1 RADI ATI ON SOURCE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains the benefit of US provisional application 61/530, 796,

whi ch waswobi2besd20898 Sept enber 2nd, 2012, and whi ch is i necrEre@Rocdt7dRr i n in
its entirety by reference. FIELD [0002] The present invention relates to a
nozzle for use in generating fuel droplets in a radiation source, suitable
for use in conjunction with, or formng part of, a |lithographic apparatus.
The present invention also relates nore generally to a nozzle for

generating liquid droplets, a t form ng such a nozzle.
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desired pattern onto a substrate, usually onto a target portion of the
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manuf acture of integrated circuits (1Cs). In that instance, a patterning
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wafer). Transfer of the pattern is typically via imaging onto a | ayer of
radiation-senﬁh%&ye material (resist) provided on the substrate. In

general, a singIé substrate will contain a network of adjacent target

portions are suc i / r . i t [ i dely
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printing can be given by the

BACKGROUND

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

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

[0005] A theoretical estimate of the limits of pattern printing can be given by the
Rayleigh criterion for resolution as shown in equation (1):
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Rayl eigh criterion for resolution as shown in equation (1): ACD =k *(1) 1
NA 2 where 2, is the wavelength of the radiation used, NA is the nunerical
apert ure WO 20132p898] ecti on system used to print the patPermP2&il/0649R
process dependent adjustnment factor, @ms;o call ed the Rayl ei gh constant, and
CDis the feature size (or critical dinension) of the printed feature. It
follows fromequation (1) that reduction of the mninmum printable size of
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ultraviolet (EUV) radiation source. EUV radiation Is electronagnetic
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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. In an alternative system, which may also employ the
use of a laser, radiation may be generated by a plasma formed by the use of an
electrical discharge — a discharge produced plasma (DPP) source.

[0008] A proposed LPP radiation source generates a continuous stream of fuel
droplets. The radiation source comprises a nozzle for directing fuel droplets toward a

plasma formation location. The droplets need to be directed to the plasma formation



3 location wwth a high degree of accuracy in order to ensure that a |aser
beam may be directed toward and into contact wiwth the droplets. In order to
achi eve twp=o13a2es898shoul d pass through the nozzl e w t hoRCTEPC@RO64P3 Ng any
unexpected or unintentional obstructions or restrictions. Such obstructions
or restrictions may result fromcontamnation in the fuel being deposited
on an internal surface of the nozzle. The contam nation can result in a
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[ 0011] Accor di to.a first aspect of the .present inventjion, there.is

brovi ded a1 alifghifk dfPetaBESle s PaRE SIS TeobBHF MliPRn. bRlfRAL, .
stream of f uehbldicophats ralioiog of the rajueed Mirdpsityowdodsrequifpkd @srmod.or mat i on

| ocati on; aser nfi gur to direct |laser radjation at the fuel droplets
nt the plo@en 7T or iRt PhEkerort SogbAuERe b G S e P e
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configured to prevent contam nation present in fuel used to formthe fuel
dropl ets from*H8PREIGepTSnOsRsT g‘ﬂmfl HEPlSt gEnsFAP: f%‘?"?‘%@. nogge e Hellknt er nal
surface may c it odteQkél ng. [0013] The coating may provide a snoother or
| ess sticky surface for the contami nation than material on which the
coating is applied. [0014] The coating may conprise polytetrafl uoroethyl ene,
or a material derived froma sol - ge/MBPARNNG process.

[0010] It is desirable to obviate or mitigate at least one problem of the prior art,
whether identified herein or elsewhere, or to provide an alternative to existing
apparatus or methods.

[0011] According to a first aspect of the present invention, there is provided a
radiation source comprising: a nozzle configured to direct a stream of fuel droplets
along a trajectory towards a plasma formation location; a laser configured to direct
laser radiation at the fuel droplets at the plasma formation location to generate, in use,
a radiation generating plasma; wherein the nozzle has an internal surface that is
configured to prevent contamination present in fuel used to form the fuel droplets
from being deposited on that internal surface.

[0012] The internal surface may comprise a coating.

[0013] The coating may provide a smoother or less sticky surface for the
contamination than material on which the coating is applied.

[0014] The coating may comprise polytetrafluoroethylene, or a material derived from
a sol-gel coating process.

[0015] The coating may be capable of withstanding a temperature of greater than
232°C, or greater than 250°C.



[ 0015] The coating may be capable of withstanding a tenperature of greater
than 232C, or greater than 250C. 4 [0016] The internal surface may be a
surface (wWOogo13/amosnt ernal surface) of a body of nateri @CTEPe@200647PHr m t he
nozzl e. [0017] The body of material nmay conprise dianond, or glass, or a
netal (e.g., nolybdenum tungsten), or a ceramc. [0018] The fuel may
conprise tin. [0019] The contam nation may conprise or be tin oxide

particl eg9016P020] ApieOih A0 strfic@ nB§ e RAuABREE L., Ah ifBRaNuBs&N bf h BYGNbE on,
there is provided a |ithographic apparatus conprising: an illum nation

system for pr&¢cdpgedtodad Be neFlbeam a patterning device for inparting

the radi 39199 beammd buy@oPAhlBANmaP dohpri&d AaF0REC Qs Br SURSHT AL e, hol der
for holding a substrate; a projection systemfor projecting the patterned

radi ati on beamobitlenuz, tuaegjen), gareeiagnc.of t he substrate, and wherein the

l'i t hogr apfgig1 aPPar ffUSerl W tRehHGHPr i ses, or is in connection with, the
radi ati 02 soche o@et he |yrstlbgsepeét of the invention. [0021] According to a

third aspe®d] of t heheporgamtatipmmentainyprise phiey e pxddegpragidladed nozzl e for use in
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internal surf gga%i; a patterning device for imparting the radiation beam with a pattern in its cross-
section; a substrate holder for holding a substrate; a projection system for
projecting the patterned radiation beam onto a target portion of the substrate, and
wherein the lithographic apparatus further comprises, or is in connection with, the
radiation source of the first aspect of the invention.

[0021] According to a third aspect of the present invention, there is provided nozzle
for use in a liquid (e.g., fuel or ink) droplet generator, wherein the nozzle has an
internal surface that is configured to prevent contamination present in liquid used to
form the liquid droplets from being deposited on that internal surface.

[0022] According to a fourth aspect of the present invention, there is provided method
of forming a nozzle for use in a liquid droplet generator, the method comprising:
providing the nozzle with an internal surface that is configured to prevent
contamination present in liquid used to form the liquid droplets from being deposited
on that internal surface.

[0023] A wet coating process may be used to provide the internal surface (e.g., in the
form of a coating).

[0024] The coating may be provided using a sol-gel coating process, or using a
coating in fluid suspension.

[0025] A liquid used in the wet coating process may be cured after being applied
(e.g., to provide a solid coating).

[0026] The internal surface may be provided by forming a conduit through a body of
material used to form the nozzle. The internal surface will then be formed from the
same material as the nozzle.

[0027] It will be appreciated that features described in relation to the first aspect may,

where appropriate, be applicable to the second, third and/or fourth aspects.



[ 0022] According to a fourth aspect of the present invention, there is

provi ded nmethod of formng a nozzle for use in a liquid droplet generator,
t he net howlocomsnigsng: provi ding the nozzle with an int ecmaP2éa0640e t hat
is configured to prevent contaninatiog present in liquid used to formthe
liquid droplets from being deposited on that internal surface. [0023]A wet
coating process nay be used to provide the internal surface (e.g., in the

formof a coating). [W%BPS@RWTI@N@?T@SE%@AWH@GSS' ng a sol - gel

coating process, or using a coating in suspension. [0025]A liquid
used in the wet coating process may be cured after being applied (e.g., to
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[0030] Figure 2 is a more detailed view of the apparatus of Figure 1, including an
LPP source collector module;

[0031] Figure 3 schematically depicts a nozzle of a radiation source configured to
direct a stream of fuel droplets along a trajectory towards a plasma formation
location;

[0032] Figure 4 schematically depicts contamination deposition on an internal surface
of the nozzle of Figure 3, and an affect on trajectory of droplets leaving the nozzle;

[0033] Figure 5 schematically depicts a nozzle in accordance with a first embodiment
of the present invention; and

[0034] Figure 6 schematically depicts a nozzle according to a second embodiment of
the present invention.

