1 DESCRI PTI ON PATTERN FORM NG METHOD, PATTERN FORM NG APPARATUS, AND
DEVI CE MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The present
I nvention relates to pattern form ng nethods pattern form ng

appar at uses,

and devi ce manufacturing nethods, and nore particularly

to a pattern formng nethod and a pattern1l0 form ng apparatus for
formng a pattern on an object, and a device manufacturing nethod
that uses the pattern form ng nethod _and the ﬁattern form ng

appar at us.
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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
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.

BACKGROUND ART

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 & reticle (hereinafter
generally referred to as a “reticle”) onto a substrate on which
a resist or the like is coated, e.g. a photosensitive object
such as a wafer or a glass plate (hereinafter generally
referred to as a “wafer”}, via a projection optical system.

Semiconductor devices and the like are made by
overlaying multiple layers of patterns on the wafer.
Therefore, in the exposure apparatus, an operation
(alignment) is required for making an optimal positional
relation between a pattern formed on the wafer and the pattern
formed on the reticle. As the alignment method, the EGA

(Enhanced Global Alignment) method ismainly used. 1In the EGA



25 Therefore, in the exposure apparatus, an operation (alignnent) is
required for making an optimal positional relation between a pattern
formed on the wafer and the pattern fornmed on the reticle. As the

al i gnnent net hod, the EGA (Enhanced d obal Alignnent) nethod is

mainly used. In the EGA 2 nethod, a plurality of specific shot areas
(al so called sanpl e shot areas or alignnment shot areas) on the wafer

is selected in advance, and_positional information of alignment nmarks
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coordi nates o ot' areas on the wafer are obtained

in the EGA nefdwfb1d hes s priARges®at i 0okdi 8atese Ofnsach.shot; ar ea
can be obtained with high precision and high throughput (for exanple

refer to Pat esdgactieEnly hpasured. Thén, tshetdhoyel @blghient s pérformed
order to measure the alignnment marks arranged in the plurality of
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the plurality of allgnnent mar ks can be sequenti al positioned in a
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Therefore, recently, a stage unit by the so-ca twn 25 stag

nmet hod has beenytdevel opetbi nuwdichgit hentdbuiguaput rof d:hensId ) rﬁefer to

exposure process is inproved by executing a parallel processing where
two waf er st apgsrar ©greparedljand whil e exposure is perfornmed on one
waf er stage, alignment is performed on the other wafer stage, and is
enpl oyed in the In the above alignment, in order tomeasure the alignment
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 to the beginning
20 of exposure 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 throughput 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



3 exposure apparatus. However, because the twin stage is costly,

requi renents are pressing for a technology that can suppress the
decrease in throughput caused by the alignnment operation wthout
using the twin stage. 5Patent Docunent 1: Kokai (Japanese Patent
Unexam ned Application Publication) No. 63-044429 DI SCLOSURE OF THE

| NVENTI ON Naumas FOR SOLVI NG THE PROBLEMS 10The present invention was
made under the above situation, and according to a first aspect of

the present iTRRITTONIPPREAEUSs pHOVEYRE, RECANSE Pt &R $rFE ig costly,
thod of f i ng. attern on_an object, the nethod c rising: a
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using detectiwntnastldsinf the t® K. stage. According to this nethod,
the mark on the object is detected while the object is being noved,

with at | 8ast a parRatzhtofDddignarer K detcdedi ofv=gysateara aaeeivigexanined
noved. Accordingly, it beconmes possible to inprove the throughput of
the entire primesiscdnicdudduyl tdmt FonstNer otles®d 442 t he second

process. In this case, the detection of the mark can be
performed while the noving section that noves hol ding the object

'S hel d byt L SOHORURES O ThE LVENT BUner o patfern formng
be. per  or med MEANEA O ST RYE AR FHPBEEEE L orn for ming i th
respect §g the obj a¢fe HaLsbRASIVAUNIIMh was made under the above situation,
and according to a £irst aspect of the present invention, there
is provided a first 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 object begins, or the detection
of the mark can be performed at leést after the beginning of

pattern forming with respect to the object (at least during



4 the pattern form ng processing (for exanple, during the exposure
processing)). According to a second aspect of the present
invention, there is provided a second pattern form ng nethod of
forming 5 a pattern on an object, the nmethod conprising: a first
process of detecting a mark on the object 4while the object is being
noved, with a detection area of a mark detection system al so being
noved; and a second process of formng a pattern on the object using
det ection restt? PR FRFRI NG 0NERGTIF HYY t 6 hi xR hod, T4 HENGral ke
on the object is detected whil]e the object is being noved, with the
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process. According to a third aspect of the present invention
there is prowv dedtarhhdfs dinpabteen, ftidmnag hwet dedo of s { 94 Mangi aspadtfidks
on an object wherein a nmark on the object is detected 20 by a mark

det ecti on sysifemetand ipet teerarfloom ngewbbherespetlet the hebpbiects being
begi ns using the detection results, whereby a mark on the object is
detect ed by tH&afhr k/idéx éc@lebﬁ%y@@e@x%@érf/atr markt detpeyiani sigsiedm also

pattern formng, and the detection results are_used jn the pattern
f or mi ng. 25 Ak AGVES 't ARE Fretafsd Pﬁ@Cﬁéﬁkanqurb%jae%@@rn on the
det ect ed even, a,fetqe{] t he begi.nni.n
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in the pattern form ng, efore,
detected while the object i1s being moved, with the detection

area of the mark detection system also being moved, therefore,
by performing mark detection while the object 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 1s provided a third pattern forming method of forming
a pattern on an object wherein a mark on the object is detected

20 by 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,



5 it becomes possible to increase the nunber of the marks to be
detected while maintaining the throughput. This makes it possible to
achi eve pattern formng wth high precision while maintaining the

t hroughput. 5According to a fourth aspect of the present invention,
there is provided a fourth pattern form ng nethod of formng a

pattern on an object wherein the object is noved in a first

direction, and a plurality of marks that have different positions in
the first di r:‘etctk?%ﬁm&?nst D et ArTRIT AL O e tBERRE RE £h drag kg yEo
of mark detection.syste that have detection areas.of different .
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system 15 wherelaihikad teld discd@yime on the object using the two
detection results. According to this nethod, each of the
plurality5of nmark detcectdiony syshefsutttatadiaa A€t ebkipre ss®as rofention,
different positions in a second direction orthogonal to the first 20
direction dettdrire tiseppbuideilt § Dfumntr ks tteatn Haveidiof fietkotl of forming
positions in the first direction on the object while the object is
moved in the & PRSE-Sdr 8Bt eP I tc WhairedRs thheok ) oot riegtioved tara first
detection of the rk to b uced., Furt bec%lése a pattern is
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form ng V\:ithphlg preci'sion can iev

f171h aspect R PEESENLILRUIILLOB: hRPECadSeP YA AP Ard Mtilat nave
pattern form ng apparatus that for 6
detection areas of different positions in a second direction
orthogonal to the first direction, and information related
to the surface shape of the object is also 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 to 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
pesitions in the first direction on the object while the cbhbject
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



a pattern on an object held by a noving section, the apparatus
conprising: a mark detection systemthat can have at |east a part of
the system noved; and a control unit that noves at |east a part of
the mark detection systemso as to detect a 5 mark on the object with
the mark detection systemwhile the noving section is being noved.
According to this apparatus, while the noving section is being noved,
the control unit noves at |least a part of the mark detection system

and detects thB3EPERON" ATe OBBFEEINSH T Y10 BRIl ERCdd08et F bR ABRATSHUS
Accordingly, it becomes, possi o i.nprove the t t of the

entire process, PrISINgy tnf’ﬁrgi gdaetste?m'tjt?é”‘ ot Tt %Q%J% ettt 1t Least

detection of the mark I's pefrforned € novi ng section

at |east fromexdadipagtPes thennwher 8etbe: BN BYss86t 9N Hol dsudihie-t a
object to a position where exposure with respect to the object

begi ns, 08 thewonty aheubbtjee@nwitoht the @a ARVESEHEL Dbn ad v €& twidd ardhe
of the mark detection systemso that detection of the mark is
perfornmed at nMosdsty afasriqratisereizty fmrwdchg has begun on the obj ect
(at least during the pattern form ng processing (for exanple, during
t he exposure proced$icRFINIAECoEIlAgaPBatatift hwhaspecthefma e rassdnon
i nvention, thergﬁi,s pr ovi ged a secaond pattern form n%i appar at us t hat

t

forms 25 a patt 8P gn™aRe0b) ¥t I Py UBLioUPHhgS stletisstt fheart of the
et L R e Gy M M
10 the mark detection system. Accordingly, it becomes possible

to improve the throughput of the entire process.

In this case, 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 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

80 as to detect a mark on the cbject with the mark detection



a novenent of a detection area of the mark detection systemso as to
detect a mark on the object with the mark detection 7 systemwhile
the noving section is being noved. According to this
apparatus, the control unit noves the detection area of the nmark
detection systemwhile the noving section7is being noved and detects
the mark on the object with 5 the mark detection system therefore,

by perform ng mark detection while the noving section is being noved,
the time reqi¥EdEH ot ddi8 MPHMY REFRIFrX cbh Bl tedR¥E - whi ch

di ngly, Kk it i b t.0. | th hput. of .the
cccordingly, rekes L AORSLPLE SO LTRLoNe L1e LA UL o he e ne
the present Bl di¥h a&%%r §¢! éhgrrgé/f]g%t% 'o]rnd S%@E%ﬁr th.?é M09 moving
apparatus that forns a pattern on an object held by a noving section,

the appar at Us LRI iisrlgéiﬁ? RRe ASh 8 CAd -5y $HeM b PRioHeheCchs| 8cfBlikh
on the object; and a control unit that controls detection of t%e 15

mark on the altieeetant)sidg ddiel drrdy AeingCtitirsysteemmanhdatd@ithg mark
formng with respect to the object, wherein the control unit detects
the mark on tdefealbjieut whiitlle the merindesection systeimandbedi nshe time
pattern formng with respect to the object using the detection .
resul ts, and &tErrahdBedlalrfidig of Pattiier metk f@miary, rebmehued: idh
detect the mark on, the object wi,th the mark detection system and uses
the detecti o TS EY v Fﬁ%eﬁaﬁFePﬁsﬁégﬁFnEQ 1mprove Aded (i dirppghput of

this apparatys, t contraql_unit_detects the mark on the object even
after the begﬁﬁhéﬁiﬁﬁegﬁﬁ'%Fﬁl£§ﬁmﬁqﬁrﬁfQﬁ%§FTespect to the object

using thegdetecti 0@&:%%'1&1;”35 4 @gv@% 99&9@ @Pkﬁg;pws@l% %_lr{]vgelntion,

with the pattern formng, performs pattern formng using 't
detection resHdrs itharafiorss alﬂhﬂ.&\ﬁlﬁaﬁ%e&ﬁsﬁéﬂhﬁ;é QpReeaset hR€ forms

nunber of the marks to be detected il e maintaining the throughput.
Thi s 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
15 mark on the object using the mark detection system and pattern
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
20 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 control unit detects
the mark on the object even after the beginning of pattern
25 forming with respect to the cbiject 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



S nmakes it possible to achieve pattern formng with high precision
whi | e mai ntai ning the throughput. According to an eighth
aspect of the present invention, there is provided a fourth pattern
form ng apparatus that forns 5 a pattern on an object held by a
novi ng section, the apparatus conprising:sa plurality of mark
detection systens that have detection areas of different positions in
a second direction orthogonal to a first direction; a detection unit

that det ect s BT et iR T g dP 13RI S BRI e s Hepanita thict o) et
and 10 a control unit that detects a plurality of rks whose

position is difFeram i“ﬂ”tlﬁ?e “?"’}Jrrgtajcﬂlrné%ﬁ?}b% %chl Rbject using each
of the plurality of r K, . tion. e detects, . .
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detection results while noving the noving section inthe tirs
directions a pattéeaostliairgobgethitse BPRIY AtiSridheee@®RbhYl tM@idpparatus
detects the plurality of marks that have different positions in the
first directicompon sihgy ol edtiradsitygoéanhrhf déhecplomn adysyeRd dfztmivdee
detection systens that have detection areas of different positions in
a second di r sgtticsit iont BogomapLtdlifrréent sroditriants én ahs¢ecombdimpatieon
novi ng section in the first direction, therefore, the tinme required
for detecti oM IaFRS EansShed T erfleed’ PUitheft i pesaddet B2 patatasts

is f d 25 .0n the abject [ t he det ' | t f_th K
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I orm ng Y\bt h a”&&&?éf%ﬂ@&&@'&é{%&@é \fl_%a}_ity of n{:alfr]ég'ﬁﬁo?gé]osition
ransferring a pattern on a sensitive object usi‘ng any one o €
first to fourthqpatrbeentf ohmng MENodiiRction on the object using each
of the piurality of mark detection systems and also detects
information related to the surface shape of the object using
the detection unit, and forms a pattern on the object using
15 the two detection results while moving the moving section in
the first direction.

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 required 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 ocbject

using any one of the first to fourth pattern forming method



and/ or any one of the first to fourth pattern form ng apparatus of

the present invention, the productivity of highly integrated

m cr odevi ces can be inproved. Accordingly, further from another

aspect, it can be said that the present 5 invention is also a device
manuf acturi ng nmethod including a pattern ®ransfer process on a
sensitive object that uses any one of the first to fourth pattern
form ng nethod and/or any one of the first to fourth pattern formn
appar at us of ¥ F EBEMIS AGS 6AT ST BRPEET s o1 ERroEnNggpparatus

DRAW NGS FI G i.s a view that shows a schematic configuration of an
exposur e appaorflattlﬁe rpeqea'?eébt_ to BT TSt eﬁbeocﬁ:‘?’% ?tﬁﬁ§?€§hg Hanar
vi ew t hat Shcivf‘?c J:Sat@eQ:?n'ﬁLrEf dé\zi%% éﬁ‘i‘"l%e im rov&{l.e A%:c'a%rcﬁn\éll%v,v
that shows a contigurationh ol an alignient. system stagé unit.

FIG 4 is a viawrised oy ag%%%%Ebh%fe@tQOﬂEic%'H%@ Qn;ef tAf A AP RMent
systeminterferoneter system 20FI 51s a view that shows a part of

t he al i gnBentirsystteion niseafeworetelrisysheneatangely method ifdladnhg =

is a block diagramthat shows a control system of an exposure

appar at us r elrstdeenro tirlae sfiiersprenbedi oerd .sensitive object that uses any
one of the first to fourth pattern forming method and/or any

one of the first toc fourth pattern forming apparatus of the

present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view that shows a schematic configuration
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 configuration 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

interferometer 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 are views (No. 1) for describing a

25 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.



FIGS. 7A and 7B are views (No. 1) for describing a 25 parallel
processi ng operation perforned by a wafer stage and a neasurenent

st age. FIGS. 8A and BE are views (No. 2) for describing the
paral | el processing operation perforned by the wafer stage and the
measur enent stage. 10 FIGS. 9A amb 9B are views (No. 3) for
describing the parall el processing operation perforned by the wafer
stage and the neasurenent sta GS. 10A and 10B are views
(No. 4) for descri Biip t & E?‘nﬁjargaﬁ 121e [lec?d’%?ss Ny operfs St serifimedhe
by the wafer sta nd t he neasurenent_ sta

graph that skt ows‘"lgigl ?Dvperr?ecetSSldje%d)pefrﬁtﬁeoﬂg?eeﬁfos@éegde %?q%é"afser stage
alignment system.Fl G5, J24A and 12B are views (No. 1) for describing

a 10 parallel processing operation ﬁ%%forned by a mafer stage and a

neasur enent stage rralgat.ed olhoadd SESENGr-& 1 Bedi BN for dd&& i3y the

and 13B are views (No. 2) for describing the paral I eI processi ng
oper at i on5 perdaaraieic: by tdvee awifrey iage: isotd ddef smeslingmiie siax3ar stage
related to the second enbodi nent. 15 FIGS. 14A and 14B are views (No.
3) for descridfichgehangraratdrsintpradrassi ng operation perforned by the
waf er stage and the neasurenment stage related to the second

embodi ment. BEST MBBE-FER ECARRYEREPBDUThFHESIRWENT|TmRVement speed of the

wafer stage and the alignment system.
FIGS. 12A 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.

i5 FIGS. 14A and 14B are views (N¢. 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 is, the so—-callied 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



20- A First Enbodi nent Hereinafter, a first enbodi nent of the
present invention will be described, referring to FIGS. 1 to 11.

FIG 1 shows an entire view of an arrangenent of an exposure

apparatus 100 related to the first enbodi nent. 25 Exposure apparatus
100 is a scanni ng exposure apparatus based on a step-and-scan net hod,
that is, the so-called scanner. Exposure apparatus 100 is

equi pped with an illum nation system|LS that irradi ates an _exposure

i I'lum nation 43gHt) Che?epRaltbiieebipo@nas 48R ¢ anfdiat¢bn R gHtetgicle

exposure 11 light) |IL on an.iJlumnpation area |]AR on a reticle R

r eltoi cle st ag@tﬁ%le %ﬁgtt%ﬁ g]s?lrdét F?:Féci{e By Briof StEF oM -pef fhcTuding
including a proj.ectian t] I st P t. projects .ill.um nati.an.
ot 1L e B SR A AP e o SR ool A MR G on

including a vwaf@f: strage, MEELEMN chevalie VA SMIELD 12N &tage unit

measur enent stage MST used I n neasurenent for exposure, alignnen

systems ALGL 18T iNGLdirRf e wheelkl Gtadel ABTAbhORRESE Wy séLW AldSourtted
drive unit (hereinafter called an alignnment system stage unit) 160

serving as ammatbuatosufanemo\dtregyel @sal ngadent nepstesseAl GloandkpAl=Gre,
wi thin a two-di nensional plane (an XY plane), amain controller 50

(not shown i @lAEment sppermBREGang) ABEY viray eista Bht Bofossltigipment
t hat has overall control over the operation of the entjre exposure
appar at us an®XH&EN PRE2 e 3t AE1EsERi bt (A BELBALCF Hea A egian iy jorment

t al 15 i ti al.l el opti_cal i f jecti
opti cal | Syst TN & R | H i 1A DT 1 o T Cur fedorire.
FIG 1),.4h -.axj i t al . © .

i rect! o (a T arirtey sofpaah ARE Ay SR PRO-SEROHLMng) 1ane

whi ch reticl g:R arMai{er, Wad £n 20NN USINotTRKBHN, IFRG . 1, refer
scanni ng exposure within a plane perpendicular to the Z-axis, and the

X-axis wi |l he pet.ad)oBgraingns aadd tigo Uisketkonhd 8 hdis €6£+8D1 control
per pendi cul ar to the page surface of FIG 1) orthogonal to the
scanni ng di r estsmwrtheFoperer ionhefr bhat ennate (expdsent )aphbaectioend the
around 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 directicon {a direction perpendicular tc the
page surface of FIG. 1) orthogonal to the scanning directicon.
Further, the rotational (gradient) direction around the
25 X-axis, Y-axis, and Z-axis will be set as Ox direction, Oy
direction, and 8z direction, respectively.
Further, exposure apparatus 100 is a liquid immersion

exposure apparatus that exposes wafer W with i1llumination

light IL via projection optical system PL and a liguid Lg.



25 X-axis, Y-axis, and Z-axis will be set as Ox direction, Oy

direction, and Oz direction, respectively. Further, exposure
apparatus 100 is a liquid inmrersion exposure apparatus that exposes
wafer Wwith illumnation light IL via projection optical system PL

and a liquid Lg. 12 In the enbodi nent, tige apparatus enpl oys a | ocal
l'iquid imersion method in which liquid Lg is filled in a liquid

i mrer si on space including the optical path of illumnation ljght IL
bet ween an opth cdre r@ﬂ%%?lf%eﬁﬁ% Helse v@aﬁ@ra/vlp# R By Dppos?FRYL thequid

opti cal ol eneHECHRRE AT A8 e or %ﬁu’t%gf; L Sttt Liquid
| t t {, .t

SI gggnof O[)r o}l%rél on op?ﬁa{a sys(%ﬁﬂylgf_('2 dE CAE‘% %Satdj ?osit g?u%dﬁigl%tlon

with a |iquidiigrersi deiidn h 134 tcr@t r&@@a& d12ASth A R e Ofy tphleclced

unit (e.g. a nozzle unit or the like) arranged in a body BD. Liquid

I mrer si onsunidppl¥inehedest Bcdl GentbesrUpALYa Y 33 t hatmsHppl bR ight
liquid Lg to the liquid inmersion space via a nozzle unit and a
l'iquid recoverly uriat 139 tdmtopiecmierssl duaqui d(Heg direnitehe dlispink krred
i mrersi on space via a nozzle unit (neither of themare shown in FIG
1, refer to FGas6Rn ghd epéighésclpnentt pe comtlorest gmiiiral element)
controller 50.. The nizzle unit could be a rlgg shaped nenber  t hat

0

surrounds t héYa5est CéRgesERT Gﬁeo%miﬁ%pééﬂe wﬂwtwwemﬁelﬁftem
h | d fl h d t

o e Loty O A BRPARRa0%y Nt s MR en B0 sh's' hEaS TR Pl e ahit
liquid regovery, @%é%]ﬁaé3ég le@gt aréékgig% @h%rﬂh£Ey 8f Shgtnégfﬁg;unlt

di sposed In a matri x on wa tternis forned rhoeach a

and al so in achnhshpikay eaahRld YANEModiREE. ISLfcmlr@qmm@r%lon un:l.t 132
predeterm ned 25 positional relation with the pattern. In the

enbodi nent, tihelaldegneent qoadksispaytwer dirsmnsherabupplkesFofquid Lg to
exanpl e, t he alignment mark includes two one-di nensional patterns

that are peritddi calduidiigpwsed dm ddreceX-wdd 2 ark Maxist diaretta onisyuid
respectively, re%:rlg*elrsy fuonrlq'.Ed1309n t%lasi':[ rreeeéox;elrnse l(laqulcé Ique flrlor}r(la)thelsllquld

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 shaped
member that surrounds the lower end section of projection

optical system PL and has a liquid 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 plurality of shot areas disposed in a matrix on

wafer W, z pattern 1s formed in each area, and alsc 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)



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
information related to the position, nunber and the |ike of the shot
areas that have the alignnent marks which are to be detected

(al i gnment shotdlggiaytdes ale &Adraligut Ofrﬁf&thﬂirﬁa@o‘ﬁ? et W5|0. Further,

F her, 10 f W f t WET_ h t h in

whi ch subst arft TATS R0 ot e Se T Phe? . i -l V2 SaF ?%ﬁgﬁ%ﬁ%ﬁ?m
el o Al Ul

bhobor esi ot [AbRshe dfa il A0 f3odf 1! SePRO ORETE Ay Y md

material thatcdstddoidd genel b dHotCaRPEaYESd, 113 1Y ALBHINMERL], VEhe EGA
topcoat filmcan be formed on the photosensitive layer. Illumnation

system | LS i nediltes deddgibed ot el @ndi @inemp1 epd Dat t19dr @pdi €Al of the
system As the light source, for instance, an ArF exciner |aser |ight
sour ce (out purl2mk Wavel ehghnt 1B3=aenon waied. W Furtfematien related to
illum nation optical systemincludes, for exanple, a beam shaping
optical systdhi¢ ®osdidiPrenapgpeadrudtidre lakeopt|the shategraesr that have
uni form zer, a .honogeni zer), gg%é | um nati on s%sten1a erture stop

plate, a beaﬁir BrlrEgment mar & 9 OretobeplPAd 2 hl gRPERE Shot
f bendi t tJ t condenser_lens_ (non re sho nd
Lhe TiKe, ani e braka s PorCaatar AEn GOM L ondl 701 atiBaner
Detall s 00 1hg Al ANoERIKe Ol dd BRI O YRR Se rbhe THIEL] Qfhicn
of each optical nenber and the 1 ke are discl ose I'n, for exanple,

19 the panphlafpafadtiLrnatbenak dBUR 16 &hie0R- YW20Q2/d1 03486 (@ntk dihieon s,
corresponding U S. Patent Application Publication 2003/0098959) and

the |ike. respectively, and on the surface of wafer W a photosensitive
layer (a photoresist layer) is formed. In the embodiment, 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 scurce and an
illumination optical system. As the light source, for
instance, an ArF excimer laser light source (output

20 wavelength: 193 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, amirror 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,



On reticle stage RST, reticle Ron which a circuit 5 pattern or the
like is fornmed on the pattern surface (the |lower surface in FIG 1)

is fixed, for exanple, by vacuum suction. Reticle stage RST can be
finely driven at least within an XY plane by a reticle stage drive
system 55 that includes, for exanple, a lisnear notor or the like, and
can al so be driven 10 at a designated scanning speed in the scanning
direction (in _the Y-axis direction). Positional information of
reticle stageisSParpPhdridehd itrenidsianaongrblareitian Hp20p2410Béast(and
the X-axis direction, the Y-axis direction, and the ez direction) is

constant |y 15 et EFRRPE R ¢ie Eiaarf?é?t iR Gt ot dr i et et t er
referred to %?]d'iﬁ&dﬁ%d)maer{c{ §ronet ¢ re) 53 via a novable mrror 65

