;e3eL6T& 17 Jun 2004 EXPOSURE METHOD AND EXPOSURE APPARATUS TECHNI CAL FI ELD
The present invention relates to an exposure nethod and an exposure
apparatus to be used, for exanple, when a mask pattern is trgng{f peg40nto

a sua 1 e lithography step for producing, for exanple,

sem mmwnmmwMMHWWnents, liquid crystal display elenents, plasma display
eIenentsW“gﬁg thin filmmagnetic heads. In Earticular, t he present
invention relates to an exposure apB%?gFEET'ﬂthich a vibration-preventive
control is adopted. BACKGROUND ART A high exposure accuracy is required for
t he exposure apparatus of the full field exposure type (stepper type) or
the scanni ng exposure type (for exanple, those based on the step-and-scan
system) to be used whé¥ MES A ENRGRMRE AFRARTY%e i s produced.
Therefore, in the exposure apparatus, an arrangenent, which nmakes it

possi ble to performhighly accurate positioning or highly accurate
scanning, is adopted for a reticle stage on which a reticle as a mask is

pl aced and positioned and for a WAEEHNEEAGeFLRLD 17 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 scanning
exposure type is arranged, for exanple, such that a frame-shaped coarsely
nmovabl e stage, whhehpikssepvabhwentian approfREnheeby esrosale PeLHEtty in
the scanning direction, is placed on a reticle base, and a finely novabl e
stage, on whhdhahhexpetiickeappaphavedtoi becoandet édri aremphe  cvheseky
novabl e stage by the aid of an actuator which is used to perform

posi ti oni ngmhBkapatbeka aspumbnbWerdedensitonal bybstmathki $nathangenent, the
coarsely novabl e stage and the finely novabl e stage are slidably placed on
the common Lethebeapageshypt ierapdodiicanyg, béari rgsmpéspeseimiclondulltss i n
the case of the reticle stage for the conventional exposure apparatus of
the full fiehdmexpesulequypecrgsdailvidigplnit edecknas,apliasear dispdey whi ch
is used to drive a novable stage on which the reticle is placed, is

install ed oalthenketi ehe shagefiOm mhenether hbadd, i Anr peentcypdars, tihe
order to enhance the throughput, a so-called doubl e-wafer stage, which is
provi ded wi hhebwatmeyabhe ishagesatbastbean supoesiredappazanaiserinswagehf or

t he. exposure apparatus. Wien the doubl e-wafer stage is used, the throughput
can be inprgvedpkycpeht greveatexyehanaerandial bgapeed.for a wafer on the
second novabl e stage during a period in which 2 17 JUN 2004 exposure is
performed 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
arrangenment. That is, a guide for glex@xdsn®fag™wo orthogonal driving axes
is comonly used by the two novabl e stages, or the two novabl e stages are

i ndependently driven by using plane notors. Further, a system which is
based on the mechani cal contact such that upward and downward novenent is
performed, for exampl® WHdudeCaRTRERINIIEMrdo@iadeptes: fdle d3@dHiirg Ng
systemfor a sanple base (Z |l eveling stage) for performng |eveling and

focusing in ?)%rggr&\éegtfi Rl Avahers 1S a0exphRRIreORY | QRRIpRDASHS or

appar at us hg§ been assenbl ed on a base plate which'is installed by the aid

of a plural by o(l06LLXAMLrd AWl YIRIALARLAIEY @I HAIRDIH The

i ncluding air danpers rn 0 to tigate the Influence of vibration from

the T1oor. Loueehg WReh aR e o HR58sdd Glerd UL et AR ADAN

exposure |ight*source, so ers e exposure li1ght source and the
iIIuninationfg%'

t he base pI§ie.E%gggﬁfﬁé%sﬁﬁﬁ%féggggg{a I5&{0?%§$%g%§g§n?ggﬁ?%%gf:Lsngtaggm
Ctage secti SRECEIthSEBTIL TR Sebarat RO MR TR AR o,
D hECh 2 Al Sss, bl PRI JBLETch nd LN AROS Mg @
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conventl Onalasexepct)nsausrke iasp%alraacgeufeasncﬁspositioned and for a wafer stage in
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descri bed above, as for the systemin which the base plate is supported by
the aid of the plurality of vibrationpreventive pedestals on the floor, and
the approximately entire mechani smof the exposure apparatusi7 JuN 200d

t hereon, the influence of the vibration between the respective stage
sections is directly transmtted to the other stage sections especially in
the case of the scannLng exposure system Therefqre, .it Is feared that the
exposur e ac%%?%%ya(W%%egx%ﬁp?e?u?ﬂEX?Fﬁné?e?f?a?gh?ﬂ?négg—such as the line
wi dt h accuracy and the_overla accuracg@ ﬂay be deteriorated. In the case
of the systehPERSHARRHLY hBOYEEi EFEPBAEEVEnY  t he waf er base are supported
mutual | y i ndependently by using thﬁ pIuraIi%g of , active t¥ﬁe 1

vi brati on- preventii®k Hfit SREnEFLYFAG £haJai FOHahper SOANGREABME

el ectromagnetic control units respectively, for exanple, the. vibration
havi ng a | ORKPPEHERNRYPAFBRIENETf FBBr SERRALNE 0 KROPHABPEXEENLPY transnitt ed
to the both stage sections via the air danpers. Therefore, it is ﬁeared,
for exanple?rrﬁ@ge@nyfﬁés?KPWBéﬁrdﬁ§€he55ggyacgﬁ€@?ﬁ?ﬁﬁp?ﬁecPaﬁﬁﬁ gquency
may occur between the both stage sections. 4 17 J U N 2004_In the case of
the conventinovableestape, svagel LRemeBabiel §tndPaBPRYSKARELEL Yt he dri vi ng
mechanismor the like for driving the novable stage (for exanple, the
finely nmovabbestangeyelecihyt anl Ehet sgenReRIoAIERELABRI cCLE BASESATREY &f or €,
the vibration, which is generated in the coarsely novabl e stage or the
driving mechahisheobashe Bhdea fénesytwmoBabiraRSRBEL e@1t WRERE FHFabl e stage
(reticle). For exanple, when the driving velocity of the novable stage is

i ncreased i nebidée te phhamde tHecphredgRpuintpt the reareglvhapvekhde
positioning accuracy for the reticle or the accuracy of the scanning

vel ocity orsthegel biketheyahd béwenedct@atphewbihbr iBangedaioi REFAPERI ence
ari ses such that the throughput cannot be enhanced so nmuch in order to

mai ntai n, fposéxaonliieg theaposhtitenanguatcuwaeyifenstbaaddyi.cl ént §hide
within a predeterm ned range. Further, it is necessary to increase the
rigidity of akthengemkeake basecbarseder mbvabiienbabpeaasdt thkadtioeyyf | at ness
of the sliding surface for the novabl e stage, because the novabl e stage or
t he drivi ngmoeebabi spuge the kilkdabdyi pdbakbednt bhet hemmon ties icdei cl e
base. As a result, an inconvenience arises such that the exposure apparatus
becones | ar gasknbyi e and btlicawei gbhriagsnercepsedigelyel | . Taking the
foregoing points into consideration, a first object of the present
invention is to pnevi de aneexpesubeé mbBthedtandeastexpofore tipparatus in

whi ch the influence of vibration is mtigated, and a hi gh exposure 5 17
JUN 2004 acedhaenthisnabt akpedurd sepamdtokj et cok the lpresddt expeosnireon is
to provide an exposure nethod and an exposure apparatus provided with a
reticle staggpeapablieiofingonhriel kuea asmavabheast ageoat, ahiicgh ivehseidy and
with a high accuracy without increasing the load on a reticle base, in

whi ch the igphl uerce af mevabakl @RagR bhewdiide @hea réitiiviley ireelamiedn iis
mtigated. Another object of the present invention is to provide a

producti on nehad1whi e WRkes et cpessithke.to efficiently produce the
exposure apparatus as described above, and a nethod for producing devices,
whi ch nmakes it pessichle okPh oduee anhirghlentageunat e idewreRbydisi ng the
exposure nethod as nentioned above. DI SCLOSURE OF THE | NVENTI ON A first

exposure methed acceidi RGARFRSLR @SeRt danvest idmPlicewa itk egeosur e
nmet hod for exposing a second object (W) with an exposure |ight beam

passing thr ngﬁ%ha i%an%)tx%rv.’ld%fd it $wPRRGH1ERBadde aroydes met hod

characterized by conprising preparing a base nenber (62); and a novabl e

stage (63) Wiledd:eALARIGA MY Ul Ol G RASKJHITRY Akl uhi ch the

first object TS placed; erein the novable stagé is driven in a

predet er m ngﬁjlte%i LeGt id%%b\yet_thggébgg d N LUYRCE i h:é{r% b ete

According t e exposure ne escri bed above, JUN 2004 the

i bration, whigh i 4l ' rl e
oot o M SR A s e St e i

transmtted't equently to the first object.

Thus, it is possibl J J e49&§ : " hiys process,
it is desir éJB eﬁ}ehéc’teeclé)%éﬁ?& g}a%elrarebgrtg%ﬁA, l1HI%e a?%l%gle%%%lg@t he base

menber; and the novable stage is driven in the predeterm ned direction

al ong the guide nenber in a state in which | aw of conservation of nonmentum
is substantially satisfied. It is possiblz to suppress the occurrence of

vi bration by satisfying the | aw of conservation of nonentum as descri bed
above. In another aspect, a first exposure apparatus according to the
present invention lies in an exposure apparatus for exposing a second
object (W) with an exposure |ight beam passing through a pattern of a

.



17 JUN 2004 novabl e stage at a high velocity wwth a high accuracy, and the
coarsely novabl e stage is out of contact with the base nenber. Therefore,
the vibration, which is caused on the side of the driving neghguineRobAr
driving the coarsely novable stage, is not transmitted to the novabl e stage
and consequently to the first object. Thus, it is possible to obtain a high
exposure accuracy. In this_arra gﬁnent, fgr exanﬁ%e, t he dri¥i%% mechani sm
for the coa?¥RPFURBVABI BEEFAEBeE64FT nasarGhi OB MBfber t71ROVILET which is
arranged over the base nenber; and a_drjyin nit (76Y. 76YB) which drives
t he coarsel%tﬁﬁﬁabl3h§tEQEV?Ht%ﬁBabr@ngi?ﬁgﬂgﬁrdﬁ 83Fi BASaP6RY the gui de
menber. That is, the coarsely_novable stage is su Eorted so that it hangs
from an upmﬁ@ﬁsbégFFﬁﬁn?SCﬁP¥b0W§ %Hi@rﬁ?%aﬁﬁeﬁéﬁg,lFY FB8%possible to
easily drive the coarsely novabl e stage _at _a high velocity., It is desirable
that the fipsrapgpeertandTPAE s8coRdIBbfectoir 8NSyAZRPORGUSIY scanned in
the predeterm ned direction (Y direction) when the second object is
exposed: andrthegdgupdedriibBe E¥SA, 1916PTNEN Yy BESANLYNn L EEpE¥P: BOYRPEEL i on
so that | aw of conservation of nmonentumis substantially satisfied when the
coar sel y noshpgesst agethe 8wpvBAVRRLEhELPEEEcREENTIREGPETNAERELYNIBY VERe ai d
of the driving unit. This neans that the present invention is applied, for
exanpl e, tobyhesérgoplpeeappariacus based on the scanni ng exposure system
such as the step-and-scan 8 17 JUN 2004 system Wen the | aw of
conservation of Romeheum Bssyebsmanwharhyisabprstie@nashgedechpadcabove, the
influence of vibration is scarcely transmtted to other portions, when the
novabl e st agentacdr Bueh thathepweadningd diowawairdnmbyemgatail@ of the
coarsely novabl e stage. Thus, the influence of vibration is greatly
reduced. |tpesfdesedablfert babmphe, ewpbburpecappaeshasifont Aer adomscdses a
first measuring unit (79) which neasures a position of the coarsely novabl e
stage in theéopr etlet draivied diyseet dor a sevpide beasuriZngeveilting8 BXad81 YA,
S1YB) which neasures a two-di nensional position of the novabl e stage; and
an act uat or f678¥Ar f68XBng7 8¥)edhingh ahdnébyusings inhéhepcablvernstiage 1

two-di nensionally with respect to the coarsely novabl e stage. The rel ative
posi tional galrati eashep between the coarsely novabl e stage and the novabl e
stage can be determned fromthe difference between a neasured val ue

obt ai ned by the frhestomRastiionglueikboantdea appasaresd halsudeet aissethiyed he
second neasuring unit. The synchroni zati on accuracy can be inproved during
the scanni ngpexposuee phyt@r wwikd tike ifevablledsbggehsubdidantti al |y in the
vicinity of a neutral position in a novable range so that the

synchroni zaphQRa8HEY oifS (R @&heaplen therhasiisref idhe prehatitiereposi tiona
rel ati onship. The novabl e stage also functions as a finely novable stage. A
plurality ofcbRreks16RnRANING SRV aapetRe il b¥ded 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 also

suggested, in which a wafer base for supporting a wafer



17 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. I47 JUN R0@got 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 passin hrough.a,first object (Rl):.the_e ra
characterizgaa%§ 88 ?igggbcéef Pt EaEPépﬁ%ﬁﬁgg ?6§§€§E?§hg2§§85ggﬁe of
the first object and the second gbject a ich is arrapged.on a.first
base menber$ BE?Ftﬁﬂdmﬁtgéigﬁd1ﬂa9éﬁPé6ﬂgﬂ%2gy(%4?Eﬁﬁﬁiﬁg%sogr?5%63& on a
second base nenber (66% different . fromthe tirit base nenger and whi.ch is
used to dri F¥PEh%1PFRELCREREEENHEHBePN L AECOPATHG TR PAE SRPBSGPe *HFpar at us
as descri bed above, it is possible &o carry out the first exposure nethod
of the pres€RRtFAYeHPLbA. TFRAPERFSVErYangenent, it is desirable that the
first novabl e nenber is coupled to the second novabl e nenber in a

non- cont act mann@RONBcEBRIFRPVRLERBAY| BXRPPHRS RRPER2FESESu8Ed when the
second novabl e menber is driven, is not transmtted to the first vabl e
nmenber and €6As&&bedt pPOVE .t RE ﬁPFthﬁbF¥§Fe§nantW§l§805hﬁ OBFECPLIAE i s
desirable that the first novable menber has_its_degrees of freedomof a
nunber whi chsi suPRPEERIt RinthRapief ofothe1plYoRL 2684 ¥ 18E@EAI N TOVaDI e
menber. Accordingly, for exanple, the second novabl e nenber can be driven
coarsel y, apdthétﬁV¢sPeﬁ§$§gE§ RBNBEEE EARCKe PPAelRenBPedoXd k&t Yany
remaining error is reduced. Therefore, it is easy to nake the control
during the erpdsermechenismdesi £hbl expRatrehareRpesise 1g8ppar&eds furt her
conprises a first actuator (78XA, 78XB, 78Y) which relatively noves the
first novabkbemenber thet hnféspace 6 the ¥ébsadiepyvRBreesBEntae and a
second actuator (76YA, 76YB) which relatively noves the second novabl e
menber W t hreeppettiveosthgeseeotidobasésmdayect lyn teensmistechée &gect, a
first nmethod for producing an exposure apparatus according to the present