[0035] The features and advantages 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. The drawing in which an
element first appears is indicated by the leftmost digit(s) in the corresponding

reference number.

DETAILED DESCRIPTION

[0036] This specification discloses one or more embodiments that incorporate the
features of this invention. The disclosed embodiment(s) merely exemplify the present
invention. The scope of the present invention is not limited to the disclosed

embodiment(s). The present invention is defined by the claims appended hereto.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0028] Enbodi nents of the invention wll
now be descri bed, by way of exanple only, with reference to the
acconpanywogosghesyat i ¢ drawi ngs in which correspondi ng PeT@EPIICOcEYIDOI S
i ndi cate corresponding parts, and in gpich: [ 0029] Figure 1 depicts a

| i t hographi c apparatus according to an enbodi nent of the invention;
[0030]Figure 2 is a nore detailed view of the apparatus of Figure 1,

i ncl udi ngogar] LPP spad 68b&héRES QbschBEL | @d LRRAddsFnOHUE &p&isGhenas il |y
depicts a nozzle of a radiation source configured to direct a stream of

fuel dropl et sCAPYHGCH -t 28 EOOGIPNE ovilr HSMRICIBRNHITE : it B CS Y ithsh;

[ 0032] Fi gure émﬁ&ﬂﬁ&ﬁ%bQQ&ﬁMﬂQEQMﬁ&§¢§£ﬂ£@&ﬂ£@&hﬂ@sqﬁaﬁé'&hﬂ%agﬁﬁﬁﬁ,
internal surface of the nozzl'e of Fy?ure 3, and an affect on trajectory
of droplets | bahavery enthedimgaizingy: nqt 003 sfaRlygaeledeghe phrtierari featieystigelpice o5 a

nozzl e in accordance; H r?(;/\fe} F@bh ?ﬂﬁ@é&i T Yot HbedsOBIPIESARS Wee%ﬁ'deoni and

[ 0034] Fi gure schenati ca depicts a nozzle according to a secon
enbodi ment of 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.

[0038] Figure 1 schematically depicts a lithographic apparatus LAP including a
source collector module SO according to an embodiment of the invention. The
apparatus comprises: an illumination system (illuminator) IL configured to condition
a radiation beam B (e.g., EUV radiation); a support structure (e.g., a mask table) MT
constructed to support a patterning device (e.g., a mask or a reticle) MA and
connected to a first positioner PM configured to accurately position the patterning
device; a substrate table (e.g., a 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., comprising one or more dies) of
the substrate W.

[0039] 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, for directing, shaping, or controlling
radiation.

[0040] The support structure MT holds the patterning device MA in a manner that
depends on the orientation of the patterning device, the design of the lithographic
apparatus, and other conditions, such as for example whether or not the patterning
device is held in a vacuum environment. The support structure can use mechanical,
vacuum, electrostatic or other clamping techniques to hold the patterning device. The
support structure may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that the patterning device is at

a desired position, for example with respect to the projection system.



the present invention. [0035] The features and advantages of the present
invention will becone nore apparent fromthe detail ed description set forth
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hereto. 6 [0 j ' - references in the
specificati onglg%tka%ﬁggg%gwn@ﬁ%@ aggﬁ&gér%ag%jfcﬁlgﬁl?", "an exanpl e
enbodi med@042] et c. , Thenghteanmiag tdvaice t iney ewbodismenivesdr debctiveheldxammesi alcl ude a
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char act or 1 st i Hstig R A, ARL UL P REMHREhL S HEMHS: i
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col l ector nodul e SO accor dj n% tﬁ an enbodi nent of the invention. The
appar at us confti% .t.lolhtf?a’inlql% R ‘f‘it’fiﬁeryst%‘FlgTﬂr(IiafrPﬁm nator) IL configured to
condi t i onogy3y adi at lebl\r#@@mngys(t&n,gme e\ MNuh e M dySiBh; may SHURBOVArioss fyped ur e
(e.g., a nmask tabl,eazw constructed to support a patterning device (e.g., a
mask or a ret PEloBfcavKoRARNEnfedt 8t relEchVS i ldicliyosmagisHer ClENOBYATStigur ed to
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table) WI constructed to hold a suBstrate (e.g., aresist-coated wafer) W
and connect edaprsoriaeden i cppsineiraaonpping andd. i fos @thep fagosusush a9 Yre pessi t i on
the substrat eyr 2082, Pfi QM RO&YSLEM: (Selhnr fol EUS fa8GHbY Snd E&GHLON
systen) PS coﬁ??guruglg' tto rgj ectr a pattgrcn Plnﬁ)arpydllatlo t%enra‘%}gaﬁl{l n beam B
by pat t er ni ngakbeth toe nMah ortiation. A argein gurrpigent Qag hageforedempevididrg tone or
more dies) of WB{S‘E bﬁg{mgétﬁ%tﬁ ¥ aid Qfa?’@atﬂlﬁvdah'am Qﬁxhgﬁ'mgé( stem may i nclude
vari ous types of optical conmponents, such as retractive, reflective,
magnet i c,[0@dEct r onAghetei depicedde dier gphmtuscis af atdflectiveyipps (of., epplogiak a
conponent s, 0%&%& ve%?a@lt?)i nation thereof, for directing, shaping, or
control ling radration. ™

[0045] 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.
[0046] Referring to Figure 1, the illuminator IL. receives an extreme ultra violet
radiation beam from the source collector module SO. Methods to produce EUV light
include, but are not necessarily limited to, converting a material into a plasma state
that has at least one element, e.g., xenon, lithium or tin, with one or more emission
lines in the EUV range. In one such method, often termed laser produced plasma
(“LPP”) the required plasma can be produced by irradiating a fuel, such as a droplet,
stream or cluster of material having the required line-emitting element, with a laser

beam. The source collector module SO may be part of an EUV radiation system



[ 0040] The support structure MI holds the patterning device MA in a manner

t hat depends on the orientation of the patterning device, the design of the
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The support structure may ensure that the (Satter ning device is at a desired

posi tion, forfuskahisl esylfibg Plagpeatitst PR dafpiEine €18 ohU ¥ yelighen. whiflogu1] The

term “patter nb&&c@@‘ﬁkﬁg a AN NRBE WBFoYed RtEE RERELEIRSOF RloBRIE] Tk O any
device that can be used to inpart a radiation beamwth a pattern inits

cross- sect i onlasercind gke wrC@rC@H@Céorampyhlﬂet B be peparateaenyidies, porr exapnleofhanire
substrate. ThepjlLe ﬂféd%’ VRA e aJePGeaB@%} fill Qi RgM may correspond to a

particul ar functiona ayer in a device belng created in the target
portion, [8Mdh as alm judh egreat bd leser sunat. copgd4R] Théorpaparephihegdlitiesranbec may be

transm ssive %5 a¥a?1}csl eﬁl%t t'hg ?adlgﬁ)g %l $5is Ofassggtf}é)?r[ %nﬁseg %%{ i ﬁ%lr(%céo'ﬂg&oﬁas ks,

pr ogr ammabl e Bror arrays, progr panel s S are wel |
known in |it hmgdwlprvwh tachid nth bdem g kery yymesn sumprisasg tfmnaxaynplealsum‘oﬂfat I ng
phase-shift, and _.attenuate

variou sk
types. An exa ‘fcém%%m%ors PO ?Ia%%%leépaﬁﬁd I& ¥ Faases %‘%p?“éce TR T & mtegrafm
arrangenent opars ble mufd’eO(t’(ﬂlﬁct&aﬁlhdlﬁlé Wmeeiimp:lanvﬂm therdowrtaddisad ldisclidrgd ed so
as to reflect %Q a fmn di atlon beam i ({1 gﬁirﬁ]%;rent directions. The
tilted mrrorBPHE. rPaSl&ag EPRFaoR OLoR legieg 3 edMfi€hat is reflected by
the mrrqgood4spt ri x. TﬁeOQﬂﬁllffdn@f pr Cﬂu@%@rﬁm@yai Qfjustbd K& hdjestink | e Aagllhon

