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

| NVENTI ON [ 00011 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 in its entirety. 1. Field of Invention [00021 This invention
relates to a projection optical device provided with a projection optical
~system whi ch proj pROSEEPITRPSTICAL DEVICH D Bkt WePAR ARG t 0 an
exposure apparatus which is used in order to transfer a pattern of a nmask
onto a substrate in order to manufacture various devices such as, for
exanpl e, a sem conductor devjgce, a_liquid tal, display, etc. 2.

- Description of Related Art 36837 gcess, which is one

process used t qogsR] uRed ﬁcﬁonéﬁﬂ&ﬁé‘ﬁ%ﬁ%ﬁ?&@%ﬁ%%i&m%ﬁ;ﬁﬂiﬂé& appar at us

is used in order to transfer and expose a pattern fornedon a reticle (or
-a phot omaNe- 6864326 fidas Sepbeatber 3¢, 8004 Tileaksslqsimetad U.B.tRroYisional tAgplitation

phot or esi strate. VarioQus types Qqf.exposure apparatus, such as,
for exarrpli%’,'%glﬁg?’%%’%ﬁ?&m"é %@1?”%&555‘#}8“"(395&58’2?3% onary exposure type)
proj ecti orn, expokld & Iapddibat US such as a stepper, and a step and scan
exposure type ﬁ{(’(ﬁ)} ectlon exposure apparatus (scanning exposure apparatus)

s TBjspByentienFeldiss 1 3 pepjectionontical deasqrrevided withar at us,

rigidity of .. (i ' ﬁﬂﬁj k hifed pafilhC a waf er
(i11) a sugkaﬁb%é%?n%%ﬁg%ﬁg&&%ygﬁo @] Ib(li%t a rrec?ﬁgm An‘?ﬁ%r I on of

t he suppoetposeelhpparaing whithtiswesed irk@dafto trayufe] sqedticmrofaphask ahiosysubstmte in

o Vi br at 1 GHeLSHEBIHEF POiHRACKE S5 P FElh Rt FE iR i or | 2y
accuracy gstalfisglayker, wei ght of the mechani smportion, and nanufacturing
cost of thé exposure apparatus. In general, an exposure apparatus having a
mechani smpor t DessuipiiornofiRelafed Azfi dity, while providing a high apparatus
performance c HERAY Sg@ﬁ t . @ - V. [ 0% 14 O and a

hi gher manuf ac g?ﬁnginc%lgth; r rﬁcg?%}ﬁgﬁl??%%ﬁog%gg%ﬁttﬁ?ﬂ BC lJétlrnelna!sm portion
al so i s r sdmgit@dutior ddvice] sggoairt igparatizds asdddn ofder tstraikfer Ael Qippsy Bpaitm

performange capabiljty, and the stability of the a ratus. perfornmance
capabi | | t%ﬂ@ﬁ‘?%_@ﬁ‘&ﬁ Giek 160‘?&'?%%%5) B?mPW?%ﬁfétﬂa?&lﬁg‘&’ﬁ&q‘%}?%Wéé’ycapabi lity
over ti ”B;taho-f&%ist'ﬁas&%ﬁﬁéy W@%ﬁe’étdféxﬁlﬁwwpﬁaﬁ,%é@hs? FrkRMbkpien @ h high

rigidity tend to 1
and repeat exposure type (stationary exposure type) projection exposure apparatus such as a

— )

stepper, and a step and scan exposure type projection exposure apparatus (scanming exposure
apparatus) such as a scanning stepper, can be used.

[0004] Iz 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, significanily affects the
performance capability of the apparatus, such as a vibration control performance capability,
an exposure aceuracy (overlay accuracy or the liké), weight of the mechanism portion, and
manufacturing cost of the exposure apparatus. In general, an exposure apparatus having a
mechanism porfion with high rigidity, while providing a high apparatus performance
caﬁabilit’y, tends to have a heavy mechanism portion, and a higher manufacturing cost.
Furthermore, rigidity 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 apparatns performance capability
over time. That is, exposure apparatus having a mechanism portion with high rigidity tend to



have good stability with respect to the apparatus performance capability,
and excellent tenperature characteristics, but depending on the structure
of the mechani smportion, there are cases in which the opposite trend
occurs. For exanple, in a nmechanism portion, when nenbers with high
rigidity are coupled to each other through nmenbers having high rigidity,
vibration can be easily transmtted, a bi-nmetal effect is generated at the
time of t 08 Wil SR E8pdct fo B iﬂpﬁaa&tpeﬁ&tn%b@&ai,aﬁh S PekcbMnt t he
menbers), and the tenperature characteristics e deterlorated [ 00051
However , tanperatws gharacbéristing betadspenging agi the styuchire oﬂie mechmrns perhon, e, when

the weight of the anism.portion |ncreases. there also is.ap SSIbI|Ity
Y T T T o e EN N

whi ch eXpﬁﬁﬂibersaﬂﬂMﬁgiﬁgidiTty?ax‘eI&&\i}ﬂédtﬁ(éacl:(dﬂieﬂhﬁﬁghﬁ:&mﬁ@@hamgﬁghb@l(ﬁ@' ght of
t he exposure appar at us) herefore, conventjonally, in _order to maintain

hi gh ri gi Bibrafion qen brosasily Wmswitfed; dhirmeakfipesis el ithelime ghicapentirani |

Gt 111 nogspSaf AERTRImIRlT s e & PE M) TR e Rl tahty SRRELb e

vol une), nwmybe dslerdorated.am ¢, can be used as a materl aI of a part of the

menbers whi ch tifute a sta 0006 Fu.ther n.exposure apparat us
al so has been @BE% sﬁaWP‘ma%.aé “ltl’? %E‘g]éih"@] g B?)‘i’i“’&ﬁ? hegy)

system ar el eMemehmn&%&ﬁéﬁﬁc&xsee%a%laﬁb id 4 pis sﬂ»ﬂﬁfbﬁﬂb&ﬁ@%ﬂ each

having a plurality of rods I ch can expand and contrac This system
mai nt ai nscmmphgvaﬂbfﬁeldnmmmgdpmmmm@om anparatusds wefalied  of

the entir r JLenn Lopal Publj.cati on No. WO
01/ 022450 PRG0S ReicT B ety gribE sredsttsmtatiBOr Fheahit, L Rb6 R R er 1o
mai nt ai N Grdé 19 Maifteid high riggaink ipbiforn ﬁ&slﬁmigemﬁ staanitighit 8 highispesdniitel
performance or the like, it is deswableto I.mprqve rlgldltai;JéQf a

mechani sri¥® aféﬁalaﬂar%u%%%%h&wwgm@%? Yithesppike stitfpess aRedu @it  t he

wei ght  of difigy BB IR r uhiPVEMRE), SRS CAMIE Lk PO RSedlaS § RANADY

with respect” to a nethod of Using a matérial with specific stiffness and
| i ght weidflatparitaféherratrebaraivhich sensbigiteisstdgeonl y for a portion of t he mechani sm

portion due t manuf acturl n cosS lﬁﬁ)naterl aI a r t he
ke, "ot e O o foRBoBRote B SibeboRdains b A b Phtr e S B

si gni fi camigeyatdBe profpettion Bpﬁﬁ'aﬂ@&tehﬂaré ihidepdentlydhpgditcd vy erlmkmechani sm
portion, it is desirable to change the structure itself of the mechanism

portion %‘?ﬂ% "’P‘{%haé’lﬁﬁp’kﬂlm FglsiveHshgan tePEE’er"BFé‘E?Wﬁ B s8R sy st em

[ 0008] - Vi ighirtids %g&hoﬂaﬁ@h Rl hreihi e RS e inishAC
~having a plurality of elongatab ods |s desirable to further 1nprove
t he |i ghtpertiong Soé, eghdntemnational 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 2 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 struétqre 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
phurality 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



mechani sm portion, and the control accuracy of a novable portion of a
stage. However, there 2 is a possibility that control at the tinme of
scanni ng and stage positioning al so becones conplex because the structure
of the mechani sm portion becones conplex. Additionally, although the

proj ection optical systemcan be supported by using the parallel |ink
mechanism this tends to cause the structure of the mechanismportion to

becone ev Yo I I NS o o) r aratus, a
t her mal dxl‘ésrlrﬂé%lﬁigﬁ arrgﬁﬁtfdgpthteh@esr?gg ani gr%nagtgé‘ﬁ%nmoan aS%ﬁeg% E%{I?Ition
anmount of canngei bgawsk eestineturesdfitieemedhahive portigndscorass dpiplaal Adyidnalty, due to
t he exposyre &n&ﬁnt .of  the,exposure %gam and_t he ,surroundi ng. tenperature
are pre B PIUIRFHRE aptical system G4y bF SURRRred By ueing the parafleldinkmeckapisact i on

of the i rggitags t&mgﬁ%%ﬁﬁ&afe%mee@e%h%ﬂiﬁﬂ bBioh 6 B?:BHe%Oexpﬁmlteh:%nf g Ghe and

the wafer, or the like is perforne uring use of the apparatus. However,
once t he thisahgand. dwregenttekposutpepparatss,cohgrinak distobigon aagiuntef thelmackemisacy of t he

thermal distorti.on.a nt of the. mechani sm parti and the f.lyctuation

hrount. o N R plewi oF o eirt B aPlefflie ol e tiocung oalital B | o

- possi bl e dugaé thetdRposaid@BdthCoREE tipdsite FEdm 84l Bkis@irAlndin t&Q?e%mEHré her nor e,
conventi onal | in order to control the fluctuation ar%[oun of the imaging

char act eriredisted gradvapse, Asperding dothigpredigionspsntis orstion of thadmaginger at ur e
fluctuati gl ' L ALl | [ I+ f the

proj ecti c?n opﬁeﬁﬁt%?’%sokl@tggéﬁggﬁ%hh;ﬁ g?%:ﬁggéed,c%%ntﬁﬁ%% %gt;eﬁtb 5&%}(:}?&5%5% tnﬁ%&] _

vi br at i onluciog useodf theapparaten Howeesradnde itheymedhatiom poxirachecemesgpaiphixthe it s

desirable that ,the vibration of.the nptive farce i.ch supplies the coolin
i quid sm“%eﬁéw%ﬁPfﬁfl%mm&W%%w%@awﬁg’%gﬁﬁ S )
i nvent i oflucRbli®Ciod of he iBRANECHIN RRIEHD det@ititatdd Ind@thefefdrb St pORit&Chat t he

provi sion of a support for a projection optical systemusing a relatively
si npl i f i #p eXPPYHE accrEacy My datetieralg- st ate in which a high vibration isolation

per o mnce. c3ARB] | kRt AAeah 00k bochs SR ARFS ki o

I nvention is ovi de an éxposure appara cah marntaln a high
devi ce péhd ioragingeharactpddticlof the, prejectionaptieal pestérh idaaiotge paipenra fietuation,
capability, and.obtain high rigidity, where necessary, and |lighten the
entire néeﬂaﬁﬁgg‘mm léﬂlmgﬁgtwe yadingiof hegpiceRonso H%ﬁ%vg‘hﬁ%‘%‘ﬁ‘s‘?’s to
reduce ViDé@et ©inodRR0 it viatidd WnlrbOpbr@rminite SHRPILIF Of 18 cliiRuWpbadiing of
the projection optical system [0013] Ina projection optical device

accor di n# desirgble thetibe yisation of thetrngtivei forge mbidrsupplies the cooling liqnid should be
: controlled.

SUMMARY OF THE INVENTION
[6010] 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 performiance 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 aﬁositioning 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 surounding of the projection optical system.,

[0013] In aprojection 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 actuator to position the projection optical system.



projection optical systemthat projects an inmage 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 actuator to position
the projection optical system 3 [00141 According to this aspect of the

I nvention, the projection optical systemis supported by a predeterm ned
menber (e.g., frame or the like) via the flexible structure. Therefore, in
a relatively si y fi by SP [ETyome Vi at i o :

pr edet er m ned wrrugh erﬁ&gos n ttJ]eaS| gg%t%?glﬁsm t?%%%%eoﬂrgﬁg&dﬁr%ﬁg%ts%%%nésptical
syst em . afépported bya predetermnined memberdege freme of thellike) vie dictflexitdé stnctuss.e is | ow.

[00151"1 n e AER RAER hiin i R ehmibmie vitoniod e sre bipeapetc

Syst em capmeniber i 966¢a8Y Rahsaited tb b flojsétioapHEA sWitdh, MaGhe SHapichk, Wher eas
the flexihle structure has low rigi d‘lty. According to this aspect of the
i nvent i oniregpepgy pithe dexiblestugyreislowe rupahighyvibration gonirad pedformanes decr eases
wi thin thg, kC&n 13 HnRdy exi bl e structure is used. In general, a
flexible stpructure has a Characteristic opposite to that of a rigid
structure, is J00BSK , ihthis casd, the/pretieeimined thetder Aldlthe Profecib@bticabdySiem can

char act eH}St i c..of shieldjng vibration and receivi n&/ transmtting thernal
di spl acen&hiorEpEAas A gsiinresyith igh rigidyy, whgeas|thsdlenile srvqtie beg low

Accor di NorisiQitd. NAScordih f ' alal £i.9L.d - HAR used
for the p%r tﬂi’ o%(s) m%?%:tﬁ%dﬁsé%gﬂtgyg‘q etg)tBZas?mggg% ééfp%%#{r)r%%ce egabi lity,
and a f| enxgifd senctpredetrgases within thedayivedaridor flexiide plouchire ix(1spd.t generalypl e rigi d

structur L her.. By this struct , the effects o her mal

G 5o acengentle SHPREhREL ekl opbor o b o BEid Froaes iy asi oy

pr event eccost) tud €dnyobtali & prffatkle chdiRtIREH SNhSATAL KibrRdnead be |ightened while
the device _performgnce capability is kept high. [00161 According to this
aspect offetang/foamritag thermalgieplacemept dependieg 91 e stpaureof thedlenible | ncl udes

t hree CO%{I&[}_&_ mggjﬁ%to 'asﬁéf;t d@ﬁﬁ&iﬂvéﬁ?ﬁn%%@ﬁ?%%ﬁﬁ%ﬁ%ﬁ%&&@req“ency

in a direction perp icular to the optical Irection

par al | el nogfian(s ek disdetinaffect(spdevideperfompance capabilipt, iandh flsyiblestuctys daavi ng
three coypli ers. .t pr oj,ect.i,o tical . syst LS supported in a
St abl ¢ muSSERP e on et B S BRectBis ot Sy os RbREL B 1 sod of
for exameffects bhihrrhal displiRBlaek Sn@ te@RdimBahd oF thH ViBRtibR Bredhiaigizid\& opti cal

axis, the characteristic frequency of the coupli ng menbers becones low in

a direct PEYenisd epaRly: dihersfore.ghe mechspismapertionean betightenedyvhile thedpdee to t he
vi brati ogeﬁ@,ﬂﬁgg@,ﬁ,}%ﬁ%{sr acy conponent, blurring (deterioration of
| fage %osﬁ

the contrast) of the i tion is reduced when the
[0016] According to this aspect of the invention, in one exampie, the flexible

structure mcludes 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 optical
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 Im or greater. Thus, when the length of the coupling

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

4



| mage pattern is transferred via the projection optical system [00171 In
one exanple, the coupling nenbers include wires or rod nenbers provided
with flexures on their top end portion and/or their | ower end portion. The
| ength of the coupling nmenbers preferably is Imor greater. Thus, when the
| ength of the coupling mnmenber is Imor greater, the characteristic
frequency in the direction perpendicular to the 4 optical axis of the

coupl i ng - i : . , t ' i ptical
vstem 15 Eury gk pr Y Bl il B siboifiphy 0 335 s Dbl Rl

[ 0018] Fumsysier moxgemely siablytsupporteld avithoegpleitrig extenidkevibratibiar at i on i sol ati on

portions can ranged which reduce the vibratiqp i.n the opticgal axis
direction of tﬁ@lgi O?B'glﬁnﬂﬂf%&ﬂa&ﬂ% es‘;‘?k‘{’]]%m ge%’o‘“ _ﬂ@}sélaﬁ%ﬂmfﬁ?lb&qagn in
the direchk a3 hicllrediRe HRS iR drCiR hebptiSalAhisl Aot £ bt ic4!
system can be further reduced. [0019] Furthernore, a fra I ch“supports
t he coupl BYftpreRY ey doing e Yibuastiopinghe divastiompatalld! tethaioptitel pxis of the pojection
proj ectiop | wi.t hout, contacting the frane can be provided. .
[ 0020] Acg%t?cg%ér?ggiéblocsaﬁb%s%iggls%é%l’cc& the i nvention, the coupling menbers have
a flexible stjootelur Burtteembidca frimewhivhishppbriksite dhuphingabmbes aiad tHehe
projection gptical systemcan be_ relatively d;;t) aced at a | ow frequency.
I n such aPesHimingglevicewhich nositignsthe perigctign aeigat eystennwithews contpefiag eframen of
t he frarrecﬁr}gr?}md@r oj ection optical system (i.e., the support menber of

0

the projectio ptical system) is held at a target position, so a
pref erabl e chaji0820jer Asdording tohibis aspeghdfthe ingendfont the comdingmmainibeptiave an and

"~ shi el di ng,0f,.vi brati on and effects. of .tenper re ,changes). due to having a
f1 exi bl eg@?’ﬁl‘t}fi ‘%’”&aﬁ‘? tﬁ%gwa?m 'iaﬁ@b‘{“’é’ﬁ 1’}@t fﬁ%m%eé“ﬁ%gﬁ Sicw can be
capabi | i tglatigsly Risphosd /RibWiRsqRincY. "B SRASA bds8bylsidaRe PéRicld dVick TREE OF

the Iike can be _inproved. In other words, wth respect to vibration within

t he frequehéye pesim afihefianaandsbe prisstieneptics! Hptop(bepthwistppom membieefce, t he
projecti LG LS 3 t tiVv S I on. trol

met hod, gﬁ%i} {Abﬁaétc&aﬂrl 8@%%%%@% %%Q%)%ar'%%%sﬁa@s%edﬁgﬁ?ﬁ%s&%ﬁ% Qﬂé:i@%ed this
1;) r equenc lightanire, obﬁﬂhre:npu:}:ramsmt" lﬂo@ﬂir:mﬂishi&ld:@ﬁﬂvdﬁm' ; ﬁcﬁlamadh eﬂteﬁipdraﬁwpgrted
y a passive Vvibratian isolajion structure, [.00211 e positjoning device
al so can GE&H 4B ERE ﬁﬁeﬁﬂ% oPethis o bE iR, A e e bion Pestogpaacs

degr ees- %%éuim?,d@%aé stabif i T RRIRRoh Bf@l_teqs&gié&i}n%agm thE RkEGhipEN opti cal

systemw th respect to the frane, and siXx degrees-0f-freedom actuators
whi ch podmpraysdt Feothgrrrds widirespeetite aibratipn (vathin the drequency camngashidreambe wit h

respect (BndAfatyiEpostioniy) didick ke projection optical system 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-fieedom of displacement information of the projection optical
system with respect to the frame, and six degrees-of-frecdom actuators which position the

-projection optical system in a non-contact manner with respect to the frame. By u:;in,‘;,r the
measurement result of the displacement sensors, the relative position of the projection optical
- system with respect to the frame can be controlled. '

