;e3e.**+, 1, N4. 6] . T. U*7 Lithographic Apparatus arid Device Manufacturing

Met hod. The present invention relates to conduits for providing utilities
such as power, rol signals and gases through cabl es, Hoses or
pipes to a mdmﬂmmmﬂm in a vacuum chanber. Mre particularly, the
invention relates @ jhe incorporation gj such devices in a lithographic
prol ection apparat us corrprl sing; S a radiation systemfor providing a

proj ection beam of radiation; a first object table for supporting
patterning means, the patter ni ng nmeans serving to pattern the projection
beam according to a Iiithn%faj:hﬁrab.p piratusadtDeite MiafictifingMetiodiol di ng a
substrate; a vacuum cha provided with a first gas evacuating neans for
generating 10 a vacuum beam path for the projection beam a projection
system for projecting the patterned beamonto a target portion of the
substrates and a conduit for providing utilities to a conponent noveable in
at | east one degree of freedomin said vacuum chanber. 15 The term
"patterning neans" as here enployed should be broadly interpreted as
referring to medis gresnt oarntien tsaes toccoaddnwfarprovidmgivtiditieasichtason 20 beam

with a patterned cross- SECLI .on, correspgndi g t.0 ? attern that is to be
created i n POPEFgEEeh&PRIohsignals 4nd sasasdhr calples, hipses oF PIReg e 2 mavablecan

al so be Use‘lﬁh«l} @unc %%tﬁét,chﬁaﬂe %ML, E“H(%chea 18%%&?;/; Ofif.espond

to a particula Tiona rn a ar get
portion, sudficat oﬁlﬂlohrﬁfeﬁdilﬁlﬂ@@ceslrr é;htliog@dphi&lb‘!@ ecti@rv hp@:iﬁ@@a:ﬁ Fielwg:

Exanpl es_of such patterning neans 25 include: . The concept of a
mask is 9el kn@vmdnnanonﬁrqwgrf@pmwdamgjapxowqw@mb@w or&mhamgmpes such as

bi nary, alternatinh hase-shift, and attenuated hase-shift, as well as
various hybrid. rfﬂ'grkgq é%bﬁe Fﬂfét}aw&ﬁt* Bpr ﬁ%%%tett‘és‘il@m%“?ﬁ‘éﬂ% T8ALS i on beam

causes sel eQEﬂvaﬁ%iorﬁﬁﬁ%ﬁ%ﬁlﬁge&@n bflﬁt-tﬁé’c%?diﬂ% g A Pl mask) or

reflection (in the ‘case of efl ective nmask) of adi ati on i npi ngi ng on
t he mask, accor disaepndoolént taide foholding ¢ ebstraek. | n the case of a mask, the
first Ob] ect tablekg.a_n L}I%gneraljlé% be ,a ﬂask tabl e,. which gnsures.that the
mask can be hel & YAFUUR FAAMPEFPrEvded With ¢ HEt g’ SVABting rerntiiorBeRT At and
that it 16an JRAckEH WahHd ofdht Brdlifichdagnl f so desired. - A programmabl e
mrror array, One exa gew ce is a matrix10 addressabl e
surface havi ng aprn;gcmm systdne farqurbjecting theqrarantd dearafones & kargerporfiage. The
basic pri nC| hi nd ch an apparatus is that (for exanple) addressed
areas of thé& Flm "t’FT\?e“"!fﬂrface reflect inci dent light as diffracted |ight,
wher eas unaddre f acLe l'i ght.

Usi ng as appr opril%ggg ?Tﬁfo@fdmﬁp&ﬁ%ﬁ&%‘:ﬁ%%& %lg t”géé % %Fl | tered
out of 15 tldegneebfﬁeechﬂnluemdvicaamdgmheky the diffracted light behind; in
this mapper, the beam becones patterned according to the addressi rn
of the Matrix-adressabl e surface. An alternative embodi ment o‘m“m“ﬁ‘mmm“ ‘m
programable mrror array enploys a matrix arrangenent of tin

each of which can be individually tilted about an axis by applyi rgooge*
suitable | ocalized 20 electric field, ox by enploying piezoelectric

actuation neans, Once again, the mre ors are matriXx-addressable, such that
addr essed m rr o ge fEm “pastarniag means’ras hereagmplayecishionld bebroadly a di f f er ent

direction t Pl gt%d &S ?e%grrmgrtgorﬂesahs that can be used to endow an incoming radiation

20 beam with a patterned cross-section, corresponding to a partern 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 creared 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 this manner, the reflected beamis patterned according to the addressing
pattern of the matri x-addressable mrrors. The required matri x addressing
25 can, be performed using suitable electronic neans. In both of the
situations described hereabove, the patterning neans can conpri se one or
nmore progranmable mrror arrays, Mresnformation on mrror arrays as here
referred to can be gl eaned, for exanple, fromUnited States Patents 'CTS

5, Z96, 891 and <RA3, : i [ ' ~Q 98/,38597 30

and WO 9833096?ﬁ\’i\%isgﬁéa"‘%%lﬁ'gggég‘gaﬁly@g‘gﬁ{e}%%ﬁ%%‘yﬁggﬂg%r?g%g,‘d’l T e case of
a programabl e imtlfe 1Q8iafibh d¥amichbses @l ddriss RRRYThissb (18 the QséBYa be enbodi ed as
a frame or table, for exanple, which may be fixed or novabl e as required,

A progr ammabl e tagpnissivemaskroraxdenion (of the gate of ecellestivasmslyrofithe gi ven in
United States Pat.ent US .5 279, 872 ich i,s incprporated herein by
reference, As & Vé?n%@ngﬁnﬂﬁ“tgﬁjh?\éﬁ@%@gitﬁ tgﬁggteé%§§tﬂﬁ9’aﬁl& nbodi ed as
a frang or tabkgs «kPbf £XAMtRe ¥Rk fdahd £ as required.
For purposes of s?aoni mﬁit%y,’ tehel reg{k{)?mteﬁﬁg %egx@ﬂyngﬁ%lggiet%’ai n

| ocati ons, spesilfitlcedsuyesthatehe masls edof bd loeld voaptsirad positibrimehea mask and mask
t abl e; however .t he gener,al principles discyssed in such instances should be
seen. in the brYLGEREE %%43&b%sm,taﬁéﬂyétl&@ﬁ%eﬁaw%ahg%@ theheamate set
forth. 10 Lith?@ﬁ?s?xtyﬁlc proj ection apparatus can be used, for exanple, in
the manufacture of imntegrated circuits (ICs), In such a case, the

patterni ng neamsprogyarifRbleadhRret dfkayC Uk eRhpRI] s d &SRRNA B an

i ndividual layer of the IC, and this pattern can be inmaged onto a target
porti Bh (e.g cedfrerssblaguriace havingorwiscgelassic contml bybsanda rflegivei con waf er)

that h b tedwwi thia I . di,ati on- it 15 terial
(na has 0PRSS R SRR otk SRR o
adj acent tar gebddRkded anss bhiMe rafl @rigt 6HESs &éf&kf/intcfd@aﬂg@&%gdﬁ racrkd'e

