Appar atus Conprising a Rotating Contam nant Trap FIELD
[ 0001] The present invention relates to an apparatus
W@ o0UpB®ENg a rotatable contam nant trap. BACKERONNED07/050451
[0002] A lithographic apparatus is a nmachi ne that
applies a desired pattern onto a substrate, usually

onto a tq&@% E{éréém riﬁfilgtaﬁ@oﬁﬂﬂétr(ﬁ E£minfnk TERPI aphi c

appar at us useo r exanple, in the manufacture
of integrated circuits (1Cs). In that instance, a
FIELgatterni ng device, which is alternatively referred to
s a mask or a reticle, nmay be used to generate a

C '[6@1&%@% tdsehtinténtiBe rédlesRtartdppannisidinpridingla rotiysbile of

t he 1 is pattern can be transferred onto a target
contapanant ap.(e. g. conprising part of, one, or several

dies) on a substrate (e.g. a sil i con wafer). Transfer

of the pattern is typically via imaging onto a | ayer
BACRGRGNBL | on-sensitive materi al (resi st) provided on

the substrate. In general, a SI n St rdat g

cdhee] s hthﬁ’éfa\l?b’rCI@PB?ra% i B Wﬁa’é‘é ?PPEISF i Sﬂgedtﬂ’? fprogofo a

c iaTet) Bic Q{raﬁisld:an be used,

substE T 651/ i SO of SRt IO HIRBARIOPR
for expaiplé, @nﬂtha&namxfaxdmrauoé chtd:gratedz posiitsd1Ca). Ieiﬁbﬁltrléstmt Epaterning

eSS RS TS BIEELER S BBEo s B8 L) e v

patteidto DE TN D BEin@RiduAT RyélUTORIIT. & hﬁs%ﬁtt@fﬂ @ﬁ Heemferrea onto a
given direction (the " scannlng -direction)

targesmﬁm cm weinyprisiog pait 0§ onpeor senssal wlaas)aommsrréqe (68 a silicon wafer).

is dir 8g
ey R 3Pl BB b T ARARERD: e
(resﬁd&%rﬁfd@& bh ﬂ{eesubytrdtéfﬂﬁ igBfidralga sllnglemabstmtmwdhmntztm e network of
trate. [0003] An apparatus, ris

adjacent tagst petions/thekare ﬁweﬁéve}}y Bameatgéi pyyn it gﬂ?b&aj)?;écb?p@arams include
so- cailgé %%%)éérg, eé GRS ta[rgétgﬁ)h?ﬂx i€ AR BNExJok MR anteBtire pattern onto

r's, enmana m an EUV (extrene
the tathétipRvticl &lohe lilﬁfél, aid sm:aﬂ;ledl s@aneson Vé)(dh%Cb targefepoxtingy is dradiated

can emt mcron-sjzed or mal |.er part i
by smgﬁ@pa@@m{@fq&g&ﬁ]rgﬂaq @M IR G e&ﬁlrgctapp r atsgg}mﬁﬂé; -direction)
whllcg 'E’)?n%ﬁrqtngﬁslg‘ppafrﬁlﬁxgctﬁy EL%S§§&'p@fb$l|eVoﬂ eﬁﬁﬁ%a&allﬁl td.:thni dirdction. dt is also

onent’s of the apparatus. [0004] h
possit@mtamsfet e pattea frorg theopatteminadevies @ psh%%nbs%e BV sRpHRing the
with a drivij n% mechanismto rotate the trap, and
Patteﬁllﬁfl‘@sth%?uhsﬁ% trap can have a rotational synmmetry with

i@ﬁ@[’ rA@n Bﬁﬂsoé@ﬁﬁrﬁﬂlgaa(d@rﬁfmltlgﬁlmmem thay ke provided with a
irable to rotate the trap vvltlt\}I ener é hi .
rotataplead-ueturwmalidd aiotatiagicapiminmf {rp t@§ % n%/,re@;rgfglggng om an
gyf:t é{pgr\]]ﬁta%/éolvﬁ g%rcﬁ%t{bnts% c%oﬁ‘&téé%%ﬁoﬂfe%ﬁh&@ Rhn EthARni6AM-sized or

|ona per1 ods hout requiring
mallGRAra N ANE e ubkiidRYownstream in the litho graphic 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.



[ 0005] Enbodi ments of the invention include an
apparatus conprising an i nproved debris mtigation
wae y@Besi96f 0006] According to an enbodi ment, t hBCENL007/050451

provi ded a contam nant trap apparatus arranged in a

path of a ;adiation beamto trap contam nants
SUMMEARpating froma radiation source configured to
= produce the radiati on beam the contam gant trap

4p00s] Hrisodiments 0§ thegnveatipn instudeaniapparatup comafisipg ap fmproved

. channel form ng el enments defining channels which are
debris mitigation Y¥¢MBst antial |y parallel to the direction of

Hbm%cbfmn?fo dnh@nboddthait] Beredeprovideda doataddinant trap apparatus
conprising electrically chargeable material . and

arrangest inarmpdtiof pragiation SeR ¢ HFP SOEHBIGR cREnalingfEom @ rafiatioppsource
0 atiqn o ' [ rce: i o
config @B brioAler s fptRieRl. {8 R e 83K ofbePRR! Llhrising:
& forGavidg arpliratysificharnet yrmiipeelements defiripgp ehanals which are
ntrol or. redirect el ectri,cal

configured to %) %g
arrangef] sip@naRlbRarell to e directign qtarypagaiin eltle fiation hepin, e rotor
oo ; . . > .
oA L NELRic i DO Sty i s st
of the cpatativm afahe radidtied sbyrceirandl ect ri cal |y conducti ve

coupl i ng, ichis in,e trical cantact . w :
o BerEcary et AR e SRt T bR W e epvine
structd®e,€ctrically conductive part of the rotor carrying
structure, a charge drain, or both. [0008] cor dj g
t'fvhzrpmdhb aptianasns is conbgwpd i (1) oRtroLeFAsHIery 28 § iricaldiScparge of
- sliding contact., [0 i 4 . i
e o oL PR G BB a8 oL SB35 (B9 pbar .o
| Pf&?ﬁﬁﬁbl?,%tled@ﬂée}l] d%‘sf:hztrgeof the ootoceanrbye cogtretledioy an eectrically
nerein the rotor shaft conpri | ectrigcall .
condubline doapling, WhislbiSiBFIePBIOpr PRIt Wih 80,cFtrign 1k poridugfive part of the
char.ge : i By .
oo ST AR RRDERE R et ey g betarge i, o
both. Sstructure. [0010] In an enbodi nent, the bearing ’

conprises a. radial gas. bearjn t.r yctu ' s 1
b Ao e B BT RS r LE  AEAALE e
contadtOt OF carrying structure, wherein the gas bearing
Structure is configured to sup(gly a gas or gas m xt r%
t 11:0091 e theteafing ean qoanmrisop radidl 2epPSATIGHEPEER Hmtvﬁg‘fd etween
rotqr carryi structure, [ [ i
a rotog §Ii1 Haﬁé)fglger @iqrtﬁaxéryﬁn Sgra%g{ede ?ﬁgrpth% ir%t)oﬁ%ﬁmgse
electrhiliHsafaling md8FiaPlo fBasennilak of eletisicalahbigguatehl g2 bigaring structure,
provided, or (iii) both fi ) and (i I%& at _or near a
betwedh tiesotartand @ bspndriace pi g GOPREBIYIRHSFICME st i nul at e
a tr] i i t O i
L i s
provim&wéb’ﬁrd 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.



being attached to the rotor and being able to exchange
charge with the electrically chargeable rotor
wodosns®abs [ 0011] Then, according to a further PCT/NL2007/050451
enbodi nent, the second shaft part is preferably not
substantially surrounded by the gas bearing structure

gg\?ltl? W{h%ﬂ,%c&@iﬁ@ﬁ@ B fifteer eRbOAinRRH (AR codnd shhaft pAAHS preferably not

0012] Besides, according to a further
substangiatlp dimemided b ¢hedgas blaningesteictume bt ¢xiendgdstvenen dlgsrotor and the
first hgétx%#re can have a | ower breakdown voltage than the
st shpd B?i*ng gas or gas mixture. [0013] Optionally, the

o6 BARIeS lacBd i th 8 fSithierd ©inbbaintediPki¢ idchadge stimulating gas or
electrically conductive el ectrode, extending or .
gas mixtoeectaindgve a lawer beeakiown vekiagedhanilie bearing gag o8 st mppiEre-

IREPDORRTRly ¢ dsgop FoddATFub Gy TRF B Lottty

conducﬁi% QIbcFBdY, exfehding eﬁféaﬁlgng epldcatien mear anlbater §urfacd of the second
earing structure, proyided between a . pf t
shaft pahlh CRREJsEHAREAOTERESY i crneBin Py ity Aqprata fouree * "
gﬁ& Lﬁ' 1M 2h I'éﬁ‘rbfohﬂﬁé}lt,bcﬁf‘ﬁéd?ﬂlﬁ%()frftﬁﬁ%ééraeraﬂfal feffteathesiricture,
upp C [uid

y an electrically conducting fluid or flui

provided Wétween & parp b fater shaftahd part iof the roton darcying giryrerg, wherein the

.. between the, rotor shaft d the . rot,or carr.yi . . :
i b b g S BN e B Mg g v misure
to proxg(ﬁegﬁr% &ﬂ&tﬁ@zﬁ‘ c&%?&’%ih@ﬁatﬂbé%'b@{heg@@r kel and ghesrotdi Chiyiag structure.

e channe ormng el enents conprise plategs .
deni5li Agcordiog thamerobedimenie the bepidag eary myBLEe 2 radial gas bearing

- substanti.al |l ar.al | ] [ ; Qat i
souc 55 St R P S pRul Y RARRL e
arrangb® ARBRiAIN parbile tg @t dieatiomef ropagation ef theGaligjontesm, wherein

t he apgar atus can further conprise a radiation system '
part of awotardhafy reabesring the BewPeagng siEUCY16017] According to an

e@ggﬁa{rﬁs@ thetaﬁge[rgtug SaPF kO8N Risk atrB@afi PHstem including the
a us; “comprising: a contam nant trap apparatus
radiatidhkemged in a path of a radiation beamto trap

RN G R LN g -

comp&qlgé:am nant trap apparatus conprising: a rotor having
a urality of channel formng el enents definin

. > | g
c Eaméteﬂnsmmmamamtm areangediinsaprsh ahe radigtipn bsam tp SePt o
the direction.of pr at i i at
cont o S P ARRAELR bl Lot BRBonpeam,
contard n%iﬁ%ﬁﬁtﬁ&oﬂ@rﬁi@?t rically charged as a result of
the operation of the radiation source; and a_bearin hich
conf i gareidr havinge atugity ohghagnel{farmigg S}er%ﬁ“fgrf?eﬁé‘%@?g?%s whic
a arreoe}rr%rngg(f‘ sruﬁ)gt!aﬁgalﬁl ﬂaltjaﬁfey {&he 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 (i1),

a substrate table configured to hold a substrate; and
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wherein the contanminant trap apparatus is configured
to (i) control or redirect an electrical discharge of
WO b@siaioes , or (ii) suppress an electrical di SBeTENG200H50451

the rotor, or (iii) both (i) and (ii); a substrate

tabl e configured to hold a substrate; anda projection

SYSbRAGO st EGt dufedntb QI 6dt thd@diatich beim as paammeisonto the

patterned ‘onto the substrate. The invention can, for
substraéxanpl e, provide a |ithographi c apparatus that

nt.ai ns. or ' : { j
o8 B enl 1P bl il AR R PR R A Rt o
compr{s@%%]agﬁ&’@md hegndiag 6f artyhef thewleints balwi | 1 now be
described, by way of exanple only, with reference to
the acconpanying schematic drawi ngs in which
BRIEPCBEE%TQ%T@Q)I{@@%@?W%?O! s indicate correspondi ng
) . T TI9] Figure 1 depicts an
E‘K"Sﬁ"hﬂmb?d‘“ﬁ“? dfgmmgeram willagopabeadaseribgdoby vy pf grgreple only,
. i ca t i .
with r@fgliwgﬁﬁoﬁ §RCGO YIS s eﬁg%\c}n ﬂg%gg%%gﬁwlg}é%%egg&idﬁé feference
symb(ﬁ#?ﬁma{e' SoRlelpondfi fakts, ahdfih Wbichyi ew of an enbodi nent of
the contam nant trap; [0022] Figure 2C schematically
gamm slgara;rdcmcteaegmbgdlawn Pl WhpZapkis APPEAMSOf t he
nan rap; [. i 5 ' :
SHBBTR s AReyR b SR oebcpamipnt con
h1ﬁd%b%hﬁ beari ng of the contaminant trap is shown in nore

etall; [0024] Figure 4 is similar. to Figure.3 and
e Eispae 25 éﬁh@imﬁtléﬁbb@‘f%m tiont Yiew 9 DSOS B0g)
 Figure 5 is simlar to Figure 3 and depicts part of
cm“”?ﬁ%?%%ﬂ*enbodlnpnt of the invention; [8026] Eigure 6
i $0022yrFigire 2O sEhamitieally dectsle fiicot wiepanttan gnothpotrmldiment of the
enbodi ment of the invention; [0027] Figure 7 is
contagin@nf &Pt o Figure 3 and depicts part of another
e :] 'ﬁ’@fre @fsc%%ticﬁl\ff&éﬁi&ﬁ Falﬁ 028 lenfbogintieht 8f Bigoms], avherein a
' detart “of another enbodi ment of Figure 7; [0029]
fluid Fégingf $hed ntininmirirap s soguria npradetatiepi ct s part of

anot h i
[0024? rFigeuqrte) %dl'ls Sr'rlemq ar 9of Fitgﬁr% 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.



