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I nvention relates to pattern form ng nethods, pattern formng
appar atuses, and devi ce manufacturing nethods, and nore particularly
to a pattern formng nethod and a pattern 10 form ng apparatus for
forming a pattern on an object, and a devilce manufacturing method
that uses the pattern form ng nethod and the pattern formng
apparatus. BACKGROUND ART 151 n a | i thegeapprisrcess for

manuf-acturi ng m crodevices (electronic devi ces? such as a

sem conductor, a liquid crystal display device or the |like, an
exposure apparatus is used that transfers a pattern fornmed on a nmask
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phot osensi tive object su%s‘sﬁ{’#emgaﬁgﬁfﬁﬁa@?ﬁgﬁei nafter
generally weferred to as a "wafer") , via a projection optical

system
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The present invention relates to pattern forming methods,
pattern forming apparatuses, and device manufacturing methods,
and more particularly to a pattern forming method and a pattern

10 forming apparatus for forming a pattern on an object, and a
device manufacturing method that uses the pattern forming

method and the pattern forming apparatus.

BACRGROUND ART

15 In a lithography process for manufacturing microdevices
(electronic devices) such as a semiconductor, a liquid crystal
display device or the like, an exposure apparatus is used that
transfers a pattern formed on a mask or a reticle (hereinafter
generally referred to as a “reticle”) onto a substrate on which

20 a resist or the like is coated, e.g. a photosensitive obiject
such as a wafer or a glass plate (hereinafter generally
referred to as a “wafex”), via a projection optical system.

Semiconductor devices and the like are made by
overlaying multiple layers of patterns on the wafer,

25 Therefiore, in the exposure apparatus, an operation
(alignment) is required for making an optimal positironal
relation beiween a pattern formed on the wafer and the pattern
formed on the reticle. As the alignment method, the EGA

{Enhanced Global Alignment) method is mainly used. In the EGA



Sem conduct or devices and the |ike are nade by overlaying nultiple

| ayers of patterns on the wafer. 25 Therefore, in the exposure
apparatus, an operation (alignnent) is required for naking an opti nmal
positional relation between a pattern formed on the wafer and the
pattern formed on the reticle. As the alignnment method, the EGA
(Enhanced G obal Alignnment) nethod is mainly used. In the EGA 2
nmethod, a plurality of specific shot areas (al so called sanple shot
areas or al i gngelodNalp ALeAL)0N: LBBCYRL Elarlot SALACYSHsbRA9LANGSDL
and positional information of alignnent marks (sanple narkg) arrané%&
in the sanpl e siwt aateeascorsali GaGguenshat | yrdmasuhethe haRr skaddiGected
calculation is performed with a | east squares nethod or the |ike
usi ng t he neastit eFBMNGSes @nds Paadtipea Hebn ik tdonapdembagnment marks
i nformation of ,the shotri%ga, and t he, arrangenent coordi nates of the

shot areas on f}E"RER &2 ShEarEed. TN @ LS §PPRke2ERAS Nkt hod,
the 10 i h ; . .ai It
e 10 o STOSSER Y o, oo AR e SRR

Docunment 1) . with a leddt shRazbeRettdOBRBHe 1iReOf By tQeRASH RS
alignment marks arranged in the plurality of sanple shot areas, the
waf er 15 has txesheltrrovsd Htongsagpateiranwerentt hef pitnataldrt pyfofhe shot
al i gnment marks can be sequentially positioned in a _detection area of
a mark det ect iHifay FEMECEN2AFRIFARIIT Fackinghesy efelype  shot areas on
Conventional |y, al_ign . operatjaon (the neasure t _operati

of sanple narngyagg%ﬁéﬁkgrgggéﬁ?ggT F@efﬁgoﬁggihﬂiﬁ@agﬁﬂbFE%%8§$ugge
of the vaher, dhergfakar MBS RUSDELCRISIRATREE, SRALALBAS ined with
increases nore tinme has to be put into the neasurenent, which neant

t hat the throughpuprecishenexposuteh apgpanaiipatcqibd desnebse.refer to
Therefore, recently, a stage unit by the so-called twn 25 stage

met hod has bedi®t¢&FePesEBeRE Whi ch the throughput of the entire
exposure process is executin roceﬁguﬂg'mhere

two wafer stages aréhggéﬁéggﬂgéﬁﬁgVﬂﬁT%fgn% A0 Reabl28¢ gnment

marks arranged in the plurality of sample shot areas, the wafer

15 has tobemoved along a path in which the plurality of alignment
marks can be sequentially positioned in a detection area of
a mark detection system (an alignment detection system).
Conventionally, wafer alignment operation (the measurement
operation of sample marks) was performed prior te the beginning

20 of expcsure of the wafer, therefore, when the number of sample
shot areas increases more time has to be put into the
measurement, which meant that the throughput of the exposure
apparatus could decrease.

Therefore, recently, a stage unit by the so-called twin

25 stage method has been developed in which the throughpui of
the entire exposure process is improved by executing a parallel
processing where two wafer stages are prepared and while
exposure is performed on one wafer stage, alignment is

performed on the other wafer stage, and is employed in the



exposure is performed on one wafer stage, alignnent is perfornmed on
the other wafer stage, and is enployed in the 3 exposure apparatus.
However, because the twin stage is costly, requirenents are pressing
for a technol ogy that can suppress the decrease in throughput caused
by the alignnent operation without using the twin stage. 5Patent
Document 1: Kokai (Japanese Patent Unexanined Application
Publ i cation) No. 61-044429 DI SCLOSURE OF THE | NVENTI ON MEANS FOR

SALVI NG THE PROBLENE: L 01be- gt feenhiolavent i.b%@fa‘(l’?%eﬁ%dﬁvﬂpg@%%é ng ahave,

situation, and according to a first aspect o resent venti on,
there is provigegurdnditis paktprdsSiigFog Arekhado0bgl AHEM8aa AYPFRITE
on an object, the nethod conprising: a first process of detecting a
mark on the obfjkztdesicaset hie tdijoaghrit daisgl byvetk alsgwineht atpdsiton
a part of a mark detecti,on s%stgnxalso bei ng noved; and a second
process of forft P Biineg fhentrhR 883t using detection results of

the mark. 5 AC(\E%.'{%NEQ Dgggﬁgﬁ§ fptl%g%lv\: (p%pa "eFeOE%{%ﬁ% ;{He%;catmiinsed

detected while the object I's being nove €as
Application Publication) No. 61-044429

DISCLOSURE OF THE INVENTION
MEANS FOR SOLVING THE PROBLEMS

10 The present invention was made under the above situation,
and according to a first aspect of the present invention, there
is provided a £irst pattern forming method of forming a pattern
on an object, the method comprising: a first process of
detecting a mark on the object while the object is being moved,

15 with at least a part of a mark detection system also being
moved; and a second process of forming a pattern on the object
using detection results of the mark.

According to this method, the mark on the object is
detected while the object is being moved, with at least a part

20 of the mark detection system also being moved. Accordingly,
it becomes possible to improve the throughput of the entire
process including the first process and the second process.

In this case, the detection of the mark can be performed
while the moving section that moves holding the object moves

25 the object at least from a loading position where the object
is held by the moving section to a position where pattern
forming with respect to the obiect begins, or the detection
of the mark can be performed at leést after the beglnning of

pattern forming with respect to the object (at least during



20 of the mark detection system al so being noved. Accordingly, it
beconmes possible to inprove the throughput of the entire process
including the first process and the second process. In this
case, the detection of the mark-can be perforned while the noving
section that noves hol ding the object noves 25 the object at |east
froma | oading position where the object #s held by the noving
section to a position where pattern formng with respect to the

obj ect begi ns, i (o] rf.or ; east
after the bogi har g Gio BarearnopopEEsERY, (R SBRBTRe BREN oRL,
| east during d&xpdeipatdedeskengyng processing (for exanple, during

t he exposure processing) ) . According to a second aspect of
the present inventi @&ecotthléng ts gpsevondhspesecondiipapresent atmiargion,
met hod of forming 5 a pattern on an object, the nmethod conprising: a
first process WicifetiécPrAgtdedrar Re6ANE KRR G Tac EORi e RefdoghpEctorming
bei ng noved, wth.a detection _.area aof a nprk detecgti,on systemal so
bei ng nove%; g%gga%gé%éﬁhaﬁf’éﬁﬁ3'055?8?gﬁﬂg‘%mﬁﬁPﬁéPﬁ-6¥%ﬁﬁg£éﬁrﬁﬁﬁs
usi ng detecti b5 JeB8SHLE$ 0 hal QA 0 hi,§- el
mark on the object is td%?e%t&e%&mr%ﬁ{ Ehfhgﬁg%%ﬁﬂ%sé %él}engg?wﬁg?gvae:lﬁ%
t he detecti on morweal,ofvithea rardeddbackten &y atwaralia ditiing spyesh also
t herefore, by perforning mar k detection while the object is being

nmoved, the tiReinsyaprred: fard deseerndprotesheohdokmiag deatsduvesh ths

whi ch nmakes it __possible to,inpproye the throughput of the entire
process. 033E§%0P&FH8 FSQECFH??dF%EHﬁQﬁ © ﬁemﬁF%sent i nventi on,

there 15 moovided aabBbid;Patis!ih{OnudgTPLRRd0k,! Ol Mg bR SLN
on an object wherein a mark”on the object i's detected
detected while the object is being moved, with the detection
area of the mark detection system also being moved, therefore,
by performing mark detection while the cbject is being moved,
the time required for detection of the mark can be reduced,

15 whichmakes it possible to improve the throughput of the entire
process.

According to a third aspect of the present invention,
there is provided a third pattern forming method of forming
a pattern on an object wherein a mark on the object is detected

20 Dby a mark detection system, and pattern forming with respect
to the object begins using the detection results, whereby a
mark on the object is detected by the mark detection system
even after the beginning of pattern forming, and the detection
results are used in the pattern forming.

25 According to this method, the mark on the object is
detected even after the beginning of pattern forming with
respect to the object using the detection results of the mark
on the object in parallel with the pattern forming, and the

detection results are used in the pattern forming, therefore,



20 by a mark detection system and pattern formng with respect to

t he object begins using the detection results, whereby a mark on the
object is detected by the mark detection system even after the

begi nning of pattern formng, and the detection results are used in
the pattern form ng. 25According to this nethod, the mark on the
object is detected even after the beginni Ag of pattern formng with
respect to the object using the detection results of the mark on the

object in paraf{aleWiddy theRatLery Iﬁ%fgé%ﬁeﬂﬁ gnhﬁgegeéfcéﬁé”harks to

results are used 1n the pattern formng, therefore, econes
possi bl e to inss erzectha Muhema0hthhei AGIke tarbegHstect edivwhtdiees it
mai nt ai ni ng the throughput. This nakes it possible to achieve pattern
form ng wth hpgteidrlecteizshislviel patedmt Abnnhgg Whiéht higlughpaision while
5According to a fourth aspect of the present invention, there is
provi ded a f ot iFH &9 “6r APRYUARR MY of forming a pattern on an

obj ect wherein the I ] ved in.a first direction, and a .
plurality gf mar ks %ﬁgﬁg}é %?faf g?%ﬁifh pal()sﬁetcittoﬁt ¢ Pﬁgs?ﬁlpsﬁnventlon’
direction on tdieebliechraFfaffehrdrdetREednbYofndirdlchbY OFf FRKng
detection systens that have detection areas of different positions In
a second direc panterhhagemabbfect hefried at titk rodcitciogn] s andreidni arargtiren
related to the surface shape of the object is also detected by a

det ection systEHRGHHLEr eARAS £ oRd BFRL Helf lofd&Badksi 5hatybaesn duff sgeanteby

tt is f d th bj ect L. the t tection | t
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systems that f&‘ﬁ%c@%HeEF/iQerfqh%?%t%f o hd BF &It RSk QPStdds &188CR0de

direction orthogonal to the fir
detection areas of different positions in a second direction

orthogonal tc the first direction, and information related
to the surface shape of the object is alsco detected by a
detection system different from the mark detection system,

15 whereby a pattern is formed on the object using the two
detection results.

According te this method, each of the plurality of mark
detection systems that have detection areas of different
positions in a second direction orthogonal to the first

20 direction detects the plurality of marks that have different
positions in the first direction on the object while the object
ismoved in the first direction, which allows the time required
for detection of the mark to be reduced. Further, because a
pattern is formed on the object using the detection results

25 of the mark and the information related to the surface shape
of the object, pattern forming with high precision can be
achieved.

According to a fifth aspect of the present invention,

there is provided a first pattern forming apparatus that forms



20 direction detects the plurality of marks that have different
positions in the first direction on the object while the object is
noved in the first direction, which allows the tinme required for
detection of the mark to be reduced. Further, because a pattern is
formed on the object using the detection results 25 of the mark and
the information related to the surface shfpe of the object, pattern
formng with high precision can be achi eved. According to a

fifth aspect of JLhe=Ph&ERN dkﬁ’" j'rxr(gfd g rr%vii%[gpégcY’&chﬁﬂog}q%L pﬁ]aerla&us

,
pattern form ng apparatus that” for a pattern on

by a noving sesdnipofisitide apRarRt 4stEOMYY YyddematABE Kcgdetigtdd Ot least
systemthat can have at |least a part of the system noved; and a
control unit th@argovéstha sysdsn mopadt aofd sheomerdl detiécthah mystemt
so as to detect a5 mark on_the object with the mark detection system

whil e the movitffSdeét PBALI &F dethgarbveatection syrtesy grngstee tdftect a
cpparatis, giidd U6, PRI 00 S60L00 Li0Eke JRUe hhe £00h Lol e

noves at | east a part o ectron system

mark on the objRGngMskh:18nt DE WBIkg deweL.i on system Accordingly, it
beconmes possible to inprove the throughput of the entire process.

In this case, the caAntootiingitto ¢caulscappanitds navndnrenthefmatineasttion
part of the mark detection systemso that detection of the mark is
performed whi '€ PRENGTWIIR sEREI ANUB InBRES RaveSeastleavmaarsbadiinghe

postLion her s ey P00, 2egkian Dol dy Le SUeEl LR OSSN, 1oy
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pattern to improve the throughput of the entire process.

In this case, the control unit can ceontrol a movement
of at least a part of the mark detection system so that
detection of the mark is performed while the moving section

15 moves at least froma loading position where the moving section
holds the object to a position where exposure with respect
to the object begins, or the control unit can control a movement
of at least a part of the mark detection system so that
detection of the mark is performed at least after pattern

20 forming has begun on the object {(at least during the pattern
forming processing (for example, during the exposure
processing)).

According to a sixth aspect of the present invention,
there is provided a second pattern forming apparatus that forms

25 a pattern on an object held by a moving section, the apparatus
comprising: a mark detection system that can have at least
a part of the system moved; and a control unit that controls

a movement of a detection area of the mark detection system

s0 a8 to detect a mark on the object with the mark detection



20 form ng has begun on the object (at |east during the pattern
form ng processing (for exanple, during the exposure processing)).
According to a sixth aspect of the present invention, there is
provi ded a second pattern form ng apparatus that fornms 25 a pattern
on an object held by a noving section, the apparatus conprising: a
mar k detection systemthat can have at |edst a part of the system
noved; and a control unit that controls a novenent of a detection

area of the magksdel Qﬁutiil%ntﬁ%sﬁtsglégsﬁcé%r?f{[se%%iﬁﬁgﬁége&n the

object with the mark detection
bei ng noved.

tem e the foving section is
nécoenihgad ehl BiHpaRRLSL Ushe LhAteODIGIL MBVés the

noves the detection area of the mark detection systemwhile the
movi ng sect i ordétedidionganeg et &h¢ detlectes edid onmasks tam twhe Llebflee momink
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section is being moved and detects the mark on the object with
the mark detection system, therefore, by performing mark
detection while the moving section is being moved, the time
reguired for detection of the mark can be reduced, which
accordingly, makes it possible to improve the throughput of
the entire pattern forming process.

According to a seventh aspect of the present invention,
there is provided a third pattern forming apparatus that forms
a pattern on an object held by a moving section, the apparatus
comprising: a mark detection system that detects a mark on
the object; and a control unit that controls detection of the
mark on the object using the mark detection system and pattezn
forming with respect to the object, wherein the control unit
detects the mark on the object with the mark detection system
and begins pattern forming with respect to the object using
the detection results, and after the beginning of pattern
forming, continues to detect the mark on the object with the
mark detection system and uses the detection results in the
pattern forming.

According to this apparatus, the contreol unit detects
the mark on the object even after the beginning of pattern
forming with respect to the object using the detection results
of the mark on the object in parallel with the pattern forming,
and performs pattern forming using the detection results,
therefore, it becomes possible to increase the number of the

marks to be detected while maintaining the throughput. This



5 the mark detection system therefore, by perform ng mark detection
whil e the noving section is being noved, the tinme required for
detection of the mark can be reduced, which accordingly, nakes it
possible to inprove the throughput of the entire pattern form ng
process. 10According to a seventh aspect of the present invention,
there is provided a third pattern form ng8apparatus that fornms a
pattern on an object held by a noving section, the apparatus

conprising: a tection.systemthat detects mar k _on. t.he .

object; and a con%%r g& E)rcﬁstSlg h&t E_%o%?lr”lo?%e &eﬂtgﬁrpoﬁogpl?ﬁewi_%h ﬁﬁqu%l on
the obj ect usiggdihg SRk i1d8t RELHOR: SHSS &RANG RRAGhLR. form ng with
respect to the object, wherein the control unit detects the mark on

the obj ect with thezarepkddegert aoreisysiheaspad: beEgtins ppakeat nifwwnting,
with respect to the object using the detection results, and after the
begi nni ng of pdake hs Pgovad mgfowdit Patiearn fodairg eppasahas khah fiolas
object with the k detectiqgn syste nd uses the detection results
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control unit %@&H%éh%@t %Béiﬂlﬁlitﬁlﬁo%b' gtk &é%eébt%foﬁq%y{sﬁémge&{é}f‘ﬁzgge

of pattern 25 formn espect 'to the object using e detection

results of thejgtdeion dheaokjreal rEoroaf Fdsehivhbhid Respabh@direction
form ng, and perforns pattern form ng using the detection results,

t herefore, it dEbogesapossabiirstodinesehye ahietaprion wiit hkatwickecte
be detected while maintaining the throughput. This 8 makes it

possible to acRfeFBagAtPeF Bl # b by Hhet ﬁuﬁfﬁ‘l’le p?@é%espéntmi?kéj ect: and
mai ntai ni hY “.éec3 P&Lgnﬁﬁé'rtélat detecﬁ%cg%rlgfrggig:?ho%gmﬁﬂgsh%nggpﬁ%%titggn

the present invention, i's provide oar attern o)

appar at us thatidf g fBepedt Pal LBENT PPs @ 1RIREbnNEeh dHRY 085 BBYIling each
section, the apparatus conprising: a plurality of mark giet ection

systens that heveéhdepbctalbitarcdfasack deféeriont gyesemsonsdialso sletends

direction orth_o%onal to a first direction, a detection unit that
det ect s i nf or FRECEREEPRL R ATRS Ko bhe rardasikaphant athéhebpleiact amdng

the detection unit, and forms a pattern on the object using
15 the two detection results while moving the moving section in
the first directien.

According to this apparatus, the control unit detects
the plurality of marks that have different positions in the
first direction on the object, using each of the plurality

20 of mark detection systems that have detection areas of
different positions in a second direction orthogohal to the
first direction while moving the moving section in the first
direction, therefore, the time regquired for detection of the
marks can be reduced. Further, because a pattern is formed

25 on the object using the detection results of the mark and the
information related to the shape of the object, pattern forming
with high precision can be achieved.

Further, by transferring a pattern on a sensitive object

using any one of the first to fourth pattern forming method



10 a control unit that detects a plurality of nmarks whose position is
different in the first direction on the object using each of the
plurality of mark detection systens and al so detects information
related to the surface shape of the object using the detection unit,
and fornms a pattern on the object using 15 the two detection results
whi |l e noving the noving section in the fiPst direction.

According to this apparatus, the control unit detects the plurality

of marks that laye,OLLferente pAsiihansd Rokhe, HLESL fideshban an.Lhs.

obj ect, using each o he plurality of "na etection sy

have detecti onofrgas ffesdnkl €hoBht DOS) 1IN HAJHURS@E0Pdodi KELHT PN
orthogonal to the first direction while noving the noving section in
the first directisgrattddeméopdevibestdam bedmpredetior Atstertiingd yof
the marks can be reduced. Further, because a pattern is formed 25 on
the object usiTFHIRF dEPBATINGeaPEStof it IKETNRR S thRE the present

information rel to the shape of .the | ect attern form Mt h
hi gh preci gi oﬁlng;éeﬁq J'eO%a(‘: i dved.® device ulr?'{1 aec?t,u lﬁlgt anﬁg?grﬂcﬂ]axgng a

pattern on a sRHdrinVerQRkest /1:!»&5;’ s2BY Pendhicihe ddisic tRatowWdd any
pattern formng nethod 9 and/or anyone of the first to fourth

pattern form npreapfatiat Usiraft thefpuedsepktiavantsomndg hethoaduod jod by
of highly integrated m crodevi ces can be inproved. Accordingly,
further from &%t Rér tAgpeEEst ito Eanrbd BatetThfionmiagpaeBaates of the
invention is also a,device manufacturing nethod including a pattern
transfer procédSS6nTa*8&RE P02 obj ect that uses any one of the first
to fourthipattern form ng nethod and/or any one of the first to
fourth pattern form ng apparatus of the present invention. 10

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view that shows a schematic coafiguration
of an exposure apparatus related to a first embodiment.
FIG. 2 is a planar view that shows a stage unit in FIG.
15 1.
FIG. 3 is a view that shows a configﬁration of an
alignment system stage unit.
FIG. 4 is a view used for describing a configuration of
an alignment system interferometer system.
20 FIG. 5 is a view that shows a part of the alignment system
interfercmeter system enlarged.
FIG. 6 is a block diagram that shows a control system
of an exposure apparatus related to the first embodiment.
FIGS. 7A and 7B axe views (No. 1) for describing a
253 parallel processing operation performed by a wafer stage and
a measurement stage.
FIGS. BA and 8B are views (No. 2) for describing the
parallel processing operation performed by the wafer stage

and the measurement stage.



BRI EF DESCRI PTION OP THE DRAWNGS FIG 1 is a view that shows a
schematic configuration of an exposure apparatus related to a first
enbodinent. FIG 2 is a planar view that shows a stage unit in FIG
151. FIG 3 is a viewthat shows a configuration of an
al i gnment system stage unit. FIG 4 is a view used for
describing a configuration of an alignnem? systeminterferoneter
system 20FIG 5 is a viewthat shows apart of the alignnent system

interferoneter systempRnl 8hIEH4 op are vich@ (§0h59289£905 g%ﬁggﬁgkghe

that shows a control system of “an eXposure appara Fel ate to

first embodi mMgdraFleGSprofedBiingBopé favi W dr¥drmbl HOr cHESEd fd RE aBe
25 paral lel processing operation performed by a wafer stage and a
measur enent stagk.the measurBh&St Spagmd 88 are views (No. 2) for

descri bing the parall_el processing operation performed by the wafer
stage and the neasuﬁgﬁﬁntl%@éﬁﬁil B are views (No. 4) for describing the

5 parallel processing operation performed by the wafer stage
and the measurement stage.

FIG. 11 is a graph that shows a movement speed of the
wafer stage and the alignment system.

FIGS. 122 and 12B are views (No. 1) for describing a

10 parallel processing operation performed by a wafer stage and
a measurement stage related to a second embodiment.

FIGS. 13A and 13B are views (No. 2) for describing the
parallel processing operation performed by the wafer stage
and the measurement stage related to the second embodiment.

15 FIGS. 14A and 14B are views (No. 3) for describing the
parallel processing operation performed by the wafer stage

and the measurement stage related to the second embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION
20 - A First Embodiment

Hereinafter, a first embodiment of the present invention
will be described, referring to FIGS. 1 to 11.

FIG. 1 shows an entire view of an arrangement of an
exposure apparatus 100 related to the first embodiment.

25 Exposure apparatus 100 is a scanning exposure apparatus based

on a step-and-scan method, that i1s, the so-called scanner.

Exposure apparatus 100 is equipped with an illumination
system ILS that irradiates an exposure illumination light

{hereinafter referred to as illumination light or exposure



10 FIGS. 9A and 9B are views (No. 3) for describing the
paral | el processing operation perforned by the wafer stage and the

measur enment stage. FIGS. 10A and 108 are views (No. 4) for
describing the 5 parallel processing operation performed by the wafer
stage and the measurenent stage. FIG 11 is a graph that shows

a novenent speed of the wafer stage and tle alignnent system FIGS.
12A and 128 are views (No. 1) for describing a 10 parallel processing

operation perfor a waf,er, stage.and urenent .staqe rel at.e
to a second en%o%ﬁﬂe%.on%l luﬁlf%&‘i%@r%ﬁgﬁﬁgnﬁ 5655%851\% ’I\%.re%)lc"e
for describi ngs RA% alHR! nd1 @ 288k BYe WCE PR RELHAUNRIPEY @ ding
waf er stage and the neasurenent stage relatéd to the second

enbodi nent. 1% FAfSSect4Anangt 148 asestere\rd, tHat Brof eetsestrinbirg ibhe
paral l el processing operation perfornmed by the wafer stage and the
measur ement stidght dlacsdttedt hers aefidlenfognnenvaieEST, MOBEapERunit

CARRYI NG %T %I.l\i\é&l\ﬂl,d\l 20- Fi r st Eﬁg di nment, !—égr,ei naft%r,
a first emBodiitht SRR ? T Skt ﬁ of 1Whisd HaSeTihef mounted
referring to Fa!n@a rﬂeésq,'lrjelnent stage MST used in measurement for exposure,
alignment systems ALGLl and ALG2 (refer to FIG. 3 for alignment
system ALGZ), a drive unit (hereinafter called an alignment
system stage unit) 160 serving as an actuator for moving
10 alignment systems ALGL and ALGZ within a two-dimensional plane
(an XY plane), a main controller 50 (not shown in FIG. 1, refer
to FIG. 6) serving as a control system that has overall control
over the operation of the entire exposure apparatus and the
like. In the description below, the Z-axis will be set along
15 a direction parallel to an optical axis AX of projection
optical system PL (a vertical direction within the page surface
of FIG. 1), the Y-axis will be set along a predetermined
scanning direction (a lateral direction within the page
surface of FIG. 1} in which reticle R and wafer W are
20 synchronously moved during scanning exposure within a plane
perpendicular to the Z-axis, and the X-axis will be set along
a non-scanning direction {a direction perpendicular to the
page surface of FIG. 1) orthogonal to the scanning direction.
Further, the rotational (gradient} direction around the
25 X-axis, Y-axis, and Z-axis will be set as 6x directicn, 0Oy
direction, and 0z direction, respectively.
Further, exposure apparatus 100 is a liquid immersion
exposure apparatus that exposes wafer W with illumination

light IL via projection optical system PL and a liquid Lqg.



FIG 1 shows an entire view of an arrangenment of an exposure
apparatus 100 related to the first enbodi nent. 25 Exposure apparatus
100 i s a scanni ng exposure apparatus based on a step-and-scan nethod,

that is, the so-called scanner. Exposure apparatus 100 is

equi pped with an illum nation systemILS that irradi ates an exposure

illumnpnation light (hereinafter referred ¥ as illum nation |ight or

exposure 11 light) IL on an illumnation area IAR on areticle R a

reticle stage RS J‘aeﬂ-nb% 9.%71 tJCﬁ% r%la“’ftﬁ'[ n'iiB?EP liquid

|nclud|ngapr01eC|ono |ca 'sys CtSI Ui Tati on

light 1L em ttaghd: b alitbbs Rnophfcief £5uiy Iﬁb; Sﬂsaggwsatlé a5 quid
i ncluding a wafer stage WST on which wafer Wis nmounted and a

nmeasur enent  stiages MdSbrusedcenineasdieyeite foptiexpopats, oﬁlil;;mmn'tatlon
systems ALGL and AL& (refer to FIG 3 for alignnment system AL&R),
drive unit (herighafilie e@arﬁ%daanoat1<gaﬂnérrﬁmb§gﬁsftéﬁtsba@ewwlt W Pé@ced
serving as.an actuator, for novi 1 ste AL Gl

o i noa t . HRSICIENGRS SPRG ~E e, PR Bl PouE TS ddrCPORRES 0BG Tont
(not shown in il Genbe 8] Cint GpFl Gy 631e%¢=ern\e qgeéélaafegyﬂséwf%@r
that has overall” control ‘over e operation of the entire exposure
appar at us and ddhesl kkeend nogthe:adestempht odr kO WowkBe Spaxtsl Wlldmehe )
set along 15 a direction parallel to an optical axis AX of projection
optical systemlRcefeclesesicap Wia toegoplanehprogepayen spriags sofstem

FIG 1 the axis w be set, al ong a predeterm_ned scannl ng
di rectl)on (a Iz}t@P | W #‘?%é"t'l 8RIWE T R ipRed el & lgedd o*mﬁ?’éloﬂ UpAE

whi ch retigl e \Boapd pafoc W‘Flegsgoa Mr(}_n]gﬂél nﬂ!t)x%d dugi g1 e upit

scanni ng exposure wthin a plane per pendl cu -axi's, ‘and

X-axis w |l berseheadlidRy ardg&LanM BR3P EECt LOBula ﬁrnnre%tlloanumt 132
perpendi cul ar to the page surface of FIG 1) orthogonal to the

scanni ng di r edtnicdmdeBua theryic keppdyatniondl38( ghatdispgl igisr Egiix Ly to
around the 25 X—aX|s Y-axis, and Z-axis will be set as Ox direction,
Oy direction, tfdléaudf éERPERLOR HASA iWid ¢ nozzle unit and a liquid

recovery unit 139 that recovers liquid Lg from the liguid
15 immersion space via a nozzle unit {neither of them are shown
in FIG. 1, refer to FIG. 6), and operates under the control
of main controller 50. The nozzle unit could be a ring shapad
member that surrounds the lower end section of projection
optical system PL and has a 1iquid flow passage inside, however,
20 in the embodiment, the nozzle unit will be configured by a
liguid supply nozzle 131A and a liquid recovery nozzle 131B.
In the piurality of shot areas dispecsed in a matrix on
wafer W, a pattern is formed in each area, and also in each
shot area an alignment mark is formed in a predetermined
25 positional relation with the pattern. In the embodiment, the
alignment mark is a two-dimensional mark. For example, the
alignment mark includes two one-dimensional patterns that are
periodically disposed in the X-axis and ¥Y-axis directions,

respectively, and is formed on a street line (a scribe line)



Further, exposure apparatus 100 is a liquid immersion exposure
apparatus that exposes wafer Wwith illumnation light IL via
projection optical systemPL and a liquid Lg. 12 1In the enbodi nent,
t he apparatus enploys a local liquid imersion nmethod in which |iquid
Lg is filled in a liquid inmrersion space including the optical path
of illum nation light IL between an optichl nenber that has wafer W
pl aced 5 opposing the optical nmenber and also emits illumnation

light IL, thatgj gl‘}@iQBEiiﬁ?é F%@gg%%g@gg @31&515 o%'a%élgpagye@ﬁéh%r,

as an end optica ement or ptical el emen

cl osest to theair@gfrpandnFbraaeieat bONIRPLdEA Sakemi Rb1addhyad iy
W and is equipped with a liquid imersion unit 10 132 that has™ at

| east a part oflidrenanii mafksg. oa wefet eW Ui tstarredhdnl bkapmary angethim
a body BD. Liquid imersion unit 132 includes a |iquid supply unit
138 that suppl FREEIGART PR ¢ Bhet maguiats mdrstha Lprdneni gthe EGA

nozzle unit; a faui d. very-unit, 139 t.hat recovers liqu
fromthe | quu[}ge‘%ﬁ %m’%esgsril%% sﬁg%%l%f ah ?{%ﬁlﬂyegduni%_ efﬁgPFﬁErogftﬁ%em
are shown in HRhfarahitheld sh8tFhal)on AMELPH, AL ES AL od NG AT @l
of main controller 50. The nozzle unit could be a ring shaped nmenber

t hat surroundsthdecksdntonentdingeat end e pLlEpeast itha opdt caleasysSheMhBkre

and has a liquid fl ow passage inside, however, 20 in the enbodiment,
t he nozzl e unithev@liopBeabrildgur eBiph are itqubd dRmsIhedhda ki enSin sand

a liquid recovery ,nazzle 1313. . ,_Jn the plurali of shot areas
di sposed in a Of%'%/ar}i %Soﬁﬁ\fﬁﬁéy VPRt P MR s CPBFﬁBbjﬁ'\gﬁ %%\Ch Byréher.
and al so hg e t i i i . ;
pr edet er mnged%%ggi??g%gﬁépseﬁa#?@?% Etlﬂ%? ﬁ?bg‘é{‘?"é?ﬁ& ele% ﬁﬁrées’ which
embodi ment, t heatalHagEBOL vy i disicdw i 10 tderensiignahd wekki skfirections,

exanpl e, the alignnent mark includes two one-di nensional patterns
that are peri gdispaidy véilspozed dmthhes s ofindaferaki 8 phatextensisive
respectively, f§¥l£ ?aféggggiéglgi §g§§§} g; %gr&gd§cahpghgléﬁ%edi%int, a
photosensitive material that is liquid repellent can be used,
15 or a protective topcoat film can be formed on the
photosensitive layer.

