; e3eMWKxy\ ~~| f 6T(14 JUN 2004 DESCRI PTI ON EXPOSURE METHOD AND EXPOSURE
APPARATUS TECHNI CAL FI ELD The present invention relates to an exposure

nmet hod and an exposure apparatus to be used, for exanple, wherum JmEsK
pattern is transferred onto a substrate in the |Iithography step for
produci ng, for exanple, sem conductor elenents, liquid crystal display

el enents, plasnma display elements,D 6hf$${bﬁiln1nagnetic heads. In
particular, the present invention Telates 10 an exposure apparatus in which
a vibration-preventive control is adopted. BACKGROUND ART A hi gh exposure
accuracy is required for the exposure apparatus of the full field exposure

type (stepper type) C I o] e npl e, those based
on the step-and-scan%§§§%§§é @%Qggguggg @#Eﬁsﬁ%g %é%ﬁ%%ﬁéﬁctor el enent or
the like is produced. Therefore, in the exposure apparatus, an arrangenent,
whi ch makes it possible to performhighly accurate positioning or highly
accurate scanning, is adopted fQ®E$%$f%ACIe stage on which a reticle as a
mask is placed and positioned an %w&%ﬁL%tage inl 14 JUN 2004
which a wafer as a substrate is placed and twodi nensionally noved
respectively. That is, the reticle stage for the conventional exposure

apparatus of the scanni ng exposure type i s arranged, for exanpl e, such that
a franme-shaped %%%r%%ﬁ%ﬁéﬁnﬁﬁ%ﬁPQ&Qngékﬂﬂqﬁhtpsaﬁo§§BP§u§F Qggﬁﬁﬁroxinately

constant velocity in the scanning direction, is placed on a reticle base,
and a fine? n%a%?%o%lf%épﬂﬂ?%ﬂiscﬁq ke reefel EOFsSHREELE; VRSRoRnect ed
into the coarsely novabl e stage by the aid of an actuator which is used to
per f or m po&FEF A LT 1 RTAI SfsithOtRo 2dEHBREFBREl F. PR this
arrangenent, the coarsely novable stage and the finely novable stage are
slidably placeeERPIAS GRS RIAE Was & By SKREPAPd 8EMAFPRBBaFPHgS
respectively. Also in the case of the reticle stage for the conventional
exposur e appEPERYZ: of 1 THE VS HF eIt s®é5ds Glevepss, Blapmei A§SBARY such as
a linear notor, which is used to drive a novable stage on which the reticle
i s placed, ©1e"$Rst al 3 GH 1 He iMema@rnetdcadieaden t R BRKELCRAAY; HhASrecent
years, in order to enhance the throughput, a so-called doubl e-wafer stage,
whi ch is pPoEsFeRd WGV mRiaieE $tages expasuecarpaggbytednashiachaf er
stage for the exposure apparatus. Wien the doubl e-wafer stage is used, the
t hr oughput @ ceheTRL 1 PRTRIAMEIHL e rdayorodg iexedangedand al i gnnent for a wafer
on the second novabl e stage during a period in which 2

BACKGROUND ART

A high exposure accuracy is required for the exposure
apparatus of the full field exposure type (stepper type) or
‘the scanning exposure type (for example, those based on the
step-and-scan system) to be used when the semiconductor
element or the like is produced. Therefore, in the
exposure apparatus, an arrangement, which makes it possible
to perform highly accurate positioning or highly accurate
scanning, is adopted for a reticle stage on which a reticle

as a mask is placed and positioned and for a wafer stage in




14 JUN 2004 exposure is perforned for a wafer on the first novabl e stage.
The conventi onal doubl e-waf er stage has been constructed as follows in
order to sinplify the arrangenent. That is, a guide for onesaxir§ ohHoiwo
ort hogonal driving axes is commonly used by the two novabl e stages, or the
two novabl e stages are independently driven by using plane notors. Further,
a system I LS. based_on_th chani cal_.cont act ch that upward and
downwar d m‘%@%%ﬁn W%gﬁgr?%r%e%?b%%?ame%(a]rﬁ)lpel,aﬁcfﬁnéfLcééf"r?l'nechani sm is
adopt ed fo&.&gg driv;ﬂg s%st§n1for q%sa | e base (Z | eveling stage) for
per f or m ng“F&VePTRg and TEEUsi MgFRH the" conventional wafer stage. The
conventi onal exggsgre apgﬁratus. S been gfse | ed on a base_plate which is
install ed by the 8Fdi8f H°PIEFatFty BF2YT oro%e |GonvEgbpnal
vi bration-preventive pedestals_including air danpers in order to mtigate
t he ianue%ﬁBOBFreiB?g?F%Eu?r?ﬁnﬁ ?QQﬁh¥nﬂﬂﬁﬁﬁﬂﬁﬁrﬁMﬁﬁPeaﬁSexciner | aser
| i ght source is used_as an exposure |ight source, sone of nenbers of the
exposur e | PGRENESHr cECRNE*? ?1I%Hﬁhmﬁh%ﬁ1%uﬁQQE%“3?@§FQWF8F€S§&ﬁported by
support nenbers_different fromthe base plate. Recently, in order to all ow
ot her stagBY¥BBLFoRt23Rd Wehel? TOMomms alo S apBroFimesedd by t he
vi bration generated in respective stage sectjons of the exposure apparatus,
a systen1hﬁgnﬁE@ﬂtaV§%°§hﬁ§e%¥e%ﬁeiﬁF%ﬂﬂkﬂgzﬂ%ﬁﬁQQiQ@aséSf@Ea§9§p@ﬁtﬁng a
waf er 3 14 JUN 2004 stage and a reticle base for supporting a reticle
stage are $GppoFEeBAREt LT 2 | hdsplehdeitakl o tags .uea whycbf thetive type
vi bration-preventive units_including air danpers and control units
respect i veF§tighBngsSt Rb2edhv eht | srHlicebasbsiite dhsarcarrsed vagodabéei bed
above, as for the systemin which the base plate is supported by the aid of
t he pl ural FF998f PYi brat # bhpre\iihtastaigaiestidlch ¢F Usedf teoperdngmt he
approxi mately entire nmechani smof the exposure apparatus is placed thereon,
t he i nfl ueREELBECRLRRT viBrat T Iretakamt Heva-akipeasivaadtlyge docthdas is
. directly transmtted to the other stage sections especially in the case of
t he scanni A§reRpgeBsere, syke cpparmrhefirwblia stadeeandd thisaf inkéyvexposur e
accuracy (for exanple, the transfer faithful ness such as the line width
accuracy amdvehéeovergayare culkiatgh)lnal dyedairetiber goedionl methelease of the
systemin which the reticle base and the wafer base are supported nutually
i ndependenbisgebhyushagaithecplaialbaar isfgmatdspednipelyi.br at i on- preventive
units including the air danpers and the el ectromagnetic control units
respectively, fatsexanptke thee bridie orethialiengtaadeoichr efpgency fromt he
floor tends to be independently transmtted to the both stage sections via
the air daapersntibenbfexeosute iapdazrtady dforthexdmilie fikhdt eappsposi ti onal
di screpancy concerning the | ow frequency may occur between the both stage
sections. #ypeldaJUNi 2004 wmit headase of timeacomeentd, omal chetisclhieedt age,
the coarsely novabl e stage or the driving nmechanismor the |like for driving
t he novabl sosdagee (& onoextabpl s agdeorf iwielah nvallee istlage)l blakcest aliked
together on the reticle base. Therefore, the vibration, which is generated
in the coaisstyl hedadxh etlsd agpetiorld heragdyd vi ng mechani smor the |ike, tends
to be transmtted to the novable stage (reticle). For exanple, when the
driving vel oci t gnothé hethew didel stagerdcerimefezased imn oaidder tbo enhance t he
throughput, it is feared that the positioning accuracy for the reticle or
t he accur aeyhaficé hehs cammurghpied 0G tap -@raltikel lddwelmawalier! ewased. On the
ot her hand, an inconveni ence arises such that the throughput cannot be
enhanced swhiaithidé npesdided orim vl MoWa®l e xal3Ples, bHAe peshti oni ng
accuracy for the reticle to be within a predeterm ned range. Further, it is
necessary saghgasteasss thevdf@g ditageftdihe Heetedxglogulasapparaeder to naintain
a satisfactory flatness of the sliding surface for the novabl e stage,

because t hghapveld edshispe- i f dhestdeviing viReh arhsMedk-oLbeplickeahspinst al | ed
together on the reticle base. As a result, an inconvenience arises such

that the expestved appasat tiSsrldeEPBEHAHRE dndl SI1Z2enmand the weighkyis
increased as well. Taking the foregoing points into consideration, a first

obj ect of &hecps eseidnd MVEMBIRN disaded RIAHA] dRriod in which



exposure method and an exposure apparatus in which the influence of
vibration is mtigated, and a high exposure 5 14 JUN 2004 accuracy is
obt ai ned. A second object of the present invention is to pi@vigg 844
exposure method and an exposure apparatus provided with a reticle stage
capabl e of controlling a novable stage at a high velocity and with a high
accuracy W thout increasi th oad_ on reticle hase, in iLch the

0 | uence. SIPQPEFaL T brPch TS HE Gt MPSRT Frh FecHants FOVEBHEL | gat ed.
Anot her object of the present,inventi is to provide_a production nethod
whi ch make gia%’epos 9| O?YF%E*?Qﬁ%ﬁé?égiﬁt%ﬂﬁﬂpfﬁéggkS@?upgeﬁpparatus as
descri bed above, and_a nefhod for, produci ng devi ces, which makes it
possi bl e t GOPFHHECESR #F ghP 4L AR uiar F Wit YRSty H¥e exposure net hod
as nmentioned above. DI SCLOSURE OF THE | NVENTI ON A first exposure nethod
accordi ng £ETEREERFRSent TRy el i oh FHEEe iTPprexfFdsr ©IndfRod for exposi ng
a second object (W) with an exposure |ight beam passing through a pattern
of a firstOoBbPegPnRRIFFITHRG S5 Ut FRITHEH YChEEEC 08T LHed thy BEHPPL-I ng
preparing a base nenber (62); and a novable stage (63) which is arranged
novabl y onSERSeBaser nederWartP G lthi trdefe e sndsheasentd YpPEéEan wher ein
the novable stage is_driven in a predeterm ned direction wi thout being in
contact wi P¥ BR&NBaREARRMRFOTAccording to the exposure nethod as descri bed
above, 6 14 JLTN 2004 the vibration, which is caused when the novable
stage is drivenFurshabt 2ragient edhieh tie hasashlon dhggaeghandécndequent|y
to the first object. Thus, it is possible to obtain a high exposure
accuracy. FAREAFS Tallﬁ‘é}ée"s%%tiwp‘*i’%rge@?d dhvaiwarst mevgmend wenber (71A, 71B)
is arranged over the base nmenber; and the novable stage is driven in the
pr edet er m Bedfdrpedt i Hor f¥apthe Wil maweredhand ssy atle edophedh | aw of
conservation of nmonmentumis substantially satisfied. It is possible to
suppr ess. t feroekardehctndfsysimation dyamnliesbypiseg (Zhdevawiob ebagelvati on
of nonmentum as descri bed above. In another aspect, a first exposure
appar at us &etopdl figrnbng heeyprbisentandviantisoimd iies the aonsepssonelappar at us
for exposing a second object (W) wth an exposure |ight beam passing
through a pateerstadica first object (RLl); the exposure apparatus
characterized by conprising a base nenber (62); a novable stage (63) which
i s arranged novibéyconvehel ask empderranbmrashisc hatshdekinr sissebpietl i s

pl aced; and a coarsely novabl e stage (64) which drives the novable stage in
a predet eronnadbaés eplaton whidiouts biemgsirliledc ant atke withoffhe base nenber.

plurality of (for example, four) vibration-preventive
pedestals including air dampers in order to mitigate the
influence of vibration from the floor. However, when an
excimer laser light source is used as an exposure light
source, some of members of the exposure light source and
the illumination optical system are supported by support
members different from the base plate. Recently, in order
to allow other stage sections and other components to be
not affected by the vibration generated in respective stage
sections of the exposure apparatus, a system has been alsc

suggested, in which a wafer base for supporting a wafer



According to the exposure apparatus as descri bed above, the novabl e stage
is placed novably on the base nenber, for exanple, in accordance with the
air bearing system The novable stage is driven by the coaisekyy 720044 JUN
2004 novabl e stage at a high velocity with a high accuracy, and the
coarsely novabl e stage is out of contact with the base nmenber. Therefore,

t he vi bratisgg which is ca éag?on the side of .the drivi,ng mechani sm f or

driving t hE-238r 88y oY ahy 3o, T % PTG £ FISt RE2RBvabfe st age

and consequently to the fjrst. object, Thus, it ig possible_to obtain a high
exposur e aﬁgﬁpﬁ%‘i?gl‘Hu'flﬁ?js{%rjrrécﬁel&é?@ﬁ?tquorbyeﬁa I ,aitlﬁé' gfi #Fh§Vfrechani sm
for the co rselﬁ.lr)mvabl e stage (,6%1‘2 has a gui_de nenber glA, 71B) which is
arranged oV&PTt RePhAkE enberen dlrﬁrqﬁlilgﬁld‘ﬁiilpg( 26¥002989EF @hRtlch drives
t he coarsel rmvilbl e, stage in the predetermined direction along the guide
menber. ThEPFES t‘ﬁ%lE%a’rg%%H"ip%‘(F'alﬁfe stage is supported so that it hangs
froman upward position. OMng to this arrangenent, it is possible to
easily drive th2meBdr SR yCHBVEDT PRt A FERASH hidpParaltosesy asit is desirabl e
that the first object and the second object are synchronously scanned in
the predet ERRFREECHI FRETF 0P g YEQH ridta S0Pt athem whé chetbRdPaBRepLats
exposed; and the guide nenber (71A, 71B) is noved in an opposite direction
so that | ahfofURBRSERY Y ot faifbrRinttidin ik Wigddtanofavipraaipsfi ed when t he
coarsely novable stage is driven in the predeterm ned direction by the aid
of the driRFAgeRRiYe APfeskebhon Hote ttHophesamst they eppironimatappl i ed, for
exanpl e, to the exposure apparatus based on the scanni ng exposure system
such as thensiep-apebaehsn ot the AIPTOLsE apsreamtughas phackdw of
conservation of nmonmentumis substantially satisfied as described above, the
i nfluence bReyepRatFlom 1L keenee|f thtensHimadd oo beteenpshei ons, when the
movabl e stage is driven in the scanning direction by the aid of the
coarsel y nbvapeetsyagetagdugectimng nfd Whmsetdly rirbnasmischedstgr ehel y
reduced. It is desirable that the exposure apparatus further conprises a
first neasofhey smge (FItivne respesinldy dmpddiet iceseobft hbecearsriygnovabl e
stage in the predeterm ned direction; a second neasuring unit (81X, 81YA,
81YB) whi cexpeaste esystemo- direresfiayeal iposig ifearetl thetnbvebkspstage; and
an actuator (78XA, 78XB, 78Y) which finely noves the novabl e stage
t wo- di nenshorarigyy W for respaete t dhiche reogerisel FaiohdblleessagechThe rel ati ve
positional relationship between the coarsely novabl e stage and the novabl e
st age can beedbime width facmtdrsy difd etencydrdtaweencararegsumaeg al ue
obtained by the first nmeasuring unit and a neasured val ue obtai ned by the
second neadeténgormie¢d. Thn syhe hrages 24t itdre ageieacyincahibie thproved during
t he scanni ng exposure by driving the novabl e stage substantially in the
Vi cinity ofebinbatbade posd tilon wafer novsablaara angpostetihatittbhely
synchroni zation error is corrected on the basis of the relative positional
r el at i onshipdefdmedenvip| ey sisagey diso flunciliians oFs aatfiveekypsovabl e stage. A
plurality of masks (Rl, R2) to serve as the first 9

vibration-preventive units including the air dampers and

the electromagnetic control units respectively, for
example, the vibration having a low frequency from the
floor tends to be independently transmitted to the both
stage sections via the air dampers. Therefore, it is
feared, for example, that any positional disgcrepancy

concerning the low frequency may occur between the both

stage sections.



14 JUN 2004 object may be placed in the predeterm ned direction on the
novabl e stage. Accordingly, patterns of the plurality of nasks can be
transferred onto the second object with a high throughput.iinsstizdomanot her
aspect, a second exposure apparatus according to the present invention |lies
in an exposure apparatus for exposing a second object (W) with an exposure
| i ght beam passi-ng r fi.rst_qbject, ) ;. the.exposure ar at us

EH tﬁg 5%%%‘5% %ﬁe onéeégﬁéggéeﬁﬁ%ﬁ0&§3fgﬁﬁﬁéhgﬁg

characterized by conprising a first nov | ds one of

the first i nd t econd obj ect d which is arranged, on a.first
base Irre?rbegg%lg%}?an%v%els%csgtna errt)ovéagq%ée %ﬁﬁ’&f‘l‘g( g‘&;cg\?ﬁilgﬁ‘ g§ E\ﬁ? aﬁb%%l zn a
second basgoge first base nd which is

er.(66), different fromt er
used to drrve ?bév é?s h?nﬂﬁﬁﬂé?%nﬁﬁﬂﬁg ( EEbP&PW&RFo Fﬁgngiﬁ8€ﬂre appar at us
as descri bed ve, it is, possible to carry out the first exposure nethod
of the. pr SLREBFRyarTth 1 Al S reE. ot he GELFLS Babhat tho
first nnva?ﬁe nﬁnber i.s coypl ed to the second novabl e nmenber in a
non- cont act MRERNRTS A rdi GOt hd Ay 465 6FRSHRLER 8 EBEised when the
second novabl e nber is driven, is not transmtted to the first novable
nmenber andc8%ﬁ§£§%e%ﬁY%b%?)%qﬂgqiQQntQﬂﬂQ§ﬁV1§ﬁdm@ﬁ§a§é§8naroBP%ct. It is
desirabl e ihat the first novable menber has_ its degrees of freedom of a
nunber whi th*¢s FERYRIET R THRswt e tolihﬁumofégletﬁéagécond novabl e
menber. Accordingly, for exanple, the second novabl e nmenber can be driven
coarsely, ﬁﬂt%ﬁgeyirs@o?mﬁéﬁﬂR;quﬁﬁ¥%n(§ﬁ¢ Seiingl yeho¢edyseft Bag any
remaining error_is reduced. Therefore, it is easy to nake the control
during t he"e%potaretads is JEgent thardeke toxpobaneeappar atus furt her
conprises a first actuator (78XA, 78XB, 78Y) which relatively noves the
first movabPECWEMBEY. ik Hg dg5e@d ttdhathd hee Pord tiovabieafenbery &pd a
second actuator (76YA, 76YB) which relatively noves the second novabl e
nenber wi t FR¢ e5petEle % HE'S SBhHr a5s @ Indfise S CanRisg velaabEkepr akpect, a
first method for produci ng an exposure apparatus according to the present
i nvention +1%8 T3y ety shr prodie mfher rpdsups appanueniefes exposi ng
a second object with an exposure |ight beam passing through a pattern of a
first obje2¥iseheSt Hotk e Hdraadthaauade by ceomprti Sengnhenaadi ag audase
menber (62) on a bottomsurface side of the first object; arranging a
novabl e stdyeCY¥EB) o nintaive movalsxenade, pltheepphétfipnshgobfestather eon,
on the base nenber; arranging a guide nenber (71A, 71B) in a predeterm ned
di recti on 9 thee besfel flender peamidiging @redatsemynadvabhgest age (64)
novably al ong the gui de nenber and opposingly to at | east a part of the
novabl e stBgetheind thuy invradmmpvabliacseage ahd trhgidoaysefythevabl e
stage to one another. According to the production nethod as descri bed
above, it rgt*nggimﬂsgtinjprder to maintain a satisfactory flatness

of the sliding surface for the movable stage, because the
movable stage or the driving mechanism or the like is
installed together on the reticle base. As a result, an
inconvenience arises such that the exposure apparatus
becomes large in size, and the weight is increased as well.
Taking the foregoing points into consideration, a
first object of the present invention is to provide an
exposure method and an exposure apparatus in which the

influence of vibration is mitigated, and a high exposure



14 JUN 2004 efficiently assenble the first exposure apparatus of the
present invention. In still another aspect, a second exposure nethod
according to the present invention lies in an exposure net hedsf@r>&xposi ng
a second object (W) with an exposure |ight beam passing through a pattern
of a first object (R); the exposure nmethod characterized by conprising
supporting_a second. base nenber (62) in a state capabl e of making
dispIaceneﬁ?cﬂf?ﬁya?%r%&ﬁﬁ%ﬁ%fhed nunber of degrees of freedomon a first
base menmber (12); placing a firs vabl e stage (63). for. positioning the
first object no aﬁgﬁo%ﬂ e%%d%%dggaéﬁ“ﬁﬁﬂﬂé F“%?ﬁ%?ﬁblﬁ §80858Vﬁ98able

stage (14A) for positioning. the second object novably on the first base
menber; an nc%ﬁ?$%?¥?ﬂbegm§%tﬁﬁqLﬁﬁa?ﬁpqq4¥%x§39%§aﬁﬁ§ePﬁ@ﬁﬁé?dmﬁ%ﬁhrespect
to the first base nmenber so as to suppress vibration caused by novenent of
the first anBeEecbRdEMIANTRRRLHYSE FHUiLIGS ¢ MRy2BiFostrEenBEndd as
descri bed above, the vibration having a | ow frequency is scarcely
transmtt eglffﬂa YHEOF} %t 20hdv Sdt Gh iy s iisicyg ad theyép dREEBREYRI Fur t her
it is possible to_suppress the vibration having a relatively high frequency
of the firEPenboadl e st AR Bl Tl Iithghied g'—thﬁ fgddushcehefsecond base
menber. Thus, the influence of the vibration is mtigated. In this process,
it is desiVabratiaator hehexpoitred B driminpunertesipst hedmigiehbedeonpri ses
supporting a third base npnber%éSB) in a state capable of making
di spl acenent wi PROBRHF edled @¢thi Pledciruriegs it deyiesds oot ifsr éedprergmndehe fir st
base nenber; placing, on the third base nenber, a projection system (PL)
for proj ecki RECARCE helgenthothavipath avakast ittheosisidtl eolbjeef forionthe second
object; and further controlling an attitude of the third base nmenber wth
respect toPFRAGUEE e herseo st IPRAY 8IS G55 Wsprcaddedhebeivier aeh8nacaused by
the novenent of the first and second novabl e stages. Accordingly, the
proj ecti onmgyBeeénfes Breadiging|dbawsa! Iwhilah stikels dtorbesikipett, a third
exposure apparatus according to the present invention lies in an exposure
appar at us Popdesposi highl s ecortr g ebtviQal oywivshingn téepespoeulteght beam
passi ng through a pattern of a first object (Rl); the exposure apparatus
char act er i rethdy zdnpeitionpd dhast. base nmenber (12) which is supported by
the aid of a plurality of vibration-preventive pedestals (11A 11B); a
second base nenber (62) which is placed on the first base nenber by the aid
of a plurality of extendable/contractible or displaceable first attitude
control nenbers (61A to 61TISCROSTRBtOFUVED| BVEENDEON 63) which is arranged
novably on the second base nenber and which positions the first object; and
a second novabl e stage (14A) which is arranged novably on the first base
menber .and whi ch positions the second object. 13 14 JUN 2004 According to
t he exposure nekhdiras eascsubedaliove,adarrdxame than paelsiewe type
vi bration-preventive unit, which includes a nechani cal danmper such as an
ai r danperiamenahorl Btds aimgretdspaame me ttand Ferusagockahgeacbeabntihe
plurality of vibration-preventive pedestals (11A 11B). For exanple, a
driving el epatt (erd wbintgn sugdoasga Jpikiro@lcant Hagsehemeht-oagd a
magnet ostrictive elenment, which has a high rigidity and which has a high
response speetercanf be fisetk farjeach(ry) 1 hed ixgosattl edaogontrol nenbers
(61A to 61C). In this arrangenent, the vibration having a | ow frequency is
scarcel y tehnsatctéetzed WheacdngSis iand megend ngpvablzgestiagesrmutual |l y
i ndependently. The vibration of the first novabl e stage having a rel atively
hi gh frequengya cadv el & WHH RS SEIB bYwHie adid 20¥-ahbedf bstpait bhudgecont rol
menbers. Therefore, the influence of the

bage member and on which the first object is placed;

wherein the movable stage is driven in a predetermined
direction without being in contact with the base member.

