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Field of the Invention [0001] The present invention relates to a radiation
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[0003] In a Lithographic apparatus the size of features that can be imaged onto a substrate is

ur

limited by the wavelength of the projection radiation. To produce integrated circuits with a
higher density of devices, and hence higher operating speeds, it is desirable to be able to image
smaller features. While most current lithographic projection apparatus employ ultraviolet light
generated by mercury lamps or excimer lasers, it has been proposed to use shorter wavelength
radiation of around 13 nm. Such radiation is termed extreme uliraviolet, also referred to as XUV
or EUV, radiation. The abbreviation ‘XUV’ generally refers to the wavelength range from
several tenths of a nanometer to several tens of nanometers, combining the soft x-ray and vacuum
UV range, whereas the term ‘EUV’ is normally used in conjunction with lithography (EUVL)
and refers to a radiation band from approximately 5 to 20 nm, i.e. part of the XUV range.

[0004] Two main types of XUV radiation generating devices or sources are currently being
pursued, a laser-produced plasma (LPP) and a discharge-produced plasma (DPP). In an LPP
source, one or more pulsed laser beams are typically focused on a jet of liquid or solid to create a

plasma that emits the desired radiation. The jet is typically created by forcing a suitable material




source; one or nore pul sed | aser beans are typically focused on a jet of
liquid or solid to create a plasna that emts the desired radiation. The
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[0007] In general, however, DPP sources have several advantages compared to LPP sources. In

DPP sources, the efficiency of the source relative to the input electric power is higher,

approximately 0.5% for a DPP compared to 0.05% for an LPP. DPP sources also have a lower

cost and require fewer, less expensive part replacements.

SUMMARY OF THE INVENTION

[0608] It is an aspect of the present invention to provide a DPP radiation generating device or
source which combines the advantages of a DPP radiation generating device or source with many
of the advantages of an LPP source. The source is especially suitable for generating EUV
radiation, but may be used to generate radiation outside the EUV range, for example X-rays.

[0009] According to an embodiment of the present invention, a radiation generating device




of the advantages of an LPP source. The source is especially suitable for
generating EUV radiation, but nay be used to generate radiation outside
the EUV range, for exanple X-rays. [0009] According to an enbodi nent of
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to provide a second jet, the second jet including a second material, the second jet being

configured to function as the second electrode and the ignition source is configured to trigger the
discharge by evaporation of at least one of the first material and the second material. As both the
anode and cathode are formed by a jet, the radiation generating device deals even more
effectively with heat removal and will have a more stable geometry. This embodiment also
provides the features discussed above.

[0013] In a further embodiment, the device includes a second nozzle, the nozzle being
configured to provide a second jet and the second jet is configured to function as the second
electrode and the device further includes a substance of a third material, and the ignition source is
arranged to trigger the discharge by evaporation of the third material. This provides a choice of
material for the anode and/or cathode that is different from this third (discharge) material.

[0014] In a further embodiment, the first nozzle is configured to provide the first material




provi des the features di scussed above. [0013] In a further enbodinent, the
device includes a second nozzle, the nozzle being configured to provide a
second jet and the second jet is configured to function as the second
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substrate table configured to hold a substrate; and a projection system configured to project the
patterned beam onto a target portion of the substrate.
[0017] In still another embodiment of the present invention, a device manufacturing method
includes generating radiation by use of a device comprising a first nozzle configured to provide a
first jet of a first material, wherein the first jet of the first material is configured to function as a
first electrode, a second electrode, and an ignition source configured to trigger a discharge
between the first electrode and the second electrode; providing a beam of radiation from the
generated radiation; patterning the beam of radiation with a pattern in its cross-section; and
projecting the patterned beam of radiation onto a target portion of a substrate.
[0018] In a yet still further embodiment of the present invention, a device is manufactured by the
device manufacturing method.
[0019] Although specific reference may be made in this text to the use of lithographic apparatus
in the manufacture of ICs, it should be understood that the lithographic apparatus described

herein may have other applications, such as the manufacture of integrated optical systems,




[0017] In still another enbodi ment of the present invention, a device
manuf acturing nmethod includes generating radiation by use of a device
conprising a first nozzle configured to provide a first jet of a first
material ,.,wherejn the first j.et' of the first material . is figur
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particyl ar in lithography, and include mask types such as binary, alternating phase-shift, and

attenuated phase-shift, as well as various hybrid mask types. An example of a programmable
mirror array employs a matrix arrangement of small mirrors, each of which can be individually
tilted so as to reflect an incoming radiation beam in different directions; in this manner, the
reflected beam is patterned.

