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. diffracted light, whereas unaddressed areas reflect incident light as undiffracted light. Using an
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,
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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 (UV) 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.
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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.
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Wi conamnalono ace, eraction contamnation is
removed frofit g PATH E%\Eogﬁe COIE{TF'E'}?B?%}/@rat'Bg E’F‘éﬂﬁ [’F(jt“§ Jelddractverstissguehas an
enbodi ment mdctivégarticiesan fieomdivaly ( £.g. red&hﬁﬁ@pd@ﬁm@ﬁdfnd%ﬁ@ﬁﬂﬁmnglﬁﬁhﬁé RWive
contam nati oagm?gsneaglﬂ sﬁ&g@Oﬁent C @d I n a_manner _ suitable for
the speci fif€ component o‘ﬁevgﬁ @jc%%étc Aringpagticssignot imdedwdhesent  of
the i nvent i specificmethods| bunviay idchee ﬁﬂ;&@djﬂdﬁ@rd%gtiﬂnﬁt& ablofOnteRcQLiflEr NMaNNers

I n add| ion to th el e tr such as for exanple by the type of
cl eani ntg pariemmeton aptie lﬁﬁc"t h%wg%&t‘?rf“ﬁ'o%?‘q’?i“ﬁmpﬁfmﬂ\% fegyenethe pustarele d

near the surfaceturthermore, a cleaning system according 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 al so provides a nethod according to claim19. In such a
met hod contam nation is renoved froma surface of a conponent of a
Iithographlé § gi ection apparatus in a controllable manner. The invention
further pro & et hod for cl eani ng ~sfrTaces of |aminates or substrates,
in which contam nation clusters present on the said surfaces are supplied
wi th energy by |8 %d/or el ectron radiation, until these are renoved.
P-0411. 010 - Srdingi afyriher pppetREihe iiwprtion adevieqraanufasawing mwthad aevoiding to
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contam natio rempved froma surface of a conponent
proj ection Q‘Bﬁjléfﬁ%‘i@“i RROISCHOB ARRAETYS A1 eontratiable manpgy, whiloerlya shosttvone or no
InterruptlOﬂm@ﬁmﬁ@ﬁﬁdﬁthﬁeHﬁﬁy&ﬁﬁ&g%&ﬂ% occurs. The invention further
prOV|des a I|thograph|c prohectlon a paratus according to claim35. In
such an ppar at uShe invsntigmivgheripsryides p lithesrephippreidctionappasates act erdiag of claim 35. In
conponent i §ychak 285 [1p=Talel=Yr 4 ca
renoved whil e mt?fg;ﬁ uptﬁ%ﬁgﬁtmﬁe norr?glré:ng)ggdrﬁélﬁgg acggﬂ&ﬂ?oﬁ%nk% con{;?{F’gle
not i nt er r uPARASH FRRkermaiensontagination ¢ande semayed Wh@ewﬁflmmgelmbmdnammrstmgffoime
i nvention aﬂ@n&ﬁk(ﬁ drid Further details, aspects
and enbodi nents of Qfe Pﬁ@gﬁﬁ?ggﬁaﬁﬁﬂﬁﬂBpﬁhﬁ%%F %d by way of exanple only,
with reference PRscifiembedimeniaef the iavéntignare BRIfEH lmﬁﬁﬁﬁqbdﬁﬁctrﬁ]tﬂarﬁﬁ Hirthier
DRAW NGS FI §atail Gilon apparal
accor di T 5 S e R Rl IPRHbG, B RS R BRGT &

EUV i || utefesence toghesarachechdeawdngsr oj ection optics of a |ithographic
proj ection apparatus according to the invention. FIG 3 schematically shows
an exanpl e of an optical conponent prOV|ded with an exanple of a cleaning
syst em accor di ngBRIEF:DESGRIDEIQN QF THE( G2 nati cal |y shows an exanpl e of
an optical conponent prOV|ded with another exanpl e of a cleaning system
according to the invention. FIG 5 shows a graph of the sputtering yield in
graphi t'® at ons - i ethemetically depirts dithagraphisrprojetiompparns acdoptingseer al i on
ener gi es. Rl GodfneahoMbe fvéiigph of the chemical sputtering yield in silicon
atons per ion as a tunction of ion energy for reactive ion etching with
d', F' and Br'.FIG.2. shows aside view of an EUV illuminating system and projection optics of a

lithographic projection apparatus according to the invention.
FIG. 3 schematically shows an example of an optical component provided with an example
20 of acleaning 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 CI*, 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 1 according to the invention. The apparatus | 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 Ar' ions and for reactive ion etching of graphite and Mo with 0O
ions. DETAILED DESCRI PTION FIG | schematically depicts an exanple of an
enbodi ment oqf 2 %i@?oographi C projection _apparatus | according to the

&*hpy

i nvention. Th atus | typically conprises: P-0411.010 - 7 a radiation
system Ex, IL, for supplying a projection beam PB of radiation (e.g. UV or
EWV radiation). In this particular case, the radiation systemal so
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resist-coated silicon wafer), and connec to secon ni
for accur aih{esprstiogtemdlag t he substrate with respect to itemPL; and a

proj ection systegydeot of tablk (suBs ' for i I N n ..
i rradiated portion of ﬁ_etamagk _Ig/%teé?\otlég]vgf P‘é’?"gé‘?“g%? ful%gtﬁa“ir?(?@rgqr%]gfﬂgrai si ng
one or mor eSUFtERY Wdf-8t hissistrpgated sitieon\wafe)s afcqoenadeg tadeenhd positiordppasat BW fos Of

a reflecti VechR® dokitiSnind'de sébstr@l Lvﬁﬁkés & (9kpL; loyever, in general, it
may al so be of a transm ssive type, tor exanplé€ (wth a transm ssive mask).

