26 MARCH 2007 -1 Radiation Source, Lithographic Apparatus, apgMaReH206¢7
Manuf acturing Method. The present invention relates to a radiation source
unit conprising an anode and a cathode that are configured and arranged to
create a discharge in a substance in a _space between said anode and cat hode
and to forma plasma so as to generate 5 el ectromagnetic radiation. Further,
the invention relates to a lithographic projection apparatus having such a
radi ati on source unit conprising: a radiation systemfor supplying a

proj ection beam of radiation; a support structure for supporting patterning

means, the patterning n erwing to..pattern the projecti on beam
according to a desi redn‘;‘gﬁ%gﬁ?ﬂ 3’(5'% "gﬁB TPBFE‘?%HJ%P‘F&“ olding a
substrate; and a projection sypivid® Nahuf¥cAirfifd Mi¢hddle patterned beamonto a
target portion of the substrate. The term "patterning neans" as here

enpl oyed shoul d-be broadly interpreted as referring to neans that can be
used to endow an incom ng radiation beam 15 with a patterned cross-section,
corresponding to a pabe Biesent faEntien relatesdo aradipéen SONTeE Uni@EIPTISHIBANGROSY t he
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layer in agdeyietebrsand aﬁécﬁ%ﬁ@a@h@de Eﬁlﬁto})tglltxg 8 lﬁﬁE%ts-b %l'é‘ to SdHefht@s an

integrated circuit or other device (see ) anpl es"of such patterning
means i5cl eldetrordfpneticesliatiohhBurdencheinvefticn metasds to 8 litked graphiopwojaction

it hography, and jt  includes mask types such as binary, alternating

phase- shi f BPPagHuEs baving3psh @ dagiplResoyFernit CQRPRSIE: as vari ous hybrid mask
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transm ssion (I'n Tection (in the case

of a reflecti V@su@ﬂ@m@ﬁméf&sﬁﬁﬁﬁﬁig’Mtehﬁ@éﬁgmgﬂ@rpa&&‘ﬁiﬂg&ﬁ&ns%%ﬁfgqmg to
the pattern on the mask. In the 25 case of a mask, the support structure
will generp&tte}‘nﬂamojeﬁ@danam&condﬁngﬂo aglesmedepattelrgt t he nmask can be held at

a desired position in the_inconng radiati opn beam and that it can be noved
relati V@ to thaSeRsiaicitable for m%gsslbstrate; and

a projection system for projecting the patterned beam onto a target portion of the
substrate.
The term “patterning means” as here employed should be broadly
interpreted as referring to means that can be used to endow an incoming radiation beam

15  with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context. Generally,
the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:

20 a mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. Placement of such a mask in the radiation beam causes selective
transmission (in the case of a transmissive mask) or reflection (in the case of a reflective
mask) of the radiation impinging on the mask, according to the pattern on the mask. In the

25  case of a mask, the support structure will generally be a mask table, which ensures that the
mask can be held at a desired position in the incoming radiation beam, and that it can be

moved relative to the beam if so desired ;



26 MARCH 2007 -2 a programmable mrror array. An exanple of ?gﬁﬂR@HQGy}ce
is a matri x-addressable surface having a viscoelastic contro ayer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
light as diffracted |ight, whereas unaddféssed areas reflect incident |ight
as 5 undiffracted light. Using an appropriate filter, the said undiffracted
light can be filtered out of the reflected beam |eaving only the
diffracted light behind; in this manner, the beam becones patterned

according to the addressing pattern of the trix-adressable surface. The
required matri PSRl JUEGHAEY.- &Ww%&?ggq%d@meﬂaswva(-@é@r%ﬁ%b@ means.
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conprising one or nore dies) on a substrate (silicon 25 wafer) that has been
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di stinction can tween two differen
15  support structure in this case may be embodied as a frame or table, for example, which may

be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations,
specifically direct itself to examples involving a mask and mask table; however, the general
principles discussed in such instances should be seen in the broader context of the

20  patterning means as hereabove set forth.

Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate
a circuit pattern corresponding to an individual layer of the IC, and this pattern can be
imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon

25  wafer) that has been coated with a layer of radiation-sensitive material (resist). In general, a
single wafer will contain a whole network of adjacent target portions that are successively
irradiated via the projection system, one at a time. In current apparatus, employing
patterning by a mask on a mask table, a distinction can be made between two different

types of machine. In one type of lithographic projection apparatus, each target portion is



types of machine. In one type of |ithographic projection appal@V4RcH 2607h
target portion is 26 MARCH 2007 -3 irradi ated by exposing the entire mask
pattern onto the target portion in one go; such an apparatus is comonly
referred to as a wafer stepper. In an algernative apparatus - commonly
referred to as a step-and-scan apparatus - each target portion is irradi ated
by progressively scanning the nmask pattern under the projection beamin a
given reference 5 direction (the "scanning"” direction) while synchronously
scanning the substrate table parallel or anti-parallel to this direction;

since, in genera the .projection stemw.ll, have a .magnification factor M
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several layers are required, then the whole procedure, or a variant
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development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
20  off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
25  obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be referred

to as the "lens"; however, this term should be broadly interpreted as encompassing various



For the sake of sinplicity, the projection system may herei naié ®rbag 2007
referred to as the "lens"; however, this termshould be broadly interpreted
as enconpassi ng various 26 MARCH 2007 -4 types of projection system
including refractive optics, reflective_gptics, and catadioptric systens,
for exanple. The radiation system may al so i ncl ude conponents operating
according to any of these design types for directing, shaping or controlling
the projection beam of radiation, and such conponents may al so be referred
to below, collectively or 5 singularly, as a "lens". Further, the
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15  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 nm to several tens of
nanometers, combining the soft x-ray and Vacuum UV range, whereas the term ‘EUV’ is
20  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.

A radiation source for XUV radiation may be a discharge plasma radiation
source, in which a plasma is generated by a discharge in a substance (for instance, a gas or
vapor) between an anode and a cathode and in which a high temperature discharge plasma

25  may be created by Ohmic heating by a (pulsed) current flowing through the plasma.
Further, compression of a plasma due to a magnetic field generated by a current flowing
through the plasma may be used to create a high temperature, high density plasma on a

discharge axis (pinch effect). Stored electrical energy is directly transferred to the plasma

temperature and hence to short-wavelength radiation. A pinch may allow for a plasma



t hrough the plasma nay be used to create a high tenperature, high densjty
pl asma on a discharge axis (pinch effect). Stored electricafﬂﬁﬁé?ﬂ§ﬂﬁg
directly transferred to the plasma tenperature and hence to

short-wavel ength radi ation. A pinch nmay allow for a plasnma 26 MARCH 2007 -5
havi ng a consi derably hi gher tenperaturedand density on the discharge axis,
offering an extrenely |arge conversion efficiency of stored electrical
energy into thernmal plasma energy and thus into XUV radiation. The
construction and operation of plasna discharge devices, such as plasna
focus, Z-pinch, holl ow cathode and capillary discharge sources, 5 may vary,

but in eadhvig ddoasidetaplydfgtaer taagreeitiue dnd detbigonahatnchddye 1€ offediis b cal
current of the discharge drives the compression. Figures 7A to 7E are
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source LA has cylindrical symetry and conprises an anode /710 and a cat hode
720 coBlinech®dvdry, tainiredaeh of thead types a magheicifieid ganetatdy bycthk elsairlcall@brenof
aperture 711 is provided in the anode 710 on a central axis A for passing
el ect r omaghedisehargaiirines dhe gamamessied- di scharge source LA. The hollow cat hode

720 is provided with.an I apertuyre 721 around.the central axis A, and
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cavity 722@%&@@0@%&6&&%0&% bisitfdnl FRud QUiRehaE s hGha Aiatio and the
wal | s of the cavity are a part of the cathode 720. A di'scharge power supply

(not showspuics. Kigmrees ZAad 7TEchbiveschemoatizallyl 8 danlthrge pladrog ead7Rdntsounee of thdeZ-f or a
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vol tage (V < 10 kV) conditions, for which the electron nean free path is
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15  further provided with a large cavity 722 behind the aperture 721. The cavity 722 also has
an annular configuration around central axis A, and the walls of the cavity are a part of the
cathode 720. A discharge power supply (not shown) is connected to the anode 710 and
cathode 720 to provide for a pulsed voltage V across the anode-cathode gap inside the
discharge source LA. Further, a suitable gas or vapor is provided by a discharge material

20  supply (not shown) at a certain pressure p between the anode and cathode. Examples of
suitable substances are xenon, lithium, tin and indium.

