LI THOGRAPHI C APPPARATUS COVPRI SI NG AN ELECTRI CAL DI SCHARGE GENERATOR AND
METHOD FOR CLEANI NG AN ELEMENT OF A LI THOGRAPHI C APPARATUS BACKGROUND OF
THE INVENTION 1. Field of the invention The present invention relates to a
| i t hogr apDITHOGRARHIE APFPARATUS TOMPHISINEG ARELRETRICATYDISCRAATRG RO

for cleaning an el enent of a |lithographic apparatus, especially a nethod
for cl eani ng GANEBRATORANP:METH@DI @Rt GLEANING AN EhEMBNTORpYar at us.

2. Description of the Related Art A |litho raIphic apparatus is a machine
that applies a desired pattelrulgﬁgwglﬂégfl’r ually onto a target
portion of the substrate. A lithographic apparatus can be used, for
exanple, in the manufacture of integrated circuits (ICs). In that

i nstance, a patterning devBAEKGROURD OF THE eqvENTIONY referred to as a
mask or a reticle, may be used to generate a circuit pattern to be forned
on an i hdiield @fithe inegptionof the IC. This pattern can be transferred onto a
target portign (e.g.. comprisin rt of, one, or several dies) on a
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adj acendledngg®ie op@idré 6ptcdl BRinenBIE ﬂ%lﬁﬁ@ér%bfﬁ@'\?%p&%&er ned. Known

| i t hogr aphi c_apparatus conprise steppers, 1n Ich each target portion is

i rradi ad &seiptionpdtherRelaisdétire pattern onto the target portion at one
time, and sgcapners..in which each target portion is irradiated by scanning
the patter n‘Atﬁl gRhic qPRAFALS;iHH ma Q‘Frﬂ}% a%lﬁtf?\%lﬁs%qdr@@?‘indﬁn?ﬁﬁ%bmé@anni ng"
directi j ’ I Qg ; r le O
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pat t er rinftheomartufiecturp aff ireegrated citenmitsq8CS)OInt thet igsthede! @paitddiink ABVicaHieh ishe
pattern ontQ the substrate. In a |ithographic apparatus, the size of
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| i t hographi c projection apparatus enpl oy Vi 0 genera %d by
mer cur yattempstypicalby vianeragingsnatss laytr dfaadibiensdisiive sederiad (1¢sist) phsvided on
wavel ength radiation, e.g. of around 13 nm Such radiation is terned
ext r enddsubstEals- dn genred gypingle sybstratscwilbgontain adiepwerkiob hdjacant tasges portioms ithag

synohr arEeesti8ATRLAL IO RA0BASEY hpagans pafn e orkeds Bvhieh ezt
radi at ipéftioh s fjaRiated ByexPoBing aHRniHe Wafibin InfS tHHABRY forfod Ak 1L HMF €d

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 to use shorter wavelength
radiation, e.g. of around 13 nm. Such radiation is termed extreme ultraviolet (EUV) or soft x-ray,
and possible sources comprise, for example, laser-produced plasma sources, discharge plasma

sources, or synchrotron radiation from electron storage rings.
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pl asma or a di scharge source. A common feature of any plasnma source is the
production of fast ions and atons, which are expelled fromthe plasma in
all directions. These particles can be damaging to the collector and
condenser m TheGsoarceidf B Varligdnas Biplcallindlpldshnaletircs] fof eXfnple a 14efpioddced
incidence mrrors, with fragile surfaces. This surface is gradually
degr adeplasmaonadistherge] sepeeet A commqmifeaturd ofgny plasmasoprse iy b gsoduepen dffdstf r om
t he plasnma the l.ifetine of the mrrors, i .thus decreased. The
Sput L er PR e, Ut SR el T e Sl ditsPtionso T Rt Pariclss BBPF ect or
The  pUsRRSe oAb thdbctiebiof b cd i1l 3 ufiflayed nfiffbltgd in all
directions bfgthe plgsna s%ﬁ@%%ggﬁghgﬁﬁg%§ |t%%%§g¥%§hgpﬁ%$nﬁ??#ggs in the
i 11 um nahiiogisidehenmiridre, witld fragilcosurfaotd. Thisaurfhce is gosluallpaadadedrdne ¢ ge t o,
and in |ine-of-sight with, the plasma source and therefore receives a_
| ar ge fimpRclpr spagering, of thel pagtidlesompelied fsomdheplamanend the lifesine pithe mérresgds em
are generally da ed to . a sser?ge ree by.sputterjn f.particle
xpe | o0 iRl F Sairiof sBESR pyrtidariE el tsdar 16 e ialletint Theue (o
the preseRe ofihid iRl BBt Bamliof WAAGRERANA in 4AURERIduS BYRAL Shfila CaT DON
cont ai ni ng conpounds) may deposit on optical elenents or other elenents of
t he | i tsoogeaphdirect dptponalswshes tdtfromsdn thd illaméiation kgqiaa) Bhd sdihepo solldceot ion
optical elenments may be undesired since deposition may be detrinmental to
t he optRositiongs vask elose to, amgimvireyofeyightivrth, themlasnensource; and ghergfopereceines 2 he

0 t ho el enent
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i nvention to provide a hogr aphi c "apparatus conprising “an-electrica
di scharsgmegsteat.at or wherein the electrical discharge generator is arranged
to provide _an electrical discharge. According to a first aspect of the

i nventi on alduetndispipisnee aiysmal) amoynss pf ydr Onéacﬁlf@ﬁ?qns(icﬂlypﬁs@g glben and one
. . ‘ . ; _
' ¢ hog o TR ishpciRS Shal dabaltPn S bRy Bl EPlref HEMER i s Bromghifier at or

ar r angeppirttug SRer a8 twalls k. Ekl.ls&idlllysa%boﬁﬁ&p&%ﬂﬁ;al SIBBntS RRS Pel iabdidedaidcadi 0
frequency di scharge. This electrical RF discharge can be used to create
one or dapesifionadickd destmeniahiorthe gpiseépropeitiest ed from the group of a gas
containing nitrogen radicals, a gas containing hydrogen radicals and a gas
contai ning hydrogen and nitrogen radicals; and which radicals can be used

for cleaning one or nore IMF' gmﬁ C apparatus, especially
for cleaning one or nore ogilcafégﬁg%ggygi Accgggwng to anot her aspect of
the inventi fiis an agpedtad thopresdn® aivie AGorOBHrOVIdER LR JEBE Bk nin® hin Blehiehf\W¥gy aphi ¢

apparatus is provided, the method conprising providing a gas containing
lithographic apparatus, especially for cleaning one or more optical elements of the lithographic

apparatus. It is further an aspect of the invention to provide a lithographic apparatus comprising
an electrical discharge generator wherein the electrical discharge generator is arranged to provide
an electrical discharge.

According to a first aspect of the invention a lithographic apparatus is provided
comprising a source and one or more elements, especially one or more optical elements, the
lithographic apparatus further comprising an electrical discharge generator arranged to generate
an electrical discharge, more specifically a radio frequency discharge. This electrical RF
discharge can be used to create one or more radical containing gasses selected from the group of
a gas containing nitrogen radicals, a gas containing hydrogen radicals and a gas containing
hydrogen and nitrogen radicals, and which radicals can be used for cleaning one or more

elements of a lithographic apparatus, especially for cleaning one or more optical elements
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nitrogen; generating nitrogen radicals fromat |east part of the gas,
thereby formng a radical containing gas; providing at |east part of the
radi cal containing gas to the one or nore elenents of the apparatus.
According to yet another aspect of the invention there is provided a nethod
for cleaning one or nore elenments of a |lithographic apparatus, the nethod
conpri si ng pkeweidngity aotws aspeointfahainvgntome wethnd far desineng et drmoore elemegisoup

of nitraqggen, and hydrogen;. generating njtrogen, .radicals or hydrogen

¢ adi cal ¥ FRhOERAS fRR2 %S%Wl@éﬂ@g@%%&?%%ﬂg PIGKIAIAE 3 825GONBANEE of t he
as, t i 00 ] t.ahni 1 oM.di . . [Rart of
Pho. r adtEoiehy gl e Adhatu, RORI A1 heRhe B Spfins SHIGRST |

BRI EF LobRlify b4dNpfdviditiEatDERYHNGST fiehadltdrebhtingfe ddieo tHevmRidr aibr¥klenegw be
descri bed, by way of exanple only, with reference to the acconpanying

schematdf¢hermpaiatiiss i n whi ch correspondi ng reference synmbols indicate
correspondi n ts, and in which: _Figure.l schematically depicts.a .

| i t hogr aphi c’gcﬁ %]zr&‘?gatlolﬁt FAPRS P%tliﬁ VERBOR pfﬁ"‘&tdf%‘mﬁ’\?é o1 dpning; gur e
2 schengbioss j ' ' ' ] j ﬁéﬁt and

proj ect or? ﬂlg{'r)%’?lglg@%t?‘bga?}i‘clt% 0 rh ialtdpﬁl:ﬁ%&glbsgglre %gdda%%rgﬁgg‘ to Fi ggﬁ e 1;

Fi gur e cdntaitignaid srahdry sele@ed fiontthe ifeRdgeand drogeh; PeperbtinEaitrogen

di scharge is inductively generated, Figure 4 schematically depicts an
enbodi Hedicalspchysicogeanadicals pr bethnitepass laad rdrogen radisalsifrany at léas; oA o thegas,

Fi gures, Sa-b.schemati.cal | y depict enbodi nents and yariants of di.scharge
gener a?l&‘?fgby {ogpgléraarg@ﬁ%c%ﬁnggggﬁ,@&% n Wpa%ﬁ¥ﬁﬂeﬂ CHECBRIBAS 8N i gur e
1 scheqﬁgg,&adrlnyorggghfehg@tﬁggﬁiﬁﬁﬁﬁphi c apparatus according to one

enbodi ment of the 1 nvention.” The apparatus conprises an illum nation

system (illumnator) IL configured to condition a radiation beamB (e.qg.

WV radi ation or EUV radi atiog. A sug(sort %re. ._a mask table) 3 Ml is
configured to support aBBIEF EEMGRIPAHINGQF HE&MWS MA and is connected

bovice i alRERHiCt R ERRGP Ao B BFEHEEL Ry Sl e Bt Nt o "
waf er té&blegde Okhé &c@&%ﬁﬁ%ﬁ% 8&hehfatib ‘a}ﬁdﬁg§ﬁmﬂﬁ5@&ﬁ-§$\?c&1§%¥$mf&€§éet%ghﬁ)gﬂt ed

wafer) Wand is connecte 0 a second positioner gure
accur atrsligate goesispiroling peetssarskinrveltich:i n accordance with certain paraneters. A

rojection stem (e.qg.. ) ) )
Prol I? %/gure ﬂc(lxem%tlczﬁly depicts a lithographic apparatus according to an embodiment of

the invention;

Figure 2 schematically depicts a side view of an EUV illumination system and projection
optics of a lithographic apparatus according to Figure 1;

Figure 3 schematically depicts an embodiment wherein an electrical discharge is
inductively generated;

Figure 4 schematically depicts an embodiment wherein an electrical discharge is
capacitively generated;

Figures 5a-b schematically depict embodiments and variants of discharge generators

integrated with a collector mirror.

