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FIELD
The present disclosure relates to extreme ultraviolet (“EUV™) light sources
that provide EUV light from a plasma that is created from a target material and
25  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
30 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

35 workpiece horizontally may facilitate handling and clamping of the workpiece. This



light at a wavel ength of about 13.5 nm can be used in photolithography
processes to produce extrenely small features in substrates, e.g., silicon
waf ers. For these processes, it is typically convenient to irradiate the
flat workpiece, e.g., wafer, while the workpiece is oriented horizontally.

| ndeed, orienting the 35 workpiece horizontally may facilitate handling and
cl anpi ng of the workpiece. This workpiece orientation nmay then drive the
orientations and positions of the scanner optics, e.g., projection optics,
masks, conditioning optics, etc., and in some cases may establish a

pr ef er ent i al Werkipéase aricotation mdyethemidrivalthd pri¢ntatinna rand aweitiene @f bie Féanneyr aphy

tool's light _source. lt.is. of.cours al eneral ly. pr L. to
minimze 5 t A RufiBer” FCt(l)dﬁ]t PRULCS » ISR ’tcﬂg(%ggﬁﬁgboé)? N eerti‘gt %‘téflni?ghﬁes%ﬁ?sce and
waf er, as eaghby aRtablish edpfBsrehtighdridtdtRms bf Yheangltihlasight ®efat gétetratd thy
introduce aberrations into the beam Wth this in mnd, it may happen that
a |ight sourldBogiEplentogEnéightseyres. deianefsours galso ganerlly yehesabls ) migNzene t o

t he hori zont i i e ] l .4 : t to
produce 3 ai T rbeERE Spricd oL MEDRR SerkBerd BT SEANE T AN ROBRRAD, o
to, convertiomjicacdwicedight irteristty angllas whe po@hialtthadbtrodise abetretaets iohe the
elenment, e.q., X a4 Lthiumor tin, with o or nore .emssion lines in
the BV’ r andiam nVgHans i AR in Y Mppinies e eube mnh aeaa pr Lone
("LPP"), thefrigdizh @dsubsASHR FRlnd e RELHUSRhtdYditdctianli idt prograblé ah G8ine
material having the required 15line-emtting elenent, with a | aser beam

One parti culldftanee®R t echni que i nvol ves generating a stream of target

TRt er | alllodropl et Sviddad 16 aGhakde"d 205 ERY! ligﬁ %Pﬁ?dannggt SHuM 40 haser
| ight pul'ses, e.g. Zero, one Or noré pre-pulse st) ol | owed by a nain pul se.
I n nore theagedssarily lintitedsto, ¢dtPettingd mateiiaCinso g@hanmtseatéthat haslblebsironsy

depositing | aser energy into a target 20 material haying at |east EUV
emtting el sheanent. e Henn, g elxgyu, vithronecon mare pissiofnhnesi i, the BldYi ng a

hi ghl'y i oni zgdepl a3 BheWiich 31'3%5)3[ YhreheRRRL A lIRPrRucSLYRERL ngﬁp@”p,f aRY. The

energetic radiati on generate ring de-excitation and reconbi nati’on of
t hese ions irequani plasthafoan petpiedysked dyrarradiating a tirges andtemal . havingahe rapinedn
arrangerl’r?nt ﬁng_e&?@lh-gn%rmne%lt’-&i%g a%Qrc§eanmi_rror (often termed a "coll ector
One particular LPP technique involves generating a stream of target material
droplets and irradiating some or all of the droplets with laser light pulses, e.g. zero,
one or more pre-pulse(s) followed by a main pulse. In more theoretical terms, LPP
light sources generate EUV radiation by depositing laser energy into a target
20  material having at least one EUV emitting element, such as xenon (Xe), tin (Sn) or
lithium (Li), creating a highly ionized plasma with electron temperatures of several
10°s of eV. The energetic radiation generated during de-excitation and
recombination of these ions is emitted from the plasma in all directions. In one
common arrangement, a near-normal-incidence mirror (often termed a “collector
25  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

30  relatively expensive multi-layer coating is typically employed. Keeping the surface



25 mrror") is positioned at a relatively short distance, e.g., 10-50cm
fromthe plasma to collect, direct (and in sone arrangenents, focus) the
light to an internmediate |location, e.g., a focal point. The collected |ight
may then be relayed fromthe internediate |ocation to a set of scanner
optics and ultimately to a wafer. To efficiently reflect EUV |light at near
normal incidence, a mrror having a delicate and 30rel atively expensive

mul ti-layer coating is typically enployed. Keeping the surface of the
collector mrror clean and protecting the surface from plasnma-gener ated
debri s has beEthesabeqsdr miveor glganand prateasingdbe suaticn frorhplastuny genegpied debiit e
devel opers. I titativ er e, b & LS currently
bei ng devel o%%sdb e\;.nntoﬁe ? ﬁ@%él!(l)%ﬁr Cohf‘aﬁﬁc)gri%e E%m &lgt%’?}( %%we Cie&gltof’%%er medi at e

| ocati on cont enpl & @antikgiveis@nt, e @rdigkset, thitde vaechthOoeldkWvveldped iitte

| aser which is synchronized with a droplet generator to sequentially

i rradiate abg\?tgoib‘?medu‘“%@?%dOQW}aﬁgﬁmt@i‘@dﬁé‘F locgtiyneonteigplatssitae Pef pose,

there is n I ] | : tq hi gh
opet it on 1oy Py TGP 10 IRk RP 0 R E MLl IP i tlodt REh B AUREY o1
irradi ati on ginemtey tohsehiigitiatly dundiete abodt §,600 re¥:20biin idtgpléts perse®ndf
timng and 10pqsition over relatiyely l.on niods of .tine. . 1 p one
br v ouel y i SR uEPos g dre deed © aneE Bt Fooplet R st asshatiyey
droplets is geneepdttibnante dlggCl@A0BIEP aFSmblY) Oath deliverofhet B@pletd th 0 of a
collector mrraor shaped as a prol ate spheroid (i.e ortion. of an

.

r. as ¢ ., a
el |i pse rot afiediaippsite with kighorecysacy andygaod repeatafility; Walerms o diinghandni rr or
may be Sit.] : . .t he droplets. However, with this
posi ti oﬁji%ng,ﬂogR@%ﬂ%ﬁﬁﬁ%ﬁ%@%ﬁg%%ﬁ&%gg% is generated.that is aligned
al ong or near thdnhori previbatly discdeded atranfsmentda cabsantabiyvesrticdl soraymbef

desirabl e in, same .ci rcunstances to,produce an EUV urce put put beam t hat
e Subst ant 1IPHIGESin EPIGRIE] ABY iPo/ed EPER AhRgEh SBR PR IEdodE] Bhe collector

Addi tional | ymirnbershhsedl 4sVa Qrd18RL GNP EL a HokERHTBf 8RQIIIHE rSHRRIOE!duIdts
devices 20 may result in vertically-oriented obscurations of the beam path

bet ween t he ne@pt ad8)oWith the yertigalistiehm, therrisiazsray ke ppsitigaed out ¢lthe petheof

scanner .designs. neon-veytical ohsgurati.ons. nmay b V. ?err .
vertical’ y- Ori érr‘l)tpge S oS i‘%lﬁé l%lpo%lﬁgmgg’ Xnﬁ?lge'%hga g{i) S -suoéjfcpuésbe?%l Bl gn
the dropl et gegdrafed dha hs slignatlialohgrertdeantheiriesntal dingtidaaneihdiebsdwbaté,on and
/[ or to produce an obscuration alJigned relative to the scan direction 25
which will ér@ay bedssirableissane giapymagtansgs 2 prodacean U yspatge oximsk heas out

over a scangahg GAkaRIAPGIAEREVOYo AQ%6rH A MHiRE LN,

Additionally, vertically-oriented droplet streams and the supporting devices
20  may result in vertically-oriented obscurations of the beam path between the collector
mirror and the workpiece, e.g. wafer. For some scanner designs non-vertical
obscurations may be favored over vertically-oriented 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
25  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.

30



Wth the above in mnd, applicants disclose systens and nethods for target
material delivery in a | aser produced plasma EUV |ight source, and
correspondi ng net hods of use. 30 SUMVARY In one aspect, a device is
di scl osed which may conprise an EUV reflective optic having a surface of
revolution that defines a rotation axis and a circul ar periphery. The optic
may be positioned to incline the axis at a nonzero angle 5 relative to a
hori zontal plane and to establish a vertical projection of the periphery in
the horizontal plane with the periphery projection bounding a region in the
hori zontal plane. The device may fur SHMMARYri se a system delivering
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and the tubenfigyore forned with an orifice to pass the EUV radiation from
the irradiation region to the reflective optifc. AP i n-sjitu nmechani sm may be
provi ded for novilngne rabediment phhigaspect, the surface o revolution may be a rotated

ellipse, the ellipse defining a pair of foci and being rotated about the ellipses axis
passing through each focus.

15 In another aspect, a device is disclosed which may comprise a source of
target material droplets delivering target material to an irradiation region along a
non-vertical path between the irradiation region and a target material release point;
an EUV reflective optic; a laser producing a beam irradiating the droplets at the
irradiation region to generate a plasma producing EUV radiation; and a catch

20  positioned to receive target material to protect the reflective optic.

In one embodiment the catch may comprise a tube, 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

25  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

30  material release point to a tube terminus positioned between the release point and the

irradiation region.



25 position where the tube is located along the path to a position where
the tube does not obstruct EUV light reflected fromthe EUV reflective
optic. In one arrangenent, the tube nay be a shield protecting the
reflective optic fromtarget material straying fromthe non-vertical path.
In one setup, the tube may extend froma | ocation wherein the tube at |east
partially surrounds the target 30material release point to a tube term nus
positi oned between the rel ease point and the irradiation region. In
one inplenmentation, the catch may conprise a retractabl e cover extendable
over an operabl e Burdngcémplententationf |thetdajch apay comprise a| reteaa@bleercover
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with an orifice; a conductive coating deposited on the wall; an insulating coating
10  deposited on the conductive coating; a source passing electrical current through the
conductive coating to produce heat; and an electro-actuatable element contacting the
insulating coating and operable to deform the wall and modulate a release of source
material from the dispenser.
In one arrangement, the conduit may comprise a tube and in a particular
15  arrangement, the tube may be made of glass and the conductive coating may
comprise a nickel-cobalt-ferrous alloy.
In one embodiment of this aspect, the insulating coating may comprise a
metal oxide.
For the source material dispenser, the electro-actuatable element may be
20 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
25  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 CTEguss 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

30  alloy and in another embodiment, the metal may comprise molybdenum.



In one arrangenent, the conduit may conprise a tube and in a particular 15
arrangenent, the tube nmay be nade of gl ass and the conductive coating may
conprise a nickel-cobalt-ferrous all oy. I n one enbodi nent of this
aspect, the insulating coating may conprise a netal oxide. For the
source material dispenser, the electro-actuatable el enment may be 20nade of
a piezoelectric material, an electrostrictive material or a
magnetostrictive material. For this aspect, the source material conprises
liquid Sn. I n anot her aspect, a source nmaterial dispenser for an EW
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the netal nmay conprise no denum I n anot her aspect, a source

mat eri al di spensein prpadimildargerabodiaentyahe rsbadce dnapligl mafyocommpridely rholgdu
source is disclased which nmay conprise a source nmaterial conduit having a
source mat er‘inéqe“?@@é{ggia%ﬁf’%ﬁﬂe%%’ﬁ deggrEeliis oF-£-aiaud fip %ﬁ@?%anl the
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the 5Sconduit to reduce droplet streaminstabilities. I'n a particular
enbodi ment , conduis and member atrthebperatingtempeiasie af thelcosduitmt eri al heat ed above
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condui t and oreffleésnt aif th&rgna0 pahahding (CTERGS A tadd ehofcohlieit aandbetmade of a
material having a coefficient of thermal expansion (CTEconduit) such that a gap
distance between the ferrule and conduit decreases with increasing temperature, and
in another setup, the member may be a ferrule made of a material having a
15 coefficient of thermal expansion (CTEgrmue), the conduit is made of a material
having a coefficient of thermal expansion (CTEconduit) such that a gap distance
between the ferrule and conduit increases with increasing temperature.
In another embodiment, the confining structure may comprise a flexible

ferrule sized to be in contact with the conduit at the operating temperature of the

20 conduit.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a simplified, schematic view of a laser produced plasma EUV
light source;
25 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
30 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



10l n one setup, the nenber may be a ferrule nade of a material having a
coefficient of thermal expansion (CTEferruie) and the conduit may be nade
of a material having a coefficient of thermal expansion (CTEconduit) such
that a gap distance between the ferrule and conduit decreases with

I ncreasing tenperature, and in another setup, the nenber nmay be a ferrule
made of a material having a 15 coefficient of thernmal expansion
(CTEfemte), the conduit is made of a material having a coefficient of

t hermal expansi on (CTEcOndui O such that a gap di stance between the ferrule
and conduit belestehiekavaia ¢peifing ensandithermab eqpemsivu chasely matching|the epeffibient
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movement of the source material exit end to reduce droplet stream instabilities;

10 Figs. 4A-B show sectional views as seen along line 4A-4A in Fig. 4
illustrating a rigid ferrule 214 that is sized such that it contacts the outer surface of
the capillary tube when the capillary tube is at room temperature (Fig. 4A) and
expands to establish a gap between the rigid ferrule and capillary tube at elevated
temperatures, e.g. operating temperature (Fig. 4B);

