RADI ATI ON SOURCE, LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit oboUBlIpIness3si onal applications 61/313, 452 and 6PRCIAPeUT/N5130hi ch
were filed on 12 March 2010 and on 26 May 2010 respectively, and which are
incorporated herein in their entirety by reference. BACKGROUND Fi el d

[ 0002] Enbodi nents of the present invention relate to a radiation source,
particularly for use in lithography, a |lithographic apparatus and a net hod

for manuf act ydipocAse e R ARG RIG ABAFE] CobA RNAYTARN BRRACHLLS 15 a

machi ne that applies a desi , usual'l'y onto a
target portion of the subst&ﬁgggﬂ%ﬁfi (38@F§¥§§ aratus can be used, for

exanple, in the manufacture of integrated circuits (ICs). In that instance,

a patterning devi C&GROISCREFERENEETROIRELATES APPEICATIENS nask or a
reticle, may be used to generate a circuit pattern to be forned on an

por 1 on” (9T T nolibtnyeigiont s BEReerh e B8 paR il i bihal LhbnBrafa ™

(e.g., a silieop4gwef7ekhich Weadsife@ronol2 Nheh R81G &ldod 36 Mupi20ad keypactively,magi ng
onto a layer of radiation-sensitive material (resist) provided on the
substrate. | n“gERardncomRoralpdgrandy hek ealrely By F¢eieRist ai n a net work of

adj acent target portions that are successively patterned. [0004]Lithography
is widely recogni zed as one of tqu%ﬁXGﬁkﬁﬁﬁIgn t he manuf acture of

Field

[0002] Embodiments of the present invention relate to a radiation source, particularly for

use in lithography, a lithographic apparatus and a method for manufacturing a device.

Background

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

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

[0005] A theoretical estimate of the limits of pattern printing can be given by the
Rayleigh criterion for resolution as shown in equation (1):
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range of 5-10 nm such as 6.7 nm or 6.8 nm. Such radiation is termed extreme ultraviolet
radiation or soft x-ray radiation. Possible sources include, for example, laser-produced
plasma sources, discharge plasma sources, or sources based on synchrotron radiation
provided by an electron storage ring.

[0007] EUYV radiation may be produced using a plasma. A radiation system for producing
EUYV radiation may include a laser for exciting a fuel to provide the plasma, and a source
collector module for containing the plasma. The plasma may be created, for example, by
directing a laser beam at a fuel, such as particles of a suitable material (e.g., tin), or a
stream of a suitable gas or vapor, such as Xe gas or Li vapor. The resulting plasma emits
output radiation, e.g., EUV radiation, which is collected using a radiation collector. The
radiation collector may be a mirrored normal incidence radiation collector, which receives
the radiation and focuses the radiation into a beam. The source collector module may
include an enclosing structure or chamber arranged to provide a vacuum environment to
support the plasma. Such a radiation system is typically termed a laser produced plasma
(LPP) source.

[0008] In a typically laser produced plasma source, droplets of the fuel (e.g., tin) are
irradiated by a pulsed laser beam with sufficient power that they are turned into a plasma
in a hydrogen atmosphere. The hydrogen atmosphere is at a relatively low pressure, e.g.,
20-30mbar, and is arranged to flow from a droplet generator towards a droplet catcher in
order to stabilize the transport of the droplets and assist in confining the fuel as it is

turned into a plasma. However, formation of the plasma can result in formation of a very
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a vacuum chamber enclosing a radiation generating element, a radiation collector
arranged to collect radiation emitted by the radiation generating element and form the
collected radiation into a radiation beam directed to an intermediate focus, and a debris
mitigation device arranged near the intermediate focus and connected to a gas source, the
debris mitigation device comprising a nozzle arranged to direct gas supplied by the source
into a gas flow toward the radiation generating element or the radiation collector, the gas
flow being sufficient to deflect or retard particulate debris moving toward the
intermediate focus.

[0012] The intermediate focus may be at or near an aperture in the vacuum chamber. The

vacuum chamber may have a cone-shaped wall section surrounding the aperture. The
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from the collector than is the nozzle. The gas may be selected from the group consisting
of hydrogen, deuterium, tritium and helium. The radiation generating element may be a
plasma source, such as a laser-produced plasma source. The laser-produced plasma
source may include a droplet generating device arranged to generate droplets of a fuel and
a laser device arranged to irradiate the droplets. The droplet generator may be arranged to

generate droplets of tin.
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herei n. device manufacturing method using a lithographic apparatus, the method including:
generating radiation using a radiation source; collecting the radiation and directing it to an
intermediate focus to form a radiation beam; imparting a pattern onto the radiation beam
using a patterning means; projecting the patterned radiation beam onto a substrate; and
directing a flow of hydrogen towards the source from a nozzle located near the
intermediate focus, the gas flow being sufficient to deflect or retard particulate debris
moving towards the intermediate focus.

[0019] Further features and advantages of embodiments of the invention, as well as the

structure and operation of various embodiments of the invention, are described in detail



BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0020] The acconpanyi ng dr aw ngs,
whi ch are incorporated herein and formpart of the specification,
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further serve to explain the principles of the invention and to enable a
person skilled in the relevant art(s) to nmake and use the invention.

[0021] Figure 1 depicts a |ithographic fépar atus, according to an enbodi nent
of the invention. [0022]Figure 2 is a mbre detailed view of the apparatus
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0020] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the invention and to enable a person skilled in the

relevant art(s) to make and use the invention.

[0021] Figure 1 depicts a lithographic apparatus, according to an embodiment of the
invention.
[0022] Figure 2 is a more detailed view of the apparatus of Figure 1, according to an

embodiment of the invention.

[0023] Figure 3 is a more detailed view of the source collector module SO of the
apparatus of Figures 1 and 2, according to an embodiment of the invention.

[0024] Figure 4 is a schematic diagram used in explaining the problem addressed by
embodiments of the present invention.

[0025] Figure 5 is a schematic diagram illustrating the principle of operation of an
embodiment of the present invention.

[0026] Figures 6 to 10 are schematic cross-sectional views of parts of various
embodiments of the invention.

[0027] Figures 11 and 12 are graphs showing the variation of particle stopping power
with gas flow velocity, pressure and length of particle stopping region.

[0028] Figures 13 and 14 are schematic cross-sectional views of parts of various
embodiments of the invention.

[0029] The features and advantages of embodiments of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings, in which like reference characters identify corresponding elements
throughout. In the drawings, like reference numbers generally indicate identical,

functionally similar, and/or structurally similar elements.



enbodi mrent of the present invention. [0026] Figures 6 to 10 are schematic
cross-sectional views of parts of various enbodi nents of the invention.

[ 0027] Fi gmoes11lozsad 12 are graphs showi ng the vari ati orCOfEPP@ENEBEL
stoppi ng power with gas flow velocity, pressure and |ength of particle
stopping region. [0028] Figures 13 and 14 are schematic cross-sectional
views of parts of various enbodi nents of the invention. [0029] The features
and advant ages of enbodi ments of the present invention will becorme nore

apparent fromthe detailed d i el ow when taken in
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conjunction with the drawings, in I’ Ke reference characters identify
correspondi ng el enents throughout. In the drawi ngs, like reference nunbers
gener al | Y0038 cat eThisiesnedilieation fdigstasesonad 1oy wpiei prapodimenty dhat sinparperate athey

simlar el emeqlgie ot ufis invikbA! R dgﬁ%ggle%glo%ent(s) merely exemplify the invention.
The scope of the invention is not limited to the disclosed embodiment(s). The invention
is defined by the claims appended hereto.

[0031] The embodiment(s) described, and references in the specification to "one
embodiment”, "an embodiment", "an example embodiment", etc., indicate that the
embodiment(s) described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. ~ Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is understood that it is within the knowledge of one
skilled in the art to effect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

[0032] Before describing such embodiments in more detail, however, it is instructive to
present an example environment in which embodiments of the present invention may be
implemented.

