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substrate, wusually onto a target portion of the

substrate. A lithographic apparatus can be used, for
FIELRyanpl e, in the manufacture of integrated circuits
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causes a so-called pinch in which EUV radiation is produced. In addition to this radiation, the

discharge source typically produces debris particles, among which can be all kinds of
microparticles varying in size from atomic to complex particles, which can be both charged and

uncharged. It is desired to limit the contamination of the optical system that is arranged to
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radlatlon systemincludes a plasnma produced di scharge
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onstruc
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arranged, to roduce a di scharge between the pair of
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arrang§ e@%éﬁggiﬁlg%% a; ‘ﬁcﬂlﬂ %Hﬁﬁreﬁ%ét&@ ?}é@l&f Rabislgsd &hd arranged to

constructe
produce a discharge between the pair of electrodes so as to provide a pinch plasma between the
electrodes. The radiation system also includes a debris catching shield constructed and

arranged to catch debris from the electrodes, to shield the electrodes from a line of sight

provided in a predetermined spherical angle relative the optical axis, and to provide an aperture



arranged to catch debris fromthe electrodes, to
shield the electrodes froma |ine of sight provided

w0 noos/opposglet er m ned spherical angle rel ative tPeI/NL2007/050598
optical axis, and to provide an aperture 2 WO
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includbd 4 pagsaippideviep pasadutied ahd arrariged kol gisera thpadeher ofiradjation, and a
. device constructed and arranged to pattern the beam of
projechigp Fyinp fonsiygted and agprged;te RIQISH therpagisred bgemed r%sﬁ%lﬂon onto a
substr@kr anged to project the patterned beam of radiation
onto a substrate. [0006] O her aspects, features, and
[0006]adv dthagspeatd, fedtereprand advarntages of therpresehl inbetmmevill become

apparent fromthe follow.ng detailed description, th
apparl Bt otk deeH b S  B Se TERRR T e RS 1t
appendd@RERLRT!I ON OF THE DRAW NGS [ 0007] Enbodi nents of the
invention will now be described, by way of exanple
only, with reference to the acconpanying schematic
' ' hi ch correspondi ng reference synbol s
R E LR S L g "é-";‘-!ﬁ‘ i n whi ch:” [0008]
[0007]F1 9WrSbolideRs 6f fhe MehtiOGTIPRIY Be aRRADE, wg va§oPEgingle baly, with
an enbodi nent of the invention; [0009] Figure 2
referenfepip thesacgompiipieg jchemplicdrapitgsdn mdah eireapqndingefesence symbols
.1 SV f.. I hic apparatus of Figure 1
’ndwa§é§%§%%ﬁﬁ“ﬁgggﬁ”§§g§g@ﬁ%¥ the invention; [0010] Figure
[0008]3 s Fawie $ clepitatd Iabgniplic apsnmds esdedihgerin asbalisieng ttbe
. an aspect of the invention; [0011] Figure 4 shows a
mventfols t her enbodi ment according to an aspect of the

. ot i OR: . f i .
s o R
lithograpltit appdratys vEFFushbascoadingta @r aspédt o thendivdatioat | on of

the arra nment described wit ef.erence to Figure 4;
[0010]; oofaqurtg 35%8 sfch%ﬁaﬁaé& %S&F@@;P %rﬂ%wémam&éﬁwée}a tgyn aspect of the
inventidhi NCi pl e of debris fromthe EUW source; [0015]

Figure 8 schematically shows a quadrupol e magnet
[0011]ar r &igyeerd showoa fpthsy enbedimedbincoslinEtol amcaspent of fHeGnGintion;

o121 I ES: S8 Sud & 'g}%gtlﬁc%&ﬁg & {hgr@%_r%%e‘g?e% QEIREOL b cffence to

Figuregf; aph related to a thermal cleaning of the radiation
system [0018] Figure 11 shows an enbodi nent of the
[0013]t he Fieare 6] hamisiag afjeinadyphedifistiéan efdhemrangement described with

reference to Figure 4;

[0014] Figure 7 schematically shows a deflection principle of debris from the EUV source;
[0015] Figure 8 schematically shows a quadrupole magnet arrangement for providing
debris deflection;

[0016] Figures 9a-c illustrate a further embodiment of the arrangement of Figure 4;
[0017] Figure 10 shows a graph related to a thermal cleaning of the radiation system,;
[0018] Figure 11 shows an embodiment of the thermal cleaning principle referred with
respect to Figure 10;

[0019] Figure 12 shows another embodiment of the thermal cleaning principle referred
with respect to Figure 10;

[0020] Figures 13a-e show embodiments of continuous and droplet fluid jets;



respect to Figure 10; [0019] Figure 12 shows anot her

enbodi nent of the thermal cleaning principle referred
wowdos/ormespect to Figure 10; [0020] Fi gures 13arPer/shmw’/050598

enbodi nent s of conti nuous and droplet fluid jets; 3
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LOOZZ Fi gure 15 shows a schematic perspective view of
(0022, crfdgeredachowna sehemadic paEPetive iYievs 9k ersoiectipry pi e radiation
0 Figure 16 shows a schematic perspective view of
SySten[ pg%lll%egb%odul e of a radiation systemaccording to an
[0023ps padgurefl 6tshews B ¥elRhniatio pefsPERAE vidvgof £wiping hwdaleaf a radiation
schematic top view of the w ping nodul e of Figure 16;
Systeng Wﬁmﬁwféﬁpi‘é @Fkﬁ/@vﬁlt@éhenatl c cross-sectional
id
SPdebSrate wipigH S dhe of FRRE] 6;
(o024f; (g7 3holl? MBRG PAIRN wihE AR orbREPLS,
[0025pf a?lgmrp i18 ghowslukehenfatia crassdeaionalside/dtemf ducwipiigugodde of
) aﬂgt her aspect of the invention; [0027] Figure 20
FiguresHws a schematic perspective view of a wi ping nodul e
[0026}3f aFl @ 1956hoRs a §M§;§rﬁaﬁb %Fd%@-rsé’dtf(‘)ﬁalt SdeBvibWdf tﬁ@ﬁlﬁﬁ%ﬂﬁ@dule ofa
i nventi on; ?ure 21 shows a schematic
radlatmnessiemaccordmglto snoibemsmvto the ineaitigni on syst em
an_enbodi.nent ac cordi nﬁfto t.he

1002766 Yiggsaap Sho gl ST G SR 0L & Rl rioliE i g Hhdition
systenQQédoF(ﬁh%RPaWﬁﬁﬂéﬁas%e&LUfQﬁé @Refonan openi ng seni-angle
ris catching shield. DETAI LED DESCRI PTI ON
[0028] 0030pwERdshaavsia schevaptis ¢ress-sogtiongbside yiqy pf 2 rdiptiopliyyem
ratu n l t of the

accomﬁl%g)n% on§nl.) O%ﬁ'%’gmdaw(grfi a t§ ﬁgeom%ﬁ%gjgsgﬁgn i1l um nation
[0029FY StRgure 2D |sh@ﬂv£1aﬂ@giam bﬁccﬂl@@ﬂ‘ab@ld)@ﬁdal tpowenah funotioraof an opening

radi ati on beam B (e ? UV radi ation or EUV radiation);
semi-angla Rffotebris sefehiggshisld e g. a mask table) M

constructed to support a patterning device (e.g. a

mask) MA and connected to a first positioner PM
DETMDEHDES@HIRTI(BJ:CW ately position the patterning

evi_ge in Ccord e Wt cert ar anet er
100305 ;1 eigure d SeBrionty geitis i rertatie abarr e 0Pt o

embodlfefl & tﬁé‘ BREh@dE Tﬁ’l@ gparétug 8SthiseS Ot BmHiRh sy @ Hluminator)

connected to a second positioher PWconfigured to
IL conﬁgumdatb ebyditios aradaticieagub ¢.g 40 ¥ radiatieorida¥ cadigiion); a support

structure (é S | amhek 3 eS KT éonspructed to support a patterning device (e.g. a mask) MA

and connected to a first positioner PM configured to accurately position the patterning device
in accordance with certain parameters; a substrate table (e.g. a wafer table) WT constructed to
hold a substrate (e.g. a resist-coated wafer) W and connected to a second positioner PW
configured to accurately position the substrate in accordance with certain parameters; and a
projection system (e.g. a refractive or reflective projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the substrate W.

[0031] The illumination and projection systems may include various types of optical
components, such as refractive, reflective, diffractive or other types of optical components, or

any combination thereof, for directing, shaping, or controlling radiation.



projection system(e.g. a refractive or reflective

projection |l ens systen) PS configured to project a
w@atoseraese nparted to the radi ati on beam B by pe¢T/aLmiongs0598

device MA onto a target portion C (e.g. conprising

[0032f| r g’?ﬁg % rucﬁlr opt ,ilgeg Béaré ﬁgﬂ@%&&?’tﬁ%%ﬁ@éﬁing device. It

holds th@?ht@étﬁm@)dﬁ%e afa m@ﬁneﬁ? ﬂiat dgrnponeht sricstttidn éfthe pattermng device,
ractive, reflective, diffractive or other types o

the desigh PEG eSS, aathgihebs KRR ooD HoRE SHampls whether or
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mechasicalj vhetruen &ﬂmﬂostaﬁc ot otker ddaapiag tdvhnigaegiothobd thet;iattermng device.
patterni ng dev It holds the ternr vi.ce
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as reqfdt §hPk ogtes(\;xlu%e mﬁ?@ns@ﬁ?th%h@ﬁaﬂeﬁﬁné Hé\ri&girs apzmiéélred position,
appar at us, ot her conditions,” such as for exanple
for exasnglt wéth respechtmtthe hejqEtivn eymmgAmeusecxé thetelmb retiple3 or “mask™
..vac envji rqgnnment. The .support stru gture can us
herein St fopsiered ivimas it BE ek Berstal it PARF il dyice:”
[0033]t €Clhe %tﬁﬁ“ﬁaﬁeﬁlﬂ{gjdetvlf&” Redd 1R d1h BBol€ BE BRadly ihRribienas teferring
structure may be a franme or a table, for exanple,

to any daviehthatsanths Ustddedmpert aadigtion beam widhyapattean inmikgecross-section such

osto AP E P ST B 1 DB 141 A e e

imparte@ $P@e raditidn el PhPabl Xactsy SéretborNYo the Elesifed! fagtefreinNBe target
‘reticle" or "mask" herein may be considered

portlols ghibepreietenfariexampledbhe p@@r%rerlarlutleémhﬁsep%hl wefpatgres or so called
e
T
particamyfudéionakblaydrah acknich deingetkataal innfpatatged podidh aduchas beanegrated
with a pattern in its cross-section such as to create
circuity pattern in a target portion of the substrate. It
[0034]Shoytd pgﬁerﬁﬁ‘rg%évfcg Ha gtﬂeecrdﬂ@ﬁﬁs%f\/@ or kéﬂ%@fﬂ/@ % tpiég%f patterning
radi ati on beam nmay n exactly correspond
dev1ces| ewiludedngshs trpogrammableemiranr getys, pod prmablhiCD panels. Masks

bstrate, f le if t tt | ud . .
sre welR2undh g PO oo e 150 4 RGNS Alipraaling Bhse-shift
and atfeBIREPHHake-shilC aPREN 8§ DarldtB AN bEE ndaSk Eypes.rAfbampdoPeam

Wil | correspond to a particular functional layer in a
prograiendbiemiredtragray e ess a matrikareagegesnt phsmalbmirreractachsf which can

be indly GG s 8 6 8hbor IS nd RO B e R, e

tilted rﬂﬁtﬂr@ﬁﬁpmbm s tadiatiph Bedra WHdH i€ réfldctedbyathe aifror Mamix.
awnable LCD panels. Masks are wel| known in

[0035]| i t bgitephyprojaeiépn systentfaisprhBrreinsbeulddigdroadly Biterareged as

| -
encomgllgs\%{énﬂ% tg&var | gﬁg&@y{}{s’fegl, ?rﬁabg‘f(ﬁ{lé %ﬁ%ﬁ% r@(@ﬁ@e %Iatapfogtrlc, , Or
any comtxixgmamttwaéaf 8 dppospriud Ry tlengxiposise ﬁadltmiohlbeu@ntsadhg‘aﬂje‘liﬁe of the
of . smal | rors, each of which can be indjvi dual
term “projecHign é,féls eTe TRy SEASKISTGdS STy O VAT 18R nt?é%\ﬁ?‘%/eﬁal term
P> directions. The tilted mirrors inpart a
pﬂneag%t f% in a radiation beamwhich is reflected by the
[0036]m r Aorhenmdapicted, the apparatus is of a reflective type (e.g. employing a reflective

mask). Alternatively, the apparatus may be of a transmissive type (e.g. employing a

transmissive mask).



[0035] The term "projection systenf used herein should
be broadly interpreted as enconpassing any type of
w@e@gecioson system including refractive, reflBCH/NLE07/050598

catadioptric, , or any conbination thereof, as
002725 SRRl b S BB VR BP0 o

substr&te majlebe(aﬁdjloﬁamswmmermm tabled). Infmcmm&lt@%'lﬂﬁ@” rhavhines the
proj ection systen1 Q036] As here depicted, the
addltl@rmb tablesmaayi ke wed in papilecen RiepAHpY S(t@sgm}’e}?ﬁ)?aé&}?qw@mém one or
more {aﬁfeg %ﬁlle Yiie opﬁ%@ otthé| t‘éﬁ%g ere'b%ﬁl#plfse(tl lﬁﬁ e§g pafat us my be
0 ransm ssive transm ssive
[0038)as kRefel‘f)mm 2500155 Qlﬁéﬁmbm%ﬁm&tloﬁ 0881 frofheradiation

source ol RS e e SPPAIFES s EEo A DRt gy rgamle

when THe/s6uftB %kaxf é& Iﬁér)las& MnSHHcastU ke §%|u§:esl§ RS on¥BERH RS Form part of
t he Itional tables may be used in parallel, or

the liﬂpnggﬂmaappayatss apstherrdidtiondeamiiegassed from theisousee S@de ehe

. .t abl es i.le.on r re other tables ar e

itumippr B i B B APy e BORP e Tor SIS SEable

dlrectlhllg Mo R or lalbehRC&bMiRRer. an lofitdr @hde® ﬂleb.@@fé’efnﬁ@%eaan integral part of
radi ati on source SO The source and the |ithographic

the lithqgpenbae aparetys, fies egé@labavleeneth@ beuressis afroercatydampe  when

00310 B 0 B B R S R s e e

distributibi 6fha pidigticiiRana Gegerdny, dt st the oatel oid/OEiane radial extent
passed fromthe source SOto the illumnator IL with

(commandy eeferrest t0a°ls lﬁfe@m%r@ldi Grémpr.ggepeeliiebo R thesintrgsity 6irstribuﬁ0n ina

ot 3G 1P G LRI LAFOL B RS e

varioup@tHer 8dmpdrdats, bidheg ha ik abe pad @Ed}kﬁienidi rTl@ﬁﬂ(IﬂhlﬁltW}ﬁﬁy be used
the source is a mercury [0039] The illum nator

to conditiople r@digpen bearafo @y v fi@?arefi spifaamigsadigtenpiéy dishibugipn in its
Cnm&%%hg psity distribution of the radiation beam
erally, at |least the outer and/or inner radial
[0040]8Xt dhie radiatiombalyB isiheidergdnttioe gstemingideiceaed., aneish DA ), which is
espectlvely) of the i nsj distribution in
held op ths; JuPpera EIGHe F 8- masg M. s paitear Lt &g paiging device.
Havm% drbithe haSk MA YA fbﬁ¥a@i'bn ba B/ HIRirb8 g‘l\é%ﬁ‘é)}g&ﬁ)n system PS,
er components, as an |ntegrator
which dondesthe beartloata 4 targut pattion Ghafythb euh&:sfetst Wt Withothel iatdi afithe second

