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FI LTER CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This application

cl ai ns t hwokenefiriosof US provi si onal applications 61/ 31PCTI&P2016061330, 721
and 61/ 364, 725, which were filed on March 24th, 2010, on May 3rd, 2010 and
on July 15th, 2010, respectively, and which are incorporated herein in
their entirety by reference. FIELD [0002] The present invention relates to
a |ithographi c LAPHOGRARHKHAPRARATWS AND SPECGIRAL PURITYFILREReI n.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US provisional applications 61/317,167,
61/330,721 and 61/364,725, which were filed on March 24th, 2010, on May 3rd, 2010 and on July

15", 2010, respectively, and which are incorporated herein in their entirety by reference.

FIELD
[0002] The present invention relates to a lithographic apparatus and a reflector suitable for

use therein.

BACKGROUND

[0003] A lithographic apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that instance, a patterning device, which is
alternatively referred to as a mask or a reticle, may be used to generate a circuit pattern to be
formed on an individual layer of the IC. This pattern can be transferred onto a target portion
(e.g. comprising part of, one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of the
pattern is typically via imaging onto a layer of radiation-sensitive material (resist) provided on
the substrate. In general, a single substrate will contain a network of adjacent target portions that
are successively patterned.

[0004] Lithography is widely recognized as one of the key steps in the manufacture of ICs
and other devices and/or structures. However, as the dimensions of features made using
lithography become smaller, lithography is becoming a more critical factor for enabling
miniature IC or other devices and/or structures to be manufactured.

[0005] A theoretical estimate of the limits of pattern printing can be given by the Rayleigh
criterion for resolution as shown in equation (1):

A
CD=k *—
NA (1)
where 4 is the wavelength of the radiation used, NA is the numerical aperture of the projection

system used to print the pattern, k; is a process dependent adjustment factor, also called the
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equat ivdthif fhe:rafge of 13-14 nm, or example within the range of 5-10 nm such as 6.7 nm or 6.8 nm.
Possible sources include, for example, laser-produced plasma sources, discharge plasma sources,
or sources based on synchrotron radiation provided by an electron storage ring.
[0007] EUYV radiation may be produced using a plasma. A radiation system for producing
EUV radiation may include a laser for exciting a fuel to provide the plasma, and a source
collector module for containing the plasma. The plasma may be created, for example, by
directing a laser beam at a fuel, such as particles of a suitable material (e.g. tin), or a stream of a
suitable gas or vapor, such as Xe gas or Li vapor. The resulting plasma emits output radiation,
e.g., EUV radiation, which is collected using a radiation collector. The radiation collector may
be a mirrored normal incidence radiation collector, which receives the radiation and focuses the
radiation into a beam. The source collector module may include an enclosing structure or
chamber arranged to provide a vacuum environment to support the plasma. Such a radiation
system is typically termed a laser produced plasma (LLPP) source.
[0008] Along with useful EUV in-band radiation, known LLP sources also produce non-
useful, out-of-band radiation such as deep ultraviolet (DUV) and infrared (IR) as well as laser
radiation scattered (reflected) from the plasma. IR radiation is electromagnetic radiation having
a wavelength within the range of 0.1-500 pm, for example within the range of 5-15 um. Out-of-
band radiation, especially high power 10.6 pm radiation, produced by LLPP sources may lead to
unwanted heating of the patterning device, substrate and optics, reducing their lifetime. Known
lithographic apparatus comprise optics which have a high reflectivity of the out-of-band radiation
(for example at 10.6pum) and hence the out-of-band radiation is able to reach the substrate with
significant power. The presence of out-of-band radiation at the substrate may result in reduced

imaging performance of the lithographic apparatus.
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[00010] According to its abstract, WO 2010/022839 discloses a spectral purity filter
configured to reflect EUV radiation. The spectral purity filter includes a substrate, and an
antireflective coating on a top surface of the substrate. The anti-reflective coating is configured
to transmit IR radiation. The filter also includes a multi-layer stack configured to reflect EUV

radiation and to substantially transmit IR radiation.

SUMMARY

[00011] It is desirable to provide a lithographic apparatus to obviate or mitigate one or more
of the problems of the prior art, whether identified herein or elsewhere.

According to an aspect of the present invention, there is provided a reflector comprising a multi
layer mirror structure configured to reflect radiation at a first wavelength, and one or more
additional layers, the absorbance and refractive index at a second wavelength of the multi layer
mirror structure and the one or more additional layers, and the thickness of the multi layer mirror
structure and the one or more additional layers, being configured such that radiation of the
second wavelength which is reflected from a surface of the reflector interferes in a destructive

manner with radiation of the second wavelength which is reflected from within the reflector. The
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[00013] According to an aspect of the invention, there is provided a reflector comprising a
multi layer mirror structure configured to reflect radiation at a first wavelength, and one or more
additional layers, wherein the absorbance and refractive index at a second wavelength of the
multi layer mirror structure and the one or more additional layers, and the thickness of the multi
layer mirror structure and the one or more additional layers, are configured such that radiation of
the second wavelength which is reflected from a surface of the reflector interferes in a
destructive manner with radiation of the second wavelength which is reflected from within the
reflector, when a layer of debris material is received by the multi layer mirror structure, the layer
of debris material defining the surface of the reflector. The reflector may be configured such that

the reflectivity of radiation of the second wavelength of the reflector is less than a predetermined

threshold when there is no debris layer present on the reflector. The reflector may be configured
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a substrate, an anti-reflection coating on a top surface of the substrate,
t he af®YeNH@R| ection coating being configured to transnit infrared radiation
and a ol - | Pxfte S bafilks GARbAUERY M B LRChpSObIIIT itk Yl Aldate & RELATT On
and t(gm%du ltaﬂ%ﬁeﬁ}lﬁy%r gnsn{)teqlién ra?vgeaﬁradﬁ;a%pipon, St el%ﬁtf- Cayerg stac
conpr ipsodugedphena dtigobmy epBectdr soduleon (Si) and di anond-1i ke carbon
(DLC), eip the Si .is dgped .Si _and/or the dianond-|ike carhon.js doped
i mrohWEk e’ Bisbondevisian SOBTHGE ™ Heaban SOV L PR Rl Porty i

20117 1801289 PGHoER2D 1 d4i0R LodBe mNCcEREd Lo tBbudlel WaRB %4 Ad8FMnde 3t an
5x1019cm 3, preferably between 8x1018cm 3 and 2x1019cm 3. Typical |y, about
1x101%orhoginient af dwipresbihtenientioni ty concentrati on. BRI EF DESCRI PTI ON OF THE

DRAW 00019 i f.the i i il be d i.bed, b
oo 5 S0 SR TR P LR PR S 0a PR Er BR0T P B g
i n whiggh corresponding reference synbols indicate corresponding parts, and

in which: [00020] Figure 1 depicts a Iit.hoghr aphi c aflopar atus according to an
enbodil#¥RS] of Fighee ¢ dorigtsiaptghematic cross section through a reflector in accordance with an

embodiment of the present invention;

[00026] Figure 7 depicts a plot showing the optical response of the reflector shown in Figure
0;

[00027] Figure 8 depicts a schematic cross section through a reflector in accordance with an
embodiment of the present invention;

[00028] Figure 9 depicts a plot showing the optical response of the reflector shown in Figure
8;

[00029] Figure 10 depicts a schematic cross section through a reflector in accordance with an
embodiment of the present invention;

[00030] Figure 11 depicts a plot showing the optical response of the reflector shown in Figure
10;

[00031] Figure 12 depicts a plot showing the optical response of a reflector in accordance with

an embodiment of the present invention;



[ 00021] Figure 2 depicts a nore detailed view of the apparatus of Figure 1,
I ncluding a | aser produced plasma (LPP) source collector nodule; [00022]

Fi gure 3 wepnorg7@oschemati c cross section through a priPon/ERee119pEaé r al
purity filter; [00023] Figure 4 depicts a schematic cross section through a
reflector in accordance with an enbodi nrent of the present invention;

[ 00024] Figure 5 depicts a plot show ng the optical response of the

refle ho in Figure 4: [00025] Figure 6 depicts schemati ¢ ¢ross
sect i i{l‘?@f oubfu? Pe‘ihq%é‘iﬁ BPlq! #%Wé%%?@@%%ﬁ?“_éﬁgOgit]i‘ﬁég@mﬁﬂg‘f’n thEgFesent
| nvent|bQQmphRAAS &le Ei@MECHMwIERhG PR Rh Qs SNAWLRIed G cARbA.Cal Tesponse of
the reflector shown in Figure 6; [00027] Figure 8 depicts a schematic cross

sect i 4004331 oubjigure reddpaats aplok phandog tigambectivty lof ant-ehtradiradationodf & leegpesent
i nvention;. [ 00028] , Fi.qur depicts a plot .showing the optical response of
e GR35 ShaRo R oS SRS SuBaBy it e il SF ek G RET o
crosscﬁgﬁghgagthrough a reflector in accordance with an enbodi nent of the

present invention; ' ' o o o
[00034] Figure 15 depicts a plot showing the minimum reflectivity of out-of-band radiation of

a reflector according to an embodiment of the invention as a function of charge carrier
concentration;

[00035] Figure 16 depicts a plot showing the relationship between the number of periods in a
multi-layer mirror (MLLM) structure of a reflector and the concentration of charge carriers;
[00036] Figure 17 depicts a plot showing the reflectivity for out-of-band radiation of a
reflector according to an embodiment of the invention;

[00037] Figure 18 depicts a plot showing the reflectance of out-of-band radiation of a reflector
according to an embodiment of the invention;

[00038] Figure 19 depicts a schematic cross section through a reflector in accordance with an
embodiment of the invention;

[00039] Figure 20 depicts a plot showing reflectance of out-of-band radiation of two reflectors
according to embodiments of the invention;

[00040] Figure 21 depicts a schematic cross section through another reflector;

[00041] Figure 22 depicts a plot showing the relationship between the n-type dopant
concentration and the refractive index of Si; and

[00042] Figure 23 depicts a schematic cross section through yet another reflector.

DETAILED DESCRIPTION

[00043] Figure 1 schematically depicts a lithographic apparatus 100 including a source
collector module SO according to one embodiment of the invention. The apparatus comprises:
an illumination system (illuminator) II. configured to condition a radiation beam B (e.g. EUV
radiation); a support structure (e.g. a mask table) MT constructed to support a patterning device
(e.g. a mask or a reticle) MA and connected to a first positioner PM configured to accurately
position the patterning device; a substrate table (e.g. a substrate table) W'T constructed to hold a

substrate (e.g. a resist-coated substrate) W and connected to a second positioner PW configured



[ 00030] Figure 11 depicts a plot show ng the optical response of the
reflector shown in Figure 10; [00031] Figure 12 depicts a plot show ng the
optical rweponga7@b a reflector in accordance with an emrbodipp®nissie t he
present invention; WD 2011/117009PCT/EP2011/051546 [00032] Figure 13
depicts a plot showing the optical response of the reflector shown in
Figure 12 conpared to the response of two other enbodi nents of the present

i nvention; [00033]. Figure 14 depjcts.a plot showing the reflectivity of
out - ofi® B dIO8 IiOBﬁgf‘of“%étr?tSi‘ ﬁ‘fg‘c% BisHER S¥itg (-8 gFF BAPTRETHOB Y HHR)

presens éd?l‘fi%ﬁ%eid% ﬂ@*@je&ha b§tté?ﬁtim9ﬁ’1ttédﬂ02§1@ th@atib e @ﬁﬁ?ﬁ)ﬁu&‘hin@ LRI BIA
| ayer; [00034] Figure 15 depicts a plot showing the mhinumreflectivity of

out - ofonkentrgea dorion dh(ead. campafihg onoer morsohieh) of thesubsiraam®Bodi nent of t he

i nventj s a function of charge carrier concentration;, [00035] Figure 16

hon CbBaR> 2 bihe Bihalin ARG Raf Bl CRE R i B Bk e o

mul ti véf@yeife Mref&iive MaMensti¢,Ueledirém@énctic! efi¢@ek@fic and dhe Qﬁﬁ@eﬁf r gdtican of
e

charge carriers; [00036] Figure 17 depicts a plot showing the reflectivity
for oGPIPPIPEHAET pEKFERPiDHIw  thereple forabitesting cbavied. g coranemedorent of the

! nvent[b(ﬂﬂl;b'] The support structure MT holds the patterning device MA in a manner that
depends on the orientation of the patterning device, the design of the lithographic apparatus, and
other conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other clamping
techniques to hold the patterning device. The support structure may be a frame or a table, for
example, which may be fixed or movable as required. The support structure may ensure that the
patterning device is at a desired position, for example with respect to the projection system.
[00046] The term “patterning device” should be broadly interpreted as referring to any
device that can be used to impart a radiation beam with a pattern in its cross-section such as to
create a pattern in a target portion of the substrate. The pattern imparted to the radiation beam
may correspond to a particular functional layer in a device being created in the target portion,
such as an integrated circuit.

[00047] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LLCD panels. Masks are
well known in lithography, and include mask types such as binary, alternating phase-shift, and
attenuated phase-shift, as well as various hybrid mask types. An example of a programmable
mirror array employs a matrix arrangement of small mirrors, each of which can be individually
tilted so as to reflect an incoming radiation beam in different directions. The tilted mirrors
impart a pattern in a radiation beam which is reflected by the mirror matrix.

[00048] The projection system, like the illumination system, may include various types of
optical components, such as refractive, reflective, magnetic, electromagnetic, electrostatic or
other types of optical components, or any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of a vacuum. It may be desired to use a
vacuum for EUV radiation since gases may absorb EUV radiation. A vacuum environment may

therefore be provided to the whole beam path with the aid of a vacuum wall and vacuum pumps.



[ 00037] Figure 18 depicts a plot showi ng the refl ectance of out-of-band
radi ation of a reflector according to an enbodi nent of the invention;

[ 00038] Rwvouna/ti%0depi cts a schematic cross section threagEPaomesiseet or in
accordance with an enbodi nent of the invention; [00039] Figure 20 depicts a
pl ot show ng reflectance of out-of-band radiation of two reflectors
according to enbodi nents of the invention; [00040] Figure 21 depicts a

sche | C, Cross sectiqn thro h anot her ref ector, 004 | ure 22

depi 23@6%9& ot RO HECRifIELBY ApFHLN N e Shotind hietfEctive
concenffsRy.ion and the refractive index of Si; and [00042] Flgure 23 depicts
a schematic cross section through yet another reflector. DETAILED
DESCRIO0SON [ 0004 3jtRpgraplic Bppoherwanich lof adepe dtaging two gl ajehé)coraposr at us

100 i %ﬁ‘tl)s"{rcaili[en BbfesSAHIRF two or more mask tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or more
tables while one or more other tables are being used for exposure.

[00051] Referring to Figure 1, the illuminator IL. receives an extreme ultra violet (EUV)
radiation beam from the source collector module SO. EUV radiation is electromagnetic radiation
having a wavelength within the range of 5-20 nm, for example within the range of 13-14 nm, or
example within the range of 5-10 nm such as 6.7 nm or 6.8 nm. Methods to produce EUV
radiation include, but are not necessarily limited to, converting a material into a plasma state that
has at least one element, e.g., xenon, lithium or tin, with one or more emission lines in the EUV
range. In one such method, often termed laser produced plasma ("LLPP") the required plasma can
be produced by irradiating a fuel, such as a droplet, stream or cluster of material having the
required line-emitting element, with a laser beam. The source collector module SO may be part
of an EUV radiation system including a laser, not shown in Figure 1, for providing the laser
beam exciting the fuel. The resulting plasma emits output radiation, e.g. EUV radiation, which is
collected using a radiation collector, disposed in the source collector module.

[00052] The laser and the source collector module may be separate entities, for example when
a CO; laser is used to provide the laser beam for fuel excitation. In such cases, the laser is not
considered to form part of the lithographic apparatus and the radiation beam is passed from the
laser to the source collector module with the aid of a beam delivery system comprising, for
example, suitable directing mirrors and/or a beam expander. In other cases the source may be an
integral part of the source collector module, for example when the source is a discharge produced
plasma EUV generator, often termed as a DPP source.

[00053] The illuminator II. may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator II. may comprise

various other components, such as facetted field and pupil mirror devices. The illuminator may
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col |l ector nodul e SO according to one enbodi nent of the invention. The
apparatus conprises: an illumnation system (illumnator) IL configured to
condi ti orwe 20uaditaiobon beam B (e.g. EUV radi ation); a SuppoOmpP2el0sstar e
(e.g. a mask table) MI constructed to support a patterning device (e.g. a
mask or a reticle) MA and connected to a first positioner PMconfigured to
accurately position the patterning device; a substrate table (e.g. a
substrate abl e) constructed to hold a.s bst a resi coat ed
Subst PRt QR ARoRDROR bon S8 B Pt roHrm By bR Jor SR e o7
2011/1&%ggngIth2011/051546 to accurately position the substrate; and a

projection system(e.g. a reflective projection systenm) PS configured to
pr oj ed000S4pat t erﬁheir@atmrebhanoBtlhmcr@m an herpatemimBldycep@ata eraskny Adexhide MA

W Looouddi HRan? Phinshamebf & cBR b ur di bbby Bhatlsm i iar "= ©

COMPONEw SeirpUeNe@sd R &t paemineliévcd (/€ mARINEA! the RURGEH BERINEbhkes
el ectrostatic or other types of optical conponents, or any conbination

t her edfrouglythejipraedtiongsyssiapiSngvhier fewmes &19 perim st at faggsl (ondou 6] Thahe
suppo G ur ol.ds ep/‘%p t
depenc#slbsz%[t he oﬁllng%hgt 2|hgn0f 4:113 Sﬁ:%ﬁ éel{r}%llmg egllld(\:m?élpﬂlg g@é?gf]szo 'é'h%n
lit hogmtaﬁaromeaﬁp@mﬁeuﬁneaaaﬁlcdmbharca@@cﬁdvé i;dh@@r) theisdbsasteftatlc ®KBOR & mbetdher
or not the patterning device is held in a vacuum environnent. The supgort

st r uctifrBaleinc¥s & A itioR diffgreat; iprget PEINS S tnatE Paty ofghm&xdigoRnbsi
techn's%%ﬂ# OtBFcfrgt %&ﬁlo%f %@%9@& ngss%&hger&eppgrtcaﬁtﬂeurfsfe& "6 JBYaflfy @

frame or exanpl e I xed or novabl e as requi red
The sypppooh tist paretningdesdye ens unak) VA vxtltheremt er the rpgtIdﬁ‘vthceadlm(mtbearrdBm red

position, for exa le with respec he r ctl stem 004
term P;S‘H’E‘I?’B‘rgn‘?er’{b“e Vi E‘é““k)gﬂ B Stbart%g% brfrjtailrgB? H?Slf é]rl é‘lﬁﬂ?f any
M1, M2 and substrate alignment marks P1, P2.

[00055] The depicted apparatus could be used in at least one of the following
modes:
1. In step mode, the support structure (e.g. mask table) MT and the substrate table WT are

kept essentially stationary, while an entire pattern imparted to the radiation beam is projected
onto a target portion C at one time (i.e. a single static exposure). The substrate table WT is then
shifted in the X and/or Y direction so that a different target portion C can be exposed.

2. In scan mode, the support structure (e.g. mask table) MT and the substrate table WT are
scanned synchronously while a pattern imparted to the radiation beam is projected onto a target
portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate table W'T
relative to the support structure (e.g. mask table) MT may be determined by the (de-
)magnification and image reversal characteristics of the projection system PS.

3. In another mode, the support structure (e.g. mask table) MT is kept essentially stationary
holding a programmable patterning device, and the substrate table W'T' is moved or scanned
while a pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive

radiation pulses during a scan. This mode of operation can be readily applied to maskless
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device that can be used to inpart a radiation beamwth a pattern inits
Ccross-section such as to create a pattern in a target portion of the
substrat evOBha/paiobern i nparted to the radi ati on beam nergTmEPRole®pRe t o a
particular functional layer in a device being created in the target

portion, such as an integrated circuit. [00047] The patterning device may be
transm ssive or reflective. Exanples of patterning devices include nmasks,

progr nor arrays, rogramuabl e LCD panel s are wel
Knoan TR SITWOBT A A RER B ESEERE s, SIERE doP BRI eGP RS Phg
phase-$hiffe asab@dl iCWREEd phase-shift, as well as various hybrid mask
types. An exanple of a progranmable mnor array enploys a matrix

arrand@ifisél of <iaittinations ené/or gagtions owthe hbwardaseritieddioded sy or iehtiely so

as to Eﬁ%?qpt fg ncqgin gdlat(gg beamin different directions. The
ti |t ed HFPPIPAIS ohEY %Y%%? %Fﬁm N4 radiation beamwhich is reflected by

t he m[pgos7et Figkre pOMOG48] Mbappa@iBCIIMOM 3¢ &IRaill lik@udifg thd |sbhﬁﬂc8&3i)ll@d?lor
system nmay include various types of opti cal conponents such a

r ef r acqdus SPefihediunviaatiopagstent dL. @dether RiRisghen isystera| gt eragtsatHiCé Hegoher
types n%du‘i’eoéd)qgﬁ‘éon%ﬁp@%‘gﬂ& Srrarn Ed t‘ﬁﬁ’{%i&ﬁ{; e%v#rglg{n&ﬁfcan a2 ﬁ%’rgﬁlggcﬁ |2 Tor

t he exposure ra el ng ors such a use of
a vacmuﬂbmhgsmmymbezd©$ﬂmedukecuﬁanawnamﬂusofor EWV radi ati on since gases
may absorb EUV radi ation. A vacuum environnent, may therefore be provided to
the whOPUSBheath et hAnstairanged 1o dEPoFit Seiaengtam Vial la%?ﬁ&e%faéﬁéﬁmﬁ 1 sughp

2011/ 117009F @6 ﬁ;@&k%emﬁﬂl@(w%@ﬂ PRI (AR LA dupfIP20AARALRS Uikl Of 2

reflective t oying a reflectiv
a highly ionized plasma 210 with electron temperatures of several 10's of eV. The energetic

radiation generated during de-excitation and recombination of these ions is emitted from the
plasma, collected and focussed by a near normal incidence collector optic CO. Such a source
collector module SO is typically termed a laser produced plasma (LLPP) source. The collected
radiation may comprise not only useful, in-band radiation (for example EUV radiation), but also
non-useful, out-of-band radiation (for example DUV or IR radiation). The useful, in-band
radiation may be used to apply a desired pattern to the substrate, whereas the non-useful, out-of-
band radiation may not.

