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Manuf acturing Method. The present invention relates to W for
providing utilities such as power, water, control si gﬁgﬁg %‘é%@é t hr ough
cabl es, hoses or pipes to a novable conponent in a vacuum chanber. More
parti cul ar | 5-029%@10-Khention relates to tlhe incorporation of such devices in
a |lithographic projection apparatus conprising: 5 a radiation systemfor
providing a projection beamof radiation; a first object table for
supporting patternl rreans t atter e servjng to pattern the
proj ecti on beam acc a?‘b‘“ﬁﬂ@@?%d‘“%?ﬁﬁﬁf’a{‘@%g%ﬂ‘ ethod.t abl e for

hol ding a substrate; a vacuum chanber provided with a first gas evacuating
nmeans for generating 10 a vacuum beam path for the projection beam a
projection systemfor projecting the patterned beamonto a target portion

of the substrate; and a conduit for providing utilities to a conponent
noveabl e in at | east one degree of freedomin said vacuum chanber 15 The

term "patterni ng means" .as here enpl oyed sh | d be, broagl terpreted as
referring to melpRPIERERt IRYNNOR 1§ tPéoéﬁlﬁﬂ O% RTPHLDE “%Céa‘i‘ #on 20 beam
with a patt d S t I be
O S BRSSO, BB Syt b

al so be Useél‘)mpdhehhlrﬁa Gwmhﬁi(&han%}eMJ)ﬂeé:arﬁ&i&arfBﬁltHe fatehe6A rwaiek t& elig espond
to a particular functional |ayer in a device being created in the target

portion, sushorporasion ¢fmuelydaviees ipiar crhpgraphlcmrhmu@keepmat@s cempeising) .

Exanpl e% of such atter ni n 25 include: b .The concept of a mask

is well known %3 W‘ﬁ&&?’%ﬁ&\}m gﬁﬁwfi‘rngaﬂ?{(‘?feﬁﬂg’é Vbégo%uch as binary,

al ternating phasgrsBhityraBRoRll %JEJE}B%BYh% SeRiif2 %040 EP 2

phase-shift, as weSF astt\a}arlgusrﬁ% H%Eat er types. | ggeﬁerﬁtgg%as%ch a mask
serving to pattern the projection beam according to a de51red pattern;

a second object table for holding a substrate;
a vacuum chamber provided with a first gas evacuating means for generating
10 avacuum beam path for the projection beam;
a projection system for projecting the patterned beam onto a target portion
of the substrate; and
a conduit for providing utilities to a component moveable in at least one
degree of freedom in said vacuum chamber.

15

The term “patterning means” as here employed should be broadly

interpreted as referring to means that can be used to endow an incoming radiation
20  beam with a patterned cross-section, corresponding to a pattern that is to be

created in a target portion of the substrate; the term “light valve” can also be used

in this context. Generally, the said pattern will correspond to a particular

functional layer in a device being created in the target portion, such as an

integrated circuit or other device (see below). Examples of such patterning means
25  include:

- A mask. The concept of a mask is well known in lithography, and it

includes mask types such as binary, alternating phase-shift, and attenuated



in the radiati on beam causes selective transm ssion (in the case of a
transm ssive mask) or reflection (in the case of a reflective nask) of the
radi ati on i npinging on the mask, according to the pattéﬂﬁwlg%yﬁﬁ%ﬁ«. In 5
the case of a mask, the first object table will generally be a nask table,
whi ch endPE$.G1R&P t he mask can be held at a desired position in the

incom ng radiation beam and that it can be noved relative to the beamif
so desired. A phasghaftrasbvel a5 varions Aybag mash ey pes aMptematt of seth amdedvi ce is a
matri x- 10 addressabl.e. surface havi ng{ba vi scoel astic contrpl layer and a

reflective sdPFACEARHOR BEaly causssisple e THERTIR S FesaBbar at us is that
(for exanple) tr&q{g{és%ﬁﬁ%ﬁgﬁg 68 eﬂ%f:ti&rtf'ﬁnrtgé ERELE ?ef?eUfiJfré‘ﬁﬁ];lf)‘?;fltﬁé:t I nci dent

light as diffract ereas unaddressed areas refl’ect 1ncident |ight
as undi f fract edditighimpinggien e mapgk; agording b thd eitterh @ thainthskinidi f f ract ed
light can be filtered out of 15 the reflected beam |eaving only the

di ffracted |i ghe ciseiof adnaskntherirst ohientsrble wilhgensselly bee sask tabde.t er ned

di tot dd ' tt f .t trix-adressapl f . A
cocording o Ui S0 CEE g R T 8L AP, UL odkegine Sur e, o
arrangenent Ofifxédrﬂbﬁgrpaaiﬁﬂfﬁ ’beﬁﬁ{:ﬁld)tfham%gﬁ] be meQQel'aH?% {e/dl Igllé%eiui‘l blgl I'ted about

an axis by applying~a suitable localized 20 electric , or enpl oyi ng

pi ezoel ectri c saclesiedd.on nmeans. Once again, the mrrors are
mat ri x- addr essabl e, such_that addressed m rrora will reflect an incomng
radi ati om bearf Programintable matrogpiractPanexample atisnchasdayioeils # 81281X- in this

manner,, the refgléect ij be%rcré Ls- atter nqd aCCcor di ﬂ%%rtap 4 heéladtdr essing pattern

el. ’ . adqQr sa%e avl avVvl elastic contro 1d a refective .
of thg mat ri x-addPEssabr 8“1 op 8. e required 1 1% GaGr essi ng 25 can be

performed usi ng fse. TakIbasie peiGEpRbEhiA® A anl bRl 9khdi iR rekimpld ons
descri bed hereabove, the patterning neans can conprise one or nore

progranmebl e riddrassedaareaays thaueflectivef surfaed feflactancidentlight as ddfracted her e
eferred o canbe glemned, o xamle (Tom Unied Sates Bipns s
Vo S 305 WL o ST EIFE a0 e o
framgsor tabl ehe fﬂec&ﬁ%ﬂn@leavﬁﬁg@mlﬁﬁk diffrdctodei He behindali ¢his manner,
the beam becomes patterned according to the addressing pattern of the
matrix-adressable surface. An alternative embodiment of a programmable
mirror array employs a matrix arrangement of tiny mirrors, each of which
can be individually tilted about an axis by applying a suitable localized
20 electric field, or by employing piezoelectric actuation means. Once again,
the mirrors are matrix-addressable, such that addressed mirrors will reflect
an incoming radiation beam in a different direction to unaddressed mirrors;
in this manner, the reflected beam is patterned according to the addressing
pattern of the matrix-addressable mirrors. The required matrix addressing
25 can be performed using suitable electronic means. In both of the situations
described hereabove, the patterning means can comprise one or more
programmable mirror arrays. More information on mirror arrays as here
referred to can be gleaned, for example, from United States Patents US
5,296,891 and US 5,523,193, and PCT patent applications WO 98/38597
30 and WO 98/33096, which are incorporated herein by reference. In the case

of a programmable mirror array, the said support structure may be

embodied as a frame or table, for example, which may be fixed or movable



17 FEBRUARY 2006 P-0298.010-EP 3 as required. A programmable LCD array. An

exanpl e of such a construction is givenin United St atl@%@gﬁ‘{?ﬁ@ first

5,229,872, which is incorporated herein by reference.

