LI THOGRAPHI C APPPARATUS COMPRI 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 hographi c apparatus conprising a discharge generator and to a nethod for

cleani ng gRTAIGERAPHIC ﬁpbmm?ms Rt G VARORIRGUAN EERETRAIC AL DISEHORGEOT

cl eaning one or nore optical elenents of the |ithographic apparatus. 2.
Descri pti on of GENERXTOREANA MEYHODhBORAOLEANING AN EL. EMENT@FA ne t hat
applies a desired pattern onto a substrate, usually onto a target portion
of the substrate. A |ithograbhIHOSRAPHIGARBARAM YR ed, for exanple, in the
manuf acture of integrated circuits (ICs). In that instance, a patterning
device, which is alternatively referred to as a nask or a reticle, may be
used to generate a circuit gaaitE@ROUND bF THRTRYENITOA | ndi vi dual | ayer of
the I1C. This pattern can be transferred onto a target portion (e.g.

conpr i silnNgelasftheoihyeraiod, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imging onto a |ayer of
radi at i on- sehb¢ present inveatiomrelqtessiojadithogsaRive ARRATHNS ComRrisinga fisghasge geperator
general , single substrate will contai,n a network of adjagent target

porti on%n‘ﬁ? m%?‘ﬁ%ﬁfi??é‘% a\?eql?}nffﬁto? a1ithe _rapﬁﬁsowpa{aitqshgs&egl}gﬁyg n?fﬁ%%‘?@f us
conpris : j i SASH i .5, rradi ated by exposing
an enti?gg%ggpgér%%h{%od%g%large%sgfgrg;ﬁ?hgﬁp%tméo%aiaﬁﬁé, and scanners, in
whi ch eachedcip@éi oftle Riekited Arti r r adi at ed by scanning the pattern through a
radiation beamin a given direction (the "scanning" direction) while
synchr onous| $ lishegraphig appasatasiissy maghine thatrapplies a dasiradpitiqyn oaid aubsiatehi s
direction. It is also possihle to transf.er the pattern fromthe. patterning
devi ce. boialthantan @rpBRp of iR & HiBogPRisAAuARY cthBF it frBransien o
l'ithogr I : Lz e 0f | 3 t he
subst 1 af e SrRREREE B depRe RN (0T b S atanEt, A End RS s T

pr oduce altéth@pleRt Rerfddrt6 Wk b $nadk bha geticld, @1a8 e deedBiot genofatededir AtSpattarttobence

hi gher operating speeds, it is desirable to be able to image smaller

f eat ur eform¢fionennmdividoalrlayartof thet Ido grlappattsrpean) tectransfertsd patea tasget ppition (e.g.
ultraviol et |ight enerated hy.nmercury |anps or exciner ers, it has been
pr opos e QOMBYiiREPAheh OBF qxé%qrérs’g?s on A HpSEIUR € e?@.cowaéqrﬁf@s % afthe such
rach at | Biles i< GhORIY, R 8L thid EMLH RradElseRlindO blaetad Btsiso FAYiRARH©' ©
sources  conprise, for exanpPe, |1aser-produced plasm sources, ~di scharge

pl asne tipQub&fte. [P berYACASAL T QUbstA wili @htdih 8 eIk bf Qc%]aé%fnﬂfa@m Ipbftﬂﬁ§ thal The
source of EUV radiation is typically a plasm source, for exanple a

| aser - pawducessively patterned. Known lithographic apparatus comprise steppers, in which each target

portion is irradiated by exposing an entire pattern onto the target portion at one time, and
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 mnors which are generally nmultilayer mnors or (grazing incidence
mnors, W t hThd @irdeCofBUY 268 StionTi8 tywpi Sl fagsl&smaSsour (iR lek¥m RGN [astePrélitked 0 t he
i npact, or sputtering, of the particles expelled fromthe plasm and the

| i f eti nplastha bhadisthrogessdusce. Ahemnrder featse df anpdaspausauere is thegfrbéuntion of fast
particularly problemtic for_the radiation caollector. The purpose of this
m nor i 0§ 8 gpmscwhichdregipsiediirmnhs plaghs int dlidireetigns. Theserarigiascanbe: he

pl asnma .ce i t : . M. NOL.S, . - 1Rak Lon

Cyar om CRERE T o BIG-EE kbR gl FhisH R Uselay ey AR b

l'i ne- of sHiBBtinMlde nﬁH@rsﬁwﬁ TRagHO Wirgfed Mthid fiLfaeé B BadiRUQidégmdad dhetodRe | UX
of fast particles fromthe plasma. Oher mnors in the systemare generally
damagedimpact, ar kpgteng dedghe partiyles pxpelled fiom the plramiiaod dse léfetimle|of thef mrors ise

pl asma since they may be shielded to, sone extent. Due tq.the presence of
(smal |) t@ﬁé@ﬂ@@eéﬂmkiﬁw&%@} IS@&ﬁw}ardesﬂ@fsmgﬁ%&ré% Bgiptiop aﬂﬁ%ﬁt% ﬁge

conmpounds) nay..geposi t.qn tical. el s of. e, f

l'ithogr BB’%?P%e gféﬁ‘ﬁé’?‘ﬁrf)ﬁgsqg ﬁgﬁe%g&‘}\}\%} gvn@%%s sltﬁgé:{haalq C@ke%ggggs;éx ?lgr?ﬁ%ﬁlaopt i cal
el ement g, BYaddediteerR &R ds SthCRirrdle ROGE HMindfh B8t tihke FRNL@n dMletBLis
optical properties. SUMVARY OF THE INVENTION It i's an aspect of the present

i nvent i positienedveryi cleseatoaidnadint@f-sigheaithnihe plasmh aoeme and therefbietrbaxgveaphi ¢
apparatus, especially for_cleaning one or nore, ogti cal elenents of the

i t hogr taned Bux effgstmattides fremitke plasmm Qithemizopeiathe systame arergaprally damagqsrtevi de

a lithographic apparatus. copprisin | ect,rical di.scharge ney.at o
ther oi ndistee et BY R GirE HTBpt Rl el Jro%F el R B oy PR Sh LA o
electrigﬁheghgﬁharge. According to a first aspect of the invention a

| it hographi ¢ apparatus is provided conprising a source and one or nore

el ements, espaetmihk presecewt (smild) apiuneadf hgtieiriboss, chiven (Corhpraggnggtben
apparatus further c&g&risin an electrical discharge generator arranged to
gener at eontzining|cemppiueds) miysishesigen optisekelepenss o ethel glementaof theflithegraphsy
discharge. Thi s Iectgical RF . di charﬁf can.bg sed to create one or nore
radi cal JRGHAIE THeRGS §aU8 8K Esegiafly depqsyinn geryF LFECIB?MS may be undesing singg,

ni troge i G35 ! radi cal s and a gas cont ai ni ng
hydr ogeﬁerg%g*oﬁ?%a?otggdn ragﬁggﬁ%g?@gﬂga%@éﬂaggdi cal s can be used for cleaning

one or nore elenents of a |ithographic apparatus, especially for cleaning
one or nore optical elements 2 Accordi n% t o anot her aspect of the invention
a method for cleaning one orSUMMARYMenbE INVFEMTIONhogr aphi ¢ apparatus is

rovided, thge.nethod c ri sing. providin as containin
P Ft 1S an aspect of the presen(lgl vention to p?ov?deg a met oﬁ fgr aeargng an element of a

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
conprising providing a gas containing one or nore selected fromthe group
of nitrogen Acurdingtogenhergepret af thagnventiorogeethod#di cadring pnhguimorgeatements cal s
or both npitrogen and hydrogen irgg(gi cals from at, | east ,part of the gas,

t her ebyokalithpergphic ARpATBF ITIAYIEhithgmghed CMBIFiges REPVATING 8 £3% CUAIPING: ¢ he

r adi cal nt ai ni . BRI EF
bescrs PRy Eye Skt BT D Rl A Hor e IORE Baf bERE RS, Borchy rRRAY BlAl

descr i bgshtaiRing \Way: p@évi@p\ﬁlﬁrﬁpleastqﬂhmf thY fabical @heiiMINE gas © thd BnAGCABRAMh s
schematic draw ngs in ich corresponding reference synbols indicate

cor r espofitie appapans.s, and in which: Figure | schematically depicts a

| i t hographi c apparatus according tg an enbodi rent of . the inveption; .Figure
2 schemati caf\fSPreiBp e ¥E 2norbRsPEFtal th Indentiopihsre FWMF%N‘%‘%‘{] br P liiine
projection opti |t ho ] L: Flgure 1, Figure
o701 ect L0005 s & LI BRARAP e AR b URcASSREA A iRl 1 FL

i nduct i ¥&}t%ngdRE 8F Bidre J%!lél‘thrdefré‘xn%é‘ﬁﬂﬁ? bERtrbYerffd 16ldso 2R, geﬂe%ﬂingmogeher ein
an electrical "discharge is capacitively generated; Figures 5a-

schenat fadidalsyor tigghiogen eadinath oréotisnitnogenvard lydtrogenfradical s framopet 1gpenparaofchs gas,
integrated with a collector mrror. DETAI LED DESCRI PTI ON Fi gure 1

schemat thegby yoraipg a radial cpntainine:gasi Broxiding adeast prstef the mylicad CoMaintIBRa et

of the_ invention. .The a ratu gnprises an illum nation system
(i 11 uni RSEBF §* Wrec?}ﬁqlfﬁtﬁggﬁ‘etagpgrgglﬁdi tion a radi ation beam B (e.g. W
radi ation or EUV radiation). A support (e.g. a mask table) 3 MI is
configured to support a patterning device (e.g. a mask) MA and is connected
to a first positioner FBREEMDE§GCREPTION @FcTHEDRAWIDKIS i on the patterning
device in accordance with certain paraneters. A substrate table (e.g. a
waf er tabl e) Empodimentsrefitlpuinzention widll novwabesdasetibess by pay ¢f esample onlyt withat ed
waf er) W.and i.s connected.to second posi.tioner PWconfigured to accurately
posi t 1 off TRIFed B A RPN g B AN TR 10 ) serissRandngiElerence sy BPEL i on
syst em {Ricdte Brresponding parts, and in which:
Figure 1 schematically 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 lens 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. conprising part of, one, or nore dies) of the substrate W
The illum nation system may conprise various types of optical conponents,
such asMT Bfcbaggir¥@to upbbR alpat@ninFaRIREI(€.g. £MEK)MARADSG tchne@e@€d & At ati ¢ or
ot her types of optical conponents, or any conbination thereof, to direct,
shape, posittart PM condigiueedi toaccuFitelysposition tthespatieoring devacayin dseendanaehetnesirghn  of |
the patterning device. It holds the tterning _device in a manner that
depends PEAMERE: g} PhHraLE tahie &cf-g-twafsatagﬁea Y hés @afigeied te heldfeiograte (8 the