..the di ati on beam have.a desir ni.f or. 't an
positiqugt BWJ‘ @P%ﬁ&nﬁ%ﬁﬂr |H(E;§(q & anditerigroge 1% o %mﬁ%r or
capacﬁb@ sé’n@&? athb gﬁbs%érfhﬁe VT bﬁ}?b@ﬁﬁbe@abch%elpaé %es'bré's Rdposition

device (e.g. k MA), which is on the support

different taggst pewiops an them&koﬁth@taélawl)l beqm B ng@am éle[fgs; plgyltloner PM
L d.th
and anpi1r PSS G RaRHE e U AR EROTRE o BB Tg B respect o

the pathyTtiRdRaliation bhark B, £ QC Ht@SmédhenidgasireRiltréin hahigRibrary, or during

portion C of the substrate W Wth the aid of the
a scang & gengral, movement of the mask table MT may be realized with the aid of a

long-stroke module (coarse positioning) and a short-stroke module (fine positioning), which
form part of the first positioner PM. Similarly, movement of the substrate table WT may be
realized using a long-stroke module and a short-stroke module, which form part of the second
positioner PW. In the case of a stepper (as opposed to a scanner) the mask table MT may be

connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be

6



posi ti oner PWand position sensor IF2 (e.g. an
interferonetric device, |inear encoder or capacitive

W@ ensordso t he substrate table WI can be noved PCT/NL2007/050598
accurately, e.g. so as to position di fferent target

e RTSETRY RaCS R Q150 RO AR s P1. P2 v

the sub@sid dlipAnRansarkslak 1llus&étﬁd becdfﬁ'ﬁiédicatedftzﬁ*gé@(ﬁdlohs they may be
osition the mask MA with respect to the fath of the

located soRacesdiet eciraEet BOTonthese atpeklonti asartibestane ajimen! gparks)

Slmﬂaﬁiggﬁlfgét# ﬁ&{sﬂx ﬁséhl(%fa rél f’ér th ﬁlé 2%}0% élgcrl gg :'t‘rlfe;rg k thehrgask

ahgnn&lndmafks&nayl engesitd b&emamﬂmlcbes( coarse positioni ng) and

rt-stroke nodul e flne OSI i oni ng i.ch. for

(00415 tT?’SfdeP‘l‘fEedfaiPP%rtat‘E <9§P1§i Ext et ﬂgﬁ%@&fé%wg]e&

[0042*Of they §t\%€ ﬁ{d'd@ttﬁ dk{ﬁe sUtRBhie285le W21 ng: K&pt essentially
ong- st r oke m)du e an a short-stroke nodul e, R

statiorfagr whilarah eafiret pwemmaded pothe radiateom Hedvh ik praj héereme agfirget

e S e OB S S SO A o

X and/BeY BgectibX 86 tha%%ﬁf%t@ $d @lctn V¥ BRdosbe 18 sfég mode, the
2008/ 072959 PCT/ NL2007/0 0 98 aligned using

maxmatrm siaerefithe wapdasraMicld \nitsribe siap of ﬂl&ﬂ@g@tlnogmmﬂtlmﬁm@ a single

ati P2. Although the substrate alignnent marks as

Salc?’ipf’ﬁl‘gf’rat ed occupy dedicated target portions, they may

[0043]Pe 2l 0f sdaBindde, HRaRSK thsté WEEAnd fhe g@lsstu@cerﬁablenm‘(atéwm(ed
are known as scribe-1lane ali gnmsnt marks). Simlarly,
A

synchruonomlx while apattern imparead tedheragdighian beasn i Rojested oBip afiagget portion

C(.e. sm ed&}ﬂ%ﬁaltf %DS\%IE)e Tﬁ@%ﬁpmﬁ’o%%ﬁm% é’gé subs atg fable WT relative

to the ﬁﬁﬂafablelMTQﬁw ok cﬂ)ﬂeﬂﬁﬁﬁtﬂi lb)ﬂthat(dd: ﬁﬁsgmﬁadfwloﬁfanﬁ @age reversal
fol l.ow ng nodes:; 0045J§E I'n step m)de t he, maskh
charactezisies ithe RpIgien sytiem Fat B scap o dgythg maxidapm size of the exposure

field fARIAL mhh hYin 6 A S0dhihg difREdid) 3R t}faeriﬁﬂg‘éﬁ[)d}ﬁgﬁ & Dsingle dynamic
I nparted e radiation beam’is projected onto a
exposura,r\gbetreasnbe teingth «F th¢ scaneing inmeiofidetermines itheghiedgts (it the scanning

re). The. substrate table WI is then shifted in
dlrec“?‘;?e"fst @%%ﬁt@? MP0yi rection so that a different target

[0044]POT Bl @lafatk@ bR, BERASRDabIE MIB Is%pﬂ&g@ntla'lllj}%tatﬂﬁéw'ﬂé[ﬂlng a
size of the exposure field [imts the sizé of

prograframaide pzmmlng dedcé, mnd du Substzate fablg WT is manvied oe m@s@d while a

patter e o o AR e PR e A RBiah - HTisamade:

generaﬂ?tat;ﬁﬂsfédlrﬁﬂl@ﬁdrﬁ%uf& it b@ploged éﬁd 0 phaimhRbRI Ml eiddevice is
onto a tar portion I(): a single dynamc

updategag seqwiisyl a ch apyemept @fﬁbe aihstr@&e.t e 3T phia betiesny wieeessive

radiatiéx? llﬁes%rg’%l aastc %el“h(ﬁ 1910?@ &t é?e?l i aacl%%e M, éiﬁ?)rég ed to maskless

eterm ne Ion an

1ithog1ﬁpmemaluhzehp;rogmmgé paaan@hg dbdcq sajhesta ppograysiadie mivror array
In scan node, the maxi mum size of the exposure field
of a typg pg tederraddoaberian (in the non-scanning direction) of

[0045]fmhe Aok 10‘3? 5}1&/8 Vdf%tl@ﬁsgbrpgllee«ibgycp@é%ﬁbedetﬁ@@e%lgf%se or entirely

ereas t e scanni ng notion determ nes
differenhmolied gfhtse (ay aisrmebmmpinyedg

[0046] In Figure 2 a schematic first embodiment is shown of a radiation system according
to an aspect of the invention. In particular, there is shown a radiation system 1 for generating a

beam of radiation 2 in a radiation space. The radiation space is bounded by a predetermined



direction) of the target portion. [0044] 3. In another
node, the mask table MI is kept essentially stationary
whododiomysa programmuabl e patterni ng devi ce, aneCT/NE2007/050598
substrate table W' i s noved or scanned while a
spheri@eﬁta}lgfeQ%lb{fp@trota%%rphealtﬂ% 3 ?ﬁé ?aft}ﬁé%f&nggﬁ%' 1SinDLGdS %Cﬁylggna produced
onto~a target portion C 'In this node, general
dischapgtl soeecerdafiir gencratipBUVaradiatieniThedédhangd sd)lllree 1ncludes a pair of

pr ogr anmabl e rnj ng de ice is . upda ed ired
electrogep gﬁh%%cwgfe%ﬁ gl i brppudel i et filfgrence, and a
systeu%’_ﬁfa\"ﬁﬁ%g e Y &asef @%xﬁﬁb%{e&lr&lﬁ por Q&We&g tie p%ﬁéHT electrodes so

perati on readi’ly applied’t
as to praaié edsschdrge fibgtveseh yhet dledtrodes 511z bas l]znen @mmdﬁhﬂi @brls 8 coming

atternln I.ce, h a arr
from (¢ T i9p P | of GimliheS st B O BAGE CSSHBRTAL B eliets also
cause QQ%&&UOY@T@%B%@H& pich Riica Q@V&o&%@&ééﬁqge sReesdes’. Tpfically, the
or entirely ferent nodes of use may al so be

EUV leghpito inssertea0as prasapectior an Qlear@cmmmnonfa.mg tom (or another

. rrqui. t is sh of a<radiat ste 0]

suitab €4nd ﬁruge %’& S}far%@e,?[\é@uwﬁ\% %{epgw W, lr%: rl)sa ‘ ﬁft gn{ég of electrons

in the 8RENRg@ploaehsalt vl fEURILBAN debfiOpartieles B afhl pagm@larb&’métﬂfpartwles of
radiation 2 in a radiation space. The radiation space

the kindsthaiomay eenteypingteihe dewasieAReptEs, \Ap 2@@@)’ 917)2195@1 on or near the

ENC r r

electrcPd%%[ 51 ﬁgrg‘?s/ &ggéc%%]z&@g 21{%{ ]é(% r’c]l?egc%s al | nc u gh@g mainly

produ@d&ﬁ niee pinctdzmed 0 tHatss Batapeedshomake debfrm rpr@iam&rgaztdneg9 Eis, for a
radi ati on. The di scharge source includes a pajr,of

plasm%p@ép?mgchsraeﬁawcs fethE RTS RIEFUANGFRNCS P PRIl y disianced from
the EUPY ‘Pé’drgtﬁﬂ )}Wb 191:15 19 ThE re%@@oan%ﬁ%ﬁﬁze@ﬂysfh% Miated

typicall aser 6 for producing a vapor
embodimtue mtudhtmcqn&img tofan abmect ofitle snveotiorasomprises avhldbl H to shield the

i scharge,.7 between t el ectrodes S been . .
clectiqdg 4 SHA oS L PN AGHiRG PGP SPhsdal anglE G ey optical
axis 3 &nd & PR6ViABE hperREO D688 cffraPireABa Vet e @l REDAQIR $hedine of sight.

hese effects al so cause a generation of a so-called

Accoribmgbfh dethisch vdhickels gpserhied wethe debiis ploducing derss Sinitially (in the

UV i h hat is n
absenh Bt oty BREh o on RS AR m pgyed n
FigureOtibgre 7) ﬁuv&aﬁh:gtaﬁﬁslgr in&traighOline® fiPihe zohd 9.NThi, PEhield 11 that
which is ionized nultiple tines of el ectrons

shieldy ?hete%trad@cinﬁp@@ lrefsight in g pwégtemuﬁdj sphesicalpaple agound the
optlca{)%{e id ilgnagﬁ? ﬁ) at{ép&ggs%{:c%ehflyhl ltep %l 4n| tﬁ!& 01\%% Setaﬁﬁé &Il s t%fsubstantlal

amourfnbﬁ daﬁisrﬂ i mé\@ﬂted&'d)r@ Bntefing) @ewndtieem dpties (rfoﬂ)dlﬁﬁw@ Aﬂdltlonally,
I s_produci ng zones 9, where the central, EUV source

the shue dgHt sybstapal @pes EPbﬂUé@ theradiefign grmAtg foosm ghetlgl ¥ Hadiatien
produéihg Bfﬁ@ﬁ %Qnef f 1% giu gpgl v C ar ip RH&' 10 %%ﬁﬁalgareabGHﬁfor&Hfg toa

asma sour ce
demgnpteddmmlnrgnz dﬁ)slset@ea’r the elepiradds| Syindhshanefesiighty which abrmrdmgly can

v B B bAoA e B

debris g@lﬁgh@b%s Fl‘gm;‘tﬁlle g{%ter&qes?fna& e sidpyeby 8 sHRIM ifR%t fopping the

EUV radiation. Practically, it is convenient to shield both electrodes, since it is probable that

both electrodes generate debris-producing zones that can attribute in debris 8 production.



electrodes 5 froma line of sight provided in a
predet erm ned spherical angle relative the optica

w@z008/0R9snd to provide an aperture 12 to a cenp@€BNL2002a50598
betmeen the el ectrodes in the line of sight.

00476 it PR SanBe 8MTeT Bpifif BT R ERRRi 11 glose

enough fe'réHl‘ﬁ'a Abesde ran@Egn Bétweeh 09l 6h3.25hpmay ahy oS8R elde&odes, to
enbodi ment illustrated in Figure 5 - Flgure 7)

shleldtarram@n@nsspbgngﬂi ehglelof therdebrip arqglnt:mg |Zﬁ1é% fromthe zone
[0048fr om a r}n%lézségbf &Ltgn%e]wﬁﬁ‘ﬁ}e eler:t:(l'tel‘ e% a L m 1e dﬁh@ ﬁ‘ﬁef;l Bg @? hﬁh on the

shieldan %hﬁ i8S Wfdrabh@roﬂﬂédl (22F ) ﬂai>dl ijst BB, fer abinpld; of inblim TheSech a jet
debri s partlcles 8, so that in the line of_sight .a .
could baysst lengthf ab aWéWdaégwk%ess of gevisral v+ fog el?qnaﬂ? ranging from

010 ST DAL EEDLCRE Gooo IO 20t it

electroded b plaﬁma distlreggd sommetih eheFolvn pAflidtjetsrhoweverd teireig not disclosed
i nch zone since provides an apertu

a shic et rtame SOibRHIG e g S G ce e dr RO Ssrithss discordingly.

prefer%ﬁ%r #e H%%a&ﬂﬁngeikﬁ’élﬁ rl@‘i’@ﬁro51d‘e& atsriﬁusjtl‘aﬂ';% Ba ?hﬁ ¥ fluid jets 13,

cth accordingly can travel into downst r eam
anan@ﬁbpp@lislykmldammally panaheli ta @éo@tudylai h?es shiheletectrodes 1y It may

howevsF 8 F BB PRAP B COENTEIS Byt HE AT o0 fpp sppsantiall
towar®d SHRRICAE d1&@rodBd, wideh aid Qeotrdde ahll heécrdiviglyl Ye d Bajor contributor in

convenient to shield both el ectrodes, since it is
produgng dalbrise8.tSugh debrin maevayin sge sndjpal gpeed. For instance, one can have

oS5 PSP 00 0 LB .

there mAEbSpioghetidignephalescahichard nanbmeter-siptd przields kWth typlcally quite
pl acing the shields 11 clgse enough, preferably

high Vél%ttﬁﬁc%om&i@bﬁ& waichaterindvilughaions thatacts gaseoys ¥ bulgles; and
xi mum spherical angle of

mns‘%?gﬁgéggﬁém%ﬁg%déPﬁg ggﬁgﬁg [0048] To mnim ze a
[0049]i stlaisa®ted thix ihloae einbodimmde she flind sttdétmdipbujpwvided lnearsm

hj gh. on the.  shield refer Vi
clectrofs B} th RAOf edectrpges Wy FiFoRRg ﬁtr&la 15 8 coRREurta S et B
electrdoﬁ: o?]rgil éﬁl% ?Ps‘(gmtgj a&t ao%;a@%%g{&%&fgsﬂrﬁgﬁﬁg{ﬂ %gﬁe rr%l?rtlwe t.he optical
axis amcbtoa)mmde hh apgrturoted Cttrtmat ateh U0 dbeﬁvmes theer @eqﬁmdesm the bine of sight

fr.om US 2006- 001186 h di | S¢ ose trod

(unliks e °d‘ff§%fﬁa?8&‘6n Bt i HEf pB R Rber .aac?fg% (6 aflother

aspecti TWRY Benti e iR fluiid N 3 a5 HeRe8leraing tHeabbrindtion 1@RSIf the
one fluid jet provided near an el ectrode of a pair of

plasma|véuelh mar sncremse tedraggesey of) @%E@Vébwe 4tapd agrspdingly may provide a
hlgher&g)t\&erﬂ |8?1 P}S’ hfl tgé: ga ] ]floEgyﬁétg\ﬁrge &ﬁg thé hﬂ‘%lt f;taltfie[g%y P&fnﬁlse molten
Tin, aBlehihdlther nMér@ili By be fasiblgl ﬁrblﬂd@ ﬁie safnleSecQ)medmﬁg effect,
. el ectrodes 5. It ma however, in certain enbodi nents
includings &risampls Witelerta ayid grsasvekl asrisyisbrifregenserigquichenggny 4n
I
w05 805 0l 55 S0 80504 e 0, L5
systendedcxidlﬁol&lly&he Iﬂuatéisrprﬁelmhw afam)eledtrustilly eondicttive aagdrial and may be
eed For . i nstan one ca ave mcro-particles:
keptaf g g BpUEM Al TR bl %%{?ﬁlﬁasggh i gPrr At rRgsp P be used
[0050) €/ Ofetdd®8ntagdloBEihid3Rss is that the obstruction is continuously replaced and

can thus withstand very high heat loads. However, in other embodiments, it may be possible, to
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there may be produced nano-particles, which are
nanonet er-si zed particles with typically quite high

WO edoso719s®es; atom c debris, which are indivi dupdT/ALZIWE/050598
that act as gaseous particles; and ions, which are

prov1den n%l?]egﬁj é E%Igag is nﬁc!s??onte% faéﬁ%gﬁa C}y [tlg)%) %%109 chgtaﬁ(gé bgf\cl{h% Q%Etrodes 5as

discuss&blierédbove wethtrefegkenco o Figarephlbut thiat BInec fdmﬂé by\m fidid jett, but by a
substantial ]y bei.ng config e% to shield th

moving] clemmens (20s ShOWRY EOTICKHED S ans@&j by BPYoR sl SHipy that moves generally
parallartg gﬁ%ﬁ ﬁ‘bcﬂ:elgn Bmgﬂdl G&ds, IO Bich &la 2tb'e\6%ofeﬁ% ‘f)%\h&fﬁk coolant ina

axi s an an aperture to a central area ‘
contalbat fmegmdlhgt}elre@xtmg)d]emenhheﬂaehﬂough of sight (unli ke

