P-1711. 010 1 Use of a Top Layer on a Mrror for use in a Lithographic
Apparatus, Mrror for wuse in a Lithographic Apparatus, Lithographic
Appar atus conprising such a Mrror and Device Manufacturing Method 5 The
present invention relates to a |ithographic apparatus and a device

manuf act uri rlng met hod. A lithographic apparatus is a machine that applies a
desired patfelHldH0o a target portion ofl a substrate. Lithographic
apparatus can be used, for exanple, in the manufacture of integrated
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irradi ated by exposing an entire pattern-onhto e target portion in one
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ultraviolet (ELN) sources, wilT probably use tin or another netal vapor to
produce EUVmaadfagtureaf infgrated cincumta (I0sp R that cocurhstarices hipajteamphg mmeangp gugtat us,
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top layer of "ruthenium (Ru). 25 Deposited |ayers of nore than approXxi mately
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target portion is irradiated by scanning the pattern through the projection beam in a

given direction (the “scanning”-direction) while synchronously scanning the substrate
parallel or anti-parallel to this direction.

20 In the near future, extreme ultraviolet (EUV) sources, will probably use tin or
another metal vapor to produce EUV radiation. This tin may leak into the lithographic
apparatus, and will be deposited on mirrors in the lithographic apparatus, e.g., the
mirrors of the radiation collector. The mirrors of such a radiation collector are foreseen
to be multilayered and may have a EUV reflecting top layer of ruthenium (Ru).

25  Deposited layers of more than approximately 10 nm tin (Sn) on the reflecting Ru layer
will reflect EUV radiation in the same way as bulk Sn. It is envisaged that a layer of 10
nm Sn is deposited very quickly near a Sn-based EUV source. The overall transmission
of the collector will decrease significantly, since the reflection coefficient of tin is
much lower than the reflection coefficient of ruthenium.

30 It is an object of the present invention to provide a mirror, and other means and

methods to keep the overall EUV transmission of the mirror as high as possible.



According to one aspect of the invention, a top |layer of a predeterm ned
netal is used on a mrror for use in a |ithographic apparatus conprising a
source to provide radiation of a desired wavelength to reduce the form ng
of a netal deposition on the mrror by a stream of undesired netal
particles generated by the source in operation, 5 the predeterm ned netal
bei ng sel ectfell’/ldu&® that it interdiffuses it a predeternined terrperature

range with the tal..depositi on enthelltho aphi c_a ara is.in
operation. The rg%ﬁ%“rdé‘r q%d)élg aR45F ALIRE EITeR, &riPR gﬁ ﬁp@aa%re&% mﬁ%‘ mirror
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accordance with.this invention, the top layer is now selected such that
the metal of°P Fﬁg I?op | ayer i nterdi ffuses wth the undesired netal
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In a further enbodinent, the invention relates to a use of a top. Iayer of

one or nor sugh eoTerqeilels sweh wdesires metakpaniiclesihe reflectividy and wansmissigyiaphi c

el ength rieERapSiRR RN iR, O e B B eP R B e o

particles t @nfi9aeposite®isd 1a§i@;n£rsmtm@ar ®Brd, IR tRinkmsiontod seott £nklltl-ldyet | ne of
nuclei in a nucleation stage of the netal deposjition, which nuclei wll be
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the nucleation stage as |ong as possible and a coal escence process wll be
del ayed as rpagigles are Sn, the top layer may be made of Au. Then, an Au/Sn alloy film will result
on the top layer of Au. The collector transmission of such a mirror may be
20  approximately 0.40, which is significantly higher than the transmission of 0.21 of a
mirror with a Sn layer only.
Instead of Au other elements of group Ib may be used. Pd may be used too.
In a further embodiment, the invention relates to a use of a top layer of one or
more predetermined materials on a mirror for use in a lithographic apparatus
25  comprising a source to provide radiation of a desired wavelength and that, in operation,
generates a stream of undesired metal particles to form a metal deposition on the mirror
to extend lifetime of nuclei in a nucleation stage of the metal deposition, which nuclei
will be formed when the metal particles are deposited on the top layer when the
lithographic apparatus is in operation.
30 When the one or more predetermined materials are selected to extend lifetime of

nuclei in a nucleation stage of the metal deposition, the thin film growth will be in the

nucleation stage as long as possible and a coalescence process will be delayed as much



P-171 1.010 3 as possible, thereby avoiding a continuous filmto be forned
on the mrror as long as possible. In a further enbodi ment, the invention
relates to a mrror for use in a |lithographic apparatus conprising a
source to provide radiation of a desired wavelength and that, in 5
operation, generates a stream of undesired netal particles to forma netal
deposition gnifgrror, the mrror being,;at least partly, covered with a
top layer of one or nore predetermned materials, the one or nore

pr edet er m nes possitde,ithérsbpaiandjng elcextiradus fibh to bé formied ornticemoes asdérig asg of
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possible. In a further epbodiment the pr,esenty i nvention é{gl ates Eo a
mirror for i itsphances Wkl o thy melapdenosttion calyrn PredeigmmunedereatohtBe Povi de
radi ation of,a.desired wavelength 20 and that, in operation, generates a
stream of undesired netal particles, the mrror being designed to gather
and remige the kgl “weaigdd dfinsy ac dpitbndenyy aftd iqnd whepreddewer asarfacdeposi t ed
on the mrror when the |ithographic paratus is in operation..In,order to
gat her and rldgdugher ﬂ@%ﬁtﬁ%%m‘:g@“%a&hbﬁ?ﬁ@@% anglg betyeep the ar&‘grrpri se
at | east on sl ' 2af:qare, preferably,
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l'i t hogr aphi e appar at us may gle pr owdéqed wth a heating source to heat 't he
mrror and itheméaseussidd thoss predcterinipeddreastes cleades possiblereterebyatheiagdaes on
the mrror. outside these predetermined areas can reflect EUV radiation as good as possible.
In a further embodiment the present invention relates to a mirror for use in a
lithographic apparatus comprising a source to provide radiation of a desired wavelength
20 and that, in operation, generates a stream of undesired metal particles, the mirror being
designed to gather and remove the metal particles by capillary action when they are
deposited on the mirror when the lithographic apparatus is in operation.
In order to gather and remove those undesired metal particles, the mirror may
comprise at least one of trenches and holes in the mirror that are, preferably, coated
25  with a wetting material. These trenches and holes collect nuclei of the undesired metal
particles and guide them away from the reflective mirror surface.
The invention also relates to a lithographic apparatus that is provided with one or
more of the mirrors as defined above or that uses a top layer on one or more of the
mirrors as defined above.
30 Such a lithographic apparatus may be provided with a heating source to heat the

mirror and increase surface mobility of the undesired metal particles on the mirror.