DETAILED DESCRIPTION
Figure 1 schematically depicts a lithographic apparatus according to one embodiment of
the invention. The apparatus comprises an illumination system (illuminator) IL configured to

condition a radiation beam B (e.g. UV radiation or EUV radiation). A support (e.g. a mask table)
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refractive projection |l ens system) PS is configured to project a pattern
inparted to the radiation beam B by patterning device MA onto a target
portion C (e.g. corrprising part of, one, or nmore dies) of the substrate W
The i || MIT iB 3bnfRrsdi5tsa ﬁg; ﬁt@arm&lg Yeviva(d. g)leﬁnés‘k?M?A ahd BionfcdtedORIIREBENT S,
such as refractive, I ec ive, magnetic, electromagnetic, electrostatic
or ot heposﬂ;opesPMfconﬁgmrcd to amrqbdyn @nsition the pattgmtngrﬂmivimtin eccardemce viith cexain

di rect, shape, aqr control i atign. suppo ort . bears the
wei ght R?Fam%)tﬁré u@éﬁﬁﬁ? bl ek eéNathtalH& Wd isig lagsa‘%sgra@e(eigna |
menner L0atedien ?a)wamc%h@aaml o&Hla S @}W&un@@ﬁgﬂ% Gufg dest on

of the ogr ap |c appar atus, and |ons or ex
whet herpdaitionahe subStratd &t ARbRianee WaK| b@@am §aﬂaﬁﬂe€érs A Broyettibh Bysdiy (¢.enent . The
support can use nechanical, vacuum electrostatic or other clanping
t echni qebsctive ptmb@mﬂmwstegr) WiSrig cordiguesl to Prigeetaymietn mpartod taathe kadiatonor  a
tabl e, n&ﬂg&ﬁg rrg be fixed or rr%v(gbl e as .r.equi reg The sugport
hAttt Y‘F@ H&"OcPeW%?EP?I?OH &1 SSMPHNP HaLt OF Ge, GF For
exarrpl e the projection system Any use of the terns
retlcl%&)wﬂ{?%ﬁ%&%%el n may be considered synonynous with the nore
general ter Mitie ilkirhiRafibM gystay g compiSe VATl typrs bEbHtidal colBpbreals, sikRds her ei n
shoul d be broadly interpreted as referring to any device that can be used |
to i rrparﬁfracalvc,ardﬂeativenrnbmcmlﬁﬁrcqua@mceueh:ctrqstatmormtb@ﬁyls@cxf oplicaduch as to
Create a att rnin a t@g ort substr It shoul d be noted

n,of t
that tH& QP? $ 0T ARSI ﬁﬁr%f:ttﬂsg‘ﬁp%é’éﬁ? r?’ﬂi?“@kactly cor r espond
to the desi rigd sidtpbis te;gebeﬁ Lo itdr e Bhudelifis VRS BBy ukeOT exampl e
if the pattern ccrrprl sphs t|n features or so cal’l assi st

f eat ur guatterniigrierist lity a nidn@ethbt ddpendsropahé ederitatidnhef thapattdrniap dbeiaeNthd ddsign
correspond to a particular functional layer in a device being created in
the t arejéhe lbograpnc amﬁéﬁuasanéﬁmeh@@gkmr@dwh |ﬁ8: foriexample whatheson npithelevi ce

may be t ansm ssive or . teflective. tternln devi ces conpri se
ek, TERETPEARSY & o 5 Vb Svieghaon: T Sinnke et ERUPHLirGIcel RRLRS B e
vel | kenewbsthtit o G HARIMe tRARIGREB hokEh rh c
alternati ngS phasre shift, a%d atqt enuat ed gﬁ?gee %ﬁ%yﬁeagh% I%% abrelaous
hybri d fraasloraytasde,. foﬁexmzierpblﬂch)fnay bpifiagd anmebtde asiequired. aTlieguppom hnys a
matri x arrangenent of small mrrors, each of which can be individually 4
tilted egﬁlr%lglaf the lpé‘ft?réé’cg deicert it drgiredhpRsitiqne forisxarmplervid fespectin thei r ect i ons.

The til r pab kel o9 2« hLat i on_be mvvhl s reflected
by thep?ﬁggcrt%}l &ra% @%&ﬁtﬁe 11""|t3r{)%88t P{)nmgij(s?’ﬁﬁm{}?é’ eﬁ’@?%&‘?{e houl d be

br oadl yyhdyioRs ﬁitﬁ(ﬂh@ﬁxoﬁﬂ RRA RSN Patt@fhgldéPRe Of Proj ection system
conprising refractive, reflective, cat adl optric, magnetic, electromagnetic

and el ect r odhatam “ppttéroblg ®y83te’émzed lmrelmshoudrbhebbmadllyontermetedzaé refasing to any

approprjate_for
PProp device that can be used to impart a radiation beam with a pattern in its cross-section such as to

~ create a pattern in a target portion of the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired pattern in the target portion of the
substrate, for example if the pattern comprises phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will correspond to a particular functional
layer iﬁ a device being created in the target portion, such as an integrated circuit.

The patterning device may be transmissive or reflective. Examples of patterning devices
comprise masks, programmable mirror arrays, and programmable LCD panels. Masks are well
known in lithography, and comprise mask types such as binary, alternating phase-shift, and
attenuated phase-shift, as well as various hybrid mask types. An example of a programmable

mirror array employs a matrix arrangement of small mirrors, each of which can be individually
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t he 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 nmay be considered as synonynous with the nore
gener al il&¥ s0)as RS RIFREL AnThc ik @AdiatioNhARY 18 EEREALBRctibhe BRAMAMFolS Of a
reflective type (e.g. enploying a reflective mask). Alternatively, the
appar at mparteppalterndgh agadintiorsbéags whehtiy péeéted by tlenpiroorinngria. t r ansmni ssi ve
mask). The lithogypaphi ¢ apparatus may be of a type having two (dual stage)
or more s ubsjiheé?@l tRyBIeston systenyr usedbeigin shopld beduRadly interpyeted 35 engempassing

L S BA0H Rl 05 BhA Bl SRy RS P2

or preparatory ‘st’eps _ arr one [ _

nor e otdledirohRbh@f Mdeldabobdtis!shital §fstetsDeS My ombiationthAes R Upréhgy Rt US
may al so be of a type wherein at |east a portion of the substrate may be
cover edhbyxposincqadiatidrebdingjuseds @ fat dthet factorsgiuch ef theatst vean imbezrsion. lguidiat er

so as t fill a space between the projection systemand the substrate. An
i mer sitgﬁu?q li‘i"&"“‘g?' "S?%Bsedéftﬂ%ﬁﬂpi BEPIGCHOB deNST ﬁ?ﬁ&’c‘ééy b censidersdiasogr aphi ¢
appar at q e projection system

| nrer si nog%%g%@@é%og@%ﬁﬁﬂ%@mﬁr% nggg’gtrewfor I ncreasi ng the nuneri cal

aperture of Aylereadpiasd, INSamiatatusliBf h BHTBctilVEMRE 8¢. 8 e mFASyiHg 8 deiRtiPé Masloes
not nean that a structure, such as a substrate, nust be subnerged in
| i qui d,Altarnativglyhthe appartuswaaysbe dfattransmissiveitgpel (o gatmployatgreteanstissivernagskr t i on

e g AR B S PP S5 hhang v R S Bebrore o e
and t he,ijbd ARGLARTY &rrﬁ&%%e?sk‘fébl%ﬁn%ct?%ﬁﬁﬁ@ieﬁst bigtdcfifies ih%radﬁfélg,gm't&lwen

the source "1s an exciner laser. I'n such cases, the source is

consi densyhetwsed or parglés] { orqirepalidtoryl stdpe Gy bl carricdfi balous ofidrd tables dlilebhon 1S
passed fromthe source SOto the illumnator IL with the aid of a beam

del i veroy moye othes tableppredieing used forexppptre, suitable directing nirrors and/ or
a beam expander,. In.other cases the source be an integral part of the
li t hogr aphi ?ﬂaﬁg’ﬁﬁaﬁpﬁéﬁ apPSﬁa%uSéﬁﬁ'nﬂf%b%?féantyPﬁg‘%gﬁm @3@%%*130‘?%@%1&6 | anp. The
S0Ur Ce s§ARny6e vkl By Bduid havih Y% ¥ R EL ALY sS¥Shem
BD if rsequi red,)hﬁ%y be rHegfir ueld ?‘8 gg %E't‘r?\éell al?lﬁé%ﬂ%gﬁggem ’?‘ﬁ% ‘?/a[(?%rtu?r(?%s:t%)or

| L may fitlongpacesletaecratiie psdjectionaysta] and thembbifete. angithmersiont IRfudd oty alo be
distribution of the radiation beam Generally, at |east the outer and/or

i nner PBERIied to sthersraces adherithographicapparatus.donexanmlethstweandhe masinend the

' ) ' Lty. distributii i. il I f th
T s B o Wb Rt b o ot Bk Rinin ot g se
var i ougperfiir6f préfeoteSREetns. SUCh as an integrator and a condenser. The

il lum nator may be used to condition the radiation beam to have a desired
uni formi ty dheitermt ‘engietsjondias tusédharéindoesndt insean that a structure, such as a substrate,

or

must be submerged in liquid, but rather only means that liquid is located between the projection
system and the substrate during exposure.

Referring to Figure 1, the illuminator IL receives radiation from a radiation source SO.
The source and the lithographic apparatus may be separate entities, for example when the source
is an excimer laser. In such cases, the source is not considered to form part of the lithographic
apparatus and the radiation is passed from the source SO to the illuminator IL with the aid of a
beam delivery system comprising, for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of the lithographic apparatus, for
example when the source is a mercury lamp. The source SO and the illuminator IL, together with
the beam delivery system BD if required, may be referred to as a radiation system.

The illuminator IL may comprise an adjuster for adjusting the angular intensity
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cross-section. The radiation beamB is incident on the patterning device
(e.g., mask MA), which is held on the support (e.g., mask table M), and
is patterned by the patterning device. Having traversed the nask MA, the

radi ati : : L.0j | y@?% |l cuses the
beam on?%rlgﬁ?%ﬂr(gg?@%?ﬁﬁog%E%Hg(?eéeﬁ%bgagjgg ?té‘t‘eg&\}\?‘ tgﬁrgﬁgrallcl%gﬁl?he second
posi t i quenmidvilyartbrredas ad &Duted @RS BLinhérd respedtiveldNof the @fltél&ﬁl?’@itfibﬂidiﬁﬁ la@@pil

l'i near encoder or capacitive sensor), the substrate table W' can be noved
accur atmang ofghgjillugdnater qap bgadiustednincidditione the ilumigetor Hlo maysempdse Mariauie pat h
of the radiation l;()eam B. Simlarly, .the first. posjti.oner PM and anot her
posi 11 G ERLPNeryS: SHch B legRlny i o copdimsoT ) Hlgnibaiormak s neediomn w t n
respecteoh@isbh %&%Hﬂtiﬁﬁ F%Jgf, t6 el Jl%'ﬂ'ed RAA a&gldgrlltre]ﬂ% istpflﬁﬁ!?@rpfﬁ%l

retrieval froma nas ary, or during a s neral, novenent of
t he maskodsabtteonMlI may be realized with the aid of a | ong-stroke nodul e
(coarse positioning) and a short-stroke nodule (fine positioning), which

form part ofThesediptionsheapR it ingident onthe pafterningdeyice (mg-emesk MoY), whichdubeldr at e
table WL b [ ' | - st dul e . and .t -strok
roaut e S SpBP R, RS ot B hn 3R BR st B PeisGpind ey e T0Rabe pvepred

st epperihe @Sk MRRAEAdfafoR beAR BREes S gﬁﬁl& ﬁ@%@gﬁ%ﬁgﬁp EVIRONRR S the! © @

short-stroke actuator only, or = nmay beu | Xe substrate W nmay
be al i dead onti agrgen phrtwhi@oftha subsantesWMVitiRe arindd thesesdndipesiddrieg RMemid mar ks
P1, P2. Although the substrate alignment marks as illustrated occupy

dedi catPositipn sepser Bar(egopisintarfeagmetrig dggice.dingarencpder 95 sarasitiyetsgpwn), ther get

portio as_scribe-lane alignpent .narks). Simlarly, in
7 at iR 2 Sl PONOEF SilelFe B8 S B BienE B Ellt sk
al i gnmey pARbR e FRHathm B@M.@Mﬂﬁﬁﬂe e PositiSFer PM Endl SRS MBRIERDMS
could be used in at |east one of the foll Ow ng nodes: 1. In'step node, the
mask t dbBl earie usad ta dneusidly positien thebhask\MAawith tesprict tsthe pathaifithe radiation onar vy,
while an entire pattern | rrpar,tec{ to the radiation heamis projected onto a
t ar get DB ednaltergpechppice]irpigieyal from g magsk dibgar o5 duping 2 sean. rla generple

substr ' ' L7 r | [ect i o.that a
a7 er oo M BT hs Eehflidfien (e U 1ol SO RT O Re a1 2o

of t he pesifiesing)eantiasshdrt!strioké motibie (fihe Posifioding), Wﬁfcﬂ%mp?éﬂt bPthe Girkt RSB a
single_static exposure. 6 2. In scan node, the mask table MI and the
subst r 8Me Simberdy, Wovementefzhe sebstrgtedablo Y6l siay bewkdlized asipgatlengastiakpanddatt t o

dynarn OC3 HEERERE mhe i i 2t 6 e Bt Wt Hesees wiapoen
Lt 8 ol Tl 8 ol N P SR B4 0 G MIBAD, i34 o
node, triag bedixediVaski M@ @i subgratx POy Se hlighed dsing thasktafignie st Marks M1, M2
and substrate alignment marks P1, P2. Although the substrate alignment marks as illustrated
occupy dedicated target portions, they may be located in spaces between target portions (these
are known as scribe-lane alignment marks). Similarly, in situations in which more than one die is
provided on the mask MA, the mask alignment marks may be located between the dies.
The depicted apparatus could be used in at least one of the following modes:
1. In step mode, the mask table MT and the substrate table WT are kept essentially
stationary, while an entire pattern imparted to the radiation beam is projected onto a target
portion C at one time (i.e. a single static exposure). The substrate table WT is then shifted in the
X and/or Y direction so that a different target portion C can be exposed. In step mode, the
maximum size of the exposure field limits the size of the target portion C imaged in a single

static exposure.




