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appropriate filter, the said undiffracted light can be filtered out of the reflected beam, leaving only
the diffracted light behind; in this manner, the beam becomes patterned according to the addressing
pattern of the matrix-adressable surface. An alternative embodiment of a programmable mirror

25  array employs a matrix arrangement of tiny mirrors, each of which can be individually tilted about
an axis by applying a suitable localized electric field, or by employing piezoelectric actuation
means. Once again, the mirrors are matrix-addressable, such that addressed mirrors will reflect an

. incoming radiation beam in a different direction to unaddressed mirrors; in this manner, the

reflected beam is patterned according to the addressing pattern of the matrix-adressable mirrors.

30  The required matrix addressing can be performed using suitable electronic means. In both of the
situations described hereabove, the patterning means can comprise one or more programmable

mirror arrays. More information on mirror arrays as here referred to can be gleaned, for example,



situations described hereabove, the patterning neans can conpri se one or
nore programmable mrror arrays. Mre information on mnor arrays as here
referred to can be gl eaned, for exanple, - 2 fromUnited States Patents US
5,296,891 and US 5,523,193, and PCT patent applications W0 98/38597 and WD
98/ 33096, which are incorporated herein by_reference. In the case of a
programmable mrror array, the said support structure nmay be enbodied as a
frame or table, for exanple, which may be fixed or novable as required; and
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manuf act uring process using a litho hic projection apparatus, a pattern
(e.g. ina 2 ternative apparatus — commonly re rre to as a step-and-scan apparatus — each target portion
is irradiated by progressively scanning the mask pattern under the projection beam in a given
reference direction (the "scanning” direction) while synchronously scanning the substrate table
25  parallel or anti-parallel to this direction; since, in general, the projection system will have a
magnification factor M (generally < 1), the speed V at which the substrate table is scanned will be a
factor M times that at which the mask table is scanned. More information with regard to
lithographic devices as here described can be gleaned, for example, from US 6,046,792,
incorporated herein by reference.
30 In a manufacturing process using a lithographic projection apparatus, a pattern (e.g. in a
mask) is imaged onto a substrate that is at least partially covered by a layer of radiation-sensitive
material (resist). Prior to this imaging step, the substrate may undergo various procedures, such as

priming, resist coating and a soft bake. After exposure, the substrate may be subjected to other

- procedures, such as a post-exposure bake (PEB), development, a hard bake and
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' © to the invention in the manufacture of ICs, it should be explicitly understood that such an apparatus
25  has many other possible applications. For example, it may be employed in the manufacture of
integrated optical systems, guidance and detection patterns for magnetic domain memories,
liquid-crystal display panels, thin-film magnetic heads, etc. The skilled artisan will appreciate that,
in the context of such alternative applications, any use of the terms "reticle”, "wafer” or "die" in
this text should be considered as being replaced by the more general terms "mask", "substrate” and
30  "target portion", respectively.
In the present document, the terms “radiation” and “beam” are used to encompass all types
of electromagnetic radiation, including ultraviolet (V) radiation (e.g. with a wavelength of 365,
248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the

range 5-20 nm), as well as particle beams, such as ion beams or electron beams.



this text should be considered as being replaced by the nore general terns
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25  hydrocarbon. Furthermore, the local etching rate may not be controlled and thus a higher etching
rate per element may occur on some surfaces than on others resulting in a non-homogeneous
contamination pattern of the component. If the component is a mirror this might for example result

~ in phase shift errors in the projected radiation.
An additional problem of uncontrolled etching, is that during operation each part of the

30  surface will be exposed to a different degree to the contaminating materials. The resulting growth
of contamination on the components varies therefore for each component and even over the surface
of a single component. Thus, uncontrolled etching may result in removal of only a part of the
contamination on a certain part of the surface while removing all contamination and damaging the

surface of the component on another part of the surface.



contam nation pattern of the conmponent. If the conponent is a mrror this
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An additional problem of uncontrolled etching, is that during operation each
part of the 30 surface will be exposed to a different degree to the
contamnating materials. The resulting_ggowth of contam nation on the
conponents varies therefore for each conponent and even over the surface of
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whi ch they are pruhéRereN£akanii}Sysisth h@6Rling to an embodiment of the invention may be

provided per component, whereby contamination of each component can be cleaned in a manner
suitable for the specific component.
With a cleaning system according an embodiment of the invention, control over the
25  cleaning may be obtained in other manners in addition to the electric field, such as for example by
the type of cleaning particles used and the specific way in which they are provided near the surface.
Furthermore, a cleaning system according to the invention may operate (semi)-
continuously, thus preventing actual contaminating of the surface.
The invention also provides a method according to claim 19. In such a method
30  contamination is removed from a surface of a component of a lithographic projection apparatus in a
controllable manner.
The invention further provides a method for cleaning surfaces of laminates or substrates, in
which contamination clusters present on the said surfaces are supplied with energy by ion and/or

electron radiation, until these are removed.



Furthernore, a cleaning systemaccording to the invention may operate (sem)
continuously, thus preventing actual contam nating of the surface. The
invention also provides a nmethod according to claim19. In such a nethod 30
contam nation is renoved froma surface of a conponent of a |ithographic
projection apparatus in a controllable ganner. The invention further
provides a nethod for cleaning surfaces of |am nates or substrates, in

whi ch contam nation clusters present on the said surfaces are supplied with
energy by ion andeQirdingloRChiHiR afpblioR it @ventiilal devibd BafifRRRink GIEME decordif) to
According to a further aspect of the invention a device manufacturing nethod
accordi ng t Blainepdhis proyided.dn ek erthpd, qontamiationyis semayse) fromasuefage b # pompanent
removed fropy Aidskrh i 6ibctn GRFRARER Y cotfoll1d nhhiel WARE bRly RERIrES5itnbon _
apparatus in a controllable manner, while only a short or no interruption
of the devi ¥erighen efdhadevivg MIBastyingmeadi i nvention further provides a

l'i thographi ¢ pr ojfREinbQftioR RRAEAIEIAG TR0 apsic bjetidi dPpaatus hddordfigdd cidth 35. In
apparatus, contam nation can be renoved froma surface of a component in a
cont r ol | abl &chiaAPRSFANISFEANIAERANER ean bearpeisd AamiagHTRca T b EOTROER} éia timfrplable

i nterruptingahite MethdRord BshiAtihAiBn EAY beFem&RAWhild infRrupilgihOhorRat opeRitif forRt | NY
the normal operating at all. Specjfic enbodinents of the invention are set
forth in thehage or nof imterpting the premalopergineat P4 aspect s and enbodi nent s
of the inventionghicific dfbodigRhtsloP@E invbiMtionad sef fofi AT Eepeiiiledt cladhl. Furthf er ence
to the attached draw ngs. BRI EF DESCRI PTI ON . OF THE WNGS 15 FIG 1 |
schemat 1 ¢al Fstaiffepspegisand embpdigsnts phihe inyersion siilf berdesgsibsd. by ey st earalenghs Brithn
enbodi ment @l b td MY edch@IUraWihga. 2. shows a side view of an EW

illum nating system and projectiron optics of a |ithographic projection
apparatus according to the invention. FIG 3 schematically shows an exanple
of an optical coppeEbEsCRPHIORGIMHEDRAWE! e 20 of a cleaning system
according to the tnvention FIG 4 schenatically shows an exanple of an

opti cal conponent provided with another exanple of a cleaning system
accordipg to theFIG‘.Yl%@ﬁdnﬁﬁcali?'d%ictféa&iﬂﬁ?ﬁplﬂc flopPionQippdrites SRMHIgRé 0 Yiel d in
graphite atons per ign as a function of 1on atom c mass for several ion
energi es. 25mpedimens ofthe Wvesfial aph of the chemical sputtering yield in

si | ihccénl at oms pgm@.gnsmsasfdu%wdmn EOV iil@finR0R sgiert 8id pr&jdgioh bptids@Pa €t Chi ng
Wit . F lith%QrapEcr; projection apparatus according to the invention.

FIG. 3 schematically shows an example of an optical component provided with an example
20  of a cleaning system according to the invention

FIG. 4 schematically shows an example of an optical component provided with another
example of a cleaning system according to the invention.

FIG. 5 shows a graph of the sputtering yield in graphite atoms per ion as a function of ion
atomic mass for several ion energies,

25 FIG. 6 shows a graph of the chemical sputtering yield in silicon atoms per ion as a function
of ion energy for reactive ion etching with C1', F*and Br'.

FIG. 7 shows a graph of the chemical sputtering yield in atoms per ion as a function ion
energy for physical sputtering of Si, Mo and graphite with Ne" and Ar” ions and for reactive ion
etching of graphite and Mo with O ions.

30
DETAILED DESCRIPTION

FIG. 1 schematically depicts an example of an embodiment of a lithographic projection

apparatus | according to the invention. The apparatus 1 typically comprises:



FIG 7 shows a graph of the chem cal sputtering yield in atons per ion as a
function ion energy for physical sputtering of Si, M and graphite with Ne
and At' ions and for reactive ion etching of graphite and Mo with O ions.
30 DETAILED DESCRIPTION FIG 1 schematically depicts an exanple of an
enbodi rent of a |ithographic projection sapparatus | according to the

I nvention. The apparatus | typically conprises: - 7 a radiation system Ex,
IL, for supplying a projection beam PB of radiation (e.g. W or EW

radi ation). _In t Qig; @k st B 16 38Suppiiifi & pldicalidnVea YRIZ MR (CHOTR hses a
radi ation source LA, a first object tab%e (rmask table) MI provided with a
mask hol der EPYrragiation) g this pastiqulaspase.dhegadigtigneystem also compisesaadiaiaagowrse EAT st
posi ti oni ng_neang felMob;ed tARC(Hal @hlY) NP Didvided Wit a tfAsk IBAd forholthrde AARRRECT TO
item PL; a second objeéect table (substrate table) W' provided with a
substrat e hét-gereticdy. aad cennagedito fisy peitioping mrapely foraceusalely positinaingdhesmpske on
waf er), andyGanhgedk gfitdppisecond positioning means PWfor accurately
positioning the substrate with respect to itemPL; and a projection system
("l ens") PL-(e.g?sgeond phiest taledsnbytratedeblel Wdiprryided with p suhstinte olderfer hpldinga 10

the mask MAsgitfte W fe. 9 8dsisPQalel Qfficdn ¥ &Ferd, an§ SSHRESH B SecBREPRHtiolTE TreflsaaW f4f
the substrate W As here depicted, the apparatus is of a reflective type

(i.e. has a3pafatedy positionipgdhie)subsaipanjbrespedt p iganRlyand it nay al so be of a

transm ssive typgprdiQfioR ¥AERI (Blehs™ B1N(edy. b ARG TrotP) ML intHRMEan irrdidi&l pofttdn\ee! V.
t he apparat us ma(\; enpl oy "anot her ki nd of patterning neans, such as a
progr ank@ib| &hermash M prta ¢ taget OIGIHE (9 CPEPESHEARe OBMAIsSHRs) of the sphgrateolNr ce LA

(e.g. a Hg | anp, A3MefdehitRd, thepfiratudil of AALANO bypO (i cVha d lr&ectiedidsHE HoRE RN
the path of an electron beamin a storage ring or synchrotran,

a
| aser - pr odudbeengiieh &maysdsqibe ef piransyispies tPe &9t eaprle ath Armemissivt mpskdi at i on.