|1 thogr ﬂf%%{a- ?a%gdj\%i%})u\%”anﬁqgcéﬁﬂggl%%?o?%géacroi\}cg ggsitigﬁé(f ?Wﬁoifgélu{m%kﬁafggﬁt her or

not the erning ‘devi ce’ | uum envi ron he support can

use ”PCF@di'ﬂi&ﬁﬂhe st Th ac@Ir@sice Sathadektainar@hdIes. & |pasjétite sty@temie%uss to hold
the patterning device. The support may be a franme or a table, for exanple,

whi ch negfrabeve prepedtion lene vystdne) BS isreegfigured to filogecta pattarh impartedgn sherradiation  t he
patterning device is at a desired position, for exanple with respect to the
proj ect PeAn Byhyirage QY& MA qnie a fagekPortiqn § - gcogiprisagtart afcons, AT WAIE he

consi der,e non with the nore general term "patterning device." The
term"” pg{e?)e?fﬁ?{%albé%@?c%e" used herein should be broadly interpreted as

referring t oTROMIunfRMIHS §t@ﬁtm§>a€brﬁ’l§‘ri§é%ﬂo&soty%)ém‘r&ptiéalrc@ﬁip_@h&ﬁﬁ shgamwith a
pattern Inits CI‘OSS-Sng,I on such as to create a pattern In a target

por t i onreffactivee refleotive, abapneti¢, eblooumdgieticndeabstabiabor bther papes ef opticaparted to
the radi ati on beam may not exactly correspond to the desired pattern in the
target PYRPINSALSEPr anyeombination dacaeots ordikegt shape, orrcoptel diatieRn conpri ses
phase-shifti features or so called assist features. . Ceneral t he
Pattorn | npal HeutPatneP o O BEaRRd P SRt TR el o
functi opglernih@Wé¥icd h AmPRNdr @t BEHIAs 6 BRI RRntafioh BE tHedaBtBniMPAdVI QN theHe6iBn aS
an integrated circuit. The patterning device nay be transmssive or

ref | ect ofréhe lithogrgph&sapphrapat aed othagconditioag Suclcamfor bsan piaskethep bogstaherabl e

m nor arrays, and progranmmabl e LCD panels. Masks are well known in

| i t hogr B@teyning devievisheldia aepsrum epeisonmeit. Ere syppeit gan ugetregahanicalgvacuum,
phase-shift, and tt enuat ed phase-shjft. . as wel.l as.various hybrid mask
Pypes. - cisuifios ofet SRBRuGE wPHiires © hetPaitFine SR, LRSSt e o0%
arrange el ] i i-ndi-vi I ilted so
as tore Ee:c(:)‘g‘) Bénh’#éroﬁaﬁg’@%ﬁ? ﬁgﬁﬁ%g‘gﬁé}nﬁgﬁp earserg I}é%d?g@[ei%ﬁégr“?ﬁ tilted
M rr or Sensufgxhsit thé p@edrhiag devide & dtadiesitddqposhivafonbkahple svittefekgeet ®hdy t he
mrror matrix. The term"projection systenf used herein should be broadly

i nt er pr progagtian systenppasverny thetgyms Yigtclet opTmgskd hersin wgy be gpnsidared i si ng
refractive, refl ecﬁi ve, catadi P@t ric, nnﬂgﬁt i.c,,, electromagnetic and

el ect r oSXQRYROWHVIHR the o gsngral Grm 4 RITYRBARYES on t hereof, as appropri at e

for The term “patterning device” used herein should be broadly interpreted as referring to any
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 in 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
| ens” herein nay be considered as synonynous with the nore general term
"projection system'. As here depicted, the apparatus is of a reflective type

(e. 9. eHRéPW f9o ReflRf AemcbMtngMaiation b&Int B diffeievBliYectiohe BRPAlSH MErdT®RY be of
a transm ssive type (e.g. enploying a transm ssive mask). The |ithographic

appar at irspareypditeroin aratlispion beamh wdhichns r¢ftheteld bytthgyelirror matnixe substrate tabl es
(and/or two or nore mask tables). In such "nmultipl glé,stage" machi nes the

addi ti onal t Abg 8 “prejeqsien sEdem; Hssidiergin shouldpe proadly intezproted pg RCOMBRSTRS

carried_out on e t . Whi e . are being
used fo?nyeQngB_E@J.ec%% @#ﬁ%’o@’%&’%ﬁ%@%ﬁ%&% rg@@%@?éﬁas@&@&p@?@eg ?f’pe_ wherein
at | eastlesrdiidnefd alt elbbifostatiedpticaAtsGstEmY, 02 @ng OMBBRE G therdoif,(id iafprldpMiate Gord
relatively high refractive index, e.g. water, so as to fill a space between

t he pr ojlecixposurssadiation dauhgtused, Subatotizr dactois suchnasrtbé use dfiaguindnarsign difjwid ope
applied to other spaces in the |ithographic apparatus, for e,éal{ﬁjgl e, between
t he maskhedise of y¥acuypyiAgyuse AT e der@m PreieREdsienn hesdA MayRe<CORPIEErARF known i n
the art for increasin he n ical . ture f projection systens. The
term"i %Pglin%s'wggﬂhegggreﬁpgrigﬁ{e oegroﬁ%'@%hggsﬁeel{lhat a structure, such as a

substrate, KHﬁEreQﬁPﬁ%Uﬁfegﬁﬁaﬂaﬂls lid St @leliie tY5H (38 eRPloyikEEARTIeb iR mAdkglui d

is located between the projection systemand the substrate during exposure.
Ref er r i Adtetmatif¢lgthe agpardthemiay lbeof aatosmikdive gpe(agsem@dyiag adranfmssiva mask).

radi ati on source SO The source and the |ithographi c apparatus may be

separ at e ent i h¢ Bhographicapparpius mayd afladyredavang twos(dypl stage) pemoresubptrate n such

cases, th ource i s not consider to.form.part. of the |ithographi

appar at s TER b amtire GHF LPFAEdnyion SRR lest mb™pry SORIPR Sabistar or

L Wit hpfD@eakdh @fparhlleD @R BHpaEakorH spS My BECEHRRRLLBOREne bi0hoRXANBE WhilSbhd abl e
directing mrrors and/or a beam “~expandéer. In other cases the source nay be

an i nt egr mbrepathdr tatfled 4re beinghned fopkkposappar at us, for exanpl e when the source
is a mercury |anp. The source SO and the illumnator IL, together with the

beam del i ver YhelidpeispBp apparag mayedso beegf adupe whereineat lgast aporiiop #fithst i on

system The illuni nator .IL . ri se,an qh t gor. dj usting the
gl ar TR 1P @ Ged o alnei APBre # R e bxfroplifindeknior apiier s Peast
the out gf) ;3B YerhElRGh L 3fon §¥dt&Rtand (e by ArPinhESfntl y Qb e and
a-inner, rae pg'ctei vel y)eB?gét heni %t ensint y di st?il%utdlalon |én zral pugﬁngy gﬁgane of
the il | appliedtt@othepspabes iadheBthegraphio apptatatiub,dbr exaftplé, betivdenah©matl arthdie
conpri se various other conponents, such as an integrator and a condenser.
The i | | Diojastion sysieny. Ipunersien techniquenere twedlrknowa in i art fosindseqsing the niaercal
desired ur}g forfm' tjy and iptensi ty distributioninits

aperture of projection systems.

The term “immersion” as used herein does not mean that a structure, such as a substrate,
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., nmask table MI), and is
patterned by the patterning device. Having traversed the mask MA, the

radi ati on beam B passes through the projection systemPS, which focuses the
beam ongigtrdutidrd 8€the PATidticbeamO Gehlll$ W fdaktah@oWér Md/dr ihhe radid] &ferdthe second
positioner PWand position sensor |F2 (e.g. an interferonetric device,

| i near émmnmtmly wfercaitacs m-Méewldsnnmer tmectwbswf feanteasityedivribotion nea papiled
accurately, S0, as to posjtio ere ,ar et rtions C.in .the path
of the Pty aktheilpRiaRencanded s Ine itiqn, 166’2@ PP ATRT P IATO o

positio I wth
Fespect D18 Chibonet, shef ARaP BulRf 4t ATUERRE he S ! idl e TREA

retri evadndﬁﬁ&lrthardavaii@nltiebmafomav@va d@ﬂfddﬁﬁuf@nﬁﬁﬁﬂnd infer@R{ @fsibutiofdy gerent  of
the mask table MI may be realized with the aid of a | ong- st roke nodul e

( coar secroposctidbmni ng) and a short - stroke nodul e (fine positioning), which

formpart of_the firs ition

Siml ar novenen e suhstrate
tabl e W nayTperadigtipn %%m IISH@C@W 8n dhespatteming dryigede: gar%ribg "legl% P@»@H

nmodul e, ks r

ot eppor O e UppBt B ol MTEGEE aRBRd bf B pelifidabie. S5 RetarBrd,
shor t - stHe iRk A Uk 4diRnYbealf B pﬁi%}és ih?o%%ﬁéipmj\é%ﬁkn %taﬂqbsswh&hr@é@eé/&i@ay be
al i gned using mask ali gnment narks and substTate ali gnnent mar ks P1,
P2. Al t beangbntd Ia&angattxxnnm € dlthagsubetinite NarWgh e did bfitersated positiongnyP Wedidc at ed
target portions, ¥ may be flocat ed.in sraces bet ween tar get port| ons
(these P%ﬁ“é‘”ksr%@% IE% &g rangaterigranens devigsn {ingas cReqder of ¢APREIFiVG sernsqr )sthe uat i ons

i n which nt
mar ks n%ubngaétg Itac%%tt edgag1 lg;v\l/g(é{rll dtaﬁ%rg%’yi %%Tgea%lt}ég’ gﬁ%ﬁ dﬁé‘p‘%{r"}:} Sllld(’J %g{rﬁs ed
in at |%%th%ﬁh@fadidﬁ%nfb@hhws&lﬁﬂﬁmd% firkt pdsticheE PM'E{#eanotHee paaﬁdfn §cabbre MT
and the substrate table WI are kept essentially stationary, while an entire