proj ection system one at a time. In current apparatus, enploying
patterning by &ghtskheorns annddressechiveas refledliisdiden: fighrascaniffracted ighbet ween t wo

different types,of machine, In,one type of..lithqgraphic oj ection

appar at us, eac@ﬁ‘?ﬂ’d’e@%ﬁ?‘iﬁ%ﬁihﬂé the f%@?‘%&-‘g@cﬁ;ci@bﬁéﬂ %g{tﬁég gotehtire mask
patte onto t pOL tii i a ys_i s_conmonly
ot errad o as e yapar bpak leifing Sulg i it d R bR midag oy
referred to astle btaepbenothes pancrapd accatdisg to drclddtadigepatpeniof ek | s

bearm i n & g1 verLaF SREHUBIPHE ROrPREPE® SRR ogR PECEPOmbla L&
synchr onously mwlamy}eﬁ%ﬁeﬂ?&ﬁ{%éﬁﬁéﬁmﬁ fﬁﬁ{ﬁé%,rg%rsioer“@ Pf %kgc rallel to

this direction; since, rojectio em W e a

magni fication tacbomditidosdlyedlsdd abosr 43 axis be applping a\éuithblehdcalizdghe substrate

table_js scanneﬂ W L@‘?e eiwfactor_ Mtinmes that at which the mask table is
scanned, More FRFGIG 635 %H*PIPE'@&P@FZP@EW!FIﬁ@fgﬁfatpmma@eﬂmesgm, here

descri bed can fol g I f 110 S, 5, 046, 792) i.ncopporated 30
herein by ref epgen%%rf?éﬂﬁageaﬂr%% ?a;cg’%?‘lﬁﬁdu%}} g%g%‘%gﬁsﬁ? @lréc'\)si‘fﬂcf@{l bhi ¢

proj ection appa &idé®ing rixHiric Beabfints diffBrea: ARedtdonits uhﬂ@d}@ﬂe&)ﬂﬁﬁo?s; substrate
that is at |least ,partially coyered 1?-0zgs. 0~0-En by a I:%er 0

R . |
radi ati on- sensif Fiemspnes fhe reflecsed beamn ispartomed ecaondiog torthyi adgressiag, t he

bstrat Kol® h prim , I St ti
and a coft ol BRERE RS I SEHIY Blfors THE FHig R FRIR pARRAR o ot her
procezhures, sugih BSpaidesdd & ial5le RRK®PoAiL mieh. In BEMEL ORI RLridhs har d bake

' ME
and 5 nmeasurenmenx/ | nsEecti on of the inmaged features. T+1| s array of
procedures is destibed herehbosiesthe papeatring mean candompristabnd @ymoreof a devi ce,

e.g. an IC. Such a patterned | ayer I hen undergo. vari ous ocesses such
asgetchi ng, ioﬁg?ﬂﬁ‘?‘_g}#_ ’?‘B’ﬁ"“(ﬁ\é";}?sr@# ﬁ‘i‘g?rﬂﬂti"?éiﬂlg’?iﬂ,“?WFﬂ'ét“F [}#P_ o
chermo- mechant calfeid e e gleinid, fof btarkdlh SRR SR oBBIL LA 11l vi dual

| ayer. |If several |ayers are require n the roce or 10 a
vari ant thereof,29w8P1 knd&35¢5,323, 198, 4raliPAT edteno appiratiomeWiO b84s8597 Event ual |y,

an ar . :
foind 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



of devices wll be present on the substrate (wafer), These devices are then
separated from one another by a technique such as dicing or saw ng, whence
t he individual devices can be nounted on a carrier, connected to pins, ete,
ru~~t her information regardi ng sucla. pr ocesses can be obtained, for
exanple, fromthe book "M crochip 15 Pabrication; A Practical CGuide to

Sem conductor Processing”, Third Edition, by Peter van Zant, MG aw Hill
Publ i shing Co,, :98duirddGBN 0- 07- 067250- 4 |ncorporat ed, herein by
reference. For the sake of si icity ro' ec LI on systeixi,, may

her ei naft er- be r &fpogrgmabl aé&ww E‘i &WPS‘ZW@M’P\%E’(YGF@ be br.

"ncl Udi ng 1 of r acFRRd S mwé/”ef“aﬁﬁigtlﬁc%ﬁém‘i%dﬁheﬁ%ﬁ&: c syst en.
for exanple. Thegadhal Wanhsves URiARYbRLebIE B¢ thidlenst ap HaehiledRaakat | ng

according to any o se design types f directing, Shaping or

control 13 ng the frojeentilsle foeamnyle, mhi:hmayrhe fowed oz modvablergs vepmted. nay al so
be referred_to below) collecti veI y O 131 ngul arly, | ens 25 Further,
the |it hogr Bphperpestsafatmplicsy thes 8f°féi 18 /3 TRAYY At ‘&‘W&a)l“&im%r e substrate
tables (andfor 1f{ V\@)(gxrem{sa)f ng:lagne%?s%sélluné :{En?ﬂ:c IH}EII: t'aﬂkeho%zﬂg? thelevi ces

the additi offar e us preparatory st'eps may be

carried out geHerflsind léﬁlll&uﬁs%muemc‘l'd”lhh@n&ﬂehdﬂid Bﬁﬁsen@m biey bricaddresneexe bei ng
used for exposures ‘IPW| n stage |itlxographic apparatus are described, for

exanpl e, i nofihenowening meannis Wa@@% QF@‘TQl i ncorporated herein by
reference, In a Li hi c. arat us SI z ature t hat can be

i maged @ﬁt o the iu%‘é’ﬁgﬁﬁ HIQJEF PRRFHYS faﬁle %fgﬁa‘{a&%e’fﬂ %roj ection
radi ation. oprOdYees 1an’ r%& cﬁcm gFTn'SschtaQWeaﬂﬁcba&Ef it bdad thildy @ hi gher

density of devices and h hi gher operating speeds, it iS desirable to be
abl e to i mageneramlal muﬁ@nemmrre‘sﬁndmg tonarsin Mduaélwetofﬂheéﬁagtd this

projection apparatu ul travi ol et. nerated by nergc | anps or
croimer | aserEi e ggm B cRgERROTion €8 ORBFRER Tn s B IS SR at | on 5

of around |3 érate gﬂﬁ g\t.lia'l? Rad ke %%Givﬁfhti 1@?& dflrﬁdlﬂﬂbﬁlﬁeﬁhtﬁ'guv) or
an e so

soft x-say, rces Include Taser produced plasma sources,
di schar ¢& p ImemalS(msrst) ek grneisl;nahrpbd we)f&r waldl borithimm Wholmrmttemﬂirqfradﬁatmtag e

rings. Aa outline desi g;ln of a l |t,h M&F p.ro ecti,on apparatus using
synchr ot r on '58% BAITIGRS P él’@ssb‘F‘ieEFé‘EF PF@:H’PG 15 BYPISCHIRAY e, %ﬁﬁ‘ées and

oot o vor ft%éﬁ-R%?héﬁﬁfp%%séﬁ%s?é@béﬁﬁ%%ﬁ?%aﬁ BER I PRUSRLR, 8 PP e
i ncl ude el eclistinrnbg aim bandde baweentwo dEfuré:tteypesm‘fmathineoIn omddgpe efjard to

the use of e]ectron begns,in |ithography can be glea or exanp from
US 5, 079, 1131%%&12156%%6@109@9%‘1%6% TAEBC} PYHORAS 3@6@1 g!e@‘POﬂ%ﬂaetypes