According to the exposure method as described above,



vibration is mtigated. In this arrangenent, for exanple, the exposure
apparatus further conprises a projection system (PL) which projects an
image of the pattern of the first object onto the second obhphegin apgsa
third base nenber (53) which is placed on the first base nenber by the aid
of a plurality of extendable/contractible or displaceable second attitude
control nephers.(52A.to0 52C);, wherein the projection stemis supported on
the third biSe AehB F?nﬂmggiﬁ?nbst%PT$ﬁ ?Quéhﬁnﬂﬂféaﬁﬁe5§P9Paﬂﬁon havi ng
a Iom1freqﬁen%% is.not transmtted %o t he projection systemas well.
Further, (REITE™ 13 BON SHOAHbratioh MRy SPIR G FRedEncy | s
suppressed by the seiond attitude control nenbers. Therefore, the position
can be al sGHESSUFBE K GRI FacttF st eP§ietlor il db By PRSEAPLENES on the
third base genber, ﬁ_nﬁin body section of a |aser interferoneter as a
posi ti on- nB&5arNG BHPE. S¥POPYrYRFF IS t hat a cutout (53a) is provided
for the third base nmenber; and the projection systemis installed
accessibly in alBi §818uPFacessi r ikt +anlew ekl it o IHECcTeFher 1t is
desirable that the projection systemis supported on the third base nenber
by the aid{dftPa 6F65)awt§frmn ePIRID| tere drtreadiamies jopndi $pteaceabl e third
attitude control menbers (56)., In still another aspect, a second nmethod for
produci ng BRVeRpSsEEeIapbar&ftisectdridhanprasiatrryynese firieerdeni on lies in
a nethod for producing an exposure apparatus for exposing a second object
with an expeéStfethfghvidenepassi Hy & tough i@ pdtitcdy daof of first object;
the method characterized by conprising supporting a first base nmenber (12)
by the ai dCORS&TBREIARI 0§ Bemenpaat i s pratastitiald Ywedddiedlisd(11A: 18B) ;

pl aci ng a second base nenber (62) on the first base nenber by the aid of a
plurality BPséxPéndhnl sppphesactiol ecarrnhinm afeatibeaftiiost bat tit ude control
menbers (60A to 60C); novably placing, on the second base nmenber, a first
nmovabl e st &8§61¢63)}ngoEhpobiviohi ¢rnsdrviiigt abjmeotentamd asodablyipkdci ng,
on the 15 14 JUN 2004 first base nenber, a second novabl e stage (14A) for
posi ti oni ngbewe-second object. According to the production nethod as

descri bed above, it is possible to efficiently produce the third exposure
appar at us of thénppaseheriaveationr first exposure apparatus

according to the present invention lies in an exposure
apparatus for exposing a second object (Wl) with an
exposure light beam passing through a pattern of a first
object (R1); the exposure apparatusg characterized by
comprising a base member (62); a movable stage (63} which
is arranged movably on the base member and on which the
first object is placed; and a coarsely movable stage (64)
which drives the movable stage in a predetermined direction
without being in contact with the base member.

According to the exposure apparatus as described
above, the movable stage is placed movably on the base
member, for example, in accordance with the air bearing

system. The movable stage is driven by the coarsely



In still another aspect, a nethod for producing a device according to the
present invention conprises the step of perform ng exposure by using the
exposure net hod or the exposure apparatus of the present i nyeftnopgof hi gh
exposure accuracy i s obtained according to the present invention, and hence
it is possible to produce the device having the high function which is
excellent, for.exanple, in ttern faithful ness. BRI EF EXPLANATI ON.OF THE
v oS, g e EEnaRese €1 kit are Bin by Lo 2o Pl PECHPPaRge R
illustrati a_projection _exposure apparatus of an exenpl ary. enpodi ment
accor di ng Pgetﬁgaﬁégg%hTOYéké§n$g).eli%lﬁﬂf Qﬁ)qﬂﬁFa§ﬁo tg %P§2B9?3m1
illustratin suppgrt ate 66 and. .a reticle stage systemshown in Fig. |,
and (b) sh‘&%&‘gﬁrmc %‘%’ﬁ‘g‘%%‘?eﬁ%’ék‘@rio%ﬁfo‘ﬁ@% W’Wlﬁg AR SRERRY ARFFRS 2(a).
Fig. 3 shows.a front view of majaor parts illustrating a state_in which the
suppor t pIﬁ%ge6%£ighﬁné¥%wiﬁﬁwﬁéﬁ%ﬁ¢a§ﬁnﬁﬂﬁ|ﬂﬁ%¥¥@§AF BOPKRSEA¥ reticle

st age systen1sﬂgmn in Fig, 1. Fig. 4 shows_a plan view illustrating a 16
14 JUN 200%°YPRefyShovanl £° sty 6 sd &8 d &9 dhe Beyedse shewm PRAFI g. 1.
Fig. 5 shows a plan viewillustrating a support plate 53 for supporting a
projectionCBB??EE?nE§¥tEﬁn¢ﬂ?s%kﬁﬁFiéLlﬁ?i- 1 Thiisy. 16 dowesgibileckedi agr am
iIIustrating a .control systemfor the reticle stage system according to the
embodi ment “PERER ¥ RHIMSERRIBTArAF SHEY of produci ng a seni conduct or

devi ce according to the enbodi nent. BEST MODE FOR CARRYI NG OUT THE

| NVENTI ON An exéfipFat§y predegeeenienblel msmmmdie t depdedatng nvention wil |
be explained belowwith reference to the drawings. In this enbodi nent, the
present i nVeREFBAST sE@p i Fear e b dja@tlon sérges Ucd ) appar at gsifased on

t he scanni ng exposure system of the step-and-scan system Fig. 1 shows the
proj ect i onMeRBBEuf elAppatt weh i crdiany angechioyeanisddi iese. waikbar; ef er ence
to Fig. 1, for exanple, nost Parts of the projection exposure apparatus of
this enbodfR€n? BFevirgtdtited Ttk 1608 Whilsha deliwas toencpargely

sem conduct or - manuf acturing factory. An exposure |ight source 3 of the

proj ect i onMeXpdier atagpakatihe irredeficiniagdodiaeitdon 21lpngatbeni - cl ean
roomin a machi ne room di sposed thereunder. Those usable as the exposure

| i ght sourgeide|menhbele, fHBratexshpltde avagecilyemadvabde kitghge $ource such as
KrF (wavel ength: 24S nn) and ArF (wavel ength: 193 nnm), an Fz |l aser |ight
source (wavePepyidd 9 that it hangs from an upward position. Owing

to this arrangement, it is possible to easily drive the
coarsely movable stage at a high velocity.

It is desirable that the first object and the second
object are synchronously scanned in the predetermined
direction (Y direction) when the second object is exposed;
and the guide member (71A, 71B) is moved in an opposite
direction so that law of conservation of momentum is
substantially satisfied when the coarsely movable stage is
driven in the predetermined direction by the aid of the
driving unit. This means that the present invention is
applied, for example, to the exposure apparatus based on

the scanning exposure system such as the step-and-scan



14 JUN 2004 157 nm), a Kr2 laser light source (wavel ength: 146 nm, a high
har noni ¢ wave generator of a YAG | aser, a high harnonic wave generator of a
sem conductor |aser, and a nercury |lanp. An exposure |ightibesgnyldo®@s an
exposure beam which is radiated fromthe exposure |ight source 3 during

t he exposure, passes along a beam matching unit (BMJ) 4, and it is

i ntroduced_heyond t floor 1. The exposure |ight beam|L, which outgoes
fromthe Bﬁ'/ﬁsﬁ,eméon@geril nolBe aiL?"fr j;‘te Grcfr%ﬁﬁvr‘?j:ﬁo% &y TPERPEWhitEh is instal | ed
on the flogr,1 and.whjch includes, for exanple, .a beam shapi opti cal

syst em anSHB?F%%El%{'%g?%?Joﬁyﬁfii?%r Szcé:rlr%de%’r‘?ﬁ’&eni%l@s)lgifgﬁeﬁﬁ?formzi ng
the illum nance distribution, a Ji gcht anount nitor, a variable aperture
di aphr agm CAnd*8TPEIEY +RnECEES PR SR §5PEG PPARhéCBP  the fir st
illumnatio sysﬁem 5 is substantjally conjugate with a pattern plane of a
reticle as"af% FFranTRA%SEP bR Sbidetis & & f5h8 FGrRPRLagAF6AT LS  ar r anged
on the |ight-outgoing plane. The npvabl e field di aphragm 6A plays the

fol | owi ng P8l ERETRAE ‘i’g,t FPIFRE S AAVaEHE H@I8nd dhUBhe tBBanni ng
exposure for respective shot areas on a wafer as a substrate to be exposed,
the field reEopened/ ef oskerdioi ahats GREFFEN érafuseer than the origi nal
circuit pattern_is not subjected to exposure. Further, the novable field

di aphr agm 6A sefbcti€ SaFirabls rieiat the tempsiicROPaeEys f8dther exposure
for a concerning layer in a pattern area of the reticle. The 18 14 JUN
2004 first PTPLAPRAL T oL S5 TRABIL I diits @S amddghwiversuesndvabl e fiel d
di aphragm 6A whi ch involves such a fear that the vibration may be generated
when the fPeFHtiSopEned? cFREE LY SNBIRFP G tsddhasefar &bl prederranimed
exposure apparatus body. Therefore, the exposure accuracy (for exanple,
overlay ac€d¥acyiand @ reprded MmeAsWHiinIhess)t (@ 1Xnpedvéd BaXBY hehiehn
exposure apparatus body. Alternatively, the follow ng arrangenment may be
avai | abl e. "¥RERTES, at Heo fdimgnsionml madidi oy sifemt® movebppostadeon t he
floor 1 by the aid of a vibrationpreventive nmechani smof the active type or
t he passivénfype. aqhieatesapobTBER I i tAHB b&dM) whiwhi dinedy pevsedtharough the
novabl e field di aphragm 6A, cones into a fixed field diaphragm 6B which is
arranged amcwablghstage omvergdtensl afald vs eddiid rislsipemitnabi ehesyst em 7
attached to a colum section of the nmain exposure apparatus body, i.e., a
pl ane def ocasedeby moprletetsragaed Fruwsl Hftriom e ipavnedn pl ane of th
reticle. The fixed field diaphragmé6B is formed with an aperture for

defini ng thelatiomshnde iloetwersa e tdumpatitye movplbdee safigehendethel e to be a
slit-shaped area which is slender in the non-scanning direction

per pendi cukavalb be t hlease aram rige dgmomiored Herexhes di€ ferghtebbatweéen whi ch
has passed through the fixed field di aphragm 6B, passes al ong, for exanple,
a relay | easmsystesq el wptolwzd impat Myendiend imstr ecasardng candeaséral ens
systemin the second 19 14 JUN 2004 illum nation system7, and it

i1l um nat esedhered | vaiwatdlmrained by the second measuring unit. The

synchronization accuracy can be improved during the
scanning exposure by driving the movable stage
substantially in the vicinity.of a neutral position in a
movable range so that the synchronization error is
corrected on the basis of the relative posgitional
relationship. The movable stage also functions as a finely
movable stage.

A plurality of masks (R1, R2) to serve as the first



area of the pattern plane of the reticle RL as a nmask. The position of the
fixed field diaphragm6B is not |imted to the |ight-incomng plane of the
second illum nation system 7. The fixed field di aphragm 6B;aayuhes@s4 anged,
for exanple, at the l|ight-outgoing plane of the second illum nation system
7, i.e., the plane separated by a predeterm ned anount fromthe pattern

i f the.reticle, t | di d bet the.reticl d th
P o ol onDBAREELALE e e R M S R e R e B S e BEY [ Mo
h Lane. _Und i b he | f th

(ne oat e lang, cLoder Uhe sXenair e, L heand e, Lmge o the

slit-shaped_exposure area on.the fer W (or W) applied with photoresist
as a phot orsn"élrslglgt F%Iée%%bgﬁ%ﬁ’%e?%?%g?r}% &% $5EEG 6 éﬁftaf“’lﬁkp?oFéﬁ}E‘i on
rragnificat'{:ﬁn &3}#*&3 is, for exanple, 1/4-fold or 1/5-fold) by the aid of
the proj ectPbReprTtal system PL. In this state, the reticle RL and the
wafer WL are sygchronﬁﬁsl nl1&)ved in the predeterm ned scanni ng direction by
usi ng the projetti Bht g?ﬁx‘?’f S i ITPYE ad SIRATEL P IS0 2PREEBEYFNgl y, t he
i mge of the g%tern on the reticle RL is transferred to one shot area on
the wafer BECCTRENT P cFiee RATSHRIT i VRFteonML 18/ 180 PRe SFBREVES the fir st
obj ect and the second object of the present invention respectively. 20 14
JUN 2004 TREPFERENS OT \PXRIS1n%H 2 &Gk O sdits KYdpapédhsaBst rat e of
sem conductor (for exanple, silicon) or SO (silicon on insulator). As
di scl osed, S¥BP=Rk&nptelt | hramRasitbidirmed iec flireh CRORC60/B0623, t hose
usabl e as the projection optical systemPL include, for exanple, a
cat a- di opt F'® SYRPEW B f 2RI HorhretlamaGtrydzad) by conprigénsdab§isetangi ng a
plurality of dioptric |enses al o,ngn one optical axis and two concave mirrors
havi ng opefPKa8le nmemeeyi i twhisth thel dpansalofakihe fésgscobiery, 2add a
dioptric sgstem of the normal cylinder type constructed by arrangi ng
di optric | ERSegcaPRhrRiRCoAnE Aihipl sis Aoargedi opt B €isyst bashavi ng a
formin which an optical axis is bent in a Vshaped configuration, or a
cat a- di opt PPEPSY s @M vfanthed dirined ayavatder meppemdg4bevwbied for the
projection optical systemPL. The foll ow ng explanation will be nade
assum ng tABFaRERA 2mx@ ssesahdz s e el66t)o difd eopnicc dlromxitbeAX of t he
projection optical systemPL, the X axis extends in the non-scanning
‘direction firet base winket iand pdrial dls teachéopldaieeothpapersof Fig. 1)
perpendi cul ar to the scanning direction for the reticle RL and the wafer W
during t hemgeaphe mewkgosure in the plane (substantially coincident with
the horizontal plane in this enbodi nent) perpendicular to the Z axis, and
the Y axis extehdsordingetscamianpakume tappar@Eitus. ast desdiribetli on
perpendi cul ar to the plane of paper of Fig. 1). 21

above, it is possible to carry out the first exposure

method of the present invention. In this arrangement, it
is desirable that the first movable member is coupled to
the second movable member in a non-contact manner.
Accordingly, the vibration, which is caused when the second
movable member is driven, is not transmitted to the first
movable member and consequently to the first object and the
second object.

It is desirable that the first movable member has its

degrees of freedom of a number which is larger than that of

10



14 JUN 2004 At first, explanation wll be nmade for the overall arrangenent
of the main exposure apparatus body of this enbodi nent including a stage
system for supporting the reticle RL, the projection optical systemPL, and
a stage systemfor supporting the wafers WL, W2. That is, a base plate 12
having high rigidity, which serves as a first base nenber, is installed by
the aid oft hree vibrati reventive pedestals _11A,_ 11B, 11C approxi mately
| ocat ed at ~apeX8E°Bf BoYegut APt angl Qﬁ?qalﬁ]@]fyl'ogrorl.exﬁiﬁ'p Fec%?c | evel

9A is installed.on the base plate 12. ch of the vibratiaqn-preventive
pedestal s TTACES TTff‘h}i)Jse arﬁe“é%’f v%alfﬁ%?e 15158 iSRS eV en e Hfi £1FREI udi ng

a nechanical d er such as an air danper or a hydraulic pressure-based
damper whi ERYF nﬁﬂ?%ﬁe??‘b%e htle]a}'\‘/%/lx\é‘?%d Sthd @r¥ctrBAABABEI ¢ danper
whi ch is conposed of an el ectromagnetic actuator such as a voice coil

not or. For®© aﬁpF%,r?‘ﬁ%c%@ectTm‘?fc IfarkFee&Svn ton Btk EBe

vi bration-preventive pedestals 11A to 11C are driven, and the pneumatic
pressure oF°PhECHyAratRY cEif FRAFGE- each of the nmechani cal danpers is
controlled, if necessary, so that the angles of inclination of the upper
surface of the bhsdSplatirablei ik e @xrasruite aRpRtasHEat UstEAE det ect ed
by the level 9A (angles of inclination about the two axes, i.e., about the
X axi s and®PHBT=a%i3)LhFet | 2RIURIRr WitHHin A9Bwalied ) r ahages. In this
arrangenment, the vibration having a high frequency fromthe floor is

at t enuat ed*By2Ehgedp moves June 20z trevdieaki kea medioepe W i&f seepBetngo
transmtted to the main exposure apparatus body. The remaining vibration
havi ng a | biAef Fegted cyovable tresiikeed By theasoact eohagteri d 783kper. Three
first colums 59A, 59B, 59C (59C appears in Fig. 2(a)) are fixed on the
upper surf 288Bbf whheh bagkapieely mows tthe savepdamevappeoxenhes| yitbeat ed
at apexes of a regular triangle. A support plate 66, which is provided at
its centraFepBeet obo vkt sgecoperivare fugmkad.owi ng t he exposure |ight beam L
to pass therethrough, is fixed on the upper surfaces of the first colums
59A to 59C. A sipperilplanetldasr izspeéxed arfits supnhortt figirapeo@6cwingh
spacers 67 intervening therebetween. The second illum nation system?7 is
att ached tontar¥pesppdrappliaatuscdfardialyg eontlnet psesentnsn§&A-i6aB, 61C
(61C appears in Fig. 4), each of which functions as an attitude control
menber, aréiégxed amethed HrojmocidwonisiHel, 5Bt rgpprejtest Eon i s not
shown) fixed to the inner surfaces of the first columms 59A to 59C. Those
usabl e as ezdphsohgthessaridbble emuntitdecn expodlbhet AiGh€ bralhude a

pi ezoel ectric device such as a piezoelectric elenent, and a driving el enent
such as a pagachosthrctglvea ghanenin Wi ¢h fiasta degege ;r itgiedmeyhadd which is
ext endabl e/ contractible in the Z direction at a high response speed (for
exanpl e, theanaptéetimed ilsy atoubr iseivey alrreaginand theef meqberncyep$ ahout 10
Hz to 1 kHz). Besides, those al so usable as each of the variable nount 23
14 JUN 2004 bectomnsubiscd osHIC dsmalhele ia=dr iokijrgtyeakadnsginghach makes

di spl acenent in the Z direction by neans of a small cam nechanism In view
of the fachotdlale tdicages giah X ysd saditgh bd hevadrlicabihg pourt seet Fons61A to
61C can be also referred to as ~~hard nmount~~ A reticle base 62, which
serves as abhase tiedbesn, on the base member; arranging a guide

member {(71A, 71B) in a predetermined direction on the base
member; arranging a coarsely movable stage (64) movably
along the guide member and opposingly to at least a part of
the movable stage; and coupling the movable stage and the
coarsely movable stage to one another. According to the

production method as described above, it is possible to

11



(second base nenber), is fixed on the variable nount sections 61A to 61C.
An opening for allow ng the exposure light beamIL to pass therethrough is
formed at a central portion of the reticle base 62. The uppear s8urbacg of
the reticle base 62 is machined into a guide surface which has an extrenely
excellent flatness. A finely novabl e stage 63, which serves as a novable
stage on t el side, 1s sl.idapl | aced on the quide surface snoothly
and twodi n%%gﬁg%g F;Yb?/s?%%hg d-is% gﬁs‘ge%ﬁ%?djsr.e ARPAtALTE STREBRS held on
the finely vab e.staggﬁgg, for exanple, by means of vacuum attraction.

