
Apparatus Comprising a Rotating Contaminant Trap FIELD
[0001] The present invention relates to an apparatus
comprising a rotatable contaminant trap. BACKGROUND
[0002] A lithographic apparatus is a machine that
applies a desired pattern onto a substrate, usually
onto a target portion of the substrate. A lithographic
apparatus can be used, for example, in the manufacture
of integrated circuits (ICs). In that instance, a
patterning device, which is alternatively referred to
as a mask or a reticle, may be used to generate a
circuit pattern to be formed on an individual layer of
the IC. This pattern can be transferred onto a target
portion (e.g. comprising part of, one, or several
dies) on a substrate (e.g. a silicon wafer). Transfer
of the pattern is typically via imaging onto a layer
of radiation-sensitive material (resist) provided on
the substrate. In general, a single substrate will
contain a network of adjacent target portions that are
successively patterned. Known lithographic apparatus
include so-called steppers, in which each target
portion is irradiated by exposing an entire pattern
onto the target portion at one time, and so-called
scanners, in which each target portion is irradiated
by scanning the pattern through a radiation beam in a
given direction (the "scanning"-direction) while
synchronously scanning the substrate parallel or
anti-parallel to this direction. It is also possible
to transfer the pattern from the patterning device to
the substrate by imprinting the pattern onto the
substrate. [0003] An apparatus, comprising a debris
mitigation system may be provided with a rotatable
structure (called a rotating contaminant trap) to
capture debris, emanating from an EUV (extreme
ultraviolet) radiation source. For example, the source
can emit micron-sized or smaller particles, which are
unwanted downstream in the lithographic apparatus
since the debris could seriously impair or contaminate
optical components of the apparatus. [0004] For
example, the rotating contaminant trap can be provided
with a driving mechanism to rotate the trap, and
plates of the trap can have a rotational symmetry with
respect to the rotation axis of the trap. It is
desirable to rotate the trap with a generally high
speed at which contaminant particles can be trapped
efficiently, wherein the rotating contaminant trap can
achieve long operational periods without requiring
much maintenance.SUMMARY 



[0005] Embodiments of the invention include an
apparatus comprising an improved debris mitigation
system. [0006] According to an embodiment, there is
provided a contaminant trap apparatus arranged in a
path of a radiation beam to trap contaminants
emanating from a radiation source configured to
produce the radiation beam, the contaminant trap
apparatus comprising: a rotor having a plurality of
channel forming elements defining channels which are
arranged substantially parallel to the direction of
propagation of the radiation beam, the rotor
comprising electrically chargeable material and
arranged to be electrically charged as a result of the
operation of the radiation source; and a bearing
configured to rotatably hold the rotor with respect to
a rotor carrying structure, wherein the apparatus is
configured to (i) control or redirect an electrical
discharge of the rotor, or (ii) suppress an electrical
discharge of the rotor, or (iii) both (i) and (ii).
[0007] Preferably, electrical discharge of the rotor
can be controlled by an electrically conductive
coupling, which is in electrical contact with an
electrically conductive part of the rotor and with an
electrically conductive part of the rotor carrying
structure, a charge drain, or both. [0008] According
to an embodiment, the electrical coupling comprises a
sliding contact. [0009] Also, the bearing can comprise
a radial gas bearing structure, provided between a
rotor shaft and part of the rotor carrying structure,
wherein the rotor shaft comprises electrically
insulating material to prevent flow of electrical
charge, at the gas bearing structure, between the
rotor and a bearing surface of the rotor carrying
structure. [0010] In an embodiment, the bearing
comprises a radial gas bearing structure, provided
between a first part of a rotor shaft and part of the
rotor carrying structure, wherein the gas bearing
structure is configured to supply a gas or gas mixture
to between the first part of the rotor shaft and the
rotor carrying structure, and wherein (i) a discharge
stimulating structure is provided, or (ii) a discharge
stimulating gas or gas mixture is configured to be
provided, or (iii) both (i) and (ii), at or near a
different second part of the rotor shaft to stimulate
an electrical discharge with the rotor shaft in an
area outside the gas bearing structure, the second
shaft part 



being attached to the rotor and being able to exchange
charge with the electrically chargeable rotor
material.[0011] Then, according to a further
embodiment, the second shaft part is preferably not
substantially surrounded by the gas bearing structure
and extends between the rotor and the first shaft
part. [0012] Besides, according to a further
embodiment, the discharge stimulating gas or gas
mixture can have a lower breakdown voltage than the
bearing gas or gas mixture. [0013] Optionally, the
discharge stimulating structure comprises an
electrically conductive electrode, extending or
reaching to a location near an outer surface of the
second shaft part, the electrode being connected to a
charge drain or a potential source. [0014] In an
embodiment, the bearing comprises a radial fluid
bearing structure, provided between a part of a rotor
shaft and part of the rotor carrying structure,
wherein the fluid bearing structure is configured to
supply an electrically conducting fluid or fluid
mixture to provide an electrical conducting path
between the rotor shaft and the rotor carrying
structure. [0015] According to an embodiment, the
bearing can comprise a radial gas bearing structure,
and the channel forming elements comprise plates
defining the channels, the plates arranged
substantially parallel to the direction of propagation
of the radiation beam, wherein part of a rotor shaft
reaches into the gas bearing structure. [0016] Also,
the apparatus can further comprise a radiation system
including the radiation source. [0017] According to an
embodiment, there is provided a lithographic
apparatus, comprising: a contaminant trap apparatus
arranged in a path of a radiation beam to trap
contaminants emanating from a radiation source
configured to produce the radiation beam, the
contaminant trap apparatus comprising: a rotor having
a plurality of channel forming elements defining
channels which are arranged substantially parallel to
the direction of propagation of the radiation beam,
the rotor comprising electrically chargeable material
and arranged to be electrically charged as a result of
the operation of the radiation source; and a bearing
configured to rotatably hold the rotor with respect to
a rotor carrying structure, 