[00059] The deposition of laser energy via the laser beam 205 into the fuel may produce
debris from the fuel which may come in to contact with the collector optic CO (also referred to
as the collector) and may form a layer of debris on the surface of the collector CO. The
formation of a debris layer on the radiation collector may affect the optical properties of the
collector CO. For example, the formation of a debris layer, for instance a tin layer, on the
collector CO may increase the amount of out-of-band radiation which is reflected by of the
collector CO.

[00060] Radiation that is reflected by the collector optic CO is focused in a virtual source
point IF. The virtual source point IF is commonly referred to as the intermediate focus, and the
source collector module SO is arranged such that the intermediate focus IF is located at or near
an opening 221 in the enclosing structure 220. The virtual source point IF is an image of the

radiation emitting plasma 210.
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mask). [00050] The |ithographic apparatus may be of a type having tw (dual
stage) or nore substrate tables (and/or two or nore mask tables). In such
"mul ti pl evetagef17ovachi nes the additi onal tables may be we®Edkpreoriparsas| el , or
preparatory steps nmay be carried out on one or nore tables while one or
nore other tables are being used for exposure. [00051] Referring to Figure

1, the illumnator IL receives an extrene ultra violet (EUV) radi ati on beam

from urce collector nodul.e. SO EUV radiation is el ectromagnetic
2Lyt g SRR AR R HoTEES DR Rn 1550 SR 15y Gk

Wi thi Bpdie h 3088wl fidd lifroR MevRE 2X Pk eradiledl PupiinBikANGK QS 22-1@nAA &HCh
as 6.7 nmor 6.8 nm Methods to produce EUV radiation include, but are not

necesgavvidly a desitededgtler dsoibwépn ioh ghearadiatien bedm 2t af the phiggnmesicaice MAats has

at | east, one. el enent., e g. enon, lithi or.tin ith e or _nore .

i soril 11 naSiET R armaatt fBROT imensid L MerPonsirsia it 80°  Bpare B e

pr oduGgdhdbasiras (aditRn) 21 hethegakbmath §dvasm /A arkldBy RROMPOE diciukd 8 at i ng
a fuel, such as a droplet, streamor cluster of material having the

requi medempd Beami2otis fyymef e ihe pyliarredabdags 26 ipiezaged Phidhe pipiecaion s stemtity
nodul €. S f uv i aty t inel udj r t
o SR SRR % B0 AR OSSR, 8 LS A
resul tWilg pl asma emits output radiation, e.g. EUV radiation, which is

coll ected using a radiation collector, disposed in the source collector
modul 690063h052] Mers cleqacats By shaven B3y eereraly) bedretsnt Holde B miagtionesysepallat e

entit iagﬁ péﬁ@étioﬁxﬁg@hlePg\.h E0rc r,C@%ré ﬁ’lﬁf Ft])ei ort ?ﬁﬂriol‘so%lggeﬂy it}glﬁi thg's% stl}@@ﬁ ri? l?l?eam

for fu citatron. |In such cases, e laser is not considered to form
part dfiguree for etvmgrlepivre neyptar ousidanehat heflecadi eleimentslpeeseni ;1 hagsegictiorom
the | aser Sﬁbhe sourc%rcollector nodule with the aid of a beamdelivery
systeﬁV%ﬂﬁB) Bphowin TgWRdl e suitable directing mrrors and/or a beam

expangggoe3l N PhdEsn-6RIADut-BELSRIHERIDRYrd8c@Nby NPRIS@LeNRLY 188 1 RS SR Ce
col l ector nodule, for exanple when the source s a discharge produced

pl asnmdcBNg ¢fethe pattaningcievisn aneontich, aglugin@riris biatior. afddg0sdjcitethe laceurieyat or
L may .conprise_an adjuster fo djusting the angular intensity

distr%ﬁ' ?@ﬁhB?“?ﬂ%mFéﬁwsﬁF%ﬂ“Bé%ﬁf&%ﬁﬁg¥a||y, at | east the outer and/or

i nner [oGUb4R| EXS Bfitrol GOATERITLY 20 efcBlet®rt dlemass 28080,elollitdr apti Q€Y and other

respectively) of the intensity distribution in a pupil plane of the
i || unmionedcompangss afdhe sewee collpctpd dnadulsn illynkiaation fysicHadnsy or ArojseloncHinshl se

var| O o8 Qhfe n&%’ﬁ@ﬁ%@&pﬁﬁc 3PFRaRE hAF EbhFsd rEIi R0 HaPHB! d ARG IR EEES:

The ilTumnator nma
(MLM) structure. The MLM structure may have a plurality of alternating relatively high

refractive index layers and relatively low refractive index layers. The relatively low refractive
index layers are substantially non-absorbent of radiation at the wavelength the MLM is
configured to reflect. The reflector may also comprise a substrate layer onto which the plurality
of alternating layers of the MLLM structure are deposited. Known materials for the relatively
high refractive index layers and the relatively low refractive index layers are molybdenum (Mo)
and silicon (Si) respectively, where the wavelength of radiation to be reflected is in the EUV
range.

[00065] It is common to refer to the alternating layers of an MLLM structure as being periodic,
whereby one period consists of a plurality of layers which are the unit of repetition of the
alternating structure. In the case above a period consists of a high refractive index Mo layer and
relatively low refractive index Si layer. The thickness of one period is generally chosen to be

approximately half the wavelength of radiation to be reflected. In this manner, constructive
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WO 2011/ 117009PCT/ EP2011/ 051546 be used to condition the radiation beam to
have a desired uniformty and intensity distribution in its cross-section.

[ 00054] Thworadiaraoon beam B i s incident on the patterni RgTdP1¢O51(586 Q.

mask) MA, which is held on the support structure (e.g. mask table) MI, and
I's patterned by the patterning device. After being reflected fromthe
patterning device (e.g. mask) MA the radiation beamB passes t hrough the

proj ecti stem PS, whi ocuses the beam a ion C of the
subst M4f GYWXW%tWe?Ihéca&Frcﬂ‘g&f‘élﬁ%@ Ef@%??&h 66]§¥1Y$25§i‘éﬁh rﬁ%”(ﬁ &t i%y%c@éﬂssor
PS2 ( endMIaM 1 RIRES 8QHAEH 6me@l@§ﬁe@1%wavl31eﬂg@r encoder or capaC|t|ve sensor),
the substrate table WI can be noved accurately, e.g. so as to position

di f f el@166 ar Yeth poltiyensicor struchere@altemqtfont&hgoqda@ﬂattprsrpfbbem@ul Si-hadar |y,
the fir oner her | ti on PS1 be

cour SRR ROESRE PTG BET I bGP  i R P ERER,
the pabhe@inpiber IRGi@l.i Phe hﬂ%@%ﬁeetﬁ@t&rt(ﬁ“rtﬁés@gn@lﬁlhly@ﬁmﬁr@o@ at RSK v BN B
substrate may be aligned using alignnment marks M, M2 and substrate

al | gniieneuimirtesd piaipm 1s o008y THetluelpiheatetsllagpabardsivbulo Beosee: il at
(o250 ERERLih NS hho ARG TR avclchen! P B R HPAGa FFuRHPRIAL: BEMEM!" ©

ubstra
structures are good reflectors of out-of-band radlatlon, it follows that the out-of-band radiation is

able to reach the substrate with significant power. The presence of out-of-band radiation at the
substrate may result in reduced imaging performance of the lithographic apparatus. One reason
for this is that the heating of the substrate due to the out-of-band radiation incident on it may
cause thermal expansion of the substrate.

[00067] A known spectral purity filter described in WO 2010/022839 is shown in Figure 3.
The spectral purity filter comprises a substrate 38p having a backing plate BP. The spectral
purity filter also comprises a multi layer mirror structure 36p having alternating mirror layers.
An anti-reflection coating AR is provided between the substrate 38p and multi layer mirror
structure 36p. The spectral purity filter additionally comprises a capping layer C on top of the
multi layer mirror structure 36p. The spectral purity filter functions as follows: Radiation
(indicated by I) is incident on the spectral purity filter. The incident radiation I contains both
useful EUV radiation and non-useful IR radiation. Both the EUV radiation and IR radiation pass
through the capping layer C. The alternating mirror layers within the multi layer mirror structure
are configured such that they are transparent to IR radiation, while at the same time being
reflective to EUV radiation. Consequently, EUV radiation is reflected (indicated by R) by the
multi layer mirror structure 36p of the spectral purity filter, while IR radiation is allowed to pass
to the anti-reflection coating AR. The thickness and material of the anti-reflection coating AR
are chosen such that very little IR radiation is reflected by the interface between the anti-
reflection coating AR and the multi layer mirror structure 36p. Instead, the IR radiation is
transmitted into the anti-reflection coating AR. The anti-reflection coating AR is transparent to
the IR radiation and therefore the IR radiation passes through the anti-reflection coating AR and
into the substrate 38p (this is indicated by T). The material of the substrate is chosen such that it
is a good absorber of IR radiation. Consequently, the substrate 38p absorbs the IR radiation.
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kept essentially stationary, while an entire pattern inparted to the

radi ati on beamis projected onto a target portion C at one tine (i.e. a

si ngl e stwoi2011eMpwsure). The substrate table W i s thenpshidre@d/ o554 he X
and/or Y direction so that a different target portion C can be exposed. 2.
In scan node, the support structure (e.g. mask table) MI and the substrate
table WI are scanned synchronously while a pattern inparted to the

radi ation beam js ojected onto a target. portion C (i.e.. a single.dynam c
exposthtyacaie pdt B il pEr frisiiabe! hikh it Bl @ ¢ Teahiad Pl to
the Swﬂﬁﬁﬂ%uﬁéBH&HH@ﬁnﬁ@a&mqﬁﬁ%Kﬁ&ﬁ@ﬁ@%dMEoH@MnB@d@ﬁbﬁ£&1ned by the
(de-)magnification and i mage reversal characteristics of the projection

syst e8] 3A tefleeinoBherin rsderdandeewi pmoembadtimgat af ehe( mvgntiomaskshoatl @) MT

is ke essenti al stationary hol di a _pr.ogra bl e, patt er.ni ng, device,
and " ReEE Ao b e B e § o s B TR P B PP NGRS <o
the ragiea aRd KRS Mak 811N BCHEEOLrAN s ) df dangeid-18erdattn (BLA)Ant RL§pdradeon
general%y a pul sed radiation source is enployed and the programmabl e

pat t erlfiSmyg Tevedectorsfurtperaoarises sneasiditendl Byere whichdn thipgeseant Sbsubspate 38.
substr ' e i I, ation pul ses during a scan.
Thi's roba i R Ml R R BB PRURAER, Bos Vo © '

2011/ 1000809 PCThERRO LyOb kb6 dtiicting Bapiivilltdaciodithédts atheprognainvamicd acts
patterning device, such as a progranmmable mrraor_ arra a type as

, : . ; y. Of :
r ef er Péd Po2aBeeoniopdsBIthiiatani ol Gitkrey afdhe stdivHealdayarhal disopelt
descr 'lﬁ)ﬁg nRIESrRburl 98 1l pI%&:tn't frRedtion is small when compared to the wavelength of the

out-of-band radiation. For this reason the multi layer mirror structure of the present invention
can be considered to have an ‘average’ or bulk refractive index for the out-of-band radiation.
Furthermore, because the multi layer mirror structure may be considered to have a bulk
refractive index for the out-of-band radiation, the interfaces between each of the layers of the
multi layer mirror structure substantially do not reflect any out-of-band radiation.

[00070] It will be appreciated that any appropriate materials may be used in place of DLC and
n-Si, provided they can cause substantial reflection of the in-band radiation and providing they
are absorbent of out-of-band radiation. Such a MLM structure will absorb some of the out-of-
band radiation while reflecting much of the in-band radiation. Consequently, the amount of out-
of-band radiation which propagates through the lithographic apparatus to the substrate via any
such reflector is reduced.

[00071] The materials which form part of the reflector 34a may be chosen such that they are
capable of withstanding heat generated by absorption of the out-of-band radiation without
causing degradation of the reflector 34a. In addition, a reflector according to any embodiment of
the present invention may be provided a heat dissipater for dissipating heat due to the absorption
of the out-of-band radiation. The heat dissipater may comprise a heat sink or a coolant system.
The coolant system may be a water coolant system.

[00072] In this embodiment of the invention, the Mo layers of prior art MLLMs have been
replaced with another material (in this case DLC) having good reflection of useful in-band
radiation (for example EUV radiation) and substantial absorption at the wavelength of out-of-

band radiation (for example IR radiation). The reflector 34a differs from the alternating mirror
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di fferent nodes of use may al so be enployed. [00057] Figure 2 shows the
apparatus 100 in nore detail, including the source collector nodule SO the
i I lum natworoslyat@m | L, and the projection system PS. TireTapaoia@s51506 | ect or
nodul e SO is constructed and arranged such that a vacuum environnent can be
mai ntai ned in an enclosing structure 220 of the source collector nodule SO
[ 00058] A laser LA is arranged to deposit Iaser energy via a | aser beam 205
into fuel . such as xenon (X S h| um ( whi ch i s r VI ded
from ad¥etieP! dRp prigr 8508 Ot“ﬁ‘e§ Eﬁ)\ygue? eat! ‘ﬁzlsh rﬂl?gﬁ‘ (AL lzr@%ﬁrspfl@sﬂ'ﬁ’s@ﬂ}

el ect QR c#a?éﬂ?% At WaeRioAfsusSeial RlwillQehQhe Si-relSHSGNEIGRE hfid hadhAhiABd in
generated during de-excitation and reconbi nation of theSe ions is emtted
from tt(bléheﬁlllhsmﬁWb@bIlte@méﬁ agpdbédbcussed by a near nornal incidence

| Such | | d
C oser ATt HEuRa v B RO oS e TR Fo iR P i b fr e @
not  onjf YhelBhwdr of pBrik@ns th@mmlsqnc&lfeo% exanpbalcBWMyItRidi (B ﬁgﬁ})e> hmé Dalcso
| a

non-useful, out-of-band radiation (for exanple DUV or IR radiation). The

usef ullayernhagme thigknessi oin2 &aymb@ndjél@dnt% lapps yhage de dhiglegspaf tdet mnto Thee
subst r gflcee.’n{r%&{ 8f§}ilarg§ CH%@rs“\%ﬁﬂlﬂ' the ;iy]tmlo tR?c'Elﬁ radl %@%ﬁh@&t\/“ﬁ’& 1d1909859]

The déposition o Vi a aser beam he fuel
pr OdUC[Qled@hEﬂS‘eS‘[foﬁm ishs(hoﬁvl:lefbr mddiamhn Maying @®avelerdgth 60 N0.6GIM. WW ithik F[F%ure 5
collector optic CO (also referred to as the collector) and may formalayer

of debBh§ %Ohérlm@wéogaﬂ%%p%ﬂom Aeingidenigadighomhichig reflse tﬁhéﬁa%IFdélnﬁélb?W%
'ayer tw?&g%mﬂ% el I%haﬁ&{ ngﬁm triRnifEd, %ﬁ§ tﬂehkg)t gegﬁeaqﬂne RAhGW fhE' ? Rfiod he

col l ecto For exanpl e, ormat| on o ebris layer, stance a
tin | ayeudiatoom tvhehcislabswbat. ﬁ@amalys bavarfeas diigire Satimurite mimmum mﬂebmlﬁof

radi at ich is reflect of the coll 0060] di.at i

o orb@u 2 ofgy Rt Bt gt vicle o S80Sk Pt b Sulaeled,of o
| F. Tff)elsWerﬁryﬁéru&%fﬁl@ldef?ﬂIﬁ@hahgn' s commonly referred to as the internediate
focus, and the source collector nodule SO is arranged such that the

i nt er 18741 e Tocuss wikhinghd Md ad etiueitreqrt anmaterialnwitip eminsgeag@h atisarbehes enwitosi ng
str UCt

o 1 6B SR B 265 BIRCr T BB R o or iR L EBLEH 8
reduce. This is because absorbance (A), reflectance (R) and transmittance (T) of the MLM are
related by the energy balance equation:

A+R+T=1 (2)
[00075] The local absorption efficiency (Ag) of a material, for example a material out of

which part of an MLLM structure is fabricated, at a point (r) is defined by:

E(r)

= Im[e(w)| —— 3)

where &(®) 1s permittivity of the material and E(r) is the electric field at point r. It follows that in
order to increase absorption rate at a particular point r with given g, the electric field E(r) of the
material should be increased. The electric field within the MLLM can be changed, for example,
by changing the material from which the MLLM structure is constructed.

[00076] One way of changing the material from which the MLLM structure is constructed is by
the doping of any of the layers and/or the substrate. An example of a class of doped materials is
doped semiconductors. Doped semiconductors, such as doped silicon or doped carbon (e.g.
doped DLC), are good absorbers of IR radiation. By altering the doping of a semiconductor it is

possible to alter concentration of charge carriers within the semiconductor and hence the
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[ 00061] Subsequently the radiation traverses the illumnation systemIL,
which may include a facetted field mrror device 22 and a facetted pupil

m nor dewoeoRdianwanged to provi de a desired angul ar dipstrmpbutiiosrs4©f t he
radi ati on beam 21, at the patterning device MA, as well as a desired
uniformty of radiation intensity at the patterning device MA Upon
reflection of the beamof radiation 21 at the patterning device M, heId by

t he su ort structuyr , a patterned beam 26 is forned and

beam 2 ?CélVF H&%éd‘ngﬁ%iql}iganﬁ? 81?2&%68}%‘3%‘8?8% edP %Fﬁcé%ﬁs}r\géh%ﬁ%ﬁ?é‘ﬁi? ¢ 8
30 ontQay Sﬂg%fc%h@ucv&hﬁ{a‘} ¥rdafie 1RURShdRLSST dEcHale eSHQ%Efsahﬂ trRREE T
[ 00062] More el ements than”shown may general |y be present in the

i || unirgfaadtion insles aedabdorkande pr b eenicondeyet em PS. Furt her, there may be nmor e

T ROr ST ke B AU D SR s P Pl SRR B S Pl e

shown rglatifd GUIReradiatiod@QR6R].6 The deeRrastsab ul mﬁ%m(ﬁfa't @ﬁﬁl@xfrﬁdié@tm@ pepbasibieed by
LPP sources may | ead to unwanted heati ng of Fatternl ng devi ce and

opt i cshenr mgdigasigpsttheinpmppr ek pereodsnagresses.edlie mgo -hendad Ry ragigtian is Helleritech

D2t 0 B RS SOLE AR SRR AP L ORE TS it 22
corrpo nien tabieohtiid) @ayee wdehilc ahd QLD stroetutee 36 i ik | weny natallo n/hsysdoenpaeaaldtd) Ithe

proj ection system of sonme known |ithographic apparatus may rise
ref | ectPENERAAle B rdidtionapdtherrings ﬂ’@l\MEfM SHYGEE éﬁéan?ﬁéowﬂﬁ%@ fUBPGre may

have g :ly ?(%ﬂ ¢ @fra@c VeShaat RH rf E&ttb‘{ﬁé &fbo‘hefﬂ folwéEnAdy ﬂ@ﬁé @Yk and

relativ ractive in yers. atlve low refractive | ndex
| ayer sefarotive ubkk amtbnfadelsyn ﬂrarendi@slnnm of tlmfmvcandoalshmm atFﬂgtme Avavebtangtihcd he

IVLM| conf e eflect. The .refl ector rise a substrate
ver oah0 Wt (e oo poving PTRaoF A P e R R L by o

are dea@e%wreﬂa AHAAHE M@Mesrthﬁ{u%e BOra thend %eltfaaéeé%é}wgsh i M@m IsMGethRARX
| ayers and the relatively |low refractive i ndex |ayers are nol ybdenum ( M)

and siahd dcmSU(osira)te B8spelot thudligterfadrede(addoaclvavdte mgthlq rofr sugdécaeli the reftecioe)

ar  or a0 e el s Mnd AR bR B et 8RR per i odi ¢, -wher eby- one

peri oqdoeor8$i shEnigfund réldetiah iffom ahe kaeeios 1mbﬁzlhv@r @hthehdivirh &If the a@p@édtdd on
of the alternating structure. In the case above a Eg/irei od consists of a high
r ef rac’favvefrpmdf@ﬁh NHClfappds a aHainwn.aBeeaarsy theqliernatipg gyeped 6 adeubsiat gperd  The

thi ckngss o? a!n8qlac!1§u i c'aé( e tﬂQ?ﬁﬁ a%qﬁlsQ@on%le{e&)fét&%tse{n%’d WtJﬂeEPe

wavel engt di atlon ere S nmanner constructive
much of the out of-band radiation, the reﬂectlon from the third interface 39 is comparatively

small and therefore need not be considered. It will be appreciated that in some embodiments of
the invention, the reflection from the third interface 39 may be comparable to the reflection from
the first and second interfaces 35 and 37. Should this be the case, the reflection from the third
interface would also have to be considered. When considering just the first and second interfaces
35 and 37, the minimum reflection will occur when the sum of the reflection from the first and
second interfaces 35 and 37 at the radiation receiving surface 35 is a minimum. In some cases,
the sum of the reflection from the first and second interfaces 35 and 37 will have a minimum of
zero. The sum of the reflection from the first and second interfaces 35 and 37 will equal zero at
the radiation receiving surface 35 when an incident wave of out-of-band radiation (indicated by
R2) which has travelled through the MLLM structure 36, has been reflected at interface 37 and has

travelled back to the interface 35 via the MLLM structure 36 has the same amplitude as, and is in
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WO 2011/ 117009PCT/ EP2011/ 051546 i nterference between scattered radi ation
fromeach relatively high refractive index |ayer causes the MLMto reflect
radi at i orwof2otina7aesi red wavel engt h. [ 00066] Such nul ti IPay@aP26m1061546
structures are not only good reflectors of the useful, in-band radiation,
but al so good reflectors of the non-useful, out-of-band radiation (such as
IR radi ation, for exanple at 10.6[tn). The high reflectivity of these

multilayer mrrors at the vel engt h  of e out-af -band _radiatjon.is _due to
The. r Rk i Gn opispr G omegor Favaed 8O ouncibBr akag ahipioracd 35
trans ﬂﬁh%%ﬁj%e Riferf®] R4 enkineatudie iNeNElefRM diwain Wik RUtamafrPand radi ati on.

