RADI ATI ON GENERATI NG DEVI CE, LI THOGRAPH C APPARATUS, DEVI CE MANUFACTURI NG
METHOD AND DEVI CE MANUFACTURED THEREBY BACKGROUND OF THE I NVENTION 1. Field
of the Invention [0001] The present invention relates to a radiation source,
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of 1i quiebod] I5#lithdgihirPhana the size of features that can be imaged onto a substrate is
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 ultraviolet, 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



plasma that emts the desired radiation. The jet is typically created by
forcing a suitable material 1 at high speed through a nozzle. Such a device
is described in U S. Patent 6,002,744, which disloses an LPP EUV source
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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

[0008] 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



[ 0009] According to an enbodi nent of the present invention, a radiation
generating device 2 includes a first nozzle configured to provide a first
jet of a first material, wherein the first jet of the first material is
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[0012] In a further enbodinent, the device includes a second nozz t he
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above. 13L In a further enbodinent, the device I'ncludes a second nozzle,
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confi gui(ﬁﬂZf fn e{ }’Iurllt%te} gr{}b(?cﬁmte&? thseecfe(\)/pc% includes a second nozzle, the nozzle being arranged
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



el ectrode and the device further includes a substance of a third material,
and the ignition source is arranged to trigger the discharge by evaporation
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[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,



generated radi ation; patterning the beamof radiation with a patternin its
cross-section; and projecting the patterned beam of radiation onto a target
portion of a substrate. [0018] In a yet still further enbodi nent of the
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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



tilted so as to reflect an incomng radi ation beamin different directions;
inthis manner, the reflected beamis patterned. [0023] The support
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interpreted as enconpassing Vvarious types of “projection system including
r ef r act ‘mejeopon syatensyst ens, refl ective optical systens, and catadioptric

opti cal ., as._appropriate for exanple for the exposure radi ation

bei ng. 3] R il Plant Ry aBo enccauaesaribs ks aﬁgptm%?%mwemsm d or
the usejpiudng/REHMHNVe, AMLctiHS @n&f:at&d]@ptﬁ@%ﬂﬁé'dl %%boﬁlﬁﬁsefoﬁl d{f@éﬁd{@esrfagﬁggr&er ed as
synonynous wWith the nore general term "projection system" [0025] ~The

i |1 um neéntorling/tht mjedipndlesm of madatpes snd/sucheosipbygesmay alsptbe ceferred topmhent s,
i ncludin 1rgf racti.ve, rlef I eq‘ﬁi ve, and catadioptric optical conponents for
directi ﬁ@,ec KelpPhgnedptly.dsat 1981 7i ng t he projection beam of radiation, and

such co WUZBF'FB@ lifl%%ra?hﬁ:%p?@raﬁﬁfrﬁéyr }fedoﬂaQy&eﬂ;%g tvaPddhElettéig‘é? byYmBfe s’ilibﬁl_gdéé arly,
as a "lens.” [0026 he I'ithographi c apparatus nmay be of a type _haw@nkg t wo
(dual stabtgs)amsontwioer sudys magk éableshidh euch(‘meltiple stage” machinesthradditionditadgs. | n
such "mul ti pl e stage" chines the, additional. tables rmay be ed in

Sur o 1 otal R uSeRhaREel o SRR S BE ek bf Plel 3R GTond B R HIIE vk ene

whi | e 0BEmoR oth&tebled e beingtlses forleRpdiatddg used for exposure. [0027] The

| ithographic apFaratus may al so be of a type wherein the substrate is

1

i mrer sef0027] Zhe lithgaraphiczappagtus may alsd heofia thipgwhereinr the substraterig gnmersed in uat er
so as tg f.i,ll a sp e en e final el enen [ 0j,ecti system
onat ettt py Re 3P Y bSO e phltRs eV EER B8 aSio fTE PR bEE e IneHBHED | |

the |it blegieapdtithe popRtidh Ypsterh @hd Eheaiibsttate. DRaeRsh Lifieidsmak akd betapglidd tost
el enent of the projection system |nmersion techniques are well known in

t he art other snagesria dhg Wigognashic ggpasaiug.dor epnarnlebstvitenghomagk andhihe fistt slemenbed EF
DESCR Pﬂe%jgﬁio—ﬁ%swmgﬁion techniques are well known in the art for increasing the

numerical aperture of projection systems.

