APPARATUS W TH PLASNMA RADI ATI ON SOURCE AND METHOD OF

FORM NG A BEAM OF RADI ATI ON AND LI THOGRAPHI C APPARATUS
wo-bdRM{1@001] The present invention rel ates toPEINL2008/050082

apparatus for formng a beam of radiation using a

pl asma radi ation source, a nmethod of form ng a beam of
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onto a target portion g‘? tﬁe %strat%ﬁﬁograp |érU

apparatus can be used, for exanple, in the manufacture

of integrated circuits (1Cs). In that instance, a

FIELht t erni ng device, which is alternatively referred to

a-fask or .a reticle be used. t enerate a. .. . .
000fF, & 17E BfsPharefion e es R etiont L Toh B oo fimdigfion using
a plabth& rddfatioh Rb&rcBaf t&hBd _%?ﬁ)rﬁ)@n% 5 9%%& 8f f8fhtiBR Ad3 ﬁtp{)g%hic

portion (e.g. conprising part of, one, or severa
appagitss) on a substrate (e.g. a silicon wafer). Transfer

of the pattern is typically via imaging onto a | ayer

of radiation-sensitive material (resist) provided on
BACKKRQUNR} rate. In general, a single substrate will

ontain,a network of adjacent farge ortjops that are
100055 A Bn0eFhis Forcshe 5 Rerie thrNBLr Lo LPRPap1e 2 substate,
s SRR 8 GREGIE A LR SAEIAREOR ot forcrampe
in thombhoufhdrere affigegrapdrdifcaits @Cs ) Mg tHat 18tanés)d pateditlg dflice, which is

scanners, in which each target gorti on is irradiated
alterngjively apfsrrad ta #fca pask araretipleomgn be upesdp geneate decatenit patgern to be

' dj tihon (t "scahni ng"-direction ile .
ol 5Ty BTG b e Pl b ot portion
(e.g. @&hft)ﬂﬁﬁ’é 1t 81, 0h®, JrRbverdli i&§ bh Aubdifatd @.2h $RicBR IS, ransfer of
to transter the pattern fromthe patterning device to
the patieen ssupsicaldyt wa fryaging vitotai lager b eadpaiohesensiovd matetial (resist) provided

substrate. [0003] United States Patent Application )
on thpgsiratst IngEsnmigl, 230wy PP Forde B/l eantainigastwark ofadjaesnt rget portions

0 oduce .EUV radi ation .fqr .
that ag%%fcg?slsf/%y gﬁagtgﬁrﬁg_d. i oWl ﬁgbogarpﬁbce@pm Si ﬁgdepToé%arl[lgd steppers, in
whicP 8AhGErgeBYoreibs & iﬁﬁﬁiﬁteﬁ%?%%bf)ﬁ &n bRNS paidn ShRGhE BRSet portion at

whi ch may cause damage fo a collector mrror that
one tinad, hed secalld sgamersiredhiebactadiget pomion Vairiadissedtyasunsng the
are proposed.to conpat such particles. First of all, a
patteiighiovgh APAHIALQUL PRI A SHerlifsetign fihg neaanBing;-girgetios) while
' .radi.af i et ween, t.h
o AAREE b VR BB L P Bt RS o
possible to transfer the pattern from the patterning device to the substrate by imprinting the

pattern onto the substrate.

[0003] United States Patent Application Publication No. 2005/0279946 describes the use
of a plasma source to produce EUV radiation for photolithography. It is described that the
plasma source may also emit undesirable ions and electrons, which may cause damage to a
collector mirror that collects the generated EUV radiation. Various measures are proposed to
combat such particles. First of all, a foil trap in combination with a magnetic field is proposed
in the path of the EUV radiation between the plasma source and the collector mirror. As an
alternative, a grid in combination with a magnetic field is proposed in the path of the EUV from

the plasma source to the collector mirror. The grid extends transverse to the direction of
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alternative, a grid in conbination with a nmagnetic

field is proposed in the path of the EUV fromthe
w@b@sneoigdource to the collector mrror. The grPCI/NL2008/050082

extends transverse to the direction of propagati on of

the EW radiation. The grid serves to slow down ions

propagpion.f B FLLV gt RO el acties e tont that gpyel throvgh the
eric,LORRKY e B4 e BARIE 18 B 10, descr i bes

the use o |rst screen positioned in a path of the
[0004] eanUbé&td\SearesPatent Nd @906)T88sdestritvas alecusa of @ fitdt é@ken positioned in a
elenent. A positive voltage is applied to the first

path efdthe bean betwege thagediation sysiens prgd Yeeptisat ?IP@P%% Aanwtl‘fer yiiage is

apph?cﬂtg tg‘gﬁﬁg %cireet%hg rrr%)ggpﬁsgfhve c chaggg pag(thesglw&& t}% gcal clement. A

secordcRRR is ticheB GOl p4th HQhd BEEn bS aflRRt b8 silie of’fh% screen, and a
second screen to repel negative particles away form

negativeevdltagsis appliekto. thg 6@0bd sdreéd totrepgh megrtive pasichesfasay dotnothe first
be effective against relatively slow ions.
SCIeeWYnf or t unat el y, foi I traps may be | ess effective

gai ver ons W -Kj o
1000s]0" E5h bt Hass Bt KGR0 i Prreqetnetlyiobey b lSlovtinn
UnfoltQRR&Y, ol thaps %&%7' Hqu’sls%ffe@tn‘eeé@dﬁfét FRESe 0 8.8 dohPwith a kinetic
mrrors in a photolithographic apparatus that uses a
axxgwcasﬁaxmdmgdennuegmmdﬂamH)EUV radi ati on. [0007]
According to an aspect of the present invention, an
aggar atus for formng a beam of el ectronagnetic
SU ion is provi ded The appar atus includes a plasna
adi n.sour.ce ov4
tooogy L B BGhiple o g i Bagdanscd PpHoR b lfodfephic apparatus
that ud&y e@bllaﬁha E&hr&@f?) ginbfRed ROV rAdiafiégll ation from the plasma
source. A grid is disposed between the plasm
[0007]adi Actadingduan espeatoftthepresdnt irtveaton, An apgecatus for lfandhgd beam of

between the grid and the foil trap. The apparatus al so
electrpﬁ@gaﬁ@ rawaaprwmrmaq: Mw&tusmmeéam@ﬁwcrmhéw source, and a

foil trgp é’&%‘?%ﬁ‘f’ﬁfg etgp??g fchfes garql% eéo @ESP 1flﬁ\zparall%l to the direction

of radifRsH ﬁorﬁ'tﬁ‘&fﬂ%ﬁlﬁ sGUFEd. t £ GrilYs i8fosel BetRech AH Flhdn@radiation source
source and creates a positive space charge between the

and tlyr fodl teapd A bgact @i locatedpetiveen tfel geict anid dins fodlrtrapt éla1ekappmhms also

pl asma r.adi ati on, source tQ the foil trap.,[0008
mcluskc%?ls?tﬁga lingtendat anplic cafigesdicu fhat freoqusaudsd atr%réwg%w apply an

elect a’l'rsg)t!ggﬁalgé Iﬂe r dg?)gthgt tﬁee glmt'l Q%Pefsaeq d‘ﬁlobl e tfeéiq)ﬁ/]q}{é gllggma radiation

es genéfa

sourck aflil 3tcaRRe a%'sh‘h@@ spdce @S bbiween tHriedidahé el frdy ©UAeé ions
foil trap; applying an electrical potential to a grid

emittbd bpthedlismawadiativheoptatrthe folirge and the foil trap, a
[Oﬂﬂé]ev © lAcc(:)grd%nrggeto %lng %E:rr ells%gcl:t o? ?ﬁeepr}tesl,e%{ 1n?/§r|1t90 esxlrjr?eft]hod of forming a beam
of radiation is provided. The method includes generating radiation from a plasma radiation
source; transmitting the radiation through a foil trap; applying an electrical potential to a grid
located between the plasma source and the foil trap, a level of the electrical potential being such
that grid repels electrons emitted by the plasma radiation source, wherein a space charge of
positively charged ions is created in a space between the foil trap and the plasma source.
[0009] According to another aspect of the present invention, a method of forming a beam

of radiation is provided. The method includes generating radiation from a plasma radiation
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that grid repels electrons emtted by the plasm
radi ati on source, wherein a space charge of positively
wa@b@sged43 ons i s created in a space between t heCT/NL2008/050082
trap and the plasnma source. [0009] According to
another aspect of the present invention, a nmethod of
am.of. |at op.j s proyided.. The net hod
sourge ag R JRERY NG T ol Fonf 67 e e space charge of
posﬁfv@@' Hal RO IOMY iR B sp Eéeq{e%mentthg il £ érﬁ‘fjth@hlagﬂrats&?ﬁé' gp aflplying an
foi'l trap, and generating a net space charge o
electyicad ipbieuttdlyto alpaiddechtédisween the phlaﬁla sb@cyeadtticRpadeph level of the
trap and the plasnma source b% ying an el ectrical
electpeal Boiential b?kslga"ugh that griskispelg e é@%@nlﬁh@bpﬂammdadle@on source.
nd t G he electr otenti al
too1)c WO ARAE o BrtheriSpect or b prEetiinetOm BRle bitideg a
lithog@@hSti & Bppadsth@thaPihc RIS SPapplafedOtor AR LHA Péhnk Bf aecgwéﬂiﬁl'etm
aspect of the present i nventr on, there 1s provi a
radiation themalideca plapan aadmmrsamcermi_dmr?eﬂ teap pepydedivith afphirality of

ff ng %P m of _el ectrorragneh c. radi ation that

thin Pﬁ%ﬁ?& %*%%t@%@ Wamraélei rihe disection of tligtiondrom ghegplasma source.
A grlﬁ 'i_ﬁ 1 ;go%g \g{e%ergg% Eﬁfas ar %121? ﬂrétsr?}irge %}% tgfc:’] f(%P & é%g%(rgganc%&s located
betwéenahe Eriearidl S FBAl $4P! 'R -appardius dlsb ﬁac‘m&%%f&trﬁ%l Y&8Ridl Bplication
c1rcu§| asma radi ation source and the foil trap. A space is

todisexpnbietomsband drenged © apply drhaedtedl poteatial tohiee grid so that the

aratus al so ncI ude an el ectrical potenti al
grid fag‘g? ?%%ffqnéﬁmért Ry the plagmaradiginnsopise ead cieales appafiyespace charge

betwee tﬁ'ﬁpgﬂﬁ aftithE lfg § hrﬁg &f‘reﬂ%% ﬁ% %x@ ttg&i%y t{f% gl%grlpg 1R atlonastource to the

d repels ons em
foil maad rrae har@gﬁe@urca?paraalscarmhaada %ﬁﬁﬂged@mng@@&afand
bet ween t he id and the foil trap to deflect ions
arrangqd tpﬂ)@ﬁerbyhft h@ﬁm%ﬂﬁrMqu mdiagonsrapd atppojedtéorf fystem constructed

