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@ Radiation source.
Q)

A radiation source includes a radiation emitter configured to emit radiation, a collector configured to
collect the radiation, and a contamination trap configured to trap contamination emitted by the radiation
source. The contamination trap includes a plurality of foils that extend substantially radially, a first magnet
ring configured to lie outside of au outer conical trajectory of radiation that is collected by the collector,
and a second magnet ring configured to lie within the trajectory of radiation that is collected by the
collector. The magnet rings are configured to provide a magnetic field that includes a component that is
parallel to the foils.
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RADIATION SOURCE

FIELD

[0001] The present invention relates to a radiation source, and to a lithographic apparatus

which includes such a source.

BACKGROUND

[0002] A lithographic apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that instance, a patterning device, which is
alternatively referred to as a mask or a reticle, may be used to generate a circuit pattern to be
formed on an individual layer of the IC. This pattern can be transferred onto a target portion (e.g.
comprising part of, one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of the
pattern is typically via imaging onto a layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network of adjacent target portions that are
successively patterned. Known lithographic apparatus include so-called steppers, in which each
target portion is irradiated by exposing an entire pattern onto the target portion at one time, and
so-called scanners, in which each target portion is irradiated by scanning the pattern through a
radiation beam in a given direction (the “scanning”-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. Itis also possible to transfer the pattern from the
patterning device to the substrate by imprinting the pattern onto the substrate.

[0003] In order to be able to project ever smaller structures onto substrates, it has been
proposed to use extreme ultraviolet radiation having a wavelength within the range of 10-20 nm,
for example within the range of 13-14 nm. It has further been proposed that radiation with a
wavelength of less than 10 nm could be used, for example 6.7 nm or 6.8 nm. In the context of
lithography, wavelengths of iess than 10 nm are sometimes referred to as ‘beyond EUV”.

[0004] Extreme ultraviolet radiation and beyond EUV radiation may be produced using a
plasma. The plasma may be created for example by directing a laser at particles of a suitable
material (e.g. tin), or by directing a laser at a stream of a suitable gas or vapor, such as Xe gas or Li
vapor. The resulting plasma emits extreme ultraviolet radiation (or beyond EUV radiation),
which is collected using a collector such as a mirrored grazing incidence collector, which receives
the extreme ultraviolet radiation and focuses the radiation into a beam.

[0005] In addition to extreme ultraviolet radiation, the plasma produces contamination in the
form of particles, such as thermalized atoms, ions, nanoclusters, and/or microparticles. The

contamination is projected, together with the extreme ultraviolet radiation, towards the collector
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and may cause damage to the grazing incidence collector.

[0006] It is therefore desirable to prevent contamination from entering and damaging the
collector or to reduce the amount of contamination that enters and damages the collector.

[0007] An apparatus that may be used to prevent contamination from entering and damaging
the collector, or to reduce the amount of contamination that enters and damages the collector, is a
foil trap. A foil trap comprises a plurality of planar foil members that are located between an
emission point of a radiation source, and the collector. The planar foil members are aligned such
that they are radially aligned with respect to the emission point, so that the planar foil members
obscure as little radiation as possible that is emitted from the emission point. In other words, the
planar foil members are oriented such that they are parallel to the direction of travel of the
radiation. The foil trap may be used to trap particles, the particles impinging against and/or being
caught by the planar foil members. The functionality of the foil trap may be improved by rotating
the foil trap, and/or by introducing a buffer gas in the vicinity of (e.g. in-between) adjacent planar
foil members. Alternatively, a buffer gas may be used in conjunction with a foil trap in a
configuration where the foil trap does not act primarily to trap particles but to cool the buffer gas.
For example, in such a configuration, the distance between the planar foil members may be larger.
[0008] When used in conjunction with an EUV radiation source, the heat load on the planar
foil members is high. The high heat load can lead to degradation, damage or destruction of the
planar foil members. Centrifugal forces associated with the rotation of the foil trap can make the
degradation, damage or destruction of the planar foil members more likely. When a buffer gas is
used in conjunction with a foil trap, the heat load on the buffer gas will also be high, and may be so
high as to be unacceptable.

[0009] It is therefore desirable to reduce the heat load on a foil trap and/or a buffer gas used in

conjunction with such a foil trap.

SUMMARY

[0010] According to an aspect of the present invention, there is provided a radiation source
comprising a radiation emitter, a contamination trap and a collector, wherein the contamination
trap comprises a plurality of foils which extend substantially radially, a first magnet ring which
lies outside of an outer conical trajectory of radiation which is collected by the collector, and a
second magnet ring which lies within the trajectory of radiation which is collected by the collector,
wherein the magnet rings are configured to provide a magnetic field which includes a component
that is parallel to the foils.

[0011] The collector may comprise a plurality of reflective shells provided within one another,

and the second magnet ring is associated with a reflective shell of the collector.
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[0012] At least one of the magnet rings may be substantially aligned with a reflective shell.
[0013] At least one of the magnet rings may be provided between a terminating edge of one of
the reflective shells and the radiation emitter.

[0014] At least one of the magnet rings may be provided in the collector in a shadow area
which extends from one of the reflective shells.

[0015] The collector may comprise a collector mirror arranged to receive radiation from the
radiation emitter and reflect it towards a focus.

[0016] According to an aspect of the present invention, there is provided a lithographic
apparatus comprising a source of EUV radiation, an illumination system for conditioning the EUV
radiation, a support structure for supporting patterning device, the patterning device serving to
impart the radiation beam with a pattern in its cross-section, a substrate table for holding a
substrate, and a projection system for projecting the patterned radiation beam onto a target portion
of the substrate, wherein the radiation source comprises a radiation emitter, a contamination trap
and a collector, wherein the contamination trap comprises a plurality of foils which extend
substantially radially, a first magnet ring which lies outside of an outer conical trajectory of
radiation which is collected by the collector, and a second magnet ring which lies within the
trajectory of radiation which is collected by the collector, wherein the magnet rings are configured
to provide a magnetic field which includes a component that is parallel to the foils.

[0017] According to an aspect of the present invention, there is provided a radiation source
comprising; a radiation emitter for emitting radiation; a collector for collecting radiation emitted
by the radiation emitter; and a plurality of planar members that are oriented such that the planar
members extend parallel to radiation emitted by the radiation emitter, wherein at least one of the
plurality of planar members is in contact with the collector.

