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APPARATHMWW PRODUCI NG EXPOSURE APPARATUS, AND METHOD

PRODUCI ACKGROUND OF THE | NVENTION Fi el d of the | nmmimum"""»u H"
present inveAwon relates to an exposure nmethod and an exposure app ar atus
to be 10 used when a mask pattern is transferred onto a substrate |r5| Phe

l'i thography step for producing devices_ipcluding, for exanple,

sem conductor elenents, liquid crystal display elenents, plasm display

el enents, and thin film rT8 netic heas The ly{gent |nv ntion also rel ates

to technl ques in rel ath¥h HRlEhMEélHB Q Ex& AJ’%‘%A k&> Rel ated Art: 15
H gh exposure accmfnmsFmﬂpkgﬂ@émcm@wﬁwﬁp&mqw unpgf the full

field exposure type (stepper type) or the scanning exposure type (for
exanpl e, the step-and- scanMBEHODFOR FRODVECHNGIDEMIEE t 0 produce

sem conductor elenents or the |like. Therefore, the exposure apparatus
adopt s arrangenents which nake it possible to performhighly accurate
posi tigoning or highly accurate scanning for the reticle stage system for
positioning the reticle 2 o as a mask and for the wafer stage systemfor
t wo- di mensi onal |y novi ng t BACKGROUND OFKTHEINNENTESNect i vely. The reticle
stage system and the wafer stage system have been hitherto assenbl ed
successively and directly on a predeterm ned frame nmechanism In order to
further ephansemtfechgsP! ution, the recent exposure apparatus uses the
exposure |ight beam of the ArF excinmer |aser (wavel ength: 193 nm having
the wavel ength 2 5 shorter than that of the KrF exciner |aser (wavel ength.

248 nm _FUr L hefppe bleshsnbiith (&SI BEIOmdtRd oh@hn EXRMBlpphifisRZ bt aser

beam (wavel engt h. 7 nm having the shorter wavel engt h However, the vacuum
ul tr aWi ol esed whgnta I@mk\palttpglhs )raaﬁexd@scmw beubstrbisvie thevlithegraghysstapHior mdmleg\gt h
of not nore .t han ]agout 200 nm. has. t('i cq sor a?ce for olrgl nar
devices including, for example Smicondu or elements, liquid crystal display elements
plasma display elements, and thin film magnetic heads. The present invention also relates to

techniques in relation to the above.

Description of the Related Art:

(=

15 High exposure accuracy is required for the exposure apparatus of the full field
exposure type (stepper type) or the scanning exposure type (for example, the step-and-scan
system) to be used in order to produce semiconductor elements or the like. Therefore, the
exposure apparatus adopts arrangements which make it possible to perform highly accurate
positioning or highly accurate scanning for the reticle stage system for positioning the reticle

20 as a mask and for the wafer stage system for two-dimensionally moving the wafer as a
substrate respectively. The reticle stage system and the wafer stage system have been hitherto

assembled successively and directly on a predetermined frame mechanism.

In order to further enhance the resolution, the recent exposure apparatus uses the

exposure light beam of the ArF excimer laser (wavelength: 193 nm) having the wavelength

25 shorter than that of the KrF excimer laser (wavelength. 248 nm) Further, it has been
investigated to use, for example, the F; laser beam (wavelength. 157 nm) having the shorter
wavelength  However, the vacuum ultraviolet light (VUV light) as described above, which

has the wavelength of not more than about 200 nm, has a high absorbance for ordinary air



-2 (especially oxygen). Therefore, when the vacuumultraviolet light is
used as the exposure light beam it is necessary to adopt the follow ng
procedure. That is, respective stage systens are tightly enclosed in stage
chanbers (sub-chanbers) respectively, and the gas such as nitrogen gas or
hel i um gas, which has a high transmssivity with respect to the vacuum 5
ultraviolet light, is supplied into the stage chanbers. Alternatively, the
optical path of the exposure light beamat the inside of the stage chanbers

is substantially in vacu uch a procedure is alsq adopted in the sane
manner as (BRBEURILEYYES ihsrefore eheg j%@a%mqéléfawalﬁt Yehhe qssﬂgég*}wﬁpeﬁur_are_
arranged ght Biind, RS eeflary B2BHELloRMORbLRRte. St RTesehOE dhitilVioms 1S
necessary to adopt the follow ng procedure for the exposure apparatus 10
whi ch usesard hightlyaenciosed| inr siageothembkersgsub-akantiees) evespestivedy, | anghthebgsansucH haat

is, the projection oglte'.cal Sys em_{}% irllls alled.to.the. franme nmechani sm and

the respelifaEsn s QEdelD gife I b4y § highs LFsMIsTVitks With TeRset, ot the Vacuum

corr e%oon%it%ioﬁétall t,GB3HSHeR iRoahE Rk chAfbsS %?teﬁﬁti@é!_r%rtﬁé' Rtitdl pathCSPRET | Ve

stage systens while maintaining the air-tightness. e exposure

appar at us expasurshlight dsamfap theeinsidp b€ thet dhage\chambers id subatandibt inlvagiim.aSuthhe 15
exposure light beam as descr.ibed above, is agsenpl by installing the

ot hge chalRrLE oo h PRI T RERG R RGCADME Faave ot Lo sAge pytween
assenbl i nggfabhit PleBicBCWhR ARt lafdhgedY 5t 8RR aRddt N HRSREGEINGR SHRGE S¥EHENS

with respect to the frame nmechanism However, the nmethod, in which'the
r espect i vécsordingly yit issnecessaretos adapé theh Sotosving proseduse Her theoenposiaatapparpias

deserbed MU TR uli et FRCH R Al e e BB A TR P hEBeiRtee and
adj ust t hepfgpaystdnh! s inktbllddBlthe Rath® REcRisn® dn@thelresfRclive stAQY bfetlccekvely
exanple, to adjust the relative positions between the respective stage

syst ens angsembedprafterdhitothe spirpspandisg stagerchamharefigrinstalled sorfsda wamoundcibe

ari ses such he duct.ion. . t O e. sure apparatus is

i ncr eased.respéc:@%g{rafge fﬁée%r?e%%cf?mlgﬁ%\}\?ﬁ {}:lﬁta{}ﬁlgﬁzrﬁgés)specti ve stage systens, the
respective stage chanbers, and other conponents are 2 5 successively
That s, the adltetTROorBiaus THRANES: kesammet Bk rRt PRSI REE BnE" o
per f asmed ekgysutchieshe bRaE Ws RleaRidad aboke, if\dssambled blytinsthlifg thdRag@chakibersCst
requi ed for the maintenance are increased. Further, when it 1 s intended to
easi | y asswimtpiningihe agitightnessiadics syreesselyaaspemblinggheprajecgon optigal system gadrent
m whi ch t 28V ' L r ] SSH.Vi ith resp re
"5 gt BEASRaO R Bsfhd b 20RE by bhohe b i GEP Sk MeEHRETH

st age chawmibéshs the hespbaiiveowiagy syetams,0cleliistage TéHambes, dnlle ot Woinpoherte adte of
the gas having the high transmssivity is increased, the concentratjon of
the gas i 8ugesEhsawenhled nuith sespect| topthesiegle fhhmecnpeenisy ps gatcrBedbovend
the LBt ensigh¥eds o A df & 4no S URRHeAtSI0he De
exposzed S%qhesewctl%?demﬂﬁ‘ﬁ?e ;égﬁ%]g%%ng tlﬁghﬁé\@hgt raap m ssS|SV| tyef}sa gné’
expensi vepeasl ofitinhe Byeduated yfior geasmple,tto adjustehesdaivy positions Betweenttheregpestias

effecti veItX as possihle in order to Suppr ess he runni ng .cost ..
stage systems and the projection optical systemn. Therefore, an inconvenience arises such that

=0

the production cost of the exposure apparatus is increased. Further, the method, in which the
respective stage systems, the respective stage chambers, and other components are
25 successively assembled as described above, involves the following inconvenience as well.
That is, the adjusting process 1s also complicated when the maintenance is performed for the
exposure apparatus. As a result, the time and the cost required for thc maintenance are

increased.

Further, when 1t 1s intended to eastly assemble and adjust the exposure apparatus with

30 the arrangement 1n which the gas having a high transmissivity with respect to the exposure



It is also required for the exposure apparatus of the scanning exposure
type that the exposure apparatus is easily assenbl ed and adjusted, and
especially the throughput of the 10 exposure step is increased. In relation
to the above, when the scanning exposure is perforned by synchronously
nmoving the reticle as the mask and the wafer as the substrate, the
operations of acceleration, novenent at @_constant velocity (scanning
velocity), and deceleration are performed for each of the reticle stage and
the wafer s age. It hai.gﬁgg hitherto Eomsi¥er§qﬁto - be suffigient t hat
the scannii§ht Deanydy syPRlied . Xgmpie, 1o 40¢ dnsiqe,of, igarespegiiys, stage, chambgss, the

t hr oughputey fviftd fdah SccfAMHaNS, fRRRDUAEIARK! GHithOBas HAGME YIRS high fraddifssHABNBI Ng
velocity is incfeased, it is necessary to prolong the acceleration time and

t he decel ercatased thd comcerftatior of the, gas he dériregsed m thegippioal path efothe eepasysaight y

obt ai ned rely by increasj the sc iLng velocity. SUMWARY THE

NVENT! ONOFb A B0 b e st BARR Ut 5 Lot iy B HpiTAe T oF BXPOs ect
of the preseibi? WHeAVERNEdsHAving the hidhQ¥indRisaiNitf XPaspRndi®s BadkuRds 88lium
exposure apparatus in which stage systenms and ot her conponénts are easily
assenbl ed gandt ind¢agstaccito wilige thergds ebefectivelly as hessibleinanderito venpréss the rynniog
provi de an exposure nethod and an exposure apparatus in which stage systens
and othercﬁﬁnponents are easily assenbl ed and adjusted, and a gas, which
transmts an exposure light beam is supplied to at |east a part of an 2 5

optical path of the expasuyre l.ight beam wherein the gas is effectjve
P Lo ed o maltd® Ao SRSt 6 ths X Hap va i oh e SHEBE Srpane el bhs on

the opti cakpdddfchapPataltisid afliyesderblel BRI RURSRA! add¥PBEAIBN tHeSthidhgRpiRVdfdge an
exposure nethod and an -4 "exposure apparatus in which stage systens and
ot herl 0conpxpmsntessieprie insrasiddy Insdatidl te dheahdvedyhenttheiscanmug exnosweds porfomaked

rel ati onsl b BELASEN, LG TOSHU. 4E uRMRRIGRUR e MRS RR L M ERRMIRS
of acceleration, movement at a constant velocity (scanning velocity), and deceleration are

performed for each of the reticle stage and the wafer stage. It has been hitherto considered to

- be sufficient that the scanning velocity is merely increased, in order to increase the throughput

15  of the scanning exposure operation. However, if the scanning velocity is increased, it is

necessary to prolong the acceleration time and the deceleration time. Therefore, the high

throughput is not necessarily obtained merely by increasing the scanning velocity.
SUMMARY OF THE INVENTION

Taking the foregoing problems into consideration, a first object of the present
20 invention is to provide an exposure method and an exposure apparatus in which stage systems

and other components are easily assembled and adjusted.

A second object of the present invention is to provide an exposure method and an
exposure apparatus in which stage systems and other components are easily assembled and
adjusted, and a gas, which transmits an exposure light beam, is supplied to at least a part of an

25 optical path of the exposure light beam, wherein the gas 1s effectively utilized to make 1t

possible to maintain a high concentration of the gas on the optical path

A third object of the present invention 1s to provide an exposure method and an



Anot her obj ect of the present invention is to provide an exposure nethod
and an 5 exposure apparatus which nake it possible to increase the

t hroughput when the scanni ng exposure is performed. Still another object of
the present invention is to provide a nethod for efficiently producing the
exposure apparatus as described above, and a nethod for producing devices
to make it possible to produce a variety,of devices at the |ow cost or the
hi gh throughput by 1 o using the exposure apparatus. Still another object
of the present inventiaon is to provide a stage nodul e which. is capabl e, of
bei ng. dat SERRHIGARRARHSHBAM G PR SHisTR AN IR e TPaBer n B P GSE G R P o
aspect of JhiicieR! SRCME pbAUGHA 'r%let\}ic)lﬂsgi&;\rlml?etnhréenpﬂh@‘f&:s%&iv%rl:loi RASHL & siteABARY At uS

for exposing a second object an exposure eam passi ng

t hr ough anidasired edsilpbpdotreCtRL) , t he exposure apparatus conprising: a franme
(32 to 37); a first stage chanber (23) which acconmodates a first stage
system which carries the first object while holding the first object, the
first stage chambther bbjecigofldicaerbseint ynvensdrald @dprosidelea éxpasme mgthod afd an

second stage chanber (38). which acconmopdat.es a secgnd stage system (W5T)
ahi oh o ar FRESOEEPREEUHMiShTER RPRIAGS dIGTE e e SECUToBPEL e FAIMEE ond
stage chagbsio ﬁgggﬁgﬁkgphably installed to the franme. In the exposure

|

appar at us accor g to the present invention as descri bed above, the first
and second stage chanbers are constructed as nodul es. The exposure

apparatus can I i eas, | : I :
assenbl i ng the§ﬁpﬁg§ﬂgﬁgﬁggb§ﬁg@ggg%gigﬁ%ﬁ%g}gﬁb1%9?9?@&M§@§%§?€¥&Fﬁmﬂy
par al | el , pendcinpele ¢xppsiat bppagatthanddsailiciabbveord seciiad fonproBucitd devices he

first and second stage chanbers can easily detached fromthe frane
mechani smmakfRdt B¢ Ze toj progluce we@aegﬁweaeﬁtfﬂeﬁ o PR 96t At dbeughgRt by
EXPoslyr € ARREiRtdtPosure apparatus.

Still another object of the present invention is to provide a stage module which is

capable of being detachably attached to the exposure apparatus.

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

apparatus for exposing a second object (W1) with an exposure light beam passing through a

15 first object (R1), the exposure apparatus comprising:
a frame (32 to 37);

a first stage chamber (23) which accommodates a first stage system which carries the
first object while holding the first object, the first stage chamber being detachably installed to

the frame; and

20 a second stage chamber (38) which accommodates a second stage system (WST)
which carries the second object while holding the second object, the second stage chamber

being detachably installed to the frame.

In the exposure apparatus according to the present invention as described above, the
first and second stage chambers are constructed as modules. The exposure apparatus can be

25 assembled and adjusted casily and quickly by assembling the first and second stage chambers,



In this arrangenent, it is also preferable that a projection system (PL),
whi ch projects 5 an inmage of a pattern on the first object onto the second
object, is installed to the frame, and the second stage systemto be used
is a doubl e-stage systemincluding a first substrate stage (40A) which
drives a first substrate (W ) as the second object, and a second substrate
stage (40B) which drives a second substiate (W2) as the second object. The
frame includes, for exanple, a first base nmenber (32, 39) on which the

second 10_stage chanber is placed, second bhase nenber (35)_which

arranged &% ef‘%‘@pllei F’sﬁarﬂ!fé@“ﬁé]i‘f’&éps%%f‘ﬁ theny {9,thg dTage ‘BP‘E@E\%{W Vinrtheg dg éﬁ“ (34)
i nt er veni JERmHRAL liGhuetdiRed irbmtthe 3G nfllARRGH. TheRFRESH.
and a thi%giﬁggépﬁg%ber 37)aﬁﬁfgﬁh§éearr%ngedton the first baseenenber

wi t h a vi bsraddoi easy frpevier theangedestca for(tBGexposire appmatngy t her ebet ween and to
whi ch the projection systemis installed. The vibration, which is generated
in each of the stage systens, 15 does not make any harnful influence to

ot her porti onsin this stahgethengy it i3ealsol grefatabtenthpr eprejeciioresysetie 13| which prajects vene
as described above. It is desirable that the apparatus further conprises a
gas s@ppl 91 Hpagsrof@pattem qnothg firsy gbjeotyntq thecsge gebds ipstphled o theframies and t i ng
the expos ' g oasinae 10dink Ren ki

chanber - ekl ot 3P G RE LAk ON U MopbR- ol yREhiRolink st SBbyal 3885
coveri ng (M) evhi¢h desvahfirchsubstadts (W3 ) bs thersecand| objécs, cind tacsecdmdosnbstinate stage

at nospheric_air) space between the fj.(st stage chanber and the projection
system aﬁﬁmﬁ 6669%?$§§ﬂﬁ5ﬁ5§%b§i%%fsﬂﬁwﬂﬂgﬁghls (substantially

i solates fromthe atnospheric air) space between the projection system and
t he second stage c¢hanher. For exanple, .the first and second stage chanpers
are installed ?Be ?’ﬁ’é‘ef‘?‘é‘!‘f’és»ﬁ@é FRATIR 2 QFFEI%?We‘He’Ph%" (tdsg\o:‘écﬂ?eY’E‘ﬁE%?‘Fe%%‘? are
2 5 hpgst a&tb%é’c?]aﬁﬂéﬁ is Efacé(f a?&%bfnc{)gas‘éelﬁ%rﬁﬁé 35N AR MrRked 884nOkirdt BsOas
transmtting the exposure’'light beamtherethrough, fromthe optical path of
t he exposmembbt ghh aly@aatianeprgvangvé patestah@4) ndérdening thetebetfrices andomgbich hlsarber

to the inside of the second, st .chanmber, and_it.is.possible to intain a
i gh | nt eRS FPEHaRe: RRseh At R e aismoet Cig) i of SEiset P g B 855 hat
the exposplmvaPRfh alvis l%n-%@?enﬁ(l@ﬁ@dgstal (865 itk 9nihs tHAFDUFIRH W4 td\which the

transport chanber (70) al n ich a transport system (WRDA) for transporting
t he seconprojssiien sysiem 5 indtallede dbadibsatioge whithnd generatedan cacinoltthe etdge sysdma, gas

I t 4 to, 6, .TA 7B ich | i .t i tt]. th
SooL Y, PR bt b unel pafiike YEOB%: FURBH B PP iR bl uphgpipive he
chanber, phRstaREONerdéRAS deRABREibovand the transport chamber respectively

to make control so that the concentration of the gas for transmtting the
exposure |light beamtherethrough in the second stage chanber is higher than

that in the trRASERAbIE mmrappAQQQMHwkam{) ides laSaP O§splPhpatBusd@ab 823K, t he
amount of use of the gas on condition that the transm ssivity of the '

exposur e TB)jwhicheupnlies aigas fos &rgpemittinggha hxposwgdight beagp harethraushyy theunsidrer
conpri se S | v tubes, whi,ch connect the first,stage.chanhe t he cond
ctage chapie: HANsteh SRERnat B oS BR0 ks CPfrbdn M M BRiRIBT o donsP
respeot i véwring alegibet (18T exlitie sea¥tsMbstantailg hsoddiés Ro@vthel@indspheridsir) space
respective gas sug_pl y tubes, and a gas control system which controls

oper at i onb@Veamiie JBpletidekhamberaanddthg prejecsionTystemy god @ rseculd RV SRS mgmper
further c i S i - 5 { f

gt - abea ) nafieh RPE oA, TRA 88 ok oRUBEOAS ) Yol owaen, the
chanber, moptctibresysieanapdiic shanbgnge vikeitter.n Fohexgasie stipfiryt appscaidistagmy

supply the gas to the first stage chanber, the second stage chanber, and
the transpBmbeshirtesalisd Prde digicsmsehania, ABACBRR it Pih cgferipggnembers arc

| i ght = absgr.bj S; . Ihes 88C0sk 8 age
chanber e B e B R R B P SRS
recei vi ngiighhéese condhobpkcfom alfe openi pagh fobthd egdsurg lighebset ondingbjecthe and

a shutter fqr ¢losing the opening for feeding the second object. The

Shut ter - rPanel HoV T T ARG Noaic Fif EHE GERtr Ce T T OhS oS ng
degree of,the, QRN DY Y PEr hegklRl.diderandi ng on the size of the second
obj ect. According to the second aspect of the present invention, there is
provi ded an exposure 25 apparatus for exposing a second object (W) with an
exposure |ight beam passing through a first object (Rl), the exposure
apparatus conprising: a first stage chanber (23) which accommbdates a first
stage (RST) which noves the first object, -7 a first neasuring system
(25Y) which neasures a position of the first stage (RST) in




the first stage chanber (23); a second stage chanber (38) which

accommodat es a second stage (WST) which noves the second object (W); 5 a
second neasuring system (SCQAY) which neasures a position of the second
stage (WST) in the second stage chanber (38); and a main nmeasuring system
(54Y, 57Y) which nmeasures positions of the first stage chanber (23) and the
second stage chanber (32). According tgéhe exposure apparatus as descri bed
above, the positions of the 10 respective stages in the first and second
stage chanbers _are neasured by the first and second neasuring systens
respectively. Th§ abwrf:ﬁ%@hge @Pt the SXPRVFRRRPRIARIS4he PESRSRYCITR & PO e
by the nai | @Aﬁ?ﬁe T: £ Or e At i s(i";@lhg B35 .
posi ti ona:‘ﬁtrhrer? glt%lﬂ"f')dr?gﬁfp eg\rﬁ(gnﬂfﬂgwir?eas%ae%k?ﬂ\t/§y§€[§ge sysA?g?rB ea%ibﬁgltggﬁg
corr ect | y sedond ohjest iator the geordttagd tieanthep ssuc@napibacd tand a gay suppiyt dpparatsr@r i se

a projection system 15 (PL) which _projects an i mage of a pattern on the
first obj &p Zféfcm‘ﬁ@%é S BIBPLF BN B1E e REPOTATe 6 AEAR (G UEte 1P

i ncl ude atﬁet1jngﬂe mﬁygﬁpgtfaga/%ﬁﬁme@,%psewah%g@%g&%&? afild mmsﬁmkhmber

rel ati onshi p between e frrst stage chanber "an e projectioh system and
a fourth mespsaivelygo siyakt eonttd £y Yhanthieatonomntrauioresf the passfor tramsatitting|the exposire p

bet ween the sgcon stﬁlg)e chanber and the gro' ection syste Accl}%rdi ngll){, it
i s possi bight Beagt drarghionel, in dhy jecopd siage chargberys PP E1ab 0 {igetranspo
respect| V%hﬁh@&?%&ﬂﬂiﬁé_}}ﬁ iPRY4iORaD desbaki RORAbEht lFkS8f t}fér%& k8 Baditisn of
the projection system e exposure apparatus according to the present

i nvent i on thattheftranshissividy npihe sepasuredight beam isahcreaged.em (200), wherein the

mai n control system nay determ ne the position of the first stage from
measurenent results obtained by the first neasuring systemand the third 2
5 medsuri ng sy$herxpoawme apparatmy nvigtfenther cemptiee gas supplytubes whick comectrtbe fitsage

from measurenent results obtained, by the second neasuri sysiem and the
fourt h mes@er CHUmAgs fisnFecons SHEF FaBhtTy gnd AP FRRHEy STV 1 HES #5 SEPRIY age
and the segoRsus tRp&tBly! SoleRid-bPdrhied GalvRe wiRH 4k QRSvided fbr tBE ré_éF.!:&%tgaﬁs of
the first and second stages on the basis of the determned positions of the
first supply tubes, and a gas control system which controls operation of the solenoid-operated
valves. The exposure apparatus may further comprise a sensor which measures a
15 concentration of a light-absorbing substance in the first stage chamber, the second stage
chamber, and the transport chamber, wherein the gas supply apparatus may supply the gas to
the first stage chamber, the second stage chamber, and the transport chamber on the basis of
the concentration of the light-absorbing substance measured by the sensor. Each of the
second stage chamber and the transport chamber may be provided with an opening for
20 recetving the second object, an opening for feeding the second object, and a shutter for
closing the opening for feeding the second object. The shutter may be divided into two in the

vertical direction, and the opening degree of the opening may be regulated depending on the

size of the second object.

According to the second aspect of the present invention, there is provided an exposure
25 apparatus for exposing a second object (W1) with an exposure light beam passing through a

first object (R1), the exposure apparatus comprising:

a first stage chamber (23) which accommodates a first stage (RST) which moves the

first object,



stage and the second stage. In this arrangenent, the first neasuring system
may be attached to a side surface of the first stage chanber, and the
second neasuring system may be attached to a side surface of 5 the second
stage chanber. The first to fourth nmeasuring systens nmay be first to fourth
interferoneters respectively, a reflecting mnor for the third
interferoneter may be attached to an outgr surface of the first stage
chanber, and a reflecting mrror for the fourth interferonmeter may be
attached to an quter surface, of econd stage chanb speci al t he
et et i g m r AT BERTRE Bl AP oRiEs Brathe e Be dibeBRESeRO YD i r o

i nterferongd gt dfbekapgeads);n a side wall of the first stage chanber, and
the reflecting mrror for the fourth interferoneter enbedded in a side wall
of the second stage chanber may be attached to the second interferoneter.
According 10 aalRbpf 33RESharibrt (38) ML MoolrMidRlct ONsccbAPIshagh SWRSTV iR an
exposure apparatus for exposing a second object wth an expgsure i ght beam
passi ng t mavegthesedandobjeeb(Wh);ect whil e synchronously noving the first

obj ect (Rl)and the second object (W), the exposure apparatus conprising: a
stage system whi ch noves one of the first object and the second object; and
a mai rb cont r ol assgsdmeinmedsudhg cystdm ¢HGA Y h evhithageassses tacposiont dfathe sérandrseagef

the first j.ect and the second object is accelerated at a predeterm ned
rate of aé%@r‘%ﬁeéﬁc% ts?ageéhaénq?fragsb"é‘tderm ned scanning velocity is

obtai ned, and the one of the first object and the second object is noved at
t he predeterm ned scanni ng vel OCi(tﬁgY wherein; the scannjng velocity i

is
determi ned so PHEFNJRFASEURS SYSieRR (PAY sabkt RRHGhanpaputes fopiighs e&ﬁ@nérﬁ{@ta@ﬁ t he
rate of agﬁﬁhgé‘r$§3?%dtﬂ&eé&ﬂ s@;ggﬁ%ﬁ:erqp%ar atus according to this aspect,

assum ng that L epresents a 2 5 wdth a conparted area (29) in a
scanning direction to be exposed by one tine of scanning exposure for the

first object on tha:seaPmdk ARL&GE i Yi Pihesk: " .
width (slit w dtck o*n%an exposh(sse ea?lé%ér g%?gsma‘lfsﬁlgbe?caﬁni hg %ipfo\giétgﬁsg%tftstggbe
exposed wiréspedtive segpomuthe first ad second stage chambers are measured by the first and second
measuring systems respectively. The positions of the respective stage chambers are measured
by the main measuring system. Therefore, it is possible to measure the positional relationship

between the respective stage systems easily and correctly.

In this arrangement, the exposure apparatus may further comprise a projection system

15 (PL) which projects an image of a pattern on the first object onto the second object; wherein
the main measuring system may include a third measuring system (54Y) which measures a
positional relationship between the first stage chamber and the projection system, and a fourth
measuring system (57Y) which measures a positional relationship between the second stage
chamber and the projection system. Accordingly, it is possible to highly accurately measure

20 the positions of the respective stages and the positional relationship thereof on the basis of the

projection system.

The exposure apparatus according to the present invention may further comprise a
matn control system (200), wherein the main control system may determine the position of
the first stage from measurement results obtained by the first measuring system and the third

25 measuring system, and 1t may determine the position of the second stage from measurement
results obtained by the second measuring system and the fourth measuring system. The main

control system may drive the first stage and the second stage while controlling the positions



| ight beamfor the driving object, Wa represents the rate of acceleration,
and VWrepresents the scanning velocity; the scanning velocity V Wis
determ ned, for exanple, so that a value of OI, which is defined by the
foll owi ng expression, is substantially mninum ~T = 2VWW + (LY + D)/VW
.(1) 5 The first termof the exposure tine OT is the sumof the
acceleration tine and the decel eration_ti ne, and the second termis the
time (exposure tine in narrow definition) in which the exposure is
performed at the scanning velocity V Win the exposure area for
conpar t edohyeecitiesrpthg Hrstydessoqndestagen Am fePagis Bretck?tevnwri §°§‘H%‘r5ééf§%ﬁrsf hen
t he expos% ;Hd ewgo[? rrow definition is shortened, but the
accel eratlo dec era fon time is prolonged. 1 o Therefore, t he
scanni ng veIocrty is optimzed so that the highest throughput is obtained,
by deternlnlng t I Ayt IS
shortest. Accordtltﬂgsg a?i@é}h o’ur'? r%ﬁ%]sr%éﬁ\'( %g%he pr gg%té%ggta?%%é Qﬁﬁ@é’%{“

provi ded thelfiéteage cha[mliHT,Qdith@gacaﬂd R BUANE Systdp Alag b attdcbed expside ngfaae second
object (W) wth an exposure |ight beam urEjtasm ng through a fj r?,t obj ect

(R1), 5t hetheetcrens stasforhasibey: Hhs Hrst it dourdy mGayfing SYURBE My B¢ e, foursh ¢ o
37 I t
ob] cct , - abiiiaShERsResrBRRRRE o Phedinl oiflor PAHE TNFRRAMGY ARV BE Ak Sed 55
and det actbalahyoute*rsmfalce ng thhefifst rstige sd}m@bexc rmdberreﬂectmgemﬁroanfer therdourth hi r d

step of assenbling a second, stage s ste h noves the econd 20
accomodalitfEIemeesBen hg agch@ci t%%f’ aae g (g second strge 6 E(SB‘%‘YSII Yand

det achabl 'r@ﬁ&fﬁlng éﬁﬁﬂof' h& 9 Q}QF&jnﬁér?él&n&B@ﬁQ e laftadte@ tb R Rirst ﬁﬁ&@é’r@rh@tgr to

t he net hod for uci ng t e exposure apparatus as described above, it is
possiibl e embed‘dbd an ersideywqdt oﬁltheeﬁrshsagxqjmmbee an¢h pizer weflectingcoorodi fogthe dourtte

f t t .of th t f t
and the. ocfPeracaRagRein ¢ A R ClnrBRaR Sasd pundie meb i ThEE BB “ana
then 2 5 theyd fmdifbsmdtist al l ed to the frarre together with the stage

chanbers. Therefore. it is easy to performthe operation for assenbling the
precise stage. It is also easy to performthe -10 maintenance operation

after the aSSGKPédrﬁEQT; tb b thitd qgﬁe'cf @p b $rB@he {iendtl hede fUplhRIEd GATRpbIES A

fourth step of installing, to the frame, a proj ecfion system (PL) for
proj ecti ngn;mratmsnﬁogexmsn@ apsctcbmt nbject witke 2f iexgasursblight tbean tpassingethsangh radfirst

bj ect t out th t i
Coneibe oASaSalh SHBbol RSl 60 ER B a5 W S PeRAE OB e
second st S&@@gpggms@&ﬁbﬁsheg second stage chanmber and the projection

system are reI atively noved in the fourth step. Accordingly, the second
st age chanber and the projection systemcan be installed to the frane

mechani sm easi } ya@gs@inOiMhivh ALY GHeQfYhe MSCSYj&tt BEH the sécohll bbjac@aRect of the
present invention, there is provided an exposure 10 net hod for exposing a

second object with an exposure |ight beam passing through a first object,

the exposure npihad &Rf&PrsyﬁérﬂgwhlﬂiP‘ébﬂgols ki Radd Sitend bo @Rt CGRABREDS 1R fist St
stage which holds the firsSt object, while irradi‘ating the first object wth
t he exposohject|andithe lsesany objedt is accelerated at a predetermined rate of acceleration until a

20 predetermined scanning velocity is obtained, and the one of the first object and the second

object is moved at the predetermined scanning velocity, wherein:

the scanning velocity is determined so that exposure time is substantially shortest

depending on the rate of acceleration.

In the exposure apparatus according to this aspect, assuming that LY represents a
25 width of a comparted area (29) in a scanning direction to be exposed by one time of scanning
exposure for the first object or the second object as the driving object, D represents a width

(slit width) of an exposure area (28) in the scanning direction to be exposed with the exposure



noving, in a second stage chanber, a second stage which holds the second
object, in 15 synchronization with the first stage, wherein: the first
stage chanmber and the second stage chanber are nodul es which include a
first stage systemhaving the first stage and a second stage system havi ng
t he second stage respectively. The exposure nethod further conprises
supplying, to the first stage chanber argl_the second stage chanber, a gas
whi ch does not substantially absorb the exposure light 2 o beam According
to a sixth aspect of the present_invention, there is provided _an exposure

met hod T orligBkprssy fog the drtivsmebletj Biot represents thedis o dreeloratinm, ab YW sepessept
t hrough a {1 abj WM n. r Qv i i
st age nhi ¢ SahnRE YRk e s Y DAL ARG MY B RATRI a0 et
second ODbjof@ll, hickY$\ddTined by fie folowing lexprossidn, [ssubamjtily mihivin? 5 exposure
met hod conprising. nmeasuring a position of the first stage at the inside of
a first stage chanber which -11 acconmmopdates the first stage; neasuring a
posi tion of thersesond/ W vl hHingw nsi de of a seconq“§§age chanber whi ch
accommodat es the second stage; neasuring positions of the first stage
chanber and the second stage chanber in the 5 exposure apparatus
respectively; i j i § 1.9 am
passi 9 ¢ hr ough it Hpeeh B9t GBS SRR ERIEE tnciiu of W XD0RHBE chicats e
vel oci ti eslecdlerhtien fimesindsthagecaddetnnés thectomel (sdpages tiore inhernoss ddinitiort) he
measured paqsitions of the first stage and the sec . Stage and the neasured
posi t i ons YBrch ke sKpowe Q%@"&ﬁ%ﬁ‘o&l‘ S&W"%\é@?‘éﬁé@oﬁyg‘c 'g\ﬁéexe?ﬁé‘ﬁ%%ﬁe? f?rntﬁf’ hi s
exposur e r&s{ng@ﬁed a}%;p MRER, Whéh fhksehnnfzARR AP ¥ W REineREQATiheh BR%xBESIre time
synchr onous noved to performthe exposure,

in the narrow definition is shortened, but the acceleration and deceleration time is prolonged.

10 Therefore, the scanning velocity is optimized so that the highest throughput is obtained, by

determining the scanning velocity VW so that the sum AT of the both is shortest.

According to a fourth aspect of the present invention, there is provided a method for
producing an exposure apparatus for exposing a second object (W1) with an exposure light

beam passing through a first object (R1), the method comprising:

15 a first step of assembling a frame (32 to 37);

a second step of assembling a first stage system which moves the first object,
accommodating the first stage system in a first stage chamber (23), and detachably installing

the first stage chamber to the frame; and

a third step of assembling a second stage system which moves the second object,

20 accommodating the second stage system in a second stage chamber (38), and detachably
installing the second stage chamber to the frame. According to the method for producing the
exposure apparatus as described above, it 1s possible to efficiently produce the exposure
apparatus according to the first aspect of the present invention. Especially, the first stage
system and the second stage system can be assembled separately from the frame, and then

25 they can be installed to the frame together with the stage chambers. Therefore. 1t 1s easy to

perform the operation for assembling the precise stage. It is also easy to perform the



the positions of the stages are determ ned on the basis of the positions in
the stage chanbers and the positions of the stage chanbers. The positions
or the velocities of the stages are controlled in accordance with the
determ ned positions. Therefore, the positions of the stages are adjusted
relatively easily when the exposure apparatus is assenbled. The exposure 15
apparatus to be used may further conprigg_a projection system which
projects a pattern on the first object onto the second object. In this
case, the positions of.th%gfi rst ?{é’?ﬁe chanber and the second stage chanber
in the ex pRancoperaioRligr heasssptiig.on of the first stage chanber with
respect to the projection systemand a position of the second stage chanber
with respect to the projection syste Further, the positiagn of the first
stage with resﬂ)‘e’étdeﬁ‘éatﬁ%éhabrﬂ?ﬁ Ek?{hoén‘gllﬁh‘c’f COPRTISHS ?refﬁ?“rﬁ'é stgR 1ot IpSAERS T PPt he
measur ed jot ] Ok L t 1.BS| '

chanber an tehgggbégnp ?‘%28‘%‘1{‘ (?%%ﬁ???@?&glgaéggdgﬁgggglp Qtf\}\%r{;l %ﬂrtgg g‘zstéfg og:télﬁg

pr oj ect i otthessesbreihnobjenndwhdreinmositduit ¢38adfthtongh sehichrite ptaagptionisydtemn esgepabletod t he

proj ection system nay etermned fromthe sured position of the
second® st REEINg 1% h@vmgﬁag{rﬂm{fké aEé’@B?fdPQﬂl%‘bgF @}?a??ﬁ%‘?‘f)ﬁﬁ%le F}F?énbﬁbs"f"gi Bf of
t he Secongec%hé%agg *e?%t BEr Wd the' {é@ﬁ&n SRdn GrP FARel RBvaY 3 1B fotirth step.