Illumination system ILS includes a light source and an
illumination optical system. As the light source, for
instance, an ArF excimer laser light source (output

20 wavelength: 1953 nm) is used. Further, the illumination
optical system includes, for example, a beam shaping optical
system, a rough energy adjuster, an optical integrator {a
uniformizer, or a homogenizer), an illumination system
aperture stop plate, a beam splitter, a relay lens, a reticle

25 blind, a mirror for bending the optical path, a condenser.lens
(none are shown} and the like, which are placed in a
predetermined positional relation. Details on the

arrangement of illumination system ILS, the function of each

optical member and the like are disclosed in, for example,



that divides the plurality of shot areas on wafer W Further,
arrangenment information of the shot areas (including the alignnent
mar ks) on wafer Wis stored in a nenory of main controller 50 as a
shot map data. In the enbodiment, the EGA 5 met hod described earlier
is enployed, therefore, of the plurality of shot areas on wafer W
infoLmation related to the position, nuntd& and the |ike of the shot
areas that have the alignnment marks which are to be detected

(alignment sh d is.alrea i nput__i-nto iLn_con r

Fur ther - 10° vy Bomht Sar PBF A par ks R e EAR0b 2L O g dona
whi ch subst antiiad lo6:5Qispehdeny § s | s DbrfXind AN =Y 8%1 Suldl {&6L NS,
respectively, and on the surface of wafer a photosensitive |ayer (a
phot or esi st | &3(Hr3/ 009 skaoednd| thé het lentbodi nent, a phot osensitive
material that is liquid repellent can be used, 15 or a protective
topcoat film can beOporabdctn $tagpRfiTosassicleecR| ayerhigh |auminariion

system | LS_inclydes a |ight. source and an i|lum nnation optical

System  AsStn@diE RolAce {RoLS EREMIACE CAR DRI CERaTHAR dea Ehe APYRE
source (Out PUls i3 MV EL OREE Ny ) 193 Ailled, S U3 Graditfd, "Bl vidlfim suction.
illum nation optical systemincludes, Tor exanple, 'a beam shapi ng

optical systemetdcleugbaaetdly cad] BstEneldndepibgad i1Rkegrdi ©hid @n XY
uni form zer, or a honogenizer), an illum nation system aperture stop
pl ate, a beampdpiniet bpra xetistlay stegs, daivetsydten25Shthad, iracInideser for
for bending the optical path, a condenser.lens (none are shown) and
the Iike, whi &FaZPéepl acﬁ%fl?anf P PEJE et it neldosindi AR 2} kg griven

Details onsthe.arr £ f Lllumnation,system LS. the functio
of ench obti ot BeRiaiEN e kenhh bl B B S Rl il i
14 the panphl eheok kRt gr gatéonadn)Publ i cati on W2002/ 103766 (and

Positional information of reticle stage RST (including
the positional information of at least the X-axis direction,
the Y-axis direction, and the Bz direction) is constantly

15 detected by a reticle laser interferometer (hereinafter
referred to as “reticle interferometer”) 53 wia a movable
mirror 65 (a Y movable mirror that has a reflection surface
orthogonal to the Y-axis direction and an X movable mirror
that has a reflection surface orthogonal to the X-axis

20 direction are actually arranged) at a resolution of, for
example, around 0.5 to 1 nm. The measurement values of
reticle interferometer 53 is sent to main controller 50, and
based on the measuremant values of reticle interferometer 53,
rmain controller 50 controls the position (and speed) of reticle

25 stage R8T via reticle stage drive system 55. Movable mirror
65 1s not limited to a planar mirror and can include a corner
cubic mirror {a retroreflector), or instead of fixing movable
mirror 65 on reticle stage RST, a reflection surface can be

used, for example, which is formed by mirror peolishing the



the corresponding U S. Patent Application Publication 2003/0098959)
and the like. On reticle stage RST, reticle Ron which a circuit 5
pattern or the like is formed on the pattern surface (the | ower
surface in FIG 1) is fixed, for exanple, by vacuum suction. Reticle
stage RST can be finely driven at |east within an XY plane by a
reticle stage drive system55 that includes, for exanple, a |inear
notor or the like, and can also be driven 10 at a designated scanni ng
speed in the scannin directigg éin the Y-axis direction).

I

Posi tional infEf¥fatiBitasr KetFE BUstage _'TWﬁ?%?PGd?ﬁ@??%%?%osipional
information of at '%?Eﬁehéﬁoﬁ('m pl 5 AR eghrgefaﬁ@e%igpée&éggé‘asw
n 1 e y a reticle Taser

and the Oz directio S constantly et ec

i nterferometerif lretei nafder isefddadd 0nds ad ebkehBqislLrbeneretebholy
53 via a novable mrror 65 (a Y novable mrror that has a reflection

surface orthogomaluddnghe f¥ragkanplle ect iholdind mackambsabtietmaupgorts
that has a_reflection surface orthogonal to the X-axis 20 direction
are actual Py & P#fGedprReraviblotEsoofouroptaRbfipie, vhrdud braties
1 nm The neasur nt_values of reticle jnterferoneter is . sent to
mai n control | er% :égz,hgﬁduﬁéggda%% ?]"nreanrgéaagufgﬁgﬁﬁﬁg?ﬁ%}_s% pﬁ&cle'é &gt @
i nterferomet ere1s3,y GREA2EONIIOL! 18150160818 OkRel NELPOS HhEOLS ('S%E)g:orted
speed) of reticle 25 stage RST via reticle stage drive system 55.
Movabl e m rronybody BDtvia nd tfdnge FLPL armafoijriction andt cEn imddde a

corner cubic mrror (a retroreflector), or instead of fixing novable
mrror 65 on ratirelel &t-aged RSP egtien bpgtFah systradcd banimea pogalisy

R & 1B o e PrkSERT P ld Rt Pl B eblBermin S oSt

relation within barrel 140. As projection optical system PL,
for example, a dioptric system is used, consisting of a
rlurality of lenses (lens elements) disposed along optical
axis AX. Projection optical system PL is, for example, a

15 both-side telecentric dioptric system that has a
predetermined projection magnification (such as one-~quarter,
one-fifth, or one-eighth times). Therefore, when
illumination light IL from illumination system ILS
illuminates i1llumination area IAR on reticle R, a reduced image

20 of the circuit pattern of reticle R (a partial reduced image
of the circuit pattern) within illumination area IAR is formed
on an area (hereinafter also referred to as an “exposure area”
or a “projection area”) IA conjugate with illumination area
IAR on wafer W whose surface is coated with a resist by

25 illumination light IL that has passed through reticle R, via
projection optical system PL (projection unit PU). In the
embodiment, projectionunit PU is installed in body BD, however,

as is disclosed in, for example, the pamphlet of International

Publication WO2006/038952, proijection unit PU can be



Projection unit PUis arranged belowreticle stage RST in FIG 1, and
is inserted into an opening BDa formed in body (including, for
exanpl e, a hol ding nechani smthat supports 5 a base nenber with three
or four struts in which vibration isolation units are arranged,
respectively) BD placed on a floor surface (or a base plate or the
like), and is supported by body BD via a ¥d ange FLG Projection unit
PU i ncludes a barrel 140, and projection optical system PL having a
plurality 10 g ti.C I n hel d i,n a predetermned. positiona
Pei't 1 on”wi ¢ Parer pioSURELRs brac th sBReEE) SRyh Bn Bt e, e
exanpl e, a di Qv WSt 8 i(SnusSed. s CSiss! 93¢ of a plurality of

| enses (Il ens el enents) "di sposed al ong optical axis AX. Projection
optical system PL i gnrtberexbndxpostirkSappitaisisla oitebeCend rdntbhodiment,
dioptric systemthat has a predeterm ned projection nmagnification
(such as one- fadeapt GHeld BCANNSRY GrrECsUFEy hl i qwed immeeienomeit 132
when illum.nation_lLight IL fromi)lumnatioon systemILS illum nates

i 11 uminatign ar$EAREGATFeli CHEMEE St ddO8dFRRgLABIC Hf thate SEPPSHFE
pattern of retialerRiha Bt heflupadd iRaeadladeeGldAll § ALLATRY
wWithin illumnation area R i1s tormed on an area (herernafter also

referred to as:@Rsl@%PLSH GAGEHFhIQh L1 LGN0Ni @Real) isArradiated
conjugate with illum nation area | AR on wafer Wwhose surface is
coated with aviespzelegtseniddimPhat i m thieghicihithatf ths passednd of
through reticle R via projection optical s¥sten1PL (projection unit
PU). In the efFOdRTEALT Wb} i BriPedRte POt RHs CaNSEd TR o P, °F

however , i s.discl | 4 : t.he panphl et of

I nternati gﬁal %ﬁ?c%ﬁrﬁ%lg%éggé}:gg%gg;ga%rl(ﬁ’egﬁg‘gﬁd Gy Pl¥@%%znl%%3lA
16 supported kywdsuspanal eB:¥bE Py esHaE 13982 W8I RErang=@! aced above
body BD (the +Z sidg) in FIG 1. Further, in eXposure
apparatus 100 of thbigubddiupgily, natzledstlzduphngcessamnichg ekipas wne, of
liquid imrersion unit 132 5 locally fornms a liquid inmersion area

| arger than e@pddkRE Bieg {Iohahoynnthat baarrnfated Jproschepaie loguid
waf er Wi ncl udi.n

T adi at ed vi 8 BPAFoRE bri UnIEBLE h FiHe Ul vi ALty GF et ShepoERaty
IOT proj eci&onnupbl cPls1 R J3042ke s WY tenkhat n SO BE'tae%e@o{}@HiﬁpelQnot
iquid inmersion unit 132, that is, liquid supply nozzle 13 and
| i qui d recoveshoraizieatl Bh6, ohs oAkl ad@estted to liquid recovery unit 139
(refer to FIG. 6}.
Main controller 50 supplies liguid Lg (e.g. pure water)
to the space between the lowest optical element (such as a
20 lens) of projection optical system PL and wafer W via liquid
supply nozzle 131A and also recovers liquid Lg via liguid
recovery nozzle 131B. In this case, maln controller 50
controls liquid supply unit 138 and liquid recovery unit 139
so that the amount of liquid Lg supplied from liguid supply
25 nozzle 1312 and the amount of liquid Lg recovered via liguid
supply nezzle 131B is constantly equal. Accordingly, a
constant amount of liquid Lg {refer to FIG. 1) is held on wafer

W. In this case, liquid Lg held on wafer W is constantly

replaced.



Li qui d supply nozzle 131A connects to the other end of a supply pipe
(not shown) that has one end connected to liquid supply unit 138
(refer to FIG 6). Further, liquid recovery 15 nozzle 1316 connects
to the other end of a recovery pipe (not shown) that has one end
connected to liquid recovery unit 139 (refer to FIG 6). Mai n
controller 50 supplies liquid Lg (e.g. pu7e water) to the space
bet ween the | owest optical elenment (such as a 20 | ens) of projection
optical systemPL a f Wyvia |liquid supply n e 131A and . al so
Pocovers | iaud Lq oraty Gtrt e dresr-rassr e cheBafdy fe pife iRe ol
mai n controll LA u s LR i gul
acovery. tnit TEaStsh Thee T U P BPaY: o o a eE e d bt e opace
i quid suppl y BE:weezz measdiémant tdelamientndl pkbgubeids ywrecover ad is
via liquid supply nozzle 131B is constantly equal. Accordingly, a
const ant armurﬁ[éstﬁrllbieqkﬁhplﬁq that dp, tolin@d inmpssheh drea ogaf e foemed.
nstantly repl aced.

this case, _liquid.Lq held on wafer Wis c ] 17. .

In the casd mﬁlﬁ%&gd% it SRR E T #6 15p85 PUSPPFoh2dTEE Fhyliquid
proj ection uni e 'qﬁﬁfk b i l ce,b .

measur enent talbtnlﬂggl\s/ﬂl'hhan plr_1 gizggtg Fo%rguéntll(ie%gﬂ]hgbé&?f uﬁ?c??b?ﬁ%\fé,m
that is, a |icgiiedchpaes SO A eppeaatls {00 RebportBUPESEctidh &t PU
enbodi ment, at |least the nozzle unit of liquid imersion unit 132 was
arranged i n bd&dysuapenBByn hbvwdy eespeat thre thage iexjiesur esapparatisuid)

supports projection unit PU by suspension with respect to the
mai nframe as i°$SHFEPRBusEYT desdih Hd, o nogZaRphRLt t fat sy ArEangrd

Cpoct By ShatBchAdEReD ek b0 BE01 661 9, V84!« Ml Robh R0
FIG 1 and inghl Gus@en®hbshrisn ad apansvhgw, of stage unit 150, stage

unit 150 includes wafer stage WST placed on a base panel 112 and
measur enent stage MBI ishahown in FIG. 1 and in FIG. 2, which is a planar
view of stage unit 150, stage unit 150 includes wafer stage
WST placed on a base panel 112 and measurement stage MST that
15 has a measurement member (a fiducial mark, a sensor and the
like) like the ones disclosed in, for example, Kokai {Japanese
Patent Unexamined Application Publication) No. 11-135400 (and
the corresponding pamphlet of International Publication
W01999/23692), Kokai (Japanese Patent Unexamined Application
20 Publication) No. 2000-164504 {(and the corresponding U.S.
Patent No. 6,897,963) and the like, an interferometer system
118 (refer to FIG. 6) for measuring the position (positiocnal
information) of stages WST (wafer W) and MST, and a stage drive
system 124 (refer to FIG. 6) that drives stages WST and MST.
25 Although it is not shown in the drawings, base panel 112 is
placed on the floor surface {or on a base plate) via, for
example, four wvibration isolation units.
On the bottom surface of wafer stage WST and measurement

stage MST, non-contact bearings (not shown) such as for example,



15 has a neasurenent nenber (a fiducial mark, a sensor and the |ike)

| i ke the ones disclosed in, for exanple, Kokai (Japanese Patent
Unexam ned Application Publication) No. 11-135400 (and the
correspondi ng panphl et of International Publication W1999/23692),
Kokai (Japanese Patent Unexam ned Application 20 Publication) No.
2000- 164504 (and the corresponding U.S. P& ent No. 6,897,963) and the
like, an interferoneter system 118 (refer to FIG 6) for neasuring

the position ( B tLOE i nf.Qr i.0 of st.ages WST (waf et ndNST
and 5 stage drroa e YR o re S e et A n e
and MBT. 25 Alghosgded b drdi Bt +3BOWAri Bed PEngY AWGS: sRaSE RaRehnd 12
is placed on the floor surface (or on a base plate) via, for exanple,
four vibrati oméesoladnicrt shats. MST are sQppbheclciiera sWefl appe f swafre

stage WST and neasur enment stage MST, non-contact bearings (not shown)
such as for exahpkhes pangldilZ heani sigsrpalcso Tardwnd apvepatgh. arB:riher,

arranged in a plyraljty of areas, and by the air bearings, wafer
stage WST Snd Sh G Bt stagge VK%”I‘%&§Qpﬁﬁ?t%%¢énﬁﬂédaﬁﬁe¥he 6z

surface of basg,pan 11 i r‘g%g f | .
Further, 5 ea?ﬁo of t%ﬁle) é%g\géggn\a/\%%{:gﬁd Tr%tﬁ%é%i?%ﬁ%fu%%e tdﬁ:éwe
ez rotation) iswependeat.ly within the XY plane by stage drive system
124. More specifically, as is showmn in FIG 1, wafer stage
WET i ncl udes a waf eMoseagpeabiicaklyi ais 9% shewn hias Fllde aj rwdifer stage
beari ngs descr] bednT%gove arranged on its bottom surface, and a wafer
tabl e WIB whi ¢4 SPROHAEEAR off he oF-39Fafe  hef PCsERT i%n T2t VRas she aix

201, st dgh Slouel, K LLUEEAREL U 0 A0 Sh B
waf er stage mai Ra$€etda OWTE WHiR® Zs Muted on wafer stage main section
91 via a Z-tilt mechanism (not shown} (configured including
an actuator such as, for example, a voice coll motor) and moves
finely with respect towafer stagemain section 91 in the Z-axis

15 direction, the Ox direction, and the By direction.

On wafer table WIB, an auxiliary plate (liquid repellent
plate) 128 that is substantially rectangular and has a circular
opening formed in the center whose inner diameter is slightly
larger than wafer W is arranged. Further, inside the cirecular

20 opening, awafer holder {not shown) that holds wafer W by vacuum
suction or the like is arranged. Auxiliary plate 128 has a
surface (liguid repellent surface) on which ligquid repellent
treatment is applied against liguid Lg, and the surface is
set substantially f-lush with wafer W held by suction on the

25 wafer holder. Auxiliary plate 128 is made of a material that
has a low-thermal expansion rate such as, for example, glass
or ceramics (Zerodur of Schott Corporation (brandname), Al;0s,
TiC or the like), and on the surface, a liquid repellent film

is made of materials such as, for example, a fluorinated resin



15 direction, the ex direction, and the ey direction. On
wafer table WIB, an auxiliary plate (liquid repellent plate) 128 that
is substantially rectangul ar and has a circular opening fornmed in the
center whose inner diameter is slightly larger than wafer Wis
arranged. Further, inside the circular 20 opening, a wafer hol der
(not shown) that holds wafer Wby vacuumlduction or the like is
arranged. Auxiliary plate 128 has a surface (liquid repellent
surface) on i J_quid rep reataent_.i s.applied agai nst
andiieg el o B8P had LERT Mg 7

liquid Lg, a surracé i S sé iral ush with wafer W
hel d by sucti g9 dtha rdRcwBbenyholdelme ALH |(irbaPhahe) 128 '%ﬁzm@&e,
or

of a material that has a | owthermal expansion rate such as,

exanpl e, gl assmwracelin eces{denaderiaf, SchdiiticCar pes it imatdhiraAndr the
nane) , Al2031 TiCor the like) , and on the surface, a liquid
repel l ent fil i’ -.made of materials such as, for exanple, a

fluorinated resin &9 mat eri al as igﬁ%!uor'n resin material, )
pol yt et r af Puor oet hy Sﬁéuf?%?$Bﬁ eapP ﬁ5ﬁ£§§é%Fi??ﬁquqainEﬁF%&?ﬁ@FE
resin materi al 1Sl & . eS] teri I | ke. %ﬁ%@§y%

stage MST incIS{jacIé(=ic,'~‘j§)l<'§11 %r%ggl&?gﬁrr%%tt%%tg%%%ﬁg?rl\ngggcﬁéoérﬁﬁ&et at %g%tghged

air bearings desdrisbedtabavensfd@ngethdOnR mksshobhem sthdacyTamduated
nmeasur enent table MIB nounted on neasurenent stage main section 92

via Z-tilt nmecranessniensntshoamg maio\sadtows B2 adar2risiitt meohen ssmarfsot
arranged with neasuyrenent table MPS (and nmeasurenent stage nain
section 92) . SPR¥Zd - neasurenent nenbers include a fiducial mark

menber F'\/!].Qn whi ch 9%9}L%§|rhéaysgenfe:nqu&|ﬁgkeg§r J§GI§I‘J.IF3{%§CE Wvlkﬁ%gse

details are disclosed 1n, for exanple al ~ (Japanese ent 15

Unexam ned Applelagat-bRBn Pulibiealt®nindaeadudhddd stand fdis section 92).
corresponding U S Patent No. 5,243,195) and the like, a sensor that

recei ves il | ufheati naasiuginent membepsoj ecinadn oftidoal a$ yed WmoRmbandrM

the like. In the enbodi nent, as the sensor, at |east one of an .
illumnation PR dHdSE ity PE fidgcial marks is formed whose details

are disclosed in, for example, Kokal {(Japanese Patent

15 TUnexamined Application Publication} No. 5-021314 (and the
corresponding U.S. Patent No. 5,243,195) and the like, a sensor
that receives 1llumination light IL wvia projection optical
system PL and the like. In the embodiment, as the sensor, at
least one of an illumination monitor whose details are

20 disclosed in, for example, Kokail (Japanese Unexamined Patent
Application Publication) No. 11-16816 (the corresponding U. S.
Patent Application Publication No. 2002/0061469), an uneven
iliuminance measuring sensor whose details are disclosed in,
for example, Kokal (Japanese Unexamined Patent Application

25 Publication) No. 57-117238 (the corresponding U.S. Patent No.
4,465,368), or an aerial image measuring instrument whose
details are disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2002-14005

{the corresponding U.S. Patent Application Publication No.



20 disclosed in, for exanple, Kokai (Japanese Unexan ned Patent
Application Publication) No. 11-16816 (the corresponding U. S. Patent
Application Publication No. 2002/0061469), an uneven illum nance
measuri ng sensor whose details are disclosed in, for exanple, Kokai
(Japanese Unexam ned Patent Application 25 Publication) No. 57-117238
(the corresponding U. S. Patent No. 4,465,2268), or an aerial inmage
measuring instrunment whose details are disclosed in, for exanple,

Kokai (J Pat ent | t Publ t
5005 19000 ( (1P SLRTAT, PEhES A%% R ASBPERELOR. BARAFER on No.
20 2002/ 00413771%31-.&;3@1& vefLo g@én{a% TRARUL wﬂog@%#mg 2%

t he Shack- Hart mann net ho Wnose s are disclosed I'n

exanpl e, the pangleiedofinl nfef:n@iam}ﬁ@é RIHY ipe@ihoat+ W2 003 H68AASnand
the like is enployed. 5 In the enbodlnent according to the liquid

i mer si on expd3ile qediionr WEE0Da/ Gk 428 Veeick rehy ild kex posemp byyed.

illumnatign light L v ction optical systemPL and |iquid Lq,
the above Sensor usé§ F et‘ilé)r ‘#g]d%“d”r tan@fCorfdPIuEesthe | LAt ilgmersdrp

IL is to recei \g&)cgguglér%é&alf__d ci inglthlch w{&taerlpi{\l%seg%fﬁggedlg %ﬁ:[lu?ﬁ%ﬁtlon

system PL and 94 qui a par he sensor s

optical systemigit be *%@o‘j@@than@@iﬁa@ﬂ%@%t&ﬂbﬁﬁ aMﬂiBli@@Qd Lq, the
nmeasur enent st age mai n section 92) or the entire sensor can

arranged w t h areasuseneot dsdil énMiBe (reeds usssurierbat 1s$@aga:lﬂmminatlon

section 92). In the_enbodinent, the 15 surface of neasurenent table
MIB (t he neasdfl@%nﬁ n%e%tféf@elcéﬂéﬁréﬁl%lr@a#mrbrlleaﬁ Bl sbtap@rojection

|ncluded) LS al.sq _cover nt film

ropel | ont 17 1 APELoRY e b gl A A CRe) driniies S PRF LR toe sensor
descri bed. As gi%ns nghénoﬁ@fcﬂ At ¥ %‘é(n' BeFhfast£1140 :Erh%e'ééu%bﬁl@nt
and - X side 20 of base panel 112, "a pair of Y-axis stators 86 and
extendi ng in thael¥- HTBS (dhd at¢aurdrerpl acede nespestdtviedry.o2N-, a>o|r5the
stators 86 and 87 are configured by armature units that have a
plurality of GHtEEe| sEIIRL CANthe wraanged tvwittdy @easuawmtablpdf% dfnd

Y- 82 h t 25 d..on both
ands in tho | BRGFEGAFAAF SrAGTErR OPoRRX S % Shafbr B0 SOy nohe

e B8 SREL BE nei By RSRRE N AIOR0R0 p i B i
are respecti Vele}feaﬁcédﬁ:g:edaQM1@@TdAn&Qﬁ§o be iferddni L 9dilRal ceidrad wvohn
Qf an a liguid repellent film (water repellent film).
Next, stage drive system 124 will be described. As is
shown in the planar view in FIG. 2, on the +¥ side and -X side
20 of base panel 112, a pair of Y-axis stators 86 and 87 extending
in the Y-axis direction is placed, respectively. Y-axis
stators 86 and 87 are configured by armature units that have
a plurality of coils inside. With Y-axis stators 86 and 87,
a pair of Y-axis movers 82 and 83, which are respectively
25 arranged on both ends in the longitudinal direction of an
X-axis stator 80 extending in the X-axis direction, are
respectively engaged. Further, with Y-axis stators 86 and87,

a pair of Y-axis movers 84 and 85, which are respectively

arranged on both ends in the longitudinal direction of an



21 X-axis stator 81 extending in the X-axis direction, are
respectively engaged. Y-axis novers 82, 84, 83, and 85 are each
configured by a nagnetic pole unit that has a plurality of permnent
magnets. 5More specifically, Y-axis stator 86 and |-axis nover 82,
Y-axis stator 87 and Y-axis nover 83, Y-axis stator 86 and Y-axis
nover 84, and Y-axis stator 87 and Y-axis2hover 85 respectively
constitute four noving magnet typeY— axi slinear notors the that drive
Y- axi s nmovers QZato 85r¢ Psé% % a 0 dir ctl L0, In the descri t I on
bel ow, the above*¥oure V- axi &1 PEEEPHDBY o3 %FOSF'FSF fgn
referred to asré%ﬁ@%é&&éﬂye%hggagers B4 ﬁévegg'@% tiya %@ne nd 85 are
ref erence nuneral’s as Y-axis novers 82 to 85 e axi $ |near
motor, a novi nga€widontfyprretneara Mgatttarpdsanbe et opeda dh¥aitihe
above four Y-axis linear notors, the two Y-axis linear notors 82 and
83 drive neasm%mﬁm@teagiewsnem-t he Y-axis direction integrally
wth X-axi\qr_7 stator 80, and th remai ni ng, 1-axi.s linear pnotors 84
e

and 85 drive waf er x5S RAsE Jﬁ: YEBES AFP Rt PER I e BF I VRF &7/
X-axi s stator f%m%o tlérttor}eléﬁ ng?s }%EB% n%r\/\%-g a ea§i}ghs{é1?oe}l )?_Ga).(ainsd

driven by two axis |1 near ors in dirécfi on:

stators 80 andy-8kidy encRaeh BQQnEhGUYEQx:.é At LXATRI7E anBY YaBx 85 RSHH L 55
unit that incorporates armature coils, which are placed along the

X-axis direct immmalvmlerd@d;mmﬁmaré PouT moernglmagbedxt pps Yabgl s 8t near
inserted into an opening (not shown) formed in wafer stage main )
section 91 (r %% tlbIeG‘* )2 fiﬁb’t’e TR WS TRafér tet BgelmEThe [Yrsirde

L 2o Sy SRR SRSEl B, 8 aBERPE R Ve
arranged. linear motors will appropriately referred to as Y-axis linear
motors 82 to 85, using the same reference numerals as Y-axis
movers 82 to 85. As the Y-axis linear motor, a moving coil
type linear motor can alsc be employed.
15 Of the above four Y-axis linear motors, the two Y-axis
linear motors 82 and 83 drive measurement stage MST in the
Y-axis direction integrally with X-axis stator 80, and the
two remaining Y-axis linear motors 84 and 85 drive wafer stage
WST in the Y-axis direction integrally with X-axis stator 81.
20 Further, stages MST and WST are each finely driven by two Y-axis
linear motors in the Oz direction.

X-axis stators 80 and 81 are each configured, for example,
by an armature unit that incorporates armature ccils, which
are placed along the X-axis direction at a predetermined

25 interval. X-axis stator 81 is inserted into an opening (not
shown) formed in wafer stage main section 91 (refer to FIG.
1) that constitutes wafer stage WST. Inside the above opening
of wafer stage main section 91, for example, an ¥X—-axis mover

{not shown} consisting of a magnetic pole unit is arranged.



22 That is, X-axis stator 81 and the X-axis nover constitute a noving
magnet type X-axis linear notor that drives wafer stage WST in the

X-axis direction. Hereinafter, the X-axis linear notor wll be
appropriately referred to as X-axis linear notor 5 81, using the sane
reference nuneral as its stator, X-axis stator 81. Furt her,

X-axis stator 80 is inserted into an opemng (not shown) formed in
nmeasurenment stage nmain section 92 (refer to FIG 1) that constitutes

t st MST. Inside the 1 b . i ng, of t
Stage main section 197, XaR St & Hove SOHOERS NV BREEE: PR Grouge 2
magnetic pol e wojiy ﬁtagﬁéﬁ% Vg'XJMs i $nedl %;&%ﬁ O&rﬁ@eﬁﬁgfég%tﬁgf

X-axi s nover constitu ing nmagnet type X-axis linear notor 't

drives measur enEntinsthRge-MxEd 8itbetr XolXi Siedeh8EELOR, dHRY RLARLE Qlinedd
the X-axis linear notor will be appropriately referred to as X-axis

| i near notor 8S&tarswhyl ttscappmeprisflaloncefemnet b asXtasisfldheay motor
X-axis stagrsor 80. As X-axis linear_notors 80 and 81, a noving coil
type |inear notor YCAR%altds BeVEnpEbYeRNca MUWISE 2dnBadi Renstateny X axis
| i near notors 13 83, X-axis 20 linear notors BO and 81, and the
Z-tilt mechanismin both wafer stage WST and neasurenent stage MST

constitute stage dripyeca¥s! emd2d shawerl BoH G ifieFaehintotde AROMEG
| inear notors that constitute stage drive system 124 operates under

the control of{me showom! folrleed B0mshsumrenaentFGagé malin $dvetidm 92 {refer
enbodi ment, on the opposite side (+Y side) of neasurenent stage MST

with respect ti® pF@j dcttiar 6pnpEatuEyS MearPESTANt §aa0RdITosi TRsidanEhe
(ot shovd} .+ S0 SETAHeS RETM AT BoN) SAPRAGePErbowEs, Snd eHis
af ter wafer WissoFountedsQBynP3col®d &1} 3 2RI gnEPYESHS pYald « Ne
position directly under projection optical systemPL (the exposure
area previ ouslayréaged. bethat Then X-aklier sexposuge dfeaime -agh swabesr W
has been conpl eted, wafer stage WST noves to an unl oadi ng position
constitute a moving magnet type X-axis linear motor that drives
measuremeni stage MST in the X-axis direction. Hereinafter,
15 the X-axis linear motor will be appropriately referred to as
¥-axis linear motor 80, using the same reference numeral as
its stator, X-axis sitator 80. As X-axis linear motors 80 and
81, a moving coil type linear motor can also be employed,
In the embodiment, Y—-axis linear mctors 82 to 85, X-agis
20 linsar motors B0 and 81, and the 2-tilf mechanism in both wafer
stage WST and measurement stage MST constitute stage drive
system 124 shown in FIG. 6. Each of the above linear motors
that constitute stage drive system 124 operates under the
control of main controller 50 shown in FIG. 6. In the
25 embodiment, on the opposite side (+Y side) of measurement stage
MST with respect to projection optical system PL, a loading
position WEP is set to which wafer W is carried by a carrier

unit (wafer loader) (not shown). Wafer stage WST moves toc

loading position WEP, and then after wafer W is mounted on



5 (in the enbodi ment, the unloading position is to be at the sane
position as the | oading position) and unl oads wafer Wthat has been
exposed, and al so | oads the wafer (wafer exchange) on which exposure
treatment is to be performed next. The positional information of

waf er stage WST (wafer W 10 and neasurenent stage MST is detected at
all times by interferoneter system 118 ire¥I G 6 via the side surface
(a reflection surface that has been mrror polished) of wafer table

U and measUroIEIL e B o8 1 SELA o 0 SHATRL 1 M

0.5 to nm Interferoneter system inclu I'n

16 for det eCtiﬁhQ)dfef!ﬁ:iQQﬁiobitQEans%@{@fﬁ Bl 3@ \BLpbBut-beaYe® P Seviously
|

direction (including the positionin the Oz direction), a Y

i nt erf er onet erddf:ridredjet eThemg 4ftepesipcbisaneot r arametite ehtwesicagd Nod
in the Y-axis direction (including the position in the Oz direction),
X 20 interferdtRftlersmplessdl FoLrestasedisT ngvend pasivilepddngamsition

stage in the X-axi,s directjion as js shawn j.n FIG ,2, a Z

i ntgrfero teﬁl(nndtﬁlesﬁ misi de%}é%tlfrﬁd’atd?‘é‘gpé’grsﬁgbﬂnoﬁﬁs vied &° Bdpitee
19Th in the Z-axj J ol i.0 pncl di iLLhon. |

dir eclti on and tﬁr%dees 5 ??L%%t ?8%1%%%%4 irb%esl.g'%'?'kﬁﬁel" Zgn%iit}%ec%rﬁafer W

val ues of int etHzes oet Beedyskpssdd S & At lbaddbtRAeCcRats | {0,
and based on the neasurenent values of interferonmeter system 118,
mai n contr ol | @xBENGENt P WS 1lcheyresivriedtr eatunariel $ ithedooberfichref neks .

st ages WST and MST nd each of .the tables 19TH and MIB) via stage
dri 8e system 124. %ﬁem&%ﬂé&?n&l it §ﬁi"f?§ecxh§t§‘§%é°75§"uﬁ‘f%“%%r 8

each tabl i c ) ch.t e... Further,
along it £0or AL aRuEpRER: CBade pitt IERI0CRA 2 BB Suue o
each of the stiagesrezdmBecdespeiadl,11R0RneKaEPI € vidSiRE &ide |dUl88ce (a

encoder or the |iKke.

reflection surface that has been mirror polished) of wafer
table WTB and measurement table MTB, at a resclution, for
example, arcund 0.5 to 1lnm. Interferometer system 118

15 includes a Y interferometer 16 for detecting the position of
wafer stage WST in the Y-axis direction (including the position
in the Bz direction), a ¥ interferometer 18 for detecting the
position of measurement stage MST in the Y-axis direction
{(including the position in the 0z direction), X

20 interfercmeters 24 and 26 for detecting the position of each
stage in the X-axis direction as is shown in FIG. 2, a Z
interferometer (not shown) for detecting the position of wafer
table WIB in the Z—-axis direction (including the position in
the Ox direction and the B8y direction) and the like. The

25 measurement values of interferometer system 118 are sent to
main controller 50, and based on the measurement values of
interferometer system 118, main controller 50 controls the
position and the like of =ach of the stages WST and MST (and

each of the tables WTB and MTB) via stage drive system 124.