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;
[0030] Figure 2 depicts a radiation source according to the prior art;
[0031] Figure 3a depicts a radiation source according to an embodiment of the present invention;
[0032] Figure 3b shows a cross-section along line IIIb-IIIb 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



[ 0028] Enbodi nents of the present invention will now be described, by way of
exanple only, wth reference to the acconpanying schematic drawi ngs in
whi ch correspondi ng reference synbols indicate corresponding parts, and in
whi ch: . Figure 1 depicts a lithographi¢,apparatus according to an
enbodi nL‘ﬁ’Sgﬁi:lgPﬁegﬂi ﬁ?})éﬁf P8¥ﬂss'sf‘6’6§6‘§°nlgi W%'gbdggf%‘&gﬁ radi ati on source
according to the prior art; [0031] Figure 3a depicts a radiation source

according to an enbodi ment of the present invention; [0032] Figure 3b shows
a cross-section along |ine || BHTAIBEDXDERERIRKION n Fi gure 3a; [0033] Figure

fad ot i SROOLERPRET SARRAPHR 4 BiREEMEbbbaRl obRlde T AEorRBRdS T ER Py of

depi ct st prédheihi@ioROTKE ppachey indthideoamilvitigdti cangysdinn@immbtob)1® | nvent i on;
and 6 [0035] Figure 5b depicts a cross-section along line Vb-Vb in Figure
5a. DEFlgursdig greviders bpam BB3¥ radiation: forexampleddy jos xUY) ragéigsions A support (e.g.
lithogr I I e j t, af:

| nventi Bk Etiiole ATRRE R AeR TR ol i ReRUREERS o) 1L
conf i gupedgtiéringdonccdeMahirerourti8lyofositaahs die mtternfiny dexanpitle rdspeaito &phdjection
radi ation. A support (e.g. L a mask tabl upports atterni ng device
(e.g. asms’fmﬁsaﬁgmmﬁestag@r(ﬁgce &aﬁ{ @%ie)ﬁ.k’ﬁgldsswygftr%% ade¥pieomvaien
accur at b t ' i ' | ' jOoNn

yst em L nERIRARIR BURRR Lo oL R W SR TRER nobfols BESLRERIE" o
a resi stvithoedped todiceprpjectidrasydtens PEohimembedtidosyatese ond rpiiitive projegioddetisge  PW
that accurately positions the sybstrate wth respect t he projection
system BL imgs : BEBHeL JLPE AR P Dt @flﬁt%rems@@wwéﬁfé@m%fﬁﬁar Byrtiopy

i mges @ @3t ehdidg R fcbrt Qicds|'6r (Re&BskEReby. the patterning device MA onto a
target portion C(e.g. i1ncluding one or nore dies) of the substrate W
[0037] f093fikAs haeplepicen, thelmppappannoirsretlsctofe tapa @fd. eniployeng ypéle¢tevegnask or

| oyi flecti. k I . f t
"ol ort e B BURy Mt Braaei yapg e R AT APl MR EY He e ihRoR o

type (eofla trfRi N pd(d & RyaSY ¥ Bahdhsiksive BA38] The illum nator IL as
known in the art reCeives radiation froma radiation generating device SO

and con{fl088bike tlheninatdi Bt asdnowrhe theatt rectives igdiatipafionya thsldtios ganetating

lith hi . . t titi o f e wh th
ndr aci B besQ ART Ert i e Rin® PG Raf Shacko i debie B0 WP Eodilec s,
the radpgiarAis DRIAGHRLERGatd BNiite®, fof cRBhpIE Wheh dRS Rdiation bedhtimaddviefis 4 he

| i t hographi c apparatus and the radi ation is generally passed fromthe
radi at | plasmgdisehaige sayrepeln sushSapasothe madiation generating dévicanistiat eonsidgred tofform

radiati B'Qrt &P tlhle %%o%gaplhpccellplf)g}a?l%’ anfd(%ﬁe 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



exanple, suitable collecting mrrors and/or a spectral purity filter. In
ot her cases the radiation generating device may be integral part of the
apparatus, for exanple when the radiation generating device is a mercury

| anp. Th di ati ‘ati.ng device S the illupmjnat : b
ot or r offoeT B R PRI GBS 35T ah R dih RELE PR BRI B an
adj ust i figkt gesliiGEng Bevaed PHL arldEpaR bl s8hsor M B@Sd. fal intéliférofieBit de@ivePtart heusegam

CGenerally, at |east the outer and/or inner radial extent (conmonly referred
to as atoascanatelnposition thaarask MA yath respect o the pathef thetheani RE, for exammleafion in a

il etk um d ' | ] [ des a
Condi t | BRaoReLseis=) Lo PRCBSARoOR e Bt BhE hfal HoVEB Pilfny

di stri btible@™MT and VT ouild 8 réutieéd @ith thelid0f a Idng-soaentdduies(codrsd pexitioniny)tahé
mask MA, which is held on the nmask table MI. Being reflected bé}the nask

