MULTILAYER MIRROR AND LITHOGRAPHIC APPARATUS CROSS-REFERENCE TO
RELATED APPLICATIONS 100011This application claims the benefit of US provisional
application 61/129,087, which was filed on June 4th, 2008, and which is incorporated herein
in its entirety by reference. FIELD [0002]The present invention relates to a multilayer mirror
and a lithographic apparatus that includes such a multilayer mirror. BACKGROUND [0003]A
lithographic apparatus is a machine that applies a desired pattern onto a substrate, usually
onto a target portion of thevaubsirater R ithagsapiND apPRIEtEA eanderrsath Fosexample, in
the manufacture of integrated circuits (ICs). In that instance, a patterning device, which is
alternatively referred to asa mask ora retlcle may be used to generate a circuit pattern to be
formed on an indi&da aF e Lhefransferred onto a target portion
(e.g. comprising narmf OIMRis an;samrﬁllm&sbmlﬁmuhs‘srlatﬁlémgl agiiaon svate)sT rangfer of
the pattern is typigally,yia | &91192?5%% e Riagiainnmearilve mAleIgiasia provided
on the substrate. In general, a single substrate will contain a network of adjacent target
portions that are successively patterned. [0004]Lithography is widely recognized as one of the
key steps in the nsgfacture of ICs and other devices and/or structures. However, as the
dimensions of fegjyes magle Laing;Ithegraply.heF amESRAIGE: IQUARAR Bsseming a

more critical factor for enabllng miniature IC or other devices and/or structures to be
manufactured that includes such a multilayer mirror.

BACKGROUND

[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 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 dics) 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 a network 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.

[0005] A lithographic apparatus typically comprises an illumination system configured to
condition a radiation beam; a support structure constructed to hold a patterning device, mostly
a reticle or mask, the patterning device being capable of imparting the radiation beam with a
pattern in its cross-section to form a patterned radiation beam; a substrate table constructed to
hold a substrate; and a projection system configured to project the patterned radiation beam
onto a target portion of the substrate.

[0006] A theoretical estimate of the limits of pattern printing can be given by the Rayleigh
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[0005]A lithographic apparatus typically comprises an illumination system configured to
condition a radiation beam; a support structure constructed to hold a patterning device, mostly
a reticle or mask, the patterning device being capable of imparting the radiation beam with a
pattern in its cross-section to form a patterned radiation beam; a substrate table constructed
to hold a substrate; and a projection system configured to project the patterned radiation
beam onto a target portion of the substrate. 100061A theoretical estimate of the limits of
pattern printing caritbengivensbiytihe:Raydeigheqasitierion for resolution as shown in equation (1):
CD - k,* NAps where Xis the wavelength of thg,;g ciatj_c_x_tj___used, NAps is the numeric 5aperture
of the projection system used to print the pattern, k1 is4process dependent adjustment
factor, also called the Rayleigh constant, and CD is the feature size (or critical dimension) of
the printed feature, It follows from e %"i‘ﬂi‘)%f}ai{%&t‘l%s%%%égs‘%Qt 1 ins i 'Q?é%éof%’tg?b'e size of
features can be obtained in three ays: by shortening the’ exposure wa elleng , by
increasing the nuPRBSIEAR BYSEFRIE NS P PAfteladiaagiMecthialeshiensidysandRatn. skder to
shorten the expostiiel wawveleagiboatsy, thusoedueedhe minienumprirabiesizeni fiasdeen
proposed to use ap . extr ultravialet (E radiation sqyrce. EUV radiation sources are
configured to outg%{uéé '|r<l':1F ?a'?igsﬁFWQ\?%F&&&%@P?B%%’?%%} é?ﬁ]rcnmlTnﬁlljugl UV ErcaS fation sources
may constitute a SHYRFRCSBIMIEWERE: dRHHNIFNS hafFrestisresy pFint b iiesasig Sifon is
termed extreme ultiavriciepensoN Ay ay bandpasgibievsbuseces include, for example,
laser-produced piggima Soyigas.JIRERATHE RIASIMAIOHISES QL SYOSRIRIAN fadiaten from

electron storage rings. [0008]Preferably, both the illumination system and the projection

system comprise S BiHIAIE> SPBTEAPORM MESH B FIEMOBRILHHE S diativivbivtise BE¥ired
locations on the patteiningdeveceanghthicsulystratalizgspestivetyh & nfortuhatelyTiapattfirom

some gasses at I AGNSitY LR PAIRIRIR QEE&H&‘A{@;EB_Q%M’EWEié{ﬁaiﬁe'irh’r\g/s Fadiagon.

Therefore, the lithographic apparatus using EUV radiation does not employ lenses in its
illumination systeﬂi‘gﬁﬁlﬁllﬁﬁ“ﬂ’s‘sﬁf’&@éﬁé‘ﬁ@?w&‘ﬁ?f’lﬁéiréﬁﬁ Xt Admriprressdsidhdothe
projection systeneprafersisty woigrd sesmirsarsedniachditopiadhespati@rningncevioe isijpreferably
a reflective devicgjnei 243 Wigfhavipg a reflective surface provided with an pattern formed by

an absorptive material on the reflective surface, for the same reason. )
[0008] Preferably, both the illumination system and the projection system comprise a

plurality of optical elements in order to focus the radiation on the desired locations on the
patterning device and the substrate, respectively. Unfortunately, apart from some gasses at low
density, no materials are known to be transmissive to EUV radiation. Therefore, the
lithographic apparatus using EUV radiation does not employ lenses in its illumination system
and in its projection system. Instead, the illumination system and the projection system
preferably comprise mirrors. In addition, the patterning device is preferably a reflective device,
i.e. a mirror having a reflective surface provided with an pattern formed by an absorptive
material on the reflective surface, for the same reason.

[06009] To reflect EUV radiation having a wavelength of about 13.5 nm, multilayer mirrors
have been proposed having alternating layers of Si and Mo. Such a multilayer mirror reflects
the EUV radiation according to Bragg’s Law. However, these mirrors do not appear to be

suitable to reflect radiation having even shorter wavelengths.



[0009]To reflect EUV radiation having a wavelength of about 13.5 nm, multilayer mirrors have
been proposed having alternating layers of Si and Mo. Such a multilayer mirror reflects the
EUV radiation according to Bragg's Law. However, these mirrors do not appear to be suitable
to reflect radiation having even shorter wavelengths. SUMMARY 100101it is desirable to be
able to construct minors with suitable reflective properties to reflect radiation having a
wavelength of 6.9 nm and lower. 100111According to an aspect of the present invention,
there is provided aumiktargonstructed and arranged to reflect radiation having a wavelength in

the range of 2-8 tyj3 fhhe WH'H&Q&’%&@B%OJRQ§§C%H§?ER@BEE}%J§WE§uiTa@% F&%@é{i\%tﬂ?gylﬁ}é%ﬁﬁ

include a first layer and a second layer. The first and second layers are selected from the
group consisting SHEr 4l atne iV eries ef iR urent PUed 134C layers, C and BaC
layers, U and Ba@baykrs, Adoatieh 134GstaytershGand: BOGay s ispanidd Codayers U and