According to a s aspect o he preesent 1 nvention there I's provi
exposur e metdrdihghyothe x@osd spga chemberdamlbihe girojestidn systeex pars be endtaltpdt tobtham

passi ng through first .object, while synchronously noving the first
obj ect angraf“r‘?g"%"g%ﬂﬂ e%ﬁyé%g?"@%acé%ﬁghre met hod conprising -12
accelerating the first object or the second object at a predeterm ned rate

of acceleration untjl a eterm ped scanning velocity is optai ned; and
Crradiat i ng t nacrorie By BEN Sopech of fle SRBE UPEY iy bers s AovidRe 1 FHOPRE t he

first 0bj Gfthddr fol RepREON el YbjectivithE SGRRE Y BLAE phisingMAS R, firstt he

scanning velocity is determ ned So that exposure tinme 1S substantially
short est dbjeemnthicrypamre methpdtenpdsizgcel eration. In this exposure nethod,
the scanning velocity is optimzed so that the highest throughput is

obt ai ned, by determ ning the scanning velocity so that the exposure tine is
m ni nrum as expmessgdiby filsestegp cksshenna (firdt stageAehioh diohdy the fast ebjedit Whdspect

of the present.inventign, there is proyided a stage 10 nodul e conprising: a
st age appé‘?%’t“ﬁ’é‘g&ﬁ‘ﬁ %ﬁ“ﬁ‘ﬂ?ﬁéé""gﬁﬁ%ﬁﬁp@ ‘Erexéﬁf‘jtlet@aﬁ’i‘o ng the object; a stage
chanber which accommpdates the stage apparatus; and a neasuring system
which is attached to. a wall surface of the stage ch r and which, neasures
a position of HO¥NgiR 3 speopbstageflambi Aiserond Fiage %@&bﬁ%@ﬁée@e&&% Chdt o
the 18 presRRfoniANEN iR MAGSOTIRIGh&SINt he stage apparatus, and the nodul e
can be detachably attached to an exposure apparatus. Therefore, when the

stage apparatus is assenbled to the exposure apparatus, it is sufficient to

attach the stage gRdyhse {finfef bR heXNecdd¥CstSEPIRMbEr ARABEANSSWhich ihdukAgYy O
performthe operation Tor producing the exposure apparatus. The stage

nmodul e nafirst stagheystaw rhrpvi:ng eheaﬁtso adee amh astrend \stuge Isysien daving dhe secand stager
for 20 -charging thie SBheel i AR S ah AP Rhe, {0 A3 ShoSANRE!
and the second stage chamber, a gas which does not substantially absorb the exposure light

20 beam.

According to a sixth aspect of the present invention, there is provided an exposure
method for exposing a second object with an exposure light beam passing through a first
object with an exposure apparatus provided with a first stage which moves the first object and
a second stagc which moves the second object in synchromzation with the first object, the

25 exposure mcthod comprising.

measuring a position of the first stage at the inside of a first stage chamber which



chanmber. It is noted that the stage nodul e resides in a concept which

i ncl udes the stage chanber and the stage apparatus acconmopdated therein as
a kit. It is also preferable to use a nodule structure mwhich a stage
apparatus is already supported (arranged) on a bottom surface of a

box- shaped stage chanber as described later on. It is also preferable that
no 25 specified connecting relationship4js formed between a stage chanber
and a stage apparatus. In the case of the latter, when the stage nodule is
assenbled, for exanple, to a frame of an exposure apparatus, it is possible
to succes%@&"}“ﬁ?ggtf%rl“étstt%’ stage apparatus and the stage -13 chanber to
the frame. According to another aspect of the present invention, there is
provi ded a nmethod for producing a device, conprising the step of
transferring aM{aWKIng PRSP Pé%?helfﬁ)"’@nftégeaa%F kla%%@} @\ﬁf?oﬂfgﬁtaﬁy"}t?é‘i‘h’?@ any
one of th%hﬁ%ﬂﬁ&ﬂ&ﬁo&ﬂ&ﬁh@&&ﬁﬁ&mﬁ%?ordi”9 to the present 5 invention.
According to the present invention, it is possible to produce a variety of
devices at | ow cost or at high throughput. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi g. [ .20 ’pox\fitiggs B! ikt ﬁ%goéﬁtambgr SDEIREL %, Qggﬁgé}t in the

illustrating an exenplary projection posure apparatus according to an
enbodismenexmisuielappqrtims espedtiveignaidon. 1 o Fig. 2 shows, with partial cutout,
a right side viewillustrating the projection exposure apparatus shown in
Fig. 1. Fig. 3 shows, with partial cutout, a plan view illustrating a wafer
stage syst em aggposingahe kedondddfecs watheiie dixpesuse tglat bdatepdstiag dBroagh shendfser
chanber 38 and a wafer | oader chanber 70 shown in Fig. 2. 15 Fig. 4 shows a
pl an vi ewobiestuwhile eomigpllingsthe gasitonpssoryelocitiss ahthsdirgtviags opd H15 sernd agewel er

| oader ch is 709 tl?élﬁmul'e'a sﬂf)'sﬁ’io Sof Eieghrstsst QYA the fcBid thgé'\éu{d tlhE'?ﬁeraa.irE@g
bl ow ports, discharge ports, and: ot her "components for the purge gas tor the
waf er chapbstions®falndfiishstagedhambepadithe séwant) atag® Ohamliteenn In thisexposie nitfhdd, g. 6
shows a perspective nem/illustr@%ing a state during assenbl.ing. and

g
adj udPmenthet the fslojterctand ihoRCPRY Fags A SIRAPIONOPHE P 1O BHETRENC SBOSUIRd t he
waf er | an{%rpogﬁgﬂpgf thé Qtages are determined on the basis of the positions in the stage chambers

and the positions of the stage chambers. The positions or the velocities of the stages are
controlled in accordance with the determined positions. Therefore, the positions of the stages
are adjusted relatively easily when the exposure apparatus is assembled. The exposure
15 apparatus to be used may further comprise a projection system which projects a pattern on the
first object onto the second object. In this case, the positions of the first stage chamber and
the second stage chamber in the exposure apparatus are a position of the first stage chamber
with respect to the projection system and a position of the second stage chamber with respect
to the projection system. Further, the position of the first stage with respect to the projection
20 system may be determined from the measured position of the first stage at the inside of the
first stage chamber and the position of the first stage chamber with respect to the projection
system, and the position of the second stage with respect to the projection system may be
determined from the measured position of the second stage at the inside of the second stage

chamber and the position of the second stage chamber with respect to the projection system.

25 According to a seventh aspect of the present nvention, there 1s provided an exposure
method for cxposing a second object with an exposure light beam passing through a first
object, while synchronously moving the first object and the second object, the exposure

method comprising



shown mFig 2 (or Fig. 3). Fig. 7A shows a Soft shield nenber 18D di sposed
bet ween the projection optical system PL and the wafer chanber -14 Fig.
7B shows a soft shield nmenber 18F di sposed between transport ports 52A,

74A. Fig. 8A shows a plan view illustrating an illustrative arrangenent of
the soft shield nmenber 18F. Fig. 8B shows a sectional view illustrating the
illustrative arrangement of the soft 5 gpield nenber 18F. Fig. 9A shows a
plan view illustrating a shutter 75A for opening/closing one of the

transport ports 74A.of the fer. | oader champer, .70 shown in Fig.. 3. Fig. 9B
Shows. & sebti RSPt B8 OFLGHed amie SPADS,PURY 3 SrPEocsmITed gaicoe!
shows a shedeRrdtidn\WitiCApRB¢YmAnéd J,c%ﬁniﬁ%‘v'élb@fy i€ obvhined; 4Ren downwardly in the
| 0 structure shown in II):lg. 9A. Fig. 9D shows a state in which the first

shutter 75A1 and a second shutter 75A2 are open in the structure shown in

Fig. 9A. Fig. [hishayenenst 8jct WABhe SR5shte 1Rt B%n,%@iilé%@ﬁ%ﬂ%fﬁr&t%'ect

proj ection exposure apparatus according to the enbodi nent. ig. 11 shows

a pl an vi enthelstapnd objectray therscanemgpyaoojtyswberemap on a waf er as an exposure
obj ective according to the enmbodiment. Fig. 12A shows a plan view
illustrating a situation in which a shot area 29 having a length LY in the
scannisng di r ecthecseanring celovied isnviétbrnieg ex thdt @xposuex posuis substaaial§ shanésng a
slit wdth D2 0 Fig 12B shows a graph []Jlustrating the tine-depepdent,
change of H?H?ég'é‘éaﬂ’i‘n figatet o%qC?lﬁrav%l-of ithis FxepFiTe énfg‘eoo@géhe scanning Velocity is

optimized so that the highest throughput is obtained, by determining the scanning velocity so

that the exposure time is minimum as expressed by the expression (1).

According to an eighth aspect of the present invention, there is provided a stage

10 module comprising:
a stage apparatus which moves an object while holding the object;
a stage chamber which accommodates the stage apparatus; and

a measuring system which is attached to a wall surface of the stage chamber and

which measures a posttion of a stage in the stage chamber. The stage module according to the

15  present invention accommodates the stage apparatus, and the module can be detachably
attached to an exposure apparatus. Therefore, when the stage apparatus is assembled to the
exposure apparatus, it is sufficient to attach the stage module to a frame of the exposure
apparatus. It is easy to perform the operation for producing the exposure apparatus. The

stage module may further comprise a loader chamber which accommodates a loader for

20  -charging the object into the stage chamber, the loader chamber being connected to the stage
chamber. It is noted that the stage module resides in a concept which includes the stage
chamber and the stage apparatus accommodated therein as a kit. It is also preferable to use a
module structure i which a stage apparatus is already supported (arranged) on a bottom
surface of a box-shaped stage chamber as described later on. 1t is also preferable that no

25 speciticd connecting relationship 1s formed between a stage chamber and a stage apparatus.
In the casc of the latter, when the stage module is assembled, for example, to a frame of an

exposure apparatus, 1t 1s possible to successively assemble the stage apparatus and the stage



Fig 12C shows a graph illustrating the tinme-dependent change of the

scanni ng -15 velocity VR of the reticle stage, depicting a situation in
whi ch the scanning velocity is faster than that in Fig. 12B. Fig. 13 shows
exenplary results of simulation concerning the relationship between the
scanning velocity of the reticle stage and the exposure alignnent tinme, as
obt ai ned when the 5 rate of accelerationsof the reticle stage is set to be
variously varied. Fig. 14 shows exenplary rel ationships between the rate of
acceleration of the reticle stage and the throughput of the projection
exposur e &ppabeatate figmg. 15 shows a plan view iilustrating a wafer stage
system accordi ng to anot her enbodi nent of the present invention. 10 Fig. 16
shows a partial front viewillustrating the wafer stage system shown in

Fig. 15. Fig. Drcaingdo anotbiasaers @f thermrpwat inyentiqne fierg isuypyided agnothagdaiorr

chanber a H . . ien re I o] Fi.g. .18
shows a pgﬁgégég?b§89?2$%ﬁﬁﬁﬁgg3§€Fﬁ@ §?§%§¥e ?gaﬁ%?%%p?ﬁéfag¥b$2%ﬁg%b%r
shown in kiogkpidcé (W81, a8B)etgbhisitl ankSorfel (fthe &EpdsavechppaBiusdsamscardingaw tiedpresent
illustrating an exeanary flow of . the operation for assenbling and.

adj ustd ng MVRBUY ohesefdinghioghe Bresrns inyspligts itis Posstbls @inseducs aivAdct¥ RbdeNisrs At of

t he preseﬂkvkgygp&hﬁgh Jug A0 shows exenpl ary production steps for a
sem conduct or devi ce, %poh the use of the projection exposure apparatus

according to the enbodi nent. 2 o DESCRI PTI ON OF THE PREFERRED EMBODI MENT An
enbodi ment of the pr eserﬁ%ﬁﬁﬁ&bﬁh 61\1(% W Q'eg ow with reference
odr ment,

to the drawings In this'e e present rnvention is applied to a
proj ecti on exposure

Fig. 1 shows, with partial cutout, a schematic arrangement illustrating an exemplary

projection exposure apparatus according to an embodiment of the present invention.

10 Fig. 2 shows, with partial cutout, a right side view illustrating the projection exposure

apparatus shown in Fig, 1.

Fig. 3 shows, with partial cutout, a plan view illustrating a wafer stage system and a
wafer loader system disposed at the inside of a wafer chamber 38 and a wafer loader chamber

70 shown in Fig. 2.

15 Fig. 4 shows a plan view illustrating the contours of the wafer chamber 38 and the

wafer loader chamber 70 shown in Fig. 3.

Fig. 5 shows a plan view illustrating blow ports, discharge ports, and other
components for the purge gas for the wafer chamber 38 and the wafer loader chamber 70

shown in Fig. 3.

20 Fig. 6 shows a perspective view tllustrating a state during assembling and adjustment
of a projection optical system PL, the wafer chamber 38, and the wafer loader chamber 70

shown in Fig 2 (or Fig. 3).

Fig. 7A shows a soft shield member 18D disposed between the projection optical

system PL and the wafer chamber



apparatus of the scanni ng exposure system based on the step-and-scan system

or the step-and -16 stitch system Fig. 1 shows a front viewillustrating
the projection exposure apparatus according to this enbodi nent, and Fig. 2
shows a side viewillustrating the projection exposure apparatus. Wth

reference to Figs. 1 and 2, for exanple, the major portion of the
proj ection exposure apparatus of this eqhodinent is installed in a clean
roomon a floor 1 of 5 a sem conductor-producing factory. An exposure |ight

source 3 of the.prqjection ure a tus is installed on a rr2in
2 en - ol an r S BIhGvRAGHE TSR SEAm L noseh BeleEh Basp o PO Sy A

exci mer |aser |ight source (wavelength: 193 rin) is used as the exposure

| ight source 3. However, it is. als ossible to use other |ight squrces for
em tting the vAskidh Hoys Ppeie ﬂlgﬁﬁatm& @hﬁlupﬂawegar@nm@t eﬁghﬂnsoé?r Shig)

nmore than 200 rhgkin this enbodiment) 10 including, for exanple, an FZ

| aser |ight source (wavelength: 157 rim, a Krz |aser |ight source

(wavel ength: 146 rim, a high harnonic wave generator of YAG | aser, and a
hi gh har noni c I ghe 1:CS): 0f ' r

fovever, the. praEatt MICh sRHRNES RARRE R uRkuaRE GRRGHENATor @SSk,
exci mey | akield hegbdr 186ur ce (wavel ength: 248 rim or a mercury lanp (i-ray
or the like) is used as the exposure light source 3. 15 Wen the vacuum
ultraviolet light is used as the exposure light beamas in this enbodi nent,
the vacuum ul t Fayiogl sHowsi gplan iviewd ilRiBtratingad stuttee @5 A Yordpeningfiidsirgbsity &f the
substance (inpurity) such as oxygen, water vapor, hydrocarbon gas (for
exanpl e, EPHOH RIS HAOf ,theo\f/@fsh%edq&ﬁb%be,r 78 8P E3g Jexi sting in the

ordi nary atnospheric air. Therefore, in order to avoid the attenuation of
the exposure light beam it is desirable that the concentration 2 0 of the
gas of the |i gkt 3Bsbews agecsiopdviavees vaewesbisemiatside PAae\wé Figs 9Buppr essed to be
not nore than about 10 ppmto 100 ppmin average on the optical path of the
exposure |ight beam Therefore, in this enbodi nent, the gas on the optical
path of the expisdFeshowgt ste aimvhichsonhy 8 iftretrshutter 151 lais gasn dpvewaidld Ba t he
exposyy e gﬁ&ﬂ&egﬁﬁn‘h?ﬁ%rﬁanitted1 i.e., a gas (hereinafter referred to as
"purge gas® as we Y? such’’as a rare gas including, for exanple, 2 5
nitrogen (N2) gas, helium (He), neon (Ne), argon (Ar), krypton (Kr), xenon

, d ich has. i ' i.th
cxposure 11 gnt oo e S ifpblel bt RO SPURF eXaLabi o PG el 1502 e

| i ght - abs @p&i inghssthphr@giwwSinlFighlay removed The nitrogen and the rare gas
are collectively referred to as "inert gas" as well. The concentration (or

its allowable value) of the |ight-absorbing substance (inpurity) 30 may

di ffer dependi pgz. Q0 dhberstay RateOfpoh NiBsdnitdink - adla S ikkight SSfBE PaciEctRl Sipbhie ON
the optical path -17 of the exposure |ight beam For exanple, the

f ol | owi ng apRastasiancerdmgtopec embadimeite. That is, the concentration of the
organi c |ight-absorbi ng substance is managed nost strictly so that the
concentration is not nore than about 1 to 10 ppm The concentration is
mtid&ed or | Bitsdiethows 4 planoviewH8usitabng annexgmpiary shotf mapn ofat eyalragoant o

ot her SUb%%ﬁ%S%E?ﬁ%ggé%%Béﬁgﬁgﬁﬁg%wgﬁﬂﬁﬁﬁ'5 used in the vacuum ul travi ol et

regi on as I'ch the exposure |ight

Fig. 12A shows a plan view illustrating a situation in which a shot area 29 having a
length LY in the scanning direction is scanned with respect to an exposure area 28 having a

slit width D

20 Fig 12B shows a graph illustrating the time-dependent change of the scanning

velocity VR of the reticle stage

Fig 12C shows a graph tllustrating the time-dependent change of the scanning



beamis transmtted up to a wavel ength of about 150 rim However, the
nitrogen gas substantially acts as the |ight-absorbing substance with
respect to the light having a wavel ength of not nore than about 150 rim
Therefore, it is desirable that the rare gas is used as the purge gas for

t he exposure |ight beam having a wavel ength of not nore than about 150 10
rim In view of, for exanple, the stabiljgty of the refractive index and the
hi gh coefficient of thermal conductivity, it is desirable to use the helium

o usea wieReitkdTR o Rl B e s HORuFh LR e PR Fr

because hehdnifhdis FRxRepsi ve. As for the purge gas, there is no limtation
to the supply of the gas of a single type. It is also preferable to supply
a m xed gas such as a gas 15 obtained, for exanple, by m xing nitrogen and
helium at a preget8rabnet chitidrf reshits S MimuBROPENTER ng (84 2B ndHS BetWebiDfhk
for exanple, to the stability of the refractive index (stability of the
i mage f or redrninog whanityeif ¢hd sticlesiagaaod theexhogyne alggrinfent timas asofbtdimet whén the

conductivity, .the heliu as.i.s used as t{he purge gas. Accordingly, a main
body sect i" %OBFCCSIC&’&"S“ g] T tlﬂ%ﬂ%ﬁﬁ%t?bem&uﬁ&v@ﬂein the floor 2 in order
to supply the high purity purge gas to 2 0 a plurality of air-tight
chanmbers in the.projection exposure apparatus d apparatuses provi de
horow th, " and FHbdg/BPa ARSI RS tEUREP AL FH BLEHCEHEonRY T it
chanber s. sﬁ%&&ﬁ@fhet%%@h?oﬁﬂ@ﬁﬁﬁé@@ﬁ exfjolfre3PPRaas as the purge gas is

al so used as the gas ich is used for the purpose of buffering action for
air bearings (air pads) to be used for respective stage systens. The
samegas as the pprgeggag 4 plal AewSHRRIHS z{[QfafEPtsla‘gé!s 8ehNRcQlinB@S Mg 2 5
beans of | aser mter?erorre ers to be used as neasduri Kg systens, for

exanpl e, feobodineent efthe pteserd irsteagen. syst ens Thi s arrangenent is provided with
a mechani smfor neasuring the refractive index of the ;as (pure gas) on the
optical path of the measuring beam The neasured val ue obtai ned by the |aser
i nt erfeer onet er Fig 16chevecd pattidrirdnh eichangrathg theevaferastage agstaa khevoint Big.nsd by
the mechanismfor neasuring the refractive index. 3 0 Even 1n the case of
an identical |ight-absorbrng substance, it is also preferable that its

-18 concent r at iFig) 17 shgpes ar ¢expldded pergpgctive viel itluachtibg aWdférathamberaacpdrdinglto t vy

of air-tight_ chanbers. Fgr exanple, the follow ng procedure nay be

avai | abl e anqthgiembodiment of bs PEsSERtARYHHOM s nmanaged nost strictly (so that the
‘concentration is low) in the air-tight chanbers for accomobdating the
projection optical systemand the illum nation system and the
concentration £ dn#g¥d &peispestivg digy [IBsalmg ¢ skie Hhtvhigheths ovefen ehanabesn i s
hi gh) in QBMinaﬁig.'lt’ﬂigggseﬁlﬁf%ﬁ.t’er s. In this procedure, the foll ow ng
arrangenent nay beé also avallable. That is, at |east a part of the purge
gas, which has been supplied to at | east one of the air-tight chanbers for

t he proj ection t] Lyl : ] I 5@”?} i I sly
suppﬁngd to ang'%%élr&/g%rr@%I?%ﬁga‘gﬁg]r?bhg&agdwmégﬂ ﬁg%)s{é:txa%e C Ojngggl%%gﬁpﬁg air
pad descr iftredsealiding .and adjubtirg the paijaaoe Bkposiie appaatis hecording entheaibodinednt t he
|'i ght -absor hi ng substance in the another chanber arranged on the downstream
si de exce@HUCPRSSRIAPENUPRNi t value, it is also preferable that a cheni cal
filter for renoving the |ight-absorbing substance fromthe purge gas is
provi ded on the, upstream si de of the another air-tight chanber, Tge in
body section ofi& KB SHA¥S SXRSMISHY dppriictien, stepo s ssaucondygtondeyigs Base qngtgﬁvery
15 unit 4, el dhRgke ﬁ’@)_gb‘é'sll%BHﬁH?atLQﬁccBﬁWt@rtﬁ@&nﬁd?ﬁnﬂﬂr ge gas containi ng
inpurities, an accunulating unit 6 for accunulating the high purity purge
gas, and a gas-feeding unit 5 for adjusting the tenperature of the purge
gas d supplying t gtFOF i ecovery unit 4
aspi r%gt es the gas i%%ﬁﬁs}@i a.%'pﬁ?‘gﬁﬂé arlribgrﬁlg?f)?@&% tly | ow gas
pressure by the aid of a gas discharge tube 7A in accordance with the gas
flow control bﬁkﬁ%ﬂm%dlﬁ’ne‘?l?oﬁm%hdﬁeé&'f}ﬁ‘l’ix!cﬁh%&’\fﬁFS’ea%lgﬂl'éte‘%elJb‘é‘viJﬁ&%PéﬁEé’toL{Hét 4
separates the purge gas tromthe aspira ed gas, and it tenporarily

accunul at éswiine separat@topuege tgagresditananauinud apeddpior gergeasionsexpoppt i ed
to the gas-feeding unit 5 via a piping 7B, if necessary. The purge gas,
which is éf&ﬁ‘fﬂ“é%%fg’éle %““‘&”%F’&?Swﬁég%ﬂﬁgf‘%?@ YR AR ARFESER SERETRLINSSIRni t 6
or which is liquefied and accunmul ated, is supplied by the accunul ati ng unit
6 to the gas-feeding unit 5 via a piping 7C, 2 5 if necessary. The
gas-feedrng unit 5 adjusts the tenperature of the purge gas supplied via

pi pings 7B, 7C The gas-feeding unit 5 renoves the |ight-absorbing substance
and ot her conponents fromthe purge gas by the and of a filter section

i ncluding for exanple, a dustrenovrng lifter such as a HEPA filter (high

Y o o - o, o - 1 - a o o



-19 pressure) slightly higher than the atnospheric pressure to the desired
air-tight chanber via a gas feed tube 7D. The foll ow ng procedure may be
adopted. That is, the purge gas, which is recovered by the recovery unit 4,
is supplied only to the air-tight chanber in which no trouble occurs 5 even
when the concentration of the organic |ight-absorbing substance or the like
is managed rel atively | oosely, for exanwée only to the air-tight chanber
in which the reticle | oader systemor the wafer |oader systemis
accommodat ed. The new purge gas,_ which is Sﬁﬁ plied fromthe accunul ating

unit 6, i §ttgh v%é@ﬁgmsuﬁm iledqWit & frand vaew -iflpgiiefing HaGpERICQtinR SRHGASUNR i2PPRTRINE
exposure | A6 C C

l'ight- absgé ngggﬁg}su?ance égagﬁ(ggq%c%ﬁpg‘?%aygggﬁﬁv{)ﬁ% ttngg tt)ﬁeh?]ﬁeecnr eset
concentr at«:xmunfeoarppaamb cW;th heferhee tol Kibs. Ichmintyefbs examiple; ahel iviajop rpoktivmt oﬂthe

efficiency of use of the purge &s is i.ncreased. The arrangerrent of the

pr f’{ ecti oﬁ“é‘?@&@% g:@sampafnzﬂé ig ﬁ'@t %F%’Gﬂ‘i lmﬂa lgfl n%e;é CAR E0EH PN ;ﬁl?@h% |°8?h

Wi e
exposure ﬁ%c'ageaclrté} ﬁ}ﬁm;ll gnat |0§W ﬁﬁeﬁ{ b o%o {cﬁe gf;(ﬁlggﬁ ' nl_&p\/\ﬁll IS
conposed appmata@s pmdteﬂked loasdftool 2 aira bam dgararovmxﬁ”laengmhleoboxﬁ %posem under th@e

passes. ol GREF b AR ATBEXGITER BRE e PR A1 a bty 18R A ey usad B crposi leh

reflected sMQM@ﬁdll—YoweUQP 1?)1(909@6‘%855%18% ulkeaies ﬁﬁlﬁ%oﬁﬁ%?%rfé?ﬁmﬁﬂéethe%b&ﬂ
axis by the aid of a béam matc unit (not shown) disposed in a first

sub- chanbehraglodm lighe (light bavihg Iaoaa\tedmhgtlheﬁ Bgivieore thard 20@ nooimethis erbloodiment) st

il'lum nati. | S t I fi f th
expodlr o FIRGHEND G AP < Uiy D) PR i el DAL eseb el e
system (npkaeRah) 14d Bf) pélh%ﬁ HarfRoHY w'a$e aelicrsibest YR GAlaber Odtd 4 Fx‘ Gafflodié | t €r

section (not shoéwn) capable of switching the transm ssivity. e exposure
| i ght beamaVQ(ln@wehannmm)agdnlesatcg of yemicemdictod laski. diioveeey dlse Iasseahmupttlomas;

integrator_ (uniformzer, or L orm2|n ance
i st 11 bt PRERSe TGS Fhom SREPAREF Sichmrcisdr PebCalict (R 24 ARIAE o

t o coi nCi denerbuir labp(i- 0t drGRd lilke) i ised aé thaRgHsBurAtdhooudeme (pupi | pl ane of
the illum nation opti cal syster’r) W th respect to the pattern plane
(hereinafter referred to as "reticle plane") of the reticle R1 (or R2) as
an ohjsect to bgyheh! tHeTvaahes ultbwidi&eligit ds Qlsed RE tBdIeRRMIeNBg Meamahs HY fHigm
.1 diaphragm switching nmenber 1 1 for determning the nunerical aperture of
-the exposembodiinght thearachemaniavighd kght is- gGatihe pubtd Byl ame light-pbsorbing t y

nctbai g PaPE DRATE) T g BRYEAS ek oply ot et Fat OB RERDRR Fashon

aperture diofde), agFani OMmaltéte agdTBAlldeCsXiBing 6 €hd @irfy fitho¥ptledie )air. aDhereferd, it ©
di aphragm for zonal illum nation, and an aperture di aphragm for nodi fied

i |1 um nat P Waaypwgthaatmw%m efytheyexpgsure dightbeam, dnedesuabla s sl spnesnitatiore d
f dj, pph o d
o' REC: TPEARIAPEL B AR ARy ofHatoch ARUL SEpHET RO AR

tote|I Ion ¢ I'ns opt1

exposure thag hiboltelnpprh tdY 00ppmSincdvetdge onotht ropticad eplafmdsﬂmd ebyosaremigm beart r Ol
system (2 ich collecti ver manages_ and control t he operation of the
entire ap%a tFs 1 APig smpedimentythe gas gtk oprieel cﬁaﬂbaf the-gxPRBD diebt PERER i ng,

for exampkfyited! §ith aanAsOﬁu hos%fcﬁ?%he %B(F%@%FE ligh BAAMd fARmiARE @) Lgheon

(conical prism nay be arranged on
(hereinafter referred to as "purge gas" as well) such as a rare gas including, for example,

25 nitrogen (N3) gas, helium (He), neon (Ne), argon (Ar), krypton (Kr), xenon (Xe), or radon
(Rn) which has a high transmissivity with respect to the exposure light beam, which is
chemically stable, and from which the light-absorbing substance is highly removed The

nitrogen and the rare gas are collectively referred to as "inert gas" as well.

The concentration (or its allowablc value) of the hight-absorbing substance (impunty)

30 may differ depending on the type of the light-absorbing substance existing on the optical path



deviated toward the exposure |ight source fromthe optical integrator
(fly's eye lens 10), in place of the diaphragm sw tching nenber 11 or in
conbi nati on of the diaphragm swi tching nmenber 11 so that the |ight anount
distribution of the illum nation optical systemon the pupil plane nay be
vari able. Accordingly, it is possible to increase the efficiency of use of

1 S the exposure light beamlIL. The egqﬁs_ure | i ght beam IL, which has
passed t hrough the a di aphragm passes through a first relay |lens system
12, and it cones intQ a beamsplitter 13 having a |l arge refl ectance and a
smal |t r arfd thesposurs lishthsam; SRt exaus, thinfolawing Rreceduisimayels avaH#lghThatds.beam
splitter | 1= bRt : .

phot oel ect; &ael BEPh BFhy Btadil N ABRIAL s ERAN i MnGRIRAOE Sefliy o mattre ||
i S cont r olcbaekngratidnhia hot therephapshouek fpouppen.eike cpncergratibh & mitgaed ot lwsearter

on the basig of detection signal obtained by the integrator sensor 14. On
the ot her t‘PquHEP,W R EPVE IR AR AEder BRM Walervaperdmofhier suhstaases; dhe 8itragen & 439 behe
beam spl i : t I Il I j [ i 8l.d
i aphragm T8 e L ARG eloRah BB (e BT Frb b fich Bl A hih

i 11 um nat ibeamsig sttamsmittedlup The eavaagdnefitabphtan® af. 23 dweven ahe alitrezehi gakd
di aphragm 15 is. substantially conjygate with the reticle plane. The,

vari abl o FPRYEIUIR IS e él%_br-a'gﬁg%ar}& Srestange ofEh EpRsSk 9 hé Pl_rgélr dha¥ipet Aat
any patt erwrhvgfeh%ﬁ oft A& InbRen AT db8MA 50%1H. CthdreBRL, 18 BedirablQhat HHYaRCLR G {Rd
exposure upon the start and the end of the scanning exposure for each shot
area on t he thegfuege 3as Tor(tbe exi®puradighhleeapulaying wavalengeh efupo swde tHae aboutd50
illum pation stem. Sl for jch the variahle.field diaghragm 15.with _a
Fear 1 qaftbr VG o6 B SrPRIFParEiR S ERe FEStre Pyt srERid bttt | <
suppor t ed ghddmhh@nlibétiitysi s RRE o Se the Rliun® 8RR the Fr® gzsfeéleﬂa%ve_r, it
exposure apparatus body. Therefore, the exposure accuracy for the main
exposur e apploveablesthiiony otties rare gagnglused when theevnmyg east ar e ikangicansisleteddost er
faithfuln ss%1 i itrg)r oveg.l. The variabl e f{;?eltd di aéohr al%m 15 i CtOFSt[utflt ed
as fol l ows<! R%‘?a“i’ CORUE NEUER & §XReISINC: EAGIOF (PeapEsiesfifc 8%8“%38%3‘?{& SThrt
and the eRg@ppl of R s ANAISMHEILHPES Ui alsb pPeferabld@o WisPI aGhixbd 8ad 4Rh s a gas
concerning the scanning direction is not only changed, but also the wdth
of tHe& fi ebtined, fonexamme, dyamuinggitargen end belivan s me&mwmrd@pendi ng on the
size of the circuit pattern as the transfer objective concerning the
non-scanning direction. The first illumnnation system!|S 1 is constructed
by-t he conponefit this emepidimerty gimng meuch exenghiap exrgniptte gl stabylgy efithenmefiractiiown)
to 10 the.variable figld .diaphragm 15 The.first illum.nati.en sy mlS 1
o accomdlR R ot REUF eB® BTk RoptErsist g o iR Berplaot Rima?
conf i gur atcbiucuiity) thy Ighual gastis GatiRe 8 puffeeRX PRSUIdEnglY, @lthail ®38Y $detionbf £h
has passed through the variable field diaphragm 15, cones into a second

i |1 uni nat B8hsUPPtapRMRISs if ipstgliedenihg flogh2 dhaidseto spppixihebigh PuBPIESRRRSE® a
fra mechapi s of ot he . nai syraq. a S Lxed fi

di ag% roag mgg}glh?a@ gro ? a‘ﬁnlgté o‘%‘aﬁﬁggi }r#lc glne‘i Eéb?{)clﬁgﬁeexgg g%‘%ed%gggeé%ﬂdl Fé?%rarl{gstef on
syst em | Spravided, therewithoind: teeoyzk ané revse ahe s fledmgubmugh tha aiptighie tlenitierse d
anount frgogmthe, conjugate plane with resg}ect to the reticle ﬁl ane. The
fixed fieFdRfTaPhiEgiR RS mets G $38° KPS 15 A PAFRSr 83 2R ISetsi 1 885 Mhigh s
i1 1 um nat Lo RBF &R 4 &se%ffbsﬁwdgeaogbﬂ LiPpls s%&iﬁgﬂfﬂ tobd hsed PR QLG 1N
t he non scanning direction perpendicular to the scanning direction. The
exposur e blaghsysteesm The, same gas as the purge gas is also supplied to optical paths of measuring

25 beams of laser interferometers to be used as measuring systems, for example, for the
respective stage systems This arrangement 1s provided with a mechanism for measuring the
refractive index of the gas (purge gas) on the optical path of the measuring beam The
mecasured value obtained by the laser interferometer is corrected on the basis of the measured

value obtained by the mechanism for measuring the rcfractive index.