This beam i qifgdtitdl, q;eaaaparithm,r@ﬁdh%smsﬁl@ﬁa dfiphttddhAbRIs)such As a €1 t her
directly or after having traversed conditioning nmeans, such as a beam
expander Ex proggymmablesmisiog arrapd 2type gtiefesied o 0veray conpri se adj usting nmeans

AM for setting thge WHQLARY PHgildMIE bn exéiindr #dbrdhn G¥LBR} o WiREEDRbYIdéRiamued
to as a-outer and 6-inner, respectively) of the i ntenm%g1 Istribution in

the beam | HheaRgth afiap glectran bgam fin yieragedfraer SBRiPITYL 2 {aserrseducest Hasmasewseefent s,

such as  an oixafvas) pfdatices blbaditloFraBRHENE £6cafGh fellMtd M SluMPMtiod H8teRq AR 0r)
I mpi nging on the mask MA has a desired uniformty and intensity

di stri but i oRlssifheridireetlysy afterdayipgiraversed eqpgitioping meais Weh 3 a isamsyeanderdy forc 1
that the sougffpld-AnERmRatMIL Riah c&r{!ﬁ'isb Q&i6dting nhins A2 férliertihg the @GPl o8 inner

projection apparatus (as is often e case when the source LA is a nercury
| anp, 20  radial extent (commonly referred to as c-outer and o-inner, respectively) of the intensity

distribution in the beam. In addition, it will generally comprise various other components, such as
an integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA has a
desired uniformity and intensity distribution in its cross-section.

It should be noted with regard to FIG. 1 that the source LA may be within the housing of

25  the lithographic projection apparatus (as is often the case when the source LA is a mercury lamp,
for example), but that it may also be remote from the lithographic projection apparatus, the
radiation beam which it produces being led into the apparatus (e.g. with the aid of suitable directing
mirrors); this latter scenario is often the case when the source LA is an excimer laser. The current
invention and claims encompass both of these scenarios.

30 The beam PB subsequently intercepts the mask MA, which is held on a mask table MT.
Having been selectively reflected by the mask MA, the beam PB passes through the projection
system PL, which focuses the beam PB onto a target portion C of the substrate W. With the aid of
the second positioning means PW (and interferometric measuring means IF), the substrate table

WT can be moved accurately, e.g. so as to position different target portions C in the path of the



for exanple), but that it may also be renote fromthe |ithographic
projection apparatus, the radiation beamwhich it produces being led into
the apparatus (e.g. with the aid of suitable directing mrrors); this

| atter scenario is often the case when the source LA is an excimer |aser.
The current invention and clains enconpgss bot h of these scenarios. 30 The
beam PB subsequently intercepts the mask MA, which is held on a nask table
MI.  Havi ng been selectively reflected by the nask MA, the beam PB passes

t hrough t he i le) - Whi r get
portion C OP t Eeﬁ'su g&pﬁ%%ﬁ%ﬁmm%% Ig\q gwf‘ﬁ’%‘h‘gé‘gﬁ'ﬁﬁéﬁ%ﬁh }lglrl\%;g&rreans
PW (and i nt 4 with rmspect t© thrsthofithepeam EBse.g- Rfter mévbargedh setnieyaloftherhask Mi fromn be
noved accur . g. i i . i i 0y the
pat b of ¢ he oy dau3 &l b BASAL bdDerlol LAEHieck BRAENTENNE WANYE hartll |
used to accwithtlelajd efadpng-ioke meduiaiskarse\prsiipning)rand p short-stroke medydadfine of t he
beam PB, ; e. . WIBG, i - Il . tsh a;?&g : f

l'i br ary,5 or o &tﬂnﬁmng&a scg?ﬁ“ oﬁﬁ’kpé%ﬁ rd g‘ﬁé@dn%]\%fgr}mln?[ 0 t’hlg/ﬁgtgj‘rl%?tf gtW gﬁfgtgp N wr
wi || be realasoepbsediotatsteptand-atar apffaraius) tha gnask tablk & Freyuet Hecormrested posshpitoni ng)

and a short- fd Lt oni , I |Gl

Gepi ot od 1 n e aBE B e I8 MpRRBA WAL Wl 80 R Ra Nhe RER sighbent
a st ep- and- sweky Ml pad and gubstrath alignmeht markd RL - may j ust be connected to a
short stroke ac i tﬁsw .substrate Wnay be

al i gned using natsrﬁggﬁcéeﬁi%éﬂmsn%?ﬁgh%ﬁ% ané%ﬁ%g%r' ate alignnent marks Pl,
P2. Thel@epi ct edlappestenmedecthp maek takde MT in keppessefitialle statirmarypaidsin ent@re masi n st ep
node, the - - . al i : i Kk
Mg 1o pr oyt oy e hinisie K5l EARD Al bnifp BLUFRRNUn CONR FERBMENTAE
C. The substheashiftedip|tee Agndios y dirppsianssyaithiat & different taxgetpostivay (Oeambe driradéagad; byrtke so
that a diffegLepppl.agoet portion C can be irradiated by the beam PB; and 2.
In scan node, essentially the same scenario applies, except that a given
target 15 portién C Insscapmods piseridlly the sams sqeflacio appligs igxcept thattaceaven targes nask

t abl e i's l.e,. i - % bi t - . di.r ion",
g, they” APRERE IEnd Gl G ngll NER (R (ERR A M MR akRED 1o
caused to sdipetiovéhe so-gelled’se stionBrecuthe gridiregtion} with 2 ertsed v, ae that thp projegtion s
si mul tan_eousi,hﬁn PBYLuieR 1 {6 SATE mlk iRRRY Sorcirrelith ShE LBl mBleWPPRd V = M/, in
which Mis the magnification of the lens PL (typically, M= 1/4 or 1/5). In
t hi s manner simultersonsly peyagd in thegeme erragpesite dirgstipn #t@spEdan Myeingytpelshdds they t hout
having to c e bl i< OWSthd ' {200kt L and
a radiati on%sagél?gartnﬁ’g Omie(i:eﬁgié_ﬁe stlgd%’%g’t ﬁgp exa%lhgdr%frteg I iytsbtﬁloggtg?éa]:%ﬁi c
proj ect 26n apian &toas baexppser) wthopt haviyg 1o epmipsammisnonsgsalwtion2 conpri ses an

i1 um nation optigg§ Mibls £projelfon’spHeAPt.ARd £ %3l FB%m3! WA QHMRE uSA ifthe

sour ce-col | ector nodul e or )
example of a lithographic projection apparatus 1 of FIG. 1. The radiation system 2 comprises an

illumination optics unit 4. The radiation system may also comprise a source-collector module or
radiation unit 3. The radiation unit 3 is provided with a radiation source LA which may be formed

25 by a discharge plasma. The radiation source LA may employ a gas or vapor, such as Xe gas or Li
vapor in which a very hot plasma may be created to emit radiation in the EUV range of the
electromagnetic spectrum. The very hot plasma is created by causing a partially ionized plasma of

~ an electrical discharge to collapse onto the optical axis O. Partial pressures of 0.1 mbar of Xe gas,

Li vapor or any other suitable gas or vapor may be required for efficient generation of the radiation.

30  The radiation emitted by radiation source LA is passed from the source chamber 7 into collector
chamber 8 via a gas barrier structure or "foil trap” 9. The gas barrier structure comprises a channel
structure such as, for instance, described in detail in European patent applications EP-A-1 233 468
and EP-A-1 057 079, which are incorporated herein by reference.



radiation unit 3. The radiation unit 3 is provided with a radiation source
LA which nmay be fornmed 25 by a discharge plasna. The radiation source LA may
enpl oy a gas or vapor, such as Xe gas or Li vapor in which a very hot

pl asma nmay be created to emt radiation in the EUV range of the

el ectromagnetic spectrum The very hot _phasma is created by causing a
partially ionized plasna of an electrical discharge to collapse onto the
optical axis 0. Partial pressures of 0.1 nbar of Xe gas, Li vapor or any

other suitabl e gfg QiledIRBEMPERY c pxﬁfgy}aﬁﬁﬁmfwileaémioqh%tcags@mw1% of the

radiation. 30 The radiation emtted by radi ation source LA is passéd from

t he source &napdBEidonce spllpcion|Radiation pasied Srpliecigr 1 ig reflegigd off a grating spsetral Silterr o

or "foil trapiy tR-focli& ifl8SecdBRaly Qtircd oI &n HRANC IS S cAltBRMARber $ It Ur €
such as, for instance, described in detail in European patent applications

EP- A-1 233 degbersdh hegrojgetion beam {fio reflgptpd ip iynaination optigsuatt 4 dianeres! incidence

referencg. refifctortN® 1AUntcBt@ie GRIR BositoncPHPIclidE St Bask AHAUTOR parirla®bah 10
which can be formed by a grazing incidence collector. Radiation passed by

col | ect or 107 isdorme whichdyimgeed ig pEiestipmeystepddt viarefiegtive glements 18,39 petopavafised i n

a secondary u304H:GebsRRk Bble T Ao R1eRREM tHah Shdwh hdYSzefQhihyAel RLset BT nafon FT OM
chanber 8, the projection beam 16 is reflected i'nillumnation optics unit 4

via nornal PRItk et andprpigftioB YHi®PL3, 14 onto a reticle or mask positioned
on reticle or nagfe é)@fﬂkﬁe oMl 1t it FrofRebnReAMAtusl Y adcSrdfn@ tERFeri¥dlimitnt S thereged

in projection systemPL via reflective elenents 18, 19 onto a_wafer stage
or subst® at Bverisnef HE- 1 ey aeor BResrrleaning systegis i ageardingds e apveytigneopitiensdin i n

i I'1um nat i ofhe pRREiES sydfeint PI4ar@El REIRERGY4ER 2 S8 HRTMletorsTTE 4% A PRI rENRfived
|'i t hographic projection apparatus 1 according to an enbodi nent of the 10

i nventi on oflemprts 18,1% asis shpwigp Fifrle Hewevshioi§r Rays obthe anmmiuscrayradiohg proyided e