[0023] The support supports, e.g. bares the weight of, the patterning device. It holds the
patterning device in a way depending on the orientation of the patterning device, the design of
the lithographic apparatus, and other conditions, for example whether or not the patterning device
is held in a vacuum environment. The support can be using mechanical clamping, vacuum, or
other clamping techniques, for example electrostatic clamping under vacuum conditions. The
support may be a frame or a table, for example, which may be fixed or movable as required and

which may ensure that the patterning device is at a desired position, for example with respect to




functional layer in a device being created in the target portion, such as
an integrated circuit. [0022] Patterning device nmay be transm ssive or
reflective. Exanples of patterning devices include masks, programable
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BRIEF DESCRIPTION OF THE DRAWINGS
[0028] Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:
[0029] Figure 1 depicts a lithographic apparatus according to an embodiment of the invention;
[0039] Figure 2 depicts a radiation source according to the prior art;
10031} Figure 3a depicts a radiation source according to an embodiment of the present invention;
[0032] Figure 3b shows a cross-section along line ITIb-IITb of the jets in Figure 3a;
[0033] Figure 4 depicts a cross-section of a geometry of jets in an embodiment of a radiation
source according to the present invention;
[0034] Figure 5a depicts a radiation source according to another embodiment of the invention;

and




[0027] The |ithographic apparatus may al so be of a type wherein the
substrate is imersed in a liquid having a relatively high refractive

i ndex, e.g. water, so as to fill a space between the final elenment of the
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to ot hé‘?%ébﬁ@@ge Thdemigs pcrassgrcignalong ipa VRr YR in Fighreslganpi e, bet ween t he
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radi ation. “A support Fe.g. a ‘mask table) MI supports a patterning device
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(e.g. epqgsln?ayciiigc%alggersgurcg.clgli such gz?sgslf the radiation generating device is not considered to form
part of the lithographic apparatus and the radiation is generally passed from the radiation
generating device SO to the illuminator IL with the aid of a radiation collector including, for
example, suitable collecting mirrors and/or a spectral purity filter. In other cases the radiation
generating device may be integral part of the apparatus, for example when the radiation
generating device is a mercury lamp. The radiation generating device SO and the illuminator IL
may be referred to as a radiation system.

[0039] The illuminator IL may include an adjusting device to adjust the angular intensity
distribution of the beam. Generally, at least the outer and/or inner radial extent (commonly
referred to as c-outer and c-inner, respectively) of the intensity distribution in a pupil plane of
the illuminator can be adjusted. The illuminator provides a conditioned beam of radiation PB
having a desired uniformity and intensity distribution in its cross-section.

0040} The beam PB is incident on the mask MA, which is held on the mask table MT. Being
reflected by the mask MA, the beam PB passes through projection system PL, which focuses the

beam onto a target portion C of the substrate W. With the aid of the second positioning device

PW and a position sensor IF2 (e.g. an interferometric device), the substrate table WT can be




a programmable mrror array of a type as referred to above). Alternatively,
the apparatus may be of a transmssive type (e.g. enploying a transm ssive
mask). [0038] The illum nator ‘IL as known in the art receives radiation
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3. In another mode, the mask table MT is kept essentially stationary holding a programmable
patterning device, and the substrate table WT is moved or scanned while a pattern imparted to the
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 a programmable patterning
device, such as a programmable mirror array of a type as referred to above.

[0042] Combinations and/or variations on the above described modes of use or entirely different
modes of use may also be employed.

[0043] Figure 2 shows a radiation source SO' according to the prior art, for example as described
in U.S. Patent 6,002,744. The radiation source SO' includes a housing 201. In the housing 201 a

nozzle 203, a laser 207 and a reservoir 217 are located. The nozzle 203 connects to a hose 219 or

other supply. A jet of material 205 is supplied by the nozzle 203 in the housing 201. The laser




1. In step node, the mask table MI and the substrate table WI' are kept
essentially stationary, while an entire pattern irrparted to the beamis
projected onto a target portion C at once (i. single static exposure).

