29 NOVEMBER 2006 -1 Lithographic Apparatus and Devi ce ManufZrNovemBERE006d.
The present invention relates to a |ithographic projection apparatus
conprising: a radiation systemfor supplying a projection beam of radiation,;
a support structure for supporting patternij-ng neans, the patterni ng neans
serving to 5 pattern the projection beamaccording to a desired pattern; a
substrate table for MNdthdgrgplic Apparatas and Device Namyfacturixiy Metlicn f or
projecting the patterned beamonto a target portion of the substrate. 10
The term "patterni ng neans” as here enpl oyed should be broadly interpreted
as referring to neans that can be used to endow an i ncom ng radi ati on beam
with a patterned cross-section, corresponding to a pattern that is to be
created in a target [elpr&BntQhvdniion FelReS tPd BthobRPhicdrdfectidridpparapdsve” can

al so be used in this context. Generally, 15 the said pattern wll correspond
to a parti cobraprifingicti onal | ayer in a device being created in the target

portion, such as an.integrated circuit or .other device.(see below). Exanples
of such pattern?ﬁ@dlﬂ%%{’r@sfeﬁb oaa@p(iﬁng(ﬁgkqjeemg b@ﬁ%ﬁ?dlétfoné mask is well

known in |ithogr _I'@QHI. [ ﬁﬁﬂﬁ ke H%%P ' :
alternating phasg?%O t, actl eg(%}ﬁg at g%rB%;egnslggs I g,?ﬁé;géﬁabggfsexnszsgw\}g |toous
hybrid n@askpitpe she grbjectioebéanoiccardifg @ aadesired pattdis; r adi ati on beam causes
selective transmission (in the case of a transm ssive mask) or reflection
(in the case of asubstftedablefer hplding agnbstyste; aBdi ati on i npi ngi ng on t he mask,
according to the r n_t 4 t f ort
structure wl | ggggcaéétﬁ)yrkggtergfgﬁ%@e%h%h{épa&%n%ﬁ%g%@gpgos%p{)%f:bnri)gs can
be hel d at gypdgater ed position in the 25 incom ng radiation beam and that it
can be noved relative to the beamif so desired. A progranmable mrror
array. One exanple of such a device is a matri x- addressabl e surface havi ng
a vi scog(tasti c control layer and a reflective surface. The basic principle
behi nd ch an apparatus is that (for exanple) addressed areas of the 30
reflective surface refiheglm Baitienty hi@ht aperd bibloyed SEould 8bbroather eas
unaddressed 29 NOVEMBER 2006

interpreted as referring to means that can be used to endow an incoming radiation beam

with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context. Generally,
15  the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
20 various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case
of a reflective mask) of the radiation impinging on the mask, according to the
pattern on the mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position in the
25 incoming radiation beam, and that it can be moved relative to the beam if so
desired.
- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The
basic principle behind such an apparatus is that (for example) addressed areas of the

30 reflective surface reflect incident light as diffracted light, whereas unaddressed



-2 areas reflect incident light as undiffracted |ight. Usi ngZBNOxBNBER2006e
filter, the said wundiffracted light can be filtered out of the reflected
beam leaving only the diffracted |ight behind; in this manner, the beam
beconmes patterned according to the addrefsing pattern of the

mat ri x- addr essabl e surface. An alternative 5 enbodi nent of a programmuabl e

m rror array enpiressreflectdancident dightasgeweffiacted lightn\Usimg aroappromiatdfiliér, wheisaid can

be i ndividual Iy ti]ted i | yi itable | ocalized
lectric fiold SRRy FpB Al Db bR DAREON) Gco agai n
the mrrors are FRLhdr AOHHERH h‘”this?x'x%ﬁﬁgxf, pfktbe%%géﬁgggéﬂeﬁﬁéﬁra%c&‘dg{ to

refl ect an incomng radiation beamin a erent direction to una essed

mnors; 10 in thihe ad@dessig patieen 6fthe aeitédlabdrassable spthdecrAealteanatbiedi ng to the
addressing pattern of the matrix-addressable mnors. The required matrix
addr essidSng can bembsiment ofecbrogriangnablg MAKIAIAY SEPIQYS iddnaHEia dFrangamans ohtiey  t he

situations described hereabove, the.pat.terni ans can conpri.se one or
nor e program‘rablr@"f:ﬁrﬁ’o‘a‘raC 85?@&?5.%?/5? gpcﬁy{flgﬁl&i@ﬂagﬁ 8% %%srﬁ%ﬁwgg 8s here
referred to can QgaBleqsiided E1ekrid FieRi AFBY Smpfdyﬁ@ ﬂi@ﬂo}:l%@tr@ta%hﬁﬁoﬁ’ alegnd.s US
5,296,891 and US 5,523,193, and PCT patent applications WO 98/ 38597 and WO

98/ 33096, whi ch @nee agaom theomatarsi atean@rin-addsessableg suhdbat addressed mames will a
programabl e m nor. array, the said sup o,rtaqsl&ruct re. may be enbodi ed as a
f

e §
frame or table, THECtERAAATUNG FadiatonRee BgNtHrecHon I wnaddeessed quirrasy . 20

A bl © ; . . . .
Ut t 60 195t os. AnyiepRRY e RNESETBIn R pahtinBe GeckBaing f0 e Blirekingbifehn | "
reference. As absfthe matriveaddrpgsable nsitrotsc tTheaeduireédhharic addressiyg s tenbodi ed as

a frame or table, for exanple, _which nmay be fixed or novable as required.
For purposes of Bsripsmpé psipg suitablg elegtropic fgans. tln ppthypfyhe situatigns dgsaribescat i ons,

ifically di ' . ' |\l bl e;
ovaver . the gertbrSPoRe.tht Btemhe pREATRRRmchE ik Bon G RGP 7 2

in the broader c@iyeXMdé iffBendtidhlod iRy affe@ s hefSreferfedab e bé gleahied; Fdt-
Li t hographi c projection apgarat us can be used, for exanple, in the

manuf adur e of iexaspleafrom Pinited States Baays US 7,290891 and 35e3,52he9pand GT ng

30 i1 cyi i ng. i ndi vi dual .
"ayer o the T C biisn Sppliatipht P oBREST Ind AL SRR, Mlicrcrg BreoBBite Shétein o
conprising one Qfy @Riréncel Qﬁihe%s@oﬁdlﬁ%?xi‘aﬂ{xﬁalﬂéHiﬂr@xodi*ray\,’\ﬁhk%ﬁih suppért Bdgcngen

coated with a |l ayer of radiation-sensitive material (resist). In general,
may be embodied as a frame or table, for example, which may be fixed or movable

as required.