obj ect ta\m]e %ﬂ; ikﬁpcase may be enbodied as a 5 frane or table, for
exanpl e, 8 “be fixed or novable as required. For purposes of

sinplicity, the rest .of, this text may, at certain |ocations, specifically
direct itself toaséﬁ‘é%qdes i nvol ving a mask and mask table; however, the

general principlg rQ%aﬁyﬁaﬁQmmHaiﬂ AH%&%@E%f%Q&PL@o&%&ﬁSHd Jbg, broader
context of the pattérning neans as’ hereabove set forth. 10 Lithographic

proj ection appar@hited Saresiatdis &df 50209 ,8BX awptle 15 mloxtplaeatedrhamirabyur e of
integrated circuits (1Cs). In suc‘g@a case, the patterning neans, nay
generate a ci rcmefeff}?ﬂetéﬁﬁ e thashyshabiset tablean thisgnspiraua eﬁrab@dleéfasahe | C,

o more 3di 6e)  ortaReSEbAbAReSLabouchard e TRl e Bl RPN W Tn
l'ayer of ragli dr?@sé%f@g{ﬂeﬁéngit'fher@;t%f'tﬁis té41§348 10} certdin Y6AKDAL,, @ Single

wafer will co work of adjacent’’ target portions that are
successi velspeclfxtaikja datrce:d its¢lhtd bampley ieedivary systlemd onsk able hotiener, tha

current appar at enpl oyi ng patterning by a k on a k table, a

di sti nct i orBeasHt B@nﬁ*@ dﬁﬁﬁém@@ wsisla?tﬁwﬁ ébﬂ“qgi?ﬁé%endﬂt BFpader conesine type
of i thogroafp%g ! a@@l@%agg%s target portion is irradiated by
exposi ng the 8PR ont e target portion in one go; such

an appapat us is L@l@csgm;sﬁly pf@%@rdrﬁﬁbﬁaeata&a% buafsed, fo epdifple, innthan al ternative
apparatus - comonly referred to as_a step-and-scan apparatus - each target

portion is mamefditareef ibjegrpedorasts (es)ylnswmahnicas, thmparmsmngamtaes maynder t he
projection beamin a given refer enc di recti,on \ﬁﬂtlza gq}ngﬂ@g ddfxr ection)
Whi T e syncHFBRGHLT SrQELRTIFTG e Fndidyal fss PLHedC dpd ¢

anti -paral | gt @ Ihbsidl eS%‘:&E‘ta t’}S‘&uoh’(T Q%Bﬁ{pé‘lsmg;ﬂf‘e orth8k &Eé Qp system

b
wi |l have a&rragnl%l catl factor r%l (‘gener a spee V at whi ch
t he subst r aubstrabl(gliie wafer)nbak hislHeeheoaed MWlaMﬁ¢fmélatxbﬂ%emtt1M| ch the

25 hore GeueieTBA- AN 1B - dan SRET A R HER 4y BRP OBy 0RO Facent
| ncor por at etg\jrget portions that are successively irradiated via the projection system, one at a
time. In current apparatus, employing patterning by a mask on a mask table, a
distinction can be made between two different types of machine. In one type of
lithographic projection apparatus, each target portion is irradiated by exposing the
20  entire mask pattern onto the target portion in one go; such an apparatus is
commonly referred to as a wafer stepper. In an alternative apparatus — commonly
referred to as a step-and-scan apparatus — each target portion 1s irradiated by
progressively scanning the mask pattern under the projection beam in a given
reference direction (the "scanning" direction) while synchronously scanning the
25  substrate table parallel or anti-parallel to this direction; since, in general, the
projection system will have a magnification factor M (generally < 1), the speed V
at which the substrate table is scanned will be a factor M times that at which the
mask table is scanned. More information with regard to lithographic devices as
here described can be gleaned, for example, from US 6,046,792, incorporated
30  herein by reference.
In a manufacturing process using a lithographic projection apparatus, a

pattern (e.g. in a mask) is imaged onto a substrate that is at least partially covered



30 herein by reference. In a manufacturing process using a |ithographic
projection apparatus, a pattern (e.g. in a mask) is imaged onto a substrate
that is at least partially covered 17 FEBRUARY 2006 P-OiggEBB@ABY 2006y a

| ayer of radiation-sensitive material (resist). Prior to this imaging step,
the subsP03%0¥eR undergo various prdcedures, such as prinming, resist
coating and a soft bake. After exposure, the substrate may be subjected to
ot her pr ocedlayesof mdchionasnsitipostatariab esisty Mrakao(tRERBnagaesedpoplnent , a hard
bake and 5 neasurenent/inspection of the inmaged features. .This array of

pr ocedur eRDFEatgIRAY Wadergp Kidous RrBC‘iﬁléﬂf?SeFWha?ﬁ g 5l CQAEPEARER a devi ce,

. 0. | h . i h
€.9. an |G ! AIA?T%F gﬁréoggxl&gghé %%)p rate Ty B@%#P&ﬂo%hgﬁé)ﬂ)??@r%ﬁgmses suc

as etching, 1on- n { ing), ~ nmetallrzation

cheno- nechanidsakbxghiestuke (PEB}, developent) g Baliequridi ni sh  of f an i ndi vi dual
| ayer. |If several l|layers are required, then the whole procedure, or 10 a
vari arft tmesssofmenti inispévaive af sheunagsd deatertsf bhis arrey ohprpcedyrss is wWedns ual |y, an

array of devices will be,.present on the. substr fer). These devices
are then %BpHrtatRatfery 'f"bfﬂdé{‘]n‘éuaﬁ@fqﬁ aﬁGV'ée’tee% ﬁﬂﬂéﬁé‘(“\gﬁ% Ra‘)é%maﬁi g or

saw ng, t i ndj 'Eq” i .he :ADL ier

connect e\cli\’({;‘tg g?}gﬁnn‘g}?déé%kgl.’y urtadﬁg?é;ll&%fs g(?isrr%stc]& %hﬁpg’rlgg;&?l g?ﬂéﬁgﬁsg{r@:’esses can be
obt ai ned, mkatliAKaapbAdaticm rhthe-rhebknichM pylshingpett 5 aFadrendet icofinis®\ Pract i cal
GQui de to Sem conductor Processing”, Third Editjon, by Peter van Zant,

MG aw Hi ¢ff apisiyisivpllgyaze If sevgaldaysrsprg mqored shemthesvhole psesedsrasd her ein

by ¥ e]];%):][ ? agx(r;aei%aéllt: reé'%(gf? wslglﬁgvé) {o ge![ {_?éleai.t([s:cii rfé’r.’.qa%%ﬁewgrlg}re?ﬁ?\i(_le%@uafi Stg Tﬁ%%?/ d be

her ei re 0 as ens"? "howev S rms

broadly istRLRESHEH baPresétt SNERTDBESIBYwNfRY) THEsIAPREs 2 tReDiePaik@N SYystem
including refractive optics, reflective optics, and catadioptric systens,

for exanplirem cieenoslttirdtyi orechyisue mabeas didhg or savchgdehawapbaadisdoger at i ng
sccord oy any o Lhese Sesian Lpee Lof Seetiag st L
T o
t abl el$ ( afubkieatid oA @radizaeGidekotSahli@s)ducior Prucdsingy Tthigl Bdisioagby devi ces
the Peter van Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07-067250-4,
incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be
referred to as the "lens"; however, this term should be broadly interpreted as
20  encompassing various types of projection system, including refractive optics,
reflective optics, and catadioptric systems, for example. The radiation system may
also include components operating according to any of these design types for
directing, shaping or controlling the projection beam of radiation, and such
components may also be referred to below, collectively or singularly, as a “lens”.
25  Further, the lithographic apparatus may be of a type having two or more substrate
tables (and/or two or more mask tables). In such “multiple stage” devices the
additional tables may be used in parallel, or preparatory steps may be carried out
on one or more tables while one or more other tables are being used for exposures.
Twin stage lithographic apparatus are described, for example, in US 5,969,441 and
30 WO 98/40791, incorporated herein by reference.