BIC layers, Th ang,BAG.layalsrha AR Bay0E51 1a0dR {avaset:and BiJaYesss Jh and B

layers, La compound and 134C layers, U compound and 134C layers, Th compound and BaC
layers, La compol I &rErEe: i Alane bt Aheraie g clyds & BRI SHIShd BC
layers, La composmehdhgeB Taydst dddcormpdund anseBelel/frs, thaghobh coosinpaunioCanai B
layers. The gwultgﬁygrg,r@#mén@éra%\@t@ E@ﬂ%tévs?@amﬁ@b;e B&%}fﬂﬁgdf\ﬂ&fbl%ﬁilﬂsgﬁ%ﬁd%\{@r
comprising Ru, Rh, Ta, Ti, Cs, Ba, i, Ca or any comhbination there ela
combound may DS GHLOH RS L A G SRy S o 13 B,
LaCl3, Lal3, La20B3cidSedRdyesTE ahi ley e iipoditlaymy ecempompanditiGhieatdd from the
group consisting efnphddetads, & ESerd) EhlBnifaldt hb@l@m&%@&dé&nﬁé@)du@%g@@grsldﬁo&
11205, U302, U409, UTc2, UTe3, UN, U2N3 and U The Th compound ma a
compound selecST RN B G B LR B THOD. I e TR ™ Hio, This,
Thla, ThH2, and ThgexdeosiBiake. mdfikopapeindordBdgtie Bhpanbiaiagricyioey sexdras a

reticle or a mask reostedciRack preidd dng e cigif avideoahsaprafthersadiation with; a-pattern

in its cross-section. Sucbh ai.retilee mask may be provided with a structure having an
combinatign, th

absorptive mater%lnflarrange to define the pattern, the absorptive material being Cr, Ta, Ti, Si,
Ru, Mo, Al, or anipwnbiﬁé)ﬁéﬁ ¢prapafd may be a compound selected from the group consisting of LaH,,

LaHj3, LaFs, LaCls, Lals, LayO3, LaSe and LaTe. The U compound may be a compound
selected from the group consisting of UF;, UF,, UFs, UCls, UCly, UCls, Uls, Uls, UO, UO,,
UOs3, UsOg, U205, UsO4, UsOy, UTe,, UTes, UN, UN; and UsN,. The Th compound may be a
compound selected from the group consisting of ThO,, ThCls, ThN, ThF;, ThF4, Thl,, Thi;,
Thls, ThH,, and ThSes.

[0013] The multilayer mirror may be a patterning device, such as a reticle or a mask,
constructed and arranged to provide a beam of the radiation with a pattern in its cross-section.
Such a reticle or mask may be provided with a structure having an absorptive material arranged
to define the pattern, the absorptive material being Cr, Ta, Ti, Si, Ru, Mo, Al, or any
combination thereof.

[0014]  According to an aspect of the present invention, there is provided a multilayer
mirror constructed and arranged to reflect radiation having a wavelength in the range of 2-8 nm,
for instance in the range 0f2.9-3.3 nm, in the range of 4.1-4.7 nm or in the range 0f 6.2-6.9 nm,

The multilayer mirror may have a reflective surface provided with a capping layer that includes



100141According to an aspect of the present invention, there is provided a multilayer mirror
constructed and arranged to reflect radiation having a wavelength in the range of 2-8 nm, for
instance in the range of 2.9-3.3 nm, in the range of 4.1-4.7 nm or in the range of 6.2-6.9 urn.
The multilayer mirror may have a reflective surface provided with a capping layer that includes
Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any combination thereof. The capping layer may be
located directly on a reflective surface of the multilayer mirror. [0015]According to an aspect of
the present inventio/Ritier @i <Hmyited caprojsctiohisystanreanigunppidolprjedt & paitarned
radiation beam O%Q&N%Y&%R&mx@&%& %pggﬁgay'ghghp(ggjection system includes a

multilayer mirror constructed and arranged to reflect radiation having a wavelength in the
range of 2-8 nm. A huIhESrEd i 8t BRSNS IRyBHorThE AR EEAS T include a
first layer and a secendtéafigncd hepfijsit apetsecbndidayersaresel ectechdram dhesgroe.

consisting of: Cr afgl REIRYRS&f 1Ak daaHSy & AR BdGRvRrsdd-and Bdtedgyers, Tit and
B4C layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La

and B layers, C aR§BIRYEEE pavdereinDLbe Frgchd Bimy £ MU R BB RS HE R B8 ay ers,
U compound andi84¢€ |ayeri¢rihigoaype inethdndiBAG degrdrssccend brep SlindiarmB&dayers U
compoung ang g%&ﬂmgae&thﬁ@mn@gnﬂmqsﬁ%Aax%[dls@l% Th,F@téH@@ﬁQc% t%y&{méé
compound an ayers, and Th compou ers, e La compound may be a
compound select& 2”/f?t)ma?ﬁeg “g;;rlc?ﬁ‘f)rsr:‘:lﬁﬁ??g%ﬁg 8¥"1ﬁ%?f§‘?ﬁ%1 e Saﬁ“@&é?ﬁﬁ%&"‘t%%&,

LaSe and LaTc. TherJTbondgotikdamdy bel B kpnigounid® delestednti Grintis HrewjBdarsidting of
UF3, UF4, UFS, Wbab3udd anlids, £Ti63AR, Wdedipbllf deliG, &R rs U 3ok 30 ahd BAS 123072 U409,

UTe2, UTe3, UN, U2N3 an N2. The Th co nd.may he a compou lected from the
arous consising STFRUS ThEeL AN SRS RS P 5 PR TS By e
[0017]According feraeudpatBdntie PrevepunihyetRitssicrshandTis qoranvieiddd Breyestion system
configured to projegieh pattesneebigdiataniRaThRAPimtA kel PORIRERLACHISHALR LIS
projection system aglydes a muliayer ninar consisicied and aangedio reflect adiation
having a wavelength'in the range of 2-8nin. The multilayer mirfor has a retlective surface
provided with a césiedfiapdictrarnsensisiine Ry RAFFIFFR UEs, Bds EClsi UbelBr HRYUO:,
combination therewf,[00dS1Aosrdin w0, AnTesipes!, oiNhe W eseNNVeMIDEerkBarR! ispiyded
an flumination sysiep.seigueRio fondion s adiaian beae. The Huminguansuste
includes a multilayer mirror constructed and arranged to réflect radiation having a'wavelength
in the range of 2-8"hnfith@hiififayer mirror has alternating layers. The alternating layers

include a first lay@oand a secafd tayebspebe fitstpanchsacertionayet ss preveedegiagkéiom the

gLoggdCO”SiS“”Q Q' BN BYRIRe e b ARG NG BB JAY S Ren b AN R lavers,

The projection system includes a multilayer mirror constructed and arranged to reflect
radiation having a wavelength in the range of 2-8 nm. The multilayer mirror has a reflective
surface provided with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any
combination thercof.