The Substs Bl ahe el i hShohel %@Séguﬁp X nd/ O Rtacy ol 354 on S0 ¢ hat

a diffefent target |on maxi mum si ze

of t he disposiites ﬁ:tcedhdpleks ZTDSt‘Shin&reS:lolil@ct&f byt dn&sé@bﬁelwmrplasﬁia Aliiggaedtddn a
single static exposure. 2. In scan node, the nask table MI and the

subst r aP¥ thedpiee 2Wirwaica pgecam%ad@sméW@é@%ﬁl@on&lﬁl(@gaS%Xtréy/ﬁUvaparted to

t he bea b
o poous 048] RERIAE GFiARE0s Pl S il lertnibd dévicdsS) REORHGRAR fresens | |
t he nmasknveatddreaniiluséable ohith eligithegraplic hﬁ;@:z(tdsaet)n’rgml If inclatiésanh@nthgi 3Tagich two
rever sal charg erlstlcs of the projection aistem PL. I n scan node, the

f

maxi munf'€F2ss 3dithatigee coppeded to & high goltagsispwrce ﬂWtEtaﬁl?qlﬁd@c%%aPﬁﬁFPfs%m ng
directig éafaltspggv;&%ﬁﬁi e ROFhIB cdnBu@ive] agbﬁaééﬁ g}%@m&r RASHGLR: M&ﬁaﬁg the

| ength of the nning notion determn I A hesanmng
di recti 8n, lofor Lher anarcgetblrpmnnlﬂnMeotBFIuidTe&mhdneto mmdenat inghertiqkid stk andMlisoi s

kept es entla il ti.onar hol ogrammabl e patterning device, and
t he subg)tqrﬁ'tsglfléﬁ‘%éﬁ ved Pcpisd’&ﬁw&d while a pattern inparted to the

beam i s|gpus) Bf LGiHg almuec@lchﬁgv SHduB@el th&Bridk likk Bnl B 6t ITRE8 colPRRfiah théredf,Rke Sed
radlatlon source Is enployed and the programabl e patterning device is

updat edietss3 etk areth @lcqtecal@anﬂactrmﬂetfs rypltage soutee 44 @bd ttlmtferm abb@odm One pﬁ

can oo PR3 137 a bR Pt RReBHLE Rt R P PR ap s W Eadhe BB e <

pat t er n33kgis peteidedaritlbal Gbpative FoRigRGha MIFREbES z[ﬁlardaﬂ{odarﬂ@%/jeﬁf%a 13kRQAckRénd in
referred to above. [0042] Conbi natlons and/ or variations on the above

descri bEsPeFBuEsEToiis % p S le hpredhe flaidss enlieated. Rhslengthiof jpie 33y 3laneshpwen

I 4 )
oo abioelipifeibulh I Strld BBoRuls ) SpRE REYIEEiitle, BGGIEN S et his
radi at i 3, 3mudxmate§ﬁée 1mbmdmsdraplhmu$; 47 réﬁiﬁ&ctw:elyablhﬁ tooiis rasgrvaid 3 8a, 3&1&22![ e
203, 207 ares oir are | ocate €. nozz connects
to a ﬁoii@g gfi‘éﬂ%ﬂl a a girpghe %C&Eﬁﬁ?{yont%t giweg thedeseryolrs 3?65351‘551@‘}%%'2“1 gafo ® he
nozzl e glkeld. ft BEoIPYSk eagﬂsd 110 8né BctfthoR reddboR ) ﬁiioﬁdgt?ﬁﬂe% of @di ation

209 on the jet 205. Fur downstream the jet 20 I sintegrates into
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the lithographi c apparatus of Figure I ncl udes a housing 32 with two
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a Capacliﬁz(.) The laggr source 37 produces a laser beam 38 directed to the jet 33k to ignite the conductive

material of the jet 33k. Thereby, material of the jet 33k is evaporated and pre-ionized at a well
defined location, i.e. the location where the laser beam 38 hits the jet 33k. From that location a
discharge 40 towards the jet 33a develops. The precise location of the discharge 40 can be -
controlled by the laser source 37. This is desirable for the stability, i.e. homogeneity, of the
radiation generating device and will have an influence on the constancy of the radiation power of
the radiation generating device. This discharge 40 generates a current between the jet 33k and the
jet 33a. The current induces a magnetic field. The magnetic field generates a pinch, or
compression, 45 in which ions and free electrons are produced by collisions. Some electrons will
drop to a lower band than the conduction band of atoms in the pinch 45 and thus produce
radiation 39. When the material of the jets 33a, 33k is chosen from Sn, In or Li or any