Alternativety, theroipinarsysters (teny”)diit-eya minot grenp)komichagihg areinadiatei pgrtioRans,
such asj@@ e RSB E 3o AiA AY . S refenr t boye. The
source LA (e.g. a Hg | a[rp,géa%he@cq %@f Qt{mfgléﬁngen TUne ?J?’gi)(?fg'&s&ﬁﬁﬁlﬁﬁgr

vi ded ar ound At krie gapictedothe appacstusdt of@neflvetive tipe (be. Sinos @Eective MEsk)rHowever,

synchrotron; ArASIEhaP LI r r therw se) produces a beam
of radiati olr?.géﬂl'hj 5 bggm | S cﬁ(ezéﬁ #%?%3??%:41 ﬁ&ﬁ%%wgleﬁgﬂﬁg)fﬂsg%s f M2 nat or)
L, either Qlitsreatively. the apparatus nmapeinplgy enchee kind df patmadhinigineans) guch@ans, such as a

beam eXpandﬁBg‘E‘ﬁmﬂﬂ%’m&)&ﬁgﬁﬁz&%ﬁ bk Dator 1L may conprise adjusting
out er or

means AM for Setting the I nner radi al extent (commonly
referrdd® to as (Blegrurcoléee.artiy lsgmackeimerlaser, @s pilator@k Wigglt pioRRled Ao@AS1 Ty

ot her compang s of RSB beofh 7 Skl e or'syithisia 3165 Epraluced Pooma owrer o
way, the bedharmie) mpdueesiahyam of taHistiona Shis bfanhia Sedaintods siluirhtion s TilniRash
to Fla 1 Char e o g s B ok g eaBSich o R Fesm B o graphi ¢
proj ect i on ppaleathedllymigatprdLafiayenmptise adasting\wieais AMdoS@ting eheloftet SndPor HRIEUT Y
| anp, 20 radial extent (commonly referred to as g-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 beamn 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
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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 adischarge 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
clectromagnetic spectrum, The very hot plasma is created by causing a partially ionized plasma of
~ an electrical discharge to collapse onto the optical axis Q. 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 § 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 by a discharge plasma. The radi ati on source LA may
enpl oy a gas or vapor, such as Xe gas or Li vapor in which a very hot
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cl eani ng sys% i 1Q0’%§§§§{r0 | ﬁ%Fﬁzt%@e?%\’/%tﬁ?ripgﬁs %flotg PPYRYY MK 2alse &%Pm“se"
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accor dilfg tostam- enbodi nent of the invention. For exanple, a reticle and

one or nore sensgh it hographi.c proj L on _appar at ys . e
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copar atss. For oraan e BRI sl 2808 AR o e st e
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one or nore, rﬁéﬁrs&%%ed%w% witidf m@sures a level of contamination of one or more surfaces of one or
. more components in the apparatus 1, 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.
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.o ng ca 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
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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



The cleaning particles may al so be free radicals fromfor exanple oxygen

di ssoci ated by el ectrons accelerated by the electric field, which free
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adj usting at one proper rirc PESPed to at |east
one property of hilthamamgles pfa‘n"'lﬁscﬂaaag 4tmhatgecmlcmpt¢emht 1nﬁmspeoeawp+een thﬂh&mr@degas
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!)Vl ded as surfabe HMi depephing enchetypé ofshargel i.afnegams or pasitive hr&lam diggcpiar dfithd e
ated ad] AN ﬁgﬁ YoF ta %Xho%m&qﬁg, tke surface 104 isat 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 103. 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.
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detail. In Phedekdhll es of FIGs. 3 and-4l3charge carriers present in the
space between the electrode 106 and the surface 104 will be accel erated by

the electric field towards the el ectrode 106 or the surface 104, depending
on the type of cﬂihtr@argeicareiersne:glxtdtedéayohe qmsnctﬁesldam@mb dflasy g}pe edthbloforgfe t he

electric fi esu a negative
potential a gn‘l(fglﬁ%%plf Ih%‘st&t% t rac o'%s(‘rilrr'tnélr')'§/réﬂl c#?é?’&g’p cﬁ'i'%rsgconga%a]eﬁ'&??f ety
charged i onﬁpm'ﬂlmsmwfnmmmﬁm shaaged@amdss duiclv &s iogp0foe BXandle inddtedby | t hus
attract neg carrdl , he surfa 1 y

| i kewi se giteétfo‘?na%"e Si ?dl V0t entqeg gluha?@ﬁ@% F &&te U‘é}&? g’e\%etgﬁ@g
carrierss lelan:lbmmgenmnmted by atic@ine with eldcttcmwarcdmbhhte;n&‘dﬂ tHoRCHpeb O chiirde

I mpi nge on the ¢

ont am nat.i. o | ayer 105. L ng charge carr| ers
transfer at “1'eq&f" °tee|5w P %’fec{’aﬁ%‘:’ %Hgﬁsé?ﬂ’flre@d’e%ﬂ‘q ‘ﬁ‘éfyst‘?me‘ﬁé?sﬁ?e o the
][ml ecul ﬁs i gextehﬁedcdm‘ihm nlainmmFd;:&xﬁh?]&,Qﬁgaam bbhlssnéaaﬁaﬁtﬁé ﬁﬁ&% th B@clB@Je@Clﬂ SS
rom the surfac ast a part of the con i s thereby renove
I n general, ({1 © etFedS'B?g F“e%%'&@{e fFops Sﬂﬁfﬂéﬂd‘“w‘fﬁ eéqorcﬁjry caAiatigy s
i s ref e_rred tg ffrbarr]mmaﬁnmay@pué i@héd\ﬂdx@fdlﬁﬂtﬁiﬁf élﬁ‘lponéﬂ@WHcFﬁng aﬁlféﬁc&&fegs
sputterjng and,.etchin to the s accel erating an
i npi ngi Jhd; peapIf £0 ’65@‘% E]f:? the 'éCtr(?H‘%li éle%félﬂer'r’@%hﬁde@?‘gﬁaﬁwawymé velteget ri ¢
| d may be thé reggrytiveyddmpontnt Wwitolt ds@ig ah bQra SRa6dd IGthé ARERARNSRIOr &ldre dthe
rge carriers mag/%lr tﬁ r’gﬁle i.ncl ude secaondary el ectrons emtted from
the surface YFPYHYE dﬁ‘b‘b Rgraphicaroipeliop apparafys J pay sefye ps dcoupighdectrods, ffy anpl e
i nduced by ﬁh@ﬁdoﬁmm&tcbﬁnebtadtoagmﬁﬂ,m@lus bBsedSs Daﬂjﬂteklkltsc{)tu%déf sf?c%h&is ﬂ(ewaﬁunp[]
ns generated by collisions wt

Extrenme Utra radlatl |

el ectrons, éesﬁeg ﬁgy(sl’ﬁ%ij\’/%)f" lfeﬁ’&‘?ea %t"B age iy be apRliggl o dgomparenbachiag o s e.
The chame Cdinfer eleardaayr thé émﬁerbﬁlapb@@aﬁmea Bt @s&euR M BE surfae@sfitrg or
gener at ed du“[&% z'éfi;'l eani n é‘]‘f gr exanp a gas .can be inserted near the

surface to B iStqdee ging B‘Pﬂt‘é’éﬂi iggn é‘ﬁ@?@ Held Theeleetreds msardlsher at ed