t he non-scanning direction) of the target portion in a single dynamc
exposure, whereas the |length of the scanning notion determ nes the height
(in the scanning direction) of the target portion. 3. In another nobde, the
mask tapl e Mh detn KRBE, (BSHANM laBle MTSha thORBEYatO Rbf WA &e sBAS §HBRLSusly
patterning device, and the substrate table WI i s noved or scarined while a
pat t er nwhilerp pattezol impartedeo thediadiation béea s prejepied priotaatdrgenhpartion Cali.get sipgé t i on
C. In this node, generally a pulsed radiation source is enployed and the
pr ogr anEBIEC FEoswEh kg Vﬁé\‘ﬂt}f and dirggtion(of thessubstrage;igblecW Taelative waibpmask/ enent

of the ' e successi ve radiati.on pul ses uring
2 scan, RNMTIG S Gnllledth hE (REERNAHEF SREmEe i/ erd! AL or e
l'i t hogr grpfestibhgystant PHI meSan MbAERETRRINAMP 8zt 6f i REpslawd £&d liRHEERidh (in
programmable mrror array of a type as referred to above. Conbinations

and/ or thampadis¢amningalirertien)aif dvectaces poitioe dn asidgls dyhamaexposieatwhesday tidi f f er ent
nodes of ulsle g&y al so be enpl oyed. Hence, i.n_an enbodi nent according to the
i nvent i SREthof diescaning motior detgimpings,ihg haight dn theseanming direcsion) ofdhairest sour ce,
an ill tjégrggﬁi on system (receiving radiation froma radiation source and)
configured to condition a radiation beam a support configured to support a
patterrm.ng dauhéfer hbée, Bl hesktable MEVS Répt EREAAIGARtioAyafbldiAg hpart the

radi ation beamwith a pattern in its cross-secfion to forma patterned

r adi at i waglemmmablepattasng davice, abd thesubdtiagatabld W is movell or satrstrveltile;a mttern

proj ect.ion systemconfiqured to.project the patferned radiation beamonto a
target ! PF?%?? tﬁ? f%dwog??swﬂ%?@&&doorao eﬁ%&%ipﬁgloa&ﬁeéhlaw@wamﬂb at he

i nventi r y L. 0l ) N LS|

nal ogertroet Ftadhl dhree A0AHG00E A B BioliaiTble BhucriRl EORRIS Judlibady

" ni t r ogedquirsdniifier edch@n@esienosf thg sebstarEiibls WID oftint Be@@€h sucéREiQE rddatDaHEREs OF
en contai ni ng conpound, a hydrogen

gas m xtures conprising at |east a halo

cont ai rfiufge ééﬁfﬁgﬁ' his I@Mg of aperatiog ean b@rﬂagilymﬁmgied tomasidess litkegreptyi thaslutilizeEhe
term"halor en"b{efgtrs.i Pty enbodi nent to aﬁ) | east one or nore eg_el ect ed of
F, O, HEerngble paBpping dcyibe, el RO SAREEPIE TBTOL AITEY BB O 35 FSFTEN AN o
F2, ClZpow 2, 12, HF, HC1, HBr, H, 7 interhal ogen conpounds, for exanple
C1lF3, or other conpounds conprising one or nore selected of F, C, Br and

|. I'n an emifodibiemnionssndial wgationsen the abdveadeséried. mddks of BieZor ehrdlpdiffefentised,
in particular 12. The terns "hydrogen"” and "hydrogen radicals" inply to
conpri Lodeng ysejmyt Asncke emplaged.,  in particular, deuterium Hence, the term

"hyd o ref L ,Si H2 teri,
1 o anarRpgeds ReRBRmR! & uhi R AR R b spetocln b BPwere gac.

apparatus comprising a source, an illumination system (receiving radiation from a radiation

source and) configured to condition a radiation beam; a support configured to support a
patterning device, the patterning device being configured to impart the radiation beam with a
pattern in its cross-section to form a patterned radiation beam; a substrate table configured to
hold a substrate; a projection system configured to project the patterned radiation beam onto a

target portion of the substrate, and a cleaning device according to the invention.

« .. . -
The terms “halogen containing gas” or “gas comprising a halogen”, “hydrogen containing

gas” or “gas comprising halogen”, and “nitrogen containing gas” or “gas comprising nitrogen”

refer to gasses or gas mixtures comprising at least a halogen containing compound, a hydrogen

containing compound and a nitrogen containing compound, respectively.

The term “halogen” refers in an embodiment to at least one or more selected of F, Cl, Br

and I, either as an atom (radical) or as compound, for example F,, Cly, Bry, I, HF, HCI, HBr, HI,




conprises one or nore selected fromthe group of H2, HD, D2, HT, DT, T2. In
a variant, the gas consists of one or nore selected fromthe group of H2,
HD, D2, HT, DT, T2. The term"nitrogen" and "nitrogen radicals" refer in an

embodi NiérhdlgNZofPBulis FSH B ampRSOIFS, lor YBleY cotlsd\ERls chbipriliff BRe orthbleQERBtedand
a "gas containing nitrogen" conprise N2 (dinitrogen) and an N2 contai ni ng

gas. | nofahdilhBr anshib bdamemboditmient aydmlagenpné semotddfdh, Ch, Bronbmey beasedyid , t he
gas consi st lof N2. I n anot her enbodi nent the gas conprises nitrogen
cont ai nP#BU¥dpounds such as NH3, which may al so be used to generate N

radi cal s or ﬁg@gﬁsc-%é,gw%’enb%g({"&hgh% ey ?&dic%ﬁgtiﬂglérntgc@g%d%igﬁg}gir iésolrt}gq?ggiwgﬂ,e or

conprising nitrogen oun ses nitro

nor e seingattRalar dfecrint. ¢leaus) th tebhi®hydibBen d¥AfatninDIgE re N HE 420 co%ﬁsiﬁglo and

NG2. In a further enbodi nent, the gas containing nitrogen conprises or
NH3 or Hopenhdeueman enrtrititmeatiabognecthateaf. di agemhedimeoty s Inekogea cgatmininggasi ni ng

radi cal s" and refers to a S, erein in the _gas hydrogen radjcals or

ni t r oge P HEEPEHILT JRotF é?lﬁ"tﬁg g"oﬁ’r &@FRHP (Lfggaﬂpy ,D%sﬂghﬁg » Tyda a\yarianty thegas

cont ai |4 r f , HT, DT, T2) and
. B ePESE R8N TR R A o Bl o ST D R B 5 e,

respecti vel yThertewn fiditrogenramtieditiopt @ radicath” ¢eteSin A WnbB#mER th XJiab@N atoms
reconbi nati on. The term "hydrogen radical containing gas" refers to a gas

conpr i sesrgetinely.dipaae.rthelterabs Snigogerd andra ‘igas eontaininginitrogenilcompes Nher eof Such
gas may, .. further conprise .ot her conponents l|like H2, etc., which has not
been di@%tE?%Pﬁ@%nrﬁé On??lg%rg&?ﬁ@gﬁ?tgﬁrrﬁ BEfNthE £4% eQmrise Ne @hnsmoren o
term " njati | tiai,ni t . | Sik.° i trogen
Fadi cal SrBGER dOLUER: of AP IR anb i AR EIRAC eod CnbriBEn BRI NG,

whi ch hampootdsisaeinadNEls.owhigh ethyalsoteuse® ogdabneoNraditalh yEHQgERIs atbarIIg. A
hal ogen cont ai ni ng_gas or a hydrogen containing gas or a nitrogen

cont ai fiehgoles embodiment, thegasgomusising nilregsngampauydstaompimises witngan compounds

addi ti C nentsLike.buffer gas C , tc...In

enbodi crégn as c?hgg)?gggé%e%?(gﬁﬁgle%e 5’50%‘?@ 3aﬁg)ﬁ2§?(§ph€%4’$§m ﬁé&@@’b&g?@ n
the t eNw,. &4 Bther C@boAimerAhB8Rs dRRASIE hRFb; i I ni ng
corrpounds2 (t hat r?wray haovem%eposgt ed on e%gﬁngb%fgeéﬁb?iﬁlfzﬁrmr%}%ﬁ?}g

appar at us s Jbh tam ‘pdical abntagliegreas combrisesi“a ghacnaiding rhdicalsit fRSSieRGoaf
plastic tuhes, oil from punps, etc) conprising 8 hydrocarbons. The term
"| ens" 82 1R Hithe gat Bydroggn gdisals e pitioger radicglsarybognere preseetntsuedlyi seh of

ragnet 22 VBF2sPhorlh i os 6 IREATI Tot MR o0 B HeiDoBrnt Shal P e e e
" radi atdspectivalidsingeadtialluB @b RAREH RoRNICAFBERS rédplotiv¥RE fhaf be GbARL @ TRINEL i C
radicals, and due to radical recombination. The term “hydrogen radical containing gas” refers to a
gas comprising hydrogen radicals or deuterium or tritium analogues thereof. Such gas may
further comprise other components like Ha, etc., which has not been dissociated or has
recombined from hydrogen radicals. Likewise, the term “nitrogen radical containing gas” refers
to a gas comprising nitrogen radicals. Such gas may further comprise other components like N,
etc., which has not been dissociated or has recombined from hydrogen radicals.
A halogen containing gas or a hydrogen containing gas or a nitrogen containing gas or the
radical containing gas may further comprise additional components like buffer gasses, such as
Ar, He, etc. In an embodiment, the gasses are used at temperatures up to about 200 °C.
Herein the term “carbon” (C) or “carbon deposition” refer to carbon containing
compounds (that may have deposited on elements of the lithographic apparatus such as optical

elements, for instance due to outgassing of plastic tubes, oil from pumps, etc) comprising
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radi ation, conprising ultraviolet (UV) radiation (e.g. having a wavel ength
? of 365, 248, 193, 157 or 126 nm and extrene ultra-violet (EUV or soft
X-ray) radiation (e.g. having a wavelength in the range of 5-20 nm e.gqg.
13.5 nMydr@arbégs.! as particle beams, such as ion beanms or electron beans.
Gener al I y, radiation having wavel engths between about 780-3000 nm (or

| arger) is Tenanddess?, WRereabé adritex allbivs, I’Ilﬁy&fe&rt@arli}aﬁheadrlc@mbmmbn of

wavel engt hs of apfprOX| mat el y 100-400 nm W¢thin _|ithography, is usually
al so apfripegtypes efipptigahcomnegents, oppipsining sefrastive refiertive, Bgenstic, rpéfrcér@rrgagnetlc

di schar G line 436 n Hline 405 nm and/or I-line 365 nm VW is
Vacuuma%a\?ie(c{r}gséauwt]ﬁﬁlsco%o H}W air) and refers to wavel engt hs of

approxi mately 100-200 nm DU is Deep W, and is usually used in

| i t hogr aphy I 6 Mﬁ% ) 2} [ nun -
248 run. The]fh;g)éer%%n S |F(1n gﬂﬁ ﬁ%ﬁ%{qu??ﬁ%ﬁgﬁéer@?ﬁhgﬁ Hht iec :gonérﬁeaw ng a
wavel errgdiatiom compns1ngugmvnflet (1UoF) radiativml (e.g. bavdhg mmawelleagths. otf665 Adi8al9n with

o LR 0 L L L I 2
Of 5 20 B rafSRFS-20 hn, £.87 13J§ &) MasEHY dsgﬁhﬁ%@&% SlBPl%Stl&{ E@ms%%&%ﬁbﬁal

di scharge generator" and "cleaning meth refer to a device and a nethod
t hat mibgame Generhllynradiatioe having v‘pwdcwhs botweereaticud #8236 ww,(oplexget)ds ng

et . RAP AL A O HEFS 3l ) Vit W elfng bf i TREHGR, )

t he forwnnmqmdgfraﬂm Iit@lﬁﬁs\lauymag@pphealt@aﬁlmelénga{sm}ﬁcm%t%odmby mﬂl y a
conplete or partial renoval undesi red deposition but may also inply a

part offGHcury ﬂ@ahﬁraglamm&bge 436 ra; H- lrr@diﬁ)étnnbmn(im {hing 868 ntys VARV isa¥ 2opum

renovi an| n I ri s reat| ng
Coi ¢ AR bl bh 48 B rs i oy el PP e D PR Ty
in an é)%p(ﬂ]\lmnﬂ ishystiabg asedria ditteogkhdyr themtlélb@gtmiprob&cddﬂﬁixbﬁldr%@Mﬂlke
dep05| ti eI ectrical discharge generatqr as nentioned above is_ an

"addi t |18§a1n sr%élF}gé)erﬁéﬁ Hleddn thepgl undprstands that radiation haviag s@avalpnathde
provi d%earagées&fhﬁfr Qﬁam?lht foyaly, fylag% BRSOV Q%ertimxvaggleh'éﬁ %ancii%f Wig d be

appreci ate e source Nprises a source genera
di schaetjleasspam it in thévenge ef §-20ami. Inlas elinhoaymeg’e e souede S@ [s&lrfangai tal‘generate

addi ti ener at or t he it is additional to a
state mﬁglaif’? 0???4?35?&51%‘?%&1&%5%18@7?‘#35}%@ Ythe el ectrical discharge
gener at or f Dhe #¢8s FéledtHBalRERRSRE cbAYABH 20 ‘bﬁaﬁiﬂ? nthGPIER: B a me%ﬁ% t 0
generate 9 (EWV) radiation for 'use in the |ithographi c apparatus, but

arr angé@ﬂ@ﬁdhﬂi@s?i}’ghme@ in yeleaniag prosessds oteatigredmlove) praviding hytiegent s,

espec, Ao aRh| 62 TRAL r ot RS TR BBR AL A B0, e

el ectrig ﬁiay dm@\keahe Pl Igkea8 10 byl the ARBLGRLSS RMidesd)! HBNQRSL1EAiPLIL AL EorfedRr
di scharge., The el ectrical djscharge
may imply a complete or partial removal of undesired deposition but may also imply a part of a

cleaning process, like a reduction (without substantially removing deposition). Therefore, the
term cleaning also comprises treating (with a gas) in the course of a cleaning of a cleaning
process. Further, in an embodiment hydrogen radicals may nevertheless be used to remove
deposition.

