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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
collected and directed to an intermediate region for utilization outside of the EUV

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

BACKGROUND
Extreme ultraviolet light, e.g., electromagnetic radiation having wavelengths

of around 50 nm or less (also sometimes referred to as soft x-rays), and including



30l i ght source chanmber, e.g., by a lithography scanner/stepper. BACKGROUND
Extrenme ultraviolet light, e.g., electromagnetic radi ati on havi ng
wavel engtwe 20f1/@s@and 50 nm or | ess (al so sonetines ref ecrat2a10/0a®850f t

x-rays), and including |ight at a wavel ength of about 13.5 nm can be used
i n photolithography processes to produce extrenmely snmall features in
substrates, e.g., silicon wafers. Met hods to produce a directed EW

| i ght beaminclude, but are not necessarily limted to, converting a
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during de- extihé-ahitting eledenteodtiviailaet beam.of these ions is enmitted fromthe
plasma in all directions. In_one c,orrrmnﬁg}rrangerrent,
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to collect, direct (and in some atrangements, focus) the light to an intermediate
20 location, e.g., a focal point. The collected light may then be relayed from the

intermediate location to a set of scanmer optics and ultimately to a wafer. To

efficiently reflect EUV light at near normal incidence, a mirror having a delicate and

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

of the collector mirror clean and protecting the surface from plasma-generated debris
25  has been one of the major challenges facing EUV light source developers.

In quantitative terms, one arrangement that is currently being developed with
the goal of producing about 100W at the intermediate location contemplates the use
of a pulsed, focused 10-12kW CO, drive laser which is synchronized with a droplet
generator to sequentially irradiate about 10,000 — 200,000 tin droplets per second.

30 For this purpose, there is a need to produce a stable stream of droplets at a relatively

high repetition rate (e.g., 10-200kHz or more) and deliver the droplets to an



30For this purpose, there is a need to produce a stable stream of droplets
at a relatively high repetition rate (e.g., 10-200kHz or nore) and deliver
t he droplwO=0t16126039 irradi ation site with high accuracyPamdSgaamd30981
repeatability in terns of timng and position over relatively |ong periods
of tine. For LPP light sources, it may be desirable to use one or
nore gases in the chanber for ion-stopping, debris mtigation, optic
cleaning and / or thermal control. 5 In sonme cases these gases may be

flow ng, for, exanple, to, noy | asma ner at ed ris, ,such as vapor, and /
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creation / existence of the LPP plasnma_may alter / effect each droplet as

it travel s t@ehrifesucheaanpariond/ prgiceopainkesiaa dysizgd direction epvsprcatiopad ¢ i onal
stability. 15l i t i N r , R 0 e 19,
2008, entitl g&“@%ﬁ%&% g@f%s%%w&@ﬁ% %&HE\)EE@%E?% LASER
PRODUCED PLAGMAu&M, LF@HExB@RURCGEe Atitedr Bretes BecikieNuhider 20086,08%5 76182, 0mow
US Patent 7,8 2 | ssued _on Janu w2011, e_use_of to
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20 rel eagg p%_bl?d &P McH BY 2@1G’z‘tﬂe%yriﬁ&irﬁ&aﬁé@%yﬁf‘e?&éﬁ&%reiﬁfs g@scidthed, the
tube was provided to S%I el d and protect an optic such as a collector mrror
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a droplet relgase point the. irradiatiaon region,.e.q..during,dr et
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appl i cants deiestivg drepjetmenitiontlgtaiithods for target material delivery
protection in a | A56hill S iR 5B 141488 AREhC funcAB266H, LRERRNA! NG
SYSTEMS AND METHODS FOR TARGET MATERIAL DELIVERY IN A
LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket No.
2006-0067-02, now U.S. Patent 7,872,245, issucd on January 18, 2011, the use of a
tube to envelop a portion of the droplet path as the droplets travel from a droplet
20  release point to an irradiation region was described. As described, the tube was
provided to shield and protect an optic such as a collector mirror from droplets /
target material that strayed from the desired path between a droplet release point and
the irradiation region, e.g. during droplet generator startup or shutdown. However,
with the use of this continuous tube, unacceptable droplet positional instabilities
25 were observed, specifically during plasma production.
With the above in mind, applicants disclose systems and methods for target

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

corresponding methods of use.



SUMVARY As di sclosed herein, in a first aspect, a device is disclosed
whi ch may conprise: a chanber, a source providing a stream of target

mat eri al woaeplieReddel i vering target material to an irra@Catsen1/08g8on in
the chanber along a path 5 between a target material release point and the
irradiation region, a gas flowin the chanber, at |east a portion of the
gas flowng in a direction toward the droplet stream a system producing a
| aser beamirradiating droplets at the irradiation region to generate a

pl asma produci ng EUV radi ati on, and gugﬁ& positioned along a portion of
the stream the shroud having a firs portion shi el ding droplets 10
fromthe flow and an_opposed aqpen portion n .one enbodi nent, the
shroud has a partAﬁﬂﬂﬁﬂﬁﬁd§ﬁﬁﬁédnhﬁo§§t@éEFFdhdpﬂcafbﬁﬁﬁg’ﬁgﬁﬂﬁﬂlnﬁwthe
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t he 15pat h. delivering rta@epatattalraﬂjltaram rmidmnt]agnonnin ﬁlheclmhlbeudlomgnq)rplaﬁies a
t ube forned g/lth at | east on arran,gemant t he device
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bet ween the ghnud andadthe Qﬁaﬂlﬁtthéeéaﬁaﬁﬁwﬁgh@ta dl?&ubﬂ t@@adpaétdraplletar
arrangenent, the path is non vertical and t opl et catch tube is a

shield prot eetn'eang atsmaeme:frb@mngfeela@qrthe@mmr@dmmla @epietﬁﬁtém lahdlgtﬂmagﬂgngl fr om

devi ce my cBrR SplgsmunpedicBRITutEREt monh ol RBFRER FEPEL

mat erial dropbgibs ofehé ‘éﬁéanmgthte IhERY RIS 4 FhsttsBroud pihtiod kleididaig @dpleagi on in
t he chanber al ong a path bet ween the irradiation region and a target
Belhp

mat eri al 1¢ el &a8et 8thandan@asoqeﬁ@mﬁnpprt% chanber, a |aser produci ng a beam
i rradiating dropl gf ?neaémf)(t}cﬁ ﬁﬂér ﬁ{rbl?d‘hés %‘ﬁaf Hn gae@tc?osg Rl

produci ng EUV radiation oud p05| oned a portron o
stream the phnetcrnpdhid thalph. envel opi ng the stream | n a plane nor nal t o t he
path to increase ﬂlr ap Balr’celgulaproesrﬁgold?meét the ring has at least one flat surface.

In one implementation, the shroud is elongated in a direction parallel to the

15  path.

In a particular implementation, the shroud comprises a tube formed with at
least one hole.

In one arrangement, the device may further comprise a droplet catch tube
positioned along the stream between the shroud and the droplet release point.

20 In one particular arrangement, the path is non-vertical and the droplet catch
tube is a shield protecting the reflective optic from target material straying from the
non-vertical path.

In another aspect, also disclosed herein, a device may comprise: a chamber, a
source providing a stream of target material droplets delivering target material to an

25  irradiation region in the chamber along a path between the irradiation region and a
target material release point, a gas flow in the chamber, a laser producing a beam
irradiating droplets at the irradiation region to generate a plasma producing EUV
radiation, and a shroud positioned along a portion of the stream, the shroud partially

enveloping the stream in a plane normal to the path to increase droplet positional

30 stability.



