1 Mrror and |lithographic apparatus with mrror The present invention
relates to a mrror, having a mrroring surface. The invention is thither
related to a |ithographic projection apparatus conprising: - a radiation
system for supplying a projection beamof radiation; 5 - a support
structure for supporting patterning means, lthe patterning nmeans serving to
pattern the projection beam according to a desired pattern; - a substrate
table for holding a strate; s48 Propection syste . jecting the
patterned beam onto 3“‘55‘?%?“%}@%0&%3 1 ﬁBpagﬁﬁﬁ?‘ﬁh{e,ﬁ{%%Plo - one or
nore mrrors, each mrror having a mrroring surface. The present invention
al so rel at e’i‘gé gregerﬂﬁﬂ\'féﬁﬁom%g?& Holiner, TRiNed dHiotde SHfhce. Tht RRGHAGIISC
apparatus an evi ce manufactured by such nmethod or apparatus. In a

| i t hogr aphi turthepmlatcdi® a lithogaplec pfojdctian apresattshamprsimgbe | maged onto the

substrate is aél? lim tedfb t he. wavel en thbof the .Qtroll_ecti on radiation. To
produce i nt efFAHBRSYTEY; ?%supaﬁr{qgaaprmegﬁ%} Pt Y98™ Gevi ces, and hence
hi gher oper ahisifpPaadeure ifbr é@lp_dﬁﬁigrlﬁaéﬁ_irtg%@@s, @b [pattéig@emhs SeBlidget

features. Wil st nost current [ithographic projection apparatus enploy
ul travi ol et pitteghthepaojestinncsatmaceerdingriy 2|dgsiisd petteraxci mer | asers, it has been

proposed to 5%@38&%@&%@5QO‘Q@V%@”%%L{%SQ%J ation,. g,. of around 13 rim Such

radi ation is e raviol et (EUV) or soft x-ray, and

possi bl e soukcasietidH bt ffor projeriag thd paeingdr iedtcestopd asga wotiorc of the
di scharge plasma sources, or synchrotron radiation fromelectron storage
rings. Somesubgtralemndy| travi ol et sources, especially plasma sources, emt

radi at i oV i de . hiGEONERGS &0 including infrared
(IR, VfIU;li bl gﬁe(@ll%r?%&frtg%éé%g?%{&§ U\)g1 %nsﬁq@ps ultraviolet. These

undesi red f Thepessentemvantidn @tsopredpiese teanddoaces mahefatiurige mpetbbd ersing suchhe
illum natiopn.and projection tens_an au undesi red exposure of the
resist if nE‘ihOE‘ia g @gparaig ﬁ‘&fﬁ% ‘?W'T’Femﬁlﬂ'&?q%llr §§¥ Slffgrr?#‘%éj%rf a@ﬁ@%‘fsl | uni nati on
and projection systens are optim sed for reflection of the desired

wavel engt h, e.lg. 13 nm 30 they are otpti cally flat and have quite high
reflectivi tineslitographic\appirptus thesize vt teagves|thdtgem be imagadsont, Hieafupsteate 1s
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narrow with a higher density of devices, and hence higher operating speeds, it is desirable to be
able to image smaller features. Whilst most current lithographic projection apparatus
employ ultraviolet light generated by mercury lamps or excimer lasers, it has been
proposed to use shorter wavelength radiation, e.g, of around 13 nm. Such radiation is
20  termed extreme ultraviolet (EUV) or soft x-ray, and possible sources include, for

instance, laser-produced plasma sources, discharge plasma sources, or synchrotron

radiation from electron storage rings.

Some extreme ultraviolet sources, especially plasma sources, emit radiation over a wide
25  range of frequencies, even including infrared (IR), visible (VIS), ultraviolet (UV) and
deep ultraviolet. These undesited frequencies will propagate and cause heating
problems in the illumination and projection systems and cause undesired exposure of
the resist if not blocked; although the multilayer mirrors of the illumination and
projection systems are optimised for reflection of the desired wavelength, e.g. 13 nm,
30 they are optically flat and have quite high reflectivities at IR, visible and UV
wavelengths. It is therefore necessary to select from the source a relatively narrow band

of frequencies for the projection beam. Even where the source has a relatively narrow




2 emssionline, it is necessary to reject radiation out of that I|ine,
especially at |longer wavelengths. It has been proposed to use a thin
menbrane as a filter to performthis function. However, such a filmis
very delicate and becones very hot, 200-300 C or nore, |leading to high
thermal stresses and cracking, sublimtion2and oxidation in the 5 high
power |evels necessary in a |ithographic,_projection apparatus, A nmenbrane
filter al sEMSHBr &S, yit agserarvale Teiesk radighion fut oh dhajdier esperially &t {qnger
EP1197803 desctieR@fis At hh! PO GBR L6 BT ARRERALYS ABFIC b PRl | N
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"proj ection dppipat Heweddnj suchk0filgr &t vemy delieect aml bdcohee vetyshof X0 1OT or
passing radi ati an of desjred wayel engths to forma.prpjection, beam and for
o | ecti ng. FIRIPAFBRE B MEhdBeT PLarRheltar TS, THEGH g SSBEBRB N | | or
I's substant highl pov@NERE AlcesatiPihel liﬁbgﬂaﬁl’{lb W&t&ﬂ%ﬁa%ﬂs?f&ﬁﬁ&ﬁbfﬁﬁe fneex
close to unity at the desired wavel engths and conprises silicon

pr ot r usi ons alsTigenerphoibsadis ahkadial® of thaddsired rasléatiooot h profile or a | am nar

square wave profile (Figures 3. 15 and 4 of EP 1197803, respectively), and
are present on a mrror, having a mrroring surface. US2003/0058529 Al

di scl oses aEgn p47809 deksérilies W HiHOBraphidl proREtiGH Bgparate wieceded dratifaygectal
grating period causing diffracting, and a multi-|ayer coating deposited on
the grati ngfiltonisspsedcinyths, rapigtiom systerysgadio dithomanhie gepjedios Hpasads. dghit i ngs
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is that Si does not block IR radiation very we|l. Hence,_ it | s an _object of
25 the pr es%ﬂ?f’triﬂng]é‘ﬁtlﬁ éﬁgﬁl@t’ﬁ[‘&\c/}?la}?daﬂfﬁ Wﬁ%&%ﬁfﬂm P SPOPIRATEEHVEdNSed as
optical filtigge t4 hﬁafitypﬁ)/tﬂéedééﬁ{ég Wa{t}reﬁ:n!gihk hegr é&ﬂ%l?seprsﬂic%ﬁt poftudoRarpils to

select EW radiation"froma wde band source and/or to reject undesired
f r equenci espmtrdsighg hawsthi lomimr gawtoRth prafiieat iadamingr smyare wivequefiledFigutdsdeked.

30 Accoydin t I t _invention,  there | rovi.ded.a .m rror_according
Co the bpentiy? SAESTRE wimtr BRI R bt peoend gt P nRuRl o Sl BRSO
nore first g@ifkeusions conprising.a first material, and conprising one or

nore second protrusions conprising a second material, and wherein the
first and second materials are not the sane. Such a 3

US2003/0058529 A1l discloses a grating structure on a mirror substrate etched to have a
grating period causing diffracting, and a multi-layer coating deposited on the grating
20 structure. Further, US6469827 B1 discloses blazed gratings that comprise a series of
ramps. In an embodiment, the blazed grating is constructed on a substrate before a

reflective multilayer, e.g. alternating Si and Mo layers, is deposited over the grating.

A disadvantage is that Si does not block IR radiation very well. Hence, it is an object of

25 the present invention to provide an improved mirror that can be used as optical filter
that may be used in a lithographic proje&tion apparatus to select EUV radiation from a

wide band source and/or to reject undesired frequencies and with which e.g. IR

radiation is more effectively blocked.

30  According to the present invention, there is provided a mirror according to the opening
paragraph, wherein the mirroring surface comprises one or more first protrusions
comprising a first material, and comprising one or more second protrusions comprising

a second material, and wherein the first and second materials are not the same. Such a




m nor can be used, for exanple as normal incidence mnor or as grazing

i ncidence mnor, to reflect desired wavel engths, but to block undesired
wavel engt hs. This can e.g. be advantageous, when a | am nar protrusion
profile is present, and one wants to conpensate for a possible difference
in optical path Ilengths of radiation that propagates 5 through a
protrusion. Hence %he i ﬁentionlalso cqurLaes an. enbodi nent thfh
conpri ses a MRHEARAY I HE: dONTHEMIRGS JGFFLCBCETIFS Lo §" A S HEE8 Ehd
prot rusi ons mirh e eefledt MR sitdd ShveddsriRitsy SiORShloRd ubRSREH wakelbfigihd, ONts 84e
arranged in such a way that for desired radiation an optical path Iength

di fference iess- becrlveniagaens. wisase horingraprotrasient profide isnfresest.iang agrwamtelo Thi s
neans that th tjcal thl.e h differen i i ace
e ero or varpERusiRl  BAERRRaft | SRR Bl BP IR oBE phaBitd
protrusi ®n tipoosh laepfayisibOr Medcegthd im@Gnibraztd eumthrides AAYerbigodipeatmivagch f or
the desired wavelength, and the materials of the protrusions nay be

t ranspar ent COMPEEAS BHTQr ARViS Ry AWEBRE SHEageRompFRe Jusand deomd dIreflgions. 15

Hence, " in aSpech 1S MR8 dRMand sP&nk E)Y&HISEOQIQ af a?ﬁn%%@réﬁﬁﬁ V@aly.rfhﬁ%r

having a mrroring surface, wherern the mrroring s ce conpri ses one or
more first dpsictdrradintnsacoptizal sdtin tengthf diffstensads erdasdd, thanibes notprars oveg thene  or

nore second prot.rusi gns . .conprising.a secqnd materi.al, wherein the .
material s ofTHENE FRECC RS Sheent Bop i oper ge dlﬁfls{eﬂf%avegé MIFHRS; n
the mat efi akgfakqs SHBUraRtitabhly ahiARERANAE tht WavEiREACPhd Rthifd) Pra@hsidd On,

and wherein the protrusions aré arranged to forma grating. By selecting
par anet er s prdfde gmay fomhe gratingilagzed and/adery b¢ opiéhised fardghy desireil gtetvslengttl/ or
shape, distan er.j,od) .of the.first an nd_protrusi '

cor tal nangrad e PRETS L e Piuorssply AL P RERRCo R BS Wopheor
can be obt athraftsirftbivaveddnglict S the desired radiation while correcting by
the different materials the optical path |l ength difference 25 of the

propagating radi ation of the desired wavel ength(s), such that it does not

vary oyer Hag.dm;nos isé&iﬁd"%:ﬂl@&ﬁﬁgghﬂtﬁe fil'I'Jetnﬂﬁﬂ ABBPQHARBL At RirSordh@tihf% i s @
bl azed grating. 'In a specific enbodinent, there is provided a mrror,
wher ei n t hermitroring i sugfasy)r ivherein ¢onpmirsemgonafar penprises rete promons i fons
conprising a first materi.al %el ected. frgmat . .30 | east one of, Be. B, C, P,
S, K, Ca, sBrotgsionpgomegsinga figst magiial igd calipripiie opeOr pre gond BOSRy’ one
or nore sec Bpﬂ@sﬁﬁég b 48doR AR WINrEE tRe SBRARME ofBlefirsPdndSRbart Mdirhaom at
| east one of Be, B, C, Si, P, S, K Ca, Sc, Br, Rb, Sr, Y, zr, No, M, Ba,
La, Ce, Pr, apanotdhe suncawberphesheimatemals fora substantielisransanent &ri the sleaired not
the Sangy Sfja%?atirgn,r L84 wiRrein the protrusions are arranged to form a grating. By selecting
parameters like e.g. the materials (index of refraction), heights and/or shape, distance
(period) of the first and second protrusions, and a certain angle of incidence of the
projection beam on the mirror, a mirror can be obtained that reflects the desired
radiation while correcting by the different materials the optical path length difference
25  of the propagating radiation of the desired wavelength(s), such that it does not vary l

over the mirroring surface. In a further embodiment this grating is a blazed grating.

In a specific embodiment, there is provided a mirror, wherein the mirroring surface
comprises one or more first protrusions comprising a first material selected from at
30 leastone of Be, B, C, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and
U, and one or more second protrusions comprising a second material selected from at
least one of Be, B, C, Si, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa

~and U, and wherein the first and second materials are not the same. Such mirror is




4 advantageous for selecting desired EU wavel engths from a beam of

radi ati on, and deflecting or absorbing radiation of undesired wavel engt hs
like W, visible or IR These (first and second) materials are in an
enbodi ment substantially transparent for 5 EUV radiation of e.g. about
13.5 nm The materials can be arranged in different ways, e.g. as a

- sawt oot h proflle in mhlch t.he dlfferent na&erlals are on top of. each

other, or i Rdvaptpgegry o5 ssisehing dpsirednfldK vavelangthartrom ¢ beem af radidion: Akt to
each ot her. deBedRR tdr%ﬂﬁgbln%pﬂfa%’o to?ﬁn@ésfré@ﬁvg%ler%ﬁisq{ktewfvﬁlﬂ% orpterials may
be chosen in such a way, er a certaln angle, at every position the
sum of the phase shlfts Wnlch are induced by the 10 different materials is

t he sane (o sub an he sa ) for the radiati that has to
transmi tted.] septbiir s e T phrebged Bl SIS si ng

amrrors h@lﬂﬂgacﬁatmnr &1 % NG A6R. TAERIatRIaR%ah bk ShraRRA 8 REGGRENt ways, ‘
protrusions, wherein the first protrusions and second protrusions are
arranged i necsueha sawiagthtpiefilef iprwikthvihedlififaentonaterinls apondey ofrachothengtin

di fference i crea% th%} it ‘§ iaFé qver thetglrr Wﬁﬂ% 15 %Jgfa In
an enbodi rrerel1 ?I%% it &t iare 4y & %rfa aarrtap%er%laef{ et G n§ % and
Zr. In | apBéwgtheditodhMBights bh@eRdteridl@maphbe Cheseh i Sichiy V&Y, Wit @Rdara t he
material of the second protrusion is selected fromat |east one of Si, Be

and zr. |n yetaingoekert sisponesEm thersumpol theehpse,nly siichiare indiieed burke o

the f
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surface, wherein the mrroring surface _.conprises  one or nor 25 fi
ot e ot RS A1 I THIIg SR c P s ah e aad oA BaeEoie B se.
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and one or nDre second protrusions conprising a second material selected
fromat | ease aphiecalopatiBdength differsice [ creged KhatGlges Swt Biy, oRer, thgr miryorirgr | Nb,
Mo, Ba,l% mﬁ%mepr Pa and U, and wherein the first and second naterlals
are not the"sane, and wherein the protrusions conprise different 30
materials, wherein the protrusions have either a) a saw tooth profile,
wherein a first and  a second protrusion are arranged such that .they form

t oget her omB1 AR SPbadingt.yine materiale preatelecirer o, at deash png af &1, B auhre Mave
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protrusion is selected from at least one of Si, Be and Zr. In yet another embodiment of

20 the invention, the materials of the first and second protrusion have a relatively large

difference in refractive index, like e.g. Mo and Si.