15 Fig. 4C shows a sectional view as seen along line 4A-4A in Fig. 4 illustrating
a confining structure having a flexible ferrule sized to be in contact with the
capillary tube at an elevated operating temperature;

Fig. 4D shows a sectional view as seen along line 4A-4A in Fig. 4
illustrating another embodiment in which the confining structure may comprise four

20  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;

25 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

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



selected to have a coefficient of thermal expansion closely matching the
coefficient of thermal expansion of the borosilicate glass; Fi gs.
3A-F show sectional views of portions of source material dispensers for an
EWV |ight source having a source material conduit that includes a
borosilicate 5glass portion illustrating various techniques for coupling
the glass portion to a non- glass portion; Fig. 4 shows portions of a
source material dispenser producing source material droplets for an EUV

| i ght source having a confining structure restricting novenent of the
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seen along line 10-10 in Fig. 9;

Fig. 11 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 positioned to receive target material straying from the path;

15 Fig. 12 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,
a first catch in the form of a shield positioned to receive target material straying
from the path, wherein the shield may remain in position during target material
irradiation and a second catch in the form of a structure positioned to receive target

20 material that has paésed through the irradiation region and designed to prevent
received material from splashing and reaching the reflective optic;

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

25  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

30  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;



25Fi g. 5B shows a sectional viewillustrating a conduit wall that is coated
with a |layer of conductive material for heating the conduit and a | ayer 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 30 conductive material for heating the conduit, and

an arrangenent in which current is passed through a conductive conduit

portion and the conductive coating to heat the conduit; Figs. 7-10
are views illustrati n% a reflective opt| ¢ having a surface of revol ytion
that defines a rokigt il 6rs axside ale@ Heviq C%Fléchi)E?-YIBﬁé‘ripmt%‘éf Epestangdesak i oned

5 to incli nedrwt%tsaqal%eﬁ% g fr AR 30 Sh SrebBhd eidiCalBnd A of W Hlal Bh@Ne and

to establish a"vertica ion o he perip y I'n orizonta
pl ane, W th dndes qaeshi iphies forprafj2eshi¢ld poditiomedi to geaeiveatgigotmiaterinhgrdyard fromt al

pl ane, and havin t teri rel ease hat is,located in the
hori zont al ptﬁ ét%aﬁ’ﬂ g@?‘glnﬂgﬁﬂ-‘ﬁe 3@5 eﬁﬁﬂﬂggﬁln’(ﬁ/ %R Ofb&(PFfﬁ}Pe tbsttect i on
(note: Fisgs. 1ezst %m‘al sBrrSiufiR aiea&rgéteﬁfaterﬁl qeleéses@emﬁ @ altibeetdmmonal view
as seen along line -8 in Fig. 7, and Fig. shows a sectl onal view as

seen al ong |posigioned D_@Wﬁm Fhegeleese point andlﬂil@lﬁaﬂlmﬂps regiggadpl an view of a

devi ce having a sgur ﬁgt b I8 ré?tp?ﬁo&'vex%rcé’lpdrgélﬁt gx%ﬁh]\é%{x%?ﬂgatg%sqg'}ce

material to anlrr% reglo ong a non-v a catch

posi ti oned to(fJm&hmefrdrﬁhgatgeﬂiﬁEEﬁaﬁieleaw;aﬁnmg fromthe path; 15 Fig. 12
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, ajirst catch in the forPﬁAﬁEﬁj‘D@S@RﬂPﬂéNoned to receive target
material straying fromthe pat wherein the shield may remain in position

during target natWith dlitialrrefuleratei torFignid thers éxshwovicasdismatictview ofamEfVa
he i 11 adi SUEBN-REGH 5r = AL GHEH T 5BF EJOh & Lo S e 4OnACaN e 1 FBf
spl ashi ng anghecesTH dibddi@entelAeeHdwEindRE.i I and described in further detail below,
the LPP light source 20 may include a system 22 for generating a train of light
15 pulses and delivering the light pulses into a chamber 26. As detailed below, each
light pulse may travel along a beam path from the system 22 and into the chamber
26 to illuminate a respective target droplet at an irradiation region 28.
Suitable lasers for use in the system 22 shown in Fig. 1, may include a
pulsed laser device, e.g., a pulsed gas discharge CO. laser device producing
20  radiation at 9.3um or 10.6um, e.g., with DC or RF excitation, operating at relatively
high power, e.g., 10kW or higher and high pulse repetition rate, e.g., 50kHz or more.
In one particular implementation, the laser may be an axial-flow RF-pumped CO-
laser having a MOPA configuration with multiple stages of amplification and having
a seed pulse that is initiated by a Q-switched Master Oscillator (MO) with low
25  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
30 Application Serial Number 11/174,299 filed on June 29, 2005, entitled, LPP EUV
LIGHT SOURCE DRIVE LASER SYSTEM, Attorney Docket Number 2005-0044-



Fig. 13 shows a sectional view as seen along line 13-13 in Fig. 12 show ng
the catch is formed with an orifice; Fig. 14 is a side plan view of a

devi ce having a source of target material 25 droplets delivering target
material to an irradiation region along a non-vertical path and a catch in
the formof a shield positioned to receive target material straying from
the path, and including a systemfor flow ng a gas through the catch;

Figs. 15 and 16 illustrate a catch that includes a cover noveabl e between a
first extended position (Fig. 15) in which the cover is positioned over
some or all ©f tetdénsiropenteiseof wliid erofherdhy nspiporated dyoprleenemdereizecond

oi oot ve optrpeivery! e el mad 8 cERigEe B8 solcR) i AR R 1aliG o

source of tayeRn iBIIEEH Ble &6 S1BY Ries@ebhy OGRS Gfticaledveryl dh séifie &pelf-
i rradiation region along a non-vertical_path and a catch in the formof a

shi el d posi ttPegetng’t arrangsaionts, Bamgster Asildatonmay (nofyhentpatiredn (Sed (RaEHINgt he
shi el d incl udi 3 trk @n | 0 at 5
east parti ante fulbbtas dotieEUAE Bilincd B0t ) STPMBET Rl cblifn SH8

t erm nus posWNumbsred 11580wWEdN filke ol Oateberpalidnt 2006 ehtlad; r HRIFE drASBRI on;

2 a di st andLiviB Sy TRB EORGRES: TPl SEPH R cubigs: foett o 2
DESCRI PTI ON 2006-0025¥01 h tHenkdtirg! cohRhff 8MGRichOarki HerebY, inkbglotaté® b§ Heerrte

schematic view of an EUWV l'ight source, e.g., a |asSer-produced-plasma EW
| i ght sour cdiem®. according to one aspect of an enbodinment. As shown in Fig.

1, and scribeddn rt her. det ai | .. bel i]gi%t y
i ncl udqu system e%‘%%?gggrtl}éergqﬁ 1rc]:£gu$a)n,toﬁ1‘a@|r %?O#Egﬁ% 5a1pu séehgtag%dg'g”
del i vering taheexciétt opwdeulirnfl@orinec lisseperating As hifdt powerd ahé |highy paleh

Il i ght pul se may travel along a beam pgth fromthe system 22 and.,into . the

chamber 26 fEPERifipRftpatQther sxamples: inglude. 4 3t it et o4 B3VIng pAehtPEn

region 28. o disk shaped active media, a MOPA configured excimer laser system, e.g., as

shown in United States Patent Nos. 6,625,191, 6,549,551, and 6,567,450, the entire

15 contents of which are hereby incorporated by reference herein, an excimer laser

having one or more chambers, e.g., an oscillator chamber and one or more

amplifying chambers (with the amplifying chambers in parallel or in series), a

master oscillator/power oscillator (MOPO) arrangement, a master oscillator/power

ring amplifier (MOPRA) arrangement, a power oscillator/power amplifier (POPA)

20  arrangement, or a solid state laser that seeds one or more excimer or molecular

fluorine amplifier or oscillator chambers, may be suitable. Other designs 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

25  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

30  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

10



Suitable |asers for use in the system?22 shown in Fig. 1, may include a

pul sed | aser device, e.g., a pulsed gas discharge CO2 | aser device
producing 20 radiation at 9.3p.mor 10.6m e.g., with DC or RF excitation,
operating at relatively high power, e.g., 10kWor higher and high pul se
repetition rate, e.g., 50kHz or nore. In one particular inplenentation, the
| aser nmay be an axi al -fl ow RF-punped CO2 | aser having a MOPA configuration
with multiple stages of anplification and having a seed pulse that is
initiated by a Qswitched Master Gscillator (MO with low 25 energy and

hi gh repeti t ney beaises asepuge tincapabih eompowl) elgHASdrerSBroSntyy ama tinalldf), t he

| aser pul se may t.hen be anplified, shaped, and. f.ocused before, reaching the
i rradi ation Y&gi %ﬂ'gﬁg{unbo%&yﬁuo%gﬁﬁﬁﬁ‘nﬁilﬁy g ﬁum-ggl e loys Fed for
the system 2mBiRAtiABERbLE, BefcalilRdLtHIHatbid alsedetht GargbeMiattdiaRfhay be
oscillator and three anplifiers (0-PAl-PA2- PA3 configuration) is disclosed

i n co- pendi nefewwn®d pattemtirradiatigipiregiani 2 abeerigrs Nempepturey induding mpmed on
June 29, 200 entjtl ed P S . S torney
Docket  Nimberogatrh o gnear gipo feumpsrbilye B i Wl iR, R e Bl

i ncor por at ecdtelnpetaairer(egs @uletie) ot .at Aniperaratks beby, robmetempsmturap(e. gaeSnH,),
configured as . so-called "self-targeting' |as system i phich the
dropl et ser ¢ IBSOBKRERSy FH} %Felﬁtﬁ‘é@?%&ﬂiaglzﬂ etga\ehr“t%}%‘/' Morgdﬁ\?‘vﬂ concerning

"sel f-targethdgse 8f HRIOBH s iR aHGHPEEUDS fight! Rubde 7¥BDEoAed BE cogRUEIRT-
Self targetin 5 laser systens are disclosed and clainmed in co-pending

U.S. Patent ASpPateatt Applicgton Seridiiraber1ll/H¥ 141 fildd oredpsh 1 GAlPbeentitBd 2006,

L, R HES YRS SR P Rt

i ncor por at e0by-0063-01 ethe eoftefiioff whidhDep ae@dbn thecorpdrited dp péfetamte hereimt her
types of lasers may al so be suitable an exci nmer gr ol ecul ar .

fluorine |aser ofemsppig vsith KigH- Mﬁéﬁ@tkﬁoﬁweﬁﬂ g8y lc‘-'_FISr"ier&’ct’é.
Q her exanplgs, LNG| JdenoAnsqhii e&%%?eétaﬁﬁfénoﬁh&in% haunogive sLHB&! in fRd OF

di sk shaped acttve nedi'a, a A configured excinefr |aser system e.g., as
shown i n UnifbredoSs ptodate Ratteeoit! (Nosan 6]ip&5ro1:8dd a®ub a9 pGidr, axas) dhadingsd g450, t he

oxci et 1P ac GRORAGTHE S cortio i GHERARE By Maly Bl S E by and
one or nore;jREPhtfMbddosdBMBReIe Hidh kdnpdispd BIffisidnNBaeRANBRES dntbdiging! | el

or in series), a master oscillator/power oscillator (MOPO arrangenent, a
mast er osci ldyarsoednpingeleyers agd/anpichfstarr laysverRis) | shewn ghatsha optie Homey be

osci I ator  pouel APLE Kkl ROBR AR A0 BOREIE o Qb2 uAL flaP3 B pdadoer

t hat seeds oOn exCl ar uor1 ne er-or

oscillator dheudress refdty thedrradiatian tepiof 2 e Asdaswanthedptic 30SRaPbE. eg., a  AS
further shown _ in Fig.. 1, the EW Iitght source, 20 may al so _jnclude a_target
mat er i aPO dePolaie ypheyeidanirees that hgs a fgh fogus WHRINIgsrEthS igRdigtion Fegaen Bt eri al

into 25 thend BLerharals & abaubes i@c@rxﬁéﬁiét@?T%'iéx‘é]?g,:oﬁfx&@rihé £UPRofmapher e

o
the droplets w Interact w one or nore g ses, e.g., one or nore
pre-pul ses badutphefrens therEdVdight sowrce 2fwind ippitdes, daviceuhtilizimg EUV pigbtiuce a

RN (RN NCER U YT N R M T
or conbi nat $1@8Sopthe el be TE&RI Pace of the prolate spheroid mirror for collecting and
25  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
30  Number 2006-0027-01, the contents of which are hereby incorporated by reference.
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30emtting elenent, e.g., tin, lithium xenon, etc., may be in the form of
liquid droplets and/or solid particles contained within liquid droplets.