30stability. I n one enbodi nent of this aspect, the shroud has a
partial ring-shaped cross-section in a plane normal to the path. In a

parti cul awoemodsyent, the ring has at | east one flat s®eCTAS2011/030981 In
a particular inplenmentation of this aspect, the shroud is elongated in a
S5direction parallel to the path. In a particular inplenentation of

this aspect, the shroud conprises a tube forned with at | east one hol e.
In one inplenmentation of this aspect, the device may further conprise a

dropl et catch tub ositioned along the streambetween, the shroud and the
dropl et Orel ease ﬁ'b‘ig)l}?tf‘imb"dmentloﬁﬂlig%‘}pﬁﬁtrf € &W%%P@W@Lf%@?@egf’r%ﬁi s

aspect, the Q&Eignﬁa@gﬂéf{&{ﬁail%e?gﬂthe droplet catch tube is a shield
protecting the reflective optic fromtarget nmaterial straying fromthe

non-vertical pat hlna partiadatrenbodépent the aing bagatdedsvermdldiensios; a net hod may
conprise the steps of: 15 provjiding.a stream of target terial droplets

delivering target ﬁ’rrﬁtpémcﬁla? P Hlep%ngaiogttﬁlg@speec&i %‘ﬁ%ﬁ‘ﬁ’ugaléﬁ!ior%%tlﬁgéﬁc?ng a
pat h bet weendaed:iah@atallBBtbekd gdth.r €l ease point and the irradiation region,

flowwng a gas in a direction toward the droplet stream irradjatin

droplets with a | Bsamapisaler amplementation dif 4bis spech fhe shiogd gopwrisesea 41851 asma
pr oduci ng E%&%ﬁmiﬁ%aﬁ%ghe%si tioning a shroud along a portion of the
S

stream the rou aving a first shroud portion shielding droplets from
the flow and an oppesednplanfados iofrnhis aspect, theadgviket may [fauthdr oheeBataat i on

'n one. par £ GUPIE R INGRFGRESH ASMEHy SUHSpBEEct e SPSLE S GOt a
ring- ZSSQ@pefgl&ggﬁéim?ect ion in a plane nornal to the path.

In one particular implementation of this aspect, the path is non-vertical and
the droplet catch tube is a shield protecting the reflective optic from target material
straying from the non-vertical path.

In another aspect, also disclosed herein, a method may comprise the steps of:

15 providing a stream of target material droplets delivering target material to an
irradiation region in a chamber along a path between a target material release point
and the irradiation region, flowing a gas in a direction toward the droplet stream,
irradiating droplets with a laser beam at the irradiation region to generate a plasma
producing EUV radiation, and positioning a shroud along a portion of the stream, the

20  shroud having a first shroud portion shielding droplets from the flow and an opposed
open portion.

In a particular implementation of this aspect, the flowing and irradiating
steps occur simultaneously.

In one particular implementation of this aspect, the shroud has a partial ring-

25  shaped cross-section in a plane normal to the path.

In one implementation of this aspect, the ring has at least one flat surface.

In a particular implementation of this aspect, the shroud is elongated in a

direction parallel to the path.



In one inplenmentation of this aspect, the ring has at |east one flat

surface. In a particular inplenentation of this aspect, the shroud is
el ongat edwDros/dbesecti on parallel to the path. BRI EF DEGCRISRULGBICF THE
DRAW NGS Fig. 1 shows a schematic view of an enbodi nent of a

| aser - produced- pl asma EUV |ight source; 5Fig. 2 shows a sinplified
schematic view of a source material dispenser; Fig. 3 shows a sinplified,
di agram showi ng a shroud positioned along a portion of a droplet stream

with the shroud partially envelo n h ream.in | ane normal to the
dropl et stream path di rec@W‘PE R&ﬁ@&agrﬁ&%‘gg}?@gonal stability;

Fig. 4 shows a perspective view of a shroud nounted on a system delivering
10target material and positioned to extend therefromtoward the irradiation
regi on; Fig. 5 shfus lahpes spdetiatie vieveol anf ensboslyrsére wf dddsenprodnegdtasyst

mat eri al havg?ﬁ/ﬁlgro | et stream output orifice, Fig. 6 shows a
secti onal of'® di ment of a shroud shaped as a partial ring having

an curvedsregi on gpdafsheds £XhHNigied BsheRMtis ¥R G Ordei Berdrl BispBnskh; 9. 154,
Fig. 3 shows a simplified, diagram showing a shroud positioned along a
portion of a droplet stream with the shroud partially enveloping the stream in a plane
normal to the droplet stream path direction to increase droplet positional stability;
Fig. 4 shows a perspective view of a shroud mounted on a system delivering
10 target material and positioned to extend therefrom toward the irradiation region;
Fig. 5 shows a perspective view of a system delivering target material having
a droplet stream output orifice;
Fig. 6 shows a sectional view of an embodiment of a shroud shaped as a

partial ring having an curved region and flat extensions as seen along line 6-6 in Fig.

15 4
Fig. 7 shows another embodiment of a shroud;
Fig. 8 shows another embodiment of a shroud having a C-shaped cross-
section;

Fig. 9 shows another embodiment of a shroud having tube shape formed with
20 one or more through-holes;
Fig. 10 iilustrates a suitable orientation for a shroud relative to a gas flow
from a gas source in a chamber; and
Fig. 11 shows a device having a source of target material droplets, a droplet
catch tube and a shroud.
25
DETAILED DESCRIPTION

With initial reference to Fig. 1, there is shown a schematic view of an
embodiment of an EUV light source, e.g., a laser-produced-plasma EUV light source

30  20. As shown in Fig. 1, and described in further detail below, the LPP light source
20 may include a system 22 for generating a train of light pulses and delivering the

light pulses into a chamber 26. As detailed below, each light pulse may travel along



Fig. 7 shows anot her enbodi nent of a shroud, Fig. 8 shows anot her
Fig. 9
shows anovbentientmdi mrent of a shroud havi ng tube shape Pormsdoiosdys20 one
or nore through-hol es; Fig. 10 illustrates a suitable orientation for
a shroud relative to a gas flow froma gas source in a chanber;
dropl ets,
dropl et catch tube and a shroud. 25 DETAI LED DESCRI PTION Wth initial
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radiation at 9.3pum 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 an oscillator-amplifier configuration (e.g. master oscillator / power
amplifier (MOPA) or power oscillator / power amplifier (POPA)) with multiple
stages of amplification and having a seed pulse that is initiated by a Q-switched
oscillator with relatively low energy and high repetition rate, e.g., capable of
100 kHz operation. From the oscillator, the laser pulse may then be amplified,
shaped and / or 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 U.S. Patent Application Serial Number 11/174,299
filed on June 29, 2005, entitled, LPP EUV LIGHT SOURCE DRIVE LASER
SYSTEM, Attorney Docket Number 2005-0044-01, now U.S. Patent No. 7,439,530,
issued on October 21, 2008, the entire contents of which are hereby incorporated by
reference herein. Alternatively, the laser may be configured as a so-called “self-
targeting” laser system in which the droplet serves as one mirror of the optical
cavity. In some “self-targeting” arrangements, an oscillator may not be required.
Self-targeting laser systems are disclosed and claimed in U.S. Patent Application
Serial Number 11/580,414 filed on October 13, 2006, entitled, DRIVE LASER
DELIVERY SYSTEMS FOR EUV LIGHT SOURCE, Attorney Docket Number
2006-0025-01, now U.S. Patent No. 7,491,954, issued on February 17, 2009, the
entire contents of which are hereby incorporated by reference herein.