Thereby, the deposited undesired metal particles will be evaporated more easily. The



Ther eby, the deposited undesired netal particles wll be evaporated nore
easily. The P- 1711.010 4 evaporation of the undesired netal particles nmay,
noreover, be stinmulated by providing a predeterm ned hal ogen gas to the
surface of the mrror. In a further enbodi ment, the invention relates to a
devi ce as manufactured by such a |ithographic apparatus as defined above.
51In a furtﬁg di ment, the present inveption relates to a |ithographic
apparatus according to claim20. The |ithographic apparatus according to
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| i t hographi c apparatus, ,.a predetermn hal ogen .gas be used. . 20 Al so
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of lithographic apparatus in the manufacture of 1Cs, it should be

under st ood t hat Sublea littdgoaphipdpiperatesppay eimprisd epduralieyd fmairmersarrangehasa® ot her
applications, .such as the nuf acture of 25 integrated_ optical st ens,
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artisan will appreciate that, In the context of such alternative
appl i cat i onsnetalparticdes evaporated fiomn the frond bwifidce of thedither rhigrosiand feegperate as a
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itself. It functions as a cooling object for the evaporated metal particles in order to
stimulate condensation.

Also in this lithographic apparatus, a predetermined halogen gas may be used.

20 Also this lithographic apparatus may be used to manufacture devices, like
substrates.

Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic
apparatus described herein may have other applications, such as the manufacture of

25  integrated optical systems, guidance and detection patterns for magnetic domain
memories, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled
artisan will appreciate that, in the context of such alternative applications, any use of
the terms “wafer” or “die” herein may be considered as synonymous with the more
general terms “substrate” or “target portion”, respectively. The substrate referred to

30  herein may be processed, before or after exposure, in for example a track (a tool that
typically applies a layer of resist to a substrate and develops the exposed resist) or a
metrology or inspection tool. Where applicable, the disclosure herein may be applied to

such and other substrate processing tools. Further, the substrate may be processed more



typically applies a layer of resist to a substrate and devel ops the exposed
resist) or a netrology or inspection tool. Were applicable, the

di scl osure herein nmay be applied to such and ot her substrate processing
tools. Further, the substrate nay be processed nore P-171 1.010 5 than
once, for exanple in order to create a multi-layer IC, so that the term
substrate wused herein may also refer to a substrate that already contains
mul tiple pr8EddddO | ayers. The terms "radi’ation" and "beani used herein
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pattern inparted to the projection beam nay not exactly, corr ogéi to the
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as an i nt eghd gnfs dr&Wctron Badh&r ni ng neans may be transm ssive or
reflective. Exanples of patterning neans include masks, programuable

mrror arrays, dihd temo{attemity meansDugsdrherein showd ke broadlyiplerprgisddn i n
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as to refl ecbtedrthatibopdttern impatiedtto the preisehianrbegim may sefrexastheramesPnd 1o, thi s

manner, the refl ected beam.i tterne I h i LNng
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proj ectilén cssastdamtheraggetipertion, such as am insegrated PGt or "mask" herein may be
considered synqnynmous with the nore general .M PR i ans". The
term"projectio aé?’?f@ff"’%é’&a téﬂm%ﬁgﬁlogr%%%g@d%‘%ﬂ&fe%[b g?gtrte.ré]c as

means include masks, programmable mirror arrays, and programmable LCD panels.

Masks are well known in lithography, and include mask types such as binary,
alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask

20  types. An example of a programmable mirror array employs a matrix arrangement of
small mirrors, each of which can be individually tilted so as to reflect an incoming
radiation beam in different directions; in this manner, the reflected beam is patterned.
In each example of patterning means, the support structure may be a frame or table, for
example, which may be fixed or movable as required and which may ensure that the

25  patterning means is at a desired position, for example with respect to the projection
system. Any use of the terms “reticle” or “mask’ herein may be considered
synonymous with the more general term “patterning means”.

The term “projection system” used herein should be broadly interpreted as

encompassing various types of projection system, including refractive optical systems,

30  reflective optical systems, and catadioptric optical systems, as appropriate for example
for the exposure radiation being used, or for other factors such as the use of an
immersion fluid or the use of a vacuum. Any use of the term “lens” herein may be

considered as synonymous with the more general term “projection system”.



enconpassi ng various types of projection system including refractive
optical systens, 30 reflective optical systens, and catadioptric optical
systens, as appropriate for exanple for the exposure radiation being used,
or for other factors such as the use of an imersion fluid or the use of a
vacuum Any use of the term"lens" herein may be considered as synonynous
with the noelfdr®iOal term "projection systent. P-1711.010 6 The
illum nation system nmay al so enco s various types of qgptical conponents,
o magal o
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stage) or nore substrat ab d/ or t nor e sk tab).es I n such
"mul tiple sfﬁﬁ‘@on%%ﬁ'iaﬁég H’Fﬁ%feﬁﬁcgj r]N)‘?’(‘érlc 1"'8]5)' ngg’fﬁ'sé%lallﬁn%ar allel,

or prepagatory gthem; d%}b o typ e one or
nore ot her tabl es%a?he |h%§a%’§£%ﬂsﬁg?%posurgﬂﬁ+ﬁéew{ Szﬂa é?é“&ﬁ)ar at us

may al so be solfstiate tables (dndfozitwo hmoseinask tables) &n Mhl“mnmlﬂedtagci’ raacthlmpm d
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| mrersion  lohget Hﬁré@bﬂe@l\ﬁﬂel&ﬁe épﬁbtee&lhér%lﬂwﬁ‘r% b%ﬁng(iﬁéd fd? kpésulé. t hogr aphi ¢
apparatus, for exanple, between the mask and irst el errent of the

proj ection syst mllﬂmmwm@@m@w@lso baoka tMBb Iwhkmwiﬂelsnbstnee art for

I ncreasiipg the nuneri erture. of nts of
the el GATErER e i HiEne il el s hoive o B eonaG. s0a8 f i
reference tg é&é%e@ﬁ&ﬁﬁﬁ@ﬂﬂal%%n%hsmklpﬁoﬂdtﬁw sREtSmi and W ﬁ{bsﬁﬁlé IBER&sidhng
ref erence synbols I ndi cate corresponding parts, and in which: - Figure 1

depi cts a | ilighislgmzgyralse besnpatied tesot erprets iy thedithogrentio apnaeatus, dor example,
t
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col l ector iafe WElekay\eh Bithe GAGHEinBRadifg fHeGhferdal apeﬁh@Wf‘pﬁojé(&roﬁQ;yﬁblﬁW
portions of a mrror according to a fII’St enbodi nent of the invention; 25

- FigurdSad i s &mhodpnerdnefihagnvention will aew he descsibedrbyevay efexampleritly.on of a
deposi ted Sy 1{h6%?erex}cg W& a8 “egompanying schematic drawings in which corresponding

reference symbols indicate corresponding parts, and in which:
- Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

20 - Figure 2 shows some parts of figure 1 in more detail;
- Figure 3 shows a portion of a mirror that can, e.g., be used in a radiation collector
in the system according to figure 2;
- Figures 4a-4c show portions of a mirror according to a first embodiment of the
invention;

25 - Figure 4d is a graph showing mirror transmission of EUV as a function of a
deposited Sn layer thickness;
- Figures 5a-5d show different stages of thin film growth on the mirror surface as
an introduction to a second embodiment of the invention;
- Figure 6 shows an embodiment of a mirror of the invention;

30 - Figure 7 shows a further embodiment of a mirror of the present invention;
- Figure 8 shows part of a radiation collector according to the invention,;

- Figure 9 shows a front surface of a mirror according to the invention.