i nvention; [0030] Figure 10 is simlar to Figure 3 and
depicts part of another enbodiment of the invention;
wW@pesfsd8l] Figure 11 is similar to Figure 2B BOMNL2007/050451

depi cts part of another enbodi ment of the

i nvention. DETAI LED DESCRI PTI ON [0032] Figure 1

schematically depicts a |ithographic apparatus

according to one enbodi nent of the invention. The
DETAHJR ESCRIPIAON ses a nunber of opti cal component s,

C red t di
RS ACHaR RGPS P e SRR FBhcch R
embod$h et T Wﬁw&ﬁlanTﬁ@{iﬂpaﬁaWrﬁeﬂa nﬂdbatdf optibd ammpamfdlts
to project the patterned radjati bea ont.o
conﬁgpmdtt@ epnditioma Ediiopbeam\RB, iy Ec'in tipnedp ﬁ‘i‘%Pt lgi‘?‘m witha
patterrt ]inl fs COOR! rseét?c}n t%)%)ﬁﬁla attéHed lalithRbA BEAR NndY%S bRIJect the patterned

ufr nat or L con |guredto condi tion a radiation

radlatlrbggﬁadt? Bn(o)@x tgrgethbortianiofs substrate Wt ndfigurgJe theapparatus can comprise:
iation

05y v comdiombaion e Rl it Tl ban g GulEh o
radlatl&ﬁﬂbcon?ﬁ]%r ey\p‘%d?e&‘i@n%Q BIREtyPEs bfradiafibi)st positioner

to accurately position the patterning
dfﬂﬂBép i n aecupmarstmciie (¢-% emagk @%@MW&@PE‘?@“"["G@Q‘S‘}W“ a

o 0 SRR e Pl R B g
accureﬁag E)r ﬁhgg tHeSatteSRBRON1deas atéopdeice Rilthawerthinguarambters;

ate osit th b i
c§003al n pgr g‘ﬁ’gllpﬁtliagpntablﬁ Ze Egm‘?gtgqre? Ea% I &Y'@Fz&%&%{}%&,ﬁ%lgrﬁ substrate

(e.g. qrg@gtg{]({alb %d ’%‘@@Bg %r?’ﬁe%teﬂ 1R akERha gbﬁﬁ@i’i&@’ﬁwfc@nﬁ@ﬁed to

atterning device MA onto a
accurit@lry%tsmléﬁ ilid SUbsteaté én @LCOﬁiaﬂWWEm ngtaimparemeteny; endii es) of

substrate W [0037
i rﬁ@We Vo PSR P O R e Gl A o the
radlatéq aﬁlt ILI¥§¥ t}{e“:i;alttgl‘fﬁf r% r EovidEAIR Yt tafef portiORENREY | b@nprlsmg one or

105 I'Cor ot types of optical conponents, or
more@léﬁ)sm’(bs\mﬁtmthhereof for directing, shaping, or

ﬁ&géﬁ’;ﬂlﬂ#@n g{lﬁ’g#‘g‘ig %p&?%{ﬂ%g gqscluder{/%n&r&:sﬁtg?és:%f%%ﬁgagggl:i’]lgonents such
as refg&tl.tvg ereﬁ%dtﬁz@t RhgRfc C@le&ﬂ@ﬁla@ﬁéﬁ@ él&bﬂﬂ@stzdﬁ;\nrcoﬁ;er types of optical
esi .g’n. 0 7t hot raphi c appar at us,,
componeis,tar ang pombmhtuast rsof, égxa@ifﬁcgnw ﬂﬁgg, Foﬂ%?eﬁl{]% fadiation.
pﬁﬁbﬁ] }geﬁugg{)/r{tj gtguc' v BE1H tfl@% ot % i &M AR A that déiRnds on

nuse me vacuum
the of LRGSO BE petPhingdbeite, Ctheidﬂslgmgoﬂt]e@hiﬂnpgmehlctappﬁ@qug, andother

patterni ng devi ce. The sup t
condfticasgsuoh asfor gwarap le phyether hgq(%ghe Eat% ucﬁgré%n%e Y fh?@e a yacuum

enviromidR! §nd ?uﬂp%ﬁ%'tﬂlgt‘are G158 HIRBRAi cal tvabiirh ) edii@gtatic 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
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ensure that the patterning device is at a desired
position, for exanple with respect to the projection
WGEyEBeBa96ANYy use of the terms "reticle" or "nmaB&I/NL2007/050451
herein may be consi dered synonynous with the nore
general term"patterning device." [0039] The term
that the PatichEnpar@d 4 cGadiatisiEtatmey Rotsdractylcdrtespomiagd|tye desired
interpreted as referring to any device that can b s
patterniin dlat target peraion of theawibsirate forsxample if ﬁleé’aﬁﬁlintlé?lﬁd‘?srp(i@f%Shlﬁ‘ng
CrOss- tiQ r [ ;
feature P 8¢ e s P S04 e oot ER Rl BRI o e Rl Bbam il
corresRAU S b PaitiEnRE fiktibaal ldyer frealdaicebeinpparnatedin thetargotgottion, such
correspond to the desired pattern in the target
asanllp'fégltamﬁr?ﬂ@ﬂltt he substrate, for exanple if the pattern
| = [ ; ' i
(B804 B AREERE AL i) SRt fSivelor RCEEN BRurgs St patterning
devices asthalcinmaskhgaogramirableomires poays, aud progeammaehle D panels. Masks

el ot T A RSO R B RS BBE, My i
and att-gﬁﬁt&?#:ﬁa%-@hi@tg aSt@¥ll 68 varRs ?bﬁdl aasloiyped. \Weh @fample of a
refl'ective. Exanples of patterning devices include :
progra[fﬁﬁ&ﬂe @Wl@wm matox agenggyeent ahymall wiFeTsaph ef which can
. anel s. I . i 0Ltk .
ve im0 155080 G Rk SRR b o BTRRIN b, The

tilted MNRASS eiPirt & pateddslired taaniioh ©earivaseh ishefldctedary the irrasmatrix.
various hybrid mask types, An exanp

pgﬁﬂéﬂhlwram “Projeciongyyian” g hsyan aﬂ‘ﬁﬂg LF E”O&PW&H&S&H&W as
-0l _shma m . i i Az . .
corf T sy B it 2 ki
magnélid ERE@Rhagctieahd elstrosthie optital eystens,rap sy Forpbinatien thereof, as

pattern in a radiation beamwhich is reflec
appropiiate &or thﬁ_t:mwre[r@fgatﬂn e n‘_?f""g? %&-ﬁsrc FgR %3@?2%@‘&? of an
immeus%(?ndllil%ﬁ& 6} fheSROHF SvRGuRl Aa¢ e bithe tdRfEtpediedtion lens” herein may be
Bhto assing any type of projection system ingcluding
conside@éd &Cdynueymaees witl thiewegre ceancadli tomm prejechey St - :

el ect romagnet i | ect ' . .
42D A5 e et p ot g B b SetREAY EBpe /8 (Bloyifig o
reﬂecgﬁg Eﬁg@?ﬂ@ﬁiaﬁ%l?ﬁh@ hpatisdy bobf § aanmtikeve fype (@g.employing a

uc the use of an imersion liquid or the use of a
transtaBsivemasiny use of the term "projection | ens" herein

ons, der ed ' |
B
subst?a@é’tl%fé% Pendi oy tWE oﬁn‘fXﬁ fuppoit seudtyres). [resugh “ayplinds stage” anachines the
reflective . ]
S EhRE) S 8 PR B Bl s o
mask) . 4 ' '
be capg,% ec}q% 85 I%ﬁeé §% rvr\%&?taﬁl'g% (RR @gfﬂ;ﬁ)rtas%ﬂatfu?ésyl §hitaynder mbredother tables

ual “stage) ‘or nore substrate tables
(and/bREHPOT struetuses) arobeingwppbior expasutst ures) . | n such

"nul tiple stage' machi he adgiti .
(R Taisrp e by B BufriRadF flatcb80§ o bRABLES ppap from a
radiagg% P%@P@é@t yﬂé'soﬁﬁ&t@o HRY tHR§llG@inatoe AL ogether woittea beanmdelévery

(and/ or support structures) while ong AL ADLE - diat
systet ifeequira)) regy 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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(and/ or support structures) are being used for
exposure. [0044] Referring to Figure 1, the
WO bdosioBsses or | L receives a radiation beam fr onP@r/NL2007/050451
radi ati on source SO The source SO and the illum nator
IL, together with a beam delivery systemif required,
plasmar%:t ﬁs cﬁ BI%E& ﬁgr’utcfés @fd BthePkbak paRticié ThAMBscdp? fBdin the source SO,

e radiation source SOis a plasma EUV
towards @ laolimtorrlé apd thel 1uumy1aa>r dLs"HmO@éctpr K«ga calest sadiatiog,from the
radiati i n?c%:%(i d’f lg{]cio §16§| eggéé Erglgsrr]mg ﬁ{ehcgﬁt ﬁdlaltlen to the

111um1n%h§ﬁ bystGR L YParticil sy, the @Weﬁ@ﬂ\ﬁrcah b6 arrangbdeao Fddus i mcommg
radi ati on source can also be a different radi

radiatigrg wecsivedftom theaagipomsourceg pniga@ salldPERpingATEE ﬂfafIOC‘lsmg point.
C@QJ@ e% %nlgf olfetiod S ﬁbl ry 189; e pg}ﬁyﬁd&i RLap@BSparticles

ticles may
emanafi€ 8B/ thé earth80s A iscdepifad indligurdd, the cuitipgmoysteinanad be
the illumnator 1L, The collecto

prowdfc@mthtone AT MPERHOIARDIG ertaringh gy e nne%% Iéi"g"g‘%‘)r logptgg near the
source}g(f ?ﬂ ﬁﬁ?u ) at | EfotiBed St b Hhdre Flithef Oddt@finak t‘f@@ i180,iforexample

on system I L. Particularl th
a statl@éddti&ﬁlh@mt tHapcld that mpmmrged beiweln ghesrof gy 10 and the radiation

radi at
colleigrss et s gmasuipenls o aenaiehfy sy By Bh e essiedoiow
nL g]f‘ é’ﬂuﬁﬁﬁét@xnllﬁay ddiRprise edjusthd kQ/acljnsl\thejangutao intensity
e particles enmanating fromthe sou $
dlstnbdﬁpm of thel radnatri?ngqgam GenemnBy. it {9asidhe Byfes %rr},p%eg ﬁacﬁél extent
' t
(comniqplx Ibq}pxg;ed\gdtﬁélslcsowgt%%ﬁl@ Eri%gr % g& I)%? Q{eﬁﬁieﬁﬁgl dlgt"rl@ﬁﬁon ina

e sour

pupil @Iaﬁé’of B QhEninar B/ Y Ahster [roaditen, oy idlufninadrd i may comprise
tam nant traps 110, for exanp

various aitica nvmamhemtsr, apchias@niniggratos apda F?Iﬁila?ﬁéea a’t‘é& iflmipairanay be used
to cong}thp[}ﬁ a@haé%)?} ﬁéﬁt @%%flg Q%esrl at@%ﬁoﬁﬁﬁf 2hd BednSfty HistrfBu€ion in its

e trap system 10 are
Cross- gggﬁghl bed bel ow. [0046] The illumnator IL may

d |[&£{7:] %‘E@ ?@r;hgtg%nuhse}qurlfégﬁ 13?1%1%? ; gﬁpa %gtﬁgg SF 104 (segg ﬁﬁ{sk) MA,
whicl ‘é?lgidr t&i}ﬁ? %{'t ARG (e % Nedsk tasIe) A TEXIdE0 E)at&éiﬂfﬂ’ﬂﬁbﬂﬂhy patterning