Invention peghhlRRG %@temtalaé‘ord% {emleh@Bdim¥stio? e MlveAith. FRexERSE alrb Rk AMst em 2
near the reflectors ,14 and the reflective elements 18,19, as is shown in
FIG 2. Howewedr mase srasorpefithestithoeranhic napipriton pRraratigymay|be grayided v pglsaningy t h a
cl eani ngs sygfseim.according to an enbodi nent of the invention. For exanple, a
reticle and ~ one_or nore_sensors of the Iitho9ra_phic proj ectign g:p ar at us
may be provided WX % adiretsnample obr denaing systeny [ igsshoym'in more defail b ﬁ%‘f-é aaf a

cl eani ng syst®etiddihg s§st&h QUisipbsitidiee irdRk telappardtusl, Bhe cldandyGystdn cdd® Cl eani ng
system 100 is positioned inside the apparatus 1. The cl eaning system can be

control | ed Fentofsd wrapvmannersuitablp forthsspeqific implementation Ysing SRRRFRTXENIGH M§8sng any
conveni ent BRSASthe@pfabdtslel. t he apparatus 1. 20 However, suitable neans for
control of the cleaning systemmay |ikew_se be provided |nsjde the
appar at#$. For exXinsre; swhdle peansiprignss) of Bariropnamyenanay dimtiss barrpididy
connect ed t ¢hsidd tHERPHAHitL) FolUmpR, MO EIe hinFRASKH 860 Bay RV@nthica@R2dBhARtdden of
one or nore surfaces of one or o
a measuring device which measures a level of contamination of one or more surfaces of one or
more components in the apparatus [, for example, by measuring secondary electrons emitted from
the surface. Thus, the measuring device may output a signal which activates the cleaning system
25 100 according to the invention if the surface is contaminated to a certain degree.
In FIGs. 3 and 4, an optical component and examples of a cleaning system 100 according
to an embodiment of the invention are shown. The optical component to be treated is a multi-layer
mirror 101 with a layered structure. Non-optical components or optical components other than
mirrors may also be treated. The mirror 101 comprises a number of alternating layers 102 and 103
30  having a refractive index nl and n2, respectively below a surface 104 of the mirror. A layer of
contamination material 105, e.g. carbon or silicon(-oxide) containing materials or physisorbed
. particles, has been deposited on the surface 104 of the mirror 101.
The layers 102 and 103 may for example be made of silicon (Si) and molybdenum (Mo),

respectively, which materials are especially suited for mirrors in EUV lithographic apparatus.



nore conponents in the apparatus 1, for exanple, by nmeasuring secondary
electrons emtted from the surface. Thus, the neasuring device may output a
signal which activates the cleaning system 25 100 according to the invention
if the surface is contam nated to a certain degree. In FIGs. 3 and 4, an
optical conponent and exanples of a cleappng system 100 according to an
enbodi nent of the invention are shown. The optical conponent to be treated
is amlti-layer mrror 101 with a |layered structure. Non-optical

conponent s Multgﬁyéﬁﬁhofs%% e8tedqb Q@&ncsﬂb@@ or cﬁbﬁcrdom uﬁ@ﬂpeﬁ lnﬁl@tl-ﬁ?etlrﬁl%ll ﬁ:g

The mirror 101 conprises a nunber of alternating |ayers 102 and” 103 30

havi ng a refpeface lager siadar tofhe giher layers, whidgaeappadanyjtifpyeoniner Basopaeema®4 of t he
mrror. Al aygke Blers bR dfabd 0.e BEGEbMo tHORuitiGayQr. THESRARe Aer or ‘cap’ is
silicon(-oxide) containing materials or physisorbed particles, has been
deposi t ed ofvpicaly afrmateral difierest tharibe atherlayersiip the mirrer, fospxareple psurfieriay®3 may
for exanpl enQSe SBEE FOf the bdkb Gpﬁ}e{lt?' the Ha'ilﬁllﬁ&l KPR M Thd ME%(\:}mg ?ﬁé}ﬁﬁﬂe'n ely,

which materials are especially suited mrrors in raphic

appar at us. desexbed\p furthen defadly asppylti-dayer Iﬁwrswee geagrally npwnan the aﬁﬁégﬁbweplm
capped. An ypgapped multi-layer mirror has a surface layer simlar to the
ot her layers, while a capped nulti-layer mrror has one or nore surface
layers to pr eveniheideaming syder 10Qhds @ slerring pasticinproviders Whickipahis examplasipripaises

| ayer or C§1Peleét§c fil1d lge[fe?dtérquﬁ.s @xamiee{hb eiectﬂb Péla rge;re}at&fbaﬂpﬁ&@ axpéltt%dé m(ser s
in the minor, for exanple a surface made ~of . For the sake of

br evi t y10t ha valage spRleY apd the mirgrquiase 1%4 Jpéeﬁamlﬂs‘yw@m@}lb copgectedfadger i bed
in further debald confer Wiltithe JoRtY rsoﬁpcmrﬁe%ie%u&m@s Rlcbyih& ARMBe 103 sh@g art of

l'i t hogr aphi c ection. The cleaning system1l has a cl eaning particle
provi der, \Aﬁ?@ﬁ“?‘iﬁﬁtam%m@(%’aﬁevt@ﬁ% yodtage sopgge Jhe veltage squrest canenply atveltage| n

this ex amol Qiffeldie Bt RE thSsubth@! 184 FRINBE ALQHodE PIFRNk RS aR N QHERLIN P6'Ec4 @6, 10 a
vol tage supply V and the mrror surface 104. The surface 104 is electrically

connect ed t geigraigdhstyepn theghafacs 1 04andghe qlgrirode) Moaasdndigatad by ayows HYY ip [Fies: ? gard

106 faces th%&ﬁb&ﬂﬁ@s&ﬁ& bR mifBNo pssitRrled M a8 <ROFIL ke contact V+ of the
vol t age source e vol taqe source V can apply a voltage difference between
f

the surface 104 Jdheclestde Beld 07 pawdesglraningparticles nepr the ewiamigatipp lyer 196 whidh pe
gener at ed b%fe&hﬁf’é&&ﬁtﬂessddﬁ frie Rt W1 dRREnthMBa®Ine68d iRslRh HiSinteRR b Wdine?d M6l DY

arrows 107 in 3 and 15 4. Thereby, the surface 104 of the mrror is
posi ti oned rceptapinatceThe rrovidige of clepriag pirieles and the igterpetiarrot Hhesleapias Patidesivity

particles neffsuffil@ ni%@%xaéih:ﬂﬁl cOtfpris@¥ Ay etdithg phbtie & huck-ds@RIInR Bcifk, trk#elifSiof AN
interact with the contam nation and through this interacti on réenove the

cont am A&t i 6kthinggeiop illing, yghesrinfermating regarding dptdinean be ehiaingds ko sxamplsn of

the cl eani ngroRAhd b&dkeﬁdl%&mp Fﬁdﬁeatﬁu rA @paenmmﬁ@fo mb&t& @maeasﬁlg" aheay
etching process such as plasma etch 8 on
u

mlling. Fufdiiep thﬁeEﬁrmZ% McHay éﬁﬂh bérﬁlvﬂﬂe%hW& 1§§H Ob(E’ Qﬁﬂ?gfgﬂréﬁas%ﬂé?-

exanpl e, 273 incorporated herein by reference. However, the invention is not limited to dry etching. Any
other type of providing of cleaning particles and interaction of the cleaning particles with the
25  surface suitable for the specific implementation may be used and the contamination may likewise
be removed, for example using electrons with sufficient kinetic energy only.

The providing of cleaning particles may comprise, but is not limited to, bringing already
existing cleaning particles towards the contamination. For example, already existing charge
carriers, such as free electrons which are almost always present near the electrode, may be provided

30 by means of the electric field with sufficient energy to remove at least a part of the contamination,
e.g. via physical sputtering, or directed with the electric field to the contamination. Free electrons
may also originate from the surface of the component or another electron source.

The providing of cleaning particles may likewise comprise generating or creating cleaning

particles (and when necessary bringing the cleaning particles to the contamination). For example,



fromthe book "M crochip Fabrication: A Practical Guide to Sem conductor
Processing”, Third Edition, by Peter van Zant, McGaw H || Publishing Co.,
1997, 1SBN 0-07-067250-4, pages 266- 273 incorporated herein by reference.
However, the invention is not limted to dry etching. Any other type of
provi di ng of cleaning particles and interaction of the cleaning particles
with the 25 surface suitable for the specific inplenentation my be used and
the contam nation may |ikewi se be renoved, for exanple using electrons with
sufficient kj | rtjcl.
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cont am nat
of cleaning particles may also be provided by means of the electric field and the invention is not