i nvention | beaeirnsaapget kedtfionspesgeciing lan iex pbsuresgppdr &bhes sicemneqgosi ng
a second object with an exposure |ight beam passing through a pattern of a
first objectxpbbarsethedechar Ttkeerifoee, by tcospifiesireg &hedndgiheg expossee
menber (62) on a bottom surface side of the first object; arranging a
nmovabl e st agec(@3rysdfas taabelepvablee tandsfleacdatiid flilnsssolsjuedt asher eon
on the base nenber; arranging a guide nenber (71A, 71B) in a predeterm ned
di recti on omhthe ibase&idehbeccuaticangindg thec oxresdhy movabloeyst agy [©84)
novably al ong the gui de nenber and opposingly to at | east a part of the
novabl e st agereandraeedl.i ngnt ke enmevakl efstage syt erhd ncodrisel yheovabl e
stage to one another. According to the production nethod as descri bed
above, it isepasgieblastoahll thi7 wilgNr2BRdeebfrec isemidor tass endthum itlye fir st
exposure apparatus of the present invention. In still another aspect, a
second exposukepeRiieed 15C ey disnigigt @heh@ lpreseanty iofventtiier Ityge i n an
exposure nethod for exposing a second object (W) with an exposure |ight
beam passi ngithHaeuah -p rRaldn@riReofund tfd risic1eliieet thRl)irt Rrmneeres wrel met hod
characterized by conprising supporting a second base nmenber (62) in a state
capabl e of mRjd RY GitSRhBCRIRA Wdht rd1pRedele rmasteduiwdlsr, doegrees of
freedomon a first base nenber (12); placing a first novable stage (63) for
posi ti oni ng the e, St HabhAWr WP Havad ke 13RC FHéfRs R yETHed ;tHd acing a
second novabl e Stage (14A) for positioning the second object novably on the
first base mBURSS R GNYDOliHRPAMNAMDIV tdR rfnildte s atonthdasa Hrenber
Wth respect to the first base nenber so as to suppress vibration caused by
movement of Jdigd ideel antk SacOnhdTRMAblRglAGes. TRGUIIAG L the exposur o
met hod as descri bed above, the vibration having a | ow frequency is scarcely
transmtted 40.the fidSteangh13eC ¥Mh VAP LS Slauss 1 piepengamdy. Further,
it is possible to suppress the vibration having a relatively high frequency
of the first e st QU i 4 tderdn thes seeond base
menber . Thug,dﬁéh%lﬁ}qsutg%gel% t he L%rllodr}g?ri\%}hn%i?dm tigated. In this process,
it is desir t : xposure 12 17 JUN 2004 nethod further conprises
supporting gR{ E?gg%gégﬁﬁgnber (53) in a state capable of making

di spl acenent with a predeterm ned nunber of degrees of freedomon the first
base nenber; placing, on the third base nenber, a projection system (PL)
for projecting an image of the pattern of4the first object onto the second
object; and further controlling an attitude of the third base nenber with
respect to the first base nenber so as to suppress the vibration caused by
t he movenent of the first and second novabl e stages. Accordingly, the
projection systemis stably held as well. In still another aspect, a third

e b T o "



which is arranged novably on the second base nmenber and whi ch positions the
first object; and a second novabl e stage (14A) which is arranged novably on
the first base nenber and which positions the second object.17.3UN 2604UN
2004 According to the exposure nethod as described above, for exanple, an
active type vibration-preventive unit, which includes a nechanical danper
such as an air danper and an el ectromagnetic d e n se or each
of the pIurality?%ftg?b?%??oﬂprgﬁeﬁ??ggnééﬁgg g?%£%3§§,8E§%§! E8% exanpl e,
a driving el enent_(hard n?unt such as. a ﬁiezoelectr'c glenent ﬁ@d1§
magnet ost r i CPFTESLY eHBREP LGhPLATRART atRF ghT + T 9iidi PGCRRRGRI 2R R4S a
response speed, can, be used for, each_ of thf first a@titgge gontﬁol menber s
(61A to 61C 9T | ArthiRIaFhangekehte £hadsi HFafi 6hlRvFng a1 5w/ Fréquency is
scarcely transmtted to the first gfd second. novabl e staggs gut ally

i ndependentT9varhe $F9ati bn OPSERALLPRr 5PIRbYERI 8 sFRGe  FAvFAG §aF3ratively
hi gh frequency can be suppressed by the ajd of the first attjitude control
menbers. ThEReFeferet hehenvLhEAELCR! YhEC iB?a@?BﬁrPEeai%Pgﬁbgd. In this
arrangenment, for exanple, the exposure apparatus further conprises a

proj ection €9aresiyPIYVaRlehsSprEFeetsthf ﬂﬁﬁﬁénafmﬁﬁgaﬁéﬁpegg 5ft he first
obj ect onto the second object; and a third base nenber (53) which is placed
on the firstibasetapdderobyet hEaapPuibEed pPubhfi Mgveple stage

ext endabl e/ contracti bl e or displaceable second attitude_control nenbers
(52A to 52Cfrewhete) n t Rerpespeplponwbyst Ehei drivpper vedosatvhett kPed base
menber. According to this arrangenent, the vibration having a | ow frequency
is not tranwsavebéd sbagheipr dpecersadsyst enrlas ﬁélﬁnhﬁﬂﬁﬁhgh? the 14 17
JUN 2004 vi bration having a high frequency is suppressed by the second
attitude cohhrohghpnber st Thefeboed, thae pbsi PPeatéanibe acrsvrRes&red

hi ghly accurately, for exanple, by installing, on the third base nenber, a
mai n body sehei vatotle basehei atenkeryneferhassgapodnei yalesasyr cagtheit .

It is desirable that a cutout (53a) is provided for the third base nenber;
and the projérei mayspst dowesednst @hl eteaotbsesi bapdi naa dngenyenfigage
direction with respect to the cutout. It is desirable that the projection
systemis sHppeeteduah thett hhedthaseghpnberabpothbeakedhehcadpiser stucty of
ext endabl e/ contracti bl e or displaceable third attitude control nenbers
(56). In stihl oatetrhep mspechina fecopdampibodther ppsddioniggancexpesyr e
apparatus according to the present invention lies in a nmethod for producing
an exposurefappahat ystfieleexpobengiahsecangrebpeetmined aanegeposure |ight
beam passing through a pattern of a first object; the nethod characterized
by conpri si rgrsUppOr tkngsankiceskakgseonenberagd2rhby rtibedditg off ahel urality
of vibration-preventive pedestals (11A, 11B); placing a second base nenber
(62) on therkihstebasgenenbeidey themaidtafinaapkutdkifbytofy flatness

ext endabl e/ contracti bl e or displaceable first attitude control menbers (60A
to 60C); nowabkyepkaciinag enrtheese€oendnbamevabibestagef,i belcameahhe stage
(63) for positioning the first object; and novably placing, on the 15 17

JUN 2004 fi pstrabase shapRebr @heeeendingyakktastiage ol4fk fakepasi tioning
t he second object. According to the production nmethod as descri bed above,

it is possibherhaielf koY Bhoduee rbhecibi bdsexposw & aRpanat,usmof the
present invention. In still another aspect, a nethod for producing a device
accordi ng tQnbRevRHESeRe HRVERE @l chORPELSehet BepdlctircOfappeifaais ng
exposure by using the exposure nethod or the exposure apparatus of the
present inveatigRs Aak@h i8XRASE, € sREICHNAC Welighebtial nedraceidlisng wea 1t.he
present invention, and hence it is possible to produce the device having
the high functiog Wigh ths ex58l8Rly Joaht@xamRle cdnd iRriraarinbd aid hf ul ness.
BRI EF EXPLANATI ON OF THE DRAWNGS Fi'g. 1 shows, with partial cutaway, a
schematic argh .Qe%?tedtl 'O%Skﬁa%tlfp&%s%n@;r Qe QRIEXROTY §1aRARIALHS of an
exenpl ary enbodi nent according to the present invention. In Fig. 2, (a)
shows a pl an vi ew il Lustlat i:ng arsWRRd. R aipH6and & retiel et age
systenlshpw%xﬁﬁggﬁg.Mﬁyﬁgﬁjﬁﬁﬁ éig%% § sect?%ﬁ%l viedﬁtakéh along a line
AA shown 1N ;5 2(R) o 'v&br?étihrb%v"isa itAYa HEW 0id RGP sdpgosure
illustrating a state in which the support plate 66 is noved upwardly from
colums 59A, 59B in the reticle stage systemshow in Fig. 1. Fig. 4 shows
a plan viewillustrating a 16 17 JUN 2004 finely novable stage 63 and a

S

rgh

reticle base 62 shown in Fig. 1. Fig. 5 shows a plan view illustrating a
support plate 53 for supporting a projection optical system PL shown in
Fig. 1. Fig. 6 shows a block diagramillustrating a control systemfor the

reticle stage systemaccording to the enbodinent. Fig. 7 shows exenplary
steps of producing a sem conductor device according to the enbodi ment. BEST
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Fig. 1 shows the projection exposure apparatus according to this

enbodi nent. Wth reference to Fig. 1, for exanple, nost parts of the

proj ecti on exposure apparatus of this enbodi nent are install4gdjgN gobyoor 1
in a clean roomin a sem conductor-manufacturing factory. An exposure |ight
source 3 of the projection exposure apparatus is installed on a floor 2 in
a sem -clean roomin,a machine.room di sposed thereunder. Those usabl e as
the exposur@“FRHREY sbBreBta1RRdt ude, for exanple, an excimer |aser |ight
source such as KrF (wavel engt h: 2?8 Qn) and ArF.gmaveLength: 193 nn% an F2
| aser |ight sour%eS%QBQQI%Hg?ﬁF 9% the7p3eReBEOINVERCAR). 18 kP2PFRYERS i ght
source (wavel ength: 146 nn), .a hi.gh harnoni ¢ wave generator of YAG | aser,
a hi gh har n®ni eXRavergeneraeer 2pf %ns%ﬁPE%HHGC?BPa%QEEF,pﬁﬁﬁlgeﬁeW&E y

| anp. An exposure |ight beam |IL as an exposure, beam mhic& is radiahfd from
the exposure Fegheleosfege3canrPhg PheCelbbStt &N9pasBe¥aRlEn§tadhed @

mat ching unit (B 4, and it is_introduced beyond the floor 1. The
exposur e | i ghehbeahPrLtywARéhvshhgdeBigRoATEHEX BV A CheBRed PFREGSARF 1 st
illum nation system5 which is installed on the floor 1 and which includes,
for exanpl etha beash Shapi hgtbptechrssystenyhaflophrcanfLHEBGFaPSr

(uni form zer or honogenizer) for uniform zing the illum nance distribution,
a |ight anoubbrabhpnopn sheapidpl efapefriivéndi BpRRARAE ARG BiFdPayeFens
system The |ight-outgoing plane of the first illumnation system5 is
substantial |y cohjaghes abtihch pit thenppraaBtolnyepEipy| ésa§Caprovide
iIlum nation object. A novable field diaphragm 6A is _arranged on the

| i ght - out goangrplaneiofheenbedbiwbithemdkdsaphr RgAE6R1pEI Aps effd cientei ng
role. That is, upon the start and the end of the scanning exposure for
respecti ve photluaeeabeonxpowmater appazasubsepatiestvibederpoved, andeafiel d is
opened/ cl osed so that any pattern other than the original circuit pattern
i's not subjmetkddt doexpeosdueinfudelercest hehiohabhketi ékdpadisspldagivocA
selects only a circuit pattern which is required for exposure for a

concer ni ng pagpaucenaahpghlgr acaneatef dekéceebiycheinfhehe8 expdruleN 2004
first illumnation system5, which is arranged with the novable field

di aphr agm 6Aewhbghaknwehvesnsdchbavkear that the vibration may be generated
when the field is opened/closed, is supported separately froma main
exposure apparatus body. Therefore, the exposure accuracy (for exanple,
overlay accuracy and transfer faithfulness) is inproved for the main
exposure apparatus body. Al pesaabisvelEy ort MeEf aNivewTigNar r angenent nmay be
avai lable. That is, the first illumnation system5 is supported on the
floor 1 by the aid of a vibrationpreventive nmechani smof the active type or
t he passive type. The exposure light beamIL, which has passed through the
novabl e field di aplragh GApoaores merhedaakicvedihgelkd dhaphragmngB which is
arranged at a light-incom ng plane of a second illum nation system?7
attached tojaveakydn seeki an ah Eheodire exROSd €cappapaisihidedyedordl , a
pl ane defocused by a predeterm ned anount fromthe pattern plane of the
reticle. Thepfiexed dirg! ¢hidhaphr agPcERries 1fiehreheadnt badi g hticidiora
defining the illum nation area on the pattern plane of the reticle to be a
slit-shaped area Whicth J §i$l@nderddt tiRe )NORTECRBMIGHLE hetlica _
perpendlculgr to the scanning direction. The exposure light beamIL, which

has passed through Jhedd ¥8d ddnhd dirdphy-aga. 4By RATRS Haitbr f@2)exanpl e,

a relay |lens system an optical pathbénding mrror, and a condenser |ens

systemin thessecqndodde okfolUNe3004 dilhiiTinahi RS (ibabl Ah iune
illumnates the 1llumnation-area of the pattern plane of the reticle Rl as
a mask. The asl Lol Je dr Xl il el ¢iaRl QAR Iis Rladddiited to the
l'i ght-i ncomng plane of the second Illumnation system 7. The fixed field

di aphr agm 68,8 b 3 ARt d Yo AT Gridled 16 |d Glleduilgoingpl ane of

the second ilTTumnation system?7, e., the plane separated by a

predet er m ned anount, f1.Qmdhe RALLerD, Rate & i, 18ld debae Gerlend. pl ane

di sposed between the retic e projection optical system PL and
separated by a predeter.m aunt J he diatd erd plane prddpdgsotde
exposure |ight bg§ﬁqﬁgﬂ%ﬁgﬁ?nage 0 %%ﬁ?%nutern in the iIIuninaf?on ar ea
on the reticle Rl is projected onto a slit-shaped exposure area on the
wafer WL (or W2) applied wth photoresist as a photosensitive substrate
(substrate to be exposed) at a projectiors



magni fication (3 ((3 is, for exanple, 1/4-fold or 1/5-fold) by the aid of
the projection optical systemPL. In this state, the reticle RL and the
wafer WL are synchronously noved in the predeterm ned scanniqygjdiN gobjgon by
using the projection magnification (3 as a velocity ratio. Accordingly, the
i mage of the pattern on the reticle RL is transferred to one shot area on
the wafer WL. The reticle Rl and, the wafer W, V% correspond, to the first
obj ect and tRHe CERBRHIOB] e¥f1D fﬁeC%VﬁignWh?ﬂv% ?i%ﬂv?ggﬁegF?98I§§ 20 17
JUN 2004 The wafer W, W2 is, for exg | e, a di sk-shaped substrate of

seni conduct@¥1Yelr &XaRPFetranFREbh§dorCs e(@?V?Piﬂ gﬁagﬁsﬁp tor) . As

di scl osed, for exanmple, in International Publication, (WD) 00/39%%3, t hose
usabl e as teenpedpectivnteptheafisyst@RIPEL: ncFde; fbr lBxBREFEPE t°
rata-dioptric systemof the normal cylinder type constructed by arranging a
plurality ofbdaoptaikighns¥BOaRBAgAB6HBT®PYrcal axis and two concave mrrors
havi ng openings in the vicinity of the optical_axis respectively, and a
dioptric system &R thesnpraseseyl ihdef €9pérabhst Eheted BY1dfr BREPRY
dioptric |l enses along one optical axis. Arata-dioptric systemhaving a
formin whi ¢hlan dpBicap axrsnpsdbeweri hha Rapapeamessti gifath6n, or a
cata-dioptric systemof the double-cylinder type nmay be used for the

proj ection mpvabaké sysgemiPLdrThenf dohl bengredpranained @ilrEchéCRrade
assumng that the Z axis extends in parallel to the optical axis AX of the
proj ecti on apvphgatheygtedePembhe Xnazi stekeehdswhachhéawoafscanni ng
direction (i.e., the direction parallel to the plane of paper of Fig. 1)
per pendi cul aonsertheisnanfi mgmdntent ienstbetaheiréliycratREfand -t hdtwafer W
during the scanning exposure in the plane (substantially coincident wth

t he hori zonpabspbasetonstippsesabotenentyirpenpendifculibratéonh®yZ axi s, and
the Y axis extends in the scanning direction (i.e., the direction

per pendi cul gattieftyhagpktaseleafv padpevnstriFagioh) of2homeh? uhUNs20@4catibldr st ,
explanation will be made for the overall arrangenent of the main exposure
appar at us bggyvef this enbodi ment including a stage systemfor supporting
the reticle R, the projection optical systemPL, and a stage systemfor
supporting the wahepso¥herV8spdhal, bSfiashasgppkate hpphawicnmg hi gh
rigidity, which serves as a first base nenber, is installed by the aid of
three vibragieBrBraYeRbi vaeppdestaks ihtAntidB, 112€ appeoxiexposiuye ocat ed at
apexes of a reqgular triangle on the floor 1. An electric level 9A is

