LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD

BACKGROUND 1. Field [0001] The present invention
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Description of the Related Art [0002] A |ithographic
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substrate. A lithographic apparatus can be used, for
exanpl e, in the manufacture of integrated circuits
(ICs). In that inst anc%A@Kgﬁtd-&qﬁl ng device, which is
alternatively referred to as mask or a reticle, may
1 Fbﬁl used to generate a circuit pattern to be forned on.
i ndi vi dual |ayer of the IC. This pattern can be

r nsferred onto a, tar ortion clu g part
W“"ﬁf S QRO el a %f@!i’b%%ﬂgafagu%aélg etg i1 con
wafer). Transfer of the pattern is typically via
i magi ng onto a |layer of radiation-sensitive materi al
(resi st}gﬁgr ovi ded on the substrate. In general, a
2. Degcrigtien efihs Related Mt | contain a network of adjacent
target portions that are successively patterned. Known
[0002]i A ﬂi‘olgrguql,ﬁhi@ ampw:usatsws miaclohel theit sppitqs ar desirgdh pattere lon@ax bubstrate,
arget portion i rradi at ed posi an e
usuall 30 B s Rt g Rt 1 BPRE AP R S AL for cxample,
in theS ﬁ@ﬁ{ﬂﬁ&t&re OMinMatAE SaGHks (A9 tRarihitditel § phiidrARzale®Re, which is
scanni ng the pattern through a radiati on beamin a
altengzitwelm r@lterre 9 aha (naple or 8 ecliche, ity bgi ysed £ enerajh p icicuit pattern to be
chro t
form I 2 glr i) ut ue?i lgﬁ??ﬁltﬂscglg P@g? Egt?erﬁ ?%n bS éx?gsf%r%go%rgto 61|target portion

(e.g. Ir@lddi@‘iﬁeﬁ’eéf driteor Reddralrdies) bamsubarapale £ anilivgn d@.\fdtﬂ} €lrhmsfer of the
the substrate by inprinting.the pattern onto

pattem jg gfpfl%l]é( via [eRENE PHe e daver Hg@flgaﬁvsplgsltwedg@t?mal (remst) prov1ded on
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that gpe eseedsivehopatetednKnowe littegmaphicappastsisclnde geppersién which each
t he .desi.re tern architecture with siml . .
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scanfess, i hHh RO ta?ﬁ g@ﬁloﬁl‘3§1rwd?a$ed1&d§:aﬁﬁlhg he pattern through a radiation
phot ol 1 t hogr aphy become sl phot ol'i tho

beamrb &t @ngivgn cheectidn (the fregnning’y dmﬁtwm}h evhitgs gync npuﬁﬁl scanmng the

substgag P%rgléef:lg)% tallcx)trb I%a]%ﬁFlut&?@F glr&glon @ i nagéjor u?e gbe?tre éﬁ%ﬁg{ the pattern from
the p&ﬁdthl‘x‘l B Gise YEths Gabstrated K0@Hrinfing iteqsattinc@to €itsub@tage. Of
t ellmts of pattern printing can_be given

[00033Rhaselhographyds Madely cogrises astome AT Big kepgigps mﬁgf‘e‘a@@%fﬁ%ﬂfe of ICs
and oglt%. e§<and7or gtr&m . &"xt n(J a?tehﬂ‘ﬁv%‘éﬁﬁcﬁ@ ?fs t% Ex%wde the
radi S1s

& on Use , nuner’ cal apertu
desired pattern architecture with similar accuracy, speed, and economic productivity. However,

as the dimensions of features made using photolithography become smaller, photolithography
is becoming one of the most, if not the most, critical gating factors for enabling miniature IC or
other devices and/or structures to be manufactured on a truly massive scale.

[0004] A theoretical estimate of the limits of pattern printing can be given by the Rayleigh
criterion for resolution as shown in equation (1):
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projection systemused to print the pattern, Icl is a

process dependent adjustnent factor, also called the
wdR2oobe2gho const ant, and CD is the feature sizePCDNL2008/050536

critical dinmension) of the printed feature. [0005] It

fol.l ows fraom eguation (.1). that,reductign of th
where, it st A & 6 Jatition AR, SARC kB8 Mmirt apertue of the
projectibh 8fst¥@YSed ﬂ)ylt)r%{’[(thé pavtarg, |16 agrpRss d€penastt ladfiginient factor, also

by increasing the nunerical aperture NAps or by .
calleddg@ Rexlsighgonsianty and,€Dois thy feapugpsieg (qrierigcaledimension) of the printed
featursi gnificantly shorten the exposure wavel ength and,

¥hus, reduce the nininum printable pitch, it has been.
[0005PItdBN6RS fiom efation (Bxthaterdudtionrof\the tréhinuit p)intablei sivei aifeatures

source. In contrast to conver})tei onal ul travi oh t . ine th
can bg gbipine i thyee vess, biushetenipethe SEPPJYT 8@ Ve e SpBY lgcreasing the

-adiat v about 193nm EUV
nume{l%g%%@%N\g%ﬁ?%:gggéér?%aggn%ﬁ??gﬂpggﬂtqd out put a radiation

[0006)'BY kR HohsighifRRAY! sAeHeR thEhegpostldVwaelemith Gmds ahuisg @sduce the
~_may constitute a significant step toward achi_evia’_:g{J ..
minimgmaptintblgtpitchsit bas bronmiorased ke PERANANIEHS; WirgdelgpEUV) radiation

extrene ultrayi r 40 X- : sshahe,
sours€ 1 &B8irip B P bp bt i lior Ritafie SR Pare configured to
outpuStatiEsn wavelehth gecapr dsnabswtldem, EDV myiation sturass are configured
o o e B B DS S e EORE b Bponsivtc
signiﬂcgﬁ‘t s?%ﬁ{o%rc? Béﬁe\g% Q&gﬂ‘lféa)(ure& brihnd e FucRRARatidh & AbR@textreme
as mu power radiated by the source as possible
ultravivéetantse fiaxtray, gpod qoissiblet sovrees fiidlades ety exsimple dasegdredused plasma

ower. neans that the power provigded to t u
sourcoBaRE A CSh P1 S He B ERE A iitp gt et el Bles.
[00072ffh5 REweriabfmEed bk BOVIredafdiZ®uiaRpaRls otithdisdue size. Generally,

ollection anglé formthe etendue of the source.
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it is desigdtde toaoléast Bs arhoh Roen redigted thyrihie SOWLe Bh POSURIF hEcas @ large

e taken in ace. d ' ' - hbe b
coeii By D50 60 Lg AR T LB i con
reduckd IR Qill bé bedficia totheifeiide af thetsootef dihe gewree aize hegether with

radi ation for use in a _lithographic arat us, . the.
the coMgetirtangticiogathgyetengisiof itthSOélg% Z?HW E?%%R’&P%H%"g@ﬂg‘ﬂi‘éﬁ%mnd“

l ! AR BPiIRAAAR/IngGHE PhtteBing device.
Ofthedﬁgglg%gxrgaag%bte (%;igﬁ) %‘cﬁéﬁggtﬁ%ode anh t he glr%gdeﬁi n thg

fuel to forma plasma; and adjusting a vol une defined

by the plasma by controlling radiation em ssion by the

pl asma, the adjusting i rsiJMMARYsuppl ying a substance

to the plasma to control the radiation em ssion.

[ 0009] For exanple, according to an enbodinment, the .. . f
(00083 Unsn amrest efthe inventiers thire iepievideha nthesyfor gRperging gpdiation for
use ir? é éﬁxocggﬁo%ﬁé; é?%%%u%ﬁh?@lg?@%ﬁgﬁggg’ suf)ﬁlryir@(@mgl %o atcﬁﬁharge space
located between a cathode and an anode; creating a discharge between the cathode and the

anode in the fuel to form a plasma; and adjusting a volume defined by the plasma by
controlling radiation emission by the plasma, the adjusting including supplying a substance to
the plasma to control the radiation emission.

[0009] For example, according to an embodiment, the substance can include at least one of Ga,
In, Bi, Pb or Al. According to an embodiment, for example, the fuel can include at least one of

Sn, Xe or Li.



Sn, Xe or Li.[0010] According to an enbodi nent, the
substance and the fuel can be separately supplied to

wo b@ogemsehar ge space. [0011] According to an PCT/NL2008/050536
enbodi ment, the substance can be part of a mxture

| ncludin t he fuel . For exanple cording.to a .
10010}, Acos e g cersgRsRiPe SRR gae P T 58 b° Sefrately supplied to
the dl;l:c'h kdpachl so, for exanple, the method can further

rlse supplying the m xture to the cathode before
[00111; Aeamimg to e eaibedinzent¢he s[tmsmc}e cap be part a§ 2 xtare including the fuel.

For e@g@?caPchﬁélg%&%%p%rhu B{Sr%t%%ceg?bo%n rg,r t%g rr%qg)gtwm%aél%g S %Sﬂf’q%ld Also,
for exaRpBe thd AR AacRftEéNEitisasupplyig te mhixtuaeljto stta cuthale before

vol une defi ned by the plasma can include reducing a
creatingathiealischarge. of the plasma. [0014] According to an

[00125 x%ggljd | an %ﬁbb%q fcqutt, %Qtah&ﬁ l:éiﬂ Be GRIRERA! b 1B9re§§éeradlat10n

asma suc at an etendue of a
ennwkmdhaqm@daﬁnmmatwamﬂ&mghnm@eio generate the plasmm
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m of radiation, the generating
[0014] Mbumilmg}oauwmbpdn@w& thmdjustmga:anl insdurigrcgatrelbiag ghe volume defined
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substatdﬁ%h htdhes B BteRthdssTRhe BM@gaphiesbpatgtus. Vol urre def i ned
by the plasma by controlling radiation em Ssi on t he
lﬂﬂlﬁllamasppﬁeoﬁd@mmen@om riéergdisngro¥idsp| 3/ idryica @%@%%‘H&% method
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orma patterned
disch&?é Rp&Je 1bedledbetovren andthodejaad tanruyodd:ls:rgmm’ge?( diechapgeabgtween the

N T T T ST R
plasrr{aﬁbégg&%roﬂi ﬁd{aﬁgh il B thR Plasnh %@&tjhﬁm@ﬂﬁ@lﬁ@hg Supplying a

source ncludi ng a cat’hode and an anode,
substeeho de lﬂmsinat tmecomnoﬂﬁlecr@chauugwrwsmo, patieHRS ﬁledqeﬁ@r%frf@@aﬂon to

in a fu Ioc in a schar.
form é\éﬁéﬁf:g%e am gé‘:?glatlpﬁe B{:ol;]eézltlgg tﬁ@ %tgeriﬁér)]dc ?%aéllﬁ g)g ’raclhartltlon onto a
substHRE: @ subst ance configured to adJ ust radi ati on

em ssion by the plasma so as to control a vol

[0016] dhi aneabpbgt @ﬁ@epmagﬁ@n Ek@@q-yq proyidsd HEPEES cgmu igyted to generate a
radla‘fl%ﬁ)aalhﬂa)ggap?xgchaﬁ) LR oh&‘x 505 de clddﬁr%%gc; 2R Gnd ¥ b, the cathode

Igured ate a radiati on,
and thd'EnRRWoaAg&edTd tRhRG: disdhatdeide ﬁmblloaatedmoai dischdrge space so as to

cat hode and the anode conf dt
sencs b o e g i Bach 5B e LRRORRES, was

radiation emission by the plasma so as to control a volume defined by the plasma.