Anot her refrers” l?g% 2(a)) is held in an area adjacent to the

reticle Rl in the scanning direction on the finely novable stage 63. The
exposur e appara&ﬁssgéﬂgoﬂg?Fhﬁfeﬁsg%F?hd?,S??ﬁn >€%ﬁ9§§rqlm§t@8%ble exposur e
can be efficiently executed. An electric level 9Dis installed at an end
portion ofaFﬁ8r8ﬁ¥8etgug?ﬁcﬁr%?e?¢mﬁq¥ﬁq§ﬂQPW&%%? 62 FoL*PREMBFe, the
extension/cogkrgc%ion anmounts (or displacenent amounts) of the three

vari abl e nBEACSetPT ofEPBEANE of 61%ELe WRGlol (Wd 38 Hhan ggresrsf
inclinatiog,og the guide surface with 24 14 JUN 2004 respect to the

hori zont al 1pPahe adllebrd3dl By tHeECTIVE With Yoy IYs Bffinsd oRderén about the
two axes, i.e,, about the X axis and the Y axis)_ are included w thin

al | onabl e r&hgesthEnS¥RPIUBE Jeeire, charaataridnsh ko coewEisinghe angl es of
inclination about the two axes at the mininum Therefore, for exanple, one
of the thr EBPRAFFABY e nBEFAPRY RAFD TN t $H1 Gy Hrate spRedlewpth a
fixed height. In place of the Ievel 9D (as well as |evels described |ater
on), for eRahplg, dasHbreRnoRt fHitlhpt irzadstadtiowd mymbies sifogegstes
correspondi ng nmenber may be used. A rectangul ar frame-shaped coarsely
novabl e st 8§eftactiemapr adgbirs hage nidgy ndl3) nidsliasseadseres of this
enbodi nent is surrounded thereby. A pair of Y axis driving units 65YA, 65YB
are attachBEVRBLEhetaset 6PF kufPraceott idrel nal pgvr tf iplsdt obGecti spysbdy

t hereover so that they extend in parallel in the Y direction. The coarsely
nmovabl e st 8etB2 Fecepdnezsednembehe DLaing dr isgaupdumovab8BYALag58YB. The
coarsely novable stage 64 is out of contact with the reticle base 62. The
coar sel y mb¥4B) efer ages saieming hehd i srdondrmkaisiar stcagd 163 car heonnect ed to
one another by the aid of an actuator which drives the finely novabl e stage
63 with refpeet baseheeroer seiyd novahiad Sitagerb4utitrd tavde wiiit €hanount in t he
X direction, the Y direction, and the direction of rotation within

pr edet er m Aedondr pawe raggfesry Whish YWespe:tdriovitdg Umitss 66Y¥A méh¥Br so
alternately drive the coarsely novable stage 64 in the +Y direction and the
-Y 25 14a3UnNe 260dpdésectilomiatora comstdnity welvenidny iof ateofdasce with the
| inear notor system That is, the coarsely novable stage 64 drives the
finely novabliesstagd B3valnle hecagael recti on at the constant velocity in a
state of being held so that the coarsely novable stage 64 is hung fromthe
support pl ate 6Bcchudihertot hiee fexmdyumpwaddleds tagelhtribadeladbiveel y driven
W th respect to the coarsely novabl e stage 64 so that any renaining
synchroni zabhéonilkeraoion shaaimec etbw Thedusmrddi nensicanale1gosi ti on and the
angle of rotation of the finely novable stage 63 and the position of the
coarsel y novabbelstadecdithen fhesty adid ecidonm alosrabighlsyageeur at el y neasur ed
by unillustrated |laser interferoneters respectively. The position and the
vel oci ty ofinfiépefidaetiy novahtsheat age 63 PGy old edpprctBethasi s of
obtained results of the neasurenment. In this enbodinent, the reticle stage
system i s cbbsatloh eldgving ®xedlplielvdly HigH eihenkgse62het herkinel y
novabl e stage 63, and the coarsely novable stage 64. Further, three second
col ums SlfovaldBe (§thddd Bl eitrolling the attitude of the second

base member. Thusg, the influence of the vibration is

mitigated.

In this process, it is desirable that the exposure
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is not shown) are fixed approximately at positions of apexes of a regular
triangle at the inside of the first colums 59A 59B, 59C (as for 59C, see
Fig. 2(a)) on the upper surface of the base plate 12. Thregsvaiiadhgs nount
sections 52A, 52B, 52C (as for 52C, see Fig. 5), which serve as attitude
control nenbers respectively, are fixed on the upper surfaces of the second
col umms 51@&1:?%&' %6 h 14 JUN 2004 Those usabl e as eﬂa@h of thﬁﬁvari abl e
mount  sect FomsCB2A F 5PED YRR FHP BN & Widd vosg BeERERt based on
t he use of i ezoelectric_el nt or the like and a driving nechani sm
based on tﬁ%gaﬁps?’s?gﬁ#?n‘:??\%g]g% RIS 45 & SPREeb e thioBint sect i on
61A descri bed .apove, A suprﬁgrt %aﬁ%&eg%, whi ch serves as_a base nenber
(third basB*R8RbEFIRPd RYURGE ot (FRENRET &l SHRSHA™ S8citiPendiB8A to 52C
The projection optjcal si/st.em PL is installed to a U shaped cutout provided
for the subﬁﬁ?tmgﬁ“ tEi 5RIEIE%e At R B iihRjEsenReTopén end of the
cutout is closed by a cover 55. An electric level 9B is installed at an end
portion of PFRESHpPEF SVFFeRe (B tHe Ripindtisicara s3ageoriekhfpl e, the

ext ensi on/ contraction anmounts (or displacement anounts) of the three

vari abl e nBahte¥RcPf obde 5D ¢ FRIeEr ontonttihs |saFose obdecingped of
inclination of the upper surface with respect to the horizontal plane

det ect ed byUFRBeF eveRt OBl Ling| &y dFtitide mft itdie dbdud bheet membrss, . e.
about the X axis and the Y axis) are included within allowable ranges. Al so
in this prYéBBuFesreet|&o crerighl ¥ deafta dlemides d@eyless tof sippreaat £ba about
the two axes_at the mninum Therefore, for exanple, one of the three

vari abl e nBbR¥aEEeR | resHd Y B2 maksaE ®fs fdeef iwisth aadf sredntlei ght .
Driving el enents 56, each of which is conposed of, for exanple, a

magnet ost r FeYRbEe e enen® - orAecey dizoslectitiac Riwviesd isuclkyasen psezoel ectric
el ement to serve as an 27 14 JUN 2004 attitude control nenber, each of
whi ch has &FghlyiBeditsgs wbl each of which is extendabl e/contractible in
the Z direction (direction of the optical axis AX), are installed at three
pl aces at i nter¥al 8tboll appriohérmepscequalthbng eskdvetweerppheasupport pl ate
53 and the flange 54 for holding the projection optical systemPL. An

el ectric | @vebr@0y sto nshalpresan: amvendt igor tlies dh tine euppenrsur f ace of
the flange 54. For exanple, the extension/contraction anounts of the three
driving el eppatrstss toe exprsold el swdathtokgrgites waf) wichi rati on of the
upper surface with respect to the horizontal plane detected by the | evel 9C
(angl es of expesinat 1 bphiaboeAm thesd iy teugh & paaliewth btieaXfaxks and the Y
axis) are included within allowable ranges. Also in this procedure, it is
enough to cbnecol (Rhe; ang esxodsunec |dopatdagmsaboitraichert wedakes at t he

m ni mum Therefore, for exanple, one of the three driving elenents 56 may
be a spacerompthsingd ixeith tei ghitse Asndescr(ized wahewe ist Bepgbirvedgbel enent s
56 for suppressing the vibration of the projection optical systemPL itself
are provi deldeiaiddolf ta qrilumalitey o haldre tiountpreeehitars b2AebeabaC for
suppressing the vibration of the support plate 53. Therefore, for exanple,
t he vi brat (DDA pflide; cylsembnd dagy ajedtidron 6opt edlchsy st eMaPkdi 8ni Nt ensel y
suppressed, and the inage formation characteristic is maintained in a

wel | sui t edthanfierst Aba g manibesensorche38Ad 38Ba whiuehiate based on the 2S

extendable/contractible or displaceable first attitude
control members (61A to 61C); a first movable stage (63)
which is arranged movably on the second base member and
which positions the first object; and a second movable
stage (14A) which is arranged movably on the first base

member and which positions the second object.
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14 JLTN 2004 irmage formation systemof the off-axis systemand the FIA
(Field I'mage Alignnent) system are fixed to the side surfaces in the -X
direction and the +X direction at the | ower portion of theiprgimctoon
optical systemPL in order to performthe alignnent for the wafer. Although
not shown, a reticle alignment mcroscope is arranged at the bottom surface

portion of the t_plate 66 disposed over the reticl, in_order to

performthe al i%ﬁ%%{ll?gré?h%h?e?f TIEA I@?aﬁﬁ—éc?& baassedeeffril%eg fi%(?vgf a

central po%i on_in an area Cg\{?ich iS sub taq{:.LiogL_l surrqunded.by the three
|

second col ums BT S1E t AT ri’ Cor{Rn 14 VT e Yipher surface of
t he base p!ﬂﬁge 12. Thg upper s}grfa%%;)ﬁ t he waf er base 13 ii machi ned into
a gui de suffacB WHFEHIRRs™ ARS et B | ASafhedsr AFPFSt finely
novabl e stagﬁ 14A on the side of q&he wafer ig sl iq%(aslbly pl aced En %he gui de
surface snBbthfy Ege?ﬁjéoﬁ?%n%?l%i MRS I Afd 18R dore/ECONSEI F1EI ong
sliders 16 19@(%l A fLrst san?l e base 15A is placed on the novabl e stage
14A. The fPHEFRMAFErOWY TR Mt P grr SR et IRsdeit@ Les A 139 - nédBe - of , for
exanpl e, vacuum at t{acti on. . The novabl e stage 14A is continuously novabl e
in the Y df PECEFORPLFord eXahptd §HUtor drck BAURT )t K&l A€af not or
system and,it is novable in a stepping manner in the X direction and the Y
di recti on. PTRECSAFPHE1 HaStCHSRE | JNY Gh NGIRFIR Ik ivisac Liepens . f wher
novable in the X direction, the Y direction, and _ the direction of 29 14
JUN 2004 rBest PoRigRt Al9Edplettand Wihehdinsh s cdyacepanser speedi spl aceabl e

inthe Zdirection, and it is tiltable about the two axes (i.e., about the
X axi s and®®RePy ¥x$<)IPh ordlerok Shrrfigith e itadE ioegtard TREPESBUSI ng.
In this enbodi nent, a second novable stage 14B is placed on the wafer base
13 by the &P#PoFoaftChear Ingshhv\aiBranaaesty slbiheervd bresiopoBavagat Rer with
the first novable stage 14A. The second wafer W2 is placed on the novable
stage 14B B9Vt RECARANSY BS STV WarprangHideerbB o dhet Kargtr pose of t he

| evel ing and the focusing. The second novabl e stage 14B is al so driven

t wo- di mensFeAENFyNOTIRlexampres Witurmtlor dawemandamtilye | Thear notor system
so that the second novabl e stage 14B does not mechanically interfere with
t he novabl ¥ibragion4af Ulhe Hifer mevajels\sitamn dfavincs semeddichwrilyi s
constructed by the wafer base 13, the novabl e stages 14A, 14B, the sanple
bases 15A, hiﬁé, fapdueney deawilpryy surmres st hvhahef erid Tfathies firke waf er
stage system of this enbodi nent resides in the doubl e-wafer stage system
For exanpl ettihedeadernt ¥yl ceemirer subjBetimsd due t Hheexodfdngacandft hbe
alignnment on the side of the novabl e stage 14B as the second wafer stage
during thevibaabhiog expostigafer. the wafer WL on the side of the novable
stage 14A as the first wafer stage. Therefore, it is possible to obtain a
hi gh t hr oughput InThikei$wer déneesennal f@postdngiss, tHie yawiosgranounts, the 30
14 JUN 2004 pitching amounts, and the rolling ambunts of the novabl e stages
14A, 14B aepparases etiuhilyen ycamoursdt®e|ay dno junitilars tayatced |(@3¢r which
interferonmeters. The focus position of the wafer during the exposure

(posi tion pfojaetprap ethagn aptilealpssytstremd?l tihe tthe sapbibgaktavnso
direction) is neasured by an unillustrated autofocus sensor. For exanple,
t he positiohs sécihd coyadt e stdges:Hidd B4R anthiddhie (@ngl ehieh iscl ination
of the sanple bases 15A, 15B are controlled on the basis of obtained
measur ed valaesd dhethaifiibadybsestiatbaf HheHeasdr ioft er baneaetey on the
side of the wafer is fixed to an interferonmeter support nenber 57 which is
fixed to the boténdaislefeaedctiifle or displaceable second attitude

control members (52A to 52C); wherein the projection gystem
is supported on the third base member. According to this
arrangement, the vibration having a low frequency is not

transmitted to the projection system as well. Further, the
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support plate 53. The main body section of the |aser interferoneter on the
side of the reticle is fixed to an interferoneter support nenber 58 which
is fixed to the upper surface of support plate 53. The supparyuRl abes53 of
this enbodinment is suppressed for the influence of the external vibration
by the aid of the variable nount sections 52A to 52C (as for 52C, see Fig.

5). Therefqe s .f1on n_.be. measured .hi ghly accuratel y.by using the
I;ser inte? g%%%% %Pﬂgké§$,afﬁkggu$ﬁﬁﬁﬁﬁﬁft %ﬁgﬁﬁﬁ§%ﬁﬁﬁﬁﬁ §Y5¥§8e syst em of
this enbodinent .will.be explain in.detail helowwth reference to Figs. 2
to 2. Fro. SaanachbbiPias BaR el dohtSis ut (e S S5t DFAFECHS and i he
reticle stage stem shown in_Fig. and 3 14 JUN 2004 _Fig, 2(b) shows
a sectionaFggigé/?gﬁgnm%?%%ﬁe%.?%b&ﬁzv?%ﬁﬁﬁﬂ#Q%¥Vﬁﬁér SERPLRs ” Bown :n Fig.
2(a), the support.plate 66 is stably supported by the three first colums
SgA)to 59&&%?3?#%\8%’ a??a%&%dtléjpg?o%%tr%ﬂpeﬁ' tth&peXe8YofEFREPegul ar
triangle (a tuail havi n shape approximate to an isosceles triangle

whi ch i s sPénfle agﬂrtﬁ%thgﬁﬁ?% FRF 1t AP IRT EEESORNRS BN S r  of

sl ender rod-sha%ed,Y Xi s gqujdes 71A, 71B are arranged on .the bottom
surface side of tFhdSs ﬁﬁbrgb%?af%a%ﬁa§%939%ﬁ t e lopehniBF@ VS ded for the
support plage 66, for_allowi ng the expaosure |jght beamto pass therethrough
i s interpos8d FRIFAEPLHBR-BLBART h PR r'dt] iRFPIeetdide&iss® 1Bot h ends of the
first Y axis guide 71A are supported slidably in the Y direction
subst ant i altP§ERALEINBRCRDFEREY Bt &t SIP tHE e SHrgatissadikgs 82 (air
pads, see Fig. 3) at the inside of two frame-shaped hol di ng nenbers 73A,
74A whi ch &FEPEFRelt Bhe hewbet% om surface of the support plate 66 along the
Y axis. Both ends of the second Y axis guide 71B are al so supported
slidably in thelY #FreesibhPhe et iHie drsfedHoldl myshabdss 73B, 74B which
are fixed to the bottom surface of the support plate 66. As shown in Fig.
2(b), slidErePyPRed79B Bhe Bhiahdearrs|neaddisy v thse atddiofeéti on by the aid
of air bearings (air adsg 75 along the Y axis guides 71A, 71B. The

coarsel y nﬁ%%%lwaag et erdap ket aatida e dispdacsapla thidby t he

aid of connecting menbers 77. OMng to this 32 14 JUN 2004
attitude control members (56).

In still another aspect, a second method for producing
an exposure apparatus according to the present invention
lies in a method for producing an exposure apparatus for
exposing a second object with an exposure light beam
passing through a pattern of a first object; the method
characterized by comprising supporting a first base member
(12) by the aid of a plurality of vibration-preventive
pedestals (11a, 11B); placing a second base member {(62) on
the first base member by the aid of a plurality of
extendable/contractible or disgplaceable first attitude
control members (60A to 60C); movably placing, on the
second base member, a first movable stage (63) for

positioning the first object; and movably placing, on the
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arrangenment, the coarsely novable stage 64 is novable snmoothly in the Y
direction along the Y axis guides 71A, 71B together with the sliders 72A,
72B in a state of being hung on the bottom surface side of14hemnsuppsyt
plate 66. In order to drive the coarsely novable stage 64 in the Y
direction, as shown in Fig. 2(b), a Y axis linear notor 76YA is constructed

by a statok. rising, far examle per mane gnet array provided
on the si délltz)?étﬁﬂ%g??r?ésr%sbeﬁ}g’axa} sseé:ucfn emf)if&bqgngtﬁgﬁo?g?g? ggf/A conprising a
coi |l provi .on the si,de of th lider 72A. A.Y axis ljnear tor 76YB,
whi ch corrpglggjégl%n%%%t%}?’e 7%%% %a? ercg:t'at CPERBIY §°an8 BF?‘g'gﬁléﬁo?o t he
second Y axi ide 71B and the slider 72B. The. sliders_72A, 72B and the
coarsel y n%(\e/'g%(? ¥ a %8%4&5‘?% Tren 4t %@O?S&PichPoﬁngSF@nFE% Y axis
gui des 71A, 71B by _neans. oc{ the two axes of the Y axis linear notors 76YA,
76YB. Duri RECTRTS fp%?%ys]f SERIONT APPSR IS 2f, tPRePYeSRPE gui des 71A
71B are al so novable at the inside of the holding nenbers 73A, 74A, 73B,
74B. Ther et OY & 1M coarsel y novabl e stage 64 and the sliders 72A, 72B, and
the Y axis guides 71 71B are noved in nmutually opposite directions al ong
the Y axis so tHatSthel |2RPHT ARG at iaorﬁ“e&fhot%rﬁé’ﬁt BirPPgcdngstantial |y
satisfied. Accordingly,, other porti onseggqr exanpl e, the projection optical
system PL GREFRAGEIEIING 45 R mEnS 1GvepsdPad CPPBILBBFnRexer t ed by
the influence of the vibration generated in the reticle stage 33 14 JUN
2004 syst efit&Rir$h PR TRiHIthi S BRPFEs tive Usdngc Ehehexpogirs gakaed quA 718
are novable in the Y direction, it is feared that the position may be
gradual | y He%i FIRBHE i3RPAIRE Y Gdeddls prRscslt ER¥eBEARR ngReRkpBBUre s
continuously perforned. In order to correct the deviation, as shown in Fig.
2(a), |ine@fPeftiRictEBHKY 858 Bisddicsh acweradndcbnt BE ByseeRtsuch as the
magneti c system or the photoelectric system which serve as

posi t i onmedRYRT RPN 3 it dfeddurisnpatsd desitol pmedufret hbeYdaxigegui des
71A, 71Bin the Y direction, are arranged at the bottom surface of the
support pladelss. thm il s tdieewvhiehrilg. excedieaspofidingxaopief ront vi ew
of Fig. 2(a), a position-correcting |linear notor 83YA, which is conposed of
a stator 83SAMeEE ritiiviulg®&R- is installed between the first hol ding
menber 73A and the Y axis guide 71A. A position-correcting |inear notor
83YB, which is conposed of a stator 83SB and a rotator 83MB, is installed
bet ween the second hol ding nenber 73B and the Y axis guide 71B. Wen the
positions of the Y axi sBRLEESXFIANATIIR riga s MRAWINGS | | near encoders
85A, 85B are gradually deviated, the positions of the Y axis guides 71A,
71B can be noved to approximately central portions in the novable ranges in
the Y direction by using the position-correcting |inear notors 83YA 83YB.
Wth reference ¥iog Fily.si2{vey, wiheh peottargdulcart afdagt, pl atkeshaped finely
novabl e stage 63, which is slender in 34 14 JUN 2004 the Y direction, is
arranged aartdngemzitdel dfusthm riext angulcaecfiane esbapaedecappsehyusovabl e
stage 64. The two reticles RL, R2 are placed on the finely novabl e stage 63
in the scaammierentiact iomodaentofaddrediety ¢cbeshRlprB2ens heldntion.