Wi th the el egigonéntiniaglféh eREmptbM Divive padlbralh@R witl B&itaBle®Giet irCthd nBdHChr %Qaa;m be
applied individually pgr conponent addi ng an_ el ectrode near 't

conponent, PRPERPrafgditeh. Sueh Biresrs “P?élh?a“tbﬁ@ beirslathyely fansprsgntfprgadigtionpndyy

appl yi ng a ygpkdigBeelecirs-riapfetic eRRecH itk agguvon@r&eamg Es@tetn HS f&geﬁ&p@qsé fhe
el ectrode. In the Iatter case, one or nore other onponents of th

i t hogrébhi EamsopRiet lesioders apedifore qontamination rv@ntaslﬂ&me@%wbmh pesyLes é?f@ﬂd&DOr

exanpl e conplegRityfel QUSRS ht CodmiHAtbn MR s@ack SPHe eo%n@n&ﬁtug ®F thehfieh! ode,
such as the vacuum vessel., in a EUV system Likew se, a different voltage

may be appl mayalse, eapoéﬁlﬁ’b%’iéﬁ‘ﬁ elegtrig ﬁfdd Withoyt being connected to a voltage source. For

. example, the mirror can be placed in an electric field between the negative and positive electrode
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 exampie

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.
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. example, the first removing may be non-selective with respect to the types of materials removed
from the contamination, while the second removing is selective and removes substantially only one
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 thereafter
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



obl i que angl es of incidence for ion irradiation etching rates are known to
be much higher than at normal incidence. Al so, the angle of incidence has
a different effect on the removal of different materials. Thus, materials
can selectively be renoved by a suitable angle of incidence. A nethod or

cl eani ng system accordi ng to an enbodi nent of the invention can be applied
to renove cé&nfédhi il on in one step or -applted to renobve contanination in
two or nore renovals of contami nation at the sane surface. For exanpl e,
the surface may be cleaned in at least two renovals which may differ in at
| east one aslsebe ket eomstentdia diffarent mfrwer, fix insphe it the egdngdesi A FIGRY andh Py usies 2

first renoviyg t of the contam nation froma specific part of the
surface and tog%%egsf]?@?' a second renoving which differs in at | east one

aspect from t he The dectricehiad zangratn chayvhe providedowityeers devize whichl vari@fthd dlectric

remai ning ¢ - natd on fromthat speci.tic part of the surface. Fo
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cl eaning while.thergafter the cleaning.s, slower but i nstance i s nore
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or ovi ded Wi PRPEVERR JPrGRRRIEO i (Flatia) iracuntiof difiesat tpes of phaggecairisry pavasse sy
exanpl e in freguesogamitletectic fieldGs refhtedith the (R IaMve) BMbas SYRITGAITRIpESSET hitee
el ectrode 106 and the mrror 101. Such

AC-vol tage supply.connected fo the ;
a varyi ng efaé'i!%)r?f'%pl?ﬂ“éﬂ%‘thﬁﬂ‘r’%@rloprﬁt‘%ﬁ&%fa%ww& i hE A AEPlRSMasRYesing. The tine
on whi ch a modNABeEtctiEfisld & forexhpPle bt Sn/off HRAIAEN ARHE R thd Mild BUAGRAEyUSI NG i N
t he exanpl es of d 4, a voltage supply which provides an

| Gs. n . whi
AC-vol tage SYifsbe ?Pp%g'égf- 'ﬁlﬁs amaupt apd epesgeof thejansdmpinging en fheanigrosyaiyface el se be

an  al t er natdnigildd it hflon/6ff hobiered FE1@ Birbuh e petibtPthe HBH G dwhch@\0ala58 the ipBridd e,
t hus swi tchi n%ét he surface between a positive and a negative potential. For

reversing t heTelddeswilchedoft) g the el ectric field
. The modulated 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

supply which has an output, connected to the conponent 101, at which

output alternately a positive voltage and a negative voltage is supplied.

If a varyi ng electrlc field is used, the electric field may be nodul at ed
a

with a noduFaffhl 0% equency related t5 &property of the charge carriers
to be accel erat ed to the conponent. The property can for exanple be the
(relative) amounts of different types of charge carriers, because the
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nodul a;i[gn fq}_%?euency below a few tines 10 kilohertz for a pulse width
bet wee ev ‘nanoseconds and a few mlliseconds. However, the invention
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\bl e the carriers. The example of a system of FIG. 4 has a permanent magnet 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 (DUWV) or Extrenme Utra Violet (EUV) radiation. DUV or EUV radiation
can ionise gas nol ecules and thus create charge carriers. Thereby, the
removal of contam nation is increased since nore cleaning particles are
present. The radiation may be applied over the whole surface or be applied
only locall §-6AlB-0dart of the surface; Lér-exanple using a dedicated
reticle as the mask MA in the apparatus | of FIG 1, which reticle produces
a radiation beamprofile locally at the contam nated surface, e.g. the
mrror, whi apparatusi ent Wieh ¢rataminstiod ¢lhsters are pesqnt mdscldaoed bysuppliiafs n@ssnindtionhe
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el ectric fi efemoved HonRyeE: U reqyirgdy alse pglobal glepning can be prifasmed by appppriatet i al | y

simlar to thggemdnetf thé piclé PRmSIsst3680Rf the conponent. Thereby,
contam nation of the surface of the conponents with material renoved by

charge carriers frofpHitereaprocesses gin copEibWe kxths waeyal pf the coptamiaptioalusters an

exanpl e19f  &BmeRREWAEn BE ofdind D¥8EHahieA rerddlaf REAS bP firih APErNAESh BE other
substrat es, eiagsb surfaces of nmasks and of | am nates serving as reflecting

optical ele Rnstresyielsgrea prsrianismeaqus, mg.(by partivle radiption spasgy is supplipr il the

cont am nat i edhtnhibioR chistefsQo BY pedkittackar € cl eaned by supplying contam nation
clusters with energy b%fri onic and/or electron radiation, until these are

removed. The di amet 8parbirom thechaicefiihedindofiradiation particles. shetclaniag methog sanghes

froma few t@eief mod AQERk&Y By the paithet&d eﬂ&?}' @ pdrEté bézin@,rﬁgﬁto?rn%idewetaﬂd a
hei ght ranging froma fraction of a nanoneter to at |east 40 nm They

nor mal 140 ¢ofAdiatientine HbifHes aprpmgters shawtprefesahly dp adjgsiedsmch. thahpn the geshand theor

