LI THOGRAPHI C APPARATUS | NCLUDI NG A CLEANI NG DEVI CE AND
METHOD FOR CLEANI NG AN OPTI CAL ELEMENT BACKGROUND OF
WAk 706ENTI ON 1. Field of the invention The pPeEaD2006/050303

invention relates to a |lithographic apparatus
i ncluding a cleaning device and a nethod for cleaning

LITPE]IGRABHI@IA&HHXRATWHNQMHBING A OQVBEANING DBEVIQEAND METHOD FOR
relates to a cleani device and to a nethod for
manuf act uri ng a@l%ﬁﬁlN@%@P&CA@.EWEbﬁound of the
invention A lithographic apparatus is a machine that
applies a desirBAd(RGROUNDMOTHEINVENHIOS usual |y

a target portion of the substrate. A lithographic
1. Fle%éh%{wgn%‘éh be used, for exanple, in the manuf acture

P% E}egg{t%\%g{}&é ¥ecfeH§atjt§) lltﬁg’gra]i)li %}%t%tué Shats cl@adm%%device and a

rning |veyre erre

meth@leoacmfﬁkg Optical Eletnchits ETheW¥sdALiny @bl MrtBENeaads 8o @ cleaning device
circuit pattern to be forned on an individual |ayer of

and tat fmethod fahingnydadteengia clasnibgdeviemsferred onto a tar get
rt| i ncluding part of, one, or several dies)

2. Ba r@d’éi*ﬁ"%{’%“@@ g a silicon vvafer). Transfer of the
dﬁtﬁ{)é}oﬂﬁ &tﬁé Ya ﬁﬁh&uﬁe’@gﬂ zll}ghgécht ?es‘ff'reh ?X@éena %Eto a %ubstrate

|t|ve nat er | SI st

usuallwﬁsd i a&%t pbﬂlogejm[eadubstaaté .1 gimg&ph&ta@p&@twchﬁ b€ Qinafdil example,

a network of adjacent target portions that are
in theguanoéssirg ef yltqgaat@decmmmts (K?s@vbn thatnms@]pam%tem@gd@nm which is

ste n whic eac tar nis

aern e B B Birsk P b e s he e iRl S0l patem to be
f 9RLin@Odub OBy Alor AREICL I 1Rs p@fieh AR £hrget porti .
ormel ¥ ind0ldu By For ARAC 1 plich SPGB (cricl oA £hirect portion (e
includpad pz&f of, bh¢ @ugd%aal Ideed) adi b Qibsr@rncigha &iligov @afed). Tegkicdof the pattern

(the "scanning"-direction) while synchronousl K )
is typisglinwiadgaging o8 \gskay el r@(ﬁﬂ%ﬁn-ﬁnswe m@fqnabérﬁwt grovidgd on the

di .
substoglh P it Eite “hslie HRgRREA Ba o o ek rtgms thatare
succeésw}b MilcRedt REoRATIRI Rt ébp‘éﬁ?ussiﬁaﬁﬂé @ktfperd, th @hwh each target

hographi ¢ apparatus, the size of features that can
portlolnes irrelgped] onexpoting as lﬂblsrte@atteml antd thaitdrget foytidrhe one time, and
wavel engléh of the projection radiation. To produce
Scannﬁrﬁt @g’vlatt BRCH; tIee nogtlw sHTadiped R scanaig thy pytery Bypeaisa radiation

, d
beam J8' g 18R At AAL: QRGN e AGH Wi ki BoRGR1Y Ehfnd fhe substrate

parallbll dr*ﬁﬁgfp@mlleptoﬁhgld%%ﬁ&ﬂ 13P RRb Pbkeo1€ M- (e |tﬁef iRl 86m the
i ght generated by nercury | anps or exciner lasers, it

patterhuag doeien tqtho poissedtctly ingeinsing theepatteanv@ite fgtsbsteuti. at i on
of around 13 nm Such radiation is ternmed extr

u Fl% éamosra@hw(@m})awérthg e ok [qagyes Hpfrap bs dmpged %%Fl@égbstrate is
11m1te8 %grltﬁed\%aveflg‘[gﬂ?ém ?0] eét%ﬁ%ﬁdl@tﬁ&d %%%(ch@‘f’ﬂggr%ga ci&dits with a

higher density of devices, and hence higher operating speeds, it is desirable to be able to image
smaller features. While most current lithographic projection apparatus employ ultraviolet light
generated by mercury lamps or excimer lasers, it has been proposed to use shorter wavelength
radiation, e.g. of around 13 nm. Such radiation is termed extreme ultraviolet (EUV) or soft x-ray,
and possible sources include, for example, laser-produced plasma sources, discharge plasma
sources, or synchrotron radiation from electron storage rings.

The source of EUV radiation is typically a plasma source, for example a laser-produced
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sources, or synchrotron radiation from el ectron
storage rings. The source of EUV radiation is
wo yproed2ity a pl asma source, for exanple a PCT/NL2006/050303
| aser - producedpl asma or a di scharge source. A conmon
feature of any plasma source is the production of fast
plasmhons dasabargt sotBee. Wheahman écaexpel hedplhsrmamydune ipltaespraduation of fast
all directions. These particles_can be damaging to the
ions ape piogest whlcaﬁae exdehiem the plagna il diicajoas @%%rtlsles can be
damagm%Eo { rr}g‘ga;grc%&% g‘;rﬁlﬁ‘llfog% \évh}csﬁlareegegle @{IF ;y%r dtndTOI‘S or
grazn%l{ﬁcﬁléhc% rﬂl%rﬂof’g’ QG fraile SRYAdCE rTIﬁqurPdfce 'isl'?racﬂlﬂﬂlsr'd%él%ﬁed due to the
expel 'ed fromthe plrasma and the |ifetime of
impaati arsputeering, ¢fftbs patticiee azs;afdiLed Tiloen tshp lplatsmal ang thef Iﬁfeume |o£ the mirrors is
particularly problematic for the yradiation co

thus dm@asﬁdr Blafs%ouaﬁr%ﬁ@cryﬁrna&#wlaglw1250@611%% fOfﬁ%%Ta&t%“@ﬁ collector. The
purpogyé)fctﬂls Iﬁlrrg)rln Ry tto%g lécp tr&l Jl‘uo(iill V(Jﬁglll é?l’?l‘[‘[g(y 1r1t eﬂ?d@écﬁ%{%bey the plasma

sourcé hﬂdm}d%ﬁit It&Rardy §ﬂ1@f711n1r}_61r§ 11{ &@lﬂﬁﬁﬂlfhﬁ‘u&%)}sﬁ@ﬁ Omeirgdiation collector is
positioned very close to, and in line-of-sight wth,

positigtied th‘}a@nw tooarrdcie lmne fiskabt wfitbr te plrseiaesrca ah@ﬂgeefbﬂeumelves a
mrrors in

articles fromthe
large ﬁ%ogf?é&r%ﬁﬁlﬁ? TR AR BIRTTYA- é%{ﬁ%rga@r%méniﬂ éﬁé%f‘éﬁl afegperally Jamaged to
a less?r%g{e%rﬁy ut?efr at{f&)'elg c?% eg afel lefﬁotq%me% ﬁ’éea[ﬁgpm§§ BE Shielded to
some Exthir €, extrene uItraV|oIet (EWV) sources Wil |
probably use tin or another metal vapor to produce EUW
r fdihaicamfututhjestreing UHWIQI@E(EU\ﬁtSOUIlCh%WlH priobgirin pﬁﬁ ign or another
OSI te rs int

metall F a:}g&)ﬁ%lm:%ﬁﬁbwrélpgp Bn m[ap{j a?ﬁn g&lzlg P‘B}pg{aﬁgw apparatus, and will
be deﬁd'% i:(fl&ll Hf]rr&‘g I1111 thﬁograE—l{l"\ﬁ/c %g e&‘ﬁss e th%lfﬁll?ﬁo‘?s s@afe ?d!dllﬁg{(}}’l collector.

ect or ecting top layer of,

The nﬁ?tafmif 8uchr alfaﬁeilﬂlbtl ol &dt)r. mAelRes iatE oV réflecomg ot 1496t of, for example,
approximately 10 nmtin (Sn) on the reflecting Ru
ruthemwéRu)Mquowéom @Emoajhali apfireximarely hO pielins@yme ondlie rafecting Ru layer

d t hat
witl il antatot v sinchry ok S B udast il ibed o fow nm so
is dep&l?ed%%r ?llkkl WeRSIY S840 FRfy E(ﬁﬁ'cec qihk %%faﬂ tﬁﬁéﬁnféiﬁSﬁ %Pﬁl% collector

signif , since the reflection coefficient of
may deSremﬂadngﬂlﬁwmlyI $iage thbectfleefidreadeifidicre @€ tihiicimantt loafer than the
ruthenium 1In order to prevent debris fromthe source
reflecpn geediBeieniraf rpthenipgy Bsoréérnt@rpa%‘@at @ﬁgbrlts Hiogn thetspse PF gpgpndary

e.r t|o col | con .
particfSRER a6 Fu P 8B BB RE b iaht RO M prgingnt arriers
may H@iﬁéed ey Eh RRhicoRfanfintt gﬁlﬁ%fssrna}slteh{dve PRBRf HRAIebAS, ‘Mllllsome debris

deposit on the radiation collector or other optical
will depeaitenttbe ra8ldMvARY!l<dFor KilatHNVRINEI ENndentsi s an aspect of
the invention to provide a |ithographic apparatus
i ncludi ng a cleaning device, for exanple for cleaning

Sn dep03|t| on f r YHEMAR¥IOBRIHEBVEENTHNS of e.g. a

col.l ect or ventlo el %f
. ﬁ[ ing a cleaning

To that e
i e e St BT 4 Py eapicePpRde MO8
device, for example for cleaning Sn deposition from EUV reflective surfaces of e.g. a collector
mirror. To that end, the invention relates in an embodiment to an EUV lithographic apparatus
including An EUV radiation source; an optical element; and a cleaning device configured to

provide a flow of hydrogen radicals, wherein the cleaning device includes a hydrogen radical



including An EUV radi ati on source; an optical elenent;
and a cl eaning device configured to provide a flow of
whyarogemn radi cal s, wherein the cl eani ng devi CECT/NL2006/050303
i ncl udes a hydrogen radical source, and a flow tube in
comuni cation with the hydrogen radical source, and
sourct, hed hifow tubbén ¢ammautiaatgadwitiotherhgdiogen tdutcahyalreg and the flow tube is
radical flow at a predet erm ned position wiithin_ t
arrangepittqa, ﬁ@ﬂ’“éﬁﬂfﬁ% hwﬁg@aqagg;al oW 2t pqeégglfmlﬁg(} pospiion ‘ﬁghm the lithographic
e sed fo cal s

hyd
apparatu%m{l% aglgftsqv aﬁ SR (I)%an d1rgo 1c)é regg%ggl (h;)%en radlcgls mCFfudes a

aving
materra@ﬁwmg AEARe) erPﬁﬁfcfctl Qir@Bd re%o&bﬁ%tloﬂl Eoéfﬁm@ﬁ‘toi bep. aspect
of the invention to provide a nethod for cleaning an
ohnsmakNEMQm&nbfm&na&hthUgmawﬂeanapbatﬁtubamﬁganbpnaﬂebnwntof
the invention relates to a nmethod for cl|eaning of

end,
a lithqggaphisy anppgiagise he .tlaaéren@ﬂé?r@ﬁ?@loafreléﬁsmnvqt qe'ofgf alﬁﬁrileg of one or
more ggtri)cag gl‘éléj%frl]t Iog gr} g@%ﬂt%ogﬁéhlg%bggf?l{ﬁr q}{é g‘l ﬂ%&qn&u(? ﬁg pp(gvldmg a
cleanih@@biad Sonfiieddab @réd’i@e £NeRMYdevh fdidalRe lzvﬂgl%ﬁl e cleaning device
hydrogen radi cal source, and a flow tube in
includee mimydiogen Fagicalvkdauned, hed thldwdg‘efmnrca)mrmahca@ou vath thahgdrogen radical

the flo ube .is arranged to provjde th rogen
sourcq, 25l ¢y H\‘Ii' it a%a%ﬁg iropoy e il 9@6%% e %yff 4 pygdetermined
pos1t1{>:1+ ggﬁ;ﬂﬁg@gféh&fgg@ﬁgiagg%ét qlha@tlde tgéaan > a Ele@{m H%il(l:,le de@osed to

hydrogermtiRbisahclhidadi aﬁﬁat@rizﬂ}lﬂffﬁhg %fhyfdﬁggleﬁ ahdisdl rsﬁﬂ@c% recombination
reconbi nation coefficient < 0.02; providing a hydrogen

coeffiticomE &2t providingamhydyoghailaye (o e glerning dgvige; Wdﬁ@@%a ydrogen

: dical ,flo and . provi di e hydro en r adi, ca

radical floy mdeaf@ffﬁu}ﬁ e iRert rfkal PGt PR Py Hthin the

lith ¢ is yet another aspect of the invention

' Og?%B 2% éwa cl eani ng devi ce. Regarding this aspect,
t ttas yerwaotheoaspeel ddtigsSint éntRnad paovideth cleatigedsastf Regaréehg this
to provide a flow of hydrogen radicals, wherein the

aspecig Iﬂ@aﬁYfﬁ@lOGéQ/lﬁ'@étq helcytes d%wwéi@mdrtamqyade shew @ hydrogen

fl b t d
radicafo gyt i A e R ass e et o ab S ARG Row tbe n
comnRi¥hGEn FXR M&Qgeﬁ%%leﬁ%eu{c@%%k fabtMhUA8Re Acaning device exposed

mat eri1 al having a hydrogen radi cal surface
to hydregaambdinat immhudes @ nfidteiat hhvidg @ h§2rogburddivat surtdce rsoydination
anot her_aspect of the invention to provide a nethod
COﬁﬁP@Btﬁﬁﬁ@facturlng a cl eani ng deV|ce To that end, the
ufactur|n

P DR PG Pl B SoFhu R BS e b filpdy for manufacturing a

cleamhg deRee Ty dsh Gal the itRRLSRpRVMCL Q‘iﬁéﬂ‘i’dd"&f RERYAR A Acleaning device
drogen radi cal source and a flow tube in

conﬁg:mafmuorprc‘ade aflowi dfthytlfvech yah edse therracthodincholurg@oviding a hydrogen
. Wherein at | east part of the cleaning device exposed
radical gougeipnslre oW dgheda cemmiicatien Wathrag hydragemfadncwgsoarce wherein at

least @t(d)cgq@egﬂlaﬁg%@dﬁs%ﬂ)%“qe[&]_ﬁ%&gg%%ﬁ%aﬁég&g%su 1%'21‘[%?151 having a

hydrogen radical surface recombination coefficient < 0.02.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which corresponding reference symbols
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Enbodi nents of the invention will now be described, by
way of exanple only, with reference to the
waewenopanyi ng schematic drawi ngs i n whi ch cor reSpaDnziosgs0303
ref erence synbol si ndi cate corresponding parts, and in
whi ch: Figure 1 schematically depicts a |ithographic
indicaxpgarapasligegotsdamigintwhieln enbodi nent of the inventi on;
Figure 2 schematically depicts a side view of an EUV
. FlgGFﬁ hagheantiedlst dopichnlifhpajapbiciagharaiys peeprdipg & an embodiment of
hographl c apparatus according to Figure 1; Figures
3¢ schemat i cal | y depict a nunber of errbodl ment s and
Valduddt SchefnatibR1yCd PRl NAdEONWCE AFAOV JiliHinkGort Q%tem and projection
i nvention, for éxanple for use in cleaning at l|'east
optlcspsfrathtbcﬁgrap‘lac gpylakaas mcprdargjtoFmgueés 4a- 4c scherratl cal 'y
depi ct enbodj ments _and variants of the flow tub
t ﬁ@u&qSéérﬁCrﬁgh%%C@Ey Serigt anHgber oF FW@O‘F‘WQF%ﬂSrYa“%? of the cleaning

L T

and depicts a |ithographi c apparatus according to one
embodi ment of the invention. The apparatus includes an
i Flaundsrfat4coxhgyaicety depittembralioents pid comisgtedlew tube of the

cleamicg:lg g\lggzel? gt??f)? 1§raga gotfg% Iggfgnt(?&ag(])r %%%%<foggﬁr ggjcl qag;?{n%glt ?erastEp% of the
Coﬂecgoqnfl gured to support a patterning device (e.g. a
mask) MA and is connected to a first positioner PM
configured to accurately position the patterning
device in accordance with certain paraneters. A
substrate table (e. ETAIWEDEPESGRIENION i s confi gured
Si st - coat ed

| Bigdfn hudeButrob R iton fpBupfR oRunTPaE S Rl i @ rapodiment of
the me&ﬁluﬁ 20 hoBREIHADILNE IRUSEEh & BRERAARTS R %ﬁﬂgmed o

certain anmeters. A projection syst
condifi@f 4 aaliitioa bRiaBRid. UV keliwionyws BN rdfition). conippatired. 4 mask table)
project a pattern inparted to the radi ati on beam B by
MT 19(}“@tﬂﬁéldrﬁﬂ ﬁgsmort@@amn@m dvicet(aegemapgortAcmd s ¢angeted to a first

positgeFFRE- P ae e BHioRaDe el Jour BUE I i corain
paranf¥fer® pA'sﬁ@étra%otﬁP@'ﬂngt SwafP eI GWT e ERHMR to 'thdl aeﬁlﬁolst\‘zﬁe (e.g. a
magnetic, electronmagnetic, electrostatic or ot
resisticygped waferppt anclab cororpedent S¢coad pasitiond PV Iaﬁﬁgnned to accurately
thereof, to direct, shape, or control radiation. The
posnl@rumsérlbst@é?p@@ﬂ@@da@egwtkb%ﬁa@ RAHENGIRISg MY Profectipmgystem (e.g. a
at t r ni n

refracﬁ%%ﬂré)llec%lﬂlggena 8\{)%?{8)8{’%}? (iOﬁlgg%I‘lﬁE Zchg TOjGC %p%tg devarge% to theradiation
beam By SR8 EMECHIA §116 a988EPdrtion C (e.g. including part of, one, or more

dies) of the substrate W.

the i 1n§en

The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, to direct, shape, or control radiation.