Si nce the M structures are good reflectors of out-of-band radiation, it
f ol | o807t Bhbought thef wivaen dofr adichtbiant radiatady eclieotedelaah ¢ahk relibdiveaindexni t h

si gni f.i cant r..The presence of out-of-band radiatiop at,.the substrate
R A T R R A e PR v Rt ah S R s g
One r gagPBesi@EtivdinterfctedcdftihishBay@at ARGy Obe tthe c8ddbsh riatethih ehel RopB®F the
out -of -band radiation incident on it may cause thernal expansion of the

subst pagsent MEETBT] that 1hgoviryes pé out-af-bangr radiation| reldectefb Sop ersh refiagme index
2010/ | [0 Fi e 3. P I [ Il onpr i a
subst Sﬁttggg%é pl)ﬁnh g@ﬁﬂ%a‘d&ﬁbé‘cﬁ%&ﬁgmg|53%2&B‘§.P?%1{ec%sap@% r %f?’ec%:& r‘%ﬁ?’ ngi qr{rl?girg ﬁg dso
conpr irsdstian frointthe kedleetor Mhi¢hohassd substattiglly3Gnalea ainplitrletoompatedng thatmdnhe

| ayers. An anti-reflection coating AR is provided between the substrate 38p
and mMEM paydprenpihdie &flegor drelsaBiion the wpBttrany pdditiegal flayqres)).  Such a

addi t i;gnad i : pPR¢ e he- ti re. A, NEr
str uctsur e A?E%élplg Tl'lpiélegglglﬁ rt']gfé %u?%t liloqerl ‘Iretﬂ gcrtg@u‘%l%fgi gﬂ;]gﬁﬂ;(g %H(I)& I%&%ﬁxlgaf(rj(fﬂéﬁ on

(1 ndi cefletbriagcdrilinggo amemtedimennot the irspedon mlay petdss thahiOteof. th heali raé¢adeaht

radi ati on I. contains both useful radi ati on .and nop-useful | R radiation.
Bot h DS EO0UF Aab At BRIt o) e LY TS b SOPHPBUER DL e ABBI g Iaer C
The alitgrnat (g, MhBE 1dsaVRhS WahinthytHGedihid 142YRfis 1 BRIl YE tHé Gurdie
configured such that they are transparent to IR radiation, while at the

sanme thiane rdskeitivg re@édtet fromethe adior iwdéiznigonrfaomsstpuiogtin v, deRUM tivadianieon i s

flect.ed, (i ndi R h Lt .l ' 36p. of th
Cpec S b Py tacigh onen 3Bl righY Fn e Bl Skirs o PpRamdy™®
ant i - nableehilandsaattivdn®Rerchbeot tit oknessananddia@éer i al of the

anti-reflection coating AR are chosen such that very little IR radiation is
ref | ed0@$0hy Iherdentte rachicsc slesifsiyet inerigrnice ref e OPopf-bavdt fadiptiaR) ahdha he

mul ti e tayr : t il I [t LS.t ntted
"ot (hEVER, PGl S &3R8 g R 580 ol R SRR, it e
t r ans padiest witlo rdspect ltiR thieaclitatfiband andatidnesfethe hkerbend Ryeddifahd M N assesire

througz the anti-reflection coating AR and into the substrate 38p (this is
i ndi caletiepybstiate 3 and gegnyigpngentiin gheseideiqrpl dhg llepigs are GiEH HEtCHMi s a

good . I-atd gn. o Con: : . P t he
R T adra o B B PRI Rl G QMR SR RE R

made ofrugurad®@dndl depbnding lont the remdlodoaendudit iabsdrpame dfhthe shiestatend®)ofand hiee

subst rtg’[talethi%ciges%uo? tlgeoMtL}f\? S‘[af'ltlj(ﬁglre%é ((a)lrrlld 8(E,petn glgloﬁ tLg grln%;[) | i(r)nr(]ang tne t ?ckgliassssoif %?'e:[ ed.
substrate 38).
[00081] By altering the refractive indices it is possible to alter the amount of reflection that
occurs at each interface. This is because the amount of reflection that occurs at an interface is
dependant on the refractive index of the material on either side of the interface. These
relationships are described, for example, by the Fresnel equations which are well known to the
person skilled in the art. Altering the amount of reflection which occurs at each interface will
affect the amplitude of both waves R1 and R2. As discussed above, the refractive index of the

alternating layers of the MLLM structure 36 and/or that of the substrate may be altered by doping
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[ 00068] A reflector 34a in accordance with an enbodi ment of the invention
is shown in Figure 4. The reflector 34a conprises a nulti |layer mrror

st ruct ur ewB@otioimpropsi ng al ternating | ayers (al so known asTaiPe@nnatsiag
mrror |ayers) of dianond-Iike carbon (DLC) and n-type silicon (n-Si). The
reflector further conprises an additional |ayer, which in this case is a Si
substrate 38. The nulti layer mrror structure 36 is provided on the Si
substrate 38, [00069]. The nmulti |ayer mrrar structure 36 of all
enbodi e LBl '@ ?ﬁnélgé B PHVEALS éf.lf[ hyadierae Mheppnginty o t?‘EcF{OB?mf‘ﬁFdi(?ﬁdpand
radi atjepRe thyt%aﬁé%' CHFAESSorREnttdlin). Ny hl‘é‘&'%'oséil%% siu@f Heh@rativd inudy eF @ nor
structure of the present invention is small when conpared to the wavel ength

of t heltouating ldyardofrthe Ml MosirucRae 3bhirghatedsbe sulrerareudd by Ineakarg ticpofrom a
struct L8 otf tth? present invention can be considered to have an 'average'
or bul PR e i ndex for the out-of-band radiation. Furthernore,
becauggo(g2e MAltbiind MY SEfrA0tVE PideStIruGhAtEGal M cRQhE Gisl dehARthtradiRayEravdi| K
refractive i ndex for the out-of-band radiation, the interfaces between each
of thehioggletke gfaterisg nlha ppaedyasrwhich gpdigtion dtavele tBiphsh antagirial igdnvssely

refle - of - i.atian. 7 . W ppr.eci at . any
apor oprarto Ao R APt B ma Sl e ] el R APE SR Toalilfn. &)
can camseglsubatdiom Bl givaf beahé¢ prodaitt bhehd pedmande naditabl oe padl the awdidi ¢y

t hey are absorbent of out-of-band radiation, Such a ML(M structure w ||l

absor Bolkyhetherugh renedirmang Ahtiindgd phieigatiophef e medivset InqEraning Rorgtectageing)

| n- Dang. fAdb@ld Allex GOME SAUGREAY tay LG APMEIM S Qtofs PRAG LM Apkien pafi N
propagates t roug?l t he I|thograpﬁl Cc apparatus to the substrate via ePny such
r ef | edémpth iof waduR2chf $1000 7tkhd Thadiatien ehioagls thviMbMf etruvtypard6 of itdnase (or

reflector 34a my be chosen.such that th re c bl e i t hst andi heat
Gener SETHat) - AbabrPrraIt of RE e ho B hRLEnSRRg b dte thoo eo i BF gl

degr adgh iR 3, aliishe &E k@RcAVe Btk of healldinhiiPDlaydrs 'Rl 8 sGNNIt any
enbodi ment of the present invention nay be provided a heat dissipater for

di ssi plat ppigraheath dtfercnee tand hebso phascahifofened) ebecoutenofatvariil padiRAt o, thdhe

heat di ssj pater may, conmprd s heat sink or a coolant system The cool ant
syste a?‘rea§eoeﬂ)lée ee\}\?a(%@’r&%%?eﬁﬁ%r%é%tem [00072] In this enbodi nent of the

i nvent0083] t hBy Miehiay @fcSa3briantObf aet alwgh\ﬁnFayﬁerb@emher rpRlIMCc@actthd B anat her
material (in t%i s case DLC) having good reflection of useful in-band

r adi atdepindireopn dkaapbedimget. riheliahtdrbace s dhe BBt PR itabgospbleda dter the
wavel h of - radi ati faor ex I l.ati

refl e%p-g)trh aOfgtlﬂ% fvgir@a?érj'or}l%tg té&g&gteh%nag)ts?rﬁ)&&r%pélfgtrhe%eﬁl%ﬁé I%}S’ tl0%ss the
2011/ hinpliQRERCH/EPRAIL RASHDAE by dt Basofech lreflqatddoy ctreBéwomm34an Ad diye®s@l in
which the aJternating | agers are substantially transparent to IR radiation

such £RAYSithe RP1arbIsacH hrealigmeting enrecet gl i SHYCRHG Bt BRSPEe i n
tot h%oﬁfrﬁgsthé HMaFerWNEFfr§m! Whi filgh arf reba?l_g'by[ Qggﬁg]ﬂié: hidHhf tﬁ@g_ anlt O?edt he

opti cal sponse of the reflector shown in Figur , as a function
nunberamef hgee itha shavge toeieivbdcshraictinyr dt Béal§arositlabehltedha absarbdnae tofiehe

figure). The C | ayer ve a thickness of 2.8 nmand the n-Si |ayers have
L Ohi climlTo Ry o e N Gttt PATT oo GiEr G 8 DR OReSiET i v the MM
St ructpe(B4p6 Afie@RPieXbEBRIEles of ROV MBudctufdI86 QR lafiad! bdtE SIRONRSihe SHoOWN

for radiation having a wavel ength of 10.6 pm Wthin Figure 5 the solid

line dhowsve R thatapaefldctsd tof refllaciordh andidisatheophashidgferencertetweant wanesthile

dashed [,i sho the proportion, of the radiatjon ich is transm.tted, and
e G and JE s MR hE s R R He AR BY b GG 0 M iRyl BORTURS Bl /'
can belesedind)rentdthigthickndsst dfathe MIEMNMtHicEateN3b efilleiatica ©F dabeie) 1% @akdr s at
a nunber of periods which is about 220. Wthin the Figure, the axis

| abel [Path lgngts of R throgpl thei MAMflrychgr dentByr Ariag itgroptical path length of wave R2
through the MLM structure 36, the optical path difference between waves R1 and R2 will be

altered, hence altering the phase difference between waves R1 and R2 once they have been

reflected by the reflector 34a. The amplitude of wave R2 that is reflected by the MLLM structure
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[ 00074] The use within the M_M structure of a material with an increased
absor bance of outof-band radiation causes the reflectivity of the MLMw th
respect twocaoti/afeoband radi ation to reduce. This is becaus&rabnzosizance (A),
reflectance (R) and transmttance (T) of the MM are related by the energy
bal ance equation: A+ R+ T = 1(2) [00075] The | ocal absorption efficiency
(AE) of a material, for exarrple a material out of which part of an MM

struct .sfarlc a. poi.nt IS defl A

(1 2005 et e By 16 sy I Geecietnd ity eV fareehyhy S

el ect rjrgetiteeddd T8Es iPBERLsd the hfterh@fid OMFerk BRthel ML gﬁfctﬁr@ 3b NG RASLARBIRF BE | ON
rate at a particular point r with given 8, the electric field E(r) of the

mat er itlag OISI‘thhadd vslidtiver elzpodda eiEatr eraortidncoffwaledR wheHimhertibe Want Bamabe
changﬁdV 50 fl<a,[rrpl e, by changing the material fromwhich the MM structure
i's consYFUR°¥E" 1 00076] One way of changing the material from which the MM

st ructoeoss)s AKoRsksuEBEs ab&)r@iylgttb&md&ﬁb(ﬂﬁm@ﬁt éNtheOfredche iU iARKNvAT i he
substrate. An exanple of a class of ]\Eed materials is do

ped
seni camgiie torkhe PHpetar d&nempdiss o r LM slekctes &@dyéwgsﬁqurwgdﬁyedw%@%r bon
(e.g. agg %egrpg'sﬁ%c’ona(é% ?0%3118ﬁ9&5’re 54 gérgleg Ocogig 1‘3&' Qcﬂhtl(%% ‘ﬂa}‘e?sr ! 'T‘g<% tl\l;llﬁar ge

dOpI ng of sem con 0SSI concen tiron o

carri strictufet 36 i8 pidvedeslen e Bdiiitibmﬂ l@eth. h[éh&(addiﬁbﬁal layers are a Si substrate 38 and a
metal layer 40 sandwiched between the substrate 38 and MLM structure 36. In the shown
embodiment, the metal layer 40 is a Mo layer with a thickness of 100 nm.
[00086] Figure 7 shows the optical response of the reflector 34b shown in Figure 6, as a
function of the number of periods of the alternating layers of the MLLM structure 36 (axis labelled
n within the figure). The DLC layers have a thickness of 2.8 nm and the n-Si layers have a
thickness of 4.1 nm. The concentration of charge carriers within the alternating layers of the
MILM structure 36 is approximately 3 x 10" cm™. The optical response is shown for radiation
having a wavelength of 10.6 um. Within Figure 7, the solid line shows the proportion of incident
radiation which is reflected and the dot-dashed line shows the proportion of radiation which is
absorbed. Within the Figure, the axis labelled p is the proportion of incident radiation. It can be
seen from Figure 7 that the minimum reflection of about 1% occurs at a number of periods which
is about 200. It is thought that the minimum reflectance of this embodiment is much less than
that of the prior art shown in Figure 3 because the metal layer substantially prevents any out-of-
band radiation from being transmitted through the metal layer. Substantially preventing any out-
of-band radiation from being transmitted through the metal layer means that metal layer may
absorb out-of-band radiation and reflect the out-of-band radiation such that it can be absorbed by
the MLM structure and/or destructively interfere with out-of-band radiation incident on the
reflector.
[00087] As mentioned above, the metal layer 40 substantially prevents any transmission of the
out-of band radiation (through the metal layer 40). This means that the majority of the wave R2
of incident out-of-band radiation which reaches the interface between the metal layer 40 and
alternating layers 36 will be reflected or absorbed by the metal layer 40. In the embodiment
shown, the metal layer is 100 nm thick Mo. It will be appreciated that any metal which is
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WO 2011/ 117009PCT/ EP2011/ 051546 refractive index and absorbance of the

sem conduct or. For exanple, increasing the dopant |level within a

sem conduwwOan1mayoopncr ease t he concentrati on of charge eamrmpesid/oarsdé hence
the refractive index and absorbance of the sem conductor. [00077] Referring
again to Figure 5, it wll be appreciated that the reflectivity of the
reflector relating to IR radiation (at 10.6 [tnm) decreases to a m ni mum at
appr oxi mat e n |ncrea he nunber of

dth
i ncr egslganty %rﬁz)f?ﬁCBEeS‘ir’ Iatg Eavaa(%l:@e;lgt L4t 9¥rP %§ Séﬁ@anéaax %H*?eélnﬁe“‘? fPace

bet wegie t\iQa1MR }r&f upl® Bf c@baftfl@ro%”stubﬁtﬁﬁt'iaﬁﬁzt kéfﬁchﬁ‘gj% onP6f-bdHdC kiagsRnOfineach
of the alternating layers within the M_M'structure 36 is very small when

corrparﬂadkme@s pheéewastel leyrgtshodf! bereedl® thafdihatSkmrﬂeaﬂdoii the mesfta rag thehaaveldugth
st ructg (? ?Ea redc%nm dered to have a single 'average' refractive index
with PedFeltof BHEYE P adi ation. It fol lows that there are three

ref r agonoss] i Ndexoinblepitoadffentd Bf tHeinesRM iERhy B debiablO Ve Dtd ©M&EMNOWRA the
Figure 4: a first interface 35 (al so referred to as the radiation receivi ng

sur f agectdlflaydieviielt sghatlo sybsintinkde el ve st Be ivewelsnehind theprieelthwnd3adiagend t he
MM st H%Ierh%s ggnghgtrlllgﬁq?ﬁ%ﬁ J(}h?{r%{,,e eéah@igfcé@%goﬂgp% %h{a‘l‘%&fu% i7f, apd

the si strate rface as t e Tear
sur f acke oktal heer ﬁfab&ﬁtﬁW)ntb@oﬂ@@Bcambelt&ﬂbﬁtor @table38e andaltlibeer ex dasipate Ieht t he
reflector 34a. [Q0078] M ninmumreflection fromthe reflector is achieved

when tCFf‘é‘“?dHf\ﬂ%ﬁ‘reﬂﬁ‘émf h spdldpe (Tamdac phsomptioncd ﬂil%‘?léroffa’éé radiagtioni ni prum
B
ecau G%an f ?g%t%frﬂ%t hgﬂn iy gére?rﬁ mqnswbb%erna{ Seco r@aﬁgtergﬁt $M8ind IR

out-o ati1on an ause the first an aces 35 and 37
r ef | ectdiatinphisafansin@teduhronih biancfleaci 3db.ort, canhdsa bé seamt thenthe rrefilectibe of hha d

interface.39 is ca rativel mal | . and. t her.ef ore ne S d.
o R bl G SROLE. R Db ttndsl & Se il FRben) SR NS
refl egllhaprd 3¢ mactr%e& hb radmhﬁﬁﬁﬁﬂ‘ ACHOA20R YeRR1sC omafeae&@ont o tth@ &ui-8f-bgd i on
fromthe first and second i nterfaces 35 and 37. Should this be the case,

t he r efdiaiean dan fincweasehes thigi tp@dl imtlmesaclethaddlL.M a:hsxburha}@emcma&@e donwithidhed.
When consi derin ust ,the. first nd i.nt 7. the

o R e il A BRteR T Ao ur TRhB FERR AR, RO oRFE MRS 1 1 o0
and seemnthd Whesss ﬁ@ﬁlsal35h@@éfra%?1v@tmdditemﬁ@£ﬂc@§ k@A toes ehivinigm Sdirthagadia®od s a

m nimum I n sone cases, the sumof the reflection fromthe first and second
i nt er freeedgn@surkasd 387 Iipfhiel presgirecrabedimpiy e onlyzgfrgctivenadeyimicsfaceshshicb ppesk t i on
from c t

it et 55 PRl 8P SEERRE I ALEE bTER, ol RO ot the RAKEG: 38 n Pncim

r adi atstroctufel 36 andih eetoy i2jfassti7chetheas the MIeM sadlcmlmr 86 gid thlaendvﬁ.ll\l’hﬁetrrmmlur e
36, has been reflected at interface 37 and has travell ed back to

i nt er fiBY BEeHRY tprf@nwﬂm e infeiiages begvasadhe pstad dmvsr Akand flt?d%lba%ate éﬁdarids in
WO 20101:{ £0QRP /Qlﬁlﬁl%fiea@ﬁbr B33 AcMbi Ryp! *B@ca%'é -3¢ - Raa 1@% ﬁ i on