exanpl e, by nmeans of vacuum attraction by the aid of an unillustrated
reticle holmefigsect, ofn) Hiemef ar @larheiket itlasstragengyst eappbrthi s

enbodi nent can be also referred to as "doubl e- hol der systenf. The reticle
st age systephatmsedl ol teheredaudilee shelderysyemesheoan ba regar dedah@ be a kind
of "double-reticle stage'. As shown in Fig. 2(b), the finely novabl e stage
63 is placéd) mivadd ya taetdicrensivdral loakky thenai d ofinkheaakhobgaihngs on
the guide surface 62a of the reticle base 62. Openings for allow ng the
exposure |Fght beam t Fipass thenet br sughtargclobmedagbrbpht-em surface
portions of the finely novable stage 63 corresponding to the reticles RI,
R2. Furtheill@ssomy ia) dtate 20akhildho thed%uppaetuplats §8XAs rf&¥Bi which
are di splaceable in the X direction in accordance wth the non-contact

syst em by wSia¥ Ihef 1@ine (g 1RGN SlsiaC fSQBCan@ﬁ@dr@Bich@rs@é?gpls?stérhe El
core system the system based on the use of the Lorentz's force, or the
smal | - si zeghdwieal i orL SYys$tiem 4adowdshabhed betweenihhe hpngy surface of
the coarsely novable stage 64 in the +X direction and the side surface of
the finely novabl e stage 63 in the +X direction. A Y axis actuator 78Y,

which is displaceable in the Y direction in accordance 35
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14 JUN 2004 with the non-contact system by using the el ectromagnetic force
in the same manner as described above, is installed between the inner
surface of the finely novable stage 64 in the +Y directioniangyiihgegsi de
surface of the finely novable stage 63 in the +Y direction. The actuator
based on the El core systemis an actuator which is capable of making

relative di e I rigidity by pushing/pulling a plate.nade of a
magneti c ngggé?{}(ﬁg?é%géc%{ﬁ%#e b%/guasl?ctrllga e]%/eetgltcr ei”rg%}‘i%t &4 ﬁ%ﬁﬂ’&i al¢] Eb?rs wound
around E-shaped. cores_di sposed, on both sides. In this enbodinent, the
finely nnvgblegéﬁagg %@OVS %rﬁ%% Y%FWF&?%P%%%QﬁﬁHQM? %ﬂ%?thdPEQE?ion, and
t he directggnf8L éotaéigg relativel¥ W th respect to the COﬁrseI novabl e
stage 64 by usPhg° AR T W % &5t uHtbrdt . SEERSTand CHEYBN&TY axi s
act uat or 7?Y. Tge pgsitign of the coarsgiy anabHﬁtsta e 64 intheY
direction FeImeasur et by® aBSFPV3t2 R S APILAS SIHUSTEEEIREt 8 79 which is
conposed of a Iafer inter%ero ter arranged on the bottom surface of the
support pl SPBYE8L BPFRY 19T sEIF ksl g 95p M &SSeEAERgntef t he
coarsely ng¥able s%qge 64 in the X direction _is not necessarily neasured,
because it "P§ PRREUTRERFt hefi9a &I SHAEIHY MU C80R*PEUFIREd to the
side surface of .the finely novable stage 63 in_the X direction. Areticle X
axi’s i nt er FePoleteRIBISOT WP EHCE 2 6 g &Fbedinestferoneter, is
arranged so that it is opposed to the 36 14 JUN 2004 novenent mrror 80X
A nmeasuring beamis radiated fromthe reticle X axis interferoneter 81X
onto the novenent mrror 80X. The position of the finely novable stage 63
in the X direction iESedSHed By YIEE U8 XHExINVENTEPNer onet er 81X
The reticle interferoneters 79, 81X measure the positions of the coarsely
novabl e stage 64 and the finely novable stage 63, for exanple, on the basis
of reference mrrors (not shown) fixed to the side surface of the
proj ection opti®Bl S¥GEPEATPLPT¢FCXFRE wwsuHinmsHt oft Hdef iprelsgnvovabl e st age
63 is driven with the three degrees of freedom (the X direction, the Y
di recti on, TAHERERe dVF ekt Poreddlabned ikmlaaboutth e f2raxics) tai ther espect to
the coarsely novabl e stage 64. However, the finely novable stage 63 nmay be
driven witATRGLRIDr nbR etlgeyradeodingnteeddin (yiossddgrisysnsfiofr éedom at t he
maxi mun) . For_ exanple, the finely novable stage 63 may be driven with
respect to2PRéledakr® et Yol ko tenproB ehpraddiatgs basedecnhibe degrees of
freedom descri bed above, at |east one of the Z direction, the direction of
rotati on aBe@nNiRe KpGFSTe afickiidie afi rdut isdrerofandotsainosyabeut. the Y axi s.
Fig. 4 shows a plan viewillustrating the finely novable stage 63 and the
reticle base 62Fstiowh #hows gthd . piAs] ssttoiwm iaxdispret apdaeatetsi cl e base 62 is
stably supported by the three variable nount sections 61A to 61C which are
arranged approxiied ety titis henapbxentof thelr egifleaens® tol&igUN12004
triangle (actually having a shape approxinmate to an

for example, most parts of the projection exposure

apparatus of this embodiment are installed on a floor 1 in
a clean room in a semiconductor-manufacturing factory. An
exposure light source 3 of the projection exposure
apparatus is installed on a floor 2 in a semi-clean room in
a machine room disposed thereunder. Those usable as the
exposure light source 3 include, for example, an excimer
laser light source such as KrF (wavelength: 248 nm) and AxF

(wavelength: 193 nm), an F; laser light source (wavelength:
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i sosceles triangle which is slender in the scanning direction SD (Y
direction)). An opening 62b (see Fig. 3) for allow ng the exposure |ight
beam to pass therethrough is fornmed in an area of the retighesBasegg2 on
the bottom surface side of the finely novable stage 63, i.e., an area under
an illumnation area 8Rto be illumnated with the exposure |ight beam Two

corner cubextype,novepent. mrrar.s . 80YA, 80YB are._fixed a redet er m ned
spaci ng di gfr’te{ngrél) f n°t ggz )%acﬁerregﬁ SYYIE siw&é(eéﬁﬁgﬁgé i?gt ’E‘E) fidely
novabl e stggehG in the -Y direction. I\/bfsuri ng beans are .radiated onto the
movenent mtPor §EOVA CSHVE FONTSREUN LT ¢t i e WASSE s § RS eroneters
81YA, 81YB. conposed of external l|laser interferpneters. The position in the
Y directi oﬂaﬁﬁgnﬁﬁewaﬁﬁl BTBFL? ‘i”ét‘?’grla (SR TP HRRGH Y asehéP fel y novabl e
stage 63 are neasured by the reticle Y axis interferonmeters 81YA, 81YB. For
exanpl e, tﬁ‘@rFEﬂ’c#@“@“ axis interferometers 81YA, 81YB al so neasure the
position of the_finel m)vagle stage 63 on the basis of reference mrrors
(not shown) fixEBH EBPPABTS| 42IRGrPERB bF IhAprofRUTIESH ke c #hisyist em PL.
Wth reference to Fig. 4, the optical axis (nmeasuring axis) of the reticle
X axis int&ff E?GF@F%& BAXM pl eXRIFHIRY ML I HE U Saduwring &het he
projection optical system PL disposed at the center of the illum nation
area 8R TREPEEHFEr PRRABSEsTHRA rd cigamiiafchvmg RELidpt (B 4xesnd8it 14 JUN
2004 of the two reticle Y axis interferoneters 81YA, 81YB al so passes
t hr ough t heSopBFEafuaR sPayendceler dof krpy 1 + h&hs shaaser digbsubeaappar at us
is constructed such that any neasurenent error (Abbe error) is not
generat ed £br tVRecBostEensi Frehethe e otPnasd ite v dilrstti on even when
the finely novable stage 63 is rotated to sone extent. It is desirable that
when the neasHRiRGTbeRNFEREET e Watclerie piratealdfed ina this dlleoR11 RRdar e
deviated in relation to the Z direction concerning at |east one of the
reticle Y #Rishi hretreesnefer sogmwl e 8 yBeamt shise ingt iopitd cXlagystemn,
interferoneter 81X the at |east one interferoneter is constructed to
radi at e on@NnBPbladhsuntagrdeam Sepaictmeiddr om tHumaseasuweimg fbgam in the Z
direction onto the novenent mrror of the finely novable stage 63 so that
t he anmount uBiLpHBlFHai oiac of Llwel fanws \dimvaliug istrage. 63 ghit. empuat | east
one of the ampunt of rotation about the X axis (pitching amount) and the
anount of WonatPbn abvariahks Yapsdtuxe clidplgamuntld ias reBasuilabke on t he
basis of the neasured val ues corresponding to the two neasuring beans
respect i vebyst@mposThé¢ ohiglet ecttigwisy stlem fafr tédwxarfplrest dilawtaboadus sensor
on the reticle side) may be further provided to detect the position of the
pattern pl ayeten %hesrethstantiirlihe Emjuctd ontH fa petessar plaNexbs Fig. 3
shows a state in which the support plate 66, on which the coarsely novabl e
stage 64 i8 habgslésasesm at Ehunupveridiny csjesttar t ianghcfatihet Heedtiat e shown in
Fi g.

diaphragm 6A is arranged on the light-outgoing plane. The

movable field diaphragm 6A plays the following role. That
is, upon the start and the end of the scanning exposure for
respective shot areas on a wafer as a substrate to be
exposed, the field is opened/closed so that any pattern
other than the original circuit pattern is not subjected to
expogure. Further, the movable field diaphragm 6A selects
only a circuit pattern which is required for exposure for a

concerning layer in a pattern area of the reticle. The
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39 14 JUN 2004 1. Wth reference to Fig. 3, when the reticle stage system

of this enbodinent is assenbled, for exanple, then the reticle base 62 is

firstly fixed on the variable nount sections 61A to 61C, ang the Fodel y

novabl e stage 63 is placed on the reticle base 62. Concurrently therewth,

the Y axis guides 71A, 71B, the coarsely novabl e stage 64, and ot her

conponent s a e o the hott syr.face side of the.suppprt plate 66
f?%gt %i?@$1ﬁ%élo . g é%em &hﬁQ iﬁi ?f?aREFSrW%ﬁgtgg

in the positiona ationship’ as shdwn the support

plate 66 is fi t posi tiion 66P indi cat.ed two-dot chain [ines in
Fig. 3 so ?‘ﬁg?%ﬁgegﬁ ndelél)l%%l\l/raabqf% és?}éﬂgél%é Jinquq%/((‘?lsuﬁélﬁga? R8%i Jﬁéf‘ﬁe of the
coarsely vabl e _stage 64. Subsequent | he X axi_s tyators 78XA, 78XB
and the Yn§§?5V2%¥%€?%? 8 &h ?ﬁ?ﬁﬁ%;dﬁfan eaFﬁ&i ed® Thus, it is
possible tg effigifntlg assenble the reticle stage system Fig. 6 shows a
control sySPERFFOTIRRT 1 et F T PRI SRR Y AFSTe AbBaT e REPOSE R
reference to Fig. 6, a.synchronous control system 92 is connected to a nmain
contr ol sy@?@ﬁ?gﬁuﬁh?%ﬁyis oftBe EFHNTUEE PGFUEEFYedtPYel y
controlling t he. operation of the entire apparatus. A reticle stage control
system 93 FEPTRLAL rOYFT Y (HEYFRTATsh Grster épiehéudpsge) sy8tem and a
waf er stage controgl system 94 for controlling the operation of the wafer
stage syst eHPEPECL ohectdfl MR IFERIAIT GRRRE 2ot PeAYsyst em 92. The
synchronous control system 92 supplies, for exanple, various pieces of
timng infornmatfohe¥RAt Il YUNBD P PG AranGsEcati BAY BF the reticle
stage control ,system 93 and the wafer stage control system 94 are
synchr oni z8¥2i tht@achi ¥t theks duriend imes ingtégposyrEctndeist he control
of the main control system9l. In the reticle stage control system 93, the
Y coor di nafBPRPTERE FoarieliLepivdbiy dthegeict ofeasvibdabyorhe first Y axis
interferoneter 79, the two Y coordinates of the finely novable stage 63
measur ed bRTERENSECDMEEFRAL &FR Oof HHss daitisief dvdrerar §h81PASS8YYB, and the X
coordinate of the finely novable stage 63 nmeasured by the reticle X axis
i nterferoneY®e- 81X are supplied to a position-detecting system 95. Further,
the Y coordinates of the Y axis guides 71A, 71B neasured by the |inear
encoders 85A, 8EBe ap¥presdrre shipit dbam Ehe whdsiht hes- pesesetl nhroypghem 95.
The position-detecting system 95 supplies the neasured values to the main
control syStemavakle firldyhicniomems 6fontacoiessyistenr9ZixTHefiedgect i ve
operations of the Y axis linear notors 76YA, 76YB for driving the coarsely
novabl e st@geredagm §hevivich risctdmmnaede X axild ghttdatonsnF8HAang8xB and
the Y axis actuator 78Y for relatively driving the finely novabl e stage 63
Wit h respegtseeondel Coarisetyl orovatitenstiage tedhednd ot he cpdsinti eaetdonect i ng
| inear notors 83YA, 83YB for driving the Y axis guides 71A, 71B are
contr ol | edebytlee dnd iz reRsystemagadagnisndadye dcanni agpéxpesure i n which
the finely novabl e stage 63 is scanned at the constant 41

defocused by a predetermined amount from the pattern plane

of the reticle. The fixed field diaphragm 6B is formed
with an aperture for defining the illumination area on the
pattern plane of the reticle to be a slit-shaped area which
is slender in the non-scanning direction perpendicular to
the scanning direction. The exposure light beam IL, which
has passed through the fixed field diaphragm 6B, passes
along, for example, a relay lens system, an optical path-

bending mirror, and a condenser lens system in the second
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14 JUN 2004 velocity in the scanning direction SD (Y direction), the main
control system 91 supplies the information on the target position and the
target velocity of the finely novable stage 63 to the positiopydet@sii ng
system 95 via the synchronous control system 92. Further, if necessary, the
mai n control system 91 supplies, to the positiondetecting system 95, the

i nformati ot - r val u f. the rel.ative sit.ion of the finely
novabl e st gégﬁ%ggat¥ﬁ£r§%§% ?’o Eferﬁie) lctoal?lslel‘}mymr%_’veasbI%glest%géméﬂ#‘éﬁla t he

st RSO A U o LY

Cor r espondi ng t her & e po g S§y'S s the errors
of the position.and_the velocity of_the finel ovabl e stage 63, and for
exanpl e, the pogﬁ?i %gf‘tﬁ?rslc?%p%}h%yf%% l%fé/td[% rr‘?@l“&%mﬁb?@stage 63
fromthe cente f_th vabl e range with respect to the coarsely novabl e
st age 64. $ﬁ@l§e§xif% ﬁ%g]ajr&ﬁlb_tjd?% ,qué%ogn&htenée&?f‘éat ors 78XA, 78XB,
78Y are driyen by the aid of the drivi system 96 so_ that the errors and
the positi 6¥gﬁmﬁ¥§‘é+%}ba§%§/t% nt 9% {Iﬁﬁ%d%@rﬂdn PdraaMe SPaRgéshe

Accor di ngléf t he ingl¥ novab) e sta 63 and the reticles Rl, R2 disposed
t her eon ar 8" 52338n2d BT t Fe® 1 tht IR I EERd Py PdAREcPEoR Br the -Y
direction. Further, the position is corrected so that synchronization error
i s correct 88°°PF hLEWLLHRLIOHRYHET s infoceddie RmiéRet REPR5aFSE! Y novabl e
stage 64 and the finely novable 42 14 JUN 2004 stage 63 are noved in the
Y directi oft W‘f‘“ﬁe'ée T DR LR Brephad tqrnd&d aPeACt7EBear e noved in

t he opposite direction with nonentuns PRY2, PRY3. Further, the follow ng
rel ati onshfpthots ¢h &ecdriifie GHIRPIak Hefvesn tosserracilenasg BBfent um
PRY1 = PRY2 + PRY3 ...(1) Usually, the adjoining shot areas on the wafer
are succesBF9ef§t5omj Pk bept @X%F@%)&ioﬁ}({e,setﬂ@é”art@ﬁ &eaRl (or R2) is
alternately scanned in_the +Y direction and the -Y direction by the finely
novabl e st BERIBECrMHRPRf PPN HerPbdihe dedteirn mdaveaxi s gui des 71A, 71B
are constant in _average. However, for exanple, when the operation is

m grated from tWedeBt tia¢ ecrBOTE S Hel Gt ikgam RL., dhewidmgehefr sbicl e
alignment is perfornmed, it is feared that the Y axis guides 71A, 71B nmay be
gradual | y BdVedrR nl® hiehey i Feeinasniomamtachay e etdxdleuBadisrom t he
movabl e range. In such a case, for exanple, the exposure can be

cont i nuousPyOpReFef ek dya ook rlertliangd eepessine ersaoont hbeYwafes Yui des
71A, 71B by using the position-correcting linear notors 83YA, 83YB by the
ai d of the(d¥iW2hgrysted wetbafhortondrd sdt ast sofphotesspanbiing exposure or
during the period of mgration to the exposure for the next shot area on

t he waf er $heswerliet heultiotal)e W the resfrersenie atto aFipgoj2ca)onf or exanpl e,
when the pattern of the first reticle RL is transferred onto the wafer, the
scanni ng isaget f ocaetbmif h(p hesfihet yeraovsd e 481-fold or 1/5-fold)

by the aid of the projection optical system PL. In this
state, the reticle R1 and the wafer W1l are synchronously
moved in the predetermined scanning direction by using the
projection magnification f as a velocity ratio.
Accordingly, the image of the pattern on the reticle R1 is
transferred to one shot area on the wafer Wl. The reticle
Rl and the wafer W1, W2 correspond to the first object and

the second object of the present invention respectively.
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14 JUN 2004 stage 63 in accordance with the reciprocating notion so that
the illumnation area 8R traverses across the reticle RL alternately in the
+Y direction and the -Y direction for every shot. \Wen theipatterncef the
second reticle R2 is transferred onto the wafer, the scanning is perforned
with the finely novable stage 63 in accordance with the reciprocating

ot on so khat,Lig, | 4l unnall one o e AR Y averses. astass Lhgteticle R2

alternately I'n +Y dire recti on tor every shot.

A di ngl : wh t-he douhl iS. f d with

the pat toraf oFnt ESATle oy Uty O R i B 08 BBt €57 equi red

to make nigggﬁ%g@o%fon1the reticle R to the reticle R2, and the exposure
ata

is perforne gh throughput. As described above, in the reticle stage

system of the projection exposure a ratus of this enbodinent, only the
finely movabl e é aﬁéS%%’%%épl %Iéae}&%%i ret i HEBEde 982 Al of the

coarsely vabl e_st age, 64 Y axis _ |linear tors 76YA, 76YB, .and ot her
conponentgg?ﬁilﬂ?F%? g(ﬁg% #¢%§ﬁ§ﬁ¥%ﬂﬁﬂﬂ§?sﬂ GB§SaFgeh35838ﬁt%ﬂ% suppor t
pl ate 66 di spose thereover.,Thft is,_the driving units for driving the
finel'y movaBFEC3t a3 o t HE F¥tG | b &80 82 Sra ke CRE3CHAPREELGi th t he
reticle base 62 at_all. Therefore, there is little influence, on the finely
movabl e st S§EL88, Obt ta A bt T30 RsiTe iRy G st ey PHg2GRAEE188ch as
the Y axis linear_motors 76YA, 76YB. Thus, the high exposure accuracy 44
14 JUN 2002 PQUB%%b?Bﬁeﬂf. E/RETHen §HE S S §Fe OBELER i 8%l fcrBdsed, the
i nfluence of the vibratjon is not increased. Therefore, it is possible to
enhance t hE"@xpBRTHEs MBIy, Panidrg o ipgssiip dheo vilgdpak¥ecfhbhe
t hroughput. No I oad of large weight is applied to the guide surface 62a of
the finel yoRbYEDI 23t Agee TR CoHET 6f or8ld thalifpdirdss svefemhefgtihge surface
62a is maintained in a wellsuited manner. Also in view of this fact, the
hi gh exposBPETALcEY uty ¢% i %I FRIELAC IRk &Y IFedaagéns, dAePrsad of | arge
weight is applied to the reticle base 62 of this enbodinent, and there is
little inflEeRte DIORG PR | O kW His Thér ke difprragafgEEent he reticle
base 62 may be supported by the support plate 58 for the projection optical
system PL S#BWRS i & Fog0 A0 byhidHe afl Proticels @pper L snivebér ipcer Vespondi ng to,
for exanple, the projections 60A, 60B shown in Fig. 1). In this
arrangenen?PaP@di§O%é%9¢%ﬁﬂ¥pnkuﬁrtauyaﬁﬁﬁdﬂﬂpirﬁﬁUﬁUS§@mtbénthelA to 61C as
descri bed above are provided between the support nenber and the reticle
base 62 ordpebheerythHdenppore mehile wef tive shpporoipkcatiens58ptThad
arrangenent al so provides the foll ow ng advantages. That is, no harnfu
i nfluence 8¥sveémbraki onfler fdkeldwike ispehearatddronififie bpr opéet roruophgcal
system PL. The spaci ng di stance between the reticles R, R2 and the
proj ecti ontoptitht Syt Ptegdsmimmnedd alprte sthabbpriEel examph®, it is
unnecessary to provide the autofocus sensor on the reticle side for
measuri ng ®hetds praiedier?Oger ispaliswe tdins tRAnc e gewean st keteetlscies R1, R2
and the projection optical systemPL in the Z direction.