(a Y novabl e rror hds %A Tef I'ection surface orthogonal to the

Y-axis direction apg %tédi%v%l%lapgzegiﬁ 0T 1RA A% & %JHJ.I%CH[ 1004 rouit

surface orthogonal to the X-axis irection are actually arrange

at a resobut iyt t@fnn berciexanmmrke; s Z6RHBE O BheOodt F8Yn ThE MRIASYE RSB wer
val ues of reticle interferometer 53 is sent to main controll er 50,

and based on sthreareadur 2lent 1yal ses x@fd,r gbrckgampi er, f ey orsdi@dm Shction.
main controller 50 controls the position (and speed) of reticle 25
st age RST vi &eatdtdly etsigggl8Sdr ter sy stiemm1sh dibieabké heasbrwbsthis aoiXY
limted to a planar mirror and can include a corner cubic mrror (a
retrorefl ect FERSOPY AsteRdCer FLRPAgIRDVALTESHERID? BRbrAnEiydas for

stage RST, a reflection_surface can be ed, . for ex le, which is.,
ored by m APGREISH i ehetore tette  aar aker (SF AeiLhr it Profdr 1ven

reticle f@ ag%tsgidflesiﬁ'l&te%&jé%gﬁiﬁ)&sﬁ{sgeeﬁ g_lf{ Eﬁgagégﬁ'glexq bcgiroe\év’t%ion (in

reticle stage n 1's”i d rnto an opening

formed in bogyivighudi RgrJQrigxanpl e, a hol ding nechani smt hat
supports 5 a base nenber with three or four struts in which vibration

isolation units areogrranged, inespestivelyd rBRiphacedaga @t | (@@cluding
surface (or a base plate or the like), and is supported by body BD

via a flange tRleGooPibdjieatilonnfinrha Pibnnet kded eashathelX-dabf s aidection,
projection optical systemPL having a plurality
the Y-axis direction, and the 0z direction) is constantly
15 detected by a reticle laser interferometer (hereinafter
referred to as “reticle interferometer”) 53 via & 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 refiection surface orthogonal to the X-axis
20 direction are actually arranged) at a resclution of, for
example, around 0.5 tc 1 nm. The measurement values of
reticle interferometer 53 is sent to main controller 50, and
based on the measurement values of reticle interferometer 53,
main controller 50 controls the position {(and speed) of reticle
25 stage RST 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 poelishing the



10 of optical elements held in a predeterm ned positional relation

Wi thin barrel 140. As projection optical systemPL, for exanple, a
dioptric systemis used, consisting of a plurality of |enses (lens

el enents) di sposed along optical axis AX. Projection optical system

PL is, for exanple, a 15 both-side telecegric dioptric systemthat

has a predeterm ned projection magnification (such as one-quarter,
one-fifth, or one-eighth tinmes). Therefore, when illumnation |ight

IL fromill urddes irsyes emids sutiadaates fet indmastiare &R3¥B. | AR on
reticle R a reduced inmage 20 of the circuit pattern of reticle R (a
partial reduced i mMEFEISFCHIRE EPAEUFY barerandsd Orilev FEGATAG: $oage RST

area AR is f.or on an area .(hereinafter also referred to as an
"exposure ared’ r]?(ir%‘ag" prof et ilg?ﬁ’e fe '%nlg'ﬂ TofRigat'd \ﬁDﬁh%OImEd in body

iIlum nation -r]]eéa}1 ng}?_fe 0S face i oat.ed wi.t

resist by 25 ﬁ ur#drbligﬁ’on |g§1§a\ﬁf%'h§ﬁ ﬁ@sﬁ& ieﬁﬁlos&%\#l}ae ?Sc]'}péj R e
via projesti QN onfd almss LeM Pl HIYOI KON Wty (R Mhilde vibration
enbodi ment, projection unit PUis installed in body BD, however, as

i s di sclosed digpldtalorexa £, atde Pt afsdadternalorEl placed on a

Publ i cati on W2006/ 038952, projection unit PU can be 16 supported by

suspensi on wifflvarespedtceo (armaibafscaptapkaced:fabdvide)odynBO § tsheppt ted

side) in FIG 1. Further, in exposure apparatus 100 of the

enbodi nent, &Yy lbesst Blumilgg aséaangrgFekpostre] et fem dn i Giorrliudas a

132 5 | ocall fc])qr)?grrsllaali uid i pmersion area_|larger than exposure area
f

| A but smal l AR BRI BCPaTE OB Lndfle? Y YW EHELUH R SR pusd 1ty
| A op which illunination.ight |Lis i i.at ed, vi jecti
ot PO " e BRI v PR Bkt Bhet OFF o SOt BT PonL
| B Ly« oL Sl ot Pl . . |
That sl qu et b L S Ao Ra 0 a0, e pB e LB LT ea g P

is arranged. for exardl@i ¢ SURRIOLINOZAE 3LA GRMECt S0 dhmptdiers
end of a supply pipe (not shown) that "has one end connected to |iquid

supply unit R&ir@lefsr do KHriGed)(ldny tdiemerdtOQuidi gesaeral oy reazlel
131B connects to the other end of a recovery pipe (not shown) that
has one end exised¥ed Pooljegbidnr epbiery sFistet3PL( def efotroekbBrle). a

Main controller 50 supplies liquid Lqg (e.g. pure water) to the space
bet ween the FOMEsTIisR itGdliecardnEm Jisidy ias system that has a

predetermined projection magnification (such as one-guarter,
one-fifth, or one-eighth times). Therefore, when
illumination light IL from illumination system ILS
illuminates illumination 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 W02006/038952, projection unit PU can be



20 lens) of projection optical systemPL and wafer Wvia |iquid

supply nozzle 131A and also recovers liquid Lg via liquid recovery
nozzle 131B. In this case, nmain controller 50 controls liquid supply
unit 138 and liquid recovery unit 139 so that the anount of |iquid Lqg
supplied fromliquid supply 25 nozzle 1314 and the amount of liquid

Lg recovered via |liquid supply nozzle 131B is constantly equal .
Accordingly, a constant anount of liquid Lq (refer to FIG 1) is held
on wafer W [ISYREGQE-&hRY qq%ﬁﬁrtﬁlthl Helth dieskeedr W iss Meoistamg placed

replaced. 1 the se when asur nent stage MST is al so
posi ti oned bQQﬁNﬁnQﬁi%RQQN1 +%%?lq { dr be filled in the

Space bet ween measy Nl ! 3 sxgggu%@drgtgtsetwom Bk a3l sment

descri bed above, tha on area can orne

Further, in tahcel%@%%daﬁ?% @éarln?fz%% 4% ) ?clki‘&'ﬂd %m!ekg%ﬂ runit 132

i mersion unit 132 was arranged in body unit BD, 'however, in the case

exposur e apparcialsl yl G s ROMtiSn D) i@edd 11 dinidz AU ltéM:g%kSFthaSi FxpHifre
respect to the mainfrane as is previously described, for exanple, the
nozzl e unit caedérduanged B thdepenttentl gn far parr‘prcai eatfieaniv umdldddng
in a frame supported by suspension fromthe nainfrane. As is
shown in Fl Gexpovgyd arFRGA 2N Whiteh | blumphapben Vilaktof Lsiage nagitated

150, stage unit 150 i ncl.udes wafer stage WST placed on a base panel
112 and rreasd’rléré’ﬁm?tc&dé’nNB*Fth%? 15%@%%@&@%@@& tﬁerﬂo‘é‘t’e%aend of

oo - DAERE U LARl L6 B I
N 5408 ot e st s g el £, 91 el 0l ese 150

Application 26dPullldgat Imodaof 01164504 (and d:he Lprd espondi ng
U S. Patent No. 6,897,963) and the [i'ke, an interferoneter system 118

(refer to FIG 6) mqmasuppmg hbezpesidinrdmpesidd evakhbnbonaatdian)o f
of stages WST (wafer W and MST, and a stage drive system 124 (refer

to FIG 6) thastudplyvesist dges ¥WEIwahd-IMBT ha2boré tdmalgbnnecicednod liquid
shown in the draw ngs, base panel 112 is placed on the floor surface
(or on a baseumpdaeyn9¢a13$otre&ehﬁneEﬁﬁbuﬁ vi bfa¥tlenri sel@tidrecovery
units. theég ttomsurface of wafer stage WST and neasur enent

stage MST naﬁzedﬁt Bpeanifgts (Mot PenBRRT st ofs af BRCRYERYIRLPE (not

shown) that has one end connected to liquid recovery unit 139
(refer to FIG. 6}.
Main controller 50 supplies liquid 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 ligquid
supply nozzle 131A and also recovers liquid Lg via liguid
recovery nozzle 131B. In this case, main controller 50
controls liquid supply unit 138 and liguid recovery unit 139
so that the amount of 1liguid Lg supplied from liguid supply
25 nozzle 131A and the amount of liquid Lg recovered via liquid
supply nozzle 1318 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.



18 air bearings (also called air pads) are arranged in a plurality of
areas, and by the air bearings, wafer stage WST and neasurenent stage
MST are supported above the upper surface of base panel 112 via a

cl earance of around several gm Further, 5 each of the stages WST and
MST are driven (including the Oz rotation)7 i ndependently within the

KY pl ane by stage drive system 124. More specifically, as is
shown in FIG 1, wafer stage WST includes a wafer stage main section
91 that has the ai FHMPNPEISEIRCRYBSESUEEAAboY SR MaRgetasfoigasitioned

bot t f d a.waf t abl B. whi j ted f t

ot n_sbet on Ll Br81 88k Ebr' SRt T et BheR L s Bt oo &aﬁfhg sphce
i ncl udi , i ce i t. .
1oL UG 19 20 AN, e d Y RETHE o GRS TR 1

Z-axis 15 di reddObed BBo@, HHACLLON, 128d: LB Lidree QM an be formed.
On wafer table WB, an auxili ary plate (lI'iquid repellent plate) 128

that is sebstranttiaddyinegiaegioar mand ,has la6it edbaio opening tf Of Meduid
in the center whose inner dianeter is slightly larger than wafer Wis
arranged. Furrerzsiiamsiude tt hé@2cvasharafedpenibogly anwaf b, Hedwerer, in
(not shown) that holds wafer Wby vacuum suction or the like is
arranged. AuwdNS §8FSpREPEOSLEE RRBAZASUST 4R FNPREFES repel ¢ehton unit PU
surface) on ich liquid r%EE |l ent treatment is, applied against

liquid Lg, afmd CHEPSUPLALe SEESREbEtEh s Mg 1PFGERSWR S hl Svdr&v Igs 1y
hel d by sucti t waf er _hol der,. Auxil.jary .nl ate 128 is made

of a mgteri ald%%r?g:{lbh%{:' %roﬁxtaﬁgﬁ‘r?dl e@(epéhosﬁzolne r J%‘ s%]bées,arfrcﬁnged
exanmpl e,1gl a i - Schot t orati

ey < W20 3T RERIATIE el 090 5Nkl c CRHPOLA' Akt Hfbportea
repel lent filgy is%:opRAR 1 MR 1S SUGIFrase fOr exanple, a

fluorinated resin 19
As is shown 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
WO01999/23692), 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 (positional
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) wvia, for
example, four vibration isolation units.

On the bottom surface of wafer stage WST and measurement

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



material as in fluorine resin material, polytetrafl uoroethylene
(Teflon (brand nanme)) or the like, an acrylic resin material, a
silicon resin material or the |like. 5Measurenent stage MST includes a
measurenent stage main section 92 that has the air bearings described
above arranged on its bottom surface, andisé nmeasurenent table MIB
nount ed on neasurenent stage main section 92 via Z-tilt mechani sm
(not shown). 10Variouys neasurenent nenbers are arranged with

measur enent  t&bi eWBngén‘:P]l‘%%§€|léﬁéirﬁl%P§S§ ﬁ%a§éépigéﬁl gpp plutrekkty

nmeasur enent nenbers i ncl zgebaf i duci al, mark nmenber _FM on

plurality of 47 dicTal’ mrks Y st Dried RFOSE Ht a"i’?ge%r%t%?%cﬁ%%e%ln‘fl n,

f | 5 | t

bubl | eatton) "R GRS R, Mol st sURBLATLAC 08 LAB LRy sy race
5,243, 195) arz-df EQ@elﬁaK%l @1§%sd05 cﬁ%%traﬁ%%ﬁ(flg:? hhhtg’e\r%oa;o l'glmrij.llrer,

via projection optical systemPL an I'n"the rrent

the sensop, ajadreast tonre Bfagk lwIsJ:ru@n@at\as@naﬁenakﬂ{reiﬂh%ﬁcﬂﬁa@h@Stl@éeez
20 disclosed in, for exanple, Kokai (Japanese Unexani ned Patent

Appl i cation PuBi4 telatn orﬂ)nddtperﬂ_dlemtﬁimaqttl’tﬁm cthre eSparidimg by StRpd ettive
Application Publication No. 2002/0061469), an uneven illum nance
nmeasuri ng serstit&those? details are disclosed in, for exarrpl e, Kokai

(Japanese Unexam n Pat ent pl i (i ation 25 Publication . 57-117238
(the corresponding 95§ SPECerit-RI.1¥4, #6518687°%Br 1An" rl:'ai W%%Té stage

s 00 LS M SR 5,308 BLTE S8R0 P feagR) e o

Kokai (Japanese exam ne

2002- 14005 (tﬁbﬂaxcm;rsea%%%@)%duaﬁovga&mn@@@'drpﬁtt' OBOE‘EBM SALED, Jg e NOy g

20 2002/ 0041377) and a wavefront aberrati measuring I nstrunen

the Shack- Hard wamerneddng wipoge i et 8¢ kduake ddbs Glosed sitBgef REin sectlon
exanpl e, the panphlet of International Publication VW)ZOO%/ 065428 and

the like is @iphdyed. Z5tlinttheckahodinmendt siceatdi fgoril gleed iifdldiding
i mrer si on exposure perforned in which wafer Wis exposed by

i |l um nati on3an ghtuatovisugl epeci¢or=eprileal a ypdicenc®l] awd dri)gand rayes
the above sensor used in the neasurenent that uses il]umnation |ight
IL is to recdiv¥ly Vbl FRSRseY Fomeler staoprefiecteenion 91 in the Z-axis

15 direction, the 8x direction, and the Oy direction.

On wafer table WTB, an auxiliary plate (liguid 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 circular

20 opening, a wafer holder {(not shown} that holds wafer Wby vacuum
suction or the like is arranged. Auxiliary plate 128 has a
surface (liguid repellent surface) on which ligquid repellent
treatment is applied against liquid 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 (brand name), A1;01,
TiC or the like), and on the surface, a liquid repellent film

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



10 optical systemPL and liquid Lg. Further, apart of the sensor such
as the optical systemcan be installed in nmeasurenent table MIB (and
nmeasur enent stage nain section 92), or the entire sensor can be
arranged with neasurenent table MIB (and neasurenent stage main
section 92). In the enbodinent, the 15 surd ace of neasurenent table
MIB (the neasurenent nenbers referred to earlier can al so be

included) is also covered with a liquid repellent film (water

repel l ent fi@Aterial agebt Tl qirismlnysttesi 1@ will be

described. As is shown_in the planar viewin FIG 2, on the +X side
and -X side ﬂ?]dftegﬁ?eﬂd%e -Eng ST RpaE aldor)s W Wi gk
extending in - @Xi ir.ect]j i.s pl aced,, .respectivel y.. Y-.axis
stators 86 anaé-héf\é r)eSLC(S:on Erilgluﬁdeag{%ofy:"‘_’lalr'ma usglellucncf s that "’\i';%:veerl(fl)EL or the
plurality of jgaoids inside. Wth Y-axis stators 86 and 87, a pair of
Y-axis nmovers 82 and 83, which are respectively 25 arranged on both
ends in the |ongit ydiaRdlredr@Clt88e MsBANNIAYES § TG rBhet! 8P858Ghain
in the X-axis direction, are respectively engaged. Further,

wi t hY- axi s ststadriorB62aridaB8hasmthai aiofbebmixigs teverib8d anodv8&Erranged
whi ch are respectively arranged on both ends in the |ongitudinal
direction of %n 1txl betdham ssirftasre 8 Brek tée mdiamp iemariie Delebe $TB mounted
direction, are respectively engaged. Y-axis nmopvers 82, 84, 83, and 85
are each confAylifREUE§NEhethfsts BapBl ¥ Ent ¢ PaY 1 dds td Y5 eahpnysyf(not
per manent ma%nets. 5More specifically, Y-axis stator 86 and Y-axis
nover 82, Y- ﬁosYJer'ator 87 and Y-axis nover 83, Y-axis stator 86 and
Y-axi s nmpyer 84, a@ngb '%e%%%&%%e%l §£9F¥&%XE§$H%&§% ed with

respectively constitute four noving magnet type Y-axis I"inear notors

the that drivga¥aXeOVEhSe 8 ?a§é rdh dhembraXb8ad il ineSEEPDon 19D .
the description below, the above four Y-axis linear fotors wll

appropri at el wheafeemead utrenasitYmaxbs rlsi heanuaet gr si 82c1 91 & r MSidibd heM

same reference nunerals as Y-axis novers 82 to 85. As the Y-axis

| i near not or prawhbehrgpdoick Llyyeof ifichrcimit neréan alfsamed enpsoydetails

15Of the above four Y-axis |linear notors, the two Y-axis |inear

nmot ors 82 andr83 Sl sashsiur-erit StEage VB Kk it helaranase datedtt on
with X-axis stator 80, and . the two renmmi ning Y-axis |inear

i nt egral L%/ .
mot or s 84° andTEF NG KR @GR WP it atHeny- 41 s Elj‘ﬁ)r?é&li‘gon(and the

Integrally\Még}fégﬁgﬁafﬁf%Pé.%%tentNo.5,243,195)andtheiike,as@nsor

that receives illumination light IL via 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, XKokal {Japanese Unexamined Patent
Application Publication) No. 11-16816 (the correspondingU.S.
Patent Application Publication No. 2002/0061469), an uneven
illuminance measuring sensor whose details are disclosed in,
for example, Kokai {(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, Kckail (Japanese
Unexamined Patent Application Publication) No. 2002-14005

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



20 Further, stages MST and WST are each finely driven by two Y-axis
linear notors in the Oz direction. X-axis stators 80 and 81 are
each configured, for exanple, by an armature unit that incorporates
armature coils, which are placed along the X-axis direction at a
predeterm ned 25 interval. X-axis stator &1 is inserted into an
opening (not shown) forned in wafer stage nmain section 91 (refer to
FIG 1) that constitutes wafer stage WST. Inside the above openi ng of

waf er stage reldt /4L )91,anhra edeaiRdl won tabersd S qfp vesa HEM S hown)
consi sting of, a _nmagneti ol.e unit is arranged. 22 That is, X-axis
stator 81 andHHd Jehh Phdie LRt AR A T hafine e sase
| i near mot or ({hs%t cge'dye_L V\BgOQ_I e%{ta?t%%.e\/\mi—:ﬂen ﬁaqn%h%eac)(iosf %r{teecxtria Yonal
Herei nafter, e -axl s ‘i near " _ _

ot or i | | DEARRIARIIALEY IRSRTTHHRADE B AHd QDL OTer BhyediS NG
the sane reference nuneral as its stator, X-axis stator 8I.

Further, X-axis stahoth80ei®oldisenited aidtioddamOpNithe (NefuishaMhersion
formed i n neasurenent stage main section 92 (refer to FI 1) that
constitutes regsunameptrsbagedNBIwhinkivefdhe 1§ exbpoveddperilngrdhation
measurement stage nmin section 92, an X-axis nover (not shown)

consi sting oflightaghevie podecuplenepticahgaterhdl kg Maxid 1g, the
stator 80 and the X-axis nover constitute a noving nmagnet type .
X- axi sl i near 36 SERECTIFFFEs 1 ieblRe et r ¥iage iYPahe Higingtion
di rection. r.einafter 5 the X-axis.,l|linear, notor wll_ be . .
appr opr i ater@%g&r%e ed St oage%h‘i?slf}%h?a{rb?%rf%%&u@ﬁ’glai & I Lon
ref erenceynu | .. 8Sq] tat - axi t at - axi j r
ol orencg NUTRLAlc A2 B dst Oha DR PLEL AL B A KAt LADSHGor
enpl oyed. | ngdg %@b%@%@;t,icﬁ-laé?%t!énn%rn B A% 84 16 89 mba@XirSrdPit
| inear notors 80 and 81, and the Z-tilt nmechanismin both wafer stage

WET and neastia@IeniMTs agedvVink seansdidnt etsiggendr s yisirem2h24 shawe
in FIG 6. Each of the above |inear notors that constitute stage

drive syst emei24 repeeates ecadde theavgatineg tlofmemsmureo@mttr bhbée MBIB (and
shown in FIG 6. In the 25 enbodi nent, on the opposite side (+Y side)
of neasur eneFEASUFGENET skR0l Padpesectdopr B eet | bh &R isgdlodsystngm the
PL, a loﬁﬂi n% pgsition VP is set to which wafer Wis carried by a
carrier tmit SAREPES PFad&ASUGRTEEhSRDLe Wier (Chea Jie ARST ST Ttegoers

| oadi ng posi tr'e%r\éEe%’ tgnedaxtlhieenr %E%eélg\c@fb%r iz\w’.\éiﬁdQH nitseglgg covered with

a liquid 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 and 87,
a pair of Y-axis movers 84 and 85, which are respectively

arranged on both ends in the longitudinzl direction of an



23 waf er stage WST, noves toward the position directly under

projection optical system PL (the exposure area previously

descri bed). Then, after exposure treatnent of wafer Whas been

conpl eted, wafer stage WST noves to an unl oading position 5 (in the
enbodi ment, the unloading position is to be at the same position as

t he | oadi ng position) and unl oads wafer Wthat has been exposed, and

al so | oads the wafer (wafer exchange) on which exposure treatnment is
to be perfor PEPReXtSTaHRT pbki e¥ePAl I nGf bR nelk? ol dF L fad eFe gt hger ViBTE
(wafer W 10 and neasurenment stage NVST i,s detected_at _all _fines b
hrert or onet 6o SBATNT A48 THETE. 6 Aok 1o BoUrde arf Al Pa Snd ¥5 are

and moasor ener o] S5 L b v Bea Ot Bbo TR Bhp Bk ey

to nm Interfer g@tinSysteiyddSs 15 includes a Y interferoneter 16
for detecting the position of wafer stage WST in the Y-axis direction

(including the posiMdansbactiiece1¢i rect:iankrado¥ dakauferommd abve8 g2,
for detecting the position of neasurenent stage MST in the Y-axis
direction (inttaxingtdeopdsi tamh Yratihe Mavel reet i VExiX £ator 86 and
interferoneters 24 and 26 for detecting the position of each stage in
the X-axis di¥estivmeaser Sshowd i ir&G fawor §hiand ¥ ometermgyer 85
shown) for detecting the position of wafer.table WIB in the Z-axis
direction (i nESRATG I FOFSTLGH RNt P e MOV i BRINSR tame Yhexoy linear
direction) and the like. .The 25 neasurenent val ues of interferoneter .,
system 118 ars <@t ¥& r%?%ﬁ c‘%ﬁﬁ‘f%ﬁa’x%ﬁm%‘ﬁ%moa@eot%né% Hg! the Y-axis
neasur e t v Jfgg% i nter (0] : i o Q. .
controlgﬁphe(%55|tf§%1hn t%ggl?E%S%%Eéz%ﬁn%%igﬁéhgkggggg%éﬂééﬁé %ﬁ?ﬁls
(and each of tihigdabbes Wi and B M Stage rdrh-ve sy slem-124s 113%kar

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 also 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 staters 80 and 81 are each configured, for example,
by an armature unit that incorporates armature coils, 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.



