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Cathode arrangement, electron gun, and lithograpy system comprising such electron gun.

@ The invention relates to a cathode arrangement
comprising:
- a thermionic cathode comprising an emission
portion provided with an emission surface for emitting
electrons, and a reservoir for holding a material,
wherein the material, when heated, releases work
function lowering particles that diffuse towards the
emission portion and emanate at the emission
surface at a first evaporation rate;
- a focusing electrode comprising a focusing surface
for focusing the electrons emitted from the emission
surface of the cathode; and
- an adjustable heat source configured for keeping the
focusing surface at a temperature at which
accumulation of work function lowering particles on
the focusing surface is prevented.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift wijkt af van de oorspronkelijk ingediende stukken.
Alle ingediende stukken kunnen bij Octrooicentrum Nederland worden ingezien.



10

15

20

25

30

Cathode arrangement, electron gun, and lithography system comprising such

electron gun

TECHNICAL FIELD

[0001] The invention relates to a cathode arrangement, an electron gun comprising
such cathode arrangement, and a lithography system comprising such electron gun.
Furthermore, the invention relates to a method for regulating a release of work function

lowering particles from a surface within such cathode arrangement.

BACKGROUND ART

[0002] Electron guns typically comprise an electron emission source or cathode
provided with an emission surface, a focusing electrode for directing the emitted
electrons to a predetermined spatially confined trajectory, and one or more further
electrodes for accelerating and deflecting the emitted electrons toward a target. An
electron emission source may be of a thermionic cathode type. A thermionic cathode
may be defined as a cathode heated by a heating element, for example an electrical
filament, causing the cathode to release electrons with sufficient energy to overcome a
work function of the material present on the emission surface. Generally, the focusing
electrode is located relatively close to the emission surface of the cathode, and is at the
same potential as the cathode. The shape of the focusing electrode is chosen such that
emitted electrons emanating from the emission surface are repelled in a desirable
fashion.

[0003] Dispenser type thermionic cathodes are a category of thermionic cathodes
comprising measures for continuously replacing evaporated material. For example, a
dispenser type thermionic cathode may comprise a cathode body with an internal
reservoir filled with a material that, upon heating, cause work function lowering
particles to diffuse from the reservoir to the emission surface. The presence of work
function lowering particles at the emission surface lowers the minimum energy
required for electron emission. Unfortunately, work function lowering particles
diffused within a thermionic cathode may not only stimulate electron emission, but the
particles, or reaction products formed from the particles, may deposit on surfaces of the

focusing electrode. Deposition will for example occur when the work function lowering
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particles are positively charged Barium ions, while the focusing electrode is held at a
negative potential for repelling the emitted electrons into an electron beam.
Accumulation of work function lowering particles on the surface of the focusing
electrode results in dimensional changes and possibly charging of the focusing
electrode, which may significantly perturb the electric field applied for focusing the
electrons. If the focusing electrode is located close to the cathode emission surface, any
particle accumulation on the focusing electrode may also distort the emission
distribution at the cathode emission surface. Furthermore, accumulation of particles on
the focusing electrode may change its work function, which may lead to increased
electron emission from the focusing electrode. These effects may have a negative
impact on the quality of the generated electron beam.
[0004] In applications using thermionic cathodes, such as electron guns for
electron beam lithography, a high and stable electron emission and current density from
the cathode may be necessary. In order to achieve this, the alignment of the emission
surface with respect to the focusing electrode is critical, as already a small
misalignment may cause unacceptable changes in beam properties, such as beam

current and/or current density.

SUMMARY OF INVENTION

[0005] It is desirable to provide a thermionic cathode with a good performance for
a longer period of time, i.e., an improved lifetime. For this purpose, in a first aspect a
cathode arrangement is provided, comprising: a thermionic cathode having an emission
portion provided with an emission surface for emitting electrons and a reservoir for
holding a material, which, when heated, releases work function lowering particles that
diffuse towards the emission portion and emanate at the emission surface at a first
evaporation rate; a focusing electrode comprising a focusing surface for focusing the
electrons emitted at the emission surface of the cathode during use, and an adjustable
heat source configured for keeping the focusing surface of the focusing electrode at a
temperature at which accumulation of work function lowering particles on the focusing
surface is prevented, or at least minimized.

[0006] The temperature of the focusing surface may be kept at or above a threshold

temperature at which work function lowering particles are released, or evaporate, from
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the focusing surface at a second evaporation rate which is equal to or higher than the
rate at which work function lowering particles arrive at the focusing surface.
[0007] Work function lowering particles will emanate from the emission surface
due to the temperature of the emission surface during use of the cathode, and may
deposit onto surfaces of the focusing electrode, in particular on the focusing surface. By
keeping the focusing surface at a temperature at which the evaporation rate of work
function lowering particles from the focusing surface is higher than the rate of arrival
of work function lowering particles on the focusing surface, accumulation of work
function lowering particles on the focusing surface can be avoided or at least
minimized. Thereby, the lifetime of the cathode arrangement may be increased.
[0008] Alternatively or more specifically, a cathode arrangement is provided,
comprising: a thermionic cathode having an emission portion provided with an
emission surface for emitting electrons and a reservoir for holding a material, wherein
the material, when heated, releases work function lowering particles that diffuse
towards the emission portion and emanate at the emission surface at a first evaporation
rate; a focusing electrode provided near the emission surface of the cathode, the
focusing electrode comprising a focusing surface for focusing the electrons emitted at
the emission surface of the cathode during use, and an adjustable heat source
configured for keeping the focusing surface of the focusing electrode at a temperature
above a threshold temperature that corresponds to a temperature at which a release of
work function lowering particles from the focusing surface at a second evaporation rate
equals an arrival rate of work function lowering particles at the focusing surface or
equals the [irst evaporation rate.
[0009] The term “near” refers herein to a distance of about 1- 15 microns (um)
between the emission portion of the cathode and a surface of the focusing electrode
facing the emission portion. The focusing surface may be facing away from the cathode
emission surface, and may in particular be oriented at an obtuse angle with respect
thereto.
[0010] The emission portion may comprise a pellet, for example a porous matrix
comprising Tungsten, located above the reservoir comprising the work function
lowering particles. Alternatively, the cathode may comprise an impregnated pellet,

wherein the pellet itself contains the work function lowering particles.
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[0011] The focusing electrode, also referred to as Pierce electrode, may comprise a
disc shaped portion having an electron transmission aperture bonded by an aperture
perimeter at the smallest section of the transmission aperture. The aperture perimeter
may preferably be arranged near the emission portion. A distance between a plane
defined by the aperture perimeter, forming the smallest aperture of the transmission
aperture, and a plane defined by the emission surface is preferably about 1- 15 um.
[0012] The focusing surface may form a truncated conical cut-out, having a cone
angle of about 138°. The angle formed between an inner electrode surface, facing the
emission portion, and the focusing surface is often referred to as Pierce angle. The
thickness of the focusing electrode portion bonded by the focusing surface and the
inner electrode surface should be thin. The focusing surface, in particular the distance
between the focusing surface and the emission portion of the cathode will strongly
influence the trajectory of electrons emitted by the emission surface and thus also the
properties of an electron beam generated by the cathode arrangement. Ideally, the
trajectories of electrons emitted from the cathode should be substantially straight, along
a substantially longitudinal direction away from the emission surface. A distance
between the inner electrode surface and the emission portion may cause a bend, or
curvature, in the trajectories of electrons emitted from the emission surface, which
causes disturbance of the electron beam.

[0013] The transmission aperture may be smaller than the emission surface. If the
transmission aperture perimeter and an emission surface perimeter are both circular, the
transmission aperture perimeter may have a smaller diameter than the emission surface
perimeter, typically on the range ol 100-200 um. For example, the {ransmission
aperture may have a diameter of Imm, and the cathode emission surface a diameter of
1.2 mm. Thereby alignment requirements may be less critical. The current of emitted
electrons may remain constant even if there is a small misalighment between the
focusing electrode and the cathode.

[0014] In some embodiments, the thermionic cathode comprises a cathode body,
also referred to as cathode housing, housing the emission portion and the reservoir. The
emission portion may preferably be arranged such that the emission surface is
substantially (lush with a surrounding rim of the cathode body. The [ocusing electrode
may comprise a heat trapping surface facing at least a portion of the cathode body, and

arranged for receiving heat radiation emitted by the cathode body during use. The heat
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trapping surface thus has an extension such as to face at least a portion of the cathode
body. The heat trapping surface is in thermal communication with the focusing surface.
Preferably, the heat trapping surface at least partially surrounds an outer surface of the
cathode body.
[0015] Preferably, the heat trapping surface of the focusing electrode is, on the
time scale of typical thermal radiation fluctuations within the thermionic cathode, in
good thermal contact with the focusing surface. The thermal contact may be achieved
by making the focusing surface, the heat trapping surface, and their interconnecting
portions from one or more materials with a high thermal conductivity, for example a
metal such as Molybdenum, Zirconium or Titanium, or an alloy comprising
Molybdenum, Zirconium and/or Titanium, for example a TZM alloy.
[0016] In some embodiments, one or more radial interspacings are defined
between the heat trapping surface and an outer surface of the cathode body. The radial
interspacings may reduce thermal conduction between the cathode body and the heat
trapping surface of the focusing electrode. Reduced thermal conduction between the
cathode body and the focusing electrode increases the relative influence of thermal
radiation with respect to heat transfer between these two structures. Three, or more,
radial spacers or tabs may be provided on the inside of the cylindrical shell for
providing a radial interspacing between the cathode body and the heat trapping surface.
[0017] The heat trapping surface enables absorption of thermal radiation emitted
by the cathode body during operation. The focusing surface of the focusing electrode is
subsequently heated by thermal transfer from the heat trapping surface to the focusing
electrode. The term “thermal radiation” refers herein to electromagnetic and energy
effects related to heating, by means of radiation at, e.g., infrared and/or optical
frequencies.
[0018] During operation, the cathode body is brought to a sufficiently high
temperature in order [or the emission portion to emit electrons at a desired rate. Various
methods of heating the cathode body and the emission portion may be employed.
Preferably, these methods effectuate heating of the cathode body and emission portion,
while not directly heating the focusing electrode.
[0019] The adjustable heat source may provide for indirect heating of the [ocusing

electrode, via heat radiation from the cathode body during use. The adjustable heat
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source may be provided for heating the cathode, in particular to a nominal temperature
at which specified electron emission occurs.
[0020] By the design of the cathode arrangement, especially by the geometry and
possibly by the materials, of the focusing electrode and the relative distances between
the cathode body and the focusing electrode according to the embodiments described
herein, the focusing surface may achieve the temperature defined above. In particular, a
relation between an inner focusing electrode surface area, receiving heat radiated from
the cathode body, and an outer focusing electrode surface area, providing cooling by
thermal radiation from the focusing electrode, influences the temperature of the
focusing electrode.
[0021] In some embodiments, the adjustable heat source may be arranged for
heating the reservoir such that the work function lowering particles diffuse towards the
emission portion and emanate at the emission surface at the first evaporation rate.
[0022] The adjustable heat source may comprise a heater cathode, which may be
arranged to heat the reservoir of the cathode arrangement by means of electrons emitted
from a heater cathode emission surface. The heater cathode may be arranged such that
emitted electrons are focused, e.g. by a heater cathode focusing electrode, to a beam
impinging on the thermionic cathode, or a portion thereof. The heater cathode may be
configured for generating an electron beam with a beam current of about 1 to 10 mA.
[0023] Alternatively, the adjustable heat source may be arranged within the
cathode body or within a receptacle formed by the cathode body. The adjustable heat
source may comprise a heating filament arranged within the thermionic cathode in
order 1o heat the reservoir and the cathode body. Alternatively, the adjustable heat
source may comprise a laser, a laser light beam emitted by the laser being configured
for heating the reservoir and the cathode body. Also in these configurations, the
focusing electrode may be heated via thermal radiation from the cathode body.
[0024] Alternatively, the adjustable heat source may be arranged f(or directly
heating the focusing electrode. This may be realized by a heater filament arranged
within the focusing electrode, or by heating the focusing electrode by laser irradiation.
Alternatively, the adjustable heat source may comprise a heater cathode arranged as
above, and a portion of the electrons emitted by the heater cathode may be diverted

toward the focusing electrode in order to directly heat this.
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[0025] In some embodiments, the focusing electrode comprises a shell that
surrounds the cathode body, the shell being provided with an inner surface, at least a
portion thereof forming the heat trapping surface. The shell may be cylindrical.
[0026] Substantially the whole inner surface of the shell may form the heat
trapping surface. Alternatively, one or more portions of the inner surface may form the
heat trapping surface. The area of the heat trapping surface influences the amount of
heat radiation that is absorbed by the focusing electrode. The focusing electrode may
lose heat by thermal radiation from the outer focusing electrode surface. Therefore, the
ratio between inner area and outer area of the focusing electrode influences the
temperature of the focusing electrode. A relatively larger outer area means more
cooling of the focusing electrode. In this way, for a fixed cathode temperature,
depending on the focusing electrode geometry, a temperature in the range of 900K to
1300K of the focusing surface can be reached.
[0027] Therefore, by adjusting, e.g., the area of the heat trapping surface, its
orientation with respect to the cathode body, for example the distance between the
cathode body and the heat trapping surfaces, and the external surface area of the
focusing electrode, the temperature of the focusing electrode, and thereby in particular
the temperature of the focusing surface, can be adjusted.
[0028] One or more heat shielding elements may be arranged between the cathode
body and the focusing electrode, and/or coatings or layers providing a lower heat
absorption may be provided on the inner surface of the focusing electrode, in order to
limit the amount heat radiation from the cathode body that reaches the focusing
electrode. Thereby, the geometry of the [ocusing electrode, and thus its temperature,
may be adjusted.
[0029] In some embodiments, the emission portion is provided with a non-
emission surface surrounding the emission surface, wherein the focusing electrode
comprises an inner electrode surface that (aces the emission portion, and wherein at
least one of the inner electrode surface and the non-emission surface comprises three
spacing structures, also referred to as z pads, for providing a spacing between the
focusing electrode and the emission surface.
[0030] The non-emission surface may comprise a rim of the cathode body
surrounding and preferably being flush with the emission surface. The spacing