- Figures 5a-5d show different stages of thin filmgrowh on the mrror
surface as an introduction to a second enbodi nent of the invention; -
Figure 6 shows an enbodi nent of a mrror of the invention; 30 - Figure 7
shows a further enbodinment of a mrror of the present invention; - Figure
8 shows part of a radiation collector according to the invention; - Figure
9 shows a front surface of a mrror according to the invention. P-1711.010
7 EMBODI MENPSITI1.Q1Re enbodi ments, |ike reférence nunerals refer to the sane

conponent s Mhm 5 Figure 1 schematically depicts a |ithographic
apparatus a particular enbodi nent of the invention. The
apparatus conprises: - an illumnation system (illumnator) IL for
providing a projection beam PB of radiation (e.g. W or EUV radiation). -
a first support hsthelenthodendras, dike zeforente tahdre)s réfeiltof the samg pamponegtspat t er ni ng
means 10 (e, g. a mask) MA and connected to first positioning neans PM for
accurately e}a?&‘?“fﬁ-oni ng the patterning neans with respect toitemPL; - a

substrate table : : ' I a
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t ar get portir%ﬁatﬁ%égb%v&%{,:ré&ig&n ne or nore di es) of the substrate W As

her e depi ct ed, par atus reflective type (e.g. enploying a

reflective -masly fipst sGpPsrPSrRMITBId. g dadkaablay Mayfoe buppoktymcpAarming aeaed t o
above). Alternatively, the 20 apparatus may be of a transm ssjive type
(e.g. ehPl oy¢-ag mask) MAmnd spuneciedde first pagitipning means BM for aguaitlyes a” beam of

radi at i on {1oma 6 SRR SPHEES G reThE: (SouUE §, and the |t hogr aphi c

appar at us may parta Ies, 1or: exanple When the source is a

pl asma di schar ga sabitfatetablelie gUE Wated tabte) WiTdoslldiag aisebnnite apai dered to
form part of the Iithogr\a}ghi c apparatus and the radiation _beamis
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15 - a projection system (e.g. a reflective projection lens) PL for imaging a pattern
imparted to the projection beam PB by patterning means MA onto a target portion C

(e.g. comprising one or more dies) of the substrate W.

As here depicted, the apparatus is of a reflective type (¢.g. employing a reflective
mask or a programmable mirror array of a type as referred to above). Alternatively, the

20  apparatus may be of a transmissive type (e.g. employing a transmissive mask).

The illuminator IL receives a beam of radiation from a radiation source SO. The
source and the lithographic apparatus may be separate entities, for example when the
source is a plasma discharge source. In such cases, the source is not considered to form
part of the lithographic apparatus and the radiation beam is generally passed from the

25  source SO to the illuminator IL with the aid of a radiation collector comprising for
example suitable collecting mirrors and/or a spectral purity filter. In other cases the
source may be integral part of the apparatus, for example when the source is a mercury
lamp. The source SO and the illuminator IL, may be referred to as a radiation system.

The illuminator IL may comprise adjusting means for adjusting the angular

30 intensity distribution of the beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as c-outer and o-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. The illuminator provides a

conditioned beam of radiation, referred to as the projection beam PB, having a desired



source may be integral part of the apparatus, for exanple when the source
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proj ect ed O@faﬂoM,%ﬁ% an entire pattern imparted to the projection beam is projected onto a

target portion C in one go (i.e. a single static exposure). The substrate table WT is then
20  shifted in the X and/or Y direction so that a different target portion C can be exposed.
In step mode, the maximum size of the exposure field limits the size of the target
portion C imaged in a single static exposure.
2. In scan mode, the mask table MT and the substrate table WT are scanned
synchronously while a pattern imparted to the projection beam is projected onto a target
25  portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate
table WT relative to the mask table MT is determined by the (de-)magnification and
image reversal characteristics of the projection system PL. In scan mode, the maximum
size of the exposure field limits the width (in the non-scanning direction) of the target
portion in a single dynamic exposure, whereas the length of the scanning motion
30  determines the height (in the scanning direction) of the target portion.
3. In another mode, the mask table MT is kept essentially stationary holding a
programmable patterning means, and the substrate table WT is moved or scanned while

a pattern imparted to the projection beam is projected onto a target portion C. In this



portion I.e. a single dynamc exposure). y

of the substrate table WI relative to the mask table MI is determ ned by
the (de-)magnification and image reversal characteristics of the
projection systemPL. In scan node, the maxi num size of the exposure field
limts the wwdth (in the non-scanning direction) of the target portion in
a single dynam c exposure, whereas the length of the scanning notion 30
det er mi nes PhE7INdilght (in the scanning dirdéction) of the target portion. 3.
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col lector 5%01\{rwgfl: gg irsmpgssté&e from a source chamber 47 into a collector chamber 48 via a gas

barrier structure or contamination trap 49. The gas barrier structure 49 comprises a
channel structure such as, for instance, described in detail in European patent

20  applications EP-A-1 233 468 and EP-A-1- 057 079, which are incorporated herein by
reference.

The collector chamber 48 comprises a radiation collector 50 which may be
formed by a grazing incidence collector. Radiation passed by collector 50 is reflected
off a grating spectral filter 51 to be focused in a virtual source point 52 at an aperture in

25  the collector chamber 48. From collector chamber 48, a projection beam 56 is reflected
in illumination optics unit 44 via normal incidence reflectors 53, 54 onto a reticle or
mask positioned on reticle or mask table MT. A patterned beam 57 is formed which is
imaged in projection optics system PL via reflective elements 58, 59 onto wafer stage
or substrate table WT. More elements than shown may generally be present in

30  illumination optics unit 44 and projection system PL.

