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[0003] A lithographic apparatus is a machine that applies a desired pattern onto a

substrate, usually onto a target portion of the substrate. A lithographic apparatus can be used,
for example, in the manufacture of integrated circuits (ICs). In that instance, a patterning
15 device, which is alternatively referred to as a mask or a reticle, may be used to generate a
circuit pattern to be formed on an individual layer of the IC. This pattern can be transferred
onto a target portion (e.g. comprising part of, one, or several dies) on a substrate (e.g. a
silicon wafer). Transfer of the pattern is typically via imaging onto a layer of radiation-
sensitive material (resist) provided on the substrate. In general, a single substrate will contain
20  anetwork of adjacent target portions that are successively patterned.
[0004] Lithography is widely recognized as one of the key steps in the manufacture
of ICs and other devices and/or structures. However, as the dimensions of features made
using lithography become smaller, lithography is becoming a more critical factor for enabling
miniature IC or other devices and/or structures to be manufactured.
25  [0005] A theoretical estimate of the limits of pattern printing can be given by the

Rayleigh criterion for resolution as shown in equation (1):

CD =k, « A
NA (1)
where 1 is the wavelength of the radiation used, NA is the numerical aperture of the
projection system used to print the pattern, k; is a process dependent adjustment factor, also
30  called the Rayleigh constant, and CD is the feature size (or critical dimension) of the printed

feature. It follows from equation (1) that reduction of the minimum printable size of features



Rayl eigh criterion for resolution as shown in equation (1): ACD =k *
NA(1l) where Ais the wavel ength of the radiation used, NA is the nunerical
apert ure WO 20hie16ps60j ecti on system used to print the patPermp2l/ o552
process dependent adjustment factor, & so 30called the Rayl ei gh constant,
and CDis the feature size (or critical dinmension) of the printed feature.
It follows fromequation (1) that reduction of the m ninmum printable size
of feat ucesbe Wid@Nib/(hEOS6LFCHY HREEADL 0EAOp3si2e savclbrtohttyi inadasing thér ee

ways: by shorteni t exposur e veI en 2, by increasing the nuneri cal
apert ur enkk‘iﬁef&?PF nggé%e%{s ﬁiécr??lsén f U ue(%tkkl [0006]1n order to shorten the
exposur e[0gaFE! engtih caddl ,to khdieen theekosurt h@vﬂbﬁgﬂﬁruﬁﬂ Rhdsntclateths ingigimint  has
been propgsed to use an extrene ultraviol et . radi ation source. 5 EW
radi at i oR"&PlgSEL F&%B?F@t@repqsawoaweoﬁl Ffﬁ(ﬁq“?gmga‘(k%l@te Fhgt RARfiPhsRriche r ange

of 5-20 pmv Fa@ﬁﬂ&%@@léb@oﬂ&é;@ﬁ&a&@ﬁod%ﬂ% OfavkBnddt WIMin Hekar@X3MRLE i, t hi n
the range of 5-10 nm such as or 8 nm_Possi bl e sources incl ude,

for exanpirexampls srithpy e maee Of)ﬂ%réi‘rﬁms furcsanple wvidihe gepoh STl btickas, or

sources F@Sﬁﬁ’ oPB sSYRC PRLibIR Qoﬁ@&' ALLED BF QW ln‘g)@éj 1&&@9&@&%&&&9 sohREage
ring. 10[0007] EUV radiation may be produced using a plas A radiation

syst em f disclprgsduasimgomEiks, pasiivades baseday symvblaide ralidtms erovided byxsiddchign a f uel
to provi %ﬁatgpﬁ | asma, and a source collector nodule for containing the

pl asna. asma may be created, for exanple, by directing a | aser beam
at ate ue[QOO%hch aLpdrdiefiesmay ba Isucihicadbluemgraat plasrad. (AeraghattonrsyétSm) for or a

st ream of or v r SUucC

Ceeortl oprrats HOY ot FRRE b 1RPSr SR E 308 RorrTiard RO b cn i
col | ect egbuiksd ddfedor ractiudt ﬂo@@orﬁ@hlhgﬂteqmsmﬁhqhé aikah R be olcheatfor eximplde a
mrrored nornmel incidence radiation collector, v¥g| ch r.eceives the radi ati on

and f ocubB4IEqHae p APRbeRBRt AR sHoh AR doiiehle plerilde gy U &' fray

i ncl ude areagnel P&iiRBleShal YEVMOE @bh 6NRENREE oAl APILAThOrdRlIAME PRs@a ¥AGHUM
environment to support the plasma. Such a radiation sc}/stem Is typically

termdd acvageirdigion seedt BV asation. pRychs suiodlectedosippaosfialion enleaPterdhat i ve

ar r angenppfaign bARCRY | AP be Y iRl A5rmRi AEREARGEN N BELA RBicHBY e ¥SEHhaN
el ectrical discharge to generate the plasma. The el ectrical discharge

passes i raditign glai;fogvses/ theardigiipphintag bkemgdde seurcacpfestognodie papocludgamer at i ng

a very hof.pt r%egﬁlamg:‘! 1%%%? #é]%e&%j bAMAN v ?%BE%) &Sv%ﬁﬂ%ééh&it%uﬁp‘éﬁttﬁ@‘ Is

typically ter i sch arge pro uced pl asma
plasma. Such a radiation system is typically termed a laser produced plasma (LPP) source.

20  [0008] In an alternative arrangement a radiation system for producing EUV radiation
may use an electrical discharge to generate the plasma. The electrical discharge passes into a
gas or vapor such as Xe gas, Li vapor or Sn vapor, generating a very hot plasma which emits
EUV radiation. Such a radiation system is typically termed a discharge produced plasma
(DPP) source.

25 [0009] Plasma creation within an EUV source may cause contamination particles to
be created from the fuel. These contamination particles may move either at relatively fast
speeds, in which case they tend to generally follow the path of the radiation beam; or at
relatively slow speeds, in which case they are free to undergo Brownian motion. In some
lithographic apparatus the relatively slow moving contamination particles may be conveyed

30 by a flow of gas within the lithographic apparatus.

[00010] Both the relatively fast moving and relatively slow moving contamination
particles may move towards the patterning device of the lithographic apparatus. If the
contamination particles reach the patterning device (even in very small numbers) then they

may contaminate the patterning device. The contamination of the patterning device may
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menbr ane, to prevent the passage o ontam n particles through the
through the membrane, and to prevent the passage of contamination particles through the

20 membrane. A particle trapping structure is configured to permit gas to flow along an indirect
path from inside the chamber to outside the chamber, the indirect path of the particle trapping
structure being configured to substantially prevent the passage of contamination particles
from inside the chamber to outside the chamber.

[00013] According to an aspect of the invention, there is provided a lithographic

25  method that includes generating a radiation beam, and directing the radiation beam through a
chamber containing at least one optical component that reflects the radiation beam. The
radiation beam is directed towards a patterning device. The chamber includes a membrane.
The method includes preventing the passage of contamination particles with the membrane
when the radiation beam passes from the chamber through the membrane and towards the

30  patterning device, flowing gas from inside the chamber to outside the chamber along an
indirect path through a particle trapping structure, the indirect path substantially preventing
the passage of contamination particles from inside the chamber to outside the chamber,

imparting the radiation beam with a pattern to form a patterned radiation beam with the
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purity  erid comprising a tungsten/graphene multi-layered structure.
15 [00017] According to an aspect of the invention there is provided a spectral purity
filter comprising a material which blocks out-of-band radiation, wherein the spectral purity
filter further comprises a layer of graphene which supports the material.
[00018] According to an aspect of the invention there is provided a multi-layer mirror
comprising alternating layers of a first material and a second material, wherein graphene is
20  provided between the alternating layers.
[00019] According to an aspect of the invention there is provided a multi-layer mirror
comprising alternating layers of a first material and a second material, wherein a layer of
graphene is provided as an outer layer of the multi-layer mirror.
[00020] According to an aspect of the invention there is provided a lithographic

25  apparatus having a graphene membrane which is configured to stop the passage of

contamination particles and to transmit EUV radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

[00021] Embodiments of the invention will now be described, by way of example only,
30  with reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:

[00022] Figure 1 depicts a lithographic apparatus according to an embodiment of the

invention;



filter conprising a grid configured to prevent or reduce the passage of
infrared radiation, 10wherein the grid is covered with graphene which
prevent s wbheopasswge of oxygen to the grid. The graphenecwmp2iia/optoevi ded as
one or nore layers, or may surround rigps of the grid. [00016] According to
an aspect of the invention there is provided a spectral purity filter
conprising a grid configured to prevent or reduce the passage of infrared
radi ati ofM0023le griligwonrps hievgoioant LMY stuer/ @ilaphenedulb Oiof laympedustof uct ur e.
15[00017%Accord|ng to an aspect of the invention there is provided a
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graphene is 20provi ded between the alternating layers. [00019] According to
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filter which may form part of a lithographic apparatus according to the invention;
15 [00030] Figure 9 is a cross sectional view through an embodiment of a spectral purity
filter which may form part of a lithographic apparatus according to the invention;
[00031] Figure 10 is a cross sectional view through an embodiment of a spectral purity
filter which may form part of a lithographic apparatus according to the invention;
[00032] Figure 11 is a cross sectional view through an embodiment of a spectral purity
20  filter which may form part of a lithographic apparatus according to the invention;
[00033] Figure 12 is a cross sectional view through an embodiment of a spectral purity
filter which may form part of a lithographic apparatus according to the invention;
[00034] Figure 13 is a cross sectional view through an embodiment of a spectral purity
filter which may form part of a lithographic apparatus according to the invention;
25  [00035] Figure 14 is a cross sectional view through an embodiment of a spectral purity
filter which may form part of a lithographic apparatus according to the invention; and
[00036] Figure 15 is a cross sectional view through an embodiment of a multi-layer

mirror which may form part of a lithographic apparatus according to the invention.

30
DETAILED DESCRIPTION

[00037] Figure 1 schematically depicts a lithographic apparatus 100 including a source
collector module SO according to one embodiment of the invention. 'The apparatus

comprises: an illumination system (illuminator) IL configured to condition a radiation beam



WO 2011/ 160861PCT/ EP2011/ 054057 5 [00023]Figure 2 is a view of an LPP
source collector nodule SO of the apparatus of Figure 1; [00024]Figure 3 is
vi ew of awoentwmwossiand particle trapping structure accoPdrmp2e10/054057

enbodi nent of the present invention;, 5% 00025]Figure 4 is a cross sectional
vi ew t hrough an enbodi nent of a reticle which may formpart of a

| it hographi ¢ apparatus according to the invention; [00026]Figure 5 is a
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accor di néflegiivehrojepiantyistsay M5t obesoi P qusiectq pateg Eprpgisd dedhd BEEOY| ew
through goeERAGTER.CleyRe SPEGhGA Ll fdrford E1(L ETcotfphiehe WRYof AEM AT Of 2
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[00038] The illumination system may include various types of optical components,

10 such as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[00039] The support structure MT holds the patterning device MA in a manner that
depends on the orientation of the patterning device, the design of the lithographic apparatus,
and other conditions, such as for example whether or not the patterning device is held in a

15  vacuum environment. The support structure can use mechanical, vacuum, electrostatic or
other clamping techniques to hold the patterning device. The support structure may be a
frame or a table, for example, which may be fixed or movable as required. The support
structure may ensure that the patterning device is at a desired position, for example with
respect to the projection system.

20  [00040] The term ““patterning device” should be broadly interpreted as referring to any
device that can be used to impart a radiation beam with a pattern in its cross-section such as
to create a pattern in a target portion of the substrate. The pattern imparted to the radiation
beam may correspond to a particular functional layer in a device being created in the target
portion, such as an integrated circuit.

25  [00041] The patterning device may be transmissive or reflective. Examples of
patterning devices 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 types. An
example of a programmable mirror array employs a matrix arrangement of small mirrors,

30 each of which can be individually tilted so as to reflect an incoming radiation beam in
different directions. The tilted mirrors impart a pattern in a radiation beam which is reflected
by the mirror matrix.

[00042] The projection system, like the illumination system, may include various types

of optical components, such as refractive, reflective, magnetic, electromagnetic, electrostatic



filter which may formpart of a |ithographic apparatus according to the

i nvention; [00032]Figure 11 is a cross sectional view through an enbodi nent
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[ 00037] Figure 1 schematically depicts a |ithographic apparatus 100
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[00045] Referring to Figure 1, the illuminator I, receives an extreme ultraviolet (EUV)
radiation beam from the source collector module SO. Methods to produce EUV radiation
include, but are not necessarily limited to, converting a material into a plasma state that has at
15  least one element, e.g. xenon (Xe), lithium (Li), tin (Sn), gadolinium (Gd) or terbium (Th)
coupled with one or more emission lines in the EUV range (the EUV range is considered to
include wavelengths around 13nm and around 6-7nm). In one such method, often termed
laser produced plasma ("LLPP") the required plasma can be produced by irradiating a fuel with
a laser beam. The fuel may for example be a droplet, stream or cluster of material having the
20  required line-emitting element. The source collector module SO may be part of an EUV
radiation system including a laser, not shown in Figure 1, for providing the laser beam which
excites the fuel. The resulting plasma emits output radiation, e.g. EUV radiation, which is
collected using a radiation collector located in the source collector module. The laser and the
source collector module may be separate entities, for example when a CO- laser is used to
25  provide the laser beam for fuel excitation. In such cases, the laser is not considered to form
part of the lithographic apparatus, and the radiation beam is passed from the laser to the
source collector module with the aid of a beam delivery system comprising, for example,
suitable directing mirrors and/or a beam expander. In other cases the source may be an
integral part of the source collector module, for example when the source is a discharge
30  produced plasma EUV generator, often termed as a DPP source.
[00046] The illuminator IL. may comprise an adjuster for adjusting the angular

intensity distribution of the radiation beam. Generally, at least the outer and/or inner radial

extent (commonly referred to as o-outer and o-inner, respectively) of the intensity



5 positioner PWconfigured to accurately position the substrate; and a
projection system(e.g. a reflective projection system PS configured to
proj ect awvpabtiersoseinparted to the radi ati on beam B by patcrarriingsaevi ce MA
onto a target portion C (e.g. conprisigng one or nore dies) of the substrate
W [00038] The illum nation system may include various types of optical
conponents, 10such as refractive, reflective, magnetic, electromagnetic,

el ect r ostiatribotiar inat fupil ptayp estho fllvaphiataalan do agonehtis addiriom niye itominatvalll. on
thereof, for directing, shaping, or controlli radi at.j on. [,00039]., The
Support " 367 GRS iR SPnBT e whtr et Pl R AnsHRdrecc fag
depends @nuntiRorofhhebd atcddad cohditiiethpatdigion iigmdevhse,a dReedesii@mit@fand he

| i t hographi c, appar atus, .and ot her conditions, such as for exanpl e whet her
or not tH\éelﬁléff?léﬁ“ﬁp?féllaét\?F’EE’éS'?%U?fbl d in a 15 vacuum environnent. The
Suppost FHOOWEL Ur € PR adis€oTRGRABI i6 Bhoide B 6H WB pleBlild OSI@AL G, AlasiOtMIAr

cl anping techniques to hold the patterning device. The support structure
may be awhichnehddst omthe sprnert sfraflugxagpnask tw&’ﬁ)éﬁT,rﬁﬁQ insaltpsbly be PaIRBE e as

[ equi redye Jhe GHRROAL SildMa I EnTBINEAIHISLIRY. Hid RAALGE RlGofBKFe 1 at
a desired position, for exanple th respect the projection system