The .lith hi t I | ydes
and oy PR AR A BB BY P U A byt

t he beam of el ectromagnetic radiation; and a

Iy ' d and arranged to project
—t@he—pag—erned—gea-m—UBRIE DESCRIFTION'O %ﬁﬁ%sonagneti c radiation onto a
[0011 UbSEABbEIMBH ﬁ%@ﬁ%oﬁﬂl@ﬂo%eﬁé&r%\@% &@%&ﬂﬂple only, with

Enbodi ments of the invention will now be “descri bed,
referepgg toothe emnmaaymglsyhenvatm hiraveihes enelkich cotrésponding reference symbols

acco sche tl c. drawi ngs in which correspondi ng
indicgte porr n%ﬁ%%‘h%g {‘e correspondi ng parts, and in

ot kPl .ng%f%» BB IGA pof

inventiO®13] Figure 2 illustrates an apparatus for formng a
beam of radiation according to an enbodi nent of the
[0013] nv eﬁngll@n? iljusteeted arFapparatusar fdrinirg 7 beams ofradmpipanetonding to an

a .beam of radiation according to
embodlment o{' tlye ention; g

[0014] Figure 3a illustrates an apparatus for forming a beam of radiation according to
another embodiment of the invention;

[6015] Figure 3b illustrates a cross-section of a portion of the apparatus illustrated in
Figure 3a;

[0016] Figure 4 illustrates an apparatus for forming a beam of radiation according to

another embodiment of the invention;

[0017] Figure 5a illustrates a portion of an apparatus for forming a beam of radiation
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anot her enbodi nent of the invention; [0015] Figure 3b

illustrates a cross-section of a portion of the
wappaneatius illustrated in Figure 3a; [0016] FiBCr/aLZ008/050082

illustrates an apparatus for form ng a beam of

radi ation according to another enbodi nent of the

t 017 5 | | t ti f
accorfRedf shther e e i sionr bt T at i bnaccor di ng
[0015'_10 apghhesy SRRRALIRBlosQbectiBE of ﬂl\é?@?ﬁ(ﬁ{bf A daPRdSllustrated in

ure Sb illustrates a cross-section of the portion
FlgurefSaI he apparatus illustrated in Figure 5a. DETAILED
DESCRI PTI ON [ 0019] Figure 1 schematically depicts a |
it hographi c apparatus according to one enbodi nent of
DETAHED RIBAIO¥he apparatus conprises: an

il L I L
10019)01, g SeheRUR S P PPiSe I MOpEPbic AREAB T ORedP OB
embordﬁgérﬁto'fﬁ{})lgvﬁtl%ﬂpﬁ% Iplpﬁfaﬁié%ﬂ{éﬁlséseaﬂ hﬂnﬁﬁﬁﬁgn §}%@ﬂ??ﬂlﬁﬂ;mator)

constructed to suppo a patterning EVI ce

IL configlepd M canditionanneiatien beam B (eig. $XV fdiitioh on EU\PMdlatlon) a support
configured to accurately position the patterni n(g
stmc@eevﬁecge ajmpsly M)d\éﬁ@enwwdde ISHRROAL %ﬁ%’f@ﬁ@ﬂé dngﬁa e.g. amask) MA

fer uct
and cifpigiey o Gy aariope b o Pbea i Rl ERDS Iipiffrmi devie
in ac&oPdHHeE deRaf M&s?@ﬂﬂsﬁ&@ UblEW £ anfABEEI) T constructed to
accurately position the substrate In accordance with
hold & sulisahte (p.gr arsisecsitedawafes) Wr ande:ohn«:uuecsqaatsemr(dqm@tmaer PW
refractive projection |l ens system PS configured to
configprggl &@ccarqy%ly pesition Fh@éﬂb%ﬁltft & acperdangei ith parpmetsls; and a

projef i SRR iERuE pEGeRiol Bl IFhml BskRRatisd f oject a pattern

impait&PRGhe deedtiohlwé%mby BRtNink ABVICBKIA Bﬁio@@r%é%b@i@ﬁ C(eg
types of optical conponents, such as refractive,

comprigingent ioy eyorerdigsadfithe subseatte Némagnet ic, eI ect rostatic

Qr other types of optical conmponents,
1002 oyt el sbin iy Yfem pay H@Md@ng@nﬁ'gs tyE?fa?f qvgcawmponents such as

refraccf%t rreﬁ?J:t \B:g éél%t élg&%‘(hn[i 91%&«1 I&ﬁp&g{fﬁgf 3th§rtt@1ecs.tol#o?)tlcal

com&ﬁyﬁ@ &r ah¥ c&%ﬁau@mlefe@r tre¥ mk&ﬁng a¥bpifig] 6t ANABINE Fradiation.
t hat depends on the ori entation of the patterning

[002evi Thke suppertdestiyre Sippotis iki lbdausgtha weight afi e mtt%mngddee. It

ol S P P skl R i,
o S AR AP RO S O o

not tHeattefig @evitRMb BEld in a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning device.
The support structure may be a frame or a table, for example, which may be fixed or movable
as required. The support structure may ensure that the patterning device is at a desired position,
for example with respect to the projection system. Any use of the terms “reticle” or “mask”
herein may be considered synonymous with the more general term “patterning device.”
[0022] The term “patterning device” used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section such
as to create a pattern in a target portion of the substrate. It should be noted that the pattern

imparted to the radiation beam may not exactly correspond to the desired pattern in the target
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The support structure may be a franme or a table, for

exanpl e, which may be fixed or novabl e as required.
wabmsgopport structure may ensure that the patPEr/NLZHS/050082

device is at a desired position, for exanple with

respect to the projection system Any use of the terns

."retjcle" . mask” in . b onsi de

porccal i e ERERRoRE B BBy Ry ¥ AR o feges o so caled

assistd8Mh©S- Ger{egeﬂﬁz The HaGetnSPartb@id BE RididioADEhMmSwillUD8@spond to a
herein shoul d be broadly interpreted as referring to

particatay futexiona layeatn & devibebeisg drebipd iimfimrtargat patiom tsidnaseadintegrated
W th a pattern in its cross-section such as to create

circuly pattern in a target portion of the substrate.

AR R e R —
dev1c€l§§1bfu€€| ks, wgrmﬁmhbe rhidlo8 8RRy hﬁ@ﬁro%farﬁrﬁ@olé UO3$s padieB. Masks
for exanple if the pattern includes phase-shifting

are wekkkhowe & thogmphy |and dncigdsi raeskftgpesisuels as @oamyy alkdrygtingphase-shift,
RERIEE AT R e A R AT AT N S e
progrgﬁt‘n%‘aﬁqn n%ﬁ%‘%%’ 'é%ﬂ)% a e[txtﬂ( gtqan%ﬂt%gt 8‘1551&{"1 IB{HO“?Q e84E8¥ which can

FCcult. ernin

be inditRINENY SRéd/& &to &ﬁiécﬁ@ﬁ 1n‘(:6m1r@<ﬂﬂﬁh@§ b@éfm Bﬁ(ﬁﬂﬁ%fdiht Bections. The
devi ces include masks, programmable mirror arrays, and

tilted priogrsampatt| agpattem mm@d@tlorwb@ms which iswedflected byuthe ppirror matrix.
th r aphy d | ud k t. o]

1002‘{1: te %I{q%ﬁg p&ﬁ%‘é@'ﬁ@%ﬁ?ﬁ ussibhes ot og %&r@y IniggprFfed as

encorﬂ?as%g nnggm%%'f' éctﬂ%k%ﬁrktgmgﬂl%hldtiﬁ;gq%ﬁacm RIRERE cﬁ’cﬁdﬁ{)tric,

e mrror ar mat rt x arrangenen

magn@ﬁc Se[@h’orrﬁgﬁétw and eﬁt&’ﬁst@ﬁc Myﬁticﬁhsy&wmsbsr arydionitdiaionythereof, as
tilted so as to reflect an incom ng radiation beamin
approgrififedoethe edpesuies tadintion Phiaguis¢d. ed fariothes rf@,cwrm@mh asghe use of an

