Mrror and |ithographic apparatus with mrror The present invention
relates to a mrror, having a mrroring surface. The invention is further
related to a |ithographic projection apparatus conprising: - a radiation
system for supplying a projection beam of radiation; - a support structure
for supportiIn_g6 1toerni ng neans, the patterpi ng neans serving to pattern
the projection béam according to a desired pattern; - a substrate table for
hol ding a substrate; - a projection systemfor projecting the patterned
beam onto a target poMirdoraind lithogi®dphicappapiths wtlEnsirropre mrrors,
each mrror having a mrroring surface. The present invention also rel ates
to a device manufacturing nethod using such |ithographic apparatus and a
devi ce manufldetpresedt inyertinrhrelaiesHod wirrerppaving agnirrofing gutfaiceh dbe apienton is
apparatus t WA f. features.that. can be imged onto. the substrate is
[ rited by Ch2oeRe s f RHeRnls bisfah #baPRaeleiE: 1o pr oduce
i ntegrated Ciaradibtion ¥stdm ﬁ)rhh;gh?'hgdwéétwaneaﬂe)fir&ﬁaionand hence hi gher
operating speeds, it is desirable to be able to imge snaller features.
Whi | st st -cufuppart SWF%M&HP@%PS)PW@E 16395 the PILCrping| TBCANS |SEFVARE B) et
| i ght generate : cl ., It has been proposed
to use shor?’é’?gr\?\gy/% ei%?hxpgﬁlﬁg?ﬁogﬁ?gé%&&%Fbgét%ﬁ’d 13 nm Such radiation
is terned extarsab¥ratd tabRVioohsitingkWupstoate;soft x-ray, and possi bl e sources
i nclude, for instance, |aser-produced plasma sources, discharge plasma
sources, or -~y RENFUORCHSERatr AAPISHING Bi, RAteEed divady %‘Ftagfbtalfg‘?ﬁd%".mo%Bﬁéhe
extreme ultrgyiQlLhngources, especially plasma sources, enit radiation over
a wide range of frequencies, even including infrared (IR, visible (MYS),
ul travi éDet -©Eb¥/pr sedce viireqs, dach mnrod levingEhmgreoringdasacead frequenci es wil |
propagate and cause heatin roblens in the illum nat.ion d,projection
et ene. and 1og RS doeel wihaehRd o 7 dotiee, map GOl gpafib Bkl St
al though t hej phi@¥ardihd dndrasdeffcetnifubdchitéd PRbicBinaRst ofdpph@&lsi on syst ens
are optimsed for reflection of the desired wavel ength, e.g. 13 run, they
are optically flat and have quite high reflectivities at IF, visible and U/
wavel engt hs In latlitflé Iia;;}lgé gﬁ&zﬁu@&%es%at;fyfe&tgrﬁ ?llla(? Chn Bé ﬂ{ﬂléelaeon?@ tHeSSab&trate is
relatively nafr oW Han

15  limited by the wavelength of the projection radiation. To produce integrated circuits

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 undesired 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




of frequencies for the projection beam Even where the source has a
relatively narrow emssion line, it is necessary to reject radiation out
of that line, especially at |longer wavelengths. It has been proposed to
use a thin nmenbrane as a filter to performthis function. However, such a
filmis ver;i,_cii?”@fbte and becones very hot,,200-300 C or nore, leading to
hi gh thernmal” strésses and cracking, sublimation and oxidation in the high
power | evel snriedies siae,yitiin nacdsédri ag rejpdti radiation @at bbthaapipay edpusiallA amburigeane
filter also geperally absorbs at | east 50%of the desir radi ati on. EP
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close to Unigigh @hefall§ aBRIb £ealPH R 3P HeMResira@RTHAI S€S Silicon _
protrusions. The protrusions have a | am nar sawtooth profile or a | am nar

square wave profile (Figures 3 and 4 of EP1197803, respectively), and are

present on ' , Jhavin mrragring. surface. US2003/ 0058529 Al
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the grating structure. Further, US6469827 Bl di scl oses grgr atings that
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an object of the present inventjon to provide an [nprqQved mirrar that can
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undesired frequencies and wt radiation is nore eftfectively

bl ocked.l5 AcodrdiohdiPld97808, prspewivelydnamsihane qmgsenhen @ gy bevidgd mimeningr
according to the opening paragraph, wherein the mrroring surface
conprises o 8% nore first protrusions conprising a first material, and
conprising one or nore second protrusions conprising

US2003/0058529 Al 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 projection 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




a second material, and wherein the first and second materials are not the
sane. Such a mrror can be used, for exanple as normal incidence mrror
or as grazing incidence mrror, to reflect desired wavel engths, but to

bl ock undesired wavel engths. This can e.g. be advantageous, when a | am nar
protrusion g.ofii®d s pPresent, and one wants to conpensate for a possible
difference in optical path lengths of radiation that propagates through a

protrusi on. nhiere &an theeused,vion tekamplel &ondrmaD incidaca mifob 6l asghizingMiciignce
conprises a mirror having a mrroring surface conprising first and second

pr ot r usi ons, MiMRReloetehett (esirrd SravpiepEiinub i blark widedrrd prvrlenghsoidinean
arranged | n Sids RIRMEId! whell a 1663k BbuRSHADHAR bkt R AMheRgt h
difference is created That does not vary over the mrroring surface. This
means that tchmpepsatector apetdible diffd¢rentiefih epticat path\engthhef mailiation thagpsipagsee i s
zero or yariges aoanly an integer tipes. the wavel ength. The | gm_npar protrusion
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substantially transparent for the desired wavel ength. Hence, "In a
speci fi c enbdersiethe firshproimsiens anshseapmsbprobmgonsas agrangedrio spctha wiap ghad for

mrroring suyrf.ace. .wherei h ) Lrorj surface conprises one or nor.e
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the first and second protrusions are not the sane, wherein the materials

are sub3® ansidngeyis Zernmvarien enlyoan integer gies dhe wayalengits hedamingr erasrusiame

pr ot rusions : i.ng. E ' i ke
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(period) of ahéh¢he mastialzrd the potdsipno ay be draaspazerd oa stlestdntially aagdparent for

I nci dence of t‘?e. £r0+’$cti n beamon the mrror, a mrror can be obtained
that refl ectl {ayedi¥a radi ation while correcting by the different
materials the optical path length difference of the propagating radiation
of the desired wavel ength(s), such that it does not vary over the
mrrorihy sdieheseln 2 specific renthodineritothienamention alsqcamprigesi & mirtvirahaing a

grating. In.a s ecé%{.ceen“t{eil%ldé.ne&t, t.her.e iﬁ{g@rovci ded. a m rror, vvhe:{.eitn t he
mirroring strraces CorpFi SES one or "HBPES i r SIS P8¢ c 8hpPE if™'a
first mater ippdtrnigRingcbmgribihg @ fikt meegil, aitPcahprBeng dhe de.méte sécond, préiusices, Br,
Rbo, Sr, Y, Zr, Nob, Mo, Ba, La, Ce, Pr, Pa and U, and one or nore second
pr ot r usi ons “eHRAFING Brigcendspatetial Hiewsin e materialy elothe fisshand second protrusions

are not the same, wherein the materials are substantially transparent for the desired

20  radiation, and wherein the protrusions are arranged to form a grating. By selecting
parameters like €.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
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 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. Such mirror is




| east one of Be, B, C, Si, P, S K Ca, Sc, Br, Rb, Sr, Y, Zr, No, M, Ba,
La, Ce, Pr, Pa and U, and wherein the first and second materials are not
the sane. Such mrror is advant ageous for selecting desired EUW

wavel engt hs froma beam of radiation, and deflecting or absorbing

radi ati on ofy_ iyed wavel engths like UV,,visible or IR These (first
and second) materials are in an enbodi nent substantially transparent for
EWV radi ati advaftageogs fabseldctihg.desingd EDNVe wanélefigthd Srofind Hegmasf di€on, dnd

di fferent V\%ﬁ e.g. ags . sa ,oothtprofi_le, in which the different
material s ardstigFings)s agsorping gadiatinmyof ugdesired wavglepgths Bk M, aisiblgonR.ch t he
materials are arranged next to each other. As nentioned above, the
different heights of the nmaterials may be chosen in such a way, that under
a certain digbe(firat ael sacgndhomaterialy drdrén anembbdinkeat phisstantially ftagspaként Homlr e

I nduced by different materi I s, the san or.  substant.i gl t he sane)
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conprising first and second protrusions, wherein the fi protrusions and
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optical path, length.difference i.s creat. t hat does not vary over the
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one mrroring surface, wherein the mrroring surface co T(r)%‘h?es one,.or nore
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sel ect ed5f r smufate. | east one of Be, B, C, Si, P, S, K Ca, Sc, Br, Rb, Sr,
Y, Zr, Nb, M, Ba, La, Ce, Pr, Pa and U, and wherein the first and second
materials are not the same, and wherein the protrusions conprise different
materials, WheheimbddifeR! ee’ thsleflR He\8ledtbd TRM a1 1RAstSe P SL BOART 7k Ein

wherein a first and i ) )
another embodiment, the material of the first protrusion or the material of the second

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 surface, 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




a second protrusion are arranged such that they formtogether 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 formtogether two different protrusions with a certain period.
Advant ageouslg_i mjgﬂ?r a certain angle of a gr oj ection beam at every
position the ﬁ ' the phase shifts which are induced by the different
material s i scekthl p&RAE AdVanaEddubgN hdr| aRgIE bof LAt at
has to be tran;s_m'll?ted. Hence?%tﬁhg’ f(imr saglceitor?g%rusi )gggolgrﬁgagce’%%g%ﬂ’p?tgﬁebgi ons
are arr angedrasitionthe sum\of ghe plase shifts Pinch ardiinduiced baitheogdifferst nagdriald srihg h

difference i r n ry .over th 1rroring. s ace.. In
an enbodi me nstafn%t(ﬁggl'?'ﬁgtra%ggﬁyo&l%% %@eﬁ?\; iﬁﬂt %8’#‘%9@ g‘?ﬁ {‘?el?e %@Smi'&ff :l%:gae,ége
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sel ect ed>f r dadigton @aseptisak path [sagthpdiffcrence is Treated that &es mit, vagp over they,
Zr, Nb, M, , Pr, Pa and U, and one or nore second protrusions
conpri sing a{ﬁ%eo(l:'lo%guﬁgcteéri al selected fromat |east one of Be, B, C, Si,
P, S, K Ca, Sc, Br, Rb, Sr, Y, Zr, Nb, M, Ba, La, Ce, Pr, Pa and U, and
wherein the first. and second materials are not the sane, wherein the first
and second chﬁ”r E@Pﬁﬁg‘eﬂﬁ € igeF job dhe amventip® Mgy, furthenibs deseribsd, asomirreher e
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predeterm ned difection and undesir engths are
materials is the same (or substantially 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 when 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



deflected in other directions and/or absorbed. |In a further aspect of the
I nvention, there is provided a |ithographic projection apparatus according
to the opening paragraph, characterised in that at |east one mrroring
surface conprises one or nore first protrusions conprising a first materi al
sel ect ed frqqkﬁg(bgast one of Be, B, C, P, S, K Ca, Sc, Br, Rb, Sr, Y, Zr,
Nb, Mo, Ba Pr, Pa and U, and conprising one or nore second

B r otCr u; i on; n@lﬁmiﬂhg %uﬁ&e’:\com}ﬁmﬁl grblﬂwr Qﬁdr@-'ﬁrﬁ%r@ﬁ’ﬁﬁé'nsf é&%ﬁhrﬁiné bt ﬁgfén@lf Be,
i , , Ce, Pr, Pa
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enbodi nmept , ventjon conprlses a_lithographic apparatus wherein one or
nore of fhe m%?rgp gavalrars $gBa Pajagd U, taBdP‘%érqﬂhﬁieaﬁfﬁt(ﬂ dspeandrmaterigfs an t he

surface of ot frrdadlel AR AhMES O a llﬁfogﬁﬁh{i‘{ a%?%{lﬁgzohﬂ)ﬁ's NGEh WifrbPls th on

a multilayer mrror, which are posit ter the radifation source.
i nventi on alsge mlm undedisd wiveleegths one boraderspectodm ofi eddiationrtavingar e

used. In a f rth I, NV ion. conprlses a met hod, wherein
one or nore"™ ‘g%av?:liblég'b Qfebé"‘ﬁﬁ & WaP™in a projection beam

conpri sing EW rad| ation, having an angle of incidence between 0 and 90,
that part of t he EUV rad| ation only passes one first and one second
pr ot r usi®n. In an ghodirerdnihsdinqemion edyeprises gthtbfpmphjg iapparatis dvhescio e or

pr ot rusions t hat EUV radi at i an.opti.cal
a1 angt nrie pE el it AHAReP Y o MR i o gD e bt By
surf ace. Thmﬁatmamﬂletﬂoe,tormss ghlzingdptidee lﬂmtoh, dﬂ&ﬂﬂi utikf&rairer swhicht he
desired radi ation w h}[ t#l projection beamis zero or an integer tines
t he wavel engterPositjongdatter theradiption seise di nent, the protrusions are arranged
in such a way that a part of EUV radiation of a projection beam conpri sing
EUV radi ati on, having an angle of incidence between 60 and 90, that part
of the EUV Thdimtenbon elsb yompsesas: mathofl iwleteimiode onmoseechnudh pnivtorsisiecaned. A

?ga; ac';ne: Ir 31 S ﬁlrtgnlere eI %ogmgent, t%té V}E\?e%tl%goc%gnpggeg g. n%ethog rwﬁer%{na%hg %rlnqgrledence
mirrors are provided in such a way in a projection beam comprising EUV radiation,
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 are 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.




