LI THOGRAPHI C APPARATUS | NCLUDI NG A CLEANI NG DEVI CE AND METHOD FOR CLEANI NG
AN OPTI CAL ELEMENT BACKGROUND OF THE INVENTION 1. Field of the invention
The present invention relates to a |ithographic apparatus including a

cl eaning device and a nethod for cleaning optical elenents. The present
invention further relates to a cleaning device and to a nmethod for

manuf acturing a cl eani ng device. 2. Background of the invention A

| i t hogr aphiygpaRa BildsAPISA A TBS OEUDNMG AAQDEARSNG DISACENPMEBIODINR a
substrate, wusually onto a target portion of the substrate. A |ithographic

appar atus can be used, for &xEMING ANORHeAdAGFEMEYlre of integrated

circuits (I1Cs). In that instance, a patterning device, which is
alternatively referred to aBAGKGRIUND QF THBEIINVENTHR) be used to generate a
circuit pattern to . be fornmed on an individual |layer of the IC. This
pattern can' B¢ ¥ MEHRYBIPLd onto a target portion (e.g. including part of,

one, or sever al,direfht ienfios HiRHsah Bttograghic apgardtiCiaciutiag e cleanify davsicend of
the pattern is typically via imaging onto a |ayer of radi ation.—s nsitive
material (regsiddonclgningioghiel elamenie The Brrsent avantiqnfuglhs &lafps 1o clapigp geviee

subst r at e&%‘liolpaa'{%ic’)tgﬁt?‘ﬁ;@nm% ”f%u‘,’n‘r‘i’l}rgikat%anﬁl Laﬁsgiggt target portions that are

successi v NoWwn ogr Cc apparatus include steppers, in
whi ch each palkgfRfund POt ieendos 1 rradi ated by exposing an entire pattern onto

the target portion at one time, and scanners, in.which each target portion
is irradi ated Byitkesphicigraraes sarnashive thit eRRYRS %d‘?sg\é\{ifl]ﬁattfeghon%%%5“%51?%63 gi ven
direction (the & ScannLng;fldragld WA o SapRELRRAUS b 1R GaAN TR gxddisle,
substr at e“glf?g éjﬂ%eqa%(rﬂrbg)ﬁtﬁ -Ogg[%as}lﬁsreﬂ%mf 0 tlhigz%(n}i rggéf}i on. It is also possible
t o transf g ihthenpatierd ifegard GeuitpdCOse imhagndewt.cepationingdeweh sthichtiz by
inprinting the pattern onto the substrate. In | i thographi. us, the
size of feHerréshtmemed psanaskapREIE B ‘FFe“SSEE?s%eP%f?g aicgrc“‘ﬁ’aﬁ%%@é%%y the
wavel engt }}%\%Iedf[o Gn %&J%ﬁ 100 Jrafifat AR pattén REPBLEM Tt E1a b efed ipbBidh {Sgw t h
a higher ‘density o devi ¢ s, and hence hi gher operatlngvspeeds, it is

desi r abl e ificudigy givl of, @, drvageal denpdr esubbtede (srees siligwn VeferrpBansE of distpattern

| it hographi c projection apparatus .enploy ultraviole I . rated by
mercury | awgwél!ly R EPIRIS SR AET qftra%@xﬁggﬁwﬁrr%ageéisa}eg%stlsg)_ ugvel_ srbglrtt er

wavel engt h v & adi AtdQfa §sideic 9bs@hte Wil cdiain MnciSioaho @it tapget portibey thnedhre
extreme ul'traviolet (EUV) or soft x-ray, and possible sources jnclude, for

exanpl e, |sasessiyehyosucmad. Hrasmdilmegrapbisappatitve nglugestppnssnil Wig fack &rechy

synchrotron radi ation fromelectron storage ri f,n EUV
radi ation Hoétlopﬁ)ir@ﬂ‘la}e?tbéi SHROIUEEN SBUF & %t,?er? glgto é}%g%%f’tep-ggﬁﬁnzdggée-qg?gﬁged

scanners, in which each target portion is irradiated by scanning the pattern through a radiation
beam in a given direction (the “scanning”-direction) while synchronously scanning the substrate
parallel or anti-parallel to this direction. It is also possible to transfer the pattern from the
patterning device to the substrate by imprinting the pattern onto the substrate.

In a lithographic apparatus, the size of features that can be imaged onto the substrate is
limited by the wavelength of the projection radiation. To produce integrated circuits 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 Lo 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 & plasma source, for example a laser-produced
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1 plasma or a discharge source. A comon feature of any plasma source is
the production of fast 1ions and atons, which are expelled fromthe plasm
in all directions. These particles can be damging to the collector and
condenser mrrors which are generally nultilayer mrrors or grazing
incidence mrrors, with fragile surfaces. This surface is gradually
degraded due to the inpact, or sputtering, of the particles expelled from

the plas "glaﬁﬂéjorta}"cﬁschﬁrkgﬁdu%. BfcolnBRnMEadre bSardylashiisurdedniagedhctidihel fast
sputtering efrect 1s particul arlty probl ematic for the radiation collector.
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apparatus, and wll.  be ep?si.t ed on mr orsd.itn thﬁ for is
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rimtin (Sage fux dftest pafitleciim theRlpshay@ther mictors indlid ysemprpzangdiladaneiged 9 t he

same way as bulk Sn. It is envisaged that. a |.ayer of. a few n [ g0

deposi t ed 28y dEHECRI SPUiieHE 02 P%H-g‘%%@‘@a”%&?ﬂé h\ﬁﬁa&“& THE® Overa n})"s%ﬂr%%ésdﬁ%o ssi on
of the COL&&&%@&L may decrease significantly, since the reflection
coefficient of tin is nmuch |ower than the reflection coefficient of

rut heni um | n lrtotereat titpe,eweerne dehyiplst EDMspreesswillmsebably useibALRIPIfer
particles generated by this debris.fromdeposi.i.i . i At .

col | ect or F‘e%ﬁﬁ‘p&ﬁ’iod’éﬁ‘{“ﬁgp?}i ré‘&‘%tior'rﬁfﬁls 818 i g%?% lﬁiﬁg%glﬁﬂ%% %l%%ﬂ%%&rﬁk’%g%? i
barriers pRYe oGlER\GR bl i thelifgd®hiciapparhd, bly. SO MEro I ihs raditioh cdiépasi t on
the radiation collector or other optical elenents. SUWARY THE | NVENTI ON

It is an Fhpedroredf wblea radiatinn cellsctopmpy bifedeE BY relicridrg ap e A ploafemss:
i ncl udi ng cleapjn devi ce. for [ ik om
eV rof | eetroutL{ii SR Bt Rin PRl 1ERERGY iRtk Ko

i nvent i on yiglAtQF UV rARGeTOEE SRt wdyts dalkEdVItis stvoggaiphita lappali afewsim Sn
including An EUV radi ati on source; an optical_elenent; and.

a c¢leanin
devi ce coifdegenitedivery quisklovipee -asslEBY sAyEr Jge AVGralYirgngmessio gfhﬁ icﬂuﬁi"ﬁ’é
cl eani ng %1%))’( 45 &edsl (s:ilgnlﬁ%ga%t@, QXC@ rtl?egr%ﬂecrtig'g L&&Rficient of tin is much lower than the

reflection coefficient of ruthenium. In order to prevent debris from the source or secondary
particles generated by this debris from depositing on the radiation collector, contaminant barriers
may be used. Though such contaminant barricrs may remove part of the debris, still some debris

will deposit on the radiation collector or other optical elements.

SUMMARY OF THE INVENTION
It is an aspect of the invention to provide a lithographic apparatus including a cleaning
device, for example for cleaning Sn deposition from EUV reflective surfaces of ¢.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



2 source, and a flow tube in comunication with the hydrogen radi cal

source, and the flow tube is arranged to provide the hydrogen radical flow
at a predeterm ned position within the |ithographic apparatus, and at

| east part of the cleaning device exposed to hydrogen radicals includes a
mat eri al having a hydrogen radical surface reconbination coefficient <
0.02. It is another aspect of the invention to provide a nethod for

cleani ng_ g, AL AovPhBE R TonRlunichribi #10 kAP Lo A0S, aTOUL Mt ey L he
i nvention® o a nethod for cleaning of one or nore op tlcal el ement s
of an Ewaﬂradghbgrpaqnhdﬁhapmmmmeilcaﬁ Aew @kl W@dﬁtﬂﬂ@leddhoﬁﬁmp?’ﬁw&ﬁedﬁ ggraphic

cl eani ng devi ce confjgured r e wher ei n
the cl eanpiigradevidet | e%ﬁ(??’i‘]ﬂé@‘ g{eﬁ%’@ﬁg & ex%cﬂa&g{glﬂ}ﬁg %ggaﬂ e C%hsow tube in

cormuni cat, o, Wali Wﬁdﬂ&%&# 1agie) sﬁ@&b@@:lombﬁ@mm@pff&mmomf low tube is
arranged to provi d% ydrogen radical flow at a predeterm neﬁﬂ?ﬁ?ﬁ&éi on

wi thin the |i thocgnatptraspeappiahainyentiostipayids é&?ﬁhoﬁé?rtcleﬁmeﬁ% Opiicg vi ce
exposed to

surface r ééﬁﬁ%%%@? g]%ﬁlr ?ig'slo l? :thsa(t:émr('iclhlél 1%%11%(5[@{[&%& 'tc?zl mQ@tM& 9 cﬁa&l%@&ﬂ&% Rrradi cal

ien providing a hydrogen flow to the

cleaning dgyi &Iﬁmal%ﬁ%h@bmgmvhﬁmg@gﬁ& dppﬂdﬂuaahe ihétbud inalding powidiigdy t he
hydrogen radical flow at a predeterm ned positign within he I |tgvgl;craph| C

appar at us clefuting @evgtetcmé"mﬁ‘ié? peeyjle@tflogs Oftlﬁémg?ﬂl’@ erlemviein P §ieauns 981 ani ng
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configure T gE" ow of ogen radicals, wherein the cleaning

devi ce i ngh4ele anBhb ek agris m;gé‘(aﬂo pS@AJHe(IhE; hyainakea rzfdl@h/ﬂmbea prdetermined
comuni cation with the hydrogen radic ‘L1 source, nd at %as o 88 o%ed 5 t he
cl eani ng @wmw@mp%é@og{aﬁh‘ﬁfw%% apeyyileas %ﬂrtl"rq € (ﬁeeagmg terral having a

nydr ogen Lo ERl B ASEAATAIBEARA AL RG] 'r&ﬁc%ﬁurﬁc@re@é’mbﬁwohher itis

yet anoth e invention to provide a nethod for manufacturing a
cl eani ng d@éﬁ‘ﬁ@nt <T02; patvidimich hytdnezeh foeno horlepniog deides; senvertingd hydrogen

manuf acturing a cl eaning de onf red to VI d rogen
radi cal s, radies! Hewied pravédi ‘;{‘ﬁgy‘fﬂ’ %ﬂﬁ“’ﬁ PR:S emu |°f5%?w§vg&1rn2%éjand a

flow tube on with the hydr ogen r adi cal source wherei n at
| east partlth%g&?ﬁw@ag%% ng devi ce exposed to hydrogen radicals includes a

material havi ngiayet hlyod’reogﬂ)ﬂctrcddwoa‘l’en&lm foavei¢esdemsimgerisn Reguoimediignt <

0. 02. BRI EF DESCRI PTI.ON OF THE .DRAW NGS E n [
now be ded8erhg MEYHQREFIal (i RIS ‘lo\IHPe ngogﬁlﬁgqgé%ege r%g%%tdg Wﬁ{ggéno i

acconpany i [}g..8C Reih G JEAMNSice chWﬁésCehh}@ﬁi’greﬂ sdRidvatiiongrer efderfmcebsipnbol s
communication with the hydrogen radical source, and at least part of the cleaning device exposed

to hydrogen radicals includes a material having a hydrogen radical surface recombination

coefficient < 0.02.

Further, it is yet another aspect of the invention to provide a method for manufacturing a
cleaning device. To that end, the invention provides a method of manufacturing a cleaning device
configured to provide a flow of hydrogen radicals, the method including 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 includes a material 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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3 indicate corresponding parts, and in which: Figure | schematically
depicts a |ithographi c apparatus according to an enbodi nent of the
invention; Figure 2 schematically depicts a side view of an EUV

illum nation system and projection optics of a |lithographic apparatus
according to Figure 1; Figures 3a-3c schematically depict a nunber of

enbodi nents and variants of the cleaning device according to the

i nvention i eaning at |east part of the collector;
and FigurggLﬁéfﬁéagg%gﬁiﬁﬁ%%@?;iﬁg%%bt enbodi ments and variants_ of the flow
tube of the cFiganil Rehetetitatly depicts rditgrapbicEprarityi AsARTBA o Femadipgnt 8L f or
use in cleaning at |east part of the collector. DETAI LED DESCRI PTI ON
Figure 1 SeH@fEES®al |y depicts a |ithographic apparatus according to one
embodi ment  of Fi%nﬂ@ 2l NG dcTiBE 2 AL S13niBUN Hidesnasion kystaunimighjeniosy st em
(illumnator) IL configured"to condition a radiation beamB (e.g. W

radi at i onomics BEWlithaghapttic apparatys asensdiog to figurg L a mask table) MM is
configured to support,a patterni ng. devi LS cleannect ed
fo a firat  pooPirorere BRTer PPl e e e b o
devi ce i N AGGOIARNEE Nk RiveRidnafon exdddylafeiaris cleAnisgindéasepast dfald @leeory. a
wafer table) WI is configured to hold a substrate (e.g. a resist-coated
wafer) Wamtd is connected to a second positioner PWconfigured to
accurately positio he, subst | 2 i L ek MuRaraet ers. A
proj ection sys %ﬁ?igf ;¢ “n$5%¢§%§?%gmgﬁgﬁéggggﬁmﬁgﬁg°§§sten) PSis

conf i gur egichAnPiQi@GkcordiR@ict B ivintpa) foeckatplet fheuseanltlatningnt IselanrtRf By
patterning device MA onto a target portion C (e.g. including part of, one,
or nore d¢lssiorof the substrate W The illum nation system may include
various types of optical conponents, such as refractive, reflective,
magnetic, el ectromagnetic, electrostatic or other types of optical
conponents, or any conbi nati on DREAHED DESCBIREON, shape, or control

R A R TR e

ori entatign .of  the patterni NEcHRY e Bruntiliod 85di@n (ill@hinblde ILicohBgirakhi c

appar at us, andzogﬁer C néﬁélons, such as for exanpl e whet her or not e

pat t er ni n@ostndncEratiatidrebedmi B(ca. VAt adiatiemed IOV msiation T AsuBRASHGE 2 BRFK T&é‘é

mechan CalMT \i/sac%:ilfl'fgmured to support a patterning device (e.g. a mask) MA and is connected to a first
positioner PM configured to accuraiely position the patterning device in accordance with certain
parameters. A substrate table (e.g. a wafer table) WT is configured to hold a substrate (¢.g. a
resist-coated wafer) W and is connected to a second positioner PW configured to accurately
position the substrate in accordance with certain parameters. A projection system (e.g. a
refractive projection lens system) PS is configured to project a pattern imparted to the radiation
beamn B by patterning device MA onto a target portion C (c.g. including part of, one, or more
dies) of the substrate W.

