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 theAppakian Compiisagai®boittng Ciammindhtlingance, 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
FlBygr of the IC. This pattern can be transferred onto a target portion (e.g.
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[0003] An apparatus, comprising a debris mitigation system may be provided with a
rotatabla structure (called a rotating contaminant trap) to capture debris, emanating from an
EUV (extreme uliraviolet) 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.



[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
UBMARS] substantially parallel to the direction of propagation of the

radi he rotor m nsng electrigal I
h) @Il
arra@g@éfjg%@ mn?rlil(t:aﬂy arggla as a rg%% t%lf%%% opega(%o ‘?ﬂﬁéeé’x?ﬂnpmved
debialintitgatbonisgeteand a bearing conflgured to rotatably hold the rotor with

res I‘OtO .canyi Struc I
L L ey
arrageldatsi patld{sfahﬁf@}etmmheammtl@p @npmmea)ta@mm)aung fowo #jradiation source

cofAT R SUEE B AR AR OISR SR BADUBUEREN Bnprising

uctive COUp Is In electrical contact with an

el eomomtyhawmgmwuqdam of thmﬂofoanmmhraﬁnésedﬁﬁ@mg/%ﬁaﬂéw@ch are
%1 q} h t0{1§ %ﬁiﬁéﬁ méf{ﬁ%t gec%e n gfg)l‘leo%@&icﬂ{ Seiihe @&gﬁ])n beam, the rotor

INg foane ent, t coupling comprises a slidin
compn‘smg electncally 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 (i) suppress an electrical discharge of the rotor, or (iii) both (i) and (ii).

[0007] Preferably, electrical discharge of the rotor can be controlled by an electrically
conductive coupling, which is in electrical contact with an electrically conductive part of the
rotor and with an electrically conductive part of the rotor carrying structure, a charge drain, or
both.

[0008] According to an embodiment, the electrical coupling comprises a sliding
contact.

[0009] Also, the bearing can comprise a radial gas bearing structure, provided between
a rotor shaft and part of the rotor carrying structure, wherein the rotor shaft comprises
clectrically insulating material to prevent flow of electrical charge, at the gas bearing structure,
between the rotor and a bearing surface of the rotor carrying structure.

[0010] In an embodiment, the bearing comprises a radial gas bearing structure,
provided between a first part of a rotor shaft and part of the rotor carrying structure, wherein the
gas bearing structure is configured to supply a gas or gas mixture to between the first part of the
rotor shaft and the rotor carrying structure, and wherein (i) a discharge stimulating structure is
* provided, or (ii) a discharge stimulating gas or gas mixture is configured to be provided, or (iii)
both (i) and (ii), at or near a different second part of the rotor shaft to stimulate an electrical
discharge with the rotor shaft in an area outside the gas bearing structure, the second shaft part
being attached to the rotor and being able to exchange charge with the electrically chargeable

rotor material.



[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
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[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 ca:rj(ing 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. 1

[0016] Also, the apparatus can further comprise a radiation system including the
radiation source. '

{0017] According to an embodiment, there is provided a lithographic apparatus,
comprising:

a contaminant {rap 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
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[0011] Then, according to a further embodiment, the second shatft 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
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[0021] Figure 2B schematically depicts a front view of an embodiment of the
contaminant trap;

[0022] Figure 2C schematically depicts a front view of an another embodiment of the
contaminant trap; '

[0023] Figure 3 schematically depicts part of the embodiment of Figure 1, wherein a
fluid bearing of the contaminant trap is shown in more detail;

[0024] Figure 4 is similar to Figure 3 and depicts part of an embodiment of the
invention;

[0025] Figure 5 is similar to Figure 3 and depicts part of another embodiment of the
invention;

[0026] Figure 6 is similar to Figure 3 and depicts part of another embodiment of the
invention;

[0027] Figure 7 is similar to Figure 3 and depicts part of another embodiment of the
invention;

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

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

[0030] Figure 10 is similar to Figure 3 and depicts part of another embodiment of the
invention; and

[0031] Figure 11 is similar to Figure 2B and depicts part of another embodiment of the

invention.



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

trap contaminants emanating from a radiation source configured to

produce 'Fhe 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
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radiation beai onto a target portion of a substrate W. In Figure 1, the apparatus can comprise:

[0_03;3] - an illumination system (illuminator) IL configured to condition a
radiation beam PB (e.g. UV radiation or other types of radiation).
[0034] - a support structure (e.g. a mask table) MT constructed to support a

patterning device (e.g. a mask) MA and connected to a first positioner PM configured to
accurately position the patterning device in accordance with certain parameters;

[0035] - a substrate table (e.g. a wafer table) WT constructed to hold a substrate
(e g a resist-coated wafer) W and connected to a second positioner PW configured to
accurately position the substrate in accordance with certain parameters; and

{0036} - a projection system PS configured to project a pattern imparted to the
radiation beam PB by the patterning device MA onto a target portion C (e.g. comprising one or
more dies) of the substrate W.

[0037] The illumination system may include various types of optical components, such
as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.