(0018] A majority of the plurality of planar members may be in contact with the collector, or
all of the plurality of planar members may be in contact with the collector.

{0019 The coliector may comprise a collector mirror. The at least one of the plurality of
planar members may be attached to the collector mirror. The at least one of the plurality of planar
members may be located in one or more slits provided in the collector mirror. The collector mirror
may be provided with one or more apertures. A gas may be arranged to be provided through the
one or more apertures.

[0020] The collector may comprise a plurality of reflective shells. The at least one of the
plurality of planar members may be attached to one or more of the plurality of reflective shells.
[0021] At least two of the plurality of planar members may have different lengths.

[0022] The plurality of planar members may be foils.

[0023] The plurality of planar members may form at least a part of a contamination trap.
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[0024]  The plurality of planar members and collector may, in combination, be rotatable, for
example about an optical axis.

[0025]  According to an aspect of the present invention, there is provided a lithographic
apparatus comprising: a radiation source according to an aspect of the present invention described
above; an illumination system for conditioning the radiation; a support structure for supporting
patterning device, the patterning device serving to impart the radiation beam with a pattern in its
cross-section; a substrate table for holding a substrate; and a projection system for projecting the
patterned radiation beam onto a target portion of the substrate.

[0026] According to an aspect of the present invention, there is provided a method of using the
radiation source or lithographic apparatus according to the aspects of the present invention
described above, the method comprising: rotating the collector and plurality of planar members, in

combination, about an optical axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:

[0028] Figure 1 schematically depicts a lithographic apparatus according to an embodiment of
the invention;

[0029] Figure 2 schematically depicts a detailed schematic illustration of a lithographic
apparatus according to an embodiment of the invention;

[0030] Figures 3 and 4 schematically depict part of a radiation source of the lithographic
apparatus of Figure 1 according to an embodiment of the invention;

[0031] Figure 5 schematically depicts part of a radiation source according to an embodiment
of the invention;

{0032] Figure 6 schematically depicts part ot a radiation source according to an embodiment
of the invention;

[0033] Figures 7a and 7b schematically depict part of a radiation source according to an
embodiment of the invention; and

[0034] Figures 8 and 9 schematically depict part of a radiation source according to an

embodiment of the invention.

DETAILED DESCRIPTION

[0035] Figure 1 schematically depicts a lithographic apparatus 1 according to one

embodiment of the invention. The apparatus 1 comprises: an illumination system (illuminator) IL
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configured to condition a radiation beam B (e.g. EUV radiation); a support structure (e.g. a mask
table) MT constructed to support a patterning device (e.g. a mask) MA and connected to a first
positioner PM configured to accurately position the patterning device in accordance with certain
parameters; a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to accurately position
the substrate in accordance with certain parameters; and a projection system (e.g. a refractive
projection lens system) PS configured to project a pattern imparted to the radiation beam B by
patterning device MA onto a target portion C (e.g. comprising one or more dies) of the substrate
w.

[0036] The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of .optical
components, or any combination thereof, for directing, shaping, or controlling radiation.

[0037] The support structure supports, i.e. bears the weight of, the patterning device. It holds
the patterning device in a manner that depends on the orientation of the patterning device, the
design of the lithographic apparatus 1, and other conditions, such as for example whether or not
the patterning device is held in a vacuum environment. The support structure can use mechanical,
vacuum, electrostatic or other clamping techniques to hold the patterning device. The support
structure may be a frame or a table, for example, which may be fixed or movable as desired. The
support structure may ensure that the patterning device is at a desired position, for example with
respect to the projection system. Any use of the terms “reticle” or “mask™ herein may. be
considered synonymous with the more general term “patterning device.”

[0038] The term “patterning device” used herein should be broadly interpreted as referring to
any device that can be used to impart a radiation beam with a pattern in its cross-section such as to
create a pattern in a target portion of the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired pattern in the target portion of the
substrate, for exampie if the pattern includes phase-shitting features or so called assist features.
Generally, the pattern imparted to the radiation beam will correspond to a particular functional
layer in a device being created in the target portion, such as an integrated circuit.

[0039] Examples of patterning devices include masks and programmable mirror arrays.
Masks are well known in lithography, and typically in an EUV radiation (or beyond EUV)
lithographic apparatus would be reflective. An example of a programmable mirror array employs
a matrix arrangement of small mirrors, each of which can be individually tilted so as to reflect an
incoming radiation beam in different directions. The tilted mirrors impart a pattern in a radiation
beam which is reflected by the mirror matrix.

[0040] The term “projection system” used herein should be broadly interpreted as
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encompassing any type of projection system. Usually, in a EUV (or beyond EUV) radiation
lithographic apparatus the optical elements will be reflective. However, other types of optical
elements may be used. The optical elements may be in a vacuum. Any use of the term “projection
lens” herein may be considered as synonymous with the more general term “projection system”.
[0041] As here depicted, the apparatus 1 is of a reflective type (e.g. employing a reflective
mask).

[0042] The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables (and/or two or more mask tables). In such “multiple stage” machines the additional tables
may be used in parallel, or preparatory steps may be carried out on one or more tables while one or
more other tables are being used for exposure.

[0043] Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be separate entities. In such cases, the
source is not considered to form part of the lithographic apparatus and the radiation beam is passed
from the source SO to the illuminator IL with the aid of a beam delivery system comprising, for
example, suitable directing mirrors and/or a beam expander. In other cases the source may be an
integral part of the lithographic apparatus. The source SO and the illuminator IL, together with the
beam delivery system if desired, may be referred to as a radiation system.

[0044] The illuminator IL may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as c-outer and o-inner, respectively) of the intensity distribution in a pupil
plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise various
other components, such as an integrator and a condenser. The illuminator may be used to
condition the radiation beam B to have a desired uniformity and intensity distribution in its
cross-section.

