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W\\W NG EXPOSURE APPARATUS, AND METHOD FOR PRCDUC

BACK | N\VENTI ON Field of the Invention: The present MWHW

rel ates toc@wrexposure nmethod and an exposure apparatus to be use

mask pattern is transferred onto a substrate in the |ithogaphy step!'f&n

produci ng 10 devices including, for example, sem conductor elenents, |iquid
crystal display elenents, plasma display elenments, and thin filmmgnetic
heads. The present in | s t to technl ues in relation to the
above. Descrpi ption of %@@M&Tﬁéﬁ E 3*%"‘3!:]§ur acy is required
for the exposure ApRRRHFON PRODUC Gfpj)aidséﬁlae& RRATUS, AN St epper
type) or the scanning exposure type exa e step-and-scan systemn
to be used in order to pr MM&J@DWQRMDUCIHQDEW@EN the |ike.
Therefore, the exposure apparatus adopts arrangenents which nmake it
possible to perform highly accurate positioning or highly accurate scanni ng
for tRe reticle stage systgRCKEROPND mﬁgmﬁﬁaﬁl e as a mask and for
t he wafer stage systemfor two-dinensionally noving the wafer as a 2 o
substrate respectl vely. The reticlestage systemand the wafer stage system
have been h({ t assenbl ed successively and directly on a predeterm ned
frame necﬁ%?h %ﬁ‘ “WYer to further enhance the resol ution, the recent
exposure apparatus uses the exposure | i ght beam of the ArF exci mer | aser

(wavel engt h: | a% F havi ng vvavel engt h sho tﬁ éhan that of the KrF
exci ner | aser ? éﬂvﬁn aﬁ‘??)to ap SXPQRUFC MPYNof qud AR BXPOSULS GPRYAWS 1)) 8¢ ed
to use, fQEedaxRAR Baskifafelndl dasiferR@ahtd H‘@N&{r%gﬁ Ifhe liltﬁ stflé’i'avfof‘ﬁroﬁh&ng
shorter wavel ength However, the vacuum ultranol et t) as

descbbeddemiessenchuiingh faragxantpde, vezmedopdygtitr elemants, irqmlé erﬂai dnb;day ek@@ntsm has
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techniques in relation to the above.
Description of the Related Art:

High exposure accuracy is required for the exposure apparatus of the full field

15 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

as a mask and for the wafer stage system for two-dimensionally moving the wafer as a

20 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
shorter than that of the KrF excimer laser (wavelength: 248 nm). Further, it has been

25 investigated to use, for example, the F; laser beam (wavelength- 157 nm) having the shorter
wavelength  However, the vacuum ultraviolet hight (VUV hight) as described above, which
has the wavelength of not more than about 200 nm, has a high absorbance for ordinary air

(especially oxygen). Therefore, when the vacuum ultraviolet light is used as the exposure




-2 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 helium
gas, which has a high transmssivity with respect to the vacuum ul travi ol et
light, is supplied into the stage chanbers. Alternatively, the optical path
of the 5 exposure light beamat the insigle of the stage chanbers is
substantially in vacuum Such a procedure is also adopted in the sane
manner as descri bed above for the space, between adjacent | enses which are
arranged aghkhsam, Hds preessart taadoptshetollpyinggppeedare. shhat isptespeetivg Hagsgiystemst j s

necessary ;.0 f.ol qﬁ BERACEHL t p. i ch

uses the \%cﬂ%gﬁ{a?ctrl%\%/?éﬁeétt%\éq ght érg @%E@){%@éﬂr%ﬁeﬁgﬁﬁ?ﬁﬁgmﬁ@%&‘% ?@,a@?he

pr oj ect i omitdogen @as io€ dlelismsgamwhichi st @ highdtrimsntidsévifyr wite respedtatol then vaamdnt he

respective, sta eslg%re, successi vely assenbl ed. After that, the correspondi ng
r

y
stage chatb&v® f-ris supnlicd 1819 the siage ehambsin 4 Altgrativaly dhe ioptical patheotsthist ens
whi | e Jrai el [ i - g : ich :
For xanpr Soopicateh B of pie IHHERE e, g8 RERRGRES o RRBREA oo SHHES
descri bedpaizodwere is alsasslepteti ad the sams tnadnhémap tdseribddagimve Harmter spate betheen
naintaining?the air-tigh ness after successLéel ﬂfsenbling theZErojection
optical YRS alGBSeE h&hIcEs Bec ATgReedt Algdhe yatidaeotyilien PrIsqiiont oplical hystepamme
mechani smy EQWEVERS »it th i j ] i t t he
st age chaﬁ%ers,ggéétgﬁﬁzgg%ﬁﬁg%ﬁgﬁﬁEmiggkéﬁﬁ% §§?§g%;&gg§e ﬁg%Xa%?ﬂﬁms
respect t ovhidbeusss thgl echunmitravidétdghs as de ckpssure bight ooy eThat egjuhe pojation
considerable period.af tine to assenbl e and adjust the apparatus. Further,
a 1o 2 6l Fstemyis stiledig the GRime mchaniim. aRd e Taspeptiy e tHESS Are HECSRRY Y | ve
posi tions aghpRAN AMS thRSMECbirYPoRdiAg Stagy shberaitd 1hif1earsei 86 is@fodit theal
system Therefore, an inconvenience arises such that the production cost of
t he expostaspectiyp atage systems WhilgmesinteuingRbe eindightnesse nmet hod, in which the
respective stage systens, the respective stage chanbers, and ot her
conponents are successively assenbl ed as descri bed above, involves the
f ol | owi ng i ncobepiposare apparatk, whigh BseShfor ekamplehthe adfunst ilirgvioted tightsasithe al so
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exposure apparatus with the arrangenent "'m whi ch the gas having a hig

-. t ransmi sstheirespegiiverstagespetems wathtrbspeetxtp doaifremg n@chinigm. blewevérsthsupgthededn f or

exanple, to.the inside. of the respective stage chanmbers, . .the -3 fol|ow ng
foar occurBichihe PRpEEHR . sed HTIoBE  Msa Rl “PRuels ivPRE crmepigs o
transm ssitctsgivey hd3emplag adith rédpedt Ao CBBtsild PlAme! mbdtan@@Sad deREBERABER, ON
the optical path of the exposure |light beam and the intensity of the
exposur e TeayHes Heidenblcongaiod of sime lpeassamre ped adjuy theoapprabise Further aviprg.
When .t he el e i S . _

nel 1 oy & BamodEighe 0Bl 0 BARICTS Rykh ol 8 pEARAITOK R0 RURRIEE |
i n order $tagessypieme aad tHeeprojectivnngpticalsyystetht Therefidrs,aanrirepniverdehce @risdshsaclejposur e
appar at us  of t@g,scanni nglgexposure type.that the exEosure agp(gr_at us. i s

easi |y as$EPEIAGiohershayf the ekpsuEaAPPRINE 4 WeTepsedh & UftheTo G HpEIROG An Phich the
exposure : r i,0n Y i
exposure %ﬁegtel{r/?oért%%dgg%éﬂsy ghengﬁkﬁlggsf%&n%@%ﬁgg? hgmg é@?g}l tecgglgalt?ﬁlgm r?a%s]k
and t he wafcegssiaslyt dseenshlbd bis desribtchebope mvblven sheofollneted ecanveniencerey evelint  at

a copstant, vel oci t scanni ng. vel ocity), and decel eration.are.performed for
cacn2gr ¢ R v i s R GEveanrs e Soplifaef Whet B er i EnasgE i i ERBFY r e
consi der eghpoSurB@ppathiub Ci £0h £hAL th@me CAANIKE GoVieleQRirdd fdrShEBAfh¥ndnRE eased,
in order to increase the throughput of the scanni ng exposure operation.

However, infrepsed. scanning velocity is increased, it is 15 necessary to
prolong the acceleration tinme and the deceleration tinme. Therefore, the

hi gh throughput is not necessarily obtained nerely by increasing the
scanni ng vel ocluriher, SUNVIVARY QR dEHED EIVERTSCONIcTadi adgist the ckprsegoippgrapisobttens
into consjderation, a fgr§t OQ%FQP of ghﬁ present invention is to provide
an exposuls AT A VA" dlp 8L o AR (FOSTITSWHY SHINSTPSRTE! 9/ LF SHROSHEF and
ot hego conpanerhs 8reppisd, [ asseibl @dinandsiadiotshe despberiRCRid abihdets, @fic t he
present invention is to provide an exposure nmethod and an exposure
apparatus in which stage systens and ot her conponents are easily assenbl ed
and adjusted, and a gas, which transmts an exposure |light beam 1is
supplied to at least a part of an optical path of the exposure |ight beam
wherein the gas is effectively utilized to make it 2 5 possible to nmaintain
a high concentration of the gas on the optical path.



A third object of the present invention is to provide an exposure nethod
and an exposure apparatus in which stage systens and ot her conponents are
easily assenbl ed and -4 adjusted, and the positional relationship between
the respective conponents is successfully nmeasured easily and correctly.
Anot her obj ect of the present invention is to provide an exposure nethod
and an exposure apparatus which nmake it gossible to increase the throughput
when the scanning 5 exposure is performed. Still another object of the

toi ti is t id t h fficientl duci ng. th
exposur e i far Grshe SR helfe BpBes ot des o s B PR R 0 it o
Lo ke | incRASEY, BleoPerMafBRIGE 11 giRd fcYeadld GiPitepRcAipali¥F ho Vfile IRt L e

hi gh t hroughput by using the exposure apparatus. 10 Sti anot her object of
t he pr eseheam,randnhd imtensisy oHthp epposde light beaye inlodeted ontthe butisgate ap bb krpastd

bei ng det gchahl| tached to the exppsure apparatus. According to first
aspect of HEHAMER BBRE CraRAs IPYIR. 0% HER NS BHBDY eth ReR et ok B AHTS
for exposingids S&eQAA, BRIRES the\Bhd addrfdati Ry SXPRSBIEinlordipto Q%f@s?ﬁr%srhﬁ}gng
through a“first object (Rl), the exposure apparatus conprising: 15 a frane
(32 to 37¥gsta first stage chanber (23) which acconmopdates a first stage
system which carries the first object while holding the first object, the

first stage chanber being detachably installed to the frane; and a second
st age chanber [t38alsoheqired dontmedpeses: sppetwna the agmnBpgsixposufd\BPE tRatGhevhi ch

carries the second opject m@ile qahfin he second obj.ect, the second, stage
Chanber bEMASAGPRERLEIT Pt SFTRACL A AU Fdrad FROTHD (e SR S aPat us
accor di NgedRsh@ieBiEmerhsddN 1 RlAR 18 hetBo 6, W tRDRYShind B obirk & peafdnagcond
stage chanbers are constructed as nodul es. The exposure apparatus can be
10 by synchronously moving the reticle as the mask and the wafer as the substrate, the operations
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
of the scanning exposure operation. However, if the scanning velocity is increased, it is

15 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
invention is to provide an exposure method and an exposure apparatus in which stage systems

20 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, 1s supplied to at least a part of an
optical path of the exposure light beam, wherein the gas is effectively utilized to make it

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

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

exposure apparatus in which stage systems and other components are easily assembled and



assenbl ed and adjusted easily and quickly by assenbling the first and
second stage chanbers, 2 5 for exanple, mparallel, and then installing
themto the franme mechanism Further, the first -5 and second stage
chanbers can be easily detached fromthe frame nechanism Therefore, it is
al so easy to performthe maintenance for the exposure apparatus. In this
arrangenent, it is also preferable that 4a projection system (PL), which
projects an inmage of a pattern on the first object onto the second object,
is installed to the frane, and 5 the second, stage systemto be used js5 a
oubl o- ot AGESES s AN G aTon N oGRS hS s B R Co RIS TRoeshiles
first subglehafr& d¥yland &trebfle Second object, and a second substrate stage
(40B) which drives a second substrate (W2) as the second object. The frane
i ncl udes, for exanple, a first base nenber (32, 39) on which the second
stage chanber | i | t he
first base 10 'r‘%o gfgﬁng%th@faﬁl\g/ﬁgé;%ﬁ)gﬁ?%ﬁcg%) iégég%%s%g?éﬁ%%é@r??%v%i ng
t her ebet wexposearechpparandsi elich meakEiit possilage ichasddie thsoypghputewheratid saiding d
base nenber éB?), whi.ch is arranged on the first base nenber with a

vi br abi onSHROSVER PTETREdest al (36) i ntervening therebetween and to which
the projection systemis installed. The vibration, which is generated in

each of the stage systens, does not nake any harnful influence to_other
portions, by aPibanpiges pliect ofr the ipsssensy Byantion,is ta provade aimgthod dor effigientdne as
descri bed (P i E?a%‘ﬁ t : p f | gas
supply apBl?rag%/lg% tH(e4ex ;é)sug;@gfé};, %35 & I c?%&]?&%%f ?‘2‘? g‘%té‘fé’g f?@?g?‘%gﬁﬁvt%ct%? ng t he
exposur e maghit jpssibietthgreduse auginietyt af deveces rtilddowf casher fherldgh gtraupghpathisyrber ,
t he second .st age chanber, and the projection system a first covering
member ( Eﬁﬁﬁgﬁ?‘ﬁﬁugeeaﬂp?awwst antially isolates fromthe atnospheric air)
space 2 0 between the first stage chanber and the projection system and a
second coverin (,18D ich seals g.subst antially isolates fromthe

Jrenber ) V\Q
at mo3Bher | ¢ ai FY1l Spaibe tRaeched ine REFSHE P wRtiPRAS 13 BIo¥Heah Haghmmoduleomdich isge
chanber . Eﬁébgéggghgdettag}ﬁ w&ictﬁéheﬁ@&jt}n%%QQMré ganshanbers are installed to

b
the franme chani snT and then the two coveri menbers are installed. Thus,
it is easy to decrease the anmount of |eak of the gas transmtting the

exposure 25 i f t i . 4 ure
i ght beamr anglmr%éﬁfi gg&mta[‘ﬁ{gfe%%g%gﬂ g? p{r %gﬁ tf l|'tar€es]?i?ﬁsl’[ g%te %ﬁ;arﬁ%lg%d %geetx ﬁ&ésg?ezsi de
of the seappachtistfagexmlmgiresecoingbject (W) pathsanbdxposure light beam passing through a

first object (R1), the exposure apparatus comprising:
15 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

a second stage chamber (38) which accommodates a second stage system (WST)
20 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 mmvention as described above, the
first and second stage chambers are constructed as modules. The exposure apparatus can be
assembled and adjusted easily and quickly by assembling the first and second stage chambers,

25 for example, 1n parallel, and then installing them to the frame mechanism. Further, the first



to maintain a high intensity of the exposure |ight bean. It is also
preferable that the exposure apparatus of the present invention IS provided
-6 with a transport chanber (70) in which a transport system (WRDA) for
transporting the second object into the second stage chanber is

accommodat ed; and a gas supply apparatus (4 to 6, 7A, 7B) which supplies a
gas for transmtting the exposure |ight deamtherethrough, to the inside of
the first stage chanber, the second stage chanber, and the transport
chanber 5 respectively. to make control s at the. concentrati of . t he gas
or "t r ans i Shg e Ehmy £ beosip et i EGAGTF ARG e RRsRerotr g
chanber 'ﬁs5'1%(9%5"{6B&ﬁ)ﬂ?ﬂ"tﬁérdafhtéﬂaﬁcetf’oﬁﬂl%l&?ésu%%fus. Accordingly, it is
possi ble to decréase the anount of use of the gas on condition that the
transm ssivity of the exposure |light beamis increased. The exposure
apparat us may fyji; he, 7§ RO1Y dfat R0 uition Ly SORNBE], viiéh frbfedds, 10
st age chanber, I#F]%Eglré% nd st ag%glgﬁgir?gﬁr, ar?d ?’Eoé troan%/por'[t c%ar@@rst{) t he
gas suppl yanampge af aipattesss pe the frst ghjecs ohtertbe secope pbjeetdisviastalésl totthe frame,cand

provided for the respective gas suppl,y tubes, and a gas control system

Whi ch Toni!horeonbERE IR Hhied 31 BABTRISSRES Sl (i 2 Pr SebopaE e
appar at us (HBY) 'thchQl?i'ile§9@iP§t's§l§'st1§tes(W_ 504s tM‘@bé&Bnd@@j@é{[ R A s&9NE ‘M sate! s@dgeof a
| i ght -absorbi'hg substance in the first stage charber, the second stage 15

chanber, ##@B)Wwhich davespetordisabiteate (Wiblarsdhasetdrsl agest.suppl y appar at us may
supply the gas to the frist stage chanber, the second stage chanber, and
the transport chanber on the basis of the concentration of the

| i ght - absor bi n§hs{lmtecainclrdes dsurxachpley atfiret e sembeE2h 36§ o mdicdhethesecomtiage

chanmber and the transport chanber, may be proyvided wi.th an qpening.fo
recei vi ng Sta8é %@@Bﬂd‘sdﬁ?cﬁét? Sgﬁ?“ﬂﬁ?ﬁ‘%/ MyIO5F ?%gée‘?ﬂ]i"ﬁ}é 1} AEangs d’ﬁ’dthﬁbtj‘"é'c{’?seand

a shutd er fiQfbed wiincd ABtRenpAReRRRPeBsdl 954) BB IR M BFQRINA R SAich thee
shutter may be divided into two in the vertical direction, and the opening

degree of firktestagpehimber nepladed, ardguthnd bakedngretred (3 vanch iserrsnged onfthe first Baseond
object. According.to the second.aspect t.he present Jinventi t.here is
Pr v ded SRSt VAR BrTEn B R Ay Ba e Tk WNGh B an
exposur e lgrgjbétioRegstemas msiabed. NTIRUEBrafior SvifieH Bleefdthied in €4k bof tHet@rg8 XPasHY, €
apparatus conprising: a first stage chanber (2Z23) which accommdates a first

st age (RSHpeswgtahakemnyharrhial friflugncegbjosher porions.rbs allewarg, thengbrayen-prev¢may)
whi ::Ttk)hegreasures§asat potsi t}lonS fct hgﬁ%i&est stage (RST) in -7 the first stage
cha r -(i’ﬁjkf é QGG %?a(geé r%:br? 2 "(38) which accompdates a second stage
(WBT) which noves the second object (W); a second neasuring system ( SCAY)
whi ch neasures._a positio og t he sec g stage 5 %V\ST i.n the se d age
chanber (38) - A tanbl s Padhs bR TCObaer o S bl chPRaBE s Bl %4
posi ti ons 78 wihiéh dubpids Sgaader edhemnahg (Ixkpadute lifle beaa RdetbiagR, 6B GIde
(32). Accordi n?_ to the exposure apparatus as described above, the positions
of the of the first stage chamber, the second stage chamber, and the projection system; a first
covering member (18C) which seals (substantially isolates from the atmospheric air) space
20 between the first stage chamber and the projection system; and a second covering member
(18D) which seals (substantially isolates from the atmospheric air) space between the
projection system and the second stage chamber. For example, the first and second stage
chambers are installed to the frame mechanism, and then the two covering members are
installed. Thus, 1t is easy to decrease the amount of leak of the gas transmitting the exposure
25 light beam therethrough, from the optical path of the exposure hight beam ranging from the

inside of the f{irst stage chamber to the inside of the second stage chamber, and 1t 1s possible

to maintamn a high mtensity of the exposure light beam.

It 1s also preferable that the exposure apparatus of the present invention 1s provided



respective stages in the first and second stage chanbers are neasured by
the first and second 10 neasuring systens respectively. The positions of
the respective stage chanbers are neasured by the main nmeasuring system
Therefore, it is possible to nmeasure the positional relationship between
the respective stage systens easily and correctly. In this arrangenent, the
exposure apparatus may further conprise @ projection system (PL) which
projects an inmage of a pattern on the first object onto the second object;

wh in 15 .th i i yst e i ncl ud i asuri ng. tem
(5av)y whi ot 4Stmest St (T REh i froere SYREtARRDAdor FRGPOLiRpe
chanber aggkohf %bj@&ﬂh&ﬂ% Q&tond §tTa§éQ:ha?rﬂfér & decOthiBdIELIHA b 1389s %ﬁ}ﬁc{ﬁpﬁéﬁn@@

whi ch measures a positional relationship between the second St'age chamber
and the ptopetA, ) wlish euppliss a gasifon glagsmitting the poasits] leght bedm ¢hdrsthmoghytat el y

measure the positi.ons.of the respective stages and the sitional

el at! onseTEREOEARE B SHES BEETIErohe Shions Sheg BBk 61 Systasaportfaamber
exposu € 2RPatALNSo AKE IR sb ehat IR JBh&HEIiod HMRS %ésofﬁr BYsniiing IRe exXpeSiE! S¢€
a main control system (200), wherein the main confrol system rmay determ ne

t he posi t ilight béant treréthrosgh s dlgre sdcondnstagasharsbants hgeulthan thst & thedtrimspote
first measyring system and the third neasurjng syst a it may det.erm ne
the post i LI EyfeoCRabnd" GURGHPE ) AFHERG M RERIN 5T 555 BLfheises SBreanfiign by

t he secon¢haiBRIHhEABSISHS beMe 3RsbshiRaighPbéalisiRasdded.ng system The main
control systemmay drive the host stage and the second stage while

controlling the positions or velocities of the first and second stages on

the bass of thgnéetgisienpparRs iraly ®itthe torhpEseldat Sipply twbes WhidH BorfHaet thd Girst
second stage. In this arrangenment, the first nheasuring system may be

att adifed stega chambers thef sesendistaghechfinbert and dhe tahspetiechambet to the gas onpply

measuri ng_system may be attached to sjde surface of. .t cond stage

Chanber | HRTHRT LEBE R RroieaR e g RS i REPrEued Puiht EpefiEikes
i nterferosiiply fube€SRRACA ighe byntrod siy@érh 8ShitN GoMikd19 opératfior BE thehidléhoid-operated
interferoneter nmay be attached to an outer surface of the first stage

chanber, &pliesa r Ehe exxppsige mipprisiust may t fistheio gpmprisntae sensporighieh megsuise a
attached toBiadihele 2 hAfRoftind BBREONN GR! AAP LORTRE b TARCCAN Kool 1°

reflecting mrror for t er oneter m athed First

i nt enfser ovkdnther, e @bleigshsport @harhiste, WidrkinQhe fA3esupply Sppaiatag hagRappigthe @odo t he
reflecting@nirror for the fourth 10 interferoneter enbedded in a side wall

of the sefdrddsisyaggechembemndie ssegndresichamherdandthe fansposishamber e therbgsieoér .
Accor di ngy.Oc hobfttatin BTRRE UighlatlsBbikY SRRMhcd WGPy hd'SERof.S HALRGrARE 2N

exposure
second stage chamber and the transport chamber may be provided with an opening for

receiving the second object, an opening for feeding the second object, and a shutter for
20 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
apparatus for exposing a second object (W1) with an exposure light beam passing through a

25 first object (R1), the exposure apparatus comprising;

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

first object.

a first measuring system (25Y) which measures a position of the first stage (RST) in



apparatus for exposing a second object with an exposure |ight beam passing
through a first object while synchronously noving the first object (R1) and
t he second object (W2), the 15 exposure apparatus conprising: = ~S a stage
system whi ch noves one of the first object and the second object; and a
mai n control system which controls the stage systemso that the one of the
first object and the second object is accelerated at a predetermned rate
of acceleration until a predeterm ned scanning velocity is obtained, and

t he one ofl??tettgre fi rrs#]wgg%zﬁgéand the second 2 o object is noved at the

pr edet er mt e SSE3ET ity, wherein: the scanning velocity is

determ ned so that exposure tine is substantially shortest depending on the
rate of acceleration. In the expgsure.apparatus according o this.aspect,
st ng  hat  Ewerant 88l CRTaa o ST Es ateeard 395 (WSDIRBER! no
di recti onp{RebheRERNASHjeBY(WNE time of scanning 2 5 exposure for the first
obj ect 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 w th the.&xRqatUsrind %@W?ﬁf’?ﬁvhﬁcﬂ%&si&fék ?%)ogmoﬁc&fzthy\éecro QlspBENt S

the rate of acceleration, an represents _g_ the scanning vel oci Ty;
t he sGann{WST) al theis¢opni¥¥taps cldetber (@8xeadd f or exanpl e, so that a val ue of DT,
which is defined by the followi ng expression, is substantially mnimum ~T
= 2VWW + (LY + D/VW...(1) The first termof the exposure tine OT is the
sum of the accelmesiatrhensutingreysamd (54, 57Y)ewhicarmatdsores tposiEponanfl thehfirss agad
termis the ti mE (expqsure tine ig narrow definition) in which the exposure

i s perf or Fenber (4Hend thersheang stAge 6RaRETAAN i n t he exposure area for the

conparted area. That is, when the scanning velocity VWis increased, then

t he exposure tine in the narrow definition is shortened, but the
accel erati on afgcdengl o G HPISHIfe 2PRAFLD |38 ndrseribednabayeothe positions #f rthag

velocity &e%p&ﬁi% @a‘ag@s%%ﬂe ﬁi%fancf heof agg;é%hhaglpégwmsu}e; bgghi@'ﬁ&%d Eééioxlfd 0

determ ning the scdnning velocity VW the sumD e bot
shor t@st . mkaawingispgerhoreapdcauely.h The pesitionsfof theaegpeatterstage thanbdroare ndasured | S

provi ded thad for producing, an_exposure, aratus for exposing. a second
obj et (VEY! mﬂna}?aw&g_éﬁ%t@ni ﬁgﬁ&ef%gahﬂsgeags&ﬂgg’ ‘Pﬁ?SB{?g}I\e _aosrﬁlcfngf_ regioRtP
(R1), thepdiRlbpecaRERishge systiheabily fid SheBR! assenbling a frame (32 to

37); 15 a second step of assenbling a first st’age system whi ch noves the
first object, accompbdating the first stage systemin a first stage chanber

(23), and det agN@R MrahPShah! tho8xgdifre dpbahtus b FutRE WBRbrilPa bidfeclibR HtenNd
(PL) which projects an image of a pattern on the first object onto the second object; wherein
15 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
the positions of the respective stages and the positional relationship thereof on the basis of the

20 projection system.

The exposure apparatus according to the present invention may further comprise a
main 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
measuring system, and it may determine the position of the second stage from measurement

25 results obtained by the second measuring system and the fourth measuring system. The main
control system may drive the fuist stage and the second stage while controlling the positions

or velocities of the first and second stages on the basis of the determined positions of the first



a third step of assenbling a second stage system whi ch noves the second

obj ect, accommpdating the second stage systemin a second stage chanber
(38), and detachably 2 0 installing the second stage chanber to the frane.
According to the nethod for producing the exposure apparatus as descri bed
above, it is possible to efficiently produce the exposure apparatus
according to the first aspect of the preggent invention. Especially, the
first stage systen1and t he second stage system can be assenbl ed separately
fromthe franme &E en they can be installed to the franme together with
the stake SERaANE “*H P@B%re. Uis easy to 2 5 performthe operation for
assenbling the precise stage It is also easy to performthe naintenance
operation after the assenbli -~0 It is desirahle that, the t had

PPt her Ccompr | LS R e RRn 15t TeRu Ak FYSIGR Y R hehe & S5 e A on
system (Plge ifh@f st%ecﬁhﬁﬁ:ﬂ')érn thPile sE0RHE rri%%sfﬁn@%%t&ﬁ rr‘nzf}"rbe a'&@clfeli 5 h sRBls@Fice ARt O

t he second obj ect wherein a cutout (38a hrough which the projection
system i s tlapabhd stage phasberg, Thes fipst ctmfdwtth beharmgasystems may bpgest toofonitbn of
t he second stage chanber t secon e er and the projection
Syt o ar SPEREREEL YRS e R e Tot BB AL CUR BB Rg ek be BlteS
stage chagben asher kgl &f ! GRAD SHRt QRN ARl hNehalingdmicort R fhE af¥Brth
mechani sm easily and highly accurately. According to a fifth aspect of the
present i mvterferomater tagrbe attachsd dw pnl euten puréncp of ﬂxe@eqomdrmef@ammpcf@pﬁgalb'
second object Wi th an exposur bea i ng, thr.o first. 10

by ect, o M otk B RO B Bind i AGerg e BN pbrro il P ifyBfremeise, |
first st agﬁlb%ueahn hodigls whil @ f kg Sist gbg@@ﬁambéhldnﬁ thé FeTdb@dd Mirrdr@r tHel Shirth
object with the exposure |ight beany and noving, in a second stage chanber,

a sedénd dnterferompiet Amheddgd i Beidssrhef bibjsecond sme sharabar ondyzka dttashed totthe he
first Stagcmﬁﬁﬁﬁxwao %5 the first stage chanber and the second stage
chanber € ¥ § RECER include a first stage system having the first
stage and a second stage system having the second stage respectively. The

exposure method further c rise to,. th flrst st age chanber and
The second st acsefingde < R AsRET of (P i inteR it doeth if BrovdS pocPRoTRE
exposure Iaplgiaétubﬁﬁraxpasnﬁg £cEdhdioBfkct With ahi oxhsuds AR thetth fab@nP &Mt a first
invention, there is provided an exposure nethod for exposing a second

obj ect w phleatnwbblmmh@npuﬁmnqy@wﬁma&rﬁ pjeethRdhgnd dhe secopd @bjeét: {Wéa.tthe an

exposuyre t th a first stage which noves the first object
and gggecgﬁgg&% g§m§%8¥ﬁgﬁ§ @% t he second object in svnchronzation with the
first object, the exposure met hod conprising 25 neasuring a position of the

]]: : Ir, :t :t :Sg at atstrz]lge Isys?em Whch maov];:sI cr)ﬁsetoﬁfle ft gbfjlgc 25 th%%gorr]ld o%Jec{'“E&j ates the

a main control system which controls the stage system so that the one of the first
object and the second object is accelerated at a predetermined rate of acceleration until a
predetermined scanning velocity is obtained, and the one of the first object and the second

20 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

width of a comparted area (29) in a scanning direction to be exposed by one time of scanning

25 exposure for the first object or the second object as the driving object, D represents a width
(shit width) of an exposure area (28) in the scanning direction to be exposed with the exposure

light beam for the driving object, Wa represents the rate of acceleration, and VW represents



-11 neasuring a position of the second stage at the inside of a second

st age chanber which accommbdates the second stage; neasuring positions of
the first stage chanber and the second stage chanber in the exposure
apparatus respectively; and 5 exposing the second object with the exposure
| i ght beam passing through the first 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

th d i tians, of the first hanber th t
hanber I RROM RGP i Bt PRl 9 S el P & alh e, e
are synchi@ReUShh IOYEed B%Hﬁ‘:rff)@évﬂihg?ﬁpﬁééﬂﬁéLéfsﬁbstéxﬁia}l?%iﬂﬁﬁﬂn{.i ons of the

stages are determ ned on the basis 6f the positions in the stage chanbers

and the positions of the stage chanbers. The positions or the velocities of

t he stages ar echLnﬁj\pwmi(L\ﬁgq@g\gg;gce wi th the det er"r@l?ed positions.