Furthernore, in exposure apparatus 100 of the enbodi nent, alignnent
systens ALGL and AL& by the off-axis nethod are arranged t hat
respectively have a detection area whose position is independently
vari able within a predeterm ned 10 surface (XY plane) perpendicul ar
to optical axis AX of projection optical system PL, between | oadi ng
position WEP and the exposure starting pasition of wafer W In order
to make the detection area nove within the above predeterm ned

surface, at l|least_a part of alignnment, s ens, ALGL d AL 5 such
2o Tor exampl GOSFSR PEGPTERRT S BRI EPEAF HOF AR IBLECOF viA Gh b
system a photngﬂpat ' t [ i ng .ght
source, is novabl éﬁ'ﬁ/hgﬁ%ﬁgﬁ? bseigglé% , ?%Sé%anﬁg%%g%' A&%?%%%@%&,Ong
by noving a paritcioforalingreant osyshe nen Al @aned Ak yvELSRECiRd/ @ldkition
during the 20 novenent of wafer stage WST, the detection area noves
in a predet er Mihedgposift thaattagdattikonbei detediedvarfios erampier wstiagea
WET (alignggnt Jrarks or the |ike of wafer W, and detection of the

marks becore pod$ial EMG8ARRgOEhehfobEfRent of wafer stage WST. 25In
the enbodi nent, beca I nt systens ALGL _and ﬁ}OGZ | oy the .
i mage processing met ﬁ%gf‘g‘léﬂ“%g?fl}&fe qsélﬁr?earﬁpas‘f%tugrrs Aféggne&%&%?en“'

are noved so tNalyrniRerMBLKEeMS AOt1 MUE WY bh ORb! 88 08L BCtHAMAT GRe
during the novenent of wafer stage WST. Therefore, it is preferable

to nove a par tarmfangleidgrirant re2beslyistely MilvElL zandtALERos catdmtwidee
relative speed between the narks and the detection area is al nost
zero at | east PRFATAGRa1pr eBECRe IR ¥ | iR halilice vi EBL1Rps KPiRd&amgmed
(i magi ng) .S bei erf,grned. Further, . in_the _enbodinent, whi fer
5t 900 VBt mvse gB 2 PR p 8 I PR DGR £ CRERCBY eF RGP OF
described to JEXRABHI BpBl 2L1 | i ROSidr OReRl VAT 85 KGR Rke
a plurality o:ptiglji gnment Harks oér}gswaf er Wis pg\ré?or nae%y%g%al I'gnment
systenms ALGl and Ah&lcxpspecd isteintinmandobheiposdt veifdr wnf orimadrides eb
the plurality of marks that 10 have been detected is used when

scanni ng expodake theadi¢teniting axeeanove witdum tof ghove oxadsitermiped

to the nth shot ar ea (3L.,1n an i nteger of Mlx)n %1' the M shot areas that
is to be expoSEFtEicnatert SRALs 2Pt Fotedl 1PRMERT SYSESES PHE! 5o dlife-

starting posiGhen ab ¥Btelxfbie ! he fIIROYUMeRt §9sthf PANIIANS

- cbjective optical system, a photedetection element and the
like) excluding the light source, is movable by alignment
system stage unit 160. Accordingly, by moving a part of
alignment systems ALGl and ALG2 respectively during the

20 movement of wafer stage WST, the detection area moves in a
predetermined positional relation with the marks on wafer
stage WST {alignment marks or the like of wafer W), and
detection of the marks become possible during the movement
of wafer stage WST.

25 In the embodiment, because alignment systems ALGl and
ALGZ employ the image processing method, a part of alignment
systems ALGl and ALGZ are moved so that the marks do not move

away from the detection area during the movement of wafer stage

WST. Therefore, it is preferable to move a part of alignment



15 W (wafer stage WST) when the first shot area that is to be exposed
first on wafer Wis set at the scanning starting position
(acceleration starting position) . Furthernore, in the enbodi nent,
mar k detection by at |east one of alignnment systems ALGL and ALK is
performed even after the exposure 20 of wafer W(the first shot area)
has begun, and the positional informatioresof the marks that have been
detected is used for perform ng scanning exposure of all or a part of

the shot areas fromt eco ot anwar Further, in exposure
bpparatus. 100 BESHE BHELATEALELE0 TR Fhec Slmp 1 sBeet, etiARn the
125 (refer to o b €A Rped i hgl. d .
proj ection unint@{%s %%}Pf gg% %%ape lgjg-lt gg%?oggﬁllnﬁ%é%%l ﬁc?hd%%%s’tf grurlng
exanpl e, an ird gicldtermsnstetihdathiold iteeki ricr Hagdbat Bsn A ddREHG) is
beam | onger than the diameter of wafer Wto wafer Won wafer stage
WET, and 26 gihd geetfochbdn Fsttdmrt hah hbs emiedBudrdr,, wihilehwafer
receives the reflection light of the beans irradiated by the .
i rradiati o syEt3R WSHAKWVES #brledeinhren 1aghBedRomsisisnWEr gapyviously
sensor, a lin r .or .t like. In this.case, the.linear bea
Fradi ated {1 IR HATeR KA BUF of S8t e e LA daP S B BR 1 By a
plurality of sp@lecthapeds(Qrpehidr sharRed)1kgsREnPeRARPLS | SiEd,ARar & i3
the X-axis direction between, for exanple, l['oading position WEP and
t he exposure stearficirmgdpbsgi &1 bmmeand dyreemsr ATGAt 400 BLER despacituakly,
a concentration of an
and the positional information of the plurality of marks that
10 have been detected is used when scanning exposure of all M

" shot area

shot areas or & part of (for example, up to the n
(1l=n< an integer of M-1)) the M shot areas that is to be exposed
on wafer W is performed. In this case, the exposure starting
position of wafer W in the embodiment is the position of wafer
15 W (wafer stage WST) when the first shot area that is teo be
exposed first on wafer W is set at the scanning starting
position {acceleration starting position). Furthermore, in
the embodiment, mark detection by at least one of alignment
systems ALGl and ALG2Z is performed even after the exposure
20 of wafer W (the first shot area) has begun, and the positional
information of the marks that have been detected is used for
performing scanning exposure of all or a part of the shot areas
from the second shot onward.
Further, in exposure apparatus 100 of the embodiment,
25 a surface shape detection unit 125 (refer to FIG. 6) can be
equipped in body BD that holds projection unit PU. Surface
shape detection unit 125 includes, for example, an irradiation
system that obliquely irradiates a linear beam longer than

the diameter of wafer W to wafer W on wafer stage WST, and



10 irradiation area of a plurality of spot-shaped beans. Accordingly,
in the sane principle as the detection principle of the known

mul tiple point AF system wth the plurality of spot-shaped
irradiation areas serving as the measurenent points, the Z position
(positional information related to the 15 Z-axis direction

per pendi cul ar to the predeterm ned surfac (the XY plane) in which
waf er Wnoves) of wafer Wat each neasurenent point can be detected.

And, b d th t | t i | 50 det ect

"nf or mat 1 on 1 ef 4TI S TG LERAPE oI (HE S P F ot ST e er T S0 S vEr
. . . L or ¢ il

to exposure. tne rerfSLOIL TQ{%E o lﬂférﬁ?érpaelp.?g&f&&ggg t\?ééi){%ﬂ{:ﬁ:\é:lon

(for exanple, during the nove t fromloadi ng positi

exposure startsystguosisuichnks, rvaf €tais, reloalki-vehgnaDyesi vidih sensor,
respect to the irradiation area of surface shape detection 25 unit
125, and mai n &ohitoldemsoB0osonhat bike he Idi thisbotson e tliemezr beam

posi ti onal infprnac{)ilﬁq_n of the wafer surface, based on the neasurenent
val ues (the posiidthi s fRemwaker JrERATHtIT vsihered Ssystert g hegm
the detection gasid 0 . p tgction unit, 125, Then, .on_
exposure oper aj{l on,c{ %’Xi % Swaalgigtﬁfrggl ?%cggﬁqacpoen r(glrss%ﬁe %%%Q?$o%afﬁ‘

the Z-axis di negddon: @elapher ahtdHdides of s waterciabbec By, based0p1e,
the conputation results. In the enbodinent, at |east a part of the

det ecti on operlatadimgoposheldh EF andndle erposunt istra rafi ngheo swbif vsn ,bynd
surface shape detection unit 125 is performed in parallel with the
mark det ecti orffSperderdAtiey Becaekt radad iyt er Fopgenf rahientofs @t ens
ALGL and ALG2,. therefore, it_becomes possible to suppress g decrease
in thr oygégut d:tfe&ldtlgtégfleéf?ﬁgofh%_é% : 'Jtt!yoﬁgl spﬁgo%@?‘?%ﬁoeﬁé@dre
the begi nni ng RIcBMRAFYLE- inl ndhedd pRELELH AN 237 &R atetéeﬁiaﬁ%ﬁ%egle
detection unit 125, for exanple, is preferably placed substantiall
parall el to the Xhaxksowh edtione heimear exposty ariateahé A ddquitd of
imersion area of liquid Lg) and the detection area of alignnent
system ALGL arfipoArehaprdt heradiad sondignees 68rvingt as sthagewahucaess

15 all the detection eration of the Z positional information is
per for med whi FSAREFer Tt AROVST-ATs 'BRF ! SRR dPEPEHF FUSURG 2pBSI 1T BRe

YEP 1o thesexpositie 8l pLilth RATLEhAle, POk k4 RECHROSUE SrRGGIY 3GY--28d
ghput can be 1 nproved. Further, 1Tn the casée éexposure
appar atus 100 (emp! gySpbhfic cOIM I @ir@ iv@Fer W moves) of wafer W at each
measurement point can be detected. And, based on the
measurement results, main controllexr 50 can detect
information related to the shape of the surface of wafer W
20 subject to exposure.

Accordingly, before the beginning of exposure (for
example, during the movement from loading position WEP to the
exposure starting position), wafer W is relatively moved with
respect to the irradiation area of surface shape detection

25 unit 125, and main controller 50 computes the distribution
of the Z positional information of the wafer surface, based
on the measurement values (the position of the wafer) by

interferometer system 118 and the detection results of surface

shape detection unit 125. Then, on exposure operation, main



20 of supporting projection unit PU by suspension with respect to the
mai nfrane, at |east a part of surface shape detection unit 125 can be
arranged, for exanple, independently from projection unit PU, in a
measur enent franme supported by suspension fromthe mainframe. 25As is
shown in FIG 1, alignnment system stage unit 160 includes a frame FR
arranged separately from body BD vi brati &™ se, base platforns BS1
and BS2 (base platform BS2 not shown in FIG 1, refer to FIG 3)

arranged on the ace FR, .and, al Lgnnent,.system
o nges ASTI | JEHIIAST SPrErarte e B PATTETSh B ThEne “RPET e e
AST2) that supmi tthal O BMe BYSILMT: é&ﬁeaﬂ% Abg EEe "EHpUtR el BR
X-axis and Y-axis directions, wth the Iower surtace o ase

pl atforms BS1 weh13S2 senwmgemsoalmwe,wemtléﬁebepaﬁt Dfptaseletection

Al though it is not shown in the draw ngs, frame FR is supported in
the four cor né?l@ﬂ%‘ﬁlfo@upfsﬁbpoﬁtP%}l@cﬁnﬁhgn\f@mﬁ@abnyof nshe | WaErolpy

of a monber 1 1 TS %Qﬁ%ggﬁssf%%‘%%ﬁ%&ﬁa's VSRR rLr ERES Dok AL
+Y side end segd Qr{aé]r%”@eﬁz@‘éugn &ﬂ%nse(}gr?@ %Eg\%%é?gf%%ll ) AT

motor that drives i gnment syst st ages

descri bed | at el igfnrehicXe¢etBaseppb At 4l Ma.BF1 +ARHcBS2: farh weithiest Of
a plate shaped 15 nenber that has a | ower surface (the surface on the

-Z side) whoseadegbde of shbptasss deceedseielthdoughpulnthate dedekting
supported by suspension fromframe FRvia a plurality of (e, g. three)
vibration i solté’tei bROReEMINRS B LPEDAt THR S8 Tor B rHdla BRgtawiNg PEpxPOSUre.

nmechani sng,, 1621'h%aygra<{1 O%‘%l(%&iaggleg SBI 583 %eadgﬁ?goﬂjférggﬁrét ﬁﬁf 5PHn

i ncl ude a”support uni supporTs melg
BS1 (or BS2) usizngikheiprosstdadly ﬂﬁﬁcé@%ﬂ%t%r&é%ﬂﬁ}aﬁ@@éli@f "'E%dthe

between the piston and the cylinder, and a voice coil notor
drives the pist-exiefdibecsippobetuwaeh.exposure area IA2 (liguid immersion
area of liquid Lg) and the detection area of alignment system
ALGLl and ALGZ in the ¥Y-axis direction. 1In this case, because
15 all the detection operation of the Z positional information
is performed while wafer stage WST is being moved from loading
position WEP to the exposure starting position, both the
exposure accuracy and the throughput can be improved. Further,
in the case exposure apparatus 100 employs the configuration
20  of supporting projection unit PU by suspension with respect
to the mainframe, at least a part of surface shape detection
unit 125 can be arranged, for example, independently from
projection unit PU, in a measurement frame supported by
suspension from the mainframe.
25 As is shown in FIG. 1, alignment system stage unit 160
includes a frame FR arranged separately from body BD
vibrationwise, base platforms BS1 and BS2 {(base platform BS2

not shown in FIG. 1, refer to FIG. 3} arranged on the lower

surface side of frame FR, and alignment system stages AST1



25As is shown in FIG 3, alignnent system stage ASTI includes a Y
stage 42 that is novable in the Y-axis direction, and an X stage 40
that is novable in the X-axis direction with respect to Y stage 42. Y
stage 42 has a rough trapezoidal shape in a planar view 29 (when
viewed frombelow) , and is driven along the Y-axis by a | |inear
nmotor YLML that includes a Y-axis stator 26 fixed to frane FR and a
Y-axis nover 48 fixed to the +X side end section of Y stage 42. X

stage 40 is dri ng the X-axis 5.by a pair of X |ipear notor
XM and xove PHE L hess. Eoat hE o3 ok A enlor) subheh o ibr2)
whose | ongi t udipal Gkl 01 b e kX hEcl 56 WI0B, [hXed fdvd he,
| ower surface (the -Z side surface) of Y stage 42, and a pair o

X-axi s novers O Xaackis4Bnlli Xeskio ditecendnsechi o el 18wt ager AbOR £
the 10 -1-1 side and -Y side. I nsi de one of the X linear
motors, XLM2, kesmirdetdermsnBtdr antaBsSirmery ixgseage nOvemsdly ataference
drive force in the Y-axis direction is also arranged, which nmakes it
possi bl e t fi?&ﬁ%ﬁtﬂive X stage 40 in the Y-axis direction. Further

by slightly 15 chang‘ilrglgoggﬁ driyve fqr %ﬁP%Oﬂg i ed%h%’i}-@so‘cfér!\é ;?g‘?zaris

motors XLML and XL t Becones possible to rotationalFy drive

stage 40 in t haiphw@iceahi 8Re four coﬁiéwr@ntfowsgagﬁé\k@!mg Ned GRS
an optical systemincluding an object lens and the I1ke, an imaging
devi ce (such 2GrscalC@Dinanallidm oni kke flpdrheupfacphierny tbe b= GThte
that constitutes a part of alignment system ALGL, a piping in which a
liquid flows i¥ dPCartd&8) - antrdife FBCooPsLpL§up 8- @ deehy-hare hEFgan d

o ook e L AR D R B Rs R 0% BB R
and the -Y side end section, stators of a linear motor that
drives alignment system stages AST1 and ASTZ to be described
later are fixed.

Base platforms BS1 and BS2 each consist of a plate shaped

15 member that has a lower surface (the surface on the -7 side)
whose degree of flatness is extremely high, and are each
supporited by suspension from frame FR via a plurality of (e.g.
three) vibration iscolation mechanisms 162. These vibration
isolation mechanisms 162 have, for example, a piston and a

20 cylinder, and include a support unit that supports the
self-weight of base platform BS1 (or BS2) using the pressure
of gas inside a gas chamber formed between the piston and the
cylinder, and a voice coil motor that drives the piston of
the support unit.

25 As is shown in FIG. 3, alignment system stage AST1
includes a Y stage 42 that is movable in the Y-axis direction,
and an X stage 40 that is movable in the X-axis direction with
respect to Y stage 42.

Y stage 42 has a rough trapezoidal shape in a planar view



25 lens and the |ike, which makes it possible to reduce the size of
alignment systemALGL . In this case, as for the |light source of

al i gnnent system ALGL, instead of noving the light source with the

al i gnnent system stage, the light source is arranged external to the
al i gnnment system stage and is connected by 30 an optical fiber or
the Iike. The present invention, however,2d4s not limted to this, and
a relay optical systemthat includes a mrror or the |ike that
transmts abeam.from.,a Ilg t s e externall arrang ed to the

opti cal syst em BOm M GHENE T ePSrTiT Y ARRE LardEt & B BSelne A T RY
system ALGL 15, ot thElk! £8: 4.0 A LHROG AORRISANE LB R cBRds6 £1xeq
sensors of other various net s can al so be used exanple, a

sensor that detect:sand iy agted Yighis gpheiated kel 88 ahéd ORIBNdTRG
on which a coherent |laser beamis irradi ated can al so be used.

Further, 10 t heedivgl nd Yrettegs 62.t e s€EDei 40 n@t drlmm ed ohg L-he x axis
i qui d- coollnq%yand air-cooling can al so be enp
shown in FPG SoP3ife °Ifo%e41§ﬁ?¥ detqry %IINHe El§6i1r Fé’é%)t}éﬁ‘t \‘-‘Sqlékjj@542

and X stage 4 u: 4G ers t .constitute

systeminterf rone%%% %ﬁ% ta%gr%%ﬂ%gﬁ%%éag ?f%ﬁﬁ tWé?Qgigﬁ%%giéﬁn
I nterferoneter;syst eML69- Q;fué *’tﬁz%@%@.@h”eﬁixém&ﬁet Fﬂ%w@?“&h@fa@é%the
nmet hod, and neasures the positional nformation in the X-axis and
Y-axi s d|rectkdh$1d&dsuhéacelanrahahagafgzneandna paitrhef Graxlys newers
Oz directions of alignnent system stage ASTI (that is, alignnent
system 20 ALGl%‘lA and” 54BefAKEd bR ENe GMemectionenpf n¥ evtagokd @n the
system 69 ﬁge ngcrlbeg bel.ow, referring to FIG 4.

Interfero ter VorEmP88 TAcPud®s a sensor head section 68, a first

bending mrror sectkgn;de &d & 24oRrd) bendi ng, Y S 0krHSCtL A5 c% 231l

arranged on Y stage 42, two optical units 74 and 75 arranged on

stage 40, X flmoemrrmmwmaza%,x ity 401 280 vidickr D8 r 10Y Eoaad iEIhEhJalYk@x:Ls
shown in FIG 4. X fixed mrror 70X has the side surfaces on the +X

side and the -<drsicddonm i glsporistrabdovhhah madesett inpssdirlkacesiacdy
formed, and ¥ rl:a.)greédx ?tg%gr40791¥%he Y-axis direction. Further, by slightly
15 changing the drive force along the X-axis of X linear motors
XIM1 and XIMZ, it becomes possible to rotationally drive X
stage 40 in the 0z direction.
Alignment system ALGI includes an optical system
including an object lens and the like, an imaging device (such
20 as a CCD) and the like. In the periphery of the CCD that
constitutes a part of alignment system ALGL, a piping in which
a liquid flows 1s arranged, and the CCD is liguid-cooled by
the 1iquid that flows in the piping. Accordingly, the CCD can
be placed close to the optical system including the object
25 lens and the like, which makes it possible to reduce the size
of alignment systemALGl. Inthis case, as for the l1ight source
of alignment system ALGl, instead of moving the light source

with the alignment system stage, the light source is arranged

external to the zlignment system stage and is connected by



31 has the side surface on the -Y side mrror polished so that a
reflection surface is forned. Sensor head section 68, X fixed mrror
70X, and Y fixed mrror 70Y are fixed to body BD that supports
projection unit PU X fixed mrror 70X is 5 supported by suspension
by a support menber 77 (refer to FIG 3) that connects to body BD,
via an opening section forned in a part o0 frame FR Sensor head
section 68 incorporates a |ight source, an optical system and a

P ovar &1 on_ ol PLKEELS) (AR F Ehaxk] Aol BB ERY (Ol RIRORP IS,

)
conversi on el enen a ben P 3 S and ¥R ETFPRR _ : _
first bending id 60N i%@eLLHUD thd ANGnkiRer SELPHG: DNl P8 &h kHAL imhage

73 each include a prism(or a mrror). The prism(or the mrror) ha
a reflection sunfiacerfar nhd hitkel bhan tanglsmiek 4Dedagreas aniidht espeet
to an XZ plane and an _YZ pl ane. The first bending mrror
section 72 ref9¥&rsiad Ijcari BEY bedhaBrrtisahevaabmyotahi gonert system
two beans separat.ed apart in the vertical direction _(the, Z-axis, .
directi on)?’ h eF?nfg{?% D8y BRIt o VRGN BY T LR AT hS Limited
description belpwhet WLl [ one -
from sensor head sgc{}ﬁ%ér:\@%gtécang ?rgﬁrés the Eggm&é}\t er ggﬁ%&kﬁﬁoﬁ

previ ously desesined. cdmtilRerbe iR ecPhd dxn@ilBg ANdehabrsaedd ARtédts
reflects the other beam 8M2 (beam 3M2 is actually configured 25 of
two beans sepaiidtfadcipdr Light tdenamrtdd drodi racaibgnri¢kie érkxios which

direction)) and kes the beamenter optjcal unit 75. Opt i cal
Nt § 78 0N whiCT BRE B 7S BPAE CohFE e (RIbSAR SRS 1996k, THACARE

optical - megber. 240, a7 ANASCh S BESAR! E651: 0551 $hR0ES 3P A LS Y,
side of mrror 74a.
and air-cooling can also be employed.

As i1s shewn in FIG. 3, on the lower surface (-2 side
surface) of Y stage 42 and X stage 40, various optical members
that constitute an alignment system interferometer system 69

15 {shown only in FIG. 6) are placed. Interferometer system 69
of the embodiment employs the double-pass method, and measures
the positional information in the X-axis and Y-axis directions
and the rotational information in the 8x, Oy, and Bz directions
of alignment system stage AST1 (that is, alignment system

20 ALGl).

Details on alignment system interferometer system 69
will be described below, referring to FIG. 4. Interferometer
system 69 includes a sensor head section 68, a first bending
mirror section 72 and a second bending mirror section 73

25 arranged on Y stage 42, tw§ optical units 74 and 75 arranged
on X stage 40, X fixed mirror 70X, and Y fixed mirror 70Y1
and the like, shown in FIG. 4. X fixed mirror 70X has the side
surfaces on the +X side and the -X side mirror polished so

that reflection surfaces are formed, and ¥ fixed mirror 70Y1



32 Optical nmenber 74b is made up of parts such as a

pol ari zati on beamsplitter (PBS) 49a, a corner cube mrror (a
retroreflector) 49b, quarter-wave plates (X 4 plates) 49c and 99d, a
reference mrror 49e, and the like which are 5 integrated, as is
shown enlarged in FIG 5. According to optical nenber 74b,
beam BML reflected off mrror 74a enters 3ol ari zati on beam splitter
49a. Then, beam BML t hat has entered polarization bean1sp|itter 49a

ted f beam R
pol a7 25t 1 on CONpA B ERaP. BESCReT TGUGN & SRR ngob SRt Rt

mul tilayer filgs.dsdds ROsakiFzaki o0 P@ﬂﬁ@ép' kbh&br498ad aga%t%on 68, X

measur enent beam MBX consisting of an S pol arization conponent
reflected of f fiwedeparatd NOXpl ane. Y Thistsd mEaswrement abeam MK to body
reflected off the above 15 separating plane passes through X14 plate
49c and is cor¥erthed shppoxteipeedentivel anizedU} i ghifixeddmiheer (X is
reflected Ry fixed mr 70X The nmeasurenent beamrefl ected
of f fixed rr%‘?ppﬁ?)?eﬁggge?stpr‘ﬁ"&&@ﬂ Ry 2 prEpe-aFembgzi i dfges to FIG.
converted to R 2 I S 0
separating pl aneocc'}t’%1 %g}h?l@% C(Ed%[ﬁ;’orgﬁér a3 %E‘L’fr?n!ﬁrg?oér‘_p%i)]la)g?j %é:rl??d
measur ement begmaVig4 rithatr ﬁ@gmgegn_folded back passes through the
above separating plane and X/ 4 plate 49c and becones a circul ar

pol ari zed |ight, an@ehhen lisad ekkédtbrdihdaicnrbypritxed light scurce, an

optical system, and a plurality of analyzers (polarizers),
10 a plurality of photoelectric conversion elements, a bending
mirror and the like insigde.
The first bending mirror section 72 and the second
bending mirrer section 73 each include a prism (or a mirror).
The prism (or the mirror) has a reflection surface formed at
15 an angle of 45 degrees with respect to an X2 plane and an Y2
plane.
The first bending mirror section 72 reflects a beam BM1
(beam BM1 is actually configured of two beams separated apart
in the vertical direction (the Z-axis direction), however,
20 in order to avoid complication in the description below, the
beams will be described as one beam) cutput from sensor head
section 68, and makes the beam enter optical unit 74 previously
described. Further, the second bending mirror section 73
reflects the other beam BM2 (beam BM2 is actually configured
25 of two beams separated apart in the vertical direction (the
Z-axis direction)) and makes the beam enter optical unit 75.
Optical unit 74 on which beam BMI is incident includes
a mirror 74a, and an optical member 74b arranged a

predetermined distance apart on the +Y side of mirror 74a.



25 mrror 70X, and the reflected nmeasurenent beam passes through X/ 4
plate 49c and is converted to S polarization and is reflected off the
above separating plane, and then returns to sensor head section 68
via mrror 74a and the first bending mrror section 72. 33
Meanwhi | e, the reference beam (P pol ari zati on conponent) that has
passed t hrough the above separating pl ane3asses through 2./4 plate
49d and is converted to a circular polarized light, which is

reflected off the r ction surf 5 of mrror 49e nd then the
| Tght passes. ¢ oughPkisepl APEPH6d Syaieh eb e, oft PBEED B P
pol ari zation anshdssi A=8filoeChedmokh1 I e 2basey)sarar aki g rﬂéf%@%i&'}%
is folded back at corner cube mTror 49b. Then the reference beam

that has been foldedobacketsor pllonst @ehagal nvbld pt heeabove sepasat iing
pl ane and 10 passes through 274 plate 49d and is converted to a

circul ar pol ard¥ed 9d.glt refarence sukefercited ehd the Pik¢eghiam are
surface of mrror 49e, and then the reference beamthat has been

refl ect ed" “pasSESHTRFEGghsA 15 PRAR YRS & FLE- becones a P
oot . .
pol ari zati on and pagaeaﬁgﬁ% Ao c@fﬁl\éﬁbgﬁfg{] ! bR PhANEC 4 Pe BICH L s

synt hesi zed concentrica e return he "neasur enent
beam (S pol ar inAatriodn) 4 AR ties s@f 1 Hat-ee 1 hf bddk ken 1 ¥dar and .t hendd f sban
bending mrror section 72 and then passes through the anal yzer of the
det ecti on uni BMIngihgd bemsentdtrced mElcricati®n hBeewr dphigtier aPa is
interference beam of 20 neasurenent beam MBX_and reference beam RBX
is output fromPRELRE YREP, @ aFRIE SR G (RSP REKc ECRRAFY H19 rdfc & \Fed by

L1 B o2 LG G9RNSL G, A0 Bgs) Lionl ! S QLR O, 0o

al i gnnment “syste -axtsTarre

70X serving asadel ekenfneelipesSeMtidd iMRLRe2BotaPt 1A & 1ifdn AD1liSter
previ ously descri bed, because beam BML is configured of two beans

separ at ed aparit9ai, mride ri¢aairemgnt dotanoMBX kehs iedbhg olfl &y ST ldetieatson
not only the positional information of alignnent system stage ASTI
(al i gnment sy$CERPREGE) rehledeeK-o6d $£hdi reprrahibttPhARD t he

rotational Then, measurement beam MEX reflected off the above

15 separating plane passes through A/4 plate 4%¢ and is converted
into a circular polarized light, and then is reflected by fixed
mirror 70X.

The measurement beam reflected off fixed mirror 70X
passes through A/4 plate 4%c again and is converted to P

20 polarization, and then passes through the above separating
plane and is folded back at corner cube mirrer 49h. Then,
measurement beam MBX that has been folded back passes through
the above separating plane and A/4 plate 49¢c and becomes a
circular polarized light, and then is reflected again by fixed

25 mirror 70X, and the reflected measurement beam passes through
A/4 plate 49c and is converted to 8 polarization and is
reflected off the above separating plane, and then returns
to sensor head section 68 via mirror 74a and the first bending

mirror section 72.