[0045] The radiation beam B is incident on the patterning device (e.g., mask MA), which is
held on the support structure (e.g., mask table MT), and is patterned by the patterning device.
Having been reflected by the mask MA, the radiation beam B passes through the projection
system PS, which focuses the beam onto a target portion C of the substrate W. With the aid of the
second positioner PW and position sensor IF2 (e.g. an interferometric device, linear encoder or
capacitive sensor), the substrate table WT can be moved accurately, e.g. so as to position different
target portions C in the path of the radiation beam B. Similarly, the first positioner PM and
another position sensor IF1 can be used to accurately position the mask MA with respect to the
path of the radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan.
In general, movement of the mask table MT may be realized with the aid of a long-stroke module

(coarse positioning) and a short-stroke module (fine positioning), which form part of the first



10

15

20

25

30

35

positioner PM. Similarly, movement of the substrate table WT may be realized using a
long-stroke module and a short-stroke module, which form part of the second positioner PW. In
the case of a stepper (as opposed to a scanner) the mask table MT may be connected to a
short-stroke actuator only, or may be fixed. Mask MA and substrate W may be aligned using
mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although the substrate
alignment marks as illustrated occupy dedicated target portions, they may be located in spaces
between target portions (these are known as scribe-lane alignment marks). Similarly, in situations
in which more than one die is provided on the mask MA, the mask alignment marks may be
located between the dies.

[0046] The depicted apparatus 1 could be used in at least one of the following modes:

[0047] 1.  Instep mode, the mask table MT and the substrate table WT are kept essentially
stationary, while an entire pattern imparted to the radiation beam is projected onto a target portion
C atone time (i.e. a single static exposure). The substrate table WT is then shifted in the X and/or
Y direction so that a different target portion C can be exposed. In step mode, the maximum size of
the exposure field limits the size of the target portion C imaged in a single static exposure.

[0048] 2. In scan mode, the mask table MT and the substrate table WT are scanned
synchronously while a pattern imparted to the radiation beam is projected onto a target portion C
(i.e. asingle dynamic exposure). The velocity and direction of the substrate table WT relative to
the mask table MT may be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the maximum size of the exposure field
limits the width (in the non-scanning direction) of the target portion in a single dynamic exposure,
whereas the length of the scanning motion determines the height (in the scanning direction) of the
target portion.

[0049] 3. In another mode, the mask table MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a pattern
imparted to the radiation beam is projected onto a target portion C. In this mode, generally a
pulsed radiation source is employed and the programmable patterning device is updated as desired
after each movement of the substrate table WT or in between successive radiation pulses during a
scan. This mode of operation can be readily applied to maskless lithography that utilizes
programmable patterning device, such as a programmable mirror array of a type as referred to
above.

[0050] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0051] Figure 2 shows the apparatus 1 in more detail, including a radiation source SO, an

illumination optics unit IL, and the projection system (depicted as PL in Figure 2). The radiation
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source SO includes a radiation emitter 2 which may comprise a discharge plasma. EUV radiation
may be produced by a gas or vapor, such as Xe gas or Li vapor in which a very hot plasma is
created to emit radiation in the EUV radiation range of the electromagnetic spectrum. The very hot
plasma is created by causing a partially ionized plasma of an electrical discharge to collapse onto
an optical axis O. Partial pressures of e.g. 10 Pa of Xe or Li vapor or any other suitable gas or
vapor may be desired for efficient generation of the radiation. In some embodiments, tin may be
used. The radiation emitted by radiation emitter 2 is passed from a source chamber 3 into a
collector chamber 4.

[0052]) The collector chamber 4 includes a contamination trap 5 and grazing incidence
collector 6 (shown schematically as a rectangle). Radiation allowed to pass through the collector
6 is reflected off a grating spectral filter 7 to be focused in a virtual source point 8 at an aperture in
the collector cl_lamber 4. From collector chamber 4, a beam of radiation 9 is reflected in
illumination optics unit IL via first and second normal incidence reflectors 10, 11 onto a reticle or
mask positioned on reticle or mask table MT. A patterned beam 12 is formed which is imaged in
projection optics system PL via first and second reflective elements 13, 14 onto a substrate (not
shown) held on a substrate table WT. More elements than shown may generally be present in
illumination optics unit IL and projection system PL.

[0053] Figure 3 shows a schematic profile section of the grazing incidence collector 6 and of
an associated contamination trap 5. The radiation emitter 2, from which EUV radiation and
charged particles radiate, is also shown in Figure 3. The grazing incidence collector 6 comprises
six shells 15 which are formed from for example Ni with a Ru coating. The radially inner surfaces
of each shell 15 are reflective to EUV radiation. Although six shells 15 are shown, any suitable
number of shells may be used.

[0054] Each shell is circular in cross-section, and the shells are arranged co-axially around an
axis which passes through the radiation emitter 2 (indicated by the dotted line 20). The shells
combine to define tive annular apertures 16 at an end of the grazing incidence collector 6 which is
closest to the radiation emitter 2. EUV radiation generated by the radiation emitter 2 may enter the
apertures 16 and pass into conduits 17 defined by the shells (each conduit is defined by a radially
interior surface of a radially exterior shell 15 and a radially exterior surface of a radially interior
shell 15).

[0055] Although each shell 15 is circular in cross section, the shells are not cylindrical. For
example, the shells each typically include a first portion 18a which has a substantially hyperbolic
shape and tapers inwardly in the general direction of the radiation emitter 2 and a second portion
18b which has a substantially elliptical shape. Although the first portion 18a of each shell 15

tapers generally towards the radiation emitter 2, it does not point directly at the radiation emitter
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but instead points at a location beyond the radiation emitter. For ease of illustration the first and
second portions 18a,b of the shells are shown as straight lines in figure 3 rather than curved lines.
[0056] The effect of the shape of the shells 15 is that EUV radiation traveling from the
radiation emitter 2 will be incident upon a radially interior surface of the first portion 18a of a
given shell 15. The radiation will be reflected from the radially interior surface of the first portion
18a of the shell 15, and will be directed towards the radially interior surface of the second portion
18b of the shell. The radiation is reflected from this surface, and passes along a conduit 17 formed
by that shell and an adjacent shell without undergoing further reflections. The EUV radiation then
exits the grazing incidence collector and is incident upon the grating spectral filter 7 (see Figure
2).