install ed ogpbhesbase rphatgpbdingashsetohie ovijbeat i(@m) pratentinve pedestal s
11A to 11C is an active type vibration-preventive unit including a

mechani cal dappetreughgas %@aﬁiﬁa@@&ﬁ@rt@&o@ghydr@ukh@rﬁre&surEdhgsed
danper which I's endurable to a heavy wei ght, and an el ectronagneti c danper

whi ch is coppgsed Qkian eheckkomagRel hppashtakochsteltasizedise Coil
notor. For exanple, the electromagnetic danpers in the three

vibration- pegﬁgmis&%gpg%%&s@ SekbAr Q621G ar modabien stare t(we )pReumat i c

pressure or t hydraul i ¢ pressure of each of the nechanical danpers is

control I ed, ;if ;NeCEIRA Yov3R 143N e BAGehetbeN@dNdn emieh e upper
surface of %ﬁeagase%%latg 12 &rth respectetoethe hori zontal pl ane detected

by the |evelg;94 %@zgle)%% Qfy Gl 0 abeuh ke f WRvAS dure @aQut the

(
X axi s and the $ axi's) are included wthin allowable ranges. In this

arrangement , .y | | onhayingra hicghd nequerseddi@pndifted lA%fedtSion
attenuat ed %35?ﬁeﬁ§§%%%i$%fuﬁM§%04 nechgﬁ?éél dgﬁfer befg}e bei ng

transnitted Lo the paiinLXROSINR ARPHIRUS RO TR Ning Vi bration

havi ng a | ow frequency 1's attenuated by the el ectronagnetic danper. Three

first colums 594, 59B,. ( ' |92 tP))s AL dddgey on the
upper surface ofAfﬁgggggg?gfé?%gaggﬁgﬁﬁﬁgiQ%ﬁgyaare aghroxinéiely | ocat ed
at apexes of .a regular tri I S t 81 WL s gyLvi ded at
its central a}?@rvﬁ’o'r’]é}ﬁ tn}?vé—:ﬁﬁ%pgsrﬁa%ge ;i(%?%gﬁc%lvﬂahgﬂ%]e %\{(Hposure |1 ght beam I L
to pass therethraoug is . fixed on the r. surf. he gd sty fol ums
59A to 59C "R ETFportt IR E RS i s ir‘lixceg on rlt(%e V\Islﬁcglggcrkg pﬁtlate 66 vﬁgfh
spacers 67 interveni t her ebet ween. _ The. sgc i jatd gﬁ;ten17 IS
attached to eghppgigie P Ozﬁagj%&.sec%gﬁ g‘gﬁ e rmqﬁ%}t Q}egcm'egns ag;lgA, 61B, 61C
(61C appears in Fig. 4), each of which functions as an attitude control
menber, are fixed on three projections 60A, 60B (third projection is not
shown) fixed to the inner surfaces of the7first colums 59A to 59C. Those
usabl e as each of the variable nount sections 61A to 61C include a

pi ezoel ectric device such as a piezoelectric elenent, and a driving el enent
such as a magnetostrictive element which has a large rigidity and which is
extendabl e/contractible in the Z direction at a high response speed (for

~



17 JUN 2004 sections 61A to 61C include a driving mechani sm whi ch makes

di spl acenent in the Z direction by neans of a small cam nechanism In view
of the fact that the rigidity is high, the variable nount seqt JoN 8064t 0
61C can be also referred to as "hard nount”. A reticle base 62, which
serves as a base nenber (second base nenber), is fixed on the variable
nount sections 61A to 61C._An opening.for. allown he, e N beam
IL to pass Tﬂ%?%fﬁr%ﬁ@%eiﬁtf%r %hayg%9%%%¥rgf¥%ogt%gﬁhoéggﬁgéggfi%Fé base
62. The upper surface of the reticle base 62 is nmachined ipto guli

surface mhiE%eh%%aﬁﬁe%XtW@ﬁ@?gee§539?eh? ?Vétﬂgs§9ngﬁ?gngﬁ§£n5§§b 3g§tage
63, which serves as a novabl e stﬁge on the retiﬁlehside IS Iidaghé pl aced
on the gui dBeERE¥ aceTBRBBERFG ahdSt VOBF AEAST ondlt § by St HBUEPH 8F

bearings. The reticle Rl is held on the finelé novabl e stage 631 for
exanpl e, bySHBAnSL oG adtiliki BEt PEERPBASMARGE heF 1V eREcFRERSCREEE i g. 2(a))
is held in an area adjacent to the reti¢le RL in Ehe scapni ng, directi.on on
the finely Hevable stage 63 TRE EXPBEUFECEP3paPatie i“@"égﬂ& gﬁéﬁ&da% t hat ,
for exanple, the double exposure can be efficiently exeguted. Ag el ectric

| evel 9D i scPRseareelldt tantBRdEpEPEI BRIBFLt heTHUPdel5urPabESEf-PlfietPeticl e
base 62. For exanple, the extension/contraction anmounts (or displacenent
armount s) of obheinhpebighr PEBPEUKEBUAECYEREYons 61A to 61C are controlled so
that angles of inclination of the guide surface with 24 17 JUN 2004
respect to the hdni tbasabrppagemdetectey Byathécl ebBF IDVARG es of
inclination about the two axes, i.e., about the X axis and the Y axis) are
i ncl uded wi hbithaalbowlbkethangesrsehyt Mpyapiecetdase, (Ft)i §agnsughics
control the angles of inclination about the two axes at the m ni mum

Theref ore, fembexarflLa, @a8)ofhihd thr ezraasedbbweotihe Hasei BEELETA to 61C
may be a spacer with a fixed height. In place of the level 9D (as well as

| evel s descanhbed Hatieingnhpitor76Xanplé€YBa wbiebt drives 6pei caprpedat ecting
the sl ope of a correspondi ng nenber may be used. A rectangul ar frane-shaped
coarsel y nomabkblst agegédinsther amgddtsomihet theetitaohny adovabltéest age 63
of this enbodinent is surrounded thereby. A pair of Y axis driving units
65YA, 65YB auedat maabed .t oThhe het t chesuorhaselyf mpebdepptrgepligt e 66

di sposed thereover so that they extend in parallel in the Y direction. The
coarsel y nogapberstdgec64has danheated front he ¥parirst doisvitdigruni CviB&YA,
65YB. The coarsely novable stage 64 is out of contact wwth the reticle base
62. The coaksekyirpuabbegshage,64tand pbesfibiel yonewahly strdge Gheare
connected to one another by the aid of an actuator which drives the finely
novabl e st agea®3eWiyt hokespecisthact be eoarnsdl yeiorahlye stage 64 in a ninute
anount in the X direction, the Y direction, and the direction of rotation
wi t hi n predet er nifped sn@ekawabaegesatTheeY faxiss dbijeictg ama tthebSeaonsbYB
alternately drive the coarsely novable stage 64 in the +Y direction and the
-Y 25 17 $UNe2@041di eeidhednaiusa yCershard Vel atic priodeaecaridaace with the
| inear notor system That is, the coarsely novable stage 64 drives the
finely novabligcgtage 63 ignrke i¥ndi ieelh ehealscldetidc @gleddtt ivelengidged;n a
state of being held so that the coarsely novabl e stage 64 is hung fromthe
support pl at,e 68 neFuftibRy mempRrf (el Mmwablie siagel 63 ian rpmidivad y driven
wWth respect to the coarsely novabl e stage 64 so that any renmaining
synchroni zaly; QR LY doS ¢l aeheds Hg dewerdiimRneiondmepasint iian and the
angle of rotation of the finely novable stage 63 and the position of the

coarsely nmovable -54808 184 ddt ild18 ¥ UHBCIHIRN - dul1gh noaaaw aftelge neasur ed
by unillustrated |laser I'nterferoneters respectively. The position and the

veloci ty of digd nel B yAlde cthafe.kd Ane ARk o)) ehomidebasis of
obtained results of the asurenent. In this enbodinent, the reticle stage
systemis costy;  f OF exaARlEm D HAte il il diase Bandien fidel y
novabl e stage %é#ﬁgggmthe coarsglyrhnvable staég464. Further, three second
col umms 51A];ap§11%e(é,h'ffodrfé3l d S Pt ane fApiRd-AnpY od @i ely at
positions o pexes of a regular triangle at the inside of the first

col ums 59A,,59 G, 2 (@ e dihs, Upperssdi f ace of

t he base pl ahee %faé%ﬁrrféggsevi (r%‘lrsa e unt SeCCti ons 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 colums 51A, 51B. 26 17 JUN
2004 Those usabl e as each of the variabl 8 nount sections 52A to 52C

i nclude, for exanple, a driving el enent based on the use of a piezoelectric
el enent or the like and a driving nechani smbased on the cam systemin the
sanme manner as the variable nmount section 61A described above. A support
plate 53, which serves as a base nenber (third base nmenber), is fixed on

L NN 1 NN - PR



17 JUN 2004 attitude control nenber, each of which has high rigidity, and
each of which is extendable/contractible in the Z direction (direction of
the optical axis AX), are installed at three places at interwajgNbo04
approxi mately equal angl es between the support plate 53 and the flange 54
for holding the projection optical systemPL. An electric level 9Cis
installed to an end @ortion oi t he_upper surface o% the f|lange 54. For
exanpl e, theY8%eBnsi BRERoREF at?l ot anBREEVRF L PHeCt NPREBFFY Af el enents 56
are controlled so that_angles of inclination of the upper surface with
respect to %%@SE%FF%%%%&ISﬁFéﬁElﬂ@t%§t§858§l?ﬁ@ f QEF'QEﬁ?aﬁBFZEeBFe
inclination about the two axes, i.e., about thg X axis and the Y axis) are
i ncl uded wi ©hi Wiarpbhabl &sr argeseln ssanAmihfe pFBCSHﬁ?E,pPFthnénough to
control the angles of inclination about the two axes at the m ni mum

Theref ore, Whenekhaprevabhe sfagfelehfEévapi innghel FeRP4NE69MaGChdCR
spacer wiwth a fixed height. As described above, the driving elenents 56 for
suppr essi ngbyhehei pidt Pnthe ERBTPROY cBPVORLBpEFRLIR - sySPEfvPERFtsel f are
provided in addition to the variable nount sections 52A to 52C for

suppr essi nginféuenpeapfonibrathensiippereapldt 8e§3cetherefore, for exanpl e,
the vibration of the cylindrical projection optical systemPL is_ intensely
suppressed, and Lheigndgeifsbhat FbatchhraekEPPYrPcaPpakathtafiEdes a wel |
suited manner. Alignnent sensors 38A, 38B, which are based on the 28 17
JUN 2004 i nagepfkoerat ofiizpst mapefirihg vhitaxi’8) syBiem HRGSUHESFPA (Fi el d

| mage Alignment) system are fixed to the side surfaces in the -X direction
and the +X dbeeéttibonodt thekecbeweelpombivehlef sthgepinj sbei prredstiesalinggst em
PL in order to performthe alignnent for the wafer. Al though not shown, a
reticle alighrentinher assependsmapcanged anithd8badtt 8AYdur BAY8) pahticdn of
the support plate 66 di sposed over the reticle RL in order to performthe
al i gnnent f aeakheekseti eve-dAmeabeonbaseot3tieonf bXedhat mavebiter stagerti on in
an area which is substantially surrounded by the three second col ums 51A,
51B (third gabuan kstnatoshdmsxaon7sle,upps) shithaceE ioklyheoyase thleat e 12.
The upper surface of the wafer base 13 is machined into a guide surface

whi ch has amcgxblenmekygexeebl-aimehsabneddy Aithr sesbiene! yomhabl e st age 14A
on the side of the wafer is slidably placed on the guide surface snoothly
by the aid ebazkelheabivags cardabendi meesrenakliyealpord tilonddrs 16A, 19A. A
first sanple base 15A is placed on the novabl e stage 14A. The first wafer
WL is held gaitheosample veasechSAnky coearel19f mofablexatploe, aval wia
attraction. The novabl e stage 14A is continuously novable in the Y
direction, f@La@1anBkegel RaRCERN daReemnkl then ithead ifFleatersys taraweand i t
is nmovable in a stepping manner in the X direction and the Y direction. The
sanpl e base 313453 re@NSanet ebhrauelRd B3t the ifS ddtnelessunaly arin el X4
direction, the Y direction, and the direction of 29 17 JUN 2004 rotation
Wi th respecche e MR ervkdgrdldh the isecdnsPhresallitg ludite Z The
direction, and it is tiltable about the two axes (i.e., about the X axis
and the Y axi s} R QLa88%H Jid REFRIR (e evakigiewrad dfie dpats ng. In this
enbodi nment , second novabl e stage 14B is placed on the wafer base 13 by

the aid of ada-baal MISIRMADISY ARG 1Y) RS stk el Wadaget her wi th the

first novable stag The sécond wafer W2 is placed on the novabl e stage

14B by the %iu%s%fan%hi%qq. d 53Rl & ibass PR or ddg Rur RRss toford hig level i ng
and the focusing. e second novable stage 14B is al so driven

two-di mensi qnal . fx%fngg‘aé@'t%aert CeRrAancs Wi dhedddiears mot or system
so that the second mov e stage 14B does not nechanically interfere with
the novabl e stage - . Sta0e 1wy stamaf,d N amadiment is
constructed %fﬁ%%ﬁ%ﬁ é%‘%ﬁﬁ?éﬁiét e novabl e sf%ggé fAA, 14B, the sanple
bases 15A, 15B, .and the driy] i;&'?t&; her. Thatd s ther wad

st age syster:ﬁegfattlhqnsShel%b'odiT\r{f{eenn%ldrt{Fe‘ag%gs I e:he Sﬁ%%l]lnec- Wafr%ar sSt age lsst"t%fam
For exanpl e, Rﬁﬁﬂﬁ@fQ£a¥¥ can be subjected to the exchange and the

al i gnment oW s de %5t the novabl e stage 14B as the second wafer stage
during the scanning -expos. dd& er the sl de, of 4 hey ppvabl e
stage 14A as the%i%rls Ipa\%alf%éf Js]férglg% Y]@Ele’f o%%, Oélbt g|H'§rpossi ble to obtain a
hi gh t hroughput. The two-di mensional positions, the yaw ng amounts, the 30
17 JUN 2004 pitching amounts, and the rolling ambunts of the novabl e stages
14A, 14B are neasured highly accurately b unillustrated | aser
interferonmeters. The focus position of the wafer during the exposure
(position of the projection optical systemPL in the optical axis
direction) is neasured by an unillustrated autofocus sensor. For exanple,
the positions of the novable stages 14A, 14B and the angles of inclination

o o o A r— A A rr I T



Fig. 2(a) shows a plan viewillustrating the support plate 66 and the
reticle stage systemshowm in Fig. 1, and 31 17 JUN 2004 Fig. 2(b) shows
a sectional view taken along a Iline AA shown in Fig. 2(a). Ay gonwopa Fig.
2(a), the support plate 66 is stably supported by the three first colums
59A to 59C which are arranged approximately at the apexes of the regul ar
triangle (actually havjng shape approxi mate to,an.i'sosceles triapgle
which is sl @pdertiReY neesk ﬁﬂ?%gl’ai gg‘ét%ggﬁeﬁﬁni%ﬁi %ﬁf?.c A°BaPH gﬁe

sl ender rod-shaped Y axis gui des ,71A1 71B are arra geg on.the bgttog1
surface si dBOWRPEReSERBBor t PHFAFEIBE Ko PARESTHR ShehPfigPprodidsd Por the
support plate 66 for allow ng the exposure |ight beamto pass therethrough
i s interposBdskn EaB F%nt§€%ﬁ§?ﬁﬁeﬁi?%5?iBHe(geﬂPP cgkéﬁfg Bt @ngéggf t he
first Y axis guide 71A are supported slidably in the Y direction

subst ant i al FPTPAIAPHBA- cont act state by the aid of air bearings 82 (air
pads, see Fig. 3) at the inside of two frame-shaped hol di ng nenbers 73A,
74A which are fi%edstdlinenpbhesnpsbefhcedofeFABISEBEBBRFELEI 4PR2664Fong t he
Y axis. Both ends of the second Y axis guide 71B are al so supported
slidably inatherdidgreet fbA BRrefhBti ABVEBLSPRhOLBFNGMBRHEFECPEBE 74B which
are fixed to the bottom surface of the support plate 66. As shown in Fig.
2(b), slideappZ2Arug2Boar exppeanged serdaBl gbiACEhEWY) dWEEEL PBn by the aid
of air bearings (air pads) 75 along the Y axis guides 71A, 71B. The

coar sel y noeabbeustayegbd beamr rasgedgbshueraht hefrsepbizeh, (R2Biby the
aid of connecting nenbers 77. OMng to this 32 17 JUN 2004 arrangenent,

t he coarsel yhaoeapbeustagppédatssnokabhetsmdsehl pyi gompeiviagr actilgstal ong
the Y axis guides 71A, 71B together with the sliders 72A, 72B in a state of
bei ng hung movtbéebobmbmrssBacehsctehofidshensupfotrheplfarsteebiegtorder to
drive the coarsely novable stage 64 in the Y direction, as shown in Fig.
2(b), a Y axhs kkpneatl pbtert76¥A whicbnstr actredgby anskafdrsI6®Aase
conprising, for exanple, a permanent magnet array provided on the side of
the first Ymawbsrguikde;72Ad andeaondt abonbleMheobepr i($ingwaicdi lispr ovi ded
on the side of the slider 72A. A Y axis |linear notor 76YB, which conprises
a stator 769Branged bat at eecébliBbaise akabeat t(@6heditfdetieats oomd theaxi s
guide 71B and the slider 72B. The sliders 72A, 72B and the coarsely novabl e
stage 64 areigdekvensennkh®eY dndechieh akongetheoYdaiive ghieddsrdtA, 71B by
nmeans of the two axes of the Y axis linear notors 76YA, 76YB. During this
process, aspshawiel pehbgr.2(a), the Y axis guides 71A, 71B are al so novabl e
at the inside of the holding nmenbers 73A, 74A, 73B, 74B. Therefore, the
coarsel y movabl epst-ageiéd aadchle exbiodens d2Paréd2Bs arddderYbad s gui des
71A, 71B are noved in nutually opposite directions along the Y axis so that
the | aw of gepgervaki R ebsmamER! X s rsybesi@nthal Ify rsat iesddorthire