pat t er nliInpaarbeaded © dchwratehydpasiticonthb emsk MA piithjrespeetdodind path of thegediatigporti on C
at onetlrre(i. . a single static exposure). The substrate table WI is then
shi f t edbsam Bheg. aftes mechanisal getrieval ffiom & maskipragy, or flwﬁr@%&@mﬁcmaﬂeje@n%m on C

b f. th | d |
the of ZBeRmenot i Bl B RT L mas e b I F g a 0% B WoucliPetes 2. °
I'n scan (B’Qi’t%lné) hgd %ﬁ&’t-%ﬁ@lkeemeul@ {ind lhﬁltﬁjﬁh}%f% r@hieh ¥R SarVBf RE $irsi pBANAGKE

synchr onousl y while a pattern inparted e radi ation beamis projected
ont o a PBI §ahilgrby, iowement(df.the substatagdbde Wiy mayrbe reatiped uging a lokgestiokk agiduje and
direction of the substrate table WI relative to the mask table MI nay be

det er rri fkp hprirsieok ea@dy}ﬁaw’m forn ipar OAHS seerigaosisipaesRYV. bhthe gesecefiasttenper of
]E Ih gl d | a!ﬁ]e{%éls?ﬂ és 5 emr?ﬁ-ﬁa maskstgﬁn I\}HDmay b%régmrg%%(édr{g?sﬁo% trof(e acqgatgrx (E’n??,uorre
may be fixed. Mask MA and substrate W may be aligned using mask alignment 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 table MI is kept essentially stationary holding a programmable
patternpng dRWc&Emodedhé RRsIS BRI VAt d tiddudstyie tabldTWVEsLe @Earhed B iRHUroMALSIE a
pattern inparted to the radiation beamis projected onto a target portion
C. | n twhie apattern grepasteall tb yhearadjatibs beam isdirafeciod ogtour taegeit porsiopl Olieda singlet he
progra bl e patterning device is. updat as, require fter each noyenent
of the SYIS&HS é’flé’stlr&bﬂg‘e\?@?%ﬁyiaﬁd g@&@eﬁm@wwﬁ%&ﬁ&eﬁaawe puedRask qyr i ng
a scan. i o) J-I :

1 1 hogr SBTEE b q RBTAA! e SRR EAbY Un g PRGBS of the

pr ogr anpRcEokysted P8I Infiéa® node [t} tragimuire ki€ bE thetepoaR©Tield 1{zaifdthe atidta ik
and/ or variations on the above descri bed nodes of use or entirely different
nodes ofheuse-spanning dicecien)eoffhotasget ppidionen aismglerd yoptauéxposureawhercakithg to t he
invention, there is provided a |jthqgraphi appar at us. conpti si.ng a source,
o 1T ol e @9@&1@%@8@?@%@6? tiheleh fin ¢CAFARIRG dirgiHm of LEIREE and)
confi gupgl% o condition a radiation beam a support configured to support a
patterntng device, the patterning device being configured to inpart the
radi ati on begmndtHeP ndde Afé HRAK table MUSis kEReSsehBSNY QBtidAry BSIAINg apat t er ned

radi ati on beam a substrate table configured to hold a substrate; a

pr oj ect prograsysitderpatening deeide,tand pheojubstrate tebleo®flt is mmeetd vadéaanedwhileapattarho a

target portion of the. substrate, and a cl eani ng devi ce accordi ng t? t he
i nvent i Brparted o theradiationbesgels nEgiRstsd ANtAG target PQstion o In thisippdes grRerallihg ogen

"hydr ogen contaj.nin s " 0 I.Si hal " d. " ik n
cont ai nihg GabaE Sye@REmeined 113 o HIRE R AL ugAdGs BIEIRE
M Xt Ur egeqaREPAftetieRth AbvéR@Riof theRbaeRatabRWA dHif BethRER Stidtdssive fANEfiS0fMlses
cont ai ni ng conpound and a nitrogen containi ng conpound, respectively. The

t er m " hdrirgens$can €Fles smoda ofi nperatimdiamdetreddily appliehwtmaskess lthography elag otikzks of

F, d, Br and |, either as an atom (radical) or as compound, for exanple
F2, C 2programmabie paiternipgideviggysuchps a progragiragtle rogerareayRiGupe as rlrredianpl e
Cl F3, orboqlt her conpounds conprising one or nore selected of F, d, Br and
I. In af”®fbodi nent as hal ogen one or nore of F2, Cl2, Br2, 12 may be used,
in - particul @hmparatidiieandfIr VariattotH AR abodB deschived RIBABs bAtke GR kdtirely M téreh?
conprise their isotopes as well, in particular, deuterium Hencé, the term
" hydr ogmiodesoftuae magglspds'enipdwrds to a gas conprising H2 or deuterium or

tritium anal ogues_ thereof In an enbodi nent, the hydrogen containi ng gas
Hence, in an embodiment according to the invention, there is provided a lithographic

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,, Cl,, Br, 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
enbodi ment to N2 and N atons respectively. Hence, the terns "nitrogen” and

a "gas Fhadbfin@nPouh®@ s exa@pRy CIF§, dNdther dbmpbuinde @Bhpeibitlg dfe bPmoed Yeddciidng
gas. I n another enbodinent, the gas conprises N2 or in a nore variant, the
gas consf BtCloBr gl I. Imamembbdimeshidsddilagentone hemgeesofdanPhi Beslmay bayesed, in

cont ai nin conmpounds such as NH3, which may al so be used to generate N
radi cal BEBFUlEl kadi cal's or both. In vyet another embodi ment, the gas

conpri sing nj " n j ol C L e or
rore. sel ect ol PO e BUR bR B BGRB8 n
and NG pakrticudarf dbuitdiRim. GdREl tHE térm “thh@roges ciRilhidigpiasiOrefdrt (g 84 Rifisinges N2
or NH3 or both. The term "radical containi E%hgas" conprises "a gas

cont ai nHagr dadéromh st tridineh anef eguss thereaf. Ipas embiodinesnt, theyhydregeraeontaming gen
radicals or nitrogen radjcals or both are p t |1y, such a _ gas wll
Al 50 CoRYRPHSSR §BF SBArer S cEicg s theiaz%urb@bﬁﬁfzefl&fm‘; 24jp 2 Fpianiftheggs 12)
and N2, i j d thal+. nitrogen,

respect F(\)/dtrasﬁisooqcn(%l% Y’E lé%g%%é&%?&eizgél %@éoéropggf @gﬂq—z{)?}gﬁ ﬁg u%ﬁt%' radi cal

recombi nat i onpe (A “hRFoFen’ N« ehasldieal” e imhémBodia®nt 1oLl N @toths gas
conpri sing hydrogen radicals or deuteriumor tritium anal ogues thereof. Such

gas nmayrespestivélgr Hemmepthie sermst ‘mirogeoirpoheigas contamingnitregen”, comprshNaas not been
di ssoci at.ed or has reconbined from hﬁ}%r ogen_ radicals. Likew se, the term
" ni t r ogEhinifragery and ap A sPRaHENg gas: In anotes empedigegh dhegasspmerises Na otrig ganore

radi cal s, . S frt he hS& 0 r L ..etc.,

whi ch hX%rlaﬁ%gﬁﬁ%%grf Oglﬁ é(tsoomzap1 e£ 00reqﬁ{él@‘?l&%ﬂ@ﬁﬁ%ﬁ%‘ﬁgﬁn&éég%%gr‘f%ﬁ}‘%m s. A
hal ogen GRPRUID skth 4 MHLQwhich ey 96 Be GRA( S IgBrhdMste DPEdRalsPorH FAdRAEbradEH. &h Ni Ng
gas or the radical containing gas may further conprise additional
conponem¢tanbihkeebddimentytegas compisin@sitrofen cdiepoustis cothprisas nétndiged icompbundshe
gasses are used at ten‘rer atures up to about 200 C. Herein the term "carbon"

(C) or Suchrapenc aepeLs eiested fram ghe grour ok NEp F1an NeCoi N s, Mok diath N205 N4 anday
have de ited.on ele ts of the |ithographi c apparat S a pti cal
or errent S0i i TuBp S EREnE S 618 gablitREE ROk SPREIEL K2 of NG * ol punps.
etc) conpri stRGtefn FAHQE85MRTg gafNEorhSHiseY “d BT ontaMIRE Sadidd® CRREREs 1Bl OWS,
may refer to any one or conbination of various types of optical conponents,
conpri sgasgwhereiraintthe gas hydtdgeatradieals omgtregéncradiehle ot botheage ptesent. Esnally, such a
el ectrostatjc optical conponents. The terns "radiation" and "bean' used
herei n &cihadsoscontain hydyegenymoleriles (likswgn et mere ofdi, &iD.dve, Hlomh.iIs) ang Na,
. aed . A

ul travi Pelsgécti(/cle“l,\y/,) silli(%drllo%gll %r}]fdr(o%élg andq r?&laﬂ%it?ogemﬁygsge%gggy,' mg; bg’ tc’?gﬂve%tée1 int(:)L 93,

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 Hj, 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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157 or 126 nm and extrene ultra-violet (EUV or soft X-ray) radiation (e.g.
havi ng a wavelength in the range of 5-20 rim e.g. 13.5 nm, as well as
particle beans, such as ion beans or electron beans. Cenerally, radiation
havi ng wavel engt hs between about 780-3000 run (or larger) is considered IR
radi at i Ryliroddvbdnef ers to radiation with wavel engths of approxi mately 100-400
rim Wthin lithography, it is usually also applied to the wavel engt hs

whi ch can beTlpr tevuckds’hywhare tie conteyt aliosshaayref¢rdaany on¢ pneomdlggation ofH- | i ne
405 nm and/or I-line f65 nm VW is,. Vacuym . W (j.e. UV absorbed by ai.r)
and r ef BTOUS HDRREOEPRIIG Wmneaﬁp?mrmgeqef}]a%@a CHYfn MaAgPRAG, EICCEIBFENGIC " and
IS usua i - T for the wavel engt hs produced by exci ner

| asers H‘%’eléﬁ%g%hgﬁb{}éaﬁgﬁﬁm ne person skilled in the art understands that
radi ati on having a wavel ength in the range of, for exanple, 5-20 nmrel ates
to radiati onTii fefin@G8fatidh NantebRhRNidd RAGH en@Impibl SltypaS of 8&tonRabtid S 1 N
the range of 5-20 nm |In an enbodi nent, the source SO’is arranged to

gener at mdiagol, qoafirisingoitraiolst @OV hradiatiop éx:¢.dlavingfaovavedengthh B{R6S, R¢8dGBaphy.