The support supports, e.g. bears the weight of, the patterning device. It holds the
patterning device in a manner that depends on the orientation of the patterning device, the design
of the lithographic apparatus, and other conditions, such as for example whether or not the

patterning device is held in a vacuum environment. The support can use mechanical, vacuum,
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of the lithographi c apparatus, and other conditions,
such as for exanple whether or not the patterning
walew7oer2ie held in a vacuum environnent. The SPQPNL2006/050303
can use nechani cal, vacuumel ectrostatic or other
cl anpi ng techniques to hold the patterning device. The
clectrsugjparrtotiay ldngimg feclatigusito holdaht pattehting dxaogl Ehe wippoitt may be a
may be fixed or novabl e as reqU|r ed. The support nay
frameeey @d@'@eatfﬁwxampée prﬁtl%mﬂy h@ figedspic@oyablags rgqeesh ridg Support may

ensurg 813{‘[ ana%r];u%r& Vl((j‘? eﬁ & eg %(;Lposr :f it, C(%r%xgnqsle V}I,rg{ I%gft)ec? {2) the

pmJedﬂi%h%yaexﬁaxnpﬁsecaftﬁé (808 dreBYROBY Rk Wekdih 1S bERbSidered
general term "patterning device." The term "patterning

synongiewiig #lth ulseiotvegeninl snodipdttdreingrderidt.y i nt er p_r et ed as

referring to any device that can be used i np
r 48 frmomat AR ey 1SS ausdtersihshayld '?%br@%lgénfg@é%t%?«ﬁ feferring to any

devic® hll%p% Sbte u%e E %{_P%rt% Oﬂgta{lgﬂ Feaél[ﬂw?th: ai{a%gltn iR s %o%g-sgfftm&l@ﬁch as to

e no tha
createl dfRAHER a Breehortiasl bAthk QbR ERAYIE B n%l‘e‘dcth:it)fhe pattern imparted to
correspond to the desired pattern in the target
the raghation bennofmay met swabidy rarespordbio thx dmuleé pafier h@ﬂpam‘getrportlon of the

I ncl.udes phase-shiftin eat ure called ass
SubStrfl@afL‘lﬁ Fé%mg FQF"it‘i}n 11%‘]%%‘[65 Q%i‘s@rﬁi‘ PPr% ‘EE\G ?rosotqarg A assist features.
I r -
Genetl]élfljr%I i %%%FP ﬁfglg/gefr@dlt{)] tlge %1\?}?%29%8? %élf'(écggéés%&gﬂoaa aﬁtécular functional
layer inad @sﬁ/ﬁceﬂﬁirtg @ateSinChe asgaPoititnegicataedn Gtegrbiet cirdiie

patterning device may be transm ssive or reflective. _
EXherpitesniog dpete ewapiba dradevissies of Wélle@m@ hwarkples of patterning devices

R TR L ST LA PO PLOSLATTN & LD\ o
kHOWIjl l|1t‘ﬁggth?f lﬁng %@ BRI SHAR t?ﬁe&gh sybmﬁrbrt eﬁ{eﬂﬂl‘ﬁ g%fl?se-shift and

ase- at't enua ase-s
attenu‘d&ﬂlp(htd& shyfl, rasdVdIﬂ&ﬁ;Kfahy@ﬁlSybnﬁl’m:@kamseAﬁfex@nple of a programmable
programmable mrror array enploys a matrix arrangenent
mlrromrr@rmmloyﬁ & MBHE ar@agﬁn@ft 0£/ﬁﬁneﬂ nggarspeachred iwhichyepn| by individually

0.as.to refl : i nco tion_be
e gty et B e Briatbing Pt FER i) AR TionparbSatd irors
1mparP;§F£t?errﬁ‘ i Qra%aﬁ@@b@&th%ﬁ?@%ﬂ%‘t&irba) e hefbembed, by the
mfror matrix. The term"projection systent used
h&heiamms peajtdioheylicmd dked hantie shodd &d bamdBnarmpaed iangncompassing
any type of projection system including refractive,
any tylpémf BEajgeyien Sﬁ%@radm@lpﬂmgéefraﬁa@ﬁéﬁﬂ@cmél @%ﬂl@m@ ﬁ’éftgnétlc

ctoctr PR L S SRR Y S By PR CARREF G5 sBroprace fo

the ex?@éd?@rdélﬁﬁf%n b@fngfd%éd Qk Iﬁ&rotﬁé%%&&% sRUED BSuldhs a‘ﬂ%ﬁm%frs@ﬁ‘ liquid or
imersion liquid or the use of a vacuum Any use of

ﬂmlmbbéamemnmiahgpsebfﬁwthanﬁkqhehm1hnﬁﬂyx@en&qﬁ&u@ﬁmddeéas
sy nonynnus with the nore general term"projection
synongipgtgith thempesr gengishicenegioledenappeat us is of a

A?; |thCe ?ct tdy B a&)Ea tus %Tgft olyeﬂ diR tggg er %%%Eﬂ]n]’%sé( I)eﬂectlve mask).

erna appar at'us” may

Alterﬂaﬁp@ly(t%e gﬁpﬁﬂﬁé iy B ofla i ARBRLISS type (FBSdlployiag a transnnsswe mask).
| it hographi c apparatus may be of "a type having two

(d hahtls)gaa@hgc appanaprs enayuiesifragiype having two (dual stage) or more substrate

tables (and/or two or more mask tables). In such “multiple stage” machines the additional tables

may be used in parallel, or preparatory steps may be carried out on one or more tables while one

or more other tables are being used for exposure.

5



tables (and/or two or nore mask tables). In such
"mul tiple stage" machines the additional tables may be
wais@dosa2ipar al | el , or preparatory steps nay bePCEBNL2@6/050303
out on one or nore tables while one or nore other
tabl es are being used for exposure.The |ithographic
appatidiogmphiyapphratus beayaflscebd offpatypheheicin atledseapdrtian of the
portion of the substrate may be covered by a liquid
substrﬁ@@%fgbeacqveteéthy\ﬁelnq}mh h@ﬂng efdlalbehvkigh nefeelive mglex ARa-@Yater, so as to
ection. s

fill a sga%ea%%weesnutllélg PF OA%&R)H '&Xstem an %‘ % treRr o) 1mmer31|0nth6udm may also be

appheem@ bitRespaReOhhBE liGRgfk! ﬁlclaep&aelsl ﬂoI: B;@a@ﬁp’l@ 'He@w&lﬁl@ﬁé AbSand the
for exanpl e, betweeR the mask and the projection

projecsipatsgstem| Immeersioancdhaciuas gueesclbkrevweih|thdaroar ingredsing the tumerical
for increasing the nunerical aperture of projection
apertugg of pIRiecliah gy steghsm Fherifah singRersign” psegd neredt focggesmegt that a

structu% agluch QQ% s@bs%tia{eu ﬁltugtrbe'bsuﬁﬁl%gﬁeﬁ ﬁgﬁ'}]ﬂbﬁﬁt A& ({ﬁfﬁeﬁ% thatuhqmd is

Y means
locatetlsfolr @ﬁﬁh}ﬁg bét@éen&h@[ﬂﬁnh&ﬂoﬁ Sy NaRAnd IR PBARECHIrtHE SYPSHE
and the substrate during exposure. Referring to Figure
1 Reteimeng tol Kigimdt e illummeteill escenas ralidton ffanpmradiation source SO.
radlﬁg{ n sourc SO. The source and the i tho P%h
he soipeT HROETED 1%@@%@5{8@@/&?% KPESL® qugficr (R REPATERRn the souree
i el S A P e
appartii$ HQDIha pAifioArRamAL Pssséd ﬁofd‘tﬁe kAGAS 0 tHedBtMmiritor IL with the aid
passed fromthe source SOto the illumnator IL with
of a bedwe delinrp sy stenb ewhddieg, ifQ/reepcmeXPs swimbloritegdingigpirrérgand/or a beam
sui tabl e direc mrrors /or a beam
expangiin B b B noreeagEbe iR it ied iage Bbode i vogpas. for
I [ I f n .
e T

the belhl dolivagtsgstemlBD iO@ghiRel; may tbe rébacd avan Oatiaviet yyssynst em
BD if required, may be referred to as a radiation

sybe dmimer 1T} mamrﬁ‘/&td@ranlaldjwm C@li*ﬁﬂm@ietoaﬁﬁlma}h@smemlar intensity

I nt ensi

d1str1bd1|%§{1 ro? ﬁl?t %lﬁtl(&}ag%aﬂb C}eélaliag,?:] agﬁ Fnou@g ({/éli ]111961‘ rgihal extent
(comxh@tﬂ?tref%}}@d QU0 RRILRS & 'uﬁ{%? redREl@ly) Q?fttl?enltntegl&%THf)gﬁga%Atmn in a pupil

referred to as s-outer and s-inner,” ‘respective
plane bhehciihitraimaior yardbs hdjusbat iloadditio® thnm]uhnmitemlé fy trisRide various other
illum nator can be adjusted. In addition, the
comp@nqntmﬁtw&taé (N [ptegRApT ﬁﬁé; p geredopsgri B}tlﬁsl”@tlh@rtord@%p%’é‘ﬁ’ﬂéo condition the

h as, an int t or ondens
radio P O B R RN BTy e PIREY Abrinbiain 1k a0shon
dgfé FREhHORILERNB [Yin@Bchti 'oﬂttﬁ‘é'lﬁeltﬂei/m abviedwtd. aRadkMAb, Swhlch is held
cross-section. The radiation beamB is incident on
on thepappent 4. gtgmdﬂ«/ﬁabb Ni#&),gnd inpestcrriviby thpatteriisg Helick. (Bhwmg traversed

t he support mask table M), and is patterned Qy
the m@ﬂké“ﬁafh@éﬁ@fﬁ%@l o Eeasqqamrﬁ@ght thaveﬁ%%@ntsﬁ%erﬁé’§k wiich focuses the

beam oﬁﬁ") t%%ggﬁerﬁ n Pﬁ g sd%%é @Et‘ﬁ%gg al? %? ttpe s% n%ltﬂogpuoner PW and

focuses
p0s1t1&9§etn|s6¥fIF@ (8. dmhiatcsRsthétat @ex\i\ée Whedr etnb@de@'oﬂc acfhh’@ sensor), the
second posifioner PWand position sensor |FZ2 (e.g. an
substratettahlé &Y Dost bé model/aaveratdly,reemso en tophsitioardiGepaictatget/portions C in

sensor), . .the - .. i
the path ofs t?le )radla‘uon beam B. Similarly, the first positioner PM and another position sensor
IF1 (e.g. an interferometric device, linear encoder or capacitive sensor) can be used to accurately

position the mask MA with respect to the path of the radiation beam B, e.g. after mechanical
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substrate table WI' can be noved accurately, e.g. so as
to position different target portions Cin the path of
wo b@7nedi@t i on beam B. Simlarly, the first poBCT/NDZI®E/050303
PM and anot her position sensor IFl (e.g. an
interferonetric device, |inear encoder or capacitive
retr1e\81é fisar 3 masinlilyerysedurirg aganr & gingrgdaaotdnomt bhthe mask tdde MT may
th respect to the path of the radiati on beam B,

be reaaﬁ%dewﬁhéltqﬁa% péalqn@tﬁﬂms% glodpledpomserREsKIONTTE) ang a shgrt- -Stroke module

(fine %hsnwngqggew 8h F(]) g%a%\i?qe[h k' F]st pgﬁngone]x tf’h}f)|86%13arsl¥ n%%vetme?ll of the
substrmedml@ W aaKR rBAskd LaRE A WnfFbka nsdiRId arditd YR-RREH bR dule, which
(fine positioning), which formpart of the first
form pmtsoﬁ the ﬂ@:oncﬂ’pbmm)rmr [PaY | Iy thaxoase mEmstepier ( dseoppubesitto atseanner) the
le WI' npy be realized using a | ong-stroke npodu

mask éﬁ‘?éF MTsmey pe eqnmgkied oy EhOét-stwlﬁe @RLUAF A Yapt MaY be ﬁéed Mask MA and
substrﬁ%%r}lq%?pl? Sél gngﬁ] ngg\é\gaslf El eé ﬁ‘?&?lﬁﬁ%l Wﬁta%ﬁ Bglgstr(a?e alignment marks

scann
P1, PZOOARGEE thels@b@rashalidnmidnt ﬁ*ﬂéﬁ(s%@ iuatrafed @abapy dRilicARY t&r8et portions,
fixed. Mask MA and substrate Wmy be aligned using
they magshe latdteghimespacasdreivscentargdpaainehss thest aratkeowh iag serehetlane alignment
ks Pl,. P2. Although the substrate alignnent marks
marksgglmﬂlaﬂ}é’tmétt%lo&?&% Ich &R 8 Pre eglétpr%kid. Brige n%aﬁléw the
mask TRt h&?l?sktﬁ%om@lo%ﬁ’t@&%ghbﬁg YIREMd ar get portions

ese are as scr ane al i gnnent marKks).

Srrm H?ﬁbtﬁd appartud e@ild BO§sddin Whicadt ofi® bethcHaNowing ntides:i S
provi ded on the mask MA, the mask alignnent marks may
1. p&n $t©p:m(>é@l, the masletableNd Tdind ghe S‘Bhetralembgﬂé’& zapbamt@smtlally
| eas the follow.n

d t
statiofy ) i e e 1 elroélﬂ}l’f"%'ﬁ&mt KOGl PaEg taree
port1oh%b£t%n\éwm?er @r ke?a ESBEBkL sh%e% Bg][fla,rté/ 1ab WS s &dn shifted in the

entire patt arted t atlon bean1|s

X andpuroy eﬁ&cem&n@atﬂmta di Aigrg@ittander pdrodn C oah borepdseddn Siepenod, the
single static exposure). The substrate table W i s

maxinayra izs e fheekppsire Aeldiraitsdthe sizy o thedeepigroriden €hmeged in a single

|fferent target portion C can be exposed. In step

static XRESUTC he maxi num si ze of the exposure field limts

2. UiBsha%odef thk hgisk @e{bgeeM"[pﬁfdt th® E‘utgtrhmg Wia s%éuﬂl%h nchronously
static exposure. 2. scan node, the nask tab NWy

while anpdtttinemeuitdst ﬂoaheratdainﬂoﬁ bm ag ﬁoﬁac&dnmd) & yangdn |ponramsl gi.c. a single
while a pattern inparted to the radiation beamis

dynange gkpesuE. B vwlegityang diregfénm fdhe subsirate table Whgplagive to the mask

able SRR B BXPARG e dferd o iR an uet e Rperrstcs of e
projed?®@ndedt&h PN &dsday nid¥e, (e eaxiBaRs{A-CAln QX pd&ife iBRYAits the width (in
revefsal characteristics of the project | on system PS.

the ndnrscsioang dinebeion} blféthermrgenmnmnaa acinglhéyrexposxosur wheteas the
limts the wwdth (in the non-scannjng direction)
length ¢fdh¢ agaging peptionglsiormings defypight é‘}lﬁﬁ‘?ﬁ%‘né%s d&getEon) Shihe target
portw}qhereas the length of the scanning notion determ nes
he height (in the scanning direction) of the target

