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Attorney Docket Number 2001-0084-01, co- 15 pending U. S. patent application
Serial Nunmber 11/509, 925 filed on August 25, 2006, entitled SOURCE MATERI AL
COLLECTION UNIT FOR A LASER PRODUCED PLASMVA EWV LI GHT SOURCE, Attorney
Docket Nunber 2005-0086-01, the entire contents of each of which are hereby
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09/848,043, Attorney Docket Number 2001-0020-01 and U.S. Patent No. 6,567,450
issued to Myers et al on May 20, 2003 entitted VERY NAROW BAND, TWO
CHAMBER, HIGH REP RATE GAS DISCHARGE LASER SYSTEM, U.S.
Application Number 09/943,343, Attorney Docket Number 2001-0084-01, co-
15  pending U.S. patent application Serial Number 11/509,925 filed on August 25, 2006,
entitled SOURCE MATERIAL COLLECTION UNIT FOR A LASER PRODUCED
PLASMA EUV LIGHT SOURCE, Attorney Docket Number 2005-0086-01, the

entire contents of each of which are hereby incorporated by reference herein.

20 , FIELD
The present disclosure relates to extreme ultraviolet (“EUV”) light sources
which 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
light source chamber, e.g. by a lithography scanner/stepper.
25
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

30  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. At this

wavelength, nearly all known solid materials absorb a significant fraction of EUV



Met hods to produce EUWV light include, but are not necessarily limted to,
converting a material into a plasma state that has at | east one el enent,

e.g., xenon, lithiumor tin, with one or nore enmission lines in the EUW
range. These el enents can include, but are not limted to xenon, tin,
water, lithium 10ln one such nmethod, often terned | aser-produced-pl asna

("LPP') the required plasma can be produced by irradiating a target
material, such as a droplet, streamor cluster of material having the
required line-emtting element, with a | aser beam In some cases, other
sui t abl e englgypLsiap theeugh Hee etarcaal. be@his, e benersied EUW!Iage abstt be

| aser. In another nethod, often terned el ectrl c di schagge produced- 15
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e collecte 1ght may t e relaye frorn the intermediate location to a set of
scanner optics and ultimately to a wafer. In a typical setup, the EUV light must
travel within the light source about 1-2m from the plasma to the intermediate
location, and as a consequence, it may be advantageous, in certain circumstances, to
30  limit the atmosphere in the light source chamber to gases having relatively low

absorptance of in-band EUV light.



20 to be delivered to a scanner / stepper to allow for efficient high

vol ume EWV photolithography. To obtain this output power, a 5-20kWdrive

| aser, e.g. CO2 laser, may be used to irradiate a source naterial such as a
streamof tin droplets. O the 5- 20kW of power delivered within the EW

| i ght source chanber, cal culations indicate that about 20% 80% of this
power may be transferred to a buffer gas in the 25 chanber. Unli ke the
relatively harsh environnent of the |light source (which as indicated above
may include debris, source material vapor and conpounds, cleaning etchants
such as HBr, iorFel BUhiighukbecepdssigndd Sorchseasn yghr vghme (udniufdctuming be at

relatively hi ressures and / or relatively high flow rates), heat,
etc.,) the th‘}mﬁ‘ﬁﬁﬁfs’ Gt ﬁ}Fl??S’t“rgel%é]t‘@?)éS/@rpef tt]xg;graqmgpre-? Ehetlif%%“@élol%she_rmr e
beni gn. | Ne8Rgtorrdiftb chil beCl 2 Bhrafhehd CIRREInG HRGEACY, éawtﬁﬂ%tm cally

i ncl udes conplex optics to esta um natio patterni ng an
proj ecti on ultgnately, cast. dowggopemtibmniletals awr geregaad rssa thy-prodectt bie theaf er

stage relative to,the patterni optics, e.g. reticle),.a near vacuum
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pressures Avbkid cA bé @R theMdim o MBYhRBedo9UBS, indutrhleatbing Ahd SRS of hagher, is
desirabl e. However, as indicated above, solid, non EUV absorbing materials
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cor r espondi foreARL AL Se BlctiV RS of RIYVRRY substantially. In this regard, co-pending, co-
owned U.S. Patent Application Serial Number 11/786,145 filed on April 10, 2007,
entitted LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket
Number 2007-0010-02 (the contents of which are hereby incorporated by reference
15  herein) discloses a device in which a flowing buffer gas such as hydrogen at
pressures at or above about 100mTorr is used in the chamber to slow ions in the
plasma to below about 30eV before the ions reach the collector mirror, which is
typically located about 15cm from the plasma.
It is currently envisioned that about 100W of EUV power, or more, will need
20 to be delivered to a scanner / stepper to allow for efficient high volume EUV
photolithography. To obtain this output power, a 5-20kW drive laser, e.g. CO; laser,
may be used to irradiate a source material such as a stream of tin droplets. Of the 5-
20kW of power delivered within the EUV light source chamber, calculations
indicate that about 20%-80% of this power may be transferred to a buffer gas in the
25  chamber. |
Unlike the relatively harsh environment of the light source (which as
indicated above may include debris, source material vapor and compounds, cleaning
etchants such as HBr, ion slowing buffer gas(es) such as hydrogen, (which may be at
relatively high pressures and / or relatively high flow rates), heat, etc.,) the
30  environment within the stepper / scanner is typically more benign. Indeed, within
the chamber of a stepper / scanner (which typically includes complex optics to

establish illumination, patterning and projection as well as complex mechanical



In a first aspect, a flow nmanagenent systemfor an extreme ultraviolet 15

| it hography apparatus is described herein which nmay conprise a first
enclosing wall at least partially surrounding a first space; a system
generating plasma in the first space, the plasma emtting extreme
ultraviolet light; a second enclosing wall at |east partially surrounding a
second space; an elongated body restricting flowfromthe first space to

t he second space, the body at |east partially surrounding a passageway 20
and having a first open end allowing EUV |ight to enter the passageway from

the first spmogeraends o mevotht wifenstegaireddtivewo thy fatermingbptidspe.gxieticlehe
ation

assageway into the second space,, t.he body sh d to establish a | o
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introduce gas into the passageway at a position 25 between the first end of
t he body ard@pwewer.lagdediated abavensplad, memlfgﬁd absogbing seatetiadhale unarailablertoone

enbodi nent .his aspect., the system may. further .conprise a sourc
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creating an 30 inductively coupled discharge plasma in the passageway and /
or the soufeRarggtheseoenyionmegisy while éﬁilrléﬁ@?mélé‘a/rb@é wemcong ghambert i9e
passageway 4,5k, t hi s aspect, the plasma may be a gl ow di scharge or a corona
di schar ge BPasna. I n anot her setup, the source nmay produce a

r adi o- f r equency Véitke ¢her aimbere din serindy apeplicants késcpss spsjews fovdnagdginggadfow gl ow
di scharge or, coropa di scharge Ln o rangenpent of this aspect, the
aper t ol o eghERaubes O g Exkamsatiraitlel ALY LABER RN Bonly b d
particul ar caiépBAERE MothddIdfe¥st em may conprise a 5 plurality of apertures,
each aperture positroned to introduce gas into the passageway at a
respective position between the first end of the body and the | ocation

havi ng a reduced cross-sectional ar, e setup, the system may
conprise one or nore nozzles direct fromthe aperture(s) toward the
first end of thi el fingalspéctbadflow management system for an extreme ultraviolet

15 lithography apparatus is described herein which may comprise a first enclosing wall
at least partially surrounding a first space; a system generating plasma in the first
space, the plasma emitting extreme ultraviolet light; a second enclosing wall at least
partially surrounding a second space; an elongated body restricting flow from the
first space to the second space, the body at least partially surrounding a passageway

20 and having a first open end allowing EUV light to enter the passageway from the
first space and a second open end allowing EUV light to exit the passageway into
the second space, the body shaped to establish a location having a reduced cross-
sectional area relative to the first and second ends; and a flow of gas exiting an
aperture, the aperture positioned to introduce gas into the passageway at a position

25  between the first end of the body and the location having a reduced cross-sectional
area.

In one embodiment of this aspect, the system may further comprise a source
generating an electromagnetic field in the passageway to produce a plasma therein.
For example, the source may comprise a radio-frequency coil for creating an

30 inductively coupled discharge plasma in the passageway and / or the source may

produce a direct current electrode discharge in the passageway. For this aspect, the

plasma may be a glow discharge or a corona discharge plasma. In another setup, the



10l n a particular enbodi nent of this aspect, a tenperature control system
may be provided maintaining the tenperature of the elongated body within a
pr edet er mi ned range. I n one enbodi nent of this aspect, at |east one
vane may be di sposed in the passageway of the el ongated body. 15In another
aspect of the present disclosure, an extreme ultraviolet |ithography
apparatus nmay conprise a first chanber having gas di sposed therein; a
second chanber having gas di sposed therein; an internediary chanber in
fluid communication with the second chanber; an el ongated body restricting

f1 ow from tdoardeimsy podacde tadie-filchgercyteieamede disgharpe i e, pabsagevagywhith | east
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sufficient to operate over t ista d tore I on energy bel ow
100eV bef opeedeteeminedsangeach t he optic; a second encl osing structure

he. i1t ol umCh B8 STPBUIIEDYof S0 475 & SFASLEL FRBRmER 2o Obed b e 1o
t he secondpy@,gé%yquqh@ﬂgﬁ?gé@b&g,_est ablish a gas flow directed fromthe
second volume intd the systemand a gas flow fromthe systeminto the first
vol unels In another aspect of the present disclosure, an extreme ultraviolet lithography
apparatus may comprise a first chamber having gas disposed therein; a second
chamber having gas disposed therein; an intermediary chamber in fluid
communication with the second chamber; an elongated body restricting flow from
the first chamber to the intermediary chamber, the body at least partially surrounding
- 20 a passageway and having a first open end allowing EUV light to enter the
passageway and a second open end allowing EUV light to exit the passageway; a
flow of gas exiting an aperture, the aperture positioned to introduce gas into the
passageway at a position between the first end and the second end of the body; and a
pump removing gas from the intermediary chamber.
25 In one embodiment of this aspect, the pump may cooperate with the flow of
gas exiting the aperture and the operational pressures within the first and second
chambers to establish a gas flow directed from the second chamber into the
intermediary chamber and a gas flow from the aperture through the first open end of
the elongated body and into the first chamber.
30 In another aspect, an apparatus may comprise a first enclosing structure

surrounding a first volume; a system generating a plasma at a plasma site in the. first

volume, the plasma producing EUV radiation and ions exiting the plasma; an optic



I n one enbodi nent of this aspect, a gas may be disposed in the first vol une
10 at a pressure Pl, a gas nay be disposed in the second volune at a
pressure P2, with P1 > P2. In a particular arrangenent of this

aspect, the systemmy conprise an internediary chanber in fluid

communi cation with the second volune; an el ongated body restricting fl ow
fromthe first volunme to the internediary chanber, the body at 15 | east
partially surroundi ng a passageway and having a first open end allowi ng EUW
light to enter the passageway and a second open end allow ng EUV Iight to

exit the passiapeea)n the GraWwolimgand eiitinded fedin aREEe!be,a HRGndped;t 4lig8s
positioned to introduce gas into the passageway at a_ | ocation between the

first end sHeposed bsbresndthenplagna tsife agdypticarthe Zap esigblehing iangayasmbenm t he
! n _ o ; ; F
i £1 - chanrepSSy AEBEienctd ShePE o BPHETAARE Eilo Had:8ich, BRAEE beigly 1o0ev

DESCRI PTI Otbefsre ThiEiddRAVIdNGHeFiptic; 2 ssbmidserelsivigestaictire Sumplndihgd seceavd
ected portions_of an EUV

according to,one aspect of an_25 enbodipent, of se
phot ol i Phodi4BRS: a&ﬁﬁa%&ewmpa@heawcgeﬁvlﬂgmw shhee volumeslgiallowEPM zi ng
EWV i ght Qﬂcﬂa@or§¥§tﬂlﬁ.@§ G| thO@ Fikh §oluntthto Q%J%g&ghovﬂﬁﬁedﬁ'}’d %gérablg to

Fig. 1A shows a sinplified, schematic view o I scharge produced pl asna

EWV |ight sslablish s povithow directiot] dromw thessetend] vadume drtoitbesystinh aad agaEfow i ght |

e.g. 30 lithography too a hayi ng a coupling system di sposed

t her ebet Wetcgrr?;n%]e Systemin t&?%ﬁ%’%‘ﬁ&g a sinplified, schematic viewof a

| aser produced ﬂh@ﬁﬁ%nﬁb%rﬂxérﬁ'@‘fﬂﬁ@ﬁép‘e@t,%w 5 dispssce nRectifl vbRnge devi ce
an

utilizing EW light, e.g. lithography too aving a coupling system
di sposé® t Rbn PEstedn; 2 Brymay beilisresed detheissernd YaluRe ah panessuee B athi f i ed,
EWV i ght @ggrp:e 5 illustrating an enbodi nent of an EUV |ight source gas
managenent ystz'em Fig. 2A shows a sectional view through the
mul ti-channel s ucpartieulahananpeméntgof Zhisaspagnthel oy imsy 28mphisé anFi g. 2
showing a multi- changel st.r Lth re having con egt ric, coPi cal vanes;
intermediary chamber in tluid communication with the second volume; an elongated
body restricting flow from the first volume to the intermediary chamber, the body at
15 least partially surrounding a passageway and having a first open end allowing EUV
light to enter the passageway and a second open end allowing EUV light to exit the
passageway; a flow of gas exiting an aperture, the aperture positioned to introduce
gas into the passageway at a location between the first end and the second end of the
body; and a pump removing gas from the intermediary chamber.
20 In one implementation of this aspect, a multi-channel structure may be

disposed in the first volume.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a schematic simplified view, according to one aspect of an
25 embodiment, of selected portions of an EUV photolithography apparatus having an
EUV light source, a device utilizing EUV light and a system coupling the light

source to the device;

Fig. 1A shows a simplified, schematic view of a discharge produced plasma
EUV light source shown operable connected to a device utilizing EUV light, e.g.
30  lithography tool, and having a coupling system disposed therebetween;