According to a next aspect of the present invention, there is provided a
mrror according to the opening paragraph, characterised in that the
mrroring surface conprises one or nore protrusions conprising a materi al
selected fromat |least one of Be, B, C, P, S, K Ca, Sc, Br, Rb, Sr, Y,
Zr, Nb, M, $3g1%810Ce, Pr, Pa and U In a7further aspect of t he
invention, there'I's provided a lithographic projection apparatus according
to the opemInga plarthgr apfect aifathacineentieg ﬂlﬁethapro&tdeﬂeaslith@greplﬁé ﬁrbjtctlon
mrrors conprises a mrror@arflcordl ng to the inventjon, i

having a mi riPBRTHY acgording o 1he, gpenipgprragtaph otharasierised in H’F‘bﬁ“r ]|§§$td’r’i‘§ of the

conpri si ng I t Ca,
Sc, Br, Rb, aﬂ[Slfri(&ﬁ?/Edn%irm&g a?ﬁﬁﬁg af:éd?ﬁ‘ng 0 gg:al ﬁ%?ﬁf&Pa an?ﬁ] mﬁ haglr%ég ngﬁr ?)Ilr% of

materi al s caﬁurfatsdlabeomhwe pRe ®N dnoae thmsiws cnmpnsmg.laspattﬂndtsehced from at

M ror o SEHCAR SRk Gl oK K SORE BV Yol aly Afos - HheFrds G t he

mrror, e.g.uuQeRbintiéRy bRniiteHAN €an 256 YeldhBshe ahd QhoFdNer AdicdihisO that Sire
reflected in this ang| e whereas undesired radiation, for example IR

radi ation, itsnsgisstededEdl radistiemsen be Fhosemsor bed by the above nentioned
materials and/or is deflected or refracted in other directions. In one
enbodi ment of the invention, the mrror has a mrroring surface with
prot r usi ons, Thehaivantage o€ spetoh mision s sacte ammppargias is thaa whegUEaY mdiatier s
Thi s cagofor exacggle be.a mrroring surface \/\herel n the protrusions are

ar r angedt o TFRFHTROY BRRFEAT™ o Jpflsie ctayn anglepnly 4k H@s"(eé EUV| rackatian is
arranged |i nggecd %@%faosﬂgl@r%é&s‘s) uBflesfted Radidfiéh,| f89 &@niple TRIMPhioA! fanged

cubes). Hence, the invention also conprises a mrror, having a mrroring
surface V\/ner@swrbedle)rps@smabmabamlbe‘arb}amhpachbbm fm:mnoae(( bhaesaly amghat ing

profile. In further he invention conprises a mrror (having
amrroring dgﬂp?tgégsmﬁ%tggmﬁtﬁ?%%fﬁ?%r is a grazing incidence mirror, or
wherein the mrror is a nultilayer mrror, e.g. like those described in EP

1197803. I n an enbodi nent of the |nvent|on the protrusions are arranged
in suchla wdy emgtempodiment of the invention, the mirror has a mirroring surface with

protrusions, wherein the protrusions are arranged in a regular pattern. This can for
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 wherein 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




part of EUV radiation of a projection beam conprising EUV radi ation, having
an angle of incidence between 0 and 90, only passes one protrusion. This

| eads to a mnimum of |oss of the desired radiation, whereas the radiation
wi th wavel engths that are |ess desired is substantially blocked by the
absorption,li?gffgﬁjon or deflection of thi radi ati on by the protrusions.
A characteristic'angle is e.g. between about 75 to 85 for a grazing

i nci dence (Goymal of ahe miifrerifg Gufagd. Inngt de Aather eriBodEbERd thel hldtuSisRSGle T O
t he normal of the mrroring surface, In yet a further enbodi nent, the

prot rusi ons faBgehHY ich edwan thatiarpagt AUV Hadiatiomaf e prieqtion beany camprising  a
proj ection QRaan | il L.ak | | I I NG

Detweon 60 andy Sun Mg o sl A itigcAle LARLLNB0MINN Forard FihE BV

pr ot rusi on. radiatien énly phsses embprdirngon., t he protrusions are arranged in such
a way thﬁt a part of EUV radiation of a projection beam conprising EUW
radi ation, having an angle of incidence between O and 90, only passes one
protrusi on, 1ARGuARETRBbREN P protiisRing ard @VinBSd fh sucRAGLAY @Rt ParP6f ipg are
arranged in such a way that the | ength of the protrusions << the period of
t he prot rusiradigtiqn elea projrstian beara cpmprising ESHV ragliationshaving an angls nfincislentehan

1 oSO\ ol A, A LS R4S
protrusi on) lerstlgand ®perdstl)ate Afangedin wich bRy thatklk Ien%l'h dFahproisidifkk elie t han
e

1:20. In_this way, fﬂ[l)OSSi ble diffractive | osses of t desired radiation at
t he topl@ur fPaHied obthe peotisions (e dergth of anpratnisierds substantially pmallesctham thepeam
may pass exagt: trusi AALRE! Pl t ' tion
conpri ses a%ﬁ%%ﬁégﬁg%ﬁ%ﬁg’%&%ﬁg& e(r)#eipﬁ onewﬁbP rmr% égﬁglt%reén%ﬁ%elrr gl?{agrpare
arranged cl ds®e(pediotl he 5rtanksahe demgtyof thprétngiondre.g.her squaf acemalier thar Bd0at i on
collector, or on .a grazing,incidence mrror, qr on.a nultilayer myrror,
which are ﬁBseﬁP?lo‘?feﬂnéjengm’c E@grgﬂl e B%aﬂ"e:‘ig}ﬁﬂﬁt&‘@r lesses ‘{fdhﬁ degiredher
aspect of thadiiiHLRIthOPop SMRALE Sthe pRthidfals AreRiimfse TR tﬁgﬁa}'ﬁjéaﬂm od
conprising: - providing a substrate'that 1s at least partially covered by a
| ayer ofl5r adnatnashexpetly pulywse praftusional ; - providing a projection beam of
radi ati on using a radiation system

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 protrusions comprising a material selected from at least one

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




- using patterning neans to endow the projection beamwith a patternin its
Cross- section; and - providing one or nore mrrors, each mrror having a
mrroring surface, characterised by providing in the projection beam ( PB)
at |east one of the mrrors conprising a mrror according to the

I nventi on, iP-TGl'ﬁO jrror, having a mrroring surface that conprises one or
nore protrusions conprising a material seleCted fromat | east one of Be,
B, C P, S The 4dvanfage oBrthis fheth&l is dhat Zihen Madialibn iPreflebdd Yyethe Phirrdfaegnd U
The advantage of this nmethod is that when radiation is reflected by the
mrror, e.g.Undghaeeraincanale;enlyily desitsd| sadiatian de seflestedy ingthis pegle, whereas
reflected i - S, ja RO .8 Sl adi ag.l f |

radi ati on, ﬁlghggﬁ%gr E%(Iljﬁ {%1/1 a f)\efzélrl’rlg}r%??%n*eag&%ﬁ%’t gér?dyf%g%dnﬁ{)? ﬁ%gge%%ngc ded or
refract ed i matihads agl/oestreflersed drimefradtediitsother dimictiens. ThisUkdds, to beter rafuils,

respect to spatigl _resolution of the prqgjectjon beamon the |ayer of.

radi at i on- e%s“('ﬁ} (FAPYFL{ PP Fefoltifn RE eam?ﬁ?%ﬁe% o Fagfﬁreoﬁr&sl@flpw s of
whi ch the prsehditid MBGrial A fubBelCad¥hRtapOls thR3he mnalefidlsid? WHHEhE proinfifnk Ak @
real part of the index of refraction for EUV radiation (e.g. about 13 run)

cl ose to unimade(mp noprestisred sulimetarigly having aied past ohthe indese of oefragiod 167803.

For EP 1197 r L re t Qf r.usi on .e. ipvisible, (.e..there is
no change o%dgﬁg% o feéé'r%é t| ﬁ"’?‘p S%S%a"c Hﬂ% f%&Sr Eﬁ(}’ts Fq?iéa}%(?m’(aﬁr{ﬂls\}i; &'e
versa), andaichfos, ER ME9TR00! FOSER MY 9¥80BUeduitévatihei pioRXsiéts drefinvdsibieonec! ose

to uniti. According to further aspect of the invention, there is provided
a devi calwhithate issno %ﬁ%ﬁ&émﬂeé@f FASHEM HgM YAcup@ ipterprotusien (and vig esasdon or

with the appgy %;%ﬁgqum shéifld bR 4@4&& 6f¥fractlol AQAE 1 DT T ON,

"protrusions”, are present ont mrroring surface, are defined as
structures extending fromthe mrroring surface that may conprise a
material selected fr t | east e of Be, BB C. P, S, K Ca, Sc, Br, Rb,
Sr, Y, Zr, KiFeosting gé%?@ger @?Ctp?f?t al"XFRHD: q“!"ﬁ’e_c‘és@o't’lﬁﬁd i 538 P‘f’_@}f“gh}sf ace
conprises ORgrAfaciRE€addofdihg 1PIhe nidifdLHSthE HURRfiSH &gwﬁhinera%mrmls%b@ddmgv
selected fromat |east one of Be, B, C, P, S, K Ca, Sc, Br, Rb, Sr, ™Y,
Zr, Nb, 1&b, t@the ipgentign, Pr, Pa and U, and one or nore second protrusions
conprising a second material selected fromat |east one of Be, B, C, Si, P,
S, K Ca, Sc, Br, Rb, Sr, Y, Zr, No, Mb, Ba, La, Ce, Pr, Pa and U

" protrusi ongn thevivedtioal eprofresient’, WhichRee Plesdn® oh M8 MividrAGLsurfice, Aetibmed as

structures %ts(tarrt]lg’lurr]e% L)Etgrrl?liLg efrom the mirroring surface 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,

S, 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 ¢tched 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.




mrroring surface that may conprise a material selected fromat |east one
of Be, B, C Si, P, S K Ca, Sc, Br, Rb, Sr, Y, Zr, No, Mp, Ba, La, Ce,
Pr, Pa and U. These protrusions nay e.g. be made via |ithographic

techni ques. In such a technique, the wupper surface is polished to a very
good surface ?fﬂ@ﬂfss and grooves are ethrd with the | ands defined by a
phot or esi st pattern. In this way, a certain proflle I S obtained, e.g.

| ami nar bl ocFheoprotrasions mayapdropise. oﬁE-hﬁlat?:li'ﬁf i e tﬁa)pr@thisﬁ)rbmaprﬂyd ¢efhpHye
ruling (scratﬁylng a I|ne a layer of a flrsé& material wth a di anond

tool . The SPBRAOHST Wﬁ&ﬁﬂé@n?)& YE- Brfe siat Ehe Biraseyhereta they fist ans sronehy
al so conpri g teﬁagemg&t tﬂeiangén, R %ﬁéra]*oﬁa e. ﬁeanslht%]e gfr%ﬁ&%ns ngy{ﬁo RRGAse

"wherein the first and sec erial's afe not ere ore
e.g. nean t lodlert eve. iprtht a:ass oba fanmeart square e pr@:ﬁlbél]he two grotmsmmknﬁomﬁsgonn‘ a

| am nar square wave profi he two protru rm on |
conpri segdl fﬂcEP@ﬁ ?IBPTI%ﬁ %‘htefeflk@aﬁ?“ﬁ{? Ll‘;ﬁj ‘{)glrli’fé’ ﬂonﬁﬁg gdolg%‘reflbrent
hei ghts, butheidhes, BOf 88 HHERY dySSsdBREn, €g.9n th@cés%feqmlm saw t86th Réfil AW
toot h proflle two protrusion on top ‘of each ot her together form n% one