20[ 00040PBTheses dwongh plat preieetiong ydlem iPSewhich desusks e Hypmauitoya fargeepqtiet €df as
referring t ' - ' t a..radiati eamw th a
pat ter n s p e WE VAR 82 oL AR ROl PIPR R RRLAL £ BT
portildon ofterfehensubdeviat, éineaFrac@irt Derapatinpasdnsa).t e tshistra@datdt iIVGh cleden may

correspond tp a ticular functional layer in.a vi ce bei created in
The tar oBr isbrErBRL her ed BT aBise ek e LGl P B BB e i ng
devi ce nByunb8. tSimiSNY, S8 N6t positcdbt BRIt dndewnothxapplies seisopab1 efmbdigsed@yi ces

i ncl ude nmasks, praogra ble mrror arrays,. .an rogramabl e L anel s.
Masks ar W9l IPH%&?P g{‘?mffaitttﬂi"?ﬁ’ér%w, eﬁnﬁlaflﬁcl}@dgm E%Pe‘ftytﬁetge @%h&)fa bi nary,
al t er nat i4aghtiph dsLn BN HakternaRdicdict eNxahLl) PRASRE wbitfdc WoaSayBé hiighsd Mdhé OUS
hybri d mask types. An exanple of a programmable mrror array enploys a

mat ri1X aMegnyermant regrksid | M2pnd sbstratgalignageanmatks Rhilgh can be individual Iy

tilted sgoggsyto refﬂ_e%‘é{aic@ﬁ af);%z{%ﬁ? RAdRAsE haPhe3m Bﬂhéjfofllf)%[n%nf[ directions.
The tilted mrrors inpart a pattern in a radiation beamwhich is reflected

by the rrmOFi@ﬁ_F matrix. [00042] The projection system like the illum nation
system iy Iﬂc%ttg)gltﬁod/ealiﬂeonsgg%otry H&%w?{ ggé?ﬁﬁaﬁﬁ"tab?e‘[?i’i@f@ﬁ S suBUGR @S Wi

refractive, ref Ve, etic, e onagne el ectrostatic
2011/ 16086 1HRET LERPRAY/ D6H0LY, Whide antdngre pappssingyfartegte clad radomiporbeatss or any

conbi,pnati on ereof , as approprjate.for.the.exposure radiati.on hei used,
oo Rl R BP0} 10rEE AL RL LS il & WD ORHY Bkt b o aFule, ootes
a vacuumadbrr WEGAheashia¢d @NhsXK nadogusi@sctvayo das o iifck@o tangee portiad Cahh 66. A

vacuum envi rocgnent may t herefore be provided to the whole beam path with
the aid B¥P°%5 vacuum wal | and vacuum punps. [00043] As here depicted, the

apparatus, i s Bfscan mefid, @kd dupBort YRR (J. nR¥R DY) NIT and ekl saBduiadaabBIK) -

are scanned synchronously while a pattern imparted to the radiation beam is projected onto a

25  target portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate
table W'T relative to the support structure (e.g. mask table) MT may be determined by the
(de-)magnification and image reversal characteristics of the projection system PS.
3. In another mode, the support structure (e.g. mask table) MT is kept essentially
stationary holding a programmable patterning device, and the substrate table WT is moved or

30  scanned while a pattern imparted to the radiation beam is projected onto a target portion C.
In this mode, generally a pulsed radiation source is employed and the programmable
patterning device is updated as required after each movement of the substrate table WT or in

between successive radiation pulses during a scan. This mode of operation can be readily



[ 00044] The |ithographi c apparatus nmay be of a type having two (dual stage)
or nore substrate tables (and/or two or nore mask tables). In such

"mul ti pl ewetagetsossmchi nes t he 10additional tables may becusedoiinsgaral |l el ,
or preparatory steps may be carried oy on one or nore tables while one or
nore other tables are being used for exposure. [00045]Referring to Figure
1, the illumnator IL receives an extrene ultraviolet (EUV) radiation beam
from t heagoigd ae mnk]eex:timbgmm khet Sﬁhzdb/qj;rhgelmrrﬂaue pragenog d&Witer adihadsi oan

i ncl ude, but ar;; not necess ri ey fm th b converting a material into a
pl asma sPREETIHDIC AL AFan e @ YRErelsiie ©®Rf¥ht . e.g. xenon (Xe), |ithium

(Li), tipop®n), gacehbifdtiem &dr @bridti@hdiodnihe Tdb))v&@b@h@éﬂi wiollks enes®for Mor e
em ssion lines in the EU/ range (the EW range is considered to include
wavel engfMHEeYAH{Rt oA Anee RAYERYPSEPRIAYd | n one such nethod, often termed

| aserspr ges®d pl agfde 0 'shR the hf}Rrat@AWD hLRoR! o@s‘aﬂama@amgﬁle%@l@y@@@ct@y
irradi atlﬂ@g a fuel with a | aser beam The fuel may for exanple be a

dr opl et vle 9 de ilpmEpden ppteratle apd thePaRIERigN sHECR FSr dldwisPege Follseem tti ng
el ement . ;THEe SOUE E&sh QL LG ARAWLEG BR ar%Xud%‘ eR&Ohm@he 3R pEMYintAduat i on

systemincluding a |l aser, not shown in Figure 1, for providing the |aser
beam whi eherskoingeguathie 220 ef the Thaca edladtel medut #dma emi ts out put radi ati on,

eg. E Bdoﬁgiegat' O | "‘é}' 194! (ﬁaﬁgedfﬁﬁ& e T'a%ér’%%a&{/ L2d] 1§§e'r 8&1&9(:)5]' B %el' ocat ed

in the source collec Haser he sour ce col’l ector nodul e
may be sephrakencariXe), negSn)foohthﬁma(*Ip] whmh&rprawdmmrmsémel spplysH), thereﬁﬁ
provide the.| as beam f o n such_case | a i's not
onsi dor S5 BEMY gapedGa e 0 b gRsR e b Se LSV RER a0t REV-adfae i on
beamis pasg#id ridiansntgla@erhta@ eﬁnﬂgmetdxelta&@uraﬁ@r@ohlbmaﬁ@fommlsu lighsw éhitetne ai d
of a beagrnﬁde |ve for exanple, sujtable directing

sin
mrrors SAEYWTP és eé??&ﬂfg@@ss%bgi‘ Aef nemebucidrieesallield ortiy e an

i nt egral [gpos3) of tmlaﬁ@ﬂm@ i€ dleeied O (HOEM|eBior opfic EXARPlEuWN SN a v uagoUr Ce
is a discharge Bh@produced pl asma EUV generator, often terned as a DPP

sour ¢e. POOTABIMHE- i Tharralt srce Loy IE db ApnMeBly AklcaE ¢s pefherigleraeist i ng

the angukffs, iRl eshhde dbRlctor %Hd'uférS(S’fs ARG dBdLiR i Oe RRAMAFRNEER THYs at
| east the outer and/or inner radi al exten% (commonly referred to as a-outer

and a-i niwepted pegpeatdnvapeying @21 inhige el esir stiyictuiy@20. The virtual source point IF

2011/ 160?%&@%%&5 e]wééhgé egzltt&ﬁ%'laggm'ﬁ’b't' on in a pupil plane of the

illum na tion, the illumnator IL may conprise
vari ous (0683] conp@lrdemgls;hesuluhe asglettacabdwdd SOisedwdn anﬁlgmbcdmmsesmLHléw ces.
The ?é umnat may (gn § t.0 condltlonthe rtﬂ n})f aye

desi Fed Ui o SP“ &G ISERE SgPie I SPPT Lo S?“s“e? LR e %?Pe

5[ 00047] Idi’tﬁpr[sadl[}ﬂﬂ worcbedhe BPP SOurm:ﬂnﬁlpfur efdinfilBe palibeed td’llgisdm/d:lémm(ae g.
mask) MA, é% is held on the susﬁport tructur 3 g ablﬁh) MTI, and
is patteflﬁ TN Ehatt BPT Hgh de e YABPT Hetth e, f%eéﬁff“é%ﬁ f Poth ohe

patterni pRsHEWHES dafiis U VBREKLioNAA ENRchATH AL JueR aD 82, R NASESSe E(klfe@ﬂégh t he
projection systemPS, which focuses the beamonto a target portion C of the

subst r at B1anbewprikeurgietogoecs the KdV sadiatinn @ésfpqudh@raW&ﬁ%m%&O@F odh&ensor

PS2 6€. 9int@hediate focus may be located at or near an opening in an enclosing structure of the
source collector module.

[00054] After passing through the intermediate focus IF the radiation traverses the

illumination system IL. The illumination system IL. may include a facetted field mirror

device 22 and a facetted pupil mirror device 24 arranged to provide a desired angular

30  distribution of the radiation beam 21 at the patterning device MA, as well as a desired

uniformity of radiation intensity at the patterning device MA. Upon reflection of the beam of

radiation 21 at the patterning device MA, a patterned beam 26 is formed and the patterned

beam 26 is imaged by the projection system PS via reflective elements 28, 30 onto a substrate

W held by the substrate table WT.



10 interferonetric device, |linear encoder or capacitive sensor), the
substrate table WI' can be noved accurately, e.g. so as to position

di f f er entwoangetsogsorti ons C in the path of the radi ati orCoaERoiBosHsM | arly,
the first positioner PMand another pggition sensor PS1 can be used to
accurately position the patterning device (e.g. mask) MA wth respect to
the path of the radiation beam B. Patterni ng device (e.g. mask) MA and
substr at 0085y beMailei gaechtushangshbsnmask gahdrgliyrbatpresantk s Me, illvBri@tidn

bstr at | i t ks Pl : 0048] Th icted ld Db
isea 1 SeerbBerOa RO HEendfy duriy Abtrae 5§ Rore e EEPRAEL e FB % Lppor

St ruct ur ehowé:. ig thdEigked, @b & HmME e mhnee $UBSddiadral teBbdtRe MEnRAB pPkePit in
essentially stationary, while an entire pattern inparted to the radiation
beamis 96 PpUEteRsEtETORE $1aa sharya iyt £i on C at one tine (i.e. a single

statis exposslr €) . THaRrahsbiiBhiged ARG MWm ifse] hbem1p Plolibt @4 rddibReuwkaRfd/ or Y
direction so that a different target portion C can be exposed. 2. In scan

mode, t hBrosugspoRanied epafamipatioa pgriicipss kn thaispe) whare Wi eussdis fuchtleese abl e WI
are Scanﬂﬁﬁarﬁi}ﬁ&?dﬁrzﬁﬂm'ﬁ{am tr%d@ce@%E E%g of gp&[a{iﬁﬁte‘i;ﬁd)ldd@%e? 3Rl gfle beam i s

projected onto a 25 target” portion (1.e. si ngl e 'dynam ¢ exposure). The

vel oci t y centaniditraqtertotesofiaytthee g siss of ait © ababll BOWIneredtas. and may hakea sappor t
struct ur Gt &petogaboﬁ%%g ﬁal?o%e?r):s Wl%e%yltagﬁna?lﬁ% %I%Irt’ﬂ:h@? ‘((;:I]Ia? Xa\;ehles%)%%irenéfélgqg Q%ofult IC?].t I on

and i mage reversal aracteristics o roje on sy
anot her mdmetetsiper suppbatd by ot aspeeef gp tndekt 1080 he)erdfler saokept

essentia tatignary .holding.a progra | e..patterning devjc and the
subst  ar OBl o\ Plgish i PRRRE T i rBRY! AR THETIRER o (he
radi at i opatheomitse Pisajac10e GoofampR, teditigelly 0 tdntmin&tionl partichs snaf@aeel in
generally a pul sed. radi ation squrge is enpl oyed and the progra | e

pat ter ni 1 I EE o Hpdaresn & r%dé%miﬂrpéaf}'@f@f by ﬂ&awwgﬁfé?ﬁ maﬁ_? o

subst r at uiRithEre Won® relal vOIQ tiNVE @BntSHBERSS hafclEsalh A tihiRe tRWos&Sordiptic RIh @_scan.
Thi s node of operation can be readily 2011/ 160861PCT/ EP2011/ 054057 9

appl iled sl brveke @ld $hey Gollpef enpisy-Q preh thatithe pasicigsrwigradorrabewe Uisatatheplheg

devi ce, BUGNASIRGR. OWh%m%ﬁpimw FLf m%@i'hgléoﬁﬁmﬁaaﬁcyrpﬁaréécsf &fl%rtﬁéjpattﬁ) above.
[ 00049] Conbi nati ons and/or variations on the above descri bed nodes of use

or entiref thedidrh of eadiiativndés coftamigeationagartdlesonipebampd off dlep, mirror devices 22,
24 within the illumination system IL so that they reach the patterning device MA.

[00058] Relatively slow moving contamination particles may undergo Brownian

20  motion and hence drift through the low pressure environment of the source collector module

SO and illuminator module II. towards the patterning device MA. Furthermore, in some

lithographic apparatus, such as that shown in Figure 2, the illuminator module IL. and/or

source collector module SO may comprise a gas flow conduit 32. The gas flow conduit 32

may have a gas pumped through it so as to reduce molecular contamination within the

25  illumination module IL.. Molecular contamination may be the accumulation of molecules (or

products of the dissociation of these molecules caused by the radiation beam) on the surfaces

of reflectors (or other optical components) within the lithographic apparatus. The molecules

may originate from within the lithographic apparatus itself. For example, the molecules may

originate from the components of the lithographic apparatus, from lubricants used within the

30 lithographic apparatus or from electronic systems within the lithographic apparatus. The gas

pumped through the gas conduit 32 may be atomic hydrogen. In some embodiments, the gas

may be pumped into the gas conduit 32 so that the gas travels in a direction towards the

patterning device MA. In this case, the movement of the gas through the gas conduit 32 may

carry relatively slow contamination particles with it towards the patterning device MA.



5[ 00050] Fi gure 2 shows the apparatus 100 in nore detail, including the
source collector nodule SO the illumnation systemlIL, and the projection
syst em PSyvOTBha/wassnce col | ector nodul e SO i s construct esCamea@nnadnged such
t hat a vacuum environnment can be mai nyai ned in an encl osing structure 220
of the source collector nodule SO [O00051] A laser LA is arranged to deposit
| aser energy via a |laser beam 205 into a fuel, 10such as xenon (Xe), tin
(Sn) or [00089]Jum ( Un)xomhilitlogiaphip mppairded iff doomménatioe parsivlppieyci?@0 patdnging by

ti highly ioni I 1 ith el ect t t . of I
T0-s of 0D Bl LEFE! PUBRE I BRP ginirfu g Re M P am o -

r econbi naieaNd@fimtNESE L OHS theSm@FME pedortiades dih@e PliRgABhic @pbdract. et wand
focussed by a near. narmal incidence collector optic CO [00052] Radiation

that is PEFMERE &§Vi6y Ve Peomee BRI Wed FOapaeadPatclss: vi ridYaPe

15sous cen@idaty doFreplhfi€oVbibdial RAMMESE RIBIMAF InSor8QnuRBhixcer &f @8dhadet 0 as
the internediate focus, and the source collector nodule SO is arranged such

that t heP#lisrEphiatiatMAfibBas by reepsany de soe dheaperghiomelibe HRhogpiNe ARpapads-i n t he
encl osi ngngtd!b%ﬁt_tiljﬂé Bt ﬁ%%h&%%gi’d %‘%g‘%{“s SUULR sBPIY ddfealSintle IOF@gﬁofoélet he

radiation emtting plasm 53] Al 't hough the source collector nodul e
SO shownlithegiaplya pepafateog hiegedue PPr0gtulily o thetl i esapbicogpaains. et walt nodul e
may conp rc my .. f or - sour ce.
L ConP St e SRS AL i LS SR TR R o

di sch@r gendesttabla gas or vapor such as Xe gas, Li vapor or Sn vapor,

generati very hot plasma ich.emts EUV radiation. ol.]l ectar. optic
Juch as Whopu Ty ik B RRE  SrERiCTo ol B bR tfekiPERRic o v
radi at i osppanGsf iagiused by B0 ialFigurd 2r maelipattien fod eheslithdbephdd appattusmiddivatie focus

may be | gcated at ear an opening in an enclosing structure of the
source ¢ E‘ilrégtléf?aﬂ%g{ﬁﬂ?é’.rwf% z?flhfaétefi‘l%a%él?%go‘ffﬁ‘?%&f@ﬁ%ﬁ&“‘?%@%?ﬁ@ﬁ*eét e

focus | Frbh&eithoahd fittelnidV@N &8 MAhahé bbith BAthE Sﬁfhogﬁé%ﬁi@ AppdeatusTdh@wn in
illumnpnation systemIL may include a facetted field mrror device 22 and a

f acet ® edfipupidicomprires firgapd sesophwall mamberd 30 0%V deding pa of thegansrgdriar 30
di stri bugp onpOfrird NRd kadh@ AR ?é,ﬁtcotrﬂ}ﬁisep?és{ﬂ&'ﬁ% BfenfitNi@eaMATHaS el |
as a desired uniformty of radiation intensity at the patterning device NA
Upon ref beainieor0ot2 thate hearmof axiadhighiiothe 2ptiesl axih®/palt thebpinngl thdiztioe MA, a
broj oct oh oCyat S ARy o DB BIL MRN8 JASGyFRcher STHRBL LW e o
by the spsighatmembeipt d4 Which i3VOc@0d 4¢rd 80BEJfeANL BP2Q A1 1odbeh@bithd fassage of
20  gas from one side of the first wall member 36 to the other side of the first wall member 36 via
the opening 40.
[00061] The first and second wall members 36, 38 are spaced from one another such
that there is at least one gas flow path between them. In the embodiment shown in figure 3
there are two gas flow paths 46, one either side of the optical axis OA. The gas flow paths 46
25  allow gas to flow from inside the gas conduit 32 to outside the gas conduit 32 (outside the gas
conduit 32 is indicated generally by 48). The path of gas from inside the gas conduit 32 to
outside 48 the gas conduit is indicated generally by the arrows 50. The gas flow paths 46 are
defined by particle trapping structures 52. The particle trapping structures 52 comprise a
plurality of plates 52a. The plates 52a extend in a direction parallel to the optical axis OA
30 and extend alternately from the first wall member 36 and the second wall member 38. The
plates 52a are spaced from one another and extend in an interdigitated manner so that they
overlap in a direction perpendicular to the optical axis OA. The plates 52a of the particle

trapping structures 52 therefore ensure that there is no line of sight path for gas to flow from

inside the gas conduit 32 to outside 48 the gas conduit 32. The plates 52a confine gas flow



