
Apparatus Comprising a Rotating Contaminant Trap

FIELD

[0001] The present invention relates to an apparatus comprising a rotatable

contaminant tap.

BACKGROI.IND

[0002] A lithographic apparatus is a machine that applies a desired pattem onto a

substrate, usually onto a tafget portion of ihe substrate. A lithographic appafatus can be used,

for example, in the manufacture of integrated circuits (ICs). In that instance, a pafteming

device, which is altematively referred to as a mask or a reticle, may be used to generate a circuit

paÍern to be formed on an individual layer ofthe IC. This pattem can be transfened onto a

targetportion(e.g.comprisingpartof,one,orseveraldies)onasubstrate(e'g'asiliconwafer)'

Transfer of the pattem is typically via imaging onto a layer ofradiation-sensitive material

(resist) providetl on the substrate. In general, a single substrato will contain a network of

adjacent tafget portions that are successively patterned. Known lithographic apparatus include

so-callecl steppers, in which each target portion is irradiated by exposing an entire pattem onto

thetargetportionatonetime,andso-calledscanners,inwhicheachtargetporticinisirradiaæd

by scanning the pattem tlrrough a radiation beam in a given direction (the ..scanning,Ldirection)

while synchronously scanning the substrate parallel or anti-parallel to this direction' It is also

possible to transfer the pattem from the patteming device to the subshate by imprinting the

pattem onto the substrate'

[00031 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 soufce. For example, the soufce can ønit micron-sized or

smaller particles, which are unwa¡ted downstream in the lithographic apparatus since the

debris could seriously impair or contaminate optical components ofthe apparatus'

[0004]Forexample,therotatingcontaminanttrapcanbeprovidedwithadriving

mechanism to rotate the hap, and plates of the trap can have a rotational symmetry with fespect

to the rotation axis ofthe trap. It is desirable to rotate the trap with a generally high speed at

which contamina¡t particles can be trapped efficiently, wherein the rotating contaminant trap

can achieve long operational periods without requiring much maintenance'

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. 



STIMMARY

[0005ì Embodiments of the invention include an apparatus comprising an improved

debris mitigation system.

[0006] Acco¡ding to an embodimen! there is provided a contaminant trap apparatus

arranged in a path of a radiation beam to trap contaminants emanating ftom a radiation sou¡ce

configured to produce the radiation beam, the contaminant trap apparatus comprising:

a rotor having a plurality of channel forming elements defining channels which a¡e

aÍanged substantially parallel to the difection ofpropagation ofthe radiation beam, the rotor

çomprising 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 tespect to a lotor carrying

sfucture,

wherein the apparatus is configured to (i) control or ¡edirect an electrical discharge of

the rotor, or (ii) suppress an elechical discharge ofthe rotor, or (iii) both (Ð and (iÐ'

[0007] preferably electrical discharge of the rotor can be conholled by an electrically

conductive coupling, which is in eleotrical contact with an electrically conductive paft of the

rotor and with an electrically conductive part of the rotor cafiying structure, a charge drain, or

both.

[0008] According to an ønbodiment, the electrical coupling comprises a sliding

contact.

[0009]Also,thebearingcancomprisearadialgasbearingstructure,providedbetween

a rotor shaft and part ofthe rotor ca¡rying strucfure' wherein the rotor shaft comprises

electrically insulating matøial to prevent flow of electrical chargg at the gas bearing structure'

between the rotor and a bearing surface of the rotor carrying structure'

{0010]Inanembodimenqthebearingcomprisesaradialgasbearingstructwe,

provided between a first part of a rotor shaft and part ofthe 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 roto¡ shaft to stimulate an electrical

discharge with the rotor shaft i¡ an area outside the gas bearing structure, the second shaft part

being attached to the roto¡ and being able to exchange chmge with the electrically chargeable

rotor material.

[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. 



[0011] Then, according to a further embodimen! the second shaft part is preferably not

substantially surrounded by the gas bearing structure and extends between the roto¡ and the

fust shaft part.

[00121 Besides, according to a furttrer embodiment, the discharge stimulating gas or

gas mixtufe can have a lower breakdo\ n voltage than the bearing gas or gas mixture.

[0013] optionall¡ the discharge stimulating structure comprises an electrically

conduotive electrode, extending or feaching to a location nea¡ an outer surface of the seoond

shaft part, the elecfoode being connected to a charge drain or a potential source.

t00141 h an ernbodiment, the bearing comprises a radial fluid bearing structure'

provided between a part of a rotor shaft and part of the rotor carrying structure, whercin the

fluid bearing structure is configured to supply an electically conducting fluid or fluid mixture

to provide an electrical conduoting path betwean the rotor shaft and the rotol carrying structure'

[0015] According to an anbodiment, the bearing can comprise a radial gas bearing

str¡¡cture, and the channel forming elemørts comprise plates defining the channels, the plates

arranged substantially parallel to the direction ofpropagation of the radiation beam, wherein

part ofa rotor shaft reaches into the gas bearing structure'

[0016]Also,theapparatuscanfurthercomprisearadiationsystønincludingthe

radiation source.

