P- 0350. 010- -1 Lithographic Apparatus and Devi ce Manufacturing Method The
present invention relates to a |ithographic projection apparatus
conprising: - a radiation systemfor supplying a projection beam of

radi ati onp_g3sgopepport structure for sugporting patterning neans, the
patterning nmeans 5 serving to pattern the projection beamaccording to a

desired pattern; aIﬁ&n’gh&eﬁggﬁ)@mﬁé‘g%Edme%ae?%?g@w@)@ﬁ@npr oj ection

system for projecting a rne eamonto a of the
substrate; and - at |east one optical elenent on which said projection beam
Is incident 10 having a Si/M nultilayer structure, an outer capping |ayer
and an interlayer positioned between said nmultilayer structure and said

outer capping | ayer wherein the outer cappin l.ayer. is conprised of (i) C
or Mo or (1) an i nfbF Presei iy et belatey o ERhORtapliE PEPIRTHOMABPAINE st v uct ur e
and an out&hpiigh@r | ayer of C next to said capping layer. 15 The term
"patterning neans" as here enpl oyed should be broadly interpreted as
referring-to neans tmhadiatiasystemiforsupplyinga prejention beamiofigpdiatibnat i on beam
with a patterned cross-section, corresponding to a pattern that is to be
created i h a target 2 SPRRO Siciyre f%é“%%‘ﬂ%%ﬁt ,““P%E“"g%ﬁ* He Raftgiung MERS* can

al so ”ﬁf% ' ﬁ%rﬁr' ion AR . .S al ttern wll

corre?ﬁon té‘hg"ggﬁ? cul arsfé{:tllj%ct [ Onﬁz{cbﬁﬁéﬁ alt&r}ggé(g%‘g}e@g being created in
the target portion, asulssrar3able fortod¢ingheabstiategui t or ot her device (see

bel ow). Exanples of such patterning nmeans include; A mask. The concept of
a mask is-wel | knowdPraieqtionssyerafagprogqtng theipatierned beam, oRto & torgakPAItieon as

bi nary, a r l.ne. se-shift, and attenuated phase-shift, as well as 25
vari ous h{’/ t?lfggﬁns%%’ y(ges. Pl acement of such a nmask in the radiation beam

causes sel ective tr aresst 56¢ optical éleindft chawhichaid prdjedtion beain\ie intidag) oOr
reflection (in the case of a reflective mask% of the radiation inpinging

on t hH) makavinge S¥M¢ multidayer staictyset ancQuter ¢APRIg layasand aminterlayer positionedy nask,
the support structure.wl| ner.ally. b Kk bl whi,ch ensures _that
the mask PeneeL i afii¥er suflGE s shiotied] captfng jayBh yfhereli e bufli HbsiBe
beam andjaiéiak chiphssd dFFi)OMEMold? (id) AnifinéGnicRgyd? @R Md fiexd o said multiplayer

structure and an outer interlayer of C next to said capping layer.

15
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,
20  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
25 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

30 incoming radiation beam, and that it can be moved relative to the beam if so



P- 0350-010- -- -2 desired. - A programmable mrror array. One exanple of

such a device is a matrix addressabl e surface having a viscoelastic control
| ayer and a reflective surface. The basic principle behind such an

apparat usp %ﬁ épﬁi —(for exanple) addressed areas of the 5 reflective
surface ref g I ncident light as diffrdted |ight, whereas unaddressed

areas reflect i,ncident light as undiffracted |light. Using an appropriate

filter, the safeFiredndi f f r act ed light can be filtered out of the reflected

beam | eaying g gx‘aﬂ'ﬁ-n S’r%ﬁa% | ’Jqlﬂzﬁﬁ , the beam
becones pattermréﬁcf)(S ccor&ﬂunﬁ]fuﬁo t he I%zcres Pndgg%?yt{]%%wnéo t ek

mat ri x- addr essa(ﬂﬂressablefsm(fﬁ:e hawing| 4 isdvalasticcdtibrot Myerdindeiefledtive sprfagy. ameabl e
mrror array enploys a matrix arrangenent of tiny mrrors, each of which

can be i ndivi dbasi¢ gnmqlplf:@ehlaééuﬁh AnAPPATausy thap oy exanple) addressasl aseasf 4ha zed

electrgc field I el e agai n,
t he mérrors arléef% l‘%’s)? dregglggﬁgg&q{%lﬁgﬁ‘Elhgac%ﬁlcﬁ@is‘&be ulx%ﬁi%re

reflect an i ncaghigfleadhabémMighearindiffidcet iRl aNinglhd S5prbptiaté ﬂltb&nﬂiicyaﬁrssed
mrrors; 15 in this manner, the reflected béeamis patterned according to

the addressi ngupditfrasted light carhlee fikigred rutaaf dheexefladted beam,rleavding diilg theequi r ed
mat ri x addr essi er.forped usin swt ble electronjc neans. In
both of the si @’?x&?‘i‘ffﬂ%gﬂ&g ISRAEED AHECHRFE B areaRdingtan
conprise one O{he'ﬁﬁaﬁsﬁﬁ%?zﬁ&%'ﬁﬂh‘é ntfik-Qldre aBi%%ﬁrfa&%\@ @%l'férﬁétmt lon on
mrror arrays as here referred to can be gl eaned or exanple, from
Uni t el St at es &abedimentiF dpra@Gni@iblamirdiSirtay sAipldy3 3, marid aRafigenpait efitiny

appl i cati ons WO, 98/ 38597 and WD 98/ 33096, which are incorporated herein by
ref er ence. In MiEOrs £agh of which cap be individually talfe@rabavtraagﬁxlﬁ%a@%waggupport

structure :flﬁﬁbE'IBQa‘f:'z&?el%(}n@{[gié‘%gbgEmgf*oginr]f% Rejerie ﬁnoﬁ"&i&ﬂs may be

fi xed or novab as require array n exanpl e of

such a const r uohtogaing t Mitors Brelattie chddSsabies st thittaddfesfedAnfrdsy #ill whi ch
is incorporated herein by reference. As above, the support structure in
this case may mﬁe@rﬁ@dm@mnagacaauqnabﬁ@ﬂw adifferent digpction impnaddressgd MATOREY be