S-out er id s-inner, respectively {n_
devick. h@ﬁérrtfaﬁeﬁirtgychel patterning tieine MA dhptadiatiop bs#e P&t pquFét ough the

~illumnpnator can pe adjusted. |n addi
arojebtanmp e v oSS TEE ks IRy ¢ B bt w. wi

the alﬁ ¢ lﬂ})e dHtﬁﬁE@PW arﬁ%sﬂioﬁ QBEeNHY (e.gT he 1r1tbrlfernmﬂatccﬁev1ce
use to condition the radi ati on beam

11nea1d@ﬁbdk&d>r ua’pai:rbwmsg%soanﬂie isvhstratsiteBle Y 5 €91 lgﬁ}pmlfﬁl quurlat[e Y g soas
cr.oss-section 47

to poitiep diffarens ﬁargﬁéioﬁtéqr}s]e ﬂﬁa [)%g \??}:He Or?dlgﬁmé:éﬁl PB. ?\}j&mlarly, the first

po sﬁi’(‘fﬂgjlclkl;/ﬂ and RRbtHeIdsitHdA sensoPIHItcan lbe u@etdlo acc(watgly,polm@n the patterning

MI, and is patterned, b tte dev
devicafNIArwith eospgos inie ﬁ)g@n qidhe )@{iﬁlﬁ% ?g €. erl]f!te[r ﬂréecgamgaq retrieval
radi at.,on bea u
som o0y G PEAR R g %‘B‘g&?i‘?‘é’ifﬁeﬁsﬁ‘%‘?ﬂ%@?‘? T mey
be reﬁlﬁ‘&dw&ﬁﬂlé aideo f\loMi-stioke Imm@ia:{cozﬁrm pesitinsing) @ne a shart-sffeke module

d
(ﬁnedngeu%g@mg? %\If}}lclzhofrg)rr%%g?toorf thngrsg posguoner Pl\fp tS?r{lﬁﬁ 39 %tv'éfn%nt 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.
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| i near encoder or capacitive sensor), the substrate
table WI' can be noved accurately, e.g. so as to
w@omsnsns di f ferent target portions Cin the pettyND2007/050451
the radiation beamPB. Simlarly, the first positioner
PM and anot her position sensor |IFl can be used to
Pattern A RleNIX a{?ﬁ%hﬁén‘&'ﬁb W”x% ﬁﬁé higgRl 'ﬂl@ln@?)‘étt&ﬁldg%e%c% Rlignment
spect to the path of e radi ati on beam
marks Mlt, d2 amiduhmataahgrmant matks Fl; B2 Altheugh the swbatrage alegnment marks

as 111usgr?1' g)g 1%'%%1%6‘ Mt iﬁ?xyegg%%ﬁ?% r%géagtci}% s?ﬁ'c%@ BEdween target

poﬂloﬂsQﬂﬂs§5rE RkewH RS sribelleRodl @At mutke)) ISIitgilaﬂmdn gituations in which
short-stroke nmodul e (fine positioni n%F whi ¢
more thyaraneatie ismgoYidedsen hsattemingdepige M nd &Pﬁ?ﬂ‘\&d{%% Atignment
h t W may be realized using a
marksmp{é)ej?c}agﬁ%%crt@%ﬁ%lthggﬁg a short-stroke nmodul e, which
f [0048]PEd depictéduppamnsruduludss used ireat 188 ongwfithe fqi@g&eng;modes

SR e NIn ey, svmaert s M apd SERPitate table WT are
kept es%&{i]tﬁ?lty Bﬁ%ré/ wihlle ﬁg&ﬂ%@ phitetR %Bé:ﬁéd% HhdadA6uh BeanMis projected

e aligned using patterni ng device
onto aazirggrpmﬁttn Cat kmel(d ¢. aMingle staticibnosare) Thieisybrisin tablg W< is then

Al t h th bst
sl B TR S O L o o
mode,k?ﬁ‘e xlngﬁ b siz8 o SR8 ERFosARS AEE lindiB HgkedizPof the tinget pbhead” imaged in
no

wn as scribe-lane alignment marks). Simlarly,
asmg]ersta&uctempd:suofnS in which nore than one die is provided

R

scann&psg/ﬁgﬂmﬁ&%hdﬁﬁil@é gﬁteﬁpﬁmmdm the waddatiom hegmds prejested onto a target
| east one of the

portiomtles. & ieels dppBHe cSRasHT LIS TPoHan REotianat P s ghte W
relatlv&{??é lﬁ? a&l?cctxg%tM@ aé/b%tcﬁiérﬁﬂfé@by the{deOngniHithiié€and image

tot radi ation beamis projected,
revers@ﬂ&l&rél:térﬁh@ﬁbf the ptdjentiof spitero MSe Iy $can moglegthp g}a@cngwatsp@ of the
exposure). The substrate tabl.e £it
exposmeﬁf)kd s ghe idih PR et BariE e ogh Pl ditptiERidiTin o single
dynan?ﬁ € %ﬁrec WARReaR ¥R 88 thehibarBiigPmonicie deteineinestie hemght (in the
SI'zé 0

the exposure field limts the size of the
scanni@”cﬂfﬁctlm))rctftmm&atpm@ed in a single static exposure.

0050] 2.
E H@O%lh Bst r at %Cc‘x}giaremgﬁe' glregs%g o S cftt\érgtrl]\}ci:’ﬁ ?eMnt?dl‘l‘? statlonary

usly wh
JedimhbE Phit@ding@etite, arnadhmubsmtbmw pm\@dtoﬁgcanned
hold1ﬁ’%£)gfa tar get %port |nt§n C (i

Whﬂe@mvsmlewaﬂ%@ theradisiioy besn Rareed o ERP R s mode,
genera@y grp\}ﬁrﬁ(i o}‘nﬁs(e) r?:g §§1§11r§82&9&{rfd t8é progtaniBatY8 paiiag device is

Ification and i mage
updatrﬁﬁ Ve f&tred Bﬁéraﬁablemwémem affthet fubstpato }aélﬁt WcTnOTsly @?WPSHCCCSSWC

I scan node, the _naxi mumsize of th
radlatlvmwlée&%nﬁww (s PR %fiﬂPegaé‘é?H sPBe Ry ppdl lne)d tg#’ﬁ skless
mmﬂ)l aHeRh d@Xébaﬁﬂdh a@h@ﬁ@gﬁﬁrﬁmable mirror array
htho )It%tg’ﬁﬂlzg%% @%eesca%nl ng notion determ nes
ofat@b@asi‘l@f@i‘eﬁt()lahoxtdne scannl ng direction) of the target

po[rOOSZ] Combinations and/or variations on the above described modes of use or entirely

"*n

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
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[0051] 3. In another node, the support structure Ml is
kept essentially stationary hol ding a programuabl e
w@adosesisng devi ce, and the substrate tabl e WPCENDRWRAS0451
or scanned while a pattern inparted to the radiation
beamis projected onto a target portion C. In this
rotatab!@@aﬁa 1(91%8 bStnbdscta RidrSI@thak g AflinRlitySelohesnd] Soreiipg elg@ents 11
t he pro rammabl e patterning device is updated as
deﬁnlnge:d}amr@ch reascbﬁ arvanged pebsimtialheparalie e agenqrallitectign of

s B HIRRE S A B SBaP B e 50
More pEREdOIAES tHel rbﬁ%lcﬁl’@@/l a 1’ﬁaj1 peétiit ﬂrmmlspmmgrfaadmimmmanatmg from a

attern d
radiation cmioeipp arced b fieh FLa B Qs o0 EP e AT of 2
/
s AL TE) 90 i R Ao ot o
rotatiof r@hmuﬁ(ﬁwh[dhaﬁéziotﬁ s ectatable2ln the prasent smbodimantithe gaft 15 is
rotatalfll}rl g%ﬁtig@ silgg‘glg gam i (#:ﬁr l’éi%rxlilg s?rg%t&[e é(S%HRécfﬁfﬁl‘g‘? Gmore
detail. "['? shﬂ%&ﬁ of2he ?a%mtifoﬁ% %@&é@éa@lyﬁeﬁi@teﬂ%}ﬂmv&dﬂm FlgereEB

aving a plurality of channel form
Desnrabl}e awirhzl ddentdn of the ratatiomrxisQ of therpion 1%9%@6%?’}% thydg@diation

leSSl}Sg]l:Jl g%tgégé ng(l?fll %I{l%{lxl}lgtlcﬁf(gt exan %%n & %Pasmq éﬁs%ﬁﬁﬂég ﬁoﬁﬁ) LEP of the

sourcd €91 R14kH98 nReRNiaRBPAE JREH1€ & aivtd® B0t the r@OY is IM) specifically
particul arly, the rotatable trap 10

depictbahe ! it TPk kLT R N ROYER Bpvrions
ways ﬁfs' on eﬁgg@jﬁﬁct(lgﬁl@g%@gg@dﬁ) of the source SO

ubsequent cont ani nant
t (G341 Te cHdimel fbhﬁfng]dl)emmt:pt bwiag bd configured wrifferentsways, and are

desnaﬁiy?%'p%'ﬂggb% DIASEAE &b aiS) SR TIEPESARY 26k ML 2 op galed foil
trap). ijﬂ [até'ssl 1l iRk g%édxn RetiSudvayR. Bot dxa EE Biard 21y SOy first

Oor carrying ructure, described bel ow.i rpégo
embodi@ient bf a &'dirﬁmmaﬁstraml (bt:omp}esmgg iphralg of glatgsHd p@ggp@}atmn

depicted b r v

o i b330 14 B e o
contaﬁxoa{p'é Jchf%@% Widnthelas: m@hﬁﬂemrcmm b anmamyed anlbstaitially parallel to the

Ll ng oi nt éﬂéor exanpl e, a pl asﬁrtp cfg?l%rﬁ | Nt Viented
iroobBPo ot af e VIR WP HESRE TIE e b e o

QL 110 8drdbare evenly, regularl

substgg&?l&r%cgﬁl gcf?p% S%Eg&éc?tgogfn&lsr@tof gt%g‘r%gr:llat and) ﬁ% ?veg y, regularly
distrigited ﬁrdﬁﬁ& e rﬁﬁa&’loﬁ axis @ fHigure 86 showy am al@matmm@dun@é, wherein

coupled to the rotor 10 i_n var. ous. 54] The
the platesin alo rob exiendradialiydram therofation B’éls 'haﬁqu in

di efog%]efﬁ qﬁ@t;éé ﬁﬁﬁg bRE&ERR) arna%mnm@aulz@@htmmed abasd the center

Im Frgures 2B, 2C (thus faormn

axis @ﬁh@ﬂbﬂ B0 sheli maﬁthapi)annmh Ehpiawe substantial brthe samg Yol H@gd’ﬂ}erplates 11
vari ous ways.

can beppBRECHRSHP €ath %fggroﬁ}rgggrnglﬁt attr%g%ﬁyléﬁersgq@é%yamf&ufétplate connector

rrsin

YERlrP) @teg pldedEfl may BE coarteet idanctty mnﬂmh gthieoat radially
15, aghg‘ﬁ {iﬁ C%tu The pl a{)tlé(lets 11 rr% be substanti al | fd
innemdiddsend/bt, fot remmple todre shaft 15. he rotatable contaminan trap 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).