[0017]Accordingtoanembodiment,thereisprovidedalithographicapparatus'

comprising:

a contaminant trap apparatus arranged in a path of a radiation beam to trap

contaminants emanating ftom a radiation source configured to produce the radiation beam, the

contaminant trap apparatus comprising:

a rotor having a plurality of charurel forming elements defining channels which

arearrangedsubstantiallyparalleltothedirectionofpropagationoftheradiationbeam'

therotorcomprisingelectricallychargeablematerialandarrangedtobeelectrically

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 ca¡rying

structure,

whereinihecontaminanttrapapparatusiSconfigufedto(i)controlor¡edirectan

electricaldischargeoftherotor,or(ii)suppressanelectricaldischargeoftherotor,or

(iü) both (i) and (ii);

a substrate table configured to hold a subshate; and

[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. [00101 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.  



a projection systøn configured to project the radiation beam as patterned onto the

substrate.

The inve¡tion can, for example, provide a lithographic apparatus ihat contains or

comprises the apparatus according to any ofthe claims 1-l 1.

BREF DESCRIPTION OF THE DRAV/INGS

[0018] Embodiments of the invention will now be described, by way of example onl¡

with reference to the accompanying schematic drawings in which cor¡esponding reference

symbols indicate corresponding parts, and in which:

[00191 Figure 1 depicts an embodiment ofa lithographic apparatus;

100201 Figure 2A schematically de,picts an embodiment of rotatable contaminant trap,

in side view;

[0021] Figure 2E} schematically depicts a ûont view of an embodiment of the

conta¡ninant t¡ap;

[0022] Figure 2c schernatically depicts a front view ofan another embodiment ofthe

contaminant trap;

[0023] Figure 3 schernatically depicts part of the embodiment of Figure 1 , wherein a

fluid bearing of the contaminant trap is shown in more detail; 
i

[0024]Figure4issimilartoFigure3anddepictspartofanembodimentofthe

invention;

[0025] Figure 5 is similar to Figure 3 and depicts part of another ernbodiment ofthe

invention;

[0026] Figure ó is simila¡ to Figure 3 and dqricts part of another embodiment of the

invention;

[0027] Figure 7 is simila¡ to Figure 3 and depicts part of another embodiment of the

invention;

[0028] Figure 8 shows a detail of anothe¡ embodiment of Figure 7;

[0029] Figure 9 is similar to Figure 3 and depicts part of another embodiment of the

invantion;

[00301 Figu¡e l0 is similar to Figure 3 and depicts part of another embodiment of the

invention; and

[0031] Figure 11 is similar to Figure 28 and depicts part of another embodiment of the

invention.

I
R
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[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.
100171 According to an embodiment, there is provided a lithographic
apparatus, comprising: 



DETAILED DESCRIPTION

[0032] Figure 1 schematically depicts a lithographic appafatus 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

patteminitscross-sectiontoformapattemedradiationbeam,andtoprojectthepattemed

radiation beao onto a target portion of a substrate W' In Figure 1, the apparatus can comprise:

[00331 - an illumination system (illuminator) IL configured to condition a

radiation.beam PB (e.g' LIV radiation or other types of radiation)'

t00341 - a support structue (e'g' a mask table) MT constructed to support a

pattemingdevice(e,g.amask)MAandconnectedtoaûrstpositionerPMconfiguredto

accurately position the patteming device in accordauce wüh certain parameters;

t00351 - a substrate t¿ble (e'g' a wafer table) WT conshucted 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 witlt certain parameters; and

t00361 - a projection system PS configured to project a pattem imparted to the

radiation beam pB by the patteming device MA onto a target portion c (e. g. comprising one or

mor.e dies) of the substrate W.

[0037] The illumination system may include various types ofoptical components' such

as reftactive, reflective, magretig electromagnetig electrostatic o¡ other types ofoptical

components, or any combination thereof, for directing' shaping' or controlling radiation'

[0038] The support structure holds the patteming devioe in a manner that depends on

the orientation of the patterning device, the design ofthe lithographic apparatus, and other

conditions, such as for example whether or not the patterning device is held in a vacuum

.environment. The support structüe can use mechanical' vacuum' electrostatic or othel

clamping techniques to hold the patteming device' The support struchre:may be a ûame or a

table, for example' which may be fixed or movable as required' The support structure may

ensure that tlre patteming device is at a desired position' for example with respect to the

projection system. Any use of the terms "¡eticle" o¡ "mask" herein may be considered

synonymous with the more general term "patteming device'"

[0039] The ter m .þatterning device'' used herein should be broadly interpreted as

referring to any device that can be used to impart a radiation beam with a pattem in its

c¡oss.sectionsuchastocreateapatteminatafgetpoftionofthesubstrate.Itshouldbenoted

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 



that 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 pattem includes phase-shifting

features or so called assist features. Generally, the pattem imparted to the radiation beam will

correspond to a particular functional layer in a device being created in the tffget portion, such

as an integrated cìrcuit.