structures may align a plane defined by the aperture perimeter and a plane defined by
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the emission surface substantially parallel to one another, with a longitudinal spacing
The spacing structures preferably have small dimensions compared to the emission
portion so as to limit thermal conduction between the focusing electrode and the
emission surface. The emission surface may for example have a surface area in the
order of 0.5-6 square millimeters, while the largest cross-section of each spacer
structure may be in the order of 0.01-0.1 square millimeter. The spacing structures
preferably have a height of 1-10 pm and a width of about 100 pm. They may be made
of the same material as the focusing electrode. Alternatively, they may comprise
another material, for example aluminum (Al) or a thermally insulating material. The
spacing structures may be substantially cylindrical. Alternatively, they may have other
suitable shapes, e.g. pyramidal or frusto-conical.
[0031] By the three spacing structures, of small and defined dimensions, a stable
and well defined distance and a controlled mechanical contact between the non-
emission surface and the focusing electrode, especially the inner electrode surface, may
be obtained. Thereby, thermal conduction between the emission portion and the
focusing electrode may be limited.
[0032] The thermionic cathode and the focusing electrode are preferably arranged
such that direct thermal conduction from the cathode, i.e. from the housing or the
emission surface, to the focusing electrode is avoided or at least minimized. Thermal
transfer from the cathode to the focusing electrode thus mainly occurs by thermal
radiation. Heat transfer via thermal radiation is considered more stable and
reproducible than heat transfer by thermal conduction. Thermal conduction depends on,
e.g., contact pressure and contact area between connected structural elements.
[0033] In order to provide thermal stability of the mechanical contacts formed
between the cathode body and the focusing electrode by the spacing elements, the
spacing elements may comprise one or more blocking layers which do not allow
sintering, the blocking layer preferably being electrically conductive. Alternatively, the
mechanical contact may be formed via layers which allow sintering but are configured
such that even if the degree of sintering increases with time, the degree of thermal
conduction will not change.
[0034] Alternatively, a large contact area, [or example a maximized contact area,

may be provided between the non-emission surface and the inner electrode surface,
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such that even if sintering occurs during use of the cathode, thermal conduction
between the cathode and the focusing electrode does not change in time.
[0035] The shell may comprise one or more angular interspacings for
accommodating a confinement arrangement for confining the cathode body with
respect to the focusing electrode and/or a support structure. These may be formed as
slits or cut-outs in the shell structure.
[0036] The cathode arrangement may comprise a support structure provided with a
confinement arrangement for confining, or limiting movement of, the focusing
electrode and/or the cathode body with respect to the support structure. Thereby, the
cathode body may be restrained with respect to the focusing electrode. The focusing
electrode may be restrained with respect to the support structure. The support structure
may comprise, or form part of, a support electrode in an electron gun described below.
[0037] The confining arrangement may comprise one or more end stops, having
surface areas facing, but arranged at a distance from, one or more surface areas of the
cathode body and/or focusing electrode. Physical contact between the confining
arrangement and the cathode arrangement may thereby be avoided, minimizing thermal
conduction between the cathode arrangement and the support structure. The confining
arrangement may comprise one or more focusing electrode end stops and/or one or
more cathode end stops. The focusing electrode end stop and the cathode end stop may
be a monolithic unit, or may be comprised in separate structures.
[0038] By this arrangement, when the cathode is positioned in the orientation
intended during use, the cathode body is resting on the inner electrode surface, in
particular on the spacing structures, by means ol gravity. Similarly, the focusing
electrode rests on the support structure by means of gravity. In this orientation, the end
stops are arranged at a distance from surfaces of the cathode arrangement. However, if
the cathode arrangement, together with the support structure, would be tilted with
respect 1o the intended orientation, e.g. turned upside down, the end stops will prevent
the elements of the cathode arrangement from falling apart and from falling out of the
support structure.
[0039] The work function lowering particles may comprise Barium. In this case,
the adjustable heat source is prelerably confligured to keep the temperature of the
focusing surface of the focusing electrode above a threshold temperature of 900K.

Keeping the focusing surface temperature above 900K the rate at which Barium, which
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may have been deposited on the focusing surface, evaporates from the focusing surface
is higher than the rate at which Barium particles, which have emanated from the
emission surface, arrive at the focusing surface. As a result, accumulation of Barium
particles on the focusing surface is reduced. Especially, it may be reduced to a single
monolayer. Ideally, deposition, and eventually accumulation, of Barium particles may
be avoided.
[0040] Although it is desired to keep the focusing electrode at an elevated
temperature in order to avoid contamination thereof, increasing the focusing electrode
temperature increases the probability of electron emission from the focusing surface.
The temperature of the focusing surface should be lower than the temperature of the
cathode body.
[0041] In some embodiments, the adjustable heat source is further configured to
keep the temperature of the focusing surface below a further threshold temperature of
1300 K. By keeping the electrode temperature below 1300 K, preferably in
combination with the focusing surface having been carbonated or coated with a work
function increasing coating, a current of electrons that are emitted by the focusing
electrode remains below 0.01-0.1 % of the electron current emitted by the emission
surface of the cathode.
[0042] The focusing surface may have been exposed to a treatment which
increases the work function at temperatures above 1100 K. Thereby, the electron
emission may be suppressed also at temperatures above 1100K. For example, the
focusing electrode, or at least the focusing surface, may be made of, or may be coated
with, an electron emission suppressing coating. The focusing electrode, in particular the
focusing surface, may be coated with Zirconium or an alloy comprising Titanium-
Zirconium-Molybdenum. Alternatively, the focusing surface may be carbonated.
[0043] Some embodiments of the invention relate to a focusing electrode
comprising a cylindrical shell defining a cavity (or accommodating a cathode body, and
a front cover provided with a circular electron transmission aperture and a focusing
surface on an outer surface, wherein a heat trapping surface is provided on an inner
surface of the cylindrical shell. The shell may be considered to surround an inner void,
or cavity, [or accommodating a cathode, such as a thermionic cathode. By a circular
aperture, a symmetric electron beam may be generated. This focusing electrode may be

the focusing electrode of any one of the cathode arrangements described herein.
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[0044] The cylindrical shell may comprise angular interspacings for
accommodating a confinement arrangement for confining the focusing electrode and/or
the cathode body with respect to a support structure. This may be a confinement
arrangement as described above.
[0045] The focusing surface is preferably oriented at an angle to the inner
electrode surface of the front cover, whereby an acute angle is formed at the electron
transmission aperture, as described above. Thus, the focusing surface and the inner
electrode surface converge at the transmission aperture.
[0046] The focusing electrode may be provided with three spacing structures on
the inner electrode surface for providing a spacing between the focusing electrode and
the cathode body. These spacing structures may be similar or identical to the spacing
structures described above with reference to the cathode arrangement.
[0047] The focusing electrode may be provided with radial spacers on the inside of
the cylindrical shell for providing one or more radial interspacings between the cathode
body and the focusing electrode. Preferably, three or four radial spacers are provided.
[0048] A method for regulating a release of work function lowering particles from
a surface is provided. The method comprises providing a cathode arrangement
according to any one of the embodiments described above, and keeping the temperature
of the focusing electrode above a threshold temperature corresponding to a release of
work function lowering particles from the focusing surface at an evaporation rate that
equals an evaporation rate of work function lowering particles arriving at the focusing
surface or emanating from the emission surface of the cathode. That is, the focusing
electrode is kept al a temperature al which an evaporation flux of work [unction
lowering particles and/or their reaction products equals the arrival rate at the focusing
surface of work function lowering particles emanating from the emission surface of the
cathode. Preferably, the focusing surface may be kept at a temperature at which the
evaporation rate of work [rom the [ocusing surface is higher than the deposition rate of
work function lowering particles and/or their reaction products onto the focusing
electrode. Preferably, the focusing surface is kept at the lowest possible temperature at
which this occurs.
[0049] The method may comprise keeping the temperature of the focusing
electrode below a further threshold temperature corresponding to a first electron current

density created by emission of electrons from the focusing surface that is 0.01-0.1% of
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a second electron current density created by emission of electrons from the emission
surface of the cathode.
[0050] The work function lowering particles may comprise Barium. The method
may comprise keeping the temperature of the focusing electrode between 900 K and
1300 K during use of the cathode arrangement.
[0051] In order to obtain a high and stable current density of an electron beam
generated by an electron gun comprising a cathode arrangement, the alignment of the
cathode with respect to the focusing electrode is important. According to a second
aspect, a cathode arrangement is provided, which comprises:
- a cathode body housing an emission surface for emitting electrons in a longitudinal
direction, wherein the emission surface is bounded by an emission perimeter; and
- a focusing electrode at least partially enclosing the cathode body in a transversal
direction, and comprising an electron transmission aperture near the emission surface
for focusing the electrons emitted by the emission surface during operation, wherein the
aperture is bounded by an aperture perimeter.
The cathode body is moveably arranged within the focusing electrode over a maximum
transversal distance from an aligned position, and the aperture perimeter transversally
extends over the emission surface and beyond the emission perimeter over an overlap
distance that exceeds the maximum transversal distance.
[0052] The cathode of the cathode arrangement according to the second aspect
may be a thermionic cathode, as described with reference to the first aspect.
[0053] The focusing electrode may be heated, such as to avoid accumulation of
work function lowering particles on the [ocusing electrode, in a similar manner as
discussed above with respect to the first aspect.
[0054] The emission perimeter may be formed by a border or interface between the
emission surface and a surrounding rim of the cathode body. The emission surface is
preferably (lush with the rim of the cathode body. The emission surface may be
comprised in a cathode pellet, for example a porous pellet arranged over a reservoir
comprising work function lowering particles as described with respect to embodiments
of a cathode arrangement according to the first aspect.
[0055] The aperture perimeter is positioned radially inside of the emission
perimeter. That is, the emission perimeter encloses a larger surface area than the

aperture perimeter. The emission surface is thus larger than the area of the aperture
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perimeter. In other words, the focusing electrode transversally extends over the
emission surface, beyond the emission perimeter. Since the overlap distance is larger
than the maximum transversal distance, related to the maximum amount of play,
possible for the cathode body within the focusing electrode, the aperture will always be
fully positioned over the emission surface. That is, even if the cathode body is not in
the perfectly aligned position with respect to the focusing electrode, this will not
influence the current of electrons emitted by the cathode. This way, even if the cathode
body deviates from the aligned position, the electron transmission aperture will be fully
projected onto the emission surface, seen in the longitudinal direction.
[0056] The maximum transversal distance is preferably in the range of 10 to 35
um, more preferably about 10-15 pm. The maximum transversal distance is the
distance the cathode body can move from the central aligned position.
[0057] The overlap distance may be in a range of 10 um to 100 um, and may
preferably be equal to 50 um. Thereby, mechanical tolerances may be relaxed from
about 1 um for a cathode arrangement where the transmission perimeter is equal in size
to the emission perimeter, to about S0 um.
[0058] As described above, the focusing electrode may be arranged such that an
inner electrode surface of the focusing electrode facing the emission portion, may be
positioned at a distance of 1 to 15 um, preferably 1pm or 5 pm, from the emission
surface or arim of the cathode body flush with the emission surface. The focusing
electrode may be a focusing electrode as described above with reference to the first
aspect.
[0059] The aperture perimeter and the emission perimeter may be similarly shaped,
and preferably are circular. A circular aperture perimeter enables formation of a
symmetrical electron beam.
[0060] The focusing electrode preferably has an inner electrode surface facing the
emission surface, and three spacing elements arranged [(or providing a spacing between
the focusing electrode and the emission portion. These spacing elements may be
spacing elements as described above.
[0061] Radial spacers, or tabs, preferably three or four, may be provided on an
inner surface ol a cylindrical shell formed by the [ocusing electrode, for providing an

annular gap between the inner surface of the cvlindrical shell and the cathode body.
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[0062] According to a third aspect, a focusing electrode is provided. The focusing
electrode comprises a cylindrical shell defining a cavity, for accommodating a cathode
having a cathode body, and a front cover located at a first end of the cylindrical shell,
the front cover having an inner electrode surface, a focusing surface, and an electron
transmission aperture. The cylindrical shell is provided with angular interspacings for
accommodating a confining arrangement for confining the focusing electrode and/or
the cathode body with respect to a support structure.
[0063] The focusing electrode of the first and/or second aspect may be a focusing
electrode according to the third aspect. The different features, embodiments and
advantages described above for the focusing electrode according to the third aspect
may therefore be similar to the features described above for the first and second
aspects. The confinement arrangement may be a confinement arrangement as discussed
above with respect to the first aspect.
[0064] The angular interspacings may be provided by slits or cut-outs in the shell
structure. The cut-outs may extend from a second end of the cylindrical shell and
ending at a distance from the first end. This distance is preferably larger than a
dimension of the first end of the cathode body along the longitudinal direction.
Thereby, a distance may be provided between end stops of a confining arrangement
arranged to protrude through the angular interspacings and facing a surface of the
cathode body.
[0065] The focusing surface may be arranged by a conical cut-out in the front
cover. The focusing surface and the inner electrode surface may converge at the
transmission aperture, to [orm a transmission aperture perimeter.
[0066] The inner electrode surface may be provided with three spacing elements
adapted to support cathode front surface, in particular a non-emission surface
surrounding an emission surface. As described above, the spacing structures are
conligured [or aligning a plane defined by the emission surface parallel to a plane
defined by the transmission aperture.
[0067] The cylindrical shell may be provided with support elements extending
from the cylindrical shell. The support elements and the support structures may be
confligured such that the (ocusing electrode rests, by means of gravity, on the support
structure via three substantially point contacts formed between three support elements