the non-scanning direction (i.e., the direction parallel to

the plane of paper of Fig. 1) perpendicular to the scanning
direction for the reticle R1 and the wafer WL during the
scanning exposure in the plane (substantially coincident
with the horizontal plane in this embodiment) perpendicular
to the Z axis, and the Y axis extends in the scanning
direction (i.e., the direction perpendicular to the plane

of paper of Fig. 1).
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The reticle stage systemof this enbodi ment is based on the doubl e-hol der
system Alternatively, the doubl estage system nay be adopted based on the
singl e-hol der systemin which only one reticle is placed onst henfiHedy
novabl e stage 63, and two individuals of the finely novable stages are
provided in parallel. Aternatively, the single-stage systemmy be
adopted, in whi nly._ one_finely. novahl.e .stage, based on the single-hol der
systemis used. & orglle%%hp?}é}?i%l?%l?%f@r & t‘%qﬁ %.%rS,t%tehé’vﬁirF&Eeari ng (air
pad) 82 isa%§_eldl as t@e uflfleri ng nenber when the Y a>é_<)i %fygui de. 71A, 71B is
hel d. A nmaghetiealty f? a‘fi%gm?’%beeﬁoasrlﬁ?g IRRPFE UFs 80Pt RBLBuf f eri ng
menber . Furt{Tger_,L fotg exag%lie a nmechani cal_ bearing such as a ball bearing
may be usedPBHITHRC bUEFEFIHY enbetde FEhle e SYPRCAELBA 6f€the Y axis
gui de 71A, 7%8 Ls ngt irect(l?ii\;%éélansrritt_ed to the finely novabl e stage 63.
In the enbbdFhBnt Bescrivedr Ol RPY LR o SYEsEe Flat PBA 8f ShBHEnt um i s
satisfied bé} using the Y axis guide 71A, 71B as the counter mass. Anot her
ar r angementYFES| g%ra%%?%¢@9W wafens Wlex dipl e Theke tPanobase
conservat i OE of nmpnentum nmay be satisfied by providing another counter mass
separ at el yPHbf thePVERT SRR det o tyz shicdy ssaves) aspra&erst PRESsystem
in which the driving reaction force is offset by satisfying the | aw of 46
14 JUN 200BSEBREer VAt 1vi-dtlsmsntihs st aixddsiee vakseképhcol urm separat e
fromthe first colums 59A to 59C may be fixed on the base plate 12 or
floor 1, aRTE¥ElEIB? RFPEProViHed 08 t Hd arpprexisetedy Aayabedused to
apply the force for offsetting the reaction force generated during the
novenent ofPERESfPhet yr ¥V e Bkaigel e Prarndia Hd ooFardsel punetabkeist age 64
to the coarseI}Z/ novabl e stage 64 or the finely novable stage 63, the
reticle bas8Ve2, dbrighing 4 g5 dthe dBseN@iatea 1Ret hBdchopfi hibeal | i ng t he
proj ection gﬁti cal system PL of the projection exposure apparatus of this
enbodi nent VPT R bel ek e eV e ipeftasial hdlldwtoFilgC §sshowscaipkahypeew
illustrating the support plate 53 on which the projection optical system PL
shown in FVgbratienipeeednicdre Wit risfdneshicg o mRicgan3 caflhdawppport pl ate
53 is placed on the variabl e nount sections 52A to 52C which are arranged
appr oxi mat 8BLghads t e Jex@RAL tdre ¥ dpwiraultic arglseurthbabeghdpedecut out
53a is fornmed on the side in the -Y direction of the support plate 53. The
t hree drivihgck| esreenduseole eara dregety atelightter walds aof equal angl es ar ound
the cutout 53a. When the projection optical system PL of this enbodinent is
i nstal | ed ebetheonagporic planwes3hitdie ifsoldomgiosgdpodcedur e may be adopt ed.
That is, the projection optical system PL equipped with the flange 54 is
i nserted talotghonigmapen ardiagfort icduteaauta ¥8d ceAbbdl tmbabyr .t heokl ange 54
is placed on the driving 47 14 JUN 2004 el enents 56. Subsequently, the
cover 55 |sxawp by fblst enerttsondwate ttihe depgrerend nofthehehewtout 53a i's
covered therewith. Thus, the installation of the projection optical system
PL i s conpVebest idorpexanrplieie Weeledthids 11A to 11C are driven, and

the pneumatic pressure or the hydraulic pressure of each of
the mechanical dampers is controlled, if necessary, so that
the angles of inclination of the upper surface of the base
plate 12 with respect to the horizontal plane detected by
the level 9A (angles of inclination about the two axes,
i.e., about the X axis and the Y axis) are included within
allowable ranges. In this arrangement, the vibration

having a high frequency from the floor is attenuated by the

22



mai ntenance is required to be perfornmed for the projection optical system
PL during the operation of the projection exposure apparatus, then the
cover 55 may be renpoved, and the projection optical systemlPLiomy2bgat aken
out fromthe cutout 53a. As described above, in the projection exposure
apparatus of this enbodi nent, the support plate 53 is placed on the

vari abl e o) 52A to 52C,. and the dri,ing nechanismfor the
finely m\%g?fgarz?c%% @%m%?rt B Pt i S G \s{:ﬁ?% g 5?%}?8&8 on the
bottom surf side of the s rt ate 66 .di.sposed thereoyer. There is no
obstacl e iﬁ% ﬁgug?c?%??%‘fstﬁﬁ(g&ﬁ'ppglrheeﬁ%?"@flq ProFest-P8n BBt reaf syst em
PL. Therefore, .an advantage is obtai ned suych that the proj.ection optical
system PL T8"ehEFAYSUTLY ab e%lt%ﬁfa“lad'—eet‘g ed:.%e\/\ﬁéﬁcttﬁé’“ﬁﬁggleééf:i 8AMBEE  cal
system PL is of _the normal cylinder type, the attachment and the_detachnent
are perforned ngfaﬁe%ag”? b@gLIdeleiﬁfy't By ity ettt 2R9@&SciPbBdJabove.
The proj ec%i 051 exposure ap ar&t%us of the enbodi nent of the present

i nvention ¢4f E)eag?o e ‘g‘ﬂr S SRR FHHE Gl tPes Page §’$§F§ml%nd t he
waf er stage system conposed of a | arge nunber of nechanical parts,

optical ly &8j \Elé"f‘F ngPERe?UB 2PHYPNIN 004 RGeS ifdn 25Ee8aPisPst em PL
conposed of the plurali ti/ of lenses, installin the_wglr oj ection optical

syst em PL FBILRRT sthhRYIpl ate PP Bé ordh nyhikd dFePaPVidapuatnent
(for exanple, electric adjustnent and confirmati on_of the operation). It is
desirabl e thit EReTHt PeELT T BXPbsHT eRspdcaties ia§-1|é>w"éaﬁcégei n a clean
roomin which, for exanple, the tenperature and the cl eanness are nanaged.
Next, expl SRBPFORE W1 Phbebemifielnith Basfertdiseetteomad., #5f §2x8A eRanpl e of

t he process_for producing a sem conductor device based on the use of the
proj ect i ontBRpBBRILE FPPERGEUCofthehi it silivEms, 59Rg £o7 58RewsBexenpl ary
steps for producing a sem conductor device. In Fig. 7, the wafer Wis
firstly pradbeedt Pbitexdhple, fFrsnagl Itheorusmardomdaseoss Aftbr t hat,
photoresist is applied onto the wafer W(step S10). In the next step S12,
the reticl 8PRISEHoOIN IREFFEN DGR tHerehnietearo t Alepssicondn under the
illumnation area so that all of the shot areas SE on the wafer Ware

subj ect ed ibluBinmE e expdsem e/ vkt td asdaderte @hedisoppedtbplehe §§nbol A)
on the reticle RL. Subsequently, in the step S14, a predeterm ned pattern
is formed ¥aridele expect | secshots #&ldas 638,016 Hthd 608 eppWalbg per Fogmi ng, for
exanpl e, the devel opnent, the etching, and the ion inplantation.

Subsequent #y; ¢ach hef stkjpcls1Binathienshatsores isgtt iitsidapgbnedcdnmembhe, waf er W
In the step S18 to be perforned thereafter, the reticle R2 in place of the
reticle Rlasthofwbxed on three projections 60A, 60B (third projection

is not shown) fixed to the inner surfaces of the first
columns 59A to 59C. Those usable as each of the wvariable
mount sections 61A to 61C include a piezoelectric device
such as a piezoelectric element, and a driving element such
as a magnetostrictive element which has a large rigidity
and which is extendable/contractible in the Z direction at

a high response speed (for example, the amplitude is about
several pm, and the frequency is about 10 Hz to 1 kHz).

Besides, those also usable as each of the wvariable mount
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49 14 JUN 2004 in Fig. 2(a) is noved to the position under the

illum nation area so that the respective shot areas SE on the wafer Ware

subj ected to scanni ng exposure with a pattern (designated by B syshol B)

on the reticle R2. the step S20, for exanple, the devel opnent, the etching,

and the ion inplantation are perfornmed for the wafer W Thus, a

predet er m e is_f d he respective shot, areas on the wafer
A0 2B NG B T ShERdT & SRR (e R oA FERARY B

W The stepsS ranging fromihe exposure s Fi on
step descri above (step_.S16_to. step. S2 are repeated in_.a necessary
nunber of TrREsareiert SHETER Tt SRR e Gl Conducren LagdTee.  For
exanple, the dicing st st ep for separati.ng ane hy one the

respect i vemgﬁ{qﬁrsllﬁfg‘ onﬁFh l%f%’gﬁetfﬁec%o hdha Eﬁ,glgr%yt A€ padRagi ng

step (stept 24) are Perfor med. Thus, the seni conduc%\%re evice SP as a
product i s BFodfEed > F MY HETt F it LA &<t rd e £ 3hb HiFe 2 16Re THEEEERE

i nvention iis ang_led to the projection exposure apparatus based on the
scanni ng ekBo8ar eyt B Homever, the present invention is not |inited
thereto. The present . invention is alsq applicable to the projection
exposure appar abuESbCtRePREE 104 i YRS PHRTIRS t3H & L3S #§"H88se based on

t he step- ared-repeat system In such a case, the magnification of the

proj ect i on ‘BREPRAI PRFE BN hot 19 i ¥eH b Hhite egd@dticoRo¥PEt em  whi ch may
be either the 1 x magnification systemor the magnification system As for
50 14 JURF2BBAE helhreP €2t T on %t%%ﬂlr@sﬁ%nalamﬁr@héhﬁaﬁxapﬁﬂa@i ol et
ray such as the exciner laser is used, it is desirable to use, as a

sal tpeter HaPREi BFaMal e rPaFs sthareisiiprth Zsafemmedoritt @ weREKaLr ansnit s
the far ultraviolet ray. Wien the FZ laser or the like is used, it is

desi r abl e P8THEeRaR oplt Rt 55t I orfhithénpgira syirdpeei efsybeem or the
reflecting system_ Further, the present invention is equivalently

appl i cabl er%gé‘ﬁl? nPEfR thses dglagihigiedk posir @ appalcasus fbasewhanht hes
proximty system the exposure apparatus based on the use of the exposure

| i ght bean®BfexhEevetayeserhlent thiatngss X- Payf iasd vt hevEWLE ghtgbeam in t he
soft X-ray region, and the exposure apparatus based on the use of the
exposur e | fght Whbaln efrver aha dgeavaare isflagesheamtheneegycheasjdsuchsas t he
el ectron beam and the ion beam Wen the X-ray is used, for exanple, the
refl ecti ngssjydekhy npdadrd wediorguide prujfests emosyrdilemapdspeoral |y in the
case of the EUV |ight beam the reflecting type projection systemis used,
and one of dihengediably gy tilpe 4igl alfsaiusdeadrimdgshe Taki ckelcl¥han t he

el ectron beamis used, an electronic optical system conposed of an

el ectroni cisenslédnon atifeffiantly werlie wedicasst,hé€opr ejxeapilen byst em
(optical system. It is needless to say that the optical path, through

whi ch t he etaesroh beeumpassesciion.n anadwemrstdicde Rar t{bee, Fishen t he

el ectron beamis used, it is possible to use, as an electron gun, |anthanum
hexabori de254)) is held in an area adjacent to the reticle R1 in the

scanning direction on the finely movable stage 63. The
exposure apparatus is constructed so that, for example, the
double exposure can be efficiently executed.

An electric level 9D is installed at an end portion of
the guide surface of the reticle base 62. For example, the
extension/contraction amounts (or displacement amounts) of
the three variable mount sections 61A to 61C are controlled

so that angles of inclination of the guide surface with
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14 JUN 2004 (Lags) or tantalum (Ta) of the therm onic em ssion type. The
way of the use of the exposure apparatus is not limted to the exposure
apparatus for producing the sem conductor. For exanple, theipfesessos
invention is also widely applicable to the exposure apparatus for the
liquid crystal elenent formed on the angul ar type glass plate and the

di spl ay device such t he pl as di spl ay, . and .t he exposure apparatus for
produci ng fﬁ%p?%gg‘éogtﬁé%&b"%eﬁ?‘b 2l f@rarb%éjrﬁﬂeé{tegcﬁy, I%th‘ﬁe ﬁIVEEo?chhi ne, the
thin fil mrr(g{c_}n tic gead anc{_sthee%\lA ch%fe. Furt her, when the |inear notor

i s used for tAe el er "AThE SHEt HhAHd/GIE (1 AEEEel & - §t ag8PSYst BB t he
novabl e stage may b el in n accordance wWith any systemincluding, for
exanpl e, t eaﬁ??-?‘ﬁl‘ga?'%g 1P bR BIF e d ¥a then: Ré LaWAbB8ari ng and t he
magnetically floatipg type. Further, the stage may be of the type in which
the stage an%%ed %ﬁgorn%{)? HE YR B S ort tofl & KEYGRIED| é‘é’@tf?%et%ﬁ whi ch the
gui de is not froviged. descri bed in _Japanese Patent Application

Lai d- Open RBI18%1% 4@%?3&})&%% e UM égest feshpatéRimMS.
5,52S,118), the_reactjon force, which is generated by the novenent of the
waf er st agEReRalCRR: nehAramRls, i sfed N et Vadiabdrouatitby using a
frame menber. Simlarly, as described in Japanese Patent Application

Lai d- Open RECEBOBI2DY (e dr¥edivhdichg tsPagen ad tht at £3xPdt batgNe:

6, 020, 710), the reaction force, which is generated by the 52 14 JUN 2004
movenent ofntREFRtPEI R tkrfel Y G ﬁ@éﬁar@iscélel‘f?lﬁeﬁééwélbe@ Lakef| oor
(ground) by using a frame nenber. Further, in the enbodi nent descri bed
above, thedBhsefPr €MDl s 3 fat@dtar dirnt mptficedlyldeyerhéngi ghef t he

vi bration-preventive pedestals 11A to 11C, and the wafer base 13, the first
col utms 59ALPRE 59, 2 R ¥eRPEEEGI mesihemsaylAe 58Bdare provi ded on the
base plate 12. However, the present invention is not limted to this
arrangement . ThAtreetangulpnderae tdhengat eroarssd vl Bovabilal kedgenéthe base
plate 12, for exanple, the wafer base 13 may be hung on the support plate
53 by the &f ®rofandrd cob ummt drhe Harsdye molvatcd e12tagy bé@ sfppbised by the
vari abl e mounts 52A to 52C. In addition thereto or singly, in place of the
vi br at i on- prev@iiene pedustmisidetA ttherkl@,. f ér pedanpkeyY tRéswdfevribase 13
and the second colums 51A, 51B may be supported by nutually different

vi br at i onprevent ¢ VEA petest s raddpediads ¢loy thie bhetbhmoenriaoe dthethase pl ate
12. It is a matter of course that the present inventionis not limted to
t he enbodi swpperdasicatidhert abicmsashitdle mayehe semhadi-edhen ekhendvamni ous
forms within a range not deviating fromthe gist or essenti al

char act eriparzblef ihelpr eésehtrdanient.i oTheAlcbaekel hemeoabeat stafedéscl osure
of Japanese Patent Application No. 11-358203 filed on Decenber 16, 1999

i ncl udi ng ihecopenifedato orhe of aixig driswnaggsnigaedealat r astsar eTgyot ed and
entirely incorporated into this 53 14 JUN 2004 application. | NDUSTRI AL
APPL| CABI L¢darsely movable stage 64 is out of contact with the

reticle base 62. The coarsely movable stage 64 and the
finely movable stage 63 are connected to one another by the
aid of an actuator which drives the finely movable stage 63
with respect to the coarsely movable stage 64 in a minute
amount in the X direction, the Y direction, and the
direction of rotation within predetermined narrow ranges.
The Y axis driving units 65YA, 65YB alternately drive the

coarsely movable stage 64 in the +Y direction and the -Y
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According to the first exposure nethod and the exposure appar atus
correspondi ng thereto, the coarsely novabl e stage (second novabl e nenber),
which is provided to drive the novable stage (first novabl esngohesgpsi s out
of contact with the base nenber (reticle base) on which the novabl e stage
is placed. Therefore, the novable stage can be controlled highly accurately

t hi gh velocity w thout increasi t.he l.oad on the base er. Further,
?heain;Pueﬁ%gegkl¥ﬁea%i%r%ﬁ?rﬁeq (ﬁéﬁﬁﬁ;ﬁﬁi%ﬂlﬁfQﬂﬁqaanerﬁgeggﬁrsely
novabl e stage is nmitigated, and thus the high exposure accuracy is
obt ai ned. i%%%?ﬁi‘ﬁag? TR Lhe ond Hx pobur %ﬁ%&%eiﬁ’dmpﬁagiﬁp%?% |

t rr,espondj n hereto, t first nmovabl e stage (reticle stage
Zﬁga[ﬁeuzeggnﬂrﬁggﬁb%%gs%%ﬂﬁf%v%ﬁ%égiﬁeﬁﬁﬁg%u@§ilﬁdﬁpgchQSESBEFEH FBdone
ther b he aid of the atfitude control nenber for _which the rigidity
gg(r)\ be inZF%ﬁssanFE?%?i‘o%}?ﬁh%mfy.a &' Gite Paimg BicBfaPoRhREVERE the | ow
frequency is not_transmited to the two novabl e stages i ndependently Thus,
the hi gh eXPBEEFEY aBRVRALY FLIIeA e hurkefetsy &her FEPBEYECBLIAESI ng t he
hi gh function, which is excellent, for exanple, in the pattern faithful ness

such as 54°8- 14F3ER B0t el 1nsley Witab e cliegey 63cdR Belakd¥eproduced by
perform ng _the exposure for the pattern for the device by using each of the

exposur e apparaRu¥sh ofesPrC ey difte iGnaginglon moysble stage 64 so

that any remaining synchronization error is corrected. The
two-dimensional position and the angle of rotation of the
finely movable stage 63 and the position of the coarsely
movable stage 64 in the Y direction are highly accurately
measured by unillustrated laser interferometers
respectively. The position and the velocity of the finely
movable stage 63 are controlled on the basis of obtained
results of the measurement.

In this embodiment, the reticle stage system is
constructed, for example, by the reticle base 62, the
finely movable stage 63, and the coarsely movable stage 64.

Further, three gecond columnsg 512, 51B {(third column
is not shown) are fixed approximately at positions of
apexes of a regular triangle at the inside of the first
columns 5S8A, 59B, 59C (as for 59C, see Fig. 2(a)) on the
upper surface of the base plate 12. Three variable mount
sections 52A, 52B, 52C (as for 52C, see Fig. 5), which
serve as attitude control members respectively, are fixed

on the upper surfaces of the second columns 51A, 51B.
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14 JUN 2004 CLAIMS 1. An exposure nmethod for exposing a second object with
an exposure light beamvia a pattern of a first object, the exposure nethod
characterized by conprising: preparing a first base nenberjsajsgecesgs base
menber which is different fromthe first base nenber, a novable stage which
is arranged novably on the first base nmenber and on which the first object

is placed, driyvi nenber i C rives t nmovabl e stage in

predeterniggas%i?%% }%nésa?%%ﬁn:Qﬁgﬁi§§1ﬂﬁ#5;$im?uQFrgﬁﬁg OEFiagﬁl§oon t he

second bas nbe nd vi br ati-on- suppr.essi ng .menber whi ch suppresses

vi brati on gggfﬁﬁcggg%hdg%5§%xﬂ@%5 r %wi)‘%%Eb%%PmFEttﬁésﬁﬁrgP B§§e menber ;

and driving the.npvable stage in the predeterm ned directiaon wthout being
t IG5 T 355 e

in contact “&Ft ATt RePHTFRE FEMHEIETh oF st R BReVdPPvi ng

menber is suggorted on the second base nmenber; wherein the counter nass is
driven in BRACOPPOET L RATRT & i U (N Y 8t difeiien 8876 FEBREBn28othRat | aw
of conservatio f nmomentumis substantially satisfied when the novabl e
stage and Yﬂﬁlg?fgimﬁﬁ?ﬁwﬁﬁﬁt%ﬁ¥aQﬁﬁ\ﬁﬁ?qq¥hﬁ§ea§P€GeteﬁnﬁH@BOHFrection in
the driving step._ 2. The exposure nethod according to claiml1,
characterig%ﬂt?n5§hawhl%% Se@??%lﬁ@:ﬂﬂ?@%?[ﬂﬁﬂhﬁrogtﬁé§§ubﬁﬁ§ uni t which
measures a positjion of the counter mass in the predeterm ne direction and a
posi ti on- cBFFREY] ngl$ i Feedd R drhawiasi arliss @9 urfke SecGALBE ABAstAl ong t he
predeterm ned direction on the basis of a measuring result of the

posi ti on- neaSur i hige UATe] el It RRtdeth lorPYsters Fdoig BaseardrBero 8.UAn
exposure apgaratus for exposing a second object with an exposure |ight beam
via a patteraPef GUEPREIPEHITEND e e Emnerappdedeus3char sheepided by
conprising: a base nenber; a novable stage which is arranged novably on the
base membePfafdf banghiTh- t R fopast g} et tihe slugond; iandlasedabyehy novabl e
stage which is supported by being hung on a supporting menber, which is
arranged o9@Ye¥ he> bask rekdrelirig t 1 98 g ilmstedtladt ani #h £hd base
menber, and which drives the novable stage in a predeterm ned direction. 4.
The exposuPerapparaf ushacuwel mpninad afintde chppactepilzéd BY-coRprising: a
gui de nenber which is supported on the supporting nenber; and a driving
uni t- whi che¥amees. t e cosies yommaiimatiage ameounie dreddiiepianededir ecti on

al ong the gui de nenber. 57
amounts) of the three wvariable mount sections 52A to 52C

are controlled so that angles of inclination of the upper
surface with respect to the horizontal plane detected by
the level 9B (angles of inclination about the two axes,
i.e., about the X axis and the Y axis) are included within
allowable ranges. Alsc in this procedure, it is enough to
control the angles of inclination about the two axes at the
minimum. Therefore, for example, one of the three variable
mount sgections 52A to 52C may be a spacer with a fixed
height.

Driving elements 56, each of which is composed of, for
example, a magnetostrictive element or a piezoelectric

device such as a piezoelectric element to serve as an
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14 JUN 2004 5. The exposure apparatus according to claim4, characterized
in that: the first object and the second object are synchronously scanned
in the predeterm ned direction when the second object is exposed; 2apd the
gui de nmenber is noved in an opposite direction to the predeterm ned
direction so that |aw of conservation of nonentumis substantially

satisfied n_the coarsely vabl e stage is driven in the, predeterm ned

di rection \ég%f‘ﬁg‘ggi §°0 r?#’]em%ﬁ}i)%hge%ﬁ ?c?f é"’smﬂ%rb\éégp@sl@&’e Yagparivus
according to.clai ,.4.0or 5, characterized by further, conprising: a first
measuring At e\%ﬁggﬁgn’@}ﬁéﬁ]?e%é a %%I?ﬁaflg]r?/é?or’ttré%ﬁl?ell? o¥aBl e stage in
the predeterm ned direction; a second neasuring unit which neasures _a two
di mensi onaglﬁggﬁf’]&n(‘g?‘r?‘ﬁ‘él%v%gl StHfe-Can @i &Y uatse wWRFERLLERel y
noves the vggl e st ge two_djnensionally with respect to the coarsely
novabl e st &fe! ??QTR@ ExPobr PSR L &gmlﬁ@tteéycleﬂiuﬁ% gnghes

between the support plate 53 and the flange 54 for holding
the projection optical system PL. An electric level 9C is
installed to an end portion of the upper surface of the
flange 54. For example, the extension/contraction amounts
of the three driving elements 56 are controlled so that
angles of inclination of the upper surface with respect to
the horizontal plane detected by the level 9C (angles of
inclination about the two axes, i.e., about the X axis and
the Y axis) are included within allowable ranges. Also in
this procedure, it is enough to control the angles of
inclination about the two axes at the minimum. Therefore,
for example, one of the three driving elements 56 may be a
spacer with a fixed height. As described above, the
driving elements 56 for suppressing the vibration of the
projection optical system PL itself are provided in
addition to the variable mount sections 52A to 52C for
suppressing the vibration of the support plate 53.
Therefore, for example, the vibration of the cylindrical
projection optical system PL is intensely suppressed, and
the image formation characteristic is maintained in a well-
suited manner.