[0040] The patterning device may be transmissive or reflective. Examples ofpatterning

devices include masks, programmable mirror arrays, and programmable LCD panels. Masks

are well known in lithography, and include mask types such as binary, altemating phase-shift,

and attenuated phase-shift, as well as various hybrid mask types. An example ofa

programmable mirror array employs a matrix arrangemelrt of small minors, each of which can

be individually tilted so as to reflect an incoming radiation beam in different directions. The

tilted mirrors impart a pattem in a radiation beam which is reflected by the mirror matrix'

[0041] The tenn 'lprojection system" use.d herein should be broadly interpreted as

encompassing any type ofprojection system, including refractivg reflective, catadioptrie,

mapetic, electromagr.etic and electrostatic optical systems, or any combination thereof, as

appropriate for the exposure radiation being used, or fo¡ other factors such as the use of an

immersion liquid or the use of a vacuum. Any use of the term "projection lens" her.ein may be

consiclered as synonymous with the more general term rþrojection system"'

[00421 As here tlepicted, the appmatus is of a reflective type (e'g' employing a

reflective mask). Altematively, the apparatus may be of a transmissive type (e.g' employilg a

transmissive mask)'

[0043] The lithographic apparatus may be of a type having two (dual stage) or more

substate tables (and/or two or mofe suppoft structufes). In such'tnultiple stage" machines the

additional tables (and/or support structures) may be used in parallel, or pfepalatory steps may

be ca¡ried out on one o¡ more tables (and/or support structures) while one or more other tables

(and/or support structures) are being used for exposwe'

[0044] Refsrrífìg 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 ifrequired, may be referred to as a radiation system. ln an embodiment, the radiation

source so is a plasma Elrv source, particularly a discharge plasma source, for example a tin

(Sn)plasmaEUVsource.Forexample,inzucharadiationsource,Snatomscanbeheated(e.g.,

electrically) using a low power laser. The EUV radiation source can also be a different

¡adiation source, for example a Li o¡ xe 'fueled' plasma radiation source. Also, during use,

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 



plasma electrons, charged particles and other debris particles may escape from the source so,

towa¡ds a collecto¡ K and the illuminator IL. The collecto¡ K can collect fadiation ûom the

radiation source so. The collector K can be arranged to üansmit tlte collected radiation to the

illumination system IL. Particularly, the collector K can be arranged to focus incoming

radiation, received from the radiation soulce, onto a small focusing area or focusing point.

[0045]Adebrismitigationsysteml0,ll0isdesirablyprovidedtocaptureparticles

emanating from the source SO' As is depicted in Figure 1, the mitigation systern can be

provided with one or more fotatable çontaminant traps 10 (only one is shown), located near the

sou¡ce so. Also, there can be provided one o¡ more further contaminant traps I 10, for exarnple

a static contaminant trap 1 10 that is positioned between the rotatable trap l0 and the radiation

collector K. one or more ernbodiments of a lotatable tfap system 10 a¡e described below'

[0046]TheilluminatorlLmaycomprisearradjustertoadjusttheangularintensity

distributionoftheradiationbeam.Generally,atleasttlreoute¡and/orinnerradialextent

(commonlyreferredtoaso-outerærdo-i¡qer,respectively)oftheintensitydistributionina

pupilplaneoftheilluminatorcanbeadjusted'Inaddition,theilluminatorlLmaycomprise

variousothercomponents,suchasanintegIatolandacondenser.Theilluminatorrnaybeused

to condition the radiation beam, to have a desired uniformity and intensity distribution in its

cross-section.

[00471 The radiation beam PB is incident on the patteming devic€ (e'g'' masþ MA'

which is held on the support stni€ture (e.g., mask table) MT, and is patterned by the patterning

device.AftertraversingthepattemhgdeviceMA,theradiationbeamPBpassesthroughthe

projectionsystemPs,whichfocusesthebeamontoatargetportionCofthesubstratew'with

theaidoftlresecondpositionerPW'andpositionsensorlF2(e.g'aninterferometricdevice,

linea¡ encoder or capacitive sensor), the substrate table lvT can be moved accurately, e'g' so as

to position different target portions c in the path of the radiation beam PB' similarly, the fust

positiorrerPMarrdanotherpositionsensorlFlcanbeusedtoaccuratelypositiont}repatterning

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' ln 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 fust positioner PM' Similarty' movernent of the

subshatetableWTmayberealizeclusingalong-strokemodulearrdashort-strokemodule,

which form part of the second positione¡PW. ln the case ofa stepper (as opposed to a scarrner)

thesupportstructuleMTmaybecofinectedtoashort-stfokeactuatoronly,ormaybefixed.

contaminant trap; [0023] Figure 3 schematically depicts part of the
embodiment of Figure 1, wherein a fluid beating 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; 



Patteming device MA and subshate W may be aligned using patteming device alignrnent

marks Ml, M2 and substrate aligrunent 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 tha¡ one die is provided on the patterning device MA, the patteming device alignment

marks may be located between the dies.

' [0048] ,The depictèrl,apparatus could be used'in at least prre ot tlre following modes:

tmOl t. In step mode, the zupport structure MT and the sutstrate table WT me

kept essèntiaþ stationary, while an entire pattern impárted to the radiation beam is projected

onto a tafget portion C at once (i.e. a single static exposure). The substrate table WT is then

shiftetl in the X and/or Y directions so that a different target portion C can be exposed. In step

mode, the maximum size of the exposure field limits the size of the target portion c imaged in

a single static exposure.