The masho < hutt paCRitr A Rpt i AEEb AR ke KSR AT R, O T ¢

is to prevenrbmahssl &Efeﬁreda@d! Divafee feppét Itgatﬁi.ltérﬁkﬁwb Pgmmexedmnmlpt al
pressure of |ess than about 10'i mllibar is typically necessary for such

char ged pamreieereldéar-tsasr@ﬂedﬂagepparewsmsacﬂamt perting iruvagiated ¥i on, the
total vacuum_pressu 1€ need tvvee Ie bar tical
el enents forP® EWS§YF¥§&F%’PFEH %‘5‘%‘%’2 ?Bwaﬁtﬁﬂelﬁ’fﬂ?“%}fn&eﬁﬁ%‘f’t % B ot g;)tr bon
llayers orr trlfrdnce dirediéh (thd!edhi ‘%&&nbﬂﬁﬁﬂd&y‘n@fﬁbuﬁl%éﬂnﬁﬁ[ﬁﬁ& t hat

hydrocarbon partial pressures should generally be kept, as | ow as possi bl e,
f or e~@anplsubyedtevablopaalsl or engpatalle] tl%thls digsetion; ,Smcg inrgenerhl tte vacuum

h
e vacudm TBIEHONSHRER oAl b SepnBesist ARG Y oy fﬁitﬂéﬁpgﬁ’fibs'hﬂhf’d
be used thatyeRyiakieeuBl b WEIOR L GrG el WA A Herct M theésachapwwmﬁgleng, B

bot h out-gassing fromt material s thensel ves and from gases adsor bed on
t hei r surf acessk fablehiascatesih Mare infotiatior mtlﬂm@rde@htlmgrapdmf devicef anovenent

requi red by the obj, | d ndui t made_of .plasticg materials
so that theyheseé e%CFlgi‘ii ﬁar"gbﬂeﬂi@i’é‘ﬁﬁ Ok @rfaomﬁz-‘s%ﬂify Fs ingorpasatedt eri al s
often arg deille%ﬁrﬂ}p}é?erﬁr?ce.t he vacuum in the vacuum chanber because

In a manufactyring process using a lithographic projection apparatus, a

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



out - gassi ng of contam nants as described above will occur. There are

pl astics better suited for vacuum applications (e.g. teflon), but the |arge
nunber of cabl es P-029 8 , 01. O-EP 6 and lines which are required to be
| ed through the vacuum present a |arge surface area to out-gassing of

cont am naft@78.PL0-BPI | be difficult to4get a partially hydrocarbon pressure
below 10'B or 10'9 mllibar, for exanple, when plastic conduits are used.
Fur t her nobg a layee of raliation-sehsisivs nfatayiul (resist)iRriornakleds imbghg svperhienpr act i cal
Tt woul d be very desirable xo be abJe to reduce the use of conduits.
However , Vet en underee vareuIrogesdysesy sich as prsRugtesistcartganda ages ar e

very conp d [ unbers of.sensors. and drgj ve

arrangeme %éfg 85'1? i iAg%’g 5%5.]&&11@% g llgs‘ﬁ’g"r”g% rﬂat}'n%eﬁ”?’e&egc% r?glfﬁr P O‘FE(SIPI%OW\?Ey ing

vat er andagppes-eRpstutObalitl (PEBY,dePslopinesr, b hard'bdklngd 10 To circunvent this
problemit has been proposed in US a993,696 to use netal pipes nmade of

st ai nl &ss mratweeinght/inspedtive ofithp imaged deaswiva Bltis amayos! procathmesis nsgl &1 ui d or
other by ACFU TR otars ok v PTag Bl e Shd o FRSEEMEHENST one of
ot her by tE Sl _ one o
the pi pes gl fkd ﬁﬁdérg?/ }/(E)h‘r?],o@stcﬁ(}ﬁﬁesse-mﬁ%{ %ﬁ&ﬂi&n@k&ﬁﬁﬂ 1354&@93&% suffer from

out -gassing, as the durts dr sadvant ageforet he joints

i s that imetalizaeion, dithticu|dieto-rediaginal polishing ! diaf alhinterddetiab finishl osed Eor
fluids or &ases I n a vacuym envjronnent. Therefor there may be | eakage of
gases t hr BUgh 1pawidua] layex. & sereral layers arecieqniresh sltan theveholeypracedurat emi nat e t he

vacuug enyi e 0 i 0 S, bge oposed Eur opean Pat ent
ropl | e By BbrsoL HAI Ml b hoR et 85 RS Rt SRS T Entihy AR ough

hol | ow pi pedevidtatwilibe prisghelby tlenBaeie twifer) aTHRY 3b)iSes QBd Bich shiakied and whi ch
pi pes are used to transfer novenents from oOutside a vacuum chanber to said

t abl e. Théop pessanathemay & tashaigye steh gsdegng opsawilogyiwhenkeths indiwidwl equal to
t he pressare outs'?:de t he 4/acuum chanber. Between, h,he wal |, of the vacuum
chanber afd THREDPHECUTFIT &F & FHFEFISPNB ?fEt,"rﬁiEﬂ efc Fugher wiprmation, pr event

the | eaka aMing?twchtp}oegfeB?ea@Bgtebﬁmm 5 Italﬁ}fr$ﬁ‘%héﬁﬁﬁl<“" uakigowi ng for

nmovenent of the object table. I's an object o~ the present i nvention to
provi He aFilinidtignaprectnabGadds tor$eiceadpenca Puscessing!, Thivd (RaitiomIbyy r educed

probl ens due to Qut- i n tecrials d.J onduit in a vac~.um
chanber, g%%ﬁ?’?ﬁ 2&“‘6 gﬂ‘tﬁfé“?ﬁ\%ﬁgﬁb‘ﬁnﬁw ?'eﬁ"?v%%@%@f’azﬁq‘bhogr aphi ¢
projecti omcorfdr%gﬁefgiﬁ)bg@eﬁ&%@glat us conprising: a radiation system or
providing a projection beamof radiation; a fit'st object table for

supporting pat Fer thengknaf @ampdicity,the padjectioni spgemaanshaeinditeghd 0 pattern the
proj ection bea accPrqli ng, go a degi,red pgtter n, a second object table for
hol di ng a*<derbed 1oasdhe Zleps s homerasaibeterp shovldde hapadly intespreted gss evacuat i ng