Instead of mrror polishing the side surface of each table, novable
mrrors can be arranged on each table. Further, along with or instead
of the interferoneter system the position of each of the stages can
be detected, for exanple, using a 5 |linear encoder or the |iKke.
Furthernore, in exposure apparatus 100 of24 he enbodi nent, alignnent
systens ALGL and AL& by the off-axis nethod are arranged t hat
respectively have a detection area whose position is independent|y

vari abl e wit MG ifredederin fEdteE $dr ERETPXVE pRaAd) NpEeperrR Tl Grte 2

i cal i s AX of i i tical t PL, b | oadi
Lo optical ays A% oLpel coll on.onul eol syslem Pl belween Losding .
to meke the q@ét'le(itn' Qﬂea%—eo I@Vc?if%é cﬂ'lt h%e%gﬁ%é%re%de‘:grﬁgﬂgg%s linear

surface, at |east a par al 1'gnnent syst emns and suc

as for exanpl@tdr pant ¥ a @e:o@xqta%@ltg,i PEFULL B 320148611 81 ARG KGRIt o
system a photodetection elenment and the |ike) excluding the |ight

source, 5 nmaigbhesibyy alHgmig M Ed agendl 60t Acsoltdinglyaxis
by noving a part of alignnent systenms ALGL and AL& respectively
during the 2Gtemwendit. of wafer stage WST, the detection area noves

in a predeterm ned positional relation with the marks on wafer stage
WST (al i gnnent mar Esighiathe X-iekd softagPar 8W Lsandsgetedt 1oke ofn tdpening
mar ks becone possi bl e u]écirl?n he nmovenent of wafer stage WST. 25In

the embodi ment:°%bEEAHE RS EFREAL GF 2T ALIES Sy de herefer
i mage processin t.ho art, of alignment systens AL nd_ AL

are noved sosﬁlt%g{a?hzg %%?gscpoﬁbs%]oEu%% eﬁﬁ/gﬁeﬁ%g ??}aeg%ﬁ#ggti BHS%&FM
during t - waf f it .5 prefe €.
fo mve & par o SPag gt Sl ke RrRPR R Aer SRR (R Bt
relative speegbeat wern tdiewiBr ko ity det ectioharea pSLal st is
zero at least during a predetermned tinme while the mark detection

(i magi ng) i s cheiangyeper f ohavdisfukthets istathe eobadidnent, xwhidie waker
5 stage WST noves at |east from | oadi ng position WEE previously

descri bed t o aches texpdsua ostiac hagn b Siypiech- ot i svdfieeaWnadetethrorimfves
a plurality of alignnment marks on wafer Wis performed by alignnent
syst ens ALGL "&FFURceEyespage Vel yin ah¢ KnaxpssiiTorialon nf dlansting teir ,

he plurali f mar h
the piu fg t%h% XE%XE% Eigéar'motor will be appropriately referred to as

X-axis linear motor 80, using the same reference numeral as
its stateor, X-axis stator 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 motors 82 to 85, X-axis
20 linear motors 80 and 81, and the Z-tilt 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 to

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



10 have been detected is used when scanni ng exposure of all M shot
areas or a part of (for exanple, up to the nth shot area (11-1 an
integer of M1)) the Mshot areas that is to be exposed on wafer Wis
performed. In this case, the exposure starting position of wafer Win
t he enbodi nent is the position of wafer 1/ W (wafer stage WST) when
the first shot area that is to be exposed first on wafer Wis set at

t he scanning starting position (acceleration starting positi o&.
Furt her mor e, 13 8hes &R I TontlOTRT Kt ered et flom BosHEioradirepiel pfunder

alignnment systens ALGL and AL is perfor even after the exposure
20 of wafer wr(%eecm%t%%q%r ThIbeltt SRPTHE A (T LousLy

| nf or mati on qledhe nmrks hh, hate e etedl 0. s ssd J0hcer 1 has

perform ng scannin posure of of "t areas from

the second SfBEerPB%F@etEHr,tMeris'%a%?épﬁ§’t‘"irﬁ>v%%0@5%y§niggd9ﬁ té@%i)tion

enbodi ment, 25 a surface shape detection unit 125 (refer to F

can be eqBi ppgith ithdadhbddiad, hldsurey&oid Bosit toPU s S fidcest the
shape detection unit 125 includes, for exanple, an irradiation system
t hat obl i quelsgnea nadh idties ad ittearldmsiimd qugert idan drie ilaswtervaofer W
wafer Wto wafer Won wafer stage WST, and 26 a photodetection

system t hat Hdsta b deassr  expn w9t r eed vaebsq heoads | e iwonfet gtwabfr

the beans irradiated by the irradiation system such as for exanple,

a one- di mensiSGREIRTED SBIEbICh 2XPPRYLSehER? LBPNE He FP ke PRRTPRIE next.

ggtscjél It he |inear b?\f%\rgp gBi Eé:afdi aﬁed_%rom%he iorfr adi,ati on és%%qtsﬁ,m IS W)
y a beam f ormEd®Bya*plarat Tty Bt - st sKapEl {519 SRapes)
o oS0, MR S ik e o Bedyeen o gy
irradiation angadfeagptdald B ateanaant 1at FeR 0% 8Da the side surface (a
reflection surface that has been mirror polished) of wafer
table WTB and measurement table MTB, at a resolution, for
example, around 0.5 to lnm. Interferometer system 118
15 1includes a Y interferometer 16 for detecting the position of
wafer stage WST in the Y-axis direction (including the position
in the 0z direction), a Y interferometer 18 for detecting the
position of measurement stage MST in the Y-axis direction
(including the position in the 8z direction), X
20 interferometers 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 Oy 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 contrcller 50 controls the
position and the like of each of the stages WST and MST (and

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



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 1%4Z-axis direction

per pendicul ar to the predeterm ned surface (the XY plane) in which
waf er Wnoves) of wafer Wat each neasurenent point can be detected.
And, based odnFiearbafurdresr pPeddphingntha sbrAersnrércsEandetiadtle,
information related to the shape of the surface of wafer W20 subject

J
to exposure. MOVable ﬁ&ESPHﬁ@‘@?ebﬁﬁ%‘??%é’_nb%‘thﬁiaﬁ’_g}eof EXpbREFe along
(for exanpl € iy 19 J:[ hsecem&/eor?r]ghg {]J'V% e!roj':adrl ] Eﬁolgsllst Isa:ge&nﬁ%ﬁqeorp}eogsgé:&on

exposure starting position), Wwafer I's rela

to the irradigtiQnarga 9k %va%gag_ecah_ags &Q‘EQG#&?REE% ui tdve, ity 5

mai n controller 50 conputes t istribution o posi ti onal

i nformatign afiddwe waf@tasurdacae,e basaed on the neasurenent val ues
(the position of the wafer) by interferoneter system 118 and the

detection results Glursidfraceeshapexgetect arparatud 250 cdihehe eabodiment,
exposure operation, main 27 controller 50 controls the position in
the Z-axis diaglderimgmtard stvnatAliGludadBRhES dry tédld o MBximset o are
the conputation results. In the enbodinent, at |east a part of the

det ecti on opé&rdANGIEDIthafe L2IREG I EHa NaiforaedstRrioion mersmfEroyy 5
surface shape detection unit 125 is .perfor, in parallel with the
o ket oct | G Spart {oh AP DAt Tkt O (e ket
ALGL andq ALG, ef ol econes ssi-b 0 press. a d ease
in thr o_ubg\p%u ue%{eo @é‘fé)cjtaltnn &éﬁfr%éﬁsﬂj?a{orﬁaﬁo ioﬁﬁuc([girér?a iaoxnl%%roe

the begi nni ng,,Qf; ARt 11 1ThE, JUdAdal il ARA 1B d %m%ﬁle WEP

detection unit I25, for exanple, is preferably placed substantially

parallel to thel XhaxXiexpdisiee! iseBrchbagwperiexpasurevarea WA (id @idkr to
imrersion area of liquid Lg) and the detection area of alignnent

system ALGL aadkeAltG2 detehéi¥nazxksadnoeetwbdnhih nthdnisbass rduetausened
15 all the detection operation of the Z positional information is

per f or med whisiug figfeer ast agasWsT parbhaihg ligvaenitr srskomdi MG powid G2,
VEP to the exposure starting position, both the exposure accuracy and
the t hr obghpFEarshd ImFFered e Fi et 9t thfe tedenexpoiuding an

Ihi T PU by s (NG I Pl pRA T Phe AT o S B, o iehe
ndependent | TEam B S b LR S e der s P fhment
supported by sSusReNsIQyd et hesgai RLEaMBingly, 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
ALG2 employ the image processing method, a part of alignment
systems ALGl and ALG2 are moved s0 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



25As is shown in FIG 1, alignnment system stage unit 160 includes a
frame FR arranged separately from body BD vi brati onw se, base
platforns BS1 and 8S2 (base platform BS2 not shown in FIG 1, refer

to FIG 3) arranged on the | ower surface side of frane FR, and

al i gnment system stages ASTI 28 and AST2s5(refer to FIG 3 for

al i gnnment system stage AST2) that support alignnent systens ALGL and
AL&2, which nove in the X-axis and Y-axis directions, with the | ower
surface of bas@ShanR AéfisaBeTRRRd BEXhedr Fhegradasinsverend hefugandde

5 pl ane. Al t hough it is net shown in the draw frame FR i s
supported i n @S Gad gé‘lenéi%eﬁfrlf’Bular%pb%r"t‘]rIH%SEoWh‘gusafve]f@cé}%lq%ﬁmg

instal |l ed t f f te th | k F
FR consi st 61 LY HAGEPILIR TS S D MAvertel Getnsed A S, o
and to the +Ysi rf&;ep%ldfo%%etd ongandpthe 5y %hgeeﬁﬁgdﬁﬁ%h Onwhi %%§er

of a linear motor that drives alignnent “system stages AST

to be desgrikeddatenr méeed iedeaBaserdth aldaQling Egél@menaﬁP %ﬁ@hously
consi st of a plate shaped 15 nenber that has a | ower surface (

surface on t hiesctidiede )t onvidse dggreas: «ofs tfdmtines dssi eddrr e:.felw;aﬂmgm
and are each supported by suspension fromfrane FR via a plurality of
(e.g. three) dgtlecatiioon disél @livew igchafi sl @R tThesgcidyy atdfmr W is
i sol ati on nmechani snms 162 have, for exanpl e, iston and a 20 ,
cylinder, an@®SSFOLTEs £Ys @dpieremi tsfftwss@&ﬁgf B B e | He SRS CHVEdEY

chamber 1 or nEobEP LR 1 HoH b Lk oA reif“%ﬁ;rﬁ% Aty 06 Eothat
mot or th dp, Ha¥ied btet—ﬁ[ @e%te%r%e%f Aé}%s%lép%r tn\l? %}%{s‘é%égp%fﬁ{}%\;\{%ﬂ 11 M

FIG 3, alignnent systemstage i'ncl udes a
movabl e in the ot axkssdbrestp o ANd s éxéfnsg@ 4Qpthateds fovahle di s

the X-axis direction with respect to Y stage 4
(1<n< an integer of M~1)) the M shot areas that is to be exposed
on wafer W is performed. 1In 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 to 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 ALGZ 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



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 Y linear
notor YLML that includes a Y-axis stator 46 fixed to franme FR and a
Y-axis nmover 48 fixed to the +X side end section of Y stage 42. X
stage 40 is driven along the X-axis 5 by @ pair of X linear notors
XLML and XLM2 that includes a pair of X-axis stators 52A and 52B
whose longitudinal directionis in the X-axis direction, fixed to the

| ower surface® ®Feetadid wusvaten shag bagga doteahora Wai¢h gieceives
X-axi s novers_,54A and 54B fixed t he end sectiqgns of X stage 40 an,
the 10 1v i ddaRacteoErge LIGHt of thaedaing g torioRE oY FREA S igreion
XLM2, a voic il o t hat st age 40 activate dr farce
in the Y-axi gslgél)dréel%’t istbl%l)&ll s&:lfs%@:e??aa gleed , gamhollhc%%njh eergsjﬁn%plosdsq/ 1T

finely drive X stagesddsdn dhene axd s di mectinan B hehe BY 8l IR
15 changing the drive force along the X-axis of X linear notors XLML

and XLM, 5it ihecones aDsSidih el otadianadd s ghdoe X6 ddge ¥y i B
Qz direction. Al'i gnment system ALGL includes an optical system
i ncl udi ng an ohjrest Hyeraspandatlthéyl bkespan-shagedg(oevs ter {shunde @0 laser
a CCD) and the like, In the periphery of the CCD that constitutes
apart of ali diffsH LspsdapRntliin&heibrawnls diwkicchoa betgigen f fonssample,
arranged, and the CCD is |iquid-cooled by the liquid that flows in

t he pi pi ng. Ahgeyitine CED a6 B FrRROSYTE BEarEonInCDbEie and
system i ncl udi,ng .t he obj.ect 25 lens and t i ke, which kes i
possible to %él uclerl:[ah':@ S G i]gsnr?e%ua?;efls‘f earn(;ﬁ_rtﬁer?tlfafqtajt(?ﬁ soéa?sré,

as for t [ is QLI s i t. ARGl i “Slﬁﬂgi f i ng
the |i gh?gsoul%%%ﬁ?hgra% gcglf]rrergﬁig ls%atslel?n&st age,pcﬁl_eg I'g bséo%er@'c‘e IS
arranged ext efdidrdihding ahi eaninesyst £81 51806 aRd §St£OPNESLRA RYiple

>0 of the known multiple point AF system, with the plurality of

spot—-shaped irradiation areas serving as the measurement
points, the Z position (positional information related to the

15 Z-axis direction perpendicular to the predetermined surface
(the XY plane) in which wafer W moves) of wafer W at each
measurement point can be detected. And, based on the
measurement results, main controller 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 irradlation 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 wvalues (the position of the wafer) by

interferometer system 118 and the detection results of surface

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



an optical fiber or the like. The present invention, however, is not
limted to this, and a relay optical systemthat includes a mrror or
the like that transmts a beamfroma |ight source externally

arranged to the optical systemof alignment system5 ALGL can al so be
used. Alignnent system ALGL is not Iimtexf to the i nage processing

met hod, and sensors of other various nethods can al so be used. For
exanple a sensor that detects diffracted |ight generated from an

al i gnment  nardeTGT AAHiseh & @@ﬁéﬁ@ﬁts FhgePOBLBAPT SN ikl Ztasel ¢ ah ricdd on

be used. Furthe 10 the c met hod f t he is not limted to
1 qui d- cool | PG 5RE AFFLEBGE orrg%e;ﬁram ﬁ@%@mﬁ?@@ai of the Coppligtlon
shown in FIG 33 Q:réth%n ur ace eas ur f rec) ogfth Scfe%%e 1on
and X stage , vari'ouS op ca er§ Fha const Fute’a |gnnen

system i nt er fJQMRLiQ), %@t&fa 69 ;Jo%l(tsﬁﬁm q@{fyofn{aﬁo% "3% utgf e paigeg:eqjy

Interferoneter system 69 of the enbodi nent enpl oys the

nmet hod, apd rMRAFH®RSshABeRRS ddtOMEH uhRtor MMt isOfe +Fo #REd XmeXh $a BDE1 with
Y-axis directions and the rotational information in the Ox, Oy, and

Oz directionshef renlgrissctsist empestaagemASTHo (Hehaledoxilmdd grames) by
system 20 ALGL) . Details on alignnent systeminterferoneter
system 69 wi ldlijgengedc isddenizelidw ] rrafeALGYy ttheieBork, it becomes
Interferometer system 69 includes a sensor head section 68, a first
bending mrr @O%Sé@(lu EOW%% §W%&Pn@¥ﬁw@ugéﬂm bp deFepting

d | d 5 d
o nan50. %% fredtReize %"%ﬁ%@?&éé tater e R i fE Skmsure.
shown iny 1 Gy e ézﬁs@lg‘nrglo 9%#% ol f%'% JAses, agatchfzgxfor

si de and the - m rror |on surftaces

formed, and %xﬁh&ﬁ@ M Igr Ee%@¥ébl§ pbéée&h@u@é@@n@ﬂéif§?bé¥hif@ﬂ'EG the
side mrror polished so hat a reflection surface is fornmed. Sensor

head sectionx6&xi% Hixedtibhl ObeTlen aibob it ed el TAO[1FQY] @liemidrsddn
to body BD that supports projection unit PU X fixed mrror 70X is 5

supported by asespefisldquby Iay)sappothe nimiiyert ith @rekesttal FrEerd) syisatem
connects to body BD, via an oggnlng section forned in a part of frane

FR SéRsdr aRdRLGRdtT 5AS6S-fREBrPorettdsomn | ilghthsswrawe, &gcause

opti cal stem. and a plurality of analyzers ol arizers
P fg aqh the deEect?on gperatlonyof thér) p051t10gal information

is performed while wafer stage WST is being moved from loading
position WEP to the exposure starting positicn, 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



10 a plurality of photoelectric conversion elenents, a bending mrror
and the |ike inside. The first bending mrror section 72 and
the second bending mrror section 73 each include a prism (or a
mrror). The prism(or the mrror) has a reflection surface formed at
15 an angle of 45 degrees with respect t@san XZ plane and an YZ

pl ane. The first bending mrror section 72 reflects a beam BML
(beam BML i s act ualqlé/ configured of two beans separated apart in the

h

vertical direttd g herehaxis ditectd oDt alovEant Rysterdags AST2)

id licatli int i pti I he b ill. b ,
Suof S, COPlL ) R AE SSSEELY 9L Dbty e B8aTBt LBS: aes
the b t i_cal i{ 7 L i bed her.,

e ea ent Al Y T4 e oUeL XL Do SR EL il o

BM2 is act ualdayse onfd opdgek 25 Ofadpve Peais seRArAL ef r@Ratedt! dd¥& rence
vertical direction (the Z-axis direction)) and nmakes the beam enter

optical upit piane. Optical unit 74 on which beam BML is incident
includes a mrror 74a, and an optical nenber 74b arranged a

predet erm ned di st @ddércapar ti ton st het+¥hsiwdeiof tiherdoawdas, BPame FR is
Optical nmenber 74b is made up of parts such as a pol arization beam
splitter (PBSURFREtad cigr fdre dimer marnary ¥ eiqwr efurRAF)nA g iumns

gquarter-wave plates (X 4 plates) 49c and 49d, a reference mrror 49e,
and the |1 ke WA Gy 578 88, thR § L% ST fEfcargEdthR PiEe Bate

Acoordi 19,10, SPteA Ter st RS 81 Lok ot R MY 1l
10 inverted U-shaped YZ section, and to the +Y side end section
and the -Y side end section, stators of a linear motor that
drives alignment system stages AST1 and AST2 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 -Z side)
whose degree of flatness i1s extremely high, and are each
supported by suspension from frame FR via a plurality of (e.gq.
three) vibration isolation mechanisms 162. These vibration
iscolation mechanisms 162 have, for example, a piston and a
20 cylinder, and include a support unit that supports the
self-weight of base pilatform BS1 (or BS2) using the pressure
of gas inside a gas chamber formed between the piston and the
cylindexr, 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 ¥-axis direction with

respect to Y stage 42.

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



BML that has entered polarization beamsplitter 49a is separated into
a reference beam RBX consisting of a P 10 pol ari zati on conmponent t hat
passes through a separating plane nade of nmultilayer filnms inside

pol ari zati on beamsplitter 49a, and a neasurenent beam MBX consi sting
of an S pol arization conponent reflected odf the separating plane.
Then, neasurenment beam MBX refl ected off the above 15 separating

pl ane passes through X/ 4 plate 49c and is converted into a circular

pol ari zed |i ghthemriti eurch from aledted 3by fiBxddifepr atoygxthe Y-axis by

The measur enen eamrefl ecte f fixed mrror 70X passes through_,
X/ 4 plate 49& éfg TR eERd™P OEoﬁ%jgit%lﬂaT &Fﬁqéﬁ{ep%laagri‘ t-PoRt25RY %l%efnlxed
asses throu t e ing pl.ane and, is. fol ded hack .at_.
(I?orner cube ?fﬁr%ﬁan%ggélﬁl%ecg% fr%a%%‘rsgnrgyn e%e@m%ﬁ%% %acf tﬁjaes +b>$e1esnlde end

fol ded back passesd %rfogggtw@ £POVE l@g@ggeaaér&gs ralra%_naaﬁo?-ﬁérﬁtﬂé 3£%xis

49c and becones a circular polarized g and then is reflFecte

agai n by 6ixed;, 2b gairr a¥f HOX stk the: def et edhieagMe @it beaMudes a
passes through X/ 4 plate 49c and is converted to S polarization and

i s refl ect ed mHifr bheXsboves separathizigapd £26, wlasek Lhagitetiinad dixrection
sensor head section 68 via mrror 74a and the first bending mrror
section 72. 133 in the Neamilsi Hérechdonef éisndet beblne (Fopet ssunzfag¢on(the
conmponent) that has passed through the above separating pl ane passes
through k/ 4 pléatteMoFEHidasd Oénvertédet 62a @Fﬁlcm%@lr@o@gﬁf-ﬁ@fﬁ igHters

which is reflected of . reflection surface 5 of mryor_49e,, and

then the | § ot b b 4 aitee 501 P o Ste < chatade il dfeane

an S pol api zat. |5 ref ed of f the above separating plane and
P s MY e el

then is at corner cube mirror 49b. Then the reference

beam t hat has been 1fQlided Backs snheekl echedr-agat Hr9f fxile, aboyVSice coil
separating plane and 10 passes through 2/4 plate 49d and is converted

to a circul amgqaemthaedhd teghk, s tdjchoisctefdieckertiofd rbheerief brety-tdkis
surface of mrror 49e, and then the reference beamthat has been
direction is also arranged, which makes it possible to finely
drive X stage 40 in the Y-axis direction. Further, by slightly
15 changing the drive force along the X-axis of X linear motors
XLM1 and XLM2, it becomes possible to rotationally drive X
stage 40 in the 6z direction.
Alignment system ALGl 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 fliows is arranged, and the CCD is liguid-cooled by
the liguid 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 1ight source
of alignment system ALGl, instead of moving the light source

with the alignment system stage, the light source is arranged

external to the alignment system stage and is connected by



refl ected" passes through k/4 plate 49d so that it becones a P

pol ari zati on and passes through the above separating plane 15 and is
synt hesi zed concentrically with the return |ight of the neasurenent
beam (S polarization) and is reflected off mrror 74a and the first
bending mrror section 72 and then passesa hrough the anal yzer of the
detection unit inside sensor head section 68. Accordingly, an
interference beam of 20 neasurenment beam MBX and reference beam RBX
is output frdm PREIGAAIRIRAT CArid e hékent e?lﬁ%@éﬁ@@nﬁeawe@t%@@eiwv@r
t he photoelectrlc ositional information o

| d
al i gnment  syst ﬁggg% i ﬁlgggg%i%%' %NPBE%FBH5M§9?WF§%81HQ%HQGS
70X serving %Smgr%gﬁée&g%% EL?]{ eﬁ%a%%fqﬁis@nlzcsf g%‘éélglflrf%l}r{ Af*?t source

previously descri ecause ean1 conf rgure

separ at ed ap%rxttéﬁatlhﬁz ;rﬁéhéeg'fc?%th'eogpti@éﬂ Santdoblery %1 %ty%tem

not only the positional information of alignnent system st

(alignment systEMCALGE) sbbé Resel AXiag idinmReltl epskbuh Ao iélehot limited
rotational 34 information in the ey direction (rolling anount) from

t he positiondlo khkormage araeace $henXreetodi Bect senswhschf icsther various
respectively obtained fromthe two beans. Optical unit 75

i ncl udes opt MedhogenBansa7sa endsesh, Boarrkamndi ng #ensgorstivse denegcts
75d, as is shown enlarged in FIG 5. Optical nmenmber 75a .

i ncl udes a p&lérﬂrf&ﬁeﬁﬁ l3gdh gﬁqqrta&edsféorfa azlwlmgé%f@rv&l@aérkr é’r’i’gé’@lCh

on the side surface of .palarizati,on, beamsplitter 5la on th

o half mirrof GORERRIT ARGR AP &P ntRd f?%gﬁn Spehads, S hisiier,
polari Zaf(f) ony %at%éﬂr c% %h%glabf%hé/é(ﬂgll%tlg gncré%lnigg(il'q%g.?d coollng,

pol ari zati on beam spl i M rror m T ror

optical nmenbendr3ar-RerdmiBMR J=ef |aqgoe%é3fé ﬁzw le 73 15 enters half
mrror 51b, and at half mrror 51b, beam 6 iI's separated into a

first beam BM2a rehkegkedhoivh hal FIw.r 3or ohllhand cwveseecondakeam-BM2h de
t hat noves ahead.
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 positicnal information in the X-axis and ¥-axis directions
and the rotatiocnal information in the 0x, 0y, and 8z 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, two optical units 74 and 75 arranged
on X stage 40, ¥ 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



The first beam BM2a is divided into a neasurenent beam consi sting of
a P polarization conponent that passes through 20 a separating pl ane
of polarization beamsplitter 51la, and a reference beam consi sting of
an S pol arization conmponent reflected off the separating pl ane.