and the support structure. Further support elements may be provided, confining
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transversal movements of the focusing electrode and/or a rotation of the focusing
electrode around the longitudinal axis.
[0068] According to a fourth aspect, a cathode arrangement comprises a source
cathode arrangement and a heater cathode arrangement is provided. The source cathode
arrangement may be a cathode arrangement according to any embodiment of the first or
second aspect.
[0069] The source cathode arrangement comprises a cathode body and an emission
portion provided with an emission surface for emitting electrons, and a reservoir or a
pellet comprising a material for releasing work function lowering particles when
heated, the reservoir and/or pellet being configured such that work function lowering
particles diffuse towards the emission surface. The heater cathode arrangement
comprises a heater cathode configured to heat a portion of the cathode body such that
the material releases work function lowering particles and that the emission surface
emits electrons.
[0070] The heater cathode arrangement may comprise a focusing electrode
arranged to converge electrons emitted from the heater cathode into an electron beam.
The heater cathode and the source cathode are preferably arranged with respect to each
other such that the electron beam generated by the heater cathode arrangement is
focused in a volume enclosed by a portion of the cathode body, referred to as
receptacle. The receptacle is arranged with an innermost end surface facing the
reservoir or pellet of the source cathode arrangement. The receptacle may form a
hollow cylinder, closed at one end by the innermost end surface, and having a depth
such as to minimize the amount of electrons escaping [rom the receplacle.
[0071] The heater cathode arrangement and the source cathode arrangement are
preferably coaxially aligned along a longitudinal axis. Especially, the heater cathode
focusing electrode may be coaxially aligned with the cathode body, and/or with a
source cathode focusing electrode.
[0072] The heater cathode may comprise a thermionic cathode, such as an I-type
thermionic cathode, e.g. a cathode comprising an impregnated pellet. The heater
cathode may be heated by a filament wire. The heater cathode may be a standard

thermionic cathode.
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[0073] The source cathode arrangement may function as an anode for the heater
cathode arrangement. A potential difference on the order of 1 kV may be applied
between the source cathode arrangement and the heater cathode arrangement.
[0074] The focusing electrode of the heater cathode may have a potential of -6 kV,
the same potential being applied to the heater cathode. When located in an electron
gun, the heater cathode focusing electrode may be referred to as GM1 electrode. The
heater cathode filament may have a potential of +8 V with respect to the heater cathode

focusing electrode. The source cathode arrangement may have a potential of -5 kV.

[0075] An electron gun, or electron source, for generating an electron beam is
provided. The electron gun comprises a cathode arrangement according to any of the
aspects or embodiments described above for emitting a plurality of electrons; and at
least one shaping electrode for shaping, or focusing, the emitted electrons into the
electron beam.

[0076] The electron gun may comprise one or more shaping electrodes. For
example, it may comprise three shaping electrodes. The shaping electrodes may each
comprise a conducting body provided with an aperture, also referred to as shaping
aperture. The shaping apertures are coaxially aligned.

[0077] Preferably, the shaping apertures are coaxially aligned with the
transmission aperture of the focusing electrode.

[0078] Some embodiments of the invention relate to an electron beam lithography
system for exposing a target using at least one electron beamlet, the system comprising:
a beamlet generator [or generating the at least one electron beamlet; a beamlet
modulator for patterning the at least one electron beamlet to form at least one
modulated beamlet; a beamlet projector for projecting the at least one modulated
beamlet onto a surface of the target; wherein the beamlet generator comprises an

electron gun according o any one of the embodiments described above.

BRIEF DESCRIPTION OF DRAWINGS
Various embodiments will be further explained with reference to embodiments shown
in the drawings wherein:

[0079] FIG. 1aschematically shows a cross-section of a cathode arrangement;
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[0080] FIG. 1b schematically shows a perspective view of a portion of a cross
section of the cathode arrangement of FIG. 1a;
[0081] FIG. 2a schematically shows a perspective view of a cathode arrangement;
[0082] FIG. 2b schematically shows a perspective view of a portion of a focusing
electrode for a cathode arrangement;
[0083] FIG. 3 schematically shows a cross-sectional view of a cathode
arrangement;
[0084] FIG. 4 schematically shows a cross sectional perspective view of a cathode
arrangement mounted in a support structure, especially in an electron gun;
[0085] FIG. 5 schematically shows a cross-sectional view of part of an electron
gun; and

[0086] FIG.6 schematically shows an electron beam lithography system.

DESCRIPTION OF EMBODIMENTS

[0087] The figures and the following description are intended for examples and
illustrations of various embodiments, and are not to be interpreted as limiting,
Alternative embodiments may be possible, without departing from the scope of the
appended claims.

[0088] “Longitudinal” refers to the direction indicated by the Z-axis in the figures,
while “transversal” corresponds to any direction perpendicular to the Z-axis, i.e. any
direction in the plane spanned by the X- and Y-axis. “Radial” refers to a transversal
direction in the plane spanned by the X and Y axes, and pointing away from a central
axis along the Z-direction. This convention is used in a non-limiting manner, and

merely serves to clarify spatial relations in exemplary embodiments described below.

[0089] The cathode arrangement 20 is configured to emit a plurality of electrons,
for forming an electron beam. The cathode arrangement 20 comprises a thermionic
cathode, preferably of the dispenser type, and a focusing (pierce) electrode 40. The
thermionic cathode shown in FIG.1a comprises a cathode body or housing 22, housing
an emission portion 30 provided with an emission surface 32, and a reservoir 38 for
holding a material which, when heated, releases work function lowering particles 70.
The emission portion may comprise a porous pellet body 28, for example a Tungsten

pellet, sealed to the inner surface of the cathode body 22 such that the reservoir 38
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provides a sealed space within the cathode. The pellet body 28 may be of cylindrical
shape, arranged with a first end surface forming the emission surface 32 and the second
end surface facing the reservoir 38. The emission portion 30 is provided at a first end
24 of the cathode body 22. The cathode body 22 is a hollow body having an outer
surface 36 circumscribing the emission portion 30 and the reservoir 38. Preferably, at
the first end 24, the cathode body 22 has a sufficient thickness to form a surface or rim
34 facing the focusing electrode 40. The surface 34 is preferably perfectly aligned with
the emission surface 32. This rim 34 is hereafter referred to as non-emission surface 34.
Preferably, the non-emission surface 34 and the emission surface 32 are joined
together, for example by means of brazing, to form a single cathode surface.
[0090] The reservoir 38 may be cup-shaped with an open end facing the emission
portion 30, and may be filled with material comprising work function lowering
particles 70 which upon heating diffuse from the reservoir 38, through the porous pellet
body 28, to the emission surface 32. Preferably, the particles form a work function
lowering layer at the emission surface 32. Such work function lowering layer reduces
the minimum energy required for electron emission from the cathode emission surface
32, and may further improve the homogeneity of electron emission. The work function
lowering particles emanates from the emission surface 32 at a first evaporation rate ®c
during use of the cathode. These particles are replaced by particles 70 that reach the
emission surface 32 later. Preferably, the dispenser type thermionic cathode allows for
continuous replacement of work function lowering particles at the emission surface 32.
[0091] The focusing electrode 40 is made of an electrically conducting material.
The focusing electrode 40 comprises a planar body, e.g. a plate, provided with an
electron transmission aperture 44 for transmitting electrons emitted at the emission
surface 32. The electron transmission aperture 44 is preferably circular, to allow
circularly symmetric electron beam generation.
[0092] The (ocusing electrode 40 comprises a [ocusing surface 42 [or focusing
electrons emitted at the emission surface 32 of the cathode. The focusing surface 42 has
a shape that enables it to generate an electric field distribution suitable for repelling
electrons emanating from the emission surface 32 in a desirable direction away from
the emission surface 32. In FIGS. 1a, 1b, the [ocusing surface 42 of the [ocusing
electrode 40 is defined by the outwardly slanted surface of the truncated conical cut-

out, and this focusing surface 42 surrounds the transmission aperture 44.



10

15

20

30

19
[0093] At least a portion of the focusing electrode 40 of the cathode arrangement
20 is provided near the emission surface 32. The term “near” in this context
corresponds to a distance D of about 1 — 15 pm between a plane S2 defined by
emission surface 32 and a transmission aperture plane S1. Preferably, a longitudinal
interspacing 60 of about5 um, possibly even smaller, is formed between the inner
electrode surface 46 and the cathode surface. The transmission aperture plane S1 is
spanned by the edge of the focusing surface 42 facing the electron transmission
aperture 44. Thus, the transmission aperture plane S1 in FIGS. 1a, 1b is located in the
plane at which the electron transmission aperture has the smallest diameter, i.e. is
located closest to the emission surface 32. Preferably, the transmission aperture plane
S1 is aligned parallel to the emission surface 32, to provide a substantially isotropic
focusing effect on the electrons emitted by the emission surface 32.
[0094] In an embodiment, the aperture perimeter 45 may span a smaller cross
section than the emission surface 32, such that the inner electrode surface 46 extends
with an overlap over the emission surface 32, analogous to the cathode arrangement
described with respect to FIG. 3. Thereby a projection of a transmission aperture
perimeter may always be fully located within a perimeter of the emission surface 32.
[0095] The lifetime of a thermionic cathode arrangement may be extended by
keeping the focusing surface 42 of the focusing electrode at a temperature Te above a
threshold temperature Te- at which a rate of release, or evaporation, of work function
lowering particles from the focusing surface 42 equals or exceeds the rate ®c¢ at which
work function lowering particles emanating from the emission surface 32 arrives at the
focusing surface 42. Keeping the focusing surlace 42 above such threshold temperature
Te- prevents the development of a layer formed by deposition of work function
lowering particles onto the focusing surface 42. Deposition of such particles negatively
influences the performance of the cathode arrangement 20. In other words, a
sulficiently high temperature of the [ocusing surface 42 reduces, and mostly even
prevents, accumulation of work function lowering particles on the focusing surface 42.
[0096] Various methods of generating the heat in the cathode body 22 and the
emission portion 30 of the cathode may be employed. Preferably, these methods cause
heating of the cathode body 22 and/or emission portion 30, but do not directly heat the

focusing electrode 40.
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[0097] To accomplish bringing the focusing surface 42 at a sufficiently high
temperature, the cathode arrangement 20 comprises an adjustable heat source for
heating the cathode in such a way that the focusing electrode 40 is heated as well.
Preferably, the focusing electrode 40 is heated by thermal radiation Q, e.g. infrared
radiation, emitted by the cathode body 22. The cathode body 22 and the focusing
electrode 40 may be arranged and configured such that the heat transfer from the
cathode body 22, and possibly also the emission surface 32, results in a focusing
surface temperature within the range specified above.
[0098] The geometry and relative arrangement of the cathode body and the
focusing electrode, in combination with the adjustable heat source, are configured for
controlling the temperature of the focusing surface 42 during cathode operation. By
suitable adjustment of the adjustable heat source, an electrode temperature Te may be
achieved such that it is above a threshold temperature Te- at which the rate of work
function lowering particles emanating from the emission surface of the cathode is
substantially equal to the rate at which such work function lowering particles evaporate
from the focusing surface 42.
[0099] In the embodiment depicted in Fig. 1a, the adjustable heat source takes the
form of an auxiliary cathode or heater cathode 50, arranged to heat the thermionic
cathode. The heater cathode 50 preferably has an adjustable power supply for
controlling a rate at which electrons are emitted, and is thus capable of regulating the
thermal energy supplied to the thermionic cathode. The heater cathode 50 may for
example be configured for generating an electron beam with a beam current of about 1
10 10 mA, wherein the emitted electrons may be accelerated toward the cathode body
22 over a 1 kilovolt electrical potential difference, resulting in a power of about 1 to 10
W. Such power suffices for bringing the source cathode to a temperature of
approximately 1500 K.
[00100]  The heater cathode 50 is arranged (o emit electrons towards the a rear
portion 25 of the cathode body 22, referred to as receptacle or Faraday cup 25.
Preferably a portion of the kinetic energy of the electrons received by the receptacle 25
is converted into heat. The receptacle 25 is arranged for receiving electrons, either
directly [rom the heater cathode 50 or indirectly in the form ol backscattered electrons
after impact of electrons on the surface adjacent to the end of the reservoir 38 facing

away from the emission surface 32. The receptacle 25 has a depth such as to minimize
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escape of electrons. As a result of the impact of electrons, kinetic energy of the
electrons is converted into heat, resulting in heating of the receptacle 25 and of the
reservoir 38. Thus, upon receipt of electrons from the heater cathode 50 (or another
adjustable heat source), the cathode body 22 will be heated. The heated cathode body
22 will lose some of its heat energy via thermal (e.g. infrared) radiation QQ, which is, at
least partially, radiated outward from the outer surface 36. The heat trapping surface 52
of the focusing electrode 40 surrounding the cathode body 22 will receive and absorb a
major portion of the heat radiation Q emitted by the cathode body 22. Analogously, a
heat trapping surface 52 may be arranged on the inner electrode surface 46 to receive
thermal radiation from the non-emission surface 34. The heat trapping surface 52 is in
good thermal communication with the focusing electrode surface 42. As a result, a
substantial portion of the received heat energy will be conducted to the focusing surface
42,
[00101]  Thus, the adjustable heat source supplies a controllable amount of thermal
energy to the reservoir 38, and influences the amount of heat transferred, by thermal
radiation, towards the focusing electrode 40. Consequently, the adjustable heat source
indirectly controls the thermal energy supplied to the focusing electrode 40 in general,
and the focusing surface 42 of the focusing electrode 40 in particular.
[00102]  In alternative embodiments, the adjustable heat source may be formed by a
heater element directly thermally connected to the focusing electrode 40. For example,
an electrical filament arranged within the focus electrode could be used. Altematively,
a part of the electron beam emitted from the heater cathode could be diverted and
directed toward the [ocus electrode to directly heat this.
[00103]  Alternatively, or additionally, other heat sources may be used for heating
the thermionic cathode. For example a controllable electrical heating filament may be
provided in the cathode body 22, or in the receptacle 25. Also in this case, the focusing
electrode 40 may be heated by thermal radiation [rom cathode body 22.
[00104]  In some embodiments, the adjustable heat source may be used in addition to
a standard heat source for heating a reservoir in a dispenser type thermionic cathode,

such as an electrical filament.