silicon. Howgmes crabilsndfr BtaBlafed, 2XBY%n te oot Bad BRYErHE tBhAR adiRP el t Uent s
and/ or have different dinensions. The contam nation
homogeneity of the layer thickness remains essentially 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 eV and 15000 V. 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 fromDW - over EW - to Rontgen, or in a

resi dual gas atnosphere under the influence of an external electric field.
Thi's enbodi gepy,£ap e applied specificalfy to a lateral size scale in the
nanoneter range. By the smallest ion or el ectron beamsize, specifically
nanonmeter size contam nation clusters can be renoved. However, if
required, a bely; i [ iate .
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eV. The angle of incidence of the ion beamrespect to the surface can be
in the range fro rees. t angl e of. _.incidence of the
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gas | og‘% (i.e. helium neon, argon or krypton ions), halogen ions (i.e.
fluoride, chloride, brom de or iodide ions) and/or galliumions can for

i nstance be appEkample Dn the one hand, froma technical point of view,
these ions are suitable for providing a ion beam On the other hand, by
means of such ion beans contam nation clusters can be renoved P-0411.010 -
18 parti cul ar| yFinsg bf thedayéreontaminhied by ergptamomation clasters evith INefiasef hp ergingyefssn

and/or the HIFRIGHLH LYy ol 4 difrent ifHe il abis e Btwe (SerGL BN IS0l BhARKL,
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silicon nitride, silicon dioxide,

about 0,3 nm remains practicaily unchanged. If the upper layers are very thin and if these comprise
. of a metal, e.g. ruthenium, or a semiconductor, e.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
I'n particular for the cleaning of EUV-optics, such as for instance
mul til ayers é S rfaces shoul d conprise_ these |ayer materials.

5-RaTt e 4

Particul arl e as substrate materials are silicon, quarz, or
different kinds of glass (e.g. Zerodur (product of the conpany Schott),

ULE (product of ghe qogpany Comng)). In the follow ng four exanpl es of
renmovi ng cl uster ntam nation with an exanple of a nethod according

to the invention are described. Exanple 1 Firing of the |ayer contam nated
by contam nation_cl us ons of an_energy from 0.5 keV to 1.0

keV and a currenfi"ng o%ﬁﬁ °‘?ﬂ“ﬂ’i"8“’3ﬁﬁb?t§r st J kel dHpetidan & cyFent idhg misrosampers)

with an angkaagmvnh mm@w«mcvueﬁde withTBpEdt td Be Edmcémés@%nfsmmlﬁg’ahﬁe BeHiddwri ng
a time peri 8& @F‘-‘ﬁg? s than 30 seconds, results in renoval of

cont ani Mt | riesultyfiea repyal efthe eqngaHiaation glpsters. Sice phel mass @f afg%é)ut 0,3
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Exanpl e 2 Sﬁn@ﬁl kigCalidot nitiidd, Bl widntkbsd 018 val, thi® fThe st RuRthe &l B4k t@hins
m croscope, of the contam nation clusters with 10 keV électrons with a

current in B§REYMNERBYesiere range during a tinme period of Iess than 60
seconds;under an angle of 85 - 90 with respect to the surface, results in
cracking of the _contam nation clusters. The renaining material residuals
subsequent | yEx#mbledoved e. g. through a UV-ozone cleaning. A nost no
mm ngling of the upper |ayers takes place. The surface roughness of a
rms-val ue of about 0,25 nmrenmains unchanged. P-0411.010 - 19 Exanple 3
Firing of the cofResificallitirés. widgsa ssprning elagiran mistospgpe; thpieontamtinaion alustens withn

the nicro- agBKE KrligRGFthY dufte ﬁE‘%&o-Q&npér@&hQ&ﬂf&@r aW'aI'lQe 5?&939&0&: tw‘ﬂhtr&{é ect .

surface of |ess than 30 during a tinme perlod 20" secon res s in
a removal ofo thhariaeanfalgssiibani39n ax welbaseyith, 12$EH@1?0F¢1‘6 wmgs:umntar fhe narogampere

essenti al | ;
Cruster, & SEah conminol g o omid Gatoy sehbtes it ARARAR bl e

upper | ayer 8f Wotfserands. aestilsy ig a f@“‘g’al thﬁ’s&h %hlﬂ"ﬂa andcracksing ofithe abntafemylonsﬂllme@o n
nitride, anginWh@e nmafleFRrplon iV&tehtilil) Higher fish Mk kh&GR e MERARSS 12BN AninGiT NS
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. 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 to the surface of less than 30, as well as with 12 keV el ectrons
with a current in the nano-anpere range under an angle of incidence from
80 to 85 w PRO4EBEHE to the surface durkig-a tine period of 10-20
seconds, results in a renoval through ablating and cracking of the

contam nation clusters. Since the mass of krypton is essentially higher

t han the mass of Sélmvmmalalfmateﬂaltb@tbmmmbmablbt@.ﬂedeés&@ﬁt&g caargé tRdrs
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representing the nass of target atom a entin € Mass
of the sput toeh¢ eagbandaye(si Aecantbadedwees] feam FlGe ), by mdlfca@ttl;le ltlmetlcandrgﬁwfehej ection

B e
ener gy #Heedelihs drargsjcerieisaie dogtamaiatigtcan he remuiver seientieys foraxempln experisesty
threshol d Eghomhat uflder %Wﬂa&gtllon ® Hbrte%‘h}e’}ﬂ 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 Ey;sp for physical sputtering
(with Ar ions) of some types of surface materials. As is shown in table 1, graphite has a threshold
Egispt 0f 25 €V, while Au has a threshold Egy of 36 eV. 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 ~30eV, 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.