meanssd o WaTok ‘ 'projcectj on _bean; a
pr oj oat oéhm'%ygt eﬁ# g%‘%rs\é écétﬂl? Hggj?ﬁle&%eg{’ H}éczﬁﬁgéf#%ﬁéloe 8PY%r get portion
of the subslecatecoprivathntlratadiamridsysterhg fordxaiipth. The Whdiktidd §frenPmayConponent

noveabl e iln at . | east one degree, of freedomiu said vacuum chanber,
char act er HsuHcltfie COpONERts APEFANRE RerasRiBETa ey af thessdeasiza typesdbr bel | ow. The

term condiird o f : h I8 used tqg transport the
utilities t oCt{nﬁémégb%Sﬁ%ﬁé%?}@ eﬁ?’ ?5&%?621 seﬁé]c‘?ﬁrf@gﬁfﬁ’ ﬁ“ﬂe‘“&ér m condui t
refers tocdrbpanetins inhprisode rplewved te beldw, coll@iladly eakinglhtly, SaSlidibes (e. g.
for ;uﬁppl él n gg:ﬁ t %pa gas bearing in the table), cool aht tubes, etc,
Moveahl e ‘é‘ﬁg‘?fm lithogeaphic %@W&M@Wﬁ haviok tep vy midre snlestard abl e
and/or thgpgd ?eﬁmtdr/g} Bord 3006200 q:ab?éssf.qﬁlsgélf gmultiple stage” devices the

addirional 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



notors and/ or sensors nmay be connected to a frane outside the vacuum
chanber in this manner) 20 The flexible nmetal bellow will be Substantially
airtight and at the sanme tine flexible enough to allow for novenment of the
conponent, The netal surface of the flexible netal bellow w |l not suffer
froml|arge ®u02982046ERY and at the sane tg ne be easily cleanable so that no
problenms will occur with any pollution adsorbed on the surface of the
flexibl e netipleghedd @wmiwithehighbhdensioy efddviotk bid hieseHigher _*atp@raﬂﬁ%a' 25
bellow is vary |ighx weight in conparison with the pipes w th novable

joi nts suggepeeds, if is desirelde to Bt able to Patge ntnallerde8u696 Vallie niver didkdrar ent i al
punped seal ? fu%g]?ehst ed . n.Eu, ropeaa Patent Pu.blicgatioa 1052 5~9. The
f1exibl e metde 16 R IP P LARRGAEIEERPIPY uitravidlg FREFEFEE DY EBEIEHIN r eedom

| exibl e metar” ’ e i
be-pr ovt ded Hnp FiCeRiABCRERS, ifhds Vel Bbp RS it Und e iladMa0RR0N | 1oV
anount of befidiowmd 13ntheSuchstadiation hereanativittentt iltRoiole (EURY tor 9t &gy,

component, If tb,e flexible netal bellow bends a [ot of tine during usage
the P-0298ndpossile rswxmméludéfamr nf@dwd/pfasma spBRsse discharge plasmah and may

| eak. Thj b | Laviated by, Linit] he bendi ng._ dyri

Oet ek, TSRl LSl LAk Wbl i DRAG, Sl g o520

for the bel laaithspyphiePebjeerich hspardths ﬁ%?gtcsrnmottm FRRHbAS &@Er&)ﬁe’ﬂqnbm | ow, By
p

having a fixed bend ifn a particul ar of the conduit the beading of the
rest of the "Epwrhubtrongadintidn entirchsmid gondsagsys furifrojectien xiray hebograptyS,u

part 107 (B ah el et el i Naceopr b ow st part wili

oceur. . The condiihelBiopiRed AANELH A pest felfdd MEGRIILARANAA 1A bARID! N0

vibrations 10 in the®conduit, Vibrations in the conduit nay an
i nfl uence offurther pdeithatdon wicht segardwy alid wse ob slecmem beasts iatithogruplenes shoul d

b i ded h i,bl e, di t d t of th t
mvent i on t REEEAREh b eRaRle e LG Okt 05 BgonsbisomelonbersERy  he
on t REES _ bl Y

Tayer of 151 aa0ar b e o bEbsiPlhat ey Rh EUTTShe PRGN ) i

chanber 15 pr ghtl; tndhgliag piojrad, iselsrhesamdaipticaltioaipoaBnidShd lepd if @dljoht i ON system
t hrough said vacuumi chanmber; using patterning nmeans to endow the projection
beam wi t h a VBERUDRr 0SS £Q Breyent@bserpion aadmr scastasingenfithybaame werelyrmed

j ecti . i - {- L f the | f
oo art on s SR piurast Bl dih 0 ¢ hANBSE SRR bssasiiior A5 cborst ses
the steps obartflobdaghisnDehigrwiid, E&Sapiahhfaﬁuwsing EOVddiibeibs 1Bt rdridbuiie

conponent noveable in at 25 | east a first direction in said vacuum chanber
through a f PESSWE@cprbonly hsdhetwopn WnaddR” spldibar.iQpuical demants forgUSe nade in
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appar at us h&ﬁﬁﬂﬁﬂmﬁd&l‘?ﬂiormﬁéiu@eﬁxeﬁpﬂia't Eﬁ&xiogﬂ%on:fﬁgtiag??émirﬁs shiolldmay be

enpl oyed in the manufacture of integrated optica ens) 30 gui dance and
det ecti on paenestllisbs keptiesdowe as possibleator axample leedow (108 or t0°cmilibal di spl ay

panels, thin-fi netic. heads, etc. The skilled artisan wjl| appreciate
chat) in the cow]%rﬁ’g%‘f” %@éﬁ VAFIUST HRPPSSL AW PRECAYS SRditens Pnile of the teans

"retiele”, coRpOréhtPthat Ahidr EEput into the vacuum. For components inside the

25 vacuum chamber, materials should be used that minimize or eliminate
contaminant and total our-gassing, i.e. both out-gassing from the marerials
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



"wafer" or "die" in this text shor~ld. be considered as being replaced by
the nore general terns "mask", "substrate" and, "target portion",
rrespectively, The present invention and its attendant advantages w || be
described below 5 pith reference to exenplary enbodi nents and the
acconpanyipihoR g i ¢ drawings, in whch: rig. 1 depicts a lithographic
projection apparatus for enploying the invention; rig. 2 is a schematic

| an vi i it f | i1 exi b | bel |
Becor di ng 200 W R HERRRCAE R earirerh SIR] @Yath g v e pleset AToie® st conaui o

shown in Gigubentieadsidd oftohfndinitd I8 wiE b Hgﬂélﬂtﬁﬂ:%‘f"a%gnlaﬂ flexi bl e netal
bel | ow according to the invention and for usage ih the conduit in figure 2