A discharge may take place at low initial pressure (p < 0.5 Torr) and high
voltage (V < 10 kV) conditions, for which the electron mean free path is large compared to
the dimension of the anode-cathode gap, so that Townsend ionization is ineffective. Those

25  conditions are characterized by a large electrical field strength over gas or vapor density
ratio, E/N. This stage shows rather equally spaced equipotential lines EP having a fixed
potential difference, as is depicted in figure 7A. The ionization growth is initially
dominated by events inside the hollow cathode 720 that operates at considerable lower

E/N, resulting in a smaller mean free path for the electrons. Electrons e from the hollow



ratio, E/N. This stage shows rather equally spaced equi potent] | i EP
having a fixed potential difference, as is depicted in figuééﬁéﬂpﬂ$ﬁ€7
ionization growh is initially dom nated by events inside the holl ow

cat hode 720 that operates at considerable lower E/N, resulting in a smaller
mean free path for the el ectrons. El ectPons e fromthe hol | ow 26 MARCH 2007
-6 cathode 720, and derived fromthe gas or vapor within the cavity 722, are
injected into the anode-cathode gap, a virtual anode being created with
ongoi ng ionization, which virtual anode propagates fromthe anode 710
towards the holl ow cat hode 720, bringing the full anode potential close to
t he cat hocathodes/20sarshdsmived frofr thages MiBapyr witkindh¢ gavity 2] dreingect&d into the

equi potential lines EP. The electric field ipside the haollow cavity 722 of
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15  azimuthal magnetic field, having magnetic field strength H, within the discharge source

LA. The azimuthal magnetic field causes the plasma 735 to detach from the cylindrical
wall 725 and to compress, as is schematically depicted in figure 7C.
Dynamic compression of the plasma will take place, as further depicted in
figure 7D, because the pressure of the azimuthal magnetic field is much larger than the
20  thermal plasma pressure: H/8x >> nkT, in which n represents plasma particle density, k
the Boltzmann constant and T the absolute temperature of the plasma. Electrical energy
stored in a capacitor bank (part of the discharge power supply, which is not shown)
connected to the anode 710 and cathode 720 will most efficiently be converted into energy
of the kinetic implosion during the full time of the plasma compression. A homogeneously
25  filled constriction (plasma pinch) 745 with a high spatial stability is created. At the final
stage of plasma compression, i.e. plasma stagnation on the central, or discharge, axis A, the
kinetic energy of the plasma is fully converted into thermal energy of the plasma and
finally into electromagnetic radiation 740 having a very large contribution in the XUV and

EUV ranges (as depicted in figure 7E).



25 filled constriction (plasma pinch) 745 with a high spati al26s¥aRcii 2407 i s
created. At the final stage of plasma conpression, i.e. plasnma stagnation
on the central, or discharge, axis A the Kkinetic energy of the plasma is
fully converted into thermal energy of tfie plasma and finally into

el ectromagnetic radiation 740 having a very large contribution in the XU
and EUV ranges (as depicted in figure 7E). 26 MARCH 2007 -7 Wen using

di scharge plasna sources, there is a danger that contam nation originating
in a radiation source such as particles, plasm and vapor, can mgrate to a
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grooving on the inside of the sealed container 272 or a conbination of these
15  is described below. A closed heat pipe 270 comprises a sealed container 272, a wicking

surface (wick) 265 and a liquid 262 that saturates (wets) the wick 265. The sealed container
272 can be of any suitable material, for instance copper, aluminum, steel, nickel or
tungsten. The choice of liquid 262 is determined by its properties (low values of liquid and
vapor viscosity, high thermal conductivity, high latent heat of vaporization) and the

20  temperature range within which the heat pipe 270 will be used. For instance, in the range
1000 — 2000 °C, sodium, lithium or silver may be used. The wick 265 is typically made
from metal foams, metal felts, ceramics, carbon fibers, a sintered powder, one or more
screen meshes, grooving on the inside of the sealed container 272 or a combination of these
forms.

25 When the heat source 205 is applied to part of the closed heat pipe 270, the
liquid 262 in the wick 265 boils and forms a vapor 266. The vapor 266, which has a higher
pressure than the liquid 262, moves (268) to the opposite end where it is cooled by the
cooling device 275. The vapor condenses 267, giving up the latent heat of vaporization.

The liquid enters the wick 265 and capillary driving force returns the liquid 262 back to the
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makes the heat pipe 270 insensitive to gravitational effects, and thus it
may be enployed in any orientation. GEnerang a heat pipe is used where
direct coditehelossttoghe hest squrcs 205 otherusg of Hreawick 2hpmakes the Beas@iner24Qsf er s t he

heat to a .npre..conveni I tion re oling can be perforned. 5 1t is
gener ai |y BERE S ERTlone TRiclig TN e Al PRI bet or e
EUV pr oductéripalBy a 88t fﬁi&be’i@ RORhiL ARER coAlh T MVbRHRRA feabiblcADIng heat
(production- worthy) for |arge-scale production of devices, for instance

i nt egr at ecbipé trensfers theTtrette a morel aodeenidiit ddvation; vhees sioding e be paforyned Cur r ent
sources typically display a_conversion_ 10 efficiency (ratio of power-out at
requi réd wavel engt h It 5 gsaetally pelnogdedged thek pamberyofangngvements are fegwired t he

maj ority aof the iaput wel  bei onverted_ ipnto heat:,efficient heat
omoval ” ( SsERES VB BR T B MR bitat B St iRes SibE iR oo

f rom pl asnRogti§) o deNiDald ipsSiR i S o AAE i RY Sb ARSIt dgPAEH EHRith OTHegPeat ed
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The area over which the heat can be spread is typically limited, and heat removal becomes
15  critical as power levels and repetition rates are increased to achieve a production-worthy
source. Overheating of one or more electrode surfaces may occur, affecting pinch size and
position if the geometry of the electrodes changes (deformation);
stable pulse timing and energy. For use with a lithographic projection apparatus, the
source should produce a stable output during projection. This can be negatively influenced
20 by, for instance, variations in EUV pulse timing (jitter), variations in pinch position and
size, and variations in EUV pulse energy;
reduction of electrode erosion. The plasma created may erode the electrodes, since
they may be present on and/or adjoining the axis on which the high-temperature, high-
density plasma is created. Such erosion limits the lifetime of the electrodes and increases
25  the amount of contamination present in the discharge space. Further, proper functioning of
the electrodes for triggering the plasma is dependent on several factors, including a
predetermined relationship between the geometry of the electrodes. Erosion or deformation
of either electrode may influence the triggering instant of the plasma and the timing of the

pulse of generated EUV radiation; and
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15 It is still another object of the invention to provide a radiation source that
causes a minimum amount of contamination of the adjoining lithographic projection
apparatus. |

In one aspect of the present invention there is provided a radiation source
comprising an anode and a cathode that are configured and arranged to create a discharge in

20  asubstance in a discharge space between said anode and cathode and to form a plasma so
as to generate electromagnetic radiation, wherein a wicking surface area of walls defining
said discharge space is provided with a wicking function for transporting a liquid towards
said discharge space from a liquid reservoir in contact with said wicking surface area. The
liquid may comprise xenon, indium, lithium, tin or any suitable material. The wicking

25  surface (wick) provides a convenient means to supply the discharge area with liquid, and
the continuous presence of liquid at the discharge space improves the heat dissipation and
reduces erosion of the electrodes.

In another aspect of the invention, wherein a cooling surface area of walls

defining a discharge space of a radiation source is provided with a cooling function for



sai d discharge space is provided with a wicking function for transporting a
liquid towards said discharge space froma liquid reservoir %H"é@ﬁfé%p wth
said wicking surface area. The |iquid may conprise xenon, indium |ithium
tin or any suitable material. The w cking 25 surface (w ck) provides a
conveni ent nmeans to supply the dischargdlarea with liquid, and the