MA, t hedplitrtpakepedude (finerRasigionpiey,; viueh Ermapask of theposiggning devaessddd apgEW.peam
: . 't ;

postt obPudeey, BARE LA oPaRlepbAS oS MNP sbanti il hidSi Bl Q1T naPpoehfied

devi ce) to 4 tertsstiloke nethigtot adilly cor\iaychnfiteel. Kaskh WeAl aad subisatiel W rhay podigned nsing

di ff t t t ti in.t th of th PB. SSmlarly, th

o ok oot otho 00T i he BB direblaede BT PE (S mlarly. the

'nterfeiomt Th&dﬂfﬁbﬁ?ﬁqaﬁ%ﬁ%% BESREd iﬁ&e@&lfdbGiﬁg%dae@.OS' tion the mask MA with

respect to the p eam PB, for exanp after mechanical retrieval
from a dmaskld stéy moge, thhe mdsk tahly MTsodthe substeetabld W Thare keptressantiall statidyjagg t

t abl es .and W wi |l be reaJSizEd with the aid of a |on -.strqc;eﬁe modul e
(coarse%gﬁ?ﬁ@ﬁm@s@rampéﬁe 19dhe beAm BIRSIREAT PRI RSt BULPR Cottiongs (- whi ch
for m pagheRfsihiB@xpBrd)] PRI UBHAY RS WIMsRLh Rited (HAMEX Gind/dr 'Y iR i6ASE ufl 2

stepper, as opposed td a scanner, the mask table ~may be connected to a
short stdidkeend ¢argettportianCgan be expoped dn flieg exhdeMhs imavimamdizeuidshe enposure fiwld be

| i gned,.using . ' t k M2 bstrate ali t ks P1,
Po. L ol Wit b ot poion it e “Del R SRF6r 1 O ng modes: 1. 11
step node, {hRaiAoke 8O hAsRMabB T 41 (R Afstrate Latl@ W Eadhcaied kpidhrétivagit | al |y

stationary, while an entire pattern inparted to the beamis projected onto
a t ar gewhpeer paitern Gnpartesifodhg beam isgprojsétad brtosttatgetparkipn (i) a siigle dyndsicr at e

table WL is t hifted in. the X.and/ or i i on,so.t hat i f ent
Lot | Bbish T SBloctE Snd Bistetfn S AR Blorale BbICFTL RSP i Rk il MES
exposur getbin@hél by thi(8& thhghifit#Rn@hd i8od RVES4 cRMatteARIdS of MRAREjctilorbsysichO! €

static exposure. 2. In scan node, the mask table MI and the substrate table
WI ar e BEalnrseeh mpdeihomerisnym sighof theexpegurefieldilimpts the svidth (inhke perrisanging

015" B Ak A R by BRI S REPOENE BT,

MI is drtien deteasinbythe heightBr thesgininfrigtitet ioh eittle tatBg oftdner sal

charact erl Si[nl a%%th%]; rr;[o?ig, tﬁg ?r{aglg 1"iaib(l)enM%'yiz tkglg? 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



PL. In scan node, the maxi mum size of the exposure field [imts the width
(in the non-scanning direction) of the target portion in a single dynamc
exposure, whereas the length of the scanning notion determ nes the hei ght

in the nni ng.directi.on. of t t e rtion. 3. ln angther de, the

skt a) LPRHeRs ARERE oL BRuien2tP o IpER! RS RE: artims B B IS 080 e

pat t er ndiRghtéemesito mﬁle&sf@ Sswhigh aad @lltetbd By ¥Weses/ oifMEd AQslasseRDTIE™ gadrated a

pattern inparted to the beamis projected onto a targeftéxgortion C. Inthis
&0

node, gbnhéredtsey 267 piiichagodusgs adpdreddynedfaadiations?ls) (Gyee ray i 2JY)- ogr ammabl e
e y-all o '

Pibst r alWAER¥SAGhd & MBGR S aREaS SHARASh Skl RERCERLR REHralil to Mibresent, |

Thi s noisenfion aparsaiblowithahe hithopephiclappapik o€Higure Imhrkides a hbidihg g2 apthytwbhat

utilizes a_programuabl e patterning device, such as a progranmabl e m nor
array oflozglqsﬁdgh%tsarq cnaierled 9 b highgplazeisonne | ChHTa-IE BIES 2 5ARACHPT VRET at i ons

on the | - Of : iqrel . fer . : may
al so beﬂg%%ﬁ%oﬂgg&%gg%%lﬁ%?gﬁrggyg shug{\}\\ée%g{srz’gg’l 3!:i;tklddof%1 @%g’m‘:}ée gg%ﬁ)ur Img to
t he pri 8n, Jaror Li boanyscomtphationghetestc Flud cbfers herd.t&a niRaeréaitin theQid/stdte andhelso

radi ation, source SO i.ncludes a housing.201. In the housing 201 a nozzle
203, a F‘h%‘évrsoi‘g?aﬁ%esén%ﬁd\}Biayfﬂ%g?s “% ocated. The nozzle 203 connects to
a_hose fob%sﬁrs ueﬁlg% efiRRlaMly cbndRtiyOnafRihPhikdn, 39 9r [ SoSHBRhbiRsdVintR6r ARz 2! €
203 in the oaa ng 201. The laser 8 207 providés a beam of radiation 209 on
t he | et je20Rla, B3k steen eldotricslt comgart with ¢hg wiltag@®Sourck 41 adkethnatem ¢lettmdds oPheoss