combination thereof, the radiation 39 includes large amounts of EUV radiation. The radiation 39




nozzles 31 provide small electrically conductive jets 33a, 33k of a fluid,
for exanple including Sn, In or Li or any conbination thereof Fluid refers
here to a material in the liquid state and also to tiny solid particles

imersed in a.flyid as carrier 45], By usi an. el ectricall tive
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Z-axis tﬂt}sﬂapaeg and wide jets 33a, 33k of, for example 6 mm width by 0.1 mm thickness with 3 mm
distance between them, will have a very small inductance L. This allows the use of small energy
in one pulse provided by the laser 37, defined by Q ~ !4 L*I2, where Q is the energy per pulse,
for example from the capacitor 41, I is the discharge current, I being approximately 5-20 kA for
Sn discharge with a good CE, and L is the inductance. L is typically 5-20 nH where the borders
of this interval may typically be extended. In particular, in the case of a Li discharge, where large
energy discharge pulses have a small CE, this may be desirable.

[0050] In the case of flat-shaped electrodes as shown in Figure 4, the laser beam may also be
directed to the edge of one of the jets 33a, 33k, for example the jet 33k, thus producing a
discharge 40 between the edge of the jet (cathode) 33k and the edge of the anode. This is shown
in Figure 4 as a laser beam 38z. As a result, a nearly 2z collection angle (not shown) for radiation
39 may be obtained in this case.

[0051] One millimeter round jets 33a, 33k with a mutual distance of approximately 3-5 mm may,
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angle 0 = 45-105. The Z-axis refers to the axis aligned with the pinch and
going through the jets 33a, 33k and the angle 0 is the angle with respect
to the Z-axis. The radiation 39 nay be isotropic at other angles as well.

Pressures p provided by the nozzles 31 follow fromthe well known relation
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jets 33W054klx the descorGerpihove Hbe jaser 13@k 3§, hlss rqfcmtiﬁouang‘i@itiqﬁ lssn Arigdirete:d

bt oo 4 P S AL S A0E) RSO A05oE008 e LTl
col | ectweﬂltnegmberlélr(?tasﬁlb YMidriall  Kor'exeinplel ) In, %QL{Twpﬂaau&bﬂla rRatidnBot hi s
case. [0051] One mll|jimeter round jets 33a, with a nmutual distance of
appr oxi [,Qﬁﬁﬂ Beforrmgtpnligaye Sa, the laser beam 38 may be dlrected to a substance 44 located in a
gap 46 between jets 33k and jet 33a. Under the influence of the laser beam 38, this substance 44
will form small evaporated, probably at least partly ionized, particles/droplets. The material of
the substance 44 may be chosen the same as or different from the material of the jets 33a, 33k.
The laser beam 38 will help a discharge 40 to originate substantially at a desired location. A
discharge current will flow through the gep 46 between the electrodes 33a, 33k at the place of the
discharge 40. A magnetic field, thus induced, causes the pinch 45. The pinch 45 will include a jet
and/or particles/droplets of the material of the substance 44. The radiation 39 emanates from the
pinch 45.
[0056] Referring to Figure 5a, the beam 38 will ionize the substance 44 resulting in positively
charged particles 44p and negatively charged particles 44n. These particles will be attracted
towards the jets 33a, 33k. The discharge 40 will originate between the jets 33a, 33k, which

eventually results in the formation of the pinch 45 as explained above. The substance 44 is
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10 in principle, allow a collection angle of nearly 4ir. Al so, any
conbi nation of flat-shaped and round jets 33a, 33k is possible. The
dianeter of the jets 33a, 33k is close to that of the nozzles in the case

of aro nd rode 52 at i gh vel ocity of a r oxi mat el
20- 00" HiGeeRf BBy b R s e motries AL e iHlenrarn captbuths KPBY SIABATI of
0. 3-3 chetdaible élel:t?é‘tﬂa RBRIEY, andithd ﬁﬁﬁﬁoﬂB?qﬁ'ﬂgﬂg éstai)i%r m%ﬁsméh gf &grl%ﬁ from