The ter "e]ectrical discharge rator” d {cleani t hod" refer to a
fovi e Rrosl BB adfeRe MRS 0 R sar X e Fdina e hiViREa nhRiIfeiR
bel ow, pr @Y cPef hYARgL. 133k Rk wiRYs Patibie@dath Ol suble 8iohi RAMO br S¥HERS

| i ke Sn oxi des and next, halogens (like for instance 12) may renove the

met al , béaues. Sangraly, radiatiar hevingwavsiengtisibgbwden ablewic80-300aan(ardargem is hi s

t ext il . | et tial. | ..of undesired it but
moy o seoromeres TR nhaRuSHTY, Fefredh Rl L SERI e of WPRERLR A TR
subst antyigih MthoSRpMY,N0is4SRAS/ dlsPabplied: ﬂﬂh@fmﬁ/@len%thﬁwhldhrdﬁh Bk Qadtiuoed By 80
conprises treating (with a_gasM the course of a cleaning of a cleaning
pr ocessmemryry dis¢hargenamp: Srlinsdt ; Hrjiae 402 Amy aed/enl-Ened§s may ¥Hhis| asyuge

dt ] i L T, trical .di sch ] d
e PUNETR G SRRSO ol L BT BB R BA0 0B ) B TRV 008

may al Spegy OV, 8l B WhAbhaeden liﬁlb%ﬁaghlgfbraﬂléswa\fkﬂéﬁg’thsﬁﬂbldlﬁﬁ& by RRYintee ld4e dike as
shoul d be appreci ated. Wiether the source SO conprises a source generating a
di schar & wn -348 nm: Hhe pewsen skifled indthe er andesstgedrcthatradiatien baving 8 wanelaagthin onal

di sch ' t t it.is .additi | ih
art 11t REGPARR o sTbipy s 20 R Res 18 bpbih B F bt Grec ity BB ReRlich o
use in ffleasPpasRith the¥agd 605120 S Oi ardérmhBoliRENt0 thedOfice $€Histaerag gdieto e ferdte( EUV)

radi ation for use in the | ithﬁra hi c apparatus, but is arranged and
desi gneBUNoradiatian af &28 nnyiespasillydor ee ip lithgg@pbyrent s, especial |y opti cal

el enments, of i & . [ » Whk . '
chanber contlzgtlitlgr]ltl%F\Ilgljé tﬂ‘g&é‘%@p E:Sgh%%eg%ﬁ&%% eaﬁgogllgzrlr%n% ‘,Fnet Ogsg{%{ﬁ% @éa‘(ﬁlc Cﬁ%gg har ge
gener at miethod tlghe siagrbedisedith eleatige processgas freatiened befowlipgevidinghydridgen

el ectrical discharge generator is especially arranged in such a way that an
el ectri @g;cabi%g&@d fer r@@%oapégx@pq, Hhikg Sp@gides and next, halogens (like for instance

I,) may remove the metal, like Sn (by the formation of halides). Hence, “cleaning” in this context
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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cmor |less of an elenent to be cleaned, such as a chanber wall or an optical
el ement such as a collector mrror. In an enbodi nent, the electrical
di scharge generator is arranged in such a way that an electrical discharge

i S gener d wthin 60 cmor.|less of the elenent (sugh as an optical

el enont {E0Y haglition froioe o Jah SRR HTRBIAERe BYLT B G0 AP GER GFTTEE & s
arr angeéiséﬂarg%%ﬂc@am%glemﬁ{s, 8peShEy Bﬁﬁ&ﬂéle%%,wtgénth%ggl?ﬁﬁra%&qtdéa Which 40
cmor less of the elefrent. In yet an even nore enbodi nent, the electrical

di schar gre pgesastreatside a shaambeangaaining theisdurce $@yIntdnamtzndireémctheieteairicalli schar ge
is generated within 20 cmor, |ess of .the el ene dn an odi nent .. at | east
par £ of de1ageq eegptalpe T 4o and SpTed e RO A PETE R TR EEEr ARt Riree
the opt pgRlai6H i8e§getially Arrhhded iNBYch 4 Way tHAY BDEle@RcAlldechaRs idPerRtR6d Withial100

di scharge generator ‘Wwherein the electrical discharge generator is arranged
t o provemer ass ef aceleinesnt to de stsanedy suchasi acthambeswhld pryen pptiagbeldment suckag @ one

Cont af nFYIGElsF PnGEm By BEAE T ACAE Siahd kyuFudth Paltedl hara gas

cont ai nifagahyedtAs dischixgde ¥ geneedtl willthh 68lch ordBsh offthelemasnt (G@dhsasan@ptisgd for
cl eaning one or nore elenents of a |ithographic apparatus, especially for

cl eani nelemart).dn yebz moop embatlinedng thhelsctrippd [déschangp genastor isj antangechinastiCing tay

o1 eront VAL SRR AP s AAGRRA W 4B on SR8 T 5 Bl M SR R be

gener at gglbodlinsft) Bledfecical distisR e Sénctddtdll GirankRdRh slich DPWaPiat areélectricdlor
generation of an capacitively generated discharge. Also walls or part of

wal | s cdischsegais ganaatep within & cmoiriless of thgefrateati ng an RF discharge. The term
"integrated wiith &l &0 GOMRELPES §f@90ql %ea'?tlesast T S fnﬁﬁctir%%l?t@?finpe%%e@f an
el ement  of Wall T & CoORGUCt Tveland can be used as coll or plate 1or

gener at it tiiopticalcdlémet| Indthisokey, ge. intition raviddsan eledtricat tistltargdgdneiter et c.
may have a ,sutgport that conprises conducti n? parts. As should be )

appr eci ¥hergin the glegtrigpldischatgergenergtor iy argnged forrowidy an elschicabdigehaggs, Paichr t o
arrange . (=Tt o t.| i o)

om0 LB RIS gk B o AL M FARSESLE euTSths

radi cal sorftififg dithydh eglitals, @rdasiconta@irgeasdrdpeh radiyalabided pat donedining hydrogen
addition also be used to generate nitrogen radicals froma nitrogen
cont ai nigRigagen sadicals, gnsdayviagh sadicals 3@ uspddar ¢leaningape orgmpreAlBents okt i cal

el enent : I . 1] v ald enbodi ment the

el ectri E%Féﬁpgl%%g?%gﬁ é’gér%g?céﬁgﬁa? glre gﬁgg%&nbﬁ? 8re§§’?i%%cf léolﬁe[ﬁ]{]ie invention is
arranged andHereii theedmt ‘Gntegeredraitle’ diycdcopgeises ardbadiments werdiathd 4 dcist far 6f of )
a hydrogen contgni ng,gas and i n _another %}8 enbodi nent, the el ectrical

di schargls (eRiteab) glement is conducineand atjused &5 goik frgsngation of & indvstyghreenemirdcal s

B e e R Y
gener at disthadgeogédso walthi arglast ofiwehlls can be used as plate or coil for generating an RF discharge.
The term “integrated with” also comprises embodiments wherein for instance part of an element
of wall is conductive 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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nitrogen radicals from (at |east part of) a gas containing hydrogen and
nitrogen. A feature of nitrogen atons is connected with their relatively
| arge size, which may inply for instance that they cannot, or cannot

il trat t heni | f t
i v o som o s lecrirH G iR SEEGR T eBHEed Y EF PP epairy Satieey
penetr afaﬁlc'éﬂ'f'r’bnﬁ%ht léa@tyﬁ«frt éhd nﬁé@eg%ﬂﬁgﬁnr@%ars' YéUES fukted elibbdifest, iéch as a

collector mrror. N atom forfrs stabl e gaseous substances as w th carbon
(CN, C2elgtries d\mchd:rgogymato( Ndesikaa] anmmpgngenem&dﬁ'dr@e@ radicathamh al | ow

t th f | d f f _chamb N
i ter 1 PoRydisnl o i oSparet o egedrEnne St L Ao 1 < @ much
"stronger” radkdade of hitAILeh MRS Boleef¥t with i relat5ve¢>\/1a9§e SRR meyRAEY per

atominstead of 2.25 eV per atomfor hydrogen. As result, it may split
| ar ger funms@ncothat&wcexmﬁwrc@m @mlysrmr@tmleébrough Bhl (sutheniwmppapsiayers on

mai n source of urities r.and gn.ch

i ssoo G BtRr sprERt RrTor Bsletd RS s IR Ry s 80 oot Runcy
(RP) di &fyaadrﬁenaygmﬁrgaMn 14¥RP QML) nmtro@rshcm mrézmacﬂasambsr TR DY gdmbisrihh e
nitrogen radicals or atons, the nmethod of the invention can also be used to

renmove Siﬁlylgﬁhseo&mba@n@escﬁémmqm (&) quB)r%g’éth AMLeB ENG: Mo, Me@s, RhOwn. I n

nb f 1- 30
Vot o ofp e RpRAGPN S5 GE ot oD bichRAE Be kot ARy cleafing Bt RNy
0. 001- 1Qatradfter Gs kxﬁ&ﬁrd%a)atrﬁasphbﬁ B&ﬁdest; ﬂlegﬁtweata&)mizrﬁngelﬁwgtﬁﬁlugaalrsdlbai the

radi cal generator. In an enbodi nent, pressures of about 0.01-1 nbar (1-100

Pa) ar ethas émdromatomartthaah S \eebeheaienl eperay garatemringead of- 41 ¢Y geaiom for .
9 t
Cobar pridioft ASHledl, B ERRElPER RS ol PR Moo BB, 07

bar. |'|y§11’p@lﬁﬂ to admzmi soweedofdhparities erseil. mmdramwﬁ chanbanvalkThsihighon and/ or

to renove xyge but hydrogen radicals can al so be used to .renove
deposi t 1116$P§131UPR @oeﬁtlelqumltrwpam?debedu@ hywsmeapreéi%ﬁrfeﬂveaw S )rdisshargesn EuV

source. %é?%['yt&gﬁ@n aﬂb@cﬁh? c&B0n Enékgbg mi}rp@ﬁed#éﬁﬂ? hﬁ’ro ggrg a?sxérda‘?&n% th&fethod