215 which .are.coll ect.ed by a reservpir 217. A plasma 211 i.s generated b
Che | o O 186330 R HROIaPosTaESP et 479 fundiohs Spmaions wieedh Qg thaary
X-rayl EbM) is ;{rQ\Q&é’d wﬁﬁfa%e;it% VioPagd SH @ifictRis @90d cod@ Tha e B3 AR 3R t%%kgf &Hd'iRg

device SO' according to the present 1nvention and useable with

| i t hogr sgshéativapgsarvatre §Saf3Skivherethe fluntiswdlected. Ade déngth 6Djetsi 33, 33koare ploseh es

31 that t hi gh | t 41 -t hat. | ud .
capac t 510 G Sngb pfos s SarfpIR g nas B A AEHRER i i iR Patthe ety
33k of 334 ok disirftra® iR 8P abaté BEIPHU Y 47 Rspdclively, dibselb tIRMEs&OTR IRt BN
thereof. Fluid refers here to a material in the liquid state and also to

tiny sollhig willravpidl acdirechelectsied contagt batween the resarvioire Ba,[308487 tRyhigls velgagan

el ectrically,conduct,j,ve materi like Sn, In or .Li or a _conbj.natiopn.thereof,
the | evanegial RO e SpRR R bt SoBhonsdfl iR mat e Pef PBL S Sb T anc
thus f ofwe @lpaitd R8@Soirs $3¥ 38it shdwifin/ B se38a i s provided with a positive

vol tage and functions as an_anode whereas the other jet 33k is provided

with a H¥gal Avmilsedilasgyeouaerdd T ismeevidersingbe houstehd d ypirRkpgrametes3ie: eBa©Y each
end in e Y r VOl 1 35K e the fluid.i L gcted. e
Cengt h BF TR brr SRR G100 By ol s BR0BL i doit g RCl A A Rpd6r o 1

appr oxi gtiehye, Judbos of ferpulbe-=114200 netladeh vakélesgh As00.1 540 jinhdrdqaékey 13830 33k

disintegrate in separate droplets 48, 47, respectively, close to the .

r eser vokHg. Brdasegsqurce 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



This will avoid a direct electrical contact between the reservoirs 35a, 35k
and the high voltage source 41. It should be appreciated that one comon
reservoir nay be provided instead of the two separate reservoirs 35a, 35k

ﬁga\glnnlgelgﬁn i aﬁ%llreLtQOnsnefi m Ll)e c%ﬂectgé g\ﬁa% 1Co% c%rlgctga%l s lfiungilnatormE1 I.t eti y

plca para are. a pproxi
10- 100 mibufeor. Talemedgzsﬁﬁgrpg@qamglpal@wmgdrnﬁamlm 1-10 m) for a Li d| schar ge,
durati on of the ulse T = 1-200 ns, laser wavelength X = 0. 15-10
frequent@p hownéhqtélsf‘eﬁad@aam 88 isyotrprigieideast at anglesrto Bgawssy iafect ed

to the 3K, ot I ,
et er| a%f%? ét hk4e5 ot O Zrek e RO SR S e Blngh o Slpatiroug HRER

| ocat i 0B3a, 33k and he anpleal ils @ Mdgef@nh P@p&@wmetzaam thehthdiatibM 89 iy bd Hotropicom
that |ocatjon a dischar ge 40 towards the jet 33a devel ops. The precise

| ocat i oft céhertaneleel PSS wnﬁrlﬁéswmsmﬁowéed by Hernorzles3 biollovefrpadhe weBknewn37. Thi s

|s desi HB D'f/ eﬁ d@f/\ﬂ?ﬂ Hg&% to lheedeng 3 ﬁé‘%b%e}ﬁ?lné’fact&&‘ﬁ tHean%'z%fE& alLv

gener at | ng VI C ave an 1 n nce on constanc

radi ati edferd @i vefocity betheanhitédidl ol felRverthitiprg 4di©0iatR forSh &r B a&@fvarogfey 46
gener at es a current between the jet 33k and the jet 33a. The current

i nduces 181 %gﬁ%{ﬂi%p Filed-40 am@rr{agﬁéwlecrm eFd Og¥enist es a pinch, or
conpres Tﬁén&%lé@ydﬁg%’ ?o %feagg sseL ?hﬁ%f* asr&npg%ﬂt‘é‘fe?%gé’ g%lgfo si ons.
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in the pherpattichbardoreh dhiis nDZZIdBIBﬁ is h@\dd:@& pﬁsmb?@to MivenjetstB3antdlewlthk sqliaré he
jets 33a, 33k is chosen fromSn, In or or any conbination. thereof, the
radi at i 619SSEectinplasgbewn i Bigurerthu At @nqshereevgpa%iwé&wﬁctwnh@ addition, itapeyer o