and 3, andiyBragarlion pressuse helowt 10 oriléthmoitibar, daneantplg sdendilagict 0 a second
enbodi nent of ,15 the jnventi on, Enbodi nen 20 Figyre 1 schematically
depi ct's a‘PF‘é‘H&’gﬁréb‘ﬁ?Jc%&“@jegﬁPT%ﬁ‘%‘b‘g‘a‘? G%J"’P"?S‘Pn‘gﬁ%mﬁ%h SUHse| nvent i on.
The appar i : LALI i.lhg a
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ions); aHéweterphireeiutidnd ldesigmestisubihe mdvl aid ovhdedstadet Breavely r st obj ect
(mask) hol der 25 for hol inl% a mask I\/A?e.g. a reticle), and connected to
first posicemphicrigd andsm e myebaraoksepsqrpand duve syangementssiwhidht h r espect

toitemPL; a sgcond g_@;’fectf tagl.e {gsubstrate tabl e) WT erovi ded with a
second objiBdee{ & 8T PurPrr f spRdyiTy FC%‘Tea'}Waée’sﬁ’éi)sﬂaFﬁtaB B2 (e.g. a

resi st-cogkedcing ble@Ricwalls) . and connected to second positioning neans P2W
for accurately positioning the 30 substrate with respect to item~'L; a

t hird1@bj ect tlab¢iecupsydns thispeoklemnlithas\Mdan praposalicd U #/39369hicx wkeobj ect
(substrate ol.der for hol.djng a substrate (e, a resist-coated silicon
wafer), ‘%‘ E‘.’SO’E‘B&E‘PP&%”%W@GH%{ the *B\P!g'tﬁ"ﬁcf"g‘%‘é‘?‘ﬂ‘&ﬁ?%g means P3W for
accur at el -y Py oY M L nand a pro |
cotion sySperring [ QRgeIR sdeabhbilel TB G phek B S b o
mrror greoppled véth erchayhafby a pint, dbidhds berasgeditonllowngiimgabkn irradi at ed

portion 5 of the slt onto t.arget portig f the substrate W The
radi at i on MRFEREHL ggﬁﬁ? Pg@? PAPJEipREe @Nalﬂmﬂ%ﬂ’i- FE@&B@@&‘EESEW et radiation
(e.g, gan (oY ARY j J t hey: el ectron beam
in a é't or gténgéyr%% %{r13 gg%%lr% rL sgt{hre (r'l} ﬁ’?a/da&gﬁﬁé‘g‘%ag}‘@gﬁ'r‘gg"g‘gﬁﬁé%féc“??%"rﬁb‘ﬁsi on beam

source, aigmhacitrlyvérgrdiffenltac ldasgn jointt bhft abemallysclerddadfidids bF gueyine vari ous
optical 10 conponents i ncl ﬂgd in illumpation system1ll. so that the
resul t ant 2F@EHHIPRARESnmere Jihetsforthaprama belleakage w8 igasps throvgli thetioian in its

- i T beam P13 b tlv.inpi th k MA. that
T et a1 i SR kbR ongleh SAAE RN Clecti e I R D SR e ety
refl ected (or Arctaroliteh hdbob Srapissdd W EuidieudPAERFAbIRARBRS dsr OUGN t he
(6]

"l ens” PL, whi &B 15 focuses the beam PBonto"a target %I’tl on t he
subst f@t e 34@ Inpgis pybligatigyecamiduits are fed through hollow pipes that are rigidly

connected to a movable object table and which pipes are used to transfer
mavements 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 vacuym
chamber, Between the wall of the vacuum chamber and the pipes differentially
25  pumped seals are used to prevent the lealtage of air to the vacuum chamber and at

the same time allowing for movement of the object table,

It is an object of the present invention to provide a lithographic projection
30 apparatus with substantially reduced problems due to out-gassing of marerials used
in a conduit in 2 vacynm chamber,

According to the invention there is provided a lithographic projection



of the positioning neans P2W P3Wand. interferonetric displacenent
measuring neans | P, the substrate table W2T, Vi~3T can be noved accurately,
e.g, so as to position different target portions in the path of the beam
PB. Simlarly, the positioning nmeans PMand interferonetric displacenent
measuri ng r{fgﬁm_dl@_@pn 20 be used to acgurately position the mask MA with
rrespect to the path of tlae beam PB, e.g~ after nechanical retrieval of the
mask MA frao hyary or during a scanning notion. In the prior
art, novene gl(‘)a?&ta%erﬁ%%%le 't tables M, 12T is generally realized with the
ai d of a | ong- s{ fadietionnsgistem for providing agirojeavimigpmesfdadiatibey ¢, st rol ce nodul e
(fine positioni ng, ~ocr | ~Lcr} are not explicitl deﬁligCt ed in Pi%gre 25 1.
The depi ct ed apphssachisctiaple ipESUPPREIRFPAIHENIEE FFEaRS HEC PAITERINE MEDSt o node,
the mask table MI is kept essential] : LY3ac ntire mask i mage
i s project eﬁwlﬁgbﬁgaﬁm(t;’?Bfolgmsoin g‘ff‘%‘ &%&gg 1 adesiy at@{aérng’et portion The
substratse tabl e, \zdid obfect tABIR fSFhdlHRE d stbstkdtey X and/or Y directions so that
adiifererit target poa tion can be irradi ated by the beam PB; 30 In scan
nmode, essenti al 4 yadunen chambes peowidsdowith gl firsisgas evesiaring means ongeRerstingr get

portion is not eg‘ggsed |‘31fa inlﬁ_le ".flgsl i". Instead, the mask table M is

movabl e i n BVYFEhPEAT BE Bﬁa’(et BIEBOLAREY "scan direction”, e.g. the Y

P 0298, 010 | 1P g plchedlidrltde i Yor WdiberieBE Batverled Bani bitlo d ifedporibh T 0N beam
8E a nas - C

PB is caused to n ove I'mag ncurrently, the subStrate table
VT, is sinyfilanabitsdty: aidved in the same or opposite direction at a speed V
- M) in which Mis the magnificatjon of the lens 1 ng(e'%" M~ 1/4 or
1/5), THthis nanerdyit forpsprdingartiities e compepsnt mavesils i dlessEoRs posed,

wi t hout having to, conprom se, on resel Ul j ; i oj ection
appar at us aéi&?‘?ﬂ? e"’trgé“‘? Wesa&r‘éa?é‘f‘i‘fl ﬁ%r#%ﬁg%ﬁ{a&g{}z%delggp%gg% d‘?’irrst and.
second obj egimpalds@tlexiide Rl beliskwy) N @ vacuum chanber 20. The vacuum i nside
t he vacuum chamber 20 is created with vacuum eyacuating 10 neans, for

exarr~pl e a punfheFing conduit referstnathacrlblepndubesalirtsare wed 1§ teanspea the

di 1.he | i oy T i . e
Fable VT r BB AR Fobtele SoBRaRRn MoBe e SR e S RN BB 05
The cabhe shuiyk&ss EFowdEokdR3siphdl bafrakd, o4 dib&i (65! o PEAlYiNG ghetd £gdsn the