30 B R 8 S Ll B 1
considSEd a@%ﬁ‘l% 2m§ﬁ§3%tﬂ tll&emQ{ (%r k1 teﬁhe‘ﬁﬂfgg&i%ﬁ m?ﬁi nC'I udi ng

enconpds g any type o 0j ecti onh 3yste

[0023]ef r Ag thetealepicedd, ertdpperatusds afh myflective typ@ e temploying a reflective
el ectromagneti c and el ectrostatic optical systenms, or

masky wtmﬁgfathecﬁppmetsm e e ERTSIVALEDS (§rE. employing a

transS gosure ﬁadlatlon bei ng used, or for other factors

ransi@isye mask, o use of an imersion liquid or the use of a

[002(?]@0 Ut h‘gﬁg A e Eaﬁaﬁf@ rheéf BB ofy @b@ﬁi\hﬁ’%ﬁ)}@@ﬁtal QS bf‘more

be c as synonynous W th the nbre gener al
substtataetr mblep (ajdéurttivoror syt etakk tabRER 51]1 suksh mmrlapld emge’t maicmndsse the
paratus is of a reflective ty (e npl oyi ng
additiogl té‘elet pay baargd ingaradich g ptﬁ@asatory H@P&H}% bspa@eéf&yt pieone or

more iy R HS SOTAS AP ARLY BRobger o7 v
[0027]Y peR@F&Yﬂtﬁ@totP’i’gu&ql;'ﬁle iRhAdRlordL ré'&f\/%s a radiation beam from a radiation
source SO. The illuminator IL may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as G-outer and c-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL. may comprise
various other components, such as an integrator and a condenser. The illuminator may be used

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



substrate tables (and/or two or nore mask tables). In
such "mul ti ple stage" nmachi nes, the additional tables
woreyosh@iwsed in parallel, or preparatory stepsSPOBRYLD®S/050082
carried out on one or nore tables while one or nore
other tabl es are being used for exposure. [0027]
CrOSS feorrl ng to Figure 1, the illumnator IL receives a
P8d{% i on beam from a radiation source SO The
[()028]I | U%@ﬁﬁi?arttohlbeﬂﬁ)B 12 HBMen® 6n B8 pRA evicele. %dhllt@ﬁ}\/ﬂ@ which is
he angul ar intensity distribution of the radiation
held dtreﬁxmwﬁfmnmtajchye (cag., masistableMd Thanhé is patidined blyrthfepattermng device.

_radi al extent com‘mnlg referred to as s- i‘
Having trgesed thesg igtion bram ﬁtpéttgﬂhyo ?PWQRCPBH system PS,

whic]%t Befls szgqgl %el,]ﬂ ?ﬁg a.%&g%ﬂfoﬂt%xll énc‘if Qﬁ‘et &ﬂast?aﬁ@ V@GW?tﬂJtﬁlesﬁlg %f the second

onprise vari

positiPhESFWeRTROEIE0h SensSHHD (@%. Q{E‘ldté}f&&h@ﬁ*i@rdeﬂﬁg lhear encoder or
condenser. The illum nator nay be used to condi ti on

capaditinee seastirp tthosubbeatetableo Wilhean e dewidrasdurately, ergrise gs torpbsition
intensity distri ut| n in itsSCcross-s i on 028] The

differe B iget AR E0F B fhgardialiop haqm %ﬁltnél@twg it pestlioner Pv

and aﬁc?thgr &osﬁ%ﬁée%} IF 1%%'3 us (1 @%ﬁﬁf%lg{#&ﬁltﬁ)ﬂ @Bsk MA %flth respect to

g., mask ta er ned

the pith ©f BRirhdibfibrNBeHEB] €.8. afldaviddBarlicA Y&riord flofea ﬁ‘ﬁSlkhM%ry or during
the radi ati on beam B passes through the projection

a scasy Bt gamefal, maveintnt dhihe sesk tabde Mdamayphe tﬁaamdawgbthe aid of a

ortion f the substrate W Wth the a
long-SEks oMk (eorish 8PS BOP AR PET kS Rl (8¢ phdfonigg), which
form ?5}& of ﬁs%rtﬁﬁﬁ%(fsistflﬁ)ggm §1m1llaoﬁfeﬁ'{${% ne %grtheg%l\ll)gtgﬁ@ tibid Wer may be

ensor strate ta
realiz2@ Qbihabedny-steol@ medul@and DsHopsitidke mdtiuld, evhéoh fotrarpgtof the second
portions Cin the path of the radiation beam B.
positigher B W Injthe cpse dfiarstapppio@s pppased traseentera thstask table MT may be

sjtion sens ILFl, can be us 0 a I
connfeigl GracoRmunkt retbaigh iy Totipres Bk RS b §EbsrAY may be
A e R e e
the sutBgHte tatiph@edtimariy abidlusteatd seupyndedicdtbdtaaged poftioas, they may be
| ong-stroke nodul e (coarse positioning) and a
locateshigrspacss bewematt@omw dthsesare kapwn g; SCTW‘?H@‘I&P alignment marks).

p03| i oner PM Si
simifiin e P Bleb e AR e ROl R S e mask
ahgnhx@ﬂt&né&ﬁ%% HRGUk& e hB@fs- Stroke nodul e, which
formpart Of the second positioner PW hi the case of
[0029] st &hpdepitad apyprpatae doutld be usalannelehsttone oﬁﬁ&:kfoﬂasbirg IMi'des
be connected to a short-stroke actuator on

I
00302y o tRetep Mslskihrnak doble Nk sk e oybeitenabla Y baeskent

essengﬂl)é %ﬁ@(ﬁ}salé%gvy l %g}%rﬁttfgé)a ks 1%@%%@ Eoﬁgg rsaﬁg Q%B ?51:91 is projected onto a

targeBhdrEENERE orte&txhe% (i@Sa bthél'é%faﬁ@%ﬁ )SBFEG UM sﬂSﬁta‘t‘@thBl@ WREE@BEn shifted
portions, they may be | ocated in Spaces between target

in thep¥ ahd/on¥ direttesesoah# aldiffevantaargsicpdartien Caaebaéxippsed fg step mode, the

maxurrrlau;n ssizé of the exposure field limits the size of the target portion C imaged in a single
static exposure.

[0031] 2. In scan mode, the mask table 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



Simlarly, in situations in which nore than one die is

provi ded on the mask MA, the mask alignnent marks may
wheoosoerdtrd bet ween the dies. [0029] The depi CPEIINL2008/050082

apparatus could be used in at |east one of the

foll owi ng nodes: [0030] 1. In step node, the mask

R CHRITR VTR A A
charaticfépi‘i‘{i&se(g‘ tﬁco?rtg!;é%tif)ﬁ &<l B8, ﬁl%?ﬂll R der At fkERuRRIA of the exposure

arget port C at” one tine .e. asingle static
field HxpRshe width {ihehesndrsicantiag dabéton)\bf the tidyetpodtiod inedsingle dynamic
the X and/or Y direction so that a different target = .
expope.tWheieas thaalgngid of fisossarning mogios deteppimes thedicihik (iibg scanning
di ﬁi z)e %fl tth%tex osure field limts the size of the
irection) L ithe BrESt BFUER; hpged in a single static exposure.
[0032]0033]  2.1n bAoBEAR D 4 mhdkeraPRMT idi? edEn@le stftfonary holding a
substrate table WI' are scanned synchronously 'while a
prograainablapatiepang devite ahdthersablstest¢ tabled®dns novpd of sahed] while a
onto a tar%et ortion C (i.e. a single dynamc

patteyigtpatied jo thypadigtigndepmyis prriecied eutp adargeiporien Gulisthisgpede,

t abl e rel.ativeto the sk.ta Ml . o
eenegfl] TR B0 R 5 SBNSY HREDE alegBite i gaeering devic s
update@ 48 E&fire& RAEAGER toVemest dTfthd ADsRaRIAAE WONoSh VBRI Iuccessive

In scan node, the maxi num size of the exposure field
radiatiomptlsest dveingiacscim. (This mbée ofopesatmmtan e diaddy rpplied tofmaskless
.. the target, portion in_a single dynam ¢ exposure, )
lithographyethat ytiligey AgRAIELS PRIteEHRB AT er: Ml 453 Riegrammaplegnirror array
Ofatﬁggf Jﬂ%h%&éiﬁ%‘}ehe scanni ng direction) of the target

3. In another node, the mask table Mr
[0033]s KeRntRsRRNS htl/biyvasiaBbhsditthy aBeVectederitedihodbs dMBDdreentirely
patterning device, and the substrate table WI i s noved
different modesddisevhialy @lsa heampdoyedi nparted to the radiation
eam | s ‘gro' ected onto a target portion.C. In this

[0034}p de Figgeme shgws 2 KrdiitioR s ATSembBhCWRRTFRE 3 Blayhs pyfey20, a grid
| . SOUT ! .
22, a?gig arlta? 84 Bﬁ(? ? [(e:r ﬁ@&‘?& firff 06 aggrdtgﬁ \éfrgls%édsto URGR eg%frgﬁ“\ﬁnetlc

ed a each novenen strate t

radiafi6n,i Herdde bii@Ntesi 64 RRISHIA (Preirably PUD tdionity paRY fidm plasma
scan. This node of operation can be readily applied to
sourqerkdKb egedtortrhispr 2pHsetween walls 27. Fushermege. dhgriadiagion source

oL SR B BB D 824 mey
incluf® i ?oiré%{lét%gteg{i Sul¥tadkitfly ga‘a}ig d eRcditdgd BP@@&&BS Yffdiation
or entire Yy | erent nobdes o use may a?so e

from @ghRyedice 2003 ddlidct @ uiiero? 26.h tvthe dl lusadtedtenthodnent e foil trap 24
~_assenbl g conpri si n% a plasma source 20, a grid 22, a ]
inclufles foils 2 hap sachrextend adomigdbe direqtionrod radigian{rqrn plasmegeyrce 20, with