The measurement beam that has passed throigh the above separating

pl ane passes through 274 plate 51c and is converted 25 into a
circular polarized light, and then after the light is ref]lected by

fixed mrror BAYED] FEd9 GMEI48s68 theoughs2erAmpraeE Batlslyed sarfdat

i ted t l.arizati d, i flected off th b .

separat i ng. pIirEEEREIT UGRES Thbn TS of FECRST MERSEBEO &l X
th : ! i . j i,

pacees ol 2l alg S a5, gonertsd 1ol 68 STEN A, 1o,

and after thigp tdad iGHpRasSes JQUh Yd pbat e R1e; 204 hfrror 70X is

converted to P polarization, andthen passes through the above

separating 5 g tdd by suepehddoansy eEUPPS rtOnSEBINSOI7 head reeCtd GG,
68 via the second bending mrror section 73 in FIG 4.
Meanwhi | e, th¥ rEfer ermedisam tdhadiohasBheen a efll eqdesdirof fsddiel abdieermed
separating plane is reflected off polarization beamsplitter 5l1a, and
after this tHeé Fedmhtetqd israne d&hsor 10 head section 68 via the
second bending mrror secti 73. The %gference beam i s_synt hesi zed

0

0
concentrical |y witFSORET BEAFNSEFGhER 018 CRC PR ST At L hERRM §Pirce, an
polarization%)qﬂﬁxhﬂgp %%§e%ikpro%%h t he .anal yzer_.of the det.ect.ion

unit inside sensor Sect IO 68 Eor'dindl ,aﬁﬁ%xﬁﬁﬁﬁf e A5
of the 1pgne Fﬂ%ﬁ%ﬁﬁt 3%‘gﬂgtggﬁeEEE?Ee88ﬁvQ§§gbhs%B&£ s fromd e g
h e y the p

anal yzer, an e interferehce beamis received of oelectri¢
conver si on elgmedr aind pos tijonali AdWfqr mati on of alignnent system

stage ASTI in the Y-axis direction with fixed mrror 70Y1 serving as
a reference i s sentThieo ffmist 2@nednigr alilrato5Gection 72 and the second
bending mirror 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 X7 plane and an YZ
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 compliication in the description below, the
beams will be described as one beam) output from sensor head
section 68, and makes the beam enter optical unit 74 previocusly
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 BM1 is incident includes

a mirror 74a, and an optical member 74b arranged a

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



Meanwhi | e, the second beam BM2b that has passed through half mrror
51b is reflected off mrror 52b, and is divided into a neasurenent
beam consi sting of a P pol arization conponent that passes through a
separating plane of 25 polarization beamsplitter 52a, and a
reference beam consisting of an S pol ari zgtion conponent reflected
of f the separating pl ane. The measurenment beam that has passed
t hrough pol ari zation beam splitter.  52a passes through 2/4 plate 52c

36 and i s converte®AHHGE la HEHEH dithdisamesed R Gt Padite 1o £ &

the light i flected by .fixed m. 7 t | i ght t hr ough
70/e 4 :olgat eI gfz:oelaarfglczlag“codx\})eelr%“gfﬁ r%oe:)’bl ggr%)at ot %f?%aﬁ?é?qs% é‘glugr or
ff th b i | 1 5 52d. Th t f t ed
measuromont  EEh e S eE e LR NN I n T e B S P (& Acnertah 400

into a circulald poldrizedtd Hlqe ad-thends, rafd egted bye fixed are
mrror 70Y1 again, and after this the |light passes through 274 plate

52c and i35 canussdrettdd, Ralardtzain amlangkd heh pesses. t hrough t he
above separating 10 plane via mrror 52d and returns to sensor head
section 68 via mrAeceriBagahd qBdi cand mehndese? énd YremdBNg mefiected off
section 73 in FIG 4. Meanwhi |l e, the reference beamreflected
of f pol ari zafHgF BedAbsPri e ePod2g izatdonsbeansinsidrt e4ddasectien, isam

68 via mrrors .75 nd 75d and the second bending mrror sectjon 73.
The refer enc@%ﬂe%ﬁsqﬁ%ﬁ{%%ﬂ RO IRFaR 1P He $%etteh 18

i ght of the r eam (P pol ari zati o nd then .passe

t hrough the agr%aays/ﬁlzéé%r%gﬁﬁoeaade efc‘:{)ﬁeélnceuflbletar? E;)S%%ecoé%sﬁssg:rll}%ao fction
68. Accof @i ngo.aralk Ry Es&gpﬁsnéeﬁm@kg%@es% %egf;@ﬁ%ggfglg%gggne

the referencé beamis output fromthe analyzer, and’the

beamis recemeed by bha faheheel eGUHL GRS PAh Al MY ¥¥n splitter
positional information of alignnent system stage ASTI in the Y-axis

di rection wi t49f,i xed anmesour 0¥t Seran MBX adres rgfiereatarn S peariritzation
main 25 controller 50. As is previously described, because beans BMa
and BM2b ar e coawiensenif inpilattofd ol dens egepmtdtrad @igard. in t he
Z-axis direction, main controller 50 detects not only the positional
information of ali gRREnt MEPSUERNETEgESATTMBX reflected off the above

15 separating plane passes through A/4 plate 49c and is converted
into a circular polarized light, and then is reflected by fixed
mirreor 70X.

The measurement beam reflected off fixed mirror 70X
passes through A/4 plate 49c again and is converted to P

20 polarization, and then passes through the above separating
plane and is folded back at corner cube mirror 49b. Then,
measurement beam MBX that has been folded back passes through
the above separating plane and A/4 plate 49c and becomes a
circular polarized 1ight, 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 S 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.



(alignment system ALGL) in the Y-axis direction but also the 37
rotational information in the Oz direction (yawi ng anount) and the
rotational information in the Ox direction (pitching anount) fromthe
positional information in the Y-axis direction which is respectively
obtained fromthe four beans. 5Referring ®hck to FIG 3, although
alignment system stage AST2 that noves the other alignment system
ALK is sym"retric,rﬂali ent system stage AST2 has a confjguration
simlar to alignne eaég’& st IRERTENG: Fect § iR 2 dYhment

i e. 142 ble in the Y-axi
Sysiem st ese Aoliol gl piss 1hce A A0E LR TUER D0 R LESCLEH S prane
1 i drj Ln,t Y-axi s
T oeti on by BA9s tdfrouan 1/4 pbatied8aldnd SoCELNER R 08 J G ax

fixed to frampldriRandgatY-wdsh revwers 148 4d ved fi E:afleést%ﬁesmfkce

section of Y stage 142, and X stage 140 is driven in the X-axis

directi onSandf atiatrcnad 3¢, dinyethdm the Fglth recdd 0 drauPin/OfpPate
linear motors XLM3 and XLMA that includes a pair of X-axis stators
152A and 1528 Sthasainciyithadi Habediorest doiF Pelanicabi@n axdakbsreflected
direction, fixed to the lower surface (the -Z side surface) of Y

stage 142, affLtpaiaPdte xeReratHpyersneand dh¢rbaBolidedaek eheamer
sections of t age 140 the, -Y side d +Y side. In X Iinear notor
XLM4, a voi céu}oel Rk a&%g STy HAC RS SPR %%t dGe Bpen folded
previ ously desgn bed,, 50 &5 ddalg 2 Plage 0 S P& S8l Y e d Tng
the Y-axis direction.

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
mirror 74a and the first bending mirror section 72 and then
passes through the analyzer of the detectionunit 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
photoelectric 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



Alignment system AL& is an alignnment system by the imge 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 opiical nenbers that
constitute an alignnment systeminterferoneter system 169 (shown only
in FIG 6) are placed. S5Al though alignnent systeminterferoneter
system 169 i sii Blen bpigrerddit Siymeeiiomt erd el onptamowyst efrdéoche

has a configuration and functions simlar to aljgnpent system, ,
 nterf or onet TOSy ST M B9 1 PRI DY, 11 N Gickas F 55 Hat BSGH 160 pghich is

om tted, how&gp%#ﬁﬁve%}zt%émé&d%s%rﬁ @?QS'P{’O kﬁg%mg?cti on 10 168,

and various optic rs arrange 5t age ahd Y stage 142.

I nterferoneter Systcg\%ﬂ&& ofnitthe senbediprat pancdet getinRes! "?59[‘@;‘@ 75b,

information in the axis and Y-axis directions, and rotationa

informati 6n iand hen@indOnirabedsCOzsdideetrisensaefialdrgnreehisyskemnn FIG.
stage AST2 (alignnment system 15 AL&), with fixed mrror 70X (the
reflection srface on the -X side) and a fixed mirror 70Y2 (the
reflection surface on the -Y sid%) arranged in body BD serving as a
ref erence. | FRtHeadnbedPaentSa baskupe arforher BSI benl bBS2 speritter
each supported by frapne FR via vibration isolation nechanisnms 162, 20

however, for it e/ & A R karpanged 41 dhorride Fuurceswt ace

b | at. I i brati i_,sol at i hanj 162, b,
bl 2t {or o BOP Lt Tt B Py LB 4 R Bun £ it bR Oear EHeFLE bt ror
the embogp ”Efﬁl’b,a'alrﬂi‘@’}ﬁilﬁé’éé TRy .ALgkit%’&ghlA'm%%Lb%’}d 734296 MY 190

are arranged in franme FR however, 2 e case exposure appar at us

100 enpl oys the LONHGULALQR A I1SYRRAY 5iRg BrRD@C%iQEeuﬁéé £¥£%%§§F in

suspension with respect to the mainfrane as is previously descr
for exanpl e, padliagnimvetti y dcen®d AIGK v AR andi stages ) tarkb® Galvror

be supported szyd suspension integrally with projection unit PU,
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 BM2a reflected off half mirror
51lb and & 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 component
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 into a circular polarized light, and then after the light is
reflected by fixed mirror 70Y1, the light passes through A/4
plate 5lc again and is converted to S polarization and is

refiected off the above separating plane and mirror 51d. Then

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



39 or alignment 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 wisth alignment systens ALGL
and AL&2. Furthernore, alignnment systens ALGL andAL& and the nozzle
unit previously described can be arranged in the sane neasurenent

frame, or in 3Rl aVeshess drdfem Firsivd.an 0P 1G T igach diehd blagsk then
di f th i fj ti f | tem i .
oy alue 108 o R b ik ek ThH CusSH B T O R s ne
o of % CPU (G5 R BSe i LI PIAGR (R hI SO Lo 2
(Random 15 AgeAssMemmry) . ARd 48 |dde AN It dRitNY LRIROSRG ot ing

main controller 50, which serves as a control unit that control's the

overal | oper ahia@r &fis ke refid 58 ARRRA aldiirns to edor AR Ise@ioh 68
paral | el processing operation using wafer stage WST and neasur enent
stage MST i nveepdde eecappar &dersiiz@y 100G mfr tdeetenbodidreint Riat has t he
arrangenent descri bed above will be described, referring to FIGS. 7A
to 11. Each sectioMeepehitles Ghaerefhecnont poimofhammireedmarpltedl st ed
however, in order to avoid conplicatiqon in the description, details

therein will B¢ bhftFeAVBtHRAIHa Wi NTed 8sEaF Yo CRer tHeh PoB rdddtagn
Lhe operal) on gl g sTRLD 89011 EL e 50 SOILT 13 beeSUPLY. 9REI 2. 20,
oo, o {18 | BURE SL0EL 0 AFSALOHES L ROk ALATS R BERLEEH 79, 7ne
formed. 40 Ruifh@hcd Beahel atdpiRelween 3nceorditatia Systemmd 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
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
cf 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 BM2b that has passed through
half mirror 51b i1s 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 reflected off the
separating plane.

The measurement beam that has passed through

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



alignment systeminterferoneter systens 69 and 169 for neasuring the
position of alignnment systens ALGL and AL&G2 and a coordi nate system

of interferoneter system 118 for neasuring 5 the position of wafer
stage WST is to be neasured in advance using, for exanple, reference
marks or the |ike on nmeasurenment stage M3l Mre specifically, the
relation (in other words, the position of the detection center of

al i gnment systems ALGL and ALG2 on the coordinate system of

i nterferonet @N&yist FRAMEMIS) jnta ¢ bel wbila hab urd vy tHealdet evtd drhen
of the reference marks_on neasurenent stage MST by alignnent systens
ALGL and ALGERIRIs&dSoniOhE pBsTeTbRCHd A drmert MdyseendO AL cithpd 1ght
AL&2 obtained b in%grfergﬁ} er S\t/stems 69 and 169 and the paosition
of measur eneMm®EtHye B di REATBYANRBAF ¢t GRBVEFLEP i mPt arigatypn

t he enbodi ne } t i . fer i .
perfor ms*dI by@%%ﬁ%%ﬁl;gnbn%ﬁ Jﬁsﬁeﬂﬁ%%e gﬁ%@%ﬁ%%ﬁ %thde mrror
above rel gtiomgt h%%BOEhQBPef’?é@t&ﬁ%’éé&@é@&?é%}a%fﬁaéb glyﬁw@?h A4

al i gnnent shot data), and the neasurenent values o terferonete
systens 69, H%xteabdcki tRénRy tbarermedsurenedifuldiepbasel ag 1ight,
(the positional relation or the distance between the projection
position of tdnel ridteirclie patilecheldybpr 6ireti nhropti ¢aY1 sysdiom Rindrefter
the detection center of alignment systems ALGL and AL& ) of

al i gnment sydiheres theGlLight AeB2et sthvoweh doippérsée aRreany, immbrmEnted
controller 25 5Q is tq stare the baseline in nory, with the ,
basel i e bei g PRI A0 20 s pON CHETHPA Tt ESF BN BHe aPPgRRsRaTating
syst ens Gl ri t nmeasurenent. .In the baseline .
measur en‘g%t, pﬁlérzgléef\ghic%e%% S or C%haenqsili(egcud: $ el Y eet"’idglseectlon o8

| i &M h s
al i gnnent  systiemq¢ pot, -shown), and siea grﬁ%@ec%%gsewlnghﬁfﬁﬁﬁs%d on

41 are disclosed in, for exanple, Kokai apanese Paten nexam ne
Appl i cation Publiircaticon)s No. 7-176468 (and the corresponding U. S

Pat ent No. 5,646,413) and the like. FIG 7A shows the state of stage
unit 150 when the wahemwhi len whiercficagedAbhdam eedhanged aifft he

| oadi ng position previously described. At this point, the position of
waf er stage WeLars zaddsuy bdapyspd i titer S@eoneterng4 apgny¥or head section

interferoneter 16. However, wafer_stage WST is in a state exposed to
only onelbeah®¥1z Ad HERF HEaFEN6E 7 Y0 PRECF I FeReDER I ie] MEGF PRaect ion

duri h f h : . MBT i I d di I
under pr o) ecton SPEIHE SYEGRF AL 1 heYShAC0! Sl Brae LY ShE The
vari ous measy.enEn! 5 SHEN, 5,851 Al LIRGS: JEASUL ST

.. fraqn
aberrati on neasurenen e ‘are appropr eﬂfrﬁ\gz%f\%roﬁlgd%nd 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 information
of alignment system stage AST1 in the Y-axis direction with
fixed mirror 70Y1 serving as a reference 1s sent to main
25 controller 50. As ispreviously described, 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 ALGl) in the Y-axis direction but also the



15When wafer Won wafer stage WST is exchanged by a wafer exchange
mechani sm (not shown) fromthis state, wafer stage WST noves in the
+X direction. During this novenent, because the two beans of Y
interferoneter 16 begin to irradiate wafer stage WST, interferoneter
conbi nati on (nmaking the two 20 neasurenerdg? val ues of Y interferoneter
16 correspond) is perforned. Then, wafer stage WST noves
further in the +X direction, and at the point where wafer stage WST

i s positioneddatimmalosiniomattiom im HeGOz7RlIiredtiiast devwdbetd @mount)
operation of the 25 alignpent _narks formed on wafer Wis perforned.

In this case, s ths §AGAALPRAEI Brfaumapherhin $he B aphe e dlat O W AHe 9

speed of waf Uil fge %/x\}ggn ' h.ep%sai Iisonda{f &G Qe b hien ftlt}{eStY—, @Cll s
det ecti on operatil o ( € secti1on shown as , war er stage I'S

stationary (gpeetQon dRdcal{9 Q%ﬁ%qgsobégiﬁ‘égjfla&ﬁi t’ﬁ'eel?o?f%ea s.

al so positioned at predeterm ned positions and are stationary (spee
0). Accordingly, aridfiestriset mefcraldcgnrment Irarks nghafarn gchitSelystem
wi thin each of the detection areas of alignment systens ALGL and

AL&X, and basethgen ETosiltdomadvdanfidraradtitonr ofl Mafresntstsaget MM RIG2 is
measured by interferoneters 16 and 24, positional information of

al i gnnent systveRetALG, anld garE hrenstivesd e ol iAgifiteitasysta@miiguration
interferoneter, systens 69 and 169, and the shift anmount of the

al i gnment  narKSV g th & deteran tord wsdrite rs st AL usi ng 10 al i gnment

systoms ALGL and A IS POFLA PO L 0L 10D, (415 COOLALPALE 1 e
o e SADSIIED: VSN PSSl alL ST, SRS AR R e A e
140 movable in the X-axis direction with respect to Y stage
142.
Y stage 142 isdriven in the Y-axisdirectionbya ¥ linear
motor YLM2 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 ¥ stage 142, and X stage 140 is driven in the X~axis direction
and rotationally driven in the 8z direction by a pair of X
linear motors XILM3 and XLM4 that includes a pair of X-axis
stators 152A and 15Z2B whose longitudinal direction is in the
20 X-axis direction, fixed to the lower surface (the -2 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 coil motor 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.



Next, at the point where the above first detection operation has been
conpl eted, wafer stage WST begins acceleration in the -Y direction.
Further, alignnment systens ALGL and AL& al so sinultaneously begin to
accelerate in the 20 -Y direction accelerating at a | evel smaller

t han wafer stage WST, while alignnment sysieem ALGL begins to nove in
the +X direction and alignment system ALG begins to nove in the -
direction. Then, at_the point where the speed of wafer stage WST and

each of alignnment FPREF A R LA rBednce 26 prdda auntae) of Y

| evel (around 600 ref er to FI 11 t he stage and the systens

each b((agl n o SO Sc mfr%}éri jt%r% ‘)dglﬁtmb? i b e s that
venent, th S e in the

)rz)axi s di rectl on e(e)a]cnn galon%fm:{? %ﬁ%t%ﬁs%%rfgp?&%a@ Sntneenrllt169

mar ks on waf e(sﬁ%h@ orfh_%/ 83_r§05'jc9 b@) e Wihidy the detection areas of
al i gnment systens ALGL ‘and AL&X2, as |s shown in FIG 8A. In the above

movenent , shecause trhehaecel @natghﬁan@fsy@af@ﬁ isttrge Mbhand akkgBiENts is
syst ens ALGL andAL& di ffer, the relative positional relation 5

bet ween waf ers Whrgeitk iat ,i @dﬂ@ﬂtﬂeﬂyslsmeﬁil_ﬁﬂltamdeéb@tem shet¥maxés has a
direction changes by a predeterm ned distance (the distance

cor r espondi N g irtelprs andl Mugctin sptrdniclonp dred Midrinartie seseen
shown in FIG, 7B. Then, after the constant novenent in the Y- aX| s 10

direction beditfiEr iGToRedteh &MY Rl mdRare oot difte Mntaret here will

dd h FI.G
second e SRR AL, S8 L g g corion

waf er stage Wk cqincides w !Iggwsaf @Es %detgarn}gq%ryzf m_tg{@ éLﬁgR and

and ALG2, the relative spee Zero. Accor

to perform nar krdekerd s on wdarrdiig @ s @@htlé’g‘%ia%h\éh@rﬂaé!@{xﬁént can
stage WST and alignnment systens ALGL and AL& are stationary.

Then, at the degientt wharie ifdres Is detiudntatient iion Openatd:ons hasd beelkis
conpl eted, alignnment systens ALGL and AL& begin
directions, and rotational information in the 6x, 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 serving as a reference,
In the embodiment, base platforms BS1l and BS2 were each
supported by frame FR via vibration isclation mechanisms 162,
20 however, for example, frame FR can be installed on the floor
surface {or on a base plate) via vibration isolation mechanisms
162, and base platforms BS1l and BSZ2 can simply be fixed to
frame FR. Further, in the embodiment, alignment systems ALGL
and ALG2 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

suppeorted by suspension integrally with projection unit PU,



20 decel eration, and after a predeterm ned period of time, wafer
stage WST begi ns decel eration. And then, at the point where wafer

st age WST and neasurenent stage MST are closest (or conme into
contact) as is shown in FIG 8B, the speed of wafer stage WBT is to
be zero. During the above decel eration, atd gnnment 25 system ALGL
noves in the +X direction while alignment system ALG noves in the -
direction, and alignnment systens ALGL and AL&G are each positiaoned so

that a third %taldfg“&qrﬁznﬁé’ﬁtt%r REGOnaNRAfEFCINVANY $E29R LRilG LRE can be
det ect f ALGL and ALG. Th t at
Whero vafer ASEE Rt THPRRAUT GhreAr St et A B ol

t at 1L.G .

of t LS”Z{anﬁ%%%’“n%‘ﬁ&*??&%@%f%@%%“%bﬁfg SO e et Rup i iane.
third detectim-opeF atdton & hag Eg@e 59@1%%nwﬁgtéﬁaﬂ9@céﬁaﬁm&ex

al i gnnment systens AUGL and AL& egin acceleration,” as in

interval betveestde 69 ragid m&swa@mataeﬁ@ﬁgwommdetrh@mﬁ@t frame
measur enent operation. In this case, wafer stage WST and neasur enent
stage MST areldmgentim ahiegynnerdi rectticomn iALGL sArad AMERr e Fuaftéreri®re,
stage WST and neasurenent stage MST are in contact (or in a state
where a subtlaeljcﬂl’é"%ﬁﬁﬁcéy‘i%eﬁﬁl%%l ReE) Al hand she roesicerpht mrejeously

MST is al so accel erat t he sane accel erati on as wafer stage WST).
Further, al orfge%ﬁrtlﬁjet |C§" ﬁ?@r ACFEERICH LhnheRt SEPSRIRS AL RS Rh o Pt ©oF
are also slightl nthe +X .an X directions,

respectivel y%manayd d’]i% our as%rearﬁl?ng%rmﬁm%r ks on vvafer Wis set

(FIG 9A)pgwithin t ete r f
ALG2. Th)én at therz[g(ﬁj n{S g g‘?% ﬁaﬁg?c]és)td&%gx\%@%? anggﬁﬁe%ﬁrcgr?e%ﬁs}%a{:gleon

MBT) and eachyf dde @l | gpEeBh 15V 8keaBuLL Ghp¥h AR oh e Bht st Bhent .
20 speed, a fourth detection operation (the state EGM in FIG 11) of

t he al i gnmentTheardetiroperfaremedin ATD. i 6 tdicorchis rdkcauseidiey a
rel ati ve speed of wafer stage WST and al i gnnment systens ALGL and ALQ2
is zero, it i&pjﬂﬁiﬁqﬂ(aﬁq¥qﬁpmHuuﬁr (or workstation) made up of a CPU

(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
wafer 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. Each section
operates under the contrel 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 liquid
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.



al i gnnment under the same accuracy as when wafer stage WST and 25

al i gnment systens ALGL and ALG2 are stationary. Then, at the
point where the fourth detection operation has been conpl et ed,

al i gnnent systenms ALGL and AL& begi n decel eration, and then, wafer
stage WST (nmeasurenent stage MST) al so begi ns decel eration. During
this deceleration, 45 both the beans of X interferoneters 24 and 26
begin to irradi ate wafer stage WST, therefore, at the point where the

speed of wafer stad@tREFLandidl iTGHReiOrs PoitaRenaABGEodlimete soedme of

, interf t mbi.nat i, Ki th t 5 f
1 ke for omeY SR P ) S0 ol SO & o PR DR Th ) 2 <

shown in FI , j t 6 gg I i iguw-d i
del i vered og?gggh e?kL?gSQQ ,fgégﬁig?ggPﬁggé?%%gggp%éﬁ%%h?h§ﬁ¢§E?(%?d
wafer Wis sefcybififatbe AalachEah@iaas el 9peoh 19658 eAlGling
and AL&2. 10Then, at the point where the speed of wafer stage WST and
al i gnnment 5 sy sthempoAL Gl cand £ AléPe bectiie 2890 .1 satbi bé néled @€ddi 0h advance
operation (the state EGA5 in FIG 11) of the alignnment marks is
performed. | mstimg,maoneaxaigsiey,i bedeaboee,mdEs alri gmerdhitkensn ke a@urement
waf er Wcan be detected, using alignment 15 systens ALGL and ALG2.
Then, as is $ttéwe MATFI GloaeRrseificrcaskbHye tWETradaEs ono (1 heo Exgn siprgls
starting position for, performng exposure of the first shot area on
wafer W and %@ @%lbbgﬁtO%E]%%tfrﬁecmﬁ@ﬁFeﬁa%f BédATEGRY By 2bempALGL
during the ~ the . alignnent. rk 20.int .cent of wafer W
is to be de?%c%ggahgszi r?él éclffllleg r?é)rﬁélgggteel’?lyﬂ of}.e 1n%er%rerometer system
10 118) is to be obtained during the detection of the reference

marks on measurement stage MST by alignment systems ALGl and
ALGZ, based on the position of alignment systems ALGl and ALG?2
obtained by interferometer systems 69 and 169 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 ALGLl 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 ALG]1 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



When a total of 11 alignnment marks have been detected in the nanner
descri bed above, in the enbodi nrent, the EGA (Enhanced d obal
Alignnment) nethod is enployed as is disclosed 25 in, for exanple,
Kokai (Japanese Patent Unexam ned Application Publication) No.