Depending on the application, other types of lasers may also be suitable, e.g.,
an excimer or molecular fluorine laser operating at high power and high pulse
repetition rate. Other examples include, a solid state laser, ¢.g., having a fiber, rod,

slab or disk-shaped active media, other laser architectures having one ot more



a beampath fromthe system 22 and into the chanber 26 to illumnate a
respective target droplet at an irradiation region 28. Sui tabl e

| asers fowoussa/i2ev4Phe system 22 shown in Fig. 1, may i neCuds2@1fosised | aser
device, e.g., a pulsed gas discharge CO2 | aser device producing 5
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power and? i g fiold Pabiclesdpniaisd PPE 80 deortdfahey elhible REANAGTY
state | aser, nfy®e us@tByd fe @inf ALfin co@Pounsl] 8., ShBei, SkBehSAKEM age tinwdlopedi a,
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desi gns %y apstatig pPle near room temperature (e.g., tin alloys, t7), at an clevate

temperature, (e.g., pure tin) or at temperatures below room temperature, (e.g., Snlly),

and in some cases, can be relatively volatile, e.g., SnBry. More details concerning

the use of these materials in an LPP EUV light source is provided in U.S, Patent

Application Serial Number 11/406,216, filed on April 17, 2006, entitled

25 ALTERNATIVE FUELS FOR EUV LIGHT SOURCE, Attorney Docket Number

2006-0003-01, now U.S. Patent 7,465,946, issued on December 16, 2008, the
contents of which are hereby incorporated by reference herein.

Continuing with Fig. 1, the EUV light source 20 may also include an optic

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

30  form of a prolate spheroid (i.e., an ellipse rotated about its major axis) having, e.g., a

graded multi-layer coating with alternating layers of Molybdenum and Silicon, and



As further shown in Fig. 1, the EUV Iight source 20 may al so include a
target material delivery system?24, e.g., delivering droplets of a target
mat eri al wotoitrhzedsont eri or of a chanber 26 to the irradiPariuspomogiosn 28,
where the droplets will 10 interact with one or nore |ight pulses, e.g.,
zero, one or nore pre-pul ses and thereafter one or nore main pul ses, to
ultimately produce a plasma and generate an EUV em ssion. The target
material may include, but is not necessarily limted to, a naterial that
includes tin, lithium xenon or copbi nations Hggreo EUV em

Th
el ement, e. gt SQMf CAIH{C LR MRENBIgh temperatiig ¢ lqnn{’?rﬁ‘ fw% aleP'i
droplets 15 ?ag»@{s% ﬁ?ﬁltglzgyeggaﬁdé&le%& emawge@l%ﬁltsabws kﬂagmecbp@ia@mn%y%e For

exanpl e, the e use ure as a tin conmpound, e.g.,
SnBr 4, SnBr 2for&e&l4y1tl‘9zm @erﬁm talallo\;or thelight putsnemgg@tdttdjba ﬁielsmysm 2ita-pasedi um

al l oys, tin- | ndi or. a,gonpi pati o r end| ng on
the materi alt g‘éﬁ%‘ em%hrg %t%éqradﬁ%{ogrrpgpn y ‘Be gy 8y t@ﬁ ?@n% Plgacﬁ ation
regi on 28sat pMadth Qbtferdi€ HAGOAHAL BSs d Nt Bsbud Yith@PeR ﬂﬁﬂﬁ@dlaﬁw@ i a%ear
room t enper apure tin all Oﬁ/ SnBr4), at an elevated_te er ature,

1

(e.g., pure Bidhy smongtfoquempersatca W@Wﬂﬁd@%ﬂéﬂp@h@fﬁﬁh@ ight maghg) |

and in sone gase v \Y ails
concer ni ng tﬁ% oaingt of mtt??gsﬂeﬁna%lgiétr igoa € %Hngﬁéjn n@ﬂﬁ%gﬁﬂf"ll%ﬁ ldigg%\,?fg @h
provi ded in blg$.anRategtedAiRuitdRhd@aphSetobiainoiNstidver). Iflis40Ge2ibbreciatddetiaon
April 17, 2006, entitled 25 ALTERNATIVE FUELS FOR EUV LI

OURCE,
At t or ney DocRE¥T Rpfigsanay, boBsegon Rese, of Hheprolate Sﬁﬁ@ﬁtmlﬁoﬁgf@i@?tﬁgsz%d on
Decenber 446, dﬁggﬁg fifie oo qﬂt@ﬁné&at%b%ﬁ,g?éﬁr %?Bﬁgeﬂéw {v?g{]ﬁ} &dad¥ce

reference here Continuing wt t source 20 may
al so incl udeuanzmg)EUG/ Bght, ﬁr gxample,rtbaoptiomaybe hpmiaufdawﬁatedlabwmsrma]bxr r or

having a reflective surf t 30f.orm.of . a prol her o

el |i pse rot af¥d OhBBYO° PR cgtp JJ}E"%‘)E‘ Braf Hyin r@“gﬁﬁp@‘f%&%“ﬁﬁ?é 0?fnayer
coating wi t hyalheanal 1dagud@¥@é 8.¢0fU Yobybdenspncanch Strdl mﬁnbeand/somvsorre
cases one or nore high terrperature di ffusion barrier |ayers, smoot hi

| ayers, cappﬁh‘:gl ¢ra9xggl$stelﬁd/2@ﬁ6 entitedsEQY OBRYEPS . AtRirgey Dogk%\h@mbﬁétzoﬂﬁe optic

0T DS SHUFRO ALY B EAY K88 BB Rerhf PR PEREfISLR §E
shown, the OWhﬁdhﬁ@hé%ﬂ@@zp@ra%dby&eﬁlﬁfc@ ate spher oid mrror that has a
first focus within or near the irradiation region 28 and a second focus at
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25  irradiation region 28. The imager(s) 70 may provide this output to a droplet position

detection feedback system 62, which can, e.g., compute a droplet position and

trajectory, from which a droplet error can be computed, e.g., on a droplet-by-droplet

basis, or on average. The droplet position error may then be provided as an input to

the controller 60, which can, for example, provide a position, direction and/or timing

30 correction signal to the system 22 to control a source timing circuit and/or to control

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



Continuing with reference to Fig. 1, the EUV light source 20 may al so

i nclude an EUV controller 60, which may al so include a firing control

syst em 65wvbanittnsggeri ng one or nore | anps and/ or | aser Pd@wiSc@3/080981 he
system 22 to thereby 20 generate |light pulses for delivery into the chanber
26. The EWV light source 20 may al so include a droplet position detection
system whi ch may i nclude one or nore droplet imagers 70 e.g., system(s) for
capturing i mages using CCD s and/or backlight stroboscopic illum nation
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are hereby incorp ed b r ef er encge. he EUV. | urc may, i ncl ude
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the EWV Ii ght; QeAGEALARinYpatME1AAPEGRI Bihd), BRI BARRGAth] ﬁ‘(ﬁaﬂi@rﬁoﬁ ghmde, for
exanmple, intensity (e.g., total intensity or intensity Wthin a partlcul ar
spectr al banpk)&lﬁ@p&:@!mmg, bendWputhe, EPY Hehtzewiasn20, tiéannmmem(@hmabd?ent ing,

o' operatt WRPTIEUTHAC FARAGE Fain tou begh “ATeDke PloRp ey aliffl™ ) <°
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2080 1 ur t her COhoule TR EpdRaY oy Pieitte, 85 x5 Y e AlinP BRGS0 o
control systBUVSSutp@pgtiRiEVilight espae to a signal (whi ch in sone

i npl enentations may | nclude the_dragplet or. _described abaov o] one
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rel ease poing, Ifolts{g@ erdBd ﬁ{mgﬁdongémagﬁﬁwﬁ&hqﬁ%&hb ahpeispanssy 82

and/ or m)dlfy ropl e tiron timng, to Correct for
may include the dmplet 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

source material dispenser 82 and/or modify droplet formation timing, to correct for

25  errors in the droplets arriving at the desired irradiation region 28, and/or synchronize
the generation of droplets with the pulsed laser system 22.