In an embodiment, the mirror of the invention may also be described as mirror having

at least one mirroring surfacel, wherein the mirroring surface comprises one or more

25 first protrusions comprising a first material selected from at least one of Be, B, C, P, S,
K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U, and one or more second
protrusions comprising a second material selected from at least one of Be, B, C, Si, P,

'S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U, and wherein the first

and second materials are not the same, and wherein the protrusions comprise different

30  materials, wherein the protrusions have either a) a saw tooth profile, wherein a first and
a second protrusion are arranged such that they form together one protrusion with a
certain period, or b) have a square wave profile, wherein a first and a second protrusion

are arranged next to each other, and form together two different protrusions with a




5 certain period. Advantageously, under a certain angle of a projection
beam at every position the sumof the phase shifts which are induced by
the different materials is the sanme (or substantially the sane) for the
radi ation that has to be transmtted. Hence, the first protrusions and
second protrusions are arranged in such a $ay that for EUW 5 radiation an
optical path |ength &lfference s created that does not var%?over t he
mrrori ng s GPYaR Peripdy Advanfasgeshe nder ; geriain apgle of & POISCHOR ﬁﬂanatrﬁavry

further be desgni Hﬁ%uﬁ?o gr Rhse AW WEcRbre! ifded %g%hé'lifffe?éﬂt Ml 13 Gk

wherein the mrroring s e conprises one or I'rst protrusions
conpri si ng aarhe (Q*tsubﬂmﬁraﬂlalthesmnm)tfexdhé raniﬂnt’am thatdss tcolufetrmfsnmed Hi{en&; the S,

K, Ca, S Ce, . P P d
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| east ong ofad@RionBan Gptlca‘f' patllf’ ler%th i ff&BnceSE: crBhited RBat ®es ot Zd.'ry Ney 4, Ba,

La, Ce, Pr, Pa and U, and wherein the first and second materials are not
t he sane, vvlﬁél’reﬂlﬁgﬁqﬁ@fifﬁl rst and second protrusions 15 have a period, and
wherein within the period, there is a difference in material conposition,
e.g. a gradient, such that e.g. under a certain angle of a projection beam

at every poi tih®@hbodingiimief midke @haseinsditioh Smuhifgtheate ddietilsedadpmirrdre
di fferent terials is the same (or substantially the sanme) for the
radi ation tBafinghasleass age mirosing siteeed Whegsic e migering suifags OMMISEOMS dnd

second g ot h{xﬁfeﬁ@ﬁﬁgﬁ??erenc Inﬁsgaﬁﬁ?ﬁla r&ﬁ dtﬂ]@rh a{f%ast%ué/of%@@tq;fg” an

optical pat ngt create does nét vary over t
mrroring sBr8a€eCalSv, &n, RuffrdYirEntNb, tMe, Baa\lanﬂe,dfr, P and Ueandednaamom rror,

wherein the protrusions are .arranged,in such_a th when
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di rections and absorbed. I n another enbodi ment, the invention is

directed t othg firstrand second enaserinls tre not e suse.omerein éhoaf!ins‘aargie@camd oewsiensway
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wavel engt hs 0 B 15 passed i & pregererti e

direction agsnpositidal &.gda Weadtdngnuth shateg. uddr dekhe@tagdle of Dplogictioh bewd,i ons
and/ or absorbed. In g further aspect of the invention, there |sggqfow ded a

i thogr aphi & P8y desifign the shay gt ﬂjlge Rhassr dilky whish ple Bideerdn gy ghe
characteri sgde}ifs! Bhe HarleC@3 ! suBMantially the same) for the radiation that has to be

transmitted. Hence, the first protrusions and second protrusions are arranged in such a
20 way that for EUV radiation an optical path length difference is created that does not

vary over the mirroring surface.

In an embodiment, the invention is directed to a mirror, wherein the protrusions are
arranged in such a way that when a beam of radiation is radiated on the mirror, desired
25  wavelengths of the beam of radiation are passed and undesired wavelengths are
deflected in other directions and/or absorbed. In another embodiment, the invention is
directed to a mirror, wherein the protrusions are arranged in such a way that Whén a
beam of radiation is incident on the mirror, desired wavelengths of the beam of
radiation are passed in a predetermined direction and undesired wavelengths are

30  deflected in other directions and/or absorbed.

In a further aspect of the invention, there is provided a lithographic projection

- apparatus according to the opening paragraph, characterised in that at least one




6 mirroring surface conprises one or nore first protrusions conprising a
first material selected fromat |least one of Be, B, C, P, S, K Ca, Sc,
Br, Ro, Sr, Y, Zr, Nb, M, Ba, La, Ce, Pr, Pa and U, and conprising one or
nore second protrusions conprising a second material selected from at

| east one of Be, B, C Si, P, S K Ca Scgp Br, Ro, Sr, 5Y, Zr, No, M,

Ba, La, Ce, Pr, Pa a U, and wherein the flrst and second naterlals are

not the sanBUITRFNG, Y, af@élp&fsesaonq gt Profysions coBPEGMD i i Ftgaktieh
mrror is tE@& LetedBbf 413 fradlspbhLlr B 79 pIRAgSidedc VB RI,e89 S, 100131\@%9(1“

spect rum of iation having undesired wavel éngths can’bé wth
this m rrorLalOeIPr dh ambUdamtbmmpmdn@ by en hionn seomb praasioas Icbtipagingphi ¢
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grazing 3 nciydepagy, Wb 4, ,LaOCeqfl‘ Pa 404 Ul Mer%&ﬁ@ﬁpstm&gbnd@hﬁteﬂéﬁ'aﬁé oned
after the radi ation source. 15 The invention al so conpri ses a net

wher ei n onengfrthensamge.ohn gdmtagﬁ of @rlghegraphis epparatisncaniirginghrich antrod iSrfbﬂft t he
rovnded in

i nvention c hod mh e ar a

sueh s vy TPfaRfEoR iiFhRAReHOE Do Oa WBEy oo RUGRIMACT | 8
of 1 nci dencendeetrveenvde (ﬁﬂbebnﬂkmp@ﬂﬁﬂﬁ§qmﬁﬁ EUV radi ati on onIy passes
one first and one second protrusion. |In another enbodinent, the first

protrusions 20 and second protrusions are arranged in such a way that for

EUV radj@ti gn, AR, @Blinkat, thP?ﬁJénh %ﬁﬁpﬁéésf&hﬁf&%ﬁph&aﬁn@?@ﬁ%@gﬁ?%a&@& not

vary over the mrroring surface nmeans t pat h
I engt h di f feoencithe afirbhseard eshnged cic&dlt@thmdmnbmisystd:rﬂnea g.pnche stiifaae dieam i s

Zero or an i tgg i nes the wavel engt VP et a furthe enbodi nent, the
pr ot r usi ons/41PE08 CPaTYe OF ﬁnﬁ%"f‘?“égwg efl?Fa’Fu OTp 8t P17 ERY PIHE B Of 25 a

proj ecti on HRe0Ri6EERNN ikt e FMidadualel on, having an angle of incidence
between 60 and 90, that part of the EUV radiation only passes one first

and one second protrusion. A characterlstlc angle is e.g. between about 75

to 85 far [ i enc d . cord ng..t xt pect
of the I%r eglé i%l%’ﬁl\li/j[g)n g#%Ongonil gsF’ ge Illethoﬁow edgld Oélg rrod? of %(i:lolgldmrs glie us?

openi ng pariags dpttherCdabaiimerit] ﬂ%dlriv@nﬁd”mat:omﬁl@semd hRthodg mufeira@ﬁe O QAPrei ses
one or nore protrusions conprising a material selected fromat |east one of
Be, B, C, Puirrs gre prpvided in gpch mayvaygp a projegtion ygamgempriging BV gadiaten, pa

and U. having an angle of incidence between 0 and 90°, that part of the EUV radiation only
passes one first and one second protrusion. In another embodiment, the first protrusions

20  and second protrusions are arranged in such a way that for EUV radiation an optical

path length difference is created that does not vary over the mirroring surface. This

means that possible optical path length differences of the desired radiation within the

projection beam is zero or an integer times the wavelength. In yet a further

embodiment, the protrusions ate arranged in such a way that a part of EUV radiation of

25  aprojection beam comprising EUV radiation, having an angle of incidence between 60°

and 90°, that part of the EUV radiation only passes one first and one second protrusion.

A characteristic angle is e.g. between about 75 to 85° for a grazing incidence (GI)

mirror.

30 - According to a next aspect of the present invention, there is provided a mirror
according to the opening paragraph, characterised in that the mirroring surface
comprises one or more protrusions comprising a material selected from at least one of
Be,B,C, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U.




In a further aspect of the invention, there is provided a |ithographic
projection apparatus according to the openi ng paragraph, characterised in
that at | east one of the mrrors conprises a mnor according to the
invention, i.e. amrror, having a mrroring surface that conprises one or
nore protrusions conprising a material selgcted fromat 5 | east one of Be,
B, C P, S K Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and

U. Conbi nat s Tethespasppitapls ﬂ%?aﬁ“’&ﬂ%@ls béetehiss BIPVidgA de dithesrantie rrpigetian al s,

that are e of
such a mrr oﬁﬁ%éﬂli 3% ?(g%ggo par eﬂl%%}a%ﬁkgp ’ en?%%%f)r a %ﬂ%%&%@%ﬁ%
refl ected bymtrhes qUNINIriees, a mngor amndﬂrngatocﬂ&r inaemioaniy. e, mmdr,yhatvhtg desirerady EUV

radiation is refLected inthis an% wher eas yndesired.r.adj atl%ﬁ) for
exanpl e IR PUERCE I FOMPEISCS e ST JROFE AFOUEYSHDS SAMPHFIRG 2 palerial sglepigd diom abhoye

ent i one MR dielot NG f pis K.ASL KEOeRpOS: e rAe Ao, Bk, PhNeL, i B Ons.

15 In one enbodi ment of the i'nvenfion, the i fror Has a mnoring surface
with pr ot r Us |Qnmb1naﬁmas @if rmatttrmlzp cat alse |han§maﬁne apd rabmogstieri magripksgthabpre

pattern. S _can. a roring surface wherein the
prot r usi ons 351%“13%11{6 {?éggﬁfl%a?agf’%cgn@sf%%gﬁ) grating, e.g. a ID grating
(e.g. lamnar arranged lines or sawtooth profile) or a 2D grating (e.g.

regul ar arranged cubes). Hence, the invention also conprises a mnor, 20
having a ni ?h%ﬁﬂ?@tag@rqfa%h wHEHE oresHeh BR GPPUSTIE AS thet svhsp (ELAY dadiaiéort 5 m a

(blazed), OfafLag rb?{tﬁ 'n!u‘?ror e. %ndﬁdé‘r LuLiher @ggﬁ?ﬂ&h @5351}6?%150";}3&5{1&{‘ is

conprises a mrro rroring surt er el he” mrror

grazi ng i ncredflecteé im thnsoangle,r whineseivadésired ndaditton, | ®r sexamipld [Ryediatiah is nor
e.g. like thos escriped in EP 1197803. In_an errbodl nt of the |nvent|on
the prot rus‘in&ﬁgjear%r aSPg%?fﬁ’é Y i 3bsaived) by \ikg abAvg “éentlﬁﬁ‘ir’zf magteiall) J4ATalSi on of

a proj ecti ofefReamds AIRkicaiingmE N dadhat i on, having an angle of incidence
between 0 and 90, only passes one protrusion. This leads to a m ni mum 30 of

| oss of the desired radiation, whereas the radiation with wavel engt hs t hat
are | est d@fsiored 'b Bu bstagt al I | chﬁ ]%gr e absorption, refraction or
defl ecti’on PR FROONGFR %ym oy 3§ JRHTOR Shas AT JHUFOEe STERSec Vil e i s
e.g. bet weepropbavis, Ahekdn 8he Eﬁfm@mngra?@ aRSnded Gh A2 Ry lak Pattertl "I'hiJJcanThﬁ angl e
of incidence is measured with respect to the 8

example be a mirroring surface wherein the protrusions are arranged to form a (blazed)

grating, e.g. a 1D grating (e.g. laminar arranged lines or sawtooth profile) or a 2D

grating (e.g. regular arranged cubes). Hence, the invention also comprises a mirror,

20  having a mirroring surface whetein the protrusions are arranged to form a (blazed)

grating profile.

In a further embodiment, the invention comprises a mirror (having a mirroring surface)
wherein the mirror is a grazing incidence mirror, or wherein the mirror is a multilayer

25  mirror, e.g. like those described in EP 1197803.

In an embodiment of the invention, the protrusions are arranged in such a way that a
part of EUV radiation of a projection beam comprising EUV radiation, having an angle
of incidence between 0° and 90°, only passes one protrusion. This leads to a minimum
30 of loss of the desired radiation, whereas the radiation with wavelengths that are less
desired is substantially blocked by the absorption, refraction or deflection of this
radiation by the protrusions. A characteristic angle is e.g. between about 75 to 85° for a

grazing incidence (GI) mirror. The angle of incidence is measured with respect to the




normal of the mrroring surface. In yet a further enbodi ment, the
protrusions are arranged in such a way that a part of EUV radiation of a
proj ecti on beam conprising EUV radiation, having an angle of incidence
between 60 and 90, that part of the EUV radiation only passes one
protrusion. 5 In a further enbodi ment, the grotrusions are arranged in such
a way that a part of EUV radiation of a projection _beam conprisjng EUV
radi ation, RQURAGohthepaaring sjnfaceqdm et 2p@ithrepmbodimgniodhe FHUISIOEEES one
pr ot r usi on, reiqn  t i | . od, are
arranged i nasuc%é,égﬁv\%;?ﬂtah‘g% @%@5 ﬁ)gﬁig?? h%%o\% t déﬁgrogtaréfgﬁ %@%E%Iﬂ%gnggri od
of the prot MHI$Y eadbat{dnhbatiengt hngdé ofinpidehcelsitvereni ° snb20°athibt pdrl of therBlUNer

t han t he per'.odg. For exanple, the ratio length of a protrusion: period is
equal or snaPYLOR iy PasPeONERIPEYSIM s 5 tines the | ength of the
protrusign), e.g., or equal or smaller than 1:10, or equal or smaller than
1:20. In this way, possible diffractive |osses of the desired radiation at
the top surflagdurtidr enthedimant.rths potigisiane angianiangesad suchnawen thapp ppd of EYY beam

15 may pass _exactl! y. onl ne, protrusion. anol.her, _enmbodi npnt .t h

Foventi on corpandt SRlefRTP R R LD AIREP i R a0 BRC g s Epcs e
mrrors are bafweaidedng 1908 @ntyopdshd dnddiréthisiih, 86 WBBReirPthg prétfusidag, lvidgace of
a radiation collector, or on a grazi nghi nci dence mnor, or on a nultjlayer
mrror, whi dengtipand perings prejasiangrdainsach 2 way thadifherength sbie petusLBS FHithYy to a

further,gspech,Pheifie fo%ﬁghé gﬂe 1&%@ thﬁar&h%}’dn%%uﬁst l‘éhg%n{m&“& b | ng
nmet hod conprising: - If)row I'ng a substrate at 1s at least partrally
covered by petiadjeFopnéxangdé,ahé eatioskengthtdf\eeprofbsiomtperiodlis equapoowindilerghan

projection heam of radiatio sing a radiation system - usi atterning
eans. to_ endenlReHEd iy ojiatse i BRI oL T5aEk 65, o oyt or Srale: B8 dion,
and - provi gi RguANS HallP ™ 0! B HRAGHY, BRAbl"BHRAvE dES O HRUSHES ace,
30 characterised by providing in the projection beam (PB) at |east one of
t he mi rr or s radiginprdt dhatppesunfacesrof s protiusigng ae ihiginkisade and the, prpjeetiorabagimor |
havi ng ? mrrori gﬁg sutrlfacle tha% conpri ses one or nore protrusions
conpri si %g DA A6t %8{1%8?0 ¥ at | east one of Be, B, C, P, S, K, Ca,
Sc, Br, Rb, Sr, Y, Zr, Nb, M, Ba, La, Ce, Pr, Pa and U. :

In another embodiment, the invention comprises a lithographic apparatus wherein one

or more of the mirrors are arranged close to the radiation system, e.g. on the surface of

a radiation collector, or on a grazing incidence mirror, or on a multilayer mirror, which

20 are positioned after the radiation source.

According to a further aspect of the invention, there is provided a device manufacturing
 method comprising:
- providing a substrate that is at least partially covered by a layer of radiation-sensitive

25  material;

- 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; and

- providing one or more mirrors, each mirror having a mirroring surface,

30  characterised by providing in the projection beam (PB) at least one of the mirrors
comprising a mirror according to the invention, i.e. a mirror, having a mirroring surface
that comprises one or more profrusions comprising a material selected from at least one
of Be, B, C, P, 8, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Paand U.