Sn-oxid netalTic species an-su e uent e renoved by

hydr ogeof the &d}bﬁ@dtﬁca‘nculmhmgxsb&drtedﬁﬁfe(okyg@ SNH4) and/or with haI ogens form ng
hal i des (Ii ke Snl4). Suitable condjtiaons for hydrogen dissociation are

known. |n anSWiBlHORERONS ForgagoseRidissariatios arﬁiiﬁ?%elﬁ agsbogBnent agasopigure
e ey O ie Mo B TR S, Bt B
r adi cal prefoyrdshod abaudiocl1- Heber( @t o0’ Phyman bemkhddb tgemﬁratemnte@urrmcaii batieut 0. 01
nydr ogeMdcabaEiei [ o maaprsgues of poot It mber (100 B8t scdahe n an-
enmbodi MBMia S Gre REIESR c@HﬁHﬁn@m&o@é}g e;&Q%‘H? Nyt 88 ih3h@mbodiment range
between about 0.1 and 100% of the total pressure. In an embodiment, the N, partial pressure 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 SNH4) 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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pressure. In an enbodinent, the H2 partial pressure is at |east 0.001 bar.
Hence, in general pressures of about 0.001 nbar - 10 bar will be used.
Herein the term "pressure" refers to total pressure, in distinction from
"partial press ". Herei.n, the term"electrical, discharge" or."electrical
ghs. di SRRRRGD HD: KickdandRan FRPEFEIebrangp bt PP IdcaveRt Bhigtlgh an

| oni zedy,QaSre 1T RAbBAiARAR theMIEpRRAIEHEsle 18PPALARY 009 bgeNerate the el ectri cal
di scharge vviﬁi Inl%glegenelr al ’bee fgll)md Ergt vsvegr% about 80 and 100,000 V. In an

enbodi nent, Heeey mdienedat passirgsarf@abautdt0Flrmobart-hE) gragvillbienged Heaeinghe termequency
(RF) digcharge, especially at RF .frequencies of .about 1-1000 MHz. In a
vari ant ,prfﬁlé% \5?)tg’ﬁsa}8g°tg]ﬂﬁ¥?saff’ fnsdlﬁtfﬂf%f’n %@5’- OGO W gener al | the RF
di schar ge i sygRlpifadmteldctioNRischghage cldchiidal bitdiRMasRd iPmoHsaldaetes ©f an
EUV source SO . In yet a further variant, the frequency of the RF discharge

i s abouan dlect80d digeharge througlsamionized 4as, .80r pBbma.As shoul d be appreci ated, the

frequency a vol.t e varie ependi.ng upon.the hyd n._qn _nitrogen
or “both. hyar P e G aREAds e € e FERAGE UghatBER i) el PO R e hech
pressur ghoif 8o 8nd 160,60V Il s mBHdsBER! BE radicdlPard Gendeioe fidinthe gAS usihob ki@l so
be appreciated, the voltage to be ﬁggl ied may be a function of RF power,

f r equentiyquendy (BX )alisthargei espedially at gqysneies of @boub i - 1990 Midz.dpaiveriant, thel | gas

pressure;, or ot.h H2 .optio il |. gas pressur ts_anplitude
oy var oG APERa: 2ab 100008 SR PeieRlIhe RE disARrksBLERRIRE hup lobr PORickt

vol t agethapthe Falskd BIC Mk@Harde! STRUBCY saitde STRITh yBFa fiéBVaridn@rthé s RAELof tHei NY
1 vol.%N2 in At at a total pressure of 0.1 nbar: - 100 V at - 100 MHz and

power f Riixdischarge @slabape H>300 Ml forhastpraeddp-180 MHal Aeshquidbienpeseiated) thar ger

P S a0 Vs PSR B Bl 30 e

ski | | edaddegiibg@ osskrQus Wi v tHe tgah@s@l Epradsue! viledre teadlectitidas alxakgge isltd ban
enbodi nent, power fluxes of about 1 mWcnR - 100 WcnR2 may be applied.

Hence, Benetaied. dstshowld @lsotheeappregiatad, Big volgen toderipphiefl may be gdynasien 9§ B t o

cl ean surfac f r i Lt f .carbon
Ccompr i B g S MRS ML SARRRFrT R IHERR< (0PIt ab O Bhol AR BRsffe S 20T, ¢

t ubes, Béth-HHaweWehd opiohi0 Gieinzas peiseat s Ivampiitusle ns wise thomt £boe O toxi des,
for instance Sn-oxides to Sn i ch reduced oxi des may then subsequently be

r emov edsaygrahi ¥ (ssdiras 2869 g’éJ Geneslly the volaests sraalbat gl fr)éq@l% angymahRFdes;,
form) a ) ( Ry . ed o
deposi PSRk e, (8t FR51 AN HORTR o' B GR IS PRAEESLIEVEETING £ o
| i t hogr B{HY andgiopar uxs- 0.0 Mem’ tih@ay by bigdransmilietifetgaenicy and largeineisarnt t he

use of §and a net hod of using) nitro/geg radi cal s for renoving carhon
deposi t 1YW Vat BMEfr andpowar st & 1 Wicmegt b abar. Fog lsgaidy: %ﬁ@gﬁaﬁ@mhlgh%e

| nvent i oiREOKhIBS s féduﬁ@n%{éerg%ﬁgkﬂed TERhRRMn Yhotés hBRo ehd: RIS fdfttcap! S for

removi ng oxygen alit r i C apparatus
discharge. In an embodiment, power fluxes of about 1 mW/cm? — 100 W/cm? may be applied.

Hence, in the method of the invention, hydrogen radicals may 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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12 Therefore, in an aspect the invention is directed to a nethod for
cl eaning one or nore elenents (to be cleaned) of a |lithographic apparatus,
t he net hod conpri sing prOV|d|ng a gas containing nitrogen; generating

nitrogen radjcals from at st part of the gas, thereby fqorm ng a radical
cont ai ni ng gaberegar%\wailﬁa)eaftt Fé‘ﬁ@f‘t‘%‘rstd“(ﬁ?te@ a pgthodApr é&?ﬁ‘%ﬁ APy BYS to the

one or venti on
o i oorai gl SRl of RN BRRRE Hhradt e AeBRE P ERI SRR B A hE S e
of a |i thagihaghitogenpatratating ritiegenahdiods frommpicast peyt @i thy pak, nﬂg:rebyq‘asmng a
containin ne or, nore sel ﬁCt ed fromt of nitrogen dr ogen;

e
Gener at FHEA PEHEGER B8 CHREGH I GRBLRS HOIcaR BRI i K PO BHTAG
hydroqe@lenfeﬁg'o?% c?fpﬁlglmsaand ﬁ%%th@@és%e&f thE]ti'ﬁve f#ion 1stcﬁf'e'2: Yo b @hdthdtdfoR T adi cal

cont ai ni ng gas; I ng at | east art o e radical containing gas to
t he onecleaninpoae eﬂ mordlemerits (théde ajppacdtofis lithogeaphic aeppbmmsnﬁmtmeth@d t he net hod

of the invention nay be perforned in the |ithographi.c a t.us ordi ng
20 tho FRVBHINGROVEIRE S b CHRNBBaPTeFPore s lsCRa <t a g ersaPih mtra%ﬁw@

hal ogen hy@x%g&? @E%ﬁgg&oﬁﬁeg ragﬂals%? ﬁ%&}ggefﬁmﬁls?ﬁ Bbth diltSg@hdHyd

el enent s” ar y providing a ogen ra cont al ni r¥g gas to the
one or mulielefremanteastgacd o tiesgaguthateby f@mong a radicah contamug@asrmdmdaig at least
he one or nore el enents et. .anot her eppodi nent, the

o o "o PR redetl Fen G ras IR LiF B BT TG Of 45 SRR Bt ne s
cont ai NRGHd ﬁ%ﬁ%ﬁh@ﬁbﬁ% 88 el iRventiBR magrﬂégﬁrfeﬁnm’ﬂrtﬁ&ﬁﬂlogﬁ?hﬁaépﬁaﬁﬂg

nitrogen ra |ca s to the one or nore el ts and subsequently “providing a
hal ogenaccondiag tu thg ima&stiom t he one or nore el enents. According to yet anot her
aspect of th i nventi t he .inventi Olﬂfrhs directe 0 a rreth d for eani ng

one or nore Eﬁwgnﬁ?famsa &lree%?ﬁ&ﬁy "afCPF’tPﬁ‘B‘g?gﬁlﬂB%“ il %fsdab%lﬂet hod

conpri SLRGHhE WHodiéht &he Bfe 6PRbAI dléMentONLILARE bPBRRIBAS Qﬁy&% EPganRal adi cal s
fromat |east part of the gas, thereby formng a radical confaining gas:

provi di ngntainirngegas to tharone of moneelemdits ahd suhsequently popvidisg aaittdgenombcadr nor e

el ement s of t he apparatus. This nethod may be perforned jn the | |thograph| o
appar at Ge0tBINgEas ?(E@l’@r?PF ShMof% eWE’Ptﬁog“ a{“i’fg %M@S‘?’f the onR OB MO%Fhodi ment
especi ayexleﬁwa&@ak&eﬁ%? éﬁbﬁaﬂfgr!ﬂa@i@@l daﬁtalﬂmg gaseéoﬁfa%ﬁhg ra%ﬁéafrs%e?éétefdr% e

group of a mrror ting, a reticle, nsor, a support

| i t hogr gmipef hpqhagat tashccalsaamidentr@cd raditals tmctgc aphormerspdeaenis ax@cthﬂmhmemlwval | .
In an enbo\glid1 nh, t he net hod |§O§EBI ied for cleaning one or nore optical
el enent EFOViing A halgescqniaiping.gas o the gne Qrmareelemeiyym the group of multil ayer
mrrors, nor K@éorﬂiﬁ%‘t@?@@ﬁlofﬂef h&est ofgﬁ@ﬁl'v&%dn”ﬂieqﬁ%‘ﬁon'i@ AiF QR toaQhdiREd R
mrrors, reticles ters, apertures, masking bl ades, gratings and opti cal

sensor s cleRahgpné ogmors d¥¢IgentQ (to thh |01§aﬁ¢dj of e llﬁtugv&phtd'@ppramsedwmethabpar atus |
in mor ecc()jmpnsmg providing a gas containing hydrogen; generating hydrogen radicals from at least part
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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conprising a radiation system42, an illumnation optics unit 44, and the
projection system PS. The radiation system 42 conprises the radiation
source SO which may be formed by a discharge 13 plasnma. EUV radiation may

be produced s.or vapor, for exanple Xe gas, Li vapor of.Sn vapor in
ohi o aPgang S i AuTmie D pioduiel o B AR B eatmpl Kh e eb REESer ¢ he
el ect roqﬁ%ﬂi?zrf WhichR&fry H&‘les*ﬁ?a N @Fehted b eRitGadBibPintheBUArRYe 6pHRI NJ an at

| east par 'y 1onized 'plasma by, for exanple, an electrical discharge.
Parti al eloctesrsagnetic sfectriior: Thx aenylhot pladm@Pis aéatebby cduisingam at dgast pastialrignigedher