[ 00055] Mbre el enments than shown may generally be present in the
illumnation systemIL and projection systemPS. Further, there nay be nore
mrrors pwexentichdsan t hose shown in the Figures, for exaoplEP2ahesasnay be
1- 6 additional reflective elenents pgesent in the projection systemPS
than shown in Figure 2. 5[ 00056] The creation of ionized plasma from fuel
not only produces radiation, but also produces unwanted contam nati on
parti cl esrodgh t]ndmlmacsmpph‘r@rmtthn 5(25th thst iufddwasn fndiabct pithe rethsanateahe nat i on
particles produ at arate pr.oxi ma 10 er. second. The
Cont am nEFBH BB &1 BEt v i 4R aAB PGB P R e s, and
may havepagfis#e tofadp ouBideDMUtheSQR ABGIBLS eBor dagmphonicdphiiahiyobhdpaet i cl es
may have a speed of up to about 10100 neters per second, and nay have a

speed of difgstien ah kgt OYDHBCHRt ErROPBTICS WUGHH. Ouf%ﬁoﬁ%}hecﬁ?ﬁtcﬁ'ﬂﬁi%ta% -orhe

parti gl eshRbQAH Gttt 1t ffiemaPbe SRALCSInTRY peakeerlbddiBéRNthe BRLARHE OM t he
plasma 210. For exanple, relatively fast contam nation particles my travel
in the sa#b ivbrustenhsronis megeingduirilisteas Aarain o Gresder ey By BHS ©EarEe

col | ect 0&4@%&& Gl FHIUAIAT M EresSAMBwhAL Al hBShs CORRAMNAL o
particles strike the collector optic CO ounce off the

col | ect o¢mb<prhmentc@%mdh letegh of hachpdate iS58 é}@rwel ko élbsmtltailamv@rﬁ he upatih of the
beam of 0, t ticles
o 1ow t A sarah ¢ RE% bR Bl oty ARl LD Ao LR LA BTL
bounde opfates heymireveot appeoxiogsly 22% &dthavedrhaminbtive paktiqlﬂmfrtam pasrsmgyosw@nml L so

Cont ar nAE AC P O G oy P LRG0 BPBAN 20 oL ARt RSB £ £

through triygihOWrutes Sur fdedry ihcormENét odntdrhigatmupatcleolbyestorr7 magud of SO and
illum nator .nodul e IL}_‘% rds the atC{e-r int% device MA. FLtlrtherrmre in
some it H‘&é‘?lﬁlﬂm @ %lffﬁé? lenis IRy Re N k= 5%}?5 lea?‘ﬁéplates

i1 um natiQr 10vpdiel)e i \l.qllad& {g}rcﬁt@wmeam g%h% nOReeH & plafds Ry He QBRI iFRe a gas
fl ow conduit 32. The ow_condui t may have a gas punped through it

so addt ocrEHfe dhaipmay Pé??t“@%ﬁéﬁii A9 PBsswilt mmp erRkodpgents, |thenyss o icBivedrodul e

L. Mol eﬁlzl’ce@'il eCBBEeQWhQ@tthé?le%MmQ%f §1§1@c p%&ﬁ%%!gl@&b @b s a%QAHJa@élt ﬁ&lf
products of the dissociation of thesé nol ecules caused by the radiation
beam) onot pletesuniagerast the efdpetionrod cogrmrher popelecahict erpraemted)ram t hi n
the |ithggr i r e c e t he
1t hogr aphy LE o PR #5iEy, oI TAECU RIS i Bp LS 1 AT, T
fromt hepmsrm)ﬁ)nl&mds pbfesthay be trhyred plhompagh &r @tansr plareontd plerért angsensed

the3 | ithographic a gratus orfro cironic systens wi thin the
1t nglr B tap i STRERRRGE BRBRCHUR, Biwpb iR b 2t Behay be
atom c hywdrcagen. | n sonme enbodi rrents the gas may be purrped into the gas
condui t t hat._ t he astrav s in a direction_t rds the tternlng
Govi e MORH { hPdnaié ?H?@%@én%zn%reéfmw e F}ﬁ%@@rﬁpﬂlﬁe@a A3 Shdui t 32
may carr yhat gk adbi SF YadfukioNpEQE BubiR tHe d40c heSindMidiRe ]iissﬁng thée
patterning device NA. V\D 2011/ 160861P /E 2011/ 054057 0059] I n sone

| i t hogr apméraapphr Beasatcril apd Higknrsiaf themngmr tnecidschoseict ﬂt“ﬁét RSEREEPRi ng

devi 68 MAg(LNE 'Bedn'i‘2§ dss (HTRENS WRkich: ﬁfp?ecia@a%ﬁh&th@@orﬂe ﬂﬁﬁ(;dnﬁérﬁs Beihe hour ),
then this may have a detrinental effect on the inmaging perfornmance of the

| i t hogr apheeticaghamampne f4 makaotermisd A9 gf devpadenimdisden trerase Bieughilthat ed
wi th conygmjnafi QanPﬁ{ Wﬂ qeﬁhe hémbBYe JPsz%}so fGER §@fh¥t éo?ltah‘ﬁ}?elti%ﬁ?ar%clegl ean

t he patterning der to replace or clean erni ng
devi ce leaveﬂhngmy fdsesmedsesslaar@retmorsmfape tadmtiopbeaat 2 bennofrikehbe tnlelnhragct aphi c

appar at ug, 1th01% ycausmlﬁ &eé{;naatfont cﬁq}%ﬂ' Qrager ﬂzﬁ p(; e(l:n g‘x@e[%l?"; E H%e\l\gﬁjelr_lqlorlgns %} Lo N @

decrease i n ogra I'c app ara us "and hience S edftice t he
pr of B0 abtikltt y of the | it hographic apparatus. It will be appreciated that

any redugopd) '" U REALLAERL L ALtk LidDoA" BRNLSSRPALALYS, RY Pe
collisions of many fast moving contamination particles with the membrane 44 without the
membrane 44 degrading such that it is no longer gas-tight. For example, the membrane may

need to withstand a pressure of approximately 1 GPa to 10 GPa created by a Sn particle. It is



10undesirabl e. [00060] Figure 3 shows a schematic cross section through a
portion of the lithographic apparatus indicated by 34 in Figure 2. The
porti on oWotzhm/iebsshogr aphi ¢ apparatus shown in figure 3PCI/EPapalob®sDf
preventing both fast nmoving and sl ow g®vi ng contam nation particles from
reaching the patterning device MA. The portion of the |ithographic
apparatus shown in 15 figure 3 conprises first and second wall nenbers 36,
38 whi chthdeflitniat piar tateodf doliesigasnaydrdefithe 8@er dihebohi 1ED @idime pongcul. |
menber s rise.res ctlveo 42. The. openin

Share a dBhigoal BRT R R Sp PRI By RS ol SBERIBRDY 180 at t on
21 of t hgadontch@grapipptoxappayal usm. TheOpentlng iy ba ddvellin rat spyalld ofrerber
36 conprises a gas-tight nenbrane 44 which is secured across the o enlng 40
so as t o2PRrRgRAEly HE IB%‘%@&’@%S‘*(‘}Pn‘éb)gaa@rqxﬂ%?ﬁﬂddgog|H&éﬂr%?ert%’i‘é°“rdu r5vi

nmenbes 38 drQidiéte uk NBkre Shale vofa e idrsdirtWahd sinRNPEici36 C\'Sllﬁmtgh%ltﬁptﬁé“ ng 40.
[ 00061] The first and second wall nenbers 36, 38 are spaced from one anot her
such t hatemhene 4tqt arvanedn of sppgds. ghgthermagie phe Ftp et srbnonsHd the fagt pReng

embodi Meply B0 Mehb@HE & S:hNBLEndHE bi¥RrOaAN LA paths 46, one either
side of the optical axis OA The gas flow paths 46 25 allow gas to flow
from i nsi9864lhe ga’s f@dmbwing ®2tatrtma@9tl prdielet thryeldiag i theduaine @@C%mssth@ie t he
gas cond . e nsi de
Phe gno Bt rban o] SHER BF 5BYR0R Y ey D%, B R loetBRLERIATY OF
t he 40r opsti&ls whhd gasndvirgwinpéht hsrnd@hracrt@nd@f theeatlibipnpzati Z1 esuth apphamg
structures.52.. . T icle.tra tructures 52 co se . a rality of
ol ot oo sonieae ey PRSP iR ' LA PR AT Feiat BBt
axi s OA 39 (anchdexicarns abit er rdb@ldy (ot GRaw)efrfrhré n\i@iﬂramﬁ)ema%m@ﬁdgt he
second wall nenber 38. Th ’c‘fﬁl ates 52a are spaced from one anot her and

ext end i FOHMINF{WY BATIFIEAVBIFD rFEPRER 15N (TR fREARC St A0S reNSTEYi #5eBFY on

per pendi ggbaid. UThid 136s OnkegImBXdaBse@st mdvehglodlafinidA p@iiticlh@hRAMtEuhe
trapping structures 52 therefore ensure that there is no line of sight path
for das PU the BEMPREeQ Preole steMgyde comaninatiagppaicleuvBich somgug e Mgy

condui t = 32nin e o @Hn@én 52a1CAPtdsD oGRS i@ PP LOARBLEGEHEREAL/ 054057
12 through the partlc e trapping structure 52 such that it foll ows an

i ndi r ect cpuarpination phfidesabey nhe fubsliquendlty patthppes withwathdepartade dlaeping . e. t he
path chag %§J gFiecti on nultiple tinmes as it progresses towards outside 48
the gas condurt '32. For exanple, the path may change direction at |east
four tinE¥06S] it pixagmpes sembrw%mai&imursilmﬂe zﬂ,ﬁomhm das mollyddﬂnUmBz\/Io)The 5

changes in.directi.on esent nbodi nent
the Bandli et Batior SialbePRh Moo Rastl g ¢ R BUEEER (1A% one
directi onarads}d(@)hemn tdniige bba gamgb f thicknopposf inEmHﬂaheém mﬂlﬁbhvwﬁw sé u$eﬁ is

progresses t par ds OUtSI nduit 32 wher e
Phe’! engthebfl Biiiefitibabastp pamatier L8 kR ibgbs EamOHaF & o Protud) 1 <
appr oxi wm@(ehynoal&t&s B&. t RRoHEPALAIOBF PehMaan aejnaserd usf.élclaeb &8brd@, thsuch a
pair of adjacent 10 plates may prevent approxinmately 90% of the

cont ani nBXTSfMpAT eRRlces Pepindiigsy Hocawkthhebenaithel BelmernepidiFaBrd g at es.

In sege gaRAHIENM: Sons! \Rlltmt BRvAIVRRLAGRRAWR phRicldk hﬁtﬂ%ﬁf Héggzic@n(;gt 2189
structure to reduce the |level of contam nation particles orders

of magni shedeof graphehe seaydrbesdd. rré%iteglarltfelmglt@eh@éslweaﬁpl@pm%nm @hmhty st 5
pairs of éﬁghc%% éets%aé s1teeof Qh%hé‘h n?_ag e‘Mgbd R%ﬁ%@rﬁgﬂe@i&% dipat any
er e r 1

appropri es el use exa ere may be
bet ween theanentir@@: 494 mtaﬁbe alsmg@hgere]qu@mm snatdriab omsmlydfe muitlpledawksat es

(i.e. p ere.there n |ght path through the gap between
an adj ac?ﬁ fafﬂ%lrls maES]be (frmf:dhfm&fererﬂglageansaz the proportion of contam nation

part Bcl ef00db6lch aris praveshy éidedssedmpadksisnbrobgi ﬂdé@ﬂﬂich&ra@pljn@@&ﬂcttuqaaﬁi of
plates c are&i o planar. plates. It follo h | ess irs af ved
Dl at oo miyPRE Tl e Pednedomp et bRarip & cbp TS ey b widi hen
gas conduit 32 to outside 48 the gas conduit may carry with it slow moving contamination
particles such as those indicated by 58. Because the gas has to undertake an indirect path

through the particle trapping structure 52, the path of the gas from inside the gas conduit 32



20 proportion of contam nation particles from passing through the

contam nation trapping structure. [00062]In use, the openings 40, 42 are

ar ranged wot2bhimiebsse | it hographi ¢ apparatus so that the lpeampediinamsati on
passes through the openings 40, 42, inpgluding passing through the nmenbrane
44. The material and thickness of the nmenbrane 44 is chosen so that it
permts the 25 radiation beam 21 to pass through it. It will be appreciated
that in soowsiderB®dharpat @ndbit ishnpervibat hainectthgmthmﬂfm m§er41=ﬁdmw floet pgler m t
100% of t(heinlden iat. nto sst essa

mat eri al CSFIPFIF? "hré P%"ﬁg Eecélgg 8?ic?§" 1%@}{1@ ycao%rF%\t af%ﬁrewgti cles

travel | i pglladefinafptths papes gaM6\h@atdl46thth@ma@fa firkeantl dekdoat wan nlﬂaefadasZ% can
strike the nmenbrane 44 w t hout causing gradatl on of the menbrane 44 to an

extent t AAENG PCRESTed) ndt Yrger sugass ar?fb? YHts deflé’@éélﬂlmch%%ﬁ}%%atﬁ4 i's

al so gbl ¢ tugne Wh Bt @RApdsBE (P LE HSHVEIs Gl @At BE iRNrebN B0 Phihl SbANS PlordaRpy fast
novi ng contam nation particles with the nenbrane 44 w t hout the nenbrane 44

degr adi ngrsge AreeHar thet slow meyinopryermigaion: pagtiples wighin dh g ©, cst ngAdr ane

may needn{cféay@dt stﬁﬁ%@enge@opfh%%ﬂfs%eﬂfnn W%h@@tfﬁ)w a?t ?&ea&& tiIIQ 11@@108& eat ed
by a Sn particle. 1t i1s WO 2011/ 160861PCT/ EP2011/%54057 13 thought that the

rate of cwohprsildnthanelya dieccoflovipetho taethe giovamoving tod8inelidn mirers yiéhin second.
The size h[%f %atsrﬁ f % acw quscg ?Tgpﬁl%t i!n8£‘ c‘PEHoW S%tﬁs %ﬁetﬁ% LiBw .{ﬂ‘éwhgagebgf

appr oxi na 0" nanomet ers roxi mat artic
travedli n@namnstpqustlc&n‘s captpcrt@mt ohthe va;alli@éfmnm e $ndple¢t @eﬁowqbalﬂlc% within

appr oxi 00 nmet be. 5 there
oy be Al P Frsp oy RSeRShavbr i s 51 BRRGTE S dRe Bidhor ane
44 at a Malel ®ing t@fesﬁ@%ﬁﬁﬁoneﬁﬂrﬂﬁd’l@ﬁlmlﬁch {dTines ﬂlbencﬁlfectcghk Iflos p84@6f thée f ast
novi ng particles of the ggnbran not $e constant with tlne

[ 00064] APHHS'E UBRINA §ITESHE AAidfal! Bﬁt%g pﬁ{:lB@c Pl Y9 g Rt RBLEAEAHEon

di recti opar@isied bR ¢apdir@t bP bR dkinMet Mk Nndiker gasneen@dn 4o 32 teSpdrfiele cat ed
by 54. Fast noving contam nation 10 particles which are noving in _the sane

di r ed®i ofiarpéng HecrEdpathomshsle bas nasigd thrgych fapaitislyi BRpag sByctw4)>2dp| | i de

wi t h t he RN 2B MthaaR a‘%ﬁ&&e&h@ﬁ%ﬁ‘&tédr’ﬂ%ﬁéﬁ%d@zthe menbr ane 44 (as
i ndi cated by 56) or rebound (not shown) fromthe merrbrane 44. Fast noving

cont ami nE006T par tAcmestionkil @hovee suimdiréat geiht dethprpatiickneappinensipclugs 82 ener gy
as they peh é&’}ﬂrect %{ Sl Bf%ém?efs fa‘§ ﬂﬁ);%\ée ’Jn%’s%o&%‘d? Sutélﬁé bg Fﬂ%‘sfg:aé‘gon%ﬁﬂ Lamation

particles | C ound rane to becone OW nmov
cont am neltanges 1pdrr6thoh@£ thehndsteccfbovw patbief ﬂlepmvb tapping sirdcnege gag bcabmlpm t 32.