[0033] Figure 1 schematically depicts a lithographic apparatus 100 including a source
collector module SO according to one embodiment of the invention. The apparatus
includes an illumination system (illuminator) IL. configured to condition a radiation beam
B (e.g., EUV radiation), a support structure (e.g., a mask table) M'T constructed to support
a patterning device (e.g., a mask or a reticle) MA and connected to a first positioner PM
configured to accurately position the patterning device, a substrate table (e.g., a wafer
table) WT constructed to hold a substrate (e.g., a resist coated wafer) W and connected to
a second positioner PW configured to accurately position the substrate, and a projection
system (e.g., a reflective projection system) PS 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.

[0034] The illumination system may include various types of optical components for
directing, shaping, or controlling radiation.

[0035] The support structure MT holds the patterning device MA in a manner that

depends on the orientation of the patterning device, the design of the lithographic



[ 0030] This specification discloses one or nore enbodi nents that incorporate
the features of this invention. The disclosed enbodi nent(s) nerely

exenpl i f ywOhle1/numat i on. The scope of the invention is mot/Ep2emied3d o t he
di scl osed enbodi nent(s). The invention is defined by the clains appended
heret o. [0031] The enbodi nent (s) described, and references in the
specification to "one enbodi nent”, "an enbodi nent", "an exanple

enbodi ment", etc., indicate that the enbodi nent(s) described may include a
parti cul ar T eghyikiu Sy dEUbRIR, GRRADE Blihd Ghodor BYGHYpRERRH JEERE MY
not necessarily Include the particular feature, structure, or

char act eri st i &. hdibireawaeuuns epirophenis gke suppon otrudieeexss arse mechafcal vagiynt o t he
same enbodi ne . r [ Ure

char actori st oI aFiochiOR o NEb L 8 e blerSh HERHE CnPhuppon
under st ood t hatuciure gy et hirame foe akinldwl ©d geangfle, onlects kial Ibedixend or meovable as o
effect such f il e 1Rl LHELHT Fucle SORLAGKERLSEL Gah 0, GONNEEL 0D YidH ot her
embodi ments whether of AgP explici tIiﬂyy Gestr i bed. 11‘1 ﬁglﬁl]g &1'6F & delcri'i ng
such enbodi nmepésstiannforexanpdetvah tespdeoweleprpjectionisgstemst ructi ve to present an
exanpl e i ronme in which enbqdi.nents of the present invention may be
ol enent 61 [ 0033114 b ePietRe RN Y deprel TUTERS G SEATREdBERY at us
100 i ncl udi ngdévicabitean bOhdea@td PiparadudiaticiBeanGarht Pgteintin @6 erossviedbm@ish of
the invention. The apparatus includes an illum nati Qﬂ}gfﬁ/;tem i |l um nator)
L configured® ® ETB?fgiatRa&ﬁmamraaﬁfgéf POHOB QA MBS YParae: Uprg fighio, thy
support structddiz@of Ben mag cmEoﬂ@blae@artMﬁla@ RGN 196 hQ ®MRPOEihg @reated
patterning device (e.g., a nask or a reticle) MA and connected to a first
posi tioner PMYBniFgUPAHOR SUAES dR Htedyfehdstiti on t he patterning device, a
substr at gog3ap! € (erh paudrmpRf @Wict dblyee MWhs@RASE bretiedivt OrhRlphksar pdRshingt €
(e.g., aresist coated wafer) Wand connected to a second positioner PW
confi gured todadesringledeympgks; progigmnpbles Y ragags. g dregrppsple thi(dh Paydt em

(e.g., a reflgglivge %f_?lkﬁ&\%ﬂ a%it%c)’gg&p‘ﬁ?? an P GRRIhAN 1A LRRRE BIngHY al@enpe@itn%er n

inparted to the radiation be y patterning device MA onto’a targe
portion C (e. ghaseshfl andiatignuated pbisersbifie adwels)s \afiosHebyd bk tpes. Wh ek@084] The
illum nation ' ' [ n f or

i recting, shark POREbAGEEEPELOUR, | KRR P aRlhrd «EOTRRORILANEY,
M hol ds the patchermbagndiediate iV knasatomafiwvenn iftamingepdin@s twamtihelifferent
orientation of the PahLSHMMHnIEUhEE 2 PRI ESh Whildhn b0En Wil BAPTARDLS by

the mirror matrix.

[0038] The projection system, like the illumination system, may include various types of
optical components. It may be desired to use a vacuum for EUV radiation since other
gases may absorb too much radiation. A vacuum environment may therefore be provided
to the whole beam path with the aid of a vacuum wall and vacuum pumps.

[0039] As here depicted, the apparatus is of a reflective type (e.g., employing a reflective
mask).

[0040] 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.

[0041] Referring to Figure 1, the illuminator IL receives an extreme ultraviolet (EUV)
radiation beam from the source collector module SO. Methods to produce EUV radiation

include, but are not necessarily limited to, converting a material into a plasma state that



- 8 - apparatus, and other conditions, such as for exanple whether or not
the patterning device is held in a vacuum environnent. The support

st ruct ur evoaniuessaechani cal , vacuum el ectrostatic or eCh@pP2ahasBsng
techniques to hold the patterning device. The support structure may be a
frame or a table, for exanple, which may be fixed or novable as required.
The support structure may ensure that the patterning device is at a desired
posi tion, for exanple with respect to the projection system [0036] The term

"patterning dgy a@?east%'ﬂ@la‘l'eﬂllel'i{e gr%% MithiHn& Bh%l‘a{io&%r%%fr@érﬁl'sﬁ&l fifs e

devi ce that can be used rt a radiation beamw t h a pattern in its
cross-sect i onESlycrngs Inoomﬁr @@Eflemathp@\t efganntermeda laserr pretlugsdrplasonn ofLPPhethe
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particular fun a er eV| ce created Int
portion, suchofhsmagnal hﬂvagr éntedqmeddmﬁ{emlt[tlﬁg):elk}n'ﬁhe vyaéut & éaspi h@ndéﬂie@@uway be
transm ssive or, refl ect]ve, Ex

in Vi ces ks,
pr ogr ammabl e mHn(%tor S rray Vs (X nrsgfnmﬁw Ifaé%uog nef s, I%s(ilgng aulaser %
known in it hGig]V&alplﬂ)FlgLﬂtﬂ(ﬂ fomcpfcm:lhngﬁ&s Rastty e @maimgalse hlehamy ,resa]tlfnglpmama ng
phase-shift, and attenuated ph -shift S various .h
Pypes. An exanBieoupt ARG Shmbky it ino ik Fusp B BYh SR sehelBE
arrangenent otlispasad in ihit ko@EScolkachmofulwhihenaefindd@e sagdeédiidabl yodld hﬁgl Yo
as to reflect i ncomi.ng radi ati on bea n different directi ons
tilted mrror§® ?%@Fete“&“%af‘fré?‘ﬁmi’ﬁ‘@eilég% ISR ey WP&‘HG fhe Ipss P%‘t goéi by
the m nor mat fieKexcit@a8] The projection system |like the illumnation
system %i ncl ude vari ous tﬁ/qses of optical conponents. It may be desired

to use al0lium f ol setheasedihgtaseris §?tr?€é51‘i‘ﬁr%tp fopasienat ofdke I&B%ﬁnﬁnq BHAUHYE h

radiation. A YacMumIemvh B&E}m‘s‘%ssé@ﬁfoﬁl%l@ie@fo&h@&yu%e%ﬂéi%ﬁ nfdufeRBMMAOLE beam
path with the aid of a vacuumwall and vacuum punps. 39] As here

depi ct ed, theohpparmatdgivary spfeny ipcdfding tfpryexamplse syigablg, lreéwm BYirgg agd/or a
reflective ”ﬁﬁéﬁn e;£p99<{’e9.]1mﬁqek RO G RBILE AP BALATHSr T8N RE 1Rf sofirct ¥BRcRAVI NG

two (dual stage) nor e
module, for example when the source is a discharge produced plasma EUV generator,

often termed as a DPP source.

[0043] The illuminator II. may include an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as G-outer and G-inner, respectively) of the intensity distribution in
a pupil plane of the illuminator can be adjusted. In addition, the illuminator II. may
include various other components, such as facetted field and pupil mirror devices. The
illuminator may be used to condition the radiation beam, to have a desired uniformity and
intensity distribution in its cross section.