conti nuous presence of liquid at the discharge space inproves the heat

di ssipation and reduces erosion of the electrodes. In another aspect of the
i nvention, wherein a cooling surface area of walls defining a discharge
space of a radiation source is provided with a cooling function for 26 MARCH
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radi ati on, increasing the energy output” and thus 1 ncCreasing the con\%ersi on
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radi ati on source unit 15 conprising: a radiation source provided wth an
anode 1&nd w@nirallingdlee apeunt gf xapos prsgfrie ¢he disrharge spargeand to aglpé’éh@ SQreR char ge
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of said receptacle being directed To said radiation source for capturing
cont am natdfficiessyi tt ed from 20 said radi ati on source. Said receptacle
prevents contam nat ilggngtilgrrgsggét%rf ith%qn\?enltiio;[l,htggrre ?SP Qrio(\:rided a radiation source unit
15 comprising: a radiation source provided with an anode and a cathode that are configured
and arranged to create a discharge in a substance in a discharge space between said anode
and cathode and to form a plasma so as to generate electromagnetic radiation; and a hollow
receptacle arranged on an optical axis of said radiation source, an open end of said
receptacle being directed to said radiation source for capturing contamination emitted from
20  said radiation source. Said receptacle prevents contamination from entering a lithographic
projection apparatus by capturing it, which may be further enhanced by cooling the
receptacle.
In a further aspect, there is provided a radiation source comprising: an anode
and a cathode that are configured and arranged to create a discharge in a substance in a
25  discharge space between said anode and cathode and to form a plasma so as to generate
electromagnetic radiation; an aperture being provided in one of said anode and cathode
through which said electromagnetic radiation is emitted, wherein said aperture comprises a

plurality of electrically-conductive structures arranged so as to leave said aperture

substantially open to said radiation but to substantially close said aperture electrically. This
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to create a discharge in a substance in a 25 di scharge space between said
anode and cathode and to forma plasma-4b-as to generate electromagnetic
radi ati on; an aperture being provided in one of said anode and cat hode

t hrough which said el ectromagnetic radiation is emtted, wherein said
aperture conprises a plurality of electrically-conductive structures
arranged so as to | eave said aperture substantially open to said radiation
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lithographic projection apparatus comprising: a radiation system for providing a projection

15 beam of radiation; a support structure for supporting patterning means, the patterning
means serving to pattern the projection beam according to a desired pattern; a substrate
table for holding a substrate; and a projection system for projecting the patterned beam
onto a target portion of the substrate, wherein said radiation system comprises a radiation
source or radiation source unit as described above.

20 According to yet another aspect of the invention there is provided a device
manufacturing method comprising the steps of: providing a substrate that is at least
partially covered by a layer of radiation-sensitive material; providing a projection beam of
radiation using a radiation system comprising a radiation source or radiation source unit as
described above; using patterning means to endow the projection beam with a pattern in its

25  cross-section; and projecting the patterned beam of radiation onto a target portion of the
layer of radiation-sensitive material.

Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should be explicitly

understood that such an apparatus has many other possible applications. For example, it



20 According to yet another aspect of the invention there is _provide
devi ce manufacturing nmethod conprising the steps of. provid#ﬁ&gﬂ“§ﬁg@?rate
that is at least partially covered by a | ayer of radiation-sensitive
material; providing a projection beamof radiation using a radiation system
conprising a radiation source or radiatldn source unit as described above;
using patterning neans to endow the projection beamwth a pattern inits 25
cross-section; and projecting the patterned beam of radiation onto a target
portion of the |ayer of radiation-sensitive material. Although specific
reference may be nmade in this text to the use of the apparatus according to
t he i nvenmagrbeiempléyedim e matuficureof iffsgrated optivalkybtdngs, guidhndzi dndeteoficker st ood
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"substrate" ang “target portion", respectively. In the present docunent,
t he ter s POFtioal' aesnsAativeind "bean? are used to enconpass all types of

el ectromagneti c radiation, including.ultraviolet ( Jadi,ation (e.g. wth
a wavel engt h of 365,&n Fres @%‘ﬁ’cﬁ@?mgplef?g’sn Alaiﬁ’& gﬁ%r%@ AT PENVPol et (ELV)
10 radi at| ! &R akiBn ; s ) g@ﬁp nts of
the i nvenlte ?%br?g %sgfll F}%\\/évé ggelgceﬁ@ I bed, E?h\?\/%jﬁg}l&gggﬁ{)#le&aém,mﬁt ﬁ*e'e “erence
to the acodthewyvalehgslcbie3ast R48,di9an 57gs, 126 mmland kxttamne eBpovidien@EUVEef er ence

synbol s indicate corresponding parts, and in which: figure 1 depicts a
| i t hodP apmdiatisnde echaore apiguelandis inbepanesiong) Bmi-adi ati on source unit 15
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figure 2A,aROWsthirBRrenetd @bk alVntdaRin®schehla8ie dBavdfss, in which corresponding
reference symbols indicate corresponding parts, and in which:
figure 1 depicts a lithographic projection apparatus comprising a radiation source unit
15  according to the invention;
figures 2A to 2B depict a radiation source unit comprising an open heat pipe
construction according to the invention, where figure 2A shows the central portion of
figure 2A;
figures 3A to 3C depict an anode according to the invention, where figures 3B and
20  3C depict two embodiments of cross-section B-B;
figures 4A to 4C depict an anode according to another embodiment of the invention,
where figures 4B and 4C depict cross-sections C-C and D-D respectively;
figures 5A to 5C depict an anode according to yet another embodiment of the
invention, where figures 5B and 5C depict cross-sections E-E and F-F respectively;
25 figure 6, included as an example, depicts the basic elements and operation of a closed
heat pipe; ;
figures 7A to 7E, included as an example, depict a discharge of the hollow-cathode

type at various stages of discharge; and

figure 8, included as an example, depicts the basic elements and operation of a



figures 3A to 3C depict an anode according to the invention, 3@? l%gﬁ?res
3B and 20 3C depict two enbodi nents of cross-section B-B; f| o 4C
depi ct an anode accordi ng to anot her enbodi nent of the invention, where
figures 4B and 4C depict cross-sections CGC and DD respectively; figures 5A
to 5C depict an anode according to yet -dBet her enbodi nrent of the invention,
where figures 5B and 5C depict cross-sections E-E and F-F respectively; 25
figure 6, included as an exanple, depicts the basic elenents and operation
of a closed heat pipe; figures 7A to 7E, included as an exanple, depict a
di scharge of the holl owcathode type at various stages of discharge; and
figure 8, dgravihgiietiicace @lleewanpl e, depicts the basic el ements and operation

of a 26 MARCH 2007 13 ?ra2|ng i nci dence collector. The skilled artisan
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the invention. The apparatus conprises: a radiation systemLA 1L, for

suppl yi ng lavepjlﬁlgjlectl on beam PB of radiation, for 10 instance, EUV having a

length in th t hi ticul th di at
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reticle) connected to first positioning nmeans or accurately

positioning tidredieBsksystenhL AHR €61t supplylrigerprbiectidibbeans BB ofichdidjoacfort abl e
(substrate table) WI provided with a substrate holder for holding a
subst 8t e intneegtUY hawiga wevehangth igithe roge dafan). In ghislpatanecease, the second
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a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g. a reticle), and connected to first positioning means PM for accurately positioning
the mask with respect to item PL;

15 a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means PW for accurately positioning the substrate with respect to item PL;

a projection system (“lens”) PL for imaging an irradiated portion of the mask MA
onto a target portion C (e.g. comprising one or more dies) of the substrate W.

20 As here depicted, the apparatus is of a reflective type (i.e. has a reflective
mask). However, in general, it may also be of a transmissive type, for example (with a
transmissive mask). Alternatively, the apparatus may employ another kind of patterning
means, such as a programmable mirror array of a type as referred to above.

Referring to figure 1, a discharge plasma source LA typically produces a

25  beam of radiation as a train of pulses that are synchronized with the operation of the
lithographic projection apparatus. This beam is fed into an illumination system
(illuminator) IL, either directly or after having traversed conditioning means, for instance a
spectral filter. The illuminator IL may comprise adjusting means for setting the outer and/or

inner radial extent (commonly referred to as c-outer and c-inner, respectively) of the



a projection system ("lens") PL for imaging an irradi ated ponginpir@i200he
mask MA onto a target portion C (e.g. conprising one or nore dies) of the
substrate W 20 As here depicted, the apparatus is of a reflective type
(i.e. has a reflective mask). However ;jn general, it may also be of a
transm ssive type, for exanple (with a "transm ssive mask). Alternatively,
t he apparatus may enpl oy another kind of patterning neans, such as a
programmable mrror array of a type as referred to above. Referring to
figure 1, a discharge plasm source LA typically produces a 25 beam of

the 11t nageai diiPuren it bean dF o R ssaaly comptts arouahter O
the 1ith ection . . e
11 umm nat ioghogeh her Ad difficBAldi(ahd bloondnklihn I 6 Ine bl iRk

traversed condi t1dni ng neans, I nstance a Spec ter.

i 11 um nat qkie mbsk"RiA Bayiddsted asifoisiityagd iaamsty idtrisgiohiin @s tRgs-eedtioh. and/ or
inner radial extent (commonly referred to as a-outer and a-inner,
respectively) of thétsheuldgAraqteriogith regan todtigme il tthat dhestonidgtA orayiba Withén beam
I n additi it.wll eral]y canprise variqus other onponents, such as
an i nt dgr abbRousing of ERHERSRRY pfolcion SDRAGS 1L BG4 eI HEPHGIER B¢ he
rask MA h . . > . . : . Lo

o oss- secr A BRI BRI JROATLEDS Kplohd! bodileh Selled o e e L
may be W tapparatu withehd eidsifrgitatfle dftival ¢dniagiento o€ indtadl€ direetingtRaoratThe, but

that it may also be remote fromthe I|ithographic projection apparatus, the
radi at i on chmamhinyantianjand plegaueneompassrhyth elgthesetsenanies. apparatus with the aid

f i tabl ti I f i , . di i i Th
current T nventi on aldo P TE ShetERLCRIR e s MAGHER 1ield ehé beam Pe
subs equen%%k'tmléwﬁma%iﬁgwﬁem&mly MhEGhd bith%gﬁgkm%e L pdsadyl e M.