system may include vari ous es. of optic nponents, such as
refractive, r&¥qnsigt figigtbu tﬁfﬁ’g‘?fé%l%)@dlag?%é‘?aflbrﬁ%&?fé% @l leastdhs puierantl/og inger ot her

types of optigaly %Qi@ﬁpft%ﬁﬁrﬁ)nl)pfefm féoagbbmﬁtek Qfd tNRNEO frespBRivBIRPLOPRE at e for
t he exposure radi ati on being ‘used, or for other factors such as the use of

a vacuum It Hﬁ%ns@ed@élbptﬁ@dmtadmﬂd@l@e\@é@l@l}ﬂvmmﬁtOEW beagfiiuptadohn &idiiva. gases
bsorb t f
may absor 0 @ﬂ%%h%b vsm‘y t@ﬁ%ﬁ‘gﬁ%’%{@%ﬂ& sﬁ%yastf&%{t RN&aRE

provi ded to t am pat f a vacuum wal l and vacuum
punps. [0044] pswlhteme)r depiest Bd, 1llurhma®ppay at useditg cofditenried fadiptipn/eecatnype (e. g. ,

enpl oyi ng a rﬁive ol o {Jﬁé#%uy aLIQ‘{"h?rlsl tn'bﬁth‘[?l%?tE’ 110& APRaratus may be of a

type having two MOF & SUuDSLF A and/or two or nore
mask tabl[@dP] | n sﬂMadumdm bqeBsit agpeienmcmerp%emimg dedidé {d.onmbsk) Mbhes may

ant o wni 1 6 onsnar iBPu BTRBR diul’ GRS BBK R 3RE b5 Blful R o T
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 W'T 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., mask) MA with respect to the path of the radiation beam
B. Patterning device (e.g., mask) MA and substrate W may be aligned using mask
alignment marks M1, M2 and substrate alignment marks P1, P2.

[0050] The depicted apparatus could be used in at least one of the following modes:
[0051] 1. In step mode, the support structure (e.g., mask table) MT and the

substrate table W'T are kept essentially stationary, while an entire pattern imparted to



[0046] Referring to Figure 1, the illumnator IL receives an extrene ultra
viol et radiation beamfromthe source collector nodule SO Mthods to
produce BWW2bi3ghesssncl ude, but are not necessarily |i m Peu/EPRY1204TIRItIi Ng a
material into a plasnma state that has at |east one elenent, e.g., xenon,
lithiumor tin, with one or nore em'ssglon lines in the EUV range. In one
such nethod, often terned | aser produced plasma ("LPP") the required plasm

can be producgd d)addn Rt & progc@d batsla tarslGRrRe AadhBhRlG.c. 54 di (@fic cl uster
of material having the required line-emtting element, with a laser beam

The source coPtRoeter Thotbretsabvay T iehpmshiftedfin gy Eend/oragiliggctionssfsteem 8
including a | agRfent ARkt SROWMC bih i @pbLal, for providing the |aser beam and
exciting the fuel. The resulting plasma emts output radiation, e.g., EW
radi ati oh0052hi ch i3 collhegtredodsi thy seppogditaeiven (el etk whle) MEpoaddl i n t he
source collec wlhe. | : t y be
Separ at o enti 1y SETPE T 6y (RREs BRIy SOAR Tl SRl he

| aser beam f oradfatieh besue istravjcoed oft0@4atké¢trpogivnC Gas essingddéynhmgedxppsiraiot
considered to ( r f o1t h i i ation
beami s passegL ?V%ﬁrﬁq hatéldl%ggéedr&gtoé tl{ehsglgsg%ge:]t 8ee§gF?éeld§[V§§O ﬁn%gsﬁplgo?tvﬁrtﬁgeu e aid
of a beam del (ever ynasly stbén Mdmpry e ndprerfored ehyatipl @e-)segifadatien dnd embhgang
mrrors and/or_a qegm e&xr??ndetrt. | n. ot her ca s t he source may be an
integral part O HEEVEATILE Y HREGIOMSHITES for exanpl e when t he source
is a dis¢ospe prodlucedn phaseram&ldy ilgesugpat aructudd teeh, mesknmble adTaisDRPr sour ce.

[0048] The illum nator |L ma onprise an juster for . adjusting the angul ar
ntensity di sEPPBYT SHIGHT HElEG BUEBH HOLN P Egis S 2 Mot e aut er
and/ or inner a@k WT Bxhend drcenmmealwhikef piteadih@rids @ t@uUiadiatiéNBen iner ,
respectively) of the intensity distribution in a pupil plane of the
i |l umi nat or c BrIssd safos eyt qurﬁo%édﬁntﬂfnéH}Od?’rﬁén?rﬁlllh?TPWé‘%doff‘le‘tll_‘?nnsé?f}rCE&ﬁrp_ri se
various ot her cgppaNgitite podfahndld geeintRdichice idupagdd Py Riduirfd hfi@leadleVvi ces.
The illum nator may be used to condition the radiation beam to have a
desi red uni f oPIVEYCRAADIDE SERsHAP (aplVd arith hetiveen Surcastiye erligdan s darne
[0049] The radi atdn0ThRE&AMB i pelalibh B8NEe RAdiINEPRES [LMAKNGs dBYEGFhY B2l
mask) MA, which is held on the support structure (e.g., mask table) MI, and
is patterned BYylizeh@roseanmegbld paitetneng daviceAfuch s airpgianaphle ariger frraymfthe
patterning deé'?ggs feferQd 1o fRSK) MA, the radiation beam B passes through the
projection systemPS, which focuses the beamonto a target portion C of the
subst r at 400841 W t h €¢nebiaitnefand/he vemations opobe taboree desPiealnthogessoft bssnosensor
PS2 (e.g., anj r.feer e Vi | r coder or capacitive sensor),
t he substrat ee‘%t[a}%?gffgﬁ&ggltﬁﬁ ngggev% %{%Ocﬂlf%g‘ﬁ’é?@& e.g., SO as to position
di f f er ent{005&f get pldpte @ndo@s ithe lithegrgdichapphratus d.APaihi ot glataleammiuBng Shari | ar |l y,
the first positioner, PM an he osi.tion sensor, PS1 can be us to
acour at ol v post ORI BRI RR RS BRRIH S0 TR P et i BBt o
t he path of t ke sadiatslenobaaduB. SPat terstungl del hbieegéd saeh, thams kpcdwh and
substrate Wnmay .be ali n%g usitnﬁl érask al i.gnnent margs I\/E5 Y4 ang‘ substrate
al i gnment mar REUBIMCBAAN NGBHIHIE! fbpt SPLG HppRiltus Ul P4 wled i n at
| east one of tdeaulkol | owi ng nodes: [0051]1.In step node, the support
structur e.g., sk tahle) MI and the substrate table WI are kept
essent i aﬁ?‘?f@tg ati onafy’ “uhranesh eriPs b 133 8RN v ‘Ere‘EFa{nogmto a el

such as xenon (Xe), tin (Sn) or lithium (Li) that is provided from a fuel supply 8. Tin

(most likely in the form of droplets) is currently thought to be the most promising and

thus likely choice of fuel for EUV radiation sources. The deposition of laser energy

into the fuel creates a highly ionized plasma 10 at a plasma formation location 12 that

has electron temperatures of several tens of electronvolts (eV). The energetic

radiation generated during de-excitation and recombination of these ions is emitted

from the plasma 10, collected and focussed by a near normal incidence radiation

collector 14. A laser 4 and a fuel supply 8 (and/or a collector 14) may together be



9 the radiation beamis projected onto a target portion C at one tine
(i.e., asingle static exposure). The substrate table WI' is then shifted in
t he X andworzoid/idbs9ecti on so that a different target porPCOEPDICAMTDE
exposed. [0052]2.1n scan node, the su (g)ort structure (e.g., mask table) MK
and the substrate table WI are scanned synchronously while a pattern
inparted to the radiation beamis projected onto a target portion C (i.