par t PRI oo RO SR o e B G U RS bR B ST h L g "
st ruct ur enckse {h@@ﬂlﬁlﬂioﬁxaﬂmlcentmmaﬁan parttelt evilhkentadn ceusldlszwiiclp defida ther ) |
ol ybdenurgllrgct g)as flow path 46, when the gas undertakes an abrupt change in direction due to the
abrupt change in direction of the flow path. By increasing the likelihood that contamination
particles will contact the walls which define the indirect gas flow path 46, it is more likely
25  that slow moving contamination particles carried by the gas will come to rest against one of
the walls which defines the indirect gas flow path 46 of the particle trapping structure 52. In
this way, abrupt changes in the direction of the indirect flow path may increase the likelihood
that contamination particles are captured by the walls defining the indirect gas flow path 46
of the particle trapping structure 52. It follows that abrupt changes in the direction of the
30 indirect flow path 46 may reduce the likelihood that contamination particles pass to outside
48 the gas conduit.
[00068] It can be seen that the combination of a membrane formed from a material and
thickness sufficient to prevent fast moving contamination particles passing through it (and

also sufficient to prevent the membrane from becoming non gas-tight), and a particle trapping



20 yttrium(Y), silicon (Si), rubidium(Rb), strontium (Sr), niobium (Nb),
rut heni um (Ru) and carbon (C). An exanple of a range of thicknesses of
menbr ane wWo 2hiwhsemay be used is about 10 nanonet ers toPabmPRo13084057
nanoneters. For exanple, the nenbrane{44 may be about 100 nanoneters thick.
Anot her exanple of a material that nmay be used to fabricate the nenbrane is
graphene. Depending on at |east the strength of the nenbrane 44 required to
25 wi t hsttantire adohfigireh so wdilactf slstv MoVinggcevamiaaionapardoleparilli elsels ini 4 hout
degradin a si.ngl e sheet .0 raphene be .used. ternativel .a

o aphene lagaptE e RlR niyEho L ARRER obf gRaher e Hade enb 9 BhBsi c e o
gr aphenecédiakiasimyrdes isateadhingthé patRmiappivReMaed that the nmenbrane 44
may be a _single layer of a particular materjal, or may be multjple |ayers.
The |ayel@0ﬁ§y be Tt BHhRGAAPF G P dRethovieBediRPR of B iBwEeT Kot ousl y
di scugsedy waasr Ela@Wie 1y OMDMat the sddBé bi Gb Enveh @HNhBEId THT BCHHAQShPRACH hPM
inside the gas conduit 32 to outside the gas conduit 48. The flow of gas
from i nsPe@Nhe lgadll duHguibe Bpregigtegduhali vsiong madeicghenscomd BF tmaggytocBe ry with
[ sl oW BRKIGGCACH! AT AR RALHLE LA URRASIHRARE tATIfALER. BY BE.
Because the gas has to undertake an indirect path through the particle

t rappi nginyertiset ure 52, the path of the gas frominside the gas conduit 32
WO 2011/ 1PCT/ . 4 i 43 .t it.l.g.1onger
than a d rgc pat hﬁﬁ% gé S?Jﬁég%z?eﬁdﬁh%g?& %}@8%&%’#@? grésqrr%gtre ggpw Sguté]ﬂ%rter

| engtlh dimaecit]l dasisfimpwngablh)io ifst devingecd bjova ngveat@ntagimaiac @adickesa éf wal | s

defining the ipdirect gas flow path 46 (ip this.case a first. and. second
el | o GeesBi 58 Facan O AR Martiode By b p8R 31t Bos SAPRSRES Nt 1 6
def i ni ngsdope dfnghcr @eénti@asthid ey pRinbBrade 40ayt hat gds her@ashld, Sproxipgas eight t@e as it
travels along the indirect flow ﬁat&@éovi es ajﬂ{geater surfacaj ﬁr«ﬁ for
the sl ow VTR WS FARIB RS ARTOF MGROERI- S TRERPTEY BYRTACIOY The

i ncreasede saabRCE AlRANGhg iR LbifisidRf with M8t hRinaNWhiaBttatibh PUiBRE Bo

i ncreases the |ikelihood icorrpar ed to that of a direct flow gat h) that the
s| ow!Provahthe shitidhelribe membiar t & simgicrpianlerth @GS  MAVINECBA S EEt MPHES wal | s
def i ni ng & fGninMetin Redc1ds |8 RALL 2N e LS H3 AR AN HukCiGRNhaaRab on
particles contact one of the walls defining the indirect gas flow path 46
wi t hi n t heanpal of &k dithogeappic pgpasatnuitt Rasethiugh tihaym theyradigten sogroeeXdt toagai nst

t he wal | gl ich have cone to rest against one of the walls which
defi nes P?{gﬁﬁ{%%g‘%tm%as flow path 46 of the particle trapping structure 52
are indi (0ed by @6.thBesailsd cthedigleowihepldtesed2e ofitlemariatd wappparstrughes ar e

d h || def.j ni he i i h 46 of h
P BT o5 ey R R Al P b The HRR: RAPHRPBAES Phioblifh  ne

parti cl estapappidigxainplec ther plate? mas bd @en-pranan aardr adirvwed! | Ohe phtcsihyese (t hi s
is indicated b he arrow 62). [00067] As nti oned above, the jndirect path
of the PRI FPEBTAGPERA: FaiFET SHa G G G Eer IO T ¥p8 1t Phes ae
it progressgsctédnemds nattisl #BicHSs hhieredas cGRNEW hitnodpherel REwRIORMGESariidle
direction of the indirect flow path of the particle trapFi ng structure my
be abr uptaPme ABHUSE ERaHged o FXamc-dif rBe PRGKICOFaRPHE FigIYREt Updt B &f the
par t bgl enid8RRLNE BhbPaEM! Kitde TTRYK-rbRELERBR AN Encldk GlinhRRfh (IRkungsten

contam nation particles wll contact the walls which define the indirect
gas fl ow(Watrhthagumy{Reh mtebdgawn (Maer sibkaasoxige @HPupaircemamgeideZgPreed i on due
to the a [ i Adirection of the flow path. By increasing the
likeli hogl Hﬁ%&@%g@%?%%ﬁﬁati on particles will contact the walls which define
t he i ndi t09072]gas fIt will lratppred@edithat pishaweh ehelindiektyga® Bowhpath 49| dsiingrovyi thg
contam nati.on particles cart,ed. by . th as W/l cone to, rest against one of
the wal | EURP CHPRE SIEEMIR 2 MuimPii et Sreltgoisat & s iR ooigifpelly

t r appd ngbsistrughicdomc)S2ny dppraphias svaytureabhiviptreatoangyaslircat dah@odi radcinhphe of t he
indirect flow path may increase .t | i kelihpod t ont am nation particles
are capt Uidd et"ﬁlgp\‘fva?hfspaﬁle?nia}ﬁibﬁgaﬁ}yﬁét i Feel fgﬁ ARSI 48P t he
parti cl epirtiappiapPing tsirb@idrayoidke bhy higirbonge tnat Bl piplicl€ Rapges skwulrbe
direction of the 30 indirect flow path 46 ,rraé reduce the |ikelihood that
cont am ndtTshPpereble (b eepmitinebiigysicgeras ipHee §asapyRdl his EoDBSERrt can
be seen thahite & NRIRELE CRarfer 2wARTIE aNes Y R shh@MudyBiSEdR, @pd

t hi ckness sufficient to prevent fast noving contam nation parti cfges passi ng
through it (and al so sufficient to prevent the nmenbrane from becom ng non
gas-tight), and a particle trapping




WO 2011/ 160861PCT/ EP2011/ 054057 15 structure configured to collect slow
nmovi ng contam nation particles will result in a |ithographic apparatus
whi ch i s waepahblwossii preventing both fast and sl ow novi ngCTEPR@TIOBAET ON
particles fromreaching the patterninggdevice MA. [00069]1t will be
appreci ated that the above enbodi nent of the invention is described 5 by
way of exanple only and that the scope of the invention should not be
limted passcdt @ntaerigatiph @artictes writhlin fher gaaeivonb énsafepthe chahled tb hatsideathe ous

nmodi fi catj ons e made to the. enbodinent .of the invention.described
Rbove i PHOUE™ CRKPE: R e Ghi PR TS BEADFONIGE 1H B P P00 Grgar

previ ouskictiis pusaeth thehas meiiRatcAl Waic entsamatisipiredeOivitRiaths did abl e
10material that |s.inperneable to fast moving and sl ow povi ng caont am nation
par ti cl ebxampleppiaiapls spengedike materaly pcluge sponge-{ikg maferials roRtfugive o i s

gas- t 5 9hinetadOVRVE Hesirhble ItRat Whd RlaRdrihin@ e GO RSnsaictthe shorye Mkt audrARts fdne

menbr ane may be gas perneabl e, provided that the contam nation particles

cannot pEBSIEHP disghmesrberramyhishéhe Psclerismiitensrupitcetti vdlichsih dumg paié wethpabl e
of withs{apdiyn @OMHH’I{I)@J, & O #)%ultia'e Qﬁ?pi\tﬂ\% tluchs t(anq'?l%h&gth& %@éﬂiﬁ@ﬁh@ﬂal

particles so 15 that 'the ability o e nenbrane 44 to be |rrperrreabl)e to

bot h f asts Wobé nigedamd ashyshwpaenvdtmgspbeiat ghei neppicpnaiganti-edasisvedgerlsnacludegr ade.

The nenbr, ) i I h i at i .
i Ehogr anREniRt B0 At (3K Shiraiiubitkd 3 B ARCRFRTUEL, The \Bsetibe o6 1,
t he pat t enarerinlgcaigriscea Mitice| @00NE ]al plutahiy deseitich e dhe sipode-hiknmaterinempy at es

52a of the particle trappin tructures 2052 ar ner.al | lanar. It wll
e appr ey EDCE AP BRI B s RS AI0RE 4 Sulronradn P maro,
exanpl e, ThépathlodtiRSealtiyrolith thOBpdaleMias nARGADIS ifdifevettkcaukbeéhdd¢ati@seclmaya be
constructed from any appropri ate erial. |t may be advant ageous for the
pl at es 52%%*?8‘133@ hE‘bﬁ/"élﬂ B’ﬁ%‘{ggé S?ﬁl%r??g‘tilﬁ%?%‘fai%ﬂes WTF%HE‘? %Poﬂ%ﬁil? eé’g%f‘fril e in the
at mospheygporsy Whi ap wihevPappreshied thaPRithl el petitlé QrdppindSQehctulOof exanpl e,
if the particle trapping structure is used in a 25 hydrogen-rich

at nodphefescrieydi erabdemenioHicr de tmepdngrae M pon Aficie WahimThsi gan feapme
tungst enykMhed foUbDERIATRiCRYine MR MBESH Y i ?&zlztth Stk b 608 BX g%clé V%\I/iaPlla)l%e

zi rconi um oxi de (Zr02) and al um ni um oXi de (Al 203). [00072] 1t w1’

appr eci astetturésat?2. dibehaimented thardinkagunatiga paticlestophe ialsdediefnigrieaingyect he
particle_ftr [ e [ e i [ dering
(specifi é%sl ﬁ{}/&? pgg‘ ﬁé@%&%ﬁ%&gﬁfﬂ&%é §ﬁ1§%§%§?6’% i at é%g%rﬂf%‘?ed%&h%?ﬁ creates
an i ndi r éstesgasvebh dw @ataminsipn Ipertiske dnd herwaixaapbas. irhenpatntbodayenipeit

B4 B b AR SRR S MR 5 PR -A SRR 1O,

ability of the contamination particles to stick to the walls defining the indirect gas flow path
46 of the particle trapping structure 52. For example, the walls may be coated in an adhesive
or the like. Also, in some embodiments the particle trapping structures may be heated so as
to improve the attachment of contamination particles within the gas to the walls which define

25  the indirect gas flow path 46 of the particle trapping structures 52.
[00074] Within the described embodiment, the membrane 44 is adjacent two separate
particle trapping structures 52. It will be appreciated that a lithographic apparatus according
to the present invention may comprise only one particle trapping structure or alternatively
may comprise more than two. Furthermore, any particle trapping structure may be located at

30  aposition remote to the membrane.
[00075] According to an alternative aspect, it is possible to provide a lithographic
apparatus that includes a radiation source, the radiation source configured to produce a
radiation beam, a support configured to support a patterning device, the patterning device

being configured to impart the radiation beam with a pattern to form a patterned radiation



shoul d be capable of permtting a flow of gas frominside a chanber (in
this case the gas conduit 32) to outside the chanber, whilst at the sane
ti me subsweniilaléhgeipr eventi ng t he WO 2011/ 160861PCT/ EP2@L1/rP2¢10HF4036
passage of contam nation particles wighin the gas frominside the chanber
to outside the chanmber. Another exanple of a possible particle trapping
structure is a sponge-like material which is porous to the gas but

i mper neabéam, tachitheerdemtedetvatn dre rpdidtidncbase wid thi uipog (gaispattExanpleeise of

sui tabl e onge-|ike teri.als. i nclude opge-|like terial s canstructed
Froms NEPANE P Bk SnFisk et en 20 RY Shonat ” (BEHRPLR: Sl PRe T he
sponge | idsg@ dnatopti¢atkomporiAnwhieRed tontighidd td erREBS pligition ibBarith€ bhdnttr
particle trapping structure of which it fornms part will be used. For
exanpl e, beipg tcﬂléﬁgﬁé‘?dt focP&™ity %B‘ﬁp% fropy H’Gtﬁﬁ?%“‘(%ﬁﬂ“??e?ﬁ’c%asﬁ H]ém%%bﬁgté-tp? ke

mat er sal hatlepnih @ dddGeeUH8A thémBrakty eeQBERb AL ]S Bourbd @NpRRRMRPHds3e of
non-reactive netals include Al um nium (AI%, ungst en (% rut heni um ( Ru)

and nol yBgérigHonhsym thrpeehd o pgabrapg.sheymergbrang gso nEguedlol pagvenicae

defi ni ng stzrf_gewf%ﬂt&rﬂin%ﬁon@%lcﬁés%ouéﬂlﬁe ﬁleﬁ'Bﬂlﬁé,ltﬁé(ﬁerHﬁtaﬁé Edhpr P BEi Lt gas
to flow frominside the chanber to outside the chanber al opng n i ndlrect

pat h. Thérpad hf ghpliche Yasnot heastrgty thitehesponbrand ddfimenparieetithd chambemdoriect

because r | s, | n-str i . t a i of

adi acent "agsTRRL HREE Ry (000 SE TR e bBRBPRAL CHIE PR B2

appr ¢¢i atrechbtadnamawiférn npdlhde panstruaddeantiraappdedgo poregacthe pateniing fevickSrabescr i bed
enbodi nent ,. .t he sl ow novi contam nati on rticles wthin the gas becone
at't achedp?IBC]f%tgla\/\égml 4Rl itﬂnﬂeallﬁong b easiansag‘i?féﬁ“fﬁé@“?fr ow path 46 through

t he part [000R6]t r apdh g &héribel umesdibnt thihSembiaae bieprtidd trigpenecimt@ra fat i on
particles to the walls defining the indirect s flow pat 6 of the
particl e?Qc?tﬁ%mlﬁﬂ‘m??rlﬁwﬁﬁago%?}%ﬁé‘}/%bé‘t ﬂm@&%@e Vah¢ “\f?fga‘f Qsesli (9 P

bet ween phRrEANUAMINGAL OMhiPAelinet BStharasel her WalrhplERADESbrahd afOpBRticle

enbodi ments it 20 may be desirable to coat the particle trapping structure

wi thia sUBRRINERICT BRY PAPrvesd ehibe apd Pl thy 2at canduit ¢ mthiahi Inalorshiopae ti cl es
o sti Cki&té?mtemgte\/&%t&ssﬁdefAuai&iggalfyg@f Alf&ﬁ{aﬁef&, ﬁﬂ@sfnénll&%epﬁ{dhpf}@d@ftraf) R

particle trapping structure 52. "For exanple, the walls nmay be coated in an
adhesi vestorcturpgmay bk éocatadl sipthin the sowe repdybd$ Gelint exanipée garmopioprebetwapphag
structur t& Iapr t - f ipation
part ol el ke PRIALERARR: ARl | R HRer MG AR Mot 1 BERAIREC! (0,
pat h 46 ofaythHeesupariiat gl éring dphi pat sf rhecilumasti&? sydiddd OIZ 4Jhd mbrmbratchbeidgescr i bed

enbodi ment ., the nepbrane 44 is adj.acent t eparat.e particle t ing

ot podd ur Bherms i TR Pia o PRl e S rtd AT PR B PRI EpbablfrR:

accor di ngrojeatibh eyspne PSNthd Me@Biah® AlsOENINQOIATREHhERatO PhycsonBhipahd ipedj@tibi appi ng
structure or alternatively conprise re than two. Furthernore, any
par i ol e PRIb AP GIS TRty el BineBRodmea0 B SRS uHBE bt o 1 he
menbr ane patfcBiRy 2b-fe€ A NGt heaNlvdlihRioNadykie asPed prdidetibs Passi birge t o

provide a |ithographic apparatus that_ includes a radiation source, the
r adi at i of€EYIAE énaddiﬁflpeg aR @%Ft’taOChﬁmB%Fu‘ff’éhla which the patterning device is situated. It

25  will be appreciated that in this embodiment, the beam of radiation will pass through the
membrane twice: once when it travels from the illumination system to the patterning device
and once when it travels from the patterning device to the projection system. The
illumination system and projection system may each comprise a chamber which is defined in
part by the membrane. The membrane may be provided after the source module SO and

30  before optics of the illumination system IL.