20 - A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct

25 . itself to examples involving a mask and mask table; however, the general principles

discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate

30  acircuit pattern corresponding to an individual layer of the IC, and this pattern can be

imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon
wafer) that has been coated with a layer of radiation-sensitive material (resist). In general,

a single wafer will contain a whole network of adjacent target portions that are successively



a single wafer will contain a whole network of adjacent targ29 NovEMBER2(06at
are successively 29 NOVEMBER 2006 -3 irradiated via the projection system
one at a time. In current apparatus, enploying patterning by a mask on a
mask table, a distinction can be nade betvgeen two different types of

machi ne. In one type of |ithographic projection apparatus, each target
portion is irtadiatel wheke prpjeerpo Sysidn idne aeatiinee Imasikerpappaitns,@nipgloyiig t ar get
portion in one go; such an 5 apparatus is commonly referred to as _a wafer

st epper . | npaierang by gdpaskonAspaskabls, a disinatonicon bemade betwegn fo different

st ep- and- scan_apparatus - h t anget Lt .S Lrradi at ) .

pr ogressi ve er%‘?foa{ﬁﬁ‘?’ﬁ@e'tlﬁ‘e"%ﬁg%ﬂ? Ogéﬁf"ér %’%ﬁcn%rg? ctl 4 ‘#%S(:te cglntagg%%)ritwnés gi ven
reference giddesdd Bexgobing tBCaiié hsk Patteds bhtdhe l%’%elt BorioAGH bAS B&tSu¥h S aNNI ng
the substrate table parallel or anti-parallel to this direction; since, in
gener al |5 t happaratjssis commayy teferred tolas h axaersteppemdy anfaltemati vhafparatey —M
(generally < 1), the.speed V at which the substrate table is.scanned  w |
be & f act or HIFPHYICIERE (oS HHFRANG-AETARBRSUS p-&a¢ L aLED RARGR i ppadiated by

i nformati on_w . rd. i [ ' B%ﬂﬁ ' be
gl eaned, f of xasr}‘ﬁ‘flg,g@ép%ﬁr%q B%H%anﬁggdg%%%@ﬁ;?g?e é’?ggﬁ("w&% g‘?ence.
| n a manuf agitéction gthpr'scaasing idire@ioa) whilé egichrinoaslp seinaitig the sutpakaibls, a 15
pattern (e.g. in a mask) is inmaged onto a substrate that is at |east
partial |y ceArelied@r pyti-paralielse thisfirectinn, sings 18 gereral; the PrRiedianystemeyilkhave a

Prior to this i. i r i r. dures,
such asitpr ey BERlcBtaBOERL ebliGala Ty B fpcdB X o WNEH R VBGRB9S RS
substrate n@iil Bea faekired tigekstRat @t HBIChAhOERASKABR, is S¢idhed SMadrdRSSrmANBASHIIE bake
(PEB), devel opnent, a hard bake and neasurenent/i nspection of the inmged

feat ures. Tiegard todithographicodeviges e Here desaribed sanibexgleanedafor examplsafromr US an

i ndi vi dual %;%@5 f a devg' ggl e.gy e?n |C. Such a patterned |layer may then
undergo varwp %?d%cgég%rge BFPIL Y & ?:rﬁ?(f?g, ion-inplantation (doping),

metal | i zation, oxidat Ir%maﬁﬁﬁéﬂﬁ??ﬁf&@ds%lngmﬁtw@aﬂﬁc pfSjéction@pparatudt gnded to

finish off an individual |ayer. several layers are réquired, then the
whol e I ocpatiterre(e.g1in a maak) iamnagdueontod subsithte thatvie att leash pantiaJy avedled by a éeyeh

new | ayer. Eventuyally,.an 25 array. of devices wil| be present on the
cubst at ¢ (Fraryon i g bl Pk B Maeing Sopt Bin GRS BEMer by a
techni que SMfdara@rsvlangﬁg PlbcBlurs Yhdifes o RE ErebibEcdatifh ¥hd X St B¢, Gf%er CaN be

nmounted on a ¢ , connected to pins, etc. Further 1nformation regarding
such pr ocespesureahe bebsthteanayebl subjacteeda wiee prdcedures, secthasokpdsiderpasale ke
Fabrication; A Practical SJi e to Sem conductor Pr.ocefs%i g‘% Third Edition,
by Peter vafEEirfevelpaentvaiiard baks aptpreasHrmgniGaspection gt the dBRewl igatuersy Ades 4,
I ncor pojpat e&ﬂ%f%ﬁ'&emfreg & e 96§ basis to pattern an individual layer of a device, e.g. an IC.

Such a patterned layer may then undergo various processes such as etching,

ion-implantation (doping), metallization, oxidation, chemo-mechanical polishing, etc., all
intended to finish off an individual layer. If several layers are required, then the whole
procedure, or a variant thereof, will have to be repeated for each new layer. Eventually, an
25 array of devices will be present on the substrate (wafer). These devices are then separated
- from one another by a technique such as dicing or sawing, whence the individual devices
can be mounted on a carrier, connected to pins, etc. Further information regarding such
processes can be obtained, for example, from the book "Microchip Fabrication: A Practical
Guide to Semiconductor Processing', Third Edition, by Peter van Zant, McGraw Hill
30  Publishing Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be referred
to as the "lens"; however, this term should be broadly interpreted as encompassing various

types of projection system, including optical elements such as refractive optics, reflective



For the sake of sinplicity, the projection system nmay herei n29tNOVINBER 2006
referred to as the "lens"; however, this termshould be broadly interpreted
as enconpassing various types of projection system including optical

el ements such as refractive optics, reflecqive 29 NOVEMBER 2006 -4 optics,
and catadioptric systens, for exanple. The radiation system may al so incl ude
conponent s opésahnd¢atadioptiidispgehs) fangxaafpld. TEraradrtion systenp afiyfalso ifdluéct i ng,
shaping or controlling the projection beam of radiation, and such

conponent s FeWPenests ereratitacerdingdo apy pbthesecdssigadynes dpndigacting,shaping Py, as a