1

period, the twnepmmgn)on fero of m@clmroﬂeergtogetbwpformmgg oRb mm@dx the ond dfirst)

(second) pr

that the fi (r%trétﬂfsm con rﬁl%sﬁhg%@e %ﬁ&%‘b |°§’3ng]}°1113? 03’8%‘85%11 o“r]igﬁe( and
t hus induce pHirdsé eﬁ@nﬁmbﬂsleo $iitiah tthatahel ﬁ@ﬁtahd%bcd?ﬂtﬁ}otr@ﬂ&iMpr@eqhﬂmﬁt
first protrusion conprising Si. and the seconﬁ@protrum on conprising SiC

The phrd@e crEpositions @ thussindnge differentiphase shidtsndoptisalgth lepgihp), ey SI ng
e.g. S andgfy eﬁ@&g iSn coftiphisi ggvsl%dclhé E@c{?ﬁ{f nl,@ag np;ggg}@% sﬁ‘:“"hm be

protrusions ar erent and”conpri se eren ons, vm
under st ood Iyayt diso pemprise faki didesdcoml firbgusiords, bot]ih:enmn@tngmﬁg (SmandlrMo hsws, a

| am nar sa wherej n the p usi ons. have sawt oot h profile
that is | ambﬂaﬁ]ﬁivﬁéﬁrftﬁﬁ%d% hgigis; <y ﬁgéﬁe PIRtFusions %@ffareef A cmRrisse

arranged t 0 difrBhiohtHodiBH), ad Ril bahhaestom byt peRbh 3kiled iR rt0f paral I el
lines (laminar sawooth protrusions). The protrusions may al so have a

| ami nar 18quare wave profile, wherein the protrusions have a square or
rectangle s cture that is |amnarl r (pirrorin surface.
The prot 1 o LospriSsiors e hive,® ARt er B H05is, e o'l Ml ot
paral | el |i rawtdottapiofits thaclisdaminaely arman@ddrdis Qhfijoring) RefaRe UI"lIiderloﬁ[Ecdﬂil tght

al so be perlodlcally arranged in 2 directions. For exanple

pr ot r usi ons aFAYEeddodome ai(blazed) 1D rating: avith 2 eerimpwnber QfMGIIFblan{@I@PW t he

pr ot rusi ons gauiooth 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 (mirrortng) 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 may have periodically structured sawtooth profile, wherein the protrusions
can e.g. be cubes or rectangles which have a sawtooth profile in one direction, and
which are pericdically arranged, like a checkerboard. The profile can be arranged to
form a (blazed) 2D grating, with a certain number of periodically arranged structures
(periodical sawtooth 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




can e.g. be cubes or rectangles which have a sawtooth profile in one
direction, and which are periodically arranged, |ike a checkerboard. The
profile can be arranged to forma (blazed) 2D grating, with a certain
nunber of periodically arranged structures (periodical saw ooth
protrusions)p & At her embodi ment of a perjjodically arranged profile in 2
directions is a structure with a periodically structured square wave
profile, whpesteisivrisheWhewusingisacts 2Daproéileg, tHeeprotntisdsnsodre ra@ahgaigines kikd 6h ar e
peri odi cal | arran%ed, Iike%% checkerbgard. The profile can be arranged to
forma (bla SHCRe Pl FRyvioginmsotusions ({rse stap é’F“B‘i‘l"%}éfaWHmﬂ&Bmtﬂps'é’P%anged

cubes or T ek YHkESrofrifbhLddeMtariMPh&iMRAE squabd %(/é‘%%&flﬁonsy%ﬁﬂ cdBédgr such

2D profiles, the protrusions are arranged In"a kind bl ock structure of
sawt oot h pr otatanglespsas( knoven tnt thedhemspnpskilicddincthe astafetg di$ 686R27usi BnEychtpor

bl ock protrysions, (fre .andi eriodic uare wave protrusions; with
cubes org re@lpﬁﬁsgr & n(?g@h%é{/v%gqg’afﬂap&eﬁs%zﬂskl lled in the art (e.g. US
6469827 or E. Hecht, "Optics", second edition, p. 430 (paragraph 10.2.7)).

I n one enbodi ment, the first and second protrusi ons nay have a | am nar
sawt oot h  prhBfane eemigelisnenty, they irsh g rageonsh rofyaisions maywbayst h lgnioas savioptx i s

sant oot | 1en Ersh st |
have o por ERAEanaMiaThe BBRERRL ffe F UIBSE BORE WA E by Bl

pL otr usit on, _(indztrdsr_iﬁgc)rslsl)iﬁ?: %‘*“E‘{)"‘Sm‘“"?? _tprafusidﬂsfh)aye _arpi;-iowtwraeb}n I({(Emhetqu of

t he rotr usi ons |1 a u - nm I rs rotr usi on). n a ur er

enbodi Mt AThiESTRS BhiirsiARIpBCanhBrounsion0boorming. fhecTimteoth AoB)-a#1danged

to form a . | ' : & lt) el gl 0es
(Far nar sastona e Hoightiaht Bibinifloh R Catial 500 iy (RSH pRIruBRRR &' bl
t he second pmbodinsingrthisdeigh eayDecibosicl)-$¢chmt Tbt paffileacaehe aramged ¢} formf

I nci dence, for.,in e normal..incidence, the .optical.path l.ength is
constant ovér &’tlffﬁgai 3?‘? g With angrrain, Hf"ﬂ’l'ltb% of rf‘l%fmll%?d’lmﬁ (Paﬂ]fl?ri svgopthne s
the wavel engkditusionk)) ThetblaRUnBRY (aRIARIHTERE helghfoPihelsbetiidstotrifvn)dahdbehave
a |lam nar square wave profile, wherein'the protrusions have a square or

rect angle schosenusueh thaaat 3 sertaipiangle| of iagidanege doroinstangenienml jingjlencgy thece,
and wherein nUS) a rd abqu 0 r
(period of fowgaf]p]%%l lsgéoﬁgl ‘%r o§ rtu%‘%gnqlg(ég&%cﬁ‘ gé}%hr?&&?%gmg]q%graél%&g{/gm
profile), amnschltipiernienas thdrwavedérghit). of the protrusions is about 5-500 nm
(first protrusion). 1In a further enbodinent, this height nay be about
10-100 nm The hei ght of the second

In yet another embodiment, the protrusions may also have a laminar square wave
20  profile, wherein the protrusions have a square or rectangle structure, that is laminarly
arranged on a (mirroring) 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"




protrusion can be chosen such that at a certain angle of incidence, for

I nstance nornmal incidence, the optical path length is constant over the
surface (or changes only an anount of a nultiple tines the wavel ength).
The profile can be arranged to forma 1 D grating, with a certain nunber
of parallel g i@l am nar square wave proﬁ?usions). "Transm ssi ve" or
"substantially transm ssive" in this contex{ neans that the transm ssion

t hrough a piimthisisotext meais thatahé abdvptioar «ff radiatidry isoliesd thas G0%) YWefadablyclasst 90%

or at |east 95% re preferably 98%_ "Not absorhbed" or bstantial ly not
absor bed" iﬂi‘fmtiﬂyg[i'é% %klc[)/ﬁ@‘él?és ?ﬁﬁt‘so/% ﬁg)rgggegqrgﬁy%smanr %&i ation is less
than 30% preferably less than 20% I|ess than 10% or |ess than 5% nore

preferably | ess than 2% "Undesired radiation" or "undesired wavel ength"

refers to ritndesied hadiatngn” Srwduedesited hwavelength” (efers mid | eadjationarhaving
wavel ength that. is.intended to,b sed. For .ex | e. whe radi ation
Wth o odverdngienens B fr orue s e utel et Bl 1y PSR il Effong n
smal | er thagxahpl! whéh BUWOfadlaBibl Sfith HREved@tl o4boii 3.5 nfiPls ddsisdd, egdliatidnn @
further enbodi ment, when EUV radiation with a wavel ength of about 13.5 nm

i s desiredwithavavelergthvsmaller than ahah 40 mmsamlarasr thanaboubdlipmig nahdestredar ger
t han about 14 ' | I JS. WaV: h t n 14 nm
are desi red%n%a%%negﬁog%%hé%ga g gﬂl H%%ﬁlé%%@t%r glrwdtsvg%g gltoﬁ%ﬁ?mtl e'g[)ﬁgr[ er

resul ts and dpsigedyeddsativanviiiea valtikhgdmallehthan labsdtagr ap lor dargapaatibicyt hat
conprises a mrror according.to the invention. In the present invention,
with "réf1 e g pfwderined. \Aad ethupgvpvelengths betaveprcll mpdyuhéeamy agg desired

120, o PN il 780 R Ul S B e

(or undesire ect ed. e present 1nvention, calling
a pr ot rusi orbtaineds withaadithegrephid "appamatusu shad ncongprized ya mirroe abadding fontliecat e

the different protrusions of different terials. These terns do not inply
2 certai n ontspton.TiE B mSient RYGHRE. oM proliloR oty elRg K I
one protrusrgflectis) Sidesiréd {vﬁ%lerif%tﬁéﬂ,a&ﬂ Quivalddics SRDF & inkart! tatadhdiaticdlnwadhi on
of the projection beam especially the radiation wth desired wavel engths,

passes througwaetad (grusdesiesdpwavelpngieds reflegiedt o some  di vergence of the
beam it cannot be excluded that sonme radiati on does not pass (only) 25 one
protrusion. The sane applies for the enbodi nent where radiati on passes
t hr ough 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

25  one protrusion. The same applies for the embodiment where radiation passes through

one first and one second protrusion.

divergence of the beam, it cannot be excluded that some radiation does not pass (only) |
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°.




one first and one second protrusion. The phrase "selected fromat | east
one of' can al so be understood as "selected fromthe group consisting of'
and may al so be understood as conprising conbinations of naterials of such
group. The person skilled in the art will understand that the phrase "an
angl e of ing. o between 0 and 90", neang an angle of incidence |arger
than 0 and smaller than 90. Al t hough specific reference may be nade in
this text to&ltﬁwghs@eciﬁctrbﬁarampana;t be mair.cm chimngextotot the usevefhtheoapparatiihe
manuf act ure of shoul d be, expl i it derst "i(gg t hat . uch an

appar at us hé‘gc‘?‘Fﬂﬁlﬁ Btﬂl"Fe‘F‘VE)‘H i 1Bithe map S, ighould hesypll 1c1
enpl oyed i n hhesBRAH!Bphidfs 1k rhzﬂfye&ﬁé’tlﬁﬂsﬂ&t Jggﬁ&at?dﬁ%t FGiBexaﬁhﬂlélai’E“fr?a

detection patterns for nagnetic donain menori 1 qui d-crystal display
panel s, t hi renfpléyed mateenimufhdurdsel mtegratéh @ptikal | dystdmay ghidancewsnd detegtiarci at e

t hat , |nthe ontet of suych alternatlve cation Y. u

torms 1 gt r oeders iy, BpengiE" dgiaie” mithonS, ARbid-S3hal Beni paheR o Binctl,

bei ng repl am&nmk thgdsetce THR NkilBdd irﬁammlmﬁsreelatesmaﬁtlﬁ&h@ cont@R@of kadhget
portion”, respectively, In the present docunent, the terns "rad| ation" and

"bean! are @iemative applinatians agy |use (of ghe teymse]religle’s ﬁﬂigﬁ’ét ot "digdiintthisntext
I ncludi ng ul &é@&'b%lc%hmﬁé% a5 3d] trle@g?e(i%ygthe%érﬁ gr%?er%‘éﬁw 5&"0* 33&%)@248

193, 157 or when app even wave ength

especi al | y raadi"ardeo portdont redpastielyvavel ength | ess than 20 run (EW

radi at| n), nore preferably about 13.5 nm Enbodi nents of the invention
w | | be descri bed, by way of exanple only, with reference to the

accorrpanyl NG, BB GoLhAUkNES teﬂngw&ﬁlpgﬂwmsmﬂb% ﬁ@éd%%esmgﬁmp' S

i ndi cate corresponding parts, and I n Figure 1 schematicall
depicts a | |tyzmeg1fa$ih¢tmnpﬁgnpm:tradmumppmhaim ultcpooldi gV macmtlonefdwdwnbra of

1 Pu nat | ossleplYah a6, PIRedPto S0 st B & Prihofhlieble. 3PeF dtere,
apparat us acaReRhp@is), Guf-tgpetiallil radiation which has a wavelength less than 20 nm (EUV

15  radiation), more preferably about 13.5 nm.

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.