3. P Adobr mode, the mask table MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a pattern
imparted to the radiation beam is projected onto a target portion C. In this mode, generally a
pulsed radiation source is employed and the programmable patterning device is updated as

required after each movement of the substrate table WT or in between successive radiation pulses
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3. In another node, the nmask table MI is kept
essentially stationary hol ding a programuabl e
w@adove64210g devi ce, and the substrate table WPCHENIZW&N50303

or scanned while a pattern inparted to the radiation

beamis projected onto a target portion C. In this
duringrosen. geisetalelof operptibrsexth eadadilyi applisdtoraaskicss Gthplgopld that utilizes

and t he progranmabl e patterning device is updated as
prograngriable paligningderise Fupb e rBingaRmetle Ny RS @ a4 lyBf @s wferred to
or in between successive radiation pul sesduring a
®scan. This node of operation can be readily applied to
neskibfsiohd 4RGN ARModshAL thél hbdvieZRScr D@ M RIBTBOLR or entirely different
patterning device, such as a progranmable mirror array
nmﬂe@ﬁﬁaemmmaMm%a@ﬁ@py@ﬁ to above. Conbi nations and/or

variations on the above described nodes of use

eft 1t gnhodimeniaceidingdg dle Byeniva. hatr s Peyyidsd aelﬁb@grg@ac apparatus
incluchﬁl%gt{%ﬁg&%q o%ﬁgterﬁc %ﬁﬁgurgcgt tdp[?onl anr\é?ﬂ C}(l)I? Beantl haegu%pé)r‘? configured

ogr ap apparat usine
to suﬁpbft Wrpafainirdesist tﬁmpﬁt%iﬁinglﬂeefée being Qﬂﬂﬁgdr%toﬂmpart the radiation
radi ati on beam a support configured to support a
beam paitht aepaﬁuengmdg\nr@s@-se@thm tpaorea pattagnejia\admgom beamgy a substrate table
con gyr to inpart the radiatio mw th atteﬂp
configugeq todolq & aubsiales # BIRIgCHOR SYSHFM © %“é? odPreisef; the pgterned radiation
beam lgﬁ@r‘g ta e?b'&%ﬁ)ﬁ At fhe sﬁpétreatec an 5 gféﬁfﬁq? tdeB@ %&:oiadm to. the 1nvention.
e, a projection systemconfigure p%
t TRe Rait "@fyREds hadd REdinAs RRA @the parsbilgREd Pahé m ﬂTIQ:fterm "layer"
the substrate, and a cl eaning device according to the
may indicatetd wmbeTiod layersnT héyapey als¢ glcusfled)nh @raéerml asa kerobimatian of
erson.skilled in the art. ayer"
mater aﬂidF EPRTRI Bty by e ik qfwrtéaf 38 Ol glfBteghdhe term
coa‘u R @lm Well%n‘é@zﬁ% ﬁ%trﬂe%n%fqll%&?@fh' fi FOfers&¥ @LWE}LGF onhe surface
a |ng may be a | aye top of part of an optica
ofa nﬁlte&ﬁiﬁ Mh theldvatdxebMhisCiaadntiog, a ttiag heryrbewrdubsti@y undorm,
the person skilled in the art and refers to a |layer on
substankially hemnagenoss lagerradtie pivariantsubsiansialy nadeum 8ﬂcl<tnﬁ$8s; which partly, or
nti.on, coat i ubstant.ially u
in vl R PR R Sh ey dp B PO Brddngtir GFeBling purposes
f'th LAl Yot Rinf HGKRE SSoatid 88 RRIIEY a nRiitilhfkrRoating. T
° e$§7 fogé enat [ ?e yr% ers ea surfgcﬁggof I nt eres%l to1 frrRoating. In
the prewat mdentfom thenemathagefidl ndyradotberigtepuetpd 3e3 cmﬁbmhnﬁon of materials.
hydr ogen radi cal contalnln%%%r The term "coati ng
The cegting mmbwﬁe@wm&m any kagwR LeBAIIUA gncludﬁng bt fﬁara%l@rd@posn sputtering
so .be interpret
or ehdgB¥§ Vabienti igh Fisrssey afr dRgkne il GO SPRE il SEDR S
and la@é&i’l 4. 25100 AnaEWevkR AWhet BENDOEME. TRCH&HHNNGiIRALin the art will choose
| amént deposit, sputtering or chenmical vapor
theqmﬁmmMﬁammmmﬁmdﬁsﬁes The thlckness of the coating may
be from about 2 nmand |arg e.g. 5-100 nm ar even
hil §f &srm1 Halpgen coFInmg2ap efls élﬁd%qum P@&alnwgtgaé EefQrs g gqsses or gas

mixufSRGAHDS, RPRL AR £ COMUAEANLCINGSS 1 TN ratogen in

en-contal nin cont nlngg
the teﬁﬁf‘@i@getn(boﬁ@%ﬁﬁ@ g8 réef to at least one or more selected of F, Cl, Br and 1, either

above

Eout 2 nm

as an atom (radical) or as compound, for example F,, Cl,, Br,, I, HF, HCI, HBr, HI, interhalogen
compounds, for example CIF3, or other compounds including one or more selected of F, CI, Br
and I which can be brought into the gas phase at a temperature between about 50-500°. In an

embodiment one or more of F», Cl, Bra, I, may be used, in particular I,. The terms "hydrogen”
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m xtures including at |east a hal ogen gas or hydrogen
gas, respectively. The term "hal ogen"” in the term
w0 balogemn cont ai ni ng gas" refers to at | east OPET/NL2006/050303
nore selected of F, C, Br and I, either as an atom
(radical) or as conpound, for exanple F, O , Br ,
and "lﬂyZl;rogfIE radi€dls" iy toHheludatheirhisdtegs ns eetpmuyadsculdrpdeuterium. Hence,
nple A F , or other_ conpounds including one or nore
the te@éf @ar%&rn&pntmm@ gasgpelgprdo p gapinchdingHper it Of iigm
analothes s i reeo T ngasns%mq%odbnﬁeen%g@eﬁl érﬁrg%)f pg \qlr%%g f%g) %ﬁ&dgg_%ne n%r more selected
from ﬂh@ giﬂkﬁff)cbonhﬁh E‘iB”Dzl BT, Pe Tt 4 ABlogkly SUndsig Hgor a hydrogen
hydr ogen ra cals i'mply fo include ?helr |so§opes as
contalmﬂgl gas myrfartheramtlaalq adzﬂamnar camponieeisdéke buffer gassan such as Ar, etc. A
. %drogen cont ai nj n% gas" refers to a gas including H
flow of hydrioeen Tadirrtsr 1¢lpistle aspnHar otyhiersing i dhees. alqomygrpgen radicals are

preserﬁ?gglgalllneﬁlc a Cg?? ghlg/ Qfsg % al‘t"lqptdﬁ)&%h 18 Fes rqﬁl&! g'r'vjrﬂ:’_?s 119(%% of H,, HD,

€ group consis
D,, HP, DTHT,), e rﬁallfhyﬂﬁig@rﬂﬁﬁ GR b dRich Gnte 25diedls, %n@)dﬁ’d? Raadical
contalnlng gas may further i ncl ude additiona
recombmaplon eThesteltm Kley dsogcnendigalsoarinisgigds” asicirtp aggag incAiding hydrogen
"flo hydr agen r adi cal fers to a gas flow,
radicafiery rlr?rru ?rﬁegljlaéﬂa hogues Ea%fg SHET iy & @Fremﬁlrlé% ather
compH?eF{ Hz, % lg&gll%ﬁ%as\éﬂrolt h%erqlle(ﬁo PE@]%H%hgaéq%ggﬁEﬁgd S?m hydrogen
radical2) , srnce not all hydrogen may be converted into
radicals, and due to radical reconbination. The term
" e teoge ens A diieca themengknalleyvsgamy refef ©ranytose ar gersbination of
. |nclud|nglaﬁdro en radlf l.s or deuterlunror tritium

various 0pcs il 28ric) GpRBpents, TG 1RGRCIG: s yen Rl Cofgpomagnetie
ande%&ﬁﬂﬁﬂﬁ ?ﬁdh%g bRent€t €., Which has not been
I ssocl a as F écombi ned from hydrogen radi cal s.

Thhge te@mBY TadRinisn”, anhereamt’hieeclurtiaXxhc@hpnwall typRy of elb&romagnetic
to any one or conbi nation of various types of optica
rad1at@@n¥§1§K@mggiltra\ﬁ@legﬂ.ﬂﬂbrad@ppaéq g \}@Vm,g@f W@\@[lqnggh Aot 365, 248, 193, 157

or 12 t &les a-V E o t a?t.‘i a | REx bl Cgr‘wavelength n
?1’1 ¥ r a‘Eﬁ 5?\ r% A

the raﬁ?é’ & 512@91910 a§§5 ahd % Jsxpﬁﬁasq;aﬁ?dl@%aﬁl%”ﬁ%ed"s'l&l beams or electron

radi ation, cluding ultraviolet (UV) radiation (e.g.

beamd &@eintigllg, I\aamﬁbreh@tdng vaodleiBfis be2w8n dbadt 706F000rnrd 2 1agpr) is

~and extrene ultra-violet (EUV or soft X-ray) radiation
conswteé@ngR w&wﬂﬁg GVighee ta ﬁ@dlﬁlqrhwrh @varalﬁ@@hwf apperimaiely 100-400 nm.
1 €00, ticle uch

withig g ioat o Buisp Ry HRh i R ep b a T SR R R ed by a

mercMRYRLIERAGE RenpP el Weem ARAUL - Mf%Qm@ QR0 aRlot Rliné 3698k V'USJ is Vacuum
considefed R radiation. W refers to radiation wth

UV (iwal/d] @rsgtbied byfairapipd mxérsrat ehyel d@phs4Ag@pproxinliteli100-200 nm. DUV is
lithogra hy it is uysually also applied to the

Deep {EKs @p& HOSH 'lx,\meé AN @ﬁﬁ’gﬁ‘@hﬁ fydhe @@V@?ng;hsr@pégﬁeg by excimer lasers like

126 rugl %%%{T]gglg‘l ﬁ)%ps’o%g?!lleg % %%%rt u Idg ﬁlatﬁﬁm%}n}l hgﬂgé % wavelength in

the raf J&f ﬁﬁ@ﬁ%ﬁﬁlgfu%zlb ?ni’%l’e@éas;; ;Q@tldﬁfwfﬂpﬁ? cOxdimRlal¥ngth band, of which
at least part is in the range of 5-20 nm.

The terms “cleaning device” and “cleaning method” refer to a device and a method that
may be used in a cleaning process. As mentioned below, providing hydrogen radicals may be

used for reduction of oxides, like Sn oxides and in a next step, halogens (like for instance I,) may
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Deep W, and is usually used in |lithography for the
wavel engt hs produced by exciner lasers |ike 126 nm -
wQ@4®@7n06210The person skilled in the art under stBCMNL2d06/050303
radi ati on having a wavel ength in the range of, for
exanple, 5-20 nmrelates to radiation with a certain
remowsatiie herditifkelSandy tlaf fowhatadn @ﬁhalhé@theI “dl&nmg”tilhehis context does
range of 5-20 nm _The terns "cl eani ng device" and

may 1m@lYeaa9ﬁm@16W Rl Wﬁl fgmngedisdideposiien but peayrdep inHdy a part of a

cleanmg% oca‘ss ﬁE d I(rﬁt]dga n &v%g'log jut t?arl%f; fl@rerewé)gglegp&epgsg@ (gll}c?iler\é\fore the

term =<eteaﬁfﬁgd eso nlldlLl&ﬁts %@atﬂ‘% WRE 228did e BoWeXSf a?él@zﬁnn{é‘if DEBKng process.
(l'i ke for instance mayrenove the netal

Furth¢rbin dnhentfegiimerttihyrrogbn tmihqaﬁsem)y névertbeless el wsad tmlgi‘nowa deposition.
this context does may i a conplete or partia
r énd\li%ﬂeteémm?ﬁ@@&tlpe eﬂ’éﬁé’éﬁf f5lem it PosiEgn epsectomﬁw mgre surface(s)

ofan 8 % tI c}r%%ﬂtl:eﬁ %le%{e%: e\%ﬁl’ch 'm’t tlé e?lted?zﬂ{’hctth? dr%‘é%%ﬁ%i’gal flow and

I €noVi

to thcﬁrameasiI ;ﬁﬂmf fige hﬁlré?génlrbldibaudﬁﬁv {118 B b idMd! Mhete BRAT Hefinore than one
the course of a cleaning of a cleaning process.

predefeuminke ppﬂtwnsaﬁmemwﬂmmhdhqlsmfvgem toddicteahed. dmyuch case, the

nevert hel ess. be used to renov posi tion,
Predeteﬁpeaépei’lmrhe&%@aat atdppst e%rbe@ihal% ogeh @.ﬂgcaf gasglow from one or

more Bw?ﬁelts 619tﬂe ?llogzstﬁbé felag{l\]g iy erﬁr% %ﬁ%ﬁ ft@ﬁ@%lganeaf F (5:9 l%' ﬁ%hlbodlment

ment or optical elenen 0 treat

a plurblit® JTYEHERYS Mak ddiERl bef dl&ﬂe@@.@. & QumbErCdT réfledi@@ st a palldctor mirror. In
of the hydrogen radical flowis to be provided. There

such anepge pmeéermimd posigiop riesiwh dhatiahlsdst pos iof ‘tltmlsydrmn radical gas flow
exanpl e, rfa e is to be C

from QiECl meif SUpfTe A Gk fetity ° Boshes; Bnpiugal JenSims Bibdtiued

The PR t1n 0bm ﬁlCEM&H o&g/&:le{l e?e?s todh §eJ s Q¥ B R0f i thqpéa% may be
outlets o e reaches the entire surface

transfbeeClr@anad vo nuid thahothbnv@iime Ripod ihzentolamps aieah béyin@hication, as

~surfaces may have to be cl eaned e.g. a nunber of _
will be efepieiorthe Beren skildesl indlag ot Iiap eanbodimens we horangiarse deprsibed and
redet er ion s uch Az at | ea
depielBy B R BB G Ve BaRE b HalRePER £ SiiraRtn BIRREBREypRlg Gow wbe n

comnﬁtuctahgn HiB\ad Mkﬁoéeﬁqgl@aﬁ shii@e Py &t 1 aq{gd%ge‘hqg(ﬁ%ltseurce the

be cl eaned. THe term "in comunictation" especially
hydropaf exgat @)ugaﬁfﬁﬂh& indntiugiat atleoior a hyédrogtthednigaing gay arkan outlet for
transferred fromone volune to another vol une since

the flewne5ydrpganradicals.cndrn fovibei adiopniubainciyding aeintet ang an outlet,

' di
whergfp P BE Tl dbbd Seanthel e By e Rk Rdjoat Birce.
Vﬁf 8 Shd@l @Wprdjf€ioRRpFRSius @ IMUROGRM1 IRALERY a SRR system 42,
a flow tubée in confunication with the hydfogen
an 111mmdatnmj orsiosinoie 44 rey thepejection aystgna PEgEIe madditiomkystem 42 includes the
source, the hydrogen radical source further ingcluding
radiatigR sopiceSG whic g?eof@%edc@h@ displange Iglasnaarﬁdﬂéﬁadé@tqnépay be
produ{:%( b)% ?g (%rov\ﬁlg&f fc;}y Q%{%ﬁﬁ%(er ga%h1€9¥aﬁ)br §1n§in Q%Jotr ?MWE%B% very hot plasma

P el U
is creBefoRdnfit tAaeatioR i€ theadfUY h}elg‘el dPhd U88rdnfagh@iGfet@Ent Phd M@y hot
outl et of the hydrogen radical source. Figure 2 shows
plasmt firecrpated by tawmgagppa lasusrtdallynomzed pdenaby,, for moinyde.rmg cectrical

radi ation syste
discharge. Part%a(l) pressures (g?