"l ens". Further ...t he |if.h hic .at u be of a type . havin WO or
nore substr 8?@?“&%5 Q’g p( ét]ﬁ%?(%lr Fho° 0@8@@3@ aﬁ%g@f‘t?mpé’gﬁ”is g SaEsg hbe mﬁ?ﬂ‘?fii&%l e
stage” devi ggrowt BllcREUEL iopBRIgulaAl A% NENS” DB khé Mithoat AhliEppaiusthAPBE 8t or y
steps may be carried out on one or nore tables while one or nore ot’her

t abl es a¥ e béypechauggdwomr maerg pubstratestablExiGind/or twe ot inbreogaskpthbles)agpauncht us ar e
descri bed, for_exanple,.in US 5,969,441 @ and 98/.40791, . i ncor por at ed

horef n by r SPUKBIERES slerier e Addie aes Gay Busedinpelel of Beabalcry Sepoi o
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especially sensitive to physica em ca mage whi c

si gni fi cant kyposefs.c Dubhatage lithdgraplit uppacatas aredpsdribed, foviexdniple, iR&fS $,069,441 i es
at these wavel engths are already | ow conpared to reflectors at |onger

wavel engt hsanh 93/§07%1’[3%1‘?0€P‘86é§rheﬁﬂbb¥@lﬁﬁrﬁ%‘@ause a typical EW
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L C Sys ei? ;
six in i magi ng optFcs  p cting'retic be a

number of g @CiniHi-iayeied ehia €ilii reflevtsrs, drk especiallg &isaive 18 phaed] ahd ahersican a
"smal |" decrease of 1-2 %in the peak reflectivity of a single mrror wll

cause a si gdamagsawhich cgnsignifisanslyjiedpset theiptpilectivty and aptisalopalityal Reflestivities
Conventional,k refl ectjon.optics inly consist gf Md/ Sk nulti-ogptical-layer
20 opt i cal - B DR e RS B dearh i EorBBR L B st o longhe wav g whie

nul ti - opti cabakRYBf prldnt BécaBbeABpical EAVRN ek idrh dhay Ve 8¢ hhiMblsy FQS
about 73. 7%§k)i n pr a(P:ti ce va(iauesirg?e about 68%;;@% ﬁtley aary:a Si telr m'synat éd

i .e. the outrstheilbtmioptiorceptidsasie in the imaging op@is (luothe refléchigg aeticbal ifheod mayir f ace

roughness or inpterfacial,.diffusiopn). A. robkem exists wth such optical,
i ement s dudlse be Rnyibeforacins Fickdehee MRy 1 torareatdenf welifyengt smaflge
lattice m Sﬂ@cfg e BE1 Yo In tep iR rir RV VS Dt 4 ﬁg%lﬁ Wher (APEuse Glsyi@danblightct ur e
and that of the Si crystal structure (dianond structure). The stresses or
stress rel astmbughrput acductenl irt the epti¢al syaerhur e of the optical el enent or
altering, respectivel % Al so, f er a theoretj i:al st an oi§1t , .a M, term nated
mul ti-optical -1ayer onventional reflection optics mainly consist of Mo/S1 multi-optical-layer
20 optical elements for normal incidence reflection. Such multi-optical-layer optical elements
have a theoretical reflectivity of about 73.7% (in practice values are about 69%) if they are
Si terminated i.e. the outermost optical-layer is one of Si (not taking account of surface
roughness or interfacial diffusion).
A problem exists with such optical elements due to high stresses in the
25  multilayers as a result of large lattice mismatch between the Mo body centred cubic (BCC)
crystal structure and that of the Si crystal structure (diamond structure). The stresses or
stress relaxation can lead to early failure of the optical element or altering, respectively.
Also, from a theoretical standpoint, a Mo terminated multi-optical-layer
optical element has a reflectivity approximately 1 to 1.5 % higher than the conventional
30 optical element, if the thickness of the outer Mo layer is 1.5 to 3 nm. However, after

manufacturing optical elements, the outer surface is normally exposed to air during the

assembly of the lithographic projection apparatus. On exposure to air, the outer Mo layer is



optical elenment has a reflectivity approximately 1 to 1.5 %29 No®eMBERROD6E
conventional 30 optical elenent, if the thickness of the outer M |ayer is
1.5 to 3 nm However, after manufacturing optical elenents, the outer

surface is normal ly exposed to air duringsthe assenbly of the |ithographic
proj ection apparatus. On exposure to air, the outer M layer is 29 NOVEMBER

2006 -5 couplpklii@lyoxatiiél #Rdeaid if 8 Atrhaic 19ssDf YERFRYILE of PR U, (HuSS dosfatd Vi ty
of a few % thus, to date, only multi-optical-layer optical elenents which
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reduction in reflectivity, which is a result of oxidation of the outer
surface, captisdelpments drangsuse aa lithagmphissprogctiomppnaraiys. Thusepptical elpmentabak ed
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to be prev or about 50 hours but t t heoreti cal lectiv of such

an optical cehestaod oxidation dmbvhease alio Eftectieity DsSo%blbwewat, 4 thivk R lsyersfofaband Si
termnated nulti-optical-Ilayer optical elenment. 20 It is an object of the
present i nABAYCAEs an BRReERIAbIG Beticctipn s fie tosabsprption gyhsepas 3 thin layer (about

mul ti-opti f i T . f j L -::}]p[?' j .'! oy at us
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have ai1bi ghkidaticebnd alkd feflectiwity [bkd. SIfarRh proteetivobjteciagerafa . aomitkivRitsaacor di ng
to the invention in a lithographi.c 25 apparatus as specified in the opening
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such as a rKf dtafdafd Si terminated multi-optical-layer optical element.

20
It is an object of the present invention to provide optical elements, including
a multi-optical-layer mirrors for use in lithographic projection apparatus using extreme
ultra violet radiation (EUV) for the projection beam, which have a higher useful lifetime.
This and other objects are achieved according to the invention in a lithographic
25  apparatus as specified in the opening paragraph, characterized by at least one optical
element on which the projection beam is incident having at least one optical layer
comprised of an alloy of Mo and Cr.
The optical element may be a beam modifying element such as a reflector,
e.g. a multi-optical-layer near-normal incidence mirror or a grazing incidence mirror,
30 included in one of the illumination and projections systems: an intergrator, such as a
scattering plate: the mask itself, especially if a multi-optical-layer mask; or any other
optical element involved in directing, focusing, shaping, controlling etc. the projection

beam. The optical element may also be a sensor such as an image sensor or a Spot sensor.



e.g. a nulti-optical-layer near-normal incidence mnor or a 2fl NOVENBER 2006
i ncidence mrror, 30 included in one of the illum nation and projections
systens: an intergrator, such as a scattering plate: the nmask itself,
especially if a multi-optical-Ilayer nask;-6er any other optical elenent
involved in directing, focusing, shaping, controlling etc. the projection
beam The optical el em\optimyelamgmdféhtaplsmmsbrvestlimﬁaasumﬁsimgbgldghensor or a
spot sensor. 29 NO\/EI\/BE 2006 -6 e opti el erent  of nt
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configuration with a lattice spacing of 5.43 angstrom 10 Preferably the at
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mul ti-optical -1ayer optical” el enent and™ 15 | ayer is the outer
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attack. Alternativel the optical elenment nma m,JItl-otch-Iayer
opti cal o bef fun %ﬁuﬂhgceﬁpem@glﬁm@sm epﬁ;ﬁ@wwwh YUeICHE Hess