[0018] According to an aspect of the present invention, there is provided an illumination
system configured to condition a radiation beam. The illumination system includes a
multilayer mirror constructed and arranged to reflect radiation having a wavelength in the
range of 2-8 nm. The multilaycr mirror has alternating layers. The alternating layers include a
first layer and a second layer. The first and second layers are selected from the group

consisting of: Cr and Sc layers, Cr and C layers, C and B4C layers, U and B4C layers, Th and
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B4C layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La
and B layers, C and B layers, U and B layers, Th and B layers, La compound and B4C layers,
U compound and B4C layers, Th compound and B4C layers, La compound and B9C layers U
compound and B9C layers, Th compound and B9C layers, La compound and B layers, U
compound and B layers, and 113 compound and B layers. 10019]The La compound may be a
compound selected from the group consisting of Laf-17, LaH3, LaF3, LaC13, Lal3, La203,
LaSe and LaTe. The€ kyesfipatbd gy e sndBmpound sedasiethfesmiths gpougy eansisiing of

UF3, UF4, UFS, UG, Ve Iéh BiGkrs, Yt Mide el au(%%a%%alé&x%m% K31 R0 Y409,
UTe2, UTe3, UN, UZN3 and U3N2. The Th co 1)ﬁe_‘?un may be a compound selected from the

group consisting 8‘?“??%?‘ PHEG AR R oy &“?fﬁédy?*ﬁ1§“f‘ﬁ‘3!’4?“ﬁ“rﬁﬂf?%91‘dy?h§oz
[0020]According t@arrasipedtof theprésamtinvdntio ByGhieresis provided an! fllryination

system configuredi,carditios lgygadéag@ﬂggggmn({r g dipeination system includes a multilayer
minor constructed and arrang[ad to reflect raézllatlon havm a wavele?)%th in the range of 2-8

um. The multilaye? Mitror B354 FEREAITE S A8 BBt ‘W%r%{n BHAME JaVEr ! fudes
Ru, Rh, Ta, Ti, C$:Bala;, ha@aI@isaij(bommvia‘ﬂlémeéheUfCC[@@M}ﬂe@dldmmooamaspect of
the prese?t inventigithess iﬁc%F&\ﬂ@@nﬁilﬁlﬂ;EQ@@@fl}m? B@J@@ipiﬂj@mﬁf@t% afra@gﬁldgq project
a pattern from a paftte ceonto a raphi aratus includes a
multilayer mirror @%Bn’é ﬁJ(?fgég and’ aﬁaﬁd td re T‘)Iﬁg Sﬁgr%%h?n%gp[\%ac@}g é“ﬁnr%h]aﬁ %ha
range of 2-8 nm. Tpevititdepeed ﬁ’ﬁwdh%@lamiagf%§h¢hﬂaﬁem&iﬁgﬂa‘flé‘(&"ﬁhblude a
first layer and a segpnohigysi THee, first and second layers are selected from the group

consisting of: Cr c layers,.Cr an ayers, C an ayers, U an ers an
isti fCi@ layers, Cr.and C | C and BAC | U ea& ‘5% Th and

di 1 i
134C layers, C a C Iaf}(éorrs ; gé"é‘ﬁé‘“’ﬁé Ialﬁ &S ARG BYC gﬁesrér% tldlérs La

and B layers, C awateaﬂwéggr@tam@lwer@wwawwsﬂw@vgﬂmwmnauam BAC layers,
U compound andxﬁ&ﬁéﬂayeﬁsormaaamamﬂadraag:caé@ﬂaa(ex&am ﬁana@wa@blaﬁgﬂhmlayers U

compound and B9C Iao\f%@ ﬁh 819&% mor eqls\,/,[(bl%laé T OVHWW&‘Q“CU%X%J

compound and Brilayers and. compo n and ayers eLa compo
compound selectdd! fFslthBUgRbuprcbnsistifd ofiL Gaany seminatigirtieeefc|3; Lal3, La703
LaSe and LaTe. Tiee1 compsauingtmayshbe @ oneppetncaalen ekt apdhid-groupgamststing of

UF3, LiF4, UFS, &}QL%zléﬁ%éarH&L%a ﬁ%(?’foﬁ%jbc#%?att%%’?fo%?g u%%%&?ué%%@émya %%%mé'a%‘m

UTe2, UTe3, UN, compound may be a compound selected from the

group consisting 6?@#1#@@?1\@%31%"%@3 a iy erppiogerdruTiRd Andergeddp s e,

radiation having a wavelength in the range of 2-8 nm. The multilayer mirror has alternating
layers. The alternating layers include a first layer and a second layer. The first and second
layers are selected from the group consisting of: Crand Sc layers, Cr and C layers, C and B4,C
layers, U and B4C layers, Th and B4C layers, C and BoC layers, La and BoC layers U and BoC
layers, Th and BoC layers, La and B layers, C and B layers, U and B layers, Th and B layers, La
compound and B4C layers, U compound and B4C layers, Th compound and B,4C layers, La
compound and BoC layers U compound and BoC layers, Th compound and BoC layers, La
compound and B layers, U compound and B layers, and Th compound and B layers.

[0022] The La compound may be a compound selected from the group consisting of LaH,,
LaH;, LaF;, LaCls, Lals, LayOs, LaSc and LaTe. The U compound may be a compound
selected from the group consisting of UF5, UF4, UFs, UCls, UCl,, UCls, Uls, Uls, UO, UO;,
UO03, U303, U205, U307, UsOo, UTey, UTes, UN, UsN3 and UsNa. The Th compound may be a
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100231According to an aspect of the present invention, there is provided a lithographic
projection apparatus arranged to project a pattern from a patterning device onto a substrate.
The lithographic apparatus includes a multilayer mirror constructed and arranged to reflect
radiation having a wavelength in the range of 2-8 nm. The multilayer mirror has a reflective
surface provided with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any
combination thereof. 10024]According to an aspect of the present invention, there is provided
a lithographic appanatusdheltindliice siagrilipminatimesystermicanfighirebFioTodnditlo M,
radiation beam, ang asPRAkBLICtUre constructed to hold a patterning device. The
patterning device is capable of imparting the radiation beam with a pattern in jtS cross-section
to form a patterndd’fabiiatioFr BERR O PHESPISA BT R SR & 1SRG A s Bupuidste (e ®8istructed
to hold a substrateregrithasprejactionzydte mopwhfipiteditonprojonthedpattenied saksliation
beam onto a targetpatigR Althesuisiiaie ENeullliRination-sys@Pianeiaiiha Rraigetion
system includes a multilayer mirror %ﬁuu‘:ted anqr ara eflect radiation having a

nged to [
wavelength in ther?dﬁtﬁ)é’ of 25 nm. mu ﬁléa)r/’ er?nlrrol}nha%sq%lffglirt%%%‘fﬁ&“ a‘iﬁe‘?%.a &
alternating layerssnéiesdeosidhdridyaenepmes s duhddagesR T Re. flisTakd Becond yamnare
selected from thegroupicansisting of: Cr and Sc layers, Cr and C layers, C and B4C layers, U

and B4C layers, d B4C layers, C and B9C, layers, La.and BOC layers U.and BOC layers,
lardy Sl g - RS T S i R T
compound and BAB¥aje et ipdeiein diaarpBaecmyaiiurd eemdvone rafitigdcmyeis, La
compound and B9Gplayanstt compaidicoant Bsidaygisyith quneaathdaincdd dcalayris; La
compound and B.layers, LJ compound and B layers, and Th campound and B layers..
T00S T The L ot RO S0t 2 N AL TSRO SRR el
Lath, LaF3, LaCl3¢qm)13he 2ppeyatup alsydnglydes abstptidablecomiisind okl assbaesnmpbtind
selected from thepgrettiprcgasit dogigirdd kdprbifcdthbfabebd 134iAdicH BeduhGh d thdsel HektibdQf UO2,