[0057] Each shell 15 has a finite thickness. This means that at an end of each shell 15 which is
closest to the radiation emitter 2, the shell has a terminating edge 19. EUYV radiation which is
incident upon a terminating edge 19 of a shell will not enter the grazing incidence collector 6.
This EUV radiation is therefore not collected and cannot be used by the lithographic apparatus.
[0058] The grazing incidence collector 6 has a finite radial extent, and so can only capture
radiation from the radiation emitter 2 which falls within a particular range of angles. The
terminating edge 19 of the outermost shell 15 combines with the radiation emitter 2 to define an
outer conical trajectory outside of which radiation will not be collected by the grazing incidence
collector (indicated in Figure 3 by dashed lines 21a).

[0059] The innermost shell 15 combines with the radiation emitter 2 to define an inner conical
trajectory within which radiation will not be collected by the grazing incidence collector
(indicated schematically in Figure 3 by dashed lines 21b).

[0060] The contamination trap 5 is provided between the radiation emitter 2 and the grazing
incidence collector 6. The contamination trap 5 comprises an outer magnet 22 of substantially
annular cross-section which lies outside the outer conical trajectory 21a. It also comprises an
inner magnet 24 of substantiaily circular or annular cross-section which lies inside the inner
conical trajectory 21b. In some instances a contamination trap 5 may be provided which does not
include an inner magnet. The contamination trap 5 further comprises a set of five intermediate
magnets 23 of substantially annular cross-section. Each of the intermediate magnets 23 is
associated with a particular shell 15 of the grazing incidence collector 6.

[0061] The outer magnet 22, intermediate magnets 23 and inner magnet 24 combine to
establish a magnetic field in the contamination trap 5. In Figure 3, each magnet 22-24 has a dark
side and a light side. These are intended to represent the magnetization direction (poles) of the
magnets. The dark side represents the North pole of a magnet, and the light side represents the
South pole of a magnet. The magnets are arranged such that a North pole of a given magnet faces
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a South pole of an adjacent magnet. Magnetic field lines of the magnetic field generated by the
magnets thus pass from one magnet to the next, and thereby establish the magnetic field in the
contamination trap 5. It will be appreciated that the magnets may be provided with opposite
orientations (i.e. the dark side may represent the South pole of the magnet and the light side may
represent the North pole of the magnet).

[0062] Although five intermediate magnets are shown, any suitable number of intermediate
magnets may be used.

[0063] Figure 4 shows schematically the magnets 22-24 viewed from the front. Field lines of
the magnetic field which is established by the magnets are indicated schematically by dashed lines
25. The field lines extend radially outwardly from the inner magnet 24 to the outer magnet 22.
[0064] A plurality of planar foil members 26 are provided in the contamination trap 5. The
foil members 26 are arranged parallel to the direction of travel of the EUV radiation from the
radiation emitter 2 and perpendicular to the intermediate magnets 23. The foil members 26 extend
between adjacent intermediate magnets 23, and are supported by the intermediate, inner and outer
magnets 22-24. The foil members 26 may extend substantially radially. The foil members 26
have an axial length of approximately 30 mm, though it will be appreciated that the foil members
may be of any suitable length between about 5 mm and about 200 mm, and more desirably
between about 15 mm and about 40 mm. Although Figure 4 shows radially adjacent foil members
26 as being aligned radially, it is not necessary for them to be aligned in this manner. Radially
adjacent foil members 26 may for example be radially offset relative to one another.

[0065] Referring again to Figure 3, each intermediate magnet 23 is associated with a shell 15
of the grazing incidence collector 6. Each intermediate magnet is substantially aligned with a
shell 15 (this refers to the position of the intermediate magnet, and not to its orientation — it is not
intended to mean that the intermediate magnet points in the same direction as the shell). Each
intermediate magnet 23 has as an outer edge 23a which is substantially aligned with the
terminating edge 19 of a shell 15 of the grazing incidence collector 6. Each intermediate magnet
23 points towards the radiation emitter 2, such that inner and outer faces of the intermediate
magnet lie substantially parallel to the direction of travel of radiation emitted by the radiation
emitter. Each intermediate magnet 23 is substantially annular, and may be said to have an annular
frusto-conical shape. The shape and position of each intermediate magnet 23 may alternatively be
expressed by saying that each intermediate magnet 23 lies substantially within an annular conical
volume, the point of the conical volume being defined by the radiation emitter 2 and the annular
base of the annular conical volume being defined by the terminating edge 19 of a corresponding

shell 16 of the grazing incidence collector 6.
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[0066) The shape and position of each intermediate magnet 23 is such that EUV radiation (or
a substantial part of EUV radiation) which is incident upon a given intermediate magnet 23 would
have been incident upon a terminating edge 19 of a corresponding shell 15 in the absence of the
intermediate magnet 23. Accordingly, providing intermediate magnets 23 which are associated
with and adjacent the terminating edges 19 does not substantially reduce the quantity of EUV
radiation which is collected by the grazing incidence collector 6. This is advantageous because it
is desirable to direct as much EUV radiation as possible onto a substrate on the substrate table WT
of the lithographic apparatus (see Figure 1), so that the substrate can be exposed quickly.

(0067} The magnets 22-24 may comprise samarium cobalt (SmCo). Alternatively, the
magnets 22-24 may comprise any appropriate material (for example a material with a suitable
Curie temperature and which has a suitable resistance to hydrogen damage). The magnets 22-24
may comprise ferromagnetic material such as cobalt, iron or nickel. It is not essential that all of
the magnets are permanent magnets. For example, some of the intermediate magnets 23 may
comprise material which is not permanently magnetized. This material will nevertheless provide
an advantageous effect in that it will help to concentrate the magnetic field generated by other
magnets of the contamination trap. At least some of the magnets may be electro-magnets. For
example, the inner and outer magnets 22, 24 may be electromagnets.

[0068] The outer magnet 22 may be of any suitable annular thickness and is desirably in the
range of about 0.5 mm to about 50 mm, and more desirably in the range of about 10 mm to about
50 mm. The annular thickness of the intermediate magnets 23 is desirably equal to or less than the
thickness of the terminating edges 19 of the shells 15 of the grazing incidence collector 6. For
example, the annular thickness of the intermediate magnets 23 may be in the range of about 0.5
mm to about 5 mm, and more desirably in the range of about 1 mm to about 3 mm. The thickness
of the inner magnet 24 is desirably in the range of about 0.5 mm to about 50 mm, and more
desirably in the range of about 10 mm to about 50 mm.