- Figure 3 schematically shows a mrror with on the mrroring surface

protrusions in the formof a lamnar sawtooth profile. - Figure 4
schematically shows a mrror with on the mrroring surface protrusions in
the formof a |am nar square wave profile. - Figure 5 schematically

depicts a sipniggfofg rror as shown in Figurgg4, but wherein the protrusions
are arranged in such a way that a part of EUV radiation of a projection
beam conpr i siligureB\ichemlatatallp depictslthe massmararee showet muEigore. 3, but f whick tite

schematically depicts the sane mrror a hown in Fi 3, ,but i.n which
Lhe  prot r uSTOREIIS aFe BOW 2Paiel Tofn ASRfiTaiyg erping 7R KO Y tadintion. fgviney,
radi ation, haMina®savtobBProfe (Blavddaghting)r of il e (bl azed grating). - Figure 7
schematically depicts the sane mrror as shown in Figure 4, but in which

the pr ot rusifogige drsehematically depjetd theosamsy mireordis shovae tn Kigutgrdabuhip which they
radi ati on, A ' r i r.of i .- il%l{,e i cally
shows a %r[})g?n%q% %%g%g%r ik e(r%l;&r%ifﬁﬁxgu(ﬁ aalgg‘(ép#%{nrl%g%ons irﬁ(%?ﬁéaqﬁg}rn %f a
| ami nar sawlgfinar guafd Wevegirofilso materials on top of each other. - Figure 9
schematicall)%_shows a mrror with on the mrroring surface protrusions in
the form of Tagyrafisehgmatically shapsaemprasryitieon thempirorng synfage Professionsdn dich
other. The b PRiRiaMbdi BibTile HmBShRCAIRbRYGbrHONbtleRe broadly.
interpreted as referring to neans that can be used to endow an inconi ng
radi ati on beditgue Olschemgimble shveds amossr-vwigdcon the micoring sydbatei prgtrisoons ipéliet er n
that is_ ;o0 he created in a target rton of the substrgte: the term"Ilight
vatver “dhn dped oE i Yol e pafiie ok o BaistifS ey O endh Gl pat cern w1l

correspond to a particular functional layer in a device being created in
t he target portion,“such.as an i”nte rated circuit or other device (see
bel ow). Exarfhlcetsrvf “pAliemiRe eeans| 8y employet ushould ba braadly msepresAcaspt of

a mask is 0 ' st ho h d_ ii.incl L as
bi nary, al ﬁ%‘lﬁa | ig[;%np eglége&l‘ﬁsarlqiog{i%%aﬁsgdg{&t %dﬁ%’g‘{ g'g lpﬁoasgg‘gﬁ{ﬁﬁ@ygganms‘fdﬁﬁ%
vari ous hybrpaderied kcrésgpedionPlcagespending fto sai phttean riastkisi o bdercaredi @t 4 aargbeam

causes elective transmission (in the case of a transm ssjve s% or
Fof oot 13n @PHaet ;tﬁ%élq%waae; i ight KEER) B AReOF HEPLCR RS SN ng
on the mask GeagfM ,dﬂﬁ%aid){)étﬂ:% DAl oBfrBpdiid §d8 pafRalar fluiktiol8l BASGENOf d&idBSk,
the support structure will generally be a mask table, which ensures that
the mask carbelng dredtad an the thegsit pedigmosuch aman mtegrated reinonit rog othedidevicor(séseam
and that it ,can bE nov.ed fel ﬁtié{e 1o the be?@ | f so desired,
below).” Examples of such patterning means mnclude:
- 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-




- A programmable mrror array. One exanple of such a device is a

mat ri x- addressabl e surface having a viscoelastic control |layer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident

l'i ght as di fﬁ-i@ﬁ@l‘i‘) l'ight, whereas unaddresged areas reflect incident Iight
as undiffracted Tight. Using an appropriatefilter, the said undiffracted

| i ght can beddfessabkr sdrfanet Ad difematied |easodimdieans al p@gtangnablé ymirke array
diffracted light behind; in this nmanner, the beam becones patt.erned
accordi ng t GMEYSABABESSITRPEFRERtAL Hingrmirtoss. rah piowhich gap oe dndividually fillede. An

al ternative gghodl"en rag‘,?qyalg 1 @m;ﬁpc;e,,g'

ar r angenent aof tiny mg r%r@?ﬁl{e@gﬁ o} \/\Heéﬁaaglgéng gggcfr%iﬁ\??%ﬁgf@ tift dﬂgx
about an axipsezioglecipislagivagormmsans, Bnkeagane dhé sdtore heeohatri-dddedsshble sudhythat
enpl oyi n pi.ezoel.ectric agtugation nmeans. Once again, th I rrors are

mat i x- addr 48%Eed mutnry, Wil feflecs anREaT s RBHQT FT ip oy FigETens AR g
radi ation beaBidrssad Ghitrbfy; @M thislinfB6ér, Ak fePlectdd ddsh Qs palerfitd h&oding o kR S
manner, the reflected beamis patterned according to the addressing.
pattern of tHéreasing PRuerd dbe amtex-piidressable npimeors. clhei fequiredhmalnix adidressing ng
can be perf Qe 6%%99 cﬁ%ihggbﬁab‘i’é LA MdTELTR boll of HleMsiRbtibMCaciLhbaf | Ons
descri bed hereabove, the patterni ng nmeans can conpri se one of nore

progr anmabl éerdabeva; the rpaytsningd reanhdicar oainpite @ihe NoI Moke PEdgRyAMAaBlehmhtor

referred to can be gl eaned, for exanple, from United States Patents US
5, 296, 839 affrayss Mp%zy&%@%man@i PETOp @K 25 ABP FRfsireh s O hyaeloRnsey fand WO

98/ 33096, WRk&HPR! FohORRRPS@ALS PaftSUS 506,806 180 /15,523 193, NRdGRSE gafema
programmable mrror array, the said support structure may be enbodied as a

frame or t albplications WA/ 385%hant Wi)/984330%6x evhich areviabdrporated therpin rhed;

and - A progranmmbl.e LCD array. An _ex |l e of such a construction i s given
i e - SHRTRRE R P B g IR pricr 34 InEedid e iRl
reference. As ahtodted hQ frEbPROMAbIS! fod Gikbmple, WHidH fagAREfiR@Y oPenabRIALd as
a frame or table, for exanple, which may be fixed or novable as required.
For purpdsedeqtirediansl icity, the rest of this text may, at certain

| ocations, specitj | i I hse les. | 1:0Q,; 2 :

ekt abi e “RoRLyinHle CeD3ay. hcublh SLALR LMY iR
shoul d be s&eated RateineUBrS229e872¢ ohichxis inforpdrated frtdie byirefgrameands asoveerleabove

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




Li t hographi c projection apparatus can be used, for exanple, in the

manuf acture of integrated circuits (I1Cs). In such a case, the patterning
means may generate a circuit pattern corresponding to an individual |ayer
of the IC, and this pattern can be imaged onto a target portion (e.g.
conpri sing e, £ opr e dies) on a substrat%(si licon wafer) that has been
coated with'a ?ayer of radiation-sensitive material (resist). In general, a
si ngl e waf enrwaidiffereontypesnofimatidhe Ineineaype off lithdgrapisio tpréjactisi apparahiso @sch hat
are successively irradiated via the projection system one at a tine, In
current appdft&etRortionsisirmadinted by sxpesing the eplyrednask Jatterm ontg s targatpastionin

di stinction oﬁ@@o?ﬁmﬁ%ﬂ%gﬁ%ﬁﬂ@?s%onﬁr}%’nl L REPRE stay\f?ﬂﬁlé ﬁ%pﬂ@ﬁp%tgﬁa?i-&pggte

type of |ithographic pr ction apparatus, eac target "port

i rradi at ed lappaspesimant dlécraaitvier gppatatks patonemenly nefertetietot as gestepand-som i n
one go; such_an appargtus is commonly.referred to as a wafer stepper or
ot op-and® 1 egRattaiSs 3afl et PoBRTE ArCGAFLEY D RARY NG P e 1 e
to as a stepmaddtheCHbjcafiPRbedtSin-a @AH eRIERE &&Eﬁé@&hbs'sbm@gadiﬁe@ﬁ@m

i on

progressively scanning the mask pattern under thehli)rOJ ect eamin ‘a

gi ven ref er &fldle gynchrompusly (fcaening cthe niubgirateli telet pasaljel ofhiané-pasatichtontdiss| y

scanni ng the: tr I r | - e i ' I on;

since, in g?ﬁrgé{a N Sﬁﬁg’ %?%ngfza??tgg p%@é%tfe')‘)rrrl] s&;@ﬁte{n ﬁg{/g‘lﬂ% J‘ﬁwﬁ%&%ﬁﬁgg Illgdr? 'icfr;ﬁéﬂ[ or M

(general |y <{gehpraliyhve 1§ plesbe¥d M atvivhich thdsubstids tabdé & dcamed Wil ke afavest Mi | |
mask table is scanned. More

be a fagtor Mtinpes that at which the ) )
i nf or ma {’ontwetsh‘hﬁ'béhr"a“‘f}b the i@%ggtﬁglﬁhﬁscscﬂ’.é%dcé\éorﬁsqu‘é‘wtlﬁésﬂq’ Hegrdal® be
gl eaned, foljgepiphicedevided s bie fae%@lec_? On be S1BSRAPRY %&gfgpg@?ﬁ&hm%oa@b@ﬁ,ence-

In a manufacturing process using a |1thographic proj | on apparatus, a
pattern (e. dgncorporated hersk) by refdreneged onto a substrate that is at |east
partially covered by a |layer of radiation-sensitive material (resist).
Prior to this inmaging step, the substrate nay undergo various procedures,

such as pri fa Aganufetiing GRSdesgsing 4l lithogRphicbiectio dpphrat X P PEREIE (c.£N8 a
substrate may be subjected to other procedures, such as a post-exposure
bake (PEB), mfskkivpnagad optona byt thatdis natalsast cpasiiallyi seyssed ibyna deyer hef

i maged f eat s T Sal T dyy: ' S asy t an
vt duar P BionithGol el BAGSTHAGE Il kel BeB T bR b, 0
under go var uodergpraciess gsocedwrbs, asich edscprimigg, resist icomtiimad iaosof( Galpd. nifter
nmetal lization, oxi I on, cheno- me%hani cal polishing, etc., all intended

at |
to finish ofkPOHS ftfi SHOGHAUF Mayy ke subjacteddoqthar RragpduEsSoyuch as @ RAStBEROSHGen
the whol e PhELERESs), dveRpiRhi, A hatiNBk@Cind WehdurdtAtif/idsPefor” SRR fiHladedl

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.




each new | ayer. Eventually, an array of devices will be present on the
substrate (wafer). These devices are then separated from one another by a
techni que such as dicing or saw ng, whence the individual devices can be
nounted on a carrier, connected to pins, etc. Further information

regar di ng sgs:_#p;r@messes can be obt ai ned, flc}r exanple, from the book

"M crochip Fabrication: A Practical Quide to Sem conductor Processing",

Third Editi dior thy sdketafrsimplicigatiie, pivfecrionsydtdrh nyHersihaffg Hedrefert894 .as theSBN
0-07-067250-4, i corgor a}{;ed herein by reference. For the sake of
sinplicity, 199 va eXeh R terpshawld hs\broadle migrpretad asencempssiag vagoustypee
l'ens”;  howeyefrojebtib® sy Qe Shoif: @@ﬁ&'&i@ﬁ%ﬁicg %ﬁg.ﬂﬁ%t &g}ic%,s aﬁé‘%%ﬁ%iﬁwg
various types of projection system including refractive opticCs,
reflective opstews, foarexampteadibepdiation syseremsay filso incade kempdivaty apbratingon

system may al.so.nclude c gnent s. oper at i.ng ,accor di .to any of these

desi gn F?pegic Gding; &roeélﬁ Y nog.frﬁ’seﬁca HE™ VP, fYT 811'?‘?%??5’ FH%’ln%rOGj -og}pgoél&e.m of
radi ation, aicectitbhbemnadibSorandalueh dfpoRéms ne 415 Be! eRired ol heisii Vel y
or singularly, as a "lens". Further, the |ithographic apparatus may be of a

type havi ng Plertiarlynesr engwlarkt maae Tensh Burthenrihie Sithagsaphisr apparatunmex beatflees) .
N such " MY Rlvin® haOST i1 sBScatd BRYThid/BN Rbo bR RIS (IRK BedS Rl il
paral lel, or preparatory steps nay be carrled out on ohe oOr nor ables
whi | e one of‘nmitipde ctage’™ devibdsethe additioralngblesised BeotisedXpQatHIRE .or Préparabage
lithogr Bhi C agﬁ%ﬁeus are descri bed, fOE’ exanple, in US 5,969,441 and WO
98140791V bstER (FBRIEAONT AR PBS AT BYre tables while one prmGEs ofler tables arerhging

enbodi ment, yged EraPoaRb. q_)m@@argg]g@%ggépﬂ@% ajf&ﬁ?.a}end&%ﬂﬁécg'efgl""}e%zﬁngﬂ@f g ence

to figures 1 and 2; the mrror I nvehtion i s descri ener al
wi th ref er ehb®5.069.441 and WY 98/467014 bothAneprperated detvamtay iefexkhoe. depi cts a
| i t hographi c projection apparatus 1 according to a particular enbodi nent
of the invention. The apparatus conprises: - a radiation system LA
(conpri ses &mbuadlimentoh source), a beam expander Ex, and an illumi nation
system IL, for supplying a projection beam PB of radiation (e.g. 157 nm
radi ati on); In this embedimgst,cxlithogiaplhic appamatus 49 describgd pr geriesd vith tefferaneratok
hol der r %%hgl g s ' - . connected ta first
posi ti of#u?ng 5 ﬁg &lﬁﬂ ?gﬁéarlcl%r;o? éﬁ?{ nﬁre{:x&‘(gﬂ ?J (?f}st:rl@éadm generaﬁ: w1g1 re?erence 10
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 - a radiation 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.