ﬁ)r example, 10 Pa of Xe, Li, Sn vapor or any other suitable gas
or vapor may be required for efficient generation of the radiation. The radiation emitted by

radiation source SO is passed from a source chamber 47 into a collector chamber 48 via a gas
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an illumnation optics unit 44, and the projection
system PS. The radi ati on system 42 incl udes the
WO 2@7at420m source SO which nmay be fornmed by a PEBNhz006050303
pl asma. EUV radi ati on nay be produced by a gas or
vapor, for exanple Xe gas, Li vapor or Sn vapor in
barriewbit adntaniviedtytrapctd vphiels isgpossioaedat @behmdanioperiagimidunee chamber 47.
in the EUV range of the electronmagnetic spectrum The

The g"z‘ﬁe‘?afflﬁfo‘P PRudiehide s chpangl é’éiu%‘}fecau& ng an at | east
1 LA P USRS 0 gy b o

grazif@iAfRbRe cbledisr. RhdiXBon bdlicctdR 50 %H@ﬁn %str@ﬁﬁ/l erlﬁ‘t‘?d'n collector side 50a
Ssuitabl e gas or vapor may be required for efficient

and a gewesrtfmmadraﬁom h@llacani |saile|5©h Racha ionguhis setdi byrcodlegtot Hlcdmybe reflected
iati on source passed. from a source chanber 47
off a grﬁfel%g wegiir! diet ot t‘b‘PFaf?B%fiedzl% a\yirkual SYHEHRIIRG ¥ algp aperture in the

collec?oqllhm&%t F} n?@olf'ecto%h&ﬁ%érs%pg%éém8?Fa%1ati§n%% 1?%'%1' @gd in

111um1ﬁﬁyoﬂ cﬂﬁicbl dﬁlt a4 ¢haduiehl StiddedcUtfectd83 094 o186 ta%udl@ 8NaLk
48 includes a radiation collector 50 which may be

positiredromdretigic ar gmslztah@ Miic Adeficmed bédne 67 or forRediwaichomimaged in

. collector 50 pstream radiatiqgn col |l ector si
projectioy s¥tiemd Sy F LiF%l?té??osr? AP M gfiréfagg CEaHbsHpC tgﬁe WT. More

f
elemegégfrleg{ élhg)gms 1o f’ﬂl}yeﬁg rdréas%@toig} 11@811@@{1? tfc% éllﬂﬁ ety ?)MJ ection
systeri iPSt Gﬁaltingcspécﬁﬁl ﬁﬁérﬂil Rdy apu(ﬁiau{me ptadérd, ddpehmﬁg upon the type of
col | ector chanber 48. From coll ector chanber 48,
lithogkephin appatetidi Burthen, t@einsyrhsfhetstreigrornpriccntihian shdso ﬁhOWﬂ in the
. __optics unit 44 vi 0 C|den e reflectors 5
Pigurginiog SRl e M sk THSS I FBG R FePIeRie g Sindh Radiation
ag f:
colled 2888 MRt B R el SRR E Rkt o, e

betwebB refRBtodNt 42 Mmalf 13, st age or substrate table WI. Mre
el ements than shown may generally be present in
i mlhﬂﬁtlﬁ@tqlmm@mh%@ igAigura 4 (emhomm@i dempin n@ty@p@mlméle schematic

drawila% g&ﬁ‘bﬁgﬁﬁ‘éﬁ@b‘lﬂ?{% vyi}'ﬁéabief t](')l ({m ﬁ%fdg ?021"[3[,;%18%1?%58{5) uced By source

SO, f(ﬁ%&ﬁﬁﬁfe’ Sh. hﬁﬁ?ls'{ﬁé’cet%@ fmﬁ@rﬂaﬂoﬁ %11&&&53@5 dt ﬁi‘)%f%ﬁt?ﬁl% grating

shown i n the Figures, for exanple there may
spectrabfilecrrséf Hewdel the otdaeimgrdesicpnesedihg tdehe imdntib® may be used to clean one
Radi ati on coIIectors 50 are known fromthe prior art.

or moye efifhiess opgaliclempniiaser]! aehqelepningncthod) of dhoprsengi mgentlon may be

N R R R g e
elemehﬁej 85 S0 8BthECoficaMIQEeE, tHN-anIDLIRAL hidb€, gratings, etc.
vul nerabl e to deposition of contam nants produced by

sBadiagorSQ@llccr S6xaydes, granng Titidencs cdllvetor.dBe dotectoh®) is aligned
radi ati on, collector 50 and, if present, the grating.
along gp @ptifah pxisi(). I sgurce Sphrawn ipRge tewghislgeated preptical axis O. The

rad1ati5(‘)% %{lgét&?%d 1%31 %tlucfgv ?ﬁ% t(S)rQ lﬁ? ul 4§e14HSS ?m%&mt%%ﬁl%g lape s (galled

I Ca as vve
shells rrpﬁég@ @ef%totfdwmo n83enk mm&rﬁdsﬁm aﬁayotb@o@mPlsyﬁqlem about optical

t hose opti cal el ements, but also to normal incidence
axis Q. df Fepro? $as58511 &vin attrbr E@dr@()tanvlener reflector 142, an intermediate reflector
143, and an outer reflector 146 are depicted. The radiation collector 50 encloses a certain volume,
i.e. the volume within the outer reflector(s) 146. Usually, this volume within outer reflector(s)

146 is circumferentially closed, although small openings may be present. All the reflectors 142,
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el ements 58, 59 or other optical elenents, for exanple
additional mrrors, gratings, etc. Radiation collector
whomays2be a grazi ng i ncidence coll ector. The POI/NEZINGDS0303
50 is aligned along an optical axis O The source SO
or an image thereof is located on optical axis O The
143, IMadndtdosuriaodd eottoch fQcavapart mcluddea redfebeed lays ckddumber of
143, 146. Sonetines they are also called shells. These
reflecipg Iag@rﬁolflgncg,gf@ﬂeq[glg 14@4é43m;§} ﬁgor@ggﬂ@t@or&my be present and are

mclua%g gren\%ga ﬁg W IE tr' e%?r?e ttgg%tlec (}% egt%}f %1?‘[1?% fr§m source
SO, add'gs 1e@npwbﬁﬁ1€@@h1e%t& n&aﬁyfﬂoe Gt QEsiddbd to AWbcREMOMHIBEL EUV radiation.
reflector 146 are depi cted. The radiation collector 50

For e@nqilegsaekaaa pagraf ahlenbawb Ismiﬂ'@,f the Ieﬂecttbms mvayl notribe vdmugneld tb heflect and
ter reflector( ., this volume w

Colle%ﬁpé’r raﬁ@flpécht?rle%f)r Pf%n%alaq 'P%%FWP@ Paglt yigg- |C§;1 TélF égré%Pe of these

reﬂecﬁv% Pg&?or S% %E@Qm%%% i?a gP gogi)?(g%cetls n g ag ﬁtl(ﬁﬂ filter provided

on at le@ahrtRAIHe duPatdisiase ?effe@tfﬂfeﬁl@l érve layer or a nunber of
reflective | ayers. Hence, | ectors 142, 143, 146

( rbe mdrationeotlentsr Iy uwllprmé@edun thedvianiey o Pibik solede SO or an image of
v s Db 47 o o BP0 e
the reﬁ@%ﬁg%ﬁfa&g {:ir%{?lr ﬁ{herm‘é(rcg gb &%ﬁgﬁ—p eglnd(? gmtaﬁ T aﬁ%ieg & the optical

at’i on
axis (Pfhah iR AEHingisdEa&f thithie closdrl e ﬁidﬂoﬁrcﬁE&O NethiPeag ngtﬁﬂﬁgi incidence
to reflect and collect EUV radiation. The latter part _
collectaypOa$ senfigarasialol gehchaiizig ashede, o (OR) Y W eadiatidrarepagating eloag the optical
. leflectjve ers, there addi ti an, be a :
axis . QY JFSF 1o RN BT ioRioeed U Pl epp gty Bl pantially
rotat1<%ﬁll£/§ I{nae?rl?cg%)ogg h]E I?)?‘?%irf 5.% ‘ﬁl?slpihgﬁgﬁer a%% eggatéé faf I%%ﬁ{lén collector
50 mayi leivaifiryhed featites GOthe eRteHAl SR off BR@Lrddicctoh (13463 OﬂJiﬁJ@tﬁer features

SO. Each reflector 142, 143, 146 may include at | east
aroung wptea giflgeiond 46.do1 exanipigye piptdchze holdtslh@ heatpr, 6t i ng

ST RE PR, ioad f por & b b S est R Bt deposition
may ‘t{eﬁ?g&?\;\giﬁwlaﬁy Sha@fnthat sdu?cecd@fselfseﬁ %%J@@ltl%ﬁ Wi SR, 8Fexdnfble due to a

, a grazing incidence coll
Sn sowoafmgynéecr £ e menetatisnbe dethiaamabfo I(SEédIMnrddhleatadxanon collector 50
propagating along the optical axis O At |least two
or oth%mt@@k fé?@e%yfvlsgh ma&@é%FS@tﬂﬁ%thﬁ ﬁiqaamlgwf @@%wrmcm;ﬁl%m@ms
ét rg%?n alai%ege%gelﬁ?ar% lt Wgﬁ%t?f)tnlbao g%sg é 6%@%{5@%&{ ﬁ% 0se reﬂecptmg surfaces
of therr@ﬂ’éc%r'd?@mﬁ@f J[h%?fs(ﬂreséﬁed'ﬁ%}fe@&‘t’ EarfdWir icBRECf BalalbRSDGRdsition may also
the external surface of outer reflector 146 or further
be detiipaintal ésthasotimat (tut erdesighédomt s@nseléﬁforﬁnntarlex anppecah sensor.
protective holder, a heater, etc. During use, on one
oPepgyiléono espepially depasitiongngliding Sne may b9 ramayed in an embodiment by

halogéva%]f(a§ ggs sz)r gx% %Zéotlﬂlg g@la %% aQ&zpaglldP?l an%?n%f &g%(lh%ﬁef?{‘by hydrogen

n 'source

radica®X AP ey H FurtiRr 3mBOdBRUAL BE comiBMaticstodhyarde@iradicals and one or more
nono- | ayers, be detrinental to reflection of the

halogermdeititer applodlsireditancosly or subsduaentoptin cade tidre mendeposition with e.g.
whi ch may necessitate the_ cl eani of such tical

Sn, dyg tg ﬁlgmrgg/ence 0 smal{ amounts of oxygen, tﬂegre will usually ali)so be to some extent Sn

oxide. To remove Sn oxides, a reduction step may be necessary before elemental Sn can be

removed in an embodiment with a halogen gas by the formation of halogenides, followed by a
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Detrinmental herein refers to reduction and | oss of
reflectivity of those reflecting surfaces of the
wo edozee2or or mrror that is designed to refl eBCT/NL2006/050303
(and/ or collect) radiation. Deposition may al so be
detrinental to the surface (that is designed to sense)
removad of e redustdoxide anthdgtiapah rakeadowith Depoahitiommf hydrides. Hence,
especially dep05|t|on |nclud|ng Sn, be renoved in

hydrogen weisalsi Gilist fqgy2 Iﬁ@ﬂl%@é % qrai'sre@ag%lei@ye %/q laerprewélﬁ% feuat Igast part of a

di
surfaCﬁ >5)%!(;(())lleecl?]orrng Of; gﬁ or ag I1,]eélfst par sgrf?%e t{)% crfr% %‘ry %lel%r opb1cal elements.

Such GRHRENAE QN ﬁle@wy@lﬂ&ﬁﬁg sﬁ@&w ah%ﬂeaersom 13 {H 16 which are
hal ogens, ‘either applied sinultaneously or

contaipinagdquignddppsitibn likaSe. t here is a deposition mnth e g.
Sn, .due to_the Eresence of small_ anobunts of oxy
t Refesring fo Figiign pa-yc.4 depning deyicsdives sxiiigwredsq péswa%a [ty 96 of

hydro%gf%\é%aénwﬁéjeﬁﬁﬁe@%%fe@'flc%t%olﬂclﬁaeesp) %¥d1%§er{]n;gaﬁ§cﬁf'§)r ¥ce 103,

re el enge eane

hydro?éﬂ hdrahalue@ern3gaghddindh@ng ar iatd o0 16f a hgﬂr@g@m&mﬁmg gas (flow)
Il owed by arenoval of the reduced oxide wth

100 aid/air otk lﬁéﬂlrdhiwsommmgeheadlwln% iand nofa ﬂwdlrubci é84, flow tube 104

il’lCluCF]%eﬁrj acl:rgmlleéry}g E%(r}gt @rerﬂﬁ?!f)‘%} :?glrg‘rd{ g tl IO% gsrct%rng?cted to outlet
102 oﬁhyﬁ‘dll{)ée?lcr@dl%l S0k 865 Qe[ élrﬁ.‘t ;Jag)tr Oyt C?Janﬂl de@ll%gt% %Qécsse&) fo hydrogen
ace be cl eane Rer opti cal nts.

radicaBli@bluges £ MaRsialbliAir: PhydrbgenEelicileliBed lebmbidhfidcardient < 0.02.
reflectors 142, 143 and 146 which are contam nat ed

wHyHrogen osstical squre¢ k@& 8pludeiedreintet ngl oy th Jueedaidmedas 160, for
| eanj device 95 is configured to provide a flow 96
exampp aﬂ?‘%?‘% ek b Eapute fiidhe Fhegratmd S of e bgeghdsen. Hydrogen
-
radicd) Al g RS B B SR AR QLRGP Rast parcof he
H, ga@irliy Hirragiesls clarihanibod n@ashydtd @wradié) seunde 403 ﬁlldIuldefI o0&t more
for flow of hydrogen radicals 96, and ii) a flow tube
hydrog@madfqabWOﬂ%@g sucdsHd D seliceigd &R tth aroupps oggiblating ficld electrodes, a
wherein inl et M/tu e,.104
magn%‘ﬁh@% ﬁ%%er%r 40t PBE Oﬂlﬁﬁreot}"%gif&‘? ?%8‘?1 MRy Fll?eh"t filament 110
can bé@g’ a ANQuitlsidn®85ta Fa@ﬁtﬁluﬁf) V%ee@l’rUOQdeﬁ”}Uﬂ{%@ n%er%?o Q%84 can be
hydr ogen radi ca I ncl'udes a material havin
heatemwdsr 2J9e00+3800 Badr cyvun hboe, deecodibg npon the k@r&béﬁma:teﬁadtand desired
0.02. Hydrogen radical source 103 includes an inle
tempeygiyrefagdl Teqybrof) trBpRrre tﬁghsga@atml@e chegricad bangs of Pémofﬁt least part of all
tabl e sourc tainin
H, mj s R A BRagE R0 Zar bl b P05 o B by oneor
more él@@t&dﬂé@q 1@ %ﬁcl@fham(ﬁ"og’éﬂ rh@icdid Qred@sdian edhilR V%Ri@ée fdr efhmple about
| east part of the H2 gas into Hradicals.” In
5-10 lendiedicorritvp choetodegetherchd ifcmbing o piasmalOd henrsledtdﬁmlpanz-contammg
or nore hydrogen radical producing sources 110
gas TeSAV QIS 8- FFgRLadrHe p@qVé@ﬁJth@ﬁzcygg‘gamuég g%?g(ﬂf)Wé fqthydrogen radical source

Le

103 o R R ST TS I AR PP B p TR roosen

radica® 8&inRs €nit- 119 Wlédsﬂ?e%bﬁm 1Bin Tiaw( LNt abiidtedMt® Hoadicals, thereby
coil (or another material), which can be heated to

provuhng a h&&@@erB@t@O:achNalmng rgaa%\Pa ledepandf thgs hyplosgenhradical containing
g nateruﬁ and dﬁ?
gas 9 eaves ydrogen radical source 103 via outlet 102, and enters flow tube 104 at inlet 105.
As a result of the flow input to inlet 101, there is a driving force of the hydrogen radical

containing gas towards opening 106. This opening may be positioned at a predetermined position
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tenperature and required tenperature to dissociate the
chem cal bonds of H2 of at |east part of all H2
woredogoed2es i n the H2 contai ning gas 100. For eREIYNLEN06/850303
pl asma may be generated by one or nore el ectrodes 110,
such that hydrogen radicals are created. A high
withiva dppgentust o, kthagppkicapparbtusd 1"th(1\,/at ﬂh&tpﬁﬁ&lterhmd position, the H
electrodes thereby formng a asma, can be use
radicaps i Conipbwe i &Ph@amgg @weﬁs&f@f f;féﬂrp@rt Oétaéurfa%rqféh@@wabelement
P aRodlfiedse SBRMRD o8B alib MR ppecoraing o he
inven@&PisGr&Aded, RiGrdiPitl hﬁe BF ﬁﬁ)@é‘@[ﬁw@f c16MBnt9 ard R IcB el YR 8RB roup of
radical formng units 110, at |east part of the H2 in
multllﬁyfmmﬂrl@@S ingrnea) mveeddned niimbis, gtariagdimadence himeolsbgollector Mmirrors,
ovi di ng a hydrogen radical containing
retwque%léftrs FRFfUESS, ndskigRlicsganiines dnd aptl% ﬁ%@% %@C@ a%ﬂ@@r mirror 50

is usuh?f%ﬁ%%’lr%}y %’El&ge enlie%gl Cf‘rﬁl ?é%%{é;a%_vlzégg’eaﬂgf s%rldlécgﬁtq ]cg)%nin%rb‘% collector

mirroff 5®1 onB I@mhete‘ﬁlﬁoﬂhﬁéntsl@ﬂ-the iM@hor. HeAcsl the/ ddderihtnCs tRE invention is
t he hydrogen radi cal containing gas t owar ds openi ng

concer®8 . wilth¢lsaropeoli thg collagtdyenipos H6 audedlcaning dpwegj 8% endicsmdially flow
e BSR4 SRATL P TEERT 5, ) 1SR I o s rsn
in hyCFJO% %&1@&15}:0 ¥n11(f§ gésr%b ﬁto@vek%h ﬂleq{lf&%bﬁgn era?s%erﬁt p?fleda{o other

part o rface of e optica Pénent
multﬂ@yé:tqﬂmem thorn®al lindi Qe afftbe, gRPAs aldidende ﬁﬁrr@tspﬂeﬁaleg,ﬁ‘gters,
process, etc., according to the invention is provided,
apertupgre masking hiadon graémgmmdsmﬁmal @asore,l aterend ﬁlean%en@eh ecn@dimited to

fromtr1 tila ornal .i nciden
only qlfefigradd pfradRadi Merbasndi i Tl & ool bl dF ortE &R
pﬁﬁﬁkﬁﬁﬁ&h §$n§ﬁ[ters apertures, masking bl ades, gratings
|ca sensors. Since collector mrror 50 is

usual émbd&diﬁhelflﬂ, ftsibaso phrit ofthc@lcanigtdelite 11D efyste M hydrogen radicals
downstream of source SO, cleaning of collector mrror
(i.c. thgnjesnab perfase (whls) ebudioaehtadicst sauree [0Rviad thomterngd pedls of flow
t|on .the. inventign is concern

f
wbe AEIERAES b Rlatefid Ryt LE pPOE ok BRTREORPRaib Sheficient of <
0.02, Qrﬁiv1'rl%eva91§nt @Hﬁlr %%Qerﬁél@tll sﬁrfﬁéeoﬁé’c&ﬁﬁﬁatmﬂcoeﬁ%lélﬁ wﬁﬂd Using such a

such that col or mrror can be treated
materhay dr cgatsinatachi (Ifahasetmleﬂlenfulfﬁlh tlhg/dﬁte@@nap‘mdn troqirowde a decrease in
contai ning gas 96. However, the invention may al so be
hydroggypradisal lteéommﬁiowmmr%@/@rmﬁmlé paving, é .hwéiqogerhtaﬁltféh%face

recom%l ! E]ﬁﬁ I%g CR4 s?glg)an%‘lf%%ga iSn g];l E%G%r énaélr(l)a CS%I?S Eeg{ S can %e Tound in the
literat8f!] ﬁloﬁa%lc&a{ro"\/ it e The V@il 98t onbimRfondf M 418hs taﬁ’d Qﬂi bédlcals”
cl eani ng and providi'ng the hydrogen radical flow 9
ChemcBhysedt .ol 0AMi25r(094BAnd &&.J. Wosl, pf. &diet, SKnnatesl ofJHsdltdgemAtom
I n an enbodi ment, at |east t he cl eaning device

