
P-0358.010 - 1  Radiation Source, Lithographic Apparatus, and  Device
Manufacturing Method. The present invention relates to a radiation source
comprising an anode and  a cathode that are configured and arranged to
create a discharge in a substance in a space  between said anode and cathode
and to form a plasma so as to generate electromagnetic 5 radiation. Further,
the invention relates to a lithographic projection apparatus having such a
radiation source comprising: a radiation system for supplying 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; 10 a substrate table for holding a substrate; 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; a programmable mirror array. An example of such a device is a
matrix-addressable  surface having a viscoelastic control layer and a
reflective surface. The basic principle 



P-0358.010 -2- behind such an apparatus is that (for example) addressed
areas of the reflective surface  reflect incident light as diffracted light,
whereas unaddressed areas reflect incident light as  undiffracted light.
Using an appropriate filter, the said undiffracted light can be filtered out
of the reflected beam, leaving only the diffracted light behind; in this
manner, the beam 5 becomes patterned according to the addressing pattern of
the matrix-addressable surface.  The required matrix addressing can be
performed using suitable electronic means. More  information on such mirror
arrays can be gleaned, for example, from United States Patents  US 5,296,891
and US 5,523,193, which are incorporated herein by reference. In the case of
a programmable mirror array, the said support structure may be embodied as a
frame or 10 table, for example, which may be fixed or movable as required;
and a programmable LCD array. An example of such a construction is given in
United  States Patent US 5,229,872, which is incorporated herein by
reference. As above, the  support structure in this case may be embodied as
a frame or table, for example, which may  be fixed or movable as required.
15 . 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  patterning means as hereabove set
forth. Lithographic projection apparatus can be used, for example, in the 20
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 (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 25 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  irradiated by
exposing the entire mask pattern onto the target portion in one go; such an
apparatus is commonly referred to as a wafer stepper. In an alternative
apparatus  30 commonly referred to as a step-and-scan apparatus - each
target portion is irradiated by  



progressively scanning the mask pattern under the projection beam in a given
reference P-0358.010 -3- direction (the "scanning" direction) while
synchronously scanning the substrate table  parallel or anti-parallel to
this direction; since, in general, the projection system will have a
magnification factor M (generally < 1), the speed V at which the substrate
table is scanned  will be a factor M times that at which the mask table is
scanned. More information with 5 regard to lithographic devices as here
described can be gleaned, for example, from  US 6,046,792, incorporated
herein by reference. In a manufacturing process using a lithographic
projection apparatus, a  pattern (e.g. in a mask) is imaged onto a substrate
that is at least partially covered by a layer  of radiation-sensitive
material (resist). Prior to this imaging step, the substrate may undergo 10
various procedures, such as priming, resist coating and a soft bake. After
exposure, the  substrate may be subjected to other procedures, such as a
post-exposure bake (PEB),  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 15 (doping), metallization, oxidation, chemo-mechanical
polishing, etc., all intended to finish  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 20 carrier, connected to pins, etc. Further
information regarding such processes can be  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  25 to as the
"lens"; however, this term should be broadly interpreted as encompassing
various  types of projection system, including refractive optics, reflective
optics, and catadioptric  systems, for example. The radiation system may
also include components operating  according to any of these design types
for directing, shaping or controlling the projection  beam of radiation, and
such components may also be referred to below, collectively or 



30 singularly, as a "lens". Further, the lithographic apparatus may be of a
type having two or  more substrate tables (and/or two or more mask tables).
In such "multiple stage" devices P-0358.010 -4 the additional tables may be
used in parallel, or preparatory steps may be carried out on one  or more
tables while one or more other tables are being used for exposures. Twin
stage  lithographic apparatus are described, for example, in US 5,969,441
and WO 98/40791,  incorporated herein by reference. 5 In a lithographic
apparatus 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. Whilst most
current lithographic projection apparatus  employ ultraviolet light
generated by mercury lamps or excimer lasers, it has been 10 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  normally used in conjunction
with lithography (EUVL) and refers to a radiation band from 15 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  may be
created by Ohmic heating by a (pulsed) current flowing through the plasma.
20 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  having
a considerably higher temperature and density on the discharge axis,
offering an 25 extremely large conversion efficiency of stored electrical
energy into thermal plasma  energy and thus into XUV radiation. The geometry
of devices, such as plasma focus, Z- pinch, hollow-cathode and capillary
discharge sources, may vary, but in each of these types  a magnetic field
generated by the electrical current of the discharge drives the compression.



Figures 5A to 5E are included to provide background information about the
30 construction and operation of such a discharge plasma radiation source.
Figures 5A to 5E  show schematically a discharge plasma radiation source
according to Prior Art comprising P-0358.010 -5 a single discharge element
540 of the Z-pinch hollow-cathode type. The discharge element  540 has
cylindrical symmetry and comprises an anode 520 and a cathode 510 connected
by  an electrically insulating cylindrical wall 525. An aperture 530 is
provided in the anode 520  on a central axis B for passing electromagnetic
radiation from the discharge element 540. 5 The hollow cathode 510 is
provided with an annular aperture 511 around the central axis B,  and is
further provided with a large cavity 512 behind the aperture 511. The cavity
512 also  has an annular configuration around central axis B, and the walls
of the cavity are a part of  the cathode 510. A discharge power supply (not
shown) is connected to the anode 520 and  cathode 510 to provide for a
pulsed voltage V across the anode-cathode gap inside the 10 discharge
element 540. Further, a suitable gas or vapor, is provided by a discharge
material  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 Toff)
and  high voltage (V < 10 kV) conditions, for which the electron mean free
path is large 15 compared to the dimension of the anode-cathode gap, so that
Townsend ionization is  ineffective. Those 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 5A. The ionization growth is
initially dominated by events inside the  20 hollow cathode 510 that
operates at considerable lower E/N, resulting in a smaller mean  free path
for the electrons. Electrons e from the hollow cathode 510, and derived from
the  gas or vapor within the cavity 512, are injected into the anode-cathode
gap, a virtual anode  being created with ongoing ionization, which virtual
anode propagates from the anode 520  towards the hollow cathode 510,
bringing the full anode potential close to the cathode, as is 25 shown in
figure 5B by unevenly distributed equipotential lines EP. The electric field
inside  the hollow cavity 512 of the cathode 510 is now significantly
enhanced. In the next phase, the ionization continues, leading to a rapid  



