PRQIECTI ON OPTI CAL DEVI CE AND EXPOSURE APPARATUS BACKGROUND OF THE

| NVENTI ON [ 0001] This application clains the benefit of U S. Provisional
Application No. 60/614,426, filed Septenber 30, 2004. The discl osure of
U.S. Provisional Application No. 60/614,426 is incorporated herein by
reference inits entirety. 1. Field of Invention [0002) This invention
relates to a projection optical device provided with a projection optical
system whi ch pr SRESESTIAN GREE A DEICEUANEY BRRESURE AZPARAIES o an
exposure apparatus which is used in order to transfer a pattern of a mask
onto a substrate in order to manufacture various devices such as, for

exanpl e, a sem conduct or i oAb @i ¢ arichyspl ay, etc. 2.
Description of Related Arg ¢ na [ i thography process, which i's one
process used [ed®1farTHiaapplication claem ihoe banftof UigVRroeisican] Applicstive appar at us
is used in _or transfer and e¢< ose a pattern__faormed on a reticle (or

der to , ¢
a phot offesRY/6&4:¢29, fp Septembrriet): 2BP4-all aisdopirapel- Ldaoyisiongharplisption
Prot o1 eRIe b0 B4 B NARLLAL S cMRNS LRRs, Bcoiosyr © apparatus, such as,
for exanple, a’step ant repeat exposure type (stationary exposure type)
proj ection e¥p0suf Bvampas at us such as a stepper, and a step and scan
exposure type projection exposure apparatus (scanning exposure_ apparatus)

such as a scHi¥2hg Biemyentionzghptesdo gguefectiq@omptical deviseiyevided Hihar at us,

rigidity of.. (i)..t t ages whi ¢h, nove an itjon. reticl nd a wafer,
(i11) a gﬁffb C&Pfl oﬁ%%%g%sﬁ%%d% Rel% %Saagnel ,agS%Qg%’idle&e%gm%g&%g(%ﬁné ?ngdp@ra?ni on of
the s UD@gfo%uﬁ%@P@ﬁhﬁ RYaaistuRed i dBeoh tRnBfeOh @afidradf ARhdsk DntcSY SitRhte in
significantly affects the performance capability of the apparatus, such as
a vi br atidentoonmuletturserationhésiecs sapais, fqrtwmpmaaéwpmd@t@h&w%yhe@%r | ay
accuracy orlé.h i ke), weight of the nechanismportion, and manufacturing
cost of “VHE §l§8%’lf|t°e apparatus. In general, an exposure apparatus having a
mechani gm popki@imntvh b RRIgHN A+0i dity, while providing a high apparatus
performance capabilTity, tends to have a heavy nechani smportion, and a
hi gher manuf K908} i gy adidfsigraphyprodess, mhie israngiptideys efedith enamptietwsé 8m porti on
also is related tq the tenperature characteristics of .the apparatu
per 1 or rAEFEESRAIGRB PTG, SHOTRE TR Pryoom T8 Rpparkt 4l CHER? oPHARCe
capabi | f5l%e88h %@&R@@gir@gﬁo%rﬁm,nasﬁ oftfo 4 WELRRRY AhdSIRE! &i0) BBR&EpFapabi ity
hat 1s Xposur e appar atus having a mechani'sm portion with high

?;/Sir dit ![I;led.t@gsisﬁaﬂ akﬁbﬁvﬂe.gb’adom tzhed oftexpadurh apesyies sutloay, he appalabstep

perf or na%%cr%pga?g}?pbcgsu‘é type ?s?aqio%égyeelxlpgsn&re type) projectioﬁ exposure apparatus such as a
stepper, and a step and s'can exposure type projection exposure apparatus (scanning exposure
apparatus) such as a scanning stepper, can be used,

[0004] Tn exposure apparatus, rigidity of: (i) the stages which move and position a
reticle and a wafer, (ii) a support mechanism of the stages, and (iii) a mechanism portion of
the support mechanism and the like of a projection optical system, significantly affects the
performance capability of the apparatus, such as a vibration control performance capability,
an exposure accuracy (overlay accuracy or the like), weight of the mechanism portion, and
manufacturing cost of the exposure apparatus. In general, an exposure apparatus having a
mechanism portion with high rigidity, while providing a high apparatus performance
capability, tends to have a heavy mechanism portion, and a higher manufacturing cost.
Furthermore, 1igidity of the mechanism portion also is related to the temperature
characteristics of the apparatus performance capability, and the stability of the apparatus

performance capability corresponding to changes of the apparatus performance capability

over time. That is, exposure apparatus having a mechanism portion with high rigidity tend to



tenperature characteristics, but depending on the structure of the

mechani sm portion, there are cases in which the opposite trend occurs. For
exanple, in a nechani smportion, when nenbers with high rigidity are
coupled to each other through nmenbers having high rigidity, vibration can
be easily transmtted, a bi-netal effect is generated at the tine of
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resul t OfipkiRGie8Bdridendtid drurneﬁéndtﬂga)rr@@ Bﬁrﬂétﬁﬂ@d@f@lﬁd m@fhanhe Portiohgtheel ght  of
t he rrechanr smportion increases, there also is a possibility of increased

const r Lce aas unwhlcbrther drpodidy fred peouLs SRor wramplef ot weshaAnFEIWAPEAN KIS ur e
apparatus js installed..(in order, to de t .of thee posure
Appar atUETCSiT AR BE R P Ry e e e AFutR IR PG, di ¢y
and per‘fnsrarrbmer td ngup SR 138, %Llﬂgtaﬂéffébt i %Bel%&%eﬂ Mg of fRepeathg t he
apparatus weight, a |1ghtweight material wt specr fic stiffness (value in

whi ch  chiggedif yf&wndmtﬂheu doy usadefondicghemipes), emd theverhperelure shackotersstias
ceramc, can be.useq as a material of a part of the nenbers which
const i TREPS dedgriggatedy o) Further more, an exposure apparatus al so has been

proposed in sﬁh HBReva! 8085 fﬂ&F‘e Qi["{@lr%g&: amtﬂé’%ﬂeﬂ%ﬁém%ﬁ%bﬁﬁn?ﬁvﬁen

i ndependent | pported by parall eac aving a
pl ur al itheywefght ofithe witchimisa poetkgraindreasd, theretalscit 2 pdhsibilisy sf moreaswl nt ai ns

high rigidity in a necessary portion and |lightens the weight of the entire
mechaniCORFIYSHPE CoH O?ﬁéeede‘@ednam fartwing ‘iS’ﬁBé}n Rl Pﬁmﬁ%aﬂﬂﬁf&t%sﬂﬁt@ 480.

[0007] ;Bh&'aer éo%eérb&ﬁwﬁ%élgﬁ@f e g:gg[%l#u% agpgﬂﬁﬁ} U'Pher!s ﬁﬁ\'rentt fain a

hi gh evr ce capabrlity w esp on cont per nce or

the |i lederitd matntdiadigleditidity and bapiomy posifigiing byd @fanmmacharglﬁsps\eabwmlan of a
support nechanismor the |ike, whi|le reduci ng t he vverf%?eé f the mechani sm
porti oﬁedqqar@et@@ﬁppsé%wetﬁbﬁ\ﬁelrﬁhtw%ht paeHAbY w@ecrﬁq Hi %B Jede Pgviichet hod

can' be A RHFGMALYERIRRTE! Lt FOLbESt Af el P Tllcs el R

manuf a@Eurpaﬂ@fﬁasﬂaemb&f@@vmecrnsatur;shrg@ge or the like, so the Iightening of
the entire nmechani smportion is not yet agnr ficantly inproved. |In order

to further IPYMenFuthermate pe cxpeshemtippmapraliodies been pipposrskinvglrlthéo change
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that ugeshRdsas,|ath hivie HPﬁﬁﬂﬁy%ﬁods&ﬂﬁ&q b@mrpgn@an@bw@ict t yhioky#égngat abl e
rods, it is desirable to further i nprove the I'i ghtening of the nechanism

por t i omaintaihs high ERidity bl 2 aeeserancyoiPn andrightbhethy oval gld i die entise mpehakgever

there Izaoruon See, e.g., International Publication No. WO 01/022480.

[0007] Thus, in a conventional exposure apparatus, in order to maintain a high
device capability with respect to vibration control performance or the like, it is desirable to
improve rigidity of a mechanism portion of a support mechanism or the like, while reducing
the weight of the mechanism portion. However, among conventional technology, with
respect to a method of using a material with specific stiffness and light weight, the material
can be used only for a portion of the mechanism portion due to its high manufacturing cost,
the material shape, or the like, so the lightening of the entire mechanism portion is not yet
significantly improved. In order to further lighten the entire mechanism portion, it is
desirable to change the structure itself of the mechanism portion including the support
mechanism of the projection optical system.

[0008] Meanwhile, in the method that uses parallel link mechanisms, each having a
plurality of elongatable rods, it is desirable to further improve the lightening of the

mechanism portion, and the control accuracy of a movable portion of a stage. However, there



is a possibility that control at the tinme of scanning and stage positioning
al so becones conpl ex because the structure of the nmechani smportion
beconmes conpl ex. Additionally, although the projection optical system can
be supported by using the parallel Iink nmechanism this tends to cause the
structure of the nmechanismportion to become even nore conplex. In this
regard, in recent exposure apparatus, a thermal distortipn_ anount of the

mechanisaposstrkiiyéhatsnatral 4 thecimaef srname Fhe see PRUBPHYS eRAVSETBTS stics of
t he projectian i,cal ; : k
boam antrrpls ReRRs M mERE A ke dhErafghdoraphadkes BRI, Aadiin oo e

to thi sipsesihé pRcdis Wptical 698t tlah 68 sefpoifed biynsigizripe pabiedikenédbnics,
positioning correction of the reticle and the wafer, or the like.is
per f or thagltendsifd eayse the sGuctureoihp Areghanism PETIORP beeniae SY AR REMIEm Bor t i on

becones .conmpl ex, th estimat ed .acc tf i k anount
of  t he THECHAH Shiese B ne 0 A AL oG B ot SoPEAAA0

char achgfijohtdn@ aCtBicardtion ahRent sfithdgherdhokristicd of thopaijddientopttal syhiem
exposure accuracy may deteriorate. [0009] Furthernore, conventionally, in

or der tloe tothe esposhearhbuns ofi dtd exposiys bpam and therurionading derePRPRER BFi sti ¢ of
the projection tical, syst.em due to,the tenperature L Jon, a

cool i nﬁ{qdi‘ﬁ?f?’d‘ zﬁgmé‘i?ppﬁ‘ﬁcéﬁ&”?g{Q‘ﬁg %rﬁql%%ﬁ’ig% CSFG%%I %)t;tgiéiie]g?élég opti cal

SySt enypdActbiitis Cﬁ?c%ﬁioniﬂ%\:cﬁfe‘éﬁén bPthe REI AR thB SvaféDbathieAlkeGOPérf@ined
performance capability of the exposure apparatus, it is desirable that the

vi br at dorngfiset dfehersppiaveus. olcwewhi elvedippkelenishpoition beermed efimmesietul d be
control |l ed. SUMVARY THE | NVENTI.ON [ 0010],..This inventiagn reflects on the
above BFUBHERBSCUEY q?zélge @gméa fdilslt%‘iﬁo{iﬁ' (‘:‘Pt_, ‘lfttngmeﬁﬂ_’%?rgi%ﬁm&an_g t@fjpport f or
a proj ﬁ%tlu%‘mp%bﬁ%lof_%li/esih%@r%gséiﬁgaﬁ?erfﬁ% ;@%tbx‘i@ﬂai’es, @J@bﬁeﬁ@% is pb&Mle that

mechanismin a state in winich a. high vibration isolation performnce
capabi tidexposurebt@irmgdnay Ofdridraté. second obj ect of this invention is to

provi de an exposure agpparatus which_ can npaintain hi devi ce r f.or mance
capabi i ty, 000 deriieRRaie: sUMPRGORYY S BRI CORTIABT FHEWatolEmaBY &1 hi gh
rigidi ‘ af: || i i Fecdp h@fen[ 0012]
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[0013] In a projection optical deyvice accordi to first aspect of.this

i nvent itoprdento perspseds BIvTHE f@&tf@%%f%%aﬁmapg%&ﬁ}’e%@e ﬁﬁpqsf'%%palfau%?’ Battern
| suppOtLeth P¥f {I?euﬂpﬁ%n QMG ot A%y R ch st?;ﬁﬂigg ﬁle_sdtoroﬂﬁ% heBidlsRoSmROr t

t he proj ect I on optical system and a positronirig device avi ng an actuat or
t 0 postésitmlieihe proj ection optical system

SUMMARY OF THE INVENTION

[0010] This invention reflects on the above problems, and has as a first object, the

provision of a support for a projection optical system using a relatively simplified, light
mechanism in a state in which a high vibration isolation performance capability is obtained.

[0011] A second object of this invention is to provide an exposure apparatus which
can maintain a high device performance capability, such as a positioning performance
capability, and obtain high rigidity where necessary, and lighten the entire mechanism
portion,

[0012] A third object of this invention is to reduce vibration when a cooling liquid
is supplied to the surrounding of the projection optical system.

[0013] In a projection optical device according to a first aspect of this invention, a
projection optical system that projects an image of a pattern is supported by a support device
having a flexible structure to support the projection optical system, and a positioning device

having an actnator to position the projection optical systemn.



3 [0014] According to this aspect of the invention, the projection optical
systemis supported by a predeterm ned nenber (e.g., frame or the |ike)
via the flexible structure. Therefore, in arelatively sinplified and

|l i ght mechanism the vibration of the predetennined nenber is not easily
transmtted to the projection optical system and the characteristic
frequency of the flexible structure s lLow. .Thus, a.high vibration.control
per f or mance w@é&ab F1Pingip i W‘%Pt .lnTe@B?%’ﬁﬁ? Y ’Fﬁtg’né’@g@?l Syem 18
predet enpi Bedh SEIBRK AR, [ RCLT BAmARL EAlik W3 B RRble HRuchRBSI der ed
as a ri%lﬁsg&gtrwé?ﬁr eewﬁgh&eﬁ%ﬁﬁrlr&&%i’ty, wher easé;t he f1l exi b?e s?tructure has
| ow ri Dhedefoye, irhe cxlatihiaby siteplifiel and lipetohedbinishe thewibration of the predetomieslpi ed
by nmenbers havin rigid structure decreases wthin the device, and a

a, .
fi exi bl BeRPeLjE pag gasjly tgagaitted jo HemaeigrtionPPicRlsyStsIM, 48¢ thrghgrastepistic

charactgr i, st.i i b Lo ) : j i as a |l ow
cost, aﬁ%i%gﬁp%%?g?%k%%p%fgﬁﬁggﬁ lg%éﬁ%{ug% l‘é’ig}ﬁéﬁigﬁ%{? g%‘ﬁ‘foz ‘clsﬁfng a%/}icﬁr ation and
recei viqgatitignsmivetobsgnéder mal  di spl acenent depending on the structure of
the flexible structure. According to this aspect of the invention, a rigid
structure calf0b8 uSethis easesthe pradeverniped syerpher and HherReleryomprtcat $8ICRIed ce

per fornance. ca il n Lexi pl.e. . f e

Por t 1 ontay ierar tasasied it R HEEH, VLR uEH bR BT,
the efigets AbcdrbipenBlhidagRbocRieivetich, bheid senupiedityaneabat htviagwi bration
are minimzed or prevented entirely. Therefore, the mechani smportion can

be |i ghigitheducipiel decreneesawifiiio dhe ¢rvideorntbn Bexiblgpmiciure is yssd-kBipgengiagtt [ 0016]

According.to this aspect of t.he |nvention,. i | &, f.l.exible

St o T sl R A SR e e ePoS o et ARG SRR Sl 18K

char act@kd, shd sarf SIRGUSN¥ferdlle Shlidt@itit onsieldpendbeatloarantio the optical axis
than in the direction parallel to the optical axis of the projection

opt i calresyeingitmangyittieg thegmaldisdacsmept dangndimgivartse strpdungodtheciedbleopt i cal
systemis suppprted in a.stable nner ... Furt her nor because it coupling
R T A Y S N A R N A R St g R T
di r ect i pRiGH(ONGLER BireAty SMct@Kiisvice JchRraldicaahilis) bed h FRLUe Giichire the
coupling nenbers becones lowin a direction perpendicular to the optical
axi s. THeused frtthe patipa) thad colde ugidrshurtoresiaeireigotheni B this epebme,ihe

.. bl [ (deteri [ ft t)..of the, i iti
o T eadibtis ki pREplRkGherd it B ke FaRE PR A OHe eite RV e ea el on
opt | Calpﬁ%\%ﬁxieﬁ%ﬂé@lﬂleﬂg&reﬂﬁe IR B péllﬁ%nﬁ;gﬁ' BL 138 cABARANS tHidvitsie Wi res

or rod ers provided with flexures on their top end portion and/or
t hei r Ipewermand cppattiligns kdpiehiglengt h of the coupling nenbers preferably is

' mor great e[5016-5h ui’ccgz\?ﬂ?nr,]g tE) r131(131'9 las?p%% g} tlcl)a]:, ir}vggtign? W% |0;1Q gxample, the flexible
structure includes three coupling members, each of which has a lower characteristic frequency
in a direction perpendicular to the optical axis than in the direction parallel to the optical axis
of the projection optical system. By having three coupling members, the projection opfical
system is supported in a stable manner. Furthermore, because the coupling members are
comprised of, for example, thin long members extending in a direction along the optical axis,
the characteristic frequency of the coupling members becomes low in a direction
perpendicular to the optical axis. Thus, with respect to the vibration having a high frequency
component, blurring (deterioration of the contrast) of the image position is reduced when the
image pattern is transferred via the projection optical system.

[0017] In one example, the coupling members include wires or rod members
provided with flexures on their top end portion and/or their lower end portion. The length of
the coupling members preferably is 1m or greater. Thus, when the length of the coupling

member is 1m or greater, the characteristic frequency in the direction perpendicular to the



menber is 1mor greater, the characteristic frequency in the direction
perpendi cular to the 4 optical axis of the coupling nenber is substantially
0.5 Hz or less, so the projection optical systemis extrenely stably
supported with respect to external vibration. [0018] Furthernore, in part
of the coupling nmenber, vibration isolation portions can be arranged which
reduce the vibration irl t he ogtical axi.s._di rel%'fion of the proj.ection

i C

opt i cal oPisgkpdne! thy cowplis Membete sthstodelin-5i by PhiEsH e arraiecpa acEl o
the opt %?&i@)&ﬁelﬁgly&%@%@p\?yﬁa Qfikh rQ%tektCtglexﬁ-Ylﬁl §iBr&@dh, be further reduced.

