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describes a ographi ¢ apparatus having a
an entlre pattern onto the target portlon at one time, and so-called scanners, in which each

target portion is irradiated by scanning the pattern through a radiation beam in a given
direction (the “scanning”-direction) while synchronously scanning the substrate parallel or
anti-parallel to this direction. It is also possible to transfer the pattern from the patterning
device to the substrate by imprinting the pattern onto the substrate.

[0004] In particular, lithographic apparatuses are known which utilize radiation in a 13.5
nm range, or even in a 6.8 nm range. For the latter, gadolinium (Gd) targets or targets
comprising gadolinium compounds are known. For example, United States Patent
Application Publication No. 2006/0133574 A1 describes a lithographic apparatus having a

Gd target conceived to generate a 6.8 nm beam, wherein the 6.8 nm radiation is generated
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[0011] According to an aspect of the invention there is provided a lithographic apparatus
comprising a source as is described with reference to the foregoing. The radiation beam may
be generated using a laser-produced plasma (LPP) source, or a discharge-produced plasma
(DPP) source.

[0012] The lithographic apparatus may further comprise an illumination system
configured to condition the radiation beam, a support constructed to support a patterning

device, the patterning device being capable of imparting the radiation beam with a pattern in



[0012] The lithographic apparatus may further conprise
an illumnation systemconfigured to condition the
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[0018] According to an aspect of the invention, there is provided a device manufacturing
method that includes generating radiation with a target material comprising a Gd-based
composition configured to modify a melting temperature of Gd, patterning the radiation, and

projecting a patterned beam of radiation onto a substrate.
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[0025] Figure 3 depicts in a schematic way an embodiment of an arrangement for

discharge produced plasma;
[0026] Figure 4 depicts in a schematic way an embodiment of a Gd target configured as a

plurality of solid droplets.

DETAILED DESCRIPTION

[0027] Figure 1 schematically depicts a lithographic apparatus according to one
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the tafgre‘? Sosrf’lgrcl: tolf 312 substrate, for example if the pattern includes phase-shifting features
or so called assist features. Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being created in the target portion, such
as an integrated circuit.

[0031] The patterning device may be transmissive or reflective. Examples of patterning

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

are well known in lithography, and include mask types such as binary, alternating phase-shift,
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nor e S). I'tiple st
pure Gdhdnaddictiiagnaids postible shatrthe Gid-compasifion parlettcékq darease the
be carried out on or nor

.prepar at or Ste ma ne e
meltif g A PEOUR G P HEPRETILIO PeBfise B RnGATTRf TR f pure

Gd. Th forBXPR1YILE Ipa{tggﬁﬁil abedrREJcb ROk Asd i'ngéjlﬁ%r#srodula@d plasma (LPP)
illumnator L receives a radi ati on beam from a

source.dAiedp ithenfastgbatabe SOltimpHemperateeof purabcias deovtd3ha G foimeation of

[ ' i. . i al d .
aropi GRS B8 B PATER: B! B en DM R s PTATC 56 Subtpeony
decredyinty A8 mckig tepa@turéalefol BhgLomnmutdcs e slldys@-Gamedad of pure Gd

conmposition configured to nodify a nelti n]g tenperature
as thedgrgpimatey, gensrasiontaf EMPapay ba substapiéndlyi synplitiera For prample, the

fo 110&9{; 8&@8%82{11%'}19 ﬂstieé i ﬂlbqg § gr% stuRa‘tqg $rele &s Eﬂ% targets emitting
radiation with a wavelength of about 6.8 nm.

[0036] Table I: Eutectic Alloys

Eutectic alloy Melting temperature, °C Atomic weight of Gd, %
Gd:Ag 790 77.5
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8Butectic Al oys[ 0037}

1771t may be nore

ldesirabhle to us|

&:@® due to a
Pgrature of

gl Véen nass perc

add:Ry,Rh Eut ect |

80 mel ting
f—two for

n respective

B2e as a target

. are pot |imted |

: nMass percent age, t that the

S Tpre @Sl%&fpdlse\gﬁltﬁﬁfc qllﬁg%ﬂg,(gé&é]e @ﬂgld or Gd:Co due to

a decr‘é%%%&or%ﬁﬂhémﬂ% %eﬁlg'e&t&rg o LARGRIR bRRPtoif tRETSENLiven

to about percent. Eutectic alloys are not limted
mass porcitaget flgadd linoys in espeatery aboysp Eutseti¢ hitags sortablofoe use as a target

materi) K g RO ST oI BB APl oghe S Mg R ontage, bu
ciffidd eh@ttid At @Ay be in the range of

that tHea)eeccatat BP AR Wei @HVR aﬁﬁ%ﬁ
contam nati on nmay be produced in conparison with pure

about @ dsrdcni tQrabeetr Wenascenpr Byfeticxalleys argrngetimitedjo biaegal aHoys, but
ma C%gﬂv%% ﬁlg% grfmﬁ)ﬂ'quel{glisng | ess contam nation conpared to
Y Sreesrve argets, in particular, when a dropl et

[0038F 0Nt iisSfa&ndthaO@ltEdNd I8Pkt tdfedudb atcltaip-tg@peiatié 80pure
material. In particular, when a droplet conprises |ess )
gadoligfung faye hrerplGEIntarh advagiRee v fiat Hehtehenedpatiy By bhiroduced in