[00105]  In the embodiments depicted in FIGs.1a, 1b, 2a, 2b, the focusing electrode
40 comprises a shell 54 surrounding the cathode body 22. Alternatively, the shell 54
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may be partly enclosing the cathode body 22. The shell 54 is provided with an inner
surface, and may take the form of a hollow cylinder. At least a portion of the inner
surface forms a heat trapping surface 52 configured to absorb thermal radiation Q
emitted by the cathode body 22. As for example depicted in FIG.1a, the heat trapping
surface 52 surrounds and faces inwards to the outer surface 36 of the cathode body 22.
The inner electrode surface 46 may be configured to absorb thermal radiation emitted
from the non-emission surface 34. The absorbed thermal radiation Q will heat the
focusing electrode 40 and its focusing surface 42 in particular. As described above, the
focusing surface 42 is in good thermal conduction with the heat trapping surface 52.
The heat trapping surface 52 enables efficient reuse of thermal radiation Q emitted by
the cathode body 22 by absorbing it for heating the focusing electrode 40 and its
focusing surface 42 in particular.
[00106]  Preferably, the shell 54 and cathode body 22 are coaxially aligned. A radial
interspacing 58 is defined between the outer cathode surface 36 and the heat trapping
surface 52. The radial interspacing 58 extends in a radial direction between the heat
trapping surface 52 and the outer cathode surface 36, and extends from the first cathode
end 24 along the longitudinal direction Z. The radial interspacing may be maintained
by four radial spacers, or pads, 59 circumferentially distributed around the inner surface
of the shell 54 facing the first cathode end 24, as illustrated in FIG. 2b.
[00107]  The inner electrode surface 46 is preferably provided with three spacing
structures, or contact pads, 48, evenly distributed along a circumference of the
transmission aperture 44, as illustrated in FIGs. 1b and 2b. The spacing structures 48
are positioned in contact with the non-emission surlace 34. The three spacing structures
48 may have substantially a shape of a cylinder. Each spacing structure 48 preferably
has a small transversal cross-section in comparison with a cross-section of the emission
portion 30, so as to minimize thermal conduction between the focusing electrode 40
and the non-emission surface 34. They may be [ormed of the same or of a diflerent
material as the inner electrode surface. Extremities of three spacing structures 48 define
three non-coinciding points that span a plane S2. The spacer structures 48 assist in
maintaining an accurate parallel alignment of the transmission aperture plane S1 with
the emission surface 32, while simultaneously defining a longitudinal interspacing 60

between the inner electrode surface 46 and the non-emission surface 34.



10

15

20

30

23
[00108]  Preferably, a vacuum is achieved in the radial interspacing 58 between the
cathode body 22 and the shell 54. Such vacuum provides thermal insulation that
reduces (or even eliminates) thermal conduction between the cathode body 22 and the
focusing electrode 40. By minimizing thermal conduction between the cathode body 22
and the focusing electrode 40, thermal radiation Q becomes the dominant heat transfer
mechanism. High temperature gradients due to thermal conduction effects are thus
avoided, yielding a more homogeneous temperature distribution within the focusing
electrode 40. Furthermore, the focusing electrode may reach the equilibrium
temperature faster.
[00109]  As mentioned earlier, work function lowering particles emanating from the
emission surface 32 of the cathode may at least partially precipitate onto the focusing
electrode 40, in particular onto surfaces in close proximity of the emission surface, such
as the focusing surface 42. However, if the focusing surface 42 is sufficiently heated,
such deposited particles are released, or evaporate, from the surface 42. Such
evaporation of work function lowering particles takes place at a rate ®e depending on
the electrode temperature Te.
[00110]  Regulation of the power output by the heater cathode 50 thus provides
control over the amount of thermal energy supplied to the focusing electrode 40. By
suitable adjustment of the heater cathode 50 output, the amount of heating of the
cathode body 22, and thereby the amount of heating of the focusing electrode 40 and its
focusing surface 42 in particular, may be influenced in such a way that the electrode
temperature Te of the focusing electrode 40 is suitably set and/or regulated. As
explained above, the geometry of the [ocusing electrode, in particular the heat trapping
surface area and the external surface area, influences the temperature of the focusing
electrode. As explained earlier, by keeping the electrode temperature Te above a
threshold temperature Te- during cathode operation, the evaporation rate ®e of the
work function lowering particles will be higher than the rate at which work function
lowering particles arrive at the focusing surface.
[00111]  Unfortunately, raising the temperature Te of the focusing electrode 40 too
much may result in considerable emission of electrons by the focusing surface 42.
Therefore, it is preferred 1o keep the temperature of the [ocusing electrode 40 below a
further threshold temperature Te+. Experiments have shown that a suitable value for

the threshold temperature Te+ corresponds to an electrode temperature Te at which
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electron emission from the focusing surface 42 is about 0.01% of the electron emission
from the emission surface 32 of the cathode.
[00112]  The work function lowering particles 70 that are used in embodiments of
the invention comprise Barium (Ba). In this case, the adjustable heat source 50 may be
configured for keeping the electrode temperature Te above a threshold temperature Te-
equal to about 900K, and below a further threshold temperature Te+ equal to about
1300K. In such case, the temperature Te of the focusing surface 42 may be kept at a
temperature between 900K to 1300K, with allowed temperature fluctuations of = 50 K.
In the higher temperature range, e.g. for focusing surface temperatures of 1200K to
1300K, the focusing surface should preferably have been exposed to a treatment, such
as coating or carbonation, in order to further increase the work function thereof.
[00113]  As explained before, an electrode temperature Te of the focusing electrode
40 above 900 K assures that the evaporation rate of Ba-containing particles from the
focusing electrode 40 is higher than the rate at which such Ba-containing particles
emanate from the cathode emission surface 32, or at least higher than the rate at which
such particles reach the focusing surface 42. Hence, accumulation of Barium
depositions on the focusing surface 42 is reduced, and most often avoided. Keeping the
electrode temperature Te below 1300K, in combination with an increased work
function, assures that the current density of electrons emitted by the focusing electrode
40 is below 0.01-0.1% of the current density of electrons emitted by the cathode
emission surface 32.
[00114]  Adjustment control of the heat source may be implemented via computer
code i.e. a computer program product that provide instructions [or carrying out the
method to a processing device (e.g. a computer arrangement) when run on such a

device. The computer program product may be stored on a computer readable medium.

[00115]  FIG. 2a schematically shows a perspective view of a rear portion ol an
embodiment of a cathode arrangement 20. FIG.2a shows a focusing electrode 40
comprising a cylindrical shell 54 having a finite radial thickness along the angular (i.e.
azimuthal) direction, and surrounding an inner void, or cavity, for accommodating a
cathode body 22. The cathode body 22 may be a cathode body as illustrated in FIGs. 1a
and 1b. The shell 54 is provided with angular interspacings 56a, 56b, 56¢ that subdivide
the shell 54 into three shell portions 55a, 55b, 55¢, which are symmetrically placed
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about a common axis, also referred to as longitudinal axis. The focusing electrode 40
has a front cover provided with a circular electron transmission aperture 44 surrounded
by a focusing surface 42 (not shown in FIG. 2a). Inner surface regions of the cylindrical
shell portions 55a -55¢ jointly define a heat trapping surface 52. The angular
interspacings S6a — 56¢ depicted in FIG. 2a are defined by cutouts, for example linear
or helical cut-outs, that extend along the angular direction as well as the longitudinal
direction Z. The interspacings 56a - 56¢ may be used for accommodating a confining
arrangement for confining the focusing electrode 40 and/or the cathode body 22 to a
support structure, as explained with reference to FIGs.4 and 5.
[00116]  The shell 54 may be provided with focusing electrode support elements 57a
for supporting the focusing electrode in the longitudinal direction. The support
elements 57a may be provided with protrusions, or contact pads, forming contacts with
a support element 62, as illustrated in FIG. 4. The contact pads may have a diameter of
150 pm and a height of 100 um. Also three transversal support elements 57b may be
provided, indicated as substantially cylinder shaped structures extending from the
focusing electrode 40. These confine rotation of the focusing electrode about the
longitudinal axis. The support elements 57 may be formed integrally with the
cylindrical shell 54, or may be attached thereto. A cathode arrangement, comprising a
cylindrical shell 54 as described herein, mounted in a support structure 62 comprising a
confining arrangement 65 having end stop structures 65a is illustrated in FIG. 4.
[00117]  FIG. 2b schematically shows a perspective view of a cross section of a
focusing electrode 40 comprising a cylindrical shell 54 provided with angular
intersections 56a-c, focusing electrode support elements 57a,b, spacing structures 48

and radial spacers 59.

[00118] In electron beam lithography, it is desirable to work with electron beams
that are highly homogeneous in transversal directions, so that aberration ellects in
electron beam manipulation can be minimized.

[00119]  FIG. 3 shows a longitudinal cross-section of an embodiment of a cathode
arrangement 20, wherein the emission surface 32 of the cathode and the transmission
aperture 44 of the [ocusing electrode 40 are properly aligned, in order 1o improve the
homogeneity of the generated electron beam. The cathode body 22 has an emission

surface 32 for emitting electrons in a longitudinal direction Z. The emission surface 32
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is bounded by an emission perimeter 35. The focusing electrode 40 (at least partially)
encloses the cathode body 22 in transversal directions X, Y. The focusing electrode 40
comprises an electron transmission aperture 44 near the emission surface 32 for
focusing the electrons emitted by the emission surface 32 during operation. The
transmission aperture 44 is bounded by an aperture perimeter 45. The cathode body 22
is moveably arranged within the focusing electrode 40 over a maximum transversal
distance d1 from an aligned position R0O. The aperture perimeter 45 transversally
extends over the emission surface 32 and beyond the emission perimeter 35 with an
overlap distance d2 that exceeds the maximum transversal distance d1. In other words,
the focusing electrode overlaps part of the emission surface, by extending beyond the
emission perimeter by the overlap distance d2. As can be understood from FIG. 3, the
emission perimeter 35 defines a larger area than the aperture perimeter 45. Preferably,
both the aperture perimeter 45 and the emission perimeter 35 are circular, whereby the
diameter of the aperture diameter 45 is smaller than the emission perimeter 35.
[00120]  The overlap distance d2 exceeding the maximum transversal distance d1
implies that in the aligned position RO, the aperture perimeter 45 everywhere protrudes
inward over more than the transversal distance d1 beyond the emission perimeter 35. In
the aligned position RO, the cathode body 22 and transmission aperture 44 are
optimally aligned for electron emission from the emission surface 32 and for electron
transmission through the transmission aperture 44. Any transversal deviation from the
aligned position RO will reveal a new portion of the emission surface 32. The
requirement d2 > d1 assures that any transversal misalignment will reveal only a
different portion of the emission surface 32. Hence, the density of electrons released by
the emission surface 32 and transmitted through the aperture 44 remains relatively
homogeneous, resulting in a relatively homogeneous electron beam 4.
[00121]  The cathode body 22 has a surface 36 facing an inner surface 54a of the
shell 54. The maximal transversal distance d1 is defined in FIG. 3 as a distance
between the inner surface 54a and the surface 36. A projection 45a of the aperture
perimeter 45 onto the emission plane S2 defined by the emission surface lies entirely
within the emission perimeter 35, even in the case of improper alignment.
[00122]  The focusing electrode 40 has an inner surlace 46 that faces the emission
surface 32, and is positioned at alongitudinal distance h from the emission surface 32.