contain apertures by thensel ves. The channels Ch nmay

be arranged substantially parallel to the direction of
w@eapagats on of the radi ati on beam duri ng use.PEINLE®BI/NS0451

the plates 11 are oriented substantially radially with

respect to a rotation axis Q of the rotor 10, and are

%U@H] YAlsd, %‘Ill()%l’l 10 ridysdoii st eRc@icAlinchal ableGhatrid) Ianﬁthe&bverall

Figure 2C shows an alternative ‘enbodi ment, where

conﬁgttrh‘eorpﬂnay bs sut:h thas theoyotost 0 éseleqtrienllyichgreed ang resalt ?Gbﬁppfefﬁmn of

the rad}aélga |s§|1r m 53 g?ahp-{ félﬁ%u g eéﬁ(g% Slbg mﬁy be made

substax&?a‘ﬂﬁr%'f el%&ﬂri‘éal@onﬂﬁ&n@ﬁﬁd@eﬂ@ﬁs) Sfbleantdp&t oﬁchae nuiremeelsor@toys, for

havé substantially the sane voI n& Ia es 11 can b
examplsealeoimies steel erootes apaterizhe dn ap gmbedimept gh shalt COmPHpgs,A rooust

ma’cem%e e%{(%rlap 3 rolﬁ}/st ngctﬁg%f}r Q@h&étﬁgfﬁ@é&p %?toﬂfer i’r&terﬁﬁ In another

I"guare be connect ed
embodth&@Cthe YotbPsiedficdonypirisey oratonmatd iofi tdbjash mméatosm@,@gah fief/example

for exanple to the S
ceramig dnatingapaterial ol %’5:93%@%@}’ |°§8 HSB aisial Gegpelow
re ardﬁ%‘ﬁ Ch and respective plates 11, for exarrpl e a
& vey | arge nunber of relatively narrow or
sj0057] Moaeorvhla ttmerb‘epx construgtienmaebeguch %tbe&b@wl fogpying elements
channel s t st abou 1
11 andsrﬁgqushe}ﬁj}]%gp e t Y frnect to(egagh IS{}IH%'E_Q Sx(ﬁf@(%g,gtior example
via suilf\%b%’wefdia c{)ﬁ{egﬁorng)rfiﬁﬁ defedrpitinsgmet. ect r i caI |y

e material and the overall confi
b[e!)0§8]: As ffoikaws firem Faguses 24 apd 3 dhergrnaychq H’fﬁ?‘%ﬁ‘i?b

result o tl ¢StoDEArr
configogatiopafisply T RRPER T3 14 phiterchafin@lapiueart ot 15“’“%
strucu%BBOthé'@&ﬁn lﬂsbﬁioamtm adry dethil m Bigurd T &otle tmdmrtmméo and rotor
rmterl al for exarrgl e one,

e o o, A v
VaHOLg)ggﬂﬁngrg{] %rbs her Maﬁyﬁ%@ﬁ'ﬁbtﬁ%(ﬁné}o&ﬁﬁﬁnm et least partlgibe made

ectr conducting steel, or other
of ond1& 1bledtlatibely atromg; (durabh‘!tﬁichﬂngﬂl condugting pratsrial haf t

oD T ol £ S SRR G o e
such $ %f 55%,9 Hadpd MeEd bdaﬁu PdscimBiednon fime thetprlopwrt, as will
Pegar i f g i

e 6) 00 reover, the rotor .
be apprapatainthoskHeg peeors e thed e PRcnE R WFORAPRGpe calleda g
pp

beariel "eﬂe‘g%‘{}&ltﬁﬁz%’g‘gs& h8 R g&?&dﬁt(i a]s%x ﬁ&m |tﬁ‘é3 dd'ﬂrh@é’cidn}bf a fluid bearing.

r ect ect fo
ﬁ??ﬁi]%\f leRarBiple} ﬁtﬂ[l@ M@éﬂﬂ eﬁhb?dlln’lrm'c tthlﬁ)g% b@armgvﬂ(gmay bg configured
di rent manner 0058] As
to pramide 8¢ylindsicel 1y opa 2p¥ %rl,gag @ax&r%&mﬁ%or%mg %‘H%&l%@ %ﬂa‘gxe case of a
fluid hggﬁ)gz ?}éa{f‘ S\fr}‘%&rﬁg 9a11t BEme BRI 15 30 hidirRaifi RS shaftes %paﬂedglpart from an

or carrying structure 30. The bearing
inner! oérhﬁhwdﬂll surfackif ehedtetamichrrying Birgetnes 39, (t }gd@qtprtm@n@gg} Rg surface

can aé@f%%l;g(g fg];)qr @%%%ﬁ%%@ ﬁ{he{c%ﬁ?xg g{r{‘? (ﬁjﬁl%' dgh@gte shaft

surfac? li/éaééllgg Schﬁg&fﬁegﬂﬁggdrﬁd%é of Heeofod biuft',ahe tvyo slgfaces enclosing a
ructure conprise or at |east

rtl
spac®foranegmrbeanng. Fmithﬁr; the bearing28r1pay dse %ia ?(@@la} g@%eaﬂng 20a,
locatce::g %gtlétfc;ete:rll 2 egae% o% &16 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
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[ 0059] For exanple, the rotor shaft bearing 20 may
conprise a radial fluid bearing, such as a radi al gas
wheasiossyes Radi al fluid bearings as such are knp@@NLzmm050451
the prior art, as will be appreciated by the skilled
person. In the following, the bearing will mainly be
carrying HrhGlred "(ﬁﬁ%x%?fe', §sbeds STVAVRY €0,000 fins). WHS padtarihg 20 may be a
onstrued as excluding the application of a fluid | )
good héxe aondugtor] DOGW) thebighaxesspiednsidmthe igas beasipg AP and the relatively thin
.enbodj nent, the.gas ri . '
ges thicPGRR T SR RAPRERY Be B SthelY uil 6 & 1l Woling 20 may also
be heatb@tp hhd/ihdredbre bleinig@iséd totttanspori Ineat iveayciism tiod fodl tfapuThis enables us

bearing) that surrounds part of the shaft.15 to .
to absortni largs amauaé okprarer onty tb‘fog%]éfép Spthept the 6‘?}? afiexpppsqn of the shaft 15

and the%%(flﬂléen\ig!&j[r%ﬁh it duBR gﬁffeﬁrﬂ@is@@é R pSRhEME BiSve tHatiGitH a@helthal

atter mentro I'nner surface can also be called
isolatiort dTah@amfbieapwithcfos exdnadebalt beanpge)the tempgratene@é thershaft 15 will
and the opposite shaft .surface.c be [ 1 ' aas
increassde PV #FPO8 1. Meile %‘fh‘l‘ﬂgulsﬁb{‘ O%gﬁg‘a,gatg %gar{n%ghgte, aces g of the
p ' sPansefyorootde gas bearing). Further, the
Shaﬁlgglglérr?%spg’oa%ﬁay a g, I nclude an axial gas bearing 20a,1 21
| (006 |ckbrlortmpiertha gy earing 20, F0A Y elrpitTise pBe ggotegas mnlets 21 to

ite | f f i t .
o 8y O e

flows %gtiﬂ@@cﬁe& Beasbid Gl Foratnigle theinbs(syat mayrgmprises groowe
, to provide very low friction there-bet \/\@fr}? 0 rotor
extenditgparotibthe ishdft reLsivingApeRwiood RGNS TGS o fﬁ?‘%&gﬁ
_.be efficiently rot. i ' jchlovE @8PR6 th
s AT L A B B0A S Ok aoach

betwe&lY ﬁg sﬁ%ﬁ 09 Qngu ﬂﬂ?r- ca?ﬂrs]vﬁlgg;garc]ﬂum}@ @respRetiveegab Slowys gevoadisated by
conductor. Due to the hi ressure, i nsi .

arrowt)eEhe Sghaps(AAA A TORATTE AP ﬁxggglnﬁ%?%‘{%ﬁg‘é‘gﬁ}%ﬁé ece”;“jg
heat.,,co VA 200 36 belagahged ahdhe ed in

chambef g? }hﬁgc'a%gﬁ%asgﬂug\?ﬁgﬂ TRE b 20TKi8y 6186 belagahge onfasir

e heated up and therefore being
variodéiﬁ%:lrmyk,ra?ﬂ'ﬁm;tapplgai@tefl\hd}lm sld QP@S‘E%H trap. tnTh It) f\ﬁ
enabl es us to absorb a |ar u i@ 20N@a inlet
F ohtee) Tyripe e drbenentcn oo BB Ry s AP babg 2blg nlels)
21 ar@xqgontx E}%;%fs BESNERY, vARShinidt (s Pzl eiaybeadiustedior ventrallsd ¢o maintain a
? per i ts show that with a thermal i olatig}p of tli]zﬁedb the
desireghmf thidnegsbateérosha gl arepH €25 ENE styuctpre 5§ wi|kbe apprec y
. tenperature of the shaf L | estuREHARS Bad KeaRNEDR0 BRY be in the
skillegrpeigpp.| &5 quﬁlngltg}grﬁx a fehélglgl\g%gllg Sé{/‘\lngﬂﬁl a g%s be.agi ng 4 ,
rangeldTGb&HE DS %Mtﬁingfopéﬂaﬁoﬁi hafh etibodiment thegas nesd in the gas bearing 20
approxinmately 100 C. [0061] For exanple, the gas
is nittogen gasgN2B, 20A may conprise one or nmore gas inlets
2 l SR G R ghowaicd 3@ esiitatlie radiation,
aﬁh&?@t ‘?nr}c/gagr‘{%%t%g%g}%uggpﬁcfe 30 (respective_gas, flows h
charg’tl deb hgatlesl(ihsuding, dosex@B)ple, etagtm@s@wlfgrégnst) Gan be emitted by the
Inlet(s) 2 1 may conprise I QOV €. ' i
source . g fretor plaggsifil fg0 ﬁwrteﬁgg%fmc%{ﬁdelg% gh%%?f% gd ??I?%EEEU ?rréana ing
fromgigensrg)’ﬁ%eté@,ﬁea&iﬁ?tor DR chxight cfiheitorr#atad] hand shaft 15. In a

rrse one or nore gas exhausts 22 to.renov S
non-fithitmgtdrempleatie dootamieant trap rejpiat @ angst ﬁrlgt%qye‘beg??\ﬂﬁeﬂéo ovet
structure 30, (l,espectiv ViSR! Sudhtdios ahAeciyei ight
600 RplisRasn seyfial @rﬁ’i%@?‘é&ﬁﬁ%ﬁ%ﬁfﬁl‘ g)l 6) b%urrdr})l rise a g(; oove. migh
lead BXURBHr MG dHbRMR ¢l detRaBlisdHar gedtRi(se Figure 3) through the gas space of the

gas bearing 20, between the clectrically conducting shaft 15 and an electrically conducting
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chanber of the carrying structure 30. The bearing 20
may al so be arranged and configured in various other
wovans/o3ass W | | be appreciated by the skilled pepeEED2007/050451
[0062] During use, ratios between gas flows GB towards
the gas bearing 20, via inlet(s) 21, and fromthe gas
bearing $uitfacl Pf t%g cax‘{'&lﬂ SUDAHRLA0S Which: dlilﬁ)xﬁ%ﬁ Elind§deslagd the gas bearing

ontro |nta|n a desired gas thchness bet ween
surfaces laad thuk mlghﬂlanm’er ;heng)e@ttlpu of theewog@mirant {fp 1 0pe