[0022] Fuxtherﬁmre, 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



measurenent result of the displacenent sensors, the relative position of
the projection optical systemwth respect to the frame can be controll ed.
[ 00221 Furthernore, in one exanple, the support device includes a flange
portion fixed to the side surface of the projection optical system and
the flange portion kinematically supports a nmeasurenent unit having a
sensor which neasures the positional relationship between the projection
opti cal - syptitiohA pelationslip detheespba eslthaprdjaitiondpfeal sysidin, Wal 96y Hil8essis
Therefore, the neasurenent unit is supported in a state in"which there is a

pr edet er nicARlpdssq,fhe positienal relatipaghinetvieqn the prejgciementicat systemeanditley ect i on

optical s ﬁ&td%%]'nﬂ ' £of | led, so the positional
rel ati OI’]S%I p bet V\eg‘gﬁl\étﬁlﬁer%?t(]))}aé%@%{l op ilj%glag‘%%c em and the predeterm ned
- menmber can be [@23Lr &slomd dxhmplephmamberr (sticle) [WHRBh thebaRem iCFAHBA 6an & MENDEr

(reticle).in ich th ttern is formed can be .integrally provided with
the proj eltf Ydﬂ?%ﬁf“@&emmwgwgﬂ&sﬁ%th Fifseirve, fmsrenplgiehen t he

pattern i&éﬂaﬁ&%fif&ﬁﬁﬁrﬁﬁbﬁaﬁkg%ugr ﬁtggmeﬁié SHTR tﬁEE&‘%,da o@o—m“ case,

a mcro-noving. machanlsrp can . m Ccr o- Nbves eretrcle
wi t h r espuerhanism ¢an hemopddad wiich mpro-umivesths tetivie Witisicspeehiorthe plojectien r et i cl e

pattern can.: rf d b e _m cro-novin chani.sm [0024] ] n another
exanpl e, c?ﬁ#@h%%&ﬂlﬁéﬁﬁfrﬁge%“% ‘ﬁ‘Pg"?f’ Wegrhé(,th SEIOVIRG ch i s
suppor t edmechahize. f rame via vibration isolation nenbers, and a stage which

drives the menber in which the pattern is forned on the base can be
provi ded. For %% b angihenexapwle, pfeme whichssuppentssthe fexiblelsiructurscabaseng

exposure L s W ; ' n..1.S or.med n,be anned
W Eh the SR mpbfed b E ot dyeh B Eoh Mo Mok od EHBE Rl st o e
a fl exi bl memwbenic which thipattericio digired oh e teas earctechrovided. rEvrexanpla, whegithe

structure, .and  applicgtion of an extra stress to .the base_ can be.
suppresse?f%?fﬁgg{??rb%yiw céPPﬁﬁcWEﬁ’Bgﬁ?‘CFmS‘]mIW?WthE%%}S as an
exanpl e, folifed/érbatsbited with¥d ike TRHARIMORAS) HeRGhriiish isdlhiY Sedberfis €XUr €S.
Pivots or flexures_ allow a rotational notion, so they can be vibration

i sol at i orPhsEkEsis flexible sfruepire whish coreni¢scdhe base apd dedianfeasalrigidsrusiure,mndr der

to cancel . ' t; f . the stage, a
count o B EHEERA b B Xl s 1B U ot d Sl BT B) 1 it OB BmEbes,,
whi ch support 40028 doulit easapsan eeaiysie, thevibhaiol dsiation Mdatbef bad I6lader ovi ded.

By so doin transm ssi on vi brations petween the counternmass nenber and
the base p&%ﬁs %"efieéy?ﬁ' ?‘FB'PB’ or fsHirtiiav)a Wistangbpotion, so they can be vibration
' 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, 2nd a flexure mechanism
which supports the countermass member on the base can be further provided. By so doing,
transmissjon 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 wnit
is provided with laser interferometers, and also can be provided with 2 local gas flow system
which performs a local downflow with respect to the optical path of the laser béam of the



[ 0027] According to another aspect of this invention, the projection
optical system can be arranged in a downflow environnent. The projection
optical systemis supported, so a gas such as tenperature-controlled air
snoothly flows in the vicinity of the projection optical systemby a
downf |l ow nmet hod. Therefore, tenperature stability of the projection optical
systemis inproved. [0028] Additionally, according to this aspect of the

| Vent i ONyyodificFEASHIETI 2o i, thb SacRhlthi otk of 2 Ghsof RILIIAEATRILT S.
and al so can be provided“w th ocal gas flow system I ch perfornms a

| ocal dowimigrovedm th respect to the optical path of the | aser beamof the 6

| aser interfer ers. By so doing,,the ne rement..accuracy,. of the. |aser
i nterferonet er@gsé ﬁ’rﬁS‘Eﬁ\?%Plﬁ)ﬁ%@ﬁ‘ 5 W%g%}s#?%wt?’e ﬁldij‘ﬁ'gac %(t,’ﬁpfoée%PPanged
al ong t hegsticafsystdhd, #6f (R4 nddle af@k@s,tahaa_iiqﬁmuﬁ@ sp¥&b GMchisippnck e flexible
structure,” and"a |lrquid supply system which supplies a cooling liquid to

t he pi pe, cooling biguidrtethegis, canbeprivided: futhigstwicturs, ghefflaxblopstackre alse gandbe| so
can be usedq.to support the,pipe.  and the.. ratur L4 t he
o oot i GRSl PuppR B i, i Be RuneBllls LASHEIRES Bbitcfopb itk et L1

devi ce acigqpiehedg to a second aspect of this invention, a projection
optical systemwhich projects an inmage of a pattern is provided with a

liquid suppl yi0828) cl ampiesfion eppral device 2esadingfo;sgeong aprsct ¢fdhis IaNeEQRf ace
of the prygj s ' : VA | S0 9% this
aspect ofﬁrﬁ'&g F%%ﬁ#ﬂo@kﬁ@%}ﬁ%aﬁfgﬁ%f f?“*&ﬁiﬁ L rgﬁtﬁo gra\%iqltqt;i,a SO
hardl y arsppplyliesict ehichsugpdiesa edcdolg Hg0id36 thefddomdihcrpfitios prijestiarsquieel of t he
i nvention, in.one exanple, .the liguid suppl device i.s provided.with a
pi pe whi WW%&E@%‘%WW@E% s 4B00<E g the Aveption. Hlﬁd%o’g@‘ﬁ Gud ngY"Fcal
system afd 18 glaviylisH heddlyadly3itraibnSy shRmed)i ch circul ates the cooling liquid
to the pipe according to a siphon principle. Wth this structure, the

cool ing |'iqui d083M bhccording todkis dstisyt of thesinwgntion; impng exannlenthe liquid spphnn
exposure RRLALASEARNE g@%‘%&gp&ﬁg Mﬂ&d%&h&%%%deﬁx% Opsrgfr%%ﬁ&?

according to various aspe 'S fIfnvent on. e appar at us
t r ansf er sopéiosl sysppa@s Hypid drgltiol system whicheirmlatet the aoclingdiquit te thepipbe
projection optical system . In this..e sure appar at us, en. t gj ection
optical dEeERed éé’ﬂ%%@“‘?&’l?-h@#‘isq“ét’é‘géﬂ&cﬁe Bgdq’f“ﬁﬁit&“‘% ngﬁf’ﬁ‘ﬂﬁ%‘r*‘g{’yl‘

provi ded,gihdti Lig) in which the projection optical systemor the |ike

is needed, " high rigidity can be obtai ned, .and t he device performance
capabi lity of [00F21vi4x exposure pepsrated e be provided with a projection optical device

. according to various aspecis of this invention. Such an exposure apparatus transfers and

exposes an image of the pattem onto a substrate by the projection optical system. In this
exposure apparatas, 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
respeciive advantages of the rigid and flexible structures can be utilized and combined.
Therefore, compared to 2 conventional example, the ratio occupied by the rigid structure in

the device 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.



performance capability or the lice can be kept high, and the entire
mechani sm portion can be |ightened by suspending and supporting the
projection optical system [0033] Furthernore, by supporting the
projection optical systemas a rigid structure, via a flexible structure,
with respect to a predeterm ned nenber having a rigid structure, the
respective advantages of the rigid and flexible structures can be utilized
and conbi ned. a1 e | : tio
occupi od by i PR P LR AP B e R R Ao A b RelS ! hout
decr easi n¢hetseeondmspastoftbisiimrention; svhemp abilingtlignidsis supplisd toghabirtaungingft he
position gf a project.iqn im af t.he like . the nmechani smportion can be

| i ght ened "Sig® d&fogéfﬁfmqg%“ﬁm’?cac?ol%etr.bdufe?'0034] In an exposure
apparatus utilizing a pr@®rEeFDESCRIPTION OFSFHIK DRAWINGE Ng to the second
aspect of this invention, When a cooling Iiquidis supplied to the,
surroundi ng of [0088k B‘h@}l@emomwa&pide@nb%@%n@mmﬂmm&aﬁlmmwgs

reduced. ng_gﬁ% T| % THE w[\{gﬁ jnvention will be
descri bed%ﬁégnj unc rlg%cﬁ W gﬁlst‘%g 3 oW ng r%v?(\%vrvl%_%gmi n which Iike

ref erence nune[08B6] dBiy §ird diagrakishediagaatienaiid sitdtiire iofa pfddd86d eXpogurel is a
di agram show n af S%QH% tic structure of a projection exposure apparatus
of ‘an enbfRAAFAMROIGR cppdimentRfithis iyentia’y37] Fig. 2 is a perspective view
showi ng a schefsc Bl Y&l dWcfsnddiivd vile Qgﬁég ek Qo Al Maly
exposure devi cgmoflcg i rsta%ex«grrp Vgry e%%o | rresnt 9%% b? 1S 1 nvfg{\tjlson; 0038]
Fi g. 3 i spatiph efa piopetiothéxposire tlevitanfauibt exemplaty awbosliment nfjthis iventige; 18 and
a projection .cal.. system PL of .Ei.g. 2: [0039] Fi 4 s I Vi ew
ahi oh st s ¢ e DB SFisoy B TioRip bornepeRarbuten yreng A ipe famtiagg o
Fig. 5A igopched GRREESyYEmPISN IBHOM Ng a coupling state of the flange 18 and
a nmeasurenment nmount 15 of Fig. 2; [0041] Fig. 5B is a perspective view

showi ng a | owd®03¥Nd Higr4 is@rplas view maérhawss thfougiep gortion shewipg pmadified 5C is a
perspectié@mﬂeegfﬁ QW ng a convex portion and a notch portion wthin the
measur enent unt "of Fig. 5A; [0043] Fig. 6 is a perspective view '
showi ng a rod [0840}hi Eig. $ais dyerspediveivizat dotvind a coupling 881803816 fbpéi §) andbd,

measurement mount 15 of Fig. 2;

[0041} Fig. 5B is a perspective view showing a lower end portion of a rod 38A of
Fig. 5A;
| [0042] Fig. 5C is a perspective view showing a convex portion and 2 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 2 mechanism
~ portion of a projection exposure apparatus of a second exemplary embodiment of this
mvention;
[0045] Fig. 8 is a diagram showing a liquid supply sysiem of Fig. 7;
[0046] Fig. 9 is a schematic structural view showing a mechanism portion of a
projection exposure apparatus of a third exemplaty 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] Fig. 11 is an enlarged cross-sectional view showing members from a

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



[0044] Fig. 7 is a perspective view showing a schematic structure of a
mechani sm portion of a projection exposure apparatus of a second exenpl ary
enbodi ment of this invention; [0045] Fig. 8 is a diagramshowing a liquid
supply systemof Fig. 7; [0046] Fig. 9 is a schematic structural view
showi ng a nechani smportion of a projection exposure apparatus of a third
exenpl ary enbodi nent of this invention [0047] Fig 10 is a schenmatic

structural vie E@ Jtag_.g% m portion:
of a proj ectiow w@posgre appara ourt exeﬂg?lﬁly e%frs‘rient of

t hi s i nvepojestion #M%ieaﬁamtus]dfalfﬁ]ﬁmlmdimngaddcross sectional view show ng
menber s from u ass 59 to, an, int te nmenber 55 of Fig. 10; 8
[ 00491 Fig. 120P§‘ﬁ n’é‘@h&rﬂﬁtﬁp@m@?ﬁhﬁﬁmﬁ’eﬂ %iﬁr% O5E PR ugh a porti on
of a projection %mm@ﬁ@@@k@%@é@@ﬁk&%@om&md [00501 Fig.
13 is a pers&f:tlve VI ew o0 Q. exposure apparatus. DETAILED

DESCRI PTI Eirst EmbofiERERRED EI\/BCDI MENTS First Enbodi nment [00511 The foll ow ng

explains a fir X enbodi Jre f thi.s inyentio ference to
Fos 16 1 D BRI RE SRS R ol rrormhiiy Pt eBfo it
repeat eﬁéﬂs@éidéﬁ)F1§Q<i-6?rmtﬁﬁbmﬁam&%ﬂomériﬁeﬁﬁ@ﬂisapp!&d&ﬂ@hte@%n&r@bﬁpper or

the like, and to a steg and scan exposure type p @gctlon exposure
appar at usCXPORNC BEC Brojes %wﬁ@%@é@mtuwcbﬁ%aﬁtmrq @E&@ﬂ@oaatepgnda bl ock

exposur o L ePeRhE Vpe biftitof dgbosth dppariilh bl DLt bdpo e AARE 01 e
Ipr OJh?Ct I on exp{Ofﬁ:!l]e mnazabﬂa]ig:grmahhffe?é?mmmdnmm@ cg:nstilh,liteg | aser

ig sourc.e S rovi ded. e er ght._.so can _he rF exci nmer
| aser (waRTYPEIg: ?92183 Pl‘)ag’&r” aé"dré‘? F‘ﬁatzj 993 nn), for
exanpl e. T&ﬁ]@cﬂdn%os%fﬁ%p@ﬁ‘mﬁ{s%@lo@&bﬁ,% HEitRd IRVHIE S, a MYeFhigH: 36lrdd P& an

oscillating |aser beamin an ultraviolet range- 'sich as an F2 | aser

(wavel engrevidsly Fhedgser light sauirew] ol bete Kekoixainess lase(avavelangth 248 em) peanduh a
vacuum ul L pavl ?Jsgrt(wa{}&é%ﬁéﬁg ?&'&Qxﬁ ROYHL g@ﬂ sBYrclBE }:Sgﬁ%?aﬁ&q gerting a

| aser beamTh a nea range ppI e roma so ate aser

l'i ght Sow]nﬂu(akﬁﬁfﬁsaﬂo&mmmmuahmwdﬂﬂaﬂgbeudhds@):szaselmerCury

O O TG tE 57 150 b e ks 2 ot Bl P T v Ml BoPS "
range which can be obtained by wavelength-converting a laser beam in a near infrared range

supplied from a solid-state laser light source (Y AG or a semiconductor laser, or the like). A
mercury discharge lamp, or the like, which is often used in this fype of exposure apparatus
also can be used.

[0053] Tlhumination 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 constituied 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 Iens system 6. The illumination light IL which is resiricted 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 2 reticle
R (a mask) via an imaging lens system 8, and an image of an opening of the reficle blind 7 is
ﬁnaged 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 5, the relay lens system 6, the reticle blind mechanism 7, and the imaging lens

system 8.



[00531 Illum nation |light for exposure (exposure light) IL as an exposure
beam from the laser light source 1 irradiates a reticle blind mechanism?7
with a uniformirradiation distribution via a honogenizing optical system
2, which is constituted by a lens systemand a fly's eye |l ens system a
beamsplitter 3, a variable attenuator 4 for adjusting a |light anmount, a
mrror 5 and a relay lens system6. The illum nation Iight L which is
restricted to t and
Fepeat - oxposur QP pan s BEur ARG hficlon o BAUBRC AR IS LOLERELER, TTo)
by the rehr'adia&:dlbbmhadllumﬂaﬁmhh@tismgedamtbrqbﬁddmtbamfwréﬁlcohtedbﬁ (a mask)

via an i | system 8, L mage of an o of .the reticle

bl nd 7§ B it GG A PaitpSePatrg SubAFAL P A RHOMSER O eV LR S BYERR O i s
consti t ut geicheyhths PRV ac}aﬁﬁﬁb@ﬁ%;éa%ﬂ)ﬁ@@hﬁéﬁmm sahg Byl 2, the beam
splitter thé variabl e attenuator 4, mrror 5 the relay Iens system

6, the r efeleaensricy|Bon @camiham mmeauoramdgmﬁ@upmﬁgfﬁg projetionpptieatsBtendPL.00541

Ina circu nforrredo h tlcle f the
portion %‘a#lrbgg ?fé %‘ﬁ%tﬁq%ﬁ’iﬂﬁgi ”H“g ﬁ‘%’?ﬁﬁ‘éﬁ"%hﬂ“@r o‘}qﬁ?t%rd ont o
a wafer \Wiadhidesr ww c@hﬁ@pﬁﬁhﬁﬁd@amobﬁmr 'cxheb RUONOPIBEHSIchd MRisqubstrat e
or a photosensitive body) via a projection étlcal system PL having a

reduct i orfeg?‘ﬁﬁ"%éYSF% bRedypata-fiontricapstan ax itk A OEﬁtbﬁ@P@eThQ wtigledtndi c.  For
exanpl e, QE% Ty tem PL
can be llt%@% 5, or t%aa%lel aér%?% mag |ESQJO% nurfg%%ﬂdv%@r ﬁgtrﬂieec@é& be
0.7, and @Lphnarmuez axigfis @ﬁhe@tod:eqfaral]ek&ama)phm agip PoOud thapﬁijgcuaﬂeﬁm:ahm The
projectian.o cal..syste L.is.a .re ve system cata-dioptric
syst em or¥ Fi‘ﬁtP:L? 3%4 x@ﬁ ig@ direglion Pf'ﬁag]c @ﬁlﬁt??%fﬁ‘?%?ﬁ'u& He er Wal so
can be C@aﬁjeﬁ(ﬁéﬂ& 8t Z hiik, 2R d Y REO OIS BiFectibh pABEAdidAANMo 2 pRpdr PRne

fol 1l ow ng lanation, a Z axis is defined to be paral l el to an Opti cal

axis AX GfF %&1 B‘Ft@}te@mjmvoamp@arcapﬁsrg%ﬁfms exgmplk ia g sisp erd egad gxpasurg
di re?“" a!!réc'ﬁl)n?e gg&o%ﬁggz éagscaﬂnm%‘ hﬁn PEJ s RUhPfet O the
exten I

Z axis, >a Y axi rectlon per drcuf a papefr pI ane
of Fig. mafe\tWéldumgmmjmng emmmﬁuhaﬂampmnan r@mm‘ontthe ﬁueleah’pd:cemesam step

and scan gexpqsure t a.dl |re alo e Yaxis is a
scanni ng E’PE%@‘F?I’BHG ?}%gft q‘ﬁ%‘%ﬁg \%PWE 15380 ng
eXPOoSUr e scanfifbgdieetioh] um nat [ on region on the ret [ cI e R becomes an

el ongat ed shaﬁl% extending in a direction (X direction) along the X axis,
which is. a nol58lc aRuitheamares theretihe R viges amange en po peiectsiefasesidetfgher whi ch
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In the case of a step and repeat exposure type, the reticle stage RST (micro-moving

mechanism) is micro-moved on a reticle base (undepicted) in a rotation 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 (scanning dizection)
via an air bearing on a reticle base (undepicted). The moving coordinate position (the

: p.ositions m 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 lascr interferometer main body portion 10a, a2 beam
splitter 10b which divides the lager 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