wherein the contaminant trap apparatus is configured
to (i) control or redirect an electrical discharge of
the rotor, or (ii) suppress an electrical discharge of
the rotor, or (iii) both (i) and (ii); a substrate
table configured to hold a substrate; anda projection
system configured to project the radiation beam as
patterned onto the substrate. The invention can, for
example, provide a lithographic apparatus that
contains or comprises the apparatus according to any
of the claims 1-11. BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Embodiments of the invention will now be
described, by way of example only, with reference to
the accompanying schematic drawings in which
corresponding reference symbols indicate corresponding
parts, and in which: [0019] Figure 1 depicts an
embodiment of a lithographic apparatus; [0020] Figure
2A schematically depicts an embodiment of rotatable
contaminant trap, in side view; [0021] Figure 2B
schematically depicts a front view of an embodiment of
the contaminant trap; [0022] Figure 2C schematically
depicts a front view of an another embodiment of the
contaminant trap; [0023] Figure 3 schematically
depicts part of the embodiment of Figure 1, wherein a
fluid bearing of the contaminant trap is shown in more
detail; [0024] Figure 4 is similar to Figure 3 and
depicts part of an embodiment of the invention; [0025]
Figure 5 is similar to Figure 3 and depicts part of
another embodiment of the invention; [0026] Figure 6
is similar to Figure 3 and depicts part of another
embodiment of the invention; [0027] Figure 7 is
similar to Figure 3 and depicts part of another
embodiment of the invention; [0028] Figure 8 shows a
detail of another embodiment of Figure 7; [0029]
Figure 9 is similar to Figure 3 and depicts part of
another embodiment of the 



invention; [0030] Figure 10 is similar to Figure 3 and
depicts part of another embodiment of the invention;
and [0031] Figure 11 is similar to Figure 2B and
depicts part of another embodiment of the
invention.DETAILED DESCRIPTION [0032] Figure 1
schematically depicts a lithographic apparatus
according to one embodiment of the invention. The
apparatus comprises a number of optical components,
configured to condition a radiation beam PB, to impart
the conditioned radiation beam with a pattern in its
cross-section to form a patterned radiation beam, and
to project the patterned radiation beam onto a target
portion of a substrate W. In Figure 1, the apparatus
can comprise: [0033] - an illumination system
(illuminator) IL configured to condition a radiation
beam PB (e.g. UV radiation or other types of
radiation). [0034] - a support structure (e.g. a mask
table) MT constructed to support a patterning device
(e.g. a mask) MA and connected to a first positioner
PM configured to accurately position the patterning
device in accordance with certain parameters; [0035] -
a substrate table (e.g. a wafer table) WT constructed
to hold a substrate (e.g. a resist-coated wafer) W and
connected to a second positioner PW configured to
accurately position the substrate in accordance with
certain parameters; and [0036] - a projection system
PS configured to project a pattern imparted to the
radiation beam PB by the patterning device MA onto a
target portion C (e.g. comprising one or more dies) of
the substrate W. [0037] The illumination system may
include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic,
electrostatic or other types of optical components, or
any combination thereof, for directing, shaping, or
controlling radiation. [0038] The support structure
holds the patterning device in a manner that depends
on the orientation of the patterning device, the
design of the lithographic apparatus, and other
conditions, such as for example whether or not the
patterning device is held in a vacuum environment. The
support structure can use mechanical, vacuum,
electrostatic or other clamping techniques to hold the
patterning device. The support structure may be a
frame or a table, for example, which may be fixed or
movable as required. The support structure may 



ensure that the patterning device is at a desired
position, for example with respect to the projection
system. Any use of the terms "reticle" or "mask"
herein may be considered synonymous with the more
general term "patterning device." [0039] The term
"patterning device" used herein should be broadly
interpreted as referring to any device that can be
used to impart a radiation beam with a pattern in its
cross-section such as to create a pattern in a target
portion of the substrate. It should be notedthat the
pattern imparted to the radiation beam may not exactly
correspond to the desired pattern in the target
portion of the substrate, for example if the pattern
includes phase-shifting features or so called assist
features. Generally, the pattern imparted to the
radiation beam will correspond to a particular
functional layer in a device being created in the
target portion, such as an integrated circuit. [0040]
The patterning device may be transmissive or
reflective. Examples of patterning devices include
masks, programmable mirror arrays, and programmable
LCD panels. Masks are well known in lithography, and
include mask types such as binary, alternating
phase-shift, and attenuated phase-shift, as well as
various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement
of small mirrors, each of which can be individually
tilted so as to reflect an incoming radiation beam in
different directions. The tilted mirrors impart a
pattern in a radiation beam which is reflected by the
mirror matrix. [0041] The term "projection system"
used herein should be broadly interpreted as
encompassing any type of projection system, including
refractive, reflective, catadioptric, magnetic,
electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the
exposure radiation being used, or for other factors
such as the use of an immersion liquid or the use of a
vacuum. Any use of the term "projection lens" herein
may be considered as synonymous with the more general
term "projection system". [0042] As here depicted, the
apparatus is of a reflective type (e.g. employing a
reflective mask). Alternatively, the apparatus may be
of a transmissive type (e.g. employing a transmissive
mask). [0043] The lithographic apparatus may be of a
type having two (dual stage) or more substrate tables
(and/or two or more support structures). In such
"multiple stage" machines the additional tables
(and/or support structures) may be used in parallel,
or preparatory steps may be carried out on one or more
tables (and/or support structures) while one or more
other tables 