T Ik
i nvol ving a magfkhe ffhtrimsddrtabble mikoye VEe reqiifedgaatak aldiREdiRE b4 S
performed using suitable electronic means. In both of the situations described
hereabove, the patterning means can comprise one or more programmable mirror
arrays. More information on mirror arrays as here referred to can be gleaned, for
20 example, from United States Patents US 5,296,891 and US 5,523,193, and PCT
patent applications WO 98/38597 and WO 98/33096, which are incorporated herein
by reference. In the case of a programmable mirror array, the said support structure
may be embodied as a frame or table, for example, which may be fixed or movable
as required.
25 - 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 movabie as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
30 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.



di scussed in such instances should be seen in the broader context of the
patterni ng neans as hereabove set forth. P-0350.010-'. -3 Lithographic
proj ection apparatus can be used, for exanple, in the manufacture of

i ntegrategopgigggts (1Cs). In such a cage, the patterning means nmay
generate a circuit pattern corresponding to an individual |ayer of the IC,

and this pattern cap. e t i gglg!- ri sing one
or nore dies) on a gﬁ%@@a@ e{ :gﬁcﬁp{lzg?\&g&g\{/a ergeq'ﬁ%%tfgﬂeas eérllﬁg{égt ed with a
| ayer of maslifadtinverofi6tegiated\circiiid @Ch)RIIn Glietsd &ds¢, thé pat@emifg aleans Ma§ gerigrste Waf er

will contain a whole network of adjacent target portions that are
successi vatigcuiti pattad eorespanding thanpndiyidoal; layer of thedfr, anshibisgpatigrmt ¢ambe | n
current apparatus, e ovi.n atterning by a mask .on a nas le, a
Gi'st 1 nct | BIFRCdRntg.e GERLAHHPT Goh i aingrar Br o Sho e iREle 18R, Sne
type af |L4BAGRAMAS Ged Qakdlvifa ﬁaﬂ%ﬁh&iﬁt’imﬁ@&@itﬁré‘hQa‘i’éridP%&ik@.”Iﬂ genbfhl,
I rradi ated by exposing the entire mask pattern onto the target portion in
one go; sasihglawaferppdircentain a wholemebmork of aflacent thrges pagicns Wt are sicegspigely | n
an alternatiyve ap{)ar atus - commnlx?ref errelcgi to as a step- aRr'ld-,scan

appar at usradigiediyia tiegeeliesrinn System, en¢ atafgmelp quEgnt apPYBIUELIPRIEYPEscanni ng

t he mask t ' Welc ' ' rﬁﬁa%rl:ﬁ' i rection

(the " scaﬂr%?i[%ngﬁéﬁ'bl ?glgag]i( %ﬁ% %?Jlta:o?%f%@gﬁ@ug%y&s@%%cﬁ%ﬁggé e sugglieﬁgt e table

15 par al |tgpesasf neachinep & ahd Bipe bblithompHicrpesjection apparans, edch tagetgrattion ishe

projection systemw ||l have a magnification factor M (generally < 1), the

speedOv dradited Pyierposing thecatiee magh patte erde Hisdareetpqriion i eperges fech aN t i nes

t hat at i ' €l | | regard to
kSl F o JRfutyH8lefel B0 27 RARS welict 1 1 ANCIRAERphe SEE9T T 10

l'i thogra vi €es as-here descri o exanpl e,

6, 046, 79%omméifly Psfeé @ Rerstdprandyscan bpL@Nnee— 2athltargar portion Adiradiad byr ocess
using a lithographic projection apparatus, a  pattern (e.g. in_a mask) is
i maged orfregrassivedy sqanningitheamaskspastern wnder thsprejection beaplidraggivayreferengger of
radi ation;._sensjtive materi.al..(resi.st). Prior .S .4 ' , the
substr at ed‘WﬁG"" {fh%lesrc S%;ﬁ%rﬁh%ﬁggn r%icl:lzcdg r(é]%r,omgutfgh&gémﬁg itﬁrﬁrg%g,gtpa?eegafbg coating

and 3q5sofgarRK6r arf¥-pahllel X BRS Biréttioh)Endey i fdnata, theproetion 8y sterh edllhaveol her
procedures, such as a post-exposure bake 25 (PEB), devel opnent, a hard bake

and neasunagnification Santen Mdgensralbyre 1), thepspeed ¥t which the gabstraig tablo ipgcanned

rocedur €s. .S ed .a _basi s, t ttern L Nl Vi I r..0f i ce,
Do Can el e RO R uBeb Rt & PR e ik Ble et MoreblmBiof i °2,
as et chi nggard kPMhthogRpRRdRViceNay 1itp® HExdibedBintel dl&anti For exumplatfremn US

cheno- nechani cal polishing, etc., all
6,046,792, incorporated herein by reference.