30 Even in the case ot an 1dentical light-absorbing substance, it 1s also preferable that its



2 0 which has passed through the fixed field diaphragm 20, passes through a
second relay lens system 21A, a |l ens system 21B, an optical path-bending
mrror 22, and a condenser |ens system 21 C disposed in the second
illumnation systemIS 1, and it illum nates an illum nation area on the
pattern plane of the reticle Rl as the nmask. The second illum nation system
| S2 is constructed by the conponents rampging fromthe fixed field di aphragm
20 to the condenser 2 5 Il ens system 21 C. The second illum nation system

1 S2 is accommopdat ed in_the cond_.sub .ch er_19 having_.a.bpx-shaped

cont | gur ab BRTAoR tpgs T PERTNS B RIRF a4 MR BR-BsRtRnBgst dor »s
const ruct eganiple,tthe féllowihg iptdcudird atdyme amBaten hit Bnthelddfceh@a0is managed
illumnation system|S2. The fixed field diaphragm 20 may be arranged on a
pl ane whi Blest grigtbpispdhatdhe eQneentrasionds jaay)dn gheypie-tight ehapbetselior pegonuaodslagi ng

di st ance, ,;not .th I i i . f e i ane
i thr oopRPro SRS Rar el it nt SushyRadlh BEHAS Hnd BRThOGHGM HIRkRgRL 10
to Fig lrelmhely Iddeely I(boithanakd eshcehtgdiionhie aiig)Lini &héragit-agdchantters. Mhg ehiof

the pattern in the illumnation area of the reticle Rl (or R2) is projected
onto the Broceduspdpedolioving arangsment Bay baalspeavaitablg. 1 Thyris.gt)leagh 3|nagpfiihe h

broj oct: oh eGP AR RRELSpbl oW B b ARRh DY Fab R TritdpaRtled) °

vi a the popjdatysemapidi thal illsynifadon Bistas, isheompinomedt swpplisy 36 eanothen atrttight
state, the reticle RL and the wafer W1 are synchronously mpved in the

pr edet er nFhAERPEE saFhdre ptass chrmhengid) the gitingg desaibsd GPeva i Bhihingmimeewstt on
(3 as,the [ j: i : '

ot e RIEL B cofiorlih o el Btlbing ABSIARAR (R, ahdfer b Bl
Rl R2 andthHehlewnafreans sidé exdbBd<ihe nppqydindt value, heisfalsogirefeinbecthatam chenfieal fdteond
object of .10 the present invention respectively. Each of .the fers W1, W
is a diskf¥ H%Bﬂngﬁlﬁsﬁgﬁt SHToARR FYPstange %@%hm?l BB 1A METVRTe o‘?nmg'@dlpﬁ‘i’i’?aéﬂ 300
mm made of;ide §Pthe 8XRAR Ho-tight SEAALNduct or (silicon or the like) or SO
(silicon on insulator). ose usable as the projection optical systemPL

i nclude, for exanple, a cata-dioptric systemof the nornmal cylinder type
whi ch is constiChagh Ry BRIk iY Pdpphanf Bgécwr\éﬁmﬁg | £RSGR RN
two concave mirrors hav?ng apertu#%%gkﬁbﬁﬁ? vfcfﬁlﬁy ot the optical a%fs
respest i vehiy 4ainohgingne vepiint pumaxios re@veriag thef pagt igae coptaingrg ahpurftes,nar nal

cylinder type ich is constructed by arranging refractive | enses alo one
opti cal a%?’cgr,nu%_naiugﬁ (B accumyfatiag ShriEh PRI R #est ?r@n%saﬁsﬁ%aﬂtéﬁgg
W00/ 396234indiingithe Riperadirt 8PARIpBrdeLabiafd st?fyir?g(tﬁgBh%e g8s fAtha dLRRketh&GestY 3 tem

of the double-cylinder type as the projection optic system PL. The 2
f ol | owi ngTh« picaveay ivoit 4npdpiratse theaghs inghe desingd tafiratight lebar@beat @ dighdy dow igas

llel to th tical i s, f th [ ectii tj,cal temPL., the Y
o et eptssufib s s At G Bt e P B AE R PR et B SRS et v
duri pg then 8 6@RBInfSIEHEAFYTON. (TheGecovey Unitet sbphRtek i puRLs RRTEIN WeakspitAed he

pl ane of paper of Fig. | ) in the plane (substantially coincident wth the
hor i zont agasphichi terPQrpliky asppeipiee Hic)scpaptsd myraedasr The apeianudatgs pyrecgeg isc

axi s exte% -'@tpl%ré;}éa - SGABN: I [ flfci ' V\H}%%o §0n
par al | el fsP'%ﬁetop arfe of p ‘Zrﬁg;v‘@?é’%‘ﬁg)% %}ﬁ) gsr?g?'ll O':[]ll;'e ° a\g/ve\gltélc}?résde
for the osmfiftised bt albighipeesaiiretan cherBsitle 8XNRAMORIAYNAT Btarsviiols liduefibd and
enbodi ment including the stage system for supporting the reticles R 1, R2.
t he accumulated, 1s'supplied by the accumulating unit 6 to the gas-feeding unit 5 via a piping 7C,

25 if necessary. The gas-feeding unit S adjusts the temperature of the purge gas supplied via
pipings 7B, 7C  The gas-feeding unit 5 removes the light-absorbing substance and other
components from the purge gas by the aid of a filter section including, for example, a dust-
removing filter such as a HEPA filter (lugh efficiency particulate air-filter), and a chemical
filter for removing the hght-absorbing substance described above containing minute amounts

30 of organmic substances or the like Thc purge gas, which s adjusted for the temperature and

from which dust 1s removed, 1s supplied by the gas-feeding unit 5 at a gas pressure (positive



projection optical systemPL, and the stage system for supporting the
wafers WL V' 2. That is, a base plate 32 having high rigidity is installed
by the aid of vibration-preventive pedestals 3 0 31 Ato 31 D at four

pl aces (they may be placed at three places as well) approximately -23
arranged at apexes of a square on the floor 1. A wafer base 39 is installed
at a central portion of the base plate_33.. The base plate 32 and the wafer
base 39 correspond to the first base nmenber of the present invention. An

electric level (not sho is.nstalled on the, base plate .. Fach of. the
Vi brat i on EravEhtiEnY BB raf teiRnrghe Brosh e 1 s i O sbiprr e &
appar at us g fdeiubdctD.ve type including a nechani cal danper such as an air
danper or a hydraulic pressure danper which endures the heavy wei ght, and
an el ectronagnetic danper conposed of an actuator such as a voice coi

motor. For exampkolidwifg BtdRedre Hﬁg%taUS%tQ&nﬁﬁﬁﬁs,'tﬁg bige lz84)fwhich is recovered

vi bration-preventive pedestals 31"Ato 31 D are driven so that the angle of
i nclinati oy thargbecrpfunit dg is supplieshomlfy deithet aiotightedhimbér inhehiplase typubleedc8@rswi t h
respect to the, 10 _hori zont al ne, which i etected by the level, is

el udbd FHENIET M kaRFEnP TS B leshpiep e e Suaec ot BENE it e or
the like oflafiftdy TREOFNFGAUARDVnlyY o GRNAF-AbhCEhanivbr MEGASEANE: retiblet Bhder
arrangenent, the vibration fromthe floor, which has a high frequency, is
at t enuat edysheh or ¢het wafias Inaderi systemas aerommaddatedx plds ey pyspasast wdidbos yuppliged
remai ni ng vi bration i ch.has | ow freguency, .is. attenuated by th

cl ect r omadiiet I amuube i ETs Seeseiobp i BRs o et HRORE Eotbaitithe e (o
use, for exgdEpltelighd beh pedsed. AtcdidifXgNiE oncdntr&f@ofithé BEHtbedTBing shbdidice
optically detecting the inclination of the correspondi ng nmenber, or a

sensdr0 of cambe atcagaiely sentralied tapa tetnyeset gracentraor fyrreaply Lk irdh ehambered on
t he upper surf f th e t hat_ . re approxi mtely

posi ti one(?naf’mﬁggl} %gtp%lggggg%%%gég%grfg}% p?%e %%Sr‘ﬁ’agffsg e 35, which is
provided at 2 0 its central portion with an opening for allow ng the

exposure light. beam|L to pass therethrough. is fixed.on th er faces
of "the four coltrmetangerigh B 3he niSgtiant SiFt s bpaod oty e siibatPEFL ke
di sposed atesblinvdtion &l b pWditddaini @i PhEYRNt AtvRrsh €S telibresdt toSFign2,a6ki ve
type vibration-preventive apparatus constructed in the sane manner as _each
of the vi skpaspnlight boam illpmipssigadicht Beam fox the expospye) Hoviehiel is ¢qmepasedpEd ance
to | i I . 33 1d:he vj 1.On- pr i S
34, a5 ¢ RuREsel beshl fafind o \PTIRBICHY 194 i Y T F SR RUREDINRL RGOS 2,
t hree pl aeggost lightitourdeey othe fRPPL pakstablng apnisior dispedd &f arnpexlesy ofiansber
regular triangle. As shown in Fig. 2, the second sub-chanber 19, in which
the second MditisiradectedinKaedlymiheaoxposurs bightheamds adjusted for thg eptical pxisPy the
support pLaft & 3BedRe i HiAuhi (ddt Showm) diSosSH PR HrstRlBlcRaniPer® 8R EOHEGSPONdS
to the secon %age neﬁ%%&95&80§¥gtﬂ%nbfgggntB?nve%tioﬁ. TE% upper surface
of the supgatetl théradeer3and & donres Shteda ifindt dllamgraticke system IS1. The cross-sectional
20 configuration of the exposure light beam IL is shaped by the aid of a beam-shaping optical
system (not shown). The pulse energy is adjusted by a light-reducing filter section (not
shown) capable of switching the transmissivity. The exposure light beam IL comes into a
fly's eye lens 10 which serves as an optical integrator (uniformizer, or homogenizer) for

uniformizing the illuminance distribution.

25 The outgomg plane of the fly's eye lens 10 1s arranged to coincide with the optical
Fourier transformation plane (pupil plane of the illumination optical system) with respect to
the pattern plane (hereinafter referred to as "reticle plane”) of the reticle R1 (or R2) as an
object to be illuminated, by the aid of the succeeding optical system. A diaphragm-switching

member 11 for determiming the numerical aperture of the exposure light beam 1s arranged on



-24 surface which has an extrenely excellent flatness. The reticle stage 24
is placed on the guide surface so that the reticle stage 24 is snoothly
slidable two-dinmensionally by the aid of air bearings. The reticle R is
held on the reticle stage 24 by nmeans of, for exanple, vacuum attraction.
As shown in Fig. 2, another reticle R2 is held in an area on the reticle
stage 24 5 adjoining the reticle Rl in.phe scanning direction SD. The
apparatus is constructed, for exanple, so that the doubl e exposure is

fficientl d. d i bed aboy. th ti t 4 af thi.
erbod montia BELEEECork PHESGHI SeHa AR eyERe T aouBweRt] T, e dMmisgtion
pref er abl gydn 3dMRIing, 16r HLIRIE- Bt ABRuLYBLFHPIR hhdrhhafilTR%ARI B, 86 %?gniré

used for each of the reticles.” 10 The reticle stage 24 conpri ses, r
exanpl e, diaphraginy forotheb$malk tcay@ericer faowir diongalule ancbpertuee RiaphfaZm dord zanal
frarre-shagl?d coarsel y novabl e ata e for sur gu{fd@ﬁg the finely rmv:itbl e
stage. Thalymipptan, agd -an.pRETER, igplragn, fpr madifieq ylymingtiqn, hawngyia, plugaligy, of
(scanni ng gl t L.an 100 i L : The f

{inely moooh S Mndiab et bl 4R, WBbGfig AERNEkERber 16, | TP
and t he r diaphiagin, ¢hichcbiresponds th theciblpminativn codbitian v iasthNedrombbbptichbpsth afe by
using, for, exanple, three actuators, Accordingly, Lhe reticle R, R2 can be
driven hi §inSFpaRes it dpyn 4 bX mraas ok COMiphPRIEPTRA BY iR Fontiohaysiem (200)

di recti onyQfey &ll&&ﬁe?&%&%ﬁ%ﬁntr@@ thel dpedafioR O5HE Bhifie bfparhg €Ct the

synchroni zation erro ing this process, the reticle stage 24 is driven

so that the | aw of conservation of nonentumis satisfied wth respect to
the Y directio ' ' : r 1 .
Vibration i s gouoralnndestiohe bF SEAN B R RATEIRE g B dilielitn |

i nt enfoer onptical elbént, \ehicim leps,canipas exicaf (@nicak prismnmey beraoreger on il side
arranged i,n.order to detect the positign inforpation on the retjcle stage
24 Fn t e SRIH Borarg e SPosHBEHT s from the ORHGE iegrET L% Py it LDkt o
25Y is_ar bRROeH MihtR-bwitdieREmbe] POSint dofibiralbR b Ble @RbIOMkl B8 kiRhd C! €
stage 24 |E’n the Y (11Ii rection. Thgg&rrgti cle ilnt grfclaraorret ers ngx,%l%Y 1rtr\s\}glggure

t he posit membef 11 lse thattthe lightsaragmnt Zistmbutioneofihs ildnnphationt eptival sydtedr pefthe ence
mrrors (not. shown) respectivel and they include interferoneters having a
ol ur al 1 ¢y PEY! BRRE Mg bR SBEMIe fhotordiighertigipgssitin S inredty the sliency (ol use8f e of
rot afiison gfe el uf@ﬁ%ﬁb@mﬁmge 24 about the X axis (pitching anount), the
angl e of rotation about the Y axis (rolling anount), and the angle of
rotation about the Z axis (yawi ng anount). In this enbodinent, the reticle
stage system Ryfe kpds@RSHiEMOBARE I, Wik 3HER! Rssell Yihiddh 3hd of GlapflafmS 24,
a driving unit tehe)r?%f or (%ot shown) , and tr@ssreeti cl ghi nt er?eForTgrtn’e gélgsSX,
25Y. - 26udipgh a @tst atley d¢rmomystemns i 23 ranRST comes ote rackkawi sitter B8 xhasingpe thrge

ticle chanber 23 (fi t ch _haying high air-tight .
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The positional relationship (positions in the X direction and the

di r e@0i onThegulsérenerpyioé thf exposeredighd hpamflLtipgontealied|se thatathe prdpef regposrees

Rl, R2) with respect .to the reticle.chanber, 23.is .measured he reticle

i nt erf er ofbtears og%eedfél\}he aggetr’smblﬁwt%gs rgg?idg‘zeg‘?rh?%‘}aigﬁgwgfly §£62§]>t€gr32%rY are
enbedded gensdrne. Witltheiticr had, Blie HlMinatioh Glght KAMMEIvhAR i§ RFREERH by She/beall t h
reference to Fig. 1, a support plate 37, which serves as the third base
menber, isphﬁtrnxég, wbswgmllysﬁ@rw@ liyeqomegrigtoae variakdp diekk diaphegy | htvérekedi at e

hei ght of : . | Ri,atdhan-prevent |

pedest al sa’rg%‘ge&r%gﬁ%§%g’§gp ?gﬁggé{h?cfg% lfsl@gfng%g‘bgsf%{ fér%slf[g]? l’lggn%eéwg L%Mg? (c)jf of a
f1 ange t otha vhHsthafed didpheghn (hotsulbduman)ly vbijedntd sitpriavedad pfage. The vadpor t
plate 37. _That is, the projection optical systemPL is suPported by the
support piielt eappragg dhplaysta s tharsvdesct Ba ekt stithah drawdtsm e thin the
directio i i I 1.0, El 1 t ) S

ol at e 37, e TR P Sl B, Al e s ] 1 SETREE e 0 b SUBRAIS

Vi br at i orexpoavefitricech spparadvushewdfahivil SoIcwis sy the tedtritn té hecoganel MArRM@st as

t he vibration . .
lﬁlumlnatlon system IS1, for which the varable field diaphragm 15 with a fear of generating

30 any vibration when the field 1s opened or closed, is supported in the first sub-chamber 9



preventive pedestal 31 Ato 31 D (however, the endurable load is small).
When the colums 33 are arranged at three placed, the vibration-preventive
pedestals 36 are al so arranged at three places. In this enbodi nent, the
assenbly (32 to 37) of the base plate 32, the wafer base 39, the colum 33,
the vibration-preventive pedestals 34, the support plate 35, the vibration
2 0 preventive pedestals 36, and the suppart plate 37 corresponds to the
frame nmechanism (or franme) in the present invention. A first fiducial plate
101 and a _second fiducial. plate 102 ach .of ich has a ring shaped

cont | gur asPBras fiont Heaip B gl Run BRI T PRER . AE oo S B EREHBE 1 1 on
of the prejmetdxpBs2Ot dppatansy 86&M(Br Staniflat tichey @Edurzw%/ahﬁi 3He | Bansfer

i nterposed therebetween. Alight 2 5 source unit 59 for the |aser

i nt er f er ofaithéplgessyisiimproaed.ed at the end of the upper surface of the support
plate 37. The | aser beam which is radiated fromthe |ight source unit 59
and which is stabilized for the wavel ength (for exanple, the He-Ne | aser
beam havi ng a Wheeheshde ficldf dighragm i1A)is comstiyeisd @b dollaws. oThasas uhe figld isgwt
beans having a plyrality of axe out . eleven axes mthis enbodi by
Che i oPn Beliiipied bpt IR SLpt R dh St G SOPRrER T, deo i Yl the o
beanms of t{RRNGAEGnHERRY éc@ﬁhih?diré&i@hfiﬁﬁ&f&ﬂ)@éhaﬁgéd, Suba the MGdiNYIeRe AEIR in
arranged on the first - 26 iducialgglate | 01 so that the projection

optical syhkstamrsopniisg disgctiopsarbe ehragedbdepsading antheesize off the ek¢wpattmeastthe r d

the.ena oftepie RS ol WEhE-sSBTE et gt hlic SHLeA 8 s ™

i nt er f er ogBhsBiictdd by Shedpoed fangMigiFdns & REMGRLHIER bptscas bywent Qlot EldmMté Ng 5
the | aser beamonto an internal reference mrror and a plane mrror 26A to
26C (or r egpyaiiablefiald diephisgmnint The firsh illymipaticactystem 19l rip gecommedatrddintthe a
novabl e obj I 0| j siti-on . whj. .S J.ntended to be
deternine2§§§@yg#mgra?%§P§Q%§§%? %gE@#&?ﬁﬂgbbgﬁggg?%ﬁmﬁﬁgeSbtton1surface
(upper surface of the support plate 35) of the reticle chanber 23, a

upper surf support. plate 35) of the reti _
Pnerterence | gREHSUROAT ST PhishARL BRSEEbrbiR bl R b o

t he ref er @pceorids I a BGhdilRingnalonpsRRES BN Fertornsdbochaddiee n ol wihitly i¢ he
di spl acenent anount in the Z direction of the plane mrror with respect to
t he ref er aigebediite raframeomeghanisg) of the tRaip ePediretappays hadyut ALdixadnfied 100

nm f ,gm a lactri L j i f. ] ectric
oy ARl SdRBREOR AER A AERE HOnihOhe BE ARGl il BRARPRACEL]! C
suppl i ed b tlenplame Wwhithtis defodusad biytaptedd&ndmst amduns ishethe cbhmghtetpdaricewidmet er
units, which will be described | ater are constructed in the same nner

as descri FsBechiovhe retigle plage: t%f‘eﬁégw’l?@i digpfiresry 0ds fpreed WHR a8 @pTtue dRent =4
amount | ndémﬁgtﬂiiflﬁﬁﬁ{aﬁ& aﬂtaﬁ oh & éﬂala%la?ntetti Bshisiregaér%t-ggagea axteg'?rhth%oﬂrxes’

i.e., about the X axis and e Yaxis, o0 e gui de sur e of e reticle
st age 24, sdanoimgtdiectiors ptracmh@rnidrstoi the tsaanningldirentiononTlof exposurpl laghe beamrlbr s

20 B2 IBS RS by LS oap i SRR OB 25 2R
system 21A, a lens system 21B, an optical path-bending mirror 22, and a condenser lens
system 21C disposed in the second illumination system IS1, and it illuminates an illumination
area on the pattern plane of the reticle R1 as the mask. The second illumination system IS2 is
constructed by the components ranging from the fixed field diaphragm 20 to the condenser

25 lens system 21C. The second illumination system IS2 is accommodated in the second sub-
chamber 19 having a box-shaped configuration with high air-tightness. The illumination
optical system 1s constructed by the first tllumiation system IS1 and the second tllumination
system IS2. The fixed field diaphragm 20 may be arranged on a plane which 1s separated
from the reticle plane by a predetermuned spacing distance, not on the planc which 1s

30 defocused from the conjugate plane with respect to the reticle plane as described above.



preventive pedestals 34 are controlled so that the displacenent anmobunts and
the angle of inclination are included within allowabl e ranges. Accordingly,
for exanple, when the support plate 35 is vibrated, for exanple, by any
slight vibration upon the driving of the reticle stage 24, it is possible
to suppress the vibration at a high speed. Thus, the exposure accuracy is 2
5 inproved. Wth reference to Figs. 1 amg.2, an X axis interferonmeter unit
54X and a Y axis interferometer unit 54Y, which are conposed of |aser

i nterferoneter s, v i .3l |.ed. at,. end in the .- i ection
and the end i nﬁ%’ﬁlﬁﬁ%&geggﬁ' ’3%&# @%éﬁuﬁ?fag?&slféh?g%aem 0 lstrﬁéla{se?ﬂ’ptg%g?agﬁlogt e
37 respectthe/pdtiern e iNinihasay arbeanthe rafti€R 1 @6reR Dy ia pedjededdoyntd lilke ditangleing 3
O optical system 60, are also supplied to the interferometer units 54X,

54Y. Ref erc¥pRsgrqraepgin the. wafes X1 (983 W 2k aprlied otith pheteeesist g themhaweapsitivet he

et S e B 3 RSP DEPLIBERI e

54Y cqy r esparsifdi@) a B profbtidreptivai sysRABLIIk fig: Spfoclon sybben XIrdthiiSstate, the
interferoneter unit 54X neasures the displacenent amount in the X direction
of a cor nagticle &iband e wabkreWdn arendynelioneyshe dnaved t IReths aprrdeterptingde sesfning e

reticle i?liéertfero ter. 25X on. tthoe basii{s] .f0 the tref‘%"[:\oeqce n(;ir gro ‘?‘?ﬁ? %he Y
axis inte TEF Y are BiPe M AOIFE LS MM PR _Hi s?)sl gg_e Y Hunt CTORIpE, e

direction iﬁﬁ%@opmé Paiterh WARKS YediSle MOV B PAHsfefed t® bnd bheR drdant the wadgkwsurihace
of the reticle interferoneter 25Y on the basis of the reference m nor 53Y.

Measur ed vetlalesRhRe andths walgrst W11 We oemrespond ta the|firgypbicshargigbe sepgad object of

i nterferoneter uni.t 4 0,24Y hav Sur i Q . raljt f
e 10 e Presttl oo sVt AR AT Wal yin P2 6 BB tpoie
measur ed haliugs fort Beanpsie, ki diamktetli GFCLOPan®y oArBOONfren (AR of DYIR1 bxdniplé,he X
direction and the Y direction and the angle of rotation 9RL of the reticle
i nt er f er ofepicPRduEtx (siiepp orthejlike) 45 8QL EHION opiYRIYY- the reticle chanber 23
on the basis of the projection optical systemPL. 15 The positions of the
reticle stage 24 (reticles R1, R2) in the X direction and the Y direction
and the angl e dhoseatsable ap tigmprojeetioncapticalgysten Py iaclydadfor expmple. taratardieptar e

interfero er 5 Y. i Chh.: %[I]; retic qu 3, are
al so suppl Sté%fnt% ga}e%&eo "ﬁgll cﬁ’ﬁ g‘geﬁ\tlé%o ‘b@% Secgﬁ%g%%.te ei}?naélﬁﬁl cao‘lnlﬁrrag1 sygjir aecrrll%e
cal cul=at egersée apdStwlol 0bscaXMRirrodRBhving dgegupés dinr @@t vikhigNdf tthe optidalr egiki on

and the angle of rotation 8R2 of the reticle stage 24 on 2 0O the basis of
t he proj eéepestivelytaleng ongptieaharis, a4 aelastiygsyscnyof the npsmeleyligderiype which

arithnetig ﬁﬁ:’il?t' a.éggg-=g@3:.+ , \%g= Rl 5DYRMisclosed % BRL
+ O0OR1 (2&)&?J e rréa(ﬂ?}, coner gl sygyfé%%%rﬁlor s Che po’é’?’t%g(])drllscaor?g tﬁghre \?epg:éi ty
of the retn btensticgkPAklication WOQMMBOA24s dt ¢ albdellgeoabild tcone, fotRXampR2p catad t he
angl e of rotation OR2

onol e of oL o0, 2 SRl SRS cssnie ahac, fecer i agl . pf hory
prof el 1 9 ?cgg)g&ihg alplSab e WilPhe malié RGN hhiQnd RexRlekHAIY IR IMFHe bPfcal
axis AX of the projection optical system PL, the Y axis extends in the scanning direction for
the reticle R1 and the wafer W1 during the scanning exposure (i.e., in the direction
perpendicular to the plane of paper of Fig. 1) in the plane (substantially coincident with the
horizontal plane in this embodiment) perpendicular to the Z axis, and ¥ axis extends in the

25 non-scanning direction (i.e., in the direction parallel to the plane of paper of Fig. 1).

Explanation will now be made for the overall structure of the main exposure apparatus
body of this embodiment including the stage system for supporting the reticles R1, R2. the
projection optical system PL, and the stage system for supporting the wafers W1, W2, That
is, a base plate 32 having high ngidity 1s installed by the aid of vibration-preventive pedestals

30 31A to 31D at four places (they may be placed at three places as well) approximately



24 is tightly enclosed in the reticle chanber 23 -28 In order to perform
the alignment for the wafer, alignnment sensors 27A, 27B, which are based on
the off axis system and based on the image formati on system are fixed on
the side surfaces in the -X direction and the +X direction at the | ower end
of the projection optical system PL. Al though not shown, a reticle
alignment mcroscope is arranged over thg 5 reticle stage 23 in order to
performthe alignnment for the reticle. Wth reference to Figs. 1 and 2, the

upper surface qf the er base 39.fixed, on_.the hase.pl 2 i chi ned
PE o a” guPETEet ot SRESeT BAA TR TOLRE PRIRY yA SRES RS IRy sg & Aoite] BArORRT or
stage 40AopRfk thse a2 Wahebasd MR FP0RdEhE wlfGaRse 99 cbR&pokd HE theUirkErRe SO
that they are slidable smoothly by the aid of air bearings respectively and

t wo- di mensieorbet bithalpsgsgntineention.1 Angpléctiic leveti{potshawn) ingialtbdonake basgyilate

menber 43 43B respecti.vel.y. The first fer W1 the second wafer W
are hel d &k ¢ Becta oe SYbig-BERe S HeB ot 1A oy T it TGO pigpentve
exanplse, Y@t aF kKeAgdtivenypd RRINEEEh HitAdRiSald@npef QR LS af0MABhBper or a
continuously in the Y direCtion, for exanple, by the aid of l|inear notors,

and they hydraviip/prigssarg dampes mdygh enslurastheeheavy weight Xandi anededtiomagnetic dampee Y

direction, Duri his_.process, the wafer, stages.40A 40B ar driven so
that t he PRt Qi FoBEPoRRE o d nehB ik BOBRT 5 G L Bt pisst S
and the Ydghp&sid @6 fou vitietich-preéntive Pedestitd Bl Agtd TP ARMBIOES sotthat the aagld ofhe Y
axi s gui de nenbers 43A, 43B to be noved in oggosite directions

respect i vicjinatipnuenglered inplnetian @hoytstwooxss) ok thedbase aiate 33t with respect\ipshat i on
IS genera ring the.steppi and. dur.i e i ex ure.
2" 0 A0S | A e Wi SRR ATRY I er” 1 kil S bl SBGANR el R P
waf er st aggdadltPpredddit, the ofl GiredsineCoretiie Jiket dfathe iniechanicapahiper &f conasiledq) if

di splacenent in the Z direction_of _the wafer WL, W2_and i ncl.ination about
the two aResssgry.eln thipsiangement ihe yvibiatigngirem dheyflags whighrhas adigh frsaysasy.ds m
the | evel | f QeS| 1 b V, er a - this
enbodinen%ﬂgggﬁgséﬁagnutﬁel gﬁb@ifﬂiﬁgéhst agpgy Pgﬁgglﬁﬁfidéﬁktgﬁg%%g%t

t he posi t vibratidnpowhich hasratow frequentyids attethnited by dre aectiohagnsicelanpeagds plhod,
40B, X axis wafer interferongeters 49AX . 49BX, which are conposed of | aser

i nt eftPer oaétﬂ@r vehrib lwliﬂgtggﬁ@ﬁq Hadsd Hey e;&?l_eplsp_ﬁo&f&tqro&%sx Bhelasss
shown m Fierfel méte\gofog%gtiéeﬁl 84&Sng 1hE RABEGL B kY L5 FRbbfRitng thelfder, Yor a
d~rect ~on on t%e fer Stagés 40A "40B, a Y axis wafer Interteroneter SCAY
i s arr angsshsasofshoelectrosfatic 2apasity typet he Y axis interferoneter; those
corresponding to three axes are 3 0 actually arranged whil e being separated

from each other by predeterm ned spaci ng di stances
Four columns 33 are fixed on the upper surface of the base plate 32 so that they are

approximately positioned at four apexes of a square. A support plate 35, which 1s provided at
20 its central portion with an opening for allowing the exposure light beam IL to pass
therethrough, is fixed on the upper surfaces of the four columns 33 by the aid of vibration-
preventive pedestals 34 disposed at four places. The vibration-preventive pedestal 34 is an
active type vibration-preventive apparatus constructed in the same manner as each of the
vibration-preventive pedestals 31A to 31D (however, the resistance to load is small). The
25 columns 33, the vibration-preventive pedestals 34, and the vibration-preventive pedestals 31A
to 31D may be arranged at three places so that they are approximately positioned at apexes of
a regular triangle. As shown in Fig. 2, the second sub-chamber 19. in which the second

illumination system IS2 is accommodated, 1s mstalled on the support plate 35

Returning to Fig. 1, the support plate 35 also corresponds to the second base member

30 of the present invention. The upper surface of the support plate 35 1s finished into a guide



29 in the X direction (as described in detail later on). Each of the
wafer interferoneters 49AX, 49BX, SOAY neasures the position of the wafer
stage 40A, 40B on the basis of an internal reference mrror (not shown),
and each of themis provided with the interferoneter having a plurality of
axes. Accordingly, the angle of 5 rotation about the X axis (pitching
anount), the angle of rotation about thg,Y axis (rolling amount), and the
angl e of rotation about the Z axis (yaw ng anmount) of the wafer stage 40A,

40B are al sqQ neasyred thereby. As for_the reticle sta 24 and t he wafer
stages 40Riragpphichhas an sxtendly grcellem flations: Thergticln 3188 24 1 igcat 0B ibe BTG of
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wi th respsticles.o t he wafer chanber 38 is neasured by the 2 o wafer
interferoneters 49AX, 49BX, SCAY. Parts of the wafer interferoneters 49AX

49BX, 50AY are enbedded in the side surface of the wafer chanber 38
respeotively. Ve reticlef stageriddecamprisegySor bxampde, 2, findle noivablh stage ferchadding thaser
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contr ol sxsten1dete[nines t he di spl acepent annung in.the.Z direction %ﬂd
the angl edigfctipp by isng 4pawiusiaied BovaRissmemde. | Tapb uiitle R8Ik IS 8eifER iihe v
axi 5,61 A e SEhhiD eRPbfR! AR XShERelibic hiRbMELCF2 SR] BEER oniBsdd 6
direction at the threé places. e expansion/contraction amounts of the

el ect r omalysertinterfelangeter,Ss afrartghe irf ander toidoteat the posiiorpinéormatioy en pedetstliaitage36
are contrp||e that the displagenent_anpunt and the an of inclination
re ol Ut B MHEERPE-o RS BNRYE hEES2: Ay ORI JerfpaEansY & Tigr the
support  phateoiétecPiheipB&itib® hiRatioa on eSleBEk Blabe D& ity g2 HRELtIBY. FRY réticilaht
vibration fromthe outside, it is possible to suppress the vibration at a
hi gh speeiiterfermsters B8 XeX P sersure teupasitipniof thempiide sidge 24 onithenbasisfod itprmel t o
Figs..1 and 2. interferometer .units S7TAX, 57BX for the X.axis angd an

e o7 7 or oitdrdice s J000 ShTma e &0t ap? (S iude Tift i EeR B e o
| aser i nt@nfAROPELEE FedpS&PREL | Xetdtdinglve tHep Sllsdl hedurt tht haglendSoiatloh BE 1B

direction and at the end in the +Y direction on the bottom surface of the
support pletele sgze 2#rabonhiheeX laaisdprtgfurgramowii). dhe arge Iof agfetadabpyt thigeY axis

branchin tical st 60,, ar.e .al so,supplibed to the interferoneter units
2 0 57ax ragpsangud) 3pt e snpie O rortuorarpit e Zais Skl alduy 2070 he i de

surfaces in the X direction and the Y direction of the projection optical
system PL corresponding thereto.. Iln.this arr enmen heinterfer ter

u%i ts 57AX 57‘%3?‘%‘3&? Oglg}erngs[%%ﬁe C{eoSt%’eﬁ%'l?tF mo‘?ﬁ? ﬁecorl%%tlhﬁaergég%ruerxf”ﬁa %s 38/2?}5: m

The X0 axignilob@pd 24, ankivedg wiil therefof4vtet shdB), aRBS renddertdicsghaee TeR] 2ayount s
in the X direction of corner cube type novenent mrrors fixed to the 2 5
back surfaces of the wafer interferoneters 49AX, 49BX on the basis of the
reference mrrors 56AX, 56BX respectwely. The Y axis interferoneter unit
57Y nmeasures the displacenent amount in the Y direction of a corner cube
type novenent mrror fixed to the back surface of the wafer interferoneter
50AY on the basis of the reference mnor 56Y. Measured val ues are supplied

b o e o T Y. Y . —— - e e p—— g = — p— g




3 0 plurality of neasuring axes Based on the supplied neasured val ves, the
mai n control system 200 cal cul ates the positional discrepancy anounts (OXW
1, ~YW1) in the X direction and the -31 Y direction and the angl e of
rotation O9WL of the wafer interferoneter 49AX, SOAY, and consequently

t hose of the wafer chanber 38 on the basis of the projection optical system
PL. Concurrently therewith, the positi_oggl__ di screpancy anounts (OXW2, ~YW2)
inthe X direction and the Y direction and the angle of rotation 09W of
the wafer _jnterferonmeter 5 49BX, SOAY are al so cal cul ated. The_pgsitions
(XWL, YW JPhe geticlfestaeegsysiert RS 1858Vt Wb S‘é’&'ﬁ*?a@ﬁd Sgtic{erehambeg ¢£3 \xﬁ% 528¢ age

40A (vaf g%ha%%geg):ﬂ%g%ﬁgggg%%hpﬁs{ Oka\gvinggw al}c‘/*?ihg hhéiéﬁ)ogﬁ'%qghpﬂezﬁlhﬁ Yt er

chanber e certain wafe erferoneters 49AX, SQOAP,
are al so pagsphérettiraugh isformed at < centrabportigs béthedPPer pllwe ofwhenretanichahba 23t em

200 cal cul ates .the positiaqns (XWB, . )., 1.0 ijn the X djrection and the_ Y
directiont, ﬁa%m@a&rr&t@n&lp Gessittans Fﬁ% éfreﬁtwa a%gfﬂé“r)%s‘{“&@'éo% BRe8le obasi s
of the prgj j eql | R & i : i :

i Lt B OF (Bleic s B SRR B "B AR TRt Bt Rcl Pt
+0WL ( 3B) mikbsuftitbyrthierretde intatferspstes2 5202 5o nParts] of thé ectplesinterBronzatets 2HXK,

vel ocity t he fer stage 40A.on e hasis of the positions (XW8, YWB)
and the a%YéIeo?mvk?egg%ﬁ‘inéﬁegﬁ%“(fg’f’%ﬁfgf’é 103‘307’6@@8%%85"6&%}%. Sinmilarly, the
positions (XW2, YW2) in the X direction and the Y direction and the angle
of rotation OW2 of the secgnd wafer stage 40B.(wafer ) based on the wafer
chanber 38, wh PG 15 ente s lisel wp%p_@? b "k r‘ieﬁf‘%\&‘fﬁél?‘&ﬁ%%i‘?%{sﬂé
SQAY, ar eﬁQ%cPatqgﬁJs@éi%gal sdibls 4G 8@"‘%% lint@inRRERORAEM ATRHBLSARNE33

DYW2) and the angle rotation O to obtain the coordinate on the basis
of whioch bhéhepid df vibratiamgrevimtivegiedestaly 36f Théprogetiomdptval eystest Bhes uSBlled e

controlled. Accqrdingly, it is possible to highly accurate drjive the
water st BB o 208G 1 hdSuERd Suuf (et sPof Dot i optivitel 1ol b et

i rrel evanpate37 Mabis! the biojeetith Wpiicd sjshan PRIiEEuppbAGESy th AuppdRB1AE 67 5d At | Y
encl osed ?r? the waf ef cEarergr \??gl.z g)tls. 4s .haltrr'nugﬁbeen al r_eap(f?/) ?; cpl aned
above, th# may belinsededagmd withilnawnhia thethYc flisectinnrtheghtwag! disectibs on &igred) witlghl y

hi s empoliohend® a7 g% Rabal! hE Kb RioR B RS EIER b Haifef @ and
the waf er vibtAldASreventdve apparatus which is constructed in the same manner as the vibration-
preventive pedestal 31A to 31D (however, the endurable load is small). When the columns
33 are arranged at three placed, the vibration-preventive pedestals 36 are also arranged at
three places. In this embodiment, the assembly (32 to 37) of the base plate 32, the wafer base
39, the column 33, the vibration-preventive pedestals 34, the support plate 35, the vibration-
20 preventive pedestals 36, and the support plate 37 corresponds to the frame mechanism (or

frame) in the present invention.