Fig. 1 also schematically illustrates that the EUV light source 20 may include

a shroud 84 for increasing droplet positional stability, i.e., as used herein, the term

“droplet positional stability” and its derivatives means a measure of variation in path

30  between a droplet and a successive droplet, as each droplet travels over some or all

of the distance between a droplet release point and an irradiation region. Examples
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25 errors in the droplets arriving at the desired irradiation region 28,
and/ or synchroni ze the generation of droplets with the pul sed | aser system
22. woi2g11/126mbso schematically illustrates that theCEWUS20119Bi9860Ur ce
20 may include a shroud 84 for increasing droplet positional stability,
i.e., as used herein, the term"droplet positional stability" and its
derivatives neans a neasure of variation in path 30between a droplet and a
successive droplet, as each droplet travels over sonme or all of the

di stance between a droplet rel ease g@int and an irradi atjion region.

Exanpl es of o5HPiwds sstirblapior wserinyde FHVt Hehigespirs ot MsBidpc8UD 6t el ude,
but t Al i {m 3 i s A oh G 7),
5 g gl LTVl ey, 7 gt e

qual itative Spasdeseribéd badowpl et positional stability” involves 5 passing a

di agnostic |laser heam e.g. |aser, diode, e.g. having.a field of. about 1-2mm
through a portion“8f S3™§ g’i‘)tl C&{aﬁ?fi?"%mﬁa%ﬁ ogn{irgp@/ggﬁg?@{l sﬁahﬁ&ynemg ¢F set up,

a camera baviRgif f diafkshidlBetear0B2. MBS MR elghhHeRY AREKI ALY I2@Am

di agnostic | aser "producing output "|ight pulses at 20hz to eval uate a

dropl et st reénobgivia myrti@ 000 doplpl sreanpend sawondapessi Hy onhretgietthed fi el d,

Wth the frane rate synchroni zed wi th the phase..of t.he dropl

gener at or, acﬁfﬂ%ffiihflya’tné\? %%15%? 8f %@IZ“'WSOLBF‘E%H g%nélil%ng%é’{l&s %Bglﬁsﬁ %/'lasgran be
obt ai ned by yiRMkiRG duliut TTgANpElses att0HzA CevabpRCa icpidt! syreai Halirdghd G000

techni que, perfect "droplet positional stability" (if obtainable) would
appear as a Hewlatpvehspcanrdpruing thrqusd the disld. (Widh theplrama pate sypelyenizetht does
not chan o] i ? S hLghly
tnst abi o Sppeafrshl Base g the Grobleh Gbnch@Bs ol feadhd BANIGABLpdsTidMAT Y, 1
screen. Fi g. sthbidityd'ocandizastmiingabby yiemlingithe fetes ak hatidaneSpeifivelly vgdstds such

as 112, hydrogen radicals, He Ar,  HBr, Pr..conbi ions,thereof, may be
i ntroduced i Fﬁcg"“ﬂH‘é Rﬂliffﬁbze‘ilm@@t prsitions t“%&ty afif Og%ﬁ%ﬂ?’z% eVHO‘ﬁ%@PB?aFc?ﬁ]%si ng
port 88. Thegg, 9ARGR droplet in the video, ie., a static image that does not change over time.

On the other hand, a droplet stream that is highly unstable appears as a droplet that
15 moves noticeable about a point on the screen.

Fig. 1 also schematically illustrates that one or more gases such as H,
hydrogen radicals, He, Ar, HBr, HCl or combinations thereof, may be introduced
into the chamber 26 via port 86, and exhausted therefrom using port 88. These gases
may be used in the chamber 26, for example, for slowing fast moving ions generated

20 by the LPP plasma to protect nearby optics, for debris mitigation including, but not
limited to, blowing vapor and other debris away from an optic or other component,
optic cleaning, such as etching or chemically altering a material the has deposited on
an optic, or component and / or thermal control, such as removing heat from a
particular optic / component, or to remove heat generally from the chamber. In

25 some cases, these gases may be flowing, for example, to move plasma generated
debris, such as vapor and / or microparticles in a desired direction, move heat toward
a ;zhamber exit, etc. In some cases, these flows may occur during LPP plasma
production. Other setups may call for the use of non-flowing, i.e., static or nearly
static, gases. As used herein, the term “static gas” means a gas in a volume which is

30 not in fluid communication with an active pump. In some implementations, gases

may be static during LPP plasma production and caused to flow between periods of

11



may be used in the chanber 26, for exanple, for slow ng fast noving ions

generated 20 by the LPP plasna to protect nearby optics, for debris

m tigati omoizncl/zeéd4ng, but not limted to, bl ow ng vapor pamaSetih®sosdebri s

away from an optic or other conponent, optic cleaning, such as etching or
chemcally altering a material the has deposited on an optic, or conponent
and / or thermal control, such as renoving heat froma particular optic /
conponent, or to renove heat generally fromthe chanber. In 25 sone cases,
t hese gases may be flow ng, for exanple, to nove plas ene .debri s,

such as vapoFF rﬂiasfnaopfoﬁ?a}%pﬁtgtsi%‘P"é@fiyn"%b%?fr E‘%WG?TF BfgSFSo?n{ %ﬁgegglﬁeat

toward a Chag@?gt. eXiC'If eeﬁﬁegencla bSHE% %%?{s,s whelh %taﬁib%@’sﬂé\?ﬁﬁ%?&ﬁﬁw ot Ng LPP

pl asma produ n. setups nay for the use of no ow ng, i.e.,
stati c or neenchtjorst adtistence gd deesl.PIAplasise thayedter heffdacheachalropletsasat iravelmt®” neans

2,025 |1 2 vALAIE AELOD ) 30,000 LDl ST SRR M L an ot ve
productiofn and caps@trtRidils QupREMPeRRRSH TBHWsOSf chamber gases are provided
below with reference to Fig. 10.

Further details regarding the use of gases in a LPP plasma chamber may be
found in United States Serial Number 11/786,145, filed on April 10, 2007, entitled
LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket No.