36&%& c?cto%a%gb é!télheg}bz) elfnzdcpg q?gar%%s al'so‘%%r?ﬁa%h?%hgt!oéug}ute{/@&éﬁrolhng
or reditedtih él@&ﬁ@al%scﬁ@x%@ EPoflthd rdiar 10) f buipressimganictmtricahdischarge

an e o i ment, gas used in the gas bearin 5
of the notdril@genrbogadn ()th‘gi; WOH{SQ@B g)}anm}g,,th@am Gag be (98 %gpée to control
elec‘miax gﬁadgaoﬁgsﬁﬁ T palr:i?‘ §,|0Lgl;cg cBérgE?ﬁ)r gbébf&@mted so that a

n g,
high s&%@ edtatapie con@miriant o8E)0 hanng)aehxghmltabdltp pari lbmamp@él‘hroughout

o s e e AT Yl AR o
s 15555 Bl 536 gl oo e gk con

flowing @6W &ds firrshaftapo cahpmsato agositively cbmpql gl@;dqpay be

\(/:\R)?)rﬁg}e gt 8V][e]£)S}lgg/?\fq\li/l%U‘tss %%,/ %?118? ?of ¥ ég\f/el:ngllaﬁr@ﬁ or more

aspect% 6f0ne & rH&%Q)'ﬁK&E Eﬁgocﬁﬁfeﬁ@tm@ dem‘tﬁﬂéd witls Ohatbgﬂtuﬁla for one or

Igure 3) through the gas space of the gas bearin
more a%@ectk)efm mdme oeheecmbpélmelngs tf&ﬁﬂtﬁétqnﬁg’mgm% 15 and )

Sﬁ}q%lﬂe ﬁbtlil F‘IB{% ' %%19 Eﬁﬂ%?fgﬁ%&J ﬁtll%flsa&ﬁm%ﬁed H&edirected by the

e ED may danage
applichfiéh SBSdiSaRkE FinsitbAaaRNAE D3 tIfamscuhargh therstinpaator 2kis configured

operation of th t t ot 00
ey
Partlcgfagé/ C ORLLY :{:Jrl%;ﬁ&m%ﬁt 'ﬂ’f‘eddl&%ﬁltge REmaht@! 28GE hirgrddled to provide that

e rotor 10, or suppressing an
substa%ﬂuﬁny 511 aa}nosﬂ dednbca dlsolﬁargdnEDr\mﬂDthCE aft b? W@%pwur fiyan area located
t

er words, for e ty
e thoneh dbeteshe gt arnepad P I SR ne ot o
180({6}}2 lf*‘%r e: ﬂiﬁgﬁ@tef Bist 8 fdapcizal @ defdin mf&/gdsé)emmﬁhamﬁa,n integral

'speed rotatable contani na t

tr
seconklauafbgad 151B gbacheﬂ avedyl from yhecgas biearing i d(ASke tﬂ’ﬁﬁ%ﬁ‘@ﬁ‘&ﬁf‘” part 10
t he Fresent a

and isyhje 1orfx ghapge gﬁ%g? }N%h §Petcrrbc\%}lx %ar%#étalfg]%org% a‘?rttk? Bﬂﬁle E@or 10. Then,

des1r§o‘f§rn O SGHEufatidRIASIH Thae c6 Féxg;adoxshﬁsf terthin rogor, chargmg (due to
Ce-versa, a current of e

radla’ﬁdirasﬁcturdc‘So;tewtmhplé asmegl }aocrgggsfxglgrt |sgcqﬁ%@§ Baxgﬁ aﬁaﬁer rotor
part, Qﬂgﬁ&mﬁhgﬁﬁg %%t¥%%§ﬁQ@h J R4Sng 96.t her enbodlnents

e or re aspects of one or nore
[gt) b§iSEoreRhagieBrthe F@ye pembaoditnents dlevdlsqhazge stimulator comprises a

stituted for one o t
aas soRppstretivSd o SRR P RER] S Sp R st e ERGisye O
towa@éﬁ{l? %elc ﬁ?ﬁgh%ﬁ 5BforfhHhaR 14, sucR Rk atdbé‘s@liléefo@ien bfthe second shaft

or re irected by the applcatlon of a
part 55 rsibaﬁgendaerdl dmltlaarwrse sontacts thealisthargpstimulaiing gpsor gajgrixture Go.

stimulator 2
Then, in an emboodlmer?t {hse d?s%ﬂargg stlmglatlng gas or gas mixture Gp 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 Gp 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
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to stimulate an electrical discharge ED with the shaft
15 in an area outside the gas bearing 20.
w@a008i0839bar 1y, in the present enbodi ment, the PCENha0ges0451

stimulator 23 is arranged to provide that

substantially all or nost electrical discharge ED with
determinB@ frohePdschéh Wirlds (BfioWing RoRPaa3tiRa'sI[aegifedvanioas gisee/ gas

rotor 10, where the gas bearing 20 is substantially
mixturespor Iy experiment goBiulation. Byusnisi the present embodimgnt, dygipg use, the

15A.i s, hel d. i.n .t he rj . [ haft 15
pressug g\ 18| e BEMAEH 0B CRARE lfip ) £ Wween sha
and carbgﬁg ktpeoturie 3 0aintl e adiat widthef that ares ot amipaationWittathe typs of

abl e to exchange charge vvi,tﬂ e{ ectri cal&(lgy c@ar eabl =
gas/gay mixdure it mRY Be Stsh thatsubsiansially gll o most rotprshy 15?/*,‘”%8’ g0
conf | | L1854 ; nPRyah rdad fodd pressure of
througls BRf B4 Akl BRHER bl Bl RIS DAAIGI Gh 8o ol 1

gl ng I ation source operation) all

the beadihg FRSEdsyniaareGs, the sadidievidtbobthe gehbéaringan gomigigatipn with the type
another rotor part, but not via the first shaft part

of bearing/gasfegs BUEUBEEPi ng 20. [0068] For exanple, in the
jb%b;] Snhi€ Wég,dél%ﬁi:al diddBargk TR Gest Shdftpdret X may be prevented,
onprises a gas supply structure 23 to supply a . h

since itis emichimarke liltelydhatrelgstrinal bashkdawiyEB4er byeakghroughhy il ecpgst the
t rds e, secgnd shaft . : Bk

secondHaR el B G 0 PR P TR hiefar O Shpiing gos or gas

mixturb 25, Thus Y61 SURRRS cRktrRbhdischiane RDRkbE guided by itst Hurlkpsge
stimulatin as _or gas mxture%The, in an.. rvin
stimulatirgtisigammix ureCubesBRen Sheliskd ) BF CRyPRlks? Bart plibe camying
- m xtur may  bhe tggﬁﬁﬁw latively | ow
structigsy ggggﬁma %goet}lgijg?ﬁl anpl e ngv\g)?evt%ﬁ%ﬁ a breakdown K
vwwepgs afnoh Nignibegetantplgas thercagathatihe gas esedin theetgs bearing 1s
the gas bearing 20 during,operation. .Ih t] ,
nitrogt GaRUSANTERPRGEOTEF PR BFRS o g pESUI A preciate tha
variou 2SS ggg%ﬁg&tﬁfe%‘ég BByt BT hroAdeheRyechRAbdiecur geestimulation at

n curves (follow ng fromPaschen's Lavy%,kﬁlor
the sedcHdirotes skfepat Y3, for setammie ysing ansl CoEnE lgngonypon own

cal cul ation. Thys, i.n_the_pre ' Bion.

Pt b B gt e aPUER ST FORRY R cSliion.
S &étﬁiﬁ Txgb RSHIRR $n88@inTEhk khe €as Ghpplyp 28 heaydneladbetylewnical groove in
sha

and carrying structure 30 the radj al.
the canfyittgstotturdi30, asound theisesondbshiadl pogton {ﬁ P ﬁ"e@e‘c"f?gfée dipcharge
~ gas/ gas nixture ' taghblpralided
Stlmug\tm 2y B4 JRBTUIE iy ?scﬁzﬁg}ge%‘aﬁﬁqm%ggﬂ?gug 2 t at _
electr,gﬁé@@?{ (tﬂrﬁleélt z: B dticBd m@asf glfs%ar:n sujkp)p,ly as Go, fupshertstimylage phpetrical
In relation to a pressure o e .bearjn
discharig thrpeghaiBe diseharge stimplating gt/ & “elﬁ’é“%?ggg‘g%‘% %Sﬂs fhe electrode 26
combi nat { ' abldWle@nsd gasntialio theelectrode in
may t@fof’ﬁffggi t%:&rﬁqt%ﬁgf J\%&xgl@%}g% ??al di gchar §e \r/1 i a_t ge
orderfth k&lireshatdr shaft telecicahdipchvegrie therrlecirode 2 cEhys; thedischarge

~ much nore likely that electrica [ F d
stimubatensrus e §IRY cwnppsepﬁapgaqdegﬁe%og gyéagt%g g‘lﬂgﬁg&@g % elc:elcérg e,
exten%#aegn%r%e{cﬁﬁl&QB Rl1b&aibh ABardin dub® stffsardfhisdsedbsdtstmfigert 15B, the

stimul'ati ng gas or gas m xture GD- Thus, for exaglple arth)
clectekle desitabhi bein samacded ©D notintiabwugig efFuEpble flgree dram (e.g., earth).

di scharge. sti tin ' . LMERE sBATRT 5 and the
For cpymalfan el Eopieh 40 gRREnER el oAy b CRRLARAD SRITRIS an
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
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structure 30, so that damage to the bearing part 20
can be prevented. [0070] As a non |imting exanple, in
WO b@soa®es t hat the gas used in the gas beari ngpC€ENL2007/050451
nitrogen, the discharge stinulation gas may be argon.
The skilled person will appreciate that various gases
transp(ﬁ‘f aﬂ@ﬁw g}‘f ig]’% 85 indPsddaifetiint AP L& VeariRg Quttades. tihe electrode 26 can

ectric scharge stinmulation at the second rotor
have v&i{tﬁfstcopﬁgﬂraﬁ(ﬂB anfl shapss.digslesarpleniye glegiredadfumay, @omppése field

enhanqﬁqgg{g %dgkeg 81\:’\%; F}g%? ﬁﬂ et?) g%#e%l\é/:g ?%earg,%h/r% Sn PP RR GRS cal discharge ED

earing
towardgg{gélgéﬁoagl on. [0071] In a further errbodl ment, the gas
suppl y ncl ude a cylindrical roo

D3] Figursts drpicts e100T CBPHMHREnL RSB SHAME OB of
Figurelj_ﬁ5 EPL(#OO s %C@o&ﬁé)%s% Iagrag lsn.ﬁ)%ﬂ%&?i %\téélrfy @51y glegﬁi%él‘lﬁ&harge

i ment,” there nmay be
stlmulﬁ’c[rigV%Q €K theFRjuees embledid@ni, theos isrpeavided Mﬁ@ﬂ%@@r@pﬁ‘#‘ﬂwe

ply .23 f h |
clectrode 26 x gaing PEAFARMInRID HoSHIAn TS @ Pyl BEten S EE) F%“’%a shaft part
15B, tfgé()élgéﬁ e?&}ng c%éc?edete% ottéiﬁiaﬁécﬁx%d'ﬂd ghe 6lebRYddID' 1s located in an

nnec tentla sourcetoapyaswta
area wildhaloes e fomtpeﬂtof e bearingi20, ébwqarrwdfeatuario'éqﬂdféwdwd part of the

di t haft el g
rotor SBFBaPOHE ObRe RIS STRESH WeAhr e R Beg® ket by e

potentfgmoﬁ@ﬁm t§§dé’§ﬁe& heshtvoldge @6 exfaiiplex highlpesitive voltage in case the
aped el ectrode, extending or rgach

shaft 150is axmtadne e nagaiivebshazas AR W) [oHETSER SPER Shetppee away from

g the el ectrode desirably being connected to a
thega5 Faé'H’c% " source, or a suitable charge drain

eqi(78) Figoeé 6 SHAMPAdihe exmbbdinwantin ¢i exseghovetol h%ﬁ&hg&waﬂy

may be achi eved between t h ft.15 and the r
1solat@5ﬁomﬁh@rq§¢ré\pgmqg§§u 3}@1 AEthE Fogps Capaot dlgglh?uggtse Wilfhe gas
beanr%ﬁ% :!138? exza%‘ipl 3{)1 ik Qﬂ'% lie roforGRAM: i FUAH He edade of b]!éaﬂrllcylly insulating

e formed which can guide ﬁ n
mater§dl2of exafnliplﬁhleb@lcslltgafrxsuliﬁng cergnisungfeaalts) plepird tgrmatively, to that

trolled_dj
aim, #&f@?m%?w%ﬁ%%??t iy PRt e i \RoRIEhL B pearing 20 can be
maderg)f eﬁ%ﬂrﬁgﬂ}; &s@l@ﬁn%’ﬁﬁfehﬁlg forekdapie %1301’:1%@1132 irBulIann)gi ecr@@icgnaterial(s).