[00077] It will also be appreciated that a lithographic apparatus according the present

invention may comprise more than one membrane.



radi ati on beam a support configured to support a patterning device, the
patterni ng device being configured to inpart the radiation beamwth a
patt er n twoforimessepat t er ned radi ati on WO 2011/ 160861 PCPCERZOMLL/08H4057 17
beam a chanber |ocated between the ragliati on source and the support (and
patterning device when the patterning device is being supported by the
support), the chanber containing at |east one optical conponent which is
conf i gur f10078) r ef | & atentbhne fadicdtfiomn glaglame nidyebeqhavitielrat hey ngtableribéagun ed t o
permt radjation fromthe radjation source to pas hrough it to the 5

Dot ter ni Mo ey RerRC e utyor LR SPaR s B b LRt dBeoRper i

t he passpggeagfof thiRarhiashicitjaaitldeatudhhholgbeiaftac sfpakane, the nmenbrane al so
bei ng configgred to prevent the passage of contam nation partjcles through
the menbF8AE] t he MeRBYEMEY CBAPION: iy SErtaBET AGIFoPiedeotuigPlaphenEs it is
not ngcessaing thd tendbhife BB HRIAAENARINNES mAJLE ofphédie GHAFRES cofonlya i t
necessary that the nmenbrane lies in the path of the radiation beam In such
an aspecPlangrigect of pEshisy dpes iay honsyeAne gadtpl; latliec. corphimgcheds ahighdeeanged to
pr ot ect BPEarREérEﬁJ Nb NG EGY hﬁﬁv{oﬁ&%d?ﬁ{oh'c%lng%rea habkP LGRS Ss. DueTRY al SO
be used as a peggral purity filter. [00076]In the described enbodi ment the
menbr ane thesiprpeartidseirapheneapy dep tusedtodpean pelbclpsogap@tialgurity flterhe

i1l um natg syst |k ﬁ .t he S i 4 t to the
patterniﬂgﬁggviceqﬁk{ wg%%ég?aﬁggkgéggH%%EgggEaég%d%§g§%%§§§€ﬁ%8%%nbrane
and part male fioh b rsdppingidtmuSi/Boe nteyiabe Thosi matoridsd hate déve femad of be he gas
conduit 32 which is cJosest to the internediate, fac | F. Additianally or
ot er na FOBFGATS s b PE et ey B R0r B PghRe et uebisn SRRl B otat ed
Wi t hi n t bensouidc® swtetfrem SGhstdndin]l ©xsmpkien abss&. A0S fol thd 1adbe bhvedsthése of

col l ector d the internediate focus LF. In a further glternatiye

enbodi neﬁ‘flﬁg‘?%gla RbPaRE i BAcHe ORite 1 hearryeatiHiple af@{fla'lf fed

i1 um natde@B withet £Mthbdsaftid §paRER! #0RhEBLARY thé Qadk BlciBMial RbARAJsE St Mk t hi n
the illum nation system an the‘patternlngfdeV|qe) and gart of the

proj éeti OMRY iRl Py pepe thaetbelirle famsd obBiingaicritlanaretnt &e éblspe Medain t hi n
the DFOJﬁQ%h%ﬂnf¥§Q§Wb%ﬁgwhﬁ&ﬁﬁﬁHkﬁﬁ@&Egm aNd ¢8ikle an&@hﬁnQﬁQQQMﬂ@%E1 the
nmenbrane separates the patterning device fromboth the”illunination system
and t he pitbjtendingortheyetvaionmial rfeetbis anathpaythelefitheeraphia ppparatusa cadber

w thin We p I.ng: ' L S S ~ Sp:m i at ed
that in ehanbaabRkLE! MODuOE Bk bRk} ko bbpliE SRRAEE

menbr aneatdidrebangen oeembantuid As@evaebslyf mentiohbd Si/Rb umitaratsilone baestfemdtio t he

patt gxni ng.devi ce .and.qgnce when it travels om.the patterning devi.ce to
oo B o) B Gong SRR Brs Flhsirhesbh 565 « LT BE b P e B U
each conptdesssofd0zhdnieifcidért GV sddedn. n&gly irahspakion Myssdshime et patide wilhe
menbr ane . b fter the so tc&wqgfule SO and 30hefore optics of

e pr vi ded E ) ; .
the 1 11 uFiPHAE 61 FatoaritiPinepogbaierpt GBS *BpEIEL HTEE AP a
l'i t hogr aphd &d@d@i@ﬁbﬁiﬂ%ﬁ%gﬁﬁbﬁhdﬂ% $thBe MBSEHic apgmms! on My conprise nore
t han one_nenbrane. 11/ 160861PCT/ EP2011/ 054057 .
[00081] Figure 4 shows a graphene pellicle 64. The pellicle 64 is supported by a
25  pellicle frame 66 which holds the pellicle 64 at a fixed distance from the reticle 68. The
reticle 68 lies in the focal plane of the lithographic apparatus and is an example of a
patterning device.
[00082] The use of a pellicle is known as a way of preventing debris (e.g. contaminant
or dust particles) from coming into contact with the reticle. Any debris which comes to rest
30 on the reticle may cause substantial degradation in the imaging performance of the
lithographic apparatus because the reticle (and hence the debris in contact with the reticle) is
in the focal plane of the lithographic apparatus. As previously stated, the pellicle prevents

debris from reaching the reticle. Any debris which comes to rest on the pellicle will not be in

the focal plane of the lithographic apparatus and therefore any degradation in the imaging



18 [00078] A nenbrane forned from graphene may be provided at any suitable
| ocation in the lithographi c apparatus. The nenbrane may for exanple be
conf i gur esot20118t60851t he passage of contam nation parti cl esTiErR@uyhoshe

| i t hogr aphi c apparatus. [00079] As preygously nmentioned, a substance which
may be suitable for use in 5 formng the nmenbrane of the present invention
may be graphene. G aphene is comonly a planar sheet of carbon atons in a
honeyconperbaryat el of Itk tithograpiar aplwenes shobsmacthieghthdie iff the datfristindremane@ncy to
extrenme ulfra iol.efﬁ radi ati on conpared to other solid materials. Due to

t hese pr Beﬁ%?qt;ﬂ‘é%enﬁ aphene may al so be used to formpellicles or spectral
purity f{oo083is. [ OCHS8McKpOWhpR&lel AChesIWM ¢h bayv &itheENVUSARkivh tritayEbY

radi ation include pellicles 10 made froma silicaon/rubidium (Si/Ru)

mat er i al PAFREYY HHPRIPERPS haBelide A4 shimbingigeye dundeigiatice YeEPheis he fact
that §heynhagiRef sragiphbneis nRchdMRanRHIANInEAHihYhhAPKIh)abBNSE grh\RYtikbax@ribeen

found to suffer fromsubstantial transm ssion | osses. Due to the |ack of
r obust neBytighes Bemn|rpachivg treaigcley H8.SFpRAgReRCethf grapheneribset gellclp O it theughhd hence

very dif{J Gulhah0 ng%ﬁ%ﬁmﬁgg rORALRIV D P EdV fUAN RRRES PBRA BbHS

Furt hernore, the ani cal robustness of the 15 Si/Ru material may
mean t hatl3.a npednidteeb endf ay Orveeinometrds). sDn@toeth¢ ikt tratyeraphendie ferled ftom sredlait ai n
its integrit r i 0 e .h . rete may not
pe- capanrst 50 AL chbaR Rt b 280t 3 e B RRC UL SRS ko, Yo

| it hoQr aptunplapirathakoss aBSlcém@mnition of thendraghehadteor isayrby subs@htirdly ypifessur e

gradients within the l|it raphic a rat us,and/ or, changes in.te rature.
26 pr ovi Bty PraRURahet | C A SPRRRE & e ralng et TR o f Fom
subst ant palitly wilabgentstaai8yi ths sadit foPHBEsrt of MRS @NBHE §StufNméDs sRs aley be

in excess of 50% of the incident E adi ation. Any transm ssjon | osses due
to the pBFFSAaBY {dfatiop aeqm passing |ﬂl=lf81|§1z‘%Y"rt ‘aP‘ﬁE‘Fl‘éWﬂ} Baeicy by tg‘lub@ﬂ“ﬁ‘ét“etgw thin
the |itheghiapmier aRPal@tsUsat (HNpidIBWill BS Whibct (Re atlcRAMCE( @O rafatibABEINMY
performance of the |ithographic apparatus. [00081] Figure 4 shows a graphene

pel | ile] eaghhenyhhe gupging pafegmancs of thsgshesarphisyappaasis of mhichdhe pedligde BEMHhi ch

hol ds t hg,pghl h&lR ibdinfhidybiked di stance fromthe reticle 68. The reticle
68 lies in the focal plane” of the |ithographic apparatus and is an exanple

of a pat {0¥Ing ddeiapembiodoodR]imtend pf domiing thyapellictd @4 fromks engle #Bech ohay of
preventi rj - 0 ' t ~ t ri com L nto
Pont act | SAphR e pbfich iy SO O K oA ELER Il GBI N0,
may causenshipst’Hns inmly megdadat paicle 94t wich imprgivalgstpagthoamiprbestiofss.t Hier

ce.the debris iin contact

| it hggraphi c.apparatus because .the reticle (and hen
wi 198 ha CHBITIE PR Pnten PRENPE ST rha® gpny R prPROG ISR Boahplrds, A
pr evi ousfymshapdiisle 6heA pelliciedbencgrievenplraigbsi Saphtamayeamby Agetatgghcet i cl e.
Any debris which cones to rest on the pelljcle will not in the focal
Bl neof “FHEN FEnG GBS T GG SAPLE SER REFEREPE. aN) yehudBEVBRPD the
i magi ng oM@e3R I LRAPGL REEPA0L 1 RPABS frodOa PRIEAIRY BBRMGErsOthet RRBicld MBPYr aphi c
apparatus will be nuch less than if the debris had cone to rest on the
reticl e nevertheless still have a sufficiently high transmission to allow it to be used in an EUV
25  lithographic apparatus. The transmission of 100 layers of graphene may be 85% at 13.5
nanometres and may be 95% at 6.7 nanometres. The thickness of 100 layers of graphene is
around 30 nanometres. The pellicle 64 could be formed by stacking together single layers of
graphene, or by epitaxially growing a stack of graphene layers.
[00085] The use of graphene to form the pellicle 64 has several advantages which
30 include a high mechanical strength, a high degree of uniformity (in terms of both thickness
and composition), a high transparency to EUV radiation, and a high degree of thermal
stability (i.e. it is substantially unaffected by changes in temperature which may occur within

a lithographic apparatus). In addition, graphene is capable of withstanding temperatures of

up to around 1500°C. Graphene’s mechanical strength avoid the need to support the pellicle



[ 00083] The use of graphene as a pellicle for use with EUV radi ati on may be
particul arly advant ageous. The pellicle 64 shown in Figure 4 is a single
sheet of woaphemwaess15 The sheet of graphene i s nechani caCiEre@bostos7 meani ng
that it is capable of preventing debrps particles fromreaching the reticle
68. Furthernore, the graphene sheet pellicle 64 is thought to be capabl e of
transmtting approximately 99% of EUV radi ation incident upon it (both at
13. 5 nanosied raegrid@nohdathu6 .avoidaniemedn-esformidy eoft BUVhedfadion thdhat ggd aphadhe i s
formed fromsingle atomc | ayers of carbon atons, properties of the

o aphene B g i b R o R perBr R e B SRR Ui e kiee  an
conposi t ((B08sYf t heGgpiapbe nech@al streaythbecapiithat @OHEIRIE Yanlidi it VOl RESsDSS t he
entire sheet. This may be advant ageous because the optical properties of
the pel | PE19edyi FPr peaninih st RAIFIS| OPPHRIBE SHARRCRG Fah Ry R9sipnask Of BesupBeT i cl e.
Thi's &§n tldmBemMRARGich NALesabll thedeliR1c0hre AicHeadhRt @P (R PasHl AYatse@ugh the
pellicle wll be affected by the pellicle in the sane manner. It follows

t hat t helgsatian witkinyhe lithegtapicfapetraihe Mgt redich Ay ok remiediedly wplase beam 15
and hencg.tigho HRG PG RRLIRF FRNG&IQL aldR iabihg?t%ﬂpbhgw%‘@%mhélﬁb&fan&h' ch
the pellicle fgorms art may not  be detrlﬁent 1y affected. [00084]1n an
enbodi mentlliclp ndireglgnofalsp dasiarsgbitingiapeiflai suréacé avhighomables itheggrephche ¢t bof

gr aphene . Liecle is. fr i f h r
0oy S RSHLTLR B TR S L Mk ARRR RS
i npr o9 ed thetgraphgtchasaneel dhorst iveths art. For sod@ kahp] é&pinghe gtahbme ety egatdphene

| ayers or, nore than fift raphene, l.ayers be used to formthe pellicle
63 poliel Bary ot 5 BB Ser Lo R sl eyl BFHAS BE hi gher
st r engt hetdadie gepel hdieti@ FaERBaoh b rgrSitdtgleehmhaeitre@fthgr aphene. Al t hough
the transm ssion of th ellicle my be redyced if it is fornmed froma
plurali tfﬂwggﬂl ayerldgurg ﬁég‘b‘@? # ferpd ﬁ‘é’i}oqﬁ‘@%# ﬁ‘élﬂél§s64s'£1? Fhis ¢gleddingent, the

suf fi ci epéiliMe Bl Ghndtm@as Mossh OMphéheahb@Vbult bath® rRen b5 Bkbridle@itrdsdn@R of

| it hographi ¢ apparatus. The transm ssion of 100 |ayers of graphene may be

85% af 18raphargnishestriich g areypr Bt oBohidics diepchiskidifet esraphpre HakPeRAess of
100 layegps #fqig@t@RPNENGed Snd QNG 13 LxRAPRMBLY 682y POGPPR) bpshenfitcqphd be
formed by stacking together single |ayers of graphene, or by epitaxially
growi ng aigpmeRrsofizeyr Ak exiephergy plees rObOE3PFier eV of dyr Wptlenrees fdrmt he
pellicle ' j i '

Bt engt nPOLoE% SREAEAn ARMRR: AES M aGhaiPL I MR- AR, TEEARR
conposi t kwfice than hisglgletshem 9P araphmny, and nkay\bemaote statiowe, to apdtogenhind loxgeegriee of

t her pal altamllit%.c(i . €, tit I.S subst n%]ial I}/ unaﬁfected b¥ACh nges ig

t enpé? at TP e "WAT R FraPPBERL PR T h I n R U ST BBRIQC apar at UsVaREAdki t i on,
gr aphenefdirmimpagabpalict 6 hivgt afch ngaplenp arakédu7eSisothauft povaleouNdindikO0C.