20 In a manufacturing process using a lithographic projection apparatus, a
pattern (e.g. in a mask) is imaged onto a substrate that is at least partially covered by a layer
of radiation-sensitive material (resist). Prior to this imaging step, the substrate may
undergo various procedures, such as priming, resist coating and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a post-exposure bake

25  (PEB), development, a hard bake and measurement/inspection of the imaged features. This
array of procedures is used as a 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

30  procedure, or a variant thereof, will have to be repeated for each new layer. Eventually, an
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



I ntended to finish off an individual layer. If several |ayers are required,

then the whole 30 procedure, or a variant thereof, will have to be repeated
for each new |l ayer. Eventually, an array of devices will be present on the
substrate _@g@ . These devices are th%p separated from one another by a
t echni que” suc

i as dicing or sawi ng, whence the individual devices can be
mounted on_a carrier, .connected to. pins, . .etc.. Fyrther inforpati r rdi ng
Such. P oaBoCEtean by GFGRUE Suxamieh HOBNE bhok MicsekHin it A BrachiEilh ook
"M crochi gufghs Semidbuctbr Plog&sing®! Thifd Edlfok, by T GaR F4at Mcd?RgERsi ng”
Third Edition, by Peter van Zant,” McGaw H |1~ Publishing Co., 1997, |SBN
0- 07- 067 2B@blhingcmy PN7aISRN B7e06Y250-4; ficerpenated hdrein bylrefesake. of

sinplicity, the projection systemmay hereinafter be referred 5 to as the
"I'ens"; however, thFer hesskeoimplicly, Bepseipgtianpepprateberaisalisrdsiplessing
Fort oot VB Bl ShREk s 50 folnd L b BrAGERS koS varigns o

syst em neiypad SFprojectistlsyseaiReiledhs refipeivd dptits, reflé@ivdiopdcd, and Bitadibptrizese
design types for directi 3%@ shaping or controlling the projection beam of
r adi at i onsystens, fon enamplep dihe madiatiansystesomapalse instude gomponeityoperating ect i vel y

10 si larly, " N t the lith hi c.. . b
of 3 typoranitgfocs o tbesk ffin ik 1% fiveqtll sabrige PBR-FuipE B bR gL
tabl es). phdanSocidialibh,dnBlsBePéRRfone AR \thatso B 1R fedfditd badd, coiflitsly Ry be

used in parallel, or preparatory steps 'nmay be carried out on one  or nore
t abl e whsihgularhye aon “lens’s Burther, thabthegraphie appamaws mxydefada tepeplmyingtvo @ual

And VIO o8P R eSTaLS B ST HRTE b b oD  PRIS SE BERY s 1 or
i ref | B paRGUnd e dng) b ndfin PRARLE Bt picBAREy siEpfimay B LY e e
whi ch canorangmitibleswhile onechuneretdtiedr tablesf dre being nsed fan dxmstresaDuglsthget y.  For
s ui ki ihesmBG gpPaees A droeried. oA araEPBrin S 50 e suh o Bt oar ©
For By LR R B e 2 L e T £ L ayer opt | cal | ef ements ai ELV

wavel engt hs are al Opdchl elewntsdopagedd ekeme hlteviclet{ERIV)l spogel regiorelegngt hs

which is a particul ar_probl em because a typi.cal EU |ithographic¢c system
may have ragﬁtlayeneﬂ thin filgy cefleetgrss aneespecallyssensitivedoRlysisal @sﬁg%ﬁakﬁwgﬁ t he

| magi ng O\%iicﬁ Tar® Ligﬁifitcgﬁlf @hh&Shéip %ffeﬁmiﬁl fnd (;gaﬁﬁleqdey. ql'o?%xgﬁplc, an
unprotected optical element with a Mo/Si multilayer structure is quickly oxidized during
20  EUV radiation in the presence of 10° mbar water, as is to be expected in an unbaked
vacuum such as those anticipated for EUV scanners.

Reflectivities of such multilayer optical elements at EUV wavelengths are
already low compared to reflectors at longer wavelengths which is a particular problem
because a typical EUV lithographic system may have up to 11 mirrors; four in the

25  illumination optics, six in the imaging optics plus the reflecting reticle. There may also be
a number of grazing incidence mirrors. It is therefore evident that even a “small” decrease
in the reflectivity of a single mirror due to oxidation can cause a significant light-through
put reduction in the optical system.

The problem of oxidization of outer layers of multilayer thin film reflectors

30  has already been addressed in EP 1,065,568. The problem was tackled by using a relatively
inert material, which is resistant to oxidation, as a capping layer on the outer surface of the
multilayer structure. In some embodiments, the Si/Mo multilayer structure is covered with

other layers before the capping layer to reduce the likelihood of incomplete coverage



a nunber of grazing incidence mrrors. It is therefore evident that even a
"smal | " decrease in the reflectivity of a single mrror due to oxidation
can cause a significant light-through put reduction in the optical system
The probl pasgdoqxi di zation of outer |laygrs of multilayer thin film
reflectors 30 has al ready been addressed in EP 1, 065,568. The probl em was
t ackl ed | | ‘1 t el : ' ' '

oxi dat 1 orecasie bt e KBy Bliplc A acBRHE Snis MG, I bR Iier bl

st r uct ur ebeenfomah® lawb gdodshokisernh beidsidiMesistante.| ayer structure is covered
with other |ayers before the capping |layer to reduce the |likelihood of

