SPECTRAL PURITY FI LTER, LI THOGRAPH C APPARATUS, AND METHOD FOR
MANUFACTURI NG A SPECTRAL PURI TY FI LTER CROSS REFERENCE TO RELATED

APPLI CATIVONIR0{003@BF Thi s application clains the benefit PO/EES0PM006P$ET onal
application 61/136,702 and , which wa$ filed on Septenber 26th, 2008 and US
provi si onal application 61/193,769 filed on Decenber 22nd, 2008, both of

whi ch provisional applications are incorporated herein in their entirety by
reference. FIELD [0002] The present invention relates to spectral purity
filters, lithographic %Hparatus i ncluding such spectral purity filters, and
met hods for mandPECTRALIG KBS TER pLETHOGRATHIS SPPARERERAND [ 0003] A

| i t hographi ¢ appaEHIOB E@MAMmmwmAapmm,sLaumymﬂdrmttern onto a
substrate, usually onto a target portion of the substrate. A |ithographic
apparatus can be used for exanple in the manufacture of integrated
circuits (IGBROSSR 5 PNSng device, which is

al ternati quﬁ()lf ef Phi E% léagoﬁaﬁalﬁls {H@%&eﬁ{qf"ﬂlsd)%v sﬁ)lnﬁ’agimayt op%h/‘ll%e%ﬁa%gener ate a

circuit pattern to orne on an 1 ndivi is pattern
can be trartéfidryaefled &Pé?"‘tbafrzéetzo%ﬁﬂﬁl%wr‘(‘@“@a‘ aPH@PtIPd|6H¢91@'éPtﬁledf°"one or
several di Qﬁe):en‘iﬁér @"dsmtﬁbﬂlt& w@@h GroviBiofdl hﬁ&@dﬁoﬁﬁfcﬁﬁa oldteAhSfeRilin Bkir t he
pattern is |y via imaging onto a | ayer of g)atlon sensitive

mat eri al (F@é??ﬁ ‘ﬁ%ﬁvfded on the substrate. In general, a single substrate
will contain a network of adjacent target portions that are successively
patterned. dgagywn |ithographi c apparatus include steppers, in which each
target portton is irradi ated by exposing an entire pattern onto the target
portion at 98 ti s preser inyerdian ealates 14 speqifal rentycltiets: liteaggpebic prperaiusn i s

i rradi at ed iRYudSie3aHRispBird BeriP Aldrg il mﬁ&iygﬁ nfandfRehial {RAPEAM filkrd Ji Ven
direction (the Tscanning" direction) while synchronously scanni ng the
substrate paraIIeI or anti-parallel to thls direction. It is also possible
to transfemBAdkGREINBrn fromthe patterning device to the substrate by

i mprinting pait, ubst.r. at der to be able to

pr oj ect evé&mgnal erogmﬁ] %ﬂ%%gsgn E&?ﬁﬁgtm%?“a‘L“?dﬁgémﬁggﬁ'proposed to
use extr emeubsirate agiaby ento { @gehportiod obthé swhstiatei 4 hithographicappargwegmbd ised.r adi at i on

having a wayekenad hnM\é &mu&cm%frn@eggeed@frcuwaég 1AMt hQhncEAIMREFnM thin the
range of 13-14 nm has further been proposed that EWV radlatlon with a

wavel engt h 9g¥ice which Fﬁ‘é‘ft’i“aitF%erEB‘?ﬂOGSb@aﬁ!fé’éﬂre“?‘ﬁr'"aé)?%sﬁﬂ@%ﬁmr*ﬁ?'ﬁ the range
of 5-10 nmcﬁtm‘thnaﬁéinﬁbz fdnmcocrnaﬁ nﬁinndnh[I%D&]thdﬁb\/TBn@ﬁﬁ@ﬁn&aﬂDB@tﬁiﬂsfa&da Sn pl asna

do not Onl ¥mto a tar ?oerb(?n ? mc?\h(fmglﬂej%/opone or se(e:[ Ia%gl?ld)gg s%s%rate <. goa sﬂlijcton Of band

radi ation, nost rang
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. Known lithographic
apparatus include steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at one time, and scanners, in which each target portion is
irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning” direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. [t is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0004] In order to be able to project ever smaller structures onto substrates, it has been
proposed to use extreme ultraviolet (EUV) radiation which is electromagnetic radiation
having a wavelength within the range of 10-20 nm, for example within the range of 13-14
nm. It has further been proposed that EUV radiation with a wavelength of less than 10 nm

could be used, for example within the range of 5-10 nm such as 6.7 nm or 6.8 nm.
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Moreover, in the case of Laser Produced Plasma (LPP) EUV sources, the

radi ation fromthe laser, usually at 10.6 nm presents a significant anount
of unwant\0 20edi3&i8Son. Since the optics of the EUV | it h8GTAPRIS/086184 em
general ly have substantial reflectivity at these wavel engths, the unwanted
radi ati on propagates into the lithography tool with significant power if no
neasures are taken. [0006] In a lithographic apparatus, out-of-band

radi ati on should be m nim zed for several reasons. Firstly, resist is
sensitive t band wav ths, and thus the e quality may be
deteri orat é@og]Secgﬁﬁls%meﬁhﬁé ‘E’\?dsg‘r plaa flg B on é%‘B‘é@F&?Sl“ffg inbandi 6" rm
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affect the pbadna{olrﬁyasup@rah,tak\edm ch is an advantage because it results in

flexibilit tibility with other 0 Pstorma
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of the order #f e wavel engfﬁh e supprzsse suppressi on nechani sm
may vary afpHigs dqafiqt@ruemntqdygaélgg @ﬁth‘ljﬂ*ﬁ‘SH Vet gndaptigie icrdep odbripgunvieatedr i or  art

and det ai | emnaammmlmwa&ﬁedfluﬁ.tshﬁéat@rbuhiylfﬁte@mmajea%beléld@&ﬁ)p&he wavel engt h of
EWV radi ati er_than the si.ze of the apertures
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wi t hout sutbnsplanéntaabn ofiafréficaniMeiSOR req[xﬁéa%]hﬁéaﬁfombitdﬁemsmigaxhnhengemswldﬁbfexi sting
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t he EUV source ere ore spectra ter I'S renoved from an
EUV lit hog@@Fbmvlllammatpaftﬂd§oesa0traéfmt§@eaﬁmtwn saﬂewbwblis ap afvaptgeefbe¢apserit shoul d be

added or armwsr.,onexa;,1,@a,mrcggggt,ba1@g&,@,osltwghq be |ntroduced The added mrror
i ntroduces

es in st em pat ent application
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Since the wavelength of EUV radiation (13.5 nm) is much smaller than the size of the
apertures (typically >3 um), EUV radiation is transmitted through the apertures without
substantial diffraction.
[0009] A further challenge with existing spectral purity filters is that they change the
direction of the light from the EUV source. Therefore, if a spectral purity filter is removed
from an EUV lithography apparatus, a replacement spectral purity filter should be added or a
mirror at a proper angle should be introduced. The added mirror introduces unwanted losses
into the system.
[0010] U.S. patent application publication no. 2006/0146413 discloses a spectral purity
filter (SPF) comprising an array of apertures with diameters up to 20 um. Depending on the
size of the apertures compared to the radiation wavelength, the SPF may suppress unwanted

radiation by different mechanisms. If the aperture size is smaller than approximately half of



is larger, but still of the order of the wavelength, the radiation is at

| east partially diffracted and may be absorbed in a wavegui de inside the
apert ur e. WpQOWIPB4Bdveral prior art spectral purity filt@CI/EPIPBOHY6GIP£LI Y on a
grid with mcron-sized apertures to s8ppress unwanted radi ati on. The
approximate material paraneters and specifications for these SPFs are
known. However, a successful manufacturing nethod has not been described so
far. Nhnufacturing is not straightforward at these specifications The nost

chal I engi n ec ti are: res of t n di aneter; a
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par al | el (nohaﬁgbrapestddc)f theanlrdes ofisbd weekngdtih eheagiiatibulis esledsopaaiatiy diéravedi mal EUV
transm ssi oy mh ORIl bRt £Favah MR RS gém&o 7,031,566 B2 discloses a

filter, wherein the transm ss%on spectrumi1s optim zed by introducing at
| east one |[881&F of’e‘@@bﬁtoam $Pa¢ttailpttrl¢>afﬁ§p§a(§%i refyjonlaged Witk mppsanesizedl on t he

pore walls. ﬁré‘s@hh»@iﬂte@%ﬁ%ﬁb:b@ﬁe bpfRinfARGnatedial JafifefeAlRha Cat i on of the
spectr al Ipte e met hod i ncluding: taking_a sem conductor wafer having

first and §B‘ifﬁ{%"°§ﬁ f sSSP M?’é'lwns‘é‘?"ﬁv?ﬁar%‘fce%*ﬁ%’ frauaciusing mplbediigi al |y f1 at,
pr oduci ng aloﬂﬁém&Bcrib&ysal’farl Maﬁdﬁ&tdﬂﬁé emotstragﬁtfon@rd :{tﬂmdsb&lfichﬁm Ter f ace,
coating the | east o spar‘grht material, and

e
subsequent | yth(r)Cge”e"%l%Spf fie lcapons et then"p: Oqu plcf% Yyt o m ame TRt re'crlr(ﬁel’s?ls under

t he porous df tpisally Stk rtnade@tﬂam @@K}@HX éhmmmd pﬁal@B(nQn ‘@ﬁ@eCBz/atbsrhvpmes to apply

a transpar Qﬁ'htap&%'t%s@@m%hﬁal%l%%b%@mm the pores for waveguiding of the
desired wavel engt h. SUMVARY It 1s an aspect of the present invention

to provide %ZEUVU@&@&*’FC&IP“%P? t7yp]3f ??Q%-’rd‘ﬁﬁh’?%ﬁﬁlhﬁpwwfé%mﬁ HasgEet ral purity

of a radi atsb&ﬁurb&aimnﬁﬂéh uySnt}cas&ngchtieastﬁw 1£ye16ﬁsﬂ&fauﬁa@lgmﬂspare:ﬁ\aﬁ@&ﬂé ng to an
enbodi nent of th e resent. i.nv a tr sm ssi ve

e i S
spectral putaTd ¢ hsRer el 55%??'{"6“15? arﬁ‘?th J?r té%rgbrlfm"a?v 81 et
radi ation, Spehealsﬁpiss,tth%theﬂpldnncmdmél thitieyr a cwivprdustbngpafer hhvihg fist apraset:oddavi ng a

plurality qarfa@wﬂe}éﬁn%ﬁldm&arﬁw@qlbgtgm.taﬁm Wrddudifia d;%ug ﬁgr& [ ol et

radiation and to suppress transm ssi on a secon lrati on,
wher ei n eaéﬁrtasérewmeeﬁrﬁaugfas%éwt'ﬁ&ﬁap%wﬁ%swthayleﬁho'ﬁrlﬂygmf Fré‘ﬁp?b‘e'ét chi ng

process. q@mm@lalaaddxubsédmanfylrérﬁ@nngn&wntem&qda oBthBWhBY thA kenkaffs Bkt ihve | ayer.
Al ternativel vided with. an integral

il 0
fH ter ol qerutsd Wi fE mfirobofoinioh BEoaPedp s PbR rverr st cni ng
process. Te theisideedlls nithe preesdomfavepuidag of the desowd Woelatgtinost 5% i nfrared (I R)
transm ssion. The filter part nay contain one or nore sem conductor
materials which may be selected fromthe group consisting of Silicon,
Ger mani um SBMMARY  Gal | i um Arsenide, Zinc Sel enide, and Zinc
Sul fide. (0Qdead) Al ﬁ@,anagféarodihagregeat iAVEn€IHR flotiBn EUVI§e@iral furi®y Mk ded a

spectral pu cli1¥mproves t%e spectral purity of a radiation beam and is less difficult to manufacture.
According to an embodiment of the present invention, there is provided a transmissive
spectral purity filter configured to transmit extreme ultraviolet radiation, the spectral purity
filter comprising a filter part having a plurality of apertures configured to transmit the
extreme ultraviolet radiation and to suppress transmission of a second type of radiation,
wherein each aperture has been manufactured by an anisotropic etching process. Optionally,
the filter may include a metal or reflective layer. Alternatively or additionally, the filter may
be provided with an integral filter holder. The etching process may be a deep reactive ion
etching process. The filter may be configured to provide at most 5% infrared (IR)
transmission. The filter part may contain one or more semiconductor materials which may be
selected from the group consisting of Silicon, Germanium, Diamond, Gallium Arsenide, Zinc

Selenide, and Zinc Sulfide.



configured to filter extrene ultraviolet radiation fromradi ati on generated
by a radiation source. The spectral purity filter includes a filter part
conpri si NYyo2W10/03¢385( Si ) and havi ng a thickness of about PCO/EPRYOIANE A
plurality of apertures in the filter part, each aperture being defined by a
substantially vertical and textured sidewall. [0015] According to an

enbodi nent of the invention, there is provided a transm ssive spectral
purity filter, the spectral purity filter conprising a filter part

i si L yi ni filt t | ty of t t
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second t ypeodfigurcd i filter extrem¢ AI6\6qletAgitanion frovg rd’dﬁtlﬁi’gemmmﬁﬂlatﬁf] t he present
invention, jther &y rit nfigured to filter
extreme ul tr a% ol ggpegéag?dégfﬂlﬁ? ?l@%‘é%ﬂ& Com%é'ﬁ] ?' "fonéigg hgv radt ati on
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pol yi mi de aieﬁhehayhamsmm@masaad&&m?eb@.uéwako nm a plurality of apertures
in the flltg(ga]part each aperture being defined by a sidewall, and a netal
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i's provide ratus that inc adi ation, source

confi gur edq}%egﬂ%re%wr)%tv e Hra?{g' e(r:%rﬁsbtf) &Sy eétx"“tmr i&@vi‘jh Pd9§8281 ©r adi at i on,

a illum natsumStmf’m@qmmﬂasqvortddmmfradmtuurhe radi ation into a beam of
radiation, @] a ﬁ%%{gtto lemﬂogiWeﬁt%f {hg r%%gpg{;etml mglretlsed’rwlcggag&}{t'rﬁ €. The

pat t erni ng deV|ce|s confiqured to ern eam of Iat’ion

appar at us &PE filteepifipusd to fﬁﬁebﬁxgew HH%‘S}@F @mﬂ%ﬁ«rm frdieden aceerdeddivect a

pat t er ned bmloioufcachhatpeam Qﬂft}oﬁl&:r tnarug@ta e 2kt lc@hpnsaggolﬁnwt%ﬁ& ral purity
filter confl ure | ter utraV|oIf$tFrra|§h|onfromthe

tgl ess fa t eeral T t rt
radi ati on. "t?é’l 09U 1OH™ £PlupalP QT ARG thE FHtes Ray 2B LaPE Y npr i si ng
silicon andbelhavqﬁngﬂazatsmew#dhm rma‘talddyenmmds@d ommop afftble fiteppairaall bi at It apert ures
in the filtep PRbdach@RehypPerture being defined by a substantially vertical
and textured sidewall. [0018] According to an enbodi nent of the present
i nvent i on, [$08r e pecoingye desmbadimentiediye AjstenGinveptints tera s pravided pncl udes a

radi ati on $|01d§16}ﬂ11&@ﬁzfrht$lﬁzﬁdlctuﬁesgﬁﬁtﬁd't@ﬁ %ufo@dbrﬂ'%hr@@to%@r%é adifidnext rene
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.natia
into a beaﬁ?“cl)‘fnsi"éﬁ éef"ieéfﬁra‘”&lﬁtd at‘é’ﬂ’padﬁ?‘?‘"?f‘é?ﬁfg BEE O LA UGP FErdiaonat t er ni ng
devi ce. Theéntpabdamrofiradigtiaearidasuppert cotiigirgditoegppb a pattndigaetitee Tiream of
radi ation. g—t{lﬁn &QQ@EQE %ﬁ%%r&ptoh rngce&:ar?l opl"agilaﬁo(l\‘)t H‘R@apﬁ%r?&lsem Jdegur ed to
project a pat t erned beam {1 on ont , and a
spectral p@éPlojsgtiqnsysien canfgiredin P@&C‘tad’aﬁ?qudé'ﬁann Pféacb%tlpﬂ eiea [@reer magrilh et

radi ation faﬁmpe&ﬁel puBi ikl RRfiguldao HIRE Bl kRlemRWltiali¥lef hdidtRh floGheudes a filter

part conpr Irasdllaggn p[?le Xpectraqpurlty Plter mcfuge% a%lter part comprising silicon and having a

thickness of about 10 pum, and a plurality of apertures in the filter part, each aperture being
defined by a substantially vertical and textured sidewall.

[0018] According to an embodiment of the present invention, there is provided a
lithographic apparatus that includes a radiation source configured to generate radiation
comprising extreme ultraviolet radiation, a illumination configured to condition the radiation
into a beam of radiation, and a support configured to support a patterning device. The
patterning device is configured to pattern the beam of radiation. The apparatus also includes
a projection system configured to project a patterned beam of radiation onto a target material,
and a spectral purity filter configured to filter the extreme ultraviolet radiation from the
radiation. The spectral purity filter includes a filter part comprising polyimide and having a

thickness of about 10 um, a plurality of apertures in the filter part, each aperture being



t hi ckness of about 10 mm a plurality of apertures in the filter part, each
aperture beingdefined by a sidewall, and a netal |ayer disposed on top of
the filtewoparoo3sssd on at | east a portion of each si dewaCir/EPR@O1H6d194
According to an enbodi nent of the pre§ent invention there is provided a

met hod for manufacturing a transm ssive spectral purity filter, the nethod
conprising etching a plurality of apertures in a substrate using an

ani sotropi c etching process. Preferably, the filter is configured to

transmt ex ul trayi ol et iatjon. The 0 i se depositing
2 etal or UG E AR ol B OO U Bt e TR o
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may be et Crlﬁlqalltﬁoftapﬁtu%s'msruﬁsttﬁte ubi gé)%%ns&%%ﬁihmg prtogesgrﬂremﬂdih@%nér of the

present invention, there is a method f nmanuf act uring a spectral
purity filtigfon figtsed (RSB ei“FF&%H@%“’@E"&‘I’iP‘WQ The methpd mpy emprisefseesttitees in a
silicon Suthiﬁdtzﬂbﬁreﬂﬁzhﬂgaﬂe&ptoﬁ efhd Jubraiehe MétaINDE fkgecnwlayeslobﬂoaa@ substrate
has a thickness.of rturesq gave rreters of about 3

nm t o about“*APHe l\‘l‘ﬁbbdgf Chi' Rgm 8"'%'3‘?%5 ms?[?g‘gr RS TR YRR éﬁ'"gand t ext ur ed
si dewal | s tAternicdlayer Pepositien auder thartelsng fro@&Inpay Acoprisel pitegnately exposengliiedi ment  of

the presentg i ayentdn’8, plssns ﬁdmu&rcqwaqsnaa K?etnli]gghefv%r waﬁ&ssw' ng a

spectral purity filter. spectral purity l'ter transm ssive. The
met hod |ncISEﬁﬂ'é%s‘ﬂ‘1Yd’F6%E‘é’h'FWFPf§’5t&“epol yi m de substrate vvlth a laser to create

a pluralityomb apacdordigse aJaﬁboamleyﬂmr@«areséﬁbﬁwna&etmys ;haw&da nfefHogkness of
about 10 and_t he apert ym  The

S ve _di a e
o omachi NPHEMR PR ES SR Py P 5 15 BRIeC B sBRBAPLHRG det i ne ¢ he
apertures. aptrerayit dwilitomsupstiarealsingl deed epabie idnreghiag.nBicallicarsubwhie@ata ve | ayer on

top of the subsLiAlS LE I W Enbodi nent s
of the pr esfent J|Snven%t|1§§ gr]d%sdg&%gh%!s@}%uﬁf \A%ty %bg g']rrr"pl e only,
wi t h ref er dieeiching arepies aeheartigshnyaringl and rféWmdﬁ@ewlaWaﬁ&ﬁnq the gRleiteres-
cor r espondijp@1y ef RE@RGS tsyrn&ﬁﬂoanﬂemifqxarp@serﬁp]mee.ﬁ&pngiengprweu%,mea,eal i n which:
[ 0023] Fi ggre 1 % Ercts a 1|t ographi c a I‘atlilﬁ acco rdi n[g t.o an enbodi nent
of the pres@taPHFRHEASHCTH GHZT tT"fl rSBeC PH’étiSl frem Ffr’i"ﬁ 5¥%pAPT appar at us
accordi ng tnetted nrgmbﬁm1cramachmingj[arpe{ypmnmbd1rauemrtblauasﬁm crfd@02Sralfty gir e 2B
depi cts an asémpeg.l m%%ly%id%uggg{e%a& RN e En s 8? abgmqoluht gh%glceaagmuges

have diameters of about 4 um. The micromachining creates substantially vertical sidewalls

that define the apertures. The method may include depositing a metal or reflective layer on

top of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Embodiments of the present invention will now be described, by way of example
only, with reference to the accompanying schematic drawings in which corresponding
reference symbols indicate corresponding parts, and in which:

[0023] Figure 1 depicts a lithographic apparatus according to an embodiment of the
present invention;