-~

[0017] In an aspect of the invention, there is provided a lithographic system including a source
configured to generate a radiation, the source comprising a cathode and an anode, the cathode
and the anode configured to create a discharge in a fuel located in a discharge space so as to
generate a plasma, the discharge space including, in use, a substance configured to adjust
radiation emission by the plasma so as to control a volume defined by the plasma; a pattern
support configured to hold a patterning device, the patterning device configured to pattern the

radiation to form a patterned beam of radiation; a substrate support configured to support a



generate a plasma, the discharge space including, in

use, a substance configured to adjust radiation
w@i0s®2mm by the plasma so as to control a vol POENL2008/050536

defined by the plasma; a pattern support configured to

hol d pat.t erni ng devi ce, the patternj ' .
s S BRI PR L bR ofrdinion ot
the sub&tdter ned beam of radiation; a substrate support

configured to support asubstrate; and a projection

system configured to project the patterned beam of

radi ati on onto the substrate. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0018] Enbodi nents of the present invention .

will now be described, by way of exanple only, with

reference t oBRIEF HESURIRMONOBETHEMRAVINGSV ngs in
whi ch correspondi ng reference synbols indicate

corresponding parts, and in which: [0019] Figure 1
[0018] Eiebaatiments b the@pésentsinvention val mapthedesghed diiway of example only,

.. according.to an enbhodi nent [ e ok

with {SO30° & 55 EeomSENATbredry SrGnEt B Fct BHApoRme reference
symbB ifdiVatk bbie8pbading Party shém whidhpr oj ection optics of a

I t hographi c projection_apparatus accordlng.to Flgu%e. t of
[0019]:Figwo 1 sphernajicelly demipis adithoesahisanraratlysasruling g ap S bggimen
h anvguv Sﬁurg_ce i n accordance with an enbodi nent of the
the PIERRPE ARYCBHY™[ 0022] Figure 4 shows a schematic
[0020]eRE@%eDtsehératicafly afepiitdy aside oiew rof aarc Bl rilemigiatipn gpistem and

enbodi ment. of the invention; and [0023] Fi gur . shows
projcaton RTaCE & HRSRRPLEAF T BTy B e
G ] b4ERoR fof hA BT V\setitck A accordance with an
WOZ@Eﬁg@%E%g%ﬁ%%%ﬁ%%?%ﬁgFggz4] Efgé}e 1 schematically
embaibpentof tize invédimgr aphi ¢ apparatus 1 according to an
enmpodi t of the present | t i-Qn. th
N L

enm&wh%ﬁﬁﬁqﬁgﬁ&&gnn§gﬁden1(iIIuninator) IL configured to
condition a radiation beamB (e.q. radi ation) from .. ..
(0028 hEBignreds ahovsna sehemajisgepresmiaion et andel) Voure i Aceordgice
be ovided as a separate unit. A support or
anhgﬁ%?@?ﬂﬁéﬁﬁﬁﬁ??m%e.g. a mask table) M is configured
to support a patterning device (e.g. a mask) MA and is

connected to a first positioning device PM configured
to accurately position the patterning device MA in

accordance with cerpga ARy HFRCRIPTIGNSUbst rate table
or substrate support (e.g. a wafer table) W is

configured to hold a substrate (e.g. a resist-coated

[0024f Fafute Vibéitthatisallodupbes e tithographweappactysdsiacpisiifighg an embodiment
of th(g %\r/ésgr?t irli)\\flc\elntion. The apparatus 1 includes a source SO configured to generate radiation,

an illumination system (illuminator) IL configured to condition a radiation beam B (e.g. EUV
radiation) from the radiation received from source SO. The source SO may be provided as a
separate unit. A support or pattern support (e.g. a mask table) MT is configured to support a
patterning device (e.g. a mask) MA and is connected to a first positioning device PM
configured to accurately position the patterning device MA in accordance with certain
paraﬁleters. A substrate table or substrate support (e.g. a wafer table) WT is configured to hold
a substrate (e.g. a resist-coated wafer) W and is connected to a second positioning device PW

configured to accurately position the substrate W in accordance with certain parameters. A



configured to accurately position the substrate Win

accordance with certain paraneters. Aprojection system
W@ 2009/02890 ef racti ve projection | ens system PSPCBNL2008/050536

configured to project a pattern inparted to the

AL ORGSR DERE -
imparf%Hbt?t ﬂg@tr@di\éﬁoﬂ BOARIB Byepdifetding BYicOMAYSItEM tHB¥et portion C (e.g.

I'nclude various types of optical conponents, such as
includiregf orsectrimyare dies) pEibe isvlesirateeynet i ¢, el ect romagneti c,

ctrostatic or other.types of optical o] t r
jo0as FE AR offeR Bl HHRE AP pu R A O R Ben ! su o
refractidéli Afflebtive, [ ARZf)ic TR caURRGdich @lddgoithic Rt dBenitngs of optical

device in a manner that depends on the orientation of
comperneatspar anyrgenthinationthareof; H’éﬁﬂ-‘é%,isb?peoﬁr ¢oméro] radkgigRaphi c
r , 4 .
0026 BE 45 Ao PR bl A oS oS B8P i o
the pattemingdesive] the desigi of thé Ethegmphictapparatussaad meheh amndigdns, such as for

vacuum el ect tati th [ [ t echni
e S o b Rl O S AR SSTOLSUES, 16
can us¥méhbARhIS a/acfu‘afhn, et ific WY c%&’piﬁ’%te%hfﬁaﬁ%sﬁb hORMAB b&tterning

as required. The support may ensure that t
devicpafhessuppony mag b edrame arta tablelder ¢xathpit svhi¢homay bofixed or movable as

o TR i S5CEF G g 0y At e,
examPle WitHA8ERE: BXROPRIERUEN Wstdin. LAY wRIog tigaaeistireticlOr “mask” herein

‘patterning device." [0027] The term "patterning |
may hgepngidered surbniimons withitrimgrepzensrab teamy ‘Priteraing dsyvice. "as

i b . i t .
o0 S BR 5 A 50 PRt

any d&WEd thascah Ge O5&IAb émparpatddéationibeam withrayettepointits orospfedtior such as
substrate. It should. be noted.that

h
bl o b be pOte e B EEE o e e
impalgég:t?ﬁﬁ@&ﬁfati{oﬁ g%é}gl 5Adt @adPB dofeSpdnt b B dedfré®hattern in the target

on o bstrate, for exanple if the pattern
portionnuflthelebsipdtesor etaniflé ifghd pateor wsludes plinseahiftng fgarestor so called

. features. Cenerall the pattern, i rted to tk
e B RS BB T AR e comnd 1
partich 4R GlrcADRdI 14yRY B a H&Vice BESYE E:atb iMGhe GArBéipttian) sidheas an integrated

~ target portion, such as an integrated circuit. [0028]
circuiThe patterni ng device may be transm ssive or

| ectjve, I f .pnat i.n I.G i :
oS ity TR B8, 2 BT SARAGES LOBAAREst v
devick{Rchide ehfks, Yrodramarablemirrorkimays and progrimgrablenlyCDaradels. Masks
i ncl ude mask types such as binary, alter.nati . .
are welh kBewa i kthogrghby, #pd &l eraas&;ﬁ&g%_s %} 35 dinapy, glrpating phase-shift,
and YRNLAYE L SEATBRK Wl PES -vafl\ﬂl]lse)ﬁzﬁ% em®k @ypes. An example of a
progra e mfror array enploys a matrix arrangenent
programn@bil thirror array smpkeas h netrixviraigenant dfenialdniviogy gghyof which can

tilted s s to reflect .an i.ncom. r.adi at i beam |
be indjrdugs ifediie Bt GRS SHBRETIE SR e iy e Gureetons. The
tilted DA ifhﬂa{i afpakBd iatal rAliah@PBR VTR hiiSrefeee 6y @kt MBitrdrfatrix.
mrror nmatrix.
[0029] The term “projection system” used herein should be broadly interpmted as

encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as

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



[0029] The term "projection systentf used herein should

be broadly interpreted as enconpassi ng any type of
w@empezd®dn system including refractive, reflBC/NLBW0S/050536

cat adi optric, nagnetic, eI ectromagneti c and

e RhETEP A0t ST R R e Bt BRI e may e
conside&éd g YBEQHmASs Wik thenitee gér&@il%rﬁl SHt6fdcisn Renirse of
animersion liquid or the use of a vacuum Any use_of

[0030] Ae hersrdepictadothe@pparatus isef'a refigcsive tipa e Becmadpging a reflpctive mask).
n . e
Ater YRR Sl 7 R BEREE B G SRR gpamisive

mask)a refl ective type (e.g. enploying a refl ective mask)
ternatively, the apparatus ma ansm ssi ve

00311 ybe lithoggaphisanpaiptusgnay be effshipe ﬁwgg A %ua 8gP) P mpgsubstrate
tables %B&\/?gl’hg@l& AR RALR L HEIeSBYn B& ¥ mflti %D%a%gvlhﬁlguﬂééghe additional

stage) or nore substrate ta /or two or
tablesrmmebermsld ih phiadisl, or prepstatiry ‘stepé triaylbe catripgesut wnohe we sore tables

the additiopnal, tab used in parallel, or
Whlleﬁf’%ﬁ‘é‘rnﬁfeo?tger bisga ﬁ?&?"@é—%&‘gf‘}r.eéﬁo%‘ﬁﬁ on one or nore :
[0032? ghk Q3hd¥rhpHee QF}S@J&ES R4yEalSS BETof e SwiRkdin ket bgRetion of the
or exposure. The |ithographi c apparatus nmay

substtategna}blee @q‘vea:dﬂyrﬁehmh@{mg arelatpmlt high mffa[cpm]mépx tcHR water, so as

to fill 3 Iaeﬁpg?ei %iygenqﬁt%a Rr(p% 1\{)§(r:s gexglyalnﬁ éllxé ﬂl%lst?atg aXlll !l-gm@rsmn hcguu} may also

be appliddlto athePafeedia tiveitRodraphip beyaestts, dor mpmmem the mask and the
substrate. An imrersion liquid nmay . also be appli.ed_t

proj e@pnéystgrpalé@gerswntt‘pf@n}qupﬁgg meHrknewa i e grtfer inprspsing the ‘Tumerical
t t « »

oA s RARER . 5<TORK O B RGE RO, gt s

structtur&c sueh i agubstete) nmst beabnepgedtin liquidf bigrathecerilp means that liquid is

tens. The ter I myer si on i n._does not
locatcgulis cRRBPIC bR P B Sy e g Soparde I Sipeire.
[0033} Lﬂ%ﬁ*@hﬁ ¢ F@ufe' 19 el luRiMatd It 8¢ei @R rydifRsH Borh RahdibtisHidodiree SO.
for exanple, between the projection system
The sanctetdnd tiacl @gmm@m appan@u%m@shﬂ wpafapes]tieRefos rexpmgle; when the

sourcg a\% I"‘%tef(%‘ﬁleg Z'i‘ﬁe{‘: elkégc R Soers e SO cglnlgtjl %ﬁh 8%@%ogr aﬁo{g&nbﬁt of the

lithog2dihad ApHfatisaind bige ﬁ&ﬁﬁb@ts@agd&ti Iﬁfolneﬁle sbate S@aﬂﬂieellwﬁmator IL with
the source is an exciner |laser. In such

the ald(ﬂf rcsamsdeliyerycysmy@ebdingy fqrc%ﬁmﬁkp puigb fqa%éectlng mirrors and/or a
lith hj
o 10013y BRRCARS O, MO AT oo s
for ex@fnp&e \glbﬁﬁgél erbliweﬂlsyi n&ieysdrg banhm dlhe dourge; SOend ¢hedttpingator IL, together
swta |rect| d/ ol
mdeliten; ety (1ot Shevey i EIeafF A RifaBRATed By Gt Tefgrpd to as a

rad1aﬁdﬁr§@&ﬁfiph' c apparatus, for exanple when the source IS
rcury |lanmp. The source SO and the illum nator

I L
[0034] agetlﬂemmtctrﬂu ey redudechel adjwmgsipgtce wp(lﬁgnre% kroeiusirhe angular
1nten§1tafo¢l15t{ﬁb3eﬂo%§)g Sﬁadl 801’1 beah. G&ndr§ Ey, aﬁ" tt fieButd and/or inner radial

extent (commonly referred to as c-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 include
various other components, such as an integrator and a condenser (not shown in Figure 1). The
illuminator may be used to condition the radiation beam, to have a desired uniformity and

intensity distribution in its cross-section.