For exanple, the elenent tin may be used as pure tin, as a tin conpound,
e.g., SnBra, SnBr2, SnH4, as atin alloy, e.g., tin-galliumalloys,
tin-indiumalloys, tin-indiumgalliumalloys, or a conbination thereof.
Dependi ng on the material used, the target material may be presented to the
irradiation region 28 at various tenperatures including room 5 tenperature
or near roomtenperature (e.g., tin alloys, SnBr4), at an el evated
tenperature, (e.gContpurieg twith refereate tedip®r bt heeBUNelighé swwen 28npay Alimr e,

(e.g., SnH4) di ne _case C be rel ativel olatile ra.
Vor o detal | SEONE &R HUY, CERETTEL0oFAER dCy e iriir & fRemeBhfisth 7 3
source is preigeesl iofe (- RBRA1aNthsUand/orPRs&NEe iSR! inC tel §RteReRalo tlendlsr

11/ 406, 216, filed on April 17, 2006, entitled 10 ALTERNATIVE FUELS FOR EWV
LI GHT SOURCEZenarats fgktypubsrskier drlivasirintedibe cbamBendo. (e EloNtlught sowicevit ch
are here [ K ] [ : AL ' ig. 1,
the Eov. 17 gnbigaROIRISE JUobfe BOARGEHEA N Tysiom whigh B iBHLAG M o bl

i nci dence codibplet dmagemsr 0 digyisystem(s)efdrecdpturing imbgee usingt BEDN oramddér a

rol at e spher oj i.e., an.ellipse.rotated . about its major axis) having,
2. g., a 12 St?aﬁlﬁ]g@"(tnﬂﬁqogfoé’%ﬂllhgg@ﬁl% ©h léﬂ?‘?ecruﬁtﬁltnisnt&# &’%Vﬂie 8‘%1 ‘?\}%P?ltbgenum
and Si | i con, inaRghiveoSBERoSiHs . and/BL tiRfindTBf @né”'blgxﬂoieedi’@?fe@d; reg reliafibeiss e

barrier layers, snoothing |ayers, capping |ayers and/or etch stop | ayers.
Fig. 1 showsirregiation mgmpig&c’f impggr(Be/ & BEYp e hisstitpyde e drepletPogitidhy t he
| i ght pul.ses Syst 2 .10 S u r :h ot

1 radi atiton SeRaNEh BEbaRt YHEY%, HRETHE 457 RabBp e uedht: FE3E 2R,
spher oi d m rirgctéiafromashiah fal droplef @edrcanibe Rbmpotednear, ontredropleatly dtopdet

regi on 28 and a second focus %t ?il so-called int egmegi ate.éﬂﬁgai on 40, where
the EWV | i giiesisgy oBevedeputl P CHRITHROSIBON SFiog Maysoth 08 PRY 'S WpiPt 'S a
device utiliglpghEHY: ls%%iich €arf) for SmipY, ?&r@&eeéip&éiﬁ&wcﬁxehﬁémﬁw&amrﬁgool
(not shown). It Is to be appreciateo lpha other optics may be used in place
of the prol abgeepinesignall torthersysteid}2 toaiohtrot 4 syremtiming circuit and/or to control

15 a beam position and shaping system, e.g., to change the trajectory and/or focal

power of the light pulses being delivered to the irradiation region 28 in the chamber
26.
The EUV light source 20 may include one or more EUV metrology
instruments for measuring various properties of the EUV light generated by the
20 source 20. These properties may include, for example, intensity (e.g., total intensity
or intensity within a particular spectral band), spectral bandwidth, polarization, beam
position, pointing, etc. For the EUV light source 20, the instrument(s) may be
configured to operate while the downstream tool, e.g., photolithography scanner, is
on-line, e.g., by sampling a portion of the EUV output, e.g., using a pickoff mirror
25  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
30  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
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25 directing light to an internediate | ocation for subsequent delivery to a
device utilizing EUV light, for exanple the optic nmay be a parabol a rotated
about its major axis or may be configured to deliver a beam having a

ri ng- shaped cross-section to an internedi ate | ocation, see e.g., co-pending
U S. Patent Application Serial Nunber 11/505,177, filed on August 16, 2006,
entitled EUV OPTICS, Attorney Docket 30 Nunmber 2006-0027-01, the contents
of which are hereby incorporated by reference. Continuing with
reference to Fig. 1, the EUV light source 20 may al so include an EW
control | er 66urehinateriabgfispdrser 9 ehdidemadify dromjetciormatiin tpstgeno 66tréasrior
triggering one or, re lanps.and/or, | aser. devices in t system 22 t.o
theraby genePars in PEiopeRd ARg ! el e IiEor redleh 2F B RL §TRMerith
l'ight sour ceyg2QeReldBon 8f &BplefiChidiithedpuillicaMset syReeh 22.0n detection system

whi ch may include one or nore droplet imgers 70 e.g., systen(s) for
capturing i mages big Adllaomtes iasdhanatisafokmptyive compepett 6pASIMPlLied sRireoNn

and/or light_curtai.ns th rovid t i_nGhi i . i-110on

ol ot bRty Bhbia0 B ARl Bile &l bt YOl BaSHbeST

regi on 28. Th&einmbgesheyn fRkrepdic Boatte drattHalsdispenpirt 92 mag delogé et cqadsitf i on

10 detection feedback system 62, which 8.0, ute a dropl et

posi ti on andWhichjietthg cgse @P&ﬁllﬁﬁirﬁq‘?r@%@g&ﬂépg@r ﬂ%‘ﬁ%ﬁ'gbén%lgeﬁp@?’é@fle'é. g.,

on a dropl etplgysgﬁé,om' €A 1sBaSHoWrO"th® Re AIIAY- mAP eed FdRleat wiRSid beificerger may
ed a

then be provi s an Input to the controller” 60, which can, for exanple,
provi de a podlaving, thei presturiged ahdd 0?6 ttonflay twevrg tthe rorifiesn gbtablshirg asyst em

pr | siiors dhil o6 ol iy 5y
and shapitng eybpints SRt ToR%uRichoH e dRPIR] wher DU, £ niiy B B BRRRH ;"

the |ight pulgggsb.being delivered to the irradiation region 28 in the
chanber 26. The EUV I_i%gt source 20 may.ingl ude o(r};a or. nDE{ﬁ}“FUV
metrol ogy i nst r uneprtinuing with g 3.rige vawice yaaidial shinengss % r %S cht
generated by it e 28 i il e ieRfb Ul Rrtdb! c1EXRAP! €.
intensity (es.ugE?Stgxgltpz?&{lic?\lf%%gfs%%gﬁg?giugpfeéﬁg{lgygslmngﬁ?‘rel ea part iacaul a? spectr al
band), spectitdithdtdndpdrablb, coppledrwiztathiedtyid B8 anil peignal gamergan Hi6 drgyingthe.  For

the EUV |ight source , fhe instr nt (s be confiqgured to. operate
while tHé d pr@%ﬁ%gwfen@nbl,&-p a%%l%-%@g%ahmoagn\ﬁ ,‘%%’}’ﬁh- enQr
e.g., by sanpbingedroPRulddle elenidis ﬁh{?/betapewme Eoupled WethMe Fukd €K efchatem rror
25 or sanpling "uncollected" EUV Iight, and/or may operate while the

downst r eam tdoapletse The coymlimgdedhmiaugs shown srBigactA-20smay be upasein spare eddnpl e,

Shown i n F1 g G cpRedaos tefit ol 0%t Pl 24,78 Bkt "

system 90, Qp&wRlhevhith ks PRNE s fcad $ dlval fiowhaabsdrnois A0 el erEsstuat | ons
30 may include the droplet error described above, or sonme quantity gerived
t her ef r /) through a conduit 110, e.g., capillary tube, having a relatively small diameter ‘and a

length of about 10 to 50 mm, creating a continuous stream 112 exiting an orifice 114
of the conduit 110, which subsequently breaks up into droplets 116a,b. As shown,
an electro-actuatable element 118 may be coupled to the conduit. For example, an
electro-actuatable element may be coupled to the conduit 110 to deflect the conduit
25 110 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
30  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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fromthe controller 60, to e.g., nodify the rel ease point of the target
material froma source material dispenser 92 and/or nodify droplet
formation timng, to correct for errors in the droplets arriving at the
desired irradiation region 28 and/ or synchroni ze the generation of droplets
with the pul sed | aser system22. Fig. 2 illustrates in schematic format the
conponents of a sinplified source 5 material dispenser 92 that may be used
in some or all of the enbodi nents described herein. As shown there, the
source material dispenser 92 may include a conduit, which for the case
shown is a rtheetromnri394 Ihad thi bryapprediatied the a eapyllary fghe @AY terised yady the

pressure, P. S0 _sho t.he.r r %ol K9 | : tfice 98
al | owi ng theen@%c@é@ﬁlgi %Wf?%ﬁ%e@% %llg" ? Pos\?ivog%)réggtgﬁlf %{[eﬁgfl%ih?%&g%? QE)CT %ss hi ng
g 10| conti ggﬁk&g% rﬂ%wracig(h W@éﬁbiriubitﬁdmééswd]hﬁﬁigh & ai goinduia 192 tar@ltiingyx of
roplets 102a, b. ntinuing wth Fig. 2, t S ce .mpteria

di spenser 9zcomnm1§rstrieam|1&6@§lt@g§@wﬁgﬁ§tlégn°§ﬁﬁo%§%?§’ %‘EEF@%&%WW t he
fluid hawin e - e el t [ ,50C | ed
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el ect r o- act Uaivhigl erigg-Hkent tub4ikeBhgs, n@4-tRpositioned agobndithaiahs 14 Wiieeh one

or nore el ecfro-agtuatable el ts e opey.abl upl e it fluid
to create drigpiFBtEe e%?gowﬂﬁfarebﬂ%&lﬁ@(‘?ﬁﬁ¥%g§yssﬁ%%ﬁveﬁ%%%fege? ﬁ‘f%ofguﬁgl% %he
used in somB,Qistabl thOfirdafe14TORGS fEBY sppiessed indthebembdre Begraactogablet h
Fig. 2A, an arrangenent is shown in which the fluid is forced to flow from

a reservoir clagenindey pe eswloyed2o sehvcsively saueeardtier condiyit Kogat resEptivear y

t ube, hal\si n%re%uér?clie%ti vely small diameter and a | ength of about 10 to 50 mm
creating a continuous stream 112 exiting an orifice 114 of the conduit 110,
whi ch subsequent IMofer éstkiss wpardihg vdriops etopldtldispdnserAsordigmaijonarend their

el ectro-actuatable elenent 11 e coupled t he condui t.. For . exanpl e,
an el ect r o- deletivg agyantages famy %ﬁang’{ﬂg leo‘ifbggﬁhlf%?{'%'eﬁﬁ%ﬂtd pphialtt?nt gela%f | ect
the condui t Napniel018R87 805! Wik Lo mity e ;.16027-é Eitfled2 B ASERVSPROSUCEDT

arrangenment having a reservoir 120, conduit 122 and a,[pai r of
el ect r o- act PitrAVA BU¥NEIGHET SOU/RCBGIA¥RYG A ORPBHET 6 TREAMOPREGDUGED t o

defl ect the it e j . Fi \ her
Vari ati ai | WSINREH MERuFkaTEE TESTRIESEEIWAYE,  Sidnenos et e
noveabl e t 02007.0036-byi éb-%él{d%%m&ma@ddt fApphicdtiba Seviat Nediter a1/858088) fikd whi ch
30 breaks into droplets 136a,b. As shown, a force may be appl.i d{ he

pl ate 128, andFemuamr 2hore0Gk| entitled- hASESR: %@H%ﬁs‘\%@g\ %}Wble (%3 pl ed
to the plat j e : i {1a at a
capi 11 ary t B eGS0 eRe SV EREr AR s Dyckel SubBal AR 2,
shows anot her.SvRatens hpplicationh§atnl Nfhberd11/867,024,efileticorf Folwuhryo@ba26@%er voi r
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DELIVERY, Attorney Docket Number 2004-0008-01; and co-pending U.S. Patent
Application Serial Number 11/174,443, filed on June 29, 2005, entitled LPP EUV
PLASMA SOURCE MATERIAL TARGET DELIVERY SYSTEM, Attorney
Docket Number 2005-0003-01; the contents of each of which are hereby
25  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

30  a glass capillary tube having a shaped exit orifice nozzle. As shown, the dispenser
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5 breaks up into droplets 148a,b. As shown, an el ectro-actuatabl e el enent
150, e.qg., having a ring-like or tube-like shape, nmay be positioned around
the tube 142. Wen driven, the el ectro-actuatable elenment 142 may

sel ectively squeeze the conduit 142 to disturb the stream 144. It is to be
appreciated that two or nore el ectro-actuatable elenments may be enployed to
sel ectively squeeze the conduit 142 at respective 10frequenci es. Mor e
details regarding various dropl et dispenser configurations and their

rel ative advantages nmay be found in co-pending U.S. Patent Application

Seri al Nunbefurthds Bi2Id803 sedlinggdinn i 36 woysidttg GOOjdining meatdlapupiisE hePEasUCED
PLASMA EWV LI GHT SOURCE HAVI NG A DROPLET STREAM PRODUCED 15 USI NG A
MODULATED DI @FHJP%BA‘%@CW}CRPFWney Docket Number 2007-0030-01; co- pendi ng
U S. Patent AppliggtihQn.eelbbabndNiEd Rinihd/niRs, 888lectell|16ha9® aF@lerficient @l
2006, entitled LASER PRODUCED PLASMA EUV LI GHT SOURCE W TH PRE- PULSE,

At t or ney Docthetmdlignpansion0@ a5 clossly ceatehing thegcaefi@iepnf dhermah skpastdanon

Serial Nynber. 11/ 067, , Kiled.on r L HOD
AND APPA%ATUg éw?%WﬁA%VM%@%ﬁf e\?é%%‘%é '([%cﬁ? %yéégg?%%gm nber
2004- 0008- 01Celsing feolipaddings b. GrgePataerial Aipbomatchsn, Senbular Blasbheortion