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

The support supports, ¢.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 examplc whether or not the

patterning device is held in a vacuum environment. The support can use mechanical, vacuum,
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4 electrostatic or other clanping techniques to hold the patterning device.
The support may be a frame or a table, for exanple, which nmay be fixed or
novabl e as required. The support nay ensure that the patterning device is
at a desired position, for exanple with respect to the projection system
Any use of the terns "reticle" or "mask"” herein may be consi dered
synonynous with the nore general term"patterning device." The term

" pat t erni 0. deulicer o3 hrfleabnifiotbohenbperdias denler Phetpgorasiy bl &r i ng
to any device that can be used to inpart a radiation, bcfal; with a $attern
inits crassesectbenfoseampls whish naydatfised oyreaBleds fequge 'ar%éPpp;S’B‘rT Yon of

the substrate. It should be .note hat . j s { @ thd he
radi at i oneHBEHTHEF KEFMER SEYFSS &b} Erleesgﬁ%él%ﬁpgé%ol&lg{ géﬁ?g% e;e)l?alatct ern in the

target pOPJo:je‘aﬂorpéys{e{?@A@ ulsirhiattermsiedticRX arPiheskl hertinengydictoensidaresc| udes
phase-shifting féatures or so called assist feafures. GCenerally, the
pattern i sypangmechstvaththempescicaerrlgpmh GuHFHINg 4€WEF r espond to a parti cul ar

functional | a,g}?er in.a deyvice i?ee,i‘ggd ﬁgrﬁﬁltsﬁﬁld%grggdbt RAlGRbePO lefding BUEN as
pa

an integrated Crr@U (PAUFREE erning device may b€ transm ssive or

refl ectiVgeyife@imRhese fkd RAipen Riratiatde beare svithianpeiterden egkss-segios grenitdd| e
mrror arrays, and programmable LCD panel s. s ar | i

| i t hogr aphigate amdtisrnél u@eechprskon efﬁb%ﬂgﬁmﬁe-i’sﬂ%%a EF Q&f’gfht\g@tlrhﬁ %tﬁﬁgma‘“@d 0
phase-shift, and = Si3hfi to thBSesivell batfetn Makid @t foyrtisr of thask
types. Anthgf%\%}foél b%%&g&g?itgg%gmﬁgﬁrﬁ ror or %r r agaerrpl oys a matrix

ar r angene gibs@fhte SoRdanipierinms patemc mehflcaphiaghshifting Baturgidr §¢ eRligd pspist fepufesd so

as to reflect an incomng radiation.beamin differen j Y Th,
tilted m Geneally. disaetiers imparicd ity fadiation brap i“’g‘ C%Eeé?ﬁ“\aﬁ?%hﬁﬁém?‘eﬁ?%@%d by

the mirrop matrix i Thent SbMkd Bl Gl RHis Sk@mk onseebriet dicnitshoul d be
broadly intérpre ed” as nconpassi ng any type of projectiqn syst

em .
i ncl udi ng r ef rakd panernirgafeliec tiay be tremnagve et FflectiveaBristnles of Pafesups g]%ﬁﬁeti c

and el ectrostatic optical stenms, or any_ conbi ' 28 well
appr opr i atnelydgmasks, grog reem‘lr%lﬁlﬁﬂsbaﬁlg 1 %Rhg;g%t@%rﬁa P%%'%g{sﬁser factors

such as the USe Rfo@ihHy TRNRIRR rds@uipds Sich at bigarysehenbtiag pimsusiidl, sddy use of
the term "projectioh | éns” herein nay be considered as . s nonérm)us Wi th the

mor e genenadndaed phisprbiftess wahessyseusrivbridaaskely Besd A CEaTRIC Ot HIOFARIFRFUS i s
of a reflective type (e.qg. enployin I (Y ich oA bEmPRIduNS) V,
t he appar &HEr f’g@m&? aglafr}% %n%?gl\ggf{n?%lelﬁl e!.rsg’g?acg%gﬁ%i/cihr?g a trans m%}ssi ve

mask) . The.h id hagrarhi £ idkpasalatisisRyeaheinal{Taert yiectivay i Thy tiwdmideral st age)
or nore substrate tables (and/or two or nore nask tables). In such
"nul ti pl e impaye patteercinarediationebeat ahishp Eficeta® PEEE THEYT B sed in paral l el

or preparator yTﬁé[: 1%%131 “%}écgoen s%f%ﬁ‘ni’ %gedq{’é{‘eh?gho‘aﬂ%e%oawiﬁtehﬁ&k@ﬁs ShBbrhFassine

any type of projection system, including refractive, reflective, catadioptric, magnetic,
electromagnetic and electrostatic optical systems, or any combination thereof, as appropriate for
the exposure radiation being used, or for other factors such as the use of an immersion liquid or
the use of a vacuum. Any use of the term “projection lens” herein may be considered as
synonymous with the more general term “projection system”.

As here depicted, the apparatus is of a reflective type (e.g. employing a reflective mask).
Alternatively, the apparatus may be of a transmissive type (e.g. employing a transmissive mask).

The lithographic apparatus may be of a type 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 tabics while one

or more other tables are being used for exposure.
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or nore other tables are being used for exposure. 5 The |ithographic
apparatus nay also be of a type wherein at |east a portion of the
substrate may be covered by a liquid having a relatively high refractive
index, e.g. water, so as to fill a space between the projection system and
the substrate. An imersion liquid nmay al so be applied to other spaces in
the lithographic apparatus, for exanple, between the nask and the

proj ection sy Sﬁmhdrgyag.ﬁfcsdipgﬁath@&walwoﬁr@pwharem BOMAKt b Portibeofuht f or
increasing the nunerical “aperture of projection systens. The term

" mmer si ofibstage neete bersidbyddigsidievinge aglattvgin high refestirednfes, e-& a8 280
substrate, nust be subnerged.in |jquid,, bu r. iquid
is | ocat 802 spase DEtwRRHINE P ?‘P\%@ﬁle & grleogjue?:tga?%%%su;%{%%nan mtsrfllae)h%%obgse!t rate

during exposul & otfRekpickd MIhd RhbirgihiEapbaratubfot blatipla)béteren the megdeind de:
radi ation Troma radiation source SO. The source and the |i tgog{ a%hi C
appar at usprojegtitresysiepairamersion tdchiiguss arcofelbkaoi 1B tREHEH Ot RECEHRE LR ™ TS h

excimer laser. In such cases, ~th Q j S i bRad @bdA part of
the |ithoBfEHmH Q:fproé?)%%g}fsue? *an ef%“i‘ ?ﬁarg‘?'gftolﬁon 38%&?‘?%3%3??&1 from t he

sour ce SOuhRulrfQudl dsWEubahe] mhdt baksibmdriel ialiduidofut satlize anty dsiensdatlioyidds em
i ncluding, for exanple, suitable directing mrrors and/ar a bearm expander.
In other basled forrxampler baswepsyhapoigeriqnTyeghand B SEbsRictEng PPREGF aphi c

apparatus, for xanpl g Nipk L&ivs FRIRHA Yol RdiatldiescsRes0e SO
and the illum %%?rcr)lpg?cf_;ﬁ ogétth}%rgﬁm\?\ng# ICIEtrhe1 bgam del i \c/’ery slyst emBD if

requi r ed, THEYouRR ane fieriedriphicappaatnacihnbs spamiesntties, o examplevwheidhepouree nay
include an adjuster configured to adjust the .anqular intensit -
di 'St 1 i but oM espimensorallisue Qespbs AUNSdn BptEoRsjderc o fermLpar gl he Mthographic, |

i nner radial, extenty. SHAIHYRLY i Rl the sefeb30 W GE ilBRtnAd-TLIIST the aid
respectiv yafaof the Intensity distribution in a pupil plane of the

i || uni nat er a baim dMdivasjsyséne thcludmgatdd etanphe, stitabld ditegiieaiers Md/oFaPeathel ude

vari ous other conponents, such as an i.ntegrator - e
i 11 uni nat 6¥Paaas- BOhes gares B SYHeR PORT TrHaree |r%1?fit%2%g%i£ﬁ%:tdag’9%§@% f23}1-1t1desi red

uni form ty ang. LALERS kdfeedl 8 Wekdaf bR, THE doluc SDQSE tifellithator I eogedei with on
beam B i s 1 ncident on the patterning device (e.g., nmask MA), which is held
on the suppdchm(deliery syseskBD albrequitl) masaprorefosrop &t dserAEIBNSYRFE- pat t er ni ng
devi ce. Having_traversed.. the. kK MA,. the l.afd.Qn: o sity hrough
the projecti onT@“y‘g’t“@iﬂaBSIL TRy 8}%?"?88%%(ggs’f%hcgﬁﬁg’gg&nflo%ﬂltugﬁg% rggtﬁéegoif){i on C

of the Sugi"ssxfb@&iﬁn WY ihWeddluibh Beadl. diepérally) @t 188€ diztbupe sid/oramer rdibl axienl posi tion
sensor IF2 (e.g. an interferometric device, |inear encoder_or c.agaci tive

sensor), (¢vemsupsferetdo eadbuievmd hinneeraRAPETRR HedpEnyty Eirdutioy Py

S 1 ar Ty Plapr gt BF pup P8 R B AORR S kfichy e PRleldtr LG AGAR! Dt B
components, such as an integrator and a condenser. The illuminator may be used to condition the
radiation beam, to have a desired uniformity and intensity distribution in its cross-section.

The radiation beam B is incident on the patterning device (e.g., mask MA), which is held
on the support (e.g., mask table MT), and is patterned by the patterning device. Having traversed
the mask MA, the radiation beam B passes through the projection system PS, which focuses the
beam onto a target portion C of the substrate W. With the aid of the second positioner PW and
position sensor IF2 {e.g. an interferometric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g. so as to position different target portions C n
the path of the radiation beam B. Similarly, the first positioner PM and another position sensor

IF1 (e.g. an intcrferometric 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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|FI (e.g. an intcrferonetric device, linear encoder or capacitive sensor)
can be used to accurately position the nask MA wth respect to the path of
the radiation beam B, e.g. after nmechanical 6 retrieval froma nask
l'ibrary, or during a scan. In general, novenment of the nmask table MI may

be realized with the aid of a | ong-stroke nodul e (coarse positioning) and a
short-stroke nodule (fine positioning), which formpart of the first

posi ti onef. M, ik hakd berargp&?gﬁﬂé a §fan! Becensil Siovadent itk enaddl tab )M D enay

realized using a | ong-stroke e and a short-stroke nodul e, whi g‘g form
part of t bereslFedndthimsiid pbmleng-Fvwkempdulsdcqazs ogtioningeahpspor(-Ykppigg¥ed to a

scanner) e mask tabl. ma nnect - t o SlehRKS raigd uat or

only, or %Pﬁﬁt‘?q‘@d‘@lﬁh%ﬂ% 3&%8?%‘15 ss?ttrmgl?reﬁ% %a“@ﬁgg% i gned using mask
al i gnment etk bt wivkagne reuRslusREQ lalg grenioduta pia stt-stBRe médulh odith t he
substrate alignnment marks as illustrated occupy dedi cated target. portions,

they may femipodaf the stoand pesiincBVulsche 357 Bt SIFE 25 ARPOFEHRESRPE) KiSown as
scri be-1lane ali nt . mar i.g.la ' [ ' L Rxi WA sndt han
one. di e 1 B a0 ALEMERoT R el Snerf ke ahilBL (e ok 025 ob Tncl MR N

| ocat ed bginseenw Mgy B ginedivngiapkatigtnap parkatMis MDardcsubstratesadigningnt rarise ast

one of the follow ng nodes: 1. In step node, the nmask,tab MI' and. t he
subst r at ePt.d8} élﬂ}wggﬂ@ sebsicadigRiment F1apkp as gf“éﬁr?tﬁcﬁ%‘fci}?y %ﬁakg&ﬁge@ &Y 1i%r0 &

pattern ipparfe L AL IrSorR QLR GEEhoWA s@kibeat@elignipedtt i on
C at one E@ﬁ%nafg?}éga%&]gllshg%ggéﬁﬁ%&g@pdcr)tzouré). The substrsa%e tabllgnWI' IS

t hen shi f btks). Sirtitely, iX simdions inWhidlr reat iton oge dichaprozided ¢ e arask M. st

portion C can be exposed. |In step nopde, .th maxi num si ze of the exposure

field |ineskgligamentparigrmashbe lpcpt “E&Pﬂeéﬁesc imaged in a single static

exposure. 2. 'ﬂe%gﬁ@teﬁggﬁamﬁ%um&s&ﬁh!aﬁleMT oRek thbh @ Iswhgticlke table W are
y [

scanned synchronou e a pattern inparted to the radi ation beamis
pr oj ect ed1ont dnatep arcgetthopmagk talie BT andahe substratgjiable VY amriept sssepbiddlir e) . The

velocity and direction of the substrate table : i sk
Vable M AaSoe, HelerTaB By e st ke S Ableie bl s MaTon
character h&&ib&é: Phnd e (1R PIRAL LS SYSuts)) TS subsiraastle MR thenbhifteduid theim
size of the exposure field limts the width (in the non-scann(l'e‘r,z;grs

reas the

di rect i on) afliot Naliteetiqgesp thzor diffrent wreet BeTHGH € cay PariPesex [osirBodens
i ract i onfigr P REs PPy 18 i R bh B AR Borh @ RABERAMIRD 1
kept essegkta{i@é)gp}tgs@g‘at ionary holding a programabl e patterning device, and
t he substrate table WI i s noved or_scanned while a pattern
2, In scan mode, the mask table MT and the substrate table are scanned synchronously
while a pattern imparted to the radiation beam is projected onto a target portion C (i.e. a single
dynamic exposure). The velocity and direction of the substrate table WT relative to the mask
table MT may be determined by the (de-)magnification and image reversal characteristics of the
projcction system PS. In scan mode, the maximum size of the exposure field limits the width (in
the non-scanning direction) of the target portion in a single dynamic exposure, whereas the
length of the scanning motion determines the height (in the scanning direction) of the target
portion.
3. In another 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 employcd 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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inparted to the radiation beamis projected onto a target portion C. In
this node, generally a pulsed radiation source is enployed and the
programuabl e patterning device is updated as required after each novenent
of the substrate table WI or in between successive radiation pul ses 7
during a scan. This node of operation can be readily applied to maskl ess

| ithography that utilizes progranmble patterning device, such as a

progr am@ﬁrﬁlg_@ AP ThRARAY oPbpeutiol R BSreidiyapplad tb masiadie ishogfaphpihaatiliesss
and/or variations on the above described nodes of use gé?entlre%x_ﬂlfferent
modes of peeramayebl petierhing deyitt yesd. s pRTOKFATERPGIR HENR ARG APHY TG EhE
invention, there is provided a |ithographic apparatus including an

i 1l umi nat P8R%system configured to condition a radiati on beam a support
configured tocshiRbhs dpabieitivhaeh tiewbse detchibedraddes ohisegr datittlydliffrsinig
configured to inpart the radiation beamwth a patterninits
cross-secﬁbdﬁCﬁ@“ﬂﬁ%ﬁﬂﬁ”ﬁéﬁﬁ&ﬂﬁ@d radi ati on beam a substrate table
configured to fiold a SUBSLLAL&o & MRE AvEfiohOMerd YSEEMIGO fithgsthstik igpaRig) ect

t he patterned radiation  beam onto a target portion of the substrate, and a
cl eani ng dRNER ~a6ialiting syterh benfignred né caitio headidiombedrayasupporscandgwrcher ei n
as known to the person skilled in the art. The t rn1ala.e5£thq%%akgpicate a
nunber of 1o pRa2 PaHRENREARYICE | BOPAMEEMREAFVIGH BE iR BT eR1ed & TP2E S Rat on of
material s ea@&itf?@%&h?m i cFRatddiBn MRS pRickAUeEdiARn AN sub@fde @blean
optical elenent. e term coating" is a termwell known to the person

ski |l ed i podffgarednd hadd sutsfrae;s: frojectidnaygem opnfiguecdde projeebthe gpitesnadddd?toR] . | n

th text of this invention, t b , apt i i f
Sbstant | Bryomb e Bucor apBs sBrteR 4§ sFRlin St RR N B et Pr

t hi ckness, whifify (Daf tdpr i@lsedihBreth 2anb@A o the Pérbdneikillcd oy e artaTiRuehatisyedf
interest to be coated,” for instance for directing purposes _of the hydrogen

radi cal cenyandicaiga gasber ThlayererFhey owsielsadreludr o maeTiygEa camhpiqn Ay er
coating. In the present invention. the v i al™
teélgls,} o SW%%FFS?%‘“&M#& ea llayaelr toﬁ" [og]_loﬁ gﬁlé 6f Arﬁﬁ)tmﬂ%ﬁ: L8 thf%_rm

interpret &3 eri-als. oating nay be applied with
any knownegGeiu sl @rrh Rl webwe 1@k péridnaiit itepes iatd respsitotalnyamgn tersudireni cal
vapor deposition processes. The_tﬁiqkness of the coq%ing pﬁﬁrge f rom about
2 nm andof amgerial. b, the caBiexDOF thininvsatiay a foang Hey b 6 SuBETRIDHIIPHE per son
skilled in the.art wll choose.. [+ 8118 1 5i8Ah ikt GeSeriyIBe term
"hal ogen é‘@ﬁ{‘j’gﬁlﬂ{yﬁ'ﬁ mﬁ%%musogy r%t/ﬁclfﬁ %gaer%&g%‘g%}t%% ﬁa ggltél"t refers t o%agsy ses or

gas i Xt Y £5ariaRC bMREIPGoRks 4 8RRt 6 ihdfeagebe gasedofor msthnogon digeesing purposes
respectively. The term "hal ogen"” in_the termhal ,(éﬁge%ﬁcontl i ni ng tglasﬂl
refers toofihe hpdragengpdicad corHppiag gat dbt g opoapng’c§lso iprludgy ¢ opuitigy s gyime-

the present invention, the term "material” may also be interpreted as a combination of materials.
The coating may be applied with any known technique including hot filament deposit, sputtering
or chemical vapor deposition processes. The thickness of the coating may be from about 2 nm
and larger, ¢.g. 5-100 nm, or even higher 10-1000 nm. The person skilled in the art will choosc
the appropriate coating thickness.