[0038] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
enviromment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may beaframeora
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
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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
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[0040] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which can
be individually tilted so as to reflect an incoming radiation beam in different directions. The
tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix,

[0041] The term “projection system™ used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0042] As here depicted, the apparatus is of a reflective type (e.g. employing a
reflective mask). Alternatively, the apparatus may be of a transmissive type {e.g. employing a
transmissive mask).

[0043] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). In such “multiple stage” machines the
additional tables (and/or support structures) may be used in parallel, or preparatory steps may
be carried out on one or more tables (and/or support structures) while one or more other tables -
(and/or support structures) are being used for exposure.

[0044] Referring to Figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source SO and the illuminator IL, together with a beam delivery
system if required, may be referred to as a radiation system. In an embodiment, the radiation
source SO is a plasma EUV source, particularly a discharge plasma source, for example a tin
(Sn) plasma EUV source. For example, in such a radiation source, Sn atoms can be heated (e.g.,
electrically) using a low power laser. The EUV radiation source can also be a different

radiation source, for example a Li or Xe ‘fueled' plasma radiation source. Also, during use,
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contaminant trap; [0023] Figure 3 schematically depicts part of the

embodl_ment 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
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illumination system IL. Particularly, the collector K can be arranged to focus incoming
radiaﬁon, received from the radiation source, onto a small focusing area or focusing point.

[0045] A debris mitigation system 10, 1 10 is desirably provided to capture particles
emanating from the source SO. As is deplcted in Figure 1, the rmtlgatlon systemn canbe
provided with one or more rotatable contatmnant traps 10 (only one is shown), located near the

“source SO. Also there can be prowded 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
(c.oimnonly referred to as c-outer and o-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator L 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.8., 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 12 (e.g. an interferometric device,
linear encoder or capagitive sensor), the substrate table WT can be moved accurately, e.g. 50 as
1o 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 suppott 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 o a short-stroke actuator only, or may be fixed.
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[0029] Figure 9 is similar to Figure 3 and depicts part of another
emb_odiment of the invention; [0030] Figure 10 is similar to Figure 3 and
erlcts 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
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”'I_‘he depicted apparatus could: be used in at least one of the followmg modes:

" In step mode, the support structure MT and the substrate table WT are’ _'

kept essentlally statzlonary, while an entire pattem 1mparted to the adiation beam is prOJected
onto a ta:rget portion C at once (i.e. a single static exposure) The substrate table W is then
sh:l_ﬁ__e_d 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 smgle static exposure. | o

[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 pafterning 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 mitror array
of a type as referred to above.

[0052) Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0053] Figures 2A-2C depict embodiments of a rotatable contaminant trap 10, 10". For
example, each trap 10, 10' can be a motor driven fan. As s depicted in Figures 2A-2B, the
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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
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ternay S ffthasote!l osavdripesventy, regularly
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mple of a programmable mirror array eﬁu#o S & wherein
disabiixedriengehientatfonakinQorigus o AP R INE TR 9‘Xeﬂ » W
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the pialfite r?]i?rr’?)ortsefr{%%nar{ %ﬁpggggﬁﬁ) in a radiation beam which is,%eflegtedu% th ter
the mjp08Shatixplates 11 may be regularly and symmetrically distributed aro o oo

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
Jarge 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 aumber of channels Ch (as in Figure 2C).



[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 a[00siG)estsontliquidonri hmaseonimive clectrically cheegedttteemetenial and the overall
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ed(e.g., electrically) using a low power laser. The EUV.
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strikmiroBcT RO etingridskovollcropn detailie g Beil theeatpg 4 and rotor
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ranged to transmit'the collected radiation to the illumination system " 4
vatlouP avtifigarsyicire Thilcotor trTsin b EryAR TR RQRNFSE ATiAg cast partly be made

radiation, received.frc it " téaepsing area
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besppreeiSal byishe thifled-nertsa dgrothadellowenss FH%F@?HREé’YIﬁdH?é‘P}Xr%?a Pe 8 gas

beliaRs: 1A%y 9L AITRIGR Rpte CONPRINANLIARI MR RasKIP0RH fuid bearing

gen the rotatable trap 10 and the radiation collector K. One ar more

embReInEs e anmpiiaibidhe apssatembodinientdag 4B bogERR,20 may be configured

0046] The iluminat PRHERG ARG ST adpsidthe-an@liarthe case of a
toi[% Ehsi yaé;%itlnﬁgfﬁ@n%ﬁ%g}?ggigat%beam Geﬁ}ral_ly, at least the o%apm from an
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adjust addition, the illiminator IL may comprise various other

canarispoanalivdlibh gas Aennagrerioranfithecoraans U REGH it RRRg e shal
smbfe?c%sg%% g’e%%’gglii%t 2 RAAHE R REATFARFYRAHRRT eRuRiOsRtic e ehclosing a
Intensity