9 The advantage of this nethod is that when radiation is reflected by the
mrror, e.g. under a certain angle, only the desired radiation is
reflected in this angle, whereas wundesired radiation, for exanple IR

radi ati on, is absorbed by above nentioned materials and/or is reflected or
refracted in other directions. This |leads tpo better results, 5 e.g. with
respect to spatial resolution of the projection beamon the |ayer of

radi ation- Sesddvinmaegeref efis alethA fsubithehern hdantionde réffectddaby tHeemiredreeigal s of
which the protrusions are. made are not restricted to materials having a
real part of'nfl¢fed iChidR el onpathe e padiation sagflasiedin (as gnglspsbereas m)

close to unihyesi Lfaefatlgfrjv f&aghﬁﬁ%gnﬂ{ réﬁaﬁ&ﬂ Sis! ShsbfHed | nga%o?é);m P(S)glt Zr823

For EP 1197803 requires rotrusions are 1 nvlsSi
is no changmzmérleilmam&oraﬁ mfhbtedclrircfmctadomoﬂmc dumtlons Ol'ps Badutei teiter(rasdtsy i ce

versa and thu t he protr. sho d hav i ndex . of refraction close
Lo o 5 AE e st Rl e SR S pHESR) e e of BGtEN: Geq

devi ce whi CBeﬂsﬁ1verlﬁﬁéﬁ£CAlﬁlﬁHEr%ﬁGﬁft£EeriQtHaPthE heat s QOwRIkh tR b Y EsHsiagh OF

wi th the apparatus according to the invention. In the invention,
" protrusi ondade g ot ms@qtﬂde@emateumlsmaémmar res} parg of (g aslex odrrefrapsiph fed as

structures om I’I’Ol’ln surf e (o4 0] I’I e .a
mat eri al sgfhﬁ déaq?’r o(:“ngafrl f)(imgalrséﬂt eosoef 0 tygg @rrbgﬁvé 3'1?510 %‘S 15 éhe Rb,
Sr, Y, Zr, bdlxe v¥DEPBA,97803 LFor K12 1197303 E@qlﬁ{@g tRdt tlheﬂpmaoh@@rerﬁnﬁrsma ng.

surface co rises one or nore first _protrusions_conprising a first
mat er i alY selEss Bdorshgpeeet ndes of ghactipn fmam vpcuum into prgtrugion (ayl vigg vergs), Rb,

Sr, Y, Zr, thwp th§ﬁr0tlll1§10n§:ﬁ‘l Hﬁf have an 2{[@ F &{Agta&?ao&r to r{B second

pr ot rusi ons conpri si second materi rom at 'ast one of Be,
B, C Sl P, S, K, Ca Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa
ich 25 are resent on the mrroring surface, .are

and U, protru5| ons

defined as éwgr@sﬁg}'?éﬁamffb Of rBmiRYf8UOR Pt [SnBrogisie o deYifiae
conprise a Hﬁh@ﬂa&ﬁ{ed%hﬁﬁir%qoftﬁ@ﬁ?eﬁlbd |o?ﬁ§t1n9é?ﬁoﬁfor aﬁ'tfh tRe a dﬁaaratl% acchiding K
Ca, Sc, .Br, Rb, Sr, Y, Mo, Ba, La, Ce, Pr, Pa an hese

protrusli)nstmsrlréfegtlorbe made VI a lithographic techniques. In such a
techni que, the upper surface is polished to a very good surface roughness
and grooves are etched with 30 the |ands defined by a photoresist pattern.

In this wayln the ¢@vehtlbh "pERfusiods', Sviodh &k Ppedentordthe nhifoHnA kurPdceCice @efihedM nar
sawt ooth. The profile may al so be provided by ruling (scratching a line) a
| ayer of a «'(lsr ﬁggqtyremxgiiﬁmg Worh the @impwng sudese, that may comprise a material

selected from at least one of Be, B, C, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba,

20 La, Ce, Pr, Pa and U. In case the mirroring surface comprises one or more first
protrusions comprising a first material selected from at least one of Be, B, C, P, S, K,

Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U, and one or more second
protrusions comprising a second material selected from at least one of Be, B, C, Si, P,

- 8,K. Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U, "protrusions", which

25 are present on the mirroring surface, are defined as. structures extending from the
mirroring surface that may comprise a material selected from at least one of Be, B, C,

Si, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U. These
protrusions may e.g. be made via lithographic techniques. In such a technique, the
upper surface is polished to a very good surface roughness and grooves are etched with

30 the lands defined by a photoresist pattern. In this way, a certain profile is obtained, e.g.
laminar block or laminar sawtooth. The profile may also be provided by ruling

(scratching a line) a layer of a (first) material with a diamond tool.




10 The protrusions may conprise one material, but the protrusion may al so
conprise conbinations of materials, e.g. SiC, B4C, etc.. The phrase
"wherein the first and second materials are not the sane", nmay therefore
e.g. nmean that two protrusions next to each other, e.g. in the case of a

| am nar square wave profile (the two protrygions formng one 5 period) may
conprise different materials, like a Mo and Si protrusion, having different
hei ght s, butThehgrophsiase magycoalsiee rmpanmaterig, buh tiiehprotrasien afiayaalkamongriss aw
tooth profile, ,.two protrusi.on on, f each other, together forpmn ne
per od- ¢ he cobinafppERSMEERAE i i T eC ol RGO e S hepnd
(second) pr Qhdtst$d19 BreGRAHY R0, by tHeHoleRG:. nRANABA tWBYrdiHiidAS hed BQaPRAN
that the first and second protrusions conprise different 10 conpositions
(and thus i othees-giif thercam ofphlasnas lsdare waveiprople @l tweareirusemgtiorsying eng. t he
first protrusi.omn conmprising.Si and th co pr ots usi. on. £l Sh: | C.
The phrade TRHOO 4TS Cupfit Rt Rgetiifa T0E 0 o PRl RS et i ng
e.g. Si andhMphtsayer the phiigé niagvilsaometnd, €@ @nthel cayesf HRinghirsawsioeih prbfile, t he
protrusions are different and conprise different conpositions, as wil|l be
under st ood BYyotmerpEpsw i o serh pthen dogether fopmingeonsy Bertqds ithn Onfefirftive a
| am nar sa s rofi ; hel 1 t file
that |6 1 anPrar e oipdtaEngb tud UE IR (NSRBI HRKG Bmpa S BuihE
arranged t o phosenneay(fakthzrealjo mBargthat thegfirsivkich seond ptaiunions ndeprief diffareat | el

lines (lLamnar sawtooth praqtrusions). The protrusions al so _have, a
| am nar 18 quasepogiesiaed iﬂﬁg,m eﬂ‘fg?r‘é‘?trp-[‘@-ﬁ?eﬁb&%ﬁl? %ﬂt@ﬁklﬁ#@_ Sy cfefart®C or
rectangl e Srﬁ'i'é%ﬁ}r&rr@sioﬁ Bﬁﬁpﬂiﬁné @WEH&:Yse%ﬂcﬁﬁ%ﬁQSioﬂ Qp?&ﬁﬁ%ﬂlﬁ o9 | T pﬁi‘é’éé ace.

The profile can be arranged to forma 1D grating, wt certain’ nunber of
paral | el |i ney aldoagrinmraise $igy ané seeané ppotosions, totls Jomrngyr- o5 s de layeght

al so be periodically. arr ed. i.n .2 directions. For exa e, .th 25 .

ot ot r usi o e iR BT BRPENRYS U BB oot DT €06 FREPEFS: e
pr ot r usi ons difféht RofhposiofURLWil e Wrkietstiod| by Thohdrsdh skalled id tieait oot h profile
in one direction, and which are periodically arranged, like a
checkerbdard. The profile can be arranged to forma (blazed) 2D grati ng,
with a cert g ' [ele' r : Welell

vt oot b pr o EEyERERs Has PRk Aok R Ka BBl AR Wi RS BSERPENE, 5
profile in Qavdb?ﬁﬁirbﬁhﬁatﬁs ansiharlcarangedvot fa (minaﬁﬂg)dmfa?dgl Yhe profidd¢ carebe
SO e e 15 Do e D LS 2ot Moo {25l RS Gl

rect angl es
- sawtooth protrusions). The protrusions may also have a laminar square wave profile,

20  wherein the protrusions have a square or rectangle structure, that is laminarly arranged
on a (mirroring) surface. The profile can be arranged to form a 1D grating, with a

certain number of parallel lines (laminar square wave protrusions).

The protrusions might also be periodically arranged in 2 directions. For example, the

25  protrusions fnay have periodically structured sawtoéth profile, wherein the protrusions
can e.g. be cubes or rectangles which have a sawtooth profile in one direction, and
which are periodically arranged, like a checkerboard. The profile can be arranged to

- form a (blazed) 2D grating, with a certain number of periodically arranged strﬁctures
(periodical sawtootﬁ protrusions). A further embodiment of a periodically arranged

30 profile in 2 directions is a structure with a periodically structured square wave profile,
wherein the protrusions can e.g. be cubes or rectangles which are periodically arranged,

like a checkerboard. The profile can be arranged to form a (blazed) 2D grating, with a

certain number of periodically arranged cubes or rectangles (periodical.square wave




| i ke a checkerboard. The profile can be arranged to forma (bl azed) 2D
grating, with a certain nunber of periodically arranged cubes or
rectangl es (periodical square wave 11 protrusions). Wen using such 2D
profiles, the protrusions are arranged in a kind of block structure of
sawm oot h protrusions (free standing period?pal sawm oot h protrusions) or
bl ock protrusions (free standing periodical square wave protrusions; wth
cubes or r epmdztamgjne)s )Whas uﬁn@\aml't thmeﬁlperthc) prasfisiohe drd avrdriged am & Kied gf US
6469827 or 5 t| seco edition, p..430 ar agr.aph

102 7)) 1 sk et aoof R pos U uidibheeBitiel et BRb S Rha

| am nar savvto%mk ROoRhdidE (fﬂe@%faguﬁgtﬂ%ﬁo@lrcﬂt Jqﬁﬁr'e%e'}ﬁlfé@uﬁozﬁa%ﬂpédbepbpfl le
that is lamnarly arranged on a (mrroring) surface and wherei n t he

pr ot r usi ons rerigngles), psrinesmoo thb@gtsombxllmfhm dherat 10ggHS (GF6PBYH ovE. Heelt and
second pkot & ", RO ornln e _sa rofile), and wherein the

hei ght o% Q%{pl?sotsreg ﬁc{] tl(ims Pabo a@g@%%b%%i rst protrusion). In a
further errbodl ment , th| s hei ght may be about 10-100 nm The profile can be
arranged to form a (blazed) 1D grating, with a certain number of araIIeI
lines (I ani &&rons fHrkediment st firgs a%ﬁconwmowsa@é By vy gnamine g

hei ght of t I 1R

angl e of i n?ﬁggnce Htﬂé%ﬂéﬁgﬁgés %?Enabﬁ% i n(t:l? ?]’gé;thﬁfijﬁt]aﬁnﬂ%ly H%)

i s constant (mrmrntgmeuﬁauefadawl(@mncthapgmsmm ya\ana pmdncbf aﬂ:fouaIO@ruht top]Os

ti t | engt.h t th mbodi t |
have a1 it (GOS0 @S 6 BRop P eSO TR U ST e oM b B
square or roHARRINR l&ﬁ%e@f‘tﬁeeproﬁrﬁﬁ&néﬁab@lmﬁ%d ¥m &ﬁfs&%ﬁﬂﬁél&ﬂ B 4 fithEOr i Ng)

surface, and wherein t protrusions have a period of "about 100 rimto 10
gm (period @ﬁﬁﬁwnsntdmdhsehbmdybcohnméﬁdﬁpnboﬂhcmuﬂﬁﬁnglbhenmuwdm@ﬁmawe

rofile), and e hei ght of .t.he otr s ab 500, r
(et br ot PUSBRI 1D, kfingcbitfis SeriiBan Ry ofF hPaTe ofoslc Bihip5 S isbli
10- 100 ri m pidiesiogs)diThe ofazé BRgls ¢aNMerdby meqieﬁglﬁ i0® fheCsBoME pfoH@sien) sdnche t hat

at a certaln angl e of incidence, for instance normal incidence, the

opt i cal Lpat Rhesshgueh fthat @ acteratn sl of W@lfleﬁﬁ‘f»ar@é insgpnce marpalsingideyces the
anount of a pmlg iphe ed to
forma ID g}?géu r{ﬂ{h \lfﬁtnkﬁeg %(;e}g%a\g?\rﬁ)%%ﬁ er Jggl; gf@geé %n es ?ﬁ?ﬁl@nﬁlﬁlg?glsquare
wave pr ot r usiudtiydg timd9the wankengthsi ve" or substantlally transn155|ve in
this context neans that the transm ssion through a protrusion is at |east
70% preferably at |east 80% at |east 90%

In yet another embodiment, the protrusions may also have a laminar square wave

engt h

20  profile, wherein the protrusions have a square or rectangle structure, that is laminarly
arranged on a (nlirforing) surface, and wherein the protrusions have a period of about
100 nm to 10 pm (period of first and second protrusion, both forming the square wave
profile), and wherein the height of the protrusions is about 5-500 nm (first protrusion).
In a further embodiment, this height may be about 10-100 nm. The height of the second -

25  protrusion can be chosen such that at a certain angle of incidence, for instance normal
incidence, the optical path length is constant over the surface {or changes only an
amount of a multiple times the wavelength). The profile can be arranged to form a 1D

grating, with a certain number of parallel lines (laminar square wave protrusions).

30  "Transmissive" or "substantially transmissive" in this context means that the
transmission through a protrusion is at least 70%, preferably at least 80%, at least 90%
or at least 95%, more preferably 98%. "Not absorbed" or “substantially not absorbed"




or at least 95% nore preferably 98% "Not absorbed"” or "substantially not
absorbed” 12 in this context neans that the absorption of radiation is

| ess than 30% preferably less than 20% |ess than 10% or |ess than 5%
nore preferably less than 2% "Undesired radiation”™ or "undesired

wavel ength” refers to radiation having 5 yavelengths larger (or snall er)
than the wavelength that is intended to be Used. For exanple, when EW
radi ati on wid fhigcwayealeaas Iﬁlabfth@ﬁmfpubﬁomwaﬂos i6l ks e, 30°/aq:irafeiabky lesd th a
wavel ength smal | er than about 10 nm or | arger a 20 nmis not
desired. | f#ha Mst?ﬁéﬁh%‘n@ofﬂ%’ﬁﬁmmé’n@wrﬁ&ﬁb& %?ntg a wavel ength of
about 13.5 nmis desired, radiation with a wavel ength smal | er than about
13 nmor |arger than about 14 10 nmis not desi red, and thus wavel engt hs
bet ween 13 &bdddstredmradigtich®sior e undesivel ewgpelmigtiilheefost tter radi@tigpd@awilw

separati on, the bet t results.a ducts, c .obta
| i !to hogr:a hi &¥3Ypls gf E@gert@gﬁm@gggdhegze@legwﬁpkpgtﬂ tg?:tc’Brl R t8 lfeh‘és'cd For
i nventi on. Iesaaﬁlfsu% RAEPEOY LBUAGE bafla WhRnzheIB6t NG wipveaisagd wayliangt hs”

or "reflecting undesired wavel engths", or equival ents thereof is nmeant
t hat radi at ivath avivebelengsh amalertteah fhout m\dmsqrrl@ayr thaweb@xﬁéﬂmm jssnof desiesdt ed.

I h I " f y
prot rus: on 18 dHyFEaenon e RENDatE bR o el i PEen g ERdmy i

di ff erent Nae@fedatadiatibhesith 4 YalEleslh Bkiler thl dboat ¢ rnhﬁbrnlafgred €ifan aBOutTHYE
. phrase "passing one protrusion” or "passing exactlg one protrusion” refers

to the 1@t gmt il®rpathdesiredbgndirhpg| wayelengthy a‘?ﬂt‘é[@fifbﬂ ofnd ¢ BibjaECtdeEcheam
especial |y %ele@h?tfc}%%eﬁ\é{l il r%;g&ﬁgﬂ @%a%i‘éﬁ' #R%h  1e Eseﬁp?l ;%r&'ilﬂ:‘thg&no&e

pr ot rusi on. rgence of t cannot be
excl uded t habtafredewitadi aithcigﬂalﬂmeappmatugaﬁﬁt ((:01|I’lb§l$es25 ID]IIIE)I' prcotndingi tn theThe

sane applies for th odi nent. where radi gation.passes throu ne first
and one secHRENHPL ﬁhstHbrPresﬂ% igpLion, g aﬂggzrf d'r'?ﬁﬁ‘?teflegg%q Sof %an

al so be undefgtagft @viesindl Re¥BGheftsOMrlddfivaBhRURrEO S infdahNhaOfadiaidfl vty al so
be understoog onprising conbinations of 30 materials of such group.

The per $dHn skwhﬂxtedj(Qrmndmed}wawldﬂgﬂunﬁ@ﬂ@@ta@d that the phrase "an angle of
i nci dence between 0 and 90", neans an angl e of incidence |arger than 0 and
smal | er than 90.

In the present invention, calling a protrusion "first" and "second" protrusion is only a

method to indicate the different protrusions of different materials. These terms do not
imply a certain order.
20
The phrase "passing one protrusion" or "passing exactly one protrusion” refers to the
situation that substantially all radiation of the projection beam, especially the radiation
with desired wavelengths, passes through one protrusion. However, due to some
divergence of the beam, it cannot be excluded that some radiation does not pass (only)
25  one protrusion. The same applies for the embodiment where radiation passes through

one first and one second protrusion.