10 2007-0010-02, now U.S. Patent 7,671,349, issued on March 2, 2010; United States
Serial Number 12/214,736 filed on June 19, 2008, entitled SYSTEMS AND
METHODS FOR TARGET MATERIAL DELIVERY IN A LASER PRODUCED
PLASMA EUV LIGHT SOURCE, Attorney Docket No. 2006-0067-02, now U.S.
Patent 7,872,245, issued on January 18, 2011; United States Serial Number

15 11/897,644, filed on August 31, 2007, entitled GAS MANAGEMENT SYSTEM
FOR A LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket
No. 2007-0039-01, now U.S. Patent 7,655,925, issued on February 20, 2010; and
United States Serial Number 10/409,254, filed on April 8, 2003, Attorney Docket
No. 2002-0030-01, now U.S. Patent 6,972,421, issued on December 6, 2005; each of

20 which is hereby incorporated by reference herein in its entirety.

Fig. 2 illustrates in schematic format the components of a simplified source
material dispenser 92 that may be used in some or all of the embodiments described
herein. As shown there, the source material dispenser 92 may include a conduit,
which for the case shown, is a reservoir 94 holding a fluid 96, e.g., molten tin, under

25  pressute, P. Also shown, the reservoir 94 may be formed with an orifice 98
allowing the pressurized fluid 96 to flow through the orifice establishing a
continuous stream 100 which subsequently breaks into a plurality of droplets
102a, b.

Continuing with Fig. 2, the source material dispenser 92 further includes a

30 sub-system producing a disturbance in the fluid having an electro-actuatable element

104 that is operably coupled with the fluid 98 and a signal generator 106 driving the

12



LPP pl asma production, e.g., flow may only occur between bursts of EUWV
| i ght output. The presence of these gasses, whether static or flow ng and /
or the crwatnon2bsexi stence of the LPP plasna may alt er pCTAfSR@A3I®AL h
droplet as it travels to the irradiation region adversely affecting dropl et
positional stability. 5Further details regarding directional flows of
chanber gases are provided below with reference to Fig. 10. Furt her
details regarding the use of gases in a LPP plasma chanber may be found in
filed o entaitled

United States, Seri al nber 11/786, 145, April 10, 2007,

LASER PR@UC@WW%%%W?E@W ou%&:@,ne AFYBr iphds QJB’Ece%&? qy ‘from _
2007- 0010- 02 es00Wir WUnder RALBI thfohla Sdtuit! S3UR iﬁ&g'\fﬁf)éﬁrhaging@k@éti ted
States Serial Number 12/214,736 fi1led on Juné 19, 2008, entitled SYSTEMS

AND METHODS FOR TiRGETF audTERNAth DERHOUERY tb N AN IERIPRADUOEDUGISASIAMEUV

LI GHT SOURCE, .Attorney Dogket .. 2006-0067-0 ow U S, P 7,872, 245,
CSound on S atdiis % BRter SEEE o iy, S0 300y Btk e E e
filed on Augystirddctud@, clenéit! legd BASIVRNAGEMENTorSSEENE HBRpE MAPER
PRODUCED PLASMVA EUV LI GHT SOURCE, Attorney Docket No. 2007-0039-01, now

U.S. Patent Ppostmedgound dhfedibsn PHéhgy driyepgthe xbeotro-astngtably eksgiest anays

Serial Nunbe i . i 3, Attorney Docket No.
2002-0030-o1,Ed%“gé\’/é%.gsg.aé%%fﬁeenétc’%g?lgg’zﬁ%‘lﬁth?%%%agg on Decenber 6, 2005; each
gf zo\évhi flh [ f hter Blye idetaﬂs pe%a@diafg @ﬁoue{dﬁr@maﬁsmamitaimﬁfguﬂatier_;semltq :ctlmmd/

ig. illustrates in schematic_ form conponent s e

source mat er FAHIVE; adyEHages gy hm@pﬂmbﬁge@@&%ﬁﬂgﬁmmg?f /4P gied

enbodi ment s schihedgh kn. h@Y‘ﬁT r h&1SatH It &RGH@TSPEenser
92 may irllacl ugg aﬁﬂg%nagi ?Z,O%\ﬁhiegﬁ%(gr t eﬁlg?s%%%o%, isgg rq?slgrr{ﬂfg%{r 94

hol di ng a f| MATERIAe RELIVRRY N tA L, ASERIGRQBULESs SUASMR. ERVs 0.I6H3Wn, t he

reservoir 94 rmed._wth.an A 8_al i t ressuri zed

o d 96 to PO sRuRo RevktaT AbbopEhrPshing ™S Bl RvAuESs bridh 100
whi ch subseqggnhhuarPl aka 1 0LY. Patdlt USilichtiorOScrtll QRInSes 11323,808; filed on
Continuing with Fi %ioﬂ%i the source material dispenser 92 further includes a

30sub- syst em¥@y odel entidied t lh HRAR RRORUD PLASHMAaBUNgLEAHT SOURCE

el ectro-agctu ele [ c d w jd 98

and a si E%m ﬁt&mt%r %Plﬁfvsﬁghm ﬁ}g@@gﬂ%[) a@?%@aﬁf eMg[Se@n‘gﬁ{rb%A In

one setup, aDI$TURBANCRRMCAUE] atthinewDocRenNuniies 200003000 elowdl s Putet

through a conduit, e.,g., capillary tube, having a rel atjvel yréajnm | _di aneter
¥

and a | engt h7<§97»§f5'6u_t55115t§‘ b Bordiml, 20dbit thy Balewnrirrligtions® mMNBRPET ng an
orifice of theePBEI fleq WA FlbriiP 98 A960Y, el £ RESERPPRODUGE SIS SMvAN an

EUV LIGHT SOURCE WITH PRE-PULSE, Attorney Docket Number 2005-0085-

20 01, and published on November 16, 2006 as US2006/0255298A-1; U.S. Patent

Application Serial Number 11/067,124, filed on February 25, 2005, entitled

METHOD AND APPARATUS FOR EUV PLASMA SOURCE TARGET

DELIVERY, Attorney Docket Number 2004-0008-01; now U.S. Patent 7,405,416,

issued on July 29, 2008; and U.S. Patent Application Serial Number 11/174,443,

25 filed on June 29, 2005, entitled LPP EUV PLASMA SOURCE MATERIAL

TARGET DELIVERY SYSTEM, Attorney Docket Number 2005-0003-01, now

U.S. Patent 7,372,056, issued on May 13, 2008; the contents of each of which are
hereby incorporated by reference.

Refetring now to Fig. 3, a device is shown having an EUV reflective optic

30 300, 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

13



5 el ectro-actuatable elenent, e.g., having a ring-like or tube-like shape,
may be positioned around the tube. Wen driven, the el ectro-actuatable

el ement ™Y 288lie6cMPvel y squeeze the conduit to di sturb Phe/tskeiemasn9st

More details regarding various droplet dispenser configurations and their
rel ati ve advantages nmay be found in United States Serial Nunmber 12/214, 736,
filed 10 on June 19, 2008, entitled SYSTEMS AND METHODS FOR TARGET MATERI AL
DELI VERY IN A LASER PRODUCED PLASNA EUV LI GHT SOURCE, Attorney Docket No.

2006- 0067-02 at ent 872, 2 i ssued on Januar 2011: U. S.

Pat ent Appl i @aﬁwﬁ @Y‘?‘Ep‘lﬁﬂﬁﬂéﬁhcﬂi 7 §P/RE CRSEP. e OR MR @flg‘%%m%%lwfe

entitled LASER STREAM
E{f)e‘i‘%'\ﬂ%cﬁ%{n%l C@é\;/-\A\% 1aRrd N/ NGtéh BREAkRs.