[ 0019] ernore, ch supports the coupling nenbers, and the
posi tioni ng WeysiceFufthempeshipknns tHehwuphed metmben viptiiealsokyish pontions baut

contacting the frane can be_provided. [0020]. Accordi to this aspect of
the i nviestranged whichgedise the vivsaisaris theaniical 2% diggobioa Orél %m&rpijfﬁ@?n %E}"@f.e

Lhe | nvesmirepesd Vs | RAUECH i ARB8 S |
corat varg e B e i 8RB BEUANGRE b S SR AT e

posi ti Qj}jti&g} @gﬁé}rp@nﬁeﬁﬁ;ﬂléﬁ%@ﬁdeﬁe position of the frame and the projection
optical system (i.e., the support nenber of the projection optical systemn

:s Eel d at a[fO%?]geFuﬁb@mqrw, goe whishshppeit the epunlmgtaembes.cndihe
i ght eni ng. of t he. mechani sm. i on..and shi-el,di Vi ' f
of °t enpsrtionine SYARHIET pTER bE AT Sa SRR T Bl AhARE oot

mai nt aidggql_,ep@@qdéd)e devi ce performance capability, such as stability of
the position of the projection inmage or the |like can be inproved. In other
wor ds, with [082¢ecictearduigipdtisaspast ofthe invsation, dheierigyingameyebashbats can be

. ot S X PO qUSTR 5 !
Suppor T g Vst 1 e SRRHE RSP ROr ek ST o R rRUTR ST 08 ¢ e
vi brat ir@!&ti@élyh‘is?%@@ & £BWhkGitneyCrAdch Biacﬁse, by Qe MY pdstiGiing ddecd) Ry ection

optical systemis suspended and supported by a passive vibration isolation
st r uct uektiv fERIIn dhthe fosid dngrhe grogestive eptdal sysen (be, heouppratimgmbhr of

i or meEF GHSH oF AL 5P ey P B a1 Bga e PO e P P oo,
and si ﬁigﬁ?&;ﬁr%eéﬁﬁé il LREAGM BRI M SR MIh € B BBltion R d lhRcts BE @nfekatare Opti cal

system’i on-contact manner wth respect to the frane. By using the
measur efemdesy deibthaofngtdBexdbleptracteresmnn bsemsviamedt drel theldavice peyfowiancon of

the projection optical . systemwith respect to the fr .can _he controll ed.
[0022] CRRFRhy FHEF S sfaﬁﬁgﬁé?gﬁd??ﬁ’lt@?“’lf' ROISEBPE 11aR8H Q{gﬂghgﬁffﬁd&gﬁ a flange
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sensor cohireledmaidtpesitivhmegpiesice) tha atojeatloatoptvalsygem is supported by an active
suspension control method, and with respect to the vibration at frequencies which exceed this
frequency range, the projection optical system is suspended and supported by a passive
vibration isolation structure.

[0021] The positioning device also can be provided with displacement sensors
which measure six degrees-of-freedom of displacement information of the projection optical
system with respect to the frame, and six degrees-of-freedom actuators which position the

.projection optical system in a non-contact manner with respect to the frame. By using the
measurement result of the displacement sensors, the relative position of the projection optical
system with respect to the frame can be controlled.

[0022] Twthermore, in one example, the support device includes a flange portion
fixed to the side surface of the projection optical system, and the flange portion kinematically
supports a measurement unit having a sensor which measures the positional relationship
between the projection optical system and a predetermined member (e.g., the wafer stage).

Therefore, the measurement unit is supported in a state in which there is a predetermined



bet ween the projection optical systemand a predeterm ned nenber (e.g., the
waf er stage). Therefore, the neasurenent unit is supported in a state in
which there is a predetermned 5 positional relationship with respect to
the projection optical system and very little stress is applied, so the
positional relationship between the projection optical systemand the

predet er m ned nmber, .can_be neasured w th hi gh . accurac 0 | n one
bl GO RAHBGHOTTIED OISR BHPE Ry HSBAPREY oTEy Gty Rl sees &
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met hod.prédettinisccmsmbencarn lermeasonedngth higkheairsey. can be provi ded whi ch

m cro-noves the reticle with respect to,L?Sle ojection optical system
Posi ti oni ng ©9P23lhel @45 %"laélpé%ttat%%)mb@'éi‘?t‘ﬁ &@M@f@a%@m ORFEY B8V ng
mechani. ; . B L i ble
CEr ot UperdBEg)iabd y AR GoEHBE B ont SyclGRTEIL M SURDRE LR 8, WhEC D1 01

menber She patkra iStragerwditsn dép Mrisrepéue expantemethodwin dhis tdse, paidremo iisg
formed on the base can be provided. For exanple, when the pattern is
t r ansf epecdgnisi cendearvided BhirbIBicr-mevevle retkde Wathgesportodhes BIRIGCHE pat t er n

is forned.c e j , e r -\ ion
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base anpgedHagisiyane as a rigid structure, and application of an extra

stress to the base can be suppressed by the vibration isolation nenber.

[0025] | n tH02Hash anpthexsxawnlept Eamereiich inperie the SetibleisBAcHESBEASCan

i nclude , .pi vots or flexures. Piv . O e | ow a t.at. i on,
s0°t hogviBh teXuBndtied o it EERe ST ViBhToR Teadi SRR, M Rl PR ARV

[ 0026] niethbdien Wich the Pa®sEas firRe€ BRI bae emga'ﬁmm@r Ror 6RAESE, Witer he
novement of the stage, a counternmass nmenber ich is noved on the base,

and a foietigurie tmesbaed e svannly expppie methodetheonemberinsdichWsatiern 8 he base

be furt i ded,. B doi t .0f, Vi brati bet
The codmiesiodbrgiR S npebat B oot TR0 U R el Bk i el ded.
[ 0027] Aef@dCisnonddhBReu8Fc WRIRE 6buflés thBbisd MaRE Hahe dshai 8 ofr@tiicOmd

optical “system can be arranged in a downflow environnent. The projection
opt i calapplisttiomaif en sxippeiresedo thedase cayde sppressed lydthp eitaatiomeiselation vieder.ai r

Gownt 1 ow oGR8 THpiSGre = b apapBb B Yt RoyoBe el BEIKEN opt i cal
5y \S/te e {T}pi(i)\ﬁ)té t %&\g%-é ufgig% %% ﬂ%@%& heRRh kdtati HEE HdHondsd ey biSb@smegionof the
isolation members as a simplified mechanism.
[0026] Furthermore, in order to cancel a reaction force caused by the movement of
the stage, a countermass member which is moved on the base, and a flexure mechanism
which supports the countermass member on the base can be further provided. By so doing,
transmission of vibrations between the countermass member and the base can be even more
completely shielded.
[0027] According to another aspect of this invention, the projection optical system
can be arranged in a downflow environment. The projection optical system is supported, so a
gas such as temperature-controlled air smoothly flows in the vicinity of the projection optical
system by a downflow method. Therefore, temperature stability of the projection optical
system is improved.
[0028] Additionally, according to this aspect of the invention, the measurement unit
is provided with laser interferometers, and also can be provided with a local gas flow system

which performs a local downflow with respect to the optical path of the laser beam of the



is provided with |laser interferoneters, and al so can be provided with a

| ocal gas flow system which perforns a |ocal downflow with respect to the
optical path of the |aser beamof the 6 |laser interferonmeters. By so doing,
t he measurenment accuracy of the laser interferoneters is inproved. [0029]
In addition, a pipe which is arranged along the side surface of the
projection optical system fromthe flexible struﬁ}uqe, ~and.a |iqui.d
suppl y lesgs iserSURMEIFs UppFe daing (e BSEPHERFHGGFEAE%0T HE 15FpEicr flompiers 1S
provi ded. -o'v@dt his structure, the flexible structure also can be used to
suppor tPhe “pi pe, and the tenperature stability of the projection optical
systemis i[opIgVeth add@@30h plpravipchjieatdngad el ded sidewirtec af fordojegicn a
second aspect of this invention, pr.oj.ection optical f}ﬁt em whi ch

pr oj ectoptiasl systagge fTom the Paxible wgn‘%r@éiadwi%whéwk&hw ’sﬁ‘}BIEJII‘%F “evi ce
whi ch s “Bg,ééﬁi%ﬁ 6?(; ﬁn%l p'éﬂ% \9%11{1 géjhfovﬁdjedt Z{? {55 G AE G1eQTb1d Qﬁlo@ﬁrg#aﬁtﬁhc'gﬂ B

opti cal® 've. According to this aspect

i nvent Q84 1d #Bp&@Bhd Fife,land lﬁﬁ&eﬁiKQMwe dudilltg ogthirbiycti@ooptaliygteanis
vibration is generated. [0031] According to this aspect of the invention,
i n oneimparwetle, the liquid supply device is provided with a pipe which is

wr apped aro he side.surface of, t.he proj.ection i t. d a
liquid ci rcﬁﬁgﬁ}onh’s@@i" 1%93%02@9?‘38? 3‘%@5 1?%&:0 &80 ﬁ%ééﬂ%?&qﬁl ﬁatlg{]%nﬁfeaﬂbi pe
accor diyngodetridh ShIRAPEsRI Wl Rojelibtall tinbbSoSs patdhniserotided aomla igmid i qui d
can be circulated by 'a sinplifi'ed structure. [0032] An exposure apparatus
can be sppplyiddeide witi¢th suppliey 2eilivg ligpid todhe side sedaced dor picivgtien ol ous

aspects of this invention, Such an.exposure. apparatus.transfers. .
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systemg,Li, %ﬁi‘/ﬁ%’ S%myragygﬂpﬁ{@tiy endMigd the projection optical device
gtot t

accordin first”aspect o is invention is provided, in a portion
in which thqopdLj eAtimdingps ildabspsyistfshe orventien, lin kee sxnmdedbe liquidisypply
rigidity can be obtained, and.the device perfornmance ca jlit f the

vi br at i96HICP $0PTaVIdsH Wik pigF %S&g@mdﬂfgwo e”ﬁ@s}’ﬁfﬂ@p %ﬁhe B@??@BP hi gh,
and th i SOR0Y ' e Svhidd GRLEAGANE Yo SHFIRRGD haPihe
support?lpﬁg&tskge%?m ec%llalgﬁgg%%l:ag%f E)isystem H[OOSS] Furt%eiri%gre, by Sl%bporti ng
t he prepestingno apiphoalpriayiptes Vit thissirgetdres theuwbling liquidi can defefrewdiatsddy a
structure, wth respect to a predeterm ned nenber having a rigid structure,
t he rég}iﬁéﬁqmﬁvént ages of the rigid and flexible structures can be

1 2o g Ry AR HOTROOEL 8 SR g o,
Wi t houtycelagi@as ivagolidepeaytiigiavdmionniiueh eapajusuid appastictirasiers and
exposes an image of the pattern onto a substrate by the projection optical system. In this
exposure apparatus, when the projection optical device according to the first aspect of this
invention is provided, in a portion in which the projection optical system or the like is needed,
high rigidity can be obtained, and the device performance capability of the vibration isolation
performance capability or the like can be kept high, and the entire mechanism portion can be
. lightened by suspending and supporting the projection optical system.

[0033] Furthermore, by supporting the projection optical system as a rigid structure,
via a flexible structure, with respect to a predetermined member having a rigid structure, the
respective advantages of the rigid and flexible structures can be utilized and combined.
Therefore, compared to a conventional example, the ratio occupied by the rigid structure in
the deviee can be reduced, so without decreasing the device performance capability, such as
stability of the position of a projection image or the like, the mechanism portion can be

lightened and manufactured at a lower cost.



stability of the position of a projection inmage or the like, the nechanism
portion can be |ightened and manufactured at a lower cost. 7 [0034] In an
exposure apparatus utilizing a projection optical device according to the
second aspect of this invention, when a cooling liquid is supplied to the
surrounding of the projection optical system the vibration can be
reduced. BRI EF DES%;I PTION OF THE DRAY\V NGS [ 0035 Th'ea}l vent i on.ci/.vi I_{ be
descri bed i nl083hk uie BR SFPRtte PP QUGS g gRYICAl AEART 297OT9RE 0

! e enie sUIRLA) S JERIONALRid] afh EIBNISIART inhBLELn hOAIMuLE orl | S 2
di agram & Row ng 'a schematic stfucture of "a projection exposure apparatus
of an ehbethjemionh optichiysteimnuentibation fA0BTledEegl. 2 is a perspective view
showi ng a schenmatic strctu*re of a mechani sm. . por{.i a projection

on.. of
exposure device of a fiBBIELREMRIPT IR i nvention; [0038]

Fig. 3is a View: whi : P 1 j : ] and

a projecti o@hg%[ti ca}é\l%gﬁgnm E%? |39@Eﬁ“?’%%’?ﬂﬁﬁg‘%%@%&§£ ?g‘%ﬁﬂ ew

whi ch Gytyshitihnesgierandoidn@ils Sbaphaglike aletichisend veheasinl e of Fig. 3; [0040]

Fig. BAis a Berspe(_:ti ve view show ng a coupling state of the flange 18 and

a neasur emel®P3¢loufite. 155 afliggran showing@asehermtiy stBRe 0ba PrYGHOBEEISWNS ew

showi ng_a_ | ower. _end Ft1on.of d 38A of Fig. 5A; [0042] Fig. 5Cis a
cepretreansmbdme S Byl

per spe _ ex pornt’i on and a notch portion wthin the
measur enent [ltms"gt £55. 0fis Eipgrsp8five ¢ flowihg a sbhdrbatit PRECSPEST 4 HRCHnGIM
showi ng a rod 43 which can be used instead of rods 38A-38C of Fig. SA

[ 0044] meirigon af 4 srojechion speesuradevidest adiretirempday chbeginent of Fusinyeeliast a

mechani sm i.on_of .a projection.exposuyre apparatus of. a. secon

exenpl ary eﬁ@é%%}msﬁlg‘éflsgﬁf VI?"H\V“E‘N% SH‘E@%?%'S’{)WE%H Spvyus g fﬁaﬁga#gﬁ%ﬁow ng
a |i quigd,SUiiH Ypitr¥BERMnePLHrgig 7; [0046] Fig. 9 is a schematic structural

vi ew show ng a nmechani sm portion of a projection exposure apparatus of a

t hird exenpl[@639]enbigdrieaplafvitwhiwdidhnagnthirargh 4 pO4Th sikvgng donedified schemat i ¢
structural i/i eﬁé,v@éch cuts through a portion show ng a nechani smportion
of a prdfeelsYni&xtosure apparatus of a fourth exenpl ary enbodi nent of

[0040] Fig. 5A is a perspective view showing a coupling state of the flange 18 and a

measurement mount 15 of Fig. 2;

[0041] TFig. 5B is a perspective view showing a lower end portion of a rod 38A of
Fig. 54A;

[0042] Tig. 5C is a perspective view showing a convex portion and a notch portion
within the measurement mount 15 of Fig. 5A;

[0043] Fig. 6 is a perspective view showing a rod 43 which can be used instead of
rods 38A-38C of Fig. 5A;

[0044] Fig. 7 is a perspective view showing a schematic structure of a mechanism
portion of a projection exposure apparatus of a second exemplary embodiment of this
invention;

[0045] Fig. 8 is a diagram showing a liquid supply system of Fig. 7;

[0046] Fig. 9 is a schematic structural view showing a mechanism portion of a
projection exposure apparatus of a third exemplary embodiment of this invention,

[0047] Fig. 10 is a schematic structural view which cuts through a portion showing
a mechanism portion of a projection exposure apparatus of a fourth exemplary embodiment of
this invention;

[0048] TFig. 11 is an enlarged cross-sectional view showing members from a

countermass 59 to an intermediate member 55 of Fig. 10;



this invention; [0048] Fig. 11 is an enlarged cross-sectional view show ng
menbers froma countermass 59 to an internedi ate nenber 55 of Fig. 10; 8
[0049] Fig. 12 is a schematic structural view that cuts through a portion
of a projection exposure apparatus of a fifth enbodi ment; and [0050] Fig.
13 is a per specti ve view of the Fig. 12 exposure appar at us. DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI NENTS Fjrst Enbodi [ 0051 e follow ng
expl ai ns a fIPP4Y] eXienp? & 3 sdepsls ﬁ‘é‘ﬂfﬂmét‘”ﬁ‘ﬁ aﬁqﬁl\ifetﬁe Ugh AR ”‘? Ference to

Figs. 1.6 .44 é;@otyphﬁpgﬁlaﬁ%ga Aeerivovgntiiomd s applied to a step and

it
repeat PrEXPOSUT roj ecti on exposure apparatus such as a stepper or

the Iike, ardos] argt epigdgersgedne exposithelFigy p2 epp@s]uescapperanmxposure
apparatus such as _a scanning stepper or the |like. [00 i.d.. 1 is a block
di agram of di f f cREAAIEERIPEIGRIPIION QFRRIELREL =S dj ection
exposur, of this enmbodiment. In Fi g- 1, a chanber in which the,
proj ecf%ﬁgg%ﬁ%e?é apparatus is located, is om tted In Fig. 1, a laser

l'i ght sourcqpdsi]s TRE licdaAy exddigink agiest ehﬁgblarﬁﬁﬂb@ﬁn&nﬁ@ﬁ’thﬁenﬁeﬂﬁbﬁmﬂm mer
| aser (wavel ength 248 nm) or an ArF excimer |aser (wavelength 193 nm, for
exanpl ecfelnee 4 Gigs. bukrkhingmbodimant thsdngerdioniis épplwﬁufe B SteRdind Feeahin

O avel et BRe mﬁ]e&ggn;]egpgglgg'@ﬁéag%hgg AR B BNF0 h3RGTand
vacuumgpld £:3%k@keipe FrafegombL ul%aa@pﬁau@lahal fedlsdayning Elgdrhh@mae/er ti ng a

| aser beami'n a near infrared range é plied froma so |d state | aser
| i ght sour c40932AG Big. & iseblock digoamo pf digseant fl@mflph@ Wtﬁé‘vﬂnché@onﬁ’éw&ﬁy

di scharge | anp, or the |ike, of t LS t f, exposure
et et eare Bapaks of P ah o frPit TR B8 O Ruhberty WBG B 7
.(EXpOfsgﬁ(geéticﬂl x%:oédfe@%ﬁ)ﬁé‘tuﬁl‘sol%été& ibeamddr ampid hea ﬂa%éleﬁgﬂtlsGﬁlEc saurce 1
irradiatées a reticle mechanism 7 with a uniformirradiation

di stri budvidet. vrzw lasdrdighgeires hgalﬂma Kdf ezs:,mmeehﬁ@f (watielength 248 omvtorpated by a

I t, litt bl
At T onuAremo e O lbetn ) g el T gs 0 Sl bg A ons
Syst em»ﬁnchTﬁaldtés' dﬁrﬂs@ﬁfahﬁg 1dsb:H¥and i a\“ﬁﬂl&:ﬁhb}%’c gt 5ich £%ntr 1&er Pr edet er mi ned

e (e.g., a square s e In a step and repeat exposure type, and a slit
s hape (vavaerpitie b5 annh) scdavi@xpldshiratittygredarmenidieser debwlie ablbwun wHviolblsm 7

di at t t k | 8, d
o | TGSt S SHIBPS bR een e BonteTing » Tt Drin foune Traed Bel o R
An i 1Ty Radian, QRbEEHatSHSE8iPhPsduic @NSG ok Hiseslidduabdisr BRQYSrthe like). A

mercury discharge lamp, or the like, which is often used in this type of exposure apparatus

also can be used.