A first fiducial plate 101 and a second fiducial plate 102, each of which has a rning-
shaped configuration, are fixed to the upper end portion and the lower end portion of the
projection optical system PL so that the support plate 37 is interposed therebetween. A light

25 source unit 59 for the laser interferometers is installed at the end of the upper surface of the
support plate 37. The laser beam, which 1s radiated from the light source unit 59 and which 1s
stabilized for the wavelength (for example, the He-Ne laser beam having a wavelength of 633
nm), 18 branched into measuring laser beams having a plurality of axes (about eleven axes in
this embodiment) by the aid of a branching optical system 60. The first and second laser

30 beams of them are supplied to interferometer units 55B, 55C which are arranged on the first



40A, 40B in the wafer chanber 38 are driven while highly accurately

mai ntai ning the relative positional relationship on the basis of the
projection optical systemPL, i.e., on the basis of the identical
reference. Accordingly, the high exposure accuracy (for exanple, the
overlay accuracy and the transfer faithful ness) is obtained when the wafer
W1, W2 is exposed wwth 5 the inmage of_g@e_ pattern on the reticle Rl, R2.
The wafer stage system WST of this enbodinent is based on the doubl e-wafer

stage system. Far e, it i.s possi.ble to rrformthe exchange.and g he
al i gnnent ﬁﬁBﬁ"a]tFﬁ%teaﬁf g$ t}\‘i\tzthSHr"e’?f’é‘c’gioﬂﬁca&?yslt%Bgé%lf‘ﬁ?ip‘%ﬁgél}eré’?g&g"&‘b%e ring
the scannigigeorP ast fird 19§e_rtb%n‘1@§:u§ 1idlY td aRntkiSrofett® ufth S5ASVHiEH SlarWide@lat
stage 40A. Therefore, it is possible to obtain the high throughput.” 10 Wth
r ef er ence thecenBiod theXjrstAfiduicial plafeal®d i tlefdirgctioni n whi ch, for exanple, a
reticle library and a wafer cassette are arranged in the same environnent
as that of the atnospheric air (i.e., air in the clean room, is installed
on the fl oor 1Eath éfithe fitetferanetbmastsiSAt the&SCYodiprisest ancoptiodl systemifasadiatiag e 32

of the projection exposure apparatus. A box-shaped reticle |oader ch er

87 hawi ng' E"ﬁe’éiblei”f‘i RN &3 sinfegnay r ESARERCE B’é‘?%@ﬁ‘?t%éﬁﬂ}?pé‘?m%?é ttht%)

interface dp%%@“@@ td é Mnkﬂfmfr?&r'(?éﬂ%ctﬁ%ﬂﬁf‘d’r aflachdll 3P QRN 018 obja, SHPRPT t
- ped wafer |lo

pl ate 35. ader chanber 70 having high air-tightness is
arranged bbjevctavirtghe positiver whichl iDinterided itmbe détaueined)| afram atdinarydintenferonedtar)y

hanber 38 di th late.32. .Areticle | t t
chowny | wATEHHH On e o gfiee Gipenuregs ph (e siaoflate i of wB it phpiier ,
and the regighbRotobiddfc Y MeaIdRRLtioh Joi PvGdcBikalld coterfi bt iRerf@ate light

chanber 87." A'wafer |oader system 2 o which is used to deliver the wafer
bet wdén t heannaf dhre askedrtbeame drorh thevpldngr migrarged dye rederem@Tinirios, andsa sighad i n

t he waf er | oader chanber ,70. The vacuum ul traviol et |ight.is. us as, t he
exposur o PIAETIBERITY LoF A8 PP His i tebat s ipecTigh S pPland
enbodi MeNtyirrdWRItE t&p6ot td theQERRc MifbIS FRakBmplREwith hUsioNameABoithe water W
1, W2 by increasing the transmssinty of the exposure |ight beamIL so that
the 2 5 hilgh nmhfremgh phatoslectap conveesion sigeal puppfiedgiaiem (the Phefrelaging sonversion

enbodi nent ) ..havidhg. igh |r ] ' ' 1o the .cal of
the. expostioR: ghP iffulop hIREHSFEtlco) ADRs LRGP LS HPyRBhiGR AR

puri ty puyeéntfhdSystetdli The b fep@aaeturiil) whigh wil e dasribe®ter @nlart constiicted e gas
feed tube 7D, is supplied na val ve-equi pped gas feed tubes 16A, 1 GB, 16C,
16D, | 6E ths same mangieyies described abpyast Thwllgwgﬁeetrolgmewqtﬁr@wes the displacement..
C01111tlIL .h the LLLar - Cle t d - er
19, the ré@%@@hg&%‘@i&é@ fﬁeb;‘i‘bg‘f@?ﬁ‘%‘r‘?gop |0211F ths?ytg’t%e%%g’q%f%gﬁ,tﬁg?lgbt he
waf er chanatieandthenesyigaifithveguide shinfaceolf e rgrte staget2d] fromghadigpliacgments iyi,thevhi ch
has flown_t hrough the inside of the first sub-chanber g he chond

sub- chanbér difectiopnat the i Rline OHERBeP043 10 1306 sisppend: iabrhe pthreaPlassist L,
and be i Bh«cHeNRBLIGE anRAREE ST LA QY oIREnIRS dthG A0t YOk Vibrafiof-

val ve- equi pped gas di scharge tubes 17A, 1/B; 17/C, 5 17D, 17E respectively,
and it i spregediverpedestals BAeare eontvadiey sorthat the displackinentaameurge mechthe argle of

val ves, which are provided. f.or th as feed tube A 16 6C.. 16D, 16E
and ' the ottt RpaE B GER R AN est Aoc o ol AR MRS MEPRIPr o
el ect r omagRetiCivibtated oRB B i) byeh9 SREH & iBrBSReG onMBE Mrivihp 8f BRaBlidIgLtegOSI NY
operations of themare controlled nutual Ig/_ i ndependently by a purge gas
control sy&tibim gaseiblesthnppressothe arhyaisaadatf high spepdut Birus, theeexppeiretdcorsy éf t he
recoyery 1unirgvzld,h the gas-feeding unit 5, the accunulating unit 6 are al so
controll edmby he purge gas control system The apparatus is constructed so
that the purge gas nay be supplied at a desired flow rate to any one of the

i nside of the -chanber, 9. 19, t ingide of the reticle chanber,23,. the
et de of the AR EERde ien. wiho L% ASH duelrOrisE Ry s AR Sop i
syst em PLin(drRboRtahi€, 544, PhhieR! dré Yeoftiposclidof @4t8r GRaTB8hR)erd ResPEtQEGAREEL
with the sup[)I ogqeratlon for the purgrg gas fromthe gas -:.deeding unit 5,
t he recovésiy l@é@rt esnflies - X Hiecchas aed fhecenddn ity ‘thdirecionvathe uppet swfacepld t he
sel ective ' l.asi tf f val v t enp [ J he
pressure,thgnL dSB‘%'%‘ﬁgﬁl‘%Fﬁg%hﬁn%ﬂ% lgstrer% znspﬁ}}lbcgsaé%%nﬁgﬁgb %l;ceg[%'lfﬁr;co’l %ed,
for exanpbpmical 9ys@BECEY, drnute wipplied foaho UitgtHroraétetiniBrodl, GANE MRefaemsanirrors
arranged in the vicinity of the blow port communicating 2 0 with each of
the air-tight chanbers.



In this arrangenent, the space between the first sub-chanber 9 and the
second sub chanber 19, the space between the second sub-chanber 19 and the
reticle chanber 23, the space between the reticle chanber 23 and the upper
end of the projection optical systemPL, and the space between the
projection optical system PL and the wafer chanber 38 are tightly 25 cl osed
by filmshaped soft shield menbers 18A. %8B, 18C, 18D each of which has

| ane tlexrbUty to be isolated fromthe atnospheric air and each of which

has hi gh shiel rformgnce for the gas For.exanple, the soft. shield
ronber 18 P4Xe doVedisoi Kb T Sde YRR Mabar ety B ding AgEHPL the
Accor cdnglyoiedifd df&lmzél G35teMABIN corPdspbitin SRR B !hTsQﬁHan%@xﬂ@ﬂﬁ,l tre iMfRiElANIRROES

fromthe exposure |yht "source 3 to the wafer W1, W2 as the 3 0 substrate
to be expaesss,S4Xs §4Yhtomespmd| tos @d parp prfostienatasl ynesounpigetsydtgm. Adder ¥i agisy,
the gas .-34 containi he |ight-apsorbi ng substance {raomthe outside
Scar dory ARPLORSIET ARt Birag it CRHEEEY SRR Mk SERCHOR oF B paner
exposy e lchg@tyPQ%%A]bnt lin@r AkEEUAL bk APRGS tBE rdileR iRePRDMicter 258 Un hEAM
is suppressed’to be extrenely |l ow. An oxygen concentration sensor for

det ect i ng basie of othe enference onimot B gekheg¥saxin intefe®nietegunita 54Yr iveasyres the
substance is.install ed ?t %hsfinsLde ?f each qf Jhe sub-cQanbe&g 9 t1 , the
reticle ciHSRIfSFMeE amaynt m.the X direction of a coiner cube typesmovement igrop fixed to.the o
38. The OXY&eBurgRRCENhE 3biQ8 intSri&Ombich ROYShY HEEBSH Bfl tiRt referflicedairyr M3yed
sanpling rate, and it is supplied to the purge gas control system In this
ar r angeneiMeaseigd veloecaasupnlied to dfe maie contyisysigrs @091 Afe sigr&remeler imts 54X,
represent ativel y nmeasured by . .neasur.ing. the en._cancen i

usan D 10 48 vk RO s oL A S Y GRRAACD AL A o1 gREs

pol ar ogr aphsddRenOsippREd meaueddt vahics,GRe pPBXitednal disckbpaBOP ARolntP EIORY, IR 1) in
concentration neter, and an yel |l ow phosphorus |ight em ssion type oxygen
sensor. Héweverdirection sind| the r direatiabl and dherenglar ef rofetieo @Rt 0httherrebélet he

| i ght - absor bi.ng subs o uch as water vapor. and.carbon, dioxid i ngly or
toget her _ THERIENT 216 Tad00 Sa iy S RE WEORER PATP S 22op frarost of

l'i ght - abs @krB@ction spieallsyied p1in each of the air-tight chanbers is supplied
to the purge gas control "system When the-1ight-absorbing substance, which
is at a concentration of not |ess than a predeterm ned all owabl e

concemf ration, The ,d&tissd Shk Tedl sQBE 29 {retibRs R1' NZ?]%mheCﬁﬁimgﬁ&) afld'hePr g€
gas is supplied into the air-tight ¢hanber in which the Tight-absorbing
subst ance diregtidneemd dbt¢ engled of motatowr@Ringkerevaf; hwhitlte aro measdredf by Hbe patige gas

control systemuntil oncentration Qf 2 o the |ight-absorbin uhst ance
o ot o R REHOT2S P KBH SEGhrE AP e e retlebaberaa: SBaRoSHpae 1o
menmbers 184 hinkBRrbiSsysRAe200f - THeOhai cB RISy stetaltalatG thePbditioRMXRD! YiR2S
| arge flexibility. Thérefore, no vibration’is nutually transmtted between
t he adj ac@nthed{ dir¢dtighiand Henb dirsgtiohand ¢heaamgleenf rhatiore 8R2 of thegaticle tagha4 o1 9
and the reticle chanber. 23, between the reticle chamber 2 nd the .
o o 281 1 oiofisicSh M yeviediopy SPUsABeg: b e HORARPe AL e TG FEmetis st erm
PL and t hgpMafig chanber 38. Therefore, the influence of the vtbrat~on ~s
m tyat ed | COldltl1011 that the air-tyhtness ~s mai ntained Further, m
tI ns enbodi nent, the soft shield nmenber 18E is provided so that the space
bet ween t he reBt‘R'z%RR@ﬂbgkRﬁ%ﬁ@@\hbﬁr%ﬂ e | oader che r 8 7 ~s tyhtly
closed. 1 he ret~cle 1 oader chanber 87A|s also filled \%?tnﬁ a part of the
purge gas which is supplied to the -35 reticle chanber 23. Therefore,
when the retic _ e exchanged by the aid of t eticle | oader
system the co%@%nﬁr@t%gﬁgf the purge gas in the ret i"gﬁgfchanber 23 is not
greatly | owered, even when the shutter at the transport port of the reticle
| oader chamber Tﬁe? maih CRGRF 's{elmncénr?r!o?s @RE " {}g&{r&rﬂf the%g%%@f/?ﬁFh%?r%h&é‘st§19 §?r

g sub’s £0° 5ar ahge at e he

for the light-abSorbin u ance is a r _ inside ©
reti gke | gadrs vahadpahe $ositishd (KRe, aiR29wall @e cRRRedt Fahidan oRD ddi@ilated as
described above. Accordingly, the reticle stage 24 can be driven highly accurately on the

basis of the projection optical system PL, irrelevant to the structure in which the reticle stage

24 1s tightly enclosed in the reticle chamber 23



| i ght - absor bi ng substance in the reticle | oader chanber 87 is set to be

hi gher (1 ooser) than the all owabl e concentration of the Iight-absorbing
substance in the reticle chanmber 23. Even if the concentration of the

| i ght - absor bi ng substance in the reticle chanber 23 is not nore than the

al | owabl e concentration, when the concentration of the |ight-absorbing
substance in the 1 o reticle | oader chagkRer 87 exceeds the allowable
concentration, then the purge gas is supplied fromthe gas-feedi ng unit 5
to the reticle cﬂérrber 23. Accordlngléqk\ oncentratlon of 2\2 e _gas
in the reticl eltprEEbE PIRININGA{IGAMENY &Y the, MR MIERMEYLIFNGER7 Ah TEetiehe i
exchanged,, I dee Sh dh Leas tefl até gf tihe
purge gas. e%?reédr.'glﬁ fhglgfkﬁa§9§ cha%é%%?q ﬁge égl Vi Wdyg’ig ﬁt oaa peurajl Pty of
ai r-ti ght sibautfeses mltbcthtdt&ctlmalascpdret +X5d1maa&ageﬂfeohowtehend ef itlod proR:bpoRZ
Constitutive o nts ther t|cIeIod stemmay he arra n the
plurali tyoarcaiﬁr §rﬂ Adfhe H%‘érl%t Pwnmregw@aﬁi icrosg pe-lgaar%g VerlFabl e
that the ¢cgp akt3| Brd2f td erokh I l%gﬁﬂﬁtbﬁ,pg, sithgd ance or the allowable
val uetst herégo eacﬁ C h&?omr al?ty of air et| ght chanbers differs.
Simlarly, the soft Shl eI d rrenber |s provi ded so that the space between the
wafer 2 0 cha f tab Vs The
waf er | oader gﬁggﬂ)%ﬁer%%qitéﬁz%s\é@ IQI ﬁ%dﬁp eﬁagﬁggﬁ’{ ﬁ%dvéfglrb%Fr?gsft)&g%e{q
(when t hebaslplate 32 id iechies idio&c@adagwrfauéahavh@:‘an atmhmgedr)celtdma flpmesge Aglisst
supplied into the fer chanper _38. ur whi.ch has fl t hr ough
the insi qévaisfr st 4018 400 2 SRR AR ABE P08 B Mo BE Bpeiy ppfocae (Rt
uni t 4 vi ;i ddorls %?%é‘ﬂ&%f%%e%ﬁg@b@s?gﬁwfe%d%ﬁ -AfehddiRnganngixeshar ge
tube 7A. A concentra?ll on 2 5 sensor for | i"ght - absor bi ng substance is

al so 1ar r agyidd membtetsed lwdf @nd IYoadegulddn anb@cr FIA, @Bdesmetnadly oWabfisst wafer W1
concentrati of the Li bstanc he vvafe | oader chanbe
70" o ser s lpacong Rrer A I S TENEIIES S OB Y PRt for
concentr a&mtbt@fvathﬁn laMAEASS OTRIWa e @agam pBhee WalMile ehamashsIph ihe ot

nore than the all owabl e concentration, when the concentrati on of the
| i ght - absdirtitiog, Hubsmapie dytthe ai ef Inmae motayacied thelyanbmovable @ steppingsnneh e

al | owabl e. con n.trtlon as.~s supplied.fromt

Gas_ 1 ecc IhBeangireston S5t B Mo in i, B s oG b Roré SR DRy 0B Aty on
of the puﬁﬂeerﬂs’iﬁthﬂt' the H’\I&eoﬂ‘@fngérvatlonaﬁ rediAdbgh iShtisfied i thé X difdtib® alPthBigh
even when the wafer is exchanged. Further, it is possible to decrease the

anmount of dme@oofbytthrems@rf the Yaxis guidetmembess 4}, r@r@éﬁbﬁﬁsaxeﬁ suideemegbers 43fage
system ba the oubI e er..stage. s and.th [ em
o “thi's ouund Rehevel MomEe e RN RNET A ok S B coRRARLaMBL °T,
to 5. FiQgthaB 11$ttwm;ratwntia meltateal dtﬁ{rigsﬁlessﬁ@ipir@nmoaerﬁétﬂrhﬂdl @wingl thesdcamiihgg

t he wafer stage system WST and the wafer | oader system shown in Fig. 1. As
shown in FIRPSUS. the wafer stage system WST, which is disposed in the wafer
chanber 38 of this enbodi nent, conprises two wafer stages 40A, 40B which
are supported over the guide surface of the wafer base 39 in a floating

mannéP by t he AiZilexeling mec}?é‘alﬂnr(g%m?iﬁ&%r Whlchr‘%dlﬁﬁﬁﬁa‘bmeeaichBE%H%PéﬁtSF%ECiO in
the X dir i i r

nterfer ool s ant o AT ol IR RSN IR, HarsB of ey
are hel d onafer Vél V&2 eand smcﬂmeﬁomw&ut ﬁfé&wroascpe(:ter v&byt thy X heas andl thef Y axis) in

uni | l ustrated vvaf r hol ders. ange e describhed in further
detai | bePWsF topssiorm the lexeling %nffgt?rrg‘ bl beﬂzﬂ O tBH, WaeE S[38F Af £ fhis ¢ o
the X axi &nb@dlﬁteﬁ"tr fsanges oROht hi%hblteh@afwagtg %@&% 39n'o§dér%edd?&§ SRk posttion

t herebetween 1n the scanning direction Y direction) during the
scanAbng exgostpein Fier Xtdigkctaxi en dlei defes stdgdad, 40@5/403516( sas ontrXn@xe®nsldrder s

44B, . 445 idable int X direction by the of air ads
oo bl acor AR FRRSSARNTE GoReofohlarter PR FE AT © Bt eV aTA | s
arranged fyhokdieoaind afbihanasahbwhad Fed. il dapbdiel B ddige hedbdsRGhiRRrvhidh haspect
to the first X axis sliders 44A, 45A. A second Y axi s gui de 43B i s arranged
by 2 0 th¥ canedtlct)foratrhea\rartelrs&xgesI%Iaﬂ@ByarYnamheaMrmtrr&r@mehr WA iy espreed as o

t he second X axis slid 44B,., 45B. st ages 4 40B . ar e arranged
by the ai g o8t & l?'gplz)ad s?mcfa%l\g/ R ”t“ﬁne@nﬁl[erre@f)lseo%or\rlﬁs’t’%n i 9) e LFC% B RES

axi s3gui desudigArrad@R. whild Sdin@Bsha BRGNS leh e athe By preaetémhecshm\ag dadt&hces
provided in order to relatively drive the first X axis sliders 44A, 45A and
the second X axis sliders 44B, 45B with respect to the X axis guide nenbers
41, 42 while 2 5 substantially satisfyng the | aw of conservation of
nonentum Tow | i near notors (not shows) are pronded morder to relatively
drme the wafer stages 40A. 40B ~n the Y direction woh respect to the Y

aX| s gr ades 43A 438 \/\hl I e substantl aI I y sat ~sfyng the I aw of conser vation

Y




5 nmenber and the sane nmeasuring nenber as those described above are al so
fixed to the upper surface of the second wafer stage 40B. An exanple of the
measuri ng system of the wafer stage system WST of this enbodiment will now
be explained. Wth reference to Fig. 3, an X axis novenent m nor 48AX and a
Y axis nmovenent mrror 48AY are fixed to the side surfaces of the first
wafer 10 stage 40A in the -X directi on_agd_the +Y direction. An X axi s
novenent mrror and a Y axis novenent mrror are also fixed to the side
surfaces of t wafer stage. 40B in.the +X direction and the +Y direction.
Besi des th‘ethﬁgg@ﬁeért?“(ﬁsrdregi@e‘g%é@a‘hgﬁo e used as described above, it is
al so preferable that the side surfaces of the wafer stages 40A, 40B are

m rrorfinished nd_t he rreasur I aser ar ad| ated onto.the

obt ai ned ni rro;Ea‘ghPff the great erl"S‘teF é%%daﬁé?ﬂ Sf‘ eMmeAshres dhe %‘3(5?'%0“,09( the
(center of phe: da%éQ@%P 46B YnGifie bNis Bf‘ﬁl Hﬁ&hﬁ%fe%cé’mlh%fn&m fe edeROf

optical axis tection center) of the first alignment sensor 27A and the
optical axthem (sduemedetd with thenntertyronfetelr Ihevmgaphulala'y p@mntkcetmimgry théBngle ®f
arranged on a straight_Ilinpe erei nafter ref d to as "mnijgume

o ST an Felalorsatnt 1K Rolptan e e Shgte ofaptafon mhaul 1 Didtsciathe ax
49BX are 'a%éﬁt? | &d tﬁ@adrgt@&f fol&¥n %au%wzaﬁg (Y8R Gmouft) 8P BlcRRIfer ageMBA; X
direction and t’he +X direction on the mni rrum error axis. Two neasuring
beans frodOBhee dlso seasnafdatherieby. e Af dorche taticlestalX 24rand thadwalfiee stagdscliog., #OB, it

m ni mum error axi.s anto the X axi.s npvement rror 48AX. o e first wafer
ot age A0AT St mtHFaRI Ry B8Pl roBRY: TreRs I EARE 4 SHTER TR PO S
waf er i nt gfeh@iHIBLEATY HIARK dde@iondEl whieH afy AMBe tehdr Qérﬁ%de lof O tiXdifecABf O
the X axis nmovenent ‘mirror of the second wafer stage 40B. In 2 5 addition
to tH® t whamedsuwhielyitbe feared thatnshes medsureniand grror pxacadsed prerdetermmzd @llewahle on
is act uallg radi ated, for exanple, onto the novenent mrror 48AX. Each of
the wafer " IH Ferferoneters 49AX, 49BX neasures the position mthe X
direction, the ankle of rotation about the Z axis (yaw ng aT110t 1l 1C), and

L5 10 LS e i A by B a2

and whi ch yaferR@ g@é 40, 408, m@en%r@un&s tHe?eféla((itbtaetxﬁﬁll fel Kraxididé MhBervai on,
interferometer SOAY onto the axi s novement mrror 48AY of the wafer stage

40A. Furt had Y swms enide meerﬁee& '&)?n"et‘hﬁ&) sa3Ye vwdayintarieramaiers gPAK, d8BX, $HA Ywaf er

f b h
ospdcti vahaPRE e et S o TRE b AR GORBeL W AU Rt

are paral trimBed) hdvengYhight iafr-tig@GiRes t THE ki oleil@pfo?d’&hbﬁllopM\@ﬂ GystérﬂiPHifsﬁﬁsQﬁBd er
SQAY is provided wth nmeasuring beans having two axes in the X direction

and two ak¥eapcentighepening ofdhe pener platqRfthe Wﬁ@r changhn P8. Thepesitignal rejatiopship
possi bl e e r ion
oot e VR Sl PRSIt Rhaldh, 9, WoP (SREILRT 4% BRBEnThal LY,
axi s (pit dhedtignadnd e dff rowlohhwlmatfeép’ecstoage wHila; cHHhB)er 38 it menswrad bl thent |

t he prOjectlon opti cal é stem PL is commonly used for the exposure for the

waf er® W ya ewlfer(g??o‘t“ﬁ@r /e 498G 0AX0 A arte the afey, mterieroqaetetisi4fAde APBLens or
27A Tor t@@q&é’&ﬁ@&rﬁt@@ the sids gstfét HIoF (3 Wdt& RhinB8 R eselivelyle wafer W1 on
the first wafer stage 4 he alignnment sensor "27B f'or the +X
direction |s used during the aI ignment for the wafer W2 on the second wafer
st age 40B. <€ 1 t e
vafor stage 408 MaSRrGeETARHETL W8 2 MR A H R 1A Kedhe b Bl BE o
optical systrebeddls, whieh mmued/ayuteedhtmhn@lobtycaﬂ hegste@n60, attrevmpehed to

i nterferonet r SOAY=i. s e rder to asure th os|t n

't ect | on G ARt SYPagiC ADATGRE ot gt on i FreLEETH e & ettt
Sensgk 27 fofcuéf @EB%@%@G% pLhe nﬁgﬁ&éHQﬁjety@ét\U@e% ARAAKNER BN, T DR £ig®BNaser

i nt erferorre ers Y, SOCY i s used In this enbodi nent, as descri bed
above, t heeqol srsapplteyl tohn Mitertirgmelaf emt 58& eihfcbrio meanmed aSNAYNd B BOTY Ecaon
provi ded | the X ﬂl recti onlé?on scanning direction), and thus any one of
the Y axi$§ Wﬁé‘sCﬁPﬁ] 6”% radi ated, for exanple, onto the Y axis
nmovenment mrror 48AY of the wafer stage 40A, 40B. Accordingly, the

foll owi ng advapt i3 obt ai ned. Th IS .t is sible to mniaturi~P the
i ndi vi dugl Ezttc?tscﬁébeelgteﬁéﬁ),m%ﬁsmétﬁggért?éébtnheétﬁt‘lrgs ﬁtﬁld&q?aﬁgagg amount 1n the



2 5 based on the doubl e-wafer stage system Further, it is possible to

hi ghly accurately detect the positions of the respective wafer stages 40A,
40B. For exanple, when the first wafer stage 40A is noved to the exposure
position utter the alignment effected by the tirst alignnent sensor 27.A

or when the second wafer stage 40B is noved to the exposure position after
the alignnment effected by the second al hgnment sensor 3 0 27B, then it is
necessary to deliver the nmeasured val ue between the central wafer -39

interferoneter 50AY for the Y axis and the wafer interferoneters 50BY, 50CY

for the Yzaﬂ‘@"‘bqrbﬁgs"ed’l%ﬁ EWECT, FOTTCSRMAME b2 BICYRIFRE, MR @L) 3% &FNBY ¢ he
nmeasur ed T i f t age
T0A |- o DgtErok i BP A ARG b Afic LB Mffnce She Pafel ARHCE S8 P FesEL RS ol
an of f set mtamabsefadmednirmr,tm thre aksapiae emomt| ansouvnf i the Zldlrbctlmf(ffrthﬁpro_]ectlon

|nterferorreter 50BY ?g at the neasured val ue %P ‘t?lﬁv xt. waf er.

i nt er f er orfBHEA SYBIEP Wi qespaehto Hier wateh stage £ al igformgtion, onthe

i nt er feer OnBdeloemOM Yarkitith ws@)?ﬁed S ¥ HifhoYratéd Cttitulld contfdi & &ehn Y &finddbe
yawi ng amount of the wafer stage 40A neasured by the wafef interferoneter
49AX i s zeputrol\¥ystenr éétemmncsetlteodlﬁplgcen&nt famoutxins thepX alirentiomiand dhes afgld\of

61BX, which are osed of carner, cybes re i vel are.fixed fo.the
back surféﬁtégmbf‘b‘t“ﬁgh%f"?%\b? egbquﬁtﬂ?r# &@C\El (yfsz REojepfign 88&?"’(“ ons
in the X qid&ht mnﬁ%ﬂﬂ ﬂh@ed@ Abfen®f in" GhAtZ Oﬂhré‘élﬁ@tﬂt at hBe Znf% $1és. t Nehe
novenent mrrors 61 AX, are neasured by the interferometer units

57AX, 57Bxxmmwema@bov@n@mts o thaselsctfmaghetiqrdsjnpersi of tb@tfpmalvdsgmnem

PL. t woaxi s m)ve ror 6 which is co ose of C r. cu

Fespad | vargentie Brtenai Y 4% sontied Bl b FPIREREH PhouLand s HHHF of

i nt er f er onEdIRAtGIAY idchided Rethh aaww%lemegepo,&bédr@mglynfot Bﬁar%léilw&ﬁtth@ﬁlpﬁ&@ t he
angl e-spf rotation about the Z axis of the novenent mrror 61 AY are

measur ed Pate BE (nrojeetidnegpdigel systemrfily 15 vibrajedsy mbzeﬁlghbvbetlem fromethp guisislecit t he
proj ecti on l. s hi t r A

system wht g’ﬁgsﬁrbg%atoes)s(lsﬁrggg Fﬁe V'hlrartrlga)rrllszﬁong})g%zg rr%@'oo}r I ha ee% OS i %%éraggdst he
angl es of imptoatd.on about the three axes of the wafer stages 40A 40B in the
waf er chanber 38, is constructed by the total five interferonmeters conposed
of the wafer interferometers 49AX, 49BX, 50AY to 50CY. The second neasuring

systeam (mai n MeRishifefétance)s FeiE) 1 ald 2 CinteRIERS e S7WE, GTBRNGT e axis and
coordi nate positions and the angles of rotation about the Z axes of the

waf er i nt énfistecfiomates woAX7Y 4@B)he SOAYiS( fRaftbe veafermdicn as gaiypcwr:d lpf rlé%r;pect

to the pro tion optical stem P stn Ctg the rfeo ter'
LITIItS 5 ?erg’?‘%‘fir rebpelivaly, A ‘SF‘?#%inaés‘he cdg o kb dS? g‘é%(cut‘BH tﬁ% nthe

di rect i on+an@irdchien amGledottdin swfaaet offe atz@uh H1€e3K Tké ﬂueetlasertfeam whicdinge t he
Z axis of the respective two wafer sta OA, 40B are highly accurately

nmeasur ed [yanehed by thet bragchingneptical, system ﬂ,dar@ rdsosuipBlies ipcths URECIOMSICE MDA t he
b |
' oRtant 1R STARY NPT SRR R A SoEE A BRU IR YLl Bt iy

scanni ng eeddire@ioaraad lheghlditectiondT tlm:pmyeaﬂi@i qptmers‘yeumﬂd, ometsjsmdhigsthswmt the
obt ai ned rreasured values. In this enbodinent, in addition tgrtt e ne ring

systens, & MuhawpneeReR; fie ipterfer el B & A éaBXeégthﬂorrgm @ ayag of the
prov! ded. nfid méhsigneydend] AhY ! R VAL 'lht%tf&%tdetw R AR s9BRTHRhetD RO

t he waf er | oader er 7OSovvn|n erence to Fig. 4, the
5 waf er cldasplaeemSB aimsufits nmeet mdtmctwng:-fommer Bﬁlaa whe utovcmempamromﬁxddeto-lﬂfe

direction,sqg that the projecti tic A m P |ns rted and

Wt £ P DK SHECey TR ko e R g FIR rots St ek TRt GonatHy

88A, 83B baggd 59E§'Xtr9§)e9tb\}e'l)qu?hé ﬂchﬁﬂ}ﬁé‘rf@rbﬁ%h‘é%hn% swsxt]ealsheg 1RNdikPacHRpETr
plate of the wafer chamber 38, i s conposed a projecting system 88A

for projesmong athsl Y threcrmgef @bbmquetlby twetmoveermentlrrmoﬁxeldeo dpthaclaburéack of AX

onL o 1%, 13 R ERR, PR RISE B30 PATER Rl L5p RSB By

di sposed kipp@iBd & B8 emmea@ltstwn ai@aThd PERfceShdttr HiQIUAK, sYBE, sXpASH £
area 28 in the scanning direction SD (Y directi o{ﬁ} ﬂand ali ht-rece| vi ng
Y:

syst éf 88Blufadity @tafeectsvw@atq% Bagd) cercttleétlnnhgthmeﬂ?t@ @Sn@aeuwe@pr%r@t $yateE and
detectin 0si.t1 0 05|t|on| each f t he
reasur BB b TS PRk Qg LR u A, YA Bt x e S

.) detected by the AF sensor 88A, 88B is supplied to t he stage- dr| Vi ng
system (not showtr).