positioning the mask with respect to itemPL; - a second object table
(substrate table) WI provided with a substrate holder for holding a
substrate W(e.g. a resist-coated silicon wafer), and connected to second
positioning nmeans PWfor accurately positioning the substrate with respect
toitemPL; p_ - a projection system (;',l ens”) PL (e.g. refractive,
cat adi optri c,P g‘ﬁr]p]r'ogl?)l ective optics) for i mi& ng an irradi ated portion of
the mask MA Anhereaddpioi@hithe @pparemus Gs (oF . 0 refROHW kfpeNG.e. BRE 20CABRNE MbGS) Of
the substrate W As here depicted, the apparatus is of a reflective type
(i.e. has al®¥9vebtinygenesy it mayglgo, be ofi & tyapmissive type,nfey exhmplehéwith 2

ne appar at e agsiyt Mas) ATRRRY Y B PppdrhP BV RS BT i fell@hp”

pr ogr anmebl engans,.soch 2y 7 prpgoimmatily perrarsarragfof atgst dseefeliod & abolBe source LA
(e.g. an.EUV excinmer source or a plasma di scharge source) produces a beam

of radiation. This beamis fed into an illum nation system (illum nator)
L, either mbrse@ﬂcéup(e.gfahm@&bmrtsﬁﬁﬁ%ﬁsfﬁla&%diiédh&;ge%g duGdGh as
a beam expander Ex, for —exanple. The illumnator IL nmay conprise adjusting

means AM f oPeaaof radiatiane Thist keamain decbinte pm dlumination systemegillurhinatonpH, gither

f dt - | tivel f the intensi
i st i but i ofteed; SRARE LAy RebBSR! cordRRAFE, ki el i PP Bafirous
ot her conporeahple. The Hhasinator (D hegr @infirisk NdpREn@ nand AN €61 §eRind thetdlitd Way,

the beam PB i npinging on the mask MA has a desired uniformty and
i nt ensi 1§ drR&PT Bwer sdial extens (commaenly seferred o as sroutdn el &-lnmen aespectively)

regard to Fi 1 t-hak. . LA Wi thin the housin of .t he

i t hogr aphi E’%ﬁ%}l@%‘ﬂﬁ%‘%@%ﬁ%@? bﬁﬁ?mﬁ%@?‘?‘%“’ Ha‘;‘?lrﬂa@%“@é SPIRESS VIS ¢ he
| i t hogr aphi othpr cprapérients, sthedsainliftegiat® INadidat EdnacRRADOMI @lis wayPihe He&@s
being | ed iﬁbq the apparatus (e.g. wth the aid of suitable directing
mrrors); thPSTPAREIRG 01 sk MAhas adegiredenifosmity aad intensity sistrbutionsniis a

| aser. The guMEsetiohnvention and clainms enconpass both of these scenarios.
The beam PB subsequently intercepts the mask MA, which is held on a mask
table MR Having traversed the mask MA, the beam PB passes through the

lens PL, Whh%ﬂould 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




focuses the beam PB onto a target portion C of the substrate W Wth the
aid of the second positioning neans PW (and interferonetric nmeasuring
nmeans | F), the substrate table WI' can be noved accurately, e.g. so as to
position different target portions Cin the path of the beam PB.
Simlarly, tfh%fﬂﬁﬁk posi ti oni ng means PM ggn be used to accurately
position the mask Wth respect to the pat’h of the beam PB, e.g. after

nechani cal rsedprargivithn @ppirinesy e kmidh bRMT [ﬁﬁuslt ibe rc%hﬂect&f tod¥ 5hél sRolc an.
In general, novenent of_ the ob]kgct t abl es be realised wth the

aid of a | ofi§MetoroRE MaygR, figed F%M‘boﬂjﬂtsubﬁﬁfﬁg)wamw destiigned ssingkmasiodul e
(1 ne post tiaghAghmilRl £y, ALaPlubs PG GRS §4 T Fioure 1.

However, in the case O steppéer {as oppose st ep- and- scan
apparatus) the mask table MI may just be connected to a short st roke

actuator. or fixed, Mask MA and s trate Wmay be aligned using
mask  al P gnidit %feﬁlsapwaﬁwa% %“%E&BEW%H&P et gdeYt marks P1, P2. The

depi cted appar aﬁﬁ'§te§@rﬁbdéeth!é$@£kltéblémﬂ'kfef:ﬁ‘ésﬁ’é}fuaﬂ}?gﬁﬁon&{' anll anleRfrsREG the

mask table MI is_ kept essentlally stationary, an entire nas | mage is
proj ected i rhfnégﬂelsglﬁojeﬁite‘éln en%gm@bea sifigles ﬂash”&mmo adtatget patiop 6l f[henut@xraﬁhe

substrate n fted n the x and/ ctions so t
di ff erent tté%get i;%-sr{thgo %Edcanhebxeaﬁf#f?‘aﬁa?‘é‘i"é‘a%? ﬁﬁéxﬂgﬁﬁw%éafga‘rwrﬁfm
scan node, easbairralidtsd bhthe H3arA PR;and@r i 0 applies, except that a given

t ar get Ivﬂ_gortlon Cis not exposed in a single "flash" I nst ead, the mask
tabl e i s 2oy b ISean mogde, essendiallyithe same scengrie appliesalekespt that angiden dareeton” |

e 0. the v HofRhild Alortkbdied i? RSl fad il thE Soaktk PpFEM1O8 REARAR A S

caused to scan over a mage; ~concurren Str
si mul t aneougivennbreetion (the ke-caldmie‘soan dipgvionht,e.glithe gtdiettiod) witls papeedw, soM/,

in which Mis hﬂe nagcnlflcatl of the lens PL (typically, M= 1/4 or
1/5). In thifthe pegection bepmy ﬁgéﬁ fa‘t'sgﬁg}% spal} gusr "})B‘r"’f‘lf HHagS: CORCWENEY pBged,
Wi t hout —havifigtrateOtabRTW PN SRmMAnERRR! Mbl&Nin th-EhQaJﬁcagf %h%&s‘i'tescﬁfErcﬁgn lfa

conprising a radiation source, illumnation system| proj ection

syst em Bt négeedeY coMVaFrhé@ilthMrléghmmgmﬁcaimmmmnssPl( (tippicalty, M whidhorar e

evacuat ed o, I t S _trhansparent to he radi at i

proj ecti on beé mﬂ%ﬁ@“&% et By SRyjag qugetd’:f&% kfé‘?\}?ﬁé’ﬁp?sﬁg ‘Hf%?‘&?@wg
corrpartrrenta)édmlﬁrugfsmﬁesmgson n their walls. An exanple of an arrangenent
for passing the projection beam PB fromthe

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




radi ati on source LA to illumnation systemlIL is shown in greater detail in
Figure 2. Figure 2 shows an enbodi nent of the |ithographic projection
apparatus 1 of Figure 1, conprising a radiation system3 (i.e.
"source-col lector nodule"), an illumnation systemlIL, and a projection
system PL. F—‘FG r7a(ﬂi0at lon system 3 is provi ccjﬁd with radiation source LA
whi ch may conprise a di scharge plasma sour¢€. The radiation 30 source LA
may enpl oy angasn eptivaApaiy 0. Batial pesst@esUa509" mbir ¥RANRULI vEpodRi dthand MBEY
hot plasma can bhe created by a di scharge between el ectrodes of theé
radi ati on sé € B3 OTYaAPQUIRRY, beregred for efficient gengragien of therradiatienst r omagnet i ¢
spectrum The very hot plasma is created by causing a partially ionised
pl asma of an electrical discharge to collapse onto an optical axis O.
Parti al predéherexenoh i§ uiedyithe plafmXenayl iadiatepmuthe BUAnyngetdieund b5 tnak| Ehegas
or vapour may,.he required for efficient generatiop_.of the radi ation. Wen
xenon i s> us&F AW q’%ﬁ@ﬁ’ﬁtﬁfhgﬂdfaé‘(?f’aﬁ”ém?ﬁ‘ H’é‘y%e\]ﬁcpgﬂﬁ’ea sQusemehaPes 7ima The
radi ati on egbhthmehday bhiRr 19RdMRt dANSAMORkS TBYayPEorhSithel § AP UhiGhre

ma

chanber 7 to a contam nant barrier 9. The contam’™nant barrier 9 nmay

conpri se a SWdn#elfoninstppes rdescrihgdHinalstaik oy EnnopeampatentipplicitivadEPA-delSdi | i n
Eur opean pa t application EP-A-1 057 079. Radiation system3 (i.e.
"source-col 'ector nodul e") conprises a radiation collector 10 which nay be
formed by a grazing incidence collector. Radiation passed by the radiation
coIIect?r 19 is reflected off a grating spectral filter or mirror 1 1 to be
f ocused!V i nRadigtipn gysten G ¢e "sourastcolloctar madulgpetomprises Fradigtias edlecton 18eam
PBis refle bt | ' ' 3 | . 1 Ngj

ol act or s T ity B folmed By kO AR moltbdol SR el 47

tabl e MI. Argdatioarcolldctbebinisiiéflected off apalatinyi sphctia filiemagatiroml Iptothecfotid

optics systemPL via reflectiye elenents 18, 19 gnto wafer. stage . or
sﬁbst ratg t 4bf é(lrW'!l S%F%?%&“éﬁ%ﬁ{ §nFﬂwgh%rﬁﬁﬁtl%ﬁmlpﬁﬂsﬁéﬁﬁ‘%Bh'{hei n

| 'l um nati ofilusifihish $ysteM I Rid h6iwldl Gicidetek $8Mdors 19194 Untd R rEHAE of sk
mrrors_of Figure 2, e.g. the spectral filter or mrror on position 11,

t he radiat i pesidenedeen seticle or gnaskHableoMTalA ipatiemiet deamet T éx famsd1@hich4isof

Figure 2, c . ] r [ hg,to t l.nvent i on, have | am nar
or ot r usi on Iﬂoqu'a Iﬁllré ?)r(gl_eégt{o?ll (I)I:ﬁl(ég g%fé%% Via rdifectiVed ElieRls lfqg onto wafer's ge
or substrate table WT. More elements than 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 square 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.




profile with protrusions on the mrroring surface conprising a materi al
selected fromat I|east one of Be, B, C P, S, K Ca, Sc, Br, Rb, Sr, Y,
Zr, Nb, Ba, La, Ce, Pr, Pa, Uand M, as wll be explained hereinafter.
An enbodi ment of the mrror of the invention is shown in Figure 3, wherein
a kind of Hﬂ 'pfgufamﬁooth profile is show], and wherein the protrusions
have a periodT%,' | ength 380, a height h,“"and an angle ba. Figure 4

depi cts anotTirradvaiagé BEBichA hiirrar BF O pysdrAls R6RpFitife A Rlrrér IsaHhtNRhen
square wave profile, wherein the protrusions have a period p, a length