(0024] Figure 2A depicts a lithographic apparatus according to an embodiment of the
present invention;

[0025] Figure 2B depicts an embodiment of a radiation source of the lithographic

apparatus of Figure 1;



apparatus of Figure | ;[0026] Figure 3 depicts a spectral purity filter in
accordance with an enbodi nent of the present invention; [0027] Figures

4A- AE depwots10d3sisiermat i ¢ overvi ew of an enbodi nent of acCrERdEROAIPS NQ
process of a spectral purity filter; p0028] Figures 4F-4H schematically
depict a portion of a support part of yet other enbodi nents of a process of
a spectral purity filter; [0029] Figure 5 is an image of a tilted
cross-section of a spectral purity filter in accordance wi th an enbodi nment

of the pre ention;. [ 0030 e 6 is det ai | ed |mage of the
spect ral 3?@&/ f1IepsP dS‘?'CtLi‘ &ﬁ?tg’l %“”%[ e Peser Uﬁ’eé” anm'%fﬁ'"T%bfé f a tilted
cross sect ippserdinventipar ti on of a spectral purity filter in accordance with

an enbodi Myt HeDF LS8 QLo dWERHIADovch I3k, ELBHEL By @ LoD View of a

spectral purit er ‘in accordance wt ment . 8f t he pr esent
i nvention; MO0 Q]’rlflglpgw%ogwpdfélpl rrrity fiteschemati ¢ view of a cross section of

a spec_tral (D028] Y Flglled B -afi gbhaﬁ&em@afaaaa%hlhnmsﬁm’c\ﬁ%mtaﬁert he present
i nvention; [0034] |§ ure 9B depi ct's schematic view of "a cross section of

a spectral eﬁl‘fP‘i‘ 'E‘f/““?‘? tpWeSFﬁfaa%P%ﬁabPa'H&Yéc"Wth an embodi nent of the present
i nvention; [pROB5] Fﬁu@urﬁni%edﬁﬁ)hﬁdd&ro@s seetanh bpectval QINNOfilte@inCr 0SS secti on of
a spectral UE)(% ehla'%grb n a dancc-f* with an enbodi nent of the present
i nventi on; HF gﬁyv\e Ur iﬁ"de |ec‘%reseamsvf’: 8atic view of a cross section of
a spectral [pA3p} tnygurIebésramwea@aut@ddmcefmsphctrarpuetyb’wdmférmxredf t he present

i nvention; b@9B7] pllLAY:En} e%‘?pméd%ro@?s%aroh@ﬁ&&mo@azpléagj M&yﬁaerwave' ength

for different reflectlve coatings on a sprectral purity ter 1n
accor dance 'herdange withyrnbedimesof thaareyspeigweption; nvent i on; [0038] Figure 11 is

a graphi Ca|[00“3¢pr eE@ﬁ%@'ﬁd OBp Gbw 8f SIpbAkaRukiO il Hecbrd@ice Kvﬂfl hie&ito@itheand
transm ssio ectral purity filter of Figure 9A as a function the

e s
t hi ckness o?thﬁpf 666“%‘{;8?“’ [0039] Figure 12 is a graphical representation of
a si nul at i d#03Bles uFigurePArdedittecichomtiamigwtof acrssisgsiorosf agpectrdi uitp &tnériml purity

filter of FE&Waﬁce%h%? erﬁdeHrqE%c spQJs?rIt mv%gﬁss of a top | ayer, [0040]

Figures 13a-13c are various I nage a spectral purity filter in
accor dance [§3¢h aﬁ'ggﬁﬁBdFH@%ﬁscwaﬁlﬁé‘eﬁPé&@?ﬁﬁ sqcriorerieisesntral pogu fier i gure 14 is

a graphi calacdorah@SEM A EhYAInRht SFeRDMaf invefibar ed (1 R) transm ssion of a
[0035] Figure 10A depicts a schematic view of a cross section of a spectral purity filter in
accordance with an embodiment of the present invention;

[0036] Figure 10B depicts a schematic view of a cross section of a spectral purity filter in
accordance with an embodiment of the present invention;

[0037] Figure 10C depicts absorbance as a function of wavelength for different reflective
coatings on a sprectral purity filter in accordance with an embodiment of the present
invention;

[0038] Figure 11 is a graphical representation of a simulation result of reflection and
transmission of the spectral purity filter of Figure 9A as a function the thickness of a top
layer;

[0039] Figure 12 is a graphical representation of a simulation result of reflection and
transmission of the spectral purity filter of Figure 9B as a function of thickness of a top layer;
[0040] Figures 13a-13c are various images of a spectral purity filter in accordance with
an embodiment of the present invention;

[0041) Figure 14 is a graphical representation of measured infrared (IR) transmission of a

spectral purity filter in accordance with an embodiment of the present invention;



spectral purity filter in accordance with an enbodi ment of the present

i nvention;[0042] Figure 15 is a graphical representation of reflection and
t ransm sswonrrowfo3assspectral purity filter in accordance WRCTIEPasVIB0dIOHI ment
of the present invention; [0043] Figufe 16 is a graphical representation of
reflection and transm ssion of a spectral purity filter in accordance with
an enbodi nent of the present invention; [0044] Figures 17a and 17b depict a
spectral purity filter in accordance with an enbodi nent of the present

i nvention; 45] Fi e 18 depicts a. .sc tic view of .a manufacturing
wpparat s, Ao E S Bl ol st o TSR et B ela st w 1B an
enbodi nent pofity tfilter ipacserdmice itlvardmbodimefit®OhE prefengjuventid® i s an i nage of a
spectral pygd fELLenqi ’ i j .of the present
hvent on: Y7y Pl s gBRREN ARSG I I R ERAREIERN S oI TR 1o
mrror at PO fiffenin epcorginet with sneanibedimemyey the prdsestipyehtiani zat i on (Rs); and
[0048] Fi gysm42 1Figsres 78 b@PITH AMa B ciRR bhife fiktef id dcdand Wi O W th an AR
coating at 1&86 mnaf\tlgr %-gol arization and s-polarization (Rs).

DETAI LED DEBCRI'BAA! N Er4Y "e'r e 1 schenatical |y depicts a |ithograph
appar at us. [0U48] appigural 818epiciclsttdegatieriew bfl alidntatting appasdngor( 1 | | um nat or)
configured ition radi.ati.on beam B .(e. radji ati on or EW
radi ati on) ."‘aﬁu%%gg’g}ats&f %ﬁ&?rﬂ%hﬁeﬁéq(acf%%ng)W'Wnieg]b%%{}]n/‘f'}t 8&bee%feste?)t support a
pat t er ni ng it¥entione (e.g. a mask) MA and is connected to a first positioning
devi ce PM qeuab)i UFigtle § 9isaf ke @bE! BedDShulidy Mted il SocRBELEHM HndEYieg 1 N
accordance with certain paraneters. A substrate table (e.g. a wafer table)
W is conf i°5Uif BEsePINYFBlIM a substrate (e.g. a resist-coated wafer) Wand is
connect ed {47 SeFEigitel 200 d drip BhdWgngdele@ ity WaGmid Mo s of B AGE K AL el Y
position thoelagztg1 10st(ka)t %di_n laccoré}? pedV\/i th certain paraneters. A projection
system (e. o A T rrRETT VRO BTV oY ens system) PS is configured to

proj ect a [8ler nFigwpal is edraploshoivmg Raflictitiiymfia béreomwiBh by ARabdtieg atilng devi ce MA
onto a tar grg,tfo,p@%;(;]grggiog(l(rgagdS_lgdﬂ(gilzgghﬂgs)_one or nore dies) of the substrate
W [0050] The illum nation system may include various types of optical
conponents, such as refractive, reflective, magnetic, electromagnetic,

el ect r ost aDETAQIEbBSTRIPYIOAS of optical components, or any conbi nation

t hereof, t irect.. shape, or control. radiation. [0051] The support
supports, i‘?"gg." be%{%lge P F\nge’h iy fydepsts a[“ﬁ%grﬁogtctag?afﬁt‘f?gqg"e??}"ifﬁtf‘s 'P‘f%”‘ﬁgl ds the
pat t er ni ng addlvinpetidnyenn@liurenatdrhiatcodeped thscoaditidngadiatioe héaat B @re. UV t he
patterning rﬂ%ﬁbrf:ﬁ’EUt\hgdiation). A support (e.g. a mask table) MT is configured to support a

icC
I L

patterning device (e.g. a mask) MA and is connected to a first positioning device PM
configured to accurately position the patterning device in accordance with certain parameters.
A substrate table (e.g. a wafer table) WT is configured to hold a substrate (e.g. a resist-coated
wafer) W and is connected to a second positioning device PW configured to accurately
position the substrate in accordance with certain parameters. A projection system (e.g. a
refractive projection lens system) PS is configured to project a pattern imparted to the
radiation beam B by patterning device MA onto a target portion C (e.g. including one or more
dies) of the substrate W.

[0050] 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, to direct, shape, or control radiation.

[0051] The support supports, e.g. bears the weight of, the patterning device. It holds the
patterning device in a manner that depends on the orientation of the patterning device, the

design of the lithographic apparatus, and other conditions, for example whether or not the



design of the |ithographic apparatus, and other conditions, for exanple
whet her or not thepatterning device is held in a vacuum environnent. The
support oa022083mBshani cal, vacuum el ectrostatic or ot ReT/EPR@apie1g4

techni ques to hold the patterning devBce. The support nmay be a frame or a
table, for exanple, which may be fixed or novable as required. The support
may ensure that the patterning device is at a desired positi on, for exanple
with respect to the projection system Any use of the terns "reticle" or
"mask" herel mm%dev 8‘8@ der ed s onynou vvlth t he nor %eneral term
"pat t er ni ng Gevice Fe POFE Y 2 R ™ H?'X'BBL t {16 HPRSE CHLOF Rechafieal Y2 fi¥Mei n shoul d
be broadl y deatrastape ertotidr dampied techniqng té lwldthy paotering detidea Theappdmemaysed t o
inmpart ar i 2ct i S as to

| mpart a pgﬁag%gp?ﬁm%mae%@e InRALLS b5l of h3iaFE ASRAREL! AL JER a5 to
that the pdP®Epwethytheratiprming dekiee is aldi dgtited nosioarfrrragmplowitesessttity the or r espond

to the deswr@éh.&agygt@rhwymsé mhett@rhﬁerfeu@@’rotrl&ﬁk’%erémaysﬂé%ﬁsmke for exanple
if the pattern incl u esérp%ase s hiftin features or so called assist

features. CEWEYEPY YD thygossgepeliermypaFig de¥cet he radi ati on beam wil |
correspond [0052]a pahettemulpaﬁenfmguemc@’nﬁéd He&yﬁhoulmbeaar&emym&&pbeuag created in

t he. target %erni‘.é t%QAh VieE th?i can Qe (% raz}n%qac%z{ogg am wi h aop% %r{l -gl_{]ﬁl E) at erni ng

devi ce may ansm ssive or anpl'es” of ¢’ devi ces
i ncl ude nmaskation pchesrta Amatbh eattmnnm ofargarpogips of thnsibpraeght awn’dtlvb eottd3bntpanel s.

Masks are Vfﬁel atté?ﬁ'f?ﬂiﬁrtédr}o bk TR PRI ma?'ﬂg ek&ﬁ!y I:U?.%sﬂ&ﬁé i ﬁ1é’@e@§?dspuﬁé}n as_binary,

al ternating phase-shift, and attenuatéed phase-s , as wel |l "as various
hybrid nask® {})‘95‘&‘ PORiPN O th B betragss f"ée’ﬁf“tﬂﬁr‘gh‘?ﬁﬂfr@ ”}ﬁufi‘?sdﬁhasaﬁ‘f‘ Bpgenpl oys a

mat ri x arr aagea»nto dafiedusgs featiliet. r(}}h&allyeﬁwhat@fn lmbur@mtoqﬁd}amﬂ.ohm@wwmual ly
tilted so acgngsoonﬁ%a ect ANl ncon]ea % [ atg ali g different directions.
The tilted L0 4 paricplar tunatignal tayel in fdeyicy d’i‘gacﬁak? NS IHERRCER U ef | ect ed
by the m rraoim lmagraued<CIr0[1©054] The term "projection systent used herein
shoul d be l?di(ﬁgdl yTllner})taﬁJrﬂﬁgéeQQer e¥ %ﬁqmmlopgﬂ Ye. EY Iegfof Barttgllnﬁngtl on

system inclu refractive l'ective, catadioptric, magnet|
el ect r omagifeYifes ‘“&HQF rapskt progemEeble MipY pEaEs a8q ereeABMatly LGP panslsitaskat i on

t her eof , aare%n]rkﬁcmd ialidofraphy  AAE iR MPOGAkK & peARlbIRdsibAry DRl AGtideSRsbe-sRf, for ot her
' [ e. of a vacuum Any

factors suc n .| mrersi ligquid or the ys

use of the a?de%reﬁ' “aQEBHaé fh’%ﬁs Ve varous %ﬂ’ﬁ'dﬁ%‘%@s COEFBRF &F as synonynous
with the rmrogragenblp ailrrqrerrm empleyf evbiriv araygtendf.smpl0@bH}s, Ash bowichdepi ct ed,
the appar atbtSyeligiiRduafly §i1fed 9555 ROYE af MPO%.@ ?noﬁ%PJ Wialred dileARRM SSive

mask) . Alternatlvely, t he apparatus may a re ectlve type (e.g.
enpl oyi ng dPpiilisgmimtraismert apttenyin aradiijordiean whights reflected byihe @irof Batsibove, or

enpl oyi ng g00s8f | eTheltdtd “BRektion s&%ﬁl]sed-rﬂ%&ﬂ sh&dT@Wlﬁ&hlant@rBﬁ@ﬂﬂg us may be of a
type hawng or _nor m%J]Prétraetables gan/or two or nore

mask t abl eS?comPasgm%%rH typﬁ,ﬁ?]frzuﬁﬁ:tlém g)fsggme g @gvef FFé]ectlv catadioptric,

magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0055] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0056] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or 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.



additional tables may be used in parallel, or preparatory steps may be
carried out on one or nore tables while one or nore other tables are being
used for weposusesss0057] The |ithographi c apparat us nay palrap2de/00di9a type
wherein at |east a portion of the substrate nay be covered by a |iquid
having a relatively high refractive index, e.g. water, so as to fill a
space between the projection systemand the substrate. An immersion liquid
may al so be applied to other spaces in the Iithographi c apparatus, for

exanpl e, n sk and the projection s | mer sj on technlques
el e PSR Bl PBR R o RB PR RERT Rt R PR LGS

proj ecti on sgl;ssatenny bél'dtoeertctabymli'qum\nsg omalatiady Higharefrdegvedndex, e watipto mean t hat
a structur eas %Elpgc’% b w§éﬁt¥ﬁ%{: g%c%an g%t%Fn atr?((ia‘ th§ %Ht%geaqﬁg{q lr}mr%ersn%rﬂlyqlu%’ but rat her

only neans th qU| or exanpl e pr'éfecti on
syst em and aﬂsﬁée apbiest tp ather spases in gheditpersphicappir@s 8 oReflss beiwrgn the nfasigur e 1, t he

i |l umi nat orand Lheb ﬁe@t’io%%%té’nﬁ%ﬁ&’s191F'te£}{nmsaar€\@tql'@B\lvrpm RN GSn A ind i Sour ce
and the I|tho aaé)lc %@‘paratus may be separate entities, for exanple when

t he source ’i“g‘ rpr“r’%g%’rsy“?’ﬂs sTL}I‘EF?”E wersiqnfyas usestheein dogs 195t consi der ed

t o form parmeanfhatadi@udtirt, Rograap E\Jb@tra@d}i@n&é’t at Ubmanel fh Inq‘mdi %dtl rathértbﬂlyln&ar&assed from
beam del i very system

t he source
i ncl udi ng, ?Sglquéd léP?ﬁTteJ ¥°§ ﬁ’f"‘f‘?[)r betv&FeP ﬁ%lpfoheépwls?' Tar %"dé}}ﬁf}l%s ratﬁg‘ﬂé‘&m expander .
I n ot her caseesurthe source nay be an integral part of the |ithographic

apparatus, |h@s exRohis iRl e S GR: I Srei/IPGHAN A Paadfif SU ce SO and

thelllumnator IL, together wth beam d JEFIVGI’ semlﬁreqwred may
be referredQ dheseurge 31 eé‘ffloéﬁp@ilwgﬁﬁus P@O@QPPMPFF@"M‘GIS Al sveroRde whan theay i ncl ude
an adj usti I’Q@rdﬂ%/hrﬁeﬁmﬁﬁﬂfadegwsﬁ% éa@esatﬂé %ﬁltce Ish6t Bm@dldko fofth PASIrkne di stri bution
of the radi tlorh eam Geg?}g %J;X eas t he oués t?nd or inper radial
ext ent (commﬁrag’/ 't BPER & ‘8“88?5(3‘? %souﬁﬁ pliyereioylly yv) of the
intensity diittheiaplifiaberni deligerpsypich ipluing, fof extrhgle, isbitableidhatiog me@n be adj ust ed.
I'n additi Orzlnd/&rr}%eénll !e)h&gﬂdgl‘ain theL‘ !:asget ﬁéo&S%M eag‘rr{t %Hli%z%t f}ﬁ,‘l‘e 11%1%%3 nent s, such

as an integrator and a condenser. m nat o e cused v'o° condition
t he radi at PBRrAHER] xpBPIpnRY the Quise kseeremqryflwnn’Twsoarﬁ@lSO ardthesi ty di stribution

inits CrOSl&mﬁ@ﬁfrll[QEbgetﬁlg%@]theﬂaﬂn H@Qb@fsj's% 1b1%§1me5 rha§ bk RGIrAERLas QN t he
patterning devic %e g., mask MA), which is held on the support (e.g., mask

tabl e M), %&‘haa" ?St Bt terned by the patterning device. Having traversed the
mask MA, t [i@959ladi Blteiilbumitreaii. Bap asisdsantatiinging Hevida eorpigaje & ®tatjost tiky st em PS,

whi ch proj gt s, mﬁs@gﬁmb%%faw@m gsﬁ beaar%gﬂl IS CaQlast RE u%elfltgé St W Wth

the aid of the second positioning device a 05| Ion sensor IF (e.g.
an i nt er f erwirbexting(copmprderefdried was ceoncoadc-iprer, cap@t;veﬂy)\wéthsatcsmy) t he

substrate YaRLEIMWN £aMpil Qﬁnm&qlhﬂﬁﬁéﬂ(gngrﬁLéﬁdjuﬁcﬂ in 2iti6 te Piluminator IL

may include various other components, such as an integrator and a condenser. The
illuminator may be used to condition the radiation beam, to have a desired uniformity and
intensity distribution in its cross-section.