a singl e dynapdidexRes tWisprise IRRIMRh Gt/ sﬁé@glcgﬂ}r ﬁpguvnaaatl&n@u@@bmé at e
table W relative to the support structure (e mask table) MI may be

det er ni ned by EbNeraigeon seugrsinaychet e lsrred iuasi avase PFOél%qui,)&qm@HhP RdipiiQt j cs of
the projectiog,system PS. [0053]3.1n another node, the support structure
(e.g., nmask table) MI is kept essentially stationary hol ding a programrabl e
pat t er ni i@Pdevi ce, Aasrdonchédaseiulbwt r divent alsiye byprogdadpvibel seond clarrielringhi | e a
pattern i mpar EthobaOphaR A fBMhhSa M ﬁlsé?rbghrﬁ%t@qnc?&tnpuﬁ)p ' gty for ti on
C. In this node, gener f y a pul se lation source Is e I]loye and the
progr ammabl e pmlrcteehfmumg thievproeach snay hd atferd:das ay adual lasat paking (DBBciourroy enent

of the s ate t e a s, during
a scan. %5 node % O%Eﬁé\%[%tslh%vrvf?é%nﬁ%ﬁgﬁ%gg%f&ﬁg%g |e§gl noéor?gés}lgpessﬁ

| it hography th@ztzlemanfigwecs tcpdmg;l: ansrednh ef el tisphingontey itgectoguoivagls ta

pr ogr ammabl e rror ar ra?ll ype as referred to above.

[ 0054] Conbi naP SRS ORI Ocaa?n ‘ions on the above described nodes of use or
entirel y [6059] er ent Radbdiea B:Iflatli§&ﬂﬁm®d]@|lﬁé)rddﬁltl@]ﬁfﬁﬂmylﬁﬂl4 {s 0QpSddFit guirmal shows
the lithographic apparajus, LAP in nore detail,. inclu t he source
ol | ect o oadrEeSBi kT TR PO JSERaPi it TRITEhEre) Bott O syst em
PS. The sour caltmhéhet@tf@&usn@ﬁu&e ok Sollegt modiledOaR chrafgaangell tsucie t hat a
vacuum envi ronment can be paintained in an enclosing structure 2 of the

source col | ectSFMAGAGIREUS 1BEEIBFAC ULBPea (G & epiardad th CTHYRS 1rirY&er

energy via a baggsviRBaARbEd pif 18 i MBilnagSHIGHe AfiakSNARitnE§asnail0. (Sn) or
l'ithi um&ﬂlil that is provided froma fuel supply 8. Tin (nost Ilkely in the

f or m of lets) $®S%ﬁmb/ntheyaqlﬁ@a&&ra‘%%@e ﬂlh@ﬂ%@p spiom s ivhéchahdy t hus

l'i kel'y choi ceiffugf uetach Rl FEYY Hhigdt ALViAN 26 Ul CE $acedIEpHRIP RSS! @RicRf 2] aser
energy into the fuel creates a highly ionized plasma 10 at a plasma

formation | ocatringpd 1Q pidyile hdesined @pgulandistehymnaeiuhe sadiftiogeheamalP A dipps of
el ectronvol ts, (ieMn Ié\ﬁce%‘?\r QS Glef Jsaadh&hé&’ﬂ?&%ﬁg %%?quﬂféh'lﬂtgns‘i’@ X tation

and reconbi naP| on of these tons Is emt rom asma 10, “col | ect ed
and focussed b@tteanngaéwcwoMﬁal Upmr«d@n@m ofatit dearef craﬂlzlt@d)tetbrthelnattemm@ser 4

o compr se alni St Ao Ol SufiRkl G Rk ) PRk BRELREH 1Pnh U BRE, “orre
EWV r adi at i onps@ureddcaa4 bfemagéfbby (220 pr@eca@naysltm &8 vir sllecizd ephrsR6( LPP)
radiation s OULE iito a substrate W held by the wafer stage or substrate table W'T.
[0061] More elements than shown may generally be present in the illumination
system IL and projection system PS. Furthermore, there may be more mirrors present
than those shown in the figures, for example there may be 1- 6 additional reflective
elements present in the projection system PS than shown in Figure 2.
[0062] Figure 3 schematically depicts a part of the fuel supply as shown in and
described with reference to Figure 2. The part of the fuel supply is shown as
comprising a conduit 30 that includes and leads to a nozzle 32 configured to direct a
stream of droplets of fuel 34 along a trajectory towards a plasma formation location
(not shown).
[0063] Stability and/or clogging (i.e., at least partial blocking) of the nozzle 32 are

issues that may arise during use of the nozzle 32, as they do for any ink-jet printing

application. Clogs will be formed by contamination in the fuel. Clogging of the



[ 0057] A second | aser (not shown) nmay be provided, the second | aser being
configured to preheat the fuel before the |laser beam6 is incident upon it.
An LPP sowpceldhggIsuses this approach may be referred t®Cagraoidoed79s aser
pul sing (DLP) source. [0058] Althougtf not shown, the fuel supply wll
conprise, or be in connection with, a hozzl e confi gured to direct a stream
of fuel droplets along a trajectory towards the plasma formation | ocation

12. [ 0059] Radh@ticon Byt ipbsd Slift@hé 8mt@H tRYndzE ah@fhhdthk AR pER LR (0l 4 1S
focused at a virtual source point 16. The virtual source pornt 16 is

comonl y ref eft Bdstt d gy HpE nvhichddnipmarintenagee/clegningt Keregtnde end dhdvect or

modul e SO i's fefRR0BehiSHE By iiafityldtehd MbiRHSEILRE O [HRAkS MDhicSphAs@t &d at or
near to an opening 18 in the enc¢losing structure 2. The virtual source

point 16 is amAwhakkge of the radiation emtting plasma 10. [0060]
Sub th i.at.i Wl wm i : whi ch
ubsequengjey; the lrt*’-i‘g'crj,{'{‘)%ﬂl g{&:é)atﬁa'f %Yeeﬁ%gﬁ. ﬁ“é‘fzyeaﬁ lgn?‘%éngﬁto?y fI8IVL lpe WHI C

may i nclude a facette mrror Vi ce acetted puptl mrror
devi ce 22 arr angkd, pooprd vicdenadlededimeers anguhpareddid sther bendpignanfthe hige

radi ati on bea h t ni i |..as I €

ni form by of CFouPLIGDSsRAt LR, o AR SRy BB e Bl T

refl ecti on of ptehmnt hghmsgpdtemnadiime itemoatle BAeilpbive ennpige sealestelidvitterhied d by
t he support str d beam 24 is nd t er ned

C . a.patter f or med pat
beam 24 1 s i migharihcheeish of BT NoYy STEM Al oty nPY EoB Do Brhiid < 26,
28 ont o a subsikelpatneth\ iheindzAky 32 et wad extristi@gm e flovbsteat de isalilety WAL
[ 0061] More el enents .t han shown enerally be present in the illum nation
Lystem 1L andBRopottEn 1B5et Bal Bl Aeakr fudlor Corbn BRd e BeoHs B 11 or
present than theseushomn ih et fael fidguyesn. HyveexaoRLE shiIRE ehaitie B6z7le 6
additional ref|lective e|lenents present in the projectign system PS fhan
shown in Fi gui’j‘é‘m?t.er Pl@bﬁgﬁl}lpit@ﬁ%ﬂg nygi AR iR gop g&é‘bfll‘?teéfeéu‘ﬁaﬁef)mﬁ)tfy t’he fuel
supply as showa nbpyi@nd described with reference to Figure 2. The part of
t he fuel s(t‘l)pgly is shown as conprising a conduit 30 that includes and | eads
to a noz#W3B2" condichtngein ¢ifscdverasemetsy By eean B2 rrgsiieths pgrneles ofdhe al ong a

trajectory towgfeHgedduRhAIMRrdpRIiTRS iRadcO GRE dr8fled MApe SN@HNLr mbAARS]yS abi ity

and/or clogging (i.e., at least partial Dblocking) of the nozzle 32 are
i ssues that néijecHpn <8 diieqiory efs reoptraame ohgiFomlass. 32In gyny [eplicgorsosugny

:‘Egll EtCI gg;?;gﬁg@@ﬁg&ﬁ%&@fb m& QB hgWe! b REmbAL TR DU ¢ AREATL RBLALOH T N the
particular, the requirements of the droplet generator will be extremely stringent in
terms of the trajectory of the droplet stream. For instance, at a plasma formation
location, the location of a droplet may need to be accurate to within a few microns,
but at the same time the nozzle 32 itself may need to be located relatively far away
from the plasma formation location, for instance by a distance of a few tens of
centimetres or so. This results in a direction stability requirement of the trajectory of
the stream of droplets of perhaps less than 10 microradians. The overall result is that
even very small particulate contamination deposited on an internal surface of the
nozzle can change the effective geometry of the nozzle to such an extent to ensure
that the direction stability requirement is not met. This might, in turn have a
detrimental affect on the operation of the radiation source and thus the lithographic
apparatus as a whole, for example in terms of the generation of radiation.