[0034] The illumnator IL may include an adjusting

devi ce configured to adjust the angular intensity
wale@vnedsnd i on of the radiati on beam General | yPCENL2008/050536

| east the outer and/or inner radial extent (connDnIy

o03s] TS AT oG B iR 5 DA FETRERLL LR, whi

held drl thU upire (e. § fhaL‘l@ tan’d) WITEshd Isipadtelhiell ib§the pherning device. After
| um nat or i n¢l ude various othér conponen

bemgsugﬂhcta@ banthenpetgnanga rdexicd M Ag Jhelaadiation rbé@mngomsqsmhmugh the

o S, TRRBLHECH U R0 T BB RO RR O g . v
the aill B eSiccyndipsditioning devics AW &gl positisr sasdri 162.(6. @Oﬁﬁ]ntélfﬁafometnc
radi ati on beam B i s inci dent on t he ? devi
dequ émgar engads)or Wﬂpa%weoﬁ%nt% e s D %ﬁ@é e(Ié‘O‘QEdC acc“fately’
)
ce B ARRlMERCI AR SRR Bl SNE, RtAPRNRA R Simiar,
the ﬁﬂwpostthmrrmaielm abéamt&rgms@es serispolfdHeghan intesfesemetoig device,

e A B 5L LU B L i o
MA v?i?l? ARAeRQS ikd Path Y tteMdBRioR\Beam B ROg. dfice ncehmacd] rétidval from a

an interferonetric device, |inear encoder or
mask dlbpmz,l ariduing esea )In geneak moyemgetofthaywpost ME map be realized with

e XS TR Mo oSSRt AR MR, LB g (e

positiShik}, aFHidh frepdr <5iSthe Bt ipobitiohing daeice P/ FEMmltady,anotehmnt of the
position sensor IFl (e.g. an |nte[5fero tric device

substrainishle Wiicowbegealized Hsing & longaols madyle #u ¢ shgyt-pgoke module,
agcur at.e n
whicl} féf)gﬁjl 3 c{the?%%bﬁ ?ﬁlﬁc?ffn%e r ac}f\g Fhotﬁ@géésg%f %e‘bb&ﬂ"'as opposed to a
scanngf ,ttlee magkctableME Imayelierdoemrltedfto @rshartistigke ttqtlmtetrqnly,@rr may be fixed.
uring.a scan.

paei 0938, $ g BoRS0E E RSB R PR e

mark$ kA2 Wam%bgﬁé?@h .ﬂ% R thatksTNOPD - &1tk thslibkigaté biigrenent marks
posi’tioni ng) formpart of the first positi

n
as illukgnatecleocPivpy @tdwdtedr layget poxpeneiheomay fhe %‘E%eéjt mgpaces isms,een target

be realized
pOm%‘ﬁc@%g% PRI WL LI CE! é%S' caffitl gP&r%m parktgﬁ( %fl mﬁgil g relgg gadtﬁms in which
moreF%Haﬁi ddeWié RPréaYET e ﬁi%a’dtémin@elecﬁs d1Afthanssle pligmens sarks may be

opposed to a scanner, the mask table MI nay be
locatesbbriweerediedéesa short - stroke actuator only, or may be

[003%] ’rkbe eg? eécf %}ré)gf e &eusg/é\lr?&qea%t‘gﬁé 58he folYoRag Hl%desMZ

atterni I Ng vi ce al |gnment mar ks ,
[0037e stephinddeathe sappogriviiund itheer substRits tabR. WAl ardleany hsspmally stationary,

b BTERhy R B 5B 8 B e orion Cton

time 1pea%es§n$§tstﬁﬁ@ RxHAUES! TIROSIS@4E t4H1E SBE isihen Khided idshe X and/or Y
ane alignment marks). Simlarly, in situations

direction vdihata dificeent tasget portion |Cecangbe sKkpRsedda si6h mqsle, the maximum size of

e oRE ST 8r5 4 D5l AR TR A B

[0039]%’@&% Hivde Ot‘gtle duirUsHECaridthakubseatttalble 6V Ofar¢ branned synchronously
| om ng nobdes:
whtle a pattern 1rgparted to the radiation beam is projected onto a target portion C (i.e. a single

dynamic exposure). The velocity and direction of the substrate table WT relative to the support
MT may be determined by the (de-)magnification and image reversal characteristics of the

projection system PS. In scan mode, the maximum size of the exposure field limits the width



[0037] In step node, the support MI and the substrate

table WI' are kept essentially stationary, while an
we@aiovnz3patt ern i nparted to the radi ati on beanP@BNL2008/050536

projected onto a target portion C at one tine (i. . a

single static ex The .substrate .t abl.e

(n thE R SGHRFE PP AL RGBT B 1 SR F G D oL, whereas the

lengt}fjbﬂE tfh€ rs8Hnid Amd8bn BelekhBs f-ﬁe%’ﬂgﬂ@ Eineho 862 Mingl dirctieR) of the target
the maxi mum size of the exposure field limts

portmtnhe size of the target portion Cinmaged in a single

o0 RS bR BRSOl S RAIERG

patterhiigl Rvide RaiditRE Substiae l’tdlﬂ@ WDistrhévedad Isaetrmedll wlhﬁa mpaﬁern imparted to
proj ect ed ontoata gr)rtlonC

the ragjatiom keask oBrgiesied %?éunoyﬂoahé 0 iz @Fn?fh‘é‘/ a pulsed
radiath %[b St alis fn%my%ﬁ %c(l gﬁé ?I%n»gl\é%fr#l&lé &téﬁmg g%blcé/lfs T4tdASs required

ern ne i cation and Inage

after esvhemsadmeh arfahe anbsitate sabixf WT1 er pm ¢>jebmeh csruccsa;sve made@ion pulses
I n scan_node, e nax) me Ze 0. Xposu

during jarscaR. TiHg mipdst %(?R?r%twa HBrPetea lffe’ D 3%5 s yficegaphy that

{0hBB anRItId PRYtdrRing dRV1eE) SicHYe a6 ﬁi&ﬁ@ﬁdl'éﬁm V& BASS a t
utlhztsﬁlgggength o? thengcannl ngcrmtl (r;)‘ilr)‘l %eterm nesl,rrt he FFI0r @ type &

referrthéiagdttovéi n t he scannl ng direction) of the target

[004(ﬁ g&:ﬁlﬁg%tghg O@%%% \éa[rlg Ot her )}Ho%ﬁg}len g&g’%% %%dew%* Use or entirely

differBAth6dd3iofdsipy f(aso b@@ﬂlpld}@dSUbStrate table Wl is rmved
or scanned whi attern |rrEarted to the radi ati
[0041) Shgnre & showp dherpraiesfiebanparaipybin PereesHl clyding lation system

42, a ﬁgurp A0 o g bty ur‘rﬁ By %&F a;grbﬁ;‘éﬁ Uh 9% iThe GBI AYE dystem 42

he pr ogr anma Ie ce IS updated as
include3qhié fadthtioh tseurce 8Ohwhiok eragrite fofmd:dﬁbzy & dissharg plasmdp| B Wradiation

bet
may 6 prauoRALS AH8EY SRPBpLY SHITGH SarE A NaR a1y ToABFT Bigh a very
hot plHERY i€GSatkd g)gl%% %WlohhﬁtheLEUV'rér%% o 1R8] eddgBetic spectrum. The

patterning such as a progranmmable mirror array
very hét pashyepis ca&aterddfyec'auemgtan a sastepartidtydonizesh plgpma by ofes example, an

e AR P B B! D RO P TS P Sy e
sultalﬂg'%hé)&edapo[r 94 e ﬁh@l%defoa eSiaNs g%hﬁa@éropiémblra)dlatlon The radiation
aratus 1 in nore detai a radiati

, | udi
emmgoy Ciakon Sewcr BORpAE] A aONTES Checr 49 I o for chamber 48
projection
BB S LT T PR T
chamBesshamgeoplaasmmt trepd9 negiiatlidna nlmnnblesttpuctmm ({hmlta@yxna;lon trap 49

s 8 b e s SHTELE . G5 L KR B0 20 BB 11
emedﬂ%t?t ésoJideEsetdrlﬁ FigdYe '3 ae[@@s&frcé i %pﬁﬁé?lcds ANFOV §biree.

fum e ver ot plasnma Is created by causing
(00424t Tﬁeeagnecqoacmwdr W8iintlides g rpdra@waccﬂ;ﬁctor &P véhielnpag be éwmed by a

grang!g( Sel e:ggea (lrﬂil%l oF g?ad 1on caﬁécg?rl 5 g?ﬁ’ gés%f;éﬁlgl r%cih%%?n collector side 50a
and a downstream radiation collector side 50b. Radiation collector 50 includes various
reflectors, e.g. reflectors 142, 143 and outer reflector 146, as shown in Figure 2. Radiation
passed by collector 50 can be reflected off a grating spectral filter 51 to be focused in a virtual
source point 52 at an aperture in the collector chamber 48. From collector chamber 48, a beam

of radiation 56 is reflected in illumination optics unit 44 via normal incidence reflectors 53, 54



suitabl e gas or vapor may be required for efficient
generation of the radiation. The radiation emtted by

WO 2@p@ari3en source SO is passed froma source cPerNe2004d50536
into a collector chanber 48 via a gas barrier or

ontam nant Ir 49 which is positj I n. or .hehi .
onto (8 PP aG v S poeEnal b e d9bror BE0 baliePled by s ormed
whict2 iffYed REProfiR BN GHAGNES SlarrbBédtive cldathtAHs, 53t 6100 Waféistage or
49 may al so include a gas barrier or_a conbi nation, of, )
substratecfalle BV rViere elgrenis tiah Aayn Bey genasaly, b presgpt in illumination optics