[0044] The radiation beam B is incident on the patterning device (e.g., mask) MA, which
is held on the support structure (e.g., mask table) MT, and is patterned by the patterning
device. After being reflected from the patterning device (e.g., mask) MA, the radiation
beam B passes through the projection system PS, which focuses the beam onto a target
portion C of the substrate W. With the aid of the second positioner PW and position
sensor PS2 (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 positioner PM and

another position sensor PS1 can be used to accurately position the patterning device (e.g.,



substrate tables (and/or two or nore nmask tables). In such "nultiple stage"
machi nes the additional tables may be used in parallel, or preparatory

st eps maywbeotiarnised out on one or nore tables whil e onecomErruinesBBher

tabl es are being used for exposure. [0041]Referring to Figure 1, the
illumnator IL receives an extrene ultraviolet (EUV) radiation beam from
the source collector nodule SO Methods to produce EUV radiation include,
but are not necessarily limted to, codlerting a material into a plasm

state that - m%sk') Mﬁﬁswf{’ﬁ rds éac%tto %epa% SITBRL radiGtihr bea?ﬂsﬂ.o Npagdetnk HNQl e tg', n,

with one or nore’'emssion Iines In the EWV range. I n one such nethod, often
termed | aser prgdidadng|sakyate(WLPR' e phgned aging medk plignwat ourksdd 1 p¥idduded by
irradiating a fidle aSHGRnASaRs f1 @Bl et, streamor cluster of material having
t he required P ne-emt L ng eleneEnt, with a |l aser beam The source collector

nmodul e SO0ARY be péretdepictednpiEhiiuy @diddteivoed inysteasronne thdioigwvag nasley:, not
shown in Ei re 1, for .providi,ng, the | aser beam exciti e el .. The
ooun ti M= L O B RS e gt APplif SR AR Rk R A DEnd ek g

col | ected usi mpleaWilatk &ipt essereially e@tiatary, ihilp as edtire patdne irsued © tholddeivor
nodul e. The | aser. and the source coll ector nodul e may. be separate entities,
for example wRS i TERBrbay &SI BHIORS” By Tl Cho VRSE THE AR PTE (08
excitation. [ Qi mbsUBIT 6ab@sSshiftddan lt&sSErani®r odireeans k&l aed difterdn@ taydear t

of the lithographic apparatus and the radiati on beamis passed fromthe

| aser to the B@ﬁ?‘& C&‘EF‘F‘?&’PW' nmodule with the aid of a beamdelivery system

i ncl udi ngeodl7pr exampl e,1n Sébintnddlle Ethel bupP6i ki@ (T (d O HaskNHIOM B aREMBExRABIEr .
In other cases the source nay be an integral part of the source collector

nodul e, for ei8kpiVd %é?ﬁnp?ﬂesyywp%l%wla?ed% BiisHt geragrd dubedagrigginkeapuy
generator, of befclardmes adsod @%ﬁ%@ t@ﬁ(ﬁ.@f«‘ a 043 Ehec iek[%déﬂ?eﬂaf&rvehdejtmd

include an adjuster for adjusti e angular intensity distribution of the
radi ati on beafirec@emet @F [sybstrate e Wil reladvaigttiag suRRRI! BFUCTi €r 2. rTBK 41010 M Ent

_(ComTD_nl yr _ef ?Ja& %g cfe%rrﬁﬁle@'b? lﬂﬂee(de_a}ﬂlq ﬁfi&éﬁ@ﬁ land 'irﬁ el%{/éréla? chz)racQérisEiQseof the
intensity distribution in a pupil plc%me of the 11Tum nator can be adjusted.

I n addition, pt@é,eCI:iM Uﬁﬁema&&ar I'L may include various other conponents, such
o eSO oL, 20 B GO ELAgR e | LIRSk O,
di stribution esentialy stagesirs batling n. proH@ddmhAlh eattauingatleoee, bad theBubgraienabldent
on the patter erg n‘?&‘éh oF sc(ar?rieg'v&?hilrf]:ﬁaeispltherrl\l/‘ia‘lhpe\lll\"E:id%’I the radiation beam is projected onto
a target portion C. In this mode, generally a pulsed radiation source is employed and the
programmable patterning device is updated as required after each movement of the
substrate table WT or in between successive radiation pulses during a scan. This mode of
operation can be readily applied to maskless lithography that utilizes programmable
patterning device, such as a programmable mirror array of a type as referred to above.

[0049] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0050] Figure 2 shows the apparatus 100 in more detail, including the source collector
module SO, the illumination system IL, and the projection system PS. The source
collector module SO is constructed and arranged such that a vacuum environment can be
maintained in an enclosing structure 220 of the source collector module SO. An EUV
radiation emitting plasma 210 may be formed by a discharge produced plasma source.

EUYV radiation may be produced by a gas or vapor, for example Xe gas, Li vapor or Sn

vapor in which the very hot plasma 210 is created to emit radiation in the EUV range of



is held on the support structure (e.g., mask table) MI, and is patterned by
the patterning device. After being reflected fromthe patterning device
(e.g., nasb)loNA1038Be radi ati on beam B passes through t heCpmrp@ctosBas syst em
PS, which focuses the beamonto a target portion C of the substrate W Wth
the aid of the second positioner PWand position sensor PS2 (e.g., an
interferonetric device, |linear encoder or capacitive sensor), the substrate
tabl e WI can be noved accurately, e.g.-llso as to position different target
pOI‘f[I ons C i nfeNgeBBhBoRic tsﬁb%tr[u?ldifﬁé '\/89 h%?gﬂkrg’a 2Rh &y by,tfglee;Ia'rrf §at, an

posi ti oner PM and anot%er position sensor PS1 can be used to accwpatel y
position the pla¢ttied isabprelesdusiag @e agleast partiglly ionfrad lpJasim Reirtidh prassypescaf, oo t he
path of the radjati g i i €
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| east one of trr(‘)%d‘;&’[“%"‘é @?EWe atio 0046] 1. In step node, the support
structure (e.B., rasktabt & and 'the substrate table WI are kept
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directi gn soht:ah:ast aléo ﬂfefnfeeltceimtcohah(g&ht lmﬁério@Eoiﬁrﬁalamvhlﬂm iepm&ad ﬁd il &04ithad. | n
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table W are 8t4RH glyWBFFFo‘ﬁi‘S‘E}S‘FYyZ]\MiTP‘é C%“?J‘B‘E‘f‘@r‘ﬁgpl %a‘inf‘%&mﬂ%letah anne

radi ation beagictur® (QinR&liRHR BhP2R haf 81 inPedd 4 @R bhrriet ortx condimliBgbea giynam c
exposure). The velocity and direction of the substrate table WI relative to
the support sP#tigtande ¢hanggl stryphug. theoRMIRNLERP Yeropedian Pratdeni?Otfpgher

(de-) magni fi cafgicand a0din ARAK iKENRE 8 BhanfALAGHE! ds XhbwSinQhe 4he Proj ection
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inparted to the radiati on beamis projected onto a target portion C. 1In
thi s node, gepdkalor yida2pludndedlomadircani vaiagouratlectprssideiiiZohediatmn dhat kraverses
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u anged syc tt(lja? e 1gt’erm Che SusaIF is
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entirely different nodes of use nay .al so be | oyed. [0050] Fi gure 2 shows
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[0053] Subsequently the radiation traverses the illumination system IL, which may
include a facetted field mirror device 22 and a facetted pupil mirror device 24 arranged to
provide a desired angular distribution of the radiation beam 21, at the patterning device
MA, as well as a desired uniformity of radiation intensity at the patterning device MA.
Upon reflection of the beam of radiation 21 at the patterning device MA, held by the
support structure MT, a patterned beam 26 is formed and the patterned beam 26 is imaged
by the projection system PS via reflective elements 28, 30 onto a substrate W held by the
wafer stage or substrate table WT.