i tabl . i d f fici t ti t
Fadi ati SHSRERE ok ARG s e ar P oS B e ke pRe LBk PR
sour ce ¢habgpordr dnpmher 3uitld HtRVapdtanBebe rGuivddEfor cHRFerR @Edraiondf the

contam nant trap 49 which is positioned in or behind an opening in source
chanber raifationhEheyradiatign emétteddtsy nadintion ppir¢esBOas passgshispmay soytee ghamberty into

col | ector_gchanber 48 rises a radiation |l egtqr. .50 which e fqrnmed
by a - of sofi iR Rem e B0 ns b et Srsellantra Ya P eliior ma kBl d i or el am
radi ati @i opQlihEmtsetrceicHaMbEA7. ThE g WhAMASII BRAN JdsHRld Mans streqtiRr  si de 50b.
Radi ati on passed by collector 50 can be reflected off a grating spectral
filter 51 toThecdlisctos ebambera8\dompuiaes astadiatien pollastors® vehiclamayberdoumed by t he
col l ectar chanb&r 48, Frto c Ii.ect(ﬂ{? fh er 48 .a bea@ of r@ldi ati.ﬂn 66 is
r ef | ect SFZN MisHCRLTS Yn RAHRLCAlgetor P USIRAR PRl PEP R 0%
53, 54 and ®dewhdiehml radiafionBSlectd? @Rle 50 RAiAdnRbded! s RlledtBsk0 taBetreficted
patterned beam 57 is fornmed which is inmaged in projection systemPS via

ref | ect pife ssnténgespeetradiltes§l gmbafosmsedrin g vatpal snurea print Bt & apapergurin thebr e
el ement s QA ROGKG 48 Yroht Q@%H%hgxﬁb&rﬁsg Pan) Pt féalrdiagi 13t Pe’qe&@h fs unit 44

and proj 210 system I'Ng Spectrta may” optronally be

pr esent jIhaeRSa didics! BOIN 44 REx dorPel dtidehdetrBREtaP B C5apRahattide oFmaiher, there
may be nore mirrors present than those shown in_ the Figures, for exanple

t her e nRgsitiened-on rptile or mpsletableMTeAdatierned peass 8 s formaed Bichgs imapgdiiat i on

col | ect fere 0.J.pdi b n _two
Fer 1 cct Bycleotdn 3 fen 28 peFRL B E BB 0 T 50, 1T a2} SE o BB S E RN st
i n Fi guelem@nisaigh HpivinGady gnerslipthe picdentsih ONwininatiéheptis haftaliaad pesjamong of

this enbodinent) are vul nerable to deposition of contam nants produced by
source Swtgm P8 GeatingspectrabhlteyyS It may: eptinsally bp peesentodepending upen thedypeaefe f or

Honce. - Saogranf bRt Eubhef lhere oy € imol- e R bR Sl he 1 ©F

descri b&tbures, fobecartigit alidre bl de)l -4arde fleadd eldndnitepriasen hadrs ey Radiatiohese
optical elenents as well_as the cleaning nethod of the present invention nmay
be appl Feiectoss dhareknoypt Refsrense awmberdl 80pndicaiessthsnage hefean twoeafleeiorse e.g-

refl ect refl.getive el enents 58, 59 or other optical elenents,
for exa%ﬁlgérg{fg??ﬁoﬁgza%drlggfs, gratings, etc. However, the electrical

All optical elements shown in Figure 2 (and optical elements not shown in the schematic
drawing of this embodiment) are vulnerable to deposition 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 58, 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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di scharge generator may al so be used to clean one or nore walls (interna
wal | s) of radiation system 42 (not conprising source chanber 47), collector
chanber 48, ill um' nation optics unit 44 (I L) anq proj ection system PS, or

ot her el enents sent ﬂ t hese hanbers ?ﬁ on olle? r 50 nﬁéhbe a
oo e ASHE Aoy BRYta] S5F Pebhissouren S5 BE it Htes thaeet s IGaied P
opt . Ca' ol éi%ngolléréﬂ@r ﬁﬂﬂéf@oé@ éerreﬂébtwﬁgze et LK oln s ﬁ{e‘f}%@ﬁls&é’éﬂeﬁa' axi s

O Iation collector y conprise reflectors 142;
So rret i rrebn:llt fibgseaefectirs d4Zdl4Betho mhseb¢ nesTuemd ro@tlbmibmymnlemg aham 0p1:1% axnay be

nested ot at onal S t bot o re

ner | ©as O Eidhd G Seitasy STHE fiegted Pl @REDEbu R Mdieaky b agtrere dipdhet 2°
nunber 142 2n ifBrohdHiRE mf&@s ih@fch@8 b9 refefent O HhfBdrad 3 Dand £f GltéeRedtoliiper 143,
and an outer reflector is indicated by reference number 146. The radi ation

col | ect mdlwdebyat&sg@e aumder Ko The ragiasionjcollecteind) englyisgsr ceitaim vplumegel. fbml@eer

reflector(s outer,reflect

ci 1 cunt Spui iy i atnsn ol 4R SRR bRoRrRIL Shap i AGR 1R ¢
refl ect ersunfrentidyBclasud almgﬁ@ﬁﬁnlopemﬁggﬁlaﬁs@ &fsemmn hh@ﬁeﬂhaagtmpam and
conprises a reflective fayer or a nunber of FI ective |ayers. Hence,

ref | ect d#Gcamprisesndaeas@f which(atdeast past mmrtﬂe%a rﬁeﬂpcme Joyersasrit nuanher af reflective

conpris el n S

col | ect aﬁ@rSE%?fwre c?ﬂgftogsp”fzs g‘rlrfl duflgée(tm(%%etﬂaen§§ @Qf E{) sel{t%%‘h%? (%Oﬁgjrgg | ect or
may not h&@nﬂﬁfohqiﬂi@@' af 1e8ist @ft'd@ﬁ% didfoaredlectnd eﬁﬁtdoﬂectﬁig\EUV&ddhaﬁd)rDﬁomE@ﬁrce
exanpl e, | east part of the back side of the reflectors my

desi g neaos @md atrlegst part phige seflpctasimaydiot he designed fen rgflegfing mééOIla@ttr@rElpB‘ér t may
al so be C t{ong(pr%g( f)ledgt IF%? g&xte?f th%lf)raftl? ide 8f th%?ée%t&rﬂda?q%o ? d!: n%{i%m there

may i 'on be“a‘cap |ns ance

opt i cal rd‘ﬂebﬁ@g’ anfl¥ Vlectath EUV&hdlh&@ﬁtThbamer phrt blag amrb‘eamﬁe@taadkmeder e)‘nl tﬁ@tl ve
| ayers. The radiation collector 50 is usual lé pl aced in the vicini ty of the
sour ce Sofase ohthepgriedlectsre layers theyamay inaddifige ke p spp Byeotforinpstancesdy) fore nay

conpr i S o%ctlo? %? Els (T> s 8 ié%ﬁqg&sldéc%# Et% &sz%rt %?ﬁr?fc’e otfrf'l?e {eﬁgétﬁglh surfaces

furt her PFTom eln ace angles pt| cal

axis 0 than Theraﬂ&ﬁlbﬁebllmoxswlfsamlltyhﬁdced$nmb@&emt)t @fmbeomuSO&)rSﬁ)lmhge éthi s
way, a grazing _incidence collector 50 is confi Lﬁgur ed for_generating a beam

of  ( E) UthersquicaSCh Kagh ettt i gy 14P o) mEEPTBRFISeFhleaghivg a@lacm@t relesting wo
fl |1
otat | oiaeEB Y 8B A AUNThE: R helBBE: S0 Yeifif lafet RalIB BUIATS b, Y

that r apluml axim Octhhn ehetreflechitig m;fadeaha i§ clotdies tHeaatitee 8O. din tltlhezawat @ariap
surface. of outer reflector 146 or furt.her features around outer reflector

146, f ofncidensfotallegioppBiscanfigureddprsneraing akeap of gV radhiation Riceagating @iﬁ@g or
1o o SRRl 58 AL PR T DL Gk ERORL W Bt O
ex arrpl esmmmntlﬁilprotaﬁromaﬂja wmmatrmmboulahé eptical HranOnitshotldyerapprebiatediahiti ment al
to refl ?a%uu%g cgflect[ct]reSOrrgg)I/ éxieofﬂrtﬁ lflea(ln’cg}e(s) E)n %}(1)(: external surface of outer reflector 146 or
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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or other optical elenments, which nmay necessitate the cl eaning of such
optical elenents. Detrinental herein refers to reduction and | oss of
reflectivity of those reflecting surfaces of the reflector or mrror that

is designed to reflect (apd/,or collect). radjati on. Deposjtion . al be
detri nent al i)qusﬁé)% E?Heg’@gy depRsitiqneco, isﬁlﬁg?’ Py bg ﬁ%‘@g’)"‘?ﬁff mfaBI‘en}r%\é{“éeﬁi By an
opti cal I td it ! i jbi on,
o S0 oa B o O S o b ot e Bodiuh by hen
Deposi t raslicalse sypkini y&k b yurthep esibbdiorent byrporkinatiprSof hydy gbre raderatsand dna oamore

enbodi t by .hal ogen as, gasses or e le, F2, Cl2, Br.2 and.12 and,
- anot REPEo R oD TR TSGR o sehaF. Thie e & S0sRarPRG P b a men
by conbighatiedd thefre Nl SO@Rall AHbER Sf XYPerd MRr® illBsR1ly AoARaD Some ek tBA Sn
applied sinmultaneously or subsequently. In case there is a deposition with

e.g. Saxidduko temovhSnpxidesrrcredodtionsigp mayrbripresssety eplgrgetemertialrSa aanibe usual |y

al so be_to sqne extent. Sn ide, To renove.So oxid a reduct.ion step nmay
pe- neceluiryaunrornbatimanyar - Shtosd by e fdeloh RF BB Findh t ' a
hal ogen egdsdilnt hiea tidv@t bPihe oéduded exiea By dRIgeh Padidhls Bfihedbrimeitionldy a
removal of the reduced oxide with hydrogen radicals by the formation of

hydri debydmidesr ogen radicals may be used to renmove carbon deposition. Hence,

hyd dical . Ni di cal bot h hy. '
R car o, mayroren sl e R iR P o Bhocideban PR s M08 s . o

col | ect @ftrogks fadicallor bdth Ridrb dtidgeffradicAis)ma068 ah@niedith@abe grafideditber
(optical) elenents. Such surfaces are e.g. the EUV reflecting surfaces of

ref | ect 8¥lgast part of @ surfaeg of caldecipiinaifrora). Gsat leasttpartiod atsuefacd torbeddsnped of eher i ke
Sn and r the | 4 d Th
Cor m i aeal BEmelis S uBHECEES o Plhe FRIV PR Gyt offénblibrk 13201 F3pa ™

ot her volewhichfimdyoe donsdnginated tWith depbdingd Rih$E aitp0 i deligiterdid erfides ol enent to
be cleaned is situated. For instance it refers to the illumnation optics