[0069] EUV radiation traveling through the contamination trap 5 towards the grazing
incidence collector 6 is minimally affected by the foil members 26 due to their orientation being
parallel to the direction of travel of the radiation. In the absence of a magnetic field, charged
particles of contamination from the radiation emitter 2 would also be minimally affected by the
foil members 26, since the direction of travel of the contamination would be the same as the
direction of travel of the foil members. However, the magnetic field established by the magnets
22-24 across the contamination trap causes a Lorentz force to be exerted upon each charged
particle of contamination, thereby modifying the trajectory of a charged particle which enters the
contamination trap. The trajectory of the charged particle bends in a direction perpendicular to the
direction of travel of the charged particle and perpendicular to the direction of the magnetic field.
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The modified trajectory of the charged particle causes the particle to travel towards, and be
incident upon, a foil member 26. The charged particle is thereby trapped by the contamination
trap 5, and does not reach the grazing incidence collector 6. The charged particle therefore is not
able to damage the grazing incidence collector 6.

[0070] The provision of the intermediate magnets 23 increases the strength of the magnetic
field in contamination trap 5, and hence its ability to capture charged particles (compared to the
magnetic field which would have been provided if the intermediate magnets 23 were not present).
The intermediate magnets 23 help to concentrate within the contamination trap the magnetic field
which is generated by the inner 24 and outer 22 magnets.

[0071] An embodiment of the invention is shown in Figure 5. Features of the embodiment of
Figure 5 which correspond with features of the embodiment of Figures 3 and 4 are given reference
numerals which are corresponding but which have been incremented by 100.

[0072) Figure S5 shows a schematic profile section of a contamination trap 105, a grazing
incidence collector 106 and a radiation emitter 102. Rather than being positioned between the
grazing incidence collector 106 and the radiation emitter 102, as in the first embodiment, parts of
the contamination trap 105 are provided within the shells 115 of the grazing incidence collector
106.

[0073] As described further above, the shells 115 each include a first portion 118a which
tapers inwardly towards a location beyond the radiation emitter 102. The effect of this is that EUV
radiation traveling from the radiation emitter 102 will be incident upon a radially interior surface
of the first portion 118a of each shell 115. As a consequence of this configuration, a shadow
extends from the first portion 118a of each shell 115 into an area 125 adjacent the radially exterior
surface of the first portion 118 of that shell. The area which is in shadow will be referred to as the
shadow area 125. EUV radiation which travels from the radiation emitter 102 to the grazing
incidence collector 106 does not pass through the shadow area 125. Elements such as
intermediate magnets 123 may theretore be placed in the shadow area 125 without substantially
reducing the quantity of EUV radiation that is collected by the collector 106.

[0074) The contamination trap 105 comprises a plurality of magnets 122-124, including five
intermediate magnets 123 which are provided within the shadow areas 125 established by the
shells 115. Each intermediate magnet is provided in the shadow area 125 of a different shell 115.
Each intermediate magnet 123 is substantially annular in cross-section, and each has an inner
surface which is in contact with, and is supported by, the outer surface of the first portion 118a of
a corresponding shell 115. A given intermediate magnet 123 may be said to be associated with the
shell 115 which supports it. An outer surface of each intermediate magnet 123 is shaped and

dimensioned so that it does not extend beyond the shadow area 125 defined by the corresponding



10

15

20

25

30

35

13

shell 115. Each intermediate magnet may be shaped and dimensioned so that it substantially fills
the shadow area 125 defined by the corresponding shell.

{0075} The amount of space available within the shadow areas 125 may in some instances
allow larger intermediate magnets 123 to be used than is the case in the embodiment shown in
Figures 3 and 4. Furthermore, since the intermediate magnets 123 do not need to be aligned with
terminating edges 19 of the shells 15, greater tolerances in the size and positioning of magnets
may be possible. Providing parts of the contamination trap 105 within the grazing incidence
collector 106 may help to ensure that the relative positioning of the trap 105 and grazing incidence
collector 106 remains consistent.

[0076] Although they are not shown in Figure 5, the contamination trap 105 may include
substantially radially extending foil members which act to trap contamination.

[0077] In Figures 3 to 5, an intermediate magnet 23, 123 is associated with each shell 15, 115
of the grazing incidence collector 6, 106 with the exception of the outermost shell. However, in
some instances, some of the shells may not be provided with intermediate magnets. For example,
a contamination trap may comprise an outer magnet 22, 122, a single intermediate magnet 23, 123
and an inner magnet 24, 124. Alternatively, two intermediate magnets or more may be used. In
one example, an intermediate magnet 23, 123 may be associated with every other shell 15, 115. In
some instances, it may not be desirable to provide an inner magnet 24, 124. The arrangement of
magnets which is used for a given collector may depend upon the strength of the magnetic field
which it is desired to have within that collector.

[0078] Although the grazing incidence collectors 6, 106 shown in Figures 3 to 5 have six
shells, any other suitable number of shells may be used.

[0079] In the above description of the embodiments of the invention, intermediate magnets 23,
123 have been described as being associated with shells 15, 115. The term ‘associated with’ is
intended to encompass for example an intermediate magnet being substantially aligned with a
sheli, or being located in a shadow area which extends trom a shell 15.

[0080] An embodiment of the invention is shown in Figure 6. Figure 6 shows a schematic
profile section of a normal incidence collector 206, a contamination trap 205 and a radiation
emitter 202. The radiation emitter may for example comprise a tin particle which is vaporized by
a laser beam 203. The normal incidence collector 206 comprises an elliptically curved collector
mirror 206a. The radiation emitter 202 is located at a first focus of the curve, and an output point
(not shown) for EUV radiation collected by the collector is located at a second focus of the curve.
[0081] The collector mirror 206a has a finite radial extent, and so can only capture radiation
from the radiation emitter 202 which falls within a particular range of angles. An outer edge of the

collector mirror 206a combines with the radiation emitter 202 to define an outer conical trajectory
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outside of which radiation will not be collected by the collector mirror (indicated schematically in
Figure 6 by dashed lines 212a).