Havi ng been selectively reflected by the nas t he beam PB passes
t hr ough t hierohginthePtns Rit)ivdticH focuses shet feami®E onteR tarpetp@ativa Cgetthpaibisirae W. of
t he substrate Wth the aid of the second positioning nmeans PW (and

W
i nt er f er on¥ith the aid aEtheispepngdeapisioningymeaps RWs (apd intgreromgBicamegsusing msenshov ed
tel . g. i tion diff t t cCint th
of “the bed Bis subifaf Bblg WA Gl vetbaiet a6 Sl Pl ¢ At dn BOTNbR drepirt Fskdleed 1 o
accur at el y,oRQsHstd St Pﬁh FRsie DAMVPE.ISimASAE the Rt ?&@ticﬁﬁﬁé‘m@&nslm dgam PB,

e.g. after nechanical retrieval of the nask MA froma mask |ibrary, or
duringSa ssedto denurgeehepasition the mask MA with respect to the path of the beam PB, e.g. after

mechanical retrieval of the mask MA from a mask library, or during a scan. In general,

movement of the object tables MT, WT will be realized with the aid of a long-stroke

module (coarse positioning) and a short-stroke module (fine positioning), which are not

explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a
20  step-and-scan apparatus) the mask table MT may just be connected to a short stroke

actuator, or may be fixed.

The depicted apparatus can be used in two different modes:

1.  In step mode, the mask table MT is kept essentially stationary, and an entire mask

image is projected in one go (i.e. a single “flash”) onto a target portion C. The substrate
25  table WT is then shifted in the x and/or y directions so that a different target portion C can

be irradiated by the beam PB;

2. Inscan mode, essentially the same scenario applies, except that a given target portion

C is not exposed in a single “flash”. Instead, the mask table MT is movable in a given

direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that the
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the case of a wafer stepper (as opposed to a 20 step-and-scan apparatus) the
mask table MI may just be connected to-d5short stroke actuator, or may be
fi xed. The depicted apparatus can be used in two different nodes: 1. In step
node, the mask table MI is kept essentially stationary, and an entire nask
image is projected in one go (i.e. a single "flash”) onto a target portion
C. The substrate 25 table WI is then shifted in the x and/or y directions

so that a glojettirtrant PB gdaufd tbisedh &ve€ afnask @magde? asticatetly)Yhd sidstaatabRB; 2.
In scan node, essentially the same scenario applies, except that a given
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di r ect ison radol@icipeed V = M/, in which Mis the magnification of the |ens PL

(typically, M= 1/4 or 1/5). In this manner, a relatively large target
portion C can be expwéwtlowspmgunmamor@ngmfdaompreumlw dspicted indigufedA on. A

radi ati on s . accordj to the inventi.o in figure 2A
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hol | ow cat hode 20 is provided with a cavity 22 and an aperture 21, such t hat
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aperture Yhodidbed HefM.ral region surroundlng the 15 site of plasma pinch
formation 45. In the enbodi nent shown, lithiumis used to create the
Plasma discharge occurs mainly in a discharge space, approximately

disposed between cathode 20 and an anode aperture 11 in a central region surrounding the
15  site of plasma pinch formation 45. In the embodiment shown, lithium is used to create the
plasma for operating the source LA, and lithium plasma can be found in a plasma region
that substantially comprises the whole internal volume of the radiation source LA.
The anode 10 and cathode 20 are configured and arranged such that the
isolator 30 is disposed at some distance from the plasma region. This distance, combined
20  with an isolator protection cooling element 50 that condenses lithium vapor, prevents
contact between the lithium and the isolator 30 and thus prevents possible corrosion of the
isolator 30.
According to the invention, the source LA differs from a typical plasma
discharge source in that the plasma region is extended by elongating the walls of the anode
25 10 away from the discharge region. This elongated extension space creates an anode 10
with a hollow structure resembling one half of a thick-rimmed Petri dish, with an anode
aperture 11 at the center of the "dish", and an anode cooling element 55 along the rim of
the "dish".

Lithium is found in different forms at different locations within the source



pl asma for operating the source LA, and lithiumplasma can be ]@ %%%&)a

pl asma region that substantially conprises the whole i nt er ndl 3t the

radi ati on source LA. The anode 10 and cat hode 20 are configured and arranged

such that the isolator 30 is disposed at sone distance fromthe plasna

region. This distance, conbined 20 wi thban isolator protection cooling

el enrent 50 that condenses |ithiumvapor, prevents contact between the

lithiumand the isolator 30 and thus prevents possible corrosion of the

i sol ator 30. According to the invention, the source LA differs froma

typi cal plasma discharge source in that the plasma region is extended by

el ongati ndA:he walls of the anode 25 10 away fromthe discharge region.

Thi's el ongated. extension space creates an anode 10 with a hoIIOM/structure
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within the sougmah Zf)lasnﬂaetlﬂeﬁ ghbut @ $ladrhd RicleR B3 i n a reservoir 60
conprising a heatlng elenent 64 to keep the lithiumliquefied; l'ithi um gas,
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a w cking surface (w cké065 as. shown in figure 2B). Parts of the walls of
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radi ati on source unit conprises cooling elenents ich may be, for

i nst ance, ngiowini ng | i nes or any other suitable neans: a hollow trap cooler 92

for cqqling the hollowtrap nflgured and arrgnged to create a cooling
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10, confi %wn?é?lts? A hay'8E Gol 195t9ﬁ§:,a&?oli?1g lines or any other suitable means:

a hollow trap cooler 92 for cooling the hollow trap 90, configured and arranged to
create a cooling surface inside the hollow trap 90;
the anode cooler 55 for cooling the anode 10, configured and arranged to create a
15  cooling surface at the end of the elongated extension space furthest from the discharge
space;
a cathode cooler 75 for cooling one end of the closed heat pipe 70, configured and
arranged to cool the tip of the cathode 20 closest to the discharge space. The closed heat
pipe 70, similar to the example depicted in figure 6 and described herein, employs a
20  wicking surface (wick) 165, saturated with a liquid 162, to transfer heat from the tip of the
cathode 20 to a region proximate the cathode cooler 75. The wick 165 and liquid 162 in the
closed heat pipe 70 may or may not be the same as the wick 65 and liquid 62; and
the isolator protection cooler 50, configured and arranged to create a cooling surface
on the walls of the cathode 20 and anode 10, and thus to condense any vapor before it can
25  reach the isolator 30.
As depicted in figure 2B and figures 5A to 5C, the anode 10 is provided
with two substantially symmetrical apertures, an emission aperture 11 through which
emitted radiation is passed, and a smaller diameter electrical aperture 12 used to control the

position of the plasma pinch. Figure 5A shows a plan view of the anode aperture 11 as



15 cooling surface at the end of the el ongated extension space furthe ;/, from
the di scharge space; a cathode cooler 75 for cooling one en&6MA'?tWO§I osed
heat pipe 70, configured and arranged to cool the tip of the cathode 20

cl osest to the discharge space. The closed heat pipe 70, simlar to the
exanpl e depicted in figure 6 and descr+béd herein, enploys a 20 w cking
surface (w ck) 165, saturated with a liquid 162, to transfer heat fromthe
tip of the cathode 20 to a region proximate the cathode cooler 75. The w ck
165 and liquid 162 in the closed heat pipe 70 may or may not be the sane as
the wick 65 and liquid 62; and the isolator protection cooler 50, configured

and arr angeslvddmbycthe aitBode 2N ahd figus SBaGe SCARowheossabdtonE-E hed Fat hode 20 and
anode 10, and thus to condense any vapor before it can 25 reach the

i sol at or 3espedtivetieibratgbdhé plan ivipwy. d hg Bneded! Ofis gravideds#ith @ plGility hépratrosiens 0 i s
rovi ded ifh two substantjally s tri.cal ertures, an em sSSi pn aperture