X-direction by having a detector that detects 15 the position of the table
W th respecbedring inethe adlile), sdwlant rebesnetciviayrable casaporenssinsids theacuwms) e

shuttle to adjusts its,positiaon if the table, noves,in the X-di.recti on away
from the caBMaMB¢UR f"Pgstge “tblleea'Ed(Zﬁf ﬁ?eegu*’%fﬁt%%é’iet%ygﬁﬁsg??gfi table. In
the Y-direct) ' | b bawideQhe PRMAREEHanter t he
Substrate t%ﬁgg %?og%%%y%eégggﬁg%ﬁ?%bl e b\Z?T t;md VT aareEr

posi ti oned wm this tyan®0 ai d of a planar notor conprising a magnet array in
the magnet plate, M2 anqd coils in the.,substrate tabl T and BT, f or

m over néft and | iﬂ%ﬂﬂ%ﬁ"ﬁl‘ﬂl%ﬂh&w% Y Séa&f&iﬁ}'&wgﬁ&ﬂ_\%@ﬁ?@?%&‘ﬁ?m, gure 2,
both t abl e g, éhRlefdh SlIGHTAH inBreEEdEhe bdmbonde T IERNnafkaBE aaCOUS to

have doubl e con because It ma desi gn Z5 possi ble, Por
this reasonfleaibld et bkllevomdllinbs suffun fiven hygnowwgasing dnd at nlsé sieecime he

depicted condyjts. Both conduits y be coupled to each ocher, at the fixed
bend so t hatea%ﬂbféjeaﬂﬁblle SBéh’rft“@pﬂmh% Wil AeF anﬁE SR EPHYReT °Fh?3é’é‘rt%8 nt of
t he substrate b ' t ghange
position by Slrlrll')f\af::%n(!gf(at |hF1 ﬁg%lg{eﬁ&ei -'%fﬁtrngvé?:?gé rl;;@f,gﬂ%g%rgﬂ?c %@E@g‘?’% cabeﬂe shuttle
and subgequesllbyr iEous light heighxinl 'tdsmFin'isan woisls sliegpesacioh aidvable jhlats ng an
exchange of tables, the cable shuttles wll all s&), fzt qve in the X-direction.

suggested in United States Patent 4,993,696 and the differential pumped seals

suggested in European Patent Publication 1 052 549. The flezible metal bellow also

allows easily for some more degrees of freedom than the solutions proposed in the

mentioned prior art.

30 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



P-029 S, 010-EP 12 The conduit may be provided with a fixed bend provided
by BR2 and BR3 in a particular part of the conduit C2 or C3 for restricting
t he amount of bending in the rest of the conduit: C2 or C3 during novenent
of the component V~2T or V~I3T. If the flexible netal bell ow would bend

of ten durppgogispgept he flexible netal gbell ow may | oose its strength and may
get lealc. This problemis alleviated by limting the beadi ng during usage
of the nepal; \ fdned ; i i WSisl equi r enent
For the bopt o e dBsr el foos: FPucigfl il may Balidh. Thls drBBletEl POVl o3y
having a flisveedbptimiBhg tlor bdiBhgi duringnaigel of thamepdbello? t¢ heninondui t C2 or
C3 the bending of the ziest_o the conduyit i%f_‘(if‘]n’ited du.rin? usfgge 10 whil e
the mi ni meadiysadbissmprimal Fadinseqyizemens donibg bellow may; rgauIRg ISt §F3%Bendi ng i n
said fixed .S, ol : r ! tal bellow
in that pbnr@%vq\;lgﬁ%ﬁgec@artﬁ Hlogv' ?X}E gf“ﬁ%@p%?é’@gﬁﬁeﬁgrﬁ@g?tﬁ%, at the
sane t§ mechmbseitet@ntiing of plecesy efqhe condii i lintited g ivssgeofhifeorhe net al
trsaterial used in a non-vacuumlit hoq_r aphic projection apparatus, The
condui t nenninhe radies requirementis deaseredo The fargeidegsse of\epdiagildsaidi n t he conduit

may be danped py pravidi al ym num nmat er,i al _t he candui ts ox C3. The
al uni num Ri”it’IC“F&SrPP’Et 1-&%*%&%&}?5@? aﬂ&:“éﬁé@ﬂh‘f‘em wi‘linetplﬁt ¥t ?’ﬁg nmagnet
plate MP wil/. cause an eddy current within the alum num which danps the
vibrations of the conduit C2 or C3 produci ng heat, 20 The fixed bends 13R2
or BR3 may beTheewidsd maytie cahnettenno  dumpihg sepus fop dempifigevibratioest i ag

el esnents CE that, arge. used t,o gqonne t the flexi.gée met al , bel L.ows FB (see
fi gur & 3) intherqonduis. Vilwations 1pths eandep may hayeag | uenge en RO ROSIERRPhum f or

th . . ‘| e j 1 inth
2di rocti O BPVile SHRERRRSPHLI theRieEERARId b bBRIeas Bydels BhllEDSR 11 TR
bel | o~tvs FB iAxcardomgifrh sedbnd ipect@idhd prepdnt ipentibh gliste isgadvidedauppl y the

conduit with stiffpess, in the Z-direction while at the sanme tinme supplying
some fl exidevire an-fﬂcwmgm%thadW@Pﬂé‘égit%%tﬁm?é‘ flexibility over the length

of the conduit plates ) e vari ad] jhlity locally of
the conduit C ‘@d’fulgeax%lﬁhﬁl%f 91a(t)¥s attrliegagtcé)a%&%g{ yo?lefi%d}%'ﬁa?ér?gay particul ar part
of thes copglibtiodsepkitive Raendlt s i nfluence on the extent of 30 bending in the
flexible bellows FB at said particular pan iz~ the X- and Y-direction. In
general , a fl eyprovidings Yagunmpowivetuymaebambes; maxi nal  bendi ng near the
position where it, i s connect.ed,to the fixed world . r t cenduit C2
near the subst PAPIECtRER BIRRSIIGH bep Q??CE%%T%UWTGL Eﬁdlﬁtﬁg SS,!%B etﬂg%u tle CS2.
By addi ngs;ﬁé%é\ﬂﬁﬁicﬁirﬂﬁﬁ to the conduit plate CP near those positions the
bendi ng can be better divided over the total |ength of the flexible bellow
FB so that the wimgmpatkriihgmchasdolsndoweshe projectiopdenry with aipdsernondts sai d.
IengtE and the total lifetine will be longer. Adding extra stiffness to the
conduf? pFERSEFSEPOBan be done by varying the outer di mensions of the plate
or by weakeni ng,,bRe; oM Patretled pPojedtidtybeibkefadEbR Sntda target P6PESY NENt S Can
be executed to determ ne the position along the conduit C whére the wear of
t he Fl exi lof chdleyerontsradiBrios-senmtivenhateria, by addi ng stiffness to the conduit

plate CP at those pos.ié&on%ﬁé{]e roKeSr can be betterf di vi ded, 10 By having
the connect i ng CBA@RiEREed Brihapthe methad romprisesahs s18PsPthi gh t her nal

conducti vi bl kenes 1 : | act as a
heat si nl tptrg‘?ﬁledééggﬁwggl}%lrug{pégH%mggﬁﬁégﬁgmaﬁéqﬁ%rﬁéﬁH{a&%blg s%c connect ed

