;e3ellLl |4 6 TLPX- Lithographic Apparatus and Device Manufacturing Mt hod.
The pr”mmmm"mwmmmﬂl on relates to a |ithographic projection apparatus

conpr ifl ation systemfor supplying a projection beam of

radi ati on,ggpaupport structure for suppgrting patterning neans, the
patterning neans serving to 5 pattern the projection beamaccording to a

desired pattern; aysip ngjﬁe(‘g;tsf)ﬁg}a?%g 2d Deide Nﬂarﬂnf%ﬁﬁh?%&ho&nd a

proj ection systemfor pr e patterned beamonto a target portion

of mmwﬁlmmmuHMe 10 The term "patterning nmeans" as here enpl oyed shoul d be
or eted as referring to neans that can be used to endow an

I ncom wngydadi ati on beamwith a patterned cross-section, corresponding to a

pad | sect i c ing,
Parmlign valver dioranoiehfofyfi@kfEi RRbaM proiocn UARAE1 27 0% o

pattern wdnprisiig:espond to a particular functional |ayer in a device being
created in the target portion, such as an integrated circuit or other

devi ce (see beh tafjatiomsystpmder sipphyigha prgjaction beyn ebeadiationc| ude: A nmask. The
concept of a nask is |l kpown in.lithograph apd it includes mask types
such as b nar ya surolffBetore o Hibwoming natRiEmEans It alisrnBetien sPine
vel | &s 20atiéd ihe\ppojBotin BamBrKordiizas a debid&Bpi@in; of such a mask in the
radi ati on beam causes sel ective transm ssion (in the case of a transm ssive
mask) or T efl exsubstraigitable far hoklieg afubstratef ikt i ve mask) of the radiation

i npi ngi th Kk ding. to the patt t h k. 1nt f
a sk, the subPBFSSR STRET e RIPler ke PATTCHER Rige tERE iorOURPIAC ensur s

t hat the §sitatean be held at a desired position in the 25 incom ng
radi ati on beam and that it can be noved relative to the beamif so

10
The term “patterning means” as here employed should be broadly
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



desired. A progranmable mrror array. One exanple of such a device is a

mat ri xaddr essabl e surface having a viscoelastic control |ayer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the 30 eflective surface reflect incident
light as diffracted |ight, whereas unaddressed -2 areas reflect incident
i ght as undif B W i | S5al :

undi ffracted | %ﬁf&ggﬁ ]h(ga‘%qt Ih efrée%gm?)ll;}'fra @? 4 ?Eﬁet ?}esﬁgfed&ﬁf?éfg%%]fezh@}e ﬁagldonl y
the di f fract eduhdiffrdctdddiphncin befiltdred onraof nigy reflédiad beadnnldetprandy thet t er ned
according to the addressing pattern of the matrix-addressable surface. An

alternative 5 @iffsertehight behing; inthigmannemh the hepmrhseoraes pajtemed laegosdiag i@t r i x
arrangenent of ti .Iror each of .which can be individual.ly tilted about
o e oy appSieAtreRitd Hn SR8 oL BBy RO siace ANARERNKY ¢l o g
pi ezog ectric @ﬁbwhkmmﬁagpam%b@e MeRdrral BAPIBYE b M iriRRangement of tiny

a

mat ri x- addr essabl e, such th addressed mrrors will reflect an incom ng
radi ati on beamnimors, edch pEwbich can be individually tilied abow soedishyrapplying 40 in this
manner, the refl.e d heam.s .patterned according to the addressing pattern
of the natri x- SHAPEISRE HesrErield ohEY PR PEa o PP 2R R oan be
performed usi ngnsdidafDliR MIrRES bR AriiBARRssablR, 8Rh IR fdlResed nlitdtd Wils

descri bed hereabove, the patterning neans can conprise one or nore

pr ogr ammabl e niefledranancayisg radiateon behorinatdifferentrdirectioroto waddrgssed mitrerse
referred to can be gl eaned, for exanple, fromUnited States Patents US
5,296%91 and IBSEE%, pen g re Frde%%anb&@nﬁma AIOEHRS e pedteBneE g o
98/ 33096, whi cfy gk ﬁla’tr‘fﬁ%d?@&{saﬁlgggpﬁfs?"I"heti'é’cilﬁl%a‘?ﬁa@x@)@%dréﬁiﬁ%&%n%@se of a

programable mrror array, e support structure may be enbodi ed as a
frame or tabl eperfoomee usinp kwitabideledtromiyymbansf Ix both@f thesimbliensakeseribgdi r ed. 20

- A programmble%)HCD array. An exanple of such a construction js given in
United States 13§ Fe’l5£§ B%{%P%W?“ PERMPEISY ARG IBP S PERETABMAP!F TRYfror _
reference. As ﬁmg.em&@ﬁlféﬁm%m@wnga@easrﬁmte%ﬁnfea%&cmlye feaREbRAI ed as

a frame or table; for exanple, f1xed or novabl e as required.
For Qar poses ofxagiphylfiom Upited Bmtas@atentsiUS {29686k andrbiB, 5,523,198, tiad ACT

| ocations, specifically .direct itself to | es. [ nvol ving a mask and
mask tabl e; ho%é%?‘?plf‘%go ﬁ’é} 3&§§$§7?1%1de§$982§@%5§’§’&1‘@? @ﬁ@ﬁgfaﬁ’éjt Bs
shoul d be s eenyy rdrliReD 1R s AN FrbkrafimddiemBRiFa! O AT SDARSsAEREADOVE
set forth. Lithographic projection apparatus can be” used, exanple, in
t he manuf act urmeaypbe éembedjedsseafreme oniabie, (drésimplenwhichhmay afded drimeovable
patterni ng nmeans maP/ generate 30 a circuit pattern corresponding to an

i ndi vi dual | ay3™e¥he | C, and this pattern can be i maged onto a target

por tippn (€. J. &Rk UND BfrafTOAR cHhifplk P Such ARSI if Sivkh GOORIES oT)

that has been coOated with a |ayer of radiation-sensitive material (resist).