Uo3, U308, U2O%flé&’b%t&’%%Qﬁdnﬂ;%%myIy%%’zn}%_l}byo%%'ﬁ%@%ﬁg%@nR‘Sffad‘éba%{m@a%“d may

be a compound selected from the group consisting of . ThN, ThF3, ThF4, Th13,
11th, Thi4, Th1-1ProRePsHasie ananampd e tilsm G 4Btion epeer sl tasfrbdbnensvehtid A there
is pro_\_/ided a Iit_hograpﬁliﬂaaapﬁmﬁuﬁstbl&ﬁﬂm{gd@&sarriﬁunaﬂati@nawsﬁ&mwﬁigu@d inda
condition a radiation,paan). RCASHARALITYERYE SRR YGIEhIQNRIdARANESPIRG.fRYice.

The patterning device is gg{iable of |mpart|é1k? the radiation beam with allﬁgattern in its
cross-section to fBMFCpatEriRa oMt Srbagrn. rid BparstSiaedbiricligss Q2 edBdtrate
table constructedidggehgld sadBioStsete] antBadirg¢ectinmes pstdngeconiigudrd thiorp (bjatB lhgrs,

patterned radiatiqglapggqgfggggng ﬁr&gltaq%gth&msoﬁ&m%% R ipatien.Rysiem and/or
u

the projection system includes a multilayer mirror constructed and arranged to reflect radiation
having a waveleriGfm B PAMYE B 248 Frrsiecnmbizd A Rty Fiad somamanditnd Befrface
provided with a chpginghlayercthdtinducikgcR U, RbmiapdapCs J4Bas, O, chinCandareB/layers,
combination thergof BRIGE RiEaGBREHON OF THE DRAWINGS 100271Embodiments of the
invention will now be described, by way of example only, with reference to the accompanying

schematic drawirld%Hh whih o ERpBA iRg rérerarmRTirbui S ardhe e esrmsthnditg parts,

and in which: LaHs;, LaF;, LaCls, Lals, Lay,O;, LaSe and LaTe. The U compound may be a compound
selected from the group consisting of UF;, UF,4, UFs, UCls;, UCly, UCls, Ul;, Uls, UO, UO,,
VO3, U303, Uz0s, UsOy, UsOy, UTe,, UTes, UN, UaN3 and UsNa,, The Th compound may be a
compound sclected from the group consisting of ThO,, ThCls, ThN, ThFs, ThF,, Thl,, This,
Thl,, ThH,, and ThSe;.



100281Figure 1 schematically depicts a lithographic apparatus according to an embodiment
of the present invention; 100291Figure 2 schematically depicts a side view of an EUV
illumination system and projection system of the lithographic projection apparatus of Figure 1;
100301Figure 3 schematically depicts a multilayer mirror of the lithographic apparatus of
Figure 1 according to an embodiment of the present invention; 100311Figures 4a, 4b, and 4e
depict reflectance of embodiments of the multilayer mirror of Figure 3 as a function of
wavelength; 1003@eiyureedehigts amneabedingticafiihenton lthay erpmittod ofitherhiphographic

apparatus of F'gU&ﬁ&a&%@lﬁéﬂ%&?1%818%9@5?%@991#@&%%9@%@%'FUQ&X&&JB‘&EEQ 2 the

lithographic apparatus of Figure 1
support structure constructed to hold a patterning device. The patterning device is capable of

imparting the radiation beam with a pattern in its cross-scction to form a patterned radiation
beam. The apparatus also includes a substrate table constructed to hold a substrate, and a
projection system configured to project the patterned radiation beam onto a target portion of
the substrate. The illumination system and/or the projection system includes a multilayer
mirror constructed and arranged to reflect radiation having a wavelength in the range of 2-8 nm.
The multilayer mirror has a reflective surface provided with a capping layer that includes Ru,

Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:

[0028] Figure 1 schematically depicts a lithographic apparatus according to an
embodiment of the present invention;

[0029] Figure 2 schematically depicts a side view of an EUV illumination system and
projection system of the lithographic projection apparatus of Figure 1;

[0030] Figure 3 schematically depicts a multilayer mirror of the lithographic apparatus of
Figure 1 according to an embodiment of the present invention;

[0031] Figures 4a, 4b, and 4¢ depict reflectance of embodiments of the multilayer mirror of
Figure 3 as a function of wavelength;

[0032] Figure 5 depicts an embodiment of the multilayer mirror of the lithographic
apparatus of Figure 1;

[0033] Figure 6 depicts an embodiment of the multilayer mirror of the lithographic
apparatus of Figure 1; and

[0034] Figure 7 depicts an embodiment of the multilayer mirror of the lithographic

apparatus of Figure 1.

DETAILED DESCRIPTION



10034]Figure 7 depicts an embodiment of the multilayer mirror of the lithographic apparatus of
Figure 1. DETAILED DESCRIPTION [0035]Figure 1 schematically depicts a lithographic
apparatus according to an embodiment of the invention. The apparatus comprises: an
illumination system (illuminator) IL configured to condition a radiation beam B (e.g. EUV
radiation); a support structure (e.g. a mask table) MT constructed to support a patterning
device (e.g. a mask or a reticle) MA and connected to a first positioner PM configured to
accurately positiopdbg pattermtngdemices; sy stfasiralierdabiti¢egaatwaierdalle)VT

constructed to hold, & SHRSIR: (& Ini eHISLERAGALYRIL \bh ARFLEAEGIRE I saeand

positioner PW configured to accurately position the substrate; and a projéction system (e.g. a
reflective projectich IEHEEER MBS AATIZITRRFE BrSiedt e Satiditirh BRRELSTYTHE Fa#iation
beam B by patternimg dgvidETivbAsomtodadangettpeetiomiag (eviye cognpmsikgremneics) iMarendies) of
the substrate W. 1003611 he, HNMRATND SUSiSHEMavdaclkdey fiaks MRSaAhRIcak; o

components, such as refractive, reflective, magnetic, electromagnetic, electrostatic or gther
types of optical cMIBHARYS (BF ANy ROMISINAHSHRTEDE Hol ARDEEHE CenasIiG B CoitiSliing
radiation. HoweVey, mpticakdemporend putiichcaPéVconfigurdty tocoohditiontithabradiation beam
B are preferably rgfieGiyR-GOMPRARCRLS. LORBHLIG SHRNOH Stuaiuebmidsdne pajterning

device in a manner that depends on&he 0 ient%t on of the datternjgg device, the design of the
. . atttem mm%F[e to the radigtion beam kﬂ/ )att?mm evice nt(%atar ¢t po 1(%'3] (ge.g.
lithographic appaFatis, aRd other conditions: Such 4s for example whether or not the

patterning devicederiaithéree varongrdicefitsabette e support structure can use

mechanical, vacuisglectiRsiatitnoAthetalAR R deMIL Wesster halchtbanpaitaringdevice.
The support structl.%rret{na ea frqgle?r tatplelﬁflc])rﬁex?m?pl%ﬁvvhric A erptaxeg)g:* 1:)i>)<§glor movable
as desired. The S{Jepf)corvtes fucture lrhgf/céchgﬁ?eofhft frne %th e°§n|r$90 devicehi at @ désired
position, for exanferepepriissespRctotbirmiiq tirsetfotarsirseding. {D0BE] Prroneiingpadigtianing device"
should be broadlyjiiers! efachashplacing iRramny Javier dhaj.s@adaebisradoniapar adJadiation
beam with a pattern.in i§s cross-section sych as to create a pattern in a target portion of the

ferably réflective o )
substrate. The p:ﬁ{%rcﬁal [r)earqtcegct(c)o e radiation beam may correspond to a particular

functional layer in®@XévicdissmporreatadcArethargerpordericedn emamathm fspradeer Sircuit.