the nozzles 31, a line of droplets 47 produced in of jets.
Ther ef ogeneratpd inethe sadlatmnatre@sr iscantimouslycembediyehe tiged jflomsofigta 3383 38kwifi ch
are on h.volt age thedo ets 4 t can be gathered in one
conmon ?@t}élgvl li‘fg %Oreﬁagtp ¥°W¥ﬂ¥eéﬁgt"@a‘f aster than round ones.
If the j0059] 3Bamatdial hiote Jd%@33&dB§it ﬂﬁ?ﬂfcﬂi@%&iﬂ@ﬂyﬁ@@%ﬁb%e%&ﬁle@%%mﬂ
reservoir 35 they  nust b“emé;at her ed seg@srately . each in a separate
r eser voRf impyKse tsablsa@at@wé henceiqjthede lr!ta)speeﬁeuda‘e@m forgkamplelong.a 1t is
s ot Rl kol dls, AL ARG AR Bnondlel Slor2o Pkl SolMeME RV WG 1T

whi ch t K disintegrate in an appropria tfiefore

reachi nentatantisimmiount efediatibn 39 ok wilk bapitstantally free of debfiar ge actl on or due
to to sz%r ally i n roduced controllable disturbance of jets. This

di st ur bel9egl "cfhfhﬂ%‘ sizestdhe Jefsodaeidindnfiae apgdinten geaerang devien bavéng esmall t he
I F " ted,

nove! o i al205ale Al RIS 012500t BBy UG, PaRAENE: il onoat

appl i eslimitedby thevdes of thegets Ba,S8k. ypienb tiimesions f@.th¢ Rtss33a38k maBke:under an

anglead/or ets 33a, rovm |no srt directions. The rticular
i R e S R nafrie o EogPopbrhatH.-{ oBe4)
I'n the gesoihidimael Q\ﬁ?m Tltfb%e bﬁ'ﬁﬁr'éte;’se@ml@ﬁ aﬁiaﬁ@el&?ér@é Eﬁf&cta@leazﬁllgle' gni tion

| aser,"” is directe he surface of the jet, and creates locally a small
cl oud of0F¥nWhilg sgmﬁc Etmboqlmtests 38the 13®ntlgupptq/beewdp$crubgd aiu:tverltauﬂl bpl asma

ret or v 10precl i ARy b@proplioed ot 6 antpatlion T oGisebdnce. a0

| ocat edndthintandegdap lidfit hetneatiog.ets 33k and jet 33a. Under the influence of
the | aser beam 38, this substance 44 wll formsnall evaporated, probably

at | easl00plr Karexpgpies tthe s@b@qhmeee/d@r@rbreétaboverhethrmJ@ta Bk ﬂ@fl 33a mis psedsedince
44 may t jets
33a 5af » CHERARe A BEAS oL hrclF R bl Bl aGad BRIk, 18 ahol
subst anhatatiblyn@t comaliashe eghet mﬁundtmgt]&e scﬂnraacharge current Wi I | flow through
t he gap et ween _t he el ectrodes 333, the e.o the di scharge
40. A n@éﬁuﬁgwwett}w ftirrtrerg.erbaWsatheds@éE atlr%é%rs frribed a W6 SiDREE 45 wil |
| ncl udeyigodred by 8RbOkeaRPdS HvRIEI 5! a‘:ﬁtl@mﬁgn hﬁg BB Skl byPnyleAbrastilBlANCe
44. The radl atl on 39 emanates fromthe —pinch 45.

such as a radiation {(e.g. laser) beam or a particle (e.g. electron, ion) beam or any other suitable

ignition source.

[0062] Although the embodiments are directed to EUV production using Sn, In and/or Li, the
skilled artisan will realise that other materials with a suitable melting point may be used — e.g.
Hg, Bi, Sb & Pb to produce radiation with another wavelength.