In the case of a step and repeat exposure type, the reticle stage RST

(m cro-noving nmechanisn) is mcro-noved on a reticle base (undepicted) in a
rotation 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 scanni ng exposure apparatus, the
reticle stage RST (stage) is noved at a constant speed at least inthe Y
directi on ifecfarnieny sgtene Co hetiblly cohings aficsst R AMkiAdafR ifterf@bibtLsyRREin
(undepi ct edg. The noving coordinate position (the positions inthe X and Y
di r ect i ondhe Xifireptinn, apdt abimgial o gdTiedialdeser infesferametsrisysterain thed! disactiere st age
RST is successi TRAR A L [L ' {he reticle
stage RST, a r[g@eq ence %?%@%@%gﬂ&i@{@ﬂ%%%{ﬁgggﬁﬁﬁm g‘?g%asurface
of the pr cligtig systeroit icomprisylsif @ ineimotan 8 nficibas@ing ehandresrahEkiny. Bi¢st em 10
arranged oggosi te t.o.these mrrors, The laser interfergneter system 10

i ncl udes gmentinfoppation,of thelassrintericemeierswter 40 ipsppliedfossiage sptialer 10b

whi ch di viydR94! b thesifle BRAN NG cantba@mefcﬁmng@ﬁtémh@ase&ioﬁﬁ;ﬂécfo&{&oﬁnd a
amrr

beam for the reference mrror Me, and r-10c which supplies the

| aser beadiponativa (inpridnfonpationyiaceived fpm afnainicowtrod systony B@ coroprised offar ror M,

the referenc ] d the.laser 10 interferoneter stem1Q sy.

actual |y g%ﬁé‘f‘%%’%lgﬁa ntjols g o lﬁ}ﬂné%aﬁ I W@Tﬁnggﬁ%?BW&egL‘?g‘f@%Pﬁ1 t he
X direction, a[ebsd bmhﬁhﬂé?'theavdféﬂmgéd&ﬁﬂheMHg@Eieﬁé@ﬂEbtheiMﬁ&&%h' n the
Y direction, ernore, the novenent of the reticle Stage RST is

[ 0056] Furth 5
per f or med OBRFahsystem %/lr Hopdaarhedand beldanthe ek stege WS (mehstratostage), vigan
M Cr 0- Novj fedualmy ' ' ' of the
| aser interferoneter l*s%%l?'efr%@%késg%gt&ggﬁ)eag&?%gé‘%gﬁda%reét@%%ﬁ%f’ﬁ&nusﬁﬁe 14, and
t he st ageWedhisistep-roved il the Coatdr Hivedtions diaiauiairdpemingtorm wifebeme (hindspitied).
control informati.on (i nput i nformati.on ecei froma in control
syst emIZOtHE:}g?rﬁ Fgggm g&éﬁ%ﬁ&f%%%%‘f%ﬂ%bﬁﬁ%ﬁ&ﬁ%pwe@%ﬁow he
entire despesdat 18m¢in the YRREHIAAEY tirhd b OcHRihDOpok?Q 24l idMBaRMWE biEa white Waf er
W arranged on the image plane side of the proj ectlo%g;gtlcal systemPL is

adsor bed 256 (undepicisd) Yiman gig bearingsa getostepsupisdin the ¥)dingptiongn The

undepi ct - case . of t ' . type,
e bt o H2¥ie Sborl i Bbuiibil (h Fodtdh i e X Y Qs EOIGBINGR YRGS oty P
beari ng othe Z axis) of the aser (age WS T ety cessively nivasweakisy ofefirbmc saaonbigixek posur e

type, th fer stage can he nopved a onstant _ speed at |least in the
Y direct ftg ea](fgwte’r"r%mﬁ? F PO ﬂ?ﬂﬂlﬁgﬁﬁéﬂ}a%ﬁ W‘F%m?#ﬁﬁ‘g@ tothgat er
- base (undesfecdgd)WST fand'a ladef ind@ fkdiigeSdstmh 12UriRzedlPPodliUS thesdmliiGs X and Y

directions. The noving coordinate position (the positions in the X and Y
di r ect i onde lpsspiniafcremesr sypigmd 24pdudes atlprer micaferometerrmain bodepation i2age WST i s

successi Ry spRRs426 Gk vil& SLGRBEadikth bV eritﬁ(ceIQOVing mirror Mw and a

beam for the reference mirror Mf, and a mirror 12c 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 friaxial 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 2 measurement mount 15 (measuring unit) which is an
apnular 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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to the |l ower portion of the projection optical systemPL, a noving mrror
Mv fixed to the wafer stage WST, and a |aser interferoneter system 12
arranged opposite to these mrrors. The laser interferoneter system 12
includes a | aser interferonmeter nmain body portion I2a, a beamsplitter 12b
whi ch divides a | aser beaminto a beamfor the noving mrror Mv and a beam
for the reference mrror ML and a mrror 12c which supplies a | aser beamto

the novi n&ﬁ:aﬂidn? 6f aifdh thIBﬁuéEP%! 4th Of ik Ms&rbeMﬂ to bBSuph ﬁa@ﬁoqnsﬁlo%g%m and
the laser interferoneter "system 12 actually constltute at | east a uniaxi al

| aser i ntMw eddhexsérensy simon M fromadhodagir intenferometer systémnl % ampir dhictd6 a

triaxial I AL e r teml ectlo ther r t he
| aser i nt]!éarq'ﬁl %ﬂﬁe 'Iﬁ&flssiﬁl]gq%?n&f it tr%‘?‘"‘ﬁ%%ﬁ%%&%?ﬁl%ﬁ gm)ﬁ 1§se
i nt er f er cowpdnat sdb@ranualm;atanenoamgh@m bheSEe bf @hgiper b di'ﬁ’or%o@tﬂ:dn ¥4,a%6 %

[0058] The. | aser interferoneter system 12 (|aser mterferorreter) can be
consi der eWire 828..Fes weh aphighly cleap ait at-3 spgirgll %@WF‘&W&? anddugdiHs siaplisdt ween

the proj eﬁéﬁg@mgﬂn%iégaﬁqﬁa&ﬁ{,gg&ew@h7 ;sg%we qf@ﬁt@aleaqpm ath

pr edet er m ne ser inter er St e fi xe to the
bott om smfﬁlm:hswaQ%eiasmﬁmmsﬁ;&n( by a tacalglowifbyv méthah i s an

of the priopbeRigh = SET @ gous sperfopel tham e fiovi Beiel B » BcT et
fl uct uat i1gM (sl #)Wﬁéhbéﬂ‘zs'a&aﬁé&d'xﬂﬂﬂh&&tﬁ&drﬁ&?&&tﬂoﬁmﬂ dthvire 9581 R

optical path of the |aser beamto be supplied to the noving mrror Mv and
t he ref ed@qsd Basflaw sistenr is pemsfiutedeof|thessmal W@nﬂmomﬁewcey’émtﬂlrdm air

duct 16 a o]l 5. As shown
in Fig. 21'8 %gg?irn%éﬂhpye%%%ﬂa?é‘ﬁ%gégﬂ% F{%FG?M par aI Ffm?%l% col umm 33A,
one si de improand. ufdditionzdiyf 4 ploratity ofair daéis lémﬁo&anwlsxevia&B Gas such as highly
clean air at troll)e enper at ur and humdity i s supplied _froma
smal |l air conﬁ?“%?ﬂ ﬁ’h ¢royemqnt g efzsageé{?%ﬁsweﬁ@w. by aiiying ed to
the opti g?dtexﬁ)iiﬁ Bomfifisingd e ARSI s@&?ﬁ‘ﬁneﬁﬂﬁotbﬁ%%lde%ﬁ Eﬁoﬁfﬂm oSt em 12

by a | oc downfl ow method. Furthernore, in order to couple a portion of
the air diket Th@ﬂwmememrmh@s@ thelagdrsinirferometer sysxn (Zispppplicdrietiser) is

arranged n the wir | ocal gas
1 ow oy flal belfiobfi P, b fhe stheFRAAR GoiP ¥ bt OGRS RIS ¢ e
ai r duct systdn leasedoﬂdegeasﬁmmﬁmiMndamwh&ﬁWﬁﬁmhﬁ@] (gRer

interferp ter temli}z')r\»ﬁx rove Addltlonally a plurality of air
ducts 16 H{Qdm? 1, the novenent of the wafer

stage WST Is fmépr gﬁélugxalgr ﬂfelvoef&&tagéw%f;/’mﬂé&ea%ﬂu%l opdidiiedas or such

as a linear notor, a voice coll noto 1T ke asur enent
i nf or mat P‘éﬁtr‘-mﬁ111ﬁeﬂ@mﬁmﬁ@Wﬁmﬁé@m%@d&gm@hﬂmmmhdsbttcmimlsen

inclination angle about the X and Y axes. Furthermore, an oblique incident type mulu-pomt
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 autofocns sensor
(23A, 23B) is composed of a projection optical system 23 A which projects a slit image onto a
plurality of measurement points on the surface of the wafer W, and a light receiving optical
system 23B which detecis 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 calculates
a defocos amount from the image plane of the projection optical system PL in the plurality of
measurement points by using the information of the horizontal shift amount of the slit image,
and drives the Z leveling mechanism 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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stage control unit 14, and the stage control unit 14 controls the operation
of the driving system 13 based on the neasurenent information and the
control information (input information) received fromthe main control
system 20. [0060] Additionally, the wafer stage WST is noved to control its
position (focus position) in the Z direction of the wafer W by a

Z-1 evel i ng nechani sm which also controls an inclination angle about the X

and Y axesgxpobutt! Aateriled stridiiure BF bistigpd dFeh dBlidud i Gert W peimil8ipdint a@bfoghisd CUS
sensor (23A, 23B) .is fixed to the neasurenent npunt 15 of the | ower side

surface &mseriediseloged i, Jopauceslaid PpenRatent Apphigation| 1-233603.nci dent t ype
[ti- t
FHECHE e s e e

measur enereﬁclpmda&&mhmphhmllgumﬁtaﬂethehﬁhgsymﬂl Wisedionl e ﬂzeaghtemeﬂcel vi ng

optical system 23B. detects the informti nrelatln to the
hor i zonta ARARYD 7R ﬁ"b‘zflﬂﬂq{ésq Gleromeien JFiem 9 re

re-i ”Bgedw%rixé‘&ﬁm\éhﬂﬁmh éﬁ%ﬁ%@tﬂﬁﬂgﬁﬂ}heﬁ{ %a@é@oéﬂi&ﬁ%ﬁﬁmmé}ﬂd suppl i es

this information to t st'age control uni't 14. The stage control unit 14
cal cul at e@for@a’@mme%‘éﬁdaﬁ?mme Ihgopinterfreornatergiystpingde Iﬁihepmeoppmplamsumn opti cal

system PL_| Deed ural i easur ene 0l nt si,n he inhformation
o "t he. howpaa S it habldis § e BRAGRRpd St e RiciSk Mg bl Sl 9

| evel i ng syRethavustysidninbd bt the Gmeaf svansih@ epodirt, Buth tdiftrod bseh@dbrdifttdid SO
that the focus, anount, is nmaintained within predeterm ned control accuracy

at the t|%U6kma?%%eﬁs%%@ngmfsarﬁ%hae@létFmW%&ewww@ stean2dbl i que

i nci dent LR8I twi ' apanese
Lar d- Cper R ROt iRl e s SRR e HR SRS Poh pfe 4 neic

cont r ol umdpectld pammkistemdzonornds kndths respedive chrol systéngd in the stagewontrdl
optimally trols.the drivin stem 11 .based on the .geasurenent

i nf or mat |"5'f€1tqg' i 8813%’8&?‘? ‘zsgeﬂrﬁ‘feé??%}noaﬁﬁ? g‘?ncg 982Mand a control
system omeﬁg@tecw,f & opetAler. Micsite 6PhisN@ ﬁﬂﬂeﬁﬁfbﬁh?laﬁh&ﬁ‘ﬁaﬂé[ Vi (ekhsdigd gm 13
based on the neasurement information recelved fromt | aser

i nt er f er dAEY deviesandevriaplay daviaehis pprvifedcanddammesroisteriace briyaemdhe sps#ox hi s

exanpl e 'aﬁd%e%ﬁﬁﬁ'%&gn@%ﬁs@&ﬁ%e type, when the reticle R and the wafer Ware
synchronously scanne the time of scanning exposure, both control

. systens coor diMe2F Fndhernmme, mbthe tine of esgreote] it ds dbsirablaty digatiemtids Ramd 13.
Furt hermyr e Jmai.n_con m 20 .nut ual comuni cates with the
respoct | A T M EhRRI i GF BowotOh G PP 0 T LAGRIREL ¢ o

par anet erEgrihsht SRERRRIS yswﬂ) zmmezemé rORICR Bf 4 fed@YSlifdBpdsilichdhdshage

control unit 14, and o&}rs 2’Ia?ynwger or ms exposure processing .in accordance

with a pPEGFERRA pledetecsy 2 mpgkeen the wafer Wiate pravidedh d&isi ct ed
operati Oﬁhﬁﬁﬂﬁ\t #ﬂa’ni Zi (rﬂﬁic"ﬂfe@tﬂ)nas@stem) is fixed to the measurement mount 15. The

multi-point autofocus sensors (23A, 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 confrol unit 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 urtit 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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I nput devi-ce and a display device) is provided, and forns an interface

bet ween the operator and the main control system 20. [0062] Furthernore,

at the time of exposure, it is desirable to align the reticle Rand the
waf er Wn advance. Therefore, in the projection exposure apparatus of Fig.
1, areticle alignment system (RA system-21 which sets the reticle Rat a
predeterm ned position, and an off-axis type alignnment system 22 which
detects apsmi klider 3,RBd ¥EHdS intdsRY Aight bdinfolietiorpdf tHEPREY illavEiagon Beht( Mar k
detection system) is fixed to the neasurenent nount 15. The nulti-point
autofocusﬁg%hk@ﬂ§mﬂgéﬂ?ﬁ2é8pdﬂmdnmhemmmﬂ@ﬁﬁ@h%lsysten122 can be consi dered

as one sensor I,ch ures. the .posifion ' i et n the
proj ection opt P\é@] s@gﬁgﬁqmlﬁimalﬂ% %%ﬁé\%fsgr%kggt%gﬁﬁg%re&cﬁ%m er W
(pr edet er sppaesusi@idperation WG in the picbaiced! the iisinatiorelidha BE prdjécgd pattetir ce 1

IS an exci n;gr | aser |ight source, a |laser contrql unit 25 which is
control | e®f 9fqhﬁlémtﬁoﬁ%maea§9&eéﬁf?@vi‘ga%FBWE@QF%E%W%%@B# uni t
25 CONtT O4ePofiRds wiRASdiHind fos Y Ratc W b lERARer sl IWSE ifBE S arfily L e 11 ke)
of pulse oscillation of the laser Tight source I, and controls a

di schar gi digechipugare@pedgtbios steprend-tepedt melliogh Mesowhile, ia thevagr aferscanpingdj ust an

average |ight apount of the | s aser light to be .radiafed. Furthernore,
2T Gt oA BBR Bt ArcoB g G fbF Shaning SHorief o eaivg APALGP P8t P e

t o obt ai Nreffle ROB bARRrAdSo CaeMSLHrSa, HOS Siatt HS RYicR Arrhdifich e iltin@fiRtiveHeHtr om a
photoel ectric detector 26 (integrator sensor) which receives part of the

i | 1'um natiLdn the igkigle Bilgyprgsidenythe ireage 3vhinhapassed frongh pat offheipaiemaaf thet ensi ty
(light a | A ) ' | ' “;‘.‘EF;? aser
control %ﬁ@&?g%@@%ﬁ%ﬁg %%Flgfﬂ@g‘s’ﬁn‘% Odmf %Ig%kﬁ) : %%ﬁdﬂ t?]gna 3‘/3‘] “in
Fig. 1, iand}iséngyasiecto magiifgetiond of thiepadjeciopapticad sysyee PLappapeat ugio, the
operation ich, 1n.the presence he illum nation light IL, projects a
oottorn_ ToRe e RET EE R TG G VT BE SIS VST hetiedt e

proj ecti QRamid) %ﬁihe%&&&&ﬁbﬁiﬂh&ﬂﬁy@@atﬁ%@ﬁ@éﬂe@iﬁoﬂhﬁ ehichligRtisweT thde waf er
Wyvia the wafer stage WST in the and Y directions are repeated by a

st ep- and-iHepmationlghd 8d is stenpediand the wafer (W ds stepsmowed in the Xmnd Y direghionsstig e t ype
apparatu ' ' | . i mage of
ther ret r SEEPLAWTanl te SR RIORRPANEE ABEL oo, BEPUEHT, | T

| rradi at iinrgodf théreeticle/Ruiv trsatfenoad dntg Al of thee shat akdae on dlid whfer W bys giepeatidded, t he

I mage whi ch atgstid t hrough part of the pattern of the reticle R of the
pr oj ecti&ﬁ“b‘ﬁf 8%l system PL is projected onto one shot area on the wafer

K e o) S gl oo smiatiage o o
synchr onc ryjeﬁ@mgq;{,pggyﬁ appaeating efdhis eng:ple of ’dl?a1 ri]nventign. V\'IIaTﬁsegzegﬁaglgsgl portionar ©
' 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
proj ection exposure apparatus of this example. In Fig. 2, short cylindrical seats 324, 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 334, 33B, 33C are located on the respective
three seats 324, 32B, 32C. The columns are arranged in a state so that position shifting is not
generated, thus the thin, long cylindrica! columns 33A, 33B, 33C slant inwardly fo some |
degree as shown in Fig. 2 (rather than being perfectly vertical). The three columns 33A-33C
are arranged so that the spacing between their upper ﬁortions 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 columa structural body comprised of the
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scanning) in the Y direction. Then, by repeating the operation in which
irradiation of the illumnation light IL is stopped and the wafer Wis
step-noved in the X and Y directions via the wafer stage WST and the
above-nenti oned scanni ng exposure operation, the pattern imge of the
reticle Ris transferred onto all of the shot areas on the wafer Wby a
st ep-and- scan nethod. [0065] The follow ng explains the details of a

L e Sy S Bl P R 12

consi der eg@rajtian pptivabssieoiPIapt i cal devi ce provided with a projection
optical systemPL. The .fallow ng exgl ai ns when the projection exposure
appar atus of t H087lex g% theprojgetonagtics gystan Ehds @igpged wihinpsgace 0066] Fi g.
2 shows asatRREREtyind Lot sEA-85c! hg Big it inRfn el id § k&FL1 oN
exposure gpparat ugﬁgf this exanple. In Fig. g,@ugﬁ%rt cy?éﬁd’?%grgﬁygbégfs 32A,
32B (t hetathé pabjestion optRAGysiem Rlnsbegsite subdiantally sarromnifbel side sudfaceef fhecat i ons

| ocated at_t he yertj.ces of triangle an the flqgr surface. Long col ums
33A 335 CHEEIES ‘h’d"&ﬁ%"f&ﬁe pirisfitinliot] Sé’%t"mtljﬁr glgle_sﬂéﬁ_g%fg%beﬁ%%m@é C. The
col ums  afth alldnd BEREl df thedprojetiod oplcdl BtenR PBI daicBANY, bhdehd oF B kprings
generated, thus the thin, long cylindrical colums 3A, 33B, 33C slant

i nwar dl y 3&A.S6Re30(Gabratonisolatienpprtionsk; ivgicipare identicsl tor svah oet, infitsdite thet | y
vertical) Q&J%%?B%hﬂmqéacﬁ%ﬁﬂ%ﬁ%ee bEsBERNARE SRl 2. P BRARAY

bet ween thelr upper portions I's nore narrow he spaci'ng
| ower endeoupkedth the othes trahdfl thé ¢ojl spiihgeBile 36BARGE siaapird 30APEIB,G6CWhIcB4 i S

fixed on the top surfaces of the col 33A-.33C. . A col.um structural body
conpri seoarﬁ?d%f‘tﬁcél??fa&]b? dé%@&{;%@}eﬁ’rrd %fﬂuﬁﬁg‘g@%&eﬁﬂﬂ%&n esponds to
a frane vinethosd $96RABub MG miBre & he BarRPbiafritr, o"tihe_'“}tvﬁstB'.":B, 3594 cofthat i's,

the projection optical systemPL is arranged wthin a space surrounded by
t he . col urfpEREINERE 366 mprmesnond faiwpeothe couplingonembeesrtBicfe capling mgmbtsy i xed
to the prgj J, Of Hﬁl% syst P i .al | urg ound the

si de surf%’:%ﬁ% cen{ 3re¥“?hn eak'%%'%aﬁ%‘é{’?‘&?%%?ﬁéb‘g%jﬁé@ﬁi f opti cal
syst em Pldircdtivn (- dirgiotBtovand the flotd shffeciied vemicalntivclic) andaplagé (C0Y plahe)

projection optical system PL. Addif{ionally, one e of cqil springs 36A,
36B, 360%"8&‘3@%? tg%%l%i%%&%?@ﬂé’?@%@‘&mﬁr &gf’r&&’ﬁ?’if@éq Yp¥ach ot her,

is fixed aow@,tﬁe?aeaid HEA B iEm PL bl AR Ping€ 86 BreQlisdeed HiSRypAIEEES Of
t he upper _col um 34. _Therﬁ‘vﬁange 18 i s coupl eg to the other end"of the coil
springs 3Jdxthe gaep copplingimgmhenses 35A, 35B, 35C, which are identical to each

ot _h er and mad ?0(%%} g8 allls ca-ggﬁhé’\é)prh%als a?upé O%QE& ]grgfecﬁgni cliph%glrsiyg’fgm‘?lﬁ,Als paraliel to
the Z axis, and the characteristic frequency of the coupling members of this example is lower
in the direction perpendicutar 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/s?), as shown below, the longer the
length L becomes, the lower the characteristic frequency fg in the direction perpendicular to

the optical axis becomes.

fgr_j?l;- 6/ ..