FIG 5 ( obtained from E. Hecht[, J. Bohdansky, "Sputtering behaviour of
graphite and nol ybdenum 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 bonmbardment with various noble gas ions of different
ki netic energies. Graphite is a reference material being close to the
structure of-0¢#hk.&ldr bon contam nati on-oflan EUV |ithographic projection
apparatus, hence results obtained for graphite can be applied to other
carbon-containing materials. In FIG 5, the sputtering yields of graphite
of two orientations are shown. The open synbol S represent graphite cut
parallel to the e qgra structure and the cl osed
synbol s represent &g‘% g%”i@“@ﬂ?"%‘%‘r‘%@ﬁ i ie? ]%fsmaltsﬁlé T8 bon | ayers. As can
be deduced fromFI G 5, by rleduci r(g(gfdpeltdgl neti c ejevgy of the sputtering
lons the sputter yield can hQe—+e¢h sgrtieant)y—aneH{t hus by a suitable
kinetic energy of the chargd carri @éan{oﬁ cont ami &Y on|can be renoved
sel ectively. For exanple exgerinergis show|that undgreVEQYV radi ation at a
pressure of approxi mately 10-3—nbar Ar selgetive repnpvall of carbon
containing materials by phydical %‘ﬂltteri ng (but 3fievh a very | ow sputter
yield) is possible even wth iongfiaving a Ki NeGgGseRelgy bel ow 150 eV,
and in particular with ions having an energy of around{100 eV and 40 eV.
Tabl e 1 shows the mini num dilspl acédent ener|gy thr38sNol d$ Ed;,, for physical
sputtering (wth Ar ions) of—sonmetypes of surfacematerials. As is shown
in table 1, graphite has a threshold Ed1l, 1 of 25 eV, while Au has a
threshol d Edspi &b sd&tivaly rmegerta@rmhiaisefrqnathe fusfacestanqompoirst mamohithekripham
Au mdro | , [ror
i face. 4 WPr Xe@ﬁ% %ﬁ&?tggﬁ Sré/aﬁ 611\?/{3' ur)]ﬁ etthi @@Uangﬁ;‘ XeY%(} lﬂ%ﬁ[ g@ggg?({? e?ch.mrgclon? ge o
energy is ambra!qdé’ymhple@heﬁddtm@raapmcpend thert cl’bmioauy teha withitlesduoeat f or  Au.
Simlarly, | Vfrom
R surt ates MafRGeoRbal SRKRRM bl Al it e WY 0 B e PIRL BY sl Maehn iy
eV from Au euly tramsés kinetic ghtgylttdthbmotmule@bn thraurfacy Hewe\rmtlempatllﬁEqamaeslses also

o nat | on SR VAdEE RS g0y R hEEE b s s i ot ©
ener gi esd f or phyBepealling pmtltearatqmgl to Be ¢tghealplrictie)igis caivioCetanpdeizn@’), BB, NVF,
Si 13-16 eV HP 3§r F(‘M)tﬂije%(}’ro%Sre eYerice 3§5 'I%\‘u S. Okudaira, “Chemical sputtering of silicon by F+,

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 yield 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 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 where the ions do not react with
the surfacePrAféti &0 but only transfer KEnetic energy to the nol ecul es on
the surface. However, in nost RIE processes also sone kinetic energy is
transferred fromthe ions, and thus physical sputtering occurs as well.
Dependi ng ofinergies 9fd6@ Y and highepavhereaneabonaamlicady begpmocd by fartiexanph etchieg OF,

H+ N+, F+, w]tglohloﬁner é?, Es‘}ﬁﬂl ]bO'E:Q'E@{én%I: 8&8\9&% r‘f%( (&ss t-ﬁgr? g'r e:qua?%%1 (E.th) eS/g g-a:

"Chem cal sputtering | con Ions spot
nmodel for r eRdteringcanbe u@:i Gmtpbhgﬂ a very high €2 orflers of Magnktuds) seld@tidity &F réhO8RY) cartbn9)
or otherw sg,mEtNegfd Afsc.Can be added to the system by adding a conponent,
e.g. gas or otherw se, containing these parts or fromwhich these parts
can be gener at edASeargbe detiedi frarl FIG. Eb,cnhdmctna'gnﬂfpr éxam]nie\/u]werhhsrnelm*ev;/aaseldaﬁﬁe can
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renoved, these reactlve I ONS can reac
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t hese forne e, which
car bon- cont gﬁoﬁlﬁﬁm% ag)%"te 'kse %Sglaﬁsé%loganergyrongDf%ﬁm’sa%‘f‘%(éfcpéeeferﬁ%ég’ the eﬁm
experi ment abf li;pcitetmcral biadieg, wWhereapfoy physiahl smmehhgat initmean disRlateneint Greaphif 2eev M
and Si the utterl n func i on of .ion energy
in el ec]tdr on;: 5 Zag{x’el\/) S 1 g%%%ebeﬁ wa—ef’@e f%]m 'ifgqc%%‘ie“ WFW$‘?FQ}“\§E
']f or med \Nentdugmdibwr()mynulmcsdefsmptuglroapbe tised MOthﬁrmmkbl&hg@m(v@éatby

s for Si I w th Oxygen i Q) .for hite and M.
For |ow i ondéer’{]ésrogrg%s | {? ;"E@egﬂorae?gv%,%ﬂf&fuﬁe 'ﬁéf‘%}ﬂ g!"’“})ﬁéﬁg’ﬁr"@ﬁ%nt t hat
the total etasiter ipickdnticaktchihgphi te by oxygen ion bonbardnment was around
one, nearly i nde tu i ncid e} ergy. This
i ndi cat es t hat CE %gﬁfsogf’tﬁ@f'(gﬁg ﬁq" eéism%ﬁ{}%e (,Sa&acthéﬁuﬁl“é%rﬁg P Pdng ow
ener gy Ifangeheniidshl bpluer ylelds ofIRSE sfSiwy AT &t arBIBE" dhs, M. defivedibly @ Gtitiatengl the pHticalon
P-0411. 010 - energl eSTﬁf 1501 eV. and hb%‘?er, Wﬂetr eas cagbon caE al r eady
be renoved HP g pE o R TSR EHigre B T eptentgholeplertye stemyeal eichive Phan
10eV. Hence;:hcﬂthWe@ﬂ@Elgynéﬂe%&nﬂhﬁhmow equal to 150 eV) O+ sputterlng can
be used to obtai

orders of _ma ﬁS)Ude) selectivity
renmovi ng car bon P“f 8%?%3{ Réfcg-'ﬁ rpi“é’(’f'gtersﬂg a mithog, accyiding, o ap ‘F‘Plﬁﬂ‘?’f‘ﬁ“@f the gt
i on energi eﬁlvélﬁi’on esaetigl (E)chly)mﬂfmg faReldddit ¥ st@n@R beethdrwee, dki%fmg/&ltecﬁfm car bon
froma%{}b rfaecan\ﬂgig obtalned thaselgctlw of 100 to 1,
whi e F  FORmen OF 9 Buckpes QLR coptanpation layy can he wpeuh a@ﬁ%frexgravlsetwl ty can
be achi eveddetédion,tellipstrdtiiy ddtectibn or detection using secondary electrons.
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  te. the respective components do not have to be removed from the apparatus during cieaning. 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 is advantageous. For
removi ng physi sorbed nol ecul es froma surface even | ower energies mght be
enough. El ectron stimnul ated desorption can be used to renove physi sorbed
mol ecul es aBdOhehkldP cheni sorbed nol ecuBés: Furthernore, excited nol ecul es
such as 2* are known in the art to contribute to chem cal etching. FIG 6
( al so obtained fromabove cited reference : S. Tachi, S. Ckudaira, ...)
shows the cheni éalondiseeleatingethefiacerrdimg © agfenbpdippnt@f the inventimdnarfer éxample
i.e. derive . | . ' fin S, - ar | Lanese
esul te | ndSare S HaceR s RSER AR s E b [ RINRRT lead TR
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cl eaning may al s6 BEPEFAIPARE o ST AcSoRing L embadimet dpventigf can be
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iti on of tdeied iaymituall{ different claims does not indicate that a combination of these measures cannot

be used to advantage.