[0053] Tlhomination light for exposure (exposure light) IL, as an exposure beam from
the laser light source 1 irradiates a reticle blind mechanism 7 with a uniform irradiation
distribution via a homogenizing optical system 2, which is constituted by a lens system and a
fly's eye lens system, a beam splitter 3, a variable attenuator 4 for adjusting a light amount, a
mirror 5, and a relay lens system 6. The illumination light IL which is restricted to a
predetermined shape (e.g., a square shape in a step and repeat exposure type, and a slit shape
in a step and scan exposure type) by the reticle blind mechanism 7 is irradiated onto a reticle
R (a mask) via an imaging lens system 8, and an image of an opening of the reticle blind 7 is
imaged on the reticle R. An illumination optical system 9 is constituted by the above-
described homogenizing optical system 2, the beam splitter 3, the variable attenuator 4, the

mirror 3, the relay lens system 6, the reticle blind mechanism 7, and the imaging lens

system 8.



descri bed honogeni zing optical system?2, the beamsplitter 3, the variable
attenuator 4, the mrror 5, the relay lens system®6, the reticle blind
mechani sm 7, and the inmaging |l ens system8. 9 [0054] In a circuit pattern
region formed on the reticle R, the image of the portion irradiated by the
illumnation light is imged and projected onto a wafer W coated by
phot or esi st @a substrate)

hot iti bstrat 1 t iti
body) via a P&flectt %ﬁzrgléb]gfﬁ'@g? ?E’&@gf ' ?h!n?‘igﬁgi‘sﬁul _édéﬁ’ Zibqojl@%r 3%8%?8}63]'802 ‘?II? olnve
magni f1.caki 0w 1@ﬁﬂuﬁﬁh@&%ﬁ%¥t r?s% ﬁl‘é%%d sh@ %ﬁﬁ S bfio aRPAreCHAIREE byt he

projection nmagnitication 1 rojectron optical systemPL" can be
1/4, 1/ghot@esisthe shbduate) (Hphdtompbinge Sittarateunmer plotapesit v bodyAvipanpiogeclo, and

a dianeter of a field of view can, be approxjnmately - 30 .The

pr oj ectarsisalogwsterdlL bydng argluctign yroj ?Cé@ﬁ&&%m@% ﬁ@ﬁﬁ %ﬁlﬂg bo%élfia- di optric
system he | Lke o : et | Tafen : | so
oo bo S5t 1Rt S bAR-USE B litfe i A St BB ot i Rlonl P

f ol | owi da@ be@xq!18) @k eNlikea té idishh gl sidedeimdrelthpectutzeN panalbk €17, and arioypdtec al
axis AX of the projection optical systemPL, an X axis extends in a

di r ect i figdd af view qap bs appiseimppline - o mpp.gTha projgréion eptigad speemitdulSér to the
S it R o t ) ) . . |
of “Fi o AR s B et el Sl by R RRE BETL fHaricheRiPRORK D) 20

and scafe Q4RPSM R0 da PE cofkidirb@8sd fienakdrsedbni@cbjen) regdeotigeliyhdn theduilowing a
scanning direction of the reticle R and the wafer Wduring scanni ng
exposuresplaanidon. el #4is isdafiaed nbe pajrids te An phkcal axis 8 ORthsauBigedoypptical

| t t ending.,i di r.ect| di ' | X axis,
bt o i< X AR A Pl B el OB RENRBY & AL TR Wi o
is arr dRA1A0 ORIZSts, S RAL 8xBiedRnad int D@ireddibajpefich@RuRptd £ phpes piinem PL

is held by vacuum pressure to a reticle stage RST (mask stage). In the
case ofof&igtleVhenla papedionexposue epnaygies of thes exemipld & astepyindRean exposure

m cr o- novi nmechani . 1S Jmcro- ed, on_a r.eti,cl e. ha i in a
ot at | dTPRE AderTOn bt ionhaloE g e etk iRl T DO B
di r ect iy®fper WA sbhBhing SxpdduteNSndsha MtunYindiibR eddi@iNen theetidle Rbech@iSh bh on t he
reticle R Meanwhile, inh the case of the scanning exposure apparatus, the

reti cl elommprdehBSextaidayeh 4 drastive (X atireelioy ndmgrihe Kpoes vdiich Bas1onrn the Y
direction scgnni.nﬁodi rection) via an air bearing on a reticle base
(undepieFEE “49E8%pyi ng coordi nate position (the positions in the X and Y

di rections, e[aﬁsisye Pﬁulﬁ%ﬁb}é,) Qx%ﬂ&lﬁ ToRAIh it BRarfc®thSh dbfect B8 ficetside F thét age

RST i s successi y measure a noving mrror M fixed to the reticle

st age REJjection opticel guee P ixlold M viiwetplessurh® apppiele spagetR BN (Bidkestage).f ace
of the projection optical system PL, and a_laser_jnterferoneter system 10
ar r angdh Ti53e% P GSIER 2R, BOERAXPPOIS DPPrBe Feflids Slage RST (micro-moving

mechanism) is micro-moved on a reticle base (undepicted) in a rofation direction about the X
and Y directions and in the Z axis direction, in addition to in the X and Y directions, so as to
position the reticle R. Meanwhile, in the case of the scanning exposure apparatus, the reticle
stage RST (stage) is moved at a constant speed at least in the Y direction (scamming direction)
via an air bearing on a reticle base (undepicted). The moving coordinate position (the
positions in the X and Y directions, and the rotation angle about the Z axis) of the reticle
stage RST is successively measured by a moving mirror Mr fixed to the reticle stage RST, a
reference mirror Me fixed to the upper portion side surface of the projection optical system
PL, and a laser interferometer system 10 arranged opposite to these mirrors. The laser
interferometer system 10 includes a laser interferometer main body portion 10a, a beam
splitter 10b which divides the laser beam into a beam for the moving mirror Mr and a beam
for the reference mirror Me, and a mirror 10c which supplies the laser beam to the reference

mirror Me. Furthermore, the moving mirror Mr, the reference mirror Me, and the laser

10



interferoneter system 10 includes a | aser interferoneter main body portion
10a, a beam splitter lob which divides the | aser beaminto a beamfor the
nmoving mrror M and a beam for the reference mrror Me, and a mrror 10c
whi ch supplies the | aser beamto the reference mrror Me. Furthernore, the
nmoving mrror M, the reference mrror Me, and the laser 10 interferoneter

system 10 actually con |tut east a uni axi al, | ase nt erferoneter
system mer?eg%eigr éis f(i% Bﬂual nﬁ 1tbr]tea§<tl lggst 6}1111@}{1[4 Jagen 13fcr¢eéo§g?tel sys{rren n

interfeqo ﬁ?&ﬁécﬁ%ﬁis&ﬁ Bzgmtah@r a irﬁkfa? “Eislarolﬁtel fe%&]:r Stk Br AP Yedirdign MoV enent

of the rteficle stage I's performnmed driving system 11 conprised of
a linear notos6p Mhmr[mwth@m&bmanmf th@retmheztdgeR@ST iEhErformaéhyement

informatiqn of the_ laser interferoneter system 10 is su d]dltF st age
cont r ol AriiAg system 1 4 Gamprigedsq efglele@bmorfmaaﬁrremw%ﬁrw R My system

11 bas Ed énti'&t ?{Hﬂﬁéag on ¢ dfnltré)fa %Pfeéd sykt'@frlolrmtshﬁﬁ] edt6 %‘%‘té@?‘i’:oﬁﬁ&lm a

mal n COI’] O SYyS auater whi ch “control

oper at i@t o4, ahaeaeeqnégeroendewzﬁem eanﬂrdmeleme;amgrsemem 11 fsed batheorontoD057)
Meanwhi | e, the waf er, Warranged on the i mage pl ane side of the projection
opt i calinfysieEan AEpYidn Rgmatipdeemtrhigra 3dﬁalpr?€n?ﬁ%1f5§?t3§’t %QJ@%TSG@QE Bstrate

st age \A I eat
exposur iyl iR BBl e e Blo R R AR endt LadIE, BRPR o BGnERERGEEEPPD
via an air bgasy ngman@hmeftﬁé Wafs oV (uad e @me)imaod Plabdhrgide a8 theqfrofebiton

scanni ng exposure type, the waf er stage WST can be moved at a const ant
speed apticabsystelmPl eadyordied eed held oatthe malarisige IS Cabplialg s@gposare, and is

nount ed n icted),via.an a ri

ot op- noveapRIFt ool vt EE PSR et RSB A AR R (e
posi ti o8 s ?en&reariﬁl thé Rliah@&t §i9@iont DR AnGliBldating 8 glveafalbr@ase (uddeicteddxi S)
of the wafer stage WST is successively neasured by a reference mrror

fixed Insheéaselobthsrsopuring erpoghretties, graoyaler sioge ST el besyevashitpiconglaiovi ng
mrror to,t T, and a Iaser nterfer meter ystem
1o o RGP e Y GrtReS at e s & e pSaasfty hed PrBbued BF 2Sdtim 12

i ncl Ud%s@(dr@%ﬁ(zteﬁmﬁraﬁ%h%hﬁg s&T84 b RO -RPKED Bthd 3RandyY @@@meprmet er 12b
whi ch divides a | aser beaminto a beamfor the noving mrror Mvand a beam

for t heneehgremdmatr pasisionNhe sdions i theck and®¥ ditsctens i;kmamaé@namgbﬁpmbeam
to the rro her ference

bnd t ndhe 2ea) ohterTroTasEean S To ket ety bYG R ElE dger AR

uni axi thRFor M@kl Bitlgxi al  or
atri aft(l‘r5 g} gﬁ%F%ﬁ?%ﬁ%@%&%@i@%?ﬁ%@% Hiog?%tect i gn Furthernore, the
| aser iwdfer ftageoWiSile andsy bsemnnkpferenétar sistem b2 avirged oppoditedo Bheagimrotaser

e S TEL St et 20 00 300l o mEsu ClEnl, coout, (o X A0 eP;

consi defgh splitter 12b which divides a laser beam into a beam for the moving mirror Mw and a
beam for the reference mirror Mf, and a mirror 12¢ which supplies a laser beam to the moving
mirror Mw. The moving mirror Mw, the reference mirror Mf, and the laser interferometer
system 12 actually constitute at least a uniaxial laser interferometer system in the X direction,
and a biaxial or a triaxial laser interferometer system in the Y direction. Furthermore, the
laser interferometer system 12 is further provided with a biaxial laser interferometer for
rotation angle measurement about the X and Y axes.

[0058] The laser interferometer system 12 (laser interferometer) can be considered

as one sensor for measuring a positional relationship between the projection optical system
PL and the wafer stage WST as a predetermined member. The laser interferometer system 12
is fixed to the bottom surface of a measurement mount 15 (measuring unit) which is an
annular flat plate-shaped member arranged on the lower portion side surface of the projection

optical system PL. Furthermore, in order to reduce fluctuation (fluctuation in an index of
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as one sensor for measuring a positional relationship between the
projection optical system PL and the wafer stage WST as a predeterm ned
menber. The laser interferometer system12 is fixed to the bottom surface
of a measurenent nmount 15 (nmeasuring unit) which is an annular flat

pl at e- shaped nenber arranged on the |ower portion side surface of the
projection optical systemPL. Furthernore, in order to, reduce fluctuation

(f1 uct vefracsan) of AHOR H@@pu@aﬂ peth ¢ldhe dser byd Gbeaupp i torke BISVIEIP it h of
the | af\%f/ apﬁglﬂ% ﬁerQ i?lp h/ftdfrélﬁ tﬁ@ﬁséﬂﬁfe%ro%é‘&fzsysiw pndnbhqnkefer ence

mrror eroneter systeml an ai'r duct 16 having

f1 exi bighiit ﬂeilbﬁlhﬁyeﬂﬁk@i fohee ﬁ%ﬁﬁuéﬁﬁmﬁommmﬁt AkShowa is Fowd, th&aﬁl@ci 26 t he
air duct 1 extends substantially parallel_ tqg a columm 33A, on of an

upper puteninsubsantiaby Baallel fela golupn 33 5me stdeo 0 IRPHP R P EYIUE Er1 at a
troll, t
cond PR 0L e st 7S R AR A b bR HRRS Blbrad B | “?%%Edopu cal

pat h %n{ Q@mhﬁ%ﬁrrcoh@@iﬂhﬁfg d%tai%e |1<’;1$(§ﬁe Hipt B[ feY thegheis saysicino1Re Oytical paibal
downfl ow nmethod. Furtherrore, in order to couple a portion of the air duct

16 wi t bf tHedasir beargHBthedaser xwer ferometer SY%W(@LHY}:?&P@&W@H@&O)V m&thgdy anged in

th - abl t f..th f t
6 conbiTthtutedR TR teRa & ph e Rite B g e R, PR Otk oY St o
16. By gm bR miche aw&ﬁé@anﬁt@ﬁeﬁmwf@hdvmeb@wﬂ ¢mhewuerm@ew

system 12 s I nprove Additionally, a plurality of air ducts 16 also can
be pr omabgas fl®oSgterh i s Gaingtituted afifbe Fmokpesonditioning dmp@rﬂ gnd e angfudt s

per f or ned a drivi stem 13 co n t or s a linear
not or , rrg ‘%}’ dloglg Ihﬂrfg‘ﬁ‘w}/efwcwé?cygﬁéfw ]:ai;‘%él% :Itﬁ e{ssﬁ?%%ecﬁt <’é'll nf or mat i on
of they d' LR ) fra YOI di2td & S9P8ld Rbrboidehe  stage control
unit 14,7 an estagec ntrol” unit 14 controls the operation of the

driving syiﬂ@ﬁ]lsh]ﬂﬁgeﬂ tienmbhemerd ax tireewediet stgdf Bﬁﬁ’ihlﬁlp@rfoan@ﬂ bhe dewivgr ol
i nfornati on E;In put mforrratmnél_trecislvedfromthe O@féﬁ) tem20
100601 SYiem tlP sREpriingaRacuarg su IREET TALOTRR YRGS £ 6%%?‘% %u tion

(focusyp O\E,f\h h’ﬁ;ggu[lélﬂeﬂtnﬁf ?ﬁ&?Sf #h @as%f' i dMerdvater S)Wen?m & s&lpbﬁ!@fd 1he

mechani’sm so controls an 1nclination angl’e about the X and Y axes.
Furt hemgé eontddl uahlldgarel thaciage nbnirglpmitridl dointrplsitng opmtucuf oftilis dsiingor ( 23A,
23B) i xed to the measurenent unt, 15 f t he Si de sur{)ace .of the

pr o] eciSYFé?mdéthaéeéjl onsths megsipemetHis IR)aHgn an H&C&Bﬁf’l? AR (PBbi nt
aut of ocu% ?Eeoefx%ﬁ%*on%ﬁ@mélﬁc%ﬁ Qj%@g oj a projection optical system 23A
] ec s a 1! plu

whi ch b S e onto a |ty of neasurenent points on the

surface of ghaopaf Eﬂdl’bﬁbnaﬁl”ydﬂﬁ Wwafghitagee W Tvis mgpvep td caitxolst;ssxoemeﬂiﬁBCM| ch
detects the information reI ating to the horizontal shift,  a

i mage ppsition) irhe Reldection ef theugéy Webea devslmgapedpnismcrhis ﬁ&ot%B P]téfapect ed

i ght fiI[C 1rrpattzcr>1neans e abao%? the X and Y axes. Furthermore, an oblique incident type multi-point
autofocus sensor (23A, 23B) is fixed to the measurement mount 15 of the lower side surface
of the projection optical system PL. The oblique incident type multi-point autofocus sensor
(23A, 23B) is composed of a projection optical system 23A which projects a slit fmage onto a
plurality of measurement points on the surface of the wafer W, and a light receiving optical
system 23B which detects the information relating to the horizontal shift amount of the image
in which these slit images were re-imaged by receiving the reflected light from the surface,
and supplies this information to the stage control unit 14. The stage control unit 14 caloulates
a defocus amount from the image plane of the projection optical system PL in the plurality of
meastrement points by using the information of the horizontal shift amount of the slit image,
and drives the Z leveling mechanisn within the wafer stage WST by the autofocus method so

that the focus amount is maintained within predetermined control accuracy at the time of
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and supplies this information to the stage control unit 14. The stage
control unit 14 calculates a defocus anount fromthe i nage plane of the
projection optical systemPL in the plurality of measurenent points by
using the information of the horizontal shift amount of the slit inage,
and drives the Z leveling nmechanismw thin the wafer stage WST by the
aut of ocus nethod sq _that the focus amount, i s. maj ntained wthin

. . Wi thin
pr edet sxkposieel Alstailsh shipeturaefonsdyrard apoplapt inpaiery BS t-PAI MRS
structure of on n irgue AL AUt t Nt aut of ocus
sensor S?%SOHilsscﬁfcgggé%‘qﬁ’né?ééi&aggf &%gcﬁg gﬁ Eg@gﬁ&%ﬁ&gﬁ? énitﬁ%g%l ication
1-253603. [Q@6dl] Foathemees,he ithe ehagemdon ireludenaicodtdoli systemdestka cont r ol
systemon the reticle side which optinmally controls the drivi ngtsystem 11

based eetialesidasdsely entinelly ¢ontrolsriie AOHDESFEFNdd aperhoy Hhe mepsayement
i nt f t L 10 d a. i ich
oSBT SEEVETE 1 RS e S BL S ge

opt i malfh . ; sed on the meas
i nf or ma}dransid 6 RicK Sptitadp cbiolks Axedrivifid gfstedt OFBhax cayht amadRembift t he
proj ection exposure apparatus of this exanple is_a scanning exposure type,

when t eformttia wegtvahforndelrstreintanfeapmetesisiont bholidhy PEiHABEXBRSYhe ti ne

of scanni ng, expasure oth control syste coor dinat,

respec @ngﬁlﬁ io@ ﬁH@ CXAPLIR A% 2 §OPIRINY CFBS Suﬁjﬁ% evgf)ﬁ)n%rl ?tlle“? ?%1%%@%%11%%12%\% ]%(}) I“t] g% stem
20 MUtUalH¥n SRV REALR SheMihb of RANAIRAS RLESIYE bBOTTo] Sytsdngy@ordinaangt age
control“unit 14°with respect to paraneters and comrands, and the

r espectbnmolabatespectivpsirving §ystentsd 1smnddd. Fonthemhorethi maid CorY sppemdl | y

performs exposure process in_accordance with.a,program I by an
bper at oraBcE T BEoER e FaRGERF coRe syt e DR R IO By an
I nput  deygay, g@ﬁm?etc% 3RH 2¥mHRMHEE Bhd e RER¥AEEbntdN dyst@hdT B8 stapé ediftage

bet ween the operator and the main control system 20. [0062) Furthernore,
at t he uhitrid, mid eptposiy peridrmsiespekess prabéseingon atdogdanchaevithes proReenR and  t he
waf er Wn advc?gce. Therefgre, in.the proj ecti&)n ex osurelaﬁi ?.ralﬁlgs of Fig.
1 & r ePeneed Y p ARALTS Porit PRALS R PRIgPIS Ao et L Cpdiitiedng o

pr edet d § 1RP1ay iR Dis P8 FiadK iaRd FHRR oA ih@PEBNbetG¥at 80 cpraghti Ch
det ect zﬁ}g}t%agﬁﬁpgﬁ %Heava\/g?ieérlvylas e Sroviaded. The 11aI I gnnment systog)r%] 22 (mark
det ect iand tiymmbiargonirs! dyisteed2@.0 t he neasurenent nount 15. The nmulti - point

aut of ocus sensors (23A, 23B) and the alignnment St 22.¢C be. si dered
as one sens[@‘?‘_;%hié‘ﬁﬁ?ﬁ%?é’iﬁbé%ﬁlﬁﬁé‘lepﬁsqx??%ﬁ%l“}s eé’f?@%é}%kﬁ“gg? \‘?\fg’é%’oltgﬁgg
proj ec : r : 213

(pr ededis ReRENY BRSBHEE Ofhertlord B pioill i cxpb e skt of P 400 R e
is an gRghmedt syasr(RIA gfstens)odlr whichacts kleseticle®natraopredietetmiabd phditén, iagd an
controll ed by the main control system 20 is_pro i%{%?' aser gﬂ%gt | unit
25 conbflords paelepsed sysirgelwhich deigris e mygen Hia; '%j*’ FEHBOVERt HE®) i ke)

of alignment system 22 (mark detection system) is fixed to the measurement mount 15. The

multi-point autofocus sensors (234, 23B) and the alignment system 22 can be considered as
one sensor which measures the positional relationship between the projection optical system
PL and the wafer stage WST or the wafer W (predetermined member).