In a lithographic apparatus, the size of features that can be imaged onto the

substrate is limited by the wavelength of the projection radiation. To produce



additional tables may be used in parallel, or preparatory steps may be
carried out on one or nore tables while one or nore other tables are being
used for exposures. Twin stage |ithographic apparatus L EEBRYARYZ886 f or
exanple, in US 5,969,441 and 30 WD 98/40791, incorporated herein by
reference. B-%8.QI0tHbgr aphi ¢ appar atus, Sthe size of features that can be
imaged onto the substrate is |imted by the wavel ength of the projection
radi ati on. iTegprtetdceitswitEBRIgRY d2a0y ¢f-dxed8s gibhdre bighenvpgragingd circuits
with a higher density.of, deyic and hence, hi.gher oper.atin speeds, it is
fles! r abl e v 5 Se5igble i e 3Bk imnet BATIS SOt ROHH O EEATPan;

| i t hogr aphi gy HQbBL B AP bishs € ol Tt 1 e bed dr K04 £YSHELAED DY

mer cury Ialfr%r{l)sé OF lefcr?%gr ﬁ?gggirrs, si?@@gu eaen pr%lrl)]ogee(frto use g{%b’?er

wavel engt h liags af eoimar bkeray i0 hadbekd prop&ed o nsdshatied maivsleh?jhl’mdiaeibhr ene
ultraviolet (EUV) or soft x-ray, .and possible sources include |aser

produced pladsneunsblimges Sueh mshasiogds pirmedeextremerdaaviplet HYD coselix-razdi at i on

fromel ectron sto e rings outline design of a lithographic projection
appar at us. JoR R SpRaRPEE Sydedrdt priried BRLP sivges ischLBRRRRBer on

radi ation SQUfEes: ?}F}Qh?&@gﬁ?éiﬂéorf QbrPAd RS it8PgX 1indY, AntdiRERARAYen o0 JB
Mur phy et al, Appli‘ed Optics Vol. 32 No. 24 pp §920- 6929 (1993). %lher
proposed r adithbgraphicypesgciing lapperaeis esingopndearen andiaiiom isokacmbed iRur t her
information with regard. t.o the use of electron beans in |ithography can be
gl eaned, foﬁmskaﬁﬁpe,ragﬁaaﬁvwm;?m@, cPRSensSEs !%spsw%mnl%iey BhoREARRYAs {1 om

peam 19%patk VHIEAD L g PRt Qb e g 3PN e Bt TR onent . b kept

beam 1 ing nponents, be kept

in a high vaciher phbgosed ridiatiiretypas inkhslereliciron hané ahd ssinbdaphs. ng of the
beam whereby a total pressure of |ess than about 10-6 mllibar is
typical |y faedssarfpringtion foth tagardfeche pag of edeasrdsebasms imlitkeguaply céror

t i E di at,i t t | b
Do nean 1010 gdnGb 8t R baromls ocbiap AT T 28 FRERF Sell a8 heH Ebn can be
spoi | ed, bys.bbes depoBhdst Ofbedlof Gk hark AAB BUNVIHRRiraHESARS: chthiealy 1 mposes

the additional requirenent that hydrocarbon partial pressures shou
gener allby Ipethk epdudiaglthevirask pobgidst end bpricat xampbeerye| evkepd ir8a highl 0- 9
M bar O ThY & o et o S or Sihtefing of e beat oherciy s " 1Ne
total pressure of less than about 10® millibar is typically necessary for such charged
particle beams. Otherwise, for apparatus using EUV radiation, the total vacuum
pressure need only be between 10 and 10” millibar. Optical elements for EUV
20  radiation can be spoiled, by the deposition of carbon layers on their surface, which
imposes the additional requirement that hydrocarbon partial pressures should
generally be kept as low as possible, for example below 10* or 10° millibar.
Working in a high vacuum imposes quite onerous conditions on the
components that must be put into the vacuum. For components inside the
25  vacuum chamber, materials should be used that minimize or eliminate
contaminant and total out-gassing, i.e. both out-gassing from the materials
themselves and from gases adsorbed on their surfaces. It has been found that for
the desired degree of movement required by the object holders, conduits can be
made of plastics materials so that they are flexible enough. However, these types of
30  materials often are deleterious to the vacuum in the vacuum chamber because

out-gassing of contaminants as described above will occur. There are plastics

better suited for vacuum applications (e.g. teflon), but the large number of cables



conponents that nust be put into the vacuum For conponents inside the 25
vacuum chanber, materials should be used that m ni m zeIDPFEBRUAR2M®6

contam nant and total out-gassing, i.e. both out-gassing fromthe materials
t hensel ves and from gases adsorbed on their surfaces. It has been found that
for the desired degree of novenent required by the object holders, conduits
can be nmade of plastics materials so that they are flexi ble enough.

However, tin@Sthes %afish afe RQuitBd & baled thfJudh thé Qadlalg pedseRtS 1dre bigaceacUUM i N
t he vacuum chanber because out-gassing of contam nants as descri bed above

Wi | | occurarearteeow-gassinglod sohtamindres.tlé will e tdefficudtrto\gzt apartadlyl i cati ons (e. g.
teflon), hut the |arge nu r gcables 17 FEBRUARY 2006 6 and. | i nes which
are requi H’B’ TQGRTRRN P@asqrﬁggﬁm?{)ﬁ@rggcmﬁ*b&rg&ﬁw&vf‘a NJU#flce area to
out - gassi . t.am il AN . tially
hydr ocar b%%ngﬁgg%r%gggﬁmwﬁeﬁpge’%é {EBP §f %aﬁ ;&%{jﬁ ?oédélrlgg(l%%ﬁﬁg,é&\ﬁgéen pl astic

condui ts appracRdl. IFWOLREBSRES, debiablE t§ be abld 8akdude B O BEBbAduItERKES their
use inpractical. It would be very desirable to be able to reduce the use of

condui t s. Hewexsrecqnventioraltdesigas ofl eubsirase, mhaskdpdttranster stagek asndenyr ansf er
stages are ve

B T R
vat ot and SR558 ALJ A BE O SEIA SLESM Ay G [ KgtYE LT

st ai nl ess prateetih@klectric withguppl y and exhaustion of an operating fluid or
gas in a vacuum anbi ence. Two adj acent pipes may then be coupled with each

ot her by a j oi rliq cishinayent hiaprebieadt has beenqwopoededgndi® 4,998 6etotusef one of
the pipes relative tq the other. The (nefal pipes j11 not . suffer from
Ut - pace; AStabRinen Biads o8 sttt i e ot tho sump1iacd a¥hensfl 6Bt he | of nes i s
that it i i tfi : i 1ol LS . d for
fluids or% égc{eﬁsﬁgdqh%tléﬁ g%b%%vgﬁ\%@gﬁdr?g%@% ?#gf@%;ﬁ h@%g%r%,yﬁ%{g% eakage of
gases t hr @ogpledheith pacindtheoby Agoivia ovhich éatrargedeotallohedwinighblecont am nat e t he

vacuum envi ronment . Anot her sol ution has been ,‘E]rmg{)osed by European Pat ent
Appl i cat i srovemertt of ong of the pipes relefivg todhe ethes ohar{metabpweskwill Apbugh hol | ow

pi pes t hatsuiafrere ﬁ%hgé)l(ljtl-gassing, as the nylon conduits will do. A disadvantage of the joints

is that it is very difficult to design joints that are totally closed for fluids or gases
in a vacuum environment. Therefor there may be leakage of gases through the
joint to the vacuum environment what will contaminate the vacuum environment.