Therefore, the positions of 't s are adjusted relatively easily when
t he exposure apparatus is assenbl ed. The exposure apparatus to be used may

further conpri roj ecti.on system which projects..a pattern on th 5
first obj ect onte EHdOULebHE sRPSt tntrnf de BChBESP pR REUERLY Rt 8
first st agecddiaidiefimadnshd thé sednlaeme e tHh@ dkpbiiadfite inMade ERMTIH) &n
apparatus are a position of the first stage chanber with respect to the

pr oj ect i onvhighsthe rexpertireaispssformeshatothe tspanngeconieriyt Meinctha elpesuyg arka farshect
to the prqjection s Furt her h Ltien.of the fir S Lt h
Fospect "t SRR HrRlle, FHE A Seanb G RREIL VAP ihotkea) (T ine S BitRrdinht

posi tion of thehambwrdetinitiba geshdttedde bittaé decelttation@nd decdidritidn heageprolboagdier
and the position of the first stage. chanber with respect to the Ptojection
system adderefse. be seanpingdfelocky isertgniged so et et ehass pueushpyt is1obtaicd; Bt i on

. | el ;
the. et agemfn i EhARMng LB P RAR G- PR GLB, i o e o ot age

chanber with respect to the projection system According to a seventh

aspect of the present .invention, t e |s provided an exposuyre 25 t hod
FoF Cexposi ng. arGEuEIg BA Bu s LIhe ereSal ien it it BRORESe M 8EGn a
first obj Efdducm@iah%xﬁmeéw%aﬁwsl fibr BRpUsiHg 4 §Rohd biSectqW BGVitR R exfRweahnd

obj ect. the exposure nethod conprsing accelerating the first object or the

second obpean pagsing thyovglet Brstrpbieet (R4, éhegnethod gompristng: er ati on until a
predeterm ned scanning velocity is obtained; and

T4

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

15 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,
accommodating the second stage system in a second stage chamber (38), and detachably

20 installing the second stage chamber to the frame. According to the method for producing the
exposure apparatus as described above, it i1s possible to efficiently produce the exposure
apparatus according to the first aspect of the present invention. Especrally, the first stage
system and the second stage system can be assembled separately trom the frame, and then

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

25 perform the operation for assembhng the precise stage It 1s also easy to perform the

maintenance operation after the assembling



irradiating the first object with the exposure |light beam while noving the
first object or the second object at the scanning velocity, wherein: the
scanning velocity is determ ned so that exposure tine is substantially
shortest 5 depending on the rate of acceleration. In this exposure nethod,
the scanning velocity is optimzed so that the highest throughput is
obt ai ned, by determ ning the scanning vgpacity so that the exposure tine is
m ni nrum as expressed by the expression ( 1 ). According to an ei ghth aspect

of the present jnventign,, there is proyided a.sta modyul e conprisipg;, 10 a
stage appar at udt Whﬁ?et?ﬁaﬁﬁ\}l& qﬁ% "E%}]‘Oélc{”r i f(gmmﬁeﬁia%@“‘ftmé%Bb?fglggt,Eﬁ‘Qgs e
chanmber Wl aGraetRAadySemt (PE) $6r346j @tﬂ{%{rﬁﬁﬂ:@' A0 aflerTRASHE G obyeet 8
which is attachgg&to aqagl?l@ﬁ?fé?g'gf t'he staag cggnbey and whi ch neasures
a posi ti onthofecandobigd, Whereinea ertteutd 384 athiangh witieh bt arymechod sysiemads oadbleft o

the present iLnvention cammpdat es the stage a ratus, and 1he nodu can
be. det achdBPyPE & BITAEACE VB ] SABGRRrEPaRRm Rt ok FaFD Rthitord fe

st age aAppak@indSstage @RHHEP hRd theoplofRtie @ﬂﬁé&ﬁ&ir@@&&ﬁ@lwmwhd ih Sheé WdufrinCiignt to
attach the stage nodule to a frane of the exposure apparatus. It is easy to

per f or m t Heccopséngdy.i the stepndrtagguehiamen pred Bieppreiseeon pystanatcar be Thetalladagethe
nodul e may; furthc%r .coggi,s% %[ié@z,ad%r g&anber whi ch accommodat es a | oader
for chargi F?&“‘t’ﬂ% SB]]S C yn%g & 5@3 ¥hanber, the |oader chanber bei ng
connected to the stage 2 0 chanber. It is noted that the stage nodul e
resides in a cgncept ich.includes the stage chamier and the stage

ippar at us acoomtoaarES harhiwdl 5T  BreSr IR dhere & reiifes™E Hoeorg
nodul e st hghall fori FApWIAE R sBcotidadifecR RAR @ éBpdstrealidhe de)m JaRRRS tfGudhad miaged)
on a bottom surface of a box-shaped stage chanber as described later on It

i s allsdb probfest, thist exppsvae mathod gewprisivg connecting rel ationship is formed

bet ween a stage chanber and a stage apparatus. 2 5 In the case of the
latter, when the stage nodule is assenbled, for exanple. to a frame of an
exposur e appar amayng,iin g frspeege ishambes, ¢ Uustesiago/whigh dwidsnibieclinshebjsetagdile
apparatus .angd the, st.age chanher to the frame.  -13 According to another
aspect of ma&&&%ﬁ{ PWS anH%?eﬂﬁgP%IFéﬁg?gbfﬂ%d a nethod for producing a
device, conprising the step of transferring a mask pattern (R 1, R2) onto a
wor kpi ece (W1, W2) by using any .one of the exposur. ar.at use ccor.di ng
to the present MUY BAEoRT SBRPHIED A KOS RUEnTh DR 1o e in
possi bl e tspndAr@LEiBn ithahé Ry stde, dB¥ieses at 5 | ow cost or at high .

t hrreughput . BRI EF DESCRI-PTI ON THE DRAW NGS Fig. 1 shows, with parti al

cutout, a schematic arrangenent illustrating an exenplary projection
exposy € appar #difirs2saeE Shdithel AndthLEHORH BREY ciintel GrePB&AR whithERELENa
Fig. 2 shows, with partial cutout, a right side viewillustrating the

proj ect i odirgsxspags sysiem lavigphe &irsl stagh onsh aj sacqdgstage system, haginghibasecond tskage
partial cutout an view il |lus ing a wafer sta st.e nd fer
Poader syltamhieBpobRietbStensitd hbar rhulP Flnahafip do e BER A2 ol
| oader chaf®@ie second stage chamber, a gas which does not substantially absorb the exposure light

beam.

20 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 stage which moves the second object in synchronization with the first object, the

exposure method comprising

25 measuring a position of the first stage at the mside of a first stage chamber which

accommodates the first stage;



70 shown in Fig. 2. ':4 Fig. 4 shows a plan view illustrating the contours
of the wafer chanber 38 and the 15 wafer | oader chanber 70 shown in Fig. 3.
Fig. S shows a plan view illustrating blow ports, discharge ports, and

ot her conponents for the purge gas for the wafer chanber 38 and the wafer

| oader chanmber 70 shown in Fig. 3. Fig. 6 shows a perspective view
illustrating a state during assenbling pnd adjustment 2 0 of a projection
opti cal systen1PL t he waf er chanber 38, and the wafer | oader chanber 70

shown in Fig. 2 ). Fig. 7A shows oft . shi

i Sposed bet weBsHHRE aohgeiion; i sicodl N of o misidintls et heccamber
Fi g. 7B S{Ribk acconthddaslditie] @corRl e: 18F di sposed between transport ports
52A, T4A. -14 Fig. 8A shows a p an viewillustrating an illustrative

arrangenent of the soft shield menber 18F. Fig. 8B shows a sectional view

i [Tustrating thgashidihd!podiaddsVSt (BE TRASLIE RhaRbert i@ tﬁ@gécoﬁ@'sﬁhg cHRARSIn J3F. S

Fig. 9A shows a plan viewillustrating a shutter A for opening/closing
one of t hexpbswespwratupospcstivels apfi t he waf er | oader chanber 70 shown in Fig.
3. Fig. 9B shows a sectional view as viewed froma side plane of Fig. 9A
Fig. 9C shows a state in which only a first shutter 75A1 is open downwardly
in the struct umposa’hg)\the sagod gbje@Awith Qhd-exposil® 1sdho\bsara mBMge throughhihe Hirsthe
fslh(r)\?\:.] ISEuctﬁ{]gcr \gl}:{ e co%’[}gllﬁlgstﬁecgons?tlosnrs] %E tvgltracn?lgs'a‘ozf tﬁe %rs(t) steé\lge !arpd tthg Eé\ecsotmri let%tgg roef\l
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. In this exposure method,
when the first stage and the second stage are synchronously moved to perform the exposure,
10 the positions of the stages 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
apparatus to be used may further comprise a projection system which projects a pattern on the
15 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
system may be determined f;om the measured position of the first stage at the inside of the
20 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.

According to a seventh aspect of the present invention, there 1s provided an exposure
25 method for exposing 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

accelerating the first object or the second object at a predetermined rate of



Fig. 10 shows a state upon assenbling and adjustnment of the projection
exposure apparatus according to the enbodinent. Fig. 11 shows a plan view
illustrating an exenplary shot nap on a wafer as an 15 exposure objective
according to the enbodi ment. 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 ag1?xposure area 28 having a slit
width D. Fig. 12B shows a graph illustrating the time-dependent change of
the scanning 2 0 velocity VR of the reticle stage. Fig. 12C shows a graph
i |1 ust r at iBREFIETARPR YKL 2 gEgdetspaingd E%amgévslpcmhléoggawﬁiﬁ% velocity VR of the
reticle stage, depicting a situation mwhich the scanning velocity is
faster than that m Fi -15 Fi 13 shows exenplary results of

. 12B. :
si mul ati on coné@%%%qbfh@rslt ebjs'fti%'!%me;g?xmumttbﬁ@ns‘& HIAYng dledést ghiest ¢ he
reticle s%gggs‘Q&ﬁgm$§§%§@§§£&ﬁg%bggagggdkkﬂgé as obtai ned when the rate of

acceleration o e sta t to variously varied. Fig. 14
shows exenpl ary rel ationshi ps between the rate of accel eration of the

reticle 5 st ag%eaf,kqnﬁiﬁg vtefbrcﬁqu&te{xﬂiﬁue& 05 @ toéxES{JrQ’Pin?exﬁoﬁn‘%ﬁm?aﬂ?%ﬁ%é‘s?'O

Fig. 15 shows a plan vPew If1ustrating a warer "stage system acco

anot hey enbpshidifignén ee takeeoPasRAdtionN VERNthisOExpokirg . métBods bsvscanni@r deladityfis ont
view illustrating the wafer stage systemshown in Fig. 15. Fig. 17 shows an
expl oded FeHBHEE P hat thediighes) thequghpytigobiaingd.dw detpamping the seanamagelasity so

anot her e | : (o ! Fi OWs a perspective
Viem,i||u§?$g#¥%86%8£?%?§”ﬁﬁﬁﬁ |éﬁe?ﬁgg%g?gpméhgﬁﬁéglgﬁown in Fig. 17 is
assenbl ed.

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

module comprising:
10 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 position of a stage in the stage chamber. The stage module according to the
present invention accommodates the stage apparatus, and the module can be detachably

15 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
charging the object into the stage chamber, the loader chamber being connected to the stage

20 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 in which a stage apparatus is already supported (arranged) on a bottom
surface of a box-shaped stage chamber as described later on It is also preferable that no
specified connecting relationship 1s formed between a stage chamber and a stage apparatus.

25 In the case of the latter, when the stage module is assembled, for example. to a frame of an
exposure apparatus, 1t i1s possible to successively assemble the stage apparatus and the stage

chamber to the frame.



Figs. 19A and 19B show a flow chart illustrating an exenplary flow of the
operation for assenbling and adjusting the projection exposure apparatus
according to the enbodi nent 15 of the present invention. Fig. 20 shows
exenpl ary production steps for a sem conductor device, based on the use of
the projection exposure apparatus according to the enbodi nent. DESCRI PTI ON
OF THE PREFERRED EMBCDI MENTS An enbodi pggt. of the present invention will be
expl ai ned bel ow with reference to the 2 0 drawings. In this enbodi nent, the
present invention is ied to a projection exposure a ar.t S t

scanni ng expos e Sing: B APBRELAFPEH “Bh]eé RERGHE Jngn %Eh ?{) ‘g ?H‘éetho‘meor

st ep-ands 'ﬂ&&ﬁcﬁ?%{ %Q@lcé:' Qmbriig Ve &tdp” SN irafSiMihg |a“§ﬁa§l@&>ht%n t(ﬁ‘? RRPLARE hoNn
exposure appar atus accor di ng to this enbodinent, and Fig. 2 shows” a side

vi ew i | | ustarkpieaegd WheVa)r by esng any encpefsthe exmpprar@pmstuswachondefgapeh@pres@t
Figs. | and 2,. for ex ort.ion ti.on
exosur e SysaoroAcsGr AR cthe St YRRGTS 1 Bpssite e Hraduge rvelRoiol Siice 4
floor sl ofio\R st SR RtRhpioduci ng factory. An exposure |ight source 3 of
the projection exposure apparatus isinstalled on a floor 2 in a sem -cl ean
room of a machi ne room di sposed under the floor 1. An ArF exciner |aser

| i ght source (wavel engt mRﬂ]ﬁSD@ghmjyﬂé%gqﬁﬁg@mwse light 5 source 3.
However, it is also possible to use other light sources for emtting the
vacuum uI traviolet light (light having a wavel ength of not nore than 200 nm
in this enbodi t) I X 0,
(wavel engt h: Pl%”l Shb&g Hﬁiﬁ B&gg{agm‘?gﬁ?msegﬁlgﬁﬁ%ve gﬂ{;‘ts rgmf o é&r a hi gh
har noni ¢ \pwge:txgenep(atlmrappiramadoaheg to anuaintwdimeyh ofithe poeset imeenaoy. h| gher

har noni cs) generator of sem conductor |aser. However, the present invention
is 10 applicable, for exanple, even when a KrF exciner |aser |ight source
(wavel engt h: 2BR. Ashows, wathnpartial cytohgapight sidayieorillbdieting kie) projectisseskpasuré he
exposure |i sqQurce % en the vacuumultraviolet light is used as the
expoddre PP "’tt“fbfg"grhnag 1t his enbodinent, the vacuumultraviolet light is
greatly absorbed by any |ight-absorbing substance (inpurity) such as

oxygen, water vapor hydr.ocarhon gas (for exa carbon 15 di oxi de),

or gani ¢ natter Figg A shey ’F’l"ﬂéh Rarhaliqu t’l"npl?hé“et‘i‘rgf‘)‘ﬁta%tylga&%@bﬁégq gystgny and a

Ther ef or ey, 1@.&&% k& 4t ALEH 9%&%%@49%8% i 1bA@PnRRm 1t
i's desrrablet the ocentratlono t he gas the sor bi ng

subst ance7@shawasimrhipped above is suppressed to be not m)re than about 10 ppm
to 100 ppmin average on the optical path of the exposure |ight beamx
Therefore, in this enbodiment, the gas on the optical path of the exposure
i ght beami s Eig04$hbwt; tpldrediew illnsteatigg shd bomoigh ofiftiecwafeh ehantee S8raad Ithg ht
beam i s tra e as (h reinafter referred to as "purge gas" as
vvell)lSSUCWa d?%?’é“‘b%t Q%BY"gd’i’H§ for exanple, nitrogen (N2) gas, helium
(He), neon (Ne), argon (Ar), krypton (Kr), xenon (Xe), or radon (Rn) which
has a high trapsm ss vity with respect to the exposure |ight beam which is
chemical Iy stab®e,> SRS romaRnViey t‘ﬁ Estrafing, tblow sBRts rﬂjs"é’ﬁ'&t BoTtse and Athghl y

renoved. J&tﬁp&eas rtbr ﬁeqﬁﬁgagrt foh%nd @afer ?ﬁan@éresscﬁdl ast aafcﬁtxgls& tetp as

"inert gas" as wel The Toncentration Its ovvab e va ue)

l'ight- absdrolwmngBstance (it mpunty) may differ depending on the type of the
| i ght - absor bi ng substance existing on the optical path of the exposure

| i ght beam For exanple, the followi ng procedure nay be available. That is

t he concentr at Fign6 elﬂowdrepm@atiira:vibwgﬂusnabsg)alstamgdwhtgsetsaamhein'gsmdrady'agednrmst

LT EhLY 508 MRS SRR % % b AP e
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

Fig. 7B shows a soft shield member 18F disposed between transport ports 52A, 74A.



-17 to follow the above in an order fromwater vapor to other substances.
The nitrogen gas can be used in the vacuumul travi ol et region as the gas
(purge gas) through which the exposure light beamis transmtted up to a
wavel engt h of about 150 rim However, the nitrogen gas substantially acts
as the light-absorbing substance with respect to the Iight having a 5
wavel ength of not nore than about 150 riym_ Therefore, it is desirable that
the rare gas is used as the purge gas for the exposure |ight beam having a

wavel engt h of not re than about . 150 rim ln view of, for exanple, .t
stability of t%ég' rgg shovts; 3/ lap Yiry lliﬁﬂa%%a‘hi”g‘ﬁ‘“’éb’éfaf’ia%eé‘i*ﬁm B?ﬂ}%@ghﬁlgg

conduct i Videdmbek § #5 desirable to use the heliumgas anong the rare gases.
However, it 1s allowable that any other rare gas is used when the running
cost or the like is considered to 1 o be inportant, because heliumis
expensi ve. As r : Der:a. di S | 1 | f
the gas of a s?%lgtéi]tgi/ogg 9?%&1?23115@2 18}1%1%8%@tt)lféeﬂltu%@;ﬁsttv%p”ﬁr{/a‘ﬂgé%&; }ggg%)sgoguch
as a gas ohicki meadberfl8F. exanpl e, by m xing nitrogen and heliumat a
predetermned ratio. In this enbodi nent, giving nuch weight, for exanple,
to the stability of the refractive index (stability of the inmage formation
charact eri sti cF)g. @adsHohe dplgh visoe lfuseatigta siutteh?s Arddr dgenin@roliesirigl oret of, the he
hel ium gas is used as the purge gas. Accordingly, a nmain body section of a
gas suppl ?aﬁii’ﬁﬁrpé’ftég“f@ff‘hﬁ’s"(éﬁg‘l lagdes ghanpher 79 shawiniiig. Gk der to supply t he
high purity purge gas to a plurality of air-tight chanbers in the

proj ection exposure apparatus and apparatuses provided therewith, and
recover and reliige 9BsBoWS sqctigngl Yigw #rdenssd rome agide plangiof Fign8ftbers. Furt her,
in this enbodi nent, the same gas as the purge gas is also used as the gas
which is 2 0 used for the purpose of buffering action for air bearings (air
pads) to be usEi PErshowspestate e whichquly g Sire phutter Wid Ad sl dowswarHE i5ithe e
gas is al§§?§M@@b&§%h{ﬁ qg{ical pat hs of neasuring beans of |aser
interferontiers to be used as measuring systens, for exanple, for the
respective stage systens. This arrangenent is provided with a nechani smfor
measyri ng the gefpactive index of. a ur as) .aon _the, optigal, path
of LHE measuri AP SRS SEE T Rhich 1o BT s E5 AR B u R TR #6

i nt er T er o6pdrein thesthRfr€sHonth iaIFid. 9@, basi s of the neasured val ue obtained by
t he mechani sm for measuring the refractive index. Even mthe case of an
identical |ight-absorbing substance, it is also preferable that its
concentration FipRershbiveiat stvalupeh dssendlingvdd ddpusethédt &IF thé projedtioh adxbbsur®¥
air-tight chanbers. For exanple, the follow ng procedure may be avail abl e.
That is, epraratemaceprdingtp dhe gmbodimenied 3 0 nost strictly (so that the
concentration is low) in the air-tight chanbers for acconmobdati ng -18 the
projection optical systemand the illum nation system and the
concentration Fig fdndgwd a plantvigw|ilustegbsg(ap qxsmplang sheth@ap omcentatert dsofn i s
hi gh) i n b r-td S .thi.s procedure, the follow ng

arr a)r%aerre%{&%rﬁ%%& cg{reg%tc%r@g}ag{}ggkﬁeegmdﬂggbmlt.& at least a part of the purge
gas, which has been supplied to at |east one of the air-tight chanbers for
the projectiongh ical system an he 1llum.nation.syste i .

cont | nubus y oEiprEAdRCE SRBPRIP? g b SHRLAEdh S B Ters ™ eyt -
chanber anggthfiey n thepeghriigsditdction ivdamesd with tdipstt & iraagRERRtarcatBelivinpea
concentration of the |ight-absorbing substance in the another chanber
arranged YH %A@ ownst r eam si de exceeds the upper linit value, it is also
preferable that a chemcal filter for removing the |ight-absorbing
substance fromthe purge gas is provided on the upstream 10 side of the
anot her air-tilst 18§a$f'@éfs. a Eighndustrigy theeimpsliaperdenthehagge of uthp| spanning
apparat us, i fQr l e, a recovery unit 4 including a vacuum punp
for ?gcovgggﬂgﬁY§§§gﬁgggﬂ§%%£%ontaining inmpurities, an accunulating unit 6
for accunul ating the high purity purge gas, and a gas-feeding unit 5 for
adj usting the ature of the.ourge gas and suppl yi the .purge gas to
the out sde thEFaore TE"nd sl A0 fR AICAENERAL Mol ToeE SRR
desired aidlodityghR o€ trdeelc 8tag@ depicghd h ¥ith®oh gas/hpheis b@niy vielheitaidfagkr a
gas di scharge tube 7A in accordance with the gas flow control based on a
subst ant i @R {hasidagylZB ow. The recovery unit 4 separates the purge gas from
the aspirated gas, and it tenporarily accunul ates the separated purge gas.
The accunul ated purge gas is supplied to the gas-feeding unit 5 via a

pi ping 7B, if necessary. The purge gas, which is 2 o conpressed at a high
pressure at the inside of accunmulating unit 6 or which is liquefied and
accunul ated, is supplied by the accunulating unit 6 to the gas-feeding unit
5 via a piping 7C, if necessary. The gas-feeding unit 5 adjusts the

M B M I 1 N 1 - — — —— o A L



-19 The foll owm 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
chanmber in which no trouble occurs even when the concentration of the
organi c |ight-absorbing substance or the like is nanaged relatively

| oosely, for exanple, only to the air-tight chanber in which the reticle

| oader S5 systemor the wafer |oader sysygmis accommodated. The new purge
gas, which is supplied fromthe accunulating unit 6, is always supplied
into the air-tight. chanber throu ich the exposure |ight be asses.
Accordimaly, ¢ R A3 SEBMR PmPe BRuS i S Ty Br R detslbae bR Ee
accur at el ¥emaHolvRidcRy of hei@tié188tapé 88Pthe GRPSHRRY A1finhi0t fifdE, Rabiaifid Wh& the
air-tight chanbers, on conditionthat the efficiency of use of the purge
gas is i nesteabangeletation Shtheaetickhsiageansetéd be yariopslyjvaded.on exposur e appar at us
of the enbodi nent of the present invention will be explained in detai

below. At first, with reference to Fig. 2, the exposure |ight beam

(illum nation Fight sheasefanpladyacletipohips dptween thdratchof &celerapos ofl thefreticlpul se
| aser beam havi ﬁ qgma elggqéh of 193 nm as the exposure beamradiated from
t he e;bosﬁ?%eFWg ft 8W¥?Bt PTOIFSUPR GHROSWE aRPAAURY ™ 3] ong a mi nor di sposed
in an auxiliary chanber 15 8, and it is reflected upwardly. The exposure

i ght beamis adjusted for the . optjcal .axis by the aid of a heam mat chi ng
unit (not showﬁ)é- ﬁs%%"éo? PROQVIEY ASHSIREIRE AW AlSE Stage 6%“‘?’%“?‘?@’6‘8 ' N9HKE ed

thereover en@B@inicht GAREPrebddt fv@ndid St 111 um nation system|S 1. The
cross-sectional configuration of the exposure light beamIL is shaped by
the aid of a beam shaping optical system (not shown). The pul se energy is
adj usted by a ki ghb skRalehRGalltidnt GlwIRElaAR; (1R ard sthos BN EARAR!FE As

swi tching the t?g’agégmsrsr%5 ssiuacv‘lgty. 'Ighe exposuraelligléhghta %esar% IQ% cones I ntorafl y's
eye lens 10 which serves as an optical integrator (uniformzer, or

honogeni zer) f i } . Z1 i 1 pAnG i i i i,0g

ol anaof “the f [ $7 Shav i’ exBbgkl Gerkboc Tt AR RuMaThE b galirfpmiot 3o CUiaR

Four il@r t naotbérembatiinoamt pf tha prasgntpadenpdrane of the illum nation opti cal

systen) with respect to 2 5 the pattern plane (hereinafter referred to as
"reticle plane") of the reticle Rl (or R2) as an object to be illununated

by the and of Fige 18Suhoeedi pgsmptive alews jiRkeatingla diagphr adivhsthe twedfemchamibeber |
1 for deterninqu the nunerjcal aperture of the exposure |light beamis
arranged SHPYHE Eagdi71s piseRkledA plurality of aperture di aphragns (a

di aphragns) for the illum nation systemincluding, for exanple. an aperture~

di aphragm for normal il]lunm nation, an aperture 3 0 diaphragmfor the smal
coher ence Fact Bigs(BA/and 9B shayw aflom ¢hae ilnsigating anrexaspplayflgw of thp @peration

il 1um nat I . i fi I b-Hm i ing a
ol ural § ¢y apossatp@and Rl i bAREH el BB HocapdiHE 1 L cibolienl
di aphpagnefihe posemdnvertiber 11. The 6 di aphragm which corresponds to the
illumnation condition, is installed on the optical path of the exposure
light beam IL by neans of the control perfornmed by a main control system
(200) 5 whi ch Eigl 2@showsetyeniphagpesivarich stepi fop laseinfivondyesraddvive, bised loa that i r e
apparatus. Alternatively, at |east one of optical nenbers including, for
exanpl e, SsehfiheRigierin %ﬁﬁt&aﬁp@raéwwdwgigé‘m@?g}m%d an axi con (coni cal
prism) may be arranged on the side deviated toward the exposure |ight
source fromthe optical integrator (fly's eye |lens 10 in place of the

i aphr agm swi tohi ho DESSBUPTION OF TIHE ERITEHREDE B QBRI agm swi t chi ng
1 o menber 11 so that the Iight anount distribution of the illum nation
optical systemon the puPiI pl ane may be variable. Accordingly, it is

possi bl e to i ndh&mdadipcat efithe pressit ynvisptiqnswiligye emininsdhsiayy wltﬁirefﬁ!tenﬁetaﬁhq L.
The posure. |i.g i t.he i r .
passes tnrauate ey PECM A e RS ERRRgHoL 1 AR 103 Broi 5B BEhre
splitter dmahawsiofigheschiangeexibsurekyseat anee oanitk Aers aml-4cah s@rsiMbs ik giepyand The

| i ght beam which is tr?n nitteg throggg t he be%glﬁplitter 13, is received
by an i nt SgFatEieend8r 19OV b8 VISP dlyHB e fEc RO EU R CERISHFE, 2MHEBUI se
ener gy of ,ch@ueX RORHE @uibb@ienR A fls. 1S QAL § QldeetheR0ilfuBRu NG e PSBRE 0N
exposure energy is obtained on the wafer, on the basis of a detection

si gnal obtxposied appardthe Mhthegfacme te énsol ahd 2, @r exhmplst Hermiyandortibhef the
illumnation light beamIL, which is reflected by the beam



2 0 splitter 13, substantially horizontally comes into a variable field
di aphragm 15 which is arranged at the outgoing plane of the first
illumnation systemIS | . The arrangenent plane of the variable field

di aphragm 15 is substantially conjugate with the reticle plane. The

vari able field diaphragm 15 plays a role to open/close the field so that
any pattern other than the original chqﬁLI pattern is not subjected to
exposure upon the start and the end of the scanning 2 5 exposure for each

hot area on the wafer W1 (or W2) as t.he substrate to, be exposed. The
T T mfiseion hbdshie; paets of 1 gRbodithent i Raa o b Clsos Fonp J5RT hbfe 15

with a fearseRicod@Redrdrbdidif MactdhP! Ahl &Podhe NightRuide® Of Ihe RHBARKA &po&ilr@sed,
is supported mthe first sub-chanmber 9 separately fromthe rmain exposure
appar at us apppaiatus iFhestatiedos,a fldoe 2 e p ssardeacwamada rhashinelreomuisposed pmdenthe

appar at us sbod fqr .exanpl he overl a ccur and the transfer 30
P Ehiul ndB8 T <A AL B aHer fsorfiafouin et 18Y ol isuisn? at b Bapeobre T
const BUCt g6lir&s 31 FidvARr, it Ahlsd Possitl€ td L BthkS PR solfteY FRPSMAHCthe SalipPoN
the start and the end of the scanning exposure, i.e., the width of the

fiel d concramioty light (lighahaving adwavetengtinof sotroeredhiry 26Mh amgidthishernbadiment) he
width of the field in the -scanni ng direction. b anged.dependi ng
ont he si FETSHIE F QPR i I PRMLA0her G B gty 1 87 mei kg K SSPRY ng
the non- sgaaRidgthd i 46 in) ONhighNBrhéris walé beRBralgt 6 OVAEYBIe?MrldSLhigh harmonic
constructed by the conponents ranging fromthe beam shapi ng optical system
(not showwpve thigheehyrmonies) generaggr oI geraispdugtor aser. Thawgvier, she preseptintentionns
syst 1S, 1.i C (o0 i e f4 st - i a,hox-shaped
cont fur aeisiPEe FTBRR e Dby it bR N GreR (UGB AR T 0E
has passed nididupy Bhpt (Meaypaithalitted i wsedl ds the @RpysagtighDsokrce 0Mes into a second
illumnation system|S2 in a second sub-chanber 19 which is attached to a
frame mechani sm of the main exposure apparatus body. A fixed field

di aphragm 20 i Whahthé Gaele ultheidACHEtNE Wb As thf ekRuReE@ theam! aimadié on
system1S2, i.e., on the plane which is defocused by a predeterm ned anount
from t he ewhpdigsnte the avpsugint nltragioles chight oist Brsathetabeerbedy | bynany tight-ahspeing i el d
di aphr ag i . i r Wl i i ion

ar on on r snfe LEUBR) Y a8 SPRS MALE JaBs, HoaflEhistl s LUOF bl EBEL
scannisng diokkle}, i opgunpemped( bid halidet existing if elanoidfigndhthRepici .air] MEheRfPRS i €

| i ght beam |IL, which has passed through the fixed field di aphragm 20,
passes t hPUghe ayoiddheatienpation ofitieexpoyure dightbeam, it3s fesyable jhat ghe concegtragen
optical p - } k- r i din
t he secongfl e%ﬁ?ng%g%i 1%& é@%{%ﬁ% F]%%,gmgen??%gﬁﬁuﬁoggﬁsei%gﬁgﬁﬁé%cglgfP%?\eez o]
area on t than phdutelOnpgrh amd 00 pptohim avetage loa tRd opticdl Ipathnefsthe eXpasusekigindeam.

illum natjon st.em | S2i.s constructed by the conponents ranging fromthe
fixed fioFBraPEpR dbeBoHinaeinE FHEORSEE oPlsAl REYIS P HiesaXpesita gt Beagh s
i1 T ugpnat iRkt §ith laS as! ﬁu&%mﬁ%@%&u}mgﬁeﬁ%ﬂ isSHQﬁ‘s:ﬂﬂH&Eri.e_.l,ga @Qé’ I'ng

a box-shaped configuration wth high air-tightness. The illum nation
optical s(hstesmafiies refemest touas Guirgs gashi ers fwealBtsuch hsiai mmt gasnngydingnfor Skampld, t he

e WO AL b P BRG] o

predet er njRigdyEPRGLOE KB tARGAiIssiNRY With td3Bed!t8NBe \WRp&ird Holtebeasusadct om

t he conj ug@tg plane with respect to the reticle plane as described above
Wth ref ethepdeallystabiley and freipavhiclhhy lighirabserbingrsubstatee 1B dughly remevedadia ed
the Lpage .of th tter t ikl um i al. fon eticle R (or R2)
i's p? g?ecIt]lgrag%]na?lggﬁ%%a%s%sgfes%glﬁgav © ‘GP%‘E?SEQ%% ég%tr 3 %%%?]Eie wafer W1 (or
W2) applied with photoresist as the photosensitive -22 substrate

st R SO O MR R TR PR b T 00 v

proj ect i ofapiisicedpeching Bh 3heSttypé 6f the Mght- Msbiy Mbstand dxan¥eh e Iphidaldfagh
synchronously nmoved in the predeterm ned scanning direction while using the
proj ecti o thagropiredghorram deoreckemplel beifelipvwiag Pocedeeprdbagralablehd het isnage
3/‘; . g‘ev\?i‘[‘hé %ge%anto‘ﬂ% ehiRtdiEhife Rond BsSbARRIERARY 1 Ra@BEa HIO st 1§30 Ut LllE