. odi nent.. a ' J ' S :
it SERF koSl 945 5D BN e ) P GHIERLL B prosns
deperfﬁﬁagi L[pg)hgh’@@pa of kb gitapbio agpdrhtﬁ&tRmThBﬂ tiwiné miay e yndpemirrors present

or ne / a_grazing incidence collector. i atiqn
than oy SBeVEn 6513 R cHRPSPle dORS Pl bac b e FILECIS Clgmgs present
than %ggg'anq a downstreamradi ati on coll ector side 50b.
iation collector 50 includes various reflectors,
[00433 Igshoubf beapresiated 2hat rddiatord calectr S0ahhe by further feghires on the

sho in Fiqure 2. Radjatian pa d by collector 50
exteriel o of PHET SEHGr LA PhEIE: SRBUES ArORIa PRF BetSlog 146, for
examPﬁ 4 ﬁx‘b%é%ﬁge hblder, i Helaté! et& REERNEOMIhb& 2l 8t indidatay @ shalieebetween

n the collector chanber 48. From col | ector chanber
two refctaas, loea hetwieen edleatorsokt256d 143 Rach eaflestor il 2, 143, 146 may include at

i1 lumnatiagn optic nj, t A hici :
st bt HEL B SRBPRL R H 8 P R HORRE soure 0 e
place@ @8 kihhiaMgRS té e cptipbais MTthar tipadeflectirgosubfaaentsy is doser to the
formed which is imaged in projection systemPS via
source $0. do thig avag) & GEAHNE Beidems Colledionad i CRighEed §p genciate a beam of
el ement s than shown nay
EUVE%@%?%%@%%%?gl;égﬁttﬁ\éljéﬁllcﬁ %ﬁéti on-optics unit 44
[0044] TelstpadodRsirigom gmyBiganciBSice Griaor agcajpetor nzifrof H0,tagpormal incidence

collfipt b5 ARk SR AP R 30k Aescta) BT A PGt in more

details deSfed BIESGWith BecioRO$42, 989Vhd 6l blliaeschembtidally depicted in,
exanple there may be 1-4 nore reflective el enent

s .
amongsieghers, Kipam 258 heson fjrdon sied as exppplef Bsolgmiorder eqllsgtor mirror).

that radiati,gn cqll ector
e o i, S TR, BIAIS, hiosy ato v
interfirefell R coliB@bH e S luatd DU4 8pecifid bmbbddimehd Glsofasrnormal incidence

exanple a protective holder, a heater, etc. Reference
collegtanber 180 i ndi cates a space between two reflectors,

ol t, o . _ . .
o0 o BE IS S LTSS A CpaRALAED e Fel et et amsmisiv
optic?mlltee@%aiyrtg: applitd@stical fikers bhauisiingfos G erd lesyiransmissive for or

romthe source bei n | gced at .snul ler I .
even eI APSORRRG ) PHLHOR HEE SR PRI R LaPoac B pteial purit
ﬁlteriG lnigisl%'i'eiﬁ OrtlEr SREEAR 2O“shdtraNipBrivaYilted” Gitaeh Hfcludes gratings or

ence collector 50 is configured to generate a
transhessinedilteEUMot detiicted brFipwispabuitalsegnel pdaspsoptons ppigal clement may
is O .[0044]. I ead. of usin ' i nCj .
be Eﬂ]{(llrtquﬂsmé Ve 18%]{1%[%& q”Pti, 161Ftagﬁz gga%ﬁg(? %é%t&lgrﬁlm gﬂ%&e{&emlrror 50, or
opticEPEUGC RkmiiRe FRtetNiRlill @inafion lugic to andYor projectiéh syssem PS.
descri bed herein in an enbodi nent jn nore .
[0046] In the embodiment of the Figures 1 and 2, the lithographic apparatus 1 is a maskless

lithographic apparatus in which the patterning device MA is a programmable mirror array.
One example of such an array is a matrix-addressable surface having a viscoelastic control

layer and a reflective surface. The basic principle behind such an apparatus is that, for



detail as nested collector with reflectors 142, 143,
and 146, and as schematically depicted in, anongst
wo@edwens39d-i gure 2, is herein further used as erREINLB0O8DS0536
a coIIector (or collector mirror). Hence, where
examalg g abI C%|a<|Pf§ tegrrgﬂieﬁzﬁvrgfép 083%% rt?}éélagrglt rglﬁfa? ﬁrrll %S diffracted
radiat8sH) %@Jeaﬁﬁ%ufbs@dw irdflcet RoTIeAl rﬁﬁaﬁorﬁésﬁ,&dﬁ&aé’t@d faahanon Using
i nci dence collector. [0045] Further, instead
an appyopiata §ltsn themdiffneted radistiongar bpfikiered ontpl megraﬂécﬂzd begm, lea‘/lng

oty EANEPEF A RSLFR: P B BB S AL s

the a@ireSRNpALBS LA ﬂia’crix adizesshblaguiihcel adnadlicamtiae tenibndmiem of a
in the art. Hence, "grating spectral Prlt filte sh
progrivemable mifor |9ERY PREIYAPRAEE anapgsmRens o By P%VO‘F"' ?etcérofw ich can
d r.at r
be inffidillpl, e ftbublo' 40y oph AN A SuREblKGocliabE dfoctiPlield, or by
empl@pﬁg pekocd¢atrie ad:tuattal;s endeldgain; thesmnirsss o m@tnlx@dtiressable such that

filters, for tance.arr an upstr,eam of
s, S SO RO i Rg PSSR B AR CBinetion 1o

unad({rl:és@@zﬁﬁ‘fo‘ré’n MNikis MhnaRd/RE ref QLRI héaN 1§)11)‘31 ttefiedccording to the
6] In the enbodi menf of the Figures and 2, the

addrebsing pafteam lof daeap@tawcsﬂdd@saabﬂesma’rmS g seuiired w@m&aﬁqlréssmg can be
‘a ratus i hch the nj d

perfoHB%g P%lmftgblﬁ.l ql?cérrong:ﬁ 213 ed)fne%g n%fﬁaﬁg SN&scﬁb@d hereabove, the

patterdidgdiévice can Ethprise-ond df @SEAIb Erafmidb&Ofirivavirags. More information on
vi scoel astic control |ayer and a reflective sui\F

mxnormam.h@regpfeﬁ@m eanghetseemd fansxpmals. Bppdy-at Patent §{296 891 and

Rfe @ efie u

> 523 f3l’ é@@r@i nC| @g‘{aﬁgﬁg% t ﬁ%g%aggigc?b?%rrlgct edglryggl@%(fl (Ii)r%%‘eecase of a

prog mﬁnﬁ[atb&smmohifegs ﬁfecbu@pm:strucaﬁﬂeenay beeimbedied radi Famonr table, for
as undlffractﬁ dFadla Usi.ng an appropriate

example, pbich Mebe iRk 4T me a}séﬁ‘i"é’i on can be filtered out

[004'ﬁf13{er§zegﬁfdf%é BSOS 3 pr6@MhAGbR¥ror Reraglid/de aeh@dlly larger than

behind. I'n this manner, the beam becones
the cyitédal dnnmmoamcfarpatmg p:rcﬁen‘m;‘t amveg@m@ (rpHeative 9t GANSNpsive) mask.

As Su§ ta;tlnx &ﬁ)ﬁ%&% %ﬁf’)g?&fg gFr}eg‘a Fré 1rég%tﬂr J%ctfdmgl% tHEtrHas ahigher

de-mﬁftfpﬁ@ﬁﬁﬂ%@topﬂuah itiHY ol hb@fn@skl%as?hthoérapllilb @bpa(raﬂus b&or example, the
individual ly tilted about an axis by apply

de- mgllnpllaiﬁwél fasterl pf adaskless tlithegraphit oappéliat%y ISeﬁg %yi% whereas the
de- mﬁgltpfl lgC 01‘801!0? of‘&fn‘[’-ﬁ{agﬂ%%s 1%118? g% arE § idTht RS ’ﬁ{e?efore for a

ressa suc mrrors wl

giver @ith€&dal aperiune ofriiegprojacticat systen ehﬂflpatwrlzeddlaﬂlfaeme heam collected by
direction to unaddresse rs. In this nner

the projeqtiontyE e %Hﬁélflﬁ HBREARES pops & g ller A that of a
htho@%@ﬁrgéggﬂgtu?%ﬁl aeodbe Jﬁ&fbﬁaﬂ@&ﬂécﬁi@@g (8RR @) thagkO ' Fhis, in turn,

red matrix addressing can be perfornmed using
limitsthietesdnidec ef meMash]e%hthbgramc Appdratihe situations

e bed _her eabov atternin ey .
o0sfSR P RS REESERR o, BEaPS P R By gyt g
dev1den£]ﬁihﬁr§ﬁdr@nm9ﬁ hAVé hOdoudder @ysduasthie isesigaiffieantBdldrgercan that of a

be 'seen, for ‘exanple, fromU S. Patent Nos. 5, 296, 891
maskdasd hthographlc apparatus. If the etendue of the source is larger than the etendue of the
lithographic apparatus, radiation may be lost. In order to compensate for the loss of radiation,
exposure time of the substrate may be increased. However, this may affect substrate

throughput.
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5,523,193, and PCT Publication Nos. WO 98/ 38597 and WO
98/ 33096. In the case of a programmable mrror array,

WO bmosepport structure may be enbodi ed as a frBOEND2008/050536
tabl e, for exanple, which nay be fixed or novabl e as

required. 471 ,The. si ze(,s) of the m.rrors i '
0045} T34, Qe il o S PGP Rpar B DLk ReByetls g al he
radiatidiR eddittéd BRkhcHaiRASh Qbured SO Haddirtiad B ahelithogihphic apparatus 1 to
conventi onal reflective or transm ssive) nmas

mask. . As
limit gadisttion dossabkorderso ensuio hebpivsentglalkthe sadé?émﬁ gijt{ed by the source

f equi r a_.proj j t ' . e .
B N e
desirdbilé Ragsiiap tecet@idna o thesoufeo S Cewithithae of tHedithographic apparatus 1. For

de-mul tiplication factor of skl ess |ithogr.aphic
examplsp & the s g of fes}}r%/ﬂ apd 2 ' b [xgnﬁ’g the ependue of the
Sourc[iﬁggrg@ g{!owrlhémluﬁﬁ.m Wihhgahahhi ¢ apparatus is about

ore, for a given nunerical aperture of the
[0054) rRigwre B3i shows pytiasma soece3A0tfer wedn thedlithogrephip epparatus of Figures 1

col l ected by, the praqjecti system [ .. maskl.e 1
and 2|1§.1 2966, ﬁ?]with ap 6‘5‘58?‘155511{ %ﬁﬂ% ention, ﬁ‘g? effﬁ%hve tr?](glfﬂ a?)l?/oa axial size
of thd ¢15, ARBhGs ARNASRIY Sf HiRisBErcs. Biodrdentol adRat (c.g. reduce) the etendue
(reflective or transm ssive) mask. This, in turn,
of th¢ plasms seuree 39 thirebyomatching the ricedus ofithesRjiresyWith the etendue of the
.., _apparat us. 8] | [ i St
o3 Gl Pk 90 A B Ao 00 s £ e
axial 3E |o!f$}j%tﬂl£§ﬁ‘|$a iﬁ.&idnti’tﬁled, ﬁg&@dﬁ@d, dhtrhigdhedisfl&lrgd. S

significantly larger than that of a maskles
[0051]; zgmigmolﬁi g papkena soyee pé IT@IL@ﬁaaéa‘g‘Pg“i {5 apapede 310 and a

ischiate t | rBRNathode and anode 305,
i A1 AR e LD Ao nd e 3
310 caoivhevsagaefaly cylindricabshapt theath substantialkyqgnistadeont 4 ¢aammpn z-axis.