P17t hr ougH At create B Slesieplahelel? richis Salel ah e AFAIRC grasBbor -

el ectri cal tiur t 0 . . o | lL@asyRy:ht nch.

i our ¢ oa RRRGETE SO Bl Qo R B ishoReuiaRRlh b SRl SRS RBIRACT

Vi ewed 5by 40Rgilldadveabedidéhar@hald Qs tBeraidsiod ep&heavl T rvasish 6@apliRetheE- E and
F-F respectively through the plan view. The anode 10 is provided with a

pl ural i ty elgctrinabapergiro hdandithe ghpst 1 chetwean théyprogiusions i€al aperture 12, which
is smaller in dianmeter th t enmi ssion apertyre 11, d where each
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that any suitable nunber, size and shape are possible. In addition, there
are mafly mpe@dureplos &ISENCeti es to create an electrical aperture that is
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be f urt hershoywt theiczed-section B-B through the plan view. The design may be further optimized
by employing hollow wires and passing a cooling medium through them, changing the
15  number, size and shape of the wires, employing a concentric/radial grid pattern, employing
a grid of parallel wires intersecting at a non-perpendicular angle with a second set of
parallel wires or some combination of these measures;
Figure 3C shows an alternative cross-section B-B of the plan view in which the grid
wires are extended, and rotated away from the central axis A, such that the grid 100 forms a
20  so-called "foil trap" or contaminant filter. As disclosed in U.S. Pat. No. 6,359,969, the "foil
trap" enhances the ability of a radiation source unit to capture contamination, preventing it
entering the lithographic projection apparatus; and
figures 4A to 4C show how a larger diameter emission aperture 11 may be created by
creating substantially symmetrical gaps 13 in the anode 10 close to an electrical aperture
25  12. Figure 4A shows the anode aperture in plan view as viewed by a cathode, figures 4B
and 4C show cross-sections C-C and D-D respectively of the plan view. Cooling is
provided using cooling channels 18 in the anode 10, through which any suitable cooling
medium may be passed. Although only eight gaps are depicted, it will be appreciated that

any suitable number, size and shape may be employed.



by enpl oyi ng holl ow wires and passing a cooling nediun1throu%g heq}
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concentric/radial grid pattern, enploying a grid of parallel wres
intersecting at a non-perpendicular angle with a second set of parallel
wires or sone conbination of these neasd$es; Figure 3C shows an alternative
cross-section B-B of the plan viewin which the grid wres are extended,
and rotated away fromthe central axis A, such that the grid 100 forms a 20
so-called "foil trap” or contam nant filter. As disclosed in U 'S. Pat. No.

6, 359,969, the "foil trap" enhances the ability of a radiation source unit
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proj ection apparatus; and figures 4A to 4C show how a | arger dianeter
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provi ded using cooling channels 18 in the anode 10, through which any
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proj ecti opegppar atus al ong an optical axis of the source LA using a grazing-
i nci dence collector 80. In the enbodi mrent shown, the optical axes of both

t he source LA 5 andA hdlovotraep2® compiises aisulostahtially tyliridniealaecdptazle, suiihsonA.

Al t houBh only one coll ect orﬁihel | is _shown, the grazing incidence collector

80 t ypPcaleng opehind aesnd slnsedidisgridenbriaptialy symeetrgataboyt thepriisplsasisiat i on
and oper a%%eoge&hglo }ﬁgﬁn%?’ﬁ? SrfER gl i':é}le%%/o?%().el"@e And s%xe%grdétgﬁeg‘fraélﬁé gn A

hol l ow tra rrses n Irndrical recep i one

10 end opepu@ hdPeeoBRE nfek R theiapRES Qffaes Beh 2Hd Rbled WBHETRS KolRAY tragpout the

optical axis in the central region of the grazing-incidence collector 80.
The i nner ceolef 92 & athandescaptuap 90 is rough and porous to nmaxin ze the
capture surface ar e?& dig&%.rgceoé)olv?ecri Sllijli?l;l}'? nott Ql?ovpn li.l, ggvnntecr:tgg to anode 10 and cathode
15 20 to provide for a pulsed voltage V across the anode-voltage gap inside the radiation
source LA.
The radiation source LA (as depicted in figures 2A to 2B) is brought into a
state where it is about to form a discharge plasma and a subsequent plasma pinch using a
steady state filling of the plasma region with lithium vapor. This steady-state vapor flow is
20  created using heating element 64 in the reservoir 60 to create liquid lithium 62 at a
temperature close to its boiling point. Three mechanisms determine the pressure and flow
of lithium vapor inside the source:
vapor formation over the whole surface of the wick 65. Driven by capillary driving
force, the liquid lithium 62 flows through the wick 65 such that it is continuously present
25  on the surfaces of the anode 10 and the cathode 20;
vapor formation 66 due to the heating of the liquid lithium 62 in the reservoir 60 by
the heating element 64; and

vapor condensation 67 by the coolers 50 and 55.

If the concentration of lithium vapor is sufficient, the cycling of the



cool er 92 to enhance capture. A discharge power supply (not §Q%@Q%”i?m7
connected to anode 10 and cathode 15 20 to provide for a pulsed voltage V

across the anode-voltage gap inside the radiation source LA The radiation
source LA (as depicted in figures 2A to 2B) is brought into a state where
it is about to forma discharge plasna'éﬁd a subsequent plasma pinch using a
steady state filling of the plasma region with |ithiumvapor. This

st eady-state vapor flowis 20 created using heating elenment 64 in the
reservoir 60 to create liquid lithium62 at a tenperature close to its
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calculated that variation in the position of the pinc
approximately 1/10 the diameter of the electrical aperture 12 (as depicted in figure 2B),

hence the improvement in pinch stability by reducing the electrical aperture 12 without
changing the emission aperture 11.
15 The discharge space is cooled by a number of different mechanisms:
the radiation source LA (figure 2B) employs a closed heat pipe 70, which is
substantially identical to the example depicted in figure 6 and described herein, to transfer
heat away from the cathode 20 to the periphery of the system;
the radiation source LA (figure 2A) also comprises a heat pipe configuration that is
20  not sealed (open heat pipe), comprising the anode 10, the cathode 20, the wick 65, liquid
lithium in the wick and the anode cooler 55. As liquid lithium vaporizes 266 by the heat of
the discharge, the movement of the vapor transfers heat away from the discharge space to
the periphery of the system in a similar way to the example depicted in figure 6 and
described herein;
25 propagation of a plasma wave inside the open heat pipe structure provides a further
channel for heat transfer to the periphery. This method of heat transfer is called the Plasma
Heat Transfer Mechanism (PHTM); and
as depicted in figures 5A to 5C, the tips of the protrusions 14 closest to the discharge

space are cooled by passing a suitable medium through the cooling channels 18.



approximately 1/10 the dianeter of the electrical aperture 12 éﬁg}de iited
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el ectrical aperture 12 without changing the em ssion aperture 11. 15 The
di scharge space is cooled by a nunber of different mechanisns: the

radi ati on source LA (figure 2B) enpl oys2@-cl osed heat pipe 70, which is
substantially identical to the exanple depicted in figure 6 and descri bed
herein, to transfer heat away fromthe cathode 20 to the periphery of the
system the radiation source LA (figure 2A) al so conprises a heat pipe
configuration that is 20 not seal ed (open heat pipe), conprising the anode
10, the cathode 20, BvaporatiokoBliquid lithinue 266 ifiiohi thewick 65 €figures Aarg2Bhe anode
cooler 55. As liquid lithiumvaporizes 266 by the heat of the discharge,
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the source LA to the optics of the |ithographic projection apparatus.
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source. According to the invention, a large 10 prioportion of the
cont am natsun#bl® gecndteyr may beused| foomstanag aPherehmmne, ortparabola, ap o as st dogs a
not interfere with the emitted radiation 40 passing over the surface of the grazing-incidence
15  collector 80. Typically, the hollow trap 90 will have a substantially similar shape to the
central shell of the grazing-incidence collector 80.

Alternatively, disposing an electron-beam generator so that the electron
beam heats a region close to the discharge space may provide a better control of the lithium
vapor, and thus of the discharge conditions. Using the heating element 64 in the reservoir

20 60, lithium 62 is kept in its liquid form at a temperature close to the melting point. At
regular intervals, an electron beam is fired at an area containing liquid lithium 62 close to
the discharge space, creating lithium vapor. This has the advantage that the source can be
operated using a minimum amount of vapor and/or low temperature plasma in the
discharge space, thus minimizing the absorption of emitted EUV radiation. This effectively

25 improves the conversion efficiency of the source. Erosion of the electrodes due to the
electron-beam is greatly reduced due to the layer of liquid lithium protecting it.
Alternatively, a second conventional heating element close to the discharge space may be

used instead of the electron-beam heater.