The electrical discharge generator as mentioned above is an “additional” discharge
generator. For instance, the source SO may also provide a discharge, although also other sources
may be used, as should be appreciated. Whether the source SO comprises a source generating a
discharge or not, the electrical discharge generator herein is an additional discharge generator in
the sense that it is additional to a state of the art lithographic apparatus. Further, the electrical

discharge generator for use in the present invention is not arranged or designed to generate
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generator is especially arranged in such a way that an electrical discharge
Is generated within 100 cmor less of an elenent to be cl eaned, such as a
chanber mall gétan optical elenent such as a _collector mrror. In an

V) i

enbodi i ien & se Hethe dfhogrphisapgantisabwis aganged anddesigned seigencaatoay
t hat a”ch?é rh€abarf 8196’1%{9& ?g&n@ﬁﬁﬁc?ﬁelfg]ﬂx xﬂé e B lﬁﬂbr@%%l%iﬁéﬁqa%%g%‘?h

el enent as an t I ca d nore
el ectri arak)rederstcohm@ea dandeatataining i ugedo. dnauehlbadi\tvaeylt thdelectaital
el ectri

di sch rat ed hin 40 cm ss of the elenent. In
yet an @&‘é}ﬁf&'?%%agrr @ﬁffdﬁﬁ%ﬁ an ﬂ’éangp i SS0ERIe @Rﬁ@ﬁ%ﬁggegﬁwﬁwﬁ discharge
arr ange&nkﬁto‘i%& @aWaﬁﬁ@ed ?rps&h%% had an eqléc%‘f HQ@hdr%e Q%g%:ﬁfeﬁ%ﬂqlﬁ o 20

cmor less of the el enent.oin an enb gllman east part a coll or at
| east pamor lgbs of wehduatt itnge plearted, swhmaebambﬂdvallwmaln dphieal @jnad kudhl asrent .
I n thi S:q)

ner of relRophier IR GRS R BRa R HhsePnaminies SEer it Dk ay

el ect r i gl an@l &l @i8chathyl & Fendth©s Rathaeeo &nlb'? s bPthe eRM Rt (ABh 4 al'BptRal
radi cal contai ning gasses selected fromthe group of a gas containing

ni t r ogeakemerd)- dnye a Iaorga@nb%mantnth¢g=lq¢mab@@¢harma®atasoram errmggdsn swhtagvayi ng

hydr og |cals or cl eani ng
one. of B Yl BIMRASR Bt WD G o RS B0 ol IR P! rsbb Pl g
one or emibodingit] thekleetrieatischardogepirbtol Bearta@E#d ini sities fnal ehht Whlelectrith B O

conpri ses embodi nents wherein the at | east part of the (optical) element
i s condlifehasgg 1graerated widhin 29 capen lessf thpeslemant on of an i nductivel y

gener at ed (i? $f PALIENRht, lafle &quﬂ%i’ a(é?f.' gi" Ettdlhé’s‘? Ry 8F £ c%dggﬁﬁv%wﬁ%q% %nt%éc{tt{ed of

generation of an capaciti ve y “generat e Rar ge.
wal | s outh the optseadi ehmept ém thioway,ahé infvertiqgeprevides aflgelwrlRE dibcharpapereeratorlhe

term"” ted wit | so conpri ses enbqdi ment relnfor I nst ance part
of " an oM e ol fisFu g ARG BLoS SHABS0 A PERIS ABFIGR b SRR VNGD
gener atdifdarg® isAlse td dreak oflé éﬁﬂéfegﬁdlcgﬁronta% hBes §efécc{e@qt&ﬁ %hé: é}h{éﬁ Qf dgft C-

may have a support that conprises conducting parts
appr ecicapteiing Hspgenandicalsraigdseontaining hyirogdni redicglaysd & gascandaigiag hgiogeor t o

arrang nd el.ectrod e ect ively. As ment oned
above h%% eﬁ)fﬁlc@ a*sz‘g@wh,r@% ad%?fgrué‘fcg&’ ﬁ%@ & OB 8Pl Jements pa hydr ogen
r adi calhshcfgrapmwapipmﬁ@g@spe@i@m frRidafing dhe oPHlord®ptical diehBati vely or in
addition also be used to generate nitrogen radicals froma nitrogen

cont ai ni ng §&Een tsitermn Tigtperaigdswithhalprecamprises émbbélmntssmeﬂ%mé@ atflea@ppart@ﬂ

el emen | t he
ol cot 1P| Qmdi st Aol T, ORI T oo RGO L PSR R Bl <

ar r angéidclange okeis ugsmleﬂ cbﬂdu@l@ﬁ pladd & tay,(tQURR gédatival of ahlcapacitalely Qé:h‘éiatélfir t

of) a E gh e cont |n| ng gas.and jn another 10 enbodi nent, the el ectrical
di scha é aég"n S0 wel %%r P&Ftrogﬁbaé'd caimpe uiediag plae @rocoglefﬁég%éatmgtand%@scham cal s

from (ghe {e%ﬁs“inté’g}étted With” 218! doffHIEEs SHBYaRh el n8idfh for Slstankfpfkt bHEE H&hent

enbodi ment
of wall is conductlve and can be used as coil or plate for generating an electrical discharge. For

example, reflectors, mirrors etc. may have a support that comprises conducting parts. As should
be appreciated, there are a number of alternative ways to arrange coils or to arrange electrodes
and counter electrodes, respectively.

As mentioned above, the electrical discharge generator may be used to generate hydrogen
radicals from a hydrogen containing gas, but may alternatively or in addition also be used to
generate nitrogen radicals from a nitrogen containing gas, which radicals can be used to clean
surfaces of optical elements from for instance carbon deposition. Hence, in an embodiment the
electrical discharge generator for use in the method of the invention is arranged and designed to

generate hydrogen radicals from (at least part of) a hydrogen containing gas and in another
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el ectrical discharge generator is designed and arranged to generate
hydrogen radicals and nitrogen radicals from (at |east part of) a gas
n.and pitrogen, A feature of nitrogen atons is, connected

containin dr oge

Wit h th%‘flg"‘{} 2 ﬁwie;mca diecharge.gengraiQrs ﬁwgﬁﬁﬁ@de%&ea ith SeneERLe DItFRZEN ¢ hey

cannot , r,@fcak3Plat RAsH latt ofPE Hﬁ%dg@ﬁ @oﬁt&?ﬂ%ﬁsﬂ%tg i%%ﬂﬁﬂéﬂ’éﬂb&%leﬁta%ﬁr s on
st to fo I ch

for instance mrrors, in contr nst ance H at ons,
r el at i velkstries sliscirarpe pateratoeis idhsigndd andlaznpegedan genayte dydrogen madi¢als mlyer (M)

mrrors_.such as. ol | or, mrror. The N .at fornms . stabl e gaseous
Subst artBeEsvadicnhs fom B lravarr! QShnigs Sotaiping RrogmAARIOREE, N203,  N204,
N205, etc.),A\bingd oﬁhiu‘@)}g’eﬂ hOm4S S chiitiebrel WithGh&RRI M e Bl 1atde siBel WRIch rdYAnmipBf
cl eaning of chanber walls after its exposure to atnosphere. Besides, the

ni t r ogeler fstanee thatthay esnnos tor oanget tasilsidpenatrate thrawghhBd (mitfenivwmn lovap layersasfor 5
eV of chem cal. ener er atominstead of 2.25 eV.per atomfor dr,ogen.
ho o r dBARETTORET orfite BpER ARG TR IRy SelR PR Rb et e RE e
whi ch aager aft PRy <RMapO MUl HEN(MDMheeord fudhig WIchliE@sr @firdYl THE Nr#ém dstehsON
chanmber wall. The high dissociation potential of nitrogen may be net by
usi ng aStEtieiEaseoyssybeprogs eﬁmth&a@@n&%@cﬂzjﬁﬂem@wyg , Nr{3tNaghl oQ@ar bon
may be : [’ rradi;calk

vent 10 s iich o it HSPESHn S GRS, AXMERfEBys dpof Bl of bl

ni t r ogewallhi aflenits etposureas etnkosphiere. Basides, therhindigeeatbom i8 agmschtisibhiged” radical

ni troge d, nobl e gas, (for le; 1-30 vol.%of N2 .in Ar, but pure N2
m'ay a? stﬁa aﬂY@&%@&)a@o{g 1t }fﬁ(lseéé Gsxég%BFm% ERergy, o flomyingtead 06225 fé’equaf)omr% be
used t QnRERhEAE fb'sﬁlrt,qul?ﬁy %ﬂﬂ" 1&%&51119%& e cor%%l_gii %gthrlgg 864 ﬁfo@écuh:ls %‘1 are

embodi mént,” pressures of about 01-1 nbar are use
part i alsuppassé to e maintshurcg af ingpuritieis wn AL mitrodgreion dwpbet ahallyTiehighan in an

enbodi nt .range e en about 0.1 d 100% of. t.he tot ressure. In an
enbod mupeinfHEsa et Fito e Be b fof BY i  eiiio-Tedesey BRF) dRgiargmen

r adi calgenératdr.ali&Re it B EaidnBADNEr AR EP By HRRMESSehFAdiBRId 6P AtohR, the FRMRI
oxygen, but. hydrogen radicals can al so be used to renove depositions |ike

Sn’ ( f orofthesipygntion garalse be yegddsiremeye @ygem from a Sn EUV source. Hydrogen
radi cal s ca . ce..oxides |ike Sn-oxj.des to netallic
Cpect o Smy e RSG5 b el SEERH 31 s Do, B o RPER T Bl <
f or m n@f hitchgexnlesd §dblk gasIRbHekamplb: Or30Wiol. Po SANLREANS bl MY nitd) dl&Ese skd)d®
Snl4). Suitable conditi ong f or hydrogen dissociation are known. In an
enbodi REREUrCSClpbout (PQk-l Bard0. In{Ririsg 81y hediserblo asnerate nitragenssediepisdy the 30
vol . % ofdi# gbdbrdibr. TP cRYEEintdh d ] ut
0. 001 nbéy glorbaﬁ O.i-l%%ngg&gﬁéi E%gﬁggguggFgéﬂgééféﬁﬁigi%%é%&iﬁggicals
by t he patdid] pra$surgeofchagay contaniag nitrdgenj espeutallyN£ satlines epfbaidasidt ringdl nbar - 1
bar (1;105 P, re T artial pressure of the gas containin
hydr éggﬁt)NeggB t |1| %?Léls—@g%( ‘Efﬂﬁ%ﬁ%ﬁ‘ldﬁ?ﬁéggi an embodgment, thg N, partial pressurg is at

least 0.001 bar.

Hydrogen radicals can also be used to remove carbon deposition and/or to remove

oxygen, but hydrogen radicals can also be used to remove depositions like Sn (for instance due to

deposition of Sn from a Sn EUV source. Hydrogen radicals can further be used to reduce oxides

like Sn-oxides to metallic species (Sn) which may than subsequently be removed by hydrogen

radicals forming hydrides (like SNHy) and/or with halogens forming halides (like Snly).