I n general, a SategPatenaf®5,2201872cwhichiiningonphrsitesl heeeindy kefefeneelj As ebriver ar get
portions that are successively . -3 irradi a‘g%g ia the proa'b cg&on s¥ tem
one at a time.D§URPGFLSUHELIR gLhiscase may Bt oY e%%‘ﬁ fIRE QG Ee, I%8RPSn a
mask table, a @high G HreddPnRRaPRAS rirvgen two different types of

machi ne. 1n one type of |ithographic projection apparatus, each target
portion iForipurmdestfestnplciyx hesen@f thie teahimay.mt wersdin pacatiens, speetfallhdirear get
portiQn i.n gne go; .such an 5 apparatus is comonly referred.tq as a wafer
Steper . IFRITARCZATRIPT R Pl e Bt eLmat A hQMerER, &b fsperal priaciples

st ep- and-§ea8seARR 3 iHstarices @H&E& BE 9&kn iR brBAder SohtbX AR fﬂtehﬁn means
progressively scanning the nmask pattern under the projection beamin a

gi ven r efasrhereabowti seefarihon (the "scanni ng” direction) while synchronously
scanni ng the substrate tagl e parallel or anti-parallel to thig direction;

since, in general, HHOSHPBICRIPICEHOR RAGEANSFAN beised: for exgmpliy il tecat i on
factor M | ¥ d ' '
scanned vr\}(] %ﬁﬂﬁéﬂg O?énci;% ?t)sﬂ/lc%r?lﬁrr{esz(@?ﬁatﬁ{g‘t%hv%%ﬁQt{‘%}éﬁﬁaﬁﬁg %ﬁ@%@%@?ﬁ%ed.
Mor e 30nf ay diiduit@attevintdorreg@adihgtto ah iindividuaiiyet ofitheilCeandthisharterndaadki bed can
be gl eaned, for exanple, fromUS 6,046, 792, incorporated herein by

r ef er encémaged entratUREROIAPh-$H COBWEISING SR Gr BIOrg dipH Pnaaptibetrase Giikiean on

appar at us attern (e.0...1n a k). i.s imaged onto substrate that is
P st Saffo PRt b Rohga R oot Hdiag b RS rrly Refio ] &bl
(resist) g ffhdl@vale® willicontaiPivhsle HeBork of Gdfasdn® tar gdt HoftRhs W BFedRACALVaIYS
procedures, such as primng, resist coating and a Soft bake. After

exposure, the substrate may be subjected to other procedures, such as a
post - exposure bake (PEB), devel opnent, a hard bake and
measur enent /i nspection of the inmaged features. This 20 array of procedures
is used as a basis to pattern an individual |ayer of a device, e.g. an IC.



Such.a patterned | ayer may then undergo various processes such as etching,
ion-inplantation (doping), netallization, oxidation, cheno-nmechanical
polishing, etc., all intended to finish off an individual |ayer. If several
| ayers are required, then the whol e progedure, or a variant thereof, wll
have to be repeated for each new | ayer Eventual ly, an 25 array of devices
w il be T; separ at ed
from onegglﬁ(&)l?ﬁgrﬁﬂglﬁegﬁ? Eﬁ{%ﬁg suc £t€‘art) ?c?‘ﬁ%ﬁrgﬁ \r(i\rll%?ﬁ;s(’iEﬁl bﬂﬁg t he

i ndi vi duglattehenngleysa aask be anmasktabde, Qrdlamcﬁasrr ¢amrbe maderteowedh tho different et c.
Further infor ITB.tI on regarding such processes, can be obtajned, for exanple,
from t he typrsief mackinge rRm Bnetype P Hthosrsphis, pPejaesionappanas cRach ¢ar Rl pORNTIS C t or

Pr ocessin er n w Hi | | i shing
oo <} oo agialey otk B8 s Gl ot e ok PoRort e 0 BltRAsT " 2
sake §f SipBRaiuiié YomibRlyReRITea td & Sk @tep%ei\ynmmte?ﬁe&ivera atugferred to as

the "l ens’ however, this termshould b oadly interpreted as
enconpas srongnmly rezf@rsect tppea stfp-deycan apramatey st each tirget pediiergisopadiated byl enent s
such as refracti t| c reflective and_cat. adi o%grl C

syst ens, HOFOENE ?Cé‘ ““i*ﬁ G HATKRAUST Wit %Pﬁtﬁﬁctaqnsb&awelamnas t€nt s

oper at i NG ReGEH &hé‘%c&xﬁnﬁg‘leféfcubxﬁbeﬁlﬁléjsgﬁblﬁanédé%aﬁxﬂﬁ ﬂicrs%%trarkgtabﬁhap' ng or
controlling the projection beam’of ation, "and such conmponents may al so
be r ef er mpathlieborbaritioparalted td thig le@ltlynmanEl imcgenenal, the projeation eyseein willihgvesr , t he

tabl 40 (AFREUADAR Festor M kenptly < D Phecped WRl Bt rsg?r'ért&léé?c%%%b?ces

the add' iR a faeBt s@uﬁa\/tﬂa@at%meh Vgnalxﬁﬁsk%ﬁr@is  scRtinel! 3 tgﬁ?tﬁ)tne\f?ﬁh may be

carried out on one or nore tables e one or nore ot es are being

used for regqpdsulithegraphialdesiceyss Herd desgribguhian begimned, for exaepdis fiom B8, f or
exanpl e, 5, 969, 441 and. 98/ 40791, incorporated herein by reference
5567