[0051 sﬁe nown allly o G ’22:1’1‘[ S N 10 owing a shield in
gk B G ot Dot et

the folnY£Lp PRty b Buibi! t]é{k @3,Ja§1tané§i 1%%@151%111%@&&{ RIAfve Fibnt e central area
reconbi nat| on ra pl asma, which may increase

10 betiniven Eieetgerss <5y1n<§11ie hltﬁeofBlght %@ﬂdeameramﬂ@@@b thti Hyidycisdy are

o B S L, By RS bR sqatono

genera[IBII a8illy btiBnted blafdetg m4 Qthére fethe Eérﬁfaﬁ afeayl Obﬁlth&@@i \biﬂ@ln the
provi de the sane r econbi ni pgaiteffect i ncl udi n

generaﬂ @pnt@xtaafﬁh@mmtmn, prefesably hese Rigteletsarporiensed mmea? the electrodes

5 from 4 1{1% gf Qg}?t pr!)é’lggd get%g}o fhe g’fégelfzﬁ qﬁa@ﬁsaeqﬁboqlmgﬁem%ﬂl%cﬁ%%ve

may evapor at e eave no
practlédl apglfcationd With tigysieRts oNdaiedito iadldde, thé tlectkddek @ inh a line of sight

f
provi({%rﬂ;egée%gk&ylgg{aer‘g@ }eélb el]ﬁ)tag | C a!glﬁ%/’qo;g rl]lgagrﬁ{ehéﬁtgtgoa : t%{lf*lel?elat ﬁ)ag capacity

i
ofthe@ﬁ'égf 1131?% gg)f&ﬁ%e%% dvgg{ﬂu @%1 So.htg&gf}w y Jﬁéezﬁltfgﬁtthe jets 13 by
naturetdienctirehtandhatedby éehrmrdepmnﬂmsl synce diplyare cormdoustpreneives. This is

in confit Gt S crnah | G fobmvere sy bplebo bR AR g gsed t
provid@Gh{eMiRQ &6HORPPRS. THés@\ébgﬁenﬁoﬁil'p%tht%%hér@@?e suffer from

positi oned at generally the sameé di stance nearby the
contarpingtion vlih rBayalsindeti aspraps ddinkraissiah of theli WM radifeorence to

OOSZE g ;tn pﬁ%{ﬂlﬁi egpegc?[atém t%f ﬁl(.é§m§ Hrooﬁ?ecp c¥ %c?laggféhgﬁcé &l gﬂera{ed with Tin
plasm@Xd sulithlle HRAtbr delEtl:lé1 Fluft jeisRnayt 163 beTPMMES a@BR{odhd Yomprising Tin,
paral lel to an el ectrode Iongltudlnal axi s, and whjch

such anﬁch erampledhedn-8y, whish mayihg sesdhlaiehave adowergneling peint and easier

handhlgg aa(% }’tge nlﬂlriv\%e%ggﬁvélﬂgmgh F@?&a % glgo%seadxt J?nlékgc%lﬂ%g?m[vﬁr%?él& the jets 13

are dimesisted avith 5 Benwral @irdulahfoindother fohh;%mfsliﬂmgdtrllaforms may be
_@Lurallty of fdeljets 13, arranged in radial
feasible;, thag proyidipg pabieldel It sommprishe rlatalersal4 inthedormp! pingltiets, generally

of the gﬁﬁg%slrc%gfﬁedq?@g%gﬁl %'tﬁl@krﬁ:fss bk 11q1!uEi foif g‘ﬁg B ¢ CP/plcal IX 0.5 -1 mm,

ets 1 are “provi ace
whichtiosléghtly tmtchaftharacrdwnmyoﬂabfcglehaknd:dsgs thhu e elbut @ I mnmthick. It is

o
“Charéét&li@fes Bf mqtum F‘ﬂﬁlrb%d S?%QBﬂlcteH(fﬂﬁﬁ mrpéoam I ﬁu@m 'J&E}nal of

pre erab y t hese el'ets are oriented to s
Propubicecanddtieer 19 (4), 6&3-&39 (2093 pfln ghig publpqabvm,d;ede bmméétwls are

producelzi.eH%!w%E/gr g}e erallélly, aceor 1r16grtttc)>%g agl?er(]:% of (¥ 1nven9 ion, a sﬁt-shaped nozzle is

used, in particular, for providing straight-formed jets that are radially oriented relative to a

centre zone 10 wherein a pinch can develop. In addition, this static embodiment may be
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practical applications with the platelets oriented to
include the electrodes 5 in a line of sight provided
whedosoe9ss he pl atel ets 14. These applicati ons PERNL2007/050598
benefit fromthe heat |oad capacity of the shield 11
t hat .0 s Vi flujdejet r .
combif it 3B FFE Y Ryt YEBE E110106) el burse, with other
embodiaith&esaited ibhedwbehtsdadapesi.t i ons since they are
continuously renewed. This is in cant r%qst with a

[0053L o Jereer seridin prymstangss.dBid istomannael ke Sahle o 161 Beemsys
! ‘ . ; : .
poncf S\ ISP U8 IRIAAY LT S Bt
This ri¢ansthat ambaynompbe possittie theraaty contivaions tspf theatiameter is relatively
r m ssion of the EU radiation. [00521 In, . .
lrge 55§ Ga ot LsEd BY PF PRTTAEESI o6 s gt Bi<ognplgasonsist of
closelﬁg]%’e[c(é& ﬁro‘iﬂé??ﬁfa?&ﬁ&a% bRery) SnalPAREIMRroRabié kiz8kigh a controllable
erial ‘for the fluid jéts nay also be Tin or a
distancobgwaerddopheps. iThe abiliTy 19, createisuchatabladropletehplins (40 pm diameter
. -1 n-Sn,..which may be suit o, have.a | ower .
with a%‘lltt@rf@m Iﬁlbqtemcegwas %rggqné&id 1nﬁ]§erbja i gSefo}aé%c&(iopge§§nce in Barcelona
(Conférehdd V7001 O G089 B DabidBragdtd seBionS -SD-0a R dise B4 laser target in
wherein the jets 13 are dinmensioned wth a general
a LPPHY¥gpweeform other form including strip forms nmay
o ble. us or ovi di : D
005452, R or RO R Lt SRRl sy b
emplo?rékﬁ, depéndiasustepieite Gurictiofd] @b tsd recAmbitiatilsn @fd/ondetgisahtching)
iquid foil _may be typically 0.5 -1 mm _ which is .
need tg bp gRtimzed Higries 1888w syahrlpvpkIuch sonfigwrtqpsliigws 13a depicts

s contfflhe B £ BAOHER e oMM sulrhod ifmedeH i lpcih 7. Figure 130
depictkia sGblearai of dropleat I8¢ rewirgtin dérection T,guliich Firlthe purgoses of this
. Spray Jnjected fromswrl axjal Injecgtor"; Journal
inventign iy %wrgsid&fﬁdéﬁ B 15 ftaﬁ?lﬁ%%néiﬂ% degpios 5bidys mpans that these
chains' AP bPHRYiti iR a8 Rcer 3 8achRARE Do HA kP e:8fLde gRIcQAURR bility when

However, preferably, according to an aspect of the
implementangtthomvential. Figush hjeshoms 1wb edjasent akainls off droplets 113, effectively

.particular, for proyiding straight:fornoed.Lets at
ereatieye} Ghiesfongedin Bl apivied e R FRprE B Ph o
disadveh@EEbha Bropldl ehaif M HhIEWD)S Bas 4 PoR %étﬁ'ﬁ) dB iFrofElBthie Fluid jet.
S eNbodi ment may be 10 WO 2008/ 072959 PCT/ L2007/ 050598

Figureckdtand ddgwie tl Ae shavehawithgydropiet chairgranibgshiiteddn theedirection of

EP 1963 of; ur, ith o r. i.rents.
movergent ' VRSB s S el ol PO b R BB S jet 13 for
debris®@vingianrajéctery s sl offthaifigurk @hd pemyndiodlabe thé abteion of

i.e. they may spontaneously divide into droplets with
movergendiTapfgh@jetappr oxi mat el y equal to the jet dianeter.

Thi s . ] ' t
(0055[, o Fifte A3n hlftioh sndfe fftt: LA HoEorlhyth SR ot of the
invent{on, wWhefimhk debliecadtongeshiélt, maybehey aldy amtiegabassa foil teepe 15

jets that intentionally consj of clgse spaced
COmPIFCH B SIS COMAFULAN Hearetrally &dyﬁé/rﬁmme& i Poraiaiedo the
centrag_ ré§ g %}’Vlvlitlét?eiﬂ tEOPhleR LR ori‘éhéﬁl"@@ %elgqlié’\ﬁ@éhdﬂ'eg @lfﬁ%% a line of

y to create such stable droplet chains (
sight ppowidediatween theiplateleth dditin digs pmbadisteat eelpastasme pEthe ptagelets are of

.in the EUVL ' .
a solid nature, in particu a?,ngtl fgﬁsh uscegr%rfl 856 cifed cr(])ngear{tﬁ)%!alo od trap. It is noted that

WO 99/42904 A1 discloses a foil trap of generally the same configuration; however, the

publication does not discuss that the platelets 14 are configured to shield the electrodes 5 from
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(Conference 7870, 17 Cct 2006) by David Brandt
(session 3-SO04) for use as a |laser target in a LPP
webbdspmesce. [ 0054] The stability of the dropletT/ahzi0ne50598
nmeans that different configurations may be enployed,
09 [
a tine SEARNH QRPN PRSP h Y ARRRTA T HEBRRTY ARl o
prowdl&a-apeﬁdire\w e xaipd] afeadid t&mdrenahmélegwcm nmﬂns linEiofjsight. IiBa

depicts a continuous 'e} 13 in which

compar@%%ﬁhmpvwwwrrp@é@g il Frams ‘?féh‘? fype ﬁ%dla?lpée@tmoﬁ? 1491963, this
static Bﬂqwﬁeco a?glg Hﬁ 5\ha%: &t vﬁ@ Eta? fé):ﬁ' gﬁélp S;gg é‘giés? ﬁlnge in an
embodimest) thmstaﬂmﬁm]hmmmnﬁgdmneni carobebe)odeq winglBaticl¢velant circuits

tability of. the dropl.et ns nea that
devisedlipg gr4n REFIBIY Bﬁ@@&?ﬁﬁﬂsﬁ lgd?f& R iR, aseqriinely
cooling rﬂna‘é?ger rﬁu&heé.cifn%fer ahd ﬁle?éfblb:' {h%tcﬁnﬂ@ﬁﬁtloﬂ %' 1RRsly f81dde higher
tion. Figure 13c shows two adjacent chains of

powerd¢m1ﬁ efitbe saBce. &h hdditiondhiy cornfigmationhag ap abendit thattitedngagot

i n one direct.i.on co o the
requirghofRE AR HGL Y P ree bt S el oings B S sength
and difheRAS6S & tBe PRidlets 04 RAT Delolfa QiffidtehitRddr! thdrdth @btatind-t@iveRtional
13d and Figure 13e show how the droplet chains can be
constrgdtion; wlichmequives dpmplexiperis gich appirbeerngspndibigh tersigematerials that
1,0 C e . ef ' Y%
can e BRI RS b ERIR P P o o
propodelienftodiigendftht helidliypieteddatpletspende aintiag at the phrech zone 10 thus

e B LY Wb Bl 5 i
f i 3 h
e

useful conpké sesna dstirastwitl contafriigate ticinert fofl tgeriéoabther olai:ﬁsaTlhiy may be
s, .14, relatjve to th tra

orlented at | e n
ful SO e BB ATEb 1 apiicl BIomRLRE 45 Srgeatvah fdpect toa
level ptlzﬂﬁ ¢h® %hh@i‘ﬂf‘esco@lcf &19%@dés‘1%iﬁd% cofib@RfioRdTebARStric circles and
between the platelets 14 this enbodi nent, at | east
plates. Jompdditibntthe gpina¢tey efithe éﬁpmctgd emhod;ment;l mq:mdmgstammradmlly oriented

plate {4 i gfe sk bt RR e s el Bubs AR B g ance

betweéh theplatd1E@ P bedg AR oaddr W D3 2SARE pRfihblgbadt 10Rim. Accordingly,
however, the publication does not di scuss that the

atomlqoqleévrlé m@c«sbeﬂuap@ﬁ@ eastaf A@gr ehigh@as reisistance n@y dreladp lgws lgwer

buffer aéj essure %)8 1gch %on% 1 M’i%q egllﬁ g ghérn %ﬁg iency EUV
& Pﬁ ermn I ch ?

rOVI

powerrfjllﬂéally@sﬁ&h%m&fdr(gaé m@ﬂaSAﬁ@@h £ prOVI de an apert ure
tral area 10 between the el ectrodes

(0056} { In a@d@m@m the thermaheieraings GRLMATS IEW&W%Iéﬂfereme to the
Figure' 13); ?’g%@g lﬁﬁ)lrésehgetagiﬁeggl?g\{qﬁ‘n A r%@legsl 4%%‘:}?1‘&%d 128 2 52 erlal of

confi ation may have
porousschasadvaistiegfor i lrem@\aﬁg tre debos frngl the plagai¢ts dsough cupdlary action. For

an, enbo t at foil f t
instances R Jeing g@ﬁm tqalg’ti W é)?)g%%.sé %ragt'reraﬂics & ggﬁ%]tﬁée l%%% P fin can be
taken &t o? khd dhtREOSEIThAY dRinel 06 Hﬂfﬁ?&f ﬁtaﬁ ekbhangkdfi€eleRRnt).

conf lguration Is static, accord |ng Y,
Accordingly, lifetime of the debris suppression system may be increased and downtime due to

foil trap cleaning may be minimized.
[0057] In addition to the above-discussed cleaning technique, the radiation system may

comprise an excitator 17 (see Figure 4) for removing the debris from the platelets 14 through

12



cool ing may be nmuch sinpler and therefore, the
configuration can be easily scaled to higher power

wo eoslos298d t he source. In addition, this confiBCI/AL2OMN050598
has as a benefit that it does not require noving

arts, .which [oyi,de peonst r i.on
et S b B OB 0 R BRE S Rl AARPAE s cncven
(~2000380@ Re\VS aslsh inEitatien)@h aeftbbiacityetisispthd&in thinale $pua of the relevant
rotating conventional construction, which requires

foils, angdripele prachkbyyaefterd 8 ainrantré%hqd%@ﬁaﬁha OGN 1§ he optical

axis, b &(ﬁéf e@ée? of ﬁ@glu%lgﬁl F’h g‘afsp Qsﬂﬁg %Eéﬁ&ggloﬁ Jca‘ﬁBn and vibration
orces ap ets according t

is alsotah@ptipii. Q@@Sﬁﬂngyhhd Exaitator mdye:or@dlsah kgntofiige m)mrnovmg the debris

from Geimatelint Paricp oA P0G 200 AR s 18 ToFcatching debris

8rem<'f:x}é¥ff&9'tlﬁtﬂ1£’t€1e@s6 This foil trap 15 will fill up with
IS at ‘certaln |locations so a slow rotation around
[0058} he Adptb ithafoilacoukl Heeextprnahyoexcatdd (ipngitudinh] baves) seh dlow af tin in a
e.sure no debris wi ontanminate the n

prededfia icpatc gy REPHSSFA o (HATLOA) Sisbierogh oret i cam by used o
give eﬁm&"tl%fl QESIAE P (HRAGINE®REwech Bﬁcl@ﬂhﬂ &?éct axihe drghletdRro4Be entire

degrees with respect to a |level plane. This principle
modulcomﬂt@adaif%db%em@m @Ided i n conbinations of concentric