emanat egedibRli e ﬁ%fo@%‘e%?%oﬁaggts@%%ﬁ‘ﬂ\g@e g@&%ﬁms&farcégds%hb% u??f cpor in

the illum nator rovide a pul se aser
beam 38[OMQDE@ueTésltoswsrmverabjlemmkt\hm&ed1hefrdnad[|‘het]ets r33B @rd lpcatedsa dpsectoatcll east
at angles to a Z-axis th an = 45-105, The .Z- sreferstothe
axis al Péﬁ%@‘abﬁf%ei‘i“t’ﬂ@ aFﬂaﬁ ehAps G?ngPSFgS‘FﬁF%EF@j’?t% s ls dane By mouning sexgral he
angle O bz%lés@q c@(ﬂbglt@ eél@htd?héreﬁgﬁ?tshéﬁédtc%oge ?cfffa%e m-E %e &ﬁgd At £ Ea§§1a
i sotropic ot her angl es as wel Pressures e no es 31
fol | ow ﬁmanimsuffaacevne hlso lpnssible. Test havecshown thava flat wzﬁhodmfwrfacqahaseaflmttsr meartyhe

density  of the materi e zI es, and.v ef er e.velocity
of "t he” RS Capverioh FBIoIS (¢ Raorpa: (e By s G th gtogt Pand @iy ty v
= 10-1¢ ?ae@éﬁ v@fﬂ%ﬂe far Brods sdtiBh Hla&%mf-duz&he%u\‘r%e?@f H%HIH dmp]rgs 8rigy i thel 00481

The nozzles 31 nmay ave a circul af cross-section of mm di anet er
Dependi digeation of He rpélatwmaﬂmmfdeslmbdﬁ whéreopeoatinige r3diation sc:;lrtmma/lahograplsc ble to

anot her ST GuAARe EP Sbenge SRS leciimag e ottt By FiAtenagtt B ET pE b mpl oy
one or B&H:R ik B4rd t&3Btaind $l<atléh5ﬂ%d%1efchaaes§h@p&éﬂde%ﬁaﬁ1@@@othelsre§1k&w TWo datdlr e 4.
[ 00491 Figure 4 shows several jets 33k viewed in front. The jets 33k are
| ocat edflateshapeskand:wide etk 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 ~ % L*I?, 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 2x 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,

10



other that effectively a flat-shaped el ectrode surface results. This is done
by mounting several nozzles 31 close to each other. A flat-shaped cat hode
surface may be used, but a flat- shaped anode surface is al so possible. Test

have shown, th flat cat hode s e has, a better, nearl oubl e,
Cameer oiminstits. gt BRI TS TS 4B Rish s o amadon ot Bat-SRPEAEdt her
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di sch b
G schat e i L85 ROPL U Do A, RHIAGF D8 R Gy bo
4, the hasié shdieamumryg & is @ohﬁble @ switdhatle Voltdge@nemdieaftdr aiate his tides obﬁir&dSSa,

33k, for exanple the jet 33k, thus producing a discharge 40 between the
edge of It W@CP&CJ("@ét3ﬁ0ﬁ5&dl§}91€g%1nt%p8w&a MR, 4§ oPRIOTETRACINGA CHIMAN i n
Fi gure i gle
(ot snisayofloP SElmE e Yiscalpdidr tue  BRREoHIHroBR BRI
milli rretlemrbammdf Jeest $Thdstuddhcendan oe aremtetdyufor edamplenbyemotiulapon okpressuied in 3- 5
nmmay, . 10 in_principle, allow a collection angle of nearly 4n. Al so, any
conbinaﬂFdWZ€F3$1at shaped and round jets 33a, 33k is possible. The

di anet eL 0038] ABohE e %%%odﬁ?\‘:'ﬁt irﬁFl‘g{n‘E%% sh@w§ Rad el%fl ét&? gﬁ%g %] R& 339, 33Khe case

of a round eI ectrode. [0052] Jets at a high vel oc pproxi nately 10-100
m s mayflbweingsedhe s'Ehesbrevabmcthdz ingsntemadppbes ajuabnget t@ﬂlfﬁarattlgleomytms i@. 8ts3 cm

that i h e dist far exampl e 5-30 fro t he
oo eo3i 1%k SR0at IR anely aplfobfee 33 396 8iine h ob U Eraaios hbprre o
Ther ef op@mdiafal hive AQIRERH hi GtlucGARS AGhe bRIMPARERS | ets 33a, 33k vhi ch

are on a high voltage and the droplets 47, ™48 that can be gat herpd in one
common (9S4} Inothe dg®ripTipin abovel the laset beagh 38, raﬂse)gr&n@d fags Genitibadaseslisdlirecads .

