaunref acleﬁlpl at’e

(not shown) t hatr rds the Progeati eAqoRk Gale S¥SOM fAageSinET ary
to the second enbodinent. On the 5 other hand, the main boc?y of the
encoder 20X itd udessaitutginn soliree mi22n ddseaneSphnt teaco@8rar20dnged
on the +Y side of the light source 22, and the detection instrunent

28 arranged belbid St - ZXSPddhGf) Phe BEanPRpPitt ef089. ikl ghegpfirst
shows a princi i_agr.am t i 0 e.pr _
enbodi nment . Hegf%!é?eogn%%lgugh% o Q?ﬁ%@%ﬁ%@%éﬁgﬂ%ﬁqi I’RIBF?é%Hé%\ %y vapor
constitution idepddicnngd,pa.tern disnfiatedten the o efileet ian lkang, 134
is enployed, in FIG 5B for conveni ence of explanation, the

refl ection pl aegrkd3s itp Eh€ XZAvrilsne epbacal A3y thet ransnissfvehgcedfer

134" 15 which is practicall ¥ eclﬁ__i valent to the refl ection plane 134,
As shown 1P FITEEEB, YFh- t helTaitr58dy" i het BRicdGdlesbieni plepg 134

present e”bOdié@JQSe% ?ct%t%rerﬁzgﬂaznneg 1 ta0 f&‘é)”%ﬂl?e |1ghL, sQuLce

. le.
transmt the beam sp enter the transm ssive scal®e

134" (the reflectimyy,plasrrelddes ARy, sidda acted d i ghis Wiidhed scale
plurality of orders are generated on a pattern (a diffraction

grating) fornmelBonithe stlEte 184209 t etk ethectfi-emipl aliget34pn Not eits
that in FIGS. 5A and 5B, only the :LIst-order diffracted H‘ ht s 215 olf
them are shown-CRfhdd PR FixEHTERRI &5 1357 219f% metPsdePfratty Prerlle

(Lst-ordendlifigaghed Lioht, generatedeonctha patiesn farmwdian the .

scale 134" (the reflection plane to generate a +1st-or
diffracted |ighdsland deurddageneme whdichf kaglastkhe +ds§- prdeniffraction

diffracted |ight
grating) with a ©periodic direction in the Y-axis
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



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 identical’position on the scale 134
(the reflection plane 134). Instead of the fixed scale 135 wth the
diffraction gratthgrefpxet optical xed:gnentisschnasscr ehkeepkveal axis
mrrors 135a, 135b as shown 10 in FIG 5C and a prism 135¢c as shown
in FIG 5D cancbetigetisen bidige dfrathencefs ethe vieefligatdon p36ag 1356b
or the prism 135¢c, as a fixed optic eleneq%, simlarly to &Fe fixed

l
scal 6 135 . thBOFErT Ret | S mTIRBPE COPS1 B praSem (R St eftdied “IHCE het e
soal o 1957, the FITect Ve mtH e b efde
axis directi PC%ééthﬁ{‘ optiEl eg}esctéglef s gnﬁg@ﬁﬁcg on agg?%&i Sy

134" (the reflection plane 134) dre ect ed eam itter
29 toward the detectipolénst tounenhi2B and:i-eceirnsedoby tbhendet et i ofire
instrunment 28. The detection instrunment 28 is capable of neasuring 20

posi tional inf8&¢HaEdbky ofaXtmndmal-er stfage WBRMPASt heaX- afiigciprett i bn

by detecting |ight antity distrihutio of _j ered lights. It _is
obvi ous from't gp?%ﬁgiﬁﬁQﬁj egﬁ?iﬁFtﬁ%?ﬁsqﬁhatzbﬁéfﬁéﬁéé erp?éghlet’ the
constituted bygjpghudi ghrtfastoihe fixedpscalgoddteq apg L AR,
body of the ZSSeggoder Oxﬁrin tﬁ% pr esent enbod?ﬁent? 9 Fn thég
present enbodi enfras avehdin bjramet akmbgrt heopaiier) eftd.h@liicxedabove
scale 135" and the pattern on the reflection plane 134 by a fine
angl e to gkher hbe mFiciectiPhgePtandlbyydéeacting | ifgHthggantity first

di stributions _38 caused b he moire fringes, the pasition
i nformati on of ERET warerCstiage BT PR FHECXBIACSRT ot | B CiF pare
nmeasured. In Cﬁgﬁgéfﬁqg.éﬁlté“%é%%%%@ﬁéﬁt'@r&ﬂ? Jdﬁﬁgrﬁ%@dby 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



5 second enbodi nents, even if the wafer stage WST is renote fromthe
i ght source 22 and the detection instrunent 28, the encoder in the
present enbodi nent is constituted to be harder to suffer from

i nfluence of an air fluctuation etc. in the space. This is because
the interference 10 described above occur$ between the reflection

pl ane 135 and the fixed scale 135 and the optical path connecting
the |ight sourctes22iand tite: detegis ORirBstioMENs28Hawd henr efleectamn
pl ane 134 does not in principle influence the interference. 15As
descri bed aboveefbreorditmyare tthe predeneceimibdimente rsifdeestipe plane

iti t_of the wafer st T formed by, using, th
pattern on the Ter| 88¢i 6 BFand Ead drFarigéddor "EHE viafer stge WBTC

and the fixed gcale 135 (adanged separat ely Jf(HﬁéﬂyécW@EeﬁigﬁF§t£¥Eh
WST, it is unnecessary to arrange a scale externally to the wafer

stage WST ahd difbecomesonrss bue to suppiass: uisSildighgsof tThernaf erda
stage WST. Further, in the present enbodi nent as well, since the
encoder is harando4Buf tée Frioh-ionflruendé fobched al tglit ucveatiaredt from

In 25 conparispn ta.copventignal _interferoneters,, the,pasitio

neasur ement ofg?%e%ﬁé?gr%§f§ e igrec Sbé“ggr? rﬁ%ﬁ.gfﬁgFﬁ?B?g,léﬁpts
exposure w th a b gh fdy,uaghput and a high precision can be realized
al so in the present enbodinment. 39 In the third enbodi nent
descri bed above, al tiheugh anl yspesiddéonalififrzereat i AghBst hen¥eaxXishe
direction was neasured, not limted to this, it is also possible to
enpl oy a cbhstFetHeTn s ShaMd iPF GRBA. 2Bn dePdr Shwo¥Hs, 4R/t here
present exanple s shown in FIG 6A .the first fixed scale 2 LS.
ar r anged insteﬁ%f ?C?%g ??xgaeséﬁﬁgef§éoﬁn3hFﬁ% &gén %%ﬂyaoFeEEEC§lon
encoder 20XY i gl oyestht Quithad i nsfe fixedqgaal eag§§eb pat L84 ns+192a,

92b with a periodic direction in the X-axis direction 1
(hereinafter, seheraEd tw ahe' Xipatt embddimed: a gattrerco @4ewdtheation
periodic direction in the Y-axis direction (hereinafter, referred to

as "Y pattern"insqEAEthed bendel? t3feoRpdtEefns§c9285 92fhrar £248 and
arranged. .. In this ﬁgge, the Y pattern 94 is placed at a 15

position wher e PR KR &% éF ight (the Oth-order diffracted light, in
this case, the regulmy tefiechisen ldight) &f anphueati bpsotidhffgractied

| ights generated from

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



the pattern on the reflection plane 134 enters, and the X patterns
92a, 92b are placed at positions where the +1st-20 order diffracted

| ight and the -1st-order diffracted |ight 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 enbodi nent (see FIG 4A)
are conbi ned andecspesi f hoal [Lymitsdequi pped, widoh ithenl nghkusedsse 22,
the beam splitter 29, the detection instrunment 28, second fixed

scal es 224A, 3PBB WPy ndéRuscaliel 226, &he aldietisct doRerhseT ument be
228. 90 er}@gmg§i$ bgg¥ ofithe enc der.20XYiconstLtuied inthis
manner can medSuré Posi t1 ot Wit H Teshettt TS ThE RERFs SdMrLatfi on the
simlarly to theigeassy e;f?fm;e pesf opredn by k hei gBi Bbpody, of i hey 146
encoder (the main body of the 5 encoder in FIG 5A) 20X in the fhird
enbodi nent >desedi befl abeveaf&ursteye Wihend he Otdstorfdered  isghtle used

generated fromthe reflection plane 134 is used regarding position in
the Y-axis di F8EtiEBA (TAXEPGIL6ACTEON | HRRSWEEG fror 2He a988SdiBEENt Y n

the Y-axis di i i i h-dotted |i th .
negsurgﬁgit L%ggéggg%é?%fﬁ§£95%%9¥29?33F0e5ﬁ88 ihgggé§°5f%Pﬁex"aXls

encoder (the mRi8chbOsly akabheedgOdeimiNaFl Go 44 20Yini Bolhe second
enbodi ment descri bed above. By using the encoder shown in FIG 6A,

since the 15 posPd¢onZ0f’ t helmateis stage WSTré filddia o aXiasediareahion

and in thf Y-axi s direction can be neasured and it i s unnecessary to
arrange a'frovPRgthEafe SddfePRel I (&t (8 TRar erageaf8TWSTOSF®S | Bire yX¥ o

(ne L1 SroodLapnt Sesctlbed alpne, L 20 gl LG, oot LG VELST
i nterferonmetepsanéhe eneoderris fﬁﬂﬁbd<f§ﬁ&ﬁéeru%%aﬁ1EBE'U%H@e_§U§Qi§S

an air fluctuation and a hi gh-precision position neasurenent is nade
possi bl e. Fur gheeapiel nepsuiremehitr daenmbodaiestn desdr isbedrdbaveity in
the X-axis direction, and arranged substantially parallel

15 to the XY plane with the X-axis direction as 1its
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.