The term “halogen containing gas” or “hydrogen containing gas” refers to gasses or gas
mixtures including at least a halogen gas or hydrogen gas, respectively. The term “halogen” in

- the term “halogen containing gas” refers to at least one or more selected of F, Cl, Br and I, either

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

embodiment one or more of F», Ch, Br, I» may be used, in particular I. The terms "hydrogen"
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as an atom (radical) or as conmpound, for exanple F2, Cl2, Br2, h, HF, HC,
HBr, HI, interhal ogen conpounds, for exanple ClF3, or other conpounds

i ncluding one or nore selected of F, d, Br and |I which can be brought
into the gas phase at a tenperature between about 50-500. In an enbodi nent
one or nore of F2, Cl2, Br2, 12 may be used, in particular 12. The terns
"hydrogen"” 8 and "hydrogen radicals" inply to include their isotopes as

wel |, in palthiyakal radidastiemiymnindielclesir isdtbyes newnll, ih padtiodendatmuai. Bews, gas”
refers to a gas_including H2 or d uteriumo[ tri iurgl anal o u?s thereof. In
an embodi Hsierm TECRGHOSHENNLERT HHHT g Fade "r‘i‘&gdﬁé’é B oY 0%6‘ '8"sel ect ed
fromthe 36@?18&@1@{%&5‘11 DenPHodidtent, B hyBbeed Tontding J&-indudRabRIG MBI NY
gas or a hydriogen contalining gas nay further include additional conponents
l'i ke buff éomghss®sp cansistingas’ Har HDeDe, HTA DT, fll.gwhabgenywdniaigog saner amidsoeet ef er s

to a gas flow, wherein_ in th as.al so hydrogen, radical s_ar I Nt,.
Usual Iy, SQR4RIZE 25y ﬁ”ﬁgﬁl‘%cg“‘g&aihgf”i‘??ﬁ ?%ﬁ%ﬁﬂﬁ%ﬁgteﬁﬁae%es( 7“?&398‘?1’:6%0% nor e
of H2, HDyqoy8r hidfogePTadichB) refdth Ly Aowdivherbiid 0@@8s MBYhdeogen raddatsadt | nt o
radi cal s, and due to radical reconbination. The term "hydrogen radical

cont ai ni ngregas."Useltye rechtagan wijbalsd esatagmisepdey arotageles (likaancen morgof Heditldr i um

or tritiu I s thereo uch gas _my. f j.ncl :
conponent ?ﬁﬁiﬁﬂﬁ) aege I}O?\?&ﬁ %‘ﬁo%eélslgaﬁgbte Ck())}e{‘écﬁt Léglhg(gf)agica ’eaéggPQF?ggath‘elconbi ned
from hydr aggmbink@s. T8 &rm ThRirdgeh Pdidabimtaining @Ise rdfére toC:ogds éncludid lodmgemay

refer to any one or conbination of various types of optical T;Iicq)rrponents,
i ncl udi ngradehisae dpwesiuny erftiiten pndogush heee] Suctedas day dwdhyh aicfude olhRy

el ectrostatic apti.cal, companent a'of st doBbineatdm RRREHen Used
her ei n enﬁ%rﬁ%oélgrgts !alﬁff f’f%ég%éﬁmgﬁg%tyggrﬁaalggﬁg? fed’o rasglE éﬁﬁ on, inclhuding

ul travi ol gfdidaldV) radiation (e.g. having a wavel ength k of 365, 248, 193,
157 or 126 n and extreme ultra-violet (EUV or soft X-r%é%igradi Qti on

(e.g. having allwdea derstrivhere the sented alavip fual Iefey tRAJY @negr © WD, as wel |
as particle b | - el RRectRE AEemcR BRE @ habueti

radi ation’ rg)\‘/]? %@%ﬁg%gﬁﬂg&ﬁggﬂmggﬁdlg%gﬁa&% f-%3%0 zrj\}?nﬁg(ngr | ar ger%gﬂﬁ3 1sc

consi der eghd edteth@d dpival coMpoeihar s to radi ation with wavel engt hs of

approxi mately 100-400 nm_ Wthin | jthography, it is usually also lied
to the wavel enfthHgmghiradptieana bB%d‘EP&ggerB’?e COWFEFScﬂi#‘yP?ii°£8%&tF‘a%agP§‘?FB:

Gli 43 (LT j : o1 L Nigav e -0 A A . i.e.
I ne paélqbg%n,gfl%l%lc{ig%@g‘?w@m (ARGA@Etich (Bl NEvRE R WHTeleMadY Ao 365 Qutimo3 U87 (i . e

WV absor be efers to wavel engt hs of approxinately 100-200 nm
DUW is Deepdi) addxiancaiduaiioll (FEd of soft Kirmdgadigdiep (¢ orhaving aweayelpegiyiths
produced hy exciner | asers n s

ik o g hs
art under dlcdms of A0 “Frhaigalzi'%ﬂllelhéél%%d g@’%ﬁé@é?‘?% WI%P%S REHRAL GHelcklesf ' the

beams. Generally, radiation having wavelengths between about 780-3000 nm (or larger) is
considered IR radiation. UV refers to radiation with wavelengths of approximately 100-400 nm.
Within lithography, it is usually also applied to the wavelengths which can be produced by a
mercury discharge lamp: G-linc 436 nm; H-line 405 nm; and/or I-line 365 nm. VUV is Vacuum
UV (i.e. UV absorbed by air) and refers to wavelengths of approximately 100-200 nm. DUV is
Deep UV, and is usually used in lithography for the wavelengths produced by excimer lasers like
126 nm - 248 nm. The person skilled in the art understands that radiation having a wavelength in
the range of, for example, 5-20 nm relates to radiation with a certain wavelength 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 uscd 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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the range of, for exanple, 5-20 nmrelates to radiation with a certain
wavel engt h band, of which at least part is in the range of 5-20 ran. The
ternms "cl eani ng device" and "cl eaning nmethod" refer to a device and a

met hod that nay be used in a cleaning process. As nentioned bel ow,
provi di ng hydrogen radicals may be wused for reduction of oxides, |ike Sn
oxides and in a next step, halogens (like for instance 12) may 9 renove the
metal , |ike SphyedingefQrBRin @nfiodat iatles). Heres) Celearig”dmthinghickiddehi s
context does may Inply a conplete or partial renoval of un.de?i red ¢

deposi t i omapirplyayoablt or pptigl rempydl of Gidegred depasitionFuinBEYsmAY Lo
reduction (w.thout substantially.re i . Ll Eher Bre. thhe term
"¢l eani ngOleHREPTOHER (R a ! %P%téotni(ﬁ’btﬁ%q?\gs{%gté%@?%bglh H%"Sﬁ;?ﬂg‘? gﬂ;ﬁg_ cl eani ng of
a cl eani ng, PrAEESS" aldURdIIRE tredting aithergae th the néurieydnolpenng afi dedningrmagecss.
neverthel ess be used to renove deposition. A "Qrsgrget er.m ned §si ti.on”
especi al | Funttef.an gn ewbedipenihyiregendpdeds may BREBHESBF Used p fegboé'%) PS8 an
optical el enmenf .or ti.cal el Wi i .t e, Wetdd nfohesubsiesiogen
radical flow a dprefi%gr\ﬂme?ﬁoglbg@éet%m\ggIrrfffprgft&ti %lt%{}%?%gen radi cal flge\r/(vgi s to
be provi dgflan JptieiI@IeRRM Srepliel elenhan whith is priediet ediirithrlty dpeen tdisakilovrad
exanpl e, a whole surface is to be cl eat111ed. I sucgl gaﬁleentlh er%r?ﬁn%%?éﬁ ned
position kswhigk bt leashparql thedwdiogs Fadicak Ct"ﬁé?tﬂgfd?f(% Roradicdal ‘gas flow from
one or nmore_ out. f t 85 thIRE clRMMelr 1@ sGel dads ehet O be

cl eaned. Pﬁg?tﬁﬁélfl%pzosgﬁngé@ O%%gﬁ@ﬁo%?ﬁ?%l ity of surfaces may have to be
cl eaned epgdet@milhedeisitiof isrsaft hattao teastphrtal thelhy dropen radicl gy flowy foMQIERT 3 case

the predeterm ned position is such that at. |east ,par
radi cal ga® g Pwlgs of hsrflogriaboreass e SR SYe aCSEO E?%%QW{%W ﬁﬁ%&%rag)aéc g(gﬁftarﬁte

plurali tya%ﬁureﬁH%B%ﬁ%cés%a?%a% B3R MAancihg:, h@uAbel Jf reRoRfeabllant neepedi al | y
refers to gaseous communi cation, i.e. that gbas may be transferred from one

vol ume t o sauhatdags thy piederernsnadgesitibe seushothairns Ieagmart ohthe dndrasindadicd §as 1Y wi | |

be clear to the person skilled in the art . | i or

i nst ance é@%‘f"}el’j’éawé%‘dmeﬁé’ﬁfht??]ga’nti‘l%e rﬁa‘%ﬁsn%lgp %ﬁ%gﬂ;‘%ﬁﬁé s Eeei %gva?le%he phrase
"a hydr 0gq4 fadi<GAloniAiHiGaen Bapeclll sits sl PBedus comanmisntionat.¢. dmt wisthat bee
hydrogen radi cal source" may refer to a hydrogen radical source, .the

hydr ogen tmaskifesald fepuomevofumd leanothgreioliner e thass T drmesyre i QU EyaHon- as

cont ai ning .gas and an outlet..for .t (o) . § 3 i apd a flow
t ube, the “flﬁgw’]ﬁft}% er?(?fsﬁ]{‘iglﬂ]éedglﬁ lhl‘enalrI]FEaPI gné(gﬁ%fﬁmg%g Iag'?c? %ssaﬁgér gﬁi%!r:]r%eﬁe inl et of

the flow bl i CARMRE b bllew Ot bietseofs Hylieghydidiogenuradid allogduirede.
Figure 2 shows the projection apparatus 1 in %re etail, i ncll udi ng, a
radi at i on cemstueivatii, withathe hydrogsnadicab pousgst ineay THRT 10 4w dragilradical SOFSFelt i on

o0 Sl AR RS eyt shorsaci oo
the flow of hydrogen radicals, and a flow tube, the flow tube including an inlet and an outlet,
wherein the inlet of the flow tube is connected to the outlet of the hydrogen radical source.
Figure 2 shows the projection apparatus 1 in more detail, including a radiation system 42,
an illumination optics unit 44, and the projection system PS. The radiation system 42 includes the
radiation source SO which may be formed by a discharge plasma. EUV radiation may be
produced by a gas or vapor, for example Xe gas, Li vapor or Sn vapor in which a very hot plasma
is created to emit radiation in the EUV range of the electromagnetic spectrum. The very hot
plasma is created by causing an at least partially ionized plasma by, for example, an electrical
discharge. Partial pressures of, for 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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produced by a gas or vapor, for exanple Xe gas, Li vapor or So vapor in
which a very hot plasna is created to emt radiation in the EUV range of
the el ectromagnetic spectrum The very hot plasma is created by causing an
at |east partially ionized plasma by, for exanple, an electrical

di scharge. Partial pressures of, for exanple, 10 Pa of Xe, Li, So vapor or
any other suitable gas or vapor may be required for efficient generation

of the ragjgl, &Qon%ﬁaﬁtaﬁb ab 'v@x&h@ﬂ%&sltﬁﬂed)m orbadh@dr @ReniBgi SerEChiBbmAESed
froma source chanber 47 into a collector chanber 48 via a gas 10 barrier

or cont aniThagas barapiA@aniickide  shaodisti@¥ed i n or behind an opening in
source chanber_ 47 rrier 4 re. The
o PP B SR LIRLIS, SuRPogrs abevp

col I ector chamb&i ara Ion co may be forned

by a gragjnige iltdchlRNeRe! Rﬁﬁétﬁ:h-coﬁ%dﬂrat) hasanoglsireat pdiabéh Wb]sctalrsliqﬁ_ﬂar eam
.radi ati on col%ect or side 50a and a downstreamr Shat'f’” c% t or S{' ge
50b. Radi and odpvpaiesstragiptiensqliseipiyidestyboRadigiion pagsed Y eojlecigy S)F SR

spectr al wa’;g%{tmg %'%%c&al ef § f:ﬁsn%q‘oéug%ﬁ \élﬂlrtlﬂ%oﬁ&lﬂoﬁl@ 5P eﬁiﬁrgé%lr@tn 188

aperture P or “chanber 48. From col | ector chanber 48, a beam of
radi at i oncifecioscHaaibbess, tbni collebtot thainbat480n beqmn o Crediationt Smraﬂeetechwr mal

incidence reflectors 53, 54 onto a reti cI g@% E?O |loned Qn reticle
or mask t dlyménaim optics apit 47 H@d‘oﬂ'%f’éh‘}c‘sdfn?esre PPas “f RGBS n

proj ecti On?s%é%&? %P §R}\é'o?mraﬁ{ LOEMY S %ﬂ@fﬁ%ﬂ‘%&nﬁs% isTonRAionat Biapsd age or

substrat e’ enents t'han shown may generally be present in
i |1 uni nat pefecapt $y@ﬁmlﬂﬁ tia deflcating eiﬁntqneélfil Pronts yefee s sehstreteiples Yde Moss

filt 51 1y b t di t he
|1 hogr apHFEUHH Bk St Tpieey o6 HEver ) Bt et i ARg pliseien,
t hose sho% rdnlpd. Qﬁ%m{r:%l sgé{{n%ﬁﬁltér%rl e AFRORULY b@FﬂzsémxﬁeP@ld&rglhpaﬁ)ﬂﬁ typefdfecti ve

el ement s esent t 59. Radiation <collectors 50 are known fromthe
prior art lithdgmplac eprhBusi Eur[,im)\thled@mﬂbbft merMiTaE iresentdbanghese shovgn 1 thiat ween

reflectors. 142 and 14 cal nt h t I
el enent s %lﬁ“’eé Wi‘ainﬁ theée E’@ﬁ@ﬁgt |I8°re(ﬁe thesdés %[Y%rés@n nja&gi %%tﬂ)aagg%@p ' ca

vul ner abl g,{LiASR0Rd kdodh Bfm Pdé?ah@mrﬂ @Dép‘écd)rsmdslp@dldb&ba@wmo @Btk 9E. 2.
exanple, Sn. This is the case for the radiation collector 50 and, if

present, béwegr@fléags 1‘@3@'@]!45.1 f| I ter 51. Hence, the cleaning devi ce

according to t tion 6 Bfe sEhBSE.
optical el emen‘ltg@"%té Frfwrgss he c anl n%gcémétﬁglgbl é Istgjrtsf)reserrlu “*hvent i on
nmay be applifhiifs bAPSEmOR} iré dlinehBlgBndcpositiod OIBdoﬁtanmmntsquEbed mciodence
reflectors 53,” 54 and reflective elenents 58 59 er opt,i cal

el ement s, SPofor excammi¢, SnaBlis sitkmesse for thegpdiatiogroglecieys a&‘?d PTESSHY Hieigtiing
col | ector 80 1y, be 24t aglNEalilg hARASR S8k ES rRlinveliish H8) bakEPIo Rniofic

a1 aned or more of these optical elements as well as the cleaning method of the present invention may be
applied to those optical elements, but also to normal incidence reflectors 53, 54 and reflective
elements 58, 59 or other optical elements, for example additional mirrors, gratings, etc.