IR R N N N R TR Y

r eser VoiyorigRkmasial @ﬂsasﬁmmeﬁﬂ ), foS&aghpBASn, IR, ordd OlothrédREthiatifbibh BOY. It i

possible to smntch vol tage on only after a state has been obt ai ned
[0055] Referring to Figure Sa, the laser beam 38 may be directed 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 gap 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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in which the jets 33a, 33k disintegrate in an appropriate nmanner, i.e.
before reaching a common reservoir, for exanple, due to discharge action or
due to to specially i ntroduced controll able disturbance of jets. This

ool e B §he Veifihy 8 S sorf, e TERRS £1 ol Bt B HupBL I ekl ¢ o

paral | ele. Ja%‘ta&ﬂ@éﬂéctro’iﬁ lgeoik@yiang thdtratﬁaﬁoﬁ amas K19 Gtablin pulk enBregNAhPReaAPP! | €s
equally well to different geonetries, i.e. jets 33a, 33k under an angle

and/ or ~ peestghia th e@dlattoa\mrwsmcap%&uﬁl@ T%m?‘éf‘éitl?}’dhg liqyideflqyaef jetsd3ar 33K, if
geomet r s%}xmgﬁtgtargé}tﬁiﬁ ?%%Qﬂﬂpté“ﬁ?ﬁra%%tgg%-1;3fm}she system t hough. [0054]

I n the escri pti on®abové peam so referred to as "ignition
| aser, " [00870Thenfartial inché fees 334; B3lc magfindide dreplet wpeldebrdalhs ndazmmyn@aﬂ mal |

AR AL M AL T T TN
Ref erri ge; bR 1k 94 e%to?% Ad € rAfSfIn %ﬁ%ﬁﬁs Rt BE1edd fs@ﬁ&@@alh@ tlﬁr fézﬁ?iae%‘ce 44

| ocated 1n"a gap 4 etween jets j et 33a. ence of
t he | assubstaetahad@unt bf mdmtibs 68 tieae WAl be \ailbstantlahyrfrsemf diebemapor at ed pr obabl y

at | eas ioni.zed, partigl es/droplets.. The materi a the subst ance
44 may nggﬂfﬁééﬁnﬁﬂe%% %ﬁad?f/f é?fﬁﬁta tpdighon grnering eéﬂceélf“"f‘&é sr@ﬁs 33a,
33k.  Thee Lx?cﬁ@faréé%ﬁh@tﬁm“&dgte ek Riz8 of IR Thd LS géﬂeta@mgrdwﬂc@sb@ 1§h'19ﬁ12fant ially

at a desired location I scharge current w | ow t hrough the dap 46
bet weenlimited by detsizzd @f tizJets 338k3 3kt Typleal;dhraensmfs fmh’xhe jats §&¢;éﬁbma¢me A

tic.field, th th h 45 | ud
Teone Bickess dpmianapli i ot HER SpmaSintady 1 i eeP animernuel) o' e
radi at i 9g) ArGIRARYEE STHRAMARE pafindedds ASult [@Qﬁ@ﬂtlﬁgflﬁf%e'daﬂeétﬁblghﬂglée 5a, the

beam 38 wi I'l' ionizée the substance 44 resulting in positively charged
particl BH)52]4Wfahdipma@etmbedlme@mfgh@npmttqndtaesb lesTiifeslenbpeg. i Willebﬁ wn Il be

attracted t he ts 33 33k.. di.scharge , 40 or,i

bet woon A ST Liagls tulsoR g prekfind BB S 886 AF ¢ePBE, PG RERROR ot ¢ ne
pi nch 4Rotaftefddd t8ilingdthRRIV@tionne substance 44 is 11 Iocated in the vicinity
of the jets. The nozzles 31 guarantee a continuous supp et material,

|
e, ‘a4l Eornampiemibgenvsimenisdiscbd aba. Aviive 35 33k pachiayre pedesd

pul se eper enerat, d_in the radjatjon.prQcess i contlnuously

Perovedy itucieqlifdlcy BRRET) BF ahdhemBubgrtifed RaR EFERn Ger SNk gor

t han, f GateeidPMBY annappﬂ@gfgﬁkﬁhyu&ﬁn theRberce[ 0057] The material in the jets
33a, 33k may include droplet type debris. The nozzles 31 inpart an inpulse

to thi sl09gl @alonaqfdhm@ﬁe@rgeobtheerbrbmt%33w Bpatflescrbey] shaveiapheing or
exanpl etrfégQﬂ%Q b a 1&5I Bé&?%s'ﬂé\%e{eﬁ gﬁ&l?f%ﬂtbd%[sméf rﬁggtn%h g%nf%?egrg&%eﬁﬁl nore

or | ess ot ropi ca ere w froun ation 39
t hat w §dchhe asath&i(ﬁmfﬂ galdsyr) beanr ooh pakield (8.¢. 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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[ 0058] The small sizes of the jets 33a, 33k define a radiation generating
device having a small size and a |arge collection angle. The size of the
radi ati on generating device SO is nainly limted by the sizes of the jets