25 it is also possible to enploy 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 formof a two-dinensional grating is arranged on the reflection 41
pl ane 134 and the fixed scale 335 is arrdhged instead of the fixed
scal e 235. A two-dinensional pattern with a formof a grating is

arranged for the fixed;scale 33h:n a8Es @& NS tddvrd, N 4beMng to the
t wo- di nensi onal direction can be 5 neasured by using these

t wo- di mensi onakcpatit embsdihent hi simase;hdyraesitign eegsurgment of the

four-divided element, a CCD, etc. as the detection instrugent 2%1 ed
simlarly to thdedetS@@cof$hstf umeht Oa8ef n PWhe* Fi%st “Enbbdf Rent "{S8e

FIG 2), a tV\DsfcgilggrisjiSOQS‘vlfhiB:;H Eijg% 28%P3£awa£§r%é$eﬁrérﬁ) detechicen

i nstrument 287 t'ect’ ng vari ation of the

t wo- di mensional; ;pat @), fifke pesitdorefiohheluaéen st ageafddwethithe
the XY pl ane can "be neasured. In FIG 5A, the position
measur enent ofwattke wakge ¥BZAgeiWSTsi nnneesssas <oiFEENI6N Snadsale on

performed by using 15 the reflection plane 134 with a ter it
periodi ¢ di r edtico¥as 1t Béagea¥rs . drPRctPON? Bif t‘#e t S‘Pa eerensz}agfe ?Jﬁg

waf er stage VEH&E&gfﬁ%%éggfgg$le fPrheANd :1,Re MR Asbedys 0f1d ke 1ead

encoder 20X . N6 his, areflection plane simlar to the

reflection plang 134smid20 A Mmabtesd WéHta qeekiraded dioectionfigt
the Y-axis direction is arranged on the +X side end (or the -X side

end) of the wafieredstsagdeWBBSae ahki sedosdafexededcdbis thetty- 4*S 1
direction nmeasurenent is arranged, correspondi o_thes in .

body of an end@d@@,EEP%%P&?VaF%tﬁaFﬁeO FE’bSd%ggk Fﬁ%céﬁgggégﬁ%%ﬁoP
used for the Y-%§%§e%g%%§%ggnb riegnt is arranged, and thus, the

position nmeasUulEirent o e wafer stage WBT in the Y-axis direction
can be performed. 42 Shai b@sddindnt ke cexaepl eodve,FlaGthéaghaonly one

reflection o
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



plane simlar to the reflection plane 134 with 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 5 wafer stage WST, a fixed scale
simlar to the fixed scale 235 is placed with the X-axis direction as
its longitudinal direction, and a main baay of an encoder simlar to
the main body of the encoder 20XY can be placed by facing to the

reflection pl angan :ilﬂla%e"‘KJESI! deanl Obended Qirdche -Xastitte end) roflddid on
wafer stage WST. Simlarly, in the exanple in FIG 63, a reflection
pl ane sim | ar glanchecaref beceiroanptdnenl3deon whi ke acpat Pér FhRi R ET

i de end (or tHEE itie B "6t KBTS WAt e EPagE: VAR " atPExels ¥
scale simlar ééﬁél&if%k%%@nsﬁéggurement can be placed on both sides of
5 the projection optical system PL with respect to the Y-

axis direction. Similarly, main bodies of encoders used

for the X-axis direction measurement can be placed on

both sides of the projection optical system PL. Moreover,

as the first fixed scale 135, a scale of a transmissive

10 type can be employed instead of that of a reflective type.

Third Embodiment
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.



335 is placed with the X-axis direction as its |ongitudinal

direction, and the main body of the encoder 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 WST. Additionally, arbitrary two of
the three encoders with constitutions, ré$pectively, shown in FIGS.
5A, 6A, and 63 are conbined, and one of the two encoders conbi ned can

be placed on the X shée faketihesyafeer 15§agesVWal and1 25 the gthes, cang
be placed on the Y side of the stage. Fourth Enbodi nent Next ,

we describe a figgrdt hoentidei nkewenf sthéape esdnt thavempipontwng h sElrG8ce

7A to 80. 43 Inthepresentenbodi nent,thepositional information of the
vaf er stage WSFA'R t HPZ- 3%9€di FBRti GHPPSTRF s & hRe RHEF LAY uSRTg Cehe

mai n body of L tem PL, similarly to the second embodiment, On the

5 other hand, the main body of the encoder 20X’ includes a
light source 22, a beam splitter 29 arranged on the +Y
side of the light source 22, and the detection instrument
28 arranged below (the -Z side of} the beam splitter 29.

FIG. 5B shows a principle diagram of the encoder in

10 the present embodiment. Here, although £for the encoder
shown in FIG. 5A a constitution 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



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 scale 235 nentioned above is
formed on the first fixed scale 135 (her%%nafter, for conveni ence, 10
denoted as the pattern 94), it can be considered that the main body

of the encoder;2QXXraad chheHd rsdcddrredeserlee @35tka panteofizthe (the
pattern 94) are used. In the present enbodi ment, two | aser

lights Li, L2rafeecriadi plege fIdM tive dengivetsoar césR2opfrn diHdrested
reflection plane 134 at different angles (see FIG 7B), and
posi tional i nfldoiati dhe ntt het-roders Hiffeactsf dAdhtRe oprgxpssd from

direction are neasuted byscu%ang']__gsgs q;.t%gt7 gsulgs Qbtalbneth W t hene

these two | asér <l i ghtsoLi® sinplistically show a

vicinity of theQckibgt fiiaxed sTal eadd3h: angnéiheve¥lepd ol tie anfeer
stage WBT (the reflection plane 134). These draw ngs show that the Z
position of thethafesctst ageeMBRtvan ebddrigmathereZ Sicde ¢ the sgale

side in an order of FIGS. 7A, 7B, and 70. te that  FIGS, .7 nd..
show the staté3%i Fi'Ge 78 WIH 28 d%l‘tat“c?d ]Ime‘s. ?nStea%fsﬁg\%n%l%%d
F1G 7B out of, Lhe diaui ngs., vhal UG duoch8aelydkals Ldiaaad dgtawath
di fferent angl'es fr oM t he Ight source are irradiated onto the

reflection planenkdds then aserrdiighits vei mik2oref 1868, on36he as shown
reflection plane 44 134, respectively, at reflection angl es
i denti cal 100 tire Fhei dehit amdgbepriandléhtepst RBOpAt Br 5184 oP (RE Pe

first fixed scale 135. At this point, itions at_whic ch l-aser
li ght entered ¥%%he %%t?ePﬁeQQQOFR?%g%??%‘le x“éldr%orsscgl%aa 3513§r%e °F

shown as the Qﬂ%@t A{ﬁﬁd1§%§f$9igtf@xe@jBBQHS@ln@ieﬁ@ﬁﬂ“hsiﬂﬁiarly to
|

i nci dent |aser i S are racted into the Y-axis direction,
respectively, @ tfedpigdialA asd’ t hehpoiatldBtipassiopbieabr pelthsprism
simlar to the dash-dotted lines in FIG 6A, and enter severally 10
det ecti on i nstisinertendedepar ede | WioiddsdG@rPFCLPBr conveni ence, denoted

as detection instrunents 228A, 228B)... te.that_.the, sec I '
scal es 224& 224B aﬁ@ephelpﬁﬂﬁ%rseccgllégy%é &%Ee feeruesde(?%l %ﬂgoﬁ%ﬁgf%%

the laser 1i ghE éJ’re%%ECtion plane 134) are deflected by the bean
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



15Here, the detection instrunents 228A, 228B can obtain neasurenent
results corresponding to positions of the point A and the point B. In
this case, as clear froma conparison anong FIGS. 7A to 70, a space
between the points A and B is w der when a space between the points
20 Aand Bin FIG 7B is conpared with tHat bet ween the points A and
B in FIG 7A and a space between the points A" and B" is narrower
when the spacezbetueey the padits A-aigd ithd|fesiAB dnslcomrired twbhh
that between points A" and B" in FIG 70. Therefore, since the 25

di stance bet weén gachwpbént stegat E8Tt gnpogia | raofs t Aereefem seagebe
WST in the Z-axis dlrectlon a position Pz of the wafer stage WST in
the z-axi s di P6@EFBRAcan be expressed by the follow ng equation (1)

wih koas a coefficient ihe cor! (il enl ledsodeter i nedebyetha anake

95 etc. of the |aser Ilg supposed that a measurenent

result obt gi nedcwhtihetbealasers | ikt lif ikhedeaotedswidged W dnd remote
measurement result obtained with the |aser light L2 is denoted with
Mo. 5Pz=k(Ma- Mpm- €2 light s¢uraheZpraserntceABEaFhEM , INHeYBESTt F8n

of the wafer stage WST in the Z-axis direction is calcul d t
above equati o (el)ené%?ﬂleffhempofsklet|%1heaﬁen&:one[“|Eboold TBFPEhE Pnat an%le\Q%eQV\EQ

is perforned. %0%5@? %h%hf@égdfrgﬁ%fﬁfeﬁ& 8G show gongiidtens iba

whi ch the positions of the wafer stage WST in the Y-axis direction
are different gwict. h pachnet hegsacehl G TBRsshiowns baceosdi tihen iderntfiecahceo
that shown in FIG 7B nentioned above, FIG 8A shows a condition in
whi ch t hel§t agestEibhailf @HoVe Ly Qeaéewoﬁh?héeﬁlﬁ(ﬁ%r—woﬁl?ﬁeF|1é5

55 22, & SR (B huh FAG SR BEOU ML L)  edges)

side fromthe %ep%gﬁ{tonse,&c@ G2 8Bnas t8cStaRdatdoha i6eReihéon b8 to

FIG 8B is showmm wth dotted 20lines). Here, the detection

i nstrunments 2284, 228Bcgabn 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 hard
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.



obtai n measurenent 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 conpari son anong FIGS. 8Ato 25 8C, the points A and B in FIG
8A shift fromthe points A and B to the -Y side by a distance
identical to the noverment distance of t h&° waf er stage WST, and the
points A" and B" in FIG 8C shift fromthe points A and B to the +Y

v or Stage VBT Therer ore,  Sippost ne LRt ot s reasar cnont Fesur "
obt ai ned wi thdnhe |@sdrtibnght ikbiforsademot éd whth AMaxand dilrection was
measurenment result obtained with the laser light L2 is denoted with
My, a positi OﬁEP§uéﬁd, not limited to this, 1t is also possible to
employ a constitution as shown in FIG. 6A. In other
5 words, in the present example, as shown in FIG. 6A, the
first fixed scale 235 is arranged instead of the fixed
scale 135 and the main body of the encoder 20XY 1is
employed. On the first fixed scale 235, patterns 92a,
92b with a periodic direction in the X-axis direction
10 (hereinafter, referred to as “X pattern”) and a pattern
94 with a periodic direction in the Y-axis direction
(hereinafter, referred to as VY pattern”) sandwiched
between 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 22, the
beam splitter 29, the detection instrument 28, second
fixed scales 224A, 224B, an index scale 226, and a

detection instrument 228.