[0050] 2. In scan mode, the support structure MT and the substrate table wT a¡e

scanned synchfonously while a pattern imparted to the radiation beam is projected onto a target

portion c (i.e. a single d¡'namic exposure). The velocity and direction of the subshate table wT

relative to the support structure MT may be detnrmined by the (de-)magnification and image

reversal characteristics of the projection system PS. In scan mode, the maximum size ofthe

exposure ûeld 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 heigþt (in the

scanning dìrection) of the target portion.

t00511 3. In a¡other mode, the suppoft shuoture MT is kept essentially stationary

holding a programmable patteming device, and the subshate table 
.WT 

is moved or scarmed

while a pattern imparted to the radiation beam is projected onto a tafget portion c. In this mode,

generally a pulsed radiation source is ernployed and the programmable patteming device is

updated as required after each movement of the substrate table WT or in between successive

radiationpulsesduringascan'Thismodeofope¡ationcanbereadilyappliedtomaskless

lithography that utilizes programmable patteming device, such as a programmable mirror array

of a type as referred to above.

[0052] Combinations and/or variations on the above described modes ofuse or entirely

different modes of use may also be employed.

f00531 Figures 2A-2C depict entbodiments of a rotatable oontaminant trap 10, 10'. For

example, each hap 10, l0' can be a motor driven fan. As is depicted in Figures 2A-2B, the

[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 



rotatable trap 10 may comprise a totof 10 having a plurality of channel forming elemefits 1 1

defining channels ch which may be arranged substantially parallel to a gøreral direction of

propagation of the radiation (i.e. a diverging radiation beam emanating from the source so).

More particularly, the rotatable hap 10 may permit tra¡smission of radiation ernanating from a

radiation ernission area LEP (see Figure 3) of the source so towards the collector K or a

subsequent contaminarrt trap l 10. The rotor 10 is provided with a shaft 15, providing the axis of

rotation Q around which the rotor 10 ís rotatable. In the present ernbodiment, the shaft 15 is

rotatably helcl by a suitable bearing 20 of a rotor carrying structure, described below in more

detail. Transmission of the radiation is schematically depicted by anows R in Figure 3'

Desirably, a viftual extension ofthe 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 ¡otor is not specifically

clçicted; the skilled person will appreciate that a drive motor may be configured in various

ways and be coupled to the rotor l0 in various ways'

{0054]Thechannelformingelementsllmaybeconfiguredindifferentways'andare

ctesirably provided by plates (e'g', foils) 1 1, as in Figures 2B' 2C (thus forming a so called foil

hap). The plates I I can be arranged in various ways' For example' Figrre 2B shows a first

embodiment of a contaminant trap I 0, comprising a plurality of plates 1 I defining radiation

transmissioncharurelsCh.Theplatesllmaybesubstærtiallysolidplatesll,thatdonot

containapertufesbythernselves.ThechannelsChmaybearranged.substantiallyparalleltothe

directionofpropagationoftheradiationbeamduringuse'Further,theplatesllareoriented

substantially radially with respect to a lotation axis Q ofthe rotor 10, and are evenly, regularly

distributedaroundtherotationaxisQ'Figure2Cshowsanaltemativeembodìment'wherein

the plates 11 do not extend radially from the ¡otation axis Q or shaft 15'

[0055]Theplatesllmayberegularlyandsym'metricallydistributedaroundthecenter

axisofthetapl0,suchtlratthechannelsChhavesubstantiallythesamevolume.Theplatesll

can be connected to each other, for examplg at radially outer sides by an outer plate connector

18, as tlepicted in Figure 2C' The plates l 1 may be conrrected directly to each other at radially

inner sides and/or, for example, to the shaft 1 5 ' The rotatable contaminant trap I 0 may

comprisevariousamountsofchannelsCharrdrespectiveplatesll,forexamplearelatively

largenumberofrelativelynarroworslit-likechannels'forexampleatleastaboutl00charmels'

or at least about 180 channels, or only a small number of channels Ch (as in Figure 2C)'

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 noted  that the
pattern imparted to the radiation beam may not exactly correspond to the
desired pattern in the target portion of the substrate, for 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 minor matrix. 



[0056] Also, the rotor 10 may comprise elechically chargeable material and the overall

configuration may be such that the roto¡ l0 is electrically charged as a result ofthe operation of

the radiation sou¡ce SO (see below). For example, the plates 1 I and shaft 15 may be made

substantially ofelectrical conducting material(s), for example one o¡ 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. In another

embodiment, the rotor sliaft comprisos 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

I I and rotor shaft l5 are electically connected to each other, directly or indirectly, for example

via suitable welded connections or in a different manner'

[0058]AsfollowsfromFigures2Aand3,theremaybeprovidedabearing20

configured to rotatably hold the shaft I 5 in a shaft receiving aperture of a rotor carrying

structwe 30. The bearing is shown in more detail in Figure 3. Both the beæing 20 and rotor

carrying structur.e 30 are only dçicted schernatically in the present figures' and they can have

various configurations. The rotor carrying structure 3 0 may comprise or at least partly be made

of one or more relatively strong, durable electrical conducting material '

[0059|Forexample,the.rotorshaftbearing20maycomprisearadialfluidbearing'

suchasaradialgasbearing.Radiatfluidbearingsassuchareknownfromthepriorart,aswill

be appreciated by the skilled person. In the following, the bearing will mainly be called a "gas

bearing,,, howevet, this must not be construed as excluding the application of a fluid bearing.