Another solution has been proposed by European Patent Application 1 052
549. In this publication conduits are fed through hollow pipes that are rigidly
connected to a movable object table and which pipes are used to transfer
movements from outside a vacuum chamber to said table. The pipes are hollow
and the pressure within the pipes is equal to the pressure outside the vacuum
chamber. Between the wall of the vacuum chamber and the pipes differentially
pumped seals are used to prevent the leakage of air to the vacuum chamber and at
the same time allowing for movement of the object table.

Patent Abstracts of Japan relating to JP-A-05-198490 discloses a charged
particle beam exposure system which bellows provide flow paths for refrigerant to
a'Y stage and between the Y stages and an X stage.

According to the invention there is provided a lithographic projection



connected to a novabl e object table and which pipes are used to transfer
movenents from outside a vacuum chanber to said table. (TREBRURGSY &jog hol | ow
and the pressure within the pipes is equal to the pressure outside the
vacuum chanber. Between the wall of the vacuum chanber and the pipes
differentially punped seals are used tjo prevent the | eakage of air to the
vacuum chanber and at the sane tine allow ng for novenent of the object

t abl e. Patagﬁgratﬁf)%tﬁﬁ’ﬁsth?g:()f Japan relating to JP-A-05-198490 discl oses a
charged particle beam™xposure system which bellows provide flow paths for
refrigerant toaradia{ticgatsazgtgmafnupng@tcgm‘.prpj@etionlsqaagzgfga@muoran X stage. According
to the inventi i I i | Lect ] 7 FEBRUARY
2006 7 appar at (l%gl r%:tgﬁ)er%f iélﬁlﬁg&%{l’bgg@f‘g? %“léekﬁggg‘% gﬁ%’ ?h oeﬁga%lre%\% |§a§%a proj ection
beam of r aehivadg topattan thersdjectiyndehmt azbdrding oo a depedpitterg; pat t er ni ng nmeans, the
patterning nmeans seryin 0 ttern the projection beamaccording to a

desi red patterﬁ;Se%?ngé%{fﬁ%aﬁ)lﬁjﬁg@lotl‘ﬁﬂ%Pé‘n?ggtehol ding a substrate; a vacuum
chanber provi dadawinhclanih2f peviied atithng gisedacuating nganefoapéntgating vacuum beam
path for the projection_beam a projection systemfor projecting the

patter nedaB'é%\‘ﬁ\“b ?@Hatggqrdgqpr&ﬁcﬁ?%hearrbf the substrate; and a conduit for
provi ding util iatpr&8ction sFst&R TOHORIERELAEONE PitteBnddbedin dnﬁﬁ&laréﬁﬂ?ortﬂﬂgr ee of
freedomin said vacuum chanber, the conduit conprising a flexible netal

bel | ow, cRAtEEEbsfa%aNd n t hat said conduit further conprises a flexible
plate for carryi ' ' - n%n i fid hiection parall el
to gravity and}é cgg%@ﬂfggg%&%%tﬁgﬁgﬁé (E:io secgﬁ\gh%‘;r%ﬁlteﬁ? ?tzlgasgibfriééct i on

per pendi cdegiee pbireddent inseid varuuse chasber, Tthe corduih conduit refers to the cabl es
and tubes . "1‘5?‘9 W.ities to the noveabl e
conponent.éo%ﬁbﬁléﬁ%gdem |%ggfagggﬁz&?é%rﬁétgﬁzﬁgﬁkﬂa'rt efers to such itens as power
cords, signal esadcprdhst fugbe compeses(adleyiblé platefopgarpimgsaghfexibleane@ds beari ng

i the taBlg), CoRlRk bR SRanE S crVRY SAPLG4FRTRANRNLS ik RELdRa WP wyOUUM

direction perpendicular to the first direction.

The term conduit refers to the cables and tubes that are used to transport the
utilities to the moveable component. More specifically the term conduit refers to
such items as power cords, signal carriers, gas tubes (e.g. for supplying gas to a gas
bearing in the table), coolant tubes, etc. Moveable components inside the vacuum
chamber including the mask table and/or the substrate table and/or associated
motors and/or sensors may be connected to a frame outside the vacuum chamber
in this manner.

The flexible metal bellow will be substantially airtight and at the same time
flexible enough to allow for movement of the component. The metal surface of the
flexible metal bello’w will not suffer from large out-gassing and at the same time be
easily cleanable so that no problems will occur with any pollution adsorbed on the
surface of the flexible metal bellow. Further, the conduit with the flexible metal
bellow is very light weight in comparison with the pipes with movable joints
suggested in United States Patent 4,993,696 and the differential pumped seals
suggested in European Patent Publication 1 052 549. The flexible metal bellow also
allows easily for some more degrees of freedom than the sol}ltions proposed in the
mentioned prior art.

The conduit may be provided with a fixed bend in a part of the conduit for
restricting the amount of bending in the rest of the conduit during movement of

the component. If the flexible metal bellow bends a lot of time during usage the



chanmber including the mask table and/or the substrate table and/or

associ ated notors and/or sensors nmay be connected to Q7wm]ﬁ§§b e the
vacuum chanber in this manner. The flexible netal bellow w e dé

substantially airtight and at the sane time flexible enough to allow for
novenent of the conponent. The netal surface of the flexible netal bellow
wll not suffer fromlarge out-gassing and at the sane tine be easily

cl eanabl e so that no problens will occ with any pollution adsorbed on the
surface of the flexible nmetal bellow Further, the conduit with the flexible
met al  belfleaiblé metabbsllowi whi lonss itsrstrength endrpay igstdeaknilhfs prokdempiipalieviatedn novabl e
joints SLf]I_c};,qlemsl igd hieq)erllJ int 1clI.St at es Ft%te%%lﬁ ?93t06a96inqrr;lg rtage Liferential
punped seals sué&este P @llﬁ%sﬁéaﬂ a6t EJU%VYICG. ion 5> 549, The

fl exi bl e neEhmhalbadibsoreqaiendent frlthaiselleashiyretjoite & itrepace firethd agichms fafthé r eedom

or ovi dod WAL BT PRBEE b ARG beRaan AQPRICHRT PRLS ORI oy bR Be T P (o

anmount of Jpeedionguit 13 linfidrddsihg Qbagk Mhile eMidimaiadilg reqireieiitis Rbsentle
conponent. If the flexible netal bellow bends a |ot of tinme durjng usage the
17 FEBRUARYeIEsdeeres ebhepfiseipsaid patipyar R 1p fixebechardly agy weaidfiheind may get

| eak. Thi snddI®RIIEWIA thaBhdrENiIRbE&GAr, DY |1 M ting the bending during usage of
the metal bellow to a mninmal radius. This mninmal radius_requirenment for