[0060] The radiation beam B is incident on the patterning device (e.g., mask MA), which
is held on the support (e.g., mask table MT), and is patterned by the patterning device.
Having traversed the mask MA, the radiation beam B passes through the projection system
PS, which projects the beam onto a target portion C of the substrate W. With the aid of the
second positioning device PW and a position sensor IF (e.g. an interferometric device, linear
encoder or capacitive sensor), the substrate table WT can be moved accurately, e.g. so as to
position different target portions C in the path of the radiation beam B. Similarly, the first

positioning device PM and another position sensor (which is not explicitly depicted in Figure



position different target portions Cin the path of the radi ati on beam B.
Simlarly, the first positioning device PMand another position sensor

(whi ch i swoap1oaspdssci tly depicted in Figurel but which may/ERRee/obasan
interferonetric device, linear encodel or capacitive sensor) can be used to
accurately position the mask MA with respect to the path of the radiation
beam B, e.g. after nechanical retrieval froma mask |ibrary, or during a
scan. In general, novenment of the nask table MI may be realized with the
aid of a Io stroke ul e (coarse sitjonin and a_short-stroke nodul e
(fine posi tli 3h may\ﬂlfrgﬁafrla rfrfﬁ'artfw@rcrHee'crrrcg%erBbertcrttxﬁrw%éwece PM
Simlarly, um\l@mmtelgfposﬁttm tiselhsk Vat with radpe@ toAlle pmyofbl& ridiAibh B&h BISigNg a

:Dgglgt Isz)rnloﬁg yle)nselgllranlc%\fézln?valsfh mam%stkeh%gi or (glflfé%)d scarn. ln enera{ moPe&tePt 09%1 tsggn?]gfond
t he mask t aisbletablif Mayaytbe reabized @ith g atdef alosgr@trttkestorlldk(eoa@tpuamcmrngbmdy, or may
be fixed. M@ﬁéﬁ Mk@lﬂ@uﬁzl{ﬁl%tdbﬁh&A%Wcht?&rnglahgﬂﬁgﬁr@tsdoggo gtlsli'l\gnmant mar ks

M, M and su stratearf?nrrent mar k hough the substrate
al i gnment  PERIkEY-JROVENENY; S tP?atUé%&fﬁtﬁé@th\yTaequtlead rsarggéqngﬁtsrlteunms'e t hey nay

be | ocat ed ahdia SbacEske ARHNESRich acrr@q;tm BOthd 64 phdittAME deVi® PR BV &Se
scri be-I| ane_.al %F%nrrent ma ks) Si m ar lﬁé’b‘ﬁ&&(m tuati ons, in which nore than

one die is °pP SUPHEH OBRPEHE 2 HERLRET K may ReGATEHEd trashes- Sﬁﬁv be | ocated
bet ween thectdat@rsmly[cﬁ@ﬁ&}ae fﬁlrae Maprmwsaqwae&tm@ ealigratd béngusakl i n at | east

one of t he a%{nle nd gubstta"?e aﬁrg enmgﬁs Plg EgrAg@(a%htﬂ%QLb%trM and the

substrate t are ept essent] st at | e an entire pattern
|rrparted t lignmentranaksat |llgiratsd apaupxsdedicapeierzeicpotivnm thay may kgdecajséint i on C at one

time (i.e. spacsive@letn tﬁrtgatpbﬁro@(f?l@§lﬁea<)n0wﬂ_ Q%c@éb%raﬁ%n%eﬁﬁ%l@) Nhilagy t hen
shifted |nthe rectron SO . fhat a er ent target portion C

can be expé’ésétdat‘of‘%‘"é“ﬂ"l@[ﬁ mr?f?d n opgie mvrﬁﬁﬁ?%rh%ea%f"“t Hee BRI AEIME i el d |inmits
t he size ofmatldsetayaaflgaﬁedp:emvteerahe&“wst maged in a single static exposure. 2. In

scan node, dtet?lgledaa gyrat@sn(%uh%g u l?n e&i gne g%e?oll\émv:'m%rn%dgcanned

synchronoué‘fy while a patt art eqd e radiation beamis projected
onto a target plorti bystegnode, éhe%SlsiaHgW@Qﬁ&m@Hé&ﬁgUsMTea)‘ekthe vel ocity and

direction Qfsedtiagy sw.la ,&the 4l pt(t%nrﬁtpatad\f@mt Rdfatiéh vBS | ptﬁée 8ol nay be
det er m ned b t nificatjon_ and ?T&e rever sal aracteristics of

he  (de-
the proj ectfit®H! BYLY é"rﬁtﬁ%e t“g ¢ @51RelToaEs exP‘Pfére b srhiatsitable Uf isth@ exposure
field |im shkifitgdie thaiXcHntyof Y dirdchién so0lut sm&arammggeﬂl poréat € aam)be edpotedankiap get

portion in rrf%déS k%%aﬁﬁxﬁ%oﬁ&hgwg&g%feﬂd WM theeasrszet Pt%e a %’nlﬂlonk n{n?édscanm ng

nmoti on determ’nes e scanni ng di rects t ar get
portion. 3'"4Wg@rﬁtﬁtlh@rPOWe the mask table MI is kept essentially

stationary hol dz ng ﬁ.sernqgrdempts@taeemtﬁtﬂaltmugem&&gre vangle tdfegubstrat e
table WI i s rr}l) scanned. whi | e

sync onously whrle a pattern 1mparted 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
WT relative to the mask table MT may be determined by the (de-) magnification and image
reversal characteristics of the projection system PS. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning direction) of the target portion in a single
dynamic exposure, whereas the length of the scanning motion determines the height (in the
scanning direction) of the target portion.

3. In another mode, the mask table MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT 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



pattern inparted to the radiation beamis projected onto a target portion
C. Inthis node, generally a pul sed radiation source is enployed and the

pr ogr ammelDeoPAB#Issni ng device i s updated as required aPCEEP2I0GTOYement
of the substrate table WI or in betwedn successiveradiation pul ses during a
scan. This node of operation can be readily applied to maskl ess |ithography
that utilizes progranmmbl e patterni ng device, such as a progranmable mrror
array of a type as referred to above. [0062] Conbinations and/or variations
on t he above,descr d.nodes of us r entirely different nodes of use may
al so be enpfoyed pu‘feﬁg%@]g arffaé'uﬁés 'ﬂ%ﬁgé’ﬁ%‘?ﬁ?t'ﬁ" %ﬁ"&gre\?‘%"&\ﬁpﬂfegﬁ’d"“é S'i t hogr aphi ¢
appar at us |lnhtmca(pb)rﬁjamubzembmgraramalﬂﬂmmmgmvmfsut;l’me aprags@itablemigstt i on. |t

w il be notﬁlqyg%peagyetfggy%%g‘ﬁe arrangenent is different to that of the
apparatus shown I n ure 1, e principle of operation is simlar. The
apparat us i lﬁquhde§°@b'§@ﬂ9f‘%féld/@b1/q"emn® pn tip ahevedeseribechpdes pluse enentirel3,  an

illum nati odafféimh@agsb};usangy Qs@ﬁe@r@ﬁ%@n syst em PS Radl ation unit 3 1is ]
a gas or vapor, suc

provi ded w & l’;\ % i atl op sour ce

as for exan’% Al we P érs SV&’ﬁdlewloﬁa‘?/ﬂlj}fFfthagr9@‘t“5ﬂp%%t“%f’§‘E,°P|réi”§é pl asma is
creat ed so with dn@mbaodithent aidhcﬁﬁréselﬁt mvlanttohEItEhﬂ/bd’@&gGlaniltHoh@l thd RAahdeaRRgNEt i C
A o SR P SR IR PR S BRD E B iRl Pt ALY

ioni zed plasnma o rrcar arge to‘co 'optical axis
O Partial Theesmutuenclyfiesd.squren-dodiectarfmorele odredistiponit dran dlyriretidneysteui t abl e gas

Or vapor may, aR€a bi6edtoh %tefans Rididich &3 I%E(E&%B@JM% rgtjlatfgn ok@4atdi@n- The

radi ati on emtted by radi ati on source asse romthe source
chanber 7 |‘Pﬁyc?m@lﬁ?lyPé%stoé?’ap@hé‘f?ﬂé?fOBeX\?‘i“ah%e@&%"rbaYaPPréF which a gy hott r ap” 9. The

gas barri erdldcﬁwéel.tﬂiﬁﬁnaa ceehRm&ek t(ﬁ&ﬁluﬁdlﬁfoﬂ iSHEPUAFangf &thd dl'bﬁr@ﬂ@ﬁetlcdescr i bed
in detail |n LtJ%nS o malthe? &aten]t nas 6b14 505 and 359, 969, ich are
i ncor por at € v ore gﬁggasrﬁﬁfécrﬁ%?"l ASPBe @ RaHERoBe RSl yde a

radi ation GaoIeleetoca(bdlsq.l@rgmlcglﬂapsesonfoohermdpal fos OeRatig pessuldy of. gndariofig i nci dence
col l'ector. LﬁJaP&to}ME%}her LI ARPE \%d#%af@@re f{éAFbg fﬂ@]{é&%‘é&?&hloﬁ chtf]e ence

collector for collecting the radiation exanple, the
appar at us c{ghatioﬁcThaaiglagoq_qnpﬂe,démiragtapmqsogr@a?@@ayMpaés@affgp@e@pur@n LPP source

i s depi ct ecthiribel7 gty @112Br ciafiber®@d a8 bartidt@r |'-fE:'Ptrzii)@Ur‘171‘15%: gl bt ifeRERS | Se a
beam gener atcga g]str ener. at i (S)Sn beam 128 of

onfigured. to e r.a
radi ation, Partrcul ?S;}‘C'g?)shé’F 'é’?ﬁ‘"cgaflﬁ?cﬁ%dd%?et‘i‘ld" p@‘t‘“‘iﬂ' SPEPPduce a
radi ation oS a8 Ba5%969t Wech adinedrpconeddeeindy r8@endenThdveollqeroe steniber
enbodi ment 18 rﬁzl}E?nctﬂﬁ@magQﬁ&{ é%tlcQ:'Eor 4@9]{91@? %rln@t?? r’exa(ﬁ'g)ﬂef ggoap%a% 901(%% t a laser
he LPP ®oe part of a

beam 128. For "exanpl e, operation o sour
devi ce rrantfP”aft?tOUr“i“FFg‘aH‘é@EYnﬁ'daPPFﬁ‘é‘Sﬁ@t‘h%'ﬁie@&ﬁfmah@Flé@éﬁ %W@&rlmgﬁcwgﬂ rst type
of radi ati amerd8dmn(i.e., the radi ati on output, for exanpl e EUV radi ation),

utilizing t[&%ﬂbeamsg}%gr e()%;mpqe f ee%&)r}agat&s cgn m8 de aa}dq’ a(t)l[)]n sofugcra An example
of an LPP source is depicted in Figure 2B. For example, the LPP source SO may comprise a
beam generator 130 configured to generate a radiation beam 128 of radiation, particularly
coherent radiation, to be used to produce a radiation output 132a of the radiation source SO.
In the present embodiment, the beam generator 130 is a laser, configured to emit a laser beam
128. For example, operation of the LPP source SO may be part of a device manufacturing
method. The method can include generating a first type of radiation 132a (i.c., the radiation
output, for example EUV radiation), utilizing the beam 128 of a second type of radiation (for
example infrared laser light), projecting a patterned beam of the first type of radiation onto a
substrate W.
[0065] More particularly, as follows from Figure 2B, the LPP source SO may comprise a
fuel supplier 120 configured to supply a plasma fuel to a fuel ignition location 126. The



exanple infrared laser light), projecting a patterned beam of the first
type of radiation onto a substrate W [0065] Mre particularly, as follows
from Fi guwe 288/03833¢ LPP source SO nay conprise a fuel s®ppIEPR09DAE4
configured to supply a plasna fuel tol2za fuel ignition |ocation 126.
Thesource SO may conprise a |laser 130 configured to emt a | aser beam 128
toignite fuel, present at the ignition location 126, to generate radiation
emtting plasma Q (see Figures 4-5). [0066] As follows fromFigure 2B, the
radi ati on sourc, may .be configured to foc t |east par of the | aser
beam 128 onsf“gcesec?'(’)‘?:‘/ucé’”éﬂi?ta' 6"??‘??@@% {?semétﬁ "lser SR P& AENES UFle nent i oned
fuel ignitiposmerit @dlextiprotion. looéh@ﬂl26ttb’|genmat’élratiat|0melﬁlﬁlmg@Esnﬁ@) (seyFigaesr-5)se a fuel
supplier 1 22 asyma fuel t he fuel
ignition I ﬁ@)a6t61|10nA§§)2)]E\!v%N&§H§Sr92$Lll?eo Pt 0?3 5t on s sy éur§6°0foc P &nprise a
cont ai ner 1t part phthglasgr bﬁamHZ&omo qﬁ?eﬂs seet 12Gfthpefocurepotbdinglthel@dte-(i . e. pl asma
fuel), for Qxasmel ReMbtifontaidn). Gdso 'EEQ%dﬁf-?Ms%hr@@ﬁO %gpcmlsé)aefuégﬂﬂgged with a

sui t abl e mechani sm_or openi n% for deliver |1 quird droplets
124 of Sn drfO&d to8figys t? Py ei’?ﬁmﬁ fuebl24quee f“@lrigft"i“tﬁ‘ﬁocla%’dtz? dR) wherein a
droplet is e&zﬁﬂiﬁ]d gidliaﬂditlt)rosoblee S(D’Biaylgtﬁﬁbnbé/a tdnginkaRe rriigadWil’Siquémydi ded by the

B e g PG ARA I SUALE DR OSSP A2 T ooPect i ve
Al ternati verrynged)whleer suiiahile raggh@nismag @psinggyot Bewn s foddelif oy oﬁ)qamdlroelehaw ng
res peCt i ve vayEd,epel Hﬁhé @glf)rh?%r(iaé‘]g)% 1é?:ftlo;]r locat;'o;ll) \Uﬂe?eﬁ;Pe["ﬁB;ﬁ&?ﬁ co;l- daser beam

128 is desirably focused region usl n(g sult tical system
exanpl es. Ub'EfrlmP‘r'iE‘?é’rbé{é'Iell?éPf 'W"t‘ F128tﬂﬁ‘ev‘4e§§¥:?hel‘?é%?r’r? The la%eheea@rléﬁhers 124 are

tr gnsf err EGIethElfoQ Gﬂzaﬁmaﬁﬁ@d @sﬁé&'ﬂv@ hnﬂ?ﬁiéﬂ) QA elength Obr KXAPIPL ©6 mRromeM
radi ati on,

el ected fromthe range of 5 - 20 nm
or a differ e %%CEG(STA'FH‘&E'?[}G Bther Sp! 88'6%’”??5‘6’( léetllsﬁjmg’]bé’éag‘@[? hﬁ‘g"%ol | ector 10
(see Figur eeSQeQ)lvetwaacisrrgﬂtsjn thdirangeqifi | a1 Epeaiteals. merlasbnybeﬁm li2&ik désitatc cor di ng t o
the presentepd, QY ggsonl%tu%ngymaago %%theW&gm B, BB gg&.ow.tp hazed

spectral purity filters ectr es no change t he
direction dferbian Péd‘ih&flfPEJPFSb@aﬁﬁqtf@ﬁfé‘f@r"ﬂteﬁlaémpﬁﬂ ‘e“sClUflaYtth for lter 11 are

descri bed keinpw, 6.f 0R6Rhatibk) oPdhy Alheer N tddMBorRaEH MBihe raﬂQetofgthn t he
spectral purlé{fifl | ter % may reflect the radiation beam as the spectral

purity filtet” rePe B P enent ed in the formof a grazing incidence
mrror or &W6Tlhe %@ialnelcmassed bOcolle @G0 [sed Rigure 24) @dnkroits thrisughacped i n a virtual

source poi raam}ﬁjoér'nsccom%msf&g%ﬁh §9t.ofn°ﬁl§§3 d{ %@emgté}p@ofnk (g in the

col |l ection cha he ‘radi at1 on beam I's reflected in
i 11 uni nat | GRzesyescEshpptity flters, thsrsprgiralipity lerdd dpesipteshange the digection fitteo a ret i cl e
or nmask pogddiatioREm e t@ddictdnilQlof N8 S kertl Rl QedMibed Dbl t €r ned beam 17 is

formed whi ?&6§]S In an alternative embodiment, not shown, the spectral purity filter 11 may reflect
the radiation beam as the spectral purity filter 11 may be implemented in the form of a
grazing incidence mirror or on the collector 10.

[0069] The radiation is focused in a virtual source point 12 (i.e. an intermediate focus)
from an aperture in the collection chamber 8. From chamber 8, the radiation beam 16 is
reflected in illumination system IL via normal incidence reflectors 13,14 onto a reticle or
mask positioned on reticle or mask table MT. A patterned beam 17 is formed which is
imaged by projection system PS via reflective elements 18,19 onto wafer stage or substrate
table WT. More elements than shown may generally be present in the illumination system IL
and projection system PS. One of the reflective elements 19 has in front of it an NA disc 20

having an aperture 21 there-through. The size of the aperture 21 determines the angle o;

subtended by the patterned radiation beam 17 as it strikes the substrate table WT.



i maged by projection systemPS via reflective elements 18,19 onto wafer
stage or substrate table WI. More el enents than shown may generally be
present iwotzhm/ishisam nati on system I L and projection sy®CEmpR®HI/O@Ie4 of the
reflective elenents 19 has in front o3 it an NA disc 20 having an aperture
2 1 there-through. The size of the aperture 2 1 determines the angle a,
subtended by the patterned radi ation beam 17 as it strikes the substrate
table WI.[0070] Figure 2A shovvs the spectral purity filter 11 according to
present iny on ol I ector. 10.and upstream of
the virtual &ds%c)) rcgi%‘br&% Sﬁecé tprgrr‘tl’f?'t“e” a&‘i%“n iHRERCR PYEBEC s hown, t he
spectral pmorslthpedddvtnsﬁr@mbitheraqlleber I9asd tpsoenptofate virtuel sourcd po@dt 13dnir ce poi nt 12
or at any : ty poi nt 12.
P gure 3 i P yat S FAMRERA 1B, S0 B Bk ARt T YT Aeua B ATR, B0 ™ rat
may for exaifRksolec raili? efcht ey paiat %@b\weiméﬂtemsh@@nﬂ lhletvetrualiqur@fpomt

l'i t hographiie. BaRSs MldiStes A EbREIRSAREa tﬁetttaersurﬂu})mter $oocmttfnta9 5r@Ganth tef @NSM t
extreme uItraIV|oIet enbodi nent, the filter

t he
100 subst arfPP&f riﬂnﬁrweﬁnaonggﬁ'&ﬁa‘ ?W&h%faptlaenpatatua ) L U
radi ati on sonffgoed toftcahsrﬂxarrpheuumfma(ﬂdvxmdﬁénoh adhatrrharembtdmherexmpl e infrared

radi ation that, avi a.wave th.l er th bou rticularly
| arger than arb b Ub ﬁmlan b]EJCkal Secorqu%fe Ofm?ﬁgo 3%9 PatTe oarth?(r)mL pf?r ansmtted

and the secwmple lyioeeob(iR)rrahhnan |fwwx=(mrtbe inrarkd dikien that mhaergenevelefegttom t he sane
radi ation sQu:@fan aJoqrx mapgratlﬁar@nargfﬂraﬁqwupﬁ) tﬁpPQrfnc@rarU hPeevafys, appar at us.

[0071] The spectral purity fil 100 preferab conprises a filter part
102F (for &% %maedrarlri theF°Cf"rd|tmed>rf rarilar'?frs(fo treé%ﬂérfad) cagsmaats{ieni the Emgur e 3. The
filter par tracﬂzﬁBrFsoa&eS"bi&harﬁpa&anhﬂ)P&&lrl:dﬁSb &f a It dgapiic wt}sm ate'. The filter

part 102F a plura aral |l e er es 104 to
transnmit t:@ﬁe}xt rjgr?eSp?f um oﬁtgrtlg{) Sﬁﬁéﬁlb%oﬁmﬁrr‘fas d)]eé llpé'y YRS ssi on of
t he second atfitprdilofor ﬁla@diaatrb @mhomlansgumehthoﬁﬂ@dpabmeas shdrcaehmapd:dea, t he EUV
radi ation og., tu%strarearﬁm&«ssh mpmtteapﬁtnaﬁ%r;rglmﬂrttrytpxmﬁ g&turéé‘lbi‘t%‘“ changing

the direction of the radiation. In an e I ment eac perture 104 has
been manuf ARBIEEE Fjemepiugyioley fadigipnand fosHpRiEsS BrnsmisEan qfals sedond typeofexpl ai ned

bel ow). [ OQJd?ahorAGk‘é@sﬂi@gﬁﬁﬂlsﬂoye, ftﬁ%nﬁ;ﬁéj tmwadttroeesnlby uhisetedby thed t hrough
t he apertures i ilter 100, in

| zi.ng relative th| n
order to ké%eﬁtr H%"%gﬁ% W'tﬁouégha?)g%&f fﬂ'é orfﬁﬁrraéiéat'?’b aé‘rf’Bﬁ&‘;‘\mf’B’ AN ow EUV
t ransm ssi epertwict!f4 bas beqgmanufecurtd Bragahisetrogio eehidg pro@8sA3y wildbe expthined t 0 an
enbodi ment 8,1 hi ckness TH of the filter part 102F (i.e. the length of each
of the apertures 104) is snmaller than 20 nm for exanple in the range of
2-10 nm f &¥078xanpiventagrausiys RH¥ reghatigo digecniranspiggdironglytae apgitresd@tar |y, a
t hi ckness -Hlfiu@lfly WhRink b kdiRivelst Béh fiter €00, ﬁot&ﬂ@tk@ep@ﬁe zﬁﬁe@haﬁﬂﬂﬁﬂe%ﬁ&ﬂlre@an be

fnngl loﬁg t]t] c?w ear'loug"g) to '}l%wrﬂlﬁ;t?'ggrhlssmn wit rg?nfecant angu esplrteaa't ge of about 2-10

{0073] According to an embodiment, a thickness TH of the filter part 102F (i.e. the length
of each of the apertures 104) is smaller than 20 pum, for example in the range of 2-10 um, for
example the range of 5-10 pm.

[0074] More particularly, a thickness TH of the filter 100 (i.e. a length of each aperture)
can be smaller than about 10 microns, for example in the range of about 2-10 microns, for
example the range of 5-10 microns. A further embodiment includes a filter thickness TH of
10 microns.