Radiation collectors 50 are known from the prior art. One example of a radiation
collector that may be used in the present invention is, €.g., described in patent

application EP 03077675.1. (See especially figures 3 and 4). The present invention will



formed by a grazing incidence collector. Radiation passed by collector 50
Is reflected off a grating spectral filter 51 to be focused in a virtual
source point 52 at an aperture in 25 the collector chanber 48. From
col | ector chanber 48, a projection beam56 is reflected in illumnation
optics unit 44 via normal incidence reflectors 53, 54 onto a reticle or
mask positi ®Ed1diOreticle or mask table MO A patterned beam 57 is forned
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two refl ectivenbustd formed amtleRwlayérc The Sadayef 6 bA toleof the Ruiaydr 4rredymest t o
the mrrorin 20 surface. The transm ssion coeffici e(Pt ig t hus teq[u to
t he square dge wransmissionoed the girror 1.The collector transmission 1s defined as the effect o

two reflections with an angle of incidence of 10 degrees with respect to the mirroring
20  surface. The transmission coefficient is thus equal to the square of the reflection
coefficient for a single reflection. These two reflections are an approximation for the
behaviour of the collector. As defined in this way, the transmission of such a radiation
collector 50 with pure Ru for EUV is 77%. However, if the Sn layer 6 is 10 nm or
more, this transmission of the radiation collector 50 for EUV reduces to 21%.
25 In accordance with one embodiment of the invention, the influence of Sn on the
reflectance of the top layer of the mirror 1 is reduced by increasing interdiffusion of Sn
and a predetermined optical material for the top layer of the mirror 1.
The reflectance of an optical coating on a mirror for EUV radiation is determined
by the composing elements only, and chemical effects can be neglected (Spiller, Soff x-
30  ray optics,SPIE Press, Washington, 1994. p. 7). The optical constants of mixtures are
equal to the sum of the optical constants of composing elements of the mixture,
weighted with their atom density. Therefore, it is beneficial to have as much "good

reflecting” atoms, and as little Sn atoms near the reflecting surface of the mirror 1 as
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approxi mation for the behaviour of the collector. As defined in this way,
the transm ssion of such a radiation collector 5 0 with pure Ru for ELTV
is 77% However, if the Sri layer 6 is 10 ran or nore, this transm ssion
of the radiation collector 50 for EUV reduces to 2 1 % 25 In accordance
w th one enbodi nent of the invention, the influence of Sn on the
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nmelting point of a standard solder conprising 80% Au and 20% Sn is 554 K
(281C), i . eppintef ystahdard séidwescmprising 8036 Aarand @0th Hrais YK 2§ IRCHriie.. yerer
melting pol rl]ct)\fr I\J,I\g)\!wleve?,efoi 8t grd ¢ombitlations with Sn other melting points will be found, e.g.,
in the range between room temperature and 2800 K. For an alloy of Au and Sn, the
20  temperature range of melting points is between room temperature and 1337 K.
In an embodiment of the present invention, it is therefore proposed to provide a
mirror 3 with a top coating 8 made of Au, as shown in figure 4a. This Au top coating 8
may be on top of Ni layer 2.
As shown in figure 4b, Sn is deposited, as indicated with reference numeral 5, on
25  Au top coating 8. During the process of deposition of Sn atoms on the Au top coating 8,
a thin layer 10 of Sn will be formed, as shown in figure 4b. Au atoms of Au top coating
8 will diffuse into this layer of Sn, as is indicated with arrow 12. Thus a layer 14 of
Aw/Sn will be formed on top of the Au top coating 8. This is shown in figure 4c. Since
the mirror 3 will be heated by the EUV radiation (not shown in figure 4b) incident on
30  the mirror 3, the interdiffusion rate will increase with respect to room temperature
operation,

This alloy film 14 can be used as reflector layer on the mirror 3. Such a mirror 3

can, e.g. be used in the radiation collector 50. The collector transmission of the mirror 3
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Sn, the 20 tenperature range of nelting points is between roomtenperature
and 1337 K. In an enbodi nent of the present invention, it is therefore
proposed to provide a mrror 3 with a top coating 8 nade of Au, as shown
in figure 4a. This Au top coating 8 nay be on top of N |layer 2. As shown
in figure 4b, Sn is deposited, as indicated with reference nuneral 5, on
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Figure 4d shows two situations. In the first situatiaon Sn %s depaosited on
a Ru |ayer #i§ ﬁssgmeéﬂmt the fﬁwlsﬁéllgb@dﬁﬂl%istal]@m%ﬁne%ﬁ migtureo on Au
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result in an alloy whlch is too Sn rich, and that the deposited Sn is mixed with the Au,
instead of remaining on top of the Aw/Sn alloy layer 14. Depending on the thickness of
the AwSn alloy layer 14, the mirror 3 can handle a certain amount of Sn to be
deposited. This translates into the fact that the thickness of the Au/Sn alloy layer 14
20  where the transmission of the mirror 3 starts decreasing, which is about 20 nm in figure
4d, depends on the initial thickness of the Au layer 8. Increasing this initial thickness of
the Au layer 8 results in more Sn absorption capacity. The Au layer may typically be in
the range between 10 nm - 10 micron.
The continuous deposition of Sn necessitates the removal of Sn from the Au layer
25 8. One way to do that is by "baking out", i.e., increasing the temperature of the Au/Sn
alloy layer 14 in order to stimulate evaporation of Sn as a Sn vapor 16 (figure 4c). An
arrangement for heating the mirror 3 will be discussed hereinafter with reference to
figure 8.
A disadvantage of the Aw/Sn alloy layer 14 is that the Sn vapor pressure for the
30  AwSn alloy is lower than for pure Sn. Thus, removing the Sn from the Au/Sn alloy
layer 14 requires a higher temperature than is needed to remove pure Sn from a surface.
The fact that evaporation from the mirror surface results in slightly decreased Sn

concentration at the upper surface of the Au/Sn alloy layer 14 will result in a higher
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in slightly decreased Sn concentratlon at the upper surface of the Au/ Sn

all oy layer 14 Wependiegon thei amcamhomthaplsﬂmqsn@donlm miregt p gchoise cal bice,

t hen, a higher ercent e of Au ato rese near U

U face. | THAGE BEBEBATTaR TRt e QUBIS. TS NORP R L e ir e yenttoRHES
conbi nat | On%alchlfatearﬂ@éffé& of Hﬁérdﬁ%ﬁm%r W Qs 1) tRARferdiffasion coibingd al so
possible to add a hal ogen gas like Cl12, Br2 or 12. The vapor pressure of

net al - hal i dedthi shigh initizlyrefieggionr(c.gchRm) amﬂa(Z\)a(plo’rhlﬁl mserdifBusfoprcombinadaviiet al s.
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bet ween di f figfeRtr, E@ﬂeﬂ@éﬂdﬁ%f@@éda@édﬁmrﬁi@rdﬁ@ Nt afanedtichitg f@vesaRin Sn
invention has calculated the effect of interdiffusion for two cases: (1)

no i nterdif flaysispas is@irbadyeskplainddwigh tiferandertp tfigutre 4de Onetbe pther b@lfbanARu) and
2 hi gh interdiffusi W th. tial L
(o) g < hu) . Soasr R saoviRaintait Co i tainiesify for e MR Rhedi Berbl = ke Ve

the refl ect 'eseglaﬁlfed%&efe?a{ce% Rfire Q. Qﬂﬁpﬁlaﬂéﬁalsanéemtedqabwoﬁnor very thin
Sn | ayers, I's already explarned with reference to figure 4d. On the

ot her hafd, mnnmahatc]tyafta'dnstamqeoPd basn highertinitinl feflectioni thamAut heweyier.&i on f or

a much Ionger eriod, as, %“3 explained with reference to figure 4d.
Ct her mat er iPAT mé‘“r‘@‘”@ﬁb‘éﬂ’ﬁgﬂ '%Yer f orm

Tt is observed that the method as described with reference to figures 4a-4d does
not only work for Sn vapors but also for other metal vapors, be it that interdiffusion
will be higher for elements with a lower melting point. Note, that Sn has a very low

20 melting point of 504,8 K (231.8°C) (see also, Marinkovic, et al., Thin Solid Films,
217(1992), pp. 26-30).