[0054] More elements than shown may generally be present in illumination optics unit IL
and projection system PS. The grating spectral filter 240 may optionally be present,

depending upon the type of lithographic apparatus. Further, there may be more mirrors



nmodul e SO, the illum nation systemIL, and the projection systemPS. The
source collector nodule SO is constructed and arranged such that a vacuum
envi ronmew0 20an 1383 mai nt ai ned in an encl osi hg struct ur eP22®prodiiobBs3sour ce
coll ector nodule SO An EUV radiation emtting plasma 210 nay be fornmed by
a di scharge produced plasma source. EUV radi ation may be produced by a gas
or vapor, for exanple Xe gas, Li vapor or Sn vapor in which the very hot
plasma 210 is created to emt radiatiod2rn the EW range of - 11 - the
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exanple, an electrical discharge causing an at |east partially ionized

pl asma. Parti sflegresimeats pofsentiinthe pscareppesysteo Pathef sheevn i FiguSr. vapor or any
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is commonly r et Bgideeceasllegier pHe &1Qragfl fresed gaigshe apriringhel 9o thecanclosing ect or
modul e is arrghgad. sych that the internediate focus IF is located at or
near an opening 221 in the enclosing structure 220. The virtual source
poi nt | FI087an i malyeanoEUVhEthpgeiphat mpparates the ispgrep nzsinig. Albdination system and
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radi ati on beam 21, at the patternjn vice MA . as |1 as _a _desired
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the support structure MI, a patterned beam 26 is forned and the patterned
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0054] More el enments than shown ma ener e.present in illumpation
I Py

optics unit | POGKE Profeeuran tgy P g dpeRErat P8 140
may optional | yuda@ siRs &Nreplet generator 40 emits droplets 41 of molten fuel, e.g. tin (Sn) which

may be for example of diameter about 20-50um. These droplets fall along a known
trajectory, and may be entrained in a flow of hydrogen gas emitted by a source (not
shown) near the droplet generator and removed by an outlet near a droplet catcher (not
shown). At a predetermined point along the path of the droplets, a pulsed CO; laser beam
42 is directed onto each droplet. The pulses of the laser beam are arranged to have
sufficient energy to create a plasma from each tin droplet. The plasma emits EUV
radiation which is collected by collector optic CO and directed towards an intermediate
focus IF. The plasma also emits a large amount of small particulate debris 43 (about 10’

particles per droplet), a proportion of which travels towards the intermediate focus and



dependi ng upon the type of |ithographic apparatus. Further, there may be
nore mrrors - 12 - present than those shown in the Figures, for exanple
t here maywbeolyBozddi ti onal reflective el ements present PCO/EPR@105BB£Ct i On
system PS than shown in Figure 2. [0055] Collector optic CO as
illustrated in Figure 2, is depicted as a nested collector with grazing
i nci dence reflectors 253, 254 and 255, just as an exanple of a collector
(or collector mirror). The grazing incildence reflectors 253, 254 and 255
are disposed gf i Yo HHRTRLLdyGr PR ANPRL L Ar B, SRk In GO CRIRT
optic COof this type is used in conbination with a di scharge produced
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optic CO and focused onto t enln 221 in the enclosing structure
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40 em ts drophft Softde OfneMBldt &3ndel@bne ﬁrengorE'CQn (tﬁ@) angmhﬁ %)éhbc%ntf&'ienﬁgga”pl e
of dianmeter about 20-50nm These droplets fall alon nown trajectory,
and may be entm@ingres than velufieoni bf ayemo gbamigpaswighwiut tsigdifigyntly slwtmamg( thot
shown) near t [, &f . r apl et
catcher (not s%la%l?ma%l %\lg% ﬂat? er ?hlta)glleéﬂp@)%ﬁng n‘g?{oﬁ%’ ?'#}eduggl{l g?%fco K%élgg
droplets, a palhdsdd/e@@ paseof Beamlid@on Seahn megt dredort deemede G ogiuetural The
pul ses of t he Iaau rtl)éaargglsare arranged to have sufficient energy to create a
pl asma from eacC ¢h L) IO &t. The pl asma emits EUV radiation which is
col | ect edoosg] col | em@brdﬂ;gt tcC aﬁ)@namdmwinr @€ tted itvew@rnd narori mber ofedingt,ec.f ocus
| F. The plasma also em t adrg unt. of snall particulate debris 43
(about 107 paP?i¢té&s Slbtérar%iP%?ﬁf & )ataéiOIbreﬁlﬁBtrlP?%‘ﬂné}f‘ t‘i}ﬁﬁ"(‘:‘FFe OB Y WG ds
Itheh| nt er LT’EdI att@mboew Foand The ofehing (ﬁ&)@f}ﬁlﬁ@lrhr@ﬂfreﬁllged llfa)ecréa@esa high Vﬁb&ty flow f
i t hographi ¢ appar or scanner. Particles al so enter the rest o
paek s HE

the lithograp FQivas B SopERer Actolpphetic iy BeBfTyet inelof caryyie

e.g., the wal bhir@kiok REhS GidcEEn 6086pad A PonQt (RNAdIARIN Hebihf &€ dnibddfigenS Ak &6

modul e. Part | cles 43 are generally around 100-200nmin size.
is H,, but deuterium, tritium or helium may also be used, for example. The flow of gas

E:lctu

may be sufficient to cause a tin particle 43 traveling towards intermediate focus IF to turn
back (trajectory a) or be deflected to the wall of the source cone 229 (trajectory b).

[0061] Figure 6 shows in more detail relevant parts of a practical embodiment of the
present invention. As can be clearly be seen therein, the source cone 229 and scanner
cone 300 meet at a neck 310 at which is located at the intermediate focus of the radiation
beam B. A slit 320 is provided in the wall of the scanner cone 229 to create a flow 330 of
gas towards the source module. Gas is supplied to the slit 320 from a gas supply 350.

Slit 320 may be a complete annular slit around source cone 229 or a plurality of discrete



[0059] Figure 5 illustrates a principle of operation of an enbodi nent of the
present invention which ains to at |east partially alleviate the above
ment i onedwprotl/anas3Bot h t he radi ati on source and il | um maTiEPRO1IPSL3aMm of t he
| i t hographi c apparatus are contained wi thin vacuum chanbers. To connect

t hese vacuum chanbers and allow for the passage of the radiati on beamfrom
the source to the illum nation nodul e, the respective vacuum chanbers are
provi ded wi th cone-shaped projections -Whirch neet at a narrow neck 310.

These may be pgigfok Qﬁiax%gd LOTREHE SHRLYcoRS 231§ RUF &Eh & Irﬁnﬁaéiéiziftoggﬂngsc(@.@”er

cone 300 but neednot be exactly cone-shaped. The int focus formed

by col | ect or Jpt $)oBayd® 4 Hit poreitcthr aezzyr The gate phidown elCsas oo efedt ) mdyebe in

junction of t r S 0, S ner
ona. t hor of or LedaiE, S 1B SRR Mo Raa e SO0 oA AR,
of the vacuunulizhahherabpiit Kelot (ssindard fitecsaper nynwbs t flow iraig of dteur pdin At lmenbeam
Any devi ations_fr an J.deal cone closely.surroundin e convergin nd
iverging par RnbiophRdER e SR Tpdaiifay LB BT SN B F e
or manuf act ur um@ r2¥asaas pef LOGA]iRe cyichi ngrdeqrasure b aghiunBMPaoiA kteerf about

i nvention, on r nor eni n e nozzl es or, slits, ,ar rovided at a
comvoni ent 1| oddd iR 200 PublRs st BI&F 3 Regh whdnedils Rl it ue
The openi ng OInc@fasing NGS flatverady (RAYad the st eallespaediogipaneled ahdtyart |sppaf. gas

330 towards the source or collectaor optjc ) j.e., up beamor n . the
opposi te di r ebPVEHt PYRE BV dUE iogrf‘b?)'?t ipﬁs%c%aieﬁ%ﬁgec# gah e g &i“inB‘i‘F‘uﬁgam

I n an enmbodi MmeRtem NS lafd Hidbecdibids Iﬁ@éﬁe@%kdﬂﬁpr@\r&‘j thé ¥ABulm JYekmUnerBE o al SO
be used, for exanple. The flow of gas nay be sufficient to cause a tin
particle 43 t A @ith iy ipgersedisasifiofer medi ate focus IF to turn back