Mo/ Cr opti t has been found that with this latter configuration
the Mo/ Cr gfg{[}fe'(:rﬁ%ﬁ llg))eer provi des a good diffusion barrier between the Si

and Ru and thereby erfrefeesbdy theoptisil @fenfsnd iseCinultifopivahlager GficRlelphertenti ve
outer layer is used. Preferably optical layers of the optical elenent are
conpri d8d dhke Moffijlaygriis the qutergyery Inohis way, thegptical slgment igbeites prstetpd from

i nterposed [ tivity
o as i gh e eRERsk” ANl nEBbulatteion, bk ob oy B3R AR Ephie)

but the st regmsentlWhidhthdsahtoutee ﬁfﬁtédﬁ%ﬁéiyebef REeovering ti M(ﬁ@ﬁé}ﬁloahﬁgéﬂ?m My C
alloy 25 layers is reduced throughout the elenent. Prefer abl&/ e at | east
one opti calbeemfand ﬂ@satb‘étl\/@edatlef&ﬁﬂflglfgﬁq’ﬁﬁhﬁ AM@/kr optical layer provides a good

diffusion barrier between the Si and Ru and thereby enhances corrosion protection when a
20  Ru protective outer layer is used.

Preferably optical layers of the optical element are comprised of a plurality
of Mo/Cr optical layers with layers of Si .interposed between the Mo/Cr optical layers. In
this case the reflectivity is as high as that of a standard Si terminated multi-layer optical
element but the stress due to lattice mismatch between the Si layers and the Mo/Cr alloy

25 layers is reduced throughout the element.

Preferably the at least one optical layer is between 1 and 3.5 nm thick,
preferably between 1.5 and 3 nm thick. At these thicknesses the reflectivity of the optical
element is optimized.

According to a further aspect of the invention there is provided a device

30 manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;

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



preferably between 1.5 and 3 nmthick. At these thicknesses 2hNoveMBER 2006t y
of the optical elenent is optimzed. According to a further aspect of the
invention there is provided a device 30 manufacturing nmethod conprising the
steps of: providing a substrate that is at7-least partially covered by a

| ayer of radiation- sensitive material; providing a projection beam of

radi ati on usi ng wingpateErniog negsy terend@® tINOMiBidBESh BEMG witha pastenginp@ick@sni ng
nmeans to endow the projection beamwith a pattern in its cross- section;

proj ecting the ps&ﬁ‘&??ned beam of radiation onto a target portion of the

| ayer of radi at A C one
optical el enent onjémﬁﬁgﬁ-l sﬂg g@‘&%ﬂét@’#%aﬁ?‘éggg’@?"sé ?fr#c&g%l% Oﬁgﬁlﬁg&%{ | east
one optical | ayemaddopsemsitiveahatarialal | oy of Ma and Cr. Al though specific
reference may be made in this text to the use of the apparatus according to
t he i nvént i dharacteriged byrahlgass one ppticst elp@nt ont whighshid pejeetiqn heamt isyncidendier st ood

t hat such s ha at her i ble a i C ons. For exanple, it
10 may be %f'@%@“ﬁ‘s OlhY ﬂ%@ﬁﬁ%’%&)wg‘s % 44 18?'8?&9 ZB’SI[(;:CaI syst ens,

gui dance and det ect i oNithf\@hlspEdIfic féféreﬁ@él'ﬂﬁf bE nfdAETRI tRis'TBXIRD tikSuse of the
l'iquid-crystal display panels, thin-filmnagnetic heads, etc. The skilled
artisan w Idppaqaplselccca‘dmgtthzehe inventionedn temnantfacirefidGs, af shenluhel explicitly

appl i cations, the ternms "reticle e" |nth|stext

fe di
Shoul - be HSIad B SHeh b R E s SRR O GPRIiAtPRS FOBF YA -
"subst gt e"y, h nt
the teroe. PEEEehBIoHEL infh BAbbi:Plire of RERRRLI Sflckt yslonks Byipifts 308 aSREHAF
el ect r omagnattems lfadnagneon dommain meknogey, litjniavdrgstaltdispiali panesnthirefign mudghétia
wavel engt h of 365, 248, 193, 157 _or 126 nm) and EW (extrerre ul tra-viol et
radi ati on, heags, etchZbe slgjlled aRtivan \é‘Hb@RPr?%atf’ Fhf‘t riB Hfecontexp ofspch alfernglye as
part i cl e beaghe, sueh,asl B HRSAHR B ROnEliEs L O PRATR o rTROGaTEN o Of t he

I nventl on exanp ref erence

to the accapsidsedds sﬁhgmﬂa&d@ym mofe gdnemhtee:hs "] Gubstehd £idS'tadget
| i t hogr aphic pr J ection apparatus according to an enbodi rrent of the
i nvent i1§n; portion", respectively.

In the present document, the terms “radiation” and “beam” are used to
encompass all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a
wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g.
having a wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or

20 electron beams.

Embodiments of the invention will now be described, by way of example
25  only, with reference to the accompanying schematic drawings in which:
Figute 1 depicts a lithographic projection apparatus according to an
embodiment of the invention; .
Figure 2 is a graph of outer layer thickness versus reflectivity for an optical
element according to the present invention; and
30 Figure 3 is a graph of Auger depth profiles of oxygen signal as a function of
electron radiation time.
In the Figures, corresponding reference symbols indicate corresponding

parts.