34 information in the oy direction (rolling anmount) fromthe
positional information in the X-axis direction which is respectively
obtained fromthe two beans. Optical unit 75 includes opti cal
menbers 75a and 75b, 5 and bending mrrors 75¢c and 75d, as is shown
enlarged in FIG 5. Optical nmenber 75a includes a polarization beam
splitter b5la, a X/4 plate 51c arranged o the side surface of

pol ari zati on beam splitter 51a on the -1-Y side, a half mrror 10

51b, and a mrror 53d. Jd,cal i ncl ud a _polarization
beam splitter 52a, a X/ ?atﬁll%fetg%g‘?%?%%gceed bler?mpgﬁ’apf’g%ﬁ%?]%% m
splitter 52a, @ondicit)52Rat MG Sadddd %réagh He QBbYEal %%gﬁggﬁ%’ne
beam BM2 refl ected off mrror 73 15 enters half mrror Sfb, and” at

hal f mrror 5IgpsdeamhdMighsisepsideed sdnkadai § iddgivdieam BMA circular
reflected off half mrror 5lb and a second beam BVM2b that noves
ahead. e lizest Lhghim Bahils wmilemed ofbthemefdecsientsudare

consisting.of a P .polarization conponent that passes through 20 a
separ at i ng>pl dte T4 ﬁrzgﬁzaf"flﬁnt n%érﬁ%ljijtqbé’r rgfgesahrausfleremdate

beam consi st i ngyPf gy %op%ﬂ &%aﬁé%e%()ﬁp%ggm%%lg{atﬁ%he&fgg td¥ ecte

separating pl ane. e nmeasur enent as passed throug
the above separit ting apbasedpasses nyheughakd 4heh aker ke AWk 8t corner
converted cube mirror 49b. Then the reference beam that has been folded
back i1s reflected again off the above separating plane and
10 passes through A/4 plate 49d and is converted to a circular
polarized light, which is reflected off the reflection surface
of mirror 4%e, and then the reference beam that has been
reflected” passes through A/4 plate 49d so that it becomes
a Ppolarization and passes through the above separating plane
15 and is synthesized concentrically with the return light of
the measurement beam (S polarization) and is reflected off
nirror 74a and the first bending mirror section 72 and then
passes through the analyzer of the detection unit inside sensor
head section 68. Accordingly, an interference beam of
20 measurement beam MBX and reference beam RBX is output from
the analyzer, and the interference beam is received by the
photoelectxric conversion element and positional information
of alignment system stage AST1 in the X-axis direction with
fixed mirror 70X serving as a reference is sent to main
25 controller 50. As is previously described, because beam BM1
is configured of two beams separated apart in the Z-axis
direction, main controller 50 detects not only the positional

information of alignment system stage AST1 (alignment system

ALGl) in the X-axis direction but also the rotational



25 into a circular polarized light, and then after the light is
reflected by fixed mrror 70Y1l, the |light passes through 2.74 plate
51c again and is converted to S polarization and is reflected off the
above separating plane and mrror 51d. Then the refl ected neasurenent
beam passes through X/ 4 plate 51c 35 and is converted into a
circular polarized light, and then is ref3%«cted by fixed mrror 7011
again, and after this the |light passes through X/ 4 plate 51c and is

converted to P, ppl ari,zati an, ,and.t hen sses thr.qugh the apov
ceparating & piERAGER My RRIRY R SR < e 148, oPonEEE Been i
68 via the secessh DRI ING nFokhAE 188CHH O K1dkiRl Girdction which is
Meanwhi |l e, the reference beamthat has been reflected off the above
separati ng pl amspectriefdlgcobdadhédpdiami Zed itvo heamsspl itter 5l1a, and

after this the beamreturns to sensor 10 head section 68 via the
second bendi ng mirr Ptd€edi valyd S e ludrer epeicdpemembersy hbaczid d§b,

concentrically with the return I pLght o e neasurenent heam (.P.
ol ar 1 20t | gn) i PEREAS gLt s S 4 8% PeP OT™ o SdBESci? &7
unit inside sefisor head section 68. Accordingly, an interference beam

of the 15 neasurenent beam and the reference beamis output fromthe

anal yzer, and the i obeitel are®chkersn i5c1 00 ¥edlhyithei phokanl Latikker
conversion el enent and positional information of alignnent system
stage AST1 in fllee ¥ dXdspilatechliommidrydd xed tiver sbde 78YAfsey \ifhg as
a reference i s sent, t%ﬁnain 20 caontroller Meanwhi | e, the

second beam BWMfb- &R a8 B%@EéﬁﬂﬁﬁFﬁﬁgﬁlﬁgg?tﬁ?r?%ﬁﬁ5¥h Psﬁ?%?ﬂ@é?@é
2 b pol ar Lt Pt oare Aeh ERE HIhe. DetRRT AR ARG EhaRe o
polarization beam splitter 52a, a A/4 plate 52c¢ arranged in
polarization beam splitter 52a, a mirror 52b, and a mirror
52d.
In optical member 75a, beam BM2 reflected off mirror 73
15 enters half mirror 51b, and at half mirror 51b, beam BM2 is
separated into a first beam BMZa reflected off half mirroxr
»1lb and a second beam BM2b that moves zhead.
The first beam BM2a is divided into a measurement beam
consisting of a P polarization component that passes through
20 a separating plane of polarization beam splitter 5la, and a
reference beam consisting of an S polarization compcnent
reflected off the separating plane.
The measurement beam that has passed through the above
separating plane passes through A/4 plate 51c¢ and is converted
25 1into a circular polarized light, and then after the light is
reflected by fixed mirroxr 70Y1, the light passes through A/4

plate 51lc again and is converted to S polarization and is

reflected off the above separating plane andmirror 51d. Then

the reflected measurement beam passes through A/4 plate 5lc



25 pol arization beamsplitter 52a, and a reference beam consisting of
an S pol arization conponent reflected off the separating pl ane.

The nmeasurenent beam that has passed through pol arization beam
splitter 52a passes through %4 plate 52c 36 and is converted into a
circular polarized light, and then after the light is reflected by
fixed mrror 70Y1, the light passes throwgh %4 plate 52c and is
converted to S polarization and is reflected off the above separating

pl ane and mrror, 5 52d. Then the refl ectedq nmeasurepent beam passe
Dhrough Al 4 plSite 162 EORNET ERRMLASS G T RBORBTErT chl e haves Foen

light, and th i t i LI 7 agal.n, fit.er
this the Iigh?gbgggggg%ﬁg&ﬁgﬁg%fﬁigﬁg%ngEgi%ﬁ%ﬁﬁghc%%ge?fggrﬁghg the
pol ari zation, Eﬂ@ittB%Bs@§5§ﬁ§oﬁﬁﬁ(%%ﬂ1ﬁﬂ%%ea@QE?aﬁépﬁéaédﬁ&hé%%dPE%”@
via mrror 52d and returns to sensor head section 68 via mrrors 75c
and 75d and t helsegdantibendang then grassect tbmoughi bhéldhovk separating
Meanwhi |l e, the reference beamreflected off polarization beam
splitter 52a PafGPNI-EoMEBRIB He AR SAEHS15068e¥$ L HT3%S&CrSenahl

75d and the second.bendin lrror_section 73, . The fer bheami s
T haai veg o5aA0Tn2°0ELR0a MUS FRA0R LR IB] P8 LGS AT

beam (P pol ari zati ogda@idiidlen RASEee rLREQUMEL REARNALY 28 ePiriBcted
detection unit inside sensor head section 68. Accordingly, an

i nterference b&dnthé divere?28eprastienenhneehsnasid eichhedr ef £rpenaeihaanon
is output fromthe analyzer, and the interference beamis received by
t he phot oel ecepl ephiktar odael ap8raitand thasi thohaan AebrARs iiohsensor

i t t . AST1 i, Y-axis directi ith fi '
T0vi servihy 16 EPGnEE 118 LER e o PO BREroF rartagn A | Bhe
previ ousy desgirkberoclsranse ARAT: B\ a0dcBARH 1A £RSE:ooN Labked

of two beans separated apart Z-axis direction, ‘main contro
50 detects notlightyo# bRepesistiremahtivde1 MRH0R rOkadhbaNiRal t1sysbaBkes

stage ASTI (alignment system ALGL) in the Y-axis direction but al so
t he through the analyzer of the detection unit inside sensor head
section 68. RAccordingly, an interference beam of the
15 measurement beam and the reference beam is output from the
analyzer, and the interference beam is received by the
photoelectric conversion element and positional information
of alignment system stage AST1 in the Y-axis direction with
fixed mirror 70Y1 serving as a reference is sent to main
20 controller 50,

Meanwhile, the second beam BMZ2b that has passed through
half mirror 51b is reflected off mirror 52b, and is divided
into a measurement beam consisting of a P polarization
component that passes through a separating plane of

25 polarization beam splitter 52a, and a reference beam
consisting of an S polarization component reilected off the

separating pliane.

The measurement beam that has passed through

polarization beam splitter 52a passes through A/4 plate 52c¢



37 rotational information in the Oz direction (yaw ng anount) and the
rotational information in the ex direction (pitching anmount) from
the positional information in the Y-axis direction which is
respectively obtained fromthe four beans. 5Referring back to FIG 3,
al t hough al i gnnent system stage AST2 that noves the other alignnment
system AL& is symetric, alignnment systess stage AST2 has a
configuration simlar to alignnment system stage ASTI. Mre

specifically, q&égnnent system,stage AST2 includes 10 a_Y stage 142
movabl e in t he® 2 8 SUEEEFoANEANE af SE Ay £ OLAF 1F6Fablent n 3k then

X-axis direct i%{ﬁ:a% tstl?l .rff@t%?tié %&¥%§§@?:&‘nkégg%ixe mijﬁ_{ﬁslto%ge é‘ﬁlg _'LiiS ht

driven in the i rection frot or that r1ncludes

a Y-axis stat qfaddfs £hxsdgh Q{ﬁ@rgece@fgna% Bofe i 0o éﬁe‘aﬁe&%ﬁ

to the -X side end section o stage 142, andX stage 14 ven
in the X-axis aid et iref landerdobafi onal dhyouwdr isegaranihhepbandi#retiiaror
by a pair of X linear notors XLM3 and XLM4 that includes a pair of
X-axi s st ator 9AG2ATHAY B2 BafRestetomp suntmealt Hearatdssesi shiroughe./4

20 X-axis direction. fixed to the | face (the.-Z side,surf
of ¥ ot nge 142 T ARIo8 BECI 3 Gerd Rbor e o A BRI 16 B8 P EA B SPE

the end sectioffy @hef $hager 140 QN e; 3 dqShie-ANG oo égggn 'é}ﬁa)%ter

l'inear notor XLM4, a voice coil notor I's arranged toget as in
stage 40 previtiis ¥hdeseghbedssee 2Rrbhigh Mi4Shagee Ik ean be ddrielrted

driven in the Y-axis direction.
to Ppolarization, and then passes through the above separating
10 plane via mirror 52d and returns to sensor head section 68
via mirrors 75c¢ and 75d and the second bending mirror section
73 in FIG. 4.
Meanwhile, the reference beam reflected off
polarization beam splitter 52a returns to sensor head section
15 68 viamirrors 75c and. 75d and the second bendingmirror section
73. The reference beam is synthesized concentrically with the
return light of the measurement beam (P polarization) and then
passes through the analyzer of the detection unit inside sensor
head section 68. Accordingly, an interference beam of the
20 measurement beam and the reference beam is output from the
analyzer, and the interference beam is received by the
photoelectric conversion element and positional infeormation
of alignment system stage AST1 in the Y-axis direction with
fixed mirror 70Y1 serving as a reference is sent to main
25 controller 50. As ispreviouslydescribed, because beams BM2a
and BMZb are each configured of two beams separated apart in
the Z-axis direction, main controller 50 detects not only the

positional information of alignment system stage AST1

(alignment system ALGLl) in the Y-axis direction but also the



Alignment systemAL& is an alignnent system by the inage processing
met hod whose configuration is conpletely the sane as alignnent system
ALGL, therefore the description of the systemtherein will be
omtted. 38 Further, on the lower surface (-Z side surface)

of Y stage 142 and X stage 140, various optical nmenbers that
constitute an alignnment systeminterferon®ter system 169 (shown only
in FIG 6) are placed. 5Al though alignnment systeminterferoneter

t 169 i etric, ali t t interf t t 169
has & Cont | gurSRTOTLAIRL. FAGERONSCS: H | d1° (5 SLTGHRETT CYSTEM anount)
| nter f er onet ety 9y §5&1 60 . I AL pLheofetALLS P L Re s cning

omtted, however, e systeminc es a sensor Section 1

and vari ous opinm@ait)reHear s$har pasgetbodl Xrdcagrtidd andtie stageisl42.
Interferoneter system 169 of the enbodi ment can detect positional

i nformation i rditReticxvaicihd syreshestdivedot dloainethdrentidie forat beams.
informatiorg in the directigns of alignnent system

X, Oy, d .
stage AST2”(al i gnneﬁfe%ﬁgf'%%]n}ﬁc Le)EIG P PikeqUAr r 7 bHImRELY Setem
reflection sur% WghenzX 1%98% and &H&f%ﬂi@a@éﬁg Zgg(tzerﬁ %o is
a I'n body BD

reflection sur e on the -Y side) arrange erving as - a

ref erence. symndtit il e a@ ihaeiend ys e & thlgat herishBSla aith Bireeien
each supported by frane FR via vibration isolation nechanisnms 162, 20

however, for exarplag, thr adégERenanspE-amsttalgecdS®h.t he fl oor surface
(or on a base plate) via vibration isaolation nmechanisns 162, and_base
pl atforms BS1l and BYSTESPSHPCLelbE. Fligarestisunherrrtagripbhiednclydes

Lne enbody ety 2LLIBIN, SKSHATE ALGH AV and slase it 100, are

arranged in frane however, _ _ ; _
enpl oys the canfg gukabhen: oftIKRAkE ENGi PEOL ARG 'v@.ﬂthu?lats?g& BY% v stage

suspension with respect to the mainfrane as is previously descri bed,
for exanple, dld2gnnment systens ALGL and AL& and stage unit 160 can
be supported by sus g 4 L e X Tved 1 tre Plakfs diPection by s v 11
ya¥Y linear
motor YLMZ that includes a Y-axis stator 146 fixed to frame
15 FR and a Y-axis mover 148 fixed to the -X side end section
of Y stage 142, and X stage 140 is driven in the X~axis direction
and rotationally driven in the 0z direction by a pair of X
linear motors XILM3 and XLM4 that includes a palir of X-axis
stators 152A and 152B whose longitudinal direction is in the
20 X-axis direction, fixed to the lower surface {the -Z side
surface) of Y stage 142, and a pair of X~axis movers 154A and
154B fixed to the end sections of X stage 140 on the -Y side
and +Y side. In X linear motor XIM4, a voice coll motoer is
arranged together as in X stage 40 previously described, so
25 that X stage 140 can be finely driven in the Y-axis direction.
Alignment system ALG2 is an alignment systemby the image
processing method whose configuration is completely the same

as alignment system ALGl, therefore the description of the

system therein will be omitted.



39 or alignnent systens ALGL and AL& and stage unit 160 can be
arranged i ndependently fromprojection unit PU, in a measurenent
frame supported by suspension fromthe mainfranme. Further, at |east a
part of alignment systeminterferometer 5 systens 69 and 169 can be
arranged in the neasurenent frame along with alignnment systens ALGL
and AL&2. Furthernore, alignnment systens #ALGL and AL& and the nozzle
unit previously described can be arranged in the sanme neasurenent

f , i diff f . ~LOFI 6 bl ack
o, o2 O AR BT AT A0 6.0 AR, B R

di agram of the main configdration of a co p

appar atus 100 &faddel £nbodi ¥eRBtagdn€a6ONF 0oy SRNchR fbfdbebs i Shat
configured including a so-called m croconputer (or workstation) nade
up of a CPU (CemtsialtPreoees silhgnilant ) sysRoM i(fRead e@ohypt b noysien 1RAM
(Random 15 Access Menory) , and the like, and is mainly conposed of
mai n control | efSHRYN iHileh i8eFiEs 85 aredmasid-.unit that controls the

overal |l operation of e entire a ratus. Next, details a
paral | el p?’ocessi ng A&%E‘PE?BO#%“%S’%?%W@t’"&‘&@rﬁ\ﬁ#oﬁﬁﬁejﬁegé’ss&e&rg& 18
stage MST in CXROSH PRk - i t
arrangenent descri be %bg%aémﬁﬁg%eg%%ggép%ggfg%?%%%8%%&‘#@%éﬁg
to 11. Each sesdrifinynpenaheandndefictiens ®ilniQlarof ol DgeReht od £ferbO,
however, in order to avoid conplication in the description, details
therein wll bateifcauemeseneeyshan dherthmerndoser ytheudetmils 2B mumiing
t he operation bel oy, qgig controller 50 controls the supply operation
and recovery OpePBRtFbACofoFRESEr fiiSS LR dOFYUPRRer STRPLRRRD Sgstion

and on theol ouee skdg P10 lEest, aplicals aLearBLad, B QLEGL! Ab ang
ptical system PL, an 1 nmmersion area of 11 qui g°rs constantrly
f or med. Y stage 142. Interferometer system 169 of the embodiment can
detect positicnal information in the X-axis and Y-axis
directions, and rotational information in the 0%, Oy, and 0z
directions of alignment system stage AST2 (alignment system
15 ALG2), with fixed mirror 70X (the reflection surface on the
-X side) and a fixed mirror 70Y2 (the reflection surface on
the ~-Y side) arranged in body BD serxving as a reference.
In the embodiment, base platforms BS1 and BS2 were each
supported by frame FR via vibration isolation mechanisms 162,
20 however, for example, frame FR can be installed on the floor
surface {or on a base plate) via vibration isolationmechanisns
162, and base platforms BS1l and BS2 can simply be fixed to
frame FR. Further, in the embodiment, alignment systems ALG1
and ALGZ and stage unit 160 are arranged in frame FR, however,
25 in the case exposure apparatus 100 employs the configuration
of supporting projection unit PU by suspension with respect
to the mainframe as is previously described, for example,

alignment systems ALGl and ALG2 and stage unit 160 can be

supported by suspension integrally with projection unit PU,



40 Further, the relation between a coordi nate system of
alignment systeminterferoneter systenms 69 and 169 for neasuring the
position of alignnment systens ALGL and AL& and a coordi nate system
of interferoneter system 118 for nmeasuring 5 the position of wafer
stage WST is to be neasured in advance using, for exanple, reference
marks or the like on neasurenent stage M52 Mre specifically, the
relation (in other words, the position of the detection center of

al i gnment syst gps, Al d e i af
interferoneter syste f%%li%%ggih&’tdt}ea%%%%l%%%gu%g% gt ne'tdétsgc??%r]?e
of the ref er engeramids i@fﬁé@%@@@h@@nfr&ﬁ@% ki ahligneent 1gyst ens
ALGL and AL&, based on the position of a igﬂg%ent systens ALlGl and
ALGX2 obt ai ned hyasutandrdr Snatesuppstead iOsante G afdon kdepasinfitime .
of neasurenent_stage MST obtained by interferoneter system 15 118. In
t he enbodi ment FuEHEiot Bénleest e RALtgATeRt LFHIRY syshametnigrkeroneter
per f or med vi,ng alignnen ystens ALGL and AL based on the
above rel a’%logygf%egnss #ggaﬁépi?j%tcaarbrbgv%ﬁ@??/e‘gejsnc%ﬁe@ef?'ﬁ’é‘?lﬁ%ﬁmgﬁrame
ali gnment shot, it w1 t1ARd 1R ABASHECIRNMANA! Ues Afchnt afdSHIRRLeE
systens 69, 169, agﬁd 118. Zg Furthe‘?, measur enment o thee%asgine !
(the positionali@imnosystehdALAE sirAEBGDahveti: hBez D& gneéetpiriously
position of the reticle pattern by projection optical system PL and

t he detection desfibest cani parmrnangest dnstie Glanmdeasazepment af Tapeve ot

systens ALGlL and A%f S t% be conpl eted al ready, and nmain controller
25 50 is to stdt & (HEFEEL I REEFHTTRTOT yEXalSh t he basel i ne bei ng

made to cqprespond Wrkh §N&.RRSLE 0%k aRNERt Y BLEMS A ion

AG.2 during the measurenent asel’i ne neasurenent, réefrerenc

marks or the ldke cdne rusesysfertif ekbekaraldpgarantssyst 8 (BUmAWah .
and neasurenent stage MST whose details 41 are disclosed in, for

exanpl e, KokaiThel sppaiesd Paseen UneREh rfed sApgphifdgtired Publudiatg @n)
No. 7-176468 (and the corresponding U S. Patent No. 5, 646,413)_ and
the like. FI GS7AIERsTEAECSPEPRLST QRO LFFtETESD) whade tHe HaffeCPU

{Central Processing Unit), ROM (Read Only Memory), RAM (Random
15 Access Memory), and the like, and is mainly composed of main
controller 50, which serves as a control unit that controls

the overall operation of the entire apparatus.
Next, details on a parallel processing operation using
warer stage WST and measurement stage MST in exposure apparatus
20 100 of the embodiment that has the arrangement described above
will be described, referring to FIGS. 7A to 11. FEach section
operates under the contrcol of main controller 50, however,
in order to avoid complication in the description, details
therein will be omitted other than when necessary. Further,
25 during the operation below, main controller 50 controls the
supply operation and recovery operation of the liguid of liguid
immersion unit 132, and on the lower side of the lowest optical
element of projection optical system PL, an immersion area

of liquid Lg is constantly formed.



5 on wafer stage WST is exchanged at the | oading position previously
described. At this point, the position of wafer stage WST i s neasured
by X interferoneter 24 and Y interferoneter 16. However, wafer stage
WST is in a state exposed to only one beam of the two beans of Y
interferoneter 10 16. Further, during the wafer exchange, neasurenent
stage MST is placed directly under projectli on optical system Pl

i nstead of wafer stage WET, and various measur enents such as aeri al

i mage neasurenent, gLront aber r.at.i.on g%gsurenent and. the like are

appropriately perf of Hed 15 aetrlc\?v “W&FBr 2 sT3YE § gystem of
exchanged by g Vafiffnexc)aRgs IRCHAAL SR o g@e&mg b5 0omd M HAt e,

waf er stage WST noves in“the +X direction. Ing this novenent
because the twedieatshgothd pogteibareimaleyniénbegishetng itcndnataomhas
stage WST, interferometer conbination (making the two 20 neasur enent
val ues of Y i rﬁ@@%ﬁim%ﬁyi‘@em@frﬂe'mf@)ron@tpérwm18 for meaFhenny

waf er stag VB nnves furt in the +X directjion, and at the paint
where wafe POBY anﬁﬂgﬁﬁﬁﬁﬁeﬂt%ﬁeﬁﬁﬂ?bﬁs??Fﬁhm§ﬁﬁﬂﬁe?h”FPéﬁa?Se

a'fi st det ect AMOPESALLANR L, (A e2RnBLIANIRNL FREND (OLITL 0. MALEL

Wis perforne I'S"case, as is ovvn iIn
a graph that shewse tibe. spred %e@@fﬂaﬂﬁgﬁhWelﬁlQﬁnY'(aﬁ'é@ﬂéxegvh!rgg;

on the first detection operation (the section shown as EGAl), wafer
stage WBT is dthatposirion spede @teanibrabegnaentt slixiremmt 4Pste3 Anal
AL& are al so positioned at predeterm ned positions and are

stationary (sﬁé’é‘dp‘éﬁ AR cHi e FRASALINR LS BYFTLEBt ngl%@%ﬁﬁwtﬁﬁr R¥Skam
T WSS LT SRR L SRR PO e Ol o pane
stage WST ”Ea%ﬁ&%grgYnﬁasurement stage MST by alignment systems ALGl and
ALGz, based on the position of alignment systems ALGLl and ALG2
obtained by interferometer systems 69 and 168 and the position
of measurement stage MST obtained by interferometer system
15 118. 1In the embodiment, detection of the alignment marks on
wafer W is performed by moving alignment systems ALG1 and ALG2
based on the above relation, the shot map data previously
described (including alignment shot data), and the
measurement values of interferometer systems 69, 169, and 118.
20 Further, measurement of the baseline (the positional relation
or the distance between the projection position of the reticle
pattern by projection optical system PL and the detection
center of alignment systems ALGL and ALG2)} of alignment systems
ALGl and AGLZ2 is to be completed already, and main controller
25 50 is to store the baseline in memory, with the baseline being
made to correspond with the position of alignment systems ALG1
and AGLZ during the measurement. In the baseline measurement,
reference marks or the like are used of a reticle alignment

system (not shown) and measurement stage MST whose details



interferoneters 16 and 24, positional information of alignnent
systens ALGL and AL& neasured by alignnment systeminterferoneter
systens 69 and 169, and the shift anount of the alignnent marks from
the detection center detected using 10 alignnment systens ALGL and
AL&X2, the positional information (the coordinate values) of the first
set of alignnment marks are each detected.4l Search al i gnment
usi ng search alignnment marks can be performed prior to the first

usi ng | gnm | o
o nt vher ot e SRnvR TG Mt EbPT SR bp P e nd g REBR B o R B B e,

poi nt where the above t ECcti on et’a

waf er stage WihdeglieRappheeation bbbl @by Wect N7 sEEt Neld the
al i gnnent systens ALGL and AL& al so sinultaneously begin to

accel erat e i n d¢dmer<pondicigr IcBi. oRatere! s at &M 1d) | enel tisanlies.

t han wafer stage WST, while alignnment system ALGL begins to nove in

the +X direction andl&i fhedatssiie sipAeG béghastis hbletion the waxer

direction. .Then, at. the_ pain ere the speed of wafer stage WST and
each of al PgniiBht” 3Pt éﬁﬁ‘%ﬁﬁﬂha i nr‘g%fgi‘?tatﬁg bP@Gé?‘ér?ﬁ*’?‘Feiawn

| evel (around ;ﬁ%qrirsysan,%aséemgdﬂ L%ﬂxly?é%ﬁ Stu%%egaeﬂti&? T L

each begin a constant venment. At the porn this constant
movenent, the smMTWIST 6k AkhglreAtbe YISt aite cbbnandr ALE2ahda ¢ he
X-axis direction has been conpleted, and a second set of alignnent
mar ks on waf erinteirfersgelksolbo ltowsaterw whifart feagketa® ilon iar eastate

alignment systens ALGL and AL&2, as is shown in FIG BA In the above
novement, bec&dSE5ERet AR PR REFDHPIWER 2 TY BERVINSTE Inth s ighsagter

t A iff , ' it | | ati.on, 5
botveon Wi er 0 and oty et Shr thOFHES AV ExBRENLS DR L ForRbPRe Ree st
direction changesifyead d@&@@@ugrmdadzi%%@m&l bbhecdl yaed PL instead

corresponding to an area Sin FIG 11) when conpared with the case
shown in FI G of8wafer stage WST, and various measurements such as aerial
image measurement, wavefront aberration measurement and the
like are appropriately performed.
15 When wafer W on wafer stage WST is exchanged by a wafer
exchange mechanism (not shown) from this state, wafer stage
WST moves in the +X direction. During this movement, because
the two beams of ¥ interferometer 16 begin to irradiate wafer
stage WST, interferometer combination (making the two
20 measurement values of Y interferometer 16 correspond) is
performed.

Then, wafer stage WST moves further in the +X direction,
and at the point where wafer stage WST is positioned at the
position shown in FIG, 7B, a first detection operation of the

25 alignment marks formed on wafer W is performed.

In this case, as is shown in FIG. 11, which is a graph

that shows the speed of wafer stage WST in the Y-axis direction,

on the first detection operation (the section shown as EGAR1),

wafer stage WST is stationary (speed 0), and alignment systems



Then, after the constant novenent in the Y-axis 10 direction begins,
in a state continuing the constant novenent, a second detection
operation (the state EGA2 in FIG 11) of the alignnment marks is
performed. In this case, because the speed of wafer stage WST
coincides with the speed of alignnment systens ALGL and AL&X2, the

rel ative speed is zero. 15 Accordingly, i42is possible to perform
mar kK detection under the sane conditions as when wafer stage WST and

al i gnment  systgis éh@ldAﬂE@ 188 S)o%ﬁ%ﬁioggﬁrgt redeg.g:r:r%?g%% J?c;[sittll%ns

poi nt where the second detection operation has béen

al i gnment systip MChrardoAbtd begédu 29 degaberalh@ny, andialskeked of
predeterm ned period of tinme, wafer stage WST begi ns decel erati on.

And then, at taleigymiemt mineks onad&fes Walge sWSTwarid nreashirciment dettage ion
MST are closest (or come into contact) as is showmn in FIG BB, the
speed of waf ertX&3y®InWBT1iPament bey et BEL fgct AEGabodkd based on

decel erati@n, ali.gnnment 25_system AL es in the X direction
Whi Lo al | gRmeR S SC O AL RSO RO Go T 1% B APEEt 195, "ShE 519 dhment
systems ALGl ainﬁe%lf@%oa%eefecbspm_tw,_n%ﬁ%igha& nEDLALk 51 H
alignment marks on wafer Wis set within the detection areas of

al i gnnent systeAn®nfleGt apst MGCATCThemd AUT2amss e LedViber €1 VahmEniS sgg€em
WST 44 and alignnent systens ALGL and AL& are stationary, a third

det ecti on operigGesieronetsy ates s 6% smdGl621) and the siiinhmmeunt of
marks is perf%r med. . Then

operation 5 halSoB&hINBHLF 3{35326 gf'é%&mggﬁgvt%?g%f??nr&g% ?t’rig‘%cé % UFLRg

ALGL and fbG2 hegin-AeCelefdhd WMc128nkaldE thepYal + PEIYEeR At fation
(the coordinate values} of the first set of alignment marks
are each detected.

Search alignment using search alignment marks can be
performed prior to the first detection operation of the

15 alignment marks.

Next, at the peint where the above first detection
cperation has been completed, wafer stage WST begins
acceleration in the -¥ direction. Further, alignment systems
ALGL and ALG2 also simultaneously begin to accelerate in the

20 -Y direction accelerating at a level smaller than wafer stage
WST, while alignment system ALGl begins to move in the +X
direction and alignment system ALGZ begins to move in the -X
direction. Then, at the point where the speed of wafer stage
WST and each of alignment systems ALGl and ALG2 reach a

25 predetermined level (arcund 600 mm/s (refer to FIG. 11)), the
stage and the systems each kegin a constant movement. At the
point of this constant movement, the movement of alignment
systems ALGl and ALGZ in the X-axis direction has been

completed, and a second set of alignment marks on wafer W is



first neasurenent operation and the second neasurenent operation. In
this case, wafer stage WST and neasurenent stage MST are driven in
the -Y direction in a state where:- wafer 10 stage WST and neasur enent
stage MST are in contact (or in a state where a subtle distance is
mai nt ai ned) (that is, neasurenment stage MST is al so accel erated by
the same acceleration as wafer stage WST)43 Further, along with this
operation, alignnent systens ALGL and AL& are also slightly 15

drven I, i ard ok ol onens GAERLLKEL 200 A LOUELD 50 ol

alignment marks on wafer Wis set [

areas of alignubbl =sysABEE, AsGls andbh@Gn Fibensa at rhhehdabBlre WiSFdnent ,
waf er stage WST (and neasurenent stage MST) and each of the alignnent

systens ALGl apeFNs® tlenciccelerstiren 20f spefal;, stafosuiShi ded ezl igment

operation (the state EGAMd in FIG 11) of the alignnent marks _is .
perforned. Al sWiTPRHRECEA0E Alficdtisest nENpdledEiti e Rnsdd ionajaredation

stage VST and ali anipnle cs}iolRa "Ll AR 52250y Lo T 2 0ss! e

. st
to performalignnment un he "Sane™accuracy as

and 25 al i gnneytassistEfecAich aRtndb&o@re lfd@dlited distandd!®fbh
at the point where the fourth detection operation has been conpl et ed,

al i gnnment systadirs-aAldgl cande s dibagitn aieeeleer atiroRIGand it hran owadfpered
stage WST (neasurenent stage MST) al so begins decel eration. During
this decel eratfigid} thes BsehshRENbEANEI®F DB nterferoneters 24 and 26

begin to irradi ate fer stage WBT, therefore, at the paint, where the
speed of wafer stag\g%ﬁgT 3hggﬁl1fr§ﬁ1r% S%se\}gt Meﬂﬁﬁg Jarhdﬁ}ﬂ_é"aﬁ%(,sone
zero, intepf ergrRian oAl | PR a( Sk g ﬁbﬁmlﬂ%ﬁf

X interferoneters ZAJIOand l6 corrgspond) (i)s perfo Fr%%ra%l%;ctg ggr!oq%?e?ltsc’
shown in FI G 2DBecdudi agtébeisecgleaaationn (opersddtn EchPquhdria, i18) of

delivered onto wafer stage WST, and a fifth set of alignnment marks on
waf er Wis setthi ehignnget deske Lorperfugnast. alngHmencasysteeeayiisGthe

and ALG2. 10Ths%%’eda<gf twg%egositna;[gemﬁ E‘ecéir}z%iscl?éesetgigﬁ t\ﬁgfsepreesc{[ gg %l\:/i.\gal'-lment
systems ALGl and ALG2, the relative speed is zero,.