30 concentration is not more than about 1 to 10 ppm. The concentration is mitigated or loosened




reticles R, R2 and the wafers W,, W2 correspond to the first object and
the second object of the present invention respectively. Each of the wafers
W W2 is a disk-shaped substrate having, for exanple, a dianeter of 200 nm
or 300 mm nade of, for exanple, a sem conductor (silicon or the like) or
SO (silicon on insulator). 10 Those usable as the projection optical
system PL include, for exanple, a cata-diyqptric system of the nornal
cylinder type mhich is constructed by arranging a pIuraIity of refractive

| enses an ave .mrr vin ertures in the

opt + cail ot HPRCBRERNG A bR GO A 5P BIFRF ololahilS, thEhitinet Bis ) Be em
of the nong&l inGhéd vArdem dl¥Beolétviesidn ia§ ﬂrécgas (Pudsd o) b]‘x‘o@jhrvﬂﬂai ﬂﬁ ekﬁédh?&lligh\t’e

| enses al ong one optical axis, as disclosed, for exa

| nt ernat i beam PUssBEtedor WeoWaedagth pf abeutal ibng. | ver, ttbe uyeogeﬂ gas

orol ot | onEpRally L rE ARPriAThE it SubRs i stheeh P R et o

assumsng thaetlehdiR ofn@thére SdnCibest 150 iddr Bhdréford, @ it h&sirableitla thepaieSzabils @kd t he
projection optical systemPL, the Y axis extends in the scanni ng direction

for the ra@sthenurg gasier theexneawredighy beam having a Wevelenahreimgt eopothan ebqut 180 j n
t he di Fi
e i ot RETAEORGHL e L NPoAbRNS PRRBL Byl ksl °

enbodi menthenpal qadadtivitl it is desiriide © w¢ithe héliugh g@saafmm‘agaxé eanélgases) Hb@ever, it
non- scanni n dlrectlon (i.e., in the direction parallel to_the plane of
paper of [ glowaple t@apﬂnm&ter EHe §Y Is uslovhen the qenmng coshar Bedikg iy copsidared ip e of

t he n s ) i
e T8 1 SRR S PR Bl 5, IR B ! B OhS PlAE
syst em PL suppiylof the gat afe singte iype.f liris alspwfémnlg tb Bepphph aniged\gds, suvh 2s aTaat i s
a base pla avi ng high rj |d|ty IS stalled the ai d of

vi brat i on! b éngf ALY &Y ik gL irogep anféhequna%t ¥Ry e;srnérteélgat(q hey may be
placed at three places as well) approximately arranged at apexes of a
square on the floor 1. A wafer base 39.is installed at a _central portion of

the base pl at e mHhis epphodinend, giving srugh weights ﬁ’éewrrér, tp thestabdity gf ﬂ)égﬁfam‘f%o
the first r t @m¥e not
shown) is rlpl%gtqesat i on tg h"en(‘%%atsﬂ;e]ﬁlf)1 glt?gﬁé}&tér%\ﬁg%. acﬁ 0 %cﬁ%ﬁ&hﬁ i HEinal

vi br atsi oncm(m\z‘ﬂmty, e lmhdmsgaahsus’&dAs the itge gas. a\cxzbﬂdn@l)'r, amgin dodnidctien of a

apparatus of the active type,.i di a. nechani cal nper such as an air
danper or 8% Wafyaaprretuar%eeawp ﬁﬁ@mmw shut?rleglyrfrehl%awytwr@ﬁas fand

an electr e i
o o RSB Gr4R0EBt, AAMBOSCA O BRIGHLYSL Bt Shpind B duillds
vi br at i onpaveled rthq:reelthxe@dsneam@r Md\muse 311d3gasr ﬁowingvthmugb tlndmt-tlghtectmn@les of

inclinatign cI|n ion .of  the bas 2 Wth
ospect. B s Somoafmestabe Snf Aghas b Gufkeibad By P Pabe fedhich T

i ncl gded Lgedor tlel pavFiak 8f baffgehg aoitn m&ddlauédrﬁgprﬁﬁ§wsﬁto bd'Gscifbr RESIHEW € Or
the li ke of the mechanical danper is controlled necessar In this

ar r angenefiege piiemsi Jihgtspon gps anihe purde| 23 is aloh puriplind ¢ eptmabpatg& efgmeasuying i s
10 attenu for o.the re.a V.. The
remai i ng o O 185 MERIRTRE 85 b beel s BBy RN S e R BAhiRTe e ine

el ect r omagipdctice slagpesms| ITh¥l @eMgehertieplovidel wittta mSclahnim PF Qfeegtabll &hé o
use, for exanple, a detector (for exanple, a |aser interferoneter)

opti cal | yredi@etve index ohdhg gay (nvags &3%) on the PR rRadh 6f dhch EeAmABE eay Ehe
Sensgg of mtegk% e%l \5%1‘1:1} %}Hédb@ t%@@a%gll 1tnX3 %Y&x?eter]é C(lj: ltedco(?f tHgB§5133§f tﬁé ?nefa%tffcedj on
the upper sur ace of se ate 32 80 fhat t ey are approxi mte

posi ti onedalat offtaued bl)p‘eme&cbeimﬁn Seruadasurin thelpiioctivgoinaéxe 35, which is
provided at its central portion with an opening for allow ng the exposure
light beamIL to pass therethrough, is fixed on the upper surfaces of the
four colums 3Bvdayntitecaae df af idehivabtiplanpsebeptsuveapede s Aispdhrablspased at

four places. The vibration-preventive pedestal 34 is an 2 0 active type
vi br at i onCPPEVEHPR w)psrobertaﬁatr@) BoMer e ST 1 Reranal %Ha@rchaebeacﬁ%f
the vibr a&t 19%16[)"11%\/%”]%\%% %g&ﬁltealrﬁ %%%\'Ll%b:ﬁé]‘DTgﬁolg\elYlg onéehter fo(:r‘lsi's%% &t

| oad is snal he col J’ e vibration-preventive pe es als 3 and
the 90br ambarstqmtlg\(emthat/dlep@deatnahen FKllow) tio tiB1Dr-meyt cthemaensa“mgmtomtmctth@

pl aces so that they are approximately positioned at apexes of a regul ar
triangle. As shown in Fig. 2, the second sub-chanber 19, in which the
second 2 5 illumnation system|1S2 is accormmbdated, is installed on the
support plate 35. Returning to Figt , the support plate 35 al so
corresponds to the second base nmenber of the present invention The upper
surface of the support plate 35 |s f|n|shed |nto a gulde surface mhlch has

. o o . o o, o




The reticle stage 24 conprises, for exanple, a finely novabl e stage for
holding the reticle RlL, R2, and a frane-shaped coarsely novabl e stage for
surrounding the finely novable stage. The latter coarsely novable stage is
driven in the Y direction (scanning direction) by 10 using an unillustrated
| inear notor. The former finely novable stage is finely noved in the X
direction, the Y direction, and the rotagi-on direction with respect to the
coarsely novabl e stage by using, for exanple, three actuators. Accordingly,
the reticl ; ' i I ired. i.ng
i recti on oo ek B K5 keGP U, sha e SorkERIBR iSHARGHD |
correct t haatswehe hvosely Zad itlean tRE koricenfatidnn@ Hiph)sinpothee si-tighh ehanstiers: | @n shiage
24 15 is driven so that the | aw of conservation of nonentumis satisfied
with resp@tacedyes e folloyyipg aprapgement may bg a9 ardiable s tihat sgatisishs Rarheihber .
This, lit L,braf:i i . i i i X axi s
ot cle i REEEpomiEths RoR SRR el O drifie EABR MnBER I e it ¢,
arranged ioptieal dgsterhoardethecillutniveatipn Sybtenan is oérainwabsly supplicdhe ansthiee | sr-tighage
24 in the X direction. As shown in Fig. 2, Y axis reticle interferoneter
25Y i's ar CHHBRA speh os Hhe e AL ERo R e eHfopadodeseribsel DAYy W dhib ATBRECTREL
reticle s 4.1 | i 3 I I 5Y
reasur o ¢ Ranas srbeteafion oF e Aot ltBlshtc G FEM HARHE! Britad of

r ef er ence the davorsgedmoide shanerdy theeppeadimi ehlpe, idscthlschprgferabdd thdea chemical filter

interferoneters having a plurtality of es respectively. Accordingly, they
'S0 oas TRt deBrbrbie i Giocdian fie PRES o RGO UALBbie T ax s
(pi t gl ng sAEREMHe)anothBEiRRghi@h@hbdrot at i on about the Y axis 2 5 (rolling
amount), and the angle of rotation about the Z axis (yawi ng anount). In
this enbodinent, the reticle stage system RST is constricted, for exanple,
by the reticle [V I n

reticle int erfgrﬁ‘%)ﬂngfn elfogijSgc)t(%ZO\Ele'{@g#ﬁﬁ rhr(e%ﬁ{: e‘%;qtoage gsf/?? %&HR%E? iggetcg‘ge\%red
wi th a boxnsHapethdireg a clacuurh guingr fa2 Ieoviering tthes paxge gak aovhining) dmpniids) gin

ai r-Ught ness. A w ndg or allow ng, the exposure |ight beam. 1l to 3 0 pass
Eher et hr ofgnm AR b ac uitiodiing e BRSHEn S Bk ST PG pni efor
reticle ch@uhalg tggtem&er%eﬁhﬁle%géet %a@@ﬁél sipplydhd MR daRaSinkioARfde tRerbbte X
direction and the Y direction and the angle 'of rotation) of the reticle

st agé 524 {Thetr¢covery urit, 4 RDjraigstthe gessineibe desiredipir-tightichhmberhatribelightlg 1w gas

nmeasured by the reticle.inter.feroneters, 25X, 25Y. Parts of the retjicle
oter f or ol ELb il 4802 B RRBTINE T fsoiate wif S fho(onafbLiretd o
chanber 23n hesemtibNpittadyT1oW.t The @RESBNGAt 4 Sephitatos the pidkgs BRRdTh thY ApRatdd .

whi ch serves as the third base nenber, is fixed at four stepped sections at

an appr oxB#aeed |t tPrHpaarRcauBuigtes ¢t separatedpurgaugasc olhgrassurBglalsd purge gasds of

vi brati on: Lve a . DI Gf ' [ temPL. is

st al | e BPRFRES WeCBRCaRi e 3 MYRE DRETE hORAR) ' TR pOIER SR Vhich 35, 1
provieded tanpressed auphightpridsateeat e indidabf hccumiuling udjtecor Whick i liqukicsd ysd em
PL is supported Qi,the support plate 37 so that 10 it _may be inserted and
wi t hdr awnaeHmutated, 1e sypplicd byghe pequgmuaiiag gt orte she gns-fegdling gpit yiagRiping dSpect
to the su at V] t J i 2tive
type vibrgﬁﬁ%ﬁ§%?é&§ﬁtZﬁéaggla?g{gghﬁﬁﬁghgygﬂ%%ﬁgfgﬁgggha#ﬁ%gﬁgﬁ angqﬁanner
as t he vi pipatgs 6 7€y eihe \ges-fredmgt it 3 Terdotes tB4 light(-himarbiey subistaeces aetli pthot e
load is snall). en the columms 33 are. arranged at three_placed, the

U brat | onC DPRTERE e PEuERarS et el o Bl eryotrcbiings fPiegBb g1 AL 1
thi syembodinfRitly filkdreuas SE PP A Bhel Gigh!dffilfend, Farl@ife RiEIRrE And bNGeNRhLLT
base 39, the colum 33, the vibration:preventive pedestals 34, the support
pl at e 35, fitt¢rdfowicbroatrigahp tighteabsorbmgpabsatcaldsscBbed alraetchetaguppoitutpiratets7
corresponds to .the frame mechani or framg) .in the present invention A
Frrst T ateafi el o 1Ae s LB Rt er ot b i 6 05T TRehPEA R Eh has
a ring2 Ofishapaeh 6@fd @oabd, Q8 supplied bl ¥Rk Fedde WRPSht £88: ReshicaRoanet t he
| ower end portion of the projection optical systemPL so that the support
pl at e 37 pressurp) ¢hgobeghdidhabbe weeasphocl pregsuresto lhe desind rir3@ht elrambse viagser
integgerogggg&ﬁuﬁg7ﬁnstalIed at the end of the upper surface of the support
plate 37.°The 1l aser beam which is radiated fromthe |light source unit 59
and which is stabilized for the wavel ength (for exanple, the He-Ne | aser
beam having a wavel ength of 633 2 5 nm, is branched into neasuring |aser
beans having a plurality of axes (about eleven axes in this enbodi nent) by
the aid of a branching optical system 60 The first and second | aser beans
of themare supplied to interferometer ants 55B, 55C which are arranged on
the first fiducial plate 101 so that the projection optical systemPL is

i nt erposed therebetween mthe X direction The third | aser beamis supplied

. o Y T Y o, ~ o~ 21 Y . o,



5 arranged on the bottom surface (upper surface of the support plate 35) of
the reticle chanber 23, a photoel ectric conversion section for

photoel ectrically converting an interference |ight beam of the two | aser
beans fromthe plane mrror and the reference mrror, and a

si gnal processing section for determining the displacenent amount in the Z
direction of the plane mrror with respggt to the reference mnor, for
exanple, with a resolution of about 10 nmto 10 100 nm from a photoel ectric

conversion sig I ied f om th oel ectric, conversi on ection. The

i nfor mati on onlilg‘ﬁ@@ dng BROGSAYR MaNDER Ont%f sﬁleﬂsu% dhe PYES Aasy ihiahys recqyegd
attitude goRMd Qbov¥p by, m%pftﬂmde&ﬁﬂ@fmta@{ugﬂlchénbemh%m hé uleﬁblg%émrgbed
| ater on, are construct ed in the sane manner- as descri bed above.

attitude evmtwign thaiconagetratrom efebe brpanidilpbt-alrserbemg substanes ori the ﬂlhelszmalmagecttl on
and the an ation abouf the two.axe theX15 axi s
ond the rel 1nbSeinofiR aaBeln oy to e RSt chembe” it i tothe ERch iDHist

di spl acengpicn bflthuwafzr Bhde%wt&ﬁ i9hcchighddaRie mrnrewrpsngeﬁ@st AnRAGs dippReged

at the thriee places. The expansi on/contracti on anmounts o
el ect r onaémmtthe ackamuédativg unit GL beilwabmrsuwliﬂdamodh@meﬂgmqhmbpedwghMdmchhar e

controlled so t he dIS unt s i.nclination
are incl ua’é"(ﬁ’sweq}é‘hf’%?m B%é qE?:E‘H’rcaﬁ’ 1109 p fl&qgﬁéﬁiﬂ'@ngm e
support 2cgh i fklra®dy sntiolibd a)t&dme %se@samﬁtlomor%% &t the Bifr-u\ghpaﬁ.wa& upon
the driving of the reticle stage 2 it is possible to suppress the

vi br at i onomgonitiinghatdheefficiemeyef use hétmppwmaelsawmsa@y is inproved. Wth
reference to Figs. 1 and 2, an X axis interferonmeter unit 54X and a Y axis
interferoneter unit 54Y, whi ch are conposed of |aser interferoneters
respéétively, %heagagemest af It projectine eetndsurfn apprgatui ofl i the embodinzent! of Ithe end

aspocti vBI hisRiogd Wil B XBRTiea S eitbelore OF RRPaRIL eSS r Bl e

optical syglosire Gight Béatn GllaMimUBR ligRdbdath fopehd B é@éﬁ@y OTRHfEh ANdotnpeded ofoft Y.
Reference mrrors 53X, 53Y are fixed to the si urfaces mthe X direction

and the YpP#se laser lmqmohawma praspleesthof 19ptnne a tlsfygxmmbemmaé@pdm the
thereto ! 0 nterf ronet er ts 54X
COrrespo n%‘pomrg I trst% 1%% n the tﬂoor 3%88?? n %msl?%rrﬁh%oé“e A4 aélxihr?{ye Shret er

am 54X ngasudiEs réfh:etedIuﬁiivbﬂ%eﬂﬂfbtex@&iﬂélhﬁﬂtrbeﬁrhes adjhitéceot tHedpatal AxBHIRE
-27 cube type novenent mrror fixed to the back surface of the reticle

i nterferoftodrd bBx patching wisinet srovmelisnesat bt Srstisub-shangzx 9 qmghevlepri ks
terf t t

7 T OBEARS ko YRS ) SRS oA e P O

reticle |ml<ﬁgﬁ1anonrmf ére ac‘.f)h{sma lightebdaasiIsisahapddebyr t‘héalidaaf:ebaa'm-rsmm@bimc’él

Measur ed val ue o t he mai n. cont.rol st em 200
i nt er f er oELEY rl?ﬁl S%W’é SZPV SR FRE 8 AJHUSHs l&kéé‘%f‘“&“ﬁf‘%r@q Seetion @Rks.

The ggi n GRWhL) ek ﬁﬁ&%l%ﬂ%g%l? %ﬁ‘ﬁﬁﬁwt}baqﬁg %B‘bshﬂtel thl %&hqge% Yhisth

val ues, the p05|t|onal di screpancy anounts inth irection
and t he Yiiy$ exe 16ne rl Oawtich heervas g eanodpticek Hﬂ@gnMODG.Rifouﬁlzbﬂ;e)rrlEﬂnC(gbmzer) for
interferoneters.25 5Y, an nsequently those of the reticle chanber 23
on the ba¥l é’“BfZl%ﬁf’Hﬁ’%Pﬂ}cggﬁgﬁ?ﬁBgti cal system PL. The positions of the
reticle stage 24 (retlcles Rl R2) inthe X direction and the Y direction
and the angle ,@}‘ rotati o @reof are asur ed. the retj c

_interferoneter 62%%0“2%? a&ﬁd’ KS 3?’%16’8%@(}3 SFranged tp &oine| %%Hﬁeﬁ’p@g ar e
al so suppkdugier trinstditaliBh Bla%@Rg‘[SJpﬁ’l F&ﬁﬁeséﬁm: gl?\gnma-tlftﬁl SRch SRR %lthsbé%e%mo

cal cul ates the positions he X direction and t
direddi orihar}?attttrhwl@ﬁghereohftpromeémedrto@E&rQﬁlfclet hleng" g of dleeresclagﬁsl Eﬁ‘ lb?i gshan

basi s of the proj ection o tlcal tem'F:L i an the .
fol | owi ng béeci %I?#E 11&111816 enald oé%e su%gﬁgc}mgkoé}fﬂfsys% X% rétg[p—%uﬁt:ahmg
. (2A) GREmber6RIford&Enik 121§)the numerical aperture of the exposure light beam 1s arranged on
the puptl plane. A plurahty of aperture diaphragms (o diaphragms) for the illumination
system including, (or example. an aperture diaphragm for normal illumination, an aperture

30 diaphragm for the small coherence factor (o value), an aperture diaphragm for zonal



2 0 The main control systemcontrols the position and the velocity of the
reticle stage 24 on the basis of the positions (XR2 YR2) and the angle of
rotation 6R2 cal cul ated as descri bed 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 is
tightly enclosed mthe reticle chanber_3g_2 5 In order to performthe

al ynment for the wafer, alynnment sensors 27A, 27B, which are based on the

ff [ t. d d t ' f i t .e fixed, h
oi de” sur f UERH Ehand S cmeaBed drobHan: 5 TRCTHFY ALETBARER DEHEE FoRGrIBhdT of
the proteghdfes are2PARigeaRly RYREMNEL the MpRRAYAWIRhing R Abe 11 81 ThE &
al i gnnment m croscope is arranged over the reticle stage 23 in order to

per f or m t dephtagmnwhith chboespphds todhe dluminatioh comdigomng nciestelbedomthe optiahpatB of t he
upper surface of t fer base 39 fixed on the base plate 32 .is nmachi ned
hro o guitreature e SayR i B8 et tab FpeBhptfran oF v CartioksryorE (206)
waf er st aghiho18AN R MAREECHIRbRTOIS RGP ANEh Bf fe ehﬁe%g}f)ﬁaug. he gui de
surface so that they are slidable snoothly by the aid of air bearings

respectively and two-di nensionally along X axis guide nenbers 41, 42 and Y

axis guide nme nﬁﬂ@mﬂ%%% BedsEOREGE 'oieffs?(!aﬁ meliterd IdcRidind@ k" e)ﬁ\&lxﬂ) 2RdiikhRtsgcond

wafer W2 are held on the wafer stag OA, 40B respettivel y by means of,
f or exanpbptical akement, at zaoac ldngnandTive aviade (comicaly pasrdDMay L0 Birmngedon dlied side

continuously in the.Y 10 direction, for ex le, by the ajd of Jinear.
o o Ot tathl o e xS ligh Surte o e Rl iaoige (o s PYeelsbt 300 il i
the Y di rﬁ&&é 8 the [MMphPGnt- W SchiPmERBer 116r WaloRibindid 88 tfi0fapiF 3 Acitdhé ven

so that the |aw of conservation of monentumis S_atI'SfI.ed in the X direction
and tlfe Ymgmberii on that thérdighl amornt tdistribiteoni of heilkemmatdyeopticall systein andh¢e he Y

i id 43A, 43B tq b d . ite di ti
o5 podt VDT PR B vl ADGoTRAE b BeBRRIL Lieshe BB Brevatge o
vi brat i ontfeexpesned it dedhi.ng the stepping novenent and during the scanning

exposure. ~:4 A Z leveling nechanism (sanple stand), which is disposed in
each of the wafer stages 40A, 40B, is constructed so that it is capable of

maki ng di spl acgReRkpdsire NgntZodid BCt Jvﬁi@hq{astﬂagsewﬂuéwtﬁg &A@iaamggigpghése@t i on

about the two axes (i.e., about the X axis and the axis) in rder to
per f or m t Heougbve ffirst gelapdertsheystenc U3 ang. it Asmde st i dbbchmabplitter 18 Hewvinef ®large age
of this e diment is based on.the doybl e-waf er stage. system .In order to
det edt  nETBOETE B £ AFON GBIV nehexve eer Sy, osaled Rpahdbe a0n
40B, X axp&nyafiRfer 1 NS FdcEHOABY Gh tntdHAsr séh3sPe4 WfRePbr SIAIRARABE QteciGSer
interferoneters, are arranged so that they are opposed to one another as
shown i n Fhgpulse energproddhe expodenedight bham dbsis tcontmolledf sor tiratt therproper texpostse Y

direction_on the ywafer s'lﬁaae 40A,, 40B, Y, axj.s wafer  jnterferoneter SOAY
s ar r ang8h Bei® RO F s, orhlaerbgts of & CetEs{igh, el oplatned hylar estaigt
cor r espongtingét 140 Ol iRt SandltRe Aibiiddtior 1! BeageTl, Whidheis Befled@d 99 REe Bdagfl
from each ot her by predeterm ned spacing di stances ) o
20 splitter 13, substantially horizontally comes into a variable field diaphragm 15 which is
arranged at the outgoing plane of the first illumination system IS1. The arrangement plane of
the variable field diaphragm 15 is substantially conjugate with the reticle plane. The variable
field diaphragm 15 plays a role to open/close the field so that any pattern other than the
original circuit pattern is not subjected to exposure upon the start and the end of the scanning
25 exposure for each shot area on the wafer W1 (or W2) as the substrate to be exposed. The first
tllumination system [S1. for which the variable field diaphragm 15 with a fear of generating
any vibration when the ficld 1s opened or closed, is supported m the first sub-chamber 9
separately {rom the main exposure apparatus body. Therefore, the exposure accuracy for the

mamn exposure apparatus body (for example, the overlay accuracy and the transfer

30 faithfulness) 1s improved.



in the X direction (as described mdetail later on). Each of the wafer
interferoneters 49AX, 49BX, QUAY neasures the position of the 29 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 rotation about the X axis (pitching
anount), the angle of rotation about the Y axis (rolling amount), and the
angl e of rotation about the Z axis (yawi ng anmount) of the wafer stage 40A,

5 40B are al so neasured thereby. As for the reticle stage 24 and the wafer
stages 40A, 40|§>r,hei"ta“f"'§1€aﬂe%d‘}§l’%?€f‘all§l 8 @ﬂ%{ucmqe%afﬁamg&o?fhafotSathed"wlq Hefof

(pitching Il | r i ;t l i in
whi ch any ATRHReAEIOER Il B oS BF Y GO pbalel IO InAAGEDE B,
i s feared fidditorncbrinpehes scaaningtdirectionris exnceady shangpd, dae hlso theneidttabdf thevdibldein

value. 10 Jn this enmbqdi nent, éhe wafg:r stgglg syﬁt em V\F&ﬁl s constructed,
for exanplt®S MYySPRAPGLITEGHI0DCA A8 Chiked derendmgondhe $iPn gl theicdrsuit palfest 8 thef or
exanple, A AXsotitde ORERRAS th honAeannfldcikcAl. STl%gﬁxagifllﬁm%ﬁ sbdin 1938)

and the wafer I nterferoneters 49AX, 49BX, 50AY. T er stage” system WST
i s cover edonsttuatetl by thocomspirapetd rawgirgs frah dnblenn3dhapmeoptichl sysigye (wdiahdven))to
havi ng hi air-ti ess. The_t] f the projection optical systemPL is

i nserted %ge Vﬂ’iaBieag'!c]é qp_g{agﬁb_g%i hge giFStt‘ﬁ‘émE'ﬂB system & lots Wﬁ@%ﬁé@?‘n}hg’ﬁber
38. The p_ciﬁ&ttshﬁ’-@ﬁémﬁe?|95Ha'va1Q%onQTsﬁipeHanﬂ?Irﬁ'iorﬁL@}gﬁi%hﬂgﬂighfh@%(Waf ers W1,
W2). (positions in the X direction ,and the Y direction and angl e of
rotation) with respect to the wafer chamber 38 is measured by the wafer

i nterferomet er pdWpbsuftOfht beBYL, FRlchSha®halds MBAET theVaRhkIE rfféﬂ?&i%%}ﬁaéﬁp\xy

49BX, 50AY are errt_)edded i h t'he Si de surface of the wafer chanber
r espelct i vdly coreq infé tahsacehid ildunginatian Fystsn 132 amch Sconheulschanbean® whicknis h

| b f . th lity of | b whi ch b hed t
br anchi ng "ol P 8 el msstarins &5 RER Biporite cHPARBePaD urt (EedgiEidsgc
whi ch ar e g@phAREEesH grh&ahge@&mednédn%%b%e B BeSeddld HOmiMAbn tEerR 19, 6L 1 ON

optical systemPL is interposed therebetween in the X direction. The eighth
| aser beamnithe plappmihedh is slefogusedttor 4 predetetrnaineds pinpug Sromithec bonjugater plamegwith at

the end in the Y direction 2 of. th ond fidycia | ate,102. Each.. of
Lhe Tnior febaetabe el Sins, TS et ekChiReteph At dorRed i Cimsie .t ne
Z diregti Ql@ﬁﬂlfl% ehePillaMenalibh aRh ohQRE FRISRPISHENS be@ dendeV @RAtpeliatdadh t1f ndd0

ordinary interferoneter) arranged on the upper surface of the wafer chanber
38 with reepamg digecton ipatpsndiglar tx theessarening dirgetion; | ghe cxppsurti it heamels

anount in_th regtd t PE Q) i s 3 i t RL.with
espect  t3MihtRsce chBlf e et Sph Rl 20, 38R Wy T ¥R e ok
anount i s sgdtapl2ilad at lend bgtamni2l Busih optied patht-bdndihg @irdrr2y, agy it @ndenkbe lens
attitude control system. determ nes the displacenent amount in the Z

di r ect i on SYHAN £ He disheged 1pthersseondiibpmingtion systsa Bipandds dlunjingtes angiflyminating X
axi s d i i i i - fr .

i sp o enmei o el o RAAIBEL YW L. PSS AR iyl 152 i
expansi oncemnuictad by ahe esrmporests adngite freinetht fixed diekl diaplttagm0stoahe téelehsenr

vi brationpreventive pedestals 36 are control]ed so that the displacenent
amount_ andE iR AIE ol epRhbr e igh éY%tﬂeﬂﬁﬁéSda%P{nm%afaB%_ eeor}dg#ges.
Accor di ngkamepn 9??5%?% £ .boiigibel N@nBpRBRSA “F?!haﬁigh - s € CITHRNIIAR a6

systemPL) is vib by any slight vibration fromthe outside, it 10 is
possi bl e ppticuipystess s dohgrugiddriptthe firsaillenihityin syptemdS1 Bhd ¢he sebendelposatien
accuracy is. i ved. W ef.erence to Figs. 1 and 2, jnterferoneter units
7 A 2e et Tihe T £8P PaldC BT abrupb M psindifion “hnlefs SHHS S iuet "t or
the waf er gowhinehreatr ﬁl@ﬂ&)%ﬁeﬂ pRidelcAfiREd | Phahd RAURECHS EEIREGIdn¥lich at €
installed at the ends in the X direction and at the end in the 15 +Y

di r ect i ondefacushe oot the pers ugatcrlencoth spey ppide retjsicalenca® dehided hbwe | aser
beans, which are branched by the branching optical system 60, are al so

supplied to the interferoneter units 57AX, 57BX, 57Y. Reference mrrors
56AX, 56BX, 56Widriefefdnketh by. t-hehesitbellbonfizesdighhbaahelXs dichaed.itoninaigd of he 'Y

direction_ of the projection optical, syst P respondi.ng ther .

thi s arr ag@sbre FIRLFEk S BRihel o TR ER Eni) S BRSSP BTt a
part 3of thgodu® 4¥&l BnNBASUTENY SYST D) appBed vaMi Ehc’bt&teei@tf 8¢ R bHBStoseRkitiSe
57AX, 57BX neasure the displacenment amounts in the X direction of corner

cube type novenent mrrors fixed to the back surfaces of the wafer
interferoneters 49AX, 49BX on the basis of the reference m nors 56AX, 56BX
respectively. The Y axis interferonmeter unit 57Y neasures the displ acenent
anount in the Y direction of a corner cube type novenent mrror fixed to
the back surface of 2 5 the wafer interferoneter SOAY on the basis of the

Y N N 7 Aa o o o a . a



-31 direction and the Y direction and the angle of rotation 40W2 of the
wafer interferoneter 49BX, SOAY are also cal culated. The positions (XW1
YW1 ) inthe X direction and the Y direction of the first wafer stage 40A
(wafer W1 ) and the angle of rotation 6W1, which are based on the wafer
chanber 5 38 to be neasured by the certain wafer interferoneters 49AX,

SQAY, are also supplied to the main conbpal system 200. The main contro
system 200 cal cul at es the positions (XW8, YWB) in the X direction and the Y
direction and the angle rotafi on 8WB of the wafer stage 40A on th asi s
of the pré}l'é%r@tedﬁuh%@ﬁeé% eg’gp@@ 2Pt PIOJECHER BRIRERIR f (B h r ERAMRIG Iy Foud

arithmeti ﬁ%@fo?t% 3\%‘ thF#Q'o ot opt I $ st%ML a%(]Y}geopdq%n %/%%W‘ It thi sgs%ﬁtc the

OVB=0WL+4 mai n syste controls the position and
t he vel ociréticloR1t bed wad evafat Wgeaxéosynolﬁrobdml)bamvsd ah tﬂqu:rp(merMnmdssc(amﬂgYV\B)
and the angl e of rotation OWB cal cul ated as descri bed above. S|n1larlg; t he

posi ti ons demnm}e psing His me?tmcmmﬁﬁ%?ﬁan e the yelosity radie- 14ccqrdinglhethangl e
of rotati g&a%“ C Stfﬂé?n RGNt @%fﬂ is gﬁné&)'ﬁ) §H@£ﬂ%& a8 onAS %lféPgN; gggzwaf er

chanber 3 re neasure er wa I nterferoneter
SQAY, ar e retivigseRl, @ amd e \B/iiférsFWis,l WReoatspdnd ar thp ding pwheovandithe §etXMPobjdcl\OF)
and the angle of rotation 46W2 to obtain the_ coqQrdinate on the basis of

whi ch t he tlﬁogqeﬁ%hnvgﬁaort FREPeFEV e thachof this valeo Nl WiF dt 2 hiskgthanespsubsisate
control | egp, ﬁ\g /gérdgg&l.me b dibSiefP St ?(b@ i Bt B0Y mfdf GHAG %kyfcﬂlfbyy rg% 0,the

waf er stages on the basis of the projection opticadl syste

i rrel evantemh@otdietsw (silicinorehd likepor 8QI (siizonah éisubtapges 40A, 40B are ti ght 'y
encl osed in the wafer chanber 38. As having been already expl ai ned above,
the reticle stage 24 in the reticle chanber 23 is also driven highly
accuriat el y on Theschasbls apthetprgjeqtion) @ﬁtdl@psterptﬁlciabluﬂggstbnemﬁiplé[ Iaeaafdids;ﬁric m
this enbodinent, all of the reticle stage 24 the reticle a er 32 and
the waf er S¥tieiy ek the norma) cylndas type, Waichisrcopstays ra@@g@gé ra&lralc) fgckive

highly aceual ghy R Bt '}ﬂmtoge hﬁﬁhgtdp\éﬁuﬁgsiht ﬂfén@icnﬁ 8f iR %?'u@alogx& he
bass of the projection optical systenfPL, 1.e., on the bass o
i dent i cal respéativelyabongAme @ptcal gkig, andharefracitve sypien wf theamemalacyyindérdypeewdanipl e,
t he overl Y onst 32 ) . : . :

is constructed by arranging refractive lenses along one optical axis, as disclosed, for example,

15 in International Publication W000/39623. 1t is also allowable to use, for example, a cata-
dioptric system of-the double-cylinder type as-the projection optical system PL. The
following explanation will be made assuming that the Z axis extends in parallel to the optical
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

20 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 X axis extends in the

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

25 projection optical system PL, and the stage system for supporting the wafers W1, W2. That
1s, a base plate 32 having high rigidity is installed by the aid of vibration-preventive pedestals

31A to 31D at four places (they may be placed at three places as well) approximatcly
arranged at apexes of a square on the floor 1. A watfer base 39 is installed at a central portion

of the base plate 32. The base plate 32 and the wafer base 39 correspond to the first base

30 member of the present invention. An electric level (not shown) is installed on the base plate



accuracy and the transfer faithful ness) is obtained when the wafer W, W
is exposed with the image of the pattern on the reticle RL, R2. The wafer
stage system WST of this enbodi ment is based on the doubl e-wafer stage
system For exanple, it is possible to performthe exchange and the
alignment for the wafer W2 on the side of the second wafer 5 stage 40B
during the scanning exposure for t he mag gr_ W1 on the side of the first
waf er stage 40A. Therefore, is possible to obtain the high throughput.