0059155585 3 B POy DGR fpted O

referefdel t6 Fi@fle 4PInahRleditodifent edelRors Slkatdthaddetic fEldSindN$9 is
t hat have hi gh@%gs resi stance wherein a distance

disposg@ belesan theeeleftrpdes 2end ﬁa&ae@em thisgmbodiaent dustyatpd_as foihirap 15.
r

o BB T O P s

produdfiﬁg poiied 9adah b daflbcwd I‘whld‘iwicfcefdnﬁﬁ cqt bsssed go nﬁalally kkgpand the

inch zone 10 i ch resul
distangg bthr«%ﬁé? ﬁ)(/ra%éé\% prodhgiseadhyzor 1B g e b prgducing zones 9
as w11f'i?e)’m B& é%feﬂ‘?ﬁkhrg Afar Wil §fflﬂehee faebhileon o Pighhes ttﬁ@ﬂé}'félctmg field is
eani ng techniques I1llustrated ™ wth reference to the
produdeddiyr epdiOof dieqodes 29 amae@mp@dsﬁﬁy ‘ebrhb optical beis. Accordingly, a

. platelets 14 ma rov t.eri.al
satic S8 S s SERTELH BrearUito NETHE HRBF FUTgRRAABHicles can be
deflecRiat el ets through capillary action. For inst ance by

using foil material wth porous characteristics (?
[0060Ki ntleFegirerfs imrcoatrast torihe eoradiveent depietad duFigvte 3, h)ém addition to it,

a n i ned buf f
the o1 G bina R Rl B B AT IO MR Wl Eebetis i 21y mogne
elemeﬁl@ D6i(SeeTUpREBS atr@ﬁgeasasd@m theypthaxis. Feaadebn@idw of this
downtinme due to foil trap cleaning may be m nim zed.

confighption) sep'igurel it Aahougél eneungaielield sendewationsagnfeagble, an

optlmgil cﬁ] di Bre rs,] r(Wﬂ? ?) R Yarraft d&@ing substantially
e@gle{ﬂnt ?see CEI%{I or rérmw%m{k d&ﬁg

all eleéttioal H&rgﬁd@ia@ﬂlcﬂé& ﬂ;évdhlﬁg (glﬂ@thallylﬁl Al[ihre?:ﬂ@ﬁk@ﬂa&@&S&e optical system

PCT/ NL2007/ 050598 mechani cal I tati.on of the
(not sfmm)eﬂomdsm a2 @%%‘H‘Ef? @onwerra 134y ﬂ@erft?fgplﬁt?gm it pngkgenerally
( t
s 30 508008 I o RS RO e i on
22 is ;fro'iflkisd a]angi themptbd sy Hovpyen itgeay be pdsBibld to salect another region

rrbodl vol ution ax
that is more of ax1s to Je?lect t e par%llcles Hleretcl) SA(':C%)rc{mgﬁy, (glargeg debris particles can

be deflected more easily towards the platelets 14 of the foil trap 15, which virtually increases

the distance between the electrodes 5. Consequently, fewer platelets 14 may be needed to
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axi s, but other axes of revolution may al so be
possi bl e. A conbination of rotation and vibration is
w@bk@e/nz29sopt i on. Accordingly, the excitator magCT/NL2007/050598
conprise a centrifuge for renoving the debris from
. € : t 0 rA I
achievt 15 BB T oF gUH RS, U LU Ft 4 B9 Bl ance mpay range
betwetre\vad fmmnpicieatily abektet mm. [[A358iniAdandy itdreastoibie optical
could be externally excitated (longitudinal waves) so
transnyssiQinof t8e 11l Hah-n a” predefined direction may be
resgnat... ' is LAl i /M [ :
006 i o e ks B P S i g licatesan
accepthatanerth oftthe Kiktrappinelid ahsencefof b nmgdetopfield sid tsactdrdingly generally

entj.re nodul e instead ach separate foil. [0059].
comes S P S AL S b ach par ot Lotk L0058k
generféd ARY AR HSHE R Wak bordm@fye bRIAGEed Rofiiadiébfls produbing zone
this enbodinent, a deflecti n%(i electromagnetic field
9) mayitravel tghindered ithrpugtethe ishielde émthisembddimentgHesiratedegsdo trap 15,

.. Shield,  in is .enbodipent i llustrated as foil trap
Wlth"‘itg’.elngé?teﬁ“ﬁﬁfe@r ?Fg‘ﬁﬁﬁmg‘f‘g%i tng ﬁ%%iw B iel d, charged
[00620ebBySaipdyihi 6 n@Enétid fidd oF 'tﬁégrﬁé S nlifagted €With & conventional arrow
~ ‘produci % zones 9 can be deflected, which accordingly
indicagem), Bichylebrs pastiics Biged daflested dpriardh the aptisalarised. ot qiaspple, the

. r ]

prich R0, 2 D RIRTUGLTE BB IR 20d Atpeer o

transrrgh}ﬁlﬁﬂlrmdghhhdff ﬂfilbﬂngﬂIfE This iFbecsuee dn entrankt giithe {6il tripyahe particle
eflectin ield,is oduced by a ir of,. el ectrodes

appeats 4o SR ERAISJEPTD AP OBISYIerhe F45EP Bt Widih b pyindicated by the other
; i t i Crs 2 - - - :

cshe OSSRy Bpo RSB U g, LD g o

an effedine heceptiatd eidte df tHeGBBD], whictFwiltln defines iarzono fromawhert debris

. the odi pent depicted in Figure 5. or .in additian t
particlpy Coul§ RGeSy SABRBRFE g Rt Eivg or Reeeh ERhyoReg me
accept%%ce%ﬁlﬁﬁttﬁéoﬂfﬁzgpﬁdsﬁlﬁskﬁl Hayle ind46vdoyRARGhg 1R rﬁ%‘iﬁﬁ:} of

(see Figure 8) arranged ‘around the ‘optic axis
platelefot 1 and appiting 2 evagoétic figld. confi gurati on, see Figure 8.

t hough varjous.static field .configurations . ar
100631 .0 BB vt M fereatoermei e b By hyenee of 2
magnefid T RaY Be fréxfghi% frénaBHEeS faboded hih tre@rably about 1 mm. For
substantially all electrically charged particles 8

typicak foshtespiding eeraons (iey radivs 3 Oanmetstativn ta oaentabzansel o prterius 139
o, kS0 1 3D 137 S Rl PG RS Bkt

63%. pathelHighre showas, lig A gtdTerted anoddimbet, Sleelidtamrdes dSbetween the platelets

Preferably, as is also shown in the Figure, this plane .
14 may yarys Whetsvi @eiraly 8 diptanse ddpwardahepptigalzxis ey dncrease relative to

: > ' : ct another region that is nore
dlstan%%ﬁ Q@fag @1?%’1 %lgf%Ip{lgalsdgiﬁ%- g9

axi ect the particles thereto.
[0064]Ac c dtiglira §lshiows haw dledscaiederafshqparticles, elsat ¢gthe debris producing zone 9

defl ected nore easily towards latelets 14 of the .
can bep gyl iy LS Ve AR BHRVE bl Ao Batedicdon oL by apalving th
magne?gEE %&Bﬁi@%&%@f&%ﬁv&cc@@ﬁﬁ&%ﬁﬂ{ iy b BY¥RiEed.

platel ets 14 nmay be needed to 13 WO 20368/ 072959
[0065]PCT INHR2QDZc0BO608magnetic field B, a particle with charge g and velocity v
experiences a Lorentz force given by

[0066] F=qvxB (1)
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achi eve a given extent of debris suppression.

Accordingly, a typical distance nay range between 0.5
wa@nas®72y89 preferably about 2 mm This signifiBemNL3007/050598

i ncreases the optical transmission of the foil trap

00 The pri.pgi pl.e of ration. ' . .
o0} 0 R s D R e A e SR e v,
the paticlf follefvstalt@rchiiat trajet@py WithriibusRsqteo of a nmagnetic

field and is accordingly generally corresponding to a
zone 10 from where Eiﬁﬁgaﬁﬁation I s produced. wever ,
particles 8 generated ne® the edges of the zore 10
(accordi ngly, produced froma debris produci ng zone
[0068P) rfayhd praseat cmbbdinget, it anguba defledtion wivusitel the magneiig field

nbogi t illustrated foil trap.l5, _wthout,bein

depenie esitinpe o8 Whith &5 B d iplhaifR sapPipnast o the
inner 1a@RBAF tRBYfoARRb Y. the MBIl elik 8iven 8 sine=tyYR&s 8own in Figure

i ndicated (with a conventional arrow _indication),
3. Thesapphredeprinsofptepeitet of the particlelistaceerdingly divplaeps! quepa distance d
. tical axis 3. For exanple, the particle with
g“@ng ajectory 23 may be deflected to follow the solid

line 24 and no Iongerabenﬁhggnsmmtbsﬂx)hrough e foil

trap 15. This is because on entrance of the foil trap,
whichtfbesmdr vdladseof caepeassot 0 ori gi nate froma point

out si de the acceptance mﬁ@th 10 as indicated by the

ot her dashed |ine 25kilmbother wor ds, the application

of the magnetic field efﬁﬁptively narr ows domn(:%n

ef fective acceptance wdth of the shield, which wdth
[0069D ef iByesubatitmting Efyr @ thi érlovded exsessparreiatihg theabspilabement d to the

eGP R RATY BOBL S BSRR el 29 v

transm ssion may be i nproyed by reduci ng the nunber of
platelets 11 and applyﬂﬂg—éLnagnetic field. [00®3] A
typi cal distance for the 2t¢eptance width of the foi

rag.i.n th bsenc f Lc fli .
0070 3 PR SRR Bl Plo-RBARIELE TSR the rderof 1 T
can faikly@¥kil{Bé acHigN@dC Wheh @ithagneapfielidieagpliedso (hayder disgadensent d is
30 mMm relative to a_central zone 10,  outer r%%ius 139,
equal {prf).> mmifer 3 eea@in e af ddis, the apeapfanke Width ey that dehys agpordingly

. i r i i L _FF . 0, t
S0, Bl S0 5% 0 SRR ki R o
acceptdncedividide tOueeaian theeefpteatoabtedcs a fdiltramthat/lzasyan askeptarice width of 2 mm

a di stance d towards '

and S BB NS 48 9B S e TR o
an optRR! r&fmi8XdPoS70% CARA) thE LBHER trinshioNen ANt YMBRoved by

of the particles, that is, the debris producing zone 9
applyiogm neneiic fieldl | y shifted over a distance d to a

virtual debris produci ng zone 9. by.appl yi th
10071} Ffie Y50 s HaBE SR Seshiongerhe pPUE BRG B0 Afrades s and
quadripold Mafee O SiRstitmat mdgBO8 3k, Ihihik BEnfRIRSRIAC the®orth-South lines of

magnetic field B, a particle with charge % and )
opposing| magneis 2 are RpiertE pléwsating apd eenorally parallelito die lopgitudinal axis of

the elc[cgrg eﬁs] 5. E‘xc%oﬂi\{néiy,% rgnggnetic field may be produced that follows the orientation
depicted in Figure 6, that is, with a general direction of the magnetic field on either sides of the
optic axis 3 in a plane generally parallel to the length axis of the electrodes, to deflect the
particles inwards towards a plane 22 coaxial with the optic axis 3. Accordingly, for typical

configurations, positively charged particles are focused to a vertical plane (by focusing in the
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14 WO 2008/ 072959 PCT/ NL2007/ 050598 [0067]
Consequently, if the direction of the magnetic field
wo sooperpsndi cul ar to the velocity, the parti CP@I/NL2007/050598
follows a circular trajectory with radius R equal to R
honzog%al? &fr@twgga{x{dggfeglé%g gn B'Egle ic fﬁ%@c&l‘ég}z z‘gjltegﬁa?lfvgllygg Similar (but less
well- d@ﬁﬁ@f)dﬁﬂ@cﬁnﬁgﬁ&ldﬂ iy de obtadiwdrbyvlaaif twieidentidal niagnetic poles on
plied, which is approximtely equal to the inner
OPPOSIft%éIlFlE%Oﬁihepﬁfécaﬂé%ﬂF trap ro. The deflection angle is
iven [
(00728 gt 13 Ses 2R peS PRt v O emEment of &
radlatlaﬂ Gp&'tein rigdcyonzﬂnrg]ioanedpm ef tha ndxr&atlam CEhedtadigfivesystem 8 isarranged

for ge%erﬁré%%ggaqg @dla&OQRlil%d ztt E forg%‘l’?l Is Va %ggt Of

perspéct?ﬁ/e erki)eoff Urb Qe B EXRAE SRAon rs?ité’th' 1N¥F Hif@e 14. Slrmla:r to the
splacenent d to the characteristic paraneters g, m

radla‘[lan dysterofshoWe inlBlguies2, she taidiztion systerodtshpwadn Figuresg@rasd 15

comZh PRt AR SRR B AIGD Pt Tpe st

sourceCiabBluliéd 4 pair 688kt IS5 A hRV@AstriRIand d¥R@BEd totbefprevided with a
is applied so that the displacement d is equal to 0.5

voltagmdiffmnc@, et a system (hebtypicalle brdludes ptasentos oprdISER ayapohbetween
the pag off e e fa %}dﬁ%}%b%)l a% tﬁ%?o%c%: z{@il aéf fl;e‘?‘&ééenrtﬁ!e ¥le (géneg ?ﬁ’a}ep%he

electrddes § dﬁﬂh@@dﬁﬂiaiig&&lN@h&rcdﬁiﬁécﬁ@kaﬂh&éc&faﬂéﬁS Cldi&&hsrchﬁ:ﬂge axis 40
a foil trap that has an acceptance, w dth of

. .and
traversgs 4 ccalsabira bﬁ@egra% elsetrads- dhe sdiAtion spaqe;ly é‘ft?SEﬁ’imgPY bounded
betweéyﬁ% ﬁrltugirlg ﬁés‘rr%?sg { O gk?ivc% g/ml}]’,h @%elaﬂkée ﬁ)otg? I?ilcscll"i’eﬁlge axis 40, the

cones tlt Adnvagitheir aex3gnbdtantiatly irythe opitoy exta bytweap theydlevgrodes 5. The
magn c field. [0071] Fi gure shows a front .view,
two C%@%ﬁﬁa“?&mem@b&& e¢ et Thraauet motids) Sy cqmprises

debris 4! an'éf%ﬁ{e?d ERRNELed A Ao, 'tc%ht&f ddHRE RIS s eleboddlisStrom a
configuration, the North-South |ines of opposing

line ofrm erovidsl iartkee mdla@nn ephca I4ﬂé10nadadr@t\a¢mh t@eﬁw adriep 41, 42, and to

povi 3k S 0 BB B O SHEBL BTy acrs

catch1ﬁ§§ﬂ1&%x{ehﬁs SiEduRite Rt ANy ardBid Gle@kchirgElagidi0 Rer Athadst 180°,
with a general direction of the magnetic field on
prefer@qu heer a lagetis2 78F . Byarranging the shield such that the shield surrounds the

discharge axis 40 over at least 180° the effective optical output of the plasma source is
relatively high. A beam of radiation generated by the plasma source and passing the debris
catching shield has a larger spherical extension compared with the embodiment of the radiation
system shown in Figure 2. As a consequence, the performance of the plasma source output that
can be collected for further processing, increases with respect to the radiation system shown in
Figure 2. Further, by extending the debris catching shield circumferentially around the
discharge axis 40 up to 360° an optimal effective optical output is obtained. In one
embodiment, the shield extends over a circumferential range of approximately 270° to
approximately 360°, a space near the discharge axis is available, e.g. for inspection purposes
and/or for arranging devices, such as a system for producing the vapor between the pair of

electrodes and/or a cooling structure.
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optic axis 3 in a plane generally parallel to the
l ength axis of the electrodes, to deflect the

w@aoosiotdess | nwar ds towards a plane 22 coaxi al PET/NL2(02/050598
optic axis 3. Accordingly, for typica

o073 oo N 0up R DROA Ry P TP e
shape® 0P D206 HApdd SlDaé b 3598stadtiillly zotatienallyisy@eddtdaiwith respect
and spreading in the vertical direction)

to the disclaraqeyiy 4D yAs & cansgucaee. dshis puppsessign ICPH bepbaigyl along radial

d1rect1g§£ ee%db &él%luguméfer?ﬁd o @'aﬁ%gd e Bsaal Oéégaxﬁm viz.in a
netic es o posite si

c1rcun€fbtelnﬁall raﬂgd @f at [lé&@t7m0° fatcgud eheldls&ia@asams 4 Adaretbids catchmg shield

per spective V|em/of a furthe
comprysea A s G RORGRTEHAmOL ALY Fafia %fﬁﬂé@nf}ﬁ%tﬁl%& Iql4fiye to the
dischalr SVAR 4(9 Rvheld? t}fe%%tglts{s%?e SSk& b ShieRi BE ERBESEEs o a line of sight
nerati’ng a of radiation in a radiation space.
prov1déd buatveeeh Shesploteteta Isappeanliat gopbdebpis stppressidnesendife optained along