5 the wafer stage WST with respect to the Y-axis direction can be
expressed as the follow ng equation (2). Py=(Ma+M)/2-.(2) In
the present enbodi nent, the position of the wafer stage WST in the
Y-axis direction is calculated with the 10 above equation (2) and the
posi tional control of the wafer stage WST is perforned. As
descri bed above, according to the present enbodi nent, by enploying an

encoder with a consthd Ukhh®A Yollyl &t tend henesgoderokd BbEstbAucdy in
measuring with the 15 two laser lights LI, L2, and by using

nmeasur enent rébdkt swwobtai ved amdstbhe epquatiomswid) aaspdé?) deschée bBd

above, positions in the Y-axis and the Z-axis directions can be
neasured. |t PEIPhERERGEPORsPPTEId 0Pt oFts A REEEFFeRentPakiteRBaE PY

| ncreases of tt?ga %}-‘er b%‘&&”éfd 42 Sggé?eeeﬁareg{%{qgedm around,t he, wat g

stage WST. Ins using two lights, I'on pl'anes "are
prepared at dichtenent angl escandsppsitopnalin nfordatiined N & a¥maxts
and the Z-axis directions can be simlarly nmeasured. In the fourth
enbodi nent deslesrbédedbai®veal t hoUghI25 ,t heiposi tthen 6fhtdmedanaf éight
stage WST with respect to the Y-axis direction and the Z-axis )
direction wasSABS8aFed by sty ZHGHSEPEuPE M stid 15 184 Hag2sfithe

encoder i n Fl G, 68 ot i fid eg 10,1 N9, POSLI i OR, MasUr efent , Wity

respect to the Y-axis direction an axi's direction 47 can

performed w thsadmebhodhsi ki alrdr@rithat ichet Reaf our & hrardiesi MBNtshown
descri bed above in a constitution of other enbodinents (e.g., a
constitutii®n in Ra@Gh-dAtped6Binekbanwhil aeabwoceacodess Wwet petrifernag

| aser lights Li, 5 L2 at different qggles described in the fourth
enbodi nent  deSePbaBLAbbYetBF e™PHACRLY r¥5pEtd i SREIdFe Torf tote "é e PEHY

the ot her Sid%f“th%“%n%ﬁie??&%@?lép.th&f" Syst &M W d hsLespect o hig:
Y-axis direction, and tilt information of the wafer st age
(rotation infaesatipadisbdhe ex
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



10 direction) can be neasured from positional information of the

waf er stage WST in the Z-axis direction neasured with the two
encoders. Simlarly, the two encoders with the two |aser lights Li,
L2 at different angl es described in the fourth enbodi nent descri bed
above are placed, 15 respectively, on ont side and the other side of
the projection optical systemwith respect to the X-axis direction,
and tilt infopmaheonzef abhetwaf ek xsd agea MET313 ot atd Oferigafdorimaticea bA
the Oy direction) can be measured from positional information of the
waf er stage 20h@ASTixed: cadeaxd 3° di r ctlivwgmdapaseterk v PATEHED t Bt 2
encoders. Alt rnativfel , two, encoders with t?e tﬁﬁ I?ser Iighis bé
L2 at differenfBnffes dBE2r1Bad T n2Fha 9ol f R efBRai méRt G5ELFI BEQ’
above can be el!ngcsd Atk easti On N did2CliifRn0f o fie dtiden he »&
side, the +Y side, Bnd 25 the -Y side of the proj ection optical
system O 5coukseured @achusindg heheasestwestmicbedoabdveattefrhect i oiin
pl anes can be severally prepared at different angles instead of using
the two encodé&hdswicBRet hey| agdrg ] igyitt-s 1B ForZ-di vaied er emerdnglPe §C0/
48 In the second to urth embodi nents,and the. modif.i ed

exanpl e descr f&d a%songealc{e%(?ﬁ A Besdri Bt oRs \%(e%r’e Sg:?rr\q}glnarfl ; o the
arrangi ng the gjretbecth ofn Pt ARG dincld ned chy 45-de9eResa i dthe $X¥ phane
on an end of the wafer stage WST, not 5 limted to this, it is also
possi bl e to enpl,oyaa aerstitbhsdonals Spowezdon FHGL 9.appeasthepnwortlds,
by arranging two reflection planes 25a, 25b on the wafer stage WST as

shown in EPG dghsctions aPSErEwyy bl28 t dSal PEHrERRA st ageP¥ o FahEtiBA
equivalently to the,10 ref|ectjon plane.inclined by 45 .dearees.. By
doi ng this, avﬁéﬁﬁgiﬁnﬁth%ep ci’ocglir%enéilrmel%#i %QF%X%e“}?- %SSELS“O% of

direction and gPakEEENsMhdd w1PeHkadhCrrl NEEtdiond BahhBe Ynddsred.
direction can be separately arranged on each reflection plane. This

i ncreases degrees ofnf Feedomri n the praededcbnomeandrdesngnodf that verns.
Note that a prism 25 can be arranged on the wafer stage WST as shown

in FIG 9B instead HFTt B8 (t6Fl ScEréR PLARESI B2 s rigrmeR) PYca$enda
pattern c be arranged not only o he.refl ecti I , b I

at | east gﬁe of" rg‘gﬁécﬁnogs' gﬁXSI gr%gsw %g a2§(ft%gr]f%| ?}%ﬁg % c%ﬂgﬁqc

prism 25 brings . aptadyant,agect halxnar alikekt ioyegentnef -theivaf eha of
stage WST can be purely neasured by utilizing insensibility to

rotation betweer thednpuitadoeuti@n, [thghtSixaad stdad eprli3Sm, 25Nottéiet ratin
it is possible to use encoders, in an appropriate conbination, which

relate to eaclPosty t hE et diarEREsrantCt’he nollPEi edb&EThl é°de'stiibed
ﬁgggﬁ;elgﬁ:e{ﬁ%ﬁﬂg%%}%g?p ?kgkgiéi%%gﬁ%PEgE%%gg&gctgbgig&gﬁgnﬁﬁp%ith
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.



49 directions is possible by using two main bodies of the encoder
20XY' in FIG 6B and the encoder which is capable of measuring with
respect to two axis directions described in the fourth enbodi nent
(see FIGS. 7A to 8C). 5 In this case, by passing the optical axes of
lights irradiated fromthe two main bodiﬁg of the encoder 20XY' into
positions with an equal distance fromthe optical axis of the

projection optical systemRL, & high-o:pir@QleSiion FIEASBrgMENtrad feROtbn
Abbe errors is nmade 10 possi bl e. In each of the enbodi nents

descri bed abowéanal shodghrt he hbasueéheditimaelpeet difed By @sinigtere
1st-order diffracted lights, not, lim,ited to E i s, the measurenent can
be performed By thsi hig REreCSha- FHdsSHtRe Bt dEG8Fdef 2718 t RE R Th2or der

diffracted li%%&%hged 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.



Further, in each of the enbodiments and the nodified exanple

descri bed above, although the |ight sources 22, 42 were placed by
facing to sides of the wafer stage WST, for exanple, the |ight
sources can be placed far fromthe 20 wafer stage WST, and | aser
lights emtted fromthe |ight sources call be transmtted by using an
optical nenber (such as an optical fiber and/or a mrror, etc.).
Moreover, in arrangimg achd ur @dddsgnef mahBoboaies, of wnrcodeiss.itdonal
| aser Ilght fromone |ight source can be led 25 to each of main
bodi es of encéaépsnpyiap| iefi nghe ntwr kel wﬂ@Dﬁtywéﬂ | iight $he Z-axign

each of the enbodi pents, and.the nodified exa escrlbe bove,  at
| east a part r?ﬁgeﬂ%|hsb%hﬁooTe?ﬂﬁxﬁhgﬁhéF EQ&Bpgoag ?h@gé

light source) eH@BEéPn%‘é)XY5Q:1éast&\i%e8arhbt6%ear§WdlneF@G’ R thes tne
supporting surface plate on which the projection optical systemPL Is

mount ed, the Feasdr éirall trtape DBRt bONeNe aboyen®t @ubddimtdi@r deskrened
of the enbodlnents and the nodified 5 exanple described above, a
one- di mensi on&kc#fd/ of 1nGD- di REASEOhaligerd ool tiqskta etyeciion in the

diffraction gratin can be | rectly for e refl ctio

bl ane of +he arsr s BAgetuER omildito Yned iR ah BUP shfheE bh o g
on a plate-type genier Aade.ak @jﬁatrﬁér{t@on\é‘dt %b%JeOV!slof&ﬂﬁ‘ch'Qﬁe%e
of thermal expansion (ceramcs etc.) and the plate-shaped nenber can

be fixed on tHerwaf efisédigescale 135 n(teachinefftehe embodidgmentesiience,

descri bed above, although descriptions were given for using the
encoders £8r ﬁﬁéoﬁéﬁs®$eﬁ%%tp%ﬁt%qﬂagﬁéﬁeFtsFa@eb%EH°ﬂ§kﬁquQﬂtP§H the