[0075] According to an embodiment, each of the apertures 104 may have a diameter in
the range of 100 nm -10 um. Desirably, the apertures 104 each have diameter in the range of

about 3-6 um, for example the range of 3-4 um.



exanpl e the range of 5-10 mcrons. A further enbodi ment includes a filter

t hi ckness TH of 10 m crons. [0075] According to an enbodi nent, each of the
apert ur eswb@diomsy3shave a dianeter in the range of 100 neCTEP200000d3esi r abl y,
the apertures 104 each have di aneter i4n the range of about 3-6 nm for
exanple the range of 3-4 nm[0076] A thickness Q of the walls between the
filter aperturesl ™ (indicated by double arrow @ in Figure 4E) may be
smaller than 1 mm for exanple in the range of about 0.4-0.6 nmm

particul arl out Q0.5 077 odinent, th ap rt.ures may
provi de an [%%g]ﬁ afdlcKpess E] ﬁséﬁb%ef)'? th%\FFedta%q”“'fe?mf‘ QP‘?W % d%“l?fef ace.
[0078] In arroembmﬁannauE) mdye;eﬁmail[etaﬂharﬂ.ﬂ;ﬁ)nmxheplemnﬁdr@lgéedabbmOptl’-(Dﬁll de at
nost 5% i nfr transm ssion. [0079] In an enbodi nent, the
filter 100 %@gﬁculgrl cfug(:ﬂréré‘ to transmt at |east 60% of incom ng EUV
radi ati on 490073 nofmlemPMmmrﬂE@peﬂumsany erebidelimapan areg ¢f@bdut 7@-80% df30 nay
provide at tg,tgqﬁtgrfp&?/guggcet ransm ssion of EUV radiation having an angle of

i ncidence (with re ct of a rmal directign) of 10. [0080] For exanpl e,
each apertd?qg 104"??3)‘/‘"‘5@"3%? |th?€d‘eb$?0§‘a§9%%‘t"§$ﬁr?déP PEPVidesiios)” and t ext ur ed
si dewal | 1GfrarddliightdR)re@miskionind t hat such a vertical and textured sidewal |

106 may be ai ned b il reatlv i on etchln | E) process
to nanuf act[@% thg1 agﬁpe{'}) u"?ee"ts%fgﬂtera][og Pe 5B %ur?)detf’fr?'g[ﬂt F‘Vt&)ﬁ(fgqtures 104
havi ng hexagomak E¢iVosdatpeetd onsal gaiderge lebcéndndimentaths Gl tl 0Gmey (rpadet i cul ar |y

a sem - CoNAuelPiooS S hdnlsh oSl 1 tadtalh ADIE O 4 {]gi%'oﬁn?h&ﬁé g»gth%sg&fur : h[ 0082]

According to enbodinents of the invention, er
conpri se a npwtehdirertigneel 10f-di sposed on top of the filter part 102F (see

Figure 9). [do30jan EsrRQMpich agehre T84 @dy de@ym{edwggimadtmsvearcaxcaems' sts of
mol ybdenum ed on at | east

bart ot |t haexu R NTIbl bR b et Sk bR 20 Eatregsgial dor® K0083] 1n
an enbodi nmehthined Yyautifizihg edecpradtivd B Ftciiegy/(DRIE)gedces ttedarfufaonreaeapeaturetnr e of © a
sem conductijgy part, a crystalline sem conductor part, a doped sem conductor
part, a coat ed seni conductor part, and a an at least partly nodified

sem conduct®8llpar More[patigyarly} FperessiOh Betingdaragonaherosiseatians cpmbetetchgbiF may

contai n at Jls@Rite @Qﬂcﬁﬁma%@rﬂldiéﬁat@for aBlale) admg&ﬁ‘é ﬁgsﬁglcfe&dnmg%ousgon such as
(mcro-) por m Arsenl de, Zinc

e A 1 T R RS R gt I e

apert ures ofetal lager M Nisposee 08 mp$ ihe @ltdriphrt €02F 130 Figure 9). In an embodiment, the
metal layer M comprises or consists of molybdenum. In an embodiment, the metal layer M
may be disposed on at least part of the sidewalls 106 of the apertures 104 (see Figure 10).
[0083] In an embodiment, the filter part 102F may be selected from one or more of: a
semiconductor part, a crystalline semiconductor part, a doped semiconductor part, a coated
semiconductor part, and a an at least partly modified semiconductor part.
[0084] In an embodiment, the filter part 102F may contain at least one semiconductor
material selected from Silicon, such as (micro-)porous Silicon, Germanium, Diamond,
Gallium Arsenide, Zinc Selenide, and Zinc Sulfide.
[0085] According to an embodiment, the apertures of the EUV transmissive filter 100
have a period Q2 (indicated in Figure 4E) of in the range of about 3 to 6 pm, particularly 3 to
4 um, for example 4 pm. The optionally metal layer M desirably has a thickness of at least 10
nm, for example at least 0.5 um.
[0086] An embodiment of the invention includes the apertures 104 having a period of

about 3 um, and the metal layer M preferably having a thickness of about 0.6 um.



have a period @ (indicated in Figure 4E) of in the range of about 3 to 6
mm particularly 3 to 4 nm for exanple 4 nm The optionally netal |ayer M
desi r abl ywbasio3tissckness of at |east 10 nm for exanpl @eCREPR@a®6194 5 mMm
[ 0086] An enbodi nent of the inventionisincludes the apertures 104 having a
period of about 3 nm and the netal |ayer M preferably having a thickness
of about 0.6 mm [0087] For exanple, the filter 100 may include a
freestanding thin filmof Silicon (Si) 102F and an array of apertures 104
Wi th subst Lal ly vertical (. erpendicular.tq.t fil.m sur.face)
si dewal | s %B@PThﬁoﬂﬁ‘%mnpé?’gjf filigr lt%RgB B’glr" Ur é%?s‘i’tiwg?“si" g@‘s‘?fjrsé{lff’@/&l')ar ger than
about 100 nf?Rad anaray of esitnadl 0 Withrsgstantialiameradabit. perpamdidular ortickefimt 0 al | ow
EWV radi ati : r ' [ it hout
A e i R g L
ci rcul ar crgs¥d & degirablylasgerihgupboutsh um gy aidsr togHap BY Vapdiatiah &agsossi bl e, and
can be prefigbighdhe sbQEralNANHIES 100 QXACONBL kRIS firtdtBS. Aﬂ%@grﬁh?wetﬁ&gsflﬁ t 6, and
ani c stability.

8) may be ant ageous fromthe point. of view of ne ]

[ 0088] Fore‘@é'ﬁﬁ'r"gv," aéﬁﬂé‘&élcgﬂ’é?ﬁ'%fsde%@" Q&E‘ﬁ?’éé%@‘&le’ AREHY® %Fq Ro&1P1%00 can be
at | east 10xd tdnee plrradh Vel exargilé) hexagdnal dperansifiet Figdres Habfdnd8) @siylbe, the filter
100 is conf .ess 1ransm,Ssi f DUV radiation (having a
wavel engt h ?%H{ag%ugr g%“g*eﬁ9§§'§ta?é'ﬁ¥”° tha'ﬁ%?%?%%fty'and/ or infrared radiation
having a wel 08B ngFér ekapprle p Watrangth tmtre s(ifrogssed R g ffidderi 1A tdnde plergel Opf  1-1 1
microns). [{O8) wARIASR e t@hsnlidtQ. PaRERTY, 1 AREOND H&Sn M uRB t\QFb QT

manuf acturing the transm ssive spectral purity filter 100. In an

embodi ment ,rapsEssioR PHIBHY casigipn dawungs vavelseetuinhedrnge pEapoyr 0%y es in a
substrat e 2O@or(iffedredaxdatioh BavingSevtiveleiathus @ thag U ST (fa e LinpleSh thg raaBe éMi SOt r opi ¢
etching pr QCESS o) an enbodi nment, the etching creates textured sidewalls

t hat define ]thnt'a'crgrbs rtures. The nethod nmay al so i nclude depositing a netal

| ayer on tdf88If t Aeawmedsst thainwentiGPprovidas aeetingh foe manufetuaing thayrersmeseinpr i si ng

mol ybdenumgptha RRE 158 Yn AL YiReANhERGH iddC&Sin tpbnd
al t er nat el ySpeexpc}))g'?(?\g r:e srtljbstratleelog to éinrwrgg% pl asr%gaq;gtiﬁ%ltibfl uor carbon

S t . s . .
pl asma. [ OGOB|UrAd 3 ubyirats d0%6695 Iexamplech S5@icoRfupieresEbstpig) isiwg amanisptrypic i n a furt her
enbodi ment ,etching pidedss) OtanGaibodinedt Unkeetdhing \credicd@x tare $ QWA NNEAIGE e tubSt rat e 102

having an etch st I r 102S, .and usj.ng the ani sotraopic etching process
to etch thraB%r%ﬁes'tTﬁgm§§¥n§@a natic %‘?jege ogt'?%”éetgéay frr?ﬁgo"tqﬁg‘eéf)bétf?t%‘r(gs reach the
et ch stop IfeneasmplOPBetal[lOODMp i raelgtigknum. g hetipfd niadyénvolybet etetirg 102 can be

removed by aRe&t&hhrshabiteitafBSexBlsind tRsAekd 1o & &) pRlRPai@¥EE: 102S i ncl uded
in the starting substrate materiall. This allows very thin filter parts 102F

to be |ift&ybeFRasmasypbstrate (or remaining substrate part), for exanmple
[0090] As will be explained below (see Figures 4A-4E), in a further embodiment, the

method can include providing a semiconductor substrate 102 having an etch stop layer 102S,
and using the anisotropic etching process to etch through the semiconductor substrate so that
the apertures reach the etch stop layer 102S.

[0091] Preferably, part of the substrate 102 can be removed by an etch that stops at a
predefined etch stop layer 1028 included in the starting substrate material. This allows very
thin filter parts 102F to be lifted off a substrate (or remaining substrate part), for example
without covering the aperture structure 104 with a protective layer, which would substantially
reduce the EUV transmission. Moreover, in another preferred aspect, a back side of the
substrate 102 can be patterned with a protective oxide/nitride coating, for example prior to a
lift-off etch step, such that a filter holding frame 102C is left to support the thin filter.
[0092] Also, for example, the method can include removing the etch stop layer 1028 at

least from a back side of the filter part 102F, after having manufactured the apertures in the



Wi t hout covering the aperture structure 104 with a protective |ayer, which
woul d substantially reduce the EUV transm ssion. Moreover, in another

pr ef er r edvagpmo343sa back side of the substrate 102 can lpeTEaaconmads with a
protective oxide/nitride coating, forléexanple prior to a lift-off etch
step, such that a filter holding frane 102C is left to support the thin
filter. |0092] Also, for exanple, the method can include renoving the etch
stop layer 102S at Ieast froma back side of the filter part 102F, after
havi ng manuf tu rtur s, in thegubsirate. 0,..the method can

i ncl ude pr ov?% @‘Eggaf‘é'ﬁ Wdﬁﬁrg?”d‘féagefﬁf' t'RR ﬁye{rﬁ@%s“éwi’“ctgenduct or
substrat e sp&crmdeta:ﬁabstratk rspaved-gartdivingwo sutbrstissadte swsfacds &6 @ésseé Biguren see Fi gure
4A) . For r r with the
oxt ernal soporrirend FLAD IRk ST en, RN LR AR

enmbodi nent Yfacehe |nvent| on, the spectral purity filter 100 may be

manuf act ur gdoday uwc&wd]%gReem;edpaMaaar an%om&ﬁquamnaﬁoﬁ %Qpécgy%u deep
reactive |ofﬂt8etc in as il ustrate in Figures 4A-4E |E is an

et chi ng metHit ‘\Rn"faﬁ I“@'H'If%? uigiby Htipgphinghast tha lsrba%eegn thg frehrpaug AbdsERs t he

manuf act uri ra@naflon/emngqaml-:eta@ hluptma‘dml. Bigures ¥ ASIE. USRIEGs atnrb&hm@p@aubdi @fh Bosch
%r((ljgg.lsfa T[hl%v_y[ amsotrorplc etc%erg?_sevg‘lgfh enabqps Otﬁe rgimuﬁacturmgaot} aémca] ?tgaﬁ%'/@gslq%girmse t chi ng
of sili con,usifp e so- FﬂiulyéBOSEleprpcessES?hlé ib@@@lbedﬁqr@aniﬁlmn Bokxchi, Bri3ojgsgo,Sonsi st s of
alternati n%%dﬁ?&pﬂﬁj t@rgpetnl;}@re $éact$\;érthae?ﬁun%gnc?’tgzc%gvewkﬁﬁl%cﬁi Qﬂlhfc(LnUOI’ ocar bon

(e.g. CAF8) plasma first stage, silicon is etched irn a nore or |ess
i sotropic vf%i’)P' pWﬁeIr“étaéz (ll?“ﬁsf §&0- SEhE BRef §f0§3féCO“ﬁ'PFéO%aﬂtélﬁéﬂ\gbreéHOFlpéthF§1 cover ed

by a passi %ﬁf&c@fbdm@?@ﬁlasﬂa@nd b%oﬂﬁ)ﬁ%orﬁ@e%hﬁﬁ:b'p&srﬁaﬁsﬁkﬁéiﬁm Qhkel ANBhisl S opened
preferentla etching starts

agai n. By repé{ e |m8ﬁe Bt 'ﬁ%rnh'févﬁy ﬁ”&%@i’%&f}ﬁeBﬁo%i}bﬁg‘édheteﬁéedeﬁr%'ﬂ ®Broceeds | ayer
by | ayer doamnairtds passivation tryersinlthoent cabrtiiapssivaflidOBykr isAperedpetiiengatly of t he

manuf act ur i g BRIRORGRH kdn %b&a&ﬂﬁam éwng samb@gra@ %@ﬁ?et@gn@f'?h aperture

pattern on top of a freéestandi n eep reactive ion
et chi ng t hehpayivatioa cyrdg theetsh Qr@?qeﬂsdaierpy lﬂwéwwatdﬁ@tfeth% tikeen gyrfapd. | m [ 0095]

An enbodi mgode4pf nhemsama‘na@fttwmﬁgfaaemqﬁlﬁmrmﬁprﬁ,@sql)(apalylagoma\/d Rgka hard
mask of anﬁerture attern nas face, |§l=1|) deep

reactive i ShaetFERIRBFERE LS ?ﬁ?eéta‘ﬂ)‘grfgt &‘r"r?’ {ay f"idéa} ‘{Sﬁp re?‘ﬁ“Be PRECEIE Surf ace
and (iii) rterapertungpatttre vpacally gkoughthe suthsbirfame bel ow the etched apertures.

[ 0096] For (ggodfp! &n eﬁqb&"éet;afwee}haneﬁ&mryg il %sr?,srl {esttgta@ﬁ% 6, hafly Rigure 3 may

include a star ing material 102 n-1nsulator) wafer,
for exanpl efar %FV@P%‘F‘F‘PH@)‘“@WW‘F@S‘\RP‘tfqﬁe é‘r‘*P desqi repstivedgestichig2® buri ed at a

speci fic depéture Ritd@n v&icadXWBERe i Qi FcERIJRY Rl GRg the PREFIhe ThReRO  Waf er 102
t hus consi %)tel%w(%}]:e e?chgdoa[%mdresl ayer (film 102F, a SiQ2 internedi ate
[0096] For example, the spectral purity filter illustrated in Figure 3 may include a starting
material 102 that is a SOI (silicon-on-insulator) wafer, for example a (crystalline) Si wafer
with an oxide layer 102B buried at a specific depth, e.g. by oxygen ion implantation.
[0097] The SOI wafer 102 thus consists of a top Si layer (film) 102F, a SiO; intermediate
layer 1028, and a bottom Si layer 102B. An example of such a wafer 102 is shown in Figure
4A. For example, a thickness TW of the wafer can be smaller than 1 mm, for example 670
micron.
[0098] Using DRIE, the aperture pattern (of hexagonal apertures) may be etched in the
top Si layer (from a front side) that will provide the filter part 102F; the result is

schematically shown in Figure 4B. The SiO; layer 102S acts as an etch stop.



| ayer 102S, and a bottom Si |ayer 102B. An exanple of such a wafer 102 is
shown in Figure 4A. For exanple, a thickness TWof the wafer can be smaller
t han 1 nmvoforo/sxmapl e 670 micron. [0098] Using DRIE, tireTapesmvoadpattern
(of hexagonal apertures) may be etched in the top Si layer (froma front
side) that wll provide the filter part 102F;, the result is schematically
shown in Figure 4B. The Si O layer 102S acts as an etch stop.[0099]
Subsequently, at Ieast part of the bottom Si |ayer 102B extendi ng under the
aperture p etc et.ch. Preferably, part
of the bot %696"61 ar Si‘b’ﬁ%]yia?l .?o tg\r,\\j/a?éomgflo’% ﬁ)g\l%eétén "grlg'gﬁé]betl ve (I ower)
section of agerfurd naeqtm then rde'rbertmf@ aW'ihesmgeﬁmlﬂ etpls Pgffievatty, part FFitlgogonAC Agai n,

the Siq 2 I & h& 2 may be
romoved usi g 2Bar For e e ek (i top el e o RO 2 0 o
4D. Al so i fePiisshewysia Figgiedf el the Sihilayeryaptaciys ap peh sereh st op | ayer 102S is

renoved, tqompgn Bﬂaﬂyhﬁhe@@%rrrfaylb@ﬁmﬂ)%msM@@Btﬁfe&d%xﬁ@m ﬂ]le%ulplﬁemg of the
bot t om | ay ective section of a

t sta rovide a res
filter hol d%?“’“i?z)'?é‘g“[ed‘%ﬂ}f]’ A{E‘S Faég |P8‘\%i§£¥>f’ SR PR F'@§E)°h@°abyefdP%% igrably, the
filter 100 removed,0vopdedp the dertared | 041 \elrerdirod ndeamﬂ:@&ﬁi ofehetbofidshdlaydroodsie filter

part 102F hgﬂ&g,gmgrbeprg‘p& h@cﬁ%(elﬁ%‘lﬂono?{ﬂ %g%ﬁ% he filter holder 102C can

be configured to urround referably, the filter
hol der 102d001811syBbs fodlpvs fafrnh Figerpg 4k &P, prdrﬁmblx,lti@ filteml 09 ipsovaktoilh mBitr cent r al )

filter parthli@dhac, %%m@l)?@-fﬁp ifer pért im%gﬂﬁ‘gstﬁe ﬁgertﬁrgsel OHqu%Jamﬂle?tﬂ% figpasured in

a directio aral% tothe agerture m cron, for
exanpl e at f%\rst0 cap b enfigeyed QT”GPH‘éthBF‘E%ré?F‘I‘fIQZIF I IfréfFrah‘éi’ltEFeﬁ“elmrl s an
integral paoC shubistagially thicker Hdthe (Bukis éavdinghl gntraRdBeOfartf 01K £6r part

(sem condu For. e t erl 02C can be a frane
102C surr o%%agme an?h& 9?“}]6 folder tba%'ﬂﬁsurfcpmta ﬂgectﬁ)l?ré%aéaglfﬂ%yﬁﬁ%eln@rest he filter
hol der | OOCl:‘)@tCM be ayerOaniergn, [ﬁaletanmﬂeathestéﬂ@hn stop layer (being 'buried in
respective (6010t r @SHrd¥Bi: %l‘tér%l)])ier 188@isa@n m&pggﬁ oqafetﬁlt;rqu shl@htid

substanti aIIy th| cker than the filter part resen? exanpl e,
the filter "B4f¢f ﬂ‘ﬁrﬂg”éﬁfiﬁ‘ CPP%‘C@Q;HBE?F‘?' ¥ oawmpfe%f%%réolﬁﬁb@cfcmﬁat he same

materi al . [f@BEO®C sluﬁoanbﬂg % &gl pert SEPEWIA t}herbrdgbrgﬂiaﬂfi)leﬂdﬁe fHidr hé18& 160d t er hol der
102C may hay, n art of the bottom Si

| ayer 10 ZBas’tél)?((f‘ol%% d’ns Harp S tc\ﬁmh%?a égetm&r guneg\’aggalspectiﬁ ﬁUbSW%Watﬁréﬁl)nald(alOO)

ori ent ed Slsvﬁpeiﬁ)nart;WB@tthaalseubatsntalllsthecktrlﬂrag thmtlterrnaaIIOZFSIrUpadeswal | s 102G of the

filter hol @%mpi@%@fnaxbaﬁ ﬂszwa;.dtfhsmgbamyeﬁ&z@a;@mme%%ﬁﬁe hf 31t N sl oped
wal |'s 102G are [ik to coincid {}ane 019 Pf é i con

crystal . [0¥184) }I“ﬁ'?f Ry dgwp in ﬁ'@l’esﬁgr“t‘) é’efﬁefﬁ’ﬁ 826G pay %avgéeeﬂ hat it nay
be pref er alfbrred ®hipreaying ewsURORFtof tha BéttoHi yayatloizmepaérhm@ Sndekihé SYeRcng t he

filter parg at%lé 2)%4 \pHetn ugilng ao&torler(l%eaag flc%n %ubstlrartee asa séallrtmg material, sloped walls
102G of the filter holder 102C may result from the etching process. If so, the sloped walls
102G are likely to coincide with a (111) plane of the Silicon crystal.
[00104]  The desired filter part 102F may be so large that it may be preferable to provide
support, not only at locations surrounding the filter part 102F, but also at locations directly
below the filter part 102F. This may be achieved by splitting the filter part 102 into a plurality
of areas that are to be etched separately. A simplified result (showing just the geometry in the
Silicon) of such an etch is shown in Figures 4F-4G. Figure 4F is a top view and Figure 4G is
a cross-section along the line AA” in Figure 4F. The Figures show two areas 103 that are
etched in a Silicon substrate. The support part 102D is also present between the areas, which

would cause a portion 102D’ of the support part 102D to be located directly located behind



below the filter part 102F. This may be achieved by splitting the filter
part 102 into a plurality of areas that are to be etched separately. A
sinmplifi estoresuistss§showi ng just the geonetry in the Silipcompab/osdagh an
etch is shown in Figures 4F-4G Figur8 4F is a top view and Figure 4Gis a
cross-section along the line AA" in Figure 4F. The Figures show two areas
103 that are etched in a Silicon substrate. The support part 102D is al so
present between the areas, which would cause a portion 102D of the support

A Y o L N L L e

crystal . [ Glikob¢rystalway V\/m ch is likely to avoid formation of sloped walls

102G are | '[Kﬁ?%oog \%? VJhﬁ)thqlkgh ?0 gfo&i fc}rmég n O(PEll)SeQR&%Hs I%;Zbl ﬁeq{ﬁf@ Tobéf)lg ate

i nstead of 'a I'i con su strate cause sone | anes in
a (1 10) d°rsalEd Siepted diticanshlstratg insteadrad a HOP L heon subistate. tBecavwéorsmﬁst rate

surface, wahd($116plamsiift @ﬂ))‘Ml&ﬁfbdtﬁ%gﬁs&stgaae]a}e ;fétp’éﬁlﬁﬁxla\{"tol the REst4Rr ti cal instead
of sl oped. § 0106] Fi g a portl on 102D of the

support part' af@iﬁllt ‘F?"Eéi‘d(“fdﬁt)h“Ef?‘?%h‘t)e?l:?"@vwil E%Y?”%‘b%sfela‘ét’fé % in a ( 1 10)
ori ented Sijbda1e€n sitgtnsmﬁahceﬁgl&spmbtbmqjowonTdm) hﬁthéth.@ﬁormﬁtll)wlﬁ] an Figure 4H

ref er to Skﬁﬁ?grhev@d glﬁlr:cghos% trate ancnn a?llq'(’)} (I)rl%g J‘Q?TDIon subs rate %spse?tpvpﬁl 't)hgpar t 102D.