Accordi ngly, other portions (for exanple, the projection optical system PL

and the waf gl 3LR0S £S Y31t Pr @ tPheNeAtadrf.r ombeing exerefdnand,hat
i nfluence of the vibration generated in the reticle stage 33 17 JUN 2004

system duri g e $e31R RHLXRORUITE rsB ReRraldl® Wedde: AW desiplbd t&lB are
novable in the Y direction, it is feared that the position may be gradually

devi ated duting Jhe B QERSH1l mticl tibe o5 GRMIRGLRRON LS, conti nuousl y
performed. I'n order to correct the deviation, as shown in Fig. 2(a), |inear

encoder's 854 B3R based Qhd BE HOR-CAN 36t Y SLLTAUAI Al IO

system or the phot ctric system which serve as positionnmeasuring units

for measuring Lhe PASidHINs OfadiRenY ad $AVIGehshliAtedBd & st

direction, are arranged at the bottom surface of the support plate 66.

Further, as | i %n(&)rcr L@rﬂﬂ ¢ A O pdeWRfedd Bnd (e A

positi0n-c0P§§%¥?ﬁbqﬁ4§§§ not or 83YA, whﬁéh IS conﬁbsed gﬁ a stator 83SA

and a rotataor .~ fnstall ed between the first hol di ng menber 73A and
e

the Y axis 5ﬁi osition-correcting |inear notor 83YB, which is

composed of ‘a stator, 8358 and . LatAl Qi BPB.d Sihnstal lichbel vean 1he

second hol di ng nember axi's guide 71B. en the positions of

the Y axis ides 71 1B s ed [.near.
gradual |y dg%g&ieeecf %Aﬁnegrpeoes#’%?oohi aofxg%{nr%g]% &%ﬁrlg?glufg%]i, tgrg%lB t%g% f)cff

noved to approximtely central portions in the novable ranges in the Y
direction by using the position-correcting |linear notors 83YA, 83YB. Wth
reference to Fig. 2(a), the rectangul ar fibat pl ate-shaped finely novabl e
stage 63, which is slender in 34 17 JUN 2004 the Y direction, is arranged
at the inside of the rectangul ar frane-shaped coarsely novabl e stage 64.
The two reticles Rl, R2 are placed on the finely novable stage 63 in the
scanning direction. Each of the reticles Rl, R2 is held, for exanple, by

o o N . .



pl aced novably two-dinensionally by the aid of the air bearings on the
gui de surface 62a of the reticle base 62. Openings for allow ng the
exposure |light beamto pass therethrough are fornmed at botto% JUN 2004
portions of the finely novable stage 63 corresponding to the reticles R1,
R2. Further, as shown in Fig. 2(a), two X axis actuators 78XA, 78XB, which
are displaceable in the X direction in accor&anc§ mﬁ%h t he noE-cthact
system by uBRRgSEReNe| BeYrBhagHeTPELf or CECBRSENT0Y: F8F EX&NBrE’ tHE E
core system the system based on the use _of the Lorentz's farce, aqr the
snmal | - si zedSeFPRAr NABRBEESPSTRAT GRB PRsEALVED BREWEEAYY hAD nﬁgF gﬁFFEce of
the coarsely novable stage 64 in the +X direction and the side surface of
the finely hevable semgeregannbenEinglyi Pe¥efof® ARSTARFY ZEMAAFSPIT7SY,
which is displaceable in the Y direction in accordance 35 17 JUN 2004

wi th the noarront gt regseerh byThsra§orRe éFeéfr BAEYNELI B2KEr EBSin the sane
manner as described above, is installed between the inner surface of the
finely novabbetspigéusingnthfee*yodil¥ecti on and the side surface of the
finely novable stage 63 in the +Y direction. The actuator based on the E
core systemis afitatsudesirahilehthstchpabrspefurakpngaratasi F8r&tepl acenent
at high rigidity by pushing/pulling a plate made of a magnetic nmenber (I
type core) bympsingsebeftretmngnetistpncl(d8XAg Z8KBs W8¥ndWhiebtind E- shaped
cores disposed on both sides. In this enbodi ment, the finely novabl e stage
63 is driveneiLiatthel¥X dbwvest tba, fiinetYmdivebéei vanbandwikd deseeritolcof
rotation relatively with respect to the coarsely novabl e stage 64 by using
the two X axhe aetuatiomeviBXA, méBXBrandntihe ereo¥daricsuattwat(@6YR3Y. The
position of the coarsely novable stage 64 in the Y direction is nmeasured by
a first retiveks) YwAxch refletfiecdgetmeregdthki ekcbsdconwpebée ofmbelraggith
interferoneter arranged on the bottom surface of the support plate 66.
During thi srpepeessroespecisakbyid bheeposinbeen of the coarsely novabl e stage
64 in the X direction is not necessarily neasured, because it is fixed.
Further, a slenden BeYeNEBhoRherOBsBRXL]Saf fXedtt aethedsifde pwodacengf t he
finely novable stage 63 in the X direction. Areticle X axis interferoneter
81X, which kg @szgags@a abparbaser acabesfiamonet ehe breaenandedestivhat it is
opposed to the 3 17 JUN 2004 novenent mrror 80X. A neasuring beamis
radi ated froRekhenr at nek@o¥ &¥irs prbeciagosrt expdtXrentpphlia tnmy dwent
mrror 80X The position of the Pinely novabl e stage 63 in the X direction
is measuredghyokhagr gt kekend avheckntethenameikebs8Ly 1Theitr eldael e
interferoneters 79, 81X measure the positions of the coarsely novabl e stage
64 and the P%.Q%li)ﬁgn'@‘}‘f}gbghs%agﬁt@%:rnf oF ex3apke, oAy basi meahdef erence
mrrors (not shown) fixed to the side surface of the projection optical
system PL. ' | BBNtonhe Sfinbe by rapvable aStage &ncerdriesgn os th
the three dggﬁggg%ggq?%gég§ﬁ1(t e X d??ectio?? ?ﬁe Y direction, and the
direction of pOlabnOBalaue aeZ axiak Wiklier apgect | arthadien/sely
novabl e st age . However, the finely novable stage 63 nmay be driven with
four or mr%o@%%ﬁ%?%t%&ef r@adom $isX tdegeeaRvab il aedomialcd hadreairay) .
For exanple, the finely novable stage 63 may be driven with respect to the

coarsel y moyahlee SL3gs 5 DY AUYiNGa ded ridhih ol 86-:8a11085 i icRedom

descri bed above, at 1east one of the direction, thé direction of rotation

about the X axhS. aadalhe9)ract :0nhadibatindy hAetlilh btk 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
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Fig. 4 shows a plan viewillustrating the finely novable 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 nount sections 61A tq76JGNVDoR are
arranged approxinmately at the apexes of the regular 37 17 JUN 2004
triangle (actually having a shape approxinmate to an isosceles triangle
which is slender in the scanning direction SD %Y directio éé. An Bgening
62b (see FigtisFientlyl rBRFHY ?hEh%xgbgﬁFeefPa FrﬁeﬁﬂP?BaB s°fhEPEt hr ough
is formed in an area of the reticle base 62 on the bottom surface side of
the finely R69aPRe $PRFREE3N-i.e., an area under an illunmination area 8R to
be illumnated with the_ exposure |Iight beam Two _corner cube-t novenment
mrrors 80YA, 80¥8 %Féliiiﬁﬂtﬁ?raaﬁP%BEte?n?ﬁ%ﬂngpﬁﬁpﬂﬁuHFspﬁﬁgg in the X
direction on the side surface of the finely novable stage 63 in the -Y
direction. MESLAiRg beakBeaPEePaar at BUCBRE 87t haSRovBndht SHPPPEFE SOVYA,
80Y8 from second reticle Y axis interferonmeters 81YA, 81Y8 conposed of

ext ernal | agekhpdt EPT cpBREEERS. 2 THECHBY| PPORACEN (Fhe Y1HPr 8Bt PEROSHESt he
angle of rotation (yawi ng anount) of the finely novable stage 63 are
neasur ed bylidbtreepvl paysirgsthreegheponetbesnge¥a2 8iy8t PBIS€kanpl e, the
reticle Y axis interferoneters 81YA, 81Y8 al so neasure the position of the
finely novabRe) st ge €63poaurkemphbpd ehararbeshgednPyr 6PEPLAEERShown) fi xed
to the side surface of the projection optical systemPL. Wth reference to
Fig. 4, thesopppralingxass¢éaendubbag aginbprof6Rheineni eFatx grppgble of
interferonmeter 81X passes through the optical axis AX of the projection
optical syshekiPy dispbsedmanttWétbeat predeteneintfuninierorfafeqgrers The
center line (symetrical axis) of the optical axes 38 17 JUN 2004 of the
two reticl eo¥ axesdont enf er 6ieter baBéYnemBeYB(aPso passesdt br fughktt he
optical axis AX. Accordingly, the projection exposure apparatus is

const ruct edmsttgblehatagay (FeasfoenpotieiooingAbbe éirek) obgentt mgyablat ed
for the position in the X direction and the Y direction even when the
finely novabhetBtagecbddi baret atebdetrp pdaEiegt entecbhdi sogedileablagehat
when the neasuring beam and the pattern plane of the reticle Rl, R2 are
devi ated i n(rehat Fep postibeocAidyr eati eBceadcebieny abvhedgt canehef the
reticle Y axis interferometers 81YA, S1YB and the reticle X axis

i nterferonekers8l¥askheembelkgaahdonentpbeliagornt ertisudenstfr ttked to

radi ate one nore neasuring beam separated fromthe neasuring beamin the Z
di recti on optechherABYEeRBRbel Wi6R @Esphetf Lbekyemivable bakagaetBeso sbhat
the amount of inclination of the finely novable stage 63, i.e., at |east

one of the gppuRt sQbpi-akat kaBrabebh thasXdawysmopetnehicngfarbentty rard the
anount of rotation agout the Y axis (rolling ambunt) is neasurable on the

basi s of thgnAeasuhed wakHesecatkegsponding to the two neasuring beans
respectively. A position-detecting system (for exanple, an autofocus sensor

on the reticle shdehrB¥%gbeof ¥hkhekpBEaYedad theddakeaksthe beasiabove ,0f the
pattern plane of the reticle in the Z direction, if necessary. Next, Fig. 3

shovs a StaEﬁeiQiWQEE@ohhﬁa%ﬁﬁgoétlghaE%e%@enQQ whi ghatRe1goarsely novabl e

stage 64 is hung, Is deviated upwardly as starting fromthe state shown in

Fig. 39 1Zréngéggédltom&hQ referened Lecbhd mdvaMhen sikhgeeticle stage

systemof this e iment is assenbled, for exanple, then the reticle base

62 is first %}ﬁg@@éﬁﬁe&g %g,{?g g@%%%&% TRURl $eGkiPNe GLALRELGs amd the

finely nova t age aced on the reticle base 62. "Concurrently

therew th, Lhe, %eags navides o7 1 aliBe1theicharsely yable (Haga 44 and
ot her conponéents are attac eg to the bottom surface side of the support
plate 66 in si_ti.ana | at i S i i 2 hat, the
suppor t p|aP%Q%gE%SS%F§%d&X{%§ %ggp??g %%5 ?% igg@§£C%§t%ﬁ%é%%?ﬁ%%ain
lines in Fig, tt finel I t LS {426 t the

i nsi de of t%gsgoggg%%énnnggbsé gfﬁbgggigeéﬁgéggﬁéﬁg|??k?%§1§g§§f§ actuators
78XA, 78XB an itg%eéfaxis actuator 78Y shown in Fig. 2 are attached. Thus,
it is possiB\e 6 & ‘iciently assenble the reticle stage system Fig. 6
shows a control stem for the ret.icl. t t f . thi ]&Qggg; nt.
Wth reference t§%¥$€?l%ip3§95ﬁ$dhﬁ5h3%§%%%%3?%¥§2$2%{§n%§§ %E connggfed to a
mai n control system 91 which is conposed of a conmputer for collectively
controlling the operation of the entire apparatus. A reticle stage control
system 93 for controlling the operation d2 the reticle stage systemand a
waf er 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 exanple, various pieces of
timng information 40 17 J U N 2004 so that the operations of the reticle

o, . e e o~ I T Y . T . o



The respective operations of the Y axis linear notors 76YA, 76YB for
driving the coarsely novable stage 64 in the Y direction, the X axis
actuators 78XA, 78XB and the Y axis actuator 78Y for relativwel yuN egoag the
finely novable stage 63 with respect to the coarsely novabl e stage 64, and
the position-correcting linear notors 83YA, 83YB for driving the Y axis

gui des 71A, 71B are controlled by a driving.system 96, ring g scanni ng
exposure in® 1@%& fﬂﬁt??ﬁe?VmﬂB%gﬁfeSEP%ﬁﬁgéggi% éﬁ%egggF %ﬁggggnstant 41
17 J U N 2004 _velocity in the SCﬂnni g d'rectéon §D %Y d%rec%bon), the main
control sys %%iginsﬁp%F?Eg EABAPHE of PP OM BNt AR £ ErYBEE pBeFt 8n and the

t ar get velocitg of the fine%é novabl_ e stageﬂ$3 toﬁéhe osiﬁiogﬁde ecting
system 95 VPEEERRSEPHRRAORBURCE oRf r BRILGSE Rt 05T SRUPPNBY, E1'F hél85sary, the
mai n control system 91 supplies, to the positiondetectjn sgsten195, t he
infornationbéﬁet%@mE%FfeE£@819%Pu@nthFhEh%E@aPF§% BEEPEFon3of the finely
novabl e stage 63 with respect to the coarsely novabl e stage_64, and the
target posi Prenechionhgyytani $PHUi 8% PIAIeTEBNEnaRhaM§Sqi PEC PN
Corresponding thereto, the position-detecting system 95 detects the errors
of the posiPabhetndofhehgefbEpEyobl cEheoRtRefPenBoapRe SPa§EL632dNnd for
exanpl e, the positional discrepancy anount of the finely novable stage 63
fromthe cefiuethet chstnolabhe pangethrufer e§pebe £BirAebessr v8MpPerovabl e
stage 64. The Y axis linear notors 76YA, 76YB and the actuators 78XA, 78XB,
78Y are driwénhbyespecaidoothEhéidstvbﬁgesvgmbﬁrgéoséstﬁ@tSPﬁ@réﬁﬁoFbeand
the positional discrepancy anount are included in all owabl e ranges.