(1 ndi cat by R1 has reflected at Interface 35. This nay b rred
to as sUbitaitlaﬂgsptmntsmng dafnhephtesfernd rbdbtiveefromaeshii] thepdinR2faces. As with
the previous embodiment, when considering just the first and second interfaces 35 and 37, the
minimum reflection will occur when the sum of the reflection from the first and second
interfaces 35 and 37 is a minimum at the radiation receiving surface 35. In some cases, the sum
of the reflection from the first and second interfaces 35 and 37 may be zero. In this condition,
the reflected waves are said to exhibit total destructive interference. The sum of the reflection
from the first and second interfaces 35 and 37 will equal zero at the radiation receiving surface

35 when the wave of out-of-band radiation (indicated by R2) which has travelled through the
MILM structure 36, has been reflected at interface 37 and has travelled back to the interface 35
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[ 00079] Al t hough the waves of out-of-band radiation reflected from each
refractive index interface of the reflector may sumto zero at the

radi ati orwoeorimiong surface 35 (referred to as total dePCTEPRONOS1546
interference), this may not always be the case. It is within the scope of

t he present invention that the waves of out-of-band radiation reflected
fromeach refractive index interface sumat the radiation receiving surface

to produce tal reflected wave of. out-of-pand radjation fromthe

refl eaﬂ%ﬁ“e\bﬁ?ﬁ/ﬁ“‘ﬂ%@fs%?}B%ﬁ‘&r?@inﬁmphé K195efnd ?{eterahase_ RVEE Rt of
the Mph@tddiaioar Erdfatddns 18 BFWIREH BEs defediSPh@hiepAcd 35.€. W thout any
additional layer(s)). Such a substantially smaller anplitude of the total
ref | ed0@WO0havin ofdep adfierradd madinatm e faf ghe aeflestibedtam the Eiovtdindgseteondan

enbodi.nent of,1 he,ihventjon be | ess than 50% of the.total reflected
oo oS oad AR S Ml Blor FocsRiRa B oy Sovehl b Rh s, FGe oS
l ess tcbadidetien: TRY rddRcli®S mdbhan tHOYeriIgNEYdre S6 of RN MI%aRKiEh PRpedio liRSS
than 1% This is referred to as the out-ofband radi ation reflected fromthe

r adi atubpf-pandeiadiatign.s the frefeactiv insdex ef ithpgenivivoamgieidp thcexteorvd thraieflogtoh34the
out - of - radj ati. i i .ef t 0 it N he. r efd .

ot r uot e bl Wy B0k fifl e B e Tl AT PPk REnaiin

out - oflayeandl thadviBM aructfr0Ge80H tharadled@ncd @ithetipemetodrs buticthand radibesit ef ence
(of the out-of-band radiation) at the radiation recejving surface 35,

sever dhe mg@t byer Hagng thertaiabihiGkpess o dhisy! tpapasing dnrers Hdhe er%éléfrp%rq Wi ces

w th resiRst = 0Of < Lat.l f . | t he
M.M st[r uct gr eJT%G,}afaﬁg%b §’ %( P%’? gab%%%g% ﬁ%g@ea%%ﬁlﬁgﬁ%gﬁ{efk?%dn?ﬁ% Ldfe%%(&t%g?? glﬁe of

t he r efihectanner3dali{cusdlabyvea Aarimgrie refiaetiahiade ahwebasice hnd esgeltitkiess vhe
out - of - band radi ati on. of e alterngting_ | ayers of the MM structure.36
(and dep O gEdmerner Brohlhanetns e haptshan eetor e aliSttdia MBI and
the tqf @le tb&diReRSaRN el I MaNbBLrHE i Rfn (Rch dRPa8dl NYeo thBade, for
enbodi ment, the thickness ‘of the substrate 38). [00081]By altering the

r ef r ackimplei nd pessible o sligrods irplllestange af ther metad layen 40 twitf respdel ée theopnttdiat
occurs _a ach interface. This is cau t he amount of reflection.that
occur 98 rRTtn: ARsE SRl Enes RS R b PE AT R Ruh EISRLIERr MR
on ei tRewh&i @ BaPbech hefldonidesyf @e eeflethe3abr hatit Bashid sheadreatdieme réfhethncd of

exanpl e, by the Fresnel equations which are well known to the person
ski | | ée matal heeiadQ, thoapieater Hg rrerorapm ohthe gtave &2 wik boreflggicd hy secesl Byeeach

interf j e | i - As di scussed
above, Dupiet e ke s S I obpotg (P b LN B RO R (T et vt ur e
36 and0@092] haThoémbbEmenlSif tiat resemy inventadr divadsdayabdopibod usWih excess of 200
2011/ 117009PCT/ EP2011/ 051546 the materials from which they are made and by
al t er iPHOYHE! b aHemaing Fyetophnie Ml sEMdURerl 80 tatetoc AdTGE ter Pimpum
concentf@idnan) 1 i ulohefl §0 BASS LhbSaihRnAl (ea G hERHACH KSelsilS, Qi ke
alternating layers of "'the M_LM structure 36 or that of the Substrate 38 by
maki ngtridtern Hecause shadicflb@nmetat fretieteirfate 37 B8GCIBAYel Ahtghr i Tings mbansrtkedty det to viee

i ndex of material affec t peed at which radiation travels thr h
he mabuPuiee racissBlier St T RO Saeoh PRVRRS Dl SHGHS Rhabs MAFHY S

i nver sehyuR! FPRIJekidRBdo 0ot A@nifE RCIAM BuddChe Qfavt D BRtheT it A sublhR@aapt i cal
path length of a wave of radiation through a nediumis given by the product
of theqgdomeamplgude hythe anplitade phtwaviehRl roadé shayomavieobdthisen mefdastgd by ieedi um
and the.index of refraction of.the nedium. Increasin r. creasing), t he
ot r adeBI Tt EhRER Pt iRt iPionr 8 o R S RO
cause Mh®I apichialwimadonmbey gétoddforay eltdfdatife 1aiidrs OffobatinladhRtibRimthbedgh
the MLM structure 36 to increase (or decrease). As a consequence of

al t er iusgfl toneppdythecaierpging lpehyinglude aawen Repesiiuyherehe thg dapssitadcraiidese,
| tori ‘ : 5 s ‘ . < of

o e OGRS AR LA EFPIRL LS bR Ry b Mo v

di f f erdeaaeposiieinvarchamies vitor prdufdr.ofud médydhavebbeayraal tiect @adsbyinghe

reflector 34a. D : s . . :
the cost and production time increasing with increasing number of alternating layers. In this
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[00083] By altering the absorbance of the alternating |ayers of the MM
structure 36 (and dependi ng on the enbodi nent, the absorbance of the
substrat ewB&p11/t17008 possi ble to alter the anplitude of wrhe/Eravae/RE46 The
greater the absorbance of the alternating | ayers, the |l ess the anplitude of
the wave R2 will be once it has been reflected by the reflector 34a. As

di scussed above, the absorbance of the alternating |ayers of the MM

structure, 36. nay be tered by dopi t he terials fro ich they are
made AHERSP 4k i?’ﬁgaadtVﬁ‘éta%"rP&é ﬁpd%%pa@%ewqwﬁa s sVt cFuetEe drisye
carri bmpARGE WAL p@fdls Jft theSalRkSRinRORER! & 1O B! fe8ficet P&t apRIoraRc i t he

alternating |ayers of the MM structuré 36 by making themfroma different
mat er ipadducfiopOB8w] Altering the total thickness of the MLM structure 36 will

alter the appl.ityde of t.he wave hat, is.,reflected by refl,ector 34a
and a0 "Sa0R Gt PPE ARl b Rbcs R B dh S SL RS L B
refl eqi@de By tThe réfRictorcddercoddiisest RIMLMG sPREAIST, IcBRIPERIHE Ntefmtin g esepasf NQ)
the total thickness of the MM structure 36 will increase (or decreas}% t he

opt i caMpardhnitergikcost(ned). + Hroighactohaaiupher qanenriseeadstionsy laypiserlihg ML
optic I Rt g - CL U & i cal
path_ QR sEVAD, S NG R ROyt WML SRR S RO PR 68
phase adidrpesrenger Hed waewickad éetviRienathd sb2stanced théyhehmie baaotureBb.edh ek by
the reflector 34a. The anplitude of wave R2 that is reflected bé‘ct he M.M
st r uctshysn epbodiment.1the gbepetivEPYen 40D 518UB-B4ayehi Hpward oahe sytablcmagripl
alteri i : I : e,r36.
R e Ak T S G
absor band oddidthva. oAhethér raantple aliaahitale nxbedal Hoathgr abatptioprlaopo b on pajpervave
R2 the further the wave R2 has to travel through it. [00085] A reflector
34b acltPBiRigh o an enbodi ment of the present invention is shown in Figure
6. Th?oﬁ(ﬁhﬁc?fgﬁré@%&%f{ﬁéb &% ARpMMo$ b @ cdGahavh Bitht 3hdvel DALibHE 8

| ayers of C and n-type silicon %n-_Sl). The reflector 34b further™
conpr ias @esuaddint ¢fghalthitlneer of thTbsivpios tayac 4 ¢hi8as insliqateohvihyddhd aois d mathin

ddi tional | dditional, | i sub 38 and |
ayer Borsusf bn R AsTh s RSy FLE 8755 B B R B Sty & 5y E e
shown 4ermbedi Metidre drbetOMpérddds| @y ee 4lerh&ik MyetsayethaMMINMA stiriiteknN®ss Dhe 100

nm [00086] Figure 7 shows the optical response of the reflector 34b shown

i n Fi gapeengatiens of gharget casricist witha Hgndlemamepbypisdel dfc MlaMasttusiratInds

| ayer b yctur . i bel i t-hi i The DLC
| ayer Pfigolige i PR AR, b bt oh 2T S Rl 0] B Sineul 0P ¢
4.1 nm0.6The. cwhtentigid onthef sotiddirgeshoas rthepsoportidi of indkleal tadiatiahiwigch ayer s

of the MLM structure. 36 i s appr oxi matelé13 x 1019 cm 3. The opti cal
r esporgéecicd: dglimhaddinershgvaticoropeiiph gl evadialighyhishds tril@f.rrettﬁﬁmanwlﬁﬁ%

Fi gur @adhedtie $QWsAné HRGoSAMNST Ll t-Bthﬁ%ﬁ i Ol sBFbeiNOWSGHE Headl ﬁwgi e W ch
is ref Iaeg’te ang tshe got -Odas edall?dnle shows t eS preoportl on Sf ?a iati Ol’ll
whi ch latgllad oy the ghropaitidn of indiderfirgdintgn. tIhearabd €ch éioel the graphitbattthempriopor t i on

f inci t djation. It : f Fi 7 that the .m ni
ref | ectiHoBeT ab3c A b aEe b oUNnAbEY TPBE POt s SBBRE 88D, 1

i's t hqrgRtiniaf retiB&aficifMNehBblREhRRCRu@ lebdihdn e 8findRAbol iR Gho W £ &S
than that of the prior art shown in Figure 3 because the netal |ayer

subst dingura k| bgcarse enabsomptipn dayer dfhawidchr di-at inghisfoapmibatasgs theameprrtioed!
th h 1h tal .l - o -Subst i all ti tof-b diati
From B8 W CePeginiv s S8 agATh P URIF I BRI R adMp L8Ry

absor hefstoraie bapdudeadi ati on and refl ect the out-of-band radiati on such
that it can be absorbed bi{,att he MLM structure and/or destructively interfere

with 000981 - bAndiseaupdin it Hepmbodingids horp be grninpump pdleptiorohertofoned
above, - I r t i V 1,551 .1 he
out - o AR YR SRR LA KnBh B ARh Gy AL IR AT ReBh ]
maj or iiidexofntdriveevave 82 a ohinimamden theotddiaion bbb vingdsafaco s nhila hthe gaedeas t he
interface between the netal |ayer 40 and alternating |ayers 36 wll be
r ef | eCPEgdpRens Hics: H@cfoweﬁ’ﬁ@wﬁéfl%ﬁx inieyiaresy g frytinierac %%Wﬁ’ﬁh&‘e SKISHAT Ot he
metal layer is 100 nmthick Mb. It will be appreciated that any nmetal which
is
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WO 2011/ 117009PCT/ EP2011/ 051546 substantially reflective at the wavel ength
of the out-of-band radiation may be used. In order for the netal |ayer 40
to be capaiblzeliofi7@abst antially refl ecti ng the out- of - bardTmedé1atosae t he

t hi ckness of the netal |ayer should be greater than the skin depth of the
netal at the wavel ength of the out-of band radiation. [00088]1n sone
enbodi nents of the invention, it may be desirable to use a netal for the

netal ] ayer which is _baqt ubstantially reflective at the wayel ength of the
out - of1% C%é%mfﬁﬁleﬁwﬂ@f%%ééaa oA BN R - CORTERR IS rDHOY Paé(ﬁlérrpl e
copperg)a The d albstrier3gal Gendieticdi IM Riwddrandab@rpti@y e £ the MLM
advant ageous because it may to enable the netal |ayer t0 dissipate heat

cr eat stiuétnret Ie anéfal feuttlo int@4irer Pshdtweengthe sopattatee3 & bab thetaxgamion fof theereflector

out - of -.band .radi atjon, [.00089], Referring again.to Fiqure .7, it een
hat CSBotn ARl HoaliPea Sharan oD irh Gofl S fresbosn POt T he
ref | eqiOtodddered forcan @k ofbgmpraty. t Mats fsheecagdel RCE itRGuME thheinomt -péschand
radi ati on decreases, as the nunber of periods (i.e. the total thickness) of

t he Membsdimpent.Jitde Bdlegéen ecsyessirom gheathiid mindhlionrx intebleaes YoangePi dids thopght
fl | —of - | Aat.l i . t I
o SRRl IR P R BTN DM Sl Doy el

enbodirafyitive tifdcasi ofi thes alter@btigctayen «@fthé MLMUitrueturb a6 dind adatadfi e absdrpti@ccur
when the ref| ected waves from the refractive index interfaces sumto a

| |
mi ni midiCAE 0 heing st Brs rlee éhc\?lighbth%lﬁtfl_ﬁé@eﬁ@?n Phibe at-prByEhedigHpp artEnt |
the onl hel(BhiRGHLYR DAl LR BGET. MR CuAIRAG LA SFEORFLART B B Erdc®
t he and the M.M

first Intertface 35 Betmeen the exterior o reflector 34
st r ucttoartle Bécrfamnda Bewibinit apyiresifitad ehad.7inbethwreenbodimes Mfsthe uictentien, 36 tland

the netal |ayer 40. It is.nof.necess t onsider the interfaces hetween
the netietpayam e tituadiotghitiiies sanenafoliibant e \ibsrTit el J8mnd
the ext&EiQbrRks ki leehMidddp, because the netal layer 40 substantially
prevents any of thé out-of-band radiation fromreaching these interfaces.

As wi 100Q9%¢ pAesinoassbedorsodic meliectednmaves doms ihenciragiveusdext ineerfacesswillagwn econd
interfaces 35 37. .the m.ni mumreflection will occur wh t um of the
ot eer R Bl e S EREE 1y Tatiton R g MR 5 TR 1

t he ragivat ROAnd RREbideNgfl&ikd R6@ (BSreflebiod QMIE heRASBS sathBempUMdefand BR in anti-
reflection fromthe first and second interfaces 35 and 37 may be zero. In

this dbag: tin ghs censétionethese saidi laka/iol desrusdydlintesiessas brveeamaved@s erdiBEi ve
interf RO Pt %ﬂgvggﬂf&m .Oclrolnziﬁ'l%nr J\JeFa(ftfw?rsI rg rﬂlﬁe@.einEd Egﬁsic?e?ﬂioﬁ.e%)en%fra tive

i nt er faces 138 & equal zero a radi ation recelving surface 35
when tildécevavigh efspedtite die dand-haadiratiatom §fi theliabamhetndlay&R)ofwhe M1.Masructure

travel | ed thro%gg the MLM structure 36, has been reflected at interface 37

and ha§- thesybiirale3thdbgahsgrrtng layer 4Pt apd thesenvifgnment 19 heryoaisepf B2 ile9io51546

34a (usually a vacuum); the absorbance with respect to the out-of-band radiation of the
alternating layers of the MLLM structure 36 and that of the absorption layer 40a (and depending
on the embodiment, the absorbance of the substrate 38); the total thickness of the MLLM structure
36; and the thickness of absorption layer 40a (and depending on the embodiment, the thickness
of the substrate 38).

[00097] As previously discussed, altering the refractive indices will affect the amount of
reflection at each interface and the optical path length of the out-of-band radiation through the
MIM structure 34c.

[00098] As previously discussed, altering the total thickness of the MLM structure 36 will
affect the optical path length of the radiation through the MLLM structure 36 and also the amount
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via the MLM structure 36 has the sane anplitude as, and is in anti-phase
with, the wave of outband-radiation (indicated by Rl) which has reflected
at i nt er f'woeoB5.17¢000090] I n order to achi eve the m ni nurRCTmPR@/ 05156
reflection fromthe first and second interfaces 35 and 37 at the radiation
receiving surface 35, several factors are taken into consideration: the
refractive index of the alternatlng |l ayers 36 of the MM w th respect to

t he out - f band di ati r.ef iV ndex of_ the environnment to the
ext er i%# %ﬂiptﬂ%‘e‘)frtg? PBE?%‘?”@ 5)1('1 EY?}V %Mémﬁwm s o8y Hahiod rodipton

r espegfvilQ bttt M MOaRdnragh ation of the alternating layers of the MM
structure 36 and the reflectance with respect to the out-of-band radi ation

of thd0OOAI Algere 88;absmbanche! ot aisorthing layes40aowilt Héecaltedenatof phsdrpyer s of

the M, stru tur 1 e refr t| index and abs of the
bl ¢ er a g o B bl s el D PEh YR bhiitle MR 208G B b
Al ter ltmgaﬂsbmﬁgelfa@mamuuﬂa@a@e RDSAGRARE qle&a@betlm fhvellM LRSS RS alsb®ing
alternating layers of the M_(M structure 36 has the sane effect that was

descr ilpeg 40p wiirlats apsorfeed: bie thendhsaintont lastiotla. By thinangyi hy wnelitide &f the om
whi ch S t he
ror | odb B osF KoM Shy gf oply BRGgn REe RRALR refbod P BB Gar Pl | on.
Al ter |rétglcécﬂ1ﬁthe£liseﬂjaamef taé albdaﬁalﬁgla@zbr JL(aMerineﬂ@sw Il govern the anpli tude of
wave en it has been reflected by the reflector 34b. This is because,

the gr[@%ﬁlgpl tﬁ&eliﬂé% thecthigkaessott theetbrebe TexgetOuwill pifscigbathiths optigal path

propo r pivay ds
he fﬂ%%@?Pﬁ%@%?%%%@%%@ﬁé&@%%%ggg,lg%ﬁggpﬁgmg szﬁﬁjngghF%gxﬁ%ngmPayer.