Istribution IIT its cross-section. [0047] The radiation peam PB . 20
spacinfiid g gas treatrgleFurbeacie baeigs 048Ry RIRC IAIEAGShERPLRANES S <02
SUDRGQY e (e Jahie) andpemaitamed fyfHie pafherung carrying
108%%%%%ﬂ%ﬁ#ﬁ%&gﬁ%@ﬁaﬂerni?l\é;[c?eyiceﬁ%/m, the radiation bea HE%B d the rot
stpassesSthEhg Banbesro)e &imay Brens irgaticpRiAc REY LR @85??@ apd the rotor

o43055 BRI 6 105, SURRIAUR, WoMitibie RSl e R 0RNBATKHIGNEY 15 (and
position sensor IF2 (e.g. an interferometric deyice, linear encodert h
cqntmapmtitr@mgbﬂ)@)tﬁ%@ﬁsﬁtg seniyaoipted anith BIgThRRREI R TR oct to the
e.g. So as to position different targget 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

+tha-ciinnart ctriicrtiive MT rmmavs e rasliZ=aod wiith tha a1id AfF 2 lanAa ctral o




Patterning device MA and substrate W may be aligned using patterning
device alignment marks Ml, M2 and substrate alignment marks PI, P2
Although the substrate alignment marks as illustrated occupy dedtcated
target portions, they may be located in spaces between target portions
(these are known as scribe-lane alignment marks). Similarly, in situations

arﬂgaﬂg*&ﬁhdﬂﬂé% @ agriifel Ssﬁée&atdﬁd)%r teqoattem)nGitegisdddrhngiR9 may be a

patterning device ali k
goomb%]wnéwwngég&p@%maéﬁaﬁ T B SR e rlaively thin

asfﬂﬁym ROH8st condiedil) i gied doadielHbgasuppdrinsn garing
be the substrate table WT are'g({e‘?gtﬁessentla gtlonar gcz;b r A may also
hates nnepshHeEr BT REIR O EAIRPRTHTSH egte%iyon 0 a target p rﬁfgﬁs ensbles s

to agﬁ?fat%%gm g(fdg% ?(ﬁﬁ%ﬂfe%i%mhﬁﬁﬁolﬁi’@ Sﬂﬁmmwetaisleqﬁﬂxmmn of the shaft 15
andﬂh@g%g@ﬂ:aﬁpgge@tm éxrfglcgl i tthsg%ea :I%f:?egﬁ 1 Eﬁ%%ﬁgmﬁ Q£ Cthermal

um size exposure field limits

isolifoAigeRE trafiar ermmbdhmmmawmr@f foogmft 15 will
2.1
o ROy TS SR A SuhealRg o Wih it of the

n |mparte 0 e radiation beam is
shal QiEgied RBiaPdspaRiRaigN 00(Ce. a SIngIe dynamic exposure). The

veloc and directio fth b
e & L o e sybstrate %@? A)m é, AS;#](‘:(%EQ e SHRIRPEGas inlets 21 to

on and image
Suﬂﬁmg@rgg@pwmm ﬂr@phaﬁ)lrﬁ WMPWQEMB’% 3%?1@351’30“"6 gas
ﬂomammurrl S|tze of the ex 1‘11eld |mitsdm Wi (ﬁq tl}ﬂg q
i aEsiori el TR on I S Shgle tctamlc@ Xposure, Whereas the ove

ex tlémﬁ'gatdﬁﬁi&ﬁa@namrmemnmmegmmmng@ma@@c%rﬁﬁghﬂ the rotor

direction) of the target ortion. [0051] 3. In
CAEYiNEEHETGS Q( én ?atlon%ry I Ing a p%%tg}rﬁrrﬁgmgﬁb from the space
betg@ggﬁt[gfﬂ glﬁﬁwf%ﬁ%rﬁi&subﬁtﬁwm PT(espestize grsdiariarpiticated by
arted tg the radiation beam IS IUNIECIRE NG ArbisetRasis
m@‘”?ﬂtfﬁﬁ? agpulsela1 |at| n source is er%ployed and the seceiving

chmmabmgwsmmmmﬁe JafBaBg:q,and configured in

movement of the su ate table
¥ ML ARMEEReRidLessive radiation
vap RS Ty S §§ |§1pr’tr"|re efir g{eratlon can be readily ap Iled to

maslklrss2|ithagtaaie, tkaimumm@gsaﬂﬁmggtgmﬁm@ &9 via inlet(s)
2 lain?l %_F(C))I%rt%rg rgnag Iealr_lnrllrgr arra%)&a%ﬂmsﬂﬁgﬁg@ﬁfﬁﬁ&?&ffeonﬁoﬂed 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 (Na).