Cor ner cube type novenent mrrors 89A, 89B are fixed to the upper surfaces
of the projecting system 88A and the |ight-receiving system 83B
respectively. Interferonmeter units (not shown), which are constructed in
the sane manner as the interferonmeter unit 58A and 2 0 which highly
accurately detect the displacenent anounts FZA, FZB of the novenent mrrors
89A, 89B with respect to the projection PQIIC&| system PL, are installed on
the second fiducial plate 102 di sposed under the projection optical system
PL shown in Fi 2. Detection results FZA, FZB thereof are also su I|ed to

the st ageyd‘?‘r*?\‘f‘?ﬁ’@; and dheetnelq pf FALONAGW b g temwaler frterderameter AP AXnGOAYs

cal cul ate r [ m2 5
the | nage gty BRUE oPIR s thab e N BEMLALOORE pffter Sl T f%(érb&’? from
the val ueCehdieently th&reRithethed oﬁtﬁﬁﬂaﬁqﬁscwaﬁdye amBGeME (AOSVL oY W2 ifleke o ed
by the AF sensor 88A, 88B with the di spl acenment anount FZA, FZB The Z

| evel i ng demmamagdnthm\i Heeatioh cand ghey guela OA retatim AOME ob ther whfer dnteréeromater t he
def oc s a t |nclluda? gt?a}uag al l owabl e range. ~b'ith reference to Fig 4,
when WHEFAR fer W1 (or W2) ~s scanned nth respect to
the 3 0 exposure area 28, the entire surface of the shot area 29 is

i ncl uded i th f =41, f d d
e of the. 1 Cvd o GaPR YEThiyfhecr dircdiongRiEs yndreeBotar i ErAiehe
shot areag2@ aja aviiboW ) %ﬁ@m&tangra of I\Q86h OWAY WHRH a8 bdsb® o RREWaRPE LRy Of

t he waf er c% nmber 38 are a laser |ight source unit 91 for branching and
suppl yi ng38 hebd mssnrdddgrth¢ certamewatzf enerfand:rectéxsr@m 604 Y4 arXalsod@ppliedstoBBAY t o

Che waf or MAPEOT YS! SYREPR g MR SOniro) DA OB SAAY P PoSh eI oS *
preahpgn ”ﬁﬂfhe %&?&ﬁbﬁ 'Yhd ﬁ%p‘{ dH8&idnCind RS Exfg'l@bﬁz%téti%ﬁ oWs el l}Q’Wﬁta stéé%MOWe

waf ers 1, in the wafer chanber 38. Inm this arrangenent,

preal i gnnmmthefhnmstdﬁeha/\pxbmcuw dptonl $ysenf PE s amfctance;wageheﬂfﬁ)ﬂowmgmnhmemred at
a position Al at the end in the -X direction in the wafer chanber 38. The
10 preal i ORI for the wafer W2 on the second wafer stage 40B is perfornmed
at a position Bl at the end |n the +X direction. Therefore, the

preal i gnment nechani snms 92A are arran ed over the positions A, Bl
(preal i gnment 861 T XLy Ar%‘é’ée‘éW%‘el fons for the waf® alignnent
effected by the alignnent sensors 27A 278 are set between the positions
A, Bl and the exposure area 28 (optical axis AX) in which the exposure is
performed. 15 R¥Bm@WhAg 4QWEi g. 3, in this enbodi nent;-(Be of the

waf er, stages 40A, 40B executes the exposure sequence, during which the

ot her executes the wafer alignnment sequence after exchanging the wafer with
respébt to thelheameain dopuelesystsmnsi0rpomiRDA the rBision Aod @hédvqi@lty of thewhisk stegraped

' The VAR pRAR Bits s nh Bou s U bk s iR BrboRph edfiupleny
di stance J&ES¥eBbIY Qnﬂﬁlyqnep&ﬁtme@xwm i8lthd mﬁke&u&yametﬂw\m@émonv\RDB

are accommodated in the wa der chanber In the waf er chanber 38,
the firstangahennglt afjmtatda E(W/Abéthemqondsvafg\ﬁmgetht(hefqydﬁzlbascdmﬂlq wafehe -

di t by dott ft t h d waf
St age. 40EFTPETCVD) s MoTBEED Phainslie (HIE T HES A0r SO Fof s o
I ndi ggt edcdecil@bdiftht pb&Bom Her;rebmy%mﬁ@ r(gxwﬁi | Ay WRRRROhE raﬁ@léw&étatﬁ)&{ ts
52A, 52B are formed 2°5 in the vicinity of the positions A 1,

si de surf&EW2dbd dbltmn\l\lm‘ ecrordlhatnbmrthB&amSIoflt\N}BﬁaﬁeobdsnwnsqmdMe p'@lolcsy M tlm, 74B
are also for de surf ce of the wafer |oader nber 7 o t hat
the t rans%:%‘?rtrﬁe‘ﬁ%é’f %ta ORI e&ppf‘t%@{ﬂ“ft%y tthig PoFsy §5%P’cgtp‘§’o?°€§ra§ Ve 52

B. The i nt%%fé?fstatobmmfmg LBl easis fa@rfﬂ%egro%&,arﬁoﬂmmﬁeni Pt OrR1elhftgh the
wai ting chanber 72,4 which contacts nth the first transport port 74A a

second wadttuictuge mhdntieﬁe?@&nﬁngcﬂﬂ%moacatrcshghtry eBcds¢die tb@wmﬁadcltan&nsb&)r t port
74B, and a preparatory chanber 73 wll1llCh is disposed at the mddle

25 As having been already explained above, the reticle stage 24 in the reticle chamber 23
1s also driven highly accurately on the basis of the projection optical system PL. Therefore, in

this embodiment, all of the reticle stage 24 in the reticle chamber 32 and the wafer stages



-42 of the two waiting chanbers 72A, 72B. Shutters 75A, 75B are provided
openably (closably) at the inside of the transport ports 74A, 74B.

Transport ports 170A, 170B are al so forned between the waiting chanbers
72A, 72B and the preparatory chanber 73 respectively. Shutters 78A, 78B for
opening/closing the 5 transport ports 170A, 170B are provided. Further, two
transport ports 97A, 97B are forned in_g@Lallel in the X direction at the
side surface of the preparatory chanber 73 in the -Y direction. Shutters

85A, 85B | eni ng/ cl.osj ng t transport ports 97A .97B. are provi ded. The
ot er { ace A0t QIERAR pate? Rtk o8 aie ek &l R, ohh ey Maini b CIegslare
chanber 7QqdifbrdalReiati¥nslip 86?He%is%‘ﬁfh%brcﬁéc‘i§>ﬁ%?ﬁéal 6edm POV on tRABALIOSE Wb Ch
accomobdat es one lot of wafer, are 1 o'installed at the position A4 and the

posi ti on Bénudad pofsenice.n Adperdinglyniheyhigh exhesure acmpasyt (fproexasnpde Ahe 9nBriay be

opened/ cl osed b e shutter. 5A, . 85B of th epar.at anmber 73 in the
e ot Rk nd 8% SamsFes HhifhriRess) Booahed Be e RO W R Ebsel it o1
Cylingricale fldeBtsthiRgshtedf bn Shé @ikl RID®DS IBE, wBGstafRkt&h WRITCH has

high flexibility in the sane manner as the soft shield nmenber 18D shown in
Fig. 1, aembodimenl iscbhsed onsthe oablg-wafer sipee exstanat ikosrexample; s pessblopbr t s

:52A, 52B of. the wafer chamber .38 and.the tran rt .por.ts A 748 of .t he
wafer T onBEITEnDRERr RS AP o HE RS MRRRTEE OAROHAT abe sofind Pace

Vi brat i ongthge 448 d{gehe kQ@adRE kPpasiiRefor M wafeNW & @B SiMelor @t fiQt WhRr kiagd de
of the wafer chanber 38. The space ranging fromthe interior of the wafer

chanber 3804 oThé¢reforgiitap possitdg torabéaimthicdwgh pwthanmber 70 can be filled
with the high purity purge gas. 2 0 In order to control the tenperature of
the wafer transported to the central position A2 (tenperature control

posi &0on) i n t Wathf refesenogetp tiigg2,canaimibasracg 2olumnt ehparvahich. dondkampleny refivla  76A
i ncl udi ng,.a_three-point cantact t .heater is installed. lp.order to.

del 1 ver o HEaree Bl st batleBl on B3 k@Bt e Poh SRS POl ne
transport aip@rle, iS58 fhe cldhh rodm),iig fktaléd slethe Moor ¥ At ths sidk E@ifedeth thd -¥TEREEE t
unit (not shown) for finely noving the slide arm77A 25 in the Z direction

and novi ngf theebask iRiate s¥2- pf fieApreiechen wXpfIsHiECHIPOrRtYSs Ay beshepediretinle dopder
portion a&ha%%hg%&%%ggl ftgtéﬁalier‘é“@%egg is ?%H%%& b%%vgeﬁ r#]lé Sfﬁéeartn@%{‘iﬂo%’étin{eﬁ? o1 79A

for del nenng t e interrace ¢ e rnsrde of

the wartr eguahantaad the2ei¢ls chinmipr Q8 dispbsddim the Sigppbit pldie35. XAdboxeshbpedwiret he
preparatory chanber 73 The transport robot 79A conprises a rotary shaft 82
for naki nlyadet chambgr dAdhayire high) airtiglipessatis aranpeds betiepn dhe dower endggf #hai ng
rotation D& S18MAY ! f fhite ABKIANQHERIGH LD at
the tip o?'%trﬁe ?cly rst grarﬁngg%.wﬁﬁrem\;\ag‘geel?%;@%ﬁgd@Egﬂﬁggséer@ Sg?’ecpig\}e i S%P
at t r act edsyatech ek dhatn)f hvhidhiip uedd tohdelivercthmdet@aierb8@een the reticle library and the
reticle stage system RST, is installed in the reticle loader chamber 87. A wafer loader system,
20 which is used to deliver the wafer between the wafer cassette and the wafer stage system

WST, is installed in the wafer loader chamber 70.

The vacuum ultraviolet light is used as the exposure light beam IL in the projection
exposure apparatus of this embodiment, Therefore, in order to increase the illuminance on
the wafer W1, W2 by increasing the transmissivity of the exposure light beam IL so that the

25 high throughput is obtained, the purge gas (helium gas in this embodiment) having a high
transtussivity 1s supplied to the optical path of the exposure light beam IL. That 1s, with
reference to Fig 2, the high punty puirge gas, which has passed through the gas-feeding unit 5
and the gas feed tube 7D, 1s supplied via valve-equipped gas feed tubes 16A, 16B, 16C, 16D,
[OE to the inside of the fust sub-chamber 9 (which communicates with the auxiliary

30 chamber), the second sub-chamber 19, the reticle chamber 23, the projection optical system



The transport robot 79A installs, at the position A3 on the rotary shaft
82, the wafer 5 inported into the preparatory chanber 73 through the
transport port 97A having the shutter 85A fromthe position A4 in the
interface colum 71 during the inport of the wafer. Two inmage pickup

devi ces 83A, 84A are arranged so as to have visual fields at two positions
separated by 180 at the outer circunferggtial portion of the wafer
installed at the position A3. Inmage pickup signals obtained by the inage
pi ckup devi ces 83A, 84A are supplied to the 10 unillustrated wafer | oader

system THRE. arg the wafaidehambye 33 nespecsivelys eEhe pIEES BRgRONBIRRG 30Y impIty, Which
det ect th%?é‘@hwﬂ thxcoﬂ%ﬁll!ltxg }{g deTé]}ethQ'ﬁrgtr LG rege{t%'s%éonfa% IC%Q%B{: Ezé"ethé“’af er
a gA' T's

di sposed oSl eration o Crans port
control | egetief t}limtbeme m:spioy@tio@foptnbtﬂ gyete@nPL S and et edfeﬁtchﬁnwre:cﬂet;egm ned
position (for exanple, in the +Y direction). Accordingly, the first

preal | gnmitiveughsthe cgas drsebaree Bbet He vigarabye-equepped esas ﬂrsgltar%tueﬁs t%,db?B,sVQ em
VWRDA i s C t it 76A, the slide arm
T1A the. t1onuotEstsiYeh (R AERER R f OBk E |  oh “and the | mge
pi ckup devices 83A, 84A. Symmetrically with the first wafer | oader system

VRDA, the second., wa t I ver
t he waf er am)ng e rg%" %lgl oh{hlgs% %@%f@?@%@% %ag fg{ gl[)?)sof;hl[??lo? B2
in the wailbCNID, hlasrmefd the Bas axb@an?ge&umstm anBB37C, n17uj)el7araﬁazralazta@mmumtmrber
73, and the position B4 in the interface colum 71. The wafer |oader system
WRDB i s aklesiremaeticailyeepensble ped clopahde saspecdivalyj ubhe oRgnING/cosHEROPEFHION 1Of de
arm 77B, AR i e o]

and t ho i g W Balsg Rkl EGlcpgly bl P pREEIRE LhBRCRRLM (ROl
i |1 ustor at cogpddag owafoempateag &he yptrationdBDE the ebcbhey wait dg tHecgatdééedﬂfg WSt ahs
VWRDA, WRDB oftl 1] S enbodunent mthe Sanme mallller aS In Fy . Wth
r ef er ence a¢yIlajingnit; ¢ precalsy eRptinded by ghe pureg, gaeseﬂrqtﬁvﬁﬁnc &hﬁﬂh’?ér&t”é §ut h
the gas f nitts -1
i nstall edgg%@nggcat eé%ﬁ@p%ﬂg&%ﬁ Pnes égp%eréesgr??:ﬁg‘ﬁ?ag‘g Eﬁ% OIW% (grthe
chanber 3&sidehed thms@eclgmbea@ B, gesintide opthesstinle chanteu PP the thsidearfithdwafel ow

orts 94, 9~, B to . the.insjde of. the wafer cha r .38 m accor dance h
Pt down charaber BB oHpCYE BT ph MYt oA ery B (Y SBaFs & BiIEy of
di spased @éﬁgrchﬁrﬁﬁe@ ﬁﬁaéc@ﬁiaﬁgé DGtht 18 sgﬁlglbctgkra@iaﬁ oP thet Bﬁég oA iFdmVe{eefas-

interferoneter SOAY. The blow ports 9 are di sposed over the areas
i ncl udi ngfeedmgaptiti Tahe patohsryafpetahentfmthmagaereffentteérb[yeh@m@pwry updAg(, andgBX f or

Lhe ot cSfec eReBHEE ol e 302 b SRS L . Gt Btthe BB S50
Ther ef or eo?ttchﬁuy @fd RahidMe of Bk dgzef dsh@in %I%tdoﬁt%lldaal‘d} dxﬁmﬁfeam édc@ﬁgnce&ﬂi@l the

measur enent accuracy is 1nprove wever, when the purity of the pur ge gas
isc hangedler@ItIatt of e yn\gm@menysensqx@maequaetthevecnnnd @k thstblew @ogsomerumasting of
t he fer | tegg Re”%tr-% htc?xa h)gnged dependi ng thereon. Therefore, when the
pur i }g? of " é SEMCER, nged whi | e exceedi ng the predeterm ned 10

al | owabl e vaI ue then the al i gnnent and the exposure operation nay be
stopped, and t waf er stages. 40A, 4 owed. t il e
purity of the q]bsearﬁaélgemgrg ﬁ’absp??ez%e e aeh}tersgtﬁsu% Ygg'tﬂ;’/erch\(‘glf\rI(i:aHorh nd stulﬁ’ IS
possi bl e tkun@epild, @B ¥patRtty@nahé estond stﬂhehﬁhbegnmti m@fault:maﬂmer E3]€the
exposure accuracy. A discharge port 96, which conmunicates wiith the

di schar gesragpetypm giggakcls shanger2d ang the uppieh el gl PEectinpopEEa 8YSRM %M ted
| i nes at 0 i

| oader chaﬁthgg%g@ﬁﬁw%%e IIEB{;eC&(% %@3}0 n%@o%%gn?&%%r ngnégﬁikegﬁgﬁ%B
93C, 293D Et@ﬁednﬁ;aﬁumsnzg)etttbeftcmrmenternaiemm&@;f | Sy 1@D tdel dfi which alas darlé ng
substance are installed at the inside of the wafer chanber 38, the waiting
chanbers #oubilimp basplatad fisie Hie AroEpheskattband zacty akpdeah hasi Ygh pRisddined
val ues Ob{)t?rw}ﬁqné%yfotrhﬁe QY I %qugenwtmtsmpt SRABOY %g&?’&rte%)o%épt@nﬁt
suppl i ed e uni|lusttated purge gas control system rge gas,

whi ch i s sapphg edniber tihéhd pssale mokntidre Wat@ringhativespt38l Wnbrfont the cshoduter s

75A, 78A or the shutters 75B, 78B are ope asses throu e tin
chanber s 794 beyBalad hidhdipg i pyng FPosbE Q! CATCS SlF T ﬁféfréMV\&'% e oy,

and kb i nf Qe tc%@etﬂtﬁed)r@ﬂgtw&tcyosect@;s@ehml@ely I&ﬁpl@ﬂéf)gefk%%mmh%g gas
inflows into the preparatory chanber 73, is recovered by 2 the recovery
unit 4 via the discharge port 96 and the gas di scharge tube 17F shown m
Fig. 2. Wien the shutters 75A, 78A, 75B, 78B are closed, the purge gas,
which is fed to the inside of the wafer chanmber 38, is recovered by the
recovery unit 4 via the gas discharge tube 17E shown in Fig 2, if
necessary. In this arrangenent, the allomable values of the oxygen
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95A, 95B to the inside of the wafer chanber 38. Accordingly, for exanple,
even when the shutters 75A, 75B are opened during the exchange of the

waf er, the concentration of the purge gas in the wafer chanber 38 is

mai ntai ned to be high. Further, it is possible to decrease the anmount of
use of the purge gas. 10 The flow rate, which is used when the purge gas is
supplied to the inside of the wafer Ch§§?9f 38, is, for exanple, in such a
degree that the amount correspondi ng to“the volunme of the space increased
in the wafer chanber 38 when one sheet of wafer is successively exported
from t he weRrtaininghedight-apsorping subitance Stoaythe quistdecicargely makes pantapmation witho

decrease e . t hi I h

al 1 onal ¢ OaF a8 (e aftisak Py o g HBURAE HERTcek 1 Drfhe STRRAIET Ahipuh 6t e

| i ght - absekpisog lighbbéaansupsrEyseed baextbmslydase) at the inside of the wafer
chanber 38 (exposure chanber) is set to be about 1/1 Q4to 1/100 of the

al |l owabl e val ue (designated as dB) of the concentration of the

| i ght - absor bi nnSedygERE6Retation 8ensdp fdtaletictihd) thevedntdndadti oM aNeBIger 24s in/iBB-
The al | owabl e val ue dB of the concentration of the |ightabsorbing substance

at thé i ndighleabserbingesufsian¢enty iostaligdest the Apsidepef paghsafi the sulpehamphsng %119.0heo 2
0 1/100 of .t he I I | i S ngenty ation of
the. 11 ght olstEstRnne  EEist afielfort SR APBRRCRE 08 e, el AR RREFS " ERERME 75
For exanplcencehirstionl ik eovinheustyanegsuebl 4t A pidieter@ined sahplifigahte 34hdi ibisSapplied tbe
about 100 to 10 ppm the allowable value dB in the maLting chanber ?2A, 72B
is set tothsePHBDERS satroppysienyndn tivagangeman Sogongentgtion AT thedight-abserbingr y
chanber 73 . : . j i r t sily
manage 1 ha Sl e EuRRY mallicP Bncuting il Qlyanf Bienddol b laRE
avai liabl e as Tthatoxiygen tcheceatrhtionalbérgor ahdledeg Aom dxhmplsafae polabupmdphr typ8 ox/geet to
be nost stnct (lowest) As for, the other air-tight chanbers (wani nhg chanbers
72, ~~, 72BORSATHI0BIHFES GrAIICORA YRS OXYEFN CIGENTALIOB MATFTe 20 ARy ¥elaw phgsghgrus
comonly g . aApPRLOX| e qu rn S t.ha fer
chanber 33‘2& tr’?ﬁlt1 foél %cé&y{%@ g, ée%ﬁﬁ(g' 36%0‘&%6?’ i gg%ﬁgﬁbgrregé}%i, tIa? Beggéltrfl%qﬁg

pr epar at ocgncehizativarof 718 Inghy-absoriziogbubseaice sitch as vetaivapor and Gatbiog ldioxodeasipdy .
Further, it is alsp preferable that the nupher of types of the .

| i ght - abs 8F BP&7<E Ibebutte ’?&wa% V3Lt He et WEETGHIOB ) b it pisorbing

| ncr qased g Rfflcd adh bPWRAIrRinAtIAebREs i BEpHed CPME biee 88 éohtdl SRWRE Wien
differ for each of the |ight-absorbing substances. It 1s also preferable

t hat the thechght-absorimhg tshisstamge,gehiglass atra torechirdtmni of b ess shdned predkiemginadt | ce
of the 5 concentration of the substance having the strictest,k allowable

val ue. 1 o PEEUEIEa R, SR o o) gtk i (F i B GRERES (hE RPER RS 15

ai r-ti ght sgfpasdaito evdingg@ hoabe i_ﬁ'vﬂﬁ&?ﬁhemg'hﬂﬂ@sbhﬁn%:ﬁiﬂd_ﬁnég hdshRen detected
concentration of the |ight-absorbing substance to the airtight chanber

havi ng a 8§t aqcexdapepnwith Yhea¢angmpnsi ef the gregs, gas contsolaystempméil dieggonecntiation ohe
pressure gf > Lge s .allao i rohn the. r ective air-tight
chan%ér S, que.lgﬁ?at%ﬁfa&np%%ﬁt&?cee lgP Ottlﬁgrgi%%ﬁﬁ? élftlao‘%‘éazla)ge o C?nﬁ%lgélgsed at the inside
of the air-tight chanber having a nore strict (smaller) allowable val ue

thereof. In this.e di t ...the. pur (s supplied to the inside of the
vt or charmer et a BT e bR £ AR R RHRR BY ek friiB b @RS GaRY | e
pur ge gasand itchdsi igite WSEhi1EHC N TasreftRd, | oV ibaRioASisi utublly nendded®biweeh tthé S
al so preferable that the purge gas is supplied so that the purge gas is

bl own upwedieept firdiaht rbambersofarseramie bAWesbhhg sub-planber & and dherelidle 38
(in accor Iyt - e 4,0 t -~ e | gr O he
entire opg?ag?n %6\#36? e‘ﬁ‘ﬁgnag galclet g%ag%(b%sjgegn\ff@\ﬁe gﬁ%fc%lﬂ% O\R/aﬁ\&ér@ggldglr“’ érf/&st ens
V\RDA 5 \RDBet s/ b@nnthie iproj &etign ousl kystemoRihead erepl &binéedmbAit 38,1 Tiskefotet theSnfasatered
that the scanni ng exposure is conpleted for the first wafer W1 on the
first waf@rtheygdionsnn tgedianeosdidan thagthexpdshiness § Hapiededred for the
second wafer W2 on the second wafer stage 2 0 40B. The first wafer stage
40A is noved to the position Al, and then the second wafer stage 40B, for
whi ch t he waf efurier-ghAehemhedmsale Hicsef sbickeacitfeield it eTAI (g rFre ! taernaes
27B, 1s ”B’%{]@Qent avaLd it e G¥ROSHL S Al LRuOk bR REQLEGT 4] ?thycahseﬁys'g@é“ PL
to start the scanning exposure for the wafer on the waf@er “stage 40B.
Until thisupleiloddeothdnbre 87 uhelselfidxposhch paf ef thewhirgehgas sviadtspasgd cdtto tie
position AAd in the interface colum 71, is transported to the 2 5 position
A3 in the preparatory chanber 73 by the and of the transport robot 79A At
thrs place, the first prealrgrunent rs perfornmed for the anVle of rotation
and the central positron on the basis of the notch by using the m-age

pi ckup devi ces 83A, 84A After that, the wafer at the positron A3 ~s
transported to the position A2 on the tenperature-ad~ust~n~ unt 7C~A mthe
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position in the vicinity of the position Al in the wafer chanber 38 by the
aid of the slide arm77A. At the position Al, the exposed wafer W, which
is disposed on the wafer stage 40A, is delivered to the unload arm (not
shown) of the prealignnent nechani sm 92A shown in Fig. 5 4. The unexposed
waf er, which is disposed on the slide arm77A, is delivered to the |oad arm
(not shown) of the prealignnment nmechani sgm 92A. Subsequently, the exposed
wafer on the unload armis delivered onto the slide arm77A, and then the

shapes at three plac t outer circu rential portion, of the
Cnowposed TRHSENBHE 1a: | BB e LB R d oA e Beinedl oy dbedt shge

pi ckup deyicge 1605 tHe cbR@nSRANGE megﬁlrgeggﬁem the SetRE REARY F301s AR the
unexposed wafer. Aft'er that, the unexposed wafer is placed on the wafer

st age 40A gatatly hevgred ieverowhdéi the almdter it the tramsped pou of the rpadle {dader dnavhder §his

al i gnnment sensor, 27A by the aid of the wafer st . 40A to.detect the search
a1 | gnment OREIE- R BiRaTHRESRISES BAOTGERIqBENE OLPF GENEr ey IRE THESEceds 2FRe

al i gnnent aﬁsﬁgearat heAn@Bco OBE Bdiciel 1BSIeE LREnERr BINFRNKe AWabRYCIABENHALSR of the
obtained result. During this process, for exanple, the fine alignnment is
per f or med light-hsprbingsubstirge in theactide dmderechambir $'his settadredéghey (lobsst) than Gament
(EGA) system I.n this enmbodi t he, sear al i.gnment. and the fjn .

S ghiront PR CPBRETIFGH A1 B DA TR BTt AT BHAG P DS G B fon
the first WaéfkeritiaBoh of B lichLhbsoRigdsibiRndeinahe fdticBiMaMbe2isiRR fore than
conpl eted, waits under the alignnent sensor 2?A until the scanning exposure

for the walieeslopablmcansentsdionnuhanathe congeatyetionodf the lighhphserberg substaneeinothper

hand,. 2 0 th d wafer W1 .which is delivered.f he vaf-
d0A 14 1 natlfs FABGRRR G lextieds EMIBH bR gpicenbSiely, it bote RSB | .

the wai ti BgnthRrasfeedrd undFitd the Reticle dHanibeAE PAEEREinBly, tHeohtéabERe bf thebot
79A fromthe position A2 to the position A4 in the interface colum 71.

Duri ng t hipyresr gaseigsthet igliclpephamberadl ds meaintained He bexpigh cayenarlkan thsi regclgtist he
position [ 1 jS. (o} t i .
Phat, ¢ ne crpddet, 1B, i oS RERARLAE sy 0 B e BATS B CpRehil
noved to tidwdepeisinibed87 Adhy bENdvidad ke agdurakifyest di-tighe chaxhbers aldigekd fansport

transported by the transport robot 79A to the position A3 mthe preparatory
chanér 7Basspgf foR e retiple RlaRer Gapsiptutiyg conappnsals of ghsreticlsileadepeystcs may be

exposure . ~ [ Lkl B 1
m e vt Sl S Al & g EhaRcn ARl T MEARRRGHGT, e bRTpRATAL I® e
exposur e gieceonoéntiatien jpoif dieclight-absodliih cabistadgs betheRlllovabletalie thieos macuch g
exposure for the fer . on the wafer stage 40A. During this process, the
unexposedﬂWaﬁlléﬁal,“Ymiaﬂﬁlgl?é%h F dff¢ffected to the tenperature control, is
transported to a position in the vicinity of the position Bl fromthe
position B4 via the positions B3, B2 hy the aijd of the 5 transport robot

: ) h
79B and the sl PHBIAPme @l THE RS PTARE S ot S S ko HrBvRier
exchaypged il 5Bang #RAAL: MAIF chiRoR T0LDREMAS @osca! A0E AR 10Mct Bifnefl 70

t he prealignnment nechani sm 92B shown in Fig. "4. After that, the unexposed
waf er is sudijeetilebwith atpag of carairdog el alf i(gherethe vatvetofi¢heogrsidischarg8tube 10K is he

t her hand, t d wafer, W s t ted, f th i 1. B2 to th
oot oa" Elrstl TaRES g hpfte B 1 A SRR SR BT phie B0 i Bet ot 7on
As descri pReudaY thsided il WaferMeadir RRAhbert70€isWedoRbred by dife NMEIvernnit B Qiavaé er

| oader systems WRDA, WRDB are incorporated into the wafer chanber 3 8 and
t he waf er vilverderinrddagasedischorgectype d T \aal ythotias eisshirag) tehendAr udt ecepsration

dul.es. Ho h d o] ' f h i 4] Al,
B0 1 Rt he o B s By T eededgh i URR Bl TP f 208

posi ti onather glodtabrenshidiesVerMe 1Bt Wb dinLhidbibede 138handfet Nerdwadiambepager
chanber 70 during the assenbling Is extrenely strict. That is, the

proj ect i ot Skpoukishappar Beus tharyale chysbarsBedEvandl hajcoateatatgn ¢f teabeht-
Further, it i ible to performthe fer I i curately.
i thi s etbsiERTshen FrORinmhbap NR B it B sTh b RS,

t hrough, 2héh fler caxanplten dfhdetiighnsiporiingatitistanédAn (R4 Braifdr Ibhder Bambleno t he
correspondi ng shutters 75A, 75B, 78A, 78B, 85A, 85B are opened, and the

cor r é8pondissEissheniarablgemeentagonghgsihe pasgs s &8 Birphebiratiihhgestised'peritbd in
whi ch t he f S r Qg I i ch. t.hat
when the Sty AR SARRbuERS D AL RRE LR, RO ne TR SR h SR R IR er <
85A, 85B are closed. The interior of the wafer chanber 38 does not nake
direct 2 5 communication with the interior of the interface colum 71

i.e., the atnospheric air. Therefore, the concentration of the purge gas at
the inside of the wafer chanber 38 is always nmaintained to be high. Next,
et pl analOn W1 be made in detail wh reference to Figs 6 to 9, for exanple,

o o e Y M Y e Y A N AN~ . . —p— A



3. Fig. 6 shows a perspective viewillustrating a state in which the wafer
chanber 38, the wafer | oader chanber 70, and the projection optical system
PL shown in Fig. 3 are assenbled and adjusted. In Fig. 6, for exanple, the
| aser |ight source unit 91, the prealignnent 5 nmechani sns 92A, 92B, the AF
sensors 88A, 88B, and the alignnment sensors 27A, 27B are protrude as
projections on the upper surface of theguafer chanber 38. The groove 38a,
with which the projection optical systemPL is relatively novable in the

hori zontal direction, js.formnmed ween thes co onent rrvrn units
70a, 70b, chamBes; 1&nis; fmainginegi Rgba r&&r%ﬁeas%%enf Fwsng’“frﬁ%ge r .ﬂ ‘?YA,
77B shown i, lgfég,degreagtgeh]rﬂgt,ﬁlolfg&mhg oblpREr 1 o surface of the vvafer

| oader chg er 70. The vibration-preven ve pedestal s 70C are arranged on
the bottom surface of the wafer | oader chanber 70. Further, the transport
ports 97A, 97B .St 1 t he
interface col uﬁ@ﬁﬂ@ﬁ@ﬁ?@@%ﬁgo@%%@fagﬁgt Srsgg%ﬁg[% Ee%qﬁgn ﬁ%ﬁ?dbgr? %&gtage
portions efstévhandahe wafaaddater cshsaerbedf thi3. eriﬂlit&hlhﬁr&mﬂbbé epplained 9 Aetall ABitlar e
opened/cl osed by the shutters 85A, 85B shawn in Fig. 15 When the

proj e i ofelEepEsaTassadparatis Johors ‘§“%HBBEI‘1 %ﬁ%tsertsonas plortiey Ihswatng het ed,
the wafer . tg fer st WST
anong them sgga %gﬁﬁe&Wﬁggﬁg@Sf\%ﬁ%}?ﬁ%ﬁ%ﬁ% F%&hpﬁhgﬁmgfé%%o 2%{%5: a@rrber
70 i s assdérbvaer dtagealysten W/Btl“hwhlhb 1s/m§pmsed mﬂdewa&ysbz&m@r\?&l&h&/‘&ﬁﬁo@mﬂg

them After that, the_projecti.o i.cal s PL i.s talled
frame mecRAAPESE SHOWAS é‘F é? 4“ Qogﬁé‘l"t%r?éhs rt‘rfq{eve\t\/:‘;hee"-’:mcfeﬁ %er"flstge f%r
instal | edpbQ J9NR of fiARRg %ﬁhemy&m 8@ driagtbehiiSysRhAivasiH 28 nRIvhbIe atdesyxﬁtesm(m

is relatively novable along the groove 38a as indicated by the arrow
in Filg. 6in theb$dgedionl and theid dufcton, Idra/d@sylshanﬁbfrref‘m dnd intesferobdetat sss.temtnat

the t t ts ?4A, 24B th d
the t ranaBOrbeBGiRE thes MosiioRs.omhe RGHTRIEL WA droLrd 58 hapel? Pk ARG oun
in Fig. 7fspbdi®elsUylthd BidIfAnlTRERAE] WaRr holdeRS tIid AthnSOnéMatillDeAcbdDed AP

between the | ower end of the projection optical system PL and the groove
38a of thélrtbaréertalbhelmerAmr &umghﬂbw@h@@eﬂ 47 wehiglyare patallel te theeXiaais, 18F

(or 18Q is inst t th aebe thetr

596) "ant Ereroralas i b fRlnAASy ERRGGeSt EERba b Aty B SRR BE BT
air hisg 86mtrewﬁ>nydmluag1h€eummingt¢spcrsatd MOrsb Xeax@ siidB® 44iAr 35 A 908 secohi & &kts
menbers 18F, and -50 Fig. 8B shows a sectional view as viewed fromthe

front theplidsrs 448 45Bowhich ﬁreethdsble anthaX¥digation byithe aibqieer neds.weeplpeed 09dbe i ons
98, 99 ar t th ends of the cylindrical soft shield nenber
18F. Googegsﬁ%@g(,ie r86’1;311&50r?’v‘{a}cuum attraction, which communicate with a
vacuum punp VP, are forned at the end surfaces of the attracting sections

98, 99. Wen t . i [ i L nst .

Cranspor t oor 1 At § Ak hide 838 (TRIRGE) BDhelofy SN JARHYRARe Yilregtion |
ef fect ed b:ythtrtsspecvtaswmmﬁ@umxté%lﬁenmm a5A] ngsesbhd Ytdxes @ridoy3 iOBmng@Pey i S
started in a state.in which the first attracting section 98 is arran ed for

the ®&f er thepighpfean asepqdoshéalrlr Juthg ¥ disectiop §‘t1thtrP%Pr‘?§tp‘8 the se6pRrd Xaxis shiders AB

second at cthng i r aig Oto
surround %ﬁ% sjeﬂc%o‘r)‘{gétprsgg%pg(?‘? %%B?é%ﬁ%ﬁ%ﬂ%&@@\%%ﬁ%ﬁséct %@Eaﬁg éY?
cont i nuoudiractipe Witdr resgecthvid thet Yexisagniden43ig@3Bu er;g atd eccorg tirearemestbesp(noflhe

ot her soft sh eld ne | so, attached nmeans,. of et hod.
Accor di ngfipweY AES grﬁér@b S e lgbeoﬂte %‘6‘?/ %(sa’%szfﬂt‘&ﬂ%\r‘gn%?ﬁéd Pace
bet ween t 8oAd &NGROTHAR4B, 32B, willt BesBEQ thSAE @I %stfg’u‘it@ LBgibak S phekhite ai r
with a high degree of airtightness respectively. Further, for exanple, when
t he Aai nt emataveallyssapiening thedlawi of censeagyort of TBomentent h@owr/alﬂlmar Ingoer (not
chanber 7Q fromthe ition in.the vic t r, .cha

Foover | TonsoT el 5 e Rl ¥l shRerbr PRI aliFuen upon
the pOWerwftﬁ-' ledfe8s 14 MRe SOfk sshiugtd apRMAGRS WARE, su@-s%ﬁt@n? g gﬂga{ﬂl@dlﬂwaaﬂ the
purge gas i s contan nated with the atmospheric air (light-absorbing

subst ancejons¢ratgmddmaneendwai d such a situation, in addition to the
attraction of the soft shield nenbers 18F, 18G by the aid of the 2 0 vacuum
punp, for exanple, it is desirable that a system in which the fixation is
ef f ect ed nechahifslabialymaikt merbdil Enge wancht hadpdidanark dosinpashnagh dousby linsed t o
fix the soft shield nenbers 18F, 18G Next, Fig. 9A shows a front view
illustrating the shutter 75A for opening/closing one of the transport ports
74A of the wafer |oader chanber 70 shown in Fig. 3, and Fig. 9B shows 2 5 a
sectional view as viewed fromthe side of Fig. 9A. The shutter 75A of this
enbodinent is divided into a lower first shutter 75A1 and an upper second
shutter 75A2 V\hen the transport port 74A ~S cl osed, then the first shutter
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-51 shown in Fig. 9C, only the first shutter 75A1 is opened downwardly.
The wafer WL, which is held on the slide arm 77A, passes through an
approximately | ower half area of the transport port 74A. It is also
possible to transport the wafer, for exanple, in a state of being installed
to a5 wafer holder. In this case, as shown in Fig. 9D, the first shutter
75A1 is opened downwardly, and the seco%g shutter 75A2 is sinmultaneously
opened upwardly. Thus, the transport port 74A is in an fully open state.