IL or tehambentd¢8494 (IhyandiBS. Theytprm fpressare” shus espedia yoredars to he PIqseHE dhe ed
o ’ o ¢ o et
wher ef n CAMEF HEDEL Li6lye 38 forThdHIE e RHOSHBL EBPAtE SREAl e SRuBHPOHTTEL,

to the opafedtis sifuatdd. Hor inswdned it vefers i@ tHeriilar@inatios 6pt@osdE, or t& titdntiss 42, 8| 44a0€e
source, have_ not been included in this schematic drawi ng). A chanmber 300 is
shown, (k) ard Rdworite the pressurrcexppensad vathincspdlepter mimor Slyg ™ 44 (1L) and PS,

respectivel yg: W | S5 i I : this
schemati c dr%ﬂ%gf%eﬁ‘??}‘?%gdgﬁ&gﬁh ng d?lgeﬁgiﬂﬁ?ég gg egegﬁ g%{ (liigéohar%‘lqgnent 100,
whi ch eapectialy gereeged@bomt entsimyplieft td e apetatioalbf et preotiw: cle@ritdl disedarghove. A
fl ow of gas 155 containipg for _inst glnge hydrogen or nitrogen or both .
hydr ogeBUCRAS arvoltagigionrges hivediat been ingluded wrthig tic grawigghA ghambess0Q e gas

155 i's SRE e hey AR instance be one of chambers 42, 48, 44 (IL) and PS, respectively, which
chamber comprises 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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el ectrical discharge which is generated by an el ectrical discharge generator
200. In this enbodinent, the electrical discharge generator 200 generates
an inductive discharge by using a coil or coils 210. In an enbodi nent, the

el ectrical _di s¢charge ator 2Q0 arranged to generate a RF ctive
i Schar Gie0HeEes t pis? GALIG PFRhet hal HEET oG b i osbn AP EaL iR Bt Be3 0 | o a
gas 165corﬁ9ip t%d’é'd?gwé %idin%?é ﬁlere?;hllﬁ cERToHPMabion & thiond n'i&@'o@@thc‘h dagieshR used

to clean chanb nd/or to clean optical elenent 100, or other
el enent ssc—:alsAlﬁtena ﬁrsmhyldmgcrvmdlclahand/mtmm%mcra@dal|ctr:antnlg|Qr.r tecatoesmbita legeawi ng. In
an enbodj nent xhaust 22 may be present, for renopval of formed products
170, \/\hf"f@ﬁmﬂ%ym?'g?l st ance conprise hydrides (in case a hydrogen containi ng
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el ement ger&satoE2(0 isaeds 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 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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above, but not depicted in this schematic drawing. In an enbodi ment, an
exhaust 22 may be present, for renoval of formed products 170, which may
for instance conprise hydrides (in case a hydrogen containing gas is used),
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17 el ectmpliesrthasitemdishargeegeakratarconipfisys, a oueedbypraviding & eurrt gropghespelitllng

h [ f ddi.t i | i iti. ' .h I d | ur . houl d
be. appr Steapi s ol A g R LB At SR Bt B Pty

pl at es Qfsch42bé, ¥ st a%gﬁyit%rﬂv&?a%e OBxCar’AEbtrodi dfd Edtinted)eld¥BBdO Efof ieGaEE plates

generate an électrical di scharge. The term "electrical discharge
gener at or obie¢tadgkand B22@né 240.evidmingiap othen dlischarge gerarger 20thesimprises pat t he

di schar enerator_conpr.is source, for .providi cur t u coi |
S0 R R P e R AR 00 B A Hlosl F U A e d IR NER 0,
gener at enfed)) Adudy GirhivRd t6igedhae QQathi\feQﬁsoﬁEﬂgleYDﬁGh@gé’ Bdread6r ZOCEE aftinged to

el ectrode and counter electrode (for instance plates or objects 221 and 222
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and counter el ect.r (al so indicated as plates or objects 221 and 222 (and
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such that the radicals can be used to treat a surface of an elenent to be
t r eat ed.l, RERRIBINGE YW 9 apd ophompeptist] elawents; elithegraphip apearatys b fgtheged a
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especially a radio frequency discharge, In _an enbodinment, the electrical
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ly a d
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to generate an electrical discharge at a distance of 1 meter or less from the element to be cleaned.
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 arranged 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 H,, N, or both N, and Hj,
although for instance also in addition to N, or instead of N, NH3 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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to generate an electrical discharge at a distance of 1 neter or less from
the elenent to be cleaned. This neans that the hydrogen radicals are
generated at a distance of 1 mor less from (the surface of) the elenent to

be cl eaned. . Hence i scharge generator 200 .is arranged to enab) e treatent
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50 may conprise nore reflectors (or 1ess) than depicted and nore discharges
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di scharge 230 nm nerated within central reflecta 2. The.real form
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reflectors (142, 143, and 146), and erein the reflectors (142, 143, 146,

etc.) (weanged onafingens yefipstars Laasubddoblopeysr, eaghirefleptorgaay ¢anaprise ORF CEBIOR i se
one or Qa{dﬁct(fr%r\ﬂh't%.'m cghéﬁc%% é)%ﬁegyar@%% r%%ﬁ?o b use%'lg. X‘@e%t%'a'l:a%@ti conducting
pI ate on a refl'ector an a coﬁ ucti ng p? e on an a ]gacent reriector are

i sol at edis¢Haegs, esgprciallpbbigveen Hob estRicioealA Yumlswdloy oppesite on dattitdtheg aplaagels 221 and
222 are depicted, which are ar rang:ed on ad%a.cent reflectors 146 and 143.
Howev er condieting RlpteeBiay be gl OdEepeREa Mimbes oI dispharges 30 betwesg thpadiasentThe

conduct 0Bl A1 AREAIE RS pHEGER) R B PEEBIA Yo o

ot her afo0tafgedstream), i.e. the opening of collector mirror 50 that is most remote from source SO
(see also figure 2) and flows within the collector 50 in the 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 Sb, 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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conducting plates may be used to generate a nunber of discharges 230 between
two adjacent reflectors. In an enbodi nent, the hydrogen and or nitrogen
containing gas 155 enters fromside 50b (downstream, i.e. the openi ng of

collector mrror B0 that i st urce sof ure 2)
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mrror 51Qiz&i‘u1:/eﬂtrreﬂekpaor42 for contam nant barrier 49. In an enbodi nent,
central structure 240, eC|aII a central cylinder, may be contain a

rotating el efewe 2 evmherrqfte Heeos muFr S0rcap ba@sedﬂéﬁ%as refleciprs (142,
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el enent dedficaly ihadsted froir ¢ash oB@r.can be used, such as reflectors (142, 143,

146, etc.) and central .structure 240._ To ge ate capaci tively induced RF
di schar ge, tAebebieqthadibinglizetor migpr W betEay %Pﬁeﬁgfob%zr%n;geéfo heRlates dvent s

are sel gal o, AtHcat Ve hREE dr EeARRiBSh electrical discharge, or which objects may be used

itself for generating an electrical discharge (when a voltage is applied to such object) are so

called “spider wheels”, which are supports 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 hydrogen
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
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bot h Heniffagemgxidg ¢ampaungs.sh lepabprodestion papddesigwerpnst umifosm I serreptratinn ay
wll bethe 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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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 hal ogen
cleaning as well as for direct Sri cleaning by H and H can al so be used for
t he renoval of carbon deposition or for the renoval of oxygen (for instance
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cap layer) may increase cleaning rate as well. 21 In an enbodi nent, the

| i t hogr syplohymeypp@itiathean crergenérakberms’ sabbfrate’t dro'tar ggttpocticay pespectisely. Tiee
invention is however not limted to EUV radi ation al one, but may al so be

used f ofubsirate Keigiredte; hereip maydeusosested, befareqr jalier exgpgperei iprfor eHRgke@

bove. h. specific tef de. in thi h f
AT TR e e g
't hogr Sahiet EBisEREseS a1 RF B RERLFR B v ddbelos T Ribef frstilft

that thg e bibBPHoRREW/6r ?rﬁf?i &t tdiﬁ%ﬁbx@%ﬂpli&%fe?ﬂﬁ st ferfihHedy be applied

applications;” such as the nmanufacture of 1 ntegrated optical systens,

gui dance saollafitbéthet substrfi@piceedsingf toolsnagthet,ithe slibemats nigg bl processdd brephdaie!

di splays, liquid-crystal displays (LCDs), thin-filmnmagnetic heads, etc. It
shoul d becealop crample énjordanto, create 8 mligdayeel, softhat shecterm|sulstratet usgd herein may
applications, any use of the terns "wafer” or "die' herein nmay be consi dered
2P Gy nag e ek GagChatans Fufiinle PhesSeve® or L arget porti on-.
respectivel yaiglfign s?é@ﬁ& F&Er%fléeeﬂaﬁg had ﬁe?n ek thbJE% tﬁ@us@?o?%ﬁ%%ﬁ&eq?&%f%@ or
after exposure, 1'nh tor exanple atrack (a tool that typically applies a

| ayer ofnvemiongh thedcontekt bSbftadablithbgragiey, ¢l witishe dppreeicpabtet the $hviehjion may be
nmetrol ogy tool and/or an inspection tool. Were applicable, the disclosure

her ei n wswy ibethapgriplieationsofos exdmpla dmptihid ithegriphtys ancewpers des sintexttablows,.is not
Further, the substrate e. processed nore than_ once, for exanple.in
order ¢ Bmipdteptgall ?gr%i@ impgeint fghagraphy eriapaRaRiv ST B ERENG AssirerfeABF ey

the pattern created on a substrate. The topography of the patterning device 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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also refer to a substrate that already contains nmultiple processed | ayers.
Al t hough specific reference may have been made above to the use of

enbodi ments of the invention in the context of optical |ithography, it wll
be appreciated that the invention may be wused in other applications, for
exanpl ewitARitidepartihg ROEY BB BYopeITtheIBRR skhdutbelkext allows, is not limted
to optical lithography. In inprint |ithography a topography in a patterning
devi ce defi nése oftthe vgrht"teecampriset bedlitocongugntibst daxs @ot Hvdudedhogreagivy o6f t he
patterni ng device may be pressed into a |ayer of resist supplied to the
subst r atleMGRe PEspRTOtherehpbiioss stated i elal%yﬁw&lsl? Ny ¥1'8Bt PsRetip®an glement

radi ati r r L i . . nNi. [Gge is
roved ogres ot Blstudt GEppdEe FpRRIRY AR IGRLE The MRS 0 BRI BRYEC
Wi | e epppatiwBRRIDnPrisindSelduedittirRNelbm¥hts PRRDyILS bR YFo@aRYRd dotnpiter! Inbe
appreciated that the invention may be practiced otherw se than as

descr i bt .detHoe claka rphmeratige savarat devices/appyratus adegetahef thesendevices/appantus may
program cont ai.ni ng one or nore, sequences of machi ne-readabl e instructions
descri bPhegmbodied broeneandhe samg dem ob Byrd wars: The asrafast bakesstaiponrasyes ary.