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 S)ésbgmc(ﬂtrgarl sing: generating gn electric field in a part of the

l'i t hographi ¢ projection apparatus; providing cleaning particles near the
contam nation by nmeans of said electric field and renoving at |east a part
of said contam nation via interaction ogéiﬁ%cl eaning particles with the
contam nation. The cl eani ng nmethod can e applied before providing the
substrate or before provi ding the projection beam Ther eby, the

manuf act uri ng is s arte an surfaces t he | ea

applied to optl cAl '%5’(1%” grreg‘(’?'lgﬁt‘j‘@“?i’élﬁ?t?@ i %Féﬂﬁ&&g} f"hs‘{"ﬁ%" ran ection
beam i s obt ammqsnlentlﬁua lithegraphicprojactivatapmeht®y c@yjsisiag accor di ng to an

Femovi nge i CEBHBLAEIT 1o s ot Pt ng T o PRLciSR ARt o ehBLFERHE not ed
t hat the abpmelaprmwldeMpﬁﬁdsedbmtﬁt field lgbrieRitdr Fbrezeficaitingfan tRafic fikld. t t he
invention, and that those skilled in the art will be able to design
alternatives without departing from the scope of the appended clains. In

t he cl ai ns, 2any Aeﬂ@nfmgsystai@m&irpécﬁﬁedinbetmcwremgheses shall not be
oresence. of Oup B et S bl EopRnicrfETRoMeLERlp T Bt hoF ST o o
fact thsa cée\hm, for adjasing eler @ne prapeity eftthd dlectiid fikdd inyeltidnfte ﬁtgé’tist @ieg#d]%rtﬂaﬁs
@i oo BTSSR v |11 A e eani ng. eystem for removi ng
contamnation fromat |east a part of a surface of a conponent in a

it hographi ¢ projection appara cleanin article provider
for provi di ﬁg E‘iaﬂ'ﬁg f}‘éfF ?,slckém‘ﬁ’e‘ ggﬂfﬁ{:@mwgg @F%‘éﬁﬁ"ﬂﬁ'&emlmd
particle pr @djuﬂﬁrdeﬁwmﬂnaﬁﬁ:aﬁ%l)edoﬁﬁécteuﬁo ifhb EIbdrlgﬁﬂ&lgélieﬁﬂtorfdeﬁcﬂ(ﬁd?@ﬂﬁ.tstldQGt an
electrig. fiel 2. A clean temas clajnmed in clai urt her

conpr i s]rcshg ge She %{&P‘?{%Yﬁfﬁﬁ kéﬁﬁﬁ%{?} in felaep @ratifévloﬁ%pr% Fé%{’c“?&/@i“y‘ es to be
connect ed t provided.el ectric field generator device, for adjusting at |east
one property of the electric field in relation to at |east one property of

the contam nation to be renoved. 3. A cleaning systemas clainmed in claim!]

or 2, further conpidaging gys&nCzis&&li}héign PRint 3 aizrerdiredha*cleﬁmgaﬂhu&treﬁted edjuaa
conmuni cat i yel. connect I}l el eclirl c field gene tgr device, for
adj usting a eVICe COMPTISES a ewce or adjusting at least one property e c eaning particles to be

20  provided and/or the electric field in relation to at least one property of the contamination to be

removed.

. 5. A cleaning system as claimed in any one of the preceding claims, wherein the electric field
generator comprises a control device for keeping the electric field substantially constant in time.
25
6. A cleaning system as claimed in any one of the preceding claims, wherein the electric field

generator comprises a vary device for varying the electric field in time.

7. A cleaning system as claimed in claims 3 and 6, wherein the electric field generator
30  comprises a pulse field generator for generating a pulsed electric field , and wherein the cleaning
particle adjuster device is communicatively connected to the pulse generator for controlling the
| pulse width of the pulsed electric field in relation to at least one property of the cleaning particles to
be provided.



| east one property of the electric field in relation to at |east one

property of cleaning particles to be provided. 4. A cleaning system as

claimed in claim3, wherein the cleaning particle related adjuster device

conprises a device for adjusting at | east one property of the cleaning

particles t g rovided and/or the electric field in relation to at |east
y-8f1 f e %

one propert contam nation to be “renoved. S. A cleaning system as
claimed in any one of the preceding clains, wherein the electric field
generator c nprizgﬁ a. control device for keeping the electric field

substanti al Py coff<TEAME YT sh aimeg in anyone.of the precedinglpims, vhegimibe cletningry one
of the precps&iaest@lbaipfmidem;ﬁisaatu&@t&:Le%f:ﬂaé'g&u%'b&lsfaltin nerator conprises a
vary device for varxriéiggthf electric field Intime. 7. A cleaning system as

claimed in &l ahREEes agcelepgied by meapsof thy edectricifield ard g generat or conpri ses a

pul se fiel d.gepeiicds@endrEd ARG AbT R IRatBidaRd catiggt ric field, and wherein
t he cl eani ng article adjuster device is communicatively connected to the

pul se gener Sish chyge Eifrs mMPrisRyt deges ong of theergpriemsigingolie pul sed el ectric

field in rekatitafseld parfiéled iRdfbd %J‘@ed%ﬁﬁ@ﬁfe{iélraﬂifati&ﬁ)%cﬁ Iaﬁg_éuprtguwiénét% BRudnt b€

provi ded. P-0411. i)lo - 25 8. cl eaning systemas clainmed in any one of
the precedi NgraYgle

hidiafiplsr ei n the cleaning particles to be provided

conprise at .| eqgdrof)Suchifas sdaendaryQuRr&RReieifrdeh BE surfabd\GHRECoRPbhdnEAnd electrons
accel erated by nmeans of the electric field; and particl es generat eé By