I nconpl ete coverage P-0350.010 -5 5 because of the necessary nmultiple |ayer
deposition. This multiple layer capping |ayer has been found to have good
short term oxidation resistance. It is an object of the present invention
to praovide an opti chlis & s6/EA LS MY pibsenhmSemichabipeillide dLdptRal dl¥hbit Wilich St

exhi biting inproved resistance to oxidation over the long term This and
ot her objkastasceptablesificetiaty wlitso exhiihiging amprayed meséatanico to ¢xidation oveh dwrlaphi ¢
apparatus_as specified in the opening paragraph, in option (i)
character®8d in 10 that said I nterlayer has a thickness of between 6.0 and
9.0 nmand, in optipRshhd bheFOFEAS bR dchRVed sbcbRAtg ahdlimdehtdn i er | ayer of
C has a thickness of above 3.4°nmor said capping |ayer of Ru has a

t hi cknesslithbgraphi2 apparatus Ihspeaified m thgeopehing parageaphhinaiption (i@ chagaerizes inhat

the resistance, to chemical,. attack, and j rticul ar .oxi dati.on of the
opti ol e ineryyi i adtiekess o baheen &P aREp Ouam ahdh pRYEH (Bhi cknesses of
bet wveen 1.andeli DM PhaVdafb Sl th%ﬂQ%er%fﬁds% Hitkess f'&f Sbdvad LARGriskid

oxi dation resistance 1s not acconpanied by a significant decrease in
ref | ect i vaappinghayeh of Roasla beclhesscabose@geous. The t hi ckness of interlayer

of the present inveption lies in the . region of second peak of .
reflectivity which ﬁ%%a@%tasméﬁuyfl adhick iisaroenisehitdhe Top cepﬁoeriﬁsﬁwl of the
interlay | f: : . t ' . ' : i nterm x
20 wi t 1 ciiack 3 in PASLOGSoififlon! CHine SRRl lonBHE T BEEN e Re miflr | °

whi chSi s insraydrythiSknessesAd betwtiend and 2anrh pretvineislyaspe.c Surptisingly thisvimereasenint her e
is provided_ a device nanufacturing, method conprising the steps,of -
provi di ngPXadatigndesistanceifaet aceompaniedly a ygpificant decreasedp aeflagivity WiRly  of

radi ati ongoy)d be disadvantageous. The thickness of interlayer of the present invention lies in the

region of a second peak of reflectivity which was previously not known to exist. The
presence of the interlayer itself ensures that the capping layer material does not intermix
20  with the outer layer of the multilayer structure (the outer layer of which is usunally Si).
According to a further aspect of the invention there is provided a device
manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
25 - providing a projection beam of radiation using a radiation system;
- 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 using at least one optical element on which said
30 projection beam is incident, which at least one optical element has a Si/Mo
multilayer structure, an outer capping layer and an interlayer comprised of C or Mo
positioned between said multilayer structure and said outer capping layer,

characterized in that said interlayer has a thickness of between 6.0 and 9.0 nm or wherein



sensitive material; 25 - providing a projection beamof radiation using a
radi ati on systeny - using patterning neans to endow the projection beam
with a pattern in its cross- section; - projecting the patterned beam of
radi ati on -0 target portion of the layer of radiation-sensitive

pS .o?q

using a

mat eri al | east one optical elerent on which said 30 projection

beamis inciden which.at |east.qne optical element has a Si/M nultil ayer
ot ruct ur e Gyt Gl th an itk ieRayeE! ¥iRnes G5EA il Prictife SR 1o
posi ti onegulRpiniRRResdt € ndllts shiaxappind lay&t UiRa@diked 3 th ' ayer,
char acterigedni n %at sgi dti nterlgﬁap;}e a?gas a Ptlhi cknesscg)é b&t%%%gg and
9. 0 nm or hashethidkned3-di Above03.8 nnborssaidicappingrihvey ef Ra hapi tlickmessabora 210 nm.
interlayer of M next to said multilayer structure_and an outer interlayer
of C next to said cAMIPREh spegific referrmce aag be meadeiim thisextigithe i fithe ayer of C
ou

has a ¢ hi f - Q- ' ' er .of . a,.1 hi ckness
hbove b otEREs REaRRIE e G iniil BafRRL AR Rt BT "\ O The
use of thﬁlcﬁrﬂ@ﬂﬂﬂlﬁﬁmhaﬁﬁfpﬁhtﬂhﬁﬂnhﬂ%théhﬁﬁﬁibﬁ%gbﬂcéﬁbﬂs.”%ﬂﬁxﬁﬁipﬁ,@t of
ICs, it should be explicitly understood that such an apparatus has nmany

ot her posEwpbe emplayed in themanufasture phintegsated optiaghsystemse gpidagesdnid deteqtion

manuf acture, of intearated optical syste i dance an etection atterns
o ragnobftietts fREmRERicsiinSh hEfored HoBorsAtt MR Co MR, HFb Hifime i
magnet i ¢ hdya8d%o. PheCskilld¥arfiden! wiBichppFelciatedihatVid !he%eﬁém:fsheh hi@hativen the

context of such alternative 10 applications, any use of the terns

' " r et 1| edpplicatidngr anyaise 'ofl the terms 'réticle’t Bwafesp(tig" bethictontsshoeldd® as bei ng
replaced b tg%e nmore. general, terns "mask", "substragte" and \target

por 1 on" , CASISTEA DEig replaCedihy the Boss Bengil i, Maphe bR 0 iEFon " and
"beant arg,sfdrdspectRBROMPass al | types of electromagnetic radiation,