[ 00092pscFhel byrtﬂwdahserhnsg biyet Hea. plre:s@nmgnhwdnckms di feudsedimbaye Hat willse

in excess of 200 s of the alternatj f th M s ruct e 36
b0 on SpatuR e oRi AR RiTeeit of Mers Berhfah T AURiRe Byt N, Mo ter St
erTbOd'o?ﬁEﬁlﬁ)aﬂls@ifﬁrén@é gﬁldm@ ghé%fe dlﬁé’@ﬁe%) lb@w&éaﬁ WM Rl rHatRE nReGaygvd he
reflectance at the interface 37 is relatively high. This nmeans that, due to

t he albsor heflesedchathectetlcctor i3de. oklse.hley Maktasinguibe uligancg wanes R rtas &b ttaehl

a1 dimge b RSk O bRt SRR SRe BT b e o

the armlli bdideciohscuan@airk mcsosbhﬁﬂg haye 40t hehgenn ra@)&m@ﬁ od thy dubef-band
reflector. In sone enbodi nents of the present invention, it may not be
desi r asliatiang apyoshs Qjéfeti‘ﬁ‘éPMPWWerdY%Yﬁé&Mh@ﬁu@hﬁfﬁ%va%Rﬁwé tofraeh ghrough
alternating layers. For exanple, possible methods used to apply the
alternating layers include vacuum deposition whereby the deposited
parti ¢0GH0&T eThe sabaenes amDrefmaetivesindey aparyadfi tha lays pu itieini thgrefit foo déc asrc
vapori zation, |aser ablation or the deconpqgsition of a chem cal vapor
pr ecurP§aHeredgs descapetbiarelation treeithss of e sApodimetcaN¥emni ng, the cost and

pr odu i i In
e R R N B Fl e S

be abllé. tflhe ptrmtunbe%%rcoafphem andeMMvMitaitcture Boicemptisio b albomptingslegert 8avef Dp€t i ods

of the alternatin s to e cost .and du p n

ot e apa0sar PR RE orms de s T R ERBou FEHET sethe B AU

| nventsi fftuleSisSioVided Bn Ehtg Bl (iSnal THR . efleefldRlond faySRMRE 1R 853 s@bdvkd SEructure
36, conprising alternating layers of DLC and n-type silicon (n-Si). The

r ef | eebsrp@aclayen 4headjasonphe i\@sMaﬁtﬂldlptulrQ) R EY anldaw@ﬁtgl 1a7¢re40w_dwcs¢nt hetsubsraites
provi the a d|t onal ers addi t a f Si substrate
R et R s R s R S S B i AN T P
MM STabbtﬁ*bhkSrﬁla?@r 4danmbﬁela§7810¥matﬁmitb§1ﬂrz{’f8 B8, It e sBbSAERbbIMdna YR méQdldysr an
n- Si Iayer any suitable material may be used for the absorption

| ayer @o&aé%vmdéwkul‘ﬂo layer apshibe absorptiupayerrilp ay ayn-8h Koehi My os Whe preersiee
radi at o0 ARt %ﬂﬁf sﬁ%&%ﬁ;b@@m SUbd AL rdBET dRbrpliBh 1416 ARSHLRILEN: hayer

40a i s p-type ’sil’i con
capable of absorbing out-of-band radiation.
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[ 00094] Figure 9 shows the optical response of a reflector according to
that shown in Figure 8 as a function of the thickness of the absorption

| ayer 40awQt2hitgiir@9i ndi cated by the axis d within the fiPgumEPRo11/DBEBS4OLC

| ayers have a thickness of 2.8 nmand the n-Si |ayers have a thickness of
4.1 nm There are 40 periods of the alternating layers of the MM structure
36. The concentrati on of charge carriers within the alternating |ayers of

t he ure I‘OXI teI m 3. The optical yesponse
5 snolD3) “Higarat i 2 g el Reme ARV 16U s ACRETE i PR G  he

solid l:ll% £ 19NRWS flnBBoP HLPRR' thic®ReRfori (RE 'agﬁn%udrﬁﬁ!yai ARNWHHiE hd Plgﬁfef igcted,
t he dashed |'i ne shows the proportion of the radiation which istransmtted,

and t hedidoed dativedid labdledWowd'he b (plagposhaion tocknesdofad- 8 om whl théniy layers
absor hed J.thin t t he, .axi.s I t he ortion, of
o udare s MR bR ol MR B B RE SR ke oRE AR kbR Rton
ref | eclidareef cadli@wtwidn OBE WitSrnatind Nay@Bs 86 Ot i pPrdxayelyt e kness ok ghrdt 1
pm It is thought that the mninumreflectance of this enbodi ment is nuch

| ess ter@anseHashayn tonsadistivodiavingta wmelneiholH e AVibiadigeetlhethabelét bitd on
! ayer W (t@@ gbdrﬁ 0%' 1n(:1'aeltl %a%h Ct%g)e)vh ﬂC[&?&ﬁ? e&hﬁlep Fgﬁltgathl?e R(E d Qﬁe
i nci den dt ion th Tt he

sor hence e ref Ton o
i nci d@lﬁ(ﬁpoﬁrt@(ﬁh aﬁuhemadimldnhehlblefld eaisoiitt@¥and therddtdagdd 1inOGROBY theprepcstussed in
relation to the enbodi nents above, the m ninmumreflection of out-ofband

( adi atf B BHCh Ao IHC Wi ARe \'ﬁigurre dbe irris JiheHed Rds Herirerarien Raipsident om
all t V h

Fecei vy LA B R P T R PP O B3

i ndex fomtenbacp$on hykr A84 thipkres at eb@8 Zbétpmandtah&cemﬂ @f ilows tbéin 1¥Ofor an
2011/ 1]157009PCT/ EP2011/ 51546 he r flec ?140 a t e MMM struycture 3
second PR e 8“‘3% o‘PBu f‘aﬂ’dmf‘}]ﬂén& SEpet 8

a thi rghg 'eﬁ%@ﬂlfn%?ls:ﬂﬁ hat m&w th@@m%ta@l%ﬂ%sl sqaewh%/@ﬁhé}%F stmncMLM;cause
structure 36; and a fourth interface 39 between the substrate 38 and the
ext er ithy elpdcts dlithe eddueed ansBrission due logthg metd hryce A etd neHie ln@ﬁfllsfld rabfdrpieen ons
fromthe f| and secon |nterfaceds 35 and 37 are considered for the sake
of si I%FI chﬂ? SOFRYT 12¢cTy 8§ﬁes%oqltfl S t hought that in the present
enbodi[oeu104] | Int ttb@nfoaf Megit N pREEIsS ehbOdhich®, tthé rdflendnf eurkd Judbebh@ares
37a and 39. It is thought that little reflection of the out-of -band

r adi atridpticnclurhs ehegion dil wil beja ininisnyraceheg e s of alltthe raflecied sravee fiomdi ces
of th Y. e

absor i e TTApavC FleRARleRraCls Al EIRE il REA I e 9T fortre

ref | eekplanatiih dshe howtthisfis bﬂﬁﬂveﬂd@l Adetiog peamidtess af tht heyefoofr thé réflecer f3dd és 39
because little out-of-band radl ation is transmtted through the substrate

to t h@Mieerfus s Begause thiy embefimgpicachatisencdHata combigrtay olesorishtyd of
the i 7a
ang 39" eEAumehi i o SLIPGE A0 EATE el el it S OF B ERSRE
consi dervesin eROON 6] thAgedond aad thief anlydimbets npfly eottad meamedisf rom t he

refra ex i efac s wll sumto m ni t he radi ation

recer y00os] Rl SEShoRT RS Phisebtionh el fVRHEH oM Mot S o e faes
Rl andnh&dn iPPedrd 8, lag 6 tr@stibh OMicnBickREds &F URF ab3diptioR Ber L (vaRHTR t}ﬁarﬁqklherde
and are in anti-phase. In this condition, there said to be total

dest r whis iiy éndigated fowtb@@embleb@lé?énd)waifbg NRLMa pldudRere dlffeltsr@@m tﬁl@t é@hnbﬁvﬂelrt hi s
condi ti.0 ever a ors a ake N SRS at I on. ractiv

o cdefin MR A% Re GBI R RSN G5 G Bl RFal R B 1 e s
of the, o‘ﬂ_d\ﬂostmmh@ irfagiflary fplifie s MRS I ALEthSB. aré B pah6Y gilthealitayal; Wiasa6d the
environnment to the exterl or of the reflector 34a (usually a vacuun); the
absor BAs@tighl rpspeassyis shows ferHadiglion brvingadvavalgnethiodd O6f wiph dVishindpgiae il g

Iayer 3 0 d
dopondt N5H UhEHEATARRS et Aeh WPincilnt BOIFRE ARH Rl ANEL PBAANT,
t hi ckni@sshows thhgrdfoMiat sfubé tudéatiDb; w}aﬂdlstti‘aﬁsmhtedkmelsthe d@t dbbat Id mnvdsalyeer
40a (and depen on the enbodi nen thlckness t he substrate 38)
[0009'Pf0p/5?§t1(m’ @3 %@P&)ﬂ deh.%%‘h%égSOfB? erWﬁ in e F @t v@ﬂ% rehe i‘s% Ruit |the
affect the anount of reflection at each interface and the optical path

| engt h of the out-of-band radiation through the MM structure 34c. [00098]
As previously discussed, altering the26otal thickness of the MM structure
36 will



affect the optical path length of the radiation through the MM structure
36 and al so the anobunt WO 2011/117009PCT/ EP2011/ 051546 of absorption of

t he out - ovokandiiradi ati on by the MM structure 36 as thecomr2afibsae

radi ation travels through the MLM structure 36. [00099] Altering the

absor bance of the absorbing |layer 40a will affect the | evel of absorption
of a wave travelling through the absorbing Iayer 40a. For exanple
|ncrea5|n t he.abs rbance of bsorbln ayer 40a rease the
amountP™YF° ?%O@\éﬂ? b radiatipay Ht Lifgn t ﬁr%ﬁ‘blﬁmgh deaganh Hay qrfé;?eert TalSMIFe i s
absor hgdiky £ ke BPFVRLRANIr Y &lbs#BAon dYet MOS M@Yesst TeRIPE I Il desRbnd BE

i nci dent wave R2 of out-of-band radiati on once it has been reflected by the
r ef | ecbowt Fadomir hbsoeptivadapedOi fthitheesabb ebbdddent ande tabd of lssnthahdyent 40a
IS m;;) a,[sgfeii [ 000100] Altering the thickness of the absorbing |ayer 40a

wi || B8t h t he optical path length of wave R2 through the absorbing

| ayer [000408] SPhd € dMRMNIbsOFptioh Elay@Ve) R hhi Ghad sl(ap%gfem@k Bysctibel absky bi ng
| ayer 40a. Increasing the thickness of the absorb l'ayer 40a wil |

i ner e@geoﬂwr@@bo@ms oaphseHdndhh usT Oﬁ/\mebsmttonrl@mjrfl%eh@nalbsw Sppest Hkiger

40a, nc C

i 11 en ooy PR bl BP I B Byl W 158 300 sl RO R e
ref | eapplicaBdns oAItl&:Oprebe;ntnmmhaaﬁl Nichi¢ Esebdjaﬁieamcleamwmel?& ﬁhaa)phoalt psrap@hes
through t he absorbing |ayer 40a, the anplitude of wave R2 that is reflected

by t hdinFBringcredReunscnify inchabsagitionh b domealics 17h enpdspionm ErIRgiANIe4 O
bei n 9 Ay rpt v 1@&?} BREEssQL. (hd ?mﬂ#lt\urﬁ freei?@c'ﬁ%n rR Rk ‘BQIF' a%&ﬁﬁf(ﬁsﬁ@m%g qéﬁéct(ﬁ wlll

pr opo wave R2 the furth e wave R2 s to travel throug
[ 00010t¢urThienabs mﬂeata:dewaa/ﬁd froef alatkeirviadtivd exdeafin@rfycasfsutmhte d mymmsm\mtttlhu n

the refl.ector 34c ca | tered .as descri bed ation of the
npoaiia sty Be Saes b1 Ropgrreel Shrs b ai it i velhs et { he
pr esenfy i JABE LbQRptich a%ﬁ%ﬁaétneﬁhwr& kO ab sHiSiot 15%&t4@5e Iafﬂotﬂoev@ Rt laS@angnd

M_M structure 36 conprising alternating |layers 36 of DLC and n-type silicon

(n-Si)in thméaspeﬁlloecﬂndtor 3digactie tnhbax Qfdh'prabmtlmlﬂq\/@n Hvaimay a&jfeqttsthe Thwum M
structu ded, o Lti addi. t | ers are
o' o U Reb iyl gt BT PR B ek B o AR RN aror LS

and a Jdopédtilitey&isofRiondiRe aitly dabi@ @b hfouat & 3B-of-bind RidsativaywvhithR réﬂédt@r:t or
34d forms a stack having the following order: MM structure 36, absorption
| ayer tamereasptwich ayaarbeamdasienbia pBecenscesams: of e ohokhuwnradivion ahwrked Rhe

”Et al éﬂlé”‘?/e?lrectgplﬂ ﬁse?rg%?%g%ﬁ&e?ﬂe&ﬁl ia! fash o4 E}ﬁ‘?t}?ebt%&&)? tﬂ%' Oha %ﬂé‘ & ' 5

€ precedi ng enbo I'ment, any su e eria
be useahd nct e @sptiphilower) @ilbincA@se, pie\vifttedng thei sappab lgecofindbare blneng
out - Ofreftl)eaé[[]lgn ro?dolu?tolf %Qnd radiation as described. Other materials which may be used for the
absorption layer, but which have optical properties which are substantially unaffected by
temperature include WOs3, TiO,, ZnO, SiC and other glassy materials. It will be appreciated that
appropriate materials which are substantially unaffected by temperature may be used for the
absorption layer 40a in any embodiment of the present invention which has an absorption layer.
[000107] As previously discussed, changing the number of periods within the alternating layers
36 will alter the optical path length of radiation within the alternating layers and may hence
affect the reflectivity of the reflector of out-of-band radiation. Figure 13 shows 3 plots of the
optical response of three reflectors according to embodiments of the present invention as a
function of the thickness of the absorption layer (indicated by the axis labelled d in the figure).

The optical response is shown for radiation having a wavelength of 10.6 um. The dashed line is

the optical response of the reflector shown in Figure 12. The solid line shows the optical
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WO 2011/ 117009PCT/ EP2011/ 051546 [000103] Figure 11 shows the opti cal
response of an MM structure according to that shown in Figure 10 as a
functi on wb 20h1irdebckness of the absorption |ayer 40a (wctrhiproitiiosiské gur e,
this is indicated by the axis |labelled d). The DLC | ayers have a thickness
of 2.8 nmand the n-Si |ayers have a thickness of 4.1 nm There are 40
periods of the alternating | ayers 36. The concentration of charge carriers

within the alternating |layers 36 is approximately 1019 cm 3. The opti cal
 espofSEONE %fﬁavfﬁﬁ?%w RRE 1 G Rl PR R faltfma&ngﬁfyw pﬁiﬂ?f:_
Fi gur @eflckiorta®e $00 p&iddsNghe BWEashNBIcRhOVOTHel dPicRf redfaatdSN reiRBbALiRRr Wi Ch
is reflected, the dashed |ine shows the proportion of the radiation which

i s tramtmwf tigue 1anekeepiehaohe dhgheating fagiers o twsreflhetophaywot patodef Witldhahd on

whi ch i.s absor bed ythin.the Fiqure, the axis |labelled p.is the proportion
of 1 ndtigh PR gie )i I SoPYLEh i BrhiryREh That f RuldRPEPRES
refl egiil@forMindai®be @chlif Figé 13baat iRYedDi @O nab®eF pf béiodsa)he 4f@mating

t hi ckness of about 2.4 pmand a second of |ess than 1% for an absorption

| ayer lags beih akdress thsfredemsance pf pupai-band fadiating @gpacht REMMpReand; infieases the
refle - of I i B . h i own
o e ehogp s SERREL B el 8P Borb APty TR R Bu il

t r ans mhssurmiver i @etiadstwighineficadltel@yiap 14@radwdratestthe thickeeeasiate atseipg iagar due
to the absorption |ayer 40a are conbined. [Q00104] I.n conmon with the

previ GOECPRBOER AR R1d reklgrdancemipipyrp AT B quirel-bepd peliagand Thigdnan feorutsd he

refle ] 1, £ £
From a1 e Ra Sl B R R e b P R s P e
r ecei veftgtesluwhasean8fr Huthehefle@xp hanet honngs dreatérooptichl pathdeagthivevea they
alterigtg ;ﬁ)ar ters of the layers of the reflector 34d is omtted. This is
becaudd PRI E¥HSdi nent can be |ikened to a conbination of the second and
thirdeee8] "RWiA RAYpRE aRMGRaGOIEMIA (KelBbd BOhknRARLEYS PDvRICTH RHERB SUM
of the reflected waves in relation to the second and third enbodi nents

appl y heuinatang npmbaneli alditja@eDest (F. duces ddllitsinohvt thhdMoldt steigiure)esfossenof a
further MM é&.guctﬁre simlar to thatbst'bown N Elilgaﬁrre 10, . s ﬁ‘ﬁ’} nction of
the t K CkReaddigeny ae‘/eﬁso%%%f’ i°8f °T BY&r “208 taw’t ACH {HE rPglite)s 5o m

i ndi cafad thywhi® @dus of-BARI taertigh whidearM:M @ tddudm g fiffé@resinfie:omdrhiats
described in relation to Figure 10 in that the absorption |layer 40a is an
5i 02 liatpderevp g Hegruycare gannerat fhedadiaben wcgsing+sgifa@. i n t he i magi nary pl ane)
and i t . i t ] g . j cal
respondoIhy ISR oRifer S BEH: MR B LSRR ELDRIANR RERerE . HichARY

Fi gur énvkdtioasadyebaipeise bhaddidbnad lhyenevhsdhoisdjabent pho PV isanctafe, ithrcdddéiinal

radi ati on which is reflected, the dashed |ine shows the proportion of the

r adi at'#¥h PR @A aPorpingrayar el hasrie sHBe Hrdtacus e f9rrBe shovsPanfadiation

Pr OPOLL AR o find RfllcaLiR MR disnaRBOUBEdLL Y 1HiiB. bieoFaN Sabilie. B

| abelled p is the WO 2011/117009PCT/ EP2011/ 051546 proportion of incident

r adi atcagnthetet wdhbe be refée@mion rao thet ingerfpca phtvideatthe MirMd duueturd ped theeddsexdingn

m ni ma. .2 %.i rst.of about 28% for an absorption | ayer 40a thickness of about
3 pm ‘Ye5AYBHEYf about 5% for an absorption |ayer 40a thickness of about

5.6 proo@nd)] arthilTekuRd bk @psretiAR tHdtaitho@haHE rdleétoPMccording to embodiments of
the present invention which have been described are generally flat, this need not be the case. A
reflector according to embodiments of the present invention may be curved. For example, a
collector optic of the source collector module according to embodiments of the present invention
may have a curved profile. Other reflectors according to embodiments of the present invention
which may be used within the illumination system or projection system may also be curved.
[000111] A reflector according to embodiments of the present invention may be operated in

conjunction with incident radiation which has any incidence angle. It will be appreciated by
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[ 000106] The use of an absorption |layer 40a which is an Si02 |ayer (as
descri bed in the enbodi nent above) as opposed to the use of an absorption

| ayer 40awetwtinir@oa doped silicon (e.g. n-Si) layer (agCTmpasmiionisshe
enbodi ment shown in Figure 10) may be beneficial in sone applications of
the present invention. This is because at |east sone of the optical
properties (including refractive index and absorption) of doped silicon are

dependent enperature. As preyiously discussed, the mnimumreflection
of " outiise Bl T Heieat e ?}_PBB#? th eﬂ%‘?_rl‘ii%’é’f‘ ghelf ﬁlede%lﬂ?ntm@ﬁt}qwﬂf@%e} ed
vaves of hefihlihd R il RALINMST thOHaK hth8hliae B paMitul (1R JHOF-BH AlidkibR)

radi ation Teceiving surface. The properties of some of the reflected waves
wi || Hellagepéndehtthe reflgator. dnr thiereabao thpt thinknessds elethe deteiryv el tha deflecofr mbe

absor pt i ayer 40a. |t.follgws that a cha i.n.the absorption and/o

orr agerOl PRI Bemituniedin Bt Py SrEROH ey Peib S o PRRRP Lo e s OF

out - ofrefitaigs haciraink QD b FRinéfis o€ fthe pEcgeht Biivdni®n ekt Gt EurvEENGE radlagdiange
in the tenperature of a doped silicon absorption |ayer may cause the anount
of outingdenp gndliffeignaparesnofiie aeflecsorraqy bated diferednedence apglesh Indlistsase
undesi & . - af;- iation absorbed by the
refIeé¥%$£ﬁﬁmﬁgéﬁﬁggdﬁgﬂggﬁ%%@ggg%#%mﬁégg?%ﬁg&?g§%bssibIe t hat thg

t enpe680112] obuiihe tHeeflheas oreati@nprobe’ared hep@bsar fht ibemml|A@METY ridihtion, the

i ncrease, thus affecting the absorption |ayer and hence the reflection of

out - ofcoBwHoR gbithstiPelPyabe drseenenanor lesas deakedaintgIrdasis Bay hajncp@pldednd or
out-2 ) ' , o Nt \ .