Wth refergnce, to Fi 2, an |nterface 0 71, Ln.which, for exanple, a
reticle | iar arRml @emﬁiﬂwowgesre% Brb S Ao 31D het Sl EnGier e

as that ofappi}etu@mﬁmewectﬁé lindlhdifg a Mkfhahial Bnsdr&abh ragchmalr ldamgasslabl ed
on the floor 1 at the side surface in the -Y direction 10 of the base plate

32 of the hydwjphe preesuredmwrvdnelpmsube hﬂavmxelglhapeidarr ele¢toineghotécidamper

chanber 87 having air-ti tn ess.is ed_bet ween the er end of
Che | nt or FABEURED) e J508RE pifoas & veidecedh ERGT B3 AU A SIFeTREsEHBor
pl ate 535. dAmpers i RABE WBfaBbn-bRIERIVeGRACHRA 3170 3D B dHveh s@ma: iﬂe%él@%?s i's
arranged between the |lower end of the interface colum 71 and the wafer
chanber 38ndingtiws Garglsnof inelitpsion abbut evcezxes)mf ¢hd base pload@r with respsttetm theot
shown), which sed t.0 dellver e re e be n the le lib ALY
2nd the 1 BprEs HEEE et B oiied PE i lEh fo ARNRT i P plofioble e, 15
chamber 8hydraWid presd@@UBE oflySib@iie or MBI 1R ¢ﬁth@&ﬁ&hhﬂcﬂaiampef id BéhtioRERTif

bet ween the wafer cassette and the wafer stage system WST, is instal l'ed in
t he waf er neesaspsy. Bhthharanggmenthhevahration fipmrt ﬂe@rewhllqhglms 3 ligly Sreduensy.tine
expo e | e L roj.ect XPg a S, of this
ebodtron ClpsAcPEbls w19 RE bR SuSpREPRPHLRTRREL "R, Rrdilhl, w
1, W2 by ivitzsteeaswhithtHae atiévafietuensy, s hiyenhtel b tiexqasiohrghdtigiiantpeamih plase
that t he hl% t hroughput is obtained, the purge gas (heliumgas in this
embodi nen©f thalevsh 15 ihijalin prefrbig é%|tl§¢,tf;¢r|e§a@alﬁp|a| dedectey ¢fpe cxpmplean IB?&fh of
t he expos b hj

pur i £y put b8t 7 Bolaty B8kl W hilih e oFIRE pifeshbfling ey ol

t he gas f eatot efiithe dEstrasttis epgcitedpem val ve- equi pped gas feed tubes 16A, 1
@B, 16C, 16D, 16E to the inside of the first sub-chanmber 9 (which

communi cates with the auxiliary chanber), the second sub-chanber 19, the
retiase chanbeFodr @dlurhie3Pare) et ionnthe pppes dlrfasesifane Bise philel 32 ke ti iy are

chanber 38 respectlvely The purge gas contai ning any(hgyurlty whi ch has
f1own t hr BERJAXiMEElY ResitiRned Rt fompaexese! aigHaieh AnBWPO plate s, sdvdhig PEayiiedRhnber

19, the 3 c Man? o. t P he
wed e ohatger iy pEUBHIIRR"ar doertIE 8 ARGk oo tBRoRAL IRHF IR (B el
val ve- equilppetiroggts 151 fisedan ge mppbewrﬂaws oflthB fmilr?@lunirﬁlim By ther i pé&tbtraxmhy

and it is recaovere e.recaqver it 4. 1In_this arrangenent
val ves, reaﬁntaﬁé)eg?%%r]f' éé&l%?edt%é&gﬁaqeéeaf he yiheationgpevepgic Pegsstal %nf an 6

and tzlibe ga&iwdl t%@@ftﬂﬁl&x%@\%nﬁgﬁapﬂﬁus &?&m&'@@qn :{-lYéEsan?é ﬁlaﬁﬁérvd%sea‘eﬂ'ocf hhere S
el ectromagneti Cal 'y openabl e and cl osabl e respectively. The opening/closing
oper at i ongibodtiontpeeweative pcxh:sualsl 31édtmﬂtma(h¢\yewendb@eersdmc¢ yo lp;adas puele Gbs

control system osed o The operations, of. the
recovery %%P’[nnﬁg %‘fﬁ%v‘gﬁn% é’é‘H Ve RApstads 3% H‘gg ﬁtﬁ YiBrATOR PRGE Y pedes ﬁ’ﬁ)eﬂﬁ} o)
control | egh PD Mag b uFr eﬂ&@th@&rﬁ]ﬁd@h s& ¥t @Y arbprRBAdtEl PpositiSnddoN apéss bed SO
that the purge gas nmay be supplied at a desired flow rate to any one of the

10 i nsi dea6¢glt]4fem§'ﬂﬂiectﬁﬁrrﬂ‘@fwn9m Hig, 2+ the Seﬁsidd%lbdﬂlamh@ FBtinoviic amdsspnd 3,
the Lpsid I oj ection
Optl2§| sgggL%$€@ ?@%ﬁlsggng? mg&ﬂ?uF&P&? h931poﬁ£ége$%) i n accordance
with the supply operation for t he purge gas fron1the gasfeeding unit 5, the
recovery operagion fo he s eff t he recoyv unit 4. a

Celecti ve bpentrgRerol e baE ubpotelfor Yk SPai-0aRk S Bednginst b2t he
pressure, opihd pt&e@phi-éitdh! yriehgphisiEid yf ok shﬁﬁ)rppllhﬁebgﬁsﬁrﬁﬁﬁd B&o a cuide
controlled, for exanple, in accordance with the output of an environnent
sensor ar ﬁ‘flﬁf@@ed bich hapan gxtegmly gxostent Hlatshow hsoekcle Bagridt satlaosgd on the gthdeeach
of the ai thi A , t irst
sub: chambar6° S EF ARG e o8 sABANIRERR b IERERRER I IRE R Lutna
sub- Bbanblmfanﬂ@s. amnkk tdueler Rt iched ohanbesticR3stadeh® by means of, for example, vacuum




2 0 space between the reticle chanber 23 and the upper end of the
projection optical system PL, and the space between the projection optical
system PL and the wafer chanber 38 are tightly closed by filmshaped soft
shield menbers 18A, 18B, 18C, 18D each of which has large flexibility to be
isolated fromthe atnospheric air and each of which has high shielding
performance for the gas. For exanple, thg _soft shield nmenber 18A
corresponds to the 2 5 covering nenber in the present invention.

A di ngl h tical .path.for th li.ght b L, whi ch
from & ne alisslilE AR shfifn b fier ' SoplFaitERDd Fiok' i Bh ofGOM el et PA0C°
to be exp@gRshing thet tctiblel X1 8MGhed SQEnABRIIRXIHSREE). Y TROAPPpRAES Ys cAREGALEE,NDEY -

the gas containing the |ight-absorbing substance fromthe outside scarcely
makes contsamplassoghatihe Howtde penosureas elhisicay exeentedatds desqribed @besepdwuetclei ght

cuppr ossedngs Tl BRERPRRILS Sthed B8 i BoMHERSHES mileh RSt &t b

det ectg ng [ptéfaamem@edt_tﬁt &id @ubREstape)sgaBmaawhich 4 MevablgRbgeiR sLED TR GadibISthance
is installed at the inside of each of the sub-chanmbers 9, 19, the reticle

chanber 2%eticlése projection optical systemPL, and the wafer chamber 38. The
oxygen concentration is continuously neasured at a predeterm ned sanpling
rate, and it is supplied to 5 the purge gas control system In this
arrangenent , t Rbe caiebestagea?4 oomprises.hier Exayhple.ab Soellinmyabletstagarfoeholding the

represent at i asured by neasuri t he .oxygen concentratioEn. Tho

Lsabl - as At Y R ARES RemBepRR SHo s oty g e SRESSRh ey M0

pol ar ogr apfagd.y PEe RXt¥OEArRBNGEMblath@is MBVed in fhe A 88&QMAbA (IHREn ¥HERIdN) by
concentration nmeter, and an yel |l ow phosphorus |ight em ssion type oxygen
sensd©. Hyfey ap unillpstratedilinggr Hpter.e Th fasmepfipgbymgyeble sagens fiaplyaeqmed an therX of
the light- bj S . ter. 0 |.QXI ingly
or t oget naeg bty WPy RSN A IHE Rorion ol SHBY rHEL RF R el it

| i ght - absetapé by usinpsfonecanple, thre actihtord eAadordihglghthe cbiiodd RN SRR Sas bppirived t o
the purge_gas control system Wen the |.ight-absorbing substance, which is
at a concéighbagcenitedy athd desired scanming dirsstioy i thet Y) diyectionnap the -Y direction,

concentratjon. 1 S.deat i i F= 1 rge
gas 15 15oaftis bsHEAGELFH R SRbORARh chibf Blufid il tholEe Witeleie Wlke BT D7
substanceishédsvenesnthdetheclhedofi conagreatictlasiconehtomt 3esad sfivdewith eéspedtatoptie 38 gas

control systemuntil the cqoncentration of the |ight-absorbing substance is
not nore HRERORHY 4FirgRabinalusyalcd inewblomembera diudf iflnriygfien dhiggnegated
menbers 18AitLnd 8Bl g I b§xXT GRichis @ihd

| arge fl eéﬁ%i%oti ty%ﬁé%ﬁ%‘% %%%?ﬁ%gﬁggﬁmfiﬂﬁﬁaﬁg%@’ ‘tglr%%ﬁgsm ttgé&%gﬁ\een
the 2 0 atijserantetfeminmeter] iglatranged m erdsr tofdstecethappsigon inderwaion ph thestaticle kagber
19 and the,teti . chanmber 23, bhetween e.ret.icle chanber .and the.

o1 01 ct | o U LB Re APEowa T Flfa b S B T UHPBRED e daFraieet b pL
and ble waideF toCdeddEbaie pdSitiond b ARH0R onlth€retitfel stgB0R iR thet M ir¥itIhatThe Reticte
mtigated on condition that the air-tightness is maintained. Further, in

t hi s enbotiterieemeteiseSXo 26 Y ghgagird theeprsironid the rstiple stagel @4l o8 dhe basts afhetemphce 2
5 between_the reti.cle ch er 23 and. the reticle |.oader. chanber 87 .s

Cight Iy cregagare oS oFOL MRSl esPOtvhiE bty InabBOThrRrBRE RhanEt ¢ of
the pur geflgmity\/of BXesi r8spebivdly. € A ctérdingB, tiedyl dcemeiardte adgle ofhetAiberof thevhen
the reticles RlL, R2 are exchanged by the aid of the reticle |oader system

t he conceffticlgtstags 2 aborb theuX ge1sgRiching pmops),; the anglp shelationabapt jag Yopdsat Ly

| owered, r - : reticle | oader
chan%gr 8&§ﬁ$§£§88m%g§%§§H% E?ﬁ?éaggfgﬁégﬁé%%?kggggﬁ‘gn°&§“ion sensor for
the Iight-absorbing substance is al so -35 arranged at the inside of the
reticle |oader r | O e 1C ' (o) h
Iight-absorbingqgﬁgg gﬁﬁéﬁ%ﬁﬂgﬁéngé %%ﬁ%@Q%J%%fﬂ%ﬁgﬁ%g%&g?mi%wégﬁlPét%%

hi gher (| @asler)agt bam ddvgn@lihowahlie (@onbenhy, ahd o reficlé heerfarghtte@RSX DF VI
substance in the reticle chanber 23. Even if the concentration of the

| i ght - absbhbieHglesisstAHe® RATtheoyesd eItk achranthepesticls dhatbrint (iM% t he
al | owabl e i e , reat 1R, i - ab {{n

Subst ance A E R B Py O SRk e KRR TR AR b oy BRI
conceat r gidsorherdtivengh efopuedy® agaatralsposugpdf tbd uppamldthef gasetfidedhangpendBt S
to the reticle chanber 23. Accordingly, the concentration of the purge gas
in the reticle chanber 23 is maintained to be high even when the reticle is
exchanged. Further, it is possible to decrease the anount of use of the
purge gas. The reticle 10 | oader chanber 87 may be divided into a plurality
of air-tight chanbers along the transport passage for the reticle Rl, R2.
Constitutive conponents of the reticle | oader system may be arranged in the

L S . S T Y S T T T T R T R S Y T T




15 Simlarly, the soft shield nmenber is provided so that the space between
the wafer chanber 38 and the wafer | oader chanber 70 is tightly cl osed. The
waf er | oader chanber 70 is also filled with a part of, or alnost all of
(when the valve of the gas discharge tube 17E is cl osed) the purge gas
supplied into the wafer chanber 38. The purge gas, which has flown through
the inside of the wafer |oader chanber_%g,_is recovered by the recovery
unit 4 via the 2 0 val ve-equi pped gas di scharge tube 17F and the gas

di scharge . tu A concentratlon.sensgr..for r bj ance
s a1 o0 e rgafor e RETREP TSRS TR AR orumnd shty Y HERHPT b iRt

concent ra%t@norgfoftth@ réticthéta @30 (1eiif18s waau}w;m re$peb® thafreticlé eragser QRagber
70 is set to be higher than that in the wafer chanber 38. Even if the

concent r atmeasured by tlee fetiglatintodfenohvicters 2ub.s2 BN c Baitshof the retidie mierfeaemeters 39X, s
not nore n the I | e .concentration 5.wh t he .cancentration of
the |ight tzggsad? B‘Pht‘gddsﬁ?m‘tb’ﬁﬁlésstr e ﬁgﬁ\gé?tg{le %B‘EH’SF Syf‘?ﬁ%& %ﬁo exceeds the
al  owabl e concentration, then the purge gas is supplied fromthe

gas-feeding unit.5 to the r cha 38 Acc t he. . concent.rat.i on
of the purge g ith Wf‘trﬁlé’e\)i%?%? chilipe p??ée ?E’ ‘ﬁﬁ&hieﬂegéétltedn‘d‘eg?ﬁedheneltfé’dsV\hen
the wafer f,gq ﬁmtlaﬁeﬁﬁd sEdtfohttstm dpprdxtmReShizhBediste Ui f&?tﬁe Td0e canmue 83 of
use of the purge gas. 0 Next, the arrangenents of the wafer stage system
based on tbhehqja:dlofexbmmefprsteagee ped€$61$§9stTélmpaHdCttOh@Pm@ﬂeVSWmé’delS 1gsiadleém of
this enbo be exp n.detai erence

. 5 ondWaRe aickt o ptacap T PisBared et RblonhalohiEh BRFGL af iGewReh © °

waf er st a%ﬂi@?’ﬁ"ﬂiﬂt Woihednshedtlvm opatfrsydtandesis Sisportsd BYMeBuppbripiste 33¢ so fifat
shown in , the wafer stage system WST, which is disposed in the wafer
chanideér 38 mﬁy bhiinseeted aad vathdrava wolpris direction (ghevard @Hgépnmoﬁlgwwm ch
are supported oyel the rf f the oat

manner by TPREt AP lilesugﬁ) gag?l 2gs?gend%m?|mntpr%en%ve \?agf?sta%%r?ld{e& %‘n éth"t%l {yp?n

the X dir Qﬂirhtm-lﬁeﬁknhhe appAathe WhidhNis bnbtvidigl &Y tHeCdiibnet Mesed @k, théRibration-
interferoneter systens for neasuring their positions. The wafers W1,

W
are held @rpvswevwéﬁtalstlég@s-’f Lihhoweyes, thesgndirapleepgd wnﬁlﬂé AVkenghe columns
| | ust
?Blr t hgf de ed PLQ Aﬂ%g %lacd_d" t&e Q?)f(l{rgt% u‘.g%%““% mggd 1?@%%3 RS vﬁ aﬁﬂngl:d Gt
par ali=l Ith'reé blacek‘» &thﬁs erﬁlticﬁhrﬁér[taﬂhg eﬁkeﬁltblyf Bato BTI)Got\mef lefse bBtﬁaE323 %he wafer base

|nterposed t herebetween in the scanning direction DS (Y direction) during
the scannifigthesplyaiy 3, the yikgatign asﬁvgntswe.mé?%ala% thaswpaﬁwleeéén@e Xibsgtjog-

sliders 4 r t fragl 1
pads, ar e%givacgg %e‘g@%t 53?(’ %(dlss%ll G%Pﬂd&t h%n%gfscgﬁ 1?1(% ﬂoqg %Pfe pg%a{aglg% (gﬁ
gui de 43Afiameninrthe pgredend ynvehtdorai d of an air pad sI idably in the Y direction
with respect to the first X axis sliders 44A, 45A. A second Y axis guide
43B is arranged by the aid of an air pad slidably in the Y direction with
respect to theAsfsofiducaleplats 19[ latlé asedetid, fidifsRl plite 10@ feech of whyieh MO A, ringoB

are arran ed y the aid of sslldabl i.n the Y direction w
respeé& t g r%m’@‘u?ﬁ’ xeﬁSR g{ngperFer}ds%/org% a‘é‘gé}t?n]dwlef R Poﬁ‘d’f‘(ﬂr}sth? not

2 0 shows rcﬁéc%o%gt{éat@ tdnf PRIs8§hat iR §upbait pYed ¥7 ttrlhtéﬁ)otaﬁthttebatyeét axi1fht
sliders 44A; 45A and the second X axisS sliders 44B, 45B with respect to the
X axi's gunstamfcerrmnbé‘? for4hg lager lvm:rtbmnmtmstmstamd ayt tbatmth@&thnglppﬂewfaw @ffthe

order 1o AR Y aFsd REP B STRYBET SOR: R RUERBNY SUAPRETI B i t

respect t gabifiGedforieSwHldicdpH (b3 AxaflFiB, B HeEN S 1Btk bl ih aSadveRhythR@ 6t he

| aw of 2 5 conservation of monmentum A fiducial mark nmenber 47, on which a
fidu@bSal mewKs bmncln@ast@rmwgummelab@sbeams hevipg aphsalgly |0§ arasr{ebaie alsyen 2EA i
fornedlsflxe er sur ace, o flrst e 40A t he
oo m t n X b G RO Rl LR MGEWER sblE b EaThs PR3 Souliil e

t he anounpemis dﬂtghh aed Sttpbﬁe(ﬁ%plﬁﬁz%ﬂmlldt@htnltbgam 850 whivd dieeneiyedt loh und nROce
is fixed to the up Eer 3 0 surface of the wafer stage 40A on the side in the

- X di r ect fidpeialphde $@heo thpdhie peyechian Rpucal systane beay se%éte@ﬁev%asttﬁ%g
menber as I f r f the
oo oot KT JBEGHSL0NE MG Ru T bl U, ORI GGG,
stageosystterentf\ﬁﬂ’ttﬁfﬂrtthidmlehﬂﬂetdllmalnttth\f tireemanbe expl ai ned. Wth reference
to Fig. 3, an X axis novenment mirror 5 48AX and a Y axi s novenent m nor
48AY are fixed to the side surfaces of the first wafer stage 40A in the -X
direction and the +Y direction. An X axis novenent mrror and a Y axi s
novenent mrror are also fixed to the side surfaces of the wafer stage 40B
in the +X direction and the +Y direction. Besides the novenent mrrors
48AX 48AY are used as descrl bed above, it |s aI so pref erabl e that the si de

Y Y b1 Y o, o AN~ - o AN r*



15 X axis wafer interferoneters 49AX, 49BX are installed so that they are
opposed to one another in the -X direction and the +X direction on the

m ni mum error axis. Two neasuring beans fromthe first wafer interferoneter
49AX are radiated along the mninumerror axis onto the X axis novenent
mrror 48AX of the first wafer stage 40A. Symmetrically therewith, two
nmeasuring beams fromthe first wafer inpgrferoneter 49BX are radiated al ong
2 0 the mnimumerror axis onto the X axis novenment mrror of the second

f t 408. || ddi ti to th ' b i b
Separated | n ¢ RETLOLRF BtTSAmHEr S 5N Y T LaoneEhes P SARre: ObRAG T he
TOVeITeNt g Ngter 4B, oFACHN Ol WRsicel i AHOTPL S 49A%: HBXoMBGSUT S

the position in the X direction, the angle of rotation about the Z axis
(yawi ng alemespondmgdo tameovemghemgrorr(tflgciingymitnyattaghied toya angvablerabject, ng., an

t) 2 5 of th fer stage.40A, A0B. . A ing. b whi ch
e BB b B R ¢ Wi e f FRRRUPOTE EATpl PR
readi at ed ofrhpRiton&he’betidn® sadce (uppet irfae¢é eftie@upfiatyiaRrEsy of B r¥tid¥ thamber

moverment mrror 48AY of the wafer stage 40A. Further, wafer interferoneters
50BY, 50C?3a# ehetbslectpe gondresion pectignffer phatedediasabiyeonyartisg By integeyndealght

nmeasuri ng,beans whj ch. pass t hr.ou -38 the r ectdive detection centers
of the ar PEHELEE itelsPE Yokt TR he plante i RS Firblse B a%0e SRS

respect i veldtessilpeseeho forldewnhiiing {heafidpiicemehteimmiin e DdaeétibathMhé Blane
measuring beans having two axes 1n the X direction and two axes in the Z
di r ect i onmigonwith r¢sheqt te thoviaierenve anaer far, expmples with agesahetiqnoofrabaatyfdenm e

posi tion i e dj i .t . i i
oS e o AL OR8] SaRl AGHRL B SRE Yo Behle Lo fon
anmount ) okediibf. Wat eifoshAaga ohGke diépBcenhent bimbanteisbgshilie® Bé an Uhiglugtradgdeatiiude
optical systemPL is _comonly used for the exposure for the wafers W1, W
on the waf@irodsyges. Ibainterfmometgtnjtsy which will |be desegibed kbt ony aszanstgieted i - X
di rectiongi.s J g I Qar, .t . - L4 fer
ot age. 40A G b\kifediol 8 TPRE glyfldelcORRIY alrhifl h0 Bttt
duri ng 10ainbentahith Aeditecfiar ariidihe \aaglerof\Mclmatidh ebaie tlentvonades ) i.cst abgeat theBX | n
order to nmeasure the posjition.in the Y dire?tion of the Mﬁfe sta%e,40A,
40B ddr i ngxis RRd Beph axisoihsandotrane of e rdicls Hasspro fiom the ‘SB[?F?'E%I!SWQ?em
PL, e Meagieaibn’ BF Ui OhbA RfiftoRY J6RE 16 CRC AighRlePTar | b Clikey BIREET PLAY 1S
used. In order to neasure the position in the direction of the wafer

st age 40AexpandiOBcontractign tameounsse obfthe hedeclonggneivt dsmpesTol2 e dour2 ¥viBratmach of
t he neasured 15 val,ue t ai ned the | aser .interferoneters Y, SOCY is
ioed T nRHPEE TS AR 4 CoeRln e BBV AR ARaYTT grdfie gy &

waf er i nt glfigitRIBEEmelnabdWithid aiG¥ablrgRs. ONeDeAngID, foPSxathpl, Wafkeh it support
(non-scanning direction), and thus any one of the Y axis neasuring Beans is
r adi 80ed, plater 35eisanphied, lonexpmiie by @xisggm@ﬁm uppiny the driyiga vi die rehele wager
stage 40 40B. Accordi nqgl he.fol.l ow ng. advant age i ohtained. That. is,
TP 2 02bobG RIS pkn e S B AR G B el RpB e e B ne
drive them@bvdd. gh speeds based on the doubl e-wafer stage system Further
it is possible to highly accurately detect the positions of the respective
waf er stages 40A, 40B. For exanple, when the first wafer stage 40A is noved
to the exposurwifoffdreme BfHigd 1t Bl 3l ekl iffeffefhftertihit hEX fandSd Y axis

al i gnment _sensor 27A, or when the second wafer stage 40B 2 5 is noved to

t he expositafeserseter vpit a¥4Yer whisk aif jqgrmpesad ef fleset aaterronsters depaeiivaly gitrent
sens 27 =~ 1s. : iver e g t he
cont a1 ipe O et plfigne 3 @ftial e ofin WS TRASHLR e P SirEe By

i nt er f er onfetseprofIEY,3736Xp¥ctively. tTie (WodXdes belinsh) 0S&th & bitaRehddatyths blagshik®r
e~canple, the delivery of the neasured value is perforn~ed as follows. That
~s, when oniEaksyeism oRhREr alst apeliabiy the melseamaiet Hets XXgidr e t Ryprestcariony

from3 0 §%§, §§\ata$e géerQO r‘a]!::isﬂre ﬁrrfa@& 91f ftf?eet'( Wcli%ﬁ a"?lth%g ‘P%Je@ﬁoﬁ%@%% ed

val ue of next wa
projection optical system PL correspondmg thereto In this arrangement, the interferometer

30 units 54X, 54Y correspond to a part of the main measuring system  The X axis

interferometer unit 54X measures the displacement amount in the X direction of a corner



-39 interferoneter SOBY so that the neasured val ue of the next wafer
interferometer SOBY is coincident with the neasured val ue of the wafer

i nterferoneter SOAY having been previously used, in a state in which the
yawi ng anount of the wafer stage 40A neasured by the wafer interferoneter
49AX is zero. 5 Wth reference to Fig. 3, two-axis novenent mrrors 61AX,
61BX, which are conposed of corner cub§?7[§spectively, are fixed to the
back surfaces of the X axis wafer interferonmeters 49AX, 49BX. The positions

in the X direction and the angl es rotatjon apout. the Z axis of the
moverent if1P§ P mpyemsat ropRYed 0 tﬁ% bk awfttﬁ% rqtlﬁleémeéfrs@mﬁf'é r23¥rin e
S7AX, 57'3)6%%9%‘?%9%&%98 EniPidr 193K, DafeS YOhyil NfteREOhfefd: | B ?’Y' fedsufe¥ Stlhg
PL. Atwo axi s novenment mrror 61AY, Ich s conpose corner cubes
respecti vedlisplacemer&laamﬁt nettle fYodirdeeiobat k comef ade tgpe mbecrnamn tiabr finédto the

interferoneter r the Y a osition in Y directjon and t he
angl e of ﬂ)afflaﬁvr ¢ retigde Z“%\é‘?’%m@?f ﬁﬁg’ %nﬁfrﬂ ﬂf H’Fo‘iﬁ feganca ymurog 5
measured Ryedheq 'vr%@g &%@gm&% H{é'rﬁalﬁzgntﬁﬁ%% td @60. a@ﬁyﬁu&&r&haelbaﬁ{s%49<f the

projection optical syste hi s enbodi nment first measurring
syst em wid¥hhave magpewringhaxes wh-achlnmhy ahaes. c&dmdnmatcentpm:l&ﬂy‘snemn%ooamﬂclﬂite‘s,
angl es of rotatlon ab the thr e axes of t waf er st ages B.i.n the
waf er chaftBsd ogghe f‘g’PﬁﬁL%?ﬁH&dé’& t %eoset&narf%m%nmrg?%%@gﬁ@(@a%osed
of the walgr s Nhekfi& %H&tEIESYA'ng%é['LOﬁQ% 1Rk Co S Bedtio T'A%R%e%?”tﬁe Tegsuri ng
system (mal n nmeasuring syste manages~t he two-di mensi ona

coor di nat entatfabmletmszﬂnoIZStYDanangxhsequeaﬂp tl&fse fof tieet teticie @harubert 33cor/tharbasis of t he
wafer interferoneters 49AX, 49BX, SCAY (wafer chanmber 38) with respect to
the prdbj eds Ripjeskian epticaksysie®RLPL. is constructed by the interferoneter

units 57AX, 57BX, 57Y. The positions in 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 respecti ve Thpogitipes okthg geticle stage %)lﬁe&f”és RilanZg/ “h@’@u*é‘t‘féﬁ}"%@slhﬁéﬂ by
the first {}’E&fo&{r Wi Ry SaElgiE‘ éf‘cl-o%aﬂgféiﬁ[ﬁ'%ﬂ IRASHL B d’; a%XI%EeI{;? tgpasi s
of the projection optica stem positlonlng urin e a |g unent

and t he caétérf@bmeferd 15X, ROYI aIntl@xl’hlc&ﬂde bhd valticictiyle @hdrhieg ZBhﬁe aBaRvpied to
exposure are hlghly accurately performed on the basis of the obtalned
measur ed {1 Maig copirel %gte@n%@m%mmm FPBiERl-system-calcglafas dhe pasitiogs|(XRdg YR2
syst i r d.
= 'Egho\;ﬁgth?}?ﬁﬂec%ﬁ afld q‘éu\g %ﬁ%ﬂ?'u%an e o%’}&ta%{o%ﬁ Bh e Bdt ga gn%’z{‘?rge
vaf er | oages bz@.tsa@ﬁ)me pmeammptical Lirsgem BL W dcbordicerific ehet follbingng drithindgic
waf er chanber 38 is formed with a groove 38a which is open in the +Y
di recti onoB&aiMat the projection optical systemPL may be inserted and
wthdrawn in the Y direction. A multipoint autofocus sensor (AF sensor)
88A, 88B based on the oblique incidence systemis 5 installed on the upper
pl ate of the méﬁ@r-KRédb@XRBSYR%hﬂﬂhlféﬂﬁénposed of a-##8)ecting system 88A
for projecting a slit inmage obliquely with respect to the optical axis AX
onto the slit-shaped exposure area 28 forned by the projection optical
system PL or aOR2er@R1litNOB1 neasuring points on the waf(@88) W1 (or W2)
di sposed in an area (pre-reading area) located in front of the exposure
area 28 in the scanning direction SD (Y direction), and a |light-receiving
10 system 88B The maeceimrohsgystemecantrolsetbe pdsitidngimd the oalotitie ofithasendai stage 24ce
and detectin he focus positi posi in the Z directign) at each of
the measuPRr ?9 Hifted . therpesifigrg %Bé IR23 o e fa9elFs ol B¥Rtiay HR%z%?ceﬂ?ted 3s

.) de he, I riVi ng
system ( ngfsgéﬁ%hwr%é‘/%' Aé%%r(ﬁr?g?ﬁQBe 3Gfdie §t§& b8 2 BPlkEEh B%hhhgccﬁltaw ofthe

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

24 1s tightly enclosed 1n the reticle chamber 23

25 In order to perform the alignment for the wafer, alignment sensors 27A, 27B, which
are based on the off-axis system and based on the image formation system, are fixed on the

side surfaces in the -X direction and the +X direction at the lower end of the projection



Cor ner cube type novenent mrrors 89A, 89B are fixed to the upper surfaces
of the 15 projecting system 88A and the |ight-receiving system 83B
respectively. Interferometer units (not sh.~wn), which are constructed in
the sane manner as the interferoneter unit 58A and which highly accurately
detect the displacenent anounts FZA, FZB of the novenent mrrors 89A, 89B
Wth respect to the projection optical_-s9gstem PL, are installed on the
second fiducial plate 102 di sposed under the projection optical system PL
shown in Fi A ct} r f ar. I ied
to the sta g@% r%?'si;%\tgljjis yé@&r"ﬁgﬁﬁﬁé {ht%ﬁwg’ gf&%@g‘%@ﬁf %‘nﬁﬁgocég?pgeglg-aﬁf@ %(/% fiz)g ng{l}g tem
cal cul at egetidiestaief X3cid Srdeiedipdriopi thdelighbrzhefdk tietetigdé.i cal system PL fromthe
i mge plane at each of the neasuring points on the wafer W1 (W2) fromthe
val ue which is obtained by correcting the focus position FZn detected by
the AF sensor 8B#h ré3&Bnod tblFigda Hidsh HRCeRAburddte Withdwéfer 5488391 d%n the

| evel i ng mechanismin the wafer stage 40A (40B) is 2 5 controlled so that

t he def ocbaseametad? is macinasdiatode grdasirfce bavarg an exdremely exncelient dpmessnok fir Fi g

4, wh one .shot a 29 on the . wafer or 2) .S _scann Wi espect
Co the on it Aies DR 308 2 spibol WRAALEE 4l aleincBh (S AGRAURES SLNA REPRESC |

~n the rarpeb stht@hientihe 8id Hfafitbrardfgredpetituelardadiocdhehdiigtly @fong e axis
reticle pattern is pro~ectecl onto the entire surface of the shot area 29

at a hyh meslsinarmksss 81.02mdsSeaps evidaerenher #3d, Agbrerpastiraly-oRhe firs peferdl br
hanber 3 : ' Upp omhe
oot e Ap i, Bedddfilied whllke BB e warttstaddhba WoB! Rlpebi BT I B o

SOCY showexarfiplej ghculdm aftra€ios.0Thelmiafer SQgés040 ATRI@BUITE Apvhble coftbmuacdlein gieixs of
the wafer W1, W2 on the wafer stage 40A, 40B, and first and second

pr eali%nndiectipde For sxampledyahe gidpt figar magters, and ibevi e meyebie Inyhterning Paniere
wafers WL, FQ; : 38 oyl r

preal i gnn%?l%%f)(t) Fhr%(ﬂ%n%{j SIE ﬂ\%\lhgmgﬁ&l? ﬁ'e Dfu:i:l?g '?h I%Ag#‘og?gétglgg‘g%%tgfg%r@g red at
a posi ti onriAdn sd thhhihe éawl of coriséreation afi menéntom i$ satishied imathe X dinsetibe andBthe Yhe

prealignment for, the wafer W on the second fer stage . 40B is rformed at
a positi offTEFUPnARY e aliahe X heide wprbgt ﬂb\é@ énc?etﬁfe?’go%"éﬁ g‘i‘ﬂ"e“‘ﬁ&é&isi“aﬁwent
mechani smg3834\pe AcRed fr?o;ﬁfoﬁi?{'@?éétigﬂserresﬁeb@ve@ﬁ SThsOMS abparatBe il d¥nsiplckdnvrent
positions) respectively. Positions for the 10 wafer alignnent effected by

t he dls gnthattlitde véwatson? isAgen2izB:da deringe thebsteppaeg ntovempisandi dwrsngAthe ®anmngl t he
exposure area 28 (optical axis AX) in which the exposure is perforned.