It may be advantageous to create the lithium vapor by evaporating
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di scharge space, thus preventing entirely erosion of the el ectrodes. For
ei t herlOuse described, the el ectron-beam may be substituted by another 5

radi ation or particleg b for instance a las b whi.ch al |.ows vapor
concent rat i on to  be VARTEY terRg H eraed R A haif IR RnbloRe Ak Bt .
ener gy pery Pt $2 1iA8mPHeS6urck EAGNRY bé SeratBS LR Gy s@itd¥ile S(BGah&s ¢6; enpl oyed
to vaporize lithiumfromthe surface of the anode” 10 or cat hode 20 nmay
oper at e wiihdtagperxenei, endiumwaidshrantii or 4 cddbinattomard, thesaelihgydiien a donphiha®nld- 100
mJ, and pul se |l ength 1-100_ ns. . ) .
suitable substances may be used, for instance one substance for the cooling within the open
15  heat pipe construction, and a different substance to create the discharge.
Any of the aspects of the invention and its embodiments may be used with
any type of radiation source that relies on discharge, such as Z-pinch, capillary discharge,
or plasma focus devices. It may be particularly advantageous to employ these aspects in the
radiation source described in European Application No. 02256486.8, and incorporated
20  herein by reference, which already has improved cooling, an increased pulse timing
stability and an increased conversion efficiency.

Accordingly, the scope of the invention should be determined not by the

embodiment(s) illustrated, but by the appended claims and their equivalents.
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solely to the use of lithium the source LA may be operated

sui tabl e substance, for instance xenon, indium iridium tin or

conbi nation of these. In addition a conbination of suitable substances may
be used, for instance one substance for the cooling within the open 15 heat
pi pe construction, and a different suhsbance to create the discharge. Any of
the aspects of the invention and its enbodi nents may be used with any type
of radiation source that relies on discharge, such as Z-pinch, capillary

di scharge, or plasma focus devices.(¥4\%%& be particularly advantageous to
enpl oy these aspects in the radiation source described in European
Application No. 02256486.8, and incorporated 20 herein by reference, which
al ready hab A rgdiadive dowontanmyijsir@n | ncreased pulse timng stability and an

i ncreased conversion efficiency. Accordin t he scope of the invention
Shoul d be et er T HHBLE FIStA SRR Shet ARsaaTRERY 49 STiPeE Bridrdee SBHErEy hhe
appended cydktaBcedRd disdRirbe Qhdé ¥aWeRH Said ZRIMVARIEARQR and 12 farmGlptdsifa sol. A

radi ati on source conprising: an anode and a cathode that are configured and
arranged tas tegerarate glegirepagnetieradiptian; subst ance in a di scharge space between
sai d anode and ¢ . € 1

el ectromagnet i ¢ ‘r%}acgﬁ.l %ﬁc;% agé)aw @Hﬁrﬁ' ge@ﬁlrﬁ? g%% ﬁ%g%agg%ép%&gf I{agirdg‘téfal ‘H}Clﬁﬁlgs aid

di schar ge fipeaim for omisgomigg a liguikowards baid distloangd spacé framsydigpuid segeraoit inqui d
towards sai d disc arg%gs ace froma liquid reservoir in contact with said

wi cki ng sufFACEWHP &3 &FrRAe ARt beam for irradiating said w cking
surface area prgxinaRlge &intfor %&ﬁﬁﬁ{ggﬁd%@ﬁﬁg s&facéafe%gir&&ﬂn% saigul ce
according to claimZI, wherein said w cking surface area is provided on at

| east one difcheededpansode and said cathode. 3. A radiation source according to
clainms | or 2, wherein a cooling surface area of walls defining said

di scharge space is provided with a cooling function for condensing

2. A radiation source according to claim 1, wherein said wicking surface area is provided

10 The skilled artisan will appreciate that although the description fers
2ipReh30T
a

on at least one of said anode and said cathode.

3. A radiation source according to claims 1 or 2, wherein a cooling surface area of walls
defining said discharge space is provided with a cooling function for condensing
vaporized liquid from said discharge space so as to transfer heat from said discharge

space to said cooling surface.

4. A radiation source according to claims 1 to 3, wherein a material comprised in said

liquid is used in creating said plasma.

5. A radiation source according to claims 1 to 4, wherein said discharge space is provided
with an elongated extension space, a cooling surface area being provided on wall of said

extension space at a distance from a central region of said radiation source.

6. A radiation source according to claims 1 to 5, wherein said energetic beam is a beam

of charged particles.



vaporized liquid fromsaid di scharge space so as to transfer heat fromsaid
di scharge space to said cooling surface. 4. A radiation souﬁ@éﬂé@ﬂbywpng to
claims | to 3, wherein a material conprised in said liquid is used in
creating said plasma. 5. A radiation source according to clains 1 to 4,
wherein said discharge space is provided wth an el ongated extension space,
a cooling surface area being provided ojgwall of said extension space at a
di stance froma central region of said radiation source. 6. A radiation
source according to clains | to 5, wherein said energetic beamis a beam of
char ged par 4 §dationzguncppgoqrdingte claipg 170 6 avhergingpid sAcrgstic beamnis @dasdl ng t o
claims | tg.f, Wwherein said energetic beamis a |aser beam 8. A radiation
source conprising: an anode and a cathode that are configured and arranged
to create a discharge in a substance in a discharge space between said
anode and gg&ho e.and to form.a plasma so as to generate el ectromagnetic
radi ati on; & R SGUCE FYRRISE| udi ng an el ongat ed extension space; a

cool i ng surfaceypgRde ahd ¥8dthdedBdtiald Afigaled afXh8AHLd b SBAE 8 dRERMEINN a
cooling function for condensing vaporized |liquid fromsaid di scharge space,

and bei ng . pibstanercia a discharge ispaca betavern said anadennd gathedegindio ffrmsaplasmash at i on

sour ce; ang;%g?gaﬁ&Qﬁ%58n£§§ﬁkioimjBrad!at!ng said cooling surface area
cl osest said scharge space. 9. tadi ati on source according to clains 1

to 8, wherein satichargpspdcecinoipding@s engated exremsionsph@gt ed from the group
consi sting of xenon (Xe), tin (Sn%, | {thium (Li), indium (In) and iridium
(Ir). 10. A rad® 899138 swidsreceeaivalls daiiping sad extensiongipaes BAVIdBISrasooHRe ¢| ai ned
in any one . i AL B : t aglie: on an
opt ol Db O RERING fador g & o B SR B e & bl ng
di rect ed t ot sdistangeddinat cenrad mgtaneofisaid radigianr songe; and

an energetic beam for irradiating said cooling surface area closest said discharge

space.

9. A radiation source according to claims 1 to 8, wherein said liquid comprises an
element selected from the group consisting of: xenon (Xe), tin (Sn), lithium (Li), indium

(In) and iridium (Ir).

10. A radiation source unit comprising:
a radiation source as claimed in any one of the preceding claims; and
a hollow receptacle arranged on an optical axis of said radiation source, an open
end of said receptacle being directed to said radiation source for capturing

contamination emitted from said radiation source.

11. A radiation source unit according to claim 10, wherein said receptacle provides a
cooling function for enhanced trapping of contamination on inside walls of said

receptacle.

