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Systens and Methods for Target Material Delivery in a
Laser Produced Plasma EUV Li ght Source The present

wap@bilcass on clains priority to co-pendi ng U SPCT/US2009/000994

Provi sional Patent Application Serial No. 61/069, 818,
entitled SYSTEMS AND METHODS FOR TARGET MATERI AL

DELI VERY | N A LASER PRODUCED PLASVA EWV LI GHT SOURCE,

filed on March 17, 2008, Attorney Docket No.

2006- 0067-01, and U.S. Patent Applicatjon Seri a

Nunber 12/8ystemszndeMethodsforFargntMaterial Pelivesry iR

TARGET MATER! AlagoeRrgdmeed Rlasmpa &ER LighSomme pl ASVA

EUV LI GHT SOURCE, filed on June 19, 2008, Attorney

Docket No. 2006-0067-02, the disclosures of which are
hereby incorporated by reference herein. FIELD The

present disclosure relates to extrene ultraviol et

("EW') light sources that provide EW light froma

plasma that is created froma target material and
collected and directed to an internediate region for
utilization outside of the EUV |ight source chanber,

e.g., by a lithography scanner/stepper. BACKGROUND

Extreme ultraviolet light, e.g., electromagnetic

radi ati on havi ng wavel engths of around 50 nmor |ess

(al so Ewnwesenbapplicpiion slgimpprerityde copepdipg)U.S gPgvisional Patent
ASHIRGLAP SeHANNG 6 od XA el Wy SPRMs WD WBTHODS FOR
pePused™ n pho ol | ographiy processes to produce

EMARGER VATERIAL d3ELNVERY s b EASHRe PRODYCEDs PLASMA EUV

IR scfieh. Rla.br 3k 1ig: 2bhs. SromBy diackbeNg. 2006-0067-01,
Y@ggﬁg. Watdn® AFicHRSKRESAENLLEN 1 EP1£36 Rh{iANSAITEMS AND

ed, orienting the workpiece horizontally may
fMETHQRS #OQRadNRGGT A TERIAD RHLOYERNelNwY kigiSdde PRODUCED

I ATTA BURE Laf o BORIGR BB ¢n B ey iZhdsh Btorpey Docket No.
2086-0087 W26 thel dst1 SREdsOF wHIBIS§E hefebR Ghdorputafed bytfetdhce herein.
etc., and I n sone cases may establish a preferenti al

orientation of the initial |ight beam generated by
l'ithography tool's Iight sopfigey It is, of course,

al so generally preferable to mnimze the nunber of

opt i csTha priegert iischaute hebdteetnettheend ulghvicdauf ERTVANdight sources

wafer, as each optjc reduces |light intensity and has .
tthe wev@mﬁ%f’ lighti fpmc BISTRGRY 1t S8R {TFATD & et material and
collected and directed to an intermediate region for utilization outside of the EUV

light source chamber, e.g., by a lithography scanner/stepper.

BACKGROUND
Extreme ultraviolet light, e.g., electromagnetic radiation having wavelengths
of around 50 nm or less (also sometimes referred to as soft x-rays), and including
light at a wavelength of about 13.5 nm, can be used in photolithography processes to
produce extremely small features in substrates, e.g., silicon wafers.
For these processes, it is typically convenient to irradiate the flat workpiece,
e.g., wafer, while the workpiece is oriented horizontally. Indeed, orienting the

workpiece horizontally may facilitate handling and clamping of the workpiece. This
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beam Wth this in mnd, it may happen that a |ight
source which generates a beamof light at a

wanistanis al incline to the horizontal directiPCT/USE09/000994

preferable in sone instances. Methods to produce a
directed EW |ight beaminclude, but are not
necessarily limted to, converting a material into a
pl asma state that has at | east one el enent, e.g.,
xenon, lithiumor tin, w.th _one or nore em ssjion Ilnes

wrkmecwm%tr@bmay heindriv, e orisntsions gnd @esignsafi the scanner
I P

S, SHOBPEIOR AT AT Chnad s SRS 4 PRSI 688 cses

tnt@r eﬂaﬁnhsheai prefwerem tdrlengitlehemfethe initialh light bsan gmlarated by

TetcelitingeSalts Bt Shuictr ap R COp S aRA AL B b gto minimize
X Budber@bt otcst416ng "tlihobﬁhsbéfWEJh {}fésﬁghﬂs'oﬁﬂk 4Hdl W8fer, as each

e.g. zero, one or nore pre-pul se(s) | oned by a nmain
opie eeduces hglntemtdme@y @nd dab thepotgntidl pp mﬁrghtce sbarraéens into the

g%]rﬁ.: é’gfth U%/éqr, fangllF Xgﬁégp? erftglgtlsqt 11%1% esoﬁ%\e?rwhlgﬁ thXer’at% 9 beam

ol gighntat a%ﬂaﬂﬁalxﬁeﬁﬁb to<@e hbdizontadndirertioh, Ishprdférz(ﬂle Jin some
creating a highly ionized plasma with el ectron

irsgIeeat ures of several 10' s of eV. The energetic

r adi atl e dur 5§ n

reconbi %g (?soﬁgo‘?%?ﬂcesé ngcs:[g(?s em !g H %?Erugmgltc uegleiolbut ge not
inBcesbdril ¢lilifve ki toneonvlemngrremmmbmt@armgmnm that has at least one
near - normal -i nci dence myrror. (often terned

eleHIanect-Br XA JHYM 8T Higs HG s SRt Ffalscﬂqnvlévif in the EUV
% el §h SIRNG&h %an d, 1enOtdined 11948r l}rJg@d R [H%nfao(“LPP”) the

ect I'rect dn some arrange , ocus
Irecginrtedtpd:asm dantterpredicat dyl ivediatiog a tagef. mafarlaldwlmg the requlred
|t?|nt The coIIect d,li Et may then be relayed from
Re-emifine FlsgneteY éé?sie °4% a set of scanner optics

and ulddenpir@dulart EPIaté@Bﬁﬁhe 1r-1|§ﬁb1@csfgleﬁérﬁﬂﬁé ¥ str&drh %ﬂargét’\ﬁlatenal
i ght at near normal incidence m rror having

dlecml@tataed am@imt@lga%qm@pyalé 2b hesdroBlefvith lasaybghtdn&ieﬁn@g zero,
e?ﬂo‘%g lﬁg&L)o?' Gr’lgvVegeoSpa{ ?%{nt e}E\.ﬁ ulrnt rﬁ&%otfheéxlgﬁcal terms LPP

ror éan an € surface fr

@igﬁﬁ FBurcge rgeﬁa’a&dmljabrraslaha;s Hyedélpcﬁsi’tﬁlgoﬂasbh enafg[yofnto a target
chal | enges faci nﬁgt he EUV |i.ght source devel opers.

dpterial thavmg@t {eashene EHY amitting slesent.sHeh a5 Xenqp P 119/ (Sn) or

t
T e

pl()fse@f d\oc UBed dlﬁ:rgezith@diadmh veethexated hbiiog ids-excitation and
r co(r:n rlr?apc{o%egf 'mese 1onsdirs oepmn“?ted from the plasma in all directions. In one
common arrangement, a near-normal-incidence mirror (often termed a “collector
mirror”) is positioned at a relatively short distance, e.g., 10-50cm, from the plasma
to collect, direct (and in some arrangements, focus) the light to an intermediate
location, e.g., a focal point. The collected light may then be relayed from the
intermediate location to a set of scanner optics and ultimately to a wafer. To
efficiently reflect EUV light at near normal incidence, a mirror having a delicate and

relatively expensive multi-layer coating is typically employed. Keeping the surface
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generator to sequentially irradi ate about 10, 000 -
200,000 tin droplets per second. For this purpose,

WO b@pa1iogs a need to produce a stabl e stream of PAr/opioes/an0994

at arelatively high repetition rate (e.g., 10-20CkHz
or nore) and deliver the droplets to an irradiation
site with high accuracy and good repeatability in
terms of timng and position over relatively |ong

periods of tinme. In one previously disclosed

&t f mirors¢lean anek prafecyng tershefage Fomgasmy generated debris
t r e

R R

pr ol atle qaititativettefrhs, @ne aﬁrangmﬁem) lthanﬁs anrentlyibeig developed with

r ot at ed .about axis). the vertica

él@er of BRreuging U W it g e oesteAn ¢arermplfes the use

gﬁ el RRLGLISH0- HOWRVED, dMid TastWRICRISS J‘ﬂcﬁflﬂnﬁ‘&d with a droplet
con shaped EWV out put beamis generated that is

aengated tcalscmgnballsn gradiath @abbtr l(k@(?ﬁ al208i008ctin droplets per second.
gndl cat ed abav
0

F S RYRA 1qu, B?r]r%y 19 Pé?{ﬂgw gag)l]ﬁ %téeagh?gﬁr[opgé . at a relatively

i régetifivhSlagn{(é.8, | J0-200KHA1@d mefedtdnde déliver e droplets to an
hori zontal direction. Additionally,

veadiption bije withehigh acavigpy end sood Feeashilityhia teimpp of timige and
g’&[#ﬁ Vgﬁglal’n@?]#lée% ﬁelyoqs ?ﬁ{el y-oriented obscurations

béam e collector mrror and the

wor Kpilg Ghe Iﬁ'e@ousd@fc&iclosEdrar&ﬁganaﬁaﬁl rsabstaetillyneertical stream of
non-vertical obscurations may pe favoreq over

Fenmiete it BnesHrL ARG EiTetsed th B SHSuER P AL they Mfofogt of a collector
n@ﬁ%? RfadCdy Q?)B&Qtea%ﬂhgfbl& lEe.db QRGN bELARShse rotated about its

scur ati on e- exi sting scanner obscuration
amegjoy axos). Wathpthe &aﬂsahstreabs ther mirrarnmayl begpasitioned aut ofthe path of

S8 RS ot it iaymosion s sgné Spiet H7Y duput beam is
%ﬁﬁ&aﬁﬁ dh£38 alighAUIRRNSEh RS tHRYhSHRDBtap dirb@ioRe s indidated above,

e above in mnd, applicants disclose systens and
femhp de desirabile inysemengirenrnsianess|to peedpce an £ Y seprce output beam

duc r spondi ng
TR0 ARG s SR G aBasago o
di scl osdiitivhillghverigaltporientsd d&fpl&u‘vfemﬁfslaﬁdtthw Supgitig devices
havi ng a, surface of reval utiagn thai1 efines a rot ahi on
a&aySrealﬂalnaveév%lerrogren&m Rerpfjonsipfdhe heans pﬁ@gbeb‘@eent e collector
b1 e the! QohfiddeN® & NGafkkl SFEE s8mBORGRK vertical
e é)tigglgtg aoh r%zeont S ane ang to esta I?égﬁélgnonve ea
\obsduratidns pnay be lfa\@med)bvd:rh\fcrp@liymran;cd obscurations for one or more
reasons such as to align the droplet related obscuration with a pre-existing scanner
obscuration and / or to produce an obscuration aligned relative to the scan direction
which will create an intensity variation at the wafer which ‘averages out’ over a scan
and can be compensated by dose adjustment.
With the above in mind, applicants disclose systems and methods for target

material delivery in a laser produced plasma EUV light source, and corresponding

methods of use.
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the horizontal plane with the periphery projection
bounding a region in the horizontal plane. The device

woreapofiurosher conpri se a system delivering tar ge€T/US2009/000994

material, the systemhaving a target material rel ease
point that is |ocated in the horizontal plane and
out si de the regi on bounded by the periphery projection
and a system generating a | aser beamfor irradiating
the target material to generate _an EUV em ssion. In
one enbodi nent of this a§ﬂé@@AAﬁﬁ% surface of

revol i | . ‘
ot | i o8 alReL R Ecls Ui Ko RSP mely Monfid BRSEY reflective
eptic memga“'m% oif mgvalhtiou ghatedafine$ Gc ustatiom asisoatiea circular

BERPI of THEPBEE il BF P GRG B USCIi ThSoRTR g apgero engle
Of | | t t

&raa@&é ®la ﬁ&lzeﬂtal plagi€had tPEstsh aweai&ngr@ecﬁ@ﬁ om[et peiphery in
path between the irradiation region and r get

rhhmet énona@ntalelp@ensewptbu the, pariplEy prejection i b@ndptg @ region in the

53 Shn P, P8, RO B SO, B e e

madéradl] 98; sydfech AaviagCd t219& inhefia rélease qsrenwelat & gwdfated in the
material to protect the reflective optic. In one

datigentalenlane msi euisidl theyeaiomppnded abYt thseperipheryi projection and a

B RS O g0 e B an OV

@figion.i ce to pass the EUV radiation fromthe _

e e b e Ot
§:JI st) @R eYIRE Geli ﬁlgtér' §ir ﬂ)acﬁltd%lﬁ% Potateli %oﬁ@fh@ etlﬁ’ps'%s axis

t’i on ere thetu oes not obstruct EUV |
lpesﬁslng:ﬂhmnghreadl fdves. EUV reflective optic. In one

arran t he .t ube .na) hleld rotectln t he
e o dE A ahe Aspeett 4 BT I el B mBY PABHits ¥ schinde of
ttif?etr}ﬁﬁteﬂﬁrdrbﬁ@ﬂs deB{éringd targeNthat@ialid arl i@ diatiBR ré@yn along a
extend froma |l ocation wherein the tube at | east

p\anNemqaypa:m betotest she ineadiasiog aegipmard ¢ trgetanateda rplepsetpoint;
E’i‘{\t/' r&? cE ﬁé %tlc C]Qs%? Pl;dd?l@ﬁl a %%ﬂemdfaﬁgg rtl?é c?r%ﬁl%ts at the

Fra on re

l1ﬁ§ﬂ1@tﬁﬁiﬂfe§ioln(w ,geﬁd"retecaqiladmarpmdaaﬁ@ BlBe ralidtidnt acd abiteh
cover extendabl e over an_ operabl g}a_sgréf ace of, the

PeFifigned Paeesbys areet malgiind Heprotssh RUVEOPtIR s
aspecty, JfiemBbfitheMB¥hE QARA! By Loflprid€ 4/ itbe, and in a particular

embodiment, the irradiation region may be located in the tube, and the tube may be

formed with an orifice to pass the EUV radiation from the irradiation region to the
reflective optic. An in-situ mechanism may be provided for moving the tube from a
position where the tube is located along the path to a position where the tube does
not obstruct EUV light reflected from the EUV reflective optic.