In Figure £9 ¢aromithE d because of
t he cryst alhatoked @prtionsiioRigere 4H h@fer(to &Qpb)i Wplllsamé@ ofyh¢ bpmcwslpél@’toftt@ sepert( 1 10)

pl anes. Theﬁ)alé 16bln ﬂ?élﬁ@éﬁsthé hak ?Erg%nelpﬁlg'ggrﬂgil ﬁt%éﬂrofglgpehlﬁgca(lse%fatg) pl anes that

formthe substrate surface are orientéd at an anga However, the
tri angul ar *peRtqrisprationef the g kplapes wigeirped 198 ¢!l Qrlaness T'teﬁél IO\B'P'I'eé tD2G t hat

ar ehnoth perawaq,tmuarmtta onmblamsme@tm mesabbt&rt]e(suafactebe oPibRARS arl dhgle cgl BCI <(1Ie
with the su esrace r m 0 ese ort ons i se y
111 bl aned! TGS e G Rneel Bartih TR dsgiR PR o fieth JRENR The
etch woul d ab@OSr@t)mﬂlcwdnw withdtdpeanothel(1 b® plabeanimy cdiedia wdth tiehebsaugl e bet ween
the ( 1 LDhul8nfe itk BeindsDforid:0Re, émwm()g@w@%tr@ﬁat 04 spbane formng

the substrate surface iI's are oriente spect each ot her at an
angl e of 540070710Mfﬂ@Ft85ret4Ht’é’e%P*d‘t"Pt’ld'tehséolﬂbrﬂtei‘tﬂﬁthrm@'be697Htfhb€°§l§f)port part
102D of Fi grwraaglébtt\béee@tes11mp151a1erfadmagtth@1bptdamsmzctaﬁdimbmobmné frh@g part 102F

t han the suppor a 102D of Fiqure | t he

i Tter par Ragstp 8o tiF ptne s g PR St LR oEPF T CORPE ¢ hi's for m
has a | onerhigedti ttlypqrtmrﬂOleydttl&IShppne P8t 102D Fighde 98 blocks mureraglipmous Si | i con
has a hi ghgg,d t&égt,fa,@%mr?gh%pt@n%%utbm%& YooDl RNy EUV radiation is

i nci dent on the er an angle et ween out -13 and about +13
with resped{0198) t l@nappadimensthedilteripast 464 oy comerise (mickor)ppaustSilicoRF. A filter

part 102F fsqicomd thyfofitlER adowtrli@EihahanBR)talliRe SHEUAT ABS, UnREH- )lgyrowasyllcet
anodi zat i on Orh(lgllﬁ @qgﬂts%%ggﬁglnce usgé”yemcﬁ)lgnnsgcgl?\/n?étdlja&)aﬁl lé Xtm?ient on thgart of the

hexagonal
ﬁlter under an angle of between about -13° and about +13° with respect to the normal of a

surface of the filter part 102F. A filter part 102F formed by such a material may be
manufactured by way of anodization or etching.

[00109]  Figure 4E schematically shows part of the hexagonal apertures 104 in the
substrate layer 102F. Arrow Q1 indicates a thickness Q1 of the walls between the filter
apertures 104 Arrow Q2 indicates the period of the apertures. The thickness Q1 can be
relatively small by application of the present manufacturing method. Also, the (close packed)
hexagonal structure of the walls of the filter part 102F provides a very durable and open
configuration.

[00110] An example of a process flow used for a non-limiting example of this

manufacturing method is shown in Table 1:



substrate | ayer 102F. Arrow Q indicates a thickness @Q of the walls
between the filter apertures 104 Arrow @ indicates the period of the
apert ur eswobbeyasidsskness Q can be relatively small by applEre@vioonsof the
present manufacturing nmethod. Al so, tte (cl ose packed) hexagonal structure
of the walls of the filter part 102F provides a very durable and open
configuration. (00110] An exanple of a process flow used for a non-limting
exanple of this manufacturing nethod is shown in Table 1: Table 1: Process
flow used for c ting Si-based grid SPEs Application oxide/nitride Hard
mask for the Kciiﬁ’zet'dﬁ?“@ﬁi%&“ 'Witﬂg§€§asﬁ$§r'%§%lffed very slowly by KOH
and are t her eAplieatisuoxtidebiiteddaHard mesk forathe IKiOd stch. Thvades ayi® mittides fagr med by
t hermal oxidation or nitridatétdrd veesyedy ibyddQH aaddrei tBeréflversaftablee appl i ed on
bot h sides of the wafer. Al i gmndmiaskraralegals Her lagdriigriormgd tbhethgtaluct ur es on
both sides of the wafer. Lithexidstiok osingdedafar, t resprétively.ofindnisndlew®reon t he back
side by lithography This is sinkedontbhd sides af thgiwaferhe nade freestanding. R E
back side Remdigamersmagkgisde/ ni Fariabigninediestrugtyrerankiofdigesofithe wafek si de usi ng
reactive-1ion 1§hebicRGide KT E TT Oplfited|n@®r MefiBW & bn He A HEL KV Fitrhb%}é‘ph@yer from
front side using reactive-ionrglgneghektid M denRBd fr&bid@idgat t er ni ng of_ grid
structure on RiB@adisRBt ST de ORekd V@ ofati@d/nilie laydr ROBVARIWs indRiEside ont  si de
Deep reactive-ion etching of girgGeaStiveueididhthgi N top Si | ayer using the Bosch
process. KOHREdhntdsaek side TRend@lHofebhbemisida ijegoy a6 Siler 0figc Si et ch
that etches <100> crystal | ogreghivsiopkahies nuch faster than < 111> pl anes.
The etch i s ddthefromside heat ed K@kiniglobghiddructiie on Sheetamhede ebywafer t he wi ndows
fromthe back side; Sig 2 acthbylawgepbiph stop. The front side of the wafer is
pr ot ect ed usilRjEdrontaslaum seal DeeB@HEchadén «@¢hitg oT lged stemtierin g SSlager2 i s renoved
using a buffered oxide etch, uimapiciBosehpradpssand a buffer agent, commonly
NHAF. [ 00111]KQHetgihbagingidedi nenthe kprbetsers 4 kighdy aniseiropie §i eieh that eshesh st op.

<100> crystallographic planes much faster than <I111>

planes. The etch is done in a heated KOH solution. Si is

etched away in the windows from the back side; SiO, acts

as etch stop. The front side of the wafer is protected using

a vacuum seal.

BOE back side The remaining SiO, is removed using a buffered oxide
etch, comprising HF and a buffer agent, commonly NH,F.

{00111]  In an embodiment, another layer may act as an etch stop.

[00112]  In an embodiment, no dedicated etch stop layer is used, and the etch depth may be
controlled otherwise, for example by timing.

[00113] In an embodiment, etching methods other than a KOH etch may be used to
remove (part of) the substrate, for example, a DRIE etch.

[00114]  The Si grid 102F may also be released from the substrate by other methods, for
example, by removing or dissolving a temporary bond (e.g. a glue or adhesion layer) between
the grid layer and the substrate material.

[00115] Figures S5-8 illustrate example of spectral purity filters that have been
manufacturing in accordance with embodiments of the present invention. Figures 5 and 6 are
images of tilted cross sectional view of a spectral purity filter having apertures with a period
of about 3 pm. The depth of the apertures (corrected for the viewing angle) is about 10.8 pum.
Figure 7 is an image of a tilted cross section of a wall between two apertures. As show in
Figure 7, the walls are textured, particularly scalloped, and have a thickness variation along

the surface of the wall, which is indicated of the DRIE process. The top layer in Figure 7 is



[00112] In an enbodi nent, no dedicated etch stop layer is used, and the
etch depth may be controlled otherw se, for exanple by timng. [00113] In
an enbodiwerzn10/84388i ng net hods ot her than a KOH et ch nmapChEPe@eM0¢104 r enove
(part of) the substrate, for exanple,20a DRIE etch. [00114] The Si grid 102F
may al so be released fromthe substrate by other nethods, for exanple, by
renmovi ng or dissolving a tenporary bond (e.g. a glue or adhesion |ayer)
between the grid layer and the substrate material. [00115] Figures 5-8

illustrate e e of s ctr filters manuf act uri ng
in accor daﬁ%é%ﬁ’ 'B?'?Jéé’ ngsch FF)éeSE)F ‘é ﬁHﬁi‘Eﬁt"?SW’”t 'ﬂ?é”é‘e"s and 6
are i nmages cofected lfdretet vﬁ)ﬂ“d)@nglect:lgm’ﬁahs a/tloBWveof afreqsmnm:rgalpeqnulrpuhy ffliet t er

having_apeni QSoiafdd AnRS LhOSh 8 AR Yesdhy Mflyghe depth of ‘the apertures

(corrected view ng angle mm Figure 7 is an image of
a tilted cl®d6lsedavpraherisf SRY t\7<a<°-ISI‘3=ift)l:3ft dietinguishgd bagod on diflsrent mecheiow fon Fi gure

7, the wal lsgppRESort SPLhWERS 10R31 uauh@{ |T)fe §1€§id|19Q&gnda&9@1th®ﬁ§ocﬁménhbpkness
variation along the surface of the wal is indicated of the DRIE

process. THES PERUIeRybeimodified preprdipe F%E?Fpﬁ‘ﬁfaﬁo“ﬁa?taesﬁﬁg%yﬁed for the Bosch
process anqoonel aFdrRidpne msa afb- xaivautgtmr@ﬁ)ecnmgﬂ?asm o adseide@th Ued t he vi ewi ng
angle. Fi gure w..of & n ectral filter 100
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application, publi i
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met hod and co es’ o eposition geonetries can occur. These
are shown §(§Wé?ﬁ9(ﬂaéﬁlcp‘fﬁrﬁah‘SlﬂFsg‘tfrﬂ@sﬁ‘@%r‘énd 9B. Figure 9A shows a cross
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shows the si Iron results obtalned using t ver sinulation package
for a one- GFWHEQ%H%F'"RJ‘E‘GFT’E%SF%/P‘P|'Sléi§5'teHeT'E?rﬂéS'§ﬁBwlfnftsﬁcalﬂlbgtﬂdefegh‘/ Mol ybdenum
i's geEOS' tQﬂnmmﬁll&fbeﬁﬂeﬁtl’@@n@WJr%ﬁpofwlﬂanmp@?"@dtth G, ShéthiCORngbt d. The

gri as aperio

ums oulc?{)e used to reach 5% IR transmission.

[00119] When the metal coating covers both the top surface and the sidewalls of the
silicon grid, the situation changes dramatically. Figure 12 shows the simulation results for
again a 10 um thick grid with a 4 um period and a 10% duty cycle. However, molybdenum
now covers the side walls as well, and as a consequence the IR transmission drops to nearly
zero already for a coating of only a few nanometers thickness. At such a small thickness,
most power is absorbed in the grid. In order to make the grid substantially reflective, e.g. with
95% reflectivity, a coating of ~30 nm is desired.

[00120]  An aspect of the invention provides a method to apply a reflective coating 102R
on the filter (for example Silicon) grid 101F with a minimal loss of EUV transmittance.

According to this aspect, a reflective layer 102R is formed by atomic layer deposition (ALD).

In this way, a uniform coating thickness of a three-dimensional coating structure 102R can be



and a duty cycle of 10% It can be seen that in order to reach a target of
5% IR transm ssion, a thick netal coating of at least 2 mmis desired. The
desi red tWpDckmasg3ssan be reduced by using a snaller peripotdi/EFROMIBS1g4 1 d. For
exanpl e, when the period is 3 mm a mdtal coating of 0.6 nm should be used
to reach 5% IR transm ssion. [00119] Wen the netal coating covers both the
top surface and the sidewalls of the silicon grid, the situation changes
dramatically. Figure 12 shows the sinulation results for again a 10 mm

thick grid ri nd a 10% duty cycle. However mplybdenum now
cover s°1 he bTcrae Rir e Bkt ot AlipaTe 2R E bibudikSisa R R er T soi on
drops to near lbeyaclzneiecb with & eﬂdmalﬂm;s ofEICO dnsingtaak dadtb yxcassfceaMnQ aivhRss.er s

thi ckness. (; 1213 eﬁﬁtu?ar day ah‘glc?t Q%?gid?m?(&ts %gt thléknessé)s ap{h ?otpﬁ)%@ the grid.

In order t anti a
reflectivi teyid can beem@edg\mlﬁt ret@iging myffi @ende@tlmgetuickr[ewmzf@}heAne\a@haéﬁﬁofof t he
i nvention prQYiddes. a rret hod to appl y a ref I ectl ve coating 102R on the

filter (for _exanple Silicon) grid 101 imal |oss of EW
transmitt aﬂ%”ézz]AcE‘é?rall%d?pdftst agic %lgtﬁ’éﬁ’tem °£a|f E?rlpé'éﬁﬁr‘é})emlz‘éﬁféira ¢8R s f or ned
by atonic lcaytiag magoa Iréﬂeﬁﬂ/e oAby anteld Radiakib® thaBally encleBds ftiRrgi ¢ OB tandgast hi ckness

of a three- d| J}[?I%m%!"c ! SS faﬁ)‘lﬁ’% ro%tt[] tur%ﬁ%prr erg?anggggizla%}i)%\ﬂ/g . Since the

t hi ckness 8f"tHe ¢64 1S U Cd°reflectivity
can be achidepositiomsfitlie raﬂqmnrclcnaingll@’é@s gbmElyert depmgion {AldNcalLbuest 0 excess

coating th'aﬁéﬂ%ﬁgste;{sgpg-%ﬂf]hnloﬁt{gshﬁé&la?e%t%nt%ép(ﬁﬁmblgﬁzg{i)’ n9£y%% cEXCEess

coati ng t hi cknesses at the top o grid can retaining
suf fi ci ent masaelitnbe deResitkchis B9 vides ihrongier niscdistiaf 13 nmtbedsa*re knRn mye@bz F.

[00122] Fi Ghetad, ﬂg%aﬁllplamt@ adbam Rhea*moﬁilpmmlmoj\nanﬁddlrﬁeefm sta(grid) 102F
and a refle%ﬂ%ltve C H}g 102tR rreflective fﬁr nt eﬁ? adi ation) that
fully encl SSEEEAE"ET g™ THVE "}fr?cﬁRﬁtggmé{“ -PRTiRYgr ‘E?ﬁ‘é Yis k&A% ol | ows from

t he above, pes nafaeyst@dthammﬂaanieuﬂelf‘rhgr (fice eXxpogblefadithogplds affphratos bdving e
reflective MLQQCO}Q«%B rﬁ(ﬁl}p@tﬂﬁmo%pll?ex ﬁ[l) ﬂwa %ﬁlb&duﬁ&l‘[ (tlélrQ)ectn?Ae‘ch)atM €s

al ternati ng steps of a se ting surface reaction to deposit atomc
| ayers one B3R Bvenot Tretalhyt anothgy matesiaptbat darpliestiteder thasunyppsed @digiianhopugh a

precur sor. eﬂntglmmmpﬁﬁo,aaea&n@mrfng[@naseveraI netals, for exanple, Ti, Ru,
Pd, Ir,

fl
coating 10i‘f9R£kén§ﬁl§f‘ ‘HBOdB?e"f?E\Fﬁ&W“% 5S "Obgﬁ?}bwl‘%ﬁaﬁ‘g‘ ﬁlyrégﬁﬁg%l :/g

al ready pr ésa@ntl. Honexamplg st wan ltehavamageotlﬂouﬁavd thaleck fiée dfitHetgeid 1{XFor exanpl e a
| 'thographluﬁ O@ar&uéassetmﬂem (F hdhi eﬁﬁus&g&m%g@eﬁ%t gigl € that conprises

I n an e di nent ectlve coatin ot a netal but
anot her matd®1?4] Inpead qféLPegaI“’é@F Bvé"hf(élﬁmtoﬁ@oﬂfr*ﬂmm)e@ qsa’dpd?noahthefor exanpl e
Ti N or RuOgeﬂearveaoag@g\mthor material. [00123] In an enbodi nent, the coating

t02REdoes ?&tlzsf] ul llt Xlay not H)e prtalcstltcaelafc():I ap%@ratclogfmlg ¥hate frl.llﬁl coo%gs the sidewalls of'a 10
um thick grid. Therefore, in an embodiment, the coating is applied only partly down the
sidewalls. For example, when the coating of the last-mentioned embodiment is applied on top
of the grid and down the first 2 pm along the sidewalls of the grid, the optical behaviour is
essentially the same as in Figure 12 as shown by simulations.

[00126] In another embodiment, the filter may be provided with a reflective coating 102R
configured to reduce absorption of short wavelength radiation. For example, a broadband
DUV reflector may be provided, for instance, forming the coating 102R by an Aluminium
layer. Alternatively, DUV reflective coatings may be configured for specific wavelength
bands. Method to achieve this are, for example, described in Proc. SPIE 5721 (2005), p. 72-
80, ‘Highly reflective coatings for micromechanical mirror arrays operating in the DUV and

VUV spectral range’ by T. Sandner et al.



the grid. For exanple, it may be advantageous to | eave the back side of the
grid 102F uncoated to increase the emssivity and thus enhance radiative
cool i ng ovothw/ag#isd. [ 00124] Instead of ALD, gal vani c gPOW(ER2009/006194

(el ectrodeposition) nmay be used to de}8osit the reflective coating 102R
[00125] It may not be practical to apply a coating that fully covers the
sidewalls of a 10 mmthick grid. Therefore, in an enbodi nent, the coating
is applied only partly domm the sidewalls. For exanple, when the coating of

the | ast- I t th dd th

st 5 ey Prahe eabitinso Gy MR e nerteiye ot toaadrbr 1o
essentialIyammawsanmnaﬁﬁmn“ﬁw@mgﬁr&ﬂnmﬁmshmmmnby@mﬁnmﬁameﬁmSpmi00126] I n
anot her e”ﬂ‘agﬁ g‘f};&'fde& \b% Jehéc i co IBﬁi ?J ﬁ% rgiqgre%cterabs%r {t ﬁJ 504 ve coating

102R configured to reduce absorptrron o wavel en ation. For
exanpl e, a‘ﬁwéaaﬁaﬁ@mﬁmhﬂ$%wmegﬁwm'@@&Wﬁbb$®ﬁvﬁééd"wﬁ@wmvngmance for mi ng

t he coat I NGorkPH gtﬂ){erﬁd?mé\wmb&!numah@%ﬁ&on 149k ehBGHE MG L tectahdeYorefddnCt 1 Ve
coatings ma configured for specific wavel ength bands. Method to achi eve

this are, f%FaV'@lsaﬁfyﬁtéon ‘ﬂ‘é@é‘&ﬁei‘ H@at §0pp %ﬁf’B‘?f’“t'é’f-*‘l‘iEPW?& op spiele of . 72- 80,
"Hi ghly refihddzhdevia oﬁibﬂblaﬁ@&dlﬁﬁﬁor{ﬂeﬁie@mem%mhm My 1 @xid tEd'S'lH(}bS l9perating in

the DUV andd1f u51on ?P elé:l‘g rrng‘y be rovg;F % 'lk?tgs[e-lt-)amers ge loca‘ied al mle Océéb? %?%P |91t her

enbodi ment 0 R r &Y eePTVE c'Gat Gured to
reduce absdﬂ@ﬂﬂgwnumd§h@mﬂmmmv§hﬁmgbhnmaaﬂaﬂi@ﬁheswdeplcted in Figure 10B.