12. A radiation source comprising:
an anode and a cathode that are configured and arranged to create a discharge in a

substance in a discharge space between said anode and cathode and to form a plasma so



contam nation emtted fromsaid radiation source. 11. A radi agiMRRSPUTE
unit according to claim 10, wherein said receptacle provides a cooling
function for enhanced trappi ng of contam nation on inside walls of said
receptacle. 12. A radiation source conprising: an anode and a cat hode t hat
are configured and arranged to create a discharge in a substance in a

di schar ge space between sai d anode and-2&t hode and to forma plasma so 26
MARCH 2007 -24 as to generate el ectromagnetic radiation; an aperture being
provi ded i ' [aJal=1 : nggem &ﬁgglg} ' [ :

el ectr omag%Seﬁ%ngaaaﬁétc?rggﬂglgagr%@%g?wmg ei}ér;Ilg sai dog%g(??lu(r%% @8?%%?? %dees a
plurality efdedtbaterthoagh whichseideldctremagnetic radiat®n isemudtadied so as to | eave
said aperture substantially open t.o sai.d radiation put to .substantially
close ol d- aper NPT eRuERE ool Gl Geu e HRbtEs vl s
defini ng sahangddse AatodeaveRrakitpkdurd sabstaAa8lly ¥pdnfo Saiiradidtiod butHact i on for
transporting a liquid towards said di scharge space froma liquid reservoir
in contact sypstantiglly elosg seid apgrtumgrelestiically;ea; and wherein an energetic beamis
provided for ir i.af i ' L .CKi f I . ' - .Sal i schar ge
space. 13. Ar aszl)‘?l g}telﬂgén&%ou ngﬁggec%%%c?fn\géf{sg@{éfﬁgg%ﬁgg lsgf}\iﬁéér @gé;}%%s‘?(ri%ct ures
ar e cool ed.withth wibkingduration fordomsmetigsa kidquad redhrdssaaindischaggespacelfmnms 1 to 9,
12 or 13 conpr,ising.at |east . one c|osed heat pipe, 15. A lithographic

proj ecti on?‘gg’ﬂe{?sg 1B SRS ISV S dwick e Sps ?ﬁ’?aé%sg@n for providing a

proj ection beamypbrefrgi deldelc béans WIRNVilleSoF HEddUHiRe kAR vﬁ&l&ﬁ%’i&fa@«gaﬁﬁt terning
means, the patterning nmeans serving to pattern tﬁe proj ection beam

accordi ng tpoxamatesiiddibcharge spane. a substrate table for holding a substrate; a
projection systemfor projecting the patterned beamonto a target portion of
the substrate, wherein said radiation systemconprises a radiation source
or radi ati qB. &@aligt®n source according to claim 12, where said structures are cooled.

14. A radiation source as claimed in any one of claims 1 to 9, 12 or 13 comprising at least

one closed heat pipe.

15. A lithographic projection apparatus comprising:

a radiation system for providing a projection beam of radiation;

a support structure for supporting patterning means, the patterning means serving
to pattern the projection beam according to a desired pattern;

a substrate table for holding a substrate;

a projection system for projecting the patterned beam onto a target portion of the
substrate,

wherein said radiation system comprises a radiation source or radiation source

unit according to any one of claims 1 to 14.

16. A device manufacturing method comprising the steps of:
providing a substrate that is at least partially covered by a layer of radiationsensitive
material;

providing a projection beam of radiation using a radiation system comprising a

radiation source or radiation source unit according to any one of the claims 1 to 14;



unit according to any one of clainms 1 to 14. 16. A device nagy&&cturgqg
nmet hod conprising the steps of: providing a substrate that i o ARGHE]
partially covered by a |layer of radiationsensitive material; providing a
proj ection beam of radiation using a radiation systemconprising a

radi ati on source or radiation source unit according to any one of the clains
1to 14; ............ . 26 MARCH 2007 _,@5 using patterning nmeans to endow
the projection beamwith a pattern in its cross- section; projecting the
patterned beam of radiation onto a target portion of the |ayer of

radi ati on- sensi B$ip@paterapg gieansity endow Hipseipaiondwamaetho patigel mtitssrrssour ce
unit as cl §é&§89- in any one of clains 1 to 14 further conprising an aperture
provi ded i n"sal’d anode or said cathode through which said electronagnetic
radi ati on i s enpidjedng dripdttaned besneoCradiptiosonitg adarpétipoaiontof tigf lagdr@€t ri cal | y-
conductive sfructures arranqed So as to |l eave said aperture substantially
open to safafiationrsgnsiiyegRateiidl t o substantially close said aperture
electrically. 18. A radiation source according to claim17, wherin said
structures are configured to be cooled. 19. A radiation source conprising:
an anode and a Aaadietien scuate caradiatomfsoguee ot anelaiamedan geonepictaims é tal4

di sch i bst ' di. bet id d
cat hode and P ruRp st e oI B ABPEE 2R 0O Be NRHESD § on.
wherein a Wieeldmngpnetié fadttion ivdni@td daidalpbrnge tompidns apRirdite 6fééd@tcatipace is

configured to transport a liquid towards said di scharge space froma |iquid
reservoir ieondughyr sctuggstaranggdpods dleave saifl apgearesubsantisle pa¢ntosaidd anode,

sai d cat hogg i, 85y BRL D sstniid él@vé%?shi%{)aé&%@%fek&ﬁ&ﬁ}’ | ocated above the |iquid

. 6 ( ove !
reservoir; and wherein an en rgetic ami1s provided for irradiating said

wi cking surface area
18. A radiation source according to claim 17, wherin said structures are configured to be

cooled.

19. A radiation source comprising:

an anode and a cathode that are configured and arranged to create a discharge in a
substance in a discharge space between said anode and cathode and to form a plasma so
as to generate electromagnetic radiation;

wherein a wicking surface area of a wall defining said discharge space is
configured to transport a liquid towards said discharge space from a liquid reservoir in
contact with said wicking surface area;

wherein said anode, said cathode, or both are substantially vertically located
above the liquid reservoir; and

wherein an energetic beam is provided for irradiating said wicking surface area

proximate said discharge space.

20. A lithographic projection apparatus, comprising:
a radiation system comprising:
an anode and a cathode that are configured and arranged to create a

discharge in a substance in a discharge space between said anode and cathode and



proxi mate sai d di scharge space. 20. A lithographic projectio ar ,
conprising: a radiation system conprising: an anode and a C;ﬁ%g‘éc a#@? are

«configured and arranged to create a discharge in a substance in a discharge
space between said anode and cat hode and 26 MARCH 2007 -26 to forma plasm
SO as to generate a projection beam of radiation; wherein a w cking surface
area of a wall defining said discharge space is configured to transport a
liquid towards said di scharge space froma liquid reservoir in contact with
said w cking surface area; wherein said anode, said cathode, or both are
subst anti al | y vtrfoinsalplagmalse eaitoesgénerdts\eeprojeetian bgaincpfradigtionoi r; and wherein an
energetic beamis pr otﬁi ded f.o%i irradiati ng saild ﬁ/icki niﬁquuhf ace area

proxi mate said di sch¥ %rgmsap\gng ngs ?fﬁﬁ{)erat gthaulcqe PRESY 1S§ PEGSRE Kol d a
patterning devi gmfighfed tdahispoRaniguidesiverls s£i@ dfstiigeshat OfrptallRfurd t he

proj ection beamaccording to a desired pattern; a substrate table configured

to hold a substWé%ré?lrﬁh@néﬁcbwgbé@ﬂﬁ‘éﬂﬂ%%@ﬁﬁ’ér@ﬁ?fi gured to project the
patterned beam onto gL afag A4 'szgﬁ rcaétggdet Beoctt BRlshBdSntially verdichilyh hogr aphi ¢

proj ecti on apparatus conprising: ratron system conprising: an anode
and a cat hode t lnastedateove dinef liquid edersoid adr anged to create a di scharge in

substance in a dischajge space between said ode and cathode.and _to forma
pl asma so as to genewgaglnzfgﬁpﬁrjgﬁtéct begm 158%‘1?3[}?%‘6‘? ‘p%§a1£ C%H@rsf’{f'f“‘é’
provided in sai geapRAMAE sa@ulcKaRiPde:, t hrough which said projection beam
of radiation is emtted, said aperture conprisi ng a plurality of

C

el ectrical |y consipppitstuguiesentigured torhodthgpattesningdeviies, thepatiersmigdleriser t ur e
substantially o i .0j,ectii a I aki ut to substantiall
r)éﬁlggfet%ﬁ? égtgﬁ‘rg'(t:}}%rq?@%t}ogx;begﬁ a@gorcrﬁng fto L 8951%& pgtjf'en?, y

close said
a substrate table configured to hold a substrate; and
a projection system configured to project the patterned beam onto a target portion

of the substrate.