In one arrangement, the tube may be a shield pfotecting the reflective optic from
target material straying from the non-vertical path. In one setup, the tube may
extend from a location wherein the tube at least partially surrounds the target
material release point to a tube terminus positioned between the release point and the

irradiation region.
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positioned to receive target material that has passed
through the irradiation region and prevent received

woredoenizks f r om spl ashi ng and reachi ng t he ref | BC/US®09/000994

optic. For exanple, the structure may conprise an

el ongated tube. In another aspect, a source nateri al

di spenser for an EUV |light source is disclosed which

may conprise a source nmaterial conduit having a wall

and forned with an orifice; a conductive coatin
deposilfe@nenmplemgpiption.athy fatehaiiayy COBRIISH g d@gfésﬁablsd cover
BB IEIAIG IOUEHOAEEAGof reeHLaR RBRS! N0 €l ect Tl cal
current through the conductive coating to produce

heat ; Iarmhotirr ehdotlimem aifuhisaddpecte tleneatth eyt cobpnsg 4 kucture
i nsul ating coating and operable to deformithe wall. and .
RSOt KBTS0 E A DAL Lo hgs aRvset Fiogep e iaditf3R region
Ghd RRARET rectiVe®Aatéd] 33 951A¢hing BRI FABKIHE thdR¥lective optic. For
conprise a tube and in a particular arrangenment, the
tepb@pleathetséruptmuizmey coinpsse amelongatedcmheuct i ve coati ng

may conprise a nickel-cobalt-ferrous alloy. In one
enbodilmembthet aspics, aspece mdtémdali dispensdri fog ancBUVnLgtasource is
conprise _a netal oxide. For the squrce ymteria

SR S Wy SPBEYISE 2 A0PiFaEHPRA oBfeih Doy pwelhgad formed
Qliti aR 10FERE] £ ‘EBﬁdlfcti%tc%éﬂi% depti3ited @8 the S¥dll; Gl MSulating coating
material or a magnetostrictive material. For this

alspesited onrtbe sondustiverspatitigala sovregrhassing Eleguical @urent through the

anot her aspect, a source nmaterial. dispe r .for an

OBt SRR to ripdie HeE Tk hReig EBABP Rl Hiplagti the
RuP4ting! co@ﬁﬁ%j bihd opAFIEit6 dB@rd the MallahdGhédifatparrtiease of source
haV|nq a coefficient of thermal expansion (CTEgi ass)

andieral feoma thecdisnene’t- t o the gl ass portion, the netal
iyt i ) . ! .
oy OB A B SRR WP i

Gedaagerserny ¢ie tite hawgbe afadecop giads wndsthef c@futtive? 8Bating may
degr ees Cels{u%%qéé one enbodi ment, the joining netal
(FRINPEISHR Picke "t BPutY t -ferrous al | oy and in

anot hgﬁ SIOQHbOERMent b ehiTBEMct, BY iRQITREH S Boating may comprise a

nol ybdenum I n anot her aspect, ‘a source rmateri a
dngplensds. produci ng source material droplets for an
EUV | ﬁ%@%?ﬁ%&fc% rlrglte(xjilals %gsggl?s%r,vﬁle Ce?ec'?ra&fac(%ga%lle “lerfent may be

sourc
made of a piezoelectric material, an electrostrictive material or a magnetostrictive

material.

For this aspect, the source material comprises liquid Sn.

In another aspect, a source material dispenser for an EUV light source is
disclosed which may comprise a source material conduit comprising a tubular glass
portion having a coefficient of thermal expansion (CTEgass) and a metal coupled to
the glass portion, the metal having a coefficient of thermal expansion (CTEmetar)
which differs from CTEgas by less than Sppm/degree Celsius over the range of
temperatures of 25 to 250 degrees Celsius.

In one embodiment, the joining metal may comprise a nickel-cobalt-ferrous

alloy and in another embodiment, the metal may comprise molybdenum.
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conduit having a source material receiving end and a
source material exit end; and a confining structure

w0 e®vnie8 ng novenent of the source material erCT/US2VAI/000994

of the conduit to reduce droplet streaminstabilities.

In a particul ar enbodi ment, the source nmaterial may
conprise a nolten material heated above twenty five
degrees Celsius, e.g. liquid tin or lithium and the
confining structure may conprise a rigid nenher sized

to prdijanether gvépe%e@v@@rpet mategigh GHAPENYER PTREVANRS SQRTCE (fRaterial

. gﬂl@tts o tﬁwelb%ftlé[ﬁrer r u{hlgaogegi Bmdr?g% ST ﬁ%eahéa{)\?/llrce material

zonddf havinga qurbe tingerinh Irecemﬂglemcbmc( LIdrtenratdra) exih dnd and a
the_conduit may be nade of a naﬁtélal havi n

COBFRING] SCTUE TENEFORE MOVEERES Oh tRCPRUES nlaaI%fl?l gxitipnd of the
tceﬂﬁulﬁto%@uéi'cﬁsﬁepﬁregﬁ{ ¥eapilkiee ferrule and conduit

decreases wt ncreasi ng tenperature, and in anot her
set up Inthpartienieremindimenta thesewice matgdalomay erapriseat molten

FeAterl opatSd BhoveCii: s SREEE GrISUE e At Ty . and the
offihing is@adtuRf mhy 86ABl s BAAShE&NbdreiAed @Opest/illd a §ais Between the

that a gap distance between the ferrule and conduit
icorduibarekmeinber atibe epespting temppriue of the qondaitot her

enbodi LUC X
1ot BTN sebllf JBEMRbmE) I HREHadOBP Hficflal having
coefficicnt af théignad padpahding (CETERRU tant ethef conbait Qﬁﬁbd et made of a

BRI EF DESCRI PTI ON. OF THE DRAW NGS Fj g. shovva
matenalthaving acerehfieient of dhsrorl gxpapsion Prchsthat @ gap

Sidfadck %Ia{we%ﬁl{?{,; gedrl.gé Qmil gor?d?l‘?tvﬁecf’cﬁé‘sr@ﬁﬁ'iﬁ&easﬁ%ct@h%@ﬁltme and

view a sinpli ropl et source; Figs
sinacanioﬁmalseuipevthe imbmbd:rr ataynbe se¥ardt madd ef entmaterial having a

tec n %%Jeqil% I [ ng%a({ﬁl}@ltfmléa 2%%) tabl e el erFthaterial

%vﬁlgng BBfRiednk 'cﬁetheﬁhﬂ e)gpaﬁglei’I’S(Cq B&6h) @ﬁéJH tl’{dt GA’L\J’\%ﬁf) distance
portirons of a source material dispenser

Ihegmenébmfe@eﬂmm mdaltmcases wmthenqraasmgawmﬁtamre

i nclu I in Q | I |
o ass ootk L e dB: Jhv EBHRLPRRARE 354 GPke o nexivi
Ifafrﬂbss@ieﬁotb% inOcdmab% VAtlC tlﬁ:f édn@lhﬁﬂit thd opélﬁﬁﬂ@hemperature of the

expansi on cl osely matching the coefficient
conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a simplified, schematic view of a laser produced plasma EUV
light source;

Fig. 2 shows a schematic, sectional view a simplified droplet source;

Figs. 2A-2D show sectional views illustrating several different techniques
for coupling an electro-actuatable element with a fluid to create a disturbance in a
stream exiting an orifice;

Fig. 3 shows a sectional view of portions of a source material dispenser for
an EUV light source having a source material conduit including a joining metal

coupling a borosilicate glass portion and a metallic portion, the joining metal
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of thermal expansion of the borosilicate glass; Figs.
3A-F show sectional views of portions of source

woraoenimks di spensers for an EUV |ight source heei/ng2089/000994

source material conduit that includes a borosilicate
gl ass portion illustrating various techniques for
coupling the glass portion to a nonglass portion; Fig.
4 shows portions of a source material dispenser

produci ng source_naterjal droplets for an EU\/"%
selagted erry ceetlisignt o thgrmaal Frprasien plasly matchigg the coefficient

g?opﬁgglt ,@Emsﬂ&?oﬁ Hﬁ)%?ﬁsﬂ%ﬁerélggﬁr exit end to reduce

reaminstabilitie 4A- B show
sect i @igs. 3%FEvisovasecsieaal dewngf pomensfldf séArdenneFt'enjjal dspensers for
|IIustrat|n arigidferrule 214 tha si.zdsuc iy
RFUY tlight § %re?éla?wg VU Gptanial copguit fha %Cﬁqua& Eorosﬂlcate
I akiBhy tedcHRi§uésStol the PPRL bﬁr&n -
EARE pHER AGrARR atBly tekhifugsSloR colfAfR hE TRAS FoHIR t0 2 non
iglags dortieny ul e and caplllary tube at el evated

t enper. e t|n e re Fig. 4B)..

Fro S ohonied BersBRS el WPuliE absielel diieb? midhcing source
4xét idRopied - foft ah | BUWL I t'sBﬂrc@ Hé.‘i’ﬁfg' DicbAfisihg Weibtufe restricting
having a flexible ferrule sized to be in contact wth

mivenEpt 4>ﬁ the yourepmatariahexibprd et reducsepplet siggam instabilities;
t enperg @LE E%OWL]'PG'&_:?IQI?M’S v ead k0 alalo\ﬁI e}"{{x%sllkc‘ 238" in Fig. 4

al ong I 4P U PR

@Miibﬂdtlﬂ@ ﬁtnghdl favhile 214 hlﬁatd@ Bized s thbr iﬂ@bﬂfaetsl’thtyouter surface of
npri.se four nmenbers arranged and positioned rel tlvsx
g@ 4A) and

tﬂéF e%ll@apqubf arRen; thsecapglane SuRe bt aiRPBMSTRPSRIVEh
g’c[n(ag ?’%t t%f)hél tbg%?%ﬁ tHe r%qjd; £2R %‘él 1?155’3&{% at elevated

I es; ectiona
|téﬂlperamaas; ag. cpmratlrrgnsmpéramrs@gc@);rat erl aI d| spenser

havi n dui t . caiIIar

w1 b S Afeosys skt VISP praceh PAPERBE BN iRgiE Aglttrating
QOBHiring irfeturBhaviaysa Tk ifomdle YkQWtd IdeURT Conth&iIwith the
condui t vval | that is coated with a | ayer of conductive

eapidafyibé atrantalenatedponenatingdemperatuaeid a | ayer of
i nsul %ﬁ%{]?]ﬁ)nﬁ}bg\&% aloﬁ%Ctl al v1e§>\p as se%nsglghgolnrgel 4A EX in Fig. 4

illust a source 1t €r spenser
hidustragng afGtiEidrhbodiment inodfich ki gontiuhig, stiudaire trﬁlyQ:@ﬁim?ﬂe four

with a layer of
members arranged and positioned relative to the capillary tube to restrict movement
of the source material exit end to reduce droplet stream instabilities;

Fig. 5A shows a sectional view illustrating portions of a source material
dispenser having a conduit, e.g., capillary tube, that is coated with a layer of
conductive material for heating the conduit;

Fig. 5B shows a sectional view illustrating a conduit wall that is coated with
a layer of conductive material for heating the conduit and a layer of insulating
material;

Fig. 6 shows a sectional view illustrating portions of a source material

dispenser having a conduit, e.g., capillary tube, that is coated with a layer of

conductive material for heating the conduit, and an arrangement in which current is



10

15

20

25

30

conductive material for heating the conduit, and an
arrangenent in which current ispassed through a

w@oendactody e conduit portion and the conducti vePCDES2009000994

to heat the conduit; Figs. 7-10 are views illustrating

a reflective optic having a surface of revol ution that
defines a rotation axis and a circul ar periphery, the
optic positioned to incline the axis at a nonzero

angle relative to a horizontal and to establis
ava%S@fitthr@ag Breopdugtivsrrogeuit ﬁertw@rqngﬁg? gondpiciiyg coating to heat the
herigent al plane, with the periphery projection

boun |ng a region in the horizontal plane, and having

a tar gégs. mhiieraral vmedseﬂ]sletrapmgna teflattives opoc dtaef'thgi A m:&ce of

hori zont ne and out si.de e.region. ound
eV e o iR i g eircsids feTimeny. dog PR postioned
Rb ?fﬂ:lﬂﬁb @P{@axni: hi% n&lz%ﬁpéﬁ?lé‘reiﬁwe' ic) rbaﬁoriébﬁtéll pfané @Rd to establish a
along line 8-8 in Fi , and Fi 10 shows a

siettidabmedjesticanofishe ep@nphetrmwg thenborl@nm plﬁnq;u vglth gthe periphery

S si de e vice h
e poudiget oo (o By Ty BB, Spepeye morera
Fele&del intt tBattd3 lbéeft@cﬂ irathedibriz6staDpladé and odtsidenthe @&gibs dounded
path and a catch positioned to receive target material

Jurthg iprigplary BrQipRIgpemAte: Figs: 7 ppdidsarg sgiedéarpwws\/mm?oﬂhows a
%e ?o\ﬁ'afsle \élg'?%le Oﬁg?ﬁlg 8- fn ﬁl@r’g%d r'ﬁ%%' Bowd ra%@&t%r?al view as

I'Vering eria an 1r iatton reg
abaﬂgomgn@m@eom@sg 9pat h, a f| rst catch in the form
of a shield. poshcgonedtorec iye et materi

| :
strayifig Fr&nfeie Papriewnd el aieh g @ W%O? tangst aterial
'dfo;ﬂ%’% &él%ﬂﬂ? rtdrgﬂte& A8t o RtifhaRlioh FAcH @Bh?ﬁ rﬁ‘)‘ﬂdve"i‘tlcal path

second catc ormof a structure positioned
ragd @i oa'@htp@slglenedrm rec¢int tarpe material staying frohr heghatlt h e

i rradi nd .desi.gned .t o, pr.event rece

o 19 11 itf SR BR O H B hEF iRk e Toup gt feer material
Qﬁ&pl@ts deliGerink3tafde® Watd¥ia$ €6 hih dialiatineégidd 368N abRNertical path,
line 13-13 in Fig. 12 showing the catch is formed with

@nﬁtﬁ icatcbdn the dorm of jasshieldinesitiones te ireskivss taggei anateral straying
5 geg %aﬁlg lrwl%?el f‘chz: Al afer aq‘lll ! %@itl%hsdtﬂ'ﬁlg Ya‘f'éét "Waterial

o an 1 rradi 1 on re

nfradiveen ithh shl catvlh ia thafaeh ofna ﬁth&tvire rpmsmfonad &hreeéld'e target
positioned to rec terial strayl

tm@e%t that Jag) pAsse u%‘?‘ﬂ’@ al )ﬂgggﬁpf”é (Tegiog ity %Sl@gfgrqo prevent
Eée%@lr}n{itglgalcf%rﬁg laEl‘uQém &Fea@ﬁiﬁ He: dehkiple R, @ catch

I nc es a c ver veab et ween a
Fig. 13 shows a sectional view as seen along line 13-13 in Fig. 12 showing

the catch is formed with an orifice;

Fig. 14 is a side plan view of a device having a source of target material
droplets delivering target material to an irradiation region along a non-vertical path
and a catch in the form of a shield positioned to receive target material straying from
the path, and including a system for flowing a gas through the catch;

Figs. 15 and 16 illustrate a catch that includes a cover moveable between a
first extended position (Fig. 15) in which the cover is positioned over some or all of
the operable surface of the reflective optic and a second retracted position (Fig. 16),

in which the cover is not positioned over the reflective optic;
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first extended position (Fig. 15) in which the cover
is positioned over sone or all of the operable surface

wobowheronef | ecti ve optic and a second retract eBCT/US2009/000994

position (Fig. 16), in which the cover is not

positioned over the reflective optic;Fig. 17 is a side
pl an view of a device having a source of target

material droplets delivering target material to an
|rrad|at|on region along a non vertical path an

cat ch it Yhis 3 516 RJen Fiedhiod | addgyaes hadped 1o91Gee fagget material

HRAIES Bt ot PV 10 B8 BridiBidiPbction! l6ing B Bhilertical path
tahé atcafol imthel forn tof pahieldipdsjtionedrto verdbvettarget matpeinl straying from
mat erj al rel ease 0|nt 0 a tube.t rn1n 0oSi tione

Wéfa-rfL@ HSea e BReT e i geRe! FoMLAReRgh Whiai e tube at
B ga&ﬁall y18u@Nthad SR ?argaaﬁﬁ&rfat @&BSé’%KﬂtCﬂJ ad R &drminus

taken at a di stance of ~ froma target
pasitoned batetanthe rgiemtpm@amﬂ\meana@@somr%wmw th

;2 Ihtel 1i$s g/ arl]ge 0 %%Of p%rhyglf 8&4{81’16{] aléeams taken at a distance

|o@£@'009ﬁ@d¥tﬁﬁdtﬁbéﬁﬁﬁteﬁbl\f_elda%mﬁpurCe 20, according
to one aspect of an enbodinent. As shown in Fig. 1,

and described in further detail below, the LPP |ight
source 20 nay inclu SERI enerati ng a

train of l|ight pul s;ﬁgﬁl?%‘)ﬁg%ﬁﬁ ver | %gf e light pul ses

I nt o avithafitigl reRPencdtodg al, | thete hekliown eaclenatghtiepuwfaa EUV
rmg travel along a beam 1tgﬁﬁnfromth system 22 an
ilighbsauies, Sriand diserpradyced-plasmade eV dlight Spice | 4fe apcrgiog to one