The filter pRbd 1Q&fanbiRerRMBYHHGH Y hid: ;;rgxfulle@%t‘n\é?efﬁaﬁfgk&gn%&%&lﬁ&nf' gured to

reduce absorptlon of short wavel ength radi ation suit e coating 102R
may be for iRErdesy absomptien 9fishayeravelength iejation msy PPy ded| idbatithe o iBieybdenum and
Silicon | aysif6r coﬂ?b:%ﬁlfg&lﬁd dttarlnatl’ngﬁdy%ﬁlﬂﬂﬁ@AIﬁlﬁhl’nuﬁi(lﬁfeemhe Whudnfi ﬁVﬂ]@Hy@thyad| ation

i s between abou1($ qﬁ] q ut 70% depending on its angle of incidence. In
order to avord df %? Y WREA™E Mol ybdenum | ayers and the Silicon

| ayers, di flfU29onAbeanibe eges infigurd)#Bpthe wulligger Mheseating nay ¢ grovided odbe | ocat ed
at interfaggs;peineen the Ml ybdenum and Silicon |ayers. The barriers may
be B4C or B9C | ayers. [00128] Yet another enbodiment of a filter provided
with a ref [[MH39lyeMeghicamty dermitadgn e Siieridofor exdmele bapgperpiandse HRurgHaY t

wavel engt h of glitaldegbitioi A cdoedify 10 WhodReaspéck, hebndanistdB@sivad lutilidiyabmid I 1 or
conprising the altﬁrnatlng | ayers and the Alum nium layer. The A umni nium

layer may B&BPSRASHLY on top of the multilayer mirror. [00129] As can be
seen in F|gmnéH1CBgmthbﬂhnhwsMHyﬂmdmwmwmme@mammngmhmynbQWQnmhbded on the

si dewal | s [ngm;l&l%cd\{e;s%ﬁoosfs@o h& .sdﬁpwlgtu%gb%ho@s ovgrvte@lﬁof@%mgp%@"p' e by

evaporation (see ure or sputter deposition. Accor to anot her
aspect, thé“ﬁ%?ﬁP“P hﬂ@ﬁ@éﬁ@%E@HFHPPwagaﬁ@%ﬁ?%saﬁm"a“hewPOfmegﬂd

and Figure 13c¢ shows the wall cross section at a 5 pm depth.

[00132] Figure 14 shows a measured infrared transmission spectrum of a freestanding Si
grid with a period of 4 um, coated with a thin Mo layer. This demonstrates that 10.6 um
radiation is suppressed by at least two orders of magnitude, which is sufficient for practical
spectral purity requirements.

[00133] In some SPFs, the 10.6 pm radiation may be absorbed in the grid material. Such a
grid can be realized with embodiment of the present invention by using doped Si. A typical
embodiment according to this aspect of the invention comprises a Si grid with a doping
concentration in excess of 10'® atoms/cm’.

[00134] M. Auslender, S. Hava, Doped n-Type Silicon, in: E.D. Palik, Handbook of optical
constants of solids 111 (Academic Press, London, 1998), 155 reports that the refractive index
of Si can be substantially changed by doping it with n-type impurities such as P or As. For

example, at a high concentration of 10 atoms/cm’, the refractive index at 10.6 pm is about n



Layer Deposition [00131] Figure 13 illustrates an enbodi nent where an
evaporated |l ayer of Mo with a nom nal thickness of about 350 nmis used.

Fi gure 13802htvis4388 overvi ew of the top and cross secti @aTHP20MB0@04AL ed
grid, Figure 13b shows a wall cross s¥ction at the top of the grid, and
Figure 13c shows the wall cross section at a 5 mmdepth. [00132] Figure 14
shows a neasured infrared transm ssion spectrumof a freestanding Si grid
with a period of 4 nm coated vvith a thin Mo | ayer. This denonstrat es that

10. 6 nm radi | S Suppresse by | east. t wo o gni tude, which
is suffici enlt?btk‘ ‘E?P‘ﬁﬁrf"?@é’l P roa?? KapyE ! F\éﬂ'ﬁ'? 'é e§°ftF%0133] In sone
SPFs, the k@tnﬁnmnoefﬁdera,tthmatmynsbﬂnsmimtjy Wsorbing rattieethgr radspambeer i al . Such a
grid can b i f by using
doped Si. i\ty |c§ % Q:%g@ﬁdg corcfl%()fslnees‘lp({f?%géogecgl\éﬁ&% m‘?ﬁee i nvention
conpri ses d&asmigion as afundorofdes g wge%,dneénmtﬁf@tfqnewnlth? 'mté’swe\m‘, ode@alll 8 at ons/ cm
3. [00134] tMtraﬂt‘rﬁls%ﬂ%ﬁmns%ngh"ﬁé@e lﬁﬂmhé’bpl_y'ﬂgehglbﬂ(ﬁggmd With thEsde Pal 1k,

Handbook of optical constants of solids [Il (Academnm c Press, London, 1998)
155 repor t Singasienseh @ Figyrs lepadsof pHige donsd S‘SThec"QHed@é‘déllﬂ‘)Vétaé?ﬂ“P%“Fy changed by
doping it \&tdré‘hsd’bfﬂl?(ﬂﬁ)smﬁﬁtiﬁ:hstalfﬁﬁ:u&uﬁ'l‘thmldﬁn({kheséﬂ?m&@lﬁple)ﬁxﬁi@ld‘), at a high
concentrati,Q tons/ c he re L ndex at 6 Mmis about
n= 1.6, K ihlﬂmess 813%%} fgptm aboum/Sbf?th mf(lden B?raﬁ rilgfmonl tﬂ%mlgfdoala&fn such hi gh
val ues of tih® lmﬂchd,tméﬁlem@fnﬁcrdalwmtm‘%t) Fabspetedriihad, the grid islbets@ntiallal | y

absor bi ng gstoﬁ)«gr,e tm%tog}gg\g,ggg@g&ed f{,ppp%gg)(]o Apg;shown in Figure 15, a grid

made of pure silicon shows oscillation$S in the transm ssion as a function
of its thidWds Agqyeufpgpringmsthpdfoapdeped B aridanay hgbe sameaghioyapure Sigsidal | t he

transm ssi @iddk@ived @snehl“gth thelsia@iAp auaﬂeﬁan%\emmtgfa@peest fathad thdA@DR\I. ofis of a grid

with the sane di ns as | 5, nma ntype doped Si. The
doped gri d"gtl%\’/%gg Eet‘?oﬁ P%fgﬁtggea[g%&@focfslisg? H-ssion as a function of
the grid tli0gXthesk. emEonwmexmﬁMeeqanafactmrQMedmdshtheIslqsmsna(ydbepmhaucaf 9 mm about
4% of the i 12%i s

refl ected, g%ggﬁ Ctdrm%ra %J?&E tpm%d}? l&él%%sor{)ﬁ%maq!ﬁ lmOnt he grid is
subst ant i aI[(PO}”ébs'@rCB‘ﬁ‘Wbogﬁﬁ?tF drmaydn adMappeepys t@%’ﬁé@’t%&aﬁﬁépafboftﬂ}&fe doped Si.

[001321 A @amfoaﬁmrdenermm@moémlﬁz &mg Dsbengxhgshﬁﬁaypnbﬁpwa@m&m as for a
pure Si s, .descr.ib tartjng nater conpri sing
oped Si O SERDF e s g spipgs e o PRSP Rb OB pHg i |

af fect t he abRibiBg|e.9 cessavsiegnh fhsarbing kiyd) of 80&BV] (e grsubivbadkinpb ndfectot t he

manuf act uri dopi ng may be introduced after manufacturing of
the grid, ggfﬁgagﬁé’%&lﬂﬁgn i npl antation or thermal diffusion. [00138] In
certain ent¥9#%ensi C‘dai“t’" naybesecosglithad bixppolying e etabepgdngtondie | east a part of

the Si manufactured Si grid and heating it to the silicidation temperature in a protective atmosphere.
{00140] In order to create a microlens array SPF, the thickness TH of the Si grid 102F may
be varied laterally. This may be done before or after manufacturing of the Si grid, e.g. by
micromachining or lithography. Alternatively, one of the etch processes in the manufacturing
of the grid may be modified such that the desired variation in thickness is obtained during
etching.
[00141] An embodiment can include creating a microlens array (for example as part of the
filter). For example, microlens array SPF may be created by laterally varying the doping
concentration in the Si grid. This produces so-called graded index (GRIN) lenses due to the
dependence of the refractive index on doping concentration as described above. The desired
variation in doping concentration may be accomplished for example by using a focused ion

beam, or by using uniform ion implantation in combination with a suitable mask.



grid into a suicide, for exanple MdSi 2, TiSi2 or ZrSi 2. Depending on the
optical properties of the suicide, the grid may remain substantially

t ranspar ewo 20®/034388 phase grating), or becone absorbi ngPCe/EP2009/006194
sub-wavel engt h absorbing grid) or refi4ective (e.g. sub-wavel ength
reflective grid) for unwanted radiation. [00139] Silicidation may be
acconpl i shed by applying a netal coating on the manufactured Si grid and
heating it to the silicidation tenperature in a protective atnosphere.

[00140] In order to create | ens _array. SPF, the thickn ss TH of the
Si grid 10&@1‘?& %%Ovéngﬁ%ﬂm}%a& @f"ﬁ?F’ff’“"ﬁ frans ?V%Becﬁfﬁlri’émﬁfé“ﬁt ®or after
manuf act ur ispegtrad burith 81tBS20@comprises a Glterlpyrt PO2ECORPring rpbllygnm; th Fildr@grt aphy.

Al ternati V%{)%’havm%cﬁurahtétof&)ﬁe?erﬂj?r[S)a(r:a esertbre }OQ?O s L F‘%g )H“ g of the grid

may be nodifie Shared’ Variatton 1not Kheds i s obtai ned
duri ng et chitiagolefradidtion pndAp supptserdianemissico @fthe srepnddepedf edigiiang a ni cr ol ens

array (for [@XW' %r@)@am%ﬂ:r i‘lgﬁ}fa & hlﬁstlfa{eL b ?d’eétral Elf?i'iy ﬁ%&@ﬁ%‘ﬁacc%ﬂc%vﬁﬁ‘s array SPF
may be created by | laterally varyi t he dopi ng concentration in the Si

grid. This2hfBRedinsat %&e@aqsqnéwvwlaﬂe eiSpraEat PYrEsRIig 2P&soawEsedge to t he

dependence feéstahiifs i 6F Vaé@uni- M?Stnlﬂé’lptﬁiﬁxﬂldggOﬁQﬂﬁﬁﬁHl{a%ﬁoh@EccﬁfpngﬁéCr i bed
above. The desi rgd variagtion in i ng.concentrati on ma e acconpl i shed

for exanpl & B G5FRGGUTES 08 VIR &Py %éeé‘t‘ﬁa' &f- PRRpendicpiagto ! |ﬁI“BF‘ﬁfaF"dn
i mpl ant at i @nﬂew’/ams Mﬁbllld’]ﬁtyhrﬁlﬂe wid inatacastpuitialnl @atedsith  A&d4dEr dgcording to

th filt th tral
puri Ty 118 Bo0kestgr t BEERE T viaopRe: BBzl RAshlsi EH Bol yi m de, t he
filter par terriberZﬁrelsuamorigW@ Pt tenpdratarys io bxdepro€ PG outgassiag adcbmés) apertures 204
to transm E;Ho d.llfab%}ic{ ‘?E"Eq nga{ljreg‘xllﬁf?er?}ﬁbigg?q{;a(g%n® {Ags lsmté%fﬁl% T?éansm sSi on

of the seco rexamnp illustrates
a spectral lsouplectycal lnbltlmr aﬁd)@Kamor@:gr@lrldmcrcﬁerevnretfhatﬂoncoamwdh memer of the

present i nyenkiiQhmatga er@Aechbr,a/f Hddlof00 comprises a freestanding
thin filmotf vacuum cor%f)ogt 7) 'such as Kapton(r))

conpri si ng [y rlggn G)‘T‘boép@m arm@@l IZUAWOF Bragplsgnokyba¢ram) pay kerappliedpn (|

per pendi CUlt@rofﬂ"@gttiJ’lﬁldfat]Edﬁ&ﬂl’aﬁfﬂﬁ&% tﬁéﬁk&\o@hd&ﬂ@@ﬁd Fl;h&axﬂal%mgd.eogrl d is at

| east artl oate a 208 0144 is the
trade ﬁarre ih'%BfSyl”Yﬁh&Ber?“ﬁSﬁﬁaﬂ& la i’;{‘rgl‘?‘é’”’ll HL&Q%SEIS%‘A % 3e éP%t ures up
to 2000C. Attout ¥mpevMatemedse thentogXr&HB&Sn@ﬁvalMﬁﬂﬁgnd)EﬂZ@aﬁk%mg: gdoidcones

appr eci abl &bﬁ%a rehk @B% "Efectlit P%rus fsy on‘&{?é%%%ty oﬁéﬁ,ﬁn E's(J starts

di sintegrating F'EIE is an el ctrlca I nsu or an apton(r) grid
i s theref 0F3§°1r5?ré agipnsyes shean &uFigiire k- Altbauglthe W@F‘@rélweéﬁda'tﬂhfb?ut With may  become

refl ecti vesf@iedtthi@pese E@éjlk@et llrlé:faial {b@&&élﬂfrate@ oftitaFIsRQts T aptoieet al | ayer

M for exanple nolybdenum ed on top of the gri d and at | east
partially GrS\Rﬁrfq‘}léy %"laﬂf’é’\ﬁélﬂl‘es’esﬁl‘t ‘Stel’i%ec Ff"d’e siler-exanmpl e, for a grid of

[00146] It may not be practical to apply a coating M that fully covers the sidewalls of a 10
um thick grid. Therefore, the coating M may be applied only partly down the sidewalls (as
shown in Figure 17b). For example, when the coating is applied on top of the grid and down
the first 2 pm along the sidewalls of the grid, our calculations indicate that the optical
behavior is essentially the same as in Figure 12.

[00147] Metals can be easily deposited on a grid, for example by evaporation or sputter
deposition. A preferred method to deposit the metal is ALD, described above.

[00148] Under specific conditions, the heat load on the grid may be such that is desirable
to seal off the Kapton® from the vacuum environment. This allows the Kapton® to be heated

to higher temperature and possibly even disintegrate without detrimental effect on the



10 mm t hi ckness, with apertures at a pitch of 4 mmand a wall thickness of
400 nm a layer of about 30 nm Mo covering the top and the sidewalls of the
grid 202Fvoeke3tise grid substantially reflective (~ 95%CTafrb@oiabd y) .
This is denonstrated by one-di nensi ondl GSol ver sinulations as shown in
Figure 12. Although the sinulations were carried out wwth Si rather than
Kapton(r) as a base material (because infrared optical constants for
Kapton(r) are not readily available), the result is expected to be simlar.
[00146] It nmay not be practical a coating Mthat fuIIy covers the
si dewal | s ofCU4mfendiipns: ﬁf‘?f%forﬁr'f‘df“‘%ﬁ’eﬁ'@f’%f“ém tf‘%‘é"*’é"&@t&”ﬁgs RrrEFYbe appli ed
only pal’t|)éod]|@1\1\ﬁlthtahﬁiat28la§iamﬂ| | s (as shown in Figure 17b). For exanpl e, when

the coatin on top of the i.d and down the first 2 al ong the
si dewal | s 3901?3; ﬁ “BE?P""&?“E?"&&*FA{]%PES’R@ in 3,epeied g 1 Acliberatrly dispsteeriEr: behavi or
is essenti E[d)rleyanﬁdlteby&ajrmmmorl Iprldﬁ'ltgusfeen th2lithpddAphe tobl. Wk radta cﬁa&uﬁghﬂtl&am |y
deposi ted Rl dﬁoggrtl gdr fanI;ltloean?‘m%e stron arroualpgkﬁ‘oésldgg\ec amcagutabla for%POgrSI tion. A

preferred net posi t Yhe ne SCri ove 80148]
Under s pecﬂ‘lhlsemb@ﬂmn! hf@l’d@ adyantggdibetthel gid dandis hedtral tgmineh highyr tepesaterhint hat i s

desirabl e tQ %Rl }@ftsomﬁo%%keyéfr&t Jnrtmamﬁ Rk envi ronment. This
all ows the Ka ton_Eqr‘I to be heated to higher tenperature and possibly even

di si nt egr at®1§{]t hbutrearethe tpaeit RritElfce KeptowP eandg aueiemackisetvith vsrrdhighTher ef or e,
ina furt h%Feci@Bstdrlgrﬁeﬁﬂtsed Kk irexSRRIRRL WhicHErhie a't %E@féﬁéﬂ%@w nmORied With a
metal |ayer, é‘l[ é4@g} got her enbodi nent pton(r) in a coated grid
i s del i ber 3t%IYAVHF hrff’?%’gq? faé‘cfdvaf’f??e%fﬁéfﬂlﬁ?@“ﬂ?r}E’éﬁsﬂlﬁﬁfhi%f’@'i’ BgAchigysdor to use
in the |it hothgwivelcngth soufdee Thehigh ereagtultngioRnghofohedifeati bikkae tHer om

car boni zat i n rovide ani cal ility for the
grid. This g%q‘%%‘% h§h g“@ﬁgly%d'qa#herlgatpf?c?ss ﬂg&%?gaﬁ%gﬁ%%gdbheat ed to nuch
hi gher t enpeiptiny pich rpsmlhenﬂharpho@ﬁ@pwean froturepivith picibally do beas effected et on t he

vacuum con %AZPK? Ka&&%@hmt@%o&{ a%?JrEIOB hﬁhé@ﬁ%&lé Iregn)lr{ rthé ]yenzt}a d&?&e&th Kapt on(r)

can be mcromachi ned w ver ﬁ precision using a exci nmer
| aser, whi Chtheshortgulgad (30 %\?@rﬁﬂw l*&fvelzzfslalhrﬁncer?ﬁc%p%dwow& ength may

of fer an adwnﬁlagﬁereifmdérlal kHelag 115 5Bd petdan BOprESselyi@rmtiMAtby CoHirollifg e hi eved by
| onger wavel en ﬁh ources. The high energy ultraviolet photons directly
break the %’P%g péfsesoonds hol di ng the polymer together in a process call ed
phot oabl at i[@m51] c offwdl déllihgd e hdles M:ﬂ(laﬁtbn@ @plidtd maskingsdranqdley wilet kheeder Cl ean

features Wb%a% M l;‘lé{?Sh Mastonp?n?‘rE%t ficpa er%?odbezn(lja{c] ne(d ma )b Aﬁ ﬁapt on(r) has quite

good absorption in regi on i on depth of the
short pul sexpe(iBOtal sot-up isehemptiqgh shavh ln Higuira, 8y i?hes‘n'alplmcll@pmexeagh pul se

removes oNnlgerdsy 8hites With ﬂorﬁ@)c'lﬁfersolfﬂ %ﬁﬁ h rmayﬂgogfc& H.) ANGa HERLA, can be

preci sely determ ned by control Iln%t e nunmbér of pul ses.
stage 154 (configured to hold the Kapton®).The laser beam is homogenized with a pair of

homogenizers 151 and directed towards the projection mask 152. Optionally, the
homogenized beam is about 20x20 mm?, and optionally the mask size used is only 10x10
mm?. Thus, only the central part of the homogenized beam is used for projection and a
homogenous illumination of the mask is guaranteed. The mask consists of 20 um diameter
holes at a pitch of 25 pm (wall thickness 5 pm). This pattern is imaged onto Kapton® with a
projection lens 153 with demagnification by a factor of 5, resulting in an array of holes of 4
um diameter with a wall thickness of 1 pm as shown in Figure 19. In the present set-up, an
area of 2x2 mm? can be processed in about 5 seconds. This is very fast compared to other
proposed grid manufacturing methods, such as lithography-based methods or patterned

crystal growth. A large area can be machined by stitching 2x2 mm? areas by moving the X-Y



[00151] For drilling 4 nmmholes in Kapton(r), a photo maski ng technol ogy
where the | aser beamillum nates a mask containing the pattern to be

machi ned wayolve3ussed. The experinmental set-up i s schenaPCTHPRISHEAMH N
Figure 18. The set-up includes an excléner | aser 150, optics with

honogeni zers 151, a mask 152, inmaging optics 153 and a translator stage 154
(configured to hold the Kapton(r)).The | aser beamis honogenized with a
pai r of honpgeni zers 151 and directed towards the projection mask 152.
Optionally, honogeni zed beam i s about 20x20 mM®, and optionally the
mask size &é'&g’“l‘%s%ﬁl hep ety of KrRIN® 'Bﬁ‘FLVf(tPﬂblesééJerngptg‘?'lapeéf’ t he

honogeni Zed'lebnelasmshé‘ghgﬁféd for projection and a honogenous il um nati on of

t he mask i tee nsi st.s o dla t s at a
e or ool ARbeeshe T R B & IR botice sl o in s TSl BhEE Kapron( 1)
wi t h a projheectbeanirillerarlikbBirtizily br depreghi Theeddre,ole daynsahcfuaxblieaém@/fed b, resulting

k Aol
hown 1 FrgariPand e PLERETR Rhe Bk i 1) S505RR 1D 1L

processed ivm Kdptou® f&l. §etmmd€al pﬁﬁmsg lt lsaWrdySIrhlalsto wsothipagrdall, foo exairipler  pr oposed
grid manuf Eiv\mr\lv lgﬁ&ﬁlé?e‘?éaugsa%ﬂblgsrhﬁs'rﬁag‘?&[:@ﬂhéfss E’&ﬁ?g’e}]gﬁﬁéﬂgg%&r patterned

crystal e areda can be machined by stit nm2 ar eas by
movi ng thebXICYSQOH'ﬁ'S'F%EYP%@‘@t‘C&g’é‘heWl‘éﬁm’fyhe t hi ckness of Kapton(r) i s equal

to or less 60'1‘53? 1RndMY ash&@ofttRdiBVenfidn rbiB@s BQN@Dglaphi d"ﬁ)\%}{htgd bhleasp&Q%Szi "
1 C se e