the substrate n%;/r (ili)e inﬁrﬁa ed. However, this may
In Figyre de thegds SAEETERIBVHIAP O848 Due to the snal |
[005@t ﬁln(%ég?t% 3 HIES KdneRPatBRPAGHati®, pladma Salylter @dnerated by applying a

esirable that all the radiations emtted b

t he
dischargti inifiodd betowees theSathode 307 ansitheanasy 3l fe The ﬁ%b'@%ﬂo\*ﬁeé to generate
pparatus 1.to Limt radiat] . I
oo 38318 LA 4 T A4 . o
exanﬁﬂ% i &eﬁ%f%&nﬁ@gh%&@[@#ﬁ@3 ,ah¢ hiel pay censitiofa gg'n layer ¢fitin (Sn) 306
and are collecte the projection systemPS, it i
locatcbon fpirpet boriaE AR beRBAE) b PrREIHEL TPRIETEipt fre fuel may

incidl 3eal It % ih, di @K Sichial lithi

mCl"\dﬁ'él E8ND6 i%rg}t)eér?t SIH g&%ﬁ?ﬁfg@%ﬂgﬁg@’ ailftfé%'igg desir ablce at o1 1um'or
indidrh Fial belgeissneluratefialt Hgnisonofibe plasmadiseherge owebemeefarmed with
a lasga;]bsggyt:gg%ggfﬂs@ o‘gggpe %S%eﬁasn éTl{eog 1% i0 Fff)c%}r' r%@%‘ﬁ%&% b9 the laser source
325 ggg@gea Yo Phe E]:%;%Pﬁ&%ioﬁ 30N BeichthBeS T TIMPGEhWhd dpeding 335. Due to

I'ment of e invention. The effective radial .
the abBstption afihe lassi erergyf intthesthin layers3 06 B1 icqyeperatetl@nd pafily jenized

he, source. | n.order Lo adj
o053 eSS E PSR 18 ARt faf AR A o o
310 SbeSE Pah Ak fihdiEnySBE FiRe matdrfal idvahetleasio giehf exisiimg between the cathode

and the anode. Specifically, about 30-100 nanoseconds after laser ablation, the fuel vapor

g

expands and reaches the edge of the anode 310 forming a conducting path between the cathode
305 and the anode 310. Once the conducting path is formed, the discharge between the anode

11



l'i thographic apparatus 1, the source 300 is
constructed and arranged such that the radial and/or
waxioal2speze of the plasma is controlled, e.g. PeUNCEWS/050536
during the discharge. [0051] As shown in Figure 3,
sma. source 300 includes a cat hode .305, .an anode. 310, .

305 ol Grpde hiFis Bemsito e BB e Ff ARGk Wimin the
plasm@Bdot he cathode. The cathode and anode 305, 310 each

have a generally cylindrical shape that is
[00543 Wt aighition) yhe plasmacilhis susiaingdbyz Obiie hepiingjiigyywhich further

. . 3, the z-axis.is heferred.to | ar [

onicgg 3 5 Sy B A e e B A0RRAL by e curen

flowif BetwBerRY chBo@EI 05 At &k dpdapr). yitrgnagneiis fibldrcgesek a Larentz force
fuel between the cathode 305 and the anode 310, . The .

to acff Qrethe@@qm@esu abthet plasya a2 therehe crspiagaolisions and iqpizations of the

particﬁég.e "ldr{ess%éa(;fgt e ?pa@ﬁﬁ 835 baldfcddUt leqiR¥ribR Wod@pﬂoisﬁlé‘ kflces: the
of gaseous. For exanple, 1n the i enment ati on of

thermial gtoseurd withie thelplasmmyand dhe instgnetic pressvira attiyeon dlie plagma. The

Sn) 306 | t ed, th i .
IR T T N
currel;ltgg{l&ge%e?, tl%?lﬁagcdégli@ Pf‘b%sx%@ is ihéte¥RH r@lAdlelt6 khe thermal pressure. Indoing

_ enmentation, different materials such as lithium or )
so, thenphiessurarhglahes issdisruptedf ansl theeplasnisa B20 ftepdlsttp sompresspg the radial

ey T FRY S ST L Phfpl8asmaiemed oo
the piatlh Bt&d: 8ohibl 1chBetoltRERImaRsH 6 13Zbdérsity andreatbeninire ptasma column
upper portion 307 of the cathode 305 through th

that copinERY GUBtoBUEd¥® 1 FStARHEHr IS HASTEY COMEM 1 gisaly, Biogn into a

i.n t thinl I ' d t
pluraf 3o by il i Bne R A BUAPRLY tnad B e
[00551: I8 GIREQ ¢h tasgﬁ? azm,rwsocmfdnmd?o Iefeimadidr ahthearaen Binch, includes a
al ong a pat e . t ial d.
e et S0 et 12 A 81 8 s clomenr
sourc]%g %&'a&%ﬁeﬂ%@%ﬁé&&oﬁbﬂ HUWBQadifbhgNRAAS ¢ERAYISTHY tiedracteristics of

el vapor expands and reaches the
theseeslgraentfryt soaras ouky @gend epoi,nfyr sxareplduthe; fiygl bfapg] used to create the

R LR 0T S B B it

betwOE 30Moas dnd Ao i@ R FbrisapplisdggaheshurédeThbyadial and axial
causing further ionizations and heatin [

ithin th .
sizespdfatherde | B9 Oadipas poinisf may be gqﬁpﬁqrggg}al itP @g(a}wg@ﬁlﬁnggb%(egnple, if the
sust ai ned_ by. Chmd 1 i 0o AN . .
oA AR AT 6L Bt s o
abouga.?u@hiaﬁggioghﬁh, %ggwﬁgglgd b)é the current flow ng
et ween the cat hode nd .t he anode 3 Th .

(005 ghe be PP MSRSEEe Rl GREM o P Lo Y COGRes i defined by the
: ti (0) S Y | . e £
G 5l HEPIEDEENF R, EORRY, B0 i pove of
transphrehhplaphasreap@portionalbtal Bnd evhilet the gadiatiasy PUMSTIRE gnypptically thick

opposite forces: the thernmal,pr I L Ehn tha: .
plasiph BGTRPHER ot & 7 £t & e bR b4l Xjasion power may
be d%ﬁlﬁd%gﬁ@éﬂ&gﬁfo@%lﬁ&n ke plaROld PNide thdiali@n. Wheteeml “transparent

s the discharge current. As the discharqe )
plasma” means that the mean free path of photons burned in the plasma is much larger than the

characteristic size of the plasma (i.e., the photons easily escape from the plasma). The term
“optically thick plasma” refers to the situation in which the mean free path of photons burned in

the plasma is much smaller than the characteristic size of the plasma.
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current | increases, the nmagnetic pressure is
increased relative to the thermal pressure. In doing

W@ 20090s9pr essur e bal ance is di srupted and t heP@i/aBzm8/050536
320 tends to conpress in the radial direction (i.e

di cul i .
oos7R5E RSB i e B8 P e L SERRLAR R bl iy O
heatilgE @ ldsthal VBl ther Batrikad réturrbtold Wlaride Beivieén ARIOhmic heating and the

tenperature plasma colum that emts EUV radiatiqn.

radiatiomepaveeri Ryriagithistprocessi the plaggieabecomgiepticallysthighy gince its density

(~1/rp5: ﬁgﬁ%gsr?'g %sgera‘[h%b@r 2’%({,}?%/ egfm%gg‘é? taﬁ r&f)tl? lgﬁ{ﬂ?ckclﬂhéfﬂg] feads to the
reduchbrisfiradidtién p@hérﬂzvmﬁftbef p@krigained beiOhafit heatimg indneaspd. s¥hmimkage of

pi nch, includes a plurality of ele sour ce
the plagme s gerpedorhancthess BragPawas 6?33%‘8@1% ogess pyspe referred to as

“radla%og%ﬁgﬁg’yomgﬁg? jey al so be termed hot spots or EW

at'ng poi nt ERP). The characteristics of these
[00583 Rextectioar of the uadiesambyr degesize abthe, plasona pmahrﬁlf)@ mayhmcrease the

o SRS BRSSP by Qi i,
reducféd Bpl‘ﬂg &4l spR A ehe HlhsmhApiach PRI, %%dﬁdﬂ@n@@tﬁé@@nﬁ]ﬂneh 300ina

anode) and the power supplied to the source.
directicadiubstantivdlyperpendisilapto the ztagis, meyTedaes ﬁxeuaﬁ@upb@fﬁ@@amblocked

oy SR CABLRTE, o GREDGHIT ay iy Ry ey o 2

there $4 ¥e@§ réfiatidheblBERédr d it dndde 3Q0Nthe poswer peovdbalito theGdarve can be
and 0.05cm respectively 0056] It wll be
reduceghyhieh t&tl@éeft‘l%éttotthf‘ehfﬁ”ﬁ‘ﬁlo thedodIcesi ze rp of these EW

[0059; Y Bf:d%f't | ot b :%el%dgé/eﬁ {H%?ﬁc[lgldin@;dr PR thd Sigsr 3200 e plasma

Ih esse heat1 ng and radi ation
source ew& fis mfnsﬁucttechmmbwrmgbd i e resaradiapiooposses emtatliation kmission (i.e.

2 while.ther f ||
radiclgri RN 1S anr%aﬁs&d‘?yoﬁapq%%’arvgo R ggaég@ ' and 1 Mg radiate
dlfferg t wAR1RES N AS Qrdbil; raffRHbRIdsRR 0P 8 WakispaFYt S arktElninigthrésre larger
e energy |l osses fromthe plasma due to |ine

than madmspammt STipdastrer phhig maargp@rtém thet the plasmegeahinn may be shrunk to

f
et ST 5B PO e s RS e
[006((]|Ithe einBedipleat enFigas ) Md&ﬁl@ﬁﬂsssésf o) 1hbtea$eldaﬁrth¢ plasine 320 by

term"optically thick plasna" ref to t t
addingrpngtArGROIeHAIbABRGF(P)r AEMBRIFELPT ERBEBHD BUPh i ftersgbsance(s),

admlgtklaefgaor e?erﬂ%f@{%}) gs?%ﬁ% faﬁ&edt 338 _fgpﬁsr/ﬁﬁrea{%'telﬁfd'e Go $hcFEasBradiation

|'asha at” sone point in ti
losse§ afléraiskions pithiara desitediog pre-ddhamih&dewm@gﬂgmmge dr pectrum. In this
[ Wi | ink to re

OChm c heating, the plas S
comeSh T b o i et AR s, R bR means
w1de{) diRirh 9&[11 Q%refe@‘éﬂ't@gs 4Juk Sf AT DS rad'iem%nm gathan the one used
crresotlca l'y thick since its density (-~ 2)
for EU%hﬁaagrashY adsoerefartedrio as Sinr beaidiredia@pn’ rﬁk&fg Obﬁxeawle the optimal
electrog tempera olf a?ll fﬁgaplasen?éj g’ourge 5 3.5 nm is about 30-50 ¢V. At this
electron temperature Te, plasma may, in principle, emit effectively at photon energies in the
range between about 0.5-5 kT,, which means that “out of band EUV” wavelength range is
about 5 — 100 nm. Adding elements, which may effectively radiate in this region, may increase

radiation losses of plasma. For example, in one embodiment, low melting point elements such
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reduction of radiati on power while the power gai ned by
Chm ¢ heating increases. Shrinkage of the plasma is

waet@ppzadimhen t hese two powers are equal . Thi SPQI/NCE®S/050536
may be referred to as "radiation collapse” of the

o s 88T B9 TRUF LA B ARE) B B0 SR o ornse
rad1at%lb§!;€$ﬂﬁthﬁﬂh@9 ak@eparRhi3g0t he |ithographic apparat us
For exanple, as shown in Figure 3, reduction of th