[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. Ina
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 clectrical discharge ED (se Figure 3) through the gas space of the
gas bearing 20, between the electrically conducting shaft 15 and an electrically conducting

11



[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

beafiayisarRd WEIHY eirefiagrau@nte 00, ik dischirde Bingohdanele Gie gas bearing
which may be arranged suhstantially parallel to a general direction of
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coupled to the rotor 10 in various ways. 00541. IA2AY
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embodi , wherein the plates 11 _ ragi HE20 and an integral
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seSont Sleifi galy iBtitmdess aveoniiomdheegre bestings imettached 0 titchapygotor part 10

the channels Ch have substantial 7 : atesatheftor 10. Then,
an&és&ﬂ?}@&éﬁ%‘%ﬁﬁ%&ﬁb‘%@é@%‘gﬁgﬁr%é%%tﬁgﬁ Elei%es by an o
deShiiBIyp e conifipeeitiod 8s aschdpittenpemsation 062 Tntainanter Fiaryadue to

onnected directly to each othe ially-InRer Sides angkasafe1 5B ther rot
Ta 5%?8‘,1{8‘3&8%%%?? igﬁ The' ?g té‘l?%%oﬁlfg?n%;aht tra%ﬂgépénay con?;ﬁgg i
pavgligtacviauhtsfoticiimfines ChiamiirgayeeatingBtes 11, for example a

relagr }gﬁrf%%&%&%ﬁ%,%éé%ﬁ%%ﬁ%&@ﬁﬂ & SRAREJS siBhulator comprises a

exa s, or at least about 180 channels, or
gadRYpplsFtadicnis DR ;tcoﬂlqipiyl @db@ﬁcéé@i_whawétgwaung[gm geRsmigire Go
opiel 10 ma Compise cleskisalle chafopRiE Ak HA AR R iesRlhe scoond shaf

atio mayab suchi that the rotor 10 Is electrically charged asa |
pd@9UlB of theroprtedion ahenwisadionionts e disharggstipulaing gat or gas mixture Gp.
example, the plates. 11 &J%?%[g MAYHRS PIRde silRirAla Y Ghay be of a type that
T%?Btmgﬁleé%%%gfﬁ%’ égtae%a s, fj?ﬁ exart%?egggne c%é more metall)s ory

halloyelafivebxlrmbecakdormuvoltegse for xarmapin auica hemadieilsouyalipse of the
pde shaft comprises arebust.maieHabAopEMBRIE deftisbelaaliintithe mentioned
n(ﬁj%%lng eelf,l or other material. Imanother embodiment, the rotor shaft
breakiprsesdingonsidislepeobustsas ias EA RTINS RIRT Ao war lgngth, and may be
insulating material, silicon carbide (SiC), or other insulator material (see
below regarding Figure 6). [Ob%?] 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
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[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 quiq bearing.
detdR0E0H FRMEPASAIR: ks (fakenngrioarmeiterd g frraringeaey/sas
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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



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
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disc g gas or gas mixture GD may be of a type that has a )
shedlatvedynimisdrelktiiney oisalptippmeseable esventfr b bFlestdigR) sharee, via the

voltage qf the bearin _ i Bised indhe G35 heEHAYoZOhe rotor
gaaﬁﬂﬁ%eggég&%%%@%ﬁﬁg%%ﬁgg%%ﬁnvoltag%iéwill depend on ase r,o )
catypmegampiers stk Fan drrepkd tershefidih cameamRjits ARHATISE fromhich is
suﬁ%%g 1gﬁ]y%r\5%§d($%u&%qgef§%§ab%ﬁ§ﬁ 90 SHAYH JRLY 8t dPaRBO8Eelectrically

Ures; or by experiment lculation. Thus, in the present d
ineuthigimetialuFigues? shospredeaicobpirlal be daiad ifgjehaft part 1154 and 2
stimulati /gas mi i iBSAGRIPEMEeMERRE ikkaad Fatiadne] to each

Segﬁ%%ltjﬁraeﬂ%%ﬁﬁﬁe&% ag\?vgisdt H(?)tf that area in combination wgit?iqthe

type _
Othmbjﬁdmiﬁmﬂ@(ﬁﬁuhﬁyg)mﬁﬂgmmlfip‘éﬂlg’rgrﬁ'%lrjo%%s made of one
or%‘@%ﬁlsﬁva ; er%“e%ﬁlé%%%tﬂiﬁ%ﬂﬁtﬁ@@é@ﬁ@ﬂ SRR SN bW etween the

rticu in relation to a pressure of the bearing gas/gas g;ixture

tv@Rhélepratiiallfiith IR daie AResstin inf SheTIPRIIBI itk BYETRE Hptable materals
RS HIORAYRRS TR Ride HHESh nibineltapiRciinalidissbatgaciens of such
e Tl sha

rs part 15A may be prevented, since it is much more likely that
melerizisaiistotietonaicEBls 68 BiddesrmenTRa by b SkipL REENd shaft
part 1 513 due to the application of the described discharge stimulating

gas or gas mixture GD. Thus, forléxample, electrical discharge ED will be
guided by that discharge



stimulating gas/gas mixture GD between shaft 15 and, for example, a part
of the carrying structure 30, so that damage to the bearing part 20 can be
prevented.  [0070] As a non limiting example, in the case that the gas
used in the gas bearing is nitrogen, the discharge stimulation gas may be
argon. The skilled person will appreciate that various gases or gas
MixiPaIAKRE SULBRIR lndairyidaibeainianiriaahdisdserglectivulidiiohange of the
the second rotor shait part 1513, for example using and comgﬁiin%)t%c e
rotasch mertigwad e shahd F)dscRntielien 8,98 O ReTs KBS RSN, SIS
cout &g@g&/ﬁeggwg&%lggg@tml andéﬁeﬁiﬂa_ & l[yfmﬁudti?]atmb@mteﬁat;?tbéthe shaft 15
as supply 23 may include a cylindrical groove.in the carrying structure
on 08 WendENEBaRECEREAESATIAEER S PLRR SRR snetife, o charge
draﬁ{j THRNIR S RRRRPRAIC TS Perlvionsie Vel ihapeinindimentchikrearibyor be
€ provided an electrode 26 in or near a downstream part of the gas

anothgryitzblesharesaretininate TS YiE% arge through the discharge
stimd@ipPIHIRARRPIHaKsAnkathinentethe didotpetmeetaiy ridge the gas

connected to a potential source to apply a suitable electrical patenti ;
SpaumoBEA RSB RIS G IR L B 2 I 2 S gk, e