?%}%Q{ 6 arPdmBHibneh@IA 86U Rbh {gﬁ%ﬁoﬂ - de§ﬂlﬂeﬁ% Guris %Et%ll below,

use 1 n the system 22 sho , may include
ahep PR it axsvrce 2 g, inelude ,a syspanh §@dfogag§ndnasogair tyein of light

ek 0 e R R 5 e e a3 SRk g o, cach
n@hﬁfmm@hﬁé i8] f1e ra, beangpath Haigy sy@teﬂh 80 aafdntditHY chamber
pul se repe ition ra OkHz or nore. In one

Barte ulbunlaateuaﬁpma’em s idrdlilﬁeat R éreadigtion 1egionRs.
axi al e l.as
conf i g%lrltg?l oW ?ﬁ ﬂselo% t}?e g%sf[%g\e@gq%% %@f%cdt &h include a

@ﬁﬁ;e@ aMsergdévicgesigpud wlsfeh agasi dischdrpé a4l 1hser adevice producing
wi t ched Mast er Osc:|llator (MO _wth | ow energy and
ﬁacgwqwe‘?mtm OF 1P 4181, e gWith &FpabRE eFitatigd, RRerating at relatively

S 00 AR AP U ET, he o mor

iln roa_ehpgamoular namﬂamerﬁz&loncahﬁ laseromsy \pe pungeal - ﬂm RF-pumped CO;
?aggglr ha]:\}ir?é EWA co 12&1%‘(1219 (Nltth ne1ultiple stages of amplification and having

a seed pulse that is initiated by a Q-switched Master Oscillator (MO) with low
energy and high repetition rate, e.g., capable of 100 kHz operation. From the MO,
the laser pulse may then be amplified, shaped, and focused before reaching the
irradiation region 28. Continuously pumped CO, amplifiers may be used for the
system 22. For example, a suitable CO; laser device having an oscillator and three
amplifiers (O-PA1-PA2-PA3 configuration) is disclosed in co-pending U.S. Patent
Application Serial Number 11/174,299 filed on June 29, 2005, entitled, LPP EUV
LIGHT SOURCE DRIVE LASER SYSTEM, Attorney Docket Number 2005-0044-
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system 22. For exanple, a suitable CO2 | aser device
having an oscillator and three anplifiers

W@ PALHA2- PA3 configuration) is disclosed i nPCT/US2009/000994

co-pending U. S. Patent Application Serial Number

11/ 174,299 filed on June 29, 2005, entitled, LPP EUY

LI GHT SOURCE DRI VE LASER SYSTEM Attorney Docket

Nunber 2005-0044-01, the entire contents of which are

hereby i ncorporated by reference herein. )

ALt &h6, gntixge cgntents eof aéé?h RESy hS@’%bf oePiprated dy geference herein.
f "H€!1hs tdeNgo Yo 5618a118 Wak1ERarbdifng” 1

SRR, (B8 Jhsck ABP M ond AT BV SBRIY “RUE Rkl laser

sgstem'is elhidhathg dtdpig 'seaies angaemirrar, of dhevepstical cosyi 1Th aome “self-

S ATaneae ) AT 3 LAY 191 E PAUIRG. Sl frgeting
'%%9{ $ ogetresﬁsoﬁe éfs'i:io@l:d Mﬁfmédlﬁl%%eﬁaﬂ'l\%flijsﬁlja@ﬁt lg%%bn Serial

, entitled, DRI VE LASER DELI VERY SYSTE
Ruvhbeir GHT/S8QIREE fileat t @r n@gtoberc ki, ROGh e entidal - BRIV E) 1ILASER

S S ESEAOR RORCEIR) oA SERIECE, ABERROBRUE oo

20D6Y00D 5DES tHRf edtRe QohteRBY o Wbt hbre ShiréBbiRorpdréted bynreference
excimer or nol ecular fluorine | aser operating at high

bewdr. and hi gh pul se repetition rate. Qther exanpl es

i nclu S0l | . , ' ' .

B o S A

QX CéNtRhed 85 efiolsyidireMionneg lasevdpahating at rhighipoedr Shdtldagh pulse

Patent Nos. 6,625,191, 6, 549, 55]1, and 6, 567, 4?10,. t he
ibtateassrpoRafigyngyp fiber, rod

aendtitien ceift &iber eramitlecicide e i
E?E;cﬁ%]?%ege%ﬁbg ’m&f?a,eﬁ(?s}[I@PA L QR P DRePSydiBh e g., as

ers, .g., an oscl ator chanber and one or” nore ]
abivi fity United [SaattePateitiNoh 6615, Eipl6i #4954, anh6i5€7.450.rthe entire

g:g{:ﬁaelp’%sgclefo?v[ntcw o %)eﬁéé%})amgﬂg)ﬁa%te‘? g)yg%%rlgrl}caet ﬁér/e&?vavrelrexcimer laser
32¢ink! BAOTIrPRIES dhhﬁl%el%m.%'.f 28" o MRRRBAh@hba&N a8dEdte, o2 more
power oscillator/power anplifier (POPA) arrangenent,

empdifgiopi chagibarse (Wisk ¢he tamnlifging dehagbersoin paradlel o iipegeries), a

or_nmol ecul ar fl uorin i 4 Llla .
HresrperetaRipo? Shf faBPRMRgLptinslihl £hher sxcilygripover
Amgf ampliesr GMOPRA) irfab@emént, & lpewek)dsdillgbi/pswer atpl2er (POPA)
may al so include a target material delivery system 24,
Qrigngemet kg sphidaytats| lases Hat seeds 0ge o iRy PYIIMER p molecular

tfg?)ri;lﬁﬁte Shpifier b ggﬁg?tng@e&P e bk T fALbR! | TAnELEEQEhs are
possible.

As further shown in Fig. 1, the EUV light source 20 may also include a
target material delivery system 24, e.g., delivering droplets of a target material into
the interior of a chamber 26 to the irradiation region 28, where the droplets will
interact with one or more light pulses, e.g., one or more pre-pulses and thereafter
one or more main pulses, to ultimately produce a plasma and generate an EUV
emission. The target material may include, but is not necessarily limited to, a
material that includes tin, lithium, xenon or combinations thereof. The EUV

emitting element, e.g., tin, lithium, xenon, etc., may be in the form of liquid droplets

and/or solid particles contained within liquid droplets. For example, the element tin
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interact with one or nore |light pulses, e.g., one or
nore pre-pul ses and thereafter one or nore main

w@mosasio4¢ o ulti mately produce a plasnma and gePET/EEBOAN0994

EUV em ssion. The target material may include, but is
not necessarily limted to, a material that includes

tin, lithium xenon or conbinations thereof. The EW
emtting elenent, e.g., tin, lithium xenon, etc., may
be in the formof liquid dropl ets and/or_solid

ﬁmbecmsgé a6 QHECa e AWER FRTAPQUIG, £-§-> YSY54 SX0BT2, RHH4, as a tin alloy,
Hrg) ealll%g?mtggn ki 13 o%seg ﬁ&dlﬂﬁ{ alh}n% aeﬂ%g? or a

eoglbma’tlbm tigatdfi uMepehding, ontﬂha -matehial ased,| thy $arget matenal may be
tin-inglum alliumall oys 1?% a cqnbination there
e

BESERAT g radighiane rs qm 8t vVereus éqrﬁgqra%qse}r}cg.fdlng room
REMp el 88 &thedobR tdMperdthRd(AE ] Ah hAGYONSHR Alat an elevated

var ous tenperatures i ncluding Foom tenperature or
m@aperamca;r(ct gopareain) oe ag @ng)eratmmmb@lbw(mgm t@rmacm)ure,e(te garBnHa),

atedte erat re ti or

St SRl bt inlefts £ e SHBsRy More desails ogpgeming
'tllib SIS ﬁl@§@§1atéi'ﬁills Bfarh ¢/pet EVe M% MOdorikdd B, pr@vﬂed in co-pending
SnBr4. More details concerni ng e use of these

%SePatmtsApmicaﬁorLsﬁriéwnnbgml 406 16 filed o Hpril éa 3096, entitled

%%’ﬁ@q%‘?‘g"g @Eggtﬁ%r 71 H@&E%‘&&g’ﬁ?%@e Docket Number

AD1E&BDAI-DYELE ohtents ORwWHiAh drk ﬁbﬁbﬁ%%ratéﬂ byrefeyence herem.
Docket Nurrber 2006- 0003-01 Ee contents of ich

her eby ARSI Bie-ty theFLIVE Rel Yaresi #0 maAlsontichige an optic
Wot & F'agneg% noﬁfi'ﬁ i e deStHileSBY ﬁﬁﬁo?ﬁa\gﬁ% a%ﬁ@ tivré‘-gukﬂ@e in the

an’ optic , a near-normal I nci ce co | 'ector
rfonm of a pelate gph;:rmdf(i ecan elélpsmrcfcaiccb about ity endjor anigifhazing, e.g., a

t h i d | | b
e R kg Wi Ehatige A REMAIEPER tsTingp, and
\Mltsbmel da8ENBAd BY thevéeligh Abmpyerah(ipél QINfAR; G %ﬁéﬂlﬁﬁ!}s @h6bthing
in some cases one or nore high tenperature diffusion

hasiers, eapping Bysts andisstetihrgop lyeuss Figs dpqénong th@tybfp gptic 30 may be

S e TS B By WA o s

PhtbS &S afe Atk tiedirfdidtion regish em 2% §I@v@1§1$}$e djﬂ’tfmma;lmﬂ eg.,a
reach the irradiation region 28. /As shown, the opt

wlﬁwpb%rmw thatohas) afitst %Hé Within oF peas thg mdlqﬁlgg rggion 28
g% sef:&fﬂuﬁ)aﬁ‘% L G- eélleraleiﬁ{erﬁlgﬁafe Cr‘é?i%h% efeeﬁ’l'e%‘gq%ht may

a second focus at a so-ca nterirediate re
4)@ ,outyhe feort e EUV liglythsouney? handoimpptito 4 dewice Iuahﬁw EUV light,
l.izi

< 3k R S B B b BB
ORRE oplieMhy Helused ih Pldee FRRE BrdlAE @PhdrBRE mirror for collecting and
directing light to an intermediate location for subsequent delivery to a device
utilizing EUV light, for example the optic may be a parabola rotated about its major
axis or may be configured to deliver a beam having a ring-shaped cross-section to an
intermediate location, see e.g., co-pending U.S. Patent Application Serial Number
11/505,177, filed on August 16, 2006, entitled EUV OPTICS, Attorney Docket

Number 2006-0027-01, the contents of which are hereby incorporated by reference.
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ot her optics may be used in place of the prolate
spheroid mrror for collecting and directing light to

wareoownimasredi ate | ocation for subsequent deli vVRCH/USZHOZ000994

device utilizing EW light, for exanple the optic my
be a parabola rotated about its major axis or may be
configured to deliver a beam having a ring-shaped
cross-section to an internedi ate | ocation, see e.g.,

co-pending U S.  Patent Applicatio ri al. Nunber
11/ 50%;0pfinuing; W 1§ rmrguﬁ%t Fl.ﬁs,l,ztgeﬁ%{lghn Wyree g0 may also

Gelldedin W%?%)Hg)@(ﬁ mHVEi‘;? 1s6488u802 ?i'rﬂl%;/cohﬂ@l system 65 for

contents of are here i ncor por at ed
teggerimgceneCon tnhorai lagppsi anid/ar el sar edeséces dnFihg. systent B2 BUiereby

light soyrce. 20 jmy .al so.inc] ud n [.l.er 60

e et GRS e et P e e 2 DS gy dighy Spuree 20
tnhdyCHIEY inBRIdE RRIrSplePstidnedBRstidn 4 REm VAT R nfd§\ThA8& orik or more
thé system 22 to thereby ?enerate | i ght pul Ses for
)

deoplete ipagens O lee.c lszsteafs) 20r mpsuringy impggst usingr €€D29 and/or

TRy P e TSR ap a3k el LRMTERL P ovtpu

siditRiVeSof thOpodadph bifid/BotimivpyeSontsémgofe@opletsaB @/, aelative to the
backl i ght stroboscopic illum nation and/or |ight .
crpdiationsregioa 28 r B imagais)ol paY Pravéidecthisi QP to aidgoplet position
. r . ane. or r o
POREfof S vt 88, RhiCart e £ SRR RrSplef plsiion and
Tjaveory pfiromi vdleiclh hidsoplett gredr cain ba cdmppted e jgginta droplet by droplet
et.ecti on feedback system 62, which can, e.g.,. conpute

batis ShPBEVHEET 57 JEARICUROITORHOY Mo R B ipg‘ﬁ”%Fd as an input to
WORRlO1IEF 6@ WISEHR A & URRHpR] ,?rc?vi& a pO¥3tiéh, HireBligH alWor timing
dropl et basi’'s or on averagé. The droplet position

eprroctiomesgnah enthissystenn2 Aed-oatroba séurpitiming ¢inauit and/or to control
control |l er. 60 ich can, for exanple rovi de. a

BoRSAT GRStigR ngk MR men B T G ‘CBRERALS SIS Andiog focal
tdes ¥R Mh? phReLBihg Gbliverédidl the ifradihtitth felgfonlld in the chamber
and/or to control a beam position and shapi ng system

@6g., to change the trajectory and/or focal power of
t he |ight bgj I j.ver [ | atviron
regi on 28 EW fl Eélt cﬁ'}l}p n% e %%2 @\59Tﬁ1gl"fg%v5{;?e gdﬁt hg)g% ?%:%VZHICtrOIOgy
figtrunietiksu fe Bgsudihg e uEgvbpeetigsobD the ERSL lighe geserdtod by the
measuring. vari ous properties of the EUV |ight ) )
GENEF A0ed T3 PRESLS AL IQ@PSeFﬁ%%@‘aB}PE%éPFP%Q (] total intensity
IR Gt Widtin & Bar shElt@NBAdd), SpBetdal bah@fth, IpdiLRESY, b
(g)r ‘ﬁlﬁ lF’:It‘pgzt?]’silt }}nw?iyt‘dﬁif?:'# a SBart [ culdgrgpgge%t ral banéj)’(‘), ' cam
ppsitionapointingwetdt hfopticakEU¥alighinsouresaB0pdsi istment(s) may be
I%ﬁ'gﬁéﬂgﬁg m (e)tgé:rangngl%eteﬁl% crbgvvnsltrle%gttogl?%.rg(.:,eph%gdliﬂtlggeraphy scanner, is
on-line, e.g., by sampling a portion of the EUV output, e.g., using a pickoff mirror
or sampling “uncollected” EUV light, and/or may operate while the downstream
tool, e.g., photolithography scanner, is off-line, for example, by measuring the entire
EUYV output of the EUV light source 20.