I ncl udi ngﬁ%Itrévi let radiation (e.g. wwth a 15 wavel ength of 365, 248,

193, 157 or 126 nmn) Indhel pigshntdexumentetha ltérma-vadidten” aad ‘btandhare esegl tohavi ng a
wavel ength in the range 5-20 nm parti.cul arl 3.5 n as . well as rticle
boars,  SHERMRESS A YRR AfEIesropuERdticgaiaieninch “&H‘S@Q"Fﬁéﬁ%‘&?‘b‘?ﬂ et vith a
| IVenis ONyitdidngfiod 5. I88.40BDRH M6 i M MRmeANvidtbd HaiBbRTHICe 1O
t he acconpanyil g schenmatic drawi ngs in I ch:

having a wavelength in the range 5-20 nm, particularly 13.5 nm), as well as particle beams,

such as ion beams or electron beams.

20
Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying schematic drawings in which:
Figure 1 depicts a lithographic projection apparatus according to an
embodiment of the invention;
25 Figure 2 is a contour map of reflectivity as a function of Mo interlayer

thickness vs Ru capping layer thickness for an optical element of the first embodiment of
the present invention;
Figure 3 is a contour map of reflectivity as a function of C interlayer
thickness vs Ru capping layer thickness for an optical element according to the second
30 embodiment of the present invention; and
Figure 4 is a contour map of reflectivity as a function of C outer interlayer
thickness vs Ru capping layer thickness for an optical element according to the fourth

embodiment of the present invention.



Figure | depicts a |lithographic projection apparatus according to an

enbodi nent of the invention; 25 Figure 2 is a contour map of reflectivity
as a function of Mo interlayer thickness vs Ru capping |ayer thickness for
an opticabP-oab@oent of the first enbodi ngnt of the present invention;
Figure 3 is a contour map of reflectivity as a function of Cinterlayer

thickness vs Ru cappi the Figire¥, chridspbRaAs rdf@enc syRibolstiadicse @BBBIpoadiagr di ng to
the second 30 enbodi nent of the present invention; and Figure 4 iS a
contour npgtsof reflectivity as a function of C outer interlayer thickness
vs Ru capping |ayer thickness for an optical elenment according to the
fourth enbodinent of the present invention. P-0350.010 -7 In the Figures,
correspondi ng reference synbols indicate correspondi ng parts. 5 Enbodi nent

| Figure 1 schematically depicts a |ithographic projection apparatus
according to a particular enbodi ment of the invention. The apparatus
conprises; 10 a radiation systemEx, IL, for supplying a projection beam PB
of radiaiﬁﬁﬁgﬂgﬁﬂél EUWV radi ation), which in this particular case al so
conprises a radiation source LA, a first object table (mask table) Mr
provided with a mask holder for holding a mask MA (e.g. a reticle), and

connected to first Pigakel Sohemgticaligdepictia l&ﬁ@gtﬁgﬁiebrbjeamiabbﬂﬁiu@cédmin sk
with respect to itemPL; 15 a second oblcﬂe]ct tabl e (substrate table)
provi ded tRiaparticularissrbogdiraeny of therinvangioni dhejpprarafus cHBPLiEse W (e.g. a

for a%urately posi § PGHTECE Shute B, Boar SbgRie's BOH2NMm phaR Pl (il one
proj ect i ofg,gs EeVefdiatio)) SWhictin this particalaciseQsodiomiitised PFadidiR@isBErcaDA;
i rradi ated portion of the nmask onto a target portion (e.g. conprising

one or nore 20 di esfirsopbieridablebmasktableyMTrgronided withnd m@gﬁh(ﬁd%efoabfpiQMt us
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positioning the mask with respect to item PL,;

15 - a second object table (substrate table) WT provided with a substrate holder
for holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the substrate with respect to item PL;

a projection system (“lens”) PL {e.g. a mirror group) for imaging an

irradiated portion of the mask MA onto a target portion C (e.g. comprising one or more

20  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
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.

25 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 (illurninator) IL, either
directly or after having traversed conditioning means, such as a beam expander Ex, for
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 G-inner, respectively) of

30 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

cross-section.




transm ssive mask). Alternatively, the apparatus may enpl oy anot her ki nd of
patterning mneans, such as a programmable mrror array of a type as
referred to above. 25 The source LA (e.g. a | aser-produced or discharge

pl asma sopipgaypi@r oduces a beam of radigtion. This beamis fed into an
illumnation system (illumnator) IL, either directly or after having

traversed conditi Onit %M?’Qﬁ"%ﬁ%ﬁfﬁgafﬁé‘gﬁ%“ﬁ%?ﬂ’%rs?@éﬁgf o%)gy%wgne. The

illumnator IL nmay conprise adjus Sé out'er

and/ or i nfi€housask of the XitiRptaphfQFoROlidN ifafitliL@s isCoftth the Q4sk Whed sk @utdener ,
respectively) of 30 the intensity distribution in the beam In addition, i
wi || gendeAlid amerpy lagw, ferrexamplegt tw that gangyorlenbestemata-fromghe hithiographicat or |
and a condenser CO. In this way,,the beam PB, inpinging. on.the mask MA has
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of t en t hahesmecerhAns dmexcimer laser. TAe icerrentieventiny ahd @iaimé encoexpaspbath of but

that it gﬁ%‘:@al so be renote fromthe |lithographic projection apparatus, the
radiatio AMTARPEN it produces being led into the apparatus 5 (e.g. with
the aid of suitabl | | ' ; | C .01 fren the
case when the Souflg%'lﬁgﬁf%@g%ﬁ%é%eﬁl@?ntﬁgg@?Fﬂ%é&é@f,?@?&:1%’\}/%1?]1,[0'?10%] and