[0069] The lower the characteristic frequency fg becomes, the better the vibration
isolation performance capability (capability which prevents vibration of the fioor 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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correspond to one coupling nmenber. In the sane manner, other wires 3513,
35C and coil springs 36B and 36C correspond to two ot her coupling nenbers.
These coupling nenbers are substantially parallel to each other and
parallel to the Z axis. In this exanple, the direction (-Z direction)
toward the floor surface is a vertical direction, and a plane (XY pl ane)
perpendicular to the Z axis is a substantially horizontal plane. Therefore,
fromthe wpiRfier QRIWEVE t ' | ' .Pl._and. the flange
18 are suspendgrdqiaund sﬁg%glretdg%rBé@éﬁltcirgaﬁﬂ%gﬁel&ggépﬁt%speﬁ%%?%?1 068] In
thi s casesystamePbpt ispaéferalde thab thetfamggpt Dwhich isensprptie by caipifemiehbers Shadd] al | el

to the Z |LSq:-a0d .t.ne characteristic, freguency of the coupling nenbers of
this exan%?gkigdsmﬁ%%?m% 3(??8‘%5 Pf A tﬁ%ﬂﬁ%ﬁ%&&fﬁ}ﬂ Eyettioe oppeal sypteraxi s
than in tRe. EutRehbeNinadahd 8htihalylrbice Md $ARlor ﬂ@ﬂr@'e%oﬂ&ﬁoﬁ@ﬂf@ﬁ{aﬁﬂﬁt

| Ke a pendulumin a

optical systemPL. The cpu?I I'ng menbers vibrate |
di r ect i oniSFEFi@hlgitleat therheight ofthe upner eelimadé shoddnotibethigher Gy the uppértdnd Z

direction,of; ks ers #4s d the acceleration constant is G
(=" oo 5 T8 DERE R op TETGSERMS MrpmaRi pedecioE ERBRBL P | ower he
char act er¢osibling fnembere heopnfes approkinatetly 1/2 ok 16g8lofiBs PRELEAH 18higth Oftht he opti cal
axi s becones... (1) [0069] The | ower the characteristic

fg=2~ G L ...
frequgnpfr?ﬁc%%’g?ﬂ?ﬁg,syﬁtﬁ%%et ter the vibration isolation performance
capabi lity (cqnefyjl | AvaBabiDlRY fo@,@@aﬁpgf@f%{.#ﬁse{s 5h38pe T T O bei ng

transmtted to the projec n"optical system Irection
per pendi cubsiantiaBy Oifm. dpthicedlue iamprdiedfto equatipn (1).ahe tigpacdgistic Sequpsst gm PL

capabi 11 o Pl 16 O TR KSrbeibott B Boeph i an P lodoenhes s 15

the bet t @et toldelevergreatst, dcberdghe bqhoa (1)i e %Q%teﬁs@ic?i:eﬁpén]}f?r ?g%@%fgs \m? o
ne ange I C IS

projection opticgl _systemPL, it is preferable that

suspende @WE‘)E% ¥ pﬁg#’rﬂh‘ﬁh isssusliriently low dortheceibiration isedatioh performpnef indhec ent er
of gravi bYojEdiiohféﬁpo%ufyanﬁLﬂuQ_” of the projection optical system PL.
Furthernoré, in order optimally reduce the size of the projection

exposure appaf@£s (Hz)...(® preferable that the hei ght of the upper colum

34 shoul d not i gher .th t he upper. end__portion of the projection
optical syst e”?'%lﬂ.] %gﬁqﬁ%&m Hilh i5 @ossiblrein vagw of the leseth ofdhe coupl i ng
menber s pRECUIBS opiAl S¥icHEREivi #e%er%l 8% theln 'lhﬁﬁ ' of the
projection optical s?ﬁ em%lf.ls 0070] eAs ar? efgﬁr]rg%?g? e Feng b%EL%%O t he
coupl i ng2RAsPTEately ketwean kg andbsevergbt antial ly 0.5m If this value is applied

to equation ( 110\]’72]t hﬁuﬂ?ﬁ%@&f fle icﬁéria&elfisrti%%jegtqgn\éy Er?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 colurnn 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 uppex
column 34, it is possible to arrange a vibration isolation member such as 2 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 is provided with a base portion 31B fixed to the projection optical system PL, an X

16



becones a small value, i.e., 0.7 Hz. Furthernore, if the length L of the
coupling nenbers is set to be Imor greater, according to equation (1),
the characteristic frequency fg becomes approximately 0.5 Hz which is
sufficiently low for the vibration isolation performance in the projection
exposure apparatus. fg< 0.5(Hz)...(2) [0071] Therefore, for exanple, if it
IS possible in view of the length of the projection optical systemPI5 it
is prefer . . s Xi mat el y
bet ween I%Eé?%&%s}gﬁ}%ﬁrgﬁée%ﬁ%%ﬂ&ﬁ ﬁﬁlret%ﬁgi?%rgg@%@éﬁﬁﬁlgﬁj g%ﬁ%oﬁp (glr requency
i n the. opdudesy stagd 31 Yiwvhieh cirOlit fcrd-evedihdhe ¥ idirectionptitioepesy®tieX Blagef t he
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transmt tﬁ{gmbf\%, %gﬁr SEBEMER s B AVAR KB £Ot MB35 kg ih! oor,
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absor bed thyXtdwectoomi [Redipleialigram36 sysBa6 (RAsystenl) 2bA, 2 1$0drg tirangedeboveds) , so a

high vibration.is | QN formance capabil i obtajned in a
i Soct i ostpa R M BRGLR er E PBtr 7S Y Prd g RS of RArSREHim) o,
bet ween t31@, oD bsFEpeRS 1SR RS stehE21UsirE. 1.col utm 34, it is possible to
arrange a vibration isolation nenber such as a coil spring or an air

danmper. | n sud#78) c de prajeebion exnosesrppryaiugeithisarample isesten e 1epet menber s
can be ) n.addit] l:R_t.hi X I Rl ge RST
(here, m%?:q? %%D%%ﬁggg%%%gﬁﬂ?ﬂg%e’ %‘@equﬁ%@%@gé ?{/ﬁF ?ﬁ%ﬁ?&&?ﬁ(g %&%&émi on of
t he proj eftheqsticdpR byaking YeieAsRiemsTiA, 20B] it & it Recesmaiitio tnove thidvetiéle R. pattern
is formed) is held by .the reticle stage RST. The reticle stage RSI is

pr ovi ded %ﬂﬁeafe%ﬁs@eawwﬁﬁfe@m@is £8 op e gy e goﬁwi@apwwgﬂem PL,
an X 16 ${ 8&@9rojdetionksdineappRonsberig-groved in the X direction with respect
to the base portion , and a Y stage 31Y which can be mcro-noved in the

Y direction wW&0f6k eFpabarmors, theaniltorst28de 288, @i thenRA spdem$id] Al 1Bec fieed cle R

On the pattern f.orgatj on surfac f the retic R,of .1 hi.s ..exanple,, a pair
of al' gt er Bl RL R OIc R0 n Mo doBee Lot 3% ol phoMiferich B B ? P
the X di ckgiibeph9 whitthistdres thd lyhiiRition Sytdat B¥stdniRd o8 Figl BiYfixdlAvittrbEpeayto
arranged .above the alignpment narks RVA, RVMB via the_respective mrrors
28A, 28ptherqlimg,Ip this casp, @@ﬁ%%b@m\% lﬁﬁl%drlﬁe@%ﬁ@gn%ff%omdsw em 21

g{ o Fi gnd é?luﬁaQQe eat?ﬁ?-iﬁ%f@‘fg@h%&ﬂ SanfpI IRE R iARBRLASH ISP IT I eSenftiBIRIB 1 S 2
p the lz?ser light source 1 1s guided to the illumination optical systern 9 via an undepicted beam

transmitting system.

| [0077] In addition, a wafer base WB is arranged via a vibration isolation pad
{(undepicted) on the floor surface below the projection optical system PL, and the wafer stage
WST which holds the wafer W on the wafer base WB is movably arranged thereon via an air
bearing. On top of the wafer stage WST, a reference mark member 29 is fixed in which 2
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
perfoﬁnance capability can be obtained, and the mechanism porﬁon can be significanily
lightened. However, there is a possibility that the relative position of the proj ection 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

17



exposure type, and before exposure, after positioning of the alignnment

mar ks RVA and RVMB of the reticle R by using the RA systens 21A 21B, it is
not necessary to nove the reticle R Because of this, the |aser
interferoneter system 10 on the reticle side of Fig. 1 is not provided in
the projection exposure apparatus of Fig. 2. [0076] Furthernore, the
mrrors 28A, 28B, and the RA systens 21A, 21B are fixed to an undepicted
col umm coggl o fuitnd leolufink L il [ owSth g sub-
chanber 19 \kﬁlg%rwoi:t orjef(ayﬁg{%ic?" um gg%%gg)gmb??%g?tbsyst e%ﬁ% aggh Fi g. qﬁ%?s
fixed wit#apesifiguing davise of h@or-odnianh typk is pravidedase, the |aser |ight source 1
of Fig. 1is g on.the fl.oor gutsi.de.the,. col ums, 33A-3 of Fig. 2
as an exanpl e?fogzg ?ﬁié' ?fslﬁ%‘é‘ﬂv(?ﬁ%eipéﬂf’c OEQPBCBEEySgﬁFW?PQB‘fTthﬁFg? ]rfgo’igaser
l'i ght souFige2. 1ni Fig. B mthe Portind TV, BI7B BT adHi 6 ex@did itGrodrd BB 98 Mledixdd to
undepi cted beam transmtting system [’00771 In addition, a wafer base WB

i s ar r angfBf colugmg 3346138, B36. Thekm pastionsaif A-3 1 dispirenged ot vanbstaptifllyoldo°
f ' [ tical P| f t WET
whi ch ot SieF Y 8 Ble i 2 40P b B8 projek B Tpftet s FuntBlsile P BHEPe on

via an aithe fitst amk portiofB7A@Ad tie flahge 18 b dirsiskagRr YA which didphiced e flaRgda grenber
29 is_fix,ecéjhin which a, reference mark js forped to perform alignnment of

the reti dP&eE digrtiopand\a sesondractpaiprAdA whigh displagesgheflangeilBin dpt i cal syst em
PL havi ng; Yo TMe B3 F ki Sz : ' ‘}@dd NG ted via
t he coil %ﬁﬁ%ﬁg%%ggﬂﬁgﬁﬁiﬁwﬁ%%% %g%%aﬁai}?%ﬁ un%t | on&ggwé’oupl I'ng
menber s W, Ay addifibm e ionecostaci aldctromagitic acueop e, an Eliche typemethe lde, unm 34,

whi ch has,a rigid structure., [n Ls structure, a high vibration isolation
per f or rrar?%sé)cg%ggﬁls iafﬁc%ﬁﬂmﬁgwgh%ed, and the mechani sm portion can be

si gni fi cant!y [odgoyhtsadigonatty \WR\RY fardeb 2R §n the vicimBssTithe Add portidied7 A, herse! ati ve
position_of .the projection !(?)Xt'i cal__ system PL and the upper colum 34 can

change atbia¥igl gpeplqrafomysenson 394 ixjueyidsd, grhich dntepts aseeleratipreindher? diregtiongndier t o
mai ntai n; cg-ﬁ{]ﬁg ey I Gf | ' . PL and 17
t he upper’ﬁglgl um éiéh?g‘g% g@é%@%g%@%g@;@%‘é& |na(%g%?%§é3%¥€nﬁne state, as
shown i n dbiegied By themcpaiemtiomsensty 38A\s oppliéd o aamirolartddcindthpeontollpr4?y/i ded.
[0079] Fig. 3.is .a_pl Vi 0 e _projectiqn optical systemPL and the
lange 160 e ierBarbr ¥ oSl 5 aBg £ tnde siieisSdorsy Nl it onc
toward t lethtlash §rtib8 37Aahd sl the Appdrit8im@l IHSES M or FdBresp&tto Radh M
portions  37A-37C are arranged at a substantially 120 interval about the

optical Baed opfhepcoelpmtion siteation Iythis eabodirons themcoelpatiomisformetion et ween
the fi rsmartﬁgﬁg%@ﬁfgﬂm%& h6a | h A B mdiflrainfind bk 13GHARRY 1@0A whi ch

di spl aces the
' projection optical system PL) stationary. Prior to performing the sexrvo-control, the flange 18

(and thus the projection optical system PL) is located at a reference position at which the
- flange 18 and the arm portions 37A-37C have a predetermined relationship to each other
| (e.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] InFig. 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 actaators 40B and
-40C are provided which displace the flange 18 in the Z direction, and fourth and sixth
actuators 41B and 41C are provided which displace the flange 18 in the circumferential
direction. The structures of the actuators 40B, 41B and 40C, 41C are the same as the
actuators 40A, 41A. Furthermore, on the flange 18 in the vicinity of the ann portions 37B
and 37C, the second and third biaxial acceleration sensors 39B and 39C are provided, which
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in the Z direction and a second actuator 41A which displaces the flange 18
in acircunferential direction are provided Voice coil notors can be used
for the actuators 40A, 41A. - In addition, a non-contact el ectronagnetic
actuator, e.g., an El l-core type or the like, also can be used as
actuators 40A and 41A [0080] Additionally, on the flange 18 in the vicinity
of the armportion 37A, a first biaxial acceleration sensor 39A is

provi ded, ' ; | ' : | [ |

Bl 1 ount ey oA &FHERliR BHEFLSiBkAnt b bR Cirduatef el AR pidngE s

i nf or mat i die actetemtive difbymation ofithe abeiamitioosenserssIPB BP9 AICss ippippHet! todha

the. 1 angE¥STISERE Bt e crmesiie s sy 0 LB sBR A0CH SRt nor 1 on
37A (and thg 18hen bORRMARLANERRy Khtidnaly witll re@pecidl the FORERS arkOpditiéhsear th

based on the acceleration infonnation. I'n this enbodinent, the ‘acceleration
i nf or mat i 8B iard 37{s@ad thysdeg wpperewinmb4 offigabton atthrespac Ao the earth basadipmt ai n

the flang Qgg . projection optical systemPL) stationary.
Prior to glé*?”ﬁ%e?m néltu%gmétgor%\?o-control, the flange 18 (and thus the

‘pr.oj ecti on opt j00sd] sxsbheleRitionisensbRGAASH( displac@h @it ediS6rs ROsibAoeRBtREyphi Ch
the flange 18 and the arm_ portions 37A-37C have a Fre_determ' ned
rel at i onsAfepicrafoR saEooVEh detects yvoltage aenerated byt spiczoetegisic slesneny 91 thplike, 2

effecti Ves&ﬂiccﬂfd{.lé%ﬂgpé elfefaﬁﬂﬁ ?Qnsor%cﬂﬁl éﬂan%mf%q?%é% ‘ﬁﬁ'gstl%frﬁe\éal)ﬂfe

reference position based on the outpuf of one or nor :
di spl acenegitage eSS ¢canverterhogyiccondingdd thealisplecmenigangd distorfion efithemesset er, a

it f di spl ) dd .rent displ ,
et 6. 0ogtyine Hieef 8 Ssl A BvmBE htos At SrpBter B core Mt s PHEPRPange
18, and Retaiedthd Mdge N8 (fhdafu® AOfbjeBlonoffical WsttRP L) catsemdidiaafednel |, third

and fifth actuators 40B and _40C are provided which displace the flange 18
in the z YHoBEYBFPace7g opRRsed ip befng miiieined setipraryprly 2deivaiethe pog ar e

rovi ded i: A SIAACR; ' I 5&% : n.gﬁ'sﬁuﬁ § on.
'Fl)'he struc%@sgsg% thé%glcl:‘%h[}%?gﬂroggﬁ%, §ﬂ%ﬂégg’%ﬁé %[agﬁﬁeét?k% sarreﬁas t he
act uat or sfrad fhie gtavhd thenghtheveate32082€NhB aldodnpessib® toforepeusmgthai ty of the
ann portions 37B and ~alshe second.and third biaxial accelgratio
Sonshrs SR sl Ml dis Sk Aiklor g ity PR soRerCY SER SR ( he 2
di r ect i onnedkeitiv felafve pésativH 1hwdthitid flBigh 28 bh®the@bm pBRiohd m’i@gand thixe

acceleratjon information of the acceleration sensors 39B and 39C also is
suppl i ed heurpsEColEan 3| A gpsition seasns, fonexamle. e efidy curpnilisniecsmentseasrimt or s

40B, 41B 'tﬁa@gtjgé 50 Ih@&tscﬁsgle d ' ' qgg% relatively

stati onar? wf.t h respect %o t he résa%te)é Y a?er%&gxg? @S%é g hd 37C (and

t hus t he uppef0083] ufitngshoposRiogingRievioe ofiibt prajedion optidab system PRehditheased on
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 coltinn 34 (assuming that the upper columm 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 to 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 ﬁ'cquéncy which
exceeds this, the projection optical system PL is suspended and supporied 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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the acceleration information. [0082] As accel eration sensors 39A- 39C,

di spl acenent sensors, a piezoelectric type acceleration sensor which
detects a voltage generated by a piezoelectric elenent or the like, a

sem conductor type accel erati on sensor which nonitors changes of a | ogical
threshol d value voltage of a CMOS converter, e.g., according to the

di spl acenent and distortion of the mass, or the |ike can be used. An

advant age of ug agGe 0 rS | . -SArVQ- t S
Started the 1855 BN GER hiwhd e AOER M MGG RN e ' 0 e
mai nt ai nedlangd B wisnalie/founcotipaese3 32330 pRased] Thahib Gpwrg, thecolidmngs3A-g8btakonar y
only relative to tHe %rzﬁm portions 37A-37C, which can nove slightly due to,
e.qg., vi bFRPIYSHangeA 50 that Rk sprsing it e upp PO angs PR cbuPRFHR S YEliceshe

seats 32AqB2 %bséahﬁﬂﬁr%&’ua&ésﬁ%?ée%g&hﬁreh% §19h EB Vel 8f il SoluBiE 85 £133D). ON

sensors 39A-39C, and fo i1ns se one or nore position sensors which
direct |y Fndbmuome, & fgarediaata-shepglogiper eoinrine 34k éxfixtetl do tHeapper po8icarnd thiche ar m

portions 37A- 37 t th ol umm 34). osj tion sensar, for
DTt 107 RACRAL S B tilEas RS of b i BBOR bk SRS o

di spl acenmRighticiB S B up? cOREnAA Vi B SBHBRHgs 36A-36Tof Fig@. can be used.