In accordance with an other embodiment, the present invention proposes to
reduce the influence of Sn on the reflectance of the mirror in two ways: Firstly, keeping
one or more parts of the reflecting mirror surface free from deposited Sn, such that

25  incident EUV radiation on those parts is directly incident on Ru (or another good EUV
reflector), and secondly removing the Sn from the surface.

First of all, an explanation as to how thin films grow on a surface will be given
with reference to figure 5a-5d that show top views of a mirror on which a thin film
grows. Usually, thin films grow on a surface in the following stages:

30 1. Nucleation stage, where small nuclei are formed. See figure 5a, where
these small nuclei 18 of Sn are shown on Ru layer 4. These nuclei 18 grow

until they start touching each other, which occurs at a density, which is



15 internmedi ately. For instance, Pd has a higher initial reflection than
Au, however, Pd perforns worse in interdiffusion. It is observed that the
nmet hod as described with reference to figures 4a-4d does not only work for
Sn vapors but also for other netal vapors, be it that interdiffusion wll
be higher for elenents with a lower nelting point. Note, that Sn has a very
| ow 20 nel ti nﬁ]@od'lrat of 504,8 K (231.8C) (? e al so, Marinkovic, et al.,
Thin Solid B ;UIV217(1992), pp. 26-30). I% accordance with an ot her

embodi ment, the pr e%@@% llgr}gﬁﬂleh ?@a?i?h%%&%?ﬁio‘im?ieg%iﬁé’?ﬁag ntuE%atiidHc LACFerR- S

on the refl ectance mrror 1n tw ways eping one or nore
.parftz of the re](‘jl ecindagedrorrarafonsur f ace free from deposited Sn, such that 25
i ncident EUV radiatjon gn those parts js directly incident on Ru (or

anot her good EUV ref | e&oalescengs gtage chhele youcings, Nyrdel irnsiiny ingeope single

surface. First of t] i i r
surface will be gi \a/fg}r‘ger\%mﬂflﬁﬁsir)g@g% eérl?ggln? g fi%%?ﬂe?" %gﬁcgg‘é '{lLeg@rg:ﬁgﬁe? %lp]& ews
of a mrgor on whi chhéldrgdrmutiel 20 kgep ghowihis Brfage diffisior isl e nginwranspoat

surface in the follow ng stages: 30 1. Nucleation stage, where snmall nuclei
are formed. See figueehaBgm.where these small nuclei 18 of Sn are shown on

Ru | ayer 4. These clei~18 gr tLl. t:hey. | ,
which occurs at a (rj]éej'nsi F&@vﬁ?i@#’i@?%ﬁ h@llﬁﬁéi‘ﬁ‘%ﬁ%&g%@ﬁg?g??ﬁ oﬁ'g?aesr?c?e to as
the saturation densdirhg thBRoMEsdef@d prodess AdtedgdnbRCdontihisliscdenls e2RddM 2.
Coal escence stage, where touching nuclei transforminto one single |I|arger

nucl eus 20, as showrpiflnarid graindogpdariesqfcligige fe surface free energy. 5 The

| arger nuclei 20 keep grow.ng. Surface diffusign i.s;t i t
mechani ¢t 3. Channgl séﬁﬁ?&meﬁbtﬂsgﬁ’nﬁﬁ?ﬁeduaﬁ ﬁl%%r%g? ”‘EUQ‘I"L‘#&%@E{ Sw
faster than duri ngednfigu&Radiae6 SRC ShdW® Gefigure GAS@hidhdis HbE viedn bf g 3),
channels 22 with voids and grain boundaries, cf. figure Sc. 10 4.

Continuous film st agbichdimrosnsisle of grainsnosaccied toaraimdwupaniesa  cont i nuous
1ime, u= oy gurp o OBy MIBN E b B,
keep the thispghi havigg AvkRuAsioh Cltaisi®s aBafigh bk epdstibld)eTHIs Gagafdrothstance, be
15  accomplished in the following ways.
In one embodiment, the surface mobility of Sn on the mirror surface is
increased by applying a protective coating 24 of for instance carbon (C) on top of the
Ru (or other) layer 4, as shown in figure 6. This protective coating 24 can also be used
for the reduction of chemical reactions of Ru (or other) layer 4 with Sn. Hence it
20  prevents a Sn continuous film to be formed and helps keeping a large part of the Ru (or
other) layer 4 clean. Preferably, the protective coating 24 is selected from a material
that is not easily wetted by Sn.
In an other embodiment, growth (nucleation) sites are created artificially. The
deposited Sn will gather on these nucleation sites during the nucleation stage. As
25  shown in figure 7, this can, for instance, be done by depositing growth sites 28 of a
predetermined material in the form of ‘dots” on the Ru (or other) layer 4 in any desired
density pattern that is suitable for illumination by EUV. Other possible nucleation sites
are holes, trenches, lines, and other shapes. The growth sites 28 are preferably made of
a material that is easily wetted by Sn, as, for instance, copper (Cu). They may be
30 largely flat, line shaped or dot shaped. The deposited Sn then forms similarly shaped
deposition sites 26 on top of the growth sites 28.
In a further embodiment, the temperature of the Ru layer 4 is increased to

increase the surface mobility of Sn on Ru layer 4. This will keep possible nucleation



stage, having a saturation density as high as possible. This can, for

I nstance, be 15 acconplished in the follow ng ways. |In one enbodi nent, the
surface nobility of Sn on the mrror surface is increased by applying a
protective coating 24 of for instance carbon (C) on top of the Ru (or
other) layer 4, as shown in figure 6. This protective coating 24 can al so
be used forP-thd.¢l@ducti on of chem cal readsions of Ru (or other) layer 4
with Sn. Hence |t 20 prevents a Sn continuous filmto be fornmed and hel ps
keepi ng a | &Herefop s Sthmcidsat ey the apirropa kaxggr digignce aparg) HheSn wilbbegathergd at he
protective ' 24 & i [ S|

wet ted by Sg}?@{l%&%ﬁ%étshg% Skghﬁgg ?ﬂg;r%e%?ooﬁvaﬁ% (Rﬂ"nl%k reiaﬂlg%[}i)ﬁ]se P‘?’é’s 91%r(g)@%:lar”eat ed
artificiall yrangthssionetlsd métlorSremairs| ongahizgher enelt Tagemay &l g£abd ddneSwitke she
during the nucleatio stagef, As 25 shown in figure 7, this can, for