[0082] The collector mirror 206a is provided with an aperture 204 at its center, which allows
the laser beam 203 to reach the radiation emitter 202. The aperture 204 combines with the
radiation emitter 202 to define an inner conical trajectory within which radiation will not be
collected by the collector mirror (indicated schematically in Figure 6 by dashed lines 221b).
[0083] The contamination trap 205 comprises a plurality of foils 226 which extend
substantially radially, and a plurality of magnets 222-224 which are arranged to generate a radially
extending magnetic field. The magnets comprise an outer magnet 222 which is substantially
annular in shape and which lies outside of the outer conical trajectory of radiation which is
collected by the collector mirror 206a, and an inner magnet 224 which is substantially cylindrical
in shape and which lies inside of the inner conical trajectory of radiation which is collected by the
collector mirror 206a. A further magnet 223, which is substantially annular in shape 1is located
between the inner and outer magnets 222, 224. This further magnet, which will be referred to as
the intermediate magnet 223, lies within the trajectory of radiation which is collected by the
collector mirror 206a.

[0084] The intermediate magnet 223 may be advantageous because it may strengthen the
radially extending magnetic field through which contamination must pass on its way to the
collector mirror 206a. This strengthening of the magnetic field helps to deviate contamination
onto the radially extending foils 226. The intermediate magnet 223 may therefore provide
trapping of contamination which would not otherwise have been trapped if the intermediate
magnet 223 were not present.

[0085] In some instances it may not be desirable to provide the inner magnet 224.

[0086] The intermediate magnet 223 blocks some EUV radiation, thereby preventing it from
reaching the collector mirror 206a. It may also block some EUV radiation which has been
incident upon the collector mirror 206a and which has been reflected towards the output of the
normal incidence collector. This reduces the amount of EUV radiation which passes to
subsequent parts of the lithographic apparatus. However, this potential disadvantage may be
considered in some instances to be more than compensated for by the improved contamination
trapping performance which the intermediate magnet 223 may provide.

[0087] It may be desired to limit the amount of EUV radiation which is blocked by the
intermediate magnet 223. One way in which this may be achieved is by choosing an appropriate
shape for the intermediate magnet 223. For example, the intermediate magnet may be elongate
(i.e. have a longer side and a shorter side), and thereby present a relatively narrow profile to the

EUV radiation. The intermediate magnet may have a longer side which is oriented substantially
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parallel to the direction in which the radiation is emitted from the radiation emitter 202, or
substantially parallel to the direction in which radiation is reflected from the collector mirror 206a
to an intermediate focus point, or parallel to any direction which lies between these two directions.
Another way in which the amount of EUV radiation which is blocked by the intermediate magnet
223 may be limited is by locating the intermediate magnet closer to the center of the collector
mirror 206a than to the outside of the collector mirror. Less EUV radiation is collected in
locations close to the center of the collector mirror 206a than in locations further from the center.
The intermediate magnet may for example be at a location which is less than about 50% of the
distance between the center and the outside of the collector mirror, may be less than about 40% of
the distance between the center and the outside of the collector mirror, and may be less than about
30% of the distance between the center and the outside of the collector mirror.

[0088] The extent of the radially extending foils 226 may correspond with the extent of the
collector mirror 206a, such that the radially extending foils to not meet at a central axis but instead
end at the aperture 204 in the collector mirror.

[0089] The radially extending foils 226 may be arranged to rotate about an axis (the axis may
be correspond with towards which the foils radially extend). Where this is the case, the magnetic
field is desirably rotationally symmetric, to limit electromagnetic induction which may occur in
the foils.

[0090] The magnetic field generated by the magnets of the embodiments of the invention
desirably comprises a substantially radial component which is substantially perpendicular to the
direction of travel of the charged particle contamination. However, the magnetic field may
include components which are oriented in other directions. The magnetic field should be arranged
such that it deflects charged particles towards foils which are intended to trap the charged
particles.

[0091] Annular or cylindrical permanent magnets may be difficult to manufacture in one
piece, particularly when the magnetization direction is radial. Therefore, the outer magnet 22, 122,
222, the intermediate magnets 23, 123, 223 and/or the inner magnet 24, 124, 224 may comprise a
plurality of segments with different magnetization directions which together produce a desired
magnetic field. The segments may be separate magnets.

[0092] The term annular magnet is intended to cover for example a plurality of segments with
different magnetization directions which together produce a magnetic field resembling that which
would be produced by an annular magnet. Similarly, the term cylindrical magnet is intended to
cover for example a plurality of segments with different magnetization directions which together
produce a magnetic field resembling that which would be produced by a cylindrical magnet. The

term annular frusto-conical shape when used in relation to a magnet is intended to cover for
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example a plurality of segments with different magnetization directions which together produce a
magnetic field resembling that which would be produced by a magnet having an annular
frusto-conical shape.

[0093]) The annular magnets, cylindrical magnets and annular frusto-conical magnets may be
considered to be examples of magnet rings. The magnet rings may be made from segments having
different magnetization directions which together produce a desired magnetic field. The magnetic
field may resemble that which would be provided for example by an annular magnet, cylindrical
magnet or annular frusto-conical magnet. The segments may be different magnets.

[0094] The contamination trapping provided by the embodiments of the invention may be
supplemented by other contamination mitigation methods including for example the use of a
buffer gas. A rotating foil trap may be used in addition to the embodiments of the invention
described herein.

[0095] As discussed above, the heat 1oad on the planar foil members of a foil trap and/or the
buffer gas used in conjunction with such a foil trap may be unacceptably high. There is therefore a
desire to reduce this heat load. In order to reduce the heat load, the planar foil members of the foil
trap should be cooled. Because the planar foil members are thin, it may be difficult to include
within the planar foil members an active cooling system such as, for example, channels through
which a fluid may flow. |
[0096] In accordance with an embodiment of the present invention, the collector and foil trap
are arranged such that one or more planar foil members of the foil trap are in contact with the
collector. The contact may be direct. For example, the planar foil members of the foil trap may be
directly attached to the collector. The contact may be indirect. For example, the planar foil
members of the foil trap may be attached to the collector via a fixing (e.g. a screw, bolt, or
adhesive). The heat present in the planar foil members of the foil trap may be dissipated more
easily through conduction of the heat to the collector. Similarly, any buffer gas present in the
vicinity of the planar toil members may also dissipate heat through the foil members and the
collector. The collector may be actively cooled using, for example, a fluid channel cooling system,
further increasing the dissipation of heat from the planar foil members. Specific embodiments of
the invention will now be described.