[0066] Figure 4 schematically depicts the same conduit 30, nozzle 32 and droplet
stream 34 as shown in and described with reference to Fligure 3. However, in Figure 4
contamination in the form of particles 40 has become deposited on an internal surface

of the nozzle 32. Such deposition has resulted in a change in the effective geometry



11 nozzle 32 may inpose a lifetime limt on the nozzle and thus the dropl et
generator (or at least atine limt at which limt maintenance/cleaning is
requi red)weandiymysssherefore limt the availability of tRETERIIR643 SOUr Ce
or the lithographic apparatus as a Wh?:%e' [0064] 1t is nost likely that the
nozzle 32 of the droplet generator w have the smallest, or one of the
smal l est, dianeters as conpared to other conduits and the |ike of a fuel
flow system fgf MeidzRant @f adsbgoddr SRSt wHRAGLALQUIEEXE R, inPLERARS in f OF
filters present in that system. Since the nozzle 32 will have one of the
smal | est di anBEFtery OiffhelsgealnilR ropleRdt cl ogging in the fuel flow systemwill
occur negjoedf at tHe Nerdds@nd% o&'&a&bﬂé%ﬂoﬁ%xﬁﬁlhﬁbn’f h&e'&@ﬁt&&ﬁla&% et 1s a
restriction in the flow system likely that clogs or the like |arger
t han t he nozzbepaiiicase eyfou, o b«b@nyithmg dpcabatonightibg psasert wadin the fuchiesed ifpst r eam
in the fuel : dhﬂpet er
and within thg&w&ggﬁgﬁﬁ} gthEQ res{?lgt Cfgaﬁ&z %%%rg&?n%\h% tltOe fogg%'lzl{}(g geonetry of
t he nozzl e. [O0BEhAahanygld arise Bfhestdisaeogefghefuel Fragxampiulftthd fyelis ¢hange i n
t he paraneters. o e tr . dro for

dr opl et shapeﬁlgréosnliagﬂgnaqgg h sf% gltﬂ(gﬁégnap%}cgéc |tglzrilsﬁkrE th étf%g{‘ge%%n#/gr
stream of dropddimally, nthmytampphbma:biﬂdnlse paticls partamiikercd matbiialn e to meet
stringent reqU| rements, Sp an %é eafdel i Lon source in particular, the

requi rements SPRE B OB eyl Pélfof’l WO SYB&Mext remel y stringent in terns
of the tifeQe8tt ory Mofis tahe)bgjbrcopf @ie prteseaamnveﬁtﬁrrn tonprteemmehe abdzz&e pbashEng
formation | ocation, the |ocatjon of a et. ma to be accyrate to
W thin ot ew APERORG BRaR e Re G B § HuTRpoD sy R Gl need to
be | ocated rehatzievebye praposadvedtutidnonddldee ) asnef @rfmet fikds irtatth@mowt or

instance by a distance of a few tens, of centlrrgltres or so. This results in
a direction sPaBM 4 R}reY"é’aﬁP?t@Pr’é‘ﬁ‘Eono‘f”ﬂE B HFasetiyry” dihalien dhagt the g
droplets of peiuheRs (ilgSte bhaimglé it abAMAdidN factiRe dRVREAL! HosuW! wis t hat
even very small particul ate contam nation deposited on an internal surface
of the nozzl eMgatheaHamydn ghiockrgeed tthe/ Behidomsysigm af 2 theledbe zatdhat dilelich an
extent to ensyhenhtala hheé HshieGh N n&daall feblirly SehkiR B NYepdisS HOGropRL . Thi's
mght, in turn have a detrinental affect on the operatlon of the radiation
source and t heenetay, Iqatlmﬁgr%gmﬁwnhpmmamsoéstha weglien doprceeredipn éhd n terns
of the generajjQ gbd 90a w06 Ghe kAU Gy orBGNEARIAC B! dicHERICL S L he
sane conduit ?}0 Qra@‘hc ag&ir andadvgé)p et gtplrrean% né@n ?W Y in atﬁﬂ] gescrl bed
with refer enc@PmQﬁCFltgﬁheep@bleH@w@neﬁed iovEi glicke ddﬁsclmﬁtr@mt natijcoresing thche form
of particles S ozzl e
32. "Such depot i o e eiEs SARETEH Sl Plhe i HoRRy B GER Bladdt i 5% 2
of the nozzl en@2lef.as descri bed above) whi ch has resulted, in turn, |n a
change i jecto e stre dropl.ets. .34, 067 Pan cles 40
are one E&‘Lﬁ% e ofAééCSFn‘{l“ %naélta}s GC?%G PES A ARRLEY éhr?Lecl(% e 4 prgglfléilocnul ate in
form or be akyirdu dftgn[ﬁisﬁlg 4 hadzlemogliecb@ s}m‘eﬁﬁeﬁtfuw (ﬂlbplﬂtstdmlgfmeﬂa]etjtsgd to
formthe dropl et am 34 orreratl solutians, or the
ko). "The. coltarfrintru ReufiTprbety o BHf iRt o ARE R RE R Heor
exanmple, if t hﬁstfmle(bnnbétlohlvﬁth (Iﬂlﬁe);@ﬂﬁsalmolﬁﬂgur&ﬂtormlyzctb%ef tadia@X glehgret i cl es
or the like. A ternat| VEI%%&a&.HP a]gdl,ti onal ly, the contam nation could be
EVRY

particles or tHBlefs g dhegpla FORT DB ULD Y d PP EAT R i n t he
fuel flow syshria,[20Q68stibddsibave. Ok @len@n it BRURLEEEN roh RY B @maﬁ&l pr event
t he nozzle from being clogged with contam natjon, thus resulting

change of eff &S5 &n %H%th y ibthat the nREdls hes aIOﬁ‘@“t?# Spbsedhas @Fthlbﬁrﬁt%ul d be
to use fine ofodiglRl th ipkdvehiSconBnfiR@ioh Yalsedt! iRWLENSERH FPmRRE VRN Uroplets

cont am nation with an average dianmeter smaller than the nozzle dianeter
(i.e., the op&ammyingrdeperéicdon Habinterpad surfasac Hl iy XRBPIEORIE 182y hoAligeed thi s
may th_en r esub%\ﬁhs'ﬁnﬁg o aleaderAl sifiec Wi dkQWiRYELRM BinActiplifulch. €, at
that filter) could again result in the need to regul ar yrralntaln or
repair the drepl/@tengemertizt dic,inlcaakivngeesis gnpdth caevgh dommrdnkeuchfdepdsdionadi at i on
source and/ or t vention
provi des an aﬁ%@?y\%ﬁg\@/%@é}%ﬁﬂgﬁogﬁ?%& gﬁ‘fthheﬁhe?%g)@kéggé)grgélﬁttl e agog\}lgélg)v\hl ch
does not resulistepd thmcw@ammmg)ntlhélusﬁvdmgf dfe fotloitdva gesenbeindgn partioeldr wi t hi n
the fuel flow system (which includes the nozzle). [0069] According to an
aspect of the present invention, there is provided a radiation




source conprising a nozzle to direct a streamof fuel droplets along a
trajectory towards a plasma formation | ocation. The radiati on source al so
conpri seswoan13ymos8 | east in connection with (in use), &CraPer12o647H3 gur ed
to direct |laser radiation at the fuel ?ropl ets at the plasma formation

| ocation to generate, in use, a radi all' on generating plasma, all as

descri bed above. The invention is distinguished fromexisting radiation
sour ces and/ ofofOme! R521k NiHul PreveRithgNO@ela8eNafd ARus Ple®intial BMbace dhat is
deliberately configured to prevent contam nation present in fuel used to
form the fuel cett stosety ShisaPHd- dépsesnccder Bl heanampdionarysad Fage. In
one exanple, LA & B oPfe 2DURBPRE R¥cENEHHI AGndARE HoRRvA R DBlfesibid ace is
non-stick with respect to the contam nation, and/or ensuring that the

i nternal surf &cthej rpzglageetmiaa singaed withreop@minatigehw e prespthergnse wpplarly ant age
of this approgghy ,p , LhRhidl Whiddehin MeARKRASS oRIHE 104 SPARKIAIRE. Qha/di kel V.