As further shown in Fig. 1, the EUV light source 20 may include a droplet
control system 90, operable in response to a signal (which in some implementations

may include the droplet error described above, or some quantity derived therefrom)

from the controller 60, to e.g., modify the release point of the target material from a

12



10

15

20

25

30

configured to operate while the downstreamtool, e.qg.
phot ol i t hography scanner, is on-line, e.g., by

waempliiTegs a portion of the EUV output, e.g., UBCTIgSZE09/000994

pi ckoff mrror or sanpling "uncollected" EUV Iight,

and/ or may operate while the downstreamtool, e.g.

phot ol i t hography scanner, is off-line, for exanple, by
measuring the entire EUV output of the EUV |ight

source 20, As further shown in Fig } the EUV. |I9

SQFe M IahGisPERRF Jdeand/od magstitn drogiet madion tupingofo correct for

%Hgfsaiﬂltﬁ h{&lpge?] B?ri‘}%% Q}l@géénqzﬁ%a&%i)ﬁ&gﬁ&h 2@ H%d/or synchronize

enen ropl et “error
dleesgernletmdn af dwplets mﬁlcthe pulsechlasdrysystemi 22ed t her ef r om)

f th [ , L. . di f
poi nt 68 4 fiRStaies & sehemale 4Rt st SUBEYResteh Seaiied source
HRORN ?lfsi)el%%r DA mAPEl fiseddh Q&b@tor GROTRhd &bddifieAf. described

to correCt for errors in the droplets arriving at the
dilesm ed\si shoawi tiefeprthe egliros ne@eriah di’itmenwy &@hm@hlllz@udmé conduit,

HERTI PR e T

g%w&ee Pt S Qbo ahsWHPki r&erveaus emaptber forinedi Wik nBebrifice 98
2 that may be used in sonme or all of the enbodi ments

@bewighéle rp@wumzc?%tl%o% to hlpw, threleehs dhy (sifipst evtablishing a
%ﬂxgt@nu%?lgrsn%gmnqﬁo ! VQfﬁch 451%)??(@1%['1&9 ﬁr]p?léglh gﬁg 6% (H'éuréaﬁf?' 68 Sfroplets

a reservolr ng’ a
mopa,@n tin, under pressure, P. Also shown, the

reservoir, 94 may bhe forped with an 9 | |l ow n
t he priegdigningewith Fig. 2. ggets%urf’? St A&@?ni%eg%oﬁ’lnh‘% éncgudes a
%@gitélﬁﬁ:'r{tﬂ\ g‘l %{Mé 1I§ ﬂ%n%"@h Eﬂ:ctro actuatable element

quent sinto a p |ty droplets 102a,
k104 Eomtis mpnratge vuolupleawgth me ﬂm@9& ond e sigmak ganegdtor 106 driving the

furth b t d
HERETE Rt Hemsat Pl & i dngDeatow LEITH. S i bt ne or
gﬁ(?rg%'f@ctrla%tda@ﬁﬂe eRnRBR’ AR De (gfé%héf@ouﬁdléd?w‘ithethé Ifitiidl to create

8 and a signal generator 106 driving the
alrepdets 0 The coupling techsligues shovyn in Figs gdA-2Pamanbs megd in some or all

SFASAFE SR P APBISEL K 24 Bk

%h@@h Qnd\li'ml@h ahs fluldés tf@*déd it glotwe € QULQSerShl@V\M)Si tinder pressure
Fi gs. 2A-2D mai be used in sone or all _of th
dhuah ASAndUiH LR e BeeRIlATE tRbe. BeYing %awwrmlbdlamwr and a

?%h@? 5\?}%@6&0 5§ nﬁﬂoé’f@e}tid%og nﬁ?u&&estrfehﬁ' é(lg]tﬁrgg é‘rf-‘&rlﬁce 114

roma reservol pressure t
adnhkicdndhitOl 10e which sdysedueatly bresle uphatoi drgpkets El Ga;h vels yhown,
Sarrrlacllelctr(g)I g:?l?atteﬁ)le gﬂ?ne%t 118 may be coupled to the conduit. For example, an
electro-actuatable element may be coupled to the conduit 110 to deflect the conduit
110 and disturb the stream 112. Fig. 2B shows a similar arrangement having a
reservoir 120, conduit 122 and a pair of electro-actuatable elements 124, 126, each
coupled to the conduit 122, to deflect the conduit 122 at a respective frequency. Fig.
2C shows another variation in which a plate 128 is positioned in a reservoir conduit
130, moveable to force fluid through an orifice 132 to create a stream 134 which
breaks into droplets 136a,b. As shown, a force may be applied to the plate 128, and

one or more electro-actuatable elements 138 may be coupled to the plate to disturb
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| ength of about 10 to 50 nmm creating a continuous
stream 112 exiting an orifice 114 of the conduit 110,

wokioghi1®wbsequent |y breaks up into droplets 11Ber/DS200&000994

shown, an el ectro-actuatable el enent 118 may be

coupled to the conduit. For exanple, an

el ectro-actuatable el enent may be coupled to the

conduit 110 to deflect the conduit 110 and disturb the
stream 112. Fig. 2B shows a_simlar ra enen havi ng

ther gxeamy, 34 1t21@ to dhsrrRRCIaSS) Uit c&p gﬂ‘ may be Used With the

% %8&{1& 1{1@ gpi’tfg(ﬁ e?ﬁgt 2D Jsﬁe s %@@hele@&ﬁtlﬁﬂ U £ fluid is

€ con ct t urt 122 at a
lf@feedatd ﬂw ffore guesecyoir FQun&E psésswrs thromgharconduit 442 oreating a

cEnitios sl 6 ek o P MUBPF iRk B35 i subscauenty
gféaf(f ﬁlﬁt%%rb&eﬁsr EfHa%. 2AS ShERH) éﬁéiem-aau%s@kéeméﬁtq 50, e.g.,

ropl e b.” As shown, aforcemayb appl i ed
hhenglazing- likzeaor tuhetlip shape, myéve@loel@pn@d@r@ thegube 142 When

I th to di

S enha it poiepl BRSO may Seeiily My I Rpdtic 142
3! BRU¥B YheDftred HETHAM It s io"tfb_ @ﬁ?&ﬁdté@ﬂiat sh@vhmiofe Fle@tro-aétuatable
Fig. 2D shows another variation in which a fluid is

fetme@és mayf beogmprayed stor sedastivelyr squgereyhigesonduitsk47r at respective

? h x| conduit 142 creating a continuous stream 144
exit |ng an orifice 146 of the conduit 142, which

subsequeéret detaily eglarding viaribes dro;xhétedlspehéaacdmﬁgﬁsataimevumd their
an el ectro-actuat a% e el enent 150,
c

relatve plwantgees JpaY (bekouae dpeco-Refing Ug%s Peﬁesh ré&pfw%md Serial
%ﬁe&'bﬁ@gisoy‘“?ﬁ cﬁfénV%} the shect LpithRat YR ePI%ODUCED

may se ective y Squeezé the condult
PLtSMA EGY SHIGHRSOIJRCE HAVENGA MR QPPEE S TREAM PRODUCED

NG} & B BTER 5 ETEASCR: FERTER (imel Doghet Number

NBERO030-VE; EJ-BEHBRE UES. Pt A pHik &idnSSerRY Arehbeg 1\1@68@188 filed
dropl et di spenser configurations and their relati

adv Behrages 2ta 006 edtifled LASER JR(IPHE HDS’LW&tEUV LIGHT

A3 SO S0P A AR o i

SCEREEehAYIpN e i JaRSEHAT TN rhBEAM BRDRICED dShiNEeBruary 25, 2005,
MODULATED DI STURBANCE V\AVE Attor ne% Docket Nunber

zotitech YEETH@D AN ATPARATUS FRREAY HAd$MénSOGRCE TARGET
/ O _ -g.r _ :
A S I BT o
PRIplRMiGESerhd] (Number TtWe44 Mifitbd pn 2065 2003BH) trtitled LPP EUV
SRR MBURCE MATERIAL TARGET DELIVERY SYSTEM, Attorney
Docket Number 2005-0003-01; the contents of each of which are hereby

incorporated by reference.

Fig. 3 shows portions of a source material dispenser for an EUV light source
having a source material conduit that includes an electro-actuatable element 130,
glass portion 132, e.g. a silica based glass such as borosilicate glass or quartz, and a
metallic portion 134, shown as a flange. For example, the glass portion 132 may be

a glass capillary tube having a shaped exit orifice nozzle. As shown, the dispenser
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U S. Patent Application Serial Nunber 11/067, 124,
filed on February 25, 2005, entitled METHOD AND

WORARNDWS FOR EUV PLASMA SOURCE TARGET DELI VBRYT/US2009/000994

Attorney Docket Number 2004-0008-01; and co-pending

U S. Patent Application Serial Nunber 11/174, 443,

filed on June 29, 2005, entitled LPP EUV PLASVMA SOURCE

MATERI AL TARGET DELI VERY SYSTEM Attorney Docket

Nunmper, 2005- 0003- 01; the contents of  each of mhlcp

Hurt wnplﬁé%ﬁ » sealingdoiny 1p6cepsisting ofrs jpiniag apgiglkcoupling the glass
P RE nﬂetaﬁﬁ&‘hSﬁloﬂate” al dispenser for an EW
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]o}dthe %ﬁ@W@C?E &) fhveneR: oﬂ:e%tlcﬁ%ﬁf%&rathﬂ%eraﬁé@%sg PEY-b6®begrees
ass capillary tube having a shaped exit

cﬁqlﬁus: éomquri din As astargeh matéréal dims pems opsess ahbular glass portion

i,ncl udes oilhnt 136 C sty.ng o

RS iR aeteri Bp e Gl a1 st ufil o plal Goupled to
RRE o438 poktdn, tthé mailr RigRIaNdoeffidient] &1 thkeﬂﬁalnatpahsmﬁ (CTEmetal)
selecteé)to have a coefficient of thernal expansi on

(wicheliffers f59rasETHemaby: Aessghem Sppmédaeres; Gﬁltsuksf over dhergange of
t I

SERAEALIE. 812 Ao, 55l T8RS UG, RS Whss 0,

|dthh.tl ddnibimations hatviag gie(ETEBhﬁ‘eneﬂc’ce oﬂ lesssthar Sq)psﬂingrea: Celsius over

ﬂbul ar gI ass portion hg%l ng coeffl c nt of tEerrmI

dhp dAggont (tempgranyey afs deerpenoelpivg ofiplueq pyar/quartz,
trﬂ@llyg!lfh%ﬁ-zlﬁlﬁﬁﬁﬁlﬁﬂ Kbbgr/aﬂﬁﬁﬁﬂunh éltﬁﬁln@s&ﬁeﬁ&lb R8¢ mefybdenum/

expansi on (CTEnetal) Ich differs from
Cqﬁﬁgzsﬁlﬁghyn/bwsﬂmtarglagsp rmdj etgtnrd@scsmeéfalhialldmmm glass (Corning
a@gg of tenperatures of 25 to 260 degrees Celsius. In
tion to gl ass- Kovar and gl ass- Mo, ot her

conbi n@yri gampha he@idnE hetali thi L ceee obha diclgs-cbbab ferrous alloy,
S5ppn degr ee Bel sius over the range of tenperatures of

25ch 8s Kogardeythedeingma wrigbmay cpudd of svaelybdenuny or tungsten. With

T{Fja%/%}ﬁ%%? a%FQc ﬂ;gﬂé afth ?% &{pél'ﬂéfg] r%ftea lﬁlgattu%g up the nozzle to a

Iﬂa!dﬁﬁel’rﬁt&td I&gi; e(2§0%9C ﬁo”rd opérationl egith molten tin) may be
st eel /al kal i barium glass (Corning 9010). For exanple,
tay8idedi ni ng netal may consist of a nickel -cobal t-
ferrougs akl Py FAmEON Blar 19T da0h{hNEnBRA '8 FeNi
consi st o% ereﬁluq'geénum or talfnlgset elﬂ.gth h Hen e
alloys having partlcular thermal expansion properties, and includes nickel-cobalt

ferrous alloys designed to be compatible with the thermal expansion characteristics
of borosilicate glass (~5x10 /°C between 30 and 200°C, to ~10x107® /°C at 800°C),
allowing direct mechanical connections over a range of temperatures. One
particular Kovar alloy is composed of about 29% nickel, 17% cobalt, 0.2% silicon,
0.3% manganese, and 53.5% iron (by weight).

Fig. 3A shows portions of a source material dispenser for an EUV light
source having a source material conduit that includes a borosilicate glass portion
140, e.g. a glass capillary tube and a portion 142, shown as a face seal, e.g. VCR

seal component, and a nut 144 used to clamp and seal the open face seal, e.g. VCR
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this arrangenent, cracking of the glass capillary
after heating up the nozzle to a working tenperature,

we2@9/1170260- 260C for operation with nolten ti npCTEF2008000994

avoi ded. As used herein, the name Kovar is enployed as
a general termfor FeN alloys having particular

t hermal expansion properties, and includes

ni ckel -cobalt ferrous alloys designed to be conpatible
with the thermal expansion characteristics
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errosi hllagteich| as Kovar, t orothel 4iterial gnan aginsists of applybdenum or

t ube ang . ortion 142, ace seal, .. 9. VCR
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hBSZ10R8R V\foﬁﬁﬁ %@eraﬁré} e.g/(R56:260C FoPGRLMont Witk A1 RA fin) may
tface seal CR seal onent (not shown For

foh avaided.n g gnﬁmarrgngqmemtrshpwg injig. }Mahepextion 4@4Qay be formed

il PR, P55 SO oo TR0 8 RGN oI 142

aReWwirgC tiRNEapifiary NEbER(glRY FRASON 40 CIE shige adver einds#tagh to the
mat chi ng the coefficient of thermal expansion of the
GreiBsiqneT Ry | cassmplereRtaiom i crangemeRit glova) idye. A may be

&9{}%}@ %;filf:% &x%eénda@%le 18R ﬁla?} #&ﬁ%@ggﬁmé 1100 to 1700

ter| cons st 0
deggss €rand Wotding hiiss tterpoaitiparsaotn unnhthlmcagnllafy daogs. gI ass

capi |l l.a f heat - le t Ki ng.
Cenperaes o, gow exBUpBRE PUP GpeReTans bt Fowdineen elass
%)bﬂ}o MRy BE 124 Qh ‘Q.ry 1595 dridSin?peR TRQRAL ¢ FNYWR bdal Eb@iponent,

nﬁe portion be formed wWith a circul ar,
Ivdiek@vaspﬂeecmbpsh mvaﬁleeoaeanﬁapm gedly o MR Egaiycomponent may be

ﬂga:d%! %ﬁ% At }%:tllggeg%gfdhtz’nﬁaae{ lfilacoﬁﬁ%gl? of e expansion

RCTELUD @Iﬂ)selblnnﬁfbﬁhmgrmlheﬁféﬁeﬂmidn@rbf tHeemar reamsrmnbf the glass
shown 1n Fig. be prepared by heating the end of

t(ﬁ%‘Egisés & %%Wlﬂ yhe matgsist sxayransisy ofl 8 gickelcababipterrous alloy,
qﬁioqg,ggéuﬁ gpgmg%(%ﬁql ng it in the position shown until

e’ ca ary Fi gs. 3B-3F show exanpl es of
ot her Iami@eadletsinFig. 38 shoowspddrtignsaofd smsce material dispenser for an

EUV light source having a source material conduit that includes a glass portion 150,
e.g., a glass capillary tube coupled to conduit portion 152, shown as an open face
seal, e.g. VCR seal component, using the same arrangement shown in Fig. 3 and
described above (i.e., the portion 152 may be formed with a circular, hollow
protrusion 154 extending from the body of portion 152 and allowing the capillary
tube (glass portion 150 to slide over and attach to the protrusion). In addition, as
shown, the portion 152 may be formed with a circular, hollow internal protrusion
156 extending part way into the body of portion 152, and establish a trap region 158

which may be useful in trapping impurities (which may otherwise clog the relatively
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portion, e.g., a glass capillary tube, and an open
face seal, e.g. VCR seal conponent, where, as

walemonitegl above, the open face seal, e.g. VCRPGEHB2009/000994

conmponent may be made of a material that is selected

to have a coefficient of thermal expansion (CTEnetai)

cl osely matching the coefficient of thernmal expansion

of the glass (CTEgi ass)- For exanple, the nmaterial nay
consi st of a nickel-cobalt-ferrous, alloy, nolybdenum

smajl gagillasy, exjtrprififiee ecer $alids) g diquisizsauser matsiali B tgp flows