61- 44429 (and the corresponding U S. Patesit No. 4,780,617), and nain
controller 50 perfornms a statistical calculation by the | east squares
nmet hod using the detection results of the alignnent_marks (the

coordinate A6 &AREIBIEAN br thog TR H M SRR S Rasteny

i f t t, 8 dth i t. ti

of the shot ST IR dER A e oot oor ol et Sestor Lot e
t of (i ngg:]ﬁ?] ,a h h

ﬁaP?; oﬁ tglle%-cglgel e o0 Irﬁ?}e'rs Waégt%ég{tsﬁ\g)#' Zsr’:%s)é’surjﬁg(s:aféé g@?%?ﬂe'

exposure processi ngrren YAfSoW tARdst By eV isRg jeefi £+ sStagenWET  haseter
on the arrangenent coordi nates that have been conputed, exposure

oper ati on5carrbevgieydf armsk arshald efcHdreyed & dtheon owfeig Wodie 1du s
case, 10 the exposure is performed by the step-and-scan nethod as in

t he conventi eraEvieysdsurcdesciidest.or 8F dkfai beithereha pwdithen of wafer
omtted. Then, during the exposure operation of half of the -Y
side, alignmstedtaMes of mEFswied Ry #Y Hitkr {armendtrier2hand U5 of

waf er Ware detected while ing alignnment systens ALGL and AL&
simlar to tHEFSLEIPS G gg%vegof"’ﬁv Firs We4&¢, stagce¥apls, 18 ghetate

[ whi_l f .
on hait of CrReEcY 58 PILIGHTE B Srneed e N SuRug T e on B i e
i nf or mat{gn @%Qorﬁw@her%gﬁ% ghe%f&eeghhgﬂgg%ﬂd&%ﬁé}?& sPBYE MsT

been detected, main contr conputes t r angement

information afs }ﬁmgcéaqiilaé@@py e deal brofetheon ot iden 1 khatkaver, halddag
of wafer Wby the EGA nethod. Then, at the point where exposure of

the shot areas enf2¥ babheofisTheand sidtohasndeenreospteteith as aerial
alignnment by the EGA nethod (conputation of the arrangenent
i nformati on émageenrshsurgmeas) whveligoshoabaresation hedsupémehe and the

side is also _conplete, therefore, after_all the exposure operations
of the shot aid&sad® RRAF G A ey RafOm8A been conpl eted, the

X r
EXPOSUTE, ¢ 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 Y 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 directicn,
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 EGAl),

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



47 operation of the shot areas on half of the +Y side is to begin.
At the point where exposure of the entire wafer Whas been conpl eted
in the manner descri bed above, wafer stage WST noves to | oadi ng
position WEP previously described, and 5 foll ow ng the novenent of
waf er stage WST, neasurenent stage MST nazes and liquid Lg is passed
on to measurement stage MST. Then, wafer exchange is perfornmed, and
before wafer stage WST_on which a wafer that is to undergo the next
exposure processi AgY QL%U‘H%@]T%%P?ﬁé§lt?§\ﬂdn@ttl%r?%%t%§+@¢%rpwns
in FIG 7B, 10 I| nnent, systenms, ALGL dAL return.to the,initial
posi tion showr{lcla TTEC%C}/ pEH ST aq}r 0cESEPAGE9 e e AndAt VmfEr. of
As is descri . o} e

. %qquﬁﬁgg Rl 30 wa ROLEIRQ Lochie Ja&f%ge@iggge[%b;c

whil e wafer sta noves romt e |l oading position

shown in Fl GaréR)s ter tdne S¥ROSUTS, shbensd qﬂ(ﬁc;marppsaﬁ@pn ddde, pasi tdpn
shown in FIG 10A), a part of alignnent systens ALGL and ALG2 are
moved ands mandession drizel waffeyrnartel dteted tedf e 1 Sd gyl g merd s ueesd. a5
ALGL and AL&K2. Therefore, tine for mark detection does not have to be
arranged sepdmdtssifie fomaheartse Ifoweererit4 t ipves iof i avedf lerirstage B faom
the 20 | oading position to the exEosure starting position, as in the

convent i onal N\fs SYAEEBEIRRGLyand FE.GY meassges by 4 bronpent system
exposure proce Si of the wafer n. be reduced, d t he 't hr oughput
of "the entire R o R T Shigite atount of

al i gnment  mar %% g%@g& g%aﬁgEEQ f@gﬁyéh a%%%%%%ﬁ“% gﬁeﬁr%ﬁﬁ%ﬁEﬁg %ﬁ%ng

conventi onal “appara ore, ali gnrrent

be perfo;[@red,al\/_&[@nq[{é thg)g% %pﬂigﬂeaha RE @erﬁl% Rk V’é A1 Qhror ation

preci sion. according to t e first e I ment, nar

on the wafer @me @@b&@tleﬁltlenvamb@t)eo\ﬂheh@ at rkeasét a@@ratllcgnment marks
al i gnnment 48 systems ALGL and AL& follow wafer stage WBT (a state

wher e the relaatd wadpetaaftdche detection areas previously described
and the marks is substantially zero). Therefore, the marks can be
det ect ed wi t h goodSgegeinsiadnongiend tisdngl ispareit adyigraesit marks can be

performed prior to the first detection operation of the
15 alignment marks.

Next, at the pcint where the above first detection
coperation has been completed, wafer stage WST begins
acceleration in the -Y direction. Further, alignment systems
ALGL and ALGZ 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 ALGZ2 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 begin 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



5 even while wafer stage WST is noving. Accordingly, the detection
time of the marks can be reduced w thout degrading the detection
accuracy of the marks, which nakes it possible to inprove the

t hroughput of the entire exposure process. Further, in the first
enbodi ment, alignnment marks on the 10 waf& are detected using two

al i gnment systens, ALGL andAL&X2, therefore, nore marks can be
detected within a_predeterm ned period of tinme conpared_with the case

when only onéHi9 JAnRRS S ¥LER PSR 8§t Rt tRe? ek AThal L pprent SYShtems
nbodi t, i t t AL 15 L ar ed_also in the

)e(- ag i !smélnr ec_taljl‘ ﬂoc%f.a e%%%%f ga,rrs?s é\?e%%%ﬁar\l?\g‘f@r %%aggﬁenﬁ}%ge JHINPRHRE

the Y-axis diggolian, 10 bl iary; 3 '&Pmeﬂ?%%iﬁcﬁfdaﬁﬂeéffgnment

waf er can be detected. Accordingly, even in't en t

novement of tdestaiLarst aged and2tdier @+ gaRBNe 0RerA heB1i &K 8nAeIfOrdethn
at 20 the sane tine, the novenent of the wafer stage does not have to

be restri bt echetween wdieit heragnd mlimnddntsts et Ml ald oeEntin the
systens ALGL and AL&G nove with the | ower surface of base platforns
BS1 and BS2 sSerariry dsrectriefrerdruegs dne,a wiede teoningpotishibye 26the
frame FR separated vibrati onw se from body BD. Accordi ngl y, this can
keep the vi brtiTGRRUECES SEROTFEVENBAtADATES et Gy dLenshep GrmaRFed
ALK from af f ect,i t he expgsure ac cy,_ Meanwhi |l e, because fi xed
mrrors 70X, ncq%d:aﬁﬁzﬁ'b%ﬁri ﬁﬁcﬁg tBe interferometer system

ol reases L giRoNe il SLAVRY S LI A3 e
ALG canipe dghectiadbibblhiRedy: BR sefrd REnasnai hEfelLRSRst bRt iR rement,
above first enbodi nent, a tofal of 19 alignnent
a second detection operation {(the state EGAZ in FIG. 11) of
the alignment marks is performed. In this case, because the
speed of wafer stage WST coincides with the speed of alignment
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
systems ALGl and ALGZ2 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
into contact) as is shown in FIG. 8B, the speed of wafer stage
WST is to be zero. During the above deceleration, alignment

25 system ALG]l moves in the +X direction while alignment system
ALGZ moves in the -X direction, and alignment systems ALGL
and ALGZ 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 ALGZ2. Then, in a state where wafer stage WST



5 marks are detected. The present invention, however, is not limted
to this, and 20 or nore alignnent marks, or 18 or |ess alignnment

mar ks can be detected. Especially when exposure of half of the -Y
side on wafer Wis being performed, substantially all the alignnent
mar ks of half of the +Y side on wafer WcEh 10 be detected by the
novenent of alignment systenms ALGL andAL&X2, therefore, even if the

nunber of aJiéﬁﬁf%%}iﬁyé:%.EP%EI%E?A&%lbgﬁgfﬁﬁaﬁegrgs {g%rggged, %éﬁﬂird

does not affec roughput™. 8 8bove Fr¥stenboui

as al FgNTent ysd &M ] 255 MY {0 6kind N6: 001G LA OGS Lhe SFece

shown in FIG 3 was 15 enpl oyed, however, the present 1nvention iIs

not Iinited141£gﬂﬁhngﬂmhgkgx&giﬁg&ﬁﬁfﬁgﬁpan be enpl oyed where the
stage unit is equipped with one Y stage that noves in the Y-axis

direction and two Xistrages thatpahve wherddheh¥ aki sddideeett don adpation
the Y stage. The point is, as long as at least a part of alignment 20
syst ens ARGI haribarGX ol ¢ e di et ewos tisge HI5E ded edticomearteagsaens ALGL
t wo- di nensi onal | y _novabl e, then _variqus configurations can_be

enpl oyed. FurdterilGa Perid naBeFe LEredt o8nbadi fenthet Het posit i kAt eicn Hae

hot f..half of the -Y sid waf d 25
The posi 11 ondit 1t SFART GBI (TR GBoVE: Pl S G ok D D
bef t he beginnj.ng, .of t i Qn, i L f
Che shol ar ca® BT RATT of 't AL EY rde SR et o “HPwals e aPauTEd Daoag

the positionaltddqd asmed+orafdhhen ahveyel Gl @l dYnEN s Ik here wafer
detected after the begi nning of

1C stage WST and measurement stage MST are in contact (or in a
state where a subtle distance is maintained) (that is,
measurement stage MST is alsoc accelerated by the same
acceleration as wafer stage WST). Further, along with this
operation, alignment systems ALGLl 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 ALGZ2., Then, at
the point where wafer stage WST (and measurement stage MST)
and each of the alignment systems ALGl and ALGZ reach the same

20 speed, a fourth detection operation (the state EGA4 in FIG.
11) of the alignment marks is performed. Also in this case,
because the relative speed of wafer stage WST and alignment
systems ALGl and ALG2Z 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 ALG2 begin
deceleration, and then, wafer stage WST (measurement stage

MST} also begins deceleration. During this deceleration,



50 the exposure operation. However, for exanple, the position of the
shot areas of half of the +Y side on wafer Wcan be conputed al so
using the positional information of at |east one of the alignnent
mar ks detected before the beginning of 5 the exposure operation.
Furthernore, in the above first enbodi mer>, the position of the shot
areas of half of the -Y side on wafer Wwas conputed using only the
positional inf I f I ete before .the ..
%cﬁrhn&tlé %%a%s ctn??( %%%ﬁf@g@%ﬁg 2q ar%c:i;%%g)xe% Jé,g 16:fr%[dﬁéate

begi nni ng of the exposure opér VEer,

shot areas of, @l f RhaghGsTY shdecepwaf gt Werggandipoetdefhaleced of

areas fromthe second shot area onward, the position can be conputed
al so usi ng t ke RAsiddaepasmiardratigmmeh s ystrsts ans@ldrghmery mRidome
detected after the begi nning of the exposure operation. In this case,
in 15 diff er estrcshdintare@s: dredra it leongeicetd sh ofmadeiesy drhwamea duhreement
nunber of positional information of the alignment marks detected

af ter thed>begiadniasgobi e ekpbougeevprlaan®R SusEl farorsbnpatiary arved.
position can be different. For exanple, the position fromthe second
shot area ond&l™dFedn B dempltd Wi IFE D0 Hhe PHSING dha dedorawation

oper at on |15 RGHIHE I T St 6o N bOSTER o o1 H1 o7 et 1At O 1 gn
| i K- d - begi.ppi ; s
operaty on. Tho AGcrT Fon SF ANt PR EnaE Arcad S1halT oF The b imsTe

25 on waf er Wedees iRl hawe (o he epmuted pafale A hegl miigw of

t he exposure operation, and the exposure operation can begin at the

poi nt whepe at | eaghehheaposhki point theréitisé sShoid asfardBsr kaele WST
conput ed. Further, the nunber of shot areas whose position is

conput ed bef emngl e doegirrnisws tefmst 74.G3x poslrrd.GS bayperaatgean ,ared fiileh
nunber of shot areas whose position is conputed after the beginning

of the expos@e&espdcat iCRerddeemottifaviEate FEA e sdmks - dnld fadr the
exanpl e, the nunber of shot areas whose position is conﬁut ed. before

the begi nni n§G0PFREETRX FBsHF £SFHEFEE on CAF e TREES T FRFCT HREH Ghpde -

of shot areas whose position.is co t af ter e beqj nni ng of. .t he
exposure opefcaetni %J?ﬁgrlq%e?%imsa rcka'ls’scen,1 wn%gaﬁ: 6 na}:r) éit evhﬁ C%eﬁ*leualbo%@ lfligrng'tent

enbodi meni, rss%%t' eg ke %q{g)qlf@f alignnment marks that are to be

det ected befo egi'nni ng of the exposure operation
Then, as is shown in FIG. 104, 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
(Enhanced Globkal Alignment) method is employed as is disclosed

25 in, for example, Kokal (Japanese Patent Unexamined
Application Publication) No. 61-44429 (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 resulits of the alignment marks (the coordinate



10 can inprove the throughput. Furthernore, in the detection
operation of the alignment marks before the begi nning of the exposure
operation, wafer stage WST can be noved not only in the Y-axis
direction but also in the X-axis direction. The present invention is
not limted to the sequence 15 described 4, the above first

enbodi ment, and for exanple, a sequence |like the one described in a

second enbodi oW C e el oy - §g§?qu i .mrent
Next, a secon g}rﬁ)sggglnngnr} %ﬁiﬁo%lesentrq%&ﬁrgaetﬁi%l Wi Tl g%cgddﬁe
described. The,«cHd WBHAtd 0N At 41 18P OHH & AP REL Al dife AN A D8y dride
in the second enbodinment is simlar to the configuration in the above

first enmbodi neiHorratd ANlof the dabechiessseguensempitdherad ignr@ifement
mar ks on wafer stage WST is different. Therefore, in the description

bel ow, in orderr2bnag ey aiédomdanpaerpbéinainonse dritwodiment, half of
reference nunerals will be used for the sections that are the sane as

the firstlentdd et rradoudihe derey bed DHamd tthe das @ldidst iagh wafer W)
t hereabout will be omtted. Simlar to the first enbodinment, FIG 12A

shows a st at &NSSNedd it SHRIGF ot Hie SXRARULSF BAGHARMI miy pater
is perfornmed (corresponding.to Fl 7B in t f.irst . enbadi ment)..

Vhen the. et der i BREGBPnSPLRG, Tefhr Gt afe giRE A S RO (i Higamgenent

oL oy 2", SESIE TS SO S oS T IS0 St con
are in a statjeopar¥oshatiedn mafebrstpge-WBE @ndnakd garent systed® case,
ALGL and AL& begin to nove in the +Y direction. At this point,
al i gnmenl 0 sy siheime xploGh rand sAbE2 fat-sedbegi bhi Os teyeand-§ ben Xneixisd as in
direction. the conventional exposure. Therefore, details therein will
be omitted.
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 W are detected while moving alignment systems ALG1
and ALGZ similar te the description above. In this case, for
example, eight alignment marks are to be detected while
exposure of the shot areas on half of the -Y side is being
performed. Then using the positional information (coordinate
20 values} 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) cof 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



10Then, after wafer Whas been noved in the Y-axis direction for a

di stance longer than the first enbodinment (and is also in a constant
novenent state), detection of a second set of alignnent marks (a
second detection operation) is performed, as is shown in FIG 12B. As
is shown in FIG 12B, 15 it can be seen t¥at the distance in the
Y-axis direction between the second set of alignnment marks and the

FLrst set of JId.anTa oBacks dis et W dsl Chan.tie.J LSt erad gapt,

(FIG 8A). e Secon et’eéction opera

conpl eted, wafer stage WSE-and ahbgBNERbosYSLERE ACle a0l AL -DLG) has
20 deceleration as in the first enbodi nent, while alignnent systens

ALGL and ALGheairsechegiel etioi it hAnhke Xe st Shad B iOnwaFeenstide ST
state where wafer stage WST and neasurenent stage MST are in contact
(or cl osest) mwrass tshowadimd-lg@&s iH3ign iR rostage: BT deoondsed, and
stationary. In this state, alignnent 25 systens ALGL and AL& are

al so st atgoné%l%@%éﬁ’@cﬂpﬁﬁm@ﬂtaof Walesetage WPT grimemtunerkst (rage
third detection operation). is perfornmed using alignnment systens ALGL

and ALGo. MO MORgR, Snfldri FHE LRI 1T PASOEE: PBIT DFEFALFGRERS Stage HST.
l et ed, | i )_ of waf T, ali

cyorens. 53 ATGT aha  AECRaNInc S PrEBEIPR, et FANE S IPEET Dtage HST

embodi ment. adyal b heypelntnghere Rlete 31 age AL alhgonent, syl

ALGL and AL& npove into a constant novenen a pre ermn pee ,g

detection of ia heuntRasetin9bnaki G6FERY TEIMSE RshieUihhshodat estion, 78,
operation) is perforned as is showmn in FIG 136. And, after the

fourth dedectdldymeertakystens KB hataalc2leeelehat b @heof nivaf €1 HmisAigs on
WST, alignnent systens ALGL and AL& and the like is perforned and at
t he point whetwwhénspd€d 7B, and perform processing 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. 7A) 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 ALG2.
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 exposure 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



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 positioned®l5 substantially in the
center of wafer Wis to be detected using alignnment system ALG2.

As is descri vﬁégr/%%ﬁ %?\%B%AE%ZDQEEFLE&}”\%?%%;E1&?%%&g@%’ﬁgg}a MRArKS, 38 re

detected whi l stage noves from wa ge position

to the exposunf sbakth9g R bembn28ePBERI BRI BEep0oR8T { Ad R 1@ bed
statistical calculation on the detection results of the 11 alignnent

mar ks, and peirfdri® alirgamest shysthatEGALretBod) (t httetSfo£O ML Iarks
the arrangenent information of all the shot areas that are to be
exposed on t hemmwaéaR)te 2BAf v eth geotdoy mais 1dre val ngrient | itheepx posuraas,
operation of wafer Wis perforned by the step-and-scan nethod, based

on the ab®ve ed9ynedte mesifn stage WSIaslg gnqieises i bégcaiseviagly, the
accordi ng toc%ye second .enbodi ment , ile wafer sta%e WET noves from

the | oading #0siM S0t hele &3%% 8Pt FRYUPDS| TH o uasiaarasiing
al i gnment Sy%&%a e%%%%i%%daé%ﬁ%%g&E%EQ§ﬁ%n%%‘ ?agggpﬁn?% 8?¥fé§§a§§f%1e

det ect ed usi ng alignment sys

embodi ment . Fhﬁﬁgﬁfﬁé%etﬂﬂgigﬂyb 19555“%ﬂ rbﬂﬁ%?% Qggggﬁ§%%§%ﬁébé§%.

arranged separatel’y fromthe novenent tine of wafer st _ rom
the | oading positi @mric®elt)ei @XPRSH £56teddddieheP@S] &1 Pnmast inhddteon the

conventional apparatus, which accordingly nmakes it possible to

i nprove 1be twwfeughpatdafedt aptngecwXpdlghecprosesisens, ALGL and ALG2,
therefore, more marks can be detected within a predetermined
period of time compared with the case when only one alignment
system is used.

Further, in the first embodiment, alignment systems ALG1

15 and ALG2 are moved also in the X-axis direction, therefore,
even when wafer stage WST moves only in the Y-axis direction,
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 ALG2 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%, 70Y1, and 70Y¥2

constituting the interferometer system that measures the



10l n the above second enbodi nent, the case has been described where
detection of 11 alignnent marks was perfornmed as an exanpl e, however,
the detection of the alignnent marks can be perforned on 10 or |ess
al i gnnent marks, or 12 or nore alignnent marks. 15In each of the
above enbodi nents, the operation of wafert®stage WST was suspended
during the first, third, fifth detection operation and the detection

operat i on of e d i cal LOTRALTRL DYy al AGDITENE] SYSLENAG 2 These

detection operations, howev can beé performe waf er st age

20 is novi ng.pddy B §i 885 &hdRRN 13308 £ VBT disnd O RE SRS R11 D84 ALG?
the speed in the X-axis and Y-axis directions does not becone zero at

the sane tingaramk deieoitian witd hoabdre sdrwildgren rerdsead, be
performed during this novenent. Further, in the case wafer stage WST
is nmoving at a condianhe2sbgpeelf ry amdridicidning sakpgairent kY stldmgment
ALGL and AL& in the order of, for exanple,

decel er at P onTgdeEe l2gcadicd R cdednst ARt Bpesdnt t Havert hen v gy e s onl oMot

waf er Wand detection areas of the alignnent systens in the Y-axis
direction isqa‘if%ge@d,tom?‘rﬁ%%r r?élé{eégi PL FHS Bﬁéggﬁeﬁérlﬁ%ﬁflﬁ?d&re& i Of GSs
a pluralit 5 of al.ignnent marks.on the wafer who osi tion

i Ptore |0 afiedndt BAYRE ol R gk hea ! et PR Shpgsuts of
above enbodi t j ; i ; at i j ;
e P

and AL& in the ¥nhaxhsighheatiRarvesod M I1FABE, thoweyefidd be PesétiWwian
of the detection areas of alignnent systens ALGL and AL& in the

Y- axi s dibdectieodietantbe kdi thementemdnt eaddl iofnmtdre: absvememiadi aratzg,G2,
t he case has been described where wafer stage WST noves al ong the
Y-axi s 10 di reéstriedimrehowyesr 1Lt hlee prugesnt dhwdngnornitsmaoks| thit exice o
this, and wafer stage WST can be noved in a direction intersectin
the X-axis amf PRESYIEd 55 1pCcIarsedasd dMRs BPILgAREAET sie &y put.