the bel | ow may Thegomdudt raay br cospeeted forp daping@pansdor dampingvibpéionbw, By havi ng
a fixed bepgde DRFAC \;eoiﬁl | lpr?e;kg; the rest of
t he condui tq}eggp?uﬁpﬁé%iﬂag%sﬁﬁg&ﬁéoggg ﬁ??@ t gH{r}‘{lerﬁtc ?rgfl r isg%n(r?)gqui rement is
| oosened. theThevibde epanpimgnteehicl inflamuticrshoild be avaldgsbastrivedhl asrpopable. is fixed so
hardly any meanﬁcf%f?rdgnget arggéo%ld alg e!ct tVY1h|e rF}re Qn%nv%g{ién \%\fe}elis Sottled aThe Condu'f[
may be connectéd 1o aarrpl ng ans T0OfF danping vibrations 1n the conduit.
Vi br at i onslevine hfaaufacindug methayd usmge lamographicmpemtiscotipeasing she steps off  t he

hocor di ng 1o areeidnes aulete B IR eturlb RPBYaiel e T3 provided a
devi ce mamadigtidnddensigvamiatesidl; usi ng a | it hographi c apparatus conprising the
steps of: pr ovirg‘jié}g gvgcuutl)l%[ tro"%at\?acfupr%tchaingbe?; | east partially covered by a
| ayer of P g ’
projecting a projection beam of radiation using a radiation system through
said vacuum chamber;
using patterning means to endow the projection beam with a pattern in its
cross-section;
projecting the patterned projection beam of radiation onto a target portion
of the layer of radiation-sensitive material,
providing utilities through a conduit to at least one component moveable in at
least a first direction in said vacuum chamber through a flexible metal bellow;
characterized in that
a flexible plate carries said metal bellow in a first direction parallel to gravity and
guides said bellow in second and third directions perpendicular to said first direction.
Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should be
explicitly understood that such an apparatus has many other possible applications.
For example, it may be employed in the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain memories, liquid-crystal

display panels, thin-film magnetic heads, etc. The skilled artisan will appreciate

that, in the context of such alternative applications, any use of the terms “reticle”,



radi ati on-sensitive material; providing a vacuumto a vacuum chanber;
projecting a projection beam of radiation using a radi ayt i FEBRYStEIGeNr ough
sai d vacuum chanber; using patterning neans to endow the projection beam
with a pattRop9§.010-EB cross-section; pmojecting the patterned projection
beam of radiation onto a target portion of the |layer of radiation-sensitive
mat eri al , prwafedigrg dig"ithithis@sxttshovldde dnsidegdiat btiagatplh@dy tieenemponent
noveable in at least a first direction in said vacuum chanber through a
f1exibl e megeaerabagrmeswmaskhaselstuis 2ad "targetpartignt,|respeptieelypl at e carries said
metal bellowin a first direction parallel to gravity and guides said
bellow in second and third directions perpendicular to said first direction.

Al though speci fige Bﬁés&hqm&d@yamtm%dm M%&a%&mnt& A& bepedbwt he
apparatus according to the invention in the manufacture of ICs, 1t should be

explicitdy witaeektonrd td badmplacherabodippatadndstha ascompanyatghehemassi bl e
applicati on%. .For . exg[@ e, it may be enployed in the manufacture of
i nt egr at ed O ISYHEs, gui dance and detection patterns for nagnetic

domai n menori esg: | i qui.d-cr I i SR nel I n=fii neti c heads,
crc. The ki | Fetial AFRSh ANFSaphitaiBlsPloR Bt s FOY abtob MY or ' Such
al ternati veingpphdgati ons, any use of the ternms "reticle"”, 17 FEBRUARY 2006
P-0298. 010-EP 9 "wafer"” or "die" in this text should be considered as being
repl aced by t heFigo? & a sghematt phermew Shewidy,a condbstfonemplogme 4 flexibket

porti on"d res&ggtﬁvelg he\XBr sent i.nvention and its attendant advantages
will bel%esBFiahBHBERERIABEIP LRE F¥FRYNce t o exenpl ary enmbodi ments and t he

accompanyi ng SoRETR £viedliAeRgSecid b lieclindfh thodn dPBeks;2 |1 thoar aphi c

proj ection appardtus for e ing the invention; Fig. 2 1s a schemtic
pl an vi ew showi Rig. 4 iscocrdss-sectianal erept oy iineoflexible exdthll lello®Oacreidihg tretHeow
according to the invdePti on; . C
invention and for usage in the conduit in figure 2 and 3, and
Fig. 5 is a schematic view on a conduit according to a second embodiment of

15 the invention.

Embodiment 1
20 Figure 1 schematically depicts a lithographic projection apparatus 1 for
employing the invention. The apparatus comprises:

* aradiation system LA, IL for supplying a projection beam PB of radiation (e.g.
UV or EUV radiation, electrons or ions);

o afirst object table (mask table) MT provided with a first object (mask) holder

25 for holding a mask MA (e.g. a reticle), and connected to first positioning means
PM for accurately positioning the mask with respect to item PL;

e asecond object table (substrate table) W2T provided with a second object
(substrate) holder for holding a substrate W2 (e.g. a resist-coated silicon wafer),
and connected to second positioning means P2W for accurately positioning the

30 substrate with respect to item PL;
e athird object table (substrate table) W3T provided with a third object

(substrate) holder for holding a substrate W3 (e.g. a resist-coated silicon wafer),



Fig. 3is a viewin perspective on the conduit shown in figure 2; Fig. 4 is
a cross-sectional view on the flexible netal bellow accgrdi t.h
invention and for usage in the conduit in figure 2 and @,%‘&ﬁ&.m%is a
schematic_view on_a conduit according to a second enbodi nent of 15 the

i nvent i onP-OBMGB-EEBnt 1 20 Figure 1 sthematically depicts a |ithographic
projection apparatus 1 for enploying the invention. The apparatus conprises:
a radi ati on 289 serpsated tq thisdposgigmmg msgns hV dpeathmielyeamtioBing theadi at i on
(e.g. WV or EW rgvciii atisoercl toeﬂtetgtl{LQgg or ions); a first object table (mask
table) Mr pf‘bl?lslrc?@ed V\ﬁhtlﬁ:% £ TSt obyéct (mask) holder 25 for holding a mask
MA (e.g. @ refl S i FSdaE IS s, PMfor
accurately Sg)tsr!l)j% %:tg%ﬁl %%S@%ﬂgqﬁﬁabgﬁpgmﬁ %er%g%iaci:‘z toai%a!tdg{gtgﬁ;sﬁgﬂ’saecond obj ect

t abl e (substifiatoe grabp ey aMBirapodiicldeidfledtbhs) forsieeging ahpadiated sotoisnr at e)

hol der for holding a substrate W2 (e.g. _.a resist-coated silicon wafer), and
connedt ed t of drecmask Mok ontontaiget poaHan Pﬁ\)‘}efsﬁgﬂé%éw-atel y positioning the 30

substrate wi t.h respect to itemPL; a thi obj ect t.abl e (substrate table)
VBT pr ovi ded WS AR aehiBheiser adabith Loy M rahO 8 g

0 0‘?ng a substrate

V8 (e.g. ﬁdfaﬁ%h%&.?ﬁﬁﬁﬁ%l%k o8 SAge Bo)ided Ar SERRUARYI2O0G HeQ288. 010- EP 10

and connected to Third positioning neans P3Wfor accurately positioning the
subst r at ebeaitt in 7 @spge ringerisyrchrptronaadlasma powjcecan dertysorion(Behens") PL