10 Optic e CSIPOFAed Agrein ytr Te0¢¢r eme ul travi ol et (EWV) spectral
region, e.g. nulti nsitive
to physi cal and cheﬂr’n%can%gaactrtrlim}idr;‘kéf\,it%&:@‘%{l %gglmgy fplhgr nt sﬁé}gb g}anlt]sﬁgl r
refl é6ti \pattgrnded. mpt mesk) lsqmadged pntol%es‘ubsmtte that isex leatt fantéally comored dngtliyerar e

al ready | Qqw co aredto refI Qr er wavel engths which is a

ar 1 cul 58 PSRt (T L oo i THEGPS BRPAhe SURHREAR have 11

m rrors; yh8teo Yaribus ﬁrB@cdhrelsUéHcH% bﬁﬂur%:”rés?ﬁ coat % dn atsBﬁ HaR®OAREr OPtics plus
t he reerctlng reticle. There nmay al so be a nunber of gracing incidence
mrrors. ekposuse, thee&ruefstoatemylbdenbjccthdito athenpracedurms) suchdea rpestsaxposﬁur&bﬁ«% in

t he peak ectrvrt e,mrror will cause Si i.cant |

thr ogh- KB davigpbtnn bt PR e einesbm Rusiatbert fBaes ohipt i os
mai nhy C‘aﬁﬁy of x%EecMPésSi's uE@éif dsia Eh@is't&?haérﬁ‘éﬁ’ind?@dﬁﬂtlbﬁ:@bf @h@ﬁ@@fesg hRtcnor mal

i nci dence reflectl on. Such nufti ical -layer optical elenents have a

t heor et i Sath aeatlt@md laymmay‘thabouderg@vé’t%t(srpmoqasmisudeasmhm are about 69%
if they are, term nated. i the outernost. optical-l.ayer..i.s one of_Si
(hot |t sk RorEinglatalidn BBbEG) i aliHihm AbEelen chiRb G Gorirtiad gl Al

pr obl em %I:&Ie% t&“fﬁuﬁh%ﬁh ﬁHMcﬁﬁl la?kﬁrﬁﬁv%rﬂ%eﬁs%@r&;hlréé ltRerr@e vdh‘i';let he 25
multilayers as a result of large lattice m smatch between the Mo body

centred @uizedureBEQ) variapsthateoftwilldtave & kamdpedied foveadhhnevSlayen ;Fsmaluaﬁy,ranct ur e
nd stru ur. e ress.rel ti,on can |l.ead to e

di h t
a1 B0 gy RESGYGES il € pRseiiconhe Syteiefer e S TSt e Mo e Sendrufa s
theoreti g@m SHEAHOBRE BY o t&hﬁ ub S0 A8dieidg méwmgﬁgh&@é eANaviRRAL d&adese! ement

has a reflectivity approxi ely 1 to 175 % hi gher than the conventional 30
opti cal ehebhenopnted ohraecatriur,cxjomaeaed)fo pihg ewutferthbbinfaymtion seghrding suck nm

nor ol 1 PEEERGB R U SR ALTRE b ILpoR M RP ERBEF A gel’prr%jcehti on

apparatu
oxi di zed%}é]rll(?}r es Eﬁ?%”d?%tbgp rCE?%%%heT%iEH%‘ ’rwgté:rt‘%aél Ztani El\\(ISG‘[EBJeW % thus,
to dage, Pablishimg/€Co.i 1991, ISBN-0-63:067250t4, ¢dorgdrawed heRinby fﬂfcrbﬂoee an outer

| ayer of Si are in_use. EUV radiation conbined with nol ecul ar contam nation
due to water and ofv e spkef simplieityrithprprojestion exstemp may exsinafier be plerresh or

cl eani ng ﬁ(?ilijsrt%g$ﬁﬁ éH}‘g Lhe t)ﬁascig%,?s]ﬁﬂﬁé bggrotlz:rlh‘lv ﬁt%ﬁ;}&%a ab gl%é)lrﬁpsasémgv fmatic

reductio he™r YT vit
types of projection system, including optical elements such as refractive optics, reflective




optical elements during use in a lithographic projection apparatus. Thus,
optical elenents have a short lifetinme in EUV |ithographic apparatus. This
reduction in reflectivity) which is a result of oxidation of the outer
surface, can occur at pressures as low as 10-i nbar of water in the unbaked
vacuum used in EUV scanners. 10 RecentlVy it is has been shown
experinmental ly (,see  European Patent plication No. EP 1,6065,532) that a Ru
oAb’ | ayorOes Bl AR S Stk B4 D Ba) B B CDHITE AT SHPAALE on and
hence al VIR : I f 3nm
causes a?\&)ﬂﬁ acé‘gﬁ’gﬁ’iﬁ%é Ig(}:nt] on glgfsfgh ﬁg%@g&%oﬂrog%{?%cﬁ&ghseh%%ggtog thin

| ayer (ahmutrolling therprojezsioh bearh f tadistion) atdsgchkdnpdreatsimasedlso berefdnrednot he Ru
is coated and therefore 15 oxidation and also reflectivity loss. If a Ru

pr ot ect i RelowtcoHeqtiKeby orpsingulagly, as @ hleak n diithess thedihogippiic apparausywayke phyer |
oxi daki o . e [ t. 50 eti cal

ot 1 odt i i e BT o B mBIHBRRAE bRl (ARAY e el tapleBF 6 S0 PO,

t han the_‘sﬁ@ﬂﬂerst&ﬁsr déaedsitR@h®Ttional tabted PhdydRl usb@itEFaraR,| o prepataesrg Rieps 20 | t
is an object of the present invention to provide optical elenents,

i ncl udi ngnay badariiedert anadne| ayrare pblesoyhilefape oy swre othpt tables pgdring ysedfact i on

apparatus _usin tre tra violet radiation (E for, th LeGL L on
boam - whicHoMARe 14} FifRe HsEhelic amprel e depfiud el essrhble € BeSam
achi eved Rg000bsM0799, iSrpoftY&IMdr&ifl byReférehtd.Nogr aphi ¢ 25 apparatus as
specified in the opening paragraph, Characterized by at |east one optical