development of a high density plasma region inside the hollow cathode 510,
immediately  behind the cathode aperture 511. Finally, injection of an
intense beam of electrons e from 30 this region into the anode-cathode gap,
also shown in figure 513, forms the final breakdown  channel. The
configuration provides for a uniform pre-ionization and breakdown in the
P-0358.010 -6- discharge volume. Figure 5C shows that a discharge has been
initiated and a low  temperature plasma 535 of the gas or vapor has been
created in the anode-cathode gap. An  electrical current will be flowing
within the plasma from cathode 510 to anode 520, which 5 current will induce
an azimuthal magnetic field, having magnetic field strength H, within  the
discharge element 540. The azimuthal magnetic field causes the plasma 535 to
detach  from the cylindrical wall 525 and to compress, as is schematically
depicted in figure 5C. Dynamic compression of the plasma will take place, as
further  depicted in figure 5D, because the pressure of the azimuthal
magnetic field is much larger  10 than the thermal plasma pressure: H2/8n >>
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 520 and cathode 510 will most efficiently be
converted into energy  of the kinetic implosion during the full time of the
plasma compression. A homogeneously  15 filled constriction (plasma pinch)
550 with a high spatial stability is created. At the final stage of plasma
compression, i.e. plasma stagnation on  the central, or discharge, axis B,
the kinetic energy of the plasma is fully converted into  thermal energy of
the plasma and finally into electromagnetic radiation 560 having a very
large contribution in the XUV and EUV ranges (as depicted in figure 5E). 20
It is generally acknowledged that a number of improvements are  required
before EUV production by gas discharge plasma can be considered suitable
(production-worthy) for large scale production of devices, for instance
integrated circuits.  These include: higher conversion efficiency. Current
sources typically display a conversion 25 efficiency (ratio of power-out at
required wavelength to power-in) of approximately 0.5%,  resulting in the
majority of the input power being converted into heat; 



efficient heat removal (cooling). Two components may be distinguished - peak
heat  load from plasma jets during discharge and average heat load due to
repeated discharge.  The area over which the heat can be spread is typically
limited, and heat removal becomes 30 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
P-0358.010 -7- position if the geometry of the electrodes changes
(deformation); and stable pulse timing and energy. For use with a projection
lithography device, the  source should produce a stable output during
projection. This can be negatively influenced  by, for instance, variations
in EUV pulse timing (jitter), variations in pinch position and 5 size, and
variations in EUV pulse energy. It is an object of the invention to provide
a radiation source that provides  production-worthy power levels and
repetition rates without risk of overheating. It is another object of the
invention to provide a radiation source having a  well-defined timing and
well-defined energy of generated pulses (shots) of XUV radiation.  10 It is
yet another object of the invention to provide an improved radiation source
that provides an enhanced conversion efficiency of electrical energy into
radiation.  In one aspect there is provided a radiation source comprising an
anode and a  cathode that are configured and arranged to create a discharge
within a discharge element  in a substance in a space between said anode and
said cathode to form a plasma so as to 15 generate electromagnetic
radiation, wherein said radiation source comprises a plurality of  discharge
elements. The substance, for instance, a gas or vapor, may comprise xenon,
indium, lithium, tin or any other suitable material. To improve heat
dissipation, each  discharge element may be only used for short intervals,
after which one of the other  discharge elements is selected. 20 In another
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  discharge space between said anode and said cathode to form
a plasma so as to generate  electromagnetic radiation, wherein said
radiation source comprises a triggering device for  initiating said
discharge by irradiating a surface proximate said discharge space with an 25
energetic beam. This precipitates plasma pinch formation by one or more
suitable  



mechanisms such as disturbing the electrical field inside the cavity,
changing the  conductivity of a material between the electrodes, supplying
material by ablation and/or  creating photoionization. Irradiating a
surface, for instance, on the cathode improves the  timing of the plasma
pinch formation and thus the timing of the XUV pulse. 30 In yet another
aspect, there is provided a radiation source constructed to  have a low
inductance, and comprising an anode and a cathode that are configured and
P-0358.010 -8 arranged to create a discharge in a substance in a discharge
space between said anode and  said cathode to form a plasma so as to
generate electromagnetic radiation, wherein said  method comprises generally
an initial discharge followed by operating said radiation source  so as to
allow successive discharges to occur due to a substantially self-regulated 5
oscillation within said discharge source. The small dimensions and the
superimposition of  multiple plasma pinches onto a permanent discharge allow
the inductive energy to be  divided over multiple plasma pinches, improving
the conversion efficiency. According to a further aspect there is provided a
lithographic projection  apparatus comprising: 10 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; and a projection system for projecting the patterned beam onto a
target portion of the  15 substrate, wherein said radiation system comprises
a radiation source as described above.  According to a further 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  20 material; providing a projection beam of
radiation using a radiation system as described above;  using patterning
means to endow the projection beam with a pattern in its cross- section;
projecting the patterned beam of radiation onto a target portion of the
layer of  