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 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 desired. The support structure may
cnsure that the patterning device is at a desired position, for example with respect to the
projection system.

[0038] 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-scction 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.

[0039]  The patterning device may be transmissive, but is preferably 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,
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10039]The patterning device may be transmissive, but is preferably reflective. Examples of
patterning devices include masks, programmable mirror arrays, and programmable LCD
panels. Masks are well knovvn 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, each
of which can he individually tilted so as to reflect an incoming radiation beam in different
directions. The tiltgdmaitigphasmrplaft apattenmndhphasadisiianvadiasyahishyisieflestegeathe
mirror matrix. 10040 THe Ae(m, REQIBSH AN SIS ImMAY SRGAMPASS AN 5%@&%@9&@

system, including refractive, reflective, catadioptric, magnetic, electromagnetic and
electrostatic opticl g%fé‘iﬁ’é’cd’?‘%ﬁ}‘&lgrﬁﬁfﬂé‘flfiﬁ"tﬁ%b‘f“ Hgogﬂﬁbdﬂffé{?@ I?Sﬁﬁlédg%‘a%ure
radiation being usédcamioTothidedaitorsirgspegiaibynthe us@@hdopacutich id tafrasebey desired to
use a vacuum for Bl Qsglectron beam radiation since other gases may absorb too much
radiation or electrons A vaguum ¢ envwonment may therefore be provided to the whole beam
path with the aid &1 Yacullif 'SR UELHR ﬁ’(p?é}cT@ﬁ?ﬂf&ﬁ@?é"&%ﬁ“&%‘fé&“‘fﬂ’
apparatus is of a refletite/eiypeachee ﬁm@taqe*ﬂme@m@nasma%ﬂemdt%lwsmg

apparatus may beafea ng@q&%mbs@mecm%@ogmeml@Mﬁg@ﬁﬁ@%{ﬂi@@ieﬁesmkba@@%&lThe
lithographic apparatt(*s may % fta ty aﬁ/rl%two duaal stla e?—]‘l [ more fubsgrés\te tablf
(and/or two or more MAasK tab 3°fri sﬁcﬁw fn t|p es 5g°él”nma3 S the additional tables may
be used in paralI@W%@ﬁﬁﬂawgﬁémomjﬁ%éhebﬁﬁeﬁn@u@wrbﬁé mmh@fbdt’améglwrm@ one

or more other tablfesaamxb@m)mdni@y BARRRNErIAA43d Retaisiogeia Figurenkndbr daminator

IL receives a radiation be ({om a radiation source SO. The source and the lithographic
vacuum wall and vacuum _pumps.
apparatus may be separate entities, for example when the source is an excimer laser. In such

cases, the sourcel844bt ce?ﬁé‘ﬁ!@?‘@dcf@ﬂfﬁﬁﬁpp%fﬁ%ﬂ‘tﬁéalrﬂ%@wpme EppERRYS s ip@ive

radiation beam ismﬁﬁadémmmgwpeat&%atpw&thmmmxe peithy thepaigigfaa beam
delivery system CPmPHK{%'{J, fol'%example suitable directing mirrors and/or a beam expander.
In other cases the source may be an integral part of the lithographic apparatus, for example

when the source 1€%4%herdlif/ifBeaBPneRERTE RS b AhttRRIAIRAITAtOFILS &) SEHSFwith the
beam delivery sysi@stait t@gi ealdarayde iefenad idag. anradiatianislSIGRY. machines the

additional tables may be used in parallel, or preparatory steps may be carried out on one or

more tables while one or more other tables are being used for exposure.

[0043] Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be separate entities, for example
when the source is an excimer laser. In such cases, the source is not considered to form part of
the lithographic apparatus and the radiation beam is passed from the source SO to the
illuminator IL with the aid of a beam delivery system comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a mercury lamp. The source SO and
the illuminator IL, together with the beam delivery system if desired, may be referred to as a
radiation system.

[0044] The illuminator IL may comprisc 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 distribution in a
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[00441The 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 a-outer and a-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise
various other components, such as an integrator and a condenser. The illuminator may be
used to condition the radiation beam, to have a desired uniformity and intensity distribution in
its cross-section. P4 plhhefradiktioinabe ssmts ddjuseidiantidnoihépiittemngldeviceferiss mask)
MA, which is held QR R fYRPAKLAHCHHE G dmdnask ARl M AR IS IRASEREC,BY the

patterning device. After being reflected from the p atternln%odewce (e.g. mask) MA, the
radiation beam B Bégggg‘th%uﬁhdm%bﬁf‘gjéﬁﬁéw ayeiLah B WW&H‘%FG§§ SHEPRISHT Bivto a
target portion C ofthve sufpstrate W. With the aid of the second positioner PW and position

sensor IF2 (e.g. appprierameiissevicss m@re%mm@raﬁsmga&lﬂveser;égr))wtn%@%rate
table WT can be m?ved accuratel}/kﬁtélr% SO as to iﬁltlon different target portions C in the path

of the radiation besrh B "EiHIRSHy! (SEpBERIHY P d‘%%‘d*atn%‘ﬁ%’&‘?%a PEHCEERE SR can
be used to accuratély bositidhedhe rattéemagrdeyibei¢e(ge. rwa%ﬁWAthwmdlresp@etrtB pasepath of

the radiation beam&@ﬁaﬁ%}m&eﬁ%t@gﬁmﬁﬁi&mgm@umwa&%&\[)m@y @efaltgned
using mask allgnm nt m M2 a substrate align arks Pl, P O 6]The
depicted apparatus%éoiiﬁt q*i)ea] 3&3’ ?rrdg? (256D gos¥1 ngée Pﬁg\?vl & Mo ehsoza‘éz ?ﬁ IJn step
mode, the supportnstt@m?e“(é?g‘.cmb@krtﬁﬁ%’yfw‘mPﬂittﬁeesubbttﬁt@‘tﬁmeWT‘HF(—:C%EW

essentially stationasyeautd@aary. @ike ara&ttﬁmm PRk tﬂé&i@dﬁdﬂﬁ@ﬂtb&@m sstpcejestrd onto

a target portion C QLo St ek e statms osure e substr e WT. is then
1 t dt
shifted in the X an m%( direct énlescl)rsth t'a different t%‘%‘ée’% |r5)oosrt|lon *€can Eea%xfo%ssee