el endft on whi ch t Hepynabgleventsfobesarin ite extreind atravielet (BY Vatspeairad regimes

tical | i sed | | f M .and Q.. Th tical, el t
b o beait ity Bl Mt berspity BirartiveC S R Al | ayer
near - nor ra%haF@wh%r&ﬁ srg'rﬁﬁ%'hugaEe_o%ca_fm?rireﬂeciﬁoﬁ'y ded6Ridal §Plity. Refidebilided i n

one of the il'lTum nation and projections systens: an infergrator, such as a

scat t er i raythesawayelengihnars klreadydbi coappreditakdfleciors at londer wavglengths whighds

mask; or any.other ti.cal elenment l.ved in directi f.,ocusin

Shapi ng, “HBRIOATrA By teCaush T ELTY BposEaeiie sysmapeX Tive 13 PERERY TRy al so
be a18enspkneSinGmimtiod bpliERIR iAMSPaghly GhtiePBlus RN AEcting reficld Meh@Pagal

el enent of the present invention has surprisingly high reflectivity despite
t he pr esaisoded nubnberiof ghacing ikcidewce tniros. dt isghereford ¢\ident that beanr do'smatiiit er i al

f EUV di atiqn. t Lo lLatti ' h whi ch.
Gener at ARy AEAs? 1 MgTEPERS WIS PR Stieecmird U Gaeds DeubfteREhe o
at ons eashioWighplstelitatiod ilYRhe optical system.

Conventional reflection optics mainly consist of Mo/Si 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



5 atons in the Mo crystal. As both Mo and C formthe body centre cubic
(BCC) crystal structure with a lattice constant of 3.15 and 2.88 angstrom
respectively, the atomto atomdi stance of the Mo/Cr alloy is smaller than
Mo such that it matches the atomto atom di stance of Si |ayers nore closely
thereby reducing lattice m smatch stress. Si of course has a tetragonal

configuratio ith.a lattice. spaci,ng of 5.4 tro 0 Preferably the at
" enst oncoppleonidsrdin SRR i dBthel 10l GV’ dhaeRer sy Bt
pr ef er ablogy BhulEbRaNIalePopRhPEIhe S Wb e b bBie blykr oF STAIOM e, |t 1S has
been four?é}ﬁ&gtt? such aaljce::oO ositl o% gi ves avhiagh valpdlger of reei‘legtCi vity
whi | st reduci ng st rEISY radiatidrecanting with yerecuRirebataminayion ldee aptvatenhnd| enent

is anulti-optical-layer optical elenent and 15 the M/ Cr |l ayer is the
outer | apEygen (e Jates myight berused fgsicpidan neiftigramn ori cleapRBIRNFPSEY iR BRESACHYB M
chem 5 al ofhh séﬂnhgxr faghts\f laYirantunﬁ r\%ﬁ&ét%ﬂlin ﬂle%%ﬁgcttiv[{?%f R)%%t?-olt)tical—la}yer

mul ti=opti cal-1ayer optical elenmén 1Ch has an oute protective IYayer of

Ru cover iopgicdl REnMdntauritiptiise & a liti6faphic projeti®egipatau) drHub 2dptishl dlerhéits
| atter configuration the M/ Cr optical |ayer gr_ow des a good diffusion

barri er heveweshort hifetigie in i) WRiithogrrphiceappbratusn reduasionrin s¢fleatipityo vddeh on
when a 20 Ru otective outer |layer is used. Preferably optical .|ayers of
the opt i dut Tests P RFicGh StihE opeltflace el st plF Sk s 367 s ¥Ry o1 o

wi th | ayeyaterqh 15 ubaké&d RREEH Red WEBD Vidend¥y. Cr optical layers. In this case
the reflectivity is as high as that of a standard Si termnated nulti-I|ayer

opti d¢@l el enent butRechetlyit isdwas bdereshowr experimentally fse EurdpeanBatant he Si

| d the. Cr | i d t h h | t.
br ot o1 aprSPAIREi Ny e | OGS RS cag bS8 B drchnse e CEaRIRER cic
pr ef er ableyy RuWeSRiddtich MAheBcdalsd Rifektivify 1054 _qq@wé\mr,%ﬂfcg%ﬁla &9of about

reflectivity of the optical elenment is optinmzed. According to a further
aspect of3nnf)ecausesy emupancepthlle ecflestipn toss dueltceabdernption wdereas a tiindayer (abgutret hod

conpri si the steps .of . - .providi a substrate that is at. |least partially
cover ea Do Sy e BRleimii $ith Biedfyte 8RBTSR I8 ot fa hRBrer o) et o
beam §f agadbh 8Rd WS Rdledtiviadiodd. | 10 RaYstbRBtive outer 14Hdrivg 13adrh elibkreds ¥eans to

endow the projection beamwith a pattern in its crosssection; - projecting
t he patt esebwithe 24 ol Maddyar iosidation appeatsadodetprensnteddor abfout Sihoury but the

radi ati on-sensitive material., characterized by at legst o opti cal el enent
on whi chrglgea?rr 1 t%ﬁ&%‘f‘f‘{ nOfﬁg%{H‘] %P%icﬁ@?la‘@ﬁ?“ 3%?6Wgasa 1‘%&& 9‘?%’%*%6”6{ g?gl | ayer
conpr i seghodtartfar®Si edmidbteYdmaidphital-14yer BpHED ekpemt.f i ¢ reference may be nade
inthis text to the use of the apparatus according to the invention in the
manuf acture of 1Cs, it should be explicitly understood that such an

appag tus has nmany ot her possible applications. For exanple, it 10 may be
enpl @ed in the manufacture of integrated optical systens, guidance and
detection patterns If iglan GB@BEHS the HREB InVERLTBA tErovide Dptifal @lensdn®, inblsdh@y
panels, thin-film magnetic heads, etc. The skilled artisan will appreciate
t hat, i natmeticphicalxlayesmisigehion pedinishogrephagprajession gpraratymysing extsgme he t er ns