[0060]Forexample,inthepresentembodiment,thegasbearing20maybeconfigured

to provide a cylindrical layer of a gas or gas mixture (or fluid or fluid mixture, in the case ofa

fluid bearing) that surrounds part ofthe shaft 15, to maintain the shaft 15 spaced-apart from an

irurer cylindrical surface of the ¡otol carrying structure 30 (the latter mentioned inner surface

can also be called'the gas bearing surface ofthe carrying structure" and the opposite shaft

surface can be called'the gas bearing swface of the rotor shaft" the two su¡faces enclosing a

space for the gas bearing). Furttrer, the bearing 20 may also include an axial gas bearing 204

located between a free end ofthe 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 roto¡

carrying structure 30, to provide very low friction there-between, so that the shaft 15 (and

contaminant trap roto¡ 10) may be efficiently rotated with high speeds with respect to the

10

[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 a-outer and a-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
IF1 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. 



caf,rying structure 30 (for exarnple, speeds of over 10,000 rpm)' The gas bearing 20 may be a

good heat conducto¡. Due to the higb pressure inside tle 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

toabsorbalargeamountofpowerontothefoiltrapwithouttheriskofexpansionoftheshaft15

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'

[0061ì For exarnple, the gas bearing 20, 204 may comprise one or more gas írlets 21 to

supply the gas to the space between the shaft 15 and rotor carrying structure 30 (respective gas

flowsareindicatedbyarrowsGn).Forexample,theinlet(s)2lmaycompriseagroove

extendingaroundtheshaftreceivifigapertuf€ofthecarryingstructure30.Further,therotor

carrying structue 30 may comprise one or more gas exlausts 22 to remove gas ftom the space

between the shaft l5 and rotor carrying structufe 30 (respective gas flows are indicated by

arrows). The exhaust(s) 22 rrray alsocomprise a groove extending around the shaft receiving

chambe¡ of the carrying structwe 30' The bearing 20 may also be arranged and configured il

various other ways, as will be appreciated by the skilled person'

[00621 During use, ratios between gas flows GB towards the gas bearing 20' via inlet(s)

21, and from the gæbeating2l,via exhaust(s) 22' maybe adjusted or controlled to mainlain a

desired gas thickness betwesn shaft 15 and carrying structure 30, as will be appreciated by the

skilledperson.Asanonlimitingexample,tlregaspressureinthegasbearing20maybeinthe

range ofabout 0.1-5 bar during operation' ln a¡r embodiment' the gas used in the gas bearing 20

is nitrogen gas (N2).

[00631 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

fromthesourceSo,leadingtoelectricallyctrargingoftherotorplatesllandshaft15.Ina

nonJimiting example, the contaminant ffap rotor l0 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

gasbeming20,betweentheelectricallyconductingshaft15andanelectricallyconducting

Patterning device MA and substrate W 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. In 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 table WT relative to the support
structure MT may be determined by the (de-)magnification and image
reversal characteristics of the projection system PS. In scan mode, the
maximum size of the exposure field limits the width (in the non-scanning
direction) of the target portion in a single dynamic exposure, whereas the
length of the scanning motion determines the height (in the scanning
direction) of the target portion. [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. 



bearing surface of the carrying shucture 30, which discharge ED may damage the gas bearing

surfaces and thus might harnper the operation of the contaminant trap 10'

[00641 According to an embodiment, the apparatus is coofigured to achieve controllìng

or rediiecting an electrical discharge ED ofthe rotor 10, or suppressing an electrical discharge

ofthe rotor 10, or both. In other words, for exarnple, the apparatus cæl be configured to control

electrical charge of the rotor 10. Thus, unconholled discharge ED may be prevented, so that a

high speed rotatable contamina¡t trap 1 0 having a high reliability cari 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, vicevers4 a current of electrons

flowing towards the shaft l5 to compensate a positively charged buildup'

[0065] Figures 3-11 show various further eanbodiments of the invention. one or more

aspects of one or more of these embodiments may be combined with or substituted for one o¡

more aspects of one or more other embodiments, if desired and appropriate'

10066ì In the embodiment of Figure 4, rotor dischæge is conholled or redirected by the

application ofa discharge stimulator structure 23, Particularly, the stimulator 23 is configured

to stimulate an eleckical discharge ED with the shaft l5 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 wüh the shaft 15 will occur in an afea locâted

near the rotor 10, where the gas bearing 20 is substantially not presøt'

[006flForexample,afustshaftpartl5Aisheltlinthegasbearing20andanintegral

secondshaftpartl5Breachesawayûomthegasbearing,isattachedtothemainrotorpartl0

and is able to exchange chæge with electrically chargeable rotor mate¡ial ofthe rotor 10' Then'

desirably,theconfigurationissuchthatcompensationofacertainrotorcharging(dueto

radiation source operation) all or mostly occurs via the second shaft part 158 or anothel roto¡

part, but not via úe first shaft part 154 and gas bearing 20'

[0068]Forexample,intheFigure4embodiment,thedischmgestimulatorcomprisesa

gas supply structu¡e 23 to supply a electrical discharge stimulating gas or gas mixture G¡

towards the second shaft part 158 ofthe shaft 15, such that at least a section of the second shaft

part 158 is surrounded or otherwise contacts the discharge stimulating gas or gas mixture Go'

Then, in an embodiment, the discharge stimulating gas or gas mixtu¡e GD may be of a tlpe that

has a relatively low breakdown voltage, for example lower than a breakdown voltage of the

bearinggasorgasmixtureGBusedinthegasbearing20duringoperation.Thementioned

breakdown voltages will depend on gas type, gas pfessure and b¡eakdown length, and may be

t2

[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 a rotatable contaminant trap 10,
10'. For example, each trap 10, 10' can be a motor driven fan. As is
depicted in Figures 2A-2B, the  rotatable 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.      100541 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 11 may 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. In 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. 