[0061} ﬁdw ghoisg 2f the Stlbﬁéaqsp% rﬁainpxwetq{s}a@oeleme@t(snreém be |b@?Pdo’FP0n the
[ I

B B RT3 3104058, B B4 00055 A0S ot o

substdlﬁéﬂsﬁfadﬂﬁb(tbie()s) loe éldn}ent(bMap be dasiGipanal/ wavelnngﬁrmngd; bE$pectrum

el enents that npy be cated t.h
or G o Rt 4T i B [
size ogeneécep(ﬁot L ged tao ftoql Exaf] s'l'éCFn haRakeof ﬁg(&ﬂdmnlgﬁ ﬁﬁ‘all fart of the

I cla e l'ifetime of the source
spectrandérorh cabcuthr erm te aboutr lémen) istdeaninated &y Tadid?l@“r 1Q§$@Sal If one
size of. t I as t. source
incresdg e Aieh do B HRIAUAD BT PeRLSTY R MRt Ppuglgueth range
belon8ig 16 He2s 'IO@nﬁlnﬂaﬁéé ARe Mayedisrhpcihak@itibiigmeindicdntrol, e.g. decrease,
I'ncreased) by t plasna 320. For exanple, Sn and In
the radiahsndder @@dlsme@fﬁle nlasgapiseh wavel engths. As a result,
006Zialgxu?t€}i;§§?l 2 §§‘§llleglt aﬁh%gﬁ\%%g%n ; Bg{?\f" e%npedhgtléﬁﬁ)&“ tHeGadial and/or

axial BR@$ thd pladrta Pinch hady b&ﬁerﬁr&&d&ncaobmdme&amﬂb&esﬁ)ﬂuwmg method.
to smaller radii in order tq_establi|

First ol AEIGHIN. SomisAIgIeAR T s 5t B NG afioRsw e Hethod then
proceufheto e d'BE@Jedﬁlfe 1F i sotlvbst"aﬁ‘&:I %ttheﬁ Rs/Ar8 988pteBloSroduce radiation

creased i asma 32 ding one or nore
emlsssmhatﬂmm ()Sbandaiiﬂfv xangeei s)ectnd éi@nﬁmssqomd@mwdmfeu@le substance is

aadedfadoe b EuPL gie Fopies (85 B pRUpTPTIGE:3 b B diainct

[00632 qg'aﬁaf’u‘aﬂ th %ﬁ@@lhﬁé &1 EetBing\Mhe thiiaRakt#sd 486l sfe of the plasma
re-determ ned wavel ell%t h range or SpeCt rum

pmchdézﬁt émsubatmﬂsmgm@@r SIS p}ewn&ﬁ) rp@)éma@ﬁe@qﬂyrfs@tme the operating
t
om0 5P EL A BOR, Bt  SESHE e of e
sourck AIFGE exdrile, 4 b@u%ﬁxchﬁ&% 1 ﬁIel tiktuke dH Sy aaqb hry wilhhaee an operating
referred to as_"in bandradlatlop ran For g
temperaaire pf pheat 280 GorwhsicasengravaRiang! s %v% I have an
operat‘%gH,p e%tm]egolfsabg{ﬂ A6’ @b@%ﬂgflpy %%oﬁr\fe uﬁtlucﬁﬁ@ § f&ll esikfuedlof Sn and

tu re I nci p ,
Ga weil fha(zé mxeipyraahg pémpﬂatueen ef gbcmt ZOnCt h&d” Ea(rngerd@@t Veseperature).  As

anot}\%g\%gz]tugo t5 ﬁ splém:ﬁ em¥\@ o etl) mlxgI orﬁ %‘]t Q{a(%lAﬁ 211 harL#r\efn%n operating

temp&g{u@@d@bu{egé(ﬁgt ively radl ate in this region, may
I ncrease radi ation | osses of plasnma. For exarrpl e,

[0064]He ap rehbdilinesnt, the ewbstanbe(s)n adipoiure(skoiegiement(ss map s mixed with the
fuel g?ilor g%? gigg\) is nglgcrgg(lln ’theb | P Be (sﬁhc),e’ 3?% ung; osés’@glz’ in the

to incre radi a |on
emboithEitdf Filgird B a8 Eudd inf3be3t of the thm layer 306. In this configuration, the

thin layer 306 may be solid or liquid. As another example, the substance(s), admixture(s) or

element(s) may be added to a liquid fuel supply as shown in Figure 4.
[0065] Figure 4 shows a source 400 in accordance with an embodiment of the invention.

Source 400 includes a cathode 405, an anode 410 and a discharge space 415, which is located
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[0061] The choice of the substance(s), adm xture(s) or

el enent (s) may be based upon the nature of the fuel
wheimg2sed to generate the plasma 320. |n parPCTNL2008/050536

selectlon of the substance(s) adm xture(s) or

v ST AP BRI o SR SIS R0 o e

cylindifedl §apAnd R EcHBERRATABIA Riduditddnl regrevd dhaften20d, bndhe shafts
size or surface of the plasma. For exanple, in the

420a,dnare deiven by a(dsivjng Wt (robshavat in Fiaire 4fo taide é*ﬁe@#r%‘ﬁm"r% and the

m about 13.0nmto about 14.0nm is dom nated by
amd‘%é\{ﬂ)atl on losses. |If one increases radiation | osses or
[0066] 35K sholwalin Bifiues#,ahe sourdevOpllssinelugdsacheli supplye25 that is constructed

and a\om?;gee{gﬁg glgggxl}t {? a%? é%{q%ﬂ%#apcﬁ?ﬁteﬁé 2!8&1]%%|supg]y 6%1 Hetud2S's container
430 tﬂ&cgcﬁ?&ﬁfsog%h% q_ Alrp@ngike 4@6'@1he°r|1ﬁﬁu@és % DRePsASER445 that is

I n one enbodi ment  of
configimed nd bwiput acmdiatloh beﬂn@SOr &l aperation, addyer e coatipg M40 of fuel 435 is

and/ or axi al _si z h
forms hom D GR i REERHEL HCREORS Y ST ECRSm o e RlogE g The fue
coatih%é‘?@ kG Rle@bn' BE cb&@d@mﬂ hnfgetmod 910 algo Isﬂvbﬁfﬂin&ilﬂ’tém a cooling
radi at1 ons. The nethod then proceeds to a sec

and/quipostedtivedayen foiiapting 28d/pEpratreting fheqatitode $P2 A8 d g@a@&?@’a‘”o The
rotati:ogﬁg%e%ldﬁctgeéf:%g?(g dA(%n %lnfhg @cﬂ: 419 &%ﬁb@ Wiy fad Bésré@ uEWthe desired

e secona proce ure

thmkﬁg@%&ﬂ&gﬁmhﬁgadﬁed to the fuel to control e g
reduce, the radial and/or aX|aI S|ze of

(0067 Tgoition| Gube piasTaeEheTEs s PETamHEr Gtk M| oS GuiteBes in a similar
mamge?%rg ﬁnaéxf%%lioﬁﬂﬁer{t%‘# ur@ d/SBEmﬁl‘dl@I 1l r8iafbn bé'tﬁn ph s SGHutted by

e subst , adm xfure(s) or

the mblemm@)s 1Hﬁc)¢use<?gcrntcﬁ theamaﬂlgg 44900 2w totlke dyserpsion of the laser energy
tenperature of the

e s B P PR P 55 e

plasrﬁ% 359 Ia)Fpaﬁas FHHLBe dRChatge B&v@eﬁ uRl catiodt 40% and thSranadei410 along a
ave an operating tenperature of about
path \dhﬁimiahy the eleatrirfiald h@tlwes@thecsethord% padiihs gned 3ndghe ?WIF fnaterial.

[006§]a\éfe)ptg cgﬁp t%ﬁat | n&'c\éel gala%rnpa%%ufs ARed in the embodiment of

uel” m xture of Sn and
Flgu{%%t w% hddiRaye: @inéte emtanws) admixtart(s) or eiémalhi(;&),tto ggduel supply 425

. €. t t
suchsﬁxat @@ortnmlr gfg{l?ﬁg:% ggz 21161 E‘ﬁe ¢ dq;rgz%f lc)))Sﬂ'x \/BeP]IT’ lh 50 glcludes a
subsgal%algf ﬂp@%}{oggﬁg &&é’ ro?t o4a’st5 af0ke sh@@tﬁﬂ&e(é)n a@Mixture(s) or

e su st ance m xt ure(s)
elenRh&FENTIR) ioHsedbRombE@dow trrhxtuh@ of ube fuek dﬁé a1 the, gpbstance(s),

admg;laf:‘?a) gr et Pk e ea rhefafod C@s%%lﬁ thefalbde 41 Q such that the
size %ﬁ v@l‘ahmte Hind yﬁ@srﬁé‘h% &a%y%rsug%thaﬂlﬁ} chhirsllediatufring lﬂh@;blasma discharge.

be solid or |liquid. As_an
[0069% @ﬂtﬂﬂmtlvbllyeﬂswbbﬂm@@,saﬂmlg@rﬁ(satqy ,el;ppge}lt(é} may gﬁé&{e&!y the fuel at
the gap’éu ,t())g a %9 Cfic el o Tauid fuel, SWPRisYhBse SHRRMUIST In addition, the
substance(s), admixture(s) or element(s) may be added to the fuel supply before or after
ignition of the plasma. Furthermore, control, e.g. reduction, of the volume defined by the
plasma may be done by adjusting the concentration of the admixture in the fuel supply.
[0070] Figure 5 shows a plasma source 500 for use in the lithographic apparatus of Figures 1

and 2 in accordance with an embodiment of the invention. Source 500 includes a cathode 505,
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[ 0065] Figure 4 shows a source 400 in accordance with
an enbodi nrent of the invention. Source 400 includes a
wa@ 2000020890105, an anode 410 and a di scharge spaPeT/AL%E08/050536
whi ch is | ocat edbet ween the cat hode 405 and t he anode
410.. The, cat hode 405 a he anode 4 may, have,, a
an aniy § HUARE & IISHEEE IR Ty IoBaeh PR ek APy T hE Satoge: The
sourcd A5PRChid¥ea Bb@fsborcd 3898 coriguiddao dtigplt $rad fidn bbard580. The cathode
driven by a driving unit (not shown in Figure 4

and anasle 08, 3 Heeach havtie gavsallyneylinddcal sbane thatgs s*h;@gg%ﬂl}tpgentered ona
sh N i , . | i f .
comnBfi iRt 38 THEF 5 v BRI PRy dla e LOERHIE R, ity o

Figur@3 fthefuef Blay the prdvédaiadrog of #eathodb 603. ualtematiydly, tU@fuel may be a
i ncludes a contai ner 430 t hat gonta e fue
a