TR R A
debristcBRhir@dhRld Hﬂe&%ﬁ&@ﬂﬂwlcmwf&efhﬁﬂéﬁ&mﬁﬁls@ flehSt one planar

conprises a plasma produced di scharge source for
Sectlmgener ating EUV radi ation. The discharge source

[00741;3 grar%z?féxggc? ?%b%%mﬁpg\?}?e Cpg%telsetsf ﬁltscr)] %atllle rf?llg AL LS tel(’?tglc conical

surfacéd ilfg@xé@ PG, resJeot @ thy sk ddds 40, ﬁmﬁﬁﬂhbfx‘ apémétliﬂe&n&al area along
| aser for producing a vagor between the pai r of

the dissharge pyigels amothst ermbedimsp thedfeils cart kecspamppsed et yawiinly gumber of

I [ n
planar%e&i:(}tgl Lafe %Ollx lg:el’fﬁél%fgnﬁ? éw?@ orﬁsﬁJegtftIB ﬁ]}gedcggcihgrgglqé{%st ?% X2 amgle each foil
may ha"hﬁ ndd:IS@d'-lEﬁcgenﬁdob&oﬂ@ heksigonel arastdgonalchapa. al ar ea

tween t el ectrodes. The radiatiaon sp [
1007515 ubdugHe PéﬁP‘ﬁYS Bouthes gmby Al gt %fa%ffgtyatr%%frggewﬂy
radlallg lI'i%H%Q ‘Bla%l@@sm%ﬂ:scri%%d Whartefe‘{&lc& @ Fi %ﬁredéi 35 B¢ 88bédiihnent, instead
cones 41, having their apex 4
of sohd ulstoditttic platejets ﬂ]4 tih cat leesttsormle od thegpligeletselelh trah@ses 27 are provided
2 have a di ab

ortent etz danaince o b PalRaL T IRt Bigyide hermal

isolati6RTthE $&ehe doWBRFdath %ﬁfefél'ﬂd 1Y) a8 BdeB Fbnk BRIV VGHEEe 3N addition to
arranged to catch ris fromsaid electrodes 5 froma

it, possiblyebyofppiinh ﬂuplrjgmasl slapwmint Figute 3d prefralply opaicrsoximal SIde of the

plate PTG Rk Oulht B R e e ARt P BLRY

managef. BaldditlonNg g&f 28 icaiibe %fﬁh@d thefighShe Gate@fisng of hlhdiﬂ)ldtelets 14,
extends circunferentia |y around the dlscharge axis 40

which grayrbeaised érsleange, purmsgsp ef e platelgts d 4 offor pragmple a7y dregen radical
gas. A?%Jrafﬁg }gg’hg{igtel%@ ﬁ! gjlé%li]eahgc?\% I%rg\?en,? Hétg'kd(%eﬁ)g&{l Bg %he latelets

e axl s over a eas eCt
14, thdiiﬂtyl Iﬁa-lzermug Ialsituaﬁfontlﬁl evhidhd & lightwitiend 18ngdrdk ablete byss through the

m of radiation generated by the plas
platelf‘éSo g’r%f@rahbfd thefed ftriag maydediasned Wlt?aletéﬁm@ tQ ks the @sﬁ%& out of the
systerrl qfhg gﬁ'lnéi#ibe(;f afflﬁkuo%éf %slgg hmgglgcgvglﬁ] d%ﬁ%ﬁérﬁﬁod&ngﬁtrceould. also be
used féx'sotherd@pselflfelm teps, urhparpeulﬁlo imeoestatad foilteapsl asma sour ce
hat . can be co cted for further

t
10076 nc R adbi8Sh 0. R PelButehy 85 FeverRamay oo rrocy Bt SRS anto provide

a bufférrgas zone within a zone in side the platelets, in order to be able to further trap, for

example, neutral nanoparticles which may diffuse through the platelets 14 and may cause
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Figure 2. Further, by extending the debris catching
shield circunferentially around the discharge axis 40
waoipooso7R880 an optinmal effective optical outputP@ENL2007/050598

obtai ned. In one enbodinent, the shield extends over

oS TR PSR BB RHIRLE T b o0 shgvsasic

view oT¥a le}n@mil@ﬁen@wﬁlh tfaQérséy T @i dhaRayoby 110 ¢ided wathadteiafifg use of wires
arrangi ng devi ces, such as a systemfor producing the

29 and/plpisict patsvédn the pair of el ectrodes and/or a cool i ng

tryct ure 6_\\D P
[0077§heqﬁ%‘ﬁ i sB cate ﬁnégl%g ﬁ%gélgtp ﬁ%%a ai go%g&s &0%9 ation
similat b thi GUiE] eﬂ-ébdﬂgﬁi'aﬂldﬁﬁe@ctedn@ Figihap. d?igm'b 90 1ﬂg1_ddmbhlsh¢mws atop

view SspAGY ran AT BSpaElol (3 herienith SORAY B Satiiedats ofheplatclet
embo@rglglﬁﬁc%lﬁﬁggfm quﬁl'% oA 540 B{o‘?% 3{)&{‘3&%@ @ &f %&?}' gl?ﬂa@ér%antage

i rect S I'n a substantial circunferenti al
when intep@etirgy foil mdtptCMnﬂlgsl:mM @eh)akd)genlt@dlca/ls,jaecame at becomes easier to

bring tgllp ;gqu?g;’g rgern aljicglls At %’H‘ S %ee%l the ﬁggt %qlﬁiﬁgaeacg)%?eg feiagler to transport the

reactl&oﬁmaﬁ&?éut%f Stﬁ@fo!il‘%ra‘f)ol@f HRWedld aR cﬁ’iw&%ﬁ% éllajc the RN Rkistance of
Orlentedpaeets rel at|VefOt he disch arge axi s

the foill &ap Wb beainmestleerp MaicH ey makei 1t<mn0re dif6dult tp ashiere @ higlebuffer gas

e, S B9E % 5 o el R R LA s

prefer&@ eRfHoRiRGR (R Sae: is @h Hd6t daddta AlRGoRA fail girectore, & shown in
| east 45 with respect to the discharge axis 40.

Figurer Autlairdesmert, intrepreieaisd embedimsnf Hrleaning i infggrated with the wired

s GRS 5005y 55 AL SRILLRF a8 883 o

to at 1dabiSsoRleddfehetvires 29 60a platelcr d4f Al lesst shray of the ma&mQQIm the platelet are
conical surfaces aligned with respect to
now infersemnecisd imerder foallaw # purrenéfe ruaghsough SW@I a@ms P isimylgageously.

. . t
i, PSS 0 50 T (4RO R
filameaethhi WﬂBl;eaﬂhtenfpafdtul’eebf@oat ZW wihtie typnsgik;cH2 lrmnledlﬂses will
di schar

F
dissociigy £§n%fg%@8a§ﬁ§dlfﬂg:ﬁaﬁpaﬁééégg%h%‘rm Brach¥t ﬁ&aﬁgﬁm gaseous
SnH4,SPRREIs 6{1!.&?;7 Ealouf bBWES ﬁeﬁ.hﬂvlﬁdé} th 4Ad Berto WG HHE Me @hbodiment

t he st con |gura lon of generally radially
therefame ifentiee «tomlpa‘ml actl2 gastintke $2 mnd g amtddimeritepmpeisest avacuum pump

b t d f lid
33 to teiygt Brnfram e istest o pgown it B iR 0% of the

[0078p! at/ﬁ'téf'ﬁﬁlv@ﬂh itli§ BYRIBIEH réhodé BelRisAvdrH &k captur€Biield using
generally transverse to the platelets 14. This

evapoeatibody 1g*erm10rﬁh9wg p@vindefalvalomation jthas ves perommeed; tasalculate the

removgg@% h(gr t e a?(}rgl?fg{)%lat%tﬁss 1r]1' gsagggse Q?ge(gy 89@ H{: y]h adgltl\cl)n for tin

aremdviatiagh d»feab§utﬁﬁl ﬁﬂ%ﬂlr Was Edlauated for aREBPEBRIRE ¥f eﬁbﬁuﬁ900 K, and arate
proxi mal side of the platelets 14 relative to the EUV

of abogbLEiemlhout frs aempentyaeiof abouh 4GS Kot witleers almpstepopential increase.
as 128 can. be_ gui .

Thus, (o 0 e es Pt el g p R P R AR s At Bl may

be EUV source 4) the debris catching shield, in particular a foil trap 15 of the kind as shown in

Figure 4 may be selectively heated to elevate a temperature of the debris shield to a temperature

for evaporating debris from the debris catching shield. In addition a gas supply system is

provided which may in use serve for providing a buffer gas flow between the platelets, and
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whi ch may be used for cleaning purposes of the
platel ets 14, for exanple, a hydrogen radical gas.
waeamentiongl y, the platelets 14 can be cl eaned POI/NL2007/050598
prevent debris depositing on the platelets 14,
. . ther ventd .S i.Qn. i ' i: i
which g3 GRYnPOE YR Al pBbI In A o bt igh et b o
evacudte efgroaditd detirberdmitle debeip caralyinh shielde Anyettionildrtpoeferable elevation

having to take the foi| trap out of the system T
tempepsieTR of Hiecdebris safghing shigld for ape plasma; sAUich @Ay & 1268 D K tor

. . n . .
omind SERTAAAS Ay el 0L o s NN
cleanihd)GVi¢h iy &d diatnn fnhtat the opticsalystemn ot a/@imperative of teygatskets 14 of

e ysed as a buffer s to ovi.de buf fer gas
940 Kgg%%emfm fvaposhies of -4 Owaigf’%?@%‘iﬂéfé-i n or de? to

[0079ﬁe qﬁm\%nfageédé[}x, B&fihilfARasniPourd@i 8 IRdSinde§MhitA has a si%niﬁcantly
anoparticles "which nmay diffuse through the platelets
higherivipanpressaye thawsie (AW\DorBE8s IM20ERdPCTIINS 2007 QBOETg 0 a

. .-CO m.nation of the opti cal St rovi ded

iSO PR TR L oy v e ioF B BB T8 et fgnty 550K
(277 Of TR 286R9 d%)pryiﬂ? NhpdRati Vel @mSRSofAkhiuhé cltarimited Surfaces at
~_provided with alternating use of wres 29 and
signifighnitydower fsamesntwes thap @yarjorativgpleano® of{igrgoniganinated surfaces;

evapofiRPASARAR ofkSeRReld offpfiued BRI Rasile o

[0080pepirGiad 11 BhdwPAgeneral sttiegiatie ilBistratioasitthé tleania pribciple explained
top .view generally seen along an_ axi sg{)_ar al | ﬁl tg tCP%
hereaboyp yith raferance o Frearee] & dun pydieulas a nigteleh it j5iheplerl oto that debris 8
[ i [ j 1
deposSRRNTSI LESDLERRGAY FLOME 20 NP AT ORERacte 1, e
evapotatddedpbeit,i fogefample,ttinayapot 23 witlpelvasied awayHion dggratelet, through
. radicals, because it _ bec s easier to bring t
whichy Geplb el O b lras M BoRT BURE 1 g Bren FBIsa Wl gfegence to o
gas fldw al@ﬁ? QPERe1&2S §ifa bR tJa%ﬁH@ PRAAing BAncipRaGh b Usddl RABGIIS, to clean
out o he foil trap 15. However, the drawback is that
EUV mheorfsiudaees gspatiarar obdownstreahoptical ebemens syele anaeollector element.

ower ... whi may .make it nor, ifficult to achi ey .
joost, " it | gBEhi BT £ e larels 3¥ gt il Ff effea white
gas is ABWIHE ARr thaeniae Hérder to@RAsHIMBe tif vhpet aNagfRIng tie miffve. Heating
preferred enbodi ment therefore is in nost_cases a i

can beysigne wathiayheatiesdevite, buttitia elsapessitle tostemparacily redpegacéive pooling of
Fur t her no [N ferye [rent H cleaning is

the Obleﬁ{’ 88? 3?%%‘ g%e%t#eﬁ rg{e\%ib eﬂée Eg%gl éue fes shown in the

[0082] i 9un Esguly 1D HAY tedhiigqual’ w8t theccatlectoe B apMUV Bithography
which is connected to at | east some of the wires 29

setup. d this embediment thy colqetqreshes age heatet onenby-Rngdi oSt frevapgrate the

tin ﬁoglut?}% g%{%g?gg srq%en 4 gg%«%fogggéeig g]flg \% é}éggﬁggﬁ tin \%p@f‘ ér?t\ﬂe Backside of

the coBédtad shalh ®elosl. When\W dolileetonsighl Ehighted.lit whtyp{datly evaporate tin on

both sl A e S B oD thegkeife e atalh ! Sfpaps fn and

deposit 880 the W Bive XLHT&:? loke Mle:?gllé@&ﬁs@l@il §6owd b predbSiAGiiAk %{eferable

generating Hradicals. These H radicals can then reac

to heatiht lkeiBer shellffustramyhihen oentinga M4th thinnett shell, ptarddds bytleafing the

COHCC'&)EE}&%%EI& rQ riglhr'g 09({6(1:" Shd E:(g)ntrao gngl_gxe tte%qge?gtursey o%ttﬁem,ol{e%%r shell at the

same time, it is possible to minimize (re)deposition on the reflective surface.
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therefore further conprises a H2 gas inlet 32 and the
enbodi nent conprises a vacuum punp 33 to renove gas

wo pansiotresy system (as shown in Figure 9C). [ 0078¢T/NL2007/050598
Alternatively, it is possible to renove debris from

[0083fdh S r@%ﬁ% g ¥5 %%&géa ? %:chleigxt%%ig ﬁertsﬁe\a{: 9 {/i%w %mﬁ@rﬁﬁ%&g 66 BPYadiation
systenﬁ@dc@tﬂlﬁlg ® ztrfﬁkpecfte)ml’ieahvérﬁibﬁ ’Dlﬁe Mﬁiln@mddhlle%blmmovfded with a

enperatures I n range of 200 -, 800 C. a}lddltl
muldiplepiraber of aubesgaly PRATE GreTiHowPIng Slerenth bl Raiies movable along
o
e U o LSTRGRELAN B0 a3 e
schemiﬂé)ﬁlew,s oﬁhem@m@mme 6exipartep viest aridreceresssectionth ssle viaw,

e e o TR EL A VB Yo DU PR S

is 1mp%%'te?l £a OhvIGkSHRhfe whBreRfhb 'nfdi{/ﬁﬁal%ﬁaﬁi eléhéfls 35 form the
the kind as shown in Figure 4 may be sel ectively

ﬁngermféthe domb. Bheewnltleotthe snpieg alenrestsdil arhehasemsuch thifithe elements 61
to a tenperat for i.n br| fromthe

il an el SRt g Seegh AR e p g ooy “RRphg e, latelet

surfac8Yst gbdl §ppd%[t@¥d 6tRH otk 6i PBWiped subsltHRbYRy by Ferformmg one or
provi buf fer gas fl ow between the fpI atelets, and

more rmevwm_?wsh@msg nrAplN2e il rope% dstheshriages ﬁ@i}e glepned. A local
w1p1n%éle&e§tew%§he€l/ gu%r ‘a]ﬁ{lﬁﬁnécﬁglsgﬂé Rl?%ﬁn%dlal( ggé'f{ 63 &13 agEe bét%’een two

evacuat e evap

adjacehf glateldd surdieles. IIS isaitedthixdn &hbtﬁbﬂkmﬂbdﬁlﬁéﬁtl accd»rafng to an aspect of the
preferabl e elevation tenperature qf the_ de
inventiogy theiWigingrlanents ge nat erightg %@ﬁtan%ln%a%;)v% gthgpwise, e.g.

a8 SHEprhs 015 0 U0 R e clenc.