[ 0083] Thus, the &OSIIIOHI ng device of the projection optical system PL and

the flange 18[0086]coindkis caneetite o eolamas X34 pud3 Pt we prrngef 6o asiorseudviciBOA- 30C
(di-spl ace s S0 S} j u - - 41A- Si X
position %E%%od%@gg%%&ggﬁ% gﬁl‘g? ‘ﬁ?aﬁ@y%‘?{??é%ﬁg’?’&ﬁ fﬁ%‘ggé\% t(l:lgﬁrt he
rel ative gietibn ofthe projectien dptickl gyoRmPIdi Iheddition hetwiren el el 8 add Be arpt | cal
system PL wi.t h ect to the e ol u 34 (assum ng that the upper

col um 34P°rﬁ%§{‘§§§°‘v?51faa?°i‘m6‘i‘ g@’?ﬁéﬁ’ &F‘E%“_ ) ,a"B’ﬁf?rﬁ ﬂg""r‘"é%aﬂ“?ﬂré’ ation
angl es abguich BAfe He AdngeARqn the 2ARPY IrSctits, HHeARLlY MudPihs @R A fowdat ©
(predet erm ned stahg% The rqquﬁonse frequency of the actuators 40A-40C,

41A- 41C | astuspiss 658, dABarhychidrivathe BangetlR i thiZt dndrEdisentions, gospediivelyiaons up  to
Lhe T esPAnSGald SOMRN o £ PRAIEEMLEMANLY 68l 0342 | € B Ol b EnGYEMP! © 15

supported by an I've suspensi on roore, W respect to
vi br at i onfixedfto thefeolened3Cy thetfifihandakak edgatdl MOC ahd) ¢1Q fafy protideiwhich dried

27T et ur dhe Rais OB the & SR AEion TPyl FaRPR e A Gt onev e
as Shown deflsord 336G albQHan SR HTRS uiRPparabh 81 818 A% BEnYReHdnkd of 8085L Fi 0.

4 is a plan view show ng the projection optical systemPL and the flange
18 when tHeeligng37ASECurms 33A-33D are used. In this figure, the colums

33A-33D are y [ S hat ,t.hej.r acj.n I er portion
i s narrower aﬁb@%osh? ﬁe%ﬁ%cggmvocef# ik %é%he projbotioh Sptichy Sl%tteng BE (and the

flange 18) can be driven 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 Z axis, so the actuators 41 A-41C can be easily controlled.

[0088] InFig. 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 38A, 388, 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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of a substantially square shape, conpared to at the | ower ends of the
colums 33A-33D. Furthernore, a square frane-shaped upper colum 34A is
fixed to the upper portion of the columms 33A-33D, and the w res 35A 35C
whi ch suspend the flange 18 are coupled to three |ocations of the upper
colum 34A via the coil springs 36A-36C of Fig. 2. [0086] In this case, the
two columms 33A and 33B are arranged so as to sandwich the projection

optical  systemgdgoj nAkERowh fiFiLSH, Honc Mt BB AGQF ¥ oBIEA | Espidaragd i n the
+Y direction of the projection optical systemPL. In addition, between the
f1ange 18 thafiverdesrces-ofrfigsdemiother Smn expansign iwythe Feditcotiomin pagible.t Inghs famst  and

second actyah 494, . r Vi jch drive-the f.lange 18] he Z
and Y directl %%%sp resgﬁﬁgﬁﬁ%ﬁﬁ%&o%%% Pg)ﬁ%glg&r ek?fthegc (it:{4 g?‘égﬁgB
41B whi chilerod 88A bEFifz] SAged 18theflekives &f idend (tirti@e off tieithdr eFPatsi3EB) y ar e

provi ded a )ortion 37B. Furthernore, between the flange 18 and the arm
portion 388,0 W%W@?xwﬁ@éﬁlam@ﬂéﬂwq%%ﬁ%e thendthe measieseit or s 40C and

41C ar e poiheid Blof didiBeastiify LANOPabbeioBib i i e itbedutlih pabbans,

respectively. Furthernore; e biaxial "accel eration sensors
arranged eystertht2 erghelikepipredito thegheasimembitangmt 18 in the vicinity of the arm

SRR D IREXIE T LR Ot
-act uat or  th afertdist thd\@nif 6f 86 hieafuraRért GRunt BY GheiPefthre (RO WHittEhE bﬁlﬁﬁcﬁ&fi)

can be driven by the actuators 41A 4IB in the Y direction and "ih the
rotation eRtcalplen PAsinserted) and dhg threepads patagtihe side purfase of the@rajestiobe easi |y
controll e%:éic n Fig. 2, on the bottomsurface of the flange 18
(support e of the projection optical system PL, an annul ar
flat-shaped nef@892] erRigtSCahonts akiot ( fxbadragradital ofthé fneastirsind hdnivisastahe
three cylindrical rods, 38A 38B, 38 i nk nmbers), whjch extend
substanti%ﬁf’q”?‘gﬁ?aﬁfq | his §irpqiureihe p ?éaf PWF ZSPW%@S%WW'H%UM_ 15 is
stably comgdes thaudingie ilspRogndR iPihe % ditcbBOPAdGn BRGNS dPREBRIbGARY | sed of

a sem -three-point support. The alignnent system 22, the air duct 16, and
t he | aserontigelaxisaridyretnset toyha dn supfaeg of the puoitction emisal systemRlemadhit mount 15.

[ 0089] Fi é@]]\g&q%@ At Q| ' 8-and.t he.neasur enment
nmount 15 (ﬂs&)fl I g. g?%é%%%fﬁoé%&ﬁh%ﬁéé@%%gg& ﬁorﬁw,mf | exur es
38Ab and sk@#ds wpdisé betticenrthie afeasiaementacans hfhdd the projcetio® dptical St BN do

ures al so are n both end. portions of

portions pof.the rod 38A. . Fl for ned
the two Jﬁ%ﬁ?ﬂ%@&@ﬂ%&“%ﬁ%ﬂemﬁ% Sgﬁ%]l){le"l‘lngF’ gfably mamipinedne | exur e
38Aa of the rqooedPAFusth&RloRs BFBAY 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 inclndes slots 43b, 43a, which are

~ symmetrical to the upper end portion. Even if the rods 38A-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] InFig. 2, the projection exposure apparatus of this example is arranged in a
downflow environment, and a predetermined gas (e. g.,. air) having a controlled 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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the five degrees-of-freedomother than expansion in the Z direction is
possible. In the sane manner, displacenent in five degrees-of-freedom al so
is possible in the other flexure 38Ab of the rod 38A of Fig. 5A, and in
the flexures of both end portions of the other two rods 38B, 38C. Thus;
virtually no stress is applied between the flange 18 and the neasurenent
nmount 15. Therefore, high nmeasuring accuracy can be obtained in the | aser

i nt er f er ormatigupposiys b the bpp&icolufits 34| kel thérsek APmbBrYRAGY HaYBAL wiRdNt 15.
[ 00911 Furtherrmr;, a.slot and a pad are fornmed at three locations in the

vicinity drevephe &2y flow Eherafores thegredetraminsd gos eambetsuppiied smosthlt he

. aperture i; L | ' | )l is.insert and the
t hree pads':fll g%nt acﬁ{%@gﬁ%k@ﬁ%ﬁ%&%& th e 8?%]?2’%%#0 %‘f&?@gfmg‘g%ésem PL.

[ 0092] Fi gmp@&eéhodx@ea:tabiltayoﬂjﬁaﬁn@ingahpmdtcﬂiaﬂnki@imﬁrhﬁedrreasurems_nt mount 15
as a flexure._lﬁ@%ftu of, h\gl s.structure, the pad_15al allows displ acenent
in five degreed? B GO RCPFIPHAR FPOSHE 2apapiaebiignt of thisexanpledihe ect i on
-and in t herdjaiod Spidal SztchPPr, 3RO [ | ] r to the

si de surfg{}é of tﬂe projection o%?%llgﬁt@@%#e%%pggﬁggﬁem in the
rotation GYHPOEE} By\amasbive suspension methettiviy theced spiitpsr3Re3 6 and the wikt ¥540

- stress is i t.he. measut nt  nmount, 15 and the projection
optical s?g’%cgﬁfﬂgo s hayin iaffgex&bﬁ%&%f“éﬁ‘?ﬁ?%ﬁ?ﬂéewa el Adopt i cal
syst em PLwhizh haga sitatnictoRi rﬂeaélmedfthispﬁaabﬂdiﬁhgmaﬁﬁgsmé gd of the rods
38A-38C in V\,hi.lcoggé]he | exures are formed on both _end portions as shown in
Fig. 5A, a rod (1 (B Themsapgtion ssnarrerppaagtus of thisexsmplais eehstitatedtiypan 6, i n
the upper eantheAlip el mh S $38s SubQuMEd N two
per pendi C?J| ar i.r.legtions, gﬁaébteﬂré 611\/\%?%&%3%%%}0 i%%ﬁb%@ft e ’r%ngth% s fixed
to a menbepnytheiuingcostomabpiraduodd. Fi g. 5A, the neasurement nmount 15), and
i ncl udes sl ot , a,.Which are .symmetrjcal to the upper end portion.
‘Even if the r38@%84@8%P?W@Pngﬁhﬁwﬁgbkg&ﬁsﬂﬁn@?ﬂaqd_I’FPB@fﬁeéchldt hat are
the same mstidulaly helcitbfaceinistic fequdncydf vildaddn BIRPLALRIP Pl ax?ogjlegr ees- of -
freedons I s possible in both end portions of the rod 43, so the flange 18
and t he riPisHhasieithe sopplne memberdproisafioreptionl systemdlly is extemielshiowi s thal | y no

stress i o) ' t r t ' a_kine | C_support

ot hod) . T Raagl i mions o' thE Hodt o b Sl ol PR hRR s et

exanpl e ipsrigrmanegeapabilityy suchoasnfilouti@nivolatierngst formand cappilglehpsdraed gas

(e.qg., air) having.a controlled tenperature and humdity, and being

subj ect ed Y0 par |W§°W‘é°\ygr?f &6&15‘5%%&%{@%4 JuehIpIore aVendt vibeatingt er  base

VB vi a .t becahebendsbb,abevibiatibh GafnQbsfsil P ciBe a@ly AuRHRE &Ll fodf é){aﬂ?giéq
y

illum nation system sub-chanber 19 side. The projection optica é?em PL
of this EENFMEaRYe suhsegeibeperfommed, e.g., in which 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
apparaius changes, ihermal deformation of the structural body also can be easily predicted, so
- by using a temperature sensor, and measuring the temperaiure of each part of the structural
| body, bgsed on the measurement resuit, a positioning error or the like can be corrected.
[6099] (4) There is 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 mechanism or the like of 2 base, a column,
and a projection optical system). Thercforé, 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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21 and supported by the upper colum 34, and there are no nenbers in the
way that would prevent predetermned gas f |ow. Therefore, the
predet erm ned gas can be supplied snmoothly in the downward direction, the
tenperature stability of the projection optical systemPL is inproved, and
the stability of the inmaging characteristics is inproved. -[0095) Thus, in
the projection exposure apparatus of Fig. 2 of this exanple, the

proj ecti orexamplepaainedlﬁﬁisﬁnwﬁbh abllizdighd teapgeuiothe fro %dcﬁbﬂoﬁicﬁl&?@t&h@l%e
suspended upgorted by an active suspenS| on net via the coil

springs 3 Ot FRpagraanraras of Figs 2 c Bubigs. ﬂgﬂ%@éﬁwﬁﬁw’ﬂ@éﬁ e .
flexible ik 4 Gl rigid
structur e%éBdej%gﬂ%Zmof E?ﬁﬁﬁ& gfth(ﬁfetoé}\}nﬂldﬁgg’ggﬁ a%Heaghe}f% pig!sas oJl 1§C§n[16096]

(1) TheI progjitat |F(mh€mtmé‘1@ﬁ5,fmgaicnm orbefnfyhnéarﬁxtaiﬂigﬁ'thﬁadzﬁmﬁml dhgt:ﬁﬁb by an

extrene ruct 0 t j sm portjon can be

li ght eneé ﬁg‘&lfcﬁgﬁe”r@h P‘?ﬂjht&%‘%‘@&‘r‘fggg" E oulflﬁ%ﬂ (2) The

proj ection opt {384} SY¥i 9%h&s b ShedsREMISHATS: ?q egﬂ%,g arl y
t'ion per I cu

the characteristic frequency of vibration in the dire ar to
the opti Eosuseiappasptug pbthisoupinpleg InBighBr r¢gvveiydenk éfrwquoh caﬁhalctsstysblmg PL) is

oigni 1 catiflis 2visfon B B8F 3 sfbory oAk 4 WBRE -l AGpiF R v BRL RN | ¢
such as ammyafbmar&mloatheaﬂaﬂwﬁﬂﬁm Qiﬁp}j&ﬁbcblbmh)m MARQEHPdRt accuracy
(overlay acc | nproved. Furthernore, even if

‘%% the |i ke can, be

vi brat i on™ W}é‘;ﬂﬁﬁ pngets l%tﬁéﬂ?ﬂh@%ﬁww %Smaﬂ‘gmltbmwgmmoﬁmth@e eaS| ly
d fi

| dent i1 edrtcR R ticQibp@ MRthiP 34 4As £ OMERE LERASWEE: 6AMRTiE R Yndd B dud

e.g., in which a vibration Isolation IS a eporlonln
whi ch vi bles i FIAORNERT (minefaettred by TLHSM Ooqzora[tﬁﬁg&}anbeysédhm&&iﬂed

envi ronme tr ecti on. exposu ara

Chor ol ePUPRAEY of 7 Sefe b BBl bt SRSt r R RRERSHERTC: oo, <o
by usi ng lgptignperature sensor, and neasuring the tenperature of each part
of the structuril‘Lz body, based on the measurenment result, a positioning

error or the IPK&lca qFEcRsh tark £jis cpardgbio ypipe 46 (e Fig. &), mhickds sonpied | n

the vici NolafeRperhtife JORBbESNE ﬁaﬁ? éH’ﬁ
generati on exposure a%ggr at u‘%qﬂ{ S @%ned %%?o#%%ﬂp%wgﬁIno need
to changanad@mwmewmpmdwhmhmesmpmnp tMewhick in tofn ia chigde] to ghecol um,

and a pr cal ste her, ef egree of reedom f or
desi gn bgi(?g arg ?gep'é‘ 1%3 uﬁqﬁ?"@ @SYpgly tank
- so- cal | edi8ripdeiipisd td @5 Iﬁﬁe 4@9%&% HEP 6L B is downwardly extended along the wire

35B. 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 foward the
upper poriion 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 35B, and the pipe 46E is fixed by a fixed mount (undepicted) attached to
the movable portion of the coil spring 36A. After the pipe 46R is fixed by the support
member 49B, it extends along the column 33A. '
[0103] The pipes 46A-46E 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 45, 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 vsing height difference)
- between the supply tank 48 and the recovery tank 45. Thus, the liquid supply device includes
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[0100] The follow ng explains a second exenplary enbodi nent of this
invention wth reference to Figs. 7 and 8. Wth respect to the projection
exposure apparatus of this 22 exanple, a mechanismwhich stabilizes the
tenperature of the projection optical systemPL is added to the projection
exposure apparatus of Fig. 2. In Figs. 7 and 8, the sane synbols are used
for the portions corresponding to the portions of Fig. 2, and their

detai | ed dissrecdvety taik 4% theQipdst46A-46B) the hafipeRiitare doftréll ddvicé hotisingd sigkp 42
clarify understanding, of the additional structure, the air duct f% and the
snall-airaﬁgﬁﬁﬁﬂﬂgﬁf 48evi ce 17 of Fig. 2 are omtted. [01011 Fig. 7 shows

L Tom : 0 2 ed. [ 01
Roparatus of i IHOSL S0k oGS Bl Prinil B ok Ml GaifhoRl o P01
cooling M Eigi & thesliquidwithimdherecovesy thhlods is sactiompd by thicgrije 463\ whhokn by anes the
Fr anme- shaBR0rvdy i v Bhe e 41 ot 1 e BB irspBiee! deatsouierbesdyrelsdan

| at er - menticanasbrinHRBnirbRIchiOMhIRshid  shifliodits s pigiafngm%t&%eg}g%%s of

the upper colum 34. As a cooling liquid, water o uori ne up inert
liquid (8oymbyrnsorNEES: Thenthediquidrvathitthelsusply Siuk @8 flowsaitb di) pipas a6 Coe
used. A's | ant, .al so _can .be ed as the |liquLd n terns of
envi ronne%?]?ﬂméélﬁg}lb&gggﬁg eF%g% 13§°1Peﬁ§%m 'erpbﬁﬂ‘gffgwﬁb dery tank
45 i s cougdpendihpomttieicass, therk it & Pessibilily ) theWipe-dbR Soes Ei#BhgRth pdsio higher
tenperature ontroJSB glew ce which adjusts the tenperature of the liquid
passi ng tﬁ%ﬁ’@ﬁaqkt - b poce e diguid beging eirculatingeths cupulationds winétingddrdbs a punp
ol e © heiptibripiBiple? THRHME AR dd\oorlPRGTiROLIRAG Bnd A8 GHRRL drdank 47

y tan 4

via the pipe 468. The bottom portion o e su I'S" coupled to
t he pi pe Braecidnopticel system PAG Cvibivitioh sowceldvaswat eitist besineathe digaiddnpushéd Wi re

35B. The pj I ncl udes | pe I.C 00l.s the projection optical system
PL from a&kgg\‘/\mmmgﬁg ga?v?fgﬁ?qagﬁdpr?egca}i#a&br it l%h%rdétgetr?‘%ﬁo Y f%‘"ﬁ?ﬁf”éct i on
opti cal - sopatreipeHormaitd chgabilitpasts a6t deerioh@e.pi pe 46E via a pi pe which extends

al ong the_flange portion 18 toward the wupper portion of the projection
opti cal M‘H PHe pi pe 46E'includes a pipe which is upwardly extended

al ong the wir qpf ' : y t he
o1 pe 46C. i 5 nale by T ool Riittat & epl SaG b hivdinon Wi oliepbclc ¢
t he novalib Eig- Bokt therexemplehin the szmcbBmenaminttheembpiimd@iof i, £ thizdnveyption f | xed
nmount (u hcted) attached to the novable portion of the_coil _spring 36A
After t hgg%l%?)lé& %’64? tf’%a”ra‘f%?i’t B{POPTTE bPg BRUFTon fXReRue pparatys, Infigehdle 51 ong
the col urnmndsybdlOre JhedideiiRippainé Shredfdandditio ths PorEottf of PRSIl iReif €SI N OF
the |ike hay‘i:é‘ug e .