The phrase "selected from at least one of" can also be understood as "selected from the
group consisting of' and may also be understood as comprising combinations of

30  materials of such group.

* The person skilled in the art will understand that the phrase "an angle of incidence

between 0° and 90°", means an angle of incidence larger than 0° and smaller than 90°.




13 Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of I1Cs, it should
be explicitly understood that such an apparatus has nany ot her possible
applications. For exanple, it may be enployed in the nmanufacture of
integrated optical systens, guidance and dggection 5 patterns for magnetic
domain nenories, liquid-crystal display panels, thin-film nagnetic heads,
etc. The skiAlthwgeghrspeeifin rafcrdnceppayebt analet inathis foxt tthehe ot eXttho fapparetns

alternative |44 i,on ny .use of the ter “reticle", “wafer” or “die"
inthis textaggsﬁ%léﬁélt eeﬁlg%rﬁ‘s%dgﬁ%eam%‘%ufﬁcg?rﬁ@f E@%I%@%% ?ﬁgg{ﬂﬁr’l@dﬁﬁtﬂgﬁi al
terms " mask'that"suclpah rapharatus sl mdng e oS4l Qf blicdti@ﬁ@qlﬁrle\;@h?le, #0ndybt he
present docunent, the terns "radiation” and "beanf are used to enconpass

al 11 _ ';ypes( @fnpéqyé_étlgoﬁ?ﬁg‘ﬁ@t‘ifzpuﬂﬁcﬂ;alﬂfeﬁ?ﬂted ﬁ@tn4qah iSYﬁjeInmtgll;QﬂD@‘t fﬂg (dgtgetion "
radiatio N e , 1:248, Vs or m en
appl i cabPe, %g\g%rﬁg_msﬁorf?lggm\\é/av%ﬁgi%gF%éﬁo?égu%laglgpcéiﬁ%gl FQ/S?[P gdpaglte%bntﬂwnﬁf(’% has
a wavel engt mdgestic hbais, 20. Miwe (KNI attsanadillagppeediate TRALe i dRf @nddxk Wof aketut
13.5 nm Enbgdi nents qf the inventign will now be described, by way of

exanpl e onl VCHAYY apRlicationge any §s¢ RE theckamparaiickg Sedereen digr Buibigext n
whi ch corre i : [WeYell ndi kg P and in
i ch: 20 < R el el P Ta! R ekl TR Pkt
appar at us aeuvdltdigetpartionlh respedtiveiynent of the invention; Figure 2

schemat ilgal |y shows a side view of an EUV illum nation system and
projection optics of a lithographic projection apparatus according to
Figure 1. 2 theMhr8dshe dScibdh@BE ki “YaddRWB afd Fhédn®T atdiksdd R edBfiphis’ 4107 | Ng
surface protrusigns in the formof a |amnar sawtooth profile. Fi gure 4
schemat i cal B{pes Révideciomagngic wdiaonninglyding wltrayioley (HYD fradietipn é¢-guwitbres i n
the formo i u Ve, B Qf i - Figur j I

dopi ct s & or et i 385 20E, BACCISAY B 128 i ofy {4, BpBFRRE Rl Syt

pr ot r usi onswavdergthanoecespetialycladativ@whidhaiiasa wavdlength Esb/tHaaditadih gRUSF a

roj ectjon m conmpri si.ng, EUV radi ati on, onl asses one protrusion.
pro 150 ra ?a%on), mrgg'e prefergbly about 19.5 nm. y P P

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

symbols indicate corresponding parts, and in which:

20
- Figure 1 schematically depicts a lithographic projection apparatus according to an
embodiment of the invention;
- Figure 2 schematically shows a side view of an EUV illumination system and
projection optics of a lithographic projection apparatus according to Figure 1.

25 - Figure 3 schematically shows a mirror with on the mirroring surface protrusions in the

form of a laminar sawtooth profile.

- Figure 4 schematically shows a mirror with on the mirroring surface protrusions in the

form of a laminar square wave profile.

- Figure 5 schematically depicts a similar mirror as shown in Figure 4, but wherein the
30  protrusions are arranged in such a way that a part of EUV radiation of a projection

beam comprising EUV radiation, only passes one protrusion.




14 Figure 6 schematically depicts the same mrror as shown in Figure 3,
but in which the protrusions are now arranged to forma diffractive
grating for EUV radi ation, having a |am nar sawtooth profile (blazed
grating). Figure 7 schematically depicts the sane mrror as shown in Figure
4, but in which the 5 protrusions are nowjgrranged to forma diffractive
grating for EUV radiation, having a |am nar square wave profile. Figure 8
schemat i cal [<Figlhrewsschematically dewicth thersatdeanimior epsliovg indvigue e, prtan miisthathe i n

he f f | am file.af [ . f . h
ot her - i GEPE ek AR ranes) (Eiiom o Biffer e ton S U B R, PRTERT s ace

protrusi ons [hRirdab awtdSthfREfl Phlazed|cpaxigyr square wave profile of two
materials next to each other. The term "patterning neans" as here_eggl oyed

shoul d be br-dagiry 7 sshemgicallederiels thestamermingr apshosenis Figiae 4clan ibav ¢t o
endow an:in ing.radiation b i th a. .t e LRSRy cti ong .
correspo%di ﬁgg&ltr%sgoan Spag? ﬁ(gevrvn ??éet% TP?O%ata%fﬁ%?%%té%%%nﬁé tar gazifédfg’ %%vrnilg Bn of
t he subst r atighirdahegdagy wavel prgfite. val ve" can al so be used in this context.
Generally, the sai db%attern will correspond to a particular fun_cti_onﬁtl3

layer in a ddvgwe8 sshgmajicalieshosy & mirtos avithgnyhe npgprngRutage plptryggioghin t
integrated ¢ } - Of i f such
patterning %ﬁgf%%ﬁﬂﬁg%ooﬁﬁwggﬁe&ﬁﬁg I%%%E:ag%%ntg g%ﬁh#‘s wel | known in
| i t hogr aphy - Famde Otschengdticalsshons la m2@r tythem the otirraisngxunface/ proafusiennart the g

hase-shjft, and_.attenuated phase-shift, as well a variqus hybrid mask
P pes. - BY ac S Pr HlaTaHRS TS BaRe prorig el ot r B EolBE  vel cotive
transmssion (in the case of a transm ssive mask) or reflection (in the

case of a reflective mask) of the radiation i mgi ng on the mask,
accor di ng t dheherpatnagemingn mehes” andikie emplayed shedd die hrasglyk interpectedgbor t

' I ich. . k
can e nol drelpriglt e B B8R sshd heenal AT e HoRich Wl WRUTESE,

it can be npuesnédIcidsk-¥ection, theespeding to S0pAREi et is to Aepreged iarablagzen rror
array. One exanple_ of such a device is a na'&trix-a dressabl e surface having

a vi scoél asPPEIEAE th S‘Fté?}?étﬁ5 ey tegmy hght cvalves ey plae e uied Balit opRtF¥ci pl e
behi nd such G%ﬂ?%gg,a%gtsﬁfqaﬁeﬁlh@fﬂ &d R SP&?@{BP& Bariddd fReQshaR 8RS iPh dbiige

reflective sur ect 1nci Ight as diffracted i ght, whereas
unaddr essedbeingaseatef irethe targei gemibn) sughtas asintegoitéd cizmiiteet dthehdevidgsisag an

APPropri at ey bkl Shtantpls St uch pulieining Meass meluddlt ©an Pe

- A mask. The concept of a mask is well known in lithography, and it includes mask

20  types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
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

25  ensures that the mask can be held at a desired position in the 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 reflective surface

30 reflect incident light as diffracted light, whereas unaddressed areas reflect incident light
as undiffracted light. Using an appropriate filter, the said undiffracted light can be
filtered out of the reflected beam, leaving only the diffracted light behind; in this

manner, the beam becomes patterned according to the addressing pattern of the matrix-




filtered out of the reflected beam leaving only the diffracted |ight
behind; in this mnner, the beam becones patterned according to the
addressing pattern of the matrix 15 addressable surface. An alternative
enbodi ment of a programmable mirror array enploys a matrix arrangenent of
tiny mnors, each of which can be individugdly tilted about an axis by
applying a suitable localised electric field, or by enploying

pi ezoel ect r iaddigssablgt Furfacee Ams alt@nateveagabodimichte ofii a porgsaramable mirror array

- matrix-addressabl e, such that 5 addressed mrrors will reflect an incom ng
radi ation b&EH I I AL PREFIEH ngf‘Y BTt cagh Af Yhed2n h’?ilﬂ‘g‘ﬁ’?}laa]ilwl s
manner, -t he b6l &elae Dearpyisingal | GBS REAREA! At Ade RNY Shpldhe
pattern of the matrix-addressable mrrors. The required matri’x addressing
can be per f diareelecist agfuatiintmesne. @hescagrionihe niparssue atrbotdirakalih eudi thatat | ons

descri be Vi he..patd erni ng _neans .can _conpri se e Qr..nore

progr angbI ggérﬁ%%sg& n‘i’lg Ot A §§fieﬁ{)ﬁ% I&H%?W%anﬁgﬁi Mot dﬁf%f%fgsdl%h%%

ref ereed touveadirBeeddinganedin hey mamicanmt efldcfedBeblti 9 ttSinal @8cdrdihe b $helS

5, 296, 891 and US 5,523,193, and PCT patent  applications WO 98/ 38597 and WO
98/ 33096, WAPHRSSHIEPAt§ED Ph ieamatixtasidegspablsy minress.e Flah taguiredh matex eddressiig a

pr ogr ammabl \ : i t r A i as a
rane or taglo PR ibing bR AedRfIhlant fEIH LF (il SHRBIMED, P2
and - A probemabreb] ¢hel Gidteamingymeahs @xacqphisef oreuch miore giegramedablenmirgorgi ven

in Unit States, Patept US 5,229,872, which is incorporated herein by

r ef ereni(g. ﬂgayébi%? Iflﬁ)émag?}bﬁﬂr?méqrrwyﬁraém%etf wed 4 Capehr Bleaedp & ed as

a frame or Ao 0k (RTBAes MILAD USEOhITdiads 91s2909a0LA RoT pagk red.
20 For purposes of sinplicity, the rest of 'this text may, at certain
| ocat i ons, Smé@iiﬁ¢fl‘§awr8 98 BiBPLT tanidt &P P8B30UK awhick sare ninobrporageda homesk barnd

mask tabl e; ve th eperal rinciples discussed in such instances
shoul d be sreeg%\é?ﬁr?’ Erhtehebcfégaag? P&%ﬁﬁ?ﬂﬁw SR m%ﬁﬁ%?%ﬁﬁapf?%gﬁtgucélge & eabove
set forth. B& echibbliegraaphiiampr&j @bl Gt SGPRPIAtWMECIE atylR: Hised or fngvaBhad¥pl e,

in the ngnufac_tur_e f integrated circuits (I1Cs). In such a case, the
patt er nthg FR4HL Y generate a circuit pattern corresponding to an

individual | ayghofinddife LED 204, N ScalBid §F SichA e RErhaRIed 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.

20
For purposes of simplicity, the rest of this text may, at certain locations, specifically
direct 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 hercabove set forth,

25

Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the patterning means may generate a circuit
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)
30  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 irradiated via the projection system, one at a time. In current apparatus,

employing patterning by a mask on a mask table, a distinction can be made between




onto a target portion (e.g. conprising one or nore dies) on a substrate
(silicon wafer) 30 that has been coated with a |ayer of radiation-sensitive
material (resist). In general, a single wafer will contain a whol e network
of adjacent target portions that are successively irradiated via the
projection system one at a tine. In curreq% appar atus, enpl oying
patterning by a nask on a mask table, a distinction can be made between 16
two di ffer entvotdiffesnofypasnchinachingd. 1in @ne tipepd [bhodrihio grofgetive appaoitastdaoh
apparatus, each target portion is irradiated b exposinq the entire mask
pattern ont JEREPIrHPY EtIMEdAEA 3 ciposingBe gefire supek Palfema Aparht Beeel BOighBN y
referred to gg & Yheh BhERRSTs AmAldPrayted BRSHwardRRAPA! ¢ SicpldhdABpear
alternative apparatus - "commonly referred to as a step-and-scan 5 apparatus
- each tar gepppenti dn ansaltarnaticadppdrapys proogmesky velkeyed darmsi ngtaphadamsik
pattern _under the prgjection beamin.a given reference dirgectiaon (the

P ecann ng+  dPPUERRoI fhes BOLPRa ol ' ERairTNgY biren Caus PatePilEE o
paral l el or \gpéd t}ﬂaﬁ@écﬁbn thearhhSa glleh @6fct@Bs dBOER (thd) "Qﬁﬁ@ih?' dirkdt®n)
projection systemw |1 have a magnification factor (generally < 1), the
speed V at Whiileh synvlrongbsly r weeningishe substegarizidel parallel s apti-paralddl 0 HOs ti nes
that at which the nask table is.scanned. re iaf t] -1 r to

't hogr aphi e a0 s hgrErhand BRIRES ER LHLEREY pltdB GEBE R D o
6, 046, 792, (&siceRoL &) ek heeeivhatbyhick tier ebseate tablais rearnbd ol b pOfapo o dES S
using a_lithographic projection apparatus, a pattern_(e.qg. in.a 15 mask)
i's i magdtl oftrsalheulsrthe thatask dable i sqarnegaMorg infrraglen stithhyeeard &er of
radiati on- s epigriptc ABARS lherk UEREBEd carf¥d flbark® thlbSni IR HAIUBIERG, 128
substrate may “undergo various procedures, such as primng, resist coating
and a soft makeporded bereineypefueree. t he substrate nmay be subjected to other
procedures, such as a post-exposure bake (PEB), devel opnent, a hard bake
and measurement/inspection of the imaged 20 features. This array of _
procedur es i$a wsRAfRBurRghRSISs ﬁ%@@ﬁﬂ@gﬂaﬁﬁe ptdjelitioh AP pdratudeeiatein @.g. deyi ce,
e.g. an IC Such a patterned |ayer may then undergo various processes such
as et chf ngmaskhis rppgast antcon spbwsindat et deast 2attiadly, caygiedaby @nlayer of
cheno- nechanj A1.shi ete, . ald.inte . £ DI f LndLyi dua
Cayer. 11 ot RAGLSE' Bteridl Gesioc? brion KERHF i) 658 gt e ey

vari ant thengddrgo Wakibud pured@ed) sutie pe gr@ting,orcsidb ceainly ameva Isaft evake. After
Eventual ly, an array of devices wl| be present on the substrate (wafer).