33a, 33 Leal, di ions for the jets 33a, 33k may be: thickness
appr oxi ﬁﬁ?@@gm@%ﬁw dth approximately 1-3 mm |ength approxi mately
1-30 cm gap approximately 3-5 mm These paraneters result in a relatively

| arge col |l ectabl e angle. [0059] While specific enbodinents of the invention
have bebn dégiericpder seperating radiatjon) caseprisitgr eci at ed that the invention nay be

practiced o ] ‘] T I oL} | S i to
"It the | huohEpaf SRR HEPCE R e E AR it tein W kI EBERR, D
bot h t héirst eiateridBis canfigutdad tafuactisroshucat elastraleconductive fluid jet. However,
t he anode may be a fixed apode. However, then anode material may cone in

the space s%n?erCSHﬁi]E]ieﬁtﬁ‘_’ “he&"Source. [0061] Ignition of the discharge between
the jets 33k, %Hﬁiﬁﬁ%ﬂuﬂcé cHfS r!:cpf%dtri% é}‘éedi&?laﬂl%@&ngeehrthgﬂFs'i @Qct?é(deaaglh%@ r beam
uc € y

38. However, an ignition nmay trigge any energetic beam such
as a r astcahd elactf@leg. | aser) beamor a particle (e.g. electron, ion) beam or
any other suitable ignition source. [0062] Although the enbodinents are
directed to EUV production using Sn, In and/or Li, the skilled artisan wl|l

realiseythap d&bf&@facé@&i‘ﬁgwblﬁin‘i‘ﬁlH%h@refnl{hé ARl Bubde Y c Rt ke dBYrifser Hred -
e.g. Hg, Bi, Sb & Pb to produce radiation wth anot her wavel ength. [0063]

For EUVdiscladgecttyi evapornatiomaf/the fest iateaalv ant ageous t o add sone of these
materials to the Sri, In or Li to inprove the characteristics of the jet.
12 WHAT IS CLAIMED IS: 1. A device for generating radiation, conprising: a

first nozzl g RORE 28iHr@itg kOCcIRIRY] fethdr donfpitsidget of a first material, wherein
the first jet of the frrst material is configured to function as a first

el ectrode; asssendnorzdd eutigurieto pagiddem s¢egnd idt oha senond enaterili the sesand jet beingger

a di schar bet ween.the first el ectrqde .and the second el.ectr.ode., . 2. A
devi ce SURBABRAY TER RN g e R ol R e n B P s B SRR F o o
trigger triger the idﬁs_@ﬂikﬁf%QBy BYape¥aionofhi Rkt Ohe bh@iefirstShatemd] @ht @he sedond’maRMAhICe
according to claim1l, further conprising: a second nozzle configure to

provi de a second jet of a second material, the second jet being configured

to funcyion it he seg¢on I r wherein. the ignition source is
confi gu%' ed I,E\gi%wce %ccorg’lgg go glal%g ti, ngt%é:r comprising:

a second nozzle configured to provide a second jet of a second material, the second jet
being configured to function as the second electrode; and
a substance of a third material, wherein the ignition source is arranged to trigger the

discharge by evaporation of the third material.

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

c¢m 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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trigger the discharge by evaporation of at |east one of the first materi al
and the second material. 4. A device according to claim1, further
conprising: a second nozzle configured to provide a second jet of a second
material, the second jet being configured to function as the second

el ectrode; and a substance of a third nmaterial, wherein the ignition source
i s arr apgedAtdeviceiagg@eding e clatth 3¢ Wheg thy fiest apedriill compafestah Rastonedfanf eri al .
5. A device according to claim1, wherein the first jet conprises a length
of appr SWiyratlghipm megeyry pignuthpaniipony., tead apdagscombipgipndhersat el y 0.1 nmto 1
mm 6. A device according to claim1, wherein the ignition source is
configured to generate a beam conprising at |east one of a radiation beam
a parti ¢0.e Adahographdc apparatosyicomatisiop: t hereof . 7. A device according to claim
1, wherein the.first nozzle is .conItj urec{ tofProv(L\de thg first, r}at rial in
a directi on® ARG ZeReTAlRr GATPIISIRG @ frstingetlp FoniigirediopIoyide a dirgtds i ﬁﬁﬁﬁto claim
7, furt RferaD Wilekdth I firdl jel SARE iR Enakdal RE&onNBERlH fo ARRILYHS £Hrsk CleBiGUE de at