each F0il A r?g a E:g)ssa-lselz(:%\cl)vn %‘ll 8 S ane gaagsrlz%}rsie %o the direction of the radiation, wherein
the cross-section is much smaller than the extent of the foil along the direction of radiation, for
example, less than one tenth of that extent, or less than one hundredth of that extent. In between
the foils 25, the radiation from plasma source 20 can propagate to the collector mirror. The foils
25 serve to catch charged particles whose direction of travel deviates from the direction of
propagation of the EUV radiation. More information with respect to a foil trap can be gained
from EP 1391785. Grid 22 and foil trap 24 are placed at a predetermined distance from each

other. The distance is selected to be large enough to allow a net space charge of ions to develop



radi ation, herein briefly termed radiation (preferably
EUV radi ation) to pass from plasnma source 20 to

w@odoBaaetias mrror 26, between walls 27. Furt heP@DNE2008/050082
the radi ati on source conprises a voltage source 28
coupl ed between grid 22 and plasma source 20. Foi

a hin foils,that
beowe B g ) Ha LT by SO UbRB T b ignthearge pgroduce an
e1ectr§e‘ﬁé1@ﬁ1a@aéf%t ﬁa%&'@%ﬁ%ﬁ%e%ﬁﬁl&w&ﬂ%@ th&eticHs fFBn'i fRIr straight
the illustratéd enbodinent, the foil trap 2
path andCdawl’i&Be fomis loatoXbilt bfthe d6it trae 24 dndinahdiodindne, tHe pﬂadttlenmned

of radiation from plasma source 20, wi.ith each fo
distariegs P@WSGIE@QS% te@@@ti |abﬁut forty mpilimpeters 1 GHd ¢2 a%@efeéabtlxﬁé flat planar

f h
i, B AT SR e Rt PG Pt e 2 3o
transfréea6 bvafualfing ﬁgﬂn%ﬂés%ﬁi soliRe 28X 0 tBap 14 Q§ 8. drfh@goﬂ%ﬂ 8r at a non-zero
tenth of that extent, or |ess than one hundredth of

angletdnﬁ‘tre&bdir@ntmndtmd@t&&ﬁe this Hae)f bi drser@boditmbset, amali ladst partially planar

fromplasma source 20 can propagate to_the col |l ector
grid with ¢ glane gHan m&lfr difiprens Somering)y cagiess ©rihs yegrahling is gpeds This has

f
v 035 SRR Ayl LB A AR 0, U S5 aR o
abseniék bhdi’r&f@i@ﬁ%lorfg(E@Vfb@bﬂx wiltegers aeflREing dice Rt fidl@MakBe useful to
1391785. Gid 22 and foil trap 24 are placed at a
defleggrfaddéorsr m ned di st ance fron1each ot her. The distance

iis sel e Iarge enouy to allow a net

[003Yhar &éﬁ&tﬂg%s petefl shed @y F‘%Wé%? ar@%gamsét I3 3y Mgl eqgyers only
a sme?lﬂ'SOIiWaIagl gaﬁﬁtw ?ﬂ@}%@vnc 19%8E{% 3¢5 c§m; &Slfeg {)P[ of ﬂf&ﬁons in

an e ric

three thnélﬁloﬁhﬁp keprattidel idiion T@nﬂﬁﬁérﬁ&icﬁmwﬁﬁlﬁnd& edtid angle may be
their straight path and catch the ions onto foils of

used.tlh ¢hif case, 4 gxa@ 22 4xtending pverrsuoll & tasger, solid engle apatheruscddlbe grid

havingi e B B Hoi2no] SRFEFLSURIGS (G e e AIolia rpl laitude).
Alter%g%vteﬂJ %\%Elﬂqgéd% otd &Ry X stha V Qﬁm‘@ﬁidsecﬂnslrﬁ%ﬁlge used,

-

_ has "a tangent Ré T ransver se
whersih l’tﬁd@lctld)ﬁslwe f)f(ﬂ'iﬂewaaﬁﬂiﬁ-z&@ WhgRs QeQati\Q: tb @a¢h dthex) s@that the set of
(i.e. orthogonal or at a non-zero_ angle different from

sectiomis nep@xu@ajﬁm@mncal lspeior. Fadd Yrap |24 similebbwdy fetend ower adarger solid
east rt.i | anar grid with a plane at an angle

angbd??ﬁ%?ﬁﬁ?lfgﬁﬁxﬂgﬂé?y degrees to the virtual line is

[0036;3 ed VOFQ%V 0 ? (%tgl'fﬁwfetﬁ%g h{ ad H8diridal :ﬁ)g{eﬁﬁél A p BT Clr¥uit %1at applies

XIS IS sence of the axls- ynnetr an

an eléeid@ih petendial do theqirld2P. Gridd 2P Ked\dpbriags withla se2erthat makes grid 22
deflecting electric field may be useful to deflect
functfoags ajbeprier fooﬂscagons errivieg fromydasmer syreerat grid 22at ihﬁeqlfgptncal

pote@af%@ﬁg%éy %o mg{)]ltérci § S\?ca%ﬁﬁo%c%gif ]ﬁ a Hg’i tgrrﬁin al cou;ralfsl d ko grid 22
and a%@%ﬂd%i‘&ﬂﬁal%@hﬁl@& td 8urd. A élé‘&fdd@ %?plaﬁ‘mﬁ Q&ﬁ@e 20 and foil trap 24 are

IﬁEﬂSIOﬂS) I'n practi ce, radi ati on ron1p asim source
also cZOpl@d ¢ grauind. ddhe velihgedsoarvg28 iswsigned usaake tha elebirsalqmsantial of the
rid 22 extendi ng over such a |arger solid angle may
first tg@m@g]e(g,n theeebyrthejgrid) lower than an electrical potential of a surface of plasma
source 20 that faces grid 22. The electrical potential of this surface may vary with time. In this
case, the electrical potential of the first terminal (and thereby the grid) is made lower than the
electrical potential of a surface of plasma source 20 at the time when expanding plasma from

plasma source 20 reaches grid 22. At this time, both the anode and cathode of the plasma



having a surface shaped as a sector of a spherica

surface (e.g. froma pole to a certain latitude).
wa\bdosnomassd vel y, a grid made up of a plurality BET/NL2008/050082

straight planar grid sections nay be used, wherein the

sections are provided at non- zero angles relative to

ot h o that,the s sectl
sourcg 3retyPicafiy athE st Hspceriioherdial. 2n ARip TR bl pfhma
sourc8%0/and foiffr 241%91 i RGOSt Z%elécﬁ‘i’@é‘l ﬂo&%ﬁal‘ S knovvn per
se. [0036] Voltage source functions as an
[0037FI eCtAIS Irmhomt, bothieldctrepi¢d dftiad amode-chthodi $ystenadf thpplas@s source 20
an electrical potential to the grid 22. Gid 22 has
may kigye phhpsnagledirieal @p@en@lr%theﬁa%sv et the expandingplpyna reaches grid 22.

bar ri fqr .el ect 1.90s. from plas
e g ot s leife ARLAGRRITHF bitbf st R M| FERRAE B it 1eshoud
be un¥BisicRE Shat ik Q%c%al PRERYBE SIAhE Sowd& TR SyicH Wﬂﬁﬁe called the
termnal coupled to grid 22 and a second term nal
“plasmausplired eteotrgabpntentialh 1sexhcembcessla&1lpthemramnhele@ucai epo&(htxal or
and foil trap 24 are al so coupled.to ground,

electrjqal pafsaﬂaé & ﬁ%%@lmgswal&?r ghetFadott ieke Hegrcel %&?rrt}aé difference
betwéih, \é’ﬂit %ﬁ I dotixe gur ace of ﬁ{ aﬁlg ! m n%fce(%’ilﬂ ttfh gesfg?r%é ﬁhﬁ sggulq)be

n an elrectric
appreRlabsiBattRY ESrthedfiort ﬁvaéroulﬁp@fsthél dc@nd termiae oﬁbﬁﬁdg& |s§l§Jce 28 plasma
potential of this surface may vary with tine. In th
souroe@@emd ik trap 24 isondpbnpetaprlé af a pdssibieeledtrisal cpeﬁguramn to control

iﬁ Ihereb e grid) is made |ower than the
this elgclrica P‘Etﬁllm%ét £H°% of a surface of plasma source 20

[003@t t ﬂ?o elrﬂE)nV\’gxg&]%g ﬁqﬁ%@? ﬁga %&ﬁ@ﬁ po{ gﬁhlpch&%gas ggﬂﬁ Qg to generate

0 rea I'S e ano
an eléclidaeld tedt eka@s PIRENTS POt hafpeb ﬂﬁb&@d Frymaglasnitesobidd®¥e20 to grid
el ectrical potential. As an alternative enbodi nent,
22, sphstorepd slectrensfiorrte gd knd attrpetZgositelpehanged idisoEhe regulting

el ectrical potenti al 0037 nti oned,
feld BIeGEH’ Bdees B oh e ETE S ALy Gy BE ARG Al gasvipe erid 22