i nst ance, bETARFFEIG S B {gue8growt h sites 28 of a predeternined material
in the formof " §ghie ofnbhGifily(Hovald e shakEislednfito LgRfbiieA2eSi ty
pattern that is su%ut%%bl e %or 1| u%oﬁgtdﬂon tic'yﬁréU\?,S cC(inhé)r Q%gggdlsﬁrg%nlﬁcl g‘at i on
sites are Hbkdsat soeoe38smay baesnmente] tt hemors BA[ie by dimaegiomnpdrtssdt. €Ehe28
are preferably nmade of material that. is_easily wetied Sn, as, for

i nst ance, cga%wtl?@:aws %ﬁaﬁymw@eﬁ uﬁ&@@ﬁ@@l}%ﬂ{ﬂf iy A BWFTRTRfLAS
shaped. The ,dgaars A&l RitdIB oS WRiile withoRRdh1e dRRRIE bRoSlibfisI 26
on top of tﬁe gro g%fﬁ?les 28_p:ﬁn ’aof%?EtnLer eerrbo(caislﬁllrrente, tﬁ% terrpgrgll E@e of
t he Ru | ayerirduitss Thatestapedtetld genamtes sa, tndeatadrwitic errowb BV whicbfis Erectad Ru

| ayer 4. This will keep siple nucleation P-1711, 010 15 sites for the Sn
i nci dentloon_‘? hgfs_rhWIFBF 05%)@} 38&33@?19‘? aﬂ@@tuaggr T’.}e “Pﬁé"“gﬂc gotorD 13 SR g at
t he nucl eat icgfnRkd ?%ecoh@%ﬂi'rﬂg 36(2). 2K IR B 195edsBRs SRiNLPHAhe 4rtCihg Mbiation
Thereby, the overall transmssion of the mrror remains on a higher |evel.
This may, ecgllgctdremdyprmempirist hére than teogement te hollert iIFUY i rgdiago8.355andi pure 8
schemati cal | hows .a .he%t sggrce 38 controlled by a controller 40. The
heat sour ce PESUSBRPTPFUOBRAYBLEd to mirror 30(1) by connection parts 31. The

connection parts gyt RAS a CORAUET 3Y & prbbRIcEOAHAn@kd @ppdkite T8 )Yhd front
I npl emented as a suitably progranmed conputer, or a controller with
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IR IR AT R RN N W
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Dotted lines indicate how EUV radiation 35 is directed towards and reflected by mirror
30(1). These dotted lines also show that the cold unit 33 does not even receive EUV
20 radiation reflected by mirror 30(1). Areas adjacent to cold unit 33 indicated with
reference numerals 32, 34 are, thus, dark areas where no EUV radiation is present. Cold
unit 33 may be attached to mirror 30(2), although it is preferred that no heat transfer
from mirror 30(2) towards cold unit 33 occurs. Reference numerals 36 in mirrors 30(1)
and 30(2) indicate possible through-holes.
25 In an alternative embodiment, mirror 30{1) could be actively cooled, ¢.g., by a
Peltier element connected to the rear surface of mirror 30(2). This Peltier element
should have a cool surface towards mirror 30(1) and a heat removal side towards mirror
30(2), to cool mirror 30(1) and heat mirror 30(2).
In operation, the heat produced by the heat source 38, heats Sn afier being
30  deposited on mirror 30(1), thus, stimulating evaporation 16 of Sn from the surface of
mirror 30(1). The evaporated Sn is largely directed towards the cold unit 33 on which
surface the evaporated Sn will condensate. After some predetermined operation time,

the cold unit 33 may be replaced by a clean one. The cold unit 33 may be cleaned in-



coll ector may conprise nore than two mrrors to collect EUV radiation 35
and to produce projection beam 56. Behind mrror 30(2) a cold unit 33 is

provi ded, arranged opposite to the front 15 surface of mrror 30(1), i.e.,
the surface of mrror 30(1) receiving EUW radiation 35. The cold unit 33
Is termed "cold" since it is arranged outside the EUV radiation 35, i.e.,

i n the shadow of mrror 30(2), and can, therefore, not be heated by EUV
radi ati on 3%-17Idil0ed i nes indicate how E radiation 35 is directed

d d refl 30(1). «Th d d 1] .sh h
the-cor d a1t 25 5SEE RN pRUbRR agdierk e SEup s FRfres Ml ThE BaSSEPA T o
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32, 34 are, thus, dark areas where no EUV radiation is present. Cold ‘unit
33 may be atmaydiechtated imiarsimrla3@gpind mhy fasagh other iceldpmet Evapatated Sn may teeat

t f f ' 30(2) t d | d it 33 . Ref I
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Pelti er el enent connected to t_he rear surface of m rror This Peltier
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ex-situ. An additj onal advantage of the set-up of figure 8 is that the

mrror 30(I)p 'S additionally cooled by the evaporation of the Sn. O

course, the ot herAlrmateely3@f dn addihjonbeagilatyetdenichesa39,i possibly peovideddwithya f ace

an other cold unit. Evaporated Sn nay, be unped a by a.pu 29 that is
connect ed t VL €QRNEoMAYbyBroxisisd cherapn E’G? t m\gg TR ReHEireurises of o

desi gned. sugfiyf NAtabRiYinNfe 3. GRR L ﬁe&mgfﬁ@ﬁ&t Narftrhd¥Boff g OF

surface, i.e., ey col sp It away to the rear rror
surface 180t anvageeyi,ng theNédge adithé intifror herddtt mef foectollettedybyraySrbeinkr(avi ded
with a wetting coatin , made of Ag o

e OB Mg iR ey il T S S
contact wt pr)lri@i) GRAt tHAP SnSRIEALS 2Pk front side is transported to the rear side through
the through-holes and from there transported to Sn sinks.
It is observed that the set-up of figure 8 can be applied with or without the
20 mirrors as shown in figures 3-7.
Also in the set-up of figure 8, (as in the other embodiments), halides may be
introduced in the system in order to have more Sn containing vapor.
While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise than as described. The

25  description is not intended to limit the invention.



10 over the entire surface of the coating. At the rear surface Sn sinks
(not shown) may be provided. Alternatively, or in addition, capillary
trenches 39, possibly provided with a wetting coating, nay be provided
either on the front surface or on the rear surface or both, as shown in
figure 9. These capillary trenches 39 collect Sn and transport Sn 15 away,
e.g., to th%f‘ﬂ reqlcaf the mrror where it ey be collected by a Sn sink (not

shown). The capillary trenches 39 may be connected to the through-holes 36
(if applied) such that Sn collected at the front side is transported to
the rear si @@g§hisough the through-holes and fromthere transported to Sn
sinks. It is observed that the set-up of figure 8 can be applied with or
Wi thout the 20 mirrors as shown in figures 3-7. Also in the set-up of
figure 8, (as in ft-1 other enbodi nents), halides may be introduced in the
system in onder g oP Y, RPEqs Pt SARhabLR Rl 1BAPn 2 MIHLPIERSE i d C