1004812.In scan Aetdcessinpenpateiéte fevies (£ srinsiotisianifrrseastiares subsfiite table
WT are scanned sygnhnead sy miviena pattere. snpskiadanthrumaiationpeamdspweigcted

onto a target portloask al(gnme%tsl A s%\ﬂymn %B?% Qnmen ?kogltyl’gnd direction of the
substrate table WT relative to the support structure e.0. mask tabl €) MT may be determined

by the (de-)magniffé4tion éﬁ‘tﬁl4%‘&@%W%ﬁ%ﬁ%&fﬁéﬂ%ﬁb@%%ﬁ%}@éﬂ%’w@f@m PS.
[0049]3.In anothepoarde, the supppihsis G @tgiritask dghlelihblés Wephesseitiiaty

stationary holding, g, pregramnARIe, RANEIING.IGHISE AN G RHRRITAIE, BRIE Miilds, mayed or

scanned while a pattern imparted to the radiation beam is projected onto a target portion C. In
this mode, gener&lBFUHEIasE pAHEStRNISD (@IS MDY SHETR TR & PSP At BBt ning
device is updatedvas idesiredfiaftariesc iniiovwe trenioo b dhirisubistraterdgil gowich Orein be

exposed.

10048] 2. In scan mode, the support structure (¢.g. mask table) MT and the substrate
table WT are scanned synchronously while a pattern imparted to the radiation beam is
projected onto a target portion C (i.c. a single dynamic exposure). The velocity and direction of
the substrate table WT relative to the support structure (¢.g. mask table) MT may be determined
by the (de-)magnification and image reversal characteristics of the projection system PS.
[0049] 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 scanncd 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 desired after each movement of the substrate table WT or in
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between successive radiation pulses during a scan. This mode of operation can be readily
applied to maskless lithography that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above. 10050]Combinations and/or
variations on the above described modes of use or entirely different modes of use may also
be employed. 10051]Figure 2 shows the lithographic apparatus of Figure | in more detail,
including a radiation system 42, an illumination optics unit 44, and the projection system PS.
The radiation systemveta smchydesrilietiagiaiie dusny cead Ohwhicke niaychddocmédriadidy
discharge plasma, ELY fadialiQnmayne, AAdHESS A Sa R AR (L £XaMRIE Xe gas, L

vapor or Sn vapor In which a very hot plasma is created to emit radiation in the EUV range of
the electromagnefPERBEHRIRT FHE VA ROMS EIRETE W &R&d by causing an at least partially
ionized plasma byl086¢lexafiwplepaivelednicalidiccharde.aRartigkpiadsurds dipskorrexgmiple, 10

Pa of Xe, Li, Sn vaper.ar Ay Qhies stabledaseiaapor may be desired for efficient
generation of the r 0cl@silationI.J_The radiation emitteg, bg/ radiation source Sori‘ﬁ : ss%ddfrgm a
source chamber 47°Mto a CEHSESIERAMBEPIR VL PYLL A RIS BRSNS RAAPLE 48 which
is positioned in orrixb#ierhgteo panmgumisviencetish antdéraddthT preiggtiensatein PR hasadiriciude a
channel structure s L322 T beeolR clakchamnRe s 48 gl wiesasarinicnsaligst phalh iaieh
may be formed bxa%i(%{gzirlg li)ncirdgncgbcolIect?r.aqujar\tioan collector dEP has an upstream
radiation collector Side boa’and a downSirEam radiation collectorsite 500, Radiaton passed
by collector 50 canti refiedieio afba igpetied tegwetialifitaishetBlberfastfdlr MegiroragatSource
point 52 at an apege:dn theverllRephseh ambacids cump LalReioahamberd glaheamof
radiation 56 is reflected in illumination optics unit 44 via narmal incidence reflectgors 53, 54
oo & retcle or Mt 6 AN AU 3 AN LR T Bt ol Senth 7 el dhme
which is imaged HNBRIPECHRIRP SRV PS! igy RefisEiRAT st e BE 259 Bfihs WhtkerstEge or
substrate table WihdiMioresienentsithion shoysomaysgamonall yobeduasdat 4nitto sndoion

optics unit 44 and projection system B2, Grating Spect 'Jéﬁ'ﬁs‘?:i?%om%xe Riionally,bg, present,
depending upon t%e type of lithographic apparatus. Further, there may be more mirrors
present than thos&PEHeR RIS ES, TBt BxArife tHare TRAJ BEemchite fEflective

elements present[thsz] 58,ﬁecdﬂaﬁﬁa&iamwueﬁmﬁaesﬂraned@newecfasem memﬂ@rbalﬁ)rﬂab@by
collector 50 may Qg&fagﬂageg&' L%HEQ{oWﬁQd{a‘?FASS{eslﬂéaér‘k% ’hé%s4a%a’ﬁ%§!i%§x§iﬁ§3§%&%cﬂ&Qn%%

provided between two reflectors, e.g. between reflectors 142 ¢ . 1Figure
depicts an embodifadnt biarestrRimtediziontelisrormsids tRbifpdAPatsd bisdstet i@ and
arranged to reflectfladeetvdi paviggpacwadebe ngthbinitbeddingeioha sSurmpoliie2raakii@yesrenirror

comprises a layergd, sictiire.2 iR RS USRINRIAGIBYERS o SHRRAKIRH S acubsiAte 8.
10054]The alternating layers 4, 6 may be selected from the group consisting of: Cr and Sc
illumination optics unit 44 via normal incidence reflectors 53, 54 onto a reticle or mask

positioned on reticle or mask table MT. A patterned beam 57 is formed which is imaged in
projection system PS via reflective elements 58, 59 onto wafer stage or substrate table WT.
More clements than shown may generally be present in illumination optics unit 44 and
projection system PS. Grating spectral filter 51 may optionally be present, depending upon the
type of lithographic apparatus. Further, there may be more mirrors present than those shown in
the Figures, for example there may be 1-4 more reflective elements present than 58, 59.
Radiation collectors 50 are known from the prior art. The collector 50 may be a nested collector
with reflectors 142, 143, and 146. A space 180 is provided between two reflectors, e.g.

between reflectors 142 and 143.



layers, Cr and C layers, La and B4C layers, C and B4C layers, U and B4C layers, Th and B4C
layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La and B
layers, C and B layers, U and B layers, and Th and B layers. 100551In an embodiment, the
alternating layers 4, 6 may be selected from the group consisting of: U and B4C layers, Th
and B4C layers, C and B9C layers, U and B9C layers, Th and B9C layers, C and B layers, U
and B layers, and Th and B layers. A potential advantage of such alternating layers is that U
layers or Th layerf#astead ghilead teyersinilhiprdmicheofithe omtlibgm chividth, Thothulrlégemsrok angle

as well as wavelepgifi.[BeqRraan.anale Randwiihyill &l ‘%J@&&g@?ﬂ%é‘m&%ﬁﬁ Agsin

freedom, making the multilayer mirror useful for optics in EUV lithography at 6.6
wavelength. Also “?WHW%WBW f8?’8f1b€iiﬁ|'|d?5?“é}f‘8ﬁf€‘é? S iﬂtW}i‘ (54 H‘Yéﬁﬁuﬁﬁl@%‘?eﬁ‘ﬁ’?’ror is

comprised to be hombsign&ously filled in terms of intensity and allows for a larger numerical

aperture (NA). 108364 Figuig ARi5&SE300 Shawing (allecianren AR tnsiionetuayalength
X for alternating I%frs WhICh are La and B4C layers. The so -called é.l" width half m X|mum