ave various configurations and sha g xcgrrpl e,
In Flgdmeégéleancamen@ﬁatmyn@tgmis |1§e3%é1recﬁ Wﬁé‘ﬁ Ptﬁg har p

te ﬁgﬂylg%gl‘lreﬁ |an§§ gb«ﬁ% I,aac?th Eé?@h\?\iﬁ%}l%{”{ e Rl c’é?é: Bhl‘?/"h {s¥rt of the rotor

e el ect r od
shaft [19Qgﬁ%ngés%é&néﬂl?%u@dtﬁlgméﬂvé Ito pnmexmﬂwmf elmm@eﬂ; chayge, via the

he enbodi f but ' doe
ges spmmf:tmegag btgaing? bpsiogn i P age i & pRtRpetEied Happ roro

ha eﬁaﬁ?ow %{alggthg%ﬁisﬂcénft%nﬁdrﬂaa@hﬁt %Eﬁ@@lﬂﬁ@mhlch is

ectrically conductive el ectrode
subst%ﬁuanﬁzs&eaaﬁmgde ther@aibharng 20 whidhabaftsesiiondamadaofslegdiically

f f th d
1nsu1§é1ir1g1%g§s§gh & ggugggglggvgs eb L{)f gfesha OTLIPS gvéxextf.rl}? ?kset‘ gﬁe[fpﬁ’é?t 115A and a
secorf\%sehatﬁrr})gagttel l%? ar?I §pelkc):9@ %@rgfrbﬁh cAbh 8fhes andd hfdin’(égmlymuached to each

earin or exanple at a
otherbyl@neldctriaalty infulatireg qoapbng gzn'ai 15G ﬂg}etcgp@hquaﬁq}el%%ais miade of one

or mg%;xéjé nlgn‘gf;}l{ %éélg and g’n%ures B 80 6 10ER cRal dR¥nD&n 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.
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potential source 27 to a desired high voltage (for
exanpl e a high positive voltage in case the shaft 15
WO 2008208862 ed to be negatively charged during UBE)/NLZ007/050451

redirect shaft di scharge away fromthe gas bearing 20.
[0073] Figure 6 shows another enbodinent, hi this
ﬁ(j\?ﬁj %ﬁ‘e b AeBictsHhother %ﬁéﬁlﬁl‘eﬁ@kﬂ ffné 8¢, Q:lééﬁ-l(fal @iRtHabge of the
o) o rrying structure 30, such that ‘the rotor

rotor 1@ @rantidulatlysthi aha;fel 5/)| 1a ccurtt@llgéby loae ot mgredectrieallyceadytive

couphrg}s gégﬁ? Fl@gqln{é]?l qu rﬁﬁ{n@?ﬂ%ﬁ)&ﬁ‘s rlpeeg(d‘{grds'%rf%e of the shaft 15

on oneBhf¢ hid GRh by elee§i<': bMu@W@fﬂrﬁoﬂTﬁé ﬁftd)rada(@)ng stfustmre, archarge
alternatively, to that aim _one or more parts. 30A of
drain, (brﬁmtlr, anrthé @@eshwdcfmreéamﬁ@s the ehargg dan MY 1pcludey ¢

anothef %Hlta@f? ng%g?eeé\g? zfl%flﬁé gtg!l el Nsul ating nateri aI

y- 1 nsu atlng ceramc

o) 18!thSFigutd &hmmmeﬁ, a almber éfchtling conwats 20 bmigge the gas
materials 1§u 30A are shown as, hat ched

space ¢fj ggg bearing 20HQ ‘movifethe sesnrived cgq@aﬂywhné g[ntaﬂlegnbgglment the
shdlngeqoggatc 2@%% at%fch&{]tl% thoWr cﬁﬁ?ifn% stractERM0 dnd @fe in sliding contact with

y insulating materral to prevent fl ow of
an out@ seffaéd ¢fthe st 1% fo pioaidelpathyder ehpegeeexchangh betyyen shaft 15 and

e LU 3k B 3, B Bt b

1ntegra§fﬁaésﬁh§cteé 136he Bl 1 %d%ﬁn SRARE 'c§1ﬁa@ vaitted pars efthe ootod S(drying
I's substantially | ocated outside t e@g 51 bear i 91 h
strucuaeso \/I'hlanbmbhdlﬁtents dutsligingicontiapld MayicoBPEES FIPEtHFE Vconduct g hairs

: ul atin ws a detail of a
OTW“%% TeXg|Ip e(?r?séut?l?l‘?g}%r&gﬁg?? bart 115A and a second

t7] Pidute 11015@1@!& gn spbeditheapwhéreirebertricat Hischangs of theshaft is
a integrally attached to each ther

substaatleld:y pneﬁgiteq/on lﬁ@gn%q mtﬁglmmtpp{ 5%{,}1'@ 2%_{ é(tcnha,}:%e the rotor carrying
structwﬁgg t0 g%gl? E%d schart é §o et % n PR 10)8hd gisbegring inlets

at n tIe el ectrical
and eﬂéﬁﬁ@ peardd (ﬁiflﬁ&\k}i@ebmeearr}nmgastIMrshmeparp’@mags hpmgver, in practice,

15B f th
s e b e R L2 S 15 BPPA T g OB ATR i

surfac&s'I 8?]&1%[}?1%? Egal-bqﬁg sEEH@E130). 1RE eXdndlle, if ﬂ’f&lcta@atha’oﬂlss @cfpected that the

eri and ot her materials as w | | = 4500V
shaft g@ Biag bk &hﬁ@edﬁw 4 %agiapdsit@@ volingeddoarample tp,agqg}eémg);; = ),
epi ct s anot her_ enbo 1

the ro@qrﬁwtrgpmf%%o may 8 15”%6 c]earg@c% {olgal St f\l%evoht ﬁ&r ¢ g etoa
poten|t1§1 '9 ey ﬂid\@% I@bfurﬁ&ﬁct%y ABfuPt elbﬁﬁballchmhhljge obtigisbaft \]/@ via the gas

I ngs in electrical contact vvlth@ b ed simply to a
spaceedfem giscmhtiyg 20 AEeD the ISR @FTYAE YREIGH0 R bg fhgrged Sy

A | el QoRatielof the rot
VOltaE? V?h%m{;gl? oql?%léepff§/$%\évgs @hﬁﬁ}{ra 8@2 a}:ﬁdgllrwghbgr ai nol@:igfe of e Tt
shaft RAtRmalk beley Hédiain brasldiowRorltegeaiopthe, gas @armlgar()g@ aregphpdiment,
may include earth, or _be another

I
the opae@doiihe p@qep‘@@ltspwge 7't %SSO(‘[I%géi gjellt% tﬁ %W%tg)% of the E?dlatlon
sourc&%? 3‘81’ ex%tméaflé?vﬁlé ﬁﬁbl@fzorﬁ{dlféf RY ckApé Aetrto? Barbying gteudnllre 30 only

gas bearing 20 t'o provi de the described
in th€ OREUE tor depadity omgctivatiomnf BetsadiptiasnionraeRO s| i di ng

g? %ggltjﬁ?ea%%@ Sirhen aCF éﬁt rg)a%%he%lﬂc% 1? Ge C}%@treﬁ Y%ﬁ%ure 9, the bearing 20

con
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 clectrically conducting fluid or fluid mixture to
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an outer surface of the shaft 15, to provide paths for
charge exchange between shaft 15 and carrying
waeteososisse 30. Alternatively or additionally, POT/NLE®7/050451
same aim sliding contacts maybe integrally connected
to the shaft 15 and be in sliding contact wth a part
provide‘f)%]neélgcﬁxl‘i%ﬁ%%d&ﬁﬁé Yath Geticbhl Hetbr bt dnd tRdroedTioaning Bfructure, to

ng contacts may conprise electrically )
gradualip adencauit gy klzctrisalgrotestia. ffﬁe@peséhg,qbq:tyegg dier gkample, the fluid

. spitable metal ar all oy, e depi 61.50,38ni
moviaSf b 2 i ERhe 20 Pl D! B b SR et
bearing SasS DB, aldiow Bisehvepd @y be ghressehistead bf dlriipigsparks, between
potential source 27' to charge the t, carryin h
shaft 1§ andizator earzing srugtuse 3. adeeein %&*‘t%’&F %’reﬁ‘&lg EPﬁ't“étPga%q "i‘s%’é‘c may
..valt in Fi : : i ' and
prowmé&]’?a(ﬁ%?@(ggﬁsglatrg%ﬁ%h%‘%\c}l d{e}s %(ﬁgﬁrngtg géﬁtgglrepgiil aﬁ%&s"t ructure
i (00 Parategntpdinhént, theBeiddrearing 20 maythieadiquichbearing) qonfigyred to
be the case, so that the. ential source.27 o
el e oo Seing B0 i G PRULESoF P ggia meut
or 1iqu|f(fl£1|{c§" R Rt :(f?tt% Br %PAlloch%Enfp?asl 8 or ifbré Bt asdiuinhatl gallium

> expect at the’sha 5 may be charged to a
(for exagpledre qfalsé alioys: gabliuragedivmand segaliven-rdigmy dp S £aye, 2

| = : i .
conelfe eigue® AL S Sy SRUAY LRSI TR e 20

withoR QLRI Blda¥Ra&ofthd B8Mingtsarfacyd OF stidicts adythakirtgunding structure 30.
el'ectrical drscharge ofg

the shaft 15 via_.the gas spac .
0f00BDE Virsvepeatherfirid bearing 28 may ‘?w%fi%ﬁd&ib fory ?gF%gOBQ efectrical
.. Structure 3 be .c i 1
isolatig bpteffa i g4 408 OfLATEE k3 © AUy bréfent or lessen

-

t he
any c16REA @I taoeatpthe bbsringrtoduristgahe opdraticamafi the amerdw: a

= (D08Th At ererpcirme e TSR LTS e 10T of v
e be AssAq] iinkkrtd) hcBPRmdtrhehasitaltdaatact with the high
implepept. gﬁ%looﬁn é%ué}gjré@rggglbpg%&gxénpl e via a sujtable .
speedGOIdE 10kh@its shiaft Lh)ar whichtesathengrwill bemgiadgitioppl jegag, ot 3l extra

only in the case of, or.depengdin ' ' 1% d
motonpever hareavisie Uiseize B FEH B ard S%méﬁ%%ﬁ?#gﬁﬁfl“‘ 1on. o
ich. i o i fel I veteatlsiforced aw ostlpet the outer
duet%@z?%?ﬁg&%geﬁtségféé gge:dgﬁétfelkﬁﬁgmbeari: \ ’ otﬁ)?iiil ured n&o take out
surfagy cfithelshafids. Considesing this pEecietba a@Vﬁé%ﬁCf@P §ff§>ﬂ8‘r“i}e gmay taxe
and part of the rotor r fV fAde.
the lpsigupgust ¥ heprfhay it ffieet B v Ofb o HebRerBat Sathck.