Alignment sensors 38A, 38B, which are based on the
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or 5, characterized in that a plurality of nmasks to serve as the first
object are placed in the predeterm ned direction on the novabl e stage. 58
14 JUN 2004 8. An exposure apparatus for exposing a second;gbpggtoagih an
exposure light beamvia a first object, the exposure apparatus
characterized by conprising: a first novabl e nenber which hol ds one of the

first object _and.fthe second object d ich i,s arranged an first base
nenber; a géggﬁdfﬁ%W% }%ﬂﬁ%ﬁﬁé'ﬂﬁﬂigﬂ“?ggéfﬁaﬂﬁbgygﬁe ?E@oﬁgebggé nenber
different f 9”1&“? firsilbase nmber and which..is used to drive the first
movabl e menbar;“a W?%?at|Bﬂ@¥ﬂg§ré§§?ﬁﬂ“héﬂﬁ% WO $h6r 5¢Aed bet ween
the first base nenber and the, second base nber_and whi.ch suppresses

vi bration SFrfﬁgeEei%ngh%af Q&ﬁﬁﬁﬁl%ﬁtﬁpiggﬁé€¥ P EeR& PR &F EQ?e menber
and a thirg novabl e nenbeé %$ich i s arranged on_the second base nenber and
whi ch nmoves®TRT aRCbhpdRi T WiT &HIIHCHP™m R TRG FYESEer 5k off PRESEecond
novabl e nme cordiQ% to the driving:of t he second_novabl e nenber so

er a .
that | aw oFSCBREETVRL PB% BTGt (i SheubEaT.| aPLyPSRSSPPE Wi ¢ h

respect to the first and second novabl e nmenbers.
shown, a reticle alignment microscope is arranged at the

bottom surface portion of the support plate 66 disposed
over the reticle Rl in order to perform the alignment for
the reticle.

A wafer base 13 is fixed at a central portion in an
area which is substantially surrounded by the three second
columng 51A, 51B (third column is not shown) on the upper
surface of the base plate 12. The upper surface of the
wafer base 13 is machined into a guide surface which has an
extremely excellent flatness. A first finely movable stage
14A on the side of the wafer is slidably placed on the
guide surface smoothly by the aid of air bearings and two-
dimensionally along sliders 16A, 19A. A first sample base
15A is placed on the movable stage 14A. The first wafer Wi
is held on the sample base 15A by means of, for example,
vacuum attraction. The movable stage 14A is continuously
movable in the Y direction, for example, in accordance with
the linear motor system, and it is movable in a stepping
manner in the X direction and the Y direction. The sample
base 15A is constructed such that it is finely movable in

the X direction, the Y direction, and the direction of

29



9. The exposure apparatus according to claim8, characterized in that the
first novabl e nenber is coupled to the second novabl e nenber in a
non-contact manner. 10. The exposure apparatus accordi ng te@sichkaiim&sa
characterized in that the first novabl e nmenber has its 59 14 JUN 2004
degrees of freedom of a number which is larger than that of the second
novabl e negg rq¥% ar at us %pcording to cl,aim 10,

S

charapterlzeggg§%%ﬁygﬂﬁr§%d%%%' F AP BFa86r N chtr éfati vel y ﬁDVﬁS
exposur o apPHP AT R RLCo I th T SHThICR G 4dt oFt Fod By FURPREE
morber wi AP eEBRCE Ts het SecIE DAL Heror WRerbrny 3ELPoast a part of
the second,aglyal orol 2 BLVSEd QLIS S2eP LA 1n this

embodiment, a second movable stage 14B is placed on the

wafer base 13 by the aid of air bearings movably along

sliders 16B, 19B together with the first movable stage 14A.

The second wafer W2 is placed on the movable stage 14B by

the aid of a second sample base 15B for the purpose of the

leveling and the focusing. The second movable stage 14B is

also driven two-dimensionally, for example, in accordance

with the linear motor system so that the second movable

stage 14B does not mechanically interfere with the movable

stage 14A.

The wafer stage system of this embodiment is

constructed by the wafer base 13, the movable stages 14A,

14B, the sample bases 152, 15B, and the driving mechanisms

therefor. That is, the wafer stage system of this

embodiment resides in the double-wafer stage system. For

example, the wafer W2 can be subjected to the exchange and

the alignment on the side of the movable stage 14B as the

second wafer stage during the scanning exposure for the

wafer Wl on the side of the movable stage 14A as the first

wafer stage. Therefore, it is possible to obtain a high

throughput.

The two-dimensional positions, the vawing amounts, the
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13. The exposure apparatus according to any one of clains 8 to 12,
characterized in that the first base nenber is provided integrally with a
first support menmber on which at least a part of a main expostig Pesy is
arranged. 14. The exposure apparatus according to claim 13, characterized
in that the second base nenber is provided on a second support mnenber which

the main cBpseitAvbolp el SN e o0 e FRRetned £hr BPYRREng an
- ' d ghject with an exposure |ight beam

B o patt BROBE Bt r A B e R Bt R A e by compr i &1 n:

arrangi ng a tiiSt a otton1surfac?§$ide of the first _object

b b
at a posit'Bh LS TRT erd L TRSET SO BT e 1Y b ERRYEdPOSEFARGI R, on

i ich the first obhject is placed
ggetL;{Sth %gvgg$£eéﬁrfhé“%ﬁ§”é§§§§¥¥é(¥£Sgltion of the proggctgon P

optical system PL in the optical axis direction) is
measured by an unillustrated autofocus sensor. For
example, the positions of the movable stages 14A, 14B and
the angles of inclination of the sample bases 15A, 15B are
controlled on the basis of obtained measured values.

The main body section of the laser interferometer on
the side of the wafer is fixed to an interferometer support
member 57 which is fixed to the bottom surface of the
support plate 53. The main body sgection of the laser
interferometer on the side of the reticle is fixed to an
interferometer support member 58 which is fixed to the
upper surface of support plate 53. The support plate 53 of
this embodiment is suppressed for the influence of the
external vibration by the aid of the wvariable mount
sections 52A to 52C (as for 52C, see Fig. 5). Therefore,
the position can be measured highly accurately by using the
laser interferometer.

Next, the arrangement of the reticle stage system of
this embodiment will be explained in detail below with
reference to Figs. 2 to 4.

Fig. 2(a) shows a plan view illustrating the support

plate 66 and the reticle stage system shown in Fig. 1, and
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stage is novable on the first base nenber; arranging a guide nenber on a
second base nenber which is different fromthe first base nenber along a
predeterm ned direction; arranging a coarsely novabl e stagesogyufjhepggcond
base nenber so as to be novabl e al ong the gui de nmenber and to be opposed to
at least a part of the novable stage; arranging, on the second base nenber,

a counter S L.ch ves_in an. o site directiqgn to a._noving direction
of the coargg I'y%iaﬁﬁée)wgt%gsée a%l IE#UWC‘?"I’ g’ﬁ"]’iﬁr{ l‘?‘(]“é’nl%\?erjréﬁte 3%‘ t he
coarsely abl e.stage; arranging, between the fjrst base nmenber and the
second baggﬁﬁgﬁbéP,9ggVi%F%?ioﬁggdﬂﬁ?gé§th?ﬁ%nﬁﬁﬁawhﬁ SUBBPESses

vi bration o he second e menber wth respect to the first base nmenber
and 61 125%% E%oﬁ%%%ﬁ%ﬁ%@%%d% é’teggfé"rfr‘?d figetc6orsBrg Réfabl e
stage to one gn thgr o that the vabl e stage is arranged inside the
coarsel y nbVaBPt YPAGR. 34%. AP REGOSUPRE Gk o tedpssidR§*&5s8€ond obj ect
with an exggsure Iight beam yvia ,a pattern of a first object, the exposure

met hod chaf3Et EFEREAT byT tIRPHT sl 3Gt Ut B0 iR Hg % & SRS GRPER*XAFRER a second

base menber is : . . .
to an isosceles triangle which is slender in the scanning

direction (Y direction))}. A pair of slender rod-shaped Y
axis guides 71A, 71B are arranged on the bottom surface
side of the support plate 66 so that the opening provided
for the support plate 66 for allowing the exposure light
beam to pass therethrough is interposed in the non-scanning
direction (X direction). Both ends of the first Y axis
guide 71A are supported slidably in the Y direction
subgtantially in a non-contact state by the aid of air
bearings 82 (air pads, see Fig. 3} at the inside of two
frame-shaped holding members 737, 74A which are fixed to
the bottom surface of the support plate 66 along the Y
axis. Both ends of the second Y axis guide 71B are also
supported slidably in the Y direction at the inside of
holding members 73B, 74R which are fixed to the bottom
surface of the support plate 66.

As shown in Fig. 2(b), sliders 72A, 72B are arranged
slidably in the Y direction by the aid of air bearings (air
pads) 75 along the Y axis guides 71A, 71B. The coarsely’
movable stage 64 is arranged between the sliders 72A, 72B

by the aid of connecting members 77. Owing to this
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supported in a state capable of making displacenent with a predeterm ned
nunber of degrees of freedomon a first base nenber; a predeterm ned base
menber which is different fromthe second base nenber is suppguiedoen the
first base nenber;a first novable stage for positioning the first object is
pl aced novably on the second base nenber; a driving nmenber for positioning

the first : ge.isS supporied no ly .on t predet er m ned base
nenber ; ang§¥§§é§ﬁ§}lﬁbv5{§ec%%)gsgféi}forPO%a\C/}JSa]ib‘?isotrﬁgr?g%f%éssg@gﬁg’%bj ect isf )
| aced novabl th Irs ase nmenber; and.conirolling.an attitude of the
gecond bas%g(ﬁéﬁgg?/ \Jivlgt {ﬁh?e%plgﬁe?%l?lhea]ﬁr}%t ki?agé %‘?b@?l@&%%l% suppr ess
vi bration sed by. nmovenent _of the first_ and second npvabl e _stages. 17.
The exposu?ggngf)ﬁgﬁh%c‘ﬁ Nttt T 162 chatacter f&@tﬁyoﬁuheﬁléia
conprising;. 62 14 J 004 supporting.a third base nmenber in _a state
caggbl e o?hﬁﬁﬁi G Epgﬁj\l@\%@%nfu F1F° SHeRh R ﬁéﬂ’%ﬁb@ﬁ%ﬁ éﬁgr ees of
freedomon the first base nber; placing, on the third base nenber, a

proj ection systefh PBfleﬁrB?reTgﬁﬁ% %ﬁei?%‘ég?ﬂfy MRS SERISE SthdTf R8st

obj ect ontg the second object; and further controlling _an attitude of the
third base nBAbEFCHPEN FRSPRAYD (T (e § 14 R basd meriserl 1862&sMPE8uppr ess
the vibration caused by the novenent of the first and second novabl e
stages. 187°%Aft dRpBeBPErAppet A fHra e’ oISy coreadsiddobitest with an
exposure light beamvia a pattern of a first object, the exposure apparatus
characteri ?gamB}ecoﬂpP%‘F?’Fﬂ?n% PIFRGL FHSEMEASSILARS 6 ithesgppsr €€d by t he

aid of a plurality of vibration-preventive pedestals; o
the first Y axis guide 713, and a rotator 76MA comprising a

coil provided on the side of the slider 72A. A Y axis
linear motor 76YB, which comprises a sﬁator 76SB and a
rotator 76MB, is also attached to the second Y axis guide
71B and the slider 72B. The sliders 72A, 72B and the
coarsely movable stage 64 are driven in the Y direction
along the Y axis guides 71A, 71B by means of the two axes
of the Y axis linear motors 76YA, 76YB. During this
process, as shown in Fig. 2(a), the Y axis guides 71A, 71B
are also movable at the inside of the holding members 73A,
74A, 73B, 74B. Therefore, the coarsely movable stage 64
and the sliders 72A, 72B, and the Y axis guides 71A, 71B
are moved in mutually opposite directions along the Y axis
so that the law of conservation of momentum is
substantially satisfied. Accordingly, other porticns (for
example, the projection optical system PL and the wafer
stage system) are prevented from being exerted by the

influence of the vibration generated in the reticle stage

33



a second base nmenber which is placed on the first base nenber by the aid of
a plurality of extendable/contractible or displaceable first attitude
control nenbers; a predeterm ned base nenber which is arrangegugnabbge first
base menber and which is different fromthe second base nenber; a first
novabl e stage which is arranged novably on the second base nenber anslmv\hihch
ositions fLr Lect; 63 14 JUN 2004 a second novabl e stage I C

!Ds arrange%grgr%\?{gbﬁérgﬁét %efls?as " hade” erbers and whi ch positions the second

object and 2 dELMLISETeL Ml 513, 41 R0Soty Va0l 90 L fie, predst o i ed

D 6f ot i onCay SFEini Ch by of BETaS arT ees diot He Qoattedy Meof Rl Pe:

obj ect Ont8e%ggtggcgggiggjgﬁé;pfgggss in which the scanning exposure
is continuously performed. In order to correct the
deviation, as shown in Fig. 2(a), linear encoders 85A, 85B
based on the non-contact system such as the magnetic system
or the photoelectric system, which serve as position-
measuring units for measuring the positions of the Y axis
guides 71A, 71B in the Y direction, are arranged at the
bottom surface of the support plate 66. Further, as shown
in Fig. 3 corresponding to a front view of Fig. 2{(a), a
pogition-correcting linear motor 83YA, which is composed of
a stator 838A and a rotator 83MA, is installed between the
first holding member 73A and the Y axis guide 71A. A
position-correcting linear motor 83YB, which is composed of
a stator 835B and a rotator 83MB, is installed between the
second holding member 73B and the Y axis guide 71B. When
the positiocns of the Y axis guides 71A, 71B measured by the
linear encoders 85A, 85B are gradually deviated, the
positions of the Y axis guides 71A, 71B can be moved to
approximately central portions in the movable ranges in the
Y direction by using the position-correcting linear motors
83YA, 83YB.

With reference to Fig. 2(a), the rectangular flat

plate-shaped finely movable stage 63, which is slender in
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a third base member which is placed on the first base menber by the aid of
a plurality of extendabl e/contractible or displaceable second attitude

control

base nenber. 20. The exposure apparatus according to claim 19,
characterized in that: a cutout is forned on the third base nenber;

projectiontﬁ%SQeglké?tP§§al#%e exp gatﬂe/gﬂg a SH%F %rf%ce dlrectlo

respect tot

e cutou

h t t t-em oHed the thir
o o FLcARgh i LD, 2P %@e%?“ﬁﬁsselgm%% sl &, hair
dabl I third at e con e
2*Lg?hgd ?éfgg%g u0|nge%ﬁré§%osuac g%é?h thfﬂasﬁﬁaa ?eégﬁgeo

with an ex sure L ght _beam v attern of a first obj.e he net
characterlggd % tLe gcanning élrec ion. Each og he reglc& %1, HE

is held, for example, by means of vacuum attraction by the
aid of an unillustrated reticle holder section. Therefore,
the reticle stage system of this embodiment can be also

referred to as "double-holder system". The reticle stage

- system based on the double-holder system can be regarded to

- be a kind of "double-reticle stage".

Ag shown in Fig. 2(b), the finely movable stage 63 is
placed movably two-dimensionally by the aid of the air
bearings on the guide surface 62a of the reticle base 62.
Openings for allowing the exposure light beam to pass
therethrough are formed at bottom surface portions of the
finely movable stage 63 corresponding to the reticles R1,
R2. Further, as shown in Fig. 2(a), two X axisgs actuators
78XA, 78XB, which are displaceable in the X direction in
accordance with the non-contact system by using the
electromagnetic force based on, for example, the EI core
system, the‘system based on the use of the Lorentz's force,
or the small-sized linear motor system, are installed
between the inner surface of the coarsely movable stage 64
in the +X direction and the side surface of the finely
movable stage 63 in the +X direction. A Y axis actuator

78Y, which is displaceable in the Y direction in accordance
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and t he
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ure appara us accor |ng to claim19,

d base

rs.
bject
hod



conprising: supporting a first base menber by the aid of a plurality of

vi bration-preventive pedestals; placing a second base nenber on the first
base nenber by the aid of a plurality of extendabl e/ contractibline Dro4

di spl aceable first attitude control nenbers; arranging, on the first base
menber, a predeterm ned base nenber which is different fromthe second base

menber; pl g¢LAGy nOM L. SECoRd &loind fiSkiIRyabl e SLage which
at the - f ﬁ 9

positions the first object sot iTs vabl'é 'st'age rs novabl e on

; ' N : d bl
the secondsBase IETBEL o BheGidlhe 04 N SIS PARR IETEr 48 58500 movabl ¢

stage which positions the secon e <econd™iovante stage is

rovabl ¢ onLbgo L sh base.enerc 204, BhACIAG 100 L edetlernped, base

menber, a driving nenber posi tions st novabl s0™t hat
L TERERReS S MRNEOLE, 0 U8 B SRt R BECR TRTET G 14 N
stage 63 in the +Y direction. The actuator based on the EI
core system is an actuator which is capable of making
relative displacement at high rigidity by pushing/pulling a
plate made of a magnetic member (I type core) by using
electromagnets including coils wound around E-shaped cores
disposed on both gides.

In this embodiment, the finely movable stage 63 is
driven in the X direction, the Y direction, and the
direction of rotation relatively with respect to the
coarsely movable stage 64 by using the two X axis actuators
78XA, 78XB and the one Y axis actuator 78Y. The position
of the coarsely movable stage 64 in the Y direction is
measured by a first reticle Y axis interferometer 79 which
is composed of a laser interferometer arranged on the
bottom surface of the support plate 66. During this
process, especially, the position of the coarsely movable
stage 64 in the X direction is not necessarily measured,
because it is fixed. Further, a glender movement mirror
80X is fixed to the side surface of the finely movable
stage 63 in the X direction. A reticle X axis
interferometer 81X, which is composed of a laser

interferometer, is arranged so that it is opposed to the
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step of using the exposure nethod as defined in clains 1, 2, 16 or 17. 24.
A nethod for producing a device, conprising the step of perform ng exposure
by using the exposure apparatus as defined in any one of chaifBn326645, 8
to 12 and 18 to 21. 25. An exposure apparatus for exposing a second object
W th an exposure light beamvia a pattern of a first object, the exposure

appar at us racterized by nprjsing: a first base nmber ich supports a
first stag@ggﬁgg ?cﬂlfﬁ%rf?ggt 0 jQﬁégqﬁfﬁﬁzﬁﬁﬁm g §g%6ﬁ 88225°Weﬁﬁ r mﬁ%ch
is differept. fromthe first base nmenber and whi ch_supports a driving nenber
whi ch dri vé%t%ﬁgef%r%%‘l%tla%‘ée? ejéo%?té@dvétagr)ﬂioﬁ]éﬁ’ d’ihree%ﬂ‘@ﬁ‘?n& mirror

vi brati on- pressi ng nenber ich is arranged hetween the first base
menber andgpgé s@ﬁ%n@O%%E%P%E e%h%hguﬁﬁﬁﬁﬁ%§r §Eagey Ppr afi bAof t he
first base . nenber. 26. The ex ure apparatus according to claim 25,

6 h
char act eri 25G°FhiPRat® tRRPSEThPHasH s § £ arridnded SAbEVemEReTf i r st

1-V] b i supported by being hung on the
g:igngegggélﬁgﬂggﬁge%%{ig émkéggrégréégteég)79, leymeasu%e thg

positions of the coarsely movable stage 64 and the finely
movable stage 63, for example, on the basis of reference
mirrors (not shown) fixed to the side surface of the
projection optical system PL.

In this embodiment, the finely movable stage 63 is
driven with the three degrees of freedom (the X direction,
the Y direction, and the direction of rotation about the Z
axis) with respect to the coarsely movable stage 64.
However, the finely movable stage 63 may be driven with
four or more degrees of freedom (six degrees of freedom at
the maximum}. For example, the finely movable stage 63 may
be driven with respect to the coarsely movable stage 64 by
adding, to the three degrees of freedom described above, at
least one of the Z direction, the direction of rotation
about the X axisg, and the direction of rotation about the Y
axis.

Fig. 4 shows a plan view illustrating the finely
movable stage 63 and the reticle base 62 shown in Fig. 1.
As shown in Fig. 4, the reticle base 62 is stably supported
by the three variable mount sections 61A to 61C which are

arranged approximately at the apexes of the regular
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14 JUN 2004 27. An exposure apparatus for irradiating a pattern of a first
object with an exposure |ight beam and for projecting and exposi ng an i mage
of the pattern via a projection optical systemonto a second gbjegtpat he
exposure apparatus characterized by conprising: a first base nenber which
supports a first stage on which the first object is placed, a second base

menber whi %Qigﬁgg}ef f(gEgﬂgli%Hh\rrbﬁgf%gélﬁ?]f?é;‘f%é@ﬂa aenc{ow%inch supports the

proj ection optl system ereint € nmenber 1 s supported, via

B opa s AsBeRRiess LB fIENRCLy; O 10 PEER0T MRS IS 20, The exposure

appar atus according to claim characterize 51§rrpri sing a
third base : k&h i,s - d] rent, fromthe first_hase nenher and the
second bas(e'qlrlr%g8 é? a%g \S\A&li gﬁké%%p%rl{)s a ri%%r@n?ﬁa %rﬁeclﬁl@‘&r'i \%s t he
first stage_.in [ termned directiaon. ,29. An exposuyre apparatus for

i rradiati ngog Sg% ?g?ﬁsoﬁﬂg PSP 0D fr{a]c?()m?/vi RN %ﬁf@%ﬁ,ﬁ:&%e& YEdm and for
proj ecting.and expqsing_an_image_of, the pattern via a projection optical
syst em ont (:)L%agggrélgﬁdl%bfac?,re?h%f eXposti e & %aﬁaﬁ%é?cﬁ%r ﬁ"teehofgﬂ’mby
conprising:.. a.first.hase er.whjch supports a first stage on which the
first objefPEFECH ﬁéga, Oéﬁﬁglﬁlﬁmm‘@%&‘iﬂﬂ? Babe mEmbe ATWAEER i s

di fferent frgmthe f.gist .base nenber and whi ch supports the projection
optical syS$PERT &Rda PRITATHER P HehbEF Thildh il Uritadsshivif he first

base nenber _and the seﬁgnd base nenber and whi ch supports a driving nenber

whi ch dri vEEPPRBTFi 158051 BHR: n ‘TP r &t i e B dqvsient mirrors

80YA, 80YB are fixed at a predetermined spacing distance in
the X direction on the side surface of the finely movable
stage 63 in the -Y direction. Measuring beams are radiated
onto the movement mirrors 80YA, 80YB from second reticle ¥
éxis interferometers 81YA, 81YB composed of external laser
interferometers. The position in the Y direction and the
angle of rotation (yawing amount) of the finely movable
stage 63 are measured by the reticle Y axis interferometers
81YA, 81YB. For example, the reticle Y axis
interferometers 81YA, 81YB also measure the position of the
finely movable stage 63 on the basis of reference mirrors
(not shown) fixed to the side surface of the projection
optical system PL.