Ret ur ni ng“¥H%. 3, in this enbodi nent;~one of the wafer stages 40A, 40B
execut es the exposure sequence, during which the other executes the wafer

al i gnnent sequ after exchangi ng the wafer w.,th respec t he. waf er
oo Syst o AT e AR R gl STangs Wi it isbaskd BEGHEh of Hhe W er pect
chanber 7QoRaxim)gs Ek%rﬁﬂué%éd sd t'hgth% gf‘c\?\nﬁﬁ%@%ﬁlﬂﬁ higpla@indnPfh ik Feditebider the

i
direction of the wafer chanber predet erm ned spaci ng di stance
i nt er veni mgfar L eWetandanclinfien alrfug the tyedaxes (st abopt thRDAaxIpRDB tg ¥ axis) in

d [ f .0ad nmh . . f hanb . th
Fi o St ar0es et TelibE G o BORSG, Uasiaosit iEande the SR 3Ree e s

di recti onembodifféht & BsbedYonddktRlblelwierer sthiekystdhe X RREH ©. detbt tBe BosiBewnd
waf er stage 40B (wafer W) is noved to the position B 1 in the +X direction

as i ndi catdernajion dn thedX) dirpstiompn dhe WAST siapesstife 408, X axip Rder intceaomsiars

ports 52A B : i Vieinit: oSl ti e

O e sur t 420 OpR W el S hEl:Rlg i BlerdglerpPEE iR iyt 40
are al so bpsoveditcadnet dnothet destwwnfiadeg. af Thbedensd édtedt dlacdigrsit@nantoematich imahé hat
t he trans%or‘t )orts ?4A, 74B are opposed to the transport gorts 52A, 52B. 2
5 The5i nsiYddresfion pw thayaer staggeaPA e a¥ip Waker ipicafeiaeieh PN E 1F PraISedas t i ng
chanber 7 [,Ch:,cont it I a ” 4

wartng c hglﬁ%\\é}?h]?g%' \%hi %ﬁtf?:ro%#te a‘?ta;s(gap {eLf%I?)h]eeRﬁg'eg%Eéd) E%l}%ﬁé%dgr?? &’pgﬁ%es %%%?‘q%nd a
pr epar at ongtuadtyarrbeped/FhiMdbahg sepadnapis@caat othhebyrpadtternohed hactgalisarctsy
chanbers 72A, 7$B Shutters g~A, 75B are provrded openably (closably) at the
u~srde of MtHHE X PEGLPBIE dptsFiPed B dslayldpler 9B Transport ports 170A, 170B are
al so fornmed between the waiting chanbers 72A, -42 72B and the preparatory
chanmber 73 respectively. Shutters 78A, 78B for ¢ i ng/closing the
transport port EaCiwaPe PGS | ‘Féferﬁfl’t?\tﬁrﬂé%IAXFﬂ&%%’e?(?Ae\?WaFW‘%gﬁoqots”‘ﬁﬁrotf dhy7a,
97B are forned in parallel in the X direction at the side surface of the
preparatory chanber 73 in the -Y direction. Shutters 85A, 85B for

openi ng/ cl osing the transport ports 97A, 97B are provided. 5 The interface
colum 71 is installed to nake contact with the wafer |oader chanber 70 in
the -Y direction. Wafer cassettes (not shown), each of which acconmodat es
one lot of wafer, are installed at the position A4 and the position B4

o B Y b1 o o o e ~— A N~ 2



1 o Cylindrical filmshaped soft shield nenbers 18F, 18G each of which has
high flexibility in the same manner as the soft shield nmenber 18D shown in
Fig. 1, are installed to shield the spaces between the transport ports 52A,
52B of the wafer chanmber 38 and the transport ports 74A, 74B of the wafer

| oader chanmber 70 fromthe atnospheric air. Accordingly, the vibration in
the wafer |oader chanber 70 is not transgitted to the inside of 15 the
waf er chanber 38. The space ranging fromthe interior of the wafer chanber
38 to the . .-4 interni of the wafer |oader chanber. 70 c be . filled w.th
the hi gh a8 iDge A n theBaiaf i e ErPR Birdr gl Shade ¥ Bhe Shar er
transport @gbnt R gr&8d&BRTh Ble iReEtbRkr Advihg 8 PREAIAY UF &e@.omcé&hing%sihe laRg1E of N
the first waiting chanber 72, a tenperature-adjusting unit 7 including a
t hr ee- poi metagemabout theyX exisc@itelring gmopetd.cthe angle jof rejpigay ahoyt thel Y \axis @olingwaf er

son, 7an, b e oRoR HaSuBREL s Lvdind BT of B R LRA,) " °

for fignel yopaye Mlso inkgsusdd tereBy. MAY T thérdtibR stagdinet idenwatetlstageéiqog, 4o, isl i de
arm77A in the Y direction is arranged at an upper portion at the inside of

t he wai ti igale; araserable 2iat the pgle of wrotaherp drereof dpgshineamewyt of apilipg ameynd He
waf er between the interface col um .7 t insid h Wil nber
Ton s o Seanrtle onl ' $RaRebRe v 20 A48 s i Bordd B Y2k Al
chanber 7%xishhig whisapierfearéd Rt thedMesurennene emar Edeadsya pheblerBided allowatie Nng
rotation anti vertical novenent, a first arm81 for nmaking rotation on the
rotar~~ sKalg- 82, anti a second arrn 80 for meking rotation at the tip o f
the f-rrst arm81. The wafer as the transport oblectrve rs attracted and
held at the tip of the second ann 80. -43 The transport robot 79A
instdlds, at t Eetlm@and@ﬁemath@ rvaferestagstsastomsWat tis gonstrpeted, far exanpig bytthel

into the o) [ t oLt nort i t he
shutter  oAATE SaRbI0A, H0BTAE aring OO o oBRBROK Rt GO b 4ol
i nport of ahd& mE$ gliide TivednberndA pI3ER UIndithe i vester iBBAferdddbtera UOAXS, HABYEA0AY. as

to have visual fields at two positions 5 separated by 180 at_the outer

ci r cunf er dRe Pafer sigee pstembiVIhis ceared with shehoxeshapad waer ghamber h{sgeond piagge

pi ckup si g i g i i e { ed
PoCthe untithPBivEld i B-ehfhckd™36e RUEy BIRIGCRER ofid oiiidh 31 30 ShBRL °C
t he iusageimo akeyrad operddgsofithe digiee platd dfaharohfeh clfamiteo38.) The pésitéonalitetationship

circunferential portion of the wafer_ dispgosed at the posjtjon A3. The
oper at | onobfis Halet Fiseepapt. FOBGHarG b Bahisiiont e Kafuean godi b o 10
of the nofBtich Ang%g[%doﬂtotﬁopf RARLRLILNRAMRORAE! OfinfHeP B8 G 3BbGed by thd1e +Y
direction). Accordingly, the tirst prealignnent is perfornmed for the wafer.
The fir st waf énteifaranieterss4PAE MOMBRDAOAY . cRartstof it wafebintarfegometers 49AX, 49BX,

t enper at ure;adj ustin nit 76A the ide arm 7/7/A,,.the transport unit (not
Shown) - 1 FEAR b Spbitied Bibe S8t of e ararte AR B et RREL Ban 8aa
Symmetrically with the first wafer | oader system WRDA, 15 the second wafer
| oader. system i.s arranged.in.,qgrder.to deliver .t he wafer. anp the.-:4
posi t%n” Bl in"! -%?‘EF t%ﬁ%ﬁb}efm%g’, &Fﬁg‘tﬂbﬁg‘f feiVSWBI%qef Reat“?‘?eo%g? ?F’_ﬂé’d’%ﬂgnber
72B, the pR& béd, Bdhitl a?é‘%rﬁ%ﬁ&ﬁb?ttﬁé%rﬁlmmgebpﬁwﬁntm 20Sdubpid BA 1 n

the interface colum 71. The wafer” | oader system is also constructed
by t he temisfeaometer enijs\f8Bi AYC whiich ar¢ Brangad o Ithedgcendfiduzl plateel 2rsgribasdha

unit (not_sho .. the second .transport, robot 79B,. apd,.t he 2 i ickup
dovi cos sBRIehab o sRERTRE it IARPEN Rt eoh B SRt Thet BRE B8
syst em \Sfeaan it supflicdab en ilt@agdenecsysiiessa WRIA.is WrlBcoht thbesd Rithodi diRbfiod n
the same manner as in Fig. 3. Wth reference to Fig. S, three blow ports

94, 95A, ofiBe segené Hdeaiwhladie é8d.e with the gas feed tube 16E and the
gas-feeding unit 5 shown in Fig. 2, are installed as indicated by dotted

i nes at upper 25 portions of the wafer chanber 38. The purge gas at a
posnmve pr essur Badhofdhgiplarstriaterinith &5 Bltowd b orqasurouthe gsplaceggat agioupan jhes ~de
of the wafer. chanber 38 ~n accordance with the / o] 'S this

ot r angenefi SreRa oo Bt S5O0 CAPERsthY sbef FRLMol MR EEMh o BB
optical paidifeadméthg a¥addddSonvefeippent@fdceradned el Axmiaesbhvaw pgetisto9nA.

95B are cdsposed over the areas ntlud~ng the optical paths of the tw wafer
i nt er f er oidregl gefemaxe Mr@x 1£otheadigplpgramert grpynt MrHae |4 (Sﬁecbeﬂr of Yhepripigelyas i s
substantially always supplied to the optical paths of -44 the wafer
interferoneters 49AX, 49BX, SOAY. Therefore, the refractive index of the
optical path is stabilized, and the neasurenent accuracy is inproved.
However, when the purity of the purge gas is changed relatively greatly,
the refractive index of the optical path of the wafer interferoneter is
changed dependi ng thereon. 5 Therefore, when the purity of the purge gas is

N T




10 A discharge port 96, which communicates with the gas discharge tube 17F
shown in Fig. 2, is installed as indicated by dotted |lines at the bottom
surface of the preparatory chanber 73 of the wafer | oader chanber 70 shown
in Fig. 5. Oxygen concentration sensors 93A, 93B, 93C, 93D for neasuring
the concentration of oxygen as the |ight-absorbing substance are installed
at the inside of the wafer chanber 38, _tphe waiting chanbers 72A, 72B, 15:4
and the preparatory chanber 73 respectively. Measured val ues obtai ned by

th tratjon. 93A to. 93 lied to.the.
o1 ey BpBe e bL D RPRH o, B iften ngep dDae B el B Petian 8B e g 1o
the i nsi dejpfacthentWiddht ENaipBREd &P thehaidshied Hiith@ SomfRsyst&A Ofhel fifitude

shutters 75B, 78B are open, passes through the waiting chanbers 72A, 72B as
i ndi cat ed cbytral heystany deternings, thedisplacenient amowntsinDthe, Z [ifrectzord and thennglevofi nt o

th t 2 hanber 73. Th ich infl int.o th
br epar at o gtk AY UG, B, B0 B, L Rig 56 of s e R4 Praj Rty gPfcal
di schay gesgﬁéﬂm B0 #0th tihe GigMlactnfmbangend Ubeditettios NAWWihd Nhfekd plades. Ve t he

shutters 75A, 78A, 75B, 78B are closed, the purge gas, which is fed to the
i nsi de of expamsignfcentrashianbamodss of sthe edlosteomeagnetic tdamperscol/ dhg fown tvibtationa t he

gas di scharge tube 17 wn in H 2. 1T, necessary. 2 5 |n i S
arrangeneﬁ’f‘g’e?thvee %ﬁd%gg\}éa%gar\?aﬁoﬂggh%i 7O iﬂhaé t%%(?ﬁ’g ¢ %’éeaﬁ?%“gk %%Ehed@f%%togd by
the oxygendhiaaesivre ficiuaed SERHOIHWIBIS riryed 3BRc@irdingl9]f fok exdueplé, M@ AT shpport

(1 oosened) ~n an order of the inside of the preparatory chanber 73, the

i nsi de of plate3\preiagficainpiisd systop AL) 7ppbraid by anyipbightsvibration fromethoaptside, it

cha r 3 enL.r su |1 ne, of 0 :
congtei(n%t r a?sl 8%&2’2%2%%38@%% ?ltg gé%ﬂgﬁageadé@hg}ég 1 o%é I’Zheilg Iﬁj‘legtﬁret ﬁ%/cg%g‘r/ glse gas
control syap®ied. -45 supplies the purge gas in an anmount |arger than the
ordi nary anmount fromthe blow ports 94, 95A 95B to the inside of the wafer
chanber 38. Accordingly, for exanple, even when the shutters 75A, 75B are
opened during With Rfshrege Fipk. [ Bed RehekferdniteraMite SMAKASTRR fof thelleafivage gas

in the wafer chanber 38 is maintained to be high. Further, it is possible
to decread® interfgometas it 87Y uloe the Y meispier dee guader, phichs prgneqmpased whilessr i s

used when. urge ! [ i to.tfhe .insid f. the wafer, cha 38,
o for olinRteRR SRRet i RuRRu el ol Bl B0 S PR e

vol ung of +yhdiresiG€ 6n theWotamedrfhde dfiBe Wipp6rt pldia B eTheSthrod18dtr BEansS Raiesh 0¢
wafer is successively exported fromthe wafer chanber 38 is repl eni shed.

Accor di ngbyanched bysthsdyandhing ensicalesisteas 60t a1e alruinplicrotoothe dgferferpmeiss upiis ge
gas. Int h&XE ' t ] egé?&lgglnlugr%’?sb%&%a%éﬁ (ﬁqfsﬁrgrfﬁcteﬁ %nqﬁ giﬁl: s&tffa teE'
he light-a subs RS c)

concentrafion’ 0o sorbing ance (oxygen in case g’f t he

i nsi de of tHel¥ disedtion aad drebe diré8iohef fesproectidiespiiesl)systsmSdt cdreespendaipatiéretb/ 10

to 1/100 of the allowabl e val ue (desi gtnat ed as_dB) of the concentratjon of
i

the |i ght hidorEmegmenty e dnieeferometesainith 3/ 4> 37BKhe7 WaPTEIRgNE faAthart of he
72B. 5Fhe . B t ofe]r i [ in
cubsfanee TP AL HERE The XEEOMETLOAL IR VIR, 598K deadfe i 10
1/10 to . d=mpldCenodnt himewats lirothebX directioneof(cdast gulst type a®vel@nt ofirtolsefixed to the

b par at oPiPRaHEHESAT 5 Walty RO Rrrac FHA XailPD bt ' DS BACTHeRSFan e
chamber 386AR, 568X rBsp&tivaR0UThel 90249 i@ feibtet Bt 3TV aneRlRs Vi digplaRnient t he
wai ting chanber 72A, 72B i's set to be about 103 ppm and the allowabl e

val ue dC pmowtien the(Y girespian af 8 cgreheubbéypeagovemesteruna fhed abthetback @&fappaf | n
E E'es 2625 Cthe'whiif8l feloheBRShAY JTAREBSL NS PGS ALLES P MG B 893S
supplied to the main control system 200. The interferometer units 57AX, S7BX. 57Y have a
plurality of measuring axes. Based on the supplied measured values, the main control system
200 calculates the posttional discrepancy amounts (AXW1, AYW1) in the X direction and the
Y direction and the angle of rotation ABW1 of the wafer interferometer 49AX, 50AY, and

30 consequently those of the wafer chamber 38 on the basis of the projection optical system PL.

Concurrently therewith, the positional discrepancy amounts (AXW2, AYW2) in the X



foll owi ng procedure is available. That is, the allowable value dAin the
waf er chanber 38 is set to be nost strict (lowest). As for the other
air-tight chanbers (waiting chanbers 72A, 72B and preparatory chanber 73),
the allowable value is nmerely commonly set to be 2 5 approxi mately equal to
or not less than that in the wafer chanber 38. In this procedure, the

wai ting chanbers 72A, 72B and the prepagatory chanber 73 may be conbi ned
into one airtight chanmber Further, it iS also preferable that the nunber of
types of the |ight-absorbing substance (npunty) as the detection objective
~s i ncr eadBectionrrdithe Yadiresin| and\ihe gaglefof rpiatien ABYN phtheowates injerfesaeatet o

differ for C orbi ng substances. It is also 3 0 preferable
that the ]gl?lg%?% ea%%qﬁoﬁ&gba?%z gas or the hke is controlled talCtllg

notice of the -46 concentration of the substance having the strictest

al | owabl e val “The, | ”séfri’&%g(éc\iff’ &aﬁﬂbﬂn fHeYx %‘i”rgcgtgo%rq ’ gﬁg"YO&iretcgﬁrﬁ §%'E)1%eftn%§\%atfe¥ om

the air-tight ing a loose (Tar al'Towabl e v

concent r akia 9404 {wmr W 19hhd BRs@Ri dTHoRHESOPNC Khich ard1Based bn theOWhfer HbRF

having a strict (small) allowable degree, it is also preferable that the
pressare 38 tobe meagueddy theserfain wiafepinief faromeliefsfAQAX, $0ANe arecalgsesipplied to the

air-tight chanber j . € the pressure of t r S is,.in t he
o1 de of TEHERRP el 200h S PR ST R tom P S AEeBE mu iR S o

val ue thepe@k X bfedtidh 3n& MROGidiRAion dHAGh BEIS o PRtation BVPRE tROvifer {thee 40281 de
of the wafer chanber 38 in accordance with the down flow system wever,

when t he puthpebagmpofitke projacon opfacal system BE ihetdondangawithdh¢ follomiing amthmdiierent |
it is also preferable that the purge gas is 10 supplied so that the purge
gas is bl a'Eﬁﬂlvardly fromthe bottom surface portion in the wafer chanber
38 (in accordance with the so-called overflow system. An exanple of the

wRDALOvRBE chodivd 0D+ S PYPEe B ST ned, AL 11 1ot G4 s assumed

that the scanni ng exposure is conpleted for the first wafer W1 on the
first wafer staa; 40A, 15 and the scanning exposure is perforned for the
second wafer VOWGT OWd ©&8Wid wafer stage 40B. The fir4#Bhafer stage 40A is
noved to the position Al, and then the second wafer stage 40B, for which
the wafer alignnent has been perfornmed under the alignnent sensor 27B, is

moved toward tkbe BRinrontrel sysiem 20 qontiols it asitionrand the velecityaftthaiveler stagsst ar t
the scan ”h@%é)%ﬁﬁ%ggsﬁseoff { {e) gésgggl\@%w\la%,\é%\hgiﬁ%ﬁg ﬁae}"@fg g.r of%%ﬁgn 6% %a'x’é‘&lét!ad Lhi s

poi nt of ft unex isposed at e p05|?§on

A4 i n thedésotiBed oee.COINIRARY, the pbsitiddsaNIPR N WY) inGhd RliReSdd ArdNhé\Y difectibie
preparatory chanber 73 by the aid of the transport robot 79A. At this
pl acé5 t hand the gnglpoé satatipnrME of thepeedngrwaler fage 40Be(vwades) W2 hbased pa theowalgnd

dovi ces. aamgh A5 A st feR R ofabt S i PleiSrdicln®etT PAAR B g
to the pogirkdcRia with @8 pokifion ARSFephtyamflhis (AKVR, U WBGAnd thetalifle of rotation
AOW?2 to obtain the coordinate on the basis of which the position and the velocity of the
second wafer stage 40B are controlled. Accordingly, it is possible to highly accurately drive
20 the wafer stages 40A, 40B on the basis of the projection optical system PL, irrelevant to the

structure in which the wafer stages 40A, 40B are tightly enclosed in the wafer chamber 38.

As having been already explained above, the reticle stage 24 in the reticle chamber 23
is 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

25 40A, 40B 1n the wafer chamber 38 are driven while highly accurately maintamning the relative
positional relationship on the basts of the projection optical system PL, 1.e., on the basis of the

identical reference. Accordingly, the high exposure accuracy (for example, the overlay



2 5 waiting chanber 72A by the aid of the transport robot 79A. At this

pl ace, the wafer is heated or cooled to a tenperature sntable for the
exposure, and then the wafer ~s transported to a posiUon mthe ncnty of the
position Al mthe wafer chanber 38 by the aol of the slide arm77A. At the
poswn Al, the exposed wafer W1, which is disposed on the water stage 40A,
-47 is delivered to the unload arm (not gshown) of the prealignnent

mechani sm 92A shown in Fig. 4. The unexposed wafer, which is disposed on
the slide arm 77A, .is, del.iver to.the load ar not. s of the :

br el | gnntrRcRL PS5 Eioeghanhighed nBet ot W &2 Brolrdnibac
armis delﬂ&eVﬁﬁ%Q ONtR pdiRrs bh Afe 36tB1 R, FANd THERafeh 8tagHaR&SmM AW TN E his
places at the 5 outer circunferential portion of the unexposed wafer on the
| oad ar m ambodibwet veladed arhtheuddubledwefensiage isysge. pFakeyanpdayiit és possible to
Accor di ngl t he secpnd prealignnent Ls perfor f the expose fer.
AT ter t hapbeor e e s fnf dhe Agrent 1% 4B BB L aarths HdF ap SRAGRH vt
posi tisoN Alage 308 difing the FBMUBEhg! dkpbéife RRThd Warer WS tHeh@dedfi tHO RN wafkPRfgE 27A
by the aid of the wafer stage 40A to detect the search alignnent nmark on

t he unexpd9ad Thefefare,(ibigapssible (o elitaip thedrigh) thsgughpatns of the al i gnnent sensor
27A and detect the fine alignnment mark by using an obtained result. During
this process, for exanple, the fine alignnent is performed for the wafer in
accordance wi t WithesfemizntoekiggP otrainterificgroobmn 7 EGA) whight fomexampleha geticle
enbodi nent., the search alignnent and.the fine alignnment are.collectively
ot orr ed ibrebdSadRlafer shise R Aol dn i eV T P (T P LPaLYTtA
for whi chafrltge Waf @lthd Sleal ﬂOGngﬂﬁ"insﬂ\ﬂéd bR e ffRrRlaethedidewaifhde il ALY difRtion

al i gnment sensor 27A until the scanning exposure fo~the wafer W2 on the
secoR® wabérhesbagepla@E3a of dhmprogactian e®posutre apRapaivs. han doxshaped vpbdedoadsf er W
1, which i el i ed fromthe wafer. stage.40A to the slide a ?7A at the
posi t1 on femes S50 8dhe B A Gales is, %R0 Wt TinBen i, BE el
then it i gsolufmArMAR@ditRrckyletch@mbdra@Bsiigobed GDBE sfpOrtipIReBshe\ RsiHabawéter t 0
the position A4 in the interface 2 0 colum 71. During this process, the

waf er casdeaderechagber WO bapes bigheir-tighinasst i aranged bsbrtenithe lewer gib ofidher w
1 is acco i , t f A ,
whi oh s IAERE Ehubrh HNENEY ChieCARIMEL Ss aBbdsEl of Wt wast Hficl A SBRIGIE
unexpes edsyadne (ndt 3hoWe), whichr isassd &3 Helivies tHer Bticlp betvadn hiye tdielet litanypadtthe obot

79A to the position A3.in the preparatory chanber 73. 25 Further, the wafer
W2, whi chigigle staessyserRods isangtelledra theaptide faadesshamberdde dhalfaiasfersysig®. 408,
~s transp |t . i fer
tage 40A TS 1B IFABREE OB bl T BuR HAIDA B Dt Bl
syst em PLWSI,s¢ mstalledun tbewafer gdachaabiere/0f or t he waf er on the wafer stage
40t 1 During this process, the unexposed wafer, whl Ch has been subjected to
the tenperature control, is transported to a pos~t~on ~n the 3 O-vicinity
of the positi ofh8vdcuiimouttrhvielepbighttis asedBsb the axpdsereplight bean L B3 theBarofegtidhe
aid of the . . . . . .
20 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
high throughput is obtained, the purge gas (helium gas in this embodiment) having a high
transmissivity is supplied to the optical path of the exposure light beam IL. That is, with
reference to Fig. 2, the high purity purge gas, which has passed through the gas-feeding unit 5
25 and the gas feed tube 7D, is supplied via valve-equipped gas feed tubes 16A, 16B, 16C, 16D,
16E to the inside of the first sub-chamber 9 (which communicates with the auxiliary
chamber), the second sub-chamber 19, the reticle chamber 23, the projection optical system
PL, and the water chamber 38 respectively. The purge gas containing any impunty, which
has flown through the inside of the first sub-chamber 9, the second sub-chamber 19, the

30 reticle chamber 23, the projection optical system PL, and the wafer chamber 38, passes



-48 transport robot 79B and the slide arm 77B. The unexposed wafer on the
slide arm 77B i s exchanged with the exposed wafer W2 on the wafer stage 40B
by the aid of the prealignnment nechani sm 92B shown in Fig. 4. After that,

t he unexposed wafer is subjected to the second prealignnment at the position
B 1. On the other hand, the exposed wafer W2 is transported 5 fromthe
position B2 to the position B4 by the akhg _of the slide arm 77B and the
transport robot 79B. As descri bed above, in this enbodiment, the wafer

he v er TR, 28 i rrER DR GRS O Ay g e BEEt § Cat b e
bei ng congypuEteesAE IR RSt is FOPMEd in thBEcsRGPaRit 40 preal i gnment s

performed at the positions Al, Bl in the wafer chanmber 38. Therefore, it is
unnecessary that the positional relationship between the wafer chanber 38

and the wafer paflel fRBNBRT théWatlds | Wllch bR RSAEEPr e b f@édﬂtt‘ixﬁé‘éei o, St Ct -

That is, the projection exposure apparatus can be assenbl ed and adjusted
wit h ease.l6€Eutéel6E and the gpodis¢harge thbespldA, d7B 1 He, 1WA, di7Eakiegralves whivihgné y

accur at el 15 I n this enbqdi ment en the unexposed wafer.or the e ed
e o Tpas SESTORFBIHR VBRI ABH SlosH e PSRBB: 1 GOt P HioR BT 3
then the qit esPenfioNgd %HMBQIW %d@ﬁ&deﬁ 'P% 7%%;;3%% c%?(er\olcﬁgsﬁggr(ﬁotogﬁ% '

and the corresponding shutters 75A, 75 | d during the
peri od i ncompededidie oamipeter.ddds operatigrssy thdreacevdry wnyH, thErgas-dendingainii &, thede

such that when,the shutters 75A, 75B.arge open, the shutters 78A, 78B or the
shutters 250TRuRELRH S b8 Hse EatrolSh o7 BPES ot PSRl iy TIRARBERTSE® docs
not make dbﬁm&te@@mmltﬁabmge 2k Hﬁytﬂé%uﬁﬁﬁe@irdt% défred MW Rtelof Agoredfun® 71,
i.e., the atnospheric air. Therefore, the concentration of the purge gas at

t he ilf¥si dénsisie affibe subfehambhnPbldy thegnside af thayeatickarhamtiondd the insuetnf ghe whlskt |

expl anat i il 1.ob e d il with refere t g FLas, o, 9, for
ool o Sfarfer30pEnd TE RN 6F e prtfebibel GHELCER FL e Bxadotb On Brdily or |
t he shutt @ns ThAmb&e)Mh ddcbrdahés with fhy sepslfWpRtian [FBf SHRCpurdé@adBom the gas-
illustrati ng a state in which the wafer chamber 38, the wafer | oader

chanber 7decdmganithd the spcoveyapersiondar theyass effeded Jy thowrecoyery upjtef, ng the
nbl ed_,. - . adj ust i _ | Ligh
assentl eduqeqf ARABNAFRhar bkl f: (h0Es AU Brehlfe 88 bbby,

88B, 13nd bptiomally genmmiidite 06 tHeSpuZgeigasal barcenpsliddl ftexasplel B ®cérdams with t he

upper surface of the wafer chanber 38. The groove 38a, with which the
proj ect i offeAMRY oF 27 guiropment seasqrarrangsdnyheviginpy ef the hlows PAG cPPBHNRIgRtng

di r eCti ONyifhSach of the air-tight chambers.

In this arrangement, the space between the first sub-chamber 9 and the second sub-

chamber 19, the space between the second sub-chamber 19 and the reticle chamber 23, the

20 space between the reticle chamber 23 and the upper end of the projection optical system PL,
and the space between the projection optical system PL and the wafer chamber 38 are tightly

closed by film-shaped soft shield members 18A, 18B, 18C, 18D each of which has large
flexibility to be isolated from the atmospheric air and each of which has high shielding
performance for the gas. For example, the soft shield member 18A corresponds to the

25 covering member in the present invention. Accordingly, the optical path for the exposure
light beam IL, which ranges from the exposure hght source 3 to the wafer W1, W2 as the
substrate to be exposed, is tightly enclosed approximately completely. Accordingly. the gas
contaming the light-absorbing substance from the outside scarcely makes contamination with
respect to the optical path for the exposure light beam [L. The attenuation amount of the

30 exposure light beam is suppressed to be extremely low.