I I,
comp§Hi8fufith Pte Bad A REAIL THEpRAHareld sESTRIBE dlulfiee of
produtingriesa costhainavieh yomphrdd mmtnasdivad targetsabupeddntar, wher b droplet
cont am nate and absorb the generated . radi ati on.
cOmpHfS 28 OPHAUFY YRPw §§Wé1§at88'%§ Fraieg @ﬁ@&g\% Batfl ﬂ@% Wien ggiroplet
%le’t b?g laser beam

comprisch A% s BF SEATRLEH A th &tRhaR! M dverieRnd 4NEE d
m cronmeters and, thus, may be configured to conpiise

may cgpuropt ¢aseimhamtherdroplat ¢comeprsesigeradf sablomateii@ll Bad 0pémoi, then a
: atons for.generation of the 6.8 nm beam .[0039] Th
relariyily GUF ) (HPEHER CBAD ey Gt W LR Ao 6P LV
radiat®Rl Th& l{dedHFIERtktyeLFEihcRQHRIA iR @ rénd?l 311811 100 @fcrometers,
pre-fabricated sol'id droplets. An optinmm anmount of

preferablyris thorangreH) s 60 inticramstsireand, Hay, mpx be penfiguradie cpmgec an
optimg}‘n a:'ﬁg)ou:}ﬁ3 Inlt%% ?an%te %%b(guq o8- Hﬁ@(pfl &4 adhfFol Qente&%oﬁ 3PHR 6.8 nm

beam.
[0039]

comprise a plurality of pre-fabricated solid droplets. An optimum amount of Gd atoms in

&Y ease of the origir

fot T um by a facto
entage of gadoliniumi
coxl | oys suitable for

d

[«

o the s

[0037§)er c]éﬁtaé{g)ed fied

The target material that comprises Gd with decreased melting temperature may

such solid droplets may also be in the range of 10'°-10'° atoms for a droplet size in the range
of 10 — 100 micrometers. This presents a technically simplified equivalent to conventional

LPP which uses fluid droplets. In this way, substantial amount of energy required for



of 10 - 100 mcroneters. This presents a technically
sinplified equivalent to conventional LPP which uses
wo bavdiasopl ets. In this way, substantial anoup€T/ai2009/050132
ener gy reqw red forgenerating the 6.8 nmradiati on
ved, because a step of gener t|n UId
gener%r&‘tggt}ig% R G a&lomgw%ax%ﬁsgg?é iﬁ%@ga@& geperaipig trauid
dropldsél frgﬁﬁeﬁﬁa@r‘&e@cﬁ@eﬁm 'o@XVdTEé/d Hge @@@éﬁ%%tb&w‘%ll@&'ﬁ%"be
material, lik | as for formng solid
embedited ph etbsndefrh@.t@@l ilie olra@1p¢ éosfomaylgtth@ splbiedrpplem Hedsdlid doplets
vicinity. of.the er. . beam f or enerat ng .t 6.8 nm.
may HChelrb B ot Siohd e e oRen TPRceBiH B Wi nigadition.
More dbt%ﬁé)&ﬁtﬁ@ LIpel sowtcwiviil be @i R1.80E Belb® Witldtif&croe th @@g&% 2ln
enbodi nent, a solid droplet may be forned

[00403‘; ui tla@m@n(h@dﬁmnécat sodidalrepigt e bﬁgfogim@d/ by édulé@lﬁ%d cutectic alloy
being %ﬁ&llc%dda%l %‘ﬂgﬁgﬁ&a v&ﬂthf u uﬁ'tggll; sluz%})llte%?éngﬁn?lﬁn?%y have an

advanwgemaatmlﬂrﬁed[cﬂ@;ﬂ&t]praﬁvrrat&mabl ing versatile usage of
targets, in accordance with enbodi nents of

ased

[00411 he Eweﬁlfh%nver&aﬁke UL AP ot drreatayInFECBHICE gYifhednipqsliments

of the 15‘&&1%@1? Ghd 6a c'gﬁlptoklﬂgnhﬁ %r ﬁ%ﬁe&’fo IB%SSQC%H% HI%HE& tBmperature
conposition nmay conpris oy of with a

of pumedit. nRatchla, comipokitibh malymnm]msahn bidiynaf Ge vithtasnfmead, svith the

r pconlst| of : Ag, Se, S, Te b ,
non-rg§tal §8ing Sglces %éﬁouﬁwemafw. Bk P Sochrcd n@o&’% & G
and Shavi ng an |ncreased mel ting tenperature may be

preferable for its use as a solid target in a source
[0042¢ onsthamrvediohof alﬁ;teccpmp(wthmhwglgeqnhn@re@p@ arlteétllmgsten@@tarade may

be preﬁ?%%‘ﬁ éérdl%p‘fsﬁﬁﬁrﬁ ¢ %E%Igeé 8b?' Eoé“%er Coéls'ir%é%‘ff% P%ed %thographlc
apparh @ VoA d 386 @arl bPRaptedTBF @lenvithe diseaed produld p@aslrﬂaC(UDP(P)
droplet is not desired. Mdire details on a DPP source
source1 § laer pipdised plmaisetice EfRiDenwbercnghrfogmetonot ¢ bgudidroplet is
f C [
not deghredbre AT Bh s R RREECAR Ryt Bled RuRRILATIE RIS
[0043¢ onslit kiid lﬁﬁchet be HpRcdatedrigein aebelaha withapdthai a@gect of the
terbjum (Tb Ter bi um atom ¢ structure have
invendgn dh f‘e%?“é@?pgé? mayrRconsirugifg thave 2 snssimmaetial ﬁ@m@ﬁﬁ@g itgghium (Tb).
Terbul,lﬂl'a&ﬁm'c @trﬁaﬁrerh%'ag Seéﬁf +Q4ild éj%rlﬂﬁhtaﬁg%ﬁﬁﬁg%esho@m s%ﬁ’ggrmssmn
mat eri al conpr|5|ng presents an alternative
lines wahaitangnof @.6- (i&ngleil"herefumestartwgtterdatbnalgwmmhg Ttaphe st som
8 nm . Ther ef l.n accordance %MStnhm

alterniy st et Gretd R e yradiatigh Rt Spgaqbou

Theref&émﬁ la8d A Garlc8 Wh%ﬁo‘&nﬁ@nty§§t% i cBtiSe Larta%epﬁat%hal%hﬁﬁlslng
for generating a radiation beam havi ng a wavel engt h

terbiuamtoextusedrin aisaurevionbterctedafog gericsatingoviadietion peoahving a
r as ect of .the invention, a

Wavel?%gqtg é%%lbg’&t eolélﬁflj’lg[]? Eagﬁ? QIHP‘él eqo modify a ITE| ting

[0044) ENPREGFARE td fubthet %p@ét%fltlﬁ@ﬂveﬂbnah Teybab@iscompositdhiceRfigured
hi gh nmelting tenperature of 135 In particul ar,
to mo d@f.‘é a gplténg CEOPTIIEE PHYB 1&:@9@1@@&%@@&8\@ éé?lé'fa‘éféhlgh anclting

temperature of 1356 °C. In particular, use eutectic Tb alloys constructed to decrease the
melting temperature of Tb is preferred. Examples of eutectic Tb-alloys that may be used are
presented in Table II.