G aphene' s _nechani gl%l strength avoid the need to support the pellicle WO
2011/ 160BE1PEHEM BE LIS GUA R AY S HIFY, and thus avoids the

non- uni f goossly of ENVpsiaee add @Rowhah Bg@ti ¢ oRIpkisksl Rid QRiphehe kibeBN72

enbodi nent, a grid may be used to provide sonme support to the graphene.
[00086] & HpHEAEPEWRECHAHT ehturaeT BririAl Treans tah e Rehislopd irifermed di be

rel abk vely eas hidmapdhres af%ﬂo%@%{p@r’t rRut@Bl | i:EhRnC QRRL | SpRG: BagRRENe can
be positioned on a support 5 nenber to which edges of the pellicle are

at t ached graghrie shget.tsppprb@aigual. | Ysing de derpioftadatpdad gttiie addifierhiongraphene 72

| i t hogr aphi t i i.odi d

rermvi ng i SRR ek iR oy s HREn P PSPl C 3L Ik ABRICEETIRY
support pephbee raydcpslahpoli-diffu@oapheiee al so has a substantially flat surface
whi ch en t he graphene to. oped (if requiyr i uni f or tter.
Dopi ng t elog%aphenlg Wﬁg;}) “at?Per lagegir %%fﬁlepsﬁ‘%%oé{ 1 %geg ao?a?y‘irdnztzﬁrenaﬁrpé(f)t Centgé331 as is
wel | 3&knownphdne tsheet difoin other @eirenmealtdlifedt@s ,withixpihadithdreaphicagpiperaasmayh eanabl e

the spectral purity filters to exhibit desirable optical ng/ 0 chani cal
r oper 1 EPCRBHC BAmEINaN GHISHE S T T SRR & ekl Bty Ber
mechani caf suppérem@dteRal allow a significant amount of EUV radiation to pass through them. Tt will

also be appreciated that although embodiment of the pellicle 64 shown in Figure 6 comprises

two graphene sheets sandwiched between the support material layers 74, any number of



[ 00087] Figure 5 shows a second enbodi nent of pellicle 64. In this

enbodi nent, the pellicle 64 is not nade froma graphene sheet, but rather
from an uwonrdareosear r angenment of 15 graphene fl akes whi ebTiEePromiasdoayer t hat
constitutes the pellicle 64. The graphene fl akes may be of different shapes
and sizes (for exanple they may be up to approximtely 100 m croneters
size). The graphene fl akes are held together by Van der Waals' forces. A
pellicle gﬁgha‘nersh@ds Tszhsgpmhmatemilllajeesﬂ?fhaymg/uhavdn addiess i rhefpdacmof

t hi ckness and,a | es a rface th i sheet . of graphene, and may
be ore. PEAERR TothihetgRiteaii gy Banted BT rY ERL RStidhnr ¢ appar at us
because [¢00901c] udgs isn@neci gibRPIMENE peltigie SnayAfngt¥aatRgaiDflaybo bftb Renicthe
pellicle 64 nmade from graphene flakes 70 is that it provides a simlar

per f or makee YL EraPRENYY §FRBTE Tlekesdtas Bert PieVidedr educed cost. [00088] The

pelligle Pﬁ)ésvﬂhown GRpHdh@UhS Bls6 DIPHkSaR thWRomkiBBNANSS §,]k@§£18p1?ray sandw ched
bet ween | ayers of support material 74 such that the pellicle 64 is forned
from a 2¥ngyaEdiasion spyressyathimbthpgpelie apparates pushigs lasergpotucediplesnrd @rr)

gr aphenesﬁli?&@tm%f PRE tin- m&%on (th?oﬂ eﬁﬂg@{o 2R HMHRRY stubﬁpatttﬁrah@'t)ut Usi ng
t he support mat al 74 in addition to graphene 72 may provide the

advant agef-bdndt raflintigmp by és bardcladiniionmap rfglpéxampéts bofextrénee plilaviobt dEBY) The
ar aphene i.f ]

appr eci a ﬁ(\i%he e SUO%PH ?agld %&fe%io%r]n e 1h§£r%h9%9§1? in%‘rayt\gd rl[;(};lp[?og&agr aphene
sheetlOfr arwayelhegth anmerramgvecvﬁ @prdxanatdys) 8Nt0t dtppnoxnrhaellyl ltOIing,map hoicexappéy, at us,

such as t nmechani cal e
Goci r ant BTERSAN R ABCEE ERATH Bl 8 e Rimay IR e SR L tsttiaannt - of
EUV radi aialy 60 rdfRcpasg tHehbmu gdtlcbloamvhiti divdct the ah-sandoadiagar © Chadudelrdtd) alk
al t hough enhodi nt of the II|cIe &é shown_in FB’&EE¥6 cog&rises t wo

e

gr aphene™8heet"8es Eﬁlﬂwﬂ@ﬁg& P@\/B@ﬁ“ta Uy g6 et hoeEApRIc APPH AU ny

nunber Of)nt\d\(t)n@ Ol {r 46 BBELRCHhe ERE O 8415402t or? haf haRN g Risrshael $ffded ANdle suppor t
mat eri al éers 74 may be used. In addition, 1n the place of the graphene

sheefl3 7zubs %t@cpﬁ@rr@sammk@sth% gase MdsEr e ee-olhevdradiggn & ighasé radssign. H90090] | t

i's conceiyaRligadif@in 1ﬂa3p€a{uké o & hEN te%O HR e SE4. apERMhE! o dhe duB¥BHe ﬁ’i@;? P b ch a
| ayer of graphene or g¢raphene fl akes has been provi ded. 5[ 00091] G aphene

may al sothgesubsiede itn expendonlstpansen oh ¢ sypwiter glay pigpult yn freduced Smagnown
radiati Ogg%%%c%sof’“tﬁehh&olgﬂa@ﬁlé’gar BQ&& ?(%a&?a Yo, s%i:'&e? V\ze? R6ks Ripgfuced

pl asma ( sour ces 0duce in-b ation nmay be used to
pattern titeurgebsthe aatda)loalhchrmmtaphemm widnatnwimer. Thie may-boaeldrredadiagtm on nmay

f or aml e be tre ul.travio r adi.at out - of - band
| oui 28 OBV Bl Mt e b Pt Sk AR SRR it o) oot
i n the ramgg-bahd amlﬁmmxmmzt&i Yecd. Lﬂtri@olatp@][@‘)() radtagiby, 1000 ridisionFaiy exanpl e,

infrared radi at may. have a veI engt oxi mately 101. The
o0t o DA S SRR e it ST teE 08 iy P pE B AR ek e i ¢ ect
the i n-band/ faadiiat maf cduBe b PRresRShERIRged bntiBYuRBaRIRSHITAR. € that the
out-of-band radiation is reflected by the | i t hographi c apparatus onto the

subst r at D088ause TserdabuylistRee ¢ Banvat VohoinapPrsve the gasmisyophpitef f ect

on the 1grsibsthlialién b Qrex%?m‘lhﬁaredl NindiBL 183 GaEIE tﬁljaﬁglp‘tﬁe o Bapc
radiation is i nfrare radi ation, the infrared radiation may cause the

subst r at @PRagIYsEO H@aﬁvbﬂrateHéﬁpWﬁgerak ity (ibeys pefes mayihe Bgsbatithemsigtdirate to
expand. %Rﬁgb?é q dOLF p%ﬁgmsﬂip%ﬁaﬁ%?m&%’f &Q%HLBf badd r@cﬂ%{ﬁ)‘ﬁd(s g rption

per f or mance graphi c apparatus. For exa ccessl
exposur esndjfr refheetisubdoratvent the trimsmissicnat u@ﬁllmehmdrﬁa{w nmltiatlahl anewset the one

anot her. Thi be.referred.to as,. verI ter natl vel y,
' the caRR e Ru Rl bR PR B R RLPLRY A stec B ol B
radi aoi oincrayinpehidaep ofl the apdcohlepur{ir, rkadwatspcmfral oy Ifﬂidlisdbt ost waly al so

cause a ction in inagj formance of the I|th0 aratus. For
xanpl o ThY BOFPadrati oy TBASRTE TR EFN™T ot od i Hae HOSn El o1
subst r at ghsbfptiof. WIddred @Bk fact that these spectral purity filters are so thin, they may be very

fragile (i.e. they have a low mechanical strength). It is therefore very difficult to handle and

position such spectral purity filters within the lithographic apparatus. Furthermore, despite



[ 00092] Spectral purity filters are a known way of suppressing the

transm ssion of out- 25 of-band radiation (for exanple infrared and/ or DWW
radi at i orwothriowsgdsit he |it hographi c apparatus to the sulpstTERR@E1/0BO6TN
spectral purity filters suffer fromthge fact that the materials which are
used to prevent the transm ssion of the out-of-band radiation (i.e. by
absorption and/or reflection) also prevent the transm ssion of useful

i n-band HiMmizd ét ittdckneBedansen tspeetralnuing fibdrs,ahxs oarpmivionef Hheradiatiband

radi ati on by.the spectr uri. filter increase i 0 increasin

it chneabrgieborosBagi bl Bl [ty o b RRLSRRERIL: By DRMFEGRERN B s £ or
use w t hileWIV adiiaioh AodghesubhbpecGutioy 100s maneeei@kBatlhbék)seSQedted O

m nimze EUV radi ati on absorption. Due to the fact that these spectral
purity fingsisollrleV ayligtoneaching ghegdstple pay (rsyly mgrdused imaging Rrelprimalse a | ow
nmechagi caf s limeR@ph) apfatathss therefore very difficult to handle and position
such spectral purity ?thers‘mﬁthin t he |ithographi c apparatus. )
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radi ati on through a known spectral purity filter may be | ess than about
50% Theshoow a spegtshipertty dittenf6 whish EwWndeadicephaon shént dbighes gebhappebdet 288 purity
filters i r i NS i ation
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i s disposed upon a spectral purit ilte rane 80, The graphene sheet 78
suppor t s"4ktig ?’%‘F A ]E}Clbb?riamg% P%%Il}eogﬁe“éﬁlrnb‘:‘f&% gﬁ&‘fm @Frlﬂ%@‘igi? éfdé‘?.on Pran

out - of - bangd cagiiat bAR iSBART AARLON afd HWCIIARI L1idTRY. CPHEPhiKRAd fadsdtdgl e or
mul ti-layered structure which i s capabl e of suppressing the transm ssion of
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i nci dent radi ati on beam nmay conprise both in-band radiati on and out - of - band

radi ati omay Teeabiserbprhhel thadivaefitend ButiBespias segctuter L ¢ibserneoroat ovfofdand
di ati . . ‘
radiat i on, sUBRLESHLRM §1Ir§1§ﬁ%y{?ﬁe§gd %\ﬂagr fg&@%esg@ctﬁaﬁ‘ﬁ%yéﬁt{:?@?gmgﬁ%lg&&?” pass

to the patterning device ence ubstrate. radi ati on
may be abgdt. bddhe bhyrafhaee clutet G8 -domnid SwpEt elss paentstly ubihuswe-o8Bardab€daript i on of

out - gf - band radi ati on ngt 0 or .may, be refl ected away frqm the spectral
a1 20 7 RitPeh B9k Ml 80 ond BAR e Cho Rt PR B i S b Suf 0 |

t he pot enich@alwithit Hiithographio hpfagdiek. riadilditiv@nhe O-aphepp ha$ iso Hroéfehtusidation 82 and
t herefore kes the ectral purity filter easier to handl.e and | ocate
e nS RS R B Paar e Battol Livahf 8% Shf bR s e AT eSS oy event
oxi dat i opx@knt BRUPHeOf arRd-bRsknatrh@RichURBpSTIn0ArusiufdIgE Wa@ BZovetdce
graphene is i nperneable to oxygen. Both sides of the out-aof-band radiation

suppr essVHh anhgre thieisglesipgytoacvenyerigionof phegpuphanrd fadiatipn seppgsgpR ed t o
preveat oxigation of the out-of-band radiation suppression 25structure.
[00094] Figure 8 shows a simlar spectral purity filter to that shown in

Fi gure 7000094} hi s lagsedishewita simier sgecijghenvy SHede tpgshotvntim iggpettindhis puri ty

AL SO 9B PR B a B psouite ThE-asene
di f f er enby shahas fhkek &i. 788 ghphchakekead nayt tecihed unordered agamgement whithi n
forms a layer in which different shapes and sizes of flake are attached to one another within
30  the layer via Van der Waals’ forces. In some spectral purity filters graphene flakes may be
advantageous compared to graphene sheets. This is because graphene flakes may be less
expensive than graphene sheets, and may be easier to process.

[00095] The spectral purity filter may for example comprise a grid which has a pitch

that is smaller than the wavelengths of radiation that it is intended to block. For example, the



30 the layer via Van der Waals' forces. In sone spectral purity filters
graphene fl akes nmay be advant ageous conpared to graphene sheets. This is
because gwaphamneossiakes may be | ess expensive than graplremEPdieans®s7 and may
be easier to process. [00095] The specpgal purity filter may for exanple
conprise a grid which has a pitch that is smaller than the wavel engt hs of
radiation that it is intended to block. For exanple, the WD
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exanpl e BalsmpREgMPldinaowe Pl naveKtrasthiclind st &nd MRY &N e?‘%ml?:lﬁﬁ‘éﬁqr@e%f

wi t hskangdbpda e stbsianhbadn 8RN it eafvaeserMeaddly thokinl.ada g Rhdon and
whi ch has a high em ssivity. The outer surface of the tungsten grid wll

oxi di ze E&Nefadndyt inhgeedandiahiqnaendyiigh has @ sighremipsévige nbyprssresurtpcsy Ofetia(énpl e
during cepstidigtd @ 6fiaBl (FRYm! dif RRATARRI WheARPRT mﬁésatmwbﬁaet hee

l'i thographi'c apparatus Is operating, tungsten oxide w Il evaporat from t he
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oxi de ma I hogr ]R ar at us,
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used to protect thetungsten rid fr |dat|on and
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incr OSStOSﬁGxtanﬂ%ngdﬂenQim(ﬂdﬁ@ﬂﬂé okl CMh@ma@qgsma@EUwa;hth@gsaphwapfphﬂatu@r 76
corrprlses tungsten grid 77 (or grid formed from sone other suitable

net al'¥, H’Oﬁ’%@ler of CIgpiEph s brgl% hropebiicderessh 2sidtfap ogidgéonondidido gr i d.

The gr apBFeQ&at TRy ﬁﬁnng uhgs%ns(ys&& ftr&ﬁtthené}{@ }%ur& @%h&%@&%ﬁﬁhcﬂﬁ& ¢h fdssl S 20
exposed. " The graphene ayers 79 are not perneable to oxygen, and therefore

wil | presastion axctbedioantoh which & spegisal emrityr fitlleer 79 comipesay raphgsiva drgyer ©r 79 may
for exa”ghc?fé? c@RBL Sfhe Dher AREDR 2 détalﬂra"l‘ FQFV%B@(JLQ?@ BHR@%@%&@% Guf- Thi's

may be d en the tungsten gri ayer of
t ungst ensidxiotl éhei glchoifhcpgmpmne oay bc‘nepphu«hgsﬂethatgnorxd)qf tmomg!sthe ggd dphene
| aye osed to the

79 are, i ctral . purit ilter 76 e e
ve” selooiirg: Tubegifak MsRPECkT Sov Bhbite ki OhEen e TRirp® REPRERGL: on
grid 77 aﬂdattdﬂecrfaﬁ@nmgpéreg@mmaTIha;g@rphafe lang 39 emydsi eeanfplobe bpfllediang up on
t he tungst rid 00097] The graphene. |l ayers 79 seal cells which
ot O SRR B By g ey et el 1 P PR b g R &
struct ur @euuMSe @, ¢AESEUNENGRAuRsthixsde it A6t RERESHH BeWirdlieh ofile Ofdel he MY be
significantly di fferent fromthe pressure outside of the cells. For

exanpl e, SfARGIE BEeThely BE B PReudhs WhacHRInPrHE Blar Y avy Bt r’?ﬁ%‘ﬁﬁ‘érti) cheressure

out sbgle g dshRrE elleSorapHage grya@h@ @@evbﬁy&muz@oﬁ\ﬂhb kunlgge§ wfid e hﬁaﬂihbﬁéf&& rong to
w thstand forces arising fromthese pressure differences (a single atomc

sheet of pgrensadaver @fathngﬁt@FI@Xéleéﬁoéfs@lﬂldélgdhpfohéh@m@&‘@fgfﬂacuum to the
o rosprel g 8 L MLER B4 RS B RNEAR YT B R ke
schemat i cdlsliy thervadei uﬂlenegjcomti\@nmlrﬂ)’ Ve0868hRANLHEP20 thlY, Ae40&Fur2 4vithin the
cells may be significantly different from the pressure outside of the cells. For example, there
30 may be a vacuum within the cells and atmospheric pressure outside of the cells. The
graphene layers 79 will be sufficiently strong to withstand forces arising from these pressure
differences (a single atomic sheet of graphene can hold a pressure difference of vacuum to

the atmosphere over a 5 micron pitch grid). The graphene layers 79 may bend inwards as a

result of the pressure difference, as is represented schematically in Figure 9.