(FWHM) of the peRREHAH is BE D6 R ’?ﬁ‘%la?férﬁlg EHLRS PfRclae S SR Fiinthis B¢
wavelength X for hiterratndBdyerswhichdRe Tdyand a8 B [ayassTirEn/B%HC lkagrersy. arbde, the

FWHM is 0.09 ntnaykigure.de shaws agﬂ@q@ag,eamgmmrpf Wavelength X for alternating
layers which are d 134C layers f} layers). Here, the EWHM i nm. 100571In
an embodiment, H}/%SC Iglyaénrgnén qa{(i/réxrlgn Xa i’"’féf‘? ‘f‘ﬁ?@’ F§ Sgreé:t%l(?\ Igy(}léprs may be
used instead of TWB&@W&@W@V@B@@Tbye«*@@é@peretﬁem Ba lhﬂeveb@@d IBCp@VRerﬁay

allow for better re&lacggmyyctfgecahwa;afatiaulxcrsd@@mgxﬂmweﬁd@smdupot&am@mﬂ@a &f
radiation. [0058]In ment. the rnatln layers may b and B4C layer nd
B6C Inyers, o & MR O AR Y 88 s A B R en

layers not as mudhnitedfapet ditfusion s covelraeiiogh Jhchiasdangle foodofttheibeliprof a
thickness of the fifcstalgy@r%@mdoamgkne@ﬁ@fﬁlaa@awmdm&yaﬁﬁmawﬂﬂ wimiﬁbsthemamge of

3-3.5 nin. The ajtgati P?at%yeeﬁ% W%&at equ8e¥ 190, IHGkRESS WhiGH 13 RN R0 AR A7
and about 2.5 times the thickness Irst layer o the secoﬁcﬂa er.
the multilayer mirror is comprised to be homogeneously filled in terms of intensity and allows
for a larger numerical aperture (NA).
[0056] Figure 4a is a graph showing reflectance R as a function of wavelength A for
alternating layers which are La and B4C layers. The so-called full width half maximum
(FWHM) of the peak shown is 0 0.06 nm. Figure 4b shows reflectance as a function of
wavelength A for alternating layers which are Th and B4C layers (Th/B4C layers). Here, the
FWHM is 0.09 nm. Figure 4¢ shows reflectance as a function of wavelength  for alternating
layers which are Th and B4C layers (U/B4C layers). Here, the FWHM is 0.15 nm.
[0057] In an embodiment, Th/BoC layers and U/BoC layers or even Th/B layers and U/B
layers may be used instead of Th/B4C layers and U/B,4C layers respectively. An increased B
purity may allow for better reflectivity, thereby potentially reducing power losses due to
absorption of radiation.
[0058] In an embodiment, the alternating layers may be C and B4C layers, C and BoC
layers, or C and B layers. C is not as active as La and, therefore, in these alternating layers not

as much interlayer diffusion may occur as in La/B4C layers.
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[0060]The aforementioned embodiments of the multilayer mirrors 1 are mainly suitable to
reflect radiation having a wavelength within a range of 3-3.5 nm. In an embodiment, the
alternating layers are Cr and Sc layers, or Cr and C layers. Cr/Sc layers have been found to
be suitable to reflect radiation with a wavelength within a range of 2.9-3.3 nm. Cr/C layers
have been found to be suitable to reflect radiation with a wavelength within a range of 4.1 10
4.7 nm. [0061]An embodiment of the multilayer mirror 1 is shown in Figure 5. This
embodiment is a ref&ygtiveTietice o n thidklitio nfibcthst fepdur es! o fliknenulfilysecaniingsr ofnkaigure

3, the embodimeny Qi HEFBaaY PesR RYIdGL Wit A S RYGIUES, haVINg AR ARSIRI VS Mqterial

which is arranged to define the pattern on its surface. Suitable materials to be employed as

the absorptive matEHETHAMYHe & *PLUsT Fimemly Frgkrass W%bémmgﬁdﬁci’ﬁg}@ﬁf
[0062]The multilaye6gitruciire Brofcheweidtileodbnemirofithd nmbileire simopdriedbipla ssilddtrate 8

in order to reduceMgshRARIEA MWREARIEY AR BriQL eSS dHhalihedaligdhings in
Figures 3 and 5 m(iilcate an unsp ecifie number of rep eatlﬁ%%alternatm I%yers 4, 6. Ty;glcally,

the multilayer stru 'te”r%nﬁg&?yt‘ﬁ?aa (FSPASE T B KRB B85 506 tsanifsyaddp be
alternating layers siiablg Mmmdbémoﬁéwngemw@enmmmgﬂvmF@@\Q‘MC tesirohaid: be

noted that the Figsygsara @@bﬁmaﬁlgﬂmwﬁuﬁarmgtmemlmgﬁllua&na&igngc arvlithathey are
i Y et T
However, in the ewititselitviapiictst Pigdslicos tattee Fa%fr’édféhmewwz l§1f§¢ovf§wf9\ﬁtﬂla capplng

layer 12. The Capaimgdtawoiﬁlmy Eﬁﬂb@&iﬁﬁlﬁ%ﬂ wltBa TtiudRie KaSinBah dbsokitiCed@Er@NYhich

combination thereof. Suc {apcp ayer ma ably arrange ed to tec thg layered
t
structure of the muftilayer r%fir%lr f a%%unréltotl: emlcaf3 U%Pac y aé‘ﬁi%bfe ‘fﬁ% s(tlsa?oF ‘the

capping layer ma§PBpsrs/RHeid witHinthd irah§e 8B, 110 wprcofpusdiMmdiierfembodiment is
depicted in Figurqoge2y he mmﬁﬁmmt@fciﬁ}glwtKeisl@imUaﬁmrﬂae ﬂﬁpb@@limaif&myl&igure 4.

layer 12. Same as mentlone Whl|e referrng to |gure the cappmg ayer may ‘Comprise
Ru, and/or Rh ant"fd/ et featly @W&ﬁ@@d‘?ﬂ’fﬁgﬁé@?%rléﬂf@éﬂ"ﬁmﬂﬁ@%ﬁﬁ’é tiltilayer
mirror 1 against chegmeitgltadiagikilayer structure 2 of the mirror 1 is formed by a number of 30 to 200 periods

of alternating layers, i.c. a total number of layers between 60 and 400. Morcover, it should be
noted that the Figures are schematic Figures serving merely as illustrations and that they are not
scale drawings.