Reconbinaligipeys i facss'| ;ldl?ftyge%h%&%c é?7s6o 983196 he i nt er nal
Isﬂ'lé ﬁ)clﬁ)v&ﬂlr\\l{gtl‘%lb% I(Hh%{' r%ger %%Elﬂlbfg% &gten?lg gﬁ& ﬁle:ilTOI% p%ngv Qu?face

ernal ow t es 'a na
recontbatiBg cBefi¥RhRIEM g@@geﬁa}hdlwg.f ace reconbi nation
coefficient of < 0.02;, and in a variant a hydrogen
r adilzdle kUtfdacgensedartaicoanbioatiqgoaicfliaén rytforvapio0 materials
Usi ng such a

Material Surface recombination coefficient
Syrupy phosphoric acid 2x10°
KOH 2x107
Metaphosphoric acid 2x10™
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material or conbination of materials that fulfill this
criterion appear to provide a decrease in hydrogen

WO 27064210 econbi nati on conpared to material s hBWI/NG20@6/050303
hydrogen radi cal surface reconbination coefficient >
Found |a-tho MBI ur o1 SREE g g GGt
"The slurface re Lnation nf H_atons d H
r adi call §uartg (roounempePAYe) |11, 110- 1275)X(199435 and
Wod, H. Wwelz (300-peQ 1@s off Hydr ogen Aldh
Reconbj nati orpYRESW®T aces",| J . Phys. 4a0em 65,
1976- 1983 (196%)cofhe TOII(MAng Tabl e~ psTTusiratres |a
nunber [of MELET @S, anmd gt T respecrlyggsurrace
r econbitratt+on bl etrentsfot Il_yUI o907 ach—cat—s:
Tabl e l—Hydregéh-surface Heconbination coefficient|g

T T ITCCOoOTTIoT lluLl "4 OCT I Gt

hydr ogen_radi calPdsurface réconbinati o ®efficient ¢f
at |least part ofCu he cleanilng device e{gosed to the
radical s includ@s a materi gl having a hypdrogen radi ¢a
surface reconmbignady on coefffi cient snmalg.® than Ru and
i n yet[anot her afjt ernati ve [enbodi ment, o@ hydr ogen
radi cat ST f 5 ng)nm Ildll omcoeffiTi 6161 sTTater—than
Sn. He e i
devi cel-expesed—t als"— orat—}eas
part of the |T@fm%® surfage of hvdr(f(ﬁ‘éllloradl cal
sour cel 103 ardus¢d sligat ube 104. I n Fi qutslBc. the
cl eani|ng device 885 is scherqatically ddpﬂ@fed in nore
detail| The int®mnal surfage i s indicakee’ i n Figure|3c
as inner surfaceg 221 and 3T of WalTS(ZZ0 and Z30 of

hydrogEn radi calg source 103 and rlom/qy@y 104,

respec Istreamt+ntertal—surface221——of
hydr ogen radi cal source 103, and downstream i nterna
S W fragleradile @mbblvent, Ukehyldddgenatdiall Juffasd rep@nbin@fion coefficient of
these surfaces, may conme into contact with the _

at lcath part of e dlesdingadesionteipdsed tethgerdieas agludys & hatasiabhaying a hydrogen
agg e ydr en radic .forn1E% un| s 110, which antact

radical surlgcg tepopthmation forihistenpsmal "c HdiRivst apdhspliFagiye

f
emboBF, S PRl U RE SR AR OB P AT 1

hyidrageie phast ‘Galcasipattadehd deaiiy datidcsxpoadfltd ited r@dicals” refers to at
0.02. In yet another enbodinent, the material is

least pagt (ddhemidrpd ppgpee Wrhydmgen raiest perree 10%and: v b 94 ol Figure 3c,

the cleéqngggs(i( ds\'sc(l‘ﬁinaf B@EX eig{c?te&l# ggﬁ&gldﬁgﬁaﬁlge) 1% e?ﬁaizgarface is indicated
in F1g§fe| jcce%qm%r ’suﬁé]fés b Bhhd 2ﬁ58\f \!vétlls%ocalnﬁ Q@O P h&&l%%é}{efaﬁfwl source 103
led in the art, such surface may be coated wth
and ﬂbhltﬁbeSLO{ aésbe:twalyebbazhsttéayidrno@ml sudadec 1 flytimgen radical source
reconbi nati on coefficient < 0.02), thereby providing a

103, apg dopngreen éereal spriagecadial gy wbpYREXr ot l)ea%@alttpﬁ@%%lsurfaces may

etc ad i cal
come R R doedh PikaPAVhiPEaR dFRETD AEGES o hydrogen
radica¥ %upg udiftel 1@H$vﬁfch%bﬁta&tﬂl£y lchd RPrebBiBbAlid e HeRABe, 9 this end at least
hydr ogen radi cal surface reconbi nati on coefficient of
part ofibnderhalsuffa@2Xteandalr adlebe paged irdsrmsidduefap@m? Blr may irefudata material

| east part of hydrogen radical squrce 103 or flow tube
having a hygdioggpadicalgirface fecombination coefficient < 0.02. In yet another embodiment,

for V];i nllllsgqll\LH OSPRALG anlalternati \IED\QZhndl nment tthe

n 4- ot nor + al oo

G.DC ast part UI ] IIC cTreatt Ig

b J

(D @

IIILIC

,.;

fho rar*llrﬂlc roforc

the material is selected from one or more materials from the group of KOH, KCl, quartz, PYREX
® (borosilicate glass), glass, TEFLON ® (polytetrafluorethylene), fused silica, Si, and Si3N4. As
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exanple, at |east part of flow tube 104 or in an
enbodi nent the entire flow tube 104 may be of a
woredogne4ho i ncl udi ng PYREX (r) or quartz, etc. A¢ENRnzU06/050303
230 and internal surface 231 and/or wall 220 and
internal surface 2 11, respectively may at | east
will bpalett tp the pasdasikaiitd althyadeudt suafaraneryitelcontad bt thg suitable

PYREX (r) or quartz, etc. In a specific enbodi nent, . )
materjghthydregen ragieal swifacetraepnphinatiog C@eff%ﬁ%é&m)a@ﬁr@hy providing a coating

: . : ' ' coef fjci f . .01 :
i 3 ERuLEPP IR LGB REL AR lahRoH e arosen i
surfack R&onHiSat RhQBL AR EEnfo M8 LBl 02Wblithothe! FHRRLRAL P filling the

coefficient less than 0.01. In yet another enbodi nent,

criteriphef Bydreg@r mdicdedracctoeambimgticlevocfci®f cdaboutdi M2 tay also be used
the invention, or a |ithographic apparatus 1 includ

LN
as solg Matgriahe ddeastearoel ydsegeairpcal sownse 10Hoehew dvbe WAé}r@P% For
he .r i i fiecient 4s. ..0Q1
enam o GEORR| D Ref ARt o F A By nd O Rolldfbe 164 may be ot
materfa@fHchRling PEREXa®lor qliar€s, eich®hdBhBRBAhnd ASeraalls@tfadd 23 and/or wall
| ow etch rate. In yet another enbodi nent, the nmateri al

220 ahetaredl atifee 3 Idwdspattivgs maynddd¢ast paathe nt subgletitidlhgbe of a material
: rittle under influence of hydrogen). In yet a further .
mcluf@%%ﬁﬁﬁé% Or AHE gt I %Ppeﬁ%fg AN HAEpls aeeiqsi Hving o
i -tt].e 4 X

hycrob Bt R o R SiTaf b D0 o UG RO about <
0.001rate of the material is less than ten tinmes an etch

rate of tin at a predeterm ned hydrogen radical _

phr ai ethbgshimentutherq is peovidaddematetiel witlve resonthintation sogfficient less than

L pre surﬁ, t erature, .etc. dInlanoth r.eg%odi nt, h

0.01. fnyet apotherembodypentyfhereds providedjaclqaging qogieh “p\geskring to the
imventi RS AT BHG Bl f 20 Bine B ARl TR e U IORR imvention,
wherdihthe @t @mbigit®nabefiReenoitiewsitiin 0.601. €6 settdnathebOmbodi@Snidthe material

_ etch rate of tin at a predeterm ned hydrogen radica
is hydgegeniradica) ressdanial.c. Hefrapteiiddias o repye low @eh ragp In ¢ agader

e R SN M ol S R 1R
inﬂueﬁiz/’e{:l é%égr@}i). haye 4 QriR& GhiRanRcht Othe ;nl{a%ﬂa? HatM ol etﬁlhrsate and has a

n radicals. For exanple, reflectors 142,
relativandwlddraes cpiboivtl ctkeat. i tybt afubther @nbaddment(ra htacatial is selected, wherein
surfaces, e.g. having a Ru surface. This Ru surface
the ctefpiataef thoymateiahitlesy tan tawtimes an aicBdatbp! Bp atepedeterpiped hydrogen
. nce, in an.enmbodi pent flow.t.ube 104 is arranged Ssu
radics] R AR U GO TGrT o PLise 6T oy b B EARRFEF n another
embodime@it, tRAMEH rdi@oOhe hRsial RABIs (RartivhANGBeSarPdtctPhtEHM tin at a
fromat |east part of one or nore surfaces of the one
predeermmod dydppercaldical parBaltsesshier b oo bifedha enodmamt, 36 ettlorate of the
be. cl eaned_and wherein flow tube 104 is arranged such
matergal mles&tthqrb%{g&lmﬁsa@rt ctgh T3 ak Byt Prsgsteraingd kydrogenjradical partial
grected to at | east part of the one or nore surfaces
0 be cleaned. This distance d is a shortest distance
f ROMBrORER MPurdH8a, 30, #b sl 4G oll&tHONtrFR 3D &Hschematically depicted as
(predeterm ned position to which at | east
an optical element of which at least part of the surface may have to be cleaned or treated with

press%q

hydrogen radicals. For example, reflectors 142, 143 and 146 are provided with a one or more
mirror surfaces, e.g. having a Ru surface. This Ru surface may be contaminated or deteriorated

by Sn deposition. Hence, in an embodiment flow tube 104 is arranged such that outlet 106 of
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part of the hydrogen radical flowis to be provided),
as schematically indicated. Exanples are indicated in
woe@aneriBa, 3b, 4b and 4c. I n an enbodi nent tPET/NL2006/050303
di stance d is equal to or less than 20 cm from at
| east part of one or nore surfaces of the one or nore
flow tapdt 1@his pedrvedeinw shih¢i.beqoileanettss thag) d dis@ndeud bNEY cm from at least
enbodi ment the distance is equal to or less than 10
part of prgprFnoncsyEpcas of thegime g ease Oh%c‘raéel@mefltéé%@fe §pllqcks Délﬁfé’f 50) to be
cleanddf dand ¥y rl}%ﬁ%{% tﬂloazalgt)e &{T%ntrrse’mgtgegi s%gh (t:ha?a ast Rh‘? ﬁ% ﬁydrogen radical flow 96

ance
is dirl@tRQg bRt paddio$ RN ofl nicte ﬁl&csmo &rtdeayl@& THis 8RQhHEY is a shortest
enbodi nent, distance dis <1 cm In an enbodi nent,
dlstanvxh ﬁ'oml openhmg l0ptto e alirfaleambatreatsd (udaetnonedpasttion td ®vh1ch at least
ector mrror. 50 including a plural

part of éﬁhéréfocgﬁg radigag dowdp inbg proxidey), a%ﬁﬁheméacaihytlﬁdlp@%r@ﬁg@les arc
1nmc#gpggg1H&5§13%ﬁﬁ339g4146) fl ow 104 tube is arranged

ange’a such, that at |east part of the
hydiogaPodiehtGRé disla@ive @6 doalholo? Gds€ thah @0adm [18aSdt 18¥8f part of one or
of a space 180 enclosed by two reflectors. Referring
more swasegoi ths oBaoamdre3ipticelvecruings wriweclehntd,omd ape hirtigr @odiment
to call ector rror 0, to reflectors 142 a d 14?
the d1§tgnc§d§ £ tq (g B thene g’a& O%Ihgl,t past pgyt e 1§ OT | TRQUE sur aces of the one or

more Y@Y@lgmeﬁ@ 't% ééle£ Q. PIEﬁ)J &hl% {llgtaﬂcesdjfsfiaf(g(éﬁlpln another
eate I'nce turther mnt In ector mrror
embodiffnt, didtft @S <Taym,ahg §etiavu@other @fﬁbd‘dlﬁaﬁt@ distatSy ANCE coh. In an
from opening 106 to such predeterm ned position may be
embOélng:nt,t\ﬂ@r@m Hreanmtiealfalamend preesillagion 06reroS(, celfiastarinpigrot 60 including a

pluragof BIEGP ke SEBBICHTY RSBl ?éfm%ﬂgear?ﬁﬁ%‘%%w 143 and 146),
Mo e A h e (PSP HES 83 st BERNLRPp{IPY]AE nifrckth Auical flow o6
is diredexdite at Rastipart of 2Qpaua 180 Rnélogddtsr twertbehtoent , t he

maxi mum di stance from openi ng 106 of cl eaning device

9Becfesring @rl“@g@péﬁwrrﬁe%b plessqisteage d Gomeopeniag 86 Wygoltagtog mirror 50,

0 T
oo IR AT T Brier b ahria R D Em FP T BEner. this i the
shorte%@&ibtﬁ@éesto a%rf@cegto HehfegRd b@i‘ﬂb’e f&ﬁ@p@itﬂﬁtdoﬂgétor ﬁﬁf& St()h[ﬁ@ reflectors

one cl eaning devices may be used or at |east part

may aldochavt ubee diBahedpyistheceat framggdning t166 0o mlh|p@ﬁie¢fl1‘m|madrp081t10n may be
50. In an enbodi nent wherein the optical elenent is

e.g. theglistanse élfonhwmg Y, todreferaigg fo foammstagree ﬁlg@w t3@1 Bl?-:d 3p4he end 50b of

d h |l
collec&g{m%% ee{rtli)\ggtnle!@ﬂ grgaggﬁtgﬁ@ts @Eéﬁ ﬁ S)/m 6’88?18% é86 O‘IE]cleamng device

95to & bﬁ@dét%rrﬁfﬁeﬁ'@bfsﬂ@n & Bedcl@cfneﬁfﬁy 1€ cRhAiIAPE6Hcd 9‘5 R < $®cm. In another
space 180 encl osedby two reflectors, e.g. between
embodiefehe ¢chicomadidRinadidtaid3from dpeging d 06 af cl'ﬂlmn@ doate At ioonprofletermined

flow tube 104 into collector mrror 50 nay take place
positign rhesilepmed by thip clspriag doHcHYS @eﬂ@ I {98 /5 2@4@ el Oalieéu@ the maximum

d1stan'g? Qee Blhrﬁﬂld%ecll%(s:sfe éﬁy&%&%ﬁﬁaﬁgﬁs 0 Ehr?@ E)(ﬁdgt J&g&nﬁ}ﬂgtlon) more than

ani ng
one clRARACHSNIPAsHRL ROkl PR lbsst Phrk Bf ﬂo&}%ﬁeeﬂﬂ%a}ﬁbé iredngd@within

in space 180 between reflectors. Penetration
collector mirror 50.
In an embodiment wherein the optical element is collector mirror 50, at least part of flow

tube 104 may be arranged within collector mirror 50. For example, flow tube 104 as

schematically depicted in Figure 3a may be slid or may be arranged into the space 180 enclosed
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is schematically indicated with reference nunber 106'.
In case flow tube 104 includes nore than one openi ngs
wda.om;7/0642€0 nor e t han one openi ngs 106 may penetPEIL/NL2006/050303
si mul taneously collector mrror 50. Referring to
Fi gures 3a-3c, in an enbodi nent the flow tube 104 has
by twardflecsits, ergobstweert tdflentof 182 aa) 143 iaseuro34. e |pehc&tat1ﬂ>ﬁ)5f flow tube
of the flow tube 104 and a second cross sectio
104 intq eqllquor AnigerSY mayiahcatlacedprp pide RBa T e pYber lacnh (Wheél there are e.g.

more Ehﬁl% 0ng, (E:lgw &8%?S§§§Sa§§}8{ %g)rr]el %ﬂ 08%) 2lel] 1?1% rg?evur:%s[]@% 3#(1) 5 mea{ls that the

prede@fminBe pbdifist isaichis 86RErGHiADS 56 BF §aed lg@b&vv%en tdMedtors. Penetration
furt her enbodi nent, the quotient i's < 1. In another

is schemwwtillymmdmatetdwmth] ucftiiceert ntirsbex 106 adcdsn flavwsipbe il §4 mcludes more than
variant < 10. providing a flow tube with a grad

one Ol’c’ﬁm%d@énthP W%ﬁ@@ g OpFTHRSS LRdndr ReagtpLe @Bvultfillawaé!y(emﬂector mirror

50 (i.e. an increase in cross section), hydrogen radical

' reconbi nati on can be decreased. For illustration,

FRO®En3® [EEMNEHBA-BE ah lad cHBONEnchNREI0W @BS 10£64d DNt cross section
104-a, 104-b, 104-c of flow tube 104, (i.e. opening

(104-a)adosefto theiislee hsoeli the Abwdfibd lQﬂMrldmcqrmdi)rpswmetﬁcm {1 0¢-ve close to

cr se on increases wWth di stance from hydrqgen
outlet 198 ?ﬁ}e fﬁ% 'ilése ﬂ?ﬁhfl@ ﬁrg§s fsation ls%%mpéﬁgay%rﬁ%e@ﬁo the second

Cross %%cgigrtl I1 g%’; rer %‘ferélﬂ cﬁl%\?ivert?tgfbf Et étﬁl s%@orﬁﬂ?%y '3%1'115 Qtl In a further

embodidiéent, fiheOoyuotiehEis )1. 14ndiRdt dﬁﬁ)oafrﬁé:lfﬂ 0Bl qadtichh® < 2 and in a specific
predet erm ned positions within the Ii t hogr aphi c

variarg splék By psovidiagd flopt fuba il 2egrediad ot sinldpe inskesanedw it iugbreadth (or

) .0,. down tine. After cleani,n
diameir Qi O et RO et L AR Fetbsn! SeeO BB e b R gereased.
h I )

For 1191@1!\522[2)& F%;dfeg S cﬁ%néétlﬂ%(l)lg sﬁ(z\gg] e fro{s ggc\évb%lﬁggfl\?mg%pé 104-c of flow
tube 104 OWe! epe@ings] 0arat aliig eﬁhbadmﬁ:ﬁEOHMiN Se 1@y AMdferdih EheQIrJS@ fsection

end 50b of collector mrror 50, thereby by bl ocking
mcreap%wﬁl@ﬂlstaﬁée fran hydregen radiend spwige dekiThes 198y hag confinuRas or step wise

%w gped with an exhaust 6(2), for exanple to be

mcreaﬁ?l’na GEPCHS st r eam of hydrogen radical flow 96.