enbodi nents of the 1nvention have been described above, it wll be

appr eci at ed lithvarapthiceapiparatust domprising axeumed 80) ceprovtdeeadiatimn ¢frradesaed
described. The . 25 description is nqgt intended.to limt .the invention.
P-1711. 020 MAvelengthdo i@drueg@ecfgn%engagamwmwtl% oS B’&E‘P&Wrﬁ tal on
a mrror for ' ' g ' . SO to
provi de radiug{f%(;ﬁﬁ&gl}e%e{ ph%%%’e%%%@v@?%%t tolﬁ(ra Stzlgﬁ{{ ee %%ﬁﬁigle‘(ﬁ)f a

met al deposinigtalibeing sskicttd Fuch that b ynterdiffisesim cofredetatidaéd echpernat ramet i cl es,
generated by said source in operation, the predeterm ned netal being

sel ect ed sudfith said metal depositigns Wherssaid hthaglﬁpgﬁépﬁ%rﬁ‘i“ﬁéﬂ“toé’ﬁﬁé‘%t ure range
with said nmetal deposition, when said |ithographic apparatus is in
operation. 10 2. Use of a top layer (8) of a predeterm ned netal on a
mrror agconrdi n@stof &k lydr,(8) uhwepredeterndinet pertion e mitroeakcoedipgtoadlainel ,r ange
s 300-2800 K. 3. Use of a top layer (8) of, a predeterm ned netal on a
mrror accor"ﬂ!eFf’gn§%ld@F@P%mlnea&m%m%%gedséggﬂswgcleterm' ned netal is at
| east one of group Ib elenents, like Au, or 15 Pd. 4. Use of a top |ayer
(8) of a predetermned netal on a mrror according to claim3, wherein
sai d undesi Bed WBEalf apas layer (8pofd predeterntihedSmetahdn himindpaccordibgtoodlaimstiop

| ayer (24) of one or npre predetermned materials on a r’qrror El(zr
or 2, wherein said predetermined metal is at least one of group Ib elements, like Au, or

15 Pd

4.  Use of a top layer (8) of a predetermined metal on a mirror according to claim 3,

wherein said undesired metal particles are one of Sn and Li.

20 5. Use of a top layer (24) of one or more predetermined materials on a mirror for
use in a lithographic apparatus comprising a source (SO) to provide radiation of a
desired wavelength and that, in operation, generates a stream of undesired metal
particles to form a metal deposition on said mirror, to extend lifetime of nuclei in a
nucleation stage of said metal deposition, which nuclei will be formed when said metal

25  particles are deposited on said top layer when said lithographic apparatus is in

operation.

6.  Use of a top layer (24) of one or more predetermined materials on a mirror
according to claim 5, wherein said one or more predetermined materials comprises a

30 non-wetting material that may be C.

7. Mirror for use in a lithographic apparatus comprising a source (SO) to provide



use | c rtnoqgr aphni appar a OMpr g od our ce O O Pl OVl de

radi ation of a desired wavel ength and that, in operation, generates a
stream of undesired nmetal particles to forma netal deposition on said
mrror, to extend lifetime of nuclei in a nucleation stage of said netal
deposition, which nuclei will be fornmed when said netal 25 particles are
deposited on said top | ayer when said |ithographic apparatus is in
operation. f.17¥s¢10f a top layer (24) of opg or nore predetermn ned
materials on a mrror according to claim5, wherein said one or nore

pr edet er mi nealiatwnherfiaalesiraiomvelength and tBg, mowpenation; gayeratasay strgamiafandefirgd pe C.
7. Mrror for use ipn a Lithographic aratus conpri si.n .Sou (SO to
provi de P-1metal gagicles to forp 3, @rﬂgg}osijﬁ)ﬁ@gis @dm\%\li’e 8%?& @edgg,ta%ge??t in
operation, r i ﬁj}“]h ) ct@ihéFPmaferiaR, {4 shed NMEt Al
deposi tion g%ﬁg’a%%%dﬁlﬁ{l he%r%(%@gg%gg?ﬂg?%@?eastlhé partly, covered with
a top | ayer of 28 mredaaenined nmreeiasbethgtselented suchnthatit fuhapcesswgtting absaibr nor e
predeterm ned materials being selected such.that it e nces wetting of
said 5 nkt ametd gergsition )ﬁP?PEFﬁe‘GF‘BWégéWﬁ? H%ﬁl‘gPBA@eaﬂ@ai d top layer (28).
8. Mrror according to claim7, wherein said one or nore predeterm ned
materials conprises a wetting material, e.g. Ag or Cu, and is arranged in
a pattern of. at Migdshccording @f claiat 3, viredeihisaid one 2On@re pledetermined matesialsn a

| i t hographi c apparatus conprising a source (SO to .rovFi??tg (gﬁag'#ation of a
desi red wavebmwpysds aveiting materiah e AT (3 andyisFErageking RAEILQL, A ORES | o
net al partick&sts t@f-} mrror having a structure to gather and renove said
netal parti Cf 8% ay l8%{;;‘Jillary action when they are deposited on said mrror
when saihg |ithographic 15 apparatus is in operation. 10. Mrror according
to claim9, wherein said structure conprises at |.east one ﬁé capi.l.l ary
trenches (39) aMirmonfaroighimalithegiaphic appargais OMPHFiRE 2 spyrge (F1RYoRE it ed
with a wettipg. materjal.. 20 j [c A QRS f idBEredan

i || umi nat i oﬁa‘E%éoc“e‘?ﬂeaf ired HQY%%“r%ﬁ%Adp@gﬁ’) g{c | orgfolglé @nﬁgﬁéﬁﬁi ati oﬂnl;ﬁﬁ_-gga
SUpport st r uedanartidds, Siemmieror hawngaktrastieng gathensd remevpsdid erotal mariieteans
servin - .
) by capillary action when they are deposited on said mirror when said lithographic

15  apparatus is in operation.

10. Mirror according to claim 9, wherein said structure comprises at least one of

capillary trenches (39) and through holes (36) in said mirror, that may be coated with a

wetting material.

20
11. A lithographic apparatus comprising:
- an illumination system for providing a projection beam of radiation;
- a support structure for supporting patterning means, the patterning means serving
to impart the projection beam with a pattern in its cross-section;
25 - a substrate table for holding a substrate; and

- a projection system for projecting the patterned beam onto a target portion of the

substrate,
characterized in that
said illumination system comprises at least one mirror according to any of the claims 7-

30 10 or as provided with a top layer that is used according to any of the claims 1-6.