"reticle", "wafer".or "die\dn this text should. he considere bei ng
repl aced HyP URIT agidiop S o eh RictechiRbipein: Shinut EBRLRGER Miesihs g
portion”, respa&dindtier obfects e ﬁkﬂﬁ@&ﬂtac@iﬁﬁiﬂllfgﬂﬂihe ihbéntioflifg litHopddphid on” and
"beant are used to enconpass all types of electromagnetic radiation,

i ncl @8i ngppareaws speeifieddn thetapening paxpgramht ¢hazacienizer digt leagfongepticat48, | 93,
157 or 126 n and. extre ultra-violet.radiatjon, e.g., having a
sevel engelFmit ppamich e bE O et s ARt Gyl Bll b aalisd oo "5 on
beams or 3RhpEk&réfaanileediMo saadi ments of the invention will now be
descri bed, by way of exanple 25 only, with reference to the acconpanying
schemati ¢ dr awi ngs The optical lelenieingonag be adepmonedifying ¢lhmgntegubh as preflestori on
appar atus accor.di ng tci an _enbodi nent., of the invention;, . .

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.



Figure 2 is a graph of outer |ayer thickness versus reflectivity for an
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, corresggpding reference synbols indicate
correspondi ng parts. _g_ Enbodinent 175 Figure 1 schematically depicts a

| i t hographi c proj ec.hgco t%?lpe%ﬁérﬂ%fﬁ%%é&hp%%ﬁg ih(%%g&s. g%ﬁég{ygﬁﬂoodi ment of

the invention. The appdaratusS conprises’ a ra IL, for

suppl yi ngrefledtivity deépiRthdprsencdopCr vilinak kaowih & b a WY effafindhbsder Whi ch in
this particular case also conprises a radiation source LA, 10 ~ a first
obj ect t ahaterigl rfarsEUtVan@ﬂ@)mMr’?Eq guass due 1o lettice mismsachwhighcan be gensraledhy a nask

MA (e.g. reticle). nd connected to first positioning neans fqr

ccur at el FrpEn  Biip MBS Fare s fiduret biepiie PG fep@ cpity SEB8Rus Mo obj ect
tabl es(sufghs AlRe MO xghaWAps&M IMSELCE forf (5 BSdy @he Bt BBCEPEryiE]l di N9 2
substrate W(e.g. a résist-coated silicon wafer), and connected"to second
15 posi t istoctoe wighadatfics castuot of 1y ampb2.88 iangstnom tebpectvdig tthatmatotatom espect

| magi g Atie Rk S0 Gotiey SroreAlet Ham e KA B TEPB IO BN C (. g
conpri si . ' . . : I eRk t he
appar at uar L P TR e Sloclly i SR ik R S LB B e o 11
general , has amasagehsl@ohfgwhtien withadatiissipaeing P s.43fangsteonanpl e (e.g. with a 20
transm ssive mask)._ Alternatively, the_apﬁqara,t us may enpl oy anot her kind of
patt Pni ng means, delsrably the 3t lsast ompwplieal fayer i§corprissA Qftbelivespdld ard 1t er r ed

to above., Jlaeco QiEaplrEntkendS A8% OF ALYEE pfierdbiy S 1ALBE P! ASIRSOUT ce)

produces a bearh adi at1on. eamiIs m nati1on system
(i 11T um nakeer Jouhd thaistdled cathpaitidnygives atiplevalbaef rededtivatyorisid redoacidg stréssi Ng
nmeans, Slfr??heansonaSi?gyaerr]? expander Ex, for

Preferably the optical element is a multi-optical-layer optical element and

15  the Mo/Cr layer is the outer layer. In this way, the optical element is better protected from
chemical attack. Alternatively, the optical element may be a multi-optical-layer optical
element which has an outer protective layer of Ru covering the Mo/Cr optical layer. It has
been found that with this latter configuration the Mo/Cr 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 Jeast partially covered by a layer of radiation-
sensitive material;

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



25 exanple. The illumnnator IL may conprise adjusting nmeans AM for setting
the outer and/or inner radial extent (commonly referred to as 6-outer and
a-inner, respectively) of the intensity distribution in the bean) In

addition, it will generally conprise var7i_ous ot her conponents, such as an

integrator IN and a condenser CO In thi's way, the beam PB i npinging on the

Cross: secti on. e ERRE bR Bl A BERSla bbb ATRL AR hRs e 20, co

LA may be w t heptibsie housing of the l|ithographic projection apparatus (as
is often the case when the source LAis a nercury |lanp, for exanple)) but
that it ray alpojeotng thegatemedheanhef tadiabionoajerd terget p@tipn of thetlayen obippar at us,
the radi ation bgam which.it roquces being led into the apparatus (e.g.
with the aid JRIQHPRPEFISUEPEE ¥ ng mirrors); this latter scenario is often
the case ipRicide) BPHI R bl biricANeRiHEhIT whidh 8kid pldjecifonfdestilis bty | on and
Cl ai ns enconpass both of these scenarios. 5 The beam PB subsequently

i nt er ceptlmvirpeat heaskondgptickli leyericomprbad afranallopekMoedndeCrMI.  Havi ng traver sed

the mask MA, the be PB._passes through the lens PL, which focyses the beam
PB onto a target po‘gm‘%hépﬁﬁl ig Fféergwsm%b%m@ﬁe Wt Ht?HéOQlCdJSSP¥%h‘7e second

posi tioni J S AR A .Ssubstrate
tabl e WI @ﬁﬁﬁ%%ﬁg&éﬁ@éé%@é{zﬁt@ﬁ%-[ngf}ns0 as Ijtegg%)(ggg?t{}?' 8Jrlllla?|cfe?(gfr?celﬂ t ar get
porti ons nderstdodehgauth ai apfardtinchas ey fther Possiblaapplicatitngs. For Stamphsiid i oni ng
means can be used to, accurately position the mask MA with respect to the
pat h 18f & breenplpked i the mapyiaftupsefijntsaatad qnsical sygtams oguidanse aaddetsgtionr om a