. 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 colurnns 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 colmmn 34B is supported on the
columns 33A, 33B, 33C via passive-type vibration isolation members 514, 51B (and
| nndepicted 51C), which include, for example, an air damper and/or a coil spring.
Furthermore, the flange 18 (support member) is integral 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 parailel to the Z

axis, and in which flexures which are identical to each other are formed on both ends.
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flexibility, and the height of the supply tank 48 is greater than that of
the recovery tank 45, so even if the pipe noves up and down, as descri bed
| ater, 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
I ncl udes 23 the recovery tank 45, the pipes 46A-46E, the tenperature

control devi ceftloWsi ighit cpé¢fihe4ibratichiisblitidn rseniti $3A ik tkSod FOA Odtteshbslt 8
shows the |Iq%UI d flow provided by the Iiquid supply device of Fig. 7. In

Fig. 8, tRraccquplmsmmantien Infhe sameguangr thantheribrationisalatismaverthers 538, pi pe 46A
Cont ol g o roff SR SOC SHBerbfls 1o eI UREfbels” 106 BB AAE | 1e
|iquid i sarsgplpstantieilyt perallebtosmapipbijier audiparkBeitd thet Dexini ahid6Rafsle, thbiOWn by an
260 "16e 1985 ShenCian b Past apBoed 1 A drr oD gt SRSty the Rt csRed} of ank 45,
26E goos. L RTscpoRepta st %‘?‘ﬁgﬁE?é&?ﬁé‘ﬁﬁ%t%eﬂ%aﬁi@%gﬂe%h%‘ﬁ%%@%F?qﬁi q

begi ns cilowar Wtheéjrectiprep idudar kothe opticmhixis Bian authbyliredtion peizilklon ther i nci pl e.
Therefore - & ling diqui.d,is, suppl.ied to the side surface of the
pr O] ectioorPtl:%%teﬁq%:sa é’?}@‘t%é"n? tf°n§p¢1/?%ﬁ%sfe%laf’§8§?ecs§mﬁ8&mﬁ&s”éﬁﬁe Sthecause t he
liquid i seopbieliveeht. Dhe lchyth ILsofig: donpligl M¥nbét isa8pdt shbbmBalp SeFob¥xahipte. hei ght
d|fferen§§ only, so a vibration control performance capability doeS not
deteri or of 815 vabe is aprlic e raretien {10, the pharasteristi fregeney efihe equplngmembery

enbodi ment, uef ditebiich | ' L ERE, ' n_this exanple, in
the same manner gﬂéiﬂllseawe?ﬁfg en{?\(l)%%ﬁgt%?fﬁfﬁ g.ec‘%t?esjt:dfﬁg%alﬁlaxlldeeh?%bn is applied
to a st eppproatimatels 817 B phethennary,géthelaigéck bhike exygpdimg mecnatiensis sétas Imloa Fi g.

9, the s synbal s .are used for the, portions corres i ng to the.
portions %‘%ﬁfﬁ "é.‘”‘a{ﬂgé%aq‘k”#&l fl)’ @8?’ alng Bepomss @Hrﬁl}n@%’% @ggﬁﬁ ‘Fg"é‘&.w}{‘g{’%] Fig.
9 shows auitsBlefor tehadablefitt foqéned oftehpasjesiibnRRpdsuR apphrablde Proj ecti on
exposure apparatus of this exanple. In Fig. 9, three colums 33A, 33B (the

third col um, [0H8E Fugthermensithe igridicrifsauendydn theoptica oxisAX disectin af so
Id b bAQ i E L agat. . t
cou € the DUP PP Sh Oy iRk Skmpd: 8 c%ﬂs tat i){ %g&m?é%xﬁ{rfrlg g r%%:x&sg% 0

the Z axis. The upper colum ~I's supported B, 33C
vi a passifiequengp én the diredtion peipsndiatiacn treopbiealaxi1AK. BbBetanfbr cxunsdginadsed

Furt her st e OfetPspmyBined e B sBlont sl P it Bitloc®ia oncfll 5085 et on
optical sitgktRiMisolation members 514, 51B, 51C, and thus the vibration in the optical axis AX

direction is hardly transmitted to the upper cohnmm 34B. Thus, the projection optical

‘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 io the columns 33A, 33B, 33C, between the

columns 33A, 33B, and 33C and the flange 18, the biaxial actuators 54A and 54B (and

nndepicted 54C) are arranged which conirol the relative position in the Z direction and in the

circumferential 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 pc;siﬁon 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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PL, and is fixed thereto so as to surround the side surface at
substantially the center of the projection optical systemPL in the Z
direction. Vibration isolation nmenbers 53A, 53B, 53C, e.g., a |eaf spring,
are fixed to three |locations of the upper colum 34B. Furthernore, from
the vibration isolation nenbers 53A, 5313, 53C, the flange 18 (and thus the
projection optical systemPL) is suspended via rods 52A, 528, 52C, which

are subst @ahgeald, YTheddsad inkkfefopetdd Bystem 80 thedll@, is fixedioGhe fleptérgns Whi ch are
i dentical to each other are formed on both _ends. 24 [0107] In this case,

the vi br atuogat 15 duthemerenthaimazsaibawholereticloR pattean isdranalepehte the o one

coupling I sol ati on nmenbers

53B, 53C a %%%ﬂ‘)@?%%e @@ﬁ%%&%@%ﬁ%&p&%%&&coup i ng nenbers. These
coupl i ng menbefitijar Acwmag&mﬁsahmplpahabfc@écﬁmoﬁaﬁrsy@teML ansreadal | el to

the Z axis.,In thi t he_rods 52A-52C can be easily displaced in a

directi on%ﬁ“ﬁ'@ tg?lrl’ﬁp %‘é’%é‘?}i” ci]i‘erﬁg?&weﬁfme‘flh@%%}n&?ﬁ@ opti cal

Syst em PlemBQiikb, £ 1BFAi6h Rblabibh ﬁe&”& %@&ﬁaﬁ?ﬁty%&?b&&katgl < affplpers is

| ower in the direction perpendicular to the optic han In the
d| r ect i onmpehagisinegportion Qméemn@alFuHhm@e{thﬁmﬂwﬁprgmusc@mhﬁ system

In the sane manner, as,in th first n th f the
coupl ing ers’® |e¥erég{lenaqleg{%°§ o eRtise W%b%oﬁ‘%agxg’ﬁﬂ {i s val ue
is appli esystetn B ciRibe@b(ylsuppdritd. characteristic frequency of the coupl i ng
menbers in the direction perpend| cular to the optical axis AX becones a

smal | val ¥pthdigbodimeglnr oxi mately 0.7 Hz. Furthernore, if the length L of
t he coupling r E'f‘%ﬂﬁr n (1),

t he val ue becormrrierisﬁagg# oglﬁé‘r&aq?gtey}h%%ga&%%ﬁ@s, |(l:1ﬁi"§]g %&?@H%heﬂf or the
char act erwgh referéucedu Eigs.yl Ocind t1 e Iipihiyj eaampbnthmdpwaﬁm iscppHedtousscadd) 8]
Furthernmore, the chara terlstlcfre ue I n ptical axis AX direction
of | the OB RPE BRI GT FiPOLHE R g TS 1lethegaue SR gogrehy or
than the fohie itk &ﬂ&mﬂwwrﬁ&wwﬁlgl 7 86td, and BRirkeniks déehipta t he
optical axis_ AX. However, for exanple, nost of the vibration transmtted

to the cdfomited33A 33B, 33C fromthe floor is attenuated by the vibration
i sol ati on ne 5 at B e tcal axis
AX directi ogtilﬁsﬁ#uaﬁ yl%gsrﬁ %vr‘{g% hfﬂglgg 10 étn% gfﬁoéeﬁrIeb *cor "%‘%BM !'Imu’{s%”,ﬁ(@he
proj ecti cuxpoqutea;:@hraagsﬁmzs Biampie gh #iis ﬁgmmheﬂirwboldrﬁkmh BAR{(thentind e, in
or der tocntr the |t|o of the fla 1 rojection
opti cal §’§/’ ‘iEFPP"g'*’S'% Tﬁtq’?f?g?é‘ﬁqg %901%3@'8&"8& n the
col uMms 3g@nd §&Bnem the3B4xif N idwmwiaf&ﬁezﬁ&r 550hibh Bad PllatdRigeah@ban BAA and
54B (and _undepicted 54C) are arranged which control the relative posi tion
in the zelpheallydgfermeditosgmeidsgree, and in which an aperture into whlchanend portion of

the projection optlcal system PL is inserted, is supported on the columns 33A-33C via the

passive type vibration isolation members 51A, 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 intermcdiaté 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 colunn mechanism body including the
columins 33 A, 33B, 33C the vibration isolation members 51A, 51B, 51C and the intermediate
n}ember 55 corresponds to a frame which suspends these coupling members.

26



circunferential direction. Furthernore, position sensors (undepicted) for
measuring the position in six degrees-of-freedomare arranged on the
flange 18. Based on the neasurenent information of the position sensor, by
driving the six-axes actuators, the relative position of the flange 18 and
the projection optical systemPL is controlled. [0110] O her parts of the
structure are the sane as in the first enbodinent of Fig. 2. In this

exanpl e as wel [GtidheFosthdr@be, for agendiS Viavot44blehiose SBRYSER Gahﬁ.rd SivbC(s8CR i S
projection optical systemPL, and the neasurenent

i ntegrall i/%lmgr x.ed to t he

mount 15 rgiion isoltion aremibers) 3 1Bresdecatipnsnd dhappaen sufagantdbe r ods
38A- 38C f ﬁﬂéﬂﬂeﬁﬁtctiﬂérﬁ r
interferonmeter systeml §L%‘];"ﬁ‘rq§'e’£‘rfei5f32§" dgri?gﬂ%ﬁlslg E]ﬁat ?‘ﬁ?é"ﬁ%ﬁ nmount
15. Furt hwhmbrae,apﬂheelsrfugmddbrgdsmg\ﬂhhmaﬁemhghﬁ)eannm t&rmerramla"wgsmrred to
t he respe.ctrve shot ar ectron optical system

PL. [011172ARESPE S ?Be segsggrﬁarferﬁ%‘éﬁﬁ# B’flﬁ thegstiddeRisaps o j s
suspendedbeﬁaﬁmmm@eem@&%ﬁghﬁ&ho%ﬁme%@ﬁ%& %anﬁlﬂ sane

manner as in the first enbodinent, a vibration isolation per or nance

capabi | i t §¥pesie pEthisgspwpleds ther¥odiraetion (dinspizon pempepdicuiante thepapsepkbngbfikiged.
Fur t her no %Eé used as, er Q eve when
t he proj efc 1%'1?11}]%8 gg’l sy%?rcac 11j;bmer'r'gavy, t“ﬁlgnﬂ’regf%@mgb @dfa‘é tem

PL can beY diradtion, stmﬁﬂgrﬂﬁﬁa@&hﬁﬁéﬂrﬁﬂﬂéﬁhmﬁg i pHédidéd div@e t@iclmis®§7,8%p! ai ns
a fourth e%emol arg errbo i ment_of this invention wth reference to Figs. 10

and 11. e facle siage6q. Hpgthemmone.jadirgtYriaxis dingas mpterdtin pongtitiésdros ur e
type proj mmeﬂbw%{a@m%ﬁ%f it Ufid pdrfloft ifibe +xsiRfortdrind R O o870l s

are used for the Eortrons correspo ng to the por I ons 0 and 9,
and t hei rand @tstafor§db desstediopt(ordn) the somrmawﬁg[ (it §@hmBirgto thid limbarusotar 6henat i ¢

structur t.i on ro on osur,e par at ys of

Thi o exansfond 3T ARG A2t BiheRone 18 s {ihlecpher 574 Wraien it B B porion

col umm, 38@e -Kudineolapoftheetliclistigt 60.dd b tatdi®2b dk@ted bn (&inPthé EQRerhRgAt €d on
thefloor g{s@é‘end arallel to the Z axis. An internedi ate nmenber 55,
whi ch hass TﬁF t - insE m%tpeﬁlr@Qr@ya@w@wmﬁ@icmﬁeﬁme@h@e and

i n whi ch Y@irepes withSedpBli®o Yhinfimak rlrn%nthgfcomg%g.ag%% Issrés%gth%pt | cal

systemPL is inserted, Is supporte on t e col ums passi ve

type vi bioRpes#n drrsféioai goghe davibg reacticinords iBcanaeldd, und dpighaetidnlddvibration is -

Further l.an 1.8 ort er) 1.s integral rovi ded with

the proj && l?:lr it op Is (I:sa &%%1 tgéﬁﬂ?%e retwqgsrlgge 30 also canﬁ:e%rowried vﬁth a micro-
moving mechanism for the rotation directions about the X, Y, and Z axes.

[0115] Furthermore, a measurement mount 56 is fixed to the intermediate member
53, and in this measurement mount 56, based on 2 reference mirror Me (see Fig. 11) on the
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 Z 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 2 member having 2

cross-sectional area that is small, ina state in which relative rotation is possible to a degres,
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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 exanple. The flange 18 and the projection optical system PLA are
suspended via the three rods 52A, 52B, 52C (the rod 52B is positioned in
front of the projection optical system PTA in the sane manner as in the
exanple of Fig. 9, and is not depicted in Fig. 10), which are identical to
each ot her and[oﬁ-r]enﬁFig.%aﬁﬁﬂiEb% e Sglh,'iﬁbfdei)toté%ﬁtrétﬂe%ﬁﬁvé‘go%ﬁ%

| ocations fromthe internedi ate nerber Flexures are forne oth end
porti ons P sixdegreottel-BostosEihd fiangh i $ awbide prajéntion oplicab@stemFIQ withr espond t o

three co ' d | unn nmechani s 0 I ncl.udi the colums
s 336, PpPeEO i P, sBn Rl B AR B R R ers A S8 e

i nt er medi gheiningbtivdil fuakey 48 fRAepistclPard afrkitl. \Ulict hheSMpRERUSe thBSSRe as
coupling menbers. 26 [0114] Furthernore, for exanple, via rotatable pivots

58A;, 58B ipdhe smbodiment §f FigsB.@End theqnenseramentraennt 1§ issoapledto the botiam serfavenber s)

at three | s ' ne .55, a
Pt ol o o EeRyRBTs 8 o kdieaO SoB RS, o b0 oo BBLARHIRLRAF P e, 2
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base 57, via ir. hearin reticle sta 6Q is provided which adsorbs
‘and hol ds the [@t"?cﬂggﬁse’@ﬂ’g’%ﬂ» pafigm ol hageticls R ip transfareed xud grposed ontp e
scanni Ng B fesdcii ' WeTal | r i s

gtk FeBsdoliAbshof arbiior B Wafcl WRyid id f18jcshA GHiRa sgggé{ag»%a&p ng%te% P;géa o of

exanple is the Y direction (direction perpendicular
Fig. 10)cangpethody At bisitine thepmejettion optica sistem PEACe spersied madisugperted he

reticle ' ' L.nthe .Y direction, .a.rectanqul.ar frame-shaped
count er mﬁsogg%%gﬁpef]%\% %%%b%)r&st o0, s SAme et Asin ,ﬂw‘ssigrfst eég’ofh&“‘?%r Bund t he
reticl e yilagionGeolatfonrgehformmice capability Gih b¥ifgstoved,iang &e m&hais poition can

constituﬁeg bﬁ F novabl e part 6la | ocated at-the end portion in the +X
directioft® reticle stage 60, and a stator 61b located on (or in) the

counterTues SDAID BTN i i B8 Bt Bl fogbfSaie LI,

linear notor 62 i's constitlted by a nbva
portion ragtierhierce)gen¢raied mhom thefretidiestaget 600k drivs¢rsa @ hih speaid{onambiatation)5ib

| ocat ed ' . nt.ernass , 59. e first and,second.Y-axi s, linear
ot or . 6 Lo e Bl bl B FlRER5 et 10'5 i rhtien 8% 5 Teiele BE 7 wi
respect. therecio upoedbitityshdithe ddunfetthsss 59 MbichirBesiCR WHERAIRfScdRniigs | N t he
opposite di r,ectio&,épso the driving reactign force is canceled, and the

‘gener at i BTEben ¢t yhugh fequaney, which vibrates dhe retiels bpse Hotndfbpmerapmantit t he
reticl e adoaaisy 6Pma baeticRdr RErdRbR e B0 Mol Be ActlliGafla. YRG0 ERGRANIKAM | Of
the rotation 5(gli r ec%’i ons about t h\é'z%, (\)( gng %gg%%d" P%é_{ﬂfgr]% urthernbre, a
measur endgrthis eiemple56 shewh indig. 1o thetvewitetnerss& (dgié stmetiyeyand 5 aimpadisi n t hi s
easur epiE. g Akic2RuoBAT i i VAL OGS 8 (ol BnkSS, & fle v 1
- 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 58A, 58B (flexible structure), so
~ the vibration of the reticle base 57 is not transmitted to the measurement mount 56, which is

provided with a laser interferometer system. Thus, from this perspective as well, the posi;ion
and the speed of the reticle stage 60 can be controlled with high accuracy.