The e‘iﬁc‘t’ﬂ&? ﬁél% V\ﬁ%n {3‘% rid Igg r%téj ??}% (gt}lﬁgﬁg'aggéé%rﬁég ﬁ@&ﬁ? 1§g§ from plasma

sourc20. A8k ResuldVa BEIQbLiRtive Gpabic Shinge GEebiin uplie tHel spaderbedwesnCarid 22 and
will be finished at that tinme. It should be understood

foil trap3d, atheast dltheaverags| neppla@tml 'pmrensffrom Blosma sguee 20 Eero.
sour,ce el el_lgzt ri cal

ich.will b
r0ugJc; < A apepodfis ptebirhers ot DR Th G RaE <L ] 2 and foi
trap Zgig&@%?& A el%‘in@h@lﬂttﬁdt g@ﬂe&@foﬁ@fﬂa@*rav%fl oMY F1ANRA gV thwvards foil

nst ea I's the electrical potential difference
trap JletAseassull;, nthr@ dnaskould be saptined dy dbil trhg 24 kiesmmmitismu theerid. It has
20 that faces grid 22. It should be appreciated that
been foymddhaiis effeef 18 éffgﬁ’é@ fielalee trap ast wasrihicle may mat b@ﬁffectwely

mterc[eg e&?ﬂ e ogﬁegxrngg%ﬁnﬁ a8§ Wﬁﬁ‘g}ggﬁ‘% é:ﬂ%%e Cé)rrggé]r?c} iig ZJPSt 1on£ may be a special

probl‘é&n Fdr e BIeOQ'h&Pa £ ‘ﬁﬁkh?lashﬁ' sPufek &Gl cﬁi reﬁﬁ’ieetﬁé ld@ﬂlec‘uon effect, a
ference. [0 peration, grid 22 is placed at

certam minﬁnumm&mlunmﬁspmta ialedifable bletusagrigri2cind Zoit tag2hermdede room

for the space charge. When the solid angle of the foil trap is small, the distance between grid 22
and foil trap 24 is preferably at least of the same order of magnitude as the diameter of foil trap
24, for example at least one quarter, and more preferably at least one half, of a radius of a

cross-section of foil trap 24 transverse to a virtual line between plasma source 20 and foil trap

24. In atypical example, a distance of at least ten millimeters is used. When radiation is



an electric field that exerts a force on positive

charges directed fromplasm source 20 to grid 22, so
wa@soosaoriepel el ectrons fromthe grid and attraptT/NL2008/050082

(positively charged) ions. The resulting field

prevents at Ieast part of the electrons emtted by

R S 0 TR e TS TE B b
pluraﬁglsdfttirﬂ(% (E%g%nftfn‘i’é@ ﬁle%%c%%fv?&n%%ce@ﬁv@foﬁl@ ¥He fofl trap. An

posi ti space’ charge 1s built up In the space
uppeblinite thegdibtdnédbetneknf g@id 22X ztmlrfoﬂttrapam i$ gartkallyf detdrmined by the
average net plasma current from plasma source 20 is

availghle @pacF @@@,gq)t bmwnwé@raaw of the eertivenesn of deflactian. Ing typical

examdfe, alistiek S by S S ERG E M P f f P Qi PR ocpuabie

if spacb &VélailhB10 M Rh 2R dRRH: Cv%lt%ge S e Tisis c@hﬁg&ré@fb Aply f*ﬁigatlve
a result, nore ions should Be captured by foil tra

electtiduh powntuklalf between gedochnd lfive hasdied é/h)hfs oeigdd R0 a¢lative to ground orif
effect is effective to also trap fast ions, which

the exfgrionyef plasmactonies| A 1 Aol M&IWI%H%WI&&FW? 8 ﬁhe Plasma

SourCtraps wi thout the preceding grid 22. Fast ions nmay be
Y speci al problem for exanple, when a z-pinch plasma

[004010UT G8e USRS cletRid B iZduelth 8 pasitikeEhdred %ﬁﬁfeﬁﬁéoro@ grid 22. To
certain mni mum anount of space is desirabl e between

mcregseu tms%?acheml theapparatapmayt inabuderwallsddy adjesantf the spahe befyeer plasma

ge. Wen the soljd angle of the foil t
sourcg r%& qnd g2 Insanerakodimenie ondyeiing wallsarg upest e @dtW%Blaﬂamed at the

same e?ec%c%i g&@]%éé aegrl{;l 3? lng{ slpta&e ofq{)ﬁjse&nlﬁF nd'tor *’rﬁ lﬂg% walls 27,

er ©o for exa

thereBY'Erefiidd 4 §hall ﬁékﬁh\%hﬁrg@ Here, rvﬁl’l‘l é’ d@lechﬁ‘gléﬂfe@ 88 ofirk fonsOfhe use of
a radius of a cross-section of foil trap 24 transverse

wallst2y ia evérr ol advantegdoas when the d Maadistiorcis cRleciediofepiallarge solid
trap 24. In a typical exanple, a distance of at |east

angle en il lineters is used When radi ation isgathered

[004f3VEr 11%1%% :23 }% élE&hl:aﬂ ofinfhR ?(ﬁ]? i a?4 ol b?come

sed, ut sho to a

posnivlely&&lafg%dgs xﬁeﬁnmudaﬁﬁg tﬁd‘@“fddtlﬁérﬁm theﬁymm, a&maﬁghsﬁal tH# case
foils of the foil trap. An upper limt of the distance
therelia visle nf parasitiobreakdpvnp whichy mpy mmgcwgmal type of debris particles.

(004310 Trrelbr gfrogin ifeeri ey Do hlpeS! Hretn sesion| poseptia Cor
more% eralngai thE %P ctri%aceiﬂ é!@l tﬁg fébﬁlé £20L by %lasma source 20). In

ters may e us ar ger St ances are

this cass; @pltaR! seutck 28panebd 2851ﬁip135 dombketionlto gﬁnmdrfbhld ienbodiment works
vol t age source 28 is configured to apply a negatiyve

becalesle @laspiadab afendengyi tl degelop em}emﬂtz\@r%%érml ppigatial gelatiegito

surro&t} 18§ F%I?CT%F 61|10§5q§é1$%%ﬁ111\é§u§80qg%fo pﬁ@fﬂaaﬁ%r | %l?;gnce electrons tend to
be abﬁ%rgg% ]% &l bPak %ﬁltrblﬁ{dmgs%{rﬁ&th%% thdd ﬁo@ﬁw@iy@f’fﬁ&e@ HsCBence, grid 22

e deflecting electric field is’dueto a
will Haos b képetingfedfegrongsiadioan{and an agmetjveé effe2Pon ibms) even el 22 is at the
this gradient, the apparatus may include walls 27
samezpdgeiiiesh poteniéa gﬁggaes eselaagmnasayirce 20 (e.g. ground electrical potential).

Of interest is the repelling effect of grid 22 on electrons in the plasma (and correspondingly its

attractive effect on ions). However, use of a negative electrical potential at grid 22 relative to
the surroundings may make the generation of the space charge more effective and may allow

for the use of a grid 22 with larger mesh spacing.
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source 20 and grid 22. In an enbodi nent, conducting
wal | s are used and are nmi ntained at the sane
we@bmstiodianl potential as grid 22. A net space BCENUE08D50082
ions will tend to formnear walls 27, thereby creating
a small positive charge there, with a deflecting

ffect er 1o The use of 27 1s even .
1004 g, o rEn e 86 22 B i ot ber Codriede Pl plnductive
eleméhti W8 eRBhts Of AFtk &t afrBfiihlerddbnn éé},hlotﬁerr apne%bntiﬁéw% elements

loating electrical potential, foil trap 2
may lblemuargaal pasts of grial, pr whaecmeemeansts vmlltérnatlmbr e@sudrvgth Iluies machined are

ef fectiveness of the system although i n th| S case
etched prgp &t may be usedkIhym, the gHd has Qpeﬁ%r@amw A t%lﬁa%anarray of only

paral*e%on%%?ﬁ\?e qurgll ltlta I%ﬂl lbet@é&f“ in rAn§/be p{ué A0 Ogchc} i%r%g)%g%ble

h“anot her “enp

provi@e®af it AlviRQtaghiloe %Fatléeﬁ ﬁraﬂiﬁ'a@elﬁ? Rgd alebivicat oﬂehﬁlg§ B limited size
el ectrical potential as the facing surface of plasma

that ssoierte eb0ict electrartsi s case, voltage source 28 may be a

(004l PR BReR BepiARc B RS (IS 5oyl maimum disance

from Q{?}? h Vi tﬁ!e g !éh‘f 8} lﬁ%cﬁ %‘idn%lof Ec}?é @‘*d t\éq'.h% Rea? ha Pgﬁ ngnductlve

UTES surrtace o sour

eleméifd of §1i802) BlpeseraBRSsol el thex etp@u@h§ @Jeb@ﬁblféﬁ@ﬂmretﬂ'wgnd 22.

surroundi ngs structures than positively charged ions.
This #epbe acljevadl p2makihg thm lassrtbqgeq)n dqugl @ gthtin the order of magnitude

ectrons n attr e effect. on_iq
of thgpayeIsnith bfhe P plasiaiscucs U Of R Lags Fpeel known, the

Debyg li'%rfg@?% aﬁ)m@ﬂ&gﬁ'ﬁgﬁz&%& ?%I pg'c%trrn o> %g%lglrll%f&glrgfg%%lﬂg ?Je effect of

char@ﬂ ir€kied, Qithels ¢lgd ¢lementh bf fi®2p) b ifteatidgdistances from the charges. The
correspondingly its attractive effect on ions).

Debyeidensite mwhiehs éepshdsomg aliffussonstastiigien and gast mabilisy ofglectrons in the

plasng?e H@é%qsgﬁéhg%a{c%/% 1§ ﬂ’égg‘c%% o Ogﬁ ﬁﬂ? %"‘%‘g&ééﬁx{} 3 i?ﬁ%?%y

predd’i‘ﬁln for the use of a grid 22 with | arger nesh
spaci ng. [0043] In an enbodi nent, grid 22 is conposed

[0045]f aBylappBiing avmosy ficpudveoélegatallpoedntialotodhe fiid 82, it is possible to use
el enents, the elenents of different arrays

openings witbadargeysieaal Btlhispel clistrons rhm size oppripghaye fgadvantage

tat e U G st o e SRR R R Rlpo g inpasgoe he

bamér%Pelbétrdi’EXn BR d8edof the¥penihie THE hﬁxﬁﬁ&n%%'l, ﬁ%’i’efet‘é%ly less than
another alternative, an array of only parall

or equﬂnd(mtdlmereqirﬁ”eﬂht}ssuhswnmwmadl top grid 22. Any
structure of g IS p055|ble provided that it
provi des la9 % g%belrygl\ﬁ?bnsparency and el ectrica

wher SRS S0 By T 5 b oS YR R . v e
grid QB&RAEN PotechlSdnd oV IR e Afsthd) ele&%mrwaexﬁﬂaﬁaﬁéﬂ&@fefén@@bmen the
point in the (straight or curved) plane of the grid

plasméelecitieal potentiali antl ebavtricat potential iof ¢he exterior of plasma source 20 or

ground in an embodiment where the plasma source is at ground electrical potential at the
relevant time point). Thus for zero and negative grid voltages, the maximum grid opening is
preferably at least equal to the Debye length (Rd) of the plasma. When the electrical potential
of grid 22 is more negative, larger openings can be used, which permit more radiation to pass.