k Iib i I bl
R LT L L e R L S
posi ti onihegds, @edThe skilled artikarokil appekedite (Hat, i tHeadntex0of sugh altevhaive are not

explicitly depicted in gﬁifgure' 1., 15 However, in the case of a wafer stepper
(as oppoFPalieasions.an¥ ysaalihs tams afspigleat afer BE "diglsi thisiext shaulddy j ust be
connect e : , B %6 ngdeRin

appar at ud La98pd B0bAng H i SOl ccRbral b Sl Rl B QSRR i

t abl 4 5MT postideplesgesieelyi al | y stationary, and an entire mask inmage is
projected in one gq (i a single "flash") onto a target portion C.  The

3

. e.
substrate 20 tabl e phe Rresarbdociment.dbe terms hradiatigpgang, “Beamy” pEcised i so t hat
a differ ' |4 [ Dy ; can
rose o CAbeBFSH A5 Rt aReh i BLRL DA REAIEED Br, A
portion Gvdvelength cf306sB48, 193,d 53 i0ndL€ nit) laad BUV (engtmad]trd-tolereshiationbb.g. MI i s
novable in a given direction (the so-called "scan direction", e.g. they

di r ect i oMAvigBERvavelshgdyinghe wyge H20 ), pnwelh apparticle brameshripes jos bsamsey t o
scangver., &adBdkahirege; concurrently) the substrate table W is

Si mJFt aneously noved in the same or opposite direction at a speed V = M,
in which Mis the nmagnification of the lens PL (typically, M= 1/4 or 115).
In this manner, a relatively large target portion C can be exposed, w thout
havi ng to conprom se on resolution. 30 The exanples of the invention

descri bed bel ow are obtained from conputations performed using the thin
filmdesign program TFCalc (Software Spectra Inc.) and verified using LPro
(4D Technol ogy Lt d.Bmbodimeins bf theiinveptiohatill ane bectestrébedpby wag af examplout i nes
of TECalc were used for the optim sation process, as described in A V.

Ti khéfr a sl WAEBrfchrenc‘-" i%th&?’EC.O“@Znyl’?gf?h‘(“i@@s‘}f?wﬂgvm whiehonr avov, M K.

TR SR e o L dep bR ihlaphfprojectitn Appatdt SBtaihgy oD 0K

i ncor por authddinsent ohtheyinventiefience. The optical constants of the various
materials, nanely the caonplex refractive index N=n - ik are derived from
atonic scattering Figuegdy a gmph ol arier kayer thicknessyergus ectisstivity oy an optical he

atom o psttheRurEl R ROl = 150 Sap 1003y, L

ht t p36/ www. cxr o. | blFiga¥ 3694 g@@hgcmgéxadﬁpw profildd®f vay adssigial Bs aftckod 6f t he

materials used were downl oaded as functions of wavelength from6nmto 42nm

and as sgldstronadistiosltspgyt h dependence of n and k is inplicit in all

cal cul ations. The \ﬁzlil ues of n and k.. - .
the Figures, corresponding reference symbols indicate corresponding

parts.



10 for various materials at some wavel engths of particular interest are
tabul ated in Table 1 below. To denonstrate the perfornmance enhancenent of
the reflectors according to the invention, we assune ideal "white" |ight
illumnation in the exanpl es bel ow. Fi gyre 2 shows the results of

simul ati ons cal cul ating the theoretical "reflectivity of a grazing incidence
mul ti-optical-layer optical elenent. The cal culations are 15 perforned
assum ng a projection beam wavel ength of 13.5 nm but not taking account of
surface roughness or interfacial diffusion. The graph shows the variation
inreflectivity with outer |ayer thickness for a variety of

mufti-optical -1ayer optical elenents. The upper set of lines are the
results % Ei Egl at l ons based on a nufti-optical |ayer optical elenment

conpri si 1 ds of Si/M |ayers grown on a Si substrate. Tn 20
practisce Zerodur (TM or other |ow coefficient of thermal expansion
materials such as ULE (TM are used as the substrate and 40 to 50 peri ods
of Si/M are used. HigereSi schematicallpdepidts4 lithogriphi& psjedtivh eppdpathayeeosling e 2. 5
nmthick, and a final quter layer is caonprised of Si which has a thickness

of 4.4 nriP aR3EIcHargmbediment of the inveatigm hhstapparais 4aPESSSh whi ch the fi nal

outer |ayer of T rfd el r ' . Thi ives the
hi ghest refl ecatl%\éllla'??n Eﬁstté}g\aég’ g‘ésf{):%ugglg%gao%reﬁ&?élﬂ %e%glc?léggpagﬂ%ﬁhZﬁgbut er

| ayer of BUOVwadihtibr)xwhichén chis pargeulasasdhlyo odmprises hirddisgpnesoioe 12(;0j ecti on
apparatus givin in practice, a far lower reflectivi t%. The five lines

bel oWfr epr es erﬁf?@h%@%tm? maskdallek MT prayided withpgnask r frdwlding amask | oy

of Mo an » M 0. elif fer ' i ve. | i are
o T S gL P OGN L N o eI dlFih s

mol % of GhasklwitlcRspdeeteidm 8ol ated fromthe trend in the graph that a range
of conpositions of between 0.5 and 10 nmol % Cr woul d al so be effective. The

| evel of "Cr i rf ScReNduhies) talle (sHBstentn tablepMET proxided vitbasubstsate baldeyfert o reduce

tre d . i 1.0 idation of the
gurfzze g’ﬁlétljd ls%l‘églﬁﬁcfl[rgg We(gé'?Eﬁ%@é\&g‘iﬁ%%&%ﬁe@za%%(ﬁégéégﬂé)tsg)f’ql)rgﬁs: y affect
t he nefl gekitiohing.meéxds E@acbera®Bepositioningrthg bitstrate wikleresgdct @Citdny PLY of t he