5 formed between these conponents. The driving units 70a, 70b, in which the
driving apparatuses for driving the slide arns 77A, 77B shown in Fig. 3,
are installed on the upper surface of the wafer |oader chanber 70. The

vi bration-preventive pedestals 70C are arranged on the bottom surface of
the wafer | oader chanber 70. Further, the transport ports 97A, 97B, through
which the wafer is transported with resggct to the interface colum 71
shown in Fig. 10 3, are forned at the front surface portions of the wafer

| oader chanber 70. The tran";sa?ort O{I‘h)s 97A,. 97B are ogened cl osed h he
shutters 85A, BBBXYERWPICsRieigN SYISOWREL deteriing thgicapienBaiion YoRyeen &5 riat us
of this eirquabgﬁmng' @bﬁé&&nﬂe'iﬁﬂamdﬁﬂé HifdR0of 4408 OPMRREEuRORAIREs 8819, She
assenbl ed together 'wth the wafer stage system WST anong them

subst ant i adticle chamberr23¢ titel projectidn apticalrsystom Rlgfasd tHeomader chotmhah®y. T oxygen
assenbl ed 15 togz.et her with the waf er | oader systens ].V\RDA, V\IRDB armnlg t hem
After t hafOnCEREAOR s eAIPEoPshPPAsHIed &8 PERFIBTMIPE FTRlRL e A0 1t R S ARG
mechani smyghawge bl donftol Systed)did m%"ar?ﬁ?mﬁ@rft?fhe%ﬁégﬂ%ﬁ&gof fhel I[pht-absoRSing O
the frame nechanism so thHat the projection optical systemPL is relatively
nmovabl e abwhsgnchie repressutati 8gx megsurertibcmeasyriby thelvxyae ncettionon.i Bhase gsable
Subsequently, the wafer | oz%der chanmber 70 tj S i nstlal | ed so thgt t he
transpor t %3P SXYER cepgnisation  penser, iglyde, fpr, cxarppley 2, BUIATOBEPA WPE BFEEY t o
the transpgcbntPohn@ea 7aeEhif kypeltk g@f &IncEARBE medd; aff A YellohaphospForgd10WN
in Fig. 7A, the soft shield nenber i’ Dis installed so that the gap between
t he | ower lightd emissiohe type oprxugen osensgst | dddweygst dnisPelsanprefanbletooweasssa thf t he

waf er _chanber 38. are ti,ghtl l.osed. The soft shield nengher 18F r.l18G is
st 401 e ogeniioRon iRl ubsoRo 08 Sibane Rl At yaRt Spy RSB oo | e
t ransport op@ddethbf Adreitl{ 4Bihd tedsuréd Qhiak &t the Qdont&iftradbiRIRE Night-absorbidd J.
8A shows a plan mew rllustratng one of the first soft .shield nenbers 18F,
and Frg. SRstiness eachselcthe airdighhehambersys aupplieditorthe pyrgp 8as GopHel yRERe oVben ~g

shown rn e - ttr! | ~ i ~)
fixed to E%Zhggggs %s%@ﬂgé%&sfaﬁ%,éﬁ@%?sﬂﬁ ué%ﬁgét%#ltonsﬁﬁfgi :ljp%%h%eafprfg%g_ gggdoves
98a, ~) Caali@wab¥aédrckdttatibnaist deteztedoin. anyhinehofGaE Rirright khdniksad, chd purgk [pag i30
vacuum punp VP, are fornmed at the end surfaces ofthe attracting sections

o8, 99. vwpRliedinto thesr-tght champes in whishobe lighirahserbingssubsterce hos bRefeteqied
transport. 1&@&5 t I i : ion
ef fected Bﬁ%cﬁ%i%%c%ﬂ%l% c%}qm% R P%gt%a% g&v&@ %%gﬁﬂle qjél rﬁgg{? ecg) n%%@? t@ggf i's
started i thedight-atiserbirny substalcetirotfimars thaatthe albivably dacdntratior®8 i~s arranged for
the wafer chanber 38 to surround the first transport port 52A, and the
second attracting section 5 99 is arranged for the wafer |oader chanber 70
to surround t hBachegadsdit shirdd areinbprsr 8 A7#A 8DTRenadeadufor sxeiipl@synthetic resin,

continuously, performed wi.th the vacuum punp. during the expaqsu st ep.. The
other sof b i darggraibikiye T hersioes N PREHien lsyn%alrfvstraqswmc{ Betechriihod.

ACCOb i NOhofacchf i IRAF hBRHUSS It BETHIANSROEN BRY Lio-ifhbel 40 A0l ihieampaCe
bet ween t transport ports 52B, /4B are i1solated fromthe atnospheric air
wi th a hi ¢tamber28e betfvean 1thel eticleg bhandes 23eapk ttei projegtioFwpti¢ed rsysttmr Plexanb| e,
when t he i ntenance i.s perforned, it g ea 0 ve the fer |Loader
chanber - 7BRWPSHRE RESUOR PPl PRHBL HPL i o opRE Tt LErente e binee
However, 4fthé $ibf:ﬁféﬁ%jm§trgﬁiedtdﬁ%pﬂﬁﬁwmapﬂ'l%irlt%}:ﬁdééﬁi@%ﬂtﬁin.ed.Or exanpl e, upon
the power failure, the soft shield nenbers 18F, 18G are di sengaged, and the
purge gas is contanmnated with the atnmospheric air (light-absorbing
substance). | np@fEenn HRs BUBGHMEME the@ok InRId HahbAMSE iB pAAkisOhd: hel dpeee
attraction of the soft shield nenbers 18F, 18G by the aid of the vacuum
punp25f or betweampthe, refi¢le ichamiegi 23abid theheticla lsgdst ehambar Svhischghtyeclédedat Tlen i s

ffected mechani cal |y wi il the like, is simlt | dt
it he sorecantce: ehapuibr o e TSET b SHig rusk SRR IR

i1 ustrat jengletdi@m8&ULS. €Thdiofdré, OhedP@BirB@ &l RSI RY s exchaflcdfbyt he &id ansipor t
ports 74A of the wafer |oader chanber 70 shown in Fig. 3, and Fi 9B shows

a secti ongliclyilerdeasysisrandig donemmtraten of dee pireFizgs 1oMe mhelesthgmber 8375%11@&

t hi s enbodi t is.divided int 1 r first s [/ n per
second srlrtBnovkRe S HE By BBl b bl SR AR BPR o,
shutter 7&Ahednth thRENSALHI, Sttt &itraibiZendsefot kiasiatht-absditiiag sidieycarsalsseshed
wi th each other, and thus the transport port 52A of the wafer chanber 38 2
5 showmn in Fig. 3 and the interior of the waiting chanber 72A are shut off
substantially conpletely. Wien the wafer is transported singly through the
transport ports 52A, 74A, as shown mFrg 9C, only the first shutter 7~-A 1

i s opened downwardly. The wafer W | , whick rs held on the slide aon
77.4, passes through an approximately |ower halt area of the transport port

-—A oA e o o o b Y o o o



5 passes through the transport port 74A in a state of being held on the
slide arm 77A. In place of the transport of the wafer W1 while being

pl aced on the wafer holder 100A, it is also possible to transport a
container in a state in which the wafer W1 is accommpdated in the

contai ner having a small size. Further, in order to clean the wafer hol der
100A singly, the transport port 74A is_gkso used when the wafer hol der 100A
is exported to the outside of the 1 o wafer chanber 38. As described above,

e conpany PG b e e ol refieyordeEclntsh by ABRAEE sobecnbafigfofheq,
then the 4iERNAREMHIng AbtariAn ke Elid1E YoaBB W RambEr §778 seitibDe iR (lodRARhdd e

wafer W1 is transported singly, only the part of the transport port 74A is
open. TherbBéwade conventidtiplw afahe liglt-abberbingrsybstaywe in shef tebiolierehathberrd X hBven if

interior Qf the waf.er a 38 .shown in Fi 3.into the interior of the
wa £ ng. cisarenianon of (R dEk et HBrlfsrgnyhe rcRhabs: 41 s Feb Hhaf e i
hi gh eoncemy f1ffwaBR @ncédi@tibi M WifenORs cahcehfifidnnsd ®e 1ight-Adierbisf fibsah@niethe 38.
Further, it is possible to maintain a high intensity of the exposure |ight
beam on t Keficlgloader phambepB7 eixgeelds theadlowhble corcentrpttany then ke puigo gaghip seppdiedt he
exposure ste and i t. s i.ble.to reduce,fhe running.cost of 2 0 e
exposur o TsBbPsaaeratiegplic BB Sl LBENETR Bel NI re PRl o o s
to be | owWpuige gas idemireidle chhdbere2® s afaidtiiged t@NBPRiIEh d¥en twhenStheB@gclk ds be
as small as possible as described above. In the air-tiggt chanber )

( pr epar at 6kshapgrsdnfarthers itjis pessible terdsergnseahe Imout of usesofdbpperee aas. t Bherrgtacle

i nterface -i L), r.ee,. 2 5
out si'do. whiRet Hmbly §7 DY \RE B¢ hapleafy iR Sniert Mok L bhebliE 2 ¢
the |ight padsagy for i 8tik1s RANRE. iIConsttutivd eongioRents iof tHeardt€ld JoaduesybRmaumyy baf | ow
of the atnospheric. air. Accordingly, ~t is desirable to decrease the size
(openi ng arengeddr theqluralityefpir-ght shambese - by thigt areangeraenty it dgjalse prederable that
openi ng") 4he . ! X 3
dorimeq DU FAEERiBs of BN d-Eaafithk Wihefhe el MoRFRYSRI=NbSLRER of D
it i s desihegiitiralityefaikight tiantemsaliffers. of the LF opening to be snmall as
conpared nth the transport port (hereinafter referred to as -52 "main
body opening") 52A, 52B or 74A, 74B between the wafer chanber 38 and the
wai t iusg chanbeBimibAly, fizBsofiehicld dndigber e pedvidddedo tHatthe/splce betwichih shecaafer |1t
IS unnecessary to restrict the size of the transport_ port qhereinafter

referred chAmRer 3P apeineavnien laadsp ebampier yOpetigiilirlond AP Mok leadsngembep ) 728
and the piep @ﬁﬁeggﬁgﬁg@%ﬁe of 3 th'an%?#bMeMg_vanetome nga%iscgﬁ » tube TORGYET

it is desira e size of the internediate opening I gui valent to
or | ar ger clobab) thehprgofas supplidd mpethie vgpferathatber 38.z&he purge igay avtact hisoflovn

smal |l er than that. of, t mai n bo openi (52A, 5 or 74A, 74B)  descri bed
above. " or linehdRs isSusof B ety gRdet RS TP a0V st B i rayieey it PG
enbogihmentalve BeuippHA &is' dibdndipe BHATPR5d ((RE SRAUALRIYe GRMPLr A% oabchtMabd | NY

10 chanber 72A or 72B) are provi ded between the wafer chanber 38 and the
i nt er f acesansdiufion thglight-asorbingsubstanes iselip atranggdanitimywater baderisbambenO; hed | F

openi ng apd the i n_body.. openi ng. weyer, [ee .or. nor ir-ti.gh

chanbers TtBE-fR sOncBitidrabe RentRAH e ehie M Rhfer Feten deEbrnIe

col um 71is skvd &9 hifkdr@hdnthel iAREE Fhfr ORAMHAGS., Pibh ¢thexbisdenteionesimhd fight! F
opening and the main body opening, may have an equival ent size or different
si zes. 15aksgiipngepubsiapcy | He syaferhamperald isHwt mre thagribeiafowitle conosplaationt o

t he siLze d t I 3. bo I sal st t r egoi ng
cond?%iongkﬁiﬁﬁé&gﬁgﬁg%opﬁgﬂkgg ﬁb%%gﬁg%§g¥ﬁgﬁﬁgéﬂgh 2@“?;0%%5§?§g§9be ween
t he waf er exxdeadshie alBS8vandcdnbentianbgrihace atadas Klsuppled fidrd thags, fedédingd Snit
enough that the I'F opening is nerely allowed to have a snall size as

conpar ed \i'¢ Kha WalerehambsdiP operirdigelywhercoaeentagen of W Biree gpgyHt theowafer
charber s a{a]%b%F ay!, %‘a.gﬁ%‘é@% NG HalLEl WIRRAMRE W28 AN hilGel NUEIACE, GO umn
71, it is also preferable that the size of the transport port is increased
as the arp@apenenccrpositlid onowappfl cactids fuhe ywaf er chanber. That is, it is

al so preferable that the size of the transport port may be increased in an
order of the IF opening, the internedi ate opening, and the nmain body
opendng. This Hextangemantemantebf art wafer sape eysadnh passddesn tHeedcublroesfer abgeon of
the light 2 5 absorbing substance is restricted nost strictly mthe wafer
chanber 38, and the concentration of the |ight-absorbing substance ~s

| oosely managed in the respective air-tight chanbers as approaching to the
interface colum 71 That is, when the concentration of the Iightahsorb~ng
substance differs before and after a certain air-tight chanber other than

t he wafer chanber 38, and the concentration mthe certain air-tight chanber
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The | F opening, the internedi ate opening, and the main body openi ng may
have an equal size, and the opening size may be nade different by the aid
of the shutters as described 5 above when the wafer or the like is
transported. Alternatively, the respective openings (transport ports) nmay
have different sizes, and the shutters are used only for opening/closing
the transport passage. In this enbodinggg__the waf er | oader supports the
back surface of the wafer. Therefore, the lateral wi dth of each of the

openi n tran r or.t iS approxi pately j.denti dependi. n n.the size
oF T he et bl Hha e SRR hadsh SRBMOR: B Srbodimgtiinif be SEREeR 0B Win®' 7
repr esent ggrefycehol F‘i%sl.:i_%go 59 .iﬁslﬁ%,u\%ftﬁgmftiggcirﬁé%ctﬂfn b BBnGRERENBRating the

(transport ports), the size {opening area) ers. However, when the size
of the wafwsifer|stagdesyst¢m ViR fand thwer wafer lpaderisysiemishowghn Eic . oAs shownapdiig.rigs

(transpor orts) differ hen. t he.hei ght e adjusted in copnsi.deration
o the ot NP B e o RRich o aitiscy i FE Vafe® Ptk aBpriss EBPOLTERT
the f ey egebmpriscaBilb wafh siaesSAIA, A0BShichldre WiRriad oV @ AR guidEsupfate &1 8O Wafer
chanmber is provided between the interface colum 71 and the wafer chanber
38 separ atede 3% ingnileatiag wahaer byherpidrof 38, beptingssand ediiehnige enavable indepepdentigur e

i s made highers than. t hat, of t he atnospheric . air,in.the air-tight chanber
connect ed "? g’et)ﬁ & lrleér}fog r %ngctge &?lﬁ%ﬁor}”l&ﬁ’ﬁn%?ydgpsttger 05 ‘Hlde{H{?r Ilg?ﬂ%Teg% séf%"?ﬁe

at nospher ifgr medsurihg tHefr RRAIGEE Thatwalfdte WT,6¥3 W &helll dnBie WATQ stBRADA! 488 i S
equivalent to the pressure of the concerning air-tight 2 0 chanber.
However, respecsivalydivrthepid affymtllustieted wates hplderss Tigtreangementtwidl beadeseriteHamber
38. Ln thi R ONES rabl e that fhe,pressure of. the, ajr-tight
chander 1 EHEEIGLbioks ApaPalX B Suo i L A AR M Sal o LESE K
when the eene@ngddadolthat thd whfeebdst gb ivineesdseddefcbBrsicam iethelkdahRing direétivagns t he
mutual |y adjacent two air-tight chanbers, it is desirable that the)gressure

in one of (Yigegion) dunng the seappieexposuli lirst daxicdidesiddadp drandsecond dsexis ct | y
managed i S; i | . hr-t 1 ght

Accor di ng?l;llc,@sld%él]’é ggg&slg{cﬂﬁfek s{h?@tg{c/g{té\% gﬁ@‘%ﬁ?‘? Bﬁh{‘? a%# %réﬁl g%;%%la%eg %‘nrﬂcl)?n t he
ai r-ti ght Xchxanpeade memheérs1f4% concentrati on managenent is | oose (all owabl e
concentration of the |ight-absorbing substance is hyl~) to the air-tight
chanber m which the concentrati on nanagenent is strict (allowable

concanst rati on Affirkte akig leirda @S Arib highgsdi b theridof 1 diysd slidathdinthp T direRtiont he

whol e of the reticle | gader 87 may be arranged in_at |east one air-tiggt
-chanber wHilBHesPsctdp theefishiX PiothdeRd et al &b sarand &raxpBguidh 3B jsurapged

transport 3 : r J - he o ﬁg% - A8: i bed
above in gggd%?g?ﬁl{/&?fﬁlg??@ﬁ g.ﬁtrga gﬁ%?n%)g(r%&slﬂl ljralscrfegﬁtloﬁg cg}?drq5e&te:°1|rxcl: eldglﬁZ%gér
23. I n t h#SB.cdBe, whfee stagts 404, ARl aoe aaangedrhydiht exdd ioff air padghdlikdybl$ inltbs &d
cassette (for. exanpl e, bottom open type _Sm d), and the reticle be
por ted TGO NGUEFESPoSBLR U e deg s A Ha Ao G hisph dcfonshaierHgmelors et

Wi thobhe afoims RReplovidad lin of 8 tOfrelbfMRIPhivAltet frsPk il siidea£hasheng By be
provided with a buffer cassette (storage shelf) for holding at |east one
sheet of sespid XeaxiEslifiersf44BhddSBr witk pespectpiorthe X episnguidssnembyrsbdl, 42 while
mechani cal | sl epder .so. that each 10 of. the transport.ports has, a

so- cal | ed™ %”@Hg,l PR %g}e % 8 OnSPREE" t%@?%gﬁulamﬁﬂ‘fv ear oS, @8t gas
may be deghosased payvitdd ini ciidido kélRivelys@dsel thy wafer k8P 0835 -thdN@XdirecAbh
exanpl e of the method for optin zi ng the scanning velocity for the stage
syst em upWiHhiigercel éx ubs oh fs ehdessd3AnitAB whido subsdantiallyh sehefyweofhe clewi o
exposure S qm}li Figs. 1 and 2 will be explained with reference
to F?gs. %B%Q&OX’.O%P%. lirg'shows an 15 exanpl e of the shot arrangenent on
the wafer W (corresponding to the wafers W1, W2 shown in Fig. 1) as the

exposure objecyi of this enbodinent. In.Fig., 11 1the wafer W.s

di sk- shaped su}l\)s@ﬁr%%lta{emqg(olpg'%i'p%eﬁ’ a"t ]-lclhn%Hdt\}é?lel?g)”kﬁ%ﬂ/‘f’ﬁﬁ"%{n%lflgnb@feeﬁ”eo?f
about  300thealignihént efseCctT N e BKRASW BxdalBahdfippeheurnRE 8F thWirst whrvi fad dopt o a
| arge nunber of shot areas 29 (corresponding to the conpacted areas) each
havi ng a M Heridexn he tihe dXCdion ech inpaswig Bemb@ 40 fogmpeaptyinign ferhexampfi. tlect i on
at a pred m pi In. A direct on-: i jrecti,on nd in
the Y ai T s FeRlr R elgeb S S Rk R o AR AR RS bR R St
areasoi s sefaonefl tienwhize sta¥e dDAe@t tl@nsidd in YediX datit@m. WIhd s&es pidatialt Mmatkhe
slit-shaped exposure area 28 forned by the projection optical systemPL. In
this enbodi nent, for exanple, the width LX of the shot area 29 is 25 mm
the 2 5 length LY is 33 mm anti the wwdth (slit wdth) of the exposure
area 28 in the scanning dli'eCI Ol 1S 10 mm 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 colums respecttvcly.

g, S ~ N o - o o - o -



it is possible to cut out one or nore usable chip patterns fromthe 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
viewillustrating 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 1 o the slit width D. In Fig.3%2A, the acceleration is started at
a rate of accel eration WA for the shot area 29 (wafer W fromthe position

SeP 2 LR RN et Bo RS B R B B

stabili ze@uﬂgmelolftﬁet'gecdddmg&gt&g@@tgot area 29 arrives at the exposure area
28. After that, the velocity of the wafer Wis maintained at the scanning

velocity VWduring the period in which 15 the shot area 29 passes through
the exposure angaedfnpld ¥ wRf ﬁl'éaSWlhg é’}’fﬁ%@ﬁ' 8f %E@Qvaffé? SRR QYHIRIEISY LR
substantially at a rate of acceleration - fromthe point of tine at which
t he r ear wamtodingnbviii hew dteotxplaimsd. 2W1thasferraass tdFighBoayg K vhemexgoentimeirmr ea
In thi se, heu lim.t of e eof accel eration Wa.of the
wa er Ay | H8ASCE Y i BB et BispLos AR St R up SHE sBlrfies R eCASharafs
Fig. 1 issppeacAinbee -Rdilebforiaghe #Ymn*ecmfn tAYE X Zax s rﬁ@&eﬁleﬁf m@ssrnghat hgs on
the side of the reticle stage 24 in this enbodi nent, because of the
fol | owi ngMaxament. mrma@relaéso mttpﬂmsmtsntfweﬁa@memaéqtslaaﬁ 40B ipthetHiedirection

errboa mendnd g £ G BRt e AR QB e Rec Y B i Bocribed 1 g

or 1 /5-f abéke, AGE alsdi prgheabld tmet ﬂm@tsﬂieosfurﬁeééedt'ethatWa@é? sefget BOA! 280B Gtemsrage 24
is, for exa four tinmes or five tines the rate of accel erati on of the

waf erlOst a@énﬁma(l@\ﬁxeéneazurmg\)ager geamsyge radéatedcomo thepbtainrd Suirter THéaces or e, when
the rate of acceleration rs increased, the retrcle stake 24 arrrves at the
upper Irmrt earlrer than the wafer stage 40A. The upper Irnrt of the rate
of accel er at r ofn s etmf@drr@wdheostmg@@ (senternt thecenppsuse arepkofithe progection
acceleratr t el d trcl
R s ar s ORRAD St B TR S BRI o, B e A e ol iy S
mechani s migf optieal mﬁﬁ r(ﬁétébtﬁ)haﬁﬁte%oﬂﬂﬁ@edcbrmgél}gnm&t Eénsr Q7R SsdlaRshgdedaln 4 he
upper limt of the rate of acceleration of the reti cle stage 24 rs_Ra, and
the - 56Saaghinsgheremalierirpfennd & arcamighemn eppy axis'y nechi ip ajallehm thaa¥ axk s
assunptio f i on
ragni Pt caty SA° (8 FRFREfa B 4, BE Ha eI 3I3h kY, oft iRl P BEE
accel er at ammhe:rfm t}hae X/\mi@noﬁ mgmeék%dira:tlbﬁ o8 the Birdmbm)erroaagdist Mevemessaring
velocity VWof the wafer stage 40A is ~3VR Wen the projection optical
system 5 PEampsel P the ifhavalen Blerfgermsiasj 494t a5, rafinigd ¢langdbe SHUBTUREeN®HE of
{Af;ve_r git 'V% bﬁto%?g,)e As noveReRS hiforl 28ARASF Bfe Hfle WiRGCHag! 808, 48fnmticany 3Ra,
th-e-re-with, two measuring beams from the first wafer interferometer 49BX are radiated along

20  the minimum error axis onto the X axis movement mirror of the second wafer stage 40B. In
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, 49§X measures the position in the X direction, the angle of rotation
about the Z axis (yawing amount), and the angle of rotation about the Y axis (rolling amount)

25 of the wafer stage 40A, 40B.

A measuring beam, which passes through the optical axis AX and which 1s parallel to
the Y axis, s radiated from the Y axis wafer mterferometer SOAY onto the Y axis movement
mirror 48AY of the wafer stage 40A. Further, wafer interferometers 50BY, 50CY are also

provided. The wafer interferometers 50BY, S0CY have measuring beams which pass through



The sum of the acceleration tinme and the deceleration time (acceleration
and decel eration time) of the wafer stage 40A duri ng t he 'scanni ng exposure
is approximately 10 2VW W4, and the exposure tinme in narrow definition, in
whi ch the shot area 29 is scanned with the exposure area 28, is (LY + E»hNV
Therefore, the exposure time OT for the shot area 29 is approxi mately
represented by the foll ow ng expressian th the expression (4). 0T =

2VW WA + (LY + D)NVV- 2VR/Ra + (LY + D)??VI(:%VR) ...(5) 15 1In this case,

the scarm_,ng vel oc the reticle st crease t hen
RGN N EE RS RN R ﬁ'éatt?on
and decel efeayiaQR} redpeBrivedy. PTRY ene@lwafth 8ii&F5Betet GARGE PRIvidRYRARIMEasuliAR OT

is all the nore prolonged in some cases. Specificall when the scanni ng

vel ocity VYeenf hatvm tetaxed in the ¥glirectipn and RO axes s itinn dlrcptlpngs weHBnotishows).
assuned t ion is perforned he time

Thelnee wlBtette P PRuTIE o Bhentk BERATEOT RS B ion, W arele 4 puubaf g

per f osned gleet weie r('ya{\@ngﬁﬂﬂoﬁlﬁ) bl the$hg HEotH3A Aboittfthd kemsc@ﬂemﬂg aRLAGbFY VR
is VR2 which is faster than VRL as shown in Fig 12C. then the Tinme t4 to

t5, in \mﬂwhwafcrestmﬁ@éu feBi In tp@reﬁrmomm,u tbe piodactiem enncabsxs@npalp &sccopimanly he
time tl to t2.Show Il 11l acc | erati celer |on
e (1) BeoRE opaaitd Fordh alefo o bl ind s Sais AAIB, Hisweehd

decel er at bRghrdnfBersbr 27A Fdr tAOAX u?reétmntls)xseaai %Vhﬂe lidninfentl 5B theTh@feﬁmr én the
enUre exposure time (0 to t6) is |onger than that n1§§8 12B  -57 I n order
to optim the firflevafensipgertAs avholeithealigrmeat sensar 27Reforthsostdisectionds pdiduringie
expressi o ( [ I S t he
xpr adai omeciealrRnblpy i Shty ot B QMG BEORERCHAE 1E GRS U Al The

d( OT) / d( VpsitiorZinRAe Y c(lie?(tldn 63) thé wialirdjage 40A, 40K Ghrirly theexmptierbasedval the uvRadp
of the scannlng velocity VRto mnimze the exposure tine OT is obtained as

foI | ows b9f dhn Prostion opdgyr BsteMH R4 51)6 msasyred V§B‘§n‘?htﬁ§edvéb’dé? topntgat weliRhdp =
{(LY + D Bﬁérﬁ%ﬁét@r 50AY is d%ﬁ ) % J set m ea@l?r%lﬂ?é ﬂ&éltlolntm s PARLERR & thPkatP®

exposure tinme to consi
stage 40A or 40B during the use of the ahgnment sensor 27A or 27B, each of the measured

15 values obtained by the laser interferometers 50BY, 50CY isused. -

In this embodiment, as described above, the plurality of Y axis wafer interferometers
50AY to SOCY are provided in the X direction (non-scanning direction), and thus any one of
the Y axis measuring beams is radiated, for example, onto the Y axis movement mirror 48AY
of the wafer stage 40A, 40B. Accordingly, the following advantage is obtained. That is, it is

20 possible to miniaturize the individual wafer stages 40A, 40B and drive them at high speeds
based on the double-wafer stage system. Further, it is possible to highly accurately detect the

positions of the respective wafer stages 40A, 40B.

For example, when the first wafer stage 40A is moved to the exposure position after

the alignment effected by the first alignment sensor 27A, or when the second wafer stage 40B

25 1s moved to the exposure position after the alignment effected by the second alignment sensor
27B, then 1t 1s necessary to deliver the measured value between the central wafer
interferometer S0AY for the Y axis and the wafer interferometers 50BY, 50CY for the Y axis
disposed on the both sides For example, the delivery of the measured value is performed as
follows. That 1s, when the first wafer stage 40A 1s moved m the -X direction starting from

30 the state shown 1n Fig. 3, an offset may be added to the measured value of the next wafer



time Tsync until the synchronization between the both stages is established
after the reticle 1 o stage 24 and the wafer stage 40A shown in Fig. 1
arrive at the predeterm ned scanning velocities respectively, in addition
to the expression (4). In this case, when the settling tinme Tsync varies
depending on the scanning velocity VR it is necessary to correct the
opti mum val ue VRadp represented by the_?§pjession (7). It is assuned that
PAL represents the practical maxi num pulse energy density of the 15

exposure l.ight beam he wafer, and f represents the |Light en ssi .
frequencyf“@ﬂgogﬁﬁﬁéggal%&BBEGWé“@ﬁ@PGQ@L@dgi 9’?“ﬁwﬁgrEﬁ%ﬁ“ﬂ@ﬂﬁf%gﬁqﬂﬁe
vaf er, WhicgihcidenbitirinRSEkaied vAINE o SHA WA Int¥GerBieteY SYNY BivinB®e \Ageemgmlya' ue
(3VRadp for the exposure area 28 having the slit wdth D, 1S | owere

appr oxi matus¢dy in A sptopowhichnhe yawihg ampuintmiithe aiafe s(agy/ROApnessured blydhes waRkt =
{D ((3VRad %IP~L .%géxz O Therefore, it is assuned that P2 represents the
proper exPYEUFEMELTE déféPty of the photoresist on the wafer V. \en P2
is smaller than P1. it is possible to obtain the proper exposure energy
clens~ty P2, fqr. exanple, by.swstchng the transm ssnty of t )

i ght ¥ educi ng Yith TRiEEnCHtQ Hiief By Byo-Bxip FRAET T @W%mﬁg’ 1411§?%mhwhmr§ 2,
or contr olchiBgseliNg BHiP ¢hbddireddbi Qpdl 6% 1 2is
| yher thar?bPE deue to the Iov&esﬂeané%y olf e%%]eghfs%gﬁﬁgﬁf%fgg@e?kua%%fep
necessar y mthd¢romaers4dhX; 428X el e popitidRs i theal aditeotidre adhttlel mgldshefirotabien

-58 optimm val ug VRa That i s, when itivit f. the .phaot oresi st
"1 oner edboN S Z AR i PG CBERITFIOGS - RO R ot Dty hs AR ramers

vaf er st aggitd 9P X $780AeRFBREALIE BRI BasRUT Y prdRbssd ¥ptRhl {BRnPPO! Ar@Rl st -
When the sensitivity of the photoresist is increased, the scanning velocity

VR cam be asistmioviement ronror héAKawhichaes canipmsedkolr aoumsr onbes T9spestivehe isalgorfesditon 5

obt ai ned correcting..the expressio 7 I er, to determne.the

opti mum valu C%/ﬁéfﬁ?fe ? tﬁehcgng%i&ﬁ?rﬁﬁte&a{ogﬁ?;Bég g’f ﬂ{ehg A8y ﬁ-ilf: gogitiapn thg 1y
nmeans of tyh@ir€ioR Wn@ thé ahdle JF iretatioM Bbut i 2 GRINbNHe EXGRMENE nlifioP 6 AR dry
performed for the seventy-six shot areas 29 on the wafer Wshown in Fig.