LP' fhelfe” C: %ag'ofggg?f;sﬁ'fb' Bl LGl NG o8RO 2nLOT: L8 FEaRY" QHENL

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



In each of the enbodi nents descri bed above, as

di scl osed, e. g.,inlnternational Publication No. 1999/ 46835

panphl et (correspondi ng U. S. Patent No. 20 7,023,610 specification),
har moni cs obtai ned by anplifying |aser Ilghts with a single

wavel ength in an infrared region or a vi%¥ible region, which is
oscillated froma DFB sem conductor |aser or a fiber laser, with a

fiber anplifiersintespbiehve By 9. at EFDFIWBQL QLN 0f ﬁénﬁwaymc@nghe
ytterbiunm is doped and by mavelength conversing to an ultraviol et

light wth a nonhdﬂearaoptesalaudysmabrc&hebgm&&edna§4%mﬁ the first
illumnation Iight IL. Further, the projection optical system
may not be onfy=&%r 88REEi &A° sysheni bt EW%RFWHHQﬁ%tMSPSaﬁteﬁﬁth esgh

magni fyi ng and gegaggégglggtgy {em The p Q#%cglgq %%tl If§¥sEegk§%%]

not be only a |optr| Sys But-al'so et ner of “a FefTecti sys

and a catagli Opthie S\St efte aBBolAS a{youe&t %gihﬁmg@ BRY heceighglt of.
an inverted 5 i mtage and an erected i mage. reover, although an

exposure areaAéhhou%hichOthe8h¢WmHﬁrﬁhdtnﬁﬂdﬂﬁmmtlle3etrradgated yra
the projection optlcal system PL is an on-axis area including the
optical axis AXFWFRRFEE t RETPI P of ~#HES pAoFectidgh opEreart syaltem Pr,

as di scl osed, +B=0 801&9 hnaggtqﬁgggxgg@lF?u%%g%atkéa ?Eapa Q/%Q%O}ar

panphl et , t he exposure area nay an o Xi's a 0es Nno

include the opbi ¢ak axkE-AXctsd Mdmdd yid orms.catgdiHRt rdt o3y Skelirgl1 ¢
so-called inline type in which an optical system (a reflection system

or a catadl? optietectysn en) instrimmntivas ayHparabi ty iofdivétihetlyon (for
pl anes and forns an, internediate |na%% at |east once is arranged in a

part of the sySUERERRFShi BHHES &5siPRGPet bpti tattaimants 728Ry s228B) -

Note that the second fixed scales 2243, 224B and the
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



case, the center of the exposure area, i.e., the projection center of
the projection optical systemPL is 20 different fromthe optical
axis AX. In each of the embodi ments described above, although
descriptions were given for a case where, the present
step-and-rePeat 25 to this, it inventionqéo a and-scan type. of the
so-call ed stepper), not limted possible to apply the present
exposure appareticus of t hReSt Bps=rcask,gHte nmeasur e2possiprseaf a&hat a
reticle stage, being novable at least in a single axis

measurement result obtained with the laser light L1 is

denoted with Ma and a measurement result obtained with

the laser light L2 is denoted with Mb.

5 Pz=k (Ma-Mb)} - {1)

In the 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



52 to use the encoder of each of the enbodi nents descri bed 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. Furtpgrnnre, t he present

i nvention can be suitably applied to an exposure apparatus of the
stepand-stitch type, an exposure apparatus of the proximty type, a
mrror projectiforchadl | gmEr; etegge | HSAddI tlhexrefbhe, psespnsingventt Onrhe
can be also 10 applied to an i nmmrersion-type exposure apparatus in
which liquid FP&2PPFEBRE betREBAHT a OpF8iBRE | HRTBptiNCal lanpst el dHd B is
waf er as discl.ose e. i,n Lnternational Publicati Y .
2004] 083955 pavbRrat S2Er 1R ERrS EPEaP Rt e Bt P e pararis
the reflectionnpl an@et13448kcih afs Henbheawafieh sbade ¢RRiRE-RO¥Er 6d
with a liquid repellency cover nenber (e.g., a glass plate, thin
film etc.p, aheewbéer(etgge HSHr odve) respedie ar ranged-onid e nggpenn
surface of the wafer stage to avoid that the liquid reaches a
reflection pl &38. PRUP¥RE?SSSY 355 ThEsSrbleviny Zouappry he- present

i nvention not only %Q_ osure apparatus with an exposure
illumnation |ight %FgﬂTﬁﬁBultrg%ﬁolet regi on, a vacuum ul traviol et

region, etc., but atSOotHd FARRKROSHEEI ARNA Al pBsPrioM dh B2 E¥er
light, an X-ray, and a charged particle bean1sucﬁ as an 25 el ectron

beam and an i etabeadST in thMofteakhat diheclekposiy ecalppdeatds wiinheabh
of the enbodi nents described above may be al so a tw n-waf er st age gxpe
e

capabl e oﬂopeFPBVm|ﬁﬁ¥ﬂ¥¥%boé%¥eEﬁﬁb¥%ﬁ?oﬁoéﬁaianﬁ%a§ﬁwéﬁ€ﬁtCﬁ
operation (e'%afe@aFE?ggFf§?i#?’ﬁ@r%grﬁ 5 93 alignnent systemn)
el w e

substantial |y paral t two wafer stages, as disclosed, e.g.,
in Kokai (Japanese Alhexasgtaethdat etdo APl iLaidrainfubliccatingn) fMesent

10- 163099, Kokai (Japanese Unexam ned Patent Application

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



5 Publication) No. 10-214783 (corresponding U. S. Patent No. 6,590,634
specification), International Publication No. 98/ 40791 panphlet, etc.
Mor eover, the exposure apparatus of the enbodi nent descri bed above
may be al so an apparatus equi pped with a,jreasurenent stage i ncl udi ng
a 10 neasurenent nmenber (e.g., fiducial marks, and/or sensors, etc.)
in addition to the wafer stage, e.g., as disclosed in International
Publ i cati on Naan2Qfb/ p£€40d4rphnphtiet aetrethod simillareach dfat hén the
enbodi ments descri bed above, an optically transni ssive mask, where

* .

a
pr edet er mi ned fionght 1Enbadigeainglessribed EGOVBhakde patoesshitiFghe ©f
attenuati on pattern) .fornmed, on a optjcall ransm ssive

substrate, was §5d?mp§§f3%ﬁt%f(?ﬁ%’nﬁkﬁPngEle e%??dﬂ??ﬁxésﬁ%ﬂ%ﬁ oB) -

forms a transm ssiMe.Raki s N o LBELESEES iR PRI RwoOladet | HYhts L1,
em ssion pattern (or a variable nolding mask 20 including, e.g., a

DVD (Digital NM2zcraa- miifrfereDevacg)ed hidsdrsbadt ypetbé acwnonh emilssiiwent
i mage display elenment (also . X
di scl osed, e. g.45SFUIBePapBAY RO 65 7R L7 IS SRREEL TR LA | Yh. OFurtiEr 2s

di scl osed, e.g., in lnternational bl jcati : 01/,03 th
panphl et theqﬁFes%% e?n&%%?id%gcgﬁgbeééﬁiéég%ggﬁi%%QV%!angiggggng
apparatus (a lidhagraphy systrenrkithat rbecisna seyi e paidBfvnaanod of
wafer by formng fringes on the wafer. 54 Mor eover, as

di scl osed, e.ghe i RaPubl isheet Japanessthr@Ensl athomroft iRET appl tleat iBen
No. 2004-519850 (corresponding U S. Patent No. 6,611,?16 c . £
speci fi catlifon)dineEipreseat PRVEBRTTHIETdi Fe PRSLE  8ppt i Bt T8 3o ©

exposure 5 appcg{?agrgat%ieg:h%tcgégnﬁg'fe%nti‘.’\ﬁ) rze—taix(?dseldlﬁg%ﬁwﬁtﬁé‘a&ﬂ@ &lith

via a projecti cal stem and substantia si mul t aneously
performs a doullee QXPOSHESIQH.0 OnEnSRAt var edeonicheeaiderr st hriaighhe

one-tine scan exposur e.
two laser lights L1, L2 at different angles described in
the fourth embodiment described above are placed,
15 respectively, on one side and the other side of the
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.



Further, an apparatus that forns a pattern on an 10 object is not
limted to the exposure apparatus (lithography system nentioned
above, but the present invention can be also applied, e.g., to an
apparatus that fornms a pattern on an objg t, e.g., in an inkjet

met hod. Further, the present invention is not |limted to an 15
application to the exposure apparatus for manufacturing sem conductor
devi ces, but can beimi det yscappld ed, feugth dnboeXpesdseandpeiamsiidsed
to manufacture various devices, e.g., display devices such as a

| i qui d- cryst alf*dMeprafecereneed 2nite i S1thpred 6Asar befukdre glesgss given

plate, a plas 20 _display, . etc. , _an_ i.magi devi ce. etg. ), a

m cro machi nef%é:n *6r §a %%gEEle ar%%eﬁtﬁiopnpigﬁﬁef?%fﬂé%%,%ya %\L&Ye@ﬁleﬁ,s
etc. Moreover ot hewpreseptahovent i@ Lan e 8hs0,appli edat® 8T, not
exposure apparatus that manufactures a mask (photomask, reticle,

etc.) on whichimdskdpatbernsiof 25 vars oussdevpoesilate fwor mechphyy &

using a lithography process. As described above, an object irradiated
wi th energy b&ARETEBUHECRXFSset I ebehFEF -t He entddi ¢iEiRs deseési bed

above is not Lim.ted to.a wafer. but. may be another ject such _as
a gl ass plate’ a°Carani ctwfubg?]?la cgc,mé] fplﬂibarﬁensﬁn%ge]?", gglﬁas‘?(n bl?g%k???er