This longitudinal distance h may be provided as a longitudinal interspacing 60, for
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example by spacing structures 48, as described for the cathode arrangement illustrated
in FIGs. 1a, 1b and 2b.
[00123]  The overlap distance d2 preferably is in a range of 10 micrometers to 100
micrometers, depending on the maximum transversal distance d1. The maximum
transversal distance d1 may be in a range of 10-35 um. Thereby, mechanical tolerances
for the alignment of the cathode body 22 with respect to the focus electrode 40 can be
relaxed.
[00124]  The aperture perimeter 45 and the emission perimeter 35 are preferably
similarly shaped (or “homomorphic™). In the embodiment shown in FIG.1b, the
emission perimeter 35 and the aperture perimeter 45 are both circular, which results in
a highly symmetric cathode arrangement 20, for which any transversal misalignment
between the emission surface 32 and the transmission aperture 44 is only dependent on
a radial relative displacement away from the aligned position RO.
[00125]  The focusing electrode 40 of the cathode arrangement illustrated in FIG. 3
may comprise a cylindrical shell 54, described with reference to FIGs. 2a and 2b.
[00126]  The cathode arrangement illustrated in FIG. 3 may be configured for
heating the focus electrode 40 in an analogous manner as described with reference to
FIGs. la and 1b.

[00127]  FIG. 4 schematically illustrates a cathode arrangement 20 mounted on a
support structure 62, such as a support electrode of an electron gun. The cathode
arrangement 20 may be a cathode arrangement according to any of the embodiments
described above. The cathode arrangement 20 and support structure 62 are illustrated in
the orientation in which they are intended to be positioned during use, for example in
electron beam lithography. The support structure 62 may comprise a support, or GO,
electrode of an electron gun 2, for example as illustrated in FIG. 5 or 6. The support
electrode 62 is usually kept at the same polential as the focusing electrode 40, and may
form part of the electron optics of the electron gun. Also the confining arrangement 65
may be maintained at this potential.

[00128]  The cathode body 22 rests, by means of gravity, on the inner electrode
surlace 46, prelerably on the three spacing structures 48 discussed above. The three
spacing structures 48 align the emission plane S2 with the aperture plane S1, and

provide a spacing 60 between the emission portion and the inner electrode surface 46.
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[00129]  The focusing electrode 40 rests on the support structure 62 via three
longitudinal support elements 57a, also by means of gravity. As illustrated in FIG. 4,
the support elements 57a may form point contacts with the support structure 62. By
forming three point contacts between the support elements 57a and the support
structure 62 the focus electrode 40, in particular the aperture plane S1, may be aligned
parallel with a plane of the support electrode. Via the point contacts, heat conduction
between the focusing electrode 40 and the support structure 62 is minimized.
[00130] A confining arrangement 65 is provided for confining the cathode body 22
with respect to the focusing electrode 40 and the focusing electrode 40 with respect to
the support structure 62. The confining arrangement 65 may comprise confining
structures, or end stops, 65a protruding through each angular interspacing 56a-56¢ of
the shell structure 54, in order to confine movement of the cathode body 22 with
respect to the focusing electrode 40. In particular, the end stops 65a may block relative
movement during mounting, demounting, storage and/or transport of an electron gun 2
comprising the cathode arrangement. A gap is formed between a surface 24a of the first
end 24 of the cathode body 22 and a surface of the end stop 65a facing the surface 24a,
and between the perimeter of the angular interspacings 56a-56¢ and a surface of the end
stop surface 65a facing the interspacing perimeter.
[00131]  Further, the confining arrangement may comprise blocking structures for
confining rotation around the longitudinal axis and/or transversal movement of the
focusing electrode 40 via the transversal support elements 57b.
[00132]  The distances between the end stops 65a and the corresponding surfaces of
the cathode arrangement 20 allow [or thermal expansion of the dilferent structural
features without the end stops 65a causing mechanical tensions and/or deformation of
the cathode arrangement, which might in turn cause degradation of the electron beam
generated by the electron gun. Thereby, deformation or other damage of structures due
to (differences in) thermal expansion may be avoided. Also, thermal conduction

between the cathode arrangement 20 and the support structure 62 may be avoided.

[00133]  FIG. 5 schematically shows a cross-sectional view of an electron gun 2
comprising a cathode arrangement 20 as illustrated in FIG. 1a and 1b. Alternatively, it
may comprise a cathode arrangement 20 as illustrated in FIG. 3, or any other

embodiment of a cathode arrangement described herein. A heater cathode 50, arranged
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to heat the receptacle 25 and the reservoir 38, is illustrated. However, alternatively
other heat sources may be used, as discussed above. As is illustrated in FIG. 5, the
heater cathode 50 is coaxially aligned with the thermionic cathode, especially with the
transmission aperture 44. Electrons emitted from the heater cathode are formed into an
electron beam entering the receptacle 25 in order to heat the cathode body 22 and the
reservoir 38, as described above. A heater cathode focusing electrode may be provided
to focus electrons into the receptacle 25. The heater cathode focusing electrode may be
similar in shape to the electrodes 6a-6¢ described below, and is preferably coaxially
aligned with these and with the transmission aperture 44. A potential difference,
typically about 1 kV, is applied between the heater cathode and the cathode
arrangement 20, such that electrons are accelerated from the heater cathode to the
thermionic cathode. For example, the heater cathode arrangement, especially the
focusing electrode thereof, may be applied a potential of -6kV, and the cathode
arrangement 20, including the focusing electrode 40 and the support electrode 62, may
have a potential of -5kV.
[00134]  The electron gun 2 further comprises electrodes 6a-6¢, also referred to
shaping electrodes herein, arranged coaxial with the transmission aperture 44 and in a
serial order for forming an electron beam 4 of the electrons emitted from the cathode.
Generally, a divergent electron beam 4 is formed, directed along the longitudinal axis.
In terminology of electron guns, the electrodes 6a-6¢ may also be referred to as G1-G3
electrodes. By applying different electrical potentials to the individual electrodes 6a-6¢
an electric field is created to guide the electrons in a direction away from the emission
surface 32 of the cathode arrangement 20 such that a desired beam shape is obtained.
For example, electrical potentials amounting to +3kV, -4.2kV and +2.5kV may be
applied to electrodes 6a, 6b and 6c, respectively. In FIG. 5 three electrodes 6a-6¢ are
illustrated, although it should be understood that a different number of electrodes 6a-6¢
might be used.
[00135]  The shaping electrodes 6a-6¢ may be communicatively connected to a
power supply unit 8, also referred to as shaping controller. The power supply unit 8
may control the voltage applied to the electrodes 6a-6¢ in a dynamic way, for example
o compensate [or varying environmental circumstances and/or 1o obtain dillerent
shapes of the electron beam 4 that. The heater cathode 50, including its filament and

focusing electrode, may also be connected to the power supply unit 8.
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[00136]  The shaping electrodes 6a-6¢ each comprise a conducting body provided
with a shaping aperture 10a-10c, which are preferably perfectly circular and coaxially
aligned with high accuracy.
[00137]  The cathode arrangement 20 is mounted to a support structure 62,
comprising a support electrode, also referred to as GO electrode. The support electrode
may be of similar shape as the first shaping electrode 6a, and connected to a the power
supply 8. The support structure 62 may preferably be a support structure as illustrated

in FIG. 4, comprising a confining arrangement 65 having end stops 65a.

[00138]  The electron gun 2 described above may be part of a charged particle
beamlet lithography system, for example a lithography system discussed with reference
to FIG. 6, and in particular of a charged particle multi-beamlet lithography system 1 for
transferring a pattern onto the surface of a target 18 using a plurality of charged particle
beamlets 5.

[00139]  FIG. 6 shows a simplified schematic drawing of an embodiment of a
charged particle lithography system 1. Lithography systems are described for example
in U.S. Patent Nos. 6,897 458 and 6,958,804 and 7,019,908 and 7,084,414 and
7,129,502, U.S. patent application publication no. 2007/0064213, and co-pending U.S.
patent applications Serial Nos. 61/031,573 and 61/031,594 and 61/045,243 and
61/055,839 and 61/058,596 and 61/101,682, which are all assigned to the owner of the
present invention, and are all hereby incorporated by reference in their entirety.

[00140]  In the embodiment shown in FIG. 6, the lithography system 1 comprises a
beamlet generator 2, 12, 13 [or generating a plurality of beamlets 5, a beamlet
modulator 14, 15 for patterning the beamlets 5 to form modulated beamlets, and a
beamlet projector 16, 17 for projecting the modulated beamlets onto a surface of a
target 18. The beamlet generator 2, 12, 13 comprises an electron gun 2 for producing an
electron beam 4. In FIG. 6, the electron gun 2 produces a substantially homogeneous,
expanding electron beam 4. The beamlet generator 2, 12, 13 further comprises a
collimator electrode assembly 12 for collimating the electron beam 4 and an aperture
array 13 for forming a plurality of beamlets 5. The aperture array 13 blocks a desired
part of the electron beam 4, whereas another portion ol the electron beam 4 passes the
aperture array 13 so as to produce the plurality of electron beamlets 5. The system

generates a large number of beamlets 5, preferably about 10,000 to 1,000,000 beamlets.
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[00141]  The beamlet modulator 14, 15 comprises a beamlet blanker array 14 and a
beamlet stopper array 15. The beamlet blanker array 14 comprises a plurality of
blankers for deflecting one or more of the electron beamlets 5. The deflected and
undeflected electron beamlets 5 arrive at beamlet stopper array 15, which has a
plurality of apertures. The beamlet blanker array 14 and beamlet stopper array 15
operate together to block or let pass selected beamlets 5. Generally, if beamlet blanker
array 14 deflects a beamlet 5, it will not pass through the corresponding aperture in
beamlet stopper array 15, but will be blocked. However, if beamlet blanker array 14
does not deflect a beamlet 5, then it will pass through the corresponding aperture in the
beamlet stopper array 15. Alternatively, beamlets 5 may pass the beamlet stopper array
15 upon deflection by corresponding blankers in the beamlet blanker array 14, and be
blocked by the beamlet stopper array 15 if they are not deflected. The beamlet
modulator 14, 15 is arranged to provide a pattern to the beamlets 5 on the basis of
pattern data input provided by a control unit 90. The control unit 90 comprises a data
storage unit 91, a read out unit 92 and a data conversion unit 93, and may be located
remotely from the rest of the system 1, for example outside a clean room wherein the
system 1 is positioned.
[00142]  The modulated beamlets are projected onto a target surface of a target 18 by
the beamlet projector 16, 17. The beamlet projector 16, 17 comprises a beamlet
deflector array 16 for scanning the modulated beamlets over the target surface, and a
projection lens arrangement 17 comprising one or more arrays of projection lenses for
focusing the modulated beamlets onto the surface of the target 18. The target 18 is
generally positioned on a moveable stage 19, whose movement may be controlled by a
control unit such as control unit 90.
[00143]  For lithography applications, the target 18 usually comprises a wafer
provided with a charged-particle sensitive layer or resist layer. Portions of the resist
(ilm will be chemically modified as a result of irradiation by the electron beamlets. As
a result thereof, the irradiated portion of the film will be more or less soluble in a
developer, resulting in a resist pattern on a wafer. The resist pattern on the wafer can
subsequently be transferred to an underlying layer, i.e. by implantation, etching and/or
deposition sieps as known in the art of semiconductor manufacturing. Evidently, if the

irradiation is not uniform, the resist may not be developed in a uniform manner, leading
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to defects in the pattern. High-quality projection is therefore relevant to obtain a
lithography system that provides a reproducible result.
[00144]  The deflector array 16 may take the form of a scanning deflector array
arranged to deflect each beamlet that passes through the beamlet stopper array 15. The
deflector array 16 may comprise a plurality of electrostatic deflectors enabling the
application of relatively small driving voltages. Although the deflector array 16 is
drawn upstream of the projection lens arrangement 17, the deflector array 16 may also
be positioned between the projection lens arrangement 17 and the surface of the target
18.
[00145]  The projection lens arrangement 17 may be arranged to focus the beamlets
5 before or after deflection by the deflector array 16. Preferably, the focusing results a
geometric spot size of about 10 to 30 nanometers in diameter. In such preferred
embodiment, the projection lens arrangement 17 is preferably arranged to provide a
demagnification of about 100 to 500 times, most preferably as large as possible, e.g. in

the range 300 to 500 times.

[00146]  Any embodiments of methods described above can be implemented via
computer code 1.e. a computer program product that provides instructions to a
processing device (e.g. the control unit 90, which may comprise a computer
arrangement) for carrying out the method when run on such a device. The computer
program product may be stored on a computer readable medium.

[00147]  The teachings herein with reference to cathodes and electron guns are not
necessarily limited to the generation and emission of electrons as charged particles. The
teachings may equally well be applied to the generation of other types of charged
particles, such as ions, having either positive or negative electrical. Also, it must be
understood that a similar system as depicted in FIG. 6 may be used with a different type

ol radiation, for example by using an ion source for producing an ion beam.
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CLAUSES

W

Cathode arrangement (20) comprising:

- a thermionic cathode comprising an emission portion (30) provided with an
emission surface (32) for emitting electrons, and a reservoir (38) for holding a
material, wherein the material, when heated, releases work function lowering
particles (70) that diffuse towards the emission portion and emanate at the
emission surface at a first evaporation rate (®c¢);

- a focusing electrode (40) comprising a focusing surface (42) for focusing the
electrons emitted from the emission surface (32) of the cathode; and

- an adjustable heat source (50) configured for keeping the focusing surface at a
temperature (Te) at which accumulation of work function lowering particles on

the focusing surface is prevented.