The wafer hol der 100A, on which the wafer W1 is placed asses through the
transport %@ltgrwm $eRsQy Zgie dorgredpisifigd he the l@aert%qe”a%q qfdhe EFSW&A.Stagw ace

obon i+ AP Gkegh O EXRElon! A Wk AR EIAHPUBIEOnBRIRE HPLEImPE! T

100A, it is a ossi ble to transport a contai ner
t he waf er awohni of laghc oﬁthecmpemhre hght%ammnﬂ&hmmtevhaulungnfmcs limfikedstoze upper

Further, in order to cI ean t he waf hoI der 100A singly, the transport_ port
74A is al SBrfersRf BRerefemuagamfh amol én‘ dejpothe-& dixsshipR-e o heosameetighsial imask of

the wafer \chaharq t%g safh® nfd §lﬂ'irn Ql?%nb%?gé’ osd dbstied BHROML IR 1xed’%et?e V\ﬁ&n

waf er 1s transported toget e acconpanyl ng ne

only the amcfmepﬁrtbas&gondemferrstaﬁwBansported then the transport port 74A is
fully open. On the other hand, when the wafer W1 is transported singly,
only the part of the transport port 74A is open. Therefore, the flowrate
of the purge gam tkauplageff thenmelsringtsgsieor obfthd eforaltege eysaeibeWSIBoshivn i n
Fig. 3into the interior of the waiting chanber 72A is_decreased.

Accor di nglejpbogiment wilh agwiccexplpingd: n\WVishrreterence i Bigg 3¢t &ehis HIOVHEY MO

purge gas 4%%.)(‘9 ﬂﬁl 4 Qsi)ﬁlfmgt/er%é}ﬁ IHY%FHSRWJI‘P cﬁﬁy E‘éf&e@ﬁffa%éstof't H&?Wff&e to

mai ntain a ntensity of the exposure eam on t
it i1sl@ossiage d0Adn ih&pXoiiEcmdfremtdhhomgrmmbtmf AﬂnK amspne;\wm:nsrrmmr aadd Y txik S

possible to reduce the r ure ap order to
Dot ose. TR EhigRS dira o eeS B withces Gt B ey 2Bh 8 i nhgectoh
each of tRhgq tKANFNBFLHAL BIsiliss ﬂi@%o&e%eﬁ?n%or%r@kx ARANOIR! -8 a@%e%r‘b‘é&' bed
2 5 above. In the arr-trght chanber (preparatory cRanber 73 rn th

enbodr mentabowehitch also preferabbt didt the sideesurfaces éiatbe veadéristagey I40(\a14®ﬂbsapdmmnrmr-

o 17 anopdPULED SR herme e et PATLHE SR TET? PR ARG TSt ance. | <

deteriorated (increased) due to any ntlow of the atnospheric air.

'A\Ccorl(jSI ngly, r En this embodiment, the optical axis AX (center of the exposure area) of the projection
optical system PL, the optical axis (detection center) of the first alignment sensor 27A, and
the optical axis (detection center) of the second alignment sensor 27B are arranged on a
straight line (hereinafter referred to as "minimum error axis") which is parallel to the X axis.
X axis wafer interferometers 49AX, 49BX are installed so that they are opposed to one

20 another in the -X direction and the +X direction on the minimum error axis. Two measuring
beams from the first wafer interferometer 49AX are radiated along the minimum error axis
onto the X axis movement mirror 48AX of the first wafer stage 40A. Symmetrically
therewith, two measuring beams from the first wafer interferometer 49BX are radiated along
the minimum error axis onto the X axis movement mirror of the second wafer stage 40B. In

25 addition to the two measuring beams, a measuring beam separated in the Z direction is
actually radiated, for example, onto the movement mirror 48AX. Each of the wafer
interferometers 49AX, 49BX measures the position in the X direction, the angle of rotation

about the Z axis (yawing amount), and the angle of rotation about thc Y axis (rolling amount)

of the wafer stage 40A, 40B



-52 is desirable to decrease the size (opening area) of the transport port
(hereinafter referred to as "I F opening"”) between the interface colum 71
and the preparatory chanber 73 defined by the shutter 85A, 85B when the
wafer is transported. For exanple, it is desirable to make the size of the
| F opening to be small as conpared with the transport port (hereinafter
referred to as 5 "main body opening") 524, 52B or 74A, 74B between the

waf er chanber 38 and the waiting chanber 72A, 72B defi ned by the shutter
75A, 75B. In this case, it is ynnecessary to restrict the size of th
transport port A'ReruriRgbeass. Whishopasses thigugl thejgpfigs! ﬁé&.%éﬂ%&@rﬁhdgpara%@t%en
the waiti t he
hut tor 768 TI00 SrBacL ORI BaR ERATFHAL FIRTHRo BF vRY RBRrh

i nt er nedi atieronp@AY Ny ths watpuistage dOA. thurther, vafgenteif@rms 50BY, 60CY raee hlso
openi ng, or the s .equi val en rral | er than that of the main body
openi ng ( HENid aslzﬁ”hswaﬁwte %B?‘eﬁé%iﬂ&%%ﬁé&‘: bAve mearuqnﬁéeep%&ggcatnaafth@gglbot h
of the for h t ers
(pr epar at oy oAt foBAL R Lo b SRR AEgh 2T A IR Bhlon b bhraf a5
bet ween t Iti&a Walksrreqﬂealmmbr ‘BBe camtial wefer nttenfdramnetec H0AYMs pfovidded W1thEm;aastnnﬂg

i nternedi ate openi ng exi sts. between the | F opening dIhe
openi no. | BEHE BnE fedseot oRATEFHon FHo CREBARCZ ARSe g8 o5 PRV ER do e
the waf er ThBRIRE Nt 3$odMle tt(hﬁtebsm@t'hé EGﬁtl&PinutH@ Y7d1lrectTéﬁp t&ran@}ér & rbAlies MRk at e

openi ngs, which exist between the |F opening and the mai n body opening, may
have an eqlm 4 akigrfyavgng emonntyjapf élneemgl@ofz@@tlonl@heuxéhe X axw. @itdbigE raiohiet) bhat

th | at Wit 1,1 t.h f the |IF the 2
body ool Dl BRR s katgindesf e broieios SpRRERSTIPL it btufod one
air-tight uséaaﬂabqre dxpofUr® YordRs wakkyRen WhenWad Gafef Bﬁg&%o@&OBndH&\b&/er the

interface colum 71. In this case, it is enough that the |F opening is
merel y al kbgwent gerisar/27 /4 fegrihe rX slirzetloalsts geadoduring the elkgnnieat fagitie waly Wolpemi ng.

26 and ¢ ndtt sy fisbibec N WS WOl (BEG B RE AP heciidf i Bed ufdg "or

t he transps dligadieht foz thO\ B2 SWY o?hSthE hecoalﬂr\amleﬁtaga 40BS iTh iodder ap RH&XBEB QRe t he
waf er chanber. That rs, rt rs also preferable that the srze of the

t r andySor t Ppwien e Kedirestorakibe wefcxstage 48A, HIB dwang the sppasiregasedien the use

nt er medr a b f i

ef fect ne %gplgegﬁ%%m\}ma(gﬁc% hgsggln% (IaJ ht? ?%tn?egﬁﬂ%)?q’tawg ﬁ%ﬂ?‘%gg&gﬁﬁg&%u aslfteance
rs restri oit@teromster SOALE vsed N It drdemafesasaro amdgysitda, in drdy tdirectandeld wafei on 3
0 of the light-absorbing substance is. |oosely managed in the respectlve

am trght SREHHMA o1 48B duling theqise 94 £ 3lignimsnt r?esqrr’r’t7ér?ra%7§ cathupinthy measyied | s
when t he ggngse&tta{nagdmh faséNBtet e eé)(rlﬂ;rg)cspg% ce differs before and

after a certain air-tight cha er ot an the er chanber 38, and the
concentration in the certain air-tight chanber is equivalent to or not |ess
Lhansphe Stri ciy GRAAARIALLOR RlrltlE FARC AR HIALIBNS ¥ ek ShELANE

thereafter then th trﬁ‘%r‘%s&ortc orta ‘\S/)\A%fﬁ%ét | os\}(t%)g%centrratffgﬂrz}g]letsersna e
smal | er tﬁ%YtthéOCYeme;pmvtdepm thevK tivedtiva (adn-saxhniog doectiony tand mhuisrany boee of

certain air ht chanber. The ni n the int rmadiateoenln
Che o ek b Eerian Boime eadifte NG dipis, onig e Frimegpeiricgl s asaY be
made di f f gf @0tvalRy s?a@@4@Ad46§ A%r&ﬁ%!&ttﬁé ?olﬁﬁvﬂ@&ﬁrah{éggls%@é{ﬁed‘mﬁﬂt Ishg jyaf er

or the like Is transported. Alternatively, the respective openings 10
(transpor pOSpld)iet to) mimgafuiravige didividva mafei stagss 4and4@hendHuve drem artegluseddonl y

for eni ans ort passage..ln this e i ment, the fer

| onder” supief o8 e b e G AR o ARG i oSl STGRD TEig e g
of each o@mmhes@pg@u&g@aﬁkﬁam§g9@§5m@qh@h is approximtely identica
dependi ng on the size of the wafer. Therefore, when the height {for

exanple, the width represented by d in Fig. 9D) is adjusted for each of the
openi ngs (transpAkhmpR! Wwidn (HeNfsdPa®t &8ed NEN ABVAT B8ahe BifdsBleSHosIHIBNRWES |
when the size of the wafer |oader (transfer area) passing through each of

t he openi thgghgrtmtamsﬁmd lpsothttél)rstdilgltrerls sertshe?-M hoes “Henglhft sen@ryi waleadjaesto®d in
consi deration gt g ﬁ 128, S H fdthg ran§ I areas nmy be
set so t hEMPHE G ‘F’eeé%?SHEf P"SW&Pt“ &h ‘°§‘ 8&‘ “éFr &0 RRA Sl adgmegasnser

ai r-thghtoghamesriti 8 péRYadedo belimeenhd hecdsiker $aee el deinthél candl Avilet he
waf er chanmber 38 separately fromthe wafer chanber 38, it is desirable that
the pressure is made higher than that of the atnospheric air in the
air-tight chanber connected to the interface colum 71 in order to avoid
any inflow of the atnospheric air. It is enough that the pressure of the
waf er chanber 38 is equivalent to the pressure of the concerning air-tight
chanber Fbmever it |s desrrable that the pressure |s hlghest in the mafer

[T ~ ~ r~ 11 * o o o Y o o, o



-54 concentration managenent is |oose (allowable concentration of the

| i ght - absorbi ng substance is high) to the air-tight chanber in which the
concentration nmanagenent is strict (allowable concentration of the

| i ght - absor bi ng substance is low). A part or the whole of the reticle

| oader 87 may be arranged in at |least one air-tight 5 chanber which is
different fromthe reticle chanber 23._3§e size of the transport port and
the pressure may be set in the same nmanner as descri bed above in a

plurality.of air-ti s.including the reticle 3., Iln this
Caser t ho et peter A B OB i Rt AR e gires o 0BRA SIGY <Y tre Y pii
exanpl e, RRLLQDRAREOLEMRRISNFHexARPle, tRUEIVAS of &ld mERuitBWaRR 1§ PRRSHRE ak Nt O
the at |l east one air-tight chanber w thout naking contact with the

at nospher ifellopise . Ti@hés, whenthet fst whisr afage $0bfis mioved ingthe -Kndirdgtiors stadipg feom
provided wth a buffer _cassett storage If% faor hol di,n | east pne
Cheet of e ftaf ROy g FEE 37 R o TRAORY 5B Te e il TR g et wallt
nmechany cakhtyf&rB&ietes 56BTEH Bt thBahecabRed vafueldTahd haftSPaet iREfrémAes SEBY is
so-cal l ed three-di nensi onal vol une. Thus, the | eak amount of the purge gas

may be deeeisaident with e imdasiredyvalweeofithe wetsr interdgrompter Hk Y dayiag beenpreviougdy
Next, an ex | e t he, .net.hod for optim.zin he sc ing velocity for the
Stage cystant MboAaE TudE e Gvid «PRU DI Pl S A PGt B b whfd

pr oj ect i OMtefResEicE4PRRES BrdlS shown in Figs. 1 and 2 will be explained with
reference to Figs. 11 to 14. Fig. 11 shows an exanple of the shot
arrangenent on the wafer W (corresponding to the wafers W,, W2 shown in

Fig. 1) as thevwsposfeBetd 9641 ¥,etvif-atibirfowiRadinieots 61 AXFi@BXL lvhitharsaf er
Wis a 2 0 disk-shaped substrate (so-called a 12-inch wafer) having a
di amétler 6¢mperedtof IoMmermubeyespestiveby iaveiissdwsihie dagk surfases phéhansfaxis wafes

di vided into.a | arge f .shot areas CRPIrres i to the . .
conparted”g?gggTeggb aV?%BQaT%F&Pﬁ‘E Phagﬁ%‘ﬁ?ﬁﬁ?ﬁ%?fgﬁggﬁgségfg%a?h LY

in the Y dbsucitd BRAxitofahPrRdeheait mhifets GIAX6IBK bitemeastiedest the Mnterferometer
(non-scanning direction) and in the Y dn-ection (scanning direction).
Duri ng t hEnéasXr ¥BXdessribad abaue amfie basis of thepyojestiopeepticalsystem fle Aywo-
di rection - ] Lty Lt : 28
Formed by SRayeRcP B IR TRERRokP 418y LS AR PR HRREE, o
t he wel t htHeXbaok sirfie N tie catited wileriinteABromgter SDAY fongicly hXfsi ThSpositian ianke t he
mdth (sUt _wndth) of the exposure area 28 mthe scanning .

: Y direction and the angle-of rotation about the Z axis of the movement mirror 61AY are

measured by the interferometer unit 57Y described above on the basis of the projection

optical system PL.

In this embodiment, the first measuring system, which manages the two-dimensional

20 coordinate positions and the angles of rotation about the three axes of the wafer stages 40A,
40B in the wafer chamber 38, is constructed by the total five interferometers composed of the

wafer interferometers 49AX, 49BX, 50AY to 50CY. The second measuring system (main
measuring system), which manages the two-dimensional coordinate positions and the angles

of rotation about the Z axis of the wafer interferometers 49AX, 49BX, 50AY (wafer chamber

25 38) with respect to the projection optical system PL, is constructed by the interferometer units
57TAX, 57BX, 57Y. The positions 1n the X direction and the Y direction and the angles of
rotation about the X axis, the Y axis, and the Z axis of the respective two wafer stages 40A,

40B are highly accurately measured by the first measuring system and the second measuring
system on the basis of the projection optical system PL  The positioning during the alignment

30 and the control of the positton and the velocity during the scanning exposure are highly



-55 direction is 10 nm The surface of the wafer Wis divided into eight
colums in the Y direction. Seven shot areas 29 are included in the X
direction in the first and eighth columms respectively. N ne shot areas 29
are included in the X direction in the second and seventh col ums
respectively. Eleven shot areas 29 are included in the X direction in the
third to 5 sixth colums respectively._ggventy-six shot areas 29 are forned
on the entire surface of the wafer W The shot area 29 of this enbodi nent

i ncl udes four indi |du entical chip patterns are formed at
the i ne: aameiRgertomsdicn helwsR of e tiPesd RrstRiSaBE Lme i b ¢he
direction. For exanple, even when a part of the shot area 29 dlsposed at
the outer circ nferengﬂf gortlgg of tq? waf er, VV rotrudes to .t |de
of the effecti 1men, 1on fo {the MEUipg & ?%n%d§ a¥ngR %

usabl e chip,npat tefRR rg EPELAE o YtbviRER AFiRURKDIE pidiPlich AL rﬁwafef\e to

three chip patters In the shot area are i'ncluded in the effective exposure
area. Fi gchabibar SBend the \pdifanloadtafwhmhbﬁsl()rﬁmwngn &ig i3t WNith oeferencentoi I6p. 4,Hke shot

area 29 hav i.n the sc di rectign i scanned t
aoct 1 B Sndmbesofid taimed vl 4,80 A ER 3 oerap Y CHEqaR. oo g the 1o
accel er at b%\echén %bﬁéatl %9stéﬁ1 B may %e%se?t@& %{1@ Rz@ﬁ]kl%vnvﬂ thery bhectiba. S)Qchtmlﬁf ea

29 (wafer fromthe position Separated fromthe exposure area
spaci ng dpeintiasef®ys sdiser (AF oewmcy) 88A1 B8Bvimbest olvthe obligs aicidgngs esds@tnensn ned

ity YWto be st t tip.of the shat 29

o i ves alE sl b bpBeding Sabe wffe b STRbRITEobgReT PR B Wi <

nai nt ai negystdm BEL FHCHB7RLIMG :vghQﬁlhgé'oﬁhqv}égtwltmsﬁebﬁtonﬁé ba‘/ﬂcaﬂ Bxi¥C Bntbhige Shot
|

area 29 passes through the exposure area 28. The wafer s decelerated to
2 0 appr oxlntrﬁh@mdye@eslse saastfafarmgd by the pzojeciion apticalcwyetenr BEiosre phgality Ofn t he

point of tine of the shot area 9 has asse
Phrough ¢ s BBk P dh AV GRND 2iBhse iR of ARisPrtadipe 372 RERRER, o
accel er at ot JMhOéxpofiee WRh 28 iN\hel sc@nning dnaecﬁaﬁ sDqfy cﬂfe@ﬁdn@r ald a)ngmfredeheng/vaf er
stage 40A shown in Fig. 1 is prescribed by the upper Ilimt of the rate of
accel er at PysieoR8BHer secgiving therveflecied bglt emdhe mrapyred gudacempdadatecking the
because o | I on
(3 of "t oo astior Rodh Bk AR o oot hOeRRLE BLIAL, Tl 7Y,
enbodsnenbn itk fHhs positiua FZann Felg2l.f) dadctedrbywhe AIF sefisor BBA, 831 igxupplicl/ t-theol d
or 1/5-fold. Accordrngl the rate of acceleraCon of the reticle stage 24
is, for e%&ﬁb@@”ngﬁﬁﬁntéﬁéﬁmﬁp Jfive tines the rate of acceleratron of the
vvaf er stage 40A (wafer V') during the scanning exposure Theretore, when the
rate of acceleration is increased, the 3 0 reUcle stage 24 arrives at the
upper linmit eafPingrcybsdnre wevmnérmlgprég%%@RB méxepp}?eﬁhe uppgrtSupfaces of gl t he
rate of I of
ocel or at [iofeahf iR B dE dEhi Lo AR SR 4% rfleu GO h etk Bhfe Oy
R2 is di séngalgedy), ohichlaee bcatse'uctéd ac del mtheW&ﬂ the intsrfefometdrminit SBA sk

mechani sm reticl age 24. Accordin , 1t 18 assuned that the
uppef®l i m" 105151 aqca{aée%bﬁ (el %mi%qesﬁnbﬁmq R4, é@ag&vswewgnmrs and

the 5 scaggi TEORWRHIPFshokt mh@b&?&tlaﬂgﬁﬁcai §fsent PN meﬂaué@oa/{ﬂe s%namdﬁmal
assunption, as represented by the follow'ng expression with the projection

magni f i caplaen 023lisposesd undprthe prajedtion aptieal Sykiem Fhahedn asFigay. dfeteckien resulés of

accel er at fer stage,.4 LS (3 = 1 t he scann
Vel oci 1y CahofZpiBSatl uF AP gERchY IR SuRorine Skt oRohiL ArBTERRR: o5
system PlLgperdifinss Z)IS% éd}&ﬂit&eMeraemc@@&ﬁlMt of iR sibjeeedn Spticaf syaﬂemem@ﬂbnpf
the reticle stage 24 10 opposite to that of the wafer sta 40A. W =
[ 3Ra25 VW the (1BYR plaifes)t cqteoighemehsuring patitedrethatvadn Wi (& 2afgnt delee\rfecrfat i on
time (accel [ e ratio [ f t f er . .stage, 4 ing the
scanni ng gxg{"wg%)congnmﬁgﬁgna?evmq' dﬂ?bﬁ”xgﬂgwﬁﬁg efe%?bggAtgﬁ% ﬂhﬂharrow
defini ti oMsplhdenithi ShodMEZahorBareR 2R vt eshenngtn T4 i Wftehstﬁgmwxmswe
area 28, is (LY + D/VW Therefore, the exposure tine ~T for the shot
controlled so that the defocus amount 1s mncluded n an allowable range. With reference to
Fig 4, when one shot area 29 on the wafer W1 (or W2) 1s scanned with respect to the

30 exposure area 28, the entire surface of the shot area 29 is included in the range of the depth of



area 29 is approximately represented by the foll ow ng expression with the
expression (4). 0T = 2vWW + (LY + D/VW= 2VRIRa + (LY + D/ ((3VR) ... (5)
In this case, if the scanning velocity VR of the reticle stage 24 is nerely
increased, 2 0 then the exposure tine in narrow definition is shortened,
but the acceleration and deceleration time is prolonged. Therefore, the
actual exposure tinme 4T is all the noregprol onged in sonme cases
Specifically, when the scanning velocity VR of the reticle stage 24 is VRL

as shown i.n Fig 12 tt | s assuned that .the acceleration ~ r for ped

ot woen 010k Fneeipts, bislueed FEARE Of ped sk BRHFPE S Besir Sitndle BRFGAAEE of and
t2, and t R sHeCHRELIBI M H RshBtidor med between t2 and 2 5 t3 On the ot her
hand, ~f the scanning velocity VRis VR2 which ~s faster than VR 1 as shown

mFig. 12C then the time t4 to t5 tn which the exposure is perfornmed, is
shortened as C?H&%rp?gvi&é& & tB@S;[)ée'rrm %nfthot?th(l% %?ﬁp LAy Eggre d &Ber l!igﬁ ls&tﬁ@e

accel erati on and decel eration ot and t5 to t6) 1s |onger
t han t he auit®] frdranchingradd deppdiieg tieilasar bdameto(the wafet Intafedorh@ersd9AZX) 48BEWN i n

Fig. 12B. f th ' Lt 0O to.t6) i | t t hat
0k & 1 sMREIR Y ah phien, & BT abis dor g e e wheadon e o g
exposure iR o1 W ohhBe WaftXRfa8S 30 QMU )andt %rggjaﬁd:i @écé)ﬁ% preai€nrh&t nRehitsms

expression is obtained when the expression obtaine y differentiating OT
by VR is 82&nB far pedomaing theggreafighuenior theow#ars-Wl | W2+inthe¢ aByRifmber 38.

...(6) Th timum val VRadp of t cannin elogity VR to mnimze the
expoour e T T BPERReH Y dho e Rethat Endi ey el N iy hetist SPEeiied 144 5 or

t he scannpgbrited A€ iatposifidn AP aVBadghd=in{the YX+dikdcfRed (2 the-whfe? chamief )38HOTRY €T ,
actually, it is desirable for the exposure tine OT to consider the settling

ti me 1Psynpregkgrinent fs the water O e theoiscanst Winfenstegeed Boistperfprapresatiaspasioadtli shed
after t heatr ﬁlte' é}lldeinl th% +X direction. Therefore, the prealignment mechanisms 92A, 92B are
arranged over the positions Al, Bl (prealignment positions) respectively. Positions for the
wafer alignment effected by the alignment sensors 27A, 27B are set between the positions

Al, B1 and the exposure area 28 (optical axis AX) in which the exposure is performed.

15 Returning to Fig. 3, in this,c_:gnbodiment, one of the wafer stages 40A, 40B executes
the exposure sequence, during which the other executes the wafer alignment sequence after
exchanging the wafer with respect to the wafer loader system WRDA, WRDB. Accordingly,
the box-shaped wafer loader chamber 70 having high air-tightness is installed on the side in
the -Y direction of the wafer chamber 38 with a predetermined spacing distance intervening

20 therebetween. The wafer loader systems WRDA, WRDB are accommodated in the wafer
loader chamber 70. In the wafer chamber 38, the first wafer stage 40A (wafer W1) is moved
to the position Al in the -X direction as indicated by dotted lines afier the exposure. The
second wafer stage 40B (wafer W2) is moved to the position Bl in the +X direction as
indicated by dotted lines after the exposure. Slit shaped transport ports 52A, 52B are formed

25 in the vicinity of the positions Al, Bl at the side surface of the wafer chamber 38. Sht-
shaped transport ports 74A, 74B are also formed at the side surface of the wafer loader
chamber 70 so that the transport ports 74A, 74B are opposed to the transport ports 52A, 52B.
The 1nside of the wafer loader chamber 70 1s divided mto a first waiting chamber 72A which
contacts with the first transport port 74A, a second waiting chamber 72B which contacts with

30 the second transport port 74B, and a preparatory chamber 73 which is disposed at the middle



stage 24 and the wafer stage 40A shown in Fig. 1 arnve at the predeterm ned
scanning velocities respectively, in addition to the expression (4). In
this case, when the settling tinme 15 Tsync varies dependi ng on the scanning
velocity VR it is necessary to correct the optinum val ue VRadp represented
by the expression (7). It is assuned that PiL represents the practical
maxi mum pul se energy density of the expgsure |ight beamon the wafer, and
fl, , represents the |ight em ssion frequency. The added up exposure energy
density P _1.at each. point,on e fer, which is obtained when the 2 0
scanni ng VépgéW?ym3”§V%?nPﬂ§7%%tT¥€n1vaIue ~3VRadp for the exposure area 28
having the slit width D, is |owered approximtely in proportion to the

opti mum val ue VRad ollows. . P 1 = - dp) .f f  Pii (8
Thereforer It PRV serity Pioyidet gpaably Gl Bibheids phibe reneit pgye
density of4pAhe D etpE5sH SdrsaTohn €70 bR a1l fornfEiEPetivéern the $iRting @ambBam2R, 1,

rt is possible to obtain the proper -58 exposure enerqgy density P2, for
exanpl e, FYBsni thetpreppratory chamber3gsspectiyelnf Shutters| 184% (78 B deuerienpgfoldsingrthe n

the first illunnati S mlS 1 .sh in Fig. 2 or coatr i ng.the
out put® of TEREOBER Jr0AT TR, sy dacth MiRgieh b SaportosS X Sl il p 4
due to they F%l&eiﬂ&hé IV dir¥ctidh dt e lAOtsQFfas St the i grepabattl§ChamBey 73 Mathet e
scanning velocity VRis made to be snmaller than the 5 opti num val ue VRadp.

That is, wirestionhShyters86Ay 1R fasfopemiag/slesingrtesiranspers ppissuifA) 7R #e proytided.
limting CT%Q (firlltérlfzpcg cgfun}nhﬁ irs?frtﬁslta(flle tsh]%ﬁg g 4acgm tb@@#io %1 rséhagxger%.ttné t he
proper exposure-energy densSity O e pﬁor{ oresi st . en fhe sensi t Vi y of
t he phot ocedirsétions Wiker €3sds (o showan,vach of wiich @tdoynn¥ddagss onb tot 0ptvafer,ze€l on

the basis of the expression (7) or the expression obtained by correcting

t he &®pr edstadlgd atrthe pogitiom Adrand the pesionddhiliseosed in e vickrith AfdheBanspad poRs t he
scanni ng 0§+ /| ref | 2 Y. r

i il at {of anop f i hed i Ty e SIS ARl Aol R EBEPH e
sevent y- skamsomiiroamentsas 2t ofithe enowpheaic AlY stbavimtdrfacEtgumi Z1. t he rate of
acceleration Ra of the reticle stage 24 was set to have a variety of
values. On this condition, the value of the scanning velocity VR (m1S) was
gradual | y change¢liadrital fitdiehspeaosofy ehitidnmebeddT1 SH)t 18IG) edclp Yo awibich thak igh
settling tinme Tsync to the expression ( and the tine for the stepping

4
novement SEXIPHEY the sanyg annsr gyt dof ﬁh¢5£mﬁlﬁéersl§%hpynév Rigs hotre astadlsd ()
det er,i ne . i i e I i 0.
15, OB 17 ghief) RERORME BedlERIN BaleplR b 526 5o, SR b ifandion 88 o o O
(mm's), amdnspbe patst 74A] 74Bi of ithed wadidre Batidre cleangies Utle fisirepld gmbdphericl k.
sec). In this case, the values of  the 2 0 respective paraneters are a
o s b S fis IO (RE oA ey ieh pRareE 20 Song DGt 16 f N Ly

i's 33 MM ylhgarby QlaRfbkl 98 TRE %Jc%?%éi from ths irkéror Iffie Wafel HAASd 38 Bfihd he
exposure area 28 is 10 nm and the settling tinme Tsync is 20 nsec. The

el even cuinig®rshtherwidfer 1Fadgr cliatnbeei® Rdelret fillddrwiginthe higdhrpufityopnrghgasupper one,
the results of cal cul atior LObtai ned when the rate of acceleration Ra of the
reticle stage 24 is 2 G 2.25 G 2.5G 2.75 G 3 G 3.256 G 3.5 G 3.75 25
G 42G 4.5 G IncerderSoGontéaldhe gimpgratwe ofteevater tvansported to sheageptralgiositiod Ahat

the opti mym val ue of the scannin el oci t R to 1ze the exposure .
Stopp ng (HEPRRtIEe fanie] Bogiiae dis Ko SHRDEr 28 OO Tssa e it
mi's, evensXhgdudiRe a'thfes-pBint 26£@EEHPE hedleREXinktsliciet Int &rdBerAdiveatHeew Nt hm
the range of about 2 Gto 5 G Specifically, the optinmmval ues of the

scanni ng bYeewi the peRtiontdZ Andhthe poisttian el tiwhegh thhdranspost pirtsaZtfel Brtata it Ra
rs 25 G

275§gand3.7g%206Rre.buéI§§{n s at int. F 4.,
about 15881%‘[%1%] tA g aBSIPgﬁ . t,ralg %‘%381(53?0(%]? %\61% }énerr{/ movmaqhgghcﬂa arm %7A
25 in the Z direction and moving the slide arm 77A 1n the Y direction 1s arranged at an upper
portion at the mside of the waiting chamber 72A A first transport robot 79A for delivering
the wafer between the interface column 71 and the inside of the waiting chamber 72A 1s

arranged on the side in the -X direction in the preparatory chamber 73  The transport robot

79A comprises a rotary shaft 82 for making rotation and vertical movement, a first arm 81 for



-59 at a point F3 respectively. Next, a curve F4 in Fig. 14 represents a
result of calculation for the throughput, which is obtained when the

scanni ng exposure is perforned for the wafer Wshown in Fig. 11 with the
proj ection exposure apparatus based on the doubl e-wafer stage system shown
in Figs. 1 5 and 2 by using the scanning veI ocity optim zed in accordance
with the result shown in Fig. 13. In Fig the horizontal axis
represents the rate of acceleration Ra o? the reticle stage 24, and the
vertical axis represents the thro t TP rs i ndi.cat e

nunber of MRk TSAIGN OB s KotEk SHAR *@ g p 5o aEPeSQ hralie PRIGH Hahe 15 ofake
conpar i Somhe/\ﬁtsha&ml C%X%/dfé} dsdRy! Hh&pwﬁfoejecﬁt@&eat@/&édemd held GEHRERipTST the
indicates a result of calculation for the throughput 10 TP obtai ned when

t he exposuse®nidamp&fforned at the rate of acceleration Ra and the scanning
vel ocity corresponding thereto with a conventional projection exposure
appar at us based on the single-wafer stage system As appreciated fromthe
conpari son bet Mhemrahdpertadbme79ASinatalls, tah éhecpositionFA3 ot ke rtoturybsl@ﬁibsﬂ,,the/vbvhfeh is
about 1.4 to 1.5 fold as conpared wi_th the single-wafer stage.system

obt ai fed BYPRRFIIoNGe PRPEHRTBICAIREr &P throygh the Tanspert pert RIN B ;?hwet h
the doubl @sAvedifinch@tfonks i MeARrhliCosthilll 7 dRhE inS IRt Y HESHfed My

t hr oughput T\I;ﬂés eiséo Fonprovegqev\ﬁ " Ce rate of agcel eration Ra o? th e0
reticle stmage ﬁxdku;sdwiazns&@edMl—mwmngedMneas tdﬁha\fea‘tlelabfﬁektsczeltwpamqsnwnﬂa of

the reticle stae24 £exceeds 2.5 Gto 3 G the tio of of the
t hr oughputePppisdbydEQ e%tstgﬁ oyler £ F@H“% Ft%“‘t”n% ety ‘F‘Stnaﬁ@féta & POsitiphe

rate of ageeliphal hieRuRenald GhGhQI ) tht InYedhilkubUAePicBRIA ¥4hNfe AlppRESRITREL Of
the 2 0 stggge ggé?lem as anr‘&gs po@stlhb eé)gae d (‘)l tgl ln t he "hi gh ft:hrpgughput it
i s dasi r abhilustaed waerriasder astancellmy atafemriomr csysterheprowssasltbe sinage pMup S
set to be about an exa he nmethad fo sse Ilng
2nd ad] us ST th g ety ok eEohug il praioR b it Wil 585

Figs. 1 aggpnd p\%lhl)n Rs, %Qloﬁérﬂ% ot th@trﬁr?s‘b@ﬁ%lﬁ)@ 798 it htrolild 89 thadink! Gyi’tl&hart
shown ~n Figs. 19A and Fig. 10 Shows a state during the assenbl i ng
and t he adf dlst meteh IFdocatehieaqoaq;rabtarmmeéstmne(falppmlasms How ¥ direchpm)s. 1
and 2 At first S m. Fi st 20l shown m Figs. 19A and
19B, the Mg%rdmg&, gngwmlg?%?'g}dhp%’% orﬁ‘gwgfef'on- preventwe pedestal s
34, the support plate 3~, the vibration- pr evenri ve pedestal s 36, and the
suppart plate are accumul 1lin the

)
oL e ot The Bt B tes eI s omalos s e et gdfstifi i

nmechani smz6 &2 iHeOs1idé)arm! 74, hﬁe wg oftl @7t &€ shé®n)S RREMRarlsPortir8bot 279 A, nad the
exposure Ilght source 3, and the gas supply apparatus Including the

recovery unage kalmI‘FhﬁV@as 8$@e8j415ng Syminetrgally matht the fizst cvafar laadeh gyStmlil W%Dér e

install ed,on th 5 ther Subs uetI .t he
e L op rhekol Vy/@P loafer S bBET RIRAF I oL GRS o ccler HE PG RiRE e 1

shown in Ebgnonl@l i@ntﬂlet\hﬁexf thamtbet 138U e éditRsh Bysfhetniblv&ltmg chﬂﬁtshrrpmmttﬂ@l
into the Iinside thereof. The second sub-chanber 19 is installed to the side

sur f #0e opositien B3 dnhengrepaisipenshamber Thend dbopesition Bviim the Bieriage edpmpdd. j s

i ncor por a i gﬁRé t g GRon
opti cal s§§€ rzh EO%JS%FS%%%% ongt%gﬁé:}gfﬁ%ﬁc{& ﬂ;ﬁlhgﬁgp%gﬂﬁ ?Idttﬂfs tlﬂ%%nggﬁghlsm
by the ai theadlide hemUB, lthestrarsperd uaitt(nett showny thédreecond itragspartr @bgleTi)tand gherade
for the unill ustrat ed controI system and the respective driving units.
After thatMagepigyg deyigss HBs84Bn" adj usting support 108 is fixed onto the
support plate 35 of the franme nechanism A test reticle R3, on which, for

exanpl e, an evaluating pattern.is formed, is placed on the 15 support 108.
An adj usting sﬁlapéﬁltovtscﬁgpla'sv*walé%ﬁteﬁ%ttteneftfaﬁé@e5)/%% VST and (hg peferigedepr
test Hpri n%§s%s'®ﬁ@@%ﬁD%fttﬁlg etibBRRche 3ﬁe sa-htﬂse Eﬁtt%?%yﬁa%lv'ﬂh\tv & nSe
radi at ed fromthe eXposure |i1ght source |spose under th& floor to adj ust
the opti cel Figh@inaet efowsparaH4( bk, Etanph@, comptiioedte amhsheagt]stfsd:chtehe 168 ecls

adj ustment, and fine adjustnent for_variou berratio of the
11 umi nat MSrEAsyeiis ST shpes ‘%r’fdgtgne“epr“dfil&? aart"@fﬂttc 3 et SHEPLL, UPPeD