etc. - Furkber wdthe; £XpRSIE e:appatat ug , (the patterd feLELR%e to

apparatus) in each of the enbodi nents descri bed above is

manuf act ured by lagseriild ngsvage ousosubfusysiens enoliudiagcigachto the

constituent elenent exenplified in the scope of clains so as to
mai ntai n a%pr G&t-BF R AR AP hREhaheRingst i Aorfiedees|-ectBy ¢giing this,
precision, and an.ptigal precisiqn. ;To;secure these variays types,of
precision, 10 adjgus; ment fof achi I'ng an optll cal ™ precisi on of
various opticalrsystensanadiushaestn fQrcachi svi Ny mecharieal in the
preci sion of various nmechanical systens, and adjustnent for achieving
an el ectrical Ypredksi ohreftivari cas ebectsapimtsy)st eaprangeperdror radh
before and after _the 15 assenbly. An assenbly process from various.
sub- systens t §SFhESEkPOsHL&N@ppar&ids i Eraaes Aeehant caf CERREERI A

anong varilgustp§ldgﬁ§¥§&gn§nd vgersiirc&g1 %(%.n]?ggéé on of electrical circuits,
[

pi pi ng connection of pneunatic Clrcuifts, etc." Note that of course the

assenbly process 20n®fe eagd: SHbpsyshenrcerpspbetlerantbhe a8asenl Yafer
process from various sub-systens to the exposure apparatus. Once the

assenbl y processgef War iesusshoub- Systits t9B tite teeposuT erapparfdtegs ion

ends, the total adjustment is perforned, and various types of
preci si on as pﬁéngﬁtgﬁg,e%ﬂ%sur%p this case, a pattern ¢an 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



25 apparatus are secured. It is desirable th i

d. at the manufacturing of
t he exposure apparatus is perforned in a clean room of which )
tenperature, cleanness, etc. are controlled. 56 As long as the
national |aws in designated (or elected) states to which this

international application is applied perfift, the di [ [
_ , sclosures cited in
all of the Japanese Unexam ned Patent Application Publications, 5

| nternat i onal Rubli.Gation pasmdliehe Ay ddindd. Svo PAkeRt bodies of the

Specifications wth respect to the exposure a i i

_ t pparatuses cited in each
of the enbodi renicsicandokhie tpdiiEedsxanbltés @es@dbbeﬂhé%@vtﬁeﬁﬁ?ablg
fully incorporated herein by reference.

e o S S L Yl e,
areticle is th‘?rﬂﬁré‘g’Fg‘r é&g% g%ﬁ&ﬁ%k%%é@%ﬁ‘ﬁ%?(eé'rg‘edf%szt% I%mﬁqh
wafer is formed frgma sidd copymaifldialy ahéte@tiizgmhimsp '02 lilgchtsa
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



15 a reticle pattern is transferr
_ ed on the wafer by the e
32F2;agﬁsmﬁgcﬁafﬂ enb?dlnent descri bed above; a stgp in mﬁ?gﬁuiﬁe
. . e pattern was transferred (formed) is devel ;
;Beaﬁ;grmg;fgradgbéfgbaep?tte&n is formed by applying etchingp?g’tﬁe
_ _ ent and exposed nbers of areas oth
areas with residual resist are renoved; a step in which unnggegggPy

resist after OJ(Pel e&éﬁlg t chi ; _ _ .
- . § Let GhiRg kg, r emgvedona ey

process); an RbaddiSpect watncst ephe etroJENDUSTR P
: . | PR IR - is
As described above, the novabl e-body apparatus of _t. e EII%T

. . . . - h r e
i
nvention is sedtts.e fide driefSHESRHovabid© 5?16615&)933'? I gggiei o an

axis direction within a novi l.a F

2)r(lgotsrﬁgegozgiz?%ggadgofeiﬂg %Feg%nei Pﬁégﬁﬁ%ﬁn&gr gﬁgﬁﬁﬁe& ﬁew?(j;frmms
1 Lormog appabt eran. oferdivems itheal two-

manuf act uring meté]od of the present invention is suit ab?fﬁicﬁ?%

e N P WP o ot

in an axis 5 dernedti ohl¥THiYh BOTRRA ng” pl gﬁe;reailiéatct@tmrr[b\i%%eatOﬂ cass

wafer stage WST, or, &.9., @& periodic pattern is formed

on a plate-type member made of a material with a low

10 coefficient of thermal expansion (ceramics etc.) and the
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 is 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-



gngﬁazuggcgndevice_having: a light source that irradiates a |ight
ont predetergig;gtbrgngn a predeterm ned plane of the novable body

. ne crossing the noving plane; an opti 1
system of which a positional relation with the Iiéht sogﬁtga:slgixed

and which allows a pluralit i 5 i
) _ _ y of di ffract®ed |ight
moving grating to interfere with each other; gndsagggte(ragt ie(c)infromthe

instrunment that defects the inte ilri
193 lriggh . ' i
novabl e- body Ié‘%%%% aflusgsaccordi ng t%ﬁ%@aﬁﬂr??l%s\?\;ilrﬁei n the BEOTRE O

rgv;n?i?;?tgggggﬁfftgffiﬁ?ﬁg?uy Sﬁﬁlh@ranimgamﬁ%?P%F%ﬁﬂﬁxiﬁeF 8?FL%??%n

: within the pred ' :

ﬁbvrﬂe n?;?bleapbdy aﬁp&r&?ééeaEé%?d?%ﬁtI%Eﬁf ﬁ%ﬂ%ﬂ%&ﬁgﬁgﬁgctﬁgstem,

T ecti one. | 289 i 1t BRPAT R T Rea o o F e i b er m ned bl ane.

d ( _ _ ( _ e predeterm ned

G 11 sechnd gy et | e i |1 Eskanis. ot T o

. . rding to aim3, wh i

';nk;\e/i ﬁredlet er MJagdspkanere aopt@anehsabsttant ijalflllvf‘iﬁ‘é"ﬁ'}@ﬁ(rji = b 1% ¢h
g plane. 5 . 5. The novabl e-hody ap t i v

one of O ai ms ikredidte@hsiaj hhe projection ob RBLE! Ups 816 AFEIN0 o0 oY

axis area including the optical axis 2X within the field
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



the optical system has -
! _ an optical nenbe '
diffracted 10 |ights pass, and a fixed grat{n;h{ﬁg?highlch t he

arranged at a position which the diffract i :
: ed lights pa
the optical nenber enter, and all ows thgadiffrgctedplfah?g :grough

interfere with each other. 15 6 K
fere \ . . novabl e- body appara
conpri si ng: a novabl e body that noves at Ieastyinpgn a;F:1

direction within @emM¥enGrilcare atd dwh i -
: ofr ef Tyl - bed
crosses the noving plane on a part thereof; oeen peane LA

havi ng: a |i ghboseur c&nt hatcaiser 48FaE eEPY ??ﬁ%%”gﬁgb%?ﬂg%%gr:gggﬂgﬁhge

plane; fixed scales of whi a bti I ' | '
sgr{gg.|sdfixé&fe@hféﬁlﬁavgga’oﬂggérhgggfoﬁgFaébgg?ﬁghggtaftEhgbtc"
P ic direction.inthe axis dhrgeet hoslceans whecheiaviel ght hedbiehed

on the reflecti : i

plurality af QEﬁgkgésggaggfer;Gr:i;éﬁg;;?ﬂthzyggggéﬁga{négééﬁg%%an 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



| i ghts generated fromthe one-dinensional grating to 60 interfere
wi th each other; and a detection instrunent that detects the
interfered |lights. 7. The novabl e-body apparatus accordi ng
to Gaimé6, 5 wherein theneasuringdevi ceneasurespositional
information with respect to an axis direétion of the novabl e body.
108. The novabl e- body apparatus according to one of dainms 6 and 7,

wher ei n alliRemene- di yensi Onéhbgﬁgﬁﬁmmﬁf b§9£§léﬁewlﬁtﬁhttﬁ@ two
generate a pl urallty of dyffracted l'ights, and

reflection pl angarakesagde, didfsf r dtsetodddgyht &.45, entrer Kbhazothaq&inese

system 9. A novabl e- bodg aﬁl paratus, conprising
movabl e body tUneamspes Zetreastophication $UBlieati on vah? hi }0 alﬁﬁg\?l9mg

plane; and 20g neasuring device that neasures a posifion of the ...,

5 Publication) No. 10-214783 (corresponding U.S. Patent No.
6,590,634 specification), International Publication No.
98/40791 pamphlet, etc. Moreover, the exposure apparatus
of the embodiment described above may be also an
apparatus equipped with a measurement 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.



novabl e body, by irradiating a light onto a noving grating arranged
along a plane of the novable body, the plane crossing the noving

pl ane, and by detecting a |ight via the noving grating. 25 10.
The novabl e-body apparatus according to Jaim9, wherein 61

the measuring device has an optical syste&mwhich a light via the
noving grating enters, and a detection instrunment that detects a

light via the opticRbr&ysdemadldisAcrerabkegbodyn apRal 8HSY Japanese
conpri si ng: a novabl e body that noves in a direction parallel
to at |east aTiangletagins wpfhi nPATnoveRpglptaien andio. 2004-519850
measuring device havin light source that irradiates a |ight onto

a novi ng gratﬁﬁ6r5ﬁ580g6i5?e8e§erﬁ?h%ﬂtpwane60§1%h%1%n§%&ﬁ%¥#ﬁﬂ£}9nﬁhe
predet er m ned yil-ARe.CLAPSLAG AL DN N0D! 218 Ali X80 OPULal posure

el ement of whic positional relation w ght” source i's "
fixed, whieh dighhtraets ehatefdoapbsea tivghteditisaphedepis tBe AOVREY
grating, and returns the 15 light to the noving grating;, and a -
detection instvignert theelddtient s epiiqght |gusdreirer exhdaf t ewbpasdiiagly
t hrough t he nnving gratin ﬁgaig. 1 12. The novabl e- body
appar at us accSraFAGIrEoe 9511 wheFBIRL® hEFPREF DpPIERI CBR efBRE