(and/or support structures) are being used for
exposure. [0044] Referring to Figure 1, the
illuminator IL receives a radiation beam from a
radiation source SO. The source SO and the illuminator
IL, together with a beam delivery system if required,
may be referred to as a radiation system. In an
embodiment, the radiation source SO is a plasma EUV
source, particularly a discharge plasma source, for
example a tin (Sn) plasma EUV source. For example, in
such a radiation source, Sn atoms can be heated (e.g.,
electrically) using a low power laser. The EUV
radiation source can also be a different radiation
source, for example a Li or Xe 'fueled' plasma
radiation source. Also, during use,plasma electrons,
charged particles and other debris particles may
escape from the source SO, towards a collector K and
the illuminator IL. The collector K can collect
radiation from the radiation source SO. The collector
K can be arranged to transmit the collected radiation
to the illumination system IL. Particularly, the
collector K can be arranged to focus incoming
radiation, received from the radiation source, onto a
small focusing area or focusing point. [0045] A debris
mitigation system 10, 110 is desirably provided to
capture particles emanating from the source SO. As is
depicted in Figure 1, the mitigation system can be
provided with one or more rotatable contaminant traps
10 (only one is shown), located near the source SO.
Also, there can be provided one or more further
contaminant traps 110, for example a static
contaminant trap 110 that is positioned between the
rotatable trap 10 and the radiation collector K. One
or more embodiments of a rotatable trap system 10 are
described below. [0046] The illuminator IL may
comprise an adjuster to adjust the angular intensity
distribution of the radiation beam. Generally, at
least the outer and/or inner radial extent (commonly
referred to as s-outer and s-inner, respectively) of
the intensity distribution in a pupil plane of the
illuminator can be adjusted. In addition, the
illuminator IL may comprise various other components,
such as an integrator and a condenser. The illuminator
may be used to condition the radiation beam, to have a
desired uniformity and intensity distribution in its
cross-section. [0047] The radiation beam PB is
incident on the patterning device (e.g., mask) MA,
which is held on the support structure (e.g., mask
table) MT, and is patterned by the patterning device.
After traversing the patterning device MA, the
radiation beam PB passes through the projection system
PS, which focuses the beam onto a target portion C of
the substrate W. With the aid of the second positioner
PW and position sensor IF2 (e.g. an interferometric
device, 



linear encoder or capacitive sensor), the substrate
table WT can be moved accurately, e.g. so as to
position different target portions C in the path of
the radiation beam PB. Similarly, the first positioner
PM and another position sensor IFl can be used to
accurately position the patterning device MA with
respect to the path of the radiation beam PB, e.g.
after mechanical retrieval from a mask library, or
during a scan. In general, movement of the support
structure MT may be realized with the aid of a
long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form
part of the first positioner PM. Similarly, movement
of the substrate table WT may be realized using a
long-stroke module and a short-stroke module, which
form part of the second positioner PW. In the case of
a stepper (as opposed to a scanner) the support
structure MT may be connected to a short-stroke
actuator only, or may be fixed.Patterning device MA
and substrateW may be aligned using patterning device
alignment marks Ml, M2 and substrate alignment marks
Pl, P2. Although the substrate alignment marks as
illustrated occupy dedicated target portions, they may
be located in spaces between target portions (these
are known as scribe-lane alignment marks). Similarly,
in situations in which more than one die is provided
on the patterning device MA, the patterning device
alignment marks may be located between the dies.
[0048] The depicted apparatus could be used in at
least one of the following modes: [0049] 1. In step
mode, the support structure MT and the substrate table
WT are kept essentially stationary, while an entire
pattern imparted to the radiation beam is projected
onto a target portion C at once (i.e. a single static
exposure). The substrate table WT is then shifted in
the X and/or Y directions so that a different target
portion C can be exposed, hi step mode, the maximum
size of the exposure field limits the size of the
target portion C imaged in a single static exposure.
[0050] 2. In scan mode, the support structure MT and
the substrate table WT are scanned synchronously while
a pattern imparted to the radiation beam is projected
onto a target portion C (i.e. a single dynamic
exposure). The velocity and direction of the substrate
tableWT relative to the support structure MT may be
determined by the (de-)magnification and image
reversal characteristics of the projection system PS.
hi scan mode, the maximum size of the exposure field
limits the width (in the non-scanning direction) of
the target portion in a single dynamic exposure,
whereas the length of the scanning motion determines
the height (in the scanning direction) of the target
portion. 



[0051] 3. In another mode, the support structure MT is
kept essentially stationary holding a programmable
patterning device, and the substrate table WT is moved
or scanned while a pattern imparted to the radiation
beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed
and the programmable patterning device is updated as
required after each movement of the substrate table WT
or in between successive radiation pulses during a
scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable
patterning device, such as a programmable mirror array
of a type as referred to above. [0052] Combinations
and/or variations on the above described modes of use
or entirely different modes of use may also be
employed. [0053] Figures 2A-2C depict embodiments of
arotatable contaminant trap 10, 10'. For example, each
trap 10, 10' can be a motor driven fan. As is depicted
in Figures 2A-2B, therotatable trap 10 may comprise a
rotor 10 having a plurality of channel forming
elements 11 defining channels Ch which may be arranged
substantially parallel to a general direction of
propagation of the radiation (i.e. a diverging
radiation beam emanating from the source SO). More
particularly, the rotatable trap 10 may permit
transmission of radiation emanating from a radiation
emission area LEP (see Figure 3) of the source SO
towards the collector K or a subsequent contaminant
trap 110. The rotor 10 is provided with a shaft 15,
providing the axis of rotation Q around which the
rotor 10 is rotatable. In the present embodiment, the
shaft 15 is rotatably held by a suitable bearing 20 of
a rotor carrying structure, described below in more
detail. Transmission of the radiation is schematically
depicted by arrows R in Figure 3. Desirably, a virtual
extension of the rotation axis Q of the rotor 10
coincides with the radiation emission area/radiation
emitting point (for example, a plasma discharge point)
LEP of the source SO. A drive mechanism, for example a
motor, to rotate the rotor is not specifically
depicted; the skilled person will appreciate that a
drive motor may be configured in various ways and be
coupled to the rotor 10 in various ways. [0054] The
channel forming elements 11 may be configured in
different ways, and are desirably provided by plates
(e.g., foils) 11, as in Figures 2B, 2C (thus forming a
so called foil trap). The plates 11 can be arranged in
various ways. For example, Figure 2B shows a first
embodiment of a contaminant trap 10, comprising a
plurality of plates 11 defining radiation transmission
channels Ch. The plates 11 may be substantially solid
plates 11, that do not 