determined from Paschen cuwes (following from Paschen's Law) for various gases/gas

mixfures,orbyexperimentorcalculation.Thus,inthepresentembodiment,duringuse,the

pressure of the electrical discharge stimulating gaslgas mixture Go in the area between shaft 15

ancl carrying stl'ucture 30 and the radial width of that area in combination with the type of

gas/gas mixture GD may be such that substantially all ormost rotor shaft discharge will go

througþ that discharge stimulating gas/gas mixture Go, particularly in relation to a pressure of

thebearinggasigasmixtureGg,theradialwidthofthegasbearingincombinationwiththetype

of bearing gas/gas mixture Gg.

[0069] In this way, electrical discharge via the fust shaft part 154 may be prevented'

since it is much more likely that electrical breakdown ED (or breakthrough) will occuf at the

second shaft part l58 due to the application ofthe described discharge stimulating gas or gas

mjxtureGo.Thus,forexample,electricaldischargeEDwillbeguidedbythatdischarge

stimulating gas/gas mixture Gp between shaft 15 an{ for example' a part of the carrying

struch¡re 30, so that damage to the bearing part 20 can be prevented'

[0070] As a non limiting examplg in the case that the gas used in the gas bearing is

nihogen,ihedischargestimulationgasmaybeargon.Theskilledpersonwillappreciatethat

variousgasesorgasmixtufesmaybesuitabletopfovidetheelectricaldischargestimulationat

the second rotor shaft part 158, for example using and comparing the commonJy known

p.aschen curves for the gases/gas mixtures in relation to the shaff/bearing configuration'

100711 In a ñ¡rther embodiment, the gas supply 23 may include a cylindrical groove in

the carrying structure 30, a¡ound the second shaft portion 158' to receive the dischmge

stimulating gaslgas mixture GD' Moreover, in an ernbodiment' there may be provided an

electrode 26 in or near a downstream part of the gas supply 23, to further stimulate electncal

dischargethroughthedischargestimulatinggas/gasmixtureGp'Tothisend'theelectrode26

maybeconnectedtoapotentialsourcetoapplyasuitableelectricalpotentialtotheelechodein

ordertoredirectrotorshafteleetricaldischargeviaiheelectrode26.Thus,thedischarge

stimulatof structufe may comprise an electrode 26, for example a ring-shaped electrode'

extending or reaching to a location near an outer surface ofthe second shaft part 158' 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 betwee¡r the shaft l5 and the

electrode 26, thus preventing damage to the shaft 15 and gas bearing 20' For examplg a

continuous electrically conductive path may be formed which can guide the charge ûom the

shaft 15 to ground even before an uncontrolled discharge occurs, thus preventing material

l3

[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
20; 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 the  carrying structure 30 (for example, speeds of over 10,000
rpm). The gas bearing 20 may be 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, 20A
may comprise one or more gas inlets 21 to 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) 21 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, may be 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 may be 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 conducting  



transport, and thus giving an increased lifetime to gas bearing surfaces. The electrode 26 cøn

have various configwations 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 olectrode.

[0072] Figure 5 de,picts another embodiment, which is si¡nila¡ to the embodimørt of

Figure 4, but do€s not comprise a gas supply configured to supply electrical discharge

stimulatiog gas. In the Figure 5 errbodiment, there is provided an eleclrically conductive

elecf¡ode 26" extending or reaching to a location near an outer zurface of the second shaft part

l5B, the electrode being i:onnected to a potential source 27. The elechode 26' is located in an

area which does not fonn part ofthe bearing 20, for example at a locally widened part of the

fotor shaft aperhrxe of the carrying structure 30. The electrode 26'maybe chæged by the

potential source 27 to a desired high voltage (for example a high positive voltage in case the

shaft l5 is expected to be negatively charged during use) to redjrect shaft discharge away from

the gas bearing 20.

[0073] Figure 6 shows another ernbodiment. In this case, the lotor 10 is electrically

isolated from the rotor cafrying structu¡e 30, such that the roto¡ carmot 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 altematively, to that

aim,oneormoreparts30Aofthecarryingstructurethatsurroundsthegasbearing20carrbe

made of electrioally insulating material, for example electrically insulating ceramic material(s) '

In Figure 6, electrically insulating materials 15', 30A are shown as hatched'

[0074]FiguresTandsshowanotherembodiment.Inthiscase,onlyapartoftherotor

shaft 15 comprises electrically insulating material to prevent flow of electrical charge, via the

gasspaceofthegasbearing,betweentherotorl0andthegasbearingsrrrfaceoftlrerotor

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 eleckically

insulating material. Figure 8 shows a detail ofa shaft 15, wherein a first shaft part I l5A and a

second shaft part 115B are spacetl-apart from each other, and me integrally attached to each

other by an electrically insulating coupliag part 115C. The coupling part I 15C is made ofone

or more insulating materials and ensufes that no or little electrical current can flow between the

two shaft parts 1 15A, I I 58 during operation of the apparatus. For example, suitable materials

may include oxides, aluminum oxide, silicon carbide, ceramic material, combinations of such

materials,andothermaterialsaswillbeappreciatedbytheskilledperson.
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bearing 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 GD. 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 be  determined 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 GD may be such that substantially all or most rotor
shaft discharge will go through that discharge stimulating gas/gas mixture
GD, 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 1 513 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 