Cathode arrangement (20), in particular according to clause 1, comprising:

- a thermionic cathode comprising an emission portion (30) provided with an
emission surface (32) for emitting electrons, and a reservoir (38) for holding a
material, wherein the material, when heated, releases work function lowering
particles (70) that diffuse towards the emission portion and emanate at the
emission surface at a first evaporation rate (®c);

- a focusing electrode (40) provided near the emission surface of the cathode, the
focusing electrode comprising a focusing surface (42) for focusing the electrons
emitted at the emission surface of the cathode; and

- an adjustable heat source (50) configured for keeping the focusing surface of the
focusing electrode at a temperature (Te) above a threshold temperature (Te-) at
which a release of work function lowering particles from the focusing surface at a
second evaporation rate (®e) equals an arrival rate of work function lowering

particles at the focusing surface or equals the first evaporation rate (®c).

Arrangement according to clause 1 or 2, wherein the thermionic cathode further
comprises a cathode body (22) housing the emission portion and the reservoir,
and wherein the focusing electrode (40) further comprises a heat trapping surface

(52) facing at least a portion of the cathode body and arranged for receiving heat
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radiation (Q) emitted by the cathode body during use, and
wherein the heat trapping surface is in thermal communication with the focusing
surface (42), wherein preferably the focusing electrode is heated mainly by heat

radiation from the cathode body.

Arrangement according to clause 3, wherein a radial interspacing (58) is defined
between the heat trapping surface (52) and an outer surface (36) of the cathode
body (22).

Arrangement according to clause 3 or 4, wherein the adjustable heat source (50)

is configured for heating the cathode body (22).

Arrangement according to any one of the preceding clauses, wherein the

adjustable heat source (50) comprises a heater cathode (50).

Arrangement according to any one of the preceding clauses, wherein the
adjustable heat source (50) is arranged for heating the reservoir (38) such that the
work function lowering particles (70) diffuse towards the emission portion (30)

and emanate at the emission surface (32) at the first evaporation rate (®c).

Arrangement according to any one of clauses 3 to 5 or 7, wherein the adjustable
heat source (50) is arranged within the cathode body (22) or within a receptacle
(25) lormed by the cathode body.

Arrangement according to any one of clauses 3 to 8, wherein the focusing
electrode (40) comprises a shell (54) at least partly surrounding the cathode body
(22), the shell being provided with an inner surlace (54a) at least a portion thereof

forming the heat trapping surface (52).

Arrangement according to clause 9, wherein the shell (54) comprises angular
interspacings (56a-56¢) for accommodating a conflinemeni arrangement (64) for
confining the focusing electrode (40) and/or the cathode body (22) with respect to
a support structure (62).
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18.

Arrangement according to any one of the preceding clauses, wherein the emission
portion (30) is provided with a non-emission surface (34) surrounding the
emission surface (32), wherein the focusing electrode (40) comprises an inner
electrode surface (46) facing the emission portion, and wherein at least one of the
inner electrode surface and the non-emission surface is provided with three
spacing structures (48) for providing a spacing between the focusing electrode

and the emission portion.

Arrangement according to any one of the preceding clauses, further comprising a
support structure (62) provided with a confining arrangement (65) for confining
the focusing electrode (40) and/or the cathode body (22) with respect to the

support structure.

Arrangement according to clause 12, wherein the confining arrangement
comprises end stops (65a, 65b) each facing a surface area of the cathode

arrangement.

Arrangement according to any one of the preceding clauses, wherein the work

function lowering particles (70) comprise Barium (Ba).

Arrangement according to clause 14, wherein the adjustable heat source (50) is

confligured for keeping the focusing surface temperature (Te) above 900 K.

Arrangement according to clause 14 or 15, wherein the adjustable heat source
(50) is further configured for keeping the focusing surface temperature below

1300K.

Arrangement according to any one of the preceding clauses, wherein the focusing

surface (42) is provided with a coating to suppress electron emission.

Arrangement according to any one of the preceding clauses, wherein the focusing

electrode comprises an inner electrode surface (46) facing the emission portion
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and the focusing surface (42) arranged on an outer surface at an angle with
respect to the inner electrode surface, whereby the focusing surface and the inner

electrode surface converge at a transmission aperture (44).

Arrangement according to any one of the preceding clauses, wherein the focusing
electrode (40) comprises a transmission aperture (44) having a transmission

perimeter (45) defining an area which is smaller than an emission surface area.

Arrangement according to any one of clauses 1, 2, 6, 7, 11-19, wherein the

adjustable heat source is arranged to directly heat the focusing electrode.

Focusing electrode (40), comprising a cylindrical shell (54) defining a cavity for
accommodating a cathode body (22), and a front cover provided with a circular
electron transmission aperture (44) with a focusing surface (42) on an outside,
wherein a heat trapping surface (52) is provided on an inner surface of the
cylindrical shell, wherein the cylindrical shell (54) comprises angular
interspacings (56a-56¢) for accommodating a confining arrangement (65) for
confining the focusing electrode (40) and/or the cathode body (22) with respect to
a support structure (62).

Focusing electrode according to clause 20, wherein the focusing surface is
oriented at an angle to an inner electrode surface (46) of the front cover, whereby
the focusing surlace and the inner electrode surface converge al the transmission

aperture.

Focusing electrode according to clause 20 or 21, provided with three spacing
structures (48) on the inner electrode surlace (46) [or providing a spacing

between the focusing electrode and the cathode body.

Focusing electrode according to any one of clauses 20 to 22, wherein radial
spacers (59) are provided [or providing a radial interspacing (58) between the

inner surface of the cylindrical shell and the cathode body (22).
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Electron gun (2) for generating an electron beam (4), the electron gun
comprising:
- a cathode arrangement (20) according to any one of clauses 1-19 for generating
a plurality of electrons; and
- at least one shaping electrode (6a-6¢) for shaping the generated electrons into

the electron beam.

Electron beam lithography system (1) for exposing a target (18) using at least one
electron beamlet (5), the system comprising:

- a beamlet generator (2, 12, 13) for generating the at least one electron beamlet;
- a beamlet modulator (14, 15) for patterning the at least one electron beamlet to
form at least one modulated beamlet;

- a beamlet projector (16, 17) for projecting the at least one modulated beamlet
onto a surface of the target;

wherein the beamlet generator comprises an electron gun (2) according to clause

24.

Method for regulating a release of work function lowering particles (70) from a
surface, wherein the method comprises:

- providing a cathode arrangement according to any one of clauses 1 — 19, and

- keeping the temperature (Te) of the focusing electrode above a threshold
temperature (Te-) corresponding to a release of work function lowering particles
[rom the [ocusing surlace (42) atl an evaporation rate (®e) that equals an
evaporation rate (@c) of work function lowering particles emanating from the

emission surface (32) of the cathode.

Method according to clause 26, further comprising keeping the temperature (Te)
of the focusing electrode below a further threshold temperature (Tet+)
corresponding to a first electron current density created by emission of electrons
from the focusing surface (42) that is 0.01-0.1% of a second electron current

crealed by emission of electrons [rom the emission surface (32) of the cathode.
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Method according to clause 27 or 28, wherein the work function lowering
particles (70) comprise Barium (Ba), and wherein the method comprises keeping
the temperature (Te) of the focusing electrode between 900 K and 1300 K during

use of the cathode arrangement.
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CONCLUSIES

Kathode-inrichting {20} omvattend:

» gen thermionische kathode amvattend een emissiegedeelte (30) voorzien van een
emissicopperviak (32) voor het emitteren vau eleltronen, ei een teservoir (38) voor
hiet bevatten van een materiaal, waarin het materiaal, indien verwarmd, ulttree-
arbeidsveriagende deelties (70) loslaat welke nagr het emissiegedechie diffunderen
en aan het emissieopperviak met cen eerste verdampingssnelheid (B¢} verdampen;
- een focusseerelekirode (407 omvattend een focusseeropperviak (42) voor het
focusseren van de van het emissicopperviak (32) van de kathode gedmitteerde
elekivonenyen

~een instelbare warmtebron (30) ingericht voor het op een temperatuur {Te) houden
van het focusseeropperviak, waarbi] accumulatie van uittree-arbeidsverlagende
deelties op het focusseeropperviak voorkemen wordt, waarin

de thermionische kathode voorts een kathodelichaam (22) omvat welke sen
behuizing vormt voor het emissiegedeelte en het reservoir,

de instelbare warmtebron {50) is ingericht om het kathodelichaam {22} te
verwarmen,

de focusseerelektrode (40) voorts cen warmteabsorherend opperviak (523 omvat
tegenoverliggend aan tenminste cen gedeelte van de kathodelichaam en ingericht
voor het ontvangen van warmtssitaling (Q) geémittecrd door de kathodelichaan
tidens geboik,

het warmteabsorberende opperviak in thermische verbinding staat met bet
focusseeropperviak (42), en

waarin een contactopperviak tussen ket kathodelichaam en de focusseerelekirade
gelimiteerd is door radiale afstandhouders (59) welke sen radiale tussenruimte {58)
detiniéren tussen het wanmteabsorberende opperviak (52 en een extern opperviak
{36) van het kathodelichaam (22) enfof door afstandhouders {48} voorzien tussen
een niet-emissicopperviak {34), welk het emissicopperviak (32) omshuit, en een

intern elekirodevpperviak (46) van de focusseerelekirode voor het vormen van een
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ruimte tussen de focusseerslektrode en het emissiegedeeite,

3

Kathode-inrichting volgens vonclusie 1, waarin drie afstandhouders (48) enfol drie

radiale afstandhouders (59) zijn voorzien.

O3

G

Kathode-inrichting (20) volgens conclusie 1 of 2 waarin de instelbare warmtebron
(50} is ingericht voor het op een temperatuur (Te) bouden van het
focusseeropperviak van de focusseerelektrode boven een drempeltemperatuur (Te-),
hij welke cen verdamping van uittree-arbeidsveriagende deelties van het

10 focussesroppervigk met een tweede verdampingssnelbeid {®e) gelijk is aan een
aanvoersnetheid van uittree-arbeidsverlagende deeltjes bij het focusseeropperviak

of gelitk s aan de cerste verdampingssnelheid (D).

4. Inrichting volgens een der voorgaande conclusies, waarin de focusseerslektrode

15 voornamelijk door warmtestraling van het kathodelichaam verwarmd wordt.

5. lnrichting volgens een der voorgaande conclusies, waarin de instelbare warniebron

{50} een verwarmingskathode (30) omvat.

20 6. Inrichting volgens een der voorgaande conclusies, waarin de instelbare warmtebron
(507 is ingericht om de reservolr (38 te verwarmen zodanig dat de uitiree~
arbeidsverfagende desltjes naar het emissiegedecite (30} diffunderen en op het

emissicopperviak (32) met de cerste verdampingssnelheid (dc¢) verdampen.

X

5 7. lnrichiing volgens een der voorgaande conclusies, waarin de instelbare warmtebron
{50} is ingericht in het kathodelichaam (22) of in een opvangruimte (25) gevormd

door het kathodelichaam.

&  Inrichting volgens een der voorgaande conclusies, waarin de focussesreiekirode

53
Posc]

{40} cen omhulsel {34) omvat welke het kathodelichaam (22) tenminste gedeeltelijk



16

sk
(521

20

13
<

0,

L

o
L2

14,

I5.

41

omsluit, waarin het ombulsel is vooreien van gen intern oppervlak (54a) waarvan

tenminste gen gedeelte het warmteabsorberende opperviak vormit (52).

Inrichting volgens conciusie 8, waarin het omhulsel (34) omtrekiussenruimtes (Sta-
56c) omvat voor het opvangen van een opsluitinrichiing {63) voor het opsiuiten van
de focusseerelekirade (40} enfof het kathodelichaam (22} ten opzichte van een

steunstructuur (62),

Inrichting volgens een der voorgaande conclusies, waarin de thermionische kathode
en de focusseerelekirade zodanig xiin ingericht dat thermische geleiding van het
kathodelichaam naar de focussesrelekirode wordt voorkomen of ten minste

geminimaliseerd is.

Inrichting volgens een der voorgaande conclusies, waarin, in een beoogde oriéntatie

tiidens gebruik, bet kathodelichaam door zwaartekracht op de afstandhouders rust.

Inrichting volgens cen der voorgaande conclusies, vootis omvattend éen
steunstructuur (62) voorzien van een opsluitinrichting (63) voor het opsluiten van
de focusseerclekirode (403 enfol het kathodelichaam (22} ten opzichte van dg

steumsiructisur,

Torichting volgens conclusie 12, waarin het opsluitinrichting cindstops (654, 65b)

omvat, elk tegenoverliggend aan een opperviak van het kathodeinrichting.

Invichiing volgens een der voorgaande conclusies, waarin de uittree-

arbeidsverlagende deeltjes (70) Barium (Ba) bevatten,

Inrichting volgens conclusie 14, waarin de instelbare warmtebron {50} 15 ingericht

om de temperataor van het focusseerapperviak {Te} hoven 900 K te houden.
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Inrichting volgens conclusie 14 of 15, waarin de instelbare warnitebron (59} voorts

is ingericht om de temperatuur van het focasseeropperviak onder 1300K te houden.

Inrichting volgens een der voorgaande conclusies, waarin het focusseeropperviak

{42) is voorzien van een laag om elekironenemissie te onderdrukken.

Inrichting volgens cen der voorgaande conclusies, waarin de focussegeelekirade ven
intern elektrodeoppervlak (46) omvat tegenover het emissiegedeelte en het
focusseeropperviak (42), aangebracht op een extern opperviak met een hoek ten
apzichte van het intemne elektrodeoppervlak, waarbij het focusseeropperviak en het

interne elektrodeopperviak bij een doorlaatapertuur (44) convergeren.