Ref &1 5ﬂ15‘(9:l1ﬁlent|:ht§l|:’£s?§a@ 8f RF103PubE )fb‘@LfsSl;no@ﬁ@% Ihsthls g way, flow tube(s)

arranged at end 50b, downstream of openi ng(s)
104 calebd arean@bd at the pi‘ddstewam;sd gastiamdvyigfds dalishpgraphic tappamys 1 and

be renoved fromthe vol une enc| osed by coll ector
opticahlemsptsmgn begleanesd duspg)e. gmlywném@ aiter gleanipg.cthe Hpwttgbe(s) 104 are

ut | et ed wt
remoiiaucf My Py Sh R akedt i RN o oF BE MGG ek & mow
tube($9204. MbvdabR idvowibkybes ﬂﬂ@%bk of ldMdvagElBch it trldwe@bé R Rhged at one
mrror 50. Referring to ure 4a, a perspective
end 50z amitdrahelethvi et 50b & hoﬂtctm‘fmmr éfbibdiche by bbfckmglpaeatf dhre radiation.
mrror 50. Reflectors 142 (inner), 143 and 146 (outer)
aFdsaamgsvica Pp mayghrtheirhs saumped pahanpxhauseo(s ef%?ftamnlwo be

arrangela%o%@t?ganpgpﬁyc%getnt}ﬁ(ﬁcillfg)l(;vr §6. Ige@eenlﬁé 'R fg%res 3a and 3b, exhaust 6(2)

is arranged at end 50b, downstream of opening(s) 106 of device 95. In this way, gas and gaseous
products may be removed from the volume enclosed by collector mirror 50. Exhaust 6(2) may
have one or more inlets 107, and an outlet 2(2) which may be connected with a pump (not

shown).
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i ntersection constructions 300 are present, indicated
in Figure 4a with intersection constructions

WM I0§42800(4). Intersection constructi ons 300PEENL2006/050303
connect two or nore reflectors and intersect at |east
part of the volune enclosed by outer reflector 146.
Ihiﬁﬁaemhﬁﬂnoﬁmh&&mMﬁmhnaﬁs3ﬁﬁcﬁﬂwimswuﬁﬁdOASSBMﬂmmedWMh
for the reflectors _and may forma so-call ed "spider

COUCC\'M*ié@Il’I'OT Strieeleiringde Eigyre 4 @rpeéﬁspfaévre W@ﬂg Vipa/isiggown of an
embodlinien: ft collE&S L métg%l §bd knaeé%%rls 22 é nni:r A erg 46 \x?]lg[eéti) are shown,

Onst Yuet™
althougRGhHe eSH LRI maPbe 'b%e%&ﬁt' RBNhE eAsbdinthi @fntﬁls figure, one or more
300(1)-300(4), respectively), but nore or 1ess
intersecmoa rcs&sttwcbmsc&ﬂ@are pIE'Sme,rlﬂdlcamd reFguesenyitio mtasestion constructions
ntersecti on constructi ons may be

300(1 ?ﬂ"’ gg(ggnln‘rgfsegtpfél Rgrgtiopg, 0 way @e@r@pgtwoeorgmorgtre%q%prg ard intersect at
least p%?td&{%ﬁe %ﬂgmé %Q?Iﬁg‘e%eo Fé&&rrgﬂgc)tgolgl%t In%%}s(ecaoﬁ gog?ructlons 300 may be

used d@%ﬁpﬁdrﬂf& tvd fefledlo@ @hdl @l abrih rs()iéﬁll&p spﬁibm&mm d¥dnore of such
50a and opening 50b. In Figure 4a, an enbodi nent is

spiderswiaets minebepreset, cnle irwhdling oreodrregrt antersiet oorcobgructibaosd00. In
ted intQ an intersec

b
Figur%%%glﬁerl %%g qp&ﬁl@%@b? tﬁgsrfgm infagseslion gopsiyELns i@@(ﬁbﬁ%%@ respectively),

i N .
but m%ll%l (ﬁgésggﬁt?rﬁ ({Hog 68%%?{%5@&%%%6?@&%@8%} @%?Jeg g&ﬁh'e&nﬁltgfg&tlon
construbli @is TR B gredenOuy the1bel dI0RE 2cpfoay e@est chdmpdaagenend 50b (see
radi cal containing gas to collector mrror 50
Figurg drbwhapealse by etrsgsd ivpellasind nS0ar ahat anser ermde ottiorsorithin
anpl e nin that collector mr 50 ,has a
colleciis Fof S0 BF PBEE Brer g PSS VBrid 1585° A msop:odjrgpnt is shown
| 4
Wheregtg%tgqﬁre g{lgg(f: gﬂeé:@tror rtr?@r]f‘?gofgogvs%l%g 163%1) fgn%gra?éﬁqﬁg)' A Rfersection

constr@OlidreBA0PT), bengbike flow tubean0embpde iredrated v (sthi&g int€d¢Zibn
may penetrate collector mrror 50 at 40-60 % of the
constigelions 08 like YR, 300(Rbtcéc-x hat penetration in view of

. YRR B S i s
to col R hirr¥' 8y &fi‘r?ev&;}fe?eem%ﬁ%eﬁl%n'e %ﬁd @@5 SiSorteerd ﬁ)‘bdﬁ(‘ﬁeeycﬁmple

entrance of collector mrror . Penetrating at
assunted thattwicctoengtrbr 20vhad alcértain Qjolli%tm fidnygthhiah dtwiean, enﬂfﬁ@aabgl’ 50b, for
provi ding a maxi num di stance dmto a surface to clea

examlzlp 20 cny, dppeebe HH3LUmpw ey rbashacyrpepptraic 9¢llq0@rr|n@erpb§% at 30-70
2,143

o of i Eplisrid 1540 110 SfadioRhy FR8 N 0Ll Ptk elepigr mirror 50

at 40-809; bf‘thE Lo ctd g DR Ne ﬁlaﬁf)é?l%ﬁ‘rﬁtlcﬂf ﬁqﬁ%v@ Bf‘F i@%ﬁe Wefe@é:ﬁ) a
to clean. Penetrating at e.g. % woul d i

movemant frmtltd @ttside stalpolctod ntmoeﬁ\(ilitlﬁﬁlsgh(ommngtma «ir §®la rfaeboth),
to a surface to clean, i.e. the reflectlngsurface of a .
whereaghrg pepttraion sefge (60 A)ICHRY BEBNCHO kepllarar BitHeH Wrﬁnetratmg at 50%

collecgor%na%ﬁ? F\grglrlrr?g dl%gsrn q((agt%p hﬁng? mﬂ%%ebgﬁ)&gwgglg 21%%( gnglg}e d1 ance dmto a
surface tﬂ@ Bletn (iILOA(RLtIRY SurRlcVHfadRE or hdEbMRABCBAL 1h12erwbsar§101at6 (etc.) of

and 50b, either as internediate flow tube(s) 104(2)
aboutdDene T(hc minimum distance d will be the shortest distance of an opening 106 in flow
tube 104 to a closet predetermined surface to clean. Penetrating at e.g. 40 %, would imply a

maximum distance dm of d to end 50a (maximum distance to a surface to clean, i.e. the reflecting
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as flow tube(s) 104(2) integrated in an internediate
i ntersection construction 300. Referring to Figure 4a,

weodoreezor mrror 50 includes next to refl ect oPGI/AL2006/050303
| east one "spider wheel” with two or nore intersection
constructions 300, arranged at end 50a or 50b, as

surfacs W pacfieciarat tdpe 50af beadioar & cml andermedmatedifthow drleérsl) S0b of about

104(2) are arranged such that the internmediate fl ow

2 emy ybes 104( 2) (elther as flow tube 104(2)) alone or

I ptegrated in/on ctl cons
Vlﬁtsel » QN§ Qr ?ﬂ{esm%elrnéle‘l %te bg{l}veen \&n{l%ﬁﬁa angrﬁoggﬁg\glnge(s) 104(2) are
providBdrif BEtwRE) boll @ d¥Ws b adesuve eihdr As hl'ﬂ@m{eaf&t@ﬂw Rube(s) 104(2) alone or
propagating through collector mrror 50 in line wt
as ﬂowttulbeésa)slt046ﬁ) entegriedse o iernedrese M sdconn ocbnstrham&siﬂOd Bleferrmg to
" For exanple referring to Figure 4a, flow tube
F1gure_|_6a4 (cgsle(.‘(t@‘ mgy S8 dnglpdes nexfige r%t}ecggs pleast ﬁ%‘al ‘spider wheel” with two or

more %&rgercﬁgﬁ Ebl%n ?8&%@0 CS ug%%g ﬁte%%trgog ?0& Oals lsﬁé:ﬁo?t foml{e "Rfiectors.

I's configure ron e
Internélidt@ AbRTuBE() 104D Qrd 418k SuchQBRatShélBitdrite@iakeMd e urbla@ 104(2) (either
radiation in such a way that intersection construction
as flo®0aEc1)04i(3)) atont ensiteguaied irddn ytcasactog echsimctidre3 Whadowisible in this
created hy m{ermedj atg flowt be 104( ég or. t he shadow
figuree beeapicvisin icAtleqioraBirior aOP|agR it B%SPTM‘% e radialegypiogpgating through

collechJgglgtfgp 565 SRE WA 2L RAS HhY ﬁhér@%u%ﬁ %g%s)truc‘ﬂ;ﬂ @%ﬂﬁg ﬁgﬁdérhﬂ{eel. ” For

radiation Is mnrmze
examllﬂabéfeﬂrﬁignb Fadurs 4 Moantubatl e4(0g cﬂnatneasfﬂkswmae e ad (Mddrdkediare
_ ine of sight with construction elenment 300(1) is o
intersgitiomeonsgtacapm), pehm?é%s@xl;ltﬁ:ctohnmms‘i& angltis opnBOOYAIJuch ghat radiation
used, as exanp r be nore internmediate fl ow
enter S e R BT S0 BPTHEE BT s e GG A AR Bt B tha
imters{tloR Bhapleub BT PE o} RGNS AP ah Qg Aty
internSdd Qs 16w tebealta( B @ fihadhatd o/ efdﬁedlb@zhﬁteﬁhédﬁlatélibal 164 (1 @(2) is smaller
which is in line of sight wwth intersection o
than iplgFssetictonsfucsion (1@_&(1) s masasrtheh lesssifapdietianois gnigigpizegds &n figure 3b
cle i s, indicat th len r .
an gt i g G hp RO HELns B4R ifhpepsiruction
clemehPR) ) & Shvn. M@&nnﬁEerélel&QE&}kﬁgct&ﬂ%glg 1§‘u&'€1 2y exam le: there may
I nter sect| on construction are novabl e, ?/
be moselbsdrartiasd ﬂlgw péretl 0402g fGIOd:)daﬁIpﬂd)ztrrmgBdl ar l1r&00fd;llg‘ht mgth other
down tinme cleanlnt)zjtlne ure 4b shows a top view

intersegtiog C@F%@’é}tl@@dﬁp% GO0y gtc. éf cneidete diis mithragidesgew Apigure 3b

shows i GeBRFLER ERASGHER oS PRI oHEh SOTFRELSepytn intersection

constrﬁf:ﬁ‘oﬂ"ﬂﬂo F)h‘TH@ haxiftB dEeHkh @Na GRANRE Id16hPRINECH@HRN length dm.
usual |y selected such and positioned (at one or nore

oin amthds @ambodimebns @ine or noneo il owrtrbes pO4i1) aalier W Weesg. when not
end 50a and end 5Q0b of collector mrror 50) such that
mtegraﬁ%‘é%@bm Yhingrsceton senserction JA0) e meble, ﬁ@fé@%léétlb%%mlaﬂy

penet%?egcsotllfgtﬁ} hl?t@grs%o(iluq% cfow%l t%& (czf‘éan %f%%ntle part of flow

egrated within

C elduRCAPEhoWsal t0p VR @ﬂbdcrb&es"eetbah &qramsof@mlwﬂ&ﬁﬁﬁﬁﬁtsoonn
construction 30 However, in another enbodi nent,

inters¢atioe rcsesttwcbm tsqne‘tlde:rbmweﬁ@b)etwagn ot endseofigedldetbomirror 50 (those

provi or _.evacuat e gasses supports for
ends are not s own) Intersect?on co%structlons ?(?0 are F1J1FsJually serected such and positioned (at
one or more of end 50a, end 50b or one or more positions between end 50a and end 50b of

collector mirror 50) such that interruption of radiation is minimized. Intersection constructions
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or nore reflectors ("spider wheel"), etc., and at
| east part of flow tube 104 is integrated in or on
WO pdognered i on construction 300. In Figure 4b, BCT/ND2006/050303
view of a cross section of collector mirror 50 is
shown. Reflecting mrrors 142, 143 and 146 are
300 npy eschnde, atdoadt @t ofiflcav abdetlDdn.o dosttubetG4is id0GaL) within collector
connecting the left part of collector mrror
mirroy %9 mct: eiely forgis ap4nterspetiopagngifuqtins 3P@Howeayes, in aﬂ@haﬁw@mbodlment
structlon 3 ht hand

mters?ctlé)H consa I'thCP 101s U0 MY ¢ %r % 90( 119&@%3 ei%gai% S495¢S, S supports for two

or moﬁeolréﬂ@&t)fsr(gspﬁdb%%eew’?%&e %u\ée lo¥st JaRtATRKCAbOM04 is integrated in or on
construction 300 is either a flow tube 104, or a flow

inters¢aioe cd@strucgon Bfkgrated i nto or on |ntersect|on
construction 300. Qutlets 106 are present for
plrbmgafer@a RYRR YWY @éﬂ?%éPCt@és"fFP]é%t‘%mﬂﬁf sP éntheva Reflecting

mirro{shﬁl% Ag{ &n%slt4g % br%ngnef‘ oe*pdt 11‘filt|3rs &l)gst%i%&fl @(Sﬁ‘ %Gégec?mg the left

eane one ere ors
part olfBYIcRfdr Riifrvt Redcdts ol 143 A 14208 |tﬁd 1eAhand@nd Afl ik adk&dion
with "top" outlets 106(1) and "side" outlets 106(2).
constriibigort #1042 )"t dipe wgltthend theGihi part af wolc¢tnes| Iddesd3 and 146 and connecting

thesc GFEPPTARDL BSOS SOPRBISGAR POY & ot RO figh o o How Tube 104 i
1ntegr9ﬂeﬂ afth %{j oh gﬁ{;ﬁ&tl\l)b %%9? tru(:‘u@? YD, %lle{?st 1%)6)are fntese%l? ?&l p%\tlﬁmg

appreci ate erent confl gur atlions on

hydroféromidicabgas ¥Av 96. mivtah&t $isah@sHopesi diignce lffosh @@6p&iing D06 to a
In addition to, intersection construction 300, or In

surfacerie be algasid afrong pf dedifiécsers tQuintolitinagy b@pthéied Bodiflgrent positions,