Accor di ngl yyibhetfipnebgusedabyetbeageveBenhdofheheefiizbésaRd, sRZoadsposed
thereon are scanned at the constant velocity in the +Y direction or the -Y
direction. wovehée, sthgeposi Rconrdsngdyr echedpsojehatonysyRiESHi 28t i on error
is corrected, if necessary. During this process, when the coarsely novabl e
stage 64 andtdbeyf heébyasowable 42 17 JUN 2004 stage 63 are noved in the
Y direction with a nomentum PRY1, the Y axis guides 71A, 71B are noved in

t he opposite direatsonliM bhonhrentapecPRY2, tBRYE. ekppshee, abperbgiisow ng
relationship holds in accordance with the | aw of conservation of nonentum
PRY1 = PRY2a¢cBRI3ng. to( theUpuakkyr theeadjiohnilngsshat aar eaposmrehe waf er
are successively subjected to the exposure, the reticle RL (or R2) is

al ternat el yappanaedsi fiokthexp¥sdhteat sencaddobhectY (dil) egticdnalmy the finely
novabl e stage 63. Therefore, the positions of the Y axis guides 71A, 71B
are const ankxpBsayer agghtHpwawepastohgexamplgh wheattbenopdr at ifdmrsits
mgrated fromthe reticle RL to the reticle R2, or when the reticle

al i gnment i gppertormed, khel sxbeaued tbhpbrbhasYcasiracgerdesd/ by 71B nmay be
gradually noved in the Y direction, and they may be excluded fromthe
novabl e ranggmphAs3ughadrease, phee axapRle(1bhewbXphsuke st@pdited by
continuously perforned by correcting the positions of the Y axis guides
71A, 71B bytugi B4t B¢ BOpILrANi€Y b@CRﬂi!b@akﬁ@ﬁaFr@%@ﬂtiv%?:‘}%de&&‘éBsby t he
aid of the driving system 96 before the start of the scanning exposure or
during the perihod;ek)ni gr akiendt Baklemexpesur@2fokniihe nexplsheld amea on
the wafer (between the shots). Wth reference to Fig. 2(a), for exanple,
when the pather#i96et Baghi hatest bl @ hRLalig brapsbanred i@jt @t he wafer, the
scanning is perfornmed wwth the finely novable 43 17 JUN 2004 stage 63 in
accor dance Wx%@nﬁgﬁ)lreg% PEQGRL 1B MRk Qi'ls?)(?.af‘clé%tbltehgi'rls!tu'ﬂt&ﬁtth.@é area SR
traverses across the reticle RL alternately in the +Y direction and the -Y
direction far,eveny 3hek,sMgAal RS RALHErD of e RRepid R &6 is
transferred onto the wafer, the scanning is perforned with the finely
novabl e stage . I i Lecl Rk ' ' t the
11 i mat 1 o 2 B R B O e R A LA AT ey
direction apd.the -Y.di.recti fQr..every at . ord , anpl e,
even when t %gllgglulg’loeglg%go%urtgl% sfqgg’r%f (;%%?EW taﬁﬁf%e %ﬁgﬁgﬁblﬁ(}e
reticles R1, t i gt ri f 19 I.$,7r, i1 t jgration
fromthe retsitclz%é3 R‘rlﬁ?‘(% t“&ielc?le?%clae ﬁgﬁgetgnﬁ%t\)ﬁzﬂ x%s&?% ifé%%oaigr%d at a
high {1 oUGHRAe A% P SAIIRE G ANRUCd RS IRl dage system of the
proj ection exXposure apparatus of this enbodi nent, only the finely novabl e
stage 63 is placed on the reticle base 62. All of the coarsely novable
stage 64, the Y axis linear notors 76YA, 76YB, and ot her conponents for
driving the finely novable stage 63 are h&ing on the support plate 66

di sposed thereover. That is, the driving units for driving the finely
novabl e stage 63 on the reticle base 62 nake no contact with the reticle
base 62 at all. Therefore, there is little influence, on the finely novable
stage 63, of the vibration generated by the driving units such as the Y
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44 17 JUN 2004 is obtained. Even when the scanning velocity is increased,
the influence of the vibration is not increased. Therefore, it is possible
to enhance the exposure accuracy, and it is possible to incqqagghgbgo4

t hroughput. No | oad of large weight is applied to the guide surface 62a of
the finely novabl e stage 63. Therefore, the flatness of the guide surface
62a is maintained in a wellsuited manner. Al so i.n vi m/of.ghis act, the

hi gh exposure acREFREYing BBt BiRes*PRAS HEsEFFBRd 3ﬁosg?cﬁ6 F3ad°8Y°r ar ge
weight is applied to the reticle base 62 of this enbodinment, and there is
little inflEeRceXdPPYEbrali dRtA¥CwRYPE YHEFRF5PR PFEYCBRANDI B the reticle
base 62 may be supported by the support plate 58 for the projection optical
syst em PL sWokphi aneigdes BymerBanig2ef camBEppBHEinBRbar g&6r§@@885ding to,
for exanple, the projections 60A, 60B shown in Fig. 1). In this

arr angement angt apsedestrappenehaf GABPOAY i 9PN ePRDUAEIsECYi 6ASN6PA FH61C as
descri bed above are provided between the support nenber and the_reticle
base 62 or béuwethtvhefsuppsrtirBnbEevanbivAersdppbrtspl(atd 531BThis
arrangenent al so provides the foll ow ng advantages. That is, no harnfu

i nfl uence oFoyi brampda,op Ghévingeeilsmerer {BArEnMPHEL pr 168t REnopt i cal
system PL. The spacing di stance between the reticles R, R2 and the

proj ecti on ppekzcalesystenePemestrandt ai megnabpetsigbiye FéemerfnpWBicht s
unnecessary to provide the autofocus sensor on the reticle side for
measuring thes45 higi FiNig00¢ spdcivhicli beansehbehweesrpheer 6Peeldes R1, R2
and the projection optical systemPL in the Z direction. The reticle stage
system of thas babodedefibri sabhsed othet fierdoubkéihuvbderosyspdnmembers

Al ternatively, the doubl estage system may be adopted based on the

si ngl e- hol de¢s1RysbedlCh. whiinhtbhkyaonengeteoke thepivabedtdpnt hevingeky
novabl e stage 63, and two individuals of the finely novabl e stages are
provi ded i n1par 8kkglenAlt ésnathvek}y thensmhgkedstagéhsystiewtnandbe
adopted, in which only one finely novabl e stage based on the singl e-hol der
system i s ugedonBomoesdlpl erawethmuehatepcentiepEngendlyt.heThier bearing (air
pad) 82 is used as the buffering nenber when the Y axis guide 71A, 71B is
hel d. A maggebirgakby bFoahkengit¥pembeabilagsiayebhavdiad horetlhe ibefiferi ng
menber. Further, for exanple, a nmechanical bearing such as a ball bearing
may be usedhﬁgh Fheqhehber tag BeMbeppréesauseyt hhevibhdatifornhef ftitety axis
guide 71A, 71B is not directly transmtted to the finely novabl e stage 63.
I'n the enbodipepigdesehicked abewverst heThawegbreonseryahifomedkemofentism i s
satisfied by using the Y axis guide 71A, 71B as the counter nass. Anot her

arrangenent i g-aksenavai kdbligatthat is, for exanple, the |aw of
conservation of nonmentum nay be satisfied by providi ng anot her counter mass
separately from ghet¥iaxhsrguibdachtA rbiBexbHitiBer thien epipae@iref the system
in which the driving reaction force is offset by satisfying the | aw of 46

17 J UN ZOQép‘a%%%V%&%le ORERALLE of %&ogé@rmloeb sRelher(xan! wHich
0

separate fr the first colums 59A to 59C nay be fixed on the base plate

12 or {1007 oo 3RCACLUALALGLO e LhiOVRded, N dENerantlia CHjuEt akbe used
to apply thé Parce for o FSettlng the reaction force generated during the
movenent of (the Linely Jouakl e shage (63 andalhe deadfesel 05 3M0Vale Stage 64
to the coargglysﬁgvggléﬂgtagé 84 or the fingly novabl e stage 63, the
reticle basg182e 0 RESHIRGH! IR Sichiber Yl o1 BRLNOR Lop1Ashaldy ng. t he
projection optical system PL of the projection exposure apparatus of this
enbodi ment  wl | lai [ id RelQwW,1E@am S hRWs R Ridn igew
iIIustratinékfﬁgE§&§%%P%4§a%ﬁ§%§?¥§2%wnch tﬁ%aprgiection optical system PL
shown in Fig, IS i |l ed.c W referenge tq Ficg, NESIHRP WL gt e
53 is pl ace%o(g%rtoﬁlew\%znﬁb%gﬁ 35%1\%’1?# s%ccﬁi'ons 2A to 562%]:\5% ch are ayisr anged
approxi matel.,y at the. a s . of lar tr | e.n e dF d oy out
53a is formed gﬁlplpﬁertsel%g)é?} ﬁc tet@lq#dg?)lrég%t inFOerﬁdb%?tgt hgcsupporr%}]p ate 53. The
three driving_elenents 56.are. .ar d i r angl around
t he cutout 5?r§ﬁ@ﬁ*ﬁﬁeﬁgﬁbpgcI%§ﬁ9%5€?%gf££§g¥§#f$ﬁ£%$ tﬁﬁg embodi nent is
installed tq _the support_ plate 53.t f ol i ure e adgpt ed.
That is, th%rﬁrﬁ“&c%eo t@gttl%cealprsdfset%% éé%\lgeggé’;% %ﬁet%% the Htange' 54 1s
inserted through the open end of the cutout 53a. After that, the flange 54
is placed on the driving 47 17 JUN 2004 el ements 56. Subsequently, the
cover 55 is screwfastened so that the opéen end of the cutout 53a is
covered therewith. Thus, the installation of the projection optical system
PL is conpleted. For exanple, when the nmaintenance is required to be
performed for the projection optical system PL during the operation of the
projection exposure apparatus, then the cover 55 may be renpved, and the
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48 17 JUN 2004 projection optical system PL conposed of the plurality of
| enses, installing the projection optical systemPL to the support plate
53, and performing the overall adjustnent (for exanple, electyr{jgngpoat ment
and confirmation of the operation). It is desirable that the projection
exposure apparatus is produced in a clean roomin which, for exanple, the
tenperature and the cl] eanness are naged. Next, _explanaiiio Ll L be nade
with referehtBT R R gl a7 Rer 2a l%§2ﬁ5?§u8Pc¥hésp?88 §§° %9 %Vg%hging a

sem conduct or devi ce basgd on the_use of the g okegtion gﬁgosuretagﬁaratus
of this enb®BFABAt2tEEHU? SABRECLXBRBPEFS - st %‘% FOPThr obtici RG=4t+:

sem conductor device. In Fig. 7, the . wafer Wis_firstly rodgced for
exanpl e, fr%ﬁ?sPFi%%ﬁos@ﬁﬁﬁﬁﬁﬁﬁcbbghlﬁf?@FuFﬁEF}thgPErEQP@P Fs B¥pli ed
onto the wafer W(step S10). In the next step S12, the reticle Rl .shown in
Fig. 2(a) isnfbaeding tAe %B@i Ehérduhage PRECEEY ufi WaﬁFoﬁOQVeﬁe%lPﬁ‘at al |
of the shot areas SE on the wafer Ware subjected to scanni ng exposure with
a pattern (PAdAchpeErbynERELSYABBFCA) 28nat RESHEEPEIBCREVISNEsERGéNt Iy, in
the step Sl14, a ggedeternined pattern is forned on the resgegﬁix% shot
areas SE on the Waf&f YEByTpRLEoERPrRg® FBECBRanpPe) tRePdeVEFGHMERT, the
etching, and the ion inplantation. Subsequently, in the step S16, the

phot or esi st the Bppriebasat wetherwapef We| RrPpecsiep SYSTEH BE perf or med
thereafter, the reticle R2 in place of the reticle Rl shown 49 17 JUN
2004 in Fi gingta)led movedsiblvhaénpaspifiensundacet HarerLdRIn#LtSn area so
that the respective shot areas SE on the wafer Ware subjected to scanning
exposure w rhspepat ter hhédeskgnated by the synbol B) on the reticle R2. In
the step S20, for exanple, the devel opnent, the etching, and the ion

i npl ant ati on areIpeibodredrhbiet hbamatbe WroThatioa pvedereds ned pattern
is formed on the respective shot areas on the wafer W The steps rangi ng
fromthe expopppetstiepnt bhehehpatit beref memheirohyst8g dédcrifbed above (step
S16 to step S20) are repeated in a necessary nunber of tinmes required to
produce a dpiiredisgnbfordtiendebdeyicortrBotibanpiredishéadealdg $hapd(step
S22) for separating one by one the respective chips CP on the wafer W the
bondi ng st epttanddeheopackagmegbstep (6step S24) are perforned. Thus, the
sem conductor device SP as a product is produced. In the enbodi nent

descri bed above, thhetplésenbthaveatpenti, saappkbed tmethbe foo) ecdoeing
exposur e apparatus based on the scanni ng exposure system However, the
present inveat k@poksraobpbabted thepetidangThe phesettsienrerniventional so
applicable to the projection exposure apparatus of the full field exposure
type such asithose hasedhed rhe pieduandgr epeaikpsysiremapparatels £ogase, the
magni fication of the projection optical systemis not |[imted to the
reducti on sysbesinyhicBemmyidbebgictherithe ah expagnirki adihenbeyst em or the
magni fi cati on system As for 50 17 JUN 2004 the projection optical
system whepakhenbak neblugaviaohet tkay s¥ch s rishe opyeictsr thasetetihwdised, it
is desirable to use, as a saltpeter material, a material such as quartz and
fluorite whigh harsAizes comprilsti haviselbpbritang When rdte agd agetbear the
like is used, it is desirable to use an optical system based on the
rata-dioptrigosyshemer atilke orehl @atirag isys My ibdaichen - drizerepitasent
invention is equivalently applicable even in the case of the exposure
appar at us b?%%@s@&ltsthﬁrAQX'lth)X SNSI@Mg BN@ RXPES Wak A RRMBRIUS( d29S &Fh ON
the use of the exposure light beam of the X-ray such as the hard X-ray and
the EWI i ghkh%e%mffs% 128 eS Atk BY, 8@ aRd i ot e @ENasy e fappar at us

based on the use of the exposure Iight beam of the charged particle beam

(energy bea@ct%pg%bgﬁétaragtﬁla%%% beamiand Jdhedien deam Mienddqe X-ray is

used, for exanp ecting systemnay be used for the projection

system (especiallsl ifoae 439,01 d W hichhio10eaa ity 1 &fd 9¢1d g type

projection systemis used, one of the reflecting type is also used for

the reticl e)S.ec\éb?)l%ln Lhe (ﬁ{e%ﬁ)teerrqn abgq;pg&zﬁbz%@lea%t%jﬁt(r@qi GHptical system

conposed of "an electronic ns an tor may used as the

broj ect! on JEULATAR) Gile SUSLAM.p ldord S BEPHRKSHIN PR A dhept i cal
path, throu i'ch 't e el ectfon be m passes, 1S I n’a vacuum state.