I % i ir Len inter in h - axi n h
$_ Zgi tsosget Egt e?her}é;’gg%d o%%t f:?rs e%r%osdel%}entq és eal):?.g%mesntasgs ex% stage

unit 160, the configuration as the one shown in FIG. 3 was
15 employed, however, the present invention is not limited to
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 along the
Y stage. The point is, as long as at least a part of alignment
20 systems ALGL and ALGZ, or in other words, the detection areas
are two-dimensionally movable, then wvarious configurations

can be emplovyed.
Further, in the above first embodiment, 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 detected before the beginning of the exposure operation,
and the position of 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 foll ow the novenent of wafer stage WST. Simlarly, wafer stage WST
can be noved only in the X-axis direction. In this case, it is
preferable to make the position of the detection area of a plurality
of alignnent systens in the Y-axis direction different. 20Further, in
each of the above enbodi nents, during the%etection operation of a
plurality of ali gnrrent mar ks, the detection areas of each of the

2l gnment sySterms pee Moxed, ngt A0l vubpethe Yeaxis itection Wieir ion

also in the axis directi wever i on areds

the 25 al i gnmant: i3y SR G4 P& MBEE £ &MY A wildd U?Pw\éf@&' ¥ can be

direction. In this case, by each of the alignnent systens,

plurality of cinipgient s ks WPSeep@uidiitdbrial tlhﬁ&ﬁ‘f@ﬁl%rﬂlo_rﬁ(étﬂ QRast
on the wafer is the same, or in other words, whose position is

different inco pft hbeYadxpgsmdnienbrba deeedetéchetbre Sthduwrddiemiy of
maki ng the detection areas of each of the alignnent systenms nove only
in the Y-axi $hé es@dsmre amedadriaskanpl e, maki ng waf er stage WST m)ve
not only in the Y-axis direction but also in the X-axis direction,

by arranging three '*SEtEeABPE Sal 1Y hREMRP R ELRET Etwddérﬁrﬁroﬁ %rP@/Sértlon
th b f t Kk det th be

arbi {“#ar 1y od h e P IR R RadF O he T hote M8t Horis W s Computed
Furth

ot T o o SRR ok ecROOKES CROUTRNIS ik LB oF 286 Ol AEHISIITAG o
waf er stage %Ee@it@cﬁ'ﬂmttﬁ%yfﬁ%n%@l @Qﬁ@%&%@}ﬁl@

const ant speed, however, wafer stage WST ‘and al i gnnent systens ALGL

and ALG2ZL@lo metweveggssaridyamale, (of oheesidt areensbdtabpesdiduringide
mark detection. That is, mark detection can be perfornmed during 15

t he accel er atinowaderdecekegratiiony the wafar astagef M8T tdredsakbgdnemtt area
systems ALGL and ALG2. The point is the relative speed between the

det ection ar @@@aéﬁrathgmt%ﬁéﬁ@%E@llpéﬁéd&@O szﬁangh*@h%wwmwal
has to be subst ntiall However t he case re during_t
Gotecti on of LT IS PRt troh e Senie LW oL Fie QP BECT o S ot e
the ali gnneng. s %tn%m ohIe rel atxl Ve srpeed bettvx%%n tEe g t%cy Qn area
and the mark dde haveht BEZero. rther i n-€ach 8f “fRe’ above

enmbodi meqnd s, dﬁ%%%f@%&? %%é@§ﬁgﬁg%tkm% Q@&ﬁﬁ&fgﬂmﬁy%ﬁ% Ofontfi&d, the

al i gnnent systens were rmve whi | ecting a
numpber of positional information of the alignment marks

detected after the beginning of the exposure operation used

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

position from the second shot area onward can be computed while

20 the positional informaticn 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 operation, and the exposure operation can begin

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



25 however, for exanple, depending on the detection nethod of the

al i gnment systens, the detection areas of at |east the alignnent
systens do not have to be noved during the mark detection

Furthernore, in each of the above enbodi nents, wafer stage WST can
only be stepped in the Y-axis direction 7 for detecting each of a
plurality of marks, w thout noving both wafer stage WST and the
detection ar eas t he 'qngf e i e i 0 Singl
mark. In this cé%%fi?hiﬁ#%er Eggaégéfﬁféﬁgﬁgqgfgﬁ%rs§é§134%%v%éé¥£§
whose positi Qi fidd s drnitheXnayh BndhEest PRe | Skl @ed &bAIS N PR es
alignment system the detection area of "the alignment system and/ or

waf er stage Wok ¢arwebeonp¥ethé nsdhe, XraKifprdekaablen dHei NE@BHL of shot
st eppi ng operation of wafer stage WST in the Y-axis direction.

Furt her nor e, ameagaeihosk pheiabouel enboghurent defwafeethéObsyagei G Toahe
noved along the Y-axis to the exposure starting position of the wafer
after bei g MRRSFEULE pReaRitdlonceR Phel setihars rt%m nhebesadf gpot areas
position, however, the novenent of wafer stage WST fromthe

th
| oadi ng posi &HFS BO%Eleszpio%&P@ggttéfﬂt%%E%&éﬁ?%ﬁ?%i%toﬂ FRe tepasgire
this. F I waf 15, st WET b d, al t h t hat
s i he_Shor OB A Birent i ST raTR1 G SGPIVG 60s Pt FBa- B aHiere First
Tt ToveTe! . .
The val or ¢ttt b lih theluhBes O SIFRinghbindBlaG Bt are

Further, the gmpksq@fedheg Waiiraehe ey eeh 8dy U Rlcad x9HsBAE Flration
systens ALGL and AL& during both the novenent fromthe | oading

positionlfo tdae expasive tHHardimohdqiqaid. oFuahtetrherexpasutacopertaticann
of the wafer in the above first enbodi nent, and during the novenent
from t he | oadipeyaiggin icdnthe @ hibgmrposurarlst datfiomg pbsi béoinnhnghef the
above second enbodi nent. However, 25 for exanple, the operation can
be enpl oyed WFOQSURe ORGrR tdeecRERTI Stpee b ek rofeymaliefinget renly in
exposure operatioqn of. the wafer. I n each of the aboyve

enmbodi ment s, A56E FHGTER frore a9 giherite Y& dreCHIRAL®

I's measured using %h@g%@%%%ntSanention 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 Second Embodiment
Next, a second embodiment of the present invention will

20 bedescribed. 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 sequence of the alignment marks on wafer stage WST
is different. Therefore, in the description below, in order

25 to avoid redundant explanations, 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. 12A shows a state



systeminterferoneter systens 69 and 169, and the rotational
information of alignment systens ALGL and AL&2 can be used on
exposure. In this case, for exanple, the positional information of
the marks can be detected based on the 5 positional information and
rotational information of alignnent syst ALGL and AL& and the
positional information of wafer W In each of the above

enbodi ment s, #k{é&%oecéﬁgegﬁiogeﬁg agﬁggéjﬁgs?eqh%earfi&ﬁrﬁ%x%%%rr%tsu%s_s ipse.\*:formed

equi pped wt al'irgnmen OWever e presen

invention is nofydddidiffh e ddisic anfh the SRpaFalds Gl Pe.&AW pped

wi th one alignnent systemor three or nore alignnent systens.

Further, in each ofihdietabodetenbodhnentine tfhe sdekeet o B @afeNEirks
noved by noving alignment systens ALGL and AL& using alignnent

syst em st ages(al 5iASTI dabelchEIR  odemmeehiern ) iiBstemadl et edrirc okl sedtaidHown
al i gnnment system stages ASTI and AST2, a nechanismthat optically
noves theddetlgcFion l@febsn ddiisheaseedalier stagFipflmnd alhgameht ofy titems
above enbodi nents, a separately placed frame FR was used, however
for exanpl e, p&%é‘ﬁ@e"f“l*grﬁs%r%é-%t Hbat LAR2BE SN ed WRITEH FEIPBNST @nd

t ASTI d AST2. Furt [ f. t b .
amhodi mont s, T TERIL 17 1R, AR b R b 7 GO Ay 1 h
ent s, T ES rited' Pl
wih o el or LrAn e oG SR BT TR e AR B TR B2

present inventlisN deyyitPled ifidedid HiE. a0 dioFe @il e, the
present invention can also be enployed in an exposure apparatus that

has a twid-stage typenst age ainivla,ferhivne hass et pRatdMirh dheo wahers
stages whose details are disclosed in, for exanple, Kokai (Japanese
Unexam ned Patigmtct izt Pabld dasitenreNoond®r 163@989he Kokasit ¢dlapaneset (and
Unexam ned Patent Publication) No. 10-214783 (the corresponding U.S.
Pat ent No. 6,159616%4}n Kotsms {Puibmosteamefafanéss (t flafsratponobfa second

I nternational Publication for Patent Applicati ong No. 52000-505958 .
(the cor respGiiti i B4 9TPTnmAE® 5 DGR detect for operation) is

performed, as is shown in FIG. 12B. As is shown in FIG. 12B,
15 it canbe seen that the distance in the Y-axis direction between
the second set of alignment marks and the first set of alignment
marks i1s set wider than the first embodiment (FIG. BA).
Then, when the second detection operation is completed,
wafer stage WST and alignment systems ALGl and ALGZ2 begin
20 deceleration as in the first embodiment, while alignment
systems ALGl and ALGZ also begin tomove in the X-axis direction.
Then, in a state where wafer stage WST and measurement stage
MST are in contact {(cor closest) as is shown in FIG. 13A, wafer
stage WST becomes stationary. In this state, alignment
25 systems ALGL and ALGZ are alsc statiocnary, 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 completed,

acceleration (movement) of wafer stage WST, alignment systems



U S Patent No. 6,208,407 and the like. In this case, in parallel with
t he exposure operation of the wafer on one of the wafer stages, mark
detection of the wafer can be perfornmed on the other wafer stage,
therefore, mark detection is not 10 limted to the case of sinply

movi ng the wafer stage in one direction, but can be perforned, for
exanpl e, by making the wafer stage nove back and forth along a

uni axi al diregtd-o n for A i g

move aiong & aers MHEReat R A Bl B T A I sRment,
uni axi al 15 difegtihe Jol richiBeF8SRF LY sTRYENESLAGH 19fhnihe 8l LgBREMLG1
systens and the wafer, the time froma state where a mark subject to
detection is atid hi.o2ther«lehectd ednbtehd eaineaid a8 apealie0brilifed speed,
alignnment systemuntil a state where a mark subject to the next

detecti on entdErt=dtherdeifect ifmuftilelsetofof hel 2fhmedntgmeents siestBmcan

be reduced. Accordingly, the nunber of marks that can be detected
within a pred&tEdhimed qraiadd of) tiswasarmed it das ediowihiigh Fidkes! 3B .
it possible to jnprove the exposure accuracy. In each of the above

enbodi nent s, 4 rordéek dtlfé“i nfﬁdqjﬁp Aphefs &Reg‘%arfolrﬁn is Icgﬁ%ﬁjcﬁtedf

. . AL ST m L

s on U a3, e Lilg slonly pezete anc, one )| LA e
ol ot he ‘iz B8 i ke Db e AUERS Lo o EhESTh 15ElE ths smss

like, 60 a gRdHY 2kiren) HBakchasnnBRys MOZZE S4B 8] EgRhONEnarks (a
Furthernore, liquid inmersion unit 132 can be a unit that has, for

exanpl e, 1@ necifan sktefctdloso obeldaitAgrtyhe sspae€obatess theshowesin FIG.
optical elenment and its neighboring optical elenent 5 with the

liquid. The @diPnt is that the configuration may be optional, as |ong
as the liquid can be supplied in the space between at |east the

| owest optical el eFBS/cBRSTI Hig ifid Pr SeéectdpropprEal ispst e map lated,
wafer W For e le, aliquid imrersion unit nmentioned in European
Pat ent 10 ApPiRiedt FEAIPUEFT GRS CRot e FIFSSH Ko SERPBLPGrECT Hpton Shown

panphl et of Hgéggpati Igkug%gh%ﬁﬁ%%%%§%9§0%4&9??%%%@F£gﬁn£§%mggé%tfghed

| nt er nat i onal ica t he "panp

| nter nat i?nalsu%&lénga{ﬁlﬁganggél&%%@o@ &ON £ ngen@i’éég‘ced using

Pat ent Application t1on 2006/ 0231206) and the 15 |1 ke can be

used. all eaeh tofsddembmae enbodi ments, pure water (water) was
used as the liquid; however, it is a matter of course that the

present invention s dat deismrtiedd abdvies. sAsideheHd quisd,timrdd @b d1
that is chemcally stable with a high transm ttance
alignment marks are detected while wafer stage WST moves from
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 EGA method (that is, computes the arrangement
information of all the shot areas that are to 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



20 to illumnation light IL and is safe to use, such as a
fluorine-containing inert liquid my be used. As such as a
fluorine-containing inert liquid, for exanple, Fluorinert (the brand
nane of 3M United States) can be used. The fluorine-containing inert
liquid is also excellent fromthe 25 poi m4 of cooling effect.
Further, as the liquid, a liquid that has a refractive index to

illum nation_|jight, |L, hi.gher than. the ref.ractive. index of _th ur e
wat ar (ref 1At o THER OEHEC L) O k1T B Rt LR i dment

used. As SUChAddfllifhot Un® XA &:d dbRaetafd et o Il thd hal=das,ce

a G H bond or "an 0-H 61 bond as in isopropano as a refractive
i ndex of aroundecbta Qbih Ll aeiit bgbYeRkiA®)1 ERatahas, asrief taetfiivest

i ndex of around 1.61, or a predetermned liquid (an organic sol vent)

| i ke hexane, dmptchnesntor deeardorer, teealfiar hattdedatyc onaphilkaheneave
that has a refractive index of around 1.60 can be given. O, the

li qui d cah bé&cabaiaanprwest sepprakehpric of thhasw graadet émgiafedafer stage
liquids, or the liquid can be pure water that has the above o
pr edet er mi ned™3T §6PR tafdteRr ¢ hr% 8PSl tHOn & LhRCARRHEE Sharé lnaRrasittd on,
whi ch base such.,as_1-1+, Cs, 10 K+, d -, SO42-, PO42- or the |like or ,
acid is addedY &PXB%? AT IR AR R &bkﬂ%aFFaaiﬂaﬂM pekes it
pure water t Js i 4 ] i e 1] r

(m xed). Suc qvglyci%lc?ga%éanl p&zonﬁém@#hme%%efgé 1%ﬂf;ll%eérﬂ gra%e%(&cgqﬁde
Further, as ddauid, it is preferable for the liquid to have a

smal | 15 light absorption coefficient, small tenperature dependence,

and to begstabl e agai rsle W GeeeindrmeRidieRintSy remdddie ep! iealn
menber on the tip), and/or the photosensitive nenber (or a protection
film(a topcassdiiogd whrranietedt eot icdnliid I gnmdhe mairke) wes gteadt comed
the surface of the wafer. Further, in 20 the case the F2 laser is

used as the lEsghn sBampés, HopweVar oi theme Use used odsthhea ¥ gionemie marks
containing |iquid. Further, in_each of the above enbodi nents,
the liquid tHKE" REsPBEEATIEE VR El CkaheBE F ELURBINT A st O $2cRdlore
it is preferatll.e to ac[)ran e afilter for renoving inpurities from?25
the liquid Wi P! %covered in the |i quid recovery unit, the

recovery, i pes or tﬂ%%gfée&hf EH%%@%@goiﬁgm%%%@ Ofnd %?e%c&\ﬁ_%n of wafer

enbodi ments, the case een descri bed ere_tﬁe exposure appar at’us
i s equi pped Wildyd s WhRlL Ju HEfhd MRS AN U tr 132 preyiQusl¥irtn

descri bed, however, the

detection operation and the detection operation of the 11%%
alignment mark by alignment system AGLZ. These detection
operations, however, can be performed while wafer stage WST

20 ig 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
alignment 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 ALGl 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 1t possible to perform detection of a plurality



62 exposure apparatus does not have to be equipped with a part of
liquid imersion unit 132 (e.g. liquid supply unit and/or liquid
recovery unit or the like), and these sections can be substituted by
the facilities of the factory or the like in 5 which the exposure
apparatus is installed. Further, in each ®f the above enbodi ments,
exposure apparatus equi pped with a projection optical systemwere

gi ven as eXamy &5 hMeNeLe LeaRr 800 IV RO H630: 380 bR 0B 1.0

to an exposure€ app does not  use a pro i on-op
system Even ki dichBer-cases I f rap-appar afyst t Hahof Q,esinn@&c%%% fhe above

projection optical system illumnation [ight Is irradiated on a

wafer via aneapiddiaerytbenrsughthe ded@nsiomRberati@n dfi tH@ESIiQMmment
area is formed in a space between the optical nmenber and the wafer
151 n each of narksgbole pardidadiorent $hetdret @aistomagsebeernt désgnmbet sweeregs
the present invention was applied to a |iquid exposure apparatus,
however, Phe A3iEdsent RhGenih dhg & watig daireed ivy wapsthampane, ihowgves,
possible to applgathe,present invention to an gﬁposure appar at us

ot her than tHe9 PEEiaion ekpdeuretspparatdseu@f 8d1opBrnéxarptens 161

dry type expqQsu aratus that .perf.or exposure of . fer w thout
goi ng throug ﬁ%gﬁ?ﬁl}glﬁr’d.%e tf]astn C%EC © hceanaﬁao ed r]’ﬁe‘nts,

the case has been descgrided shere the present invention \e% Vﬁaﬁ%lgbg)t en

to an 25 exposure apparatus that has a stage unit équipp

a wafer stageiWekidd aHEBas WamN sy M hohaeneing tihee presany

invention is not limted to this, and it is also possible to apply
the presedt idiventtiem,t boarvexposteepappanat usvequippeds tihdt hasiteed to

stage unit equi pped with a single
this, and wafer stage WST can be moved in a direction
intersecting the X-axis and the Y-axis. 1In this case, the
alignment systems are also to be moved in the direction
intersecting the X-axis and the Y-axis so that the systems

15 folliow the movement of wafer stage WST. Similarly, wafer
stage WST can be moved only in the X-axis direction. In this
case, it is preferable to make the position of the detecticn
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 also 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 1s the same, or in other words, whose

positionisdifferent inonly the Y-axis direction are detected.



63 wafer stage. In this case, because the sequence where wafer stage
WST and neasurenent stage MST nove in a state where the stages are
cl ose together is not required, wafer stage WST does not decel erate
bet ween EGA2 and EGAMA in FIG 11, and the 5 relative positional

rel ati on between wafer Wand alignnent syt ens ALGL and AL& can be
adjusted by the deceleration and accel eration of only alignnent

systems ALGL kej.rneg H:]} Zc%%cogic%rpgrgggvoef Sg'egddﬁﬂé%:lf frent

by m
case has been escrl’beg eroneters were uUsSeéd as “Sensor

for 10 nmeasurdng difie rRRS Wn@Y oh @hEODDERE 5SYSEenBi Ak Cla @i de AL Gramp e,
however, other sensors such as encoders or the |1 ke can be used.

Further, in twhacabpwe ferbedageniysT mdiee PR tnaRakni Aherywd + 05 Dfrddig on
reticle stage and the wafer stage was neasured using the

i nt er f er onet érutsssltsam i rh ey ef—axbes iddese 5 drhe amtier feermaretierg systsamor
for exanple, an encoder systemthat detects scales (diffraction

gr ati ngs) ° ar MRRFed o uFRKEt G f ddee afo3iHel atmfasrd mmdere arintern of
be used. In this case, the sensor can be a hybrid system_ equipped
with both an3ntEoRetér &9 Seerrhratan %%Baérfa%%tc@% bamFhittgagrily

20 preferablesto perf.arm %Iibrctiofgré{] t e neasyr e nt tresults of
t he encoder sfs e U] t1e SrEas T FEs (B THES

interferometer system. Ry there.,pRsL# QL %%%VeolemBBd&Engnﬁg?gfrelrcn%%se

performed using the interferoneter systemor the encoder sys

swi t chi ng t he s yehr&@ridnPYckSicRd oBobl the Barkst 6RfRL OBl ISY §ffer
and the encoder system In each of the above enbodi nents, the

case haslbeentdescridred awere dde Wkt isaag@f WwdE amaf erl \Wrswacs dtens
the height direction is neasured using surface shape detection unit
125 during t BéGioeenehlGafwehe mwafet gt agechsbantheperdl erhodver, wafer

exchange position to the exposure starting position. However, the
measur enent 396t WSTrianey ald arment &phang Slgos Al A e 0F ocal

osition detection system by the oblique method, as in the .
gonventional ' Tﬂaég to move at a ceonstant 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 ALGL
and ALGZ 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



5Further, the magnification of the projection optical systemin the
exposure apparatus in each of the above enbodinents is not limted to
a reduction system and the system nmay be either an equal magnifying
system or a nmagnifying system The projection optical systemis not
limted to a 10 refracting system and th¥ systemcan be either a
reflection systemor a catadioptric system and the projected inmage

can be either jnver.t. i I i . rthenmre.
exposure ar eaf% c\lﬁ%e@#% [ | : un?oé]aﬁairbp%ﬂ{%lgh Y iors?igr?arraﬁ ’at@? Vi ate Hhogl%g
pProj ection opddiGaka$¥st 80u4E T ARPXhE &AM SNidtet birechl &lid Rfment
projection optical systemincluding the optical axis, however, as iIs

di scl osed i n,syxferexaniplieg theepanphl 6f ofsirnyes RatranainPubl kcedd®dN in
W)2004/ 107011 (the corresponding U. S. Patent Application
2006/ 0121364 rdsmidhart opfiheaddtyablfedarikbi o tlyperafe oditopte iposition
system which has 20 an optical system (a reflection systemor a
def | exi ondsystidifiertshan thesX aapl siddlvieof ion Fetiederited Bavicaeas ardnment
forms an internedi ate i nage at, | east once arranged in a part of the
cat odi opt ri ¢ St BRe RTSETHED Ares Rgl e optigameRki St 2BLBE e T
area can be a off-wagﬂ' s area that does 11r}%t i nclude, 25 gptical axis

[

AX. FOTARE T 15 S T 9T ot “Hor 1HRSET T THe I e

exci mer | aser, 1%2:?52 : @g@ ujm ien_ | i ;

be an ul traviso %?gggggggs&?ﬁg%%f extci brglg:T {@és@? ge%!r(nigrgnléctci%'
(wavel engt h 248 nmpu@# Hidithdrieke irPle sV REUWRA AN rfoq i8R dightyafer
such as the F2 | aser beam (wavel ength 157 nm. As is disclosed in,

for exanpbe, dthweyepuasphlets nafvddtamnat theat- B iteathene MPIOIVE 46483 % ing
(the corresponding U.S. Patent No. 7,023,610), a harnonic wave may

al so be usedpesigiacwdntbewdfaviafetr [daimg eaed snoparahedl byith the
amplifying a _single-wavel ength |aser beamin the infrared or visible
range enitted i@ BrBrsEhe chrrilict®odsddeiotor hpgEr ), akbe MY ¢menrt path

fiber anplifier dgoped with, for_exanmple, erhium (or both erhium and
Vteeribim i TeBhOUrI TG IR ol CageRY ROOLEROH FoaublposuTe

light using %t%ﬁﬂkﬁﬂf%%s?@&%%ais%ﬂ%?&%kited.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 con the
wafer can be detected using alignment systems ALGL and ALGZ.
Further, the marks on the wafer were detected using alignment

20 systems ALGIl and ALGZ during both the movement from the loading
position to the exposure starting positicn 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



Further, in each of the above enbodi ments, it is a matter of course
that as illumnation light IL of the exposure apparatus the light is
not limted to a light that has a wavel ength of 100 nmor nore, and a

| i ght whose wavel ength 15 is |l ess than 100 nm can al so be used. For
exanple, in recent years, in order to expd¥se a pattern of 70 nm or
under, an EUV exposure apparatus is being devel oped that generates an
EWV (Extreme s#}stt{eﬁnlgl[t%t_& ! ol tte'rns&Q%ef%gf éﬂ’c?¥L6r9e,glarqa fe %o lonal
wavel engt h range o 0 15 n Using an SOR or” a pl'asna raser as

a |ight sourpﬁlma&%%&%ﬂigﬂér@&tgﬁé@%ﬂmﬁ%{@mﬁ@ S IMused
whi ch is designed based on the 'exposure wavel engt e.g. 13.5nm, an

a reflection drypethdmsds. | Nnt khS sapRaE3t ¥or ReGapIe,t ARSI U Qf
scanni ng exposure in which the mask and the wafer are synchronously
scanned usi ngiref aximraguilcar @25 tiHd uwmd et 1aEm den det eoonsd derssl] drhethe
present invention can also be suitably applied to the apparatus.

Besi des sbch rgpdriamnesl itrHoymatsian ant emtiani ol alsiodes @ppt ied to
an exposure apparatus that uses a charged particle beam such as an
el ectron bearfildddieitoRYpEERF Alge and ALGgprifdie PpalEaeRadfindprmation
above enbodi m?fnts th%{ case has been described where the present

i nvention was aﬁiﬁﬁeerd ‘0 a scanni ng type exposure apparatus by the

st ep- and-scan net had, g@%\ﬂe\é%.r ’téltée%ib%% te?r\%o%{lﬁ%rnactsus’tf}eh%a%ree%ea@ been
e applie c

i nvention can al so _ to a stati ype ex'p_osure apparat us
such as a steppRelri¥ed RBchikene RS Lt ud Ne %ﬁ%&%?%d‘QY@Ht%&E‘éﬁﬁbnment

al so be applied to an exposure apparatus by the Step-and-stitch

met hod that mBrgesnsy BbVévar ahantr8sshotinaeediohul & het, 1 it eathoathis,
t he above enbodi ments, a 10 transmittance type nmask (reticle) was

used, which ia1chtheanppiegsitve sabsbeateuippedichitla predetisgmmered system
l'ight shielding pattern (or a phase pattern or a |ight attenuation
pattern) is fGr ee| A5t Bage if L 1Mmmeasi s tnifeveFurideirs dnsesolerf the
in, for exanple, U S, Patent No. 6,778,257, an 15 el ectron mask (al so
cal led a var iS5% SRRPSHTWEHE, Thel dEFRGTEEP BXaRPI BSTE TNISY CrigiteHing

Mcromrror Vi ce i.C non-radiative imge, di
hie

; . I
devi ce (al SO Ferel r él&m?gsgg}n%_}g%%i ir‘%doé%??c E‘Ilr}ﬁ)agllgflglf)n,t SY‘Flr&SSpca%yes
l'ike) on whighm Lighgtsa etvt(fﬂgiﬂggégﬁnof% eblheshikan, Paf i ri%rhn(%rnt

an 20 em ssion pattern 1s fornmed according to electronic data o

pattern that dysteh BeagX¥BOBEH GalY ALSO, be résethnildh thatcase: 041 Bsimires
such a vari abl'e shaped nask, by taking into consideration the

det ecti on resiie sieofedtiemldgrnerdanmaykagudyvi ousl y descri bed, on
exposure of at |east one different
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 ASTZ2.
Further, in each of the above 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 WST and a measurement stage MST. Eowever, 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



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 electroni ®®ata 67 so that relative
position control of the wafer and the pattern i mage can be perforned.