as ind3 g Sihaion s g Wb sieRofv s SEPQRG St Reut: 1061y
also 1@(??(%% eﬁl%gihﬂ%\’sewh&ém 191bfsec1"f]éj Rfent ?{se\!vﬂer@ﬂgbtt SPfok Qul:g 1 (5)4, like

ng ow tube 104 etme n reflectors as descri
outlet@atie side Roadireerddaditievitwadt (“Ueas butpas’. 105hduldve ipfhecidiBdthat
I's provided on one or nore reflectors 142, 143 and 146
differgrg @@n@@m@sm or Whilewy t@‘t‘ih]é}ﬁ‘mfl uiFts predeqsbibles a snal |

f.l ect t h nb
C it or e ARGt G st B T SO TR ey in addiion

to prondlr?gnédtfe? hos ﬁro‘i’% 108900 M d/Hrc&hll %@B |r §01%tdr ti‘ﬁlﬁ%r B@ras
where the reflectors are not irradiated by the source.
schentdeinady, shiownan Féguoedd anmdt3btdnerae deripedebaedorcihgeni sfgjor in addition to,
devi ce 95, wherein the optical elenent to be (at | east
sliding Hpwi tabe {44 batwaseglpeiorar dewribed Abpicom moenahiad g e jeast part of

f the fl | y.b
fow s €S 5 TS apor e O HR A EARERA Ty e goshien
schenﬁﬁ@alﬂj &Didida S p&it f}ﬁaodl@reﬂéét@ ?qﬁ aQUrtRdr elnﬁf%afmé?ﬁ rthisQf least part
he non-reflecting part of a reflector (142, 143,

of ﬂowttube) 10akfis Sllltfstamuhllyeoﬁ ontir89 pr@uddd dor tha cdflectooesn thaye prmsewhere the
plural ity of openings 106. Each reflector (shel

reﬂecmis/arﬁ agbiriagiated e spEce Hgnen 1 apea PWP%*F theeds iPFPVéﬁ?él cleaning
device §5 %{e??nq?‘% (;p%clfl 6%41&9 & 9% le%st géatl) l{yif eg%itdow C(()flec?()r mirror 50 and

or no
where%LMmt ?ﬁﬂt 8Nthe MRwWEWNYe M4 (&ﬁe&éll’yf‘tﬂ@&)a tulg’e%rlm(lrzl?t104(2a) etc. as
irradiated by the source may be selected fromth
indicaggdon grigifre th endbalsdx irsFiges 4o it drmnged dreattleass parHoivde euon-reﬂectmg part
d b ted t
ofa re%le%‘%r%{]ﬁ ?4\% ae?ce)aosf tﬁe C(H?e%tor%osgucﬁ%rgnch ‘u(l)bes may have a plurality of
openings 106. Each reflector (shell) may have more than one branch tubes integrated in one or

more non-reflecting parts of the reflector (i.e. parts of the reflector not designed to reflect EUV
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arrange flow tubes 104 (branch tubes 104(la), or
i nternmedi ate tubes 104(2), etc.). In Figure 4c, at
wo emgbeqart of flow tubes 104 are arranged PCT/NL2006/050303
hori zontally, but it should be appreciated that there
are other orientations. For exanple, assum ng that
radiatfonono Eubemirt@busabher)aParange dratiatal byothersefilce atayrbg spiacted from the
of the surface of the reflectors (shadow), radiation

groupex theghack sidgpof e rr%fichzﬁ ééovmvef,ﬁéwsstle@%ﬁrea%ﬁ Bay be sqlaged to

arran%enﬁj vy tu%lea %4 &)ranc%tt 1ﬁ4¢]1 ]rlme %rtmeﬁl at%glr‘bf:s ﬂf4(§ﬁ n{‘éejve
SW FReR 42;f att B8t btk be ﬂb@rtul(ésrl@kl Gt AehnbBd Ewahea@abw it $hould be
areas 32 and/or on the back side(s) of

apprecietet] ¢t dres) are@lﬂesr orlemmncmsf Favexauipes aSbﬁmmmghabﬂeow tubes 104 are

arranged, each f t ube havi ng one or nore outlets
arranged @t @ PPREifagHBg piﬁ @g@ﬁtsuﬁf%esqfé%eowﬂsffteﬁéslaﬂﬁowaera%}ﬁ%n of source SO

is reﬂFcFlgd g‘[eﬁlg gidé Qg%ﬂ%}:'hoF lﬁfand\:\\g@rﬁot Qir t&b lthd h%l%%Wg%r c%ﬁtave part).

de vie are schenat
Het) &@ on, the Abn-esTREGhgTRAH of the s@Pide GltkhetleBERAL (ihdica®ed in Figure 3a with
collector mrror 50 and at | east part of the flow tube
arcas 3D4nd/gr ar thabgedside(sstidbiowllariors) 3mheal neore 8bivéubasr] 0gfmay be

g STy eSS BRI R bt a2
are alio%gﬁl%a%g ébﬁ%ﬁrebj ) gl%ﬁl &Hﬁ{n%%ﬁaoxf%?gg eﬁl(ga\ff 212&? God Eklde view) are

w-ar eas respective igu

schemd@icaRAdepitted. RROEY, fih Bg etnBodin@bf e 4ptica® c@mehnis@rcd@sétbOMmirror 50 and
construction 300 may be designed to include, or to
at leagt payop thedtay tukeflDés arcanged dushagew hreg 3ﬁmfbe¢ﬂwormfanﬂ¢ctor 50. It
bes 104. Hen in an _enbodi t the tub 104
should B fRpgatad LGt s gnip ﬂH‘Pé’H& ﬁﬂe Bedoy {Gga one flow tubes

104 ((if%ﬁ%ﬁﬁ%é I‘E%IO&%)Z %}r fd rr%{r'%l%%r in st dé)c%(&ﬁeﬁ %C% %ég%%&ély (see also figures

3aangBigsent ), each branch tube 104 (104(la), 104(2a))
havi ng at | east one outlet 106, the branch tubes 104

( B@fm@e to Figure z4a)9 gBlergetign mmg@@pt@@\&ﬁﬁ ey cwsngned to include, or

o ineg PR e P Lot &BdeSarou(Fayeh s (B8, iy, Ban embodiment e

flow t\%@ §%Sf?glr1)lhlgscélg rlJl%gJ[rggtg{l g%fféh t\}\lkibffe@n(let%h Esr %}ﬁ%lﬁgg?agg uﬂj\éure 4¢ with

refereﬂmom,rrﬂljiausmmmi)u ties24); plous dan¢hytubés Dldeany bgpaeanit)c ea:ch%anch tube
according%to the invention. According to é@£ anot her
104 (Koo Hdhda)) havargeati l@aswwrtﬁléal% ehenaiguprsyitdd 1 9 12), 104(2a))
. e.g. for use. i i tho rat S
being 3 heedlopit ey Batuticr RpCRLE R §r ARARHTHEH 01 Gpbe. more
branclgr%es s 2041, 004128 Ay birBr 0gen ¢ ad| cal cont ai ni ng
to a nunber ‘of Tlow tubes 104. In yet another
eﬁbaldem’easﬁlmenﬂ'] theee is propridodi el ¥ 1chasmhngamhavitese] ,Sherein the
wherein the cl eaning device 95 includes a plurality. of
lithographig apppasisipdudeys ur@htmf&mnmﬁ devigat & agcording %@ Hegention.

Accor%lﬂ%)[? ggﬁ%g)the% ht%fg %1‘@’}( %‘P Ql?ng(g pro n?%&?ﬁl%aﬁpg ld%'\{l@%b% %, go for use in an

EUV hnl@gfagﬁﬁﬁpﬂlmg alhdr¥inQhe @uéﬁﬂlﬁg 8evi@S9Lindlud SNOPRrdlily of outlets 102,
ures

e.g. to dlrect the hydrogen radlcal containing gas 96 to a number of flow tubes 104. In yet

another embodiment, there is provided a cleaning device 95, wherein the cleaning device 95

includes a plurality of flow tubes 104, as e.g. shown in Figure 4c. In another embodiment, the
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In an enbodi nent of the invention, cleaning device 95,
l'ithographic apparatus 1, or both, further include a
wo eopeeture control unit configured to regul aper/anzhioanso3o3
mai ntain the tenperature of the hydrogen radical
cont ai ni ng gas of the hydrogen radical flow at a
flow tubep@t athudes Dpluvitienof mbus tEmhe b atxtreentedtndbdh® osuate includes a
that the optical elenment is treated with a gas fl ow of
plurality gheutighs, |aap+gy§homm ig Fignpethatid4c. For exanple, the

{srmer sty of e udoen. fRdheale SOTALILAR 880 o borh,
fur‘[heir E&%%WEmﬁMtu@@E&ﬁ@P uRiP @éﬂﬁg%@ecpt@ r@é\ﬂa‘[z And6r f@MntAn the temperature

multi-layer mrror treatment. Further, cleaning device
of theQfydrmyn fagi¢ah eontaingiguzie ofithedrytiragen umiical Eonfa guerepdrature between
control one or nore hydrogen radical, producing sources

room tepeperyis @d d P ro seHE2lghe OpLiGH clsmenigs Uiseied WOl 435 Atomhef
(substaﬁt‘?il@% ﬁ{1§ %H %ga%r o r@ ?f&[ i t@gpqutu %@ftt% hg %&nr%ﬂﬁgl containing

Paren anot her as

gas mhp bP bOMiceE bt 1B h@abdi@n 56 P@w A\@lieétoPeatMent@ideetween about 20 °C

optical elenments of EUV |ithographic apparatus 1,
and7®H&ﬁudunghmmmvnmwmgUcMeEntﬁgﬁU@vcbanggdepemﬂﬁdmm@mﬂwrnwhﬂea

ydr flow 100 to t he cl eanin deV|ce 95,
Conmgélﬁg et i Waﬁo @é%orr%ﬁeé%( Toee el PEATHCIRR SOWasH O selected

r

from tthg gr&%%f%\%g? J, fore ﬁs% aﬁlhg\gfgrﬁg%ﬁ&%oﬂg% gggagn%{r& F?dgaenerator and one or
nuneﬁ@ﬁﬂmﬁ&ngnbodlnent, the cl eaning net hod further

i ncl udes providing a hal ogen gas at the predeterm ned

pdstaridmg tojandther ashest. therkagprapiticd aapgibedton sleaihg of one or more

optief iSRG LY ek B PP R i B0 Sua) i 2 i nE device 95
provug}féj [19(9[ r{ A, G486 SRRl ?fng%egﬁé |9§ engllaﬂ% Ly 8r0 QBB flow 96;

use or transport o n con gas.
and plovidimethe eégimgen fadicat floydivageaprédcinaled paﬁhdoﬁ h&ﬁhm the lithographic
hal ogen gas is provided; in a second regineg,
appargipp de gurgifer @n@@ﬂmmqmg th%wlé@@ﬁg agthoddutleqr 1@1&9@ @rcngdmg a halogen gas

als 0cess, 0

at the IB%/%K? eﬁ]a{i %5%1 81?;1 th} t&F 31&}0§ra£?u b%)gar&f g{l]ee]ileﬁ{)g%locontammg gas can
be pr&i@cﬁ:‘dta't B Wehinlk &R a |&1ﬁ&9ﬁrtﬁﬁ@%e@ﬁl%@fﬂg1ﬁe h Hl%ﬁen rad1cal

hydrogen contai ning gas 1 ncludes ohe or nore”selected
contaihin@ngat 96. Bioaupbdf 04 mayibe uidd, foHFanspiit ol the babupen domginirg gas. In one
yet another aspect of the invention, there is provided

reglma, ffrféft helsogen radigals aed Gen h@log%&%lﬁgrocr@wcl@ gEcorbisenhe process

h dev d
of proﬁ}d&‘ﬁ lgaé(l)gnq\r/l(e%%;s | e&p%ch e(Hp% N og glgﬁfé)els%ﬁ]é %cf l?,ygalil geecona process of
prov1d3ﬁ§lﬁ7(ﬁb§§1 MRER Q@ﬂlerﬁéﬂef@lmr%‘éllﬂo@@loﬁ Qshid M 1y, @Ql‘ri‘d"apparatus. The

radi cal source 103 further including inlet 10
hydropgrdeangpaming @as aichidogompas MO@ saledted titohethe poRipfadrHt HE, D,, HT, DT,
fl ow of hydrogen radicals 96, and flow tube 104, the
To. f1 ow tube including inlet 105 and outlet 106, wherein

tlggc%r?k%]to Qt an%[hel; | aFt olfqﬁe &19611[8)31 &%Pe”ﬁjé—] e\gdetdoa r%fg{hlogtof

radi
manufa8@$ig I@&rahmgfdehh@ 9§ |a€@;@d1ﬁ§ t(ﬂﬁi\é'u‘}\%nﬁ&ﬁ’,(lﬁ@aeﬁrﬁng device 95 configured

to provide flow 96 of hydrogen radicals, including providing hydrogen radical source 103, the
hydrogen radical source 103 further including inlet 101 for hydrogen containing gas 100 and
outlet 102 for the flow of hydrogen radicals 96, and flow tube 104, the flow tube including inlet
105 and outlet 106, wherein the inlet 105 of flow tube 104 is connected to outlet 102 of
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hydrogen radicals includes a material having a
hydr ogen radi cal surface reconbi nation coefficient <
w@®@2®2/0642¢ccor di ng to yet anot her aspect of the PCT/NL2006/050303
invention, there is provided a device manufacturing
met hod using an EUV |ithographi c apparatus, wherein
hydrogéit ewlical sativrel g, amhwhaeinuit lqagt faneofcheelnarmigg detidtoekposed to
the invention is perfornmed. In an enbodi nent, hydrogen
hydropeyiadiceisdmelrdss arpaenahapmeryaipsn ridieal isedacetgecmuynation
ith phi ¢ apparatus. According to anot her aspect of
COdﬁfﬁntgﬁyghtlon one or nore non-reflective parts of the
| WchQamaRbivet MBRRE adpdst Gtthd RASHtiRAIHeAsIpYoViléd H18&/i& manufacturing
materi al having a hydrogen radi cal surface
methqdesmg‘mnrﬁﬂv dnhagrgfhii¢ gpparatuss whein aftarer dpecg miagahétyring the cleaning
In an enbodi nent, the material is selected from
methoélrfécﬂéﬁ' INYEHONRPEEGTEICE- from t he group of KOH, KO,

WPy YT, o PR 28 B RA0 Bl v
lithogkdpRidppliragisde of the reflectors, tubes, pipings,

hol ders, gas barriers, intersection constructions,

S Hutcuréng to eng@henmpedyof thoanextion, angyr inmet nderdlectivaparts of the

eri al In neMm'nEt t here ro a X
hthogF?@@@r%Paﬁrawstaﬁ casthag ' '%&W%m@%@’f haefe%%/ hr@e%entrﬁglﬁal surface
recom%l #pn cOetfif fen&] tj‘ﬁfbrf{?éggf g@?kﬂ d2hﬁ1 £1{3@rﬂﬁ';§q11%@ﬁt' B2 material is

coefticlent eés T [N yet anot

selectédrrosh diR mdra ehaBiaB fr@th theSgrby nlgbpg@m @i g@rtz, PYREX ®, K,CO3, W,
resistant. In yet a further enbodinent, a material is

K> SiGeNedtdPd \bie rldilh. Qi e tfigded sdice, Bf andhsi: Mt er i:xﬂmnl@ tllleeb@k side of
n te tinmes §$Ch rate. of .tin at a predeter

the reh%?ré “ B ‘H i 4 DRISEs {itersqqtiog co %Poqsh Lgtﬁffe etc. may
be coeg%gﬂ dtlﬁl%:gﬁﬁlugg sﬁcfhea?‘@lﬁfeﬁal. ﬁﬁ%?%‘hﬁ&&i{n%m Ricfe is: pr&ﬂd@cﬁ&&:ﬁ%ﬁal with a

he et rate mat éri a | ess

recondbwRiby cbéffieRnaldsethah(.0at B yef atdteraimbadpicdaheratbm®hation
hydr ogen radical partial pressure. The appended

coeffigienjis &ass Hay (WHerayat eanthsr epelpidemen, the masteriehss Iigeogen radical

rosistfiin R g6 F Birbeb@DPERgR: € ppaliiad ety WhpEMEA 1 ol e material
is leSSQHgl{]ieHgln'ilé Gn B é@% @f adaRed@Eninang o Le rglc%rgfgfa?pressure (ie.