Further, when the electron beamis used, it is possible to use, as an

el ectron gun, | anthanum hexabori de 51 17 JUN 2004 (LaB6) or tantalum (Ta)
of the thermonic em ssion type. The waylbf the use of the exposure
apparatus is not limted to the exposure apparatus for producing the

sem conductor. For exanple, the present invention is also widely applicable
to the exposure apparatus for the liquid crystal elenent fornmed on the
angul ar type glass plate and the display device such as the plasnma displ ay,
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As described in Japanese Patent Application Laid-Open No. 8-166475
(corresponding to United States Patent No. 5,528,118), the reaction force,
which is generated by the novenent of the wafer stage, may be gpgpagogal |y
rel eased to the floor (ground) by using a frane nenber. Simlarly, as
described in Japanese Patent Application Laid-Open No. 8-330224
(corresponding to United States Patent No. 6,020,710), .eaction force,
which is geﬁég% 2By PREPSS! a1§eﬁoﬂéhwaﬁﬁﬁlﬁnesﬁ%ﬁt(%%R?hfo

I .
e reticle stage,

may be nechanically released to the floor roun by, usi a_frame.nenber.
Fu¥ther, i PPPREC LABLBY nEHE 8BSER b@ﬁj355ve§g?ﬁgrgiggyBPakgg1§rPguE§%9§lIed

on the floor 1 by the_aid of the vibration-prevené%ge ﬁedgﬁtaLs %iA to 11C,
and the waf®@pthadeas3deeRalpPpisePE¥Pums 58APPESE8E° SRASEH&ECLERLNE col ums
51A, 51B are provided on the base plate 12. However, the present invention
is not |imipeadvect A8 BRiAAQEHBABUTThAPPREALIH ﬁﬁat@eoprgﬁgnﬁafer base 13
installed on the base plate 12, for exanple, the wafer base 13 may be hung
on the suppdhveptaPe-53 by the aid of the colum, or the base plate 12 nay
be supported by the variable nounts 52A to 52C. I.n _addition thereto or
singly, in placelofsthélvpbpabrsnapPegent pvBepBaEsEaFsPTPAUCENTIE for
exanmpl e, the wafer base 13 and the second colums 51A, 51B nay be supported
by nutual | yddiviter eacoviibpat fonphevERePeREpEBESHEL ST ESPRELSEE Fh6n t he
floor 1 or the base plate 12. It is a matter of course that the present

i nvention i stapt ofi perédrménghexeasodenblt §8dBScENBe@*RPEVES WRLERIRY be
enbodi ed in other various fornms wthin a range not deviating fromthe gist
or essenti atheharposerestpbpsretushefprbsenreranentinyantARPR of A Bd9bont ent s
of disclosure of Japanese Patent Application No. 11-358203 filed on
Decenber 16exp88Qrenekudiragyt he speeihedaticonrdéhgi e, theamiregsntand
abstract are quoted and entirely incorporated into this 53 17 JUN 2004
appl i cat i onini/AMRUSIRI, AbnAPREhEABLLI T¥ Aoserbilrgtboptrhdufer Sheedeydgee

met hod and t he exposure apparatus correspondi ng thereto, the coarsely
nmovabl e stageviagcehd huhwgablfennedber whiwhi ¢k escpildended for éxiawplehe
novabl e stage (first novable nenber), is out of contact wth the base
menber (retiel pabaseh daivhifahntbe.novabl e stage is placed. Therefore, the
novabl e stage can be controlled highly accurately at a high velocity

wi t hout increasing the |load on the base nenber. Further, the influence of
the vibration fromthe driving unit for the coarsely novable stage is
mtigated, and thus the hrgrexpesaNaTacNUOECTHES DBRbWANGSd. According to

t he second exposure nethod and the exposure apparatus correspondi ng
thereto, the first novable stage (reticle stage) and the second novabl e
stage (wafer stage) are indirectly coupled to one another by the aid of the
attitude control prgnber shewswhivglht bartigidicuy a6y, be isatieeasdd rel atively
hi ghly. Therefore, the vibration having the | ow frequency is not

transmttedtohbercwe MYakkeastiages prdgperdent kkpoBids adparitgls of
exposure accuracy is obtained. Therefore, the device having the high

function, WaiCB kg8%68 fbod ifidh te%a@ira nigh tithe nRatheigedtaiitifaduiess. such
as 54 17 JUN 2005 the line width accuracy, can be nass-produced by

perform ng the pgxposur g JfosHAR raa?t N i@k tiilqu@@ﬂa%qn?y Usippaach of the
exposur e apparatuses of the present invention. 55 17 JUN 2004 CLAI M5
plate 66 and a reticle stage system shown in Fig. 1, and
(b) shows a sectional view taken along a line AA shown in
Fig. 2(a). Fig. 3 shows a front view of major parts
illustrating a state in which the support plate 66 is moved

upwardly from columns 597, 59B in the reticle stage system

shown in Fig. 1. Fig. 4 shows a plan view illustrating a
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1. An exposure nethod for exposing a second object with an exposure |ight
beam via a pattern of a first object, the exposure nethod characterized by
conprising: preparing a first base nenber, a second base nenfyeguyNReb4i s
different fromthe first base nenber, a novable stage which is arranged
novably on the first base nenber and on which the first object is placed, a
driving menber ich drives the vabl.e stage I n redet erm ned_direction,
a count er nﬁ%@exgi@ﬂv?giﬁr?ﬁﬁaﬁdggl?Hgb?yrgﬁl?kg §%§8ng9bgé “irem eFlghd a
vi brati on-suppressi ng nenber whjich suppresses _vipration of the second base
member wit hlr espedt gosFﬁﬂsf?rE%aﬁa¥ég§eﬁEiP?t5ﬁHlagi9iﬁ&ppﬁﬁgnggﬁgﬁe st age
in the predeterm ned direction wthout being in Eontact wi.th the first base
nenber in a53thPE FHPRAFERNEHR HFP@?ﬁblﬁEnﬁgFng sHppbFRed o PHE <Bcond
base nmenber; wherein the counter mass i s driven in_an OB osite direction to
t he predetthﬂneH-diFéﬁti6nS§BWFhétbﬂaﬁﬁoﬁléaﬁggr%%iPﬁﬁ gFlﬁﬁnﬁntun1is
substantially satisfied when the novabl e stage and t he drivigg nenber are
driven in t@enpredefEPhrNedcdi EBBt FBRIFASt RBAGRI FYRHSEt 8FCC5 I PHe texposur e
met hod according to claim1, characterized in that: 56 17 JUN 2004 a

posi ti on- nekBar ewgodameniihi cRifealuPBSWE BBSIPLBKRYoFLERE LSURELAVREES in
the predeterm ne direction and a position-correcting |inear nmotor which
drives the soasamnécondystarodgvife preasténdi AedtBPr BEPPEAMEALthe basis of a
measuring result of the position-neasuring unit are provided on the second
base nenber. 3. An exposure apparatus for exposing a second object

BEST MODE FOR CARRYING OUT THE INVENTION

An exemplary preferred embodiment of the present
invention will be explained below with reference to the
drawings. In this embodiment, the present invention is
applied to a projection exposure apparatus based on the
scanning exposure system of the step-and-scan system.

Fig. 1 shows the projection exposure apparatus
according to this embodiment. With reference to Fig. 1,
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 ArF

(wavelength: 193 nm), an F, laser light source (wavelength:
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W th an exposure light beamvia a pattern of a first object, the exposure
apparatus characterized by conprising: a base nenber; a novable stage which
is arranged novably on the base nenber and on which the firsfy goiNQbols

pl aced; and a coarsely novabl e stage which is supported by being hung on a
supporting nmenber, which is arranged over the base nmenber w thout being in
contact with the gase menber, and, which drive

: f th%_nnv bl e éag%)inaa

pr edet er ni néd’ difect FofFz 4- 255k ST Hppal i 4o dijhlg t'0 ¢t ai m 3,
characterized by congrlsin . a guide nenbgr m?#@h S supgo&te on the
supporting fedbelarinpis Y V@iﬂgnﬁﬁ?FoﬁhP hadF el 2PRE’ cB8afs8lly novabl e
stage in the predeterm ned direction along t he guide nﬁnber. 57 17 J UN
2004 5. Thel@XPeRifeWappaParasaaetordi AgSEHLEPAFRFECT chaPSEEY ePP'Pe@ in that :
the first object and the second object are synchronously scanned in the
predet er ni NEETERFECLABA- when the second object is exposed; and the guide
menber is noved in an opposite direction to the predetermned direction so
that |aw of consBRvakbeRUsE hbABEt BRRMs IGuBSt ARt PEPPYUESt PSAMed WWAER t he
coarsely novable stage is driven in the predetermned direction by the aid
of the driviagradieted. fTam EkposwPesSHEpataghs 8EEEFEI AgOtE 18Paltte 3, 4 or
5, characterized by further conprising: a first neasurin% unit which,
nmeasures a pYBPElLBA. oPaBREsSceAPEEl ¢ heembmatshige PRIthd BYFedérePfndd
direction; a second neasuring unit which neasures a two di nensional
posi tion of ishénhwedbredsbayendarbicafilactuat or TR EFPPEHERY LABRESs Pere
nmovabl e stage two .

IL., which outgoes from the BMU 4, comes into a first

illumination system 5 which is installed on the floor 1 and

which includes, for example, a beam-shaping optical system,

an optical integrator (uniformizer or homogenizer) for

uniformizing the illuminance distribution, a light amount

monitor, a variable aperture diaphragm, and a relay lens

system. The light-outgoing plane of the first illumination

system 5 is substantially conjugate with a pattern plane of

a reticle as an illumination object. A movable field

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

exposure. 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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dinmensionally with respect to the coarsely novable stage. 7. The exposure
apparatus according to clainms 3, 4 or 5, characterized in that a plurality
of masks to serve as the first object are placed in the predetguN 2004
direction on the novabl e stage. 58 17 JUN 2004 8. An exposure apparatus
for exposing a second object with an exposure |light beamvia a first

obj ect, the_exposure apparatus characterized by conprising..a fipst novable
menber mhicﬁlﬁ%Fd§1§H@E§?t%ﬂ% FY?E?mo%je%%laﬁdyﬁh%EEQE%ﬁg 86?8c%58nd whi ch
is arranged on a_first_bhase nenber; a second, novabl e nenber ich_is

ar r anged onm@Végk%nﬁlﬁégedhﬁﬂﬂﬁ?gﬂi??eW@ﬁFﬂf?Bﬁ??ﬁgsfFPg BaggaﬁeﬁbgF and
which is used to drive the first novabl e nepber;. a lbi ti.on- suppressi ng
menber whi cRREsVHPEIF4ER BRYWRENIERETRFFLL Y §§etﬁﬁn%é? anasthe second base
menber and whi ch _suppresses vibration _of the se ong base nmenber with
respect to @R@n?@/§goﬁﬁge hﬁnﬁé??oéﬁﬁdasFH?FatﬁEVa F8MnénBér Mwhreh=HE
arranged on the second base nenber and which noves in an opposite direction
to a aningaﬁpﬁéétﬂénb@ﬂYtheT§@E8ﬁ@rﬁDVSBFeeﬁEﬁﬁBFeaEESPaﬁﬁg {&Fhe dri ving
of the second novabl e nenber so that |aw of conservation of nmonentumis
subst ant i al EyawalEsf PUEThRYhaFESpREY 8BAt hEAPPESE AAdTBEEIRESFBVASI e
menbers. 9. The exposure apparatus according to claim8, characterized in
that the fitisprovedbfernthbermais esnpFedet 8PPREasEEoRABVabl e menber in a
non-contact manner. 10. The exposure apparatus according to claimS8,
characterized i nALharnahévelyst thevablléowdrberrhaggdringnsomayl1PeJUN 2004

available. That is, the first illumination system 5 is
supported on the floor 1 by the aid of a vibration-
preventive mechanism of the active type or the passive
type.

The exposure light beam IL, which has passed through
the movable field diaphragm 6A, comes into a fixed field
diaphragm 6B which is arranged at a light-incoming plane of
a second illumination system 7 attached to a column section
of the main exposure apparatus body, i.e., a plane
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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degrees of freedom of a nunber which is larger than that of the second
novabl e nmenber. 11. The exposure apparatus according to claim 10,
characterized by further conprising a first actuator which el auiNebgganoves
the first novable nenber with respect to the second novabl e nmenber. 12. The
exposure apparatus according to claim21l, characterized by further
conprising:, a second, actuator which relat%%gl%.nnves %Re SE?ond nggggle
member wi t hi}ESpERRtigNt BESEeRoAd DASe hehbe M REFRi hiCat L 8REP25 BErt of
t he second actuator is provided on the_second basE nmber. 13. The exposure
appar at us aR¥E®? dPhgthe BAYCERE BIaRFaPhstRCHEEAEC Eﬂg}aé?e?iyéﬁ i'n that the
first base menber is provided integrally with_ a flrs% suppart  menber on
which at |east aTparPositacraPh eRPosL¥eIpbHFLFsIHPP ﬁ@8§.6?4?STH8texposure
apparatus according to claim 13, characterized in that the second base
nmenber is ptowided bp BheetédaltsippeningerbarewAf chiEsS8FPPErent from the
first support nenber, on a surface of installation of the main_exposure
body. 60 iF¥luwhnapbdnisysiewel hodTher fpreduéingiafiarpsadreb8ppararts for
exposi ng a second object with an exposure_|ight beamvia a pattern of a
first objecarrahgedet fod @hamné@eraﬁeahsyléa%ﬁrngﬁg%narP&ﬁ@?n@fatbﬁrst
base nmenber on a bottom surface side of the first obaect at a position at
whi ch the fsestndbjidtumisatbobesdptangdd; 1aer anghAgPlanet RePprrRrEEhEYe
menber, a novabl e stage on which the first object is placed so that the
novabl e st agepirsdebeablisednamhenti fxpmbabe mehbern RApHAgPHAgTLRSgUi de menber
on a second base nenber which

reticle, or at a plane disposed between the reticle and the

projection optical system PL and separated by a
predetermined amount from the pattern plane.

Under the exposure light beam IL, the image of the
pattern in the illumination area on the reticle R1 is
projected onto a slit-shaped exposure area on the wafer Wl
(or W2) applied with photoresist as a photosensitive
substrate (substrate to be exposed) at a projection
magnification B (B is, for example, 1/4-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 p as a velocity ratio.
Accordingly, the image of the pattern on the reticle R1 is
transferred to one shot area on the wafer Wl1. The reticle
R1 and the wafer W1, W2 correspond to the first object and

the second object of the present invention respectively.
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is different fromthe first base nmenber along a predeterm ned direction;
arrangi ng a coarsely novabl e stage on the second base nenber so as to be
novabl e al ong the gui de nenber and to be opposed to at |easty7ajogN 20o0o# t he
novabl e stage; arrangi ng, on the second base nenber, a counter mass which
noves in an opposite direction to a noving direction of the coarsely

novabl e stage in conjunction wth a novenent of .the cparsel ab st age;
arrangi ng, %@?mﬁ%ﬁe¥hﬁlfiwgtlﬁas Oﬁeﬁﬁﬁwggﬁd ?hgligéﬁﬁﬁpﬁgséuggg %%g a

vi brati on- suppr essi ng_nenber i ch suppresses,vibratiop.of the.second base
menmber mﬁthoge%%@%?ogﬁu?hﬁrf#¥g¥ %é%@gﬁﬁnbﬁ??lﬁﬂﬂg6ﬁr g?? js&ﬁkFEBoﬁn
coupling the novabl e stage and the coarsely novabl e stage to one another so

that the no¥aPrea&PaYe is arranged inside the coarsely novabl e stage. 16.
An exposure nethod for exposing a second object with an exposure |ight beam
via a pattern of2& @FF%%Oéﬁﬁecg?rtﬁ%a@Qg%suﬁﬁ ﬁﬁFﬁBBaEhﬁpﬁgterized by
conprising: providing a condition in which a second base nenber is
support ed i Aublseat &orapiBl 061 3 AR ngtarep| ueeRent 2fi theaPpPegerePRi ned
nunber of degrees of freedomon a first base nenber; a predetermned base
nmenber whi ceptscdifsepean Phoinchedsechdnd Bﬁ%@?ﬁ@nbérC?gagébBBFFéa on the
first base nenber; a first novable stage for positioning the first object

i s placed neyabéy of the beronad budénferbbyPeacappPirHgtREnbYr 2FgANILING
positioning the first novable stage is supported novably on the

pr edet er m nadpbaseal ibybef ; daadtaisedondeapodabhne snagePEdEapodKeFoAiAg t he
second object is placed novably on the first base nenber; and controlling
an attitudetwb thecseeondrbaze hewbes abehingspést the VAEipifyt obas&enenber
SO0 as to suppress vibration caused by novenment of the first and second
novabl e stagesical. aXhe erppsotévetvhodndceofdppgriec evacsmief the
characterized by further conprising: 62 17 J U N 2004 supporting a third
base menbernbpmalstgiéndapablpeotonakirngtdisbiyasemenyingt Higpprddet er mi ned
nunber of degrees of freedomon the first base nenber; placing, on the
third base menbekr, adopgopaet bpniswpit emifor Ar opeetdngpamicmeyetef t he
pattern of the first object onto the second object; and further controlling
an attitudenafihbgeat fibkeh Basehich an optical axis is bent in a V-