15 Accordingly, it is possible to perform mark detection under
the same conditions as when wafer stage WST and alignment
systerﬁs ALGl and ALG2 are stationary.

Then, at the point where the second detection operation
has been completed, alignment systems ALGl and ALG2 begin

20 deceleration, and after a predetermined period of time, wafer
stage WST begins deceleration. And then, at the point where
wafer stage WST and measurement stage MST are closest (or come
in.to contact) as is shown in FIG. 8B, the speed of wafer stage
WST is to be zero. During the above deceleration, alignment

25 system ALGl moves in the +X direction while alignment system
ALG2 moves in the -X direction, and alignment systems ALG1l
and ALGZ2 are each positioned so that a third set of alignment
marks on wafer W is set within the detection areas of alignment

systems ALGl and ALG2. Then, in a state where wafer stage WST



and alignment systens ALGL and AL&2 becone zero, a fifth detection
operation (the state EGAS in FIG 11) of the alignnment marks is
performed. In the manner described above, ten alignnment marks on
waf er Wcan be detected, using alignnment 15 systenms ALGL and ALRX2.
Then, as is shown in FIG 10A, wafer stage WST noves to the exposure
starting position for perform ng exposure*bf the first shot area on
wafer W and at the point where the novenent has been conpl eted, or

during the novea@niliddi@ndl 5g8eBRL AWIK 230 hflch @r&%‘%ta%&oﬁgr?’?f§rth\é/rd
is to be detected using alignnent system AL& When a total of
11 alignment meekecthiore dpeeatdenedtrd statdheEgrNner FdesclLibedf abipye,
in the enbodi nent, the EGA (Enhanced d obal Alignnent) nethod is

enpl oyed as i s*HigEIgFedaxks As perfexmedl e, Kokai (Japanese Patent
Unexam ned Application Publication . 61-44429, (and. the, ,
correspondi ng U. S. Eg’teélhta%\lot. e4,p‘?é%3336‘1 re tgﬁd%’r‘ﬁﬂ‘igcgd@dﬁfsgbi’?e‘?p%ﬁtlon
perfornms a:statdstiLeal ti &S, [
Phe. det ect ion FEonrEE of RS ool | Sent Chae 1 L e TSI p gl At

val ues on an airideg@abegar st dell @ BTG M X Y1 S ethdd Y it Bk QEl EFOPRIA the
system 118) and the desi gned arrangenent information of the shot
areas, and confpiids et vaermanyeoparatbor dinthttés skcahl weasupangntof
(in the enbodi nent, half of 5 the shot areas (the upper half) on the
-Y side of waf¥eARtRe shotthbe Lo unedert gtage @5@@@ FIHFEETS R

on wafer W Ar'sdca Mg?\gr%gdmgz{ tigt e—%ﬁ:%%%?%no Fahs?’caacrer %ggg%@fer

coordi nat es t hat “have béen conpu exposure operation can
perfornmedion haldgeotistrthgnd Ynsd 8- evaleh oWV ush 44 SnCesftad? [de in a

exposure is performed by the step-and-scan nethod as in the
conventi onal etpdsumderéher ehbtike dibttaarnce tikemabinteihbdpe(dmt tied.
measurement stage MST is also accelerated by the same
accelerstion as wafer stage WST). Further, along with this
operation, alignment systems ALGl and ALG2 are also slightly
15 driven in the +X and -X directions, respectively, and a fourth
set of alignment marks on wafer W is set (FIG. 9A) within the
detection areas of alignment systems ALGl and ALG2. Then, at
the point where wafer stage WST {anfd measurement stage MST)
and each of the alignment systems RLGl and ALG2 reach the same
20 speed, a fourth detection coperaticn (the state EGR4 in FIG.
1l) of the alignment marks is performed. Also in this case,
because the relative speed of wafer stage WST and alignment
systems ALGl and ALGZ is zero, it is possible to perform
alignment under the same accuracy as when wafer stage WST and
25 alignment systems ALGL and ALG2 are stationary.
Then, at the point where the fourth detection operation
has been completed, alignment systems ALGl and ALGZ2 begin

deceleration, and then, wafer stage WST (measurement stage

MST) also begins deceleration. During this deceleration,



Then, during the exposure operation of half of the -Y side, alignment
marks on half of the +Y side (the lower half) 15 of wafer Ware
detected while noving alignnment systens ALGL and AL& simlar to the
description above. In this case, for exanple, eight alignnment marks
are to be detected while exposure of the shot areas on half of the -Y
side is being perfornmed. Then using the pbsitional information
(coordinate 20 values) of the alignnment marks that have been
detected, mai bGNEROWeRRsE mme&@gréxh@t@fg 29 GRESN bbamrtavltfﬁrau@fte
the shot areas on half of the +Y side (the lower half) of wafer

t he EGA net hodvafEreritage VAR, pdisite idrer, e aexplos welmaf wheeeshiod @*mtsor
on 25 half of the -Y side has been conpleted, alignnment by the EGA
met hod ( conmput'@fissh s6r9en@Sar ﬁéﬁg@lﬁﬁﬁmﬁf}ﬁ SHEEMENABEL t 2rd FHE2 Desasy
of the shot areas on_ha e.i,s also, conp t her ef or e,

after all the %st&é“&%ﬁ?f"&f“?g‘ﬁﬁ %?‘éqﬂ@tsﬁ?& (Hﬁaé‘éé‘go{igﬁaff'?a%‘*mc“ﬁél Y
side have Been, Lo &F @Uin 18 EURABULE 2 440 PPE' %'%:E%Fﬁﬁd { he F%%?rmed.
areas on half of the +Y side is to begin. e pol ere
exposure of trurémer, easafier showasiheerc.coml euednynthbedd@smneiation
descri bed above, wafer stage WST noves to |oading position WP
previously desimﬁllﬁédonanéllﬁui@lmesngeﬂ-heemm waffewaseags thige and

WST, mneasur enent ge MST_nopves and I| |d Lqg passed on to

measur enent staagé%ﬁgTsetrh% Wnéx@ﬁ EleOf? ?ad%? Yr Fr@dse%ﬁ'ﬂltﬁ’é‘F’oFBe
vafer stage VRLAn 4hiCh 8200087, tNAndf Lo MAEr aRc] NE felcpxposur e
processing i s nounte fInIS es novi t e position Sh In FIG

7B, 10 alignment syshefp ft‘.—%@@@lﬁ'ﬁ@héﬁé W HE ts@efehleofndxé*é’s} Rt wg@
shown in FIG 7B, and perform processing on the next wafer.

i s described |amddetlaghmsntfaystmdxmlngirtdo%ﬁé becshe exdzonli raerﬂl,fth
whi |l e waf er stage WST noves fromthe | oadi n% Roleon (the position
shown in FI G d?%)ecﬂzéoflh@p%ﬁﬁ%?ﬁe the state EGAS in FIG. 11) of the

alignment marks is performed. In the manner described above,
ten alignment marks on wafer W can be detected, using alignment
15 systems ALGL and ALGZ.

Then, as is shown in FIG. 10A, wafer stage WST moves to
the exposure starting position for performing exposure of the
first shot area on wafer W, and at the point where the movement
has been completed, or during the movement, the alignment mark

20 in the center of wafer W is to be detected using alignment
system ALG2.

When a total of 11 alignment marks have been detected
in the manner described above, in the embodiment, the EGA
(Erhanced Global Alignment) method is employed as is disclosed

25 in, for example, Kokai (Japanese Patent Unexamined
Application Publication) No. 61-4442%2 (and the corresponding
U.S. Patent No. 4,780,617), and main controller 50 performs
a statistical calculation by the least squares method using

the detection results of the alignment marks (the coordinate



15 starting position (the position shown in FIG 10A) , a part of
alignment systens ALGL and AL& are noved and marks on the wafer are
detected, using alignnent systens ALGL and AL&2. Therefore, tine for
mar k detection does not have to be arranged separately fromthe
novenent tine of wafer stage WST fromthe 20 |oading position to the
exposure starting position, as in the corVent i onal apparatus .
Accordingly, the tinme required for the exposure processing of the
wafer can be redueedonang bhehb§seagdr dfnaltke sgatbnex eXos e
process can be inproved. Further, nore alignnent marks can be
measur ed when igumrdeggresen shistée Lhventd dhel deppanead usyraigameidr e,
alignnment with high precision can be perforned, which allows exposure
to be perfor nedSAHIE SHOGhOHr G SIGT. areas, anqoReRtegchldt RTRFHESTERE

firt enbodl e, dIRCks sonthe varer Jace g8 et 59 BuBoaLALE: Wishe: g

| east a part o % irgnment a ow Wef er

stage WST (a sirRd gnekeneehbe (£ aldpdr 1Raed oh the deterdd UF 38_% W)
previ ously described and the nmarks is substantially zero)

Therefore, thehmrhetcarebe sebpettedaitile gapdsprecpsoomsaisingn kafer
al i gnment systems, 5 even while wafer stage WST is noving.

Accordi ngly, tthe 8e€ed?y dPHingevsfernetagy ST haspe pRdut® B rFangsment
degradi ng the detection accuracy of the marks,. which makes it .

boss bl et 0 | TEPRARERES: HESaiTe PoP: Femeindde SERASLEF CRFtRen can
Further, in the bLEsboROROH BEDE oALEONIEYG BB S208, 11 1R 101 LLaBEE
detected using t alrgnnent systens, ALGL and AL&2, therefore, nore
mar ks canilbe dgieeekpdsuré i$ pgerFoethetiehin tiad fepi-addekchh e rarpasetn
with the case when only one alignnent systemis used. Further, in the
first embodi méle, canvgnikenal yesmessrAl GITHE ainteal detal &s ndvaneial woll
in the X-axis direction, therefore, even when wafer stage WST noves
only in the YP&P®LEFPEction, an arbitrary alignment mark | ocated on

the wafer can be depegh eds, AGRPLALNGLKosGYEMLIdLANG P ML S

nmovenent of the waféer stage a he "al I gne operation are performe
at side, alignment marks on half of the +Y side (the lowexr half)

15 of wafer W are detected while moving alignment systems ALGl
and ALGZ similar to the descripticn above. In this case, for
example, eight aligmment marks are to be detected while
exposure of the shot areas on half of the -Y side is being
performed. Thenusing the positional information {(coordinate

20 wvalues) of the alignment marks that have been detected, main
controllier 50 computes the arrangement information of the shot
areas on half of the +Y side (the lower half) of wafer W by
the EGA method.

Then, at the point where exposure of the shot areas on

25 half of the —-Y side has been completed, alignment by the EGA
method {computation of the arrangement information of the shot
areas) of the shot areas on half of the +Y side is also complete,
therefore, after all the exposure operations of the shot areas

on half of the -Y side have been completed, the exposure



20 the sane tine, the novenent of the wafer stage does not have to be
restricted. Further, in the first enbodi nent, alignnent
systens ALGL and AL& nove with the | ower surface of base platforns
BSI. and BS2 serving as a reference plane, which are supported by 25
frame FR separated vibrationw se fron1bod¥ BD. Accordingly, this can
keep the vibration due to the novenent oflﬁlignnent systens ALGlL and
AL& from affecting the exposure accuracy. Meanwhil e, because fixed

mrrors 70X, 78¥drat@ish 5@%§9H§Eléﬂ§dsnganflé‘f%hfee%p@&'ﬁ@r1§¥§t%61n.
that nmeasures the 49 position of alignnment systens ALGL and AL

are fixed on the bodr BDespdent tieposixposnref ofil tlgnretti reysafas WALGES
and AL& can be detected with body BD serving as a reference. In the
above first enBRRR ﬁé’ﬁ‘?leéego‘trhf:héfm%%ﬂ AgarEHed aRaiRs wienietage &BT

The present |nven ver, is,not limted.to

more al i gnnent’ nar s'd loéﬁin erE%Elg?l%% e ycgﬁs da%géd?g%.
Especi al | y 5\Ahefb@m%q %hefm&aéri(exﬁf oENfaret %&Qge%wtﬂ%sWéﬁ RIS ge
performed, substantially all the alignment marks of ‘hal f " of ﬁ +Y
side on wafer WTanvés del detett ady by dduws atbye e O Bdngiiedage MST.
systens ALGL and AL&2, therefore, even if the nunber of alignnment
marks that ar &henbuafesRrA@noe | noesdoaaed tantbbsfnse wHfearstate WST

t hr oughput . ove . .first enbodi as al i gnnent
System orage  PRAE0 THEPSONE Gri PEICIRS ERE 6 SRR EE s sdns

was 15 el oyed, rROWRKAr e: A1ihdY ?“%%Eﬁg'y@é‘% 8.1 5: Btodd l LR%REQ. 78,

this, and a configuration can ed e stage unit 1S

equi pped WOt h angymhetitagpstdied AnRYehd ALdhee¥udXite theé aatiiton1 it ittwen
X stages that nove in the X-axis direction along the Y stage. The

point is, as |dwyragnaFlGedtd, ansaperdbral pywesring on the next wafer.

As is described in detail so far, according to the first
embodiment, while wafer stage WST moves from the loading
position (the position shown in FIG. 78) to the exposure

15 starting position (the position shown in FIG. 10A), a part
of alignment systems ALGL and ALGZ are moved and marks on the
wafer are detected, using alignment systems ALGl and ALGZ.
Therefore, time for mark detection does not have to be arranged
separately from the movement time of wafer stage WST from the

20 loading position to the exposure starting position, as in the
conventional apparatus. Accordingly, the time required for
the exposure processing of the wafer can be reduced, and the
throughput of the entire exposure process can be improved.
Further, more alignment marks can be measured when compared

25 with the conventional apparatus, therefore, alignment with
high precision can be performed, which allows exposuré to be
performed with high precision.

Further, according to the first embodiment, marks on the

wafer are detected in a state where at least a part of alignment



20 systens ALGL and AL&2, or in other words, the detection areas are
t wo- di nensi onal | y novabl e, then various configurations can be

enpl oyed. Further, in the above first enbodi nent, the position of the
shot areas of half of the -Y side on wafer Wwas conputed 25 using
the positional information of the above 11 alignnent marks detected
before the begi nning of the exposure oper%ﬁion, and the position of
the shot areas of half of the Y side on wafer Wwas conputed using

t he positional sysfaismalicanand Al abavewekghty add QTR TRIkSate where
detected after the beginning of 50 the exposure operation. However,

for exanple, tthe pelationspbetihd shoticaeetsonhirbakfprefviichelyVesadben

waf er Wcan be conputed al so using the Eositional i nformation of at
| east one of t#H¥ dhiegRABRE %rwsg@mééﬁ 4ybesirle t RBCBEEPHRI Nghomagks

the exposure qgﬁ{gébggectedwithgoodprecisionusingthealignmentsystems,

5 even while wafer stage WST is moving. Accordingly, the
detection time of the marks can be reduced without degrading
the detection accuracy of the marks, which makes it possible
to improve the throughput of the entire exposure process.

Further, in the first embodiment, alignment marks on the

10 wafer are detected using two alignment systems, ALG1 and ALG2Z,
therefore, more marks can be detected within a predetermined
period of time compared with the case when only one alignnment
system is used.

Further, in the first embodiment, alignment systems ALG1

15 and ALGZ are moved also in the X-axis direction, therefore,
even when wafer stage WST moves only in the Y-axis directioen,
an arbitrary alignment mark located on the wafer can be
detected. Accordingly, even in the case when the movement of
the wafer stage and the alignment operation are performed at

20 the same time, the movement of the wafer stage does not have
to be restricted.

Further, in the first embodiment, alignment systems ALG1
and ALGZ move with the lower surface of base platforms BS1
and BS2 serving as a reference plane, which are supported by

25 frame FR separated vibrationwise from body BD. Accordingly,
this can keep the vibration due to the movement of alignment
systems ALGl and ALGZ from affecting the exposure accuracy.
Meanwhile, because fixed mirrors 70%, 70¥1, and 70¥2

constituting the interferometer system that measures the



Furthernore, in the above first enbodinent, the position of the shot
areas of half of the -Y side on wafer Wwas conputed using only the
positional information of the alignnment narks detected before the
begi nni ng of the exposure operation, 10 however, for exanple, of the
shot areas of half of the -Y side on wafey, W regarding the shot
areas fromthe second shot area onward, the position can be conputed
al so using the positional information of at |east one alignnent mark
det ect ed aft erpddie deggbini Niggraferdthe yexpns ies l0paHaAlOh.arenfi ke cnste
in 15 different shot areas fromthe second shot area onward, the
nunber of posikddn8P $ideor heiprsidfiarhefl &ligmrent srskenslabedt aul ALG2

after the beginni r}%of t he Exgpsure operation used for co?uti ng the
position can BT EeERCIegoV1bk e, 30 ReLydast PEn? 1 Fotf i Second

shot area onward cap_b ed. whi ; posiyt j.anal ci I [
of the alignnent m?ﬁsg%%%%dgé%%re%%%g‘%ﬁni§n%dtgafri ?ﬁefée%&ggb#nggt
operation ks seguentiral hyradded. t enbherposit iRt BhoLhsad+on afs hie
al i gnnent mar ks detected before the beginning of the exposure

oper ati on. Theipagied bn tdfisal &nd 2@ shotorar ehtgmfediambras, tdrel8Yosildes
25 on wafer Wdoes not have to be conputed before the beginning of
the exposure GPE/IRMEHE, NP FAB RSPBEEEREDpe EEPPEA3LAN WHEE PxREsUfeotf

poi nt where at_|.eas he position aof the first shat area has been
Corput ed. . Fur (RAE SF RRCRRBRe BF elsr Wr 8 bs P oS Ao BeE e ARtlally
conput ed bef org jt BRe DEOI HMME RhrkbS£MRASUEL £l +OPSI A ANy ARE: T 8an
nunber of shot areas whose position is conputed after the beginning
of the expOsune dpesaiddnyddesndwgimdigyver 0 ihanthe ssamremnsand If ond ALG2,
exanpl e, the nunber of shot areas whose position is conputed before

t he begi nni ng téEreERe TS exXPRrs drfe thparaism ofanl benmess mahks et mnsbée

of shot areas _whose position is conputed after th%Ibe i nni of the
exposur e oper X BRSSTRCE Hi% *BEEESShert oA WEERCEHE S BOVEEPPLE
enbodi ment, reduci nggtﬁpe é%@l?!&gQéE%'zdb%%thﬁ%rskélh%@&. erfl g)ééf)erp%tage
detected before the beginning of the exposure’ operation 10 tan
i nprove the thknawghpot . cheréhefipimtich bRecHet eséi sv@pearmatiren of was
the alignnment marks before the beginning of the exposure operation,
waf er st ayed WSTpdaycbHe howedenotthmnipresentheéenveakien dis esti ddmdged to
also in the X-axis direction. The present invention is not limted to
the sequence this, and a configuration can be employed where the stage unit
is equipped with one Y stage that moves in the ¥Y~axis direction
and two X stages that move in the X-axis direction alcong the
Y stage. The polnt is, as long as at least a part of alignment
20 systems ALG1 and ALGZ, or in other words, the detection areas
are two-dimensionally movable, then various configurations
can be employed.
Further, in the above first emboediment, the position of
the shot areas of half of the -Y side on wafer W was computed
25 using the positional information of the above 11 alignment
marks detecied before the beginning of the exposure cperation,
and the position ¢f the shot areas of half of the +Y side on

wafer W was computed using the positional information of the

above eight alignment marks detected after the beginning of



15 described in the above first enbodi nent, and for exanple, a
sequence |like the one described in a second enbodi nent bel ow can al so
be enpl oyed. - A Second Enbodi nent Next, a second enbodi nent of the
present invention will 20 be described. The configuration of the
exposure apparatus and the like in the S ond enbodi nent is simlar
to the configuration in the above first €enbodi nrent, and only the
detecti on sequence of the alignnent marks on wafer stage WST is

di fferent. Thettef exeosupet bigerieisos pt Honebet OVEord Rxamngie, 25hd @3 @iidn
redundant expl anations, the sane reference nunerals wll be used for
the sections tdatther shofieasane af hakl fdF $heenBodidentn prafdniklopn be

descri bed, and the description thereabout will be omtted. Simlar to
the first embdtiTRES BLeb USANG HoNE BPAORA 153N FRERES R €t (Ao 16R5H

first set of allORERHho B K5nddh P GLERLTEA {GOL $30004I Dhe L. Gy T8

inthe first e ment) . ection o I'Ts

of alignnept rmfg%xgésﬁkésbpggéggéﬂpn operation) is conpleted in the
state showmn 5 in FIG 12A (in this case, wafer stage WST and

al i gnment systens AEGIthaungt€?iarde aberestatsioambydsneatte,) thagbeition
stage WST and al i gnnment systenms ALGL and ALG2 begin to nove in the +Y
direction. At %thfle shoktareas ghmant sfdbens! Alde AnuafetH WRs SopRYERd

to move In the %axbi§idiRebbPe s d0TN S headhbel ALY DAR,BRST HRYRY
detected before the beginning of the exposure operation,

10 however, for example, of the shot areas of half of the -Y side

on wafer W, regarding the shot areas from the second shot area

onward, the position can be computed also using the positional

information of at least one alignment mark detected after the

beginning of the exposure operation. In this case, in

15 different shot areas from the second shot area onward, the
number of positional information of the alignment marks

detected after the beginning of the exposure operation used

for computing the positicn can be different. For example, the

position from the second shot area onward can be computed while

20  the positional information of the alignment marks detected

after the beginning of the exposure operation is sequentially

added to the positional information of the alignment marks
detected before the beginning of the exposure operation.

The position of all the shot areas of half of the ~Y side

25 on wafer W does not have to be computed before the beginning

of the exposure cperation, and the exposure operation canbegin

at the point where at least the position of the first shot

area has been computed. Further, the number of shot areas

whose position is computed before the beginning of the exposure



direction for a distance longer than the first enbodinent (and is

al so in a constant novenent state) , detection of a second set of

al i gnnment marks (a second detection operation) is perforned, as is
shown in FIG 128. As is shown in FIG 128, 15 it can be seen that
the distance in the Y-axis direction between the second set of
alignment marks and the first set of alignment marks is set w der
than the first enbodi nent (FIG BA) . Then, when the second
det ecti on oper@peytiich eonpkakedumbaf esf diage adBhsantoati ghsetion is
systens ALGL and AL& begin 20 deceleration as in the first

enbodi ment, whedpwllddgafsar Shethaw nNiGy afdie Epalsygebersdratiomdves
in the X-axis direction. Then, in a state where wafer stage WST and
measur enent  st¥Ye EP 5P LT T hCoAPEE ?’B# LorosERryles the E‘ﬁ%ﬁri‘?ﬁ Ehet

13A, wafer st . .St at i.qn ' t.at e .ge

system ALGL aib i (OSEFETLE Y 4Byt bR ReE Gl pcBih AT e £
set of alignneiipdmidesobarbbisdl et 86t 1o APLhAth® Munlbe Bkl HdB G reas
usi ng alignnment systenms ALGL and ALRX2. Then, when the third
det ecti on opervdtasenpdsitompletauipaece: Eret tha Haywiwnategtgf dhewadresure
stage WBT, alignnment systenms 53 ALGL and ALG and the |i ke begin as
in the first EHSF@tHOR:, HndGHHE CRECpIHRN GRBPABrSRMEITsFhgealve fTirst

o LT SIS ShGhe g AR 15818 PR RIBIER]
i ™ £ 88 SRR Embel s o RS % 0 SIOMEL 8L Bp 3B
of waf er stageanSEmpabivgnnhat tsyst@mitAL GRuatleAldde anidy tthe dekects$on
perfornmed and at the point where the speed
operation of the alignment marks before the beginning of the
exposure operation, wafer stage WST can be moved not only in
the Y-axis direction but also in the X-axis direction.
The present invention is not limited to the sequence
15 described in the above first embodiment, and for example, a
sequence like the one described in a second embodiment below
can also be employed.
- A Seccnd Embodiment
Next, a second embodiment of the present invention will
20 Dbe described. The configuration of the exposure apparatus and
the like in the second embodiment is similar to the
configuration in the above first embodiment, and only the
detection seguence of the alignment marks on wafer stage WST
is different. Therefore, in the description below, in ordexr
25 to avoid redundant explanaticns, the same reference numerals
will be used for the sections that are the same as the first
embodiment previously described, and the description

thereabout will be omitted.

Similar to the first embodiment, FIG. 122 shows a state



becones zero, detection of a fifth set of alignment nmarks (a 10 fifth
detection operation) is perforned as is shown in FIG 14A

Then, when the fifth detection operation is conpleted, wafer stage
WST noves to the exposure starting position shown in FIG 14B, and in
this state, the alignnent mark positioned52;5 substantially in the
center of wafer Wis to be detected using alignment system AL&.

As i s described above, since the positions of 11 alignnment nmarks are

det ected whi | ewv@feetiesbageoNbE amiestisaothe Mahehtenshange Rosiddea
to the exposure starting position, 20 main controller 50 perforns a
statistical calewzsromdinat he BEEecTB oir ridsuliigssf emhedident ] gnnent
mar ks, and perfollas alignment by the EGA nethod (that is, conputes
the arrangenent inf &Rt 8]6% drtegdtiopnet dHin fdrahsSethat atagppene marks

exposed on t he&%&%r‘s% c%eva1T2e5cfr%f't roBng‘?{o F}Q%s%}o gt%?drrfﬂttfh R —

exposure operation O e I S” pertor ep-and-scan

met hod, based pnrtbe 12hoMe, ghigBEBAL W=SW diSage WST and%fiiig%m@ﬁ%\f{#sl%%gls
above, according to the second enbodi ment, while wafer stage W5

noves from t haall@adndrRLGO apesit izonthaditherexpase) ¢ widet istgge WST and
position, a part of alignnent systens ALGL and AL& are noved and

marks on the vifiginmend gestereditisl mpdIAlFETdRgisyseciRvALEL HIRIAYG,
ﬁgtl E a'\[lge i rs&ir%%bc?.galnr.rerﬁt Jr:rhhiesr %co%rnet’, %llrjrgngngxgt nsayrrs ecrlr?st %ﬁ:[dlogngongz
also begin to move in the X-axis direction.

10 Then, after wafer W has been moved in the Y-axis
direction for a distance longer than the first embodiment (and
is also in a constant movement state), Hetection of a second
set of alignment marks {(a second detection operation) is
performed, as is shown in FIG. 12B. As is shown in FIG. 12B,

15 it canbe seen that the distance inthe Y-axis direction between
the second set of alignment marks and the first set of alignment
marks is set wider than the first embodiment (FIG. B8A).

Then, when the second detection operation is completed,
wafer stage WST and alignment systems ALGl and ALGZ begin

20 deceleration as in the first embodiment, while alignment
systems ALGl and ALGZ also begin tomeve in the X-axis direction.
Then, in a state where wafer stage WST and measurement stage
MST are in contact (or closest) as is shown in FIG. 13A, wafer
stage WST becomes stationary. In this state, alignment

25 systems ALGl and ALG2Z are also stationary, and detection of
a third set of alignment marks (a third detection operation)
is performed using alignment systems ALGl and ALGZ.

Then, when the third detection operation is ccmpleted,

acceleration (movement) of wafer stage WST, alignment systems



5 to be arranged separately fromthe novenent tinme of wafer stage WST
fromthe | oading position to the exposure starting position, as in

t he conventi onal apparatus, which accordingly nmakes it possible to

i nprove the throughput of the entire exposure process. 10l n the above
second enbodi nent, the case has been descrjbed where detection of 11
al i gnment marks was perfornmed as an exanﬁ%%, however, the detection
of the alignnment marks can be perfornmed on 10 or |ess alignnent

marks, or 12 o{r,dWEa@daALEANRY ther Kske Brldireashi ©fiHehe i ahpVv@nbodiment,
enbodi ments, the operation of wafer stage WST was suspended during

the first, thiard] atithehpditeotheor wpbsnabitage 8T, t Akligeteact sgatems ALGL
operation of the |Ith alignnment mark by alignment system AGL2. These
det ecti on oper3td RS2 MRFReVHIC a CaRSHanEaITEIeRd athrice olsterminag srast.

20 is noving. t hi.s_case fer, stage 1S to be npved sp that

t he speedi|1t4é}%éﬁifpso na $33§#2 o) é%%? g5es ﬂB?EBeg%ﬁgmfgﬁb at
the same tlsmzd%ﬂ%heebbeatQénths gRONE, b B 0NTEEL o FRI KF @ Rep,
performed during this novenent. Further, in the case wafer stage W5T
i's noving at a&mphnsifaet 2hespeedih ettt lopegaal bgniendomysd RS
ALGL and AL& in the order of, for exanple, deceleration ->

accel erati on -deasdeseiarnspéatkLathetagealifVe Podnmicnt ayshaherAlWlandd

detection are f the_aljgnment systens in_the Y-axis direction is
changed.  whi cRFHKRRT THPephERs BT FEIFoF IR bt Bt PEARBHIETS Hhalpegd

55 of al i gnmeple faLkS. pg, t ue‘rﬁfc‘;_;:%fn ¥BOS & s pes! E%@Oﬂ}ﬂa&g&gﬁgﬁ frks (a

| east the r-axis directioh. ernore, in eac

enbodi ments, durdthgdebectesdcddein tapenat EopeOfo iRl Alsl §BNERGWATBIKEIG,
the position of the detection areas of alignnment systens 5 ALGL and

AL& in the Y-l&d.s direction was the sanme, however, the position of
the detection areas_of alignnent systenms ALGL and AL&G2 in the Y-axis
direction can be di Frerestien the £fifth detection operation is completed,
wafer stage WST moves to the exposure starting position shown
in FTG. 14B, and in this state, the alignment mark positicned
15 substantially in the center of wafer W is to be detected using
alignment system ALG2.

As is described above, since the positions of 11
alignment marks are detected while wafer stage WST moves £rom
the wafer exchange position to the exposure starting position,

20 main controller 50 performs a statistical calculation on the
detection results of the 11 alignment marks, and performs
alignment by the EGAmethod (that is, computes the arrangement
information of all the shot areas that are toc be exposed on
the wafer).