a, but one may al so use a device w th one or
underftheowmetmmt@m ahpeskurd) teh@daurcactegsind3doththembodiarhi, dre ctch rate of
is not limted to EUV radi ation al one, but may al so be
the m@i@@@l if s (hiap Rueiits HHICS 2l Sishrate o6 tinfahe prdetcpnmgd hydrogen radical
i [ iation, as described above. Although specific
parm’%?gwghce may be nade in this text to the use of

| rrh@ Q%Jeﬁﬂ&i fog@PPRhAkMRnlalicAiNeddPRAUlRGE WA Bk chfBddinhdnt. For
shoul'd be understood that tHe |'ithographic apparatus
examplesefartiegdto Figure 3a, one may use one device 95, with one flow tube 104 with one
opening 106, as seen at the left hand side of Figure 3a, but one may also use a device with one or
more flow tubes arranged in shadow areas 32.
The invention is not limited to EUV radiation alone, but may also be used for lithographic
apparatus that use other radiation, as described above.
Although specific reference may be made in this text to the use of lithographic apparatus

in the manufacture of ICs, it should be understood that the lithographic apparatus described

herein may have other applications, such as the manufacture of integrated optical systems,
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herein may have other applications, such as the
manuf acture of integrated optical systens, gui dance and
waledogos420m patterns for magneti c domai n nenor i BST/NL2006/050303
fl at - panel displays, liquid-crystal displays (LCDs),
thin-filmmagnetic heads, etc. It should be
guldam@pmdaie&b&m pareins ﬁonn‘taglestrcmm m(efnosmls; Iﬂa&bin&rl Idsplaye, liquid-crystal
| ications, any use of the terns "waf

displapp Pl 1) iyl ol gtyahsagdﬂa@@@pmawdtth@ Hoihe context of

such a(itgma{%% appg}cnﬁonfhany %r 2: ! ; e‘};‘}za{f?re £t g ?rglﬂ mﬁ%be Bons1dered as
Syno fn%ﬁ@%tﬁ(ﬂhe 1%# Bl tcdhb eSubSkRESHI Qar bt%(fr%n”ei‘e@ﬁ@n%@ The
rack (a tool that typically applies a layer of resiSst
substra‘@ rafesadh st hatie naaydbadpvedsoqks befloec exgies empasem Ht t)or example a track (a
rol ogy tool and/qr an inspection_ tool

tool tk&;s @fpﬂf@&waephqswéamr@é RSt 2 DS BRIR aﬁ%?%‘é%%ﬁb‘? P@@S%reswt) a
metro?(% QO(ﬁ%ﬂ /%tr hff n_gé'ck?%%rtggle“ﬁlreroe ) %ﬁ(':eﬁﬁ’e ttlﬁ 04115'61051% fl‘%}gm may be applied

subs e processe
to sucB%adBlRr bl[bs@ﬁt@ PhodeSsikd @@IseFé&tHBﬂ' thé sﬁl%ﬁﬁtre dlegﬁ beﬁ@rob&@éd more than
the term substrate used herein may al so refer to a
once, $arleshmatean ohder ta¢ncaiadymdodar i€, southati the Erprsobssiteesed herein may
Al'th specific reference may have been nmade

I
also r%fasb%s%usstf%% 3@2 Qr%ﬁy éﬂ%’&? FetRle @focewsg 13¥¢Bnt i on in
t Wr:thg CQ{ sfp?é%f gfre@fgn ?;lhh{whf?&'hqgﬁ)é b&e thé u&t of ehnbodiments of the

appre t hat vention nmay Be Use
inven@@Pini tA& b of f)@tﬁcaﬁ Kﬂiﬁ@fz@hy Npwilnbe h}bﬁrmgé@ﬂﬁythe&ﬂﬂ:n‘uon may be
where the context allows, Is not limted to optica
used ihjottten gpielphtions, fpruevrpmphtlmﬂ)rmhld@@glpplw and ofhererthp h9nt¢>ﬁ aflows, is not
attern created on

. . pattern devj defi.nes, t he
imitol o8t Bhofiabhy. gp g iih%ﬁmli’ & fﬁawrépw gt RRSGTIHRE flgjee defines
I
the pal?tg gt{rgazé@gn W% gétgg%tgn@t {opgé s %hgsleglg% H&? be pressed into a
layer ef ekt uppladiebithe subdirat Iv@iéreub@r&the rpdieds tiired By applying electromagnet1c
conbi nation thereof. The patterning device is noved
radiationg hestt, prprsuicesiagonbialipn gheseqiat hepaitermng devigeis mavied out of the
peci fic enbodi nents of the

| cure
resist hffv]élﬁta] St %E\é/\ﬂwo%%‘%t ¥ 5Wdabove, it will be
amﬁ%\isnbé&ﬁg ctBBdintch& dr @Neef‘ﬁ%rﬁﬂ)nme B@enp({e%‘&'tlﬂeg%gove it will be
ot herwi se than as described. For exanple,
appretiatee that dre imegntioa kmytﬁeq)rﬁ@rcmi ofhcavisotipnte desmhbm &lor example, the
cont ai ni ng one or_ nore sequences of mnachi ne-readabl e
invenjigpsmay; ékie foa@§>c,f 18] ogmpgtea PFR&IHD ﬁOlﬁémngs‘éled% &epra pesipences of

machlﬁ,g é%aé?ﬁ é?rg dgﬁcr 11%36 ‘nﬁg%)dr% cg C(}V%,L?h ec;“E thrage medium

(c.g. PRADhAMRST QLRI RREBLT or UpeicAEK) 'h@\tflh? BchaP e RS rogram stored
intended to be’illustrative, not lim¢ting. Thus, it
thereimd | | be apparent to one skilled in the art that

nodi fications may be made to the invention as
ddbe F‘?S&‘EEUWSMI?@&% argdpiardadrg be ilbiretiee, sedppitpe. (Thes, it will be

appar?rlt %(#] Oke ﬁ(?lhedo Htthep grlt 9}\% m-%caéorg‘tﬁ%@mad%gﬁs}h ael%w as described

appar a
w1tho§%§1¢mg from the scope of the claims set out below.
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an optical element; and a cl eaning device configured
to provide a flow of hydrogen radicals, wherein the
w@b@ans42q0 devi ce conpri ses a hydrogen radi cal BOINCBI06/050303
and a flow tube in conmmunication with the hydrogen
radi cal source, wherein the flow tube is arranged to
WHAPrISWIdeIMBP I8ydr ogen radi cal flow at a predeterm ned
position within the |ithographi c apparatus, and at
| east part of the cleaning device exposed to hydrogen
radi ..conphises a material having a hydrogen
Lo AR TR e BT kS Bindoet f Lot ent < 0,02, 2.

The EBWrliatiBegs@edi ¢ apparatus according to claiml,

wherein the reconbi nati on coefficient is |l ess than

Oalapticd] el®mentElhd | i t hogr aphi ¢ apparatus according to

one_of the preceding clains, wherein the reconbination .
cd&fernige dayics sonfgaecd: n@rodgn tlowal hyfgogenadicals, wherein the cleaning

. 1t phi ¢ apparatus according to one of the
dewc%?%%@%%gg clainms, wherein the material is hydrogen
radi cah hy@9sbst Adical SurckhendEUV | i t hographi c appar at us
according to one of the preceding clains, wherein an
et ch r atlewgfib¢ mecomutrari¢aioniveitt ths siydiogen tadreat $aueee, avherein the flow
.etch rate of ti t a predeterm ned hydrogen radical. .
tube iy aﬁr%r}ga? t‘bPré’é%dﬁrtge_. ﬁﬁ@!mwa%w T1q% HogprapA Pt B pRgSiavithin the
e R L LR Ppr L0 A B L 0y i
comp@des @ riMt@Qa thevink Aeydrpdh egrel kadtice abcopdihdtdth RERREM! €.0.02.
7. The EUV lithographic apparatus according to one of
2.t hbe ptickitioggplic apparatuphegoeding tthelaion é, wherpmrike oembmhtion
el enents ar el ected fromthe group of nultilayer
coeffifgept iy ?ﬂﬁﬁiwir i nci dence mirrors, grazing incidence
- MrhE @8 1i GBS R AbpaFhfut e rdihgld thd blcb&lide claims, wherein th
S ot U BB f G B ra DL G S he bt laims, wherein the
reconfb@iasion SoefBicienhie 1dskMhani (L doagr aphi ¢ appar at us accor di ng
to one of the preceding clainms, wherein the flow tube
4. i $haEPahlidggwnkis appaatug acendingto e efifbe preegding plainiss wherein the
) %ioviged mﬁnﬂiq a.di stance of 50 cmfrom at |east part
materfy IS JyArogen k B SulTdles of the optical element to be
5. Chpapes ﬁt@g?ﬁ@[ﬁﬁ%%}ﬁa&ﬁgfa&&%iﬁg R ohSohs RE&MANSUGId Mbrein an
at | east part’ of e hydrogen radical ftowis directed
ctch rato ofithel rea@sitialpaleks thbin eenstimdsamectdlorabeofctie anepred@erniihed hydrogen
~ EUWV | ithographi c apparatus according to claim8,
radicahpaitial pressHES. di st ance is equal to or less than 20 cm

6. f rl'ﬁg]iiﬂ/elit%%grgrfa%ﬁi% aglf:)ar%tl?lg agc%tr(itliﬁga lto cellaﬁnn?,n\}vhetrgln%% e%éher%{éeoq'the material
is less than twenty times an etch rate of tin at a predetermined hydrogen radical partial pressure.
7. The EUV lithographic apparatus according to one of the preceding claims, wherein the
one or more optical elements are selected from the group of multilayer mirrors, normal incidence
mirrors, grazing incidence mirrors, collector mirrors, reticles, filters, apertures, masking blades,
gratings and optical sensors.

8. The EUV lithographic apparatus according to one of the preceding claims, wherein the
flow tube is arranged such that an outlet of the flow tube is provided within a distance of 50 cm

from at least part of one or more surfaces of the optical element to be cleaned and wherein the
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10. The EUV lithographic apparatus according to claim
8, wherein the distance is equal to or Iess than 10 cm
wo ewmos42e0 surface of the optical elenent to bePcl/mrz®6E050303

11. The EUWV lithographic apparatus according to one of

the preceding clains, wherein the |ithographic
flow tapparaatangedemnip thas essleast phut oAthethy dafgen kel figwdediredsd to at least part

12. The EUV lithographic apparatus according to one of
Ofas‘lﬂlﬁ?@eyﬁ? %éléiﬂﬁ‘é cl ai ms, wherein the cleaning device

9. . Bﬁﬁg%gﬁll]lo%ﬁg 1% %P!%%I‘X%IS a%co(r)(? ne %098 m % \ghegf-[ilﬁ?ﬁeg (lijl\s/tance is equal to or
less ﬂﬁﬁ@@%@ﬁ Hgm(%h@bﬁ%ce‘@hﬁfe%fﬁcil%rﬁér@% baiBigare@Npri ses a
plurality of outlets The EUV | it hographic
10. affbaEéMhthagltaphidiapgarams ec@rdihg tdeajpr 8cellirpig tod distasge is equal to or
rein_the flow tuhe conprises aplurallty of branch

less tbcaati@scm @a%lﬁhwgf%ﬁ of thseoptisalicignenh Lobg fletnedt he branch

e
11. . Pg ? 1%%1%%1%\1\,%?%6&8‘9@%%@%% gﬁ\)ﬂi 1%8?({611 péﬁglafnl?s wherein the
hthoge@aaf@w@t@%ﬁibﬁmga Blerafiieo Qdlednkiy dBVﬁ!é@dl ng clains,
wherein the flow tube has a first cross section close
12.  t dh¢ B&V hthegraphictapparhiuswctondieg &moncaofghe prededingelgims, wherein the
secti.on close to_ outl et of tge fl ow tube and the
Cleam&%lé‘?‘flé‘?]?o%l?“steﬁé phyrpldly of Hgwsebend cross section is < 1.
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flow t6B¢ E@Apres Miplir@lityafduddts.| east part of the flow tube is
arranged within the collector mrror. 17. The EW

14. | iThé ngabuhpgraabip apparaiys acwodidg ﬁgome(pfdh@p@f:ecﬁm@claims, wherein the
eced| erej n.the ical element is

flow ¢ f@emr o idhy gbiRieh RosCEadRbetdh ubs ERG an Bulle the branch

tubes %1 e M ?Qgrehraoazn%@a%ghtﬁr %fto @'ller 1ﬁLelt 6EHQ rﬂo@&f tubl€

mrror ogr aphi ¢ appar at us
15. aCf h@ EUMthbgraphie apparhfue aproediag ikngncdfahdprecodieg elbims, Mderein the
tical elenent is a collector mrror and at | east
flow tp&@ hasgf fissheross sepfiqnudiescite tar intph gbthedlpvatubp end & sgrang cestss section
ctor, of

close f S BRREHE RoRbE SBRE Rl caliof b R ol ot psa pestigu is < 1.
16. agRE E@J‘\ngtthl'eEHl% agf)arﬁtlﬂ@ a&ro?&:iﬁg kGnLoBth he% Ehind Wferein the

optical ele a collector mrror, ['ect or
opticalrelehent i6 @rgotleomngireorphd aeleadt paofof ﬂ&fﬂ(@@ tube S areangted héthin the
flow tube is arranged such that at |east part of the
COlleCFﬁfdmé@én r adi cal fI ow is di rect ed to at |east part of
two ref

flg ggﬁf Etll]]]%gr%i IIS é’lp RIS RECO 18g &0 00 ztgh%pr&eecﬁ%clmms wherein the
ool s By s
ofa r@itecmdfﬂxg coeamemofort he precedi ng clains, wherein the
18.  The EUV lithographic apparatus according to one of the preceding claims, wherein the
optical element is a collector mirror and at least part of the flow tube is arranged on at least part
of the non-reflecting part of a reflector of the collector mirror.
19.  The EUV lithographic apparatus according to one of the preceding claims, wherein the
optical element is a collector mirror, the collector mirror comprising a plurality of reflectors, and

the flow tube is arranged such that at least part of the hydrogen radical flow is directed to at least

part of a space enclosed by two reflectors.
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hydr ogen radi cal source conprises at |east one
hydr ogen radi cal producing source selected fromthe
w@emapea2io an oscillating field el ectrode, a NERCENLZNNG/050303
RF generator, and a hot filanment. 22. The EUWV
l'ithographi c apparatus according to one of the
20. piTeeEdivnbgthogaphis appdretue hocoading iy edd eahd piecghing claims, héerein at
lithographic apparatus at |east partially conprises a
lmﬂtR%ﬁ@?g%ﬂoﬁévﬁﬁgnﬁwﬁVGrogen radi cal surface

reconbi ion coefficient <..0. .2, 23, net hod f.or .
21. - RN R Edp R Ao sy ot PRRGERe Rl wherein the
hydrog@Pak Rk lsourdd @ik 80 16RNBHd 18)dReken RAAYA] Prdtilic hgGbERBsABcted from
evi ce, the cleaning device conprising a hydrogen
the groggoCal ossdlatiog fiekndecarofle,amagieeron R Fcgemamattir catdi aofmot valdrhent.
the h dro&gn radi cal source, wherein the flow tube is .
22, afhaklddlihesipbigiagpareie apspudipg dhoncsefi thaprepgding glpins, wherein a non-
re ] it ithin. the: it [ i . .
roftecEREE G NH0QPRlc Rl |ty PRRERRN fatoria having o

hydrogé&p@aﬁdl §Rfaby eiceg®atiasl be&atisiesoappi ses a materi al
avi ng a hydrogen radi cal surface reconbination

23.  céentthed &mtclean(g0®;opprrd el aang o harhidVolgbagiplowaparathe, the method
¢l.eani ng device;, generating a hydrogen radical flow
COMPUHBE-pr ovi di ng the hydrogen radical flow at a

0 . . i S : : : . .

DB TR O LA L IRAAPN e il soue
and a \WoGTt@bdint ddenrilrediion Gviffethb @dlddoder heicat uiREd, $@8iein the flow tube is

providiq&éa hal ogen gas at the predeterm ned position _
arranggidtté provideethe hydrogerayatice! @ppat apiedetemBined hesitiat Wahin the lithographic

ccordi ng to one of clai 23 and 24, erein . the :
spparfiarBg ah ey Re AN A ECor AR 44 PSrSTyRgiea comprises o
- - - - nd T.

A S S

hyehvitiena hadhoged Bow i ehecdl@atiignigvideyvi ce conprising: a

hydr ogen radi cal source, and a flow tube in

c eerpudtinga iysinogan radiedd dlomg érdgen radi cal sour ce,

¢ B s AR BRLCo Bl € oEe G R RS A B htnosraphic

apparf¥dr ogen radi cal surface reconbination coefficient <
0.02. 27. A nethod of manufacturing a cleaning device

24, c@hé hgthoddict@dpay ictém 83§ whavef thb yidadae mertadi fasha, cobripeises:
met hod conpri sing; providi ng a hydrogen radical source

aR@viling plialpgeregdsrit BsmredeieninedrPontion iken thediterpspphic apparatus.

i cal erei ast rt of ani n

25. gi‘g? g]eethé)ggagég gintg 40 89% Pﬂcg@ltﬁlslr Oa[n(c’l gﬂgw erein tthre] %y&rlogen con(%aining gas

comprises at least one selected from the group of Hy, HD, D,, HT, DT, and T».
26. A cleaning device configured to provide a flow of hydrogen radicals, the cleaning device
comprising:

a hydrogen radical source, and

a flow tube in communication with the hydrogen radical source, wherein at least part of
the cleaning device exposed to hydrogen radicals comprises a material having a hydrogen radical
surface recombination coefficient < 0.02.
27. A method of manufacturing a cleaning device configured to provide a flow of hydrogen

radicals, the method comprising;
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conprises a material having a hydrogen radical surface
reconbi nation coefficient < 0.02.
WO 2007/064210 PCT/NL2006/050303

providing a hydrogen radical source and a flow tube in communication with the hydrogen
radical source, wherein at least part of the cleaning device exposed to hydrogen radicals

comprises a material having a hydrogen radical surface recombination coefficient < 0.02.
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