Inrichting volgens een der voorgaande conclusies, waarin de focusseerelektrode
{40} sen doorlagtapertuur (44) omvat, met een doorlaatperimeter (45) welke cen

opperviak definieert die kleiner is dan sen opperviak van het emissieopperviak.

Foecusseerclektrode (40), amvvatiend een cilindrisch ombulsel (54) dat een holte
definieert voor het opvangen van gen kathedelichaam (22), en esn frontafdekking
viorzien van een circulair elektronendoorlaatapertuur (44) met een
focussesropperviak (42} aan cen buitenkant, waarin cen warmigabsorberend
opperviak {82} ts voorzien aan een intern opperviak van bet cilindrische omhulsel,
ingericht om asn tenminste een gedeelte van de Kathodelichaam tepenover te liggen
en ingericht voor het ontvangen van warnitestraling (Q) geSnitteerd door de
kathodelichaam tiidens gebruik, waarin het cilindrische ombulsel (54)

omirektussenruimies (56a-36¢) omyat voor het opvangen van een ppstultintichting

{65} voor het opsluiten van de focusseerslekirode (40) enfof het kathodelichaam
{22 ten opzichte van een steunstructuur (62), en

waarin de focusseerelektrode is fnpericht zo dat een contactopperviak tussen het
kathodelichaam en de focusseerciektrode gelimiteerd is door radiale afstandhouders
{59} voorzien aan een het intemn opperviak van het cilindrische omhulsel welke een

radiale tussenrutinte (58} definiBren tussert het swarmteabsorberende opperviak (52)



30

23,

B
s

en een extern opperviak (36) van het kathodelichasr {22), enfof door
afstandhouders (48} voorzien aan esn intern oppenvlak van de frontafdekking voor

het vormen van een ruinite tussen de fcusseerelektrode en het kathodelichaam,
het tet d telttrod het kathodelichagm

Focusseerelektrode volgens conclusic 20, waarin het focussesropperviak is
georinteerd met een hoek ten opzichte van een intern elekirodeopperviak (46) van
de frontafdekking, waarbij het focusseeropperviak en het inteme

elektrodeoppervlak convergeren bij het doorlaatapertuur.

Foewsseerclektrode volgens ennclusie 20 of 21, voorzien van dric afstandhouders

{48} sn/of drie radiale afstandhouders (39}

Elekironenbron (2} voor hel genereren van gen elekironenbundel (4), de
eleltronenbron amvatiend:

~een kathode-inrichting (20) volgens een der conclusies 1-19 voor het genereren
van een hoeveelheid elektronen; en

- tenminste een vormingselektrode (6a-6c) voor het vormen van de

elektronenbundel uit de gegensreerde elekironen.

Elektronenbundellithografiesysteem (1) voor het belichten van een doel (18) door
tenminste $én elekironen beamlst (5}, het systegm omvattend:

- een bundelgenerator (2, 12, 13) voor het genereren van het tenminste &én
elekironenbundel;

- gen bundelmodulator {14, 15) voor het vormgeven vair de tenminste één
elekironenbundel voor het vormen van temminste één gemaduleerde
elckironenbundel;

~en bundeiprojector (16, 17} voor het projecieren van de teriminste één
gemodulesrde beamlet op con opperviak van het-doel;

waarin de bundelgenerator een elekironenbron (2} volgens venclusie 33 omvat,
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Werkwijze voor et reguleren v ecn verdamping van uittree-arbeidsvertagende
deelties (70} van cen oppervisk, waarin de werkwijze omvat:

~ voorzien van cen kathode-inrichting volgens cen der conclusies 1 -19, en

- het bouden van de temperatuur {Te) van de focusseerelekirode boven een
drempeltemperatuur {Te-) overcenkomstiz met een verdamping van uittree-
arbeidsverlagends deeltjes van de focussesroppervlak (42) met een
verdampingssnelheid (Do) welke gelijk is asn een verdampingssnelheid {®¢) van
uittree-arbeidsvertagende deeltjes verdampend van bet emissieopperviak £32) van

de kathode.

Werkwijze volgens conclusie 23, voorts amvattend het houden van de temperatuur
{Te} van de focusseerelekirode boven een verdere drempeliemperatuur {Tet)
overcenkonstig met cen cerste elektronenstroomdichtheid gecretierd door emdssis
van elektronen van het focusseeropperviak (42) welke 0.01-0.1% 15 van een tweede
elektronenstroomdichtheid geerederd door enussic van elektronen van het

emissicoppervlak (32) van de kathode,

Werkwijze volgens gen van de conclusies 25 of 26, waarin de uitirge~
arberdsverlagende deeltjes (70) Bartur (Ba) bevatten, en waarin de werkwijze het
houden van de temperatuur (Te} van de focusseerelektrode tussen 900 K and 1300

K tijdens gebruik van het kathode-inrichting pmvat,
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ABSTRACT

The invention relates to a cathode arrangement comprising:

- a thermionic cathode comprising an emission portion provided with an emission
surface for emitting electrons, and a reservoir for holding a material, wherein the
material, when heated, releases work function lowering particles that diffuse towards
the emission portion and emanate at the emission surface at a first evaporation rate;

- a focusing electrode comprising a focusing surface for focusing the electrons emitted
from the emission surface of the cathode; and

- an adjustable heat source configured for keeping the focusing surface at a temperature
at which accumulation of work function lowering particles on the focusing surface is

prevented.

[FIG. 14a]
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1. conclusies: 1-9, 12, 14-17, 19, 20, 25-29

Dispenser type cathode arrangement comprising a thermionic
cathode and a reservoir for holding a work function lowering
material, a focusing electrode, and an adjustable heat
source configured for keeping the focusing electrode at a
temperature at which accumulation of work function lowering
particles on the focusing electrode is prevented

2. conclusies: 10, 11, 13, 18, 21-24

Focusing electrode comprising a cylindrical shell for
accommodating a cathode body, and a front cover provided
with an electron transmission aperture, wherein a heat
trapping surface is provided on an inner surface of the
cylindrical shell, and wherein the cylindrical shell
comprises angular interspacings for accommodating a
confining arrangement for confining the focusing electrode
and/or the cathode body with respect to a support structure,

and further a dispenser type cathode arrangement comprising
such a focusing electrode

Het vooronderzoek werd tot het eerste onderwerp beperkt.
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Onderdeel IV De aanvraag heeft betrekking op meer dan één uitvinding

Onderdeel V. Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en
industriéle toepasbaarheid

Onderdeel VI Andere geciteerde documenten
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Aanvraag nr.:

SCHRIFTELIJKE OPINIE NL2014030

Onderdeel | Basis van de Schriftelijke Opinie

1. Deze schriftelijke opinie is opgesteld op basis van de meest recente conclusies ingediend voor aanvang van het
onderzoek.

2. Met betrekking tot nucleotide enjof aminozuur sequenties die genoemd worden in de aanvraag en relevant
zijn voor de uitvinding zoals beschreven in de conclusies, is dit onderzoek gedaan op basis van:

a. type materiaal:
O sequentie opsomming
[1 tabel met betrekking tot de sequentie lijst
b. vorm van het materiaal:
O  op papier
O in elektronische vorm
¢. moment van indiening/aanlevering:
[J opgenomen in de aanvraag zoals ingediend
[J samen met de aanvraag elektronisch ingediend
O 1ater aangeleverd voor het onderzoek
3. O Ingeval er meer dan één versie of kopie van een sequentie opsomming of tabel met betrekking op een
sequentie is ingediend of aangeleverd, zijn de benodigde verklaringen ingediend dat de informatie in de

latere of additionele kopieén identiek is aan de aanvraag zoals ingediend of niet meer informatie bevatten
dan de aanvraag zoals oorspronkelijk werd ingediend.

4. Overige opmerkingen:

NL2378 (July 2006)
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Onderdeel lll Vaststelling nieuwheid, inventiviteit en industriéle toepasbaarheid niet mogelijk

De vraag of de uitvinding in de aanvraag nieuw, inventief en industrieel toepasbaar is, wordt niet behandeld in
deze schriftelijke opinie met betrekking tot:

O de gehele aanvraag
B conclusies 10, 11, 13, 18, 21-24
omdat:

[J deze aanvraag of deze conclusies , betrekking hebben op materie waarvoor het niet zinvol is een
schriftelijke opinie op te stellen.

O de beschrijving, figuren of deze conclusies , , zo onduidelijk zijn dat het niet zinvol is een schriftelijke
opinie op te stellen.

O deze conclusies , onvoldoende steun vinden in de beschrijving waardoor het niet zinvol is een
schriftelijke opinie op te stellen.

& geen onderzoek naar de stand van de technigek is uitgevoerd voor deze conclusies 10, 11, 13, 18, 21-24.

O een zinvolle schriftelijke opinie niet opgesteld kon worden omdat de sequentie opsomming niet beschikbaar
was in het juiste formaat, of in het geheel niet beschikbaar was (WIPO ST25).

O een zinvolle schriftelijke opinie niet opgesteld kon worden zonder de tabellen met betrekking tot de
sequentie opsommingen; of deze tabellen waren niet beschikbaar in elektronische vorm.

O Zie aparte bladzijde

Onderdeel IV De aanvraag heeft betrekking op meer dan één uitvinding

. Vastgesteld is dat de octrooiaanvraag betrekking heeft op meer dan één uitvinding.
Zie aparte bladzijde

. Het onderzoek naar de stand van de techniek is beperkt tot de eerstgenoemde uitvinding in de conclusies en
betreft:

O alle conclusies

conclusies: (zie nieuwheidsrapport)

NL2378B (July 2006)
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Onderdeel V. Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en industriéle
toepasbaarheid

1. Verklaring
Nieuwheid Ja: Conclusies 17, 20, 26
Nee: Conclusies 1-9, 12, 14-16, 19, 25, 27-29
Inventiviteit Ja: Conclusies
Nee: Conclusies 1-9, 12, 14-17, 19, 20, 25-29
Industriéle toepasbaarheid Ja: Conclusies 1-9, 12, 14-17, 19, 20, 25-29

Nee: Conclusies

2. Citaties en toelichting:

Zie aparte bladzijde

Onderdeel VIIl Overige opmerkingen

De volgende opmerkingen met betrekking tot de duidelijkheid van de conclusies, beschrijving, en figuren, of met
betrekking tot de vraag of de conclusies nawerkbaar zijn, worden gemaakt:

Zie aparte bladzijde

NL237B (July 2006)



SCHRIFTELIJKE OPINIE AANVRAAGNUMMER

(APARTE BLADZIJDE) NL2014030
Re ltem 1V
Lack of unity of invention
1 It is considered that the application does not meet the requirements of unity of
invention and that there are two inventions covered by the claims indicated as
below:
1. claims: 1-9, 12, 14-17, 19, 20, 25-29

Dispenser type cathode arrangement comprising a thermionic
cathode and a reservoir for holding a work function lowering
material, a focusing electrode, and an adjustable heat source
configured for keeping the focusing electrode at a temperature at
which accumulation of work function lowering particles on the
focusing electrode is prevented

2. claims: 10, 11, 13, 18, 21-24

Focusing electrode comprising a cylindrical shell for
accommodating a cathode body, and a front cover provided with
an electron transmission aperture, wherein a heat trapping
surface is provided on an inner surface of the cylindrical shell, and
wherein the cylindrical shell comprises angular interspacings for
accommodating a confining arrangement for confining the
focusing electrode and/or the cathode body with respect to a
support structure, and further a dispenser type cathode
arrangement comprising such a focusing electrode

The reasons for which the inventions are not so linked as to form a single
general inventive concept are as follows:

2 Present independent claims 1 and 21 have only one technical feature in
common: a focusing electrode comprising a focusing surface.
Claim 1 is directed to a cathode arrangement further comprising a thermionic
cathode, a reservoir, and an adjustable heat source configured to keep the

focusing electrode at a temperature at which accumulation of work lowering
particles on the electrode is prevented.

The technical effects provided by the combination of these technical features
is to prevent charging of and increased electron emission from the focusing
electrode and to increase the lifetime of the dispenser type cathode
arrangement (cf. [0003], [0007]).

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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None of the above mentioned features is present in independent claim 21
which is directed to a focusing electrode comprising a cylindrical shell defining
a cavity suitable for accommodating a cathode body comprising any kind of
electron emitting cathode.

Indeed, present claim 21 neither mentions, nor indicates, that the cathode
body comprises a dispenser type cathode arrangement including a thermionic
cathode and a reservoir. Consequently, the subject-matter of claim 21 does
not address the problem of how to avoid accumulation of work function
lowering particles on the focusing electrode.

Claim 21 instead introduces the technical features of a heat trapping surface
and angular interspacings. The heat trapping surface provides the technical
effect that the focusing electrode is heated, but not necessarily to a
temperature suitable to avoid accumulation of work function lowering particles.
Indeed, this requires an adjustable heat source as well as a specific area of
the heat trapping surface (cf. [0027]), yet neither these nor any corresponding
features are present in claim 21.

The angular interspacings introduced in claim 21 in turn provide the technical
effect of confining, or limiting movement of, the focusing electrode with
respect to a support structure (cf. [0036], [0043]), which is a prerequisite for a
stable electron emission (cf. [0004]).

Neither the angular interspacings, nor any other corresponding feature
providing the effect of limiting movement of the focusing electrode, are
introduced in claim 1. It is noted that claim 1 does not introduce any further
technical feature of the focusing electrode.