B IRCURAS RGO sl S6 R g6tot icaniging stuattued frayd coniprsbiding contact with
‘electrode 26, for example a ring-shaped electrode, ext i hir;

an gSEERER ok SRDLASr CEG PR 0L ST el DI g L 13 aad

car??lflﬁér%ﬂﬁ§ isably1ReingG FayRe cidditiompptfntihsoure ejroy didingenatacts may be

charge drain (e.g., earth). For ex le, a well controlled. gl | 100 [N ;
it LR | CHEHE 15 LM CIaCh e SR UL Gfor camying
striENEABNh dABABE R, ShedlidfmandryatsimayinonagiTalesieispiccenducting hairs
continuous electrically conducti i%path ay pe formed which can guide
or wisesh e AaRiemeads o A PRI IRV

ven 0é’fore an uncontrolled _
dischapge|ospute. [ dsceyentnpodhesiniwienipolecuinalRisshyugs g hihe shaft is

increased lifetime to gas beaying surfaces, The e ' .
SR TR A AR BLL b EESTIIL T bt ey, oot
strﬁegﬁrer el gxﬁﬁbﬁéﬁi_%?*g_ara?ﬂmg;ng shkagetifin t‘fiméﬁ@éhﬁfgs g;;mng inlets

redirection of the electrical discharge ED tow ; : tice,
N R s

hRNFOUES Fe Bid siReSsHehacippsemigesiedly' senfilerse ablergi sl gas bearing

electrical discharge stimulatin In.the Fi Imeatitheernscted that the
Suﬁﬂﬂ?ﬁi@ﬁ%@?@&ﬁm%ﬁﬁﬁﬁ%ﬁ%?@r&: Foegei%lgﬁ?’eﬁ%egg%?r% or reachin p

ngto
haAOCRHRR e shapda ien surisagpotitiecsetogd dorexpmpledpapiential V1= +500V),

electrodé being connected to a potential sour h&8lsRid@R@demple to a
theoretes FaF WASFEIGRR: %o@gg'ﬁ%?%?rﬁﬁsgaé)ﬁﬁh Bsé%g ZO,éfaggexamplg

pdbRAIoRH-wide0ey pashaiithectatey abraiitabeticel disphargs gfifhp shaft 15 via the gas
structure 30. The elecfrode 26" may be ch _ ial a¥simply t
S5 e BT T T T B R LT s e (02

sitive voltage in case the

v%'f@% @j%ﬁ%@f@ﬁﬁﬁ?@ﬁﬂ@?ﬂ@jﬁ?a@eﬁmﬁ mgdﬁj@ axpestprelipegef th_ei rotor
s@%ﬁ%ggma%véa , r%mz_l ﬁg%ﬁ%sgrgﬁcrggﬁm Q/olta%[eg A3 & 193005 In an embodiment,

ase, the rotor I0 Is electrically isolated fro diati
b8 aiRIRASTiROpBI Al eodBceD TR bthessocinteh bt R ERSTRIODiA i radiation

gas bearing 20. For example, {o that ai rCAR-PRgateure 30 only
sQFEfRRRITASILEHS ﬁwglf%? %’rltl ﬁ’?&g gé%%%éigfﬁfﬁ%ulating e
iFBlaRG BRls fpehdiemmnatteatiotidifhesadiatiamioBrre 8Pmore parts

30A of the carrying structure that. sy ( ing 201 ®, he bearing 20
macc TR VM S
iCEramie made&éahﬁsa)ggmﬁwx@maﬁdalgammm&rh%ﬁ%ﬁﬁﬁs aft 15 an

are shown as hatched 007Z4],Fi _ OWHRAOH N lso advantageous if the
R e A GR U it

art of the rotor shaft 15 compris€s hure b
(RiRCiiaaNy ssoieipg edatepratidprodertien rardirias (R Tdmuxture to
gas space of the gas bearing, between the rotor 10 and the gas bearing
surface of the rotor carrying structiite 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