(traject %OGZE) or Reyfehb&shed, iR 18Vl isQUostNE BOWERAARCIREY In an
(trajectory b). 0061] Figure 6 shows in nore detail relevant parts of a

practical enmb8@befmentdiic digtance bagepn the poese PPhand Asck i) 4h avhighdhg injeripedigieen
therein, the QUr£GoGAARIZZA AN SCATRER 16RNSnAAD JBER S0AM, B096KNBIR (AL
which is located at the internediate focus of the radiation"beamB. A slit
320 i s provi dedbodimemriethpabdmeatfy of hezzéciie such dirme it229a nyrayeshnast B2 faf whicB30 of
gas towards t . i .J it f gas
Suppl y 350, STy e JRELvGoei TRy o B RR Skl [ B e RIE 955
or a plurali t yaro3220hs goztedlares sd shat the genilavg sntennzahgednmeer cened@2p rssupasimie cone
229, Each of guehd, BAALLE el BRENLATS GEnute i ol RSl ARG Lk O 2
circular nozzle. erate o Ifelowo? ALO0UF "B Y ‘may be 1n the
range of fromilawdutt thetspeclbaounDslkny (sdiabidaha thé par Bowp e amihipht 8)possible
desirably from Ebﬁbjt 10 to ab@ut 1%sld.m glstandar.d Ibi grs et mnute).. A flow
rate of about “HEIHThERTEEEAS Bl PG Ugs ReRPRGUSA S >t Beae “EP?FZB%? "CPes of
aver age di aneB®y adl0RaMRentdd 22906t Yo & tolfoldnd 20bieARIS iR&bilBREaNlei N A
typi cal source pressure of about 100Pa. A rate of about | Gsl mstops 200nm
particles witBdelocity up to 300 m's under the same conditions.

I ncreasi ngogshe fl omglidt7eddpies RRSSE phR€ ok ARthNEMBRMAcht Of tRAFkdcl BSerdibat are
st opped. However a%ove a flow rate of about 15sImthe | eakage of gas into

the i1 uninat fsrfugbesicatborimennbyins sigulan thp iy cerivdimane dessabadyaboye saprasve
the vacuum syslgieh@RRL Ui tf€@bWifibnt B&eHACHCARARSs FAS drl %m{e@%%kn an

enbodi nent, the nozzle 320 is close to the internediate focus. In an

enbodi ment t h&tfios tsamece Yetoarnen cphe 2Abz Ahese3guyitigh dre eldkctizq 00 dfap vihPYHCIE he

i nternedi ate P e I S r 0. about
L P N % S i
it has a narr dwestviper act 30 Drepeninbicbhr phreicle| komnohg géfs thh sssamey ebwsc ively aadua

to the speed u (.0 r e papt 322, 1-h zl e
flares so tha3&¥§§’g§§hﬁf%a?%g$§? é%%fﬁ%ag%gﬁgég%§§%%m22ggv§&sﬁ%5§%%%§c. In
anot her enbodiammed by seaping theowes surfrae Of G stansermozzldl drdyattathive epditlitylofi t hat
case the gas f%glmggzatIHQ§ﬂ%R§ed of sound. It is desirable that the gas

fl ow be as high as pd%§?%?é WTHin the source cone. In an enbodi nent, the
junction 321 between the nozzl e opening 320 and scanner cone 229 is snooth
so as to avoid any turbulence or instabilities in the gas flow.

[ 0063] Figure 7 depicts relevant parts of a further enbodi nent of the
present invention the further enbodinent being simlar to the first

enbodi nent descri bed above save as nmentioned below. In this enbodinent, a
series of cavities 340 are provided on the interior surface of scanner cone
229. These cavities are effective to trap a particle deflected into the
wal | of scanner cone 229 by gas flow 330, as shown by trajectory c. The
cavities act to prevent such a particle bouncing off the scanner cone wall
and inprove the particle deflecting effect of the present invention.

o ”~ AN o r o Y o o



- 15 - [0064]Figure 8 depicts relevant parts of a yet further enbodi nent of
the present invention which may simlar to the first enbodi nent descri bed
above exceptomgiingsat i oned bel ow. In this enbodi nent, a pCumeRetipsoB4 pl at es
360 are provided inside the scanner cone 229 in a region traversed by the
proj ection beam B. The plates 360 are arranged substantially parallel to
the direction of propagation of beam B. Al though shown in Figure 8 as
parallel to one another they may in prdétice be arranged to point directly
towar ds t[b\ﬁi ! nter ”ﬁgﬁ@ts‘e dfeﬁ%fésrelelvglhtoﬁal?t@rofv\ﬁ) I‘)QLS fﬁl}t}fer Qh%gl%leﬁﬁgf TRy pi%@ent
arranged so that if extended they would intérsect at the Internediate
focus. Pl at esim3e@ioar e/h@hr@mg@@mé@ tOhéte drgpamptiodingent] dgedribed tabdvehgxedne agas
flowonly a s :

i nternedi ate P%lédﬁ%nggm%ﬁl%]l ﬁgg%l% elglgzé o?ﬁt %Egl%lt}f ﬁlgtgﬁgan% g)§ ‘é(?:g ‘Th %ertgf:: 0.
The pl at es 366caama cohel?9 sup pagridni m\fgfeestd bszttlw Efomalyorbwaar Baridedlates Hihami ze
o P BRI PRERT Eind RRCSh LB SRy RPl L FLE XA
simlar to thSdenl’l&tFlgm‘e S%madtllelmboﬂhemn@theldhescmlajaerdplabtmedaesmaeg@stormnt| oned
below. In thi a heater. 370Q i rovi ded.on rts . of the source
cone. 229" and) SFEOL SR b fer36n 8 dustéclp el P S OSSR sriSaas: e
370 is effect mafbﬁeﬁtﬁa&he&rw)ugﬁﬁteks@&a{t&ﬁ1f\iﬂ:ﬂilh:tli’atetfbﬁlss(Plhltfﬁ;660@1?&emaﬁgi:d$6anner
cone downstream of t ozzl e 320. T gas in this regio be heated to
a tenperat ur eﬁ@faﬁ% f’d ??tetd&’yltb?)%aé “i’h é‘ﬁﬁ%ﬁﬁl%‘ﬁgéo {}W@ a5LaighiCoHBEt ed
to a tenperat w\@r@fth@mwﬁlecﬂﬁ@@)cwwﬁpﬁ@actl dhe df fHdrplA@r3ceh@ddHERNtherefoherhgas i s
heated to a tenperature of about 500C to 700C. By heating the gas in the
regi on of thePlalt SPPratel REE SERPOLDE StrHetue| oY ReelTa8Ruine dnipilighibsopgh shthe s

i ncreased. Thigidhed &hgre reduces the anount of the gas emtted fromnozzle
320 that flows ﬂ)ack towards the internedi ate focus rather than the desired
di rect i oh0F] t owar digure Wedepisify ke vam dago Pl ke tappthergyrthgr pimbodimegt ethibe peestatgas
flow 331, t he11§7Eﬁt§)ﬁtd/ﬁ{&iq§1§%b9§11rﬁllaletogtﬁ§ ERILE LR PUnRRFRLE 03 fndePunfl6l LGET
particles is Increased Figure 10 depicts relevant parts of a yet

agai n anot her afembmmmmabﬁtlowf It llh@ eprbediarnt, iaedet 370ns wovided pmpariseof diendobee t o
the first, [ enh | r v a (eps,i gned
below. In thi ;é&{ea%@daq' d/tOEtSE%mgas?lgut %gggeﬁx% &bt%gng ged§|20; Eg%?l%gr conlg 300
downst r eam of effidveiverecheaBay. gaGaEateallMtbtn t%@nsercwesartdcscarmnnumealbwhﬂasm ol part
of the gas fl W33 t.enters. the scanne adthref r ent s an
undesirabl e i ngrné)ézs%g?ﬁ ?ﬁ’egas énsth%:sorﬁ%l%rll Hlla%g Pa?edetf)l r{em%er o ﬁo%’??@/\gg?:uum
chanber. Gas oQad’ @tm&Bélnhsmiymém th@gzrsee:hemiedto adeMPEralu qiuhput (400C ©®B0wI).. | n

oD T Tt SRR S S0 SRR GRS B! AP BEBE S
is therefore n®iigg @Rghl i herPads e 0QErlcliAe fotuseiRt ALS ribdvtce Bl Bk mdads t hat
hi gher gas fl ?nvc\:lregsaetclesrfhls th%re?ore réd%gessutlilg Samogr?tdofathe gas emitted from nozzle 320 that

flows back towards the intermediate focus rather than the desired direction of towards the

source and collector. By minimizing the back gas flow 331, the effectiveness of the gas

emitted by nozzle 320 to deflect particles is increased.