shaped configuration, or a cata-dioptric system of the
double-cylinder type may be used for the projection optical
system PL. The following explanation will be made assuming
that the Z axis extends in parallel to the optical axis AX
of the projection optical system PL, the X axis extends in
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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menber with respect to the first base nenber so as to suppress the

vi bration caused by the novenent of the first and second novabl e stages.
18. An exposure apparatus for exposing a second object wthgnjenNgsode
light beamvia a pattern of a first object, the exposure apparatus
characterized by conprising: a first base menber which is supported by the

aid of a pluralif f vibration-preventi edest.al s; _a C e nmenber
whi ch is placed %% ?ﬁﬁskir§§pg3§g£ﬁ8ﬂbg?ygyBFh@ag?d§8 Sﬁ§|§9§ ??; of

ext endabl e/ contracti bl e Erﬁﬁis | aceabl e first atti%ude cntr I Hgnbers; a
pr edet er ni neHr BRIEREHHE PchHeil SFPRRYEE BRPEREFPr SPBaSE Wedfer and
which is different fromthe second base nenber; _a first vabl e, st age whi ch
i s arranged®HBoabr§bnlpfitudersnd 55@86nﬁﬁﬁE?maﬁarmﬁPEHoggéng§H§ the first
obj ect; 63 17 JUN 2004 a second nnvable,st?ge which_is arrangeg novabl y
on the firstebasterBhbeFh&nBTRAFERIBBsPPFLAELt RES5ER0RT 0B ECE; SR A
driving nenber which is arranged npvably on the %redetgrnined base nenber
and whi ch pB¥PERBNECYhEUPPPEEIREVABFevatggE. Wi9. WThe ERBbsUPe 3p§3?§tus
according to claim 18, characterized by further conprising: .proj ection
systen1mhicﬁléFGjé@tBaﬁhngnﬁgéhoFlﬂhélgﬁttﬁPhCBfSFﬁ¥eFiP§taogﬁg§F REE t he
second object; and i ., a third base nenber which is placed on the first
base menbernppbeke AbdipstalpedrBYi theopridxPén8hBRE/ YOREAREPADI e or

di spl aceabl e second attitude control nmenbers, wherein: the projection
systemis spppvensdvenpedesthiledlbdsellB, 11C approximately located at

apexes of a regular triangle on the floor 1. An electric
level 9A is installed on the base plate 12. Each of the
vibration-preventive pedestals 11A to 11C is an active type
vibration-preventive unit including a mechanical damper
such as an air damper or a hydraulic pressure-based damper
which is endurable to a heavy weight, and an
electromagnetic damper which is composed of an
electromagnetic actuator such as a voice coil motor. For
example, the electromagnetic dampers in the three
vibration-preventive pedestals 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. 1In this arrangement, the vibration

having a high frequency from the floor is attenuated by the
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menber. 20. The exposure apparatus according to claim 19, characterized in
that: a cutout is fornmed on the third base nenber; and the projection

systemis installed accessibly in a side surface direction vz un2pegt to
the cutout. 21. The exposure apparatus according to claim 19, characterized

in that the projection systemis supported on the third base nenber by the
aid of a plur

it oi 4 17 JEN 20 4.ext§ndableggggt&ackkgl%agk
di spl aceabl BEERPPYCAL t FRUBET cBRFPEF REMBEr 5X239™L t iod “f'or "Br-oduci ng an
exposure apparatus for ex

i d object with, light b
via a pattefhPoPUESf APBET gﬁégg?gYﬁgcﬁgFhgﬂhgﬁﬁFﬁétXFggggﬁggsgéﬁﬁPbgﬁng:eam

supporting a first base nenber by the ajd of a plurality of .
vibration-p}@WeﬁF?QEeBEHeéﬁaﬁgFeBPﬁEFﬂQLX §E80ﬁ@e55§8mﬁéﬁﬁgﬁcoﬁapﬁgrfirst

base nenber by the aid of a plurality of extendabl e/caontractible or,

di spl aceabl e fir&hraet fLt8E EBAVMBF g@ﬁbe???'a595n35ﬁﬁ,aBHe?ﬁé 7 €t 9ase
menber, a predeterm ned base nenber which is different fromthe second base
menber; pl agildy) 8ret hex8EcBRICBESEPRERLELLTECE| PSt LHEVEBFE BLAGE Wi ch
positions the first object so that the first novable stage is novable on
the second BasthatnbBey pracPBErosAMBERE1Yi AefapgsedfeRBEreSadeond novabl e
stage which positions the second object so that the second novabl e stage is
novabl e on rhsulprstrpaselaenbdr sURRETH| RERRE, 66n WhéChr dGePEPNTREE Bése

menber, a driving nenber which positions the first novabl e stage so that
t he its central portion with an opening for allowing the

exposure light beam IL to pass therethrough, is fixed on
the upper surfaces of the first columns 59A to 595C. A
support plate 68 is fixed on the support plate 66 with
spacers 67 intervening therebetween. The second
illumination system 7 is attached to the support plate 68.
Variable mount sections 61A, 61B, 61C (61C appears in Fig.
4), each of which functions as an attitude control member,
are fixed on three projections 60A, 60B (third projection
ig not shown) fixed to the inner surfaces of the first
columns 59A to 59C. Those usable as each of the variable
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 um, and the frequency is about 10 Hz to 1 kHz).

Besgsides, those also usable as each of the variable mount
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driving nenber is novable on the predeterm ned base nenber. 65 17 JUN
2004 23. A nethod for producing a device, conprising the step of using the
exposure nethod as defined in clainms 1, 2, 16 or 17. 24. A rethoN boo4
produci ng a device, conprising the step of perform ng exposure by using the
exposure apparatus as defined in any one of clainms 3 to 5 8 to 12 and 18

to 21. 25. An exposure_ a ragus_f exposi n secon obj ec t

exposur e Ilﬁﬁ?tbg 9?% gg g?&e?ﬂc ?dﬁ g a§f968?e@?c ?Héséxpéég%egapparatus
characterized b rising;. a flrst base nber whic gs a first
stage on mhﬁéﬁp¥ﬂ%eW P&t 1BbfBEt 2 glﬁﬁﬁEéan YsBEBRD B s@ %&ﬁ% C@ich is
different fromthe first base nenbe and which sug orts. drlvlng.ngnber
whi ch driveBe€hanifist ERayacinoh EP@dE?EFnFH@H BRPefiPoAitY 18 D

vi brati on- suppressi ng_nenber which is arranged bet ween the first bas

nmember and Ehe géééﬁglﬁa@@uﬁﬁnﬁﬁFtéﬁH fhfPchOshppr E88ebevP ﬁﬁtFSSeEFeﬁhe
first base nenber. 26. The exposure appar at us according to cl aim25,
characteri zed #8 thardtReustlend base menber is arranged above the first
base nenber, and the driving nenber is supported by belng hung on the
second base nenbBrretgele basguRR20WRigh. SprvVeRp8sSurePafpaMslMysTs or
irradiating a pattern of a first object with an exposure |ight beam and for
proj ecti ng dadcergobprAg amaMPriye 6Ff fhESPaPhefReviaraapr6j BOHRSn opti cal
systemonto a second object, the exposure apparatus characterized by
conpri si ng: sections 61A to 61C. An opening for allowing the exposure

light beam IL to pass therethrough is formed at a central
portion of the reticle base 62. The upper surface of the
reticle base 62 is machined into a guide surface which has
an extremely excellent flatness. A finely movable stage
63, which serves as a movable stage on the reticle side, is
slidably placed on the guide surface smoothly and two-
dimensionally by the aid of air bearings. The reticle Rl
is held on the finely movable stage 63, for example, by
means of vacuum attraction. Another reticle R2 (see Fig.
2(a)) ig held in an area adjacent to the reticle Rl 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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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 wherejuN Reoki r st
base nenber is supported, via a vibration-suppressing nenber, on the second
base nenber. 28. The exposure apparatus according to claim 27,

characterized by further conprising. a third_ base nBer %hi h_i g'fferent
fromthe fi?%?P%%Eetﬂeﬁﬁﬁrhggﬂz?ﬂﬁgéeg%ﬁﬁebgggeﬁﬁgae Yah emgﬁgﬁis Bports a
driving menmber which _drives the first stage in a gredeternineg d%rggtion.
29. An exposerelappaf atiSliBRLIPRaBPALFNGTE pYPt BFFSof *aSf i r 8P°8Ej &8F with
an exposure |ight beam and for projecting_ and exgoslng E ingge of the
pattern vi aXa2pt®j @t BAcopt pEAP) s§EEeilohtecd WEEBAR 8 E@W?, fhe exposure
apparatus characterized by conprising: a first base nenber which supports a
first stager@pd@Bi chIRhehiprBFOBBAEEE i $TplacBAOUBE tO17°5UKC206%#%a second
base nmenber which is different fromthe first base nenber and which
supports t hengteseefi bncbprprEaPns§beul tAAdtYOt AXEE BhsElRReMBBA™WI-ch is
different fromthe first base nenber and the second base nenber and which
supports a @hevehgreenber ekpohldri 9B8s PRethir Shrseayarialacpredeter ni ned
direction. 30. The exposure apparatus according to claim?29, characterized
in that thesérrsonbasééAnbab6iCi vagupport BHaceravwatbuppdireAghrdsbér, on the
second base nenber. 31. The exposure apparatus according to claim 29,

In place of the level 9D (as well as levels described later

on), for example, a detector for optically detecting the

slope of a corresponding member may be used.

A rectangular frame-shaped coarsely movable stage 64

is arranged so that the finely movable stage 63 of this

embodiment is surrounded thereby. A pair of Y axis driving

units 65YA, 65YB are attached to the bottom surface of the

support plate 66 disposed thereover so that they extend in

parallel in the Y direction. The coarsely movable stage 64

is connected to the Y axis driving units 65YA, 65YB. The

coarsely 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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characterized by further conprising a vibration suppressing nenber which is
arranged between the second base nenber and the third base nenber and which
suppresses vibration of the second base nenber. 32. The expogupgNeppggdat us
according to claim 31, characterized by further conprising a second

vi brati onsuppressi ng nenber which is arranged between the first base nenber
and the third base nenber and which sgggresses vi bration of.%ﬁet£grst base
menber. 33.9¥ReEXPBstFe®apparhilt YEtorarhigito®any T 6R8<6f el mET25, 26,
and 28 to 32, characterized in tha%: 68 1% JUN 2004 t he dhgving nenmber

i ncl udes a S:BBAH ©PhGE SKPERThasTHRhr &8  of “fr cRAGATLY MEVeReft ST&Hch is
smal ler than that of the first sta%e 34. The §§posuEﬁ agpanatu§.acco di ng
to any one of @raVee 5Bet51BOlY HaVaRtEr PLaESI At ARt FPENE PAFFGTHERe *fenber
is arranged above the first base nenber; and %he drivgng nenbgk i S h
posi ti oned BBEWEBRSERBLS VRSPChE¥elRedbBFatReCf hPRIPEa8ERefBeF 2hnghe
supported by being hung on the third base nenmber. 35. The exposuyre
appar at us a€earaprhy TevaRycoRkage EfalfshpBIt 5TO8, tB8E SHEPSST PHAFScteri zed
in that the vibration-suppressing_nenber includes a_driving el enment which

i s extendabfetcoRurhberbl Ehenfanaéyghevablecefrade §é.l?h§eg§56¥ﬁ#¥

appar atus according to any one of clains 25, 26 and 28 to 32, characterized
in that thedpiedst@ifhnsdsBpeEcEPolhpscaaseahti RgvVaPLeceraas R4wlch t he
first object and the second object are synchronously driven when the second
obj ect is ekbetednyi zemapatiner gayothranigption ebprest isegorrertsoN 2008 37.

An exposure apparatus for exposing a second object .
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 second columns 51A, 51B (third column
igs not shown) are fixed approximately at positions of
apexes of a regular triangle at the inside of the first
columns 59A, 59B, 59C (as for 59C, see Fig. 2(a)) on the
upper surface of the base plate 12. Three variable mount
sectionsg 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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W th an exposure light beamvia a pattern of a first object, the exposure
apparatus, conprising: a first base nenber which supports a first stage on
which the first object is placed;, a second base menber which guN bbegent
fromthe first base nenber and which supports a driving nmenber which drives
the first stage in a predeterm ned direction; and a vibration-suppressing
menber which is arranged between %he first,bgie menber and.t he ggéogd base
menber and WAPER YEpPIEsdBseRfBrafi bReoV2FhaCLfr YPUBLsECHENBEP, “hef8in t he
second base nenber_is arranged over the first base nmenber; and the driving
menber is sBpporRedUB§. hEPAgEKENELBN Fh@r§¥&8ﬂdeEﬁgﬁnﬁeﬁﬁﬁﬁngPhBEF bei ng
in contact with the first base nenmber. 38. An exposure agpar tus.for
exposi ng a $8e0Rl BLPEEEORLERCEACERPBRERE PFghteheafitvPaYadpatidrAdof a
first object, the exposure apparatus conprising: a first base nmenber; a
movabl e st agechAnéan| BagefangednroGabl §YFEER: ieths ERABSf MABRCKa8E HBRber
and on which the first object is placed; a coarsely novable stage which is
supported byabéphgehuagnonsacséesndlbadesqibes dRPYR-i sPaFHRRGEF over the
70 17 JUN 2004 first base nenber without being in contact with the first
base memberpaatewhBchwhirheseriesndsabl baseagempPara (phédgdt Bpfened
direction; a vibration-suppressing menber which is arranged between the
first base member) andst féxedcondtbasvaneabér BABNEhEERtIAPHr €38e§COVi brat i on
of the second base nenber with respect to the first base nenber; and a
counter mas§2@hi cBhiesprappotted bytihelsersh@mbiteigedpstadngdmsioch Noves
in an opposite direction to a noving direction of the coarsely novabl e
stage so thahaped ofitouhspreatided 6brnmbhensuprpstspbstentBably tdgt rdt ed
with respect to the coarsely novabl e stage. 39. An exposure apparatus for

i rradi ati ngoé patfiengeob4a fAnstpehj eotl wift hhencexposurie kilgikedbdameand f or
projecting and exposing an inage of the pattern via a projection optical
syst em ont ocaveecesd ohheellecthéceiposilr eBappaiasuslékdr act eni zad by
conprising: a first base nenber which supports a first stage on which the
first objecporsiphae€drhe upper surface of the support plate 53. For

example, the extension/contraction amounts (or displacement
amounts) of the three variable 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. 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 variable
mount sections 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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a second base nmenber which is different fromthe first base nenber and
whi ch supports the projection optical system a vibration-suppressing
menber which is arranged between the first base nenber and t4ye jgp¢o004base
menber; and 71 17 JUN 2004 a counter nass which noves in an opposite
direction to a noving direction of the first stage so that |aw of
conservation of nnnentunlii substantial]y atksf'eg W th besgect.%o t he
first stage®tWhEreEnCPRETPLr ¥EMBSEe RRADEPT| éﬁbp PEelioli H1EREILY .
vi brati on-suppressj ng_nenber, on the éecgn? base nengﬁr.,40. Th% exposure
appar at us aeker@rfAl ©6 Wiafh 38, c¥haraePLri sRABFCELPLRer tcbRFr Psing: a
third base nenber which is different fromthe_ first ba§e menber ang tae
second basedigfBeicBndIWREERISHPRSEr EBCaCRFLGRhgRHEALER) WwhPER dPFVES 1Efe
first stage in a predeterm ned direction, wherein the counter _nass_nobves SO
that |aw of aeohBER9aPilBfesf 2hoiBREHHRLS §§b§P8ﬁPFéWP§ei¥tFQP?édaﬁﬁgﬁs
respect to the driving nenber and the first stage. 41. An exposure .
appar at us fbetweeadEhei AgPROBAL PérReoP3aapfr heobilapgewbtnian 8Rpodnse
| i ght beam and for projecting and exposing an i nage of the_pattern via a
proj ecti on bpei pabiegsiem eptdcalsershdmoBlect Ant RéeEkpdSureVappafrat s
characterized by conprising: a first base nenber which supports a first
stage on whinhtahéefli tot avbpndt ppstpbaced; the upperieNriecs 2fs&bénd base
menber which is different fromthe first base nenber and which supports the
proj ecti on 6pahgel S4¢yst Enr emdmplehi thebazssensibay cahtehcltsd odi BMOMESE from
the first base nenber and the second base nenber and whi ch supports a