sem conduct pr . i c.or tigal disk i such a c ut er

o 00 anicEies BaPRIRLY PR fipead Pl Rt it Bitkealh B AHfaRuE TR

i 1T ustrakhdifes ARtotlbe Wikdd dGkdvdkise, It Wil be apparent to one skilled in the
art that nodifications nay be nade to the invention as described 22 wthout

departing fromthe scope of the clains set out below. 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" precedi ng
an el ement does not exclude the presence of a plurality of such el enents.
The invention may be inplenented by hardware conprising several distinct

el ements, and by a suitably programmed conputer. In the device claim
enunerating several devices/apparatus, several of these devices/apparatus
may be enbodied by one and the sane item of hardware. The mere fact that
certain neasures are recited in nutually different dependent clains does
not indicate that a conbination of these neasures cannot be used to
advantage. 23 WHAT IS CLAIMED IS: | . A nethod for cleaning an el enment of a
| i t hographi c apparatus, conprising: providing a gas containing nitrogen,;
generating nitrogen radicals fromat |east part of the gas, thereby formng
a radi cal containing gas;
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providing at |east part of the radical containing gas to the one or nore

el emrents 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
accordi jHAD ISl@iAMNMEDWerein the gas further conprises H2. 5. The net hod
according to claiml1l, wherein the radicals are generated fromthe gas using
an electrical discharge. 6. The nethod according to claim1, wherein the

radicals are generated fromth as ysi. a .radio frequency discharge. 7.

The met Eopl aégﬁ?tg?‘%)rtck?aﬁ’ln_&i%e&rg%Qizjéhﬁl%mh’&aé’B't‘rraF‘l?a‘F REHar ge co?rpri ses

an i nductive ogfdiﬁggfsa&#dhﬁﬁ%ﬂlt?oﬁgﬁr ge. 8. The nethod according to claiml1,
e the Ti1tho

wherein the Bleme graphi ¢ apparatus is selected fromthe
group of a nmpéretitingitdgehiridicald froft dtGdat patt GRS 9ds, thRrébypahing adadicilhogr aphi c
apparatus chanber and a |ithographic apparatus wall. 9. The nethod according
t o cl ai noritainibigeyaei n t he gas further conprises a hal ogen. 10. The net hod
according to clajm1, vvhereip t he_one or. ppre el enents are c] eaned

provi di ng a RPN lpastiparhp! dis nidiral corfaging gas 1o HiE Qe ORaire sﬁﬁ@egﬁ@é%em ly
provi dig atuéﬂ trogen radical containing gas to the elenment. 11. The net hod
accor di né) 0 Cclaim1l, wherein the elenent is cleaned by providing a radical
cont ai NbNg gFfe ARthod WBERAMBAS LaiR 19Whelettha iR RPRR fPatadistonfpridasar RUVhe

el enment. 12. A nethod for cleaning an el enent of a |ithographic apparatus,
conpr i slitigpgraphwwapgdamatpsa gas cont ai ni ng one or nore selected fromthe group
of nitrogen and hydrogen;. generating njtrogen radicals and/or hydrogen

radi cal 3- f r of@amethod efcqrding 1o clajipd . Yheren the RaLsPmAtEesNag a radi cal

cont ai niyng gas:.provi ding. at | t . O e radic ining gas to the
el enent 4'of tﬁgé %‘6@‘3&5? ?Jqsr.gmgﬁ c@? lTﬁgég%%tﬁgggsa%lgg%‘fO%ﬁgp rfsgg aim 12, wherein
the |ithograph fmetHeRAL&Hm Q@m&magﬁh@i@irﬁwradiéaHMrgemh@d%ﬁﬂﬂ@tg$§usiﬁgl- The
met hod according to claim Jgf2, wherein the gas conprises N2. 15. The net hod

accor di ageleatrichladisohdige. wherei n t he gas conprises H2 16. The net hod accordi ng

to claim12, wherein the radicals are generated fromthe gas using an
el ectri fal diBemgtgd 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 method for cleaning an element of a lithographic apparatus, comprising:
providing a gas containing one or more selected from the group of nitrogen and hydrogen;
generating nitrogen radicals and/or hydrogen radicals from at least part of the gas, thereby
forming a radical containing gas;

providing at least part of the radical containing gas to the element of the apparatus.
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17. The method according to claim 12, wherein the radicals are generated
fromthe gas using a radio frequency discharge. 18. The nethod according to
claim17, wherein the electrical discharge conprises an inductive or a
capacitive discharge. 19. The nethod according to claim 12, wherein the

el ement 19f the héthbB@AERPMLE tAORA 3 UShdréin tl$eellitﬁ6%1@§hif: raﬁ?ﬁrhﬂﬂ@ c8mpHiksah BUV
mnor, a grating, a reticle, a sensor, a support, a lithographic apparatus

chanber lithngraphit iappeogtuaphi ¢ apparatus wall. 20. The nethod according to claim
12, wherein the g@s)ﬁfurther corrprizes a hal ogen. 21. The method accordi ng

to clai 12, Them agqoadigp Eorelatm 1 WhezeiRdle & OBV Ny a  hydrogen radi cal
cont ai ni og I : ntly providing a
nitr ogewr ag?%ealﬁjgtgéﬁggﬁ%ﬁﬁﬁﬁgEogggf"?é%‘ﬁ%@%hzhﬁhq%@%g%éﬁnﬁm s. 22. The met hod

accordi pg t oTlkd Rktkbd decolifl) € Blainh @2 BVIRFEIRthd BdikhBARegerRYatéd A¥indhdgasusindi cal
contai ning gas containing radicals selected fromthe group of hydrogen

r adi cal an eledricaltdischange. radi cals to the one or nore el enents and subsequently
provi di ng a hal ogen cont ai ni nglggas to the . one, olr nor e elargnts 23. A

| i t hogr bﬁm cTheypsthad accordipate Flaim d2, whesein thecradicals gpg gensgrated Eamiihe gagpsing

el ectrical,. drscharge generator configured to generate a radi o frequency

di schar%éa.dlo %ﬁquel?l??ggﬁsﬁaﬁ%egr aphi ¢ apparatus according to claim 23, wherein

the el eg§ri che AbS60aEQRdIng HERAN 7, Wherdih tiRCIEdrit dHRAMBLEmMPAsdsnduUCt i ve or
a capacitive discharge. 25. The |ithographic apparatus according to claim

23, wheinductiviehe alcapdvitiveadisthargeppar at us is an EUV |ithographi ¢ apparat us.
26. The lithographi ¢ apparatus according to claim23, wherein the electrical
di schar 2 gEhfengthed apeording &oyelaine 42.ywhasein theotlpmentnf the lithggrapbie appayatus is

|'i t hogr aphi c ratus agcording tq.claim?23, further comprising:. 25 a

col | oot etk BB Theerhe PRE BHROE Biekdinkof ey aroriBhr a8 R e

refl eCt%frp%ratMaﬁmgr arfll £GthbhaphicAbsah@s gangenerator is integrated wth the
col | ect mrror and configlred to generate a discharge between two
reflect?d.s. Pk mdthed hcddndigp apblain dppalicatiu sheagasdudhergompricésad maldgen. f ur t her

conprising: a collector mrror, and wherein the caollector mrror conprises
one or #bre Thmuethpd aecordipgteclaim 12, wherein the element is cleaned by providing a

hydrogen radical containing gas to the one or more elements and subsequently providing a
nitrogen radical containing gas to the one or more elements.
22.  The method according to claim 12, wherein the element is cleaned by providing a radical
containing gas containing radicals selected from the group of hydrogen radicals and nitrogen
radicals to the one or more elements and subsequently providing a halogen containing gas to the
one or more elements.
23. A lithographic apparatus, comprising

a source;

an optical element;

an electrical discharge generator configured to generate a radio frequency discharge.
24.  The lithographic apparatus according to claim 23, wherein the electrical discharge
generator is arranged to generate an inductive or a capacitive discharge.
25.  The lithographic apparatus according to claim 23, wherein the lithographic apparatus is an
EUV lithographic apparatus.
26.  The lithographic apparatus according to claim 23, wherein the electrical discharge
generator is integrated with a collector mirror.

27.  The lithographic apparatus according to claim 23, further comprising:
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29. The lithographi c apparatus according to claim 23, further conprising: a
collector mrror, wherein the collector mrror conprises reflectors, and the
reflectors conprise conducting plates, and a conducting plate on a
reflector and a conducting plate on an adjacent reflector are isolated from
each ot her. Bgllelfoe nliirbf) Mt tie o@ﬂ@@bﬁhl—fﬁor%@ﬁ?ﬁ%s@nﬁrﬁb&|o@'réﬂe%ﬁ)rs fald tieer
conprising: a collector mrror, wherein the collector mrror conprises

r ef | ect dedricalischirge geteratot isristegrated wighsthe ¢oHertartisroalahg ceyfigreed focgeatrateta an
opti cal and a cent structure, wherein at |east part of the central
struct u?‘ééhaégedﬁﬁ‘f’?%’t}?”@deﬁ?f’t%réner ate a capaC| tive discharge between the

cent 2l 2811 Ui hoathie BpAMhal llordind LEALA 23 HrndEnblAgOr aphi ¢ apparatus

accor di ng to r| ca schar enerator is
configured tpcARERE ﬁhﬁofv} ah@@iherelid ﬁfé%@ﬂ@dordhﬁfb‘i* bMPrifds ohe 1P @drdkBnduding

coils.
29.  The lithographic apparatus according to claim 23, 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.

30.  The lithographic apparatus according to claim 23, 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.

31.  The lithographic apparatus according to claim 23, wherein the electrical discharge

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