11, the raeeswed by dbe dntaxferomeirn usit THe dessribed abeveagie i bagiss of ¢he projdstior a

variety of . this condition, 1 o the value of the scanning
vel ocity \9?3\{%%5%%"%5 gradual Iy changed, and the exposure tinme OT obtained

by adding the settling tine Tsync to the expression (4) and the time for
t he eppi ng vement, of the r Wwere added.up for the seventy-six,shot
read o deter M M PR mBYe i arSrnssiiits wRe® el afiset R dfrimtp St one
in Fig. 13oorliafeli@sitibds andi@e AAgles ONfotdtion absuti theliteed B&s b theSwaABNItALEs WBAOCT Ty
VR (m's), and the 15 vertical axis indicates the exposure stepping tine

TES (sec) 408 in thejvweaferchamberis, segopetgictsd byrbe togad fve ntoderpmetgrreoatpeset of the
fol |l ows. ] i L e i t ength LY
o 33 mm Vg iiPrredlirelt 0 donek S0E SPI0CE TP Seohla Bitaliine Ren T o
exposur e afeesuriag syseri)) which manhged thesebtdimagsidriaireookdiviate positidfls amEthe amfies
el even curyes sho in Fig, &%3 represent, in an order fromthe upper one,
Lhe Psul PErogttionabeuliths 7aRisobiha Wiler Rirskrortsers P& XofOBXOSUAY AvePbebveRa, of
the retic ' 5ot : :

' b% @%l?gﬁ%%ﬁgintge érogcn%\ré égtrlcg’il ?%éteﬁl 5, i¢ ch%trg’cteébﬁhefinéﬁeﬁme?ﬁ%n@

3.75 G 4 to these curves, It 1Is appreclated
t hat the OpAKNOTBXAPTE dhe tphatiswsainrtha diedction tagd YR Y alimttiomarkietht laaglex pbsur e

stepping tine TES | r.oxj npt el ithin ar e of about 1200 to 2400
ot o Boerphnropnute B0 he b 16,7 mils PETEarePeR BN ARGt A dPhi
the ranges9f a@ﬁ%lg%aﬁrit@ly%&sur&@%‘} it 6@ ¥asubiRe sPRdnh BHMneabGRl AEashig:

scanning 25 velocCity VR Wwhich are obtained when the rate of accel eration
Ra i §52. 5sysfenpoivthe Gasiantithg peoGon apecahbysiem BUO0 Therpesitadning gingtthdalignmebout |

A LT BT P R T M A R S T e L

t hr oughputccuidiil ¢ PerfmeBbakashs WRe hetdigfaannkngd expesure is perfornied for
the wafer Wshown in Fig. | 1 with

In this embodiment, mm addition to the mecasuring systems, as shown in Fig. 4, for

example, a variety of sensors are provided. Fig 4 shows a plan view illustrating the water



-59 the projection exposure apparatus based on the doubl e-wafer stage
system shown in Figs. 1 and 2 by using the scanning velocity optim'zed 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
nunber of 5 wafers to be successfully exypaosed per one hour. In order to
make conparison with the curve F4 (doubl e-wafer stage system, a curve FS

i ndi cat t_af cal culation f t hr oughpyt (TP obt ai ned when .t h
exposur o 1QERE b A Bt gl Srort B e VR AR EE TR R g™
vel oci ty GRIfECSRRBEN SWistbRhdE Withh ghoo¥e B8R WRILH i9BAdn MMtRE 91 iRRHEK ROBHF fhe

appar atus based on the single-wafer stage system As appreciated fromthe
conpar i sompréjettigneoptichlesysigny BL F&yabrdins@rtedrandcwitivdsaw in theeY tdiregigrh pét multhi ch

is about 1.4 to 1.5 fold onpar Wi he.si ngl e-waf er. stage system is
obt i ned B9 LBRTS AL doh RaRaAr A e by b e cl e ingadRE a R
doubl es Vﬁfiﬁs{tal!%ﬁ%ﬁth%%ﬁip@ﬂ?&[&joﬁ he wafegtiemyit 88, Shalitis Dsfipsad e ptdjeamghput
TP is also inproved when the rate of acceleration Ra of the reticlé stage

24 is i ncrsgsiend3AHonerogectinghsht mtage ohliquely with eesbeqt 4o thsropRaalaixist A¥ anta thel e
stage 24 e eds, 2.5 Gto 1 the.ratio of increase of,.the thr hput
TP s decrlGaRe Spsiisatet 26 AP pecipgon el Sl By s by ot
accel er at irgdasitéhg poists ©hAhiewaien WOr dewdispoded inf 3h irbe (Ré-fapRrRed) 18datddha
stage systemas far as possible and obtain the hé?h,thfougqgup, it is

desi r abl e fromhof theexpastee asea Zindhesoapniag diraction STheY diseqtion) and a dightorgciving et
to b bo 2 of, .t 0 i and
i ustd ng ¥an3est 18, ocbink UAL rorB R AP G e eI Wl i f B BERS 18 7
Fi gs. | arfocud pekitibn gsositiopliaithec disedtiony aff catk 6€ thetmeabirihg pdintanThaiffbmvatiohar t
shown in E%gﬁ% 19A and 19B. Fi shows a state during the assenbling and

1€ ., 10 .
t he adj us focus pesition iz} @ct ?o%--éséﬁts%tafi BY st sanser &840 R8BS pynpdied to Bad 2.
At first, : ' [ in the step 201 shown m Figs. 19A and 19B,
t he base 5?§%§Hgggsyﬂgﬁégrﬁﬁn 5@, the nbratton-preventne 2 ~ pedestals 34,
the support plate 35, the vibration-preventive pedestals 36, and the
support plate 32 0, an
room of a sem C%SH%E%P ge?%g%ogtenglg?ta%ﬁ%orr §§?§P§£}% aer(rgrtrﬁxtgg? %fglef @5&}35%}9% a?uﬂgrgn (
32 tas37) plajediing spgxh 88Aemd2A02 lightsresdiang systenr B8R respbaivelyp dates ferdnyddr 1skiter ce
3, and the qas sugply appar atus incl udi ng the recoveﬂ%gunit 4, the
gas- f eedi ARPLFRRY IS Whighyare ransipctehin b srinc pieRnes ag the Intrstfesameter Wt 2% apd oor
2 -60 ther : o %ﬂ§¥ [ SR r 9
IS instalPg{aﬁﬁg?k3C5|%gﬁgﬁgggggdgpﬂg e ?gﬁgnﬁggﬁéﬁ?gﬁﬁgﬁé&% |nnﬁﬁgg9§0,
and t he fi8PAt 89B ithiresptetan theypsojectionSplical Systern GlLpane anstadletl phahd seeondBdudel

t hereof. The cond sub-chanber. 19 is jnstall to the side surface of the
5 ane. ORI ITPOSFRIRE CEGUBIEH SR RE B s P i B SOHHABR JERAP e
intodde il doH hRrRPhare Al kDIRE 8P (KO&agd MeviRE QRGh] IR (ARt GALentns @E PL

is carried on the support plate 37 of the frame nechani sm by the aid of the
uni | | ust r atagetddving systeragalculates Wier dafiopua amennterfehe piojecttanl eptical system PL from

unillustrated conirol, syst and the respect.ive drjwmi its. After..that,

" the st D5 588 Pl a S8 s ol TOB SR Lo FarGE b (8 Bis i Vit o

35 of theiddtadiRedBELLRIRCENE the Fools pBSition BZA @étectRBby M Aickbor J30I, SEB AATH the an

evaluatlng.pattern is forned, is placed on the support 108. An adjusting
o

support 105plagement agoynf ZA H Bhatle §llenebingmechrniggs irthg\pafep staged@A (4Gt ng
i laced i gh ' i-at th
IS place iclgrghc%lllgg s3 A Qléél dtj:fggls daﬂl}ﬁlg? ?,gplgglgﬁﬁ Jn' &h %110% o Ilaﬁge{. aWI% r%gerér{cg% €

exposur e ource di spose e oor 1o adjus he "‘optica
char act er iFgt i4¢ svieh adneeshatratea, 2901 itgalvafi W1 gdi Ws1)nBndcanfe@cwish agkpustioaiié ,
and fine adjustnment- for various aberrations) of the 15 illum nation
syst ens | SIPOSYSAreS. thseenpicojielees rihopton emn 2dysnellel in e pethe dgpthiof h

the oper atfdcggsTPé?Effo%‘, EI‘?QdJeE‘d Fnba%e%tfﬂpcsregcqu pzxtpenz%sprqlfealéd S%t%rmé Smrja Qurface of

the shot area 29 at a high resolution

30 Those provided at the upper portion of the wafer chamber 38 are a laser light source



anot her assenbling room the reticle chanber 23 and the reticle stage
system RST ,, accommpbdated therein are assenbl ed and adjusted in the step
206 as shown in Fig. 10. Further, the reticle | oader chanber 87 and the
reticle | oader system accommobdated therein are 2 0 assenbl ed and adj ust ed.
Further, in the step 207, the wafer chanber 38 and the wafer stage system
WBT accommodated therein are assenbl ed apd adjusted. The wafer |oader
chanber 70 and the wafer | oader system accommodated therein are assenbl ed

and adjusted.  In the step.208, the interface qu 71 and the reti
e A - G T B T S RS At i s L 0% S
assenbl ed sgRe R050¢5¢ %ﬂowrll fn FE 35LeRAsA ARjtt 0 ﬁganeag\?x‘ingtztlé @3ARLScs! d8he

wiring arrangement is also performed with respect to the unillustrated
control sysfeiWic¥@enm the alafer(stage 40A, 40B,mnd(Bst dntlcsecrmid préaBighinknt reegbpuaisms 108,

109 d f th f 111 | Sl | h t elcl
o) an-ber S35 0B prirotne P AR, fo e patsn Wi W s s SRABREUR | o
supporst  phtfs %naﬁgerﬁéae the PIBLFRHBAN 0 The tWifer\W1€6n ﬂi&aﬂmrwai*& anck 1ok is - 61

waf er | oader chanber are incorporated onto the base plate 32, and t
i nt er facepetfdrored a7k p@ltnqmsAélaltebb eusl iththesiXddirentioh 4n dheowafeh ehfimbere3s. The

h t hi d h 38 f
2t the uppEPIELR S BF S A PR RNk iy Sas 408 ( hiEiohed e g B
chanber 3§ i &HVEdtHeN+Kh@irdcaber #he%fé@ctﬂeoﬂeﬁﬁéﬁleh?m%ﬂn% 9@& prRj RLEL I on

optical 5 system PL along the groove 38. Thus, it possi bl e to instal

t he waf er agtnged ove3the @gsitipys éthMpr@kll@mew p@slm@ﬁbr@n@@vcw FRogltlom@ fqghc n
in order tq sure .t i he reti anbe 3 _an

chantsr s R RaGust e ol b AheRhert Monfof P S L RCEL pisfeA ' st ©

i nterferopai Bl atditeexpdstire zﬁ@aYZSi@)phEtﬂ amsmcmaam the exposhreis partbraeder
conponents are 1 o incorporated. In order to neasure the heights of the
reticle chanber 23 and the wafer chanber 38 on the basis of the projection
optical systenRBlumihg® Figt 8F inethRIERiBinkdit! SheSoTAhe GAfer afagesOd(IEr 40B0ERRMECANT S
are incorporated. In the step 210 to be perforrred thereafter, as shown in
Fig. 2, tHe gassuresuendsedurigAwhish terothenexegutss Hieswafar @lmnbseqymetafteuw

t he gasfee t ube . 7D ndthe |sc rnge, .t ube 7 oder
Lo supp! y TREE 0 ot Vit HEpRRD B RAERIRS] 8B us R RO Bhac Bl
23, tle paej mtsh@;ﬁhdap&fbmhdérmh«ﬂmr% hdvivey high efr-tighaehas istalleand théeidvad er
| oader chanber 70. The soft shield nenbers 18A to 18G (see Fig. 3) are

i nst al | edtherrYodigrston of theovaferechambes phwith dpredaierminadespatingBistance Hierening t he

sub- chamb 3BRA A

After tha ,er%%ﬁ@ég?/ehgﬁe\l,@%g{ loa?&dsﬁl%te%?or eféairrp egjc%} ? rc a%?%ﬁ n?bfrer
conf i r mat loaderathamper Al ila nl)e wsfepehafnﬂ'refrBSl th fitst Wafes stapé0p r(wpfec Wris exopesur e
apparatus shown in Figs. and 2 is successfully produc in a short ltl)erl od

of time i P BEPIFHIRA &hﬁ ?(h@reﬁﬂ%F’%‘“ély'safeé‘ntfyo‘ik’tieﬁé“ﬁéﬁﬁgy@?é’ﬁ?“Né"xt t her
embodipmenigopd \Ja?é% 5 idvék‘é#Wi)OiQ bied t@%@’fﬁhﬁbﬁ‘% uﬂhefH’(S&mecMM bs
reference to Fig 6, expl'anation will "be nmade for another

exenpl ary lmirqaa:ldgmtbttt:d bflest dfer meeaposntfaﬁltsyqteé rmagpbrigforts (52 Ap 62B erﬁt foomed
exposure a atu CI‘I bed abov The 25, wat stem VI -' ST, shown
mFro 5 Bofony oL R ptend Ak Htdbe Riirur oot oG RS A8 valier
stages =18fp ecﬂ%@ns poht iR TANLTAH Yre Alfo tf(ﬂh&d%QH@'Sﬁi‘éYSu%é@-Bﬂﬂ{Eeﬂbfer tiymiemaf er
st ages 40A, 4OB are i ndependently p rovrded with X airs gui de nenbers

Conponent ehagHhenii0 Scnthlatr s trahgpogmdrts 7ACHB @@pmndwg t@ @qtm@mﬁhﬁl $2Br gs.

ot oRBen Ene Rty bhSesSRER: T8 SRERAMTH Brunllfs ey AR ' O"

anot her ex®iaRtsawith &ferfaageﬂemrt Sirt v4ve, vt &id \Si88eciyHleemB aﬂﬂ:h':dogtacﬁhﬁwﬂhows
a front viewillustrating a part of Fig. I5. 1In FI% 15, a pair of first X

axi s gui ddcFePHE ienIpPriAoTU R, ajhid dRePaFE0Ts IChaabIr &3 ¢lhis %Péﬁf?de%tthfbfﬁ“b@ﬁthe
aid of aife [ng§ &Qn@mgé%ﬁbﬂ%»\l?@h along rails 103A, 104A, are installed so

that the wa ase

Shutters 75A, 75B are provided openably (closably) at the mside of the transport ports

30 74A, 74B. Transport ports 170A, 170B are also formed between the waiting chambers 72A,



5 interposed in the scanning direction SD (Y direction). Further, a pair of
second X axi s guide nenbers 41 B, 42B, which are slidable along rails 103B
104B, are installed in parallel to the pair of first X axis guide nenbers
41A, 42A. First X axis sliders 44A, 45A, which are slidable in the X
direction by the aid of air pads 106D (see Fig. 16), are placed on the X
axi s guide nenbers 41 A, 42A. Second X_ axi_s sliders 44B, 45B are pl aced

slidably on the second 10 X axis guide nenbers 41 B, 42B. Afirst Y axis
i de 43A, d slidably in the Y (i t] id of ai d

To5a to 10380 LE HrgraoRi b Pty Shuler 18 Midef weliindiin,

45A. A seg@Rghor R¥sI70MI SRBIAB providdd. angadr, Svbdaliport brisy AY ofl3 ra%?dfgl%d by

the aid of air pads with respect to the second X axis slidefs 44B,
Vaf er st adepanaliel, in4the Xa directionaat dbel sisle i suefbdeyof thetrvepavatdry chiambet 7dnn e t¥he

id of air,.pads Wit t he. Y, axi id 3A . Af "2
2re nel o dirbtig woplert BROEMR 5 aroiian c¥ini b hivPor 2ot TR nidea.
provi ded trde iféddde \¢8lund7 1l i 8nstIRd ftd hrinke Sorddt Sithl thél R fer dshler dhamb¥y 1¢in @S pect

to the first X axis guide nmenbers 41 A, 42A while substantially satisfying
t he | aw ofY danetony a afoncasseties (nohshawn)) ank of whish aeeonimerdatestenantgt ofmefeprasei ded

to relative riye the secon axi.s iders 44B. 45B W th respect tg the
20" secondiplsd L E pbffoR 833 e, R R0 Pel Ume R La I BafPeR Pty (e
| aw of coY3’l AR tde GfenEDEBEYA LT thASARECTIA) BEBUTWLprepdratbRi chafBBIOTH WERAS |
the X axis guide nenbers 41 A 42A and the X axis guide nenbers 41 B, 42B
are ar r an§due pryieamet as deps oE g amospheriy aix inghe inter{oas eolumngdes 40A, 40B.
Therefore, it is possible to drive the two wafer stages 40A, 40B also in
the X direction while satisfying the | aw of conservation of nonmentum

substl@nti al | y LyBndrisabifilmehgpedespfic shicldempmbers BG| 183G, ogach it which rhag shigh

he v ar  SREPHE R Prag Bafler i nk SRR heSpd BN Rt bl )

for exanpkigeldl the §pdcesBENeen Itk Gakspbrt Gofts SR, IR BE Sethp Ofdfer dgnbef 38 had Yhéli s
gnrdes 43A, 43B rn the Y clrrectron are also provrdcd Linear notors (not
shown) f ofrarspeyteparisng4fhd4Bosf theoeafernloaer shambyr iG diom dhe afraospheris air.
provi ded j Of .. i 4 41 B, .

P63 Wi n fapief, ittt e g 1BRIEERERIE R0 A6 sy e usiGERY,
movement thHerwafer A3BbenB® fTh ephct Raidity fbsleths intériurast thd wafte chankun d3wafiks
stage 40B.in the +X direction and_the +Y_direction symetrically with

~ novement iGT8O thegyeker laasleschagber @ can besfillagayigh the highepumpypourgs &35 i n t hi s
enbodi ment, neasuring beans having a plurality of axes are supplied 5 to
the X axis nmovenent mrrors 48AX, 48BX from X axis wafer interferoneters

49AX, 49BX. MeHsUHer1 corigtehisipargture of theavalestranspogtedJo dheccentiplnassignfiAZom Y
/ Lo ; _ . . ARAY.
a5by | aehPERI RS SOt O aRTRNid chafbee 7R ey T a8 RS0

i nt er f er o\ endudn@¥, this&p¥int epntdell type heatey ishestalias ulheskderatouddivar theawifanged
between the central wafer_ interferonmeter SOA ich has 10 the optical axis
passiflg t ATBETh rPé’S'é‘?BoAs%?‘é‘{ ﬁ“_@rﬁoé‘rtloa_rf%{ f‘rﬁeus%a&g (TaNSROET PASoIEY e @C%‘?t
SCEY eachsife athi7gA afaldea. MPlhdsBbrt Xt %n&%ﬁ&bxg%f RAQY 8ldvidaand e RGO A
center of each of the alignnent sensors 27A, Z27B di sposed at the both ends.
Accor di nginythe izt direstipperd biowingahé glideham A7 Aiimthe Y zbrection isci@ngst dgesippor,

40B. Next ith fer to Fi 17 18, | [ i | |. be.made f
other oxchptiat 5t 48 RN JurSatulirphu Pl | 8w Ruibdt 10 Bhh i
chanber 3@eafafthBetRbhiOtheMBREfEesAmACH AROIR. indlie bl HiRt waltile ch&hb&! B A hanber

23 and the wafer chanber 38 of xhe enbodi nent shown in Figs. 1 and 2 cover
t he pbrt i grangehpyiheside mnthe k¥ dsiecleorsuy thaeeeppotary ohrniker (7Re Thspensmut fohote

portion of,the reticle st stem RST and the wafer stage systemWST
Paspect i vty kTt eSS AR s T PR b B Bl Pl B E PRGBS ey
be al so amakih@akdieuonorDihEhétryl $aft @aChhdof sdcbed hiet BE e h: Rfiatdd ARt ther
waf er chanber 38 is allowed to have a substantially conplete box structure
havi ng a PRife¥ ardl t Thenwadr bs herdtrnsprst poeeivin 18 aifaee apdheldon tof L &é Fheof
the reti CJe@orﬁlt;ﬁ'Q.egOWStem RST and the wafer stage system WST is al so covered
with the reticle chanber 23 and the wafer chanber 38. However, as for the
reticle chanber 23, it is necessary that an opening for allow ng the
exposure light beamIL to pass 2 5 therethrough is provided at the center
of the bottom surface portion. When the substantially conpl ete box
stntcture is adopted as descri bed above, it is possible to enhance the
a~rtightness of the reticle chanmber 23 and the v~. ~afer chanber 38. It -~s
possi ble to maintain a high concentration of the purge gas, and it is
possible to ~nmpro~~e the efficiency of use of the purge gas. 3 0 Wen the

a4 = o o, o o . o S



the wafer chanber 38 is defornmed due to any unbal anced | oad. As a result,
for exanple, it is feared that the alignnent sensor or the AF sensor is
slightly deforned, and any neasurenent error is generated. In order to
avoi d such an inconvenience, it is preferable to sufficiently enhance the
rigidity (box rigidity) of the partition wall at the bottom surface. 10
However, for exanple, when the sufficiepf box rigidity as described above
is not obtained in order to realize a light weight, it is also preferable

t hat one bo ture i iyided jnto a section which includes,the drivin
ochant sm and APE CeRPR HhitH SRR 1t SR ipReks P Ui ol Gkt A i g
17 shows gfp&xnRtodthY prdphamid? ¥BAhbdr 73Whidubh terMBp &K poit 3TRKavRE hEGMMet N 15
Fig. 6 is divided into two sections. In FiI'g. 17, conponents correspondi ng

to those $hdvirom the pagititingA4 dn theanigelseyecivmd Myduring theyimeparkpitherwademubiee al s,

detail ed expl anation of i,C ill be omtted /th .ref ce to Fig. 17,
e membe bR BAki Bevites A Ratl e 8B LG o Bl Vb SRECE, 148, R sHions

88B, and L{RArAGNEPN80MAttthd Bute¥\BiréiinARNAN! poHIS bANel by inkia At stetht B8silbh Vi ng
unit, are installed to a box-shaped stationary section 38A for covering the

si de surf &3e Image piokup Hgrlsoideinddebypp enagamdkapaepioes §3dn 848mre huppbehterthband,
t he preal i gnment chani s 92A, 92B, ich jncluyde the driying unit, are
ot ol | ed“GiERRed BRI RRE e T whfngedR Gyt a0siE Bedteeh ik

cor r espondighfls t®déthe tROAdtEHchitbut)ak ehePQitéd GRumTdi6ntial PHFBA O tIROWART §idhdse®2B
for the wafers are provided correspondi ng thereto. The wafer stage system

WST shown ai the ppgjtion A3wfibe Rp¢raicenefdhe trimspartirohond24ns eontiolled bathetithgmositien f | at

surface p i O . vabl e 25 secti.on 38B. Jhep this.exe ary ..
arr angonadt thERglh Jf el BOH et SR PorlRE, oY SRambele " wCHRTR iRy ¢ ne

movabl e seetérdihgBghedirst prédlighingntds parodined fsapawatee|l v . | tter that, for
exanple, the wafer interferoneters and the alignnment sensors 27:1, 27B
whi ch ai ~ disposed at the nms~de, are adjusted ma state m which the

stationary sectrh®firs8@Afer JodabPSSEnmOWRIE is@dnailcted by B8 t&@srateR-afBiingd Ot

exanpl e, in accordance with the three-point support (kinematic support).
Subsequent/f4y, thesslidacmn 77\, rhe) trangortaurfif (net shewyod theotransperit apbpt iddbend 1BH | s

install ed.so t t he. os ti op. bet th tatjonary section nd
Lot o aiike Ay (e B RUAA PR RECHEE T, W1 (B Bk SARMoREE kst DR
t he i1st egiateeonted gfer Paadrasten3WRDE 8Brrangedin srdéttol Rvantht hefdraswnpltad € 32

shown in Fig. |, for egggple, in accordance with the three-point support,
f or> exanpPesttiet B1sinaie okaer chasther 38, JBAPoSitiqn %dﬁnt@etwt%ﬁg@wﬂpﬂ& ahg7 on

whi ch the, pLoLERS 1D %e&ﬂ%ﬁa?ﬁhﬁ&%@ﬁ@aﬁ% atin éﬁ’é ”ggs n B#Yn ma&gﬁgg@mﬁh 71,

between the stationary Sectl vabl e section 'S renmoved.
Accor di nglTie wafee lodder sgstean WRIDBGh alss cgasiarcttidsy tha ténygeraroneadoljstisg ahit 36B,38B,

is not trgnsmtted, for exanple, to the AF sensors 88A, 88B of_|0O the
stat i onar &es%léf' i25h 7§§Aﬁhq &raqsgorbaggi(mtesipwnhitbﬁ pSFoRd LaRSROE) Kbt HRb AR theor

exanphe, (g e3iddpaBRtes3N® g aut of ocus operation. Further, in this
exenpl ary artrangenent, the relative displ acement between the stationary

section 38A and the projection optical systemPL is extrenely m nute.

Therefore. Torp@XatRha dibn [iSwalIbMERS hoilr stdie o WEF BEIPRE WvallidaeD TAX
as the mal 7 neasuring systemshown in Fig.” I neasure other positions
of the st sitsiecorsdWRDA, WRDB of this embodiment in the same manner as in Fig. 3. With reference
to Fig. 5, three blow ports 94, 95A, 95B, which communicate with the gas feed tube 16E and
the gas-feeding unit 5 shown in Fig. 2, are installed as indicated by dotted lines at upper
25 portions of the wafer chamber 38. The purge gas at a positive pressure 1s supplied from the
blow ports 94, 95A, 95B to the mside of the wafer chamber 38 1n accordance with the down
flow system. In this arrangement, the blow port 94 1s disposed over the arca including the
optical path of the Y axis wafer interferometer S0AY The blow ports 95A. 95B are disposed

over the areas mcluding the optical paths of the two wafer interferometers 49AX, 49BX for

30 the X axis. The high purity purge gas 1s substantially always supplied to the optical paths of



15 section 38A, for exanple, in place of the back surface portions
(portions integrated with the reflecting mrrors) of the wafer
interferoneters 49AX, 49BX. Thus, the degree of freedom of the design of
the main nmeasuring systemis increased. -=4 Alternatively, in place of the
exenpl ary arrangenent shown in Fig. 17 in which the stationary section 38A
is conpletely separated fromthe nnvablg section 38B, it is also 20
preferable that the stationary section %A and the novabl e section 38B are

connected wi th. vibration-pr t] chanij s di sposed at. t hree pl ages,
and the sthery ROPH f%?etflﬁégmf‘ﬁgo V¥ e ORISR tﬁ‘g@%‘éﬁﬁ‘%‘é‘d‘a‘r J@S\?E‘r“é’z
with the sahlis SRk, BRMMEmAGmAR GRAHANH dprbled S POSSI bl e to mitigate

the influence of vibration by neans of the sinple structure. In the
enbodi ment descri bed above, as shown in Fig. 3, for exanple, the first

wafer 2 5 stag t: j i el,
and Tuo sets opotReal ot A€ pRAGATARIGE i SRR R et rll Ll BRLBLS T

t he foll omdey aff tiengptieahtpattayofbthe alvsfer au@ifemideter Eheliangsd depending ot
sensor. 27B is.omtted (only t al i gnnent sensor 27A is installed). A first
drivi g sﬁé‘frémr?,owheart#%ipﬁayyt %@tﬁw 8ap dyehangd Whog CHFRadnE e Psidglerpined n
optical sygseibidhaludNileR 1REERGRHE gosh |

40A, 40B under 3 %ut’heeal I gnnente%g\é/lﬂg(gl?é/%EA a%ggpgﬁlgﬁ]g}ga ) BTESW?EE&{S a?:lggtgg
when t he exfosiapes 40\, g6Bnoayrtedchilowed tdwait urtiGheairgy ofhe purgelpms wadtahiliztage
40B after the exposure i.s perfornmed for the fer W1 on the wafer stage
20A dr 1 v e PR FEND { Ar<QrdiBp ot i posy Blech v an G oD ot SR BmARL fegarac
exchangedayd th ekfRurelcBirast age 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 5 stage system The reticle
st agg osyst em RETdiahdrok orVeRf Ghicht Qe AN SH&WiBthe Pas m@h;ﬁg@% BRkneGs§f | bed
above are based on the doubl e-hol der system or the doubl 8- stage system in
whi ch t heFig @h is mstallgh matindisated thyi drstd lewet éhg bottorh ssusfaso ofitlef preplnhery hat

each of the retigle sta te d the wafer.stage systemis based on the
si ngl e- st glbaér_‘bﬂ] 2 ? é’ﬁ\t}(es‘?'%gﬁ E’X‘i%lcg]@ag%rjé)t Szlfﬁv np % ‘Ebét g(%ygégfoqqq.gtrgmbqeggogq age
system ar g34li 9380580, 930" fof ¥AdRhthg tH2 EdHcEltRBibh WTdxyBbPlak Gt I1R-YSHiRA 115
filed by the present applicant. This patent docunent "is incorporated herein
by ref er esubstandehase instathed af the insidercd thee wafehehambar 38; thehwaipng shembersZ2#n 72BN i s
not Limted {,0 the structure own in Fig.,d1. | |l.ace of. t ar r angenent
in vvfl% :S'Gh 'flrhdeh}ﬁa?rgparﬁtgge C%’é’?‘éeﬁgﬂt FrapoeR vy u%a%'ﬁe%t gal}]er?s ?l?sltﬁllne?%é( he o‘j’&&?‘] on
optical sysicentrdion sERLRB AL B¢isdpslicdno tCuliRsEraRd Hubse %ag%oﬁ&m&%t&lﬁd by
the vibration-preventive pedestals 31 Ato 31 D, for exan‘g e, it is also

pr ef er abl &he RukEe 12as Woirl inswaliehtp theansids ef thsaxaferschambsr 38 pyent thel shiytters

di £t v . . . N )
L1 er ont g Ot LORRLAHER b RRYESD A pLSSPBR BN Ol urle LOSSIPRAL TR
However, dsondiextadpl ehe drivavsf©1,|C2ndndghaafrewmgPIEDR Sand iDinfldys ito ahspreparatohyabl e.

That is, the wafer_base 39 is supparted b¥ the colum 33 by the aid of the
vi br 3Pi on“l3rbgeAt-i The puge &t Muckpintlgys ike thegmepargiorychambers? 3, iy iseReredPshang
on the SupoLd,al At 44a B §ilhadh SoRloshnl AT IHq7F s ERE
al so prefer a%l g&l[yhat or{?y et(he ?%h&loy rmval:t) e ;%géﬁ%h%ﬂ%é?fes%il{)%ﬁzﬂ ls:ltgla%'e 24
i s arr ang@ihenthetshettes phsy 18 17aBe 735 arcaihaded, ke moge gas| whivhvuafedao seagede of
provi ded on anot her basg nenber different fromthe. colum 33, In the 5
AR IR L A A AR SRR I S
path throgghnwhirehotfrge@xpgpure light beamIL passes is filled with the
purge gas. However, only a part thereof, for exanple, only the projection
optical systemand the illunmnation optical systemnmay be filled nth the
pur ggs gas. depgngll DGaQRfRE 1RWMBSMER MRS, EROLYY R Lo AR % defeled by the
unnecessary to pronde t1he nmechanismfor recovering the purge gas. Further,
m t he 3 Ooxggbodingertatidesospiséd AdbOue, art he to et mcteescdiobercd P8 w@notddrioé theaf er

chanber 38 are.the air -67 tight chanmbers, However,K the y.be sinple
ol ngs whER® PR e bHOE, dGnBrreaT it THENS R AL oot N
expl anat i,@0ddb | the B fErRASMYEL IR, NEHET @REBndAd meRuicaryany 8xaoPlie «’fydnhe

process for producing a sem conductor device based on the use of the
proj ect i enesup@Bemr gensors 93A to 93D exceeds the allowable value, the purge gas control system




5 apparatus of the enbodi nent descri bed above. Fig. 20 shows exenpl ary
steps for producing a sem conductor device. In Fig. 2, the wafer Wis
firstly produced, for exanple, fromsilicon sem conductor. After that,
photoresist is applied onto the wafer W(step S 10). In the next step S 12,
the reticle R1 shown in Fig. 1 is noved to the position under the
illumnation area so that all of the shgt areas SE on the wafer 10 Ware
subj ected to scanning exposure with a pattern (indicated by the synmbol A}

th ticl. . Sub tl i th 14 t i d t
°5 F or meq WiPHER e R o ah ambintifiekt mag Uepriaty dh it BB bR iR For
exanpl e, Yhg deny e aRMBle of e WifeiHAthbeP P8l WB&riiABly MR eRRhplel BFn when the

Subsequently, in the step S 16, the photoresist is applied onto the wafer
W I n theshuttsps T5AS13B tare beenpé diongndhe exrdregsf efethe wafer, tha caicentRRionrpiphece

f th ticl Rl sh i Ei l1is t it t.h
1 1 un nat PO o 6 WA 8 BRI dn b highe ERage R b e B o
subj ect echd dncimBONIsBBf BrepRssd s th a pattern (designated by the synbol B)

on the reticle R2. In the step S20, for exanple, the devel opnent, the
etching, and the ion inplantation are perfornmed for the wafer W Thus, a

predet erm ned gt igkTateSwhith 7E6ke@WHeR thedp s £3RE SlPpYiSd RIMAL iR RAST (ROWhRE
waf er W The steps ranging fromthe exposure step to the pattern fornmation

st ep descrhirelbr 8809cfof exampls i sucha degese ISR (e amamnt epressperglingtoghareduows af y

nunber of ,tines .required.to produc desired sem conduct or device. Fo
oo o HleisPaednigeh 5 e Sylts SRS er s iRt ont SRR SHE B s Sepords
respect i Verofhthd wafd? cBfinbdissuafplenbhed. NRcRMAEIPOiL &t RidsibRNE dbd18ash AsKARURY
step (step 2 5 S24) are perfornmed. Thus, the senuconductor dencte SP as a

proddét ~ef proefiibe gurgergas.hdn Buhembedimenty hecallopebleaiabipe(designatqs asgih of the
i nvention j | ed . ~E~ exppsure .a rat ased, o he
seanni ng. SksBRRIoRs Lk gkt aBlRre S REPRANES, ARRSICRL:Y §t B TR pter

limted t bBeineied.38TRRPEHUES Eiimbe)VRNdet @6 b Sabb@UiNaltent/IG0 apd SidwBlEVate i N
the case of the grojection exposure agggratus of the full field exposure
type (stafdesigeaipdasidB) ofpe)concratiation phibs dighhabsarbang substaneeoy-the insidepdhe
system tQe..exp arghus p iem : expqsure
appar at us TR e ke 3887725, TRE ARGy Al YaRePR e Thl Yol LEBEHBRE

| i ghtisbeanbsogbifig sutstaabwnitghel ingile tof Cheew lidagcleaaites U2.A, ZQIp & sat tosbd dbousE'10 e

el ectron beam qr. the ion beanl(energi beam as the |ight source (energy
source). THE0whyhopllawnble ealugdepigpated phdy) af thssapeaniration of e lightrpbsesbing t ne
exposure . ar i gﬁg% u IR e,
the pres e%?’g?dﬁgéeﬁtsﬂh%g{s}dg ogﬁg%b%ét:a? app iglgztgl g&?%(a‘t?llﬁe’ ex pacl)lg 5@@6%8{5@% us
for the |imthedvadierycianibeeB8nertt thdrenabduohOl el@ppml dre dllgpablkOvagiadB ipltht e

and the display.device s as the plas gdi spl ay, .and the exposyre

ppar at uSMRRIEIHERIE o a4 BF SBot) WoepBuetd 4 iR PlfesAin i e
devi 68 (T prepSARPLRmLEER is sEMB bRlap6RTBEPHMAE, and the thin film magnetic
head. Further, t’he present invention is also applicable to the exposure

step (exposure apparatus) for producing the mask (for exanple, photonmask
and reticle) fprapd el Nntdi@er™oS KashPt hidge FRE bAENBYSorABY IREDURE P e the

15 phot ol it hography step.
following procedure is available. That is, the allowable value dA in the wafer chamber 38 is
set to be most strict (lowest). As for the other air-tight chambers (waiting chambers 724,
72B and preparatory chamber 73), the allowable value is merely commonly set to be
25 approximately equal to or not less than that in the wafer chamber 38. In this procedure, the
watting chambers 72A, 72B and the preparatory chamber 73 may be combined into one air-
tight chamber Further, it 1s also prefcrable that the number of types of the light-absorbing
substance (impurity) as the detection objective 1s increased, and the allowable value of the

concentration 1s allowed to differ for cach of the hght-absorbing substances. It 1s also

30 preferable that the flow rate of the purge gas or the like 1s controlled taking notice of the



When the linear notor is used for the wafer stage systemor the reticle
stage system the novable stage may be held in accordance with any system
i ncluding, for exanple, the airfloating type based on the use of the air
bearing and the nmagnetically floating type. It is a matter of course that
the present inventionis not limted to the enbodinents 2 0 descri bed
above, which may be enbodied in other vagious forns without deviating from
the gist or essential characteristics of the present invention. According

to th t had th t f th t i tion,
115 ensyorgiulBafe ARt racie B SRR E i ana 1 [ s possible to

assenbl e and adjust the entire exposure apparatus easily and qu | ckly ow ng

to the nodul e stem When 25 the covering nenber, for coveri t he space
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gas for t5anseiihideslidwiBleSMRRYHTHE: ddnSiHiraRERBT the n?hwsmﬁagtsabgtmﬁewﬁmﬁ- of
the stage chanber,” then the gas is effectively utilized, and thus, it ~s

possi bl e tightrmhmbéu'mviaughisgipt ¢omed B atlowable deguée, ithe alga preferatileyhadiheipeesburp af h

t her eof . -69 According . to the.exposure.nethod and {he .exposure a at us
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measure, Tor exanple, the positional relationship of the stage system
easi | y andllewbieraliy thefioé dn dye embodimsnipfthe purgp gassisrupplivdentthe msidglkadshe t

easy to 5 assenhbl.e d maintain th osyre apparatus. Agcording to the

o mosur e NI St 2P o BB e s SRR R RRE leer R 1S e sl ¢
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because the scanning velocity is optimzed. According to the nmethod for

proddéi ngsunptiediex/thekthe puige gp3 isdlavreupyasdyfrom hedettprsurface podionsingeswafsr e t o
pr oduce acl\/a%ﬂe??% gBB@!ﬁ%‘&%&nﬁ% ohéaglgd%)?%ﬁwggﬂém t low cost by using the

exposur e appara o) resent 1 nven ~70 CLAIMS 1. An exposure
apparatus for exposing a second object with an exposure |ight beam passing

(P oush o L1 haBhgSle AL BTSRRI, e T RRd sl WP 90 P
loader systems WRDA, WRDB shown in Fig. 3 will now be explained. At first, it is assumed
that the scanning exposure is completed for the first wafer W1 on the first wafer stage 40A,

15 and the scanning exposure is performed for the second wafer W2 on the second wafer stage
40B. The first wafer stage 40A is moved to the position Al, and then the second wafer stage
40B, for which the wafer alignment has been performed under the alignment sensor 27B, is
moved toward the exposure area of the projection optical system PL to start the scanning
exposure for the wafer W2 on the wafer stage 40B. Until this point of time, the unexposed

20 wafer, which is disposed at the position A4 in the interface column 71, is transported to the
position A3 in the preparatory chamber 73 by the aid of the transport robot 79A. At this
place, the first prealignment is performed for the angle of rotation and the central position on
the basis of the notch by using the image pickup devices 83A, 84A. After that, the wafer at
the position A3 is transported to the position A2 on the temperature-adjusting unit 76A in the

25 waiting chamber 72 A by the aid of the transport robot 79A. At this place, the wafer is heated
or cooled to a temperature suitable for the exposure. and then the wafer 1s transported to a

position tn the vicmity of the position Al 1n the wafer chamber 38 by the aid of the shide arm

TTA.