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 axisg) 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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driving nmenber which drives the first stage in a predeterm ned direction.
42. The exposure apparatus according to claim4l, characterized in that the
first base nenber is supported, via a supporting nenber, on {4hgupeeopd base
menber. 43. The exposure apparatus according to claim4l, characterized by
further conprising a vibration-suppressing nenber which is arranged between

th db mb d the thi mber _and whi ch
Vi'brat i on ofVERE CEEBNE.BAsEYAERNCP! A4S The BXpBOTY L ABpARa: LhCaRenr

pparat us “accor di ng
to claim43, gharacterizeg,bamfurgher conprising.a gegongh e
vi brat i onsuppt@sdi ARERRnBeiIWRERR) i SYEFPEngRECbELHERN "PhE Fi P4f®base nmenber
and the third base nenber and which sugpreaseg vibrgtiontof thg %grst base
menber. 45. S¥RE2ERPoslr BNEpphr AEHECELEDr APAGEEE EfaPir3StLeRafactEri zed in
that the driving nenber includes a second 73 17_JUN 2004 taﬁe i ch has
degree of feeaBNPeFtiBReREntReWRFEASFEISRaPPE!CRhaRYERER 6F the OF PPt
stage. 46. The exgosure apparatus according to_claim44 ch%racterized in
that the thFPdPBaSErHeRbEr 2l $9BMERAGEATaBBGeWAABTTi r 4L LHRLE nEber: and t he
driving nenber is positioned between the first base nenber gnd the third
base menber shadni sasuppodeledabyIBBPRY RuAGOSROPRe IENPFY2PISE REnEF. 47.
The exposure apparatus according to claim39, characterized in that the
vi br at i on- shppressengtaerbEPrEASRUaES tREdPHPPREePEAERt ERhFdFPPSed
extendabl e/ contractible in a height direction. 48. The exposure apparatus
accordi ng toverathed@etéhdraBileinzegder tRaPerherpr E86t LAPREGNE FO&tion is
a scanning direction in which the first object and the second object are
synchr onoustienoeedchhen t he second object is exposed via the pattern of
the first object. 49. The exposure nethod according to claim 16,
characterized byafunfker besepiBsingfixed at a central portion in an

area which is substantially surrounded by the three second

columns 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 Wl

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
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noving a counter mass in an opposite direction to a noving direction of the
second novabl e stage so that |aw of conservation of nonmentumis
substantially satisfied with 74 17 JUN 2004 respect to thedyyN Rgogenber
SO0 as to suppress the vibration caused by the novenent of the driving
menber. 50. The exposure apparatus according to claim 18, characterized by
further conprisi n%: a.counter mass whj ch m)vei in_an ogﬁg\?vi tg direction to
a nmovi ng di FeERFbAMoVitRerSEREAH HBVEBFe™SYaHLesEt AHt 6f ¢&Bnservation
of momentum_ i s substanti al I%/ satisfied with reaﬂr;ect to tEe gél Vi Eg nmenber
so as to supbPRLICERBLG bRrathBnZcahEBETHY™ hd fovEmeft Eof CRRESdAPY g
menber. 51. The exposure apparatus according to claim44, characterized by
further conpRestNg: 2&SBolit 8r - nBRSURNFRR Fs3¥hPpBRtellsy Yt ﬁélﬁﬁi 8 base
menber and which noves in an opposite direction to a nmpving direction of
the drivi ngoheabeEosperharm hlifol c¥BhsBRvaPfohhef LREHEAREM | $skbdfantial Iy
satisfied with respect to the first stage and the driving nmenber. 75

Al SE. A . Aembadimant, AAs SARCNAAMORZbAS| SRageAl4BAlg Bdaged A ERes A A
AT UAA AT AT UA T AL AA AT A LALLA T AS AT A T ASs.As.A . As. ALA
.s. A LA .wafen bape A3 bpatha aid ofi aAr RegrAngsAMOVARIYASRLIORT A G A |
ALA. As As As As. As.A.As. A . As. A A A .AL.A .A  4DxB#0
2CX] k' } wr nhbl XfleabcabBcal 88] tapeaberayéahcaeafénpeanespeapc 8Lédpcaf@al cal c
aJca] ca] ca] cal cLa] ca] ca]ca] ca]ca]ca]caljcRa!""

"#2% ' d' p' ' ThY( 6€€PMY) vaden* WR+isVp lacefwonhEhy] PoupbafcafreapcalrBalbyal ca] ca
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M 10% U U& é%a32%0§4A, 14B are measured highly accurately by
unillustrated laser interferometers. The focus position of
the wafer during the exposure (position of the projection
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 section 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 variable 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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Fig. 2(b) shows a sectional view taken along a line AA
shown in Fig. 2(a). As shown in Fig. 2(a), the support
plate 66 is stably supported by the three first columns 59A
to 59C which are arranged approximately at the apexes of
the regular triangle (actually having a shape approximate
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
substantially 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 73A, 74A which are fixed to
the bottom surface of the support plate 66 along the Y
axis. DBoth ends of the second Y axis guide 71B are also
supported slidably in the Y direction at the inside of
holding members 73B, 74B 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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arrangement, the coarsely movable stage 64 is movable
smoothly 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 of the support plate 66.
In order to drive the coarsely movable stage 64 in the
Y direction, as shown in Fig. 2(b), a Y axis linear motor
76YA is constructed by a stator 76SA comprising, for
example, a permanent magnet array provided on the side of
the first Y axis guide 71A, and a rotator 76MA comprising a
coil provided on the side of the slider 72A. A Y axis
linear motor 76YB, which comprises a stator 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 axisg 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 portions (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
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system during the scanning exposure.

Since the Y axis guides 71A, 71B are movable in the Y
direction, it is feared that the position may be gradually
deviated during the process 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
position-correcting linear motor 83YA, which is composed of
a stator 83SA 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 838B and a rotator 83MB, is installed between the
second holding member 73B and the Y axis guide 71B. When
the positions 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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the Y direction, is arranged at the inside of the
rectangular frame-shaped coarsely movable stage 64. The
two reticles R1, R2 are placed on the finely movable stage
63 in the scanning direction. Each of the reticles R1, R2
ig 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".

As 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 RI1,
R2. Further, as shown in Fig. 2(a), two X axis 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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with the non-contact system by using the electromagnetic
force in the same manner as described above, is installed
between the inner surface of the finely movable stage 64 in
the +Y direction and the side surface of the finely movable
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 sides.

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 slender 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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movement mirror 80X. A measuring beam is radiated from the
reticle X axis interferometer 81X onto the movement mirror
80X. The position of the finely movable stage 63 in the X
direction is measured by the reticle X axis interferometer
81X. The reticle interferometers 79, 81X measure the
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 axis, 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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isosceles triangle which is slender in the scanning
direction 8D (Y direction)). An opening 62b (see Fig. 3)
for allowing the exposure light beam to pass therethrough
ig formed in an area of the reticle base 62 on the bottom
surface side of the finely movable stage 63, i.e., an area
under an illumination area 8R to be illuminated with the
exposure light beam. Two corner cube-type movement 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 Y
axis 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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passes through the optical axis AX. Accordingly, the
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projection exposure apparatus is constructed such that any
measurement error (Abbe error) is not generated for the
position in the X direction and the Y direction even when
the finely movable stage 63 is rotated to 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, 81lYB 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
axlis (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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1. With reference to Fig. 3, when the reticle stage system
of this embodiment is assembled, for example, then the
reticle base 62 is firstly fixed on the variable mount
sections 61A to 61C, and the finely movable stage 63 is
placed on the reticle base 62. Concurrently therewith, the
Y axis guides 71A, 71B, the coarsely movable stage 64, and
other components are attached to the bottom surface side of
the support plate 66 in the positional relationship as
shown 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 axls 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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so that the operations of the reticle stage control system
93 and the wafer stage control system 94 are synchronized
with each other during the scanning exposure under the
control of the main control system 91.

In the reticle stage control system 93, the Y
coordinate of the coarsely movable stage 64 measured by the
first Y axis interferometer 79, the two Y coordinates of
the finely movable stage 63 measured by the second reticle
Y axis interferometers 81YA, 81YB, and the X coordinate of
the finely movable stage 63 measured by the reticle X axis
interferometer 81X are supplied to a position-detecting
system 95. Further, the Y coordinates of the Y axis guides
712, 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 92.

The respective operations of the Y axis linear motors
76YA, 76YB for driving the coarsely movable stage €4 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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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
movable stage 63 to the position-detecting system 95 via
the synchronous control system 92. Further, if necessary,
the main control system 91 supplies, to the position-
detecting system 95, 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 R1l, 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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the Y axis guides 71A, 71B are moved in the opposite
direction with momentums PRY2, PRY3. Further, the
following relationship holds in accordance with the law of
conservation of momentum.

PRY1l = PRY2 + PRY3 .o (1)

Usually, the adjoining shot areas on the wafer are
successively subjected to the exposure, the reticle R1 (or
R2) is alternately scanned in the +Y direction and the -Y
direction by the finely movable stage 63. Therefore, the
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 71A, 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 shots).

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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stage 63 in accordance with the reciprocating motion so
that the illumination area 8R traverses across the reticle
Rl alternately in the +Y direction and the -Y direction for
every shot. When the pattern of the second reticle R2 is
transferred onto the wafer, the scanning is performed with
the finely movable stage 63 in accordance with the
reciprocating motion so that the illumination area 8R
traverses across the reticle R2 alternately in the +Y
direction and the -Y direction for every shot.
Accordingly, for example, even when the double exposure is
performed with the patterns of the reticles R1, R2, then
little period of time is required to make migration from
the reticle Rl to the reticle R2, and the exposure is
performed at a high throughput.

Ags 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
ig 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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is obtained. Even when the scanning velocity is increased,
the influence of the vibration is not increased.

Therefore, it is possible to enhance the exposure accuracy,
and it is possgible to increase the throughput.

No load of large weight is applied to the guide
surface 62a of the finely movable stage 63. Therefore, the
flatness of the guide surface 62a is maintained in a well-
suited manner. Algo in view of this fact, the high
exposure accuracy is obtained. As described above, no load
of large weight is applied to the reticle base 62 of this
embodiment, and there is little influence of vibration as
well. Therefore, for example, the reticle base 62 may be
supported by the support plate 58 for the projection
optical system PL shown in Fig. 1 by the aid of a support
member (corresponding to, for example, the projections 60A,
60B shown in Fig. 1). 1In this arrangement, it is desirable
that the variable mount sections 61A to 61C as described
above are provided between the support member and the
reticle base 62 or between the support member and the
support plate 53. This arrangement also provides the
following advantages. That is, no harmful influence of
vibration or the like is exerted on the projection optical
system PL. The spacing distance between the reticles R1,
R2 and the projection optical system PL is maintained more
stably. For example, it is unnecessary to provide the

autofocus sensor on the reticle side for measuring the
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projection optical system PL in the Z direction.

The reticle stage system 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
used. 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
congervation of momentum is 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
conservation of momentum may be satisfied by providing
another counter mass separately from the Y axis guide 71A,
71B., Further, in place of the system in which the driving

reaction force is offset by satisfying the law of
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conservation of momentum, for example, another column
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 intervals 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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elements 56. Subsequently, the cover 55 is screw-fastened
so that the open end of the cutout 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
exposure apparatus, then the cover 55 may be removed, and
the projection optical system PL may be taken out from the
cutout 53a.

Ag 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 is 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, igs 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 parts, optically adjusting the
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projection optical system PL composed of the plurality of
lenses, installing 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
exposure apparatus of this embodiment.

Fig. 7 shows exemplary steps for producing a
gsemiconductor 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 S10).
In the next step 812, 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 R1. Subsequently, in the step S14, a
predetermined pattern is formed on the respective shot
areas SE on the wafer W by performing, for example, the
development, the etching, and the ion implantation.

Subsequently, in the step S16, the photoresist is
applied onto the wafer W. In the step S18 to be performed

thereafter, the reticle R2 in place of the reticle R1 shown
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in Fig. 2(a) is moved to the position under the
illumination area so that the respective shot areas SE on
the wafer W are subjected to scanning exposure with a
pattern (designated by the symbol B) on the reticle R2. 1In
the step $20, 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
S20) are repeated in a necessary number of times required
to produce a desired semiconductor device. For example,
the dicing step (step S22) for separating one by one the
respective chips CP on the wafer W, the bonding step, and
the packaging step (step S24) are performed. Thus, the
semiconductor device SP ag 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
such as the excimer laser is used, it is desirable to use,
as 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 exposure 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
system). 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 guide, or of the guide-less type in which the
guide is not provided.

As described in Japanese Patent Application Laid-Open
No. 8-166475 (corresponding 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 States Patent No.

6,020,710), the reaction force, which is generated by the

52



U& ()-!"""""" ##b@10 10 !! M10% & ()- M10% U& ()- f# 10% U& ()- 10 U 10
U 10 U9<10% U& ()-- 10% U& ()-#] &&((+(, (- (. (: (uj _@10 10 ! S#s10% h& ()- 10
U 10 U 10 U9<10% U& ()-.M 10% U& ()- ! M 10% U U& ()-M 10% 47 JUN 2004

U& ()-: (4 (u)**,"?j _@

movement of the reticle stage, may be mechanically released
to the floor (ground) by using a frame member.

Further, in the embodiment described 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
base 13, the first columns 59A 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 mounts 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 vibration-
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 into 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
increasing 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 is obtained.

According to the second exposure method and the
exposure apparatus corresponding thereto, the first movable
stage (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 frequency is not transmitted to the two
movable stages independently. Thus, the high exposure
accuracy 1is 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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CLAIMS

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 is arranged slidably on the
second base member and a vibration-suppressing member which
suppresgses 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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a position-measuring unit which measures a position of
the counter mass in the predetermine direction and a
position-correcting linear motor which drives the counter
mass along the predetermined direction 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 exposure light beam via a pattern of a first
object, the exposure apparatus characterized by comprising:

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 scanned 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 exposure 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 moves the movable 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 masks 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 is 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 apparatus according to claim 8,

characterized in that the first movable member has its
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the second movable 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 moves the second
movable member with respect to the second base member,
wherein:

at least a part of the second actuator is provided on

the second 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 apparatus according to claim 13,
characterized in that the second base member is provided on
a second support member which is 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 is placed so that the movable
stage 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 stage;

arranging, between the first base member and the
second basgse member, a vibration-suppressing member which
suppresses vibration of the second base 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 is 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; and a
second movable stage for positioning the second object is
placed movably on the first base member; and

controlling an attitude of the second 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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supporting a third base member in a state capable of
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 so 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 pattern of a first
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 is 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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a second movable stage which is arranged movably on
the first base member and which positions 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 comprising:

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

/

a third base member which is placed on the first b%se
member by the aid of a plurality of extendable/contractible
or displaceable second 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

gide 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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extendable/contractible or displaceable third attitude

control members.

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
bagse 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 second 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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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 to 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 supporte 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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27. 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,

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 second base member.

28. The exposure apparatus according to claim 27,
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.

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,
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base member and which supports the projection optical
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 first 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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the driving member includes a second stage which has

degree of freedom of movement, which is smaller than that

of the first stage.

34.

The exposure apparatus according to any one of

claime 28 to 32, 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 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 height direction.

36.

The exposure apparatus according to any one of

claims 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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37. An exposure apparatus for exposing a second object
with an exposure light beam via a pattern of a first
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 supported by being hung on the
second base member without being in contact with the first

base member.

38. An exposure apparatus for exposing 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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first base member without being in contact with the first
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
congervation 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 object 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 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, on 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

respect 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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base member and which supports the projection optical
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.

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

via a supporting 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

gecond base member.

44, The exposure apparatus according to claim 43,
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.

45. The exposure apparatus according to claim 43,

characterized in that the driving member includes a second
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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 40,
characterized in that the predetermined direction is a
scanning direction in which the first object 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 isg 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 so that law of conservation
of momentum is substantially satisfied with respect to the

first stage and the driving member.
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