[0084]0 he®yaabviyg tl&:a&ipmgemodnle ad blogg awhivitg paly oba wigingtlemen61 with
he For. a. tenmperature of the platelets

respech 1 pplntls QRGBT TEVEOY SHORGR SBreOBBIRACHo frowept

and/or%&’héaeav@a@rﬁ'@rﬂ A Rateld XA AAVARD E&%Q(Hﬁés\’bet@'eéﬂ $1Bie}¥® of the

plasna source is used since lithiumhas a
debris satghing iskiald, higo callegifeil trepwon bp smaldwoatatriisationipart{cdsauighoquickly

ers .of ni t a,consequence alsp.a. . -

fill aig }fﬁ?{med%m R A e S

espemél[}/ 1he ca@qum 8531 fr p¥ARAtatditecll e@pdskd 5(5&1&?0 pbrtitle ddbritRistted by
al’'l ows apgﬁyl ng evaporative cl eaning

an EUVisphica $ @@thﬁder@ferrsm fodtigereni4 alyi bﬁq iThps divtapplyingibe wiping
modul%: %Hp con gt%ont Pt o1& SR r%r'n\ésed: %rgnaqq n a%ﬁ t surfaces th?reby

I'n- con anlna sur aces evapora ean ng o

1mproﬂﬁg tieatpsminecs sfmemblatfhplat ed vvl t h I | t h| um is
easi bl e. /[ 0080] Figure 11 sh eneral schemat i

[0085 i dstiPepiring semeRis o %?ﬁhﬁ@nﬁwlﬂmmr < ogigpted; sHpiarly oriented
platele@ g\frfa%gé) 1\! Qar[e& I EIRRE Gndtad dntg]?{ng a%s?t?g%é gaﬁg b s‘hgh@ftmg the

I's heated, so t
wiping ehanemtm, mwlhplelsepmamg)elaments cidybepuised fati sngp(a'tlggﬂlef\hpmg%ments.

. .along the platelet 14, the eyapaqrated debris, for
Itis al%&%ﬂ?%‘% touyugipiteraesinegions BENE AnEpeike ARG 8RR fehoreby
obtam%%aa h[ﬁét@tlrketsﬁﬁ&\fl&rhavm %s %}‘%e&'lflh? kit lgt@fé be cl eaned.

ure 11 ha een ex reference
[0086]t 0 dtis ga@dﬁm this crintaxg that fhllratglsetof e vupng m@dule theapipingelements

move Wit 2kpOdt t e ARl siGBile SRR AU SlpiNg elbRefts SXVe, o the

platelets, or both such that a net relative movement results. Along a moving path of the wiping

elements with respect to the platelet surfaces, the intermediate spacing distance between two
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EUV mirror surfaces in particular, of downstream
optical elenents such as a collector elenent. [0081]

Wwo moobiogpese 11, the object to be cleaned (a pl apel/AL2004/050598
or mrror optic) is heated while a gas is flow ng

onpos B B ST b PBub S ABER b Fable 3R i
wiping)6pdrhtich. hedh Gerndirle drﬁbddﬁneitsme ﬂmw berwteen tierappbsitd plytelet
reduce active coolin t he ob ect and use_the hea{1
(5]

surfacgeplenasaid Ppih vares, E %@dqyweémg[l Y12 IpYY spiegRi Fesisiance fer
mOVel%lgl%tn)l%lt Hm,?g 1?gmgor the collector 36 of an EW

In this enbodi nent the collector

[0087Ehel Thi: \ﬂllpﬁlgl"teﬁhﬁﬁs 6herchiyraapeal for perdortieing b oraesiapmr atdéor swiveling

t he tlnfromthe ref|ective si col | ctor
moverge| with respect b the pesppetvepiatelehsuy %Srg?oﬁflﬁﬁ F{g?faéh%‘f'n In

|4 I

o S R O] e o
movingidiestiaf M, hebmeilallﬁ traifdviesselyewitls respext taths @lmhevllmk mmlpmg

0 el 111 _evap te tin and ogit.this on
cemefiy i Byl Y2 BNk Bsh A Ep R e B of
debrls-Eth n%Vsﬁfétld thd il ﬁaﬁ £ RHQARIAR|iByariaft HEBE oV eCRItc86n M,

she first, and then continué with the next shell,
therebgtaﬂowiﬁtm dfficiehiecledning epeeationgifiteecwipingmetinle 60nThewoving

e SR EST A R TR P Bl g o
of the Sbwréni ze (re)deposition on the reflective surf ace

WO 2008/ 072959 PCT/ NL2007/ 050598 [0083] Figure
[0088k howsiewed Eenihe idischaee pbstiaga the degtepdesofihg |Sﬁlg<>%b®plételets 62
exten(f%lbgif n@%bﬁ%&@éénﬁﬁx@é&%mnﬁgﬁﬁ tgh%%mh% f%{ég\ifl @Slgéutéif chstance see
e.g. Flgm}et lisplAs canbbdeduekd ﬁubshalﬁtgualsj sonEaspatd Blto be resatved for

ping elenents 61 that are vabl e al on respect.i
acconﬁpoﬁeenet cSHPRETRS s bbpelegr oo e b Aglcsircpgecially when the

wipin, élgfhreﬁt% 6t fr ?Qtdeé%%o&tﬁg}% SHRE BRFvin TR furey | €9arf Ippts tRfost and
I ng nodul e ., Inatop viewand a cross-secti
lowenﬁostq;omluam respectlvel y. A single frane supports the

enments 61. In.particular, .the w ping nmodyl . .
0089}, iR oBan accum B Tla d coffralios Hafisteh fE: M the wiping
modulle 581 cvh 8 3 oviall Hlo‘ﬂg e }ﬁ%@t Surfket Qf e {6 tra 66 hmﬁfeﬁlfféftlrﬁ@ﬁlterval
onb. The wi dth of e W ping elenents are chosen
e.g. on;ca chenyfaninutes. This sembs d@ onfing dusipg ﬂmr@tmre@f the sowsgrdtowever, a
we cent t, surfaces conseque
signioginy Aol oL AR EEE S s el b e P SRR RS S Yegocosary
to coniRn¥MtP LRk Rk illameekish Ywithya RaEErQNiMR@ALiON Enl e.g"Rir a feedback
novenents of the w ping nodule 60 with respect to the
systens with aclose sanspie [z agrreperaionad state ofiihgwiming medsletoOning fationary

p031t10d1|, g‘}%ﬁﬁ’@%&?{}\‘gé hse;%gékaso a}é?ﬁcééedqncﬁlﬁglﬁg ? e?ﬁei%tlﬁff %ﬁ@c QP the source, in

order fosconffefdt iatadlation blickiy. Ao dkampit, the oapidy mpdlub: cam in the
aspect of the_ invention, the w ping el ene

non-opsrhlaamebHate B SagR Y 9pq§aqla$t|06ﬂowealnosepﬂe$a§r§ew Sf?é wiping
modul%egfaéel O}%ia&ﬁ\qnathé 1&( 5)’3 QEQ btiod %8%@? F%/\ﬁ‘éJ i$ %S%at it is

at e eaned. movi n
optim4lhyealiginpd n»gthrmdm:le eacﬁﬁhcai p}!tlgs 80 thavopigaplaties afe Ialalwpllymglall

el
0090] erfent 6]E>od1ment according to an aspect of the invention, the wiping module

further comprises one or more wipers 64 that are positioned to clean the wiping elements 61

from contamination particles that are collected during a wiping movement. Preferably, the

21



respect to a platelet surface 62 contam nation

particles, such as Sn contam nation, is swept and/or
w@oesetsmay fromthe platelet surface 62. As PEENL2007/050598

spaci ngs between platelets of the debris catching

. .. shield, so calle
Wlpln%glﬁ)?igl%all‘sg cogH)nﬁgﬁ, ?%lfegjcsl!)r%n B%s% 5 & %81.& ?th%r{:%
are reth ¥ cArfr®Rel Halwip&padéngss. Asfsﬁbﬁby‘n Big[]ﬂ:n]gi ﬂqervelﬂbi@ﬁn@aﬁbe positioned
transm ttance of the foil trap.. This is especi al

to cleanibe wapiag glementsovhen;thapodileds gifSeIRPeraest POSIHR %@d¥%lewem05t
posiid BB CHE 0 1, B0 LAk b LRI Spr s

either &&nlppbﬁlgoslt besma)lpoml@wermahn |p65166n Io dhret esnbabiniemtrshown in Figure 18,
parti cl es can be renﬁved from the. pl atel et, sur

the wipgia 4yl OFRAIRRNHI L Heng et ke Vang b1, ¢ Py gollecting

the coﬁ&&%ﬁtmﬁ%aﬁﬁ?&% eNfhe®k ﬁf&%@&ﬁle@ﬁo@ﬁ%es%@ Sﬁ@ﬁﬂdlﬁké uch as Sn, can
or | ente simlarly oriented platelet

be renmed,atgsfonmmsbelncdneﬁne dmbédimentaccoiding ©dbe dfvenigim gheawiping

le frame f.or su rtin el eme
clemetis o 41 £ G BECR RGN LT BREACEIEHY PG D8, GrE Tidtre 19 showing a
schemaHP BRES-boh RRWbPA Rep 1@% vl $mbolimdrs. S}Je@ﬂicﬁﬂ’)‘f’ Shé)bvﬁper might
to nutual ly interconne ends of the finger-1Ii
compnmep img wapaziseetions plased epnpsitowithirpipaet ta eprhagthen mdeieﬁmng a

f
L O T e

an aspbQO M MeIh PehtivB Ok Svipihp elenieptsige elegivdmiiterwiseyeg Wytusing a hydrogen
respect to t he pl atel et surfaces, neaning that the

or halqgep; NI ENRROTAIAPRIONSSt he  pl atel ets, or both such

hat n i _r
[0091]:) Flglf!' ?Pl sfx(?\!véf’lg ]?F\gh% <\! ﬁé@ Ctl(]g§ﬁ'“1r(§3ape ﬂﬂg%g lﬂggb B8a radiation
systenphcai)ﬁilﬁg tcsmﬁfrmeess etthﬁ" thaineentizal Her, tpatatelgtsdidsifane foil trap are

bet ween t 008/ 072959 PCT/ NL 07/
curveds yih pafiedlapt ng}t%lf:ts V¢ sueentyic sanina é’g‘gP%f?WQh respect to a
i1Qi
R
locateth sthwtmtially et opgmirs! 4rea ploag dheatischgrgefaaise b @b@n@ogm@t shown in

rigud 2, e S et gl Shubombine BraipE0 pioprigedl TR Briamine

swweiu%)r%a/erﬁé}ﬁ WittPYeSiskcEloRlE Rispe il Pleldl SurRABRIThOEwiveling axis of the
performng a translation and/ or sw veling novenent

swiveling movgspm@ubstmuaﬂe coimsides ithdhpdiachargst axsvofithe B \Bwurce Since

the sp%ql%gﬁwge%%eéa& },sﬁ? g\ﬁ;},agﬁ%l M 94 :5’1% u%ger s?sfrl]\éelfég Slgect to the

dischabde ARY, Qnieffedtivd@Mdi dﬂﬂméﬂtrvﬁiéiﬂg%efdltloﬁ U&S b@p&ﬂf@hieyl In radlatlon
tTansver sel y with respect to the plane wherein the

systenpplsivipin T geiseftasmesetceppactiioastpiciios isekiaiged. dp garticular, no
substaﬁ#ﬂﬂ dﬁRfo'a\be%;%%@ gg red ’%&r tﬁ@ %\{1%m§ ?ﬁodﬂ}eaﬁleal rtﬁ)?la f#fs&lylrs%ate.
Furthes a6 tapih  @lelyentsrbledkd rﬁélélyl amidieummniowgt df radiztion dutihg operation as

thereb al l owi ng an ef ent cl t
the wipig qlﬁ%?%ﬂﬁﬁ&ﬁ%@ aélenecg‘wgil #t‘?\ﬁeﬁfjg aagf'fa:] VHh 'efegtfo es. In

addm%&J cﬂ@&rﬁﬁ% Hcldsap é%%?eggq%ggﬁs gslﬁg%g@%lgﬂ&ﬁs Becomes easier.

arge and an he source.
[0092] Accordlng toa further aspect of the invention, the surface of the wiping elements is

o)

dHIinat]é)n particles that

treated for enhancing its wetting properties, e.g. by reduction of oxides or by applying a

coating.
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[0088] Viewed fromthe discharge 7 between the

el ectrodes of the source, the platelets 62 extend
wenpshz9se al | y between a fixed radial inner di BCBNTE07/050598

and a fixed radial outer distance, see e.g. Figure

TN
comb@@ﬂidﬂ?@ﬂh biher 8€biiseatching shietdlybes A8 fan egapple] :aichy M:bﬁh@ module can
W ping el ements 61 are at end positions

t he t he
be apphgd il gorphinAtion mth,agi@]a@s qatchipg atﬁelgﬁlﬂﬁg extsasls gﬁ‘dlmferentlally around
e i, BUELIRSD 0014 0hg LAOEBLREPRSLARIAD Bcpayorer g o
an emb&dEmehy) ihealebrie datcking GhieRicadhdenotaed vaﬂomgpdch ® the disehape axis,

therebguprﬁI ggﬁ]élgc o Oaé;f mt hepgga%lﬁlpﬁ {/ggeansmif asstpec Iaglégv&é%gen@:qﬁeﬁ ﬁlg‘lefore

accord] { éacrt 3 J[hgnm%fnu#nli‘ Hﬁ&?ﬁfsm %w?&i for eneratm a beam of
nt anount o atl (0] can bl ocke duri

radlat]an\l\m p lrerdgat&mt space, ﬂwdradmumayystﬁen PEUPSSBE ¥ platsmawriwa@ dlseharge

source: qré:qgtr&(ge(gandﬁalqlég QP g%‘é%r%%&%r%%&?x&tw%{ I‘ﬁh]lg §€ (rilsc%arge source
comp&s"ﬁgg';é’ f)a1r bﬂel@ctﬁﬂﬁs ekl RAl athitled t&be %)ﬂﬁ/ld@dﬂ)lnﬂga voltage
ul 0, in a stationary position, the w pin

dlfferqmd,uiné aj sgstpmecfogstalmtgd mdaaa*QQg@;Utos}rq@ca aGb$qhé@eleﬁN@ﬁ@lﬁ@ pair of
electmé{eg 89 P%%opl%&;lggﬁ p&ggﬁ% ds%lra ‘t%e \ggg%usglfde eggcgr%)gaﬁ é c{egﬁls gatcl%lﬂ% shield
comprikdhl PRRIAS tsRalictsd ah®ardmopll a-efic debail fﬂﬁpﬁﬁd@&btr&[es and a

| ower position, Alternatively, the wiping nodule

wipingmoghlgaeenvided Wik agpltiplgnugmbes of &uhétawe?éHYtna&Hebgrl@tﬁ@@n\;lplng
elemef*étg nggggl:ea d&n%rc%)%cﬁ@eta%lrfageg of glfﬁl%t@%kslc grf *Jfoeg%gegl e‘gﬁﬁ&hmen’c
accordi@ Rt dnveshyct ofieel 1nvet{tlﬁﬁ,9tﬁk 1ﬂternmd1mrﬂn®dn@elmtwamplatélan gurfaces is

an aspect_ of the .invenption, the w ping, nodul
substapml%wewar@&ﬁﬁlfomg édneyieg B%tﬂr‘i’éﬁé’*’%nﬁé Jegnegi vl dpopapido a platelet
surfacPfsbd Liefed to clean the wiping elenents 61 from
contam nation particles that are collected during a
[0094)wi piFignreBY shwent a sdreafatic atdsy—sednbaalzide\m):\éz@(ﬁB/rﬂiZﬁﬁﬁ&ystem

PCT/ NL20Q7/.050598
accordlng ouBiPUHIIRSE AeeorHig dnfhednyonin. EhedrRa Y o  comprises a

plasm@ﬁroﬁh@édQﬁs&a%fe so8fce aﬁ@ HEE@&’S S Qg dfelwiap bﬂﬂalﬁb& F@éﬁlﬁg to
shown in I gure 8, t he W pers 64 can ?}05|t|0ne
22