In a typical example, L is selected in a range of about 0.05 to about 1 millimeter. This provides
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el ement of grid 22) is preferably so small that
el ectrons are repelled everywhere by grid 22. This may
wheooaatiieyyed by nmaking the size | ess than or epCENL2008/050082

length in the order of magnitude of the Debye |ength

of the plasma on the plasnma source side of grid 22. As

s well known, .t b [ n_intr I. C .
for syl g Sheniteldn opryafiRBlor o Bsray sufiRisyly g optial
transplbRGt Of charged regions, such as the elenents of

grid 22, at increasing distances fromthe charges. The

[004({})6 by&n dls&nqt;]nng wofi grith 28 dyy daxd sSorsmayhiee apdoblesi that necessitates periodic

coefficient and the nobility of electrons in_the

replagameniaf 2iihd?-ceieasplaceamaat ReFiad M3y be culpBdahIIAg i B2 with a

Shl n s t re 4
ercat i ToF Lk Qi 32 ARBR0TI RLLFERA BREk 1 e ing'in e
dlrecﬁéﬂﬁlft?é’velﬂﬁod%%tﬁ@gﬁdm e to use openi ngs vvnth a | arger
size and still repel electrons. Larger size openings

[004T av e Figuee Zedstamsagenttiodimens méetivadditiona separationp 38 $@w. shown)
The negatjve el ectrical potenti hel ps to.increase
have pera ipelideddin thesipags RweRiheriq A2 avblofldap2é- BefarpRly, separations 30 are

OOIldl?CQQ/n aﬂ(gJ Spr?iﬁlt?) m@é&ﬁéé g{r‘eat)ﬁl 1 %%rﬁélﬁgnk 3t t}‘n? §a§né Q@f}rwal
potenttlﬁl) as g‘ﬂﬂ?@lgtﬁé{ Bb slows the V&)a%at}élﬂs B0 1ﬂ\ﬁ©§£bd¢tloBQn ah%nIU&ﬁlment

Debye I ength of the plasma, "sqrt" is the square root
separitiorst30ongy hgreazadiey fgcrte'mdhr@ et ofi thafoils of doit irap 24 imdo the space

berwesphe BT IO P12 eorio: SRR 0 DR AtHERT MircPPRrairgeda the space
betw&%g?ﬂl d’izazlnd%ll ttll%g 2§)§1t1t%r %x@é\lmﬁ&en@ %}%ﬁg@lﬁeﬁgé’g $hat %eerpfound that edge

n an e I men ere ma source 1S

regiof$ 4 thetddes bf tHeabadeaihartel aad mabt éﬁt@tﬂz@irﬁiﬁﬂébuﬁg i3Bs. When alarge
point). Thus for zero and negative grid voltages, the

area qfaspaqﬂma@euﬁusssiethﬁ dignietermf diccspads sharge ib bagar ﬂeequhls edge region, so
of the

that p@pé)é B? a?e xS@? élgp d8 S Iéqt can%@u}esoqgﬂ%%yﬁ% Sgtf[‘qc\t]lgn. Separations 30
in thér %9@5&9/@8{]%&9 av%hé%ff&? F)mrreatﬂ@' s‘?nalller space charge

ation t ass. fn a typical exanple, L Is se

regiohd) whefein g eﬂ@e adpdoits WitlDoptirgalalefledtioh properiiesfoan a ldfgespart. Thus,
provi desfor sufficiently small openings to

moregiifirient miteﬂmuoyl ipreglikede Pecfenablys sqmatl@m 0 dividerthg spage @étween grid

22 and3hi 10 24 0 GREPF b thsLi P R B P i S22 o ol
trap 2§ hd ng?u&%%ﬂ@ %Qttdlf%@tl&()' Phid Ras DR 681! t@&dﬁ?{\'(/ﬁ{étaoptlmal results. In

pério be extended by ‘using a grid 22
an exgmplii; éfstahhesaif absw terf torabexafioply enillirhéted nsdyZe wskd b&towen separations
100 nmm and about 1mmin length in the direction_of
30 (betwgpgr therrpdiah téps af e @par@tlmpwhepj the ﬁmaéws&a@ ipsgdegyadially). In an

embogl%%ﬂ) {ie Ialamvggeerr %Ithe (fa()(gr?ﬁzttx‘émen?s (theel% ﬁ A onges£ Vitial line in
between adjacent separations 30 in a plane orthogonal to a virtual line from grid 22 to foil trap
24) is between half and twice the distance between grid 22 and the foil trap 24.

[0048] The distance between successive foils 25 of foil trap 24 is typically much smaller
than the distance between separations 30, such that no space charge can develop that has a
relevant deflecting effect within foil trap 24. In an example, the distance between successive
foils (at the radial tips) is about one or two millimeters. In contrast, sufficient space should be

used between separations 30 to allow for formation of space charge. Hence, when separations
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have been included in the space between grid 22 and
foil trap 24. Preferably, separations 30 are
wa@oeonduatisy’e and, preferably, their electrical PoOL/aDLI0SDS0082
is maintained at the sane electrical potential as grid
22. Figure 3b shows the separations 30 in

50 g BRI ebir SnehiP e SHaH kY PR ! UF 91 £ gpampl, one
' PRGE fotld bef Qi .
out o Bt BPRRELOSH MG Il Shndhd 0 ons 3.

an altehiRtiS$HacEarMsneSe Mg bechis2d tiam arefrmot Extefidighs2A4 foihtrap 24. However, the
i ndependent space charges. |t has been found that edge
use of sapaations 3 that e extigeions of fed tmpadenansimplifiaeanstraeion.
ffective in deflecting.igns.. n a l.arge a of. .
1004, o Grid ey Pea sEtat i AR ik oaen S VAR B onipag s areer
than the tﬁi@ﬁrﬁ:ﬁzg of fid g'rlﬁj" IS aRfl8G ehfdfRent SBe tiDabe R bggﬂﬁgé H%ess than the
space charge regi on does not contribute optimally to
thickakat bethigeid. Tinapthe atalle 06thd @petinguxtaydn ¢heibites@nfromigiid 22 to foil

22 and foil trap 24 have the effect of creating .
trap 2drpyier a distange thag sdprger thepithnirsizanseerse torfbatadirgetion dikéyygay have

e olfblhoSRE Bl B84 RLEE TR e L BT o i
the dirERioR TR Yrid SERAFOA PN iSPrefirMIf Bndife8 1S PRGEt BRI HREID from acting
grid 22 and foil trap 24 into conpartnments that are
as a sthoog foibap thagtrgpsrionh A sirideX2t is asedf to@maty @ sha@ chaygd i the space
trap, 24) as wde (transverse to that direction), Tth .
betweeRgr Hdrap @4 Faum ihs toh trawel| from plasma soyrge g to grid 22, it is
ex e, di nces of about t y .
oSBT L2 A58 Rlnf P3l: QhER Lol Bt 8 s the opening
diamétBREMGRAInE &1 FAddRLs drbReabPf udelle separations when the
separations are provided radially). In an enbodi nent,
[0050]he dilthoeglea siogletstrectoonwih b igeidtasd foihtrap basgichn sliowmeat should be
est virtu '

unde%‘%%%ﬁheg nb%ﬁggrlagl{r%gtg 6 Iﬁgqrgltet% \gggqr}}rggiﬁ gt%]cittwés g{? ti;ﬁslt llagcr ngay be used,
o GPobul 8 08, e DA 0k S 5

illustdECartlbBbaNARnORINE Plursli GE S&a¥Riohe BO Srrdfpedfto Lo dr the @Pss-section
24 is typically nmuch smaller than the di stance between

of thereditian ifons the plassuacioutch 4rotrshowphioshe frak igap (@ahshweng Rbrsgular
e S et el Loctlng et s ok U2
sectiérﬁq Htﬁer %%n%&%n%ﬁg%ﬁ%e {ideB%d sd ?%amg %}gé&@ BeWeeh ﬁ@% F% a%de the foil trap

I meter rast, s I Cle space s

in twb 9afel3@inab iR endd. iABREowA, drid 20 nawhhvd the ehidpetofasecifon of a
space charge. Hence, when separations30 are forned b

spherexeaesng adargé sdlist anglepr ftordy heregppracd ofifla pi?@ﬁ’ése@,fiomméeparation
fojls 25, f , ut b i t
30 mpi b & gétisaSraf Rlaf sunfikgs Siecuilpnilel B e et tho plasma
sourde 36 Eq)esig&ﬁfogtdf gggc'arﬁgm 305 T, Hst&h %asﬁﬂgff c?rﬁl% BASfrbANShidR all
may th 0 ol

e use are not extensions trap 24.
separtiv¥BM&iend] 8Shue R i10Figa B, tcteodds a plurdlitaof asntrabbidesaichbentral line
of foil trap 24 may sinplify construction. [0049] Gid
corresponding the gaoupafsepanations that extand emdhgtwpriral lines. fbe senteal lines are
Virtueﬂflintels1 read?af%ﬁlglfpoqg tﬂesplzlls%{ags%{lrce 20, for example, in a two dimensional grid of
directions. In the example of Figure 5b, the intersections between the separations form such

lines.
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than the thickness of the grid). In another
enbodi nent, the size of the openings is less than the
wo bioglorass of the grid. Thus, the walls of thePOpan2aogss0082
extend in the direction fromgrid 22 to foil trap 24
over a di st ance t hat is Iarger than their size
verse that