[0063] Furthermore, when the laser light source 1 is an excimer laser light source, a
laser control nnit 25 which is controlled by the main control system 20 is provided. Laser
control unit 25 controls modes (one pulse mode, burst mode, waiting mode, or the like) of
pulse oscillation of the laser light source 1, and controls a discharging high voltage of the
laser light source 1 in order to adjust an average light amount of the pulse laser light to be
radiated. Furthermore, a light amount control unit 27 controls a variable attenuator 4 in order
to obtain an appropriate exposure dose based on the signal received from a photoelectric

detector 26 (integrator sensor) which receives part of the illumination light divided by the
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pul se oscillation of the |laser light source 1, and controls a discharging
hi gh voltage of the |l|aser |ight source 1 in order to adjust an average

|l i ght anmpbunt of the pulse laser light to be radiated. Furthernore, a |ight
amount control unit 27 controls a variable attenuator 4 in order to obtain
an appropri ate exposure dose based on the signal received froma

photoel ectric detector 26 (integrator sensor) .whi i:g receiyes. ?rt .o% t he
i 11 umi rbé@ﬁlénhﬂ@‘g?man@F‘?ﬂdﬂé‘é‘eﬁ%ﬁyt(ﬁiéhtl%n%’;rfp PHPRPY B R iR e ty
(11 ght anount) LALALIALISONhe LhG, Okseslddighnat ion Light  to the Iaser

control e main control system 20. [0064] Additionally, in

Fig. 1, in tbhsgqasadeitionalsy,eprand, haheedseef petpraadiymet capparcdypes, an
operation which, in the presence of the illum pat.i on%gi]grt L, pr [ects a
pat t er appahiusae eneratiemeviRclin sheopresesre ol tiedBumimating hght Ky PIRICAIS? PHE™

proj ecti.qn opti cal .Ssyst PL, a - Aty i: t 8Pz t waf er
Wi a Pﬁﬁ’%ﬁ@?%‘?‘&&én tiaﬁeat%@%“ga%g @ lgl{ﬂre c?“?@gﬂﬁ%b%ﬁ%&g)s pe\ét?g%’%g a

st ep- angd-oheRash wHEdHeh-rdeanMaivEer Wivik e watsestage WSCanthe Koandekposure type
apparatus, according to the scanni%g exposure operation, a pattern imge of

the r ditecli@sRre wperiahby estepdndgepesd methind. MMeanwhils, i be &% IR SRRITERS

irradiation of the illum nation Iight .l g ! 1S : i , the
| mmge APETEEES AP ERPSTER o b g e REp S Pl B Rl Mo AR,

pr o ecgétﬁﬂ‘e RRL el feB¥EicaRt BhotiafeaD 0l Q6feel wondlOiRdRtiBh of tiar ilamamtivhéighaf er

W and, using projection magnification 13 of the projection optical system

PL as 4L spthedeticle Rois préwdded; éhd ivtage siidepanst hranehmartditer pajteayel BT are

7 apeat FFIE R GRPis-BHT SRUGH G PLIAPRUraN SftotlE sTordrbE S e oE, ™Y
I's st OB.H&%SQ%I ¥R EREnWchSorsh ﬁptﬂaﬂiﬂﬁ@cﬁdﬁ dRadeyanesh ¥ d hepsddanso,tha  the
waf er stage T an

d the above-nenti oned scanni ngﬁgxposure operation, the
pat t er metidleretgge RS Ttané thewh sk etafe WST wransidweratisbrmeved (syrfhrerieedshot  ar eas

on the wafer Why st ep-and- scan t haod. [0065]. The. fol |l ow | ai ns
the def&mEgQin esﬁ?,dag@ i nﬂ?el ﬁ@eﬁ?g%ﬁ@ﬁﬁg ﬁ)ﬁ["?fg??% glnwﬁlfﬁ_l?ﬁ‘gw&[}g? fgfé?i on
exposur Bﬁ&?hg@t 197is %Rgﬁecﬁa&&mﬁb Qafly WHEstephesleli A theTXiafid e giRatibadviaOr ti on
al so can be consFdered aS” a projection optical device provided with a

proj ecthowafeptiagalVss ysd thimaPhve-ieetifreidl somimog expisaierapevdtion, Hhea§9r6] ect i on
exposure apparatus_of .this ex e ]s..a step and repe osyre _type.

[ 0066] iPpge otihg ﬁ%%&ée%%%%%ﬁf?a@@g@? Ph@f H}eeg?‘Bfr "pIF?FeO %%%%Wo% i'u‘F%'ﬁn f the
pr oj ec%j}%}n%ggsure apparatus of this exanple. In Fig. 2, short cylindrical
seat s , "(the third seat, 32C, is undepicted) are arranged at three

| ocations | qe@é®d ‘#he fdiewieg tipdains tfe datails of anghetunnofithe nfechanists peftesef Long
colu m?ﬁhe?)gréj eot?igr? éxgogégreae{p%all'a%sac}f%gis %Qaépee orf%fepi%%rilt}/o%. This mechanism portion
also can be considered as a projection optical device provided with a projection optical
system PL. The following explains when the projection exposure apparatus of this example is
a step and repeat exposure type.
[0066] Fig. 2 shows a schematic structure of the mechanism portion of the
projectidn exposure apparatus of this example. In Fig. 2, short cylindrical seats 32A, 32B
(the third seat, 32C, is undepicted) are arranged at three locations located at the vertices of a
triangle on the floor surface. Long columns 33A, 33B, 33C are located on the respective
three seats 32A, 32B, 32C. The columns are arranged in a state so that position shifting is not
generated, thus the thin, long cylindrical columns 334, 33B, 33C slant inwardly to some
degree as shown in Fig. 2 (vather than being perfectly vertical). The three columns 33A-33C
are arranged so that the spacing between their upper portions is more narrow than the spacing

between their lower ends, and a substantially triangle frame-shaped upper column 34 is fixed

on the top surfaces of the columns 33A-33C. A column structural body comprised of the
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three seats 32A, 32B, 32C. The colums are arranged in a state so that
position shifting is not generated, thus the thin, long cylindrical
colums 33A, 33B, 33C slant inwardly to sonme degree as shown in Fig. 2
(rather than being perfectly vertical). The three colums 33A-33C are
arranged so that the spacing between their upper portions is nore narrow
than the spacin bet ween their_ | ower ends, subsg tiall @I’I angl e
f r ane- stPApBHS B Ao e uBper icglupiny, 34coTERRPS! t?& LGy @g§u%¥eﬂ¥5h ®col ums
33A- 33C, al body conprised of the 14 col unmms 33A-33C and
t he upﬁ)eeregdguﬁ%%ﬁgg c%gr}éggponds to a franme which suspends the projection

opti cal systﬁm\gﬂL The0e, the Phsjtction, optibsl spstemardt isamranped withirsystiesn PL i s
arranged within a space surrounded by the col ums 33A-33C, . and L}Ihie fl ange

18 ('S UpRYSHOU ycp@mn@t%‘r%%mﬂth@ﬁan&%l&Q%wainé@iﬂ? As Byt tem

SO as ,io_substanti I |ntheZ
d| recti SﬁB%?roﬁ’? O%P%il a’étgy%%ﬂﬁ 5t c%ltggg%si%%gﬁg%ﬁftﬁgﬁlgg% can
i nt egr ate@tbr imMie!¥. @irdcgBa ol@aier;ﬁbje@ﬁoﬁ bstidal 9jseeh PON Toptilangt 18 yad BéﬂnE&grated
Additionally, one end of coil springs 36A, 36B, 36C (vibration isolation

por t i orith awhisdarrak &f thelprejeciinn O@bc@léfz'ﬁ@é‘itﬂie rAdgigionalise gne gnd eiccot WEiBETL i ve

h of. the th T,
[ ange Tau 6. 286 TBEMeR indlal ReBSulyBRR pffcbfcet REfon SR s¥ig 'S o
via w r&ﬁpe%% cé@e@ oARn oMbHBfth%&Ereb%%&bé 6@Bthe Upp@a®urdh BEr ThadanBdes ief

nmet al . wre 35 and the coil sprlgg 36A correspond to one coupling
nenber .colupletifte tsarteerread odithe ariharings 368, 3B 3685G2 arites G6A 358&5@»9@19165 and

36C d.to t th [ i
S ober s WRRpEaIss s R ARl TR SR 1 JARRE yROR R TRAOPY S | AL
exanpl e(i n&?{?bﬂdqb roﬁ@%b 111(g r&eﬁbére%lt&' YhreQM@ @, td’ﬂl@erfvlf]%%BSBJBB@%@dlcSﬂa

a

vertic ction, a plane (XY pl ane) perpendlcular to the Z axis is
a substsprinpabésy axh:b%@omraspopﬂmevo G’tlhe)r@fuphag nfergyers. HBhasp pewplinganembers4, t he

t t t ded d ted
Do ¢ har RrsErtatep e e soe She wiauralRh e & BGE B ERIRRICHE axrtor
the projigehhe Q ZQf?xtebE@ﬂr? \X/%#(ﬁ'ﬂb lflleofr Sur Pd%é a4 edriita dntebﬁonz afdl 'aﬁylan%r(m Pene)

characteristic frequerc the coupling nmenbers of this exanple is | ower
i n the ptirpeadicutm tqo%@zmdsmatbstantxalhehctrment&éplaam §‘hext¢éme; mornltee whpeect i on

parallel to the optical axis of t tion |caI The
coupl i rigtHRRBEriac prajrckion oplikel Sé(“ﬁ’é‘ﬁﬁn%ﬁﬁ%f? E]agge bg CSPFWE%‘E ﬁH’PE{’fF‘gr to
t he opt S Lhel ength in the Z direction of the coupling
menber s‘hi'p(gﬂel_tﬁl)&Ie Oul%ﬁﬁlg%gce%er ation constant is G (=9.8ns2), as shown
bel ow, the |[j0068r Ihiis dasaghhopticabedenttie prd)jecﬂiqumdahwsml’hds paizktlite
frequency fg in the direction perpend} (ﬁul ar to g tfl cal axi.s.becones.

the 7 axis, and the characteristic frequency of the coupling mem ers of this example is lower

in the direction perpendicular to the optical axis than in the direction parallel to the optical

axis of the projection optical system PL. The coupling members vibrate like a pendulum in a

direction perpendicular to the optical axis, so if the length in'the Z direction of the coupling

members is L, and the acceleration constant is G (=9.8m/sz), as shown below, the longer the

length L becomes, the lower the characteristic frequency fg in the direction perpendicular to

the optical axis becomes.

-1 [
fe=-—/91, -

[0069] The lower the characteristic frequency fg becomes, the better the vibration
isolation performance capability (capability which prevents vibration of the floor from being
transmitted to the projection optical system PL) in the direction perpendicular to the optical

) axis of the projection optical system PL becomes. Thus, in order to improve the vibration

isolation performance capability, the longer the length L of the coupling members becomes,
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fg =2~ GL ... (1) [0069] The |lower the characteristic frequency fg
becones, the better the vibration isolation performance capability
(capability which prevents vibration of the floor frombeing transmtted
to the projection optical systemPL) in the direction perpendicular to the
optical axis of the projection optical system PL becomes. Thus, in order
to inprove the vibration isolation performance capability, the |onger the
| engt h th@ bf»’ttqrhé{%’fﬁ‘jﬁt, |0ﬁ¢hmhhbleh@dbéb@ﬁ@st0 stably MP@OBéhQ piojecHenepéeal on t he

ot her rder b Su on ica

R R B R T P R R R L e
shoul d be%d‘dl iX @k ViBinkth @ Wicehtd} bFez@litRinGee EQﬁre@iﬁoxgé%btp)‘qbéhdnhﬁ)t@aicﬂyét%ﬁi I on
of the pre{:ectlon optical system PL. Furthernore, in order to optinmally

r educe RlhePwihesmore, trhexdpr foj aptimadly redyseshn szapiihe arajsctiant exppsurp pefasitablie

that the h 34 d han th
bna pos RS B &%@d@‘*ﬁ@?ﬁ%ﬁg@ﬁ?ﬁgﬁﬂé{%ﬁa}ﬂdﬁﬁﬁ bR igher e RS eRd va
the le E’t'fbﬂ—oioche Pﬂﬁ‘eoﬁ%ﬁ kit AVG:y EYBROET, Smﬁp@ﬁ@ﬁa@}ﬁe&% ihRLe] Lléﬁther less of

the zZ rectlon engt h the projection optical system [0070] As an
exanpl e:oup]hn@ nembtis becahey mrmonptaly\garmdmm thesZ ﬂH‘BCﬁQm lbegthsmﬁﬂsat antially
0.5m If this valu ied to equation (1) the characteristic
frequeﬁé?ﬂe?%on%’(%ﬁ%’ Elagfm vaI ue, i.e., 0.7 Hz. Furthernore, if the

length L of bl?ﬁﬂcojél bh BY g%hL%%fmet fgﬁ%éemeﬁibe%ﬁ%%beaccord' ng to

equation (1) aracteri stl c requency cones approximately 0.5 Hz
whi ch issbgarftfallyiOeim. ¥ thowatueris tpydiedi tbreqtaton (il s ohathavactgestic draoqpacy fgn t he

proj ecti on expos e appar at (2) 0071] refore, for
exanpl @ec91es stpal peusilst éiﬁév%émg@mrﬁéf iher aﬁh%foftth%co'ﬁ@ﬁ@&m Q55 Bpt i cal

systemBly, Hetlrﬂbet%&fe{”a@?chﬁgfgﬁé‘% {%n r@ﬁ%ék}%ac i%u 9@%@3&5@3 be set

appr oxi mat el'y en I 'm and sev

char actgpiosimhaclries terveich is stulﬁi@clemty load foamesvlbhaueﬁis;omloafpet{bmmm@m éntion
optical system PL of the wires 35A-35C in the coupling nmenbers becones nuch
hi gher Pf%ﬁ‘?'flanf‘éfpéﬁ)é?aﬂﬂaé@‘?lml c frequency fg. However, for exanple, anong
the vibrati ggogn@%s §ed to the upper columm 34 via the columms 33A-33C
fromthe fl vi bration conponents in the optl cal axis

direction ar[@o'zalpsorm@rotw o1k afld, ISP fESHRAABSof {hei 1Bk bPhel SOl ation

portions), so a high vibration i sol ati on performance capability can be
obt ai ngthjeetion apticdsyston Paritisipesferablethet theidngtil ofthe goul{m@?rsq:mmrs bhestnor e,

for exang)mﬁmé%ely\gegveenl}e col ums , %SA- 33C and t he upper

[0072] Furthermore, the characteristic frequency in the optical axis direction of the
projection optical system PL of the wires 35A-35C in the coupling members becomes much
higher than the characteristic frequency fg. However, for example, among the vibrations
transmitted to the upper column 34 via the columns 33A-33C from the floor, most of the
vibration components in the optical axis direction are absorbed by the coil springs 36A-36C
(vibration isolation portions), so a high vibration isolation performance capability can be
obtained in a direction parallel to the optical axis.

[0073] Furthermore, for example, between the columns 33A-33C and the upper
column 34, it is possible to arrange a vibration isolation member such as a coil spring or an
air damper. In such a case, the coil springs 36A-36C in the coupling members can be
omitted.

[0074] In addition, in this example, the reticle stage RST (here, micro-moving
mechanism) is integrally fixed to the upper portion of the projection optical system PL. The
reticle R (member in which a pattern is formed) is held by the reticle stage RST. The reticle

stage RST 1s provided with a base portion 31B fixed to the projection optical system PL, an X
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colum 34, it is possible to arrange a vibration isolation nmenber such as a
coil spring or an air danper. In such a case, the coil springs 36A-36C in
the coupling nenbers can be onmtted. [0074] In addition, in this exanple,
the reticle stage RST (here, mcro-noving nechanism is integrally fixed
Eo ;Ee uppe;hpoLtion of the projection optical systemPL. The reticle R

nmenber in ich a pattern is forned)_is held by the reticle stage RST. The
reticl etage BageviRGTCasbgminyd-deayediin Hw?a?{ HH&&i95oM Y srpaet o foRee by PR |

proj ection tical,-systemPL, ar t - G L 6F Q= d i
POl Sk 98 PRLLERY IRHCI R AR ot BB ALY, BRKILA RRDR LS agyed 11
whi ch gar b WarGoRtsTRY fficld Rl DR tie gitiees forgtativh ktirfiesyfeld retioletthef Kist age

31X and that holds the reticle R _On the pattern formation surface qf, t he
reticl exanple, 4 hiis of aigmmrng mazksFaViA gid %Mfgﬁﬁéﬁﬂn%%t@rmergﬂﬁe Iggldn

formed at_a,.predetermned interval i h i t4 on. i | t
o e LS PSRl L 14 088 BB BrtdcchpyBlianen
RVB vi Qii%%iﬁeﬂter‘ﬁﬁﬁé:km, RIH P $heB8pecRBmikbS 7321, 125Bf TRE pRysIf &S syddds 21B
corresponds to the RA system 21 of  Fig. 1. [0075] The projection exposure
appar aRlA, @]zB thirssperdaiol the R\ syststepl agﬁigr

exposure, after positioning of the alignnment,.marks RVA and t he

reti c: e R bﬁOQFsﬁ]nngwoﬁﬂt’-g??’fWeﬁﬂ, é’?ﬂi”ts crgiplts ﬁgtgggg{g/r%}eg o nove the
retic i iohiH-EF ey SRV 290 R MR
reticl gngsgreﬁgr?&lé?g.bgfor%s @gyfegg%%@%g%m in tfﬁgé glr 0] eéltt?ic?ﬁﬁ exposure

ap p?r abﬂgfgétidziii g bﬁusix?@ﬂhigiA Bystérhe? hor 2 B, titie not nesessagia, mogBhe @ikl Re RA
syst ens , are, fixe to an undepj cted col ymm. .coupl ed.wi th th

col urmBsgausg Af thas, the e N Orandr S5 Shiech horhab g
illum i ant 1.C Fi 0o 1 is fixed with respect to the

col umﬂﬁhﬁ%?wggdga% O%tgﬁ%@é‘?%fﬂﬁ% source 1 of Fig. 1 Ps arranged on the
f : ?)or; out Si cﬂm?’;_t&]nﬁ Fulmienﬂﬁ%, 83AnBRE PEA FISR, afd de RA syxtamp2éA, 2hd ardhred
illTumnation light IL to be emtted from_the_laser ljght source 1 i

gui dedta &n wrkepiq%vdﬁﬁiwaﬂicewlé%ﬁl@éhe uRRY éﬁlﬂ@%@% a3 aaﬁf&‘gB’iné l%siﬁg%?rﬁﬁbs“
transmttin . . I L iam, | S via
i br at PP PSP B ol W B o 0B oo SR : Fed Syfiraspotag vi e @
pr oj ecticosnhonhi Gathisosss e Beer Iphdsdibres Waf Big. 4 timgeangaBbnuhé fborhmiigde thee

waf er Won the wafer base WB i s nmovably. ar th i I
_bea\rNih ngc;]IuQmStBaﬁ—%}C phEigndpepn §¥%@éem¢¥h%ﬂ£@%g§fg%£§%§£% }P/ré%@é‘??ned%&fls fixed
in i a ef erenc rKyi r: 10 rf. j ; : i.cle R
and "t hi e R ats e Ui o RUTE Rt BioR B BAR S Fadh Bligliba el ©
rigid shhssktidesyefent hi s

[0077] In addition, 2 wafer base WB is arranged via a vibration isolation pad

épeat exposure type, and before

(undepicted) on the floor surface below the projection optical system PL, and the wafer stage
WS'T which holds the wafer W on the wafer base WIB is movably arranged thereon via an air
bearing. On top of the wafer stage WST, a reference mark member 29 is fixed in which a
reference mark is formed to perform alignment of the reticle R and the wafer W.

[0078] Thus, the projection optical system PL having a rigid structure of this
example is suspended and supported via the coil springs 36A-36C and the wires 35A~35C,
which function as coupling members having a flexible structure, with respect to the upper
column 34, which has a rigid structure. In this structure, a high vibration isolation
performance capability can be obtained, and the mechanism portion can be significantly
lightened. However, there is a possibility that the relative position of the projection optical
system PL and the upper column 34 can change at a relatively low frequency of vibration.