(e.g. a refractive or catadiqgptric.system. a jrror group or an array of
field defi%¥E ot STFYY IFWBgﬂrri’a“&F?-ﬁ}?%g??’a{?éh‘ab‘éégt‘ioéﬁave CHFEPH%OH%%?i MA onto a
targ porti : [ at- LAt I source
LA onCch torihells OBAEHRElRA Gty Sk ISR EHSHNER HRIRTI RS £,

provi ded dswethshapbangaddansify discribueionrinnits cbesgedtiona st orage ring or

synchrotron, a plasma_source, ?n, el ectron or ion beam source, a nercury
| anp or a | asErebearnPB spbseavensheimpiagestupon the apask MArthatus helstingal 10

component s Ak Heledh | sk LM RBET Pl e kel ke df, esul tant beam PB

transmitted) by the mask MA, the beam PB passes through the “lens” PL, which
15  focuses the beam PB onto a target portion of the substrate W2, W3. With the aid
of the positioning means P2W, P3W and interferometric displacement measuring
means IF, the substrate table W2T, W3T can be moved accurately, e.g. so as to
position different target portions in the path of the beam PB. Similarly, the
positioning means PM and interferometric displacement measuring means IF can
20  be used to accurately position the mask MA with respect to the path of the beam
PB, e.g. after mechanical retrieval of the mask MA from a mask library or during a
scanning motion. In the prior art, movement of the object tables M T, W2T is
generally realized with the aid of a long-stroke module (course positioning) and a
short-stroke module (fine positioning), which are not explicitly depicted in Figure
25 1. The depicted apparatus can be used in two different modes:
e In step mode, the mask table MT is kept essentially stationary, and an entire
mask image is projected in one go (i.e. a single "flash") onto a target portion
The substrate table W2T, is then shifted in the X and/or Y directions so that a
different target portion can be irradiated by the beam PB;
30 e Inscan mode, essentially the same scenario applies, except that a given target
portion is not exposed in a single "flash". Instead, the mask table MT is

movable in a given direction (the so-called "scan direction", e.g. the Y



desired shape and intensity distribution in its cross-section. The beam PB
subsequent |y inpinges upon the mask MA that is held i n1AFEBREARWL@Er on a
mask table MI. Having been selectively reflected (or transmtted) by the
mask MA, the beam PB passes through the "lens" PL, which 15 focuses the beam
PB onto a target portion of the substrate W, WB. Wth the aid of the

posi tioning means P2W P3Wand interferpnetric di spl acenent neasuring mneans
| F, the substrate table W2T, WBT can be noved accurately, e.g. so as to

posi tion dirkdtRm§Rithtadbedt v, R iiat tieprdiBetidideRAPB Rical 8 tb@ANOKE Simlarly,
the positioning neans PMand int erfler onetric displacenment neasuring neans

| F can 20amask dmage; eoncaranth éhesupgmitq fable WAE, insienulwpeonsiyimevedpect to the
Path of teqReam. oF BhockSairdlibeht JRRORYCRly [RIELRXRI Rf the mask M from a
mask |ibrary or durerg a scanning'notion. fn the prior art, novenment of the
obj ect t ablagsifivition#Tthe kns BEfegaM ¥ 1rdeal I/ )eth thistrharinks aaeldtivdly a | ong- st r oke
nodul e (c?ur se positioni n%ze and a ,tﬁhort-_st roke nmoduyl e (fine positioning),
whi ch ar e 13187 t3E8eh PPIEPR (£30 BrefiiPopedhl WithO; hYing toEOMPTOMISE Qe ct ed appar at us can
be used i peshM@iodl fferent nodes: |In step node, the mask table MI is kept
essentially stationary, and an entire mask inage is projected in one go
(i.e. a singl el lithoptaphigmprejectionapparatup ascording toTthe preadnd inrvgniéor, abl e V2T, s

t hen shif i X and/or Y di.nections sp.that a differ t ar get

or ti on R sird ol ey And 8o R otied GG bR vEB R Vadum ChelB M cent Pal 1y ¢ ne
sane scendhé Paappl infide tHRXQERIM thatibed 2Qiv@atédWwiBR b va@uint évabudtihgnot exposed in
a single "flasrtl". I nstead, the mask table MI is novable in a given

di rect i on™epRe I¥ExBPledPU R an direction”, e.g. the Y 17 FEBRUARY 2006 11
direction) wt ?igﬂﬁ@?%eﬂmti@ﬁlah@?&v§H6%iri§£)&écﬁﬁhit9&o?ﬁﬁ§td°tﬁe'iﬁreﬁﬁéﬁed to scan
over a mask inmage; concurrently, the substrate table W2T, is simultaneously
moved i nTweeconduits ©F anshipd sornectcthe subsirasp table W2dpespgetively WMBT ton which Mis
the magni Eﬂe%ar%ép%&i‘fef cabllShh R Dnl TS, Thé"éameléhé\‘ni%’s .(ﬁ%%}ag dns‘é if)l S _manner, a
relatively large target portion can be exposed, W thou aving to

conpr om séollnv thei 3espedtivenablé th the Xi-dikegompinhavipg oetedtoothatedypetsat us accor di ng
to the present, jnv H;[io

the position of the tabrié w?tﬁ-n respect to the cable shuttle and which detector causes
the cable shuttle to adjusts its position if the table moves in the X-direction away
from the cable shuttle, so that the shuttle follows the substrate table. In the
Y-direction, the conduits C2 and C3 will allow for movement of the substrate
tables W2T and W3T. The substrate table W3T and W2T are positioned with the
aid of a planar motor comprising a magnet array in the magnet plate MP and coils

in the substrate table W2T and W3T for movement and levitation of the substrate
tables.

Both substrate tables W3T and W2T may exchange position by moving in
the Y-direction to their respective cable shuttle and subsequently move in the
X-direction passing each other. During an exchange of tables, the cable shuttles

will also move in the X-direction.



| east one of first and second object tables are provided in a vacuum chanber
20. The vacuuminside the vacuum chanber 20 is creat et MBRUARYZDYEM
evacuating neans, for exanple a punp. Fig. 2 is a schematic plan view
showi ng apegesydpidcppccording to the inyention. Two conduits C2 and C3
connect the substrate table V2T respectively WBT to their respective cable

shuttle CS2 T : : i Ll their
respective tggﬁeﬁuﬁthég&ﬁg?%@ta%ﬁﬁ%? h’g\??"ﬁgag’r@? géé"f[bgrBIﬁ]gi[d etects the
posi ti on @fa pdracilabpat o the domdpadE2 boCBHer matricinghhe aimeuandf bdnididg det ect or
causes the cable shuttle to adjusfs.its positign if the table noves in the
X- di r ect i @rihavesy of theondrg Cher @Q\lﬁtﬂ&r@?‘f%@ﬁm the epmpenant M2F r| ows t he

substr at eVd%%l.) Ir;te the E‘[?)extbrl]ee etil %Ie{l)(?vgtsvlrcao}aq. bterrllci3 o&%n?gﬁhlhg usg%%gﬁg g%b]\[/e\/lg%alftéfil | ow for

movenent Of the subStrate ta and VBT and

VRT are pagiow RRSUodetifd stllBgthaind Miy fetDéANThifPHoBlens MWkl Bidddbya Magnet array
in the magnet plate MP and Coils in the substrate table V2T and WBT for

movenent lamdidgehe tbandiog dufinghsageuidshe ateeal beHbweas .2 Botimabudstsr The t abl es VBT

and VT may .exchange position. by ing in the Y-directiqn to their
respect i v@‘%%féa%éll‘ﬁfteﬂll’éef&ﬁ% @ﬁﬁgg%l@r‘i‘f MRy £8¥e? Toh of prRace s Hherarigh passi ng