[0063] For EUV production, it may even be advantageous to add some of these materials to the

Sn, In or Li to improve the characteristics of the jet.
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[ 0056] Referring to Figure 5a, the beam 38 w Il ionize the substance 44
resulting in positively charged particles 44p and negatively charged
particles 44n. These particles will be attracted towards the jets 33a,

33k. Th | {11 originate between the jets 33a, 33k, which
eventuaﬁﬂgkfiggﬁggkﬁﬁ)p%e formati on of the pinch 45 as expl ai ned above. The
substance 44 is 11 located in the vicinity of the jets. The nozzles 31

guarantee a continuous supply of jet material, 1i.e. a stable electrode
geonet ri., ahdevige farggheretingrag@tipn, demphisipgst abl e in pul se energy. Any heat

Prow of ) eramssiol R Riiafall BRGRR A (Y SIS Bbupo AREES, B i forbie ©
appr oxi filt @kieridlis Ebnfighsed {o0RhdtlonHeQ firgtehictradie;i n the jets 33a, 33k may

i nclude droplet type debris. The nozzles 31 inpart an inpulse to this
mat eri al argseeetecetpdenaddebris in a specific direction, for exanple al ong

a straight,_J; LAl g f et Ss
isotropicaﬁwvgggﬁ%F@hgf%ﬁﬁﬁgﬂgﬁngﬁﬁg%gﬁl|ékggﬁgﬁﬁ%ﬁ%?%%ggkgg§%% ékghat
wi | | besesoriabdlevttodal |y free of debris. [0058] The snmall sizes of the jets
33a, 33k define a radiation generating device having a small size and a

| arge collection angle. The size of the radiation generating device SO' is
mai nly 2.1 T Uedlobioch RitnSloAd Pl wiflih Bedertfitn otk is Bypfiakd fyﬂggéws for
the jets 33a, 33k may be: thickness approximately 0.1-1 mm wdth

appr oxi drethetge by<3apnmtidnerighd fiegppratexiabat el y 1-30 cm  gap approxi mately 3-5
mm These paraneters result in a relatively large collectable angle. [0059]
Wil e specific enmbodi nents of the invention have been descri bed above, it
wi Il be, appuestedRerdifaio dim 1, 7k icompi@ygbe practiced otherw se than as
descri bed. The description is not intended to |limt the invention. [0060]
For exanpl e setendnngzlerdontigyre ie proyisecrseenad jetd asecandimpatetial, the secosd et haig33a
are pro s,a cond LV luid je et a fixed
anode, ElfEer B pRafOTRIES s Bay eltplbdetpers BB oS ARIE I a ' < e
sour ce.trip£06Hd dik@haidel I81evaporatien 6lf £ ¢dasy @R dfeieieimatatal BshaSsomhaladdal. | S
descri bed above as being triggered by a | aser beam 38. However, such an
ignition nmay be triggered by any energetic beam such as a radiation (e.g.

| aser) pea : I £ 'ﬁﬁhﬁ b pn) beam or any other suitable
igniti olir?l s%?%vé@e%%iﬁéﬁlctﬁ %’6‘8193 t gkéﬁ oségll%?rents are directed to EUV
product i on asscorg rdazle lcnnfgaédto rbyide heecoad jdt lo€ d senond satenal | the seeahd & t hat
ot her terial.s with.a suitable neltin oi may be used - e.g. Hg, Bi,
% P HROBHES [ BeE e s TR WA ol ongth. [0063] For ELY

ltOL oduct i 0N, dubstiRY o2 % P RaREMEWRESPHS idGbusRE aRindeles Rigrai @i al s to
e

discharge by evaporation of the third material.

5. A device according to claim 1, wherein the first jet comprises a length of approximately 3

cm to 30 cm and a thickness of approximately 0.1 mm to 1 mm.

6. A device according to claim 1, wherein the ignition source is configured to generate a beam

comprising at least one of a radiation beam, a particle beam, and any combination thereof.