contain apertures by themselves. The channels Ch may
be arranged substantially parallel to the direction of
propagation of the radiation beam during use. Further,
the plates 11 are oriented substantially radially with
respect to a rotation axis Q of the rotor 10, and are
evenly, regularly distributed around the rotation axis
Q. Figure 2C shows an alternative embodiment, wherein
the plates 11 do not extend radially from the rotation
axis Q or shaft 15. [0055] The plates 11may be
regularly and symmetrically distributed around the
center axis of the trap 10, such that the channels Ch
have substantially the same volume. The plates 11 can
be connected to each other, for example, at radially
outer sides by an outer plate connector 18, as
depicted in Figure 2C. The plates 11 may be connected
directly to each other at radially inner sides and/or,
for example, to the shaft 15. The rotatable
contaminant trap 10 may comprise various amounts of
channels Ch and respective plates 11, for example a
relatively large number of relatively narrow or
slit-like channels, for example at least about 100
channels, or at least about 180 channels, or only a
small number of channels Ch (as in Figure 2C).[0056]
Also, the rotor 10 may comprise electrically
chargeable material and the overall configuration may
be such that the rotor 10 is electrically charged as a
result of the operation of the radiation source SO
(see below). For example, the plates 11 and shaft 15
may be made substantially of electrical conducting
material(s), for example one or more metals or alloys,
for example aluminum, steel or other materials. In an
embodiment, the shaft comprises a robust material, for
example robust electrically conducting steel, or other
material, hi another embodiment, the rotor shaft
comprises or consists of robust insulator material,
for example ceramic insulating material, silicon
carbide (SiC), or other insulator material (see below
regarding Figure 6). [0057] Moreover, the rotor
construction may be such that the channel forming
elements 11 and rotor shaft 15 are electrically
connected to each other, directly or indirectly, for
example via suitable welded connections or in a
different manner. [0058] As follows from Figures 2A
and 3, there may be provided a bearing 20 configured
to rotatably hold the shaft 15 in a shaft receiving
aperture of a rotor carrying structure 30. The bearing
is shown in more detail in Figure 3. Both the bearing
20 and rotor carrying structure 30 are only depicted
schematically in the present figures, and they can
have various configurations. The rotor carrying
structure 30 may comprise or at least partly be made
of one or more relatively strong, durable electrical
conducting material. 



[0059] For example, the rotor shaft bearing 20 may
comprise a radial fluid bearing, such as a radial gas
bearing. Radial fluid bearings as such are known from
the prior art, as will be appreciated by the skilled
person. In the following, the bearing will mainly be
called a "gas bearing", however, this must not be
construed as excluding the application of a fluid
bearing. [0060] For example, in the present
embodiment, the gas bearing 20 may be configured to
provide a cylindrical layer of a gas or gas mixture
(or fluid or fluid mixture, in the case of a fluid
bearing) that surrounds part of the shaft 15, to
maintain the shaft 15 spaced-apart from an inner
cylindrical surface of the rotor carrying structure 30
(the latter mentioned inner surface can also be called
'the gas bearing surface of the carrying structure',
and the opposite shaft surface can be called 'the gas
bearing surface of the rotor shaft', the two surfaces
enclosing a space for the gas bearing). Further, the
bearing 20 may also include an axial gas bearing 20a,
located between a free end of the shaft 15 and an
opposite inner surface of the rotor carrying structure
30. The gas bearing 20 may prevent direct contact
between the shaft 15 and the rotor carrying structure
30, to provide very low friction there-between, so
that the shaft 15 (and contaminant trap rotor 10) may
be efficiently rotated with high speeds with respect
to thecarrying structure 30 (for example, speeds of
over 10,000 rpm). The gas bearing 20 maybe a good heat
conductor. Due to the high pressure inside the gas
bearing 20 and the relatively thin gas thickness the
heat conductivity may be good. The gas used in the gas
bearing 20 may also be heated up and therefore being
used to transport heat away from the foil trap. This
enables us to absorb a large amount of power onto the
foiltrap without the risk of expansion of the shaft 15
and therefore wear and introducing a lifetime issue.
Experiments show that with a thermal isolation of the
shaft 15 (with for example ball bearings) the
temperature of the shaft 15 will increase to over 600
C, while with a similar heatload with a gas bearing
the temperature of the shaft 15 increases to
approximately 100 C. [0061] For example, the gas
bearing 20, 2OA may comprise one or more gas inlets
21to supply the gas to the space between the shaft 15
and rotor carrying structure 30 (respective gas flows
are indicated by arrows GB) . For example, the
inlet(s) 2 1 may comprise a groove extending around
the shaft receiving aperture of the carrying structure
30. Further, the rotor carrying structure 30 may
comprise one or more gas exhausts 22 to remove gas
from the space between the shaft 15 and rotor carrying
structure 30 (respective gas flows are indicated by
arrows). The exhaust(s) 22 may also comprise a groove
extending around the shaft receiving 