25 After performing the alignment, the exposure operation
of wafer W is performed by the step-and-scan method, based
on the above alignment results,

As is described above, according to the second

embodiment, while wafer stage WST moves from the loading



In each of the above enbodi ments, the case has been described where
waf er stage WST noves along the Y-axis 10 direction, however, the
present inventionis not limted to this, and wafer stage WST can be
noved in a direction intersecting the X-axis and the Y-axis. In this
case, the alignnment systens are also to be noved in the direction
intersecting the X-axis and the Y-axis s@%hat the systems 15 fol | ow
t he novenent of wafer stage WST. Simlarly, wafer stage WST can be

noved only in gdig Xt s tdbr8gdstte dthrtthing ;%aendnt aﬁaﬁf%%ealqlan%eh@
make the position of the detection area of "a plurality of alignment

systens in thesyisteniss AdidleantdoRLd? fdxs e:rdvedZ&Ekﬂr mheks om woxlwadfert hee
above enbodi nents, during the detection operation of a plurality of
al i gnnent nar I&etetq’F@dd‘é%Jeféq ﬁéhglalﬁ%%ﬂ's syFtess mIG Q%Ahﬁ?gﬁﬁe?m tho fians

wer e noved not nl axis directi,on but n_the X-axi

di rection. r&/niel?g de?lé%f‘? S1r bH%E eﬂ%ﬁkglfe% RET9R eisgﬁﬁ%%tave
systens cag becJTEQ%IIr% FRUE Q¥ e tf]%thﬁ%&n%vQ}néﬁE 18 ot Uakbl Stage
case, by each of the aplgnnent syst urality o al 1 gnnent

mar ks whose poET f6dn Retltgdindd s idiioacta QﬂeQ&pbbﬁr%ft%ﬁ:th.ﬁgtﬁaﬂltlon,
same, or in other words, whose position is different inonlytheY-axis
direction are afetactlel conggntiaonahemparptveki vgichacgerddngdy rakessit
of each of the alignnment systens ve only in the Y—aX|s direction,
and for exanplR@SSHRENGOWARBFOEE A BT @ WroPTohls FRt1IR erKBaRUTe
di rection but $Q4N the X-axis direction, or by arranging three or
5 nore alignnent systens, the position and/or t he nunber of alignnent

marks to he detect ednoBhéhgbded el RALBERIEAA] | t¥e SBise Ha¥ fdknt O
each of the above enbodi nents.
described where detection of 11 alignment marks was performed
as an example, however, the detection of the alignment marks
can be performed on 10 or less alignment marks, or 12 or more
alignment marks,

15 In each of the above embodiments, the operation of wafer
stage WST was suspended during the first, third, fifth
detection operation and the detection operation of the 11%™
alignment mark by alignment system AGL2. These detection
operations, hcowever, can be performed while wafer stage WST

20  is moving. In this case, wafer stage WST is to be moved so
that the speed in the X-axis and Y-axis directions does not
become zero at the same time, and detection of the above 11
alignmeni marks can be performed during this movement.
Further, in the case wafer stage WST is moving at a constant

25 speed, by controlling alignment systems ALGLl and ALG2 in the
order of, for example, deceleration —» acceleration - constant
speed, the relative position of wafer W and detection areas

of the alignment systems in the Y-axis direction is changed,

which makes it possible to perform detection of a plurality



Further, in each of the above enbodi ments, in the case of performng
detection of the marks on wafer Wwhile wafer 10 stage WST i s novi ng,
waf er stage WST and al i gnnment systens ALGL and AL&G were noved at a
constant speed, however, wafer stage WST and al i gnnment systens ALGL
and AL& do not necessarily have to nnveE% a constant speed during
mar k detection. That is, mark detection can be perfornmed during 15
the accel eration or deceleration of wafer stage WST and al i gnnent
systens ALGlL aifl sAiGRmeRhenpotdlon shéheafed ahbye saeiad hetneesrs hier at
detection areas of alignnent systens ALGL and AL&K and the mark only
has to be subs&mﬁ Bhe ;Y'-zenia didmeien,. | Futthenuye ,wieeectnf hge sheve
detection of a nmark mark remains within the detectjon area of

the alignment %%délﬁenttﬁe ﬁi‘é’F%ﬂg FoesRlrr betheBAT & RO Qe bR Gt 14nBgNt
and the mark ql%ﬁ%s“%;h@sx &@@ 481 dd?%élé%leci ardds §8GA 4 g;‘}lm%% g%%%%s

enbodi nent s, er s ion area

al i gnnent systgRs, %aeamq% %é'@—ﬂ?ﬂ@@&k@gtﬁomd‘s the HMeV elowehak:,
exanpl e, depending on the detection nethod of the alignnment systens

t he detecti on tdreepssbtian dfetls¢ dehrecaliibgrnamnts syst:a@mchmtn@jrsmmmcl
be noved during the mark detection. Furthernore, in each of the above

embodi ment s, \eALSPade BT EadxbhiGiactdrapsas ba tih@fem%neq s
direction 57 for detecti h- of a plu allt hou
nmovi ng both wafer st8g&® 9@ﬁ0§%§1 N @f ﬁméPEES tqﬂfeih bﬁﬁ?
syst ens dur'”%é@%&%%hﬂoﬂhgieawéféEﬂé%dBEWWST'ﬁo%@bsaﬁéﬁ tﬂé‘fué¥¥

that a plurality of marks on the wafer  whose position differs

i nt heX- axile didieett-apni Sheeéwet edhesprgsene altagiinemt isyséemintited to
detection area of the allgnnent system and/ or wafer stage WST can be

moved in the Xhdgisagfr sefepnstras MfT wans bepprrgdoperatdioreastlonaf er

stage WST in the Y-axi LS directjion., Furthernore, in each of the above
enbodi nent s, &F %6 %Pagé ﬁﬁvg&hﬁlgnax%ﬁe @naiﬁgstsaﬁﬁe the

exposure startihng, pogit 599;&{& ti&ee WAl L & b8! mBELAY: OUEE d11-RA; %la' e'

with the X-axis fromth I'ng position, however, the novenent

of wafer stagen¥8Fskeeimghend oadizng RS th@nyt-@xwes@xmrt@lests%téﬂg
position is not limted to this. For exanple, wafer 15 stage WST can

be noved &bondgecdlpat hhehatvément hef stadtrest-agevBABnt SimiBafrigm vhter
| oadi ng position to the exgosure starting position, and during this
moverent, t he SFAERSWSH WReLRFBret SRl HéPeX vkt idigeskighmedn this

System ﬁ'églmgge/ftﬁ% 1 BERELan1 D% SRS PR 'SR 0P (R1ERLEE,
area of a plurality of alignment systems in the Y-axis
direction different.

20 Further, in each of the above embodiments, during the
detection operation of a plurality of alignment marks, the
detection areas of each of the alignment systems were moved
not only in the Y-axis direction but alsc in the X-axis
direction. However, the detection areas of each of the

25 alignment systems can be made to move only in the Y-axis
direction. In this case, by each of the alignment systems,
a plurality of alignment marks whose position in the X-axis

direction on the wafer is the same, or in other words, whose

position is different in only the ¥Y~axis direction are detected.



20 systens ALGL andALG&2 during both the novenent fromthe | oading
position to the exposure starting position and the exposure operation
of the wafer in the above first enbodi nent, and during the novenent
fromthe | oading position to the exposure starting position in the
above second enbodi nent. However, 25 for exanple, the operation can
be enpl oyed where the mark detection is pgtfornmed only during the
exposure operation of the wafer. In each of the above

enbodi nent s, rm_@gﬂ&qaby&rﬁf&hg‘é\éﬂ&&e%c@iérg&ﬂ@@é osfyéé%f'%'h@laﬁ& y}‘a%ten?%

i s neasured using alignnment systeminterferoneter systens
169, and the rafsitéenenalovienbnl prain aheotr-aki gnierdctsivad, eaddAESR anhple,
AL& can be used on exposure. In this case, for exanple, the
posi tional infiRkind gafer $truerditlsmenn it deflyciedhsayedxdn diredion

osi tional information.and rotational,informtion. of alignpent
gystems ALGL afttalfesCand ?ﬁs %6%?‘%?0‘%1%4’“?%@6’#@[% BX BFTRRgERI \khree or

| cach of ot Nauahoun sopiadkmeoLpent Nentash ity dresnadacthbad s e

the apparatus i s equi wo al I systens, however,

present i nventd10yrirentohatkicbase otk 8d cdnghé he RRPMALES SR Re i1y
equi pped with one alignnent systemor three or nore alignnment

systens. Furtlmat, isimddelr 6P ehehabbviehediodierenbsdinbetset ection
areas were noved by noving alignnent systens ALGL and AL& usi ng

al i gnment syst em st 8§&8PE5, ASTIP3ERdIASTIIS RBRES IR HRBEF of DoFhe case
combi ned W ih ot FRIFRIL RUSLEN A A0S AL ARG waRIRENAN AL

optically nove ection areas can use
each of the ab@weeeweds enbsing, SAPAIAtRlePlineednlr A EFRMOS 14368

however, for exanple, a counter nass

ALG1l and ALG2 were moved at a constant speed, however, wafer
stage WST and alignment systems ALGl and ALGZ2 do not
necessarily have to move at a constant speed during mark
detection. That is, mark detection can be performed during

15 the acceleration or deceleration of wafer stage WST and
alignment systems ALGl and ALG2. The point is the relative
speed between the detection areas of alignment systems ALG1
and ALG2Z and the mark only has to be substantially zero.
However, in the case where during the detection of a mark,

20 the mark remains within the detection area of the alignment
system, the relative speed between the detection area and the
mark does not have to be zero. Further, in each of the above
embodiments, both wafer stage WST and the detection areas of
the alignment systems were moved while detecting a mark,

25 however, for example, depending on the detection method of
the alignment systems, the detection areas of at least the
alignment systems do not have to be moved during the mark

detection. Furthermore, in each of the above embodiments,

wafer stage WST can only be stepped in the Y-axis direction



20 net hod can be applied with respect to stages ASTI and AST2.
Further, in each of the above enbodi nents, the case has been

descri bed where the present invention was enployed in an exposure
apparatus that has a stage unit equipped with a wafer stage WST and a
measur enent stage MST. However, the 25 present invention is not
limted to this, and for exanple, the prégknt i nvention can al so be
enpl oyed in an exposure apparatus that has a tw n-stage type stage
unit, which i st@fudRed itgt BabWOoyas 651.15t:A088 Wros8rA8! all 8 A€ moving
di scl osed in, for exanple, Kokai (Japanese Unexam ned Patent 59

Publ i cati on) NmtH @afé808%gKERAIar(dapandsedinexanraes dfatkatal ignment
Publication) No. 10-214783 (the corresponding U S. Patent No. _
6, 590, 634), KoHAFFuBPK R detefsdriese of raridngliconask- | deEhafi erRg, in
Publ i cation for,_ Patent pli cati.qn . 5. 2000-505958 (the o
cor r espondi ng Ci’icgr %ﬁe&ﬁ? L.lraoj‘,%éé,o%?lﬁfkﬂ@ PAtePT .‘Ll%‘?sﬁ)é),ol?djflon
and the |ike. dirdiissi¢Ex-oRiBAUAdR oM 110t HELAPASIAE AR A0
of the wafer on one of the wafer stages, mark detection P t he er
can be perfor racten,tite: obhect had ebeatodlthe &hegeiaiesysbek aday eeagsr
is not 10 limted to the case of sinply noving the wafer stage in one
direction, butstégie BSTperfiobaetovedriexdiplieaxby Aakeatlomelwmifigr the
stage nove back and forth al.ong %iaxial direction,

u or ¢an be .
performed by Pl g OHE Sieft %‘Pgé’é FoveFafofst auraX art aididectnn -
and a direction int | he, uni.axi al dj i ) IS
by novi ng each of tﬁgégﬁ%gﬂn%e%ﬁ elsﬂ;gta?riﬁs%gng‘]ﬁ?h%g% eér}ﬁb%cé]le ele?é %?%%r
a state wher e stafRr KSBWsLrbvEQ AIRCEROIY1a51W tHithd BRpESLLLIHLARt ing
field (detection area) of the alignnent systemuntil a state where a
mar k subj ect wostiéonesf et wetfeonareribsinhemdet@din parél bl voftlt hbe
20 alignnment system can be reduced. Accordingly, the nunber of marks

that can be def@StEdLHPR e AoprER RaSHAeR  pr¥ Bt of thrmR ke HePath

i ncreased, whi S.Jdl i t.Q i pprqve the .exposure .accurac

|0 each of ¢ nETaBBEE s RE Con thel JBROY s G TRRSH SR BN
starting position is not limited to this. For example, wafer

15 stage WST can be moved along a path that has the shortest
movement time £from the loading position to the exposure
starting position, and during this movement, the marks on the
wafer can be detected using alignment systems ALGL and ALG2Z2.
Further, the marks on the wafer were detected using alignment

20 systems ALGI and ALG2 during both the movement from the loading
position to the exposure starting position and the exposure
operation of the wafer in the above first embodiment, and
during the movement from the loading position to the exposure
starting position in the above second embodiment. However,

25 for example, the operation can be employed where the mark
detection is performed only during the exposure operation of
the wafer.

In each of the above embodiments, rotational information

of alignment systems ALGl and ALG2 is measured using alignment



25 the description, in liquid imersion unit 132, one liquid supply
nozzle and one liquid recovery nozzle were arranged serving as a
nozzle unit. However, the present inventionis not limted to this,
and as is disclosed in, for exanple, the panphlet of International
Publ i cati on W99/ 49504 and the Iike, 60 a configuration that has
many nozzl es can be enpl oyed. Furthernore’® Iiquid i mersion unit 132
can be a unit that has, for exanple, a nmechanismof also filling the

space between dherdmpwastroptbndtecLlMRahsa08 drlaS158] HMOELBG- U 1GRla 1
elenent 5 with the liquid. The point is that the configuration my be

optional, as |onfpmsttive bifqaildgoaanbesymippls @lGlnahtdeABRaceahddavesrd
at least the | owest optical_elenent constituting frojection.optical
system PL and af@PofMIFer X albl e, cafd i d0rderame+si diheimasifdsniedned

i E Pat t 10, | i i Publ i i No. 1420298
tosori obron P el 1 oBP o Bhi e rhY | G PPt P s B A RE BB o 5803,

the panphl et gfodintiernat karglnRUbbh Cad R, MAAQA4A 034 230ma L 116 RATPNI et
of International Publication W?2005/029559 (the corresponding U. S.

Pat ent Appl i catliigmnrieuh ¢ eaianenARE06hA23 20634 &Rd ﬁdﬁtﬁ&rﬂaﬂkﬁMa&&on
used. In each of the above enbodi nents, pure water (water) was
used as the |idfuivgfeffoWlever, it is a matter of course that the

present invention is not Jinited tqQ this. As the liquid, a liqui
that is chenically iPan‘%ﬁlmﬁ% HEhe (ARsYS: FARORFERREe BBF (GRse hos Been

i Ium nation |d-e%_b:trilb!ed815‘1qe1i['é R g%%r%%?sugégg&@;%@d with two alignment

fluorine-contalning inert Tiquid uch as a

fl uori ne- cont ajyRitResi, MefleddrquiKk ptoseeXanptatibh Yerdtel in{tdecbrand,
nane of 3M United States) can be used. The fluorine-containing inert
liquid is al serektbkl eppafatons tdee B porinvped widdl bngedIpinerfusyséen
as the liquid, a liquidthat has a refractive index to illum nation
light IL high&F tRAR®tMe MO&Fr &L FTBST h FHEEERSE hF pifre Snatlr each of the

(it acty e, LBES"ROMAR A A DB B Y bR I8
bond or an O-Hiignment systems ALGL and ALG2 using alignment system stages
15 AST1 and ASTZ, however, instead of or combined with alignment

system stages A5T1 and AST2, a mechanism that eoptically moves

the detection areas can be used.

Further, in each of the above embodiments, a separately

placed frame FR was used, however, for example, a counter mass

20 method can be applied with respect to stages AST1 and AST2.

Furither, in each of the akbove embodiments, the case has

been described where the present invention was employed in

an exposure apparatus that has a stage unit equipped with a

wafer stage W3ST and a measurement stage MST. However, the

25 present invention is not limited to this, and for example,

the present invention can also be employed in an exposure

apparatus that has a twin-stage type stage unit, which is

equipped with two wafer stages whose details are disclosed

in, for example, Kokai (Japanese Unexamined Patent



61 bond as in isopropanol that has a refractive index of around 1.50
or in glycerol (glycerine) that has a refractive index of around
1.61, or a predetermned liquid (an organic solvent) |ike hexane,

hept ane, or decane, or decalin 5 (decahydronaphthal ene) that has a
refractive index of around 1.60 can be given. O, the liquid can be a
m xture of two or nore of these predeterrffigned liquids, or the liquid
can be pure water that has the above predeterm ned |iquid added

(mixed) . O, Rsliadicayins. porec3ed 8 kbRaWiTeBbahase tsAndsed Phtent
Cs+, 10 Kt, d", SO42-, PO42- or the like or acid is added (m xed)

can be used. FRuthaatdos) ¥helPi-gli @82 dihbecpurespuariengtd SthPghent No.
particles of alum num oxide or the |ike are added (m xed) . Such

i quids can tremst®¥ne APRYEx{PWRELFRAGBIFERPSCFEFRRARILHN (He
i qui d it is teefr%ra%qlo%aﬁo Pﬁ?fczlail::%“ dfc;[roéjgl \é% aAgg?Jl.é% 5{3%}' %2‘;[

absorption coefticCient, Sia enperat ure dependen

stabl e againstzgdie Jps@58Ck R OPEESHorRUSHLM, 6 NP2 0RLE OR), NENRR, 421,
the tip) , and/or the photosensitive nenbér (or a protection film(a

topcoat filmnm U.sarPaarehitr ¥bl. e61 208, 407 mmet thiee llikke) Doatked easkhein
surface of the wafer. Further, in 20 the case the F2 laser is used as
the |ight souf@E2lpgdbrihhotlhe mpasairgsepetstite of Gbei nefevmmiosiengt

| i quid. Further, .in each af .the above .enbodi nents, the |liquid
that has been IR BOER b eaRSndv HEERCE LY oF T e LERcein by Bar'rdtnea
preferable to g LaRI8RFI f [ LpRuriti.es 2 the

i quid which has 1:b%eﬁzr 2%0{",%?%% %}aqeﬁgqﬁeg%fﬁggrgécﬂgéfegyd%%%?l%ﬁhég not
recovery popedieritielietbi Kige ddrd Rer BRRPLvimbEach tok tiBeefbHRye in one
enbodi nents, the case has been described where the exposure apparatus
i s equi pped widitrechaonnobet |¢ajuing panEpthen, M ex32ppeevbpusliing the
des_crl bed, . howe\éer, ;t:he 62 exposur e apparat us does nopt have to be

equi pped wi t h "&*54&r £L8%e (MYR (}Palciﬁ@flg‘l P dhidlopsoa (BRtRRIR i eshppry

unit andfor 1lglled’ BEONEEYo UL 1 i ng! KEL: v280: [DERE SEGM 993,620
y the facilities e factory of the1ike in
uniaxial direction and a direction intersecting the uniaxial
15 direction. In this case, by moving each of the alignment
systems and the wafer, the time from a state where a mark
subiject to detection is within the detection field (detection
area) of the alignment systemuntil a state where amark subject
to the next defection enters the detection field of the
20 alignment system can be reduced. Accordingly, the number of
marks that can be detected within a predetermined period of
time can be increased, which makes it possible to improve the
exposure accuracy.
In each of the above embodiments, in order to simplify
25 the description, in liguid immersion unit 132, one liquid
supply nozzle and one liquid recovery nozzle were arranged
serving as a nozzle unit. However, the present invention is

not limited to this, and as is disclosed in, for example, the

pamphlet of International Publication W099/49504 and the like,



5 which the exposure apparatus is installed. Further, in each of the
above enbodi nents, exposure apparatus equi pped with a projection
optical systemwere given as exanples, however, the present invention
can al so be applied to an exposure apparatus that does not use a
projection optical system Even 10 in the case of an apparatus that
does not use a projection optical systewﬁoillunination light is
irradiated on a wafer via an optical nenber such as a lens, and a

liquid i mrersipnaifeaurstienmlat mas SRAGE rRetwesnchiennihsdydmnber
and the wafer. 15l n each of the above enbodi nents, the case has been

descri bed wherBttherpoesentiquivitnens s vapplixzdcao ke & imiitdthat has,
exposure apparatus, however, the present invention is not limted to
this, and it iXPRIeEETPssi Bl BRI P& §d Spr E3 ALNG nieMtSRATS Hekiveen
exposure apparatu er _than the |iguid 20 exposure, apparatu uch
ey Tor Cexampiie o bobaady senpal sty fEeRAo S HAPPRF Akt T ls0aps
of a wafer sw Laqyl t8ai PoIY UGN 1S dd QY fhat the cohPi§RER:Odn W& ve
above enbodi nents, the case has been described where the present
invention was cifiloned,t @s aroridb aexplos Uriepdppasativs i@l ibasim tYeageace
unit equi pped with both a wafer stage WST and a neasurenent stage

MST, however, befi@egnesénieray e ohpwsstnopticalt edement eanstdiditiingi s
al so possible to,ap%Lg t he ﬁrgfent inventioa to_an expaQsure apparatus
equi pped t hat A48 °&"s B98P ERFE! e dneed Halfhgle 83 Gapaple, 2
stage. In this;case, 'Hﬁgi‘%&at&ﬁé%&%\?\%ﬁe&“?h%%@éﬁéaﬁt?&% BT and
measurenent stage NBT Nove in a state where fhe stages are ol ose

toget her 18 neppneqgdtied pumafieatsbagR VW2 eS8t r eCRiEr ehe phebween
EGA2 and EGM in FIG 11, and the 5 relative positional relation

bet ween waf er o/ antlenhdgivment Peswpdteasioh GIO2AHM /ASG3 08anthe mdjoideddot
by the decel eration and accel eration of aonly alignment systens ALGL
and ALCG2. International Publication WO2004/057590, the ‘pamphlet of
International Publication W02005/029559 (the corresponding
U.S. Patent Application Publication 2006/0231206) and the
15 like can be used.

In each of the above embodiments, pure water {water) was
used as the ligquid; however, it is a& matter of course that
the present invention is not limited to this. As the liquid,
a liquid that is chemically stable with a high transmittance

20 to illumination light II. and is safe to use, such as a
fluorine~containing inert liquid may be used. As such as a
fluorine-containing inert liquid, for example, Fluorinert
{the brand name of 3M United States}) can be used. fThe
fluorine-containing inert liquid is alsc excellent from the

25 point of cooling effect. Further, as the liquid, a liguid that
has a refractive index t¢ illumination light IL higher than
the refractive index of the pure water {refractive index arocund

1.44), such as 1.5 or more can be used. As such a liguid, for

example, a predetermined liquid that has a C-H bond or an O-H



In each of the above enbodi nents, the case has been descri bed where
interferoneters were used as sensors for 10 measuring the position of
al i gnnent systens ALGL and AL&2, however, other sensors such as
encoders or the like can be used. Further, in the above enbodi nents,
the positional information of the reticle _stage and the wafer stage
was neasured using the interferoneter sy§?en1 however, besides 15 the
interferoneter system for exanple, an encoder systemthat detects

scal es (diffragdidasgiati igoincangrst ahd Berappast S faeexobs theund
waf er stage can also be used. In this case, the sensor can be a

hybrid syst eml.gquioppéd gl ydeihot N gdiycentieef erloanethers sys¢Enaaindrarnndex
encoder system _and it is 20 preferable to performcalibration of the
nmeasur ement r SUPFSURE 1t-Rd - 31 adedBeraRg i Hglwise (b g gpBAB folvent)
results of the ..,nt rferoneher S stenltﬁurther, sition control of

the stage can Jémheﬁfgpﬁéd ﬁgFﬁéetrﬁfi %%W?%rSﬁggsfa yStem or the
encoder sygt emdutSWat-eRbplhALeSY 5 M Ris %yreffglatpﬁ Qgﬁ%ﬁ %;5 around

interferoneter systém and the encoder system

above enbodi mentad, chhebe agierdms ckeethdesiciikedanties & thetposi &f AwObr
the wafer Wsurface in the height direction is nmeasured using surface
shape det ecti &ougnef thesedpr¢drfatrenesy bhewtdof or Hdienaienid cagdd pone

the wafer 64 exchapge, position to the exposure starting sitiaqgn.
Hovever - the. (BSEd: EHBRIFA% CHOr= PR SEaorbothlSed dqaute rddsm @nprg) -

to use a focalgpogitipg Pﬁﬁ%gi:gjﬂtr%gﬁé%#% %‘?L.c@%&%é‘es O %%ﬂg*,a%é*[‘

t he conventi ona'measuremen r , 1 he magni 11 ca. I ONn
proj ecti omoopth*catl sy shen, i poffheseXxpes i Re apPHAIUS si 8888 Nrifxddiecan

above enbodinents is not limted to a reduction system and the
system nay bebsi thed. arFwethheirmeagni lyé ng aish ean dre puregwa et rig which
system The prp?ajr%?_tcllgg 8gtlaf€rl1ir?1¥r§to%§n:gdles o?:ogchflal ﬂ}tcgdaéeo a%ded (mixed) .
Such liquids can transmit the ArF excimer laser beam. Further,
as the liquid, it is preferable for the liquid to have a small
15 1light absorption coefficient, small temperature dependence,
and to be stable against the projection optical system {the
optical member on the tip), and/or the photosensitive member
(or a protection film (a topcoat £ilm), an antireflection £ilm
or the like) coated on the surface of the wafer. Further, in
20 the case the F; laser is used as the light source, Fomblin oil
may be used as the fluoxine containing liguid.

Further, in each of the above embediments, the liquid
that has been recovered can be re-used, and in this case, it
is preferable to arrange a filter for removing impurities from

25 the liquid which has been recovered in the liquid recovery
unit, the recovery pipes or the like. Furthermore, in each
of the above embodiments, the case has been described where

the exposure apparatus is equipped with the whole liguid

immersion unit 132 previously described, however, the



10 refracting system and the systemcan be either a reflection
systemor a catadioptric system and the projected i mage can be
either an inverted inmage or an upright inmage. Furthernore, the
exposure area on Tah ch the illumnation light is irradiated via the
projection optical systemis an on-axis area within 15 the field of
projection optical systemincluding the d%iical axis, however, as is
di sclosed in, for exanple, the panphlet of International Publication
W02004/ 107011 difes ey epReadiifodébSndtahent APRId GafUi®Bed with a part
2006/ 0121364) , simlar to the so-called inline type catodioptric
system whi ch ¢iadi2@idnimpercidn systeh3Z aer.ef.| 2tgnih sysilgnuoit &and/ox
defl exi on systen) that has a plurality of reflection surfaces and
forms an inter 4t ESPREGEY MYt t%%éel“%?r)rraﬁﬁédtlﬁﬁ%sﬁéﬁoﬁﬁ Gpe be

cat odi opt 110 sysamand ALso-ase 2 80dks 0P Leale AL, Lhe xnosur ¢,

area can be an ott-axis ar es not "i'n

AX. 5 Fusdier cnkl dad hatd ag hb@bhs lils kasPi 168 M wedih@ t Ne, Ak
exci mer | aser beam (wavel'ength 1 8 mu) , and illum nation Iight IL
can be an ul t ravitdleetabboivghtmsodhmast 4 heedfdsuexchpparbaseredeaiped with
(wavel ength 248 nm or the like, or a vacuumultraviolet 65 |ight
such as the F2 P&sércheam tairallefyshen Eneuyivenay sxainteos dpvieNer,

for exanpl e, the panphlet .of International Publicatiqn W1999/ 46835
(The sor T ceporiaitn b LEsan ARt TkEh S A te 5P PRI & o 20 VAR T

al so_be used apAMAGUUWR ULLE RGOS Al dOhledidh df ARALDSAPY . Even

anplifying a single-wavelength |aser min r visible

range enitoed iby theDEBsgest candashOfathas @halr dbebenot ages ,a Wridjedtion
fiber anplifier doped with, for exanple, erbium (or both erbium and
ytteribiun , catddey epavent g utaakdesl bhghth jinticré@iatedaw @ gefer
| i ght using a nonlinear, optical crystal. Further, in_each of

the above enbddifnBRt LTI} SeFPRE Farh 615 Bob?RY (A4t 2akt e¥ididFRRERAAD
light IL of t%%e%XEQS ﬁn{cﬁ&%}[ at aéé]%elthgg}l iR %roﬁatgilc'am %%%b%ﬁ £d the

i ght that has a wavel eng 1 r1mor nore, a ose
wavel engt h wafer.

15 In each of the above embodiments, the case has been
described where the present invention was applied to a liquid
exposure apparatus, however, the present invention is not
limited to this, and it is also possible to apply the present
invention to an exposure apparatus other than the liquid

20 exposure apparatus such as, for example, a dry Lype exposure
apparatus that periorms exposure of a wafer without going
through the liquid.

In each of the above embodiments, the case has been
described where the present invention was applied to an

25 exposure apparatus that has a stage unit equipped with both
a waler stage WST and a measurement stage MST, however, the
present invention is not limited to this, and it is also
possible to apply the present invention to an exposure

apparatus equipped that has a stage unit equipped with a single



15 is less than 100 nm can al so be used. For exanple, in recent

years, in order to expose a pattern of 70 nut or under, an EW
exposure apparatus is being devel oped that generates an EUV (Extrene
Utraviolet) light in the soft X-ray region (e.g. wavel ength range of
5to 15 nm using an SOR or a plasna |laser 20 as a |ight source and
uses an all reflection reduction optical %@stenl whi ch is designed
based on the exposure wavel ength (e.g. 13.5 nut), and a reflection
typed mask. |ngd#is sappar, atm,tha%ca%@ 2R a%lskUEh &I RfenS@aPRERY water
exposure in which the mask and the wafer are synchronously scanned

usi ng a circul stragb WSIT| amdl metsisarecant et apnEBUaneck inhe suetsenhere the
invention can also be suitably applied to the apparatus. Besides such
appar at us, theStAdfe@re efe saJebhenl kv Nt éﬂ?ﬁmllléﬁdt ovafe e x§fogs &ST

or"an i on bearocngol deS i Rbbtipen 2 Ba kAR I8 A HI T AR RE
the case h%S %EQ%C?OQQQJ.MQE eréi@t %%2: ee'?n"%ﬁ'f%ﬁmwv‘ﬁ*?d a%lﬁgéﬁgnt

to a scanning type exposure apparatus step-and- scan ne
however, besi dgsstidie Apparaidarce f&rpb@%udﬁwﬁylﬂ{é gaBedt st boband
applied to a static type exposure apparatus such as a stepper or the

| i ke. Furt her ,aadsd gnagdent ofnvehyi ahigaverdl systenappltédand B2 .
exposur e apparat us b t he step-and-stitch nmethod that nerges a shot

area and a shot are& EaFRhef, “??1%Qﬁﬂ?(ﬂmbPﬁém§BB§e ed ot Hedds Pgeto
transm ttancevé]é/sq__%l%%k (&.%?E' ﬂn@?zr nﬁ{teeq:m % %hu!sadt?ér é@?s“f‘é‘?:

substrate on a predeterm ned |ng pa

phase pat tern r@ashdinghtnat ﬁ)@@ﬂ@iél@rbf)%{ﬂl%rn%n*tss efaﬁg Aﬂ.@ﬁta@ﬁﬂ a0k2,
this mask, however, as is disclosed in, for exanple, U S. Patent No.