[0063] Further embodiments of the multilayer mirror 1 are depicted in Figures 6 and 7. The
embodiment of Figure 6 is quite similar to the embodiment of Figure 3. However, in the
embodiment of Figure 6, the layered structure 2 is provided with a capping layer 12. The
capping layer 12 may comprise Ru, Ta, Ti, Rh, Cs, Ba, C, Li, Ca or any combination thereof.
Such a capping layer may be suitably arranged to protect the layered structure of the multilayer
mirror 1 against chemical attack. A suitable thickness for the capping layer may be anywhere
within the range of 0.5 to 10 nm.

[0064] Another embodiment is depicted in Figure 7. The embodiment of Figure 7 is similar
to the embodiment of Figure 4. However, in the embodiment of Figure 7, the layered structure

2 is provided with a capping layer 12. Same as mentioned while referring to Figure 6, the
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[0065]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,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. [0066]Although specific reference
may have been made above to the use of embodiments of the invention in the context of
optical lithographyaipinilldyer appegciatedsdRat théortientiomybayuieb lysechi Otheoegplications,
for example 'mpr'@um&q{@mm%whs{,@rmﬁr&qnggzﬁtsa&%mﬁtmazIlmlted to optical

lithography. [0067]The terms "radiation” and "beam" used herein encompass all types of
electromagnetic rAfit¥on, MERERSECERFATABRIET T talrdt BN ' bt Wavsiaith of or
about 365, 355, 248208 nltb7noniRéuremi 1endt extrireundtrstosidiizt (EUND gaphatippaleny.

having a wavelength.iB thetands, abr-&Riappi@sne has Pallicle RRaM S sHELAS iphcheams
or electron beams. 0068§¥While specific. embodiments of the invention have been described

above, it will be appredi é‘}i‘ﬁ?a“fpﬁ%“fﬁt\‘/%‘d‘t%ﬂ“r%%{/‘B"‘é"’“ﬁ?‘é IRRH BT S RAR L B8 s ribed.
For example, the liavartiviteidiagiaskeGRe.fomfitd mazpefipbdalsstogram containing one or more

sequences of maghigg-readablenisiietiansdeseyiRingre.meios As Wigelased-aBoyaat a
data storage med(i)tflt ege\.g. semiconductor. memary, ma netic.l%coapticaj dglf)ahgvin‘g??uch a

computer program s regherding ﬁ%g@’]ﬁogn BSCrptions Above ars Intended to bei tﬁosntrative,
not limiting. Thus MexWit used appkaieanpliertme Skitleenive trant!ihegrmbdifidatisiestinegied made
to the invention asidescsihedMitheddepantinpgfem the scope of the claims set out below.
CLAIMS [0067] The terms “radiation” and “beam” used herein encompass all types of
clectromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having
a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron
beams.

[0068] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example, the
invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer
program stored therein.

[0069] The descriptions above are intended to be illustrative, not limiting. Thus, it will be

apparent to one skilled in the art that modifications may be made to the invention as described

without departing from the scope of the claims sct out below.
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1. A multilayer mirror constructed and arranged to reflect radiation having a wavelength in the
range of 2-8 nm, the multilayer mirror having alternating layers, the alternating layers
comprising a first layer and a second layer, characterized in that the first and second layers
being selected from the group consisting of: U and B4C layers and Th and 134C layers. 2.
The multilayer mirror according to claim 1, where of a thickness of the first layer
and a thickness of the second layer is within the range of 3 -3.5 nm. 3. The multilaycr mirror

ding to clai i | i i - L
petwoen about 17 Snd ShaT ST I “%%ﬁ%%ﬁﬁg&ggﬁéa ERINL S 4
The multilayer mirror acgceaor(s‘li ggfgg &t ¢ g Y 1\,3’ £ jauro naving giteriatl 8 laveis,

n
n erm
constructed and arrangi F

e
oneé of claims’l r g el

; RO HANG dRGIEABT o RE TR YR e
5. The multilayer mirrot 285 dSG! SHRPBHEYTHRE BRtClatiid TR SrennHEna ik
mirror is a patterning dSvfconafitidibendRiGidfi§ed to provide a beam of the radiation with
a pattern in its cross-section. 6, A projection system configured to project a patterned radiation

beam onto a target porlibh'BY &Y FheotsPBRIAIS ke erenipriSnmy o Hibitkager thikor
according to any one ofiffdayFaaadimbickirss o tha serrishiaxeidn wibiB e BReg ofda &5 nm.
condition a radiatioq beam, the illumination sysf%em comprising a multilayer mirror according to

any one of claims 175. 8 AHHIBYRIL B AFERIUREA S APt U<PE frd aﬂea*mgsetég%ﬁé?ﬁ
from a patterning devidd 6ridd 8dkickiessytihit st id aphabashs cHmpTidEs a
multilayer mirror accoréhifiesanltbnEreklalsing thessegonHayithographic apparatus according

to claim 8, further Cgm FPHE?”A%ltilayer mirror according to any one of claims 1, 2 or 3, wherein the

multilayer mirror is constructed and arranged to reflect radiation having a
wavelength in the range of 6.2-6.9 nm.

5. The multilayer mirror according to any one of the preceding claims, wherein the
multilayer mirror is a patterning device constructed and arranged to provide a
beam of the radiation with a pattern in its cross-section.

6. A projection system configured to project a patterned radiation beam onto a target
portion of a substrate, the projection system comprising a multilayer mirror
according to any one of the preceding claims.

7. An illumination system configured to condition a radiation beam, the illumination
system comprising a multilayer mirror according to any one of claims 1-5.

8. A lithographic projection apparatus arranged to project a pattern from a patterning
device onto a substrate, wherein the lithographic apparatus comprises a multilayer
mirror according to any one of claims 1-5.

9. The lithographic apparatus according to claim 8, further comprising:

an illumination system configured to condition a radiation beam;
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an illumination system configured to condition a radiation beam; a support structure
constructed to hold a patterning device, the patterning device being capable of imparting the
radiation beam with a pattern in its cross-section to form a patterned radiation beam; a

substrate table construt BHRYTHYIFH S TR AR MY dp dRtReIRtEM RO RFIRE €5 YrojRedne
the patterned radiationck;lg%irlg 995%&&%(@%40%@8%’%@% %v%sy%éﬁel%%Ans"tgc?%@f{i‘é% to form a

apparatus comprising: an illumination system configured to condition a radiation beam; a

support structure constpuededdadaidngatierning device, the patterning device being capable
of imparting the radiation beam with a pattern in its cross-section to form a patterned radiation

beam; a substrate tabI% C%Qtstguga%ggcg% ShrcL)llc eﬁl tglﬁg%tgast%;s @Qd a}]g)rOJectlon system configured to

project the patterned radiation beam onfo a target portion orthe substrate, wherein the

projection system is a system according to claim 6 and/or the illumination system is a system
according to claim 7. a projection system configured to project the patterned radiation beam onto a target

portion of the substrate.

10. A lithographic apparatus comprising:
an illumination system configured to condition a radiation beam;
a support structure constructed to hold a patterning device, the patterning device
being capable of imparting the radiation beam with a pattern in its cross-section to
form a patterned radiation beam;
a substrate table constructed to hold a substrate; and
a projection system configured to project the patterned radiation beam onto a
target portion of the substrate,
wherein the projection system is a system according to claim 6 and/or the

illumination system is a system according to claim 7.
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