Radiation collector 50 may be a grazing incidence collector. The collector 50 is aligned
along an optical axis O. The source SO or an image thereof is located on oplical axis O. The
radiation collector 50 may include reflectors 142, 143, 146. Sometimes they are also called
shells. These reflectors 142, 143, 146 may be nested and rotationally symmetric about optical
axis O. In Figure 2 (as well as in other Figures), an inner reflector 142, an intermediate reflector
143, and an outer reflector 146 are depicted. The radiation collector 50 encloses a certain volume,

i.c. 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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along an optical axis O The source SO or an inmage thereof is |ocated on
optical axis O The radiation collector 50 may include reflectors 142,

143, 146. Sonetinmes they are also called shells. These reflectors 142,

143, 146 may be nested and rotationally symetric about optical axis O In
Figure 2 (as well as in other Figures), an inner reflector 142, an
internediate reflector 143, and an outer reflector 146 are depicted. The

radi ation, col)ecto LRI ARIuMEY A4@Bectivt 1a8er dr@umbbiofe Wi t hi n
t he outer lﬁﬁeil%“’g%lf%??é‘?fagﬁémﬁgggﬁllegsﬁt hins uvoI urreechivt hin outer reflector(s)

146 is ci fguivengeisi Bidey, reflasesd )42l $7ddgmenmileclopamyigPrerayt e 2y esent .

Al the reflectors 142, 11 143, 146 inclu urface LG @dm LeRst part
i ncl udes mchided sginy welugs alrleast Patt drgighast o &¢ eCraenfilcgfg C?ggivl rﬁ@%t(rash. Fence,

reflectorg,l4z, Bin FilBiof BihY BStIbRSsigRY (b fipiaseaillearEl draliationc] uded
her ei n), ?95% éﬂegffpfujégst paret 0desyltgned to reflect and col |l ect EU

radi at i ONFérexamplepu dest fBMoTL trecback sidecefdhe Heatorymay Rt Gediepgrad e reflss 1t be

designed to refl ect and gollect EUV radjat i Eor. HR| Gacedt tHegast part
of the bae¥les)idY grdiatna. fl?tg‘%!’ Tay Ao lr)l%%a“g@b%f]e{s??i&hgﬁ to reflect and

collect E e{;]t%ilﬁk}swﬁere% ih aldi86n R dapn@yyr Rk pooidedoc al dsegtith fiergraiédedn t he
surface of these” reflective layers, there may in addition be a cap |ayer
f or prot eot kideasoparas tiopwifeed offthd neBectiye 6VFBed on at | east part of the

surface of the refl.ective |ayers. Th i Al O BRI Jreift Blire®Q0I ¥ atl fitkidke oy
placed in the ViCPHrMSE CSﬁGQt?%S%S}Solﬁsﬁ%lge%géorl@glhqlﬁﬁrrgg’le of “the source SO Each

reflector 1142urcd 48, Fakft GerlEBMor il 415 11 436 4aina travhitde ioash o abarentrefidcseg suigoes,
surfaces, the reflecting surfaces further f rom t he source §% &gi gcapl aced

at smal | etheaniiicting sufapesdunghsr from the sopres SO baingPpded af whallsn el UF PRER t hat

is closer to the source. SQ i iS00 T 1AGI vASNE Braziag idcRieh@r 50
i s configffied tF?Prt L S?etgéi?ﬁrgf&éa% t%%:}a%l%@?é%u%{@gdi ation ‘?r%'gpgrgazaltig)ng al .ong

the opti Cahllectrs6 isQonfiurdde@s pericwing e btanco DU Wragdidsn prepesing aloae Histapkealy

coaxially and extend substantially rotationally s tri

optical axkis COAt jeastdtie taflgetpes ‘%?dd?eé’&cﬁ‘f Stf“ﬂ&‘?lyrpéﬂ?% 0 e’(‘:tg C‘asglg%{or}t{ango nay
have further..feature HEXhENAls Utk ERme Rfapprebiafed ek Faabition cd¥6toor
further fé‘g?tﬁorn'él@ysaroﬁﬁuﬁga%l@?terg efaFeéSt or 146, forp exanpl e %{r@;oftective

% T i

hol der, a shealyekve Rither fRANIENon the extenal surfacenit onist ellegiot A4 nd

i nner 142/143 reflector(s) deposition e fou especially Sri when a
Sn sour ce as@nil §ut9rsféﬁ‘?°t‘5é6ésf9’f ’i?ﬁlpiﬁa %ﬂtg%&lfmledf%rafp%g%terdgtg' to a Sn source,
ey, after a f g §ANRICR moReodR 6iisraab ahd infert iblIes tilloctot) defusitcad at i on
col l ector 50 or Ret optical elements, which nmay necessitate e .cl eani ng

S t
of such ophdyarlfoeidepatialy Devhenmsin alrch8Pds weflé?eaqogltl%ofr%a&aeﬁﬂﬂasﬂ‘é" Pdss

of reflectivity of those _reflecting su 0 I : RblidH ok 50T
that is desisgwes My, %@f P &Y m()%'gﬂlygg’ b eingl%i fal Foa%ﬂgﬁﬁgﬁ?{ﬂﬁg%%%o?i on may al so

or other optical elements, which may nevessitate the cleaning of such optical elements.
Detrimental herein refers to reduction and loss of reflectivity of those reflecting surfaces
of the reflector or mirror that is designed to reflect (and/or collect) radiation. Deposition may also
be detrimental to the surface (that is designed to sense) of for instance an optical sensor.
Deposition, especially deposition including Sn, may be removed in an embodiment by
halogens (as gasses), for example, F2, Ch, Brz and I» and, in another embodiment by hydrogen
radicals, and in yet a further embodiment by combinations of hydrogen radicals and one or more
halogens, either applied simultaneously or subsequently. In case there is a deposition with e.g.
Sn, due to the presence of small amounts of oxygen, there will usually also 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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be detrinmental to the surface (that is designed to sense) of for instance
an optical sensor. Deposition, especially deposition including Sri, may be
renoved i n an enbodi nent by hal ogens (as gasses), for exanple, F2, Cl2,
Br2 and 12 and, in another enbodi nent by hydrogen radicals, and in yet a
further enbodi ment by conbi nati ons of hydrogen radicals and one or nore

hal ogens, either applied sinultaneously or subsequently. In case there is a

deposi tio n\Mvtah?f‘?heq‘e ucl bxidHEeh 'hf?drg)@:% Rie3ENERhe forgftibl oftydtiddssHafceoxygen,
t here WI| usual'ly a e to sonme extent Sn oxide. To rermv Sri zl des,

a reduct i aypdrsgeepadieas, blehen&u'esschmgmrbeff@frfefeélloéﬁ@medp bSPFOVEEH tcb@ H5VEd i n

mbodi ment wi.th a hal f t @b d
o RS Ao AT e Sl

formation sﬁéh ydids 8% g HRNASY reflWEHp0@ Mook aﬂieﬁedt&s 144, 1A and b6 xahwlezctclct i on or
for a renoval have to%)e provided to at least part of a surface of

col |l ector cmtammateﬁmthdﬁpoaltlonéh%ﬁn part of a surface to be cl eaned of other

optical el enen uc sur t Bl £l kEsbling a st foaces of
reflectors 142ﬁeri‘ﬁ‘§gé‘}1 g‘fﬁ% |ch aﬁggdgc{gﬁtd;ﬁns natggl With deposition |ike

Sri. Ref e'h?('irﬂgentrﬁdﬁdlﬂ Whe@inddeatfhg davice Qﬁﬁhk:mgesd}awhyrbo@ﬁ ridgcat emlfrtregWﬁed to
provide a

| ow 96 of hydrogen radicals, in cl anln r% @0
i ncl udes mydragwddlggéwr%m?' yithes digt Uélélglf’@énlet ‘f@(f rd"g[@’ ure mlg%g T3
fur ther ﬁﬁé%ddﬁ?%) i o7 Otﬂmxpéfhfygfog@n H)ﬁéﬁl@gérhn&ﬁg& AbRIuE 19a5dv hiw04 100

and an ou W of h gen radicals and ii) a flow tube
104, f1 owjfdniaengldddnlei mslauai b gutken 106; hétrelblea s afloputheetodinemegied eiontistn| et
105 of flow tube 104 is connected to out | et our ce
103, and d02 pBlyslrossnFadicaksoureg AA3-7gd AGISERATHY ¢ i%?ﬁ‘S%S‘a“ edgﬁ&ﬁ?sééﬁi‘ycﬂagé?cal s
i ncludes a # ARl GRdurfasy Earinien obifficitt 670.02.
coeffici en%yg&sdnggﬁeslg—w%%&eﬁwr Ig)glﬁ%gource f03 i ncludes an inlet 101 for
the H2 cont ai nH@gogaSradleﬂ,sodroaf103eneln¢ﬂsenaﬁetl-1|91fqrélw Hycostgitngps 180dPce for

the H2 containing _gas 100 C i

further i g&NERlean HﬁQO%I’A%{EE%&HPEPg Pof%qaze@{l aHle% &) lg%ﬁlvgg‘% Clﬁ)g&i" iﬁglgog%art of
the H2 gagulntQHd 1%%4%&%# fhelull&s R oe%wuﬂmmlo dRjeEDPeDnveait tabl pawf e 103
i ncl udes one or nore rogen radi cal producing sources 110 sel ected from

t he group Ifgaimd leamaltsghf anafrgbodinert, hydresen radicahagined HEringrdy QREPHIYF, and

one or nore hot f|| s. I n_an &An be
e.g. a Wty G‘i?é%“t‘@ﬂlf cPl"o 8m%ls%1‘ﬁ?egll(3%8%t¥§%5n thte%? ?‘B%t(gogélﬁ%ﬁ%ld%{eg?l al),

whi ch can %en%ﬁtd% Gid 0A500m3RMQt Kamenie e an abbukmendape holifigmenpd i) t he
ki nd of mat rla and desired tenperature and required te\np %zu to

di ssoci at eat hee.gheWi (bakstepnd$a Grntplpmyfvirgor peibief aqpaier mapery ecul es
in the H2 h%%@& ?‘ol er.]é. ng{g?&OOJIggr ev'ér? Ebcg)éfitf%grﬁlmgaupgh RTINS0 eEdak&d by one

or
temperature and required temperature to dissociate the chemical bonds of H of at least part of all

H, molecules in the Ha containing gas 100. For example, a plasma may be generated by one or
more clectrodes 110, such that hydrogen radicals are created. A high voltage, for example about
5-10 kV, between two electrodes, thereby forming a plasma, can be used. Pumps, Ho-containing
gas reservoirs, etc., arranged to provide the Hp containing gas (flow) to hydrogen radical source
103 may also be present (but are not depicted). Due to the presence of one or more hydrogen
radical forming units 110, at least part of the Hy in flow 100 is converted into H-radicals, thereby
providing a hydrogen radical containing gas 96. At least part of this hydrogen radical containing
gas 96 leaves hydrogen 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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nore el ectrodes 110, such that hydrogen radicals are created. A high

vol tage, for exanple about 5-10 kV, between two el ectrodes, thereby

form ng a plasma, can be used. Punps, H2-containing gas reservoirs, etc.,
arranged to provide the H2 containing gas (flow) to hydrogen radical source
103 may al so be present (but are not depicted). Due to the presence of one
or nore hydrogen radical formng units 110, at least part of the H2 in
flow 100 {sniaQRYesatRek, i:.g.tlﬁh&grmw phistus t MEeabyt thippreddtetinigpd posisiay, dipeh

radi cal containing gas 96. At |east part of this hgt/‘gfrogephraqj clal1 .

cont ai ni ngdicglamagGontabuet eernBgarosesn i ahleay Bt 8kt HHECL AW TR TH" and
enters flow tube 10 i.n . I ; Q¥ | da@i#llink @ thal et
101, there i sulg “ar ?@?Gﬁ%}e*tbdr @Eelo%gﬁ?%@ﬁ%g{sg?gr%tc}eglfg?%gﬁc‘;s%ont ai ni ngégas

t owar ds ope&itRE idfbviddd) nsicrepahd ag areprbeptipalsilinatiede selccted foatibe arow REd

position 13 within an apparatus, e.g. lithographic. apparat 1. Then, at
this predaubBilaychBgTsIPHHICIHERE rﬂrml%aﬁﬁaﬁ‘% E’%ngceé%lﬁrf)%r i e(étgfrglréorsdl eani ng

process of. .af lgast ;Sygﬂﬁlfes, HasBrSbhiACE aestah® O]IQ{?:Ei LAdore ERIGB S llectonmatfor 50
enbodi nent® & 'l t ho raphi'c apparatus 1 or a cleaning process, etc.

accor di ngisteudliyahe fimyeuital eleniest iptiovaysten dowhreainrpf s¢HECa¥ clpnifg PECAISEPE al

el ements are selected fromthe gr of .nmultilayer. m.LfOrs, .
* i nci dence™HFF8rsonegy o Oé‘ﬁwgé’ﬁgg BYPEGH é‘fen%eo &% ()11E){lorqul Oflfé?egﬂ{[é@é% Il es,

filters, aneLLM &fn RN HOLDLALESs mBFR5D BEBa ABMRNIeviRabs sa0 sgrsialiiloee
collector mrror 50 1s usually the first optical element in the system

downst r eanibefl 04 duarcesSGuclc thatallerjoratirien PO et bsrireated Wil hydrggsnaradifgs Brsethe

enbodi nents of the invention. t he ri-ption ] ion is
concer ned™#EFPEER @Wh“@n@nq%bgg'ﬁ?%“éetv i th%ﬁt?‘?eg{rlgr}&@%%lgg %é E{cb?g%%i\sﬁ;g{eéevi ce
95, and egpffiRl hrrdrh, Q¥mdl iRRicA4nirioss, grakiap geitiesteahirorateticles, Ifdetsor m rror

50 can be tredted with hydrogen radicals present in, hydroqen radi ﬁ%;e
cont ai ni ngpeymesIBaskigiades; grafings dnd petal sTsorByPioa FRihe BIVENORISRPtHIBSE for

mul tilayer mrrars, normal Lncidence m ' b IdRNGELH nors,
reticles, OIFIVIC[EQ?‘Eghn a%%‘gﬁlﬁg (%hs?,%yrgrlg’g I}rﬁlg} C@lqgoéve%@tgégf??ﬁgs and opti cal
sensors, ﬁltegete@ﬁgedtﬂ@gmbﬁyventi onis not limted to only cleaning and

provi di ng the hydrogen radical flow 96 at co I,ecijl m nQr ?0 é%t t .i§
predet er ni ned Jpasiembedineny #f least RATRI AR EFRIISAEVIFR (g‘{"jxﬁﬁstﬁg QP FHE GUER ng
devi ce 104 LxROSEH. ' BrdbedLO08 A AR &R rtical Loufec, 1008nd i Bkl villE bagEw (Wal | 5)

of hydroggﬁ" sour e Internal walls of flow tube 104)
i ncl udes  abaBDEYihahddavirgiabhdvingradydrogeadidzal susliieef repenbinationbeaibeirv Rl =

coefficient of < 0.02, and in a variant a hydrogen radi cg(lg)
acombi nabiBmnede MIGTA R EomR RS BT o rar bR 50T TR b o
materi al s r&ag&:?itai {r‘é‘o&'bhl%%éﬂfﬁm‘%&lais%étQﬁlﬁﬁ RIS Bfitcidh HpOitdlproRidde@e@ase i n
hydrogen radical rTeconbination conpared to materials having a hydrogen
radi cal suydrags radical recombination compared to materials having a hydrogen radical surace
recombination coefficient > 0.02. Information on recombination coefficients can be found in the
literature, in particular W.V, Smith, “The surface recombination of H atoms and OH radicals”, J.
Chem. Phys. 11, 110-125 (1943) and B.J. Wood, H. Wise, “Kinetics of Hydrogen Atom
Recombination on Surfaces”, J. Phys. Chem. 65, 1976-1983 (1961).
The following Table 1 illustrates a number of materials and their respective surface
recombination coefficients for hydrogen radicals.