ConcurrengdyoMd §Mnk %t&gﬁﬁlﬁﬁér%s RRFuPLTeM 4 1 p%ﬁﬁv@b!%@@x@leubﬁll&pédmftﬁ)é’
exanmpl e, in another assembling room the reticle chanber 23 and the reticle
st age sysblem REF %c phmtfdiatogtie tiseleaif thawelfeaskyeisr 88 tapdtoatipas el thendavie
step 206 as shown in Fig. 10. Further, the reticle | oader chanber 87 and
the reticle | oader system acconmpdated therein are assenbl ed and adj ust ed.
Further, in the step 207, the wafer chanber 38 and the wafer stage 25
system WST accomodat ed therein are assenbl ed and adj usted. The wafer

| oader chanber 70 and the wafer |oader system accommobdated therern are
assenbled and add usted In the step 208 the |nterface colunn 71 and the

. . Y T T e Y T



-61 In the step 209, the adjusting support 108, 109 are detached fromthe
frame nechanism After that, the reticle chanber 23 and the reticle | oader
chanber 87 are incorporated onto the support plate 35 of the frame
mechani sm the wafer chanber 38 and the wafer |oader chanber 70 are

i ncorporated onto the base plate 32, and the interface colum 71 5 1is
installed to the side surface of the fr e mechani sm In this procedure, as
shown in Fig. 6, the groove 38a is formed at the upper portion of the wafer
chanber 38. Accordingly, the wafer chanber 38 is noved in the Iatera

di rect i on M $ysters Ml%@&%ﬂ%&ﬁ%@i%ﬁor@aﬂ.l& dispaspd 1o¥es the assaomgludRg th oove
38. Thus, r a

qui ckly. EB&W ? ﬁH ee?%ﬁ;gé%{a%é?éﬁt@ﬂférg% agail n? i@@gﬁ?éorﬁgﬁ%%@ﬁé@ﬁposed

posi ti ons oodr thélareaetnchidmgcmanbmral Bﬁthanﬂtﬂehe/ovmffmmtdnhrdrmter389m uhBXasi s

of the prolectlon ?]gt al systemPL, the interferoneter units

94 as
the main rEHBUTEE Bas 1S subatially alvayesuprisd foihscetica TPﬁtiBPHer
to neasur r I Pa 38
on the baE} A f*“%fﬁ%ﬁ%&??@%‘ RS St AN E DRI R
55A, 15 5@athansabstizrel ardothp oreesurenant ecduncyiporaded. In the step 210 to be
performed thereafter, as shown in Fig, ~, the gas feed tubes 16A to 1-~E,
the gas discharge tubes 1?A to 17F, the gas feed tube 7D, and the gas
di schar ge t ubeHéAeadrewhert th gerityidf tior plege pas is oipmpiyd teheivplyrggeatiyathe trefrdctiee
sub chanmbers 9, 19, the reti cI e chanper, 23, the projecti on optical system

t he witdex ofhiehaptiess paith@ftthe Walee inteEs é}eteéh‘énﬂl@f’gefb depgnding, theréom; e d
nenber s 1%&&4&%&5@@5 of%hg ggageggra@ id Behatd @x&:’é&lﬁ% Awﬁ}eaalsgﬁlﬁe& he

spaces between t'he cha |nc the su cha er 9 a
| oadein chalidesble @alize,othre th’: alngmmphand theaexposiktoperatibatmayt be soppedalahd the

adj ustment (for ex ust nent . and. copfirmati on, of ratl on)
'S perf or Hatr: Seaged0R, OB siatecp BT EBBLHRY eopi bl e Bt i FgEI R ang
2 s SUCCQ%@‘hLHu'riY pA&QHﬁﬁQy 1F1s%>o§§il§létto PRid ) @herfdraon! oF tREAPNHRACR Wat t he
nodul e system or the box system Next, other enbodi nents of the priesent
i nvent i onandhthe elgposarepicairactl. At f| rst vmth i eference to Figs | ~and I G
explanation m| be nmade for another exerrpl ary arrangenent of the wafer

stage system WST of the projection exposure appa~ atus descnbcd above. ~fhe
waf er stage syAtdisohutg8pogdywwhivhFogumshicatasrmitt g}ne@eéisclkriegé(mbxilgF ghewe in

menbers 41, 42 .for the two wafer sta . 40A, 49 trar mthis
exonbBar y it Pait GRS BAgoiseiet Vit g et Absabotim HfEcs R UisoPasiop
promded nidhmbeR B Bf HeANFeBIRE cRambSMOAREWhSn Fig. 62 GRR4R cbﬁbeﬁirﬂﬁm séfésoe@d 16
corresponding to those shown in Figs. 1 to 3 are designated by the sane

ref er encedPinBid 83C.d831RI foedneanpingnthei emcortiralinh oif awyeen lse tb(mltghtewsomllg 1S
shows a pl.an, view S her ran fer
Stage oyorBRatkele bayted Ak BRI o BB 1o, e BNRE Bl 5 72y

15. I'n Fighd #fe, pp@raiofy eﬁmﬁbefrlmfes@%caw;‘: OMleskRrdde idle¢sSobtdinéd by2ihe oodygah are
slidable in the X direction %@the aid of air pads 106A (see Fig. 16) along
r ai | §0103%0ncammAion sensorsitialol TP 3 spprliedtin éhaniidystipied PuoEy gas CPW[‘érSW@@d | n

t he scann C

gui de rren%@‘?gwﬁeg‘ég ﬁ@ﬁ%&u}gﬁéi&e{hse ﬁ?gda%Fg{hEaepggnfer ?ha nggﬁ%%ctgggh ar e

i nstal | ed734, 718 ad theshitterd 768, ¥8Brare bpdni, ps§ses>¢hwugﬁ tigw aieingrehdmiiess 22A A2BA2A.
First X axis sliders 44A, 45A, which are 14 slidable in the X direction by
the aid ofs indicatsd ¥ theggrewsdel G2 2pd thggrows B1ob2.and ibipflops 1o kg Rrepripigry
member s Adfmid2fs. $REpd. ?asa)&}h?chsllnﬂg\% S AR prdRBuS &nRnBGeS § jedaRl n the
second X axis guid S 41B, 42B. A first Y axi's guide 43A is arranged
sl i dabl y tha r¢dogery wditrdeah |t1wﬁ1$]>)ha1tgh¢>0al9@ anfl tlad gasthar@@ﬁl‘hetlﬂF]Sﬁ&@l (uség Ei g.

16) with spect to t 44A, 45A |s 15
aul de. 43eMieh Gisailt TS b7y At s SiPsa Betirghety bish SR oA s

W th respggtydia dhgbeesond r&:o@é’eﬁ b3 thd@EDvAGBINi4hBia METRE dsLRUSS uRA7E40B
are arranged slidably in the Y diréction by the aid of ‘air pads with
respect tshowhen VigaRi$ neuesehes 43A, 43B. Wafers WI, W2 are held on the wafer
stages 40A, 40B. Linear notors (not shown) are provi ded to relatively drive
the first X axis sliders 44A, 45A wth respect to the first X axis guide
menbers 41A, 2n0hi42pangeireat, hebdloambleahlugs sthe skydengondeetritamsalteciomdeiheat i on
of nonmentum Linear notors (not shown) are provided to relatively drive the
second X axis sliders 44B, 45B with respect to the second X axis guide
menbers 41B, 42B while substantially satisfying the | aw of conservation of
nonentum As descri bed above, in this enbodi nent, the X axis gui de nenbers
41 A, 42A and the X axis guide nenbers 41 B, 42B are arranged nutually
|ndependently for the two 2 5 wafer ~stages 40A, 4OB Theref ore, |t i's

o o . Y o, o AN~ o -



-63 exanmple, linear notors 107A for correcting the positions of the Y axis
guides 43A, 43B in the Y direction are al so provided. Linear notors (not
shown) for correcting the positions in the X direction are al so provi ded on
the sides of the X axis guide nmenbers 41 A, 42A, 41 B, 42B. Wth reference
to Fig. 15, an X axis novenent mrror 48BX and a Y axis novenent 5 mrror
48BY are fixed to the side surfaces of %gg second wafer stage 40B in the +X
direction and the +Y direction symetri 'y with novenment mirrors 48AX
48AY for the first wafer stage 40A. Also in this enbodi nent, msasurlng
beans havPREeR cgwﬂaatiqrgﬁeasor%%% t0:93D 258 to b Incaeaserb(loosanad) i exderef the
mrrors 484% r r B i ng
beans haV| ng “a ng<P @ﬁgf(ogisﬂ@%ﬁgegﬂl}% Jﬁé@gﬁ ﬁﬁn}g%h‘lr%%s 7ifgé%l? ahE

i nterferoimiderod tlﬁﬁ@@(fef chaﬁi%fm OW%']eﬁXheScdiiBMﬁﬂiaﬂﬁ niehdured by 4B/ 0he ofSiRYoxyen
accordance wth the sw tching stem In this enbodi ment, wafer

i nt er f er ofRICERtEALIODFINSOIA fq)?ﬂﬁéxq%% tha gllpweblerualuerthel PYEE gascontiel gysteahged
bet ween t d I is
pass, o 1 AREIEh e Phrihegin bELFELTIGHE By HPRAM Sholfe R ing Bl g3t
SOEY each9sAf 95/}zh tccthelinsdd bfethe prafaadhambers3§assdondingllpy fou gharhple, eleh exdicnahe
center of each of the 15 alignnment sensors 27A _27B di sposed at the both

ends. AccIdiergryA 118 pee ?R?§§‘i‘ HPEng Her gxchange qﬁthF ayafin Hie eameentratir odithgjes
40A, 40B. made
for ot herp@gg%‘pﬁ l\gﬁrtf&ygégg%agﬁgﬁ%ésgo Altgtﬁgle(r}gl@é;ﬁ lﬁﬁjg 19@?%&5‘?[3 Whhécré%
chanmber 3teainduheofarsbofithepntgedescri bed above. At f| rst, the reticle chanber
23 and the wafer chamber 38 of the 2 0 enbodi ment shown in Fi gs. 1 and 2
cover the portions ranging fromthe side surface portion to the upper
surface porti ofhoflowhsate)ehick issussdl aden thegivega gaSTs apdlithe thaimidestfalgewsfgst em
WET respecti vel An place of this arrangenment, the foll ow ng arrangerrent

may be al glmhfagﬁ b fer exppple, inssuch 2 desise tha the,agiquay eoreerranduie 1 sheyyplurpp af

waf er cha Qﬁ%& Jerelyse) ure
havi ng a ﬁ%éﬁéqurrﬁst@é} lcl)ﬁ“@wgllar, ¢ r%g%ﬂgtﬁ%}%}{gg{r fsa“(l:e 2 %@%gﬁl@?né%? H‘g&ach
of the refromlthe wafegeham 8MhiRSpleaished. hconatingly, st Bpesshls tedecviise ile anlonot

covered W t reticle chanber, 2 d.th fe ver
PorCiie b ishaf the st 25 o Y rubqimate e o R A aATE S g s A | he
exposyre Lifibloear e 1t B@s%?ont@ ﬁf&iaﬁéé)cég?génﬁn %198&5@?& tAd idsiie of et WhfePf

the bottom surface portion. Wien the substantially conplete box stncture ~s
adopt ed ashagdwzr BBhedpasbsvehaniber)i is sobss bblaboutol/&ddiarid B0t hfet}al gllogvablet ¥ajhe ness

it o n teSafu Sl AT ofihe Sfch BSiAC e TRATRShIE wbliand RIS IR g ¢

i nprove tReaitiakfdhamBaCY2Rf 7256 Phe hilGw bl 98ILEAB oF RN cbltenSationt anitealidhy-
conpl ete box structure is adopted as described above, it is desirable to

ef f ect t hebserbingosubstancetaiithesingide af thewaiting ehapber 734 TaReisisaistodiel abptok 1@ tar f ace
3 | f
(hoPBO s JU B BL e RFAIRE B0 h SE5E IRNERALL TR AARRS

and t he V\ﬁfoeﬂanﬁmmrnsﬁ8of‘vi\hq1}eﬁdﬂﬁoﬁyf'dh&mba07mtF(ﬁ'@@lﬁfﬂe the ahewhisle Velle @A
descri bed. above, if the reticle stage 24 or the wafer stage 40A, 40B is

moved at hide WadsraehambriS dtheet o beiabpuinl Al 1 prmnthediopahlesialiead Bthe he
reticle r2otah 3 d ggeﬁ
unbal ance §1 gé.hgrﬁAgé}a7 f‘e?&?elfses%or exanﬁt 18 P?ml gﬁ(ﬁ e]aoggglet\%é%na% in the

al i gnrrentpmparstorycmlambbte7?AEssteqbaabowle ppg:mt | y deformed, and any neasurenent
error is generated. In order to avoid such an inconvenience, it is
preferable to sufficiently enhance the rigidity (box rigidity) of the
part2si on wal |Inathid hesepat toodar stdr ¢éade . midape Ve coficentraxanpf ehe pher ghe the
sufficient box rigidity as described above is not obtained [n order _to
reali ze a°lPyHE Rxféfieame is pyatfagleq That 15r @F aflaprtle ¥Hae donR toxaist Fhictask &3 1 15
di vided 14 @ 8. SRELLAG WOLED T REIYIGS LS Ll BG.ARENADL AR BAthRrSoeA] On
whi ch scarcely includes the driving nechani sm Fig. 17 shows an exenplary
arr angenemB iand vphewlmtortyeclwmfber 76mambeat1103\8ibkhwme |m chtrglv &msodiyvieded ot o

two sections nts, corres shown in Fig. 6
bre desi ARy BT SPERST DRk S anbEar e RtgET b B B SHAr gt o

Whi ciio Wi 1\2ar g ehdtRid 122072 BNHdhE Sfphanse cmm’fdrm nla?y bd ESBBEP S ofUGR as
the alignnent sensors 27A, 27B, the AF sensors 88A, 88B, and the sensor
unit 90, which do not substantlally include the driving unit, are installed
to a box-shaped stationary section 38A for covering the side surface
portions and the upper surface portion. On the other hand, the prealignnent
mechani sms 92A, 92B, which include the driving unit, are installed on the
front si de of a flat plate shaped 2 5 anabIe sectron 38B correspondlng to

T . o Y N —— o e N A —~_Aars o R o



-65 When this exenplary arrangenment is assenbl ed and adjusted, the
stationary section 38A and the novabl e section 38B are firstly assenbl ed
separately. After that, for exanple, the wafer interferoneters and the

al i gnnment sensors 27A, 27B, which are disposed at the inside, are adjusted
in a state in which the stationary section 38A is placed on the novable 5
section 38B, for exanple, in accordance,wi th the three-point support

(ki nematic support). Subsequently, as §%omm in Fig. 18, a fil mshaped soft

shield menber 18H is installed so fhat the gap ort'*on be

] n the .
st at i onar §ghs eBambgf. Fauthg dt s idsonRIGiskble thak the gmbghol ¥pey %ﬁgﬁ‘&P?%BKP&g&d
therewith : : 1l ; r I
i nstall edsugﬁtfa{l‘%re 1@2@@3/{)}’1%?% %%gh@%ﬁﬁ?ﬁ&%ﬁd%%ﬁéggﬁgﬂgggﬁ%l&gﬁﬁ? r‘llglgg}:)grﬂzeance
with the tdiceasdrapionris alldwsdippatiffer fooreack affphe lighhabsetbatg eutatapcesectti iomlI8BA i s

fixed to the support plate 37 on which the projection ical systemPL is
pl aced. APF)?fefﬁPpl)%g}af tkf?g%‘éﬁatﬁé’tf "eﬁ“‘fgﬁegaétoétﬂ?eohié"rﬂf %Oé\gpﬁ%#]tagglg hige tOE] €
novable S&ﬁﬁzérﬁﬁtigﬁ@f fh% ShISSTRVE Havi g%rsgic%{ MiowaBfe vakfer ation, which is

generated 1 n the novabl e section Is not transmtted, for exanple, to
the AF sensors 88A, 88B of the stationary section 38A. It is possible to

hi ghly accuratgl m. § R LENYE Y-t 3R HahB e Pl i OCus
operation. Fur h&e&rlé,}q{; n%lmarsly g(;;(uen(r?r%l ar ygfatrh %?ﬁrg%%g%%rbglt ﬁg re%at? ve © ﬂg

di spl acenzrbsb@irgeeilotvable shmk iof thzrcpnematii@nof3BAligineibsdrbinp sojsemt¢ ®rthopiri cal
systemPL is extrenely m n,u}agg.magt;er efore, for. ex | | owabl e.t hat

le, it is
the i nt er fght ghanksr haying & seig howblg drgretpit i %rﬁfefar]i’gﬁ %%@%H{%%Wi n
Fig. 1 nme r it d i,80 R ON 38R, efrap! e,
IR s A S S e e T
refl ot i npurpe gay &)inakaset et Weef mside wif éhd eir-dight erambéd hay/ingl @ BXore Birint (smalier)

Doy mat | Ylaaie YRR therop( iy e nbarBiEnt Ml Bt Souisia S e Boge SF RS O
whi ch t hey,stALLQNRE ¥8 SEREHRMMRSAH he QOWR IRy Ve RRSWANES wheR MetpitscBay apl e

section 38B, it is also preferable that the Stationary section 38A and the
nmovabl e selight@as 388 aaheliwo gaeastiadhisiembodin®ny jitis alsp preferatde dhat thepurgecgaaii sms

di sposed at three, places, and e surroundin f .the i_bratiaqnspreventive
rechant srioPale] obBhBER e BRR bRSar b RTa e Br furor SulackdoBlami R I | <
pos. s5bl ecHambel 38 @Rh&okd¥cd With HRNGaftd HRIEASW Sybtddy). means of the sinple
structure. In the enbodi nent described above, as showmn mFig. 3, for
exanple, the first wafer stage 40A and the second wafer stage 40B are dnven

m parallel, angy temnﬁneto%r E chiiR chefatdhi AINAE Mafer RRl systérh W SA7Ehdathe i fSi0
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This patent docunent is incorporated herein by reference. The frame or the
frame nechappshei A3theappeteit thawertidnoh? ps thedempératutceat)tshing et 70A n the

waiting chamber 72A by the aid of the transport robot 79A At this place, the wafer is heated

30 or cooled to a temperature suitable for the exposure. and then the wafer 1s transported to a



structure shown in Fig. 1. In place of the arrangenent in which the wafer
base 39 and the colum 33 to install the projection optical system PL

t hereon are provided on the base plate 2 0 32 supported by the

vi bration-preventive pedestals 31 Ato 31 D, for exanple, it is also
preferable that the colum 33 and the wafer base 39 are supported by
different vibration preventive pedestal g;respectively. In the embodi ment
descri bed above, the wafer base 39 is arranged separately fromthe col um.
However, for, .exa ow ng vai | abl e.
That 15, PRBURAMLRCHIRUDES FePSHison L BLMB)HHEITEh I8 ahbg At foamn 5
the nbrati7e@a- preventive pedestals 36, or the wafer base 39 is allowed to
hang on the support plate 37 by the aid of a frame or the like. Further, it
is also preferable that only the finely novabl e stage of the reticle stage
24 ~s arranged : I d v,gg% a1 s
provi ded on ang%2 h@he%%gg)g%ng r%ee%pg%e?f‘g}égrnwf Yg%ﬁtl?i&@%%%ﬁ% 511%3' IﬁStf%?e ’
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path through.3 0 which the ex o,s re light beam I L sses_.is fille W|th t he
pur ge as E QfPOS%ﬂW o, Wi lspwd?*né%ﬁﬁﬁ xl&ﬁiﬁl%erefbm the foad arm
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performng, for exanple, the devel opnent, the etching, and the ion

i npl ant ation. RUBSEHOOBEIMEt, | the tsbﬁcﬁtaﬂgmﬁerﬂt@mdt e RROAIATNG tard SolRREVdIPd
onto the wafer W In the ste p S 18 to erformed thereafter, the reticle
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waf er Warfe su ec% é’g&[ g&ﬁé\le%?ﬂ &Jaﬁge%hgegut?lg wg&hgﬁét Sﬁgﬁqezrﬁ{ eS| gnafm%ﬁl%y
t he synbo beBu)sumrfmt the wagéri W @enRRe sdcﬁnd hafes sape $0B is Eamipletsd miinethe biher hand,
devel opme;llﬁ t he etchl , and the ion inplantation are perfornmed for t he

vaf ePOW HFRKPOsg aYaef%re r WigBds feliversdrrom theowafsrstage 444k to theslide ppn 75k 6t
pat tors - AR AL anga 8 B} BRSUBTDG! POk PSR TIAS sB er R i T
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sem conduct or device SP as a product is produced

25 which accommodates the unexposed wafer, 1s moved to the position A4. The unexposed

wafer in the wafer cassette is transported by the transport robot 79A to the position A3 n the

preparatory chamber 73.

Further, the wafer W2, which has been subjected to the exposure on the second wafer

stage 40B, 1s transported to the position B1 in the wafer chamber 38. The first wafer stage



In the enbodi nent described above, the present invention is applied to the
proj ecti on exposure apparatus based on the scanni ng exposure system
However, the present invention is not limted thereto. The present
invention is equivalently applicable even in the case of the 5 projection
exposure apparatus of the full field exposure type (static exposure type)
such as those based on the step-and-repgat system the exposure apparatus
based on the proximty system the exposure apparatus to use the EUV |i ght

beam such the X-ray as the exposure |ight beam and the charged particle
beam oxpodliier PPk LR e SwOPE arces 1 PTBEHTPb b YU daadi ceRargy
beam as Ts%nldggé}bosﬁﬁélfo?%e(@%f &Y th%%t&es}agekoﬂ. -'ﬂ?lﬁ’iﬂ’?tﬁisq;roéegﬁ tlﬁésl?nle)oste&e

exposure apparatus is not limted to the exposure apparatus for producing
t he sem covaflercwbichdbhebeentsubjBcted exthapdneperatime contealersttranspegtetliton positien sothe

i del li.cable. to th f the. |iqyi tal t
For med on viaabApEte asibon BERGH o PEREERY Vim e qoaffony B Fpdi Be i e
pl asme; di siahdort RBG: 19EP K BRSHEE aARMABAI TR GifkpREOMTrTIh theWhEE Sl 795 is

devi ces such as the 1 mage pickup device (for exanple, CCD), t
m cr omac hiereéhangewwith thetelposefl ivtafer g ve thew hfenstage 4R bethe aidhef the eehgnment

invention is. al.so plicable to the exposure ste osur.e appar at us) .for
br oduc ng MREATRE 2B RbPE 2L 3, Ao bRk sao PR oTarcs SR rsHeLaAnt AePhd
nmask patt @edalimhetaht ilRUSositRA BES Gl tHSItRG Hah@, RE QkPdsed RRGEWRYis Staiportdlien
the linear nmotor is used for the wafer stage systemor the reticle stage
system 2 fiom the pasitietbBe tasthggesinery BA by e aid phithg slidy atamt/d widithe Ganspery seboin

i ncl li%i ng }faor exanple, the air floating type based on the use of the air
bearing agg the magnetically floating type. It is a matter of course that
the present invention is not limted to the enbodi nents descri bed above,
whi ch may be enbogdi ed in, ot her various for w t hqut jati fromthe
't or essent A erize dbeyey B I erppoiimety Meotiit Mk AR Tofd 8% s dhidef -
to the expaisthe WRDAOWRIDE &d theBRRIM Rt BRAK @k Shadibek B8 AdaBe MafdrMyLRET ON,
0 is easy to assenble and adjust the stage system and it is possible to
assenbl e ghambatj U@ trespiaetiveiy iwhaleekging roastaysirdlr as usodides: | yHowieverntliel yecondt ng
to the nodul & system en 69 t.he ¢ | ng,,menber .for c i ng. t he .space
et ween ¢ R SERHEN AT borted a6 ey L L AP SRR reRheol Al Ehe
gas figr t nanesishiy et theeposiionsueRitibh@iy bowasn itlke Sdfplchadbéro3s ard khesivalfer of
the stage chanber, then the gas is effectively utilized, and thus, it is
possi bl e teadershambpn7Oduingiheasserablingds ewireragly strist. ghlat éf theEolspHANCHIPOBHE h

t her eof . i ar}qé 2xXn of
the pr eseg @%@%gwg%?gf%gﬁg%ggéﬁ{sgd;@geggsle'e an difﬁsﬁ&% %rﬁgg%gfr?p (La{‘,ﬁethe
st age sysweforhlig@daphighty dchwratebdul e system and it is possible to neasure,
for exanple, the positional relationship of the stage systemeasily and
correctly. The stage nodul e of the present invention nmakes it easy to
assenbl e and nhi missénibddirRer? xphethe nagipasal wafer dthACRPEsdd MehfdrPabdes ttexyphsS ur e
nmet hod and the exposure apparatus of the present invention, it is possible

to eﬁﬁancg)rt‘f’FémPFﬁf SisgEmIPOorhRerts VAé, JERAR; h@ bthastheecorsspopeing shistiers t?éé_ause
the scanniygg #o| OBt ¥sA S3s@Phrk Bhafd: a:ﬁctﬁ%gl‘rélgor%d?né é]ﬁltt@f"s_t”}g d758%0 @5.3‘13’5% ng

t he device concérnihg the present invention, It 1S possiblé to produce a
vari ety ofreddesed elgring the gerigh it whioahgthp wafatdoeownotpess theyetbrouply The cdrirol is

exposure apparatus of the presenf_jnyention. -70 CL An_exposure
Sppar at us PR SERBE HeFrane SRGIHE GHboliD e oS S S BT ObRERPIES! ng
through agfAr $5B0Rjeeibsed! herieX RRg: Cof RRAGAFY ScHafBRF 131 @8es Ao nidkE Sdirctt age

chamber which accommodates a first stage which noves the first obj ect; a
fi r se5Sneaseminnyicatymst enthwiiecintameasiir s iateplasd tcbamof/11 he., fthe stmesphgre jafr. t he

fi 1t ot age, chamher o2 3e8and: Bl 305 IBIPRE ALl AP SORTRARISR 12 1258009

maintained to be high.

Next, explanation will be made in detail with reference to Figs 6 to 9, for example,

for the arrangements of the soft shield members 18F, 18G and the shutter 75A shown in Fig.



obj ect; 10 a second neasuring system which neasures a position of the
second stage in the second stage chanber; and a main neasuring system which
nmeasures positions of the first stage chanber and the second stage chanber.
15 2. The exposure apparatus according to claiml, further conprising: a
proj ection systemwhich proj ects an inmage of a pattern on the first obj
ect onto the second object, wherein: thgqmain neasuring systemincludes a
third neasuring system which nmeasures a positional relationship between the
first sta%e chanber and the projection system and a fourth 2 0 neasuring
system whi’ch neasures a positional relationship between the second stage
chanber and the projection system 3. The exposure apparatus according to
claim?2, further conprising a main control system wherein the main contro
syst em det er ni fig OtShewppBFEReSHYYICWHBustiating a statgde Which the wa{esebanhes ABythe
results o | AT UL VSt t:hi |

System andegiebhabitey 16 a5 WRAGEA G P, e’ SRR,
resul ts olhdiadpdiely Ih&ig & ofotl enmaple) theglasstslighn sonttet it BOY theh preakiginidnd g
system ~I f_he exposure apparatus according to clai m1l, wherein the first
nmeasud ng MEEhaYsREA| BBithe Afewnioss 8§84, ¥fB. anf the aligpmenp genspis &7 Ag 24 Beare

chanber, kit RepREGARES SPARYPhALRIS! ST SRl LAERRA 560 The 0l e Al BRE Of

t he second stage nber . _ exposure apparatus ac Ing to claim
4, wher ei whidhethopirejectnt opdicalssystermnPIdis wedsivelyemdvabit instha geriasdalt direci@g dsnd
stage while cqgontrolling the positiong or velocities of the first and second
stages on f?rﬁggb%%wgenoﬂl% SORORGE né@‘ep@)‘é‘f“ﬁ‘g dRUs 0ag KRb.f 10 ghicky theedyipge ¢ he

apparatuses for driving the slide arms 77A, 77B shown in Fig. 3, are installed on the upper
10 surface of the wafer loader chamber 70. The vibration-preventive pedestals 70C are arranged
on the bottom surface of the wafer loader chamber 70. Further, the transport ports 97A, 97B,
through which the wafer is transported with respect to the interface column 71 shown in Fig.
3, are formed at the front surface portions of the wafer loader chamber 70. The transport

ports 97A, 97B are opened/closed by the shutters 85A, 85B shown in Fig. 3.

15 When the projection exposure apparatus of this embodiment is assembled and
adjusted, the wafer chamber 38 is assembled together with the wafer stage system WST
among them, substantially concurrently with which the wafer loader chamber 70 is assembled
together with the wafer loader systems WRDA, WRDB among them. After that, the
projection optical system PL is installed to the frame mechanism shown in Fig. 2, and then

20 the wafer chamber 38 is installed to the frame mechanism so that the projection optical
system PL is relatively movable along the groove 38a as indicated by the arrow shown in Fig.
6. Subsequently, the wafer loader chamber 70 is installed so that the transport ports 74A, 74B
of the wafer loader chamber 70 are opposed to the transport ports 52A, 52B of the wafer
chamber 38. After that, as shown in Fig. 7A, the soft shield member 18D is installed so that

25 the gap between the lower end of the projection optical system PL and the groove 38a of the
wafer chamber 38 are tightly closed. The soft shield member 18F (or 18G) is installed so that
the space between the transport port 52A (or 52B) and the transport port 74A (or 74B) is

1solated from the atmospheric air

Fig 8A shows a plan view illustrating one of the first soft shield members 18F, and



second stage. 5 6. The exposure apparatus according to claim5, wherein the
first to fourth neasuring systens are first to fourth interferoneters
respectively, a reflecting mrror for the third interferoneter is attached
to an outer surface of the first stage chanber, and a reflecting mrror for
the fourth interferoneter is attached to an outer surface of the second
stage 1 o chanber. 7. The exposure appaggtus according to claim®6, wherein
the reflecting mrror for the third interferoneter is attached to the first

I nterferonet nbedded.in a side,wall_ of the first stage chanmber, and the
reflecti n??gn%h PP droestinuat e vieiesr Tk dieckat Ressla dSchpNn an £igge3A gndal |

f th - LS ' - :
of the Se@ﬁ?“ﬂ%ﬁ%&ﬁ?&@%ﬁ rs%cliloﬂé bachedetdcling ﬁ@ﬁ&ﬂ%ﬁgbflﬁ{eeéym&% i soft

The exposure a ng to claim 3, wherein t st to tourth
measur i ng skigklt membar BH. i Gséovieo 9B %ahfotr whambre attraeticay, svhidhs paumhimnviedty with a
reflecting mrror f the third interfe orretfglreis rovided on a hottom

surface of 3fHHE YRR Ps prgdarmartas endgefaces oT Hiealiracling seryont 15 - fohen the
fourt fy i ntes GRERMRer 1 8F I % HRChefRect e RRRpor? H&ft 398 a0k tﬁeh&nwp;gkﬁtﬂgggn g

chanber. 9. The exposure apparatus according to claim1l, wherein
obj ect i nchawdesn &ig.i &, she sudipnr effeetednily thesecomd muwlys VPatenmamdatingewith cthed

st age incl udes flrst substrate 2 5 s e.which is novabl e whil e holding
Che Fi 1ot EEANE 5t A5VIS AEMED LA A T8 ALK Bl PR RS IOURACA K o
hol di ng t haf RENBerSIgBtsuAbend He frharRXRAE HEre SARPAEME 3cRRE AltFBnd Qchbal M
9, further conprising, mthe second stage chanber, a first prealignnent

mechani smPP os amrimged iforsthe svafert loades chambgr, 70atecsuzrognd) theescoond tpanspdrt peitt |[7HAL C;

1t chagi sm f or th% sesconq. sub?t rage S %‘ﬁ% I V1. Wexlgo%ur.e met hod for

expositng d"EEGHI Si5TIRRE KIERUAHNERINHEL Yiighe VAR pump during the cxposure
step. The other soft shield member 18G is also attached by means of the same method.
Accordingly, the space between the transport ports 52A, 74A and the space between the
transport ports 52B, 74B are isolated from the atmospheric air with a high degree of air-
tightness respectively. Further, for example, when the maintenance is performed, it is easy to

15 move the wafer loader chamber 70 from the position in the vicinity of the wafer chamber 38.

- However, it is feared that the vacuum pump is turned off, for example, upon the
power failure, the soft shield members 18F, 18G are disengaged, and the purge gas is
contaminated with the atmospheric air (light-absorbing substance). In order to avoid such a
situation, in addition to the attraction of the soft shield members 18F, 18G by the aid of the

20 vacuum pump, for example, it is desirable that a system, in which the fixation is effected
mechanically with a flange or the like, is simultaneously used to fix the soft shield members

18F, 18G.

Next, Fig. 9A shows a front view illustrating the shutter 75A for opening/closing one

of the transport ports 74A of the wafer loader chamber 70 shown in Fig. 3, and Fig. 9B shows

25 a sectional view as viewed from the side of Fig. 9A. The shutter 75A of this embodiment is
divided mto a lower first shutter 75A1 and an upper second shutter 75A2. When the transport

port 74A 1s closed, then the first shutter 75A1 and the second shutter 75A2 are closed so that

they are meshed with each other, and thus the transport port 52A of the wafer chamber 38
shown in Fig. 3 and the internor of the waiting chamber 72A are shut off substantially

30 completely When the wafer is transported singly through the transport ports 52A, 74A, as



-72 passing through a first object wth an exposure apparatus provided with
a first stage which noves the first object and a second stage which noves

t he second object in synchronization with the first object, the exposure
met hod conprising: measuring a position of the first stage at the inside of
a first stage chanber which 5 acconmodates the first stage; nmeasuring a
position of the second stage at the insgfle of a second stage chamber which
accommodat es the second stage; mneasuring positions of the first stage

chanber and the se d sta chanber_.in the osur e, appar at us C 4
respect i vgr(vfn B 26 @&laa%q?ﬁat %Qérsfe%\}rfa O_B%]egﬁgw EHiY: ﬁﬁ*ee‘xa“sg‘a’rlgwmcam
beam passhgg ohth@Wade dher7A, pakse® Bir&?éh an"‘é]}phﬁ(ixﬁﬁ‘t@l‘-}f 1Bl RAF hRE oPER tHn@?bﬁﬁeor

velocities of the first stage and the second stage, on the basis of
measur ed pati’4fAons of the first stage and the second stage and the neasured
positions of the first stage chanber and the second stage chanber. 15 12.
The exposure nethod according to claim11l, Werein the exposure apparatus
further conpri Baesalso possibéctoi tomsysthe waffery fop exgnagle; ing statpaf banginsalledi 4 i r st

obj ect. onto_the second object, and the positions of the first stage chanber
and t fie CuBEHESGES 'ﬁeﬁa#_ﬁe%s showp Hﬁ'@x%ﬁsﬁﬁ érsaa_@meaﬂ%«é?asr PR IRITYBHYor
the first, i aQ&echRNB/terWIAD SR ﬁﬁnebﬂsl% RBeREAREIPN TSI @B RARhoR port

i
position of the second stage chanber wth respect to the projection system
20 13. The4Axposan éullyeopeocstaiec dihdiwegert lwlddrdiooAal 2n witier dienwafhe Wiossi placed, of

the fi t st i 1 t t i i t i det 1 d f
the measuPBEBEER B GroRarbpar 744 B s6te GoetbeiEar e e fe 7Ar B plfSge
chamber apfieheanBRtt bf e Whfet M1 Hinfi8 hedgdfiseed NS 'wall RolAGSTRAL it R 4168

projection system and the position of the second stage with respect to the
2 5 pPoj epessible toylsanspert ¢ coptamenime dtate unvhich theweler SW1 poadcoimmrodated tinghe

second stage .at ,the insi .0of the second stage chanber .a position of
he secontgagdasie mapdrch FUSEeh et haiGane Sue Hols 1 O Rk,
st age NDdithRp6i® BB 73AUS alRo Gsél WhéUhe MRiER IS 1004 I poRYE S B caRidRWf i | e

hol di ng the obj ect,
wafer chamber 38.