11/ 174, 443, filed on June 29, 2005, entit]ed LPP EUV, PLASMA %OJRCE TERI AL
TARGET DELI \lerapegyesregient:of dheraip! seatstonn{frers) 38 9520053 2gnctat fPishiCent s
of each of whi %gﬁségﬁnﬂﬁﬂ%nﬁélnﬁﬁﬁr@ﬁ%%ﬁic@éht 21 BERIM @xpansion (CFEQya)3

shows portions source material dispenser for an EU |ight source
havi ng a souwltieh miffers i fedm d&Hckuist byt fess thare Sppo&learse Celsivis wvar thearangeeof

el ement 130, gl as ortj.qn , €. .Sikica,. d .
bor os | i Jat deGpaairrigadp b0 anefeScafid) m AR B BSTHEl M o
flange. For sthe@hdinatibes BAARS alOTE idifferdidod dfdyssiBarBOppraldegee (2aisils aver t ube
havi ng a shaped exit orifice nozzle. As shown, the dispe )’ther

|

f
i ncl udes a dealrangs PbitpmparaBireso®si 2 ithg2 ¥k dagiess rﬁ%ﬂ%‘%ﬁﬁ&{:dﬁwu Mg Ehe

gl ass porti i [Wa? . hi he

Poi ni ng et Aol Rderbi A RoBl e, platipufiods ik Blek 20T B onunl
(CTEni et ai ) quhoseahiygsai/odrositicdtbeglasseffd sthimtbdss ofecl/dlbalinbhriexpglassi (Pommgof t he
gl ass (CTEgi a over the operational tenperature range, e.g. 25-260 degrees
Cel sius for iQuid tin as a target material. In sone cases, a tubular gl ass
portion having apgpekihpicee j8inild R mS*RAEEE 0ha hickEDbatus) fehdusisBey,W th a
metal coupled to the glass portion, the netal having a coefficient_of

t her mal expawdh K¢ ErErshajoiningindtaldndy eonsist phanolfrhgieasa dyungsss. t Wih

5ppni degree ,Cel si us over the ra of_10 [ . Of t gr ees

P e i Tt srridek ks Herd bR RE bR wh s R ROiE E v g

a CTE di f f eksepicifg Oferdpefsurt N aly. SPPS0-06M0T efor Gajegdtion onthr nidienr dngenf be

t enper at ures of %5 to 250 degrees Cel sius include invar/quartz,

mol ybdeRUm areifiechum Kovar/al um num pl atinum soda-|ime glass, nolybdenunt

gfgitsz’( cf)lrjﬂ?ﬁge“’f\‘goﬁs%a'ﬂe&ag} Fre9h @RS KA i EAbNyRE s St 88Adral feathi foPafhim
alloys having particular thermal expansion properties, and includes nickel-cobalt

ferrous alloys designed to be compatible with the thermal expansion characteristics

of borosilicate glass (~5><10'6 /°C between 30 and 200°C, to ~10x10° /°C at 800°C),

25 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

30 140, 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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159010) . For exanple, the joining netal may consist of a

ni ckel -cobal t-ferrous alloy, such as Kovar, or the joining netal may
consi st of a nol ybdenum or tungsten. Wth this arrangenent, cracking of the
gl ass capillary after heating up the nozzle to a working tenperature, e.g.,
(250-260C for operation wth nolten tin) may be 20avoi ded. As used
herein, the name Kovar is enployed as a general termfor FeN alloys having
particul ar thermal expansion properties, and includes nickel-cobalt ferrous
al | oys designed to be conpatible with the thermal expansion characteristics
of borosi | i caiEcqhmmentto2dMebat € st} apeVICRGeanmnZ0a)t (not shb®)ofer e at
800C), 25 allowi ng direct nechanjc

| .
t enper at ur esATangementshpw | ia f igoi/értﬁgpgggp?fg?; g%f,@?éﬁ rf%ﬁ% S%%nb%teg %g}o{rﬁe%lkel ,
17% cobalt, Q.08 h‘%?rbe D30T GARGSE thANd sefbcR¥ fof RBive( RYcodEI@Htt) of Fi 0.

3A shows portions of source material dispenser for an EUW |ight
source havi nijema expasions(CaiHak) closdpinateting thereoetitrient #f Wesraxd Pxpansong| ass

portion 30140, . e.g. as illary tube and orti . 1Sh 1S a
FPace seal, - dighe wase SEaFaedmoRenen Pindt S TR o g bt of & sl PRMRES |
the open fagers@akilof- SichVERKovagabr Gapenenl may anatikeof fackbdaalm . g.

VCR seal conponent (not shown). For the arrangenent sho in Fig. 3A the
portion 142, turgsgen, this arsangsment, ceacking\adrthe gloss & g,{q]t[er Hﬁ%’“’%éuﬂ'rﬁ{?e of a

mat erial that i I . gt r [
(CTErnet ai) %gfé%é‘?g Vﬁ)g%lggit ngp‘{}%eg?eégig’xéélé.ézﬁ?ég?r %é%tﬁlw@%ﬂsa?g@ Q{Shyof t he
gl ass ( CTEgibe)avofded. &vathplaranchmenesheninadh Figy3 A ches pettionfl4g may be formed
ni ckel -cobal tferrous all qQy, such.as, Kova or the maieri si st of
mol ybdertfim o¥ith &SHSHeR .how}”rprf’ﬁ%"%rl?gﬁé{?%‘ﬁﬁ,é"&? é‘&f’%‘é’ @#P‘?ﬁénéﬂgs@
capi Il ary afjighideld Byl f48e NQEBS GokrGorR 140) kb REAE VBL gl Uittich etogthe

W

(250-260C for operation with nolten tin) may be avoi ded, For the
ar r angement psétosson. n IFioge igmlemprsathen, t the redgement POWIOHER. 190 ingy bs

S e it Sk
the protrusidegreed 0 208 @oidify i€ irethealosidion shiven antibthgeapitisrysdoolsn in Fig. 3A may
be prepared by heating the end of the gl ass capillar 0 appr.oxi mately 1100
to 1700 l8egrees Eigmndthaf dhay Framples ) ?J‘B%‘i Wg?geﬂ?ﬁ'g%%‘ifn‘f‘?"ﬁ’hf‘ﬁea &S | ary
cool s. portion, e.g., a glass capillary tube, and an open face seal, e.g. VCR seal component,
where, as described above, the open face seal, e.g. VCR seal component may be
made of a material that is selected to have a coefficient of thermal expansion
(CTEmeta) closely matching the coefficient of thermal expansion of the glass
20  (CTEgass). For example, the material may consist of a nickel-cobalt-ferrous alloy,
molybdenum, or tungsten.
In more detail, Fig. 3B shows portions of a source 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
.25 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
30 156 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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15 Figs. 3B-3F show exanples of other arrangenents for coupling a glass
portion, e.g., a glass capillary tube, and an open face seal, e.g. VCR seal
conponent, where, as described above, the open face seal, e.g. VCR seal
conponent may be made of a material that is selected to have a coefficient
of thermal expansion (CTEnetal) closely matching the coefficient of thernmal
expansi on of the glass 20(CTEgi ass). For exanple, the material may consi st
of a nickel-cobalt-ferrous alloy, nolybdenum or tungsten. In nore
detail, Fig. 3B shows portions of a source material dispenser for an EUW

| i ght sour cesthal icagllarysedir oefiogteg.| adlidspasdiquid batrcd neltertdse.g., dgimdwsor t i on

150, e.g., a.glass capillLary tube cou d to conduit portion 152, shown as
an open fa_ceﬁg@tg‘éﬁ?rpg’é.lagl%ﬁ:@es@gpo%gﬁonent, using the sane arrangenent
shown in Fig. 3 apd desgidvRefoPRYQr[d sturce hid€rRPIdidpRAset Fér MRAYELY fightired
with a circular, hollow protrusion 154 extendi ng fromthe body of portion

152 and al | oseurey havénge apblucgrmpateriplecqnghi hatpiselufema phess troréen d60.0¢-8r 2and

attach to th rotrusion). | di t , S i be
For mod wi't h GeRioRRfAS) B% sobBeR Wt il poRfor T ol BEbpPRCdRELEY Do
into the bodyCRf sqabicbm@ondin awhikteteabdridah portioiaf 62 aghyprbelfoBmehiwith nmy be

useful in trapping inpurities (which may ot herw se ¢l.og the | atively
smal | capi | | @fylagxsoesoles logated @Wé@e, O%Fioa@lfe st C&B_ﬁﬂ“ DoioRel 4
€.g., tin, fQuewdneThiid¢tROLHiIRRy hak (blsOpdien RBOY 0%ldd 3o the recessHdrd:  3C

shows portions of a source material dispenser for an EUV |ight source
havi ng a souatieeh methecirailacwald of thetrbeess.i ncl udes a gl ass portion 160, e.g., a

5 glass capillary.tu oupled .to conduit porti as 9N 9Ren
face sea]1%, e.g. VER géaﬁ%o@%n%%ﬂ%st ,OgianS%‘fegﬁla{eﬁ%P g?)sg)gr&slef r}g}(()wrg{"i on 1%%5} may be
formed w th sgugk mﬁv{hga sheee $%atdid chadit kgt inblutibwea glasppurtion il 70,ceg.af glhdze
conduit portion 162 and sized to allow one end of the capillary tub&r{(gl ass

portion 160)capigas] ubeceynled tcheondat dosianly 2athorghas 3 oPRY 16F¢ Sl e wat R of
the recess. (1QF Gy 3bhS ROWhiPP khd ggﬁoﬁ_fnla @ggg%efom&%{ add; ?ﬂsﬁftPﬁtor an

EUV |ight source having a source nateria it that 1 ncludes a gl ass
portion 170 orificg.l 74 sizkdss allapi ddeaenyd dfithe cemilipdyerdbe ¢glessnphution p@oY) fooslide72,

Shown S an ORen baac, SSAL: 1Sy BF, BE o P AR Mrod D B
of the capi L& Wale K HedSifpRObLifiQN 174 @hd eBtaBlidtl€s an impurity trap 176 (as
described above with reference to Fig. 3B).
Fig. 3E shows portions of a source material dispenser for an EUV light
source having one or more components in common with the arrangement shown in
20 Fig. 3D, including a glass portion 170, conduit portion 172 formed with a circular
output orifice 174, and further including a porous filter 178, e.g., made of sintered
metal, woven metal and / or 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
25  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
30 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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15 through output orifice 174 and into the body of the portion 172,
attaching to the circular wall of the output orifice 174 and establi shing
an inpurity trap 176 (as descri bed above with reference to Fig. 3B).

Fig. 3E shows portions of a source material dispenser for an EUV |ight
source having one or nore conponents in common with the arrangenent shown
in 20 Fig. 3D, including a glass portion 170, conduit portion 172 forned
with a circular output orifice 174, and further including a porous filter
178, e.g., nade of sintered netal, woven nmetal and / or graphite fibers,
di sposed i n pdreiohddy, afackiopdaittie qnmtﬂairoml]lﬂﬂthb@utpelnvviéce ABr iAsi ﬁ!@wneﬂga

e AU AT KRS, SHTE R SRt R
appreci ate
25enmbodi Ment g, SHOW infer Gyall ﬁ8g§fth§E{>N1%6n@82 Also, sidvéh, a&ﬁt&hgmfsasp&rs&mms of a

source material dispenser for an source havi ng a source materi al
condui t thatahorvclvsuﬂhesfeasmgrtcmglg BEamaey b asesl portion 180, e.g., a glass

caplllary tube c t o conduit rtion 1 f seal ,
e.g. VCRseal %‘l ?hOVYSnp 1R (Ffﬁ% Tt ugi%t r?ﬂ\%’ ?Leég&r?ggagé %81 Sr med
with acir cuhatren@luawpletsmfmf b.ﬁGEIIQ41igltzwiiudeOnﬁlddﬁvg anﬁmm'ednmfteridhe:ondmt,l | ary
tube (glass portion 180) to slide through outp iﬂrg {?S’a%ﬁ 84.and into the
body of the Whight fasthe gase ghowpninglides, at Hassce avitgs 3 QMG

orifice 184. h h UR&HHRSHFARE kb Qs ﬁ&g@dﬂ@&joqr @Rd with
an abut ment ?@2 %olﬁé%alylt &ﬁ%?zggaé.‘ﬁst@?ﬁz |1nner vvapl: 3 f1 t he port| on
182. Al so, sftemgm or apdn ﬂat@sea],gacg VKSR ded cpinpenerabdhis affixmentahay baaehievedri g.