] ' ' ?tﬂ'oﬁme or an EUWV |ight source
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iuiaF Rse Tl 1R iEiR TR ool o, eyt pREichh itz and sized
ttH 81leRdnk @Ad B the@pilkey heBAs\pérfiod 160 lide infdGhé aess and

internal protrusion 156 extending part way into the
lagash tofthp eireylarwall of thgaecesst abl i sh a trap regi on 158

whi ch g1Ry. e ful . PRI | [EW § ty: i MBYV 1

ot her Vg}g e3I§I %lé%‘{gh&qlé&aw \% e%}lg%ﬁ C%E)iqlﬁ)g?ée@g??n light
@biudck B&ving aGourcs @hdteldgl canduit thui thckdes £ glasmpationll 70, e.g. a glass
e.g., tin, flows from{he portion 152 into th ortion
Fapillars tybe SRR CQRIHHROROTO} 72 SRR BB AR AP fosf Seal, €8, VCR

P r; . S v r,C

AL anengpncl s Al pORo e 58 IRV E0R, SOHE Bl o
erifice 134 gizzd 3o alpiv dreer gnd: ofthe capiblhrttube (glasdpértion 170) to slide

portion 162, sho as an_ open face.seal , .e.g.,,V! ea
Uit auiet cnTiR 04 b B pedi B RRChertigh 4z, st to the
feChRE Wil Bf eheChutp BfifiE€A95 SanaGékta{_bggﬁhg Ghnl npudiRy trap 176 (as
output orifice of the conduit portion 162 and sized to

alebasibed aboenwith refereace tpFigl HBY t ube (gl ass portion

160) t,Q_shide (nto 1. rece ng atiach .
Ci rculfgg' %’/\glsl%ogfs I?%l{églr%eggés;o [ gglag’gﬁlag(l:%s\ﬁgeg%%:}?f (%SEI&]‘V light
oY MaeingRine rdrahordi coptidaets fild comthonUVith ilghirrapement shown in
havi nhg a source materi al conduiq{ .that, i ncl udes%qajl gl ass,
dog133ningtpdingea glasy pgrtiossl Vs gondudl portighd /¢ Japnet Wi a circular

S e LTt e NRAITE ¢ BT, § 8y, OF sinered

onent , portion 172
fretate svowert metal @hd ¢ wir graphite fibers, disposed in the body of conduit portion

172 to remove impurities, e.g., solids, which may otherwise clog the capillary exit
orifice. It is to be appreciated that the filter 178 may be incorporated in the other
embodiments shown, e.g., Figs. 3, 3A-C.

Fig. 3F shows portions of a source material dispenser for an EUV light
source having a source material conduit that includes a borosilicate glass portion
180, e.g., a glass capillary tube coupled to conduit portion 182, shown as an open
face seal, e.g. VCR seal component, in which the conduit portion 182 may be
formed with a circular output orifice 184 sized to allow one end of the capillary tube

(glass portion 180) to slide through output orifice 184 and into the body of the
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orifice 174 sized to allow one end of the capillary
tube (glass portion 170) to slide through out put

w@eibile®48l74 and into the body of the portion BFRUS2009/000994

attaching to the circular wall of the output orifice
174 and establishing an inpurity trap 176 (as

descri bed above with reference to Fig. 3B). Fig. 3E
shows portions of a source material dispenser for an
EJJIifg& source having one or nopre conponen [

OFfInt &) efaching tr tharsierisnwallidihe Prtprt grifish 5§4' As shown, the
'fegglr?ggllua’glta g&ﬁ%ﬁ Fﬁ@rﬁﬁ? Be ]fggneds i@%ﬁ&ﬁt‘) 6LR ttachment

circu out put ori f ur t
iaganhstdhm thnar wall A88 of tHet }mrtxdﬂ 882 eAg;o shmde adiltesil Bﬂ,easehtscribed
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n'EOY%@lﬂé&f?eB?e @2&1811%1 Rk lge' '3573172 to renove

| Mpurighé €8, shpw- ?01%9}1& % a%hﬁ:@ fRrial Kpshse }ﬁb@ﬁblﬁé‘%ource
capillary exit orifice. is to be appreciated that

tnkegerfal | dreplets7 Bornary BAEV i lrgho rqgmcat mdludmgt hesoardﬁ:ernaterlal conduit,

a‘g]?? X ﬂ%ﬁ? Cgsréo%% ﬁ'ﬁng?SI g|glgqss ﬁ t*llg)%] 23& IEU\?g 3 source

InhAéHal SeeHiGiaig i DAD #hat AN IriedIFBdfEikedto @@sgﬂnsar ;idi?ﬁ@n 204, e.g.,
i ncludes a borosilicate glass portion

18
dlange ocensini fheg seal, gige VR, Beab gomporaitd hhis aéﬁmmﬁn%be achieved

S, SAMER 8T o MR 20 o
Flig.c31laAd cotttpohd@ig] ddseﬁpﬁ(ﬂﬁpﬁw’f&d athmva) |0®be00ﬁe efitheotoupling

t he caplllarytube | ass portion
ERPBERIReLSHoNn iliies- I i%aniﬁascrﬁtzﬁi ey g’d&y‘{ glﬁo shows that the

og@pg{}; hite 20 is g&r{&ghw Jgoﬁrpﬁ Iﬁétérgéi it \éﬁéllzo%f ah@8hat the

orifice 1 , I 'ass
pldspensen mkﬁ(inciugie be efeotroradtuaiable &icmaﬂﬁu’&lﬁeﬂg Pgﬂ“ fand a confining

attach ai nst thelnn 188 of .t he rti

Bsultig 217 SRR mOTIR Y b coue quadhel s oot o reduce
%éﬂ]etrs@‘e%elﬁﬁﬁbﬂlﬁef | Bor Sfampl@)hd €apiBAd tutel P00 tha§ MAVs a length,
portions of a source material dispenser producin

sbtiof ebowtt 1&*5%mml¥ dplthe gbsenee aha oVfiningtrugig b2, the free end
208G} B8R ROMAE RS B Ubniol koo {?Bﬁmes of the

es a g 2 8% capl
ArGlet stiearmipt erl al receiving end 202 that is rigidly
af fixed to dlspenser portlon 204, e.qg., flange or_ open
face drathowa igFigdR thaceanfinmasnchire mayiinclyds w&sﬁhan?éﬁrwle

BB Bl o OSSRV e, i
amroréﬁhmm;l lthegcouiﬁanrgl suctone meyp eingéay abgmMdgrrulerasishownen Figs. 4,
4A ancF 4ﬁ0lﬂ% onegde51gn, the rigid ferrule 214 may be sized such that it contacts
the outer surface of the capillary tube 200 when the capillary tube 200 is unheated,
e.g., at room temperature, as shown in Fig. 4A. When capillary tube 200 reaches the
operating temperature, e.g. ~250-260°C, a small gap 218 is established between the
rigid ferrule 214 and capillary tube 200, as shown in Fig. 4B.

For example, glass has a typical CTE of 8-10 ppm/°C, the CTE of 300-series
stainless steel is in the range 14 to 19 ppm/°C, and that of 400-series stainless is
between 10 and 12 ppm/°C. Thus, there may be about 10ppm/°C CTE mismatch. For
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arrangenments shown in Figs. 3A-3F and descri bed above.
Fig. 4 also shows that the capillary tube 200 is

wo cooat7ows th a source material exit end 208, apPdI/URZN9/000994

t he di spenser may include an el ectro-actuatable

el ement 210, e.g., PZT, and a confining structure 212
restricting novenent of the source material exit end
208, to reduce droplet streaminstabilities. For

exanple, the capillary tub 00 na hvealenth "b"
af VRksghicapBlany TheR AMERR O bﬁ@ﬂtéﬂ%f c%nﬁerrme??gure change, a
%a&ﬂﬁ%ﬂﬁrrﬁat@&ﬁ égﬂuﬁceﬁfeﬁﬁ SR BOBTEM¥nfRdSGnie nozzl e

to vibrate 'S Vi ratlonrra cause instabilities
of the droplhnms‘tt(hmm/%2mm5nmct‘ong 4 the

fini t i ncl.ud
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st e IR T AR 20 At Bh 4 bR hE T CBpitary e
(F@Bé)kdrﬂﬁlb’ if theecaplhry $ubellb @atetkh Mddthe distanice ®8tween the capillary
tenperature, as_shown in Fig. 4A. \Wen capillary tube

286 209-a0detBe imrrdiaginay rgglqagméﬁﬁw-a@q!% the 2¢ o microd gap will allow
o
PR oRer P bl RaRel R 7 Pl FBS T T AP sine

E’d ig mu(HB snkzdler ehaarthé € PPglages bebmssize, twhiclcmlay GeFforfex8mple, about

pr. ° the CTE of 300-series stainless steel is in
AR r%’é‘lcﬂnsto 19 ppm °C, and that of 400-series

st ai an‘?% $id ﬁlu?ﬁﬁt\@?%ﬁbtﬂ& @sbdhdeMRTwifich HeUonfihlier ﬁru@ﬁl}‘e may
be ab 10ppm m smat ch. Fora typical capillary

toinprist aﬂemb}e ﬁafrulerﬁﬂl4émg ~Popue medﬁpef atompliait arayerjal ssized to

di. spl CTE t
BRp Bntaql i f coBpiR € Hepitary 208720 I, e W Ph@re e .
\lesd) 286°CIvhER liduidl iR & @Rd G8R JeaiceafMtetifle Fdrdhid drR@hiethént, the
214 and capillary tube 200. This gap will cause

desiblecfernie 2Ehmasbapized tq/slmhtly aueeae dest capiliasy tuheo)’ (below
+
U eHIE bR et TR Yof g1 S onopigh D, Wik ity e

ReQiLiiot 24h6 fleaibde fdprule will kil bemgdtandhold e eapillatyatight. With this

tube. For exanple, if _th capl ary tube is one-in
AFANSGHRENG] 18ETEHE MOLRAPABERT r@péL@ﬂr fber 2000 yray bosprng floaded. In

%H% rlohfe%ia'nﬁ{tfo ! tHee%%\jﬁv@olE)lag da.g ﬂev‘ﬁ’i%ﬂg‘g{r?nﬁgrr gﬂﬁﬂgtpg psﬁgfness of the
damhh@cm’menZOOét itelfasoeh tHdti the meyorfaeca degpemdyl of shencenstrained
capillary tube 200’ is significantly higher than that of a free-hanging capillary.

Fig. 4D shows another embodiment in which the confining structure may
comprise a plurality (in this case four) of members 222a-d arranged and positioned
relative to the capillary tube 200°° to restrict movement of the source material exit
end (see Fig. 4) to reduce droplet stream instabilities. For elevated temperature
source materials, e.g., liquid tin or lithium, the members 222a-d may be designed to

expand to establish a pre-determined gap between the respective member and the

capillary tube 200°” at a selected operational temperature or one, some or all of the
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it is much smaller than the LPP | aser beam size, which
may be, for exanple, about 100 - 150 mcrons. Fig. 4C

WO bdoat10at es anot her enbodi nent in which the cpoif/Us20g000994

structure may conprise a flexible ferrule 214" e.g., a
ferrule made of a conpliant material, sized to be in

contact with the conduit, e.g., capillary 200", at the
operating tenperature e g., ~250-260°C when liquid tin
IS used soyrc rial. For this arra g
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dediphialseceivisguend 283 thatrisimgidlycaiiized do rqlsR;psmpg 254, e.g.,
Cap?‘f p %Jﬁaﬂgeegefgg‘fdg RASIK LAS lpBﬁérﬂ.t This &tﬁ%cﬁllaﬁt may be achieved

to restrict novenent o source
ythenziag, bexidingead., eporyihg,quse oY at@l'E editrhed Joiopigehetal (see Fig. 3

streaminstabilities. For eJe ated te rature soyrce .
AleFopsgonding, deserigiiony RIPHAEH 9AVEbUR| Bhedofbells Coupling

23R EnRY SW%F%%egAIﬁ snPandrib&d 859vebIFighs A also shows that
pre- %eterm ned gap between the respective nmenber and

tthe capifadyl tuby 2606e fodged witha seu@a:n@tbr@bsmtemdr%% and that the

RS 5 SO o SR sl SR8 78 st

SRORLAEH (bperelle Q0 defEnt il WhIRIOY the!BEpiRA9Y "tubé 280 and modulate a
sel ect ed operational tenperature. Also, alternatively,

eleassrof ermreamaterial gromutherdispeasehn be used to reduce

the gap.i r S .

400- st ‘§|Sn e‘glg%lgrfgé'gf%sés ggrrgdl%g{één H%@%nlgelg%r]{a?@hfn% be deposited to

rmzteﬂﬁy,adrﬁL iresgme dabes, foontaot ehemallbef ﬂﬁdeapd)]ﬂarb(omhe 250, and an
bdenum, Fi % 5A shovvs gbsons 0 ur.ce

ﬁﬁ% tjng| coging @ %ériaypbeo@&ep‘?@d Hreea te condustive coRing laver 262

00 Jﬂe elfééiéo'acamab'f@ ‘éfe?rﬁ:n't Q@kUdFd}ge)énﬁ)‘Pé”tﬁ@ lﬂahamga&oanng 264

condul for the case shown, includes a glas

angyi bd @ppsnteslhe o%ﬂay;amdmgscans oases,@ontacethe sbndustive voatglg

ggg 2251 S. I%%t ands 5B 1lﬂ1sgraye tﬁf o gctrtigal %hrsfgrﬁ%%len[ce Q%% aynbe placed

in an electncal circuit with the conductive coating layer 262 via conductors 268a,b
(e.g., wires) allowing a current to be passed through the conductive coating to
produce heat via ohmic heating. In the configuration shown in Fig. 5A, electrical
energy is delivered to the capillary with conductor 268a connected to layer 262 at
the tip of the capillary tube 250 and conductor 268b connected to layer 262 at the
base of the electro-actuatable element 258. With this arrangement, the upper portion
of the capillary 250 may be heated by conduction through the metal dispenser
portion 254. The conductors 268a,b may be attached to the layer 262 by brazing,
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fl ange or open face seal, e.g. VCR seal conponent.
This affixnment may be achi eved by brazi ng, bonding,

we2@911epoxyi ng, use of a CTE matched j oi ni ng PET/EE2009/000994

(see Fig. 3 and correspondi ng description provided
above), or by one of the coupling arrangenents shown
in Figs. 3A-3F and described above. Fig. 5A al so shows
that the capillary tube 250 is forned with a source

material exit _end 256 and that the di spenser
spldetioe a8 ofitlear bighc meding peind| diayntoroBended, @g, with a high

P#ﬁ%‘ﬁ&éufe%c{ tlctm:detﬂ gg 250(operabl e to deformthe wall

and nodul ate a rel ease of
sour c&?onaheraraahgémenm shvevig i qed sSir JmayAbe sdroplnyedh abithe source

SR lovan sl cendian uBe A0 2t e q M ufece & about
Q@@'deltgf’ereX ¢ UbBeArfd (RN @'Ihr& NEtd 250 NHay QRdrbad AGE a{Hay%revent

be i nfer posed bet ween t conductive coating |layer 2
shggingedwl wcsolidifaationt dblosearrangerneste q@pillagyk amgl 250 may be

the i nsul atj ng cpa bedeosi edt .

e oL s o B Sorlie 145%Y ed sPRER Bkl or @ nickel
¢OBdlt-ReroukiaflSy, e‘S%\ Ko6ta© Bndl | ihdSheuddtigt dwhnguihaeﬁ ®@Bkist 684 metal
current source 266 ma be placed in an electrijca

oKidguiHor die ypurdeamater spenéere Baralengrorapjuatatie sleent 258 may be
a%% ucﬁ’t oéx%%c%(feSc%r‘lg nieﬁergal arWele gstﬁét \%V\dngtgrl?l Y’ rrggénettc%mctlve

e passe e conduc ive coati ng
eadriall a ohm c heatlng In the configuration shomn in
Fig. SA, electrical energy.is delivered to th
capi | |Ia.a9dwof1 ﬁo é%w@ecﬁle cera?meteth@at g qaa@éw B 250, the
gé %&‘?ort iékbo @R' fok atgé/ tfap Be tl?e’sg C%ﬁuﬁooﬁnd, in turn,
% connecte ayer t the b f the

dhazedse d)hdip(tllltillgiktbblh@' efrﬁlnttargsﬂmanhsttdanse)éting thgerapiltary tube

236 o SRR Rar i of e sapiive 156 267 ey henelBriegds sméshitsdatlowing
T&ﬁ.u&ﬁféﬁ’eé‘:‘h?g}ﬁre%@gﬁw@ ﬂ%ﬁnﬁlee)éﬁahﬁﬁlli‘ RPeffRidnf VehP¥REe 46 2hat of

{ brazi ng, sol dering, e.g. high nelting point
g asaygooglradhcﬁdedo glasg surfoge ﬂmgil mpt;mgttemperaaugr aterials such as

cond (0)¢ For t ra

ARl BB M i S ARG BT 307 lhets i fhermal
leRparBiti boedfiviehbe 2%0-ab WireKat which eRPRIMY WIS, toetitht ,of the
about 250 degrees C. Heating the caf)l |1 ar;t/etube 250 . .
rbagpsalwetee%@@ @ Bwrmd)prad et be vegshardgh tempsrature applications

ng be‘ﬁ'ofrfa % glﬁ{b %F&e@véraﬁgggﬁgﬁwt L SEniCaRl ob ALY e[ﬂ'd‘lg%lloys

condu tive coatl ng
R, Komn $ atodfut mod- y@aéhnrram’r ttat oif ¢he hodytalehum is about 5.34-10°®

Q'm. Thus, a 5 um thick layer of a nickel-cobalt-ferrous alloy, e.g., Kovar,

deposited on a 1 mm capillary tube 250 with a 40 mm length, would have a suitable
resistance for heating the capillary tube 250 of about 1.24 Q.