chamber of the carrying structure 30. The bearing 20
may also be arranged and configured in various other
ways, as will be appreciated by the skilled person.
[0062] During use, ratios between gas flows GB towards
the gas bearing 20, via inlet(s) 21, and from the gas
bearing 20, via exhaust(s) 22, maybe adjusted or
controlled to maintain a desired gas thickness between
shaft 15 and carrying structure 30, as will be
appreciated by the skilled person. As a non limiting
example, the gas pressure in the gas bearing 20 may be
in the range of about 0.1-5 bar during operation. In
an embodiment, the gas used in the gas bearing 20 is
nitrogen gas (N2) . [0063] During operation of the
source SO, when the source SO emits the radiation,
charged debris particles (including, for example,
electrons and/or ions) can be emitted by the source
SO. The rotor plates 11 can capture debris, including
the charged particles, emanating from the source SO,
leading to electrically charging of the rotor plates
11 and shaft 15. In a non-limiting example, the
contaminant trap rotor 10 and its shaft 15 maybe
charged to over 600 Volts, even several kV of charge,
with respect to earth. Such rotor shaft charging might
lead to uncontrolled abrupt electrical discharge ED
(se Figure 3) through the gas space of the gas bearing
20, between the electrically conducting shaft 15 and
an electrically conductingbearing surface of the
carrying structure 30, which discharge ED may damage
the gas bearing surfaces and thus might hamper the
operation of the contaminant trap 10. [0064] According
to an embodiment, the apparatus is configured to
achieve controlling or redirecting an electrical
discharge ED of the rotor 10, or suppressing an
electrical discharge of the rotor 10, or both. In
other words, for example, the apparatus can be
configured to control electrical charge of the rotor
10. Thus, uncontrolled discharge ED may be prevented,
so that a high speed rotatable contaminant trap 10
having a high reliability can be achieved. Throughout
the present application, a rotor shaft discharge ED
may involve electrons flowing from the shaft 15 to
compensate a negatively charged shaft 15, or,
vice-versa, a current of electrons flowing towards the
shaft 15 to compensate a positively charged buildup.
[0065] Figures 3-11 show various further embodiments
of the invention. One or more aspects of one or more
of these embodiments may be combined with or
substituted for one or more aspects of one or more
other embodiments, if desired and appropriate. [0066]
In the embodiment of Figure 4, rotor discharge is
controlled or redirected by the application of a
discharge stimulator structure 23. Particularly, the
stimulator 23 is configured 



to stimulate an electrical discharge ED with the shaft
15 in an area outside the gas bearing 20.
Particularly, in the present embodiment, the discharge
stimulator 23 is arranged to provide that
substantially all or most electrical discharge ED with
the shaft 15 will occur in an area located near the
rotor 10, where the gas bearing 20 is substantially
not present. [0067] For example, a first shaft part
15A is held in the gas bearing 20 and an integral
second shaft part 15B reaches away from the gas
bearing, is attached to the main rotor part 10 and is
able to exchange charge with electrically chargeable
rotor material of the rotor 10. Then, desirably, the
configuration is such that compensation of a certain
rotor charging (due to radiation source operation) all
or mostly occurs via the second shaft part 15B or
another rotor part, but not via the first shaft part
15A and gas bearing 20. [0068] For example, in the
Figure 4 embodiment, the discharge stimulator
comprises a gas supply structure 23 to supply a
electrical discharge stimulating gas or gas mixture GD
towards the second shaft part 15B of the shaft 15,
such that at least a section of the second shaft part
15B is surrounded or otherwise contacts the discharge
stimulating gas or gas mixture GQ. Then, in an
embodiment, the discharge stimulating gas or gas
mixture GD may be of a type that has a relatively low
breakdown voltage, for example lower than a breakdown
voltage of the bearing gas or gas mixture GB used in
the gas bearing 20 during operation. The mentioned
breakdown voltages will depend on gas type, gas
pressure and breakdown length, and may bedetermined
from Paschen curves (following from Paschen's Law) for
various gases/gas mixtures, or by experiment or
calculation. Thus, in the present embodiment, during
use, the pressure of the electrical discharge
stimulating gas/gas mixture GD in the area between
shaft 15 and carrying structure 30 and the radial
width of that area in combination with the type of
gas/gas mixture GDmay be such that substantially all
or most rotor shaft discharge will go through that
discharge stimulating gas/gas mixture G , particularly
in relation to a pressure of the bearing gas/gas
mixture GB, the radial width of the gas bearing in
combination with the type of bearing gas/gas mixture
GB [0069] In this way, electrical discharge via the
first shaft part 15A may be prevented, since it is
much more likely that electrical breakdown ED (or
breakthrough) will occur at the second shaft part 15B
due to the application of the described discharge
stimulating gas or gas mixture GD- Thus, for example,
electrical discharge ED will be guided by that
discharge stimulating gas/gas mixture GD between shaft
15 and, for example, a part of the carrying 



structure 30, so that damage to the bearing part 20
can be prevented. [0070] As a non limiting example, in
the case that the gas used in the gas bearing is
nitrogen, the discharge stimulation gas may be argon.
The skilled person will appreciate that various gases
or gas mixtures may be suitable to provide the
electrical discharge stimulation at the second rotor
shaft part 15B, for example using and comparing the
commonly known Paschen curves for the gases/gas
mixtures in relation to the shaft/bearing
configuration. [0071] In a further embodiment, the gas
supply 23 may include a cylindrical groove in the
carrying structure 30, around the second shaft portion
15B, to receive the discharge stimulating gas/gas
mixture GD. Moreover, in an embodiment, there may be
provided an electrode 26 in or near a downstream part
of the gas supply 23, to further stimulate electrical
discharge through the discharge stimulating gas/gas
mixture GD- TOthis end, the electrode 26 may be
connected to a potential source to apply a suitable
electrical potential to the electrode in order to
redirect rotor shaft electrical discharge via the
electrode 26. Thus, the discharge stimulator structure
may comprise an electrode 26, for example a
ring-shaped electrode, extending or reaching to a
location near an outer surface of the second shaft
part 15B, the electrode desirably being connected to a
potential source, or a suitable charge drain (e.g.,
earth). For example, a well controlled glow discharge
may be achieved between the shaft 15 and the electrode
26, thus preventing damage to the shaft 15 and gas
bearing 20. For example, a continuous electrically
conductive path may be formed which can guide the
charge from the shaft 15 to ground even before an
uncontrolled discharge occurs, thus preventing
materialtransport, and thus giving an increased
lifetime to gas bearing surfaces. The electrode 26 can
have various configurations and shapes. For example,
the electrode 26 may comprise field enhancing sharp
edges or a sharp tip, to enhance the redirection of
the electrical discharge ED towards the electrode.
[0072] Figure 5 depicts another embodiment, which is
similar to the embodiment of Figure 4, but does not
comprise a gas supply configured to supply electrical
discharge stimulating gas. In the Figure 5 embodiment,
there is provided an electrically conductive electrode
26', extending or reaching to a location near an outer
surface of the second shaft part 15B, the electrode
being connected to a potential source 27. The
electrode 26' is located in an area which does not
form part of the bearing 20, for example at a locally
widened part of the rotor shaft aperture of the
carrying structure 30. The electrode 26' may be
charged by the 