C ai s enfskpatis MDt Hadihg bedrestecsivelyacflased bynthe besk VRS, the bedn PBidsses
intercepts the mask MA, which is held on_a mask table MI. Havi ng been
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so as to position different target portions Cin the path of the beam PB.
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explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a

t
N

step-and-scan apparatus) the mask table MT may just be connected to a short stroke
20  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
table WT is then shifted in the x and/or y directions so that a different target portion C can
25  beirradiated by the beam PB;
pA 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
the projection beam PB is caused to scan over a mask image; concurrently, the substrate
30 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.



20 actuator, or may be fixed. The depicted apparatus can be used in two
different nodes: 1. In step node, the nmask table MI is kept essentially
stationary, and an entire mask 1image is projected in one go (i.e. a single
"flash") BAB360.61G arget portion C. The s@bstrate table WI is then shifted
in the x and/or y directions so that a different target portion C can 25

be irradiated by th&hberdmpiEs ofdhe invefGANddtBHBod RIGE At BtdiMed H6mSame
scenario applies, except that a given target portion Cis not exposed in a
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of from6 nmto 42 nm Figure 2 shows the results of sinulations

cal cuPat i iefectivitytofi @ seamnaldagidencs optiesl element phichfhag amayltidayen simiclistice opti cal
LT e S o e 1 o ESTBP O R AR b 1
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. In the example given the Si layers are
3.36 nm thick and the Mo layers are 3.66 nm thick though other thicknesses may be used.
20 Placed on the outer side of the optical element i.e. on the other side of the multilayer
structure to the substrate is a capping layer comprised of Ru. The capping layer of Ru is
intended to prevent oxidation of the multilayer structure over long time periods. In order to
avoid intermixing of the Ru and the outer layer of Si of the multilayer structure, an
interlayer of Mo is positioned between the multilayer structure and the capping layer.
25 It is desired to maintain the high reflectivity of the optical element and so
previously only thin interlayers have been used. It was thought that the trend in reduction
in reflectivity with increase in thickness of Mo interlayer observed at thicknesses in the
range of 1.0 to 2.5 nm continued at higher thicknesses. However, referring to Figure 2, it
can be seen that a second peak in the reflectivity occurs for Mo interlayer thicknesses
30  between 6.0 to 9.0 nm.
Although the reflectivity at such thicknesses of interlayer is lower than that

for thinner innerlayers, this reduction in reflectivity can be tolerated because of the




or other |ow coefficient of thermal expansion materials such as ULE (TM

are used as the substrate and 40 to 50 periods of Si/M are used. In the
exanple given the Si layers are 3.36 nmthick and the Mo | ayers are 3.66
nm t hi ck pbssogihoot her thi cknesses may bg.used. 20 Placed on the outer side
of the optical elenent i.e. on the other side of the nultilayer tructure
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Ru is intended to prevent oxidation of the nul t| ayer structure ov ong
ti me periafdschdthickmigs. to avoid interm xing of the Ru and the outer Iayer
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i's Iovver than that for thinner innerlayers, this reduction in reflectivity
can be tol erated because of the P-0350.010 -10 i nprovenents in oxidation
resi stance which are achieved by a provision of a M interlayer of such a
t hi cliﬂes%r ﬁ! can %e seen fromFigure 2, the peak reflectivity occurs for a
cappi rised of Ru of a thickness between 1.0 to 3.0 nm in
partlcul ar 1.6 to 3.0 nmand 5 (in particular for |ower thicknesses of

interlayer) between 2.0 and 3.0 nm The best reflectivities are given for
an interlayer of MFigireBehowethegegilamf sdmdatians caleulatug theitbearetical
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highest reflectivity is seen between 6.5 and 8.2 nm and more particularly between 7.0 and
7.8 nm. For the capping layer of Ru, the best reflectivity is seen between 1.6 and 3.0 nm.
20  For the larger thickness of interlayer a lower thickness of capping layer is desirable, for
example as low as 1.0 nm. For lower thickness of interlayer comprised of C a larger
thickness of Ru capping layer is desirable up to about 3.0 nm. Preferably the Ru capping

layer has a thickness of between 1.6 and 3.0 nm more preferably at least 2.0 nm.

25

Embodiment 3
30
Figure 4 shows the results of simulations calculating the theoretical
reflectivity of a normal incidence optical element according to the third embodiment of the

present invention. The structure of the optical element of the third embodiment of the




hi ghest reflectivity is seen between 6.5 and 8.2 nmand nore particularly
between 7.0 and 7.8 nm For the capping |layer of Ru, the best reflectivity
is seen between 1.6 and 3.0 nm 20 For the larger thickness of interlayer a
| ower t hi plgass@1of capping layer is desjr-able, for exanple as lowas 1.0
nm For | ower thickness of interlayer conprised of C a |arger thickness of