Subst A b AREHESER:he Hibtly s BB (e REPARILC SRl SIRIECO and,
ot her ngdyafsy arityer iofldsbrid bnwhd kuiecagphecodé@ad Chat Thpppiitorat® may deial s

whi ch e substantially unaffecte tenperature may be used for th
bsor s AR 4 Hre D el SR E B SRt oABS SHAGHERT has
an absgfplok Q_Bbﬂri]s%(@ tfhe {uPA0d BF IheARDIREBY t@}'ﬁﬂa% h\flamjv?ﬁl&ﬁﬁﬂemm@fwi ) tﬁéﬂ@ptg&?rg‘oer

of peri‘ods within the alternating | ayers 3 alter the optical pe
| engt pedpronang af ith collackir{CO Hecalst ar mayiingedsaytbe smanat plaguthdrived afdiaieen t he

o ot gt B d dy Feshiidl Op: el poRRetgrd B s alsg b et Menc s
of t helepfieseniy icfvebE bOMe asveatibnl0ekctibdl Sovt Aeaytiave K RBSiSarketrietalseepsd on

| ayer (indicated by the axis labelled d in the figure). The optical
r es porikeoptisakprsigimpege. r adi ati on havi ng a wavel ength of 10.6 pm The dashed

line i opt. | . I S i, Fi e . solid
ime JPOSHIS] PERaR RS REARS K Flep b o Bl FbRln R oh G edef 0o

r ef | echaarousbivbaralr ratiiatibi athicdf is Feftuered fid@n texedpiioh hadeiihe satdce o aid refjedtayer s
of the reflector have 100 periods, The dot-dash |ine shows the aoptical

r espondErtefes & p deptEnctiye Manps @erepiier IgETeg o B ggrtactive THGEERCe) Rath et
alter i gy F . i v thi b t he
R A T A R O S R S e
by t héer gfel eletootrance t(at ahe baitsoEdand nwiictpmgdh).1 3efrdchat index dasitig dulbref-bamber
of periods in th |'ternatin ayers both reduces the refl ectance of

out P orviatMuctsh Mo ReResadl B A ARG, SHCRE Rb SrETerdn Pt PUEE ance
of outiaRfs bighsé apiradibMich el WRaB&AG et ABIRA fod itchersmbein thOekLAK Mth t he
nunber ‘of periods within the alternating | ayers decreases the thickness of
t he alisbribilangr.| Hyerdebos rleygobelldsgup onedehraflefloscthencée nmouninefoflestyetive

out -of.-band radiatio Thi s be caused hy the.increased total thickpess
of ¢ nd S EpraR 5f 2y M STt GRS At DS e T RE D, i e fEe

r ef | eqt@fparey esthandfletobyithhie thetibaat ﬁ?erv\la\ﬁeﬁedhaﬁém& e Gheahebf agdue@le pat h
length within the alternating layers, [000108] It wll be appreciated that
it isinedpicace Wil igespee Be ampant o pehof-Bndiadighien, whichds feélﬁpfééﬂewhqfﬁﬂﬁﬁgr- any
numberoy dfIAL LRRA USRS 0 e ARYEL S 2L LRNBhal QDR MM SLAELHT ©)
These ‘one of nmore addrti onal | ayers nmay Be one’or more absor I'ng or netal

| ayer gpnfpgovd do nghidvat ddstrectbanindrieatdcet bie thwavesofobandutadftiohandhisadhagt beon
which are reflected fromthe refractive index interfaces jnterfere in

dest r GERIFYR %?ﬂi’é‘i‘)%&’tg RapheaiPai CHeBEE PR WarFsdeectyhbngiberent patk of
further be appreciated that a reflector according to enbodi nents of the
present invention nmay conprise an additional |ayer which is adjacent the
M_M structure, the additional |ayer be9ng an absorbing | ayer which has the
sane refractive index for the out-of-band radiation as that of the bul k
refractive index of the M_(M structure for the out of band radiation. In
this case there will be no reflection at the interface between the MM
structure and the absorbing |layer adjacent it. [000110] It wll further be
appreci ated that although the reflectors according to enbodi nents of the

T S - N R o o o,



WO 2011/ 117009PCT/ EP2011/ 051546 those skilled in the art that a change in
the incidence angle of the incident radiation will result in a change in

t he geonewoizeilliamgbh of the path the radiation (in part iPCuiERRo1}081546

out -of -band radiation) follows through the reflector. For this reason, the
t hi cknesses of the layers of the reflector may need to be changed dependi ng
on the incidence angle of the incident radiation. In the case of reflectors
accordj ng_.to enbodi ments. of the present |nvention ich are curved, the

r adi attg‘f‘o%ﬂieﬁ{%f by ‘&?tr&ifﬁgeﬁh‘é ﬁ"teia Vefratf%PqB?éet Hevavst F‘é)gtg@fi%fefﬁf&{}bpaé“dﬁﬁeer ent
i nci depggi@ngl es. In this case different parts of the reflector may have
different |ayer thicknesses. [000112] During the plasm creation process

used tB0HASHUtke swréachadm laferEf\dabaidicat thomefledie maydefind the rediatipie récgbiingoy

e S R S

col | eclefthesG @dlﬂatmyrewviﬂ%@uﬂf@aé% cBhngalbinpared té B sdibfiae coividdhir@ed bect or
CO The collector CO may be a reflector according to a previously described

embodithereflegpr thide jahseagt pote 1ayee opdeyishc dheehangp &y the radiaderbrcceivisy suace
surfa . tri tal t.cal
per t or aid oY FRLHEEHPA Jb TR QuctR IR R CLARS] R AR (e
out - ofhehanghasadiffeidnos) mhhehdiasion eédebiieshirbiye bbsveenklvesit of rédiitiont wiich hade
appreciated that the presence of a |ayer of debris on any reflector of the
i nventeghredissied ibyehe s faseiHag suhacs and| sy avredlr faghaHom Fhag £ isllecteh Within
optic . - @r .St .

P A A e S T e (S b U
whi ch wayes ef Ireftdced fadomionh heay &adabi onincemet wi iy guplEce oft-ditband eddieddor
interferes jin R%ﬁdﬁyructi ve manner (hereafter referred to as destructive

i nt er FRHEHIY BF FHIESIE- of band r adi ation which is reflected fromwithin the
refl egomrns} F WGl €1aylPRSG oML AELAM thS bp sl PR Bfelkh& BhweEPRNE ( Havbde
out - of - band wavel ength), tefractive index (at the out-of-band wavel ength),
and t loé ovholchandggdigfion frmdrhghed the agmunhoindsstreetivegnigriercapebeveemthearllentede

other layers. Lf.these characteristics qf the reflector configured.for
Che'r ITEEpbiadiatioph 5 pSoReARBEC LSk Ry Pt Jar i g Gl B eI el Prss L
on thehd 6hl-&ChU, ralifagon)t WRicANBUNIieioht el UEihy BN RRLRIFQNEGR]/ Gedye it he
reflected radi ati on waves of out-of-band radiati on may be reduced (conpared
t o t hdayea) withivrth¢yaflesigt- t he debris layer). A reduction in the anount of
destr ' [ r idl ] .ease f. f - iafion
ani on 1P0OTM3} | ERPEHFLSORE o b, WORESRPebBRa Lt sPeoRabafbe JRRRAEEN?  Fe
ref | ectftecsordesargd bedbabdmer haayebe Mafaeitetol it ireBeadvitgvfathe radiafiérgwceing
achi eve destructive interference of the out-of-band radiation. This may be

achi evedagsyofcoretledpr Mhrhidnes 8pt havgia Rbis laer 1l dhis desenvide Ampated YWlect ed
by dif . . af - / 0 N~ . f r by
cont ol ng R M L R BTN P ey BB P RER KA Y
t he r effleoirdrayingGOBDbLis JlayPheormpartdora offleatolr awithouod detebrlageroetiheedrlefdlect or
may dedfi ne .t he rﬁgi at i (L%n rece'hvi nﬁ s%irf ce. of the refl ector. That. is,f t he

| ayer “GTUHEEF i CHESFNEQIER CRSNS dFlF e 1408 VaYPedt YUt ddEine S the
radi atb@Rdraa®ing nbsis 14,RF anli R heRBRASHIGATPRABE Beln LD HiReH Al th@AbdB6LHYI NY
surface of the reflector in the absence of the |ayer of debris). The change
i n t he dchds Ryeomayeesilvirog asdifferoeanews of obiyoft hradppdigieercecing resleded by shd ayer
will result in.a change in, the optical path.difference (and hen hase

i 11 e S isPeifing PHAR 0ok SRt by T8l "k FRERLASBSOT HEIES on
whi ch réestdredthoneh legisagydy the radiation receiving surface and a wave of
radiation that is reflected within the reflector. The change in the optical

pat h dP9ldBEnAclepennypemar agdiderally; affcet b ampupeehdestugtive ipgfesnes betwerect ed

radi atj Yol . i i - of - .at j;on
ot octeRe T RO ARaL RS RS RflcPioh U AT TheRhar UL B AN AECVELICT,
opt i cabmpaft thedidtfogrband eadiveione dn tHeadebes adr wbsoes wimeaftthebubarichndaddiatiéron
(and hence the anpunt, of destructive interference between fhe reflected
waves B g amappigya é%%%w@ herediesied §r0FIh‘yY§PmrPa5‘?ﬁﬁ%t91éW&h PelePag iy gV hifex
(at the wavel ength of the out-of-band radiation) which is different to that
of the MLM structures and/or any other layer(s) within the reflector.



[ 000117] The reflectivity of the radiation receiving surface of out-of-band
radi ation of a reflector having a debris |layer may be different to the

refl ecti woyonfiitdee radi ati on receiving surface of a refcearosiimbiseh does
not have a debris layer. For this reason, the anount of out-of band

radi ati on which is reflected by the radiation receiving surface nmay be
different for a reflector having a debris layer conpared to a reflector
wi t hoyt debris | ay Reduced. | eve|l s of de ctive i terference bet ween
t he rLef?SISg& P%P%q?é?m fieRnewhigh w 6’&1‘@‘6?”6‘8?? Lé Ao ?Ct%{ widhqugadgbris
havi ngyardebris [ayer (and characteristics which have been configured in
the absence of a debris layer) may result froma different anount of

out - ol 0MHAA] r bidireet 1doshoesiangraplepf élctreﬂieriyitY @) placditatiibend rakaion dig wlledtace of

th flector h he depr i t hat .of th
Fof1 eattPabR gt PR O i di Y PBeBTRRTOA et eR ay ol oSS BT a1
af f ectrefide@radipiitsePh RS siebh \(B-JiNb@iireeetss hatone@bret Ren MeOHRS thitk anti-

radi ation reflected by the reflector due to the fact that the debris |ayer
may abefiachon dayer of Thike fémulbflawaﬁdrr@raﬁmmr@ﬁomplrlsmgléo deBpissof] aagdmna et bs

sone '8 up

refl e?t ec# F 3 %%SV\ZAOE{ H?lﬁtﬂ%kr eﬁ: eg?S \E}mﬂ? ﬁsegqﬁe@@es fla er Wﬁ[ﬁ?&%ﬁg&{ﬂgﬁag%e&n
2011/ Lda00 WRGH dBEO LdbkL) S*EMbhe $8yet aantin hgerarthgrdramf Shbaid Itl&t tedBctivityatt theoul d
be refl ected by the sanme reflector wthout a debrls | a [000119] Fi gure

14 shdsiecrgl gyhobbandyadiagipn éawlgnatvyavehpg@fo n?%fm et thiskness (&)
refleckqpe ?Q&W QB&Q hoca‘ﬁ“oeeé@% ﬁeﬂfﬂfz UL of %11{“81t bé}fat talfloi6 rEﬂ{etéd‘S
presence o rs ayer re ect or corrprlses a dadope ICOﬂ n Sl
subst refieforupopasahivith mdreerseng thwkné’s@@xﬁ mhet dubeik 1avet.i Onef the chicknes$ alythe dobrisTh F4.
A mul er mrror turec ris eriogds of .a 4.1. nmthick Si
ayer Taian Boguh APl TOrEES BvaS o S5 deb gt R AR rHe
refleckor has htgﬁqave@ @ﬁ;&ﬂcmlmm@l@pbm Ila@ﬁéﬁf)n mby8n 96RE bssel BY Btrikenal td N

| ayer. The g shows the réflectivity of the réflector of out-of-band

r adi atthft)pﬁ‘rfmmlamg: @fth@h@bglmghlh appard@®s6 [imas a function of thi ckness (d) of

the d i ayer . be seen ut = of - ban t| on

e 1 R R b e M S R SR S B R

debri shd ayRictor Mg en dbBrid Myek nassfohnd hedidehy whidhakerefldasd i fRsh abs egjdltn@orabout

1 nmthe reflectivity of the reflector of out-of-band radiation is about
25% Tefcsvipg gifacev]| t @ﬁeﬂeéfqremerfm@@yn@rd%u’tmt@fe parer vl aetrdrPapdyadiptigome

cases r t hj r

o503 2B E LUTER AR e AL SRRt 1, L] LIGOLAT o8, B

ref | eehhodsiains tdeadribedhebovehecontiphéed ahe h@fle@odehth sthhayar-of-bad Qﬁdlb@cnd

radi ation which is reflected fromthe radiati gn receiving surface of the

r ef | edRigHEICh bR ARYRSUYGHMANREE IRY RS 39D VRS ¥ sPripuriedhe abyorbpnae apd ilRetivn
whi ch r f t
e e AR 13 Mibiot Yellrtuiunlithy SGE F i UBLMBE fbefBr RUMCHENERT
such twidt respict of eldarehanddadagticon andhbe lcblﬁhgmmgnhaﬂnl@srcssmﬁ thy enulahnyer nmayr be

achieved b nfiguring th abs rbance efractive index of the multi

| ayer FFIJ?{B?é aé‘g {’J rg‘?fﬁaﬁ *ﬁéaws %tg% %{?aﬁ% onal |ayers of the

ref | eqo@ut ‘14 thnre%rlﬁlslétofth@woélﬁeﬂéérop ?Ueft@hﬁglhx‘éﬂl su@@aOWwheR Mld @ueéBondshe

t hi ckness of the nu | ayer m nor sfructure and the one or nore additional
| ayer sleblﬁs tayer.r édsirectiver intdr@OOLR 191 e exarlaed ghdinidam acquss,| Ec@qulgmlyg thlee
confi the.reflector str.uctj ve
ot er PUPEE 3 B eVt 6T mhR 4 ELaR b IR rERR ofe AL p T EHE il rper
of perthiokigesWof the MEREstaetdre. hay@ker 8iangile (sMyMisied difetdat ehatstidlst (Rethelifferent
configuring the thickness of the MM structure. Another exanple is by usi ng
di f f erc@Heal paeRatiH) 40 (o Hedpydre pb e MM cHPCIcCOeoe @smorcootheyr yemel g er s
of th st I r way
e R e G
mat er ingdtaiaé oftthererfef:toect or. WD 2011/ 117009PCT/ EP2011/ 051546
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[ 000122] During the operation of the lithographic apparatus of which a

refl ector according to an enbodi nent of the invention forns part, the

t hi cknesswofotiha7aebri s | ayer nay increase over tine. [@Q0EP3)1108=HAgi Ng t he
t hi ckness of a debris layer on a reflector changes the anpbunt of out-of
band radi ati on which is absorbed by the debris |ayer and changes the
optical path difference between refl ected wave of out-of-band radiation. It

follo ertain reflectaor cording to enmbodi pepts of the present
i nyenﬁ@iﬁ%yf}ﬁ’é%gﬁf?@m@& &b RirhiicyrarEog WD dcefertonics B 1 ar
t hi ckRgsenRbiR&R O $hd AYEEtidnl fofms PMENhE MALKASSbF BEldekls IALLHhGIRRER: RRENEEN

waves pf reflected out-of-band radiation is a maxi mum at a céertain
t hi ckness of debris layer). In sonme enbodi nents of the reflector, this may

i ol 0K 33} PP B TR F AL BBar RRGn o BB PR b B G W gt nen

the deshd usdidtid WhicBrit abgsibel 6ausedehys fher hef LRmkey Hesmran pav@Sehce
out-of -band radiation will not be at a nmaxi rum (and hence the anopunt of

out - ofbetyeaed refldetitest ware pleputedthand pydigtia. r b fiplkewothaikdriaim pfleperaaccardisiaun) .
[ 0001 c dj ' f i nvent . y, be
cont SR 8 HECHRd HFERGSH eyt B RORRELEFHhdh Bot WIS B O

r ef | epaalcuhashiokesss adrkbrisidied. (i.Eosucax@npl&ruttivariyerb@epesisithten vaveshange
characteristics of the reflector whist the reflector is in situ wthin a

| i t hod#l&sHidcoupairad gadiatinels ch BIRREIWR jab £ CEaigf thigkaess x| debtip layisaly BeS®Manged

inre 1Nt hi | i hi of
e GRMREfndR, & ARAAAR LA R, BRAIELBER the LkTIREIERS) DL
changineg hatd ¢hec Hackaesse thas tthe sefteictor Hes rieeh emhGpumed yto cieanpiedizsd fohatherd hige
reflector i.s configured such that_ it i.s optim zed_.(i.e., has maxi mimin
oot 1 deftruetVe FRae b uSHtY e bty bRt ShveS G bl St dialTas MR o
the thGkRegsifhm ARd d8R! He |a?1)6§ﬁt &t o oPbUERD rdRARA trefl & 1dd Wthe[@ﬁ&x&%ﬂﬁp

exanpl e of a characteristic of a reflector according to an enbodi ment o
t he pmesknat 4 mnemtingn whi ch may be changed after the construction of the

i ApO2E o FREER At R oRRRHARABRI SR el bir i R pALegn ML o7

mor e @hattther eldp@ierlsByeesm 0 clangef hfegtns rofRYtoahsobdea cohanged. Fii Gungld Gt
shows a graph of the mninumreflectivity of out-of-band radiation of a

r ef | eddayr bapessitd gchageashapgediticent thaheeticgipe mthish thageflgcouicn oy withivhar ge
carri i.on. ' - : 0 - bris
o2 e T EPDECLEALLED 14D SIS GRS of B AALLGCHL SRR AN 5L

t he mchanperm nieitkess (suth ys od imettas©fn- thavkeedspdi e idebriofayehelf tief thakheys qialss es
WO 2011/ 117009PCT/ EP2011/ 051546 through a mninmum In this case a m ni num
ref | edEPRT tayeiopn higtreidecteradn ghingnss the ¢hyactesigtist olohe s¢tlacky dnphehinggson thet 106
occur spaheedre;sf ORI LEGR RRNE SR BB LN LMt huaLdiile
about 3.6 x 1019cm 3.7 [ 000126] One way of changi ng the concentration of
char gentedenchar o reflediechwahes dVlovt-st-barct mdmtips) foy thehthivgngsg of He debnbéayenit a
periods in the MM structure. Figure 16 shows a graph which shows the

rel at iESFEAMPHERLMERY t he nunber of periods in an MM structure of a

ref | eqogu128ndAhh&amRNCENG @alRRrRfic ©ar B81c6@F ab&r8ing M€ 8fb6EhRAL Whiggh has
the relationship shown in the graph of Figure 16 is the sane as that

descr ipbesdnti anveation i which omBy gy ehamgedReften thangongruciigure 18, reflectaulsd the

seen that the optimum concentr.at.i f r carriers . wthin.the
tructupenraen o I RRTER NGB s A PSR E T FUF PEhPR Gt the
out - ofcoheneati@tdbBthepy c¥@iSrsabodhe & Mok dOERICIG- lafRef oF ki RPedioMma® afdoghy €
16, it can be seen that a charge carrier concentration of about 3.6 X

1019c ehangse c driguighknshaves s grpbrofghe peipinges refeqtivgy il usof-berduradiation g cut
220. | i 1| i - i : '

carri deAstioracRaRR B Bk S ineRAARLRR: b RS EhE! baeCLo IR, | e
MM stin uigit gaee, ite mfiéctmodsis bloe hafd € detirhelag@ndt carchd sienahattdliehe elidrgetatier

[ 000127] An exanple of a way in which the concentrati on of charge carriers
can b&OREAHgReN WrEearestiie MRAMM (RICFEHOP! ‘M‘é)f‘r%éms edigion(ql dhe @%gﬁtﬁr 82%ifien
the reflector is in situ wthin a lithographic apparatus) is by changing
the tenperature of the reflector. This nmay be achi eved by usi ng known
heati ng/ cool i ng systens. Such systens3?fmy be water-based. |ncreasing the
tenperature of the reflector will increase the concentration of charge
carriers within the reflector (for exanple in the MM structure). This is
because an increase in tenperature causes electrons within the reflector
(for exanple in the M_L(M structure) to be liberated. By controlling the
tenperature of the reflector, the charge carrier concentration can be

T T . o E Y 1 o .