Therefore, in order to maintain the relative position of the projection optical system PL and
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exanpl e i s suspended and supported via the coil springs 36A-36C and the

w res 35A-35C, which function as coupling nmenbers having a flexible
structure, with respect to the upper colum 34, which has a rigid
structure. In this structure, a high vibration isolation performance
capability can be obtained, and the nechani sm portion can be significantly
| i ght ened. However, there is a possibility that the relative posjtj.on of

Ly [
the pr dieatricopolopt Thland SiesobimP 33HArd 3EhE) ypisepterBIgaAtates a8 shoVehRdge 3t a
relatively.low frequency of vjbration.. .. refore, in order to maintain the
rel ati @é’o%lé’é’f]ﬁ V%fe O?W@OB?CSP{?S{L %%c%?}nz:ﬁg' system PL and 17 the upper
col utm 34 ( gpghd)herzob Winslad $hvdSGhe phojactivhasdicel sykteadPls tid the tRisgshdwh i n
Fig. 3, a positioning device of a non-contact type |sS provi deg@ 0079]
Fi g. 3Fig 2a IpFag v eewpoftionh 3745 B]R&7Comhoeh edend foyerdtheplangn 8 errdi¥addAge 18
of Fig:. 2. In Fig. r ortions,.37 3 37C.__which exten od the
flange%l%ccﬁ‘ﬁ%n? ?@dgdﬁ% 3 éﬁhedﬁ“ﬁ‘rﬂ?éu 237‘55%2(: agsranggd a{;?‘ ﬂﬁl)%S%Pﬁfdzﬁs 7A-37C
are art 3 A20k0jdcBbA oY Aa1ahkh e B HechBale, BtiedX Of
t he pr(l)ﬁﬁ%grt%?%%%ég%e?%gﬁﬁgﬁ%%ﬁgg@t?ﬁcﬁgrﬁ%r e%l% etween the fi rest ar(ran
por t i ofhe3fiAt amdpbiienfi7ange the flasgd §8; stfirstacumtard0d0whishidisplates fledboge 1 e

flange 18 in the Z direction and second,act uat,or, 41A whi ch di spl aces the
f | ange in the ZrdizedionAndacseeMd; %Fua&rﬂg&wﬁw%r‘%ﬁw%me&?&@ & coil notors
can be used.for. B8 Vol ARIGin deAfed FrAB AGRRLAIOA,

el ectrSHﬁ'nggetr?%lagc ngOE‘?ja?ég’.rog?af&garYO ccl)]rlgg‘% ype or tﬁe l'ike, also can be’
used agiACtHalotidnddAcRbshidd AlecirONajetibddittaiarnall, yn Ednotehgpd dradhgbka8 in t he
vicinity of the armportion 37A, a first biaxial acceleration sensor 39A

i s prowlsaesan bampehasroteses 46081 &1Ation in the Z direction and in the
circunf erent di pegLi f e : o] gl evat i gns

i nformation [b@eq}ecéggﬁ’ggﬁ% gnaﬁc:ec%%ﬂgr% ;lt% ﬁ%%ﬁ%%lgggy%gfﬁnﬁgpl I Zd’ to a

cont r ok Bial4esel@aboth Bens6OTUA @l reviddd wideh descts heccdantimt jarte ZQecddash t hat
the flange 18 can be nmintained stationary with respect ,to the armportion
37A (amthemircuniferentpa) sliregiinnehihadarge 1. grhohiagie! ygeelsration #°% he earth

based on the,accel eration inforpat.ion. 4l hi I . eration
ot or nAPIeBHGS G AGa T Bere duny Srbied e lnfr YRy e ORI LT
the flapgss 8 acantt B8, 41eso PEOIHEFIhSH 1 O Rk BelnafitshedsiRlionasy atthoaseyt
Prior to performng the servo-control, the flange 18 éréand t hus t he

L

pr oj ecto te aomtportion 874At(em by theapbercenivnn 3¢ of Fig 28 Peés rppsriiedhe edtthani ch

the fl 18 and.th ] 37A-376. 1 ined.
ol at | BRERGs 16 e grraronpgoh T e ARt e h R b pn i
ef f ect i,vg Rlsefld-Yim1 ieichl-83980A, The1d angsn 18 faneue (abird e t he

reference position based on the output of one or nore (e.gg;, t hr ee)
di spl apesjestton cpeivalorystetmbl) ssaiwaly, Ruifirdéo pedernpiag the sgrvo-eantiokthe flangntier, a

capaci t(gﬂlct%ué &%eprggj egtlgtl)nagﬁg?lpstystem PL) is located at a reference position at which the

flange 18 and the arm portions 37A-37C have a predetermined relationship to gach other
(c.g., such that the actuators will be effective at driving the flange). The flange 18 can be
moved to the reference position based on the output of one or more (e.g., three) displacement
sensors (not shown), which can be, e.g., an interferometer, a capacitance type displacement
sensor, an eddy current displacement sensor, etc.

[0081] In Fig. 3, between the second arm portion 37B and the flange 18, and
between the third arm portion 37C and the flange 18 as well, third and fifth actuators 40B and
40C are provided which displace the flange 18 in the Z direction, and fourth and sixth
actnators 418 and 41C are provided which displace the flange 18 in the circumferential
direction. The structures of the actuators 408, 41B and 40C, 41C are the same as the
actuators 40A, 41A. Furthermore, on the flange 18 in the vicinity of the arm portions 3713

and 37C, the second and third biaxial acceleration sensors 39B and 39C are provided, which
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sensor, an eddy current displacenent sensor, etc. [0081] In Fig. 3, between
the second arm portion 37B and the flange 18, and between the third arm
portion 37C and the flange 18 as well, third and fifth actuators 40B and
40C are provided which displace the flange 18 in the Z direction, and
fourth and sixth actuators 41B and 41C are provi ded which displace the

flange 18 in the circunferential direction. The structures he

act uat oflgealdls aceerativa 6 2 direstionamtlfia ﬂ%eaﬁ%@“-ggelﬁﬁ‘éﬂi drepiien %‘f‘f@e %‘é‘ﬁg,e WA
Furt her n | 4 he. vicini r i , and
576, ¢ none Gssfiepsn g Sk Al el Bkink 295 HIBOE RS O AR,

provi degbnimilic£ 2, b8d died @elirotibes DétedsaliaidtoanoisiOBhé1 & add A6CT 4 DD satidt i t he
circunferential direction of the flange 18. The acceleratjon information
of the Heess ldraanibsanaivlasdgcisominpgtioney Sidgesneckioihe repeatiyc #HB POEEWREr ol | er
42, and e rolder 42 drives th : n _ C so
t hat th?é]??‘g%@ (arg @%Snﬂ SPRE cr@gp%gé%‘fig@?f@é@ﬁgs&é&tgﬁgﬁy%# t%r% Ser(g%npect to
the respegbidgaisimnpsrindions 37B and 37C (and thus the upper colum 34 of

Fig. 2) or with respect to the earth based on the acceleration
i nf or mat i on. [J088B2}AsAscelesiPe sersPid e ALor EsIBamnBYECscIgPSpl AFEHEAIIS BSor s,

a piezoelectric type .accelerati n sensor ich.detects vol.t ner at ed
by = p EsaEren AP e e i hE el e et By ARG BEE e Rl S HR R o
Sensor yliichh e tieacedantes sifkoPwhRf intditokNEIRs el of Makigl thwahsldganel a
CMOS converter, e.g., according to the displacenent and distortion of the

mass, ouitaghef k (MO8 aantetcnseg, acanrdingy trtha dispbicemsitrigd siveition ofdhearass; s

t hat once_t servo-cqgntrol. is started, the flange,18 (a t hus the

bt o] ect e DR FERTS S8 i 1 ane Sl e et gt det o e A sl as
opposedist0.Rg! Y AR N8 UEHAE hRAMAN QPti¥als§dt&hiPIg che bk ReridhiNed POT LI ONS
37A-37C, which can hove slightly due to, e.g., vibrations that m ght be

t r ansmi gigtesharyf incprddnes gpmsed ta haingighintdiscdgationagPenlg 2¢ative todhg e s possi bl e

to f ,USI | ti 39A- 39C, d j d
or mor SBHET B 34CeBEG S eGR4 o HPELG PR UE GO
bet V"een%%l%é LRSS mlEuAle 5885 85 3001 Uit @iié’ﬂcﬁsi%? Go(f8REo Lbing thd he upper

col um A" position sensor, for exanple, an ededy current “di spl acenent
Sensor , acacletipacensanci® A-§pE, aidspliastentarst oae nsDoye posiidpt seoadrs wipeh diegeslyr , or
the |like can be ysed. [0083] Thus he positjoning devic f rojection
opt | calmga}fgfeeﬂbw piletpaHion ﬂaﬁ@éhi@avsf Botnd the affgaownﬁ Rafa 1 Tl

accel erat i 39A:, 396 ' kX A%

ot uat ors IR BRA SR K pa o, R L RS urent URpRLAMEN ST 42
By thipadiahdd topd digpldesthae setdoe analptitalveppasisen, ontheiliketche bXused. and Z

directions, of the Proj ection ,optical system PL w th respe to thhe upper
col urm 34 ( A988H ndiun ke ReRiQEIe i Afhe BIRIection optical systérm PL and the

flange 18 is constituted by the six-axis acceleration sensors 39A-39C (displacement sensors),
the six-axis actuators 40A-40C, 41A-41C, the six position sensors and the controller 42. By
this positioning device, the relative position, in the X, Y and Z directions, of the projection
optical system PL with respect to the upper column 34 (assuming that the upper column 34
does not vibrate or otherwise move), and the relative rotation angles about the X, Y, and Z
axes are maintained in a constant state (predetermined state). The response frequency of the
actuators 40A-40C, 41A-41C is approximately 10 Hz, and thus with respect fo vibrations up
to the response frequency, the projection optical system PL of this example is supported by an
active suspension method. Furthermore, with respect to vibrations of a frequency which
exceeds this, the projection optical system PL is suspended and supported by a passive
vibration isolation structure.

[0084] In Fig. 3, the three columns 33A-33C are used. However, as shown in

Fig, 4, four columns 33A-33D also can be used.
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does not vibrate or otherwi se nove), and the relative rotation angl es about
the X, Y, and Z axes are naintained in a constant state (predeterm ned
state). The response frequency of the actuators 40A-40C, 41A-41Cis
approximately 10 Hz, and thus with respect to vibrations up to the
response frequency, the projection optical systemPL of this exanple is

supported by an active suspension nethod. Furthernore, w respect to
vi brati ons dPOSSIf r Bigub rcypIRhivar sleadrag e Rrptestion Wémﬁﬁ YR FE&@B‘F‘? cal
systemdl, | r PRSA i 119s 338l 48

o T uct et T B OB B B B D B S Pbuaver
as showmbiyarrdrigd séthat tistr spatiugasthddAppaioaiieoiscarrober ssephsitid §00685es Fi g.

4 is a plan view show ng the projection optical_ s em PL ang,t fl ange
T6' wherteimsbiol oMM dhesac-Sagiral i Gductomicr s & ths GUIES ERA-LH ume
33A- 33 e stapbl rean i Welsh i ~pOrtion
s mar rorgrm e el FARE S PR solith B4 RRE RO e b oS R e,

conpar @ginthsads A-bED | Mdahe ents 36/ -3 @ whidhumsend 3de Bae 18Rure tgrlediosthres
square frane-shaped upper colum 34A is fixed to thg upper portion of the

col unmso@8ansabihe anperichbing A48 vishesst spngsd 0P nd Fihe- f 1 ange 18 are

l ed t t ti . of th AA Vi : !
SRsee o T, bGBHRL bt WhalRssa g 48 ookt S5 el o
ar r angeg, 5@j @80k BpSANSWGH PLIREHOKQIiREHb0ANABY @Alim BSOsReRbnded if ties XY

direction, and the colum 33C is arran ed inthe +Y direction of the
pr oj ectdirecti@ptf thaprogsatioaropptal Sbfﬁie@dﬁi-tﬁl(ﬁﬁi,dltw& briwgen e fangade ang themy ne

' 7A 1] he,.£ol 3A, _the f] -
20n, apmieros T Burdate sibn FEVES PRI AR sshgfe sl fbe P AT SRAINELDT 0, o
res peCR&fqga{ YoivARE fhhge 19 Ghednsthd PWikBiomRClefticalely AR thd iBrdvnidcloutthi ve the

fl ange In the Z and Y directions, respectively are provided on arm
port i onc@ZBrs 408,418 which drivethwe8mgets in g end ¥ dirpgtions respastpeit #6n 37C

fi xed he, col , i :
e 0 SO BRCghe, L L8 L. LM O 0G40 R

" eSPEC Y8 LY UL SO e rtheunlishth AbnuAGRRIGE ald AT oqnsGSd ABAIAR Al e

arranged on the upper portion of the flange 18 in the vicinity of the arm
port i orise S&RkeIBGN tDaRF X dirdctions trespectivedy. dfurthiegno, thethiagrlojceeleragianopt i cal

e AT RNV NERTEER LAY
Fotat: SAE Al ahout ‘the  axi e, so the actuators 41A 41 Ccan be
easi |y cont qods$xd. In[tBO8Blcthre dFifg. 4 theqmojehigorbeptioahsstant BEawd thehe fl ange 18
(s upporﬁ[ang;a %ega)rl b(ej:fdritvgz(la in the X direction by the actuator 41C, and the projection optical
system PL (and the flange 18) can be driven by the actuators 41 A, 41B in the Y direction and
in the rotation direction about the 7 axis, so the actuators 41A-41C can be easily controlled.
[0088] In Fig. 2, on the bottom surface of the flange 18 (support member) of the
projection optical system PL, an annular flat-shaped measurement mount 15 (measurement
unit) is coupled via the three cylindrical rods 384, 38B, 38C (link members), which extend
substantially parallel to the Z axis. That is, the measurement mount 15 is stably coupled to
the flange 18 by a kinematic support method comprised of a semi-three-point support. The
alignment system 22, the air duct 16, and the laser interferometer system 12 are fixed to the
measurement mount 15.
[0089] Fig. 5A shows a state in which the flange 18 and the measurement mount 15
of Fig. 2 are coupled via the rods 38A-38C. In Fig. 5A, flexures 38Ab and 38Aa whose
diameters are made small are formed in both end portions of the rod 38A. Flexures also are

formed on both end portions of the two other rods 38B, 38C.,
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projection optical system PL, an annul ar fl at-shaped neasurenent nount 15
(nmeasurenment unit) is coupled via the three cylindrical rods 38A, 38B, 38C
(l'ink nmenbers), which extend substantially parallel to the Z axis. That

is, the neasurenment nount 15 is stably coupled to the flange 18 by a

ki nematic support method conprised of a sem -three-point support. The

al i gnnent system 22, the air_ duct, 16, nd the | f nmet er system
12 are fi xedl‘)@BO]t hés shews i Bige B PoRlis! e’i@m %8(5’858‘%5 E?F‘@iﬁ%ﬂz ‘ﬁﬁﬁ%&n&“kl%t ein
which t a ed via
the r oofg @%%&%"E@OB %REEE@? ﬁ%ﬁl@ﬁggﬁg ééem@m gésgﬁe' Frgtr}rlg? %&?é are
made s H’ﬁéﬂneﬁrcﬁsﬁlweﬁ%dt inrﬁ\bﬂddgr@d)fﬁmeﬂmmmﬁ‘sooﬁ podsible drthd Sther Fleguer3@d baifs o

are forned on both end portions of the two_other P S 388 38C [0090]
As showhe rad 54yof BB; Spnanshia the 8gxites oBeth 6rd peraioppal B AT WRIY in

the fi I ees.- of om.
possi IbI §djeﬁh hg@gﬁ}éngﬁgﬁsﬁé&&?{eg%{g%@aﬁgﬁ?ﬂﬁﬁg f |8I Ald gg?‘e%%h% Elétlr ggdlorsn al so
IS posshhilg 15N Thbefere hlﬂgh fhcaxitigy ABdacptan bdebtained BBheddsclingerfddmetand i n

the fl exures of both en ortions of the other two rods 38B, 38C. Thus;
vi rtualswstemol?smrrib@§k¢ ﬁxacbiﬂﬁhémf’@é‘w@éﬁtmﬁ@tflﬁange 18 and the neasurenent

"t or f or omet P91y 8- ot B0 S Afted YRR R BRIRERE ViclR 42

[ 0091] tﬁyaﬁé}ﬁﬁwtﬁe c@ht&ﬂ Sth@hRasirBasnianéurt 95 TR aptrrireniae widea tieqns) ectﬁbrt he
vicinity of the aperture at the center of the nmeasurenent nount 15 (the

aper t uroptiattaystati Bihistineertordbjand theothrecqads centad ylat sife purtacs of theareisahion and t he
t hree pads 1conta the side surface of the projection optical system PL.
[0092] igal sge E’ﬁé}m a slot 15a2 and a pad 15al of the neasurenent mount 15

as a flexurggogjec }gfsgcos%o{vbla%lo'iti%@wﬁpad e 1 pAdhd BRdsuabhewsnetins pk aggment

in five degrees-of- Treedomincluding the displacenent in the Z direction
and i n fidzere. Bdtarse df théc strmmuraphapad hdal dptwsatisplaocisniin five degyeastoit o t he

d f f th t t t PL th
ot at drreaprdotrgRE b b Thite AdedRhand e drgrs SRR b
Stress J.&-Anpkd »gﬂh P&gw%ﬁ i GdBRABME BFBAL tnseyeamn dicandsteheppr gigect i on

opt i cal® syst em e 1 magli ng chara ristic of the projection optical
syst emdRiplasmeheinshahiiytioradintcaion etouttBOB3X aRd Nt aveasrrﬂ“rherefmmswe@dllbﬂo t he rods
38A-38C in which the flexures are fornmed .  _on both en ns_.as hown in-

Fi g, SATes iSgEPlEd Rory 0 e RSSFTOERBMVHOTH 16174 (6° Bigirepel opical VitRmET g i
o L 0 o o ial oL il 10,
to a menber [p0gBIt hBurthermore, instead of the rods 38A-38C in which the flexures are formed
on both end portions as shown in Fig. 5A, a rod 43 (link member) shown in Fig. 6 can be
used. In Fig. 6, in the upper end portion of the rod 43, slots 43a, 43b are formed in two
perpendicular directions, and the lower end portion of the rod 43 is fixed to a member (in the
example of Fig. 5A, the measurement mount 15), and includes slots 43b, 43a, which are
symmetrical to the upper end portion. Even if the rods 38 A-38C of Fig. 5A are replaced with
three rods that are the same as the rod 43 of Fig. 6, at least displacement in five degrees-of-
freedoms is possible in both end portions of the rod 43, so the flange 18 and the measurement
mount 15 are coupled in a state in which virtually no stress is applied (i.e., they are attached
using a kinematic support method).
[0094] In Fig. 2, the projection exposure apparatus of this example is arranged in a
downflow environment, and a predetermined gas (e.g., air) having a confrolled temperature
and humidity, and being subjected to particle prevention processing, is supplied to the wafer
base WB via the side surface of the projection optical system PL, from the illumination

system sub-chamber 19 side. The projection optical system PL of this example is suspended
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exanpl e of Fig. 5A, the neasurenent nmount 15), and includes slots 43b, 43a,
which are symetrical to the upper end portion. Even if the rods 38A-38C
of Fig. 5A are replaced with three rods that are the sane as the rod 43 of
Fig. 6, at |east displacenent in five degrees-of- freedons is possible in
both end portions of the rod 43, so the flange 18 and the neasurenent

t 15 led | te, | i ch virtual 10..st ' lied
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downf | ow envi ronnent, a predetermned gas (e.g., air) having a
cont r olih itk dewppeardtdircetiorn tic taonpedittrg stahiidy b&ilwgprgotjencipddal sysisar P od e

prevention processing,.js supplied to the wafer, base WB via the side
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i n t he paajgclidiadptivalisdtenpPEvad thepliagetl Sofantdd gastirteave subhendeflané, t he
predet er mi ned gas can be supplied smpot hl in the downward. di recéi n, the

, ) ) Y.
t enper SHPPEESH RN 3otiye sespepEopESiodiphesiliseapesItA-dRt-rnditae Witshioved, and

the stahidi s ' i I ISt 43S . J : s, in
the. pr oSt S e dfd EPE D R HEREN B g Subify iR Y B b A KR B4
proj ectyiith Bidd ald ssysiesn Bicaasndoitthie, the @oigevihg adtardages gredp@siblect ure are
suspended and supported by an active suspension nmethod via the cojl
springs 36A-[88%]ant)t hEhawrpisstion axpagsie, apaaratus fs thin gxsramsds conshiiterhbyan
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(1) Thexgar@icteingibscoparte@uappar at us of this exanple is constituted by an
extrenely sinplified structural body, the nmechanismportion can be

| i ght ened, dAOThe(2) neFhefrrejeatiohepiicss systeam Phds pusgerdsd. anfloopmried2indrhe
projectign optical, systemPL is su nded and supported nd, particularly
Phe chapderlRival codth T crauiny Sranrom e ALCORPbr S B BRR cul ar 1o
the op ti@ﬁ'ax%&ifil@éodpﬁlﬁ%ﬁ%ﬂ’dér QSofERAREbpiddl Y <RGh Pﬂﬂis Sipfeh @R loswy sbewn PL) is
extrenely low, so the effects of vibrations Tromthe floor surface are

si gni f ieffaets lof vitetinne dionTHerftsoo serfacrraggaifistully redecello riheraferec aipairiaratuy |

such as % vi bration.isolation_performnce capabil 'ﬁ%ﬁ%ﬁﬁ osure accuracy

(over | BGGRRAIECHACILT: THA aF P RPTRIG Selafinp POV R r B G PO En 1

et i 1 D B e e ed,

e.g., becoshiscihn issue] theattiraimon soisatissdon pahrber bé easdy déantified, arkefopexammple, 4 n

whi ch \éél?l{tg}niie%gmjescalg be géssrﬂytptele otme , ngr.],einll \IN 1%h a vibration isolation member is added
to the portion in which vibration is transmitted, or the like.