[0051;:13 2 %{b%m%? m%ti, 8&% c%% 5 1F]1tgro<|i1 ced] i TeX 1Q€ap%{ﬂ) remove secondary

sputtér@& déptisFim %f‘ld bheng hﬁf'@iﬁ . O tH d)tcanbﬂleI’ BRbsdinRat, 'aﬁ’ ﬁddltlonal foil
fromgrid 22 to foil trap 24 is preferably limted to

trap (poteshewn), fdveexgmiple, 2 2othtinmiodidtapngaalse @alded betwgeh plasmaisagree 20 and

that traps ions. As grid éz is sed to (;reaﬁt(fl a space.
grid Z2nd pigdurt ertrﬁ@mgﬁﬁ@éwﬁ&% 1ong AR coz@arawau%? t FEHS 24

[005@Ir OTE| R 0% s 4 & l?AduEﬂ ATk WhWﬂfo%%l g E@h&! bedn added

'S un
betwéearp‘;asnﬁ{ko@i@eezmtanafgrﬂtzzmathﬂoﬁal gridmﬁhdshﬁe@ @&Iplagto ound via an
di aneter of openings in grid 22 is preferably usecf;T
additjopal5@iltage shweryhl. A dslitinglabgrid 4Q) s,etrwsao wedure shegmingbegod electrons that

e B LT A G
than RE plading sk 926@&1@9 dghlé { ?&E&%&%mh@ e&%gt}ha&ggﬁé}gnd grid 22,

o COVEf arge so sourc

whlcﬁlﬁﬂtuﬁbmbféaéb%&h@&ﬁle@ﬁn@ﬂb&ﬁb fRenl. Addifiorl ptid ﬂ&ﬂcbddy t®#nore effective
separations 30 arranged to cover the cross-section of

electioh erapamga%‘dmwf addxttctnlabgrpl 43 plasywiplestrops moukimwepp@@ only at a

foil rval.s,

th a u
areatirGrpRs O Gey Dot AT FUES G the wpliP e rastapeegp these
strucGiRAWHILI B8 15o8 Wy Bich RecrbileS SRR E bt ﬁ’ ﬁ)etb%frons and space charge.
ar rangemamg nmay be used to separ at e space% tpvveen
Prefegdbil ¥l additiansl grfde40‘ Igtisla lhlfgapspaﬁaltemerd tmrpidm%ﬂfor example in the
_conpartnents. As shown, grid 22 may have the shape of
dlrecgorsmairdsrplm‘maasoqu:éﬂe proyisiieg beiter gontagtyethsibie plpsmagprd it may have
larc2" it. ma% b%co (}éed of flat planar sections.
a larggE, gpeNing Jpe ﬁ’gg e a set of a plurality of flat
ur f
(005G BAEDuEH HREIRARAGEL LY He dnddein B8 L WD Ao aphic
appaatiin Heamaifidtade Af [0« if shouidvise uﬂdeﬁtdodsthmahahﬂhogl&phlc apparatus
extend, as shown in Figure 3b, there are a pluralit

descriffed hsrein miay haveetheranphicatiansy aich s the pafacsys 0d mﬁ@gr@tsd gptical

rations rom.t hat cen

syscffs it 3SR BB T i At ST BB hang! cisplvs.

liquié-Eﬁfg%ai B&p 1’3%/@&"@)@0&'151{3%113 thagh&ic l’fééé;mélt@ Thé @klﬂe& ﬁﬂlsan will
di mensional grid of dlrectlons I'n’the exanple of

appreeiaeithat, 51bthetobﬂte|xhd>faus]s alt¢roatsvelrppliestions, ey sispaf the itans “wafer” or
we formsuch lines.[0051] In an enpbodi nent, a flow of gas
diejhgreinmay hsconsidered a3 syrxorlsraowﬁb thegnprpeeeaeabiseas ysubstrate” o

“targ?ifﬁu tgtgc%eg}n'e%ﬁ%etecﬁg?ly ’Elbe sy 3 Le re%%%e%gg gigrt%l nonr}% Qc?%x%ﬁests&p before or after

expoédi‘@ tin $61Q%Bhpld aJtEadf()@ 01 Ehat %fp'i&ll?tabﬂibsfaqaﬂ'ertof ?é%ls’ﬁm’a Qﬁbstrate and
dded between plasma sourcé 20 and grid 22. This

develbps theexposed wess), hhmgetroliogyepoloind/oras 1mpdctmmrtbalmwmm applicable, the

of the gri
disclosure herel% may be applied to such and other substrate processing tools. Further, the

substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple

processed layers.
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[0052] Figure 4 shows an enbodi nent in which an
additional grid 40 has been added between pl asna
waeomwsaai129) and grid 22. Additional grid 40 hasP@EaNn2008/050082
coupled to ground via an additional voltage source 42.
Addi tional grid 40 serves to reduce the nunber of
l ectrons that.are, absgrbed b rid 22. Addit.iona
10054 7 Tho s mgialion Ru ettt B HEPRB AP
clectdlan e Aol o e e R OS2 B % B8 g ibRngth ofor
about@d5¢Bi55, 048,U98, 137001 26 @) ahé ettednhedtrhiioled (BTV)iradibii@l @.g. having
Additional grid 40 leads to nore effective el ectron
a wavelenggi inghe saingto{2-26 @)t asorrll asqrarticlabeamyt, suokeps éprelams es electron
b woul d be trapped only at a greater distance fromgrid
CalS) at the plasma source or the walls. The resistance

[0055”0 [ HGS Grdl N14EE Wikse Mid donR&t AR I mahb P (P86 GRIE LoBfhation of
unber of trapped el ectrons and spaCe char ge.

variol$ 8fpes ebdpticalacbaigonend) ingludhg46friise areflestiye; magadtical
extent than grid 22 (for exanple in the direction
electiopyagnetic gdelepprosigtie epticabcorppeiantf ng better cont act

onsi AR LSBT 3 I 5 SBETIRR B
appradSatP@St the irvhBord %Y bk PrdchiBediSiBerMisd thih ROAABHbEL. For example, the
apparatus i n the mahufacture of ICs, it should be

inveritioflenst takeithe Hatm dhe compltegprapgtantcappaingtons odewee sdgeehces of
herein may have other_applications, such _as the

machiggierdahle instregtions desgrikingc Bethpd as disglopedabove, r @4latastorage

.and detectio atterns i L 1 [
med e SRR P B0t s R B B REPA L IR mpuer
pﬂgﬁﬁ{QOQHMthﬁgnetic heads, etc. The skilled artisan

w Il appreciate that, in the context of such

[005F t eMhatesceiptippd dbost aenstendetytoldwdllastrative noe HmétingnaFhas;'it will be
appaf%gétqﬁ;}edl eékglgagtlg ﬁ;e%be g«giﬁ%gq%résrgly Srnsl c{?agg nDilrJnS;er\lltV{Otngs described
. rtiop’ ' referred to

withakbbling GOEARECAIPLREtho ol SRR bR L O hosur e, i

for exanple a track (a tool that typically applies a

| ayer of resist to a substrate and devel ops the

exposed resist), a netrology tool and/or an inspection

tool. Were 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 nulti-layer IC

so that the term substrate used herein may al so refer

to a substrate that already contains nultiple

processed | ayers.[0054] The ternms "radiation" and

"beant used herein enconpass all types of

el ectromagneti c radiation, including ultraviolet (UV)

radi ation (e.g. having a wavel ength of or about 365,

355, 248, 193, 157 or 126 nn) and extrenme ultra-violet

(EWV) radiation (e.g. having
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a wavelength in the range of 5-20 nm, as well as
particle beans, such as ion beans or el ectron beans.
wO 0@85p01dhe term "l ens”, where the context al|PUBNLIAY050082
refer to any one or conbination of various types of
opti cal conponents, including refractive, reflective,
[ i >tromagnetic and el ectrostatic optical
WHA:,R; .p&féﬁé@% %056] Wil e specific enbodi nents of the
i nvention have been descri bed above, it will be
appreci ated that the invention may be practiced
at herAm gpatdnafonsorthdsca bérd of Hectranapmptieradidtien, the apparatus
i nvention may take the formof a conputer program
compgigi2ai ni ng one or nore sequences of machi ne-readabl e

nﬁtructio s _describing a nethod as di scl osed above,
GrPlasmpiadialipn SOWEC: o i m (e. g. seni conduct or menory.