Processi ng, of oduces, debri
hol es t hat PRERRY '%é Hgﬁ%ﬁ?qvééesé%'?ﬁpf'g%dﬂ%‘?‘f% '}ﬂvﬁe;v/erﬁﬁ Qf%fﬁ%la%’(:‘élc%j/‘ a%? Er ef or e,
t he debri s islh@udedt th@eafenoved by a cl eaning step after | aser processing. The

hol e array 0%?94 AJ‘,SE &%@?dbajggﬁlg@;&?%@%gm%eg biLéngr MEHUK&%?HQ FL)PP§ gLy For

practi cal ses it S| se thi , for exanple 10
mm whi ch |S@r@bm@rr@|ba$l¢e§ EbYai $igiiificant amepny ofsegtteraddighttfropyihg infayediletsr i s, | ess

tapering antng siigdel £hoDIBANRL kbRt ot thANH Yotk &R SIRWRTin EibGe DO 1EhadtbdeRY - [ 00153]
Anot her aspect of the |nafnt| on rel {a)lt es to a lithogr thI C appar atus. This

aspect can pB’QOSE‘gWﬁPHéEPeW RrdhidteEio U Rl fE PEPresEL BRBEY however, the
present aspEess] caﬂ?braiasrplebehdnmdeg:)emdﬂmv sduhﬁﬁ @06 nm[H10/LS 44t tlASmlys ment i oned

above, r adlw%% d ggtg%%lﬁegq"ygxalk%% ldserS w1 %vﬂe S hF 1§ %l‘ﬁ?x)é)aslzi%?l/séﬁ Qurces

cont ai ns, besi an anmount sca | fromthe
infrared | ayévceuth@&w@m%lowlesena inthesg k. PP isrirgep. @xemmr@ afl reflgiopPRItsour ce i s

shown in F'oﬂtHfs%s&ﬁight'nstcoh@e%dfaﬁ@ﬂ?an%ﬁmﬂe SRRl LAPRRIEBhy s@%x‘nty fil ters
tolimt the propagation through the system [00155] For exanp

whe
usi ng LPP EU\S/‘%‘B Eaé’ée forjsgvegal FFﬁ?OEUf/‘rftB/ 5yt 'Stsﬁ'é*"Hﬁ ARV P%ﬁ@’?ﬁ“%‘?soduced
Typi cal | y andGaR thesismege qoalitymay beaetiaagd. Be@ﬁdli,ﬂun@ﬁﬁtﬂirrﬁmeﬁloh &smaacj/ tho produce

':, gfel Eg't/l gITSB EI gado ltl%[?l P&’@o&r&gﬁeeadsl‘tlglanv%z?'tjed% %mg % e rtngsksv(v:a é[rtar?c[ optlgs and
In order to bring unwanted radiation within specified limits, spectral purity filters (SPFs) are
being developed.

[00156] Most commonly transmissive filters are used, i.e. the EUV light is transmitted,
and the undesired wavelength (10.6 micron) is reflected or absorbed. A known approach is to
use a structured metal film, with small holes (see United States patent application publication
no. 2006/0146413). The light transmission will be small if the holes are significantly smaller
than the wavelength of light. If they are much larger than the wavelength then the
transmission will be proportional to the open area. Holes of for example 1 to 5 microns are

small enough to block 10.6 microns radiation, while being large enough to transmit EUV.

Instead of a 2D structure with holes, also a 1D wire-grid may be used. Such a grid reflects



of this laser light is collected and transmtted by the optics of the EUV
| it hography system This is undesirable for several reasons. Firstly,

resi st i swoensVudseé to out-of - band wavel engt hs, and t hugCri@2000m0@9gual ity
may be deteriorated. Secondly, unwant2®d radiation, especially the 10.6 mm
radi ation in LPP sources, |leads to unwanted heating of the mask, wafer and
optics. In order to bring unwanted radiation within specified limts,
spectral purity fiIters (SPFs) are being devel oped. [00156] Mbst commonly
transmsswe filt e. the EUW light is transmtted, and the
undesi red v&VEI"&R 6hpO ai'63"8“5r’nb‘8rb25ﬂ3‘“3t§’°PE‘f‘?‘BE’tS§%IJ°6‘ie in herpsseskeaniiguraipn
approach i sbothpolagieatiansshuf beatjadted metal film with small hol es (see Uni ted
States pat pp tion lic 006/ 014 4 3

transni ssi glﬂﬁlvs\nﬁl lHIb%‘@lver gl 7" er? © hage suht%l'eg{s]&é\r]éa"sfp'ss'f”fl iR '%‘Ffﬁf'iag'P’ than the
wavel engt h \sfy dregnd thq walls heyeearties holes tor thamgres of’ttlhamrefcmé) aaprefembiytvlryt hen t he
transm ssi q{arrml\i/heh%epﬁe@a@gd’rwagw nahgwtti;@nﬁa‘?&f'raﬁgt%ﬂwﬂmd ﬁéefﬁ:t:tnfeglr exarrpl e |
to 5 microns are small enough to block 10.6 m crons raélatlon | e being
| ar ge enougHPRESERBIRE: ?"q:_fwtm?t%t“e'é@ By 5230 structure with hoI es also a

1D wire- grl[d01581y tae a@sadfth&mman thd)lﬁlﬁrfok/@ﬂ{ts'ﬁﬂﬂéSYmOne of the
pol ari zat i 0[51@15 usi n uence in a crossed

confi gur ati'on ‘(got ﬁc q'égrt? 5%?‘1‘%@?63 ?‘lhg%gr?pglcélﬁ‘f s PR e gl er , in order
to have sufspired @nmnﬁld\ﬂ Henra g@wTa®S tanfigdrivkbto gtretat a fotariizesl rqmr&lf)eb@hl fleVery open,

and the wal doﬁnﬁb@tblé\ﬁx‘?ﬂk r{grﬁg dhg) l)rgﬂ.lcé 91{ ext[rF‘ﬁ Mrgv?(ﬁet%dlag I(;'ne ou uIE gf t {j %}tlog‘r e

preferably very narrow. ts are arrow e infrared
radi ati on WPHFe, Wbﬁfe‘b@eé’lﬁfeé@ﬂll“\?élplyt rg@xmrl@stswoemwe of thppplarlzed eamuct ur e

wll be Veratd étﬂéglloh@reﬂécﬁgloﬁgﬂlecﬁﬂe a8RAE Lir@iolbth&1idtBY, %Eﬂefﬂ@heacbﬁﬁgu;agoﬂ mprove | R
suppr essi on ccor to an enbogll ment, a |lithog ra(ghl C apparatus
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conpri ses: %S“le‘gf‘télﬂe’]rﬁ R eégg?fﬁﬁfﬁralpstiyﬁ’?g"o rigrd Rt gleherokarizsd adi#ion gur ed t o
gener at e a ppalias rezrective pihadfiieiletieam t he pol ari zed beam bel ng used to

produce an %k(‘]enﬁl alﬂl ﬁB@delé?l Gha g?eci)é%[ ldgncegythfp%dltatlon 1rt1 r11aeentr 13 re iy Source,

\/\herelnthe extrene ultravi gl et Ion ou cont al'ns & arrtrof t he
pol ari zed Dewflerdbng 26 degresaand lasgrs theef degrgeofor @X@mpleiri thetangefpd 0 ém Heme

ul travi ol etdegradi @t empnevxleﬁerceénrbfmem&wwb &Heqnnér%armqlad& Bateat he reflector
at | east recejves, e polarized part of the polarized radiation part,

ina respec?ﬁz\?é"‘&d&'?‘fgc%’fiplf’?fc:| dence. [00160] In an enbodi ment, an angl e of
i nci dence d016He Desitaldy,itt@rappantisdehidecaplirhléty bieﬁuheeﬁromw path (Sﬂi}i3:|e|xﬁé’met han 20

degr ees an%ltla@l'egﬂra?lstnﬁ?th%ﬁ) e %Elar&g 8{teﬁ§m% genél')re st uhrcee ang% Sl(J)ostraQe 5 to 10

degrees. For exanple I on the"mTFfror can be
under or netge Wlah th%j C%ﬁ@ﬂt?éﬁé@uébr@dkﬁ whegal Ofmwmyormsamamdfo t he

appar at us irgeivelpl8pe foldlzbld gk i¥an®f of MfaFeRNiightithht IbAEbeRAhdiRd aiolﬂg wikineeme
EUV radiation beam (projection beam).
[00162]  In an embodiment, the reflector can be part of an illumination system configured
to condition the radiation into a beam of radiation.
[00163]  In an embodiment, the reflector can be part of a projection system configured to
project a patterned beam of radiation onto a target material.
[00164] In an embodiment, the beam generator is a laser, for example configured to
generate infrared radiation (for example having a wavelength above 1 micron, or example
about 10 microns). As an example, the laser is a CO; laser, The laser itself can be configured
to generate a polarized beam. Alternatively, a polarizer can be applied to polarize laser light.
In a preferred embodiment, the polarized beam (provided by the beam generator) is mainly of
the p-type polarization. In a preferred embodiment, the polarized beam consists of p-type

polarized (infrared) radiation.



ultraviolet radiation (the path particularly extending between the source
SO and a substrate stage WI). In that case, advantageously, at |east

several oOVORAEEBS4385rrors are arranged to recei ve p-typePpdiERRI2BGIpArts (i f
any) of infrared light that may be tr¥@nsmtted along with the EUV radi ation
beam (projection beanm). [00162] In an enbodi ment, the reflector can be part
of an illum nation systemconfigured to condition the radiation into a beam
of radiation. [00163] In an enbodinent, the reflector can be part of a

proj ection shen:canfi t ect 4o erned beam d| atl on onto
a target @eirl]al o0 A{hefad'aporp st e higdiglon Sou“éenué'rnﬁf ™'s a laser,

for exanpl & hednﬁnagw@dcmae@ymameapﬂmzacﬂ lagkr beai a8 pl@ma(ﬂldrth@%drfwl e having a
wavel engt h @mn&umg@r%,ﬂg o@més%féam%ne Memn 'O09) o Jbﬁ.r&nnge%anpl e, the

| aser is a | aser | aser 1tself can be con gure enerate a
pol ari zed WeARiarizedfaseribsar %té|syeaﬂaof|sél|"&?'ieg§rorwﬁr@@maﬁm plesnatfeeDp®r ari ze | aser
light. In axm;ﬁa‘mgaeérIarvmwmmumrtghﬁs.m@kmslrmalobeamxﬁrm@ﬂuded by the beam

t t ferred enbodi nent,
Phe ol ar 1 Zirumy tesAlself Sedia NGB iy sl priabbyy Tous e
radi ati on. [r@gidi6bintofadrearexanpl e, the radi ati on may be produced in the

radi ation §gyge m,n&,dmeﬁmzesmgtag o BUR AT P gxegﬁéh?ggpnﬁxatm%hect' ng a

pol ari zed lI'aser beam at a plasma udi ng or
consi sting tf@fsoggﬁ&(?)ctpé@p@ps tamsmstoalﬂf@atrmfraéﬁdlredlat@eﬂ’gougb the)ithographiyy di r ecti ng

a the pol arsj/sZeﬂd Irl tﬁa'i@ise Q@ﬁx@b@tth@poﬂr&ﬁ@ﬁrhﬁlg oﬁth@fdietv ARhSoBaSis HleckdBQh (acting

as a plas anm as or vapor . The resulting plasna
enits radlmi\faf '3?1“ "F‘B}Ss‘%ﬂ(‘ﬁﬁ)rfﬁﬁ?’é'gﬁwo?ggd'?eéﬁ/?t%‘Sr'ﬁi?mbzé -PHIPEY S using a
col | ect or, apgticaion b€t Vas ohehxeﬂe‘caﬁitoa’eﬂldafreaﬁdlvéfa’yreﬁeGltlﬁvﬂ)lhﬁ'ad’lzﬂldh ation into a

b.eam [ 0012\9111]5& %j{eﬁ?cmm c')"fttllmeleploé% ed m rare trf?‘or'laglon dueggltsa'rdlazrlgyél on of infrared

| ight (emanatin press tra i on of that
infrared rdiQﬁléﬂll olfpfte*ﬁ"tvlﬁghc@hleset iowmfgﬁlapiﬁw@rsymrelmp spyrce im agarlg alsieys

desirably, pBle@ze@Q'J@E)!p@@édt%to%tI%@e)@é‘nt tthh%ollaﬁz%ﬁ(gn it PhahRfhed S Ecgtténﬁ pel ected
such that the transm ssion of laser |light through the sy stemls m ni m zed,

parti cul ar F§egfjog ﬁb‘ﬁ‘F‘T‘E'&Pf%‘ﬁ’“&ﬂ’etst‘ﬂg‘eé?“r‘feéa%i“bifﬁ\ée"F '@f]‘fcélﬁ'tS(?P Rli5ctPef | ect
respect i ve aeXdtliee Airrom fhltlﬁ\!ntmjgreﬁhldmiaram)on (Whl I st suppressing reflection of

t he pol ari nfgared radi ati e to o). ar i 0167] For exanpl e,
a CO2 Iasef[(ﬁ)(ii d]cr'géa(fhem?tﬁ e rdi Sem?‘ﬁ? og i aratus a&I% Pl &U? %é}’feéehnaé%ec‘%/ al way's

pol ari zed. shawnjisFigyprelty. @8- PeShamertU@n@i abtmege tf@meem ermpdignepiotharddiatien on i s
mai nt ai ned s@f 80 rﬁa@%wsw%sén @édnﬁglrredqafgénfeﬁre a%amh%dﬂaimmaﬂr@pl ets in the

source and subsequent refl ections on collector and other mrrors in the
| i t hogr aphie¥mRfspalasized dnfrared srdingan)- The rabarigsrbhier® &9 pesd rprofurciie 1emf appar at us

accor di ng tulratibiet rpdiRBL BlitplASFRAGF sdufce SO. The extreme ultraviolet radiation output
contains a part of the polarized beam.
[00169]  As follows from Figure 2A, the apparatus contains a plurality of reflectors 13, 14,
16, 18, 20, to transmit the EUV radiation towards substrates W. Preferably, at least one of
these reflectors 13, 14, 16, 18, 20 (more preferably at least several of the reflectors) reflect
the extreme ultraviolet radiation, wherein the configuration is such that the reflector at least
receives a p-type polarized part of the polarized radiation part, in a respective plane of
incidence.
{00170] In an embodiment, the infrared radiation of the laser 130 is reflected or scattered
from the same droplet 124 that generates the EUV. The infrared rays may (then) follow the
same path as the EUV emission shown in Figure 2A.
[00171] It has been found that the amount of infrared reflection on the mirrors 13, 14, 16,

18, 20, and hence the amount of infra-red propagating further into the system, depends on the



shown in Figures 2A, 2B. As is nentioned above, in the present enbodi nent,
the radiation source SO may conprise a |laser 130 configured to generate a
pol ari zedwopaditaBiisa beam for exanpl e pol arized i nfrar e®CTaRR@VI006194 The

pol ari zed beam 130 is used to producedthe extrenme ultraviolet radiation

out put 132a of source SO The extrenme ultraviolet radiation output contains
a part of the polarized beam [00169] As follows from Figure 2A, the
apparatus contains a plurality of reflectors 13 14 16, 18, 20, to

transmt t ds su | east one
of these r g?llaﬁzlgvon s‘?q %Ehaﬁrﬁﬂecg fBeXp‘ﬁ: %%hr?rlgtr %polanz tlongtg € wa'lilyé/t’r)éliag% several of
the refl ecte@tle@)marrm‘iﬂeéeﬂertrdibct@x,tthlemomtd!lcdahm o Iw!aruzzeudn state atrihe sydntbigei N t he

confi gur at iga. ks §l'éﬁ£tx$mfthet|£§r reflector at |east receives a p-type
pol ari zed part ofp pol ari zedI radi ati on part, in a respective plane of

i nci dence. f‘ﬁM?Of‘“ Ffﬁb"gﬁn“‘éhﬁlfé‘m%ﬁﬁ asPEqh Bropetey liteagraphiipahtaningthichhe | aser
é:a(\)/ i ? hr ef |tl&CﬂoQﬁéa@6n ﬁﬁa&ftueen?slnfgér@ﬁ%& hljli) .§mlﬂa@l&h&hmlﬁﬂmhmfﬁmg§3§/ﬁ ates the

e infrared. rays may. (t ow the sane path as the en ssi on
shown in Fi 'ai[i‘Feg r%’lﬁ‘“o{ Eff?%lt]‘ T’?Sﬁl%g ’\gt &Wﬁa%“p PHRAIDRBUFIODf i nfrared
refl ecti on ser nadeprhd (Frahsoribﬁtatloblbfth]:Gptxcﬁl&,len%ﬁt,s irethgllithaprapiy tobleass anount  of

infra-red %Es%ﬁ%?ft‘h@%ﬂ&%% her into the system depends on thepolarization
state at that ectlon is expected that the polarization state will
be to a Iaﬂ@i’é”éxt%ﬁﬁtexwenmeﬁlwe@r“am BYV bedn @xhich oy centtdissoms ofbait rol | ed by t he

pol ari zat i GifrafchdMdfutiad parth8 oftlly AEAcRPwWRRh e plahd\F RAU-ANihZat i on of the |aser
130. [00172‘1?1An e&bodl ment of theagresent aspect proposes a I|thography

appar at us it cHheRys samarn Higgre i agpalprzed putiohthe plaskt B8 st 130 i s
optim zed sulatizedy, thay aras- ﬁdlmzmm'aiﬂy)mﬂéctl&f whértdsargdhdt agh-flarigdd ot daches the

k bl d d
mask table (l)vnr-ce rema\A@s &po{aﬂzela I% an emli)o p Ehqu{ect%n c?]eff'uileni %)65 P%Ebr%g %;gy epen

on the oriéntatio CHents Tt
descri bed |lSr10‘tV¢1éhaf1 dielrdigitiog Coe[fﬁr@ell7®}s Pojarizedlaghp [Tes reflevtibh ofipr@laiZedt he EUV beam

(whi ch may vgmret@mmseszmplpéantbbeera mftﬂeasa%glea aﬁlaeagt&r%g&amsz torSmffllayedef | ect ed
wi thin the plane of the draw ng. [00174] the rays shown in Figure 2A are

pol ari zed Slh‘imrb‘foaieﬁé““bf"h"’rﬁ‘é‘r%ﬂe“f‘}’ié“é’ﬂéF}’EéeﬂS@"(‘ Spsdiiciint S @cpplarigaddightdy e
s-pol ari Ze(lbv&ttha\/tﬁéi}éﬂé(ﬁf}ﬁﬁﬁfﬂcﬁﬁtof\i\/ﬁﬁﬁrﬁa&h@tI’ay t hat |s p- pol ari zed at the
source re pﬂ?, ari z | ection oeff|C|ent

for p-polari ze eap'i)m? Sb(\iﬁé'rrabs' h& a%eoe?l?ngcetﬁgg' A Y or
S- poI ari zedive)i Igﬁtat Cail"iheven ehalediffirengesgf rqﬂecpl@h eqeffreedt oan BaVbla&eI i ght for exanple

can be zer Qor@équ&ﬂ@s fﬁﬂer&@}lﬂ: |1tqge gft&lviﬁe{t ﬁéht fr@ﬂgh?polﬁtz@@l’asefr Q'fl] ;gwa&dte | ayer
mrrors coated wth an anti -refl ection coating t ' ection coefficient

of p- pol ar MPEHUIRGHEC PEIPERSIN iEhd fFortie- Roéaf‘Ff‘é‘d%sFro‘ﬁo’@B@Fq"F%‘i“é'H% of

s- pol ari zeditdatighip-polarized laser beam is preferred. In practice the beam may have some width out
of the plane as well, but this is only a limited effect, as most of the light propagates close to
the plane.

[00176] An embodiment includes one or more mirrors reflecting the whole beam out of the
plane of the drawing of Figure 2A. At such reflections, the plane of the drawing no longer
coincides with the plane of incidence. At such a reflection out of the drawing’s plane, light
that is polarized out of that plane is actually polarized in the plane of incidence, and hence in
that sense p-polarized.

[00177] In an aspect of the invention, a laser beam 128 with proper polarization direction
can be obtained in several ways.

[00178]  An embodiment includes application of a laser 130 with the right polarization

direction (for example p-type polarization).