11EA AanA A cornnAd chaft nart 11ER Aaro.ecnarad Aanart fram oaarh mitbhar




[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
providd &aulving Gl etidiec Gk plthinatieely the additthaflhnddice earmeyagstructure, to

sliding contacts may be. integrally. goppected tq.the shaft 15.and be in -
era G S T SV SRV ALGP ERTFOTRD CILRIERL S, Fy oy npl, the i
progidDbirdenfliticbeticing 2omiacts leay pathprsamiscbioallystondimngr ionized

hairs or wires, for example made of a suitable metal.or allgy. 0077
b P PO Tt BT TR EG ST G MRakos St ity beoween
shafs B hadaotiedyapreventedeturte38ewhereitilidie genetitBntihbemings 0 Asteich may

charge the rotor carrying. structure, 30 to a.suitable , .
Proyg EIﬂé?é%ﬁéﬂﬁﬁgﬁt?&%i%rg%ﬁlﬁcﬁ%ﬂ?eq& ?hceorétg%l e(eia{ﬁ%%nfrflets and
- exhpsjapnasstboiitent)thecloidbenying 2roetyihe mlippd beeripartepnfigured to
_however, in practice, this will.not be.the ca ' P
PO R N B P e B S BRI R AR E5id metal
or Iijuiid aliey3 @r Eraaptrtinleyriartial cpsenpasiniscarmacrageioftithdnsivm 3gd gallium
may be charged.to a.certain positive. volt of, : ial,
(oA 05 S A Ba R Ay b YRR T B, o
corsitielichiage (Hthexhnfpls may sutglyiavolyethraghthediguithed tethaaging 20,
.. abrupt electricgl dischaxge of the shaft 15 vi S _ 0.
L i
to a [008BYa/1L2, wirch the flifié tracahdbreenthatiseiedde frrmagenpgood clectrical

. ected voltage of otor.shaft \VJ. ' ‘ in
oo S B R R REAE SO0 s
anyeleitishisdischer g thiaygbaledsariapd0vimingsharaensaefiteearpatins.

sour, , Jor example via a,Suit ( . ;

T e AR e
impRgiRionAdesynedaOor m¢@OFBhintimestasbairien wRRHcALsaagi M fhe high

depicted,in Figure beaj [ igkhlul if; A @A Will extrs
Sp?fgofﬁ&g égﬁg gss%%}‘ég%éf\r}vggr% ﬁ%%% (’j%gﬁ}g‘? ?ﬁeﬁ%ﬁme rotor e
matarpivesheiniyurad Tie thierbosdipen te Tidhl Jmrpxlee very rapid (<100 ns), and

advantageous if the.fluid beaking is.confi ' 16ie¢Hdsaihat the outer
T Y o R S e

sutigtwetthéhhabits. Saftideng thivesioch ey sedestebed srRAHMPRGaRaY take out
t lectrical tial b e,
BB B Rt i Do o Ao TG o

consjetsLjabse or innizetbedingtsan the dncenign mgidnchdenir e pmgle, making
el%%%%ﬂgg ai[g g #é]re%aﬁ?l@vﬁﬁg SRR BedveaRicbRiiI} S PatbiRiaRely, the total

C erein the overall fluid bearing 20 as such ma¥ )
mevleMils (heiditpigegatl b tirrgenersieg T FBREpe clectrically
._manner 0079] In an ' ﬁ-]%eﬁ}etg 4 #%iﬁﬂcgﬁtfﬂﬁb!d%t@ﬂmiﬂ discharge,
13051@% H&%%%ﬁ’&ﬁ%ﬁ%%‘r‘gﬁgﬁl %ﬁgoo 'eléqtr%cl:% y conducting liquid (at .
whierin tegopé mmaﬁfameu@mglm&lmhﬁm@ammma@ﬁwe&ﬂbiﬁa%ﬂé@%ﬁ@smg 3010
i, o analloy comprising gne ot ke pEHinalpdinahantd galismdieents 11 may be
,rexi% ?(realc?yneé 3? ﬁe gﬁ%%/%:%paﬁﬂﬁqdium and tin- allium-indi_%m). In that
cleaseakycsolatbfiahivihahgl o6 timikario d RrEsipistetan dpees 6-8)
liqui eyl e atinona Peeresiaidhe bRetnAIs dassting
of stilﬁé é%fﬁlﬂé%%%%%%%%%ﬁrqcture 0. ~.10080] Vice-versa, th& haft 15
bedrinig Rhcidig0radaty betatabbyfeald ditoraarayy eRjdsoudaneeitchrseier; b or shatt 1
tween the.sh éﬁﬁﬁ DRSRIRKI0G, SEHEEANE ineslbsiaptinyvai@yaitie bearing
wgﬁ Sgggﬁ gbnfil/rg%%t%ca %tchgrge through the blgari_ng 20 duringégzz \ducti
2opemsbioancitealnsarbairadialgos bpaingAhotilivng 8 fleepiERipeonducting gas or
invention is relatively easy and cheap to implement. Also, in one or more
embodiments, there is no mecharical 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

—alarcrtricr Ar1irekont 1e foareoad.+Aa flawnw, macthhs ot the Atitar crivfares AfF tho chaft 1

sk )