As described above, in this embodiment, when the wafer is transported together with

15 _ the accompanying member, or when only the accompanying member is transported, then the
transport port 74A is fully open. On the other hand, when the wafer W1 is transported singly,

only the part of the transport port 74A is open. Therefore, the flow rate of the purge gas
flowing from the interior of the wafer chamber 38 shown in Fig. 3 into the interior of the
waiting chamber 72A is decreased. Accordingly, it is possible to maintain a high

20 concentration of the purge gas at the inside of the wafer chamber 38. Further, it is possible to
maintain a high intensity of the exposure light beam on the wafer W1, W2, it is possible to
improve the throughput of the exposure step, and it is possible to reduce the running cost of

the exposure apparatus. In order to suppress the leak amount of the purge gas to be low, it is
desirable that each of the transport ports is made to be as small as possible as described

25 above.

In the aur-tight chamber (preparatory chamber 73 mn this embodiment) which 1s
connected to the interface column 71 (atmospheric air), the purge gas may outflow to the
outside when the wafer or the ke 1s transported, and the concentration of the light-absorbing

substance is deteriorated (increased) due to any inflow of the atmospheric air. Accordingly, it



a stage chanmber wl och accommbdat es the stage apparatus, and a measuring
systemwhich is attached to a wall surface of the stage chanber and -73
whi ch neasures a position of a stage in the stage chanber. 15. The stage
nodul e according to claim 14, further conprising a | oader chanber which
accommodat es a | oader which | oads the object into the stage chanber, the

| oader 5 chanber being connected to thggftage chanber. 16. The stage nodul e

according to claim15, wherein the stage chanber and the | oader chanber

i ncl ude openings for fluid comunication with each other respectively, and
t he nodul 1§ desirabireto deeneprei thesiza(ophuing ercaj th transper pogit (herema fteronterred ta ae

' N o I Iy A t . | di t | aj 4 wh int bj ect
el uage W pfie ] REREHE fiRHH: oREARH uiut PebaRiol) dibmpdl 2 Shthel 986 ©°
i ncl udes gnutter $9A, BIBSIHeAltRe FafE® tiiksdted S FoPaalipte, Wik ldesifabledb Mehke i dizd St
substrate, and a second substrate stage which is novable while holding the

second sudfkthe dF epenisg tojlg: snrHbaseereparerbuith theatzanspelt nort tleereinaftanraferrediid ah i s
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However, it is desirable that the size of the intermediate opening is equivalent to or larger

10 than that of the IF opening, or the size is equivalent to or smaller than that of the main body
opening (52A, 52B or 74A, 74B) described above, or the size satisfies both of the foregoing

conditions.

In this embodiment, the two air-tight chambers (preparatory chamber 73 and waiting

chamber 72A or 72B) are provided between the wafer chamber 38 and the interface column

15 71, i.e., one intermediate opening exists between the IF opening and the main body opening.
However, three or more air-tight chambers may be provided between the wafer chamber 38

and the interface column 71. Two or more intermediate openings, which exist between the IF
opening and the main body opening, may have an equivalent size or different sizes.
However, it is desirable that the relationship with respect to the size of the IF opening or the

20 main body opening satisfies the foregoing condition.

It is enough that only one air-tight chamber is provided between the wafer chamber 38
and the interface column 71. In this case, it is enough that the IF opening is merely allowed
to have a small size as compared with the main body opening. When at least two air-tight
chambers are provided between the wafer chamber 38 and the interface column 71, it is also

25 preferable that the size of the transport port is increased as the arrangement position
approaches the wafer chamber. That 1s, 1t 15 also preferable that the s1ze of the transport port
may be increased in an order of the IF opcnuing, the intermediate opening, and the main body
opening. This arrangement is effective cspecially when the concentration of the light-
absorbing substance 1s restricted most strictly i the wafer chamber 38, and the concentration

30 of the light-absorbing substance is loosely managed in the respective air-tight chambers as
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pressure may be set in the same manner as described above in a plurality of air-tight chambers
including the reticle chamber 23. In this case, the reticle may be accommodated in a tightly
closed cassette (for example, bottom open type Smiph pod), and the reticle may be imported
into the at least one air-tight chamber without making contact with the atmospheric air. One
10 of the plurality of air-tight chambers may be provided with a buffer cassette (storage shelf) for

holding at least one sheet of reticle.

Each of the transport ports (openings) may be mechanically made slender so that each
of the transport ports has a so-called three-dimensional volume. Thus, the leak amount of the

purge gas may be decreased by utilizing the viscosity of the purge gas.

15 Next, an example of the method for optimizing the scanning velocity for the stage
system upon the execution of the scanning exposure with the projection exposure apparatus
shown in Figs. 1 and 2 will be explained with reference to Figs. 11 to 14. Fig. 11 shows an
example of the shot arrangement on the wafer W (corresponding to the wafers W1, W2
shown in Fig. 1) as the exposure objective of this embodiment. In Fig. 11, the wafer W is a

20 disk-shaped substrate (so-called a 12-inch wafer) having a diameter of about 300 mm. The
effective exposure area of the wafer W is divided into a large number of shot areas 29
(corresponding to the comparted areas) each having a width LX in the X direction and a
length LY in the Y direction at a predetemﬁn;d pitch in the X direction (non-scanning
direction) and in the Y direction (scanning direction). During the exposure, each of the shot

25 areas 1s scanned in the +Y direction or -Y direction with respect to the sht-shaped exposure

area 28 formed by the projection optical system PL

In this embodiment, for example. the width LX of the shot area 29 1s 25 mm, the

length LY is 33 mm, and the width (sht width) of the exposure area 28 in the scanning
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10 it 1s possible to cut out one or more usable chip patterns from the shot area, provided that the

remaining one to three chip patters in the shot area are included in the effective exposure area.

Fig. 12A shows a plan view illustrating a situation in which the shot area 29 having
the length LY in the scanning direction is scanned with respect to the exposure area 28 having
the slit width D. In Fig. 12A, the acceleration is started at a rate of acceleration Wa for the

15 shot area 29 (wafer W) from the position separated from the exposure area 28 by a spacing

i distance SY. The velocity of the wafer W arrives at a predetermined scanning velocity VW to
be stabilized until the tip of the shot area 29 arrives at the exposure area 28. After that, the

velocity of the wafer W is maintained at the scanning velocity VW during the period in which

the shot area 29 passes through the exposure area 28. The wafer W is decelerated to

20 approximately zero substantially at a rate of acceleration -Wa from the point of time at which

the rearward end of the shot area 29 has passed through the exposure area 28.

In this case, the upper limit of the rate of acceleration Wa of the wafer W, i.e., the rate
of acceleration of the wafer stage 40A shown in Fig. 1 is prescribed by the upper limit of the
rate of acceleration on the side of the reticle stage 24 in this embodiment, because of the

25 following reason. That is, the projection magnification B of the projection optical system PL
from the reticle to the wafer in this embodiment is the reduction magnification which 1s, for
example, 1/4-fold or 1/5-fold. Accordingly, the rate of accelcration of the reticle stage 24 is,
for example, four times or five times the rate of acccleration of the wafer stage 40A (wafer
W) during the scanning exposure Therefore, when the rate of acceleration is increased, the

30 reticle stage 24 arrives at the upper limit earlier than the wafer stage 40A. The upper limit of
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10! | acceleration which is the limit of the mechanism of the reticle stage 24. Accordingly, it is
assumed that the upper limit of the rate of acceleration of the reticle stage 24 is Ra, and the
5  scanning velocity obtained under this condition is VR. On this assumption, as represented by
the following expression with the projection magnification f, the upper limit value
(designated as Wa) of the rate of acceleration of the wafer stage 40A is BeRa (B < 1), and the
scanning velocity VW of the wafer stage 40A is BeVR. When the projection optical system
PL performs the inverted projection, the direction of movement of the reticle stage 24 is

10 opposite to that of the wafer stage 40A.
Wa = feRa, VW = 3eVR ..(4)

The sum of the acceleration time and the deceleration time (acceleration and
deceleration time) of the wafer stage 40A during the scanning exposure is approximately -
2¢VW/Wa, and the exposure time in narrow definition, in which the shot area 29 is scanned

»15 with the exposure area 28, is (LY + D)/VW. Therefore, the exposure time AT for the shot

area 29 is approximately represented by the following expression with the expression (4).
AT =26VW/Wa + (LY + D)/VW
=2eVR/Ra + (LY + D)/(BeVR) -.(5)

In this case, if the scanning velocity VR of the reticle stage 24 is merely increased,

20 then the exposure time in narrow definition is shortened, but the acceleration and deceleration
time is prolonged. Therefore, the actual exposure time AT is all the more prolonged in some

cases Specifically, when the scanning velocity VR of the reticle stage 24 is VR1 as shown in

Fig 12B, 1t is assumed that the acceleration 1s performed between 0 and t1 for the time t, the
exposure 1s performed between tl and t2, and the deccleration 1s performed between t2 and

25 t3  On the other hand, if the scanning velocity VR 1s VR2 which 1s faster than VR1 as shown
in Fig. 12C, then the time t4 to t5, in which the exposure 1s performed, 1s shortened as

compared with the time t1 to t2 shown in Fig. 12B, but the acceleration and deceleration time
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In order to optimize the scanning velocity VR so that the exposure time AT in the

\\\\\\

5 expression (5) is minimized, the following expression is obtained when the expression

obtained by differentiating AT by VR is deemed to be zero.
d(AT)/d(VR) = 2/Ra - (LY + D)/(BeVR?) =0 ...(6)

The optimum value VRadp of the scanning velocity VR to minimize the exposure

time AT is obtained as follows by solving the expression (5) for the scanning velocity VR.
10 VRadp = {(LY + D)Ro/(2¢B)}'" A7)

However, actually, it is desirable for the exposure time AT to consider the settling
time Tsync until the sync@ronization between the both stages is established after the reticle
stage 24 and the wafer stz;ge 40A shown in Fig. 1 arrive at the predetermined scanning
velocities respectively, in addition to the expression (4). In this case, when the settling time
15 Tsync varies depending on the scanning velocity VR, it is necessary to correct the optimum

value VRadp represented by the expression (7).

It is assumed that Py represents the practical maximum pulse energy density of the
exposure light beam on the wafer, and fy, represents the light emission frequency. The added
up exposure energy density P1 at each point on the wafer, which is obtained when the

20 scanning velocity VW is the optimum value BeVRadp for the exposure area 28 having the slit

width D, 1s lowered approximately in proportion to the optimum value BeVRadp as follows.
Pl = {D/(BeVRadp)}fi ePy .(8)

Therefore, it 1s assumed that P2 represents the proper exposure energy density of the

photoresist on the wafer W When P2 is smaller than P1, it 1s possible to obtain the proper
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Jj 3z[ <YNClimiting condition of the reticle stage 24 (and the wafer stage 40A) is the proper exposure
energy density of the photoresist. When the sensitivity of the photoresist is increased, the
scanning velocity VR can be optimized on the basis of the expression (7) or the expression

obtained by correcting the expression (7).

10 In order to determine the optimum value VRadp of the scanning velocity VR of the
reticle stage 24 by means of the computer simulation when the scanning exposure is actually
performed for the seventy-six shot areas 29 on the wafer W shown in Fig. 11, the rate of
acceleration Ro of the reticle stage 24 was set to have a variety of values. On this condition,
the value of the scanning velocity VR (mm/S) was gradually changed, and the exposure time

15 AT obtained by adding the settling time Tsync to the expression (4) and the time for the
stepping movement of the wafer W were added up for the seventy-six shot areas to determine

the exposure stepping time Tgs (sec). Results are shown in Fig. 13.

In Fig. 13, the horizontal axis indicates the scanning velocity VR (mm/s), and the

vertical axis indicates the exposure stepping time Tgs (sec). In this case, the values of the

20 respective parameters are as follows. That is, the width LX of the shot area 29 is 25 mm, the
length LY is 33 mm, the projection magnification B is 1/4, the slit width D of the exposure

area 28 is 10 mm, and the settling time Tsync is 20 msec. The eleven curves shown in Fig. 13
renresent, in an order from the upper one, the results of calculation obtained when the rate of
acceleration Ra of the reticle stage 24 is 2 G, 2.25 G,2.5G,2.75G,3 G, 3.25G,3.5G, 3.75

25 G, 4 G, 4.5 G, and 5 G. According to these curves, it is appreciated that the optimum value of
the scanming velocity VR to minimize the exposure stepping time Ty is approximately within

a range of about 1200 to 2400 mm/s, even when the rate of acceleration Ra 1s set to be any

value within the range of about 2 G to 5 G. Specifically, the optimum values of the scanning
velocity VR, which are obtained when the rate of acceleration Ro1s 25 G, 2 75 G, and 3.75

30 G, are about 1450 mm/s at a point F1, about 1580 mm/s at a point F2, and about 1850 mm/s
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Next, a curve F4 in Fig. 14 represents a result of calculation for the throughput, which
is obtained when the scanning exposure is performed for the wafer W shown in Fig. 11 with
the projection exposure apparatus based on the double-wafer stage system shown in Figs. 1
5 and 2 by using the scanning velocity optimized in accordance with the result shown in Fig.
13. In Fig. 14, the horizontal axis represents the rate of acceleration Ra of the reticle stage
24, and the vertical axis represents the throughput TP (wafers/h) to indicate the number of
wafers to be successfully exposed per one hour. In order to make comparison with the curve
F4 (double-wafer stage system), a curve F5 indicates a result of calculation for the throughput
10 TP obtained when the exposure is performed at the rate of acceleration Ro and the scanning
velocity corresponding thereto with a conventional projection exposure apparatus based on
the single-wafer stage system. As appreciated from the comparison between the curve F5 and
the curve F4, the throughput, which is about 1.4 to 1.5 fold as compared with the single-wafer

stage system, is obtained by adopting the double-wafer stage system.

15 -« Commonly with the double-wafer stage system and the single-wafer stage system, the
throughput TP is also improved when the rate of acceleration Ra of the reticle stage 24 is
increased. However, when the rate of acceleration Ra. of the reticle stage 24 exceeds 2.5 G to
3 G, the ratio of increase of the throughput TP is decreased as compared with the ratio of
increase of the rate of acceleration Ra.. Therefore, in order to simplify the arrangement of the

20 stage system as far as possible and obtain the high throughput, it is desirable that the rate of

acceleration Ra of the reticle stage 24 is set to be about 2.5 Gto 3 G.

Next, an example of the method for assembling and adjusting the projection exposure
apparatus of the embodiment shown in Figs. 1 and 2 will be explained with reference to Fig.

10 and a flow chart shown in Figs. 19A and 19B.

25 Fig. 10 shows a state during the assembling and the adjustment for the projection
exposure apparatus shown in Figs. 1 and 2 At first, as shown in Fig 10, in the step 201
shown wm Figs. 19A and 19B, the base plate 32, the column 33, the vibration-preventive

pedestals 34, the support plate 35, the vibration-preventive pedestals 30, and the support plate
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10 thereof. In the step 204, the projection optical system PL is carried on the support plate 37 of
the frame mechanism by the aid of the unillustrated cutout, and the wiring arrangement is
made for the unillustrated control system and the respective driving units. After that, in the
step 205, an adjusting support 108 is fixed onto the support plate 35 of the frame mechanism.
A test reticle R3, on which, for example, an evaluating pattern is formed, is placed on the

15 support 108. An adjusting support 109 is fixed onto the base plate 32. A wafer W3 for test
printing is,placed on the support 109. The exposure light beam is radiated from the exposure
light source disposed under the floor to adjust the optical characteristics (for example, optical
axis adjustment, focus adjustment, and fine adjustment for various aberrations) of the

illumination systems IS1, IS2 and the projection optical system PL.

20 Concurrently with the operations performed in the steps 201 to 205, for example, in
another assembling room, the reticle chamber 23 and the reticle stage system RST
accommodated therein are assembled and adjusted in the step 206 as shown in Fig. 10.
Further, the reticle loader chamber 87 and the reticle loader system accommodated therein are
assembled and adjusted. Further, in the step 207, the wafer chamber 38 and the wafer stage

25 system WST accommodated therein are assembled and adjusted. The wafer loader chamber
70 and the wafer loader system accommodated theremn are assembled and adjusted In the
step 208, the interface column 71 and the reticle hbrary, the wafer cassette, and other
components accommodated theremn are assembled and adjusted. In the steps 206 to 208. fo1
example, the wiring arrangement 1s also performed with respect to the unillustrated control

30 system respectively.
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incorporated. In order to measure the heights of the reticle chamber 23 and the wafer
chamber 38 on the basis of the projection optical system PL, the interferometer units 55A,
15 58A and other components are incorporated. In the step 210 to be performed thereafter, as
shown in Fig. 2, the gas feed tubes 16A to 16E, the gas discharge tubes 17A to 17F, the gas
feed tube 7D, and the gas discharge tube 7A are arranged in order to supply the purge gas to
the sub-chambers 9, 19, the reticle chamber 23, the projection optical system PL, the wafer
chamber 38, and the wafer loader chamber 70. The soft shield members 18A to 18G (see Fig.
20 3) are installed in order to isolate the spaces between the chambers including the sub-chamber
9 and the wafer loader chamber 70 from the atmospheric air. After that, the overall
adjustment (for example, electric adjustment and confirmation of operation) is performed.
Thus, the projection exposure apparatus shown in Figs. 1 and 2 is successfully produced in a

short period of time in accordance with the module system or the box system.

25 Next, other embodiments of the present invention will be explained. At first, with
reference to Figs 1|5 and 16, explanation will be made flor another exemplary arrangement of
the wafer stage system WST of the projection exposure apparatus described above. The
wafer stage system WST shown in Fig. 3 commonly uses the X axis guide members 41, 42
for the two wafer stages 40A, 49B  On the contrary, in this exemplary arrangement. two

30 wafer stages 40A. 40B are independently provided with X axis guide members. Components
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interposed in the scanning direction SD (Y direction). Further, a pair of second X axis guide
members 41B, 42B, which are slidable along rails 103B, 104B, are installed in parallel to the
pair of first X axis guide members 41A, 42A. First X axis sliders 44A, 45A, which are

10 slidable in the X direction by the aid of air pads 106D (see Fig. 16), are placed on the X axis
guide members 41A, 42A. Second X axis sliders 44B, 45B are placed slidably on the second
X axis guide members 41B, 42B.

A first Y axis guide 43A is arranged slidably in the Y direction by the aid of air pads

105A to 105C (see Fig. 16) with respect to the first X axis sliders 44A, 45A. A second Y axis

15 guide 43B is arranged slidably in the Y direction by the aid of air pads with respect to the
second X axis sliders 44B, 45B. Wafer stages 40A, 40B are arranged slidably in the Y
direction by the aid of air pads with respect to the Y axis guides 43A, 43B. Wafers W1, W2

are held on the wafer stages 40A, 40B. Linear motors (not shown) are provided to relatively

drive the first X axis sliders 44A, 45A with respect to the first X axis guide members 41A,

20 42 A while substantially satisfying the law of conservation of momentum. Linear motors (not
shown) are provided to relatively drive the second X axis sliders 44B, 45B with respect to the
second X axis guide members 41B, 42B while substantially satisfying the law of conservation

of momentum. As described above, in this embodiment, the X axis guide members 41 A, 42A

and the X axis guide members 41B, 42B are arranged mutually independently for the two

25 wafer stages 40A, 40B. Therefore, it is possible to drive the two wafer stages 40A, 40B also
in the X direction while satisfying the law of conservation of momentum substantially

completely respectively.

[n addition to the linear motors (not shown) for relatively driving the wafer stages

40A, 40B n the Y direction with respect to the Y axis guides 43A, 43B respectively, for
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stage 40A. Also in this embodiment, measuring beams having a plurality of axes are supplied
to the X axis movement mirrors 48AX, 48BX from X axis wafer interferometers 49AX,
49BX. Measuring beams having a plurality of axes are supplied from Y axis wafer

10 interferometers 50AY to S0EY to Y axis movement mirrors 48AY, 48BY in accordance with
the switching system. In this embodiment, wafer interferometers 50BY, 50CY for delivering
the measured values are arranged between the central wafer interferometer SOAY which has
the optical axis passing through the exposure center and the wafer interferometers 50DY,
50EY each of which has the optical axis passing through the detection center of each of the

15 alignment sensors 27A, 27B disposed at the both ends. Accordingly, it is possible to further
miniaturize the wafer stages 40A, 40B.

Next, with reference to Figs. 17 and 18, explanation will be made for other exemplary
arrangements of the reticle chamber 23 and the wafer chamber 38 of the embodiment
described above. At first, the reticle chamber 23 and the wafer chamber 38 of the

20 embodiment shown in Figs. 1 and 2 cover the portions ranging from the side surface portion
to the upper surface portion of the reticle stage system RST and the wafer stage system WST
respectively. In place of this arrangement, the following arrangement may be also available.
That is, each of the reticle chamber 23 and the wafer chamber 38 is allowed to have a
substantially complete box structure having a thick partition wall, and the bottom surface

25 portion of ecach of the reticle stage system RST and the wafer stage system WST is also
covered with the reticle chamber 23 and the wafer chamber 38. However, as for the reticle
chamber 23, 1t 1s necessary that an opening for allowing the exposure light beam IL to pass
therethrough is provided at the center of the bottom surface portion. When the substantially
complete box structure 1s adopted as described above, 1t 1s possible to enhance the air-

30 tightness of the reticle chamber 23 and the wafer chamber 38. It is possible to maintain a
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When the substantially complete box structure is adopted as described above, it is
desirable to effect the support at three points with respect to the installation surface (support
5  plate 35 and base plate 32) in accordance with the principle of the kinematic support, in order
to stably support the reticle chamber 23 and the wafer chamber 38. When the three-point
support is performed as described above, if the reticle stage 24 or the wafer stage 40A, 40B is
moved at the inside, then the partition wall of the bottom surface of the reticle chamber 23 or
the wafer chamber 38 is deformed due to any unbalanced load. As a result, for example, it is
10 feared that the alignment sensor or the AF sensor is slightly deformed, and any measurement
error is generated. In order to avoid such an inconvenience, it is preferable to sufficiently

enhance the rigidity (box rigidity) of the partition wall at the bottom surface.

However, for example, when the sufficient box rigidity as described above is not
obtained in order to realize a light weight, it is also preferable that one box structure is
15 divided into a section which includes the driving mechanism and a section which scarcely

includes the driving mechanism.

Fig. 17 shows an exemplary arrangement in which the wafer chamber 38 shown in

Fig. 6 is divided into two sections. In Fig. 17, components corresponding to those shown in

Fig. 6 are designated by the same reference numerals, detailed explanation of which will be

20 omitted. With reference to Fig. 17, the members such as the alignment sensors 27A, 27B, the
AF sensors 88A, 88B, and the sensor unit 90, which do not substantially include the driving

unit, are installed to a box-shaped stationary section 38A for covering the side surface
portions and the upper surface portion. On the other hand, the prealignment mechanisms

92A, 92B, which include the driving unit, are installed on the front side of a flat plate-shaped

25 movable section 38B corresponding to the bottom surface portion. The transport ports 52A,
52B for the wafers are provided corresponding thereto. The wafer stage system WST shown

in Frg I, which includes the driving unit, 1s placed on the flat surface portion of the movable

section 38B.
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I, ZY%4.0%<<88 ) and the movable section 38B are firstly assembled separately. After that, for example,
the wafer interferometers and the alignment sensors 27A, 27B, which are disposed at the
inside, are adjusted in a state in which the stationary section 38A is placed on the movable

5  section 38B, for example, in accordance with the three-point support (kinematic support).
Subsequently, as shown in Fig. 18, a film-shaped soft shield member 18H is installed so that
the gap portion between the stationary section 38A and the movable section 38B is
completely covered therewith. After that, when the integrated wafer chamber (38A, 38B) is
installed on the base plate 32 shown in Fig. 1, for example, in accordance with the three-point

10  support, for example, the stationary section 38A is fixed to the support plate 37 on which the
projection optical system PL is placed. Any support member between the stationary section
38A and the movable section 38B is removed. Accordingly, the vibration, which is generated
in the movable section 38B, is not transmitted, for example, to the AF sensors 88A, 88B of
the stationary section 38A. It is possible to highly accurately perform, for example, the
15 alignment and the autofocus operation. Further, in this exemplary arrangement, the relative
displacement between the stationary section 38A and the projection optical system PL is
extremely minute. Therefore, for example, it is allowable that the interferometer units 57AX,
57BX as the main measuring system shown in Fig. 1 measure other positions of the stationary
section 38A, for example, in place of the back surface portions (portions integrated with the
20 reflecting mirrors) of the wafer interferometers 49AX, 49BX. Thus, the degree of freedom of

the design of the main measuring system is increased.

Altematively, in place of the exemplary arrangement shown in Fig. 17 in which the
stationary section 38A is completely separated from the movable section 38B, it is also
preferable that the stationary section 38A and the movable section 38B are connected with

25 vibration-preventive mechanisms disposed at three places, and the surroundings of the
vibration-preventive mechanisms are covered with the soft shield member 18H. Accordingly,

it is possible to mitigate the influence of vibration by means of the simple structure.

In the embodiment described above, as shown 1n Fig. 3, for example, the first wafer
stage 40A and the second wafer stage 40B are driven in parallel, and two sets of the

30 alignment sensors 27A, 27B are also arranged. However, the following arrangement may be
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wafer stage 40A driven by the first driving system, then the wafer stage 40A is exchanged

with the wafer stage 40B, and the wafer stage 40B is driven by means of the first driving

system. Accordingly, it is possible to decrease the foot print (installation area) of the wafer

stage system.

10 The reticle stage system RST and the wafer stage system WST of the embodiment
described above are based on the double-holder system or the double-stage system, in which
the high throughput is obtained. However, it is also preferable that each of the reticle stage
system and the wafer stage system is based on the single-stage system (single-holder system).
Details of the double-stage system are disclosed, for example, in International Publication

15 WO98/24115 filed by the present applicant. This patent document is incorporated herein by

reference.

The frame or the frame mechanism in the present invention is not limited to the
structure shown in Fig. 1. In place of the arrangement in which the wafer base 39 and the
column 33 to install the projection optical system PL thereon are provided on the base plate

20 32 supported by the vibration-preventive pedestals 31A to 31D, for example, it is also
preferable that the column 33 and the wafer base 39 are supported by different vibration-
preventive pedestals respectively. In the embodiment described above, the wafer base 39 is
arranged separately from the column. However, for example, the following arrangements
may be also available. That is, the wafer base 39 is supported by the column 33 by the aid of

25 the vibration-preventive pedestals 36, or the wafer base 39 is allowed to hang on the support
plate 37 by the aid of a frame or the like. Further, it 1s also preferable that only the finely
movable stage of the reticle stage 24 1s arranged on the support plate 35, and the coarsely
movable stage s provided on another base member different from the column 33. In the
embodiment described above, the substantially whole region of the optical path through

30 which the exposure light beam IL passes is filled with the purge gas. However, only a part
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Co@ 10! ! #$A8sshry P Yhovide the mechanism for recovering the purge gas. Further, in the
embodiment described above, the reticle chamber 23 and the wafer chamber 38 are the air-
5 tight chambers. However, they may be simple casings when the purge gas is not supplied to

the inside thereof.

Next, explanation will be made with reference to Fig. 20 for an example of the
process for producing a semiconductor device based on the use of the projection exposure

apparatus of the embodiment described above.

10 Fig. 20 shows exemplary steps for producing a semiconductor device. In Fig. 2, the
wafer W is firstly produced, for example, from silicon semiconductor. After that, photoresist
is applied onto the wafer W (step S10). In the next step S12, the reticle R1 shown in Fig. 1 is
moved to the position under the illumination area so that all of the shot areas SE on the wafer
W are subjected to scanning exposure with a pattern (indicated by the symbol A) on the

15 reticle R1. Subsequently, in the step S14, a predetermined pattern is formed on the respective
shot arcas SE on the wafer W by performing, for example, the development, the etching, and

the ion implantation.

Subsequently, in the step S16, the photoresist is applied onto the wafer W. In the step

S18 to be performed thereafter, the reticle R2 in place of the reticle R1 shown in Fig. 1 is

20 moved to the position under the illumination area so that the respective shot areas SE on the
wafer W are subjected to scanning exposure with a pattern (designated by the symbol B) on

the reticle R2. In the step S20, for example, the development, the etching, and the ion
implantation are performed for the wafer W. Thus, a predetermined pattern is formed on the

respective shot areas on the wafer W.

25 The steps ranging from the exposure step to the pattern formation step described
above (step S16 to step S20) are repeated 1n a necessary number of times tequired to produce
a desired semiconductor device. For example, the dicing step (step S22) for separating one

by one the respective chips CP on the wafer W, the bonding step, and the packaging step (step
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is not limited thereto. The present invention is equivalently applicable even in the case of the

5  projection exposure apparatus of the full field exposure type (static exposure type) such as

those based on the step-and-repeat system, the exposure apparatus based on the proximity

system, the exposure apparatus to use the EUV light beam such as the X-ray as the exposure

light beam, and the charged particle beam exposure apparatus to use the electron beam or the

ion beam (energy beam) as the light source (energy source).

10 The way of the use of the exposure apparatus is not limited to the exposure apparatus
for producing the semiconductor element. For example, the present invention is also widely
applicable to the exposure apparatus for the liquid crystal element formed on the angular type
glass plate and the display device such as the plasma display, and the exposure apparatus for
producing a variety of devices such as the image pickup device (for example, CCD), the

15  micromachine, and the thin film magnetic head. Further, the present invention is also
applicable to the exposure step (exposure apparatus) for producing the mask (for example,
photomask and reticle) formed with the mask pattern for various devices by using the

photolithography step.

When the linear motor is used for the wafer stage system or the reticle stage system,
20 the movable stage may be held in accordance with any system including, for example, the air-

floating type based on the use of the air bearing and the magnetically floating type.

It is a matter of course that the present invention is not limited to the embodiments
described above, which may be embodied in other various forms without deviating from the

gist or essential characteristics of the present invention.

25 According to thc exposure method and the cxposure apparatus of the present
invention, 1t 1s easy to assemble and adjust the stage system, and it is possible to assemble and

adjust the entire exposure apparatus easily and quickly owing to the module system. When
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According to the exposure method and the exposuré apparatus of the present
invention, it is easy to assemble and adjust, for example, the stage system by adopting the
module system, and it is possible to measure, for example, the positional relationship of the

stage system easily and correctly. The stage module of the present invention makes it easy to

assemble and maintain the exposure apparatus.

10 According to the exposure method and the exposure apparatus of the present
invention, it is possible to enhance the throughput when the scanning exposure is performed,

because the scanning velocity is optimized.

According to the method for producing the device concerning the present invention, it
is possible to produce a variety of devices at a high throughput at low cost by using the

15 exposure apparatus of the present invention.
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5 a first stage chamber which accommodates a first stage which moves the first object;
a first measuring system which measures a position of the first stage in the first stage
chamber;
a second stage chamber which accommodates a second stage which moves the second
object;
10 a second measuring system which measures a position of the second stage in the
second stage chamber; and
a main measuring system which measures positions of the first stage chamber and the

second stage chamber.

15 2. The exposure apparatus according to claim 1, further comprising:
a projection system which projects an image of a pattern on the first object onto the
second object, wherein:
the main measuring system includes a third measuring system which measures a
positional relationship between the first stage chamber and the projection system, and a fourth
20 measuring system which measures a positional relationship between the second stage

chamber and the projection system.

3. The exposure apparatus according to claim 2, further comprising a main

control system, wherein the main control system determines the position of the first stage

25 from-measurement results obtained by the first measuring system and the third measuring
system, and determines the position of the second stage from measurement results obtained

by the second measuring system and the fourth measuring system.

4 'he exposure apparatus according to claim 1, wherein the first measuring
30 system 1s attached to a side surface of the first stage chamber, and the second measuring

system 1s attached to a side surface of the second stage chamber.
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10 chamber.

7. The exposure apparatus according to claim 6, wherein the reflecting mirror for
the third interferometer is attached to the first interferometer embedded in a side wall of the
first stage chamber, and the reflecting mirror for the fourth interferometer embedded in a side

15 wall of the second stage chamber is attached to the second interferometer.

8. The exposure apparatus according to claim 3, wherein the first to fourth

measuring systems are first to fourth interferometers respectively, a reflecting mirror for the

third interferometer is provided on a bottom surface of the first stage chamber, and a

20 reflecting mirror for the fourth interferometer is provided on an upper surface of the second

stage chamber.

9. The exposure apparatus according to claim 1, wherein the second object
includes a first substrate and a second substrate, and the second stage includes a first substrate
25 stage which is movable while holding the first substrate, and a second substrate stage which is

movable while holding the second substrate.
10 The exposure apparatus according to claim 9, further comprising, 1 the
second stage chamber, a first prealignment mechanism for the first substrate stage, and a

30 second prealignment mechanism for the sccond substrate stage.

1. An exposure method for exposing a second object with an exposure light beam
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object, while controlling the positions or velocities of the first stage and the second stage, on

the basis of the measured positions of the first stage and the second stage and the measured

positions of the first stage chamber and the second stage chamber.

15 12.  The exposure method according to claim 11, wherein the exposure apparatus
further comprises a projection system for projecting a pattern on the first object onto the
second object, and the positions of the first stage chamber and the second stage chamber in
the exposure apparatus are a position of the first stage chamber with respect to the projection
system and a position of the second stage chamber with respect to the projection system.

20

13.  The exposure method according to claim 12, wherein the position of the first
stage with respect to the projection system is determined from the measured position of the
first stage at the inside of the first stage chamber and the position of the first stage chamber
with respect to the projection system, and the position of the second stage with respect to the

25 projection system is determined from the measured position of the second stage at the inside
of the second stage chamber and the position of the second stage chamber with respect to the

projection system.

14. A stage module comprising’
30 a stage apparatus which moves an object while holding the objcct,
a stage chamber which accommodates the stage apparatus, and

a measuring system which is attached to a wall surface of the stage chamber and
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which measures a position of a stage in the stage chamber.

15.  The stage module according to claim 14, further comprising a loader chamber
which accommodates a loader which loads the object into the stage chamber, the loader

chamber being connected to the stage chamber.

16. The stage module according to claim 15, wherein the stage chamber and the
loader chamber include openings for fluid communication with each other respectively, and

the module further comprises a shutter which closes at least one of the openings.

17. The stage module according to claim 14, wherein the object includes a first
substrate and a second substrate, and the stage system includes a first substrate stage which is
movable while holding the first substrate, and a second substrate stage which is movable

while holding the second substrate.

18.  The stage module according to claim 14, which is capable of being detachably

attached to an exposure apparatus.

19.  An exposure apparatus comprising the stage module as defined in claim 18

and a projection system.

20.  The exposure apparatus according to claim 19, wherein the exposure apparatus
comprises an interferometer which measures a position of the stage chamber, and a reflecting

mirror for the interferometer is attached to an outer wall of the stage chamber.

21. A method for producing a device, comprising the step of transferring a mask

pattern onto a workpiece by using the expostre apparatus as defined in claim 1.