These devi cE%PHHE tifetibsEaiamaydy sublskicdrie OBk PHREFIHSS, AU¢hethh PEUEXBUTKE as

dicing or pyke (PEB), development, a hard bake and measurement/inspection of the imaged

20 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 procedure, or a variant thereof, will have to be repeated for

25  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 processes can be obtained, for example, from
the book "Microchip Fabrication: A Practical Guide to Semiconductor Processing”,

30 Third Edition, by Peter van Zant, McGraw Hill . Publishing Co., 1997,

- ISBN 0-07-067250-4, incorporated herein by reference. |




saw ng, whence the individual devices can be nmounted on a carrier,
connected to pins, etc. Further information regarding such processes can
be obtained, for exanple, from the book "M crochip Fabrication: A
Practical Guide to Sem conductor Processing”, 30 Third Edition, by Peter
van Zant, McGaw H |l . Publishing Co., 19?%, | SBN 0-07-067250-4,

i ncorporated herein by reference. 17 For the sake of sinplicity, the

pL oj ection E’y)sttl lmn:d baka%of hﬁréiplidmf ﬂlerpr&ecth:glf SfefO0mbp hagidalter be tdssed, tohs@\/’izﬁéy’er],c
this termshoul d be broa interpreted as enconpassi ng various types o
proj ection sfﬁ% emoweRe} ths %gn Sa9YG be prradlygntepaeted ay preompaeasingotarioys typas

cat adi opt ri Gf HYREGIP sy Qh. SXAMNC refih I at i 8y, -l.nel ude
conponent s opepr%aj?i ng gyacc’ofr}ﬁl ng gt(:a{)e a%‘%?ﬂﬂ} ésréeﬂbggg?té)ﬁg%ypega‘#aga(raldp@&
directing, shdphsgfoorexampler dht iradjatidvesysteno pegtdlaninokein minpoaditabpantingnd
such components ..y, al so be referred to bglow, .collectively or singularly,
as a "l ens" PRl 2R Ilihf’sf‘?og?%hit@eé 5ra§%eﬁ§ngm§ha8’é‘go?r gontgg}ﬁtég %g‘?/i' ng
two or nor e psdjbsiohdbRnt abkgBat{ANdLP rsuéﬁ"@oxﬁgoﬂ&fsemﬁ?%l%ot@@keffé}ed {bab&h
“mul tiple stage" devices the additional tables may be used in paral el , or
pr epar at or y callectivelysorrngulrslyc ag f i tens’a dturtber, dreelitbpgraphie appdshias mvilyi beeofome or

nor e ot her I .are bein used for..exposures. Dual stage, ljthqographic
appar at us a?:)gbl% e?%: ed, 11 é%g%ﬁeet?blﬁﬁ?a ré}”@é@?,‘ﬂﬁ’f 1 '\ﬂH@Sﬁ%@?@i,
bot h i ncor pomattipte bapei devives e addneel tFB0EhyBusdd im?ztrbllilfﬂ, m@&h?igm, a

| i t hographic apparatus is described in general with reference to
g ?@

figures'd aflgPomay Re cafic opt o onar morg dalgsonhilesonges erarp ather feblgs e eingni t h
reference tQqedf fg %&F&sﬁes@%aﬁ stapd BHlo a%yhﬁsg:lb%g@ﬁds(ﬁé ld&éﬁ%.gﬂ,cfo? eQample, in
| it hographic projection apparatis 1 according to a particular anbodi ment

of the i nvebiS 3969, 4Heand{yar /40798 omh irseord2@] hereinbadéfatencn syst em LA
(conprises a radiation source), a beam expander Ex, and an illum nation
systemIL, for supplying a projection beam PB of radiation (e.g. 157 nm
radi ati on) ; Embadimegt! obj ect table (mask table) MI provided with a nask
hol der for holding a mask MA (e.g. a reticle), and connected to first
posi ti oni nglmtémempbadiment, adthegadiiy apmEatpoisi desaitied gn tgheerawih wifttencempect
to iten Pl sfu3eiond HOhe HinbRBt helRYARORAL GeddBedin BlndhioOVi iteithéde®
figures 3 and 4.

Figure 1 schematically depicts a lithographic projection apparatus 1 according to a
particular embodiment of the invention. The apparatus comprises:

20 - aradiation system LA (comprises a radiation source), a beam expander Ex, and an
illumination system IL, for supplying a projection beam PB of radiation (e.g. 157 nm
radiation};

- a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g. a reticle), and connected to first positioning means PM for accurately

25  positioning the mask with respect to item PL;

- 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 PW for accurately positioning the substrate with respect to item PL;
and

30 - a projection system (“lens”) PL (e.g. refractive, catadioptric or reflective optics) 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.




hol ding a substrate W(e.g. a resist-coated silicon wafer), and connected
to second positioning neans PWfor accurately positioning the substrate
with respect to itemPL; and 30 - a projection system("lens") PL (e.qg.
refractive, catadioptric or reflective optics) for inaging an irradiated
portion of the mask MA onto a target portiqg C (e.g. conprising one or
nore dies) of the substrate W 18 As here "depicted, the apparatus is of a
reflective tApeefe dapictbhstha appdrhmetii W& arBSledtive Uﬁwﬂﬁrhasiznrﬁ%ﬁﬁ@hnask)ﬂ may
al so be of al_yéransm' ssive type, for exanple (with a transm ssive mask).

Al 't er nati vel'yOVERE Ypgdierlul way aippbew!ioh SeReRisRYh @16 [Paexanple dyithneans,
h I ] . .5 Th
such as a PrGERANEREIESH. mtefnaaggggrfﬂclgE%@I%Msgﬁ%gg&ngggpgﬁﬁﬁ& Kiflg %Pgaggmég e

source LA (e.g. an EUV excl ner charge sou
produces a s sufth asgpagiaomabihinsrdreany iof a typd ab rdfarainoiabbwsri nati on system
(illumnator) IL, either directly or after having traversed conditioning

means, slUch as a beam expander Ex, for exanple. The illumnator IL may
conpri se adjTstsot@e TRASs. AVHOV e§8ihick BSurbd6r Q#Ea_%a §RcRp Burkd) fbﬂfd‘ic@sdé al
extent (componly referred to as a-outer and (T-inner, respectively of the
i ntensity dibsampigurdigien dhisthsamdafed into amdiuminationisystevn Il luganaer|TLyeithenpr i se
various ot C an..integrator IN and a condenser . In
Ui s ey, Ct AEeBoARARE R ne BF D A e liroMpR IR sna o35 fellp FREGRT Pty
and i nt ensi eyardplet Thodiuntifatbn 1l by hpsise SebiPnmedd AM £ Qukigde R Boked
with regard to Figure 1 that the source LA may be within the housing of
the |ithOgr ap#PE gpebadel iesisnhfseamaanis refored torasto-puterrand atigeerbeespestively) f r om
the 1lithogr i : Xe] Iele ratus,,.the.radiatjon beam which it.
produces berbat Sifft SStRRERORE BR: o AGiloy ol R R et s

di recting notheptapporehiss suchtak @h iseeReN TN and a@bh@hs&0CONR GRSRapIRhdahe
source LA ig.a laser. The current invention_and clainms enconpass both of

t hese scenaﬁpdgl.pmﬁ‘l%g% sk dhAdws adlsireg unifoanibepidsintenaitydiskibytion hitch i s
held on a magkstabBbg MI.  Having traversed the mask MA, the beam PB passes
through the lens PL, which 25 focuses the beam PB onto a target portion C
of the Bubstrate W Wth the aid of the

It should be noted with regard to Figure 1 that the source LA may be within the housing
of the lithographic projection apparatus, but that it may also be remote from the
lithographic projection apparatus, the radiation beam which it produces being led into
the apparatus (e.g. with the aid of suitable directing mirrors); this latter scenario is often
20  the case when the source LA is a laser. The current invention and claims encompass

both of these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a mask table MT.
Having traversed the mask MA, the beam PB passes through the lens PL, which

25  focuses the beam PB onto a target portion C of the substrate W. With the aid of the
 second positioning means PW (and interferometric measuring means IF), the substrate
table WT can be moved accurately, e.g. so as to position different target portions C in

the path of the beam PB. Similarly, the first positioning means PM can be used to
accurately position the mask MA with respect to the path of the beam PB, e.g. after

30 mechanical retrieval of the mask MA from a mask library, or during a scan. In general,

| movement of the object tables MT, WT will be realised with the aid of a long-stroke
‘module (coarse positioning) and a short-stroke module (fine positioning), which are not

explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a




second positioning neans PW(and interferonetric nmeasuring neans |IF), the
substrate table WI can be noved accurately, e.g. so as to position
different target portions Cin the path of the beamPB. Simlarly, the
first positioning nmeans PM can be used to accurately position the mask MA
wWith respect to the path of the beam PB, e.g. after 30 nechanical retrieval
of the mask MA froma mask library, or dur} g a scan. In general, novenent

of the obj esteptantisesn Mipardblis)whé Imdsle 4@ IMB @thyWubthod Bshndéted &b a%hb@@.&oﬁé roke
nodul e (coarse positioni ng}é and a _short-st roge nodul e (fine positioning),
whi ch are ndftvagg pqni By |8p Heph desk Mds e gpistrate %myebe ajigned isingameslof a

waf er st eppea[)% 1o t QRS fv& dhaSObstiades ﬂlg&&gn ?rga?P@ atus) the mask table

MI may j ust nnected fo a short str or may be fixed. Mask
MA and substrate Wmay be aligned using mask alignment marks M, M2 and

substrat ment .marks P1, P2 The i ct ed, apparatus can be' used in
two diff reﬂihgﬁmgtgdagpar@tﬁsg%l&% @mforfgﬁg’ﬁgﬁén?% e MI is kept essentially

stationary, 1andhﬁ§leﬁﬁio!déech@%§ktabm? it Be b@@%ﬁ&&@%&&&&; 0 téhtx?erémﬁsll?i ngl e

"flash") onto a targ et@{)ortlon . The substrate ted
in the x andnage Iyptmﬁé inons godi.¢.lastingde Hildsh@ramtn a taagg gortpard.iTde s@stegn be

cenar o apftiedT BURBLITERER U o b PSR po ket o st BYBBRED 1 n a

single "fl aadmbe 1h~ﬂ’aaia€sﬂcbythé1§eaiﬁBB i@bl e MI is novable in a given direction
(the so-called "scan direction” . the y direction) with a speed v, so

t-hat th&0 préj ectn hnyeads. wm@dlﬁaﬂ@eﬂnmoscgww anpdies. ap}qmstkthatrmg@‘en target
tl t h
concurrent | okt s UPSLIALE 20 Wrh® ShE LEIRRS e IR SO 220,

of the | ensgikn dirggicnaltheyso-ddlted léeihnaﬁrectldrﬁ’) e.gl thetshiliseam@nneith asspeel atdovel y

| arge targe rtion C can be exposed, w thout having to conprom se on
resol ution. &*Fﬁg“er%rﬁfe&flf”b cgg it & E%&S@%W&Vﬁ@aanésgdn&gmwngww the

| bsnact ve st b WA sRAIMRLRC ORI U ShE Tk FboBGCORAR 4 1

respective conpartnents ("boxes" are evacuate
gas trahspasnend M o Mh,elnr\athhtM @mtlnfmagmdiqatloql et thednnﬁJBhr(typlcﬁhg Mr-f)jléicmn on

Chei 1 vl | S oA A BEBvior RIS Es AT e Lo SR b PGB P am

PB from t heto doahréthisedn $@ahg@nlA to il lum nation syst emlL is shown in
greater detail in Figure 2.
The radiation source LA, comprising a radiation source, illumination system IL. and
20 projection system PL may be contained in respective compartments ("boxes") which
are evacuated or flushed with a gas transparent to the radiation of the projection beam,
The projection beam is passed between the different compartments through openings in
their walls. An example of an arrangement for passing the projection beam PB from the
radiation source LA to illumination system IL is shown in greater detail in Figure 2.
25
Figure 2 shows an embodiment of the lithographic projection apparatus 1 of Figure 1,
comprising a radiation system 3 (i.e. "source-collector module"), an illumination
system IL, and a projection system PL. The radiation system 3 is provided with
radiation source LA which may comprise a discharge plasma source. The radiation
30 source LA may employ a gas or vapour, such as Xe gas or Li vapour in which a very
~ hot plasma can be created by a discharge between electrodes of the radiation source to
emit radiation in the EUV range of the electromagnetic spectrum. The very hot plasma

is created by causing a partially ionised plasma of an electrical discharge to collapse



25 Figure 2 shows an enbodi nent of the |ithographic projection apparatus 1
of Figure 1, conprising a radiation system3 (i.e. "source-collector

nodul e"), an illumnation systemlIL, and a projection systemPL. The

radi ati on system3 is provided with radiation source LA which may conprise
a di scharge plasma source. The radiation 3§,source LA may enploy a gas or
vapour, such as Xe gas or Li vapour in which a very hot plasma can be
created by anth scloatige det velbamtidl peisnmded bf nitkee orfé&i atiivepowoor @y olber em t
radiation in IHQJ? EWV range of the eI iy etic s r{’Eum ﬁhe very hot
plasma is SPEENSERSRY VARTH My bg Tomte ‘I’rﬁ?‘? ieSBY? 11a 1886 ectri cal
di scharge to collapse 20 onto an optical axis 0. Partial pressures of 0.1
nmbar of Xe, Li vapour or any other suitable gas or vapour nay be required
for effici eﬁft’hgemxoatls oredo thet plasma tiagiradinte e EW¥niongd sroueded3.Stie Pheasma
may radi ate he El ar.oun m._ Ih [ t by

t he radi %tl onCF oolﬁlre %g\ﬁ/%\%ﬁarﬁ% 13? g?lfrg%ié‘ %%P%gedciﬁoénn%gf)ﬁgé t8 %arﬁl%r?tt%da
cont am nant chgbimiit 8am15he quBstcafiafiamint hanter & nQy redyipeisnprdhamna sehemnre!
structure such as, for instance, .described in detail in, European patent
appl i cat i onsEEh 2. fopptaneez glescriverinidaiilgn Hyyapcampatent agplication, %Ee&t,lo@ﬂect or
nmodul e”) coppsises a radiation collector 10 which may be formed by a
grazing incidence collector. Radiation passed by the radiation collector
10 is reflected off a grating spectral filter or mrror 11 to be focused
in a virtual source 12, at an aperture. r.oj ection be mPB

refl ect L(EJ #ﬂ@ﬁ@on BY ‘?Wn n(éﬁ éﬂ“@?ﬁ’@%ﬂﬂmﬁﬁe (99 Jises dciediatier oplls or s
13, 14 ont Ovﬁaldhe}ria§| e FormiBSk 1a5ﬁﬂ9§1'gt inQi&%HceOBolle%’Edr CRﬁdﬁﬁoﬂT%l‘seBa@ %M A
patterned beam 17 Ts forned imaged in projection optics system PL
vi a refl ect radiatisheolatter 1Bis r@@ecmdteff a@faemg§pazyei ﬁb¢r s wiigror &l ¢ bamsm

More el enments th shown ma e prese in stem
'L and proj it vETAL SOREPRRY 1560 E Brestre B wiiERlna Ghopn b £ IR B

e.g. the spghiniiaktidn yis@in O vid fidrial itiRNseé kdflbtodsl 13, thentd &dteﬁbleaﬂ @edkl ect or
10, or the normal incidence reflectors 13, 14 of Figure 2, can a mrror

accor di iy teosfl%@qdn%ﬁ%u%or gk Hakle MT) Avipatigmsst b%qnuéﬁolﬁ formed V‘émbelsg

li k 1D

mat or ai sel o d Probsip oL ST PL A [etfecfid GBhR0 .8 1Y BEE TP NG, 2
Sr, Y, Zr, Nb,suBﬂgatd.&abl@éNTPMo@aeleMeﬂsdthan shown may generally be present in

illumination system IL. and projection system PL.

20 One or more of the mirrors of Figure 2, e.g. the spectral filter or mirror on position 11,
the radiation collector 10, or the normal incidence reflectors 13, 14 of Figure 2, can be
a mirror according to the invention, and have a laminar protrusion profile, e.g. like a 1D
profile with protrusions on the mirroring surface comprising a material selected from at
least one of Be, B, C, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Ba, La, Ce, Pr, Pa, U and
25 Mo, as will be explained hereinafter.

An embodiment of the mirror of the invention is shown in Figure 3, wherein a kind of
laminar sawtooth profile is shown, and wherein the protrusions have a period p, a
length 380, a height h, and an angle ba. Figure 4 depicts another embodiment with a
30  protrusion profile having a laminar sqﬁare wave profile, wherein the protrusions have a
period p. a length 380, and a height h. Reference L refers to "land" and reference G

refers to "groove". The protrusions are-arranged on a mirroring surface of mirror 300.