[0075] Figure 9 depicts another e,lnbodiment. ln this case, electrical discharge of the

rotor l0 þarticularty the shaft 1 5) is controlled by one or more electrically conductive

couplings 29 in electrical contact with an electrically conductive outef surface of the shaft 15

on one hand and with an electrically conductive part of the Iotor carrying structure, a charge

drain, or both, on the other hand. For example, the charge drain may include earth' or be

another zuitable charge receiving/collecting strucfwe'

[0076] In the Figure 9 e¡nbodiment' a nurnber of sli órr'g contarls 29 bridge the gas

spaceofgasbearing20toprovidethedescribedconductivecoupling.Inanembodimen!the

sliding contacts 29 are attached to the rotor carrying structure 30 and are in slitling contact with

an outer surface ofthe shaft 15, to provide paths for charge exchange between shaft 15 and

carrying sfiucture 30. Altematively or additionall¡ fo¡ the same aim' sliding contacts maybe

integrally connected to the shaft 1 5 anct be in sliding contact with a part of the rotor carrying

structufe 30. In an e,ribodìment, the sliding contacts may comprise electrically conducting hairs

or wires, for example made of a suitable rnet¿l or alloy'

[0077]Figurel0depictsanembodimentwhereinelectricaldischargeoftheshaftis

substantially prevented or lessened utilizing a potential source 27' to charge the rotor carrying

structure30toasuitabledischarge-counteractingvoltage(inFigurel0'thegas'bearinginlets

andexhaustsappeartodividetherotorcarryingstructureinsepafateparts,however,inpractice,

this will not be the case, so that the potential source 27' can charge at least all gas bearing

surfacesoftherotorcarryingstfucture30).Forexample,inthecasethatitisexpectedthatthe

shaft15maybechargedtoacertainpositivevoltage(forexampletoapotentialVl=+500V)'

the rotor carrying structwe 30 may also be charged to a positive voltage (for example to a

potentialV2=+400V)tocounteractanyabruptelecticaldischargeoftheshaftl5viathegas

space of the gas bearing 20. Herein, the rotor carrying structwe 30 may be charged simply to a

voltageY2,suchthedifferencebetweent}ratvoltageY|arrdtheexpectedvoltageoftherotor

shaft v1 remains below a certain breakdown voltage for the gas bearing 20. In an embodiment,

theoperationofthepotentialsource2T'maybeassociatedwiththeoperationoftheradiation

sourceso,forexampleviaasuitablecontroller,tochargetherotorcarryingstructure30orrly

in the case of, or depending on, activation of the radiation source SO'

[0078]Inanembodiment,whichisnotspecificallydepictedinFigureg'thebearing20

is a radial fluid bearing, configured to provide gas to a space between a part ofa shaft 15 and

part of the rotor carrying stfuchrre 30 (as in Figures 2 antl 3). Then, it is also advantageous ifthe

fluidbearingisconfiguredtoprovideanelectricallyconductingfluidorfluidmixtureto
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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 1513, for example using and comparing the
commonly known Paschen curves for the gases/gas mixtures in relation to
the shaft/bearing configuration.      10071] In a further embodiment, the
gas supply 23 may include a cylindrical groove in the carrying structure
30, around the second shaft portion 1513, 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. To this 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 material  transport, 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. In 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. 



provide an elechical conducting path between the rotor shaft and the rotor cårrying structüe, to

grad¡ally even out any electrical potential differences the¡ebetween. For examplg the fluid

provided by the fluid bearing 20 may at least partly comprise or consist ofions, 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 bea¡ing 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, configwed 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 tllat case, a

conholled discharge of the shaft 15 may simply evolve through the liquid ofthe bearing 20,

without leading to damage ofthe bearing surfaces of shaft 15 and the surrounding struohre 30'

[0080] vice-versa, the fluid bearing 20 may be selected to form a very good electrical

isoiation between the shaft 15 and the carrying sfucture 30 to substantially preveût or lessen

any electrical discharge through the bearing 20 during the operation of the apparatus.

[008r] An embodiment ofthe present invefition is relatively easy and cheap to

implement. Also, in one or more ernbodiments, there is no mechanical contact with the high

speed rotor 10 an<l its shaft 15, in which case there will be no additional wea¡, nor will extra

motorpowerberequired'Thechargebuildupontheshaft15maybeveryrapid(<100ns),and

duetotheskineffect,itisexpectedthatelectriccunentisforcedtoflowmostlyattheouter

surface ofthe shaft 15. Considering this effect, the above-described ernbodiments 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 altematively, the total

mechanics (including the roto¡ 10 and the rotor canying structure 30) may be electrically

isolated with respect to an environnent thereof, to suppress uncontrolled rotor shaft discharge,

wherein a good capacitive ooupling might be relied upon between shaft 15 and housing 30 to

¡educe the differential voltage. In an ernbodiment, the channel forming elements l 1 may be

electrically isolated from its shaft 15 (similar to the embodiments depicted i¡ Figures 6-8)'

[00s3]Inanotherembodiment,theremaybeprovidedanelectricallyconducting

bearing 20 configured to rotatably holil (i.e. carry, guide or suppolt) 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 or
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[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 may be 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
V1 = +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 VI remains below a certain breakdown
voltage for the gas bearing 20. In an embodiment, the operation of the
potential source 27' may be 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 to  provide 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 may
be 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.      10080] 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.      10082] 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).
100831 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 or 



gas 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

bearingembodimentmaybecombinedwithoneormoreernbodimentsdescribedaboveand

shown in the Figures.