[0045] Table II: Eutectic Tb-alloys

Eutectic Tb alloy Melting temperature, °C | % atomic weight Tb
Th:Ag 860 75




melting tenperature of Tb is preferred. Exanples of
eutectic Tbh-alloys that may be used are presented in
waawbaidsb? [ 0045] Table I1: Eutectic Tb-all oysPODAG20001050132

may be nore desirable to use eutectic alloys of Th: Al,
Tb Cu ot Th Mh Hnn tn 1 Hnnrnncn nf the origina

m:,|TEMA,]” tenperat ﬁzgnf terbium by Blut _a factor of
twdbk@¥ a given d38 percentage of [tArbiumin
redpeiat i ve al | oyg.84Futectic alloys |[Sitable for use as
a|tfr@et materiall 880r a |ithographijgoapparatus are not
liimted to the speesfied Tb % at om|ggwei ght, but that
t HRE] Cent age 0782@ atom c melgntqu any speciried
tecttT clIIU)/b may UC III lIIC I difrgce I clUUUl

erc y
[0046£ ]I?ﬂ{ rr?’?’ggmtﬁg gg%n;?g%atle%s Ectlc%gltosg hg;f;b Z&gn"%% ?g e&tﬁ Fin duc to a
decrede offftdtecoripitad nseltifedi@perafurt af '@el:hunmﬂiyeibloaﬂ a fao’lmp of svafpr 'ﬁkglven

or a swtabbe Th- based c%l :E i on mf%,
mass RYPEdaCe T SFTaPE I irSREFUYT Bloysn FriestietlSE ISPy ?Pﬁlué? 4s a target
rnaterIQP ?or%q {th&brEs1RP hﬁﬂa?atﬁ@{yre RSt GiniEN & BB §fkchfbdary W@mﬁ:fwélght but
m croneters, preferably in the range -

that tlm p@r@n@ge o& Thathmit fesght ragnyosecidind r:gmtwlkoors u@mmells éleatange

of ab(?lﬁ §b [é)g%e]i’ffﬂ gﬁmﬁéﬁo Iil)'legée oﬁlé%te) t'é;ct ”gk)lnglll(;yggﬁg t[eidﬁtg blrnetal alloys,

but mély 8Rhalis thic@@r hdwe agrunt of Tb) and productlon of
excessive debris (too h::{%h amount of Tb). The solid

[0047¢r o w&fgeﬁmﬁtémlép@Pﬂﬁm i Wrieyitable 4 br@ﬁ@giec%mp%@wn mgypcomprise
0 t |

a su1teﬂ>‘l§ El%fgﬁtt)ﬁ Bf%tgaf?‘tgﬁcglée%o 1%11 %gg &i &qlf%gqg fto%?q;sa%y B% d{H‘féHsmned in
a rangfeQif 1genoahicesim®@érs] frefetabBy mnchd egige 16501 S(Em&l’fﬁhﬁers and, thus, may

Tbbased conposition may be enbedded in a bin
be configugsd tg1copprise @ ptiteg OPHENSLIMeMTY 06 BPeams for ggnfsratlon of the 6.8

i

nm begtf?\g%tlélra’g\%tl?lfl%gg%?éﬁ g)lf l‘fllgl cﬁbﬁltet% ({H?%laﬁf u'n?@f TEIB and production
of excestiexddbeis &lobdygh Andent gETb)rdhe lsolaxl dmpbm\dhln@ ateadimknsioned in a

e dinent. of the inventi rise a.colloid
range o ‘ulﬁg neroppstery mayhe sep %‘HQ%{O ANRLF AN opfimymeameit djthe
range f hﬁodtQOwaltqu' ofSE 44BH§ fort é&ﬁeﬁﬁbﬁ 8 GE %Fﬁ &h b@ﬁﬁ F’(?@ﬁﬁl%% Tb-

frozen water sol ution such Tb salt.
basedmcwpsitln@ nagy baﬁn@nwm 1rr@r’mndeamﬂieanat é)rrfmmuﬁgdtmﬂld groplets. In an
et hod t
emboffHiAE Seste AR madt S bRt S Pkl Rflpound of

a Tb dulfRtit alldRtA Bifgdt na@a e ﬁ@do@diin%fd AerAbd@meRto MBd @K étlon may
conprising terbiumor a terbiumbased conposition

compiissrf ¢ojlpideprappurd dif TP, or hepxidpprildmplir 4 uvcdectid seliipater soluble,
the sohH %rc%p?ét%% Q@jsrfsg aFRYIRE %\} {etr 5 Hﬁ‘@ﬁl o QR rI'bssg‘ﬂta Tb ng

confi ure ecrease the nel ti
[0048] enmpAE@irding tofnl a’nb(ﬂ(ﬁﬁléﬁtl a Aeviey magufaentifi@ afetholdrig pmetd'edd The
according to. an enbodi nment includes projecting
meth%fl@éﬂ%ﬂt)ﬁ% ppatiesfddergpiapdiziop %%%W'éﬁtréte wh@freé} fhe

radiatldi8s %&f@reﬂ&d % %§ t#%&%a%rﬁq c gﬂgn E&Blﬁﬁ% or ﬁﬁﬁrﬂlbas

conpri si ng r base conpositron as Is escrib
compositistheonffignegad mgpdiffhaemelting temperature of terbium. The terblurn-based
composition may comprise a Tb eutectic alloy configured to decrease the melting temperature
of Tb.
[0049] A device manufacturing method according to an embodiment includes projecting

a patterned beam of radiation onto a substrate, wherein the radiation is generated using a