Further, the%ﬁ§f§ﬂﬁﬁ§ﬂ§;§%;%&ﬁﬁ?ﬁ@ﬁfOKQEgﬁﬂﬁéégééééﬁﬁegé gﬁg&%atent

apparatus (lithograp at fdrns space p erns

on a wafer b r:m Nt erfer i { aj
YA NG 4t g1 erenees 44 Qgﬁéa&néﬁ%%%\géfﬂg vbet abl S0f no.

such an apparatus are disclosed in, for ex panphl et o

| nt er nati onalg,RBgy ,igaat)i 0k MO0 35 EEd REdhRId® i ard e s et

invention can also be applied 10 to an exposure apparatus that

synt hesi zes tIwd gretatclongiatiigrlnscadn drhef anafRert arita Adpe ipregjieat)i afo.

optical system and perfornms doubl e exposure of a shot area on the

waf er al mdst Z0RnS slthe easme ssemtiing lexpodiatentadia.s Mdi%d,dddd ,

in, for exanmple, Kohyo ubl i shed Ja_roanese transl ation of 15 ,

| nt er nat i onal’ -PuBlA ERY 3P G- 2%’ A3t it ilgie NoIn26b455£9850 in

(the correspondi .S, Patent No. 6,611, 316). | opg as the

et onal | awg AN IgEd FHETod 6 SB0SPSF BbEtekioR af ki YorSh eh TR OF

i nt ernati onal kcatd i i ] t i
tRORLEERIIOILS RAR 8Lk o PELA tor LHE (ANONE ALSEL QlRSmed

of the various 2 I ons,” the panphl'éts o ternationa
Publ i cations @ndHhetHed WBHBN T QRS CrHHAYGNT Al @dCHRVYALRH is not

herein by reference.

10 1limited to the case of simply moving the wafer stage in one
directicn, but can be performed, for example, by making the
wafer stage move back and forth along a uniaxial direction,
or can be performed by making the wafer stage move along a
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
subject to detection is within the detection field (detection
area) of the alignment systemuntil a state where amark subject
to the next detection 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 liguid
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 WC99/49504 and the 1like,



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 invention can also be applied
to an apparatus for formng a pattern on an object by an inkjet

met hod. The obj ect on which the pat®rn is to be formed in the
above enbodi nents (the object subject to exposure on which 68 the

energy beamis | Orriﬂgiﬁagc% NI Lol élltaismr& %3, QB 19 %:;aﬁ %%g,e%%lncg/gﬁ(d.

. a
ot her objects suc ass p €, a Ceramc su
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not limted to a circular shape, and It can 5 be other shapes such as

a rectangul afrozhapem@ld he hidt®anism of EN&UFAQE iofy e ResUNRtween
apparatus is not limted to the exposure apparatus for manufacturing
sem conduct ortde hode $ hepiriesdnd 1 emeentinanl tamedlghb drd ny det ycappllieednt
to an exposure apparatus used for manufacturing |iquid crystal

di spl ays, 5 10 wathhc kheot irgubg - t rEmsfing [lsgthatctyetednil syt 2 eeviase be
pattern on sgyane gl.ass plates or the like, or to an exposure

appar at us us&®HONStanafatPlfi &Y GrYdriiiE §an RenS¥PPH pagHetihe space
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such as seni q@REYE Qe RUb2hSA RN RIRRNCIIRY B ARIdaG] @aerd Mmask
used in exposure apparatus such as an optical exposure apparatus, an

EUV expobr e rappparatusn Bulb P0cxt 1 Gy Nex pDSR0 2o S peaicating,i o) theglam@hlet
beam exposure apparatus and the |iKke. Sem conduct or devi ces

are manuf act wfednthroaghonhe Poblbwahgost@pad04/8%epl dnertes tdmnphlet of
function/ performance design of a device is perforned; a step where a
reticle basednésriRd ipnadefiudd iswady ons WA AOS®, &hst aempthdies oF

waf er i s nmanufactured usi.n terials su%gogiogilicon; a |lithograph
I~ /i

step where tH& FELRELRIEGy SFAHET &6 OraEndf-Efr EFTEREEORA LY
Object SUCh g 12 RLST ARG VNS SRS IR R SRREAARY dhd e
15 1like can be used.

In each of the above embodiments, pure water (water) was
used as the liquid; however, it is a matter cof 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 IL 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. The
fluorine-containing inert liquid is alsoc excellent from the

25 point of cocling effect. Further, as the liquid, a liquid that
has a refractive index to illumination light IL higher than
the refractive index of the pure water (refractive index around

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

example, a predetermined liquid that has a C-H bond oxr an 0O-H



69 (including processes such as a dicing process, a bonding process,
and a packagi ng process); an inspection step, and the like. In this
case, in the |lithography step, because the exposure nethods in the
enbodi ments above are executed and 5 the device patterns are forned
on the object, productivity of high intedfation devices can be

i nproved. The exposure apparatus in each of the above

enbodi ent s gap be, male, by, a53ebl | ng. yar]ous, subsyst eus, Lhat i nclude.q

S
each of the conponénts grv e 'scope o ains o

present appliicalj 3 3¢ g@%Eeﬁo@r?ggggégﬁﬂgg PRSPan cal A¥re index

el ectrical accuracy, and optical uracy are maintained. In order to

secure these ofakOUAJACCAIN A6res preekeremanddal { iid hernssaRt ¥ solvent)
adj ustment for achieving the optical accuracy is performed for the

vari ous opti dalkesystens, Hemddnest nentddaanachiewewg e nechani cal
accuracy is performed for the various nechani cal systens, and

adj ust mend f ordegeiivtangpatitdadiast)r ichalt heswr aeyf rnastioref onded ¢ Hranadved
various electric systems. The assenbly process fromthe various
subsystens td &P 85086 81 4pPar 8F usthhcl il wEeh&si @apispure of two or

tion Wiri . f the el ectri . its. . pioi
Connect i on’ of oS priatets 8 E0FREITE ERd LHBL 7 kb0 Rk b Coay Pogure
subsyst ens. thar‘fle% ARt f ek gx{e %t%v%e AL tREOL k01 | Siésaf&ﬁ@cﬁ y(ﬁnixed) .
process fromthe various subsystens to an exposure apparatus, thére

is an assenblgy precess fofueachpabepatie tHAhy] duals Subsyst ene y Whesr,
the assenbly process from'the various subsystens to an exposure

appar at us0 haxk*peed” coamFet ed,?t erakhadjl igenment at5d pes fadded, (raintkd)hean
vari ous accuracies in the exposure apparatus as a whole are secured.
The exposur e ba&ppaedt-usFustheeherapl yhduiilquid carcbeapureonawhere> which
conditions 70 such as the tenperature and the degree of cleanliness
are control | @@ruiBesTRIARIARBIUEARIIdEY or the like are added (mixed).

Such liguids can transmit the ArF excimer laser beam. Further,
as the liquid, it is preferable for the liguid 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 flucrine containing liguid.

Further, in each of the above embodiments, 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 iiquid 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 liquid

immersion unit 132 previously described, however, the



5As is described above, the pattern form ng nethod and the pattern
form ng apparatus of the present invention are suitable for formng a
pattern on an object held by a noving section. Further, the device
manuf acturi ng met hod of the present invention is suitable for

manuf acturing microdevices 71 WHAT IS CL%Q MED | S: 1. A
pattern form ng nethod of formng a pattern on an object, the nethod

compr 15100, Sapklasle BgGaRE o ARLCGLNG Lk, 0M LR, OB ST A L e

the object is beling no east "a par

system al so ki ng Jmvednmand; i+ 2 $ECRANG PROGESS Qhphey iy
pattern on the omiga ug?hg ég?é%?%%n:?isﬁ?sg é?%?he na?§.§g%:&:%gg/or

The pattern flargqdiny deridved yohin€rabm dhaiernei)n thel ebeseckebsishYeshbbe

novi ng a noving section that holds the object. 153. The pattern

f ormi ng net hed:deftiGlwiad 2ywhdreeifacilitiest bé dbtefacoorpfot hehadrika sin

perfornmed while the noving section noves at |east froma | oading

posi ti on dherditHe thisj eEPOPYrRckpPdYathe iminggadded-onFustheposin isash

wher e patter%éﬂ%g@ @%é@é'&ﬁﬁﬁsfﬁgnééitéE%éﬁﬁf?“aSﬁ??éEﬁs equipped with
a projection optical system were given as examples, however,
the present invention can also 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 system, illumination light is irradiated on a wafer
via an optical member such as a lens, and a liquid immersion
area 1s formed in a space between the optical member and the
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 type exposure
apparatus that performs 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 wafer 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



20 4. The pattern form ng nmethod of Claim1l wherein the detection
of the mark is perforned at | east after the beginning of pattern
formng with respect to the object. 255. The pattern form ng nethod

of Claim4 wherein the detection of the mark is perfornmed al so
before the beginning of pattern form ng Wvxh respect to the object.
72 to 5 wherein in the first process, a plurality of marks are

det ect ed mhile han a os lon rela |on bet en the obje and
e o o AL o RS L A e MR s L Oat e it

of d a! ms 1t é’\%ﬁeéﬂd me su érﬂeﬁtbest:fcf{eqesﬁsﬁrﬂgf@ésln %f E@Et@ m}.‘e the

detection, at ast a part o mar kK ection system nbves I n

direction 10 gHiddey %nie fdmea HHI;)/@JE%E 1 rRat 'ﬁhﬁré&le M&Ctsﬂm}é ligT
the next mark i s detected.
does not decelerate between EGAZ and EGA4 in FIG. 11, and the
5 relative positional relation between wafer W and alignment
systems ALGl and ALG2 can be adjusted by the deceleration and
acceleration of only alignment systems ALGl and ALGZ2.
In each ¢f the above embodiments, the case has been
described where interferometers were used as sensors for
10 measuring the position of alignment systems ALGI and ALGZ,
however, other sensors such as encoders or the like can be
used. Further, in the above embodiments, the positional
information of the reticle stage and the wafer stage was
measured using the interferometer system, however, besides
15 the interferometer system, for example, an encoder system that
detects scales (diffraction gratings) arranged on the upper
surface 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 cof the
interfercmeter system. Further, position control of the
stage can be performed using the interferometer system or the
encoder system by switching the system, or 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



8. The pattern formng nethod in any one of Clainms 1 to 7 wherein
15in the first process, a part of the marks necessary for formng a
pattern on all divided areas subject to pattern form ng on the object
are detected, and the method further conprises: a third process of
detecting the rest of the marks 20 necess#@y for forming a pattern on
all the divided areas subject to pattern form ng, which is perforned

in parallel w r ttern is formed on,a

di vi ded ar eavgo%&v%ﬁ%égggggf)glrﬁgg%% %g&?%#ﬁ% ,%‘Elbra?lcsle(ﬁJ %Cr)ls% & det ecﬁ"“feovner'
results of tRedrafdedbddift Tid HoPrOGRSSd 22 Lnildle H3 1A 1 d PdEdihle

method in any one of Clains 1 to 8 wherein on the pattern

form ng, posidd apala Eokanmdion &f debecrabk dedaah bon sy sbefyatdethod,

positional information of the object 73 are used.
as in the conventional measurement.

5 Further, the magnification of the projection optical
system in the exposure apparatus in each of the above
embodiments is not limited to a reduction system, and the
systemmay be either an equal magnifying system or a magnifying
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 onwhich 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
exXposure area can be an off-axis area that does not include

25 optical axis BAX.

Further, illumination light IL is not limited to the AxF
excimer laser beam (wavelength 193 nm), and illumination light
IL can be an ultraviclet light such as the KrF excimer laser

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



10. The pattern formng nethod in any one of Clains 1 to 9 wherein
S5positional information of the mark is detected based on positional

I nformation of the mark detection system and positional information
of the object. 11. The pattern form ng nethod in any one
of Claims 1 10 to 10 wherein on tH® pattern formng,
rotational information of the mark detection systemis used.

12. The patt el form’c@lg rgetthodEi n%gggr ng?ﬁg(‘%@i H“?I%%E’%Ezg r:éz% As is

X ri ht .su . .
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detection system an ositional ormation of ‘the object.

pattern formpgITRIGGH MoaRw 90REses ChakNBotrbpdR2dMAEIEl H. Patent ND.
the first process, the plurality of marks are detected using a

plurality of %0 3rEll0)deteediarommrsystwame 2@hA4.a e patdsrdy doranwg-uum
method in any one of Clains 1 to 13 wherein in the first
process, ¥he uwhdimaviielgdt détdd ithat stsatcdtghigras thie aotgledty iava & he

mar k detection systemare relatively stationary. o
single-wavelength laser’beam in the'infrared or visible range

emitted by a DFB semiconductor laser or fiber laser, with a
fiber amplifier doped with, for example, erbium {or both erbium
and ytteribium), and by converting the wavelength into
10 ultraviolet light using a nonlinear optical crystal.
Further, in each of the above embodiments, it is a matter
of course that as illumination 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 is 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 scoft X-ray region (e.g.
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
(e.g. 13.5nm), and areflection typedmask. Inthis 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 beamn.



74 15. A pattern formng nethod of formng a pattern on an
obj ect, the nethod conprising: a first process of detecting
a mark on the object while 5 the object is being noved, with a
detection area of a mark detection system al so bei ng noved; and

a second process of formng a pattern on e object using detection
results of the mark. 1016. The pattern form ng rrethod of O aim 15
wherein in the first proc eob ect medlnafll’st

direction in whi ch ER5HR 18yPRE (‘HQ/FE ‘é%lsemt?r? TS pafterde igs
to be formed K %V%%%_%%dowher}% %Rjeeﬁﬁgs%IS 7y T?gEegétv?%Qp%%gj}en to a

nmet hod of d aim erein

of marks are fdef o ec\tﬂa@ fp&észLé QBpaR kRS 15' e Qtégcg aﬂsb§n nethod,

different on the o e pattern form ng one

Adains 16 an%ﬁﬁéﬁ&£r5éﬂldestheaﬁpébétﬁBVSHKQpﬁégéﬁtﬂﬁﬁéﬁtiHh&Qﬁalso
object are detected by a plurality of mark detection systens that

have det ebt i dre apphsedftoa fsfrartdnt t Pos ekpors renppsecond sdchexd aartepper
orthogonal 25 to the first direction.
or the like. Further, the present invention can also be
applied to an exposure apparatus by the step-and-stitch method
that merges a shot area and a shot area.
Further, in each of the above embodiments, a

10 transmittance type mask {(reticle) was used, which is a
transmissive substrate on which a predetermined light
shielding pattern {(or a phase pattern or a light attenuation
pattern) is formed. Instead of this mask, however, as is
disclosed in, for example, U.S. Patent No. 6,778,257, an

15 electron mask (also called a variable shaped mask, including
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



19. The pattern formng nethod of Claim18 wherein in the first
process, marks of different positions in the second direction on the
obj ect are detected by changing 75 the distance of the plurality of
detection areas in the second direction. 20. The pattern
forming method in any one of Clains 15 5 &% 19 wherein in the
second process, det ection results of the mark on the object by the

mark detectiap, %ﬁ fﬁ%f& %)%%lt%%.g)l ”%ggr%og:?ﬁ%%‘ %Or L0 YL ¢ tphatgern

respect to the o are use ern 1ormng ne

of form ng a1|c1>ﬁ:aﬂt9teerdgi rbearbec_)ttg&qﬁed/\her ein a mark on the object

is detected by & mark detection system and pattern formng with

respect to the obj ewlrtbeg, n&h@sgagsbhe deveatien £88ULlSeo whelimhyiddbao
mark on the object is detected by the mark detection system even

after the begirnrixmg sofrepatdpermatfuor ning;handidhe detteot) drhatesid4ns ar e
used in the pattern formng. 22. The pattern form ng nethod of Caim
21 whereid 20 iaep@nderspace fattedtisn wach vweffexr phurfalininofindiedigegnce

areas on the object, and anong the plurality of divided areas, in a
first group G AR dad'a5ed udi RG24 L4 Qﬁdéélc&r é‘él GRDRKAEN St REe
patternlsforre ection result;f of t
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Publication W02001/035168.
Furthermore, 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 one scanning exposure, as 1s disclosed in,
for example, Kohyo (published Japanese translation of
15 International Publication for Patent Application) No.
2004-515850 (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 wvarious
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 object
is not limited to the exposure apparatus (lithography system)
25 previously described, and for example, the present invention
can also 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



25 used, and in a second group of divided areas different fromthe
first group of divided areas, detection results of the mark detected
after the beginning of pattern formng are used. 23. The pattern
form ng nethod of Claim22 wherein 76 in the second group of
di vided areas, detection results of the rfdrk detected before the
begi nning of pattern formng are al so used. 524. The pattern form ng

method in Ong:h%f egeQi?gB%ggrng{e]% i%:s.cam%.rt%idgerifsorrl%dfj{}!gjttgef& ,Et%rg x%%%&,n%nd

on the secon group I VI areas 1S an

pattern formdig 9& dhe £ bk $bc0t QuRrof s disvided afigas. 10c223midth&pstrate,
pattern form ng nethod in any one of daims 21 to 24 wherein

before the begmariknglahkihe patheidndar Bmghet hekehj ertrtse APVELE ishabe

first direction and a plurality of marks of 15 different positions in

the first di rdctthenobnetheisbpettl anietatbtteckedircular shape, and it can
5 be other shapes such as a rectangular shape or the like.

The usage of the exposure apparatus is not limited to
the exposure apparatus for manufacturing semiconductors, and
the present invention can also be widely applied to an exposure
apparatus used for manufacturing liquid crystal displays,

10 which forms by transfer a liquid crystal display device pattern
on square glass plates or the like, 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 alsoc be applied

15 to an exposure apparatus that transfers a circuit pattern cnto
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 1s 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



26. The pattern formng nmethod in any one of Clains 21 to 25 wherein
20before 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 forned are di sposed on the object, and a plurality
of marks of different positions in the fi4%st direction on the object
are detected. 25 27. The pattern form ng nmethod in one of

Clainms 25 and, .26 rein mar ks on the,object are detected by a
plurality of g’rléﬁ(lvﬂglgjtne%tﬁrooncessyssefse rrssu?%ha%s ha‘avdel Coiel%%(ﬁrioo%esasr’eaas %‘?m%yng
different 74posidd ongmdn aﬁﬁ&%% I 1.06dd ,-Orﬁ%(}?é i dd I $ing
di recti on. B ! 28. %T e pat tgceirél forS%I‘n}ng aIm::t o oﬁ‘gi&&a!}’?nt 7
wherei n 5mar ksheofl 1@tief, f er @ih R0 SalsieQNSni thd fl@t%@&ﬁs%k@* E€ebl, WeOMEdH& he

obj ect are detected by changing the distance of the
exposure methods in the embodiments above are executed and
5 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 each
of the components given in the scope of the claims cof 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 wvarious mechanical systems, and adjustment for
achieving the electrical accuracy is performed for the various
electric systems. The assembly process from the various
subsystems to an exposure apparatus includes mechanical

20 connection, wiring connection of the electric circuits,
piping connection of the pressure clrcuits 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



plurality of detection areas in the second direction.

29. The pattern formng nethod in any one of Clains 21 10 to 28

wherei n detection of the marks is perfornmed noving the
detection area while the object is being noved. 30. The
pattern formng nethod in any one of Claiis 1 15 to 20 and Cains 25
to 29 wherein information related to the surface shape of the
obj ect is detected i.l e the object is i.ng ved by. a _detection
oyt i f§ erE oM SHESE A (5h Y AL ST e SR B 272
results are it pattern form ng. 20 31. A pattern

form ng nethgggg?kggfﬁgng a pattern on an object wherein t he
object is noved in a first direction, and a plurality of marks that
have different positions in the first direction 25 on the object are
each detecteddpusTRIan RPPRIcEE KL Uetyecti on systens that have
detection areas of different positions in a second direction
orthogonad to the Risrst desecibed, slaode) nflos ned i tosrr ef atneichd erditieod and
surface shape of the object is also detected by a detection system

di fferent frdée patiedn Ip@Tdeite ePiPer adyst off tiifedalgpent inveption are

pattern is forned %h t he objec¢ct using the two detecgtion results. ,
suitable for forming a patiern on an object held by a moving

section. Further, the device manufacturing method of the

present invention is suitable for manufacturing microdevices.



532. The pattern form ng nethod of C aim 31 wherein t he
plurality of marks include marks of different positions in the second

direction, and detection areas of the plurality of mark detection
systens are noved in the second direction. 10 33. The pattern
formi ng nethod in one of Clainms 31 and 3Z1wherein det ecti on of

each of the marks is perforned noving the detection area while the

obj ect is be
of Cainms 31

T, pattern form ng nethod in any one
%?ﬁ&ﬁﬁiﬁlj E% ‘a detection area of the detection

systemdi fferent is di sposed between the position where the pattern
formng is 20 performed and the detection area of the mark detection

systemin the first di £6¢d4Qdkn %rmﬂﬁ% Rath8&Nof GTd¥niith dgT%t PRt EPnadY an

one of Clains 30 to 34 wherein 25at | east a part of a

tection

operation of ddiect, the method comprising:

5
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a first process of detecting a mark on the object while
the object is being moved, 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.

2. The pattern forming method of Claim 1 wherein
the object is moved by moving a moving section that holds

the object.

3. The pattern forming method of Claim 2 wherein

the detection of the mark is performed while the moving
section moves at least froma loading position where the ocbject
is held by the moving section to a position where pattern

forming with respect to the object begins.

4. The pattern forming method of Claim 1 wherein
the detection of the mark is performed at least after

the beginning of pattern forming with respect to the object.
5. The pattern forming method of Claim 4 wherein
the detection of the mark is performed also before the

beginning of pattern forming with respect to the object.

6. The pattern forming method in any one of Claims 1



information related to the surface shape is perfornmed in parall el
with a detection operation of the mark. 79 to 35 wherein a pattern
Is fornmed by exposing the object. 37. The pattern form ng
met hod of Cl aim 36 wherein 5liquid imersion exposure is performed on
t he object. 38. A device manufact ufd ng met hod including a
process of formng a pattern on a sensitive object using the pattern
formng neth i e of Clains 1 to 37. 10 39. A pattern
form ng appa%g)t usgvﬁ%ﬁe orms a pattern on an object held by a noving

section, the appar ahughgeOofprdSiig lural & KndekeCliONetected
system that can have at |east lg&g}é:retssﬁao% L%Iflaé symmmrmved; an ecte

a control uniwhitikathEBYesgad JeAdioh RPalkt@bnther MBEK dR! 8B EGR and the
system so as to detect a nmark on the object with the mark detection
syst em whi | e mahvék migtieng: isectdywtdans. bei ng noved. 20
5
7. The pattern forming method in any one of Claims 1
to 6 wherein
in the first process, after a mark detection, at least
a part of the mark detection system moves in a direction

10 different from a movement direction of the object until the

next mark is detected.

8. The pattern forming method in any one of Claims 1
to 7 wherein
15 in the first process, a part of the marks necessary for
forming a pattern on all divided areas subject toc pattern
forming on the object are detected, and the method further
comprises:
a third process of detecting the rest of the marks
20 necessary for forming a pattern on all the divided areas
subject to pattern forming, which i1s performed in parallel
with the second process where a pattern is formed on a divided
area on which a pattern can be formed, based on the detection
results of the marks in the first process.
25
9. The pattern forming method in any one of Cilaims 1
to 8 wherein
on the pattern forming, positional information of the

mark detection systemand positional information of the object



40. The pattern form ng apparatus of Caim39 wherein a pattern is
formed on the object using detection results of the mark. 2541. The
pattern form ng apparatus in one of Clains 39 and 40 wherein

the control unit controls a novenent of at |east a part of the nmark
detection systemso that detection of the’Smark is perfornmed while the
novi ng section is being noved at |least 80 froma | oading position

where the nn%hgglﬁgﬁgjon hol ds the object to a position where pattern

forming with respect to the object begins. 542. The pattern form ng
apparatus of C aim 39 wherein the control unit controls a
novenent of at |east a part of the mark detection system so that

detection of the marnk |shpepiof el BdrheasinafHQl iPAkher Bnkos M has 1
begun on the object. 10 43. The pattern form ng apparatus of

Cl aim 42 wherted ' whereirhe control unit controls a novenent of at
| east a part of the mark detection system so that detection of the
mark i s perfornmed @osdtiensrleinferbegianial tdie parkern detericrg ksed on
15 respect to the object. i

positional information of the mark detection system and

positional information of the object.