I ncludes a oneyedi BRNELONA rf Al R Lhe 8 PR 10D CdLEggELON 1N &
direction parallel to the single axi's, and

Further, an apparatus that forms a pattern on an

10 object is not 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



the light source irradiates a light which is 25 parallel to the
single axis to the noving grating. 13. The novabl e- body
apparatus according to Claim1l, wherein 62 thefixed optical element
includes a one- dinensional grating with_a periodic direction in a
direction parallel to the single axis, the light source
irradiates a plurality of lights 5 inclined to the single axis by

di fferent anglasH ad he Jwisng1gtaf i Agcatddiicn stopl-aneepes pentt atdrater,
to the noving plane including the single axis, and t he

nmeasuri ng devizenxcknpleessa position in a direction perpendicular to

t he noving plane of the 10 npvabl e body b Si t i l.
whi ch is obtai ned b;?utrﬁaeaet‘é*b%ied‘i?‘%s%%ra %%g“%r/]hgft ﬁ‘t ecﬁ’%ﬁ%’?@?‘%@“

li ght gener at eagp Jr%reutshe inl lérg. i %3 Q:fhel ie@@oﬁiments de_scril:;éd e is

novabl e- body apparatus according to any one 15 of Cains 11 to 13,
wher ei n t hereasdnd ngdeveaeBasiy=smasinti enal ohaf enasiyshnernd theluding

novabl e body with respect to a
each constituent element exemplified in the scope of
claims so as to maintain a predetermined mechanical
precisicen, an electrical precision, and an optical
precision. To secure these various types of precision,
10 adjustment for achieving an optical precision of various
optical systems, adjustment for achieving a mechanical
precision of various mechanical systems, and adjustment
for achieving an electrical ©precision of various
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.



direction parallel to the single axis within the noving plane by
using a Oth-order light generated at the nmoving 20 grating, and
nmeasures positional information of the novable body with respect to a
direction orthogonal to the single axis within the noving plane by
using a diffracted |ight except for the h-order light. 2515. The
novabl e- body apparatus according to Caim 14, wherein t he
fixed optical elenent inglgides aciid r sttaoeadi nensi onal dgsagnageahi o
is placed at a position which a Oth-order light generated at the
gg¥|P? ?r?th%Ebﬁqm%? 3 tard basvwaiper tBdpc 1atrEREE S dh aPE %N
ralle o] e single axis, and second. one- di nensi ona ti
S?LCh hs p:acﬁﬂsa?p R i??5%§HMigﬂea8&F?%?%%ﬁgﬁ ?}Bﬂf %écg%? f%?wiee
-order lig S DS erd.odi.¢ 5 a6 i i i i
ort hogonal to % e §%%blgﬂg§|s.n%dp Pt f_-1%@%%82%|2F%gg§&&£idﬂyl
appar at us, sconpsticimi@ional PukdimBvabhe phodilébat andvede U & f i Patent

and a second directionsorthogonal toeachotherw thina 10 predeterm ned
pl ane and has 3peeiiisationsplvafe Wi ¢ Er 03 ebht hE*BPaRES afPRATACIRE

angle and on whjch a diffraction grating is. formed; a Iy
measuring devi ¢e*§hat* ndaides © fFE%d %% ?%%1e%g%en€ﬁs, hEchmfattred

arranged by exé§gﬁgfgéidééé?%bghrﬁEove are fully incorporated herein by

reference.

10 A semiconductor device is manufactured by
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



15 direction substantially parallel 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
beans which are generated fromthe refleﬁgi on plane and reflected on
the fixed optical 20 elenent and the reflection plane, after allow ng
the beans to interfere with each other, and measures positional

i nformati on ofbddie arovablse Bbodyn axis directich’withénnavableadaohane.
apparatus according to Claim25 16, wherein in the novabl e
body, the ref |BEHheF plidife FPUIENFRPINRLERt éidi rdical DRPIHE Jednrd
direction. 64 18. The mvabhl.e-body appar atus ordi : e
of Clainms 16 ahd ﬁe WHESE R lnveIthOHe ad‘%/effgﬁ%f%)lne g?g ir(?g{lpi%gl¥18 o
periodic at |eastedn the sesepthdi rectheners. rurth@r, Thehe device
novabl e- body apparatus according to any one of Clains 16 to 18,

wher ei n 5 marhgafitxedngpthethbd ebBngmt pirclendes naegraen ngs suitable
periodicinthefirstdirection andpositional 10 information of the

novabl e body ik Fenfpstugir@ctiTiP (98 VAESEur ed. 20. The
novabl e- body apparatus according to any one of Clains 16 to 19,
wherein 15the fixed optical elenent includes a grating



periodic in the second direction and positional information of the
novabl e body in the second direction is neasured. 2021. A
novabl e- body apparatus, conpri sing: a novabl e body that noves
ina first and a second directions orthoggnal to each other within a
predet erm ned pl ane; and a neasuring device that includes a fixed
scale 25 which is arranged by extending in the first direction
substantially parallel to the plane antihaMsa diffraction grating,
irradiates a light beamonto the fixed scale via a reflection plane
of the novabl e body and detects a plurality of diffracted beans

generated fromthe fIX%d ggﬁﬁe after _allown the beans to
interfere with each ot POV%% HBUPBE2PB ?Ttdﬁ Pi3i8Pmat i on of the

mnz\e/?tealﬁ body. 522. Thenspyahl epBady @appar abyss acgor dbpget a0 ahm2ds
|

5 direction 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
predetermined plane crossing the moving plane; an optical
10 system of which a positicnal relation with the 1light
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
that detects the interfered lights.
15
2. The movable-body apparatus according to Claim 1,
wherein
the moving grating i1s a one-dimensional grating
with a periodic direction in a first axis direction

20 within the predetermined plane.

3. The movable-body apparatus according to Claim 1,
wherein
the moving grating is a two-dimensional grating
25 with periodic directions in a first axis direction within
the predetermined plane and in a second axis direction

crossing the first axis direction.



t he neasuring device detects the plurality of diffracted beans via
the reflection plane. 1023. The novabl e-body apparatus according to
one of Clains 21 and 22, wherein t he nmeasuri ng device
irradiates the |light beamonto the refle %ion pl ane al ong the first
direction and a position of the fixed scg e is practically identical
with 15 a position of the Iight beamw th respect to the second

di rection. 24.. The nbvable-loily appakatysaaccodthhanged oClariyn Gne
of dains 21 to 23, wherein 20the reflection plane includes a first

pl ane that crossesitthe plane at an acute angle within a plane

parallel to the firgg direction and orthogonal to the plang., 2525.
¢ B nd s

me movabl e- body appAfatREEHCEHFarRg oAy bhe %ofP i A Ko o
erein dhe npyab ; ction plane is arranged
by extendi ng alzl)é(;drllag thg secolrzl(g %?‘?g%%ﬁlgﬁ b%h@ P )

5

5, The movable-body apparatus according to any one
of Claims 1 to 4, wherein

the optical system has

an optical member through which the diffracted

10 lights pass, and

a fixed grating that is arranged at a position
which the diffracted lights passing through the optical
member enter, and allows the diffracted 1lights to

interfere with each other.

15

6. A movable-body 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;

20 and

a measuring device having: a light source that
irradiates a Jlight onto the reflection plane; fixed
scales of which a positional relation with the light
source is fixed, which have a one-dimensional grating

25 with a periodic direction in the axis direction, and
which a light reflected on the reflection plane enters;
an optical system that allows a plurality of diffracted

lights generated from the one-dimensional grating to



66 26. The novabl e- body apparatus according to any one of
Clains 21 to 25, wherein the diffraction grating is periodic
at least in the first direction and positional information of the
novable 5 body in the first direction is_neasured. 27. The
novabl e- body apparatus according to any 8he of ains 21 to 26,
wherein the diffraction grating is periodic at |least in the

10 second dir eGlie@reaBd PO t LQBRI Juhker MBiridnaofdd e yipwabl es thaehenitn
the second direction is nmeasured. 28. The novabl e- body

appar at us accadrditngetecanytioneiofe@egensl2dht®. 27, wherein 15t he
diffraction grating includes a one-dimensional first grating wth a
periodic direction in the first direction and a one-di nensi onal

second grating with.a QggiRg%g?%%jéﬁgéﬁﬁkgaggéﬂg_§889£@H£&réﬁﬂdﬂ¥1ma%q

the positional inforfation o e y in the first 20 and

t he secondsdi rg&d=QRs I s neasured. 29. The novabl e- body
apparatus according to Claim28, wherein on the fixed scale, the
second grating i s ptheed one@sifjotch si desief t hasHSMEEsgr at PR WidRL
respect to the second direction, the nmeasuring device. detects
diffracted beaE F8FEREP ywifdheraERT Y 1 %r‘ﬁ tfe ta\f\%ssecg%%%ctglroéjt i AGs che

movable body.

10 8. The movable-body apparatus according tTo cne of
Claims 6 and 7, wherein
the one~dimensional grating reflects the light to
generate a plurality of diffracted lights, and
the reflection plane makes the diffracted lights

15 enter the optical system.