25  limited to a specific type of cleaning particle. The cleaning particles may likewise be a combination
| of types of cleaning particles, for example a mixture of electrons and ions or otherwise, and the
invention is not limited to cleaning particles of a single type.
Likewise, the interaction of the cleaning particles with the contamination may be of any
type suitable for the specific implementation, such as a chemical interaction, a physical interaction
30  (e.g. atransfer of kinetic energy), a combination of chemical and physical interactions or otherwise.
In a method according to an embodiment of the invention and with a cleaning system
according to an embodiment of the invention, the cleaning can be controlled via the electric field.
However, the invention is not limited to control via the electric field and other aspects may be used

in addition to the electric field to provide control over the cleaning, such as for example type of the
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el ectrons produced by the i oni sation of gas nol ecul es. However, other types
of cleaning gﬁ{ntl glsfeglffe%va ﬁ)&h'gﬁ’glerre ﬂi%dﬁéar % :!chcf'l‘[e cféajnh Id
andthelnventl I's not 25 mted to a speci ctyeo cl eaning particle.
The cl eani n@rspammcfoesxamte doimprise %@ﬂb&llf&tlelowbtqdaﬂjumr degice Whighdss of cl eani ng
particles, { I and the
ovent i on' i cBmEERIERL Akdd {ift Gleuft R} LARROPAGIC P Bagti ML By O0C

the i nt er acpiopertyoff thevdectricelzald ingelptéontto af least wmmppmeofdmcmmmwapmw hmgmcbedof
any S &Qﬁ f RABH bt dd et |

i nt eractflgaonflbIt @S|t§gf&l|%hltlerac f“chtgn ggk%ﬁ@%?ﬁa&% ﬁépﬁgﬁ |f(r?tekﬁg€ﬁ§rflee}dgy)
a conbi nat i mebflmcmmt@als ta hejrepiayesi foanh the seréacevas wdlhbe explained below Jdowelver, the

met hod acco ARG AN ceth D UG R b@Br GOk

system accg(gl In Qt?:g%(’;lﬁ (g?ﬁod%;ﬂamen%e o?’[ ‘gS?n@ent@on&%ﬁ > F‘é’gﬁ‘%ﬁ@@%‘ﬁ%"‘*
control | ed ¢ afieldamodhletdéanrfreguenci|directiopiofide electrie Feldjonothermisgrin felatipwto dtlieni t ed t o
contr ol vi apidagred aqtereoﬁtatﬁr% i6h, 30 OFRHiclhRRGE 1 ofFB oPllhe UiEEminkinAleloh bR T
the electri€ rovi control over the cleaning, as for exanple
type of 19 heomzsalnrpmw@apmqn cles and the speci fic way |n V\/m ch they are
provided near th 83 a
Cont arm nat fon 1ot el Rar el Ao uERE ok e R v SHPTINSSE SOBIRE 17,
the el ectri patirlereatefbasiiyster éwl@@ommaam’eb@nm&diedlmme@leqteeﬁqld gemeratqsdeniess t y of
the elect i GufiifhhelaRiche bl rBfbriy 3 e oloERE liofRélatBl RREIh ol prbbiry GEBLAMNAL | On
to be rempved. “El glra Y l%]tf)r &ﬂk At A Sy eE%o dpr‘gbtﬁg ﬁ{‘ﬂgn

exa e contamnation rel ate evi ce nmay
change the @@melngtot’pemfovm% For exempleg whened gps i presert|imythe glectrie ﬁlﬂt@‘P ptegngthiobthige

renoved, § r ogjetiye f %Hrnﬁa@'%@ ’atlfgscted’\éuklll thgﬁhue % ll@ﬁort‘ ﬁﬂlS@@MWﬂrm%Té@tgons taﬁ%rowded as

contani nation rel ated ter device kew se adj ust ot her pr opert| es
of the el ectlepring petlfdes lesttﬁaﬁ of iggs. ghe Pléﬂf@lgrﬁ?ﬁtﬁleat’]ﬁ@ﬁa‘iJP%QIGéYt%Wma}tHOFT@élﬁ ®n of

the el ect r i GofibeliPlan ARG hd o of B0 clothifl BEcles S OPSbYibERhr e

contam nation, such as the thickness of the effect of the contam nation,
e.g. on t he elegtic fiphdiie relatign typs jeast@se pyppertyraf thegpntamingtiostn bapmeyesdt. Ean exempledi ng

to an enmbodigiBplviicat dfankdHER ts%cmnmes%ﬁmaret&gnb@aecttpaPten%v@ oh&! ated

adj uster device comuni cativeée connected to the elecCtric gener at or
devi ce, 20f omatggializresenign He cpeta@tﬂa‘@m'eawléi&éﬁmlmmd belpa igmogg §qtail. f i el d rel at ed

to at |east one R RRekMYpIQiof FlRADLNG, c%ﬁédaﬁle%sprésgntt}@dﬁr%\éb Qétdreen':t[-?é el&XRAD! e,
when a gas is present in the electric field he stren 5 electric

field may bdOaapdibe sufasutt willhe aqcpleratpd Sy ithe olsstricifiskl tewer %athyﬁ'swedah% @ltet r ons

are provi dedy@se 164 e@,seh@tag BRfnk fpe 88 cuaf}g%t EaHegfivd £ asitiveHRd Rle@aBidRE oPREL I Cl €
rel ated adjuster device may conprise
electric field 107. In the shown example, the surface 104 is at a negative potential and will thus

25  attract positive charge carriers, e.g. positively charged ions. The electrode 106 is at a positive
potential and will thus attract negative charge carriers, e.g. electrons. The surface 104 may likewise
be at a positive potential and thus attract negative charge carriers.

The charge carriers accelerated towards the surface 104 will impinge on the contamination
. layer 105. The impinging charge carriers transfer at least a part of their energy, e.g. the kinetic

30  energy, to the molecules in the contamination layer 105 and thus can release the molecules from
the surface. At least a part of the contamination is thereby removed. In general, the process of
accelerating and impinging of charge carriers is referred to from hereon as sputtering or etching.
However, the terms sputtering and etching are not limited to the steps of accelerating and

impinging.



devi ce which can adjust at |east one property of the cleaning particles to
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material present in the contam nation, _as,w |l be explained belowin nore
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plates of a capacitor device. This is especially suited for, but not limited to, components having a
25  surface with a low electrical conductivity, e.g. a surface of an isolating or undoped semiconductor
material.

Via the electric field the removal of the contamination material can be controlled easily and
accurately. For example by applying a suitable voltage difference between the electrodes, e.g. over
the electrode 106 and the surface 104, the electric field strength can be controlled and thus the

30  energy of the impinging cleaning particles or rate at which cleaning particles are generated can be
controlled.

However, the field strength may likewise be controlled in a different manner, for example

~ by changing the position of the electrode with a mechanical actuator, such as a stepping motor or

otherwise. Thus, for example the distance between the electrode and the surface can be changed.



15 counter el ectrode or the conponent may be grounded. Both cases result in
the surface of the conponent which is to be cleaned being positioned in an
electric field. The el ectrode near the conmponent may for exanple be a wire
grid or a nesh with suitable wires in the mesh or grid and an appropriate
pitch. Such wire grid or nesh can both be,relatively transparent for

radi ati on and especially electro-magnetic radiation such as EUV. The

cl eaning system may for exanple use the 20 same counter electrode as used
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from the contamination, while the second removing is selective and removes substantially only one

of

25  or more specific predetermined types of materials. It is also possible that the first removal has a
higher removal rate than the second removal, thus initially having a fast cleaning while thereafier
the cleaning is slower but for instance is more controlled and over etching is prevented if after the
first removing only a thin layer of contamination remains. However, it is likewise possible to
perform more removals which may or may not differ in at least some aspects with respect to each

30  other and the invention is not limited to a specific amount of removals.

The electric field may be substantially constant in time. The electric field generator may
then be provided with a control device which keeps the electric field constant. For example, a
control device may be provided which comprises an electric field sensor and a feedback loop which

adjusts the voltage of the electrode 106 to keep the field constant. However, the electric field may
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of the field is reversed in tinme, thus Swtching t e surface 10 betWween a
posi tive andﬁ%ﬁﬂ@géﬁﬂ#@dﬁﬁientlal For reversing the electric field, the

electric field Themodulated field may for example be a pulsed electric field, that is an electric field

having a relatively short on-time, typically less than half a period, compared to the off-time. For

25  example, the electric field generator may comprise a pulsed field generator which generates a
pulsed electrical field. Properties of the charge carriers accelerated towards the component can be

~ controlled by adapting the pulse width of the electric field in a suitable manner. For instance for

ions, the pulse width influences both the energy of the ions impinging at the surface and the amount
of ions impinging on the surface (per modulation period), also referred to as the ion flux.

30  Therefore, control of the pulse width results in a controlled amount of ions impinging on the
surface with a controlled energy. The pulse generator may for example comprise in the examples of
FIGs. 3 and 4, a pulse width control circuit which controls the duration of the open state of a switch
connected in series with the voltage source V. However, control of the pulse width can likewise be

implemented in any other way suitable for the specific implementation.



generator may be provided wth a reverse nechanism Such a reverse

mechani sme may for instance be in the exanples of FIGs 3 and 4 a voltage
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nmodul ating 15 frequency related to a property of the charge carriers to be
accelerated to the conponent The property can for exanple be the
(relative) anoun r r
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the whol e of mtrfaﬁ WJxﬁﬁﬁe ofa N&ém%‘?'ifﬂﬁ’.rhq{a.% a }S\é}}nlal‘?en{ mggnet 161 which is positioned near

the electrode 106 to contain the secondary electrons in the area near the electrode 106 and thus

25  stimulate the generation of ions. In FIG. 4, the permanent magnet 161 has two north poles N and a
south pole S between the north poles. The magnet 161 thus has a magnetic field which creates a
zone (“magnetic trap”) near the electrode 106 where the electron loss rate is reduced and the
ionisation probability enhanced.

The electrode(s) used to generate the electric field 107 can have a surface of a material

30  which is substantially similar to the material of the surface of the component. Thereby,
contamination of the surface of the components with material removed by charge carriers from the
surface of the electrode(s) is prevented.