[00175] In the apparatus, desirably, use is nade of many reflections (for
exanple at least five). In that case, even small differences in reflection
coef fici aNOD 20003389 | ar ge consequences. Therefore, it PSTEPR@OMNEHI4 hat
light froman s-polarized |aser will 3ropagate nuch further into the system
than light froma p-polarized | aser 130, and hence in this situation a

p- pol ari zed | aser beamis preferred. In practice the beam nay have sone

wi dth out of the plane as well, but this is only a limted effect, as nost

of the |i ates cl os 017 n enmbqQ i ncl udes
one o oo dbaiPd P RHEh G gent ‘u“ﬁlj‘;ef e lh & ikl oot eH"ée’dl’gﬁ’g"%&f" t he
draw ng of tlF:rggﬁt@laﬁﬁat;oﬁ\ﬂnresmfdre)fahmat p-omps poldrhzétiop). ane of the drawi ng no

| onger coi S flectlon out of
t he draw nSGd g‘& a)t‘%llégrn?c’dhﬁetnp'% ﬂn(% Qgsnh ?Jégfﬁ)ggg m(ﬁ% posr 'Zfrft tpoa 'ane is actual l y
pol ari zed |UnP0ﬂ41i@equSahl@amﬁm¢ther'@lémeleﬂzamm hence in that sense p-pol ari zed.

[ 00177] I'n [ﬁﬁSﬁS PREL etﬂl@odtnlﬂa%t 1haﬁ((§9£ﬂpﬂ&ﬂo@of{oﬂ@&rm&@%tlg&emrwﬁe&fvgper
pol ari zation direction can be obtained in several ways. [00178

enbodi nment PP3E [EHEss: QEYIPte thapplarizatian, 5‘°Ird§§@Pbtfg‘éhe\/ﬁgt‘ﬁy?eri@‘af'ileﬁﬁ‘tserpoI arl zation
di rection (k. exarrpl e p-type pol ari zati on) (00179) An enbodi nent i ncl udes

applicatio ph rotation of the to obtain_.the right
pol ari zat i Enqézl]r e%:‘ |p66n rfefi SPARAUGASTEC9n ﬂS Sﬁoeftﬁ‘ff)%"éf’?e oﬁ}mre[o(ﬁdqeéﬁ‘f An

enbodi nment thahwinindes tl&p@hllmuntoﬁln&iremen@k MyperevafroMatlicoes hatingkgsalar i ze an
unpol ar i zed,ha36sn (%ﬁt@ste@ttemt BRind b9tiaeRRY G diARE hidBes ds fﬁgtt 2A); @ enbodi ment

i ncludes application of one or nore transm ssive or ct1ve phase
retarders, °hothterakesd-RolEzasier e 3 Paipiity Af the mirtsrsd ar latgsa@wtl%ﬁr af miFersis ght t ype

po: ar i zgdf lpasle (h&@mare[r@@e];&gt]s ot ta,ethpblaﬁegrtneeatem{ ﬁildeiélbd)lﬁﬂaﬂinroﬁl@{e' on nay ]lge
sel ected fromone o one zes the total amount o
infrared ol WAIWTNR equ eg[P V{}' F‘Wé’"t?ﬁ ﬁgfteﬂgﬂ{fé’"%thffm%frpf zation (with
respect t o pbladzapbremmehedirstiARCioatehmajor(@nargllthe dnb ehatrhakep-goldragtionion Fegur e 2A) ;

the one that £SinBaded Aldogdtion on a majority of the mrrors / as large a
nunber of %Srtga%sgslgs ossf{)f(% (if there are reflections out of the plane);

t he one t hé‘t"l??éke%wﬂlf’ﬁﬁ@ﬁhatr‘l’ it YR LOMNITTE mRY fe& topnnieflpeiveontied clemEnti nate | R
at the begmttmdmgr@récttvttg;e&mst@mmtetmci mectm@.tmﬁgakes ppol ari zation on the

first AR C?‘ﬁ’ %i n1_ {S)s ttV e one t atﬂl ol arization on the
First oras YR nolBATETH i FF Y bG8 Pope DR TR THE
cont ext, " migrazb indidgycer Bfeeford, dn aamyfenreelfehtbcdnmme, tieolagiadtioe bfaheelader isi ncl udi ng
reflective s Bt trhglnfrglléé iaﬁ%ticjni ié &gsrﬂ? p-eyagri{egfolt ﬁ)(e\tﬁt'sYEraglI;galm:lﬁ'cgée mirror.

Figure 20 shows the reflectivity for p- and s-polarized radiation on a grazing-incidence Mo

mirror. While Rs is close to 100% for all grazing angles, Rp is substantially lower, with a

minimum reflectivity of only 63% at 1° grazing angle. Over a typical range of incidence

angles, the average reflectivity for p-polarized radiation will be around 80-90%. Thus, the

amount of IR radiation can be reduced by typically 10-20% by merely optimizing the

polarization, which is generally straightforward and does not lead to any EUV losses.

[00185] The example above describes the effect of only one mirror. If the radiation is p-

polarized for multiple grazing-incidence mirrors, the IR suppression will be enhanced

accordingly. Moreover, the use of an anti-reflection coating on a grazing-incidence mirror

greatly decreases the reflectivity for p-polarization at grazing angles and thus further

enhances the effect of optimizing the laser beam polarization. This is illustrated in Figure 21,

showing a reflectivity of a mirror with an antireflective (AR) coating at 10.6 um for p-

polarization (Rp) and s-polarization (Rs).



[00184] The difference in reflectivity between p- and s-polarized light is
nost pronounced at grazing incidence. Therefore, in a preferred enbodi nent,
t he pol arw@apion34iss t he | aser is such that the infraredPCRdiP200ON6IPE NOSt |y
p- pol ari zed on the first grazing-inciddence mrror. Figure 20 shows the
reflectivity for p- and s-polarized radiation on a grazing-incidence M
mrror. Wiile Rs is close to 100% for all grazing angles, Rp is
substantially lower, with a m' nimumreflectivity of only 63%at 1 grazing
angl e. Over ypi rang incid nce angl es, the average reflectivity
for p-pol arfa éﬁ‘?oa%'i %fﬁm(em "eferepee Ay s ARIBH M0SE ortfese of WRosRBnt of | R
radi ati on cpgardns in e adachye dfy(ps ﬁa}kolum bl:@n&&%nbyxanw Iethqgr@pfblaﬁﬁa?atuag t he

pol ari zat i bch. is gener t ad to any
BV osaes Bl RgEr i ERER whighod A R i ol PERp oSy one
mrror. If Srmsrmamelamdm@tlgmﬁms ferdaghgic dnmiib mpinerieys far-pangh displaydence
mrrors, t hlawh Bcr?slthtpglsﬁ%'(l%bs\ﬁ\‘tﬂ\ h ﬁnﬁmgmmgéjs él&?t%&lhd“&'a}é recl:Yanetﬂé{er the use
of an anti-reflection coating on a grazing-incidence m o greatly

decr eases th#e ?@f%’é{fﬁ%at‘vﬂaﬁ'mapphi?amﬂnzaﬁteuoéjweéwmgwﬁzﬁ "dzf bires and t hus
further enma.p@esontlb@e@isfsﬁﬁhyrmus @Rk thmrerggnér&&nhﬁawstrh@amt&@&arI zation. This
is illustrated in Fi areflecﬁglwt or with an

ant i ref | ecfPV&" (ARFS SIé(ﬁ}ﬁQUbé?atﬁ%Mfeg FAnhesin may f’Bﬁpf bB%re(‘FQﬁg‘ "and

s-pol ari zatex;msur( Rsfor ()@ﬁlibl%}raokl(a toolrtd typipeltyl dpplies i &y erof resiet torayubkreatdsrade in this
text to th f [e of IGCs, it
shoul d be E?\dé%rgg?%é ﬁ) r@ﬁJP)‘ ?mgﬁﬁ%ﬁg&lﬂ?ﬂgogﬁ%grgggﬁg%3g§{,:hlrél bed herein may
have ot her 2pigttle e fitﬁﬁgsureéﬁr@m napy Wh@“ﬁfgﬁaﬁcé@ﬂmt@ré\fbstrw wegessingdootspt i cal

systens, 9%@&%9@& sﬁﬂldatg%hﬁ@ﬂr&@ss&ﬁ%&@ﬂﬁ§ onfc@rforr@ fn%rdépﬁ%}egtegem)r i es,
flat- panel stal ([ij_llslas thlnfllmmagnetlc

heads, etc™ ?tt %ﬂﬁ@swhﬁ@h% b agp i e alse f?éefaoc?rwwte&at adrgedy

al ternati veormpmlmmtaﬂdmmssecanayemse of the term"wafer" or. "d| e" herein may
be consi derg S "
"target p0|1 i 0 %%%ﬁ?#i%ﬁwéﬁ%%ﬁ%egg%tﬁ gl?gs?vgf"é) ]?né' H St lrlorLderenaty be
processed, bb@mﬂc@te@)Fhataflqdefrca@(lpmsnb@ﬂaqeFPtﬁ@wrese%amht@nas @qsqrbkd ‘éfahovbol t hat

typically aaﬁh;ngﬁoatﬂe@y&,eoﬂheaﬁﬁlgs%tto&t@elawsubstrate and devel ops the exposed
or an inspection tool. Were applicable, the

resist), t 00

di scl osure [qr‘ﬁésél nt k/beﬁépr%\‘ba&fdlﬂéaﬂe'f‘?f’dgﬁe ob the nyentigr may prisr PNy B essi ng

t ool s. Fur bhewY sduhe, istitiBigtat @t hajediea ﬂ]ﬁ@@@éﬁﬁmcﬂmﬂil&ﬁahaﬂccﬂDBE for exanple

in order t £ the term.substrate used herein
may al so rg unge? t% {) 13& §€géé{c£daélg¥]? ﬁoutm%é%l?lgséf rf/:%c%% Arns. errrnl? |m|8 te‘;ﬂ{cl)‘r ocessed

| ayers. [ 0Om@w¥pn PRebaragisklaphi Juserso suppiees rediasion frommdaset sbwcdehich typisallvat i ve, not

Limting. ToM$parl I a $RQ plddude@ pRPRY Bt Rl ista@hse B of i Ak sRRS oy be made to
the present invention as described w thout departing fromthe scope of the

cl ai ng set onbtattts sﬁéqnaw radiation arising from the laser.
[00189] The spectral purity filter may be located practically anywhere in the radiation

path. In an embodiment, the spectral purity filter is located in a region that receives EUV-
containing radiation from the EUV radiation source and delivers the EUV radiation to a
suitable downstream EUYV radiation optical system, wherein the radiation from the EUV
radiation source is arranged to pass through the spectral purity filter prior to entering the
optical system. In an embodiment, the spectral purity filter is in the EUV radiation source. In
an embodiment, the spectral purity filter is in the EUV lithographic apparatus, such as in the
illumination system or in the projection system. In an embodiment, the spectral purity filter is
located in a radiation path after the plasma but before the collector.

[00190]  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



[00188] It will be appreciated that enbodi nents of the invention may be
used for any type of EUV source, including but not limted to a discharge
pr oduced Wwhaste3sissr ce (DPP source), or a | aser produce@CplER2i0e/08@04 ce (LPP
source). However, an enbodi nent of th® invention nay be particularly suited
to suppress radiation froma |aser source, which typically forns part of a
| aser produced plasma source. This is because such a plasna source often
out put s secondary radi ation arising fromthe |aser. [00189] The spectral
purity fllter ocated practically an ere.in the radiation path. In
P erboct il VeRhe T e SR R Pyt BF SPEPE SRt oo SRR B ¢ hiat

recei ves Emmmaamngs maclinmt:d o pidadithdglaphyEUMmpeatiligiog@phyaaopog@pland del i ver s
the EUV ra radi t|o 0 |caI system
wherein thgﬁ ?%Ag?ﬂg![n S ?ig#rlﬁegﬁlasﬁ%@%e% {jgl?%uﬁggf)euﬁ%t poéra OKPIEI jed to pass

t hr ough th@at?ﬂé'@&qealpelpwbetpyeSffedI"tt@ﬁrlamfpbnesﬁtteupemd@ihngubsthaée\dpyrqugfai system In
an embodi Metresist RRuePECAphRHng Ridkttombgrleti¢ faBtidnSheal) plefire BMVconfdfiafidnl ON sour ce.

In an enbodi ment, the spectral purrty filter is in the EUV Ilthographlc

appar at us, "€ffeh E\%Pai“ﬁ"t"ﬁée"“ieI‘Stm‘?"ﬁ%lf"ft@ﬁth§SF§'fté‘?ﬁV'6$aP?Fe'E“H%“ﬁ?QSJT'@d?SiS n system
In an enboahdmﬂt t he spectral purlty filter is located in a radiation path
after the ut. bef or.e. the ct 00190 thou h specific

ref erence Eﬂﬁéﬂzv@] A RAFT, eafno ufeaeherﬁi[s"gm@pp ﬁ@lé ts of the

i nvention |ehcttdn@g1®0ntaémtlonoﬁ1clgqbng wmvndlfn(lm)gmaghy (e.gd. ha\«mglalwabdergpmfeci ated
thatthe i nyefi0ps ¥BY 20€ 1456k arriz@m)e& réspap,h'eﬁﬁewe%namfnecet%wmtsn' mpri nt

l'i t hography, and wher'e the cont ext al i's not t'o optical

| i t hogr aphy&& havinerAsravelengt in Hisganapofs- %9 RS el pHRarticls bsasasuckasiphg devi ce

defi nes theepalt gedrofbRt.ed on a substrate. The t opography of the

patterning jce_may he pressed into e resist su Iledtothe
substrate Jﬁzgiéupglf?t%ﬁ‘e%f’gswg coé’fff‘teagloﬁiz)(‘? eg?mrﬂj'yéf %f?’g ARehi ¢

radi ati on, virems t;ypq:sroésmnmrleoronsonaltscomudlngtelfrmmve Ine‘reem{e magheicpat t er ni ng devi ce
i's noved ogfectgtn%@gcgng%leggos g dngagc(qn&ﬁ kern init after the resist is

cured. [0019 4 terns I ation "beam’ used herein enconpass all
types of ell®d 3r1on’é(@i’ff‘e%PP%ﬁcr"at!’P@t“F'ﬁhOftb%?SEmF"rYg"t\QP havabeesdeseriffedighove.adi at i on

(e.g. havi rtgh@ud/&\aséraﬂwédhha@fhegfesemq%n&ﬁﬁay b%%x@ct103&§ther3¢%3tharl§7 or 126 nm,
X-ray and gxtregté: uItra] Lole éE r adi t i O feg havi n? a wavel ength in
the range 8FCE90 OhRFPRINSRFFN AN CHiop may fake e fonR of TRERUEPPHHA" beans or

el ectron bemr)mgcﬁeiz%qtrequeent:eromnédhenséadameestmctldnethmret@xctutaalleItcows may
refer to a@%Fé)ﬂ]ea{)Barrat&QHp%‘rf&ﬁﬁhﬂthhQJ asRELOH B KRS o o GBI Elum@EPONENt S,

including refractive ective gnetic, €lectronma
el ect r ost af§RCHPHCHE MR PREARIFOS 0pt{cﬁ@z§923]avwwqcba sprensief pregramottinent s of the

present inwRptd on have been descri bed above,



it should be appreciated that the present invention nmay be practiced

ot herwi se than as described. For exanple, the present invention nay take

t he for mD 28106084388t er program cont ai ni ng one or nore s@GUARCES/006194

machi ne-readabl e instructions that ar¥ executable to cause an apparatus to
performa nethod as di scl osed above, or a data storage nmedium (e.g.

sem conduct or nenory, nmagnetic or optical disk) having such a conputer
program stored therein. WHAT IS CLAIMED |IS: 1. A transm ssive spectral
purity f"RﬁHA? él dlto transmt extreme ultraviolet radiation, the
spectr al urrtyﬁgggggki%énpr|5|ng a filter part having a plurality of
apertures configured to transmt extrene ultraviolet radiation and to
suppr ess t ansm 55i SlQJsp@ctaﬁpqp@%mﬁﬁ@,fwd ﬁgan%ltgﬂfemwﬂﬁ,ragw each aperture
has been manuf acture an anisotropic etc roces The filter
accor di ng F@'%Pfaﬁhﬁsl&ecrfﬁmemtéiﬁhera‘omlmsélkﬂé'étsr paft h%‘mg afplyraligy ofigpgrturess sal | er

than 20 mMmcondigurt®® tifahslnxlﬁé’xtrmmm rddfti&d Al 0 ﬁppr%ﬁﬁ&hﬂs:% seRfture is
defined by a t xéured dewal|. 4. The filter accor to claim1, wherein

the filter YP5Pt™ %"%e‘f’@&"f’bﬁc'f *IPBWF%P?@ b‘?ﬁ“ "I‘?BE‘féCtHFd bya?“s"é'ﬁﬁq@e‘ﬁdi%'t‘%r part, a
crystal |l i neros&ri conduct or part, a doped sem conductor part, a coated

sem conduct or part, and an at |least partly nodified sem conductor part. 5.
The spectral purity filter according to claim1l, wherein the apertures have
a period of. i n Thadilteranepedingfto glbiout, wBeraimatitackatse of th&filfeparGs snielierthams2di ssi ve
spectral puypity filter, the spectral purity filter conprising a filter part
conpri sing polyimde, the filter part having a plurality of apertures
configured to transmt extrenme ultraviolet radiation and to suppress
transm ssi gn ofTha fik@Geddelilgtp elaiaf |, vhettiatich Bpertire isTM@n&INY Glidx@ireqour i ty filter
accordi ng £Q..C llalmG wherein the apertures are each defined by a sidewall,
wherein a fetal reflective layer is disposed on a top surface of the
filter part and at | east a portion of each sidewall. 8. A lithographic

apparat us GOMDriainNiFacdbrdAdh Bk ROUR 4R FRANH AL RnBBRSE Abe ofadi atfon

conprising extreme ultraviol et radiation; 'um nation configured
condi tion ?H@“W&GW§¥PEHaFﬁFB”%?E@&WF@FmF&Hﬁa?ﬂ@ﬁs%mgmﬁﬁﬁvpmbéﬁﬁmﬁured to

support a patitdaaividd gart end 4 et ledshigirRahddicaisabcaiavdd parbel ng configured to
pattern the beam of radiation; a projection systemconfigured to project a

patterned beam of radiation onto a target
5. The spectral purity filter according to claim 1, wherein the apertures have a period of

in the range of about 3 pm to about 6 pm.

6. A transmissive spectral purity filter, the spectral purity filter comprising a filter part
comprising polyimide, the filter part having a plurality of apertures configured to transmit

extreme ultraviolet radiation and to suppress transmission of a second type of radiation.

7. The spectral purity filter according to claim 6, wherein the apertures are each defined
by a sidewall, wherein a metal or reflective layer is disposed on a top surface of the filter part

and at least a portion of each sidewall.

8. A lithographic apparatus comprising:
a radiation source configured to generate radiation comprising extreme ultraviolet
radiation;

a illumination configured to condition the radiation into a beam of radiation;



material; and a transm ssive spectral purity filter according to claim1 or
claim6. 9. A nethod for manufacturing a transm ssive spectral purity
filter cowmbizguvosaBsso transmt extreme ultraviol et radi afcomp2anmoémnes hod
conprising: etching a plurality of ap®rtures in a substrate using an

ani sotropi c etching process. 10. The nethod according to claim9, wherein
the etching creates textured sidewalls that define the apertures. 11. The
met hod according to claim9, further conprising depositing a netal or
reflective | ayer on tOEﬁOf t he substrate and depositin%ﬁthe,netal or

reflective | ayet S BIPHP" RYEd {0 SPRRELAPAtT RIS It AR RIng deyice §41%8 et hod
accordi ng tconfigud m fiterfi the béwdr of ca@imaon;si ng: provi di ng a sem conduct or

substrate havin t | re . i.ng, the.ani sotropi.c etching
rocese o ot chiPRrnR e e R R R PR S e per o s
reach the émagnalkandp | ayer. 13. The nethod according to claim12, further

conpri sing r endykdnitdiR sFécﬁm S B rAY&Fdidf 1 Bhinl PN IcREm FRNUT act ured the
apertures in the substrate. f4. The net hod according to claim12 or 13,

wherein the etch stop layer is provided within the sem conductor substrate,
spaced- apamt f romethv®fod ih@ifachiibsd frabRisSw shaafpuritk Fuerdonmiuhagh f or

manuf act uring a transm ssive s ectthr al \Rﬁ”l ty filter, the nethod conprising:

m cromachi HERG S BTG IleYsuﬁé At ST H "R 1"Her to create a plurality of

apertures, wheraihmgalphiraiitcefepaiofes imiarsgbsoate atimesanswibstopia kickihg yrosess: t i cal
sidewal I s that define the apertures.
10.  The method according to claim 9, wherein the etching creates textured sidewalls that

define the apertures.

11.  The method according to claim 9, further comprising depositing a metal or reflective
layer on top of the substrate and depositing the metal or reflective layer on at least a part of

each sidewall.

12.  The method according to claim 9, further comprising:
providing a semiconductor substrate having an etch stop layer; and
using the anisotropic etching process to etch through the semiconductor substrate so

that the apertures reach the etch stop layer.

13. The method according to claim 12, further comprising removing the etch stop layer

after having manufactured the apertures in the substrate.

14, The method according to claim 12 or 13, wherein the etch stop layer is provided

within the semiconductor substrate, spaced-apart from two outer substrate surfaces.

15. A method for manufacturing a transmissive spectral purity filter, the method
comprising:
micromachining a polyimide substrate with a laser to create a plurality of apertures,
wherein the micromachining creates substantially vertical sidewalls that define the

apertures.