Ru cappi ngreb@y fivehfiotlR%he dddheastRarld? tﬁéﬂﬁgi ctﬁb&xﬁl@ht StreRd Breddit YnveRfioRU Cappi ng

| ayer has a thickness of between 1.6 and 3.0 nmnore preferably at |east
2.0 nm 2é&xcEptthati the mtelikaﬁﬂlsléloglpnee&ofsdmamertltmer oEMd whichfis positidned nextgo

calculating the theoretical eflectivity of a norpal _incidence optical
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-11 present invention 1S the sane as t he
preserst iof®RPsh@n except that the interlayer is conprised of an inner
| ayer of Mo which is positioned next to the nultilayer structure and an

outer layer of C m?’b%rqssltqdaﬁlgqreﬂéhomwcqr@ nenbomfléfatpwmg tht? P WayThe

results e_si f e nt
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show a second peak in reflectivity. The second peak in reflectivity in the

third enbefdietresen 0@ tud.§ nw fon cappingitager qmnmrsbdayéRuasflth@ ﬂwq'knes af abeveness  of
between 3.0 t0.4.0 nmfor t hi ckness of
=bov 010 sigut20 5 e FRUFEORTA by PIEISHB I ARE Ao dr o FiT BT bout
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the best reflectivity is achieved with an outer internedi ate
Iayer of dcheived withemsiute idtermgdigie Hyer oftl vf atideast 3 donit preferdblynahoxn dbomist

pref erabl y_above about 3. e seen fromthe exanples, the second
peak in r%? PECAnd/pest pB‘E‘fE‘iﬁ‘Z’é’ ab%eAgk?é'ﬁg HEi nterl ayer thickness i.e. the
thickness of those haygfe Ref ﬁbhpﬂ%@x?rﬁ?l\é@fiﬂe §ddBnd géﬁlﬁh'?mécuﬂt bég§ in the
Si/Mb nmultilayer structure and the outer cappl ng yer is abou hal f the
wav elléngtwhaf the eenlayer tickinessad. dieithicknesapf ﬂmsmkagm(po&tlamﬂ Betwear thbet ween
0.4 and 0.6, pr ef er ahl Yh bet ween 0.45 and 0.55 tines the, vvelvel engooh of the
i nci dent CI"W Sjrlayer 1n the Si/Mo multllayer structure and the outer capping layer 1s
half the wavelength of the incident radiation, say between 0.3 and 0.7 or between 0.4 and
0.6, preferably between 0.45 and 0.55 times the wavelength of the incident radiation.
Although only Mo-C, C and Mo interlayers have been given as examples,
20  the invention is not limited to these. The interlayer may be comprised of such materials as
Mo-C, C, Mo, B4C, Mo;C, Mo(Cr)}, B4C-C-B4C etc.
The outer capping layer maybe comprised of such materials as Ru, Rh, B,
Si0,, Pd, Si3N,, SiC, BN, B4C, BeO, B4C etc.
Anocther advantage of the present invention is that the thickness of the
25  capping layer is not critical and so less control is required when applying that capping
layer.
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.



Al t hough only Mo-C, C and Mo interlayers have been given as exanples, 20
the invention is not limted to these. The interlayer may be conprised of
such materials as M-C, C, M, B4C, M2C, M(Cr), B4C-C-B4C etc. The outer
cappi ng | BYas0.0t@ybe conprised of such mH-erials as Ru, Rh, B, S 2, Pd,
Si3M4, SiC, BN, B4C, BeO, B4C etc. Another advantage of the present

i nventi onCLAMNMBat the thickness of the 25 capping layer is not critical
and so less control is required when applying that capping |ayer. Wil st
speci fic enbodi nents of the invention have been descri bed above, it wll
be appreciated that the invention may be practiced otherw se than as
descri bed. The description is not intended to limt the invention.
P-0350. 010- -12 CLAIMS: 1. A lithographic projection apparatus conprising:
- a radiation systemfor providing a projection beamof radiation; a
support structure fAritbegrami¢ projecpian appanatngcorepnigng:t he patt erni ng neans

serving to pattern the prqgjection beamaccording.tq. a desired pattern; 5 -
a substrate tabfadiatigp Sﬁ%?’ﬂ&‘%’f’d’ra‘”élmgs"’cPrgieﬁflo%[’?ﬂ’%?@'@‘a]aﬂﬂ“’syst em f or
projecting the § . i - and
o] cast "one ahtippofsEGuRIBFLUBRNE, foRElihe Mol BR plioh i maP S R
having a Si/ Mypatteit the lppyjedtiontbeamtastardingito awlesiredyappingg | ayer and an

interlayer conprised of Cor Mo 10 positioned between said nultilayer
st rucBur e and &subgtragatable foshplding 2 sHhskatechar act eri zed in that said

LT D, Sy OGI  RORARRE B e O el g

t hi ckness is bagbyese 4d5 and 8.5 nm nore preferably between 7.0 and 8.0
nm 15 3. A lithographic projection apparatus according to claim.l1, wherein
sai d i ntasd¢asyene apsicalolemens on vatichanidipraiecsion ean ieinsidght havingse$¥log and 8.5

nm nore preferabl between 7.2 and 8. 0, nm . | A
o1 0f oot 1 IR GSer Ariesrd T ehoging Bl it M pyeuchco Ryt BREBPMAS
10  positioned between said multilayer structure and said outer capping layer,

characterized in that said interlayer has a thickness of between 6.0 and 9.0 nm.

2. A lithographic projection apparatus according to claim 1, wherein said

interlayer thickness is between 6.5 and 8.5 nm, more preferably between 7.0 and 8.0 nm.

15
3. A lithographic projection apparatus according to claim 1, wherein said
interlayer is comprised of Mo with a thickness of between 6.8 and 8.5 nm, more preferably
between 7.2 and 8.0 nm.