380, and a HédiYhiadiatiomds apligrted by rthe anisror 300 agdunderda certaineangle, @nly der s
to "groove".q.I: r s -ar a ) ri face of mrror
300, " The. adSAng, BLAY (BR0 € enaldL oot e, THES RPN Rifulion Tl 1 or
i s that wherexamphé [Radidestionnisiabsdrbéd B hiesleertivaedintatedtal S/ ords defleieEor a
certain gngl e o&]y ttfg desired EUV radiation is reflected in this angle,
wher eas dnddeiracies imgihsr diectionsy BY ovaynol exanple.ohisatsi Whstrated imEenised Hye

above nenti ' | . <ol |

Girect | ons. HalCoo BaPhS Ble%ln drpler @ hARLEH ofirsific WRBhEHrh Byfthlith Lo
proj ecti on lfkarm®Rrotrasiomd). Fartarfghe light miphi He redlectedi(hotsshioha) and pat of die a
protrusion LP | am.nar protrusion 1). Parj. of the |light m ght be
reflected ( h&&{lﬂasq(mmlg%nﬁp%feftebm nr@)truwp@hél,n% heprothFighis BHRISENE &P ¢ he
protrusi on. EMVICRJ{aBnPkAS Madiafth | frofdpafes rabiofbed OF subbntiAG ahAtdBrbelihi S

radi ati on propagates unabsorbed or substantially unabsorbed, “whereas
radi ati 68 wiwhereas dedinptiengwith wetesingd veavelergthiNike UV B IR issibstaatiallyadtsgrbed.

bsor bed. b th te to th t trusign. d
ot rusi on) THEARACRE ot oPiac Rl 36 HCHGy oo anl oD AR
surface of tilitSlapiigdripistn®ion P22. RAtkin®ihe (110 supfécrdf AR prb&MioRARD NpdPEof

reflected (not shown), and part of the radiation will “propagate through
protrusi on [ radigtion phght agai b greBectedrinati shovan).send pim afeths etadiatian BVl

radi ati on a l,af | ' . €. ' [ am PB
real:hels t herﬁgotﬂagg%gﬁfgp El% e&%sﬁ)trng?i %ggyo?‘{ehffg_gﬁogﬁ %’m??a{v/@r dl%r%@%e b%lt&N Qe%
posi ti o5 30FEUV hadiatpero pedt radiatidneaith Bithdr svavefengihis eWhah tthe arojeniginebdan{ @Bmay

be a in case of specular reflection the syrface of mrror, 30Q). The
proj ection B%aéh‘?SP enﬂ‘ﬁ'ﬁ? 86&5%?8”%?’9@2?'3 ¢ @@EGM‘?‘M‘FE & (PH%‘“EF’?)Oén the p3.
In this wayprdjb@ion’ B=8¢ PR RIRBETBVA lah &RIPBI (%em%% hiegieh &GsV/oraBeEli

radiation ratiro after reflection by the mrror of the invention than
before the ir¢fldctiemon thgnsurface nf miroer. 300 sihelagjettinarbeiatm RIS maytpedpagateffughere 4
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20 higher EUV/non-EUYV 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, Sr, 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,




of lam nar protrusions formng a | am nar square wave profile like in Figure
4, a lamnar sawooth profile is used. Note that refraction of the
projection beamPB is not depicted in Figures 3 and 4 (and |ater Figures 5
and 9). The above-nentioned ratio may further be inproved by using a

bl azed or oq;_ilg]'.lsgfb grating (see enbodinent,.3). The mrror with the

above- nenti oned ‘protrusi ons can, even wherf4it is optim sed or blazed at
e.g. W wavdaeaghhbsorblio kength 1ongasthie do0vauef@nNat ham(laiisbon Rhe ﬁl&m%@«ﬁsm t
EUV radiation, since Be, B, C, P, S, K Ca Sc, Br, Rb, Sr, Y, Zr, No, M,
Ba, La, Ce, Phalspgompasecembinatignsodmaterialsy like e.gnBih ex$ie for EUV radi ati on,
but substantially not transm ssive for radiation having other wavel engths

than EUV radiation. Next to that, all these materials, including Si, have
an absor pt i dFhel gogtdionsong afirrbh300 dDthiNembedimést &re MAiIAFHradenPls opth@l filter
protrusigns  can al so conprise conbinations of materials, |like e.g. B4C or

SiC.  The prbtipesnaisyye iar FLLY rabeiion; anda gossitiogiatiag or diffagiyiestyctyre dent
as optical fj . | 8. | S5y QF: radi.af.i i.bl e
orating or dpyiiiall hanisel b 40 MeBU YA Bo b BB A hes PR 20BOEHD! £
radi ati on ofduthe thgr diffecnhcom indmes PBrefibloneyehen the BU Y eadidtéoncintdre aed taven

i ndi ces of refraction \é_\/gen the EUV radjation enters. and | eaves the

protrusi on, HhEFITYSRR. gaere Jnay bef soms fiffractivssosses if theeEEYyradiationt phtheot
the projecty heaa Thi; n{{é}g' ; ephodi 0.
enbodi nent :gr Qéelﬁ and a&&B'E’lr?%gdi m%sgﬁfggg%ggégﬁgg%ﬁﬁggf %gh%g(?ﬂ%‘émﬁ@
protrusilBns aadd. arranged in such a way that a part of EUV radiation of a
proj ection beam conprising EUV radi ati on, having an angl e of incidence
between 0 and 90, only passes one protrusion, see Figure 5, or

subst anti al |IEmbadimgnprt of the projection beam PB passes only one
protrusion. = The profile (which mght be diffractive and optimsed at e.g.
about 13.5 AmpsecandiembodEnsatyhe pratrigions prg arangedsinyweh advayuoat & paat of KUV

desi red radiai:i ' ' Lat.l.on PB onl asses one period p
of the prof i éétg(;r}\ld&? J'STBI{o\Le?ﬁQ% %’dﬁ g?ﬁlﬁﬁselg‘?nqﬁg%@@ i Olrlﬁol}arv)c{ﬁgo LPHEE e SO0 A .. g.
posi tion 30betwiden Ooaigl #0°0dnly padscketaeprofrudife sp¢ Bjgaed 5,00t sheamtBBRy\WERy part

15  of the projection beam PB passes only one protrusion.

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 reflected 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 o,. The angle of
incidence o'y 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 so 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 period p
in which the protrusions are arranged, as well as the angle of incidence o, 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.




mrror 300 is indicated with reference a, whereas the angle of incidence of
the projection beamPB with a side surface of a protrusion is shown as

a'i. The angle of incidence a', may remain snmall to mnimse reflection of
the projection beam PB. Al so, the upper surface of the protrusions of the
profile can 6 (ﬁq, as in a blazed gratijag, so that the reflection of

the undesired radiation (e.g. with wavel endths higher than EW, e.g. W

VIS and | R) Reodidigg #biickysdfile sl baecegiiscifénceghiodr using lithdehheteckiig&at i on
than the desired radiation. The |ength 380 and height h OF the %(otru$|ons,
the period prith subgequent jorectaliing isudsoohiable@ptipn alhgeriofilesaswbpwn dg Figvee Angl e
of incidence; o) t | i B qnl.y passes
one pr ot rusiaie™ i ey SR SR P ) 8SR SEMAR BV algn B

( scrat chi ng sabstamt@)lywidt absorbediinnds sitentially trassnsibsive)pasd diffraction pf BUnCe

the profile by ion etching of si nusqQidal structure. Produci ng a bl ock
profile on d3¢Ation ﬁé‘r}aﬂéF' eﬁﬁ%tiﬁ‘i‘ ?b%ﬁtgggﬁﬁgjlfﬁaﬁﬁébraphi c techniques, with

subsequent ion etching is also a viable option. The profile as shown in
Figure 5 is given as an exanple; other profiles are also possible,
provi ded t hdhguEeNs sheivatbyoway of exaippleantlaminiay sqedre abmer prodile iHeweves, this

substantially . transm ssive), .and, diffraction of EUV radi ation s snall
(o5 Tese cihiaaRgT St bty ratditon whysine ddinshss Epoltprogre is
exanpl e a | agkdladr WHtaInCa WeNEdiRdIRT dthRturédP WemMBbth protife o PaRKIHICHRD sudkfPed
conprises the configuration wherein a | am nar sawmooth profile’is wused, or
wher ei n 18 peavadwaar pyofde isutsedir ed sawt ooth profile or periodically
structured square wave profile is used. 1In case a |am nar sawmooth
profile is used, the length 380 and height h of the protrusions, the
period p inhihiaséh 4 henipaotasotnratie arvseogdwd, laagth BBe mdghsightah a6 tharel |
as the angle of inci ajr%nce_ may be chosen such that the projectigon beam PB
only passedTHRSIPBotheuRsTOY. P Irsiiighythe pretRgsions 75e agrangsd. aped thyepngdebaats y

structured Rygfid @s ,anggvmsadédae AURL, beBRRe) mtnggamen@gcgjwﬂmpoeﬁﬁ% loags two

periods, since a 2D structure i1s forned. This enbodi may al so conpri se
a profillé wpessesnn¢ pwtipsionr usi ons have a length 380 that is smaller than
half a period p (this is shown in figure 5 for the | am nar

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 wavelength, 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.



arranged square wave profile but this nmay also apply for a sawmtooth profile
and for 2D profiles). The protrusions on the mrror of this enbodi nent
are mainly present as an optical filter that is transm ssive for EUV

radi ation. Enbodinent 3 In a third enbodi nent, the profile of protrusions
forms a grat {7 dpat may be optimsed or,hlazed at the desired radiation,
e.g. 13.5 nmor another EUV wavel ength, as™will be explained with
reference t &n FHigure 65 a6blapdl]l gratidg thas nadawtedtly ,profile @r@irrorg3 dVawithethe @pdting sed

or blazed at other wavel engths, e_g. wavelengths in the U/, VIS or IR In
Figure 6, a‘BPigud el 1o eriarith I8 of Gaerog ob ths savipoth; ¢ Bl Pse th Meleshe
grating cOomShgnkhihaft hdikifort Bt PRIy 3800 Che SultRll ACnEIprbBRIGAUPRN 8

and a are the angl under which the radiation beam PB may reach the
surface of thdageroid may desredactehidy thisrfuniaee, anspenyelpellhase lapglee drd fefineds

surface, .respectively. These angles are defined,with r t to nor,mal n,
el o ¢ RRBCHELY & AOFRE raPSET of Y SRanE S wdirhirok SPRTAa el BBTEER. O
a way that thesedtii sthewapthat e (8r@llémd thesgrafinl Wahinf4l foneleRkirebradidbat i on.

Furthernore, it can be chosen in such a way that the diffraction efficiency
of the desifuehermyue.atlien beschasgn insweh aywwan thaicthe diffeaction gélidency af the

di ffraction gf.ficl % ' ' E :

1197803, vxhidg%’#%ds‘la?%glérr‘ S%F‘é’?‘g@{%‘*f‘?’iﬁ§?€ﬁ%€@%ﬁﬁ§%ﬁ?ﬁ%&§§? Cel%éc h 380
of the protnrnoé¥orns thafreticailpepdstibleef(fdecegn@P dfl9780% dBich BrirMcogosated diyon.
The grating constan determ nes the_wayel ength.range that is.transmtted
t hrough!?he r%ifﬁ"é’PF@r ihgi‘eﬁgt i iﬁ@gﬁh ?§%8¥&%8§%?ﬂ5 %‘?ﬂmlﬁsfhﬁﬁ dFFRPNEL i ve
to the bl azegl ¢f §thhDEansthilao, TBE PAtRlal dAstaht § BeinviRG HBEWiRclehgthirgtedthdt MY
be used. As shown in Figure 7, the am nar dgrating has a square wave

surface profi§ transwmittéd thnanghrthe apegtucohsinddrgurg? (rga gmbpdimpnelperi od p of the
square wave and equal to twice the length 380 of a protrusion. Such a
grating may be made, e.g. using |lithographic techniques. In such a

techni que, theanigIRefiativetd deeblhsedn@htih) 8 darhidabgiaify of 8RAgpsshHohacia Higugiiness
and grooves are etched with the_ |ands L defined by a photoresist pattern.
15 may be used. As shown in Figure 7, the laminar grating has a square wave surtace
profile with the grating constant p equal to one period p of the square wave and equal to
twice the length 380 of a protrusion. Such 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 = mAeu (1)

30  where n is an integer and A,y 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




To extract the undesired | onger-wavel ength radi ation (longer than the

wavel ength 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. mrror 300. The grating is arranged so that the optical path

di fference (X %Q ﬁj ween rays having been r flected by the "land" L and
"groove" G parts of the grating is an inte mul tiple of the wavel ength of

the desirednwiipkd gaghdif a waeclenddPl) an tadesitdd raaihhon YdRE €asknloSvnAforh Mgl and
(err) the wavel ength of the desired radiation, e.g. 13.5 nm At the sane

time, for tH& OPD for the other radiation (undesi red radi ation), equation
(1) generally does not hold. For exanple, for sone wavel engths the OPD is
an integer mul tiple plus half a wavel ength in an undesired radiation
range (as known fromthe art), ORDe.(m-©OPR FAgm + X2 ). (err) (2) where m
I's an integer and (err) the wavel ength of the undesired wavel ength. By
satisfying equation (1), the grating does not disturb the desi red radiation

which is reiheehed aﬁsntbg&aﬂdmmé/wa%élér%ih 0@ uRidsREd WASLi¥n desired or
substantially all desired radiation is ffracted into the order beam

since the grating is transmssive for the desired radiation (see also

Figures 4 org . ed radi at.i Lffr S . .