- the x ar Facke B 3 FRENET AR bt el B BN Tl 1 ey o
provi ded syndbitaC bx€d thebendin@vi tcrelyofBR comdhiBiRIimitéd duriday ddagdil ar part of

the conduit C2 or C3 for restricting the ampunt of bendin in the rest of
t he ciéhduwhilethegnimimaliradivsrequvemenitis bfosened. dbausedegrv@alf bendinggin | f t he

bel 1 ow ey Gssae R PERERAS B e gl et TR P bR B et o e

by Iini tT%gmgwil_h6g&ﬁnmhngn&$u;ilis@aelpiﬁ%n% thar AR4 8t tHRehme Wt OldséHiR: Ml
radi us. e mnimal radius requirenent Tor the bellow may cost a Tot of

space i n thheparachjuiseemdros fdrtrenPeitd oflnoBmetvdmateria usédk otk bemdacuBR?2 or BR3 in
a particull r part of.the conduit, C2 or, C3 the bendi ng%lo{ the rest of the
[ 8

condui t | 4BPEIPRISPIAISFTIAY 2pRAUGYSs 1 BhgeRndurt Ay Fheh hramadest RIastcaui rement i s
| oosened. . [he. | arge degree of bending in

Vibrations in the conduit may be damped by providing aluminum material
to the conduits C2 or C3. The aluminum will work as a damper because the
magnet field of the magnet plate MP will cause an eddy current within the
aluminum which damps the vibrations of the conduit C2 or C3 producing heat.

20  The fixed bends BR2 or BR3 may be provided with aluminum for this purpose.
The connecting elements CE that are used to connect the flexible metal bellows FB
(see figure 3) with the conduit plates CP may also be made from aluminum for the
same purpose. The connecting elements CE increase the stiffness in the Z-direction
of the conduit C so that sacking of the flexible metal bellows FB is avoided.

25 The conduit plates CP are used to supply the conduit with stiffness in the
Z-direction while at the same time supplying some flexibility in the X-and
Y-direction. The flexibility over the length of the conduit plates CP may be varied
to adjust the flexibility locally of the conduit C. The flexibility of the conduit plate
CP in a particular part of the conduit C will have its influence on the extent of

30  bending in the flexible bellows FB at said particular part in the X- and Y-direction.
In general, a flexible bellow FB will have its maximal bending near the position

where it is connected to the fixed world 1.e. for the conduit C2 near the substrate



said fixed bend BR2 or BR3 is fixed so hardly any wear of the netal bellow
inthat part will occur. This nay also help preventi ngngﬁlq,ﬁ%the sane
time | oosening the space requirenents for conduits of non-netal nmateri al
used in a _@zyﬁgw@p i thographic projegtion apparatus. The conduit may
then be made of plastic or 15 rubber. Vibrations in the conduit may be

danped by p{aptéi W ghy @%151&' %é@%%éﬁhg a%iﬁien%@%tr‘i QHFFHI?JIs 2? gﬁeO?Jntaﬁgt- pldfae

al um num wi work as a danpe ecaus magnet nmagnet plate

MP will cauSe mar ey p6sitioetheWehling dah®e batterdinided wire £thedatu fenigtie of
vi brations of the conduit C2 or C3 producing heat. 20 The fixed bends BR2 or
BR3 may be ihedlexihdelbellavn FBlsarthatutheorar ohthe frrihle bellow Thiettes dirvaded averel ement s

CE t hat d t. 1 flexipl tal, bell E fi 3
W th the comitirel ueebe ErhlfFima sl i Radt: AddHeartH HIRTGP The same
pur pose-s, The,anaGe IR BIBAH b Farly I B2 88ud WmShiib A Sihe blled BPD

Z-direction of the conduit C so that sacking of the flexi b:Pe nmet a?, bel | ows
FB i s avoi deeakedmglihe conduuplatep CRt lgsmakinghelassed. Eapstipphy cah®econduit with
stiffness in the Z-direction while at the sane ti suppl yi ng. sone
flexibilityeXeputeddo sketaﬁame\!ﬁa Ppélélpp@ﬁv.nmhé coR@t i ‘mry tgwlealt Metheengt h of

the condul Rtk BRnsds FBY: REURLLS hbé}é’dd?rﬁj'%‘ég%nﬁy{}eetk'e EXAl igfa%eaig?fag' ly of

t he conduit XI'b y of con ul ar part

of the condgiste ﬁbél\éiéﬂs thaveal s bobétgniz@daen the extent of 30 bending in the
flexible bellows FB at said particular part in the X- and Y-direction. In

generall0 a fl exBphevibgthosenmBcing tlemanes CE snadexi rmbetildrdingp mghr t he
position where it i,s canne t ed tg}@tl.he fixed world i.le. for the conduit C2
near the suBEPak@ndvcEEERIARY & BB E S4B IEEIFRERECHFE 812 t he cabl e

Shut tl e CS2c,BYnR08hOfe R1eh@atli 0558 bikel APRERAFLL, BlAe dGB ear those

positions the bending ca ed over the tot ength of the

fl exi bl e beidnmecthly demeiatand kehivleservohs 4 pewéd @t bl a shiglal eweits thet t er di vi ded
over said length and the Lot EI lifeti w |l be I?,nger. JAddj ng extra
stiffness twbstatesallenmayithen e easdp teanstered o ke eaplipgrpedium (e watast

6 rens s, g0, L0 606 VAR DS S Tl
the condui tcdaduher @gillheh¥RAistAbutibie pattern is created with smaller temperature
differences along the wire, allowing for a better temperature control within the
vacuum chamber.
Fig. 4 is a cross-sectional view on the flexible metal bellows FB according to
20  the invention. The bellow may be provided with electric wiring or a water tube
EW in its interior BI. The bellow itself is made from metal in a waveform WF
giving flexibility to the bellow.
One could feed forward compensate for the influence of the mass of the
conduits (C1 or C2) on the movements of the substrate tables. This can be done
25  either by calibration of the force influence or by making an algorithm calculating
this force influence. Alternatively, force sensors can be used between the substrate
table and the conduit, which measure the force exerted by the substrate table on
the conduit and feed back compensate that force by adjusting the force exerted by
the positioning means. Further information with regard to such a feed back system

30  can be gleaned from European Patent Application EP 1018 669 incorporated

herein by reference.