7. A device according to claim 1, wherein the first nozzle is configured to provide the first

material in a direction along a straight line trajectory.
8. A device according to claim 7, further comprising:
at least one further nozzle configured to provide at least one further jet, the first jet and the

at least one further jet being arranged to provide a substantially flat shaped electrode.
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Sn, In or Li to inprove the characteristics of the jet. 12 WHAT IS CLAI MED
IS: 1. A device for generating radiation, conprising: a first nozzle
cenfigured to provide a fast jet of a first material, wherein the first jet
of the first material is configured to function as a first electrode; a
second el ectrode; and an ignition source configured to trigger a discharge
bet ween 9-he 4 idedee adcordingtbeclaimd!, tihereirsthe dimst nedteri:t] camprise! at Rasieué oftin,
accordi ng,to aiml, wherein the.ignitigon source i.s configured to trigger
t he di§gW§Fb@hBVnEWEEBp%Epgﬁmbﬁn?¢éhﬁ%?gﬁn %ﬁ@%@?mﬁmt&”ggiice accor di ng
to claim1, further conprising: a second nozzle configure to provide a
second jet of a second material, the second jet being configured to

functiongpas tWhey @ﬁﬂg L& r&ggﬁ erein the ignition source is configured
to trigger %%e ﬂ? cla?gé B%’ev pS@gtion of at | east one of the first

mat eri al andadkacsoc gertratat eadiaion accdrdidk Weldind: accordi ng to clai m 1,

further conprising:. a second nqzzle confiqured,to provi.de a,second jet of a
second nater?hfﬁ 3m§b€@%31f8ﬁ%mﬁainu)gﬁP?th@ang’?ﬁﬁ%¥ﬁGHmd@cthe second
el ect r odevicae céneratiBs kagRnof a third material, wherein the ignition source
is arranged to trigger the discharge by evaporation of the third material.
5. A devi ce actppdf rignfigired 4p nsupporivie paffarninpedavices thg gpttesypprdeyics a | ength
of appr oxidmala!Y impariik GELA b BAIRkDRSE PssapRioRx] mately 0.1 mm to
1 mm 6.&gggg@icg%%ccorg?%59€0 c a|n11,E efgﬁn t he rgg?tion source is
confi gured tasupsinge tble @nbeand todwihdpa subsinge.and| east one of a radi ati on beam

a particle bea nd a conbination.thereof. 7., A deyice according to
claim1, whef B’?’Lﬁcﬁﬂés\fspﬁi’oﬂﬁm@%‘fﬁ@ PrgjeSEﬁFiPﬁﬁ%%d li’eélm porno?/? c?ég? %m Mr st

mat er i ahfihBswbs@hteecti on along a straight line trajectory. 8. A device
according to claim7, further conprising: at |east one further nozzle
configured to provide at |east one further jet, the first jet and the at

| east one further jet being arranged to provide a substantially flat shaped
el ectrode. 13 9. A device according to claiml, wherein the first materi al
conprises at |east one of tin, indium lithium nercury, bisnuth,

anti nony, |ead and any conbi nation thereof.
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10. A lithographi c apparatus, conprising a device for generating radiation
according to claiml1: an illum nation systemconfigured to condition a beam
of radiation fromthe device for generating radiation: a support

cont i our cd FRPHREEIN oaRHAFING BRVACE, EOmQPRAPEICAMARATRR, bifvce
cross-sect i OMANURNGSTURING MTRODOANDIDEVICE MARUE AT IIWShrigterEgRd a

proj ection systemconfigured to project the patterned beamonto a target
portion of the substrate. 14 RADI ATI ON GENERATI NG DEVI CE, LI THOGRAPHI C
APPARATUS, DEVI CE MANUFACTURI NG I\/EE@. DEVI CE MANUFACTURED THEREBY
ABSTRACT A device for generating ra i ource based on a discharge

i ncludes a cathode and an anode. The cat hode and anode material are
supplied in flujd state. The material fornms a plasma_ pinch when the device
is in use. W@ﬁé@q genersling radiatigrygowee based ong disshprgy inchudesacathpde andmme

cat hode?ﬁadag/ @aﬂﬁﬂﬁaﬁ@ r il . . t +al rigs _of the
mat eri al may e e ongat é%‘?‘% rﬁét?réztslgfé Sr‘f@yﬁ%gﬁﬁlsué%&g tg. ggéuglé{e e%gin SEREPYE nore
easi | y. pifible whers gre desice ieindise.doptchalby) nohdeamaylbe uetl t6 slgpddtheanatoulalizepar at e
material | odcatg}al in petwegn t anqQde ]al_[ld cat hode. Figure 3a |5

cathode and/or anode may torm a flat surface. The trajectories of the material may be elongated.

A laser may be used to cause the discharge more easily. The laser may be directed on the anode

of cathode or on a separate material located in between the anode and cathode.

Figure 3a
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