[0098] (3} When the environment temperature of the projection exposure
apparatus changes, thermal deformation of the structural body also can be easily predicted, so
by using a temperature sensor, and measuring the temperature of each part of the structural
body, based on the measurement result, a positioning error or the like can be corrected.

[0099] (4) Thereis alarge space in the vicinity of the projection exposure
apparatus. Thus, when the next generation exposure apparatus is designed and customized,
there is no need to change a platform (a support méchanism or the like of a base, a column,
and a projection optical system). Therefore, the degree of freedom for design becomes large,
and a preferable structure is possible for a so-called modular design.

Second Embodiment
[0100] The following explains a second exemplary embodiment of this invention

with reference to Figs. 7 and 8. With respect to the projection exposure apparatus of this
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[0098] (3) When the environnent tenperature of the projection exposure
appar at us changes, thermal deformation of the structural body al so can be
easily predicted, so by using a tenperature sensor, and nmeasuring the
tenperature of each part of the structural body, based on the neasurenent
result, a positioning error or the Iike can be corrected. [0099] (4) There
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under st PtayOR o B fdt AT bk g i Prrps AUQRAR MR
ai r congiihitgof Bk Mewixad A irhgfel famestahed appdricethm:] B4l afsugpor? shows a
schematic structure of a nechanismportion of the praqjection _exposure
appar atroembér 49% whish gepnests lpfermqptioned fibpp dbrrevided an khesdciphy ehardihsrect s a

P00 o berlok Bebfl shePEtAS, L 4 BfrfiEdfua, SaBiPRLYILEARK Ao lgihor e the

liquid:" Vi Cl ni né vertex o i'ang
f r ame- §haned VHRRERIO( ik fdurc@ Byl (BS SINIIrhoraB e cartBBusdi ¢Psceallect s

H

| at er-nmentioned tubes, is provided in the vicinity of another vertex of
t he upmeplanbhlaernaBiac uskd a3 thobiuihg I ferus of envaroamest waten i prafbablges il i nert
l'iquid .Géledg. , FLUORNERT (nmanufactured by U. S. 3M Corporation)) can be
used. Al %*call ed coolant also can be used as the liquid. In terns of

envi ronment, (pygjer Thé ré&b@&irtﬁrm £5 R%ohpied td %\gﬂiedlﬁ_fs[ @é@?i%. Eheviigepweuyletiank
45 is coupled to a pipe 46A (see Fig. 8), ich is couple to a

t enper ab artempemturotordel deecamihadn wijiststhe tarhperatrmpelithe limeidatasting throwgh i
i t, h i i i de t t t tur d_which ,h
7 wnitetids o £ rert FemeBaienrefieh B0Es s oR TRV E PR Pt G BP R 5™

vi a thqlggglgl%orﬁgﬁofﬁl@%upﬂ&ttm LRNHBE 45BE THEPBLYmtMon 4Bthb SuSyipigd t o

POV
the pip via the pi'pée 46C which is downwardly extended along the wire

35B. Thi§ ipcpepldbD tha pipeddd wiaghppipakioChwidolpissiaveydiy) extanded alopg ithsatvirgy st em
PL fr Oné‘SaB. The pipe 46D includes a pipe which cools the projection optical system PL from a

downward direction to an upward direction of the projection optical system PL, and is

coupled to the pipe 46E via a pipe which extends along the flange portion 18 toward the

upper portion of the projection optical system PL. The pipe 46E includes a pipe which is

upwardly extended along the wire 35A and is coupled to the recovery tank 45. Part of the

pipe 46C is held by the fixed mount 49A (support member) which is fixed to the movable

portion of the wire 358, and the pipe 46E is fixed by a fixed mount (undepicted) attached to

the movable portion of the coil spring 36A. After the pipe 46E is fixed by the support

member 49B, it extends along the column 33A. '

[0103] The pipes 46A-46F are formed of composite resin or the like having
flexibility, and the height of the supply tank 48 is greater than that of the recovery tank 43, so
even if the pipe moves up and down, as described later, the cooling liquid can be circulated
by a siphon principal (an operation which pushes the liquid out by using height difference)

between the supply tank 48 and the recovery tank 45, Thus, the liquid supply device includes
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downward direction to an upward direction of the projection optical system
PL, and is coupled to the pipe 46E via a pipe which extends al ong the
flange portion 18 toward the upper portion of the projection optical
system PL. The pi pe 46E includes a pipe which is upwardly extended al ong
the wire 35A and is coupled to the recovery tank 45. Part of the pipe 46C

movabl 41 BSPTRE RE MPR s HO T PRE ke il Peied ol e ey

mount (gﬁmql%)gdgb nRlgached to the novable portion of the coil spring 36A.
After the pip 6E is fixed by the support nenber 49B, it extends al ong
t he col utm J81041[ OFQR3P shibws pheplamidifdw peEvidedby therspidsuppbngystere H@asi-n or

the |i ke _havi Lflexibility, dt i ght of | k 48 i

e ot e Ehs Trdicoid SRt theireapy talo Bistckoedsylfe pRlh SRS HyEd
e ( _ >0 _ ( :

and dovif,,.As | %%‘&Hhté%nhéf&%ousfe% gﬁ@%ﬁ%@%ﬁdya@w@& AEECHEIRE &shled @

si phon principal (an operation i quid out by using height
di f f er ehe @npehrtrerentrohdevics Hefliduithis sdfpladdo thresupptotek ¥8 wvartke pipe 4bluas, t he

|l i quid supply device includes 23 the recovery tank 45 the pipes 46A; 46E,
the terfBRVADY 2R SBORI P (e tBe ingdsritgn ﬁlepﬁli V4§ 4%%8“@ H@OE@H&%}PV ‘F@hk 48.
[ 0104] i e (0 [e I (o¥=Y i S . devi ce of
Fi'g. 7. d0Ets sy BRBYRnG0R A3 A Ahd; BRI by ARE et Tl (B B BHEY, oned by
t he pi pRpditnpson thaase,byerats a passibiliththad te pipe 6B gpesthralighhguestbnimghdne

tenperature control device. After being _cooled in  the tenperature control
devi ce,thamie tandfi8 bisonegihe Higwd pegipherdipmg hegrculpgiopigmapdaiped by e as

She i AR pRREK PrerddS0 sl ong doth [blls BubIRASUBRY ad BhRlkeE B aeove 1nto
I ecovenhyojtaith dicalNystchi BLI 4 vidratiot ep@nellogs o ekiyebemass the iguil is pushed

possibility that the pipe 46E goes through a cﬁOSi tion higher, than the tank
48, butubby ssing the gravitaiiopalyiores capsed iydhe Reight didferance ankys Fom Vib&leRi nt ai ned
by the __sjiphg LNl o the cooling liquid is supplied to
t he si &811{%@&6?8%{%&%% gb%ﬁ&%’g%?{)%t%%&%gal system PL, a vibration source
does nagthiEmsbodigeause the liquid is pushed out by using the gravitational

force caused by the height difference only, so a vibration control
per f or nance [@HIfbi The foldodss penlaiges ditdnmabadimeni eidhBripoditien vt Giog)ceThe

Lo g P2 AL EBOLIETh o S SE L S PGREE, 2
e PSR 6o WD gt o0 oon e e
cor r espandsygbale archiseg dort the pertishs Fouespendingép theaiortions of Fig. 2, and their

detailed description is omitted.

[0106] Fig. 9 shows a schematic structure of a mechanism portion of the projection

exposure apparatus of this example. In Fig. 9, three columns 33A, 33B (the third column,

33C, is undepicted) are fixed to the floor F (which also could be a supporting frame located

on a floor), and extend parallel to the Z axis. The upper column 34B is supported on the

columns 33A, 33B, 33C via passive-type vibration isolation members 51A, 51B (and

undepicted 51C), which include, for example, an air damper and/or a coil spring.

Furthermore, the flange 18 (support member) is infegral with the projection optical system

PL, and is fixed thereto so as to surround the side surface at substantially the center of the

projection optical system PL in the Z direction, Vibration isolation members 53A, 53B, 53C,

e.g., a leaf spring, are fixed to three locations of the upper column 34B. Furthermore, from

the vibration isolation members 53A, 53B, 53C, the flange 18 (and thus the projection optical

system PL) is suspended via rods 524, 52B, 52C, which are substantially parallel to the Z

axis, and in which flexures which are identical to each other are formed on both ends.

24



detailed description is omtted. [0106] Fig. 9 shows a schematic structure
of a nechani sm portion of the projection exposure apparatus of this
exanple. In Fig. 9, three colums 33A, 33B (the third colum, 33C, is
undepi cted) are fixed to the floor F (which also could be a supporting
frame located on a floor), and extend parallel to the Z axis. The upper
colum 34B is supported on the colums, 33A, 33B, ,33C yia ive-t

vi bration i 481GHi ok thisrAses sheyihration geola{ioe MerR pﬁ%‘t%éf@?‘? s iCBHeﬁp\ﬁgﬁude,
for exanple, an ai npel -4 r o] LA o WANRHLTREEpert BERS | ange
18 (sug‘gg??c%r%gﬁmﬂ%ri ﬁ%%%%% gﬁ%ﬁ&flﬁﬂgﬁ%ﬂ‘ggﬁlgn c?pti cal ]syegtem PL, and
is fixgdcth@nsdPsHy RE rdpdidndotditer sbudimpunéabersahssehmplng miinpetshe
center of the projection optical systemPL in the Z direction, Vibration

: sol at iapnsubsiabdally BBAlelds ﬁE}Ch%E?T and pgrallelto|tha . axis iTAdhis SXEPIex®8 to three
i 34B. | . I I
oo at P Sarsel M BR et acih p HELOS I G A To O PERL AKLE

opti Calpe l%éfekﬁﬂ?l Bbiical Systéts Pen) e the\dharatRestidb2équehit 8 the2Gup ks 1mbmaers is
substantially parallel to the Z axis, and in which flexures which are

i dent i dawertin teadirectivheerpendictlar trete ontierd exisdhsin the dpeatpppardllel 1n ke case,

the vibration.isglatjon mepber 53A and e.r one

coupl i ﬁ@tlﬁ@ﬁﬁ@r‘iﬁloﬁﬁwokeﬁﬁgn tr\%aiﬁ ¥St€f%gﬂb{%t§fg s%tﬁgpaaﬁ%ﬁ%ﬁg%?e afthltsgn nenber s
53B,  Rifbodieddi 098 *tih E%@tl%oh?ﬁ@g)ﬂl@nﬂ)@rstiﬁ\@et% bestamidlly 05en foerkenple. These
coupling nmenbers are substantially parallel to each other and parallel to

the Z akibss vallwe ishisliek@meuetion (e, the dearsstaigRdremanyeoidhe PouplaedpiBlEs in a
di recti, di cul af, to t tical. axis AX of jecti tical
oyst empd ik inep gy o BRpE R A Belhdtle wiby MG Hpar s T

| over iaggﬁogg?%}g{ygﬁ QN HRemBeRdL Y Fﬁieﬁﬁlﬂhﬁ"t@@bélﬁﬂiﬂg&%&lﬁb&b Bkt & toher

directi to the optical axis AX of the projection optical system
PL, i n gidwersaomerdimpntequation ()t fhe vhluedecoraetrpgirordmatelThé Hangiess, whigh ishe

coupling nenpers is set at substantially.0.5mfor exanple. |If this value
i s appishideble @Pféﬁfb%lﬁr%ﬁ‘ie’%sil)c,f?etqﬁ@ncé’ﬁa;r@ec ‘éﬁ‘%‘?? gxgqsga%@?)ggp%%sf t he coupling
members in di L9k m{a% iP el GphlcaloR SARKIRRAONBS a
smal | val ue,[bi;.%d. F&g%éﬁﬁlg%??;ﬁat e ycg%ﬁ%%mﬁ%@%%dra?ﬁer rrodrijgl, ai f the Ilencgt_h L of
t he coup iodg SPRRINET within the oaplingmemberg iscaneiderabticgredienthan shedwaaciaistic 1) |
t he val ue becaones appr.oxi mate

ly 0.5 . , ich i i.tab h
char actfsarerdydn fheedirsiey pS’fPePWé“]ﬁF ) tg% Pg{ﬁ‘f‘iﬂ gg%o’?g? %ﬁgﬁig%i’ gésruuega%[pgﬁg]% the

Fur t her pr e, Ith $ifel Mﬁﬂ%ﬁ'%ﬁ B3ENRRRtd GéHr ig¥ishuARdByrtREt i on
of thé)rf%ed‘gb ial%@uﬁ{eﬁit%ﬁiéh@}coup i ng ménbers is consrilder ably qhryeat er
t han t Rerrehat R61aE6H Sdntberd § BAUEIES 1 Cnandthuslitreesdbiatinn ;ineﬁpe:md'p@luﬂx@rxgxo t he
optical axis AX. However, for exanple i ion.transmtted

) nost t vi br a
to t he disspiinmis hagiky t@@@;lﬁ@é@ﬂ%}ﬁ?@%@%%@i ggh&ﬁﬂ A B o, PP
system PL is stably supported.

[0109] Furthermore, in order to control the relative position of the flange 18 and the
projection optical system PL with respect to the columns 33A, 33B, 33C, between the
columns 33A, 33B, and 33C and the flange 18, the biaxial actuators 54A and 54B (and
undepicted 54C) are arranged which control the relative position in the Z direction and in the
circumferentiai direction. Furthermore, position sensors (undepicted) for measuring the
position in six degrees-of-freedom are arranged on the flange 18. Based on the measurement
information of the position sensor, by driving the six-axes actuators, the relative position of
the flange 18 and the projection optical system PL is controlled.

[0110] Other parts of the structure are the same as in the first embodiment of Fig. 2.
In this example as well, the reticle stage RST which micro-moves the reticle R is integrally
fixed to the projection optical system PL, and the measurement mount 15 is supported by a

kinematic support method via the three rods 38A-38C from the bottom surface of the
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vi bration isolation nenbers 51A, 51B, 51C, and thus the vibration in the
optical axis AX direction is hardly transmtted to the upper colum 34B.
Thus, the projection optical systemPL is stably supported. [0109]
Furthernore, in order to control the relative position of the flange 18 and
the projection optical systemPL with respect to the coI urms 33A, 33B,
33C, between the colums 33A, 33B, and 33C._and é{’?e fl 18, the biaxi al
act uat dlangedA ghﬁl%%n(%ﬁﬁpm@iﬁ’d%te&E%t%&]@m&fﬁeg R4 ‘%I AUEHIEBnt r ol t he

lr:ﬁlr ? th:a\lfﬁ%lﬁ'gﬁl tlgglﬂ?érrl]ﬂotrg%hggquésée%%tth h3Rde dtl)ldT? *}ﬁueﬁ{ Gt enentd @k direction.

on sens (undepicte measuring the position in

Si X de%@%@n@é sHot 8REOFR thicay el Weﬁlmojdﬁﬁoﬁ bﬁﬁl@ésﬂsﬁem Based on the
measurenent information of the position sensor, by drivin the SIX axes

actuat ors, tlféltel Acsardingde ithip expraple, thpprd F%W@P@Saieﬁﬁge

opti cal ste contr 0 h ure are
tltct)e saﬁé‘aégp]?‘%}ctilﬁé’ tﬁ? P%Refg%g %r#eént)% % ‘L@% Salepsg{nest{l%&e} 265%1% g?sgs wel |,
the retdRimtagevibeationhidiitidh st frrien&scaphislifyedanHedniBrovved] midkgeal Iy  fi xed
to the projection optical systemPL, and the neasurenent nmount 15 is

suppor teethbyism pokiioresrattiedighignsdr Furrbemue.tharady ézf\hi%% ayegisgd agpeupbingf r om
the bottom surface o

LrC ho it o e 8ot R R e ELeichlie Bk B e p AR ey o o 12

of the %%@L@id&é&aﬂﬁr%pfo%ﬂ' is transferred to the respective shot areas
on the er Wvia the projection optical systemPL. [0111] According to

t hi s eXanphé&mbdidenprioj ecti on optical system PL is suspended and supported
by the upper |.u 34R. Therefare, |nthes s_'ntheflrst
enbodi nent , Qﬁoﬁ]bﬂ}f“? ﬁowg%g SERIGRS pEIH B HEHB: %&%@’BQW?@OSQH B ?tﬁ%’r oved,
and t h& W&?&%e%gﬁ’?%rﬁﬁ%ﬁ?ﬁnh%sléﬁ%ﬁ‘ﬁﬁs iRl e i ?ﬁed thesdaasing52A- 52C
are used as couplin nbers, so even when the projection optical system
PL i s kepysure type ppujejtieatexposioptpoadtus. ststgsniBLanddri the ssmatswbgla@pw&f:éd

Fourth Enmbodi nent [0112] . The fol | owi n | ar
ebodi AERe GPTIoN: EOTFPERIIPB® AR RS AR §9FF1§§ el U5 TR e bian i o

exanpl s ol IS, invention is applied to a scanning exposure type projection
exposure apparatus. In Figs. 10 and 11, the same synbols are used for the
portions cor[0erjongignt) ktﬁ:mtdnesqhemhﬁ@stsuamﬁrel%ifgsneckaaienh [rtiandf 4 prjectidet ai | ed

TochanieERePER HIRSRAGT O eOPEELs dn (b FEBSHE | 5o eptEdig o T

this fi gHm%i, 35&?1stulfldgﬁct%8j HIced 3 neFRRr fE«t(B?a Tﬂhfeqocated on the floor), and
extend parallel to the Z axis. An intermediate member 55, which has a flat shape and can be
elasticaliy deformed to some degree, and in which an aperture into which an end portion of
the projection optical system PL is inserted, is supported on the columns 33A-33C via the
passive type vibration isolation members 514, 51B (and undepicted 51C). Furthermore, the
flange 18 (support member) is integrally provided with the projection optical system PLA,
and is fixed thereto so as to surround the side surface at substantially the center, in the Z
direction, of the projection optical system PLA of this example. The flange 18 and the
projection optical system PLA are suspended via the three rods 524, 52B, 52C (the rod 52B
is positioned in front of the projection optical system PLA in the same manner as in the
example of Fig. 9, and is not depicted in Fig. 10), which are identical to each other and extend
substantially parallel to the Z axis, at three locations from the intermediate member 55,
Flexures are formed on both end portions of the rods 52A-52C. In this case, the rods 52A-
52C correspond to three coupling members, and a column mechanism body including the
columns 334, 338, 33C the vibration isolation members 51A, 51B, 51C and the intermediate

member 55 corresponds to a frame which suspends these coupling members.
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colum, 33C, is undepicted) are fixed to the floor F (or a frane | ocated on
the floor), and extend parallel to the Z axis. An internedi ate nenber 55,
which has a flat shape and can be elastically deformed to sone degree, and
in which an aperture into which an end portion of the projection optical
systemPL is inserted, is supported on the colums 33A-33C via the passive

Further nor .01 1 PRligRos ltctrapbre YERRLe Pt Rely PRBIl T ek s®
the proj &%épgvﬂe(grewb%o %yo‘aaﬁdﬂ f&ﬁbersﬁthe@ 16da%88s éﬂ%&‘ﬁbﬁm%@r@@e éfapsur round

t he si at substantially the center, in the Z direction, of the
pr oj ectirtermatitic cadmisy S6 eareblb tate §h l@l‘@)(ldﬁqb whichTine tlﬁlICbanfM plge.and in he

B0 (L nutohot spzetons 558 oo Reged HrOHECE b hGe St B et BRGS0 BAF 2yt em
PLA in 8;41& \Mz'“;i (Hﬁal‘g%g | 10?&?5%% dde plﬁﬁﬁé@\k’ﬁwﬁfad@rgs ax%ihtﬁﬂéjtﬂesret'ﬁ% rAgRisgbed in

Fig. 1 ent| to*eac her and extend substantially
par al | @k nigvablewizhiaxhsX YaglatdrBe deamdng divectionarfithdvsticletie dum a:ta&mngnber 55.