Suitable conditions for hydrogen dissociation are known. In an embodiment, a gas

mixture of hydrogen and noble gas (for example: 1-30 vol.% of H; in Ar, but pure H, may also

be used) at pressures of about 0.001 mbar -10 bar (0.1-10° Pa) may be used to generate hydrogen

radicals by the radical generator. In an embodiment, pressures of about 0.01 mbar-1 bar (1-10°

Pa) are used. The partial pressure of the gas containing hydrogen, especially H, (or analogues
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such as D2, HD, etc.), can in an enbodi nent range between about 0.1 and
100% of the total pressure. In an enbodinent, the H2 partial pressure is
at least 0.0 .. Hence, in general pressures of about, 0.001 ar - 10
bar wi | pé%@s@eﬁff), F—Tér)e‘_?aﬁ PR eF’gPBr’Fm“bFaé‘g%_ ptaveen ghaut 9.1y and; 1907 ?fﬁgg’é%adr e, in
di st i anfe@ﬂlré.rIﬁﬁhEﬂ@é&ihﬁht,%@ﬁ??&rﬁal- rEBHRIYat 1E44€01081 ar, €/ €Ct ri cal

di scharge" or "electrical gas d schaprge" I's known and refers to an

el ectri cal dHsudeainggenetal pugsguresrofiaboit260D Igabar —i 10ebar avililbasised. Heingin hettemd i al
appl i ed..t 0 _generat electrical .discharge will in general be found

bet ween prﬁﬁg{ﬁ : rsiﬂéoq%zeﬁ%’\?‘gfswcgﬂn R Presgyy; radicals are
gener ated frHBleid)eheddsn Udbdibca dﬁs@ﬂ%” b RUBNRGY o dsRiidchaige © k%N HARSEIsAL! ¥
at RF frequenci es of about 1-1000 . In avariant, the voltage applied

i s aboutn dlegrisgalischarge threeghearaionized gasRie.di fadmea: ge is obtained at a | ower

orther var; i SRl fitishln B RERE IR QupdfaGhiefCHAr efpbrat b4 58 p g
for i nsitame80 D1 ABEOWAn aenttodithéht Hfe ediMaBCir@ b&fbrated Gond the @Wﬂgb@ﬁdio

~voltage_may be varjed, dependi ng upon the hydrogen or nltro&en or both
hydr ogefiequsaey (i dissharepraspecially atdd fhequeneies ofipboutol-400Q Mitaly a yaantthe

where t 141G ' [ .

o oc) Mg SRl 1603000V (5 AT REIANS: AR R e

f r equenthyt the gulsid E@cﬂisr]]:ﬂlhﬁge dbhn EUV s@d;ﬁee $Or I ?Adft? flhftheﬂ%riaﬂt;i tmméq)uaaily dfithd

as pr re; or. bot nd. N2 and optiona | as pressure). Its

I Pt R sEbargt s Aoyl NIz b opcangt LG ED MEeA L Dl becppwisieg) the

Cener al I | : ' f r
ot anciaukhey 4l VMg iy B Sicloftndhe b BRURIGAAN of HRtdeckor bR Epehy,
at - 10md nigrpgenrpesparaeas wéllias the Got@10aL) pRessure wiexe the eleatripal disdhaspeds toche
frequency a lLarger,pressure: . 1000 V at 10, MHz and power .fl ux - 1 Wen
at % ORI AP 31?091%4 &Rﬁg‘é W&ﬂ?ﬁﬁgﬁggﬁ?ﬁﬂﬁe%@ apR}’Sat"é%el%e HEpetion i ed.
Howev e rpoviehefréftehdyethd NG optishal AEBd R { gk .

di scharpgoe. I;aia‘iln g%og?mnt(% lpom@%gﬁg\(ﬂg& aboutdaé 1%%10%%%%%\%%% may

be app!iodiyH: prche and eptional fikd eatopresstre) hiss ampléndd way varydragehoutd@) datos nay be
used t SRR/ f l.nst ance. Sn _deppsition froma S urce or
car bon%f gégrrprl i%d%%gﬁ%g)roo\é%%%%nﬁéﬁp%o&sq PN Snﬁ‘aﬂc?ﬁﬁ’fgbrérqqﬁg?cé'na@g Saﬁﬂdﬁ}is) si ng of
pl ast i powehd®yr istance, oing\ievol. Yh)d i ae Bt 4 Rl ﬁ%s&u&@? 0alibarbe 106 8at L @Or educe
oxi des, hgr (ilnstanfg‘ﬁbSn-oxi des to Sn, which reduced oxides may then

subseqUi¥iERHd pewer gy BQ1 BY/cry okt srparberlaigratismatien fisangnerand largst iesswairi des
or by habb ¥es.10NLHY IJ.€ | b L, radi cal s. . be used
to renove car bgrll\qgeposp%{‘?%ﬁﬁ%ér Prggw éégl?dudstggﬁqa&%otérlr%ggWéﬁgﬁcﬁg%%O%gg " from
oxygen voligesinmytbearpbli¢c blpvabi, theagkilsadatehmiciddsiomevs Holetol gevieratd aarelgptioal des in

an el og' ment, t he use. oef (p%nd met q,og 1?tf usi ng)_qi trogeg radicals for

" emovi AT-RAERR 2DEPOSTTeah POMER APEisial aaputd R 109 UGS anayite agnbicher

enbodi ment , Hefige, ifhe MdtRdl SF'tRY id¥@Rtidd) By 8 BerPladic@RInad be used to clean surfaces
from for instance Sn deposition from a Sn source or carbon (comprising hydrocarbon) deposition
from for instance outgassing of plastic tubes, etc. However, hydrogen radicals may also be used
to reduce oxides, for instance Sn-oxides to Sn, which reduced oxides may then subsequently be
removed by hydrogen radicals forming volatile Sn-hydrides or by halides, forming volatile Sn-
halides.

Nitrogen radicals may be used to remove carbon deposition or may be used to remove (at
least part) from oxygen left in the lithographic apparatus. Hence, the invention provides in an
embodiment the use of (and a method of using) nitrogen radicals for removing carbon deposition
from optical elements. Likewise, in another embodiment, the invention provides the use of (and a

method of using) nitrogen radicals for removing oxygen from a lithographic apparatus.
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met hod of using) nitrogen radicals for renoving oxygen froma |ithographic
apparatus. 12 Therefore, in an aspect the invention is directed to a nethod
for cleaning one or nore elenents (to be cl eanedzl of a |ithographic

appar at us, tiHereferehisdnespgst thei invention s dirastpddo garethedbfor gleaning one oF HGEN:

aener Sl 0 OSMAS06 F Aor RLBach pa o 9

cont ai NioRGirgAGnitrogér) @eittiny niffdfén radicRIRERING atdtast pert appRrgas, Uberelynfbrining a
anot her gspect, . the inventjon is directed to a nethod for _cleaning one or
mor e el"@%EHcenigininggase ProAieg atdeashpart otbg Fadinal eonipivingas 40 theie RBIRER
conpri . e group
of i t 1t ke R EERMP LR Blerfih g SERE! €2 pEGM KR

r adi calcdeaningtymt lor motre elgmentarfc beydeangdof arlahograplic dpparatas, theasthogpart of t he
gas, therehy. form'.ﬁrl}g a radical . containi ngﬁ:ggcs;de&rov' din a% ] east art of
the radCBREFSRERIYIHARE sg8contyningong REmOFe frlfcied SRdbR 808P Of HUORF At us.
These 15aRodhRALGHRS nfifdgeBINAR &fhgﬁ%%eﬁ PR c_s}rboﬂ@ﬂiu%gerpﬁ{dfr&rd ni N the
| i t hographic apparatus ccording to the invention. Yet, in an enbodi nent,
t he gagadreals framtdtdeastarpefi tbegas, thetabydormiag amaditdl neeinipgas; promidirgatti¢ast
enbodi nent ...t he.one or.nore el nts are cl eane r ovi di a hydrogen
ol calPoR Ol edAHRR OB Sesie ThR g TP GG ER e BB Fent |y
provi diehfbodiniénts SFIBNmeBdd G khe a0 RNh MdYbedRsfotfed HEthe TehdgfaphRy HHperafi¥ENt S.

I n yet another enbodinent, the one or nore elenents are cleanéd by -
provi diageprding seitheanvesgigrai ni ng gas contai ning radicals selected fromthe

group of hy n_radi d nitro radicals.tp the one..or re
O omonts and L bABREMCR. HCA MR AR A rhPebiins Buhe Bl 1n o o
nmor e elagomat nboddmentdihe @nt or ete caatdis areadd@ed bpbrdviding Bhediogemradidab
i nvention js directed to a nethod for_ cleaning one or npre elenents (to be

cl eanedPUBMIng §as g Higons 19F rosp plgmariggnd sbseqrontp arqidisapmitsrssy Henli ding a
9as  Conbah MY HARE or %‘?@él@hﬁﬂﬂ. Fi¥§’ét%ﬂ§t§{e{ afb&fhEnt {h%%gbr higst part
of the gas, thereby formng a radical tontaining gas; providing at |east
part ofelenfeatsrancltleaied bygmowdingragadiasl dontaiing gavecontaimng eadidabnsebdcteddtor e

apparatus. Thi s net had be perfor.ned i t he |ithqgraphic apparatus of
the T nebPo Ry BEn rrdicnbcrgmiesReniraRigals foghe PRS Srmate SSTBENT A tUDRSERIR) | y
sui t ablpgovidihg & h&RBEEbrRAIRIng gas HE ofid SIBbicIGREAEt €d from the group of a
-mrror, a grating, a reticle, a sensor, a support, a |ithographic

appar at us chAgedsdmgde yetanothehaspeatifitee mperticnt the itodwtion éy Jirasteld|to almethod for

enbodi nent. he nmet hod i Lied for.cl.eani ng. one or re gptjcal

el errenfrg% ?&\i}\ﬁf’}é “opticc: ?m%rﬁsé_ﬁgﬁ’? §E3?°éﬁ Ogéhlﬁwﬁ%%w{aﬁ‘&?g\ﬁdﬁ%g@ nul til ayer
M 1 r or SompNiA@proitindle paeontainifg Bydropée igBkkritiy n rBdic419 Frdm £ WdsEFdrOr
mrrors, reticles, filters, apertures, masking bl ades, gratings and optical

D

sensor of the gas, thereby forming a radical containing gas; providing at least part of the radical

containing gas to the one or more elements of the apparatus. This method may be performed in
the lithographic apparatus of the invention.

The method of the invention is in an embodiment especially suitable for cleaning one or
more elements selected from the group of a mirror, a grating, a reticle, a sensor, a support, a
lithographic apparatus chamber and a lithographic apparatus (chamber) wall. In an embodiment,
the method is applied for cleaning one or more optical elements, which optical elements are
selected from the group of multilayer mirrors, normal incidence mirrors, grazing incidence
mirrors, collector mirrors, reticles, filters, apertures, masking blades, gratings and optical sensors.

Referring to Fig. 2, this figure shows the projection apparatus 1 in more detail,
comprising a radiation system 42, an illumination optics unit 44, and the projection system PS.

The radiation system 42 comprises the radiation source SO which may be formed by a discharge
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Referring to Fig. 2, this figure shows the projection apparatus 1 in nore
detail, conprising a radiation system42, an illumnation optics unit 44,

and the projection systemPS. The_ radiation system 42 conprises the
radi at | R3psmh B eradiation may heagfodyised By meds By vaposi ferpemple Xe gas, &4 yapormpdn

radi ati B BYviReh PYATHOEHlalMa & @8R Plo HAPHdiatioR’ Carlde F85: L1 vapor
| ot p ted to emet Fadi

or Sri apor 1 n which a very asna 1's crea ation in
t he EUClectromagndtictspectnah. eferversalytgldsmadpehtedrvy ciisng/ &t yt 1bast patiayrivnizd
created.b ausi ng an_at | east

artiall i.oni zed lasma b for e | e,
an el edl? Y; [rexpmplgean ?Jﬁ?t_f‘FaalEhSﬁ%%@E rasdalgrressprgs ggg%rrﬁﬂ‘ﬁ@?{’_lelé&}gé Og%r‘%)(e,
Li, SN vampvager ofiYy Gthiekitsblk tgésb&evagaﬁmai;rbx ?&@gxgm el?ﬁciérﬁ%!h%ﬁﬁoﬁ 6f the

on. The radiati e

efficient generation of the radiat on emt y radiation
sour ce ratinfen. ghs sastiationemitted byraditioh amiwee SO7is ipassed framcosdueet ahambheadbito 48

via a gasbarri.er .or contam nant trap . 49. which | 0osi.tioned L n or, behind
an ope?ﬁ ci?&e‘%ﬂr “st@ﬂ’rb%‘lg lititie: %ﬂ‘:fl.er ?ﬁ%é)n@%[gl ﬁ'tfarpe‘ifﬂg‘c oéﬁ’rﬂS‘F‘i!] é‘borabegﬁgn nel
st r uct Wheperig i Quk@EhambeNPITIRE gdSbAABPA9 HBF cOmpASH AéHafRelGBLE@REL OF S0

whi ch may be forned % a grazing incidence collector. Radiation collector

50 has an updercedeptorahpmbeids eomprises aradidtipn cdlectomFiwhich avaydierfermed by at i on