flexible bellows FB is maxi mal and by adding stiffness to the conduit plate
CP at those positions the wear can be better divided. 11BEBRUARY @6t he
connecting el enents CE nade of a nmetal having a high thermal conductivity,
| i ke e. gp.@ogmiipiep such connecting elsqement can act as a heat sink. The
heat generated by copper wires, which are also connected to the connecting
el ements and which serve as a power cord or a signal wire to the substrate
table, may then be easily transferred to the cooling nmedium (e.g. water) 15
fl ow ng iEmbodieteat 2bel | ows. By using several connecting el enents CE al ong
the conduit _a reqgular heat distripution pattern, is_created with smaller
tenper at ure TdBYESrs@AVE S Seio¥AG™ lmeflb?f‘g‘lell%‘ﬁﬁ“ﬁ’@nf@rthas giteether enper at ur e
control withi 1Ok [ - ' view on the
1 ext bl e Hevare bR WA i RE SBHERE CAo et e A cRIBEN IR SR B s O Moy b
provi ded sy The 6hie€hfrieGPNs biigectdd @ thatsebstfaddableENTatirbtationt @iihor Bl . The
bellowitself is made fromnmetal in a waveform W giving flexibility to the
bel | ow. &Y, ot theffered beod B2t gormionsztiet RB2 andavitnthegebleshuttlet he mass of

the conduyjts (CL or C2 he novenepts of the substrat.e tables. This can
bedone. G RirpHEORRPTELRE br LG W LG RE CPBIRESSS 619 G8haRch ' mmii ng. an
al gori t hm qa) CRIPAG {10 tcH'o%thP*Tﬁtgs lflgﬂag%mosﬁ'i&ﬁgﬁ@hk&ﬁ %’n%&@ﬁﬁ Sensors can

be used between the substrate a e condurlt, ch nmea3ure the
force exefidweehday i hetiff wastinhatgrtiallhepsyitiod fethronibradomnsilfiged back
conpensate that force by adjusting the force exerted by the positioning
means? Fdeemasedi nf ormation with regard to such a feed back system 30 can be

gl eaned fro ur.opean Pat.ent. ication .EP 1 0O 669 ingorporated herein
by refer enc%?ngﬁwdﬁéeﬁwgg%%%grﬁgbwﬁﬁo fﬂe]f%%(gﬁmﬁ?n i gure 5 shows
a second heglaost fepill K aﬁﬂ?é‘cfiit@&?l’iﬁtitﬁél inveRtibAiSndt 10HIE] b B alstRstrate table

W2T and the conduit C2 of figure 2 is provided with a sub-frane 5 SF. The
sub- f r amde®Eptionc dnpesicdirs thetihvergidnshasdicen tledshibed\@iovatinrelpibn oo poi nt RPI

wth the fixepl bend FRF at rotation BOi nt .RP2 and with the cable shuttle
the water stage ot a lithographic apparatus that is accommodated 1n a vacuum
15 chamber. However, it will readily be appreciated that the present invention is

equally applicable to mask tables or to any movable mirrors in the apparatus.



CS2 at rotation point RP3. The sub-frane SF conprises two | egs, which rotate
around RP2 with each other. The sub-frame SF positi Onsl'fPEB%b%&@ib%@d during
novenent in a stiff way in a particular position so that vibrations will be
10 decreased. The invention is described above in relation to preferred
enbodi nents; however, it will be apprétiated that the invention is not
limted by the above description. l%@\&éi cular, the invention has been
descri bed above in relation to the stage of a lithographi c apparatus
that is accommpdated in a vacuum 15 chanber. However, it will readily be
appreci at ed tAdithdghghpr grsotion apparitusadnpsisinggual |y applicable to mask tables
or to any novable mrrors _in the apparatus. 17 EEBRUARY 2006 15 CLAIMS 1. A
l'i t hogr aphi ¢ 3REREER SYem I DA g AanpFF EanRFamL I radptids on syst em f or
providing a ' ‘| =V el ch I i e for
supporting pg{@é{fﬁlﬁgqﬁgﬁdﬁs%ﬁeﬁ% ttigﬁ?%gleémﬁ@séﬁig pg@%‘?‘g%gn‘g@% pattern the

pr oj ect i osertieg i patcor therpgojedion teewmiaceatdingtto edesired pdemnd obj ect table for

hol ding a substratge;, .a u chanber .provided with a gas evacuati ng neans
for generati @“&ﬂ@%\%ﬁ\r‘ﬁ%@%ﬁhﬁgﬁmwg?ﬁ& proj ection beam a projection
system for projRGimRUahber fReViled WaH abgay Athafin@meaiaet gieidtingn of the
substrate; and a conduit for providing utilities to a conponent noveable in

at | east ®dHEeuugpapepash forteepraiection BeA vacuum chamber, the conduit

COmPr 1 5110 2 Kb BRI L Qe I ARRBI ARk Lk pedcd condui

further conpri's ate~for carrying sal e netal bellow

in a firsofthebutstoticomndoaral l el to gravity and guiding said bellowin a

second and third directian. perpendicular to the first direction. 2. A
Hipgrsiil

i t hogr aphi ¢ 30 B £PTRIOY & QABMPORGROVERYE M 4 1S38h 0% n sai d
condui t Cadppéd Sfbeedoman BAE Va\@inebipmet, fhelcog@nnecting the flexible plate
with the flexible metal bell ow. o )

comprising a flexible metal bellow , characterized in that said

conduit further comprises a flexible plate for carrying said flexible metal bellow in a first

direction parallel to gravity and guiding said bellow in a second and third direction

perpendicular to the first direction.

2. A lithographic projection apparatus according to claim 1, wherein said
conduit comprises a connecting element for connecting the flexible plate with the

flexible metal bellow.

3. A lithographic projection apparatus according to claim 2, wherein said

connecting element is made of a metal having a high thermal conductivity.

4. A lithographic projection apparatus according to claim 1, 2, or 3, wherein
the flexibility of the flexible plate in said second and third direction is varied over its

total length.



3. Alithographic projection apparatus according to claim2, wherein said
connecting elenent is nade of a netal having a high th vity. 4.
A lithographic projection apparatus according to clainﬁzﬁﬁgyi%pgg?&&%erein
the flexibility of the flexible plate in said second and third direction is
varied over its total length. 17 FEBRUARY 2006 16 5. A lithographic

proj ection apparatus according to any q% the preceeding clains, wherein
said conduit conprises a fixed bend in'a part of the conduit for

restricting the space required for the conduit. 6. A device manufacturing
met hod usi_ng a |ithographic apparatus conprising the steps of: providing a
subst r at et haf* litRoZRPNi@RISIeCHAR APRAT3YS RISQEHBRIOARY @ [ the prpceseling

radi ati oncgensSihieye, TRY @%ﬂcﬂxlit’ cop{p%‘%;dzl ?Qecfabe\ﬁﬁ%'y Bhk Or e\ BfiUPTE hamber ;
projecting a projection beamof ‘radiation using a radiation systemthrough
sai d vacuwstrchiagier spacksieqgirgabfor eterdonguieans t o endow t he proj ection beam:
wWth a pattern in its cross-section; projecting the patterned projection
beam of radiation onto a target portion of the layer of radiation-sensitive
mat eri al , gpr oXiddi- g mahifakiuriag ridicu@hea GOBEUphicappahtub €8spbriiAg Conmponent
noveable in at |least a first direction in sald vacuum chanber through a
flexible HESEPSBEl | ow, characterized in that a flexible pl ate carries said

et al el | oW hButidd 1 SlbsiE 864 108 Al L9cgh Bty ad. ol dos sal d

bel  ow i n second ar Irections perpendicular to said first direction.
7. A met hodizicosegsitige metechlai m 6 wherein said nethod conprises the step of
danping i brationg of, 118 Sl L, ARG, danping means.
‘projecting a projection beam of radiation using a radiation system through
said vacuum chamber;
using patterning means to endow the projection beam with a pattern in its
cross-section;
projecting the patterned projection beam of radiation onto a target portion

of the layer of radiation-sensitive material,

providing utilities through a conduit to at least one component moveable in at
least a first direction in said vacuum chamber through a flexible metal bellow;
characterized in that

a flexible plate carries said metal bellow in a first direction parallel to gravity and

guides said bellow in second and third directions perpendicular to said first direction.

7. A method according to claim & wherein said method comprises the step of damping

vibrations of the conduit with a damping means.