{0097] Figure 7a shows, in general, the same schematic profile section of the normal
incidence collector 206, the contamination trap 205 (i.e. foil trap) and the radiation emitter 202 of
Figure 6. Features shown in and described with reference to Figure 6 are given the same reference
numerals in Figure 7a. However, in contrast with Figure 6, Figure 7a shows that the collector 206
is in contact with the planar foil members 226 of the contamination trap 205. In particular, Figure

7a shows that the collector mirror 206a is in contact with the planar foil members 226 of the
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contamination trap 205. Heat present in the planar foil members 226 may be dissipated via
conduction through the collector mirror 206a, thereby reducing the heat load on the planar foil
members 226.

[0098] The planar foil members 226 are aligned such that they are radially aligned with
respect to the radiation emitter 202 (i.e. the emission point of radiation), so that the planar foil
members 226 obscure as little radiation as possible that is emitted from the radiation emitter 202.
In other words, the planar foil members 226 are oriented such that they are parallel to the direction
of travel of the radiation.

[0099] The foil members 226 may be connected (or attached to) the collector 206 in any
suitable manner. In one example, slits are provided in the collector 206 (for example, before a
reflective coating is provided to form the collector mirror 206a). The slits may be provided using,
for example, a laser cutting arrangement or by electric discharge machining. The planar foil
members 226 are then inserted through the slits and secured on the back-side (i.e. non-reflecting
side) of the collector 206 by soldering or the like. Such an arrangement ensures good thermal
contact between the planar foil members 226 and the collector 206 with little or no decrease in the
amount of radiation that can be collected (or in other words reflected) by the collector 206. This is
because, even if no slits were provided, the areas of the collector 206 in which slits are provided
would be prevented from reflecting radiation by the presence of the planar foils members 226.
[00100] A further reduction in the heat load on the planar foil members 226 (or, in other words,
further cooling of the planar foil members 226) can be achieved by actively cooling the collector
206. For example, channels for carrying a fluid can be formed in the collector 206, or on the
back-side of the collector 206. A fluid such as water can be passed through the channels in order to
absorb and take away heat from the collector 206 and thus the planar foil members 226.

[00101] As discussed above, a buffer gas may be used in conjunction with the planar foil
members 226 to improve the trapping of contamination. Figure 7b shows an end-on view of the
normal incidence collector 206 shown in and described with reference to Figure 7a. Figure 7b
shows that apertures 206b are provided in the collector mirror 206a. A buffer gas may be inserted
in-between the planar foil members 226 from the back-side of the collector 206 via the apertures
206b.

[00102] The planar foil members may be appropriately located in order to create a significant
pressure drop in between the planar foil members 226. A significant pressure drop may keep most
of the gas in the foil trap, where the gas helps to trap particles, or where the foil trap helps to cool
the gas.

[00103] The planar foil members 226 may have different lengths (the length being measured

from the center of the collector mirror 206a outwards). For example, if the planar foil members
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226 all extended from the periphery of the collector mirror 206a to the aperture in the collector
mirror 204, the density of the planar foil members 226 in the area surrounding the aperture 204
may be such that the intensity of radiation reflected from that area is significantly reduced.
Therefore, half-length foil members may be added in-between full-length foil members. By using
planar foil members having different lengths, a more uniform and average foil spacing may be
achieved across surface of the collector mirror 206a. For example, planar foil members 226
having any suitable length (e.g. one-third or one-sixth of a full length planar foil member 226)
may be provided to establish a more uniform and average foil spacing across the surface of the
collector mirror 206a.

[00104] Figures 8 and 9 schematically depict an embodiment of the present invention. Figure 8
shows, in general, the same schematic profile section of the grazing incidence collector 6, the
contamination trap 5 (i.e. foil trap) and the radiation emitter 2 of Figure 3. Figure 9 shows an
end-on view of the contamination trap 5. Features shown in and described with reference to
Figures 3 and 4 are given the same reference numerals in Figures 8 and 9. However, in contrast
with Figures 3 and 4, Figures 8 and 9 show that the collector 6 is in contact with the planar foil
members 26 of the contamination trap 5. In particular, Figures 8 and 9 show that the shells 15 of
the collector 6 are in contact with the planar foil members 26 of the contamination trap 5. Heat
present in the planar foil members 26 (and a buffer gas in the vicinity of the planar foil members
26) may be dissipated via conduction through the collector shells 15 thereby reducing the heat
load on the planar foil members 26.

[00105] In some embodiments, surfaces of the collector are cleaned using, for example, a gas.
In such embodiments, the foil traps described above will no longer need to trap contamination. In
such embodiments, the foil traps may therefore no longer be considered as traps. For instance, in
embodiments where trapping of contamination is no longer desired, the foil traps may serve as
cooling members. The planar members may also be formed from materials others than foils, such
as for example one or more layers of metal too great in thickness to be considered as a foil. In
general, therefore, the planar foil trap members described above may be more generically
described as planar members that are aligned such that they are radially aligned with respect to the
emission point, so that the planar members obscure as little radiation as possible that is emitted
from the emission point. In other words, the planar foil members are oriented such that they are
parallel to the direction of travel of the radiation.

[00106] In some applications where the collector is attached to the planar members that are
aligned radially with respect to the emission point, it may be desirable to rotate the collector and
planar members (in combination) about an optical axis. This is so that any shadows (or in other

words blocking or obscurations) caused by the planar members will be averaged out over the
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entire collection angle. The collector and planar member arrangement may be rotated, for example,
when a gas is used to clean the collector, and the planar members are not serving as contamination
traps. This is because there will be no risk of re-emission of contamination from the planar
members due to centrifugal forces induced during rotation.

[00107] In some instances it may not be desirable to provide all or any of the magnets shown in
and described with reference to Figures 7 to 9. The principles shown in and described with
reference to Figures 7 to 9 do not depend on the incorporation of such magnets.

[00108] In some embodiments, not all of the planar members are in contact with the collector.
However, in order to reduce the heat load on the planar members, desirably a majority of the
planar members are in contact with the collector, and desirably all of the planar members are in
contact with the collector.