11. The pattern forming method in any one of Claims 1
10 to 10 wherein
on the pattern forming, rotational information of the

mark detection system is used.

12. The pattern forming method in any one of Claims 1

i5 to 11 wherein
positional information of the mark is detected based on
positional information and rotational information of the mark

detection system and positional information of the object.

20 13. The pattern forming method in any one of Claims 1
to 12 wherein
in the first process, the plurality of marks are detected

using a plurality of the mark detection system.

25 14. The pattern forming method in any one of Claims 1
to 13 wherein

in the first process, the mark is detected in a state

where the object and the mark detection system are relatively

stationary.



44. The pattern form ng apparatus in anyone of Clains 39 to 43
wherein the control unit controls a novenent of at |east a part 20 of
the mark detection systemso that at | east a part of the mark
detection systemfollows the novenent of the noving section when
detecting the mark on the object. 74 45. The pattern

form ng apparatus in any one of Clains 25 39 to 44 wherein t he
control unit detects a plurality of marks on the object while
changi ng the positional relation between the object and the nmark

detection system &l a pared6y ) m?ﬁ%tﬁég 58" 3k ngo AR éﬂ%%%&%%ﬂﬂhrn on

anyone of Clainms 39 to 45 wher el n t ntro uni't nov I"eas

part of the m kbjectdetiadd it systeMp fighyection different froma
novenent 5 dlrectlon of the object after a mark detection until the

next mark detectiom first prddesdhef patkerinbos mawk appahatsisjedt amile
one of Clains 39 to 46 wherein 10the control unit
5 the object is being moved, with a detection area 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.

10 16. The pattern forming method of Claim 15 wherein
in the first process, the object is moved in a first
direction in which a plurality of divided areas on which a

pattern is to be formed are disposed on the object.

15 17. The pattern forming method of Claim 16 wherein
in the first process, a plurality of marks are detected
whose position in the first direction is different on the

object.

20 18. The pattern forming method in one of Claims 16 and
17 wherein

in the first process, marks on the object are detected

by a plurality of mark detection systems that have detecticn

areas of different positions in a second direction orthogonal

25 to the first direction.

19. The pattern forming method of Claim 18 wherein
in the first process, marks of different positions in

the second direction on the object are detected by changing



detects a part of the marks necessary for formng a pattern on all

di vi ded areas subject to pattern formng on the object, and al so
detects the rest of the marks necessary for 15 formng a pattern on
the all divided areas subject to pattern formng, in parallel with
forming a pattern on a divided area on whith a pattern can be forned
based on the detection results of a part of the marks necessary for

formng the Q:%[é[ 8@81:?1(%927035 the 4§uf%2%%§?¢%(§ %re@e]::%&rcpnn L &PPal avt:f‘ljg siencond

anyone of C ains wherern et'ection systemhas a
phot odet ecti o &l &R . and a cooling nmechanismfor cooling the
phot odet ecti on 25 el enent. 49. The pattern form ng apparatus

in anyone of Clains 39 to 48, the apparatus further conprising: a
sensor that detects positional information of the mark 82 detection
system whereby 20. The gpwste¢rmnmadrninfomaahicdniofaihensabk Claims 15
detection system and positional information of the object are used on
pattern formigy.l9 wherein

in the second process, detection results of the mark on
the object by the mark detection system after the beginning

of pattern forming with respect to the object are also used.

10 21. A pattern forming method of forming a pattern on
an cbiject wherein
a mark on the object is detected by a mark detection
system, and pattern forming with respect to the object begins
using the detection results, whereby
15 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.

22. The pattern forming method of Cilaim 21 wherein
20 a pattern is formed in each of a plurelity of divided
areas on the object, and among the plurality of divided areas,
ir a first group of divided areas including a divided area
on which the pattern is formed first, detection results of
the mark detected before the beginning of pattern forming are
25 used, and in a second group of divided areas different from
the first group of divided areas, detection results of the

mark detected after the beginning of pattern forming are used.

23. The pattern forming method of Claim 22 wherein



5 50. The pattern form ng apparatus of C aim 49 wherein
positional information of the mark is detected based on the
positional information of the mark detection system detected by the
sensor and the positional information of the 100bject. 51. The
pattern form ng apparatus in one of O ai® 49 and 50 wherein

t he sensor al so detects rotational infornation of the 15 mark
detecti on system

wh th f f_the
mar k. detect ) on systEnhe SRARPbAZRER: oF ¢ %V&Ofﬁéna*—"ga?%et% x Lo g Sl
pat ter n for g ABRAL Ak s, O (L RiKB &l BRLeL 200081 0Al ctern forming
I Ona

InfOI‘ITB.tIOI’lO e mar 1S cte ase € posli
information angd thed ¢fld onal information of the mark detection
system detected by the sensor and the positional information of the
obj ect. 2553. The pattern form ng apparatus in anyone of Clainms 49 to
52 wherein the sensor includes an interferoneter.
5 24. The pattern forming method in one of Claims 22 and
23 wherein
the pattern forming on the second group of divided areas
is performed later than the pattern forming of the first group
of divided areas.
10
25. The pattern forming methed in any one of Claims 21
to 24 wherein
before the beginning of the pattern forming, the cbject
is moved in a first direction and a plurality of marks of

15 different positions in the first direction on the object are

detected.

26. The pattern forming method in any one of Claims 21
to 25 wherein
20 before the beginning of pattern forming, the object is
moved in a first direction in which a plurality of divided
areas on which a pattern is to be formed are disposed on the
object, and a plurality of marks of different positions in
the first direction on the object are detected.
25
27. The pattern forming method in one of Claims 25 and
26 wherein
marks on the object are detected by a plurality of mark

detection systems that have detection areas of different



83 on an object held by a noving section, the apparatus conprising:
a mark detection systemthat can have at |east a part of the system
noved; and 5a control unit that controls a novenent of a detection
area of the mark detection systemso as to detect a mark on the
object with the mark detection system whi17%e the noving section is
bei ng noved. 1055. The pattern form ng apparatus of C aim 54 wherein
the control unit, noves the noving, section in a first irectiondghere
a plurality Vit Jé}é?assecﬁ‘:’%i%ﬁ%?fﬁe&ft SFRET b dhtfed arsF
di sposed on EP%@%§f§§1 in parallel with noving the detection area of
the mark detectionsystem 15 56. The pattern form ng apparatus of
Claim55 wherein the mark detection systemdetects a plurality of

mar ks of different positions in the first direction on the object.

2057. The pattern fgr,m nHcapRatatHSfbhm@NE Abtkbal BE Bdaim 27 wherein
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marks of different positions in the second direction on
the object are detected by changing the distance of the

plurality of detection areas in the second direction.

29. The pattern forming method in any one of Claims 21
to 28 wherein
detection of the marks is performed moving the detection

area while the object is being moved.

30. The pattern forming methed in any one of Claims 1
to 20 and Claims 25 to 29 wherein

information related to the surface shape of the object
is detected while the object is bkeing moved by a detection
system different from the mark detection system, and the

detection results are used in the pattern forming.

31. A pattern forming method of forming a pattern on
an object wherein

the object is moved in a first direction, and a plurality
of marks that have different positions in the first directicn
on the object are each detected by a plurality of mark detection
systems that have detection areas of different positions in
a second direction orthogonal to the first direction, and
information related tc the surface shape of the object is also

detected by a detection system different from the mark



and 56, the apparatus conprising: a plurality of the mark detection
systens, whereby each of the mark detection systens have detection
areas of different positions in a second direction orthogonal to 25
the first direction. 58. The pattern form ng apparatus of C aim57
wherein the control unit detects marks of7&ifferent positions in the
second direction on the object by changing the distance 84 of the
plurality ofcf%&gzq6ﬁ1§usa%limﬁg¥%second direction on detection of
the marks on Ghe o jectXM Wt He nagﬁ?detection system whil e t he
novi ng section is i . e rf ] i
any one of C ains % %%tggxangé?@edlbltH@%%ﬁE%%ﬁ?%g$88ﬁ3$9?%?%§§§elon
pattern on thexpject using detection results of the mark

5 32. The pattern forming method of Claim 31 wherein
the plurality of marks include marks of different
positions in the second direction, and detection areas of the

plurality of mark detection systems are moved in the second

direction.
10
33. The pattern forming method in one of Claims 31 and
32 wherein
detection of each of the marks is performed moving the
detection area while the object is being moved.
15

34. The pattern forming method in any one of Claims 31
to 33 wherein
a detection area of the detection system different is
disposed between the position where the pattern forming is
20 performed and the detection area of the mark detection system

in the first direction.

35. The pattern forming method in any one of Claims 30
to 34 wherein
25 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 mark.

36. The pattern forming method in any one of Claims 1



1060. The pattern form ng apparatus of Cl aim 59 wherein t he
control unit uses the detection results of the mark on the object by
the mark detection systemafter the beginning of pattern formng with
respect to the object. 1561. A pattern form ng apparatus that forns a
pattern on an object held by a noving sectd on, the apparatus

conpri si ng:

a mark detection systemthat detects a mark on the

obj ect; and 20a control unit that controls detection of the mark on
t he obj ect u§Fh@§ﬂﬂ?%ﬁﬁ%Pdetection system and pattern formng with

respect to the object, where

e contr.ol nit detects the

mark on the object a\Mptaﬁ’Heﬁél r?‘E?r kEOd:&eéicEDyor?xﬁpﬁléﬁ 5eyiSE pat t er n
formng with respect 25 to the object using the detection results,
and after the beginning of pattern form ng, continues to detect the

mark on the ObjeCt9MJhTBQePH€EErHeE§9ﬁhBB ﬁ%%h@ﬁ‘%@dcmﬁﬁﬁ BReyherein

detection results in the pa

tern form ng . The pattern

form ng apparatus afiddiai mnﬁ.br\&ﬁeshee&pbhar@bh.stehﬂérlaew o athid Yofect .
di vided areas in which a pattern is formed, and the control unit uses
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38. A device manufacturing method including a process
of forming a pattern on a sensitive object using the pattern

forming method in any one of Claims 1 to 37.

39. 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 system moved; and

a2 control unit that moves at least a part of the mark
detection system so as to detect a mark on the object with
the mark detection system while the moving section is being

moved.

40. The pattern forming apparatus of Claim 39 wherein
a pattern is formed on the object using detectiocon results

of the mark.

41. The pattern forming apparatus in one of Claims 39
and 40 wherein

the control unit controls a movement of at least a part
of the mark detection system so that detection of the mark

is performed while the moving section is being moved at least



5detection results of the mark detected before the begi nning of
pattern form ng when formng a pattern wwth respect to a first group
of divided areas including a divided area on which the pattern is
formed first anong the plurality of divided areas, and 10detection
results of the mark detected after the begi nning of pattern form ng
when formng a pattern with respect to a second group of divided
areas different fromthe first group of divided areas. 1563. The
pattern for miAPTafparrd U DPB A6 2 RS die moving §eetdgmt faldmithe
n

al so uses det&gti results qj the.mar k detected. bef.ore t,. be innin%
i o)

of pattern f& ST Wifed FOHTE a Pttt WTH r&dpedtd ' & TS

group of diviged gr.eas. The pattern form ng apparatus in one of
Clainms 62 an&’%@ ere|?%g¥%s'the control unit perforns the pattern

form ng on the second group of divided areas later than the pattern
formng of the first group of divided areas. 25 65. The pattern
form ng apparatus iR.anyheneatofeh aidmniGly tope4antier efNClaim 39 Rerein

control unit noves the noving section in a first direction before the
begi nni ng of pattefhef oontng]l wndt dendotes s & movement of at least a part
of the mark detection system so that detection of the mark
is performed at least after pattern forming has begun on the
object.
10
43. The pattern forming apparatus of Claim 42 wherein
the contrel unit controls a movement of at least a part
of the mark detection system so that detection of the mark

is performed also before the beginning of pattern forming with

15 respect to the object.

44, The pattern forming apparatus in any one of Claims
39 to 43 wherein
the contrel unit controls a movement of at least a part
20 of the mark detection system so that at least a part of the
mark detection system follows the movement of the moving

section when detecting the mark on the object.

45. The pattern forming apparatus in any one of Claims

25 39 to 44 wherein
the control unit detects a plurality of marks on the
object while changing the positional relation between the

object and the mark detection system.



86 a plurality of marks of different positions in the first direction
on the object. 66. The pattern form ng apparatus in anyone
of Clains 5 61 to 65 wherein the control unit noves the noving
section in a first direction in which a plurality of divided areas on
which a pattern is to be fornmed are di spdded on the object before the
begi nning of pattern formng, and detects a plurality of marks 10 of

different positions _in e first direction_on the object. 7.,
The patter h for m ng apphP SRR SHF DO 0r "G PHARE S 68Y PRE of ClEims
apparatus co 1S4 NG rality of the mark detection systens,

wher eby 15 eg¥%1%#Q%%§ﬁﬁ%i rgetection systens have detection areas of

di fferent positiongpign ggm%%qn@nqitr afelvie@n 20r tRagenal Jo-tt ke fﬂk{es'fzngl?rk

di rection. The pattern form ng apparatus of Caim

wherein 20 t kietentircel dy¥tdendeirect slimardesi of diffeareard Masi td arsrdrent
the second direction on the object by changing the distance of the
pl urality>of ddetesdtiiconodrgas dhy ddie aséeand mirlecteit@etion until the next

mark detection.

47. The pattern forming apparatus in any one of Claims
39 to 46 wherein
10 the control unit
detects a part of the marks necessary for forming
a patternonall divided areas subject to pattern forming
on the object, and
also datects the rest of the marks necessary for
15 forming a pattern on the all divided areas subject to
pattern forming, in parallel with forming & pattern on
a divided area on which a patitern can be formed based
on the detection results of a part of the marks necessary
for forming the pattern.
20
48. The pattern forming apparatus in any one of Claims
3% to 47 wherein
the mark detection system has a photodetection element
and a cooling mechanism for cooling the photodetection

25 element.

49, The pattern forming apparatus in any one of Claims
39 to 48, the apparatus further comprising:

a sensor that detects positional information of the mark



69. The pattern form ng apparatus in anyone of Clains 25 61 to 68

wher ein the control unit perforns detection of the mark noving
the detection area while the object is being noved. 87 39 to 69, the
apparatus further conpri sing: a detection unit that detects

posi tional ‘information of the object in &2«irection perpendicular to
a predeterm ned plane on which the object noves at a each of a

plurality of surenent, positions di sposed between a | oadi ng

posi ti on V\hercgatt%&%l?ygsrs%‘h' ]?1%?365 the object and a pattern
formng starting pQsiti espec o th

The pattern form ng%%apggrgé us™ o %Dtgrtm S érfeﬁ\ %@ de%%% r%]P SLYnSittem
conputes i nf %rr{@&a'o%&t&%hq%tle%'fer%nQ&%Hréfc@né%%%&f a'%:'%euQQJjeé}ﬁ Lasedn

on detection results of the detection unit . A pattern
form ng apparfimgddat fornms a pattern 15 on an object held by a
novi ng section, the apparatus conprising: a plurality of mark

detecti onbsystens that have detection areas of different positions in
a second direction orthogonal to a first direction; 20a detection _
unit that detects iP%f-or Haei Pt Eeratiorning fepaneitace ofh@pelnfsd hdierein

obj ect: and o ) _ )
positional information of the mark is detected based on

the positicnal information of the mark detection system
detected by the sensor and the positional information of the

10 object.

51. The pattern forming apparatus in one of Claims 49
and 50 wherein
the sensor also detects rotational information c¢f the
15 mark detection system, whereby
the rotational information of the mark detection system

is used on pattern forming.

52. The pattern forming apparatus of Claim 51 wherein
20 positional information of the mark is detected based on
the positional information and the rotational information of

the mark detection system detected by the sensor and the

positional information of the object.
25 53. The pattern forming apparatus in any one of Claims
49 to 52 wherein

the sensor includes an interferometer.

54, A pattern forming apparatus that forms a pattern



a control unit that detects a plurality of marks whose position is
different in the first direction on the object using each of the
plurality of mark detection systens and al so 25 detects information
related to the surface shape of the object using the detection unit,
and fornms a pattern on the object using t&% two detection results
whil e nmoving the noving section in the first direction. 88 73.

The pattern formng.a ratus. Qf Caim.,72 wherein th lurality of
mar ks i ncl udd" (Al I os i pb MY Gha T BTt SebrPRRTHAS on,
and égﬁbf¥gﬁﬁi? unit noves each of the detection areas of 5
the plurality of mar etection systens in the second direction on

detection of the marks.x detectifn IHS:RAILREE EQRMhAGeaPPATAIMS d hart
one of Clains 72 and 73 wherein 10the control unit noves the

detection aresx WHd esydteenmdwngl;seaid on i s bei ng noved on detection

of each of the marks. 75. The pattern form ng apparatus in any
one of Cains 72 ta Zé4nwhedeunitSahaleteotimrl akencobmehe détecidmrtion
unit is disposed between a position where the pattern formng is
performed andidie afettdiet MeikadeascsfionheyarteR det @8t torndsystem nark on

the first dir cti%p. 2076. The pattern form ng apparatus in anyone of
d ai ns the object with the mark detecticon system while tlie moving

section is being moved.

10 55. The pattern forming apparatus of Claim 54 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 are disposed on the object, in parallel with

moving the detection area of the mark detection system.

15
56. The pattern forming apparatus of Claim 55 wherein
the mark detection system detects a pluraiity of marks
of different positions in the first direction on the object.
20 57. The pattern forming apparatus in one of Claims 55

and 56, the apparatus comprising:
2 plurality of the mark detection systems, whereby
each of the mark detection systems have detection areas
of different positions in a second direction orthogonal to

25 the first direction.

58. The pattern forming apparatus of Claim 57 wherein
the control unit detects marks of different positions

in the second direction on the object by changing the distance



69 to 75 wherein the control unit perforns at |east a part of
a detection operation by the detection unit in parallel with a

detection operation of the mark. 25 77. The pattern formng
apparatus in any one of Clainms 39 to 76, the apparatus further
conpri si ng: a measurenent noving s&ction that can nove

i ndependently fromthe noving section, and perforns neasurenent

89 th t.t, f ' whil e_t he object t he nmovi
Section s oxthaed a1 o 6EVEIeIY ere RO S b e o
in anyone of (JgLiE.p;3f i@tﬁg’méﬁ?s %Bpéﬁ@to%ﬁgfc%r‘fugﬂ?rt%l%”l{ﬂ%kﬁ'c@g:'e@cion

separate noving section that can nove i ndependent e novi ng
section, and figuds, tdiel 10Djaed Ry WY dedetacti 9nofnd howad k i's
performed by the mark detection systemwhile pattern formng is
performed with respect to the object 10 held by the noving section.

79. The pattern form ng apparatus in anyone of Clains 39 to 78, the
appar at usSfurther &énprTeempttern forming apparatus in any one of Claims

54 to 58 wherein
the control unit forms a pattern on the object using

detection results of the mark.

10 60. The pattern forming apparatus of Claim 5% wherein
the control unit uses the detection results of the mark
on the object by the mark detection system after the beginning

of pattern forming with respect to the object.

15 €¢1. 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

20 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 control unit detects the mark on the object with the
mark detection system and begins pattern forming with respect

25 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.



an optical systemthat irradiates an illumnation light 15 on the

obj ect, whereby a pattern is fornmed by exposing the object

with the illumnation |ight. 80. The pattern form ng
apparatus of Claim79 wherein 20the nmark detection systemis

separated in a vibrating manner froma bady that supports the optical
system 81. The pattern form ng apparatus of Caim79 wherein the
optical systemincludes a projection optical system 25 that projects
a pattern on the ol§ifect TP8rRRRECTR IR MY FPEFESSnCoptieal &Y sthemeln

i ted by the,body.. 0 that d t iti | ;
ol brdor  he thigr RPisEER R ot b AL GRS ebpoP atp qihigh

ref erence. patter%?’" The derpformng apparatus of O aim 82

wher ei n 5t he ’Sensor includes dn G Nt er f er omet er , and
the control unit uses
5 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
10 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.

15 63. The pattern forming apparatus of Claim 62 wherein
the contrel unit also uses detection results of the mark
detected before the beginning of pattern forming when forming

a pattern with respect to the second group of divided areas.

20 64. The pattern forming apparatus in one of Claims 62
and 63 wherein
the contrel unit performs the pattern forming on the
second group of divided areas later than the pattern forming
of the first group of divided aresas.
25
65. The pattern forming apparatus in any one of Claims
61 to 64 wherein
the control unit moves the moving section in a first

direction before the beginning of pattern forming, and detects



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 10 nmeasurenment beamis incident is arranged on
t he body. 84. The pattern form ng sggparatus in anyone of
Claims 79 to 83, the apparatus further conprising: a liquid

suppl ynmechani snt.hat supplies liquid in a space 15 between the opt |rcal

system and t ife 3%3@{1t§(/\/rﬁefr W&%@%H%GQ@%W%% hin He first
i1lum nation t .via th ti.cal systemand the |iquid.

85. A devi cedr'}ff%tﬁ 9 3k}1ﬁgt<}?&a‘99'ﬁ~,c| uding a process 20 of formng a
pattern on a sensitive object using the pattern form ng apparatus in
any one of Clainms 39 to 84.

66. The pattern forming apparatus in any one of Claims

5 61 to 65 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

10 of different positions in the first direction on the object.

67. The pattern forming apparatus in one of Claims 65
and 66, the apparatus comprising:
a plurality of the mark detection systems, whereby
15 each of the mark detection systems have detection areas
of different positicns in a second direction orthogonal to

the first direction.

68. The pattern forming apparatus of Claim 67 wherein
20 the control unit detects marks of different positions
in the second direction on the ocbject by changing the distance

of the plurality of detection areas in the second direction.

69. The pattern forming apparatus in any one of Claims
25 61 to 68 wherein
the control unit performs detection of the mark moving

the detection area while the object is being moved.

70. The pattern forming apparatus in any one of Claims
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39 to 89, 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 a each of a plurality of
measurement positions disposed between a loading position
where the moving section holds the object and a pattern forming

starting pesition with respect to the object.

71. The pattern forming apparatus of Claim 70 wherein
the control unit computes information related to the
surface shape of the object based on detection results of the

detection unit.

72. A pattern forming apparatus that forms a pattern
on an object held by a moving section, the apparatus
comprising:

a plurality of mark detection systems that have
detection areas of different positions in a second direction
orthogonal to a first direction:;

a detection unit that detects information related to the
surface shape of the object: and

a control unit that detects & plurality of marks whose
position is different in the first direction on the object
using each of the plurality of mark detection systems and also
detects information related to the surface shape of the object
using the detection unit, and forms a pattern on the object
using the two detection results while moving the moving section

in the first direction.
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73. The pattern forming apparatus of Claim 72 wherein

the plurality of marks includes marks whose positions
differ in the second direction, and

the control unit moves each of the detection areas of
the plurality of mark detection systems in the second direction

on detection of the marks.

74. The pattern forming apparatus in one of Claims 72
and 73 wherein
the control unit moves the detection area while the

moving section is beingmoved on detection of each of the marks.

75. The pattern forming apparatus in any one of Claims
72 to 74 wherein

a detection area of the detection unit is disposed
between a position where the pattern forming is performed and
the detection areas of the mark detection systems in the first

direction.

76. The pattern forming apparatus in any one of Claims
69 to 75 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.

77. The pattern forming apparatus in any one of Claims
39 to 76, the apparatus further comprising:
a measurement moving section that can move independently

from the moving section, and periorms measurement necessary
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for the pattern forming while the object on the moving section

is exchanged.

78. The pattern forming apparatus in any one of Claims
39 to 77, the apparatus further comprising:

a separate moving section that can move independently
from the moving section, and holds the object on which
detection of themark is performed by the mark detection system
while pattern forming is performed with respect to the object

held by the moving section.

79. The pattern forming apparatus in any one of Claims
39 to 78, 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.

80. The pattern forming apparatus of Claim 79 wherein
the mark detection system is separated in a vibrating

manner from a body that supports the optical system.

81. The pattern forming apparatus of Claim 79 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.

82. The pattern forming apparatus in one of Claims 80

and 81, the apparatus further comprising:
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a sensor that detects positional information of the mark

detection system with the body serving as a reference.

83. The pattern forming apparatus of Claim 82 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
meagsurement 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.

84. The pattern forming apparatus in any one of Claims
79 to 83, the apparatus further comprising:

a liguid supply mechanism that supplies 1iguid in a space
between the optical system and the object, whereby

the cobject is exposed with the illumination light via

the optical system and the liguid.

85. A device manufacturing method including a process
of forming a pattern on a sensitive object using the pattern

forming apparatus in any one of Cleims 392 to B4.