Tbh or Tb-based conposition nmay be configured as a
plurality of pre-fabricated solid droplets. [0050] A

W@ ouaessedNPri sing a suitable target materi al wﬂNazom/osmsz
l'ithographi c appar atus may be separate entities.

such.cases,. source i s not .consi.dered, t ar.
target gpatg CPP“PH?}QB zﬁbrﬂf iy DA% PP DRSSt 3@8&3&?% B, ?368%%1% The
Tb or '"I% %@c’?@cﬁnﬁd’sﬁmntrﬁ% §@éﬂ’n@i§u§@ ab @ pil¥glity! Iripra-Rdtihted thd droplets.

the aid of a’beam délivery systém conprising, for
[0050kx anzfslsel,lrcs gq)maltmh@ @Ism@d‘)ta targehinareorbaralnadlithpgraplve apparatus may

be sergiRe Ot Pk ks S87 RS ap G el Rty &SNS

lithogkdpRid dppbiiitidan@tkihd fadiati®g Bt s pisidd fidig tlﬁ%ﬁic@@O oethy 1llurn1nat0r
systemif desired, may be referred to as a radiation

IL witdntBe aighof| [adn@érn]dehrh@'y|smt@rmCﬁamslngJ_forr@g,armﬁmun@,@e gdhiecting mirrors
d t
and/orggjg%a E%Rafn%r ﬂ’]f étﬂ%te da?% (‘.}EQSI Ogeg%nlag{)e hﬁn%@él ;?ﬁrt of tl%e lithographic
apparht@@stthetsberco Sedndahe {IRimihs10eIL, tedtiat vx&ﬂﬁttbélbea&ﬁ? a¢tienyt yystem if
referred to as s-outer and s-inner, respectively) of
desirelymay e gfeiredtogs strpdipiien $§tePh a pupil pl ane of the
|l
00st) | TN, s o 0 U st s
distrilaioh ofi heandiativrebeaat. dicnaratly patdeastihn sater afddier inhérurmilinhe:aent

o S e P LT Bk G B
ot ERFEREBESH BBl BB 1 { L0 R A s

Vaﬁomejthabr@nmpbmemy ppdr ds atinggtatbrend @.cgndens@sKhé¢ dhinendd®) may be
evi.ce. Havin

used t??ae%ﬁgﬁﬂﬂ%rﬁ@lgﬁ%gﬁ ”953 P att }racf 3@?9%%1@ iR fgfsdlstﬂbuﬂon

inits $BEQURNE he projecti on syst em PS, which focuses the
beam onto a target portion C of the substrate W Wth
[0052{ he Hiedradiatioihbeae Bamhautest o th@qxattéiwmvms{b i, orask MA), which

. ensor | F2 n int dev ear .

i hel R Btembisi (Fistioe fe Madh 6Bl VT )8 s Be v B Plteine

devic€ Muvhfy AL BRGHARINIAY theGadiatiSOb&®n BDHabRs kirb@h the projection
different target portions Cin thecfath of the

syste &8 whichriopsanthe begn entoar faggct persion i(r aftthp sdhistrate i Wity the aid of
the se@(ﬂ% u@o@ﬁ}o & P‘R’O tﬂogﬁ.] 0 %&?s%f {(PlZ:\:ﬂ& %MQI? Hﬁgrféf&%giirlc devicR linear

pos F espec

encodﬂﬁbﬂ‘bapﬁcﬂl{?@sdh@@) ahé mbsﬁraamab% Wel ¢un @f hevedmeharig &lg S0 as to
retrieval froma mask |ibrar or during a_scan,

positignugificsant tagess SREIRNS b mtﬂh%P%§¥ thegpgliatioprbseay B b%mrll@alm the dirst
posﬁﬁ%etr N By ﬁ{%‘flhe‘i’f 8§itlbﬁ) E&s&t raks 'EQ%Q o(agélgﬁt%gr position the mask

positionin a short-stro
MA V\u‘dsnel;peomortgé pativoif dte rhdintiopbeaim Bf €. gmftei‘ imesharnpad rdtiiovad from a

Sim/|larly, ement of the suhstrate t b
mask F3tepc o e %@ﬁaﬁg B EPRsY- TPy GRent b it el M 1y Beatived
with A Qlar a6 QK GrdR A Rile WBALGD pbGHiHRIR r&ld%fshbﬂ-%tﬁﬁé’ﬁﬁgule (ﬁne
positioner PW In the case of a st'epper (as opposed

p051t1q113g)awﬂ1mh)fotrh pantas thet fakt ppsMﬁnﬁalg/l\/Ib&n@bimhyemg@tn@m ol the substrate
table gﬁgrrn%y %te 1re%lflzed3l gs%rygaatl Porngps[c]rloﬁé moduldBhd g%h&jt_)éﬁgke nl\{%gllﬁe,%ich form
part of the second positioner PW. In the case of a stepper (as opposed to a scanner) the mask
table MT may be connected to a short-stroke actuator only, or may be fixed. Mask MA and
substrate W may be aligned using mask alignment marks M1, M2 and substrate alignment

marks P1, P2. Although the substrate alignment marks as illustrated occupy dedicated target

10



substrate Wmay be aligned using mask alignnment marks
M, M and substrate alignnment marks Pl, P2. Although

wo b@9ausstrate ali gnment marks as illustrated PCTNPO09/050132
dedi cated targetportions, they may be located in

. Spaces be en target portions (these are kno as .
pomog@ﬁﬁww&E%Cﬁ@ﬂﬁ%?n%ﬁ%bmf?n st paFiPYs (thee a1 e eribe-
lane anigmﬂf@mqﬂarﬁg_r SintikAR, ANSuMiichs'it wHi@VihERIhANodd e TBSEVINE on the

the mask al'i gnment nmarks may be | ocated between the
mask i A&sthe R6l6 dlligrifmt depisonadbalvpardbesvecnthedligse used in