mul ti-optical-layer optical elenent is satisfactory for an outer optical
| ayer conpri sddPraiection sisteay (bmsTPLateer- opirrgr 8rouphios KRaRIRE M irfadistedpqitien 3. 5

nm t hi ck, %?MW - i i { 2.25
nm t hi ck.Of egijgsr vant%rggtag%gﬁﬁ rtg?/x?‘ﬂg%?.n%ﬁﬁgi%ng}?m@g?ie%%ﬁ gtgogﬂ-gt;e an
al | oy of Wb AartdrGiepicted, nise pasatusis of adfleotiveodypé (eg.diak aeeflecdlvenask). f rom

chem cal _and physical attack and reduced stress due to lattice m smatch
than a pdfQvayshimgeneralat maype b A adrapgmissivg tRs, fasekamplefegywithaseen over a
st andgrd i - . i I i: : | ayer
of pade. NEnomlisPIRE) AFLR, W pr RaiRER DL ARt of i

degr adat inggans,suelnavx pieranahablatmrror aredy af avypecasrefeired £46 alpovesent , st andar d

mul ti-optical-layer_optical elenents have an outer |ayer of Si_which gives
a theoretical refl dQEisowicy L (eghpyaspnprodygedr discharge piasend SPRISH IPE@RRee 2, as

wel | as providi =1 k J i: . hysi cal
Attack anornc ARy AR AR bR A R0 o 11 PRI o RETE AR B WSS 0 &
al so prodidedy ar dfieghavingraavaersat dondivioaingaadans esfutlead a bedny expandersExs fandar d

mufti-optical -1 ayer._ optical el enment _conJ),ri,sed of Si. and Mo with a Si outer
| ayef?d Fmrnélrenﬁ?ﬁe illyningter Hg mel cRMPHsRdIpgidg drcans AM SFFtethePREN cubi ¢

(bcc) lattijce. f r ' : ons
wni oh 1 o opiEF PR RUATbybAATLARRHY irehba B ASLIQHR P, B PRI 0o
const ant tReintedkityr@iseibation ethe MBArh e In addMidn, & WlOFBnetaly 28@eried varlou¥biheh i s
has a di anond structure with a |attice constant of 5.43 angstrons. This

reduct i oigomporents such a5 antategratardNeandduceondenseOi de this wianttbebedane BBl eads to a
| onger li.fetinme of. the lcal element.. The final advant ment i oned above
can-be udBaTENESDURE BRFESIA Bh o feBnanitrer bneit sy S BREPT B cat -1 ayer
opti sl elKeBREdioRy replacing the 25 Mo | ayers of the standard
mufti-optical-layer optical element with an alloy of Mo and Cr. Thus the
straines in the M I shpeldsbetutalighth mdgatdio Kigokd thét thé eoured LA-mogpt becwithinay er
optical elenent ar ghe;litguce .and therefore the lifetine of {he_ optical

el ement  ¢HmboRsg af BEPRRIC PEPIBRION APPYAWS das inQTien Hhefass Waen HiE SAVIEF gur e 2,
i f theorety cal RV R : ' with 3
ol % G 1 BnEy Ik dof bRAIS) bt Eay 2l:5Be 15h0R Aty B Bo@pilE
reflectivity over the standard nufti-optical-layer optical elenent with an
Mo outer |ayer but that the reflectivity is still conparable to a standard
nufti-optical-layer optical elenent with a Si outer |ayer.




-12 In the case where the optical elenent is a gracing incidence mrror
(e.g. a collector or an entrance mrror between the illum nator and
recticle (PO Box)) a thicker |ayer of Mo/Cr of between 20 to 100 nmis
required. Thus the at |east one optical_g_l ayer is preferably between 1 and
100 nmthick. 5 As an alternative, an olUter |ayer of Mo alloyed with C may

be coate t hi . ' . | .cal y be
covered r?ﬁcgor{l @&%?&3&@?& %Bﬁaéjygmcgl_%d%é% ﬁélgg ﬁ% @E)ntgégypg#atg%out 1.5
nm It i gelpawithikyaigws byitdbRedirdcaHg thifrHa}; tiiy 1adepYded o BAPEn BhOd28€ When .,
except that the resistance of Ru to diffusion of gas nolecules into the Si
of the mthe povngst A4 an exaimenliasdrc dhe ehment mventomand Qkims enclompiass botlyhf -
However, en 10 .using Mo alloyed with C that |ayer acts as a better

di f f usi ot"B5 F%8 %Fet ween the Si and the Ru. Thus, this sol ution provides
excel kent corrosi onTIQRLALHB @ﬁbs@éucﬂﬂ#}’nt@rc%@me RasRMACwRIchi€hd18Shiavi LY.
Figure 3 illustrates Auger depth profiles 'of the oxygen concentration

ver ses depishk tafle ME.tRawviiag tavdde8ithambtk Mdyp thedmianm R passepthiagh tid lemeRE, The

| ect I ati 5 |, ded at 1.8 nmwW i t f 1l
T0° Sar WiAeh RiHsn bt Ppispias st POROBR SR BHPSACQY : Mt et &f B ay or
N S per ot
ol ovor . TrerOER g s RERRRICHIANR: BRaq IR Mot 19, M s Rl e

expect t T cahbe tidvedacanately, agysweas td pdgitidrhdiffierdnt targep poidhs Caiyiglic 14k of al
element will be vastly reduced thereby leading to inproved lifetinme of the
opti d8| dhebsam PBo§imilaly, the figst posiioniiganenscanbe psedl tgascusately nosifiep th o

al | oyed w . I f iz ' Lcal

ol cmont Syt R v e 6k ) SR el 3, I e SRRl KRR G

bet ween thak MIA druin SimdskidESy, ohldaring b kcanl [Th gbeeralppoeaheait e theublject blgdr esent
I nvention is alsg suitable for use in nufti-optical-layer optical elenents

conpri sed&s Wdpwilkbg replized, withythe @idofeaJong-streks mpditle (coyrsgpositigning) anchy

exanpl e, | : d ,Lhati ons, see
p 1. 065, Sk 2Bl Toade (R poMion A0 el e expIRin helftied RRERR', 001
descib bedHomaves in tHe cabd bf Hwafeppreger ddsapposedito Repiandessan appar@iys) liee masict | ced

ot herwi se than as described. The description is not intended to limt the
i nvent i otable Mymapyjyst pgsconnected to a short stroke actuator, or may be fixed.