t o t hesconaeci fing ddleeidinssakichcuwtimcthamberehrasglea fiesible meaaldbellowa signal wire
to the substrate table, _%r~af,y then be easi|y, transferred tp the cooling
medi um (e.g. vHehkqughspedifieiatergnse may bermade iriyduy ts¥kto 9%?&&esever al
connectin : . it j i bution
pattern i gp gélgg[ﬁgég%%aégﬁgflégﬁgléﬁpﬁgtﬂaetnﬁ%ﬁ%ﬁyf gfédgg’gﬁ:ﬂa u%%lgét he wire,

al | owi ng fegpliéitipeindesstdodther Aickiag apparatud hayvnaby brheh possiide applicationder, Fi g.
A~ is a crass-sectional viewon the flexible rx~, etal bellows PB according
to 20 t he Fonesamplenit mry be eraployed :mshetma:pﬁwma@éxwesrﬂt@%wlisysmi ng or a
wat er _j.ube in i interior Bh The bellow i.tself is fr netal in a
Naver aPm veasast i freshiol Rebtep o Bren fnin Bemerih BRI Hor var o
conpensat & fdy biHelsl Niin\tMGRagHerit BEadTB&E, Plhe ddlfed artisan will appreciare

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




conduits (Cl or C-) on the novenents of the substrate tables. This can be
done 25 either by calibration of the force influence or by nmaking an
algorithmecal culating this force influence. Alternatively, force sensors
can be used between the substrate table and. the conduit, which neasure the
force exert %2?5 jdigpsubstrate table ongthe conduit and feed back
conpensate tha 'Porce by adjusting the ?orce exerted by the positioning

means. Furt Lanf or Bt e W L : 30 can be
gl eaned fro*r]nvg{ifﬁif o%eé{rl? #%?@ﬁ#‘@%%@gif ?8%8%%3%&0%@ %%gla?ﬁ%%g g%)éf&&?;epd her ei n
by ref er encgeneral Reid8n L0 RibsirdteErg dtargeR pottich " r@g&cﬁvslyshows a second
enbodi nent of the invention. In this figure, the substrate table V~2T anal
the conduit C2 of figure 2 is pxovided with a su.b-frane SF. The sub-frane

SF i. teg,to the ,substrate .tabl e, T at rotat it , RP 1, with
Che 71 xed bend: BHE Brestny BYRoB P Bk Pemens aeprieh o) B BRr e Ko "2 an

rotati one poLn . = {F;aggﬁ i = AT rotate

ar ound 2 t\ﬁhl ?F%g%%qgt&ﬁﬁpm he E%@@gﬁ%ﬁ E%)%g}eﬁ’ldéﬁggf%e fiﬁ?(ed bend

duri ng novederéingsy) imwdidlif way in a particular position so shat vibrations
will be 10 decreased, The jnventjon is described above.in relation to
preferred enbodfifertdepictilihepraplic RiPlertion2RRIFAELIOL CBYPIDINAE tehe i nvent i on
is not limted E{ the above description. Tn particular, the invention has
been descri BEG™ éﬁ\/e is relation to the wafer stage of a lithograplv.c
apparat us that rg, 2GeRRHRAREE Planvidw REwing 2l nding fiednpl vdflexibld Wil |
readily be appreciated. that the present invention is equally applicable to
maslt t &b| eseoal e owmecordirgitbaherinventisti n t he appar at us, P- 0298, 010- EP 15

CLATMS 1. A lithographi c projection apparatuys conprispng: ,a radiation
system for pr ov?‘éﬁg'ﬁg‘%f’}??&“é?ﬁpﬁﬁwffe%‘ﬁﬁ‘ﬁfmpgﬂf‘Qﬁ%fn fég"ﬁ'FFSt obj ect table
for supporting F?%M%Q'cf&s-é@ﬁﬂﬁal vidWe off #id B&xihIR ShR HRHow kMl tRAt tern
the projection beam according to a desired pattern; a second object table
for hol di ngimventibstandifer usagacha vondirmneligyye dwndddand th a first gas
evacuati ng nmeans,far, generat.ing a vacuum.beam path for the prqjecti pn beam
a projection sy?ﬂ%ﬁﬂfGFa’ﬁPﬁf‘éé’tq“ﬁgnﬁﬁBn‘gcﬁf fﬁ?f’ﬂg’&ﬁ Rehic Bmgmg‘g’reﬁéf’g)por ~i on
of the ?.’r‘bSEﬁ@{n‘%’Fn 10 a conduit for providing utilities to a conponent
moveabl € itt at [east one degree of freedomis said vacuum chat zi ber,

characterized in that the conduit conprises a flexible nmetal bellow. A
| it hographic pr ojection apparatus according to claim!., wherein said

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

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

e afirst object rable (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 1o item PL;

e asecond object table (substrate table) W2T provided with a second object
(substrate) holder for holding a substrate W2 (e.g. 2 resist-coated silicon wafer),
and connected to second positioning means P2W for accurately positioning the

30 substrate with respect to item PL;
o 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),



1S conduit conprises a f ~.exible plate for carrying said flexible netal
bellowin a first direction parallel to gravity and guiding said bellowis
a second and third direction perpendicular to the first direction. 3. A

I"i t hogr aphi c projection apparatus according to claimZ, wherein said 20
condui t cpapgg.G@sER connecting el emenfig for connecting the flexible plate
vc~izh the flexible netal bellow. 4. A lithographic projection appatatus

accor di ng t gngkaiiechd W RIE gdsidhtheGREME PEWN hrbeRheBstsiicningdr of a netal
havi ng a hi gﬂ thermal conductivit A lithographi € projection apparatus

. b.
accordi ng t eulsstmtawth :@speos(tozli;em/ﬁ‘ég gich the flexibility of the flexible
plate in said second and t'gi r jrecti o)g IS varieg over its P. 0298. 010- EP
16 total ?emguRISCIEON AySer Effsgpﬁ'&e'ﬁaradf MEVERY SHRAPBFKSYHEE0 A di ng to any of
t he proceedi | ai nB [ el ne /Al ' = Qf = ' : ' end in a
pan of the 5@%@&8?%%?%@%{%’@{?%8 eﬂéek%sj%jaitgé?@g lﬂ?fa%g-? é%céhé&%g?rduit. 7.