The deposition of the conductive layer 262 on the glass surface of the
capillary tube 250 may be done (for example) by vacuum arc deposition using the
required metal as anode material. A relatively thin (1-2 pm) insulator layer 264 (e.g.,
metal oxide) can be deposited on the conductive layer 262 for isolation inner
electrode of the electro-actuatable element 258 e.g., piezoelectric tube. With this

arrangement, the temperature of capillary tube 250 may be higher than the
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ferrous alloy, e.g., Kovar, and the insulating coating
may consi st of a nmetal oxide. For the source nateri al

wale@parn®es , the el ectro-actuatabl e el enent 258PCEHYS1969/000994

made of a piezoelectric material, an electrostrictive
material, or a magnetostrictive material. In addition
to supplying electrical current to heat the capillary
tube 250, the conductor 268b may support for the tip
of the capillary tube 250 and, in turn, increase

(ROTPRTAtHES &6 elBirq. psugipbleclemept 788, ere @iG2apleetyicdubs it typically
I

e s T

tepdling m@theemezcredammm snatd:magdn anésel Brr@ndhermdh atm:sd Although an

B acBa o b5 rRk el SLES T b abhaNeRl e Sir insultors

te 81‘1 ‘E‘Bé&fr&s [N% BE LSS s keaBe AebtkshettRRBleeldnfdnt 298 from the
ovar, nolybdenum and tungsten, have a

phmiutaweébypah@ on coeffi cient of ~ 4 - 6 ppn1K whi ch

|sfa| ose r03|I|cate

(- 10 o Rl et A egR R e afiat cispenser
%Rﬂiu’cfn@t $URGe inategaMairdaéts Oor WhtEU Y Baig . soNEUeel@a&eﬂig oh®&r more
resistivity of nickel-cobalt-ferrous allog/ dg
ietewmants inscomypor withothe orapgementzshawnatkiss 54 qad described above,

iy

FROAAE B, B Ry, S e, o ERARLE s
;&Eﬁﬁsﬂﬁftt&‘de @Sﬂdbavlﬁlg'rc&amIgl lhypory 26211264 Zé@de&cmﬂs\edaab@@e with reference
engt wou] d have a syitable resi nce for heati

to&ig aﬁgﬁ)t rigidly @ta,fy 28ligRengRArtiqn 25‘? \Ri q*ﬁ%tf%*éﬁagﬁaﬁ%&%emem
EStzﬂl gé:i%hh“é@t doRYR" 2680 énd)éb&dﬂ@togé P66, 5. a&fﬁeé)f allowing a

e capl ary tu 250 ‘may be done (for exanple

warrmxrmaxeqaadmdahrctughrthcj somgacnhe cpaqw E@dtonmtoducmbeat via ohmic

e T Bl . B el BAR By e

%’J&L&ta' J68dhAWematbrall e don@h@ivieXBalin 262 ﬁia?(Hepr&dQﬁ contact
the el ectro-actuatable el enent 258 e.g., piezoelectric

tvaﬁyetheWWnseh iportigny aifb ernby remheval efhs msypdonfoating 264 from

6’19 :Lﬂlnléct ro- agﬁ llar? ‘errenl? B@%?@éﬁéﬁ%ﬁ?@ﬁ teeg%&?/ can be

td'ébﬁer&dh@di tHeywpﬂd?drl{& mt}eqohhduesorlmxarcoﬁwat toOdiuspenser portlon 254
errperature Hi gher tenperatures may | ead faste
aeécﬂonﬁgct@f 26%h Connsstss) o 26808 rt?{embgseaﬂ the' Flsiﬁ@%nacmatable
25§tress Al though an insulating coating is
5escr| ed herein, it is to be appreciated that other
i nsul Refersingerogv tonEig—. doatdeniys,is whywib bavisg dint BU Vsmeflatteve optic

electro act uat abl e el epent 258 he
3%8 , a near-normal incidence coHector mirror hav1ngta reflective surface in the

form of a rotated ellipse having, e.g., a graded multi-layer coating with alternating
layers of Molybdenum and Silicon, and in some cases, one or more high temperature
diffusion barrier layers, smoothing layers, capping layers and/or etch stop layers. As
best seen in Fig. 8, the optic 300 is formed with a reflective surface-of-revolution
that defines a rotation axis 302 and a circular periphery 304. As shown in Figs. 7
and 8, the optic 300 may be positioned to incline the rotation axis 302 at a nonzero
angle, e.g., 10-90 degrees, relative to a horizontal plane 306. Figs. 9 and 10
illustrate that a vertical projection of the periphery 304 in the horizontal plane 306,
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conductive layer 262. Fig. 6 shows portions of another
enbodi nent of a source material dispenser producing

waompwaeronst eri al droplets for an EUV |ight sSouPCEUS2009/000994

havi ng one or nore elenments in conmon with the

arrangenment shown in Fig. 5A and descri bed above,

i ncluding a source material conduit, which, for the

case shown, includes a glass capillary tube 250 havi ng

coatjng |ayers 262, 264, (as descri bed above _w th i

7Bd shew thatt the megphery) projecHon MAYpqunder regiony 393 dn dhg horizontal
[ 2 l.ect Go- . el HirtRerSi

B, 08, s 7 L R e s ahe ek AT b gt 2 system

deliveringwarges jnateaial W) egyg.a actrearardf thxgebmapaims dcbpldts,ahglsystem

BnE St e S U uoa 21 BHSl iR e bk P Biane 306
dheRaRsies tROTLEBA I58} BRUMAbE YRR ggriﬁhé"ryna@febﬁy& A system

material, the conductive coati'ng 262 may be placed in
gomrating avlaser béren ($esgiasbrmpy alspde modided for. irradiating the target

B ] RS SRR P B RO LA

el ect WiRlthisRefabyerient, BeNVdeibhtvRr diebcted frbm thepiptica300 along an
wi t h conductor 268a connected to dispenser portion 254

anig 2&hdbat br inphised celatiee ttedthe charigpaial: 26 Asaindigatedpgleye, this
?gie{g?ggr? b%?gl)'é géﬁ?&b?@ﬁlas%hﬁo(%%% 0 %ﬁﬁ'an%@%ﬁ?&#t%ﬂoafg ¥or a non-

evice I's s Vi ng an eflective
epitical dWPletstrgam @ theawsedowirivh, imseomie nasess shdyerddace optic 300

mrror havi nlg,a reflective surface id@d;he formof a .
cortamirption relgtve 103 Vergicalgrgplet stregm, Japantigular. fasgedmaterial that

soleﬁﬁtwi Wolh ! 4@pRAtdeRBrat FYA" verP sl yaa_aﬁﬁgn(@a,dm a case of

6
Silicon, and In lggma cases, one or nore hig
tecipentalt lealdngliof fthes dmpldt sgenéretor) wpeldsnotsheopulkidnigwards the EUV

| ayers,, capplng |layers and/or etch.stop,|ayers. As o
5SS RERR Sy BRI oSG RLSP Y FSor ASamination
RRJull & B isYngiﬁééhﬂgQ@d&fedf evlditiorNly! beticlief-bA@sied droplet streams
rotation axis 302 and a circul ar periphery 304.

As
ghéthe isupirgsg dpvieasl naay reseltoipt yertigdly-emgntesk obscurations of the
1o Do o . : : . .
USSR Bl 6, BUBEI B LT MRyt i may bes
e ifi\fb‘ﬁzlttﬂé oﬁéxﬂﬁlﬁ)tﬁ&ﬁobfsb_\hlﬁﬁons&’oﬁﬂﬁ pb@fotmhmmtdfalrl]@optMI a
vertical projection of . periphery 304 in the )
hor i zdntthis Gonfiguration, %tﬁst @ﬁdimlﬁtageqqﬁ%towpﬁlaﬁe%outSIde of the

: i . . !
e S v
fgendrhter witic veldeity vsips thenhatidontab dinectiora arge tiefimrtesl inathe vertical

glgl;g{:téq% Hoin t%eSc§r{ge1r{ila{11 p%tchta g%?sttannc%tf%rlnathe qfrg Lteéesn’ergtgrel, by the

amount d that is given by:

where g is the gravitational acceleration. Thus, for a droplet velocity of 20
m/s and a distance from the droplet generator of L=30 mm the deviation from the
horizontal direction d is only 1.1 mm. Therefore, for practical droplets velocities,

the droplets launched in the horizontal direction would arrive to the plasma point
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having a target material release point 312, that is
| ocated in the horizontal plane 306 and outside the

wo egbanmo398, bounded by the periphery projectiBOT/US009/000994

system generating a | aser beam (see Fig. 1) may al so

be provided for irradiating the target material at an
irradiation region 314 (see Fig. 7) to generate an EUWV

em ssion. Wth this arrangenent, EUV light is directed
fromthe optic 300 along ap axis 302 that is ingljned
rEnagtiipe sterighichasizenta g Sinplar jangliments gamk Be AEPligh o the other
Hoh ' 1{{?% UloBRk BedetatsPMe cases. Also, this
apr?ﬁggﬁég{;ea oc#\%g)f?%ers gﬁnoESer%ical droplet streamto

t he usfed shovm cih, Fign Bothe syatoms , dehmyring darget aptertal 3D can be
contanjnation.relative t vertical. .draoplet stream.
RO Site PRING TG R OLs caRabl SF ice 3 Piteih fr prving tareet
rhed1000 84 JHRA&T ARELIGS t¥ AHMsEIRR pbsivieh O tHel @8plets; Rith respect
in a case of accidental |eaking of the dropl et

de therfacd ppintedithe ¢ndiectoe nptrpr, @nd meayeal sistrartséatéEthe droplet generator

col l egt.or by the faorce of qgravi and the probabil it

3F spll Beas dfonsdhf Srtman G A3 RIS i AR I, Hefaroplets

reduge ot Askdi for ahé lckeatiol &ftplasad ¥ndtieembrRealeQiIsed to the laser

streans and the supporting devices may result in )

vepdiptien and 6¢ﬂe@mde§0mb@él§ aighbpathsre elewedtq grayedsome distance

Bl e FHRART fogfth ST Uhcflepted by Sl G HDE the case

chswnriatludessa btouictieg e e efongamd aebeos 16 (teavirt & €oss Isaction that is

this configuratjon, with the dropl et generator,

SHSHIRT ARkeNEe oval dectpeilae S%H‘aéf’e?,‘t’i-ce?n mofre defally elopgapted tube
i ; ' t ; t

FHE' b e, PEHICAER0 dPisifh Gt RIRRLE| BaPhas $apdPthrough the

diradietiom regiore avié fprescnt dedervedhmatednt froal splasheng iand réaaing the

INET TRy e o ——
Wyalsthola tube hAGinglanéldiivelyolRfde REERBHALIW ,ne.gTQl‘éﬁter {1 @dout 3,
e

dropl et velocity of 20 ms and a distance Tromthe
avhepe btis gemmbatengtivang M8os the lergestdiasida twkendimenstonmermal to L.

56k AR L S 0 P 1R, BB %1 e e BALSTR ol ose then

pract’ roplrets velociti ets
ivaldchte aho thez aRged Imalérislahap thewbd| ddllacted Ve atdedichrdpleaseld 18, as
poi ntal nost in a straight horizontal line. Simlar

a‘éb_@%{ﬁent s can be applied to the other non-verti cal

o TUARE e L5 4Rt MBBIPURe of s
meaterial droplets 348 delivering target material to an irradiation region 350 along a
non-vertical path 352 between the irradiation region 350, and a target material
release point 354. As shown, the device may also include an EUV reflective optic
356, (e.g., as described above for optic 300) and a first catch, which for the
embodiment shown includes tubes 360, to receive target material straying from the
path, e.g. material along path 364 and a second catch, which for the case shown
includes a structure, e.g. elongated tube 362 positioned to receive target material that

has passed through the irradiation region and prevent the received material from

splashing and reaching the reflective optic.
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with respect to the focal point of the collector
mrror, and may al so translate the dropl et generator
in small increments along the streamaxis. As further
shown in Fig. 7, the droplets that are not used for

the creation of plasma and the material exposed {o the
| aser Alspsipwniiantignd 1 darmeshapigny pofn ¢-Bead JRPIRTIZHE 5Bt May be

iaﬂrSVig!ac'ia ?Mﬂo&iﬁg&%ﬁ\t’@f 4%09{ f‘baﬁﬁ&l Dspe i ibe 360 iF} located

rra on regi are Intercepted by a catc
villorghthegpatti 362 casepesitionn where! the eésbea36@ oed noteobstrugt EUV light

SRR Bt R e Do e L ABP S 03h) e mipeed o
NRbEndGRd drGaneaiss dndRs AldniRy A?l@/o‘i‘(’&ﬂoble@ﬁgﬁ?]ﬁé@tion, and

receive target material that has passed through the
iremaséed; i nsing giasorizadcarpr mechanismeds priat todrapiétairadintion.
spl ashi.n nd ,reaching the reflective opti.c. |n sone
cases ,hﬂ'lg% eﬁeaf“f‘ielgt ‘iluf)tfaqg BIOSEYGFP %@Vlﬁﬁ? HEr "gg"éﬁ%’&at material droplets
RAOBVRINi B Ddar skt iniderdal 1t A iFadiafieh fegidd 202 NIBhY al dngRertical path

aspect ratio LfW e.g. greater than about, 3, where L
i 404t brsweanbide limadietiomrgion 162 epd a|targglemeteriabrelrase ppit 406. As

di nensj or L 0, i Ki . ' I .
R R s T 3o el RO B PRl Gl MU, (P, Bseribed
vidooe ifbryopptitd3 0()earidod iedt omeche Whidh foaythe etbodimean|shewhedcludes
in a dedicated vessel 318, as shown. Referring now to

HpBe 417 to gecgiveitargel MalsBhAtraDe %na theoppthee-8f Mptgrighplong path
RCEhla LRRUCLABIBRAR! fof Ol Gast ARG TRIRISA) fileife, eg
iTradi ation region 350 al ong a non-vertical path 352
edongaenl tube 414 pasltiatddoto reegjvotar@3Onatemal thatthes gassed through the

mat eri.al rel eas oi nt. 354. . shown,. t he .devi ce .
AFGIoHR 1R A RIOVETIGRT BSeiNGa P Sosn SPIpahipg andhching the
defpedveeptiabove for optic 300) and a first catch,

whi ch for the enbodi nent shown i ncl udes tubes 360, to

recei Vidgs.ai2gand hhilbysirate that tgitabe #Fbmayrhe pesitioned sych that the
teri.al al. th 364. t '
AL R RS BB e

t e bd @@ Withameerifiee 4 B6;elllvevitig iigelasdrebear Btadidiily the target

has passed thr ough the irradiatign . regiqon and prevent
tihaterialciol Rasel inatRe indhe 41%01A S5 HaAiBHED Argion-caithiorlopn ghe EUV
rglg%lt SEhdrifd Wifr 1 t?lge SRR ekt tid Gibe 412 é@ r%ﬁ'ﬁ@ béﬁe 408. For

, €.¢g. a notorized arm nay be provided for noving
tthis irdnged6ft, licombe 4l@smiay dre pdrevasentlyt mstalled @n3tbo system, (i.e.,
Ir%g}g treerrcliain in the position shown in Fig. 12 during target material irradiation). In
addition, a laser beam dump 418 can be attached to or integrally formed with the
tube 412 on the side of the tube 412 opposite to the orifice 416, as shown. Also
shown, one or both of the tubes 412, 414, may be slightly inclined relative to the
horizontal direction to allow gravity to evacuate the target material accumulated in
the catch. A collection reservoir 420 positioned to receive target material from the

tube 414 may also be provided, as shown.