6, 778, 257, an Hkﬁfeeviee?ct lo(bhenmsknﬁaj:soswai lzed eacedeicabbe Sihapeitcenasik, be
including for exanple, a DMD (Digital Mcromrror Device), which is a
kind of a nonYsedi-at F‘&Et]il%ge“ﬁl"g\ﬁ &FOér@vfe@EO@am%ts:effé}er aPsisignak

spatial optica

P aht b rapen e tAsbRr ke Bhe PFLidtS s e are cBe waten T

pattern is fo&&%%u%%goﬁghﬁg %Heeiﬁ%&ff&kdhé@%&as9étéﬁe ﬁ%%é#ﬂf"ﬂ%%&dbé
to be exposed can al so be used. I'n the case of using such a Variabl e

shaped nmaik, Mmnet ia:kwngfemumnsyﬂteamt £on exhapdet ent éaibdesulEtemthat
t he alignment marks previously described, on exposure of at |east one
di fferent detects scales (diffraction gratlngs) arranged on the upper
surfzce of the wafer stage can also be used. In this case,
the sensor can be a hybrid system equipped with both an
interferometer system and an encoder system, and it is
20 preferable to perform calibration of the measurement results
of the encoder system using the measurement resulis of the
interferometer system. Further, position control of the
stage can be performed using the interferometer system or the
encoder system by switching the system, cor by using both the
25 interferometer system and the encoder system.
In each of the above embodiments, the case has been
described where the position of the wafer W surface in the

height direction is measured using surface shape detection

unit 125 during the movement of the wafer stage from the wafer



25 shot area on which exposure is to be performed after the shot
areas that have been exposed during the alignnent mark detection
anong the plurality of divided areas on the wafer, the
light-transmitting pattern or the reflection pattern to be fornmed is
to be changed according to the electronic _data 67 so that relative
position control of the wafer and the pat?%rn | mmge can be perforned.
Further, the present invention can also be applied to an exposure

apparatus (|itdiegiarfypsyst s tbhate £QHOBuDe EEQ@ti‘ﬂ&P‘é@Q‘EQOH@F LfWRSrer,
on a wafer by formng interference fringes on the water. Details of

such an appar aths meeudiesehtsed hof Ionitesdhmg ehisheapdnphl et missible
I nternational Publication W2001/035168. Furthernore, the present

i nvention can & ¥8°Fetppl PRELEHOR SeaRCEPBSISE SHAFRE ¢PliRke method,
synt hesi zes t reti.cle patterns_on the wafer via the projection

opti cal systevrf%)s ai]'(r?\ld 1%eer %E%n 63%?2 BEHOLUFE™SF a shot area on the

wef er al mogt simul t apeusky {Re ARG SCANNINGCXBOSHE CpréfedSidH Sased
in, for exanple, Kohyo (published Japanese translation of 15

I nt er nati onal dqdancdti ahef expPateat afpntdtaat iiankaba. o200de S8R0
(the corresponding U S. Patent No. 6,611, 316). . As long as the
national |aws §mPagdgicgiat &8 beht biniird dect agdsicaies) sysemhiatd tifhies

[ [ | application is. applied ermt,,. the abgove discl osure
Io?t ?LgaE/;?PgussypsQem may be elscheprpan eqha_?_ magnifying systemor a magnlify%.ng

system. The projection optical system is not limited to a
10 refracting system, and the system can be either a reflection
system or a catadioptric system, and the projected image can
be either an inverted image or an upright image. Furthermore,
the exposure area on which the illumination light is irradiated
via the projection optical system is an on-axis area within
15 the field of projection optical system including the optical
axis, however, as is disclosed in, for example, the pamphlet
of International Publication W02004/107011 (the
corresponding U.S. Patent Application 2006/0121364), similar
to the so-called inline type catodioptric system, which has
20 an optical system (a reflection system or a deflexion system)
that has a plurality of reflection surfaces and forms an
intermediate image at least once arranged in a part of the
catodioptric system and also has a single optical axis, the
exposure area can be an off-axis area that does not include
25 optical axis BRX.
Further, illumination light IL is not limited to the AxF
excimer laser beam (wavelength 193 nm), and illumination light
IL can be an ultravioclet light such as the KrF excimer laser

beam (wavelength 248 nm) or the like, or a vacuum ultraviolet



20 Publications, the panphlets of International Publications and the
U.S. Patents descriptions are incorporated herein by reference.
Further, the apparatus for formng a pattern on an object is not
limted to the exposure apparatus (lithography system) 25 previously
descri bed, and for exanple, the present 625 vention can al so be applied
to an apparatus for formng a pattern on dn object by an inkjet
nmet hod. The object on which the patternis to be forned in the

above enbodi nmenight( shehobethe SEbjlaekrt Be&X PO A YtHNI6N nkB. the is
energy beamis irradiated) is not linmted to a wafer, and can be
ot her obj ects dirsiosed angl fos pramwlea tder parphdabsof aleternatdsinal

bl k, fil the lik Furth th h f th bj t i
ot 1 mted | GBIt aPa MRS i AR [ ReLro T aReIad Unbpdetaiih Tas
a rect angul ar ﬁlﬁ%.e ) béfﬂh?ok%ﬁg nic waveﬂf'n% %ﬁg?uBg ﬁggd eg(gosq;a%uum

apparatus is nd EXpoSure apparatus for. menufacturi

sem conduckor s;1 taRdibhetplegrat ¢ end 'd?ita@.%@dabﬁoalﬁﬁ Wedaly 2ppli ed
to an exposure apparatus used for manufacturing Tiquid crystal

di spl ays, 10 wiingiief-grnslbygth drskerbean lguilte ¢énfskatd dirspliaibdevieoge
pattern on square glass plates or the like, or to an exposure

appar at us use®Héterahf iR |Sr$§ll§P§§HF'é°ELJSESEtIh|% fipay gty @ith a

heads, i magin evi ces cromac hi ne

the T ke, Rur HEEF SRSV sA- ShARLE, SRl eaots Fhoum
exposur e apparaffafdu?ﬁtce@&b&ﬁﬁﬂsf&ﬁ& 8y oGk 1 AEt ERE Ny O Qordng] 3% 0
substrate or a silicon wafer not only when produci ng m crodevi ces
such as s&fi calduetabietbliglat sos e proadieeng aptetaTl@wtaa .mask
used in exposure apparatus such as an optical exposure apparatus, an
EUV exposure appar aFgsthen 20 seqhagf dhgoahnee apped e s aht disezpabher

beam exposureo%pp%{lgtsgstggg ésheljl.]!u%nlnatlon light IL of the exposure

apparatus the light is not limited to a light that has a
wavelength of 100 nm or more, and a light whose wavelength
15 1is less than 100 nm can also be used. For example, in recent
years, in order to expose a pattern of 70 nm or under, an EUV
exposure apparatus is being developed that generates an EUV
(Extreme Ultraviolet) light in the soft X-ray region (e.q.
wavelength range of 5 to 15 nm) using an SOR or a plasma laser
20 as a light source and uses an all reflection reduction optical
system, which is designed based on the exposure wavelength
fe.g. 13.5nm), and a reflection typedmask. In this apparatus,
because the structure of scanning exposure in which the mask
and the wafer are synchronously scanned using a circular
25 illumination can be considered, the present invention can also
be suitably applied to the apparatus. Besides such apparatus,
the present invention can also be applied to an exposure
apparatus that uses a charged particle beam such as an electron

beam or an ion beam.



Sem conduct or devices are manufactured through the follow ng steps: a
step where the function/performnce design of a device is perforned;
a step where a reticle based on the 25 design step is manufactured; a
step where a wafer is manufactured using materials such as silicon; a
| i thography step where the pattern fornmed on the reticle is
transferred onto an object such as the waf%r using the exposure

nmet hods described in the enbodi nents above; a device assenbly step

69 (including procgssenesyiclh 8ach ot ¢hR0aPSAC 8RB O nlRNL) RA.PLOGE SRS
and a packagi ng process) ; "an inspection step, ana the ke 1n S
case, in the |pddrogcapiibstiephe BE o @reBeneXPOssH €l JEWRRdspbNiddao a
enbodi nents above are executed and 5 the device patterns are forned
on the obj ect,sqgroduct type expbshirglarpereguathyhhdetepesndarsche method,
i mproved. The exposure apparatus in _each of the above

enbodi ment's caAPF Sradee P ERABPPAGaFERT Jle RIS 2RECR AR FRERIGE
each of the c iven.i.n the sco of the clains of the 10
R ent and L OPROSTL S0 SorPle Ly d Hp8 SaPR oo b et T A48 Stpper

el ectrical acciy agy 130 .0PFIOHeAC YHAGY-cBERL MBh PR NGH.cdh AQldebet O
secure these various accuracies, before and after the assenbly,

adj ust ment f orappdhieeVi o gntdrgaaniriecappancirsicy the grf-enaedtfachikehod

various optical systens, 15 adjustnent for achieving the nechani cal

accuracy 1s péifdr medorer 2t RBOY af TUSAR Eh&ANictaPrs$gst ens, and

adj ust nent for achigyi the, el ectrical .accuracy is &erforned for the
b 3

various electric sy ST SRS ﬁ&ﬁoégggef?ﬁﬂ? HERER Sus

subsysten&otojggn%ﬁggigheeaegﬁéaﬁaﬁ%'e 498%,ehanLedl Wich is a

connection, wiring connection of t ectric circuits, piping
connection of ddwspigessveescbittits andHid i kechetweeimddel Mard ous
subsystens. It is a matter of course that prior to the assenbly
process from tsideadaingusa sy stoens Rl s pekposnrer appaght wstanratdéon
is an assenbly proce?s,for each of 25 the indjvidual subsystens. When

the assenbly procELE fFﬁnﬁ?ﬁﬁe@arﬂﬁﬁ§e§GbQ§SFﬁh§ 135 kn DS I&Gr 2 18
appar atus has cﬁ.%%ﬂo%%&?%ﬁt, Zg%rté’iaﬂﬁplaedl ‘ﬂ]s.tsrfe%gégtaﬁéf Of "y, ARd Tage

vari ous accuracies iIn f osure ap|da_r at U_S ole are secdre
The exposube RLFLUSHASK N=glser afl Yed W bhrifbBe FHedRdr 8k W@ uding

condi ti ons

for example, a DMD (Digital Micromirror Device), which is a
kind of a non-radiative image display device {(also referred
to as a spatial optical modulator), or the like) on which a
light-transmitting pattern, a reflection pattern, or an

20 emission pattern is formed according to electronic data of
the pattern that is to be exposed can also be used. In the
case of using such a variable shaped mask, by taking into
consideration the detection results of the alignment marks
previously described, on exposure of at least one different

25 shot area on which exposure is to be performed after the shot
areas that have been exposed during the alignment mark
detection among the plurality of divided areas on the wafer,

the light~transmitting pattern or the reflection pattern to

be formed is to be changed according to the electronic data



70 such as the tenperature and the degree of cleanliness are
controll ed. | NDUSTRI AL APPLI CABI LI TY 5As is descri bed above, the
pattern form ng nethod and the pattern form ng apparatus of the
present invention are suitable for form ng a pattern on an obj ect
hel d by a noving section. Further, the deyjce manufacturing nmethod of
the present invention is suitable for manUfacturing m crodevices 71

WHAT IS CLAIMED I S: 1. Apattern formng nethod of formng a
pattern on a piatabitieleftidievbeet: B5easnotoan fObheGarekhendrehbthttern
conpri si ng: a first process of detecting a mark

associ at ed wi thnagee @i bleepéirfpdmedar eas on t he object while the
obj ect is being noved; and a second process of formng a
pattern in the divi d8dtEPEastbh RURSHY) dBVEREIPR) 33k 2dECeb| @pplied to

results of th i d . erei in_th i rst
rotess. o e WS E Bk tys 04 thoarantllhTilen] MARE bR

an i mge psocessidgni®lhadel pac08tAS! i8¢ sRRab tbsnﬁﬁfqﬁ&%{%m&e
is detected by the mark detection system while tﬁe obj ect is being
noved, and a ffirisigegarh tchemaaksr ne@essdily H6r shot mMma @ paitier aren
all divided areas subject to pattern form ng on the object are

det ect ed pri ord¥5§196LF0 AR N§OF hexahd Heodegehlet of International

Publication W02001/035168.
Furthermecre, the present invention can also be applied
10 to an exposure apparatus that synthesizes two reticle patterns
on the wafer via the projection optical system, and performs
double exposure of a shot area on the wafer almost
simultaneously in c¢ne scanning exposure, as 1s disclosed in,
for example, Kohyo (published Japanese translation of
15 International Publication for Patent Application) No.
2004~519850 (the corresponding U.S. Patent No. 6,611,316).
As long as the national laws in designated states (or
elected states), to which this international application is
applied, permit, the above disclosures of the various
20 Publications, the pamphlets of International Publications and
the U.S5. Patents descriptions are incorporated herein by
reference.
Further, the apparatus for forming a pattern on an ohject
is not limited to the exposure apparatus (lithography system)
25 previously described, and for exampie, the present invention
can alsc be applied to an apparatus for forming a pattern on
an object by an inkjet method.
The object on which the pattern is to be formed in the

above embodiments (the object subject to exposure on which



2. The pattern form ng nethod of claim1l wherein in the
first process, a plurality of marks is detected while changing a
position relation between the object and the mark detection system
3. The pattern form ng nethod of claim1 wherein in the
first process, after a mark detection, at |least a part of the mark
detection systemnoves in a direction dif%erent froma novenent
direction of the object until a next mark is detected. 4.The pattern

form ng net hod: e%b%b??ﬂeetr&'&rshferécﬁ' R9not/dimited to a wafé:, and
third process of detecting a second part of marks necessary for

form ng a pattermbentakl dijectisvitttdaay aagl sspeste t @ qalst@ersubstrate,
formng, which are not included in the first part of marks, the third
process bei ng H&ERBHr Bbankn paaM eenhes 19 iheshbtlohd Prathss, viHes shape

patLern o, (o Eg ol ALy o0 8 eR o0 INCY & palf el nycan b lored,
o B 08, STABSIELASECS! L R e e 05 o Wy,
and positional inforratiheagofost Mde0bkpEEuDE Bapisatht B iEhgopalingiiidd to
form ng nethod of claim11 wherein
the exposure apparatus for manufacturing semiconductors, and
the present invention can also be widely applied to an exposure
apparatus used for manufacturing ligquid crystal displays,
10 which forms by transfer a liquid crystal display device pattern
on square glass plates or the 1ike, or to an exposure ;apparatus
used for manufacturing organic ELs, thin film magnetic heads,
imaging devices (such as CCDs), micromachines, DNA chips and
the like. Further, the present invention can alsc be applied
15 to an exposure apparatus that transfers a circuit pattern onto
a glass substrate or a silicon wafer not only when producing
microdevices such as semiconductors, but also when producing
a reticle or a mask used in exposure apparatus such as an
optical exposure apparatus, an EUV exposure apparatus, an
20 X-ray exposure apparatus, an electron beam exposure apparatus
and the like.

Semiconductor devices are manufactured through the
following steps: a step where the function/performance design
of a device is performed; a step where a reticle based on the

25 design step is manufactured; a step where a wafer is
manufactured using materials such as silicon; a lithography
step where the pattern formed on the reticle is transferred

onto an object such as the wafer using the exposure methods

described in the embodiments above; a device assembly step



positional information of the associated mark is detected based on
posi tional information of the mark detection system and positional
I nformation of the object. 7. The pattern formng nmethod of claiml
wherein on the pattern formng, rotational information of the mark
detection systemis used. 8. The pattern formng nethod of claim1l
wher ein posi ti onal i nfor mati ot of the associated mark is
det ected based on positional information and rotational information

of the mark detgtdli@ingy phrobeaBdsposth i onal di@i&%&b@_@s.@f 4 Ponding
object. 9. The pattern form ng nmethod of claiml erein 73

in the first pruosess, angl er phckyghg thwawssks as despetetbnstep,aand
plurality of mark detection systens. - 10. The pattern fornin%
net hod of cl aifRelliker ei it this case, injthe ddthpgserhy ddess, bepruse the

et AL G ST RN LR R R
S5 the device patterns are formed on the object, productivity
of high integration devices can be improved.

The exposure apparatus in each of the above embodiments
can be made by assembling various subsystems that include sach
of the components given in the scope of the claims of the

10 present application so that a predetermined mechanical
accuracy, electrical accuracy, and optical accuracy are
maintained. In order to secure these various accuracies,
before and after the assembly, adjustment for achieving the
optical accuracy is performed for the various optical systems,

15 adjustment for achieving the mechanical accuracy is performed
for the various mechanical systems, and adjustment for
achieving the electrical accuracy is performed for the various
electric systems. The assembly process from the wvarious
subsystems to an exposure apparatus includes mechanical

20 connection, wiring connection of the electric circuits,
pilping connection of the pressure circuits and the like between
the various subsystems. It is a matter of course that prior
to the assembly process from the various subsystems to an
exposure apparatus, there is an assembly process for each of

25 the individual subsystems. When the assembly process fromthe
various subsystems to an exposure apparatus has been completed,
total adjustment is performed, and the various accuracies in
the exposure apparatus as a whole are secured. The exposure

apparatus is preferably built in a clean room where conditions



11. A device manufacturing nmethod including a process of formng a
pattern on a sensitive object using the pattern form ng nethod of
claim1l. 12. The pattern form ng nethod of claim1l wherein the object
is noved by noving a noving section that holds the object.

13. The pattern form ng nethod of claim1l wherein t he
first process is perforned at |east after’®the beginning of pattern
formng with respect to the object. 14. The pattern form ng

net hod of claidich Wek@kNtemperature aﬂd‘ft(?{ﬂteig?@ergfa&f@aﬁpir?ess are
surface shape of the object Is detected while the object is being

noved by a detemettradlsyistem different fromthe mark detection system
and the detection results of the surface shape are used in the
pattern formng. 15. The pattern form ng nethod of claim1l wherein a

e oot "ol RO AR SRy, 14 1, e paLLern oo

Gotect | on Syet em dufPng” (K GaTeS P el The Feeatiat SR h ecod 7R

pattern form ngopihedzaf f61maifg IEbpMiel®isnof the present invention are
suitable for forming a pattern on an object held by a moving
section. Further, the device manufacturing method of the

present invention is suitable for manufacturing microdevices.



the first process is perfornmed while the noving section noves at

| east froma | oadi ng position where the object is held by the noving
section to a position where the pattern formng with respect to the
obj ect begins. 18. The pattern form nginethod of claim 13 wherein
the first process is perforned al so before the begi nning of pattern
formng with respect to the object. 19. The pattern form ng nmethod of
claim 14 wherein at least a part of the detection

operati pgflst@]g‘gjwrﬁéprﬁati on related to the surface shape is

performed 1 n par With a detection operation of the associated
mar k. 20. The pattern form ng nmethod of claim15 wherein |iquid
i mrer si on exposure is perforned on the object. 21. The pattern

form ng nethqd of, cl ai m_ .16 .wher ei ) in the fitst pracess,
the associ at dd e R SUBEPE bar of RoEmmine @ Rafomhen Aeieelty o apded gpas
the mark detection systemduring the detection of the associ ated
mar k. OFgu object, the methohcoyaPHsAg f or ni ng met hod of forming a pattern
on a plurality of divided areas of an object, the method conprising:
a first process d@ffigeprosessd dateptiitka audoassasialgd writhorgmel the divided areas on
di vi ded areas on the object while the object is being noved; and
the object while the object is being moved; and
a second process of forming a pattern in the divided areas on the object using
the detection results of the associated mark,
wherein, in the first process, a movement of at least a part of a mark detection
system by an image processing method is controlled so that the associated mark is detected by
the mark detection system while the object is being moved, and a first part of marks necessary

for forming a pattern on all divided areas subject to pattern forming on the object are detected

prior to performing the second process.

2. The pattern forming method of claim 1 wherein
in the first process, a plurality of marks is detected while changing a position

relation between the object and the mark detection system.

3. The pattern forming method of claim 1 wherein
in the first process, after a mark detection, at least a part of the mark detection
system moves in a direction different from a movement direction of the object until a next

mark is detected.

4. The pattern forming method of claim 1 further comprising;:



a second process of formng a pattern in the divided areas on the

obj ect using the detection results of the associated nark,

wherein, in the first process, a novenent of a detection area of a
mar k detection system by an i mage progessing nethod is controlled so
that the associated mark is detected by the mark detection system
while the object is being noved, and a first part of marks necessary
for formng a pattern on all divided areas subject to pattern formng

on the object are e Al . erform eco € .
23. ' The pattern FolngoRes Roallsetifh Bt Ol g oL AR FRUR) R ning o
second pr.ocess etection resylts of rest .of the marks.necessar

For 1 orHRg S i Ay Sibiee? uf o Rmadk i FR T i RiRE 1 st
detection system after a beginning of pattern fornng with respect to
t he objF@EttoéF%riéltg%ﬂH%deE{“ess being pestarmbd yepareliel LR ce REOGHES Hoere s
including a process of formng a pattern on a sensitive object using

t he patRaBem i demmed Prmddéted greacqravhich 2 pattern can befgrmery agsdianghp detection
form ng nethod of claim 22 wherein information related to
a sur f aewliglod the rodrks frethobipst prodess. det ect ed whil e the object is being
noved by a detection systemdifferent fromthe nmark detection system
and detection 76 results of the surface shape are used in the

pattern formng. 26. The pattern form ng nmethod of claim 22 wherein a
pattern is far medHepacsmdbingg hivehabyfRtdim 2wheréihe pattern form ng
met hod of claim 22 wherein

on the pattern forming, positional information of the mark detection system

and positional information of the object are used.

6.  The pattern forming method of claim 1 wherein
positional information of the associated mark is detected based on positional

information of the mark detection system and positional information of the object.

7. The pattern forming method of claim 1 wherein
on the pattern forming, rotational information of the mark detection system is

used.

8. The pattern forming method of claim 1 wherein
positional information of the associated mark is detected based on positional
information and rotational information of the mark detection system and positional

information of the object.

9.  The pattern forming method of claim 1 wherein



inthe first process, the associated mark is maintained in the
detection area of the mark detection systemduring the detection of
the associated mark. 28. The pattern form ng nethod of claim22
wherein in the first procggs, the object is noved in a
first direction in which the plurality of divided areas on which a
pattern is to be forned is disposed on the object. 29. The pattern
form ng nethod of claim25 wherein at least a part of a

e porformed 1 n parar 5t ipbo o BEruED hEhah B ANESHIIAZE AOBHE, of

mar k. 30'k£§ gatte{n form ng nethod of claim26 wherein |liquid
i mrer si®ON %8 M eélnsperformed on the object. 31. The pattern

form ng nethod of claim 27 wherein in the first process,
the associated mark is substantially static in the detection area of
the mark detection systemduring the detection of the associ ated

mark. 77 32.10Thelhsaattemformingimgihadeetidaimok whersiom 28 wher ei n

inthe first process, a plurality of marks is detected whose position
in the first dirdsthofirst gragedst teassocinted merkolsjdstected in a state where the object

and the mark detection system are relatively stationary.

11. A device manufacturing method including a process of forming a pattern on a

sensitive object using the pattern forming method of claim 1.

12.  The pattern forming method of claim 1 wherein

the object is moved by moving a moving section that holds the object.

13. The pattern forming method of claim 1 wherein
the first process is performed at least after the beginning of pattemn forming

with respect to the object.

14.  The pattern forming method of c¢laim 1 wherein
information related to a surface shape of the object is detected while the object
is being moved by a detection system different from the mark detection system, and the

detection results of the surface shape are used in the pattern forming,

15. The pattern forming method of claim 1 wherein

a pattern is formed by exposing the object.



33. The pattern form ng nmethod of claim28 wherein in
the first process, marks on the object are detected by a plurality of
mar k detection systens that have detection areas of different
positions in a second direction orthoganal to the first direction.

34. The pattern form ng nmethod of claim33 wherein in the
first process, marks of different positions in the second direction
on the object are detected by changing a distance of the detection
areas in the second direction. 35. A pattern form ng method of
formng a pattern on an object wherein a first mark on

the object is detgcted by. a mark defecti.on system and pattern
forming with PespﬁapaﬂSmEIfﬂ’é‘mngné%&O‘{)%%ﬁﬂgﬂuﬁﬁﬁu% he detection results
of the first mark detected before a beginning of pattern form ng,
wher eby in the, 5k B9 et KSR HAE) jreEpintanefn Aqeiertio) Ao the
mar k detection systemeven after the beginning of pattern form ng,
and t hengkdgtectigmsystesyiyringdhe detectinnediibe sewatgdmage.ed after the

begi nning of pattern formng are used in the pattern form ng,

wherein a pattern is forned in each of a plurality of divided areas
on the object, and anong the plurality of divided areas, in a first
group of divilded TEreqateimnfotmide miptlzodde fdladmd 2awkacion whi ch the pattern
is formed first, detection results of the first mark detected before

t he begi nni ng of thafitseprodesy Wipagfoanal whilel theamoving sectbaaneks gk teapr Hém a
divided areas different from 78 the first group of divided areas,

det ect il@inEpositich Wherk AR GO BhIBh K tHEGhOEAEcBbh & a hokitidILYhdId tita@tm
pattern formng are used. 36. The pattern form ng method of

cl ai m 39:iE WA tespect to the object begins.

18. The pattern forming method of claim 13 wherein
the first process is performed also before the beginning of pattern forming with

respect to the object.

19.  The pattern forming method of claim 14 wherein
at least a part of the detection operation of the information related to the

surface shape is performed in parallel with a detection operation of the associated mark.

20. The pattern forming method of claim 15 wherein

liquid immersion exposure is performed on the object.

21.  The pattern forming method of claim 16 wherein
in the first process, the associated mark is substantially static in the detection

area of the mark detection system during the detection of the associated mark.



in the second group of divided areas, detection results of the first
mar k detected before the beginning of pattern formng are al so used.
37. The pattern form ng nethod of claim35 wherein t he
pattern form ng on the second group ofysdi vi ded areas is perforned

| ater than the pattern formng of the first group of divided areas.
38. A device manufacturing nethod including a process of formng a
pattern on a sensitive object using the pattern form ng net hod of
claim35. 39. The pattern form ng nethod of claim35 wherein a
pattern is forned by exposing the object. 40. The pattern
form ng neth of , cl ai m 35 wherei '

. detection of the fjrst
and second mitks A BUTRT OFHER A of ETIBEA RACH ¥ 8 BUITALY /RS dshiees
the object is being noved. . 41. The pattern form ng nethod of
cl ai m 34 apebjest. ghe method comprisipgif or e t he begi nni ng of pattern form ng,
the object is noved in a first direction and a plpralitg of marks of
di fferent positi dnirsi process ofidetecting 2 avrk assoristederitiversiof thg divided arpas on
pattern form ng nethod of claim 35 wherein

the object while the object is being moved; and

a second process of forming a pattern in the divided areas on the object using
the detection results of the associated mark,

wherein, in the first process, a movement of a detection area of a mark
detection system by an image processing method is controlled so that the associated mark is
detected by the mark detection system while the object is being moved, and a first part of

marks necessary for forming a pattern on all divided areas subject to pattem forming on the

object are detected prior to performing the second process.

23. The pattern forming method of claim 22 wherein
in the second process, detection results of a rest of the marks necessary for
forming a pattern on all the divided areas detected by the mark detection system after a

beginning of pattern forming with respect to the object are also used.

24. A device manufacturing method including a process of forming a pattern on a

sensitive object using the pattern forming method of claim 22.

25.  The pattern forming method of claim 22 wherein
information related to a surface shape of the object is detected while the object

is being moved by a detection system different from the mark detection system, and detection



before the beginning of pattern formng, the object is noved in a
first direction in which a plurality of divided areas on which a
pattern is to be fornmed are di sposed on the object, and a plurality
of marks of different positions in thegfirst direction is detected.
43. The pattern form ng nethod of claim 39 wherein Iiquid imrersion
exposure is performed on the object. 44. The pattern form ng nethod
of claim40 wherein information related to a surface
shape of the_.abject is detected. while the object is being noved by a
dot oot HEEPEB ket Spab e S B PR BB L | on”system and
detection results of the surface shape are used in the pattern
formng. 45. The pattern form ng nethod of claim44 wherein

at least a part of a detection operation of the information rel ated
to the surfadd shieattemdfarming mahedotrdaim I2vheipinh a det ecti on
operation of the first and second marks. 46. The pattern form ng

met hod of cl ai m 4dpaiseygifgrmed by exposing thembjest.on t he object are
detected by a plurality of mark detection systens that have detection
areas of different positions in a second direction orthogonal to the
first direction. 47. The pattern form ng nethod claima4l wherein 80
i nformation 26| atEd patterd fBtinihg aeetishivgfelain X2heh@bjnect is detect ed
while the object is being noved by a detection systemdifferent from

the mark detecti g tisyfise Procasid tidedsesdidten mafls 4l thginRinetilie thaladtaqRnshener
are used in the pattern form ng.

the mark detection system during the detection of the associated mark.

28. The pattern forming method of claim 22 wherein
in the first process, the object is moved in a first direction in which the

plurality of divided areas on which a pattern is to be formed is disposed on the object.

29.  The pattern forming method of claim 25 wherein
at least a part of a detection operation of the information related to the surface

shape is performed in parallel with a detection operation of the associated mark.

30. The pattern forming method of claim 26 wherein

liquid immersion exposure is performed on the object.

31. The pattern forming method of claim 27 wherein
in the first process, the associated mark is substantially static in the detection

area of the mark detection system during the detection of the associated mark.



48. The pattern form ng nethod of claim46 wherein mar ks
of different positions in the second direction on the object are
detected by changing a distance of the detection areas in the second
direction. 49. The pattern form ng nmetthod of claim47 wherein

at least a part of a detection operation of the information rel ated
to the surface shape is perforned in parallel with a detection
operation of the plurality of marks of different positions. 50. The

pattern form,ng f i aj . at | east one
$9 "Rl %gtel% fo?ﬁg%ﬁow ]2%1*{1228 \vhere

of the first "mark, the seco an p urallnity of marks on the

have detect i on arBate BFC APy ol ot Rl R of Bt i e s

orthogopal .to . the first direction. 51. The pattern form ng nmethod of
cl ai m 4breghiey isidifferent on the object; nf or pation rel ated to a surface shape
of the object is detected while the object is being noved by a
detection systemdifferent fromthe mark detection system and
detection results of the surface shape are used in the pattern
form ng. 52. 3%he Pwtnatem Honime mepthosk dfodpiof28cwhéren50 wherein 81
marks of different positions in the second direc'tion on the object
are detected by dhahgifing paocksstramke onfthe lobjedie brecdetaredabye a plumlityhef mark
second direction.

detection systems that have detection areas of different positions in a second direction

orthogonal to the first direction.

34. The pattern forming method of claim 33 wherein
in the first process, marks of different positions in the second direction on the

object are detected by changing a distance of the detection areas in the second direction.

35. A pattern forming method of forming a pattern on an object wherein
a first mark on the object is detected by a mark detection system, and pattern
forming with respect to the object begins using the detection results of the first mark detected
before a beginning of pattern forming, whereby
a second mark on the object is detected by the mark detection system even
after the beginning of 'pattern forming, and the detection results of the second mark detected
after the beginning of pattern forming are used in the pattern forming,
wherein a pattern is formed in each of a plurality of divided areas on the object,
and among the plurality of divided areas, in a first group of divided areas including a divided
area on which the pattern is formed first, detection results of the first mark detected before the

beginning of pattern forming are used, and in a second group of divided areas different from



53. The pattern formng nmethod of claimb51 wherein at
| east a part of a detection operation of the information related to
the surface shape is perfornmed in parallel with a detection operation

of the plurality of marks of differentygpositions. 54. A
pattern form ng apparatus that forns a pattern on an object held by a
novi ng section, the apparatus conprising: a mark

detection systemthat can have at l|east a part of the mark detection

The parteart sBlfes dia&egc%r?agn%s%?{f Rl b AR 1 AT e

t he obj.ect whil & V|n section is being noved, t he
controﬂ’gprgﬁgEQ qw% mar ks necessary for formng a
pattern on all d|V|ded areas subject to pattern formng on the

obj ect, and detecting a rest of the marks necessary for formng a
pattern on all the divided areas subject to pattern formng, in
paral | el wit Bof oriiermgttarmdarmiag meprpdoinlaimd®awvhbsrels on which a pattern
can be forned based on detection results of the part of the marks
necessary for forimithy sebandpgtavpr of divided area§Sdetditionpasultsr of ftloy dirstgmark
apparatus of claim54 wherein a pattern is fornmed on the
obj ect dgtdcteg bafitre tiel beginnegud fipattad fatmihg ast alanesedf t he part of the

mar ks necessary for formng the pattern and the rest of the marks
necessary for formng the pattern. 82 56. The pattern form ng
apparatus of claim54 wherein the control unit controls a
movenent of the athelaAsh HRSnEMtheS ofdM8mMBI¥haghect i on system so
that detection of the mark on the object is perforned while the

movi ng section i%hpgatwn@eﬁﬂﬁ b thE&slontd" @R o QBFUATarRRS st Q&ﬂr&{e&ﬁﬁa

t he novi ng section holds the bject to a position where pat

form ng, i b phtfeh %:rhmtlé)of g ﬁ?é?Jg%:L;p oK i8St areas.

38. A device manufacturing method including a process of forming a pattern on a

sensitive object using the pattern forming method of claim 35.

39. The pattern forming method of claim 35 wherein

a pattern is formed by exposing the object.

40. The pattern forming method of claim 35 wherein
detection of the first and second marks is performed with a detection area

being moved while the object is being moved.

41. The pattern forming method of claim 35 wherein
before the beginning of pattern forming, the object is moved in a first direction

and a plurality of marks of different positions in the first direction is detected.



57. The pattern form ng apparatus of claim54 wherein t he
control unit controls a novenment of the at |east the part of the mark
detection systemso that the at |least the part of the mark detection
system foll ows the novenent of the nobwhng section when detecting the
mark on the object. 58. The pattern form ng apparatus of claimb54
wherein the control unit detects a plurality of marks on
the object while changing a positional relation between the object
and the mark detection system 59. The pattern form ng apparatus of

cl ai m 54 wherein the control unit noves at |east a part

of the mark detection systemin direction djfferent froma novement
direction of *he aﬁﬁx’sémnﬁﬁn%?‘ieﬁ’fe alWﬂiiwh@?’é‘cti on until a next

mar k detection. 60. The pattern form ng apparatus of claim54 wherein
the mark detecti dwfcg%l@eebﬁ&hm%n%owgn%mi%@Je@h@rﬂm@ﬁdﬂaﬁéﬁdﬁmeﬁf@on
mechani sm for cooling the photodetection elenent. 83 61. The pattern
f or m nghappelr avlalgy of|diyidedareas pre whindiag aattesn fisutot breformedrprs dispaged on the
a measurenment noving section that can nove i ndependently fromthe
nmovi ng abgeet,iand a phdlityerfinmrkso b Herenteposiions ecths Siast Wirkbctiont ibdetpeted.er n
formng while the object on the noving section is exchanged.

43. The pattern forming method of claim 39 wherein

liquid immersion exposure is performed on the object.