25 Mo, as will be explained hereinafter. An enbodinent of the mrror of the
invention is shown in Figure 3, wherein a kind of |am nar sawmooth profile
is shown, and wherein the protrusions have a period p, a length 380, a

hei ght h, and an angle ba. Figure 4 depicts another enbodinent with a 30
protrusion profile having a | am nar squar e, nave profile, wherein the
protrusions have a period p, a length 380, and a height h. Reference L
refers to "IThndidvansker 6ff @ckncairfsr dreheippatatis cgmpoiviery . sudlneipooisrthst when ar e
arranged on_a mrroring surface of mrror_300. 21 The advantage of such a

mrror or a@%ﬁé@iﬁl% I BHsFied i g ths umH T 1300 -8 §mfjﬁrat"1 GRfam hithd i on
is reflect e‘aeﬁ%/fdt PEVTLAdifon3R0refi€eidd i [xﬂﬁmggléz efhabdd AsHsBed %Hié&iotng%r |

desired EUV radiation is reflected In ngl e, whereas undesire

radi ati on, esampledBrpdietiorRis alshoteildny, abose aissidurisd dndsgrizld enddome nieflesietior
materials and/or is deflected or, 5 refracted in.oth i.rectiLons. way of
exanpl o 5t niadied iy ofi Sieonn T gar of pravmie. B 5 BheFuhe e SRRet T ng

an angl e of Efd}@dtféﬁ%ﬁn@ﬁ)ihﬁﬁng he angle baaRidehcey BROME WaifRR diBrothdsaim mar
protrusion 1) Part of the light nmght be reflected (not shown) and part of

the |ight, (lomirsr Iprdtiughon i Bat oéﬂted?gm maghprbstrelieitash(nosshnyen) tand pprt e ithesi on

is transm ssive foy .. radiation, this radiatjon propagates unabsaorbed or
subst ant | ai PG RaALdiBEa R T PEred Ptk SR o PR RRESR Rt BO%E 2ot he

li ke UV or ERV sagidtisd, afhid eddistioabpophgtes uddtRomearnrmpybstadtisibe ungisoprgate to
t he next protrusion g_second protrusion), indicated wth |am nar protrusion

LP2. Reb&hi miexeperadiation)withpadssisecowayaiengthsrliieri¥ios AR ipsubstagiiallpabsorhed.
S . . _ Lo
w1 pr opadap et AAECHOBELEE ] 8 noR R yiof ReAR! brobublE it | o1

di scri m nat eithdamiran pifrukidy [IP2dRaddhing thadeftadirfice ofithis piotrasine LPRapet ehgt hs.
When the prqjection beam PB. reaches the surface of the m rror,. 300 .g. a
mul tilayer ﬁier Rgiyon Eiag?JB_nbeS ,ecieﬂeglo‘pg]&‘i"gét 28 pﬁgaﬂgﬁ@ Fadi @?I‘%@t ed
with an angjal% Queltd AirSFh BBtrsibl L 02SK1s8fthis REGHIsAM LFRHilealst@RiaRk bdiredur f ace
of mrror 3 0)p. The projection beam PB may propagate further thr oug}h

_pr ot r ustonsEUM2 raglirdionpaid niagdiatipn svithagthet wavedengihse theamoPBian beant EBpri se
a 20 higher EW/ non-EW radjation ratio after, & cLi@n_ b i< ;;or of
the inventi {?ﬁéﬁéﬁgﬁe 5 g%’%r %Ptlﬁem}rﬁogi%)@n@'eg' 3nl%fﬂﬁéa%'fr‘# (anrl{gPB é)tSﬁlfggsﬁgé@%

i |1 ustr at edprofectib@We@m4PRi ik hefl@Sak &litht h ahgle (P paGabé aninofast hd peajlact i on
beam PB may al so apply for figure 3, where instead of |am nar gf%}tLUSi ons
formng a |BHeean ailssetie ol Tper POQ. Theerojestion heany PR may prapags. er

through protrusions LP2 and LP3. In this way, the projection beam PB will comprise a
20  higher EUV/non-EUV radiation ratio after reflection by the mirror of the invention than
before the incidence on the mirror. What has been illustrated in figure 4 with respect to
the propagation of the projection beam PB may also apply for figure 3, where instead
of laminar protrusions forming a laminar square wave profile like in Figure 4, a laminar
sawtooth profile is used.
25
Note that refraction of the projection beam PB is not depicted in Figures 3 and 4 (and
later Figures 5 and 9). The above-mentioned ratio may further be improved by using a
blazed or optimised grating (see embodiment 3). The mirror with the above-mentioned
protrusions can, even when it is optimised or blazed at e.g. UV wavelengths, block
30  undesired wavelengths (like IR), but transmit EUV radiation, since Be, B, C, P, S, K,
Ca, Sc, Br, Rb, St, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U are substantially
.transmissive for EUV radiation, but substantially not transmissive for radiation having

other wavelengths than EUV radiation. Next to that, all these materials, including Si,




sawm ooth profile is used. 25 Note that refraction of the projection beam PB
is not depicted in Figures 3 and 4 (and later Figures 5 and 9). The
above-nmentioned ratio may further be inproved by using a blazed or

optim sed grating (see enbodinment 3). The mirror with the above-nenti oned
protrusions can, even when it is optimsed,pr blazed at e.g. W

wavel engt hs, bl ock 30 undesired wavel engths (like IR), but transmt EW
radi ati on, $ancen BesorBionQen®h [&geKthanQd0 1Ba forBr3.5 Rm ra8iatiol, THr prodosiohd, Ba,
La, Ce, Pr, Pa and U are s bsLantiFJI . transm ssjve_ for EUV radi ation, but
subst ant i al 19" AP SPPBIRSHO ‘V@OF%?‘Fﬁ%ﬂﬁ%ﬂ@ﬁeﬁhg¥gﬁrs ‘her wavel engt hs than
EUV radiation. Next to that, all these materials, including Si, 22 have an
absorption length I onger than 100 nmfor 13.5 rimradiation. The

pr ot r usi ons The gmotaisgms eonpirics 06 arfishis anitodsnant arcanainiyaprssent ak eptécal fitBAC or

SiC. The.protrusjions.on mr 300..0f this enbodi nent are mainl resent as
opt cal 711 L PR Tt PRl 5rpoBRS g AR s BEEES o
grating or dibstdntialy wenslikdied WoiSthe IBYV Sdaloa iR prijebfiGBdtnS PBVHOWEVer! he
EUV radi ati on of the projection beam PB. However, due to the difference in

i ndi ces of dAu¢ fadeidiiicronrsrin indices\0f refattian vden dhe IV Y radiationoenjers and fraves

protrusion, ;h ; e sone diffract.ive .l osses of .th .adi at } gn of
Phe ' proj ection Sulitolts RS ff shpPritSieings 8 al B bRkt 2 o
enbodi nent  Brojektioh Be@an®B! ThiEhipdi besdlved ByotRersatdinand) edi. smbbdiniches, 4
protrusions are arranged in such a way that a part of EUV radiation of a
projecti%n ﬁﬂconprising EWV radi ation, having an angle of incidence
between 0 and 90, only passes one protrusion, see Figure 5, or
substantial%y every part 15 of the projection beam PB passes only one
prot rusi on. E¥Hedpr@ri2 e (which nmight be diffractive and optinised at e.g.

about 13.5 pimor other . EUV wave] engths) is constructed such tha

esi red 7 adlsd FERNE GREPIER i FAUPAT R B PRV BaCaeershal BVt od p
of the proftddeidAdriapréjeétlReth @mpBigBUV Q4diflonThadviRy ard ngiélbf AeRleRQ0 at
e.g. position 305. The angle of incidence of the projection beamPB with

mrror 300 bevweenll ead 86°. whbytpapses one pradrugiongre Fagse fher shefpetiadly aveoimEnce of
the  pr gy eobt 0 pRAAR:RBALY At i @6ifusln, 2 Protrusion is shown as
The profile (which might be diffractive and optimised at e.g. about 13.5 nm or other
EUV wavelengths} is constructed such that the desired radiation comprised in radiation
beam PB only passes one period p of the profile and is reﬂectéd at the mirror or mirror
20  surface 300 at e.g. position 305. The angle of incidence of the projection beam PB with
mirror 300 is indicated with reference o, whereas the angle of incidence of the
projection beam PB with a side surface of a protrusion is shown as a';. The angle of
incidence ¢'; may remain small to minimise reflection of the projection beam PB. Also,
the upper surface of the protrusions of the profile can be angled, as in a blazed grating,
.25 5o that the reflection of the undesired radiation (e.g. with wavelengths higher than
EUV, e.g. UV VIS and IR) on the protrusion surface is directed in a different direction
than the desired radiation. The length 380 and height h of the protrusions, the peried p
in which the protrusions are arranged, as well as the angle of incidence @, may be
chosen such that the projection beam PB only passes one protrusion.
30 _
The profile on the mirror can be produced by ruling (scratching a line} with a diamond

tool. It is also possible to produce the profile by ion etching of a sinusoidal structure.




incidence a'l may remain small to minimse reflection of the projection
beam PB. Al so, the upper surface of the protrusions of the profile can be
angled, as in a blazed grating, 25 so that the reflection of the undesired
radiation (e.g. with wavel engths higher than EUY, e.g. W VIS and IR) on
the protrusion surface is directed in a di %%erent direction than the
desired radi ation. The |length 380 and heig h of the protrusions, the
period p i ®Prevhicoly 4 hiechkpedfile sh angaanginaideacngaitrorasingdithog@sphihechrighes, of

i nci dence a, . be chosen._such fhat .the projection beam PB onl sses
one prot_rusi"ﬂﬂ‘!.a %l"sbée‘ﬂ*ﬁ’_ét 9P St9hing BRI AigHs Pﬂfo%i ¢ By 4 _@fawlé‘ﬁ? T
(scratchi ng ghehiddch danfpid dthaFRbftes bROMse hissibte, rsRaRORS! BUY LiAbpduce

the profile by ion etching of a sinusoidal structure. 23 Producing a bl ock
profile on aulptantiaHy niohebselblelai isrwibstergtially thansiegivaphind diffebidrgoEUV wi t h

subsequept iop etching,is alsg a viable aption. The profile as shown in

Fi gure 59i s facg?t%PéHS 5%19%6-%-38%35’9&3 gt %dgg’ffﬁ'fmé%dgar e al so possi bl e,

provided that EUV radiation is substantially not absorbed (i.e. is
substantially transm ssive), and diffraction of EUV 5 radiation is snall
(e.g. |ess trawe Sbohaws3by ovays ol prample tae imingti savee Favh ovilloyHomegvess thekanpl e
a | am nar SAURESHAY BT Qfiles HRUEIELCD] SuncRIPONARNL lEOACRIRL S65 the
configuration SR A8 RS MRS pr6)¥|Fe i%s S OT erein a
peri odi cal | yise&lk rodcihereia ospamtodadatly Riroftided satviq@el ipaddile ak Ipyrisdicdlist stfveiredl O
square wave profile is used. In case a |am nar sawtooth profile is used,
the | endfh SEBENIVHROHRISHSESE the protrusions, the period p in which the
protrusions are arranged, and the angle ba, as well as the angle of

i nci dence a may be chosen such that the projection beamPB only 15 passes
one pr ot r usloraseSaniamandry sawtbsth appfileess need, Hbe dengtiodi8@ahndy hsighu bt of &k

profiles, however in.such .enbodinent th eriod conpri t eri ods,
Since a 2D SURHSIRFeF FETiaT Foll VWi Hhy LOTHBER AETAREH and e aRels Paces,
profile wheigilnstheamlObr Ridens: P 1R dhefatdich &R0 tHehRbjebSorshaabd BB ohlian
hal f a g?rlod p (this is shown in figure 5 for the Iamnar arranged square

wave profi| Basses oneHirgtryggn.al so apply for a sawtooth profile and for 2D
profiles). 25 The protrusions on the mrror of this enbodinment are mainly
present as an optical filter

Similarly this applies to the periodically structured profiles, however in such

embodiment the period p comprises two periods, since a 2D structure is formed.

20  This embodiment may also comprise a profile wherein the protrusions have a length
380 that is smaller than half a period p (this is shown in figure 5 for the laminar
arranged square wave profile but this may also apply for a sawtooth profile and for 2D

profiles).

25  The protrusions on the mirror of this embodiment are mainly present as an optical filter

that is transmissive for EUV radiation.

Embodiment 3

In a third embodiment, the profile of protrusions forms a grating, that may be optimised

or blazed at the desired radiation, e.g. 13.5 nm or another EUV waveiength, as will be
30 explained with reference to Figures 6 and 7. Alternatively, the grating may be

optimised or blazed at other wavelengths, e.g. Wavelengths in the UV, VIS or IR.




that is transm ssive for EUV radiation. Enbodinment 3 In a third enbodi nent,
the profile of protrusions forns a grating, that nmay be optimsed or

bl azed at the desired radiation, e.g. 13.5 nmor another EUV wavel ength, as
will be 30 explained with reference to Figures 6 and 7. Alternatively, the
grating may be optim sed or blazed at ot he% wavel engt hs, e.g. wavel engt hs
inthe LIV, VISor IR 24 1In Figure 6, a ‘fazed grating has a saw oot h

profile or h Fgure@d) avblhfedt Hratigy B,asj m@awmthspﬁiﬁle pr adtrat 300 wihetHeeprgtidp 380
of a period of the sawtooth. a and are the angles under_ which the

radi ati on b&SRSHE Pnegpak wathe length 8% P%% gergd phie sawtoptls m%i [baret the angles f ace
and may be ! gére&hf%ﬂ z{?é/ {Jdtfﬂtﬁm%éﬁfn]aﬁﬁ méﬁ??e%@lf ev&lrdhice OF %lsﬁ%ﬁﬁ Rhe
or ma t

defined 5 wi respec 0 a norna on the sur aeo e m nor.
The bl aze aﬂgifm:ecmd ey behofemcd by shie huﬁaamayespbr&itve]brhé‘h@ielnngﬂaﬁeare cﬂ‘eﬁnéftb

grating is m.nimal for undesired r dl&qe (ﬁtherrmé,g, t ca hosen
in such 2 waSjtymssiect e Rprmef adiangal o fie speare,ofdhe peor- fasblaggan 655 Bon 1 <
maxi m sed. méen%yg&haar\wﬂhaﬂﬁ@t}%}der 8 ﬁ!fe a{tﬁ%tlé Qilihﬁﬁf fof hﬁ&&%e@tadwlﬁﬁ% s
theoretically possible (see e.qg. (% whi ¢

i's incorporated
ref erence) . Fiterhreirghit chn édeHOemgulh S@BOacWaY[ Hat rﬂlﬂodlfflmt@nsefﬁeleetynoﬁ éget he
efficiency . 13.5.nmt.ran The atl st.ant det er m nes
The. vl andETier dRgatoh s PR a0 (B RFERGRTos by it eebRhRoF] 60r e
2 (see enbodpprnis MeordAeal®yn pakdisle N@ké Vg t BP I{lﬁmbaz%@rmumm@atbammar |
grating of the type shown in Fll%ure 7 15 may be used. As shown in Figure

7, the 1@ni mferemeat Thiyheigly anhlene® RS e prosweionpdefemiae Wha #ficikacypht i ng
constant p ﬂ&”ﬁ 5 b t?fﬂlgmﬁ)sgfolno?heﬁg& néé Q?“Dsﬁﬁw gaﬁtegﬁl\ﬁ%s g@%&gﬁgﬁ L%n%é hce the

| ength 380 of a protrusion usin

| i t hogr aphi i ttachittcduliouch thespedura lﬂmﬁgmae(seetdméaddppﬁﬂ 1$urface is polished
to a very good surface roughness and grooves are etched with the lands L
defined by a 20 photoresist pattern. To extract the undesired

| onger - wavehgndtiefadi @l @B bld0NgRkint NPAMILE WANE!#H Hp&bhovf Bgalered EWV
radiation), a diffraction gratin stFucture, such as consisting of a phase

gratinglas shyphe umdFAgwheWﬁ nikgapp), ited langng grating hasor s@@e WeEive syriaes ng is
arranged so theotlc I athgfferenc D) between r Vi ng
been refl ecPr_é%l E‘ﬁlée 8 gy o‘i’f\?é’erl&?B%ﬁ@ gy W@vﬁlaﬁ@éiu }aos an
i nteger mul vipé Eth@fleﬁéiﬁ YV ef %n@}dirlﬁfont tBuch a grating may be made, e.g. using
| lithographic techniques. In such a technique, the upper surface is polished to a very
good surface roughness and grooves are etched with the lands L defined by a

20  photoresist pattern.

To extract the undesired longer-wavelength radiation (longer than the wavelength of
the desired EUV radiation), a diffraction grating structure, such as consisting of a phase
grating as shown in Figure 7, is applied to e.g. mirror 300. The grating is arranged so
25  that the optical path difference (OPD) between rays having been reflected by the "land"
L and "groove" G parts of the grating is an integer multiple of the wavelength of the

desired wavelength, i.e.
OPD = m.Aeuy )
30  where n is an integer and Ay the wavelength of the desired radiation, e.g. 13.5 nm. At

the same time, for the OPD for the other radiation (undesired radiation), equation (1)

generally does not hold. For example, for some wavelengths the OPD is an integer




desired wavel ength, i.e. OPD = mA (1) 30 where n is an integer and uv the
wavel ength of the desired radiation, e.g. 13.5 nm At the sane tine, for
the OPD for the other radiation (undesired radiation), equation (1)
general ly does not hold. For exanple, for some wavel engths the OPD is an
integer 25 multiple plus half a wavel engtl. in an undesired radiation range
(as known fromthe art), i.e. OPD=(m+ 172 ). kUd (2) 5 where in is an
i nteger andm{ghiglb prusaMBlaangilingth ihhg unmdasd faﬂﬁtiﬂﬁ&‘aﬁig@{g&tlﬁ}oy@m&@fﬂe%ﬂ,l ng
equation (1), the grating does not disturb the desired radiation which is
reflected a&®i ntended by mrror 300, effectively all desired or
substantially all desired 10 radiation is diffracted into the O order

beam since the grating is transm ssive for the desired radiation (see al so
Figures 4 or 5). However, the onpesimed/xpdjation2ys diffracted as

determ ned by the grating equation and for wavel engths for which equation
(2) is e%actly satisfied the diffraction efficiency is at a maximumw th
all  ener gy flLff fa t . EP 1197803).
In this my@%{?eﬁﬁ&ﬁnﬁgg%arng&"?glgivgtv% I SPE%?P?%?‘??/%%%%? tg'ed fromthe
desired radiation form ng projection beam PB and can be absorbed by a

oot gt s Bl BB eab S ALrRe VR ReP RSLbbEHA Rerfored BB e
protrusi ons dfREWE a8 ifleAdddNg RavYe o egawtveRtdl dspbll o subdakiallp all Bsired
optimsed for the deflection of undesired radiation. |In another enbodinent,
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mrror is desc i%@%mﬁﬁkgﬁﬁéﬁﬁg03?&F§§§¥q§§”§§f?é}gﬁﬁ1%?%??ﬂ§ﬁgﬁs onpri sing
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beam PB and can be absorbed by a suitable heat sink or beam dump.