means of ac8dlcEekbygre@tingigBscarriers, which charge carriers conprise at

| east ong of tiags;group consisting of charged particles induced by

el ectromagneti ¢ radjation, such as Deep Utra Violet or Extreme Utra
!I et radi At i gxmically wagtivg ghargesgmigrsadndsecondary el ectrons enitted fromthe

face of thecrﬁﬁa;mmﬁﬁe&c@a?géﬁhﬁ%&f@ﬂﬁsn&ﬁrgﬁmh@d by creating ions; ions; -
chemcally reactive charge carriers; and chemcally inert charge carriers,

such as nobp#l Hhich pastides sgprgatgthbycheans ph dceqlasaiedyehiege suraiers smprisgneacive particles,
accel er at edghas B8ctialidns 8f §e<520RYJ. Se reactive particles, such as reactive
ions or free radicals. 9. A cleaning systemas clainmed in any one of the
precedihgy clains, further conprising at

9. A cleaning system as claimed in any one of the preceding claims, further comprising at
least one magnetic field generator device for generating a magnetic field to control the cleaning

particles.

20 10. A cleaning system as claimed in any one of the preceding claims, further comprising at

- least one gas supply for providing at least one gas in the electric field.

. 1. A cleaning system as claimed in claim 10, wherein said gas is one of oxygen and hydrogen,
and wherein reactive ions, generated from said gas, are accelerated towards the surface by the

25 electric field.

12. 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

30  respect to the surface.

13. A cleaning system as claimed in claim 12, wherein the mechanical actuator is able to adjust

a distance between the electrode and the surface,



| east one .magnetic field generator device for generating a magnetic field
to control the cleaning particles. 10. A cleaning systemas clained in any
one of the preceding clains, further conprising at |east one gas supply
for providing at |east one gas in the electric field. H A cleaning system
as claimed ipngg)fignel0, wherein said gas,iks_one of oxygen and hydrogen,

and wherein reactive ions, generated fromsaid gas, are accel erated towards
the surface by the electric field. 12. A cleaning systemas clainmed in any

one of the ecedi i i:n. the elkectric.fiel.d ener at or deui ge
conpri ses alt? E'I eagt@%ﬂgkg*se@q ?S\g%z&ﬁin@ a%sheneco Ifglg feﬁ%d"%%f'%]ﬁ’\%ﬁ%@ e%‘btﬂﬁ%ﬁf’l‘ées
a nechani cgéneptardavior comprisesiablegst ong dldvrodeosiittdnadjusthblagedneagt one of the at
| east one el ectrode with respect to the surface. 13. A cleaning system as
clainmed in claim112, wherein the mechanical actuator is able to adjust a

di st ance betlfveenAtdimaniak exstenodielaamell it ey ool the @rec&inAcldime) Mhereilthe elédiric field

cl eani ng. sy clalnmed in any. on f the precedi clalLns,. Wherein the
electric fi g%ng%oggﬁvel%ea e i r(%aesy‘():lgr?gerc ﬁ%deeshagf’g?é e?r;t?flémé VPSS with an
adj ust abl e gdotaatially sinfilar toAhcha&enidl nfxhe ysfaceofdse whpbmad i n any one of the
preceding clains, wherein the electric field generator device conprises at
| east one el ectrode having a surface of a material which is substantially
simlar to e nAtodmanial sywfent dselagmed inagy ot of the preosdiny xdaiins, Mtherefh the elagtiio Peld

system as cl aj Ln_an ne of the precedi ng cl.ai wherein the electric
field gene?%ie%‘foqggwecce (?glsng%ra i98s g reversd eé%%nlggﬂf‘i‘ué?ﬁeﬁ%ver sing the
electrixdofield. 17. A cleaning systemas clained in any one of the

precedi ng clains, further conprisi a radjation,.deyi.ce far projecting

ctr omagng ic ’rz\é%ﬁa%‘f‘g @ﬁfemsﬁc?i?“ﬁ%dq%&‘@'p(’"ﬁlog *’hﬁpWﬂ”@c\fﬁ?’s’é&‘g}eéE‘ﬂ“drlﬁlnﬁraa
ol et radi ekdiation devivedbr prgjasing aleprntagidtic tdieatisn shaiee Deép Ula Violse Brittme 18. A
cl eani ng syst.em,as. cl.ajnmed in a one of the ecedi ng clains, further
conpri si ng I;J]itra&' fe&ﬁagla{sl?"r’ ﬁ'&f’tﬂ?aé{(}y‘?ﬁtd’?gﬁersﬁﬁgap%ﬁcw “the radi ati on beam
profile reflected, or transmtted by said reticle such, that at |east one

o 1 BEAT\4 T RS SR 1 ¥y BRI SR BT8R0 o
the |ayer ofeticlentranmirediridanrangzd ¢ sdifyhie iagiptiontiears pruifide veflatddsr tiafisrhitted BydAE d
o L1, SVl AR R g ey TEM - ARG BB O
proj ecti on sqopiean @t edapted canhe iogativg of the contamination, the thickness of the layer of contamination
and/or the type of contamination to be removed from the surface of the component.
20
19. A method for removing contamination from at least a part of a surface of a component of a
lithographic projection apparatus , comprising:
. generating an electric field in at least a part of the lithographic projection apparatus;
providing cleaning particles near said contamination by means of said electric field ; and
25 ' removing at least a part of said contamination via interaction of said cleaning particles with said

contamination.

20. A method as claimed in claim 19, 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

30  component .

21. A method as claimed in claims 19 or 20, comprising:

a first removing of a part of said contamination; and



generating an electric field in at least a part of the |ithographic
projection apparatus; providing cleaning particles near said contam nation
by neans of said electric field ; and renpving at |east a part of said
contam nation via interaction of said cleaning particles with said

contam nati @ng,2P.q¢ Method as clained_ip,claim19, further conprising
projecting el ect romagnetl c radiation, such as Deep Utra Violet or Extrene
Utra Violet radl ation, on at least a part of the surface of the conponent

e L SRt U e

renovi ng of ineat dgaktene pepedt fiof thafit removiagri nati on, whi ch second renovi ng
differs in at |east one aspect fromthe first renoving. 22. A nethod for
cl eaning surfaces of |am nates or substrates, wherein contam nation
clusters pedsent nuthadHer depinthg surfdcescd danginagessu pydisirgek, wh&rbinemamgiylaﬂim dhaters
and/ or el ec L af:l i 5.emye