It this follows that a focusing electrode with a focusing surface is the common
concept linking claims 1 and 21. It is evident that this concept is neither new
nor inventive, thus claims 1 and 21 a priori lack unity.

3 It is further referred to document US 3 154 711 (D1) which discloses the
subject-matter of claims 1 and 2 (cf. item V, point 2). Therefore, regarding D1
as prior art, claim 1 does not introduce a further special technical feature.

In another embodiment of document D1 (cf. Fig. 6), the focusing electrode
(60) comprises a cylindrical shell defining a cavity suitable for accommodating
a cathode body (cathode 51, heater 55).

Claim 21 introduces as a further contribution that the shell comprises angular
interspacings suitable for accommodating a confining arrangement.

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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Consequently, claims 1 and 21 do not contain the same or corresponding
special technical features, which confirms the above conclusion that said
claims lack unity.

4 As the subject-matter of independent claim 1 is already known from document
D1, the requisite unity of invention therefore no longer exists inasmuch as a
technical relationship involving one or more of the same or corresponding
special technical features does not exist between the subject-matter of the
following groups of dependent claims:

4.1 The subject-matter of dependent claims 3,5t0 9, 12, 14to 16, 19 and 25 as
well as the method claims 27 to 29 are not new with respect to document D1
(see passages listed in the search report) and thus do not introduce any
further special technical feature.

4.2 Dependent claims 4, 17, 20 and 26 in turn make a contribution over the prior
art according to document D1, defining the following special technical
features:

— claim 4: a radial interspacing between the heat trapping surface of the
focusing electrode and an outer surface of the cathode body

— claim 17: an electron emission suppressing coating on the focusing
surface

— claim 20: the adjustable heat source is arranged to directly heat the
focusing electrode, as an alternative to the arrangement defined in claim
5 (cf. [0102])

— claim 26: an electron beam lithography system with a beamlet generator
comprising an electron gun as defined in claim 25

Though these special technical features are neither the same, nor
corresponding, they do not require an additional search effort and are thus
included in the first invention.

4.3 The following dependent claims introduce special technical features which at
least partly overlap with the the invention defined in independent claim 21 and
dependent claims 22 to 24 referring to it:

— claim 10: angular interspacings (cf. claim 21)

— claim 11: three spacing structures for providing a spacing between the
focusing electrode and the emission portion (cf. claim 23)

— claim 13: confining arrangement comprising end stops (partly in claim 21)

Form NL237-3 (separate sheet) (July 2006) (sheet 3)
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— claim 18: focusing surface arranged on an outer surface at an angle with
respect to an inner electrode surface (cf. claim 22)

Therefore, these special technical features, which are not the same nor
corresponding to those of dependent claims 3t0 9, 12, 14 to 17, 19 and 25,
are grouped together with the second invention according to claim 21.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:
D1 US 3154 711 A (James E. Beggs) 27 October 1964
D2 US 4 254 357 A (George A. Haas et al.) 3 March 1981
D3 US 3 227 906 A (Gerhard B. Kuehne) 4 January 1966
D4 US 3 594 885 A (George V. Miram et al.) 27 July 1971
2 Document D1 discloses (cf. Fig.5) a cathode arrangement with a thermionic

cathode comprising a porous body (39) of sintered tungsten impregnated with
an alkaline earth oxide (cf. column 6, lines 18-31) which constitutes a
reservoir containing a work function lowering material within the meaning of
the present application (cf. [0010]).

Said document further discloses a focusing electrode (disk 38) with a focusing
surface (41) (cf. column 1, lines 63-68; column 6, lines 53-55) and a heat
source (42). It is implicit that the heat source is adjustable by selecting the
heater current. '

According to the teaching of document D1, the focusing electrode is operated
at or near cathode temperatures and is maintained clean (cf. column 1, lines
48-41). In other words, accumulation of of work function lowering particles
thereon is prevented.

This implies that the focusing electrode is kept at a temperature above a
threshold temperature at which a release of work function lowering particles
from the focusing surface at an evaporation rate equals an arrival rate of work
function lowering particles at said focusing surface (cf. column 3, lines 16-22).

Hence, the subject-matter of claims 1 and 2 is not new with respect to
document D1.

Form NL237-3 (separate sheet) (July 2006) (sheet 4)
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3 The subject-matter of claim 3 is not new either: Document D1 discloses in Fig.
6 a cathode body (50) housing the emission portion (53) and the reservoir, as
it is clearly stated a porous body (cf. Fig. 5: 39) of sintered tungsten
impregnated with an alkaline earth oxide may be used also in the embodiment
shown in Fig. 6 (cf. column 6, lines 63-67; column 7, lines 59-62).

The focusing electrode (60) further comprises a heat trapping surface facing
at least a portion of the cathode body and arranged for receiving heat
radiation emitted by the cathode body during use, wherein the heat trapping
surface is in thermal communication with the focusing surface, the focusing
electrode being heated mainly by heat radiation from the cathode body (cf.
column 7, lines 21-42).

Note that actually any surface near to or in contact with the cathode will
receive heat radiation and thus constitutes a heat trapping surface.

Nevertheless, it seems worth mention that the focusing electrode is made of a
metal with a high thermal conductivity, such as zirconium or titanium (cf.
column 1, lines 23-26; column 7, lines 34-35) and thus meets the specific
requirements regarding the heat trapping surface mentioned in the present
application (cf. [0015]).

4 Fig. 6 conveys the impression that the focusing electrode and thus its heat
trapping surface is in contact with an outer surface (52) of the cathode body
(50). However, the description only mentions a "good conductive contact” (cf.
column 7, lines 26-28), and it directly follows from the embodiments illustrated
in Fig. 1 that it is sufficient to mount the heat trapping surface at some
distance, but "in good heat transferring relation” with the cathode body (cf.
column 2, lines 50-53).

Thus, it is obvious, if not implicit for the skilled person, that the heat trapping
surface (63) may be arranged at a small distance with respect to the outer
surface (52) of the cathode body, thus leaving a radial interspacing as defined
in claim 4.

5 Furthermore, it follows from the above discussion of document D1 that the
heat source illustrated in Figs. 5 or 6 meets the requirements introduced in
claims 5 to 8, i.e. the subject-matter of said claims is not new either.

6 Moreover, the focusing electrode (60) illustrated in Fig. 6 of document D1
comprises a shell (cup) at least partly surrounding the cathode body (50), the
shell being provided with an inner surface at least a portion thereof forming
the heat trapping surface. Hence, the subject-matter of claim 9 is not new.

Form NL237-3 (separate sheet) (July 20086) (sheet 5)
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7 Though not explicitly mentioned, it is well-known that the focusing electrode
and the cathode of an electron gun must be aligned and should be fixed in
such manner that they do not move during operation. Typically, the electron
gun is mounted securely to the neck portion (48) shown in Fig. 6 of document
D1, which thus may be regarded as a support structure provided with a
confining arrangement for confining the focusing electrode (60) and the
cathode body (50) with respect to the support structure. The subject-matter of
claim 12 thus lacks novelty, too.

8 Furthermore, the features introduced in claims 14, 15, 16 and 19 are also
known from document D1, the relevant passages are indicated below:

* claim 14: cf. column 7, lines 16-20

» claims 15 and 16: The heater source is configured to keep the focusing
surface temperature in a range from about 973 K to 1123 K (cf. column 1,
lines 68-70).

» claim 19: As illustrated in Fig. 6, the aperture (61) defines an area which
is smaller than an emission surface area (53).

9 Present claim 17 introduces as a further technical feature that the focusing
surface is coated with a coating to suppress electron emission. According to
the application, this is merely an alternative of making said surface of an
electron emission material such as zirconium (cf. [0042]) as already disclosed
in document D1 (see point 5). Using a coating is however regarded as a slight
constructional change which comes within the scope of the customary
practice followed by persons skilled in the art. Reference is made to, for
instance document D4 (cf. column 2, lines 33-39).

Therefore, the subject-matter of claim 17 does not involve an inventive step.

10 Document D1 further discloses that the electron gun (cf. Fig. 6: 50) comprising
a cathode arrangement as discussed above is further provided with at least
one shaping electrode (apertured acceleration electrode 64) which

accelerates the electrons and to a certain extent also contributes to shaping
them into the electron beam. The subject-matter of claim 25 is thus not new.

11 Though not explicitly mentioned in document D1, it is a normal design option
to use the same type of electron gun in other electron beam devices, including
electron beam lithography systems which typically comprise a beamlet
generator with the electron gun, a beamlet modulator for patterning the at
least one electron beamlet, and a beamlet projector for projecting the at least
one modulated beamlet onto a surface of a target.

Form NL237-3 (separate sheet) (July 2006) (sheet 6)
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Hence, the subject-matter of claim 26 does not involve an inventive step.

12 Claims 27 and 29 actually define a method of operating a cathode
arrangement as defined in claims 2 and 14 to 16. It thus follows that said
method is not new for the same reasons as set forth in points 2 and 8, mutatis
mutandis.

Following the present application, this method of operation will lead to the
result that an electron current density created by emission of electrons from
the focusing surface remains below 0.01-0.1% of the electron current created
by emission of electrons from the emission surface of the cathode (cf. [0041]).

Thus, it is expected that operating an cathode arrangement according to the
teaching of document D1 will exhibit the same result, in particular as the
present application does not provide sufficient disclosure of any further
technical feature that may contribute to this result.

Therefore, the subject-matter of claim 28 is not new either.

13 Itis further referred to document D2 which also anticipates the subject-matter
of claims 1 to 7, 12, 14 to 16, 25 and 27 to 29.

Furthermore, the subject-matter of claims 17 and 26 is not regarded to require
the exercise of inventive skill for similar reasons as set forth in view of
document D1 (cf. points 9 and 11).

The relevant passages of document D2 are listed in the search report.

14 Having regard to claim 20, it is noted that the present application does not
mention any particular effect obtained by heating the focusing electrode
directly (cf. [0102]).

However, following the teaching of document D2 to keep the focusing
-electrode (grid) on the same temperature as the cathode assembly (cf. column
3, lines 46-53), this alternative is considered to be obvious, in particular as it is
apparent that direct heating provides a better control of the focusing electrode
temperature, despite the additional components needed.

Therefore, the subject-matter of claim 20 is not considered to involve an
inventive step.

15 Furthermore, it seems worth mentioning that due to the broad scope of claim
1 (cf. item VIII, point 1), its subject-matter also lacks novelty with respect to
document D4. Said document discloses a cathode arrangement (cf. Fig. 1)
comprising a shield (48) "to shield the focus electrode from heat radiated from
the cathode and other contaminants that might be deposited on the focus
electrode” (cf. column 5, lines 57-64).
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It is however clear that any heat received by the focusing electrode is radiated
by the adjustable heat source (19). Thus, the heat source, in combination with
the shield, may be regarded to be "configured for keeping the focusing
surface at a temperature at which accumulation of work function lowering
particles on the focusing surface is prevented".

The optional features introduced in dependent claims 2t0 9, 12, 14 and 25
are also known, or obvious from, said document (see relevant passages listed
in the search report).

Re Item Viii

Certain observations on the international application

1

Present claim 1 defines a cathode arrangement comprising "een instelbare
warmtebron (50) ingericht voor het op een temperatuur (Te) houden van het
focusseeropperviak, waarbij accumulatie van uittreearbeidsverlagende
deeltjes op het focusseeropperviak voorkomen wordt” (see page 33, clause 1:
"an adjustable heat source configured for keeping the focusing surface at a
temperature at which accumulation of work function lowering particles on the
focusing surface is prevented.”

Though the wording "ingericht voor” ("configured to") is certainly intended to
indicate that the solely the adjustable heat source maintains the focusing
electrode at the desired temperature, this is neither defined, nor implicit for the
skilled reader.

Strictly speaking, the above wording also encompasses arrangements
wherein the focusing electrode temperature is maintained at any, even low
level, and where it is observed that, may be due to further technical features,
the focusing electrode remains clean during operation.

The present application however provide sufficient disclosure only for raising
the focusing electrode temperature to such a level at which a release of work
function lowering particles from the focusing electrode at an evaporation rate
equals an arrival rate of work function lowering particles at the focusing
electrode, as defined in present claim 2.

Thus, the scope of claim 1 is broader than justified by the description and
drawings, i.e. the claim is not supported by the description.

Form NL237-3 (separate sheet) (July 2006) (sheet 8)



SCHRIFTELIJKE OPINIE AANVRAAGNUMMER
(APARTE BLADZIJDE) NL2014030

2 Having regard to claim 2, the wording "in het bijzonder volgens conclusie 1"
(see page 33, clause 2: "in particular according to claim 1") is construed as
defining an option, with the effect that claim 2 is to be regarded as formally
independent.

However, claim 2 comprises all features of present claim 1 and thus should be
drafted as a dependent claim.

Independent claims 1 and 2 relate effectively to the same subject-matter and
differ from each other only with regard to the definition of the subject-matter
for which protection. The aforementioned claims therefore lack conciseness.

3 In claim 2, the expression that the focusing electrode is "voorzien dichtbij het
emissieoppervlak" ("provided near the emission surface") is vague. Despite
the fact that the application appears to define the term "near" as referring to a
distance of about 1 to 15 pm (cf. [0009)), it is clearly stated in another
passage that this range is merely an option (cf. [0011]).

4 Present claim 26 refers to an electron gun according to claim 24, but claim 24
relates to a focusing electrode. It is assumed that claim 26 should refer back
to claim 25 instead.
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