A | i t ogr aphjf gh PRle A QRtEPBRER pYRiGCethdisilgtiate Why of the proceeding
clainms, whErein said conduit iS Co.n~nected to a danpi ng, means for danping

10 vi br at i onsTharsbatibrcsystioi comprises & seupeabAi whish greduceonbeaspat at us
according to claim7, wherein said danping nea I s an eddy current danper
t hat darrgﬁadtﬁﬁ’d’ér eghes Pﬂ‘#‘ﬁlﬁl"@ﬁ ot wdggqg Hfﬁng‘ﬁl@& agqugac%hi)pq}gioééﬁ %fltrgn nmagnet ™
plate. 1ohdm fh 4 LLDAGIARNC/RHGLRCH RlaARP &Y IndkeRbH R lorPBlhnd! t Ne

rerh said condui

proceedi ng cl al ns I,s provided with a sub-frame for
prevent i nghivid)a ahérons lampt drex lamn)d UThis b2fn sGausadde viaverservariduaeipticilng net hod.

using a lithographjc_apparafus, conprising the steps of: providing a

subst ¥t ecampendnss clydeg &n ! Eammtm 4 SEF(S‘%'&- E‘H&’B the rF%‘@té-Pt Bx?am i’ﬂ haya

radi ati onysengi{ive Lial i di: A to a vacuum chanber; 25
proj ect i née%fe%?%‘j‘l’éﬂcat‘ﬁqgﬁ? & mdlgﬁ[b?t‘égﬁéﬁ?té%léé@?&%ﬂ% radi ati on system t hr ough

sai d vacuum ctragbein PBsivubgequan e ifipingestimnshe enasloNEA ohattiikelgimpect i on beam
with a pattern in its cross-section;, projecting the,pat @;ned projectivri
beam of r awslahpldar enagnaskirablgMT pblavingbesn selectively fFﬂiFéWCf

A Or AEpah et Ml M RRL BERSEBIRMG tbobdifthe" M PLIGicOPT 1 e
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 bearn 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 MT, W2T is
generally realized with the aid of 2 long-stroke module (course positioning) and a
shorr-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 kepr 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 o 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
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from the cable shurtle, 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
20 aid of a planar motor comptising 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.
As depicted in figure 2, both tables have a single conduit, however it is
considered advantageous ro have double condnits, because it makes a lower design
25  possible, For this reason, addirional conduits can be mounted on the inside of the
depicted conduits. Both conduits may be coupled to each other at the fixed bend so
that they will be kept away from each other during movement of the substrate
table.
Both substrate tables W3T and W2T may exchange position by moving in
30 the Y-direction to their respective cable shuttle and subsequently move in the
X-direction passing each othet. During an exchange of tables, the cable shurtles

will also move in the X-direction.
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5  Dbellow may loose its strength and may get leak. This problem is alleviated by
limiting the bending during usage of the metal bellow to a minimal radius, The
minimal radius requirement for the bellow may cost a lot of space in the machine
for the bellow. By having a fixed bend, BR2 or BR3 in a particular part of the
conduit C2 or C3 the bending of the rest of the conduit is limited during usage

10 while the minimal radius requirement is loosened, The large degree of bending in
said {ixed bend BR2 of BR3 is fixed so hardly any wear of the metal bellow in that
part will occur, This may also help preventing wear and at the same time loosening
the space requirements for conduits of non-metal material used in a non-vacuum
lithographic projection apparatus, The conduit may then be made of plastic or

15  rubber.

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 hear.

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 flexibilicy 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, 2 flexible bellow FB will have its maximal bending near the position

where it 1s connected to the fixed world i.e. for the conduit C2 near the substrate
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| 10%r& (5) - RO flire CPL O done by varying the outer dimensions of the plate or by

weakening the conduit plate CP by making holes in it. Experiments can be
executed 1o determine the position along the conduit C where the wear of the
flexible bellows FB is maximal and by adding stiffness to the conduit plate CP at
those positions the wear can be better divided,

10 By having the connecting elements CE made of a metal having a high
thermal conductivity, like e.g. aluminum, such connecting element can act as a
heat sink, The heat generated by copper wires, which are also connected to the
connecting elements and which serve as a power cord or a signal wire to the
substrate table, may then be easily transferred ro the cooling medium (e.g. water)

15 flowing in a metal bellows, By using several connecting elements CE along the
conduit a regulay heat distribution partern is created with smaller temperature
differences along the wire, allowing for a better temperature control within the
vacuum chamber,

Fig. 4 is a cyoss-sectional view on the flexible metal bellows BB according to

20  the invention. The bellow may be provided with electric wiring or a water tube
EW in its interior BL, 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 algotithm calcularing
this force inflyence. 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 thar force by adjusting the force exerred by
the positioning means. Further information with regard to such a feed back system

30 can be gleaned from European Patent Application EP 1 018 669 incorporated

herein by reference,
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1!'1 91096 &SF) Thetil34riing SF id Bonnected to the substrate table W2T at rotation point

10

15

RP1, with the fixed bend BR2 at rotation point RP2 and with the cable shurtle
CS2 ar rotation point RP3. The sub-frame SF comprises two legs, which rotate
around RP2 with each other. The sub-frame SF positions the fixed bend during
movement in a stiff way in a particular position so that vibrations will be
decreased.

The invention is described above in relation to preferred embodiments;
however, it will be appreciated that the invention is not limited by the above
description. In particular, the invention has been described above in relation to
the wafer stage of a lithographic apparatus that is accommodated in a vacuum
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,
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serving to patrern the projection beam according to a desired pattern;
5 a second object table for holding a substrate;
a vacuum champer provided with a first gas evacuating means for generating
a vacuum beam path for the projection beam;
a projection system for projecting the patterned beam onto a target portion
of the substrate; and
10 a conduit for providing utilities to a component moveable in at least one
degree of freedom in said vacuum chamber, characterized in that the conduit

comprises a flexible metal bellow.

2. A lithographic projection apparatus according to claim 1, wherein said
15 conduit comprises a flexible plate for catrying 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,

3. Alithographic projection apparatus according to claim 2, wherein said
20 conduit comprises a connecting element for connecting the flexible plate wich the

flexible metal bellow.

4. A lithographic projection apparatus according vo claim 3, wherein said
connecting

25  element is made of a meral having a high thermal condyctivity,

5. A lithographic projection apparatus according to claim 2, 3, or 4, wherein
the

flexibility of the flexible plate in said second and third direction is varied over its
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6. A lithographic projection apparatus according to any of the preceeding

claims, wherein said conduit comptises a fixed bend in a part of the conduir for

5  restricting the space required for the conduit.

7. A lithographic projection apparatus according to any of the preceeding
claims, wherein said conduit is connected to a damping means for damping

10 vibrations in said conduit,

8. A lithographic projection apparatus according to claim 7, wherein said
damping means is an eddy current damper that damps under the influence of a
magnet field provided by 2 magnet plate.

15
9. A lithographic projection apparatus according any of the preceeding claims
wherein said conduit is provided with 2 sub-frame for preventing vibrations in the

condult.

20 10. A device manufacturing method using a lithographic appararus comprising,
the steps of:
providing a substrate that is at least partially covered by a layer of
radiation-sensitive material;
providing a vacuum to a vacuum chamber;
25 projecting a projection beam of radiation using a radiation system through
said vacuum chamber;
using patterning means to endow the projection beam with a parern in its
cross-section;
projecting the patterned projection beam of radiation onto a target portion
30 of the layer of radiarion-sensitive material,
characterized in that the method comprises the steps of:

providing utilities through a conduir to at least one component moveable in at
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