Flgures d4@héah. Thresonrqsi ln@}uéerseim@ alm@ndcm%bﬁw@en ioh elgetioges a
r npst tion or..in

dischaffftl PlsTTRR o RSl g Bohuid'of b2 YL B e LI b kidfliqngpace thatis

boundéd BaWeadtvidQuith Y REeREERIRhfedicBnesth by of fAgiati PP gE¥RAEd passing
e ggosntl on or | owernost position. I'n the enmbodi ment
ou

tciehrip patphige rsblemavntghaestwomnﬁgmtlg@ of seneralyrrgdiele priented
platele@ FZF 9 %}{é hg%h b gﬁ{xeantr%qﬁg aPéng 1$ %‘%’HF }13 fl‘z%q’?g*oﬂ tra% Further,

the syst@nd dgﬂiﬂrﬁéi 4 odlldeas QSnﬁi@raﬁchﬁfoD ﬁfoﬂif?in@& @ueﬂatealsbeam of radiation,
can renov or .re-use. | n_another .
whereigi {3, 8?1%9% caefg%lfraﬁl?fgsqbé taptially swronpdshe piar@agrsfuqgd discharge

f
source\elimh %g?@%@f&@mﬁﬁ 91r@(§t[o%rhgﬁglél tgé dﬂﬁrYe{rAg@aﬁé %7Q BlSkt éo‘ﬁﬁ%ﬁ%tlon

schemat i
compr[sess soned inadence ee/ﬂe@for d4thas |em9ndmd1:dumfemhmilynmbstant1ally around

eC| fic t er m
the plas a source. %n IF¥gure EF an u%per cros% section 44a and a lower cross section 44b of the

reflector 44 is shown. The reflector 44 is arranged for reflecting the beam of radiation passed

through the foil trap. In the shown embodiment, the reflector 44 is provided with an elliptic
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conprises two w per sections placed opposite with
respect to each other and defining a receiving
wOp@sioraysd or receiving the wi ping el ements 61.PETINL2007/050598
further enbodi nents according to an aspect of the
reflectpl % F tc'e P tha‘i Hx% LR 463 Eébei%ﬂgﬁt Lﬁ)roﬁ tl% I%?Q&Qr %pa%é‘ﬂ tPatsformed
8.%. y using a hydrogen —or halfogen cleani ng or
into a EMBRESAE bein P8A)AGE ProfaiiBibltohaglyiag i2rraditdae fecus point 50. It is
schemat | ¢ perspective view of a w ping nodule 60 qf a i
noted thatthgcpleptor ﬁsvﬁaae%%rbberﬁgmg%tww eveng frdusedyprcupyerential
[ j . I b f Qi
range, gt 8057 b B Rt Mo By 270, Wt Bt bk Pasina
sourceg tnpagatul af fleciebriatatoineg shieldralsoadkpee adt dmirdy edéloshthe discharge

. Xxis of the source as.explained referri to Figure
axis 4 jp tivrﬁgc‘aaéke%@[ Sfigiigios: BPSIE Brigad plapp e a singl¢ normal
incideRAASNREbE, ?J dr¥7iRd iRideRA EtlecRE, SR abRIMhAIBA ofh H6RRKIYRcIdence

axis. I'n’'the enbodi nent shown in Figure 20, the
collectar pnchg gelzingeintidei@t cofledtoremighpbeigpplisdul e 60 are

rran for., perfarmng sw vel i ng. nov. nt..Wth .
10095 o JRaiartinyinB il Bt DersPht e igRRUERE oy ghtiounding o
plasm#® Podféddfschitge s8firck R8n nStV¥n¥Ebd Bh1 R Vi€ B&Abination with a radiation

substantial ly coincides with the discharge axis of the
systenFaggorting wethe giveséon htvingspddirisgatshingesdicld penspreteéd ped arranged to
i s substantially-inyariant u . SW_ Vel i th . :
cateh oS 4091 R s S5 Dl 3R0egt 18 hig bR iy o tine of st
providedl id tie @adiatidrdipace, @RE E@priodTlle @@ ApHEurp € & oEntRd arehibetween said
radi ation systemshown in Figure 20 a nore conpact

electrodgs iy s[aukltnp qi&h.tol?y(t alsaay pomhin.ﬁtéqrt Vith !oghe,r ragdgation systems, e.g.
pro*vid@élJ Qﬁﬁl%’tagiln g4 'tr‘élgg&ﬁi urARRC h&efo?& léhécﬁginng{):aﬁ Q.ﬁaect of the
W pi ig no ife i n noﬁglopera Ional ’state. urt her,
inventionga vadptiog sgbtemen psovideddlr gemestivig a beami ofwadiatiomuinta radliation
radi ati.on during operation as éhe i pi ng el enents are
space, e agiation syiern CRPPHSIRA @ PLSREMEP %P%_ﬁgss%%rg%wr?%@nstmwd and
arrang€d £F3dnRAESextidhe BHNibIePRdidiB], L BRCLAFe RIRELSTInMsing a pair of
extrene positions of the w ping el enments becones
electrodas ¢@structpd 69 irranged tabeprovoled Withra hatagadiféuencef artdesystem

Il nventijon, t surface,.of th i ng. el e S, i
constrRsE il e LR R Eatgs el W O L ngles sog 0
providé 8 itcchl faknef bedwb i PéledioddERinY iaRB118c oA Bitior forddifying a

2008/ 072959 PCT/ NL2007/ 050598 [0093] It isS noted that

generataqebedmsafrpdiaidomnividierain thsdllectomeandigtistion gubstansiaBe surrounds the

applied j.n, conbi nation wth ot.her debris catchin .
e e e
intercdhﬂ@c&ﬁ? saRik1édiroded)ith A ptdfered\rhbodmeftct Srdait t6 Mhd@vention, the

shield that extends circunferentially around _the

collectgr eqipugptionexiendy eircumfereatially argond fheslischange pxiswapr least 180°,
bonal .
prefer e e e BB UE a0 aip Rk Petlomiien

accordinig tb theBpention, thetdoHectbsaindipgmtian isssubstahdlBixptationally symmetric
perf or by nmeans of a stationary

) 1N cl eaning actjo
with regpest .tfz;trﬂ%’gqseﬁ@r.ge ‘Fﬁ’érb@g"ﬁﬁeé the gﬁ@%ﬂd@?ng to an aspect of
0096]t Ne FiJyens isl&ﬂg Adih@dhAdt ida$ pBRQPs3GHndtRin of i
[ ]generé;%f?ng a beam r gg?g@?‘%ﬁ Sﬁdaap%%i ation s 61 aocé?,n Opeiite
semi-ahple of adichtis caicliys slemdc Anpriosinnef difeptivs wall@tade optital power
transmgtltesclctg%ru%ﬁ the debris catching shield can be calculated by subtracting the solid angle

allocated to the cones 41, 42 in Figure 14 from a total of 4w. The solid angle subtended by a
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source constructed and arranged to generate extrene
ultraviolet radiation, the discharge source

w@ompni®sng a pair of el ectrodes constructed apdi/NL2007/050598
arranged to be provided with a voltage difference,

sinle 338 B YR B ARARL L B g2 APRRE 19 BESA s snete
can befdolléétde isgipédBn pl asma bet ween said el ectrodes, a

debri s catching sh|g¢ onprising platel ets
const ruct ed Chadzar 4 g@dsﬂb—éaﬁ@hadéhw$@9frow1ﬁ@

el.ectrodes, and a_  w r ov o
where B jf fhenening se@i-apgle gﬁﬁ@ﬂﬂ%ﬁ&&% cKapak e efoiblrimpiag = 4>° covers
o vabl e al ong respective surfaces of
71/<EMR§B&ﬂatéﬁW%g Iﬂpa preferred enbodi nent according
[00971 ) él?heaspmot oftyfovien ¢hat mvastitally transthigted thronghethie alebris catching shield

BT AR N A T —

solid dngRPTRE trhBnFttRARISTHIRE debid ChRER g sRichPincleasl&th § 8Ol the
Figure 21 shows a schematic cross-sectional side view

increagifigly densti watiog bstygenthe fadeor ding to an enbodi ment

ccqr.di ng~tp the Jnvent i n_s
10098 0 PR €2 ol SRR A e 8 bR BB AE R of an opening
semi-AQRS df dedtis batﬂﬁng Rhieldd TBS dRisRinRklved J Riseéure 80 t?resentmg the
ures 14 and 1 The source includes a pair

collec@bgcsphé gegle 9s pdungtien ohficerméaagle obtheshield @ncgt%g tecqpation 6,
assumkx% tﬁ%%?ﬂ%ljn V‘%iltj ggné}lglgg@ g{ %ﬁ&?ﬁm&f nc{) ('(}SSS %gé g%gﬁﬁétstb\g Hield.
FurthemLthe! dlalgyant ﬁuﬁvssﬁeyomf tiend 8d w(heﬂ:ﬂb‘optﬂzabkaasm dlﬁve‘ b&tlnanéa'npbrated
ener at ed passi ng rough a depris_catchi ng. shi
accor: ‘qorﬂjlraéneg@ré @ teRical I}@E frg]f plgﬁl% Progéﬂ@%éqgr@mf% afixrb‘pq seduced that,
as an e%Fx‘n?fét &8ng PrAL & Ipeskrﬁh g445¢ QS%‘@fJﬁé‘ﬁmtﬁHJ@Hﬁﬂtélﬁﬂhn chilBe collected
fets” 14 forma ring-shape ol |l trap. Further,
after thehbllst;@t €he dlagrmpfur&lesslmmcal thafd twd fapothfdugeer 82, 83 meffresenting a

ol B o e b 2R i eiaion

systenPas2HBRnRA PelEE, LAbfRIMeadPpicAQelIERion with fkpdekftf @k 8pti¢abxis of a
direction around the disc arge axis. The coll ector

beam ofondiation.adkd e besesrprpmdbe diagmmydhe dmeurd ehepticabpower that can be

collectteﬁ gglggtggﬁétc gg}sgc Iarr)?ccﬁ{ﬁ ﬁéa%?vtg't% I_y4g§ Sbé) old,%?l(t)llgies %1g%er glan the
collectaBRigoRRr Hkfe a@rdd%h Tﬁ 18 S oB&EhE Abedd b ididtha using a foil trap
reflector 44 i's shown. e reflector 44 is arranged

as e.g.fsbpwnéd Figord hg t he beam of radiation passed t hr ough

1009913 Alfigh PRSP gt 24Pm S 6bBR 075 ’St%togfraphic
apparamTh N2 AR ASARST 1CE St biRpldbe Sidcf 6l tﬁ@t th@ dthogphlapghratu

6a, 46b incident upon the reflector surface |s
descrﬂquatwg% maydave athst aprdisatinsgsusl ap ehermagdacturgief integrated optical

systengr &!ﬁﬁ%ftte gﬂg %@@(& e}’?‘ H'f 'fﬁ{ i Qfeq ﬁﬁoﬁlﬁﬁrg{%%oﬁgé 'Hagggnelh splays,
hquld-afy‘saih diglaly (IeGDeX) thin¥idh r@agnedmh&ds cite. defskilled tairtidan will
over a circunferential range of

appre%ﬁ %k.lﬂﬂmoytezfref wich AltreawcIpplisationg, vasral thedemmse wafer” o
«die” hdleiRPhdy 1 o%ldhxfedtag Sy gfdgl Sgﬁﬁﬁﬂé RQreSdinglf tnS OsiRBSte” or

not entire enclose th
“target portion", respectlvely The substrate referred to herem may be processed, before or after

exposure, in for example a track (a tool that typically applies a layer of resist to a substrate and

develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
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axis 40 in the circunferential orientation. Further,
instead of applying a single normal incidence
w@odoseriosy , a grazing incidence collector, or BCT/NL2007/050598
conblnatlon of a normal incidence coIIector and a
. & ' l.nci Ll ectar 41
dlSClO%JI %x%% 1&1%}2 bg gﬂﬁl%g(ig (s)ltltc% daS%ﬁ ot rg{?}{):sglgfe eﬁB@éskﬁg tod19 %%?éler the
substr@t@ Iﬁidygw’ Iﬂbd:dsgbd&ﬁbﬁttﬁm dritke) fpr SXHmpid idondgr @ crﬁﬂtﬁs l’ﬂilltl layer IC, so

duced di scharge source c not onl E [ i.n
that (he g7} THREWEA UBFCL ETEIn P 80 1 (29 Setspis b dfe %E/ qaifpmultiple
gotison having a debris catching shield constructed
rranged to catch debris fromelectrodes of a
[OOIOQ]I as?lfm temutlens”, Metehhebcmt@a iatlowh,euay e so fmpameor dombination of

. of S|g£t aLowded El r adj atlon pace, and_g
various fyRps %‘HJ B‘é‘PP‘EﬂﬁéltSt e a?ﬂvgr@ eB‘é‘f%E@ﬁn%éﬁ d
electrcﬁﬁ%%ﬁ@ﬁlﬁﬁelle&r&?dﬁé dﬁtlgﬁ c@fn Sh&d., but also in
nation W th other radiation systens, e.g.
Oﬂlﬂﬂr ovihgeldsaiptionaabayveard mtentlod fo balapstmm; npidiaifiog. Thus, it will be

O N N A D

without@@dpatih® frokithe sEad &tth@aamm@t:@ut Hehﬁv radi ation system
conprising a plasma produced di scharge source

constructed and arranged to generate extrene
ultraviolet radiation, the discharge source conpri sing
a pair of electrodes constructed and arranged to be
provided with a voltage difference, and a system
constructed and arranged to produce a di scharge

bet ween said pair of electrodes so as to provide a

pi nch plasma between said el ectrodes, and a collector
configuration for nodifying a generated beam of

radi ati on, wherein the collector configuration
substantially surrounds the plasma produced di scharge
source in a circunferential direction around discharge
axis interconnecting said electrodes. In a preferred
enbodi nent according to the invention, the collector
configuration extends circunferentially around the

di scharge axis over at |east 180, preferably over at

| east 270, optionally over 360. In a further preferred
enbodi nent according to the invention, the collector
configuration is substantially rotationally synmetric
with respect to the discharge axis between the

el ectrodes. [00961 Figure 22 shows a di agram of

coll ectabl e optical power as a function of an opening
sem -angl e of a debris catching shield. An amount of
effective, collectable optical power transmtted

t hrough the debris catching shield can be cal cul ated
by subtracting the solid angle allocated to the cones
41, 42 in Figure 14 froma total of 41r. The solid
angl e subtended by a 24 WD 2008/ 072959

PCT/ NL2007/ 050598 singl e cone of opening sem -angle a
is given by 2a (1-cos a). Hence, the total solid angle
that can be collected is given by: K2 = 4'r - 41r(l -
cos a) = 4)r cos a = 4,r sin 8 (6)

proceés 2
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where 0 is the opening sem -angle of the foil trap.
For exanple, a foil trap with 0 45 covers 71% of the
wo od0alo7®sd i d angl e of 4c. [0097] The anount of PEDWE2007/050598
that is actually transmtted through the debris
el d can be calculated by integrating the

“H{A??ggghllﬂiggs of the debris catching shield over the

covered solid angle. The transmttance of the debris

catching shield increases with 0 due to the

o X ttons R Geurorr L braot Bk cftiBhipec, e

diatiBg sestdHR6ELRGnef an opening sem -angle of a debris
rala%asg%§ng sk ng The di agram shows a first curve 80

ra plaeme ptaduged dischacgsd Soemea;bhsr@mdl amdam@heedatg ggnerate extreme
n on o t m - an ordi

utravig 4o he BLRr i Rarm Bytie AR ol P PAET i gled pod
arrang®d fo BOrob iRY vith 4 ASIBRE diffkétice] 4h tefifcdRBuabd ehdlarranged to

Further, the diagramshows a second curve 81 wherein
producsys: diseliargedintweenmidpaiveiel¢qodeper aitte providepich glaswa between

de@qﬁ fers of a typical foil trap shield. Fromthe

said e§f dfe W%t “can be deduced that, as an exanple, using

aa fi€brls datohihgnhiidld Qorkbructdd %@ﬁnﬁﬂg@d e citeli Hebriseorh kaid eleatrodes,
7t can be collected _after the foil trap. The dlggram

to shlerkm paithelecspdandrom ¢ hine of sight Frevidedindhe yadiaiipn space, and o provide an
re | «@and with
apertuf SR ERTEL! 1 a1 R Y B O i cal
radiation systemas shown in Figure 5 assun1ng a

t | | ect th t to, th
2" bo e ST ORI R 1 SR SRy igion gpedypounded

by a pfeﬁ@teﬁﬁﬁ@@% rlchéﬂgfé’ilela@iQW arf Bgticafafis.be col | ected

using a typical ring-shaped foil trap with 0 45 is

about four tinmes higher than the collectable power in

the typiredintiomsiisten aecowding toslaiol Leghdreig the debaimcatching shield

r adi n_u foil trap as e.g. shown in Figure
cmnmg33ﬁ®6§§ %ﬁ?ﬁ%ﬁGh specific reference may be made in

this text to the use of lithographic apparatus in the

ngnuf agtradieti®d sylstetn adcbrdifiosl othitnes, whdasis thedthid jeatompses molten

l'i thographic apparatus described herein may have
tin or HiKEPMAPHIG cat i ons, such as the manufacture of

integrated optical systens, guidance and detection

patter e f

d?s pl a§2a31 lorg%gé%f: ?‘i;cg ?(gl J(calor'(ic}pl ay SM%?%%sﬂ;l@ﬁItl ﬁ?}ﬂﬁéum pomprises
Ga-Intdagneti ¢ heads, etc. The skilled artisan wll

appreciate that in the context of such aIternative

pI|c n use of. t t.er e" ...
Bl A nadaten et Holing BoLpRL TystEh i 4 g fibfg shietd i
prowdg@ B¢ ﬁ%blrtoﬁ flOR jeis m%@d 8ppoBitely ah@p&RFalBYPakdIRNo a longitudinal axis
respectively. The substrate referred to herein may be
of the pleelgedpsed, before or after exposure, in for exanple a
track (a tool that typically applies a |ayer of resist
to a Sﬂt}ﬁa% rfsﬁga a&%}[cﬁh %30151%3 QYIRLSIH hd %@'rﬁtclltchﬂlg shield
net r ol ogy or an nspec i’'on tool. ere
compriseph iphailite of flogl 26, MAn200 8 2d29 Bﬁed?ﬁii/rb]hﬂ@@ﬁfbﬁhﬁﬁé Béntral area.