[00098]In an alternative enbodi mrent, shown schematically in Figure 10,

i nstead of providing graphene |ayers on either side of a tungsten grid,

gr aphene we 208¢d0860 surround i ndi vidual ribs of the gri @CT/EPROISPEWOET al
purity filter 76 conprises a grid 77 pgrmed fromtungsten (or sonme other
suitable nmetal), each rib of the grid being surrounded by graphene 5 81.
The graphene 81 is applied such that none of the tungsten grid 77 is
exposed {09098ie atﬂbsmhﬁwﬂmuandnb&hmeﬁpﬂ&wmneﬂ&mﬁsﬂ@xnﬂE@h@nKDMmuhe(fungsten
grid and revents a er of . (o] |d fro Id|n on th

P ngst enPh e FOUBESTRE ShBUHT SRhCT SO el GO Y Frrsiiip o be
made by sRuUidRI FHBYof t@rapheng {peakepuait Ol ve c@»hipﬁsgg?a ol veroatcdviedny, a
sheet of graphene may be placed on top of 10 the grid 77 and then broken up

by bl ow HE&Hr (B ripge theé ﬁ‘&ﬁb{eﬁa‘ftalﬁ kf‘é‘db FB 5 &bttt E%’P(% SWEPuaHY WasaP¥ECt o ri bs

of the ggi d.TnkQRHHEQ TUNISHEA FchAhSRRGE @ khdPthbdish biid VRIS cdRYed@ViBe @
limted lifetime. A primary reason for the limted lifetine is that

t ungst ena@oaphsre spedharpiers Rraenyr eddation of ty yRetlehped ardipeyerivailersr v | |

occur dUEhQQaP&G&@%&H%uﬂLn%H&ml&é %&gp i§ apparatus). The tungsten 15grain
causes the grid to becone tragil hat it may eventual ly break.

[ 000101] [903H enbolfierrarodimenestopmratigure 8f mey fgsremplgbainmde ﬂmyaptgweog ral
purity fi Eéne k4 J ﬁhggnﬁ’ﬁ?v%'ﬂ% Gy, a%g&?sﬁﬁ.ﬁ%heﬁ%%ﬁ%gé AP0 {3 09“ d as
graphen

a tungstéa gra ene mnmu structu I'nN suc
mul t 161 ayergeid Bt and ghanr Boleant @ lasblawbgram @rto wisucththpr mvgmpherteﬁzeedk@mnand on of

| arge tun n ai e graphene does not have a significant 20 effect
upon proﬁ%? gﬁgéﬁMQﬁ%g¥ﬁngsten such as the tungsten nelting tenperature.

An exanp[0®0od0]a spRGigstal gm@@dcyalfﬂulnt}efﬂt&@ nQImakd ailingted 1getnk. f arprehry rom
ribs 77 which _conprise a sten/ graphene nulti-layered structure i s shown
schemat i E&F0y [9rnthe  lipiied ﬁe hlé thAT EHogEey g5in tREng L‘i‘%ﬁ%tﬂé‘h eridyisrd %‘ﬁf“t he

spectral dpipetabibed (wWhicBrwilByck @uSABbpepdtioh R et WipHichppiratuble The Bengdén i N
order to limt the formation of tungsten grains such that t hey cannot have

a si 2e wBREtcapss Miccaidde beqemeiiagiinsush thay e npgysyentidly besékinpl e, the ribs may be
500 nanopmpiey t hirgkin eﬂ%dﬁﬁaaaﬁﬁ@fbrﬂn%y&{éf ﬂﬁg/sté%e rd30n NAROAES HESy tillegk OF

| ess, and may be 50 nanonetres thick or |ess. The graphene Iayers may for
ex arrpl e bad gy sbet praventednermisreded dyt mn@wctlpg)@l@lgm] A miingsteh/gyaphent gnltid

structur ﬁalygrggﬂg{rhﬁingg e Q@{&ﬁ% zpﬁmﬁw%reé ls’fgﬁc%lgk & (5,8 %S&J ﬁfn ch € 9.

sone oth sui table neta eniu e use %ormthe spectra
30pur|typﬁw@teﬂw1bﬁmﬁm®3¥ﬂmganmgnhogmnmnfﬂwunameadd@$InshmgzamguﬁUmilayered

str u%gur gfft é&&ro%eggﬁﬁdgﬁkgt ral teﬁur ! t S t% Lungstengmelglhg empe ture An)éxallorr? 1!3 or med

fro
of a spectral purity filter 76 comprising a grid formed from ribs 77 which comprise a

tungsten/graphene multi-layered structure is shown schematically in figure 11. The thickness
of the tungsten layers of the spectral purity filter may be smaller than the width of the ribs 77
in order to limit the formation of tungsten grains such that they cannot have a size which
25  exceeds the width of the ribs. For example, the ribs may be 500 nanometres thick. The
tungsten layers may be 100 nanometres thick or less, and may be 50 nanometres thick or less.
The graphene layers may for example be less than 1 nanometre thick.
[000102] A multi-layered grid structure comprising graphene and some other suitable
material (e.g. some other suitable metal such as Rhenium) may be used to form the spectral
30  purity filter.
[000103] In an embodiment, instead of using a multi-layered structure to form the
spectral purity filter grid, the grid may be formed from a mixture of graphene and tungsten.
This may be achieved for example by mixing graphene with tungsten and then sputtering the

graphene and tungsten together onto an optical component (e.g. an optical component of an



This may be achi eved for exanple by m xing graphene with tungsten and then
sputtering the graphene and tungsten together onto an optical conponent
(e.g. an wptwoaleossonponent of an WO 2011/ 160861PCT/ EP20 PLP4@5/05457 EUV

| i t hographi c apparatus). Forming the spectral purity filter grid froma

m xture of graphene and tungsten may help to reduce the formation of
tungsten grains. It nay be desirable to use nore tungsten than graphene in
order toEtat dihogdplsic rappdretupr opemting sheofpet i gsitrign fiterc pridsrogoadnixeamt of

resi stance and hi,gh em ssivity. Th r rtion o raphene to 5 tungsten
my ber raprgeny ugtnr e bidkie BRsBy 6P Sl SLadRE) S oporty Ber

[ 000104] Aesivadt ub eusofm@t aphend @nd ospiencoinnefdeS i takih eles@ibds balpei(ies @f sone
other suitable nmetal) may be used in an equival ent manner to formthe
spect r al YFgHER yuchiasigepd bRy Eeiacr And B STHETUNcekhe RIgRYEPRAL gRBRE Wray

becons defaahedaf FOMaNEY Bvh, dorfckaRP F9BYr I6RHS EndCRRY B D @E joQRr.i N the EWV
I|thogrth| c apparatus. Graphene nmay be used to cover 10 the grid 77 or

sur r ound [O8KA; t uehtmistre of graphens idi wmer ethcresuispleemalsria HEwn sphe foihgtir es 9
and/ or 10 MR &1} Rhpbd Ssed ANG dollf 2R ARNEBEW Toi¥n ﬁ%%ﬁ/&?‘fﬂtq)ﬁlgg{ filkr which

prevents tungsten grains fromcontam nating the aphi ¢ _appar at us.
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havela geeake@r shedHarnicad 8¢ tEayon-ddiwpdretation APRSEEN, HIUChil 1aygrsti2 t er
with a sifglge@yt p@fy PaRA LAALREIOB: SVARESS S RK RYIBE. aRbud mitidligegr aphene
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suppression structure layers 82, the spectral purity filter may have a greater mechanical

strength compared to a spectral purity filter with a single out-of-band radiation suppression

layer and a single graphene sheet layer. It will be appreciated that within this embodiment

the graphene sheet layer 78 may be replaced with layers made out of graphene flakes as

25  described above.

[000107] An advantage of strengthening a spectral purity filter using graphene (e.g. in

the manner shown in Figure 12) is that it does not significantly change the high emissivity of

the spectral purity filter. High emissivity of the spectral purity filter is useful because it

allows the spectral purity filter to radiate heat efficiently and therefore allows the spectral

30  purity filter to stay at a lower temperature during operation of the lithographic apparatus than

would otherwise be the case.

[000108] Figures 13 and 14 show further spectral purity filters which comprise a

support layer formed from graphene flakes 84. In both cases, the layer of graphene flakes 84

is disposed upon the out-of-band radiation suppression structure 82. Disposed upon the layer



allows the spectral purity filter to radiate heat efficiently and therefore
allows the spectral 30purity filter to stay at a | ower tenperature during
oper at i orwof20tiheoseil t hogr aphi ¢ appar at us t han woul d ot herairaP2die/0549687 case.
[000108] Figures 13 and 14 show furthepgspectral purity filters which
conprise a support |layer fornmed from graphene flakes 84. In both cases, the
| ayer of graphene flakes 84 is disposed upon the out-of-band radiation
suppr essfames fromcgraphendBPakeiB4paeid supametsSiie Thayiarh of O grid may be chosen to

2011/ 160861PCT/ EP2011/ 054057. 26.f orned from.graphene flakes 84 js . a grid
Str uct ur SR RN RGO By B LA e R R aP s iR SE oAl Ty By cvent
transm ssipdinf fufbkr-aBdvebamd prieddfakd @il fahyofor exaM & 3 Midi@sed radi ation) as
expl ai ned fg@tiher above, The gi tch of the gri d may far exanple be 5

mi crons. [Q08600] THE giq §0 6 B¢ sPosarals pedy rigier shewR yn ighre Lo SIS Fi gur e
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a reflective coating 90 which is reflective to out-of-band radi ation. An

exanpl e #fleglivedarihg-fend cilistied. ve weegle o adeatingaghichmsy de sl iguke e band
radi ati ogubg shd Yt Bf-fhd @@L i thifafra@XAMRES @m0 a@o?@ﬁﬁrﬂé) is ﬁdgﬁdxﬁﬁf?num

(M). The reflective coating 90 may act together with the p 1 of the grid
t o bl ock (Mnf r'Bireadtlectislé etation 90 gray dchntagethawathdherpidi fribe grd ©Oflod0Lk@pdhe gri d

struct ur%iﬁaioﬁ.h ricﬁ%%?fw{v%ldirgé{{s.{o%y%oﬂ |ter shown in Figure 11 is made from a

mat eri al I'C s reflective to the out-of-band radiation. In the case
wher ¢0t h0001t0]of - BErGridadicaticofi thespeanhl @y fihadhawn onigdron 1 éxaajs! feonat 10. 6

1.inm, an exanple of a terial which is reflectjve to out-of-band
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i ncl ude Aldiatibl is A@ra@ddadiationlBhrOQQhpk]dt 10\ k), be crppileof atnedertahahicd ispect r al
purity filter structure simlar to that show in Figure 12 be utilized
in conbi FAEFBE i ‘f“ﬁ'og'b@ﬂ‘di H‘g}safl%ést 6rr%eta;hWEli‘1??gé‘f ‘F%@B@ggﬁt SRR L8R at i on
(or whi chealdsaribe AUhubaREnd@di ation but does not transmit it). This may be
useful for exanple in an LPP radiation source, in which a substanti al

anouh® of000kHar edt willipapissiatdyhase sprceglaneity i seatyrasinglar i Patrshpver
simlar {opbaat SRR ddlifd Blotbhei bR %iRS dild SR @i buPorHahd

structure an a DPP’radiation source, where there may be little or no

i nf r ar edradgdipatérovhiciFgsors anphaad redigion dus decg eoransmiiih Thsevenhesuseful
transm 5%4&%8@ Whq %PEQ&?Q@%%%%&,‘ @AY O RhRS SR &f%ﬁ%@d }aﬁﬁﬁéﬂ?e“ ral
purity filter Rown in I gure . e possi ble enbodi ment o such a

spect r al npurbetpyestnt] tAespecuapririseSlia sjmila twittidn skovepackipggedR Bay| anut{lizad gri d

suppressin ut - of - band._ i nf ed radi ati on havi.ng a wav ngth .of 10.6
S S ThARe AL SRRAT EE PR Bl B R B Y B RBle Y ayer s
each gr apldemen.| Byesxalapicngedd gruaphenrich peetntwWiishidsi®ntoh beeoflayeragiatbn
graphene thick (thickness.of one |ayer of graphene js approximately 0.34
ot er BEBrE PR i gk o b ranaty el ABHbAb RFCZ] cOPhR Hayer s
thick i scapgi@shtHRt@hYa she@ifil purdf €ileP&BhPrRks Phkiid Hth tlls]f)z{cﬁfg drur thehe QAP i ses
three out-of-band radi ati on suppression |layers nmade fromsilicon, zirconium
or nol yb&RIineaeeiatd irascc Rilekeesyying a 30velppibel Mepdmy- sthsmipestil ot her
embods mepl Sy tier SREGHRsesAifek b phdre il SlersTBYh GRIFREd S Byel Bh e QLrafRAR shQf t WO)
graphene | ayers and out of band suppression|ayers.” Each graphene | ayer may
conpr i seWwhistiris Bireenpyess ¢lographgpg t igkngfs qfroap Feyaieol graphene is approximately

0.34 nm, therefore the thickness of a sheet of graphene which is three layers thick is

approximately 1 nm). The spectral purity filter further comprises three out-of-band radiation

suppression layers made from silicon, zirconium or molybdenum, each having a thickness of

30  approximately 3 nm. In other embodiments the spectral purity filter may comprise four or
more (or two) graphene layers and out of band suppression layers. Each graphene layer may
comprise four or more (or two) sheets of graphene.

[000112] Features of the spectral purity filter embodiments described above may be

combined. For example a tungsten grid in which constituent parts are surrounded by



[ 000112] Features of the spectral purity filter enbodi nents descri bed above
may be conbi ned. For exanple a tungsten grid in which constituent parts are
surroundeaolry11/ME362011/ 160861PCT/ EP2011/ 054057 27 gr aphen@/Epe0ig/o54s7 shown
in Figure 10) may be provided with anoputer |ayer of nolybdenumto provide
increased reflectivity of out-of band radiation. [000113]1t will be

appreci ated that the out-of-band radi ati on suppressi on structure nmay
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out - of - band. radi ati on_5whi t me tine allow ng transm ssion of
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(W, silmon|Si) andl B igpaidcd hdrhe odtQﬁiﬁaﬂdﬁlﬂaaaa@hﬁiﬂﬁ@re@aMl hewctisethaphen
constructing rmulti-layer mrrors, for exanple rmulti-layer mrrors used in
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of al ser paling mMeansleSimf al%wm%]a:hns%ﬁﬁtbn&ﬁ iMBhYPHAARUOR. OExAHRNESbeRateANd @
spacer such 10 as silicon | ayers being forned on a substrate which

provi des Wdicheheascdsngpésy wnesErd Whilkgondss asd grcopwyepai rs may be equal to
hal f t he[ Yﬁi engt(lfr'ragr{eng R/algé Qé’édtv%etﬁecolhgtf”dcﬁﬁé athid & T?191‘ miHYs rf%g'e%ﬁlﬁ@ at

13.5nm) . Constructive interference of radiation scattered from each | ayer
pai r causwedi-tae mirots uspaipdiU Vrilithographio aprfdtec tMullidayea diiaers or. fofr0Q0IM5] | t i s

desi r abl & 1ur1]a1 41‘56fna xz,t}/ %germ)lr %&%taf QcREE ioslgdéﬂ%{ml or{‘gfr{%%tgg dang QY gglr Jufy 15

bet ween a jace ween a layer o enum a a er of
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|'i t hogr aphd. Elappaliaionst 1€5apkheqendmytiRenksednasofaadiandd sditdédisoancakiay er
| ocat ed bet ween ad cent | ayers, thegg(gﬁ{)hene acting to maintain well

def i ned f)rdii‘ﬁcfé?ﬁe elﬁ‘?—:}’t Al PHET Hy5e e 1pdigligns [000116] Gr aphene is

suited t@ogses)as an i@dkdirablef ihUs inililA¥e miRQCcCAUSRvidE W&l BeMred uRGAREe and
may be provided in a thin layer (e.g. less than mmthick) such that it

absords beirgen ddizet Imgps feamibaiticon 2 1Bet alimelygiapmend 4 l8yaisr silicenwi Q¥est and
hi gh tenpgraliti&sh ﬁﬁy Becddbetween adjacent layers such that the boundaries between them

become less well defined. The diffusion may in part be due to the mirrors being heated
during operation of the lithographic apparatus. Graphene may be used as an anti-diffusion
layer located between adjacent layers, the graphene acting to maintain well defined
20  boundaries between the adjacent layers.
[000116] Graphene is suited to use as an anti-diffusion layer because it is non-
permeable and may be provided in a thin layer (e.g. less than 1nm thick) such that it absorbs
very little EUV radiation. Because graphene is able to withstand high temperatures (e.g. up
to around 1500°C) it may allow multi-layer mirrors to withstand higher temperatures than
25  conventional multi-layer mirrors. Conventional multi-layer mirrors may for example become
damaged at temperatures of around 100°C. If a spectral purity filter in an EUV lithographic
apparatus were to fail, then infrared radiation incident upon multi-layer mirrors of the
lithographic apparatus may quickly heat the multi-layer mirrors to more than 100°C, causing
damage to the multi-layer mirrors such that they must be replaced. By using graphene to
30  increase the maximum temperature which multi-layer mirrors are able to withstand, the
likelihood of damage to multi-layer mirrors due to overheating is reduced.
[000117] Using graphene to allow multi-layer mirrors to withstand higher temperatures

than conventional multi-layer mirrors may allow multi-layer mirrors to be used in locations in



to around 1500C) it may allow nulti-layer mrrors to wthstand hi gher
tenperatures than 25 conventional multi-layer mrrors. Conventional

mul ti-| aywo 2oiwvmseses nay for exanpl e becone damaged at t egpaPratinnse®)sDf
around 100C. If a spectral purity filpgr in an EUV |ithographic apparatus
were to fail, then infrared radiation incident upon nulti-layer mrrors of
the lithographic apparatus may quickly heat the multi-layer mrrors to nore
t han 100®hichalut‘fyi\v[gllcﬂmg&1ohdl}tﬂtebm;ltddi Foagsempid, nudi-kysuairotshaty beheyd nust be
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to all ow F{I -layer mrrors to w thstand hi gher tenperatures than
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[000118] n" enbod a multi-layer or 1s shown schematically in
Fi gur e 15tapBengmeyred ctxrampla)berlesmhanénméhmlpror seg havesutps othat tid@esapon whi ch
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prevent oxidation o he outer i\iers of the nmulti-layer mrror. The
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[000121] In an embodiment, a layer of graphene may be provided as the outermost layer
of the multi-layer mirror instead of the layer of ruthenium (or other capping layer). The
graphene will prevent oxidation of the outer layers of the multi-layer mirror because it is non-
25  permeable for oxygen.
[000122] Using graphene in a multi-layer mirror (either between layers on top of the
outermost layer) is advantageous because the graphene may be provided with a uniform
thickness (e.g. as a single layer) and may thus not distort radiation reflected by the mirror.
The same advantage may apply to the graphene layers provided on either side of a spectral
30  purity filter (see Figure 9).
[000123] Graphene provides the advantage that it may be provided as a very thin layer
(e.g. 0.34 nanometres for a single layer), in which case it is highly transparent to EUV
radiation (e.g. around 99.8% transparent for a thickness of 0.34 nanometres). Furthermore,

graphene is stable when heated to temperatures which may occur in an EUV lithographic