. - [ t 435. .
gas intrpducsd inte dhudischrrge wase + chinyg a?upélg _EIPZ%]% (pot é;’%ﬁrsgl Figure 5).
007115 5o SOS LU RAE oSy 700, R 2 sbbances)
admixtare(s dr elemichigs)d3t entogbie fiactergd spabe S tat Hbd subkddcd(sy admixture(s)

the rotation of the cathode 405. The f .coating 440
or elepgRc G mNES belie THOSEE AR RHES SGugI A F0V oy Torti. e, gas,
liquidd#'s¥g$ to maintain a cooling and/or protective |ayer

for cooling and/or protecting the cathode 405 and the
[0072h ko the emidimengs pbHFiguresr-Sroaeensfation and/at pssrare obthg substance(s),

.the anode 41 ' ' . .
aami R8T PGS sHESETR S Gy et i
and/oPA:38¥ere if ePdsge pischBeHst Mhivvdnydntiatibimal ds é¢tesminedy calibration,

445 in a simlar manner as in the enbodj nent of Figure
as willhe BB HIRGBY P oAU AR KN i e AHHCTRRING Tt PRGN glion and/or
s B AR R RSB 8AR 0 e
radialendtor agial $ibeof the pladds pirche Fapexamtpdel innde pabodipent, the supply unit

i oni zed, which. for a pl 455. . Th | asma_455
520 g s O BP9 SR EE S RASiA TA OB HaT Ao pressure
of th@ﬁ&’mﬁ@@re?? R e1hht@). ONBe 2oRBMerdss0l MAY BeYodehgivelye€dnnetied to a

fireld betiween the cathode and the anode and the fuel X
monitveing Bhidle.g.| DCEBIra,Cwh shayyn infFigure 5 pordigyrediip manitopthepipsma pinch

l. 55 j f d.in t - . Fi.qur .
sos AL gt L REPE0ab ot RetPEptTE bRl By 5, ia andi
radial§ bETRHIdsa pihéh. tBaell Ue thestepiltsyof4REmehiedtinghatit, a comniandi355 may

~of the coating 440 to be ionized by the radiatjon beam
be inpwted; tectha restrallerubid: tnediust the H@ﬁﬁ@%&%@aﬂrﬁnﬁ@{% Rgessure of the

substéé{lgﬁg%?%msiémgg Ielteﬁx%n %Qﬁ Bﬁf&?ﬁ)(rﬁ%dig@g@ AL HERE 57 inﬁxrease, the radial

oni z onobgeneous ‘m-xture of the
and/of tgibl #2bofahelplaba pirchtsdfice(s), adm xture(s) or

| t b h .
Y ATEN T SRR SRR
apparé,éé iE AR REmFHRaeaTtIca! # ¥h& A8 bE AbpReiatd thAGhé MehdataphiPapparatus

I'scharge. [0069] Alternatively, the substance(s), _
descriveidibetein efay)have odies pppliqatipngraycibes tiddeanufestym offinfegratpd optical

syste%?,:%%%?)g% alg(i) g%gét%a%t?ﬁlsggrg%?grgeﬁiic Ql{ohﬁa%&%&oh%,%a‘i—lﬂgnel displays,
flat panel displays including liquid-crystal displays (LCDs), thin-film magnetic heads, etc. It

should be appreciated that, in the context of such alternative applications, any use of the terms
“wafer” or “die” herein may be considered as synonymous with the more general terms
“substrate” or “target portion", respectively. The substrate referred to herein may be processed,

before or after exposure, in for example a track (a tool that typically applies a layer of resist to
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substance(s), adm xture(s) or elenment(s) my be added

to the fuel supply before or after ignition of the
w@b@sor39d-urt hernore, control, e.g. reduction, POf/NLE®S/050536

vol une defined by the plasm nay be done by adjusting

t he conce tra |on of the adm xt [ f uel
a subss 5] S P s COORHLreoph BEieA oLy 1o 2adar b pGUBR 1. Where
applicabR, {He ! dRQUARNGeift RRA! B pplied 1dL g&wa%a othe?Rbstrateprocessing tools.

accordance w th an erbodi nent of the inventi on. ‘Source
Furth&Qthe sublstiate snay batphengesed 08orgriham odes, 00 exanapla in order to create a

.di schar 515, L ocat ed, het ween
mati xR NG TRTRC G b PEEI B PR o 5P B BR i lreaty
contai®® RfulGple pebcksse@Udytt @ radi ation beam 530 The cat hode
and anode 505, 510 each have a generally cyI I ndr.i cal

[0074% e heugin specifi refasenics mayhavy beemmadeebays ta thegigeih embodiments of
t . .

the 1néen@6h31} thenggfeg%@p%ic?l lﬂ? )é?%f:ﬁ v&dlﬁ gE g}t)ﬁrtéﬁ gt@%i Elgalt ﬂ%ﬁ{ﬁlﬁl&lon may

be usd@lﬁﬁ‘@tlﬂﬁﬁip;ﬂhaﬁm anfl wheee thatdmeba aBOGs, idhdtdmmtedity eptycal tithegraphy.

10075 Siker sae SO P00t BreEHELTHRR TS R Aescped above, it
should @Qﬁ% S? 2 dstgé{;e&?ooﬁggerﬁé 52‘(&% gﬁésggleiﬁv&tﬁ)ﬂﬁﬁéw bélPiabti@ADtherwise

tance(s adm™xture(s) or
than agldesveibed.Hor E%npln,tam emmdmm hﬁﬁg@r@patoevmlsn mpydake the form of a
subst ance(s% adm xt ur g(

compHFE rRIBEE SPHE BT E08 T REFg e s AEs b) el PR nstructions

descriﬂ)ﬁ{grﬁsmetﬁoél as diS@8sedlabéid, Br £Hlats Sotage nlddifdle. ¢ Rett@nductor memory,
di nents of Figures 3-5, concentration and/ or

magnptnce@sqm@alcﬂlslﬂ thevisglsuetumenryter pagtan sipied hergp.

[0076? lexnedp %érisy)tlg d&% gg tr1] %ﬁre'agtglb%ﬁﬁ’lgﬁgdéﬁg; ﬁ% Hﬁ‘ﬁﬁg YRR, it will be

apparPhtie nb4killed i shecanthaninodificationsayiaybe detle ltmheqﬂe:’@;at invention as

calibration, as will be appreciated by of ordinary
describgyl mithowt departiggifromfhescopg ‘i’t{}g? glaimgzet Ebﬁ@&ﬁ’ Tation

hi
TSI I K040 4 1PEEL s
apparatus /oo nseaini thé llmogeaphfc apiparapisaEnmhqi the ldravrogs vsualploaly inglude the

el Gl TIPSR AAFS PEeaSEBh e Pislond st PR a4t psent inventon.

Beyoﬁ@@ﬁcﬁnEHea&ﬂa%g%W e IRhESEPHIE Dparkhie a6 FckdmiiR( S0d @6t on scale.
el ement (s). The controller 550 may be operatively

Embaslimenss tafdthe oprasemb ninyentipm greimiot lineilegl to shasereraentyothown in the
i n Fi 5 fi [ I

scher%aFWV\%a'g%s éggi ﬁxg Cb%p og gﬂgrrg%e&r&?(ﬂqg rtrlli) ng‘ih%?’?ﬂp dmﬁgs) Further,
embotBerREoftie jirds@ntdﬂaﬁflm e Itoheoﬁﬁm‘;d tq ehei lﬂho@ﬁ]ﬁﬁ@ﬂpparatus described
i radi al ) of the plasma pinch. Based on the results of
in relgtin tadisgurey | Snlt, a conmand 555 may be inputted to

the controll er 550 to adjust the initial concentration

and/ or pressure of the substance(s), adm xture(s) or

el ement(s) in order to nodify, e.g. decrease or

i ncrease, the radial and/or axial size of the plasm

pi nch 545. [0073] Al though specific reference may be

made in this text to the use of |ithographic
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apparatus in the manufacture of ICs, it should be

appreci ated that the |lithographi c apparatus descri bed
weoroeiozndsmy have ot her applications, such as tPEI/NL2008/050536

manuf acture of integrated optical systens, guidance

tioQ patterns for magnetic domai n nenories,

W&%%ﬁﬁibg[sspl ays, flat panel displays including

liquid-crystal displays (LCDs), thin-film nagnetic

heads, etc. It should be appreciated that, in the

cdnt extA mthed dor @n@@ﬂnaﬁirvgatwpﬁor B3t in grighogzaghi¢ appagatus, the

the terns "wafer” or "die" herein may be consi dered as

S%eél}]%%)ansprw A the nore general ternms "substrate" or-

"t ar getsufslying @rtiiel to aslixehirge epace 1ddaceddiebsdanat athodt and exlanode;

to herein may be processed, before or _after exposure,

i n for CESelipgp disghargg prtwegn %*@aatmﬁs@n({%iaea EW”&?)BFF foform a

a JAXEl f resist toa substrate and devel ops the

e%bosed resist), a nmetrology tool and/or an inspection

t ool . \Aipsengppodliuoeilefined bethdipdasinasyreontreHisgnadiatjorhemission by

applied to such and qther substrat rocessing .t

7 e paime. fheediun e antiliie iR B s Suind s eh b Bonwol he
ORgRatidPdmBXd8AP! € 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

S ub 0 et PRI P e e on 3

t g drvention in the context of optical |ithography,

it wll be appreciated that the invention nmay be used

in other applications and where the context allows, is

nof |inped thcgd PSRN of D LIRGERARRY fuel ARi{raks MWkdsBone of Sn, Xe or
spécific enbodi nents of the present invention have

bdgein descri bed above, it should be appreciated that

enbodi ments of the present invention may be practiced

ot herw se than as described. For exanple, an

ernpodi "Bt mehod BEalyy SSROprebEMLNEIRNS, WA¥rdike sibgadcenml the fuel
of 'a comput er program contai ning one or nore sequences
ofarersepiarately sepplizd te therdischargeisp#rs. descri bi ng a met hod

as di scl osed above, or a data storage nedium (e.g.

sem conduct or nmenory, magnetic or optical disk) having

sugh a TiREhed opadgsfait picocding thimeiwherdiDGiz6libsthree is part of a
descripti ons above are intended to be illustrative,
nomitugiingleding tiedyel- it will be apparent to one skilled

in the art that nodifications may be nmade to the

present invention as described w thout departing from

t hg scope mbthblief claan fswhetinghe miveiireis splgbarAjquid.

Enbodi ments of the present invention are not limted

to applications of the |ithographic apparatus or use

I nythe ypd {iﬁ@@fba RPLBRIABRAG I her Edthprideia suppB/itl @eintigtire to the
usually only include the el ements and features that

ar eatineledsfae yrepvngithealisshange: enbodi nents of the present

i nvention. Beyond that, the draw ngs of the

I'ithographi c apparatus are schematic and not on scale.
Enpodi meRs feod o 8nypsfibe piectding clbine) wherimb shbstirceds selected to

to those el enments, shown in the
increase radiation emission in a pre-determined wavelength range.