In an example of an embodiment of the invention, surfaces of laminates or substrates,

e.g. surfaces of masks and of laminates serving as reflecting optical elements in lithographic



surface is being cleaned. The radiation can for exanple be Deep Utra Violet
(DW) or Extrene 10 Utra Violet (EUV) radiation. DUV or EUV radi ation can

i oni se gas nol ecul es and thus create charge carriers. Thereby, the renoval
of contam nation is increased since nore cleaning particles are present.
The radiation may be applied over the whehe_surface or be applied only

|l ocally on a part of the surface, for exanple using a dedicated reticle as
the mask MA in the apparatus 1 of FIG 1, which reticle produces a

radi ation b@ﬁﬂﬁd@&sofuﬁ Which 8n@inli¥atdh clultérs Qfé%e’é&ﬂt%&&&n@d’ﬁ} ying cOntarhidtiohd
mrror, which radiation beamprofile corresponds to th i ckness of the
layer of cofigmsithieaerey By 0Bl apdlpislestion radigtiom antd fhesnae remme# dhby diamgier of

conponent i ge6d &a&%dndneﬁ ahét&s @‘Plc)ﬂ’ly fahtS fBMAVER tdnd B PXSheterS (AHBLIHD rRY) tAR few
non- honbgeneous renoval el ect rorraigqnetl c radiation nmay be provided in

any sui t abPHCTRBEAEY With ﬁhﬁ@t sneing fropme frackenfggangmete i at iget 40r1mF|T®f mrEply 4

may be pgoviglg 1§é‘p§éﬂoﬁmaﬁb§ddaﬂ;0h QySt8ViuGhuP hitloB&H MBIoP Qi nOAbFARr, HiRdinRtekON
source LA in pr oj ected on the 20 surface. Also, in a

cl eani ng sygtaéﬁkwsm%éﬁfe&ebwm%t% digrhagehiSTarenetimensiong The geiamigationg

magneti c fi gluGe/iRYn Hfe HRRIJIRhDMiFEARAS C%I@re@iawgﬁ a@mégpﬁérd ogﬁaﬁlr@&mon%?w ce
to control thecar% carriers. The exa stemof FIG 4 has a
Y

per manent n&lgAENS198 Py Rhgtens heking wayelsngthem t apge frcweD eCVPOREY 1 eRangeeRoHtini n

t he secondapYesfugCdak Qﬂﬁ)sﬁﬂér&ﬁ@eraﬁﬁﬁﬂ&%@éoﬁaﬂ%xt@nﬂ%ie@ﬁﬁ@ieﬂdoes and thus 25
stinmul ate the generation _ of ions. In FIG t he permanent nmagnet 161 has

two nort® pol es N ad@isgmbedipent %Peeapshmwe@ﬁﬂn%lﬁsﬁ Hz5o6ple &1 thepanopgishet

161 thus hasgage TRAAASEhAlel S & Y& beti8BE, RfecicalP R0 eRPERL hGmItadeh JunEar
the el ectrode 106 where the el ectron loss rate is reduced and t he

i oni sation prbYABRPYYyHewvah daeuinrhalsepglobrlstrapias cansedetiormsd he parrepriate

electric fighdrpbRént@RthepariBle BeanérbacRctRh. @ material 30 which is
substantially simlar to the material of the surface of the conponent.

Thereby, contani nat Ms’rfh%?rertt REOCessTSIoaR eongributeri the sempyakafithe sRpteminsHensiusigrs

renoved; By GRal ©esERESs 6k heloh@Rant AenecBddichReRol ol t§!fRR] PAEEIES bn the other
prevented. In an exanple of an embodi ment. of the invention, surfaces of

| ami nat es ofaud Ay aF@é-releaée"gnecgﬂv%‘afégrSdfe bipragticleradiatign energy is-sperlied aptilithey as

reflecting QpfthfimbticH AR & tb Epeblt &rkkgr aphic - 17 apparatus, on which
contam nation clusters ar gﬁFr esent, are cleaned by, supRI yi ng contam nati on

clusters with ener gy*Psy foBrhecheieg obthe kind of radiationparticlas Jac Cleaning methpdcan k¢ o

removed. Theogtdie®hRfe Rfuratbl)®$ ﬂw%ﬁfﬂr@t&snéiel-@rbfﬂielpﬁﬁﬁfe%eirﬂsohﬁg@é dDindidneesmdf r om
a few tens of nanoneters (about to a few m chﬂt'i’lers wi th a height
v

rangi ng2f r orfddiatiop time; 4} thge P&"ﬁ’f&?‘?&?@f"éﬂ Prefsrably tl'eeaglé‘t“e atpRdle qis s thy 5

conprise pr %ﬁ@t&}srmklayd/&a&é)wlmecp&mnm Sthidr R the ﬁkﬂa&&g@glm@da%aér the | i con.
However, the cl usters kewi se have different constituents and/ or have

differ ent dibemagsrgihs ot %@yggﬁf@ﬁqsrq%{gqlwssennally unmodified. Depending on particle kind and

surface material the parameter ranges must thus be chosen such, that a balance is obtained between
the removal of the clusters and the modification of the surfaces.

25 For removing the clusters, the ion beam energy can for example be between 40 eV and
2000 eV and the electron beam energy be between 40 ¢V and 15000 eV. The angle of incidence of
the ion beam respect to the surface can be in the range from 4 degrees to 45 degrees, the angle of
incidence of the electron beam from 70 degrees to 90 degrees, and the radiation times between 0,5
seconds and 300 seconds.

30 For the ion beam, preferably inert gas ions (i.e. helium, neon, argon or krypton ions),
halogen ions (i.e. fluoride, chloride, bromide or iodide ions) and/or gallium ions can for instance be
applied. On the one hand, from a technical point of view, these ions are suitable for providing a ion

beam. On the other hand, by means of such ion beams contamination clusters can be removed



clusters can arise fromplacing a mrror in a certain residual gas

at nosphere, or fromradiation by electrons, or by photons having

wavel engths in the range fromDUV - over EUW - to Rontgen, or in a residual
gas at nosphere under the influence of an external electric field. 10 This
enbodi ment can be applied specifically-tgga-lateral size scale in the
nanoneter range. By the smallest ion or el ectron beamsize, specifically
nanonet er size contam nation clusters can be renoved. However, if required,

al so a gl obahrtichIBRWEY wetBEut AfeddiBf fRMTRH tHe¥udRP Fauhhedd hd/dR mealbgls%eae&y &ffind he
particle be?m ct@_o s-section. Two different processes can contribute to the
removal of tHE& QGATSH nation clusters 15 fromthe surfaces. On the one hand

a mechani cal renovalTheeigatis tthdd dctR@in@RIthd Bl @Son BRvellRitdAiBeemofiagéluads0 a
"stress-rel ease” chg}%sm occurs, ih@h by (gagc{el cle é di ati Qn eper. IS
suppl i ed untfom sifaces ¥8ich SHPPLE e gnel bleppmelybdepua parbide, rpthenum. Aoyt  om ¢ he
choi ce of t hgdilch/edld) Ivolfiruehi, aickd)bopiatdrbiae, @Bicor, Bery sl nifilld) elicspdiodig,
control |l ed nore accurat el y_% tg_e iﬁar,amater_s; energy of the particle beans,
angl e of i nOPARHEKEAHIUBFIgTR dioxigh tHanm nijde. Y EeY FRmeHdce Fiug, figdpm

pr ef e[) ?bl ydbﬁida,cﬂirkd@ﬁﬁﬁ, zﬁ*d@ﬂgum bﬁa&,gmﬁm %pp?lngweuinﬁohiaonsqi.u ﬂéllﬁm, p@.ﬁap k and/ or
are abl ated,, and on t.he ot her nd t urface rou ss_.an r e
honogenei ty AB‘P&Sh@“P‘i{%Pr P]ﬁf‘%&g‘l“i‘%‘ﬁ?ﬁ?ﬁé}‘e& e P y'oﬁﬂ%ﬂicgf‘%’{?? INHAMENdi ng
OR particl ﬁ dﬁltﬂdyead;dlg siﬁxmcémgulmreﬁrisakheadleyepafa&ﬁmb.ﬁxamcamgsa&;iﬁul?hs %ldbbt&lltebe
chosen such, that a hal ance is ohtained hetween _t rempval _of the clusters
and the1Pmdi’*?aite(f’é&iafﬁf‘l&?fm’tqlf@ms%dffgeé@éQ‘“%l%lgiﬁss é@n%‘?ff’ (H‘gﬁg“:&?fdg“t%’r“?fm& he ion
beam ener gy sewitt)/IOLE @¥euupl of tik@olpinge®imidg)).eV and 2000 eV and the el ectron
beam energy be between 40 eV and 15000 eV. The angl e of incidence of the
ion beamrespect to the surface can be in the range from4 degrees to 45

degrees, the anglgtheffollowiy fdan&amglts dffiem@liRcdusens dfeamtahinaion Adittdegkanse boa 90
degrees, and the radj.ation tinmes between 0,5 seconds and 300 seconds. 30
For the ion ™ acﬁ@%‘i"é‘?ﬁ'ﬂ}"ﬁ“ﬂ%’ﬂ’eﬂ? rel“?eﬂns (i.e. helium neon, argon or
kryptonigons), halogen ions (i.e. fluoride, chloride, brom de or iodide
ions) and/or galljum. cfns can for instance be applied. On the one hand,
froma technical Eﬁ@?ﬁlf;of view, these ions are suitable for providing a ion
beam On the other hand, by nmeans of such ion beans contam nation clusters

can be renoved -4:18 rticularly well, wthout affecti t oo pmuch th
surface roughnes 'rgﬁdjﬁ %]’e I E CMEHERALS y tegntamination C?‘fszlfffe‘?”d’tnlﬁf'&?ﬁ 8@%1. N i3 from
cl eani ng netohsoig vae d orkdivragd b ourkdhein thaaiotd-amipereSratigel (Hepshdehnsh tho©ion K@FER) Wit an
cl uster from surfagces ich conpris . I (g%emu . ol bge m.car.hi de,
Ut hent af - PREGPLFSIeE M oRte ot ot T CRETE APF pokad ob et 3
silicon, bersydonts)rasulsiih redivalnif theicd@amibtionGhistets. Oie Gheface roughness of a rms-value of

about 0,3 nm remains practically unchanged. If the upper layers are very thin and if these comprise

of a metal, e.g. ruthenium, or a semiconductor, ¢.g. silicon, a negligibly small commingling of

~ these layers can take place.