Table 1: Hydrogen surface recombination coefficient 1y for various materials

Material Surface recombination coefficient
Syrupy phosphoric acid 2x10°
KOH 2x10°
Metaphosphoric acid 2x107
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i ci ent #dt@talhydr age
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reconbi nati on coef i

i ci ent yK€fbr vari ol

s materialZi0\nt erja
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reconbi nati on of H atons and OH radical s",
Wod, H Wse,

"The surface

110- 125

"Kinetics of Hydrogen Atom Reconbination on
Phys. Chem 65, 1976-1983 (1961). The follow ng Table 1

Ir ogen surface
Irf ace

reconbi nati on coef

| @Quagn {rooByeuEyatpieb g

phoric_acZd@*¥10 KoH 2

10

Met aphosphori c aci

2Xriz (30DASORHCET i g

| Sur face3%l8Conbi nati of

) coefficient

KCl 2x10-' Quartz (Toom tEyrexa ure) /.0x10 Quadtlfd”(300-500 ¢) 3x10- PYREX
gj) O.Ar)iloNiK2(():Og >21 T?j (\;v gsgg_jojlsza a3 0. 07' Sodi um-Phsphat e >0./07 Pd 0. 08
oy silica'6x10 2 o AAVV 4 ZnQr O 203 0.6 008 | TEFLON|(r) -4x10
2 K58105 0.07
Sodium Phosphate >(0.07
Pd 0.08
Cu 0.1
Ni 8.2 .
AlLO; 0.33
Ti 0.4
ZnO.CrgO3 0.6
Pi i
TEFLON ® ~4x10™
Fused silica ~6x10™
Si ~1x107
SiN, ~1x107
Ru ~0.1
Sn 0.03

In an alternative embodiment, the hydrogen radical surface recombination coefficient of

at least part of the cleaning device exposed lo the radicals includes a material having a hydrogen

radical surface recombination coefficient smaller than Ru and in yet another alternative

embodiment, a hydrogen radical surface recombination coefficient smaller than Sn.

Herein the phase “at least part of the cleaning device exposed to the radicals” refers to at

least part of the internal surface of hydrogen radical source 103 and flow tube 104. In Figure 3¢,

the cleaning device 95 is schematically depicted in more detail. The internal surface is indicated

in Figure 3c as inner surfaces 221 and 231 of walls 220 and 230 of hydrogen radical source 103

and flow tube 104, respectively. Downstream internal surface 221 of hydrogen radical source

103, and downstream internal surface 231 of flow tube 104, or at least part of these surfaces, may

come into contact with the hydrogen radicals which are generated by the one or more hydrogen

radical forming units 110, which contact may lead to recombination. Hence, to this end at least

part of internal surface 221 and/or at least part of internal surface 231 may include a material

having a hydrogen radical surface recombination cocfficient < 0.02. In yet another embodiment,

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 Si;N4. As
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Si3N4 -1x10-' Ru 0.1 Sn 0.03 1In an alternative enbodi nent, the hydrogen
radi cal surface reconbination coefficient of at |east part of the cleaning
devi ce exposed to the radicals includes a material having a hydrogen

radi cal surface reconbination coefficient smaller than Ru and in yet

anot her alternative enbodinent, a hydrogen radical surface reconbination
coefficient smaller than Sn. Herein the phase "at |east part of the

cl eani ng davbesea xhs petsdnoskiiled inr thel b alust surfefemay bocated witdighis spible of t he

internal surface of hydrogen_radical. source..103 fl.ow tube..104. |r

i gur 6 3cmaicrdmuessh o b e e COEHTE e P ulpt et Bk sobthe
detail. T I, R &F, R ins W PPREX 65 cdall b GV X BleoklifhER.) BEviaSa hyti€den saltidabces
221 and ZQ%BST%:’V\/&I ?ASHH%ZO and 236 Elo[?éh dr ogen radlifgéal )so_urce 103 and flow
t ube 104, surbeprectmbiedtion chofiristtrod abaut F02nkUt see phibe npierialg fulflige §ien r adi cal

source 103, .and _downstream internal .,surface.231 fl o 4 at
| east par $FEEHOT ‘%é’é( °§?I}IF§18?T§?I??’F§§ECOEIS%I nn(t‘ogﬁ}:cgeﬁlf gtf:atbm\’}\ﬁ gt\?ib%lﬁlgy %lg%?%éﬁg%
radi cal s yhiskmAkl 0R9EAt fe dTydibgnaREcO ke B3hy doagste 10dadbetal Fdror ni ng
units 110, which contact may | ead to reconbinati on. Hence, to this e?g at

| east  paetangple, aiitast peal oflowf el (oot imgrognahodapent thgentingdlow tuhe 104maaypg o

surface 231 may i.nclu terial . hayi I i .Cal
r econbi naf“iagﬁ%dg%'f(ﬁ?%?‘g%gxg g W&Z’Ieﬁc' fﬁe{% &glglg%(ﬂéeﬁ(ra @Qﬂ@gh{u%%e? : a’? glf ﬁ%t? erial
i s sel ect egh £ndQHRRSuELc T SrefPttBlelyahsy ftfasn fahly @rsobymnohllk@H] aliBitsriafuar t z,
PYREX (r) (borosilicate glass), glass, TEFLON gr)

iﬂ

(pol yt et r mcludive EYRAYRY quirizs el 18 aispeciflc egibodipeat, gleiguipls argselegiedbpyinga ¢ ear
to the person skil.l j " S b Llabodt R S
g S R G
0.02), theonehy providing a coating (like a Si3N4 coating, a PYREX (r)

coating, a PYREX (r) coating, .etc.) having a hydrogen radical. . syrface
recombi nat i on '8gepmpediapt, @Freé%ﬁﬂf‘d%r%m@‘?f‘aiﬁm &'5 elaf'at’toﬂé?o%f‘g?tiq%f‘ls g‘an

fulfilli ng(}“}ﬁ ygtgaglh%lgli éngﬁggﬁenﬁxl@rc?g gafbvﬁ(ﬁgia%?elaniﬁg' HE A6 T REAHRL Addht ON

coefficient o may al sO be used as sole material of at |east
part of hislepaorradihpedphappaatud 0 hcbdinkl doaning devig ascordme o thegrventédtanpl e,

e R L LB 00 B R ST B0 S Bl b 10

I nt ernal Elﬁgrzh% & 23ila1 306 1\Wodhl maredl IRBE rélthRNBRAleich Witk af Qetdhdther
respectively y at least partly or substantially be of a materi al

i ncl udi ngerRRIDEr( s the matetjuldhas wlatet dow hydreges sobrifliemeritetinghiitle Uittt eri al s are
Zgloﬁf t 2d0{1 E}ﬂ%%,ﬁ?@@%%é}o 1;? g%{h dlﬂ%gle_)laﬁéj i{n@n ,e thé §5 e% hr%gta ilo%l et%l?ﬁ'tftg én(d'h%]}t of
relative low hydrogen embrittlement. In yet a further embodiment, a material is selected, wherein
the etch rate of the material is Iess than ten times an etch rate of tin at a predetermined hydrogen
radical partial pressure (i.¢. under the same conditions of pressure, temperature, etc.). In another
embodiment, the etch rate of the material is less than twenty times an eich rate of tin at a
predetermined hydrogen radical partial pressure. In yet a further embodiment, the etch rate of the
material is less than 50 times an etch rate of lin at a predetermined hydrogen radical partial
pressure.
Referring to Figures 3a, 3b, 4b and 4c, a collector mirror 50 is schematically depicted as
an optical element of which at least part of the surface may have to be cleaned or treated with
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 detcriorated

by Sn deposition. Hence, in an embodiment flow tube 104 is arranged such that outlet 106 of
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0.001. In an enbodinent, there is provided a material with a reconbination
coefficient less than 0.01. In yet another enbodinent, there is provided a
cl eani ng device 95 according to the invention, or a |lithographic apparatus
1 including cleaning device 95 according to the invention, wherein the
reconbi nati on coefficient is less than 0.001. In yet another enbodi nent,
the material 1is hydrogen radical resistant, i.e. the material has a

rel ative howuglead4 {sdr6vidddivith (iRNefubb or REdMSH) nRliMianct Hef Stre fioad at hast
relative | ow hydrogen enbrittl enent (getti_nP brittl e unger i.nflﬁncg of
hydr ogen) part of qnetor aofeusutthiss obtkp o Prenere opiial elamenty GerefaleclorgiPRt Bie Pat e

2% Og?rsmﬁfl,egz%h%% x\)/vﬁerl: 'O\ﬁoarytgl;ﬁoﬂﬁqs %gﬁ:’%%& éulcﬁ %{'&'leahnpa)‘t%f h?drfogént R&kal flow 96

erial 'I's sel ect ed, erein the etch rate of the materi al
is |ess thafirebdiod MRS paf oethe ine ait orefsuificas @tbealcpnadEbie divianedd lsypdhertrsh
radi cal partial pressur

e (i.e. under the me, condi tions of pressure,
t enper at ufistanes fgory QPqﬂhlgalrQ%tt‘h% purtag g t’f?éﬁa ,?pr?q‘?ée”@’t“(? PPYEE t8f“%fcﬁ‘ea% r?%?eter i al
is less tha oftt}4§g)2d¥o eLQE‘d?cafﬂm@fisCtB b@?f'o%i&ﬁ), bd RhdhatRall PRARELETRAGRSs Iedr ogen
Pa essure. In yet a

radi cal pg‘% urther enbodinent, the etch rate of the
mat eri al irglida@d$n Figams ) 3bjavemddn etch rate of tin at a predeternined

hydrogen radical partial pressure.. Referrin o El qures - 4c,
a col I ector m-ynrag,en@@dqngmggq]@ﬁtﬁlgqe(@dﬁ F@mgré’ﬁr&el%%%‘a%gb gnért;rogb%iq%agﬁpba ey oiﬁ%%{}dof
whi ch at 8681 BRY et et Rahl, GhERNETI: etnbedinest wi t h
hydr ogen #"ggﬁs%:“é %%nglgogé;grn%%,oar eflecteors 1642,&l 143 and 146 are _provi ded

With a oneneatistame & equil ta orless trahdOes) fram gt legsaparhef e RuMEL HEfaes offthe enqpr

surface may be caontam nated or eriorated by So. ifd in an
enbodi menfioFq YRR GIrE G40 F%dﬁ?]reg'%eélﬁe’éﬁ%eﬁoggx %lgtdlwgﬂ%%és%? 610“11'29 9 ﬁ%\l}ve IJt ube
104 is provbgaden diftidte Glis €5 cBYWRA ydt & Slothee&Abddiad), distatics tanc edmof &0 cm
fromat |east part of one or nore surfaces of the one or m)re,ortical

el enents Embodimen) Whareio therriptiead cleBB)t i gollsstor Bl gcollgelovmETaE A cfudiieube
104 is arranged such th at, | eas ar. : i f IS
di rect ed Pgmglfy ‘Péﬁgff"t%%& eS(fhe{nﬁécatgH% e%%te%rltg)[%r??%@ éléﬁtgll Sq%be’ e |l3 g}g\é\g%)’ Thi s

di stance @o#S08 nPRY drRsked @ StARE HIE)-Qth, dpemilag: oot laydsagef acliat Govh 86
treated (predeterm ned position to which at |least part of the hydrogen
radi cal f lisolirepted tomt astpac o alepipe 1 B enslosedhst F04rISF19hdi cat ed. Exanpl es are

ndicated in Fgubes 8 A Afstankda ABSFRARL TR, cbh&iclinakanse d 1S
equal to or | e%%%“ﬁ%ﬁo gurg%’ar é@m At | east part onhe or nore surfaces of
the one OgghRENRREY DRlanell sIrRNuSadeo be tredtad Mg be dAdmi ax les filrvdver, thénib e ment
the distance is equal to or less than 10 _cm from at | east. gagt of .one or-
nmor e sur f slstsstalistangetognarfage to be treated. Since further within collector mirrOr 0 the reflectors

may also have to be cleaned, distance d from opening 106 to such predetermined position may be

e.g. the distance from opening 106 to (referring to for instance figures 3a and 3b) the end 50b of

collector mirror 50. In an embodiment, a maximum distance from opening 106 of cleaning device

95 1o a predetermined position to be cleaned by this cleaning device 95 is < 50 cm. In another

embodiment, the maximum distance from opening 106 of cleaning device 95 to a predetermined

position (o be cleaned by this cleaning device 95 is <20 cm, or < 20 cm. To reduce the maximum

distance (i.e. minimize loss of hydrogen radicals, by e.g. three body recombination}, more than

one cleaning devices may be used or at least part of flow tube 104 may be arranged within

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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nore optical elenments to be cleaned. Hence, in an enbodi nent, distanced is
< 10 cm In another enbodinent, distance d is <5 cm and yet in another
enbodi ment, distance d is <1 cm In an enbodinent, wherein the optica

el enent is collector mrror 50, collector mrror 50 including a plurality
of reflectors (like schematically depicted with reference nunbers 142, 143
and 146), flow 104 tube is arranged (or arrange able) such, that at |east

art of t o Gat Th éﬁiﬁsﬁ W b€
p \ﬂf/ Osecg&gy g[agét%@én fhQrIG2 2h$ 148 i eGlRGat Theadendt ol a

space 180 € wo reflectors. Referring to Figures 3a and 3b, the
di st anced 1(04 B @fenimyinbOs) tey tist pleet Bem mde 15@5% orsgle 50p O‘Qbmbd"’}!’eéfﬂl‘eé“c%reﬁ 142

and 143 (a surface o be treated hdihes 1S
the shorPe&th 't‘ﬂ%‘“tea‘f? ey lgggi‘fﬁ?%fg%re%{%nt%e rea %Vlcg?sfloge‘ﬁﬁ%%ggr V:;IIthI n

col I ect or L AinRAGobiiEn fs&liltBEMeSior ﬂﬁ%r&b%ﬁsﬁaaelmottﬂt\mla edfeainssdPerdirgioance d
from openPng 106 to such predeterm ned position may é§4gﬁ t he di st ance

f r om openisrsghch@6ically l(ldleﬁft@’rmﬂn@fetr@lcﬁ grmpg 08 Hecaps G?ﬂ" é‘ébe frdspyoe e n g

50b of col | ect
openi ng 108 G EEL I 18 et i Sn G FRE R pen TR B AT G0l PP

cl eaned bygthis cleaning device 95 is 5 50 cm In another enbodinent, the
maxi mum di st ance from openi ng 106 of cl eaning dewl%gnget 0 redet erm ned

position to beRt,fbi@aQédelﬁveﬂ’ﬁ%c &Wﬁ?&%f@@oy u ﬁf?’t PSS o m
o educe Og ea) g%ae i 1nn% ?t{}q 2 fidw fibe 'ﬂ)i‘% g&cén@%?os@éech&ﬁ(l@ﬂ%@ cloadical s,

by e.g. reco nor e one cl eani ng devi ces may be
used or abuﬂl@qgg ofné tlowhubkl10\.d uteeﬁrét%ssrmpumelﬂilra @gHany relafive to dsl seeior

mrror 50. In an enbodi nent, wherein t ti el.enent 1iS, &2 rror
50, at | esesss jsatiqn KOr-t) wigrein fisdugigapt H’é@ g% %f?‘fsﬁﬁ‘ﬁ‘&&”%‘} ?eﬁu“’n “c# %%gfr %rror

50. For exa ' 6 L4150 taE BRPRhLSA! thy quiepiiGt €d ahdink @atific 3a may
be slid oFmﬁgAlﬁmn thg négdeég Into thg space 180 enccllosed 17 by two ref]lectors,

e.g. betwegtunt fi beB)t povidhg adhos diESwith a radual @r Suldeminereprerie width parhbredtly (o5

tube 104 into collector mrror 50Q ake e fr de 50b
or both, WHEIFIEHAFSNAREEE ] Cmsﬁﬁ"r"é‘o{'sﬁﬁ#r Cllca?r g gl%ti&&gc%%tﬁg %c?garsr%!r e than

one cl eanig Qluqﬁ}/du{%ﬁ%%f?g’?’c S_Eﬂérﬁat{Eﬁl?P;m&owa@Ereé &8ss s@dt@d@l@ir gilned, poise ofi foiw i s
wi t hin col ector mrr in space 180 between reflectors. Penetration is

schemat i caltdeyl 04 (dé. optenk Wittdf thisérebatiment of fpwtubed84), Wﬁﬁe%&%af)?soﬁﬁ}“toﬁ}be 104

i ncl udes nore tha ane e 10 &gba,‘, y
penetratemﬁ"r’f‘ﬁffst‘*&ﬂb%ﬂ%t}c?%p quggotgt‘?? a%fcﬁgsrou‘mggb?lihg |ng to fggﬁgs 3a{§§c,
in an enbqgdinent, thedligw tube 104 has a first cross section (104- a) cl ose

to the inlet 105 of the flow tube 104 and a second cross ectl oa& 5))
close to In an embodiment, at least part of the flow tube 104 is movable. Int 1s way, flow tu c(s