[0066] Figure 10 depicts relevant parts of a yet again another embodiment of the present
invention which may be similar to the first, second and third embodiments described
above save as mentioned below. In this embodiment a gas outlet 380 is provided in
scanner cone 300 downstream of the neck 310. Gas outlet 380 serves to remove at least a
part of the gas flow 331 that enters the scanner cone and therefore prevents an undesirable

increase in the gas containing the illumination module vacuum chamber. Gas outlets 380

may be connected to a vacuum pump (not shown). In an embodiment, gas outlet 380 is



i ncrease extent of the bl ocking gas flow contribute, independently and in
conbination, to increasing the particle stopping power of enbodi nents of

t he presew0D 20nvigodsdon. This is shown in Figures 11 and PI/HPR@GAFBBgure 11
shows the stopping power of an enbodi nent of the invention with a gas flow
velocity of 500 ms at a pressure of 100Pa over a |length of 40mm The y-axis
indicates the initial velocity of a particle VI in ms entering the gas
flow and the x-axis indicates the di améfer d of the particle. The contour

lines give th os?t?dﬂééil Gl ao%éeals_cf)%gstﬂ}ie &f (hk (li){gckeﬂ@ sgftheg%_ﬁe ak ?lWlwrj%giiQQt'a %ﬁg@?gg (r:ﬂag

be seen that particles of dianeter 200nmand initial velocity up t

will be stoppbigh pfcogeojidiig theeforo mose capilyegmoveal ent di agram for an enbodi nent

with a gellﬂ)eé@ow V%%E&éﬁto% hajvg(agte}%ig%c?ﬁlat%i eﬁgﬁ%lﬂfo%v fc)lieﬂ,]hz%ef) ﬁ:leg)s}ﬁf\eﬁ, &d laﬁngt h

of 120mmHere it can be seen that nmparticles wt tial’ speed of

up to 315nm ameregteoppmtlof he BlvokiAgn gadicencentiterd odliepradentiyfand frecanrhmsativn.on

having a debris m.ti glati Qn devi ce that Pl ides a n_of hi.gh gas
eplarlcl ¢

\ rger regi
R T e U i L

flow to deflefY debri's
nozzl e 323 i sstpwonhdigdrdsi 1 bhelXi de wal | of the source cone 229 and

connecte a suppl as (not shown), for ex | e the. sane gas supply
o hosst 200637 SatBintre J0s TG GOFongi ek el SR Eesbo Be i ST RAgHE SHRGI ar
nozzl e ext endrlog ewpy of shY nas auRGrdshire 5OU0TR Gena 123 of 4ampl uTial iayis of

di screte nozzles or slits spaced aroun he source cqone 229. In use of the
devi ce, gas i &IEAc f@dn‘r‘%}#f%“ét&&ﬁd‘ Rig I%‘z‘é}gseateﬁgg fhs gap %th aé‘aéli““dé'af“ﬁe
radi ation gengidahict theQli SNBSS Mie FaRdil@t THRtoEBLI BRE Ofve \Wd farsuf Fdldti@at the
velocity to retard and/ or defl ect debris emtted by the source plasna.

[0071] Second A¥YH 88s So9 regpis Thussbednke et hetrarbres dikameser20PRm GAd At he

defl ection zopgodd, fpQb TRHMRYiN®E%opped20. The gas flow regions fornmed by
nozzl es 320 and 323 can, in sone cases, conbine to forma single region of

hi gh vel 68960y gas Fikw!2linansuivalsaaiipasen fonanicmbedingnewilegRen1of valpgly of
vel ocity gas fl(l)(ﬁ)%}% aha P@sslui%rﬁ §85 PQ Her [y rf'é?lgﬁl"ﬂf‘l@{)mfnh G185 cafnl e d R 84206nm

generated by each nozzle operating 1 ndependently. By providing additional
regi ons of hi ghrticled wigh tryingasspeedol wprid B bmnexe sleppadg t he regi on of high

o evont edO Pbm ¢ st REREHHEm shibkaBe OB E I Pl ol KBGOl GOBRE s
enbodi ment, t hevileyz lagged 2&iansof] highagas dloat to alefdas dehrsns stlveman tperad] Jntttes  of
embodiment, a second nozzle 323 is provided in the side wall of the source cone 229 and
connected to a supply of gas (not shown), for example the same gas supply as nozzle 230.
Second nozzle 323 may, like nozzle 320, be a single annular nozzle extending completely
around the source cone 229 or a plurality of discrete nozzles or slits spaced around the
source cone 229. In use of the device, gas is emitted from second nozzle 323 so as to
flow towards the radiation generating elements or radiation collector with sufficient
velocity to retard and/or deflect debris emitted by the source plasma.
[0071] Second nozzle 323 forms a second deflection zone 72 surrounding the deflection
zone 71 formed by nozzle 320. The gas flow regions formed by nozzles 320 and 323
can, in some cases, combine to form a single region of high velocity gas flow. In an
embodiment, this single region of high velocity gas flow can be larger than the sum of the
gas flow regions generated by each nozzle operating independently. By providing
additional regions of high velocity gas flow and/or extending the region of high velocity
gas flow, particles with a greater initial velocity can be prevented from reaching the

intermediate focus IF.



t he scanner cone 229 is about tw ce the dianeter of the scanner cone at the
position of the first nozzle 320. In an enbodinent the rate of gas flow

t hrough swoand/masszl es 323 is at | east about tw ce the rara&ref1igasss| ow
through first nozzle 320. In an enbodinment, a third nozzle (not shown) is
provi ded at a position where the scanner cone di aneter has doubl ed again
and emits in use a gas flow at least twice that of the second nozzle 323.
[0073] Figure 14 also shows anot her adVanced enbodi ment having a debris

m Ui gati gordgyi ce pr Vol Y AE%1cr LG ORcld B SYRhOIdY pafufhauyrt O
deflect or retard debris. this enbodi nent second nozzle 324 and third
nozzl e 325 ar tepramppiede 229 ltsh@%@m@@ed@n@t%efWemnmn@onfamﬂ@tpogmogeh@ap ating
el enent and/ ot. j atd-an e 324
and thi rd noz o osB LN 1EE LEMARCANE P REF U FoutE RecoMERADI 95 &

sur roundi ng thEM9bdn¢wmcdmemeA&geﬁhanme@bﬁenmhem:ﬁm bmamembmhmenndmndzzle
324 and third_no 25 can b uralit di s zzl es
of stits spacBy ke ioTHat BeafeE R aEhEsn FReR Rt s R BB S

324, 325 are amnﬁnkeadtshmumm@aoﬂomr leasga&cst(haltrqfdsa seeﬂng notAe3Xane gas source
as is co ed to_nozzl e 32 n, us hi gh.vel acity ga