Parts, or all of the first and second catches, shown in Figs. 12 and 13, may

have double wall tubes, and the space between the tube walls may be filled with, or

25



10

15

20

25

30

along the path 352 to a position where the tube 360
does not obstruct EUV |ight reflected fromthe EUV

wo edobactous/e optic. In use, the tube 360 may beP@l/asm®d9/000994

as shown during droplet startup and/or alignnment
and/ or droplet term nation, and renoved, e.g. using
notori zed arm mechani sm 366 prior to dropl et
irradiation. Figs. 12 and 13 iIIustrate a device

havi ng a source of target materlrﬁnl dropl ets 400
designst lorRpss ang et mase beatgxchanes,fids, sutn ey Bigteredm.ggqllium, tin-

. %Qﬁlug{ e 0r t\ﬁ@r Zf élxt t é}hﬁl ﬂ%a%ﬂﬁﬁé’x\ﬁ 534 ﬂ{er@ttc Parts, or all of
ease

irra I"on reqi atar mat er | al
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EU\{ refl ective ogtl c 408, g as ﬁles ll bed above. for
Sslting peisy tagovids jsasy tféaiﬂf’ﬁta amite Hhe SPUeFHnETeseRyPireamd/or to

%b@i\ﬂ’ncfogﬁmgdSP the! b(%tc"(hl%yt the' ?ﬁgétvﬁlaﬁe@fagedepﬁﬁise it axlnay also be
strayin om t he e.g. naterial along path 364

advardagseus fiar & xatch, tombﬁ utdnfeoﬂy thheted dyethehenongyi nmmtmieﬁom the
truct |
Pt ARty fichine Cr AT oty Wfadropisd eBReler M dhe bifed droplet

irédeAintd TR e @ﬁﬂspféﬁ@ﬂ@ﬁltoﬂ (WGed)e@eiet eflateHhICtd @he droplet
from spl ashi ng and reachi ng} the reflective optic.
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PP et QRS Sl B! 1 ffuﬂn; @ :Jelctn' A6 WA AR Rge 1o their

ube’
Tcub@atiﬂlﬁty”ﬁ}b b@cﬁ@ﬁ)}?\dlth\nmdsstaﬁrg&t inhaterdald nd thleiromiatiyely high

?n?é@'lga%gne?%%?ﬁéé mietes o thhtch e 4 EgDiPe. dorcevepre, in the
TembS L o@bim SRRLL Qtpqﬁal ‘%atlmhﬁbl&lgfs éwéao%uﬂanﬁloto 3 mm.

exgg the tube 412 to reac e optic . For this
d‘rhlea:ag:hrmms mby davebeirddiar, meyl, loblqey r:rhlpenalL yqumtrmth@llar or

ik SGere et gBE CGEE R Bitor pladip FERBIG 3o PUp laser
%@%tmlsm , may b&§Rkd REARA é@'&l&]tﬁaﬁﬂ Rl litBEhetb Sc@fation for

integrally formed with the tube 41 on the side of the
thehBEU¥1emispigo Stare theoplasmaa by theei aer4tige of shes¢ndlgator ApEe 408, i.e.,

hown. ,.one s 4
TR Wit PSR e Eel R o i St ofic 403,
to al Imgv 19 shiginks nb e esrabotiiinent inevtiiol gRtcattiaciudés a tube 412° to
accunmul ated in the catch, A collection reservoir 420

A Eﬂﬁ%‘?} materlék SITaung AfFerat theepath | 404" randfart passingpibrough the
4 t I
3%’ad1 ) pgﬁ%ﬁgﬁ%sﬁ@és %ﬁﬁ?\f\ﬁk tulggrll'l?’érsn‘ﬁ& fg ﬂgﬁlgxfoned such

rst “and sec catc
1t t]malyradlatlon region 402’ is located in the tube 412’ and that the tube 412’ may

be formed with an orifice 416’ allowing a laser beam irradiating the target material
to pass into the tube 412’ to the irradiation region, and to allow the EUV light
generated within the tube 412’ to exit the tube 412°. For this arrangement, the tube
412’ may be permanently installed on the system, (i.e. may remain in the position
shown in Fig. 12 during target material irradiation). In addition, a laser beam dump
418’ can be attached to, or integrally formed with, the tube 412’ on the side of the
tube 412’ opposite to the orifice 416°, as shown.

Fig. 14 further shows that a system for passing one or more gasses through

the tube 412°, e.g. buffer gasses, etchant gases, etc. such as H,, He, Ar, HBr, HCI or
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gallium tingalliumalloy, etc., for the efficient

t hermal managenent of the catch. Parts, or all of each
catch, and/or reservoir, nmay be heated to keep the

target material above its nelting point to provide

easy .transportation to the collecting reservoir and/ o
teomhipations [tarseqin mrayrbe previdst c i shopwe this syemBRE chpde a gas

ARRAR! 429 sukpy%a@ggg 6‘3‘% ﬁgzva&{@&e% E&e%aaﬁ%fotﬁaﬁre Pump 424,

be 1 ndirec energy emtte
pd. @ svazuamdponp, oaentdvengrahs front thet tube tohayt be pdovagdédst One or more

geperator or t.he heated resecrvoir to

frafaitlw?le/aiago AgasHe b 42pbh ?%ft X bF )Seilﬁé gi¢at the ends 428a,b)
NRLEHE Bkachld i e WHEY B0 16 SBEK VIR docedVarb @id Ahsind Biid/or droplets by
construction of the catch tubes 412, 414, may i ncl ude,

barte drsnorediageosissiastiuments (riof elowm), titani um tungsten

and/ or ool ybdenum due to.their conpatibility, (RQ -
Feact | B PUTP PRETHRZ 3y ¥ dardet i diRERE colfpid i {he EUV emission

r@hfadel 4160 Y WitB AhiRkiahfémé e ik Uh8: bd herddinaeE fily @fose to the
the catch tube 412 may be, for exanple, in the range

aflagnae desation 100 fReriiglbd diraciesi tewardgthe EY ¥ iqraisgiopforifice and
%ﬁd;odm} 8{0?11%%1 gllg ?ech‘?‘{ﬂgig?litl g(%%?, rathér Qfg’}é?en‘ﬁy since there may

I, “ova square,
rgca pregsuragradiendohgas fbmphe iofifice d$6™ wetht ir@naindéreof the chamber.
orifice 416 for E}I asm emnm_ssi Qn, nd

| .b )
A PRVET PEEFPUERTEY De AT BRBINSA SRS e cHEh Tk F10P Jesmain part
:Oc?ft HeCEPWV %ﬁg‘eps&%ﬁkf o’f'hifsofed&ct,@ RNVaRRRSHPEUV UBsbipon by

asma to t outer edge of the collector optic 408, .
i chramber ba¢kgnamuohdt gasithe region of deglest p&s preseye inbimiteddod e fairly

of the collectar.optic,408. Fig. 14 sho ot hey,.
rRAToIERe ForRhe e rieloth atpinarilgBe CaCh BBtaly Dty fgspect o
r@RA4E thef@hg R A bé bp@niAd shielp Mat fiee epélﬁhAgtézbélfor pumping
and/ or passing through the irradi ation regi on 402" .
Fisgrel maximized riat Bwoughaut (e, dinseetar)2 Wheeeps e opening for EUV

PaRistiof "oy Wy , RbirkSosdhlit) e bR 48 e, Samge cime,
f ssomdtivhs bf & PUM ligle gutlh byatht Ghlehdjcaacheagebe(bedtube diameter),

irradiating the target material, to pass jnto the tube
4angh by theg lﬁ@\’i $TRiSSIOR (OPSAINE F HHNIMIARH 11honder (Ryminimirs the loss of

[ 4 : Seoweihn the tube 412" to exit the tube
4%%%11%2?9?%5 a%%lﬁg{éwnent, the tube 412' nmay be
per manEigs.| 15 and tl&lillestrave atdatchsthat mejudes ceverrdhp. r Absmi shown, a

in the sition sh in Fig. ur i tar.ge
RSl 452 Fravalt SOV 1 TP S Bt s Rlrash tpgver 450
M Bwe&PR1iIER epfchdcdSsbitidh (FRE. 15NLAL Wl the COVEFRIB0WS pdsitioned over
the tube 412" on the side of the )
some or all of the operable surface of the reflective optic 454, and a second retracted
position (Fig. 16), in which the cover 450 is not positioned over the reflective optic
454, With this arrangement, the cover 450 may be deployed, e.g. during startup,
stopping and/or device maintenance to protect the optic 454 from stray
droplets/target material released from the system delivering target material 456.
Fig. 17 shows a device having a source of target material droplets 500

delivering target material to an irradiation region 502 along a non-vertical path 504
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tube 412' opposite to the orifice 416', as shown. Fig.
14 further shows that a system for passing one or nore

w@ameasoshr ough the tube 412', e.g. buffer gasBeEBUS2009/000994

et chant gases, etc. such as H2, He, Ar, HBr, HC

or conbi nati ons thereof, may be provided. As shown,
this systemmay include a gas source 422 supply gas to
t he tube 412', and in some cases, an optional punp

424 q%g vacuum punp, renmoving gas fromthe tub
twieavihe diradiatien gegieBr 0% anda; (pEgey materiahweldgasg megit 6. As

R LT SRV TSI, i

aboes fort aptich30(0) | and recatcit/ which fopthet emixydiment sirovnnmeludes tube
i_agnosti.c i nstrunent 0 The p openi n
9B beire, drec AR RHLF R RO I SONEAPIRIG riaditigh along

t9l
Sl 362, 815, 8L oy RSN i 088 S of

(muederial 46 ggnjerate ﬂ?él:V dight @wambky retairBostalled dwiimginemiaf light source
and rli)ed out (or circulated in a recircul ation
08855‘?1“ ather efficiently since there may be a

pr es sy LiugthadiWn, afusas o h@?‘ekt@ﬁd &lohf 4 tRatld®wherird HR tube at
remai nder of the chanber. ower pressure may be

dedshpartinldy sereunds shetargeh anaterial ﬁelte@ﬂgepoamzﬁ%u ta a tybe tagminus 514

09 5 BT S ISRTRR s0f B B ohon s02. ato
Fhewh etk anbeo§ 1hhphdtive g&ﬂoﬁﬁ@ﬂtm ghe Eednmnstthat is @oined with an
fairly small volupme around, the gas inlet, the plasna

&ﬁampaéléa@eélrﬁr% lang) the\Jesiied athesd4- ¢ JVihhis) aéwng?rnent target
?ﬁz{t@ﬁ"cﬂeﬁmim?&%’[ Pé tl?é);p:afﬂ 364 \$HICBxit Qﬁ‘ﬁ%%rﬂg @' ﬂfgé)matenal

or punpi ng m zed 1 n throughput
dtrayieg érom pathéS04é adll theeaptoesl ang Hebd 1nEilMedmndSulumS ](Oan d

Ol Reaionns e ke et Th tik: S5t Weby, Sos® Hengements,
%B&\;ﬁétdéeﬁaltafd}ge malytea{etded fof prgud cﬁgﬁl @fa}get@&daﬂam 1€100 pm in

em sSSs1 on opening are mnim ze n order to
mzmaandzaé atiglativelyshigh rengtition gate, g $h&Har puhighagnin some cases,

e 00 Mt S 2.58 60 1k DSRANER ptShions

GoVieS Lpﬁ%lﬁsﬁx&mr&dmﬁﬁ medroplet vélbelty?@\bﬁ{ aB&f etoMe@n m/s, or
a first extended position (Fig in which t

dégher, mabe ¥sgdoli lewsrﬂe‘?oﬁh@verln@'swf)d}orwomabfqup#é streams, and, in
PARICARED SHULS H56ET oF W nIFE s h, Rorkioiel Wifrttion with
clifferentdéoditiesn 0Onlyos ismiall nedtical displdecementf (~et mrup aoptfunction of
the droplet velocity was observed in this experiment. The droplets were produced at
about 80 kHz and the pictures were taken at a distance of about 300 mm from the
nozzle. The gravity-related vertical displacement d of droplets travelling with a

velocity v at a distance L from the nozzle can be found as:
d=g/2 (L),

where g is the vertical acceleration due to gravity. Thus, for instance, the

. droplets traveling at 20 m/s would be shifted by only ~ 1.1 mm from the horizontal
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454, Wth this arrangenent, the cover 450 may be
depl oyed, e.g. during startup, stopping and/or device

woraioatiemmasice t o protect the optic 454 from st rBgT/US2009/000994

droplets/target material rel eased fromthe system
delivering target material 456. Fig. 17 shows a device
havi ng a source of target material droplets 500
delivering target nmaterial to an irradiation regi on
502 al ong a non vertical path 504between th

inafhetiaat(UoRmy digfpase fom thnpozzle. é%sémaa%ts(bpwaun Fig. d8senfirm the
i %.t ?Q)? thé%er‘ﬁ@ﬁvm Cpl&%.g'n&?\éhg %ug%bsét g@?cr ! bedélﬁaéggl\?%nce of the

'ective opti
fdvopletstreand Qﬁ);ltlandora deaplethyeladityc THioshowe thathio dhz{;e be a viable

sho i ncl udes,_ t 0] recelve tar teri
sil?ﬁn § REALSM ToR the BN 19%195%56 feomy the S \apwa%p@chmg the

R&xtht pos&ion! With! Bfe foI:Ji‘s%d@@;ﬁla?el-%eﬁﬁy remain in position
during irradiation of target material to generate EW

| i ght Que study efiinrdroplets prnéucadlled hmizontgl digectiwin indighted that a

S our %gn g{}?‘&aﬁl%‘i g{q’%i% %ﬁaté{} 2158,3( lllt%%gttf%ctk% opg%% Prop%rtles of the