9. A movable-body apparatus, comprising:
a movable body that moves at least in an axis
direction within a moving plane; and
20 a measuring device that measures a position of the
movable body, by irradiating a light onto a moving
grating arranged along a plane of the movable body, the
plane crossing the moving plane, and by detecting a light
via the moving grating.
25
10. The movable-body apparatus according to Claim 9,

wherein



after allowing the beans to interfere with each other, 67 and
measures positional information of the novable body in the second

di rection. 30. The novabl e- body apparatus according to any
one 5 of Clainms 21 to 27, wherein he diffraction grating

i ncl udes a two-di nensional grating periodic in the first and the
second directions and positional information of the novable body in
the first and the sesendedsnetid ofisvice measwrecthptli®al systedlwhIhe a
movabl e- body apparatus according to any one of Clainms 21 to 30, .
wherei n the mBdgbti ngladeree Betert sIgrtiracrtedehéansithi 8h dgection
generated fromthe fixed scale in dif&ﬁég@t 15 directions, by

irradiating tH&SITYRE bestt after4r 8 ¥ e hedits OPG AT eF Y or e i t h
each ot her. 32. The novabl e- body apparatus according to any one
of Cainms 21 to 31, wherein 20the neasuring device irradiates a
plurality of |ight beans romtabltehdotiyxedpscales byompkingngrradi at ed
positions different in a periodic direction of the diffraction
grating. 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
10 predetermined plane of the movable body, the
predetermined plane crossing the moving plane; a fixed
optical element of which a positional relation with the
light source 1is fixed, which diffracts or reflects a
light diffracted at the moving grating, and returns the
15 1light to the moving grating; and a detection instrument

that detects a light interfered after passing through the

moving grating again.

12. The movable-body apparatus according to Claim
20 11, wherein
the fixed optical element includes a one-
dimensional grating with a periodic direction in a
direction parallel to the single axis, and
the light source irradiates a 1light which is

25 parallel to the single axis to the moving grating.

13. The movable-body apparatus according to Claim

11, wherein



2533. The novabl e- body apparatus according to C aim32, wherein

the nmeasuring device detects diffracted beans generated fromthe
fixed scale by irradiating two |ight 68 beams paired up out of the
plurality of Iight beans, after allowi ng the beans to interfere with
each ot her. 34. The novabl e- body gppar atus according to one of
5 Gaims 32 and 33, wherein on the novable body, a diffraction
grating is formed omhthe fifdect bpnipinne eardethe pinulaldietsy od | icght
beans include beans generated froma diffraction grating of the
reflection pl aiaensigrpler epdt g ectitdns 2 103509 The FbVRMBHE Dody 2

appar atus accor.di ng. [ ' i ' i i
dP]Pfraction : el lt8ﬁ gagéﬂgf,to reelsgnglgear}‘lliosw c direction of the

the 1light source irradiates a plurality of lights

5 inclined to the single axis by different angles to the

moving grating within a plane perpendicular to the moving
plane including the single axis, and

the measuring device computes a position in a

direction perpendicular to the moving plane of the

10 movable body by using a detection result which is

obtained by the detection instrument with each interfered

light generated from the plurality of lights.

14. The movable-body apparatus according to any one

15 of Claims 11 to 13, wherein
the measuring device measures positional
information of the movable body with respect to a
direction parallel to the single axis within the moving
plane by using a Oth-order light generated at the moving
20 grating, and measures positional information of the
movable body with respect to a direction orthogonal to
the single axis within the moving plane by using a

diffracted light except for the Oth-order light.

25 15. The movable-body apparatus according to Claim
14, wherein

the fixed optical element includes a £first one-

dimensional grating which is placed at a position which a

Oth-order light generated at the moving grating enters



the reflection plane is practically identical with that 15 of the
diffraction grating of the fixed scale. 36. The novabl e- body
apparatus according to one of Clains 34 and 35, wherein the
diffraction grating of the reflection plane is 20 periodic at |east
in the second direction. 37. The novabl eggody apparatus according to
any one of Clains 34 to 36, wherein the diffraction grating of the
refl ection pl am 2&d ncl pelesodi d whrcidtensi dmala giatddaig guergaodildeiln to
the first and the second directions. 38. The novabl e- body
appar at us accd?rlm NI BB arhF 3220¢her efpcoBy one-dimgrfe opgds Ui gtgna-

device irradia the pI ralit h bea tq the efI ti.Q
pl ane fromdif CEnt i Ped cﬁ%n%ttg r‘?a%ltt mrErlg ia eg p%5| ti %nsll ht

different on téy%ébhx%@rsQﬁ%eﬂtﬁ—order light enters and has a periodic

5 direction in a direction orthogonal to the single axis.

i6. A movable-body apparatus, comprising:
a movable body that moves in a first and a second
directions orthogonal to each other within a
10 predetermined plane and has a reflection plane which
crosses the plane at an acute angle and on which a
diffraction grating is formed;
a measuring device that includes a fixed optical
element, which is arranged by extending in the first
15 direction substantially parallel to the plane and a part
of which Ffaces the reflection plane, irradiates a Llight
beam onto the reflection plane along the first direction,
and detects diffracted beams which are generated from the
reflection plane and reflected on the fixed optical
20 element and the reflection plane, after allowing the
beams to interfere with each other, and measures

positional information of the movable body.

17. The movable-body apparatus according to Claim
25 16, wherein
in the movable body, the reflection plane 1is

arranged by extending along the second direction.



39. The novabl e- body apparatus according to any one of Clains 21 to
38, wherein the reflection plane includes a second plane that is
arranged by extending along the first direction and 10 crosses the
plane at an acute angle wthin a plane ngaIIeI to the second
direction and orthogonal to the plane, t he neasuring device
includes another fixed scale, being different fromthe fixed scale,
which is arranged 15%g8byTe%t @ndablet+bodhesmecendsdiacectiong to one of
substantially parallel to the plane and has a diffraction grating,
irradi ates a IGlghAmsbéaneomt b’ t &eadféfher fixed scale via the second

pl ane, and detects lyrality .of diffracted beans,which .ar .
generated fromthe gﬂ%t ﬁéfﬁ“i‘%tel " APS1BE ARdPTetTEd eacC]: ol%at%ﬁe e &BRd
pl ane after alJ.Qw,A94tbe-beans to interfere with each other. 40. The

novabl e- body appar at us according to daim39, wherein 25the neasuring
device irragdiates a |light beamonto the second plane al ong the second

di recti on,

10

i5

20

25

and a position of the another fixed scale is practical

19. The movable-body apparatus according to any o%e
of Claims 16 to 18, wherein

the fixed optical element includes & grating
periodic in the first direction and positional
information of the movable body in the first direction is

measured.

20. The movable-body apparatus according to any one
of Claims 16 to 19, wherein

the fixed optical element includes a grating
periodic in the second direction and positicnal
information of the movable body in the second direction

is measured.

21. 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 plane and has a diffraction
grating, irradiates a light beam onto the fixed scale via
a reflection plane of the movablie body and detects a

plurality of diffracted beams generated from the fixed



identical with that of the light beamw th respect to the first
direction. 70 41. The novabl e- body apparatus according to one
of daims 39 and 40, wherein t he another fixed scal e includes
a diffraction 5 grating periodic with regpect to at |east one of the
first and the second directions. 2. The movabl e- body

apparatus according to any one of Cainms 39 to 41, wherein 10the
measuring devige ier r athiat es1doping akhty tehanki g breasfarnt owt he each
anot her fixed scale by naking irradi ated positions different in

peri odi ¢ di r ectiten, ofntheedsfifeacedoit ipradi AgLorsaBiomes rf‘ﬁ”\‘ﬁab?céfa%ﬁy
apparatus according to Caim42, wherein on the novabl e body,
a diffraction ktj’rdét’t'i ng is forned on the second plane and the plurality
of light beans include beams generated fromthe diffraction 20
grating of the second plane in different directions. 44. The
movabl e- body appar abys ageormlbngdpit-ebohgi mpdaravher eiceording to Claim

21, wherein
the measuring device detects the plurality of

diffracted beams via the reflection plane.

10 23. The movable-body apparatus according to one of
Claims 21 and 22, wherein

the measuring device irradiates the light beam onto

the reflection plane along the first direction and a

position of the fixed scale is practically identical with

15 a position of the light beam with respect to the second

direction.

24 . The movable-body apparatus accerding to any one

of Claims 21 to 23, wherein
20 the reflection plane includes a first plane that
crosses the plane at an acute angle within a plane
parallel to the first direction and orthogonal to the

plane.

25 25. The movable-body apparatus according to any one
of Claims 21 to 24, wherein
on the movable body, the reflection plane 1is

arranged by extending along the second direction.



the neasuring device irradiates the plurality of 25 |ight beans onto
t he second plane fromdifferent directions to make the irradi ated
positions different on the another fixed scale. 71 a novabl e
body that noves in a first and a second g%rections ort hogonal to each
other within a predeterm ned plane, and has a first reflection plane
that is arranged by extending along the second direction 5 and
crosses the pl ane ateanTheuhevaing-&aotiyt hippaaaphanecpardirdeltd anyhene
first direction and orthogonal to the plane and a second reflection
pl ane that is o Canged BY eXtehdi"w§r&idng the first direction and
crosses the plane at an_.acyute angle within.a plane . parallel_ to.th
second 10 directionkgﬁdd6$$¥ﬁﬁﬁﬁ1 %5t hd 6Fa§%?l%$é? & Teast ih%he
neasuring devigethat -bRekudesn@ fodstinRd ansecnndi sefdectiditovanle
menbers substantially parallel to the plane and arranged by

ext endi ng, 5r espeit ivekite firdhelfracsticandstieasesend directions,
irradiates a first light 15 beamonto the first reflection plane and
allows a plurality of first diffracted beans reflected on the first
reflecting nmenber and t first reflegcti i e
each ot her and deteggs ?ﬁ% 85%%{9ﬂ?%abF%@ggggggeégﬁ%g%ﬁgﬁﬁﬁﬁéﬁﬁfgﬁfo

the second refdeehi.gns201Ptanss antheaakliaws a plurality of second
diffracted beans refl ected on the second reflecting nmenber and the

second refl ecti on pkanedibfiaterdrereraning éacheotheic and brasdctiy the
beans, and neasures positional information of the, npvabl e body

. in_ the
first andlthe Sefd HIFESELBRs, 228 wHeFeF#Honal 1n °Eﬁ%?¥¥hni%§1 cht
grating is arranged o at Eggﬁﬁﬁcgg%dgh EQ?eEEIéﬁd%ﬁﬁk%%hEQH.p|ane and

the first reff%ctlng menber on at | east one e second
reflection plane and the second reflecting nenber.