T ow t ol D3 the. ¢ HERLHOH GRiteR ot el En B B g A T ageon The
hihgh vel oci Ei y d@&é‘ef[frbﬁding atlagd&e%bn demgﬁ@/élsmde@slfs)wprardeﬂgdt o8 rehtlﬁﬁdblﬂg tipwar ds
the internediate focus |IF sho in Fiqure 14, _ secon nozzl e 324
generates a s %ﬁd“?dﬁ@t§§°€f 'BﬁﬁééP%ﬂ?gﬁmﬁﬂ%3%%ﬂePﬁWF@ HbZs FergHne
generates a t Bihderz®B @adfadioR foehtir@ing\e@in@t bt/ GasdiinCdolSdipUng TR 1S 2 411820.
deflecting and retarding effects of high velocity gas zone Z1 forned by
nozzl e 320. | neegRd éwéﬁﬁ%ﬁx@ﬁfl tfmdgtr?Z%lé|3agP%beeg%Iez@wg@r sifs syrougdipe zgn%ﬁy
nerge to for m@RRn@hy MrBukat@RI AlctiVa) el ¥r 8RS 0ZQ0ERE nd-H0 2] A @lrd0
shown in Figure 14, second nozzl e 324 and third nozzle 325 project inwardly
fromthe si dengl 325fcas barobodiehes pplgralithel dscaet werzles ogsiits spacebeone! Hozzl e
324 and thirdngzzl.6,.325 forned baffles that can prevent a particle
bouncing of f the wall of scanner cone 229 towards internediate focus IF, as
shown by [¥1 i cl e $acapdotdchiyd aozziys B 32dweercopagcteddd oG gfunere B4s sdurceaddi-t i on,
re-circulatin fo I I hr i ng
ones. 74, ¢ ho B SnF andibofle S CLAREL AL BTN UE sPRER, BPuse, Mol T SRS
retard and cagasuﬂewpawandsltm reelmtlenlgageraﬂtt@ Zlemers ¢rhediebyn poleeent | Pig higkm
reachi ng the I o 1 rTEdI otwerf 2 s or é}ge 'gfsegrllsng ¢% E:sohéa 1en St%\?‘vn el’th Cl%rt]ee edlate
shoul d be not & % SsecoRd ho2z 5 and R Fa Hozz 5 “o'"n proj ect
into the scanfens IR)nsz o wh au F@Sret]hlesecoﬂx:Bnozzl@mZérgaﬁ}settesl d sm:dind(yfoné E[@ of high

i ow rat s ¢ POl Shane Ui Aina st dossbe 55 53678 o RERWE Rl s bifinal 1 y

to the squar esghlchiassudgReERnAd di@idaigaffeat of highReBLity Q3 Ohe Zheorespgct i ve
nozzle. [0076]In dg enbodi ment, a uniformgas velocity profile is devel oped

across a pl an8%%% i Caiodtngy high ariacity §an gonss 41, %)?e%/nﬁle@dp?:yu‘inﬁrlge {vorRe

axis of the Sgﬂg&ﬁmﬁ@ﬁgxgﬂghvdbagﬂg$Zé&g“ﬁ|| be appreC|ated t hat the
additional features of the enbodiments of Figures 7 13 and 14 may be

conbi ned [(PH3any dedt Alsa seowbihatssh lasscrauniel 129 ftﬂdo‘\?lféléloa%§|3?%dl’fole<>t

performance i fhyaRigRBRAGhIBIM wal off L36rck BYRMDEOFhe £199@1§1ls'°§2t7%@ YQBnERESI 308
reference may be nmade in this text to the use of |ithographic
and third nozzle 325 formed baffles that can prevent a particle ouncmg off the wall of

scanner cone 229 towards intermediate focus IIY, as shown by particle trajectory e in the
lower part of Figure 14. In addition, re-circulating zones 74 are formed between the
nozzles. In re-circulating zones 74, the gas tends to circulate. The circulating gas can
further retard and capture particles entering the zones thereby preventing them reaching
the intermediate focus and passing into the scanner cone. It should be noted that second

nozzle 324 and third nozzle 325 do not project into the scanner cone as far as the



apparatus in the manufacture of ICs, it should be understood that the

| it hographi ¢ apparatus descri bed herein may have ot her applications, such
as t he nmawofactuom3of i ntegrated optical systens, gui darce/Exedi1aetscti on
patterns for magnetic domain nenories, flat-panel displays, |iquid-crystal
di splays (LCDs), thin filmnmagnetic heads, etc. The skilled artisan wl|
appreci ate that, in the cont ext of such alternative applications, any use
of the ternms "wafer” or "die" herein md§-be considered as synonynous with
the nore geneB@tLrtﬁo@( 1Ric o?l‘h@%?d' @cttlgn er{m 11t1(ﬁ5a9é?1tb Qﬁgﬁe'dch'ﬁe 328. eﬁlpa%cetrﬂb\ﬂglln%nt The
substrate referred to herei rocessed before or after exposure, in
for exanple a&tGrgaeﬂOWaat@sabtougmstccqsym e@ztewawl &Y ipcrpagepropdrtionady g1 theo a
substrate and, t and/ or an

i nspection t 00 %3@%302%‘% S cgl%ﬁ& . aﬁéﬁleﬁ{)%% ngogtj@%eéﬁ)e?[g%ﬁ%%% be applied to
such and [6A76&r sub@tamMOM@OEwImrﬁqntg)?@lvslomﬁmvrt)fibns dechbp@hd@mss atpbinereyz. be
processed nore th er.tg create ti-layer 1C,
so that the tlenrd r%afs%gttj)gp ?d Lne 32 %egenglcmﬁra? t@t asxtl)sor tltle 1o Cgc%nesu strate that
al ready ¢@0v7&ai ns ninhiil pé epmasoumekstbadhd aldéiomal f{aﬁﬁﬂs)])ﬁﬁdhe hobglimsipe of Fllgl]:res 7

reference may h made, above t the nbodi nents. o

vention i ) danie B bRemignedin HEGRSEHE conmimgion e BiviEprb RO ssg
that the i nveaésirompdrBymbeee s @temtbdahdhe bf @p piveRRkhi ons for exanple inprint
l'i thogra and where the context allows not d to optical
ooy s e, PR dheh e Estng® nof ot g il Bk of BipoiBonie o
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[0079] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated
that the invention may be used in other applications, for example imprint lithography, and
where the context allows, is not limited to optical lithography. In imprint lithography a
topography in a patterning device defines the pattern created on a substrate. The
topography of the patterning device may be pressed into a layer of resist supplied to the
substrate whereupon the resist is cured by applying electromagnetic radiation, heat,
pressure or a combination thereof. The patterning device is moved out of the resist

leaving a pattern in it after the resist is cured.
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into a gas flow toward the radiation generating elenent or the radiation
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[0083] The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art, readily modify and/or adapt for various applications such specific embodiments,
without undue experimentation, without departing from the general concept of the present
invention. Therefore, such adaptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed embodiments, based on the teaching
and guidance presented herein. It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of limitation, such that the terminology or
phraseology of the present specification is to be interpreted by the skilled artisan in light
of the teachings and guidance.

[0084] The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with

the following claims and their equivalents.



a radiation collector arranged to collect radiation emtted by the

radi ati on generating elenent and formthe collected radiation into a

radi at i orwbeamddzsacted to an internedi ate focus; and PCT/ER2a@lo5i3s4
mtigation device arranged near the internedi ate focus and connected to a
gas source, the debris mtigation device conprising a nozzle arranged to
direct gas supplied by the source into a gas flow toward the radiation
generating el enent or the radiation coPfector, the gas flow being
sufficient to deflect or retard particulate debris noving toward the

i nternedi ate WAEANPIS CLAIMEB-ISA radi ati on source according to claim1 or 2
wherein the debris mtigation device conprises a plurality of nozzles
arranged aroumd t hg ridglioatsb@Be &8@m for supplyind.a blathdd bAtdn@uIGHIIE e di Ng
claiml1, 2 or 3 wherein the debris mtigation device conprises a plurality
of nozzl éditsEpbyy appApps. ithy Tadigfieseycs Ao caPPETINS0 t he radi ati on beam

5. A radi ati OR y&QUMGCBRaREG RhElbdneh 4 AdalicH FBnbérahiesi@hénea first one of the
nozzles is arraqged to emt gas at a first ?as flowrate and a second one

of the nozzl ed rrdatignr epllgeer pigangpd (o gallechtadiption coiitedyhys the) Biaten genefaias

second ong.Rh 4dGomPE 78S rBLBI bl diReled BYAYinftRMi kbR LNLRS medi ate focus
than is the first one of the nozzles and the second gas flow rate being

greater than gldebrs miigaipsdavicggriapged near the intgrmefiateal@iet andreogprgkedelo &cg#or di ng
to any o edi Al i ; et
y ong,af tltleh(‘febPF %gg&h@ﬂ a&iad Eﬁnagﬁg%%ergb_z% feirrgﬁlge@ a7k %%d_%%bﬁ&i By the

inwardly froma wa t he vacuum radi‘at1 on
sour ce acewrdintya o thny topral b radisiop geeding gleoleal erghevadrgpmcedllaetod dlisr das
mtigati evi ce rthe i LS. cat chi Vi. r to
ot 201 SRS nl g TR E R 5P SR IR g 9Re
accordi ng to any oAeaditionheurpr é&oedicoigpddiag: ns wherein a pressure of gas in
the gas source _and a,sh are selected such that a velocity