Figure 2 is a graph of outer layer thickness versus reflecti29 NpVEMBERR006
optical elenent according to the present invention; and 30 Figure 3 is a
graph of Auger depth profiles of oxygen signal as a function of electron
radiation tinme. In the Figures, correspong-ng reference synbols indicate
corresponding parts. 29 NOVEMBER 2006 -8 Enbodinent 1 5 Figure 1
schematically depicts a |lithographic projection apparatus according to a
particul ar enbodi ment of the invention. The apparatus conprises: a radiation
system Ex, IL, for supplying a projection beam PB of radiation (e.g. EW
radi ation), which in this particular case also conprises a radiation source
LA, 10 a first object table (mask table) MI provided with a nask hol der for
hol di ng a NMegipodient €- - a reticle), and connected to first positioning
means for accurately positioning the mask with respect to itemPL; a second
obj ect table (substrate table) WI provided with a substrate hol der for

hol di ng a substrate (e. resist-coated.silicon wafer), and connegted to
second 15 positi oni n&%ﬁ%gs&ﬁmaﬁﬁéf}’r(&i’gv b@’é’ﬁai’ im@e‘ftﬁé‘ APRRAYS FeeOTRingh
respect to j{ X i i : (%5 y .mrror group) for
i magi ng an iorfggéﬁgﬁl%%ng%ﬂn:ﬁgﬁ d?g?él%ﬁﬁ%ﬂr?g's ﬁﬂ%gﬁa{ﬁﬁgﬂfpﬁ Sse't portion C (e.qg.
conpri si ng one o4 radiatondlysemn B, It Her supphtingd projébtioAdbedmaPB ofapdiatiel(e.g.he
apparatus is of a reflective type (e.g. has a reflective mask). _However, in
general , itER¥radiatignly@high ip this aaicniat rape afspsemprises asedistipR spwroglAni th a 20
{ransm P! Ve, Mskhire Sbikll BB GHEMY tanleh SRBRY A5 T s OFRbIAY BPRORGE: dinad

patterning neans, such as a mrror array o rererred
to above. TREA GOMrfaGetidld), ad gonnected sefirsppeitisifitly fleanh fHE hesugitelp lpasitibning Wi €)
produces a beamof radiation. This beamis fed into an illum nation system

(i 11 uni nat ompsk with egspeetrto itemrBlet |y or after having traversed conditioning
reans, such 25 % BB SERSTIGE by 0Bt RlRes TR U Bl ok, ™
extent (CONKAMnY a'sAb/IHEW {Op. ATesistVohRH sAddn Wafdi) @ind chRfditb ¥&onli of the
intensity distrirbution in the beam In addition, it wll generally conprise
var i ousl5ot hgositianongomeanstfer acsurstelyn positioning tgrsabgratd Withmeppactsoitder&¥ar CO. | n
this way, t.he beaa {)TI]'OJPe%tion system (“lens”) PL (e.g. mirror group) for imaging an irradiated portion
of the mask MA onto a target portion C (e.g. comprising one or more dies) of the substrate
W. As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask).
However, in general, it may also be of a transmissive type, for example (e.g. with a
20 transmissive mask). Alternatively, the apparatus may employ another kind of patterning
means, such as a programmable mirror array of a type as referred to above.
The source LA (e.g. a laser-produced or discharge plasma source) produces
a beam of radiation. This beam is fed into an illumination system (illuminator) IL, either
directly or after having traversed conditioning means, such as a b~ 1 expander Ex, for
25 example. The illuminator IL may comprise adjusting means AM for setting the outer
and/or inner radial extent (commonly referred to as o-outer and o-inner, respectively) of
the intensity distribution in the beam. In addition, it will generally comprise various other
components, such as an integrator IN and a condenser CO. In this way, the beam PB
impinging on the mask MA has a desired uniformity and intensity distribution in its
30 cross-section.
It should be noted with regard to Figure 1 that the source LA may be within
the housing of the lithographic projection apparatus (as is often the case when the source

LA is a mercury lamp, for example), but that it may also be remote from the lithographic



i mpi ngi ng on the mask MA has a desired uniformity and i nt ens?9 NOYEMBER2(060N
inits 30 cross-section. It should be noted with regard to Figure 1 that the
source LA may be within the housing of the lithographic projection
apparatus (as is often the case when the $urce LA is a nercury |anp, for
exanple), but that it may also be renpte fromthe |ithographic 29 NOVEMBER
2006 -9 prpyojectiom appHpias,aheimdiation beard ivdtichoin piodacesvifeingled intp tedipparatdsei ng
led into the apparatus (e,g. with the aid of suitable directing mnors);
this | atter (e aitnthe aidofspitahle firecting Jmingpfhis IAderenae it pltenthe Aaseuianer

| aser. The I AN i Clal C: ! . rios.
5 The beam Db RFBE LA Sk ae? 1ol RleTipSRORURRER A Cluftls cnblfiffs BAN" 0%,
tabl e MI. Haidehdrivéer sed the mask MA, the beam PB passes through the |ens
PL, which focuses the beam PB onto a target portion C of the substrate W
Wth thé aid of the ¥Thebeain BBsubsegnenily interaepts(therthask Mk fvdridnistheldomeasur i ng

IF), th bst tabl tely, .0, t
oo i on’ di RSk GHE T HBYnE GeferssiLng Ak S HE Bee Priefes gl edens PL. °
S- : | | 1 . . H . ) i | . ]
Che s NG B B e O o e B

retrieval ofecolibpositbiingviieinsqamdiimerfdrometoic aneasuring wlearisii), shessubstraté mbigener al |
novenent of the qQbject tables, MI, WI will be realized with the aid of a

| ong- st r okeWrkoehibs eHdraseuIglsly, €igo s AYtP Pesition difigrgntitarget Rardonsdqin e pathf

positiom n j 0. ity depi [ ' - r, in
Phe casd ofths it EP. i, G B Pkl dnfpeh et & e chrardly pERHE B
mask tabl embdk MY wjth $éspbet t6 chiv i 60tht bedin PBoefg. sfterakerhanitalatwieval@f they be
fixed. The depicted apparatus can be used in two different nodes: 1. In step

node, the nmask MApfrempmask lispry, esdusingascpy: By genpighangvementiofthe ehiert tebleais k

i i i d.ji i.€ .32 single "flash" f f. t ti
e subtafr e RS s il of ahelues ARititle OLTPodti0 B8R one
so that a difbfiateRré niclaBAEine Pbitiening, Gdich € nbt dxpltillyedpRiedlilFigeam PB; 2.

In scan node, essentially the same scenario applies, except that a given
t ar get 15porHowevet inghaertse ok pavaat stepper (95 ppposed fo astkp-and-seanapparatus theasask

bl ML SR S e STl S Soh ol 500, b7y 36D, Chect Lo
caused to scan over am?iétém%mﬁm%%éd i twlofifferéRmbadse table W is
si mul taneously noved in the sane or opposite direction at a speed V= M/, in
1. ‘In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single “flash”) onto a target portion C. The substrate
20 table WT is then shifted in the x and/or y directions so that a different target portion C can
be irradiated by the beam PB;
2. In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
25  the projection beam PB is caused to scan over a mask image; concurrently, the substrate
table WT is simultaneously moved in the same or opposite direction at a speed V = Mv, in
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
resolution.
30 The examples of the invention described below are obtained from computations
performed using the thin film design program TFCalc (Software Spectra Inc.) and verified
using LPro (4D Technology Ltd.). The built-in global and needle optimisation routines of

TFCalc were used for the optimisation process, as described in A.V. Tikhonravov, Appl.



which Mis the magnification of the lens PL (typically, M = 29NoyEMBER)2006n
this manner, a relatively large target portion C can be exposed, w thout
having to conprom se on resolution. 30 The exanples of the invention
descri bed bel ow are obtai ned from conput afg-ons performed using the thin
filmdesign program TFCal c (Software Spectra Inc.) and verified using LPro

(4D Technol@gty32,t5d17 (190138, AWM. TikloArgyoo pEd.K AN bexelest shdaBM. DeBatlj Appll Ogt.i nes
of TFCalc were used for the optimsation process, as described in A V.