25 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  may be
employed in the manufacture of integrated optical systems, guidance and
detection 30 patterns for magnetic domain memories, liquid-crystal display
panels, thin-film magnetic  heads, etc. The skilled artisan will appreciate
that, in the context of such alternative P-0358.010 -9- applications, any
use of the terms "reticle", "wafer" or "die" in this text should be
considered as being replaced by the more general terms "mask", "substrate"
and "target  portion", respectively. In the present document, the terms
"radiation" and "beam" are used to 5 encompass all types of electromagnetic
radiation, including ultraviolet (UV) radiation (e.g.  with a wavelength of
365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)  radiation
(e.g. having a wavelength in the range 5-20 nm). Embodiments of the
invention will now be described, by way of example  only, with reference to
the accompanying schematic drawings, in which corresponding  10 reference
symbols indicate corresponding parts, and in which: figure 1 depicts a
lithographic projection apparatus comprising a radiation source  according
to the invention; figures 2A and 2C depict a radiation source comprising a
plurality of discharge  elements according to the invention; 15 figure 3
depicts another embodiment of a radiation source according to the invention;
figures 4A to 4B depict a radiation source comprising a laser triggering
unit  according to the invention; figures 5A to 5E depict a discharge of the
hollow-cathode type at various stages of  discharge; 20 figures 6A to 6E
depict a discharge element according to the invention at various  stages of
another type of discharge according to the invention; figure 7 depicts the
measured characteristics of the discharge element employing  auto-triggering
according to the invention; 



figures 8A to 8D depict a discharge element according to the invention at
various  25 stages of yet another type of discharge according to the
invention; figures 9A to 9E depict different ramifications for discharge
triggering according to  the invention according to the invention; figure 10
depicts a target structure for discharge triggering comprising a wicking
structure according to the invention; 30 figures 11A to I IC depict possible
cross-sections through a wicking structure  according to the invention; -10-
figures 12A to 12C depict cross-sections through a wicking structure at
various stages of discharge triggering according to the invention; figure 13
depicts a target structure for discharge triggering comprising a wicking
structure according to the invention; 5 figure 14 shows a possible
cross-sections through a wicking structure according to  the invention;
figure 15 depicts a target structure for discharge triggering comprising a
wicking  structure according to the invention; figure 16 depicts a radiation
source comprising a plurality of discharge elements  10 passing through a
liquid according to the invention; and figure I7A to 17E depict different
ramifications for discharge triggering according to  the invention. The
skilled artisan will appreciate that the elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn
to scale. For 15 instance, the dimensions of some of the elements in the
figures may be exaggerated relative  to other elements to help improve the
understanding of the embodiments of the present  invention. Embodiments  20
Figure 1 schematically depicts a lithographic projection apparatus according
to a particular embodiment of the invention. The apparatus comprises: a
radiation system LA, IL, for supplying a projection beam PB of radiation,
for  instance, EUV having a wavelength in the range 5-20 rim. In this
particular case, the  



radiation system also comprises a radiation source LA; 25 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; 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 30
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 P-0358.010 - 11  onto a target portion C (e.g.
comprising one or more dies) of the substrate W. 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  5 means, such as a programmable minor array of a type as
referred to above. Referring to figure 1, the laser-produced or discharge
plasma radiation  source LA typically produces a 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 10 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 a-outer and a-inner,  respectively) of the
intensity distribution in the beam. In addition, it will generally  comprise
various other components, such as an integrator and a condenser. In this
way, the  beam PB impinging on the mask MA has a desired uniformity and
intensity distribution in  15 its cross-section. It should be noted with
regard to Figure 1 that the source LA may be within  the housing of the
lithographic projection apparatus, but that it may also be remote from the
lithographic projection apparatus, the radiation beam which it produces
being led into the  apparatus with the aid of suitable optical components,
for instance, directing minors. The  20 current invention and claims
encompass both of these scenarios. The beam PB subsequently intercepts the
mask MA, which is held on a  mask table MT. Having been selectively
reflected by the mask MA, the beam PB passes  



through the lens PL, which focuses the beam PB onto a target portion C of
the substrate W.  With the aid of the second positioning means PW (and
interferometric measuring means 25 IF), the substrate table WT can be moved
accurately, e.g. so as to position different target  portions C in the path
of the beam PB. Similarly, the first positioning means PM can. be  used to
accurately position 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 30 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
P-0358.010 -12- 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  5 image is
projected in one go (i.e. a single "flash") onto a target portion C. The
substrate  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. In scan
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 10 direction (the so-called "scan direction", e.g. the y
direction) with a speed v, so that the  projection beam PB is caused to scan
over a mask image; concurrently, the substrate table  WT is simultaneously
moved in the same or opposite direction at a speed V = Mv, in which  M is
the magnification of the lens PL (typically, M = 1/4 or 1/5). In this
manner, a relatively large target portion C can be exposed, without having
to compromise on  15 resolution. Figure 2A shows a radiation source LA
according to the invention. The  radiation source LA comprises a plurality
of plasma discharge elements 240, an anode plate  220, and a cathode plate
210. The anode plate 220 and the cathode plate 210 are electrically
isolated from each other. The discharge elements 240 are disposed,
substantially 20 symmetrical about an axis of rotation A, between the anode
plate 220 and the cathode plate  210 such that the cathode of each discharge
element 240 is electrically connected to the  