With reference to Fig. 4, the optical axis {(measuring
axis) of the reticle X axis interferometer 81X passes
through the optical axis AX of the projection optical
system PL disposed at the center of the illumination area

8R. The center line (symmetrical axis)} of the optical axes
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30. The exposure apparatus according to claim29, characterized in that the
first base nenber is supported, via a supporting nenber, on the second base
menber. 31. The exposure apparatus according to claim 29, chagagtesszed by
further conprising a vibrationsuppressing nenber which is arranged between
t he second base nenber and the third base nenber and whi ch suppresses

vibration §E Eﬁg §§ OPgt %§% X }Jﬁ? &%gegﬁﬁggédgggﬁgpgaghus according

to claim3 arac erlze

vibrationsggg ggstggoge%?ghegQQﬁhé% s%%%? d FﬁFgEFg e flkst bese nenber

and the thifrd basé ne Yof “ffie first base
menber. 33, The Xposur e ar at us ccordin ne o ains 25, 26,
and 28 to 38%%J¢ ﬁgrgcter?%%§¥%riggﬁﬁzk f%’ 95&@ ?HELderFnajﬁenﬁer

i ncl udes a_second st age whi ¢ degree of freedom of nopvenen ichis
smal | er thgﬁa?ﬁﬁfm%? t%%r?irgpa éﬁ@g1§4lSTW§¢e§$E§ﬁP§er68FaFE§ accor di ng
to any one_of .cla chafacterized in that: the third base nmenber

is arrangeH 555%%nth% %??é% S end ¢ theideoring FERBeMhER

positioned en the first base nenber the thjird base nenber, and
supported b ﬁ'ﬁdﬁﬁv § AR P bas & harfisel Eo some extent!

It is desirable that when the measuring beam and the
pattern plane of the reticle R1l, R2 are deviated in
relation to the Z direction concerning at least one of the
reticle Y axis interferometers 81YA, 81YB and the reticle X
axis interferometer 81X, the at least one interferometer is
constructed to radiate one more measuring beam separated
from the measuring beam in the Z direction onto the
movement mirror of the finely movable stage 63 so that the
amount of inclination of the finely movable stage 63, i.e.,
at least one of the amount of rotation about the X axis
(pitching amount) and the amount of rotation about the Y
axis (rolling amount) is measurable on the basis of the
measured values corresponding to the two measuring beams
respectively. A position-detecting system (for example, an
autofocus sensor on the reticle side) may be further
provided to detect the position of the pattern plane of the
reticle in the Z direction, if necessary.

Next, Fig. 3 shows a state in which the support plate
66, on which the coarsely movable stage 64 is hung, is

deviated upwardly as starting from the state shown in Fig.
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35. The exposure apparatus according to any one of clains 25 to 28, 31 and
32, characterized in that the vibration-suppressing nenber includes a
driving el enent which is extendabl e/contractible in a hei ght diwesbvpon. 36.
The exposure apparatus according to any one of clainms 25, 26 and 28 to 32,
characterized in that the predeterm ned direction is a scanning direction

| which e fiyksh obrectnand.the: secpnd,nhi sl e aynchangusly.dri ven

. Lem
when the secon j ect 1S expose ia a pattern o e firs 8ct™ 69

eposur 2o B niGnaRABRRILE: AP AR T, SXROMAGA S PEANG ket W th an

exposure |1 ght beamvia a pattern o I'r st obj"ect’,” 'he exposur e
apart ve pEPTESLSLAR, £oLE SRR, TEIRL WSl SHpasiag pelpLs stoge on
(10T e, " KEBLIBRRCGTRIBE e A0S, Wbl 2UPRELL? il A TEREr i ch o1 ves
T S e LB RSl RE e L1 lobese mler ud Lhe, Segpnd base
second basg ggggeéuigegrgfggeglgyeghérgzarsely movable stage 64, and

other components are attached to the bottom surface side of

the support plate 66 in the positional relationship as

showni in Fig. 2. After that, the support plate 66 is fixed

at a position 66P indicated by two-dot chain lines in Fig.

3 so that the finely movable stage 63 is included at the

inside of the coarsely movable stage 64. Subsequently, the

X axis actuators 78XA, 78XB and the Y axis actuator 78Y

shown in Fig. 2 are attached. Thus, it is possible to

efficiently assemble the reticle stage system.

Fig. 6 shows a control system for the reticle stage

system of this embodiment. With reference to Fig. 6, a

synchronous control system 92 is connected to a main

control system 91 which is composed of a computer for

collectively controlling the operation of the entire

apparatus. A reticle stage control system 93 for

controlling the operation of the reticle stage system and a

wafer stage control system 94 for controlling the operation

of the wafer stage system are connected to the synchronous

control system 92. The synchronous control system 92

supplies, for example, various pieces of timing information
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first base nenber; and the driving nenber is supported by being hung on the
second base nenber w thout being in contact with the first base nenber. 38.
An exposure apparatus for exposing a second object with aniexposuzeodi ght
beamvia a pattern of a first object, the exposure apparatus conprising: a
first base nenber; a novable stage which is arranged novably relative to

the first S whi chethe first .object is placed;, a. coarsely
novabl e stggegag?gﬁﬁ%sgéékéﬁh¥%%i{E/{hﬁrﬁfqﬁﬁﬁf gha'esgggﬁaogaggsﬁ%ﬁber

whi ch is agkapged er_the 7 14 JUN 2004 first base nmember w thout being
in contact 5\%\& ?ﬁgt Eggf‘f?é Fbségaegerrecn%%trroalznasyvﬁ%eghs%r iVes SRS oVabFe stage in

a predeterm ped direction; .a vibration-suppressing nenber, which is arranged
betveen t ot ir stChaget PanbEr e i e BaeinE charaghd it ch
suppresses vipratio f the.second se menber. with respect to the first
base nenbeF?ngﬁaiaogogﬂ?é?aﬁ%s%oéﬁﬁéii%%?Eﬁﬂm%ﬁTed by the second base
menber and whic ves_ in, opposite direction to a noyi di rection of

t he coarsely HDEEEFEeSF% %gg% %%éﬁel%ﬁF?ﬁo S Sati%on & nmentumi s

bstanti al | atisfie ith respect to the coarsely novabl e stage., 39. An
ZzpzsurelaBBéFi?ﬁ%t?o?gi¥$%mﬁ%ﬁ?$%}¥iWﬁﬁqQQQ1%Haﬂ§ ﬁr?@aﬁﬁFéétrﬁﬁEHean
exposure light beam and, for projecting and _exposing an inmage of the pattern
vig a proj5%??BnYo%¥?%a}n%?§§%ﬁéTﬁﬁ%Faf%eéﬁﬁﬁtﬂﬁ]Q%FPOFﬁéné%ESSBFe

aratus characterized by conprising: _
arp tﬂe ?Enely movag&e éggge 6§]measured by the second reticle

Y axis interferometers 81YA, 81¥YB, and the X coordinate of
the finely movable gtage 63 measured by'the reticle X axis
interferometer 81X are supplied to a position-detecting
gsystem 95. Further, the Y coordinates of the Y axis guides
71A, 71B measured by the linear encoders 85A, 85B are also
supplied to the position-detecting system 95. The
position-detecting system 95 supplies the measured values
to the main control system 91 via the synchronous control
system 22.

The respective operations of the Y axis linear motors
76YA, 76YB for driving the coarsely movable stage 64 in the
Y direction, the X axis actuators 78XA, 78XB and the Y axis
actuator 78Y for relatively driving the finely movable
stage 63 with respect to the coarsely movable stage 64, and
the position-correcting linear motors 83YA, 83YB for
driving the Y axis guides 71A, 71B are controlled by a
driving system 96. During the scanning exposure in which

the finely movable stage 63 is scanned at the constant
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a first base nenber which supports a first stage on which the first object
is placed; a second base nenber which is different fromthe first base
menber and whi ch supports the projection optical system ai4 JUN 2004

vi brati on-suppressi ng nenber which is arranged between the first base
menber and the second base nenber; and 71 14 JUN 2004 a counter nass

whi ch nnve§qucgg 0EHOEhéesQéﬁﬁEﬂé‘ﬁhféhé&éﬂ“@ﬂ“J#j f?ééﬂﬂ% f the first

stage so that |aw of conservatio momEnt um 1 s subst ant i al Vy SatISerd

Wi th respe%lhocbﬂerg%ré sSLAYS, £1 4 the f'r{fsom%[%ﬁ%n"%”b%

supported, via the vibration-suppr I'ng nenber e secong base nenber.

40. The eXE8§5éE gggggggﬂsa cgﬂg {g%ééﬁfﬁéi?C£%a qract ﬁed by further

conpri si ng ase ne ant® fron1the ¥rst base

e SO PRGEess TETEgE 0 M SHpRLP iyt Trter

s foves o8 BLikanoh PRI R e L
the main control system 91 supplies, to the position-
detecting system 9%, the information on the corrected value
of the relative position of the finely movable stage 63
with respect to the coarsely movable stage 64, and the
target positions of the Y axis guides 71A, 71B in the Y
direction.

Corresponding thereto, the position-detecting system

95 detects the errors of the position and the velocity of
the finely movable stage 63, and for example, the
positional discrepancy amount of the finely movable stage
63 from the center of the movable range with respect to the
coarsely movable stage 64. The Y axis linear motors 76YA,
76YB and the actuators 78XA, 78XB, 78Y are driven by the
aid of the driving system 96 so that the errors and the
positional discrepancy amount are included in allowable
ranges. Accordingly, the finely movable stage 63 and the
reticles R1, R2 disposed thereon are scanned at the
constant velocity in the +Y direction or the -Y direction.
Further, the position is corrected so that synchronization
error is corrected, if necessary. During this process,

when the coarsely movable stage 64 and the finely movable
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41. An exposure apparatus for irradiating a pattern of a first object with
an exposure light beam and for projecting and exposing an i mage of the

pattern via a projection optical systemonto a second objegt, Juhezexposure
apparatus characterized by conprising: a first base nmenber which supports a
first stage on which the first object is placed; 72 14 JUN 2004 a second

base menbenewhLCls! ardi hheLeNt o ey e JddisloPane Bk ARt REED
athir ithis

supports the projection optical system an base menber

different tromthe;Ligstabase, renbel and dde£eG0Nd Lagg rrpRer and which

supports a driving er which drives the fir stage rn a predeterm ned

direct i on. 42 Thg, eyPos Ui, APRGSLHS, ACCALLY N0 g Glal m g, char act er i zed

in that the first base nmenber 1S supported,” Via a suppdrting nmenber, on the

char act or | SC4TBY P T REF Cova TR e O VD R S0 PeL FerdABeP whi ch i s

arranged b econd base nenber and the third base nmenber and which
suppressesgéﬁgggﬁggﬁogf8€h%orgee%%%' base nenber. 44. The exposure apparat us

according to clapm 43, rac i zed by further conprising a second

vi brati onsuppr eglél g‘n%lrsﬁggﬁ\/\%ﬁ% i s arranged between the first ?ﬁgse menber
and the third base ggnbeg and.whj ch sg%i)resses vi bration of the first base
menber. 45. The g¥posit et Appat R U RF 46 Athithes¥2E8kaP&€t eri zed i n
that the drivi n% rren{)er includes a s%}cond 73 14 JUN 2004 _stage whi ch has
degree of FrEEABRT BF oV emETt ST IS SRATWRE « hhs ERELCIE Rhe (PFrst

st age. 46.R%£e.exg§sure a%g‘z(irat us GEz;gc,ordi ng to characterized in that the
third baseXfrenbEr *AboveP theY 1FT3hsd ettbert HFE AT dARG f§Spodi ti oned
bet ween thgifi rst rl?agye tgglsrrbglrnealnd rrerg{jer and i s supported by bei ng hung on

t he nmenber® rectio e y movable stage 63. Therefore, th
positions of the Y axis guides 71A, 71B are constant in
average. However, for example, when the operation is
migrated from the reticle R1 to the reticle R2, or when the
‘reticle alignment is performed, it is feared that the Y
axis guides 713, 71B may be gradually moved in the Y
direction, and they may be excluded from the movable range.
In such a case, for example, the exposure can be
continuously performed by correcting the positions of the Y
axis guides 71A, 71B by using the position-correcting
linear motors 83YA, 83YB by the aid of the driving system
96 before the start of the scanning exposure or during the
period of migration to the exposure for the next shot area
on the wafer (between the shotsg).

With reference to Fig. 2(a), for example, when the

pattern of the first reticle R1 is transferred onto the

wafer, the scanning is performed with the finely movable
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claim44, is arranged nenber is the third base third base 47. The exposure
apparatus according to claim 39, characterized in that the

vi brati on-suppressi ng nmenber includes a driving el ement whighJUs 2004

ext endabl e/ contractible in a height direction. 48. The exposure apparatus
according to claim39, characterized in that the predeterm ned direction is

a scanni nggfhgecksonyi g '&ghégm%{'ﬂs%héﬂgéggpfyygtggg Eg%?%ﬂ Qhj ect are

synchronousl y"noved when the second object 1s exposed-via the pattern of

the first eﬁgﬁg§h?491ﬁﬁ$¥h§%%6§LHf%J“%ﬂ"%&éﬁé%ﬂéﬂ %%r%%sck%EnE%Qicl

. e .
characterize urther conprising: noving a counter mass 1 n an opposite

drection ke 2EpYhaRhraftufn O dhe serond YAl @ clateciogl el v o

conservati on of nonent I's su y satTs 2004

espect LoD iiLng BN S0R L0, Stpcss LG v B nggauged by the

nmovement o Iving menber e expos rdfng to

claim 18, | Ze f.urt her conprising: .a cqounter mass which noves
in an oppog?séggéfé% i%%P oF%Frﬁﬁﬁ?ﬁjzﬂh%xﬁqéﬁ?%ﬁﬁ ﬁﬁepgééBHEeHDWéBFe st age
so that la offcogfervgéiﬁg Q; nonentumi s sugétantialh¥ atisfied with
respect to the Grrv Ny Mtters 9 AL 1 o5 JSesere WHEtT &'fon caused by t he
novenment of the driving nenber. 51.. The expqosure apparatus according to
it m 44, ERETRECSP) YEd BYE T (3R r A1 g e AR RRe Shi oh i 5
‘support ed the third base .nenber. and whi ch noves_in an opposite direction
to a aning¥ﬁV?5%??oﬁF%ﬁS§rﬁ??n??ﬁ%é}?nﬁﬂxﬁiqﬁfqﬂ%%;ﬂ aW 5fcdfservation of
nmonment um | .subgtantiqily satisfied with respect to the first stage and the
driving meftherCt¥23™ 349 Gy 20 ISHCSIRE We PO YARBOEXPOSURE APPARATUS

ABSTRACT hi gh_exposure accura is obtained while m.tigatin
Ahccgrdfh§E§, f%r example, even when the double %xposgre is

performed with the patterns of the reticles R1, R2, then
little period of time is reguired to make migration from
the reticle R1 to the reticle R2, and the exposure is
performed at a high throughput.

Ag described above, in the reticle stage system of the
projection exposure apparatus of this embodiment, only the
finely movable stage 63 is placed on the reticle base 62.
All of the coarsely movable stage 64, the Y axis linear
motors 76YA, 76YB, and other components for driving the
finely movable stage 63 are hung on the support plate 66
disposed thereover. That is, the driving units for driving
the finely movable stage 63 on the reticle base 62 make no
contact with the reticle base 62 at all. Therefore, there
is little influence, on the finely movable stage 63, of the
vibration generated by the driving units such as the Y axis

linear motors 76YA, 76YB. Thus, the high exposure accuracy
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the influence of vibration by using an exposure nethod and an exposure
apparatus. Colums (59A, 59B) are installed on a base plate (12), a reticle
base (62) is supported at the inside of the colums (59A, H&Byuby2dde aid
of variable nmount sections (61A, 61B) having high rigidity, a finely
novabl e stage (63) is novably placed on the reticle base (62) by the aid of

pvap _ , . o ; ) ; ; th

Finery movan] SPLRed 2L (tn Bhd LAY TIRLTEk )8, 1hghLased, on the

bot tom sur {ace; gf1 e SUPRF Lerpl 818, (680, ANIARGR] OYeL Lhg Teti cl e base (62)

in a state capable o eing driven 1n a scanning directron. The finely

novabl e stgggrégggei Sié“ié/ &Q"ﬁl e .co r%ell% m%YlabI e_st age F(%6421 in the
EOSiE & SRt tse seepfige, pec

scanni ng directron in a non-conta ate With respé 6°TETT¥1 e base
(62). The fjne ;%g .stage (63)_is finely.driven with respect to the
coarsel y rr%]!\l/(gb#% {sr% eé%%@%yo a%%c §it ct)—’rhea)ré}lgﬁ)ﬁgg‘pﬁgfv\een the coarsely

novabl e stage 4 t finely .nmvabl e st age 3 Fig. .1 76

CA3C. Al . Al |g. AI( O?A}J'gg(g\l ?Eiﬁ‘r_% e GheE be /ﬁﬁpi%ued.( %ﬁ% the .%B;FéﬁeAP‘ AL AP| . AP
AP OAC VAL A LUALC. SAPI LA ALLLAPT AP AP AL L AL L AL LA T APC AP LA
C A Al G RIFEAPE i R AT RBE AR e © l therbrors, the

A M irattedt - & e Glladl it MRS MimtatnSa A S L < A <A
+Qdi uG xsni d. a)J ca] ca] cal.cal] ca] ca] ca] cal ca] ca] ca] ca] ca] ¢ca] ca] ca] ca] ca] ca
cal cal ta] CHY BTG 1R Ca] caYial il cavarey ats 2act, “The highoal cal cal cal eal
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The reticle stage gsystem of this embodiment is based
on the double-holder system. Alternatively, the double-
stage system may be adopted based on the single-holder
system in which only one reticle is placed on the finely
movable stage 63, and two individuals of the finely movable
stages are provided in parallel. Alternatively, the
single-stage system may be adopted, in which only one
finely movable stage based on the single-holder system is
uged. For example, with reference to Fig. 3, the air
bearing (air pad) 82 is used as the buffering member when
the Y axis guide 71A, 71B is held. A magnetically floating
type bearing may be used for the buffering member.

Further, for example, a mechanical bearing such as a ball
bearing may be used for the buffering member, because the
vibration of the Y axis guide 71A, 71B is not directly
transmitted to the finely movable stage 63.

In the embodiment described above, the law of
conservation of momentum igs satisfied by using the Y axis
guide 71A, 71B as the counter mass. Another arrangement is
also available. That is, for example, the law of
congervation of momentum may be satisfied by providing
another counter mass separately from the Y axis guide 714,
71B. Further, in place of the system in which the driving

reaction force is offset by satisfying the law of
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separate from the first columns 59A to 59C may be fixed on
the base plate 12 or floor 1, an actuator to be provided on
the another column may be used to apply the force for
offsetting the reaction force generated during the movement
of the finely movable stage 63 and the coarsely movable
stage 64 to the coarsely movable stage 64 or the finely
movable stage 63, the reticle base 62, or the support plate
66.

Next, a method for installing the projection optical
system PL of the projection exposure apparatus of this
embodiment will be explained in detail below.

Fig. 5 shows a plan view illustrating the support
plate 53 on which the projection optical system PL shown in
Fig. 1 is installed. With reference to Fig. 5, the support
plate 53 is placed on the variable mount sections 52A to
52C which are arranged approximately at the apexes of the
regular triangle. The U-shaped cutout 53a is formed on the
side in the -Y direction of the support plate 53. The
three driving elements 56 are arranged at intexvals of
equal angles around the cutout 53a. When the projection
optical system PL of this embodiment is installed to the
support plate 53, the following procedure may be adopted.
That is, the projection optical system PL equipped with the
flange 54 is inserted through the open end of the cutout

53a. After that, the flange 54 is placed on the driving
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gso that the open end of the cutcout 53a is covered
therewith. Thus, the installation of the projection
optical system PL is completed. For example, when the
maintenance is required to be performed for the projection
optical system PL during the operation of the projection
exposgure apparatus, then the cover 55 may be removed, and
the projection optical system PL may be taken out from the
cutout 53a.

As described above, in the projection exposure
apparatus of this embodiment, the support plate 53 is
placed on the variable mount sections 52A to 52C, and the
driving mechanism for the finely movable stage 63 of the
reticle stage system is arranged on the bottom surface side
of the support plate 66 disposed thereover. There ig no
obstacle in the vicinity of the upper end of the projection
optical system PL. Therefore, an advantage is obtained
such that the projection optical system PL is easily
attached and detached. When the projection optical system
PL is of the normal cylinder type, the attachment and the
detachment are performed more easily by adopting the |
arrangement as described above.

The projection exposure apparatus of the embodiment of
the present invention can be produced by assembling the
reticle stage system and the wafer stage system composed of

a large number of mechanical partsg, optically adjusting the
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lenses, 1nstalllng the projection optical system PL to the
support plate 53, and performing the overall adjustment
(for example, electric adjustment and confirmation of the
operation). It is desirable that the projection exposure
apparatus is produced in a clean room in which, for
example, the temperature and the cleanness are managed.

Next, explanation will be made with reference to Fig.
7 for an example of the process for producing a
semiconductor device based on the use of the projection
expogure apparatus of this embodiment.

Fig. 7 shows exemplary steps for producing a
semiconductor device. In Fig. 7, the wafer W is firstly
produced, for example, from silicon semiconductor. After
that, photoresist is applied onto the wafer W (step $10).
In the next step S12, the reticle R1 shown in Fig. 2(a) is
moved to the position under the illumination area so that
all of the shot areas SE on the wafer W are subjected to
scanning exposure with a pattern (indicated by the symbol
A) on the reticle Rl. Subsequently, in the step 814, 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. 1In the step S18 to be performed

thereafter, the reticle R2 in place of the reticle R1 shown
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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 reficle R2. 1In

the step 520, for example, the development, the etching,

and the ion implantation are performed for the wafer W.