Fig. 2B shows a sectional view through the multi-channel structure shown in
10 Fig. 2 as seen along line 2A-2A in Fig. 2 showng a nmulti-channel

structure having converging, flat plate vanes; Fig. 3 shows an
alternative arrangenent for a nmulti-channel structure having a plurality of
radially oriented vanes; Fig. 4 shows a sectional view through

the multi-channel structure shown in 15Fig. 3 as seen along line 4-4 in
Fig. 3; Fig. 5 shows an enbodi nent of a coupling system managi ng and / or
limting gas fl ow between the chanber of the |ight source and the chamnber
of a device, e.Figsthshewrs awimpleied| sahamatc Eldw bf g hasert progecsed dlasmm EDA/ | i ght
source 20 i.nto the device; Fi 9. SA shows.an e l gent of a
coupling sy rACHER?i Rpven r‘@@fqb%efp%t#og?laeéeﬁ’ﬁei H?ﬁ%ﬂ%w g\eﬁglﬁn?'_& a
passageway I18&sARHySBECarRvhadthe™ PHhe Jy HAH Wispobd the@beties; an embodi ment  of
a coupling system'having tapered nozzles to introduce flowinto a
passageway est allig.sBeshaws anscetiomalaviedw Bwoygh a simplified FEQTV Ik heowscen

sectional vjew t.hrough,the el opga y shown in Fig. SA as seen al ong
Fhe SCoscifFeligt Sudnengimey Shis EPS. Rl toRrer oo bintariorlifies 2 25
passageway radi @ig2A shows a RiondRieh @dusgh SRGhikRHankdQutREOSDWL e

el ongat ed body shown in Fig. SA as seen along line 5C5C in Fig. 5A show ng

| g S S /
nozzl es whiféth 2 # sesa aloagrling 2 Aol igad showinga maiiehanng] stuateredwving i sh a
vort ex; . |- ows anot her enbodi ment of a coupling system
havi ng a vgﬁréceggjcdfg%gaslé%n%?thi n a fl ow passageway; Fig. 6A shows a

sectional view fflig. @Bythowsen sictone tviely idodygltsthewnultirchengel sruatsresgmwminong
| 1ne 6'?\(-) 6AF }gn 2Feiisgs'eerg3 ;along line 2A-2A in Fig. 2 showing a multi-channel structure having
converging, flat plate vanes;
Fig. 3 shows an alternative arrangement for a multi-channel structure having
a plurality of radially oriented vanes;
Fig. 4 shows a sectional view through the multi-channel structure shown in
15  Fig. 3 as seen along line 4-4 in Fig. 3;
Fig. 5 shows an embodiment of a coupling system managing and / or limiting
gas flow between the chamber of the light source and the chamber of a device, e.g.
scanner, while allowing EUV light to pass from the light source 20 into the device;
Fig. 5A shows an embodiment of a coupling system having directional
20  nozzles to introduce flow into a passageway established by an elongated body;
Fig. 5B shows an embodiment of a coupling system having tapered nozzles
to introduce flow into a passageway established by an elongated body;
Fig. 5C shows a sectional view through the elongated body shown in Fig. 5A
as seen along line 5C-5C in Fig. 5A showing nozzles which introduce flow into a
25  passageway radially;
Fig. 5D shows a sectional view through the elongated body shown in Fig. 5A
as seen along line 5C-5C in Fig. SA showing nozzles which introduce flow into a
passageway tangentially to establish a vortex;
Fig. 6 shows another embodiment of a coupling system having a vane
30  disposed within a flow passageway;

Fig. 6A shows a sectional view through the elongated body shown in Fig. 6
as seen along line 6A-6A in Fig. 6;



Fig. 7 shows another enbodi nent of a coupling system having a systemfor
generating an inductively coupled plasma (ICP) within a fl ow passageway;
Fig. 8 shows anot her enbodi ment of a coupling system having a system for
generating an di scharge plasma within a fl ow passageway; 5Fig. 8A shows a
sectional view through the el ongated body shown in Fig. 8 as seen al ong
line 8A-8A in Fig. 8; Fig. 9 shows another enbodi nent of a coupling

system having a system for generating an inductively coupled plasma (ICP)
within a fl ow passageway; Fig. 10 shows anot her enbodi ment of a coupling

system havi ng a Fig. 7 shpes aidther éxabidiéntsofs eupling syaemtiav g sydien for
tenperature of all or portions qof the el origat,ed body surrounding a flow
passageway SRPEMiRE an pdugiyey sowrled plasme (ICP) withipra dlowipassagewayanot her

e may on RIS SRR ARSI B ] L

charged pargenerhtisg aradidclidge plasth2 vathovs flangiaseagewayrodi ment of a coupling

cystem gont’ gur ol Loy Lo 05,2 B LALL QMR Lk, 8 RaSRageRY, iy oct o0
as seen along line 8A-8A in Fig. 8;

Fig. 9 shows another embodiment of a coupling system having a system for
generating an inductively coupled plasma (ICP) within a flow passageway;

Fig. 10 shows another embodiment of a coupling system having a

- 10 temperature control system for maintaining the temperature of all or portions of the
elongated body surrounding a flow passageway within a predetermined range;

Fig. 11 shows another embodiment of a coupling system having system
producing plasma in a flow passageway and a pair of electrodes generating an
electric field deflect charged particles; and

15 Fig. 12 shows another embodiment of a coupling system configured to allow

gas to be introduced into a passageway directed toward the end of the passageway.

DETAILED DESCRIPTION .

With initial reference to Fig. 1 there is shown a schematic simplified view,

20 according to one aspect of an embodiment, of selected portions of an EUV
photolithography apparatus, generally designated 107, for e.g. exposing a substrate

such as a wafer, flat panel workpiece, etc. with EUV light. For the apparatus 10” a
device 12” utilizing EUV light, (e.g. an integrated circuit lithography tool such as a
stepper, scanner, step and scan system, direct write system, device using a contact

25  and/ or proximity mask, etc..) may be provided having at least one chamber 137, the
chamber(s) containing one or more optics (not shown) to, for example, illuminate a
patterning means (not shown) such as a reticle, projection optic(s) (not shown) for
projecting a patterned beam onto a substrate (not shown), and a mechanical
assembly (not shown) for generating a controlled relative movement between the

30  substrate and patterning means. As further shown, the apparatus 10” may include an
EUV light source 20” having a chamber 26, e.g., a discharge produced plasma
(DPP) EUV light source (see Fig. 1A), a laser produced plasma (LPP) EUV light

10



Wth initial reference to Fig. 1 there is shown a schematic sinplified
view, 20 according to one aspect of an enbodi nent,

an EUV photolithography apparatus, generally designated 10", for e.gqg.
exposing a substrate such as a wafer, flat panel workpiece, etc. with EUW

i ght. For the apparatus 10" a device 12" utilizing EUW |ight,
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scan system direct wite system device using a contact 25 and / or
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the light source 20” into the device 12”. For example, as detailed further below, the
coupling system 14”, which may constitute a so-called “gaslock”, may have
subsystems to both introduce and remove gas from the chamber 16”.
Fig. 1A illustrates an apparatus 10° having an DPP light source 20°, a device
12’ utilizing EUV light, (e.g. stepper, scanner, etc.) and a coupling system 14’
managing and / or limiting gas flow between the light source chamber 26’ and the
chamber 13’ of the device 12’ while allowing EUV light to pass from the light
source 20’ into the device 12°. As shown, the source 20’ may be a so-called dense
plasma focus device producing plasma at plasma site in a chamber 26°, although it is
to be appreciated that other discharge produced plasma (DPP) devices such as a
conventional z pinch device, a hollow cathode z-pinch or a capillary discharge may
be used. For the apparatus 10’ shown, the source 20’ may include a pair of
electrodes 31 which may be, for example, arranged co-axially. In one setup, the
central electrode may be hollow and an active gas 33, such as Xenon, tin vapor,
lithium vapor, etc., may be passed through the hollow electrode to the plasma site.
The central electrode may then be pulsed by an electrical pulse power system to a
relatively high electrical potential relative to the outer electrode. Capacitance values,
anode length and shape, and active gas delivery systems may be optimized to
~increase EUV light output. Also, one or both of the electrodes may be cooled, for
example, by circulating water through the electrode wall(s) and / or using a heat pipe

cooling system.
Fig. 1A further shows that a mirror 35 may be used to collect EUV radiation

produced in the plasma and direct the radiation in a desired direction such as toward
an intermediate focus 40’ located within the chamber 16” of the coupling system
14°. Although a single grazing incidence mirror is shown, it is to be appreciated that

a plurality of grazing incidence mirrors, arranged in a nested configuration, may be

11



source (see Fig. 1B), or any other type of EUV |ight source known in the
pertinent art such as a hybrid (having | aser and el ectrical discharge),
synchrotron, etc. Fig 1 also shows that the apparatus may include a
coupling system 14" having at | east one chanber 16" nmanaging and / or
limting gas flow between the |ight source chanber 5 26" and the chanber
13" of the device 12" while allowng EUV light to pass fromthe |ight
source 20" into the device 12". For exanple, as detailed further below, the
coupling system 14", which may constitute a so-called "gasl ock”, may have
subsyst ens used. b”ﬂteheﬂmtm(gduﬁ‘ecambabbmmmer gmy bk meadetof enaijladeham, pélladikhg. | A

illustrates ap us 10' havin i ght source 20', a device 10
12" utili zirﬂgl HWP%@%W:% (j’”‘é‘%gé E’reéﬁréﬂlﬁer etc.) and a coupl i ng
system 14' nmana g tdy I

chanber 26’ andqtlgeh%%gﬁbsg?&i? d?]gf t 3 f/e{dcéswrllg%g)%&?}eﬁ;ﬁa%%g%s Ilght
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gas delivery systens may be optim zed to i ncrease” EUV tput. Al so,
one or bot herein.t he el ectrodes may be cool ed, for 25 exarrpl e, by circulating

wat er through t ode wal ,f O Uusi eat pi ol |ng
aystem Fro 1Al dPrOP e ezt 1Y paring s b Bt Siee e
radiation g @ﬁidwledmlap ihbRde! ASHReANID dbF géﬁerhlh@g maghiat bPMght palsde i ed
direction such as toward an internedi ate focus 40' |ocated within the

chanbel 16delwnng¢11q:bgi§|puis;ssyt@tzehglgcspmce wamb@uaﬁ eFosﬂmﬁc@r@q& ”,n’@e

I nci plence % Useb $n 1alot o%e xggreatpegfneﬁé@ t{ﬁ%ts g'ttegl ) %&M
grazing |1 nc nce m OI’S ar ane In a nes |gu 1 on,

used. The tfhefchaﬁberrm» tsdnuﬁmﬁ&ts)cﬁneecmhomwﬂgers aﬂa:ylfﬁeeilif&dﬂegﬁonml ybdenum

pal I adium rut h§ le lagg‘g%éruuns]e lg ?}lxedde%rlcet 2u2n Sotwennln I}c‘lgrl %i(a?rqgclzlude a pulsed
laser device, e.g., a pulsed gas discharge CO; laser device producing radiation at

20 9.3pm or 10.6pm, 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 have a MOPA configuration with multiple
stages of axial-flow RF-pumped CO; amplification and having a seed pulse that is
initiated by a Q-switched Master Oscillator (MO) with low energy and high

25  repetition rate, e.g., capable of 50 kHz operation. From the MO, the laser pulse may
then be amplified, shaped, and / or focused before entering the LPP chamber.
Continuously pumped CO, amplifiers may be used for the system 22. For example,

a suitable CO, laser device having an oscillator and three amplifiers (O-PA1-PA2-

PA3 configuration) is disclosed in co-pending U.S. Patent Application Serial

30 Number 11/174,299 filed on June 29, 2005, and entitled, LPP EUV LIGHT
SOURCE DRIVE LASER SYSTEM, Attorney Docket Number 2005-0044-01, the

entire contents of which are hereby incorporated by reference herein.
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Fig. A also shows that a conical nested debris collector 37 may be

di sposed in the chanber 26' between the el ectrodes 31 and mrror 35 having
surfaces aligned 5 with Ilight rays extending out fromthe pinch site and
directed toward the mrror 35. In addition, a buffer gas 39 such as
hydrogen, helium argon or conbinations thereof, may be introduced into the
chanber 26', as shown, and directed through the debris collector 37 for
subsequent renoval fromthe chanber 26' via punp 41. More details regarding
a DPP |ight source may be found in U S. Patent Nunber 10 6,972,421 issued

on Decenber 6, Z0D&wmndigdonké sp&idfic ygirtaibnUbthBAWek O labdoblim&OReEbe t he
entire contents of which are hereby | ncorporated by reference herein,

Fig. 1B il |St9§ﬁb 8t &6 0 eafﬁﬁatra@mswt@ulaﬁaﬂmge daser pperating @t Sighy peweand whi ch,
a hown, e e I e

a?\dSIS deI | v P{ﬁgé %'l%%n g;/ta?é'pﬁkéég{ &?& Fl L@Q?%UI%%' %ﬁé?%bﬁlggl ' ; tshe
source 20" ,rod Imedisk@hapqnmmee niadia, tar M(H?A abmﬂgmahexmmentaser dystem, [xeg. hSS f rom

t he system 2 and the cha te re tar ets at
an irradi atSPBAT AR Pgﬁ Sigtes Patemf\gﬁ %g% 391 egsg‘{gsglﬁeﬁn‘ggg‘s?ﬁsgo

shown in Figer %amg dﬂécéﬂﬁix%r@cl%&fh%g d.85ah dieNlat® cHantber aﬁdl?iﬂlascﬁdmgf’es

di scharge CO2 | aser device produci ng radiation at 20 9.3gmor 10.6p. m

e.g., wth aml@mgelz:f@mbctsa(wm the pamdifying ciambefsain peatallehoghin pesvies), ae. g

ot ou oy SRt Bl BRANFRPIMORY) hitbentntls paRE b iBLoMBSe (1 O

mul tiple stm@aﬁeptpmmetdgeme%wwmﬁd stafPlasdtthitl Seeds dr@oranereairg a seed
pul se that is initiated by a Qsw tched Master Gscillator (M) with | ow

ener gy l%ndOﬁur@ﬂe%arr Bpenng .atm’hﬁst &r qscidlator cchagbiess, gnay; e kqtablger Athem. From
the MO, thg. %?s‘%{r BH{SBE ey then be anplified, shaped, and / or focused
before enter| ?1 ‘chanber. Continuously punped CO2 anplifiers may be
used for the sys%tseﬁmrtﬁer sheovn ax Eigol18, the EWV dight s@@Re RO gnay diviinduliaw ng an

oscillator,and thre lifiers PALl- PA2-. P onfi.guration) is.disclosed
b or pendtgrtundes ey sybler A aeiVernE SBoREOA teiges WAt D) od on
June 29, 205t oMY hdrbbr 28R BVirkd b SAURAE ORINE: WASER RIS TR
Attorney Docket Number 2005-0044-01, the entire contents of which are

her eby13 ncmtq;mtaméldoworemeerbglmt@umm 2. zero one, or niep & ory pra-pubke(Ypeci fi c
applicatiopn s of lasers Yy, a sui.t abl an _exci mer
or ot ecul B PRt ARG Bore P IRy R R S A% Sesriy g aflasiE
repetiti onad BUY. erfmssioh] The itsigttudeterial ey idliilegbs: ik aseiecesSaflly lilavd RY a
fiber, rod or disk shaped active nedia, a MOPA configured exciner |aser

system e. 3% mateal thats mishies din fthien, Srenoa sorpeqrabinatigns, therepps The EUV