100530 o T g PR o ST Hot Db eTatias Gploa e afes
[0054Kept 1 essantbRhble, Th@ib SNRAbY, MManH ehcxuibidté t81 WL 8E Rept

Inmparted to the radiation beamis projected onto a
essentigdbygéatioparys WOHe an gatirgpatternimpiitedeto the Bidigioa bearads projected onto

Vor T bst rat I IS i f (s
o areGREH Oy o GmS IS bME LAR Sl S SR uf i then
shifte @f thie ONarkd/exan directeposRat.a differshepradppatioh MecaiicApdBed. In step
size of the exposure field linmits the size of the ]
modey the IR iz Rf the; sragete figlddinits{ge aize phthedarggtgnsiioneC imaged
: : : can node, the mask table MI and the
ma Slé%%?ﬁtlgt%épéggg ‘e WI' are scanned synchronously while a
[0055pat t2r n Imyan hedef the dusk radbdh 5Tl 2ond thearbsirste pabdg BEE ad scanned
onto a target portion (l.e.,.a single dynamc
SYnChEIoy 8y w@iﬁegdmét%meﬂ?ffwatha FigislioBhegm 1o PRy LR & faee
portioch@Pli€. YWinbR! hbMi &Polif28). TRS KelbaiB) £nd\iird¥BY¥n BEthe substrate table
determ ned by the (de-)magnification and i mage

WT reletverte dhe whsk tablieevT sndyds dstermineddiycdhe tder omgsyfsnbon 88l image

In . scan de he maxi mum,si f the exposure.field
reversa ' REE rRBET) bR el PR S P B oy BR Hiejpinplze of the
exposhRefidl@ligets tROWIHIO(n ke wonSicBfifg B &AFNE 0 LB @FYEortion in a single
wher eas the Ienq%h of the scanning notion determ nes
dynarpig ¢xprsiugth tvheraas thied crgtla ahihs geaninecmplaen desermings the hejeht (in the

Scann?l?ﬁligg'{l’ong[o(?%e;dagﬁ%fg@gﬁnm her node, the mask table M

ssentl ationary hol ding a progranmabl e
[0056pat tRr ni higarmbeher eedeathd niakle tablHISIIY ia kepttessineaNW stasotidy Relding a
or scanned while a pattern inparted to the radiation_ .
progryamable Patierajng derige g dhasubsirge fabloM T rineyed|os seagmed while a
patte B o B9 Bl At P SR LR B O, BT g (S TR B0
generalggupuled mfliabon sacte ivewphertl aod thchwosabsiabt matteahgddice is

or in between suyccessiv di ation I durjng a }
updatgagreayiFickiiv QRO GaRanhel B SLaTRbd Ps At of ThpNeksuegessive
radiatfRAPHLS utihd HAGHAPRY niddRlof UpdrhiidBSana95 ARMEPL& to maskless

patterning device, such as a programmable mrror arra

lithogedphyi thay pilizes pregremmadilet pattatnongedevi@OSRh aCarpdgraminghls mirror

arra aféj/or avarfi a%ﬁ' onaz) on the above descri bed nodes of use
Y8 gﬁ?i?éﬁ?ﬂ Pr8PLHt nodes of use may al so be

[0057¢ P! Oyr@Binadi¢H32BH/oF ekt Rng ofl &R MHoSc HEscHbECRBIRt dfuisvaY entircly
___an enbodi rent of an arrangenent for a | aser

different modes of use may also be employed.

[0058] Figure 2 depicts in a schematic way an embodiment of an arrangement for a laser

produced plasma source 10. The arrangement 10 comprises a container 2 arranged with a

liquefied target material, for example with a suitable eutectic Gd alloy or eutectic Tb alloy 3.

The container 2 may be arranged with a suitable mechanism or opening (not shown) for

delivery of liquid droplets 4a, 4b, 4c, 4d of the Gd (or Tb) target material to the region 1

wherein the droplet is positioned to be impinged by a laser beam 6 provided by a laser source
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produced plasma source 10. The arrangenent 10
conprises a container 2 arranged with a |iquefied
wo arogatesant erial, for exanple with a suitabl e BPUL/AT2G00/050132
&d alloy or eutectic Th alloy 3. The contai ner 2 nay
arran with a urt bIe mechani.sm or. enin
>. Th%ﬁé%rﬁarl S@éqfr%l.yf r%re@war bjiing %S%Q%Pewtlcglagst&al (not
showﬂ)f U’ba&n@a&% Wi lﬁ) thle IR bedTRb Shb aropre@s ihepr £9u4Q rareltransferred
wherein the droplet is positioned to bé inpinged by a
into plaame stabewhnch eprite viae nbyradlaltlas,erhasaownste@to r?heatllqars@chd or Tb

6 f
atomns ik oF s i PR GRS e S ST RS on
[0059 t hAf BRahRERIEDEHB B beh@ ﬂﬁl@@b@hﬁerétﬁ)teddflky a §1ﬁtabi%dde@f1§

transferred into plasm state which emts the 6.8
mitigatipaisastenrt cofighiedtte eoliact er togicflestpreticl odebeis e@@n@ﬁngrﬁsom the

esiof), SEDX B S B 88T AL A8 e e
9 conﬁmctbaaaﬁd‘énﬁﬂgedtte stitdbly e@mﬁt&dl thy baars Gkt abl e debr is
' ation system 8 configured to collect or to

mt
[0060bef | %grrepwqpr%r @ Pehematicyayat PREodipshi ofife aregegnent for a

o LTI, LAt 5,0 050, ek
bodiea? I, a2gadfaces sﬁwhlaln hI}e aonged todr dt heastygatalFacovERa ®ﬁ]h llquld target

re 3 i ct a schemti c,.wa enbod
materzfﬁr ar ?%H@’i‘h@ﬁte P8 Odelggcde ﬁﬁa Bwﬁﬁ@ dh Heaun A 0( jch may b
suppli%@ lf'lro%?sult-gﬁ% &[l@%%@ﬂﬁﬁfer@ﬁan@}b qREBHIRE2 | W0 arr@kéﬁt 'uﬁger hlgh
surfaces of which are arrange