T | g RS britfioreentRih@iy efthe mvpniti wey invlusieetor ekaapleymaking
conducting fluid or flujd m,xt

) 1 id .
electidaboontigiAb thechafid il PRV HRE gAY op plisdively, the tgral
t he r.otor. [ , . Odléctricall
mechgis BRERREdAd M e o e ey

of.
isolafed A Rspech® ahlenividomment itlbeeb il stprress wcentirdled rptgr shgft c{lscharge,

wherbiot s B Vb mine P i £y DO Byflsef Bt Fanousing 30t
redugeﬁté? ?if%g&ﬁfa%@lgagenﬁntaﬁ%&ﬁhﬂ&ft}lﬁé chamekfrmhetelaments 11 may be

and rotor carrying structure 30, v\,her(ﬁj nothe oo
electavallsaisblafel dioth eshafinip (@anites te therpmhegimpersy Sepicte, @ Fgures o- )-

di schar ge th t i schayr t I ' i
colnosa] feafsn stbotiobEh I e plal Sepphflicd fh cifbifcally conducting
bearﬁ’l%%i JodfigGedBy robRabily hbldUi.6. daegy guide ocomppomuthe dotpp10 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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provi de a good electrically conducting liquid (at room
tenperature), for exanple a liquid netal or |iquid
w@bdoey3sobor exanple tin, or an alloy conprisi NBCDNE200/050451

nmore of tin, indiumand gallium(for exanple one of
the alloys: galliumindiumand tin-galliumindium. In

gas miktffl zﬁ?ﬁnbcﬁhﬁ@ﬁlt Rlbegih g AR bE n electiridsllyp Mdhctlrfg elybearing,
sinply evolve through the liquid of the bearing

particulaitiyran etectrizally nopductieiradipd balt beaniagHadhe latier<iaps, 5@%316‘131‘3 one or

e S0 BB Ry U A Uil 00R8 s, v

ect ed
bearing é}ﬁm(ﬁmﬁﬁt" Ma d)@@@@brﬂﬂnﬁé‘d With @he bsmbad énsodiaente desctibed above and
shaft 15 and the carrying structure 30 to
shown gy thetfaguresal |y prevent or Iessen any electrica

3*)3%12[! gu g?;ﬁg‘gy axfcggeé%fxﬁ{ QME CiNe, &@Fe 9 BRIvadddQtotor

|nent of the present
dlschal*El@\éﬁﬂﬁlla@(ﬁ 4()Sndaﬁbxalhlelmtr;cabasryacmmdthq1wa1f thqutqrﬂloea?émh For
in one or nore enhodi nents,

examples Bieaaios dischasge sipulgior A0 MY GOMpRISE ﬁ%s oSiraste st Yiging sqatact 40,
arrangé % (ﬁ&ﬂg eJd?e ro't& v‘{\éf‘érp(ghtéﬁ%ﬁ)r ﬁp@x@ n€ (Which chebe) Cfor example a circular

nor wl ra notor power
outer ro®e phit et 1n'fdﬁeom1¢a‘tsg® @mnil‘d lf@"n@ﬂg Fh@%ﬁdflt‘”li}'jear?ﬁyﬁt?é) The rotor

d1scha¥£ers£1g5@2§ Ex%g?nagfi éig?c%n gec nc? %tt&clg %11?1“&1@0\3@{ St pahtl 8, or be

orced to fl
locatedmﬁ‘é lsv)ﬁteﬁ)tle {Hoet Asthfde fEdhh fm&t@ftotrét&lm‘rﬁlﬁtge]iﬁum the rotor 10 during
Considering this effect, the above-desc

operatiEmbButithre; the ratendischrege stimulaier 4@|f%%~>t‘?ecﬁ?§P§reE‘: §feCWﬁ"8P3émt grgynd, toa
chargesqq}%flq;ggtc %?%@&%Au%@étooc‘fo%ﬁ%?t ecﬁgr:% tag'ﬁﬁe nhle!he %l%f‘ 10 In the case of an

ts of
electrd de\UONs it \diSEhardenstimidietor, hgain etkanlpbtmderﬁﬁ)lqnabgc@g@sprﬁegbq:nhancmg
contact to the shaft 15 with.a b

sharp ezt of oD fiDdP crlangs FerpyECHon phS Bisbfo discharge ED towards the
| té{includlng the rotor 10 and the rotor carrying
eleClr®% uct ure 30) may be electrically isolated with
I BU3ST Onk @r amvreot/the ahmﬁeSQﬂmi@mbodtr@ergWy groyide various
uncontrol l ed rotor shaft di sehar oc tr
s e S S 8 LA e YA Bpn co
may al%gle%] Ponﬁgaggfaﬁgnaq Betifds &ﬁlﬁlﬁ@ndyf@oﬁdé te effadtivalcaptoting gbdebris

the channel formng el enents 11 nay
emaniténgefir@n tthid welatipn S@ubtatv‘eﬂwﬂ? VNG I@ng‘?m&@m(%m lar to

ar{wmﬂ‘bﬁ‘g:%n%g{t@?@%?e ahys ggfgﬁdr%%tgﬂ)rgﬁe{vﬁfgoaﬁog%ablg %&ﬁﬁfhlﬂaﬁt trap may

relate®b §4iid ﬁiﬂld’ a;gﬂl(’hfﬁh@ butig nbﬁﬁkcnﬁgamﬁhm[wd thgtatedircg one or more

r ot atab

embodobents Qﬁl gim@ngqnt may, ak%sgarﬁ%p%lg%l 51 eothglﬁr%gf%ftrl (%}g%
JQM d!‘%%%lﬁ Sg‘%«éﬁ ?é‘f%l(l)v o %;elgeclrg%l%g%rﬂrng 3%)4; l)!o thengelof iwhggraphm

appafdftdih td Réhufadhirkiof iCy 1taahoe1k1éa@nmd@ratop9 thad ﬂm}agw@p}gagpparams
orgas m xture. .In_an

md/cm@o@cé@rtde}sggqeﬂ)hegghmg YFgOt o a[ppB(éqg ron?fgs%ﬁ alcﬁﬁe of

par |cu

Yy Ghd B&tcttani kteis fbr tag@tetia gombm memones
mtegfat? r%%éfa Q'HS %ﬁgé:(ﬁaiﬁp l e, gne oIrﬁ remre baﬁﬁs of the

flat-paakildidpbays) Bgiduyysist disalagrs GCIRs)ethin-filta magnetaadeishy The skilled
t | b
amsaglg ralrpgaacwte( at, Ilfé&’g I,coﬁ}spé%ﬁ% oéé}gsn%[mg qggg%hoﬁgaﬁn}bﬁse of the terms

I ment's ri béd above
ot SHRMReichh £188 bEC@Mi®Sed 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
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[0084] Figure 11 shows another enbodinment. In this

case, there is provided a rotor discharge stinmnul ator
wdoommasvedr in electrical contact with part of P¢haL2007/050451

rotor 10 as such. For exanple, the rotor discharge

stimulator 40 may conprise an el ectrode or sliding

a substfa¥UriGdevEdps ﬁfere@ﬁ&%ﬂ résstydl h%i‘e’ﬁ@[cﬁg@ tbdlendok af msp@suaﬁ tool. Where
outer rotor part 18 (mhlc can be, for exanp a

applicable; thel disclesutehereinmasy beeapplied e such pegd @Tbﬁh?ék?ﬁ%atﬁ REocessing tools.

Furtheli, g{an A géﬂ‘agg ﬁl?y gg pgczc% n%?g,‘f rg'gh otrrrxg? na%aﬂl&ﬁbeﬁl)ordém@ create a

multi- 1@&& Q! bt HE tﬁr@%bmt@ugeh Geil My BIsb aefeptar 4 subSrate thabelready
|'ocated on a suitable short distance fromthe r ot or,

containsgnyléiplsiprecessrdrl@ery.r om t he rotor 10 during operati on.
g()é}ﬁ ei;he (b6 ¢ r%lgtlrl P DA PRESR Sleli Tt %coﬁ@ag@éﬂ #Bes of
&ct rically To ground, to a charge draih or a
electromgﬂﬁid Iaﬂlaﬁom rincludihg uitanthle t(U Uh aacgalmmaxg having @ wavelength of or

tor In_the case of an electr
about s dPrIa o6 d 2hiImAGEY xS ror e LR guEtor g pavine o
| c #1i€686smQ such &hah beetrhspor electron
Wavaéﬁ?ﬂwhﬁgﬁg%gghgs?2%@9e§?§§ﬁ of the electrlcal di schar ge
beamsEParticwlarlylghe tediation it oftype [Ho0eB] geppaicplagn @ oW ygssure
agove descrlbed enbodi nents may provi de various
(vacu frayBent: For exanpl e, one or nore of the
89 TRefin Ofent ) HeRI thE sbiitextailowamaarfer to afy ammyor combination
achleve [ ong operational periods and/o ﬁgrov%de an
of variefi$ types vRoptiEpl eannegewss, igelBAing reFeHae.f CCF?%
adi at.i on i ng nuch mai nt enance.
dﬁdﬂF@ﬁ@%ﬁ ¢ L S#K%ﬁmcwkaagggPhgg%%%flguratlon havi ng a
I podbpirhed&eriptidrisibote dre alnen’ckryl to bé dlustrativegnot limiting. Thus, it will
I 1thographi c appar at t. 1S not
be apriarent eond skl 6 Tocirh it B TP o e RO A P pages
| hisisdeodtbelofs. el d of
d“mnbgrwﬂB&RQ%€B¥Pg§%gﬁ@ES oégﬁﬁgggC|flc reference nay be
made in this text to the use of |ithographic apparatus
in the manufacture of 1Cs, it should be understood
that the |ithographic apparatus and/or collector
descri bed herein may have other applications, such as
the manufacture of integrated optical systens,
gui dance and detection patterns for nmagnetic domain

menories, flat-panel displays, |iquid-crystal displays
(LCDs), thin-filmmagnetic heads, etc. The skilled
artisan will appreciate that, in the context of such

alternative applications, any use of the terns "wafer"
or "die" herein may be considered as synonynous with
the nore general ternms "substrate" or "target

portion", respectively. The substrate referred to
herei n maybe processed, before or after exposure, in
for exanple a track (a tool that typically applies a

| ayer of resist toa substrate and devel ops the exposed
resist), a nmetrology tool and/or an inspection tool.
Where applicable, the disclosure herein may be applied
to such and ot her substrate processing tools. Further,
the substrate may be processed nore than once, for
exanple in order to create a
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multi-layer I1C, so that the term substrate used herein
may also refer to a substrate that already contains
wondosiogdoes pr ocessed | ayers. [0088] The terns PCT/NL2007/050451

"radi ation" and "beant used herein enconpass all types

of el ectromagnetic radiation, including ultraviolet

(W) radiation (e.g. havipamaswavel ength of or about

248, 193, 157 or 126 nm) and extrene ultra-viol et

(EW) radiation (e.g. having a wavel ength in the range

of 5-20.n as wel | as 1iC ot [
N P T R R e
contandiftar®$ erflarla¥iRg floRdd radadtiofl S eatetenflguasing produee twwadiation beam, the

pressure (vacuum) environment. [0089] The term "l ens",
contanvihant érap [apparais 6XNPANNGws, may refer to any one or

conbi nat i ' . - Svhich
TR ] el RERIAL OB B PRk i
arrang€d Q¥sfaafiEbNEiraite] antheelirectiomsttpmopagatior oLtk radiatisarheams the rotor

0090] The descriptions, aboye are.jntended t
comprising pleqtreallyshargseble maikrioh @‘.“Y FrARged hnb"vélfﬁﬂsaé%a%%%eg gg & result
915]-? | ol sbid@eanli t hat nodifications may be
Ofmﬁéﬁge aﬁ?h%hﬁ%bgnfioneas descri bed wi t hout departing
f 4 bearingeosfigyred tf rotdiebly helidithe mder Wwith rasRECH R TIRPNIZITYINA
contam nant trap apparatus arranged in a path of a
structtfgdi ati on beamto trap contam nants enanating from a

r 3iliRl (B AP PHEGS isCRRTikated Bsi(if eondiobdtiediredien etedirivnl discharge of
beam the contam nant trap apparatus cq I SiNg: 3..
the rotogtani(iinsuppregs an plecirigalidischamze ok theratorss r(’RB ??ﬁab&%’?éﬁ{%
- defining channel s which are arranged substantially
parallel to the direction of propagation of the )
5 T Eﬁg glgﬁagftu@@@mdmgl'a) cnm'gor, vehengin iebbtniggledisdlarged}f [therotor is
chargeabl e material and arr.anged to .be. el ec
contradled bryea clestricatly sopquchye P?}Jé’lilaéaeg‘i’%ﬁt‘ bﬁn‘nc?}ect Cé‘{ édanﬁ?%%ﬂ%‘%nan
SOur ce 1,90 ' fiigaeel eéteicalBt @ndbdtivelpattftiiverotor
electr}cgltf%gor\i&u?ﬁ\der s pgf?? ¢ %kgoﬁﬁi?odtng?a carryi nlg%I struct u?x:ft
carryin fr@dtire] b ehappdmit, osboth. configured to (i) control or
redirect an electrical discharge of the rotor, or (ii)
suppress an electrical discharge of the rotor, or o
3. (Cihe)y Qg}m bldordiRg td dlhiln 2, Avheléia tanpentatal soupingrodinggses sliding
clarnt ) mﬂereln el ectrical discharge of the rotor is
contacontrol  ed by an electrically conductive coupling,
which is in electrical contact with an electrically
conductive part of the rotor and with an electrically i
4. C ﬁf}félh%bgféﬁ;s raaédrdi@% u{s f]key (rfah@l)_lr)]receﬂimg/dzlmiglss whexsin fhe begging comprises
charge drain, or both. 3. e apparat.us .acco -
a radinl gashearingpleraytg, PrRBIdE] Betwer QF&E’bﬂB j4hg PAT @Eﬁ}e;}gg& Jarrying

strucallrei,%i/h%gein 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
aradial 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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contact. 4. The apparatus according to any of the
precedi ng clains, wherein the bearing conprises a
w0 athsabsogas bearing structure, provided betweePCENLZIONS0451

shaft and part of the rotor carrying structure,
wherein the rotor shaft conprises electrically

mixturé ﬁ%uhﬁgdre&t SrovRled .t (1) B¥@NG) dodqw), af oehe@e b diffebnt second part
charge; at the gas bearing structure, between the .