EGN Stab préVid Ptk @ phithibd o £ AN IFeND: BBCIXthdGAPRAHRILY parallel to the
program stored therein. "[0057] The descriptions above

directioreof matmtioe frotrothbelasiagetcet i ve, not limting. Thus,
it wll be apparent to one skilled in the art that . )
ik digpaspd hetwiealy theelarmperadigtion goyrer, A the fribigap, wherein a space is

descri bed wi.t.ho rting fromthe scope of the

located Betyyge tg‘F ggﬂtanggfegfg’vﬁ TS CLAMD IS 1. An
HRRA AP pbtehtidl ApplidatioR cReAM GHistritted hiPiREEd tCapply an electrical
radi ati on, the apparatus conprising: a plasm

potentiabifoathe grid sothatthe geid fregels dlecionp emitteddy the plasma radiation source and

plurality of thin foils fhat _ extend substantjall )
createsa RASIBIE spaca Jhategi hebteendhe std aaia ol oy o fatleios emified by the
0 . ' ' bet ween the plasma radiation
plasniao%?l%gb%%%g%g) tﬁ%lﬁﬁpﬁr ap, wherein a space is |ocated
between the grid and the foil trap; an electrical
potential application circuit constructed and arranged
t2 apfieyapparatis@ctardinglto plaina it whereingthe klscigicalpatentiahapplication

circult S P RS040 BPPOSPIDEF ADReC hegen the erid
 BESSARI O BB e 680 e i so o

grid it GBPneghtivd BRc@iRpiefod iRl atabedb agldcaical piteatil avvhe s@ifave of the
the electrical potential application circuit conprises
plasnza radiatiageowerir ce configured to apply a vol tage
di fference between the grid and at | east a surface of
the plasma radi ation source that faces the grid with a

£ arfﬂeyapﬁgra{dg%kc&ﬁﬁg to claim 1, wherein the electrical potential application

circuit is configured to apply the same electrical potential to the grid and a surface of the

plasma radiation source that faces the grid.
4.  The apparatus according to claim 1, wherein the grid has a curved shape
conforming to a segment of a sphere, or a plurality of plane segments at angles relative to one

another distributed according to a virtual sphere segment.

5.  The apparatus according to claim 1, further comprising at least one separation that

divides the space between the grid and the foil trap into compartments, each compartment
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grid is at a negative electrical potential relative to
a electrical potential at the surface of the plasna
WO 208d0d1a source. 3. The apparatus accordi ng POT/SLZI08050082
1, wherein the electrical potential application
circuit is configured to apply the sane el ectri cal

. potential to the grid an surface of the plasm .
havinf gz g Lneceedhpsvichdas fhibe §F . 1 SorRb s prendine
from ‘“%fdjt'b cfs%&fcfi‘ft?dgl’ wherein the grid has a curved

shape conformng to a segnent of a sphere, or a
plurality of plane segnents at angles relative to one
anot her distributed according to a virtual sphere
$egmdrhe apparatps acensdiag 4e cleim & cwhereiighe at leasops separation is an
further c ri.si at .l east one separation that
eanﬁ’lo{}ioggge?ﬁtgg&l}c%gdaeef LW the grid and the foil trap
into conpartnents, each conpartnenthaving a size
| arger than a space between foils of the foil trap,

the dhepppimenscedingndclagn 51 whereinahgcomdpiromentsibavetrediameter

foil trap. 6. The apparatus according to claim5, .
betwegnabantpnethaland twadimesbe disignecbstyren e gridaed diesfod iraps

one of the foils of the foil trap. 7. The apparatus
according to claim5, wherein the conpartnents have a
& amefielhpRahie 8Pcorlial to Qe 5 alHerdN thel aeaki dfﬁ%ﬁééd’ﬂﬁion comprises a
di stance between the grid and the foil trap. 8. The
plurahitypeseparaticns eatetiling at cnutlah anglss frovnerpumlityhef laes kasbating from the
one separation conprises a plurality of separations
plasmadadigpmsOuiee- nrut ual angl es froma plurality of Iines
radiating fromthe plasma radi ation source. 9. The
apparatus according to claim1l, wherein the grid

QONMPITHEPpRLRIRABEREing tb BlaRh @ WAESint tha bri@ xb@Pesdseldrdeted grid

inafirst direction fromthe plasm source to the

elemdnts that exagnd flugther in afirstetiwntionfromabé plasma apwoeetosbe fail trapethan in a
fi({,st direction, 10._ Th a&)ar atus according to claim

seconql difgeHeR rANSYEYSE t‘b%@rﬁrﬁgjgreﬁ %he grid have a size |less

than or equal to a Debye length of a plasna that is be

generated during operation by the plasna source on a

Pl0as MheSPphratis SeetRddE té BRIrg 1| Wherditl gridodpedthgo vt tHeqerid have a size

square root of one mnus a ratio of a electrical
less thart errquall to@f Detiye lepgitlioth plastealthayisecdeneraterdlaring operation by the

otential difference, between.ihe pla n a plas .
plasnlippiie cGiagtata e ig P Tt ich VM RBERD BT sFiafkuRel Gfone minusa
- . » . . . O r
i B BB B BB RS e
plasniz0brl a plasa kSuraé sileafthe ggidaind e cledriba Ipbtenfialoofthsiplasmofource.

the foil trap.
11. The apparatus according to claim 1, wherein a distance between the grid and the

foil trap is at least equal to one-half of a radius of the foil trap.

12. The apparatus according to claim 1, further comprising a second grid between the
grid and the plasma source, and a second electrical potential application circuit configured to
apply a further electrical potential to the second grid that is higher than an electrical potential

applied to the grid by the electrical potential application circuit.
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12. The apparatus according to claim1, further

conprising a second grid between the grid and the
w@b@sneoigdour ce, and a second el ectrical potentPEI/NL2008/050082

application circuit configured to apply a further

el ectrical potential to the second grid that is higher

an an r.i cal tent'al I.d by

e & Beffof 5 Forfine R Bran oL fiitRR: b metfod difnct

ﬁ&eﬁng adlafbi3th 2p ﬁaﬂmﬁtaﬂo@%arceon the net hod

nprrs ng generatr g radiation froma plasma
hadsmitiignths eadistéin through aifoil ivag; 4ode r adi ati on through a
foil trap;, and generating .a net space charge o
rg@mfﬂ‘im&f! Wt@n@ﬁeg@argeaf PosiHvely @b%rg@d IE6 b APACH @etvrﬁerl the foil trap

and R S SRR PGB PO R BB bR g plsma
sourc@ﬁgd $A4 9B ae?f%velabf |t1§é’&|3ctﬁf:al tofnhesdid ﬁt@h tmgﬁﬂtré;ﬂils electrons
being such that grid repels electrons emtte

emitt@d b the pladiaatdietiossomee. 14. The nmet hod according to
claim 13, further conprising applying a negative
el ectrical potential to the grid relative to an

Iec |cal tentral I
o TSR REAREIE: o taif FL YRR sBalitf B3R S RUEFR
electr;él p(ﬁt@ﬁﬁé]‘ ?J the ?‘HH Eé1§t|nﬂa‘lo aRBleviriRdl pihtinPoE: RiREd 6ff théblasma source
pot ent i al he grid and a surface of the plasna

ﬂuﬂﬁm&sﬂ&aykhat faces the grid. 16. The nethod according
to claim 13, further conprising separating space
charge between the grid and the foil trap into

gp ar e?ne%{féad: &f@ﬁﬂ%t%sbldlﬁh% f ngg%glﬁddﬁ%rls@%%igy?ﬂﬁﬁf%%ame electrical

poten\ﬁia%eth@ giiddendlh Sirfiee Sf BRI PRI éda&eghatcfa@@ ahd Hred.f oi |
trap is at least equal to one-half of a radius of the

foil trap. 18. The nethod according to claim 13,
furth r co i si collect | ectrons. th a. sec
o Moot 1anEhs B A | I Eivaougng seardig SREK charge
betwéén tﬁé) g{ldlgltt]d the 30 ?ﬁﬂ(ﬁ %%ng rlgir(t: laarge@iﬁaa 1{11%[153' %ﬁggarated

us construc or formn
Conq@ﬁn@hgctronagnetlc radi ati on, the beam f or m ng _
apparatus conprising a plasna radi ati on source, a foi
trap provided with a plurality of thin foils that

SRR R 8 LE it IR GRS B g o

foil ulmagggpgtﬁ%s‘g BfuaPtAGBNAI A ALlRR of e T6R vapd the foil trap,

18. The method according to claim 13, further comprising collecting electrons with a

second grid between the grid and the plasma source.

19. A lithographic apparatus comprising:
a beam forming apparatus constructed and arranged for forming a beam of
electromagnetic radiation, the beam forming apparatus comprising
a plasma radiation source,
a foil trap provided with a plurality of thin foils that extend substantially parallel to

the direction of radiation from the plasma source, and
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space is | ocated between the grid and the foil trap,

and an electrical potential application circuit
w@oonstiouaet ed and arranged to apply an el ectri cedT/NL2008/050082

potential to the grid so that the grid repels

el ectrons emtted by the plasma radiation source and

he. Farid R beferr BEPERetEaRSt SERG: i it L nerein
Esggde% | RBed BehvRn iR SiiEadLhk 4l #8p, sadPat t erning device

nstructed and arranhged to pattern the beam of

el ectaneimgival patentiad application aimchibecqustriaed amhargangtdta apply an
constructed_and arranged to project the patterned beam
slectncat petenial e theeridgithatithnead repels elachons emitted by theplasma
met.hod of forming.a beam of radiatiqn, the nmethod .
Sosipemingee i eLhue A R ismp e e B eep TR A the foil trap
(S HEAdd Rhs SR EEDy theIMaHatrhdiBGod furéadithd fnedphr ough a
foil trap; and applying an electrical potential to a

grpatieinimgpdevicchmhstearnted dne gotaagedtorpatticat the heaw of electanmmlagnetic
.the foil trap, a level of the electrical potential
radla‘lé‘@?;ﬁ@dsuch that grid repels electrons enmtted by the

ARG B B0 g AR MR Sl

| |ye I1ons 1s C pace
electioigh@id ralifaBén 8ME aliBstRkt@SM sour ce.

20. A method of forming a beam of radiation, the method comprising:

generating radiation from a plasma radiation source;

transmitting the radiation through a foil trap; and

applying an electrical potential to a grid located between the plasma radiation source and
the foil trap, a level of the electrical potential being such that grid repels electrons emitted by
the plasma radiation source, wherein a space charge of positively charged ions is created in a

space between the foil trap and the plasma source.

19