cl ai med %n %egélﬁh]&g%% gév'\%ge{?gf'%%én% %Gﬁ?@thgﬁer%i d t (9 rﬁﬁec%%]nr dlatmﬁ'a?rft@ﬁ'ese
clusters byreirgmovadd/ or el ectron radiation, unt|I said clusters crack

and/ or are abl at ed. 24. A method as clainmed in claim22 or 23, wherein
the energy of the ion and/or electron beamis such, that on the one hand

t he cont am A&t i oA ndthrsltas clingadan &laian?), erheraineneagﬂ @ eplieditodhectontaiminaibihdusternand
t he surface n eit he | 2 t hi ckness renain
essenti al | yb§ %ﬁ%@g&s&% mﬂa&us%%"ﬂ%}%ﬁgﬁ’%gmg aﬁl rreaorarr? g% i 22 to 24,
wher ei nl? he energy of the ion beamis between 40 eV and 2000 eV. 26. A

t hod I h th | ect
@ s betfeon R et fa(P o5 ki S G I8 eil Rnapah BrEESS,
to 26, wher @i snclaﬂlaawg:heonfhanmme denaginaion tlueteds oraclamdl/amre abhited) adton @ doleam

h h h
cont am nat | et RpRHelAAG: pRuk PNRRREaHEY br b fber ol Pn SEREPIana 1 ne

surface rougimakfiedand/ or t he honogeneity of the |ayer thickness remain
essentiglly unnodified. 28. A nethod as clainmed in clains 27, wherein the
angle of"incidence of the ion beamwith respect to the surface is choosen
bet ween 4 d2fr eed matithd4s cldimgpdawslaims 22 to 24, wherein the energy of the ion beam is between 40

eV and 2000 eV.

26. A method as claimed in claims 22 to 24, wherein the energy of the electron beam is
20  between 40 €V and 15000 eV.

27. A method as claimed in claims 22 to 26, wherein an angle of incidence of the ion and/or
. electron beam with respect to the surface is choosen such, that on the one hand the contamination
clusters crack and/or are ablated, and on the other hand the surface roughness and/or the

25  homogeneity of the layer thickness remain essentially unmodified.

28. A method as claimed in claims 27, wherein the angle of incidence of the ion beam with

respect to the surface is choosen between 4 degrees and 45 degrees.

30 29, A method as claimed in claims 27 or 28, wherein the angle of incidence of the electron

beam with respect to the surface is choosen between 70 degrees and 90 degrees.

30. A method as claimed in claims 22 to 29, wherein a radiation time of the ion and/or electron

beam is choosen such, that on the one hand the contamination clusters crack and/or are ablated, and



29. A nethod as clainmed in clains 27 or 28, wherein the angle of incidence
of the electron beamw th respect to the surface is choosen between 70
degrees and 90 degrees. 30. A nethod as clainmed in clainms 22 to 29, wherein
aradiation time of the ion and/or electron beamis choosen such, that on
t he one hand the contam nation clusters crack and/or are ablated, and
P-0411. 010 P-9811dH G he other hand the~séfface roughness and/or the
honogeneity of the layer thickness remain essentially unnodified. 31. A
met hod as clained in claim30, wherein the radiation tinme is choosen
bet ween 0. 500 heeEHEkand s suritse seiehrrasandipp the howageneity ofshedpysr tirkngs rema s 22
to 31, wher gisthfalluldiifiddn the ion beam conprise at |east one of the group
consisting of. inert gas ions, halogen ions, and galliumions. 33. A nethod
as claimed in claim22 to 32, wherein the surfaces to be cl eaned conprise
mol ybdenum 3ol thﬁemwmagerama% cnslmoewh&% u{é}aﬂatmmie it SHoYtbn bgéaJth g.yol fram
nickel, boric carbide, silicon, beryllium silicon nitride, 't con
di oxi de, 5 bopqcenqmathl?Qj)esecqnm anium titaniumdioxide, titani um n| tride,
yttrium vyttrium oxide, cerium rhodi um oxide, zirconium zirconium oxide,
ni obi um co er-gol d conpositions, palladiumor platinum 34. A device
manuf act uri Eg Hesthadsaplaimsdrigcelaims 22 tads whéreinalibys imhedomiainedmatiseck kasted
in any one gf i Ehal Bhsis 38 et EHRY Fall ahbfiinfibam at |east a
part of a suref ace %‘#@a c% gnerllte g]%r ov%lﬁa %ﬂ @ %r an;.m is at |east
partially covered by a layer of radiation- sen5| tive materi aI provi ding a
proj ect{pn am @f I 2ta0d MSiafg2Pathe :
pr oj ectjl'(gn gjeaam Wi t a a’glatat ernin %is)%c:;trzb&s@ér@gﬂ{ﬁ%@%egt%ggggr pr oJ egkﬁprﬁsﬁ_ t he
‘t er ned bm}ybéﬁnumamph’bd@nmambuleaumamgm rhpduh, iodiumf galthevdlfaang mickel, boric

| all on- SeRfibl stRon, BB Afalniticon hitrifl, MALACHEARNbGrich tPheeﬂa fh, BRRARYiddde,
conprising: a support ructure upporti ng pa ter neans " the
gat ter gl ngt tanim [Bteld;iomgummg Mﬁmi Qetw[nn, rfod)]lreoxlﬂarzgmmt 3 , &Trcaiuhh mgl_dé,ot a
esired pa a substrate ; a projection
system for %?gijmgct@?ﬁ %%Iie p totlgrrsi tfillgé‘émgoﬂ g’ga target portion of the _
substrat®, and at |east one cleaning systemas clained in any one of clains
;pégr;?{]sregpv' ngu%‘?géﬁmﬂ&wrﬁgﬂe{h%mcorgprﬁﬁ%ftﬁes?epg .a conponent of the

applying a method as claimed in any one of the claims 19-33 to remove contamination from at least

- a part of a surface of a component;
providing a substrate that is at least partially covered by a layer of radiation-sensitive material;
20  providing a projection beam of radiation;
using patterning means to endow the projection beam with a pattern in its cross-section; and

projecting the patterned beam of radiation onto a target portion of the layer of radiation-sensitive

. material.

25 35, A lithographic projection apparatus comprising:
a support structure for supporting patterning means , the patterning means serving to pattern the
projection beam according to a desired pattern;
a substrate table for holding a substrate ;
a projection system for projecting the patterned beam onto a target portion of the substrate , and
30  at least one cleaning system as claimed in any one of claims 1-19 for removing contamination from

a surface of a component of the apparatus .