Voltagee?éat) npaatierdaiCilayrgc enemed bajrethtablequ |adinteatrchetpwnaisaacla¢>ther as is
Ie L uef ectic a or Liquefie
schorngfleo i TR B by B ot erri S e 9 e B

waveld@sth iB6Wt P RMaih@irSctddRerid IPirralitRedORh @Suiddble BéugidQaser beam
kept under hlgh voltage 26 to initiate di scharge and

25, whigly igenestesttati lsqrsonrce 2 elé titld e epiasiatsd deé hthst perrse kagwn
arran%ezhezl?sggggéaﬂﬁf;aﬁr}%ydbécﬂgﬂgg %}q?igrsg%l%arﬁ%ﬁ% EQB@LCQE% a5 gveél 3

[0061hm Elg&rema’t@&ﬁs miaat Sbherﬁhtld @ay a agdbadiednvéftahGa os b te&@ét@ro
focused | aser I S generated by a

configygegh g5 @Hfahtx oﬁ,§0|hri dﬁ@lﬁﬁ 6? eg}ea@‘é ar thi g%ﬁﬁépayrf‘@,mrg@e a suitable
cornp Mo folid Etﬁm&&’ﬁﬂ g%@?[f&ﬁﬁ?ﬁnq Osgftg‘?é &1‘591591‘14‘10 Gfle solid

asma nay applica igure 4
dropledemayibs dimemmiogicth etmat‘ange why0 ar 0@ mrhcxdnwfmd; poeffelab[y‘adnmlne fhbge 10 —

50 migpnitiirs e 1o iy b gte s ey Tobivp feai < subi B Spiimum
amou SRR B bt Tl?ﬁ‘toﬁlf f&o%éngra@iﬁﬁ Bf ﬁl‘é% 8 M'%Qm”ﬁyco%u%l‘aﬂ 'o@ﬁfé: desnred
in a suitable container 41. The solid droplets ma

Optlmdmna@mnogéﬁd ion Th atamgeguling®ptinkd deatingrtonperetuss of the drOplet

) era n 50 nrcr meters and, th

lies w 5}11818 i o e ey T SR ER SR e 5P por

43 fOIQﬂ’llllv adRidial @fopletk 47a, Zfib itaeBukie of elteioataimn. THe ihHi®idual
eam A conputatlon of the desired optinmm

droplfaﬁﬁ%m142bma®d>ecsiehwe<étwgmg\almr AGUIEGIHLY adaptaddaser hepm is present
for ge%ge SIE(?‘{ 1|Wg v dlilaqlogr %h &b tﬂe 1Gr Weelnﬂ '6%6%%@)‘@4& gﬁggxfel aglféi slé%wn n

I san. cont ai
Figur®peni ng port
[0062] Solid droplets may relate to substantially pure Gd or Tb, or to suitable
compositions comprising Gd or Tb, like eutectic alloys, salts, oxides. By using such pre-

fabricated solid droplets, there is no need to liquefy the gadolinium or terbium. This may
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43 for delivering individual droplets 42a, 42b to the

out side of the container. The individual droplets 42a,
wdad2Imeesehe delivered in a region where a sui t B@IT/XL2009/050132

adapted | aser beamis present for generation of the

EUV r adi at suc he | aser beam 6 describ
have %Wénta&%()émw& Eﬁ?@‘tﬂﬁ émﬁum[‘ﬁr@é?r]gy §YeGHeh ng§ Ty
radiat{ofl 8F Bthb@rapiPst antial ly pure Gd or Th, or to suitable
conp05|t|ons conprising Gd or Th, like eutectic

[006341 | dpsin egddOtignemmhd ealid ®ypl§v§| AAgnsyermpise af ablpidcangwund of Gd
solid drg ere 1 to |i fy the
or To GRHSTos T B T 8 F DTN S g by s Retglescgr Gd or To
salt paﬁ»awemltﬁ aquhﬁéraertem@tt amount of energy for generation
of nmradiation for |ithography. [006 % In an

[0064tanbo$nqh@rﬁ0110tdrr@n§wn@| gy dg|betiad ugngra yuitabtgpbinde rpaterial, for
exarn@g gtlg, gﬁ? q&?l{ﬂgol?({ drigficly arﬁ-l[Em[&ﬁ écf Il §Pe ﬁgdn%g he-EF a sultable

|ca

Gd or0Ib att i©vatth sslable, ha s(tltcctheplemfata cambﬂsd zhﬁbze&ﬂ \Ez[t'emiolutlon of the
[0064] Such a col | oi d conpound may be bound using a
Gd orglhy s28bl e bi nder material, for exanple plastic,

[00652’23 r%ftﬁ&%‘t%\ﬂ}ﬂ% 91&0%2&%5? %rg tﬂ%gl%tcﬁrag %Q\%EQ as Blstﬁﬂla\ll\é t1ro(:)urnd Cross-

sectiog pbthinl econfiptmetiew likle cutep| mtsnrmtyvatmmyihaéermsfpasmbh wat er
olution of the Gd or Tb salt 006 Al t ho SO
(006§ p/tétlgog&azhé% aé)paeﬁtwéadlé%%%@ %i@atfsfpéﬁ?g F%?g%ng target
materfa%ﬁiy Bbé Q&ﬁfg%?éd‘ f8p ge&?aﬁﬁ@ sﬁﬁqgal%@ﬁéa%%l%élﬁ%r ‘Ei%&%lsproduced
prisns, ovals or cylinders is possib

plasmlal(LPtB)gSOamL or a@pdmwoé@edylamdw&@bwq hr ef erence

10067) 0, BeskPaE A" BB B BBk 1 R Rring method

is probﬁ@@ rwiith 616 U GRbAcRE@BEm 6ERDatisAW HiBjecRE odtoth SbIRAtEBwherein the
oduced pl asma (DPP) source. [006 I n accordance