det erm ned b %USB@H%%’( r?gt;m;el ‘fl)atlogf%hn %P%Srn%a(i}e eng%lfa’hdées"rredc a\%f’ﬂth(?ﬁ ‘%Ealﬂéﬁion
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sui tabl e heat sink or beam dunp. ~Wen a p le 1's selecte aving a
grating strueffraced an datey:mmbérlu)edﬂla‘ @ratingr equatibn dindefitr, waveengtiof ifbre wifich

protrusions fornms rati hav oth nrofile, that is op d
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energy diffracted out of the 0 order beam (see also e.g. EP 1197803). In this way, the
15 undesired radiation is spatially separated from the desired radiation forming projection

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.c. a first protrusion and a second protrusion).




profile is selected having a grating structure, the profile of protrusions
forms a grating having a square wave profile, that is optimzed at EW
wavel engths, e.g. 13.5 nm Enbodinment 4 In the enbodi nents above, a
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than the f|@g&x@qgouﬁﬁﬁgqg?géﬁﬁﬁgﬁ /)2 386 applied on a mirror 300. In
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figure 8 a configuration mant I's shown in nore detail. It
depicts a lamnar sawtooth profile on mrror 300. In contrast to the
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that may be bIaZ?d at EUV wavel engths, but in
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 ml of the protrusion LPla (first
protrusions), of an angle ba3 of material m2 of the protrusion LP1b (second
protrusion), and of heights hl and h2 of the protrusions LPla 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 square wave surface




anot her enbodi rent they may al so be bl azed at ot her wavel engths, e.g. UV,
VIS or IR wavel engths. The blaze angle ba can be chosen in such a way
that undesired radiation is deflected fromthe direction of the desired
radi ati on, see above in enbodinent 3 (figure 6). The blaze angle ba
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pr ot rusi ons)@’%ﬁ@@zangl e ba3 of materi al n?% of the protrusion LPIb (second

prot r usi on) ,préfié with ieicehdtentp, dqanth Hize okt f&%f&ﬁ@hﬁﬂﬁ&%&%&% %ro%l@%x\'rf 1

b, which are in this case on top of each other. As an alterhative to the
bl azed pr of iindiguke $.akhenprotrpsiony dre ledatadheext ypenathevin anraleimgting s@queneeyare

used. As sh i L.gure. t ] 0 fil.e has a squar urface
profile wi tﬁl\é?%ed}fggﬂﬁg?gg R ﬂ%uhﬁ%ﬁugl%{éngﬁgaerof Jgatsnak nfslh§‘a‘? iﬁvﬁ’g(ﬁhga@ﬁ ot h

profil e shownotrisiorf LBl ef Baterfhiand has lidiglit S The l%n%tﬁ@@fﬂﬁ preulsidiR afHoMY 1 N
an al terpat i.ﬂ%ﬁsmﬁe afnd hgﬁe Pifferer_lt hei ghts, viz, protrusion LPla
of matertal MtMf YReierrace 4pp BB FRILRP | Peflysioprofrusian) af materighm!l
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wavelengths is absorbed and/or deflected at other angles.

By way of example this is shown in figure 9. Here, a ray r1 of projection beam PB
enters 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 is 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




305. After being reflected, ray rl1 |leaves the protrusion. Ray r2, also
conprised in projection beam PB, enters a first protrusion LPlb of

material n2 and is reflected at position 306 at the mirror or on the
mrror surface 300. Wthout the presence of this second protrusion LPlb,
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20  material ml) and one second protrusion LP1b (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 1
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,
¢.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.




material m ) and one second protrusion LP 1 b (of material nR), anal ogous
to enbodinent 2. This neans that the |ength of the protrusions 380a and
380b is smaller than the period p (anal ogous to enbodi nent 2, or

enbodi nent 7, wherein the length 1 of the protrusion is smaller than half
a period p 3’91;@9\/031 G and land L form one p«aPi od in enbodinent 2)). This
enbodi nent al so Corgprises a mrror wherein“the profile of protrusions forns
a grating, It lpaterhls this @mbddiptcandontibes @ mieiet,i dvigdat (1845 ahe nmvareeihg atrfadee
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protrusions b conprising a second material n2 (second protrusions),
and wher ei n wavelengthstoranptimisedntd beat eaisparsntafer e depiced ayaveleggbh. Otherr r or

300 can be used as,an tical filter, when the erjals that are.used are
transpar ont “arier s AR sl Vi ApaioHT bEab il s SuRRR for
the desired graig! RPA ftairOWaGElengtRIE cBEMGH Bratin® tor e Qblativiy cihe ngidesiredmay
be absorbed by the materials, and when a grating for a certain wavel ength
i s chosé® (qvaé[fﬂienghémlﬂt%&edpwlﬁ%)deﬂﬁﬁ@gundesi red wavel engths ni ght

al so be (partially) deflected. Referring to figure 8, mrror 300 of the

i nvention may in an enbodi nent al so be described as mrror 300 having at

| east one mRef@finggo sfigura@e mivdder3@0noft the invémtmni mgy is wnhf anbodimepr rlsesbeone
or nore first protrusions P 1 a conprising.a first _nmaterial 15 sel ected
from at | eadesiHied g mgror 400 savipe & 1bagt opg, Inimgringsgurfags, wapreinythe irragge v,
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conprising a second " material n?2 selected fromat |east one of Be, B, C
Si, P, & Kgelested Som BrieasRione 8f BeyB, CZP, S,Nb, Catfic, Ba, Rb.aSr, Te Zr,¥b, Ma, Bad U,

apd uhere 0 e T he S S0, SGe0R ek 4 Bhe S0 TRy LEARESHL K
prot r usi ons phdterial InBEledtdd froR AQERT beeoBEBr €i, FRBEK] @hsSE, MHr, ’RbISAY
Zr, Nb, Mo, Ba, La, Ce, Pr, Pa and U, and wherein the first and second materials (m1
and m2, respectively) of these protrusions LPla and LP1b are not the same, and
20  wherein the protrusions LPla and LP1b comprise different materials (ml and m?2),
wherein the protrusions LPla and LP1b have a saw tooth profile, wherein a first LP1a
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 the 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 LPla comprising a first material m1
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 L.LP1b comprising a second




wherein the protrusions LPla and LP1lb have a saw tooth profile, wherein a
first LPla and a second LP 1 b protrusion are arranged such that they form
toget her one protrusion wth a certain period p. Hence, within the period
p (along the surface of mrror 300), there is a difference in materials,

i ke e.qg. afg{$1¢(ﬁ@t. This can be seen in F'@gure 8, wherein on the left
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path (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.




|l ength difference is created that does not vary over the mrroring surface.
Thi s enbodi nent al so conprises a |ithographic apparatus (see e.g.

enbodi ment 1) conprising the mrror as described in this enbodi nent. For
provi di ng the above described structures, the blazed structure nay be
provi ded by Jl(plq) a layer of materi al m vl\nth a di anond tool, depositing
mat eri al n2, ruling vmthadlam)ndtool for a second tine. For the
square shapaﬁnﬁddtmhwes a lithographic process may be used. The next
enbodi ments, enbodi nents 5-11, describe sonme further or specific features
that m ght e thisambbdiewent,the marron 300cacsomdegctoithe thventidrhe. g dibsedibad ivt eneadiove.
Enbodi nment this enbodi nent,, th mrro 00,.accor to the.invention
(e.g. descr?lbeegb(iwﬁq} IO&F el‘qﬁ’é’d% '(Siﬁgd“g’nﬁd:(?f’ﬁ%g?fnenfé” ithh s ed
Wi th a cool itigm@l &SRt wHN 8 nlifol Ree & Qeﬁ@:ﬁé 262HPRCo 7803 Th 'E!@olrfhé hitfrof €€
e.g. figure 2 of EP 1197803). To cool 'the mrror of one of the previous

ermbodi nedt s one of the previobs agbodiments| in use,rpODbng) chaningls dan e tphevideshen thewedrace
of the mrraor jacor orated in t of, t m r.ror. it abl.e

Cbol mmt 11 Shifece28r 8 SRlRR, MrSecrBaaE 8 1of Sl ind it 4 S, 2Bs Gt
mrror at afmecsug qtﬂsseﬂetmargat ﬂkecoollﬁgbﬁﬁhiﬂﬁltto EmhintaimitBe eiﬁh@dlamrltdesﬁdae
mrror 300 according to the inventionis a nmultilayer mrror, havi ng

prot rusi ons 'GPPHAMf%r ent material s according to enbodi ment 4. Enbodi nent 7

In this enbodiment, the mrror 300 according to the invention conprises a

mrror as descri bed I n enbodi nent 2 (anobngst others, figure 5), but

wher ei n Iend?t'%b%'ﬂeﬁ the protrusions (references LP 1, LP2 etc. in figure
protrusions,.In this way,

4, refe &%‘3 ure. 5) Siod of the
pOSSi bI ] ed1 e ed‘FmtOﬁg éégffqr grtaa#leamvwoax lst%@u“flwréﬁltni"é’ces
of the prot h%h@%tf@ldﬁhﬁfmf&%tnﬁ%na@%% fhg thidmbbainhéht hength 380 : p is

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

Embodiment 7

In this embodiment, the mirror 300 according to the invention comprises a mirror as
described in embodiment 2 (amongst others, figure 5), but wherein length 380 of the
15  protrusions (references LP1, 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 SisN;. 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. a 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




pis 1250 nm In a further enbodi nent, the projection beam passes exactly
only one protrusion. The materials of the protrusions 301 in figure 5 can
be selected fromBe, B, C Si, P, S, K Ca, Sc, Br, Ro, Sr, Y, Zr, No, M,
Ba, La, Ce, Pr, Pa and U For exanple, B, C, Mo, Nb or Si can be chosen,
but al so Si PM7490 conbi nations of matenhals can be chosen, e.g. BAC or
SiC. Enbodinent 8 1n this enbodinent, the mrror 300 according to the
i nvention i $iage greamirng Wiﬂtﬂﬁ@m@simﬂfﬁeﬁﬁé alic bekheisabbghssed)fasiitigiinl eicertohlt h
respect to the mryrorjng surf y be around 75 to 85 (see e.g. a in
figure 6). |Sﬂ“fPﬁPglnéh<JE)£ﬁ?Fﬁ’é}]?P m%eﬁé ’pﬁ‘%’cr‘i’&l ons, 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 invedirtbdiineni $ beneficial to have the mirror with the protrusions
before the heamis . fqocusse s..n the v sourc oint 12 (see
orbod; nent 15 0 sTabadBIeHE e pBiivions. ol iy RpifetiBisio o frd Bl erd one,
ei ther as sipaghs uﬁ@q&é?ﬁggﬂstﬁuﬁﬁlﬁbfsruﬁﬂﬂ second protrusions, are
present on mrror 11 of Figure 2 Enboé’nent 10 In this enbodi ment, the
protrusions, either as single protrusions, or as first and second
protrusions ¢7uﬁhﬁﬁﬁﬁt on normal incidence mrrors 13 or 14 Enbodi nent
11 In this e I'ment’, the radiation that is used, e.g. in a projection
beam PB of an tlhs teimogdlmﬂm chapausiols cithengsr sisgs pxtusions dtlas fast adekcond
radlatlo quhaV|n a mavelen .h |n the range of from8 to 20 run,
espeC|aI9y PTQLYISIORS 4T “Emgonf@“B iRsidencspaigoReht o114 Referring to Figure 8,
t his enbodi ment describes a mrror 300, wherein the protrusions LPla and
LP1b have a period p of about 100 nmto 10 m (period of first and second
protrusion, qdimgitidlng the sawtooth profile), and wherein the height hi
of the In this embodiment, the radiation that is used, e.g. in a projection beam PB of a
lithographic apparatus, comprises extreme ultraviolet radiation, e.g. having 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 protrusions
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 protrusion LP1a), ¢.g. about 10-100 nm. The blaze
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 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 LPla and LP1b have a period p