3E, may ed. 5Fi 4 shows portions o r
produci n sgﬁ' 820 lgqng}g, FréopfRYE o % h %@\}SEP ﬁ eﬁm{s}‘ﬁfcd g?agg?.ge%
sour ce mat erpigl 3 GAAdtespodirghdestAptid Brovated ﬂi@@é\fl ,orlb’ycbweﬁ tlee gdnqﬂ&g
capillary tube 200 having a source material receivin %%d 202 that is

rigidly affiaxeagemens swevisiarFigs 3-8k apddescgbgd abgveg plspslowvs Bbtheeq) |

e.g. VCR se émfe f{ﬁéﬁ[‘éﬁ] ﬁ%’@ﬁh%sb Brif& 4@,

bondi ng, e.g %apl g‘gg%}.%%oo ?J{'e d EO]HB% ngﬁf%?}r]ﬁ ng netal’ %8 see Fig. 3
and corres p(ﬂlli’ﬂjjeﬂ@r d@ﬂnclpde an elecov-admdtablzcalenent @l 0pg.go ﬂi’ZTofand Iae:ooﬁum@ ng
arrangenent s shown in Fi gs. 3A-3F and descrl bed aboye. 9 gl so,shows

that ©haS capihpirs, 214 FErasoe SOTEIRLANIR FOUCe BEE faten Pcdifg 208,
and that the, 1&%@%%&%%9@ Polexam f?é Qe Eilngl lt'@eam(ﬁmﬁ%r?xﬁ?@h lenbth, €. 9.,
PZT, and a confining 15 structure 21 restrlctlng novenment of the source
mat eri al exid” efidb@ad0- 5Q)nmdlinéh€da1®phm of2 cenfiming strugturd 21 ghe fse eadanpl e,
the capillary,tube 200 | engt 0- [p,t he
absence of gr}sg’dﬂ"ﬂ’ ﬁ?‘ﬁ%ﬂ‘ft'{%éf é’%ﬂt’f g‘fdﬂﬂél v?%g?g%g—gg%éus]e mggl():lg&ngséof

nozzle to vidgdt@reand this vibration may cause instabilities of the

dropl et stream
20 As shown in Fig. 4, the confining structure may include a ring shaped ferrule

214 and mount assembly 216. For elevated temperature source materials, e.g., liquid
tin or lithium, the confining structure may employ a rigid ferrule as shown in Figs. 4,
4A and 4B. In one design, 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,
25  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
30  between 10 and 12 ppm/°C. Thus, there may be about 10ppm/°C CTE mismatch. For
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20As shown in Fig. 4, the confining structure may include a ring shaped
ferrule 214 and nount assenbly 216. For el evated tenperature source
materials, e.g., liquid tin or lithium the confining structure may enpl oy
arigid ferrule as shown in Figs. 4, 4A and 4B. In one design, 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, 25 e.g., at
roomtenperature, as shown in Fig. 4A. Wen capillary tube 200 reaches the
operating tenperature, e.g. -250-260C, a small gap 218 is established

bet ween t he aitgpidalf eapilldry @bd dimctetsapif]l lmny andbe? , tempesgivien changgi @. 4B.

For exanpl e, gl.ass has .a typical ClE of. 8- n t he . CTE of 300-series
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stainless is 30 betweenjht andped/@PPOBEE= 2$HiRrordsher e may be about | Oppnl QC

CTE m smatch. For a typical capillary tube dianmeter of | nmmand -250C
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ratio of (a+h)/ where "a%, i.s the distance, het n the capill.ary tube 200
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between the capill ard%ht ube 200" and the irradiation region 220 is
t wo- i nches, tatee200, Sdrthe imadigfign seegion 20| is iva-Gnadss.ythe Boumicroms gap wilballeyvopl et
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confining structure may conprise a flexible ferrule 214" e.qg., a ferrule
made of a cdRPIT bt mipEe®s i al , sized to

Fig. 4C illustrates another embodiment in which the confining structure may

comprise a flexible ferrule 214’ e.g., a ferrule made of a compliant material, sized to

15  be in contact with the conduit, e.g., capillary 200°, at the operating temperature e.g.,

~250-260°C when liquid tin is used as a source material. For this arrangement, the

flexible ferrule 214’ may be sized to slightly squeeze the capillary tube 200’ (below

its breakage point) when it is cold, e.g. at room temperature. When the capillary tube

200 is hot, the flexible ferrule will still contact and hold the capillary tight. With this

20  arrangement, there is no gap, but the capillary tube 200° may be spring loaded. In

one implementation, the spring load can be made stiffer than the stiffness of the

capillary tube 200° itself, such that the resonance frequency of the constrained
capillary tube 200’ is significantly higher than that of a free-hanging capillary.

Fig. 4D shows another embodiment in which the confining structure may

25  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

30  capillary tube 200”’ at a selected operational temperature or one, some or all of the
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15 be in contact with the conduit, e.g., capillary 200", at the operating
tenperature e.g., -250-260C when liquid tinis used as a source material.
For this arrangenent, the flexible ferrule 214" nay be sized to slightly
squeeze the capillary tube 200° (below its breakage point) when it is cold,
e.g. at roomtenperature. Wien the capillary tube 200 is hot, the flexible
ferrule will still contact and hold the capillary tight. Wth this 20
arrangenent, there is no gap, but the capillary tube 200° nay be spring

| oaded. I n one inplenentation, the spring | oad can be nmade stiffer than the
stiffness of members@pR4-dangy baibesigB0 to exmmed to cavarh andapply heclestedfarseen

frequency of .the .constrained capillary tube 200" is significantly higher
than that ofthﬁ_c?l_?l@%‘yﬁ‘é (ﬂ)g ?ﬁfp‘i%h%?%ﬁ’e’fgil I.“f‘liﬁng?{?)%e'anpt her enbodi ment in
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t ube 200" t ogapdscadectf amigid fermtleofuch hed@bstrindesprand glagy oexien beter melsaing; g. ~ 4)
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brazi ng, botish capilleey qube 2P0 xy forgnedusith af soarc€TiRatertlcérat cpdi2hb ragpdrtbatathe ( see

Fig. 3 and di i pti i ded ab b f th
Coupl g ar ABRGBRERSY SHelie Anprseo-BRaebiE. aRGREE) 2 ae dho PR ioRFg T an
al so shows thahiatdie (GRpivd 88 MeforRahe hll 8f fherdaBiiary tlibead) SO thodRlaed hal

e
exit end 256 and that the 15 di spenser may include an el ectro-actuatable
el ement 258releasg of spirezweatesiet from thedispenser), (operable to deformthe wall of

the capillary tubg, So0uRRtripd 3 Gefulifecantnd o3 0 SpURLe Wl g t e

di spenser). , a conductive'¢C i‘ng layer

be deposit edvértay0usd liayson®dades, SeHTEctChS 6831l @brthachpillagy watd 260, fte an
capil | ar(%/ t ube 250, and an 20 i nsul ati?%g coati a% 264 mpy be i nterpgsed
bet ween2¢ helnselating eearmecepdt Ay be dyterroseabbeivgen HE ndREtHS- coptinadavsr €621 enent

258 PO xR, oL LI A el O TR Dl ok Yo |

may be deposited to overlay, and in some cases, contact the conductive coating.

Figs. 5A and 5B illustrate that an electrical current source 266 may be placed

in an electrical circuit with the conductive coating layer 262 via conductors 268a,b

25 (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

30 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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Figs. 5A and 5B illustrate that an electrical current source 266 may be

pl aced in an electrical circuit with the conductive coating |ayer 262 via
conductors 268a,b 25 (e.g., wires) allowing a current to be passed through
t he conductive coating to produce heat via ohmc heating. In the
configuration shown in Fig. 5A electrical energy is delivered to the
capillary with conductor 268a connected to |ayer 262 at the tip of the
capillary tube 250 and conductor 268b connected to | ayer 262 at the base of
the el ectro-actuatable el enent 258. Wth this arrangenent, the upper
portion 30 ofolddrimgg apg. | wahya 2A6gh magltibe foéutt eldoyhyorc boedest i g, twittowghighhe
nmet al di spenser portion, 254. The conductors 268a,b nay be attached to the
| ayer 262 byt WS%WGCOH%FIH%F PHY: e.g. with a high nelting point alloy, or

bonded, e.g., W tfyaufi Qx’?aﬁﬁ%ﬁﬁﬁf 3hoR GQMEUSH indsy BBOXMployed as tHETsouR®
arrangenment shown, 1iqui 'oyed as the source material flow ng

t hrough t he wafsfirl fémymgum@ugwlmapélaewngtbe@ﬁ)@ﬁswat@éﬂ@gperétuges eab@b@utS 250
OO sy St HEEedE, TRl e KRR pd%0r Y RGB! AU Bl

cl oggi ng "due™to Tt i arrangemen cap |I e 250
may be nade bggh@dse td belidifcatisat |Imemecwta1nggnémyéfe cmpyllau:pmmcslsmfnay be
nol ybdenum or ni ckel cobal t -f.errous I | oy gﬁatr(gova and t he gl ating

coating nmay BHFIEasss SC uéFW%SZ‘?aé’é‘g BEF mcaﬁé’o bdepum OBP
the electr O-C%B{:w%x?&is%u%ktegg DK R28 ABY tHRGndPatidPERAARE n@aypéo%fg@bpghséta

material, an electrostri ivé matérial, or a magnetoStrictive materi al
| n additi on oxddes Ufuplthé snyred weteriabdispansen theteleatromastuatatie cloasnt P3§ ;naylh@e 250,

h f h h d,
i turn. O napiEss & REApIraCT Ayathet Feyt vty afRR: of Rttty

exi ting the mgagidil ary tube 15 250. The mat erial of the conductive |ayer 262
may be selected to neet the fol]| OW@% requi rements: high_resistance;
thermal expansi odn @ddition dp spplyiae elaciiral cuigentya e thgcarillary wibe 238nESi on t o

gl ass sur f age: R ghyge ko g%@g%%ﬁ%v SBURK LAliRars UBe 8850 and, in

ni ckel - cobal errous a nol y num and tungsten, Kave a
t her mal expanséasa tlm)pdlﬁnmg aablhqf otlthé targét rpqmsn‘im, stmiaimdfxiiimg fheicapiflacyt tube t o

that of the r osi gl a 8-10 n be us for high
t enper at'ir ezggpﬁq ecﬂ?i %ﬁ‘e&Bﬁ%‘ﬁ‘F&FQ@ﬁr ﬁlaé §§§1 %B\?E t% ?‘ﬂg’wmg
resistivity ofiRhekR! hidPakihes; rtﬁHﬁneﬁ'éx@M%mr?cgefﬁci@ﬁV%ry E15s RO Hiat 49, 107
am and that of the nol ybdenumis about 34.10-8 am Thus, a 5 pmthick

| ayer of a glaskedoodaotdhesion ¢o gbss Slmfawyhlgé meltingdemperatiop Mdeteddlsaich a8 mm

For heat | ngthe-axplibdy( dud biso kv bl B ublibidete SR, 010,

t he conduct ey@nkiak esoelBAe@Nof he4gLa@33p&LJKf asidclpfis tfarlyc afse |tar that ld»beth850 may
be done (for exanple) by vacuum arc ep03| tion using the required petal as

anode nma{ er benosiligate @lassi(§d0yprmin by useRsiar stk lempFEATIS GRPHEAYNS net al
oxi de) can Hlecé?ﬁﬁﬂﬁﬁénegfltﬂ%155@?%9&%@1:&’ Fost NRY of RclleRobatfeRbLO BN

e.g., Kovar, is about 4.9-107 Q-m and that of the molybdenum is about 5.34-10°

Qm. Thus, a 5 pm 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
25  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

30 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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30el ectrode of the el ectro-actuatable el enent 258 e.g., piezoelectric tube.
Wth this arrangenent, the tenperature of capillary tube 250 may be hi gher
than the tenperature of electro-actuatable elenment 258, e.g.,

pi ezoel ectric tube that typically requires | ower operation tenperature.

Hi gher tenperatures may |lead to a faster depoling of the piezoelectric
materials and a larger thermal stress. Although an insulating coating is
described herein, it is to be appreciated that other insulators, 5 e.g.
non-coati ngs, may be used to isolate the el ectro-actuatable el ement 258
from t he condmptiatize bfylectr@atuatable eleméit@586¢.ghpiezoglectriconke tiat Hpocahlyr
enbodi nent of g source materi aI di sgl'(rans%lﬁ roducin source teri

dropl ets forl®@HISUWET GRETEHER EBPHE eroEmREANET Sy feadith acg?ﬁtﬁfn with
the arrange fm@ewalé Ble%baectéé\ @&&ﬁ@%ﬁa'ab 2AMehal shng NAIUEN a8

source materi conduit,; which, for the case shown, includes a glass
capillary tubsil@bE ¢ratinggs desribag hlemns ipgpbe zpreiated dhatcothpemsaletys wit h

f f
ol ect ro- dct it apoerignuney SeislLly el ARREPaROEl b 25 pofling

conduct ors 268&uddivé Gay@r 262M I es) , aI I OWI ng a current to be passed through
the conductive coating 262 tq produce heat vja O?’PBC 15 heatlagé[i In the

configuration shdilé § Fopsgorgong Heangthss sROOAIESE Of 8/§09%8 MY of a
conductive Slct soutdena 49}66&195({8 %WQ?%hm}émQ@ Rvaednd Br GRsYeact

wi th the dispenser portion renoval of the insulation coating
264 from poreianmms mf cantreort syithl ﬂharayrangd:mem%owmﬁn Fig.HiA and dasegibrenbove,

electrlc can be de | ve red.t.o th Iar th co duct or ,268a
connecté "g'i’cgﬁ%r?s%)rurcﬁo’?’?}e fgﬁdﬁb V&l?'}gh’c%’ﬁ \% ﬂ g %8S | ayer
262 at the RasiBagftubd1BSEhREd Soatinh UaleaddaD, Q5$(&rﬁes&‘5&d above Wlﬁﬁfrefeféﬂ&g nOW
to Fig. 7, a device is, shown having an EW reflective optic 3

near - nor mal 19 ftd dBcBgidhl pled io ispenser PRV g2 34, ra8f 4letta- W@@?IF élf’én?‘ﬂ t he
f f h
ormof a kgl delgétxll&a@?ﬁ?%? ot 286 %and @ngpggﬁ%@gy (b o) RN iR ¢

- alternating ayers 0 sonme’’cases, ~one or
nore hi gh t empartad lbe@a@heﬂfthmmgm t]hmcasndabuizeaycmtmg 2@dotproduge| heyevia, ohnapp| ng

| ayers and/ r etch_ stop yers best -ig. 8, the ic 300 is
formed Wth %?’lngfllé’c{hle PaLeR S PWF‘é9 1&’[ ’oﬁ}i‘etcﬁ%“%nﬁeéﬂ? 2% °6n axi s
302 and a cifaubag c&?ddcﬂb@ﬁﬁét@r% thé& otdiR¥e b&tﬁg%Z mfaPBé plced ﬁﬁcd?i@édtc 300

may be positioned to incline the rotation axis at ‘a nonzero 30angl e,
e.g., 10-90witbghedispenser poitive 254, a.ghdwi reorwval ofpthaneswdgdn @agag 264 dram 10

hor [ son ot B Rhnd ol ! ebiar? hille S50, il s BB GEL Aot bbrb]'Ban be

dehvered to the capillary with conductor 268a connected to dispenser portion 254

20  and conductor 268b connected to layer 262 at the base of the electro-actuatable
element 258.