cathode plate 210, and such that the anode of each discharge element 240 is
electrically  connected to the anode plate 220. The source LA is mounted to
a suitable support frame  (not shown) so that it can rotate about axis A in
a predetermined direction. Radiation 60 is 25 emitted along an axis B
through a corresponding emission aperture 230 in the anode plate  220 when
one of the discharge elements 240 is in a predetermined firing position 255.
Alternatively, the radiation source LA may be constructed such that
radiation is emitted  through an emission aperture in the cathode plate 210.
Each discharge element 240 may be  rotated into the firing position 255 -
said firing position 255 is substantially fixed with 30 respect to the
lithographic projection apparatus. A discharge power supply (not shown) is
connected to the anode plate 220 and cathode plate 210 to provide for a
pulsed voltage V P-0358.010 -13- across the anode-cathode gap inside each
discharge element 240. Further, a suitable  substance in the form of a gas
or vapor, is provided by a discharge material supply (not  shown) at a
certain concentration between anode and cathode. Examples of suitable
substances are xenon, lithium, tin and indium. 5 Figure 2B shows the anode
plate 220 in plan view as viewed by the  lithographic projection apparatus.
Although circular emission apertures 230 are depicted,  any geometry can be
used, for instance polygon. Similarly, although the anode plate 220  and the
cathode plate 210 are depicted as uniform circular discs, any shape or
construction  may be employed that permits the discharge elements 240 to be
repeatedly disposed in the 10 firing position 255. For instance, the shape
may be modified to improve cooling, to reduce  mass, and/or improve ease of
construction. Alternatively, a material may be used without  emission
apertures 230 if the material is transparent to the emitted radiation 60.
Operation of the radiation source LA is similar to the operation of a
Gatling  gun. The discharge element 240 at the firing position 255 is
operated to produce a plasma  15 pinch, which in turn produces a pulse of
radiation 60. After emission of the radiation pulse:, the source LA is
rotated such that a different discharge element 240 is positioned in the
firing position 255. The discharge element 240 at the firing position 255 is
operated, and  the cycle repeats. Each discharge element 240 is only used
once per revolution, giving it  time to recover. Typically, recovery will
comprise cooling and restoring of the discharge  20 conditions. 



Alternatively, each discharge element 240 may be operated in the firing
position 255 for a plurality of plasma pinches before rotation. The number
of plasma  pinches is related to factors including the heat load, and the
time needed to restore the  discharge conditions in a discharge element 240.
25 Additionally, it may be advantageous to operate the discharge elements
240  non-sequentially such that each discharge element 240 is not operated
each time it is  rotated into the firing position 255. In other words,
discharge elements 240 may be skipped  - for example when an odd number of
discharge elements 240 is used and the radiation  source turns through two
pitches between discharge operation, each discharge element will 30 only be
operated once every two revolutions. Although a radiation source LA with
eight discharge elements 240 is P-0358.010 -14 depicted, the skilled artisan
will appreciate that any number of discharge elements 240 can  be used. For
instance, if each discharge element 240 is fired once and a pulse frequency
of  5kHz is required, approximately one thousand discharge elements may be
used with a  rotational speed of approximately 5 revolutions per second. 5
Additionally, it may be advantageous to identify the discharge element 240
currently in the firing position 255 for control and/or diagnostic purposes.
The addition of a  measurement device would enable the discharge elements
240 to be rotated into the firing  position 255 in any order, and/or to
avoid one or more discharge elements 240 that may be  performing
inadequately. 10 The construction of the radiation source LA can be
simplified as depicted in  figure 2C. Here the discharge elements 240 are
not separately discernable structures but  corresponding positions in a
suitably formed anode plate 220 and cathode plate 210. The  discharge
element 240 at the firing position 255 is then a fixed combination of an
anode  plate 220 position and a cathode plate 210 position. The discharge in
the firing position 15 may be triggered by any convenient means, such as
laser triggering which is described in  the other embodiments of the
invention. It will be obvious to one skilled in the art that the  radiation
source LA can be further modified such that only part of the source rotates,
or that  different parts rotate at different speeds. For example, when the
anode is the component  that overheats, rotating the anode plate 220 only or
rotating the anode plate 220 faster than 



20 the cathode plate 210 may be advantageous. In such a case, the discharge
element 240 at  the firing position 255 is then a particular combination of
an anode plate 220 position and a  cathode plate 210 position. The
embodiments described rotate in a plane perpendicular to the axis of
emission B. Alternatively, as shown in figure 3, the construction of the
source LA may be  25 modified so that the discharge elements 240 rotate
about axis A in substantially the same plane as the axis of emission B. The
discharge elements 240 are disposed in a substantially  symmetrical
arrangement between a modified anode plate 320 and a modified cathode plate
310, such that the cathode of each discharge element 240 is electrically
connected to the  modified cathode plate 310, and the anode of each
discharge element 240 is connected 30 electrically to the modified anode
plate 320. The embodiments shown describe the use of discharge elements 240
that are P-0358.010 -15 fixed in place, and that are used a multitude of
times in their lifetime in the firing position  255. It may be advantageous
to modify the radiation source LA such that it employs a  continuous supply
and removal of single use discharge elements 240, wherein each  discharge
element 240 is used for one or more times in the firing position 255 before
being  5 replaced. In another alternative, substantially different discharge
elements 240 may be  used in one radiation source LA, each discharge element
240 providing a substantially  different radiation beam 60 in terms of, for
instance, wavelength, cross-section shape, solid  angle of emission, size,
and/or intensity. Providing these kinds of variations at the source 10 may
reduce the complexity of the illuminator and projection lens in the
lithographic  projection apparatus, especially when dealing with reflective
optics. Additionally, two alternatives may be employed to reduce recovery
time:  additional cooling of the discharge elements 240, for instance, by
forcing air at a  predetermined temperature over the surfaces, and/or
constructing the radiation source LA 15 with cooling channels carrying a
suitable fluid, for instance liquid metals or water; and  increasing the
electrical current and/or the supply rate of discharge material by
separating the discharge elements 240 into a plurality of groups, each group
of one or more  discharge elements 240 having its own discharge power supply
and/or a separate discharge  