Fl exures are formed on_both end portjons. of the ) 520 n s case,
the ro@PeYRe olhEs W&%@%Y@&GPW%@WBW ?%el?ﬁ{éﬂ’g@r BPRPCRP

h th t
rorber 405 7R L gifSF LoDl Bftiofi 2 KT EnctHG bl %%95%&?0@%@?%%%3% %ﬂifﬁ%a
frane whiigdrisuspertmshiaegemestptddnguneness 12§5r({\@deﬂ4jn thurdtivde base 67, $oor

exanple, via rotatable pivots 58A, 58B (a_third, pivot (58C) ,is undegl cted)
(vi br ag$ nsureswng thotetipestige §9- gtlrthﬁmealao@ét VoS Brear motenfiel censitue

:Eieck %Ieglt %%é%%at?@ EE& ia&JuSn ?1?31% 3¢ dlr Pt tﬁ%&tﬂ%‘ Hkelcp,

aperture Ts orne passing

illum aﬁah@mdrl@gbuoa@amd {or 11@1]1& beurti@hiagd £9.bBRsESnIfetry i thisdineai motoedij mg, a
reticle sta%ie 60 is provided which adsorbs and holds the reticle R so as to
be movagsioad ¥ -e¥is Ainearanoer p2 w@nsmwé‘:dstb/a?fmpﬁ@a eipra 62+ vatse af e spdPPEI® R

dur | 19 6RNY MfkeriSH BPRNTEAL i 8o SRSl Gl ks o (89K A0 bl gRL O

per penEﬁ t'0 cance

reacti @9, faE Giest@AAQERNAN wﬂ@ Mint4Aené®td 621| &ndS6PgRh ABive sherfetivientags 60N theY
direction, a rectangul ar frane- sh%ed counternmass 59 is provided on the

reticl ¥ disesbion Withssspesbtotepunistmasri®. tAhidhisdimetee SWEENBEE STmeveinibr e, a
first Y-axis |inear

d
Lt T heSmmnie diePiRt st Bl iefe GO Rie i pafte1cd aft HREREHE BOEhvBARoh 98" ©

st at or ;§dify1leAc athadis @8t é@ﬁcth@)bu% he 16018 tRESBE 8158 an bB pEHAAEIWith b Saibiol S
| inear notor 61, a second Y-axis linear notor 62 is constituted by a

movabl quvmgmmuso‘cﬁwé@ mtationelitgpidonsabpitiothe X, ¥, tahd Z-3%edi recti on of t he
(oLl e SUAgR 0. ARl RS2 LOCELED 21, FOL, LIS CONRL LIRSS 50,
f?\gggoggn dé{d r#é E&gs %n%a%lg\éllggﬁt: rﬁéhﬁ’é‘%hbefsgé Bﬁ%treiteﬁhn%@ Hil8F MRSGeBig. 1Y) dnhhé time,
side surface of the projection optical system PLA, a laser interferometer system 10 (similar to
Fig. 1) is incorporated which measures the position in the rotation direction about the X, Y,
and 7 axes of the reticle stage 60. Additionally, a reticle stage system RSTA. which drives the
reticle R includes the intermediate member 55, the reticle base 57, the reticle stage 60, the
countermass 59, and the measurement mount 56, _

[0116] Fig. 11 shows an enlarged cross-sectional view of the members from the
countermass 59 to the intermediate member 55 of Fig. 10. In Fig. 11, the countermass 59 is
arranged on the reticle base 57 via a plurality of air pads 62A, 62B (others are omitted). In
this structure, the air pads 62A, 62B are smoothly moved on the reticle base 57 by an air
bearing method. Furthermore, the bottom surface of the countermass 59 and the air pads

62A, 62B are each coupled via a flexure 63 (flexure mechanism), which is a member having a

cross-sectional area that is small, in a state in which relative rotation is possible {o a degree.
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opposite direction, so the driving reaction force is canceled, and the
generation of vibration is <controlled. This is not depicted, but the
reticle stage 60 al so can be provided with a mcro- noving nechani sm for
the rotation directions about the X, Y, and Z axes. [0115] Furthernore, a
measurenment nount 56 is fixed to the internediate nmenber 55, and in this
measur enment nount 56, based on a referenﬁe mrror Me (see . on the

i >d 0 ig. 11)
si de surf acd0b¥7lt hB Kigof & én flonewminle a3 We SIP&W%E%FO@KP%]%%‘P@F%P@PF Bt er
system,10_.( sim.Lar e Ei I.S. | rat.ed: which t osition
in the ﬂFeo%D(ét%fa %ﬁ&ggg %g??oéllrl\gg 110(]331 ahg%kegﬁ,% %9 ﬁ@%ﬂ’@“&ﬁ%& %gﬁéé{i iﬁ}cloe st age

60. Adgidpeenaliie/colambets sl B B0e sinysdemRSacthtmbtogy §4lesS4Bhehe reticle R
i ncludes the internedi ate nmenber 55, the reticle base 57, the reticle stage

60, thecmaisingtieralartupgors arpgnat Hepigtedl tedrgngchodiver mechqpmayre Bicg e RSs hows

an enl arged craoss-segtd.onal vi of I 8 £.1 r 59 to
the 1 nibrrea el R Eoh oy HEM Ay R TRERE! Fs i SR 0 EBURCE IR 2

ar r anged Ridn3e 18 ekl atifcRasSsuppolt ndtidod) biid dld Iher ditedéromptal Sydheth 1262 Bhe
(others are omtted). In this structure, the air pads 62A 62B are

snoot hilire irofivead! torthe hwaswementengyméd557 by an air bearing net hod.

Furth , t t he..count 5 i 62A,
655 ar e eaclObETor BB Eable B sttt RO e b dRp Bl RS
menber yRavkNgtde sifdt A S8k KR VAYRALE PR cdiBnYNELAL sysBmPIA BY @ sip-amdi-ch

relative rotation is possible to a degree. 27 [0117] In Fi g 10, in this
exanpl ecasneibbd., At this ties theprejestionotptichiesysiealPl4ds popendedrimi suppditedsi x

d -of _freedom.of the fl . d th ecti tigal tem PLA
w h - RESpRETEgnTae cettnie s s emeon i e At ¥R Ut or <
g‘A, 54B kit ol BORbAIBS RbaYiabiIAF EHAE OInSprat &1, ARd t1eREHaR N Q@rﬁo@emnged-

her mechani sns are the sane as 1n the enbodinent of Fig. 9, and the
measur éedightenadint 15 is coupled to the bottomsurface of the flange 18 by

a kinematic suppor thod, and the,laser interferonmeter system 12 or the
like s 11 w0 1h U Sy iR mBim e ke Rt 9 1 R et EnEhe
patter 1 F ' | (= ; ( hecdi8shsstihve
ot A BB B B R ] By epe
st ep- ag-Y doactioret Aoitis thne tifithe coumermash&9ps sipedy bomgspondhbd redipbttese BTA i s

suspended and supported fromthe internedi ate nmenber 55, so in the sane
manner thege s ngg%;i;ty that haroynteeness 53 H"Iéhlgg FHERESE 3RCICEBT A2TP0 BPEFFOF mance

capabi Livl i alifcd FRERAEH viRB v ibPReITRE RAIS BAROI hRTHHE BikasinlchNt ened.

K e
[01.19] i s exanple, the countermass I's arranged so as

to cangglursy ofdacpdsiiv:df of the rgeataicerd maehe téterioetdde [Ie osteagepiBOentshidy i ven
at a hiingtr}]ﬁsse%earen?ﬂe(, ?12 sl'?gvgg linelr?i%F illo,rtll)le ci:orlmtermass 59 (rigid structure) and the air pads
62A, 628 (rigid structure) are coupled via the flexure 63 (flexible structure), so the vibration
generated by the countermass 59 is hardly transmitted to the reticle base 57, and the position
and the speed of the reticle stage 60 can be controlled with high accuracy.

[0120] In the same manner, as shown in Fig. 10, the intermediate member 55 and
the reticle base 57 (rigid structure) are coupled via the pivots 584, 58B (flexible structure), so
the vibration of the reticle base 57 is not transmitted to the measurement mount 56, whicl} is
provided with a laser interferometer systemn. Thus, from this perspective as well, the position
and the speed of the reticle stage 60 can be controlled with high accuracy.

[0121] In other words, in this example, flexible coupling is performed by the flexure
63 so that the moment by the vibration of the countermass 59 is not transmitted to the reticle
base 57, which is another structural body, Furthermore, flexible coupling is achieved by the

pivots 58A, 58B so that the moment by the vibration of the reficle base 57 is not transmitted

to the intermediate member 55 which is another structural body. Because of this, instead of
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the Y direction. At this time, if the countermass 59 is sinply arranged on
the reticle base 57, there is a possibility that the countermass 59 which
receives a reaction force generates a vibration at a high frequency, which
vibrates the reticle base 57, and the nmeasurenent accuracy of the position
of the reticle stage 60 may be deteriorated. In order to prevent this, in

this ex l, S PN Fl g, 9. (rigid,structure) and
the ai risabs S5 Qb Seabhina 1F FALRL FEETSRanTy b BkE R iTHE 65

(f 1 exi bflexiblerstittutedlso s behealletl BEiakinatic sigpoar gﬁ@ﬁdbﬁg dehe keRIHRsOBSSt 59 1S
hardly transmtted to the reticle base 57, and the position and the speed
of the #ékpsspdo-kinggatiooupnant fos 2vaidancs of sgesaiconcanirghiomarnlfos¥ibrati@120] I1n the
same "B'Q'Eé%[laticgﬁ shown in Fig. 10, the internedi ate nenber 55 and the
reticle base 57 (rigid structure) are coupled via the pivots 58A, 58B

(flexible stpaglyr € thisease! A&h¥wREAFIQM0Mor bRAnFB! WEHEHE ISR 1OFask S 71O
56, which ded

transmtted to the nmeasurenent nount is provi wth a | aser

i nt er f evibragade thegypsitiom of hamodefafdn fitst wibpsionppedd ieobdispletdd, @iig thosi ti on
and the eed of the reticle 60 can be controlled. wth hi.gh accuracy.
[o121] PREEE Rt el hid fnd MRS Iecubhng Bachiva od Bl HgiedoBtPR GhREt by
the flaxepRottRAFsEN arhet:éi-srer,f?fflﬁmly BY vidreiot SRy BRra@imfifag (St er mass 59

is not transnmitted to the reticle “base 57, whiCTh is another structural
body. PFuoictthedinisrmeembéreddi dylte tleoupdsivegnang nmahnt 84ed by the pivots 58A, 58B so
that the no by.the vibration of the reticle base 57 is _not transmtted
Lo the i nt erbtila A sl Sscly Brisrd aaH et Beasr Y drot 66§9v1n8éé%a@§e of
this, iinReRM@Er syd@ml WBicR YRS fe! LS an be
used. éupport thrrsgug% thics t%%r%?ép?ﬁg% Bftehesrta?ﬁ%ta Sg%ggfsg%ggfgﬁag{e)th%al | ed

" ki nemantermedipip andrtiberiSiiahaichidnef is dmd reliclodard 57 Fhyppord, forndnipée uddeki nemati ¢
support for avoqifgance %I s&éess oncentrat'oH and for vibration

at t enu&TPBHPIOFaIRg Ripthe spgod 2 cyeved iagle) ke 1 e bew offthy refigledisre 57 when
the retighe Sk j teds. & { LJ t. . first

vi bration rr#g%%igds 5%%1&?%? ls%)elk’)%a}%éﬁeyeg%(@%él g}!rso a?f‘éﬁggr%#gﬂfed?éfﬁglgﬁaer at ed,
and f| exteirheligo upnbey S sscaftdiiele eduplivigdh actiboassinried Bérizontl d@ettton, Wikgchpi vot s

58A, 58B.. Therefore, ,virtually no vibration energy is transmitted to the
i nter ng’ﬂﬂéqréﬁ‘ﬁg?ﬁ'é?m?i@]g@%ﬁl% measur enent mount 56. [0123] This type of

oLt 100 AR SEARTSR R R RS B R g oo
i s prodireetbn (7 diteetionnt Brgededle a sRTRETe 16 Jetinble@moyvighh itk theebeld ©1 8 base
57. Therefore, for exanple, Abbe errors (errors determ ned by the sine of
a cur v&ddahgn dye yheation isodiopanember; #rdl iteposiian isasevay Corémileﬁe}lépedﬂ% ed.
FUrt hepmioge, thaRiR, §¢ Fl 2 T00BE kG BARST LB ShordiReNed fhomdne
vibration isolation members on an undepicted column. These active vibration isolation
members include an air damper and an electromagnetic damper (such as a voice coil motor)
which generates a variable thrust in the Z direction. In this structure, with respect to the three
active vibration isolation members for the reticle base 57, only three degrees-of-freedom (the
position in the Z direction, pitching angle, and rolling angle) in the vertical direction can be
controlled with respect to the projection optical system PLA. The control band range is, for
example, approximately 10 Hz.
[0125] If flexible coupling by this type of active vibration isolation member is used,
there is no relative interference of vibration energy, fluctuation load, and thermal
displacement between the reticle base 57 (reticle stage 60) and the projection optical system
PLA. Furthermore, active relative positioning of the rigid structures is performed, so there is

no problem due to flexible coupling. In particular, in the case of the scanning exposure

apparatus of this example, if a fumction is provided in which the reticle base 57 and the
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i nternedi ate menber 55, so flexible coupling is achieved in the horizontal
direction, which further shields vibration transm ssion. [0124] Meanwhil e,
the vibration shielding effect is relatively small in the verti cal
direction (Z direction). Thus, ideally, a structure is desirable in which
the reticle base 57 is | oaded on the vi bration i sol ation nmenber, and its

t t || ed Fj
ot thg]rpﬁrl@fét@iévscon bk 458 Ccmibpy thy op B TR RS e Fhui AR gmnrd Pon
I sol ati on ABADELS AR1RPe d’f@ﬂ%ﬁ'vﬁh?f%sﬁé& WThch DRGS S8 Gl post ﬁﬁh&faﬁfsﬁpﬂhicﬁm ation

menber s 1 nclu an ait danper and an el ectromagnetic danper (such as a
voi ce cqipbon®ihendticlebase!s7gad ehapegecadon apliah spsterh Pligt dées nbheedd tdibeechighn. | n
this structure, with respect_to the three . active V|brt%¥)|on [ O:b?tlon

menber SIEALY R tmép?larléu%agbh@#emaap theylexise Jeppe@airg FLap LM oPI4 DS

posi ti direction,. pitching angle, and rolling angle) in the
vertlca(& dlgrlgtg@ﬁ%n can be controlled Wi th respect to the projection

optical syst@gLAFuthemoosacalrdband theageodisient aiffig.ebbathel peojeaiimr opticaht el y
10 Hz. [0125] If flexible coupling by this type of active vjbratjon,
i sol at isyate is §usPesied from ﬂ’ér@ter@e 6t6ﬁ’é¢r&1?‘?f\§é of HecHnsF BAL0FC YEISiat i on

bace & PhiE Pl PO Aoy BRET collt R B6 ST polREy SRRk i At ©

Furt herd’&ﬂﬁmnﬁﬁﬁdf\tﬁe deliad davideROBblivan pékgomiedtﬁyefdl iegbtlpkl b dowufles method.
performed, so there is no probl em due to flexible coupling. |n particular,

in t he loadditien, 2 hegespasmiseytaings so fhe deaﬁ@a)rféteﬂéomffw@ﬁsmwws SESOLS

function rovi de reti n
opt 1S HRE AR L e SRS DRSS 8 38 R pSBro B Fr S R  o
and pagé Eéts@@f?@ié&ngaﬁl%w@b&m@ﬁfﬂtﬁﬁr@ﬁteﬂd POAS B8 pegtction @paeht gtleer PLAhe
support mechani Sm which supports the reticle base 57 and. the frOjectlon

opt i calcasypsteasilyReiendoand eot bnestthast InaVléclhtbgmmeﬁgﬁmnt@al astem BL4 with

tribut to |ight f th 1 b d
oot nihoieen Sepd e 19 Oert )B4 SOV BF rrl PRERACHE BB i B
enbodi MRRdes Hlrofibifan &Qiepich&i PROLRRICORMID PIFitGE kype SiredRLA uk&d, s pended from
the internedi ate nenber 55 of t'he upper portion, so there is nothing that

i nt er f goesioninghreliionshippbetwemn thi me@e.mzmcnttsorsttcmeamddheprommonmﬁcﬂéwg@e of
this condi ti n| ng of the deV| n be effectlv erf.ormed by, for
exarrplgg LA isfsifecd %WS d IpGOIRONS; Oﬂ%le feyicsds Rpst ég 25 %b 11Shed so the
degree a‘g;enwngﬁﬁfaggsf@au&i%ﬁlaaalcag rmaueﬂ%m@sgﬁﬁmve@r the like arranged in

t he neasure t mounts 15 and 56 can be increased. Furthernore, in the
case ofFiftefdwidngertthe projecti on optical system PLA, the pr oj ection optical

sysf[ em P LA d(éf?ﬂbe'l‘}gef,ﬁ)ﬂl@%l‘lt ake iipga%%% e?nlgod?x}/lerﬁ 0 t1? ?rgfeh on w1t(l:1 re{'erence

proj ecti on
to Figs. 12 and 13. In this example, that the projection optical system PL is supported from

below by using a support mechanism that has rods. In Figs. 12 and 13, the same symbols are
used for the portions corresponding to Figs. 1-11, so a detailed explanation of those portions
is omitted here. A flange 18 of the projection optical system PL is mounted to a base molding
64 in which an opening is disposed. This base molding 64 is supported by the support
mechanism from a base plate BP. The support mechanism flexibly suppozts the projection
optical system PL in the Z direction via the base molding 64 and flexibly supports the
projection optical system PL in the horizontal direction (XY direction) as well. In this
embodiment, the support mechanism is provided with three rods 65 that are rigid in the Z
direction and flexible in the horizontal direction (XY direction), flexures 66A, 668 formed at
both end portions of the rods 65, and a coupling portion that connects the base molding 64

with the upper side of flexure 66A. Furthermore, in this embodiment, the rods 65 and the
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t he measurement nount 15 is renoved fromthe rods 52A-52C (coupling
menbers) and passes through an undepicted gate-type colum. If this type
of structure is used, the positioning relationships between the