28. The movable-body apparatus according tc any one

of Claims 21 to 27, wherein
15 the diffraction grating includes a one-dimensional
first grating with a periodic direction in the first
direction and a one-dimensional second grating with a
periodic direction in the second direction and the
positional information of the movable body in the first

20 and the second directions is measured.

29. The movable-body apparatus according to Claim

28, wherein
on the fixed scale, the second grating is placed on
25 both sides of the first grating with respect to the
second direction, the measuring device detects diffracted
beams severally generated from the two second gratings

after allowing the beams to interfere with sach other,



2 46. The novabl e- body apparatus according to any one of
Claims 1 to 45, the apparatus further conprising: a controller that
controls a position of the 5 novabl e body by using neasurenent
results of the nmeasuring device. 47. An exposure apparatus

t hat exposes an object to forma pattern?7the apparatus conpri sing:
10t he novabl e- body apparatus according to any one of Clains 1 to 46

whi ch i ncl udes, gy Akl Haslys fthahaoves owhiat echobdi Rget he>vabjlectiody
48. An exposure apparatus that transfers a pattern 15 formed on a
mask onto an abj etk, sthendpparattusnconpri si ng: t he
nmovabl e- body apparatus according to any one of Claims 1 to 46 which

i ncl udes a novabl e body that noves while holding at | east one of the

mask and the object .20 i i
Eg.aTBgtpovaﬁf@u4%%ﬁ2§¥ﬁ%¥5@ugEEBQQr&fhdwﬂdjhﬁ¥1one

obj ect is exposed arfi ternis on the object, the nethod
conpri sing:s i ré@di1atkinkg2a tboht, alexeanpr edet er m ned plane, 25 which
crosses a noving plane, of a novable body that noves al ong the mpving
pl ane whil e hol di ngthkee dififeection grating includes a two—dimensiongl
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.
10
31. The movable-body apparatus according to any one
of Claims 21 to 30, wherein
the measuring device detects diffracted beams which
are generated from the fixed scale in different

15 directions by irradiating the light beam after allowing

the beams to interfere with each other.

32. The movable-body apparatus according to any one

of Claims 21 to 31, wherein
20 the measuring device irradiates a plurality of
light beams onto the fixed scale by making irradiatec
positions different in a periodic direction of the

diffraction grating.

25 33. The movable-body apparatus according to Claim
32, wherein
the measuring device detects diffracted beams

generated from the fixed scale by irradiating two light



and neasuring a position of the novable body by using a |igh [
predeterm ned plane and a noving grating 7% m{th a gredetgrhixgg the
positional relation to the predetermned plane; and exposing the
obj ect while the novabl e body is noved, based on the neasurenent
results. 5 ~ 50. The exposure meth8# according to C aim 49
wherein the noving grating is arranged on the predeterm ned plané. 10

51. The exposyle jethod - agcopdifg t 9rongeofpQh@ My of light beams,

after allowing the beams to interfere with each other.

34. The movable-body apparatus according to one ot
5 Claims 32 and 33, wherein
on the movable body, a diffraction grating is
formed on the reflection plane and the plurality of light
beams include beams generated from a diffraction grating
of the reflection plane in different directions.
10
35. The movable-body apparatus according to Claim
34, wherein
a periodic direction of the diffraction grating on
the reflection plane is practically identical with that

15 of the diffraction grating of the fixed scale.

36. The movable-body apparatus according to one of
Claims 34 and 35, wherein
the diffraction grating of the reflection plane 1is

20 periodic at least in the second direction.

37. The movable-body apparatus according to any one
of Claims 34 to 36, wherein
the diffraction grating of the reflection plane
55 includes a two-dimensional grating periodic in the first

and the second directions.

38. The movable-body apparatus according to Claim

32, wherein



49 and 50, wherein the predetermned plane is a reflection plan

a position of the novable body is neasured via the 15 reflegtioﬁ’ and
pl ane. 52. An exposure nethod in which an object is exposed

wi th an exposure light, the nethod conprising: holding the object by
a novabl e body that noves in 20 a first &hd a second directions
orthogonal to each other within a predeterm ned plane and has a

reflection plane whigh grassesniheiliane at t i
which a diffraction graﬁ%hg ?sn%orneé; neagﬁﬁgﬁgggogﬁﬁ?gEgFQ@ﬂIQﬁ °f

information ofiiyhe npvatd e cdfobodye befileradoat imigre | fghn bbidhesrnd
the reflection plane along the first direction and by detectin

di ffracted bearsecahpon épemgéﬁeﬁéﬁedfFﬁ6ﬁ§¥?ﬂaF?ﬁ#%ﬁﬁqﬁn?%ﬁéfﬁgngnan
reflected on a fixed ptinI el enent arranged by extending in the

first directionesdbétantrarty
5

39. The movable-body apparatus according to any one
of Claims 21 to 38, wherein
the reflection plane includes a second plane that
is arranged by extending along the first direction and
10 crosses the plane at an acute angle within a plane
parallel to the second direction and orthogonal to the
plane,
the measuring device includes another fixed scale,
being different from the fixed scale, which is arranged
15 by extending in the second direction substantially
parallel to the 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
20 and reflected on the second plane after allowing the

beams to interfere with each other.

40. The movable-body apparatus according to Claim

39, wherein
25 the measuring device irradiates a light beam onto
the second plane along the second direction, and a
position of the another fixed scale 1s practically
identical with that of the light beam with respect to the

first direction.



74 parallel to the plane and the reflection plane, after allow ng the
beans to interfere with each other; and nmovi ng the novabl e
body based on the positional information. 5 53. An exposure
method in which an object is exposed with an exposure light, the

met hod conpri si ng: hol di ng the obj%ct by a novabl e body t hat
noves in a first and a second directions orthogonal to each other 10
within a predeterm ned pl ane; nmeasuring positional information
of the novable body, by irradiating a |light beamonto a fixed scale
whi ch is arranged byiexteadbgabhetihelif i argtardituectticonrdubgt ant rak| y’f
parallel to the plane and has a diffraction 15 grating, via a

refl ection pl &leios BReandvibl e'lls6@8Y: and by detecting a plurality of

diffracted beans generated fromthe fixed scal.e; - j
the novabl e body ba5B8 of?HEpodi F%na?c?ﬁﬁofﬁ%?ﬁggé 20 dlf%%g%%%?nA

devi ce manuf actuni;n Nogh; COPPE SikBgpect to & | iLkhegr £0
( _ ( c@ss
in which an object gsqgiposéd and a pat?%?n ig f or med oﬁ ?ﬁgyogject

gé USL“Q t he expesurnadnehboseascordiregtionany one of Clainms 49 to 53;
an ’

42 . The movable-body apparatus according to any one

of Claims 39 to 41, wherein
10 the measuring device irradiates a plurality of
light beams onto the another fixed scale by making
irradiated positions different in a periodic direction of

the diffraction grating.

15 43. The movable-body apparatus according to Claim
472, 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

20 grating of the second plane in different directions.

44. The movable-body apparatus according to Claim
42, wherein
the measuring device irradiates the plurality of
25 light beams onto the second plane from different
directions to make the irradiated positions different on

the another fixed scale.

45. A movable-body apparatus, comprising:



a process in which a treatnment is applied to the object on which the
pattern was forned.
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a movable body that moves in a first and a second
directions orthogonal to each other within a
predetermined plane, and has a first reflection plane
that is arranged by extending along the second direction
and crosses the plane at an acute angle within a plane
parallel to the first direction and orthogonal to the
plane and a second reflection plane that is arranged by
extending along the first direction and crosses the plane
at an acute angle within a plane parallel to the second
direction and orthogonal to the plane; and

a measuring device that includes a first and a
second reflecting members substantially paraliel to the
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 and detects the beans,
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 measures positional information of the
movable body in the first and the second directions,
wherein

a diffraction grating is arranged on at least cone
of the first reflection plane and the first reflecting
member and on at least one of the second reflection plane

and the second reflecting member.
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46. The movable-body apparatus according to any one
of Claims 1 to 45, the apparatus further comprising:

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

measuring device.

47, An exposure apparatus that exposes an object to
form a pattern, the apparatus comprising:

the movable-body apparatus according to any one of
Claims 1 to 46 which includes a movable body that moves

while holding the object.

48. An exposure apparatus that transfers a pattern
formed on a mask onto an object, the apparatus
comprising:

the movable-body apparatus according to any one of
Claims 1 to 46 which includes a movable body that moves

while holding at least one of the mask and the cbject.

49. An exposure method in which an object is
exposed and a pattern is formed on the object, the method
comprising:

irradiating a light onto a predetermined plane,
which crosses 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 via the predetermined plane and a moving grating



10

15

20

25

73

with a predetermined positional relation to  the
predetermined plane; and
exposing the object while the movable body is moved,

based on the measurement results.

50. The exposure method according to Claim 49,
wherein
the moving grating is arranged on the predetermined

plane.

51. The exposure method according to one of Claims
49 and 50, wherein

the predetermined plane is a reflection plane, and

a position of the movable pody is measured via the

reflection plane.

52. An exposure method in which an object 1is
exposed with an exposure light, the method comprising:

nolding the object by a movable body that moves 1in
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 angle and on which a
diffraction grating is formed;

measuring positional information of the movable
bedy, 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 reflected on a fixed optical element arranged

by extending in the first direction substantially



iQ

15

20

25

74

parallel to the plane and the reflection plane, after
allowing the beams to interfere with each other; and
moving the mowvable body based on the positional

information.

53. An exposure method in which an object 1is
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 irradiating a light beam onto a fixed scale,
which is arranged by extending in the first direction
substantially parallel to the 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; and

moving the movable body based on the positional

information.

54, 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 any one of Claims 49 to 53;
and

a process in which a treatment 1is applied to the

object on which the pattern was formed.