6, 549, 551, r Y,

e.g., an osc?ﬁggtlglgzcﬁé%etgpén ﬁllg%&gr érrft?):r’ é@%{%t&?%ﬂ%ﬁf@%@??@@? h the
anpl i f2pi ngandtmnmmsparmharcaintaﬂlecbmthm diguidedjqplets rmsetngr othec |szlmt\0h1bpower
osci |l ator IVL‘PO ment ower osci .l at or anpl i f| .POPA)
arrangerrerﬂ %t WO‘Q‘E F 9 fhg %}?%%P%m&%ﬂgp 10 or
mol ecul ar Johuﬁﬁdt&enamﬂctmﬁtudag ARG, aF&*ex@HﬂiI@%@eleﬂ%Mt tttﬁnﬁglﬁeetgé@ O her
desi gns are possij bl e. further _shown in Fig W |ight
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25 thereof. Depending on the material used, the target matenal may be presented to

the irradiation region 28 at various temperatures including room temperature or near
room temperature (e.g., tin alloys, SnBry) at an elevated temperature, (e.g., pure tin)
or at temperatures below room temperature, (e.g., SnHy), and in some cases, can be
relatively volatile, e.g., SnBrs. More details concerning the use of these materials in
30 an LPP EUV source is provided in co-pending U.S. patent application Serial
Number 11/406,216 filed on April 17, 2006 entitled ALTERNATIVE FUELS FOR
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15 interact with one or nore |light pulses, e.g., zero, one, or nore than
one pre-pul se(s) and thereafter one or nore main pulses, to ultimately
produce a plasma and generate an EUV enission. The target nmaterial nmay

i nclude, but is not necessarily limted to, a material that includes tin,
lithium xenon or conbinations thereof. The EUV emtting el enent, e.g.,
tin, lithium xenon, etc., may be in the formof liquid droplets 20 and/ or
solid particles contained within liquid droplets or any other form which
delivers the EUV emitting elenent to the irradiation region 28 in discrete,
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these materials in P"EUWV source is provid i N~ co- pendl ng

pat ent apploptaBlonayske ifermeduwiiea thlﬂugbﬁlokltb ﬂld%dledmmmdes Eél;lera’(edﬁ;y

entitled A Tl FUELS ,FOR Att e unber
2006- 0003- glleEmAe £8P IRST tispleh B om0 19°F P’g%hc&% ek i B Aot
her ei n. shown @@bptﬁwxmﬁlawﬂehe Ei,an emﬁasoidbpmﬁw thatoiys asmtrﬁeui%tﬁﬁ;yoral SO
include an optic.30, e.g.,.a collector mirror in the formof a truncated

el i psdPd RE¥ithg Irr%,dlatlon rsipadfbanda seqand_fogysedt 2 eiedlisd infermedipteseaion ng
| f I
ayers o @W&W@?W%@ﬁ‘c Hﬁg%@ d gnﬁﬁoﬁpﬁferﬁﬁl t Sourcd 5%8 tyx%%éﬁ%ia I ne

Si, single crysta ws that t e optic or nmed
with a thr cughingosysteno 12 hm&vhehmplut ghita davisesl yetibriag UV light esg.staam 22 to
pass through the o tic lgl?C}Pto reacr the irradi ation reg[l on 28. As shown, the
optic 30 e%%tedértjm“ LRty OB Fsh a%id FeRP +ERANIRASSISP ARG S6a% WEIFLwi t hi n
or 10 neardirét@ﬂr{té%te%'Mlé&ﬁﬁr@hg&tﬁd@%@/%ﬁ&ﬁﬁnﬁ?%k @c.a so-called .
intermediate region 40 where the EUWV | ight may be output’ fromthe EUV |i ght
sour cel®0 pass ghooﬁhg)hvmth@gpm 30 m%sbemp&moamsm thapthe dlosest dparalde 12

st eppor  seofthal B 3 i Bk L AREREE A pob G RPLEBR AT 638 i 0

contact ankk épp}éclméanhéﬂ dtieBistics B4 be ub&d M pics fw\me ellipSoigit indrctOforay be
positioned such that the cl osest operable point on the optic 30 is |ocated

at a di st afpilecting adydirqatiagilighhte an ngrmedigicolecaten for spbseguen deliyssy éxr at ed

t hat ot herg u t 0

col | ecting % gé i@ﬁ%éﬁgw l?%ﬂt Iﬁ{;}op’gagﬁflﬂ%ﬁé? rég)gllgaljtne& ﬁ%cg%?%%@ ({#r ?Iga bgéequent
del i vey tavnfigdeditoalelived a bearg Hakdvigl 4 ghg-,shéped @¥srgeltod feaw pteenediate be

par abolic ,or may be 20 confi.gur del i vey, a be mh in haped

cr oss- sect!PEHON S8 €igaorPRYY ?’ﬁ @d‘? olg%ﬂ3 tofiPpleation. 'ﬂ@g‘?ﬂ h{!ﬁf{?}?é% Pat ent
Appl i cat i ofle®@hi Aol TBED 0Tl /cRBBed EUV ldquc@nA&ewhWD&&et%ﬂﬁﬁber%oﬁtl ed EW
OPTI CS, Attorney cket’ Nunber 2006- 0027-01, the contents of which are

her eby i anQﬂﬁd)rlaﬂ@womﬁntSeqféV}@ﬁh are lrogbyt ineorporatestkby @ ferangeenper at ur e cont r ol
system may b Usgdhd Gl 95 Rrk0fefl SRELEARALLYR RSIOTREESRS

operational tenperature tarfge era i dael

heati rrg, eptic 3Mevithin MO pee- sménted b@aﬁﬁbﬁalpdemfhm tdnge. COTthQérﬁperHﬂuEé or
substrate backside, and / %OOl i ng .g. one or, nore cooling channels
formed i nCPRECLSSTeE: Py 1HFIPF16 ealififs ter%toé‘et(ﬁ rga@solamﬁé&@teé&ﬁhaﬁben fheyi d,

e.g. wat ercoHéctJn' B{er Qﬁﬁétfa%nbaa%ﬁi% Uad RET®bling! BE. 0REBr ARt Coofdi 1t
derivatives includes, but 1s not
channels formed in the collector mirror substrate to pass a heat exchange fluid, e.g.
water or liquid gallium.
30 As used herein, the term “optic” and its derivatives includes, but is not
necessarily limited to, components which reflect and/or transmit and/or operate on

incident light and includes, but is not limited to, lenses, windows, filters, e.g.
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necessarily limted to, conponents which reflect and/or transmt and/or
operate on incident |light and includes, but is not limted to, |enses,

wi ndows, filters, e.g. spectral filters, wedges, prisns, grisnms, gradings,
etal ons, diffusers, transm ssion fibers, detectors and other instrunent
conponents, apertures, axi.cons, stops and mrrors including nmulti-Iayer
mrrors, near-normal incidence mrrors, grazing incidence mrrors, specul ar
reflectors and diffuse reflectors. Mreover, unless 5 otherw se specified,
the term"optic" as used herein and its derivatives is not neant to be
limted to specpadnitdrs whdges, priemat grisiod, edridips, tedalanhy aliffages, Wrildnilsgsre or
nore specific wayel ength range(s) such as at or near the EUV output |ight
wavel engt h,fiReRe Jeieciers Andopther, drstrumept cemgEPEnts aRSTIRICEN @XiGORY| stensl and or
met r ol ogy Qf; . p i ( r I g t.h: s

Tocont  mui ngray niSfmel AR Y, SRRl Rordlol RURIRD HBRASS eragine o,

i ncl ude an iEtiNerwe ninirodrs.e sp&]arwreflebtonsaynd| diffusen edfieteors. dMoreovleas anlesont r ol

system 65 far triggerin ne or.nore la and/ or .| aser devices in the
system 22 {° EFWEF% ?lgﬁ‘getﬁ%tteém | e ﬁ_ﬁlug%ih"f%‘ln gy if Y21 RE M Bber
26, and / @b bé GmikAs tohbbRGtPRAIDEIPLINENely Dr & adRhiags WiV B 6r hbfk

actuator to aqléést beam tocusi ng, beam steering, 15 beam shape, etc. A
sui t abl e bépeatide vaveleysth yanas() fsoeh puatas nsardbe BV puipuslighy wavekagthmtheand /

dj usti ng, 1 f | f th I i scl ' - ' U S.
or 501Ut Bt S ARURDCR! 4 DB L 15 RRBIGD 50850500,
entitled LpafticulRRGRAEIELERIOASIMkeRUNthiHattT SOURCE, Attorney Docket Number

2005- 0081-01, the contents, of which are hereby incorporated by reference 20
herei n10 As di scfo8ERungeyidh nefemmge dp higr eBpEinEHY fight sowse 2@mapaises may

be in flui ¢ RATINECH dMrolet Bo Which 9[5? erudd Ghive DRBY &%m[m)é é&@rle ude
adj usting pulse duration, using, for exanple a pulse stretcher a or
pul se tri nfd figr. triggering onkher bk laingk tand/ontaser &Ficenyn dlessysienc?2itetharedbyopl et

position detection, syste i.ch may include o or re droplet imgers 70
that provi e ﬁﬁ?b@“sg@@\rl\/ﬁﬁ[&ffﬂt‘g@ é_g%f’t_‘at“ﬁ?eer gg_s?’lq }c:ﬁl’)lr fg’f B OIEPg I’?B"i“g

dropl ets, @elfery, re?%.ﬂip‘ti&@rﬂd%eﬁlﬂ@ vid hadhl kORjuSMBam ZBusinPCodaRoRELSY, 70 may
provide this output to a droplet position détection feedback system 62,

whi ch Ban, beamy shapso et A suitaldp| keanpdeliveinosystemy for gyudsst shaping, rfoousiig,ch a

average.  Theiiahloc I Etye T np8er B OICRUSS T HI o B e BEndnE” "

control | erUS0, Pakéht Whpplitatiam Setial Nawmetiep! /398,990 dfled qipFebiuar;: 20 264, i on
and/or timng correction signal to the system 22 to control ‘a source timng

circuit arfided TR ERODETEEL RLASIA; BHVaRTH R RPWRCEy dtiomeyeDgeket t o
change t hexja64t icﬁﬁ-@qu/-@ﬂ thO €S e R Wt wikh m%érEWﬁcomorated by reference

20  herein. As disclosed therein, one or more beam delivery system optics may be in
fluid communication with the chamber 26. Pulse shaping may include adjusting
pulse duration, using, for example a pulse stretcher and / or pulse trimming.

The EUV light source 20 may also include a droplet position detection
system which may include one or more droplet imagers 70 that provide an output’

25  indicative of the position of one or more droplets, e.g., relative to the 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 error may then be provided as an input to the controller 60,

30  which can, for example, provide a position, direction and/or timing 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 location and/or focal power of the light
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pul ses being delivered to the irradiation region 28 in the chanber 26. Al so
for the EUV |light source 20, the target material delivery system 90 nmay
have a control system operable in response to a signal (which in sone

i npl enentations may include the droplet error described above, or sone
quantity derived therefron) from 5 the controller 60, to e.g., nodify the
rel ease point, release timng and / or droplet nodul ation to correct for
errors in the droplets arriving at the desired irradi ati on regi on 28.

For the EUWV light source 20, the droplet delivery nmechani sm may incl ude,

for exanpl gulsé‘s BéiRpldelivaltd e RReiradlatiah irdglo® 288 rthd thaitser @6. NAlse ot teans of
droplets 10 exiting the dispenser or 2) one or nore continuous streans

whi ch exit ERé lkghé p@lﬁgeﬂoalﬂ@ iﬂﬁ%e‘é}ﬁu@ﬁ@ll 9elbie@él§Y$tﬁPo9QjF@1¥I kave 2 Gentre)l
surface tegfs'té)m Ope(ﬁ oé,tlghgfre "’h%g tﬂa%%cgr?e‘ﬁ gr roh 9&1@ &‘?ﬁl@:ﬁerﬁgﬁo&e:nﬂ ered to

the irradi ation re roplets may SiImu neously
reside in tdvtuderth@dioplét@iror dgs@ibed @batd, onktge quentity derved ﬂnemﬁoem)sfmm be

sinmultaneously irradiated by an_jinitial pulse [ etoforman
15 expa?ndeglet%ﬂ&@llefsﬁ@’ttgb?é pdityythg 6 ésetB"‘Bfaéengsen%‘gH‘ &]{JélFﬂpl‘F aser

pul se(s), ﬁlogu}atlgﬁutg Jat feétefo?) errdr® 9GRS WA Retd AN SRS de8red! Rraditfion

enbodl ment, a nmulti-orifice dispenser may be used to create a
shovverheacbguqxplﬁ effect. In general, for the EUV Ilght source 20, the

dropl et di spenser \ ﬁgu at i [ RONs: | atin de one
or several orifFﬁre{I’g)E‘gﬁ FFOW%) %&?Q‘é’?leggfﬁ?f?%m é‘ 85 *creat e
one or nor frdxambRy asdrbﬁléff&}s e créetifg Eﬁhd’relg&frﬁldignbﬂ&ﬁsu@aﬁlpeﬁsﬁéﬁets
descri bed above and their Fatl ve advantages may be found in ¢o-pending