The depicted apparatus can be used in two different modes:
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 TFECalc (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.



1. A lithographic projection apparatus conprising: - a radiation systemfor
providing a projection beam of radiation; - a support structure for
supporting patterning nmeans, the patterning nmeans serving to pattern the
proj ecti on beam according to a desired %attern; 5 - a substrate table for
hol ding a substrate; - a projection systemfor projecting the patterned

beam ont I i f. .t he suhst e har a i in b t | east
one opt i Q- 3F S (PR Rt B e hrshe SR8 P S BR R At Tty ac 10
| east  0ng50p4g3qabok)BarT A IRrbHe 288 RO, KehBy AP Wheasbd 26856 (1390 v radppar at us
according to claim’l, wherein said at |east one optical layer 13 conprised
of bet weeefefdnbesaanel intOrporhted Rereinthyatferadok yThef optieslweastarts afitheSranougo Cr  and

nore preferably of 3 mol% Cr. 15 3. An apparatus according to claim.1l or 2,
wher ei n §iateralg, nppsky the gemplexretgactive dpdex ¢V & - & e AenivedJrom glomig Seattegpg i cal
el eneat . ' ' : | [ t one
opticol " [kt By RERE BLUP aAE SRICONANEPEEANETRANED Stilerd By BT OT°

wher ei N $Rinle, VI CBLIIIREGITRAL J aNDhag Aemiban apd Nuekht DatalTayRE, 3#(2)RuU coat ed
on said at | east one optical layer. 25 6. An apparatus accordi ndgth claim

5, wher eilB1-S42 @193 Stipyr swacexro+bl|zayiopties]_mustents/) o Thaveluaeeln ad btorgken 0.5

and 2.5 n eferably,1.5 n ... An. a ratys aceording. to an ne o
ol ai 3 AerBI Rl e g oG £y aigRE PPl o i i BB e f BT oo
sai d at kigasivelitiP@dpenaénck a¥ Alandk es BePIRItiS el caltuldiony, ThOvaldés of i 8. AN
apparatus according to claim4, 5, 6 or 7, wherein said at | east one

opti t&l [Feryariops mateyiatseal some avavelgegtheef Wirticudar injerespratahulatedinckabli hg t o any
one of clains 0 8 erein.optical .layers 5.0f said optical elenment are
conpr 1 setam: ot etpdlisl T beefRanie ennaBeHichy 3 B rdictorEieoripg o Fiyer s o

Si i nt er pRgAGoN SIRSEME ddedl BIMEA lighyilRmisaiod iRthe &ampl@mRigRt i cal |ayer.

10. An apparatus according to any one of the preceding clains, wherein said
at | east one opti cdliguraygeshowstheaesmdieof simaticns Salawating the theoretical abl y

et veen Tkedf i {ap el H Py SRPEE bR FERAL P SRl el . "
prodygi NgegaintbdtsirBingiaditofeE@en Mahhwaverehsal MY, Sindf bud Abv@RMg Acéngdf Nm 15
surface roughness or interfacial diffusion. The graph shows the variation in reflectivity
with outer layer thickness for a variety of multi-optical-layer optical elements.
The upper set of lines are the results of simulations based on a multi-optical-
layer 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



12. A device manufacturing nethod conprising the steps of: - providing a
substrate that is at least partially covered by a |ayer of

radi ationsensitive material; - providing a projection beam of radiation
using a radiation system 20 - usi ng p t]t erni ng means to endow t he
projection beamwith a pattern in |ts Cross section; - projecting the

R R P T L L A A
el enent %lmwm(ﬁ@élgeﬁ&m)ﬁﬁfécpmeli)%hlvI\%)I nci dent having at |east one
optical layer conprised an allo and Cr. .ALA ?.AFU,.A U,.A3h A
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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.
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provides good protection, except that the resistance of Ru to diffusion of gas molecules into
the Si of the multi-optical-layer optical element is not particularly high. However, when
10 using Mo alloyed with Cr that layer acts as a better diffusion barrier between the Si and the
Ru. Thus, this solution provides excellent corrosion protection at only a small expense of
reflectivity.
Figure 3 illustrates Auger depth profiles of the oxygen concentration verses
depth of a standard Mo/Si multi-optical-layer optical element. The electron radiation
15  provided at 1.8 mW/mm’ with a water pressure of 1 x 10 mbar. As can be seen, the
diffusion of oxygen into the outer Si layer occurs very soon but that oxygen diffusion
through the Mo layer is far slower. Thus, with an outer layer of Mo or Mo alloyed with Cr
one can expect that the diffusion of oxygen into the multi-optical-layer optical element will
be vastly reduced thereby 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.
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- a projection system for projecting the patterned beam onto a target portion of the
substrate,
characterized in by
at Jeast one optical element on which said projection beam is incident having at

10  least one optical layer comprised of an alloy of Mo and Cr.

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.

15
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

20  the outer layer.

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

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

25 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.

1. 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.

30
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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.
15
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;
20 - using patterning means to endow the projection beam with a pattern in its cross-
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
characterized by
25 at least one optical element on which said projection beam is incident having at

least one optical layer comprised of an alloy of Mo and Cr.