When a profile is selected having a grating structure, in a preferred further
embodiment, the profile of protrusions forms a grating having a sawtooth profile, that is
20  optimised for the deflection of undesired radiation. In another embodiment, when a
profile is selected having a grating structure, the profile of protrusions forms a grating

having a square wave profile, that is optimized at EUV wavelengths, e.g. 13.5 nm.

Embodiment 4

In the embodiments above, a lithographic apparatus was described in general, and
25  mirrors comprising one or more .protrusions comprising a material selected from at
least one of Be, B, C, P, S, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and
U were described. In embodiment 4, a mirror is described comprising at least 2
different protrusions comprising two or more different materials, as will be explained
with reference to Figures 8 and 9. Here, mirror 300 comprises a mirroring surfaces with

30  different protrusions (i.e. a first protrusion and a second protrusion).




with reference to Figures 8 and 9. Here, mrror 300 conprises a mrroring
surfaces with 30 different protrusions (i.e. a first protrusion and a
second protrusion). 26 In this enbodinent, a mrror 300 conprising one or
nore first protrusions LPla and LPlb conprising a first material m
selected fromat |east one of Be, B, C, P, K, Ca, Sc, Br, Rb, Sr, Y,
Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U(prot? sion LPla), and conpri sing one
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bl aze angl e B e p?%’t Yon ’h%{}“if%fr a regul ar structure with period
p. The protrusions on mrror 300, as shown in figure 8 may forma grating
that may be_ bl azed at EUV wavel engths, but in _another enbodi nent they may
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of each other.
material m2 with a height h2 and with an angle ba3. These protrusions (of two or more

materials) form together one protrusion or structure with a blaze angle ba. The
20  protrusions may form a regular structure with period p. The protrusions on mirror 300,
as shown in figure 8 may form a grating that may be blazed at EUV wavelengths, but in
another embodiment they may also be blazed at other wavelengths, e.g. UV, VIS or IR

wavelengths.

25  The blaze angle ba can be chosen in such a way that undesired radiation is deflected
from the direction of the desired radiation, see above in embodiment 3 (figure 6). The
blaze angle ba depends on angle ba2 of material m1 of the protrusion LPla (first
protrusions), of an angle ba3 of material m2 of the protrusion LPIb (second
protrusion), and of heights h1 and h2 of the protrusions I.P1a and LP1b, which are in

30  this case on top of each other.

As an alternative to the blazed profile, a laminar profile of the type shown in Figure 9

may be used. As shown in Figure 9, the laminar profile has a squai'e wave surface




As an alternative to the blazed profile, a lamnar profile of the type
shown in Figure 9 nay be used. As shown in Figure 9, the |amnar profile
has a square wave surface 27 profile with the constant p, equal to one
period p of the | ami nar sawmooth profile shown in figure 8. The
protrusions are |ocated next to another in_an alternating sequence and
have different heights, viz. protrusion LP44 of material nl has hei ght hl,

and  protrugisle 'V\Fl)th]thp c&{stéﬁ?h &l gufl 1o The Bgl;flocrlg lfbgﬁllts 188imar’ g&@m#cﬁﬁ' gidtge Hovie

protrusions are shown Int |s figure erence 80a protrusion
LPl a (first ipfighreusilde)protfusieisers bicatedl nesnd doytheefneares tena889 sefuence and

protrusion LPlb ot rusi on erial nP. In Figure 9 ]en
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mrror can tainé esired
- radi ati on Whiguee Odenghs B8Gh md B8 giefthekané andtilar leagm dfhightio pities alddghiish
| ength difference, 15 such that it does not vary over the mrroring
surf ace, V\hé‘ﬂlﬁééopqrtﬂﬁ]tpof undesired wavel engths is absorbed and/ or
defl ected at other angles. By way of exanple this is shown in figure 9.
Here, a ray rl of projection beamPB enters a first Pla protrusion of
mat eri al0 m Barslectyg shebmbterinls dabed dre theirainde bf exfrac@h, tHeightsginl tund $2, and

protrusion and refle d at e mr mrro 0 oSiti
e Arter BOFngHsAbidrds 1405 +ph 3hEhoRke Philep beaernt hes iy ats ekl
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material n2 and is reflected at position 3 he mrror t he

m rror surfbesen gothe WHQTo@lmlﬂhlquaﬂ@sféﬁrtmeedﬁla&mﬂSCtS Smmlrpmﬁrﬂnsldgwq_@ 1 b,

t he opti cal thr o econd [u 25 and
vacuum is @Ba#lglne P(eatl %?E‘ CH Sreg{ mﬁ?ﬂn%ng B?tg}erlgﬁj g %I‘?nfc%’r ence
in optiktal sushtthat etng@és, néthearg &ﬁ/@ﬂdheprnﬁhbﬂﬁg cmrf&bb v(ﬂ‘ferffmtlﬁght af urldesised
present. This material nR has another i ndex of refraction. By choosing the
appr opr i at eVaysieEisdn abwrbadinadior deflestadori othenmmelesn angl e of incidence, as
menti oned above, the second protrusion LP | b of material nR can conpensate
for the optical path difference for the (different rays in the) 30
proj ecti on BeammyRE, extahgiebys pr shomdi mgfizme ptHeoala patrh df gmgjetticai hdaer Bce
that does nOI;[ters a first Pla protrusion of material m1 and may substantially be transmitted
20  through this protrusion and reflected at the mirror or mirror surface 300 on position
305. After being reflected, ray rl leaves the protrusion. Ray 12, also comprised in
projection beam PB, enters a first protrusion LP1b of material m2 and is reflected at
position 306 at the mirror or on the mirror surface 300. Without the presence of this
second protrusion LP1b, the optical path length (through the first and second protrusion
25  and vacuum) is different for different rays. To compensate for this difference in optical
path length, the second protrusion P1b of material m2 1s present. This material m2 has
another index of refraction. By choosing the appropriate dimensions of the protrusions
and an angle of incidence, as mentioned above, the second protrusion LP1b of material
m2 can compensate for the optical path difference for the (different rays in the)
30  projection beam PB, thereby providing an optical path length difference that does not
vary over the mirroring surface. This means that the optical path length difference is
zero or an integer times the wavelength. The vacuum above the protrusions should also

be taken into account for the determination of the optical path length (difference). In




vary over the mrroring surface. This neans that the optical path |ength
difference is zero or an integer tines the wavel ength. The vacuum above
the protrusions should also be taken into account for the determ nation of
the optical path length (difference). In 28 this way, the optical path
| engths, i.e. pathlength tinmes the indices,pf refraction are for rays r
and r2, starting fromwave front Wb, befo?g entering protrusions LPla and

LPl b, to wavkisfwaynthe\Wpticalafatilengie, iRy phthlesb@NEndsRh@ irdiv@s Pl racBbg atefor same
or the difference between the optical path |engths for rays rl and r2 is
an integer t¥ed ¥erds stEing Eagt Wayelignt YW wsbefpier enigting piejrusipehbBla pad t hi s
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for rl and r2 in figure 9) within a projection beam PB, that night be
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that a p@rt aplyingue of dheaethemmaterialspthe jpessenasroifeasacendrprateisiog [HEUNY might
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that the length of the profrusjions 380a and, 380b is snal] er han t.he
period p (aRENGEHERdRB irght bezf;ormpenéﬁ%gy FPérﬁreSchwleﬁf@p PREUFERGt h 1
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one period In enbodi'ment 2 25 enmbodi ['so conprises a mirror
wherei nlihe profile of protrusions forns a grating, that is blazed

(savtoot) o6 oBblagdh LRUSREAEYS) ol B lEcl e bR e Sif 50"
or lithographic apparatus), wherein the protrusions are arranged in such a way that a part
of EUV radiation of a projection beam comprising EUV radiation, having an angle of
incidence between 0 and 90°, only passes in one period p one first protrusion LP1a (of
20  material ml) and one second protrusion LPlb (of material m2), analogous to
embodiment 2. This means that the length of the protrusions 380a and 380b is smaller
than the period p (analogous to embodiment 2, or embodiment 7, wherein the length |
of the protrusion is smaller than half a period p (groove G and land L form one period
in embodiment 2)).
25
This embodiment also comprises a mirror wherein the profile of protrusions forms a
grating, that is blazed (sawtooth) or optimised (square wave) at the desired radiation,
e.g. 13.5 nm or another wavelength. Profiles of these type on mirrors may have a 1D or
2D character. Since these protrusions are transparent to EUV radiation, the desired
30  wavelengths are reflected by the mirror 300, and the undesired wavelengths of the

radiation are absorbed, refracted and/or deflected.




2D character. Since these protrusions are transparent to EUV radiation, the
desired 30 wavel engths are reflected by the mrror 300, and the undesired
wavel engt hs of the radiation are absorbed, refracted and/or deflected. 29
In general, this enbodi ment describes a mrror, having at |east one
mrroring surface 300, wherein the mrrorjpng surface 300 conprises one or
nore protrusions Pla conprising a first material m (first protrusions),
and conpri simgemend, this ambelimpniodasusheersmirR¥bhadng kit kastgone siewong sneber i al

n2 (second protrusions), and _V\hesgg n géjhe first and second nateri aé\}(s?eare
not the samel0-SHEREH Mg MYFroEny SUEACSH &0V SOFPESeH PRe ot FOH PFGLUsions n the
materials t : a t ; i isi@Vv t r
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enbodi ment al so be described as mrror 300 having at |east one mrroring
surface, whweeslengtihe on entisripesy to sher frapsparasiplor st desired r wanstaagthisy {dther

protrusions_LPla npri sing,a first, materdal, ni sel I | east
one of Be, g{,av%ﬁ,mg%:?s, §,0{ %31 ,w E{CH%PS,, %r, f)es?l?sog}::e%l%y, t%ﬁglff\athﬁgj,lst gg@, lv\ﬁﬁlteg,a Ce,
Pr, Pa and Watia®doi08 @eRiin WielchethoRkhpsal (gudingns: blkidd gatify)) thengndasiseicond
material n2 selected fromat |east one of Be, B, C, Si, P, S, K Ca, Sc,
Br, Rb, 105 wyvelengths pjght plgo begpartially) ¢eflectod. pa and U, and wherein the first
and second materials (m and nR, respectively) of these protrusions LPla
and LPI b are not the sane, and 20 wherein the protrusions LPla and LPl b
conpri se di Réferrony tantigerei & sirford 3Gdf niR) invemdier elay inhen pmboedimenoalso LtR1la and

LPI b have a saw tooth . profile, .wherein a first, LP1 and a.second LPlb

ot ot T s on- dertd SRSt B B Ry PeBEHRECHER BB TP B 5 ¢ h
certain periRfcd coldphss ot dihbret M6t PRALSENPLOR 0P pH i SUirkemBtedthl LN I OF
300), there is a difference in materials, |like e. radient. This can
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figure 9, mrror 300 of the invention may_ in_ an epbodi ment al so .be
Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U, and wherein the first and second materials (ml

and m2, respectively) of these protrusions IPla and LP1b are not the same, and
20  wherein the protrusions LPla and LP1b comprise different materials (ml and m2),
wherein the protrusions LP1a and LP1b have a saw tooth profile, wherein a first LPla
and a second LP1b protrusion are arranged such that they form together one protrusion
with a certain period p. Hence, within the period p (along the surface of mirror 300),
there is a difference in materials, like e.g. a gradient. This can be seen in Figure 8,
25  wherein on the left side (at h2) of thé protrusion formed by protrusions LP1a and LP1b,
this protrusion comprises relatively more of material m2, whereas at the right side of

the protrusion (at hl), this protrusion comprises relatively more of material m1.

Referring to figure 9, mirror 300 of the invention may in an embodiment also be
30  described as mirror 300 having at least one mirroring surface, wherein the mirroring

surface comprises one or more first protrusions LLP1a comprising a first material ml

selected from at least one of Be, B, C, P, §, K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba,

La, Ce, Pr, Pa and U, and one or more second protrusions LP1b comprising a second



30 described as mrror 300 having at | east one mrroring surface, wherein
the mrroring surface conprises one or nore first protrusions LPla
conprising a first material mM selected fromat |east one of Be, B, C P,
S, K Ca, Sc, Br, Ro, Sr, Y, Zr, No, Mo, Ba, La, Ce, Pr, Pa and U, and one
or nore second pr otrusions LPI b conpri si ngs@ second 30 mat erial nP
selected fromat |east one of Be, B, C, Si7 P, S, K Ca, Sc, Br, Ro, Sr, Y,
Zr, Nb, M, nBgeridla2 &dsctdd froat bsask dde TBE, \HNEY i, P, N, @, §t Bnd{lscScc,oYid
rraterlals (Ml _and n2, res ectlvely) of these pro rus ns la a PIb are
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I|thograph| c apparatus (see e.g. enbodinment 1) conprising the mrror as
described in this enbodiment. 25 For providing the above described
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5-11, describe sone further or sgem fic features
radiation that has to be transmitted. Hence, the first protrusions and second protrusions

(LPla and LP1b) are arranged in such a way that for EUV radiation an optical path

20 length difference is created that does not vary over the mirroring surface.

This embodiment also comprises a lithographic apparatus (see e.g. embodiment 1)

comprising the mirror as described in this embodiment.

25  For providing the above described structures, the blazed structure may be provided by
ruling a layer of material m1 with a diamond tool, depositing material m2, and ruling
with a diamond tool for a second time. For the square shaped structures, a lithographic

process may be used.

30 The next embodiments, embodiments 5-11, describe some further or specific features

that might be comprised in the mirrors described in the embodiments above.




that m ght be conprised in the mrrors described in the enbodi nrents above.
31 Enbodinent 5 In this enbodinent, the mrror 300 according to the
invention (e.g. described in one of the above-nentioned enbodi nents), is
provided with a cooling elenent which is in thermal contact with the
mrror (see e.g. figure 2 of EP 1197803). %ﬁ cool the mrror of 5 one of

t he previous enbodi nents in use, cooling channels can be provided on the
rear surfagenkfdidber snirrors, or incorporated in the body of the mrror. A
suitable coolant fluid is passed through the cooling channels to nmaintain
the mrror &itlas elabodiednt, tlenperoa 300 accordihg i the niiventid®d (d.¢ deluribeé tdont afent |
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figure 4; reference 301 in figure 5 er t.he protrusion
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. pis equal or ler t 1:5, e.g. the length 380 of the protrusion is

150 nm and tampepBvicod p is 1250 nm In a further enbodi nent, the

proj ecti on beam passes exactly only one 20 protrusion. The naterlals of the
protrusions 301 in figure 5 can be selected fromBe, B, C, Si, P, S K

Ca, Sc, Br, Emtbod@nment$, 7r, Nb, M, Ba,- La, Ce, Pr, Pa and U For exanple,
B, C M Nb or Si can be chosen, but also Si3N4. Al so_ conbinations of

mat eri al® cHEnthieemhedment, ghegminprc3 Wy acoprdingiorBe isation iss mulfilaygr gnirror,
enmbodi nent,, hé‘?ﬂ?gegﬂoﬁ% 9@dlﬂ&%{?€rﬂ tBGalt O Cfbﬂﬁng{&v Jdfferdt . @ 9razing

i nci dence e angle o incidence wth respect to the mrroring
surface may be around 75 to 85 (see e.g. a in figure 6). In this

enbodi ment, g.he sk 7usi ons, either as single protrusions, or as first and
second protru5|ons are present on radiation collector 10 (see Figure 2).