[000121] I n an enbodi nent, a |ayer of graphene nmay be provided as the
out er nost | ayer of the multi-layer mrror instead of the |ayer of

r ut heni unwaniiotebssn cappi ng | ayer). The graphene wi |l prerarrolonsaati on of
the outer layers of the nulti-layer npgror because it is non-25 perneable
for oxygen. [000122]Using graphene in a multi-layer mrror (either between
| ayers on top of the outernost |ayer) is advantageous because the graphene
may be prgparaied Alv'ﬁirtheaadwailthgarimltah poknasds yelely. avadable sidngdyebd appbed ownd may

t hus not distort ra ation reflected by the mirror. The sane advantage may
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be provided as a very thin | ayer 34 nanonetres for a single |ayer),
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WO 2011/ Retigarmcthprippgnlpigslegny adhgredp ia r¥éiqiscleaning iy pasormedivedie wgeoses ¢ hat
gr aphene;dng W 48l ¥nca¥a! LAPHLSIAGE (TRE uBEniBRRIulS @ag@f’@ff a rhﬁ%o@t(ﬂhé/ 8h¥nd ahoe

surface area. [000124] Anot her advantage of graphene is that it is
cheni cal kFgmingdram atiter parthydhedehodranhs aptaestush.orldisambp iy ao’b%dmi wilgiclni t hi n

an EWV | '%}QSQ{?%E’ B&feg{o%gﬁtg ‘;‘*r#a Iﬁag &f%%t Qe R W é&&%‘éh %? Q&H bei ng

damaged. vantage, conpare hat tin
and z®nckﬂnmﬁauwa®heﬂﬂn¢0H0WmmMMmmndhmadbmgtwsdpemmbnngﬂmumen@mmbdkbgen

t tend t d t
mrror (ORaErRREiy T bR GRb R B Rt i i B PR gl e nBYF ghbe
appar at usjtendtbi s may forma residue which cannot easily be renmoved. This
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15 include for example graphane, graphene fluoride, graphene bromide, graphene chloride and
graphene iodide. Graphene and graphene derivatives have in common that they are all
membranes which have carbon SP2 bonded bases. The mechanical properties of graphene
derivatives may be the same or similar to the mechanical properties of graphene, although the
chemical properties may be different. Graphene fluoride may provide the advantage that it

20  has bonds which are less susceptible than graphene bonds to breaking when illuminated by
EUV radiation. For this reason, graphene fluoride may be used in embodiments of the
invention instead of graphene.
[000126] Graphene may comprise a single layer of SP2 bonded carbon, or may
comprise a plurality of layers of SP2 bonded carbon stacked together, or a plurality of layers

25  of predominantly SP2 bonded carbon stacked together.
[000127] 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 integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,

30  liquid-crystal displays (LLCDs), 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 herein may be processed, before or

after exposure, in for example a track (a tool that typically applies a layer of resist to a



[ 000125] Al t hough graphene is referred to above, graphene derivatives may be
used in mrrors, spectral purity filters, etc of an EUV |lithographic

appar at uswoGoapisaesse deri vati ves 15 include for exanpl e gcamraneg,sgsaphene
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WO 2011/ £6Q8@1PCT/ EP2011/ 054057 30 substrate and devel ops the exposed
resist), a metrology tool and/or an inspection tool. \Were applicable, the
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departing from the scope of the claims set out below.



the context allows, is not Iimted to optical |ithography. In inprint

| it hography a topography 10 in a patterning device defines the pattern
creat ed omOaosulsesen at e. The topography of the patterni ngCumreaie/onmy7 be
pressed into a |ayer of resist suppliggd to the substrate whereupon the
resist is cured by applying el ectromagnetic radi ati on, heat, pressure or a
conbi nation thereof. The patterning device is noved out of the resist

| eavi ng avipaT TeChAIMEDISafter the resist is cured. 15[000129] The term

"l ens”, where the context allows, nmay refer to any one or conbination of
various types of optical conmponents, including refractive, reflective,
magneti c, el ect ponaghRgihicappaduslcaapigstati c optical conponents.

[ 000130] Whi | e speci fic enbodi nents of the jnvention have been descri bed
above, it mnI?mﬂ@“@bﬁW&@Fﬁ?%%H?HQ@“¥W83?ﬁ@@ﬁ@?Hﬁnhay be practiced otherwise

than gs descrj Rgghort TORfZBred A8 SEPpRE hORBARRYEVvRIE HeNpLRABEL HOVIREbeing
illustrative, not limtin Thus it will be apparent to one skilled in the

art that CoRsieH daimrsAshavagiiatien bramevithha patism Vet  picensd gsiation Beamawi t hout
departing fromdhenSCRPEePihetien Cdl@"rﬁﬁiatﬁ)%t sqide bS] onu sup\ﬁQrt the c}'lba;lmber

2011/ 160861PCT/ EP2011/ 054057 31 WHAT CLAI MED | S:
||thograpmn@nmpp@ﬂaﬁugn@@m@mﬂspmgomatﬁQMMammbﬁ>sﬁbﬂc@GO@ﬁmm@mb@mnUbeproduce
a radi at'l?’ﬁn Rean (g néa&ﬂ?idéaq{éh%m Re fa‘dfaﬁ%gouc ?&)&S%rt Q8o V' Ce the
patternlng eV|c I gure eam

pattédn to foanwampmeﬂerm@dwsaMiaﬁm@nhwm&nuhenwnmnmcc@ﬂﬂ&eﬂt@p@anEMebetmeen
t he radlatlon source .and the s ort, the chanber contalnl at | east one
optical  BEHONEnince BN G Sam, SR | BE (PeRE i PoRehEh P et dhber

bei ng coaﬁugmmaﬂmqmnmﬁﬁmmbugﬁﬂ¢ﬁkhﬁﬂnéﬁ@ﬂ]the radlatlon source to pass

t heret hrough; 10 a nenbrane that defines part of hanber,. t he nmenbrane
confi gured to® PEHAFt2PRES 6‘%5%%1§§é°‘6ffguﬁ%tor%8%tg%w ‘é‘& WR 28 dafirechath

nmenbr ane frogn@siti® tHr @Mentr fohsitfds HiRadfafberC MotiANRAbARIbS PR pirGieSraphih@uUgh t he
menbr ane; and a particle trapping structure configured to permt gas

to flow HrusHie HRINE ranfigted fatthsRrdY RSk ehRasElsa b sPNRBINGHPE PAEICIche
chanber, phAGdifdhE SEimtRALLuRidtRecHfbE Cl @ trapping 15structure being

conflgured to substantially prevent the passage of contami nation particles
2. A lithographic apparatus according to claim 1, wherein the indirect path is a
meandering path.
20
3. A lithographic apparatus according to claim 2, wherein the meandering path is

boustrophedonic.

4. A lithographic apparatus according to any preceding claim, wherein the particle

25  trapping structure comprises first and second spaced wall members from each of which a
plurality of plates extend, adjacent plates being spaced from one another, one adjacent plate
extending from the first wall member and the other adjacent plate extending from the second

wall member such that the plates form an interdigitated overlapping structure.

30 5. A lithographic apparatus according to claim 4, wherein the membrane is attached

to the first wall member.



frominside the chanber to outside the chanber. 2. A lithographic
apparatus according to claiml, wherein the indirect path is a neandering
pat h. 20 wO0 2011/168861A | i t hogr aphi ¢ appar at us accor di ng t ®@CTIERRONA5408hNer ei n
t he nmeandering path is boustrophedoni g 4. A lithographi c apparatus
according to any preceding claim wherein the particle 25 trapping
structure conprises first and second spaced wall nenbers from each of which
a plurality of. pllahesaphictappaatuad¢cacing topithdred channg ospadectid thodiraned

anot her, one, adjacent plate extending fromthe first wall nenber d the
Sther adfSuEh e i HER R EhAr RE Ty ShorHUrS SR el oS PEUER YAE ¢ he

pl at es f edmtanbéant.er di gitated overl appi ng structure. 305. A lithographic
apparatus according to claim4, wherein the nmenbrane is attached to the
first wall nenber. WO 2011/160861PCT/ EP2011/ 054057 32 6. A

|'i t hogr aphi c apnaﬁ@é%a@h@%@miuegcao@di@g' tohel Pllathad 56 AviRkei® theWlRELI® t he
first and second wall nenber each conprisé an opening configured to allow

t he passalysarer cumed.r adi ati on beam 57. A |ithographi c apparatus according
to any of clainms 4 to 6, wherein the plates are planar or curved.

8. A lithographi c apparatus according to claim1, wherein the particle
trappi ng strust uk diteagmmhios epparatuspasaopeingi eclpmt ér ivdibrego ki puuiael tappibg

| mper mealy ¢ 1.0 8@?@%@&2&%‘%&1&0&%&% ChEe A0 @ Ml BAS LRy Lq'n%YYo.IS hrough
it. é A ograpftic apparat us accor di ng o any preceél ng claim
wher éd n pheclrendriapengdiogapta Ses thmbugheast one material selected fromthe
group consisting of: zirconium silicon, nolybdenum nolybdenumdisilicide,
yttrium rubidium strontium niobium ruthenium and 15graphene.

10. A |it hogr@apAilthappaicalpsa@c e@odindotafy pleaddin Sclaivd) ehercin thbfen®Bre ane | s

formed from graphene or froma graphene derivative. 2011. A _lithographic
appar at ugo%\E%ﬁ ai ﬁ?@“t%edﬂ%}erﬂ:ﬂl éE‘gﬁF‘ﬁg“)&ﬂ e rgrovih Esteting g zirconium, sificon;
molybdenum, molybdenum disilicide, yttrium, rubidium, strontium, niobium, ruthenium, and

15 graphene.

10. A lithographic apparatus according to claim 9, wherein the membrane is formed

from graphene or from a graphene derivative.

20 11. A lithographic apparatus according to any preceding claim, wherein the
membrane and particle trapping structure are part of a source collector module or an

illumination system of the lithographic device.

12. A lithographic method comprising:
25 generating a radiation beam;
directing the radiation beam through a chamber containing at least one optical
component that reflects the radiation beam, the radiation beam being directed towards a
patterning device, the chamber including a membrane;
preventing the passage of contamination particles with the membrane when the
30 radiation beam passes from the chamber through the membrane and towards the patterning
device;
flowing gas from inside the chamber to outside the chamber along an indirect path
through a particle trapping structure, the indirect path substantially preventing the passage of

contamination particles from inside the chamber to outside the chamber;



menbrane and particle trapping structure are part of a source collector

nodul e or an illum nation systemof the |ithographic device. 12. A

| i t hogr aphiocometshesd conpri sing: 25generating a radi ati oRClhER2Y11/054057
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passage of contam nation particles frominside the chanber to outside the
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beamwith a pattern to forma patterned radi ati on mw th the patterning
device; and projecting the patterned beam of radiation onto a substrate
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any of clainms 12 to 14, wherein the particle trapping structure conprises
first and second spaced wall nenbers fromeach of which a plurality of

pl at ¢ ext end]5.adj meénd aploadies thenyngf slpmcet? fo ddn winecianiot paartic;le mlragpiaglj acent

pl at e exten |n rst wal l nd_.t he ate
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i nt er di gblagk egteny, ei’djaamlpmesSEeﬁrLnglpu&ﬁ frdib one anothérGoneAadjﬁfeﬂqﬂataGiﬁQﬁ&ihglg to
claim 15, wherejn Qﬁ nmenbrane is attached to the flrst |l nenper.

17. A methBdPadedr wiHhgembe pad e ‘%ﬁ radEci RIS CXRGPSITM His ferenk Walhg
second WelehbeQubRiaehe BRE&D &AM hERY AR QRN MPingMdgur ed to all ow the

passage of the radiation beam
16. A method according to claim 15, wherein the membrane is attached to the first

wall member.

17. A method according to claim 15 or claim 16, wherein the first and second wall

20  member each comprise an opening configured to allow the passage of the radiation beam.

18. A method according to any of claims 15 to 17, wherein the plates are planar or

curved.

25 19. A method according to claim 12, wherein the particle trapping structure
comprises a sponge-like material which configured to be impermeable to contamination

particles and to permit gas to flow through it.

20. A method according to any of claims 12 to 19, wherein the membrane comprises
30 at least one material selected from the group consisting of zirconium, silicon, molybdenum,
molybdenum disilicide, yttrium, rubidium, strontium, niobium, ruthenium, and graphene or a

graphene derivative.



18. A nethod according to any of clains 15 to 17, wherein the plates are
pl anar or curved. 2519. A nethod according to claim 12, wherein the
particl e woappimegsest ruct ure conpri ses a sponge-|i ke mat ecraipP2ewiosdvs?
configured to be inperneable to contagynation particles and to permt gas
to flow through it. 20. A nethod according to any of clains 12 to 19,
wherein the nenbrane conprises 30 at |east one naterial selected fromthe
group consi st2hgA afettvidracondingno @iimi 200 wheminl tyddlemnbiame RUbyied droumdplent | ci de,
yttrium rubidi un@} st({onti um niobium ruthenium and graphene or a

gr aphene “gérP¢&fPDE™ 31611/ 160861 PCT/ EP2011/ 054057 34 21. A net hod
according to claim20, wherein the nenbrane is forned from graphene or from
a graphene derivative. . 22. A method according.to any of clains 12
to 21, wherei ?’?'tl*?en%}?ﬂraéﬁ@d’éﬁd(’?ﬁ&rotfi 2}1’@St1|2aﬁ9p?1md’v@fer%élteum§m8¥a§eﬁaﬁlt of a
sourcs cphtige R@ﬁpiﬂ%%ﬂc&lr@&re 3kt bf & WikRAL1QRrYHuRBraf ilfunhihdRAGyARRLE A

appar at us. ~23. Alithographic apparatus conprising: a radiation

sour ce cbHipPR@itiedrrasityr oduce a radi ati on beam and a support configured to
10 support a patterning device, the patterning device being configured to
inpart the radiation beamw th a pattern to forma patterned radiation
beam wher ei n23 he Alifhpegraphit spparans egrivingh a pel licl e which conprises a

| ayer of grap e.. 24 spectr al ' ilte ¢Sl grid
cont1 gureq ot rayaniouse soafiia\oTBSGEL Shadith by b L BRTPLIRL 4F

wher éd n suppograi ghtesiingodesicedthwi pahergima pleeine buinp chnfiigueadetnt isphhehpasmeige of
oxygen tpo the. grid., 25. A multi-layer mrror. conprising .alternating
Payers ofes viif &paiaep i foum o teta Hadat NG PO R SHBNH S SEHEEE o
provi dedabetivie emidhhemalitesanalet olerhgheas.s. 20

24, A spectral purity filter comprising a grid configured to prevent or reduce the
15 passage of infrared radiation, wherein the grid is covered with graphene which prevents the

passage of oxygen to the grid.

25. A multi-layer mirror comprising alternating layers of a first material and a
second material, wherein graphene is provided between the alternating layers.
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