104 can be arranged at the predetermined positions within the lithographic apparatus 1 and
optical elements can be cleaned during e.g. down time. After cleaning, the flow tube(s) 104 are
removed, such that radiation can propagate without being hindered by the presence of flow
tube(s) 104. Moveable flow tubes 104 may be of relevance when the flow tube is arranged at one
end 50a and/or the other end 50b of collector mirror 50, thereby by blocking part of the radiation.
Cleaning device 95 may further be equipped with an exhaust 6(2), for example o be
arranged downstream of hydrogen radical flow 96. Referring to Figures 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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outlet 106 of the flow tube 14 (i.e. the first cross section 104-a is
upstreamrelative to the second cross section 104-b), wherein the quotient
of the first and second cross sectionis < 1. In a further enbodinent, the
quotient is < 1. In another enbodinent, the quotient is <2 and in a
~specific wvariant < 10. By providing a flow tube mﬁth a gradual or sudden
“increase in wdth and breadth (or dianeter) (i.e. an increase in cross

section), hydrggen fiaderfal oicd caBBdimait, QjartGJiBmebbwd&’&r Hedehiegrakal with
illustration, Frgure 3c schematically shows three crogss. SEC'[I ons 104- a,

104-b, 10éliectof mirkp 0. Rafreing GUFigyre 4.2 RepERitivg P0G Vit hisS" b ent  of

fl tube 10 th e t f
hy g\rNo 9 g n e?rgmc%:rafnt §gff§%§°ﬁ_'6‘§m% %ﬁ Sf&:ﬂ%gt&ts lg'Q gnhé}ﬁ [1 I@%grgialstl\@’ O(Ir)ﬂslﬁl g.lgt s\jﬁ\?‘\gg rom

i ncrease hi&oﬁét?&%re%@ﬁ&t&@maﬁﬁb eﬁfrhoalb mhbdlmmm df dasﬁgqy‘aromc of mt)lhe fl ow tube
104 is novable. In this way, flow tube(s gbﬁ rran Emnoﬁs
pr edet er ninfregtcposionsiisgons PRiare aresent indicalge Fpheee E)b"é é?tfféeﬂl ARYSEp tal

el ement s g@ﬂ QP%OO%{) eer"s%at(ldo rc'oﬂﬂru%lh&rs 389 ﬁﬂgtcbtm?:ct t®b (of Mofd etk dtgand 1ht%rsfel:t(aw

tube(s) 1 suc tion can propagate w_thout being
hi nder ed R¥sitphe opheseRER eﬁéloé‘eﬂtby\loultauﬂﬁﬂé@()r M6 Alntepsviemisionstfucénus 806 88y 04 may

be of rel evance when the fl ow tube | arran on e t he
ot her enduBdias sppewIferdea sHeGHF prgymeHio f@ﬁé?ér‘glf%bﬁpl TRt Flngsl%ea‘%%‘%?gﬁﬁf’h

radi ation, éé%tlr w%lg%ls gw? hl%?ﬁél?% apﬁ{clﬁdﬁﬁé R&S or¥Bore SHidrieash ¥nbiucBibneeddalnst 6( 2) ,

for exarrpiS wnst ream of hydrogen radical flow 96
Ref er r i ngrigQrdagthe e@dammadnamesMau@'seo@(nzyonstrgct@n? BAYE U3 (@ FrapesEely),

downst ream of opening(s) 106 of device 95. In eous
product s Relyme oF ERDPEECE OB FPRYTECIATP ﬁ?PebeeFH'%ﬁe%t Oéla"“Bﬁl\’Ng%‘"l‘Y%g'?g?&%"rg?‘gr 50.

Exhaust 6( )8 sﬁg%ﬁ?rg@ﬁmpzﬁ tl'iE[E'nﬁ o'fﬂie%ﬁecﬂe@g ¢.gA @n@B0tlor tn@{®)(saswhi ch may
be connect eg W t shown). 18 In %et a nunber of other

enbodi nenFiurg®y but afaytale bé hlmwgbcume:omaﬁoﬂ 18irion f @ afroae @ﬂmﬁﬁetpﬁs‘t‘@&ﬂ"l‘ Yor mirror

50. Referrlngto Fi qure 4a, a per i ve. frant, o Shwan
embodi mentolSEog B FIJERER PB‘?“P@OS%QI?Q%C% ?]%enfngrsgglﬁ%ﬂ%? nnér eﬁﬂ%ﬁ’,{hand 146
(outer) a%el%l}lqﬁ@ne orfl JrROMG b W& S0eTIb@ GltRIIDA(TRY ibegipite femtn intanset e

enbodi ment " of figure, one or nore intersection é\g}eatructl ons 300 are

present, kasiroaioad0D() Biutuere fa twbasH Of magds driegraifd B dRtFrSRion
300(1)-300(4 | nt C ions 300 may connect two or nore

refl ector§°‘};§%1“d°l gé@@i‘? BQ@Z) S&gg‘ %grt of the vol une encl osed by outer
reflector 146.m &éa@%hﬂan@aﬁ&tﬂmmb@m(mﬁom abedrogseadasl 0BT 235 or
the reflectors and nmay forma so-called "spider e org&gre of such

spi der V\/neced:(ﬂlectalymbe)réﬁé@ewhef@a@ﬁweﬁ%%?o‘?“ﬁgs BA ‘&ﬂ“ﬁ%?%b At B i on

construct Iagsrllrsnmg tgat copector mirror 50 has a certain collector length | between end 50a and 50b, for
example 20 cm, flow tube 104(2) may in an embodiment penetrate collector mirror 50 at 30-70
% of the collector length 1. In an embodiment, flow tube 104(2) may penctrate collector mirror 50
at 40-60 % of the collector length L. Note that penetration in view of Figurc 3a refers to a
movement from the outside into collector mirror 50 through opening 50a or 50b {(or both),
whereas here penetration relers to a sideways entrance of collector mirror 50. Penetrating at 50%
collector length 1 would imply exactly halfway, thereby providing a maximum distance dm to a
surface to clean (i.e. reflecting surfaces of one or more of reflectors 142, 143 and 146 (etc.) of
about 10 cm. The 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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Figure 4a, the spider wheel includes four intersection constructions
(300(1)-300(4), respectively), but nore or less intersection constructions
can be present on one spider wheel. Intersection constructions may be
present at the end of the reflectors, e.g. at end 50a and/or end 50b (see
Figure 2), but may al so be arranged in collector mrror 50 at one or nore
positions within collector mrror 50 between opening 50a and openi ng 50b.

I'n Fi gur esu?'%[;e &% I‘Sﬁ&%'afr&%% 508 oS HEMS Rl Qinfxaium dtaeedimio ad|sDeof ahout

mrror 50 ow t ube 104 is integrated into an intersection
constructidem300(1), but nore flow tubes 104 may be integrated into (other)

i ntersection onstructions 300 e W A g 4a,
an int er nedi at'&FHSHF Pﬁ%@reiﬁﬁr(%i gggegék%dsﬁgggﬁﬂbzg?cgubeggzrll?a(lg);ﬁrng gas

to coll eC{n‘atha R EwRf bﬁmrmamﬁraana somenmemmmcmd ﬂ5®'atula:(ﬁd 104(8) dlpet BO0b.
For exanpte assum ng that collector mrror 50 has a ce 0n col |l ect or
| ength | aﬂeﬁiwe@he(eh@‘l antegrafed gLan IRERMCALSRIF S AT Ry LCuBEe Té‘&?‘é) Ry

|0 3 ebod ToRt L RRISHN RS S6RIAAS! Rl LSRR 8k H0-Fiaer Yol L 1060 ect o

|l ength 1 ow tu may penetrate collector mrror
50 at 40npBR: wft)eﬂ:.Ectioh%oﬁ‘éﬁluEt&ﬁﬁs 000, laermggel aflend 6t er $0bats qmepmrt antfiedﬁBﬁeiCWTS\n ew of

Figure 3a refers to a novenent fromthe tS|de| t 50
th?ough opesringdias G wor A OHEp a‘E@{Tﬁ’}gedS @élée IH‘@F‘ge‘ﬁaé%@? | on @e)f(é?[{sert 0 a

si deways en r 2anet dndi-hdlign 300 @% Blelid gt or
length 1 m%qw&%?l?{;zg%okgﬁtﬁh %@?ntﬁgﬁgiiby provi dltl}lg a@rraxllmrrurln di st ance

dmto a gt ageadkewithiganlldciorenirroefi)eot il respedt sotbis ragiation groppeatipg dugysh

refl ectors 142, 143 and 146 of. about 10.c B nce d
will be tpelicgtrpmiress0dn Eftlf‘a‘ﬁ‘é‘éﬂtd?asé‘ﬁ“ed%ﬁf’ gn £ %tr?l‘h%ﬁ‘é’\?ﬁlemsu@hm@f& Sﬁ‘ﬁl

Cl oset pr g&?ﬁp?éx%lf é%éﬁ&ﬁa hgw%t?ealm(z ge’t%mtﬂomgru‘aé o@sglterﬂﬁd%e WOU' d
inply a nmaxinum ance din of d to end 50a (maxi num di st ance

surface t itaheedion Cdnstequbﬂquaenefaltee collastpr 19rrgiuHF andds @ﬁlﬁaufﬁéﬁ“rféétﬂﬂé F adéi’ﬁ‘o‘éd ge

50a) of about 8 cnland a Aanee d 12 cm
Hence, on&MBNERS} %Ct?rﬁ?‘éﬁoﬁg@ﬁﬁggﬁg( gdaé"'l “BRFIE g\%hgn%{g‘gggpséu%g ;Maftl ow
tube(s) 1 i i8 atyed falljQidAngiids tHxGa dmdc Efmd:nbyel t her as

i nt er medi g{%éerg%f %{Wgotnlsjbg&ec?gf)l Q@(QI)( g? alsf)\%g %r aIslg?ll ow tu% S) : jlgﬁé%é

i Nt egr at edhtérmediatciflorembeti4aDer ihstsbadoncarsasil RORSTREHAS BAY 886 SRR o
Figure 4a, collect.or r

B g A S

at end 503, ghb&PRen @8 s &URR M (érnfcOftet fey fubé LBIT)AN dine of sighe mitbdbetmctidiow
t ube(s) 104( 2) are arranged such that the inter rr@gh ate fl ow tube 104(},2)
(ei ther akmbhiBROEI) isshown (Heryinainisrecton cprrghon WAH Ay BRd PHEETE c&s“FYS &

construct Ibg Q‘lo?eolgtewgaliatg h(snlv l?ub%s N 6]4(5)',1 Fo? example arranged in line of sight with other

intersection constructions (300(2), 300(3), etc.). To elucidate this with a side view, Figure 3b
shows an example of an intermediate flow tube 104(2), which is in line of sight with intersection
construction 300(1). The maximum distance to a surface to clean is indicated with length dm,

In another embodiment, one or more of flow tubes 104(1) and/or 104(2) (e.g. when not
integrated 104(2) in an intersection construction 300) are movable, and only substantially
penetrate collector mirror 50 during down time (cleaning time).

Figure 4b shows a top view of a cross section of part of collector mirror 50. An
intersection construction is provided somewhere between both ends of collector mirror 50 (those
ends are not shown). Intersection constructions 300 are usually selected such and positioned (at
one or more of end 50a, end 50b or onc or more positions between cnd 50a and end 50b of

collector mitror 50) such that interruption of radiation is minimized. Intersection constructions
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figure, because within collector mrror 50)) are with respect to the

radi ati on propagating through collector mrror 50 in line wth at |east
one intersection construction of the "spider wheel." For exanple referring
to Figure 4a, flow tube 104(2) (either as flow tube or as internedi ate

i ntersection construction) penetrates collector mrror 50 and is configured
such that radiation entering collector mrror 50 fromthe 50a side

i nt er cept gy zﬁé‘y Al daht cFAGH tdbei@y, il 8bw tibatloH sselﬁmgmredwothsi goliettpron
300(1) is at l'east partially arranged in the shadow created

i nt er medi mireorfS0end thetsby e 2y indrsechien emaiarsiion # W Flogerss: in ﬁP%‘P?%mba?@eﬂ ow

tube 104(2 " ;
that | oss sreopudh Bt oD e B g b b b B e an

i nt er nedi gt @ork kgwelotresplddd (BelTnctt.| arel a@feaﬁlpglhbf ﬂow lubed A4 isrinlegtiatsd in @ agrent
300(1) is shown. Herein, intersection construction 300(1) is used as
exanpl e: tnlfﬁéﬁ?eéthwﬂs%@ﬁ%?’@ internedi ate flow tubes 104(2), for exanple

arranged in I| t St tHeGHH REE 0(2
300(3), etc.). %ogueﬁ gg}aﬁﬁév%Hfés)g@m%rsﬁcﬁdgsﬂ?ggl%\%/fog\jwéé?gure 3b shg(\;\]r?aﬁl .

~ exanpl e ofniidds 48, e43vedi Bibard prosent, elpeanlife(s2)tionwhisthction J0A(1).i ceenestingihg et wi t h
intersection construction 300 ,.he mu st,an e ta face to .
clean is PabpicoatederiRIfRe TERYLH %‘%n 19§ ﬁnda{%ahg}em%fﬂ%%lg . E‘:)rrsleec%l(%#rf1 nore of
f1ow tubes, 1046:L) 36619 é%fthe%%ﬁ Band(fe ﬂgm\meaf Rkciors mn,_egaamm AEQA{ 2nnietingn

i ntersectron construction are novabl e, and Onlgé substantial ly
penet r at etesd, kspdcavelyrilntesectso cdustrurrt@ndﬁm ditheres f@@l’ Ailfd of B fay e 1&ﬂirlse 4b

shows a top view of a cross .section .of 0. An

i nt er sect i”b%r%%fgﬁor%é)? RS TeLom PR RFEg™ g@@e%%trs e1 are éesgﬁtlgépt ‘%Hg of

col I'ect or hﬂ&rﬁ acﬁ’&l £4sR%€96. BRdSca i s ﬂﬁ@&ho’itla&\ﬂib)ancé ﬂbmraﬁe@émwl(manst ructions
300 are us y seleCted such and positioned (at one or nmopre of end 50a,

end 50b osurfinetodre drenal gose vf ba SCfbetpWe@hﬂfé‘hH)ﬁSW Reriosidl a5 dBicEnt PSHINECt or

mrror 50) sych Jnte g et ion
const ruct ot ‘C%‘s 3’% gr?ﬁ tkgslplt?é@r)] I east Qﬁpé:;ttér){bég3 ﬂl&%m ﬁtg mit(l)eziglkt ﬁ{@g flow
tube 104 g, idhaey e@ﬁlﬁ)ﬂuﬂ&nﬁshﬂ&r&@hﬂl&&h@ presdfit Eis@rhedinan dn tﬂhertdtu:yl Ofigilies  an

i ntersection construction 300. However, in another

i nt er sect puttetsad thstsideaot rested 00 thaaiewes € dow Oy tlbghBPlﬁg’F’ &%prﬁ?at‘é%ﬁ‘&b ate
gasses, a@%‘fj&gﬁ;o %61{%}%:13;‘1"1%161 fiol RILE 16£8¢ SHEQLS ;foss?lﬁll: der wheel"), etc., and

at | east 471's integrated i n or i ntersection
construction 3@Qead T, drii@ Bddtidtbio, iBtets@ionicongtmfiicn mﬂo@snmttacﬁ oforof addplidrect or

mrror 50 i s shown. Reflectlng mrrors 142 nd 146 ar, resent, and
an i nt er séxprpvding ondat d O et eg‘bﬁﬂala)“d/"é%ﬁf‘é‘étﬁsphﬁg)?‘ﬁ]@"t%‘?’{mrBﬁ’r of col |l ector

mrror v efsc'h%r%%t%aﬁy %ﬁlo% lglﬁgu%q’;ajaﬂg 36hnd R&lebEibtd Wg;or &Retadpf, bAQESiIE6H QN
sliding flow tube 104 between reflectors as described above, in an embodiment at least part of
flow tube 104 is provided on one or more reflectors 142, 143 and 146 (see Figure 4c, which
schematically depicts a small part of some reflectors). In a further embodiment, this at least part
of flow tube 104 is substantially or entirely provided on the reflectors on those parts where the
reflectors are not irradiated by the source. Hence, in an embodiment there is provided cleaning
device 95, wherein the optical element to be (at least partially) cleaned is collector mirror 50 and
wherein at least part of the flow tube 104 (especially branch tubes 104(1a), 104(2a), etc. as
indicated in Figure 4c and also in Figure 4a) is arranged on at least part of the non-reflecting part
of a reflector (142, 143, etc.) of the collector 50. Such branch tubes 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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construction 300(2) at the right hand the right part of reflectors 142, 143
and 146 and connecting these, respectively. Intersection construction 300
is either a flow tube 104, or a flow tube 104 is integrated into or on
intersection construction 300. Qutlets 106 are present for providing
hydrogen radical gas flow 96. Distance d is the shortest distance from an
opening 106 to a surface to be cleaned of one of the reflectors. Qutlets
106 nay bg 0roN i dedrati b Li@icen Paas trtAnsed byake dondk ealed svkdid fem e
outlets 1%% f@élnd "SI de'¥ out Igy;ts 106(2). The term "tgf outlets 106(1)"

al so i ncl grdesofhbbati sidag of thiesflegtorsi Fverver, alse shodew arees 4 DaRGARIECI Or on
flow tube 104, ik tlet t side. n ' Ll viewer ("down
out | et s")arrange gﬂ‘ﬁ&ﬁ) 5 gdg‘ (gffiﬁis’he%%% 12) (ltabigfmteg%F@g%gl%gg%ﬁ%’gu?ati ons on or in
flow tube 104 |9k 4cShiScRl RrRaIRiviliges 10 sicaadngfl hoozontaily seldittshand bo,

i ntersection construction 300, or in instead of or i gﬁagdi tion 04to

provi di ngampatciasyd tha thesg are plcRATFIBHANSA Rl SAMBIRASHRRNG B! 9 BBFY B AT nirror
50, as schenmti.call ho. i i APfl-3Rs ARLIAS, rH@sEdd Jresirabsye, or
i nst ead ofT&F ?tr%“%)cfﬁ‘ eftélﬁnqagrb flﬁl’sﬁgglﬂﬁ?%go’%?feow tcubseélod? et ween reflectors as
descr i bed;sabmed ai the e 8MianekicTaAB apd 14208 tirgandtto Ofe vidwen .o thgeon@ye past).