[00s4]Figurellshowsanothergmbodiment'Inthiscase,thereisprovidedarotor

dischargestimulator40nearorinelectricalcontactwithpartofthefotorl0aszuch.For

examplgtherotordischargestimulato:40maycompriseanelectrodeorslidingcontact40'

arrangedtodischargetherotorviaanouterrotorpartlS(whichcanbe'forexample'acircula¡

outer fotof part that interconnects the channel forming elements I 1 witheach other)' The rotor

dischargestimulator40maymakedirectelectricalcontactwiththeouteflotorpaftlS,orbe

located on a suitable short distance ftom the rotor, to receive charge from the rotor 10 during

operation'Further,therotordischafgestimulator40maybecoupledelechicatlytoground,toa

charge drail or a potential source' to conduct charge away from the rotor 10' In the case of an

elecÍode40asthedischargestimulator,again,theelectrode40maycomprisefieldenhancing

sharpedgesorasharptip,toenhancetheredirectionoftheelectricaldischargeEDtowardsthe

elechode.

[0085] One or more of the above tlesøibed ernbodiments may provide various

advantages.Forexample,oneormoreoftheembodimentsoftherotatablecontaminaÍttrap

may achieve long operational periods and/or may provide an effective capturing of debris

emanating from the radiation source, without requiring much maintenance'

[0086]Thepresentappalatusconfigurationhavingafotatablecontaminanttrapmay

relate to a lithographic apparatus' but is not specifically limited thereto' since one or more

embodimentsoftheinventionmayalsobeappliedoutsidethefieldoflit}rography.

[00s7]Althougþspecificreferencemaybemadeinthistexttotheuseoflithographic

apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus

and/o¡ collector described herein may have other applications, such as the manufacture of

integrated optical systerns, guidance and detection patterns for magnetic domain memories'

flat-panel displays, liquid-crystal displays (LCDs)' thin-film magnetic heads' etc' The skilled

artisanwillappreciatethat,inthecontextofsuchaltemativeapplications'anyuseoftheterms

"wafer" or "die" herein may be considered as synonymous with the mo¡e general terms

..substrate,, or ..target poftion,,, lespectively' The substrate referred to herein may be processed,

before or after exposure, in for example a track (a tool that typically applies a layer ofresist to

1',|

gas 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 may be
processed, before or after exposure, in for example a track (a tool that
typically applies a layer of resist to  a 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. 



a substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where

applicablg the disclosure herein may be applied to such and other substrate processing tools.

Further, ihe substrate may be processed more than once, for example in order to create a

rnultiJayer IC, so that the term substrate used herein may also refer to a substrate that already

contains multiple processed layers.

[00881 Thc terms 'tadiation" and "beam" used herein encompass all types of

eleoÍomagretic radiation, including uttraviolet (uv) radiation (e.g. having a wavelengfh of or

about 248, 193,757 or 126 nrr) and extr¡sme ultra-violet (EUV) radiation (e.g. having a

wavelength in the range of 5-20 nm), as well as pafticle beams, such as ion beams or electron

beams. Particularly, the radiation is of a type that can gmerate plæma in a low pressure

(vacuum) envi¡onment.

[0089] The term ,.lens", where the context allows, may refer to any one or combination

of vmious types of optical components, including refractive, reflective, magnetic,

electromagnetic antl electrostatic optical components.

[0090] The descriptions above are intended to be illustrativg not limiting. Thus, it will

be apparent to one skilled in the alt that modifications may be made to the invention as

described without departing from the scope of the claims set out below'
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[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 gas



CLAIMS

1. A contaminant trap apparatus alranged in a path ofa radiation beam to trap

contaminants emanating from a radiation source configured to produce the radiation beam, the

conlaminant trap apparatus comprising:

a rotor having a plurality of channel forming elements defining cha¡nels which are

arranged substantially parallel to the direction ofpropagation of the radiation beam, the rotor

comprising electrically chargeable material and arranged to be electrically charged as a result

ofthe 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 ofthe rotor is

controlled by an electrically conductive coupling, which is in electrical contact with an

electrically conductive part ofthe ¡otor 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 siiding

contact.

4. The apparatus according to any ofthe preceding claims, wherein the bearing comprises

a radial gas bearing structure, provided between a rotor shaft and part ofthe rotor carrying

structure, wherein the rotor shaft comprises electrically insulating material to prevent flow of

electrical cltarge, aI lhe gas bearing struchrre, between the rotor and a bearing surface ofthe

rotor carrying structue.

5. The apparatus according to any of the preceding claims, wherein the bearing comprises

a radial gas bearing structure, provided belween a first part ofa rotor shaft and part ofthe rotor

ca¡rying 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 carrfng structure, and wherein

(i) a discharge stimulating structure is provided, or (ii) a discharge stimulating gas or gas
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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.  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
according to any one of the preceding claims. 
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