material supply. 20 The embodiments of the radiation source LA may be
modified to employ  discharge elements 240 of any suitable type, such as
Z-pinch, capillary discharge, plasma  focus, hollow-cathode or laser
produced plasma devices. It may be particularly advantageous to employ a
discharge element 240 featuring one or more aspects described  in European
Application No. 02256907.3, and incorporated herein by reference. These  25
aspects already provide increased pulse timing stability, reduced electrode
erosion and  increased conversion efficiency. Additionally, some discharge
elements 240, such as described in European  Application No. 02256907.3,
transport a liquid such as xenon, indium, iridium, tin, lithium  to an area
proximate the discharge space for either fuelling the discharge and/or
protecting 30 an electrode during discharge. The arrangement shown in figure
16 may be used to reduce  the recovery time of the source LA employing a
plurality of discharge elements 240, by P-0358.010 -16- supplementing the
existing liquid transport mechanism or even replacing it. The rotating
source LA is disposed such that at least one of the discharge elements 240
that is not in the  firing position 255 is submerged in a bath 80 of the
liquid 82 to be transported to an area  proximate the discharge space of
that discharge element 240. If required, the bath 80 may 5 also contain a
heating element 84 (or cooling element) to keep the liquid at the correct
temperature. As the source LA rotates, each discharge element 240 will be
operated in the  firing position 255 for zero, one or more pulses and then
partially or wholly submerged in  the bath 80 long enough for the liquid 82
in the area proximate to the discharge space to be  replenished. f 10 A
further aspect of the radiation source LA is depicted in figure 4A. A laser
triggering unit 15 is disposed such that it can fire a beam of laser light
380 at a  predetermined target in a radiation source LA, without impeding
the path of emitted  radiation 60 along axis B to the lithographic
projection apparatus. As shown in figure 4B, it  may be advantageous to
direct the laser beam 380 into the radiation source LA along a path 15
further away from the path of the emitted radiation 60. This would be
possible, for  example, with the source LA depicted in figure 2C. Figures 6A
to 6E are used to explain the general principle of pinch  



triggering using a beam of laser light 380. The figures show a cross-section
through a  discharge element 240, comprising an anode 20 and a cathode 10
that are electrically 20 isolated. The assembly is substantially sealed, and
supplied with a gas or vapor at low  pressure, for instance xenon or
lithium, from a discharge material supply (not shown). The  anode 20 and
cathode 10 are connected to a discharge power supply (not shown).  Discharge
field lines 45 are also shown. Pinch formation is triggered using a suitable
beam  of laser light 380, for instance wavelength: 254-1060 nm, power:
10-100 mJ in 1-20 ns, 25 diameter. 0.3-1 mm. As depicted in figure 6A, the
discharge element 240 is brought into a state  where a pinch is about to
form, using the discharge power supply (not shown) and the  discharge
material supply (not shown). For instance, the anode 20 is connected to
ground,  the cathode 10 is connected to an a.c. voltage of 11 kV at 100 Hz,
and xenon is supplied at 30 a rate of 4 sccm (standard cubic centimeters per
minute). At a predetermined moment in  the cycling of the discharge power
supply (not shown), the beam of laser light 380 is fired P-0358.010 -17 at a
predetermined point on the surface of the anode (see figure 6B). The beam of
laser  light 380 causes a region 337 to be heated, and some of the material
35 will be evaporated  from the surface (ablation) as shown in figure 6C.
The material ejected 35 enters the  discharge region, and triggers the pinch
effect (see figure 6D) that results in a constriction 5 (pinch) 50
containing hot plasma (see figure 6E). This plasma has a high resistance due
to  its small cross-section, and effectively transforms the electrical
energy of the discharge into  thermal energy of the plasma, and finally into
emitted radiation 60 along axis B. After the  pinch, the device will return
to a state of diffused discharge (see figure 6A). Triggering in this way
eliminates uncertainties in the timing and spatial 10 position of the
discharge caused by, for instance, electrode erosion, electrode deformation,
variations in the supply rate of discharge material and/or variations in the
power supply.  Figure 9A depicts a cross-section through a further
embodiment, a discharge element 240 of the hollow-cathode type, comprising
an anode 20 and a hollow cathode 10  that are electrically isolated. An
aperture 911 is provided in the cathode 10, and an 15 emission aperture 230
is provided in the anode 20. The anode may be composed of any  suitable
material, for instance tungsten. The assembly is substantially sealed, and
supplied  