Ti khonr avo\35, 593 (1996) audJieNEReorRenk and Ry Apdfemps Appl10pt 298876 (1999), which
Ti khonravov, . M K. Trubet skov 5493 (1996) and

J. A Dobr O\Kgﬁgen&?ﬁdar&mc/grpq{gtﬁg%em% e ?ncezgh%'fél ‘%@5‘6 O\Et\\ﬂlﬁ oY of er ences
are incor pGpakesls hﬁhﬁmhexeoﬁ@iﬁr@ﬁgawem&xqm hCak a{é%ﬁwéw hSmPfomREsc@drd

materials, namely the conplex refractive index N n - ik are derived fr

atom c §catfa<aorsrbg Herkaet.al.sand ywerie obteined froal the £IXR Qoveb sabteaaanké]ep(IBI]he CXRO
web server at Berkel ey M. @l likson

At oni ¢ Dat dHenke, K @a}llk%@»é‘nﬁbﬁ:e@a“;‘yf(‘@)mc Dﬂ@lanéi‘é@efg@apa Tables 54(2)

http:// \AMNVI%)fOZ’Ql WE(%9 %Lﬂgq@ lﬁg) nc&p%i’c?ﬂ cQ FanY@l R t\%il%eg ofil n}f kff&r t&éhe

materi al s use IOI’]S O romonmto

and as suchatérdis Wabaa@bwnuﬁaedmﬂnﬁeu@fs dﬂw&ﬂéleﬁgth&‘rdrrifﬁﬁmftb 42hi a@li las such
cal cul ations. The values of n and k 10 for various nmaterials at sone

wavel engt hdhowaysdengtle depandenve of asnd &rig implisit intadlealcylatigns.elhe valnes of amdk

d te th fo h t of | ect th
ovent 1B, Toevaichs mtfrRg o FRERAER of patfifiet e o B fEeT A EARe e o
Figure 2 s hﬁl’éﬁv t1he démomtiate ME p@tfaw.ha%t:e emfanééthéitloR tegntdsrstadetiigits e

reflectivity of a grazing incidence nulti-optical-layer optical €lenment. The
cal cul at i onsveatien, W6agemiodent white Uight glumipatigreintthoex dpgles bdow! ength of 13.5

nm but not taking ac unt .of surface .ro SS or er f di.f fusi on. The
graph shows the vari ggﬁ%s{qoyvéﬂreergfql(;l#§ 'a@tt‘(ﬁ‘sé:ﬁ Biatlpﬁ%t%?‘?lrﬁ!%ess for a
variety of %gchwuggfh zul H&itemRirhdglo ﬁkmﬁy&%}gdmlamrm@&aw&ﬁ ibf3&ge ar €

the results based on a I'ti-optical- layer optica enent
conpr i $6ng péffopmed ztsdsmm‘g ﬁnnbjmubmbm “@vdmgtb of &3.Sinns intgtot mkmg aicnonﬁﬁ of

t Zer od f I
e e b il QoS5 B T e SRR s
of S/ anaubSR: laflohitknds8YG vatefy oﬁnﬁhn b e dpftclferbd aver s are 2.5

nm t hi ck, out er ayer | conpri as a thickness
of 4.4 nm The very tThe dppaeset of Bnescing theatsulte of Xiamidtinis basedi oha mbRi-bptival-

outer | ayerlay%fr optical element comprising 40 periods of Si/Mo layers grown on a Si substrate. In

20  practice Zerodur (TM) or other low coefficient of thermal expansion materials such as ULE
(TM) are used as the substrate and 40 to 50 periods of Si/Mo are used. The Si layers are
4.4 nm thick and the Mo layers are 2.5 nm thick, and a final outer layer is comprised of Si
which has a thickness of 4.4 nm.

The very top line is a comparative example in which the final outer layer of

25  Siis covered in a layer comprised of Mo. This gives the highest reflectivity but, as
described above, in practice such an outer layer of Mo would oxidize during assembly of
the lithographic projection apparatus giving, in practice, a far lower reflectivity. The five
lines below represent cases where the outer layer of Mo is replaced by an alloy of Mo and
Cr, with different concentrations of Cr.

30 The five lines are for five different compositions of alloy ranging from 1
mol% of Cr to 5 mol% of Cr. It can be extrapolated from the trend in the graph that a

range of compositions of between 0.5 and 10 mol% Cr would also be effective. The level

of Cr in the alloy of the outer most layer should be enough to reduce stress due to lattice



25 Si is covered in a layer conprised of Mb. This gives the 19 Nb&¥EMBER 2006
reflectivity but, as described above, in practice such an outer |ayer of M
woul d oxi di ze during assenbly of the |ithographic projection apparatus
giving, in practice, a far lower reflectiyjty. The five |lines bel ow
represent cases where the outer layer of M is replaced by an alloy of M

and O, W hiynthdnf R0 as@MSRh iR bh A ithdFurfa30 add'éhculd/Se lebdBign &k Smbest Five
di fferent conpositions of alloy ranging from1l nmol%of C to 5 nol%of Cr.
It can be ewhichpoukt deleterionnly afdect therrdfléativithe graph that a range of

conposi tions of between 0.5 and_10 | %.Cr. woul d. al sq be effective. The
level of Cr in the agf Bﬁn%sefﬂém&h)(g%}‘r%élﬂe ‘iegﬁ%q""gh)gﬁl?edmﬂ -pisabkYeo reduce

stress due . i : - i . nt
oxi ot on GIPCHERIGHER i€ SRR PG o Ui opdal ByRPBAbHE obfih WGP of MoBhT LS
del et er isousdfya thfckeeds betveeendfdnd@ 3 wintthick Asrefepabl pbetsean1.Sraad3hing thiek. 2The he

reflectivity of the nulti-optical-layer optical elenent is satisfactory for
an outer opiptigeym iss3hent 23apm diék. of an alloy of Mo and Cr 5 of a thickness

between 1 and 3.5 nm4hic refera bet ween 1.5 an nm,t hi ck. T

opt i mum i's about 2. 251 A BRE BSREPeYLE byt R Srhrieh oh of Rovitiide
layer conprindQt i9incadhséd poveclbn Mpthe dptlcdPelentent AohE@RARcA AR BRYsicAatbick tang
optical element from chem cal and physical attack and reduced stress due to

lattice nmi gnducet stregsrdug tlattecenbismatobrthany puire o layed esltkengh a decre@se in
reflectivity_.is, seen over a standard.multi-optical- er optical el enent
corpr 1 900 VGRS Tt ovra SrBre pukEoRisl-BRrbRis b Er Gy G TR used
because of &lﬁ&']{y f 88 purdadb asat M butllag SENBEBsedlbelRlsE bf ﬁfeﬁ*fa&%!#a@él{%m-