measur enent system and the projection optical system PLA is adjusted in
advance, and incorporation into the device is possible as-is. Thus,

nbl i . I ; i Rifdh
cos ol Y RLORRAS L HUShLAR, AR R CORUEL 0 AN A ot L
i nvent i gpingl &, TeiRIENEen tHivehbodimeh? tlan@dndtB of ki foli 65 éxpADbEongdrat t he

projection optical systemPL is supported from below by using a support
nmechani sm t hE128hs Widligespeat teethgdlexupesH9d, 98B, inrtbe samemeppeigis shaflexuressed f or

t he portd on r ndi ng t.o JFigs. .1-11, .so a detailed explanation of
those Tt AT3sEB ERRRT FlEd. dipatHen b hte adRe G 1B an Ry BERAN BhsRFiof)

syst emjRlhé B dRBIGEE poskifled Beeadtloftiig hally bily ¥l faie e BeRechshdlbsposed.
This base nolding 64 is supported by the support nechanismfroma base

pl at e BRoldigbsapbibe baseadiamBs ni useilicthiage mopibes 64 istriad epilyj dederned byopt i cal
system PL _i.n_the di.rection vig the base nolding 64 and flexibly supports
the prd 1@39?’0%0‘5%%%%3533{;&#% in the horizontal direction (XY _
direction) amiwel | FultRerhis th@é’ﬂjbggﬂrfﬁébﬁanikﬁ%fﬂ'ﬁ@Eﬂbbdﬁ%ﬂ??é}bx%ﬂid‘eé WAty ded

with three rods 65 that are rigird in the Z direction and flexible in the
hor i zontibitatidi isedationpad XY adianget érothe badd platerRES 266 Kat 6gréwesreidraion ibdith end

portions.of the rods and .a coupling. portion that connects the base
ol di e Bt it 1 Gho€ B120s B EPLCtuR o A0 RB @n e pophpo s
enmbodi nERttiol M81AREPa§87aNd the 30 flexure 66A are integrally formed, but
it is also acceptable to separate themusing a leaf spring, etc. In

addi tion, in0iko]s Ewitoaimoesstn tHihembedigieht, af shdven indtlg. B thebdse madding@dger .
[0128] Wth reggect to the flexures 66A, 66B, in the same nmanner as the
f I exur d&SUPPSKRSd DX guEe SIHPRH MeP ms5  di spl acenent in five

degrees-of - f oy, 0 fA8Tort Bk j i e Z.di i i j.ol e.
Because of t[ﬁ?gﬂ %r%#ag{oghy apsg e ?‘gﬁtégé %hgbwgl 18@%1;%?1%%9%132389@%#& ng 64
and t heuppereddabar BRumihBsA-1BMe Uadsdidred cbikdn@4ding aneitiedssil yndlef or med by
vibration, etc. fromthe base plate BP. £0129] Furthernore, the support

mechanitorzeniat aikthatrosehtism Steisr pf BisgRigoRPtN 18 arrgngsddervern BePames pad 67
i oot oh T PR O YR P 8k SF, pHBRAER RSN BELMORA R " T can
be usedndsdibpiaserticabecl drein hardloatal obil pad conktin(tO 4 3Rjorfofthdigimees4s & t hi s
enbodi nent, as shown in Fig. 13, the base nolding 64 is supported by three
suppor tagpgdeHatg e the columns 33B and 33D, opposite to the base molding 64. Permanent
magnets that constitute movable elements of the actuators 54A, 54B are arranged in the base
molding 64.
[0132] The actuators 54A, 54B are constituted by three actuators that displace the
base molding 64 in the Z direction and three actuators that displace the base molding in the
_circumferential direction. The actuators 54A, 54B control the base molding 64 with six
degrees-of-freedom.
[0133] If the projection optical system PL is supported by a parallel link
mechanism, the projection optical system PL is rigidly supported in the Z direction and the
horizontal direction (XY direction). In contrast, as described above, the support mechanism
of this embodiment flexibly supports the projection optical system PL in the Z direction and
the horizontal direction (XY direction), so the weight of the support mechanism can be made
light, and the vibration of the projection optical system PL can be effectively cut off.
[0134]) Furthermore, in this embodiment, the projection optical system PL is

supported via the base molding 64, but the projection optical system PL can be directly
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[0131] In addition, in this enbodinent, as shown in Fig. 13, the reticle
base 57 is supported by four columms 33A-33D. Undepicted coils including a
vertical coil and a horizontal coil that constitute a stator of the
actuator 54A is arranged between the colums 33A and 33C, opposite to the
base nolding 64. In the same manner, undepicted coils including a vertical

il and a horizontal cail that titut t at f the actuyator 54B i
ar r angetiPBRR Gk ERE SOR I HEPS AT A B BN op e BRSE o1 di ng 64,

Per mangibicciB9osk &l & | BaARY BDb L8 {od BlicdiRgs@eimat ors 54A,
54B arg1 aJreFangglgﬁi n ﬁéem%g’ggmgt%{:di ng 64. [O&Egg]E&Thé@algt ugi ors 54A, 54B are

constituted 35hr Ferthetat,dhspiofmtiodiopptacesteth®l ade soepedided) ibh alovehe Z
direction and three actuators that djsplace e base | ding in the

i 1 cuntBIee AV et AHei R BPa 58 AI0aR b gt FRon e e BRe ol di ng
64 Wt ger ARke f rQJ 1.0 t tem PL
s suppiT R ERPIRITORM i Al P ey b TSRl R b PPN o
PL is rirgiediign sptppabsysesn cin bhaupBoded by tisiop aahsint Me ehpssuzoappatatal afghisi on

(XY directign). In _contrast, as descriped_abagve, the support nmechani sm of
this erfFRAdHBERL SR bgiapplekiolherhaverpentiong s@bprRy 6HRqsHEd YR SHROFISL in the Z
directi I | ..Al i Y direction), so the weight of

t he supa g?l?%négltkl%ﬁdl %%ﬁl"éé%%’% eﬁg%geﬁé:%épg}qﬁt@'(and the vibration of the

proj ection dot3éjal Thy picdeatidh caposubeamiataas bMbb vbeutmerdiioned katbdfmédthesmor e,
in this enbodi nent, the projection optical systemPL is supported via the

base motedi#BfEAureg by raeepgrpidpeeid anically pdusting an ilpmmatioa ppbigaldysiest |y 31

supported. ' ! nort. rechani an,. for exanple, directly
uppor -5 Re Ll BfRE P o st 3R R R Rl SRk B BO By o

pr oj ectekpasuepbpabiugual emstdling (H kel Fdpd hel Mot R eRbAIREEd O Opti cal
system PL can be suspended from above using the support nechanismof this
enbodi mikality|of ragrdpricarparts to theenaip body deerckbetive arbodisrepnnecting wiresj ect i on
opti cal t BL_wWas_s orted.by usin i res..or. rods, but t.he rQjection
opt i ca S leEr e R B i B s Bl Gyl e Sasiptet sk el at us of
this emehemme]it aicReatdddat Rdnifactiife 8PAEnHRM IOt appARMEYs EXpOSUr e
type exposure apparatus, or to a scanning type exposure apparatus. [0136]
The pr ppdemishinexgesutoenapiih conttnledftemherabibo ol ¢teanttingssed enbodi nents can

b fact by..i [ d opti I dj ust | il l.um.nati
opt 1 cal - ysilbhtcoRBAEH0H SR sParpopr deke Bt bR L B IOt

syst empid)bQidnn&paRire apRE¥uobs 1l GboRXBQRHPE] ARDELALHS, thaREmidbskalbs Ng the
reticle Stage and the wafer stage conposed of a
device 1s manufactured by a step of designing a performance capability and function of the
device, a step of manufacturing a reticle based on the designing step, a step of forming a
wafer from a silicon material, a step of performing alignment by the exposure apparatus of the
above-mentioned embodiment and exposing a pattern of the reticle onto a wafer, a step of
forming a circuit pattern such as etching or the like, a step of assembling a device (including a
dicing process, a bonding process, a packaging process), a step of testing, and the like.
[0138] This invention can be applied to a liquid crystal panel manufacturing
exposure apparatus disclosed in, for example, International Publication No. WO 99/49504,
Furthermore, this invention can be applied to a projection exposure apparatus using extreme
ultraviolet hight (EUV light) having a wavelength of several nm - 100 nm as an exposure
beam.
{0139] Furthermore, this invention is not limited to the application for the exposure
apparatus for manufacturing a semiconductor device. For example, this invention can be
applied to an exposure apparatus for manufacturing various devices such as a liquid crystal

display element formed on a square-shaped glass plate, or a display device such as a plasma
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plurality of mechanical parts to the nmain body of the exposure apparatus,
connecting wires and pipes, and perform ng overall adjustnent (electrical
adj ust ment, operation check, etc.). Furthernore, it is preferable that
manuf acturi ng of the projection exposure apparatus is performed in a clean
roomwi th controlled tenperature and cl eanliness. [0137] Furthernore, when

1 t i i fact i th Lecti .
appar st I gt of fhe b e BB Gl P O e P B PV oo
manuf acied eADBYA 8hip! &Pthe fikdePin@tirAgrd (18 il RhIBNEM Kaipbibd td dh 8ffbshiancti on

of the device, a step of manufacturing a reticle based on the designing
step, aretasp (@fpob@eppyals) inwetich a magsin(phaddinigko retivie, er thellikeahaving a ofask

per form al i gnnent, by t.he exposure apparatuyus of .the above-nentioned
erbodi HERETAHG BV RSP HEHS FATE N tor e Ot PP s et or . & step of
formng a Cifpgyol PRLLAAYL SUEHASpRICH B ifVerkidf, Whifa pRj A8 ogficaa_ssenbl ing
a device (including a dicing process, a bonding process, a pactkagi ng

pr ocesssystem staopgidfstrtetytd isguspandkdt due supperted WIB 8Jspddiiis 2 pradetermordcan be

applied to, a liqui.d crystal panel. manufacturipng. exposure_ apparatus
di scl odBYmPF as gl&ﬁ‘aﬁ%}u@,wa CRRRETBHbCTISS P SIS e U8 L49504.

Furt her, et DE Seid I i : #ﬁﬁhﬁ i

appar ardégélﬁlshit%gfgﬁ%ggﬁgﬁﬁﬁ%ﬁ\@%?@% ?Sﬁ? ﬂ%%&% g t%st' h’%&gﬁé&gé% aérleceingt h
of sevedo alconventiondlDfamplg @ raiin eccpprdby a Migdrtru¢t0i3dh beuedived neorwithdi s

i nventi o(gﬁiis ngt Jimted to the 3F}EI ication for the exposure apparatus for
manuf adtHIRPR ATERHPY toraraRiviie @ Mishpnigaiastion candreslightensd ashthe spstpe
appl i eqéltlge%augF@osure apparatus for manufacturing various devices such as
a liquid crystal display elenment fornmed on a square-shaped gl ass plate, or
a display dq0i4¥ sUbbcaplingphansiors & alitapl thyough Hobe ih tHeSsuppsrt ateniiergi ng

el enment (CCD), a mcro-nmachine, a thin-filmmagnetic head, a DNA chip, or
the | i KBange i®) ped pbred toithy lowen gafrce o thaathangs 18ppn saaderataghedanpids of the

proces r )il i ( , i t he
o) EDE B popeetobip bubholtih b B WToe U AIRR s, AU Slcfeg W ol
phot ol igtdwiggaphi ¢ process. [0140] According to sone aspects of this

i nvention, when a g'%hq'gectj on optical systemas a rigid structure is
suspended ah@l4pp¥thisdhainypnticadine been desgripedwitheefrionedto prefised as a rigi d

possi bbiedirlyty EPE e A ROAREuR R gt s TR RGO, FredhP Bl Bnaf plot ur s,

Ther ef ghftedto MRAFIEETeld@boERAMENSH DRdlru@HAEP I Be ifreh@bil B 1RLAUR ®LRYr a rigid
structure can be reduced, so without reducing a device performance

capabi Virgus raodnbietizniissnd poregearentainsdditioghwbne the vandus tlemenistof thian be
' educegi'eferred embodiments are shown in various combinations and configurations, that are
exemplary, other combinations and configurations, including more, less or only a single

element, are also within the spirit and scope of the invention.
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[0141] The coupling nenbers can extend through holes in the support nenber
(flange 18) and attach to the | ower surface of the flange 18, or can be
attached inside of the flange 18, as opposed to being attached to the top
surface of the flange 18, as illustrated in the draw ngs. [0142] Wile the
i nvention has been described with reference to preferred enbodinents
thereof, which are exenplary, it is tg bg,dnderstood that the invention is
not limted to the preferred enbodi ments or constructions. The invention
is intended to cover various nodifications and arrangenents. In addition,
whil e the varj f. t.he referred enbodi nents are shown in

vari ous %bnbi%g%%%ﬁi an Egﬂffggrg€?8§§,C?ﬂ%fl%}%g:exenplary, ot her
conbi nat i ons anelr eonfliigur atritdms,l iswekedi npiovrero]@sss am onlayeaosi Byl e

el ement, are alsq wWthin the spirit and scope of the invention. 33 CLAI M5
1. A projection optical device conprising: a projection optical system

whi ch proj ects bmuirhgepgfl yva whpaht aen; aandagai d i gl S-supplhivcwltiegh has a
liquidr voi.r located, .adjacent to a portion which is a vertically upper
portion %ﬁ*% %ﬁt profeCrT5A 8pFital §Yst et dridantivc HPsGppPPEsiant efpehat ur e-
control lyedb jdaquiicth bptacsideysushased ofhide prRiiact ancepbkeat,rsystem
utiIiziQQ) i ringiple to cause the tenperature- controlled liquid to

si.phaon.p , > . .
fIOM/anndﬂfﬁgaﬁﬁdélgﬂﬁ at8 Bf St Spridecdfortieppredrcsystenrt2calhe
proj ect isorstept ueall idevibce 9f pkbal g dnc Wher &l Lhgel kAUl g 3UPRL Y, cOMPri ses:
a tube which LS 3gped around the side surface of the projection optical
system © %91|P§L' GBirchPatton sytemhthisdkiecsretracestt hie

t enper atiiegeeenbhobhedchi api gk &hr ough the tube by the siphon principle. 3.
An exposure apparatus provided with the projection optical device of claim

1, wherein an image of the pattern is transferred and exposed onto a
substrate by riRe pL9Leet LANOPILLAl 4SYSIEMr c1ain 1, wherein the liquid

supply comprises:

a tube which is wrapped around the side surface of the
projection optical system; and

a liguid circulation system which circulates the
temperature-contrelled liguid through the tube by the siphon

principle.

3. An exposure apparatus provided with the projectiocn optical
device of claim 1, wherein an image of the pattern is transferred

and exposed onto a substrate by the projection optical system.

4. The projection optical device of c¢laim 1, wherein the liquid
supply further comprises:

the tube which is wrapped around the side surface of the
projection
optical system, the tube in communication with the ligquid
reserveir; and

a liguid return path through which the liguid that has

passed through the tube is returned to the liquid reservoir.
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4. The projection optical device of claim1, wherein the liquid supply
further conprises: the tube which is wapped around the side surface of the
projection optical system the tube in comunication with the |iquid
reservoir; and a liquid return path through which the liquid that has
passed through the tube is returned to the liquid reservoir. 34 5. The
projection optical device of claim4, wherein the liquid return path
includes a tenperature control systemthat controls the tenperature of the
i quid, the teMHerEIFEIconrPslicsystem cénef udiaign & pwmerehat thanpsat he
1quid 104N, 1) dnkERREYOLT tombe 44 (RL 04, Of cQOLLRLT L0g. a L efperature
of a projection optical systemwhich projects an"Fimage of a pat%é? in a
proj ect ifdre dptmircalatdeei c€, thhel hathod doenprdngicrg:t upeovbdi ngl as 4 ot d
reservoiyr d _adj.acen o] vertically. per_. portion_ of the projection
opticaljgvg?%ﬁ%%aﬁdghgépgb§%n%@%P?é%ﬁ%ﬁﬁfﬁ%éygﬁnFPSIﬂéauﬁ?qﬁ?ﬂef%ﬁgfside
surface of the projection optical systemfromthe reservoir utilizing a

si phon gginci %%ﬁ;o cause t@e Efnﬁerature-controlled liquid to flow along
the side surface OFtRE SPEfeRtTbRd opt Felie At Emet 7. PTRASREEABA of cl ai m
6, furtherticedpsiysihy ehichlptd Ng-ddhein tiepper attugepgentrel 1 gdy 1 i quid

t hrough a Lub%{which i S Yﬁggged around the side surface of the projection
opt i cal PEystém R BPHera" t OF toritr dild Fe tepEFEPELE 1 BE  t he proj ecti on

optical systemocv8difigeanet §0ddofe&daidn 6,1 Srdhen 9arrpi-SEAY, suppl ying the
tenperature-controlled liquid to the tube which is wapped around the side
surface"SFttlﬁélé)Vo]ﬂ%ﬂoﬁﬁorwq% s FERIREEAPRhEPT i gl dSY®RE®RVENS  and

returning th%ung'yiiﬁgtQaﬁerh@éré)@\%@-d:érm%ig_@dt he LyRecLosthey 'wﬁ% e

reservoir bx a liquid return path. 9. The nethod of claim8, ?urt er

conprisPﬁg? € prejection cptical system from the reservoir utilizing a
siphon principle to cause the temperature-controlled liguid to

flow along the side surface of the projection optical system.

7. The method of claim 6, further comprising circulating the
temperature-controlled liguid through a tube which is wrapped
around the side surface of the projection optical system in order

to control the temperature of the projection optical system.

3. The method of claim 6, further comprising:

supplying the temperature-controlled liguid to the tube
which is wrapped around the side surface of the projection
optical system from the liguid reservoir; and

returning the liquid that has passed through the tube to the

liquid reservoir by a liguid return path.

9. The method of claim 8, further comprising:

controlling the temperature of the liquid in the liguid
return path by using a
temperature control system; and

pumping the liquid through the liquid return path and into
the liquid reservoir by using a pump.
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controlling the tenperature of the liquid in the liquid return path by
using a tenperature control system and punping the |iquid through the
liquid return path and into the liquid reservoir by using a punp. 35 10. A
met hod for manufacturing a device, conprising; exposing a substrate by
usi ng the exposure apparatus as defined in claim3; and devel oping the
exposed substrate to manufacture the device. 11. An exposure apparatus
conprisiqg th%A&%%%ggtion optical device as defined in claim1, wherein
the |iquid supply 'S caApable dfaciicilatd rig ke, Fempstaimge-control | ed

liquid withoukxposive foseesfostdasf Afdming ¢ nef e&BSsﬁygpéé(ﬂ;% &2, A net hod
for nanu&%%EH ing a_device, conprising: exposing a subst ate'%y using the
proj ection op??c i %@%F%ﬁ% G%hi ch tenperature is controlled by the nethod

as defined indeobabmiéy and deuslopinghe expasad, subsiial e lo qapulacture

t
the device. 13. A method of exposing a substrate by USIng thé projection
optical system of which tenperature is controlled by the nethod as defined

inclaim6, the srbthod copyd,sing ¢l l.ating.the tenperature controlled
liquid through the ILquid.reseryoi%k%%gl?%éasF 3 %fﬁ#%&ﬁf?ﬂ e “3dr oj ecti on
optical <§%te 3 tdfduithagsiimg cAvtiinve, force for performing of the

circulating. $ferein the liquid supply is capable of circulating the

temperature-controlled liguid without motive force for performing

cf the supplying.

12, A method for manufacturing a device, comprising:
exposing a substrate by using the projection optical system
of which temperature is controlled by the method as defined in

claim 6; and

developing the exposed substrate to manufacture the device.

13. A method of exposing a substrate by using the projection
optical system of which temperature is controlled by the method
as defined in claim 6,

the method comprising circulating the temperature controlled
liquid through the liquid reservoir and the side surface of the
prejection optical system without using motive force for

performing of the circulating.
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