with a gas or vapor at low pressure, for instance xenon or lithium, from a
discharge  material supply (not shown). The anode 20 and cathode 10 are
connected to a discharge  power supply (not shown). The discharge element
240 is brought into a state where a pinch 20 is about to form, using the
discharge power supply (not shown) and the discharge material  supply (not
shown). At a predetermined moment in the cycling of the discharge power
supply (not shown), a beam of laser light 380 is fired at a region close to
the emission  aperture 230 on the anode 20. Pinch formation and subsequent
radiation emission occur in  a similar way as depicted in figures 6C to 6E.
25 The expected method of triggering the pinch is to fire the beam of laser
light  380 at a predetermined target on the cathode 10 as depicted in
figures 9B to 9E: the rear wall of the hollow cathode 10 (as depicted in
figure 9B);  the cathode aperture 911 (as depicted in figure 9C); a point on
the cathode 10 close to the cathode aperture 911 between the cathode 10  30
and the anode 20 (as depicted in figure 9D); and a protruding structure
(trigger pin) 355 on a surface adjacent to the discharge area P-0358.010 -
18 between the cathode 10 and the anode 20 (as shown in figure 9E). The
trigger pin 355 may  be comprised of the same material as the cathode,
and/or the solid form of the gas or vapor  used to form the plasma, and/or a
different material chosen for its evaporation properties.  For instance,
xenon, tin, lithium, indium and iridium may be used. 5 However, the
embodiment (as shown in figure 9A) where the beam of laser  light 380
irradiates a part of the anode 20 provides the following advantages: the
position of the pinch and thus the emitted radiation is stable relative to
the central  axis B, resulting in a stable radiation pulse energy and
timing; and the pinch position is close to the central axis B, so the
production of debris caused by  10 electrode erosion is low. It may be
advantageous to employ a protruding structure (trigger pin) 355  similar to
the one shown in figure 9E, but on a surface of the anode 20 adjacent to the
emission aperture 230. A further alternative is to configure the position
and energy of the  laser beam 380 such that some or all the discharge
material may be provided by ablating 15 , material from a suitable surface
in the source LA. It may also be advantageous to employ  



another radiation or particle source instead of a laser beam 380, for
instance an electron- beam. When triggering the discharge using a laser
impinging on a first electrode,  for example the cathode, the plasma near
the other (second) electrode, for example the  20 anode, has a low density
and may have a high anomalous resistance. Experiments have shown that
approximately 25% of the energy from the discharge power supply is used to
overcome this resistance before the discharge can start, and this can reduce
the efficiency of  the discharge element. A possible solution for this is to
employ an external switch to delay  the current from the discharge power
supply until the material ablated from the first 25 electrode has been
allowed to increase the plasma density in the region of the second
electrode. Unfortunately, the use of an external switch increases the
inductance of the  external circuit which typically reduces the efficiency
of the source. A particularly  advantageous alternative is shown in figure
17A. The figure shows a cross-section through  the central part of a
discharge element 240, in which the cathode 10 comprises a protruding 30
trigger pin 355 which is electrically isolated from the cathode 10. When the
laser beam 380  impinges upon the triggering pin 355, material is ablated
and allowed to spread towards the P-0358.010 _19 discharge space. The
discharge can only start when the material reaches both the anode and  the
cathode, so the time delay created can be influenced by changing the size of
the trigger  pin 355, the distance between the trigger pin 355 and the
discharge space, and the distance  between the surface of the trigger pin
355 where the laser beam 380 impinges and the 5 electrodes (anode and
cathode). This means that the time delay can be selected without
influencing the geometry, and thus the inductivity, of the source. Typically
for a discharge  element 240 with a gap of 3.5mm to 6.5mm between the
cathode 10 and the anode 20, the  gap between the trigger pin 355 and the
cathode 20 is between 0.3 to 0.6mm; the protrusion  of the trigger pin above
the surface of the cathode is 0.5 to 1.5mm and the diameter of the  10
trigger pin is about 1 to 4mm. Many variations on this are possible,
depending on the delay required and  the configurations of the cathode 10
and anode 10. These variations include including  recessing the surface of
the trigger pin 355 as shown in figure 17B; directing the laser beam  along
a path other than through the anode 20 aperture as shown in figure 17C;
keeping the 



15 trigger pin level with the cathode 10 surface as shown in figure 17D and
disposing the  trigger pin 355 in the center of the discharge element 240
when using a non-symmetrical  cathode 10 / anode 20 configuration as
depicted in figure 17E. In a similar way to the embodiments described
previously, the isolated  trigger pin 355 may comprise part of the anode
instead of the cathode, or the trigger pin 20 355 may be a separate
structure within the source LA that forms no part of the electrodes. It
will further be obvious to the skilled artisan that a plurality of known and
new triggering  methods may be combined for a further improvement in the
characteristics of the radiation  source LA. It may also be advantageous to
employ a trigger structure 355 which further  25 comprises a suitable liquid
surface. Within a discharge source, a convenient method of  transporting
liquids is to use a wicking structure such as that described in European
Application No. 02256907.3. Figure 10 depicts an improved wicking structure
70, with a  first end immersed in a bath 80 of liquid 82 and a second end
disposed proximate the  discharge area which can be irradiated by a
radiation or particle beam 380. The liquid 82 30 may be the liquid form of
the material used to make the cathode and/or anode, and/or the  liquid form
of the gas or vapor used to form the plasma, and/or a different liquid
chosen for P-0358.010 -20 its evaporation properties. Examples of suitable
substances are xenon, tin, lithium, indium  and iridium. In some cases, the
liquid 82 may need to be heated using heater elements 84  and 184 in the
bath and wicking structure to ensure a steady flow through the wicking
structure 70. Figure 11A depicts a section taken along line XI-XI of figure
10 through the 5 wicking structure 70, which comprises substantially
cylindrical structures 90, for example  wires, placed in contact with each
other. The gaps 95 between the structures 90 define  substantially regular
channels containing the liquid 82, such that the shape and size of the  gaps
95 is influenced by the size and arrangement of the structures 90. Figure
12A depicts a  section along the line XII-XII of figure 11A through the
second end of the wicking 10 structure 70, showing the cylindrical
structures 90 and the gaps 95 containing the liquid 82.  The liquid 82 is
kept at an optimal temperature using either the heating elements 84 and
184, the heat of discharge or a combination of these. Under influence of the
capillary effect,  the liquid 82 will flow from the bath 80 through the
narrow channels 95 from the first end  