.1 . S| .de. ) i at . d. b | 50 b | ff
= or at 19 G R olTPRLP RaBBRRARE P A0TR bR SR EpleBlos it 08 .
~an apenrhdadowhstidag radltibe coctarRateP0b. Ridiafisopassad byesilleétor habiiEbe Aflectad beam

of radiagtion 56 is reflected in illumnation optics unit 44 via nornal

i nci derddie? FatneHesrdl fHier 58 4o bytasusediia pivirteal spurraBRint Hodfianiappwercdn theet i cl e
or mas qn

ot o] cct P hRir b s Bkl DR NRAIMAZ, 455 o hPAHEE Mol 463 [AIRERH o o,
subst r aleninatidreoptiEs uMb Hé vieemehinsidehare fbavns 53p§4 getoarretidly obmagk esent i n

i |1 um nat.j.on optics unit 44 rojecti system PS, t.ing spectral
filter P%#lm ‘E’ﬁﬂ’@ﬁ 8F Wslb@b%ﬂgggﬁtﬁaﬂa@ﬁg Eefmﬂa7 &bﬁw%@% g 1pgaged in
l'i thog 'i)ﬁﬁé'ﬂti@)n@??@nﬁqistkﬁa rdflCtiNEslembRAE 5 S %tp%va@rsﬁgggf %L?{iﬁatgrtﬁﬁg'WT.tM%

those shown in"the Figures, for exanple there may nore reflective
el emrenelsmgnisdean showarmasgensilly Regiresentan illurninaticn optics 3@t ent povjectioRef er ence

nb bRdkcat t .1 flect ,_e.0g. bet
ror | ocPbTan P GERE ag uaRAE S Picnafte hE preSiRseicHenGd ot Wi RF opt i cal
el enentithog@phithpphiraius. Filitthes Gh@8Riaybe rilbrd\hifdrpredent thak FRREKHRAL in tBE €

vul nerabl e to deposition of contam nants produced by source SO, for
exanpl E18uLss, {or examplg thsse max he d 4 mere refingtivej cleménss presaat then 58h89. Radiatiohon

Il i ti tral filter 51  Hence,
Cleotr o S0 kovpER SRR nbfer P iydlEhs P Eft b Mo et Fbea | n

nor e dbétaeén kefecinds I@yankdd48sed to cl ean one or nore of these optical

el ements as ﬁ\el l. alls t he cl eaning nethod of the present invention nay be
appl i ed to {H§etical slsmenty shawaip kigyre 3 (andgpsigaliclementsmat shown dethescheatatisct or s

53, S4d@fhg GthB ehibb ik ROV SIneBbled d8bosition of contaminants produced by source

SO, for example, Sn or to carbon deposition. This is the case for the radiation collector 50 and, if
present, the grating spectral filter 51. Hence, an electrical discharge generator (depicted in
Figures 3-5, and described in more detail below) may be used to clean one 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 5 8,59 or
other optical elements, for example additional mirrors, gratings, etc. However, the electrical
discharge generator may also be used to clean one or more walls (internal walls) of radiation
system 42 (not comprising source chamber 47), collector chamber 48, illumination optics unit 44
(IL) and projection system PS, or other elements present in these chambers.

Radiation collector 50 may be a grazing incidence collector. The collector 50 is aligned
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ot her optical elenents, for exanple additional mrrors, gratings, etc.
However, the electrical discharge generator nay al so be used to cl ean one

or nore walls (internal_ walls) of radjation qustem 42 (not conprising
sour ce BRBEBPPUCH) axig By Thecoprceihpmart impge thareafrs leseted an optiead exisi- tTh&4 (IL)

and_pr o}k @ol?e)é?&r%g'd-&%ico rﬁE ekl € TR 93] @S g&&xe {ﬁ@f gre%ﬂ% At ‘? ect or

Radi ation co I ector grazi ng r’nci ence co
50 i s ashenEikse iﬁﬂeatom”lgﬁlhﬂ%),ﬂt%cmdy laxnesteﬁ and hetatienailg eyxﬁﬁemic aout ﬁ;ﬁgﬁl axis

t her eof i oca donotlc xi s.O. The adi ation col |l ector 50
conpri s& ﬁ‘e‘#‘g‘g&?&‘%wﬂé er fies) 9@&@{%@@%@{@1@#@% bygrefeagnca qumbte | |

These refdl %ir@érﬁleéﬂi% reﬁégtor 1%41@&15@&@ ré?&%{lf'eqla r 193, 8hHQ ?%’u{e}‘ I fgic

about optrcal axis O. Figure 2 (as we s 1 n other figures), an inner
r ef | ect indicpisd b mfcmneejmbyb&relﬂérmamdmqueollecMZO earlosestacrentatti ‘ateme,dfl thet or

d d f t fl ect t ed
by rof eTaEE i EF StiFrTeRiansnife, LuTeoF Rt Skl puebidectauiqbn ™ ©
vol une, citcutiferbtgallyRsedBaliioh gt ﬁnélhgpéﬂmg@ mdyedd f6det. (A1) thH@ﬂeck&y P43 M43 6hA S

vol ume within outér refl ector(s) is circunferentially closed, although
snal | oH&ﬂOﬁ@glswy ases pf whichat leﬁstlpatti@emtpels‘tswpﬂﬁ@vgmer on3 namber af seflective

conpri | art rise aref eC|veIa r or a
unper BrAEHREETr o152, 3 n 136 BBl BB s brisit Bt SamPHE

refl ect}mmn)rrazymp@semt @esaenpazwuﬁlgaé@ forqefédting dnd b@lle%nﬂg EUOOHAIAtiD8 fiddm é&@&t
part de S5| gned for reflecting and collecting EUV radiation from source SO,

and at Y@z8d aplsast nart of the releqtercmay nofdie 4%1@11% oy seflegting andeollestingBUVng and
Il ect t t f
coL ! ectnaiifhor AL Pl AR lor GANLRH ) nf3E OB EHPC ©

r adi at ireflectipend evlieeting EXIV rad;atlahs”ﬂadalattaqiaktﬁﬂa)bﬂ@d(bescaikd b@:k §1ﬂe Orsﬂnef ace of
these reflective |ayers, there may in dition beaca for instance
Ru) forsurfjf) it éléefs%%%t‘}?lv"a?yﬁrﬁt &“E’&I ‘%{‘l‘}f I additiondgiafag | @f‘?f r PIE ge Worof the
sur f acgy@tctidiorag bt | f‘i‘t@r ;%@Vﬁ%& on Ihl?:aﬁ%‘Qh%tf't}férku?f%é @ﬁh@ Fehfégtd/eslagéi’s'al Iy
placed in the vicinity of the source SO or an inmge of e sourte SO Each
refl ector 14he l‘mmnlw@em;/ﬂbtsm;mlbeplmedl in st vicindy afijhecentce IS€f dreat iimage of

surfac ect | S S rther fr.omthe source SO heing placed
at srraﬁﬁesroglg%gq éatc% rtffﬂe&torﬁé%,laﬁé I%éiﬁn@yﬁo?lﬂaf‘f’ ?th%am?@f‘? eEpHIgiediBace t hat
I's cl ogaffades, thoiRROCArfaCes fufthéfrém WH/soufceB@ BERY pldcBE bR EMILA6 TR 50
is confi gured for generating a beamof (E)UV radi atpl on propagating al ong

t he optoPHeal axizQsthan the reflegiing surface thet is glogerdo m:so{qecerﬂ(adedhls Wast agrariak| y

opt 1 call eRRE IR 3 SEHATRARLIE) bl g AR O XERIR GR Pt b B

have f dhet dpeucalfaexai Qr Asleast tivb eeflxtoes mal bs lptafcedl ﬁ;b@fanﬁ&lbeéoak&ﬂlbf%ﬁﬂ @kteAdt6 or
further ?atgﬁes arou d outer Lig}flector 146, for exanmple a protectlve
hol der Substant %Wtatl&ne Y BYIPmegicabeut the ontigal a¥is b Heshgpldtheappreciatedthe and

i nner  34@diibA3ol1EdbeR) ﬂ%g%\gaﬁ?ﬁg% f%#tﬁ%rs] ,oﬁ'?% rQ&‘erL Uﬁ[&f%a dceépcﬁﬁér%ﬁé/ctcﬁq Aehgn a

Sn source SO is used exanple
further features around outer reflector 146, for example a protective holder, a heater, etc.

During use, on one or more of the outer 146 and inner 142/143 reflector(s) deposition
may be found, especially Sn when a Sn source SO is used. Deposition of Sn, for example due to a.
Sn source, may, after a few mono-layers, be detrimental to reflection of the radiation collector 50
or other optical elements, which may necessitate 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. Further, as

mentioned above alternatively or in addition, also carbon deposition (comprising hydrocarbons)

may be found.
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Sn source, may, after a few nono-layers, be detrinental to reflection of
the radiation collector 50 or other optical elenents, which may

necessitate the c|eaning of such optical elenents. Detrinmental herein
refers to recdeROSTHON, esRECIpIL: deRopitiopePBPEIFing S, BaY baFgrovedfin gk emhedinghrt Bt es

of the g t S flesd . l.ect)
B e e T S
desi gnenidicalssasie yetod fulther éembodiment Bncomtiinatiohs sEhgirogerrtadichis and ase or more
ment i onec} above_ al tehg(ﬁt.i v?l or_in addition, also_carbon depositjon

( conpr | B0gs R FRhEr ARl simultaggously qr sibssauently infass thewmis adepesifion wifh e-g.
eposi t §9MuE QMhE I;ﬂls&g:e%i smmxax&%nfsedmﬁﬁgeg, glﬁgwﬁrmgnfﬁﬁs bRY, sc{%&?e' G gn( as

gasses), for exanple, F2, Cl2, Br2 an , I'n anot her enbo y
hydr ogegkide. doirembys Smoxides; ayreduction step ey temsoatsarg efdry eleorebtah 8t cambe of
hydrogen radical s and.one a r.e hal ns, either.applied sinultaneously
or subsrga\f?gﬁci A0 oggg‘étﬁtvﬂg‘rgg?lggeél %i‘é%ggl?etﬁ"b‘ﬂawnt‘?ﬂ@? CILAEH OT A t o t he
pr esencamidifomibly aaeRevilorUhe RUNGADxidGHIEhYMrbsentaliRhisbyahs RriagtidPofS OMe
extent Sn oxide. To renobve Sn oxides, a reduction step may be necessary

bef or e Widgidesnt al Sn can be renpved in an enbodi nent with a hal ogen gas by

the formati | ' L.in.an  epbodineat by, a r val of.. the
Feduced oxi daU ST AGER IS ulh ol Roffls oFBR BbMlons Hefed SRR BichR S

Ni t r ogeritrogeti raditsls sBYothydopen had higdpsteradRbROMay 8PS éhbedimeiEitGRovilddioogen
radicals or nitrogen radicals or both hydrogen and nitrogen radicals, my

in an eitiash naeRf asariaecodd collgctopminser J0e ant Ippst parbetl aswihcr 4 ke dpaned of ethenr
mrror éﬂticg le @ﬁerﬁ?%ﬁfzh E’tﬁ'ﬁceﬁagreae.%s. ;t:ﬁeef %38 r%@ %ﬁggg{xﬁ’g&g%f ?Jﬂegfopse¥42 { ‘Iiédc(fal )

1
el enent’s. ch surfaces are e.qg. surtfaces of re ors
142, 1436awldch hdp bavbomthmimayedowritle deyioaition dike Sn\and € atethe fitérinalsukfades oBn and C

the int f mb 42, 48, 44 (IL) and PS. The term
" pr ess FEMBTR 3?’ Hgalitieng tPﬁé?E? ?%E‘Pfqéiémﬁ Fbug pnecially Eciia Msgresshiedn her
vol une ahmb&oriofel domthel dT0t inbHAK BP htfg)gga?gﬁ:{a?bhﬁt e IARIG &R e 1O De

cleaned is situated. For instance it the illumnation optics IL
or to clranebissitugted. £r instance itiryfersrtd tRS]lunination phtcpl esrstu chambgre 42,648¢ 441