U S. PHt en@xm@g)rheccame@ﬁersm)aqnemmﬁ CORImEMIS Ggans N@@Wlﬁéﬁﬁbﬂ}eys?l

A tor oy DGESEERtL B g Pl ts ¥ shirehdleibl Oy delee SE A
12 At Ipaiasis s ey, ekt oo i £ 10
2004- 0008- @%W%g%%wsg%ﬁdggﬁ?ﬁm fﬁf‘PBé‘i%‘%‘%Egéﬁ?‘é’lﬂgmﬁﬂ?g’émm

11/ 174, 44 t TERI AL
TARGET mﬁ%&iR@g%%dﬁﬁmﬁg?lﬁggédﬁgggy anlithPRyse %ﬁ%&éqgﬁ% pendi ng

U. S. Pet entxpapqgd terget switabbr faxlexplosvbeto ang ox&zﬁreambsttqueeﬁla@@r plllﬂeQSM@g 2007,
entitled LASER P D PL LIGHT S I NG A, DROP | REA
PRODUCED JERRESBONL BYEEAR 4B B ARRE G OOR Ol F#ﬂ%’&"%&&“&ﬁh s
2007-0030- diépen&éi%ﬁprveeﬁﬁea tofcreash Osfho%t}{éiad&yﬁe”hﬁff&by InNEDERQS firetle DY

ref erence herein. The EUV Ilcght source. 20 nay include one or nore EUWV

met r ol ogy Elﬂytligjﬁéﬁtl@e@r%ﬂhesﬁmﬂt THEDPRE I8N bﬁgn at@ssorpmqspewﬂwéenef t he
EWV |i ght " Y for
exanpl e, %}9 n% u?lg Ol?t\é &L%Y% (:';I(rfﬁ eﬁ%l ty ensé% Iﬁaeﬂ? R 'pggspar i cul ar
spect raal hmeuie onesmembreadiro!plaan diseathd), Moot detaﬂatagardmgethe diﬁ@nsdrkl dedeldVed i ght
source 20, .the i be confi gur ed erate ' e the

downst r earfiPP¥d|an &Glr “‘Bﬁ‘é‘f%ﬁga S pHY s eal‘fﬂ%l? lfls OsPERdinge l% Jatengy,
sanpl i ng g pchiiOn seﬁaltmﬁnEéM psﬁsg)yss ﬁfédgon Fébruslg A, 9096 %fnﬂea TIARERO or
sanpling "uncol | ect ed” efate while the downstream

tool, e.g PR@EHQBD tHi@‘?g$Mé’hyE’g¥aM@HT SOURGE| RAGH PHE BULAB A lamey
measuri ng [Sohc?(e EbB/S gL Wl QJ-pémnEWs' Pﬁgﬁt ﬁsﬂﬁc%%og %enal Number

25  11/067,124 filed on February 25, 2005, entitted METHOD AND APPARATUS
FOR EUV PLASMA SOURCE TARGET DELIVERY, Attorney Docket Number
2004-0008-01 and co-pending U.S. Patent Application Serial Number 11/174,443
filed on June 29, 2005, entitted LPP EUV PLASMA SOURCE MATERIAL
TARGET DELIVERY SYSTEM, Attorney Docket Number 2005-0003-01, co-

30  pending U.S. Patent Application Serial Number 11/ 827,803 filed on July 13, 2007,
entitted LASER PRODUCED PLASMA EUV LIGHT SOURCE HAVING A
DROPLET STREAM PRODUCED USING A MODULATED DISTURBANCE
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As indicated above, irradiation of a target at the irradiation region 28
produces a plasma and generates an EUV enmission. In addition, as a

by- product of 15 this process, ions may be generated which exit the plasnms,
typically, in all directions. Generally, the ion's initial energy exiting
the plasma will vary over a range, with the range being affected by a
nunber of factors including, but not limted to, the wavel ength, energy,
intensity and pul se-shape of the irradiating |light, and the conposition,
size, shape and formof the target material. Al so indicated 20 above, these
i ons may, iWAWREatatdey Degkadeurnbardip 7«60« , theumintanss of ¢achrof, whiels afe i nput
w ndows, trol Qqgy windows, filters, .etc. For the sources 20, 20" shown in
Figs. 1A a “%B}‘5“@%§?d@Yd?ﬁ¥¢W%MW%§Hbr static, may be di sposed between the

pl asma site and-gpt | g ng ) h | | shi ﬂg@ber
density, n, (i.ﬁngggg?l%]?]%“?&%?ega}’ \ﬁ/lgﬁgl?fe)gﬁi?f@?%nt 59[%?00 rate
over the dilstmneats dnotwhissven)d fors mdasummeg resiousli poperties beft wWeee EWWVieliphtasma
site and optic 30./ mrror tQ, reduce i.on _ener to.a target .maxi.ooum
ener gy ? ev@Fn%%thrbé( ‘?ﬁéo}l@ﬁﬁ ei@?ﬁeﬂ?@pﬁ)‘ﬁ F%dn%ﬂ?’rﬁ%rexé@gi%ﬁb‘?te’é&g’npl e, a
gas nunber (gfgnsiotal Biddsitsi 8N tinteBsitye AWERini QN p@HRGERY JpRc@all BAA®! SHRYErAUM
energy | evel between about 10- 200 eV, and in sone cases bel ow 30eV may be
provi ded. Pardvogdty aplaggatisn, etre 130 taeliUdelighteaprce 20rihgdnstument(@) a8y et i s

conterpLa s ipka 5,908 91 IR Ay A0EE SRS ISBA, RUeT
Fact or s whosrinapy/gb®ycamplidg agsbriion s€HRCEUNgowtpsty elgghisthgg@ pickoff mirror
10 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
EUV output of the EUV light source 20.

As indicated above, irradiation of a target at the irradiation region 28

produces a plasma and generates an EUV emission. In addition, as a by-product of

15  this process, ions may be generated which exit the plasma, typically, in all
directions. Generally, the ion’s initial energy exiting the plasma will vary over a
range, with the range being affected by a number of factors including, but not
limited to, the wavelength, energy, intensity and pulse-shape of the irradiating light,
and the composition, size, shape and form of the target material. Also indicated

20 above, these ions may, if unabated, degrade nearby optics, such as mirrors, laser
input windows, metrology windows, filters, etc.

For the sources 20, 20° shown in Figs. 1A and 1B, a gas, e.g. flowing or
static, may be disposed between the plasma site and optic 30 (mirror 35), the gas
establishing a gas number density, n, (i.e. number of molecules / volume) sufficient

25  to operate over the distance, d, where d is the nearest distance between the plasma
site and optic 30 / mirror 35 to reduce ion energy to a target maximum energy level
before the ions reach the optic 30 / mirror 35. For example, a gas number density
sufficient to reduce ion energy to a target maximum energy level between about 10-
200 eV, and in some cases below 30eV may be provided. For operation of the

30  device shown in Figs. 1A and 1B, it is contemplated that the gas establishing a target
gas number density over the distance, d, will be present, and flowing, during EUV

light generation. Factors which may be considered in selecting a suitable gas
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conposi tion and gas nunber density include the ion stopping power of the
gas conposition (e.g. slow ng ions bel ow about 30eV over a distance of
about 10-30cn) and the BUY absorption of the gas as a function of nunber
density (e.g. for an LPP source, providing an acceptable in-band E UV
absorption over a distance of about 1- 5 2mas the EUV |ight travels from
the plasnma to the collector mrror and then on to the internedi ate region
40. Sui t abl e gases may, depending on the specific application,

i ncl ude hydrogen e.g., greater than 50 percent hydrogen (protiumand / or

deuteri um i QHpRRiESH - anla dsURABE &é}ﬁﬁy NAtILAO $hd T SRbpinEOPoveeradPhiRs ghdr a
plasma generating ions having a 10 maximuminitial 1on energy (e.g. about

5- 10keV) arsdmpositian{eg. slowmg 1aiobrlowHbowh 3QeUnwene distaneawf ahowtul -30dne) gas

of about 500 O AR ahsEY B asce RO b1 RSPy e L (P8 o B e 201
the range gburebqibvidiHpdrOddeetabléQRBeah® EUVBYsoBsticapled y elistarf| ¥ abstioppi ng

and Ran?e of lons in I\/atter) software (available_at 15 wwwwsrimorg

websi ted cam pethedddViligha fexelgifiam theeplgema truhiseollgetas misfor E%FQS‘BIQ@ Wer a

gi ven di Stﬁikcﬁtenﬁl:dltal})% {s4pequired to reduce the energy of an ion (having
an initial 1on ener £0 bel ow a sel ect ed energy. Fromthe nunber density,

t he expect ed EUSuithislegptdsanayyydepérelimaen tdanspeeificaipplitaioadinclide lyydragdne

further appreciated.th as introduced jnto nber . eacf. with

light, ion arﬁea/tercfparﬁgb el lé}#‘ég“t“cﬁ%&? E%Eﬁ“g‘?%r‘i qunbr‘ ‘¥ }’Z’ f e.g.

atom c hyd&&ﬂ%ﬂm@ﬁﬁn{m@ihéﬂé(&f ogeh ek%ﬁlebeCQ DeeRirhtard (0t lflaWin%? Iaeanl ng

/| etching and / or ion slow ng. ngeym durther shovvs that the |ight
ag

sour cel®0 mayimymlinidiel forgencran fegeshant Ss Ghmc@hdnaﬁ/abMI Iidema

26, an o) OR3P S, Soah e RaY Forg g RE5y i REE HRRERbuL 203 ARy GeT !

some caseshydrogdrogedl at @Oprebduddv ofadbidut S0g@tdrh Gt ad6m/ tefipetaturent F@ﬁlusmeg gas
renoved fromthe chanmber 26. Al though the BUY |ight source 'g_as managemnent

system i s YEAZEMSEY, iPResgunes; i ﬂ’ér@nﬁevﬁthbqlﬁf eE o 2Pf@m fé%rbée shown

in Fig. 1B, r filAks

di scl osure rlﬂgﬂgqualﬁt%/ﬂ\/gé%ﬁgpgﬁﬁﬁgﬂt ggftl%t S%L@g?%u%g&?%'fo shovv& i n i .

30Cont imui wygwastida-drig gvebisite) ¢anvibd hiseleto sletanmideathe @ag asmbmégrsity r{operyisieem 102

o of | gad\ES 2 RRehdD B aratisddp TEPeaBe Srirky Lye emUavingdn a gas
ow of ga a gas

nanagerrentlmtfay%ﬁ ren%%l) NBYbswPE %le‘é?e‘é E&r%f't I PRYUE I RBhBR) .deh§FPVie

gas(es), and / or_regulate the flow of gas(es) within the chambér 13 of the

devi ce 12 expettediBgVEabsdrptipn by the gas can be calculated. It is to be further
appreciated that gas introduced into the chamber may react with light, ions and / or

20 the plasma to dissociate and / or create ions, e.g. atomic hydrogen and / or hydrogen
ions which may be effective for cleaning / etching and / or ion slowing.

Fig. 1B further shows that the light source 20 may include a gas management
system 100 which may include a regulated gas source for introducing one or more
gas(es) into the chamber 26, an adjustable pump for removing gas from the chamber

25 26, and, in some cases, a closed loop flow path recycling and / or re-introducing gas
removed from the chamber 26. Although the EUV light source gas management
system is described in detail herein with reference to the LPP source shown in Fig.
1B and 2, it is to be appreciated that most of the following disclosure is equally
applicable to the DPP source 20° shown in Fig. 1A.

30 Continuing with Fig 1B, it will be seen that a gas management system 102
may be provided to introduce gas(es), remove gas(es), and / or regulate the flow of

gas(es) within the chamber 16 of the coupling system 14, and a2 gas management
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For exanpl e, the gas managenent systens 100, 102, 104 may include a punp
forcing gas through a closed |oop flow path, a heat exchanger renoving heat
5 fromgas flowing in the flow path, and / or a filter renoving at |east a
portion of a target species fromgas flowwng in the flow path, e.g.

contam nants whi ch may degrade optical conponents and / or absorb EUV
light. A valve, regulator(s), or simlar device nmay be provided to neter

t he amount of gas which is directed to the punps. Also, in sone cases, a
conditioner may be provided to dilute and / or scrub 10gas(es) prior to

rel ease to dyhensSiiq ﬁup%gﬁévided to introﬁfﬁée)gﬁtesggfreﬂa?e bhqR)aasdhAsbRulkd 15,
26 via one Or nore puhp(s) nmay be perfornmed to mai ntain'a constant gas

pressure i rthe Aewrafgas(es) withiohbertlmambies 13 of thexviag 1ReddiwingEVY lgghd. additi ons
fromthe gas managenent .system 100, 102. 104 _and./ [ enoy
contaminants, v rﬁfxaﬂﬁlealtﬁﬁﬁls,m%qa&emfaptoﬁifsée’%%zﬁ%e}é%Sf,ﬁlgl,ayzlg,glugﬁaa/ or
15 to est at}ﬂuirriihfo@ciﬁ% 288 tHréug adicRed 1ddp fow lpaii) @hedBexchbnge? @emevidlg Helt

mai ntain a relatively high pressure between _the optic 30 and iryradiation
regi on 28 Jfrin gas faming in the|flaw pethy and(\opp ddter ramedpgat easta PPfticadRR i on
regi on 28 tnt |2 ; 4 ddijti andib6 eat
exchanger ( g@%ﬁ]%&%ﬁ%%ﬁ%ﬁ%ﬁ%}?ﬁ%%ﬁ?ﬁ gof’vlog?tg’ng'\% cﬁgtéat anépmé%)ﬁ?/a contr ol
t he t enper alegrade wiptitalrcompohantethd 1/3or disort? BU e light. t & eawe,r egulatoe(s2,0or

tenperature, of the optic, 30 an or to.renove contanjnants, vapor, netal
ust . ot o SHANGEvicRTHEEPS Resvided togheth e aniainy O Bro D 5 SpUel i the

gradi ent | BufpehaIRLin ddne LRses 28 coftifiondr TP v ded 16 Allate! a4l Nor Hcalh
pressure between the optic 28 and irradiation region 28 and a smaller,
rel ativel y ghsios) prios tarededse tonde surrpendingsadi at i on regi on 28 and t he

[ di j 40. . 25 l,.. of b
usea, concer t caRy A WoERETh o refibst 15526 i BEEHPoR BBHERE JFEY o

and / or t @eff@iniddaiomain&ed 8Coastaht! @ prédsarevintthé Fespectiverabugiden13hesyizer 13,
15, 26 and,/ or to maintain a selected gas conposition, e.%q. a selected
ratio of sEVESSRANSE s gas additipnsfpom fiygrgas peanageraent pysipmal 00y 102, H84sandd/c@red 1 ow
rate(s) ma aMRR t | i SOy i nput
to the chay %ﬁg%?%gnamu%}tgo‘}%ﬁ grégﬁgnt? )9(@ rﬁtg%ﬂ:t tﬁ%?ne fc?%itﬂgnt 619 %f gg’%a/?&
exchanger ( &) estdbhich affréssiergradiofit intahetrantendnEf26cogl towpamy=sih arslatiecly. t he

col l'ector m ror_coqling system .andi( of the gas feddi SEALS i ety
low pressure between the irradiation region 28 and the intermediate region 40. In
addition, the pump(s), heat exchanger(s) and ﬁltei(s) may cooperate to remove heat
and thereby control the temperature within a chamber 13, 15, 26, e.g. to control the

20  temperature of the optic 30 and / or to remove contaminants, vapor, metal dust, etc.
from a chamber 13, 15, 26 and / or to provide a pressure gradient in a chamber 13,
15, 26, e.g. to maintain a relatively high pressure between the optic 28 and
irradiation region 28 and a smaller, relatively low pressure between the irradiation
region 28 and the intermediate region 40.