9. The method of any of the preceding claims, wherein adjusting a volume defined

by the plasma includes reducing a radial size of the plasma.
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schematic drawi ngs (e.g. the nunber of mrrors drawn
in the schematic drawi ngs). Further, enbodi nents of
wo bmoprmssent i nvention are not confined to thePCT/NL2008/050536
| it hographi c apparatus described in relation to
Figures 1 and 2. WHAT IS CLAIMED IS: 1. A method for
generating a radiation for use in a lithographic
appar ate mdhed SRy teopmEddind @ainsy RBbxin e adjubig inbludes
a di scharge space [ocated between a cathode and an_ .
aronieolliog detvotyneadefingd hatlgpipunawich that an stgpdesgd agadiation source

U5 PARES L S LAY AR gl 5 Mo

ra@Faﬁﬁﬂn em ssion by the plasma, the adjusting

i ncl udi ng supplying a substance to the plasma to
control the radiation emssion. 2. The nethod of claim
1,,wher giin. gl dddesis@k: | east one of Ga,
g ARk AR et sRTAY T or o

wher ei rgehbratifigie beam of redésioas the gaisdratingeinoludi®g, Xe or

Li. 4. The nmet hod of of. the precedin l.ai s

wherei n the %‘H&é’tn‘ﬁr?c@gg%& ‘{lff) alfgﬁegpacgrqgc%%jpgﬂf el %/CathOde and an
suc.&ghé.ed to the discharge space. 5. The nethod of any

of thé preceding clains, wherein the substance i s, part _

of a mi xt ur ecréatmgudlisrpargedetween thescathuds ang thornogs in the fuel to

clhtgimS wherein the mxture is solid or liquid. 7.

T

TSI ai m 5 or 6, further conprising '
suppl yi ng t hgtjwsixk dreldne ddfhed b hindglatied by eontrodling radiation
the discharge. 8. The nethod of any of .the 1ﬁ:;recedj@ng I ¢
c| exhission Wy dreatlpsnnd thesadivsting enclyding HPRGHRE SUPSIARES ol plasma to
radi atjon en.ssion. i:n..a pre-deternm ned wavel ength
ra‘f?élgrpl .erafcﬁ]%t%oﬁle%ﬂlg%g%’f any of the preceding clains,
wher ei npaaginisg thedeamvdiradiatichetbiforna yttarhes pragsefradiation; and
i ncl udes reducing a raﬁgl'éal siﬂz%. ?.f th %@S{q 10. The
met hod PFRIesHye Hie RaHEmAT QER PhEFIAUAN P8 {EP TR t he
adj usting includes controlling the volunme defined by
the plasma such that an etendue of a radiation source
cold.i guThemethodefelaimd 11 Wherpindbersubstapse ieludgs phyjeast one of Ga, In,

h f the lith hi .
na%gpsoram' et endue of the |ithographic apparatus

13. The method of claim 11 or 12, wherein the fuel includes at least one of Sn, Xe or

Li.

14.  The method of any of claims 11-13, wherein the substance and the fuel are

separately supplied to the discharge space.

15.  The method of any of claims 11-14, wherein the substance is selected to

increase radiation emission in a pre-determined wavelength range.

16.  The method of any of claims 11-15, wherein the adjusting includes reducing the

volume defined by the plasmai such that an etendue of a radiation source configured to
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11. A device manufacturing nethod conprising:
generating a beam of radiation, the generating

w0 napboniizag supplying a fuel to a di scharge spaeer/NL2008/050536
| ocat ed between a cat hode and an anode; creating a

di schar etmee f he atho e an e anode in.the

¢ ererets Theopiras Srostenbe A BLtridie of 8 O Tientbiis shpatpuus
byohfigured RSiHReRYhE B8 ot tddngiohadi ati on eni ssion by the
pl as t he adj usting including supplying a substance

to the pI asma to control the radiation em ssion;

D37 DGt R AL R GPATIR PR

Ofsoﬁ@@ib@hp@ﬁn nto a substrate. 12. The nmet hod of claim
11, wherein the substance includes at | east _one_ of @3,

In, Bia cptboée ang an grpde;rthe catbpdrandghe anoderontigired fo create a
“‘&?Jc%{ﬁ Eaté@mf a%e b?@élss%égﬁgé% ra%‘%%%%?eg the dlscharge

S lsbaicama&dmg,dntube, afmbi;taxmee;oaﬁgamt(eﬁcyus m@dttwelobrmsswrhby the

di scharge space. . 15. The d .of .any of clains
191%mawfeth%évgmdiﬁgsggg l?é?l%sé]{aed to increase
radi ation em ssion in a pre-determ ned wavel ength
range. 16. The nethod of any of clains 11-15, wherein
t H8. adjThstsbwnge bfidhina 3 whethie thegubsienoe dnalvdes dblensi ere pi/Ga, In, Bi
t he ql asma such that an etendue of a radiation source
cShffgured togenerate the pl asma substantially matches
an etendue of a |ithographic apparatus configured to
pattern the beam of radiation. 17. A source config ?g
t d 9gendrhgtseurse phelpiam il HAr o whergin t@ég?la@ﬂv@%fﬁ ?té’lnﬁ §5n, Xe or
the source conprising: a cathode and an anode, the

hode and the anode configured to create a discharge
in a fuel located in a discharge space so as to

85?2)? f gtﬁ??%ggrlégzga a’%ﬁbh‘f‘]‘ﬁﬂd 5 ghfd; %gg} Eg&gprléggég ?%EA gﬁpply configured
dgﬁﬁﬁe}g? ﬁlﬁ@ﬂ@!cﬁ&!}ﬁr Qpag. o control a vol ume

e plasma 8 The source of claim17,
wher ei n the subst ance i ncludes at | east one of Ga, In,

BIZI. The source of any of claims 17-20, further comprising a supply configured to

supply the substance in the discharge space.

22.  The source of claim 21, wherein the substance and the fuel are separately

supplied to the discharge space.

23.  The source of any of claims 17-22, wherein the substance is part of a mixture

including the fuel.
24.  The source of claim 23, wherein the mixture is solid or liquid.

25. The source of claim 23 or 24, wherein the mixture is located on the cathode.
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or Al. 19. The source of claim17 or 18, wherein the

fuel includes at | east one of Sn, Xe or Li. 20. The
weouwomsed any of clainms 17-19, further conpriBECTYL2008/050536

fuel supply configured to supply the fuel to the

e s REE St e 28 S B Bl 8 Bt o erese
S URith¥iatierfisbioh ame prd-detéinenél wevadeh fpgee. 22. The

source of claim 21, wherein the substance and the fue
are separately supplied-to the di scharge space. 23.
The source of any of clains 17-22, wherein the
substance is part of a mixture including the fuel. 24.
The. sodhe gowrte of aiynof2Bimeh @126, whedein the xthstance & afigdred to
or ILquid. 25. The source of claim 23 or 24, wherein
reduce p gadiglsizg,of thesPlpgRdit ed on the cat hode. 26. The source
of any of clains 17-25, wherein the substance is
selected to increase the radiation emssion in a
p28- deflbe soured ofvenyeifetagmi 17 27gBirther corMprasinga supplyo¢ondigyred to

0 | ai 17- 26, wherein.the substance is configured
supply g‘)t?’éﬁ‘hgél anqdth;s Wst@yg@%ﬁts&@rﬁ? 4. 28. The source
of any of clains 17-27, further conprising a supply

configured to supply both the fuel and the substance
i B9t he Tk sewrae gbanypfcdaime d 7-2Bp whewsiny aeetemdug gy thefsource

subst U Bl oy bfler IS ER RN BBt 771 o apii

apparatus. 30. A lithographic system conprising: a
source configured to generate a radi ation, the source
c3Rpri é Whoglaphicsyem4RBPES"8hode, the cathode and the

anode g%&fujcg U@?&kgﬁé‘% tgggﬁérgte% rAlifER iSolite RotPling a cathode and

| ocated Tn a space SO as to generate a o
plaaanmde, theeathode ial the aspreenfigwtdith eregte A disokarge m a fuel located in

subst ance confiqured to adjust radi.ation em ssion.by.

{ RESRERAPES S35 1 ESHIS BPIom it fECSRS FB6S Fif e, in use, a
plsassiEhce @0:51?1&;&( 1 IR RidiatioA R Gitresy the phehd s8 as to control a
patterning device, the patterning device configured to

pavtumadefined badieplpsneit o form a patterned beam of
gﬁglsfl : iil?pgl:ttelil ﬁc,gx&?c?& E&Eﬁgu?elﬁqg Wold £ Bﬂ{eh‘gﬂé ﬁng:é? tﬁéﬁ?@ﬁﬁn?device
configured to pattern the radiation to form a patterned beam of radiation;
a substrate support configured to support a substrate; and
a projection system configured to project the patterned beam of radiation onto

the substrate.

31. The apparatus of claim 30, wherein the substance includes at least one of Ga, In,
Bior Al

32.  The apparatus of claim 30 or 31, wherein the fuel includes at least one of Sn, Xe

or Li.

33.  The apparatus of any of claims 30-32, further comprising a fuel supply
configured to supply the fuel to the discharge space.
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a projection systemconfigured to project the
patterned beam of radiation onto the substrate. 31.
wabmoappar at us of claim 30, wherein the subst aPmCENL2008/050536

includes at |east one of Ga, In, Bi or Al. 32. The

apparatus of claim 30 or 31, wherein the fuel includes

at |l east one of Sn, Xe or Li. 33. The apparatus of any

of34¢| aiThe apPardids of syt dTRIaiEe P33 Sfuflieitcomifsirgibply configured to

configured to supply the fuel to the discharge .

s puprly 3he subBlencepipdhadisehasge ®ase-of cl ai ms 30- 33,

further conprising a supply configured to supply the

substance in the discharge space. 35. The apparatus of

args. of THeaipparaR-0B4ny vheaieisrBO:3vE vhehsh drecabstatetand the fuel are

fuel are separately supplied to the discharge space.

3eerarpelya PRkt odhe HisehieciPags- aj ms 30- 35, wherein the

substance is part of a mixture including the fuel. 37.

The apparatus of claim36, wherein the mxture is )

sdi6. d GPhelapgaraths o88ny dftodains BAr34t wherein the sibsiagee ispag pf a mixture

wherein the.m xture is | ocated on the cathode. 39. The

appapdingdhsofichny of clains 30-38, wherein the

substance is selected to increase the radiation

em ssion in a pre-determ ned wavel ength range. 4Q. The

ap¥yar atThe apparahup ofclagmn Sonwhegeingbe mikiares sokider liquid.

substance is configured to reduce a radial size of the

plasma. 4 1. The apparatus of any of clains 30-40,

f ug herTiROpphiatistd cRimBBRIrp 7 cwhéreiguthethittoresis fyohted matthe cathode.

the fuel and the substance in the discharge space. 42.

The apparatus of any of clains 30-41 , wherein an

etgndu ’ sl K& Bstafcedt §e18sted to

ofﬁ?heﬁ?{??g’g‘r%&%ﬁ#@ﬁ gﬁggl?g{‘f? Bgf&%{'ﬁgttappa?tgﬁs of
increaseythefadidtimnreaiSfondid, a pedeerminet evayelengthniangs. devi ce

i ncludes a programmable mrror array.

40.  The apparatus of any of claims 30-39, wherein the substance is configured to

reduce a radial size of the plasma.

41.  The apparatus of any of claims 30-40, further comprising a supply configured to
supply both the fuel and the substance in the discharge space.

42.  The apparatus of any of claims 30-41, wherein an etendue of the source

substantially matches an etendue of the lithographic apparatus.

43.  The apparatus of any of claims 30-42, wherein the patteming'device includes a

programmable mirror array.
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