21. A lithographic projection apparatus comprising:
a radiation system, comprising:

an anode and a cathode that are configured and arranged to create a
discharge in substance in a discharge space between said anode and cathode and
to form a plasma so as to generate a projection beam of radiation;

an aperture provided in said anode or said cathode through which said
projection beam of radiation is emitted, said aperture comprising a plurality of
electrically conductive structures arranged so as to leave said aperture
substantially open to said projection beam of radiation but to substantially close
said aperture electrically;

a wicking surfce area of a wall defining said discharge space configured to
transport a liquid towards said discharge space from a liquid reservoir in contact
with said wicking surface area; and

an energetic beam for irradiating said wicking surface area proximate said
discharge space,

a support structure configured to hold a patterning device, the patterning device

configured to pattern the projection beam according to a desired pattern;



a W cking surfce area of a wall defining said discharge space configured to
transport a liquid towards said discharge space froma |iqui FONaRGRHIO7 | n
rcontact with said wicking surface area; and an energetic beam for
irradiating said wi cking surface area proxi mte said discharge space, a
support structure configured to hold a patterning device, the patterning
device configured to pattern the proj.egti on beam according to a desired
pattern; 26 MARCH 2007 -27 a substrate table configured to hold a

substrate; and a projectjon stem configured to project the patterned beam
onto a target f'tEigﬁe tagk Wﬂéﬁﬁgﬂg?ﬂ?"g‘?%?‘%ﬁ‘mwi t hogr aphi ¢ proj ection

appar at us, Conpy Ar§jeBo TS AENRR 1S fceithe PATRALIHRR onfb 4 AFefpbrBBn SOUT Ce
conpri sing an anl?)diee ar?dsygtecat ho%e tha%&%}gre ggnfi gureed 0éllnd airjéreahgednto
create a difshehsubsfeaté.n a substance in a di scharge space between said anode

and cathode and to forma plasm so as to generate a projection beam of
radi ation; and a wi cking surface area of a wall defining said discharge

space conszgwlﬁgogrﬁlg}ﬂ(gp@j@ﬁ@ﬁgplﬁrdtﬁgmrﬁpﬁ%rds sai d di scharge space froma
liquid reservoir in, contact wth said wi cking surface area; an energetic
beam for i rr adisRdigdongisemuceRPAYNSUr f ace area proxi mate said di scharge

space; and a hol | ow rrgﬁgﬁi%h&e%g{nggﬁgg aﬁrgléﬁg gﬂg%kg‘?‘hdea%g%fg%?@%ﬁfeﬁadi ation

source, an open end e recep era soruce to
capture cont amndatrangedeotiehtec dischangt irea subdiaatd ian dsehage spaae betppan t
structure configredto hol d agcfltt rning device, the patterning device
configured to padagpde deafiods atd iodAmpaRirsmA SO AHIORGNETe R RIJISFHWPeRD: t er n: &
substrate tabl erepidddusgd to hold a substrate; and a projection system

configured to project the patterned beamonto a target portion
a wicking surface area of a wall defining said discharge space configured

to transport a liquid towards said discharge space from a liquid reservoir in
contact with said wicking surface area;

an energetic beam for irradiating said wicking surface area proximate said
discharge space; and

a hollow receptacle arranged on an optical axis of the radiation source, an
open end of the receptacle directed to the radiation soruce to capture
contamination emitted from the radiation source,
a support structure configured to hold a patterning device, the patterning device

configured to pattern the projection beam according to a desired pattern;

a substrate table configured to hold a substrate; and
a projection system configured to project the patterned beam onto a target portion

of the substrate.

23. A radiation source, comprising:

an anode and a cathode that are configured and arranged to create a discharge in a
substance in a discharge space between said anode and cathode and to form a plasma so
as to generate electromagnetic radiation;

a wicking surface area of a wall defining said discharge space that is configured to
transport liquid towards said discharge space from a liquid reservoir in contact with said

wicking surface area;



of*the substrate. 23. A radiation source, conprising: an anodzgéd@nd a @gt hode
that are configured and arranged to create a discharge in a 87 n a
di scharge space between said anode and cathode and to forma plasma so

to generate el ectronmagnetic radiation; a w cking surface area of a wall
defining said discharge space that is configured to transport |iquid
towards said discharge space froma liqgd reservoir in contact wwth said

wi cking surface area; 26 MARCH 2007 28 an energetic beamfor irradiating

said wicking surface area proximte said . discharge space; and.an el ongated
ext ensi on space®bf{Ef C%F%’glﬁ%frl gglgtb%gcs ,lcp‘é{lc ISFﬁﬁc%fﬁ?afpé@é‘hﬁfeesﬁl f a wall
defi ni ng sajsgla@gggpa&j;gﬁu space configured to be cooled by a cooler to

condense vapori zed Ii%ui d fromsaid discharge space and provided at a
di stance from aatdpngaiid extagiopspase of Hiedlischerigashash aeweliegsurage argapf & hogr aphi c

proj ection . I:SI 0g; radiat | %asl;e I.Si.hg: an anode
and a cat hgggla?ﬁrg{'g g?%%%%*%%?%%@ﬁﬁ%??%hg@ﬁ 0 ce{r’r‘%aoé)?eg%;&n?fngsghar ge in a
subst ance wipozizell kplidfigm ssjibdischagic\wpar aadprbvideddea dvtineafrbadeeattdl to form a
pl asma so as.to generate a projection beam of radiation; a w cking surface
area of a W90 ?‘Hrﬁ‘ YPUF0Yreqi schar ge space that is configured to
transport a liqgiuid towards said discharge space froma liquid reservoir in
contact with said wi cking surface area; an energetic beamfor irradiating
sai d wi cki B¢ 4 lithographiapeeqsionsappatatys semprising: schar ge space; and an el ongat ed

ext ensi on space og.i.p)ﬁ dsitschc%rngae. ?rﬁ%ace, a cooling surface area of a wall
defining said e%gha]l ﬁys%rg’ce il gured to be cooled by a cooler to

condense vaporized |ifitiode biidavabodd thitaeh@nggured asEarddbgePiottdes at a
distance froma central region of said radiation syste
discharge in a substance in a discharge space between said anode and cathode and
to form a plasma so as to generate a projection beam of radiation;

a wicking surface area of a wall defining said discharge space that is
configured to transport a ligiuid towards said discharge space from a liquid
reservoir in contact with said wicking surface area;

an energetic beam for irradiating said wicking surface area proximate said
discharge space; and

an elongated extension space of the discharge space, a cooling surface area
of a wall defining said extension space configured to be cooled by a cooler to
condense vaporized liquid from said discharge space and provided at a distance
from a central region of said radiation system,

a support structure configured to a hold a patterning device, the patterning device
configurted to pattern the projectionbeam according to a desired pattern;

a substrate table configured to hold a substrate; and

a projection system configured to project the patterned beam onto a target portion

of the substrate.

25. A radiation source, comprising:
an anode and a cathode that are configured and arranged to create a discharge in a
substance in a discharge space between said anode and cathode and to form a plasma so

as to generate electromagnetic radiation;



a support structure configured to a hold a patterning device, a ni ng
device configurted to pattern the projecti onbeam accordi ng t%ﬁgﬁﬁgg?bgé

pattern; a substrate table configured to hold a substrate; and a projection
system configured to project the patterned beamonto a target portion of
the substrate. 25. A radiation source, conprising: an anode and a cat hode
that are configured and arranged to cre2®e a discharge in a substance in a
di scharge space between said anode and cathode and to forma plasm so as
to generate el ectr.omagneti c radiatian: 26 MARCH 07 -2 .W cking,surface
areat of a val | aqureneng s A AP el Bl et ikttt leBlik My
transport ao trafppbf atligukltdsaslakald disskdige gacshanea Hquadieser! diflnl Bnfaeswitlyoi r i n
contact with _ said w cking surface area; an energetic beamfor irradiating
sai d wi cki iydsvicking surfacg 478t oxi nat e sai d  di scharge space; an isol at or
configured to el ' ] amgﬂ% : .a cool er

| ocat ed near thgﬁﬁgﬁgggg%¥gn p@%ﬁ%ﬁﬁ%?@% to 5% eﬁ§§%€§%5¥mﬁgg?gduce

cont act of disehargapmice;onto the isolator. 26. A radiation source, conprising:

an anode and a cathode that a onf.iqured and arranged to,create a
'scharge I & S iBESHHoBTRHeL oSty sLpt hedpfad et idde and
cathode and to fQbfleRloRhtBS HEhr HR isdiatol ShddRNAEREE tedRAbs VRIS te@uéeadi ati on,
sai d cathode and sai d anode being substantially concentric and said anode
bei ng di speeetactaf theavaper oro Bgrisolatpbund and out si de the cathode; a wi cking
surface area of a wall defining said discharge space that is conflued to
transport liquid towards said discharge space froma liquid reservoir in

contact w 5. Aahdlationi OktcBgcomprisinge ar ea; and an energeti c beam for

irradiating said w cking surface area proximte said dischayge space.
g an anode and a cathoge t?xat are conl?{{gured and arranged to create a disgchargep ?n a

substance in a discharge space between said anode and cathode and to form a plasma so
as to generate electromagnetic radiation, said cathode and said anode being substantially
concentric and said anode being disposed at least in part around and outside the cathode;
a wicking surface area of a wall defining said discharge space that is confiued to
transport liquid towards said discharge space from a liquid reservoir in contact with said
wicking surface area; and
an energetic beam for irradiating said wicking surface area proximate said

discharge space.