25 Control of the gas source(s) and pump(s) may be used, concertedly, to
maintain a selected gas pressure / pressure gradient and / or to maintain a selected
flow rate within or through a chamber 13, 15, 26 and / or to maintain a selected gas
composition, e.g. a selected ratio of several gases, e.g. Hz, HBr, He, etc. Typically,
the selected flow rate(s) may depend, among other things, on the light source power

30 input to the chamber, the amount of gas mixing, the efficient of the heat

exchanger(s), the efficiency of other component cooling systems, e.g. the collector
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By way of exanple, for a Sn target and CO2 | aser systemw th the optic 30
positioned about 15cmfromthe irradiation site 28, a |l aser pul se energy of
about 5 500m) and an EUV output repetition rate in the range of 10 - 100
kHz, a flow rate of about 200-400 slm (standard liters per mnute) or
greater, may be enployed within the chanber 26. For the light source
20, the gas managenent system 100 nmay introduce several gases, for exanple
H2, He, Ar and HBr, either separately and i ndependently, 10 or the gas may
be introduced as a m xture. Mreover, although Fig. 1B illustrates the gas
bei ng i nt rqﬂm%ﬂmg&gs{eﬁg%ﬂdwnr'ﬁm'r%stleqaﬁerﬁ&ﬁg ¢aidttbdsR! tehBimgps may
be introduced at mnul Ti ple l'ocati ons, y be renoved at nmultiple | ocations
and / or neshatwersvacuated for circulation at nmultiple |ocations. The gas

may be supplied yia a tank o e gener §Ioca|| . _Far, exampl e, t he
gas source may i%él“ﬁ‘éfé’%ﬁa@ﬁ_[e’ %g‘y%lgﬁﬁ ehﬁ@ éﬁ?sﬁr ﬁ%%?%r‘?’l e‘?r%"a%%r.
Several typesitRhed a¥akt! PRhe flohf thedirhdidiod eeCrB, W Taberepllscabhdt g YATHB8N /
deuterium fromwater / heavy water using a proton exchange nenbrane. Such a

devi ce Ps rPiPrdad an k¥ outbubiepEbtiomraik inHbarange whder 108 a dloot ratep
dr ogen .see the. Lck ter wepskte for
I(;Zt ai Igs. %P)g%tzén@::?\%a %Hr{l eHngglltﬁgse%ﬁfrqglnw ?%#}%’r Hﬁgfgbeg%;? %?/(?%hms uch as

an appr opr itk ¢haedter26al scrubber, e.g. to scrub etchant gas vapors, and /
or a source of diJuent gas tg dilute the exitin as prior to rel ease
into the surrourdf %ilgﬁﬁbﬁowar%é!’emﬁnwgﬁ@%%ﬁ m%é’hm%rfaémfwebe

expl osive @év&ﬁ%ag&[‘?&rétxﬁﬁlhieoﬁf, i, Arand¥iBy, eﬁhgzi &5&%@@% ﬁfc‘l@?exﬁi%n L or air
may be used to reduce the H2 concentration 25 before rel ease (generally
bel ow 496 andtheogas mparbeiintiddnced how Mixaede. Mbreeverastlithaeigh, Figr 1B rillastgitdsi on t o

the use of ,a dil.uent. ga atal.ytic cqnverter 0sgSi avi ng a,Plati num
cat al yst n‘gﬁf & ﬁi&&jm?fSaﬁﬁfﬁ\éﬂneﬁé%?PSBe 1} g’ é%f@r.gmated %%éﬂ? {%ﬁ%g‘éyd’&s es for
reduci ng i @itrodneddat malyipidietatiifis, By bdrémbaid z{tlrﬂﬂllﬁgﬂ Ib&ationY dh@9eP n{aRr ot i um
and deuteriumisotopes), heliumand conbinations thereof. In 30 addition, a

cl eani ng / beerauateddes cirewlatiensy mudtinie decatipnnn{l be 2as mayahe seppbisdivied on

oxarpl o ¢ FORDF iy B Yok FAdHF, 1R ERaBicl 1 Hhs 1B Gl DBILESN or-O"
conbi ngt i odemiriehpdrbgerBy deatgriain gerxaton| Sevaaltipealate acatphsidchalingvaen Sn

or a Sn conpound.|s used as the target terial i ncl ude 50-99% H2 and
1- 50 9% Hprdevice with letragts hadroger 4 deREnumEem Waisr ﬁ%ﬁ@éﬁ%@%ﬁm@e@s may

be used toex%mpgeefﬁémb%tef guéh bideBice id MErKRRAI AU solY @pb@h@?aéﬁaﬂ@ inddy at

[
| east 4 orders of magnitude wth an 5 acceptable | €evel EUV absor pti on.
I n sone cathegrodust namiel HydrogemiGeneratarg fdremiainpde sezathiengwmwagorhaickhaiiedt 500
sacrificial | gygr.g@ng still provide full EUV reflectivity. Taking into
account a FEAYGPUE 197 88PN rate of 0.2 layers per MIlion pulses (in the

absencg of ion Depdrdaid 6f)thanchst igeds WPEERBEIRA thae bRl prolidk@4sucdugs bR the
above-described mtigation), a collector lifetine exceeding 1 012 pulses is
est i mat ed appropriate chemical scrubber, e.g. to scrub etchant gas vapors, and / or a source of a
diluent gas to dilute the exiting gas prior to release into the surroundings. For
example, when H, is used (which tends to be explosive at gas concentrations of 4-
25%), a diluent gas such as N; or air may be used to reduce the H; concentration
25  before release (generally below 4% and more preferably below 0.4%).
Alternatively, or in addition to the use of a diluent gas, a catalytic converter,
possibly having a Platinum catalyst may be used to convert hydrogen to water.
Suitable gases for reducing ion energy may include, but are not limited to,
hydrogen (protium and deuterium isotopes), helium and combinations thereof. In
30  addition, a cleaning / etching gas for removing contaminants that have deposited on

surfaces of optics may be included such as a gas having a halogen. For example, the

etchant gas may include HBr, HI, Br,, Cl,, HCI, or combinations thereof. By way of
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10 corresponding to about 1 year of operation of the collector mrror in a
hi gh vol une manuf acturing environnent. The use of an ion stopping
gas and / or etchant gas(es) as described above, nmay, depending on the
specific application, be used alone or in conbination with one or nore
other ion mtigation techniques such as the use of a foil shield (with or
15 without a slowing or deflecting gas), and the use of an electric and/or
magnetic field(s) to deflect or slowions and / or the use of pul se shaping
to reduce ion flux nmay, see e.g. co-pending U S. Patent Application Serial

Nunber 11/ Z%8mpHd af Julit@Ble Ao itlon 1Wher?80 6r 2684 kb RReRROLCR B ASVA
EUV LI GHT SCQU At t or ney cket Nunber 2007 0010-02, the contents of
whi ch are Ha#teria)l my ingkude 9B eH: Byd | S0SHdHR Fig. 2 shows the gas

e comang ik By TS PRI 45 S

t hr ough- holien flax ¢i.& pibe @berge-iftegtatiesignalpbyrad leasocli (dﬁél@ &f nelgnitpdoivithlan
collector mrror for directing EUV light froman_irradiation regi on 28,

e.g. whér e ascepiable et0£rﬁ r RBYorRtiag | By sonae Pasrsadhafelépcw TRITEQE, ¢ e‘Fta‘@er ( not
shown in Figayg )m HQWAH&t EbY sA 2Bl 18Rrs 5&1 rgtvfaé'm? ﬂ?&hg

within the cou |ng system 14. As showni, t eE ht romt e opt c30
passes t hr Jagiganoagpbintg myastuesd drdsigndate ©f @rﬂolatyerlsqaeal\ﬁﬁmmwls@ (irt thei zi ng

2"t he gas SRR Gdne "R GRDTE! PiechPREssRs CREPbr 19 48600 JRY BP8Y et | o ng

one or mor aesz;haaedmttﬂgaﬂoﬁj oWV @Aledtor LifeEinRN CkOsHdNE JOFUsillsseid Rdfifgted
vessel, e.g. chamber in fluid communication wth one or nore gui deways

204a, b10 eaborresRPRRInG jO zbmet Ihyassioh gpesation oA fthe epliepier sHiman iy a high volume
Cont i nui ng lﬁ!g n be seen that within each closed |oop flow
pat h, gas |\s%%ﬁ rec g& Yﬁé%rﬁ%ﬁ the through-hole forned in the optic 30 and

toward the |rraalhatuls@bfaemmstoﬁﬁngl-‘gaemaﬂh@rtelmtﬁugg‘aSMD as dasdpidedl iabovgf t he
gas flows throuygh heat exchanger 206 and into punps 208a, b. .For the optic

30 shown i aF; gependingipn Hie feeiligrapRgrEion b6 usehatans lpcfoaatggatm Wibr beam
froma | as M i & gh,
ot her throﬁ%eh&ﬁglf){eégmﬁna&;.}tog provi deghlglﬁ‘éés{éug at?téﬁf V\C/ﬁ?afsmt t’? E)g optic
30. Mbtseoverthowt heloveng toabdeflettimgveaas hsd rﬂnty ube of shadtdtgd eaddz(mr trhagnetlbe

chanber 26 ee [of0) lic r al
Nunber 11/ GY9GH S PR G STRIGE AP 0 Baie of RElsE hap RS bR
SYSTEM FORndy |66/ EWIPS%@%IMMS&QP%&MH%861)45@95&6& Nurrber
2007-0039- 01 the contents of which are her ebI\; i ncor por at ed by ref erence

herein.  April 1¢02007, entiigsh FASER PBOLRRUGER, P ngérH P ROURE Esonsi st
of a plur f e rt nul a ates

wi th each %#t&%ﬁeyexﬁ g%egi glﬁ%%ra?%(gﬁgﬁﬁ]@ C|tl?égué6 gétngyncoghg‘?&g}tgg %:hia e¥ 26.
One, sone iacorpblateddibyt feferphadt es nay be forned with one or nore internal
passages to pass a ggat exchange fluid, e.g. water, éo cool each plate. The

heat exc hanger 9“’? thecgasdRanagemsal ccgggonfepmfr?d) Woﬂ{j’rﬁ(’lt‘th@gréi?@hanger
206 and / g ,&fﬁgﬁt hgﬁém&lwﬁewhamto@a be iR Ptugtdiﬁgb%@éow absorb

EUV radlatlon and/ or fo opt | tin vapor
formed with a through-hole is dlsposed e.g. a near-normal incidence, ellipsoidal

collector mirror for directing EUV light from an irradiation region 28, e.g. where a

25  target material droplet is irradiated by a drive laser (not shown in Fig. 2) producing

EUV radiation, to an intermediate region 40 within the coupling system 14. As

shown, the EUV light from the optic 30 passes through a coupling system 14 and is
input to a device 12 utilizing EUV light, such as a lithography stepper, scanner, etc..

As shown in Fig. 2, the gas management system may include an enclosing

30  structure defining one or more closed loop flow paths, the enclosing structure having

a vessel, e.g. chamber 26, in fluid communication with one or more guideways

204a,b, each guideway 204a,b being external to the chamber 26.
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20 as a target material. Once cool ed, the gas may pass through punps
208a, b, which may be, for exanple, a turbo-punp or a roots-type booster,
and thereafter be directed through an external guideway to a |ocation where
the gas will, once again flow through the through-hole formed in the optic
30. It is to be appreciated that one or nore flow regul ators (not shown)
may be provided, e.g. one reqgul ator near each 25 punp, to bal ance fl ow

t hroughout the gas nmanagenment system Figs. 2 and 2A al so show that a
portion of the gas fromthe through-hole formed in the optic 30 nmay fl ow

Wi thin chamber 28odtnudioRitig. i2; ahvan belsed thuckithia eddi¥clobsd RO MdWpdtR, the

mul ti-channel structure 210 may be di s?osed between the irradiation

| ocati on 2&aarid dingetefl rtheaugh dthatthrqvghroleforagd imathe enticud@ aadgpweed they of 30
tric,. .cal sh i t
O SRS BVISRE VAR bRk, PSR R IR el o

to mni m zexEhiMght Qb6 MlSkitd guips . 208a,baddot ithe) optiars® slasad ii0IFigay, e
selected to corresggagd to light paths which _are unusable by the scanner
202, dué, dhrgugh-holsalse fractiomssto; past Adasse Beave fTomta dasst sersre (Hof ghavohionber s

213 may be yjpr %pﬁgﬁggg%iggggpﬁ{lﬁho&lgﬁcﬁe&q&%h h-$holeS Py prolRREAnd §9&Eo Fi 9-

2B shows anot the vanes 212" consist of flat plates
conver gi ng floenaas thiveghnther ot 30e Moreover4 0theassuitablenflow paths 1Ray Ae5
flange 211 .be provided to restrjct. fl ow between the | 1 e chamber
26 and theenag]fﬁ?‘PE!h met Pﬁé‘f"g?fe 259 dor $Xa@RI§ee co-pen f‘%svg\% g%ﬁn% show
an al ter naWpFJﬁcﬁfdrxaBQﬁﬂeﬂ'anfb@f 13/8W6614- GRANGIE IAUBUELS T UDEO R 1&ititleRi GAS
includes a plurality of radially oriented vanes 212'. Al ternatlvellé a

mul t i -é%an%ANﬁGEhéMTéSlﬁ\T% A LASERRRODUCHD PLASMA EHY BIGHZnes nay
be 10 enpl 0 | § LGh t LT PANON ' y own in
Figs. 2A g%%ﬁéﬂéﬁgyﬂéog%t Iglrnﬁg%}leioo q gd\;latﬁggonay t())g o?hrrgeré%\‘fmret% R

i nternal pagsgwested by kéfomnae heoin. exchange fluid, e.g. water or liquid
gallium to cool eac% vane. The nul tichannel strbjgtures, 210 Zég' ,, 210"
may function t oFebtie apparafysiiiththorms begjiexehanesr P maynonsist ot 2 pRiralitys

210, 210", GAQ a0 Aphrt OparkiPe1C AMBADL sHeped FhethPHI8teS Mvith FAOK Dlate extending
15 around the circumference of the chamber 26. One, some or all of the plates may be
formed with one or more internal passages to pass a heat exchange fluid, e.g. water,

to cool each plate. The heat exchanger 206 may function to cool gas flowing
through the exchanger 206 and / or to’condense target material vapors that may
undesirably absorb EUV radiation and / or foul optics, e.g. tin vapor when tin is used

20  as a target material. Once cooled, the gas may pass through pumps 208a,b, which
may be, for example, a turbo-pump or a roots-type booster, and thereafter be
directed through an external guideway to a location where the gas will, once again

flow through the through-hole formed in the optic 30. It is to be appreciated that one

or more flow regulators (not shown) may be provided, e.g. one regulator near each

25  pump, to balance flow throughout the gas management system.