LS hape af.the Eogzle g ect
of gas in the®NEZZPEN PO SBUPSAAM P $REPERREY Y sound in the gas.
9. A radi ati on radistichecclle@or giriiged @ asljeco reliadibn tehetiqar BC @i Adiadbraigomradagr ei n
a pressure of s. supplied by the gas source and shape of the nozzle are
sel ect ed e@ﬂ?ﬁt %ﬁaf?“%ﬁ\‘iéPﬁ‘iﬁWa‘ﬁi?uoé‘dgmlae% rY Rep 8??‘?&0 g NSRRI LGRS
10. A radha@tion source according to any one of the preceding clains wherein

the debris mtigation device further conprises a heater configured to
provi de heat ﬁ‘éle'%{“d‘%hg%tﬂ‘?“edﬁﬁcﬁé*&iaﬁg?dtqeéﬁl% é@ﬁﬂwlaf%@c?saﬂﬁdaﬁopﬁ?t@géarﬁ &fter

the nozzlsgurce, the debris mitigation device comprising a nozzle arranged to direct gas supplied by the
source into a gas flow toward the radiation generating element or the radiation collector, the gas
flow being sufficient to deflect or retard particulate debris moving toward the intermediate focus.

3. A radiation source according to claim 1 or 2 wherein the debris mitigation device
comprises a plurality of nozzles arranged around the radiation beam.

4. A radiation source according claim 1, 2 or 3 wherein the debris mitigation device
comprises a plurality of nozzles spaced apart in a direction parallel to the radiation beam.

5. A radiation source according to claim 4 wherein a first one of the nozzles is
arranged to emit gas at a first gas flow rate and a second one of the nozzles is arranged to emit
gas at a second gas flow rate, the second one of the nozzles being further away from the
intermediate focus than is the first one of the nozzles and the second gas flow rate being greater
than the first gas flow rate.

6. A radiation source according to any one of the preceding claims wherein the or a

nozzle projects inwardly from a wall of the vacuum chamber.



11. A lithographic apparatus arranged to project an inage of a patterning
means onto a substrate, the |ithographic apparatus conprising a radiation
source acwondimgoise any one of clainms 1 to 10 arranged tPoTidpumiosss€ t he

patterning neans with the radi ati on beam 12. A lithographic
apparatus, conprising: a radiation source device conprising: a vacuum
chanber enclosing a radi ati on generating el enent, a radiation

collector arranged to collect radiatiorlenitted by the radiation generating

el ement and ferm t Re,GldechRd fadhfk! @Ml U@ & haMRE4iD REAMWMELRCHEd to
an internedi ate focus, and a debris mtigation device arranged
near t he deprisemifigdiien deviagclusharmdnmposaierc dabds teatching alsviso aranged th eolipebddbsis

mtigati i ri.sing a nozzle arranged to direct gas supplied by
t he sour?gﬂ%ﬁ%éggghe;%g%%w toward the radiation generating elenment or the

radi ati on col Bect oA, ratiheorgasuréd ewohkignty suf Phcioéribe pecebfd ekimowherinapd

parti cul ae, debr .5 i na L enard, Lk, LAhermedl Al &1 40645y RuRakLelnlng
devi ce configur o pattern the' raliation Bean “aprojection syste
conf i gur edtht @opi©is @ebdut tdpal pahd greatofbeant iodie@aa substrat e. 13. A

| i t hographi c gpparatus, .the apparatus conprising:. a vacuum chanmber .
encl osi ng & rd| at foATGEHE SAFTh A QIR it A1 one OF S preGedta clyTy adesin o
arr anged pk@s®©bl @ad suppikidattyl OB gasrkddr@darddya thige badicatdzan agen@icaldi sagh elaemaent

and formthe coll ected radi atli,on into a radiation beamdirected to an
i nt er rredIV 81t)f ég&% ,eavmg the nozzic 18 SquI‘SOl’llC.
1

0. A radiation source according to any one of the preceding claims wherein the
debris mitigation device further comprises a heater configured to provide heat to a downstream
region traversed by the radiation beam after the nozzle.

11. A lithographic apparatus arranged to project an image of a patterning means onto
a substrate, the lithographic apparatus comprising a radiation source according to any one of
claims 1 to 10 arranged to illuminate the patterning means with the radiation beam.

12. A lithographic apparatus, comprising:

a radiation source device comprising:

a vacuum chamber enclosing a radiation generating element,

a radiation collector arranged to collect radiation emitted by the radiation
generating element and form the collected radiation into a radiation beam directed to an
intermediate focus, and

a debris mitigation device arranged near the intermediate focus and connected to a
gas source, the debris mitigation device comprising a nozzle arranged to direct gas supplied by
the source into a gas flow toward the radiation generating element or the radiation collector, the
gas flow being sufficient to deflect or retard particulate debris moving toward the intermediate
focus,

a patterning device configured to pattern the radiation beam;

a projection system configured to project the pattered beam onto a substrate.

13. A lithographic apparatus, the apparatus comprising:

a vacuum chamber enclosing a radiation generating element;

a radiation collector arranged to collect radiation emitted by the radiation generating

element and form the collected radiation into a radiation beam directed to an intermediate focus;



- 22 - a debris mtigation device arranged near the internedi ate focus
and connected to a gas source, the debris mtigation device conprising a
nozzl e arwengadi103s3di rect gas supplied by the source intoTEPg@s/0f136w t owar d
the radi ation generating elenent or the radiation collector, the gas fl ow
being sufficient to deflect or retard particul ate debris noving toward the
i nternedi ate focus; and an illumnation system positioned after the

i ntermedi ate focus and arranged to condftion and direct the radiati on beam
onto a patteripg. - : [ I r rdi to
cl ai m 32 wher gidﬁ&snﬁm?%nede\ygg uat%éhn%dﬁadﬁ%%@gﬂ%%&%h%fe?@?% a%%?%ﬁ?%&gr{g agégl Fi r st
cone- shapewdcadhd debeis miiggrtisndedemdinmyisingea fozyls arrageed tedigect gas supplgsl by the
illum natj ' ' W 1 hi . [ a
second airrpl Aa Aot EOALEhE BRbh BhilRg BRAR SRR HILAORTIRL LR B9
second aplmtheing; suffivgbnt to defledier fetard partindate ddoin dnayorzdosivd padniwahddigetruons
are conn%ﬁéed together to connect the vacuum chanber to the second vacuum

chanber and all ow the radiation beamto propagate to the illum nation
system aril BlumAnadiew isgseenmporid@ed aftérnbe imairmod ata Sodug aad hirddged) reagmilion
appar at us,

he t hod. ¢ rising. generating radiation using a radiation
sour ce; é%?b%%%ﬁﬁém@%@nggg?éWFS%a‘%ﬂnﬂﬁF@%t?ng i; tg anuihtgrnedia;e ;ocus

to forma radiati on ligRgmbhic Ap@itiNgcardpatd anim INbkerdife radi ation beam using
a patterning nmeans; projecting the patterned radiation beamonto a
substrat e; the V&?W@Eﬁaﬁéerahaﬁ I%JW%'P‘EYH%I f‘%’gaegﬁsi sRarrped wall selipe aurquating
nozzl e | eeafi@chpB@at; the internediate focus, the gas flow being sufficient

to deflect or retard particulate debris noving toward the internedi ate
f ocus. the illumination system is contained within a second vacuum chamber having a second

aperture and a second cone-shaped wall section surrounding the second aperture; and

the first and second cone-shaped wall sections are connected together to connect the
vacuum chamber to the second vacuum chamber and allow the radiation beam to propagate to the
illumination system.

15. A device manufacturing method using a lithographic apparatus, the method
comprising:

generating radiation using a radiation source;

collecting the radiation and directing it to an intermediate focus to form a radiation beam;

imparting a pattern onto the radiation beam using a patterning means;

projecting the patterned radiation beam onto a substrate;

directing a flow of hydrogen towards the source from a nozzle located near the
intermediate focus, the gas flow being sufficient to deflect or retard particulate debris moving

toward the intermediate focus.