25
Example 2

Specifically firing, with the aid of a scanning electron microscope, of the contamination
clusters with 10 keV electrons with a current in the nano-ampere range during a time period of less
30  than 60 seconds under an angle of 85° - 90° with respect to the surface, results in cracking of the
contamination clusters. The remaining material residuals can subsequently be removed e.g. through
a UV-ozone cleaning. Almost no commingling of the upper layers takes place. The surface

roughness of a rms-value of about 0.25 nm remains unchanged.



boric nitride, titanium titaniumdioxide, titaniumnitride, yttrium
yttrium oxide, cerium rhodium oxide, zirconium zirconium oxide, niobium
copper-gold conpositions (i.e. Cu3Au, AuCu, Au3Cu), palladiumor platinum
In particular for the cleaning of EUV-optics, such as for instance

mul tilayers, the surfaces should conprisgqdthese |ayer materials.
Particularly suitable as substrate 10 materials are silicon, quarz, or
different kinds of glass (e.g. Zerodur (product of the conpany Schott), ULE
(product of the GRIRAIRY Comng)). In the follow ng four exanples of renoving
clusters of contamnation wth an exanple of a nethod according to the
invention are described. 15 Exanple 1 Firing of the | ayer contam nated by
contam nation cl y&rt i dohtabirtiNSustls With RS Aiidh§ 2 a Qrrentkie¥e ficrd-aRipke
and a current in _the mcro-anpere range (dependent on the ion source) wth
an 20 angl éange Withap gegleef ipgidence withepect tg thetpurfangof lessthany Yhdrenetadingrediod phg a
time perod 19h0ls6%add, R33N 2 BECRMAT the'BRtnInStdn LILRID Y Ake AL maliorah &M nation
clusters. The surface roughness of a rns-value of about 0,3 nm renains
practical | y csatirtlydigher than themasspb the majgsialsdn the éor\i@myattomcwstaha shight eerpgiagling
conpri se ofofalerﬁ%&haye@ cgn takélﬁlﬁlﬁ”{vh'éﬂth@ﬁ per 185 &%ﬁ%&&ns . gmdﬁﬁd b fbn- @
negligibly small commngling o hese Iayers can take place. 25 Exanple 2
Speci fi cal | ynqtaqu Hgilicon mifgidepad aihaﬂ BeseareseRnthion fhestudfagerayehpgss P%i‘é‘b’@ﬁ'éms of the
cont am nat i QRarhChdisiuehcedWM th 10 keV el ectrons with a current in the

nano- anpere range during a tine period of less 30 than 60 seconds under an
angl e oft085 - 90 with respect to the surface, results in cracking of the
contam nation cl ygh@pg4 The remmining material residuals can subsequently be
renoved e.g. throug a UV-ozone cleaning. Al nobst no comm ngling of the
upper layers takes place. The surface roughness of a rns-val ue of about
0.25 nmremains URENAGHSFiring, uhera sERRAINE bRctFonMhibloB@pa fthd dRtamBRLGHEIRR #fth
clusters with 1 keV Ar-ions and a current in the mcro-anpere range with an
angl e of i ndhukatchr-ight With @ syt inithy pigeo-amperefergesndyras sn&lmfnn%@ﬂ%w KgSnEck i me

period af Jo #fe-s8@ace € Wi6lthan B@swvtem aks Wit 12 ROV Y¥Rbrdaf with @ cerrit Athdvhb-aRpere
clusters. Since the nass of gon is essentially higher than the mass of t he

mat erial s i H2A85an¢E530 QHI%%‘PW“E‘I friom 8¢° to §5° ‘th'ﬁ%Pe%E(S?ﬁ‘i*F syfaadpringe timeeetioher

| ayers can tgkeop ls@:%ﬁds NaaRA it b@nﬁpﬂ%o.!.gmasraﬁngcmmc@ﬁg fEh&tshtanfindfion ERGEUM
or a non- netal, e.g ilicon nitride, and when these are ver% thin. The
(=

surface r ougsr\?ﬁ%@ @@sg_pf]kry@%}slqgsentlally hlgher than the mass of the materials in the contamination
clusters, a slight commingling of the upper layers can take place, when the upper layers comprise

20  metals, e.g. iridium, or a nonmetal, e.g. boric carbide, and when these are very thin. The surface

roughness again remains nearly uninfluenced.

The cleaning system 100 of Figs. 3 and 4, or a cleaning system operating in accordance

with any of the methods as claimed in claims 19 — 33, can be adjusted in a simple manner to

25  selectively remove contamination of a specific material, for example by changing one or more
properties of the electric field, such as the strength or frequency or by changing the type of charge
carriers. Thereby for example contamination with carbon containing materials or silicon containing

| materials can selectively be removed from the surface of the component without removing

materials from the actual mirror surface, e.g. Si or Mo in a layer of a multi-layer mirror. Such a

30  selective removal is especially suited for EUV multi-layer mirrors. Such mirrors are relatively
sensitive to “over-etching” because removing too much material from the contaminated surface
will destroy the proper surface of the multi-layer mirror, i.e. the surface of the mirror before

contamination, and therefore the optical characteristics of the mirror.



nearly uni nfluenced. 10 Exanple 4 Specifically firing, under a scanning

el ectron m croscope, the contam nation clusters with 0,5 keV Kr-ions with a
current in the mcro-anpere range under an angle of incidence with respect
15 to the surface of less than 30, as well as with 12 keV electrons with a
current in the nano-anpere range under _apgangl e of incidence from80 to 85
wWth respect to the surface during a tine period of 10-20 seconds, results
in a renoval through ablating and cracking of the contam nation clusters.

Since the mass O%el‘é&t%@&ﬁbﬁaﬁof%mﬁfs'c% foY eﬁhﬂib% obfafid B}hfccgi@éﬁné)éha; Carriers
materials in the contamnation clusters, a slight conm ngling of the upper

| ayers can tekepepifia¥elocipine hinetirengrgies2. prgentslling terstrengtingf thaslestric fiekd of

i ridium or o%emgyrﬁigeheraﬁa aresmé;&stmmyﬁ@an sﬁm@nwa dfewﬁa@ ARy 6k thet hi N.
The surface roug ness agai n renmai ns nearly uninfluenced l%’he cl eani ng
1w

system 100 e¥rface ginding epgigy By ofithentem inbsi ragoveg soden fbpm&amuﬁgranﬁfemf&@wwnce
wi th anyg of b&%errgr Sﬂ&ﬂémﬂﬁmgbﬂi mdmawg?,/mt 1\15,){ M3 reppeg&tlggtf@%d§§$ﬁge in a

S|nple manner to sel ecti vel y renove con am natl on a SpeCIfIC naterlal
for exanpl e tasget atomragd M. mpéeswm&ﬁwénaswfdmwmwgmn(Méh@r@efttﬂ@clnffacélt@i such

as the st re@mlaeg{ecﬁ&mﬁﬁéet%%npﬁoﬁ 'ﬂ%rkgffﬂﬂ theBrelthBf tRhstERA H6rgy SRRIJHRY S-

Thereby for exanple contanination with carbon contai mg{g mat er i aI S or
si | i con confagssitieg theyfagse bindingeneray Etve c Thesmmimuseeneggympeded fiorgipctiendis salled fiee of

the corrponerﬁhnmummﬁlace&&ﬁ\éhagythf@@ﬁo%m,ﬂ?orfpﬁ)%mardasueaﬁ.%ual 3(r)ri rrlor tsurface,
a sSel ectl ve

e.g. Si or Min_a er o mTror ] |
renoval 19s especiF4§- I%/elcélﬂlﬂeééf%ﬁ Iéwbtbr%Bt)hdan%sy > Opryeripg behavigyrcaf graphitennd ar e

relatively psfiabiinYs 15\%0;9%@&111@&{&@;&@; 7, mbﬁ‘&amaeurzﬁb:@wg@@) 1490) mm n{éﬁstu?erdl al
fromthe contam nated surface w || destroy the proper surface of the

nul ti - | ayer sphtier pelds pf graphitp as %@W@e of ion atorc wpss (o5 bowbeydwment vathevaripysaioblen,

and theref or, ofs IBR@OfQﬂtfér&ﬁ h(metr@é’n@f‘gie@ r(‘irﬁ%ﬁlﬁ% :prfefewﬁ@e AL being clgé% to %lsﬁ'ﬁ&ﬁr\é Bf
renoval of rraterl als can for exa{% e obtained by accelerating char

carriers t dhegadesepmamingtioned pr BUY dithograghic projastpryapparatug hegsg resgliy ?tt&qlqu%gr t he

st rengt g of gPaliBﬁlt@éa‘ﬁ% %b;f-heﬁ 'tc%tﬁ’er@&rbox%d%‘a‘iﬂ%g’%ﬁaterﬁa”s ﬂﬁﬂ@r &lthésphdrf: %Qfé‘ldﬂ ofXi sts
for physical sputtering that depends prindarily on the surface binding

ener gy Eb; e@raphity ¢fdwa oBeriationre showey Eap pavsYSIPOISHRPTeRaRi sFARRIQ fui ARk to the
efficiency a6t We&s &h@gﬁﬁ{de lsgucaitd aﬁ@tﬁgﬁbseﬁ kyrfboldkeprlseit é\@phlté é!Mpex%endi’cuh‘Ar

.)2], M.a. repreSenting e mass of the target atom and - resenting
the mass of 1@ Hec&pbor }caléﬁ’rﬁ § crbbe geduced fﬂoﬁ’élﬁrﬁjb&ﬁtdf‘ﬂ&& the F"rﬁle‘ﬁ“a‘ﬁlﬁfgytoé eachi eve
ej ection of shferih@{c@ethe 35} Jik1Q At RGediiebd ﬁ%ﬁf&aﬂ@y ﬁlhftﬁgtbw@lhlmrer@{éﬁé Sfefgd

energy should be "larger than the surfac ndi ng energy Ebied . The m ni num
ener gy RBed@fitheshares extisrothie pentamination cambe rempYed selestiye! §ﬂ1g EXATIPIR CXRPTERGHS

threshol d EdpeWlhaf @dePEY® irfidtiod R fr&&drB 8f approximately 10 mbar Ar selective removal of
carbon containing materials by physical sputtering (but with a very low sputter yield) is possible
even with ions having a kinetic energy below 150 eV, and in particular with ions having an energy
of around 100 eV and 40 eV.
25 Table 1 shows the minimum displacement energy thresholds Egg, for physical sputtering
(with Ar ions) of some types of surface materials. As is shown in table 1, graphite has a threshold
Eaispa of 25 eV, while Au has a threshold Egp; of 36 €V. Hence, graphite can for example be
removed from an Au mirror very selectively, i.e. cleaning without damage to the mirror surface,
with Argon ions having a kinetic energy of
30  ~30 eV, since this energy is above the threshold for graphite, but below the threshold for Au.
. Similarly, Si can be removed with Ar ions having an energy below 20 eV from Ru surfaces and Si
can be removed with Ar ions having an energy below 36 eV from Au surfaces. It should be noted
that other materials can be selectively removed as well and the invention is not limited to a specific

combination of materials.