potential source 27 to a desired high voltage (for
example a high positive voltage in case the shaft 15
is expected to be negatively charged during use) to
redirect shaft discharge away from the gas bearing 20.
[0073] Figure 6 shows another embodiment, hi this
case, the rotor 10 is electrically isolated from the
rotor carrying structure 30, such that the rotor
cannot discharge via the gas bearing 20. For example,
to that aim, the rotor shaft 15' can be made of
electrically insulating material, for example
electrically insulating ceramic material(s). Also, or
alternatively, to that aim, one or more parts 30A of
the carrying structure that surrounds the gas bearing
20 can be made of electrically insulating material,
for example electrically insulating ceramic
material(s). In Figure 6, electrically insulating
materials 15', 30A are shown as hatched. [0074]
Figures 7 and 8 show another embodiment. In this case,
only a part of the rotor shaft 15 comprises
electrically insulating material to prevent flow of
electrical charge, via the gas space of the gas
bearing, between the rotor 10 and the gas bearing
surface of the rotor carrying structure 30. For
example, the shaft 15 can comprise a shaft section 15C
which is substantially located outside the gas bearing
20, which shaft section is made of electrically
insulating material. Figure 8 shows a detail of a
shaft 15, wherein a first shaft part 115A and a second
shaft part 115B are spaced-apart from each other, and
are integrally attached to each other by an
electrically insulating coupling part 115C. The
coupling part 115C is made of one or more insulating
materials and ensures that no or little electrical
current can flow between the two shaft parts 115A,
115B during operation of the apparatus. For example,
suitable materials may include oxides, aluminum oxide,
silicon carbide, ceramic material, combinations of
such materials, and other materials as will be
appreciated by the skilled person.[0075] Figure 9
depicts another embodiment. In this case, electrical
discharge of the rotor 10 (particularly the shaft 15)
is controlled by one or more electrically conductive
couplings 29 in electrical contact with an
electrically conductive outer surface of the shaft 15
on one hand and with an electrically conductive part
of the rotor carrying structure, a charge drain, or
both, on the other hand. For example, the charge drain
may include earth, or be another suitable charge
receiving/collecting structure. [0076] In the Figure 9
embodiment, a number of sliding contacts 29 bridge the
gas space of gas bearing 20 to provide the described
conductive coupling. In an embodiment, the sliding
contacts 29 are attached to the rotor carrying
structure 30 and are in sliding contact with 



an outer surface of the shaft 15, to provide paths for
charge exchange between shaft 15 and carrying
structure 30. Alternatively or additionally, for the
same aim, sliding contacts maybe integrally connected
to the shaft 15 and be in sliding contact with a part
of the rotor carrying structure 30. In an embodiment,
the sliding contacts may comprise electrically
conducting hairs or wires, for example made of a
suitable metal or alloy. [0077] Figure 10 depicts an
embodiment wherein electrical discharge of the shaft
is substantially prevented or lessened utilizing a
potential source 27' to charge the rotor carrying
structure 30 to a suitable discharge-counteracting
voltage (in Figure 10, the gas bearing inlets and
exhausts appear to divide the rotor carrying structure
in separate parts, however, in practice, this will not
be the case, so that the potential source 27' can
charge at least all gas bearing surfaces of the rotor
carrying structure 30). For example, in the case that
it is expected that the shaft 15 may be charged to a
certain positive voltage (for example to a potential
Vl = +500V), the rotor carrying structure 30 may also
be charged to a positive voltage (for example to a
potential V2 = + 400V) to counteract any abrupt
electrical discharge of the shaft 15 via the gas space
of the gas bearing 20. Herein, the rotor carrying
structure 30 may be charged simply to a voltage V2,
such the difference between that voltage V2 and the
expected voltage of the rotor shaft Vl remains below a
certain breakdown voltage for the gas bearing 20. In
an embodiment, the operation of the potential source
27' maybe associated with the operation of the
radiation source SO, for example via a suitable
controller, to charge the rotor carrying structure 30
only in the case of, or depending on, activation of
the radiation source SO. [0078] In an embodiment,
which is not specifically depicted in Figure 9, the
bearing 20 is a radial fluid bearing, configured to
provide gas to a space between a part of a shaft 15
and part of the rotor carrying structure 30 (as in
Figures 2 and 3). Then, it is also advantageous if the
fluid bearing is configured to provide an electrically
conducting fluid or fluid mixture toprovide an
electrical conducting path between the rotor shaft and
the rotor carrying structure, to gradually even out
any electrical potential differences therebetween. For
example, the fluid provided by the fluid bearing 20
may at least partly comprise or consist of ions, or
ionized bearing gas. In this way, a glow discharge
maybe generated instead of abrupt sparks, between
shaft 15 and rotor carrying structure 30, wherein the
overall fluid bearing 20 as such may provide the
discharge path to discharge the rotor 10 in a
controlled manner. [0079] In an embodiment, the fluid
bearing 20 may be a liquid bearing, configured to 