to the second end of the wicking structure 70. As shown in figure 12A, the
liquid 82 will be 15 evenly distributed throughout the wicking structure 70
due to the regular arrangement of  the cylindrical structures 90. In
addition, the flow rate through each channel 95 will be  substantially the
same due to the substantially equal volume and shape of the channels 95.  As
shown in figures 12B and 12C, the beam 380 causes a region of the second end
of the  wicking structure 70 to be heated. This regions comprises a
plurality of channels 95, within 20 which the liquid 82 will be heated,
creating a vapor 335 above the surface. The vapor 335  enters the discharge
region, and triggers a pinch effect. The liquid evaporated 335 will be
replenished from the bath 80 under influence of the capillary effect. The
amount of vapor 335 created by each pulse of the beam 380 can be  varied by
changing critical parameters such as the liquid 82 used, spot size of the
beam  25 380, the size of the channels 95, the distance between the channels
95 and energy of the beam 380. The size of the channels 95 can be varied by,
for instance, changing the relative  arrangement of the cylindrical
structures 90, as shown in figure 11 B; by changing the  diameter of the
cylindrical structures 90, for example a smaller cross-section as shown in
figure 11C; by changing the cross-sectional shape of the structures 90; or
by combining 30 cylindrical structures 90 of different diameters into the
same wicking structure 70.  Similarly, the timing between the pulse of the
beam 380 and the discharge can be varied by P-0358.010 -21- changing, for
example, the amount of vapor 335 produced by each pulse of the beam 380,
and the distance between the second end of the wicking structure 70 and the
discharge area.  The recovery time of the source (the time before a next XUV
radiation pulse can be  triggered) can be optimized by changing critical
parameters affecting flow rate, such as the 5 size of the channels 95 or the
roughness of the cylindrical structures 90. Damage to the cylindrical
structures 90 due to the irradiation of the beam  380, and thus debris in
the source, is considerably reduced because in general substantially  less
energy is required to evaporate a liquid than a solid. Employing such a
wicking  structure allows the energy of the beam 380 to be reduced and
consequently increases the  10 energy conversion efficiency of the source.
The flow of liquid 82 through the wicking structure 70 can also be
controlled by connecting the first end of the wicking structure 70 to a bath
280 under  



pressure as illustrated in figure 15. The flow of liquid 82 through the
channels 95 can thus  be varied by changing the pressure of the liquid in
the bath 280, either substantially 15 constant or pulsed. The pressure in
the bath 280 can be increased by, for example,  mechanical means, liquid
injection, gas injection or a combination of these. It will be obvious to
the skilled artisan that other shapes may be used to  create a regular
network of channels for the liquid. An alternative wicking structure 170,
similar in construction to the structure 70 illustrated in figure 10, is
illustrated in figure 13. 20 Here the wicking structure 170 comprises
closely-packed substantially-identical spheres  190, for example 0.1mm in
diameter. Such a structure can be created by, for example,  compressing the
spheres together under high pressure at high temperature. A cross-section
XIV-XIV through the wicking structure 170 is shown in figure 14 - the
spheres 190 form a  channel network 195 similar to that of a sponge that is
both symmetric and regular. 25 Operation is similar to the wicking
structures already described, where the capillary effect  is used to
transport the liquid 82 from the first end of the structure 170 to the
second end.  Yet another embodiment of a discharge element 240 is
schematically depicted in cross-section in figures 8A to 8E. The discharge
element 240 comprises an  30 anode 20 and a cathode 10 that are electrically
isolated. The assembly is substantially  sealed, and supplied with a gas or
vapor at low pressure, for instance xenon or lithium, P-0358.010 -22 from a
discharge material supply (not shown). The anode 20 and cathode 10 are
connected  to a discharge power supply (not shown), for instance an a.c.
voltage supply capable of  operating at 100 Hz (not shown). The discharge
field lines 45 are also shown. The discharge element 240 is constructed such
that it has a low inductance,  5 for instance less than approximately 20nH.
This may be done as follows: a minimal gap between the cathode 10 and the
anode 20, for instance several  millimeters; minimal dimensions of the
discharge element 240, for instance a diameter of less  than approximately
10mm at the anode; 10 short connections between the discharge power supply
(not shown) and the discharge  element 240; and thick electrical
connections, for instance using metal plates instead of wires. 