provi ded on one or nore reflectors 142, 143 and 146 (see Figure 4c, which
schemati cal | y i8epioatthe BOrsTeHFFUng AT ob¥ e’s*“b‘%ﬁ?ef’ p é%*eﬁtf’éémﬁ?aﬁe%nfe ﬁﬁuf%earm
enbodi menf .ty Plhe FdfRWotNREe 400t STosM BN inddlylby OF
entirely %rrb%svatﬁ é%é?ﬁ?ﬁg%@ﬁe&s toorg on Pﬁzseeparts where the reflectors
are not iskadedead fy ibehsawrae or teromilels A0GTientibe present ipikadewiaseappdyi ded
cleaning device 95, wherein the optical elenmen 0 s ially)
cl eaned i &eaisp fusiqatsd th‘rgl*‘i?@asﬁgeéﬁa %‘Wi’eﬁh&(?"r‘i” 4t %%Elquﬁ%ergﬁb‘éksﬁ?ﬁ’ée@%%v t ube

104 (es pegghglﬂgtycﬁlﬁ% %Z&z%)“@% 0 (chibbdimbBAh2 BYticabli€mend s a dolidéicatier Shartd gur e

4c and also i n I's arranged on at least part of the
non- r ef | egtleagpapiantithe fofw mbe 04 etrarged iMshadaw @rea &3 ef 4 refectenad cellicte?-dl 50.

Such branch tub h lural jty of ' g
(shol 1) nstplihroomBries a6 WG ibir s puadBR AR Pand it R0 B80T

non-refl egg4 @9 llrﬂﬂéhte§th9ifeo ey Rl delin éich Shadpwlatcs 81, réspectivellyl(etatso figotes
designed to eF ect EUWV 21 radiation; no EUV mrror surface). Parts not
i rradi at edla imd Yolhe source may be selected fromthe group of the back sides

of the reflectors.. ver, also sh r£as EEISHcIhR,
arrange fl ow tlgﬁ%‘?ng‘g’\ﬁﬁ%%ﬁc%' al ré%qg%lﬁ%ls{gﬁwgrgoﬁ%{}épﬁgﬁ%t e tubes cir04( 2),
etc.). | nRhith&ardCa 6 wheasd, vadranuaibef dithtarichhess 104 Hane, aranampediment the
horizontally, but it should be appreciated that there SI e

ori ent at | Bns wiedd4 énchidpt ephuabisuHibwck Ries Hdaet el rHaaly '8 %t‘gg% %Fn‘?jlgh at a
our co sl Bt AgHED. T e A A B et ed
to the vi emerioditag104(hs) ERnRAYN Ragaint putlet 106, the branch tubes 104 (104(1a), 104(22))

being arranged downstream with respect to the inlet 105 of the flow tube 104. Of course, more

branch tubes 104(1a), 104(2a) may be present.

In an embodiment, there is provided an EUV lithographic apparatus 1, wherein the

lithographic apparatus includes a plurality of cleaning devices 95 according to the invention.

According to yet another embodiment, there is provided a cleaning device 95, e.g. for use in an

EUV lithographic apparatus, wherein the cleaning device 95 includes a plurality of outlets 102,

e.g. to direct the hydrogen radical 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 cmbodiment, the
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In, or on, the non-reflecting part of the surface of the reflector
(indicated in Figure 3a wwth areas 32 and/or on the back side(s) of the
reflectors), one or nore flow tubes 104 may be arranged, each flow tube
havi ng one or nore outlets 106. Flow tubes present in shadow areas 32 are
also indicated in Figure 3a, wherein within shadow area 32, flow tubes 104
(side view) are schematically depicted. Hence, in an enbodi nent the
optical ehemenl 1% 210! 4 SIGLGF JTidIEEN 0500 aRek: elbodiMas] thpAbtv taife indtedes how
tube 104 |h§ ar%aqugé%uign sﬁadov% arl_ea 32 of a reflector of collector 50. It
shoul d bephpjired catles, a hgt showeireFiggrendb &nd 4fan one shadow area 32 and nore
than one flow tubes. 104 (ar hranches th : L Angessi 1NoSHek)
shadow ar eas SIE,anFE'QB‘%L@F?t\PgIﬂV ‘fwse&elo%ilcge%ms % g%);léees%?gtgpgrﬁ@ﬁ?)b SRererr| ng to
Fi gure 4¢ g felinclbid SleSBEhR cRABISIHitehiAReBOQegubye iel/ml esimsie thettompagingde,

or to incorporate, a flow tube 104, with a nunber of branch t bg‘? 104.
Hence, i nofihe bpdrogtinradical consaining go¢ Qf ihchviengep pdicalidy & aptF‘BP%Wtiufe;j’e “Br anch
tubes 104 (e.g. as, sch bcal in _Fi Gl Lrbhred GfEL £RGRWMMDEr S

104(1 a), i%’&t%g??ra%eraéﬁb émcﬁucﬁkbaéglefggwrlrgg‘/ﬁb% bresent ), %igch_ branch tube
104 (104( kﬁsm{kﬁﬂ%{ﬂﬁﬂ; YenfiRMinRg Fak cteasd, tenempertiietof 1@6ydiogen adsalclonames 104
(104(la), 104(2a) bei ng arranged downstream with resgec etwg th Lill. beé 105.
of t he f I g¥s masbes beoucen @pous &0 Packbokp}Y Criphtal ceER M Eh {5 Tﬁfg‘éa? nmay be
present. In odi e . trSeR! EHREE e AinEtdVidk o6 Qg riader tncRipar at us
1, wherei ﬁ“qﬁd;ceﬁ%?? ngfaa%ﬁi‘%‘ngig%a!@? us |1 ncl’uges a plurality of cleaning

devi ces 95,aas axitidGigi@ 16 bmtrohater inmne hydbogeo rafiicabproduojrest sopiset hidkselected

enbodi nent, there is provided a_ cl.eaping device 95 e [ ' EUWV
i t hogr aphioe thp ppRe{ene oimeresshiliptne ﬁf“ég'ﬁ?‘ﬁ cy&Vashe q?Fn%ﬁ Eratox find %feﬁdr?al ity
of outlets 10 to direct the hydrogen radical containing gas 96 to a
nunber of n}olreol\%\(/jttﬁllﬁréegltsio4. In yet another enbodinent, there is provided a

cl eani ng devi cacQbdingvemether dshret, theeaisipneyididiai roeth@ior ¢lppmgRiong opNeial ity of
flow tubes 104, as e.g. shown in Figure 4c. .ln ant. i tos the 22
f1 ow t ube op! Plﬁ@Flﬁﬂ%ng‘éVb‘ﬁt?ﬁ%ﬂ’?‘t’ﬂplg"‘fmll%}=é‘%°%“°ff‘b%§}8+lﬁﬁg °%g§§g!é%% Pirent, the
flow tube | nelife W1eb kd the Sfemabl 18k, 95ageneratng Shyispch adiia loe964b and
4c. In anplédrqrr?bdé I ﬁfgegpbt he i nvgnt?oirl% cl eani%eg device 95, | ithoqgra hi c

appar at us aid peridingtths hydfagen kedical fiaw 86l et apredaigyeingd ppEtigiowithip the Jithqeraphic

configured to regul ate and/qr i,ntain.t : ; [ \V{o ] aty)

radi cal c@PREATHT ﬂ‘ba ga@efo@q?ﬁa‘lﬁ&%%"g‘?ﬁm gﬁﬁtﬁogll%ﬁﬁq%\%v&ﬁa@e%ﬁ%gﬁpﬂgﬁat ure e
bet ween %Pﬁ@‘gkﬁ@@ﬁﬁiﬁédﬂo@iti@ﬂ JithROhLlitughptib ajpatane. Dipt Hatekn edrdaining ghssean
treated wt gas flow of (substantially) this te 1 eeg}%ur e. For exanpl e,

the tenpemapuviiedft thheanryiimoeea adgiires HESHEBPHIVIES ogen radical

containing gas 96. Flow tube 104 may be used for transport of the halogen containing gas. In one

regime, first hydrogen radicals and then halogen gas is provided; in a second regime, the process
of providing halogen gas (after providing hydrogen radicals) is followed by a second process of
providing hydrogen radicals at the predetermined position within the lithographic apparatus. The
hydrogen containing gas includes one or more selected from the group of Hy, HD, D,, HT, DT,
Ts.

According to yet another aspect of the invention, there is provided a method of
manufacturing cleaning device 95 according to the invention, the cleaning 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

23



gas may be between about 20 and about 150 C for a collector treatnent and
bet ween about 20 C and 70 Cfor a nmulti-layer mrror treatnent. Further,

cl eaning device 95 may further include a control unit configure to control
one or nore hydrogen radi cal producing sources 110 selected fromthe group
of one or nore oscillating field el ectrodes, a nagnetron RF generator and
one or nore hot filanents. According to another aspect, there is provided

a method fof, Celnef'%ﬁé NGy fe 98 @ WHIREat 1081 bl 1R EdiRiAE Acate &Pbkdtitd hogr aphi ¢
appar at us X fRerudi ng provi éji ng cl eani ng device 95, providing hydrogen
flow 100 heirbge rediesnincgded enaeiabtavingenteidsgen rdicahspalpesfePRARAICAI  f | ow 96;
and providing .the hydrogen radical flow 96 at a predeterm ned position
within théoelfl(t“i’ﬂﬁéroa‘éhi c apparatus. In a further enbodi nent, the cleaning

et hod  ur t her \LcliifleSofinRitltspet 8 haleRmmgasre iaprobitel piedelmmniing
position within the Tithographi c apparatus. The hal ogen contai ni.n as_can
be provi desthat usingas BHY lithageapbic aapargiugiwheeinegfier of %maﬁélﬁufgﬁawfiﬁhﬁ Sle?mg
hydr ogen raq1i Ec[al cont ai ni n% Oggsd 96. Fl ow tube 104 may be used for

t r anspor t M5Hof REt AFSHAT R BATA T ng gas. In one regime, first hydrogen

radi cal s and tjeR hab@aRht, BRFodes rdfi@y bslesk 108 may teacongd oeigidethe B¢ process
of providing hal ogen gas (after providing hydrogen radicals) is followed by
a second prwogesbkicappargiusovi di ng hydrogen tadicals at the predetern ned

position within the |ithoaraphi ) ticOPdrRiohiHRg gas
i ncl udes one of (ﬁlég gé)ealn%tg rgagp??%ﬁnﬂ%ﬁg@t{gtfrégh%nggg mlgltzjé,/ wﬁ%,gﬁ%z, HT, DT, T>.
Accor di ngitrReMphic apskdier at aapgaitialy irchee i maemil lvingtatedmeesragicohiiers a

met hod of nmanufacturing cleaning devj %ﬁ 9%@\(7:\/fordi ng 1o H\g 4nyention, the
cl eani ng devinbmai®: eesHicicgLF 8d- mpis spreakisale SO En/io8 GICATErb PS4 Cal s,

| nel uding QL e A Ndeyah 08 Rl e gt 8r KO, Kl pualty VBRI RCUGAN,

source 10 'ng tnlet 101 tor hydrogen containing gas, 100 and
out | et 10%,$i0%, WheOL, IPANCEf THILON@efusedadlimalis a8 i Nun Borfexemplebebab side Phe
flow tube including inlet 105 and outlet .106, wherein t i nl et f

£1 ow t ubo (OGO SHheBATRIEES BTG 28T b%%‘&dli]‘lerﬁ%““ﬁ?8?%%%%“’?53!“@%&’ S%‘&?%‘g 103,
and wher e}d ahcJ £35l, iRA. Aln 4 RAlICAELAENIAE RINOpRAid:0n rhydinbgeR:

radi cal s i'ncludes a material havi ng a hydrogen radical surface

r econbi natécombinatef édetfickmt less Bar0R01. Az posragpther anabogianeni HistrFOMbIHERt of the

e O ARSES BRSBTS R R b EUY
met hod  of rés%‘?anil.QH ?&tai fglrt‘hér %m@@di&@ﬁtﬂ@ﬂmterial is selected, wherein an etch rate of the material
is less than ten times an etch rate of tin at a predetermined hydrogen radical partial pressure (i.c.
under the same conditions of pressure, temperature, etc.). In another embodiment, the etch rate of
the material is less than twenty times an etch rate of tin at a predetermined hydrogen radical
partial pressure.