[00109] Although the embodiments of the invention have been described in relation to a
conventional grazing incidence collector, and to a conventional normal incidence collector, the
invention may be applied to other forms of collector. This includes collectors which have a
similar construction to the illustrated grazing incidence collector but in which the incidence angles
are not all grazing. In some instances for example a collector may collect at large collection
angles (e.g. >70° from the optical axis). Where this occurs, the reflection angles on the outer
shells of the collector become so large that it may be advantageous to coat the outer shells with a
reflective multilayer coating. Such a collector could be argued to no longer be a grazing-incidence
collector in the strictest sense. Furthermore, there exist collector designs based on two
near-normal-incidence reflections, in which there is generally a volume between the source and
the first reflection through which radiation passes once. When magnet rings with an elongate
shape as described above are placed in this volume, they only obscure radiation passing in one
direction (rather than radiation passing in two directions as per the embodiment described above
in relation to Figure 6). Therefore, the extent to which they obscure radiation is reduced.

[00ii0] Embodiments of the invention are not limited to radiation sources which use droplets
of material. An embodiment of the invention may for example generate plasma from a gas rather
than from droplets of material. Both of these may be considered to be examples of a plasma
generating substance.

[00111]  Although the above description of embodiments of the invention relates to a radiation
source which generates EUV radiation, the invention may also be embodied in a radiation source
which generates ‘beyond EUV’ radiation, that is radiation with a wavelength of less than 10 nm.
Beyond EUV radiation may for example have a wavelength of 6.7 nm or 6.8 nm. A radiation
source which generates beyond EUV radiation may operate in the same manner as the radiation

sources described above.
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[00112] The description above is intended to be illustrative, not limiting. Thus, it will be
apparent to one skilled in the art that modifications may be made to the invention as described
without departing from the scope of the clausess set out below. Other aspects of the invention are
set out in the following numbered clauses:
1. A radiation source comprising:

a radiation emitter configured to emit radiation;

a collector constructed and arranged to collect the radiation; and

a contamination trap constructed and arranged to trap contamination emitted by the
radiation emitter, the contamination trap comprising a plurality of foils that extend substantially
radially, a first magnet ring configured to lie outside of an outer conical trajectory of radiation that
is collected by the collector, and a second magnet ring configured to lie within the trajectory of
radiation that is collected by the collector, wherein the magnet rings are configured to provide a

magnetic field that includes a component that is parallel to the foils.

2.  The radiation source of clauses 1, wherein the collector comprises a plurality of reflective
shells provided within one another, and the second magnet ring is associated with a reflective shell

of the collector.

3.  The radiation source of clauses 2, wherein the contamination trap further comprises a third

magnet ring associated with a different reflective shell of the collector.

4.  The radiation source of clauses 3, wherein the contamination trap comprises magnet rings

associated with at least half of the reflective shells of the collector.

5.  The radiation source of clauses 2 or clauses 3, wherein at least one of the magnet rings is

substantially aligned with a reflective shell.

6. The radiation source of any of clausess 2 to 5, wherein at least one of the magnet rings is

provided between a terminating edge of one of the reflective shells and the radiation emitter.

7.  The radiation source of clauses 6, wherein the at least one magnet ring points towards the
radiation emitter such that inner and outer faces of the magnet ring lie substantially parallel to the

direction of travel of radiation emitted by the radiation emitter.
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8.  The radiation source of any of clausess 2 to 7, wherein at least one of the magnet rings is

provided in the collector in a shadow area that extends from one of the reflective shells.

9.  The radiation source of any of clausess 2 to 8, wherein the foils are provided between the

reflective shells of the collector.

10.  The radiation source of clauses 1, wherein the collector comprises a collector mirror
arranged to receive the radiation from the radiation emitter and reflect the radiation towards a

focus.

11. The radiation source of clauses 10, wherein the second magnet ring is longer in a direction
parallel to a first direction in which the radiation is emitted from the radiation emitter than in a

second direction that is perpendicular to the first direction.

12. The radiation source of clauses 10 or clauses 11, wherein the second magnet ring is closer to

the center of the collector mirror than to the outside of the collector mirror.

13. The radiation source of clauses 10 or clauses 11, wherein the second magnet ring is at a
location which is less than about 50% of the distance between the center and the outside of the

collector mirror.

14. A lithographic apparatus comprising:

a radiation source as clausesed in any of clausess 1 to 13;

an illumination system configured to condition the radiation into a radiation beam;

a support structure configured to support a patterning device, the patterning device being
configured to impart the radiation beam with a pattern in its cross-section;

a substrate table configured to hold a substrate; and

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

of the substrate.

15. A lithographic apparatus comprising:
a radiation source comprising
a radiation emitter configured to emit radiation;

a collector constructed and arranged to collect the radiation; and
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a contamination trap constructed and arranged to trap contamination emitted by
the radiation emitter, the contamination trap comprising a plurality of foils that extend
substantially radially, a first magnet ring configured to lie outside of an outer conical
trajectory of radiation that is collected by the collector, and a second magnet ring

5 configured to lie within the trajectory of radiation that is collected by the collector,
wherein the magnet rings are configured to provide a magnetic field that includes a
component that is parallel to the foils;
an illumination system configured to condition the radiation into a radiation beam,;

a support structure configured to support a patterning device, the patterning device being
10  configured to impart the radiation beam with a pattern in its cross-section;

a substrate table configured to hold a substrate; and

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

of the substrate.
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CONCLUSIE

1. Een lithografieinrichting omvattende:

een belichtinginrichting ingericht voor het leveren van een stralingsbundel;

een drager geconstrueerd voor het dragen van een patroneerinrichting, welke patroneerinrichting
in staat is een patroon aan te brengen in een doorsnede van de stralingsbundel ter vorming van een
gepatroneerde stralingsbundel;

een substraattafel geconstrueerd om een substraat te dragen; en

een projectieinrichting ingericht voor het projecteren van de gepatroneerde stralingsbundel op een
doelgebied van het substraat, met het kenmerk, dat de substraattafel is ingericht voor het
positioneren van het doelgebied van het substraat in een brandpuntsvlak van de

projectieinrichting.
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