Ibgng](‘alnglr :: {n‘(‘)ﬂ&'is afb&Rheselthd k&' 3RCELEAINO0! Be iRntiBY 8HhpA&esiad mirfor as
described in embodiment 2 (amongst others, figure 5), but wherein length 380 of the

15  protrusions (references L.P1, LP2 etc. in figure 4; reference 301 in figure 5) << period p

of the protrusions. In this way, possible diffractive losses of the desired radiation at the

top surfaces of the protrusions is minimised. For example, the ratio length 380 : p is

equal or smaller than 1:5, e.g. the length 380 of the protrusion is 150 nm and the period

p is 1250 nm. In a further embodiment, the projection beam passes exactly only one

20 protrusion. The materials of the protrusions 301 in figure 5 can be selected from Be, B,

C, Si, P, S, K, Ca, Sc¢, Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U. For

example, B, C, Mo, Nb or Si can be chosen, but also SizN4. Also combinations of

materials can be chosen, e.g. B4C or SiC.

Embodiment 8§
25  In this embodiment, the mirror 300 according to the invention is a grazing incidence
_reflector. The angle of incidence with respect to the mirroring surface may be around
75 to 85° (see e.g. o in figure 6). In this embodiment, the protrusions, either as single
protrusions, or as first and second protrusions, are present on radiation collector 10 (see

Figure 2). In general, for an optical filter according to the invention it is beneficial to




32 have the mrror with the protrusions before the beamis focussed, as it
isin the virtual source point 12 (see enbodinent 1, figure 2). Enbodi nent
9 5 1n this enbodinent, the protrusions, either as single protrusions or as
first and second protrusions, are present on mrror 11 of Figure 2.

Enmbodi ment 10 In this enbodi ment, the protgusions, either as single
protrusions, or as first and second 10 protrusions, are present on nor mal
i nci dence mhavoths nidroowith4thEpbwdisivanbefbte tha bedm ds Erberdilnenit js inthe viatdiaht | on

that is used, e.gQ.. | rojegtio ampPB of a |ithographic apparatus,
conpri ses eﬁ‘f"F&%g“Bﬁﬁé%?%‘Ph? ”tnﬁﬂ'in]a?ii%B’f‘F, Jde.g. having a wavel ength in the
range of from8 to 20 nm especially 9 to 16 nm e.g. 13.5rim 15

Enbodi ment 12 Referring to Figure 8, this enbodi nent describes a mirror
300, wher ei Emhodimensth usi ons LP.1a and LP | b have a period p of about 100

0 .] od, of. fi i . i
St oot 1 pr 01 it P08 e e Mt REE Bty PoBius B s 1AL A0 g,

10- 500 nm ( bidtakions,iré piebam oh Riads 1 BofFig@bout 10-100 nm The bl aze 20 angle
(and thereby the height of the second protrusion) can be chosen such that

at a certain angle of incidence, for instance normal incidence, the

optical pat i constant over the surface (or changes only an

anount of a%r'r’lluq%’flw%%hetl?i mes the wavelength). In other words, for exanple:
h2*n2 + (hl h@)s ¢rabddiment, Assproiragores, gither iap diagleqfrotmesiorscoi anfind arsk sepeicer i al

m is 0(?6 ng%éiindex of refraction.n2 or.matﬁéiaa n2 25 is 0.92 (M) and
hei ght h{ i &t ong, Arepresyns on oAl meidengs iy I3 0T 1o i ods and  material s
can be chosen dependi ng upon the angle of incidence to be applied.

Enbodi ment 13 Referri 99 to figure 9, the protrusions LPla and LP1b nmay have
a | am nar s#ﬂﬂ’r"é’%é profile, wherein the protrusions have a square or

wheret s ¢helbiit Fubeaiitotl ARDRH ix)Beq HErROR MR BhaE B OB L
to 10 m ( pehihographicl iappiramBd coe@eiBeE MxGtmYSubfvidRta radistide? 3R, Ieidy a

wavelength in the range of from 8 to 20 nm, especially 9 to 16 nm, e.g. 13.5 nm.

15  Embodiment 12

Referring to Figure 8, this embodiment describes a mirror 300, wherein the profrusions
LPla and LP1b have a period p of about 100 nm to 10 pm (period of first and second
protrusion, both forming the sawtooth profile), and wherein the height hl of the
protrusions is about 10-500 nm (first protrusidn LP1a), e.g. about 10-100 nm. The blaze
20 anglé (and thereby the height of the second protrusion) can be chosen such that at a
certain angle of incidence, for instance normal incidence, the optical path length is
constant over the surface (or changes only an amount of a multiple times the
wavelength). In other words, for example: h2*n2 + (h1-h2)*1=h1*nl. Assuming e.g.
index of refraction nl or material m1 is 0.96 (Zr), index of refraction n2 or material m2
25  is 0.92 (Mo) and height hl is 100, height h2 may be 50 nm. Heights, periods and

materials can be chosen depending upon the angle of incidence to be applied.

Embodiment 13

.Referring to figure 9, the protrusions LP1a and LP1b may have a laminar square wave
profile, wherein the protrusions have a square or rectangle structure, that is laminarly

30  arranged on a mirror 300, and wherein the protrusions LP1a and LP1b have a period p




formng the square wave profile), and wherein the height (hl) of the
protrusions is about 10-500 urn (first protrusion LPla). In a further
enbodi ment, this height hl nay be about 10-100 nm The hei ght h2 of the
second .protrusion LPla can be chosen such 5 that at a certain angle of

i nci dence, for instance normal incidence, ghe optical path length is
constant over the surface (or changes only an anobunt of a nultiple tines
the wavel enfiabjut I88imghto h2 unefpesodjof fimt &0l seaond mobrosipmdRta ddd LR1H, Hioth

enbodi nent, _t he rra]t erials are s cted from east e.of Si, Be and Zr

(but 10 di fFEHBR{NG GRarh ey pElilen gn a@&rﬁngﬁ%w&% L UasBistresiont 195 In
this embodi BBA. 10L500 ARLEEK lotRbich NP 1h) TRk RFRLT 4l 1RisHeid G 1 AT | al
of the second protrusion LPla conprises a naterial selected fromat 7 east

one of Si, Be ahewt 107100 8. Endbbadihtditofithe bavondhprwoteisodiPtesen b chéren such

inventiopn, the materjals (M _.and.nP f .the first and.seco .0t r usi on
(LP o o BB PGt Paf GiarBRgeiek, B titfucs: iekinal Fivipre 4 oBhH meBl,
like e.g. MagfhR cOhstamiQiveeNRMNRtBce @F Chdrigsé Olyldnkan @IS 4 HlulgplemhRkitd N
is M and protrusion LPIb conprisin materiaF n2 is Si, or vice versa. 20
Wi | st specMV@e%béiemb%angqbeﬁ&u@mi on have been described above, it
wll be appreciated that the invention may be practised otherw se than as
descri bed. The description of the enbodinents and the Figures are not

i nt ended t oElhedimenid4i nvention. 25 For exanple, the invention is not

confined to the lithographic apparatus _as describhed in e _first
enbodi nent . IBHIS em ?‘ﬁg‘e@;%ﬁ’r‘i‘?{éﬁg‘ﬁ,mﬁfﬁ?ﬂt@%ﬁﬂ*& aflfeaét RS olohl, ?&@Pﬁ@é;(batfi r st

protrusjgn gﬁfe}g}ﬁﬁgptﬂpﬁr@%g@eggndlgt{gg,ugij),?]ﬁt protrusion conprising a first
material; and a second protrusion on thée mrror surface, the second

protrusion conprising a second
Embodiment 15

In this embodiment, the material of the first protrusion LPla or the material of the
second protrusion LPla comprises a material selected from at least one of Si, Be and

Zr.

15 Embodiment 16

In this embodiment of the invention, the materials (m1 and m2) of the first and second
protrusion (LP1a and LPIb) have a relatively large difference in refractive index, like
e.g. Mo and Si. For example, protrusion LPla comprising material ml is Mo and

protrusion LP1b comprising material m2 is Si, or vice versa.

Whilst specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practised otherwise than as described. The
description of the embodiments and the Figures are not intended to limit the invention.
25 For example, the invention is not confined to the lithographic apparatus as described in

the first embodiment.




material, wherein the first and second nmaterials are not the sane, and
wherein the first protrusion and the second protrusion are configured such
that an optical path length di fferencé between two rays of a beam of

radi ati on that propagates through the first and second protrusions and
reflectquqis the mrror surface is substantially zero or an integer tines
a wavel ength of the beam of radiation over the mrror surface. 2. Amrror
according to claiml1, wherein the first material is selected fromat |east
one of Be, B, C, R, o 9G, Br, Rb, Sr, Y, Zr, Nb, My, Ba, La, Ce,
Pr, Pa and U}' angjgﬁﬁgﬁrgﬁﬁgul'second material selected fromat |east one
of Be, B, C, aShirroPsurface;K, Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, M, Ba, La, Ce,
Pr, Pa and U 3. Amrror according to claim1l, wherein the beam of

radi ati on coApiFtPELTUEIN Onrtgﬂmawrém agg, the Tt RralrusiRcoIITisE & ot material;
wherein,the mnor is a grazing incidence mrror or a nultilayer mrror. 5.
A mrror according to claiml1l, wherein the first protrusion and the second
pr ot rusi on arpeecwodpragusied os Wohmiratsusten tHelzecdnd potafsionadintisig a secandci dent

on the m nor desire vel engths of the beam of radiation are passed in a
pr edet ePRIHEY ‘meFeé‘&hegﬁg@r’?g se ﬁa&ﬁt"?‘?&ﬁ FaVR 8RS 28T the beam of radiation
are at | east wpBR{Ohe #ih hRAHSHNIaRd HeNREondlirbSGidiPRe c&{ﬁoﬁpépé'uleﬁﬁat% A m nor

according to claim1, wherein the first protrusion and the second
pr ot r usppticabpath dengih djifersdca etweanrhva rbysotadbegmatfiradjation thi gropagetgs aphi ¢

proj ectj.on ar.at us, co i sing: 35 radi.atjon.systemconfiqured to
Cuppl y UreeliRERR) i SEPBTakigin e R SRR SEBRE AR BT g i ng
devi ce, zdrber pairtaeniings 8 i engbf thg Bea of t4lididh Lokl hé ifrbeamsgcor ding to
a desired pattern; a substrate table configured to hold a substrate; a

projection system configured to project the patterned beam of radiation

onto a targeg po}f\trltliﬁr'ar Qécoll‘cﬁ'ﬁg E)L@aﬁ}nrla&r%émmﬁe Ard bl Wb 'c&d%ro?ﬁi Elth of the

beam of radiation, e mrroroconprising. a mrror surface; a first

pr ot r usieadt oaa of Be, BT, P08, KUCH BeeBr,tRIg St Y Str, NbOMolUBA Ak, CRNPY, Paian@Ua fir st
and comprising a second material selected from at least one of Be, B, C, 8i, P, S, K, Ca, Sc,

Br, Rb, Sr, Y, Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U.

3. A mirror according to claim 1, wherein the beam of radiation comprises EUV
radiation.
4. A mirror according to claim 1, wherein the mirror is a grazing incidence

mirror or a multilayer mirror.

5. A mirror according to claim 1, wherein the first protrusion and the second
protrusion are configured such that when the beam of radiation is incident on the mirror,
desired wavelengths of the beam of radiation are passed in a predetermined direction and
undesired wavelengths of the beam of radiation are at least one of deflected in other

directions or absorbed.

6. A mitror according to claim 1, wherein the first protrusion and the second

protrusion are configured to form a blazed grating.

7. A lithographic projection apparatus comprising:




material; and a second protrusion on the mrror surface, the second

protrusion conprising a second material, wherein the first and second
materials are not the same, wherein tRBé first protrusion and the second
protrusion are configured such that an optical path |length difference

between two r,ayfa@n Mﬂﬁh%ﬂ@mﬁ?&ﬁ% ra(ﬁgﬁ&}pagat es through the

first and second profrusions~are re by the mrror surface is
subst ant i al | y seprort @nfigared] it sgpeprt pipadsnmgwaviet.che pittending devibeamfighred
radi ati on over ,the m rr@irélg ur f.ace. A lithographi c apparatus according

8.
to cl ai if Patehiebeomageer BAYEAPASBn  conprises EWV radiation. 9. A

| i t hogr aphi c ;appadatitksc a6 G Hofl £4dkiatd, Wherein the mrror is close to
the radi ation system 10. devi ce manufacturing nethod conpri sing:

proj ecti ng aapsiedionstistoamibguredii rapjedrthopatemeditergaf rgbationomted targes | ayer
of radiation- f?l%n%-éétira\&? SRt erial; and reflecting the beam of radiation by

Ortion o [ . . ?
use of g m nor, t% mrror conprising a mrror surface, a first protrusi on

on the m nor assifrbag@hintaheitt of the b@m@bf tadiation GROPrrSd ddehpRisfogf St materi al ,
and a second protrusion on the mrror surface, the second protrusion
conprising-a secéﬁﬁﬂ%f’t”éfaFfafl , Wherein the first and second nmaterials are

ot the sae, whey g KPS SRR, BLSHRLAISCRLS, SO Biied, such

that an optical p etween t'wo rays adi ation
beam t hat pr epagal;esdt hrough the first and 36 second protrusions and

reflected by the mrror surface is substar}tially zero or an integer tines
a wavel ength of t h&eBBd RS @ndhs BHIY FEHagey tespeand DrEHsIAOMPIRINGR net hod

according togghad Haﬁeﬁal,}édﬁ%fe%% ﬁlesgga ah&%c%hh%t&%’f%’r@ﬁ@ﬁhgg%&e,radi ation. 12.

A mrror according to claim1, erein the second materi I's substantially
absent fromthe fwhseinghefirspramsiosand fhersecmd pretrasiat arg configirad such thavher ei n

the first protrusipn has Ly st height and t sgcond. pr.ot.rusi on has a
second hei ght®® WBP%%EEE% ‘Hfére ?ﬁ%eég e“ptﬁ’loﬁaﬁ'se%g]f‘%g?ﬁn? ?’_%l‘gg]rarh%n 8 creat ed
for the beanm,@badsadithbouphiHeTatkt AaQ8cIAQprotAlsion? ¥R refiB&edb PR nSiHGE 3Gfice

is substantially zero or an integer times a wavelength of the beam of radiation over the

mirror surface.

8. A lithographic apparatus according to claim 7, wherein the beam of radiation

comprises EUV radiation.

9. A lithographic apparatus according to claim 7, wherein the mirror is close to

the radiation system.

10. A device manufacturing method comprising;:

projecting a patterned beam of radiation onto a target portion of the layer of radiation-
sensitive material; and

reflecting the beam of radiation by use of a mirror, the mirror comprising a mirror
surface, a first protrusion on the mirror surface, the first protrusion comprising a first
material, and a second protrusion on the mirror surface, the second protrusion comprising a
second material, wherein the first and second materials are not the same;

wherein the first and second protrusions are configured such that an optical path

length difference between two rays of the radiation beam that propagates through the first and



14. An optical elenent, conprising: a first protrusion conprising a first
material; and a second protrusion conprising a second nmaterial, the first
material being substantially absent B6omthe second protrusion, wherein
the first protrusion and the second protrusion are configured such that an

I cal h_| h.diff .a b f | at | ' h h
the 1 r sboniar< B e R R e iR S Els LB LS B RREARhel Rt e

el ement aiviavalengthlof gRbebm e sadidiRn oveviit afigédsuehcd. he beam of radiation. 15.
An optical elenent according to claim 14, wherein the first protrusion has

a height that is different than the height of the second protrusion.

11. A method according to claim 10, wherein the radiation comprises EUV
radiation.
12. A mirror according to claim 1, wherein the second material is substantially

absent from the first protrusion.

13. A murror according to claim 1, wherein the first protrusion has a first height
and the second protrusion has a second height, and wherein the optical path length difference

is created for the beam of radiation that does not vary over the mirror surface.

14.  Anoptical element, comprising:

a first protrusion comprising a first material; and

a second protrusion comprising a second material, the first material being
substantially absent from the second protrusion,

wherein the first protrusion and the second protrusion are configured such that an
optical path length difference for a beam of radiation propagating through the first and second
protrusions and reflected by a surface of the optical element is an integer times the

wavelength of the beam of radiation.

15.  An optical element according to claim 14, wherein the first protrusion has a

height that 1s different than the height of the second protrusion.