Referring now to Fig. 7, a device is shown having an EUV reflective optic

300, e.g., a near-normal incidence collector mirror having a reflective surface in the

form of a rotated ellipse having, e.g., a graded multi-layer coating with alternating

25  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

30 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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and show that the periphery projection my bound a region 308 in the

hori zontal plane 306. Figs. 7-10 al so show that the device may further
include a systemdelivering target material 310, e.g., a stream of target
material droplets, the systemhaving a target naterial rel ease point 312,
that is located in the horizontal plane 306 5 and outside the region 308,
bounded by the periphery projection. A systemgenerating 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 EUV em ssi on. Wth
thi s arr angegmhthowEtMdt khegpdriptertprgatied raybouriea opgive 38680n dho hgriaontaki s
302 that is inclined relative to thetgorizo tal . As 1ndicat above, this

orientation Page BB6.dekiBs-abil8 3lse show thalsihe dexfcsomay Hugher MeREnd fYSIEM ows
for a non-vegti I r 0.t Sihar oM idl Ar§EE, HESPSteniTBY
reduce opti caﬁggﬁ%%g%rg%ng%??%nﬂ?g}e t"iav%Feta{glsa veér,%?%n élrg%?et st rga?nm I'n
particul ar, lhevrged tanget erdteial réladseippind 3il 21 thalt ik looatedhia thie bprizonta) edaneadWr  at
very smal|l velocitjes, (i.e., i.n,a, cas f cidental |eaki.ng of, t ropl et
gener at or) v QUise \]?% rp?ﬁfqnet;]B?’o{RB d?‘??’ee% eTBBergoPﬁoéeé#l Ir9 b tsﬂgteﬁg‘or ce
of gravity angdetifgRNefabebhtedFig NEnoladRcicOprovhirtiasi fadiaingwheltagbe
significantly reduced, Additionally, vertically-orient %gh\?ropl et streans
and t he suppoateriplgpt deiradiaionapeioaut (sqeFigep 9 Benarste sritdht S cur at i ons
of the collector ikrar. i : i | 2y

optics this may b‘g}lt:ii1 tﬁ%saggﬁ%g%?g%%ﬁ)rlfggﬁ%sgﬁ%%&o?% gibts}%ué%tci %@S%gglé}{he
per f or mance axis B3b2 thpt icénclinod delutivhite thenhéorimonali ordys inididatedhebetveg ghist

generator posjtioned oytsjde qf .the projectjon,of the collector. optic on
Phe. hor | BontaHensR ARG EEe i S by e SR ar BT AP & DRIy v i n
the horizontgly;d) rd?tgﬂétoﬂreﬁﬁletdjﬁ'fel geledhidh, iheomerddsenimali Feiaté @ptit rom t he
original path at a distance fromthe dropfet generator L by the anount d

that is gi veentanination relgtive ja yenicalziroplet stragimer ko pprtieulam, targgt matenalithafal

accel eration. Thus, ~for .a droplet cl.t f : dt om

t he dropl et 1%3%&%& Sﬁonbfhﬁ_g?@ﬁ)%ﬁetr%%kogeé\;i %/ﬁ osrl??a?l r gér%%%%gglgg?'i ;%%f%% € df

di rection d abé&iderthlyledkihg Bnthe deoptdtale@erafony wonhthoétclad puliedptostsdsvibk Vi es,
the droplets |aunched in the_horjzontal di ec,i,i on \t/g)ul arrive to the

pl asma péi nreollegtprby thenforcesel giayiy and e, provabilify AL theggallepior conigminaiol can
be applied - lcala ofd t _ofi tstBRAr at or .
As shown i n%%&%%ﬁgmcas!ﬁggtréﬁ%gl i \f}adgllﬂrlfgﬁpg’r géel?%%lg{ gﬁliagfc%l .lf:tasrﬁ be

mount ed on andtthersupgprtipg emicesnrdds rasalbaibl eertiéally-orignted vheeugatonemft the

delivering tcgﬁ gc%r mirror. Depending on the design of the following EUV optics this may be a

less favorable orientation of obscurations for the performance of the optics.

20 In this configuration, with the droplet generator positioned outside of the
projection of the collector optic on the horizontal plane, droplets produced by the
generator with velocity v in the horizontal direction are deflected in the vertical
direction from the original path at a distance from the droplet generator L by the

amount d that is given by:

2
4y
25 v

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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5 material 310 in different directions to adjust the position of the
droplets, with respect to the focal point of the collector mrror, and may
al so translate the droplet generator in small increnents along the stream
axis. As further shown in Fig. 7, the droplets that are not used for the
creation of plasma and the material exposed to the laser irradiation and
deflected fromthe straight path are allowed to travel sone distance 10
beyond the irradiation region 314 and are intercepted by a catch, which for
t he case shown includes a structure, e.g. elongated tube 316 (having a
cross secti ogintdsain & Streight bdontal dinen §imitaradrguments amy bk applist)tmthe, other. . . ) .
In nore detail, elongated tube ﬁ18ﬁ£3¥ be positioned to receive target
material thatoh¥eticsl osigntatinpsrighe ' EFRRIMRE on region and prevent

received materi al gfs@lmppﬁﬁgﬂ.n@, R0 5786 MG efife el Sldi@sdl! YR QBhie I N
sone cases, the effects of spfashing may be reduced / prevented by using a
t ube havi ng monmtedvhaategring mpehargpredil S capabde of ¥iting thy gyistem éelivieniag tadgout 3,

where L is the, t. l.e h an s the.| est...insi-de tu di. rensi_on
nor el t 6 L et R e Bratingy ol BRhuo B R dreptei WA
materi al dr opltBé fdcalSgoikisithe YallREdrinyirantnt heayt AsOrinsteas die bplebgerichas: be
collected in a dedi cated vessel 318, as 20 s Referring now to

Fig. 11, a dewd ingrem@at;srﬂmihﬁgsﬁrsmg@eﬁsc&%?ﬁ\f'@f gaevin Etg d thergppiets 348
delivering ttﬁ%tgiﬁh n%g%@%d Ar he c?%ti'oflrd;‘fgdééstzﬁé)%cf 8 PRteARLeAREY tR the laser

non-verti cal etween the iIr ation region 350, and a target
mat eri al relieadiatipoiand déBetteddfoshthersiraight patb\are elloragd td tavel somgdbstanceEUV

reflective tic, .25 356, (e.d. descr.i bed ve faor. opt.i,.c .30 and a

first cat’c hﬂp%’i‘%ﬂlef‘gﬁg@ﬂ%é éﬁ‘%ﬁ%? %?ﬂfgﬁdﬂﬁrqeﬁgsﬁ’ge%cé%ﬁbé@”%&r tg% ‘FEcei ve
target mat erdhahnShélayds siridive! BS. BRhBate@ tibe FBS Gavalg alkaiRg seaidh @ediand a
second catch, which for the case shown includes a structure, e el ongat ed

t ube 362 pogirchigneableng, raskirgetangilye squnie. cite al)- tﬂﬁa@OF?aéetﬁiés@éﬂéagﬁ &ihsh t he

i rradi ation ,eg9iQp ,an .event the.recejiye ri al L i and
reachi ng t hglge?’g§c% g%%%‘%‘?‘fgfm rebeive ?%ﬁgtogls O\ﬁnﬁ 41% E%‘%%g%%gstg“@hg% sm
366, e.g. Vmaiﬁ@di@ﬂidrﬁ%éitﬁit’) ehd rﬁ@vehelrwebmﬂ(cjtﬁﬁkefi@lr frmzlvispigshtri]ﬂ@andmmcﬁﬁ@ flrrom a
position erein the tube 360 is | pcated along.the path 352 a position
where tHé taefectse ontesimemeeases.1bs E%QNG PfL é}ﬂ?shné& W@Xﬁ’@de‘i’rcsar?tpﬁee‘%ﬁw
reflective j D € d. gs i 910
dropl et st a(ry[9 hdsﬁrgnddflﬁggﬁgwjg %errrgfr?!tﬁ legg%%ﬁe r%g%cgl?%[? ?@?’n‘? %a ?%tﬁ?%ggggﬂn%ved,
e.g. using mdteoy Lzetheatube hegtaad W 36hedaigest inside fubjsl dmensipmabanilow. L.

Figs. 12 and 13 illustrate a devi Vi .squrce of targe tenial
dropl et's 4ngp(9g|s|tr\lljgpgﬁ%e f”é]feb@‘faﬁn%rf@ﬁr@?e ?_86’3_?16 i(%?'rg%\td?lﬁﬁe S‘ﬁd‘%ﬁﬁtgﬁseﬁ Tal ong
a non-verti ¢glocRRhAd ﬂ%a%%ﬁ Weesid heay theRBE abiledled ROL B¢ FaskeR 31 By get
material rel ease point 406. As 10 shown, the device may al so include an

EWV ref Rect SMpti c 408, (e.g. as described above for optic 300) and a
[t cateh v Shalfre s, Sriag TECk sl Belisn e il o uggel v
second cat chatestal dioplas 3tddeiasmgsthmen mateialite sn aradiaticet repgon 350galorg angat ed
tube 414 pos it e Lo £ e e i aton Segbn 5 50) AnaPa35ed: LkQugh the
release point 354. As shown, the device may also include an EUV reflective optic
25 356, (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

30  splashing and reaching the reflective optic.
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15 irradiation region and prevent the received material from splashing and
reaching the reflective optic. Figs. 12 and 13 illustrate that the
tube 412 may be positioned such that the irradiation region 402 is |ocated
in the tube 412, and Fig. 13 shows that the tube 412 nay be fornmed with an
orifice 416, allowing the |laser beamirradiating the target 20 material to
pass into the tube 412 to the irradiation region, and to allow the EU
light generated within the tube 412 to exit the tube 412 to reach the optic
408. For this arrangenent, the tube 412 may be permanently installed on the
system (i.e., maglsoesh@iva innFighd 1pasmedinanisahdés) .o Eirxgrtoﬂzeddamil ngay dreget

t | di at I ddit | b d 418 hed
o er h éé?%o?v&eh%?%@av%gﬁhe oyt 29 Form ps o neial tieduvg PP e e 455
opposite to &Qﬁ%%él g:étﬁ%éé]tg’a d(]PWBereAl!hé Quish9¥d do@NEotsbsBAENEDN 1ibk: t ubes
412, 414, may I ne