PRODUCED USI NG A MODULAT | STURBA ATt orney Docket Nunber
2007- 0030- 01FignGvalsh §:10We‘.at1@htthe7d®9® 845, fuitkeradudn al\mnstcm delivegng targets,

Pat ent Appl i ca .0 ri aI nber 58 98 filed.o ary 2 006,
entitled LAS’@IQ rE‘f %%5&@%[ %\1 5%%% i?rtg?z)tr ney
Docket Nuﬂbema‘%ﬁgﬁre@&gépoﬁg leys@ﬁﬂgeméﬂitﬂng heldse@ heNAEEEE, 16ma? @G0 KRS

US2006/ 0255298A-1; U.S. Patent Application Serial Nunmber 11/067,124, filed
on February D®Yidedds, imadialing e tWertHorcriNpt APPRARHOS ety Ewom_engﬁw aSQJRCE

77405, 416, 1 EOved oy SR SR Do g e AP TRER,

Nunber 11/ 17kodd3d ok s‘ieehﬁgl neeohahisme 3 29cap36&5nf tibtiig the eybtdri?ﬂellﬁké&ﬁn@liﬁ@&m

SOURCE MATERI AL TARGET LI VERY SYSTE ney Docke
2005- 0003- 01maicsid) 1) %fé?ftﬂﬁ ctions 1o g usﬁté%a%“&y wag‘i/érfgfﬂszﬁ’e%re%l’ﬁ%t
contents;pf gagh fcg:falgffmhﬁ&tﬁé &1&@{0?%5{:99& RAY %Ts@%aﬁﬁat%%@&%?&?generator

Referrlng now t o a device I s shown having an refl ective optlc
30300, e.g., insmadhincreorentsl alongihd etremn erisl ecst furthen shoemn ihalig. iy the drepletsct i ve
surfaceint e form of

|1 h [ ti-1
Sont toe i kGt mar s Rised S8 eriGe o SRS macnarite mie i e n el 38 S st e "

cases, ONe OfydJARKiBn RhaNeHNENREr3iUNe sBhibhiUsdt® Ardbaloica to tAYEN omeSdTRAAY N
Iayers cappi ng | ayers and/or etch stop layers. Fig. 3 also shows that the

devi ce may fbe)tOnél’th inailigtien segigrs 3 Bhandedrp Wléﬁlicﬁ@ed by g@awha‘fvbnchéor thegasce. g., a
streamof_tar nmaierial roIets t he r erlal
rel ease fﬁfbl nfh% léﬂ/fi‘l?%srr? S%Wt?lget I %g k Onlgateéxu earﬁ1 @%ﬂgf b 5)%%% t o be

provi ded for cikduladbslbhg) ®vih eectaizgRt, sqadrerdta). Eim@fb dismad:lcmtgatea ttlibbgil@n 314
to generate an EUV em ssjion. As shown in Fig the systemdeliyering

target mater m&y bg positignedh® 19erivg @ageérmaéersatlé@tmﬁ@p%%ﬁm% the Frediyion e of
tilting the gy ?ﬁ}cpgiévg rfE E&vg&&@a\%a‘ﬁf&ﬁ' lastRR® anfl @%Jhﬁr? tﬂ—ﬁ:tm bRl 1 ons

to adj ust the pos ets respect ocal poi nt
of the coll eoptw Inisome rcaseattle aﬁyctabﬁsplashmlgshm!& ﬂeﬂacedr/qnpé\entegéaymlsmﬂg@r in

smal | increne al ong t he ,stream axi s. further shown t he
G opl ot o8 htiss PeVinG A TEIGBEIS bees piposiatic LW, - Breaeh BonAnet o wigtedy i
exposed to thg tlueé% %H LAY IVALL QR wges@%@ecaﬁe dikemibPBosbd1 ab ANt s are

allowed to travel di stance beyond the irradiation region 314 ‘and are
i nt er cept ed biylkmg(thct nmﬁrwhulilofltmdmbet}ié, ﬁaéagi@‘nsthmwropl@ts hebe shedr weleaivn ur e,

e.g., elongat be 31 ectl rcul ar. obl ong,
oval , rect an?}‘iii:fjt};i‘feltl rgﬁlﬁg‘é‘ Q?ena‘? ?tg et g?q]catteéilaoeﬁﬁei? E%aﬁﬁlb 16 may be
posi tioned to r eCpigye aIs@"sH@&zs 1het £8Hrahd 3308kaBS peagsRd aldh QU@RdE said
irradiation region and prevent received material from spl aShlngag and

reachi ng2{ hestresf siéthi the sbysul pactiallyseveloptigebe strpam dn faelélﬁ%e st Paibng may
be reduced / dRESHE DS ﬁl%réﬁge &ﬁ%bfggp@smonal stability.

Fig. 4 shows a perspective view of the shroud 320. As shown, the shroud

320 may be mounted on system delivering target material 310 and positioned to
extend therefrom toward the irradiation region. Fig. 4 shows that the shroud may be

30  formed with a lateral shroud opening 321 extending in the direction of arrow 323.

14



20 tube having a relatively large aspect ratio L/'W e.g. greater than about
3, where L is the tube length and Wis the | argest inside tube dinension
nor mal t ow0.20Upam948t ri ki ng the inner wall of the tube 3PET/Ush@1i039gEt
material droplets lose their velocity and the target material may then be
collected in a dedicated vessel 318, as shown. Fig. 3 also shows that a
shroud 320 nmay be positioned along a portion of said 25 streamw th the
shroud partially enveloping the streamin a plane normal to path direction

to increase droplet positional stapility. ., . Fig. 4 shp er spective
view of the shroublg32hORg sl © Fléy_%t?ffldi?&vgfﬂg W’%ﬁ’t H@t%\t{}ﬁgﬁé‘gﬁﬁg%st em
del ivering tgy feksﬁ@&[ﬁbh@i{ug 3dBee2d. R@&hﬁarelgqqgg.q utendehher bt am war d

the irradiation reglon. 4 shows that the shroud may be 30fornmed with a
| at er al shr osittowpddil mgy sRtiakix sweraiind ghd droplhestdamentpub prifife 332 ow 323.

Fig. 5 shows a portion of a systemdeliverin ar get terial ,31 ving a
dropl et stream ou{:ﬁugs%?‘?’%?ﬁeél yl%ﬂtlpaag’rrﬂlﬁjggog X5 SFend fiygrs the ghros %e seen
that the shrgud b%zéglaﬁﬁyaﬁﬁrﬁaﬁ?dl l1¥hgs ol a tine giap@d fosSbdcEamhaving Uin

a

orifice 322. Fig. 6 shows a sectional view of a shroud 320. As seen there,
the shroud 32@v&l regions4shd feticdensipng 3264.B For exgmplentheshiong mey hg'madeaped

exanp o0 1 heosAPASHED of Heitfis SER Gk v RS Hfcoh 2 B ORLARbo SRy ™56
st ai nl e:ss) afgmnay deplet Blcaabouthuddiire322m t he dropl et stream out put orifice

322. Fig. 7 shows another enbodi ment of a _shroud 320" for use in the
EWV |ight 10 sour Eig Zchawy prihes emhegiancnd of 8 ghioya 3?@n§’fﬁsi@.t§¢ Eijnv ghtonsi on

of about ;150 réermmggmg&g%xta{s{o%%%g&g{%gé'é‘ﬂsfaﬁ o 28odNdohANagh 1! at

surfaces 326 ows anot i ment of a shroud 320" for
use in the EN drogititstrsamoatpuRrificedXigmd 1Gigeh Apeursenst3261). as seen al ong |ine

6-6 in Fig. 4. . ig. 9 sh th nbodj f h 320" !
For use 15 the EUFiE Boheva el FERodaagt naupupsthipest B ALY i one or
mor e throughshpl £ Brda @C%ﬁ%ﬁéﬂ%&ﬂmtéﬂ rs@éiﬂ&l?ﬁé‘ﬁné’@lﬁ lin pi‘c%. he tube.