6151&@ IFYguirei 1 9 QHOWS theSuipbRosiibn f&iﬂb%ﬂg@'nuﬁfbbﬁ@ﬁﬁ’ndg@b BF 100 pm
506 to a tube termnus 514 that is positioned between

tdﬁ@lﬁféltb@tswelwoaqqulrs@@vahe time interval ofB0gninugssi dhe So@ges were

e?l acthoMlhan%Q%ft UQSO tng\ﬁ?cgﬁet %e%%ga? eng. . edroplets

termnus i's forne an o centere

aletueity tif ehisl e idtbnb stak 36914/s WﬁyrgobBIISngateharswm&pto;f the droplets
t ar get, rmterl al traveling along the path 504 will exit
tcgp desimpliedifrom kig et Th“aF@?‘ifﬁFms‘f%%l ﬁ’gspﬂfrcsmepfa%ﬂ@oqroplets

A DS0SHRL U B oS0 S A, i i

sta]uilmtlanr @mg}herethes ,hamld cmé shorgtenamasitiosalrsability afekeldbplets in

roduce dropl et ta ets of out 10 0 [ . ..
oS EoHAL e P ORenar T8 gt iomsmnabis o e araggsristics
kofithe @oplRtsHBaucelin S Rerfdd Sfientdfiop! et vel ocity is one
of thewgaramsters that can be used to optim ze the

condi tWbie thg pmu@@nmoamt(Schswwamé 1llastmtezsbirethls patent

\L/?g’ l@@ tIII‘—)%g ur tZ‘m %?aéﬁ %e\él%ear&ﬁ I%fgﬁ ior 120 ntgqsd ?{S’Bﬁé{y Capable of

shtaRaiBoneadttnored Pl dBovveldeEcrited PuBpdseBR Sprobletrsiio be solved by,
droplets ejected in horizontal orientation with
Prpg PEIer 1jAspRsCior Q%sObJ@tﬁ of the smipdinyeai(s) described above, it is to be

qln?@xlsﬁ)%a {hog sKi11eg) "ﬁ?e t@ﬁftﬂaﬂ%& Ao d%slaﬁliz%[e gngllrbggllnéetné(s) are

vmesrelypexnﬂmplmdr aﬁss;;/azue @ feplfes:i(tdt?‘;mef phe tsubjest matter which is
tbarlcl>(z:1e ly %Emt%m%ﬁastéc? ﬂ? ethg fpreasgr?tu;pp 1c():gt1cgrr11ﬂn re erpertlcgeto an element in the
following Claims in the singular, is not intended to mean, nor shall it mean in
interpreting such Claim element "one and only one" unless explicitly so stated, but
rather "one or more". All structural and functional equivalents to any of the elements
of the above-described embodiment(s) that are known, or later come to be known to
those of ordinary skill in the art, are expressly incorporated herein by reference and
are intended to be encompassed by the present Claims. Any term used in the
Specification and/or in the Claims, and expressly given a meaning in the

Specification and/or Claims in the present Application, shall have that meaning,
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nozzle. The gravity-related vertical displacenment d of
droplets travelling with a velocity v at a distance L
wo e@oriitegs nozzl e can be found as: d =gl 2 (LI vVv)P2CT/RENS000994

g is the vertical acceleration due to gravity. Thus,

for instance, the droplets traveling at 20 nis woul d

be shifted by only ~ 1.1 mmfromthe horizontal path at

a 300 mm di stance fromthe nozzle. The i nages shown in
Fig. 18 confirmthe estimates of the vertjca

daegapdlasseafeany dieftpnanygieathenenmmaniy; used meapwgdensuchys term. It is

. S . .
R B SRR TRl S Flon s
teftholHdyent,Pito saldiese, of rsolvet bacho@ndt evdry vpreblenf distusiddndgn this
the target position with the focused CO | aser bea
Arwlisatipny for iite o o‘fﬂcewaﬁsﬁedbxeti\ei PSS o {258t alNo element,
S EpARy] AR HPAk Ao PSR, 1A 0B ettt
pheo pablic esgafllesheofdmbipthet sthe Filgment, ®nygiooent, tdremethod step is

BB 08 e LB AR e RS P s
RbAYARE - untRe théBIETIsIORS Sft fkansat. ﬁlew, Sdi}ﬁﬁgﬁa: aph,3@8less the

mm from the dropl et generator nozz The droplets
elngasit isyexipresslyi rscitedpesingriba phyase "BGanrg ©r" ofe i1y thgsgse of a method

| ong-ferm stabi| i of 4he.droplets can.be inplied

f Faélﬁ'f &‘legf{n .n%ﬁwrg e SR Per ?S?‘(g:)agl O%‘lns'%&a'c ement of the
droplets was £ 50 nm whi ch may be conpensated by a
steering systemw th active stabilization. On the

ot her hand, the short-term positional stability of the
droplets in horizontal orientation was on the order of
10 mm conparable to the characteristics of the

dropl ets produced in the vertical orientation. Wile
the particul ar enbodi ment (s) described and illustrated
in this patent application in the detail required to
satisfy 35 US.C. 8§ 1 12, are fully capabl e of

attai ning one or nore of the above-descri bed purposes
for, problens to be solved by, or any other reasons
for, or objects of the enbodi nent(s) described above,
it is to be understood by those skilled in the art
that the above-descri bed enbodi nent(s) are nerely
exenplary, illustrative and representative of the

subj ect matter which is broadly contenplated by the
present application. Reference to an elenent in the
followng Cains in the singular, is not intended to
mean, nor shall it mean in
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interpreting such Claimelenent "one and only one"
unl ess explicitly so stated, but rather "one or nore".

w@\dooatTouet ural and functional equival ents to PE/USI009/000994

the el enments of the above-descri bed enbodi nent (s) that

are known, or later conme to be known to those of

ordinary skill in the art, are expressly incorporated

herein by reference and are intended to be enconpassed

by the present Clains. Any termused in the

Q%Héi"lﬂ LABMEEh®Y:0or in the O ains, and expressly

given a neaning in the Specification and/or Clains in

t he pr.esent lication, shall have that

meani g, reg%ﬁ%‘ﬁg%?wf‘%ﬂ%/ di ctionary or other commonly

used PRATVOrefloétiveUsHticAhdefigha dufacé ofl @Evdlificdethiag a rotation

necessary for a device or nethod discussed in the

spiscint] & sirewWar periphsnetbo @pte positiopedhtriinstige dhe 3¥p\ag a nonzero
h ._ever . ' sed. d [ ' ey

Y, B G KB ETHES SHEE b, # (fRRH BRIGAn of he

ekgpiRty in therfpoiremhl plate, sridedphésprojectidrebqmeigyd region in said

di sclosure is intended to be dedicated to the public

heyZeHplgdanesf whet her the el enent, conponent, or

met ho i &1 i &l Ly i ¥ b 475, :

cl ai m%eétesﬁee%}]t&lhﬁéﬂge%é %err?g%glarde%ildngy%tgﬁt %@%ﬁ ta%%t material

celoaser peant, saddereld¢ase poimsviosated sn shid3bortizaBtal. plénel 289 outside the

si xt h. par aph,, unl ess the elenment is expressly
F%%}?’%Bg‘"l?gaf?é’ Sf"lﬁi@eﬁlﬂ?ﬁ%@é’mjﬁﬁ%% aflgr" or, in the case

of a peLiRdn GAbMink Ne 18 HRAM F&t fr%'ia‘tﬁ% sHid Aarg®t Qfaterial to
instead of an "act" WHAT IS CLAIMED IS: I. A device
gongraiesingJVemissidn.r ef | ective optic having a surface

of revolution defining a rotation axis and a circul ar
periphery, the optic positioned to incline the axis at

a nonzero amdkeice as adcited in Oladm Nowhereint sald flrfiee ofirevolwtion is a
establish a vertical projection of the periphery in )
refatedllipssniha elbipssmdetining @ prir operlyangr byiag rotgigd about an axis

%9%&'1\%@190 hre%glll%bugn said horizontal plane; a system
el verin '

target material, said system having a
target material release point, said rel ease point
| ocat re:g'd inn%ai d horizontal plane and outside the
regi or’- bourfd 88V165 C¥BPASP&r i phery projection; and a

syst en) QAR FArB6t BateARIroPRANMAQErihg faRsHt Ridtdiehl $6thlirradiation
target material 'to generate an EUV em ssion. 2. A

degion eloag armapi-vastical pathl bétwedn thisdrrediatiomregieuandig éargét material
relvol utkgon is a
release point;

an EUV reflective optic;

a laser producing a beam irradiating droplets at the irradiation region to
generate a plasma producing EUV radiation; and

a catch positioned to receive target material to protect the reflective optic.

4. A device as recited in claim 3 wherein said catch comprises a tube.
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rotated ellipse, the ellipse defining a pair of foci
and being rotated about an axis passing through each

wo owad17088 A devi ce conprising: a source of tarPgEUS2009/000994

material droplets delivering target material to an

irradiation region along a non-vertical path between

the irradiation region and a target material rel ease

point; an EUV reflective optic; a |laser producing a

beamirradiating droplets at the irradiatign region to, .

gener ate a pIdsyieE 3 Boiled g dum Aawherein saidimdiation: region is
bl t [ t ri 0 :

PG B Sild (Aot B0 WD, SR W AhQolER R pelsyid EUV

widiatdomiremi sdiddatadiation rggiosssaid tefibetive. opticdevi ce as

recited in claim4 wherein said irradiation region is

| ocated in said tube and said tube is formed wth an

orifige 10 PRsAcSA Rcfbdin’ AsthPd hghel COMpAsthn in-situ mechanism

irradiation region to said reflective optic. 6. A

denvinowingsaidetube & a positipmwhefeusaithtrbedo inpated edongnsaid path to a

in-situ chani sm f or noyi sai e, fro ition
e SufFe BB s TR Py EL el ofbded o B2 EUV
RéEdctivedpidier e the tube does not obstruct EUV |ight
reflected fromthe EUV reflective optic. 7. A device

as recited in claim4 wherein said tube is a shield
protecting . ' ' I t QF | .
Ot rayi g (oS vREes et h AR & siieptth sy R SR brotccting
tigcteflectiveopticadiom tarpdienstemal Saading fiven ehetronekserficad path.

| ocati on wherein the tube at |east partially surrounds

the target material release point to a tube term nus

posi tigoned LefyReMSRIHed ¢h &2ifm POhbre@Nehid bk extends from a
irradiation region. 9. A device as recli teoll inclarma3
Watien wheedinl theattibdattleagy pagedly aurretndsdha birget caatenial release point

0 Rebgring e RE TRt el Al P i Pan G feion.

catch conprises a structure positioned to receive
target material that has passed through the )
i rradi%ti orA rdeyiasnasinecifpdeire glaimed ewherginsaidr ¢ai¢h foomprises a

Srgtlra%%ari)ilen &P gxt%ﬁ&%?é g\gertaxq %pér%“ees%gageeotoﬁﬁd feflective optic.

10. A device as recited in claim 3 wherein said catch comprises a
structure positioned to receive target material that has passed through the irradiation

region and prevent received material from splashing and reaching the reflective

optic.

11. A device as recited in claim 10 wherein said structure comprises an
elongated tube.

12. A source material dispenser for an EUV light source, said dispenser
comprising:

a source material conduit having a wall and formed with an orifice;

a conductive coating deposited on said wall;
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11. A device as recited in claim10 wherein said
structure conprises an elongated tube. 12. A source

woredoeniaks di spenser for an EUV |ight source, sBECTIUS2009/000994

di spenser conprising: a source material conduit having
a wall and formed with an orifice; a conductive
coati ng deposited on said wall;an insulating coating
deposited on said conductive coating; a source passing
el ectrical current through said conductive coating to
pr odud@® lh%léﬁttl,ngé’ﬁétl%d%ﬂoég?dr oo sad Gendustixe e9atingit

cont agt Lk d Al ' I :

ot or iy 2 aftg Tk QEUHE ARORLIE B eoRRER Balie o
weddeice Akatf amin sai d di spenser. 13. A di spenser as

recited in claim erein sai.d canduit conprj.ses
{ube. ABAICHOH BB e R GEFEGE SO B BRSPSy operable
&' 8ot sﬁﬁ%l?ﬁncﬁh@&ﬁa@%%&@é%&%ﬁ@é%é@ﬁail?&g 5418 dispenser.

conprises a nickel-cobalt-ferrous all oy.
di spenser as recited in claim112 wherein said

i nsul gt ' i . |, oxi de. 16, .
i enedder s ARpen 5 TRl 37 il {7 up ki Big ot comprises a

@iiect ro-actuatabl e el enment is selected froma group of
el ements consisting of a piezoelectric material, an
el ectrostrictive material and a magnetostrictive

wner oilt” saifu Dol SERRRe 3R (ORRE ol fiRl il o glass and

Raid@ohdectivaiceatim comhmdens aickebeotalt-fekdvud alipyt sour ce,
sai d di spenser conprising: a source material conduit
conprising a tubular glass portion having a

coef figi enty 31&5@%9% gﬁl reEXRARS LR (CTRAERSS %sai?riﬂs@ating coating

nmetal couple glass portion, the neta aving a
combpfibesi eemttabbxitlber mal expansi on (CTE netai) which
differs from CTEgi ass by | ess than 5ppni degree Cel si us
over the range of tenperatures of 25 to 250 degrees

Cel si ug, 19.A AifflefiRNREecRAK 1P CldiR01d Wieteth KhikiBelebies-aéthatable
sai d joining netal )
element is selected from a group of elements consisting of a piezoelectric material,

an electrostrictive material and a magnetostrictive material.

17. A dispenser as recited in claim 12 wherein said source material

comprises liquid Sn.

18. A source material dispenser for an EUV light source, said dispenser
comprising:

a source material conduit comprising a tubular glass portion having a
coefficient of thermal expansion (CTEg.ss) and a metal coupled to the glass portion,
the metal having a coefficient of thermal expansion (CTEmeta) Which differs from
CTEguass by less than Sppm/degree Celsius over the range of temperatures of 25 to
250 degrees Celsius.
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conprises a nickel-cobalt-ferrous alloy. 20. A
di spenser as recited in claim 18 wherein said joining

woregoali1wespri ses nol ybdenum 21. A source nat ePCHIS2009/000994

di spenser produci ng source material droplets for an
EUV |ight source, said dispenser conprising: a source
materi al conduit having a source nmaterial receiving
end and a source material exit end; and a confi ning
structure restricting novenent of saj d source teri.a

exit erd of tﬁ@p@@ﬁmﬁtr%ed Buelaingr Hplvhereinr g joining metal
V@{rpq{ggmcaco%ghﬁ SA er as recited inclaim2 1

I'n sal source erl conprises nolten materi al
heat ed above twenty five degr ees Cel sius and said

confinjng strycture co ises a rij nber si. edto

provi di9-a oApdReTER St e aar et o (EOn Sd isine metal

Qfa,ﬁ{ ENBoly®dBRiAL ure of the conduit. 23. A dispenser
cited’in claim22 wherein said nenber is a

ferrule made of a material having a coefficient of
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conduit and member at the operating temperature of the conduit.

23. A dispenser as recited in claim 22 wherein said member is a ferrule
made of a material having a coefficient of thermal expansion (CTEgmue), said
conduit is made of a material having a coefficient of thermal expansion (CTEconduit)
such that a gap distance between the ferrule and conduit decreases with increasing

temperature.

24. A dispenser as recited in claim 22 wherein said member is a ferrule
made of a material having a coefficient of thermal expansion (CTEgme), said
conduit is made of a material having a coefficient of thermal expansion (CTE onquit)
such that a gap distance between the ferrule and conduit increases with increasing

temperature.
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25. A dispenser as recited in claim 21 wherein said confining structure
comprises a flexible ferrule sized to be in contact with the conduit at the operating

temperature of the conduit.
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