[0121] Tn other wordé, 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
ptvots 58A, 58B so that the moment by the vibration of the reticle base 57 is not iransmitted
to the intermediate member 55 which is another structural body. Because of this, instead of
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side surface of the projection optical system PLA a |laser interferoneter
system 10 (simlar to Fig. 1) is incorporated which neasures the position
in the rotation direction about the X, Y, and Z axes of the reticle stage
60. Additionally, a reticle stage system RSTA which drives the reticle R

i ncludes the internedi ate nmenber 55, the reticle base 57, the reticle stage
60, the countermass 59, and the neasurenent nount 56. [0116] Fig. 11 shows
an enl ar gé ives S85S8B] ofledury nS¥haeisnd A1 diBBEAES. TSupport Meough MMOLPEGRSS 59 to
the interpediate member 55 of Fig. 10. In Firg'..ll,.the counternass 59 is
arranged OfPlstpeieaise canbecaltpd Viinematis suppart' ((chiling sempkigemativsuppas
(others a 1. &1 ' . ' A .. 62B are

Soot hi y- oo Blmadcluprcpt iy S b ek ol o izt

Fur t her noai¢gnuatfem).bot t om surface of the countermass .59 and the air pads
62A, 62B are e C ed via a flexure 63 (flexure nechanism, which is a
nenber havi ng @E%réfw@ 8 EISE; A5 PEPWA HLEISt %?@%@H’Eﬂl@e‘!tﬁe?ﬂﬂ@@@WﬂSMi ch
relative +ig | £ poSitiRPsSh t Ee0fiBSt : d:ils@a ' Jdo f,plz in this
exanpl e as wel [, |Pn order %)J(])@dceodgp?eol th??%lé??%%%%)& |‘%ﬁ|“ im> the six
degr ees- ofFighos apsmnb germeated, and dctibleaouplitgss pehigved vhinh ablptvs ectitiomydne éon PLA

wth re h o} 33 3B, 33C six-axis non-contact actuators
54A, 54BS@§§§O{S§5§%$§#£&%{%}§§& ﬁ%ﬁg’fagoﬁfléer%’tg Bier e arranged.
Q her nechienhediste atembblis sradtheaficasiemeiomeEIge] ment of Fig. 9, and the

15 i.s coupled to the bottomsurface of the flange 18 by

neasur enment fT& { ] I
a kinematic s ﬁfﬁ?ﬂt This pipgiof simatoreqis upess and tha mepsuseraens menmisSichasimgedassr t he

like is fihaeohftd SRtEaaE SRR g5 f'ﬂ%;'ul: this _examl.e.. the
pattern of the're-tigfc\slt-e %ﬁ#s tran%s;{g%ﬁno exp@ésleé%tg%en@ompf%%c{g@é%p ctive
shot ar easteppedistengmbenSS\insiea dftue therreticdebase §7.0Phérefte, fyrekenpie Aoty a
st ep- and- t,hod.. this.tine, th rqQjection optical systemPLA is
suspended “3’%2@%{’% g %@’E“é‘&éﬁ % %‘ﬁﬂnﬁ 8?& ﬁl‘%’?‘ﬁﬁ&l‘gt‘i@e %Fbtﬁﬁ bpWok ,thesrﬁt’q){‘?lb%sﬁ &’same
manner asan be tedecddi F&ﬂh@ﬁb&dﬁ&?&&jmﬁdﬁ%pﬁ&ﬂ!&&%?ﬂ&ﬁ SUspLAdeR fRG! her mance
capabi |'i t|i|‘¥ can,.be inproved, and the nmechanism portion can be |ightened.
- [0119] | ArEERAdiaiRember Sopnsostiebiapeupling irachisyed ythekerizogtal direstiomvghich so as
t 0 cancelfnther bIRaME VBRLHR ESSEnEERG] at ed when the reticle stage 60 is driven
at .a high sr%ed (or accfe?l eratlo(%' in the Y direction. At this tine, if the
counter mass 50124} sMrahwhile, Hengbeltiomsli¢lding effectlierehnivety sihall it theverticsl a
possi bi |l i,y th t he. ¢ ter, s 59 which, receives a reaction force
generat e(smémo\llli rdja“%?ﬂfa “5"19%%5(’??Mﬁ&ﬂ“ﬁﬁh&%ﬁ%ﬂ?@?é@cﬂ%?ﬁ%l e base
57, and ldaded@nths ibiRivh isododnadivbedf anli i@ pBAibd iseBRlly bdMRrolted. i Fd-Snist age 60
may be deteriorated. In order to prevent this,

purpose, for example, in Fig. 10, the reticle base 57 can be supported via three active type

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, piiching 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

10 problem due to flexible coupling. In particular, in the case of the scanning exposure |

apparatus of this example, if a function is provided in which the reticle base 57 a:.nd the
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in this exanple, as shown in Fig. 11, the countermass 59 (rigid structure)
and the air pads 62A, 62B (rigid structure) are coupled via the flexure 63
(flexible structure), so the vibration generated by the counter mass 59 is
hardly transmitted to the reticle base 57, and the position and the speed
of the reticle stage 60 can be controlled wth high accuracy. [0120] In the
sanme manner, as shown in Fig. 10, the internedi ate nenber 55 and the
reticl e bassedion opticgl Shsteid RICA dfeRbulb@bF e RbEE:-MixRiochbE ARIME tecB R fm, 285
(flexible structure), so the vibration of the reticle base 57 I's not
transmi t t @8STReNRGS arfivabincsivnned Wisliraspsbto sanh ether, the spprovt dechanismiwldch aser

interfero L NS 1 i wel he, posi.ti on
and the sp H(S)P%t% %g:fgrbeatl?g? %”‘Is':“gg}e‘{‘%% Baﬁu%g%ﬁvﬁéﬁﬁ%eﬁ [\R} }PEW% o B%ej’(’:ébur acy.
[0121] | nrigiditgrandthideonbibutésto Sighteminp bethe dbeirs, hdrepctauuplsiabiity, an@ebthidged by

t he flexurﬁ 63 so that the nonent by the vibration of the counternmass 59
is not tr3h&KEeR¥ 0 the reticle base 57, which is another structural
body. Further f i C U&hiln? hs AR t ' 58B so
that the m)mag?ﬂ%?/ t he \??%?rgi#on of” the ret P%%gggpég 7t11|egﬁc}jg%h%flﬁ)§ﬁ%ar%1tted
to the i nstereldiAissusnenbedt 168 twhntimedataneiiber 5Sofithe tppeaportion)yso theeuse of

this, ins f. . t he .pi voLs 58A, .. 58B, | exure mechani sm al.sQ can be
used. Su p%gtﬁiggt r‘élﬁegﬂe‘?m‘@‘ ?ﬁ/%‘éwgtf’m the ‘é‘?ﬁtﬂﬁ%%ﬁ?‘ﬁ?ﬁﬂﬂt@%&?ﬁmﬁﬁﬁfﬁ‘éﬁéﬁl | ed
" ki nemat | eoneitioping ot thide i e b ﬁﬂﬁvé@ﬁb@iﬁihb&bﬁ%}{&f%ﬁple?@éoﬁﬁfdw&eﬁfoﬂe mati c

support for %v_oi dance of stress concentration and for vibration
attenuati@'ﬁ’)i

tipp plaipe sproe i ebtainede so the degreenf freedpindor designingvadsusgehsors when

the reti @g&eanggg ' ' E‘Sg’5513§ 1 f.the first
vi brati oﬁér?rhode IS noétdqaiﬂgép é%e : [Pénﬁgj éﬂrﬁﬂ&aﬁgé}&%ﬁe%%? Iﬁlghaﬁoé?’é? ed,
and f | exithé ease ofisplaripg ke mojebtionanptiedlisgdtern PLAherpadjadtiondptes system PRA DI VOt S

58A, 58B. _ Theref.o vi rtual no vi brati energy is transmtted to the
interrredicaa]tllg’B H%@?‘*’%%l@fi%{’fﬁ@%’&%w&?g © pIshioepticalsystan PR withy pe of

St ruct ur ahé MestefthenbiguitNS iORAGNES IBRAIhIRIAS B_zﬁ_fsthu&mnén{eﬁﬁa%? and
interferoneter system which nonitors the position of the reticle stage 60

i s provi degFes hreish an ppdepictedigate-paeolsen. jsrivpecof@tradtutens vded, thet i cl e base

2 cur ve Tounpint USRI, S Qe mEkh i SRl it SORRE bl ifeml, ™

Fur t her méid\ iswatjustpd 1y advtamenamsiincorpdrationsinmnth@idvicesis posihdngbeid. Theay t he

i nt er nedi_at e nber 5 so flexible coupling is achieved in the horizontal
directi on“s,éEwnbli;e(H{ocef anﬂﬁgﬁmé’ﬁ%‘é’ﬁ i ssion. [0124] Meanwhil e,
t he vi br FiftoPmb&diabsti ng effect is relatively small in the vertical

[0127] The following explains a fifth embodiment of this invention with reference
to Figs. 12 and 13. In this example, that the projection optical system PL is supported from
below by using a support mechantsm that has rods. In Figs. 12 and 13, the same symbols are
 used for the portions correspondi;zg 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
mechagism from a base plate BP, The support mechanism flexibly supports the projection
opiical 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 (Y direction), flexures 66A, 66B 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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direction (Z direction). Thus,. ideally, a structure is desirable in which
the reticle base 57 is |oaded on the vibration isolation nenber, and its
position is actively controlled. For this purpose, for exanple, in Fig.

10, the reticle base 57 can be supported via three active type vibration

I sol ati on nmenbers on an undepi cted colum. These active vibration isolation
menbers i nclude an air danper and an el ectromagneti c danper (such as a

voi ce coi | flaxutefioA arainitegrallycfomic; Bt idis vib bedehtable s sipbratdthéh@sige dildagCt i on. 1n
this structure, w.th .tg‘;srgect.to the three active vibration isolation

menbers f P R&HES P ythisemboginpent, the leueth afthe sads(-is | averdamger-he
e ! : 57, | . o e
Dortcol uir entvest, er%piottﬁg?%&vraw t eh%%’@%&%?% lm%%%%ﬂ%%p!lrs gjle&?n[f’% ﬁe

vertical direction can be ™ contro

opti cal sﬁﬂ&ﬁ%h@hownmEgd,d@dp%anehtﬁmﬁgeddgmwhﬁﬁee@hﬁﬂﬁh&haﬁ@@&@!&ﬂmt ely
10 Hz. [O . Tl.exi bl e.couplin .his type of active vibration

i sol ati on%grrg#béeérnﬁcéowg gas,sﬂﬁ?. ;ﬁ?c&uq%sol% s, haydly %&@PPWF‘@%H'@@“@PB thebesg i on
energy, f imotdidg6s i thobse pdBP NThiR khe HliSRbRGRTRANL @%&&@%&Hﬁ ticle
base 57 (F’gigle stage 60) and the prgjection opticg syte% k§ .
Fur t her mo"Pratiggy sig.drompthebpspplgeBPt i oni ng of the rigid structures is

perfornmed, so | r bl ue to.flexible . caupling. I.n particular,
in the case of @E@i@r‘?ﬁ?ﬁ%ﬁeﬁgé Pe 1%, %Pﬁ@“so Qﬁ}@%kﬁ&{ﬁﬂ@?ﬂp &
function wibrgtionsolision pal §tharedugtdien tietbiasd Hath BPCaith & p bR e? Fbiiioh &b ON
opti cal s¥%%rem Pl_th are g_upl d by the_above-nentioned flexible nmechani sm
and posi FiCGREHE sgsfied % base plateBP W Ferexpmplsean air mopafcan be heed as titie
support nﬁ@fﬁahmawbﬁﬁghﬁﬁupports the reticle base 57 and the projection
optical system PLA does not need to have high rigidity, and this

contributes t ol013YhtBmthagnae, inlies debodiment; avshewn iniFig. $3,al basé soldizi6d

obt ai ni ng; space 126] Furthernore, according to the

enbodi maglts S@’%@ﬁ%%%@ﬁﬂ@%’%@’@ﬂ{sﬁn optical system PLA is suspended from
the i ntermedi foR31Temhendifon, o tHid @nboR@EntPAshb@R in B, 13) Mcrelide bRIGHINT t hat

i nterferes %alr flow fromthe center to the | ower portion. Because of

this, airS® byifor calimes 38Ac3 34 \Vadepictad colls brchiding aedrjcabesif andrmed by, for

cxampl e, RedoaldohRb e bGP oPSd LI RBRARE Rl Sl S0 Che

degree of freedom for designing various sensors
t he meas#3dnandi33fooprositel® thabash Grolding b¢ Inrthe sasadanrerniblgyicret eoilsi N t he

case of ' -n gj ection ti.cal system PLA, the projection optical
ayot em prtiidfik Bt oBA ShE S honsibn R o oy UBYSE amitbrat oA 4P

proj ect i cwrangdibeiees Ystoahinkis 338 dnd 33D) [BEBARE niAUAE 64.OPLiihah &GOV €d
fromthe rods 52A-52C (coupli nq menbers) and passes through an undepi cted

gat e- t yp&IAETEtS et cqustituly movableloments of fhe agtuators S4A54B aigarranged 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 conirol the base molding 64 with six
degrees-of-ﬁeedom.

[0133] Ifthe 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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positioning rel ati onshi ps between the neasurenent system and the projection
optical system PLA is adjusted in advance, and incorporation into the
device is possible as-is. Thus, assenbly process reduction and cost
reduction can be inproved. Fifth Enbodi nent [01271 The foll owi ng explains a
fifth enbodi nent of this invention wwth reference to Figs. 12 and 13. In
this exanple, that the projection optical systemPL is supported from
bel ow by sppayted. Swiihporate, HRchpvisizdhigibmivas, foossmple)difdfs suppéraid 13, the
same synbol s. qﬁgk §§§d for_the portions corresponding to Figs. 1-11, so a
det ai | ed EXPPAHEPHR SYstem Bhasipy fheiflonge 18 of haprojestiomentisal systemdtlge 18 of t he

proj ection opt ifgads] S EekE | . | 4.1n L.ch an
opening is dis [ose(]j. Thi %&égé%@%ﬁﬁg%gkgﬁlgy@%%g%%e@é%%Jetnﬁgdgﬁ%ﬂ'e
mechani s mifingiatapert plechapisBiof Tisermbohiment. Te advitiors in the ebdvieldés@ibegorts t he

rojectio ical, system PL .in the direction_ via_the base nolding 64
gndj f1exi %Flyg%%e%‘glﬂi‘es&f’lﬁ%mwti‘faiEXSF%%%BM%S&H’PO%%%WW QrHeds, ey tbgnt al

di r ect i onpfojeétidiloptiéal B¥lenidan'™e shppoktadd b ehedi PRk %up@ gy
mechani Smﬂiﬂg Ci%1%10\5}ipded@j\?’vi th thrgepproods ggﬁ?ﬁgt are ri gPo | nap?H%R%otng? ection
and f I exi BREodimeptganibsapplisdtathe gbovecnensionekyatiinanopomys typé esposae 66A, 66B

formed at ‘?FQ% . 0 he rods .65, and a coupling portion that
connects ta e tﬁﬁ’sgp%o%ﬁ%@pe%ﬁn%ﬂn?ﬁ%’u jer side of flexure B6A.
Furthernore, i[0186) s Teejwoiticti®ndxposuie appacndsr B shob@iedforicl Qbb8inREA &k €
I ntegrall forlnﬁe E’t .t is also acpeﬁ;’abl e to separate themusing a |eaf
spring, ett™ap a&hﬁ’a Y girorportipg pad eirisally adintting e dlumdnasion opticalspstemds 65 i s
1in or.| ed bl gLl ; ; :

CRGRTs am%%ﬂ%ﬁ&%aa@ﬂgcﬁ&%ﬁ@gﬁ@?mgcl,6@eF?

a?t?bo& nof-ttﬂee _sama
manner as the flexures , 38Ab shown | P acensnt i five

degr ees- OPPPFER dprArdis and inpalling heastiilostage andtthewFerkitigeebinposddofRossi bl e.

Because | ¢ dl. ny .applied.forcg acts between the base nolding 64
“and the gcggfgﬂgfcﬁngégghé’alﬁﬁr\é to@ﬁeem%ﬁé’ggmﬁl}la FEPOBYFC ARPAREYS, EQRACPUDE WIS ned by
vi br at i orgndetipss, dndqmibhﬁn@aﬁ@ﬂp&@ﬁsan&&(e][e&ﬁaﬁladﬁk&deﬂéﬁ?@ﬁﬁon drB&k Styport

mechani s of this epbodi nent is provided wwth a vibration isolation pad 67
arrangedrﬂdjﬁéhfa't:?é0 dEEPﬁ?ﬁl?n@eﬂwﬂ%@a?tﬁla@ggwspmegnmmmamsishe Z

di recti onpetforfsdintd @éhnrbAAWiNE ﬁ%?o‘i&d%:ﬁ%ﬁ% : le, an air mount can
be used as this vibration isoratlon pa @gaflgg ufthernmore, in this
enbodi nent, ad05dwFurthemmiare, Wen atsheidoadetoraledicais nishufictiralippidgade by t hree
suppor t -ggn's 0131].ln_.addjtion, in this_enbodinent, as shown in
Ei gp 13, ’{7e rgﬁqﬁ?sg[‘%?g%l]aﬁ of @e a{)ove-gescnbed embodiments, the semiconductor

device is 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 watfer, a step of .
forming a circnit 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 light (BUV light) having a wavelength of several nm - 100 nm as an e;xposure
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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supported by four colums 33A-33D. Undepicted coils including a verti cal
coil and a horizontal coil that constitute a stator of the actuator 54A is
arranged between the columms 33A and 33C, opposite to the base nol ding 64.
In the same manner, undepicted coils including a vertical coil and a

hori zontal coil that constitute a stator of the actuator 54B is arranged
bet ween the columms 33B and 33D, opposite to the base nol di ng 64. Pernmanent
magnet s - t idisplayon dteilikes & amimagih@elemeiff0TD)0d midie rRAcHihg hahis- fic ar e
arranged ;lgn dtbh%hagslgl moJ di.ng 64. [0132] The actuators 54A, 54B are
const i t ut 8FH§ EHPT; Fuythgrmogg, 4is nventionean b applied fuisthexpeste n t he Z

di recti onpaies G i sl i I

ci rcunf erle)nti asr( i _rect?%%t@‘?'ﬂleﬁg%{l&%%?@jﬁﬁgﬁgﬁ%%@ggﬁgg% di ng
64 with spitergegivanieys eevides isfoomed HyQkBR]a piotdHilmgppbiceesdessn opti cal system PL
is supported b anallel.link nechanism. the projection optical system
PLis rigidly &g%grﬁé?‘é"r&ﬂgf%%mf BFPTLLe tﬁﬁ eyt @’?‘e%BPF’l‘?S’HP PPYRat ect i on
(XY di 1 eckysten as d sigid IS bs sudfend QA BBrARY rodpdft 15 4 BAGELoriTEAANT oM Of
this enbodi nent flexibly supports the projection optical systemPL in the Z

di rect i onERYer RIS FruchRe Wi agpyplingireemiecys dfledbleistmitnrestheteizawei ght  of

t he supp ‘Bﬁ-&i? | i.gh d.t.he vibration of the

proj ect | gél&gpt i cg| s?s@gﬁd‘@ﬁtag%g&ggﬁleﬁéé?(?@% © Sryeges 9y compared

Fur t her mipe, conventional caarple, avatié ocdupied by @) rigd sQRneOEdnbR re®ited, 86 Withoh
supported yia the base | di ng 64, but the projection optical system PL can
be di r ectPY %3 SR Reriotancs capgbility, & sechqniam sobien pan badighiovied.and Ake cosbr

exanpl e, ddhbeedduyegupport the projection optical system PL using the
flange 18 of the projection optical systemPL. [0135] Furthernore, the
proj ection optfHHll sthetcenplipg membeyecaesprad deugly lmdesdb thesuppot mgmbbe suppor t

hani t1lgh I I ddi t.] i h - de I,
embod nonpaieeit) SnE RIS o RuBleg ok hmk 14, 8F o R TR BRI GRTHLE wi r o5
or rods, fluge 1es oppaspdmtbiciny astadtied ad tHe\oH SHTLaDS tAE AFMBRAR! hollubyatdiSin gk a