radlatwntlh genpseed peng 8 taégettﬂheéemqt@empm@ng af&¥d eanposition, like eutectic

alloy, ggg(lﬁf Q]?Jo%{étgﬂg(% IB%(I% shl‘? Bl ! egie 4 %ﬂ%ﬁlg’u(gf S@?—g@e&cg{eﬁ%glid

ion i S prOJe
dnnﬂmmereln t he radlatlon |s generated using a target

erial conpri gIP conposition, i
[0068éut elélt%ceorémcswlthc%tl s eBtPﬁd@Yf‘atlow tﬁél%rmwftctuﬂng method

is pro%ﬁ@(fl MoTtI=Ts [agﬁ %Ttpc? Y b Y Qtftloﬂ ﬁs\?ﬂpr%%@feh%ﬁg)egsﬁ@trétg whei}]r%m the

dropl ets. n accor ance enbodi nent's of
radiatiomvie gtnepated asm@xv targetnmnetﬁ@cbmprmgg ffbton 0t dosippsiown,dée, cutectic
in a ern beam o %Elat on
teE°

wh r oj.ect ed .
aloy. g ey R cB e i F LSS teh OBl o PrEigiea g olid
droplé§ing a target material conprising Tb or Tb

conmposition, like eutectic alloy, colloidal compound,

[0069 x i d@ltb}ugbap@mﬁ@mﬁrgmegda}alge magd mrthisitext tefthe use of lithographic
appargtus m t%g rnlla%fal{’a%%res 8%' des, grsl%)dl(? Bg uinderstood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a

substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where
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[0069] Although specific reference may be nade in this

text to the use of lithographic apparatus in the
woreafiassure of 1Cs, it should be understood tPEl/NLE®9/050132

Iithographic apparat us described herein nay have ot her

I|c such as_ the manufacture egr at ed
apphcaglﬁ lsg tlr@%rengmaa&ﬁéap 0&@%@%@ & eraag @9?1@%%%51“% tools.

Furthéfaﬂl@%{lbsqrra Be st@ﬁrorg {hah oﬁ@en elr thﬁBieGlM 9rder fo create a
I quid-crystal displays (LCDs), thin-filmmagnetic
multl-rhfe@déc setthat tiRhierms kubstrats wed heam rva ilsapyerdoiaatibstrabathat alrcady
Ee cont eXtﬁif such alternat|ve applications, any

Cmﬁmﬂ%@“”ﬂﬂ?ﬁgmfﬁF Yeliaf er” or "die" herein may be

[0070 ONSARIRSRH sPECiBY REE¥ARUGayhdVR Db mABE BbBRNE KR usk OF M5
‘substrate" or "target portion", respectively. The

embodigiestsrafttec nEentiondg thecﬁoméqxépﬁoml ldogeples dtswil bayppegceated that
e X t hat
the 1nt9§/n61|%£1;‘ﬁ¢{yybe§%g$ iﬂgéthetl eﬂag 192&10% af?gé;?ag?p % [rﬂgrji%t(l tg?ag)thg A}l%, where
the codl@xehltgass, it dixned es opt&&l ﬁth)ogra@hyrah ﬁmbﬁgwhth@g}hplgfrw{o@bgraphy
an |nspect|on tool . \Wereapplicabl e, the disclosure

in a prEgreing drgge Being B Ié’t‘ite’flb“%%o%ﬁ guistisy The lpppgtaphy of the

t
patterRﬁl C‘ﬂggnéée g&xl‘)b%g;lrecsﬁ%c{; fﬁgc}n e!ic;' gﬁrel% %iir}@sgst;éﬁ_g lge%ll tﬁ tlg?;%lbpt‘?ate whereupon
the remsteabered bynabpliyiigagjetroh@gnat @ hiation, theatt prepsuseitisd cablg@nation

her ei.n al so refer a supstrate that. alr
theroqfo e iy diiects groedeltel PafbLiooy b8 poptARIR Ju P ross
is cur&peci fic reference may have been nade above to the use
of enbodi ments of the invention in the context of
[0071dpt i Bl teimng Trodnapriyandi‘beamnT hsed encegpipredasestiodd Y adiatidng in

nt.i on e ot her applications, for
Paﬁng%_‘W%gﬁﬁ%%%ﬁ%hPféﬁwﬁﬁg andpahere t he cont ext
[00728] | OM&e tetrs “RAE”, hihdtd tae c&tﬂeﬂ@ﬂllb%' mby Q96 aR¥ne ditombination of
I mpri nt I|thography a topography in a patterning
variougdypeseof @eti¢al semparengia tnclidingicaaeta. silegtivubyepditce. The
r ice may be pressed
ebc&§%@%&%§%§gg@é&%ﬁ?@%ﬁ%%ﬁc% nggyto theysubsPrate
[0073pherwhfio dechf& ¢relsoddinciits oﬁtlfe&ﬁlvdnyloﬂ hpdeybhaag descrlbed above, it will be

el ectromagneti c radi ation, heat, pressure or
appregigied .tl%?étthedﬁvmﬁ@rlé%@fy bemectisad e ing thad describodrpegrample, the

invenfst mgir taIklath Oc%ﬁl}ﬁiu{h?; ﬁ?o%)%{rl trcrgﬁtgmln% (He cﬁfrﬁc% sé Yences of

resist Is cure ation”
machfhbeeadabllasmlh'uhMrfsl d@scvrd:iuaag eanctlwdRMischdedtbomnr, or andata storage