Fig. 10 illustrates a suitabl'e orientation for a shroud 320 relative to a

gas flow (i ndi cat Big. Bgheaws owthe3sobodiment ¢fraoshrendyid’ 'S derruse irsthe BUV {ight
,f Egmgglr | igt OFA(?%‘%:P 2@{%&'}3}2@ %bse s ap%dl‘orrrl%g Witk Sonfel M3 motrer:] rt&%gh-%glegpﬁSta%r ein
extending through the wall of the tube.

Fig. 10 illustrates a suitable orientation for a shroud 320 relative to a gas
flow (indicated by arrows 350a,b,c) from a gas source 352 in the chamber 26. As
shown in this embodiment, gas flows through an aperture in the collector mirror and

20 toward irradiation site 314. It can also be seen that light from laser system 22 passes
into chamber 26 through window 354 and through the aperture in the collector
mirror to the irradiation site 314, An optional conical member 356 may be provided
to guide flow through the collector mirror aperture, as shown. Fig. 10 shows that the
shroud 320 may be oriented with the lateral shroud opening positioned downstream

25  ofthe gas flow.

Fig. 11 shows a device having a source of target material droplets 500
delivering target material to an irradiation region 502 along a path 504 between the
irradiation region 502, and a target material release point 506. As shown, the device
may also include an EUV reflective optic 508, (e.g., as described above for optic

30 300) and a droplet catch tube 510 to receive target material straying from the desired

path, e.g., material along path 512. In use, the droplet catch tube 510 may remain in
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20 toward irradiation site 314. It can also be seen that light fromlaser
system 22 passes into chanber 26 through wi ndow 354 and through the
aperture wWo20hei26abl ector mrror to the irradiation sit@C3is201A030pt i onal
coni cal nmenber 356 may be provided to guide flow through the collector
mrror aperture, as shown. Fig. 10 shows that the shroud 320 nmay be
oriented with the lateral shroud opening positioned downstream 250f the gas
flow. Fig. 11 shows a device having a source of target materi al

dropl ets 500 delivering target terial to an irradiatjon. region 502 al ong
a path 504 pEpYBRNYHE B! Rt g@t%!ﬁf)@cﬁf}le%?‘ﬁﬂﬁ?@@@» YeFmam

rel ease poi nt,pPBy dASSHAWAI 11ES088Y be& ~also include an EUV reflective
optic 508, (en.sgd., as ongcrl bel% aBove ?oerl%g%ti c 30300) and a drog}Let catch

tube 510 to recei s fugheethomas the ddoplet catyh mgbef § Khmahexthadi fred apciijone. g. |

material al on at 2. In use, .the droplet catch tube.510 na main in
posi tion dur iwg‘@‘%?nr&‘ﬁg?]bﬁitiﬁswar?aétygsé]fmﬁ%&éﬁ %ge&glaéeéﬁ feé?aée E?Wy?qégﬁ?ta (i.e.,
nmay remai § i QfrhBusYiRG iHpdsIRInell betilee MHer61RaRABIABVO Bd the irradiathsh
further shown, the droplet catch tube 510 may extend from a | ocation

wherein the tagien $32.| Adpotshgwnt thel drgplsteatduivbie Sl hanayaiayer desedrendiat thet ease
potnt 209 ! Osmpuls 4hg i§ BB it oﬁg*&gh% 'sTgREReta 15 {%Etec}@gﬁéa Mg@ spg! ease

poi nt 506 an e irradiation regro |"'S0 " shown rop catch

tube 510 may Wigythifarednge@ente Relgedimdidiial travalingusdorightae path Fodumidickxit drbplan
openi ng 516 centered_al ongl t he desired path 304. Wth thi s arrangenent,
target mat er FAFh fybgvdi0; wdkillg tyggt matsrigbstinysgatrom) natie x4 “H]rlg’ﬁl"@?t @ t ube

510, whilg t e ying frompath 504 will be captured and
10hel d i I’II@C| gélg?iﬁg%d%ltdghgig@ VWil e the particul ar enbodi nent (s)

descri bed and il | Wtileathe haitivutaniembpdinemt(s ppgpciibat amhillustratheé indétiaiphtentequi r ed

t tisfy 35 U S,C. ,112, e full tain f th
wbove. deser | BaRlcpihis B8 aghT st hamrny b Ut Gedl B e MG nsbliest © 1
reasons for, a@aﬁniﬁ?joﬁghﬁmgfe $Re soRedics®Rbbd ?ﬁrp@ﬁ'e%%li, Bemb1aRONDe sbivell Byt 0 be

15 understood by those skilled in the art that the above-descri bed

enbodi ment ( spr aryeotherredspne feengy chigets ¢f thaiembedimgat(Drigsaribed ebevst Htis tebeof t he

Ref or enctt o I BPEhBh 4% st AR T o A e R SRty B o

intended to eRempRbal flusttative aidi Rplebér@itieedt 18 SbfRt Galemvdigmant "one
and only one" unless expli citlté so stated, but 20 rather "one or nore". Al
structural ahtatlyneonteslnted by the pessest anplisafipnof Refseense épanelenemt dm ghe

above- descr | g SAPOTLIR 8) Ak Lenk MUt AL nBOURI R fEKROW! (0

t hose of ord are expressly 1 ncorpora erein by
ref erence anthtapetingteddethihelden onnpaisadd ohy' tilesspaxpleitly sClstitads butAny

moani ng. 7 1 RN EOREOR PR Siictal B TEPHICHEL b PP GSE] RS | on, -
sed meani ng T B R B B R i ce
or method di $wsssbdrdinury bdllSpéted 4ti, eat expmesaly incorpobtedihesit by refemdel ek or
solve each afd EYentyREN ST SQUISEP A0 LIS CRELL SRS Y LRl 1 O €
Specification and/or in the Claims, and expressly given a meaning in the
25  Specification and/or Claims in the present Application, shall have that meaning,
regatdless of any dictionary or other commonly used meaning for such a term, It is
not intended or necessary for a device or method discussed in the Specification as an
embodiment, to address or solve each and every problem discussed in this
Application, for it to be encompassed by the present Claims. No element,
30  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
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30 conponent, or nethod step in the present disclosure is intended to be
dedicated to the public regardl ess of whether the el enent, conponent, or
met hod stwp 208/12e9pl icitly recited in the Cainms. No cl @cwusken®sisi n t he
appended Clains is to be construed under the provisions of 35 U . S. C. 112,
si xth paragraph, unless the elenment is expressly recited using the phrase
"means for" or, in the case of a nethod claim the elenment is recited as a
"step" instead of an act VWHAT IS CLAIMED IS: 1. A device conprising a

chanber; 5a so str m_of t et, terlal |ver|n arget
mterial to SRR & ﬂg&‘% bR eRindiein B sherdelamp

target mater gl h&d S i g&%vﬁfb‘ﬁstcﬁe% U.8¢, a§1l19n sh@0ip@Rgraph, unle§s GRS {1 ow
in the chanber, at least a portion of the gas flowng'in a dlrectlon t oward

t he stream &I@meswxsteemmlmmmdwgsmg 1hasaérasbémnansrf¢ﬁdnramlth@casap@etmerﬂmder| al

at the irradi re on to. erate.a S pr dUC|ng EWV radi ati on; and
a shroud pos‘r”rtélcl &gﬁelg glséecggﬁ‘%%r? Sg‘?ag g:ap * said shroud having a
first shroud portion shielding the streamfromsaid fl ow and an opposed
open portion.
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152. A device as recited in claim1l wherein said shroud has a partial ring-
shaped cross-section in a plane normal to said path. 3. A device as
recited iwochainzs®R9wherein said ring has at | east one flpat/utsaeifias®@st 20