At the position Al, the exposed wafer W1, which 1s disposed on the wafer stage 40A,



a stage system which noves one of the first obj ect and the second obj ect;
and a main control system which controls the stage systemso that the one
of the first object and the second object is accelerated at a predeterm ned
rate of acceleration until a predeterm ned scanning velocity is obtained,
and the one of the first object and the second 10 object is noved at the
predet erm ned scanni ng velocity, whereipy _the scanning velocity is

determ ned so that exposure tine is substantially shortest depending on the

rate of ace Iera |o ara us acco claim
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wherein the first object is a mask having a pattern, the second object is a
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obj ect, and a second stage which is novabl e while hol ding the second

obj ect, t K thewaisHnAsF@dance pith the enhaneqdrglebal alignment EGMALSYsteRecond
substrate and the second stage includes a first substrate stage which is

novabl e while holding the first substrate, and a second substrate stage
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whi ch proj ects a patter |rs ob)
a ratie of alignment has been completed, waits under the alignment sensor 27A until the scanning

exposure for, the wafer W2 on the second wafer stage 40B is completed. On the other hand,
the exposed wafer W1, which is delivered from the wafer stage 40A to the slide arm 77A at
the position Al, is moved to the position A2 in the waiting chamber 72A, and then it is
transported by the transport robot 79A from the position A2 to the position A4 in the interface
20 column 71. During this process, the wafer cassette for the exposed wafer waits at the position
A4. The wafer W1 is accommodated in the wafer cassette. After that, the wafer cassette,
which accommodates the unexposed wafer, is moved to the position A4. The unexposed
wafer in the wafer cassette is transported by the transport robot 79A to the position A3 in the

preparatory chamber 73.

25 Further, the wafer W2, which has been subjected to the exposure on the second wafer
stage 40B, 1s transported to the position Bl mn the wafer chamber 38. The first wafer stage
40A 1s moved toward the exposure area of the projection optical system PL to start the
scanning exposure for the wafer on the wafer stage 40A  During this process, the unexposed
walfer, which has been subjected to the tempcerature control, 1s transported to a position in the

30 vicinity of the position Bl from the position B4 via the posttions B3, B2 by the aid of the



acceleration Ra of the first stage, which is represented by WA = (3Ra, is
2.5 Gto 3 G when 10 (3 represents a projection nmagnification of the

proj ection system 7. An exposure nethod for exposing a second object with
an exposure |ight beam passing through a first obj ect, while synchronously
noving the first obj ect and the second object, the exposure nethod
conprising: 15 - accelerating one of thggfirst object and the second object
at a predetermned rate of acceleration until a predeterm ned scanning

velocity is obtaiped;. and irradiati t first object with the ex ure
{Taht boalEnI EDHoE g e Dhe S6p e Tieruexenpd el e doeshd” B ect
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direction to be exposed with the exposure |ight beamfor the first object

or the sed8Bd object, Wa represents the rate of acceleration, and VW
represents the scanning velocrty; the scanning velocity VWis determ ned so
that a value of 4T, which is given by O = 2W'/ WA + (LY + D/VW rs

subst anti al | y disrdesaniped abo &, inTthes expabues, thetwaddr stagroWdbiInand: the stadérnp@ier

wherein th he first object and t d qgbj ect d.at . th
scanni g JBHGE PRDANTRING e fgbgiotaaF i, e SEEF Saprhiek 58 anp Bafir et "°
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magni tude as that of the rate of acceleration. 10. A nmethod for producing a
devi @&, coregligyneny iy pasfosmesh abthe ppsitietsed i hlyinatheaeitershpmberci8y Bhereforg, it is

wor kpi eceurtyecgssslarr}gth%thﬁleepx S1 %Hglereﬁl%ggghfa& Betwden eef Ingeg chgmgclzra'}ogn alil'd the wafer
loader chamber 70 during the assembling is extremely strict. That is, the projection exposure
apparatus can be assembled and adjusted with ease. Further, it is possible to perform the

wafer alignment highly accurately.

15 In this ergpodiment, when the unexposed wafer or the exposed wafer passes through,
for example, the transport ports 74A, 74B in Fig. 3, then the corresponding shutters 75A,
75B, 78A, 78B, 85A, 85B are opened, and the corresponding shutters 75A, 75B to 85A, 85B
are closed during the period in which the wafer does not pass therethrough. The control is
made such that when the shutters 75A, 75B are open, the shutters 78A, 78B or the shutters

20 85A, 85B are closed. The interior of the wafer chamber 38 does not make direct
communication with the interior of the interface column 71, i.e., the atmospheric air.
Therefore, the concentration of the purge gas at the inside of the wafer chamber 38 is always

maintained to be high.

Next, explanation will be made 1n detail with reference to Figs. 6 to 9, for example,
25 for the arrangements of the soft shield members 18F, 18G and the shutter 75A shown in Fig.

3.

Fig 6 shows a perspective view illustrating a state in which the wafer chamber 38, the

2

wafer loader chamber 70, and the projection optical system PL shown in Fig 3 are assembled
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10% u&' () grod0ssIss; IIp-iystaed m& stjte imwhich thedfiiaattracting section 98 is arranged for the

wafer chamber 38 to surround the first transport port 52A, and the second attracting section

5 99 is arranged for the wafer loader chamber 70 to surround the second transport port 74A.

The vacuum suction is continuously performed with the vacuum pump during the exposure

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-

10 tightness respectively. Further, for example, when the maintenance is performed, it is easy to

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

15 situation, in addition to the attraction of the soft shield members 18F, 18G by the aid of the
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

20 of the transport ports 74A of the wafer loader chamber 70 shown in Fig. 3, and Fig. 9B shows
a sectional view as viewed from the side of Fig. 9A. The shutter 75A of this embodiment is
divided into a lower first shutter 75A1 and an upper second shutter 75A2. When the transport

port 74A is 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

25 shown in Fig. 3 and the interior of the waiting chamber 72A are shut off substantially
completely. When the wafer 1s transported singly through the transport ports 52A, 74A, as
shown in Fig 9C, only the first shutter 75A1 is opened downwardly. The wafer W1, which 1s

held on the slide arm 77A, passes through an approximately lower half area of the transport

port 74A.
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5  passes through the transport port 74A in a state of being held on the slide arm 77A. In place
of the transport of the wafer W1 while being placed on the wafer holder 100A, it is also
possible to transport a container in a state in which the wafer W1 is accommodated in the
container having a small size. Further, in order to clean the wafer holder 100A singly, the

transport port 74A is also used when the wafer holder 100A is exported to the outside of the

10 wafer chamber 38.

As described above, in this embodiment, when the wafer is transported together with
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

15 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
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

20 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

above.

In the air-tight chamber (preparatory chamber 73 in this embodiment) which is

connected to the interface column 71 (atmospheric air), the purge gas may outflow to the

25 outside when the wafer or the like is transported, and the concentration of the light-absorbing
substance 1s deteriorated (increased) due to any inflow of the atmospheric air. Accordingly, 1t

1s desirable to decrease the size (opening arca) of the transport port (heremafter referred to as

"IF opening") between the interface column 71 and the preparatory chamber 73 defined by the
shutter 85A, 85B when the watfer is transported. For example, it 1s desirable to make the size

30 of the IF opening to be small as compared with the transport port (hereinafter referred to as
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10b3F¥A 0% olwbver! RRYUEHEOR that the size of the intermediate opening is equivalent to or larger
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

10 chamber 72A or 72B) are provided between the wafer chamber 38 and the interface column
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.

15 However, it is desirable that the relationship with respect to the size of the IF opening or the

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

20 chambers are provided between the wafer chamber 38 and the interface column 71, it is also
preferable that the size of the transport port is increased as the arrangement position
approaches the wafer chamber. That is, it is also preferable that the size of the transport port
may be increased in an order of the IF opening, the intermediate opening, and the main body
opening. This arrangement is effective especially when the concentration of the light-

25 absorbing substance 1s restricted most strictly in the wafer chamber 38, and the concentration
of the light-absorbing substance 1s loosely managed in the respective air-tight chambers as
approaching to the terface column 71  That 1s, when the concentration of the light-
absorbing substance differs before and after a certain air-tight chamber other than the wafer
chamber 38, and the concentration n the certain air-tight chamber 1s equivalent to or not less

30 than the strict concentration of the concentrations therebefore and thereafter, then the
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The IF opening, the intermediate opening, and the main body opening may have an

equal size, and the opening size may be made different by the aid of the shutters as described

5 above when the wafer or the like is transported. Alternatively, the respective openings
(transport ports) may have different sizes, and the shutters are used only for opening/closing

the transport passage. In this embodiment, the wafer loader supports the back surface of the
wafer. Therefore, the lateral width of each of the openings (transport ports) is approximately
identical depending on the size of the wafer. Therefore, when the height (for example, the

10  width represented by d in Fig. 9D) is adjusted for each of the openings (transport ports), the
size (opening area) differs. However, when the size of the wafer loader (transfer area)
passing through each of the openings (transport ports) differs, then the height may be adjusted

in consideration of the size, or the size of each of the transfer areas may be set so that the

foregoing condition is satisfied.

15 When at least one air-tight chamber is provided between the interface column 71 and
the wafer chamber 38 separately from the wafer chamber 38, it is desirable that the pressure is
made higher than that of the atmospheric air in the air-tight chamber connected to the
interface column 71 in order to avoid any inflow of the atmospheric air. It is enough that the
pressure of the wafer chamber 38 is equivalent to the pressure of the concerning air-tight

20  chamber. However, it is desirable that the pressure is highest in the wafer chamber 38. In
this case, it is also preferable that the pressure of the air-tight chamber is increased as
approaching to the wafer chamber 38. Especially, when the concentration of the light-
absorbing substance differs between the mutually adjacent two air-tight chambers, it is
desirable that the pressure in one of the air-tight chambers in which the concentration is

25 strictly managed is made higher than that of the other air-tight chamber. Accordingly, it is
possible to avoid any inflow of the purge gas from the aur-tight chamber in which the
concentration management is loose (allowable concentration of the hight-absorbing substance
1s high) to the air-tight chamber 1n which the concentration management 1s strict (allowable

concentration of the light-absorbing substance 1s low)
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into the at least one air-tight chamber without making contact with the atmospheric air. One
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
10  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.

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

15 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
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

20 length LY in the Y direction at a predetermined pitch in the X direction (non-scanning
direction) and in the Y direction (scanning direction). During the exposure, each of the shot
areas is scanned in the +Y direction or -Y direction with respect to the slit-shaped exposure

area 28 formed by the projection optical system PL.

In this embodiment, for example, the width LX of the shot area 29 is 25 mm, the

25 length LY 1s 33 mm, and the width (shit width) of the exposure area 28 in the scanning
direction ts 10 mm. The surface of the wafer W is divided into eight columns 1n the Y
direction Seven shot areas 29 are included 1n the X direction 1n the first and eighth columns
respectively. Nine shot areas 29 are mcluded in the X direction n the second and seventh

columns respectively  Eleven shot arcas 29 are included in the X direction in the third to



10! #g 10%& () -

f10%08' () -3 FYL0%08 () - 10%08& () - 10%08& () - 10%0& () - s/ s}sst at ot dEnbC

10! y/ 1090& () --"10%0% () - @ 109%% () -

@ 109%0% () -' 109%0& () - $10%0& () - ottt luuuuuudYNC 10! 100 100

100Y: 10%0& ()-8"109%0& ()- 710%0& ()- 4gLl0%& ()-y210%& () - uuvbvvwBwdEYNC
10! 109%0% ()- 109%0% ()- 109%0% ()- Y _55_

"10%08 () - 10%08' () - s10%08' () - Buwwixf xxXdEYNC 10! 10%08 () -

L 183& E g snlitjhoc%%m'gs) resli)%:gt%%. (gevlént%'ps%( o{ )are%so {ﬁe(i%nr)l(é/dy on'thé %t(ijr%YSll}lr aceoof the

'1 c1>(c)) %fg'o( ) wafsr WYPRe Ghot2rAYEROAL this et Jincld &b G¥EXindividkals 35 #iidhl ddkshébiC 10!
1005" 10%0ship paurzesiaedormel abthg irgidesh tyo sdvs-in Mgk dirpctiontapddro cylunpginthe FYNC

1011 300K () - LIBEIRONOOS, () SFUA0UPRF ) SHPIR 89 AP TRRL 10%

Q& ()

4Z‘V<10%/Wm£c)um\t‘*1€9{d&;if&n{o}1 -of {HeANARV Qo frided td Mk Qfde(of the eff8diOYEXREs Ik atedF¥A 0%
& ()-DEFA~_= 10! TTFnPA0Y%<<& () - $10%& ()-!,$10% < <& ()- 10%& ()- 100
100 100 4zqﬂp)m1e(tp.cvgmy_t)@e oempes peablyohipopatigms jfram the shot area, provided that the

"YY<, ity S5 Fnbd elfh bR Vs o hr Mo RRAETR hd coabBRLES &b -

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

10 the slit width D. In Fig. 12A, the acceleration is started at a rate of acceleration Wo for the
shot area 29 (wafer W) from the position separated from the exposure area 28 by a spacing
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

15 the shot area 29 passes through the exposure area 28. The wafer W is decelerated to
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

20  rate of acceleration on the side of the reticle stage 24 in this embodiment, because of the
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 acceleration of the reticle stage 24 is,
for example, four times or five times the rate of acceleration of the wafer stage 40A (wafer
25 W) during the scanning exposure Therefore, when the rate of acceleration 1s increased, the
reticle stage 24 arrives at the upper himut earlier than the wafer stage 40A. The upper hmit of

the rate of acceleration of the reticle stage 24 1s, for example, the rate of acceleration obtained
immcdiately before the attracted and held reticle R1, R2 is disengaged, or the rate of
acceleration which 1s the limit of the mechanism of the reticle stage 24  Accordingly, it 1s

30 assumed that the upper hmt of the rate of acceleration of the reticle stage 24 1s Ra, and the
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scanning velocity VW of the wafer stage 40A is BeVR en the prOJectlon optical system

5 PL performs the inverted projection, the direction of movement of the reticle stage 24 is

opposite to that of the wafer stage 40A.
Wo = feRa, VW = ffeVR ..(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

10 2¢VW/Wa, and the exposure time in narrow definition, in which the shot area 29 is scanned
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/Wo + (LY + D)/VW
=2eVR/Ro + (LY + D)/(BeVR) (5

15 In this case, if the scanning velocity VR of the reticle stage 24 is merely increased,
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, it is assumed that the acceleration is performed between 0 and t1 for the time t, the

20 exposure is performed between tl and t2, and the deceleration is performed between t2 and
t3. On the other hand, if the scanning velocity VR is VR2 which is faster than VR1 as shown
in Fig 12C. then the time t4 to t5, in which the exposure is performed, is shortened as
comparcd with the time t1 1o t2 shown n Fig. 12B, but the acceleration and deceleration time
(0 to t and t5 to t6) 1s longer than the acceleration and deceleration time (0 to t1 and t2 to 13)

25 shown m Fig 12B. Therefore, the entire exposure time (0 to t6) is longer than that in Fig

128
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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.
VRadp = {(LY + D)Ra/(2¢B)}"2 A7)

However, actually, it is desirable for the exposure time AT to consider the settling
time Tsync until the synchronization between the both stages is established after the reticle
stage 24 and the wafer stage 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
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 fj;, represents the light emission frequency. The added
up exposure energy density P1 at each point on the wafer, which is obtained when the
scanning velocity VW is the optimum value feVRadp for the exposure area 28 having the slit

width D, is lowered approximately in proportion to the optimum value feVRadp as follows.
= {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. 1t is possible to obtain the proper
exposure energy density P2, for example, by switching the transmissivity of the light-reducing
filter m the first tlumination system [S1 shown m Fig 2, or controlling the output of the
cxposure hight source 3 However. when P2 1s higher than P1 due to the low sensitivity of the

photorcsist, 1t 1s necessary that the scanning velocity VR 1s made to be smaller than the
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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

5 obtained by correcting the expression (7).

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 Ra of the reticle stage 24 was set to have a variety of values. On this condition,

10 the value of the scanning velocity VR (mm/S) was gradually changed, and the exposure time
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

15 vertical axis indicates the exposure stepping time Tgs (sec). In this case, the values of the
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
represent, in an order from the upper one, the results of calculation obtained when the rate of

20 acceleration Ra of the reticle stage 24i1s2 G, 2.25G,2.5G,2.75G, 3 G, 3.25G, 3.5 G, 3.75
G,4 G, 4.5G, and 5 G. According to these curves, it is appreciated that the optimum value of

the scanning velocity VR to minimize the exposure stepping time Tgs is approximately within

a range of about 1200 to 2400 mm/s, even when the rate of acceleration Ra. is set to be any

value within the range of about 2 G to 5 G. Specifically, the optimum values of the scanning

25 velocity VR, which are obtained when the rate of acceleration Ra 1s 2.5 G, 2.75 G, and 3.75
G, are about 1450 mm/s at a point F1, about 1580 mm/s at a point F2, and about 1850 mm/s

at a point F3 respectively

Next, a curve F4 1 Fig 14 represents a result of calculation for the throughput, which

is obtained when the scanning exposure 1s performed for the wafer W shown in Fig. 11 with
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Fod0%0&' ()3 +KuF/l'g 14,1 the honzontal 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
5  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
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 FS and

10 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.

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 Raof the reticle stage 24 exceeds 2.5 G to

15 3 G, the ratio of increase of the throughput TP is decreased as compared with the ratio of
increase of the rate of acceleration Ro.. Therefore, in order to simplify the arrangement of the
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
20 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.

Fig. 10 shows a state during the assembling and the adjustment for the projection

exposure apparatus shown n Figs. 1 and 2. At first, as shown in Fig. 10, in the step 201
shown 1n Figs. 19A and 19B, the base plate 32, the column 33, the vibration-preventive

25 pedestals 34, the support plate 35. the vibration-preventive pedestals 36, and the support plate
37 arc accumulated, for example. on the floor I i the clean room of a semiconductor-
producing factory to asscmble the frame mechanism (32 to 37) In the next step 202, as
shown m Fig 2, the exposure hght source 3, and the gas supply apparatus including the

recovery unit 4, the gas-feeding unit 5, and the accumulating unit 6 are installed on the floor 2
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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.

10 A test reticle R3, on which, for example, an evaluating pattern is formed, is placed on the
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

15 illumination systems IS1, IS2 and the projection optical system PL.

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

20 assembled and adjusted. Further, in the step 207, the wafer chamber 38 and the wafer stage
system WST accommodated therein are assembled and adjusted. The wafer loader chamber
70 and the wafer loader system accommodated therein are assembled and adjusted. In the
step 208, the interface column 71 and the reticle library, the wafer cassette, and other
components accommodated theremn are assembled and adjusted. In the steps 206 to 208, for
25 example, the wiring arrangement 1s also performed with respect to the unillustrated control

system respectively

In the step 209, the adjusting support 108, 109 are detached from the frame
mechanism.  After that, the 1eticle chamber 23 and the reticle loader chamber 87 are

incorporated onto the support platc 35 of the trame mechanism, the wafer chamber 38 and the
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the groove 38a is formed at the upper portion of the wafer chamber 38. Accordingly, the

wafer chamber 38 is moved in the lateral direction with respect to the projection optical
system PL along the groove 38. Thus, it is possible to install the wafer chamber 38 easily and

quickly.

With reference to Fig. 10 again, in order to measure the positions of the reticle
chamber 23 and the wafer chamber 38 on the basis of the projection optical system PL, the
interferometer units 54Y, 57Y as the main measuring system and other components are
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,
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.
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.

Next, other embodiments of the present invention will be explained. At first, with
reference to Figs. 15 and 16, explanation will be made for another exemplary arrangement of
the wafer stage system WST of the projection exposure apparatus described above. The
wafer stage system WST shown i Fig. 3 commonly uses the X axis guide members 41, 42
tor the two waler stages 40A, 49B. On the contrary, in this exemplary arrangement, two
walfcr stages 40A, 40B are independently provided with X axis gutde members Components
shown n Figs. 15 and 16 corresponding to those shown m Figs. 1 to 3 are designated by the

same reference numerals, detailed explanation of which will be omutted
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5 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
slidable in the X direction by the aid of air pads 106D (see Fig. 16), are placed on the X axis
guide members 41 A, 42A. Second X axis sliders 44B, 45B are placed slidably on the second

10 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
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

15  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,
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

20 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 41A, 42A
and the X axis guide members 41B, 42B are arranged mutually independently for the two
wafer stages 40A, 40B. Therefore, it 1s possible to drive the two wafer stages 40A, 40B also
in the X direction while satisfying the law of conservation of momentum substantially

25 completely respectively.

In additton to the lincar motots (not shown) for relatively driving the wafer stages
40A, 40B n the Y direction with 1espect to the Y axis guides 43A, 43B 1espectively, for
example. linear motors 1037A for correcting the positions of the Y axis guides 43A, 43B 1n the
Y direction are also provided Linear motors (not shown) for correcting the positions n the X

30 direction are also provided on the sides of the X axis guide members 41 A, 42A, 41B, 42B.
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Bth 910%S%§ge( 30 Rléo in gl)ls enzlllg) Oé@&ent r_nezil'sgpmgl ggams having a plurality of axes are supplied
5 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
interferometers 50AY to 50EY to Y axis movement mirrors 48AY, 48BY in accordance with

the switching system. In this embodiment, wafer interferometers S0BY, 50CY for delivering

the measured values are arranged between the central wafer interferometer SOAY which has

10 the optical axis passing through the exposure center and the wafer interferometers 50DY,
SOEY each of which has the optical axis passing through the detection center of each of the

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

15 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
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.

20 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
portion of each 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, it is necessary that an opening for allowing the exposure light beam IL to pass

25 therethrough is provided at the center of the bottom surface portion. When the substantially
complete box structure is adopted as described above, it is possible to enhance the air-
tightness of the reticle chamber 23 and the wafer chamber 38. It 1s possible to maintain a

high concentration of the purge gas, and 1t is possible to improve the efficiency of use of the

purge gas.

30 When the substantially complete box structure ts adopted as described above, it 1s
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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.

10 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
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

15 Fig. 6 is divided into two sections. In Fig. 17, components cor_r:gsponding to those shown in__
Fig. 6 are designated by the same reference numerals, detailed explanation of which will be
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
20 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
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 Fig. 1, which includes the driving unit, is placed on the flat surface portion of the movable

25 section 38B.

When this exemplary arrangement is assembled and adjusted, the stationary section
38A and the movable section 38B are firstly assembled separately  After that, for example,
the wafer interferometers and the alignment sensors 27A, 27B, which arc disposed at the

inside, are adjusted in a state in which the stationary section 38A 1s placed on the movable
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completely covered therewith. After that, when the integrated wafer chamber (38A, 38B) is

5 installed on the base plate 32 shown in Fig. 1, for example, in accordance with the three-point

support, for example, the stationary section 38A 1s 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

10 the stationary section 38A. It is possible to highly accurately perform, for example, the

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

15 section 38A, for example, in place of the back surface portions (portions integrated with the

reflecting mirrors) of the wafer interferometers 49AX, 49BX. Thus, the degree of freedom of

the design of the main measuring system is increased. =

Alternatively, 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

20 preferable that the stationary section 38A and the movable section 38B are connected with
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 in Fig. 3, for example, the first wafer

25 stage 40A and the second wafer stage 40B are driven in parallel, and two sets of the
alignment sensors 27A, 27B are also arranged However, the following arrangement may be

also available. That is, the alignment sensor 27B is omitted (only the alignment sensor 27A 1s
installed). A first driving system for driving the wafer stage 40A. 40B under the projection
optical system PL, and a second driving system for driving the wafer stage 40A, 40B under

30 the alignment sensor 27A are arranged. In this case, when the exposure 1s performed for the
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5 stage system.

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).

10 Details of the double-stage system are disclosed, for example, in International Publication
WO098/24115 filed by the present applicant. This patent document is incorporated herein by

reference.

The frame or the frame mechanmism 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

15 column 33 to install the projection optical system PL thereon are provided on the base plate
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

20 may be also available. That is, the wafer base 39 is supported by the column 33 by the aid of
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 is also preferable that only the finely
movable stage of the reticle stage 24 is arranged on the support plate 35, and the coarsely
movable stage is provided on another base member different from the column 33. In the

25 embodiment described above, the substantially whole region of the optical path through
which the exposure light beam IL passes is filled with the purge gas. However, only a part
thereof, for example, only the projection optical system and the illumination optical system

may be filled with the purge gas. depending on the exposure wavelength  Alternatively, 1t 1s
unnecessary to provide the mechanism for recovering the purge gas. Further, in the

30 embodiment described above, the reticle chamber 23 and the wafer chamber 38 are the air-
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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
1s 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

10 W are subjected to scanning exposure with a pattern (indicated by the symbol A) on the
reticle R1. Subsequently, in the step S14, a predetermined pattern is formed on the respective
shot areas 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

15 S18 to be performed thereafter, the reticle R2 in place of the reticle R1 shown in Fig. 1 is
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

20 respective shot areas on the wafer W.

The steps ranging from the exposure step to the pattern formation step described
above (step S16 to step S20) are repeated in a necessary number of times required 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

25 S24) are performed. Thus, the semiconductor device SP as a product 1s produced.

In the embodiment described above, the present invention 1s applied to the projection

exposure apparatus based on the scanning exposure system. However, the present invention
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system, the exposure apparatus to use the EUV light beam such as the X-ray as the exposure

5 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).

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

10 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
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

15  photolithography step.

T

When the linear motor is used for the wafer stage system or the reticle stage system,
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
20  described above, which may be embodied in other various forms without deviating from the

gist or essential characteristics of the present invention.

According to the exposure method and the exposure apparatus of the present
invention, it is easy to assemble and adjust the stage system, and it 1s possible to assemble and
adjust the entire exposure apparatus easily and quickly owing to the module system. When

25 the covering member for covering the space between the stage chamber and the projection
system is provided, when the gas for transmitting the exposure hight beam is supplied to the
inside of the stage chamber, then the gas is effectively utilized, and thus, 1t 1s possible to

maintain a high concentration of the gas on the optical path thereof.
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5 assemble and maintain the exposure apparatus.

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
10 is possible to produce a variety of devices at a high throughput at low cost by using the

exposure apparatus of the present invention.
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. An exposure apparatus for exposing a second object with an exposure light
beam passing through a first object while synchronously moving the first object and the
5 second object, the exposure apparatus comprising:
a stage system which moves one of the first object and the second object; and
a main control system which controls the stage system so that the one of the first
object and the second object is accelerated at a predetermined rate of acceleration until a
predetermined scanning velocity is obtained, and the one of the first object and the second
10 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.

2. The exposure apparatus according to claim 1, wherein;

15 when LY represents a width of a comparted area in a scanning direction to be exposed
by one time of scanning exposure for the one of the first object and the second object, D
represents a width of an exposure area in the scanning direction to be exposed with the«
exposure light beam for the one of the first object and the second object, Wa represents the
rate of acceleration, and VW represents the scanning velocity;

20 the scanning velocity VW is determined so that a value of AT, which is given by AT =
2eVW/Wa + (LY + D)/VW, is substantially minimum.

3. The exposure apparatus according to claim 2, wherein the one of the first
object and the second object is moved at the scanning velocity, and then deceleration is
25 performed at a rate of deceleration having the same magnitude as that of the rate of

acceleration.

4 The exposure apparatus according to claim 1, wherein the first object is a mask
having a pattern, the second object is a substrate applied with photoresist, and the scanning

30 velocity is determined 1n consideration of proper exposute cnergy for the photoresist.

5. The exposure apparatus according to claim 1, wherein the stage system
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5 the second substrate.

6. The exposure apparatus according to claim 5, further comprising a projection
system which projects a pattern on the first object onto the substrate, wherein a rate of
acceleration Rat of the first stage, which is represented by Wo. = BeRa, 1s 2.5 G to 3 G, when

10 B represents a projection magnification of the projection system.

7. An exposure method for exposing 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:

15 ) accelerating one of the first object and the second object at a predetermined rate of
acceleration until a predetermined scanning velocity is obtained; and

irradiating the first object with the exposure light beam, while moving the one of the
first object and the second object at the scanning velocity, wherein:

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

20 depending on the rate of acceleration.

8. The exposure method according to claim 7, wherein when that LY represents a
width of a comparted area in a scanning direction to be exposed by one time of scanning
exposure for the first object or the second object, D represents a width of an exposure area in

25 the scanning direction to be exposed with the exposure light beam for the first object or the
second object, Wa represents the rate of acceleration, and VW represents the scanning
velocity; the scanning velocity VW is determined so that a value of AT, which is given by AT

=2eVW/Wa + (LY + D)/VW, 1s substantially minimum

30 9. The exposure method according to claim 8, wherein the one of the first object

and the second object 1s moved at the scanning velocity, and then the one of the first object
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