[000128] It will be appreciated that in sone enbodi nents of the invention
it may be advantageous to change the characteristics of the reflector in
response wo 2aiichange i n t hi ckness (such as an increase iPaTiHPR@HOES3§ of t he
debris layer. In other enbodi ments, the characteristics of the reflector
may be chosen such that the reflector is optimzed (i.e. has a m ni rum WO
2011/ 117009PCT/ EP2011/ 051546 refl ectance of out-of-band radiation) for a

articul ar, thickness of debris layer. FEigures 17 a 1 w two graphs,
gach_ §1P’F8H$}_h@ RIREHEr 1B thig GR% ao’Fn“EXﬁ”@T lfe_éfégthltya%%‘B’rtd%?%’@nSéﬁgg “EHHB@FngéﬁPfsof
the i NMERhALIbouBOL 1Y, SROWs bR BE 16 tehMiehy c&dRn®fti Uk stk -(R@ N ViadhatdrO R

(10.61.tm of agrefSI ector as a function of the thickness (T) of the debris
| ayer aibitéh6 kd0Pommed on each of them The reflectors, the performance of

whi ch sari bed i.n,each of the Fiqure have t.he sane gengeral . structure
e i ABOR8"6h: RE0 s u SRy Rl CoRgeafth 57 pud By bt SATE BEPAR s By

whi ch i B?rcﬁaﬂgfin%t_h%%ﬂﬁ'ﬂér o 1685 inl @Y VLM sRinyod G bR UBOhowR 1 L BrapB withér M-M
structure. The M.M structure conprises alternating DLC | ayeres and n-Si

| ayer showis s rplatienshi katyestas ngmber @ perodnth ap, Mg pleagseretof papiectarpnd dlech of

the Fi 1e. dehri sql y [ . Fi.gur .

char o PR 8P Chat cablies HTRE hd RYSINiLPIAS e rMi B ff i B, grgph of

st r ucthigge 06 it the shlklaecliandedrtived heemtiohas digweth Reddrihhe MeMests, wcdoute has
a charge carrier concentration of 2.5 x 1019cm.3. In Figure 18 the

char adFeesisthat thegtptinpun ppinestratin of ehagge ¢anders afithar they SUpEBie CHIsBAt such

t hat t : f: r A€ er I O 19, -3
101005 FoBbL3bf ) FrnRm, RELEHAT B d PRI BB 2 445 e wm

st r uctRef@riof noli ©hiizas &.cihangde caer et acdncgntaraen amcearitra2iob of dboi0d1m:3)
has a moni mumreflectivity of oqut of band iation of |ess an_about 1%
e dBbPie syl i Bnedebisrotasotis shite MevrenreBe? o «Bi gur s 08 s ne
M.M Staf)gr‘éEi‘dfe% @ht Whingtheh@e @nehiafg8n (‘offrcrh'a?gt'e CRRGENLHih| (0 NI M2 sPucture by
1019cm 3) has a minimumreflectivity of out of band radiation of |ess than
about chgsging thedambiesof pryiods irhihe MieMsstiof tuahisuot pessible aftdrohd owstrodimn af llee
reflectﬁ)r of Figure 17 is optimzed for a tin debris layer with a thickness
of 2nif WH&reas the reflector of Fi gure 18 is optimzed for a tin debris

| ayer [000127p AhickknpgRsofof wapnmm WHKOH3Qontdnt@Ben 3F SRarbe caeiers dadnadie, cHa@bedot h
the reflectors of Figures 17 and 18, the reflectivi t%@of the reflectors of
out - ofafteialey capfitaetion of dbe acklesien (fon capmplec g ithy refigcerniss i situ geibin 2

| ayer). . . ni r RV ' - ri
A e At T .
enbodiugidgt isnovae huseg/dooliag agitems.ef adt gyssenhintly baweta-lgseht dncraaikd nige

lifetinme. It wi|l be anrecLated that the reflector may be used in_an

envi r SFRRSRIUT Srthexedlenios Wik dndgeass eerang iAo R iOh Chifge sytiFeeY bR tceredrcter

it hOchﬁll%Qérﬁg@RRa{e%ﬂifl sipRe6e). U TRs EJ‘B&F&%% i{?ére%]s'a‘?n %ﬁk’rﬁuﬂe@%ﬂes'ef&%{r@@é es
over tinme. Using Figure 17 as an exanple, a lithographic apparatus

i P](c:or {Wlﬂm:l |t1utgv\;]e§ﬂer:®tfl(é:!rtmamp:e E} ther ]f![m;f sguytghe tggmeabb@ateﬂ.f ldﬁ)ﬁ;cantqutf)ign% the
effective i amount . of out-of - band radiation.r cte e

ot + ecbrertetd e rilRTO0E chee R RO PR AT S Al u o htsrtso b diapi o
of opeemictdrds BHEBEEN Y& Yp i QVArdhidRndshaf ddHIR 1¥¥2r 2Bl i sLdoh@AP R (ER2Qd: WeRp 1546
refIec;%;%éyngalfué-oag2%gglradlatlontH;hggﬁéggglne 1%0 on tggbgfgp?. The
graphc the fonsiler EOIISE icantrd gheourikagencgn i © $aner
then th i thogr aphi aratu be.capabl e operating effectively. It
wih ool niR PSR RrLA FK G ERReS: Abr CRGR! IR ARRYS of
the delr éanb@YETth@ENS: cadiidri donédh@ratibi bkN@SPfihdi Dendebitdldiayer is just
less than 0.8 nm Beyond this thickness of debris |ayer the |ithographic
appar dPQM2¢) | It wil hspappiedated f Bat iy ejope hIbgdigreptsp Ph\hel enygntigny HnMayebover
a refl i £h i I m 0oL, l.e, ebr | .

refl ec?lt8 g&rr&&\lﬁg’\sglﬂéopt(l:ﬂrfa‘lﬁ %ée)g{ % %Hralza‘r%f%rlgg T ?{fst?lF éye%?&éﬁ&eﬁga% ﬁ)eé ?}igrrrlgg(r?% ltléélg:nte?svi ty
changésweh aa ahunataserin afiickiebs)i  thayebristlayak e ssher tthdodinhetd, ithdhdgrapdrisdcs
apparatgg mogld not operate eff%ptively w@en the thickness of the debris

| ayer of daEHEHCAPOOHY B gRRTCNTRCHY thaf dbd Srileei & PPEPEFOHECnBRY 2t BiHEum

cl eaned nore frequently, thereby increasing the downtime of the

l'i t hographi ¢ apparatus. [000131] The reflector may be configured such that
when no debris is present on the refl@stor, the reflectivity of the
reflector for out of band radiation is below a predeterm ned threshold but
is not at a mninum The predeterm ned threshold of the reflectivity may be
a reflectivity bel ow which the |ithographi c apparatus nay operate
effectively, and above which the lithographic apparatus woul d not operate
effectively. The reflectivity of the reflector wll pass through a m ni num

o b1 o Y b1 N o T . o



[ 000132] The optim zation of the reflector for a particular thickness of
debris layer (conpared to its optimsation for the absence of a debris

| ayer) cawobkeltlitk@oed to shifting the response of the relCirarean/ofeEss shown
in Figure 17) to the right (i.e. in the direction of increasing debris

| ayer thickness). Shifting the response of the reflector to the right neans
that (for debris |ayer thicknesses greater than that at which the m ni num

reflectjivity of out-of-bapd.radiation gccurs), far a.given debris |
thi ckeltants 8 pgrBod Pt kbR p Sk L LIRS 1oL A
radi atshOR (OMRAHRI4A sﬁowﬁfcgsﬁgtp@ffomérﬁ:ﬁ ofrs RALG £ZRArdifY (J NecRABSERRAL 6f A

debris layer. I'n other wor for a given reflectivity of out-of-band

r adi atthomyentiva. tiith lkhew shofelledievigell) iod obmglebandfradingon ef).@unorl antsille¢ionas
been optim.zed.for .a parti.cular, thickness of. debris |ayer wll. be greater
Chan cniplFoR 4R ufeRE LELDR I MrETERT o Bbis it Bnt S st oBnen T8 or
t he abs@nregs ahe peti@iianse baYRIch dReGAUSEed MadiR b ihe Higyes, hald alknams deAshrases
with tine in certain situations (eé%@ when the reflector is a collector

wi t hi tractietdsdbiaphive iappradudich ediseionbat heilieet pestrpigi egonovhichéharefsiect or
of _outypfnAREnLRURE LMol MacRui$ER HRLCKNRS S0t HSBAES IAY R RASLRNAL
the refl'ector can be used Tor a greater period of tine. For i'S reason, in

such aosiptisatdlematiag DT Bgtes anhnedi 1iass Bareh hapt thitkiesket of 28 mrakhd duhar
t hi ckness of debris | ayer e used for a greater period of time than WO

yer may b ]
2011/ 185Pe0ORbT/ EP29Eh /B daeyet df/| &k b%: i dhrindaysseisiptinniged +orthe he
absen IS i rj i i
o echafbelBIE e NS’y MIFURRR Mt PRaBT LR MLIREAR obll g
advanthagedusn aBodeh snich |thatethacLMetriictepubmcy obatde ednriahcdrventrafonectt 815 xhas

to be repl ace t clegned and wi.ll hence r ce the operati.ng costs. of any
appar A0GETor Hhr e 8 PerPBeeSH S e AL [GBONSay M (RFopBave ben
appr e¢hadefdulhdht thh 81ENAARLRrOhMeN ARG chbideairh@h 0 fFkduFem®7 i n which
the |ithographic apparatus is not capabl e of operating effectively when the

ref | ed000120) Wfcanrhe seeh|thattbe rofleadent ofoFigheendl’ i Mi M nirexureds whidp lias a

nmerely. an exanple. The lit 9 L® apparat us .(.or ot her .appar.atys ich
Che r Shige aT o lp Hag ot UheEndat et R i SRER Sl obby en
the reidigedd oilby tBin it 1 ef diacdedFis RlyePiHiclobsshamBonaTlingt TRE rdfRcRPOV BigaRy
appropriate given level. [000134] It will be appreciated that when the

r ef | edBolthq b’ﬁd}ﬂt jtractuee) of gyhigh pay #icharesrcapmgrcioneeyragpn gébt-9 & 1ayear Ddmsas to
extend . 1N i i . , e i j . will
pe. 1 odun i HiicnPiy b S Bafd (ligh G s b P AL iAo HEERERRL " 1
ref | eabout 4nmn.t Mefolowkitig the fEletionef digurde7 iebpwatzed .fol a tiaakwbrie Myediwmithnd s,
the partjcul ar thickness of debris_layer for which the reflector is.

opt i mitBigknainyt gam; gderean the 1Hpetor A kB és epiynized dorga Hp debrin{Aver Pkt wi | |
be reggiveds Byathe reflector in the working life of the reflector. The
characteristics of the reflector may be chosen such that the reflector is
opt i MG 30Dbr Itzapalsd ibe uécarthathfa lbodsthe offlatelrs DELigaseerl 7and 18 uthh refleativithef
reflectivi of the reflectqr .of out-of-band.radiation. is belowa threshold
b ¢ ndhelaiol of Ch-HEhTSlagBh e ECREr Ve bR IR R H O AP BD ¢ he
refl ecleiithdey @ROMEIMAKE Rorlcb@viBPRES Fakiull: dWBEE hyehenitigfkeah®indnomiRaRart is
not capabl e of operating effectively. [000135] reflector which is

opt i milhedprfoperty loé tpr elepiors why.aindwird embedieentsmby ukne optreatt zefdcctas wngh

appropriate thickness of debris lLayer. For e, the reflector my be
ont T g ares e AR PR Wi i ¥ ciop Bl B AP B P0G bR e Ban

pr ef ercabirynrh@# $for RABMBROW a LoMdbidriwthkin (A®ESurEF BlogliRINa li@Ssraphiarppews) 0. 5
nmthick and further preferably about 0.2 nmthick. In sone enbodi nents,

t he refheecthsrthigkpesseol dbe Hehrseldyeroipcigases ek tipgy Bsing Hiigwg eldsaspl expmpde. a

appr oxj I - ef: I Lal .
mono- e Bk HRERRafthe 3, FRAGL B CH1clle 1P HECLERIR of cfhrine

mat er iefflectbaty Baile educedint of wiest-lend aadiagort Réceted be chcreflastbns lassghsn (0ravi ng
had debris deposited on it previously). In the case_of tin, the nono-|ayer
may hﬁ@ ihpRERA cPeaBfusaB b, B (APt RDORPERIDR CUEREY ERPOY IS Pk ghe

[ 000136] The reflector may be configured such that when a nono-| ayer of
debris is present on the reflector, the reflectivity of the reflector for
out of band radiation is below a preddterm ned threshold but is not at a
m ni mum The predeterm ned threshold of the reflectivity may be a
reflectivity bel ow which the Iithographic apparatus may operate
effectively, and above which the lithographic apparatus woul d not operate
effectively. The reflectivity of the reflector wll pass through a m ni num
as the thickness of the debris layer on the reflector increases.



[ 000137] Reflectors which conprise an MLM structure and an anti-reflection
| ayer (e.g. an anti-reflection coating) may al so be optim zed for the
presence wb 2a11pAardvcul ar thi ckness of debris |ayer on tireTHMPRIIW05158¢ Ur €.
Figure 19 shows a reflector ARR conprising a substrate ARL upon which there
is an anti-reflection (AR) layer AR2. A MM structure AR3 is deposited upon
the AR layer. In the sane nmanner as the previously described enbodi nents,
the MLM structure i.s configured o r Ietlnb d radjation thls
enbodi" IV“}égPB‘étf nd rpchation ‘%g’ﬁﬁ)“fé éﬁ%"h esgr@@\/ heigtgp g]PPV(Sr%‘F‘t 13;

W th gemeys!igighi d@és REWWBER dditieRderlfted -1t (5% apflidvh Sl MG Hfag HBREpatAS of
before, has alternating | ayers of C and Si ich have thicknesses of 2.8
nm andpdratingpifeesbpbet it wall wontithe tAlbelcay'éqie AﬁQparatntgﬁfchgwle dviglecthe thieknepy

pr onot ssage of out:o and r t fromt ty ucture

P f T iR RRR EEnE il RS St Aol 3 B el Dl e e
AR | aygik thiokdddsler detrsk, laydr3haith ic Jﬁ;ﬁraﬁﬁm&m abopiRke iefe GBRSKL I Whls @flayf F OM
a material which is absorbing of the out-of-band radiation. Exanpl es of

mat er iPAPEdem advantage lsaciy edlector Mmqb isinetigudssitipatier eremieiacdisped laer.aHd
doped I [ i d
o aft i beom A TR USRI SR ERLLEAL A8l ok kel e
out - ofdebian thyea diiednie o) thant Khetlhbo@*h{ﬂﬁct ﬁp\;ﬁ@at&RiwouIEhﬁotsmsztté atfectARly w{hen Iige
formed of material which is absorbent of out-of-band radiation, absorbs the
out - oftbigkds PhHeadsbsi IWﬁr éFF‘CH% appxed Ao rhhe Hefldatn wevld therprareasl onhough
t he ARy t£ zband

r adi a'It3 I égﬁé’cl?@of:‘éﬁ% (113' g%/é}(ta Qﬁé g%e Xél t%@%ﬁ%@ﬁ%ﬁag?cgg{) %r band

r adi atf0@H3whi €he raﬂectef hﬁagtbecbobﬁagmhé su@f thecwben ARBehrs is pdiscietchn thhecfteefdrect or

ARR works .in.a diff nner 0 t he.other flectqrs accordin 0. .
enbodﬁ?ﬁ‘e‘i‘?f]%“b‘fltyt%éhep?e ‘étﬁ’f rr?\‘}bﬁ":li’aélﬂ rogipign léPSﬁ)éFe%Brre BEERG 9‘6‘35}1%}%[@“ i's

becausg: hihg nRhilRin." Tht eldRlcPmARE GhicBRMd %bﬁiéereﬁéﬁlﬁ@%é}gblé @%ﬂ&t&ﬁ %@m
destructive interference (at the radiation receiving surface of

r ef | eothoel) thef htﬁtvgranhme@pp@fatwmamfomaaﬁd effgdlively, omdwithoyh aligh rtd Illéluftge@hby t he
refl ector 1/.117009PCT/ 01 051546. [.000 to..the f hat
P 1 T SR e R R AT R R AR

pr omotohiAfndh@s ﬂ@&ﬁﬁg@es@t)f@l@tde@ﬁsb@é&%ﬂt@dkaiac@)mlﬁcﬁ»mi he MLM structure into
t he substrate, as opposed to by causing destructive interference of the

out - ofl 004331 r e amtiraﬁathrh@f braelipeardpy p errticalae dhelngss @fndefoanadam fgaanpared
absor hanes t% QU £ ea{‘b lﬁc%%'f%t eBhs Iaa@/?rﬁ &l B@ ki o OREe @E %Egnslgl'olylthe
structure Is 1ess |rrpo I nstead € per or Tancée of o F ector

conpr irsflevgora@s ARbwayerigaa 10¢ (camt righl @d. by tleodirégioni sfgintleesihhideluneisger

and/or material_of the AR | ayer AR2. [000140] The presence of a debris

| ayer RRKRSI®- MORITERS (he affsaowfes%f e HféleFf@f ed ‘br“%hﬁlmfﬁ‘ﬁ? ﬂa?tf deg detyes Bypunt
of out i t se
Fhe o b e oo 3% SR PR OardiTh Pesdy

per m tfoi wigiven (€006 ]lagte]r Mhbnesf thectefiectdRRildnvbe opier maﬂmiv(ty o .ousathandat

t he amount of reflecte ut - of band radi.,ation . is.mnim.ze r th esence
o Tt ol f et e S D RAUBT et arms bt et o RBEE po

t hi ckR@st8s, abda %Weﬁ%ﬁéctﬁit%tdﬂ%ué& _baueradiRén, hbehikRhGKBESR @Mk Qéye%ff%é al

of the AR layer AR2 will be different for a reflector optimzed for a

part i eeflegtortvhielk h@ésbeeofOpderbzqufor a;pemcubnﬁad@dm of debriefldyee okl batsiraiteritgan

optim df  the absen a_debri f thed [
by er g EE g BPEEDC ROt aRaeRhIh e oDl G TP HE: phibrel S LTS o
AR | ay er( BE@a)uséTEbé dé@r19%eﬂﬂ%ﬂ@€§b&h&@a§e@ v&ﬂ@ﬂnﬂ@’hﬁ &drtadn §1ﬂfah$1@§ @l’g \Mlieﬁ lihd S
optim zed for the absence of a debris layer. [000142] Figure 20 shows a

gr aph reflectdids p epllastarayighan g Bfhagranbis anperayin seduaiaie ahe wHegatyelithe reflegipr piao
refle t he
debr | P SE AR ALT for Lt BY BfiinelP oPuct BTty WS (HOLEIDET S B 1000

t hat 3“blowrgr¢ameeregmda)f119me Rafoe nliis rgasbo, n guehea difyatibnt b refédctor otloicls hhavecran
M.M structure AR3 which has alternating |layers of DLC and Si. whi.ch have

¢ hi ckELERAIdPT 2 PEURHRRAERIC ¢lricPes FRER snazéﬂevgz usephier megfadrmseiPd PEEmsfthght h
have 40 periods. The reflector of the solid line has a doped silicon (n-Si)
substrate and a ThF4 AR | ayer which has a thickness of 950 nm The
reflector of the dashed Iine has a dop&gd gernmani um (nGe) substrate and an
MyF2 substrate which has a thickness of 950 nm In both cases the MM
structure AR3 is provided on an AR | ayer AR2, which in turn is provided on
a substrate ARL. The debris layer is a tin layer. [000143] It can be seen
that the reflector of the dashed line has a m ninmumreflectance of

out of - band rad| at| on of about 2.5% at a debrl s Iayer th| ckness of about

NN AN AN o o " . 4 ' - o o



reflector of the solid are optimzed for tin debris |layers of thicknesses
of about 3.8x 10-1m and 3 .6x10-10mrespectively. [000144] It wll be
appr eci atwo 2hati7@ay appropriate materials nay be used troTfERRonEES40LM
structure, AR |layer and substrate. The |ayers may have any appropriate

t hi ckness. The in-band and out-of-band radi ati on may be any type of

radi ati on. The debris layer may be fornmed fromany nmaterial. [000145]

Figure 21 disc further flector AR s refl tor ARR al so
m ni mazréée“é%rttf 1ng]ﬂ%|%?eé‘dtpé’tni” ?f[ é]&eaﬁésén‘t%‘g %&%ﬁ;}@@r reasingdhe Pekal t o
pr omdtgnd hier RARSIRAE i@t w8f BRNAsdRdE 8t 1vAthih N QithOGaSHPSigpatusANRhay THE

substrate ARL may be configured to transmt nore than 50% of incom ng
infr araéwjammpaft ot witheedyae khé dreqodncy heitls wieehr dteercliRatof thhe thde kfspldeedbelr ng

f d St t AR3 ded ,wi
| ayer e P RS Bt a SRR PE I e OB ona
ZnSe lpaper on its backside. Unwanted infrared radiation is transmtted

t hrough the reflector ARR and may be absorbed el sewhere. Al so a snoothing
| ayer 1800133hr Buvilw dperoseséad thaethpexpmpleudvair dborRn ehdionHe HEgie tlr dn avhagh |

90051 B Sy SO L SIS Sl v

t hi cknegt@fof 4uttofbandnddibtien eicaedndi’ senealyhmrexhapiy, srhmyhmy;ﬂllaa;tﬁamkmes S
of about 2.8 nm The di.anond-| i ke carbon and/or the Si |ayers are doped,

pr ef ed@bTtherapparag rrﬁmh thy rflestB APTIEY RIS M5 b PredibEf FPPERHNG e%tﬁﬁwely

Sx 1019010 3 REGIELR o% (RETIRL: BT BT R Rfarioh 1A LRETE 3n E%ﬂﬁfofoﬁhﬂey iv@pout
1x1019cm 3 Is a suitable inpurity concentration. The snpo aye may be
a Si llewekr and have a thickness of about 20 nm The substrate ARL may be

f {,..5l. ot ter] The. AR | a AR2
i crdadtiagh: vaul banoR ek T i hopinelB8s Yol R Advaiolr SR of oaa
nm [ Qr@@&éra]yeﬂogétrte ck#endeR Gbikif Gf-ARR dfrthwfufreaot hge bat&agt rh\r&ntertd@ﬁt Qf Si

as a function of an inpurity concentration of Si, in this exanple an n-type
dopantless dlremethe hagkingss, ofi the détaiarlaydr thag anll be r@eer@d iby U gptleetopin thiastorleing &fe

i npurit about 1x1019cm ar t e refr ctrve inde

valne e §'uE Rt b P RE b ERS. RhiraPuR pickReds GBS e RS Hish3 o
of 0. 2dflecBy i$ bithizc€ anlyIbe 1ERdNA MJf thaehitedlss PRtht debrid hger @A LT hevRcdineEX,
i.e. from3.42 at | ower concentrations to 2.82 at a concentration of