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 )
ey g e

another embodiment. In this,case, there.is provi rotor disc -
paritas SOMRSA B RARCIE Sk LA DR 2k G O Grampple,ane or

u

o HafX IS biNEEkeRciaeh dromatodlelatdcatagoodnmigaratesidc e the ball

or sliding contact 40, arranged to discharge the rotoy vi and
beapBR B LI S A I TP B e P R G Ded above a3
sholRiEkcaReRisrése channel forming elements 11 with each other). The rotor
discharge stimulator 40 may make djrect electrical. Cl Wi : '
orcHOUH FED ] RS R ISR L el o 1 i o otor
dis%ﬁﬁ%%’@tﬁﬁﬂ%ﬁ@rfiﬂ@fﬁdﬁkgofﬁiﬂﬁ?w Tgéﬂ@;am@?@ud@ﬁ wierdfbps such. For.
ischarge stimylator 40 may.be coupled electr ot 40;
cxagtlp, BT TR S o s B A ra e a4

away from the rotor 10." In

m&ﬁ&eﬁ%{?ﬁﬁﬁﬁ@l&ﬁ& .ﬁd&%a{m;glamgmmﬁt&ﬁm camhm ferexample, a circular
electrode 40 may comprise field enhanei ihel9. The rot
N
disalﬁféé%iﬁnéﬂatfﬂaﬁﬂr@ﬁmﬂmﬂmmmiam@@émﬂéﬂl@ ATEARALRRart 18, or be
may provide variQus advantages. For e 10 duri
locg“%% asuifable %@ﬁdg%ﬁg%on} the FOGH EH%Q&@G%HB%@HIH&J \ie rotor 10 during

contaminant'trap may achieve-long d

opéHREAPUALBE el endiscknege pimvidg i@ tetive Qsaw&@ﬁr;&%éiiﬁéo ground, toa

-emanating from the radiation,source TR BSHMHE Rotor 10. In the case of an
chasgsifraita POICRSs BT Jf)oré:gg‘rﬁf‘g%g;é&rg%us configurationor?avirjg & g
cldaiadrie W&ﬁ%&ﬁmﬂﬂelm tusitloeiragh iggﬁ&ﬁ{%’,rﬁﬁtﬁgm ewiAncing

not specifically limited thereto, since 6 N LARIIEMRRITREED towards the
sharR/ePeRs P ﬁB&lBet%ﬁ‘éﬁaén& %ﬁigﬁéﬁt}ﬁgaf[l)e "oﬁfilithography. [0087]
cledtb@sigh specific reference may be made in this text to the use of

lithographic apparatus in.the manuf ¢ Sotlinnaiichhe prsieastoadous

that %ﬂggﬁhgm%ﬁﬁfg%fﬁﬁaﬁ%ﬁ%nggf?)%géﬁgtégrﬁdgslcribed here?n may have

adoineIpeRTisAanspiy chasrimemmafitiacrubedmersypdids Bpiata e epfEnant rap

guidance and detection patterns Er(}]qg SRiain epreRiéaspturing of debris
mas et lﬂ‘%ﬁl%?/@{%ﬁ’&%‘igﬁl}lgtaﬁ é?sp aysgg. Ds), thin-film magnetic
enhifiafigGtonT e sidistdbarsimameyiili topeeRii HEDNHIBRYRERCE! such
alternative applications, any us hWNARY 2 Gbtatie!d Wiginiliayt trap may
be cdReifdr eﬂ%ﬁfﬁ?ﬁ}%ﬁ%ﬁﬁ%&%&%ﬁ ene;rz;_ll terms "substrate” or e
rel i 45 h Dkt priphiRspaetiatly, BTHdssuiisp rienitsd esFin g ggone or mo
processed, hefore or after e re. I I91%A e t feld(eftitldgaphy.
e"iﬂ‘?ﬁf@é’ﬂ?}’&sp?%ig[? é“l‘gf/rg}ogfrflea ié{!ﬂtggg é% strate and develops the ex

0S .
resistpgBmMetitiougiopkaifit/orfarsnessaeyibn TsloURHEIR I SHRIGIE 1 ithographic
disclosuyre herein may be ie traie] higapparatus

aﬁ%@gmmﬁ%@a{%ﬁc afﬁ@é i R auabeRd eiRes I ps! pteeesshigap

rate may be processed more than gnce, for

arRttGreplesiopitiactibeddm eia maytbiyreother g@pﬂmﬁ%ﬁtém&éﬁg}gﬁum@e of
ingégéiégf éea!t?g%ﬂ:sr\é&clggsrﬁ%% SHEFE RGP Ataas Yor ondaing: o ddiiplm memories,

[ e terms "radiation" and "beam" us

e ; .
shepainletisppa bl ypetblisrerth R geHRigds otc. The skilled

ultravialet (UV) radiation : ' thob batioadGniAse of the terms

a‘i’@%‘?”i PR 1§r€f éi)(tz’[rlér?nhg iﬁ?g%%%%ﬁ%u%\hfﬁgdiaﬁo?r@?e. havinga o
«yiefeelenodion esctamuey beBaBidaTFd-as wapamﬁa%%éa%rﬁ%??&%‘%% erm )
«Jon beams or electranhea iclatie this Jesligtiserizdchpin hay be processed,
%ﬁﬁt&éﬁe?étetaﬁ%eér%%ﬂl%% {g\%%%%ﬂs%}yg%gcuum) environment. 'Jsoo§§}16r of resist to
baloectermitieasponiverintfier expienle &G, (higPtdhal TPIGRITY ARRYIeS a Tayer «

combination of various types of oitical components, including refractive,
reflective, magnetic, electromagn

fic and electrostatic optical
components.