At present, standard nulti-optica r optical elenents have an outer

| ayer of Siinwhioghgen ofesater ridhemvirbnment. rAzfpresent, stahdard inudtiloptidd-1ayeboptiaal can be
seen fromFigure 2, as well as provj _d'hng enhanced fr tect.i g{} 15 agai nst

chemical arfdeTReRIshavg) anguterdayes AEST WRicR gves gklgoretica evity0f oalt B+ 7 fayer of

an alloy of M and ;,s& i : i FJVTh Q]Fl%] i .
reflectivity than a s%%%{ ar dgéﬁu%&?ﬁggrtc?ég?%g%gﬁ optléa e?%dn@%kecgg?rpri sed
of Si a8d Mgaitstdhemi&Gil andipkysidahyteack ahd thienehyrionger lifdtime;ian@ubdp 1ayiet bf 4 allgduces
its body centered cubic (bcc) lattice constant from about 3.15 angstrons

towar ds” 2. 86 Mpard €b a0 RVadrsiachighss maximpmdhensetioheaflentivis thama syadardy . such
" SuSeO. | ARl TSR I P Sl o o 9t ore
angstroms. This redudhirtherhoresillodsfy Mo witleCMedueasats bdde¢ cétededichibie€bdt) Smat ch
al so Teads lzlt(t)icea constant from about 3.15 angstroms towards 2.88 angstroms which is the lattice
20 constant of the bcc Cr. Such a reduced lattice constant better matches the smaller atom to
atom distance of Si which is has a diamond structure with a lattice constant of 5.43
angstroms. This reduction in stress in the Mo layer due to lattice mismatch also leads to a
longer lifetime of the optical element. The final advantage mentioned above can be used to
good effect throughout the whole of the multi-optical-layer optical element by replacing the
25 Mo layers of the standard multi-optical-layer optical element with an alloy of Mo and Cr.
Thus the straines in the Mo layers throughout the whole of the multi-optical-layer optical
element are reduced-and therefore the lifetime of the optical element can also be expected
to be increased. As can be seen from Figure 2, if theoretical reflectivities for such a system
using an alloy of Mo with 3 mol% Cr in place of pure Mo in a Si/Mo system leads to
30 reduced reflectivity over the standard multi-optical-layer optical element with an Mo outer

layer but that the reflectivity is still comparable to a standard multi-optical-layer optical

element with a Si outer layer.



| onger lifetine of the optical elenment. The final advantage 2ENOVENMBERRNOGe
can be used to good effect throughout the whole of the nulti-optical-Iayer
optical element by replacing the 25 Mo | ayers of the standard

mul ti-optical-layer optical element with-i2a alloy of Mo and Cr. Thus the
strains in the Mo | ayers throughout the whole of the multi-optical-Iayer
optical el enent are In¢uuceewhert théeptidabelemehtas higtaingupcidtndeheirowt(e.gad

el ement can al so be expected. to be increased. As can, be seen from Figure 2,
t “Fheor ot Felforar R0 o TBeror S Ese AN S SHalon g SR b CaBP) o ghicks o ¢ 3

| % Cr | i i . . | t . .
o ! eﬁSﬁ\/f&E(ﬁP&F Bet g'rzg) @ 190/ R isS¥ 51%@[ T8 the a?le%gtl &glqggrrlg%tlaw 5 a0

reflectivity over e stan mul ti-opti ayer optica

Mo outer bpsferablgMetwéemt1 drfdiel 00aim elsitk.vity is still conparable to a standard
mul ti-optical-layer optical elenent with a Si outer |ayer. 29 NOVEMBER 2006
-12 In ¥he case wher s anaaligpative) ancpuserdayer of Mp dlloyed withiGranaebreeoatadrat gr

(e.g. a caql.lector,.qr entrance mrror. between the illum nator and.

recti cl e (BurER §f ke aifi, T SYfer opsfeal Japei miay b cqed widhe Busterdifsiive
requi red. THdSof RE wath d BRkheRHE aBHIt 1C5thm! AB'hal Previdisiy PedPfomnBenaveran 1 and
100 nmthick. 5 As an alternative, an outer |ayer of alloyed with C may

be coat ed atovidestgopd pratestionf exuioptthatthe nesistnice obRu ¢o diffusionalf ghnyelecniry ilte
covered with an outer protective |ayer of Ru with i.ckness of about 1.5
oo o o S B B PoRtsaE e soniieal Semeis i hot sty HiER Bpyet: P
except 14 hat i I f US| o (g Si
of Ot he O ising 16 B2 3BRCHhaUyh Al del ot uifiheib Bastet B tieiind P
However, wRan Thas,thisrsglution pkdvigescexeelidnt Corrdsiat protegdon acdrdy asmall bepénse of

diffusion barrier between the Si and the Ru. Thus, this solution provides
excel | ent &SleeB¥itlon protection at only a small expense of reflectivity.

Figure 3 illustrates '@{%?5 I’ITIUﬂ‘FS%{}S Q,EL%TC} {’ﬁ%@kﬁm%fwﬁ%%ﬁféﬁ@'?ﬁ%%ﬁ‘@ \g%;se\éer ses

depth of a standard ti-optiTca er optica ectron

radi ati on #gpthop¥ ishadardtMd/SBmuiM-opRcaMliyer aptival elemphie SEHe electfonadiatléh Srbar .
As can be seen, the diffusjon of oxygen into the outer Si |ayer occurs very
soon bl t heavidedyayd S mM/mns] with a prates pgessursof \ox 10hyhari dsicap besespethe Thus,

wi th an out | ayer o o) L i hat the
G £ ua on Bt PhertRic¥he Mitefist fGEFoctbislLety cooflie SR BRARIAIGR | ' b,
vastly redygegsH e MblaybEisiritowe. iTHAS Ovi@itlar bited Taye o#Mb bEMRdlioad watharent .
20 It will be appreciated that the use of a |layer of M alloyed with Cr for

any of thend¢ eanemxpedithat thadiffusioptof oaygdndpterthe prulte-aptiel-daygnopidal elementwill
advant age g (\:'gst yere&)l;ceé I{heereby leading to improved lifetime of the optical element.