20 4 A lithographic projection apparatus according to claim 1, wherein said

interlayer is comprised of C with a thickness of between 6.5 and 8.2 nm, more preferably

between 7.0 and 7.8 nm.

3. A lithographic projection apparatus according to any one of the preceding
25  claims, wherein said capping layer is comprised of Ru and has a thickness of between 1.0

and 3.0 nm, preferably between 1.6 and 3.0 nm, more preferably at least 2.0 nm or 2.2 nm.

6. A lithographic projection apparatus comprising:

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



interlayer is conprised of Cwth a thickness of between 6.5 and 8.2 nm
nore preferably between 7.0 and 7.8 nm 5. A lithographic projection
apparatus according to any one of the preceding 25 clains, wherein said
cappi ng | 8yB60.0H conpri sed of Ru and ha$3-a thickness of between 1.0 and 3.0
nm preferably between 1.6 and 3.0 nm nore preferably at least 2.0 nm or
2.2 nm 6. A Ihts-g;qgjramtc' r@fRjsespio Reding Heady MR Patiting MedrRGeAlin
system for providing a pr oj_ect??lrgg%%mof ?%d_i al'(tiﬁ?on;Ij P- 0350. 010 -13 g;!b
support st ruct Battern gie pajsplaon basy greoxdingiorpgdasisethpatterie pat t er ni ng neans

serving to patiter r.0j,ect.i on he according to a desired pattern; - a
substrate tabl %Sl?bgﬁaﬁ?g%%llgrﬁﬂj]??‘ilﬂ%gts}l‘)%%&e’a projection systemfor projecting
the patterned HaRiR@hQystetFoOftbjcRhs iRPaREmENBean® ot ithigt SortiBR Bf e | east

one optical elenment on which said projection beamis incident having a
Si/M S nultil agubstraterarst ure, an outer capping |ayer and an interlayer

posi tioned between saj mul tilayer structure and said outer c i ng | ayer,
Bher oi 1 <SG ARSOTEL gt WBLE i3 profionbeaBr Ry idenohoies hoUMa o sa d
mul til ay n i I.d cappi ng
| ayer, cﬁ@? gg%%??%ﬁu?hg% ﬁg%ﬂégﬁgngéé}{eg?ﬁfﬁf@}?kyé}rﬂbgﬁogkﬁ%&geﬁ |g'kness of
above 3. 4molilayer studlurecan(i gaid uteny yping lakkr, whsrein daid imkerbyyer adngprdze®add nm 7.
A lithographic projection apparatus according to claim6, wherein in the

15 combi n@geR iRteERy S Mo nextite saig myfidlayer sgpepee and apauigrdptedaysr sh§ mgxptonm g,
A lithpgr ' Lection apparatus according to claim6 or 7, wherein said
Iayerfbgf %ﬁmg@pg{gﬂhﬁkness above 3.5 nm preferably above 3.7 nm 20 9. A

| i t hogr apdtagacprized Ot thatsadd paeninteslagerasdMhast thivkaessioffabover3.4 nmwdraesail n sai d

| ayer of C has a thickness aof below 3.8 nm preferably below 3.4 nm 10. A
| i t hogr aptaPRinglayes of Ryhasa thicknessabovedftg t o any one of claims 6 to 9,
wherein said capping | ayer has a thickness of above 2.1 nm preferably
above 2.2 nm 25 11. A lithographic projection apparatus according to any
one of clainms 6 to AQithogMishieprojettibal appirstas adcoMingascisini 6 what€indn e bet ween

3.0 and 4.0 nm t|%_referabl y below 3.75
15 combined thickness of said Mo and C layers is between 6.0 and 9.0 nm.

8. A lithographic projection apparatus according to claim 6 or 7, wherein said

layer of C has a thickness above 3.5 nm, preferably above 3.7 nm.

20 9. A lithographic projection apparatus according to claim 6 or 7, wherein said

layer of C has a thickness of below 3.8 nm, preferably below 3.4 nm.

10. A lithographic projection apparatus according to any one of claims 6 to 9,

wherein said capping layer has a thickness of above 2.1 nm, preferably above 2.2 nm.

25
11. A lithographic projection apparatus according to any one of claims 6 to 10,
wherein said layer of Mo has a thickness of between 3.0 and 4.0 nm, preferably below 3.75
nm.

30 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,




nm 30 12. A device manufacturing nethod conprising the steps of -
providing a substrate that is at |least partially covered by a | ayer of
radi ati on- sensitive material; providing a projection beam of radiation
using a r@giffgien system P-0350.010 - 1@ using patterning neans to endow

the projection beamwith a pattern in its cross- section; - projecting the

patterned bea hfthd AR Yb@ndod MditbicBéd b Bl alHfaukAiR its Cfoss.
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a layer of radidtion- sensitive material,; - providing a projection beam of
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has a Si/Mb nultilayer structure, an outer capping layer and an interlayer
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- providing a projection beam of radiation using a radiation system;

- using patterning means to endow the projection beamn with a pattern in its cross-

15 section;

- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material using at least one optical element on which said
projection beam is incident, which said at least one optical element has a Si/Mo
multilayer structure, an outer capping layer and an interlayer positioned between

20 said multilayer structure and said outer capping layer,

wherein said interlayer comprises an inner interlayer of Mo next to said multilayer structure

and an outer interlayer of C next to said capping layer,

characterized in that said outer interlayer of C has a thickness of above 3.4 nm or said

capping layer of Ru has a thickness above 2.0 nm.