The appended figurcs may schematically depict a more than one embodiment. For
example, referring to Figure 3a, one may use one device 95, with one flow tube 104 with one
opening 106, as seen at the lefl hand side of Figure 3a, bul 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,

24



In an enbodi ment, hydrogen radical source 103 nay be arranged outside the
EUV |ithographi c apparatus. According to another aspect of the invention,
one or nore non-reflective parts of the |ithographic apparatus at | east
partially include a material having a hydrogen radical surface

reconbi nati on coefficient < 0.2, nore specifically :5 0.02. In an

enbodi ment, the material is selected fromone or nore materials fromthe
group of K K2fetRin Mémored S ndNd 3Pk, ligdd-cQuatal
TEFLON (rg‘l ml‘kﬂﬁé &ﬁ%ﬁgﬁg%gggﬂ3N4 For exanpl%&&the back side of the
ref | ect or gispliysgESDsPEHMI- ﬁgﬁ magmdtldecesis agadt heyld b@ﬁ@reqlﬁﬁcbﬁhéte@tﬂi‘eo‘f?mm 0

constructions, shutters, Oate q
mat eri al . such a]éep;nzgﬁgéml%tmns Wél?% q E 161[:1*8 Iw eﬂrell'.b% fﬁ%bié’&l@ld&e as

reconbi nat | Gh&Mbre! REGall AR “Qubiate! ot y@get@mmh'eresmmmdy righet | the
r econbi nat gﬁ@gg‘;@l cﬁfjenrtcg% aess than 0.001. In yet another znbod gg
nt, a

the mater mlstratsrelfs;fd:dm:gmema@wd)alprocp@sd Sefar or aftgr V@PS‘%G flh’fﬂf R Pt

material is select a gkl d @sibtgss t han
ten ti mss'“’é?fflthéft"("ElPi""ﬁ‘gta@i'!\ﬁ('}l5 ?yr?rg re%St%a Sg?tfgnfﬂrll&e@&h r oggn Tadical parti al

pressure {ﬂetr y%@%ﬁ/&@ﬁ‘uﬁﬁé’fﬁoﬁ%ﬂ%e&r@pﬁéabw emshacb,surbéﬂp@rfmheeipp‘&dc ).
I n anot her %dl nment, the etch rate of the g@)ﬁerl al s | ess thantﬁa\ﬁenty

times -an ect:mm ma:ltc&hayfsubStrnte arocgssingdendt Eprhgidde pRPEFYE BRY 587%%??“ Bartial
pressure. The app ged féegk" eéaté@}{mﬁfﬂ%%‘i&' GAhiindeRh GlbsRatdBded heRarmane

enbodi rrenf’nceF@F EFErTin igure 3a, one may use one device

95, wth Qlﬁc?reffér%vakwa@até%t Widally mammmnplngml:%?«d kserseen at the |eft hand
side of Figure 3a, but one may al so use a dewg h onee or Odgc&rn% ft}QéN
tubes ar r angedAltkough seisificalerraceInay heye brBafie;2 ?lvetg l}?out Pl g

radiation_al one  hut o Qi bt s Ak ot (ROPAEbIEAY AL USE
ot her radn‘”é(?’i‘t&?mﬁéecarétse%:/troﬁgé%apgt A th (;ughgiggem fic reference may be

made in t Qi ik 8ikr dppliédtiony $& epimple {rhyarit diphiogmphp pad whers the genierellnwmit 8%t ur e

of ICs, it should be understood that. . the hi ed
herei n mayinhiad to atisedithggmphyde F%ngtﬁlgﬁgﬁpg% Foﬁ’g ﬁgh uﬁ agﬂﬁé}gﬁgg %l%ﬁgg?gsged

optical syste 190031 BRbhekhisg Hencamgniet pressetbin®i
menori es, 1:fel B %gﬁegegﬁhggpgﬁgé%%ﬁg’%?gr gstal ® di splays (LCDs), thin-film

magnet i ¢ hgRAsE re@it Gupplied shibe bubstose apprwalneemsmthmurﬂi LY BT EERmagetics ych

alternative applications, an se .of .the QL motdEn t@ﬁﬁ@l n may
be consi déﬁtfbfﬂloﬁshea%i?ﬁéw %tl?mgle%?g% her a ig eé?cﬁs WalUbstrate or

“target portd | Rving b SRESE I 1Yﬁ'te¥ihe-["9§st iSdkgtrate referred to her ein may be
processed, Yarores s ? Fé?ﬁ;er exposure, in for exanple a_tr ab
While specific embodiments of the invention have been described above, 1t “111 be
appreciated that the invention may be practiced otherwise than as described. For example, the
invention may take the form of a computer program containing one or mote sequences of
machine-readable instructions describing a method as disclosed above, or a data storage medium
(e.g. semiconductor memory, magnetic or optical disk) having such a computer program stored
therein.

The descriptions above are intended to be illustrative, not limiting, Thus, it will be

apparent to one skilled in the art that modifications may be made to the invention as described

without departing from the scope of the claims set out below.
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toot that typically applies a |ayer of resist to a substrate and devel ops
the exposed resist), a netrology tool and/or an inspection tool. Were
applicable, the disclosure herein nay be applied to such and ot her

substra S| ls. Further, the substrate nmay be processed nore
KALRTIE SSLMEEI 96!

than o rexanple in order to create a multi-layer IC, so that the
term substrate used herein may also refer to a substrate that already
contains multiple processed |ayers. Although specific reference may have
been made abdawnEUY lithvgraphic appaesiisoeRMRMIRES: 0of the invention in the context
of optical Iitg a@gg, it wll be appreciated that the invention may be
used in ot heft g&'ﬁa PRASTCPor exanple inprint |ithography, and where the

context allo ! dLmted to optical lithography. In inprint
| i t hogr aphy 2&?%%%5@%%%@’?n a patterning device defines the pattern

created on aasihsihg dbdce Jor guegiag paplhie oflowhd hydtogen ridiepls shicrsdn thgylagaing
pressed into a |ayer of resist supplied to the substrate whereupon the
resi st devicuiewnprisgs appl yi ng el ectromagnetic radiation, heat, pressure or a
conbi nati on thereoL.dThe ttFrni&gangice is noved out of the resist

| eavi ng a patt er n® PHIPEHPESEH YHE S EST st is cured. Wile specific

embodi ments of  t he niRUER InQlnhAVS cAiRARVideSE hiyedenbaial sdurcyiwherdiethe flow
appreci ated t hat tlﬁle invention may be practiced otherw se than as

descri baghe iFaraxarpp@yidechie hydrogmt radicalrigw pkeredeterntisedpesition wihigdher
program contai ning one or_ nore sequegces of nachine-ng g?%%e in§£rq§tions
descri biifpgeaphis spparais, #ids 1eRsERATEYJOE Cleging Ay e SOsT % WEWRDATHE g.
sem conduct or nmenor nmagnet.i ¢_or 1.gal cdi e | Bt C It er

o1 ogr amP B » PAG U dodien PR JurrleTri AR, Slti SR

i 11 ustrativer,peiy} iiffokiapBic appitausiabeotliing tdelairappaheasin the reombatatibhed in
the art that nodificatrons may be nmade to the invention as descri bed
W t hout cokffiaiehi i9dest rtmtdle scope of the claims set out below. 25 WHAT IS

AU e M R TICIRGE ) N R TN L T
hydr ogeth saeartgr e e ST Bk T communi cation w th the hydrogen
radi cal 4sour §ge RMAEToBrabhR dpp@¥tus according to any one of the preceding claims, wherein

the material is hydrogen radical resistant.

5. The EUV lithographic apparatus according to any one of the preceding claims, wherein an

etch rate of the material is less than ten times an etch rate of tin at a predetermined hydrogen

radical partial pressure.

6. The EUV lithographic apparatus according to claim 5, wherein an etch rate of 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 any one of the preceding claims, wherein

the optical element is 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 any 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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tube is arranged to provide the hydrogen radical flow at a predeterm ned
position within the |I|ithographic apparatus, and at |east part of the

cl eani ng devi ce exposed to hydrogen radicals conprises a naterial having a
hydr ogen radi cal surface reconbination coefficient < 0.02. 2. The EUV

| i t hographi c apparatus according to claim11l, wherein the reconbination
coefficient is less than 0.01. 3. The EWV lithographic apparatus according
to any ong,otH.ieah ER@aClt adaBBpartwii efediydrogerthdicaldnvbis dae¢ghio@b AT PET ent
is less than 0.001. 4. The EUV |ithographic apparatus according to any one
of the pretedifac olbaiclegncdwherein the material is hydrogen radica

resistant, . ﬁg&%ﬁog}a{.ﬁag [ AR RDRBREINAIRCE NGt isainse Bnguiblo drhe

pr ecedi ng”cl ai rern-an rate of the material is less than ten
times an gLeMag 20 &n Gont thsizfacaofthe dpticel demend thediesgeh  radi cal parti al

pressure. 6. The EUV |ithographic apparatuys accordi I Whesel n
an etch rab.e ofhetiHeéV Hitoarpaip apl?aéat\l%% Orfi'rlilgﬁo (fl\?&}élh?)}v e?erg}ne{shgg%tag%?ﬁéﬁ?ﬁe of tin

at a_predelorp ned, hydr aganekadt GabpRAr ibdbn Rigsdsned. 7. The EUY
li t hogr apift"dpparat us according to any one of the precedjng clai

( ns
wherein  the opidav litlogrmphic apmsiratet ecowizfle or Al RpSIBE IR MO Bf

m nors, normal incidence mrrors, razing.inej ce mnors, collector
mrrors, HidogeEpds ,apﬁaifart‘fsectogl,i’r%?élrf’thl‘f?@g ,O%ﬁlﬁ%&?%‘ge&%ﬁgdes, gratings and

optical sepsorsg e@(W-ﬁﬁ—\%ﬁl%#}}{i_dabﬁﬂﬁl%@d@hﬂdﬁlgappﬂdf(&ﬂthkSpraarﬂdethlahgs,Ndle@hyth@ne of
t he preceding clal s, erein the flow tube is arranged such that an
outl et of clehgng ioneetcobgriscs aphosiitdefillow fubieh a di stance of 50 cm from at

| east part of one_or nore surfaces of tif ' SRR 149 Reneediemped and
wherei n t Hé ZEhﬁfFWhtﬂlPﬁéaP?‘%: aBPar%tﬁ%aéC&O%dEh%ﬁB{B h%?ﬁg?&%east Cpar? of the
hydr ogen gﬂwfﬁ&! c(%l{?(ilﬁé\ésia%[%ﬁ@%tfgﬂl&g at least part of a surface to be

. e E I

cl eaned. I t hogr aphi ¢ apparatus according to claim rein
the di stanae i $heFuslithagraphic Appayatup AEATITR 191 P’éﬂ?? edlg YT "‘21’“%%‘6
optical elenment to be cleangd. ) hibkdnfR @haRNise aPRakatiddrackor di ng
to clai m goWH "r‘é‘i“??r'ﬁ"?eaﬁ?rgﬁtgr?éépﬁngh E‘gf’fg o or less than 10 cm from the

surface ofyf.APhirsRkd 88vaERBIm hathbespedtemte dhlet DI theTlosy BYY | i t hogr aphi ¢
apparatus according to one of the preceding claj grs vvh(ﬁr{ eé' {lmtsh%erei he
i t hogr aphisc apbaFENiheastmbia 2pearans pragrding Pywig el BF Bigsring JaTPces ™5 The

\I,EmU\e/r le: ;h? %f@%vptrl]l‘bg ha%% LrEEactro% s@H5P Elg-éer&g O RDE tRd b ek ec g ticogd abaisadion

close to outlet of the flow tube and the quotient of the first and second cross section is < 1.

16. 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 within the
collector mirror.

17.  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 in a shadow area
of a reflector of the collector mirror.

18.  The EUV lithographic apparatus according to on¢ 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 MIrTor.

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 lcast part of the hydrogen radical flow is directed to at least

part of a space enclosed by two reflectors.
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cl eaning device conprises a plurality of flow tubes. 13. The EW

| it hographi ¢ apparatus according to one of the preceding clains, wherein
the flow tube conprises a plurality of outlets. 14. The EUV |ithographic
apparatus according to one of the preceding clains, wherein the flow tube
conprises a plurality of branch tubes, each branch tube having an outlet,
the branch tubes being arranged downstreamw th respect to the inlet of

the flow pyibe. phEuv RtoEdMhit bifanaisapbirding pparcatf ts rereding Flagns wherde 6f t he
precedi ng clains, wherern the flow tube has a first cross section close to
t he i nl et leaft pahief fhk dlawttulises madabie-second cross section close to outlet of

the flow tube an uotj.en i §9ading RS, $@ekinahe | S <
1. 16. Th%F'EWﬁ?d%%thgﬁﬁp@ggépgggr%%%gorg%%gé %Ii%rr;tgﬂfegﬁone %f t he preclzle i ng

cl ai s, V\/ﬁﬁ[rg'%d’ﬁ i€l sepéd walprisdsaneatt ons hyregsh Ireditabprodiingioutsh §°1gted B8+
part of the flTow tube is arranged within the_ col|e ] LI 7. The EW
li t hogr apﬁiecgr@lﬂpé@apwlaé}éééi?]éie%@“?% BHRERFOR RY %Peer%té%i%dgmé‘%taf%%?&vmg ein

the opti ﬁ?;ngt%% liRefpfi@la [?&%tf?sr ac@bidfrn@to fdofalic pre@ding phirhs, ofheteiner Midnow

tube is a in a shiadow area of a reflector of the col]ector mrror.
18. The ElMeckiitiRarapkilchappaicappsatacadeadi pgtially comeriss appeTigl vEiong
clains, wherein the optical ]gl enent 'gs.atgglzl ector mrror and at | east
part of thedmpeyadigdeuiface HoPRRPRYL LR At Teast  part of the non-reflecting

part of azgef ! iﬁﬁ&ﬂod%r él%i@%lrlloﬁﬁéﬂéleﬁiieﬁtfd?ﬁn ELY. lithheaBidvarpbahieghapkibed
apparatus “according to one of the preceding clains, wherein the optical
el enent | go@p@ghg:ector mrror, the collector mrror conprising a plurality

of reflectors, and. the flow tube is arr ﬁ]ﬁg&g @berd QAL st of
t he hydrogen ra'a’i"lfiéﬂgaf‘le[\ﬁif’\ﬂ}“ﬁ eﬂf’?gk&et%ﬁmtné%gl?g%%a t m%raa?h?’do%ea spacse encl osed
by two r e%@g%{’ﬁu}f@iﬁ cARmuTiBRicEWNH thé IREsgAhidicah xpaceatbgciatiooliai Me iso one

of the preceding clainms, wherein at |east part of the. flaw.tube i .
movabl e. 2#rangideo moVide itertugroaphiadicalfieat dascdsloaningy Py 18 s §F Tiyrographic
precedi ng cl ai ns, reint : jcay b AN doo@Bisata | east
one hydr ogEPTRHE2BA A Barst)’&qfcci’qﬁkbe Cg%ag%ngg@glﬁ g’gjtog ' ?gc#n é;E:%‘lhre gr oupqﬁﬁ‘s an

oscillati [ﬁatfzﬂiﬁhgﬁ@é @@(ﬁ@égrad@am@fa% reotmbRatpaneeficiont <&Hd a hot fil anent.
22. The E i t hographi c apparatus according to one of the preceding

cl ai ms, wher ei pravidingn hydedges dowe s£1e0H8 dEHE: | i t hogr aphi ¢ appar at us at

Feconbl nat| on SSRTITERIroBgRgEl Ml BRY N0 &  fydrogen Tadi cal suriace
providing the hydrogen radical {low at a predetermined position within the lithographic

apparatus.

24.  The method according to claim 23, wherein the cleaning method further comprises:
providing a halogen gas at the predetermined position within the lithographic apparatus.

25, The method according to one of claims 23 and 24, wherein the hydrogen containing gas

compriscs at least one selected from the group of Ha, HD, Dy, 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 fiow 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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23. A nethod for cleaning an optical elenent of an EUV |ithographic
apparatus, the nethod conprising: providing a cleaning device, the

cl eani ng devi ce conprising a hydrogen radical source; and a flow tube in
comuni cation with the hydrogen radi cal source, wherein the flow tube is
arranged to provide the hydrogen radical flow at a predeterm ned position
within the lithographic apparatus, and at |east part of the cleaning

devi ce expos eg)réquiﬁ%gﬁﬁgg Aradig absccmipriiosenbain coppenicationei He RS Er ogen
radi cal surface reconbi nati on coefficient <_O.OZ;ﬁﬁroghfiQ%rgﬁaydrogen flow
to the cledihingudewteesin atdeasepastaf iy APy enePRFdANYFYEW, “ahd provi di ng
t he hydrogen radical .flow at,a : 1 binhith dokfrilient € DO2.
IithograpﬁFHMB§HH§Wﬁ‘ﬂggyﬂﬁ?h*H%&%ggﬁgggggggfgﬁﬁghto claim 23, wherein the
cl eaning method further conprises: providing a halogen gas at the
predeterm ned position within the |ithographic apparatus. 25. The net hod
according to one of clains 23 and 24, wherein the hydrogen contai ni ng gas
conprises at |east one selected fromthe group of H2, HD, D2, HT, DT, and
T2. 26. A cleaning device configured to provide a flow of hydrogen

radi cals, the cleaning device conprising: a hydrogen radical source, and a
flow tube in communication with the hydrogen radical source, wherein at

| east part of the cleaning device exposed to hydrogen radicals conprises a
mat eri al having a hydrogen radical surface reconbination coefficient <
0.02. 27. A nethod of manufacturing a cleaning device configured to provide
a flow of hydrogen radicals, the nmethod conprising; 28 providing a

hydr ogen radi cal source and a flow tube in comunication with the hydrogen
radi cal source, wherein at |east part of the cleaning device exposed to
hydrogen radicals conprises a material having a hydrogen radical surface
reconbi nation coefficient < 0.02. 29 _
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