10 FIG 5 ( obtained from E. Hechtl, J. Bohdansky, "Sputtering behavi our of
graphite and nolybdenum at | ow bonbardi ng energi es”, J. Nucl. Mt. 122/123
(1984) 1431 ) shows neasured sputter yields of graphite as a function of
ion atom c mass for a bonmbardnent with various noble gas ions of different
kinetic energies. Graphite is a reference;material being close to the
structure of the carbon contam nation of an EUV |ithographic projection
apparatus, hence results obtained for 15 graphite can be applied to other
carbon-containing materials. In FIG 5, the sputtering yields of graphite
of two orientations are shown. The open synbols represent graphite cut
parallel to the Telalfsbdﬂmnra%ri§plmmehfe3ngt1g&pfnrmby5@tahwmme and the cl osed
synbol s represent graphite cut per@ [HEVEE 33y canbon | ayers. As can
be deduced fromFI G 5, by reduci na@?e inet| c enerqv gf the sputtering
ions the sputter yield can be reducélanginghi i cant3seVand |t hus by a suitable
ki neti c energy 20 of the cha AN e—com—@ﬂ—()r@ﬁ-on can be renoved
sel ectively. For exanple experinents show that under  EUYV radiation at a
pressure of approximately 10-3 nba¥MoAr sel ective Jee¥vall of carbon
containing materials by physjeal—sputteringr{but—y very | ow sputter
yield) is possible even wth ions havi ng al ki netfc echergy bel ow 150 eV, and
in particular with ions having an gmnergy of arouygeVlOO0 |eV and 40 eV. 25
Tabl e 1 shows the m ni mum di 'sptacerert—energy—threshelds Ed;, Pl for physical
sputtering (wth At ions) of sone types of surface materials. As is shown
intable 1, gr aphiotsaedniazayaexﬁdwe&mn{ ﬂaterlﬁds frgih thefsurdize ©Fa comfijohnént Athé Hthographic

t hreshol d Ed i. of 36 eV. Hence, an for arrple be rempved from
b A v oo e astiye o esfing Rk d® st R deigpaon e o AFor
surface, Watdelefitgiy m@&smhaiéldngvﬁddq duefadeCand theh ghentifally Peact With Y surficice t hi s

energy is above. the threshold for hite, shol d. for An.
S Dty gatgiah et e aebere Mg S ia e o i Gy B wssELG £ o
Ru surf aces oaldrafsfer Kirefic beergyantheanbladuteh of\the sirfise. [Honene, mncsnmayod&edemvse% eV
from An surfac%@. It shoul d % Qlﬁﬁ)edh t hat (gh]h matlerl

sel ect i vel y SPRABDEHS SQErENS| tFanstrred R 1og paprand Fhup BhYSIGE SP? %8°°P‘E§ aéwggem fic
conbi natgon of nﬁleﬁéddﬁig&)n the rddterial fle@tched hdliverions clinFpd exaple be O €T B, &S, f or

ggyzi\/c aIRuS FZ) ‘I 1Bﬁic %%9 é%?rglllcteeé ]za%meg/ oiuﬁgl-aa%” Cr%}lca?spuﬁermg of si%con6by%v Mo

Cl+, and Br+ ions: reactive spot model for reactive ion etching”, J. Vac. Sci. Technol. B 4, 2 (1986)

459) or otherwise. These ions can be added to the system by adding a component, e.g. gas or
. otherwise, containing these parts or from which these parts can be generated, e.g. chemically

15  bonded atoms from which reactive ions can be made. For example if only carbon-containing
materials are to be removed, these reactive ions can react with the carbon-containing materials to
form new chemical compounds such as for example carbon-oxides (CO,). If these formed
compounds are volatile, which is usually the case, the carbon-containing materials are removed
from the surface.

20 FIG. 7 shows experimental sputter rates for physical sputtering and RIE on graphite, Mo
and Si. In FIG. 7 the sputtering vield is shown as a function of ion energy in electron Volts (eV).
As is shown in FIG. 7, physical sputtering was performed with Neon (Ne") ions for graphite and
Mo and with Argon (Ar") ions for Si. RIE was performed with Oxygen ions (O") for graphite and
Mo.

25 For low ion energies it has been determined by weight loss measurement that the total
erosion yield of graphite by oxygen ion bombardment was around one, nearly independent of
temperature and incident ion energy. This indicates that chemical erosion dominates physical

~ sputtering in the low energy range. In FIG. 7 it is shown that RIE of Mo is effective for O -ion



To selectively renove certain materials fromthe surface of a conponent in
the lithographic 5 projection apparatus, reactive ion etching (RIE) can be
al so used. In reactive ion etching, ions are accelerated by an electric
field towards a surface and then chemcally react with the surface
material, contrary to physical sputtering- wiere the ions do not react with
the surface material but only transfer kinetic energy to the nol ecul es on
the surface. However, in nost RIE processes also sone kinetic energy is

transferred | g & | s 10
Dependi ng or?%rggs Er’rﬁtﬁg re?;h%d P %ﬂ be %til%rs\ g%“@e%?? llr‘\’j"gyF%%@°2§in8ﬂg¢&‘2§gnf§’%w€‘“go
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nodel for reactive 1on etching” ac. Sci. Techno (1986) 459)
or ot herw sdronmhgsMe gafacgan be added to the system by add| ng a conponent,

e.g. gasgor ot h‘?![sVMaﬁ Be d&rRBd ﬁbﬂﬂ PR, 7 G SPerkRiids For¥ahipIO WP ihGH 16085 & sRddive can

be generated, e. chem cally 15 bonded atons from which reactivé ions can
be nade. Forreraguhpf carbion frgm) ?Wealr %@hﬂ‘@eﬁw‘?wﬂbﬁ?@ef’ et @splggtiyity pl00do bevhilsderved,
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25 For | ow | Qe iPdiRRidal etdly. been determ ned by weight | oss measurenent
that the total erosion yield of graphite by oxygen ion bonbardnent was
around one, near IKGi hodpeehirined feom abpeasited gference apdlachic P ddwdairagn . bsbewgibe Thi s
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energy range. In is shown that RIE Is effective tor lon -

22 ener gi espeffering gorarpngpdThesqygats lwiieéi&shldaﬁq%ﬁaldéﬁel%ﬂtlw%dwlqﬂbet?Wed by

reactive O dh%!;u@ttﬁélbrﬂﬂer1&4&1@;g§3and19ﬁ‘d@s@er g| es of less than | CeV. Hence, a
| ow energy (less then or equal” to 150 eV) gutterl ng can be used to

obtain a very hi daoygder Wrd@@f“s‘h?ﬂpe%ﬁ@?ﬁfmﬁ Ofsaem@ o4 aprqrging o ansmbodimgnicafthson

frome.g. a MR8, sdths (150345%@&@ ri§ ofefic YRR e & dthervise, Bkistir@MeRBRMI €S for
exanmpl e | ower than 100 eV, a selective renoval of carbon froma M or Si

sur f ace 28an %@%f@.%lcwe@ﬁofahw@ewwm 19)’56103‘1'@013% sych agffr exantRlt opticgn
ener gi es bet peeform eMpsniRicei¥iect®h o UEEBH GHFS seesldS eleiréné. can be achi eved.

For the renoval o
A method according to an embodiment of the invention can be applied as an off-line
cleaning, that is cleaning when the lithographic projection apparatus is not in use which state is also
' referred to as off-line. However, it is likewise possible to apply a method according to an

25  embodiment of the invention while the apparatus is on-line or in use, for example by triggering the
pulses of the electric field with respect to the pulsed EUV source. This prevents down-time and
reduces therefore cost of ownership. For the sake of clarity, off-line cleaning comprises cleaning in
the lithography apparatus when it is not exposing wafers. On-line cleaning comprises cleaning in
the lithography apparatus during exposure. Both on-line and offline cleaning are performed in-situ,

30 i.e. the respective components do not have to be removed from the apparatus during cleaning. On-
line cleaning may be performed at intervals, for example after a surface is contaminated to a certain
degree. However, such on-line cleaning may also be performed in a (semi) continuous manner, thus

preventing substantial growth of contamination. A cleaning method according to the invention

performed in a (semi) continuous manner thus may be regarded as a mitigation method.



aromatic and graphite like materials, an ion energy of nore than 5 eV is
preferred for the cracking of the chem cal binding, whereas for physical
sputtering a mnimum di spl acenent energy of 25 eV 10 is advantageous. For
removi ng physi sorbed nol ecul es froma surface even | ower energies mght be
enough. El.ectron stinul ated desorption_cagg be used to renove physi sorbed

nol ecul es and weakly chem sorbed nol ecul es. Furthernore, excited nol ecul es
such as QZ* are known in the art to contribute to chem cal etching. FIG 6
( also obtained %%H‘lﬁ@gbégmﬁé ﬁ@tﬂod’ zﬁf:&&ﬁ?foean en&od&ﬁﬁﬂfthe‘ci\‘nvegﬁm# dl%r exant
shows the 15 chem cal sputter yields of RIE of Si Pons
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radi ation-sensitive material. Thereafter when a surface of a conponent is
contam nated to a certain degree, for exanple with carbon containing
materials, a cleaning nethod according to an enbodi ment of the invention
for renoving the contam nation can be applied to at |east a part of the
radi ati on system conprising: generating an electric field in a part of the
| it hographic projection 10 apparatus; providing cleaning particles near the
cont ami nation by neans of said electric fitd-and renoving at |east a part
of said contam nation via interaction of the cleaning particles with the
contam nation. The cl eaning nmethod can al so be applied before providing the
substrate or before providing the proje&lA@Sbeam Thereby, the
manufacturing is started with clean surfaces and, if the cleaning is
applied to optical conponents, a |large degree of accuracy in the projection
beamis 15 oBt ai nédleapmesyismir semeyngernianingtionsiyen atteast ¢ partiofragputfaceaia

enbodi ment Of:oﬁl}tlﬁeﬁt'lf{ﬁﬂiﬂo@ﬁpﬁéproﬁ&tiorp Sﬁﬁgﬁgmhﬁélﬁét u, that is w thout
renovi ng X he conponent to be cleaned fromits position. It should be noted
that the above-hefRingmariclermserddantorrsoviding eleanmepartiateh aear sdid murfaiceivthidhivianing

i nvention, and {, bhli ' - g | e t0,desi

al ternatives vmét %Eiﬁrggggr"t%ﬁ%&? %%&%Qﬁ%lﬁgénggé%goﬁngﬁ%n atﬁ‘ﬁtlaeﬁ é:cfgichl’ 31% I n
the clains, any {epbeeatislestigied adibsealdvibetawamiqativay tinpsesd t il dlechiztfichie

construed as |igdght, : Ha ) rksing.. .d .not _excl ude the
presence of ot%&é%rhﬂg?%ér‘r’e&%i fs;?k g‘?’]msn v ggtge%’éﬁ%r% " (ﬁ%ggo#@é glg%fnlc ﬁ%@ RISHRR t"ﬁ%gaﬁer e
fact thaf, cert a0 PrapeRYIpEaicaning partiglss toch providedt ual |y different clai ms does
not indicate that a conbination of these neasures cannot be used to

advant age. - wheein tig) elgayr fiald ggnerdter gpmprises g pelagfigld generatas foregnassimgamilied i on
fromat |eastaniPakili, @fda @ surface of a conponent in a |ithographic

proj ection apparatus, conprising: - a cleaning particle provider for

provi di ng cl &: thghqfa?w;@gwimra}ateéaﬂJastgrLdeﬂaw,cowmutzlﬁatevlegremmted frethe pulsee
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field, and -"a cleaning particle related adjuster device conmunicatively
connect eds t opropertedidhn ¢lpanirg partivles ¢gebrarenidad. devi ce, for adjusting at | east
one property of the electric field inrelation to at |east 10 one property
of cleaning particles to be provided, wherein the electric field generator
conpri ses a Bul seAfdlesnmggesian ag drimpdm damdy Brthergomppsing eepntasiipation rdated e d,
and wherein %}ﬁsteai Rl BSRaNitAehiG coibabe RANUSI a1 dEhbGRr USvi . Lyvely
connected to tthe pulse generator for controlling the pulse wdth of the

pul sed el ect fqagt opg progertyofithe eleqtonfield ingelatienpteat lgaw onemopsriy 9 the porsamipgion to be

cl eani ng,particles to be provided.