| nstead, the conttgmaﬁl)at |Lt(1)n ?sﬁgllﬁﬂee%ﬁuﬁgﬁ t he ueFﬁJ{(‘%}JO\/\/gsy’stedr/nr and in
particul ar 18hahgoin dthe pnayertice of thhdise]l groplegsn farvgathplo dkeages or almge.t drulse
preventing chan i h fective geonetry of the nozzle. It is conceded
that the cont %ﬁ%ﬁgﬁ(ﬁrﬁﬁeﬁ%ﬁ%ﬁ@mﬂp in one or nore of the fuel droplets

di r ect ed [0076In t he PokaliventHofvehe presdnhiisvengonpwaf @pabbee d¢soritdde bpozal ef

becom ng clogged with coptamnatign, with t otherwi . se resultin ffect of
e potenti al ol il SRE ARRRLE Pyl e SRR AT € ' 2o or

a change i n otufeparpeudqretcile.e Thofahd éatuial arelpdph elicssanfeokfeesnatrpligerthhdor Si ze
or shape, or the fa\%ﬁ?uen%of their generation. [0070] Enbodi nents of the
present i nventiBH "SKE6Wbe described, by way of exanple only, with

ref er encqog7a] Fi gurEigurd s5a8Ekntuicalliehic@ W ®sdiesiehnahclitRe Bndiialno k oMy
particul ar scale. The sanme features are given the sanme reference nuneral s
for clarity and e¥Rdarcs i an[%@?’ﬂnﬁnbﬂﬁ"ge QT%%&YEFW%|IP§I}18%P%U§GI§’ condui t
50 that includesn@ns due@esot MeanorNEBheaR® ihdbedCEMUGABOLisVHrbiidan warhodi ment
of the present invention. In this enbodinment, an internal surface of the
nozzl e 52 (antaipadéedheconing I+ 5onigurpt SYPHERt FPIPRETaRTIGL BuluciThe
coating 54 isucanbi@Hh ek HiR1 REYENE4 GRM BRI alchQePLR SR oddhgfa4e! pysed to
formthe fuel droplets 34 frombeing deposited on the coating 54. For

i nstance, theins@ags Hy ®atingsA papvicyeles spasgichayriase (¢rabe conprmingieon than

cont ani nat i ongt.han. 1.6, WRIE heloadRe WhEhhebhnfieald £9me4 é}aﬁl RENaRp! 1 ed
(e.g., the bog{? ma% earirzlallmocﬁtt eoang%??e 526). %qlt etr(ngl’t'ivelO , ta e coating 54
may provi de andaksSAt iAdieynaguely.dbe chasing tSHenayoprowide ndess sfickyhamfapmfositheal on
whi ch t he coat|i D4, | i NSt ances fue i nd t he
nozzle 52 for t?r%ﬂggglgélsotnztﬁ%qg%t%@q? § gz%{ca ﬁﬁ;erctog&%éle& E‘?Pélre?'z iD%ur %{%g’ tfé%ﬁle e nmade
snoot her or | esg bsttincloy thie wozzkdy2 fexamipubstardtially drondeuapar tlihelqestzaturfagast ) by
ap_pl y! ng SUChcaan ‘tg:eoag e o%ﬁfer Lppzszs]ti-gpeftc,of%lt S §e4tiﬂeo§1 R tl%cfgzg at?.{gl:gs )I‘t()jed.

uni form y and“EveEnt’y,° YO Provi 6& A tni form’and even SuPface’ *Thé coat i ng
shoul d al so beppt@pahice acbatingtSHst andi ng an operating tenperature of the fuel

and/or n (or fluid flqQw system.in geperal o that the coating does
ot degr d825: | 7 ap ! Yoy S b PR GRS e n e o PN he el
that is used, vhi@mcadtdveg ssieel dhbeoaligeshbadvilsohst @psbla of enpesmling € of
greater than 232C (i.e., the | ti oint of tin). [0073] The coating 54
coul d be or CBPFﬁ?tl“ééGIBPFéatB‘F %qﬁ%ﬁﬁggndg d n&??l? é(?retjh’_t“) Hﬁ%’é?’?t dn g?%f‘&%?arrpl e: a
fluoride (CaFgat BaEeating dodi dot ii&h@ide Bk fapldl asppnld duiikEuearbpmdtanckef ki (i . e. ,
PTFE - pol ytetrafl uoroet hél ene); or a material derived froma sol-gel
coating proceds fpd Bt is wegithg eHndthogd hechlagsatrs@pat iamperaue At &2 For
exanpl e Si 02: @aRp32°Ckfk., the melting point of tin).

[0073] The coating 54 could be or comprise one of a number of different materials,

for example: a fluoride (CaF,, Bal,); a nitride; DLC (diamond-like carbon); Teflon

(i.e., PTFE — polytetrafluoroethylene); or a material derived from a sol-gel coating

process (e.g., a silicon or silica based coating, such as for example SiO,:CHs).



[0074] I n sone instances, any one or nore of the abovenentioned materials
may be usable as the coating 54. However, dianond-Ilike carbon may not

al wvays beweuntahbss depending on the aspect ratio of thecmErzée/e4ws ch may
prevent readily applicabl e deposition Z?f t he di anond-I1i ke carbon coating
(e.g., using gas phase deposition). N rides may be too rough, and may not
adequately prevent the build up of contam nation in the nozzle. Fluorides
nmay not hgoayi t abl B @HE ihPankbiead@6ie drhiddre bt HEBYoRGchQhedinfdidrat thayt @ appl y
fluorides as a coating. In contrast, PTFE and a material derived froma
sol -gel coat i Hyblsrisdsccoaing -  Howeypr diugiondiike parponampaacs ¢lvegabs itablsuch as
for exanple SyQRn&hBbn hﬁéaéﬁ@&r}aﬁ@lﬂf‘ﬁlet&zﬂg WREH 'nﬁg _/p?é\JeMt RubityaRp8eable
satisfying all 'the fequirements defined above. The coati ng 54 may be
provi ded i n adepepiticnf itk dismeadlke carhen ﬁwlngrdpé rvé@éugay phasei ddppgitien)t he
provi sion of 0 , [ tjcu ogt i ng, of
the internal éllli}ir? %cgfag;]&t 12023 ﬁ(%ggl gﬁhsgl.?aryTh(gt %‘:%g?fl&%g L%Q\;eﬁtagﬁubfg&plﬁn&%l ?iifad usi ng
a sol -gel coatemgnipriongs ghe n@rczl@sFlngri®S ovanphy Sptt@hl@ dedoithre fla¢tghrtak may
suspensi on t r.f.ac

curing pr ocegggr?r%yg‘ écuﬁntgep?lgkfz&réntd% %r%\(f?%ﬂgt he #ltg%spaﬁ%e?ﬂg] %%%Eel?%lg (e.q.
to evaporate aawedmoera m@mtlmmbmss fee. sd silien gpailica bdtsed;camﬂng, dubleay nternal
surface). [00 6] n at i ch as.tin, 0Xx i.cl es does not
and cannot de% ST ?m%ﬁ%%l%z eﬁf) n§ ens%}l?dzgoebeo?ar?%%aﬂﬁ’ Smtf%g tlsé}(llgg f"@ e
presence of t hgueaadnsdgfibéd abblis i n accor dance with the enbodl ment of the
present i tion, the contam na hed out of the conduit 50
Phrough (R0, o1 srishCosfie daduSbt PR 8 Howel sebbbs PietBRBURy BETS he
nozzl e 52. [ OCAdlyheilioed the @advidiéh P BESSingisH| ardSid Pattytulan el i@e pagshng a wet
coating through the nozzle in order coat _that nozzle, and this nay

i nvol ve passi % lipg et %f“t‘?fBﬂtSPﬁﬁcet‘ﬁr%%a‘P?Z% ondll toafiagaft myvt ks RIAY ‘iéindl ng

wi th that nozaélﬁg aasaﬁéarco@ﬁﬂge,lsm&@gt& Ringda biing froMicyintiRmd Adperidds Wi th
the nozzle. The conduit, nozzle or fuel flow systemin general may corrprl se
one or more fPngeths ineabsifcRl dis 1oraleliss beiatqaig: AiCYRRS RLEEHS tBAYDRES s .