[0090] The descriptions above are intended to be illustrative, not limiting.

Thus, it will be apparent to one skilled in the art that modifications may be

made to the invention as described without departing from the scope of

the claims set out below. CLAIMS 1. A contaminant trap apparatus

arranged in a path of a radiation beam to trap contaminants emanating 7
a subssinata aadiddioiopsuhecepodiginsist) proetude ghéod diadion dvdaspetiien tool. Where
app@ﬁ%%fﬁ%ﬂ%ﬁ%%%%gag %%{'r%téj %'Igaﬁr@g g]gs;lf?g:d 0. S t.orcpgt\ﬂglgs{i‘bg{lrjag%l %¥0%Lssing tools.

em ning-channels which are arrange

Furthenstiansiabistraty atley tee the disextiooef thaopagatitor efdnplaiiatider bearegte a

the rotar comprisi lectrically chargeable. material and.ar, _

- : alread

R S e A e B G RIS L S P Bt alrency
contait multipbapirngssedidayed. to rotatably hold the rotor with respect to a

rot pying structure,.. ..wherein _ & conf 19 {d £

cortP P iR P Gt e R R RS I e o

clectontaipadtitisatimtipnointiedingnlwainjds HV)radiatitin (2eTheyiagraraglength of or
ding, tq glai harei ical.disch f i< cont
sboff 29K {88 1 ST 2o I B0 B AR AV dalaion EoR MR o

y an’electrically con Ive coupli

waweleaigthatitioorahgetiveSp20tmai s wedrasmanitle heamectHelany Worknsesver electron
~part of the.rofor carrying.structl rair 3. T
b SRR R ALl Do presr

(vaeustigirgwicoriaent 4. The apparatus according to any of the preceding

Clai\'@?g ﬂzi‘%i ot hG %ﬂp fﬁ}gﬁgﬁg%ﬁﬂfﬂima&%%f%é Y BHE or combination

pro ween a rotor part of the rotor Carrying strcture,
of watievsityfies oStiptihhforapoperiesinfbedinaelipdivasirdl esticsimasnshievent
flow of electrical ¢h 18 Inghatructure, between the rotor
elec‘rcgng%neeglcc Dhd o &fg%?%{:gﬁ%sc&ﬁgﬂﬂ

an rng SUrace otor carrying structure. 5. The apparatus

accgpanty fﬂlﬁr@b@ﬁl@pﬁ&dﬁd’iﬁ@@@ﬁyﬂqﬁﬁg&gﬁl@g‘@ﬁm@ g Thus, it will
be aipriag%%l SESReang:HRLIR P ORMRSA bioknad oA RiotRAfes

ar e rotor carrying structure, wherein the gas bearing structure
desribedfigitiedtidepariplg fromdhersgapaniibesi@mesricait Bslofst 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

18



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 chargeghdgegor material. 6. The apparatus
according to claim 5, wherein the second shatft part is not substantially
surrounded by the gas bearing structure and extends between the rotor

1. anddhadirshshathpafpadatiderappadans peeosdingdaaiibdamn®rap
wherein the di_s{%{grge stimulating gas or gﬁs mixture has a lower .

contapas SRR E A A HeR ARY GsoB gutetHinrtue tPRddipigatiem. the
contarBGEATCIRG tpeataf ctaifpadng: wherein the discharge stimulating structure
comprises an electrically conductive electrode, extending or reachjng {o
| GEAHIGH, DR DB QLRI S %ﬂﬁ%@%&%@ Sf@&?gtie%“% are
arrangedisgbsantieliepaialRichatgediiainoor of pripatialsoof eks radihtierpipganaths rotor
according to any of the preceding, claims, wheyein the bearing comprises
comp g T AEESH GO b RTAAR B 5L B A o PSR @ esul
of the apdrpAshQIfthe ratstkaryiagstaneture, wherein the fluid bearing structure
is configured to supply an electrjcally conducting fluid or fluid mixture to
PR AR RRHES RGeS ICE N T PoRSF i I8 SR YONS
struch@@{rying structure. 10. The apparatus according to any of the preceding
claims,.wherein the bearing.comprises, a radial gas pearing strycture, .and
EEFEIEE FRATAL IS TS O LSRR ShrAves AL slssicakdpiiaree of
the roRRGS(Hrangeessubslaciiily discalesémhkedisastion @i phorfiadatiog @f)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,
2. furtkesppomprisiogoadiag imticlainy $ievhéndhudiagosl distaticge sdtiie@otd2isA

lithographic apparatus, comprisin contaminant tr ratus .
Contmﬁfgogﬁi% e%%ﬁ%at})%ec %Hgt&ee%%%ﬁﬁﬁ%l gfﬁﬂg’ﬂ 15 In e{ilgcgpc% 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
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mixture is configured to be provided, or (iii) both (i} and (i), 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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