3. A cleaning system as claimed in claim 1 or 2, wherein the cleaning particle related adjuster
device comprises a device for adjusting at least one property of the cleaning particles to be
provided and/or the electric field in relation to at least one property of the contamination to be

25 removed.

4, A cleaning system as claimed in any one of the preceding claims, wherein the cleaning
particles to be provided comprise at least one of the group consisting of:
» charge carriers accelerated by means of the electric field; and

30 = particles generated by means of accelerated charge carriers,
which charge carriers comprise at least one of the group consisting of®
= charged particles induced by electromagnetic radiation, such as Deep Ultra Violet or Extreme
Ultra Violet radiation;



2. Acleaning systemas clainmed in claim1, further conprising a
contam nation related adjuster device communicatively connected to the
electric field generator device, for adjusting at |east one property of the
electric field inrelation to at | east one property of the contam nation to
be 20 renoved. 3. A cleaning systemas chaiped in claim1l or 2, wherein the
cleaning particle related adjuster device conprises a device for adjusting
at | east one property of the cleaning particles to be provided and/or the
electric field, l.at : r f ] i to
be 25 romoved, S0 R clain B LARR ARG RLARE dutallorhESSFO ARGk LAR:
cl ai ns, wherengptehy a@tatiagiong particles to be provided conprise at |east one
of the group cpgsisting of. charge carriers accelerated by neans of the
electric field, and 30 particles generated by neans of accel erated charge
carriers, Wwhi eiemidadly gractéverohiirge carigmpniise at | east one of the group
consi stipng Qf: ] i i ctromagneti c radiation, such
as Deep %Itra gF%P%?Qg%“&?%%%%%&§ﬁfg§§ﬁggg?i?qégaiation; - 25 el ectrons,
such as secendiwhigh pirticles gancratediby imeehnsfof aeveletatedshargaicarias conpwise tragton earticland
el ectrons ggﬂﬁ&@%ﬁgng Chr @Rt dagkalsons; ions; chemcally reactive charge
carriers; an C enlcaTﬁy inert charge carriers, such as noble gas ions;
and which particles generated by nmeans of accel erated charge carriers
conprise reactiv o i i - I . 5. A
cl eani ng sy§fen]2§B%ngﬁg§aPﬁs%ﬁgggﬁ%mggﬁfﬁgmﬁfé%g%#%%”%$g?ﬁ%ﬁg%%?%ﬁ%?
conpri sitAg a¢ast oh@ njagestic fellegenwaneddvice for gbnbrajiop e naguaticdeld to eorfirgl thgehaning | ng a
magneti c fig%ﬁmk? control the cleaning particles. 6. A cleaning system as
clainmed in any one of the preceding clains, further conprising at |east one
gas supply for providing at |least one gas in the electric field. 15 7. A
cl eaning system as i 1N Glajime6 i i i . en and
hydrogen, - dhd whe S Rasieh By Saleluny YnCbEhdprERine SRtnd, BufiBeotor i 4
accel er at ed l¢astwae @ss suhply Serpk@adingdat 1¢abtone gdsau theielectricdlet. 20 8. A cl eani ng
?ysf§n1qg clainmed in any one of the preceding clains, wherein the electric
ie
7. A cleaning system as claimed in claim 6, wherein said gas is one of oxygen and hydrogen,

and wherein reactive ions, generated from said gas, are accelerated towards the surface by the

electric field.

20 8. A cleaning system as claimed in any one of the preceding claims, wherein the electric field
generator device comprises at least one electrode and the cleaning system further comprises a
mechanical actuator for changing the position of at least one of the at least one electrode with

respect to the surface.

25 9 A cleaning system as claimed in claim 8, wherein the mechanical actuator is able to adjust

a distance between the electrode and the surface.

10. A cleaning system as claimed in any one of the preceding claims, wherein the electric field
generator device comprises at least one electrode with an adjustable geometry.

30
11. A cleaning system as claimed in any one of the preceding claims, wherein the electric field
generator device comprises at least one electrode having a surface of a material which is

substantially similar to the material of the surface of the component



generator device conprises at |east one electrode and the cl eaning system
further conprises a nechanical actuator for changing the position of at

| east one of the at | east one electrode with respect to the surface. 25 9.
A cleaning systemas clainmed in claim8, wherein the nechanical actuator is
able to adjust a distance between the el ghtrode and the surface. 10. A

cl eaning systemas clained in any one of the preceding clains, wherein the
electric field generator device conprises at | east one el ectrode with an
ad] ust ab ©  PELTCUL Yearile drbemds ChEAI N8 bERE Bcdob s ANV OREAL bl
preceding clains ectric’freld enerator device conprises at

| east one elmtrafodéevimwpmgms scﬁvtrat@cqhanlanrﬁtatrefersaig thvhéledtrig eld.subst antial |y
simlar to the material of the surface of the conponent - 26 12. A cleaning
systemas clained in any one of the preceding clainms, wherein the electric
field generBtor Alekangeg systapras slegned in myems ef the pieeadingroldims, furtheecanpmiginghe
electric T5f' &) &%auo]n?’devf*e ?Arﬁf‘d“écﬂg%a ﬁ-ﬂ%r?e PJgﬁhﬂFqu‘#h s?dT&l Rﬁ\ﬂ&e{ S5Egeedi ng
claims, furth I'ati on devi Ce jectin

el ectr omagneltlitra Vn@lduradlatmn omud&asta@afb@éﬂlelgﬂnfacaomhgbca‘npqnpntExt r erre Utra
Violet radiation, on at |least a part of the surface of the conponent. 14. A
cl eaning systemas clained in any one of the preceding clains, further
conpri sing al4.r etAcleaing srysmmus eldingeddn anyroan getie pcading clayms, Hertheadingtrisiog abeam
profile refle tr re ;
one of the begfgr%e gﬂcgﬁescﬁ %]é &%dn °%¥f¥t| rgdlat oglgf’nar;l ﬁ%’g% rgg ik 3r%%e%1?1n&%drb§§§1td
sect i on 3@r e mtdpswet, tho at hast bnn:d’tthmamﬁntel‘rmy,daom dmcltlam ibeam polhlezatihnit bkaresasssof
the | ayer of contam [aor .the type of n e re ved
fromthe sur¥Faed ‘{]%ea g)ghe %C%OP Of%con/&y i %8 t%? C%melhg?a (eirooftmmrrrlllgnc1 Ion
from at | easind@r nﬁnjzpe@fcmwamnitmoeo of remocdfiponthe surfite af thé.ﬁonhpohhmgr aphi c
projection apparatus , conprising: generating a pulsed electric field in at
| east a part of the |ithographic projection apparatus; providing cleaning
particles nebﬁr saA&edmdt‘arr'tmmﬁﬂgmnﬂayﬁmﬁanﬁomfat leasst dpa&t afctsurfacefof @ kanpaamd of a
removin tFas1 h%vagarctmna sa%_gs ccgrrlllthsm nation via interaction of said

cl eani ng" par]f & PRSA cortant natd on, 20 wherein the pul se wi dth of

t he pul sed egeaemnngn ;iu'lmidlcctsc cﬁelldtm[ alléaeth pant qfﬂieaiﬂhagraph'xo pectjedﬁemapspamas property
of the cleanin |c es inclaim
75, fur ther WORGRE RGP et et P B g RsRe Bl s poep
Utra Viol etremwaghtrlmea MrtcrfaaMlcm{tamnatmdlva{mmfapt:cﬁmfamd kcleatitg parfidestwitfsakihe

surface of tpogtammanconponent

20  wherein the pulse width of the pulsed electric field is controlled in relation to at least one property

of the cleaning particles to be provided.

16. A method as claimed in claim 15, further comprising projecting electromagnetic radiation,
such as Deep Ultra Violet or Extreme Ultra Violet radiation, on at least a part of the surface of the

25 component .

17. A method as claimed in claims 15 or 16, comprising:
a first removing of a part of said contamination; and
at least one second removing of another part of said contamination, which second removing differs

30  in at least one aspect from the first removing.

18. A device manufacturing method comprising the steps of;
- applying a method as claimed in any one of the claims 15 - 17 to remove contamination from at

least a part of a surface of a component of a lithographic projection apparatus;



17. A method as clained in clains 15 or 16, conprising: a first renoving of
a part of said contam nation; and at | east one second renovi ng of another
part of said contam nation, which second renoving differs 30 in at |east
one aspect fromthe first renoving. 18. A device manufacturing nethod

conprising the steps of: - applying a nethgd_as clained in any one of the
clainms 15 - 17 to renove contam nation fromat |east a part of a surface of
a conponent of a Iithographi C projection apparatus; - 27 providing a

substrate that fo%dﬁ%g W&te% H a@lela 8%\({@ &%@X b?a iaggre({f r&{latlo -sensitive material;

radi ati on-sensftive orater al provi ding a projecti eam of radi ati1on;
using patterni n@vwdmmanrmct@nbmmoﬂfedlptm; ection beamwith a patternin its

cross-section; %ﬁlgd}gaﬁtemfyg%e%ﬁé "4 l.Gﬁe Pﬁ;%&g&ﬂ‘l?eQm%ﬁ{Q &Be&qgit@fﬂo&r&ga{bkoanﬁ
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