- chain. The exg%)sure apparatus of this enbodi nent can be applied to the
above- neffPBA8Y stationary exposure type exposure apparatus, or to a

scanni ng type{mps%l@ﬂ@ﬁ{véﬁﬁb%hak%ééﬁ&eg&rﬁﬁd%ﬁiggfe}én%te Qe e apparatus

of the above-nmentioned enbodi nents can e manu ured I'ncor porating
and opt i mbpdiments ibereofywhich atel cxemnplaty, diris 6pbd welers®ypd fathedovention th i a

plurality.af ke r.0j ection ti.cal stem.intqQ the main body of
the exposure ag%gr a% u%i, and | erillg‘i%ﬂﬁof'%gmflﬂ’és‘ rﬁ%éin&‘feﬁh%"t 1gJtended P FeVhaf er
st age cowposeanafifietions and arrangements. In addition, while the various elements of the
- preferred embodiments are shown in various combinations and configurations, that are
exernplary, other combinations and configurations, including more, less or only a single

clement, are also within the spirit and scope of the invention.
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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 mrent, 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
a seniconqgiﬁggggéggﬁgltigganufactured by using the projection exposure
appar at us ri bed enbodi nents, the sem conductor device is
manuf actured 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 ofl. f orAn epjical devadeeconiprizinga silicon material, a step of

performng alignnent by the exposure. apparatus of the above-nentioned
enbodi ment and expggioﬁécaér?) %%r lf)leot“ﬁgaPé‘PP%el RAE™ wafer, a step of

forming a circuit pak i - ! i
g ircuit pahpssrddsHehASnES ABLBR sBucluRe dhd %@gg@ fié\tflgé)s‘%&)gg?.%g i ng

a device (including a dicing process, a bonding pr a pa
process) , B eptical memberstich ghat thecbptinal mérkber Haogs88h thinflexiblesenttimn andin be

applied to a liqui ystal panel nanufact uri exposur e .appar gt us
di sclosed in, for gfg’%’?’é&‘%‘%{’gﬁ h’ngpgﬁﬁlaCIﬁﬁtBF F(g%?ﬁltb‘ﬁl .OPWJ@? 04.
Furthernore, this invention can be applied to a projection exposure

apparatus using extrene ultraviolet light (EUV Iight) having a wavel ength
of several nm 2 100heprtiga dgwice gpeleim &, Whergimthe Gegble stmeturehasor lowet hi s

inventiongs 140 -0t I .on for th XPOS ratus for
manuf act u I?lll na&g‘ssn g nleg ggﬁ%tﬁ:@ § rﬁ%g@?rgé%rﬁ%%d}cuggéc R'Sflé’ 3 Ef ‘ﬁiaglsl q%’i%?lﬁgcﬁﬁc an be

appl i ed t meatbeettpoinusa diragjar iralkel tothe BpHeH] agisWlitRgoptivhl AUsbelevi ces such as
a liquid crystal display elenment fornmed on a square-shaped gl ass plate, or

a di splay device such as a plasma 32 display or the |like, or an inmaging

- elenent (CCD),3a MRt Qpi L Hin-f4 L | . a chip, or
~the ]Jice. Furt herm)re,gp %ﬁgbﬁﬁ%‘e’ﬁ??‘%ﬂc‘?ﬁ& er{g%g?%ﬂe)fo;e Stugl%ﬁe gﬁ%@?ﬁ? e
process (exposure apparatus) in which a nmask (photonask, reticle, or the
|'i ke) having a, nmas, attern of rious devices is fornmed by using a

phot ol i t hogr aphi ¢ E’P%Elé‘%%a?df’@ﬁ@ﬁ/ﬁm%r‘ﬂﬁ‘%@nﬂ%e Bexiblesimenreingludeni s

i nvent i onfleMh&Bowdbldd BItRE wifan optical systemas a rigid structure is
suspended and supported wth respect to a predeterm ned nenber as arigid

structure via a coupling nenber as a flexible structure, there is a
possibility of.usi t he vant s of both rigjd and flexi ble structures.
Therefore, corpar eﬂﬁe ?Qlcg?g%‘ﬂ%‘?ﬁg‘ﬁ?}ﬁ’a ="é@?§‘i’fﬁ|ﬂ:‘£ h%?‘q‘rﬁﬂﬁ HS®&upi ed by a rigid
structure can be reduced, so without reducing a device performance

capability, a mechanismportion can be |lightened, and the cost
. _ The optical device of claim 1, wherein a length of the flexible structure is at

least 1 meter.

7. The optical device of claim 1, wherein the flexible structure includes a rod

member and a flexure provided on at least one of both ends of the rod member.

8. The optical device of claim 7, wherein the flexure is provided on each of the

both ends of the rod member.

9.  The optical device of claim 1, wherein the support device supports the

. optical member from an upper side of the optical member.

10.  The optical device of ¢claim 1, wherein the optical member includes a
projection optical system.
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can be reduced. [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

drawi ngs: [0142] Wile the invention has been described with reference to
preferred enboﬂi rmﬁt%s the{(fot, ich are exemplary, it is to be understood
that the inventilon 13 oRitcal dqvigeiad glaiy 1 further corepriwiag a v ationsiselstion

constr uct i ion WARhIrBNRRS b _Qi’brziltﬁ)\%ig?}ag %?ﬁgal LRisTM%EGon JARL 8@%%3?9%%{6&}6& ghd ons

and arrangenents. In addition, e various el enent preferred
enmbodi nentydbratien isalatheniparticartiengsprovidbd atadrieend of it fexible gtruettieons, that are
exenpl ary, other conbinations and configurations, including nore, |ess or
only a single elenent, are also within the spirit and scope of the

invention. 33 WHAT 112 &pdhINERide S cﬂaim]ﬁ';‘v@lgﬁe'hf’ﬁa'e SOOI 8t Y RindpilsBIa e

opti cal nenber which fornms an i mage of a pattern; "a support device having a

f1exibl e 3¢ Whishene endips thaflerable stractineds attgubed,tsucly that the optidatmembrenipergssuch
t hat the i Gal r ngs,.via the flexible structure; and a positioning
e el W ARl e

devi.ce having an ac T5h the optical nenber. 2. The optical

device of claim1l, wherein the flexible structure has a | ower

characteristic frequency in a direction perpendicular to an optical axis of
rh’ee

the optical ndAberlheppiicalexicaiof eleith dR, whergin the actwatohpositierisghé optical of t he
opti cal ngigﬂgf ti i of claim 1. wherein the flexible
structure 1 nc "ﬁé‘g"sh rg%cf%thg%mgrﬁ%a%‘é{ni%g%ﬁ%ctdgwg of claim3, wherein the

flexible structure includes a flexure coupled to the wire. 5. The optical

device of claima4, miae?ﬁhﬂ debiRe b 8%ith §3] WheéeRhé PSsitibhingd 6viOPEdftisedeVi ce
of claim1, wherein a [ength of the flexible structure Ts at least 1
neter. 7. The opti @slisplasgment sshsay veliioh measues sik degrines-6f-Brédoheofst r uct ur e

i ncl udes g; ] | exur rovided on at | ea one of both ends
of the roglsﬁr@g%rg%qgﬁ;?ﬁtg&o%ﬁé%aqpﬁﬁgl\fﬁ%b?ffmgf’éﬁsPr‘? ,tc’&ﬁ % the flexure is
provi ded on each of the both ends of the rod nenber.

15.  The optical device of claim 1, wherein the support device supports the

optical member via a flange portion fixed to a side surface of the optical member; and
further comprising a measuring unit which is kinematically supported with respect to the
flange portion and which is provided with a sensor for measuring a positional relationship

between the optical member and a predetermined member.

16.  The optical device of claim 1, wherein a member in which the pattern is

formed is integrally fixed to the optical member.

17.  The optical device of claim 16, further comprising a micro-moving
mechanism which micro-moves the member in which the pattern is formed with respect to

the optical member.

18.  The optical device of claim 1, wherein the support device comprises a frame
to which one end of the flexible structure is attached, such that the optical member hangs
from the frame via the flexible structure; and further comprising:

a base which is supported by the frame via a vibration isolation member; and
a stage which drives a member in which the pattern is formed, on the base.
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9. The optical device of claim1l, wherein the support device supports the
optical nenber from an upper side of the optical nenber. 10. The optical
device of claim1l, wherein the optical nmenber includes a projection
optical system 34 11. The optical device of claim1l, further conprising a
vibration isolation portion which reduces a vibration in an optical axis
direction of the optical nenber, the vibration isolation portion bei ng

provided at onggen f u ure 12.. The .optj.cal devi ce of
claim1, wher EIqI’? tgréh%s()@%lg%r‘{eblcfé \??8@1 ﬁp gl the pibration isofa b\ﬂ? e end of
the fl exi tihatudkisrone bfla pivios aid 4 lekad, such that the optical nenber hangs

fromthe frame via the flexible structure. 13. The optical device of claim
12, wherein the actuator positions the optical nenber with respect to the

frame in a non 260Nt oo BN oo b cladh s R EALiAIGE Of ¢ @i m 13, whereln

S
t he positioning device co AcenBiit Sensor which measures six

degr ees- of - f r eedomashunigimpsadtddemiovesdothebhsesd Bito chtceDPidactibn fREDBEt W t h
respect to the frane. 15. The opti caI device of claim1l, wherein the
support dé%/ge@graé onperent of thistegs aBbnber via a flange portion fixed to a

side surface of 1 WAL B urfdblst GRRNLY S N9 a easuri ng
Su

unit which is kinematically orted wth res ec to the flange portion
and which is prOV| ded with a sensor for nmeasuring a positional relationship

bet ween the op er and a red 16. . The opti cal
devi ce of clai 8? ?%dﬁwﬁﬁ% ?rewtgﬁep%ﬁwerssm@g%m s

i ntegrall ao&hﬁ@@l ehﬁr&ﬁee@ptl cal rrenber 17. The optical device of claiml16,
further conprising a mcro-noving nechanismwhich mcro-noves the nenber
in which the pattern is formed with respect to the optlcal menber. 18. The

tical d f 1. wh t d f t
ohi ch one end 3 « bEpPicet gPESESt s ARG txcmessurion R thARIaSrdotsB1 | cal
 menber hanmferasmam tahe f&rﬂﬁﬂ@ombﬁsﬁa?%1$éa¢§hph§w%y£t&ﬁtwm€h gclﬁgmw folgr

conpri sin a_base which is suppor frame via a tion
i sol at | ordoyERiy of ages with sespget tovah optichl pa‘ésafa lasenrbeam jused iy thie lasee pat t er n

is for WEdinté?fér&HStePase 35

23. The optical device of claim 1, further comprising:
a tube which is arranged along a side surface of the optical member; and

a liquid supply which supplies a cooling liquid to the tube.

24.  An exposure apparatus provided with the optical device of claim 1, wherein

an image of the pattern is transferred and exposed onto a substrate by the optical member.

25. A method of supporting an optical member which forms an image of a
pattern in an optical device, the method comprising:
supporting the optical member by a flexible structure of a support device;
positioning the optical member by an actuator of a positioning device; and
providing a vibration isolation device at one end of the flexible structure, the

vibration isolation device reducing a vibration in an optical axis direction of the projection

optical member,
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19. The optical device of claim18, wherein the vibration isolation nenber

i ncl udes one of a pivot and a flexure. 20. The optical device of claim18,
further conprising: a countermass which noves on the base so as to cancel a
reaction force that 1is generated by novenent of the stage; and a flexure
whi ch supports the countennass on the base. 21. The optical device of claim
1, wherein the optical nenber is arranged in a downflow environnment. 22.
The optical device of clain115 mherein t he neasuring unit includes a | aser

o o on ) ce 2" 0SB o S50k s B I £t
| aser bearchuaeribic frbfichéFRia dl!ré&x%ﬁ &)&Fp%fm:ﬁar to%m: opli%ﬁ eﬁt?st bfE optfesl ce Of
claim11, further conprising: is arranged ong a side surface

of the Optm%berrﬁlmmgradn@nwnaaramqmo&emnypalwmfcheeptmau mmember.cool i ng i quid
to the tube. 24. An exposure apparatus provided with the optical device of
claim1, wherein an inmage of the pattern is transferred and exposed onto a

substrate by tRg. optTheahetheddfdlaim 25, witrélR tiROTexdble SHERAF infideya RRREI cal
menber which forns an i nage of a pattern in an optical device, the nmethod

conpri sing: supporting the optical rrenber by a flexible structure of a

support devi cepg. POSl oA daaPP | RlTRINRL Y AL HALAL PhoRee

posi tioning deV|ce prOVI Ing d Vi ratlon i's

~of the fleamﬁhbksheummure the vibration isolation device reducing a
vibration in an optical axis direction of the projection optical nenber.
36 26. The nethod of claim?25, wherein the flexible structure has a | ower

charact er i sti cod eaypagtenid & ikes WAL IRANGLAILAIplRan OPtical axis of

the optical nenber than in a direction paral ptical axis of the
optical nenber. 27. The nmethod of claim25, wherein the flexible structure

includes a wir 2 Th thod of claim?2 ein the flexible
structure incl g%es 31‘? PF&P@FC(?%G&%GVWW ﬁgerkg}%?‘é{ the dlexthlestrctye i sdeast ai m
28, whereimdidre flexure is a spring.

31. The method of claim 25, wherein the flexible structure includes a rod

member and a flexure provided on at least one of both ends of the rod member.

32. The method of claim 31, wherein the flexure is provided on each of the

both ends of the rod member.

33.  The method of claim 25, wherein the support device supports the optical

member from an upper side of the optical member.

34.  The method of claim 25, wherein the optical member includes a projection

optical system.

35.  The method of claim 25, wherein the support device comprises a frame to
which one end of the flexible structure is attached, such that the optical member hangs

~ from the frame via the flexible structure.

36. The method of claim 35, wherein the actuator positions the optical member
with respect to the frame in a non-contact manner.
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30. The nethod of claim?25, wherein a length of the flexible structure is
at least 1 neter. 31. The nethod of claim25, wherein the flexible
structure includes a rod nenber and a flexure provided on at |east one of
both ends of the rod nenber. 32. The nethod of claim 31, wherein the
flexure is provided on each of the both ends of the rod nenber. 33. The
met hod of claim25, wherein the support device supports the optical nenber
froman upper gi7de Theti@hapsf daiin & MIRfein Bt achiatoriRébads ok delRfoRS,
wherein t%&ptl al menber includes a projection optical system 35. The
met hod of mebdisplasrpat anforaatiqnnidhe opfioal membenpith sespeet té thenfsame  whi ch
one end of the flexible structure is attached, such that the optical nenber
hangs fromthe frame via the flexible structure. 36. The nmethod of claim
35, wherein tha8act Tat aetipabofdlains23, ety theahppartberice sppbris hepetitalt 0 t he
frame in a nqn-contact nmanper, 37, 37. The nethod of _claim 36, wherein the
act uat or FEHESF ¥ atlaneq pgrtinndiixed 1o  side suriaes of the pptigab member. #nd A on of
the opticabmpréher With respect to the frame. 38. The nmethod of claim 25,
wherein the support device supports the optical nenber via a flange
portion fixed providisg dercasurirgmmitwhichés lapéematadallysniysortedarith fespech tr the

conpri sing; provi.din nmeasyring unit which i.s kinematical l. ypport ed

wi th respRaRERRprighai Which dncliessinsen i sashring & patibiend) ratdnshinhgtween

Teasur i NGtk qpelhéiek: she bR igiinean the optical member and a
predet erm ned nenber. 39. The nethod of claim25, further conprising:

provi ding a m cro-noving nechani smwhich m cro-noves a nenber in which the
pattern is forged w.h _respe to fhe optical .nmenber. 40. The nethod of
cl ai m 25, wherée?n \tMIl“: eg’ﬁg}?@r‘ff%&’é\’ﬁ eﬁ}f FYERES8Ef rane to which one end of
the flexible sprowiding £nicroahbARE Gféchliih whidd midP&-nRRleh § AentRYREWHIMANES

fromthe frame via the flexible structure; and further conprising:
provi di ngPatepnisdompadenith sespegs o thecaptisgl memabén ame via a vibration isolation
menber; and

40.  The method of claim 25, wherein the support device comprises a frame to
which one end of the flexible structure is attached, such that the optical member hangs
from the frame via the flexible structure; and further comprising:

providing a base which is supported by the frame via a vibration isolation member;

and

providing a stage which drives a member in which the pattern is formed, on the

base.

41.  The method of claim 40, wherein the vibration isolation member includes

one of a pivot and a flexure.

42, The method of claim 40, further comprising:
providing a countermass which moves on the base so as to cancel a reaction force
that is generated by movement of the stage; and

providing a flexure which supports the countermass on the base.

43.  The method of claim 25, further comprising:

arranging the projection optical system in a downflow environment
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providing a stage which drives a nenber in which the pattern is fornmed, on
the base. 41. The nethod of claim40, wherein the vibration isolation
menber includes one of a pivot and a flexure. 42. The nethod of claim 40,
further conprising: providing a countermass whi ch noves on the base so as
to cancel a reaction force that is generated by novenent of the stage; and
providing a flexure which supports the counternass on the base. 43. The
net hod of cl ai M425, Thyrh&@sd 60N 38, Weherdh RSN HhD Anit iihedel 2 Qikeppt | cal
systemin .a downfl ow environnent 38 44. The nethod of claim 38, wherein

t he measurPiSEerometen, ad lyntber mMiSE: i nterferometer, and further

conpri sing: prQyL&i whi ch rf onns | ocal.

downt | ow of o Grofufie Aotdsl 1ATSC LAY bERAN SBRALNRIEE o diiNiteq by
t he | aser respeetrtben@ptta pathdif.a 139ee bedh ol ©f thell@erin?aferédeteer conpri si ng:
providing a tube which is arranged along a side surface of the optical
menber; and providing a liquid supply which supplies a cooling liquid to
t he tube. 46. e opfy i ' rein the stage and the
count er mass rrg\?e oﬂeﬁgé%ggﬁ&%%g%%&%ﬁcﬁggp%gw ce of claim1l, wherein
~the positioni ngrefddinge tprswhich isartdnged alohig aafidensanfaes of the aptidal ednmben, and
perpendi cul ar to an. optic axjs of the optical mher. 48. The opti cal
devi ce of cl ai ,prqlv}?maﬁ@wg} Upﬂfé'%lggﬁlﬂlM}eﬁgcagl\lﬁggﬁq%&gq thedhe the  opti cal
menber in a direction of the optical axis of the optical nmenber. 49. The
optical device of claim1, wherein the flexible structure can be displaced
in a direction4per pdidiopticaddevice vhedaiop 20 catheramithe stafe andl tire toudernmass

manuf act urj eyice, conprising; exposing a substrate by using the
exposure {éiﬁggrogttﬂtj%gaasg’ defined in claim?24; and devel oping the exposed
substrate to manufacture the device. 51. The nethod of clains 42, wherein
the stage and the counternmass nove on the base. 52. The nmethod of claim
25, wherei n t h#7posiltie ontiend dendios efclpios i 1 Whersintthe positioning device positions the

optical member in a direction perpendicular to an optical axis of the optical member.

48.  The optical device of claim 47, wherein the positioning device positions the

optical member in a direction of the optical axis of the optical member.

49, The optical device of claim 1, wherein the flexible structure can be

displaced in a direction perpendicular to the optical axis.

50. A method for manufacturing a device, comprising;
exposing a substrate by using the exposure apparatus as defined in claim 24; and

developing the exposed substrate to manufacture the device.

51. The method of claims 42, wherein the stage and the countermass move on
the base.
52, The method of claim 25, wherein the positioning device positions the

optical member in a direction perpendicular to an optical axis of the optical member.

53. The method of claim 52, wherein the positioning device positions the
optical member in a direction of the optical axis of the optical member.
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optical nenber in a direction perpendicular to an optical axis of the
optical nenber. 53. The nethod of claim52, wherein the positioning device
positions the optical nenber in a direction of the optical axis of the
optical nenber. 39 54. The nethod of claim25, wherein the flexible
structure can be displaced in a direction perpendicular to the optical
axis. 55. A nethod for manufacturing a device, conprising; exposing a

substrate. by using tihe nhddSH cIARIEE Wwhohdah flc RNy strfifu e’ Béd&gla{;ﬁg{d ned

in claim25; and devel opi ng the exposed substrate to nmanutactur
devi ce.  ag@lirection perpendicular to the optical axis.

55. A method for manufacturing a device, comprising;

exposing a substrate by using the optical member supported by the method as

defined in claim 25; and developing the exposed substrate to manufacture the device.
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