Thus, a predetermined pattern is formed on the respective

shot areas on the wafer W.

The steps ranging from the exposure step to the
pattern formation step described above (step S16 to step
820) are repeated in a necessary ﬁumber 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 S24) are performed. Thus, the
semiconductor device SP as a product is produced.

In the embodiment described above, the present
invention is applied to the_projection exposure apparatus
based on the scanning exposure system. However, the
present invention is not limited thereto. The present
invention is also applicable to the projection exposure
apparatus of the full field exposure type such as those
based on the step-and-repeat system. In such a case, the
magnification of the projection optical system is not

limited to the reduction system, which may be either the 1

x magnification system or the magnification system. As for
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the projection optical system, when the far ultraviolet ray
guch as the excimer laser ig usgsed, it is desirable to use,
ag a saltpeter material, a material such as quartz and
fluorite which transmits the far ultraviolet ray. When the
F, laser or the like is used, it is desirable to use an
optical system based on the cata-dioptric system or the
reflecting system.

Further, the present invention is equivalently
applicable even in the case of the exposure apparatus based
on the proximity system, the exposure apparatus based on
the use of the exposure light beam of the X-ray such as the
hard X-ray and the EUV light beam in the soft X-ray region,
and the exposgure apparatus based on the use of the exposure
light beam of the charged particle beam (energy beam) such
as the electron beam and the ion beam. When the X-ray is
used, for example, the reflecting system may be used for

~the projection system (especially in the case of the EUV
light beam, the reflecting type projection system is used,
and one of the reflecting type is also used for the
reticle). When the electron beam is used, an electronic
optical system composed of an electronic lens and a
deflector may be used as the projection system (optical
gystem). It is needless to say that the optical path,
through which the electron beam passes, is in a vacuum

state. Further, when the electron beam is used, it is

possible to use, as an electron gun, lanthanum hexaboride
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(LaBg) or tantalum (Ta) of the thermionic emission type.

The way of the use of the exposure apparatus is not
limited to the exposure apparatus for producing the
semiconductor. For example, the present invention is also
widely applicable to the exposure apparatus for the liquid
crystal element formed on the angular type glass plate and
the display device such as the plasma display, and the
exposure apparatus for producing the image pickup device
(for example, CCD), the micromachine, the thin film
magnetic head, and the DNA chip.

Further, when the linear motor is used for the wafer
stage system and/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. Further,
the stage may be of the type in which the stage is moved
‘along the éuide, or of the guide-lesgs type in which the
guide is not provided.

As described in Japanese Patent Application Laid-Open
No. 8-166475 (coxrresponding to United States Patent No.
5,528,118), the reaction force, which is generated by the
movement of the wafer stage, may be mechanically released

" to the floor (ground) by using a frame member. Similarly,
as described in Japanese Patent Application Laid-Open No.
8§-330224 (corresponding to United Stateg Patent No.

6,020,710), the reaction force, which is generated by the
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movement of the reticle stage, may be mechanically released

to the floor (ground) by using a frame member.

Further, in the embodiment desgscribed above, the base

plate 12 is installed on the floor 1 by the aid of the

vibration-preventive pedestals 11A to 11C, and the wafer

bage 13, the first columns 5%A to 59C, and the second

columns 51A, 51B are provided on the base plate 12.

However, the present invention is not limited to this

arrangement. That is, in place of the wafer base 13

installed on the base plate 12, for example, the wafer base

13 may be hung on the support plate 53 by the aid of the

column, or the base plate 12 may be supported by the

variable mountsg 52A to 52C. In addition thereto or singly,

in place of the vibration-preventive pedestals 11A to 11C,

for example, the wafer base 13 and the second columns 51A,

51B may be supported by mutually different wvibration-

preventive pedestals respectively on the floor 1 or the

base plate 12.

It is a matter of course that the present invention is

not limited to the embodiments described above, which may

be embodied in other wvarious forms within a range not

deviating from the gist or essential characteristics of the

present invention. All of the contents of disclosure of

Japanese Patent Application No. 11-358203 filed on December

16, 1999 including the specification, claims, drawings, and

abstract are quoted and entirely incorporated inte this
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application.

INDUSTRIAL APPLICABILITY

According to the first exposure method and the
exposure apparatus corresponding thereto, the coarsely
movable stage (second movable member), which is provided to
drive the movable stage (first movable member}, is out of
contact with the base member (reticle base) on which the
movable stage is placed. Therefore, the movable stage can
be controlled highly accurately at a high velocity without
increaging the load on the base member. Further, the
influence of the vibration from the driving unit for the
coarsely movable stage is mitigated, and thus the high
exposure accuracy 1s obtained.

According to the second exposure method and the
exposure apparatus corresponding thereto, the first movable
gtage (reticle stage) and the second movable stage (wafer
stage) are indirectly coupled to one another by the aid of
the attitude control member for which the rigidity can be
increased relatively highly. Therefore, the vibration
having the low freqguency is not transmitted to the two
movable stages independently. Thus, the high exposure
accuracy is obtained.

Therefore, the device having the high function, which is

excellent, for example, in the pattern faithfulness such as
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the line width accuracy, can be mass-produced by performing
the exposure for the pattern for the device by using each

of the exposure apparatuses of the present invention.
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1. An exposure method for exposing a second object
with an exposure light beam via a pattern of a first
object, the exposure method characterized by comprising:

preparing a first base member, a second base member
which is different from the first base member, a movable
stage which is arranged movably on the first base member
and on which the first object is placed, a driving member
which drives the movable stage in a predetermined
direction, a counter mass which ig arranged slidably on the
second base member and a vibration-suppressing member which
gsuppresses vibration of the second base member with respect
to the first base member; and

driving the movable stage in the predetermined
direction without being in contact with the first base
member in a state in which the driving member is supported
on the second base member;

wherein the counter mass is driven in an opposite
direction to the predetermined direction so that law of
conservation of momentum is substantially satisfied when
the movable stage and the driving member are driven in the

predetermined direction in the driving step.

2. The exposure method according to claim 1,

characterized in that:
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the counter magsg in the predetermine direction and a
position-correcting linear motor which drives the counter
mass along the predetermined directicon on the basis of a
measuring result of the position-measuring unit are

provided on the second base member.

3. An exposure apparatus for exposing a second object
with an expogure light beam via a pattern of a first
object, the exposure apparatus characterized by comprisging:

a base member;

a movable stage which is arranged movably on the base
member and on which the first object is placed; and

a coarsely movable stage which is supported by being
hung on a supporting member, which is arranged over the
base member without being in contact with the base member,
and which drives the movable stage in a predetermined

direction.

4. The exposure apparatus according to claim 3,
characterized by comprising:

a guide member which is supported on the supporting
member; and

a driving unit which drives the coarsely movable stage

in the predetermined direction along the guide member.
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5. The exposure apparatus according to claim 4,
characterized in that:
the first object and the second object are
synchronously gcanned in the predetermined direction when
the second object is exposed; and
the guide member is moved in an opposite direction to
the predetermined direction so that law of conservation of
momentum is substantially satisfied when the coarsely

movable stage is driven in the predetermined direction by

the aid of the driving unit.

6. The exposgsure apparatus according to claims 3, 4
or 5, characterized by further comprising:

a first measuring unit which measures a position of
the coarsely movable stage in the predetermined direction;

a second measuring unit which measures a two-
dimensional position of the movable stage; and

an actuator which finely moveg the movabkle stage two-

dimensionally with respect to the coarsely movable stage.

7. The exposure apparatus according to claims 3, 4
or 5, characterized in that a plurality of masgsks to serve
as the first object are placed in the predetermined

direction on the movable stage.
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object with an exposure light beam via a first object, the
exposure apparatus characterized by comprising:

a first movable member which holds one of the first
object and the second object and which is arranged on a
first base member;

a second movable member which is arranged on a second
base member different from the first base member and which
is used to drive the first movable member;

a vibration-suppressing member which is provided
between the first base member and the second base member
and which suppresses vibration of the second base member
with respect to the first base member; and

a third movable member which ig arranged on the second
base member and which moves in an opposite direction to a
moving direction of the second movable member according to
the driving of the second movable member so that law of

conservation of momentum is substantially satisfied with

respect to the first and second movable members.

9. The exposure apparatus according to claim 8,
characterized in that the first movable member is coupled

to the second movable member in a non-contact manner.

10. The exposure apparatug according to claim 8,

characterized in that the first movable member has itsg
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degrees of freedom of a number which is larger than that of

the second wmovable member.

11. The exposure apparatus according to claim 10,
characterized by further comprising a first actuator which
relatively moves the first movable member with respect to

the second movable member.

12. The exposure apparatus according to claim 11,
characterized by further comprising:

a second actuator which relatively moveg the second
movable member with respect to the second base member,
wherein:

at least a part‘of the second actuator is pfovided on

the gecond base member.

13. The exposure apparatus according to any one of
claims 8 to 12, characterized in that the first base member
is provided integrally with a first support member on which

at least a part of a main exposure body is arranged.

14. The exposure apparatug according to claim 13,
characterized in that the second base member is provided on
a second support member which ig different from the first
support member, on a surface of installation of the main

exposure body.
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15. A method for producing an exposure apparatus for
exposing a second object with an exposure light beam via a
pattern of a first object, the method characterized by
comprising:
arranging a first base member on a bottom surface side
of the first object at a position at which the first object
is to be arranged;
arranging, on the first base member, a movable stage
on which the first object ig placed so that the movable
gtage is movable on the first base member;
arranging a guide member on a second base member which
is different from the first base member along a
predetermined direction;
arranging a coarsely movable stage on the second base
member so as to be movable along the guide member and to be
opposed to at least a part of the movable stage;
arranging, on the second base member, a counter mass
which moves in an opposite direction to a moving direction
of the coarsely movable stage in conjunction with a
movement of the coarsely movable gtage;
arranging, between the first base member and the
second base member, a vibration-suppressing member which

suppresses vibration of the gecond bagse member with respect

to the first base member; and
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stage to one another so that the movable stage is arranged

inside the coarsely movable stage.

16. An exposure method for exposing a second object
with an exposure light beam via a pattern of a first
object, the exposure method characterized by comprising:

providing a condition in which a second base member is
supported in a state capable of making displacement with a
predetermined number of degrees of freedom on a first base
member; a predetermined base member which isg different from
the second base member is supported on the first base
member;a first movable stage for positioning the first
object is placed movably on the second base member; a
driving member for positioning the first movable stage is
supported movably on the predetermined base member; anda
second movable stage for positioning the second obiject is
placed movably on the first base member; and

controlling an attitude of the sgecond base member with
respect to the first base member so as to suppress
vibration caused by movement of the first and second

movable stages.

17. The exposure method according to claim 16,

characterized by further comprising:
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making displacement with a predetermined number of degrees
of freedom on the first base member;
placing, on the third base member, a projection system
for projecting an image of the pattern of the first object
onto the second object; and
further controlling an attitude of the third base
member with respect to the first base member go as to

suppress the vibration caused by the movement of the first

and second movable stages.

18. An exposure apparatus for exposing a second
object with an exposure light beam via a pattexn of a fifst
object, the exposure apparatus characterized by comprising:

a first base member which is supported by the aid of a
plurality of vibration-preventive pedestals;

a second base member which is placed on the first base
member by the aid of a plurality of extendable/contractible
or displaceable first attitude control members;

a predetermined base member which is arranged on the
first base member and which ig different from the second
base member;

a first movable stage which is arranged movably on the

second base member and which positions the first object;
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the first base member and which posgitions the second

object; and

a driving member which is arranged movably on the
predetermined base member and which positions the first

movable stage.

19. The exposure apparatus according to claim 18,
.characterized by further comprisging:

a projection system which projects an image of the
pattern of the first object onto the gecond object; and

a third base member which is placed on the first base
member by the aid of a plurality of extendable/contractible
or displaceable gecond attitude control members, wherein:

the projection system is supported on the third base

member.

20. The exposure apparatus according to claim 19,
characterized in that:

a cutout is formed on the third base member; and

the projection system is installed accessibly in a

side surface direction with respect to the cutout.

21. The exposure apparatus according to claim 19,
characterized in that the projection system is supported on

the third base member by the aid of a plurality of
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22, A method for producing an exposure apparatus for
exposing a second object with an exposure light beam via a
pattern of a first object, the method characterized by
comprising:
supporting a first base member by the aid of a
plurality of vibration-preventive pedestals;
placing a second base member on the first base member
by the aid of a.plurality of extendable/contractible or
displaceable first attitude control members;
arranging, on the first base member, a predetermined
bage member which is different from the second base member;
placing, on the second base member, a first movable
stage which positions the first object so that the first
movable stage is movable on the second base member;
placing, on the first base member, a second movable
stage which positions the gecond object so that the second
movable stage is movable on the first base member; and
placing, on the predetermined base member, a driving

member which positions the first movable stage so that the

driving member is movable on the predetermined base member.
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2, 16 or 17.

24. A method for producing a device, comprising the
step of performing exposure by using the exposure apparatus
as defined in any one of claims 3 to 5, 8 teo 12 and 18 to

21.

25. An exposure apparatus for exposing a second
object with an exposure light beam via a pattern of a first
object, the exposure apparatus characterized by comprising:

a first base member which supports a first stage on
which the first object is placed,

a second base member which is different from the first
base member and which supports a driving member which
drives the first stage in a predetermined direction,

a vibration-suppressing member which is arranged
between the first base member and the second base member

and which suppresses vibration of the first base member.

26. The exposure apparatus according to claim 25,
characterized in that the second base member is arranged
above the first base member, and the driving member is

supported by being hung on the second base member.
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a first object with an exposure light beam and for
projecting and exposing an image of the pattern via a
projection optical system onto a second object, the
exXxposure apparatus characterized by comprising:
a first base member which supports a first stage on
which the first object ig placed,
a second base member which is different from the first
base member and which supports the projection optical
system,

wherein the first base member is supported, via a

vibration-suppressing member, on the gecond base member.

28. The exposure apparatus according to claim 27,
characterized by further comprisging a third base member
which is different from the first base member and the
second base member and which supports a driving member

which drives the first stage in a predetermined directiomn.

29. An exposure apparatus for irradiating a pattern of
a first object with an exposure light beam and for
projecting and exposing an image of the pattern via a
projection optical system onto a second object, the
exposure apparatus characterized by comprising:

a first base member which supports a first stage on

which the first object is placed,

67



10<10%&' ()-L3 10%& ()-1F1l- 10%& ()-< @10%& ()-19- 109%& () - P+-
109K ()-RZSZ_zzZZZ[ J[ xY: /! 106 109%& ()-Y O01l09%&' () - @O%& () - GﬂO@M&.() Y
3109%& ()-"109%& ()- 210J[[[[[O\Vd\dE: /! 10Y F=109%& () - @ 109%&
1098 ()-Y 3109& () - OWLO9W&' () - <109&' () -d\\\\ (] Y]] dE: /! 3834 o%%()
[)109%& ()-C 109& () -<% 109%&' () -Y 6#109& ()-0! 109%& ()-]1]] 6~AMMAMNADE: /!
10w 10w<109&' () - <7109%&' () - S5109%&' ()-L3 109%& ()-Y
F1109%&' () - 9- 10808&¢Pnd Pase malbd AMIMR ()= 'diF FEQURP&Epm! tBelOYa& ()-! 3
10%wwo& ()-!3 10%wW& ()-"109%w& ()- 10w acXc[c\c]c”cjczodY: @10%& ()- 10w
10w 10wWw<108mEe (hethb®r AV (Supthbrts the projection optical
10%w&' () -!L!!T109%wWw&' () -j ccccdUdddEdY: @ 610%&' ()-10 109 ()-Y

system, and

a third base member which is different from the first
base member and the second base member and which supports a
driving member which drives the first stage in a

predetermined direction.

30. The exposure apparatus according to claim 29,
characterized in that the firsgt base member is supported,

via a supporting member, on the second base member.

31. The exposure apparatus according to claim 29,
characterized by further comprising a vibration-
suppressing member which is arranged between the second
base member and the third base member and which suppresses

vibration of the second base member.

32. The exposure apparatus according to claim 31,
characterized by further comprising a second vibration-
suppressing member which is arranged between the first base
member and the third base member and which suppresses

vibration of the first base member.

33. The exposure apparatus according to any one of

claimg 25, 26, and 28 to 32, characterized in that:
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degree of freedom of movement, which is smaller than that

of the first stage.

34. The exposure apparatus according to any one of
claims 28 to 32, characterized in that:

the third base member is arranged above the first base
member; and

the driving member ig positioned between the first
base member the third base member, and supported by being

hung on the third base member.

35. The exposure apparatus according to any one of
claims 25 to 28, 31 and 32, characterized in that the
vibration-suppressing member includes a driving element

which is extendable/contractible in a heilght direction.

36. The exposure apparatus according to any one of
claimse 25, 26 and 28 to 32, characterized in that the
predetermined direction is a scanning direction in which
the first object and the second object are synchronously
driven when the second object is exposed via a pattern of

the first object.
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object, the exposure apparatus, comprising:

a first base member which supports a first stage on
which the first object is placed;

a second base member which is different from the first
base member and which supports a driving member which
drives the first stage in a predetermined direction; and

a vibration-suppressing member which is arranged
between the first base member and the second base member
and which suppresses vibration of the first base member,

wherein the second base member is arranged over the
first base member; and

the driving member is éupported by being hung on the

second base member without being in contact with the first

base member.

38. An exposure apparatus for expogsing a second object
with an exposure light beam via a pattern of a first
object, the exposure apparatus comprising:

a first base member;

a movable stage which is arranged movably relative to
the first base member and on which the first object is
placed;

a coarsely movable stage which is supported by being

hung on a second base member which is arranged over the
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base member and which drives the movable stage in a
predetermined direction;
a vibration-suppressing member which is arranged
between the first base member and the second base member
and which suppresses vibration of the second base member
with respect to the first base member; and
a counter mass which is supported by the second base
member and which moves in an opposite direction to a moving
direction of the coarsely movable stage so that law of

conservation of momentum is substantially satisfied with

respect to the coarsely movable stage.

39. An exposure apparatus for irradiating a pattern of
a first object with an exposure light beam and for
projecting and exposing an image of the pattern via a
projection optical system onto a second object, the
exposure apparatus characterized by comprising:

a first base member which supports a first stage on
which the first obiject is placed;

a second base member which is different from the first
base member and which supports the projection optical
system;

a vibration-suppressing member which is arranged
between the first base member and the second base member;

and
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a counter mass which moves in an opposite direction to

a moving direction of the first stage so that law of

conservation of momentum is substantially satisfied with

respect to the first stage,

wherein the first base member is supported, via the

vibration-suppressing member, con the second base member.

40. The exposure apparatus according to claim 39,
characterized by further comprising:

a third base member which is different from the first
base member and the second base member and which supports a
driving member which drives the first stage in a
predetermined direction,

wherein the counter mass moves so that law of
conservation of momentum is substantially satisfied with

regpect to the driving member and the first stage.

41. An exposure apparatus for irradiating a pattern of
a first object with an exposure light beam and for
projecting and exposing an image of the pattern via a
projection optical system onto a second object, the
exposure apparatus characterized by comprising:

a first base member which supports a first stage on

which the first object is placed;
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driving member which drives the firgt stage in a

predetermined direction.

42. The exposure apparatus according to claim 41,
characterized in that the first base member is supported,

via a supperting member, on the second base member.

43. The exposure apparatus according to claim 41,
characterized by further comprising a vibration-suppressing
member which is arranged between the second base member and
the third base member and which suppresses vibration of the

second base member.

44, The exposure apparatus according to claim 43,
characterized by further comprising a second wvibration-
suppressing member which is arranged between the first base
member and the third base member and which suppresses

vibration of the first base member.

45. The exposure apparatus according to claim 43,

characterized in that the driving member includes a second
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stage which has degree of freedom of movement, which is

smaller than that of the first stage.

46. The exposure apparatus according to claim 44,
characterized in that the third base member is arranged
above the first base member; and the driving member is
positioned between the first base member and the third base
member and is supported by being hung on the third base

member.

47. The exposure apparatus according to claim 39,
characterized in that the vibration-suppressing member
includes a driving element which is extendable/contractible

in a height direction.

48. The exposure apparatus according to claim 39,
characterized in that the predetermined direction is a
scanning direction in which the first objgct and the second
object are synchronously moved when the second object is

exposed via the pattern of the first object.

49, The exposure method according to claim 16,
characterized by further comprising:

moving a counter mass in an opposite direction to a
moving direction of the second movable stage so that law of

conservation of momentum is substantially satisfied with
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respect to the driving member so as to suppress the

vibration caused by the movement of the driving member.

50. The exposure apparatus according to claim 18,
characterized by further comprising:

a counter mass which moves in an opposite direction to
a moving direction of the second movable stage so that law
of conservation of momentum is substantially satisfied with
respect to the driving member so as to suppress the

vibration caused by the movement of the driving member.

51. The exposure apparatus according to claim 44,
characterized by further comprising:

a counter mass which is supported by the third base
member and which moves in an opposite direction to a moving
direction of the driving member go that law of conservation
of momentum is substantially satisfied with respect to the

first stage and the driving member.
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EXPOSURE METHOD AND EXPOSURE APPARATUS

ABSTRACT

A high exposure accuracy is obtained while mitigating
the influence of vibration by using an exposure method and
an exposure apparatus. Columnsg (5%A, 59B) are installed on
a base plate (12}, a reticle base (62) is supported at the
inside of the columng (59%9A, 59B) by the aid of wvariable
mount sections (61A, 61B) having high rigidity, a finely
movable stage (63) is movably placed on the reticle base
(62) by the aid of air bearings, and a reticle (R1) as an
exposure objective is placed on the finely movablé\stage
(63). A coarsely movable stage (64) is hung on a bottom
surface of a support plate (66) arranged over the reticle
base (62) in a state capable of being driven in a scanning
direction. The finely movable stage (63) is driven by the
coarsely movable stage (64) in the scanning direction in a
non-contact state with resgpect to the reticle base (62).
The finely movable stage (63) ig finely driven with respect
to the coarsely movable stage (64) by an actuator arranged
between the coargely movable gtage (64) and the finely

movable gtage (63).

Fig. 1
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