of the ot shafatudstiata nn slgcignl discharge wittethe setor shaglipyap ggsa outside the

structure. 5. Th aratus a [ t :
s bR ABhHHE: £ el GBPAR YRR 2RI Dt Bt Bt b
exchang@gheﬁ'ge a8 thededtriealbi dhdededisle rotor muatetiel bet ween a fir st

art of a rotor shaft and part of the rotor carrying
structure, wherein the gas bearing structure is
nfigured i indAS sdBod Wt pt RabvadBtantiall

6. t apg?rg Sgg(?%ralc&}g% Elgﬂ? g?%Pﬁéwa??s and the I?otlor Y
surrouBIyi the g&d Bearihy steuctare dndistendsbetwiendheareeandghe first shaft part.

stimulating structure is provided, or (ii) a discharge

stimulating gas or gasm xture is configured to be

Vi locdrtiine)to BREA 5(dr)e, #Mereld the disehargé stiv@alatiag gas or gas

7. gﬁ%?%&%%nggggﬁé&pgrt of ghe rotor shaft to stinulate
mixturehaeh &oteribeankdolivs vhiaggdhan thh bedring 288 OF S8HAPYEN an

area outside the gas bearing structure, the second

shaft part being attached to the rotor and being aISI e
t @éﬁﬁ%&ea chralrigoWhi bf tlagnes-@cwhéreml thy disblzargestivhngating

rg%o naterfal,f%ﬁ Thg aPparatus accordiQ% to.clal mpa. ton
structush eoreprises laa elestrivally senductiprglectiadengiending afﬁ%‘ihé‘r%aS? alo

~_surrounded the | LUChdihEcHdcteX e éharge drain or

near ab BVGEBREERS! Pt AL (RSO Cabagaiand
a poteAPAAbaAlcEs according to claim5 or 6, wherein the

I scharge stinmulating gas or gas m xture has a | ower
breakdown voltage than the bearing gas or gas m xture.

8. dhe ' edity cBfim, vilhar®in Bhelhearing comprises
9. mﬂ@?gﬁ%@gﬁg&%%gg r%@&gfpﬁﬁ#afi%¥csﬁructure co ri%?ﬁ
a radi@ATIed BedringGatutyre prividedi beewesnaqaritfe, row@’é%fa?rrf&? of the rotor
reaching to a locatign near._an ou Blectricall
carrylsg SovSne pere it Hoi BT RS g8 hEIBHEE Sufly bl Slectrically

el Ng connec

condu%gﬁéﬁ i U:aidid HixRreetReidi@in sleetrica cofiducting pafhimbeecnghe rotor
according to any of the preceding clains, wherein the

shaft h&bthe ngoccarprngsgisicdreadi al fl uid bearing structure,

provi ded between a part of a rotor shaft and part of

the rotor carrying structure, wherein the fluid )
10. b Fli}{eitaﬁﬁaﬁful% H@éd#dﬁgg itcfglgmitill@pmemﬂingf)clslggpwyergm the bearing comprises

el ectrically conductin id or uid. mx ine th
a radipl gasi tariagstaicaEerandghe 3@&8553%%;? nBse‘EOIﬁ g{r? 8lp Lages defining the

rot ar. shaf R p&AlIEMb sk dtdctibh Uf Bropddatiofoéthe
Cham?fgspg}?e Slﬁtgs é%%%gg%ﬁ%tet[ngitdaﬁg of the precedjng, clains,
radiabyeh&ink) villegeih part iofig retongirafigeachas ingaithglgag hearng SFPHYyre-

structure, and the channel form ng el enents conprise

pl ates defining the channels, the plates arranged

1. S;‘Pﬁ@%}aﬂls‘ cHRRY th Ghy bethe heecditing elain, foftharcopmgiaingarradiation
0

system including the radiation source.

12. A lithographic apparatus, comprising:
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radi ati on beam wherein part of a rotor shaft reaches
into the gas bearing structure. 11. The apparatus

w@ewmensiory to any of the preceding clains, furP@BENL2007/050451
conprising a radiation systemincluding the radiation
source. 12. A lithographic apparatus, conprising:a

‘rﬁgglltlt@!%%f] a %ﬁ?@ﬁf&%‘gk@ irPd pANGEH rddiatonRbM t6krap

ation bea trap contaninants enanating froma

contamiradisamanatispirome redinfiomsouset confipursd te prodhes thegidaatiopbeam, the

beam the contam nant trap apparatus conprising: a

ff@Pbﬁf%maf?S“%C%‘WSHﬁ-ty of channel form ng el enents

def i niyRgiop H&Hﬂgbﬂd«ﬁ&lit? lbf Aicdnalrfoaniag ¢leninss dufinirg diynnels which

parallel to the direction of propagation of the . .

rehrengehsubstantialtyearalisl ty the dirpstionio gropegetion; of the ypdiation beam,

har geabl e .mat er i al : 86¢d oGl didetricall

i omprinsaliiicay pRAECANTRIHR HE FaRELd 3 qetuically

TAAYpEE as AREuld obgheropeationof thguadiatidrosounteatmbl y hol d the.

rotor with respect to a rotar rrying.structure, :

wher eiarbeafiag é@tﬂ%}ﬁﬁ%ﬁ?wfﬁgivp‘m&%g’&r fop i SR O FUPEY carrying

tsﬁru&tiu}e control or redirect an electrical discharge of

the rotor, or (ii) suppress an electrical discharge of

t he r otlarein tie dontan)inddtrap gpparatnsiis configured tobeppigelor redirect an

table configured.to hold.a substrate: . a ' '

SJestian QAT Bhe Fop POl DOIPRRS P st sk G Blor o
t .9 the substrate. 13. The lithographic

g@ g’?)g?cjgarg;@g’r ding to claim12, wherein electrical

di sibbtzate bt canffiguredtto holds substate|andd by an

el ectrj.cally conductiy, l 4 i b Sk th
o bl PO § U A0 RO Pt B pltemegomo e
substrfd@rt of the rotor and with an electrically conductive

part of the rotor carrying structure, a charge drain,
or both. 14. The lithographic apparatus according to

clalm 12 or. loRai S 12) Gy epdTR el co@itabdis @i of the
13. gt@e lgggggriaﬁ%lc@?a&ct Ségdop%?%\ﬁl)l ged bet ween a rotor shaf?I X
rotor i86htided bohn kletricallpcordartivd coypEeg, wduely i in olsetrieplicoptagt with an

B R TR A e
cmﬁ%@?{ﬂc@&eaﬁ &%ﬁ%&{{ﬁn, besoigen the rotor and a bearing

ace rotor carrying structure. 15. The
it hographi c apparatus according to any of clains

12-14, wherein the bearin i /sl Ak RS ring comprises
14. pdhe ilﬂ’é’ggatpgllf&pﬁ?r@?usﬁ%({ﬁh& gé& glgﬁl\g/vgg §§ gﬁfvll? rst part of a _p
a radié\%%%g Bea?'h%{]sﬁ:ru@ﬁ&’e, Eﬁf\ﬁdédfbet\h&nramom shaft ayd payt s theicetor earrying
erein the gas bearing structure.is .onflaqurqq L0 ent flow of
structenepphsgrein thesotor shaft comprises electrically insulating material to preven
electrical charge, at the gas bearing structure, between the rotor and a bearing surface of the

contam

rotor carrying structure.

15.  The lithographic apparatus according to any of claims 12-14, wherein the bearing
comprises a radial gas bearing structure, provided between a first part of a rotor shaft and part
of the rotor carrying structure, wherein the gas bearing structure is configured to supply a gas or
gas mixture to between the first part of the rotor shaft and the rotor carrying structure, and
wherein (i) a discharge stimulating structure is provided, or (ii) a discharge stimulating gas or

gas mixture is configured to be provided, or (iii) both (i) and (ii), at or near a different second
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gas m xture to between the first part of the rotor
shaft and the rotor carrying structure, and wherein
W@ 2Qosassdsscharge stimulating structure i s provPGENL200/050451
(ii) a discharge stinulating gas or gas mxture is
configured to be provided, or (iii) both (i) and (ii),
part of ﬁ{glz Bfor BERY todtidivi t€ hie Bectsie A Wisthdrgp afith thé rdthieshafitimbn area outside
shaft to stinulate an electrical djscharge Wltf(] t he
the gastbetring sthigfure,ithe sasond shafiparidheing atipeheghie thergtorppd beng able to
struct ur th econd el.ng attached to the
exchangi P BFESHE S HE RS B kB R i 1 the
el ectrically chargeable rotor material. 16. The
li thographi c apparatus according to.claim15 rein,.
16. tThe 1@@@@1@%@%@@#@%&% wherel) ﬁ?‘l? 8 ‘E?P}fagﬁ?fgg%i‘ 15 not

the gas Iy - LiteiiHeRpdenaR N rdtdtand the
substax?%l{lglsu%%lgi eﬁ?@% ]glér]%}ssb%% H{)@F‘?@g&(g The 1t hogr aTohi c
first sha@pafat us according to claim15 or 16, wherein the

di scharge stimulating gas or gas m xture has a | ower
br eakdown vol tage than the bearing gas or gas m xture.
' bl Qgéﬁ&hé SccBRAAE B ASNALTEN 16, Riieiein theylisoharge
17, (]:lﬁaqﬁr%gg%é@%g, erein the discharge stjmul a%%gg
stimulsttrigLgas or gascoinputiedies a baweas beeakdowa vpiagesha e peaTng gas or gas
. electrode, extending or reaching to a |l ocation near an
mixtugyt er surface of the second shaft part, the el ectrode
bei ng connected to a charge drain or a potenti al
source. 19. The lithographi c apparatu cordi ng.taq.
18.  afiye bithogtiaphiclapparatus pecpading Ry H qgsisar: w&ere? ¢ disgharge
a.radial fluid. ' i L&iveRl Qe Exhatig®n réching to a
stimulgfing Sotllallc e?%?%?gg%g%{ég%%gwpgﬁd of the rotor . cairﬁggyi ng
locatici i€ b b6ter SMpicebfthichecdndshakt bathagleetradgdreingecongected to a
configured to supply an electrically conducting fluid
chargedrafn efi apatential FR¢% provi de an el ectrical conducting
pat h between the rotor shaft and the rotor carrying
structure. 20. The lithographic agparat us_acco di.ng(htg .
19. clrab husgyaphfc dpperatisaicoardingta eny ahibe slaims ke 1BeWperRiy the bearng
conprises_a .radial gas beari. R id Baft and part of
compgsegrragiak Budibsaing SRS PE%":%%% @%*%‘%%@ Yetining the ©

the rof(%%?ﬁg{ng strhOfred bR e TRIUBSriag betantei isbonfiguaedatolsupply an

irection of propagation. of the radiatio
electridally eomiuoting flofd ox wiXtarede tpqué(gec% eqtﬂizag COR “ngg ggt'ﬁ]between
the ro?oerasixgg gn(f' rel'}g olfI rcz?r‘rying; structure.

20.  The lithographic apparatus according to claim any of the claims 12-19, wherein the
bearing comprises a radial gas bearing structure, and the channel forming elements comprise
plates defining the channels, the plates arranged substantially parallel to the direction of
propagation of the radiation beam, wherein part of a rotor shaft reaches into the gas bearing

structure.
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