44,  The pattern forming method of claim 40 wherein
information related to a surface shape of the object is detected while the object
is being moved by a detection system different from the mark detection system, and detection

results of the surface shape are used in the pattern forming,.

45.  The pattern forming method of claim 44 wherein
at least a part of a detection operation of the information related to the surface

shape is performed in parallel with a detection operation of the first and second marks.

46. The pattern forming method of claim 41 wherein
marks on the object are detected by a plurality of mark detection systems that
have detection areas of different positions in a second direction orthogonal to the first

direction.

47. The pattern forming method claim 41 wherein



62. The pattern form ng apparatus of claim54, the apparatus further
conpri si ng: a separate noving section that can nove

i ndependently fromthe noving section, and hol ds the object on which
detection of the at | east one of the ggrt of the nmarks necessary for
formng the pattern and the rest of the marks necessary for formng
the pattern is perforned by the mark detection systemwhile pattern
formng is perforned with respect to the object held by the noving

Fur her conpri ot gerRRpierkd] B3 SPRRF el of e e faed My AR RR B
l)lbjggf;t Cig\p%lﬁg Pﬁ)g)e& ﬁy l’}rﬁlgﬁ:‘g{i&ggys&rg a{ 'e?ernrt] flotn {h%%gfnaja}g ﬂg%g@%( %Ss%err][g a%g Getection

manuf act uri ng _met hod i ncluding a process of formng a pattern on a
sensi t GBS Elﬁsutfg?erféla%@eﬁaﬂ@rtﬁepﬁm fyMifighar at us of claim54. 665.
The pattern forming apparatus of claimb54 wherein t he
control unit controls a novenent of the at |east the part of the mark
detection system so that detection of the mark on the object is
perfornmed at 4Beaskhegfattem fpaming mretloskoficlgmibswimegjun on t he object. 84
66. The pattern form ng apparatus of claimb54, the apparatus further
conpri si ng: marks of differahe pegtioininuthe sedohdidirdefoncdis theabidct areadetected
information of the object in a direction perpendicular to a

pr edet &fehagEn@®h dRenos oihi @btetiish £b4sHa thdvesl ditectiagh of a plurality
of neasurenent positions di sposed between a | oadi ng position where
the noving section holds the object and a pattern formng starting
position with respect to the object. 67. The pattern form ng

appar at us 0f4§Jaﬁ%&géumhﬁ&m%ﬁ%%&ﬁkH%ﬁ%%&hh@ﬁm&ﬂ&ﬂriSi”93 a sensor

that detects positional inforfation of the mark detection system

wher eby i 1] i nforat i 4 t i
system and posit iag }?g%trﬁeg#gﬁr&a?%gﬁlogfﬁf ﬁa@ﬁgt&?g{(}t ]Bgorr @Qﬁ%@%%g%aﬁg %Pﬁgce
form r]%hape is performed in parallel with a detection operation of the plurality of marks of different

positions.

50. The pattern forming method of claim 42 wherein
at least one of the first mark, the second mark and the plurality of marks on the
object are detected by a plurality of mark detection systems that have detection areas of

different positions in a second direction orthogonal to the first direction.

51. The pattern forming method of claim 42 wherein
information related to a surface shape of the object is detected while the object
is being moved by a detection system different from the mark detection system, and detection

results of the surface shape are used in the pattern forming.

52. The pattern forming method of claim 50 wherein



68. The pattern form ng apparatus of claim 63, the apparatus further
conprising: a liquid supply nmechanismthat supplies liquid in a space
bet ween the optical system and the object, whereby the object is
exposed with the illumnnation |ight viga the optical system and the

l'i quid. 69. The pattern form ng apparatus of claim 65 wherein

the control unit controls a novenent of the at |east the part of the
mar k detection systemso that detection of the mark on the object is

performed al so before i nning of.pattern form.ng w.th.respect t
Phe object g5 7ol afdid betiaR i Sl Blelhaf ol e yHied B bkt
the contrql unit conput ipfor.mation. rel ated to a surface shape of

t he obj c‘glaB%Pé‘%ﬁ %@Pgaiei%?%%@e?%mdﬁe ?q?@n‘aéir‘écélppon unit 71. The
pattern form ng apparatus of claim66 wherein t he

control unit perforns at |east a part of a detection operation by the
detection unit in parallel with a detection operation of at |east one
of the part éB-triﬂlqmﬁﬁmfnmgmbod@ﬁclalmiﬁwger@me pattern and the

rest of the marks necessary for formng the pattern. 72. The pattern
f ormi ng appar at usat ddastch partro67 delleeticei operation of the information related to the surface

shape is performed in parallel with a detection operation of the plurality of marks of different

positions.

54. A pattern forming apparatus that forms a pattern on an object held by a moving

section, the apparatus comprising:

a mark detection system that can have at least a part of the mark detection
system moved; and

a control unit that moves the at least the part of the mark detection system
configured to detect a mark on the object while the moving section is being moved,

the control unit detecting a part of marks necessary for forming a pattern on all
divided areas subject to pattern forming on the object, and detecting a rest of the marks
necessary for forming a pattern on all the divided areas subject to pattern forming, in parallel
with forming a pattern on a divided area on which a pattern can be formed based on detection

results of the part of the marks necessary for forming the pattern.

55. The pattern forming apparatus of claim 54 wherein
a pattern 1s formed on the object using detection results of at least one of the
part of the marks necessary for forming the pattem and the rest of the marks necessary for

forming the pattern.



positional information of the mark on the object is detected based on
the positional information of the mark detection system detected by
the sensor and the positional information of the object. 73. The
pattern form ng apparatus of claim67gpherein the sensor also detects
rotational information of the mark detection system whereby form ng.
the rotational information of the mark detection systemis used on
pattern 74. The pattern form ng apparatus of claim67 wherein the
sensor includes an interferoneter. 75. The pattern form ng apparatus
of claim 73 wherein 86 positional information of at

| east one of the part of the marks necessary for formng the pattern
and the rest 8 fﬁ?IﬁﬁFﬁ%éﬁEE§§Eﬁ??“$8fc¥E? 4ﬁ§ﬁﬁﬂé pattern is
detect ed based on_the positional information and the rotational

i nformation of tHEC FRAKCIJWIECoRiEHs Sy moxamentt elcthegatplpast Hbe gursef thenmark
the positional information of the object. 76. The pattern form ng
appar atdgtectipn gysi¢imse 3hattdetestipn of the mark on the object is performed while the moving

section is being moved at least from a loading position where the moving section holds the

object to a position where pattern forming with respect to the object begins.

57. The pattern forming apparatus of claim 54 wherein
the control unit controls a movement of the at least the part of the mark
detection system so that the at least the part of the mark detection system follows the

movement of the moving section when detecting the mark on the object.

58.  The pattern forming apparatus of claim 54 wherein
the control unit detects a plurality of marks on the object while changing a

positional relation between the object and the mark detection system.

59. The pattern forming apparatus of claim 54 wherein
the control unit moves at least a part of the mark detection system in a
direction different from a movement direction of the moving section after a mark detection

until a next mark detection.

60. The pattern forming apparatus of claim 54 wherein
the mark detection system has a photodetection element and a cooling

mechanism for cooling the photodetection element.



the mark detection systemis separated in a vibrating nmanner from a
body that supports the optical system 77. The pattern form ng
apparatus of claim®63 wherein the optical system i ncludes
a projection optical systemthat projeggts a pattern on the object,
and at | east the projection optical systemis supported by a body.
78. The pattern form ng apparatus of claim 73, the apparatus further
conprising: a sensor that detects positional information of the mark
detection systemwi th the body serving as a reference. 79. The
pattern form ng apparatus of claim 78 wherein the sensor includes an
of the_.interferoneter, | east a,

interferoneter, d . t )
branchi ng opdlcal | ERA1ER PHERESPRHEMSSE PRt o4 the aPRerstis Brbrcdmiine
and a neasurenent beam noves with at |east a part of the mark .
det ecti on syst em? BRRPUECTRGE meavingoseckion thak sarbmolm indgpendenthe ey haapaving
beamis incident is arranged on the body. 87 80. The pattern
f or mi ncfeetigiaend perfomscpedsprerrnt pensssapp fordheigattene firaving while thei adect gn the
sensor that detects positional information of the mark detection
syst emmétihg sdvtioh ddgxchangeilng as a ref erence. 81. The pattern
form ng apparatus of claim80 wherein the sensor includes an
interferoneter, and

62.  The pattern forming apparatus of claim 54, the apparatus further comprising:

a separate moving section that can move independently from the moving
section, and holds the object on which detection of the at least one of the part of the marks
necessary for forming the pattern and the rest of the marks necessary for forming the pattern
is performed by the mark detection system while pattern forming is performed with respect to

the object held by the moving section.

63. The pattern forming apparatus of claim 54, the apparatus further comprising:
an optical system that irradiates an illumination light on the object, whereby

a pattern is formed by exposing the object with the illumination light.

64. A device manufacturing method including a process of forming a pattern on a

sensitive object using the pattern forming apparatus of claim 54.

65. The pattern forming apparatus of claim 54 wherein
the control unit controls a movement of the at least the part of the mark
detection system so that detection of the mark on the object is performed at least after pattern

forming has begun on the object.



of the interferoneter, at |east a branching optical systemthat
branches light into a reference beam and a neasurenent beam noves
wth at least a part of the mark detection system and a reflection
surface on which the neasurenent beamgys incident is arranged on the

body. 82. A pattern form ng apparatus that fornms a pattern on
an object held by a noving section, the apparatus conprising: a mark
detecti on system having a novabl e nenber; and a control

unit that controls a translational novenent of the novable menber in
a predeterm ned direction to cause a detection area of the mark

det ecti on sy%%en1 0 anezgnd.thereb det ect % rk on tgg object.
whil e the moWong SEdefIEm PEMigaRpAaly ghclaim &% therppparatys Wrther ’ge:
apparatus of claim82,. the_aﬁparat us further comprising: = . o
a measur enent no\A $Rjedion i thatietectsppsitional infaesbpe ef theyotieh is ¢ irection
movi ng section, and perfornms measurenent necessary for the pattern

f or mi ngpemenfisulanéo elredeteravnedmanepun mdichetbe iobject BosscHagigh @l a planlity of
The pattern form ng apparatus of claim82, the apparatus further

conpr i sheaguren®@gt positions disposedabatwper almdmgypasgioneehdre thet inaving aactionvields
i ndependently fromthe noving section, and hol ds the object on which
det ect itheolgtcttané apattkrnifsroies tartmgchdeiioh hethmsgectiettRedhjost. syst em whi | e
pattern formng is perforned with respect to the object held by the
novi ng section. 85. A device manufacturing nethod including a
process of formng a pattern on a sensitive object using the pattern

form ng appaiggt ustiRipaftbl g apparatus of @8im INehPH etk AR P¢hprising:
apparatus of claim 82 wherein
a sensor that detects positional information of the mark detection system,
whereby

the positional information of the mark detection system and positional

information of the object are used on pattern forming,

68. The pattern forming apparatus of claim 63, the apparatus further comprising:
a liquid supply mechanism that supplies liquid in a space between the optical
system and the object, whereby
the object is exposed with the illumination light via the optical system and the

liquid.

69. The pattemn forming apparatus of claim 65 wherein
the control unit controls a movement of the at least the part of the mark
detection system so that detection of the mark on the object is performed also before a

beginning of pattern forming with respect to the object.



the control unit fornms a pattern on the object using detection
results of the mark. 87. The pattern form ng apparatus of
claim82, the apparatus further conprising: a detection
unit that detects positional informatiggn of the object in a direction
per pendi cular to a predeterm ned plane on which the object noves at
each of a plurality of neasurenent positions disposed between a

| oadi ng position where the noving section hol ds t he object and a

pattern form art osition t.to. the obj ect .

B8. The patt R e T T A the
control unit rmve t he ing secti.on in.a dlretlo

plurality of divil E%&OTHF‘QD tcﬁ%%ﬁéﬁ“@“ﬁgﬂ%‘?ﬁhﬁt? to sigdace § ?@o‘)frtge object
di sposed on the object, in_ parallel with nmoving the detection area of

the mardesekenedatecsiongsaylte af the detection Wout. The pattern form ng appar at us
of claim82, the apparatus further conprising: 89 an optical system

that irradiates an illumnation |ight on the object, wherein a
pattern is forned by exposing the object with the illum nation |ight.
90. The patt &in fihematigndppeingtapgaraius of claim 86 whheirei n t he

control unit uses the detection results of the mark on the object by
t he mark det ecti ahe sypatreinuait trerfoambagilesnt g paft gqfad tdetdetibw roperagiom Byh the
respect to the object.

detection unit in parallel with a detection operation of at least one of the part of the marks

necessary for forming the pattern and the rest of the marks necessary for forming the pattern.

72.  The pattermn forming apparatus of claim 67 wherein
positional information of the mark on the object is detected based on the
positional information of the mark detection system detected by the sensor and the positional

information of the object.

73.  The pattern forming apparatus of claim 67 wherein
the sensor also detects rotational information of the mark detection system,
whereby
the rotational information of the mark detection system is used on pattern

forming.

74. The pattern forming apparatus of claim 67 wherein

the sensor includes an interferometer.

75.  The pattern forming apparatus of claim 73 wherein



91. The pattern form ng apparatus of claim 87 wherein t he
control unit conputes information related to a surface shape of the
obj ect based on detection results of the detection unit. 92. The
pattern form ng apparatus of claim87gsherein ' t he control
unit perforns at |east a part of a detection operation by the
detection unit in parallel with a detection operation of the mark.

93. The pattern form ng apparatus of claim 88 wherein t he

mar k detection systemdetects..a pl.urality of rks, of .different
bosi t1ons. 1 n_t e TRRFEpAGREEigH B gl Babt dnor Rk BF Akl Blhestany oo
of claim 88, the apparatus conprising: a plurali of rk detection
yst emoris e gah hd b r ER e s pofintly ot tiyuiee Mt BotGER Boddtoed
systens has a detection area at a different pagsition in_a second )
di r ect ibesedh puHbg dRations] infamptipn ang)ithe cetalional infyrmatipn offphe Btk detgction
form ng apparatus of claim94 wherein ) the control unit
det ect sypemidstesteddivithe senser gdshe penifdoniahinforanation ofithedibjestt i on on t he
obj ect by changing a distance of the detection areas in the second
direction on detection of the marks on the object with the mark
detection systens while the noving section is being noved.
76. The pattern forming apparatus of claim 63 wherein
the mark detection system is separated in a vibrating manner from a body that

supports the optical system.

77. The pattern forming apparatus of claim 63 wherein
the optical system includes a projection optical system that projects a pattern

on the object, and at least the projection optical system is supported by a body.

78.  The pattern forming apparatus of claim 73, the apparatus further comprising:
a sensor that detects positional information of the mark detection system with

the body serving as a reference.

79.  The pattern forming apparatus of claim 78 wherein
the sensor includes an interferometer, and
of the interferometer, at least a branching optical system that branches light
into a reference beam and a measurement beam moves with at least a part of the mark
detection system, and a reflection surface on which the measurement beam is incident is

arranged on the body.



96. The pattern form ng apparatus of claim 89, the apparatus further
conprising: a liquid supply nmechanismthat supplies liquid in a space
bet ween the optical system and the object, wherein the object is
exposed with the illum nation |light viga the optical system and the

l'i quid. 97. The pattern form ng apparatus of claim 89 wherein

the mark detection systemis separated in a vibrating manner from a
body that supports the optical system 98. The pattern formng

in em incl udes

appar atus of ¢l aism 89 whe . 1 tical sys :
P brofecti on ot 1 Papaubitioffeppweiys eleteint 1 GpurdRS Kb Rt
and at least the projection optical systemis s orted, by .a body. .
96 The patter n FoIHIG B R RS tmaLgiHagon of HE MpFdicicion FURpRAHt:
conprising:_ a sensor that detects positional information of the mark
det ect itBabeditcEHngAY hrefPlentSody serving as a reference. 91  100. The

pattern form ng apparatus of claim99 wherein the sensor includes an
i nterferoneter, and

(D

81. The pattern forming apparatus of claim 80 wherein
the sensor includes an interferometer, and
of the interferometer, at least a branching optical system that branches light
into a reference beam and a measurement beam moves with at least a part of the mark
detection system, and a reflection surface on which the measurement beam is incident is

arranged on the body.

82. A pattern forming apparatus that forms a pattern on an object held by a moving
section, the apparatus comprising:
a mark detection system having a movable member; and
a control unit that controls a translational movement of the movable member in
a predetermined direction to cause a detection area of the mark detection system to move and

thereby detect a mark on the object while the moving section is being moved.

83. The pattern forming apparatus of claim 82, the apparatus further comprising:
a measurement moving section that can move independently from the moving
section, and performs measurement necessary for the pattern forming while the object on the

moving section is exchanged.

84. The pattern forming apparatus of claim 82, the apparatus further comprising:



the interferoneter has at |east a branching optical system wherein

t he branching optical systemthat branches light into a reference
beam and a neasurenent beam noves with at |east a part of the mark
detection system and a reflection suggace on which the neasurenent
beamis incident is arranged on the body. 101. The pattern form ng
apparatus of claim98, the apparatus further conprising: a sensor

that detects positional information of the mark detection systemwth
t he body serving as a reference. . 102. The pattern form appar at us
of clai m 101 wherfefFPaHe TBAHRSSCTR 8@b§a%1ﬁn Vet EdeRsng Ye%%“éﬁ}ge moving
the interferoneter has at |east a branching optical system wherein

t he br 866t gne groldsathesobjedd any maichydeipetipasol thenagknisopesforaed ity the mark
beam and a neasurenment beam noves with at |east a part of the mark
det ect idstectin sysem afdleapatiern Eumiies issparfoamed ovithwrespdst tathenelbedt heldeby the
beamis incident is arranged on the body 103. A pattern

f or m ngn@pp@seatios t hat forms a pattern on an object held by a noving
section, the apparatus conprising: a mark detection systemthat
detects a mark on the object; and a control unit that
controls detection of the mark on the object using the mark detection

system and past erndéQedinaguitiifing eRpRAtinél0dinhe BBERS bf fdbﬁﬁ[dgiﬁ Paitdif on a
control unit detects the mark on the object with the mark detection

syst emge@dii@ivhjRedbing tl&%ait%fd‘fofrﬁﬁm@a?ﬁar‘é‘ﬂu& Bregapgst to the object
using the detecCtion results, and after a beginning of pattern
formng, continues to detect the mark on the object with the mark
detection system and uses the detection results in the pattern
f orm ng, 86

The pattem forming apparatus of claim 82 wherein
the control unit forms a pattern on the object using detection results of the

mark.

87. The pattern forming apparatus of claim 82, the apparatus further comprising:
a detection unit that detects positional information of the object in a direction
perpendicular to a predetermined plane on which the object moves at each of a plurality of
measurement positions disposed between a loading position where the moving section holds

the object and a pattern forming starting position with respect to the object.

88.  The pattern forming apparatus of claim 82 wherein
the control unit moves the moving section in a first direction where a plurality
of divided areas on which a pattern is to be formed is disposed on the object, in parallel with

moving the detection arca of the mark detection system,

89. The pattern forming apparatus of claim 82, the apparatus further comprising:



the object has a plurality of divided areas in which a pattern is
formed, the control unit uses: detection results of the
mar k detected before the beginning of pattern form ng when formng a
pattern with respect to a first groupggf divided areas including a

di vided area on which the pattern is formed first anong the plurality
of divided areas, and detection results of the mark
detected after the beginning of pattern form ng when formng a

pattern with respect tg a.se d_gr.oup of. di.vided. areas di.fferent .
Promthe tirst orbupuoh srEFiEs SaplaPaf i Sl §F fhefpeelnfittoi
apparatus of claim 103 wherei i .the.cantrol .unit_ al so uses
Qo acti on rosul t & e Rk dysspeting e gbiscl Ntk SR RRITRGOBAERS t or n
form ng when formng a pattern with respect to the second group of

di vi ded areas. 105. The pattern form ng apparatus of claim 103

wher ei n the control unit perforns the pattern form ng on
t he second gP8up 1ot paiteinderming epparitas ef cleiva o wherepat t ern forni ng of
the first group of divided areas. 106. The pattern form ng apparatus
of cl ai m 103 wherth¢ control unit uses the ddtectivomesudts ofithietmayk oh dhewsbjete by dhé wmark
of the mark noving a detection area while the object is being noved.
93 detectidisystehineft grad Heginmifeorfipattgrnafppaing twith refpeet w@ithe diectwher ei n

91. The pattern forming apparatus of claim 87 wherein
the control unit computes information related to a surface shape of the object

based on detection results of the detection unit.

02. The pattern forming apparatus of claim 87 wherein
the control unit performs at least a part of a detection operation by the

detection unit in parallel with a detection operation of the mark.

93. The pattern forming apparatus of claim 88 wherein
the mark detection system detects a plurality of marks of different positions in

the first direction.

94.  The pattern forming apparatus of claim 88, the apparatus comprising:
a plurality of mark detection systems, wherein
each of the plurality of mark detection systems has a detection area at a

different position in a second direction orthogonal to the first direction.



the control unit perforns at |east a part of a detection operation by
a detection unit in parallel with a detection operation of the mark.
108. The pattern form ng apparatus of claim 103, the apparatus

further conpri sing: a meggurenent noving section that

can nove independently fromthe noving section, and perforns

measur enent necessary for the pattern formng while the object on the
noving section is exchanged. 109. The pattern form ng apparatus of

cl ai m 103, appar urt her co ri.s a separate
novi ng sectlgﬁ I@&ﬁmﬁ%ggmgﬁﬂgﬁﬂ 85??999?3ﬁFFﬂb movi ng secti on,
and hol ds the object on which detection of the mark js_performned by
the mark detecti dhe gt polfiictestsyaenke of diFent m@mtlgnspl@rth% peRoad irepi1on on
respect to the object held by the noving section. 110. A

devi ce thanabiredyuhpngingre dirtance a€thedictrgtion preatiaghe sconddirpaiignangsigtacipmof
on a sensitive object using the pattern form ng apparatus of claim
103.  the marksldi theTigeqparithethe thaknetagtiap spsterny shile the mioningOBctivreisdiang
the control unit noves the noving section in a first direction before
t he begnhewedng of pattern form ng, and detects a plurality of marks of
different positions in the first direction on the object. 94 112.

The pattern form ng apparatus of claim 103 wherein t he
control unit noves the noving section in a first direction in which a

plurality of odi vided aﬁéﬁ%rrﬁ]ﬁg;ﬁﬁbeﬁﬁ‘tuﬁopéﬁiﬁlﬂg@ thS afpardis ﬁ%%nﬁfrﬁ ing;

di sposed on the object before e beginning of pattern formng,

detects a plural g §ofd stfij SneBharfidch kft SOPpIRE HabidORSa sfhct BEWebA ?l’ie optical

direction.
system and the object, wherein

the object is exposed with the illumination light via the optical system and the

liquid.

67. The pattern forming apparatus of claim 89 wherein
the mark detection system is separated in a vibrating manner from a body that

supports the optical system.

98. The pattern forming apparatus of claim 89 wherein
the optical system includes a projection optical system that projects the pattern

on the object, and at least the projection optical system is supported by a body.

99,  The pattern forming apparatus of claim 97, the apparatus further comprising:
a sensor that detects positional information of the mark detection system with

the body serving as a reference.



113. The pattern form ng apparatus of claim 103, the apparatus

further conprising: a detection unit that detects
positional information of the object in a direction perpendicular to
a predeterm ned plane on which the objsgct noves at each of a
plurality of measurenent positions di sposed between a | oading
position where the noving section holds the object and a pattern
formng starting position with respect to the object. 114. The
pattern form n% apparatus_of claim 103, the apparatus further
conprising: af oﬁﬁﬁﬁ@ﬁe§wéﬁéwgﬁﬁﬁﬂan$Pgﬂhﬁﬁ8%V@%F$ﬂIunination li ght

on the object, whereby a pattern is forned by exposing the object
with the il unindb¢ esniser gpludesiansnterfseomeien form ng apparatus of
claim11l, the apparatus conprising: a plurality of mark detection
syst ens, wher ei n the interferometerehah abfletshea diramching pptifalt $ystemar Wherein the
detection systens has a detection area at a different position in a
second htanchatg aptical dyh@gothat biaachddight insé adeferntd beam didda nidasurpakiitceam
form ng apparatus of claim 115 wherein the control unit
det ect sméwk kittodt 1ekist & pa® B tHROBAkideRtiom sjshen, S@a anefletitoaehi e ANMwhidR the
obj ect by changing a distance of the detection areas in the second

di r ect ifdhsureBRni¥eam Shfcidak ISPk 3 0@ BRPar atus of claim 112, the
apparatus conprising: a plurality of the nark detection systens,
wherein each of the plurality of mark detection systens
has a detection area at a different position in a second direction

orthogonal tq \9\}12 ?Feﬁ:ei aﬁ%m%ﬁ%& ian)]arat%lg' §f clﬂ&? 9?,%15 gﬁﬁ&rgtﬁ)g ﬂl‘tﬂg‘ c%%?fsﬁltgus

of claim 117

a sensor that detects positional information of the mark detection system with

the body serving as a reference.

102. The pattern forming apparatus of claim 101 wherein
the sensor includes an interferometer, and
the interferometer has at least a branching optical system, wherein the
branching optical system that branches light into a reference beam and a measurement beam
moves with at least a part of the mark detection system, and a reflection surface on which the

measurement beam is incident is arranged on the body.

103. A pattern forming apparatus that forms a pattern on an object held by a moving
section, the apparatus comprising:
a mark detection system that detects a mark on the object; and
a control unit that controls detection of the mark on the object using the mark
detection system and pattern forming with respect to the object, wherein

the contro! unit detects the mark on the object with the mark detection system



the control unit detects marks of different positions in the second
direction on the object by changing a distance of the detection areas
In the second direction. 119. The pattern form ng apparatus of claim
113 wherein the control 4pit conputes information
related to a surface shape of the object based on detection results
of the detection unit. 120. The pattern form ng apparatus of claim

113 wherein the control unit perforns at | east a part of
a detecti,qn operation by the detection unit in parallel with a

et ect | M BER LT B B epec 54 Drorinecs sRelRC Aeterongesisara aker o
of claim 114 wherein the mark detection systemis

separ atbegiming, of pattern; fRymingn sRtines o gleisstijha Rtk sndhsabiect mathoie mark
system 122. The pattern form ng apparatus of claim114, the

appar atdgsection syséem garhpscs dhadgtection resyks brthepaftarh ©rolg&ct , wher eby t he
object is exposed with the illumnation light via the optical system
and the the object has a plurality of divided areas in which a pattern is formed,

the control unit uses:

detection results of the mark detected before the beginning of pattern forming
when forming a pattern with respect to a first group of divided areas including a divided area
on which the pattern is formed first among the plurality of divided areas, and

detection results of the mark detected after the beginning of pattern forming
when forming a pattern with respect to a second group of divided areas different from the first

group of divided areas.

104. The pattern forming apparatus of claim 103 wherein
the control unit also uses detection results of a mark detected before the
beginning of pattern forming when forming a pattemn with respect to the second group of

divided areas.

105. The pattern forming apparatus of claim 103 wherein
the control unit performs the pattern forming on the second group of divided

areas later than the pattern forming of the first group of divided areas.

106. The pattern forming apparatus of claim 103 wherein
the control unit performs detection of the mark moving a detection area while

the object is being moved.



i qui d.

123. The pattern form ng apparatus of claim 121, the

apparatus further conprising: a sensor that detects positional
information of the mark detection systemw th the body serving as a
r ef er ence. 124. The pattern form ng g3ppar at us of claim 121 wherein
the optical systemincludes a prolectlon optical systemthat projects
a pattern on the object, and at |east the projection optical system
i's supported by the body. 125. The pattern form ng apparatus of
claim 123 wherein the sensor includes an interferoneter, and

of the interferoneter, at |east a branching optical systemthat
branches light into a reference beam and a neasurenent beam noves
with at |eastl0d. pHiqpagrm fremingrpparetis of Floim $9ewaaeinand a refl ection
surface on which the neasurenent beamis incident is arranged on the

body.

126. The tpatewral uht peifgnagpessthpsitaff aclekictiond Bhcratidieby a detection

apparatus further conprising: a sensor that detects positional

i nf or mammitdn pafalleheithnadktcdddagicraionf sheemmntd t h t he body sewing as a
reference. 127. The pattern form ng apparatus of claim 126 wherein
97 the sensor includes an interferoneter, and

108. The pattern forming apparatus of claim 103, the apparatus further comprising:
a measurement moving section that can move independently from the moving
section, and performs measurement necessary for the pattem forming while the object on the

moving section is exchanged.

109. The pattern forming apparatus of claim 103, the apparatus further comprising:
a separate moving section that can move independently from the moving
section, and holds the object on which detection of the mark is performed by the mark
detection system while pattern forming is performed with respect to the object held by the

moving section.

110. A device manufacturing method including a process of forming a pattern on a

sensitive object using the pattern forming apparatus of claim 103.

111. The pattern forming apparatus of claim 103 wherein
the control unit moves the moving section in a first direction before the
beginning of pattern forming, and detects a plurality of marks of different positions in the first

direction on the object.



of the

interferoneter, at |east a branching optical systemthat

branches light into a reference beam and a neasurenent beam noves

with at

| east a part of the mark detection system and a reflection

surface on which the neasurenent beamgys incident is arranged on the

body.

112. The pattern forming apparatus of claim 103 wherein
the control unit moves the moving section in a first direction in which a
plurality of divided areas on which a pattern is to be formed are disposed on the object before
the beginning of pattern forming, and detects a plurality of marks of different positions in the

first direction.

113. The pattern forming apparatus of claim 103, the apparatus further comprising:
a detection unit that detects positional information of the object in a direction
perpendicular to a predetermined plane on which the object moves at each of a plurality of
measurement positions disposed between a loading position where the moving section holds

the object and a pattern forming starting position with respect to the object.

114. The pattern forming apparatus of claim 103, the apparatus further comprising:
an optical system that irradiates an illumination light on the object, whereby

a pattern is formed by exposing the object with the illumination light.

115. The pattern forming apparatus of claim 111, the apparatus comprising:
a plurality of mark detection systems, wherein
each of the plurality of the mark detection systems has a detection area at a

different position in a second direction orthogonal to the first direction.

116. The pattern forming apparatus of claim 115 wherein
the control unit detects marks of different positions in the second direction on

the object by changing a distance of the detection areas in the second direction.
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117. The pattern forming apparatus of claim 112, the apparatus comprising:
a plurality of the mark detection systems, wherein
each of the plurality of mark detection systems has a detection area at a

different position in a second direction orthogonal to the first direction.

118. The pattern forming apparatus of claim 117 wherein
the control unit detects marks of different positions in the second direction on

the object by changing a distance of the detection areas in the second direction.

119. The pattem forming apparatus of claim 113 wherein
the control unit computes information related to a surface shape of the object

based on detection results of the detection unit,

120. The pattern forming apparatus of claim 113 wherein
the control unit performs at least a part of a detection operation by the

detection unit in parallel with a detection operation of the mark.

121. The pattern forming apparatus of claim 114 wherein
the mark detection system is separated in a vibrating manner from a body that

supports the optical system.

122. The pattern forming apparatus of claim 114, the apparatus further comprising;

a liquid supply mechanism that supplies liquid in a space between the optical
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system and the object, whereby
the object is exposed with the illumination light via the optical system and the

liquid.

123. The pattern forming apparatus of claim 121, the apparatus further comprising:
a sensor that detects positional information of the mark detection system with

the body serving as a reference.

124. The pattern forming apparatus of claim 121 wherein
the optical system includes a projection optical system that projects a pattern

on the object, and at least the projection optical system is supported by the body.

125. The pattern forming apparatus of claim 123 wherein
the sensor includes an interferometer, and
of the interferometer, at least a branching optical system that branches light
into a reference beam and a measurement beam moves with at least a part of the mark
detection system, and a reflection surface on which the measurement beam is incident is

arranged on the body.
126. The pattern forming apparatus of claim 124, the apparatus further comprising;
a sensor that detects positional information of the mark detection system with

the body serving as a reference,

127. The pattem forming apparatus of claim 126 wherein
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the sensor includes an interferometer, and

of the mterferometer, at least a branching optical system that branches light
into a reference beam and a measurement beam moves with at least a part of the mark
detection system, and a reflection surface on which the measurement beam is incident is

arranged on the body.