wet coating pﬁ&{é%l%en%q%w&ethgrfﬁfaﬁrsBl%jcéaﬁngQé@aEd SAPoel iy WAL @rRAP! €, a
gas coating process. For exanple, a gas m ght be nore likely to be depl eted
of its activeafd/ordo Sln@bmﬁlﬁgﬁ)%&%mml spiéfcoke it reaches the nozzle,

especi al lijef the Gase [dotihidlpPUGR @ ihi dd @ parfdles Qoedhol Ehep QA % GipsGe | but i on
in the nozzle (or conduit, | ow sy tem I n genera

coating will beasinbseadseiak o the mezzdahkdwgo thegirestme of e dO@uteﬂg ﬁ4t sléiug in( t he
fuel being a , ' [ ) LJ ke of
the wet coati %%gggggeeyﬁﬁﬁhgr%g%?%@ g{;gytt% érege%g ﬁré\;eg 011 thg co@tlgﬂmtgb% egd ctabl e
consi st ent 15flnddent ofAhgasnduhdheinengh the umodz1an 62 ainéh@aselot alter g SawBveray
since it is a sonpr ?ﬁle%zezlg??' um and thus the use of a gas m ght give
rise to certarn préssure I'nduced effects that could be hard to predict and
t ake i nt g0@¥Gtount , TwrwellaoamgIpcbcbseaﬁllhmaﬁpaivbNg pekisfriziacudt toaiag (teo@h the
non-uniformties in tg 1 nestst or t Iik&%@. £0078 In acco dancte

anot her enbod &t Mot dEHE Sile E%thlfoz? v n1aY HEOYBSIEHENH Wecfoﬁ'a%nt ages
may be real i segod af @hddingadifieonad zh@ng Wamdat Rogdie, ahd/sediedripats ¢asfuepposed
to a coating) that is configured to eyent contam nati o resent in the
fuel used to PBYrVI'HE t]fl?}eqnd%%tglﬂéft g {e Wﬁ%é?%ltd‘é% qrefﬂ‘gd[ﬂ)“f Rae Ht er nal
surface. Fi gub@efil 89WEmPrieQMd Bk nofOriaRd tiedehl whibi? thk arelBshihf Akt ekl a
material. Again, the material is chosen such that it is snmpother or |ess

sticky for C oMt BT HapPGivaingrtraseRertalf Phpratere i smpatispRVitha {&eraPPlgsed i n
previously preposRatnLproth SitdrRYalNEzd 88 mbACLEBIR! lidlly tevdglihar 8t & ¥
chosen to achreve this. For instance, proposed nozzl es have been descri bed
as conpri si ngadive dig- ngoaﬂag)n%mﬁorl@mhq@a? fitzreachgh theniaqalei espeqidlygif the ggs oxi de,
at |east) is KooWhi@ndanesi Aiss Gaideity BRuibaR0A AU FRulordulez2! ©
formed fromquartz ormng a nozzle froma snoother or |ess stick y

mat eri al over dowessterhinsggpembliem wEgeatingsyillibe eubstaneallydhe samerps yha éorftlar med
fromone of a f or a
retal (o g. . PERAUR LALLMy, kiR Rill- AN 10) oft B BREpe
satisfy the atim\mamnatlngm@derrteqma:d@rmmtlmsahmeadwpdesmralpb@hlctahile ccmsatenbn to
the coating, and in particular are capable of wi thstanding a tenperature of
greater than 232C. [0079] Any probl ens of applying a coating to the surface
are no longer present in this enbodi nent, since the nozzle itself is forned
fromthe body of such material. The only requirenent is that the naterial
used to formthe nozzle is able to support a conduit extending through the
material, through which the fuel may flow. To achieve this, a casing or
scaffold may be provided around the nozzle to pronobte or nmaintain



[ 0080] Al t hough t he abovenenti oned enbodi nent has been described in relation
to a radiation source, the use of a nozzle as descri bed above nay be

parti cul awbyossepss8 i n ot her applicati ons where nozzl esPCOMEPa&IR/064793 i qui d
dropl et generators are required, for Zganple inthe field of ink-jet
printing or the like. [0081]1t wll be appreciated that, in al

enbodi ments, the smpoth or non-stick materials that are required to form
the coating, @and®. A QAThé&eN(%a]ldehot PEXVYANe SERENGI site @Ns & BnRadstbicul ar |y
preval ent type of contam nation that is present, in use, in liquid that
flows through™eHE™nan,1hes tree ehhgts mpighfuliveerier? setly PeyEnaduRd 8eds nunber
of different pLEP&NY HEShard & pRIRIRAE kO NhBCloc RY! Wifich SH1iGR bNIGfiACT | ONS
and forces and the Iike. However, the skilled person will appreciate that
appropri at e meiflequltigs $e.grajonbamifeopiseninfilyekngssor disrlikat-e appl i cations, as and
when requj . [ 008 0 I.f e ygg N is text
to the uggﬁgf Iitg%ggégﬁkgahgg%rggﬁ%ki%ﬁgﬁggﬁgnﬁ?gét fgggfﬂ$%§¥hi{ﬁ£hould
be under st oodatdvamentivged advaniggeaphdycbarsplscd tby Sodasg tlichedzlh drogi a bndy ohave

ot her applicati ons, t f act fi.] 1 .cal st ens,
gui dance and g@%@éﬁ?iﬁﬁgggﬁgﬁggmg%?Hﬁg%ﬁg@ﬁ%ﬂﬁéhgfﬁgﬁghﬁg?£§§&¥@%%ﬁ%anel

di spl ays, |i qintte Grelsedlo fdis Hedyd dfdplbsfrom bbing dépokimdrmagme intandeadse. et c.

The skilled artis wi |l appreciate tha i n e context of. such
Alternative abbrranishe SRRCELE G PRk ruPed PSP Pl h 8o g 1
be consi der ednmagrislyin 0hysom sighwhdt b it k@odbererr gan etickly foredotnmisiibs tomiiedd or
"target portion', re tively. The substrate referred.tpo herein be

or ocessed.  bePdP Bf Ty fish TEATHL ARG, e PO YRR L R THREROCAEY obF° t hat
typi cal |y apphiagsiakis|dayeiatélf ch€shsd aétieva thidbBdrriadighcansgostsvehepks e exposed
resist), a netrolo ,t%ol and/ or an,ingﬁection tool. Were ag | i cabl e, the
di scl osure he %?ﬁmg%We &5 ChHIrisiag of Geigg HﬁﬂémBX%@FngﬂgFWHPB‘Bﬁébégbing

tool s. Furthepxidd,he1ea4PRINBHE (dTBYpoBIE rdRliRCES SRR SurtRabf PR6Lde foheeXanpl e
in order to create a multi-layer 1C, so that the term substrate used herein

may al so ref efONGUATE JipsnngrdiopHe from|asaraihereiesa Py mieriapperiopse bés ed