provide a good electrically conducting liquid (at room
temperature), for example a liquid metal or liquid
alloy, for example tin, or an alloy comprising one or
more of tin, indium and gallium (for example one of
the alloys: gallium-indium and tin-gallium-indium). In
that case, a controlled discharge of the shaft 15 may
simply evolve through the liquid of the bearing 20,
without leading to damage of the bearing surfaces of
shaft 15 and the surrounding structure 30. [0080]
Vice-versa, the fluid bearing 20 may be selected to
form a very good electrical isolation between the
shaft 15 and the carrying structure 30 to
substantially prevent or lessen any electrical
discharge through the bearing 20 during the operation
of the apparatus. [0081] An embodiment of the present
invention is relatively easy and cheap to implement.
Also, in one or more embodiments, there is no
mechanical contact with the high speed rotor 10 and
its shaft 15, in which case there will be no
additional wear, nor will extra motor power be
required. The charge buildup on the shaft 15 may be
very rapid (<100 ns), and due to the skin effect, it
is expected that electric current is forced to flow
mostly at the outer surface of the shaft 15.
Considering this effect, the above-described
embodiments may take out the electrons just where they
are forced to flow, i.e., from the outer shaft
surface. [0082] One or more embodiments of the
invention may include, for example, making electrical
contact to the shaft 15 with a brush ring.
Additionally or alternatively, the total mechanics
(including the rotor 10 and the rotor carrying
structure 30) may be electrically isolated with
respect to an environment thereof, to suppress
uncontrolled rotor shaft discharge, wherein a good
capacitive coupling might be relied upon between shaft
15 and housing 30 to reduce the differential voltage.
In an embodiment, the channel forming elements 11 may
be electrically isolated from its shaft 15 (similar to
the embodiments depicted in Figures 6-8). [0083] In
another embodiment, there may be provided an
electrically conducting bearing 20 configured to
rotatably hold (i.e. carry, guide or support) the
rotor 10 or shaft 15 with respect to a rotor carrying
structure 30. For example, the electrically conducting
bearing 20 may be an above-described radial gas
bearing 20, utilizing an electrically conducting gas
orgas mixture. In an embodiment, the bearing 20 may be
an electrically conducting ball bearing, particularly
an electrically conducting radial ball bearing. In the
latter case, for example, one or more balls of the
ball bearing may be made of electrically conducting
material. Also, the ball bearing embodiment may be
combined with one or more embodiments described above
and shown in the Figures. 



[0084] Figure 11 shows another embodiment. In this
case, there is provided a rotor discharge stimulator
40 near or in electrical contact with part of the
rotor 10 as such. For example, the rotor discharge
stimulator 40 may comprise an electrode or sliding
contact 40, arranged to discharge the rotor via an
outer rotor part 18 (which can be, for example, a
circular outer rotor part that interconnects the
channel forming elements 11 with each other). The
rotor discharge stimulator 40 may make direct
electrical contact with the outer rotor part 18, or be
located on a suitable short distance from the rotor,
to receive charge from the rotor 10 during operation.
Further, the rotor discharge stimulator 40 may be
coupled electrically to ground, to a charge drain or a
potential source, to conduct charge away from the
rotor 10. In the case of an electrode 40 as the
discharge stimulator, again, the electrode 40 may
comprise field enhancing sharp edges or a sharp tip,
to enhance the redirection of the electrical discharge
ED towards the electrode. [0085] One or more of the
above described embodiments may provide various
advantages. For example, one or more of the
embodiments of the rotatable contaminant trap may
achieve long operational periods and/or may provide an
effective capturing of debris emanating from the
radiation source, without requiring much maintenance.
[0086] The present apparatus configuration having a
rotatable contaminant trap may relate to a
lithographic apparatus, but is not specifically
limited thereto, since one or more embodiments of the
invention may also be applied outside the field of
lithography. [0087] Although specific reference may be
made in this text to the use of lithographic apparatus
in the manufacture of ICs, it should be understood
that the lithographic apparatus and/or collector
described herein may have other applications, such as
the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain
memories, flat-panel displays, liquid-crystal displays
(LCDs), thin-film magnetic heads, etc. The skilled
artisan will appreciate that, in the context of such
alternative applications, any use of the terms "wafer"
or "die" herein may be considered as synonymous with
the more general terms "substrate" or "target
portion", respectively. The substrate referred to
herein maybe processed, before or after exposure, in
for example a track (a tool that typically applies a
layer of resist toa substrate and develops the exposed
resist), a metrology tool and/or an inspection tool.
Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further,
the substrate may be processed more than once, for
example in order to create a 



multi-layer IC, so that the term substrate used herein
may also refer to a substrate that already contains
multiple processed layers. [0088] The terms
"radiation" and "beam" used herein encompass all types
of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about
248, 193, 157 or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g. having a wavelength in the range
of 5-20 nm), as well as particle beams, such as ion
beams or electron beams. Particularly, the radiation
is of a type that can generate plasma in a low
pressure (vacuum) environment. [0089] The term "lens",
where the context allows, may refer to any one or
combination of various types of optical components,
including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components.
[0090] The descriptions above are intended to be
illustrative, not limiting. Thus, it will be apparent
to one skilled in the art that modifications may be
made to the invention as described without departing
from the scope of the claims set out below.CLAIMS 1. A
contaminant trap apparatus arranged in a path of a
radiation beam to trap contaminants emanating from a
radiation source configured to produce the radiation
beam, the contaminant trap apparatus comprising: a
rotor having a plurality of channel forming elements
defining channels which are arranged substantially
parallel to the direction of propagation of the
radiation beam, the rotor comprising electrically
chargeable material and arranged to be electrically
charged as a result of the operation of the radiation
source; and a bearing configured to rotatably hold the
rotor with respect to a rotor carrying structure,
wherein the apparatus is configured to (i) control or
redirect an electrical discharge of the rotor, or (ii)
suppress an electrical discharge of the rotor, or
(iii) both (i) and (ii), 2. The apparatus according to
claim 1, wherein electrical discharge of the rotor is
controlled by an electrically conductive coupling,
which is in electrical contact with an electrically
conductive part of the rotor and with an electrically
conductive part of the rotor carrying structure, a
charge drain, or both. 3. The apparatus according to
claim 2, wherein the electrical coupling comprises a
sliding 