I nc relative to the horizontal direction to
al | ow gravi tgeﬂtscxe@\famuaheeEUhé refhectjee optit.erlnalseathe utid 368 dna be Hdacedt @h A

collection r erv |r 4 osi tione 0 rece e 0

t ube 414 ma %Q HedfartuR @ﬂ} ahggxgggf ang/ogr&mﬁ?{ %Iln?hati% r's & and
second cat Chx‘%ﬁlovgcﬁ"%v@ ublﬂ R ASrizelZrandechanisAE36cae t@idtd)lpl@ imadihtidrubes, and
t he space between the %e walls may be filled wth, demgtncfrgp%o pass

one or nore heat Elg&Hérﬁglé 18] il pefrate §@€W°§§a‘%ég 8SoULcP ﬁftadﬁ?tlmﬁfﬁ? B 1ium
alloy, etc.,,d0 [ ragqll]_ ﬁgﬁﬁt f hGRtiBRLES, Or
all of each %dé)t%%&gg %oéeqflgés%r%%g?r a eda@t%lé%g%t hertt1 ar get

mat eri al abosoa bdtﬁfedmﬂhblmgdmmmregﬁ@ Mbmndjet@gaynatpaaist}gtﬂaﬁeapomh 406 tAte

coIIectlng reservoir, and/or to 5 Vld y. ar get
mat eri al 19 81eldte"‘r‘n‘ﬁjnaé’l BOH@‘#%\MQSQ%&&W&OP; %CL oatgbdeetsgn % ect | y
heated by t%o%'?&%( tﬁ:@d(?ea@dfef P1F9: tARhP WASIRBfoR HEY embb&irﬁanersn@km decltdst Wi th
the dropl et generator or heated droplet reservoir to facilitate the

t ransport at itobe 812 {ussdive tt%tggtemam@bstmmg fomnheagp| et AsdahJPRE pat

Materials f constructi th u but is
10 not nece?§§ IF‘?ﬁOP@aca? ’ tﬁl ?Lfogrr}]hgt%%%sﬁen an% cc)l?gmays ﬁenum %ue to
t hei r conpatgldtidateddtuberd14 p@s@ﬂicb&ﬂ)to redeive tangt ntamrgiéthartrhasapaab& thandgh thei r
relatively high nelting tenperature. The_ di amaL%) of tg1 catdch Tl‘ljl\%f 412 may
be, for 1éxanﬁﬁ@atl¢rhregﬁé1 adrpievent theorepsivedmatssial i hipshng Aid srchipg the

t hi ckness of ﬁg ﬂ" gmto 3 nun. The catch.tubes may have a circular,
oval , obl ong Cllllp cal, square, rectangular or 15 other shape in
cross-section. Tri?frggx)rlafandel%ﬂlﬁsﬁraiﬁ tknitahﬂw’t’@m]@sm@ﬂ bemdltlpnﬁé)sm@s@lﬁt theam

obscur at | on e CRHLE0D B Lok e 457 ieo e bulatbe BBs 42 ¢ ne
col | ector OpkdChéd@8meld- Kith aﬂeo'iif&@eﬂét allam@therlasemeﬁd 1h’a&1a&ﬁge]@é afige angl e
of the collector optic 408. Fi 14 shows anot her enbodi ment. i n_which the

cat ch i el udesteralttalpessing theotupe 41aceithe iradigian regions iead te @Hayi g BY¥m t he

ath 404' an S h i
!OI | ustrates h[gﬁgg '{)ﬁ% ch}%lé‘ @gl{gb H%td églﬁﬂ{eﬁho%egglisﬁgﬁg%g%%pﬁe I rrﬁ ation
region 402" thi§ dr@agdnesht] thetthbe mwben&lee pamiartehay mshdletducble thblgystmy(m

formed with an orifice 416 all g: ﬁ@eﬁﬁ beamlrra %dthe t ar get
mat eri al tonk?é’s@maﬁ%@@ﬁé’oﬁlﬂﬂés 9‘2’“ 1{’ 1§ Y al | ow

the EW i g@&dmon, a laser beam dump 418 can be attached to or mtegrally formed with the

25  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.

30 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
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25 generated within the tube 412' to exit the tube 412'. For this
arrangenent, the tube 412' may be permanently installed on the system

(i.e. may remain in the position shown in Fig. 12 during target nmateri al
irradiation). In addition, a |aser beam dunp 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. 30Fig. 14 further shows that a systemfor
passi hg one or nore gasses through the tube 412', e.g. buffer gasses,

et chant gases, etc. such as H2, He, Ar, HBr, HCL or conbinations thereof,
nmay be provi designed¢o phwswme drimhsrediest epharge ﬁlﬂié%w&@h 8s Yaters iy gaaliumoting pp| y

gas to the tu 412' . and.in s cases, 1an.9 i 4 e cuum
punp, re_m)vi%Pgﬁlgﬁé’ﬁ?h?ﬁ’?'ﬁ%%eu%gg%@%%%n%rOV|geg. &kg{ézgrg&r?b%nrs’e Ig%uliflfgly

narrow di agng@ghidatchUbe®od 288rdir it berhyatbe t¢ kadre theofat gattmithdalestdse 488a, b)
5 may be attached to the tube 412" 'to allow thﬁ %gﬁgés to the, pl asnma and/ or

dropi ets by wekingrpoinsrie PHOifiSoRASY ArANARATFAGAB PSP Higufrpervolr an .Orfl'tﬁ’e punp
opening nay he, %ﬁ(%gfngée%fd{th@"?%%a{ 5OMRA ket fraldifl FdYoGR 1 ARy OKILd e
ngement, the gas nay

416'. Wth thi's ar e Introduced fairly ¢close to the
pl asma | ocatddvantagsbué far bi altdhyjo te nmtiteetly thoald dy tHeecrRely emiittesi Ganotlicf i ce

and 10 punped out (gor circulated in a. recirculation Qp) at.her
efficiently Igf‘ﬁ%aea‘f‘ﬁ‘érrgy tREB C%Ptf)&e‘gglb&ée 8?%!#53?“84‘0?9025&1 ?18%166?%0%?1‘1 fice
416' to the LemRlinQs fa@iitdd ghs ARG R tatin | EVRISed) RSgRatgEyl ke thaidadméned
outside of the catch tube 412" in the main part of the EW sougge chanber .
Thi s r educesesdreoindbatarials formgustipgionmiitamcach BRsHbES: HAcrgy srldy Ryt isThe

regi on of hi ghest qgas, pf;: re i . i ir l3l,e Vi@
o ound e d88 Tepr SRy ETSHES Ratl (BRI Bod/B) BRI e MR o gas
flow, the ardoaipgebiint (M@ yedrtion]t with 2roststarget tnhaterialh eind pémirnglagivelyohighunpi ng
is/are maximzed in throughput, (i.e., dianeter), ereas .t he openi.ng for
EW eni ssi oﬁnilﬂﬁ%lteﬁm‘?é%meaﬁ? ?@@%ﬁ?é’ﬁlﬂ?‘?g%qﬁ’a?’%% ﬁil%hirr}ﬁy;begdforﬁxa{nﬁge, érélﬁ’@ time,
obscurat | On%&gg %e*%) Eﬁ{td L R 3tith RYypidie vl Bldheat ethiout Uhehsth.3 frinube

n y e

di aneter), EUV eni ssi on"opening are nininzed in order to
m ni ni ze t h&heasshafib&ay hght alsircelan cxvel sblpngepltiptical, squapg, gectangslagg 16

illustrate a_catgch that includes.cover. 4 | : may
be couplldd CPE ﬁga@dxl}e‘iro%sﬁc?%n'e;fggr‘i’&lﬁﬁﬁgq?é?rré@?m? %gl\é%%%rgrai%%%ﬁ@e{é\%%en a
first extengesmi@sit!henbé Eized adddhapbdsidhitelt it frovidey dttleddthol cbspastivn fored
over 25 sone or all of the operabFe surface of the reflective g@éi,c 454,
and a secondhe BUNagrissiopdrin therplasnato the)outsrgdgm pE thergpdleigy aptig 48.iie-not
positioned qver_ t j ti j | SIR eqd , the cover
450 may be S%g%efgg,ﬁ%{:%gg%{#?dnggsaf gerp? %%e a}é%%ggittﬁr?g&éﬁggog?ggevi ce

mai nt enance to piFy. ddtshbive angtheceratlifeninmsthiely thercafehendidesragmbe A2 eoi al

rel eased fromthe system delivering. target terial .456. 30Fig. 1 hows a

devi ce Rvi ﬁ@:eglesgggeéemétpng]a,sté@fm R the Rfltrigﬁl%‘elt éng/f% passing t%roug% fi‘xe
‘ irradiation region 402’. Fig 14 illustrates that the tube 412’ may be positioned such
that the irradiation 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

25  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.

30 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 Hy, He, Ar, HBr, HCl or
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delivering target material to an irradiation region 502 along a
non-vertical path 504 between the irradiation region 502 and a target

mat eri al rel ease point 506. As shown, the device may al so i nclude an EUW
reflective optic 508, (e.g., as described above for optic 300) and a catch,
whi ch for the enbodi nent shown includes tube 510 to receive target materi al
straying fromthe desired path, e.g., material along 5 path 512. |In use,
the tube 510 may renmain in position during irradiation of target nmateri al
to generate EUV light (i.e., may remain installed during normal |ight

sour ce oper aty@Bhations thereof ndyUbd PRIVIRAOWS stdwri s Siflermitae kictudd 4 gayn a

| ocati on wherein the tube at least partially surrounds the target namteri al
rel ease poi nsowBEB42Dsupplyibes toethaitwes4 B2 4and o 307 cases, FHIRLCHALBUBR A 4Een t he

rel ease point 506 and the irradiati reqgi o 510
may have a cP8s&d ERUPAT Py ﬁeénqvé?gi#ﬁsggrophg{e {&g?%yﬁ@%%\%vﬁﬂ énoc?tggﬁi ‘tr?gpegls
centered al opgattvaB mesiw édgiatib nikkd 4204, b [ithehinsy e seahgboffat theteadg 628y} eri al
traveling along_ the path 504 w

[| exit tube 510, ile target teri.al
o 0% Do e Rihad fp e tHhe $125 G0 pler Shponep o 1 RIFsLeu BorAThEL S0
15 Ref erri ng, noW 4 §rcHifostifindRtndds (dR5hewiye |1 ght source arrangenents,

dropl et generators nay be needed to produce ‘droplet targets of about 10 -
100 p. min size afbe ptmp opeling inag|bg laigghinrdigaetet ¢oorpared ©, the EYV smissign  or

hi gher. In sonme c S, | et vel oci.ty _is _one of . can
be used to o‘bﬁ%‘fﬁ ‘glget h\ggégﬁaiaﬁa}}%?n%ﬁt’ %ﬁegaﬁ%ﬂ?%’p%alsn&rr%au%g 1%e a(rér%)l%%wg&e
dropl et vel oglhénia fl6@on bt (pa8kidlE) 1Afkcads tovetrds? theh EGNe reminsiyn heificseshd
Figure 18 shows images of horizontal draopl ft streans,. an ' rticular,

shows i mifgespusrpad; oiit dpropirasiatedsines Fesi eyt Fopb et Sificisht KA e Y
di fferent velophlase ot Bf SAPHbmMAE blifab 41 SBIAC RRHdd-of thdBlartera
e cfrop? vel oc dinth

function of ty was observe i's experinent. The
dropl et s wer4 lpwadpressdreamaybe maig@inedioutside ¢ftthe patch arbest haé i theakeim part a

di stance of ut mm from the 25nozzl e. The gravitys ated vert,ical

di spl acerrent"a}'gg’ﬁf Eﬁg’g}ﬁ?‘gfg C?‘?“EE?ET'I ﬁ’iﬁ ‘t‘cr?sa{&;?/eqng%ﬁy‘)fv]ags) a?%a‘?rﬂl%rﬁcbé' L

fromthe nozzhgibeABadk@rduddhs3Fhe fileg;fmg b2 hidnkdt) s (3E80ES & Wmited tdhe fuilt i cal
u or

accel eration due to gravity. Thus, i nstance, the dro&l}ets travel ing at

20 m's vidul cnipdl wiinhe ecbunyl thngas inlet, the plasmesit tthrecaie fubs

gas flow, the arrangement may be optimized such that the opening(s) for pumping

is/are maximized in throughput (i.e., diameter), whereas the opening for EUV

.alVith respect to

emission (and other required openings) are minimized. At the same time,
obscurations of the EUV light path by the shield/catcher tube(s), (tube diameter),
20 and by the EUV emission opening are minimized in order to minimize the loss of
EUV light by the arrangement.
Figs. 15 and 16 illustrate a catch that includes cover 450. Also, shown, a
system 452 may be coupled to the cover 450 to extend and retract the cover 450
between a first extended position (Fig. 15), in which the cover 450 is positioned over
25  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.
30 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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path at a 300 mm di stance fromthe nozzle. The imges shown in Fig. 18
confirmthe estimates of the vertical displacenent and suggest only a m nor
dependence of the droplet stream position on droplet velocity. This shows
that it nay be a viable droplet orientation for the EUV LPP source, from
the point of view of matching the 5target position with the focused CO2

| aser beam One study of tin droplets produced in a horizontal
direction indicated that a non-vertical orientation droplet stream nay have
little effect on the properties of the droplets. Figure 19 shows the

super posi t i obetdee thaigalisivmasgial 502mgdsa GirgdO0fatdtind crlopst giantt hdi. vy e

acquired over, a tine interval Omn The i nma re 10,tak nat a
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th act t t hand, t - it |
Stabi Lty of Ptthadr dpiistate Rusne) Raiemanom ndsite S LRGP ol o
10 11, m Conﬁafeﬁﬁiﬁéeﬁe&%lgha{ga@t@dlrﬁ&y fb‘ine@ﬁ idstafled dophe hornml dighicsdireen t he

verti cal orientation. Wi l'e the particul ar embodi ment(s) described and
il lustrated ¢perativing. patent applicati on in the detail required to satisfy 35
Us.C 112, are Ty <A Fro ma&fwhtere@nth tube at
above- descrl bed pu%;%%ges aq{lb%? ? g’e sc? vgd gy? 20 or aenil1 eot her

reasons for,least pabiaﬂgzts&rroﬁndshhe eﬂfrgﬁdnaftmal(rsl)eamh Hsctoabinhbe temnnmSSS o be
under st ood b t hose Skl(‘{/l ed in the art HB%E) g bov escri.h g

enbodi ms’r?t(s ats positipRsd detweshihg r5lease| o PR PG Lheirs } ‘B EEBRT PPV the
subj ect mat t@hwhiehubs 590 @4 Havenélesed éﬁde@l thy tdrﬂﬁnﬁrtﬁétentfoﬁﬁéﬂ Wweitdnon.
Reference to an élenent in the follow n ains in the singular, is not

i ntended to opsaing Mo cettered alqngwﬁ)@ndqmegzlgth 80%r pYihithis atagemen) rﬁ’ISPTemant
"one and onl

unl,ess Clt e
Al structur ?teﬁﬁdtrf%%@(gl %}ﬂﬁg @glségt\gﬁfggg@?%;ﬁth%eeﬁg t's ot’fEH%'}lhe
above- descrld@@ﬂlngrﬁmﬂFamrﬂo@s&llltﬁwapmm dericwid inariodedtend toln®lG o be known to

t hose of ordinary_ ski in the_art, are expressly incorporated herei n by
referencd and ar RefprEgdeeVtt9 B’@Se%oﬁ?&az%e@rb%fm%/%é‘g 1'rég WRE aFageppent Any