Figs. 2 and 2A also show that a portion of the gas from the through-hole

formed in the optic 30 may flow within chamber 26 through multi-channel structure

210. As seen there, the multi-channel structure 210 may be disposed between the
irradiation location 28 and the intermediate point 40 and may include a plurality of

30  concentric, conical shaped vanes 212 that are arranged to allow light to travel from
the optic 30 to the intermediate region 40 and may be designed to minimize EUV

light obscuration. In addition, vane location may be selected to correspond to light
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15 that may undesirably absorb EUV radiation, e.g. tin vapor when tin is
used as a target material and / or to provide significant resistance to gas
flow, thus, establishing a pressure gradient in the chanber 26 with a
relatively high gas pressure upstream of the nulti-channel structures, 210,
210', 210", e.g. between the irradiation region 28 and optic 30 to e.g.
provide ion stopping and / or etching 20 power, and a relatively |ow gas
pressure downstream of the nulti-channel structures, 210, 210', 210", e.g.
bet ween the multi-channel structures, 210, 210', 210" and the internediate
region 40, §fhSwhichTrdutlsble BYYh@820h& 20N, o tPbstiBetionY iHESsdahfd,
directed toward the coupling System 14 and device utilizing EUV |ight 202.
For the dev@ueosmownradishmembets 2 Ghmande psevidest torseppor the, congentric,xpdicahmy be

25 positioned tp receive source material fromirradiaiion z »28.

h sol osed MR van o Bl 2R e ATt fibpintell if Bttt 1@ st e 210,
210", 210" drefat pates@shvat SNE tdvart thé BBInEAi4t® feglér 50,QR&hBHMNBAITEHgOR heX
debris mti gati on techni ques such as the use of an ion_slow ng gas as

descri béd e 211 may bseprovided o restrigiiflovgbetiveem therwall ehibatchambpiodd ardwi ng
or defl ect itﬂ?nm-);har&glestgﬁzgﬁ'galé,%es eGhric and/or magnetic 30field(s) to
€

defl ect or slow 1ons, an use of a pul se-shaped beam A beam st op
may be provi ded Rips. Ghanby shew sapmdteadati veranmmgahém dhea ntutiahafwd] sedcetund egr al

with the mylti-cghanpel structure 210, 210',.210". In the operatio of the
devi ce, a%bg&%‘ﬁ’af@:“féﬁ 2 Ellb‘Eﬂlté§]faFaé‘_@é§I(E’_tePtquVW?«?ra?at éagt _ Hi§e> & nore
pul ses t0 GRNAIALLNDY BHRire TYPIngaboth - conbemHl aloftal @h@ShdiHPVBAdsAInalfONES
along the beamdirection and spreads into a wide solid angle. A large

porti o0 of empdoyedt Eer the nmlti-dhenne) Istructursy, B0, 1208’ 2101 ishewanndligs 2AuBur e
210, 210", _21Q", which al so be 5 te ratyre.contrqglled. For.exanple, a
Comer at ur &7 dnprbRPES faledBe afes inded BT Rl g Bl ebingt RS bt
materi al i $iesti seh@sRoflaid eql. aidtedor liqeid- gAlGhE tb&. edohtvant. APy haddd on

Serial Nunber 11/509,925 filed on August 25, 2006, entitl|led SOURCE MATERI AL
COLLECTI ONChynrel stoyetures, A6 20RGERAMCEDTRY Asntionue ¢aobg3s Sovmesthraugh theey

Docket Numferi 20050050+ 04. 1o 16, 8115 b POIVLRB AL uphkihyyBHA IBHRDY
i ncorporated by reference Herein. See also co-pending U’S. Patent
Appl i cat i othaBendyalinddsirbiely abiorbSBIM tadiaticad eqn tApwvapor Mhen2ifd 4s veed iat laed

LASER PRODUCED PLAS E LI GAT SCIJ%CE, . At t orney .Docket Nunber

2007- 0010- §58°tt HESEHI | #18 doff cht BogtoenhieaHicant rﬁ%ﬂé{ﬂﬁ? it‘_hc%ﬂspglf’&i’ eduby
reference Qﬁéﬁisﬂingjﬁﬁ)ésﬂé)g%feﬁt R tht BRarhBE IR witRh Elafel) H@dga%tp‘r&@uﬂéay

i nclude netal dust, target nmaterial vapor and mcro-droplets or clusters

and can beupsireamy of athef mults-chdnmel estmigpires, 2WMen2t0’n 2187°g. e.g.phetaveenntheor a

tin conpound,..e. 9., Sn . onH4. r2 etc, is .used as the.source material,
t he by-pr o‘@i{*éifa§1°ﬁa‘§7g1°ﬁc8?€&8§t?ﬁ“’a%%’ierr%c%fﬂis‘é‘s nds Slqu) l%laﬂ‘é / oXi ggg{ngmst S
and otfer powéraadatdstively Bw gdy fe3sted d@elsdfcai 61t mRltDShaihe] dichirss, may
al so be present in the chanber. These by-products ma)( arrpnzq ot her things,
damage opt ?t& 24fd 2ABsof-B- betwean thermpltichagaelstiushiressy (el 001 210 apndl e and
not |'i m t ajnthediafere@tint 40, §6 3 Ghinfthizl W GbsotBtior 4 / or to minimize flow

directed toward the coupling system 14 and device utilizing EUV light 202.
For the device shown, the multi-channel structures, 210, 210°, 210”* may be

25  positioned to receive source material from irradiation zone 28. As disclosed herein,
depending on the specific application, the structure 210, 210°, 210°* may be used
alone or in combination with one or more other debris mitigation techniques such as
the use of an ion slowing gas as described above, the use of a foil shield (with or
without an ion slowing or deflecting gas), the use of an electric and/or magnetic

- 30 field(s) to deflect or slow ions, and the use of a pulse-shaped beam.
A beam stop may be provided which may be separate from, attached to or

formed integral with the multi-channel structure 210, 210°, 210”°. In the operation
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210" may function to collect liquids and solids (in sonme cases renelting

solids) and / or condense vapors. For a target material containing Sn, sone

or all of the 25 operable surfaces of the multi-channel structure 210,

210", 210" may be nmamintained at a tenperature above the nelting point of

Sn, e.g., above about 230 C. At this tenperature, mcro-droplets may stick

to the surface of the nmulti-channel structure 210, 210', 210", and in sone

cases, flow downwardly by gravitational force. Solidified netal dust nay be

re-melted into the nolten material and also flow 30 downward. The conpounds

of Sn (€. g.of RXAARR) a MY eEhaRrike sﬁdl?é%pae&o?hét tl?ﬁ'rddlzﬁéld gy Bhé“e% Afoge paIsRy ed

fromthe chanber. The milti-channel structure 0, , 210" may have

i nt er - conndetgeneratehplasmwhs Tymt:albhawnghafqdr tagget @@atfnn@ Ilnpq@ﬂ dlongtthe Hepmw f r om
ed T

surfaces t the bot et | e

ocat on adietiobad Gt e s hf el Alarel kR fithe PG pEYES e
EWV source c@lld:&é& a;g e fitgchidiel |sh@bﬁ1ré5(2ﬂoCQIaXI$10’f’&)/wHi%ht alsb eflay @eat i ve
to horizontal at about 28 deqgrees) to ensure proper flow of liquid on the

mul ti - chanfnpesetuis conoliefo, Eoroexample: a tempersaurs eanfrelled drgm |swps6crfe
appl i cati 0g%ec%ig;ggpgfdﬁgéin%ﬁ%g‘e?ﬁ{a?e?iaﬁlssdiéélé‘ééasanafc@ﬂ%dfﬂi'c’n Lehamge!

structure , mal nt a at a erature
mel ti ng poith$. mtenBapplécagon SeehlodMumbert 1 /2925 fifedronaAtgursy 25, 20doeentiled

Cnd 2ol aoSTIRGE" MATERIALoRL A R ORI ERR, R, TR oPREBGHY, o 510°
210", 210" pLARRMAVEUV- LiGHThsOURCE! !A%hlé&reDgél&t Ndfber 2865-0088L08 &

function as a cold trap condensin vapors, e.g., Sn vapor present in the
chanbet0 entire contents of which are hereby 1ncorporated by reference herein. See also co-

pending U.S. Patent Application Serial Number 11/786,145 filed on April 10, 2007,
entitled LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket
‘ Number 2007-0010-02, the entire contents of which are hereby incorporated by

reference herein.

15 By-products of the target material irradiation may include metal dust, target
material vapor and micro-droplets or clusters and can be in several forms, for
example, when tin, e.g., pure tin, or a tin compound, e.g., SnBrs, SnHy, SnBr; etc, is
used as the source material, the by-products may include tin and tin compounds
including oxides. Dusts and other contaminates, e.g., from collector mirror erosion,

20 etc. may also be present in the chamber. These by-products may, among other
things, damage optics and absorb / scatter EUV radiation.

By way of example, and not limitation, the multi-channel structure 210, 210°,
210’ may function to collect liquids and solids (in some cases remelting solids) and
/ or condense vapors. For a target material containing Sn, some or all of the

25  operable surfaces of the multi-channel structure 210, 210°, 210°’ may be maintained
at a temperature above the melting point of Sn, e.g., above about 230 C. At this
temperature, micro-droplets may stick to the surface of the multi-channel structure
210, 210°, 210”°, and in some cases, flow downwardly by gravitational force.
Solidified metal dust may be re-melted into the molten material and also flow

30 downward. The compounds of Sn (e.g., oxides) may also be trapped by the liquid
flow and removed from the chamber. The multi-channel structure 210, 210°, 210>’

may have inter-connecting channels (not shown) for directing liquid metal flow from
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Fig. 2 shows that fromthe nmulti-channel structures, 210, gas fl ows
generally in the direction of the internediate region 40. Fig. 2 also shows
that some, a portion, or all of the gas exiting the nulti-channel
structures, 210 may pass through 15 heat exchanger 214 and into punps
216a, b. For the source shown, heat exchanger 214 may consist of a plurality
of spaced apart, parallel, annularly shaped netal plates that extend around
the circunference of the chanber 26. One, sonme or all of the plates may be
formed with one or nore internal passages to pass a heat exchange fl uid,

€. g. wvat er syl 90! the Botiorh vlle ﬂ@ﬁqﬁgﬁetﬂxxgﬁ?%%ll@ééd.”ﬂl&e%é&foh%dt o cool

20 gas flow ng through the exchanger and 7 or to condense target
mat eri al vaectson tkthe vhannelsdesy baboyfigivedrebativeno rthdiEALY source . qrientationy apor

v ough pulE. B BETLGR B Ry thuICr el PRl Bt

r oot s- t ype chaRs bRiper A6W JNRUERSH Ble MBItdiHaARIQutiFORT)) 220°, 21081 TG thgui deway
204a,b to a location where the gas will, once again 25 flow through the

t hr oughs hobthet band dn isame appbeations3®me er a1k of theppembly arfaces af theamubive
channel structure 210, 210°, 210°° may be maintained at a temperature below the
melting point of Sn, e.g., below about 230 C (for a target material containing Sn).
At these temperatures, condensation is promoted and liquids and solids may be
allowed to accumulate on the multi-channel structure 210, 210°, 210°°. The multi-

10  channel structure 210, 210°, 210°° may also function as a cold trap condensing
vapors, e.g., Sn vapor present in the chamber.

Fig. 2 shows that from the multi-channel structures, 210, gas flows generally

in the direction of the intermediate region 40. Fig. 2 also shows that some, a

portion, or all of the gas exiting the multi-channel structures, 210 may pass through

15  heat exchanger 214 and into pumps 216a,b. For the source shown, heat exchanger

214 may consist of a plurality of spaced apart, parallel, annularly shaped metal

plates that extend around the circumference of the chamber 26. One, some or all of

the plates may be formed with one or more internal passages to pass a heat exchange

fluid, e.g. water, to cool each plate. The heat exchanger 214 may function to cool

20 gas flowing through the exchanger 214 and / or to condense target material vapors

that may undesirably absorb EUV radiation, e.g. tin vapor when tin is used as a

target material. Once cooled, the gas may pass through pumps 216a,b, which may

be, for example, a turbo-pump or a roots-type booster, and thereafter be directed

through an external guideway 204a,b to a location where the gas will, once again

25  flow through the through-hole formed in the optic 30. It is to be appreciated that one

or more flow regulators (not shown) may be provided, e.g. one regulator near each

pump, to balance flow throughout the gas management system. One or both of the

guideways 204a,b may include an optional filter 218a,b, e.g. scrubber, and / or an

additional, optional, heat exchanger 220a,b. For the light source shown, the filters

30 218ab may function to remove at least a portion of a target species, e.g.

contaminants that may degrade optical components and / or absorb EUV light, from

gas flowing in the flow path. For example, when a tin containing material is used as
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or nore flow regulators (not shown) nay be provided, e.g. one regulator
near each punp, to bal ance flow t hroughout the gas nanagenent system One
or both of the guideways 204a,b nmay include an optional filter 218a,b, e.g.
scrubber, and / or an additional, optional, heat exchanger 220a,b. For the
| i ght source shown, the filters 30 218a,b may function to renove at |east a
portion of a target species, e.g. contam nants that nay degrade opti cal
conponents and / or absorb EUV light, fromgas flowing in the flow path.