%?‘ 1ﬁ1®drfh€% reftegor am the. werkingchifevef the sgftactare s hefchggacieppiicsad, the raflegion gnayobe a
D05 17 £RO8DaEe B Gudrds bl HAtEIE wilhess of dehrls vgrapd push thay

r ef | echorefleRR:ityfoftthé frefteeneef wiut-bf-bhiel refaties iobelow dhguheldAd t]neSalishﬂcte dfhe

substrate ARL is confi ured to absorb the infrared radiation, The AR | ayer

AR? mégbelagorpmibe reficeior. Absithreshald may hedhe frlectidtyakeve whishdhe appesatpsel udes
alter he di anond-1|i ke carbon
layergﬁﬁggﬁﬁggﬁﬁgﬁgﬁﬁnﬂ%gggng&%5@e%ﬁ$§9§4ﬁﬁ9ﬁ§hve nd-1i ke carbon |ayers
may h40@0135% hAakf‘laSSr whichheopti@izgd don th¥heedhanohddelne kegebhorydrdipmitéie Si

10188 AR DGR, e v BEREEN. B TOIBLH B BRI GYO R

Typi calkbys 1380 %mlaxll‘r QdQammBabsut & M thRR! Brefdrmiy 'lés)é RN GIR rlaﬁﬂlQHtckTﬁl%re
snoothing layer S may be a Si | ayer and have a thickness of about 20 nm

The s@b@ﬁrahtyeleﬁﬂ?ﬂlane@mbe 0fSonmedidsyang| fuaj@ipeﬁretﬁﬁr@biya’@ourrﬁar mrnythr@k b1 @18t m 3.
In this urr concent.r at

concertPREram iy Sfo FBHeL bY o EEREET IR AR Al ulsRn BB E drerondirisb . e
appl i egb thidkaOk4T]a ﬁbﬁ&myghotsd&@ﬂsfnhaﬁerﬁﬂf ghe g omayer® doREEmiateriahingy bheXtie t 0
the use of lithographic apparatus in the manufacture of I1Cs, it should be
under $RigBpum peknese theidehdgMapshisbcadisaiedeqsd teiaden clsaping dhesichesay usiag e 2at her
appl i r I

o danie G e, SR, Aol SR BN, O PRI EE BEHB L e are

di spl alisknds$ ofuabduc® 2sinal di spl ays (LCDs), thin-filmmagnetic heads etc

The skilled artisan will appreciate that, in the context of such
alternative applications, any use of the terns "substrate" or "die" herein
may be consi dered as synonynous with the nore general terns "substrate" or
"target portion", respectively. The substrate referred to herein may be
processed, before or after exposure, B& for exanple a track (a tool that
typically applies a layer of resist to a substrate and devel ops the exposed
resist), a nmetrology tool and/or an inspection tool. Were applicable, the
di scl osure herein may be applied to such and other substrate processing
tools. Further, the substrate nay be processed nore than once, for exanple
|n order to create a nultr-layer IC SO that t he terntsubstrate used herern

o o Y v o o o, b1 . a o S



[ 000150] Al though specific reference may have been nade above to the use of
enbodi nents of the invention in the context of optical |ithography, it wll
be apprecwvated/tih@d t he i nvention may be used in other a@pplare@tiosrsse f or
exanple inmprint |ithography, and where the context allows, is not limted
to optical lithography. In inprint |ithography a topography in a patterning
devi ce defines the pattern created on a substrate. The topography of the

patt ernpi evj ce may be pressed into a |l ayer of resist lied to the
subst Jﬁ‘i‘ﬂ%ﬁﬂeﬂwélﬁc By s Qppwed av@dthby\?‘ﬁe&p? WG ahpor dBbris i€ prescnt on
2011/ W/ RORBGT/ tﬁ@?&ﬂe@ﬁ@%l%@le%ﬁ&%%%%f Garddadi@lib® R bdlSdta pBi&seHh&l OF a
conbi nation thereof. The patterning device is noved out of the resist

| eavi nigreshagpdbtiersmdtt jat mafimem. t ke pedeetmingd duedwld pOoE1E1lectitity mey rbe a

"l ens", where the cantext.allo may refer to any.ope.or copbinati of
vart oltl ISy RBE PPV ORI Bl e hE i R P RO Y and AR QR b G dhe
magnetlitfoerh@C hRRRENRLLE @AGpelaRCEFQSV Al CTHRMEA]viGUWTRRO ffeStor [MIAGhEL]
Wthin the description EUV radi ati on has been used as an exanpl e of useful,

i n- baréropglts atinisnaadthe thiglnesael B dekis lapsnibewfigetonimceraispl e of

non- u lary O - i af.j o | preci.a - e
nmer el 36(26}37 Igéﬂ%%cfp'?ﬂgf}? %gggltel%]ed?%é\h %Wt e t%gpal%?c% ?%ﬁ}ez]gcéﬂﬁbly%{]ﬁ%g‘r%%hi C
appar ahtiseflddien us@frg) mayrddociecbptiadizat fod theapresehonefls pirutylaothickaésshdadbris
radi ati on may be an%/ wavel ength of radiation. It follows that it would be

cl ear 19T PRENS TG airegipe; dieyre 19 ovay ¢ raflggior ARG etBPHIN R SEE GV BRIt h of
poar . . t e Y . f
the | n%a}gagﬁleﬁé@.aﬂ%ﬁgag&%ﬁ (AR '1%5 é’kz.%%ﬁ&«%ﬁﬁ%ﬁé A58 &Sdegas1£eh%g§sﬁtt¢]egct or

Wil e optimze or those engt hs. e characteristics
r ef | edARidayeray Ihehopimarnmedersascthe tphatiodshe desefibet tmbodiasnss, ithed LM estryctoiregh

reflectance for the in-band radjatjon an .rel ativel | o ef | ectance, for
(he coMRDE st i RerBRM b AR PR i ol Sdhobiisin - oBerg. S B Rbe o
whi ch i ReisoPUVadRdoh NEdrudampldh @it Bt Ghal@bnf of erallsty e 14 e, mMageri al

and/ or thickness of any absorption layer, the material and/or thickness of
any meMBM stengare ARde asrhtlord, dks altnaingtlnyak nebd.Codnd $iewhinl ihevahatknbssyeris

t hat e u he alternati l.aye of t MM ructure,..and the nunber of
o oa B Prk 2, IR o B 8 1R 2 M ED LT IR 0T i Rp TR
al so bhassappoeGudbeladdaddiaionefrbBctherMast airdétie AR3esHiofitdeRn sutdtratch&R 1,
present invention may be used as a reflector in any appropriate type of

| i t hodiapmics cdppierdaltishighopen bajuschéordbe i puromsludpdvésar bs it MededTho be
USRI 1% T TR A, BRI e e MLl
depar tHxagples @finidxeiakcwpieh afaytheaised @i flvam siet subsiiratd @lchute doped Si and doped Ge.
[000138] The reflector ARR minimizes reflection of out-of-band radiation because the AR
layer AR2 is configured to promote the passage of out-of-band radiation into the substrate ARI.
The substrate AR1, being formed of material which is absorbent of out-of-band radiation,
absorbs the out-of-band radiation which has passed from the MLLM structure AR 3 through the
AR layer AR2 and into the substrate AR1. Because the out-of-band radiation is absorbed by the
substrate AR1 the amount of out-of-band radiation which is reflected by the reflector ARR is
reduced. The reflector ARR works in a different manner to the other reflectors according to
embodiments of the present invention which are described above. This is because the other
reflectors described above are configured to cause destructive interference (at the radiation

receiving surface of the reflector) of the waves of out-of-band radiation which are reflected by

the reflector.
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WO 2011/ 117009PCT/ EP2011/ 051546 WHAT IS CLAIMED | S: 1. Areflector
conprising a multi layer mrror structure configured to reflect radiation
at a firswowauelieongt h, and one or nore additional |ayer #CTiEPROIADSBEAOANCE
and refractive index at a second wavel ength of the multi layer mrror
structure and the one or nore additional |ayers, and the thickness of the
multi layer mrror structure and the one or nore additional |ayers, being

confi e uch that radat th econd. wave| engt h_whi ¢ flected
from g“@.ﬁ?ﬁc UG o f%}‘?etra ‘i‘f" of ‘?CFﬂre&?* rainimiges, reflection, ek pyteo fﬂlfﬁaéﬁgﬁﬁﬁl%
r adi atﬂy%oﬁgtlﬂé]ﬁe%%%%g OY‘@Ytedf%QH Radthidnhrdrd theefA1 8% elethfedMoht Ritthireas

refl ector ' e reflector of claiml1l, wherein the one or rmre
addi t ioppeded|tayr qusingplesgediva iglelfstened ef thehertaifhandh eadateonothargireeadaiiei onal

et Rahatl oy EOTRERR o TEbE ot B SR kB ish A hATRLS FrdeRF of AT 81 ©

t hi ckRegsuhis Gésiimpef@at ghsttdime Ik@fosllﬁlaﬁ:edm RefREtol BempRiiaL ah AR 18€i add on
of the second wavel engt h. The reflector of any of claim1 or 2,

wher eibs copigo lrﬂdé?yo%onﬁﬁwen&@é Tth@ﬁ‘éf’r anddgrangicidmpihiesdB layes ik rat e, wherein
the OE@O(H& I d?\g éé{lc% %?%ldelgla%’ Faé? e&gﬁ] %f}}ﬁgl\f‘s"[ ctﬁrﬁ%ﬁi?@f ﬁ??@ﬁé’cttér%Rkar}{%f

| ocat he su I'ayer mrror structur

t he ableempﬂhe amouayef oleifihgnd eafiatgur ehlich ds ad:n“ﬁ:mreb bryatde atficorordARR tecase (Dllitd
wavel en 4. The reflector of claim3, wherein the one or nore

addi ting%fl layerrapshavsrighigls edragtivg ipder apdea highslestic ReFBIBYIE o more addi ti onal

I b
aﬁée[ Egﬁ(ﬁ&ftf?ﬂé’%&ﬁ& AR TGh 3 d %ﬁE%g%aESéﬁ %e glb%&E Of bdfecRORIIRL ©

ayer m nor struct rernt sorption layer iIs
i nt er reod atdatidre ismetigimikal eior amd prdsenarudf b dehyierlaydarr (not seeéwnjcvmrtbe MLM 5.
The ref | ect or

compr g g S erBlede R Py Seo8ee Grerae A rorr 200t AR idkoest < ne
lseconqnw%y alaea1 Br Wi AR 1@&4@ &Fif e 51ffef’énf f%a‘rra%ﬂw@r bAHRe®Tot Harfibhihs
ayer mnor structure at he second wavel eng

thickness of debris layer compared to a reflector Wthh 1s optlmlzed for the absence of a debris
layer. For example, if the debris layer is a tin layer of the order of 0.1-1 nm thick, the thickness
of the AR layer (AR2) may be 950 nm compared to 700 nm for a reflector which is optimized for
the absence of a debris layer.
[000142] Figure 20 shows a graph of the reflectance (R) of out-of-band radiation (10.6 um) of
two reflectors comprising AR layers, as a function of the thickness (T) of the debris layer. Each
reflector has a structure which has the same form as that shown in Figure 19. Referring to Figure
19, both reflectors have an MLLM structure AR3 which has alternating layers of DLLC and Si
which have thicknesses of 2.8 nm and 4.1 nm respectively. The MLLM structures of both have 40
periods. The reflector of the solid line has a doped silicon (n-Si) substrate and a ThF, AR layer
which has a thickness of 950 nm. The reflector of the dashed line has a doped germanium (n-
Ge) substrate and an MgF, substrate which has a thickness of 950 nm. In both cases the MILM
structure AR3 is provided on an AR layer AR2, which in turn is provided on a substrate ARI.
The debris layer is a tin layer.
[000143] It can be seen that the reflector of the dashed line has a minimum reflectance of out-
of-band radiation of about 2.5% at a debris layer thickness of about 3.8x10"°m, whereas the
reflector of the solid line has a minimum reflectance of out-of-band radiation of about 6% at a

debris layer thickness of about 3.6x10"%m. Tt follows that the reflector of the dashed line and the
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WO 2011/ 117009PCT/ EP2011/ 051546 6. The reflector of any of the
preceding clainms, wherein the multi |ayer mnor structure conprises

al t er nat iwgQ 20mylar@9of n-type silicon and di anond-|i ke caChmp2011/0515467. A
reflector conprising a multi layer mrror structure configured to reflect
radiation at a first wavel ength, and one or nore additional |ayers,

wher ei n t he absorbance and refractive index at a second wavel ength of the

mul ti ructure and the one or dditional |ayers;, and the
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like carbon layers may have a thickness of about 2.8 nm. The diamond-like carbon and/or the Si
layers are doped, preferably with an impurity concentration of between 5x10"%cm™ and
5x10"cm™, preferably between 8x10"%cm™ and 2x10"cm™, Typically, about 1x10%cm™ is a
suitable impurity concentration. The smoothing layer may be a Si layer and have a thickness of
about 20 nm. The substrate AR1 may be formed by Si, SiO, or another material. The AR layers
AR2 may have a thickness between about 650 nm and about 690 nm, for instance 660 nm or 684
nm.
[000147] Figure 22 depicts a graph in which the refractive index of Si as a function of an
impurity concentration of Si, in this example an n-type dopant concentration, is shown. It can be
seen in Figure 22 that at an impurity of about 1x10"cm™ a real part n of the refractive index has
a value of 2.82 and an imaginary part k of the refractive index has a value of 0.21. By
significantly reducing the real part of the refractive index, i.e. from 3.42 at lower concentrations
to 2.82 at a concentration of 1x10”cm™, the anti-reflective properties of Si improve, allowing for

a higher number of layers in the MLLM structure.
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that, in the context of such alternative applications, any use of the terms “substrate” or “die”
herein may be considered as synonymous with the more general terms “substrate” or “target
portion", respectively. The substrate referred to herein may be processed, before or after
exposure, in for example a track (a tool that typically applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
disclosure herein may be applied to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[000150] Although specific reference may have been made above to the use of embodiments of
the invention in the context of optical lithography, it will be appreciated that the invention may
be used in other applications, for example imprint lithography, and where the context allows, is
not limited to optical lithography. In imprint lithography a topography in a patterning device
defines the pattern created on a substrate. The topography of the patterning device may be

pressed into a layer of resist supplied to the substrate whereupon the resist is cured by applying
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various types of optical components, including refractive, reflective, magnetic, electromagnetic
and electrostatic optical components.

[000152] Within the description EUV radiation has been used as an example of useful, in-band
radiation and IR radiation has been used as an example of non-useful, out-of-band radiation. It
will be appreciated that these are merely examples and that, depending on the application of the
lithographic apparatus, the useful, in-band radiation and non-useful, out-of-band radiation may
be any wavelength of radiation. It follows that it would be clear to the person skilled in the art
that, depending on the wavelength of the in-band and out-of-band radiation, the characteristics of
the reflector will may be optimized for those wavelengths. The characteristics of the reflector
may be optimized such that the reflector has a relatively high reflectance for the in-band
radiation and a relatively low reflectance for the out-of-band radiation. Examples of the
characteristics of the reflector which may be optimized include: the material of the substrate, the
material and/or thickness of any absorption layer, the material and/or thickness of any metal
layer, the material and/or thickness of the individual layers that make up the alternating layers of
the MLLM structure, and the number of periods of the alternating layers of the MLLM structure.
[000153] It will also be appreciated that a reflector according to embodiments of the present
invention may be used as a reflector in any appropriate type of lithographic apparatus.

[000154] The descriptions above are intended to be illustrative, not limiting. Thus it will be
apparent to one skilled in the art that modifications may be made to the invention as described

without departing from the scope of the claims set out below.
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WHAT IS CLLAIMED 1S:

1. A reflector comprising a multi layer mirror structure configured to reflect
radiation at a first wavelength, and one or more additional layers, the absorbance and refractive
index at a second wavelength of the multi layer mirror structure and the one or more additional
layers, and the thickness of the multi layer mirror structure and the one or more additional layers,
being configured such that radiation of the second wavelength which is reflected from a surface
of the reflector interferes in a destructive manner with radiation of the second wavelength which

is reflected from within the reflector.

2. The reflector of claim 1, wherein the one or more additional layers comprises a
substrate, wherein the one or more additional layers further comprise a metal layer located
intermediate the substrate and the multi layer mirror structure and wherein the metal layer has a
thickness which is greater than the skin depth of the metal for radiation of the second

wavelength.

3. The reflector of any of claim 1 or 2, wherein the one or more additional layers
comprises a substrate, wherein the one or more additional layers further comprises an absorption
layer located intermediate the substrate and the multi layer mirror structure, the absorption layer

being configured to absorb radiation of the second wavelength.

4. The reflector of claim 3, wherein the one or more additional layers comprises a
substrate, wherein the one or more additional layers further comprise a metal layer located
intermediate the substrate and the multi layer mirror structure, wherein the absorption layer is

intermediate the metal layer and the multi layer mirror structure.
5. The reflector of claim 1, wherein the one or more additional layers comprises only

a substrate, and the substrate has a refractive index at the second wavelength which is different to

a refractive index of the multi layer mirror structure at the second wavelength.

42



WO 2011/117009 PCT/EP2011/051546

6. The reflector of any of the preceding claims, wherein the multi layer mirror

structure comprises alternating layers of n-type silicon and diamond-like carbon.

7. A reflector comprising a multi layer mirror structure configured to reflect
radiation at a first wavelength, and one or more additional layers,

wherein the absorbance and refractive index at a second wavelength of the multi layer
mirror structure and the one or more additional layers, and the thickness of the multi layer mirror
structure and the one or more additional layers, are configured such that radiation of the second
wavelength which is reflected from a surface of the reflector interferes in a destructive manner
with radiation of the second wavelength which is reflected from within the reflector, when a
layer of debris material is received by the multi layer mirror structure, the layer of debris

material defining the surface of the reflector.

8. The reflector of claim 7, wherein in use the thickness of the layer of debris
material will increase over time, and wherein the absorbance and refractive index at a second
wavelength of the multi layer mirror structure and the one or more additional layers, and the
thickness of the multi layer mirror structure and the one or more additional layers, are configured
such that, when a particular thickness of debris material layer is received by the multi layer
mirror structure, radiation of the second wavelength which is reflected from the surface of the
reflector interferes in a destructive manner with radiation of the second wavelength which is

reflected from within the reflector.

9. The reflector of claim 7 or claim 8, wherein the reflector is configured such that
the reflectivity of radiation of the second wavelength of the reflector passes through a minimum
reflectivity as the thickness of the debris layer increases, the minimum reflectivity occurring

when the debris layer has a particular thickness.

10. The reflector of claim 7, wherein in use the thickness of the layer of debris
material will increase over time, and wherein the reflector is configured such that at least one
characteristic of the reflector including the absorbance and refractive index at a second

wavelength of the multi layer mirror structure, the absorbance and refractive index at a second

43



WO 2011/117009 PCT/EP2011/051546

wavelength of the one or more additional layers, the thickness of the multi layer mirror structure,
and the thickness of one or more additional layers, may be actively changed over time as a
function of the thickness of debris layer, such that radiation of the second wavelength which is
reflected from the surface of the reflector interferes in a destructive manner with radiation of the

second wavelength which is reflected from within the reflector.

11. The reflector of claim 10, wherein the reflector is configured such that the
temperature of the reflector may be actively changed to actively change the at least one

characteristic of the reflector.

12. The reflector of claim 10 or claim 11, wherein the change in the at least one
characteristic of the reflector arises from a change in the charge carrier concentration within at

least one of the multi layer mirror structure and the one or more additional layers.

13. A reflector comprising a multi layer mirror structure configured to reflect
radiation at a first wavelength, a substrate configured to absorb radiation at a second wavelength,
and an anti reflection layer between the multi layer mirror structure and the substrate, the anti
reflection layer being configured to promote the passage of radiation at the second wavelength
from the multi layer mirror structure to the substrate,

wherein the absorbance and refractive index at a second wavelength of the multi layer
mirror structure and the anti reflection layer, and the thickness of the multi layer mirror structure
and the anti reflection layer, are configured such that radiation of the second wavelength which is
reflected from a surface of the reflector is less than that which is reflected from the multilayer
mirror structure of the reflector without a layer of debris material, when a layer of debris material
is received by the multi layer mirror structure, the layer of debris material defining the surface of

the reflector.
14. A lithographic apparatus having a source collector module configured to collect

radiation, an illumination system configured to condition the radiation, and a projection system

configured to project a radiation beam formed from the radiation onto a substrate, wherein the

44



WO 2011/117009 PCT/EP2011/051546

source collector module, the illumination system, and/or the projection system comprises one or

more reflectors according to any of the preceding claims.

15. A spectral purity filter configured to reflect extreme ultraviolet radiation, the

spectral purity filter comprising:

a substrate;

an anti-reflection coating on a top surface of the substrate, the anti-reflection
coating being configured to transmit infrared radiation; and

a multi-layer stack configured to reflect extreme ultraviolet radiation and to
substantially transmit infrared radiation, the multi-layer stack comprising alternating layers of Si
and diamond-like carbon, wherein the Si is doped Si and/or the diamond-like carbon is doped

diamond-like carbon.
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