8. A radiation system according to claim 7, wherein said plurality of fluid jets are

provided adjacent to each other.
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di scl osure herein may be applied to such and ot her
substrate processing tools. Further, the substrate
worensioepy ocessed nore than once, for exanpl e PCI/NLZI®I/050598
to create a multi-layer IC, so that the term
bstr L4 gﬁ&g o)ﬂ?ern? 5&0%%{% ) flﬁ’m{ ?f\?ﬁer&ﬁ ﬁéwﬁtcﬁﬁhﬁlg shield is
at alrea al ns m rocesse

provide@@{H ﬂﬂstaﬁh@frbﬁr tite ¢leetnsdes raﬁg@mgbdth/eemahweﬁﬁ rmlnl amdsibonte}p mm.
refer to any one or conbi nati on of wvarious types of

opti cal onents, incl.udin ctive |l ect e

it a0 ABPE DK GhaSETE (el olitSat s saiebi shield is
provide@ TR ANEStise eie%illpﬁi]at rﬁB@es%%ﬁ%ll?Phﬁﬂ@l 838 LRecib&e longitudinal axis.

Inténded to be illustrative limting. Thus, It

will be apparent to one skilled in the art that
mbli f i Aaadistien swienh ecq@ah@g tQ)cltumal(P rwhergin grgoniginer is provided for

oG8, 8 0L PR ©f (1o

PCT/ NL2007/ 050598 V\HAT I S CLAIMED IS: 1. Aradiation

syst emAfradiadensystin Bgoadibganelaiin I adicatinale debria catching shield

radi ation space, the radiatjion systemco ing: a.
comprises 3 getip Corlimsttian daeasaly sskinbeoratmidelse ﬂiﬁﬁtﬂve to said central

k Fi6n 4 Bl Gt ided

s, R e T R B Pl provide
betwearnsasd platledsl and arranged to be provided with a

voI tage difference, and a system constructed and

ang .0 uce a_di schar.ge, between said
Lot T Baadiful a8 sesPethal SRt IR T A acR Beveth the
platele%@is%&ée%@& FQ88% to ANGarReSRRLY Bomahebptidl shé.el d
constructed and arranged to catch debris fromsaid

electrodes, to shield said electrodes froma |ine of
slght pradindenisystem aeeording b dlaim b ahereinpdistancp befyega the

plateleﬁragg%)sgfe{t&ée%a guﬁogﬁlm.‘ragji %; 73 d at ween sai d el ectrodes

I he O tion system according
to claim1l1, wherein the radiation space is bounded by
alypr edAtr&dmtmsresystephaxrcbrrhhg tnddien 2 lfather eomprisingapt i cal

r.adi.at.i o stem.accaqardi n oclalm
clectrpnepitiolefreting Briemet SReeioE PRy e P uBenec defiggine feld

betwe&ptﬁefeiek'trgdés%hd tﬁe Sl’ﬁbl&adl ation SySt em aCCOYdI ng to
claim3, wherein the fluid jet conprises nolten tin

or atin conmpound. 5. A radiation systemaccording to
cl@i m A radiporesystenhaccording orgiaionth, vdwmin sad elechomagigiic

deﬂecﬁl%ﬁ%}fg%%i@rg@g?%ﬁ terr‘h?é‘% r ?"ngﬂig to claim1, wherein

17. A radiation system according to claim 16, wherein said magnetic field is
provided as a quadrupole field, arranged for deflecting positive particles towards a plane

oriented along said radially oriented platelets.

18. A radiation system according to claim 17, wherein said plane is provided along

the optic axis.

19.  Aradiation system according to claim 12, further comprising a hydrogen radical

supply system for guiding hydrogen radicals through said platelets.
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provided by a pair of fluid jets, arranged oppositely
and generally parallel to a longitudinal axis of the
we@b@mshrosdes. 7. A radiation system accordi ng tBCT/NR2OOT/050598
3, wherein the debris catching shield conprises a
ral ity ,.of L9 ] . r e i Lal. di '

e ool sty hbRpe o QRRFL. Whel b Bendf Wb BELF BB plrcles
are pr@&ddat eHth gatersal diefiicd, gewbrall piransvaisd tgbdid plakdlgts.of fl uid

jets are provided adjacent to each other. 27 WO

2008/ 072959 PCT/ NL2007/ Q50598 . 9 radi atiqn system
attor dﬁrf@g%o% PISTSR JccopiHRg i ‘ﬁa%%oaglé‘ﬁﬁ?fé"’ SH1E [t jraverses are
provid@lviiftdyirss, provi ded at a distance fromthe el ectrodes
rangi ng between about 0.5 mm and about 25 nm 10. A
radi ati on system according to claim1l1l, wherein the )
d2br i sAgadietivmsystsim adcdrdisg toplain 2efirther commpisingg hydrogen radical
el epent that ves gener al | rallel to an el ectrode
supplyj %ﬁ%ﬁt {?8 igﬂgiméaﬁ% ‘?ge?‘f.&“% ﬁ? gﬁf"g@ S@hd WS according to
claim 10, wherein a container is provided for
cont ai Airadiatior SBtedbceotdifig udlginh IR sAb@inme’gs@heofht platelets
theret hrough. 12. A radiation systemaccording to
are proyfiggdnvia flydetei n t he debris catching shield conprises
a static configuration of generally radially oriented
phat el gt.s ;.8 ' ' I : - 21
015 ol SrRighl GleffeccrBt & ABMIT el e HRIA Dplices
molted fimer ofinsbmpbupt. ovi ded between said platelets. 13. A
radi ati on system according to claim 12, wherein a

oS BSLYESRA o PLL BLR A BFAAR S o

Ga-In&Kadi ati on system according to claim 12, wherein a
di stance between the platelets ranges between about
0.5 mm and about 3 mm 15. A radiation system )
ator dpradistdorsystem aording tordeine briprthesicagpaiging a heating system

| : . ; . o L ‘ .
st oo O e O Bl S B ey S O bl PR R M shictd oo
tempetaffe ﬁdamhp@dﬁﬁgl guidi devi f\;\sd;]h gdid deBifis c(ja@cl{i@ﬂﬁélﬂp&d&;/@s&ﬁpply

according to claim 15, erein said_ el ectromagnetic )
systemyoF PERIHIAG 2 e flavin FYacyris srideyaporaied delyt @me@@ﬁdﬁebﬂs catching
shielgfield. 17. A radiation systemaccording to claim 16,

wherein said magnetic field is provided as a

quadrupol e field, arranged for deflecting positive

pit.t i chesdivtomasodscesacpirding to olire 2bewherimragidsaédhtion temperature is
i1 g&gﬁﬁllﬁ orieptg latelets. 18. A radiation system
at leasb ZEOHAP RGPV W 45591517, wherein said plane i s provided

along the optic axis.

28. A radiation source according to claim 26, wherein said elevation temperature is

at least 270°C to remove lithium debris.

29.  Aradiation system according to claim 1, wherein said plasma source comprises

tin, lithium, or xenon.

30. A radiation system according to claim 12, wherein the platelets are provided as
a material of porous characteristics for removing said debris from said platelets through

capillary action.
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19. A radiation systemaccording to claim 12, further

conprising a hydrogen radical supply systemfor
wa@eiodiorayshydr ogen radi cal s through sai d pl at el BCBENLAB7/050598

WO 2008/ 072959 PCT/ NL2007/ 050598 20. A radiation

system,acecording. to_cl ai. 2 1 ' t ] :

ChE ol avaraue MR SaGoREk Gl P 2y ol BN 3 Reifhor for
remov@RRIdddbyis ffoansalé pheeléto tisaigh pbetagical scit2tlon & said platelets.

radi ati on system according to claim 20, further

wherein said traverses&?re (gr,ovi ded wi.th wires. 22. A
r 34 at PdAdialen sisiear arlingta daig 3} whseseip saif gagitator comprises a

- ST cTo M- TR a N7 o d @dickad supply system for .
“brat‘%ﬁ?g?‘lﬁé’id%r ogenﬁgg)ed‘?éaﬁs e'thr ough said traverses. 23.
A radiation systemaccording to claim12 wherein at .
| 3hst Aaadiatén sysenpheoalieg ® claine3 hrherde daid gxeitatondognprises a

.Jet. 24 Aradi,atjon.syste ceording,to cl.ai 3
centifyih Fufnp sk PR b RE SN ohET MEGE® Bttty
conmpound. 25. A radiation system according to claim
244, wWhargdiatiémystdni acdrding ftklgiaiPr, ifediser coptisin@a. getér for
A radiation systemaccording to claim1, further
catchiepdghrisgpmgved Hemspidglaiglstsem that can be sel ectively
heated for elevating a tenperature of said debris
c chi R . . i .cai
dz%ri SR% ?%%@%%&E egcrciogﬁgrg cﬁ%lﬁ{gﬁs\i%?g; aﬁgégad tggts1§ Botbtructed
and arsanged 1o progsdeandibchargertewatinrsgidepajias eldctrad¢socoavaisans aser.
sai d evaporated debris fromsaid debris catching

shield., 27. .A radi ation.,.source accordi.ng, tq claim
oy o1 A et BlR PR Be g hden e Aediegyfike o
discha%éé arxleﬁi!av&céﬂnectﬁﬁgbsrai@ele&&deé\aﬁ@@ha{einqne SHAHHR sPacaE Guteantially

0 claim 26, wherein said elevation tenperature is at
boundpd heivea 0@ mutuadyoeeeriely prieniediednes wlatdg. to the disthardegiris, the

cones BT BSRRLALBB G PPy BB

radi ati on system according to claim12, wherein the

p3at el atradiatién Hrsten dedrditg toaclad 86, ivilereih throdebus catching shield
characteristics for remving said debris fr

: 5 2 > om saj
extends|cieumErentialy std thadisthapgsxareves At Loy 6P ,m%fsyabgfz%g at least
270°, E5tidnitg 804/ 10598

38. A radiation system according to claim 12, wherein platelets have concentric

conical surfaces and/or comprise at least one planar section.

39. A radiation system according to claim 36, further comprising a collector
configuration for modifying a generated beam of radiation, wherein the collector configuration
substantially surrounds the plasma produced discharge source in a circumferential direction

around the discharge axis.

40. A radiation system according to claim 39, wherein the collector configuration

comprises a normal incidence reflector and/or a grazing incidence reflector.
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31. A radiation systemaccording to claim 12, further
conprising an excitator for renoving said debris from
W@ 200d/0pd98d el et s t hrough mechani cal excitation pET/SR2087/050598
pI atel ets. 32. Aradiation systemaccording to claim
a - vihr

P R DT B DL | R e
provided dxh@ltd B0ltpYshienbR ot aliihg gletr&ntﬂ b vabRlalongresgdctive plattlet

excitator conprises a centrifuge for renoving said
surfacgfebri s from said platelets through centrifugal action.

34. A radiation systemaccording to claim 31, further

C ri I Y;

T R B ESE agBl B RTL SSRIR SRR Pt Sore the
wipingé¢lamentt, wherein the systemthat is constructed and

arranged to produce a di scharge bet ween sai d pair of

ctr CO ses a .36, A.radigtion

o aRTETPSOHPsIeR SeciEs B oiphal. QR Bt PR ARG, has o
comb_Qk(&gth@hg@_ axi s interconnecting said el ect rodes and

wherein the radiation space is substantially bounded

between two nmutually reversely oriented cones relative

t -t heAdﬁ@éWéﬂf gyisteax pagordingto Jypedl, nderaiy therip gaed@t;gents are
aurranggﬁliJ Po%‘t ?o s Eé#aﬁ%& da‘iﬁ %veﬁﬁg ol itfh 6 ect tﬂ the respectlve

|on system accordi ng
plateleS@urfa/hbgr ein the debris catching shield ext ends
ci rcum‘ erentially around the discharge axis over at

r ef er abl over 270, tionall
Hor | sBGadighor o TURPTRE SyREENT A LR HSTES T appeth of o
wipingldem! Gl fés?éé@tt@ﬁ Efa%ela AURAGORRAL Wiging @l@ﬂﬂeﬁtajwdth substantially
surfaces and/or conprise at |east one planar section.

coincid®. wih amiiteartriediatesypstiogdintanoe tetmgen theqilatilet 88fack and e adjacent

sing a collector configuration for nodifying a
platelegé‘fr}gq'cﬁt ed beam of radiation, wherein the collector

configuration substantially surrounds the plasnma

M@ AduCRFadlhBES sBeh SRUFIRE lotl@nC4 I, uhdtedt 8Idh{ @lmoving path of a
direction around the discharge axis. 40. A radiation

wipingsglemenhviBtissRACL 2 Rlaisleapurasg, aninicraediaeivaacieg flisenes between the

e reflector
pal SR 9468 34 e OISR OB ASHEGE |
2008/ 072959 PCT/ NL2007/ 050598 41. A radi ation system

akk or dAnghdgrapti@appatys coomgisirg: ng a wi pi ng nodul e
provided with a nultiple nunber of vvi pi ng el ements

908 LeSper g BLALS U LS 2 e
a radiabioR 9p&ef tha PRIi SIS Sleth édﬁ@pnsmgol ng el enents.

a plasma produced discharge soufce constructed and arranged to generate
extreme ultraviolet radiation, the discharge source comprising a pair of electrodes
constructed and arranged to be provided with a voltage difference, and a system
constructed and arranged to produce a discharge between said pair of electrodes so as to
provide a pinch plasma between said electrodes; and

a debris catching shield constructed and arranged to catch debris from said
electrodes, to shield said electrodes from a line of sight provided in the radiation space,
and to provide an aperture to a central area between said electrodes in said line of sight;

a patterning device constructed and arranged to pattern the beam of radiation;
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43. A radiation systemaccording to claim4l, wherein
the wi ping nodule has a conb-like structure. 44. A
WO 208@ar396N system according to claim4l, wher ePCT/NhB07/050598
Wi ping elenments are arranged for. performng a
tr%pslation and/ or swi veling novenent with respect to
the respective platelet surfaces. 45. A radiation
syst em pefetidh Bgstéra cohatugted and whenigidrto prajag the patermeg beam of
. path of a w ping elenent with respect to a platel et
radiatigy PRtQASUbEI G Ccal Wi pi ng el ement wi dth substantial |y
coincides with an internedi ate spaci ng di stance
between the platelet surface and an adjacent platelet
surface. 46. A radiation systemaccording to claim 41,
wherein along a noving path of a wping element wth
respect to a platelet surface, an internedi ate spacing
di stance between the platelet surface and an adj acent
plate surface is substantially constant. 47. A
l'i thographi c apparatus conprising: a radiation system
constructed and arranged to generate a beam of
radi ation defining in a radiation space, the
radi ati on system conprising: a plasma produced
di scharge source constructed and arranged to generate
extrene ultraviolet radiation, the discharge source
conprising a pair of electrodes constructed and
arranged to be provided wwth a voltage difference, and
a system constructed and arranged to produce a
di scharge between said pair of electrodes so as to
provi de a pinch plasna between said el ectrodes; and a
debris catching shield constructed and arranged to
catch debris fromsaid electrodes, to shield said
el ectrodes froma line of sight provided in the
radi ati on space, and to provide an aperture to a
central area between said electrodes in said |ine of
sight; a patterning device constructed and arranged to
pattern the beam of radiation; 31 WO 2008/ 072959
PCT/ NL2007/ 050598 and a projection system constructed
and arranged to project the patterned beam of
radi ation onto a substrate. 32
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