contact. 4. The apparatus according to any of the
preceding claims, wherein the bearing comprises a
radial gas bearing structure, provided between a rotor
shaft and part of the rotor carrying structure,
wherein the rotor shaft comprises electrically
insulating material to prevent flow of electrical
charge, at the gas bearing structure, between the
rotor and a bearing surface of the rotor carrying
structure. 5. The apparatus according to any of the
preceding claims, wherein the bearing comprises a
radial gas bearing structure, provided between a first
part of a rotor shaft and part of the rotor carrying
structure, wherein the gas bearing structure is
configured to supply a gas or gas mixture to between
the first part of the rotor shaft and the rotor
carrying structure, and wherein (i) a discharge
stimulating structure is provided, or (ii) a discharge
stimulating gas or gasmixture is configured to be
provided, or (iii) both (i) and (ii), at or near a
different second part of the rotor shaft to stimulate
an electrical discharge with the rotor shaft in an
area outside the gas bearing structure, the second
shaft part being attached to the rotor and being able
to exchange charge with the electrically chargeable
rotor material, 6. The apparatus according to claim 5,
wherein the second shaft part is not substantially
surrounded by the gas bearing structure and extends
between the rotor and the first shaft part. 7. The
apparatus according to claim 5 or 6, wherein the
discharge stimulating gas or gas mixture has a lower
breakdown voltage than the bearing gas or gas mixture.
8. The apparatus according to any of claims 5-7,
wherein the discharge stimulating structure comprises
an electrically conductive electrode, extending or
reaching to a location near an outer surface of the
second shaft part, the electrode being connected to a
charge drain or a potential source. 9. The apparatus
according to any of the preceding claims, wherein the
bearing comprises a radial fluid bearing structure,
provided between a part of a rotor shaft and part of
the rotor carrying structure, wherein the fluid
bearing structure is configured to supply an
electrically conducting fluid or fluid mixture to
provide an electrical conducting path between the
rotor shaft and the rotor carrying structure. 10. The
apparatus according to any of the preceding claims,
wherein the bearing comprises a radial gas bearing
structure, and the channel forming elements comprise
plates defining the channels, the plates arranged
substantially parallel to the direction of propagation
of the 



radiation beam, wherein part of a rotor shaft reaches
into the gas bearing structure. 11. The apparatus
according to any of the preceding claims, further
comprising a radiation system including the radiation
source. 12. A lithographic apparatus, comprising:a
contaminant trap apparatus arranged in a path of a
radiation beam to trap contaminants emanating from a
radiation source configured to produce the radiation
beam, the contaminant trap apparatus comprising: a
rotor having a plurality of channel forming elements
defining channels which are arranged substantially
parallel to the direction of propagation of the
radiation beam, the rotor comprising electrically
chargeable material and arranged to be electrically
charged as a result of the operation of the radiation
source; and a bearing configured to rotatably hold the
rotor with respect to a rotor carrying structure,
wherein the contaminant trap apparatus is configured
to (i) control or redirect an electrical discharge of
the rotor, or (ii) suppress an electrical discharge of
the rotor, or (iii) both (i) and (ii); a substrate
table configured to hold a substrate; and a projection
system configured to project the radiation beam as
patterned onto the substrate. 13. The lithographic
apparatus according to claim 12, wherein electrical
discharge of the rotor is controlled by an
electrically conductive coupling, which is in
electrical contact with an electrically conductive
part of the rotor and with an electrically conductive
part of the rotor carrying structure, a charge drain,
or both. 14. The lithographic apparatus according to
claim 12 or 13, wherein the bearing comprises a radial
gas bearing structure, provided between a rotor shaft
and part of the rotor carrying structure, wherein the
rotor shaft comprises electrically insulating material
to prevent flow of electrical charge, at the gas
bearing structure, between the rotor and a bearing
surface of the rotor carrying structure. 15. The
lithographic apparatus according to any of claims
12-14, wherein the bearing comprises a radial gas
bearing structure, provided between a first part of a
rotor shaft and part of the rotor carrying structure,
wherein the gas bearing structure is configured to
supply a gas or 



gas mixture to between the first part of the rotor
shaft and the rotor carrying structure, and wherein
(i) a discharge stimulating structure is provided, or
(ii) a discharge stimulating gas or gas mixture is
configured to be provided, or (iii) both (i) and (ii),
at or near a different second51 part of the rotor
shaft to stimulate an electrical discharge with the
rotor shaft in an area outside the gas bearing
structure, the second shaft part being attached to the
rotor and being able to exchange charge with the
electrically chargeable rotor material. 16. The
lithographic apparatus according to claim 15, wherein
the second shaft part is not substantially surrounded
by the gas bearing structure and extends between the
rotor and the first shaft part. 17. The lithographic
apparatus according to claim 15 or 16, wherein the
discharge stimulating gas or gas mixture has a lower
breakdown voltage than the bearing gas or gas mixture.
18. The lithographic apparatus according to any of
claims 15-17, wherein the discharge stimulating
structure comprises an electrically conductive
electrode, extending or reaching to a location near an
outer surface of the second shaft part, the electrode
being connected to a charge drain or a potential
source. 19. The lithographic apparatus according to
any of the claims 12-18, wherein the bearing comprises
a radial fluid bearing structure, provided between a
part of a rotor shaft and part of the rotor carrying
structure, wherein the fluid bearing structure is
configured to supply an electrically conducting fluid
or fluid mixture to provide an electrical conducting
path between the rotor shaft and the rotor carrying
structure. 20. The lithographic apparatus according to
claim any of the claims 12-19, wherein the bearing
comprises a radial gas bearing structure, and the
channel forming elements comprise plates defining the
channels, the plates arranged substantially parallel
to the direction of propagation of the radiation beam,
wherein part of a rotor shaft reaches into the gas
bearing structure. 