.particul ar havi ng wavel ength of abqut 8.nm [0072
medidials ¢ S condigo M Has e MERE L S OBRE A1 R OUE ey hogiputer
progrif s @BRIPr conbi nation of various types of optica

conmponents, including refractive, reflective,

[0074irag B descrations rooregiie titendad do bé éhltsnrajmeamqtdlrmpng c&hus, it will

nent ci.fic e Odl t
be apOR T P kve aRei deb BeRRERldtsdud B Pl R g fivehiih
descridppiveib@tRfartifa frolhi@icisbyRIfitdclams eoRbak. ced
ot herwi se than as described. For exanple, the

invention may take the form of a conputer program
cont ai ni ng one or nore sequences of
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machi ne-readabl e i nstructions describing a nethod as
di scl osed above, or a data storage nedium (e.qg.
w@ermaoseuct or menory, magnetic or optical di SRET/Namiongs0132
such a conputer programstored therein. [0074] The
C i Q above are intended to be illustrative,
VWHA&%g(&L%%A”QiS Thus, it will be apparent to one skilled
in the art that modi fi cat i ons may be nmade to the
i nvention as described wi thout departing fromthe
. seopecomateniel foir asers swurguongalcted ankATrahSdlb AleMEBic|aSadiation
. A targe terial, for use in a sour
beam o, p Mt Slen b Rrabe i Fialel e e R BolerdT sgoprising o
Gd-baey EbrBpGtbn ddnfBuRY td £IFEIfY |atrﬁélﬁﬁ%ieﬁ{pefa@tﬁg ef Gai d
target material conprising a Gd-based conposition
configured to nodify a nelting tenperature of Gd. 2. A

2. E%{ nt,%g%tet Pxﬁ{e?{al Qécofa(ﬁrg o{oddlﬁ% { Quife Ireeﬂl ggu& ’co&ﬂggiﬁ%rﬁsiscﬁgﬂgured to

I'on 1s con ecrease
decredse npemalt inp ecroperidre CEGQA target material according to
claim2, wherein the conposition conprises an eutectic
all oy of &d mﬁth a further element. 4. A target
[
S oPeRE P BREEIChRIE B G| Fherdt E{eﬁdgn g b opRtsygn cucetic
alloy €UGGd Mith dHéythGogletvmt. Al, Ga, Cd, Ru, and Rh. 5. A
target material according to claim3 or 4, wherein a
percentage of Gd atomic weight in the eutectic alloy

4. 1R faflet Hﬁte‘%ﬁf‘&%oﬁfm?@%ﬂém@ VRAREGR Me 1RhARIYUAeR® selected from

per cent . target material according to any one of
the grotecpsstied PAAS ICau I8, Fonkier Minn Al Hea, (Cals Bot andeRler i al

conprises a plurality of pre-fabricated solid

droplets. 7. A radiation source conprising a target

. nrm ﬁf%e@ba&@ﬁ%&bﬁﬂng @ Adlih PB4, Ghhcrdlf aeReRELOBf GHaAtdMBic weight
i t hogr aphi ¢ apparatus conprising a source

in the @@@@Tﬁ@ﬂu{@’ is dn Beapigel about Q0tngregat torkorr YBpereast.
generating a radiati on beam having a wavel ength in an
extrene ultraviolet range, said target conprising d

6. confargu frﬁd:rﬁs ac&oﬂiulvg‘ @l dntyyYonebf iegré@binigeddimd, skdreidl the target
dropl et s. A target material according to claim?9,

materiggh é?r@prﬁse§ a.périrﬁlata/@étpr%%ﬂoewtaqi slghiPplss a col | oi d
conpound of Gd, or Gd oxide, or Gd eutectic alloy, or
&d salt.11. A target material according to claim1l0,

7. wWheradianof kaursatdmprssinggd turges olatdylab accvadiog sodnychndrod pheepreceding

conprising a frozen water solution of the & salt. 12.

A radiation source conprising a target nateria

according to any one of the preceding clains 9 - 11.

claim
8. A lithographic apparatus comprising a source according to claim 7.

9. A target material for generating a radiation beam having a wavelength in an extreme
ultraviolet range, said target comprising Gd configured as a plurality of pre-fabricated solid

droplets.

10. A target material according to claim 9, wherein said target material comprises a

colloid compound of Gd, or Gd oxide, or Gd eutectic alloy, or Gd salt.
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13. A lithographic apparatus conprising a source
according to claim12. 14. A target material to be

W@ e®d/11686a source constructed for generating aPCT/NL2009/050132
radi ation bean1having a mavelength in an extrene

ul travi ol et S sal ta conpri Si : :
1 ¢ dy rasmaesial o¢ ﬁiﬁ@e{qg e ﬁ&%ﬂﬂgﬂ %t%@lﬂ@? f41d solid
droplé‘ﬁ‘&%ﬁlﬁhﬁné%r%zHWaér @619Mb1@§ﬂthb @}c?srélteUt ectic alloy. 16.
A target material according to claim 14 or 15,

constructed as a plurallty of solid droplets 17. A

radi gti.on source co ng a.ta rial .

R TSNt Teid bl BgRe & 49 opg of i proceding
claim®9 -16. 18. A lithographic apparatus conprising a

source according to claim17. 19. A device

manuf act uri ng nmet hod conprising projecting a patterned

13. P%gmh?éraé a{er%tg§ g@%%m@ Sgs y?@&r&?&c%br#\@%gedlﬁmt {f
conprl si ng ter bium 20. A rad| ation source conprising

-based conposition configured to nodify a nelting
4. ¢ é@é&%mfe@abﬁo bedisedHtR et @SRt T eprfrithigraigdiagon beam

havind &2\ &l gthln‘rilﬁl? E)&pﬁl@é%lm%lto he r&n%% 9&kd ‘mage? Fdaftrial Smprising terbium.

enerate the radi ati on

15. A target material according to claim 14, wherein terbium is provided in an eutectic

alloy.

16. A target material according to claim 14 or 15, constructed as a plurality of solid

droplets.

17. A radiation source comprising a target material according to any one of the preceding

claims 14, 15, or 16.
18. A lithographic apparatus comprising a source according to claim 17.

19. A device manufacturing method comprising projecting a patterned beam of radiation

onto a substrate, wherein the radiation is generated using a target material comprising terbium.
20. A radiation source comprising a Gd-based composition configured to modify a

melting temperature of Gd, and a laser source configured to deliver a laser beam to the target

material to generate the radiation beam.
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