protrusions is about 10-500 nm (first protrusion LPla), e.g. about 10-100
nm The bl aze angle (and thereby the height of the second protrusion) can
be chosen such that at a certain angle of incidence, for instance nornal
i nci dence, the optical path length is constant over the surface (or
changes onl y»_gky nt of a multiple tines3%he wavel ength). In other
words, for exanple: h2*n2 + (hl-h2)*1=hl*nl". Assuming e.g. index of
refracti on nfaboutndaim ad 10Mhn Epebiod ®f (ifst)and isecbad pedtrusedn’ BR1d &1l DP1both
material nm2 js 0.9 Mb) and height hl, is 100, height h2 may be 50 rim
Hei ght's, perPBuEed %I(Sq ¢ afvg oflish w0 ¥ %rglélnthaémeﬂm(hb) ohHie PIREUHABY & of
i nci dence t ) gl b i L1 AULE: Do

pr ot r usi ons%llf%%aﬁgﬁdcjjo iE[Iﬁfl’ll(tgirﬁ y%ﬁﬂfép mﬁﬁ%ﬁ&gﬂéﬂg’}ﬂe’%&{?@ﬂ ﬂglrs g}e }g;hgﬁlv%aeyr ein
t he protrusiberebohtalle 100 son dhe height bZ phtigl secatdrprotrusien LPhatar be tlosemandhy

arranged_on m.rror_ 300 nd. wherein the protrusigns LP 1 and.LP 1.Db
e o pir 1 dhe g eral ahelfoty HAKeRee dor SR paRe oReigendts Rl odih! #8tbng
protrusion lfhgih & @hdtahfover the 8RTRe (SrUHEMHS dnilear® GhdhR eV RuRIpK tilRs theand
wherein the height (hl) of the protrusions is ™ about 10-500 nm (first

protrusi on Mavalengthy Heighth2heay esdwdiOmmt . this height hl may be about
10-100 nm The height h2 of the second protrusion LPla can be chosen such
that at a certain angle of incidence, for instance nornal incidence, the
opti cal pat Embadisgent 145 const ant over the surface (or changes only an

anount of a_nultiple tines the wavelength). Height h2 may e.g. be 50 run.
Enbodi ment 12 this embpodingspbolie matirialy are SkiRpierfipmm 2 feastoane Rt g BF Bt Reast

one of $p, %‘?ffé}%fgfth(etiﬁtag is@éo?la%ﬁ]tr&sﬂfns}.h? first and second protrusions).

Enbodi nent 15 I'n this enbodi nent, e material of the first protrusion LPla
or the material of the second protrusion LPla conprises a materi al
selected fr i one of Si, Be and Zr. Enbodinent 16 In this

. dimeRFLS O 1 ! .
enbodi nment ?h%é ?nventl on, the materials (mM and n2) of the first and

second 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 m?2) of the first and second
protrusion (LPla and LP1b) have a relatively large difference in refractive index, like
e.g. Mo and Si. For example, protrusion LPla comprising material m1 is Mo and
protrusion LP1b comprising material m2 is Si, or vice versa.

20

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.




protrusion (LP 1 a and LP 1 b) have a relatively large difference in
refractive index, like e.g. Mo and Si. For exanple, protrusion LPl a
conprising material m is Mo and protrusion LP 1 b conprising material ng
is Si, or vice versa. Wilst specific enbodinments of the invention have
been descri hegg , it wll be appreci atﬁd that the invention may be
practi sed otherwise than as described. The ™ ‘description of the enbodi nents
and the Figures are not intended to lint the invention. For exanple, the
invention i ﬁ%’ confined to the lithographic apparatus as described in
the first enbodinment. Cainms 1. Mrror, having a mrroring surface,
wherein the mrroring surface conprises one or nore first protrusions
conprising a first material, and conprising one or nore second protrusions
conpri sing d.seddmbrntving almirrenng wiréace] wherhia the msitrodngl surfee mochpriséeoneal s
are not the sane. rror _accordin Ia| m1l,  ha in at. | east one
mrroring surfa® m%glrrglpﬁot{%éonsr?ppﬂpggﬁn ?‘?15@85156?1% FERILSIH BNGPT E%

first pretrusi ORscd@MProkrakibgs %o{%ﬁﬁhg@%@édnﬁ' maRHEC!Ad WheriAkhd ERGtaine of
Be, B, C P, S K, Ca, Sc, sr, Y, Zr No, Mb, Ba, La, Ce, Pr, Pa

and U, and one @ﬁcqmﬁ@atéfeﬂé%ﬁf@fpt@ﬁrsﬁl@ﬁons conprising a second materi al
selected fromat |east one of Be, B, C, Si, P, S, K Ca, Sc, Br, Rb, Sr,
Y, Zr, Nb, M, Ba, La, Ce, Pr, Pa and U, and wherein the first and second

materials are nofirtohecsdding tolaiM I rieivirgcatdeslt dge ntiroliag Brfdcep whdreindder ei n
the first protrusions and second, protrusi onerare arranged in such a_ way

that for EW radiFOrBs %‘hfaGFptcP@HPSf'ﬁa‘Pfl? OT @RRYE HiTeh PROSUEIBS CORPERIE B irhat
does noggvary O‘ﬁ?afteﬁzli'%el%t&& Aoh'd 1844¢ HAEEF Be, B, d\"Pr KOk, @GCOL HNEb! & §NG, Of

clains 1-3, wherein the mrror is a grazing i'ncidencé mrror or &

nul tilayer mirrd¥h, Ms, Ba rkgrCactor Barepdt U, and afe of anoe decdnd wretresionst he

protrusions are alrnli)?irs} g a slegond material selected from at least one of Be, B, C, S1, P, §, 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.

15
3. Mirror according to claims 1 or 2, wherein the first protrusions 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.

20 4. Mirror according to one of claims 1-3, wherein the mirror is a grazing incidence

mirror or a multilayer mirror.

5.  Mirror according to one of claims 1-4, wherein the protrusions are arranged in
such a way that when a beam of radiation is incident on the mirror, desired
25 wavelengths of the beam of radiation are passed in a predetermined direction and

undesired wavelengths are deflected in other directions and/or absorbed.

6.  Mirror according to one of claims 1-5, wherein the protrusions are arranged to
form a blazed grating.
30
7. A lithographic projection apparatus comprising;

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




such a way that when a beam of radiation is incident on the mrror, desired
wavel engt hs of the beam of radiation are passed in a predeterm ned
direction and undesired wavel engths are deflected in other directions
and/ or absorbed. 6. Mrror according to one of clainms 1-5, wherein the
protrusions @{g Ajfganged to forma blazed grating. 7. A lithographic
proj ection apparatus conprising: - a radiation systemfor supplying a
projecti on beam-od supporatsiracture forasupppairgt paterhiag Uhears the paferhingn theans
patterning means, the patternin _rrean% serving to pattern the projection
beam accor di ng FWE&)‘@Q@%‘H‘E‘%\P #icHon beam acaosdipg taa desyed PA™MNol di ng a
substrate; - a p@%gg&&@ﬁbﬁﬁg;m{ngras%ga@@ti ng the patterned beamonto a
target portion of the substrate; and - oné or nore mrrors, each mrror
havi ng a mi rror i-rigpreigctian eysterh fomptogectisg dhd patteimaetd betani enista tanget giortidneof
mrrors gonpris abm' rror according to one of clains 1-6. 8.
Lit hograghi C apglief'%} Gge 5’caél(3irdi ng to claim?7, conprising a mrror having a
mrroring surfaceneeordmitgors,dash mie IBSRQNOMRFRIncUsifaRs, wherein the
first protrusions and second protrusions are arranged in such a way that
for EW radi at icBeragigrigngtin shat 3&5{‘% ope AGthR MITPFseqoatiEises s mireraceerdingte does
not vary over tg&geo by {.B9 surface. 9. Lithographic apparatus according
to clainms 7 or 8§, erein one or nore of mrrors are arranged close to the
radi ation system 10. A device manufacturing nethod conprising: -
provi di nﬁ a sub'ﬁrate hat is at |least partially covered by a |ayer of
radi ati O¥- SensildthoBraRRE ARPATAtUS. acrogdingi thclaim (7o | ERATSHIEHB IMTHIT PRARGE on
usi ng a radiati GRrdvak Qiface ColpHsit fiST Mhd GecBBRI PrétRisRAOWHeRSn RAOIREE | On
beamwith a pattern in its cross-

protrusions 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.

15
9.  Lithographic apparatus according to claims 7 or 8, wherein one or more of
mirrors are arranged close to the radiation system.
10. A device manufacturing method comprising:
20 - providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
- providing a projection beam of radiation using a radiation system,
- using patterning means to endow the projection beam with a pattern in its cross-
section;
25 - projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material; and
- providing one or more mirrors, having a mirroring surface,
characterised by providing in the projection beam (PB) at least one mirror
according to one of claims 1-6.
30

i1. Method according to claim 10, wherein a mirror having a mirroring surface
comprising first and second protrusions is provided, wherein the first protrusions

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




section; - projecting the patterned beam of radiation onto a target portion
of the layer of radiation-sensitive material; and - providing one or nore
mrrors, having a mrroring surface, characterised by providing in the

proj ection beam (PB) at | east one mrror according to one of clains 1-6.
11. Met hod aceor-di to claim 10, wherein mrror having a mrroring
surface coﬁﬁp?{?ls??dnlg%gfi rst and second protrf]sgi ons i s provided, wherein the
first protrusi onpticalnshtls dagid diffepéricy Sk @catal hafdoeNgRdvdri oveiC theamadtidghat
for EUV radiation an optical path length difference is created that does
not vary over tﬁErfﬁ‘ierrorlng surface. 12. A mrror, having a mrroring
surface, characterised in that the mrroring surface conprises one or nore
protrusions conprising a material selected fromat |east one of Be, B, C

P, S, K, Ca,l2Sc,A BrirroRhavidg,a ijrréting ddofacdyzhaBateriba inGhat e miBaringsdrfhte and

wherein the protrusmns are arra n such.a way art. of E

o at 1 of of "o SPERESS o Godnr B e SRR A oo SBGH T AT R e of
i nci dence bet wepe GBI BIC, POR| X, RBS SESBLRD, BEOYT 25 INY) Mo, 18a, IM (e0Pr, Pa
according to claim12, wherein t he protru3| ons are arranged in such a way

that a part of Eui/Uand sthersin e protpisiqneerd wranged in wishiarwasi that anart oBBUNt i on,
having an angl e g liat Jlfléf’gl Sjngt?%wﬁgér}n %8m% mglggoﬁuf?”.!ﬁxla%‘& Sﬁasvn?%?m l%gfer 56! 0”

14. Mrror accor e pro’trus avi ng
length and a péﬂidldniipebémeaﬁﬁ‘amgm{)"jofhlﬁpﬁdseseon&qxoﬁ’dm@dnthe | engt h of the
protrusions << the period of the protrusions. 15. Lithographic apparatus

conprising a mrror according to one of clainms 12-15. 16. A device

manuf act uri ng, sias&ma % g% %Hé%ﬁ’l' 9 pAotNORE bRl RrahBA inl sticBh WHaSt

partially covered by a [|ayer |a I on-
that a part of EUV radlatlon of a projection beam comprising EUV radiation,

having an angle of incidence between 60° and 90°, only passes one protrusion.

15 14, Mirror according to claims 12 or 13, wherein the protrusions, having a length and
a period, are arranged in such a way that the length of the protrusions << the

period of the protrusions.

15. Lithographic apparatus comprising a mirror according to one of claims 12-15.
20
16. A device manufacturing method comprising:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
- providing a projection beam of radiation using a radiation system;
25 - using patterning means to endow the projection beam with a pattern in its cross-
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material; and
- providing one or more mirrors, having a mirroring surface,
30 characterised by providing in the projection beam (PB) at least one mirror

according to one of claims 12-15.




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

mat eri al ; arpq1 17p(519)"i ding one or nore m rrogs, having a mrroring surface,
characterised cE)y‘provi ding in the projection beam (PB) at |east one mrror
accor di ng t d7onMethod laatording 2o Idaim 17, whktinotle gectarstind giré anahgidninlsich a
wherein the protrusjons are arranged in such a way that a part of EU
radiation of a m%qthettqm%feéwa Hens o fhPrel9gtien Bram PoRPrisipg FHUNgradintighg e

of i ncidence betee o 2APE of hoideRby bAFSELE sAINDEAY TSkOBne prbffusibh! hod

according to claim1I8, erein the projection as an ang
i nci dence between 60 and 90. 19. A device manufactured according to the

nmet hod of o of, .clains 10. or, 11,. or,, Wi,th.the apparatus accordin 0 _pne
0 o e 985 b8 Beordind ol chuin® 18, Wnstkit, M, PRREBH Bty B Ao kel o1
one of clai ms 16Gnci@ence betdteeh 60th&98ppar at us according to claim15.

19. A device manufactured according to the method of one of claims 10 or 11, or
with the apparatus according to one of claims 7, 8 or 9.
10
20. A device manufactured according to the method of one of claims 16-18, or with

the apparatus according to claim 15.

15