| east one further jet, the first jet and the "at |east one further jet being
ar r angesecood plectvodteand sarbighiionisalicy confagurehmpadgeriaghisaharpe betvieed theafigevi ce
accordi to claim1, rein the first material conprises at |east one of
tin, iglgf’t{ﬁﬂe Mﬁ Wﬁ?’%?@fﬂ‘&?, bi snuth, antinony, |ead and any combi nation
thereof. 10an MNuhlihARAIFRBIMCCcoRRRAYEA k! SondHIH beah8f radiatiodl idhi BB ratRARmAt or
conprising a first nozzle confrgured to provide a first jet of a first

mat er i aB¢newhet,ein the first jet of the first material is configured to
function as_a first ﬁl ecéc{ode' . secé\%gd.el ctroﬁ%; ﬁnd.an i niti]gn s(gyrce
configured toRPPFIGGBHEYC i%%‘f???ﬁglg@el% RS JRYiGe; spacteining Jeyis cRRaeYR ©
second ghgt the Bearddf kddidtitnaith £ Patkers treid Gosidegtisred to condition a beam of
radiation fromthe radiation generator; a support configured to supporting
a patt er ni ngshstrptedable penfigaredstodiotdya sebsirate; @shfi gured to inpart the beam of
radi ation wth.a.patt I Ne | r0SS- Lon: S rat | & configured
Lo hol o a <hBiRPESShH biublfa f3R:CHE ufoe bRl PG idre ol Sl the
patter ngghsigge@m onto a target portion of the substrate. 11. An apparatus
according to claim 10, wherein the ignition source is configured to trigger
the discharge by evaporation of the first nmaterial. 12. An apparatus

accordipg t Rn%b&lrgﬂug' gccofr('ﬁhé BSLIaf? W,r\jvﬁérélg ‘the ignition source is configured to trigger the

discharge by evaporation of the first material.

12. An apparatus according to claim 10, further comprising:
a second nozzle configure to provide a second jet of a second material, the second jet being
configured to function as the second electrode, wherein the ignition source is configured to

trigger the discharge by evaporation of at least one of the first material and the second material.

13. An apparatus according to claim 10, further comprising:

a second nozzle configured to provide a second jet of a second material, the second jet
being configured to function as the second electrode; and

a substance of a third material, wherein the ignition source is arranged to trigger the

discharge by evaporation of the third material.

14. An apparatus according to claim 10, 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.
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a second nozzle configure to provide a second jet of a second material, the
second jet being configured to function as the second el ectrode, wherein
the ignition source is configured to trigger the discharge by evaporation
of at |east ,one of the firs terjal, and the second material . . 13. A
appar at I3 abBGPRIAYS Agecxding ko gt 1y Yhedsin dhsepition sgures I GRmtigiieddg Epryrate 2
confi gup&h ESMPHAYS SGeat 8RE ONEradRitioR bedn SEFRAE e BBART dridl any [COMbHREBA ther &IF.
bei ng configured to function as the second el ectrode; and a substance of a
third material, wherein the ignition source is arranged to trigger the
di schar by ev ration,of the. thir rial, 14, An rafus r di ng
Lo ol ai 1510 nRHERENS byt 4 {i PO thaB T At pdits £ RRBEEE I o RERS 5%
to 30 critstifhtedial i LHiBRSiOn @fongPRt@hIHACIYeflody. MM to 1 nm 14 15. An
apparatus according to claim 10, wherein the ignition source is configured
to generate a beamconprising at |east one of a radiation beam a particle
beam a a i i ; ratus according to claim10,
wher ei nﬁ]?'he&llia?g%m#g%‘%og&flél?(gélgﬁllfl éﬁ’r%ﬁh?@ag%\gﬁlgé the first material in a
di recti on ahtdegt ansfurthegidzzle svafipuel s provide at leastAshednnhergét, thedirstgeitindghd o
claim 16, further conprising: at |east one further nozzle configured to
provi dedldeast engturbapict being arangsd to prpyide 4 substaptially flat shaped glectrad&t one
further jet being arranged to provide a substantially flat shaped el ectrode.
18. An apparatus according to claim 10, wherein the first material conprises
at | earsrtrl) 8.0 nAn(abpar'?lms aciomdi’ngm cllaiém ﬂmO,unhuereimtl?ajﬁgst mlatm'lahctdnrl]pr(a;ses anteast oné efdin,and
any conbipnation thereof. 19. A device nuf act uri met , _gonprising:
orovi di HERlftRiE, mercusy, Bistpihsntimarsy [oa and prurcamploarion hetept’ ot of t he
first material is configured to function as a first electrode; triggering a
di scharge between the first electrode and a second el ectrode to generate a
beam ofl9.r adidevice manpéactringimethoheompasmgf radi ation with a pattern inits
cross-section;. and rojecti.ng the.patterned peam of radiation onto t ar get
porcton o BosisBaE s oL S5 i el henD e BT I Shipertie st miduit
19. 15 to function as a first electrode;

triggering a discharge between the first electrode and a second electrode to generate a beam

of 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.

20. A device manufactured by the method of claim 19.

15