projecting the patterned beamonto a target portion of the substrate,
characterized in that said illumnation system conprises at |east one
mrror according to any of the clains 7- 30 10 or as provided with a top
| ayer that is used according to any of the clains 1-6. P-1711.010 19 12.
Li t hographi ¢ apparatus according to claim 11, wherein said |ithographic
appar at us C?Wliﬁﬁﬁ a radiation source (SOgto provide radiation of a
desired wavel ength and, in operation, generates a stream of.undesired
nmetal parti ¢pesLithogrdphit appurgtuspdvondingpediaibl, adeesinlsaid littmgedphion 12,
wherein said desired wavelength is in_the EUV. range. 14. Ljthographic
appar at us a@PRATNREOIIPIISSS iradiatign wurceSOMprevidesadianoneta desued ¢ es
conpri se one of and .Li . 5 LI i ar.ding to any
of the clai %avilf’?éh,an%}éro 8?%%%&6161&#?%?9&?%?8% o?éd;lﬁllrég‘é?%t%?%% col |l ector
(50). 16. Lithographic apparatus according to any of the clainms 11-15,
conprising a 15 contam nation trap (49). 17. Lithographic apparatus .
accor di n§ t d3anyithégraplic epparatys acconding torelaian k2, vhsrein said dgsiegdivavelepgtiriat us
conpri ses a.h&ggﬂﬁﬁurce (38) to heat said mrror and increase surface
mobi | ity of % §8%Cred netal particles on said mrror. 20 18.
Li t hographi c apparatus according to any of the clains 11-17, arranged to
provide a predeterm ned hal ogen gas to the surface of the mrror. 19. A
devi ce nmanuflact Liithographit perratosascosding ta daimst 1@y 13f whersin sajyd mgtalipagclss
substrate; - ﬁr qvi di Q&rﬁa 4 j.ection beam of radiation using an illum nation
system - uSPRETHFAIC r‘r@ ans to inpart the projection beamwith a
patternihn its cross- section; and - projecting the patterned beam of
radi ation onto a target portion of the substrate,. , .

15. Lithographic apparatus according to any of the claims 11-14, wherein the mirror

is part of a radiation collector (50).

16. Lithographic apparatus according to any of the claims 11-15, comprising a

15 contamination trap (49).

17. Lithographic apparatus according to any of the claims 11-16, wherein the
lithographic apparatus comprises a heat source (38) to heat said mirror and increase
surface mobility of said undesired metal particles on said mirror.

20
18. Lithographic apparatus according to any of the claims 11-17, arranged to provide

a predetermined halogen gas to the surface of the mirror.

19. A device manufacturing method comprising the steps of:
25 - providing a substrate;

- providing a projection beam of radiation using an illumination system;

- using patterning means to impart the projection beam with a pattern in its cross-

section; and

- projecting the patterned beam of radiation onto a target portion of the substrate,
30 characterized by

using a mirror in said illumination system as defined in any of the claims 7-10 or a

mirror provided with a top layer that is used as defined in any of the claims 1-6..



30 characterized by using a mrror in said illumnation system as defined
in any of the clains 7-10 or a mrror provided with a top layer that is
used as defined in any of the claims 1-6.. P-1711.010 20 20. A

| i t hographi c apparatus conprising: - an illum nation systemfor providing a
proj ection beam of radiation; - a support structure for supporting

patterni ng Pegtig,010he patterning neans ser®ng to inpart the projection
beamwith a_pattern in its cross-section; 5 - a substrate table for hol ding
a subst r at e2Vand thaerapljr apparatys s9mpEsg:or projecting the patterned beam
onto a target p ' 3 . rl | at said

| ithographic ap%?lgﬁg&goo& rtlerslfafépg}d;vc%ﬁ%%B%@%bgeﬁg\%@gﬁﬁdi ation of a
desired 10-wavelsasgitstantré Ratsupporinppatrining megey) diegiatieming neadsepiing
undesired netal particles, the 1illumnation systemconprising a mrror
arranged t ot ieparithe projecsignbeasathod paternin itfdessrseedoiet al particl es when
said |ithographic r 14S.1h: Lon,.the [|ithographic apparatus
m)reoverglcor'rpri gis%lgs?%%htgﬁal??%ﬂgﬁos%ﬁgggﬁltg%aheé%?d said mrror and increase
surface mobilit Yy pefjedRinGysteiatbr mjddﬂs% £ pafter®ad Bedih bhR'a tazg@t pdrtion of the

Li t hographi c apparatus according to claim?20, wherein said mrror is a
mrror accewltag.to any of the claims 7-10 or said mirror is provided with
a top layer that,is . used as.defined in any of the clainms 1-6. 20 22.

Li t hogr aphi c apﬁgﬂrﬁﬁtfgzegé%g}aﬁi ng to claimz20 or 21, wherein said

l'i t hogr aphi gajd #ptRAF AhitSa g ridePA §Furéed3D) k@ provitiEtadigtioneya estesi r ed
net al vapor evaporated romsaid mrror. 23. Lithographic apparatus

accor di by t wavelangth 204 thay, in operatiomuigenashtgs 8 airepnt pf wygm%metal pytiglspahert us

conprises a.pluralit f mrrors arranged as, a radiat,i , at
Comer ! ore iRt icn shsfbin P RiTe Sl tn g8 & AN ekl e SERL
anot her m r Rdesirédbdétd] ?afticﬁdsr\mﬁ%aiqfﬁm@rsbm& appRedtis i M opératie, thei ng

arranged to receive netal particles evaporated fromsaid front surface of
sai d anot helithvigrapbic appdratus merepear comprising 8 hgatingsoues te hiedtsaid mrr and

Lith hi di t th | 20- 23, dt
rovide " a EHRE SPCR Ao st en gl R tise Qe " Tror
15

21. Lithographic apparatus according to claim 20, wherein said mirror is a mirror
according to any of the claims 7-10 or said mirror is provided with a top layer that is

used as defined in any of the claims 1-6.

20 22. Lithographic apparatus according to claim 20 or 21, wherein said lithographic
apparatus comprises a pump (29) for pumping away undesired metal vapor evaporated

from said mirror.

23. Lithographic apparatus according to claim 20, 21 or 22, wherein said lithographic
25  apparatus comprises a plurality of mirrors arranged as a radiation collector, at least one

mirror comprising a rear surface facing a front surface of another mirror, said rear

surface of said at least one mirror being arranged to receive metal particles evaporated

from said front surface of said another mirror and to operate as a condensation surface.

30 24. Lithographic apparatus according to any of the claims 20-23, arranged to provide

a predetermined halogen gas to the surface of the mirror.

25. A device manufacturing method comprising the steps of:



25. A device manufacturing nethod conprising the steps of: P-1711.010 21 -
providing a substrate; - providing a projection beamof radiation using an
illum nation system - using patterning neans to inpart the projection beam
wWith a pattern in its cross- section; and 5 - projecting the patterned beam
of radiation onto a target portion of the substrate, characterized by

provi di ng aPsbliddd0(SO to provide radiati @h of a desired wavel ength to
produce said projection beamand that, in operation, generates a stream of
undesi red met al PRYI¢RE &SIl oviding a mirror in the illunination system

AL ORI D e G g T
on said mrror. uding patterning means to impart the projection beam with a pattern in its cross-
section; and
5 - projecting the patterned beam of radiation onto a target portion of the substrate,
characterized by
providing a source (SO) to provide radiation of a desired wavelength to produce said
projection beam and that, in operation, generates a stream of undesired metal particles,
providing a mirror in the illumination system arranged to receive at least some of said

10 undesired metal particles, and heating said mirror to increase surface mobility of said

metal particles on said mirror.
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