| ayers. [0083bﬁb%n£QQHhﬁﬁﬁ&§ﬁmrM@ﬁéﬁm%ﬁ@ﬂﬁﬂ@&ﬁ%&x%kb@@%mn&%%fhﬁ&ﬁ@h}0 any
one or conbi nation of various types of optical cong%nents, i ncl udi ng
O

refractive, r&f|eenpyeliamengheriacglasl et tar oaahfregi ohdeemeduressthtdre opt i cal
conponent s. [Qé}%ﬂﬂcV‘h'sLﬁ 8als! G1s&TRAN MRNGEoRnehthel NGRS hag}ég%bee”
't w may be pr

descri bed above, e appreciated that the 1 nventron acticed
ot her wi se t hadesagbadeig gelptyadto tiheodimgcendpniparisulabeweapstde phwdhdadinge be

i"“Strative’eﬂ%%ahﬁ@%ﬁ%éﬁkrdﬁﬁ%% dt will be apparent to one skilled in the
%I a S y be na%

art that nodi I on e'to the invention as described w thout
departi ng0d79bm t heAscppelems of dpplydhgd catibh@tthd oirflacamre no longer present in this

embodiment, since the nozzle itself is formed from the body of such material. The
only requirement is that the material used to form the nozzle is able to support a
conduit extending through the material, through which the fuel may flow. To achieve
this, a casing or scaffold may be provided around the nozzle to promote or maintain
structural integrity.

[0080] Although the abovementioned embodiment has been described in relation to a
radiation source, the use of a nozzle as described above may be particularly useful in
other applications where nozzles for use in liquid droplet generators are required, for
example in the field of ink-jet printing or the like.

[0081] It will be appreciated that, in all embodiments, the smooth or non-stick
materials that are required to form the coating, or to form the nozzle, may vary
depending on the particularly prevalent type of contamination that is present, in use,

in liquid that flows through the nozzle. The exact requirements may depend on a



WO 2013/ 029898PCT/ EP2012/ 064793 17 CLAIMS 1. A radi ation source conpri sing:
a nozzle configured to direct a streamof fuel droplets along a trajectory
t owar ds awpl2asg$9er mat i on | ocati on; a | aser confi gara®2410/06i7pECt

| aser radiation at the fuel droplets ? the plasma formation |ocation to
generate, in use, a radiation generating plasnms; wherein the nozzle
has an internal surface that is configured to prevent contam nation present

in fuel used h@mb@roNdih@erd lﬁ%peﬂfe@%leé}&lﬂpﬂé)&@nbﬁt Rb1deRREke frtiohdadd

internal surface. 2. The radiation source of claim1, wherein the internal
surface conpriaes addhadikng Hovevam she ghlled pesionstiid apprestate fhat APROPYa#fer ei n

the coating ppANHEEHG be @P(Qlérhﬁ)'f V\]A%{ roprB&SapplidaGbys, 8UmiddRn tQLidde
contam nation than materi al I ch the coating is applied. 4. The

radi ati o083lir ce ohltiugh me@f@rrefeliemerﬁlw baghededn Hhig et te mqw\gf létbegpinthice s
pol ytetraf| Uoh@)‘%}a l6Nfe nRhu@cdRt &rﬂc@' it ARodY %9 Jnﬁé}@&)@d afal ufael th&%??pthhcng

process. i‘ation source of any preceding claim er ei
coati ng |s c apriisfagusalesaaibed deramdnmghaye togivp eprlicati@s ofucly ne diegnanufiamr@82C. 6.

The radiation, g&‘a[t&FPStlcaFé%' 5 Ogrui’éﬂﬁ{]%{h b ctloﬁ'%pecl[t%ﬁe fér“([aaf gfe%c'd%nﬁl Surface

of a body of meteri alr use e nozz ra I'on source of

claim6, wher memo_nbse fhodyncdfdisphyer liqlid-costplr disggysd(Iaindthiofilna rgdgasis, or a

metal, or a Cﬁéa%g,] e(fd. The skilled artisan will appreciate that, in the context of such alternative

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

[0083] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive, reflective,
magnetic, electromagnetic and electrostatic optical components.

[0084] While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described.
The descriptions above are intended to be illustrative, not limiting. Thus it will be

apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims that follow.



8. The radi ation source of any preceding claim wherein the fuel conprises
tin, and/or wherein the contam nation conprises tin oxide particles. 9. A

| i t hogr aphOcopResvat us, conpri sing: the radi ati on sour ceCofEPanp/opt7eEedi ng
claim 18 an illum nation systen1coni?gured to provide the radiati on beam
a patterning device configured to inpart the radiation beamw th a pattern
inits cross-section; a substrate holder configured to hold a substrate;
and a propagtison system configured to project the patterned radiation
beam onto a target portion of the substrate. 10. A nozzle for use in a
liquid dropl et generator, wherein the nozzle has an internal surface that
is configured to prevent contam nation present in liquid used to formthe
liquid dnoplemga&mgmhb&k@gxgggg@ited on that internal surface. 11. A nethod
of formng a nozzle for use in a liquid droplet generator, the nethod
conprising: formng a nozzle froma body of terial; an rovi di ng
the nozzle with an69 PAEAS ﬁ%flggﬁflftglccgreﬁtoﬁfsfrﬁad?é) fpd %P@%ﬁ?onéo%fréﬁftﬁﬁﬁ i on
present in |i guaeisSRdntaForh@rion fobRioni qui d droplets from bei ng deposited on
that internal surface. 12. The nethod of claim 11, wherein a wet coating

process is used to provide the internal surface in.t f orm of coati ng.
0% She ot hod of “tRaoaBeinibis Srhl PR Ring eCngl FupRsch da AT col “gel
coati ng procesgmadn U&iIBY tAge@®ate] iMGisd, A rididiod gStSPRA PlaOMa;

wherein the nozzle has an internal surface that is configured to prevent
contamination present in fuel used to form the fuel droplets from being deposited on

that internal surface.
2. The radiation source of claim 1, wherein the internal surface comprises a coating.

3. The radiation source of claim 2, wherein the coating provides a smoother or less

sticky surface for the contamination than material on which the coating is applied.

4. The radiation source of claim 1 or claim 2, wherein the coating comprises

polytetrafluoroethylene, or a material derived from a sol-gel coating process.

5. The radiation source of any preceding claim, wherein the coating is capable of

withstanding a temperature of greater than 232°C.

6. The radiation source of claim 1, wherein the internal surface is a surface of a body of

material used to form the nozzle.

7. The radiation source of claim 6, wherein the body of material comprises diamond, or

a glass, or a metal, or a ceramic.

8. The radiation source of any preceding claim, wherein the fuel comprises tin, and/or

wherein the contamination comprises tin oxide particles.
0. A lithographic apparatus, comprising:

the radiation source of any preceding claim;



14. The method of claim 12 or claim13, wherein a liquid used in the wet

coating process is cured after being applied. 15. The nethod of claim 11,
wherei n twe 2019898l surface is provided by form ng a cect@EPoios4yagh t he
body of material used to formthe nozﬁe.

an illumination system configured to provide the radiation beam;

a patterning device configured to impart the radiation beam with a pattern in

its cross-section;
a substrate holder configured to hold a substrate; and

a projection system configured to project the patterned radiation beam onto a

target portion of the substrate.

10. A nozzle for use in a liquid droplet generator, wherein the nozzle has an internal
surface that is configured to prevent contamination present in liquid used to form the

liquid droplets from being deposited on that internal surface.

11. A method of forming a nozzle for use in a liquid droplet generator, the method

comprising:

forming a nozzle from a body of material; and
providing the nozzle with an internal surface configured to prevent
contamination present in liquid used to form the liquid droplets from being deposited

on that internal surface.

12. The method of claim 11, wherein a wet coating process is used to provide the internal

surface in the form of a coating.

13. The method of claim 12, wherein the coating is provided using a sol-gel coating

process, or using a coating in fluid suspension.

14. The method of claim 12 or claim 13, wherein a liquid used in the wet coating process

is cured after being applied.

15. The method of claim 11, wherein the internal surface is provided by forming a

conduit through the body of material used to form the nozzle.