Wi t hin I or. myror 50. Figure .3 .schenntjcal.l pi cts an enbodi nment
wher ei rgﬁ‘gr?k1 g‘lﬁgt{;rrtloé i PGP SEhENS eﬁ_l%ed W‘ﬁﬁ%ﬁ&?ﬁ?@?ﬂéﬁg&a; ed (el ements
i nplicit toFiduee ®peteatatiosllyodepidts hinebbdit@nOhRGtiniagdecHit DRERIRge isSUCh as a
vol t age (gjgur ce, have not been included in this schematic drawi ng). A
chanbetnd¥gBvslY: gengmoh (clepentnimplicit o the epsration of B inshustive eleettintlalischarge, 48, 44
(I'L) anRgiPea v L.yve [ . r.conprises. an. optjcal .el nt 100.
In this scaﬁél rm(.)?tlﬁ ggﬁug%\én’ ir%‘,’e %mr%g%hr lélr%fagg@glrtg isggerﬁlaélc dd Vﬁfncgﬁ)‘é% cgasmbc?ﬁre‘ H@éﬁ
el emensh@vd whidhi mhy &spettarlelbe one pf elsitiess 42)W8044 (ThpamPP$ GatpeliIg Rilich
mentiongd above. A flow. of gas 155 containing for 1nstance hydrogen or
ni‘trog& ber Gemprises an optical element 100. In this schematic drawing, a mirror or grating is
- depicted as optical element 100, which especially represents any of the optical elements

mentioned above. A flow of gas 155 containing for instance hydrogen or nitrogen or both

hydrogen and nitrogen is provided to this chamber. At least part of the gas 155 is subjected to an

electrical discharge which is generated by an electrical discharge generator 200. In this

embodiment, the electrical discharge generator 200 generates an inductive discharge by using a

coil or coils 210. In an embodiment, the electrical discharge generator 200 is arranged to generate

a RF inductive discharge. Hence, the gas after the electrical discharge generator 200 is a gas 165

containing radicals. This gas 165 containing radicals can be used to clean walls of chamber 300

and/or to clean optical element 100, or other elements as mentioned above, but not depicted in

this schematic drawing. In an embodiment, an exhaust 22 may be present, for removal of formed

products 170, which may for instance comprise hydrides (in case a hydrogen containing gas is
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hydrogen and nitrogen is provided to this chanber. At |east part of the gas
155 is subjected to an electrical discharge which is generated by an

el ectrical_discharge generat or 200. In this enbodinment, the electrical

di schar wedydalidesireaspiplisien arearsed), nitrides dincaess e niogen aerjainkg gas isused) orcoj |

or coi 'émft(})lg%ueohgr Pt emgg%agof ﬁﬁ‘@as@ &ﬁfnﬁh&?ﬁs o‘}'t\% %?h%?%gﬂ%%ﬁ Qgsgé 580 IS

arr ange Ive ar ge er the

el ect r i asel. Aftachisgsydgesnaradioal adbdr lnﬁro@ega@héhBEIeamﬁgbatreatﬁgnf adlhlogés. This
gas 165 contalnln radi cal s can be used to clean walls of chanber 300
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but. not. depi e oo M OATRL eafloBth AT whLR R SERRHATE bl exhaust.
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i nst anC@nhyld:s agepacttrverdlidhagerbyarsnigamhrgh& dﬁxﬁe@;&ﬂZﬁhdndlM?( Qgc¢hnasichafpedplacsd to
this | east part of .the gas 155 is subjected to an electrical

{
di sc haraé, %lﬁﬁpLategéWéf %l?%@%pmedﬁﬂéaf &@fls; which padtars cgadusing e schpdaes | n
hi
this _erg?é’gfté?ﬂéd withSu Fafid)! ' g%lagéyll%f; gaarc&@}cg?ﬁh‘%r g,g‘g%.r eélﬁ%grzlggﬁéﬁaé (?gis char ged

capaci tive di scharge by usi'ng charged surfaces
pl at es, creagdd tetwgsn aspasihofidoatlestorseyhaagesicsucfacesror péatq:saartelem’trodesl) I'Bhesedwocplaear t s

duct h plat t d with A
cpac; UBieRS S disites) retronutsaen ot PR eRIEieT o $elErc. Hircth b
bet weenergh Gthte” Rius6d ML GEA Splaeh alg eters 6 t&ﬁ&%dpéle&k&ke or (b'h?]%le §dutRess) -

These two plates (surfaces or electrodes) are conductive a dre separated
by an ilhssa plates onyuriapes 24t andR222t4ee eleetrically insudatad fiohmtash otteramddre WSed as er m

of it os 5P radk i lsh el e SR BbGRLERT R iy P e SE R0 of o

and ar errangd tagencedte RIOCkpasdititte ARURMres. FRINES (et affeP RN 1 ARANHREREge t he
el ectrical discharge ?enerator 200 is arranged to generate a RF ca acitive

di schaBgeeratopeibis agqe T sontpining rerisals| Bt 23sdb contritag tlicalfesanbased 200 i s
a gas tRan GRNL 8 HaRfbef 368 &/t to LMafi oS LRMHPTOR P LY LRMERLS nEARoRg used

above, but not depicted in this schematic drawing. In an embodiment, an exhaust 22 may be
present, for removal of formed products 170, which may for instance comprise hydrides (in case
a hydrogen containing gas is used), halides (in case halides are used), nitrides (in case a nitrogen
containing gas is used) or combinations of two or more thereof, in case combinations of two or
more of such gasses are used. After a first hydrogen radical and/or nitrogen radical cleaning or
treatment, a halogen cleaning may follow.

Herein, the charged surfaces, plates or objects 221 and 222 which are used as electrode
and counter electrode are further indicated as “plates”. These plates 221 and 222 are arranged to
generate a capacitively induced discharge between them, especially a RF discharge. In an

embodiment, plates or objects 221 and 222 may be covered with an isolator top layer to prevent
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cl ean walls of chanber 300 and/or to clean optical elenent 100, or other
el enrents as nentioned above, but not depi cted in this schematic draw ng.

In an enbodi ment, an exhaust 22 may present, for renoval of forned
pr oduc talectpgrosipn efftherejedtiore(sh éh@@hyedlmnphmg er prgHentngdhy generaiion ofa hydr ogen

cont ai erH loggﬁmpﬁnﬂéeﬂ)the f}%agg@svoﬁwe case halides are used), nitrides (in
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en 0
count er e zgor I nstance plates or objects 221 and 222 (and 240,

vi de i nf ra) Hemg acmhrslngaas aeageassfalicihvedng ety ik pas/ided a itheghpid apparatus
counter el ectrode (also indicated as plates or objects 221 and 222 (and
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such that the ra s can to treat” a s ace o to be
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especially a radi o frequency discharge. In an enbodi nment, the electrical
di schargEaigingeesi 6F coltides wi éth¢ surépsd of)dhe element o bereléandd iy map fordnstance

Th t ch t 20
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This means that the hydrogen radicals are generated at a distance of 1 m or less from (the surface
of) the element to be cleaned. Hence, discharge generator 200 is arrangéd to enable treatment or
cleaning of an element, especially an optical element, to be treated or cleaned by the radicals,
generated by discharge generator 200 from gas 155 (especially Ha, N; or both N, and Hy,
although for instance also in addition to N, or instead of N, NH; may be applied)

Figure 5a schematically depicts an embodiment and variants of discharge generators 200
integrated with a collector mirror 50. Here, the lithographic apparatus 1 (not depicted, but see for
instance Figure 2) comprises collector 50 mirror, wherein the collector mirror 50 comprises a
number of reflectors 142, 143, 146, and wherein the electrical discharge generator 200 is
integrated with the collector mirror 50 and arranged to generate one or more discharges 230

between at least two reflectors. The electrical discharge(s) 230 are schematically depicted as
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mor |ess and the use of gas flow Hence, in an enbodi nent, discharge
generator 200 is arranged to generate an electrical discharge at a
distance of 1 neter or less fromthe elenment to be_cleaned. _This nmeans
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nerator 200. _In enbodi nent, the |jthographic apparatus ot, shown,

but seéX‘IS(Si SF%@ME?SCOW%@C?} MOBFHPIWISENg Blates £ 3% (ste ), @eﬂwaﬁé % the

col | ectofdudting Platedth £ RMRE(S SR @&ﬁld%ﬁrlfga}slste &%%ﬁckﬁl%_eﬁéﬂt&xsarg iBlateedincoi |

may at |east partially surround a retlector. nce, discharge generator
200 corphi ather. Sehematicatty;, enlyowdwondwming pildtes 221Gnd AR ate depictéd wisedare o

' t] t di sch . .l n the other. enbodi nent,
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and wherein the reflectors , etc.) (rotationally symetric
about @isehaseg, espegially betveesa twp srflestory. A owpbérsd oppesiterof gasheotberrtrogechg pl at es

221, i h conduct.in | at n.a reflector and a
f:o nd ucg(lgrﬁiél Q%ﬁé?%?e% ﬁfﬂaﬂ%]&gc é‘% f ‘L’rlggefaf %%?ge Oildbsgﬁl%g Safsé)g)ef‘?’ o twé’a??ﬁcmthe_r .
Schenatefieaolsy In antbédiment) tdusdiopen ph@beRitrdddn edithigidg gas 55 embsifRgh sidbi ch
are arranged on adjacent reflectgors 146 and 143. However, each refl ector
may cogr@? adg’évnéﬁﬁ%r Lerdheopeanigicollegiormiras tatds mepdamotaop sawse S& e

ar r anggge hiko BEudS5 Undl Ao Wittt fheLofBREESG infie direction of source SO. Gas with

hydrides and/or nitrides 170 exits then at opening 50a, most close to source SO. In an

embodiment, coils 210 are integrated with one or more reflectors (142, 143, 146, etc.), in order to
avoid reflection losses. In yet another embodiment, coils 210 are arranged on one or more
reflectors (142, 143, 146, etc.) at positions with no direct radiation of source SO (shadow), for
instance coils 210. This may for instance be in Figure 5a just right of the edge in the reflectors.

In a further embodiment, referring to Figure 5b, an electrical discharge 230 may be
generated within central reflector 142 by using a central structure (or other object, especially a
central cylinder) 230 that at least partly penetrates the central space 180 and which, in an
embodiment, has a central axis coinciding with optical axis O, which central structure 240, or one

or more parts of central structure 240 may be used as conducting plate or object 222 (electrode)
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di scharge, especially between two reflectors. A nunber of opposite of each
ot her arranged conducting plates nay be used to generate a nunber of

di schar ?Pes 230 bﬁ%ween_two_a jacent . reflectors. In an enbodi nent, the
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lithogr ' i vi ded erein the .lithographi,c aratus 1
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rotational ly symmetric abqut_ optical axis 0, further conprising central

st r uct Grestrcaly tymtated fromeaghegiher part of the central structure 240 is

arranged to e Lve. di ween t entr
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col | ectbars, efcrwhich 5h bewset dorusendrating ah ekstricafl distuies o Whidh objed® mayi used C. )
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sel ect gallcndpiey WhiAFEwhithaPPhipptrts for supporting mirrors 142, 143 and 146.

Therefore, discharge generator 200 is arranged to provide an electrical discharge

(discharge 230, see schematic drawings 5a and 5b), especially a RF discharge, more especially a
RF conductive or capacitive discharge, which discharge is used to create one or more radical
containing gasses 165 selected from the group of a gas containing nitrogen radicals, a gas
containing hydrogen radicals and a gas containing hydrogen and nitrogen radicals, and which
radicals 165 can be used for cleaning one or more elements of lithographic apparatus 1,
especially for cleaning one or more optical elements 100. Hence, discharge generator 200 is
arranged to generate nitrogen radicals or hydrogen radicals or both nitrogen and hydro gen
radicals from at least part of a gas 155 containing one or more selected from the group of

nitrogen and hydrogen, thereby forming a radical containing gas 165, and arranged to enable
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bet ween these elenents or parts of these elenents as el ectrode and counter
el ectrode. These elenents or part of these elenents between which an

el ectrical discharge is generated are electrically insulated from each
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el ements. In an enbodi ment, a RF discharge is generated inside the
col | ectaslical§ gangeact with|carbontieposiereforming wlatie nitrides(and oviths)xygd fyrming3, 146,

oo SRR B PR PRl o PP Ao
the collector mirrors and thus decreased chance H mirror damage.
Further, H', H," and H;" may be produced in the RF discharge when H, (or analogues are
present), which stimulates the reduction and Sn cleaning reaction.
Atomic nitrogen, in contrast to atomic hydrogen, can not substantially penetrate cap Ru
layers of for instance EUV mirrors (such as collector mirror 50 in an EUV lithographic
apparatus), and thereby it can not damage EUV mirror. Further, atomic nitrogen is supposed to
- have much larger chemical efficiency in cleaning as EUV chamber as ML mirror due to its
larger chemical potential and possibility to form stable gaseous substances not only with carbon,
but with oxygen as well than hydrogen. As a result cleaning rate may be larger. Larger possible

concentration of N (due to the absence of diffusion into Ru cap layer) may increase cleaning rate

as well.
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H2 or N2 or both H2 and N2 will be flown into shells and thus H or N or
both Hand Nw Il be produced locally at each place in the shells (142,
143, 146, etc.). H then can be used both for reduction of SnOx (Sn-oxides)

for further o ofohiS St an ¢! dH
can al so be Itk}gdg%g?ﬁ ﬁg%g%@f%k aggérl%{ug °89%Eo‘§ﬁ%ﬁnon orlm?%'réﬁﬁp g%%gl of
oxygen Theinveritivati@heeeveehbdt limittd® BY¥redidtion16nd, bat hay k86 be weedFppCesses,

nitrogen can al so be used since nitrogen radi cals can react with carbon
deposi t Hbpgmphiepprpratss that nse ch@rrra@@tsoran@ldwnbﬁcba&gpgen forming nitrogen

d h d d | f H
oancent rop 1 dnfiicueh RehiiC eRereRl ey b SRS ] 20 Dhbcios AL DO BIRBRE BPPRTARE ¢ or
damage. i hb@ifacthitt oflied, 19%1#?3’3\%@% %dgﬁﬁqwﬁﬁokﬁgﬁﬂea Faft ag;aﬁég(gnwhen