20 It will be appreciated that the use of a layer of Mo alloyed with Cr for any of
the layers of a multi-optical-layer optical element will be an advantage because of the
reduced lattice mismatch between the Mo and Si layers.

Also, it will be appreciated that the present invention is also suitable for use
in multi-optical-layer optical elements comprised of optical layers of elements other than
25 Mo and Si. For example, Mo and Rb, Mo and Ru, Ru and Be etc. For other combinations,
see EP 1,065,568.
Whilst specific embodiments of the invention have been described above, it

will be appreciated that the invention may be practiced otherwise than as described. The

description is not intended to limit the invention.



reduced lattice m smatch between the Mo and Si | ayers. Al so0,20NowMBER2006
appreci ated that the present invention is also suitable for use in

mul ti-optical-layer optical elenents conprised of optical |ayers of elenents
other than 25 M and Si. For exanple, Mo and Rb, Mb and Ru, Ru and Be etc.
For other conbinations, see EP 1,065,568. Whilst specific enbodi nents of
the invention have been described above,’it will be appreci ated that the
invention may be practiced otherw se than as descri bed. The descriptionis
not intendedLAmM$:i mit the invention. 29 NOVEMBER 2006 13 CLAIMS: 1. A

| i t hographi c projection apparatus conprising: a radiation systemfor
providing a projection beam of radiation; a support structure for supporting
patterning means, the pattgrithof@phieplfect& appidiuk Gompahidger n t he proj ection
beam according to a desired pattern; providing at_|east one optical el enent
on which said proPdetoniysERdis previfig p qepgetion bgan ofiradigfioty one optical el enent
having at |east pagp&aPithetie foamqygo@iﬁgpaﬁeﬁﬁﬁg RtandNh@pdtMingdtheMo s@tidlg (g @
substrate table for holding a substrate; and a projection systemfor

proj ecti ng PA¥EMIhe Prejenion tramprenitiag i a desigekPalieiit i on of the substrate. 2. An
apparat us accor dﬁr@ﬂditng aCleadt Bheloptithl @lcRieht Al Klcidaid SBREIAMWeaRRE ikt | AYET 1S
conpri sed of between 0.5 and 15 nol % Cr, preferably of between 1 and 5 nol %
Cr  and nor ®idwt dastronp bptiest clgmenshoyiag at 1gist ong oppgsh kasienpemptisdradiamgllayo cl ai m 1
or 2, wherejf,salf-2t |east one optical elenent is a multi-optical-Iayer
optical elenent. 4.’ An apparatus according to claim3, wherein said at | east
one optical- | ayewubitmtd table dorthotdingaysmbstrake; atdh appar at us according to claim 3,

whereln sai d optigal el enenl, daRoedfs PiskRLLSEEIIYE, Laker of, Ry coated on
said at |east one 81pf| car Fayerp. TECM AN a{)ppara s accor & gp(fo ¢?'atn 5,

wher ei n sai @éhbgititeer protection |ayer of Ru has a thickness of between 0.5
and 2.5 nm preferably 1.5 nm 7. An apparatus according to any one of
claims 3 to 6, wherein optical

2. An apparatus according to claim 1, wherein said at least one optical

layer is comprised of between 0.5 and 10 mol% Cr, preferably of between 1 and 5 mol% Cr

and more preferably of 3 mol% Cr.

3. An apparatus according to claim 1 or 2, wherein said at least one

optical element is a multi-optical-layer optical element.

4, An apparatus according to claim 3, wherein said at least one optical

layer is the outer layer.

5. An apparatus according to claim 3, wherein said optical element has

an outer protective layer of Ru coated on said at least one optical layer.

6. An apparatus according to claim 5, wherein said outer protection

layer of Ru has a thickness of between 0.5 and 2.5 nm, preferably 1.5 nm.

7. An apparatus according to any one of claims 3 to 6, wherein optical
layers of said optical element other than said at least one optical layer are comprised of Si or

Mo.



| ayers of said optical elenment other than said at | east one 2yNo¢EMBER2006
are conprised of Si or M. 29 NOVEMBER 2006 14 8. An apparatus according
toclaim4, 5 6 or 7, wherein said at |east one optical layer is covered
by a layer of Si. 9. An apparatus according to any one of clains 3 to 8,
wherein optical |ayers of said optical glement are conprised of a plurality
of said at |east one optical layer wth layers of Si interposed between
said plurality of said at |east one optical |layer. 10. An apparatus
according t& any one of t hén gppemédiangprdih@iorptaimvih &réedrry, whereth said at lasionone

optical layer..i , m thick, preferably between 1.5 and 3 nm
thick. 11. %E%lcg%aa?gs}t,xﬁg&g%:%}g?%‘?’%gétsg any one of the preceding clains,

wherein said radiation systemincludes an ELN source for producing said

projection peamwith a wayel ength of between 5 to0.20 nm _12. A device

manuf act ur i 2‘9 met hod conpr%%?‘??ﬁ%ﬁeac%(}r‘gﬁgmoapy one %f%&a&}ﬁ”&?ﬁ(bg’é’v%?ﬁ%%?‘glﬁ?le t hat

i s at | east lapas bf aald gptical \cenedt &y camprisge of Oflutabityiodbdid Bt lesseos dptivat layet er i al ;

providing a jecti.gn beam of radiation using .a radiatiaon stem -

b ovi di ng. ah SAEE ob S GREFeoLeR AP GHHISEH 24 578 OpF BREELRSH beam | s

incident said at |east one optical elenent having at | east one optical

| ayer conprised of an alloy of M and Cr; - usé ntgt patterni ng neans. to endow
g_O

the projecti®n beam with SRNEEAYT Aesprdipg toany 8 BePEeRIneHRms, Whekitect i ng

the patternggy hegu &k opachl ea?,élqaba%al Parld® 0i6th tHREX, bie®RatiN bdthEen BY &d Pim
radi ati on-sg}r_lskl tive material.
1CK.

11. An apparatus according to any one of the preceding claims, wherein
said radiation system includes an EUV source for producing said projection beam with a

wavelength of between 5 to 20 nm.

12. A device manufacturing method comprising the steps of:

- providing a substrate that is at least partially covered by a layer of radiation-

sensitive material;

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

- providing at least one optical element on which said projection beam is incident said
at least one optical element having at least one optical layer comprised of an alloy of
Mo and Cr;

- using patterning means to endow the projection beam with a pattern in its cross-
section; and

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

radiation-sensitive material.