For exanple, when a tin containing material is used as a source materi al
to generat @ §diecephatial € gehadientidt plagtis hcaagarhinant® ysiich destin hiydrides] diés and
tin bromdes, may he present in the gas which may degrade optical components
and / or alS¥islep andntin jbgernidesHpae begpresgst dafhe %Wlﬁgh M3 vegrade iopcdne or

nore suita | eﬁhﬂ{[ i ofoTirel 1 eah o
absor bers, Qé‘?lg{)ﬁ%?tt% /h%a Se%c ang%%ﬁst' gg%’f%onrmy, %?I@x%%ﬁ{gvgggﬁ??gst of a
plurality ohe pamartaghitatd¢ dllters, atge zeolstp dteds, apht trapsydhémical abdokhersaat.ed, as
descri bed oye, and may nction to cool the.gas. in the i d 204a, b
and | of conabrse e nerlEd meirtee R Sone APt amal BB R e gas
stream Fi glated, EpHobd8par® BRYEntbRdlly tBEle8as: TRBACURIESYve SHRE ga? @cﬂoﬁq{ﬂde a

10 regul ated gas source 222 for selectively introducing,

cont i nuousFeolghe gas i the rpuidewayolided, anshveoroeondonse apdsthersby iremeve Waposhanber

26, e.g. for j.on_stoppin e.g.. 112 (protiumand / or deuteriumisotopes)
and / or Hg')g;h%ﬁ%polrs gg%@%%ﬁ%gmp%srm generated debris deposits from

surfaces in theFphapbffthdb shows hthats thdgas unfiggemeht apites afdy (Rhgle WBr, HI,
Br2, Cl2, HCl, H2, or conbinations thereqof). It is.to be 15 appreciated
that tHe gieguliéngr gas sourcRedl? fen Selectbicly drtrofbicings |cither SQUIBHWSY PhJR

nol ude antiSTrlfhgyf 8hk BFpoRn iRes b dic et TR R TOFRE SR T
opti onal cHpadiprotomeran226or deuteriuthdsatbpes) endndor Hej, axdr Libr etvhingaplapmaor to
rel ease, agsennga%gc{ idea)ends ge%%\s{i%s’ frvom.n;[ Qurfaces in the chamber 26, such as the surface of

optic 30, (e.g. HBr, HI, Br;, Cl;, HCl, H,, or combinations thereof). It is to be

15  appreciated that the gas source 222 may include one or more flow regulators (not
shown).

Fig. 2 further shows that the gas management system may include an
adjustable pump 224, e.g. turbopump or roots booster, and optional conditioner 226,
(e.g. to dilute and / or scrub the gas prior to release, as described above, with

20 reference to conditioner 114 shown in Fig. 1) for selectively removing some or all of
the gas from the chamber 26, and / or other portions of the gas management system,
e.g. guideways 204a,b etc. either continuously or in discreet amounts. In some
cases, a heat exchanger (not shown) may be placed upstream of the pump 224 to
protect the pump from high temperature gas.

25 Addition of fresh gas to the chamber 26 via gas source 222 and / or removal
of gas via pump 224 from the chamber 26 may be performed to remove heat and
thereby control the temperature within the chamber 26, and / or to remove
contaminants, vapor, metal dust, etc. from the chamber 26, and / or to provide a
pressure gradient in the chamber 26, e.g. to maintain a relatively large pressure

30  between the optic 30 and irradiation region 28 and a smaller, relatively low pressure

between the irradiation region 28 and the intermediate region 40.
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20 reference to conditioner 114 shown in Fig. 1) for selectively renoving
sone or all of the gas fromthe chanber 26, and / or other portions of the
gas managenent system e.g. guideways 204a,b etc. either continuously or in
di screet anounts. In sone cases, a heat exchanger (not shown) nay be placed
upstream of the punp 224 to protect the punp from high tenperature gas.
25Addition of fresh gas to the chanber 26 via gas source 222 and / or
renoval of gas via punp 224 fromthe chanber 26 may be perforned to renove
heat and thereby control the tenperature within the chanber 26, and / or to
renove cont ani na@ostrolvafhthe ,gasBbatce N2t andepumpd £ 0686 Bed Charagy béGised@Rsl / or

to provide a pressure %rdadi ent in the chanber 26, eh(%. to maintain a
rel ativel y Paniun grsslestedagas mupaherglensibhian apelpetederearet the chamber and / eyi on 28

and a small ' LESs i hat i reqi 28
and the i ntlgrr&??\ed’:‘le glt%gfeﬁ%%{dojagglvb& i pe?:%cﬁ%fg?&]rc}? tet%&%lg&é %ﬁ?%gg‘:zgé and
punps 216a,dndamdo 224ntaimya kelected das eompasition, B.gaa seleetet estigos severdi@asdiensi ty
in a selected . ar of the chanber and / or pressure gradient and / or to
mai nt ai n aes%ll'ge%’ PSfFrat e t hrough the chanber 26 and or to maintain a
sel ected gas comagsy tfifRer $hoWs BaSEAEEE Ridrd 8hd ddlitoREYR Rlea one6r 9-
112, HBr, He, etc. . Fig. 2 further shows that one of nore gas

moni t or s 228omegasuehiamastesiséic oinchading, dwt noh dinsitede td, sgas ctempetatitien gresbure, not

limted to, t.enper r .e re, conposition  e.qg. /[ 112 ratio,
HBr gas cor‘fgg%? ?llg ?,Oeﬁg.algel%é?bééo,gliﬂa iggspf)%rgng“ﬁr?‘fl%gmc H’é‘gbbglr_ﬁﬁ%o% Bilhfed in
fluid commehirabér 26 ok ptacedi inhfltid Emvusicatdsie ket €0 HRowigwak Sorl metcat i ve
thereof to a gas managepent system controller 230, which, in turn, may

cont r ol'0t h&&galprdicatg thereef 9 a gasnanagemeantfysterm gontreller? iy whieh, i ey at ur e,

pressure apgd, 40 e 3 r residual

Gas o tof i Sy APe tamss feaabre; bR SpafB SR s SBAE (RS peleflt
concent r at possurfiapd 2 oalcempebitiva. t fat ezampleplai mgsssteceometer rrayidbsa gasovi ded
including _15.provisians for maintainin e-sel ect flows (flow rates and
1 or 11 ow BIOPEEE PESIreutA i@y halsdH iRgarastiedd bR s capgentraion.

contam nant | evels AhlsersHoSA thah@ ¢dHpBhERILREE 14 &H) i higl ar,

t he coupling _systhm 12_n§ay_be desi gdr?gd ?g?,maet spe%:}ip:‘gieéﬁa}?yllgggqggpaglﬁe or
mor e speci Proyensrior mantaiming grevsslespasdfipys {flewpetes fand ¢ amfyw dimetias),ur er s
whi ch typi |y limi_the anount .of comtaminants. e.gq. tin _and 20.tin
conmpounds, {égpggaﬁilrﬁg] éasepg?@ﬁf %63%1 g pad {or cpptamiinant devels at qrpneatetheer ¢ he
stepper / meamRéatdtegidied@UNn |gastiduldr) et cav@lihg sPstemNWhaly beFi&ignrdd t8as
managenent near the internmediate region 40 may 1 nclude the nmaintenance of a
pressure DEEHWIPEHECHIQNSSIOF @ngtor maresypspisationspihat atecdeveloped dursstepnsnd f r om

the devi ool A LAUBLG I ch MELIEABh tod S8080 ofBon Eihonts, Ao nsligre (ha

t he gas managenent system nay € a gas source
st r eardOof tgasompainds, demnidg detchdre gastes); epdHBreheaggitanhaA@ntep i stepriee /

irradiation zone, 28 a .pu 234 and optional conditioner 236, as
descri bed B at ﬁ@rﬁggl lé%}{%ilgg?t)}’oé@a’éﬁélf‘?% 1 Kig- i%ngésr?i‘éﬁ?@f@ﬂf 8gardhe 40.
Fig. 5 shquermedieRDAGISEAD faydifefide! 1R mayibAMcd et a "HRAR Befl the OF
limting gas flow between the chanber 26 of the |ight 'source 20 and the
chanmber 13Pressure at the scanner input such that gas flows from the device 12 and toward the

intermediate region 40. Fig. 2 also shows that the gas management system may
25 include a gas source 232 providing a stream of gas that flows from the intermediate
region 40 toward the irradiation zone 28 and a pump 234 and optional conditioner
236, as described above, for selectively evacuating the intermediate region 40.
Fig. 5 shows an embodiment of a coupling system 1014 managing and / or
limiting gas flow between the chamber 26 of the light source 20 and the chamber 13
30 of the device 12 while allowing EUV light to pass from the light source 20 into the
device 12. As shown, the dotted lines 1016 indicate EUV light converging from the

source 20 to an intermediate focus 1018 and diverging therefrom into the chamber
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30 of the device 12 while allowing EUV |ight to pass fromthe |ight source
20 into the device 12. As shown, the dotted lines 1016 indicate EUV |ight
converging fromthe source 20 to an internediate focus 1018 and di vergi ng
therefrominto the chanber 13 of the device 12 for use therein. As shown,
the coupling system 1014 may i nclude a wall 1012 surroundi ng an
internmedi ary chanber 1020 that is in fluid communi cation with the chanber
13 of the device 12. The system 1014 nay further include an el ongated body
1022 restricting flow fromthe chanber 26 to the 5 internediary chanber

1020, and ChATREfcldele 1HSNE Sherk, B oy HE LB drud O 0 022

may be fornmeéd I"eas partla y surroundi ng a pass

havi ng a flmslhd@aeWaBnltmIOﬁﬁrcainﬂmg ang ifdelnedigryt cliamntent 20t thet pass dysday
1024 fromthe chanber 26 and &ge end 1028 all OWI n EUV_ I ight to
exit the p&LEERHYRAjioNWIE ;f'{;lf’f‘fﬁrjf@er eFyefernld | mampiithen of

the devi ce ;13,34 QnASi05 &@bop @zmes%@% TR uPFrotNaRE bhafiblr 2

necked region, to establish a east one location 1030 having a re uced
Cr 0ss- séct iimeahediaryachambet 1620 sl cHamber A8 tof emldehd@&61 2anHosthe spstemnid 13028,  As

shown, the re e 0SSs-secti o e |locat.ed at the sa sition
ot ¢ het ghe ok Todd a3 rRrmed ® pRiR SR B curr e 2 baeose B TIZ Ty be
appr eci at e@nd havink RefiResseted® B2 alRwih § EUW thghil 2chtéreke essage\daﬁlmed
fromthe |nterrred| ate focus 1018. It can be noted that t ape of the

body 1022 Hem the diaphed 26anslud seendi apen yend o8 raflomang Y ilight ta exik tht er

and |ight h s.. .0

i aret o of HRE ERct o e Tt EePE hhfion RPShol Bl 13 TiRYBeviteie, g
Cont i nuo ng Asishbwh] the body 1022 anylie shemsl, bjgahaxhhgalmedgedjreglanm)esbrbhﬁloaned 20
wi th one or nore apertuoga 1032, t hr ough- hol e xtendl ng. t hrough t he

wal | of théasiRrng leegimn 1050 aving ag%?ég%l @essectionl ige {hthedistedevay
1024 at a pEsé %@@e&ﬁfd@ﬁmw@ fAg %&n%&@&ﬁmea drb&- sga%hai% Aag ghe

| ocation 1030 having a reduced cross-séctional area, e.g. at a distance X
al ong the bpkfedat thexsané positivhaldngcthe ioptical0Bds haﬁlmgltearmeémﬂ:ﬁntus 1018,

cross-sectjonal a d/ or erne te foc 1 Mor e

speci fi cal bg,wevg g ?’e gaggreﬂa%c?ffglapi%pgﬁcgg Igaen %S?‘Eg’ %S@r?ava%é’ecaused
to flowingihace reat ﬂférln&fxmeﬂiaﬁéf\fo%ﬁé”@m@t ot &BNbd abed Jtﬁéi&hmhsﬂb ésthghown,
may be di sgosed to surround the body 1022 at the |ocation of th

aper t ur e( spody0B322 may beshagsdeto Scuhéta@%ﬁil)‘f Gaskemh o ﬁ)&élgléepfé%er!!%m%ghtbe

argon, hyd -heli nsy , ich
nns’a o arftaPevifS el AREERTRAA IR S EO SR, wObiahic: SRR 0
in chanbernﬂﬁbam‘gérmatthlaamﬁ’terlo?fﬂleend 1028.g. 5 al so shows that a fIange
1040 may be pI’OVI ded .ext endi_ng bet vveeE the quter wall _of the coggglgﬁ