At a predetermined moment in the cycling of the discharge power supply, an
electrical trigger is created by allowing the current from the discharge
power supply to rise  15 quickly (for instance in less than 100
nanoseconds), and by maintaining the current for a predetermined interval of
time, for instance 10 microseconds. The quick rise in current is  made
possible by the low inductance of the system. As depicted in figure 8A, the
discharge element 240 is brought into a state  where there is diffuse
discharge from a cathode spot 15 to an anode 20. Cathode spots are  20 hot
spots that form on the surface on a cathode. They provide the discharge with
electrons due to their higher than ambient temperature, and at a high enough
temperature, they may  supply the discharge with cathode material by
evaporation. The current flowing from the  cathode 10 to the anode 20 is
limited by the discharge power supply (not shown). As shown  in figure 8B,
two physical effects occur as the current flows through the system - supply
of 25 cathode material from the cathode spot 15 in the form of low
temperature plasma 35 into  the discharge gap, and compression of the plasma
column due to the pinch effect. As  shown in figure 8C, the pinch effect
results in a constriction (pinch) 50 containing hot  plasma. This plasma has
a high resistance due to its small cross-section, and effectively
transforms the electrical energy of the discharge into thermal energy of the
plasma, and 30 finally into emitted radiation 60 along axis B. The high
resistance of the constriction 50  causes a current decrease, and the plasma
again expands to the walls of the anode as shown P-0358.010 -23 in figure
8D. The expansion of the plasma results in the formation of diffuse
discharge as  depicted in figure 8A. The resistance of a diffuse discharge
is lower, and thus the current  rises again. By operating the discharge
element 240 such that the cathode spot 15 supplies  material continuously,
the cycle depicted in figures 8A to 8D repeats continuously. Thus, a 5
self-oscillating (auto-triggering) regime with a plurality of emitted
radiation pulses 60 is  produced during the predetermined interval of time
that the current is maintained by the  power supply, for instance, 10
microseconds. Figure 7 shows measurements on the discharge element 240
during a period  of auto-triggering. The graph shows output radiation
intensity 701, the current 702 and the  10 voltage 703 of the power supply
using lithium vapor as the working substance. The time  between pulses 704
is approximately 45ns (equivalent to 22 MHz). 



The reduced size of the plasma region means that only a small part of the
energy input into the system is used to heat the plasma in the final stage
of the pinch. The  rest of the energy is either stored as induction or used
for plasma creation. This 15 combination of a low-inductance construction
with a continuous supply of discharge  material results in the
superimposition of multiple plasma pinches onto a permanent  discharge. The
inductive energy is thus divided over multiple plasma pinches, creating a
conversion efficiency of at least 2 %. Alternatively, some of discharge
material may be supplied by ablating 20 material from a suitable surface
inside the discharge element 240. This can be done using  any suitable
energetic beam, for instance a laser or an electron-beam. In another
alternative, the formation of the cathode spot 15 at a  predetermined
position may be encouraged by firing any suitable energetic beam, for
instance a laser or an electron-beam at the predetermined position. 25 This
embodiment uses an electrical trigger to precipitate the initial pinch
formation, and it uses a cathode spot 15 to provide discharge material 35.
It may be  advantageous to trigger the initial pinch formation using a laser
triggering unit as described  in earlier embodiments. In this case, initial
pinch formation within the discharge element  240 would occur in a
substantially similar way to that shown in figures 6A to 6E, where 30
discharge material 35 is supplied by irradiating a predetermined position on
a suitable  surface inside the discharge element 240. By repeated
irradiation of the suitable surface P-0358.010 -24 such that the heated
region 337 supplies material continuously, an auto-triggering regime  can be
maintained. The variations in the position of the irradiated surface
described in the  earlier embodiments are also applicable to this
embodiment. Accordingly, the scope of the invention should be determined not
by the  5 embodiment(s) illustrated, but by the appended claims and their
equivalents. -25- CLAIMS  1. 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  said cathode to form
a plasma so as to generate electromagnetic radiation, wherein said  



radiation source comprises a triggering device for initiating said discharge
by irradiating a  surface proximate said discharge space with an energetic
beam. 2. A radiation source according to claim 1, wherein said energetic
beam is a beam of  electromagnetic radiation. 3. A radiation source
according to claim 2, wherein said energetic beam is a laser  beam. 4. A
radiation source according to any claim 1, wherein said energetic beam is a
beam  of charged particles. 5. A radiation source according to any one of
claims 1 to 4, wherein said energetic  beam irradiates an area on the
surface of an anode. 6. A radiation source according to any one of claims I
to 4, wherein said energetic  beam irradiates an area on the surface of the
anode adjacent to an emission aperture. 7. A radiation source according to
any one of claims 1 to 4, wherein said energy beam  irradiates an area on
the surface of a cathode. 8. A radiation source according to any one of
claims 1 to 4, wherein said energetic  beam irradiates a target structure
adjacent to said discharge area. 9. A radiation source according to claim 8,
wherein said target structure comprises an  element selected from the group
consisting of: xenon (Xe), tin (Sri), lithium (Li), indium (in)  and iridium
(Ir). 10. A radiation source according to claim 8 or 9, wherein said target
structure forms  part of said cathode. 11. A radiation source according to
claim 8 or 9, wherein said target structure forms  part of said anode. -26-
12. A radiation source according to claim 10 or It, wherein the target
structure is  electrically isolated from the cathode. 13. A radiation source
according to claim 10 or 11, wherein the target structure is  electrically
isolated from the anode. 14. A radiation source according to any one of the
claims 1 to 13, wherein the surface  irradiated by said energy beam
comprises a wicking structure for transporting a liquid  towards said
discharge space from a liquid reservoir in contact with said wicking
structure. 



15. A radiation source according to claim 14, wherein the wicking structure
comprises structures leaving spaces therebetween so as to transport said
liquid by capillary  forces. 16. A radiation source according to claim 15,
wherein said wicking structure  comprises a regular arrangement of
substantially cylindrical structures. 17. A radiation source according to
claim 15, wherein said wicking structure  comprises a regular arrangement of
substantially spherical. 18. A radiation source according to any one of the
claims 14 to 17, wherein the  radiation source further comprises a
pressurizer means which exerts a pressure upon the  liquid within the
wicking structure. 19. A radiation source according to claim 18, wherein the
pressurizer is adapted to  exert the pressure in a pulsed fashion. 20. A
radiation source according to any one of the claims 14 to 19, wherein said
liquid comprises an element selected from the group consisting of. xenon
(Xe), tin (Sn),  lithium (Li), indium (In) and iridium (Ir). 