2 Tmani ng | PSR Bl R B e o & ars Lot o
shal | have tsimtamtmim riptively high repetition rate, e.g. 50 kHz, or higher. In some cases,
droplet velocity is one of the parameters that can be used to optimize the conditions
at the LPP plasma. For example, a droplet velocity from about 20 to 100 m/s, or
20  higher, may be used. Figure 18 shows images of horizontal droplet streams, and, in
particular, shows images of tin droplets ejected 'in horizontal orientation with
different velocities. Only a small vertical displacement (~ 1 mm) as a function 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
25  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=gl2 (LW},
30 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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regardl ess of any dictionary or other comonly used neaning for such a
term It is not intended or necessary for a device or nethod discussed in
the Specification as an enbodi nent, to address or solve each and every
probl em di scussed in this Application, for it to be enconpassed by the
present Cainms. No elenent, 5 conponent, or nethod step in the present

di sclosure is intended to be dedicated to the public regardl ess of whether
the el ement, conponent, or method step is explicitly recited in the d ains.
No claimelenent in the appended Clains is to be construed under the

provi si ons opatBat 4369 fam ditncs il thp aba0s. ame ,lmugdsehsmhne Fid. dBeohfiis the
expressly recited using the phrase "neans for" in . the casce 0 nmet hod
claim the etstimatas 9fsthe geitica dlaslaaemw@ﬂd SP&%@@E%‘Y& mippr-dgpen enC?/\ﬂgﬁhq S

CLAI MED | S: &roﬁjéa?%&egﬁﬁ SRR §r5 O'hgoplgtn\é% dﬁse%én)é? Rtk %J}aﬁﬁ@vﬁb@r face

of revolution I'nrng "a rota a circular periphery,
optic positi@aplt bBentiion foe thd\BUAXLBP aduree, rfmmz ¢heopa@nighd feviewloftmatehing the

hori zontal plane and to, estaplis vertical projection of the periphery in
the hori z%nt@{gebp%ﬁﬁ’éong’ghéhepg’F -T?E\éf? 2 137%5P68Pi on bounding a region in said

hori zontal plane;qgpe study of%nsdi% RIY S8R 1h Rthokiabaal divedthiialicagaithtsy st em
having a target material 10rel ease point, said release point |ocat ed I n

sai d hor i zontatveuticaherignidtion deipdes stram meayi have bigimefdest B9 tgeaP’d’PB’éFﬁ ohhey

proj ecti on; ystem.gener d
target nater?ggbp IB%HSHE go“ﬁt ﬁﬁé@@gﬁfg%ggégaﬁgg%ég%ggkégg??%hﬂg sa
claim 1 wher@bpletsaths: surf anmiell over altitht éterval af B0tminatbselThe pmagest ere

ellipse defining a pair of foci d
t hr oEgh ®ac htalfe@g@;sa Fc)hstance of ~ 300 ?‘r?m ggrlnntge rd(r)c'gp étegden%xba?grt ng‘zr%leaxllhe lseltsng

velocity in this experiment was 30 m/s. Very good long-term stability of the droplets
can be implied from Fig 19. The maximum vertical displacement of the droplets
was = 50 pum which may be compensated by a steering system with active
stabilization. On the other hand, the short-term positional stability of the droplets in

15  horizontal orientation was on the order of 10 pum, comparable to the characteristics
of the droplets produced in the vertical orientation.

While the particular embodiment(s) described and illustrated in this patent
application in the detail required to satisfy 35 U.S.C. §112, are fully capable of
attaining one or more of the above-described purposes for, problems to be solved by,

20 or any other reasons for, or objects of the embodiment(s) described above, it is to be
understood by those skilled in the art that the above-described embodiment(s) are
merely exemplary, illustrative and representative of the subject matter which is
broadly contemplated by the present application. Reference to an element in the
following Claims in the singular, is not intended to mean, nor shall it mean in

25  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

30  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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3. A device conprising: 20a source of target 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 EW
reflective optic; a |laser producing a beamirradi ating droplets
at the irradiation region to 25 generate a plasma produci ng EUV radi ati on;
and a catch positioned to receive target material to protect the reflective
optic. 4. A device as recited in claim3 wherein said catch conprises a
tube. 5.A device as recited in claim4 wherein said irradiation region is
| ocated in sajd.t St ' bd theafingFoif 108 o terrpagsissai d
EWV radi ati g%é%?lg%@(gfaelﬁlgﬁ1%?6513%?%@%@%%@%@ ou\ég’(}ai d reflective orpr?i c. 56. A
devi ce as r e iéhded ot hadessady farra deoiceawmpmthakdiseusssdinghe Sperleptionahant or
novi ng said tube froma ppsition ere sai d,tube i t n i.d path
to a positi GReFEREt e &S 4B SONGt © Fpﬁc?veﬁb\ﬁﬁ)lgﬁjta d?%%l Fgeegt gldsfﬁirsom t he
BUY reflectiye10Rtidf- forOif- B B8VEkBnipasde@Chy able | fregindi CladnsheNei rlesent t ube
is a shield protecting . o )

5 component, or method step in the present disclosure is intended to be dedicated to

the public regardless of whether the element, component, or method step is
explicitly recited in the Claims. No claim element in the appended Claims is to be
construed under the provisions of 35 U.S.C. §112, sixth paragraph, unless the
element is expressly recited using the phrase "means for" or, in the case of a method

10 claim, the element is recited as a "step" instead of an "act".
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the reflective optic fromtarget material straying fromthe non-vertica

pat h. 8. A device as recited in claim7 wherein said tube extends
froma |l ocation wherein the tube at |east partially surrounds the target
material rel ease point 15to a tube term nus positioned between said rel ease
point and said irradiation region. 9. A device as recited in claim3
wherein said catch conprises a retractable cover extendable over an
operabl e surface of said reflective optic. 2010. A device as recited in
claim3 wherein said catch conprises a structure positioned to receive
target materpat tLrasammesed through the irradiation region and prevent
received material from splashing and reaching the reflective optic.

11. A device as recited in claim10 wherein said structure conprises an
25el ongat ed tube.l. A detige cémpusinge materi al di spenser for an BUY |ight

source, said dispen C I.i Sing: . .1 al it
having a wal | and™¥ Emﬁe?%&t%e BRQ%PW‘P%S‘; sugface ?gggﬁgﬁ%@%ﬁbgﬁg %g}(&){si ted
on sai d wal lgxis and a circular periphery, the optic positioned to incline the axis at a nonzero
angle relative to a horizontal plane and to establish a vertical projection of the
periphery in the horizontal plane, said periphery projection bounding a region in said

horizontal plane;
a system delivering target material, said system having a target material

10 release jooint, said release point located in said horizontal plane and outside the
region bounded by said periphery projection; and
a system generating a laser beam for irradiating said target material to

generate an EUV emission.

15 2. A device as recited in claim 1 wherein said surface of revolution is a
rotated ellipse, the ellipse defining a pair of foci and being rotated about an axis

passing through each focus.

3. A device comprising:

20 a source of target material droplets delivering target material to an irradiation
region along a non-vertical path between the irradiation region and a target material
release point;

an EUV reflective optic;
a laser producing a beam irradiating droplets at the irradiation region to

25  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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an insulating coating deposited on said conductive coati ng; a source
passing electrical current through said conductive coating to produce heat;
and an el ectro-actuatabl e el enent contacting said insulating
coating and operable 5 to deformsaid wall and nodul ate a rel ease of source
material fromsaid dispenser. 13. A dispenser as recited in claim12 wherein
said conduit conprises a tube. 1014. A dispenser as recited in 13 wherein
said tube is made of glass and said conductive coating conprises a

ni ckel - cobal t-ferrous all oy. 15. A dispenser as recited in claim12
wherein said insufating g&atd BY r6aHEAr inSEGim 4Tehatei®xhideirratifation regionl® A

di spenser as recited in claim12 wherein said el ectrq-actuatable element is

sel ect ed froleraiedrinusgidotubs| andeprid tabmas domied With ApPESeR 1@ dBFS salfgk eV al |
an el ectr OStxra'dFaEi'o%f ?rgﬂ%a% lr?aldlaeﬁ%g r\%ﬁ%%‘%ﬁ&’?&fgbﬁ% ygtigreterial . 2017. A
ed 1h clalm ere

di spenser as Té&cl I n salrd source material conprises
l'iquid Sn.
5 6. A device as recited in claim 4 further comprises an in-situ mechanism
for moving said tube from a position where said tube is located along said path to a
position where the tube does not obstruct EUV light reflected from the EUV
reflective optic.
10 7. A device as recited in claim 4 wherein said tube is a shield protecting

the reflective optic from target material straying from the non-vertical path.

8. A device as recited in claim 7 wherein said fube extends from a
location wherein the tube at least partially surrounds the target material release point

15  to atube terminus positioned between said release point and said irradiation region.

9. A device as recited in claim 3 wherein said catch comprises a

retractable cover extendable over an operable surface of said reflective optic.

20 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

25  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;

30 a conductive coating deposited on said wall;
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18. A source material dispenser for an EUV |ight source, said dispenser

conprising: 25a source material conduit conprising a tubular glass portion
having a coefficient of thermal expansion (C | Egiass) and a netal coupled
to the glass portion, the netal having a coefficient of thermal expansion
(=metal) which differs from CTEgi ass by | ess than 5ppni degree Cel sius over

the range of tenperatures of 25 to 250 degrees Cel sius. 30 19. A
di spenser as recited in claim18 wherein said joining netal conprises a
ni ckel - cobal t-ferrous all oy. 20. A dispenser as recited in claim

18 wherein said j g pHsp tiH?E@altir%c&BHQfeH%%%aiMoﬁQQ&M%aﬁng; 21. A source
mat eri al di spenser producrng source nmaterial droplets for an EUV |i ght

source, said di spesswere pansingiedéotnical current throughysaid gercicieg eqatiag te ondui t

havi ng a sourc ma}tleri al, receiving end and a 10source material exit end,
and produce heat; and

an electro-actuatable element contacting said insulating coating and operable

5 to deform said wall and modulate a release of source material from said dispenser.

13. A dispenser as recited in claim 12 wherein said conduit comprises a

tube.

10 14. A dispenser as recited in 13 wherein said tube is made of glass and

said conductive coating comprises a nickel-cobalt-ferrous alloy.

15. A dispenser as recited in claim 12 wherein said insulating coating

comprises a metal oxide.

15
16. A dispenser as recited in claim 12 wherein said electro-actuatable

element is selected from a group of elements consisting of a piezoelectric material,

an electrostrictive material and a magnetostrictive material.

20 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;:

25 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 (CTEmea) which differs from
CTEguss by less than Sppm/degree Celsius over the range of temperatures of 25 to
250 degrees Celsius.

30
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a confining structure restricting novenent of said source material exit end
of the conduit to reduce droplet streaminstabilities. 22. A

di spenser as recited in claim?21l wherein said source material 15 conprises
nolten material heated above twenty five degrees Cel sius and said confining
structure conprises a rigid nenber sized to provide a gap between the
conduit and nenber at the operating tenperature of the conduit. 23. A
di spenser as recited in claim22 wherein said nmenber is a ferrule 20 nade
of a material having a coefficient of thermal expansion (CTEferrule), said

conduit is nmade ofiga mat etd I ng.:aqcpetiigl entwrdreinhedifvioifxPamsiapn
(CTEcondui t) suchfl?'haﬁa%éégp t Pgatlsaﬁ%éé%e{avéghﬁt ﬁ% \;‘ver rul géanjd co%dui t

decr eases w tdémprises aasikehcomipfermtusialdoy. 2524, A di spenser as recited in claim
22 wherein said nenber is a ferrule nade of a material having a coefficient
of thermal expansion (CTEfe,uie), said conduit is made of a material having

a coefficient of shermal ieppRRsI AN dGIECRANGNIL) 18 Uclertiataid Wadingi mtance
between the ferrule and conduit increases with increasing tenperature. 30
25. A di spensesmprises guilylsignim. cl ai m 21 wherein said confining structure
conprises a flexible ferrule sized to be in contact wwth the conduit at the

operating tenperature of the conduit. ) )
21. A source material dispenser producing source material droplets for an

EUV light source, said dispenser comprising:

a source material conduit having a source material receiving end and a

10  source material exit end; and

a confining structure restricting movement of said source material exit end of

the conduit to reduce droplet stream instabilities.

22. A dispenser as recited in claim 21 wherein said source material
15 comprises molten material heated above twenty five degrees Celsius and said
confining structure comprises a rigid member sized to provide a gap between the

conduit and member at the operating temperature of the conduit.

23. A dispenser as recited in claim 22 wherein said member is a ferrule

20 made of a material having a coefficient of thermal expansion (CTEfemue), 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.

25 24. A dispenser as recited in claim 22 wherein said member is a ferrule
made of a material having a coefficient of thermal expansion (CTEgrue), said
conduit is made of a material having a coefficient of thermal expansion (CTEconquit)
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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