4. A device as recited in claim1l wherein the shroud is elongated in a
direction parallel to said path. 5 A device as recited in claiml wherein
said shroud conprises a tube 25forned with at | east one hole, 6.A device as
recited in claiml further conprising a droplet catch tube positioned al ong
sai d stream S@é\é&e@%&%@rgpd and said target material release point. 30
WO 2011/ 1269 / 3981 7.A device as recited in claim6 wherein
said path is non-vertical and said droplet catch tube is a shield
protecting the reflective optic fromtarget nmaterial straying fromthe

non-vertical pathl. A device comprising:
a chamber;
5 a source providing a stream of target material delivering target material to an

irradiation region in the chamber along a path between a target material release point
and the irradiation region;
a gas flow in the chamber, at least a portion of the gas flowing in a direction
toward the stream;
10 a system producing a laser beam irradiating target material at the irradiation
region to generate a plasma producing EUV radiation; and
a shroud positioned along a portion of said stream, said shroud having a first

shroud portion shielding the stream from said flow and an opposed open portion.

15 2. A device as recited in claim 1 wherein said shroud has a partial ring-

shaped cross-section in a plane normal to said path.

3. A device as recited in claim 2 wherein said ring has at least one flat
surface.
20
4, A device as recited in claim 1 wherein the shroud is elongated in a

direction parallel to said path.

5, A device as recited in claim 1 wherein said shroud comprises a tube

25  formed with at least one hole,

0. A device as recited in claim 1 further comprising a droplet catch tube
positioned along said stream between said shroud and said target material release
point.

30
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58. A devi ce

conprising: a chanber; a source providing a stream

target material droplets delivering target material to an irradiation
regi on i rwohneiicizessber al ong a path between the irradi at iPom/usegilosoand a

of

target material release point; 10a gas flow in the chanber; a | aser
producing a beamirradiating droplets at the irradiation region to generate
a plasma produci ng EUWV radi ati on; and a shroud positioned along a
portion of said stream said shroud part ially envel opi ng said streamin a
pl ane normal to sagaid p t0|ncre op 03|t 155ta|I|t 9. A
devi ce as reci ted?l n cga‘r Cgﬁ\mgﬂ‘rl’@ Hn§ HB iW&’B‘% gd%l"f”i‘é{f’ epl Ry shaped
Cross-secti ogyid BrpldR LARE hﬂféﬁgrﬁ'shl%Rl ﬁ@ie@tuﬂ?&@ ref?&@i% Gpt?ceﬂblﬁq st maetibled in
claim9 wherein said ring has at |east one flat surface, 11. A device as

recited in chteymggfrothéhrenon-vemdcadbatbud is el ongated in a direction parallel
to said path. 25

5

10

15

20

25

30

8. A device comprising:

a chamber;

a source providing a stream of target material droplets delivering target
material to an irradiation region in the chamber along a path between the irradiation
region and a target material release point;

a gas flow in the chamber;

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

a shroud positioned along a portion of said stream, said shroud partially
enveloping said stream in a plane normal to said path to increase droplet positional

stability.

9. A device as recited in claim 8 wherein said shroud has a partial ring-

shaped cross-section in a plane normal to said path.

10. A device as recited in claim 9 wherein said ring has at least one flat

surface,

11. A device as recited in claim 8 wherein the shroud is elongated in a

direction parallel to said path.

12, A device as recited in claim 8 wherein said shroud comprises a tube

formed with at least one hole.
13. A device as recited in claim 8 further comprising a droplet catch tube

positioned along said strecam between said shroud and said target material release

point,
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12. A device as recited in claim8 wherein said shroud conprises a tube
formed wth at | east one hole. 13. A device as recited in claim3$8
further cwoppigizeggoa dropl et catch tube 30 positioned alPCm@Ss@il@3®s8r eam
bet ween said shroud and said target nmaterial release point. WO

2011/ 126949PCT/ US2011/ 030981 14. A device as recited in claim13
wherein said path is non-vertical and said droplet catch tube is a shield
protecting the reflective optic fromtarget nmaterial straying fromthe
non-vertical path. 5 15. A nmethod conprising the steps of:
providing a streamof target material droplets delivering target materi al

to an irradiationiiegi anidvitedisGBAFAGH cBIANG whP@hRaid ﬁ@ﬁ%oﬁ-v‘e?efcﬁ?&nd
material release point and the irradiation region; 10flowng a gas in a

direction towaid drctpﬂ@ odtchﬁulm is gtshigkhprotecting therrefielitive ioptic Spwpreesmateripl a
| aser beam at 1 he 3ﬂ| at i _on raﬁg) %n to generate a plasma produci ng MY
radi ation; a G yb?)gs Iin ?H%ngrg ad- al ong a portion of said stream said
shroud haying a first shroud portion shielding droplets fromsaid flow and
an opposed open portion.
15. A method comprising the steps of:
providing a stream of target material droplets delivering target material to an
irradiation region in a chamber along a path between a target material release point
and the irradiation region;
10 flowing a gas in a direction toward the droplet stream;
irradiating droplets with a laser beam at the irradiation region to generate a
plasma producing EUV radiation; and
positioning a shroud along a portion of said stream, said shroud having a first
shroud portion shielding droplets from said flow and an opposed open portion.
15
16. A method as recited in claim 15 wherein said flowing and irradiating

steps occur simultaneously.

17. A method as recited in claim 15 wherein said shroud has a partial ring

20  shaped cross section in a plane normal to said path.

18. A method as recited in claim 15 wherein said ring has at least one flat

surface.

25 19. A method as recited in claim 15 wherein the shroud is elongated in a

direction parallel to said path.
20. A method as recited in claim 15 further comprising the step of

positioning a droplet catch tube along said stream between said shroud and said

30 target material release point.
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15 16. A method as recited in claim15 wherein said fl owm ng and

irradiating steps occur sinmultaneously. 17. A nethod as recited
in clai mib 2ohiered4mn sai d shroud has a partial ring 20 sirapas2enos®ssecti on
in a plane normal to said path. 18. A nethod as recited in claim15

wherein said ring has at |east one flat surface. 2519. A nethod as recited
in claim15 wherein the shroud is elongated in a direction parallel to said
path. 20. A nmethod as recited in claim15 further corrprisi ng the step of
positioning a dro at.ch tube ai d,stream en s hr oud and
o 30arger mt B al A drdut fested 1 s ST GHET RSB0 BauEk1 51 A
devi ce as r egirdadisianir6pled shedmwherein at | east a portion of said streamis a
dropl et stream
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