H2 (or anal ogues are preesent stinul ates ction an

cl eani rigreiranilyihave otheoapplicaiibispgen as the wanfichst of hitedrart opliallk@gams, can not
substantlally penetrate cap Ru layers of for instance EUV mrrors (such as
col | ect@Hdanee prst detertion patemenion magvetie dmnaia mqmransaﬂ@tsganebmwlmeh@w -crystad an

ar ger R Dsh PEi R e e G ROt et BE Bt R coB kR 't o
its |apge Blté%ﬂﬁme%ﬁbl\}m&?rﬁﬁg??lg gﬁégﬂggmg E’h'lafe}’yoxt Qid Oﬁéﬁlﬁtn‘?a?'hbg rfgﬁﬁgéw& as

subst ances not onl oxygen as we rogen.

a r esul synohysamnis rvgt}rm endrageneal| terhgeisubstratey oF “faeges pbition" aespectivtelyatlhon of N
(due to %he absence of diffusion into Ru cap |ayer) may increase cleaning
rate Heatq refermedtn heriniply fF prasessed.hefare ph@@r@ﬁnpwap@&r&zmpb@ﬁwk é@s an

EWV lit ar.at u The vent ver .not

ot at 1S REC BEBRIE  Bver SEit Y &S] ERBRT 8 Shppe Bl fha use
ot her riéAédytBol A/ HHGHIPETLrARBBY Shefd AN %@@isleo@m‘é%%i%ﬁ?ﬂﬁ?b pIRE
made in this text to the use of |ithographic apparatus in the man acture
of I Cs,tosechsind wilr babstmtb@reeemdgttchﬂs Futtker] thelsabstatdinay dp paicedsed moesthan bed
her ei n have o her ‘Z‘le i cations, such as the nmanufacture of integrated

opt i Ca|0n§%§9reqﬁ§1mp ey dide ceeate afablticlergdCpsa that the terar subsigate used hespimmey
MeNDr | §feo beflo aoé’i:{ibgﬂrat?ltﬁa? ﬁ'gefdg Jgh&ﬂlsqmﬁ{l t?(léfets%gql ays (LCDs), thin-film

magnet i ¢ heads, e apprec YH the context of such

al t er nat i ve AOPLEIEekciitsrefoidite s Habe bog rh&re%ovmf 86 usObf enthoRImERS §f the MBY
be considered as synonynous with the nore general terns "substrate” or

"t ar getinysation mnthe comexiad optiedl mthO‘Elr@hyslm wall batppreafted thed theanizmmen mayebe be

processed,. before or .after ex ur for exanple a track (a_ tool that
typi calFst Bt ggplgzapg%sor&xa&@iq 1§¥P“PB ‘é“’%‘iﬁﬂgﬁf 2R é@iff‘d"hﬁéﬂ?@@é}ﬁélot"’ﬁels 8%bos ed

5ty v, SO PSR O
t ool s. theyatthercredtdborsal blSlistrateGTH@tbpbgfraplﬁyoﬁﬁﬁé pektdtRInG dehRB may be pressed into a
layer of resist supplied to the substrate whereupon the resist is cured by applying electromagnetic
radiation, heat, pressure or a combination thereof. The patterning device is moved out of the
resist leaving a pattern in it after the resist is cured.

While embodiments of the invention have been described above, it will 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 more 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
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once, for exanple in order to create a multi-layer IC, so that the term
substrate used herein nmay also refer to a substrate that already contains
mul ti pl e processed | ayers. Although specific reference may have been nade
above twithdue déjsaetinyf frefRdicspe bithelladihe setictyBelbivon in the context of optical
lithography, it will be appreciated that the invention nmay be wused in

ot her appl i diseioditie, vetlp'toewnppise’ dndptsiconjugatidisgloaphat,exalnde thegresendreofcont ext
allows, is not limted to optical. |ithography, In inprint |ithography a

t opogr &FERTOrStepsOfher ﬂ}%h%%\ﬁaé Berns 1hF Aiclaet OF rat Pusge g gh clement
substr r ' i '

ayer Pt adieRehapaRARRHedls 4 PR o bh BRI B NG MACPERILRLAR,
appl yi ny latdedre oompnsghg sevefadistihét@lemditatand By @ S61dy Progran®BdDEstRBULEN In
thereof. The patterning device is noved out of the resist leaving a

pat t er ih¢ deviige dddimegnuntegatingsewarali devipes/apparaths, Isevegatiod dhave dedcesfappimatusment i on
have been descr.i.bed above, it wll_ be appreciate that the invention may
be pr o D e 3 e 28 L SR QAT BT ﬁmm%rfgmﬂ&t CEIUN PFPSHES BR may

t ake thg.:f.Qr o LI s of
oo necy Eadn oy SRR oA AREILE LY AR %05 sTRE FRBEHUEREEE °0 &
dat a sthagges caabtie (ed @o adwd@tiigeonduct or nenory, nmagnetic or optical disk)
havi ng such a conputer program stored therein. The descriptions above are
intended to be illustrative, not Ilimting. Thus, it will be apparent to
one skilled in the art that nodifications may be nmade to the invention as
described 22 without departing fromthe scope of the clains set out bel ow.
Use of the verb "to conprise"” and its conjugations does not exclude the
presence of elenents or steps other than those stated in a claim The
article "a" or "an" preceding an elenent does not exclude the presence of
a plurality of such elenents. The invention may be inplenented by hardware
conprising several distinct elenments, and by a suitably programed
conputer. In the device claimenunerating several devices/apparatus,
several of these devices/apparatus may be enbodi ed by one and the sane
itemof hardware. The nmere fact that certain neasures are recited in
mutual Iy different dependent clains does not indicate that a conbination. of
these neasures cannot be used to advantage. 23 WHAT IS CLAIMED IS: 1. A
met hod for cleaning an el enent of a |ithographi c apparatus, conprising:
provi ding a gas containing nitrogen; generating nitrogen radicals from at

| east part of the gas, thereby formng a radical containing gas;
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providing at |east part of the radical containing gas to the one or nore
el ements of the apparatus. 2. The nethod according to claim1l, wherein the
| i t hographi ¢ apparatus conprises an EUV |ithographic apparatus. 3. The
met hod according to claim1l, wherein the gas conprises N2. 4. The net hod
according to claim1l1, wherein the gas further conprises H2. 5. The nethod
accor di ng ValAT i ¢LAIMEREISei n the radicals are generated fromthe gas
using an electrical discharge. 6. The nethod according to claim1, wherein
the radicals are generated fromthe gas using a radio frequency di scharge.
7. The method agaRIHI: | [ ; IsC [sgfhar ge
conprises an i nduc}?)P\?gr %%ng{ggdang%in%%zag?@%%?bﬁpﬁ%mﬁ‘?mﬁsﬁ% accordi ng
to claiml1, whereiidingheaeteneningaitrdgen; | i t hographi ¢ apparatus is sel ected
fromthe group of a mrror, a grating, a reticle, a sensor, a support, a
i t hogr aphi c afsasraingnitrpgsnradicals drort dtileasbearbphine sasppereby farnmaee. 9. The
nmet hod acc?é{gzjl r}gmtagmgl%ism 1, wherein the gas further conprises a hal ogen.
O(J i g

1AW . .
10. The ne accor to claim1, wherein the one or nore elenents are

cl eaned by proyilifigg at le¥d pagentheasdica lcosal fis P tH8d%e bPnlole el ement and
subsequently providing a nitrogen radical containing gas to the el enent.

11. The neldmataefdbe sipamptiso cl ai m 1, wherein the elenent is cleaned by
providing . a radical containing gas and subsequentlé,providing a hal ogen
P

cont ai ni ng- gas 106§ MeRed asrugimngto clasm 1awherepdle Hogeaphissppaetss, conprising a
sour ce; ar&oglgﬁ%%%ﬁ@mg}a@éfg %?%‘% gt rical discharge generator configured

to generate requ arge, the lithographic apparatus

further CQ[Tpri%Bﬁietlﬂ)d(h@bdrﬂﬁqtg_%cmmHOWhe@ﬁﬂhe‘ééﬂ&ﬁﬂﬁsémz.Cw|eCt0r mrror
conprises one or nore conducting coils. 13. The |ithographic apparatus

accor di ng4 o clTae mettdd agbadimigrio chen lj wheginapb gas fudhgaatpuises H,.an EUV
| it hographi c apparatus. 14. The ]ithographi¢c apparatus according to claim
12, wher eBn th EP@&OFIiaE%ﬂrdm&it%E%HPéew %rﬁ’é‘rtg? gdigals are gensraieb HoOR the a

col l ector gQg 0dift8 an electrical discharge.

6. The method according to claim 1, wherein the radicals are generated from the
gas using a radio frequency discharge.
7. The method according to claim 6, wherein the electrical discharge comprises
an inductive or a capacitive discharge.
8. The method according to claim 1, wherein the element of the lithographic
apparatus is selected from the group of a mirror, a grating, a reticle, a sensor, a
support, a lithographic apparatus chamber and a lithographic apparatus wall.
9. The method according to claim 1, wherein the gas further comprises a halogen.
10.  The method according to claim 1, wherein the one or more elements are
cleaned by providing a hydrogen radical containing gas to the element and
subsequently providing a nitrogen radical containing gas to the element.
11.  The method according to claim 1, wherein the element is cleaned by providing
a radical containing gas and subsequently providing a halogen containing gas to the
element.
12. A lithographic apparatus, comprising

a sourceg

an optical element;
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15. The lithographi c apparatus according to claim 12, further conprising:
a collector mrror, wherein the collector mrror conprises a nunber of
reflectors, and the el ectrical discharge generator is integrated with the
collector mrror and configured to generate a di scharge between the two
reflectors. 16. The lithographi c apparatus according to claim 12, further
conprising: a cd¢ledted disrhara gengrégreopligyred Eoganerates ragior fresuerdnpr i ses
refl ectors,:. the .reflectors comprise conductin | ates, and a
conductingd%a%%%’gﬁ1%ﬂ¥%%§“%¥@?m§ﬁgﬂghaéﬂﬂﬁﬂgpgﬁba%kgPénﬁﬂb%ﬂn dj acent
reflector @héeingft 818G ok A C&MIbrREN6He orkfore EBfIUCiAS@As@Phi ¢ appar at us
according to claim 12, further conprising: a collector mrror, wherein the
col | ect or H.rr oFhalohpgrages appafdtecicooslingandldiind 2, whédemahetithographivest ed

rotationally symmetric _about an optical axis; and a central structure,
wher ei n at 20Pa&ys 1Hap EUN lithpgraplup epparatdt.r uct ure is configured to generate a

capaci ti Velégi gof@ﬁgﬁ?ggé]h%gﬁgha%s SRl ltosciarirlrjl u{glﬁ?}‘g{l}& & g]legtd. alcent

reflector. "18. 7t ogr I'C apparatus accor 12, wherein
t he eIectr&g@hqquﬁggﬁﬁggngggﬁﬁ%ﬁg{aggkggﬁ%hggﬁed to generate a radio

frequency di scharge of 1-10
15.  The lithographic apparatus according to claim 12, further comprising:

a collector mirror, wherein the collector mirror comprises a number of
reflectors, and the electrical discharge generator is integrated with the collector mirror
and configured to generate a discharge between the two reflectors.

16.  The lithographic apparatus according to claim 12, further comprising:

a collector mirror, wherein the collector mirror comprises reflectors, and the
reflectors comprise conducting plates, and a conducting plate on a reflector and a
conducting plate on an adjacent reflector are isolated from each other.

17.  The lithographic apparatus according to claim 12, further comprising:

a collector mirror, wherein the collector mirror comprises reflectors, and the
reflectors are nested rotationally symmetric about an optical axis; and

a central structure, wherein at least part of the central structure is configured to
generate a capacitive discharge between the central structure and an adjacent reflector.
18.  The lithographic apparatus according to claim 12, wherein the electrical

discharge generator is configured to generate a radio frequency discharge of 1-1000

MHz.
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