® dt he

system 1014 andCen@nviag witl Figh&, pbegn 2 seen thaf dag bodt 194 Wmayrha
charbey, 26,81 Jhber H&Etae\%ﬂk%éﬁ?oiﬁ g%h&-hsk@g)r&%af %he WARGfL O the

passageway 1024. As s e coupling system 1014 y C rise a
plurality &g baijerlﬂmee aﬂOﬁansa;qdbetlhmomgd inip dlee p@yagawagdrﬁ)ﬂﬂgtm@dsitiondi rect

flow enter sa 4 | he open,end 1026
O L LB TR A P AL BT bR SRR,
nozzl es (n@bsstembnal ré£d.¢.na 4 Upwmestieraldig thaeomirsls ade ienm kB2 dodativar d t he
first end 1026 of the el ongated baody 1022.
1030 having a reduced cross-sectional area and / or the intermediate focus 1018.
25  More specifically, as shown, gas from a regulated gas source 1034 may be caused to
flow in the direction of arrow 1036 into manifold 1038 which as shown, may be
disposed to surround the body 1022 at the location of the aperture(s) 1032. For
example, the gas from the gas source 1034 may be argon, hydrogen, helium and
combinations thereof, or any other gas which has a relatively low EUV absorption
30  and which is allowed to be present in chamber 26 and / or chamber 13.
Fig. 5 also shows that a flange 1040 may be provided extending between the

outer wall of the coupling system 1014 and the wall of the body 1022 to restrict flow
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Fig. 5 further shows that the coupling system 1014 may include a wall 1012
surroundi ng an internedi ary chanber 1020 that includes a vol une di sposed
bet ween 10 the open end 1028 of the body 1022 and the light input aperture
of the device 12. For the coupling system 1014 shown, one or nore punp(s)
1042 which may be, for exanple, one or nore turbo-punp(s) or roots-type
booster(s), may be positioned to renove gas fromthe internediary chanber
1020 and cause gas to flowin the direction of arrows 1044, 1046. Lastly,
as shown, a conical shroud 1048 nay extend 15 fromthe device 12 and into

t he i ntermgdiar EWV

| i ght i nput aperturgﬂ%affgt%g&rtggg%&r Ggﬂ a?nﬁ ?%R%rg{eg}é{?g%ﬂ?ﬁ}gi%bbﬁ%

i nt er medi arthe qlassaigewayl A2Q4i ntAs tslhmmietheceoupﬁngwystuﬁ h@larmaylgmmmrtsesdnom in
Fig. 5 and ri bed above, 1042 flow ra ul at gas
source 1034 Ia'ﬁ gf‘@“ﬂﬁ? BQE ?&Eﬁﬁed %%}Bﬁe%m ?igg'FF rFPt‘I%E@cEHﬁ’%

of the devigigrhg thpluhfydyi G141Rch Birkcihadhard &@ﬁeﬁ%aqm&%‘me body

suppressi ng con ant f ow into the device 12 and gas fromt
apertur é&( s)102@321nt¢neom;qlhp tthe syptem vyap cbdRBisofoneher wioongataies fwdyshd@2® and

i nto the chanmher he |ight source ( [ro 05 I shj a
count er f | oW FEHE taﬁfl SRe @lgf?ﬁfga%’wa?'nf@d' gldé %92'2 %’amp%’gs?fg@? ar,
t hese f|OW581dn%ﬁfeﬂ%d}1Q5@2 25 and 1052) may be achl eved with gas in the
chanber 26 of the Iight source 20 at a pressure Pl, gas in the chanmber 13

of the device atfig D ko thaptherropplisg system ﬁo%ﬁﬁ}’d&@é‘ée atwrdl Pk ( s)

o o ey A G B e

10  the open end 1028 of the body 1022 and the light input aperture of the device 12.

For the coupling system 1014 shown, one or more pump(s) 1042 which may be, for
example, one or more turbo-pump(s) or roots-type booster(s), may be positioned to
remove gas from the intermediary chamber 1020 and cause gas to flow in the
direction of arrows 1044, 1046. Lastly, as shown, a conical shroud 1048 may extend
15  from the device 12 and into the intermediary chamber 1020 and arranged to partially
surround the EUV light input aperture 1042 to reduce and / or eliminate flows from

the intermediary chamber 1020 into the device 12.
With the arrangement shown in Fig. 5 and described above, the pump(s)
1042 flow rate and regulated gas source 1034 flow rate may be adjusted such that
20 gas from the chamber 13 of the device 12 into the intermediary chamber 1022
(arrow 1050) suppressing contaminant flow into the device 12 and gas flows from
the aperture(s) 1032 through the open end 1026 of the elongated body 1022 and into
the chamber 26 of the light source 20 (arrow 1052) establishing a counterflow for
contaminant diffusion into the body 1022. In particular, these flows (arrows 1050
25 and 1052) may be achieved with gas in the chamber 26 of the light source 20 at a
pressure P;, gas in the chamber 13 of the device at a pressure P,, with P; > P,. In
some cases, the pump(s) 1042 flow rate(s) and regulated gas source 1034 flow rate
may be adjusted to direct flow from the passageway 1024 through the open end
1028 of the elongated body 1022 and into the intermediary chamber 1020 (arrow
30  1054). In some cases, the ion slowing buffer gas in chamber 26 may be about 200-
600 mtorr (H2) and the pressure at the plane of the aperture(s) 1032 exceeding the

chamber 26 pressure. At these pressure levels, the flow regime in the passageway
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1028 of the elongated body 1022 and into the intermediary chanmber 1020
(arrow 30 1054). In sone cases, the ion slowng buffer gas in chanber 26
may be about 200- 600 ntorr (H2) and the pressure at the plane of the
aperture(s) 1032 exceedi ng the chanber 26 pressure. At these pressure

| evels, the flowreginme in the passageway 1024 may be viscous, allow ng
the gas flow rate (arrow 1054) fromthe internediate focus 1018 to the

i nternedi ary chanber 1020 to be minim zed by | engthening of the body 1022.
For the arrangenent shown in Fig. 5, the requirenment that gas flowin the 5

di rection ofgoar f | ' hat
the naxt mumar i3 be iRt AlovIE i ERHIN Pue AP 05 o RS ™))
limts in tiheuspidiBitothespeenediarpommitsy 1008 2o bachi@mizdteby kagtieamgafdhe t he

section of tH ﬁézongat ed body 1022 fromthe reduced cross sectional area to
the end 10289 &2 esi stance of the el ongat ed body 1022, in turn, depends,

for a flow regi Mg, thabrhSsh i QUSwAlin g D) @i Ybai 1ren%tttﬁ'eﬁ %:a@rtfova@ﬂltﬁés)
the dinension at the reduted cross sectlonal area and ength of the

body 1022. dixsctites of i doew difd0e foi mmcr%dm@tlcah aafan@serft&omagalsnrdy)dhete the34 at

a distance fromthe reduc 0ss ~sectional.Area [ ;Lo uci,ng gas
T oo PP HoLE hn T8 2L SREbirel Tor7 PR 8 Moniles s LNRE R )
(arrow 105Zhmipitg sheed Uﬁﬁuxﬁb@mgauédndmﬂﬂﬁe lést’ia:&i&d)fgha/ﬁmn@nl k’mﬂﬂeckclan@mied
while 15 maintaining flowin the direction of arrowlog X|m2|ng

flow from tR&Y b%?yfrmmztim aenced ceoss sectiomahyer tothernd 192 dé‘gierrﬁﬁﬁtén‘l’:?e‘éause
the suppr eggl erdn%eﬂg& ¥od %%zé' fid Yo aegéndgo aéﬂﬂa%\n}églﬁxt'ﬁh%t §nw\§§cpgt S nber

conmpounds) 1 h a Fect:vn opposite’a gas flow is define Pec
whi ch, 16 or nwlm;alarndmrtheoéonmaﬂgie(a) ¢ho §snamsoin amheusdm;}rowssea&cﬂngnal laeca

forrrula: 20 L/ ere.V ayer eflo vel.oci he ressi on
zone. L i s2hEERgRIotRe ety L r S8 dFdibet Aot i dubrint of ey DRET £s

coeffici engoipfe {088 &%&1@%8@%& 1R rbi\R el Boss SBstfonaPERR A $lof httcdulingher for
high flow vel ocity. Fi g. 5A shows anot her enbodi nent of a coupling

syst em 1018as wamdyeetipratoavatd dhe endri @2éwglaga€§low fon dpeingrease tmeﬂ@hdmyew 26 of
O SOUER, B B0 RRLRIRRY 0l 6 SErd? ' Gyl R0, £
syst emsl01Maiti@dingFlon i e difet Bored s $050) comTDn with the coupl ing system
1014 shown in Fil\/?eixilgi'zing flow from the body 1022 and into the chamber 26 may be
desirable because the suppression factor for diffusion of contaminants (HBr, Sn
vapor, Sn compounds) in a direction opposite a gas flow is defined by Pecklet
number which, for a cylinder of uniform cross-section, is expressed by the formula:
20 Pe=V*L/D, where V is average flow velocity in the suppression zone, L is the length
of the suppression zone and D is diffusion coefficient of the contaminants in the gas.
Thus, suppression is higher for high flow velocity.
Fig. 5A shows another embodiment of a coupling system 1014’ managing
and / or limiting gas flow between the chamber 26 of a light source 20 and the
25  chamber 13 of a device 12 while allowing EUV light to pass from the light source
20 into the device 12, the coupling system 1014’ having one or more elements in
common with the coupling system 1014 shown in Fig. 5.
For the coupling system 1014’ shown, a wall surrounds an intermediary
chamber 1020 that is in fluid communication with the chamber 13 of the device 12.
30  The system 1014’ may further include an elongated body 1022 restricting flow from
the chamber 26 to the intermediary chamber 1020 and chamber 13 of the device 12.
For the system 1014°, the body 1022 may be formed to at least partially surrounding
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For the coupling system 1014 shown, a wall surrounds an internediary
chanber 1020 that is in fluid conunication wth the chanber 13 of the
device 12. 30 The system 1014' may further include an el ongated body 1022
restricting flow fromthe chanber 26 to the internedi ary chanber 1020 and
chanber 13 of the device 12. For the system 1014', the body 1022 may be
formed to at least partially surrounding a passageway 1024 and having a
first open end 1026 allowing EUV light to enter the passageway 1024 from
t he chanber 26 and a second open end 1028 allowing EUV light to exit the

passageway 4 éela,% [ L ' ‘}T}éﬂﬁgﬁ HReV ji evi ce
12. As shomi,%tgahe bgt}?ﬁgggaz}ﬂhn’gg}gge sh pé#@é%@gﬁ%‘g@% a %@@L‘“@&?‘Sgi on,
to establ i grassageivend 024 fironl theathiaobed 06 @Ad laecorgl apemeshdcHI?8callosdng EEIV onal

area relatiyv 0 t.he ends. . nt i Nui Wi th Fi A it can be seen
that ¢ he- bdiipt 1085" fhePeosiae s iwndhO LY shmaber gD Andsdnmigs 3 6f 1031
term nat i nghé ledick AP Qs #RHWHP RS Bofy 132, mbyP bRl dhapedase t Baviy hNidcREkced
into the passageway 1024 at a position between the end g_LO of The body 1022
and t he 3| odeglonstorsablistustileast ane ngateni 1 ¢30fs bavyng e iredvatd arossrsddtiopal area

speci ficall . shown, gas, e.g. argon, hydrogen, helium etc. froma
regul at ed éélgtlg%hortgeeeﬁ%4 may be caused to flow through aperture(s) 1032A

and into passageVainkihgAith Fig.5 A6t sdiobEsdeRahatithe bodZ 102 AR Inclidy/ohs
shaped to include a_ taper ( 15 shown) or ot her types_ of shaped nozzle

as hown) 2r types,
such a de 1PE¥Are ReEaesc (34 oeachmegaly 1081 termiggfingdn ggespective apeswre 1032rtq 5C,

t he nozzl e Q,%lﬁ 1 . | ﬂg%c : | h
passagevvay%ll%Z régbg{?ﬁ%?&%re@éﬂg%g&%gmﬁs?%é% &tagg& ﬁtg)(lz&z)v\éet{sﬁg&%ﬁ%&g may
be ori éot edf the bhadlyrl®dd aed theelothtoon 1030chavire predscgbuays-se0fidndl angeVboad |y to

establish a vortex in the passageway 1024. In sone casges, the vorfex 20 may
i ncr ease uﬁ%‘fcr‘fti cBhEONTh 838> S pzﬂgé%ilfy g5 E?II&HB’I Ae Fon 3 esylaed e ofil e

acr oss t hespass Ry 1R daBsics ﬂdwaga&gm%&ﬁua@eﬁmﬁ dleinkRss’gRNAY havi ng

relatively small veloCities. Fi gs. and 6A show anot her emnbodi nment
of a coupl 16AAyst em 1014A managing and / or linmiting gas flow between the

chamber 26 of aF%é.%}ﬁ SBSW i 2% A01e 1031° may be shaped to include a taper (as

15 shown) or other types of shaped nozzle such a de Laval nozzle (not shown), etc. may
be used. As shown in Fig 5C, the nozzles 1031A-D” may be oriented to introduce
the flow into the passageway 1024 radially, or as shown in Fig 5C, the nozzles
1031A-C**> may be oriented to introduce the flow into the passageway 1024
tangentially to establish a vortex in the passageway 1024. In some cases, the vortex

20 may increase upstream contaminant suppression by changing the velocity profile
across the passageway to reduce the amount of area in the passageway having
relatively small velocities.

Figs. 6 and 6A show another embodiment of a coupling system 1014A
managing and / or limiting gas flow between the chamber 26 of a light source 20 and

25 the chamber 13 of a device 12 while allowing EUV light to pass from the light
source 20 into the device 12, the coupling system 1014A having one or more
elements in common with the coupling system 1014 shown in Fig. 5.

For the coupling system 1014A shown, a wall surrounds an intermediary

chamber 1020 that is in fluid communication with the chamber 13 of the device 12.

30  The system 1014A may further include an elongated body 1022A restricting flow
from the chamber 26 to the intermediary chamber 1020 and chamber 13 of the
device 12. For the system 1014A, the body 1022A may be formed to at least

31



25 the chanber 13 of a device 12 while allowing EUV light to pass fromthe
| i ght source 20 into the device 12, the coupling system 1014A havi ng one or
nore elenments in common with the coupling system 1014 shown in Fig. 5. For
t he coupling system 1014A shown, a wall surrounds an intermedi ary chanber
1020 that is in fluid comunication with the chanber 13 of the device 12.
30 The system 1014A may further include an el ongated body 1022A restricting
flow fromthe chanber 26 to the internediary chanber 1020 and chanber 13 of
the device 12. For the system 1014A, the body 1022A nay be formed to at

| east  par tiaidily SURHRR A9a3apBR3PIEIAX A2AAIANG HAY Bl RnlidiRiypen end

allowing E l'ight to enfer 't he passageway 1024A Trom t he chanber and a
second operElgWdighk tmmtngﬂﬁlpﬁskaggmy 1160244 from Ilge gleesstg @@eandi msasond epen

i nt er medi ar anber 13 of .the.device 12. As t he
body 1022 Py IBB S ERSATeE 1 o8 Hoprmaeeramdeitone rurordian Saubaoi D ot

| east one |a@&hh@Berl PBOAHRAKVIE B. T AJURERNCHE Tod$ Q02 ANALy BE SRagefl! & ve to
t he ends. Continuing with Fig. 6, it can be seen that the body 1022A

may be for meuingia heakad regionplocestghbish @i éeﬁsthca@olg 1030:x bavimgrrotedpeyd

ext endi ng t ofly 1022A, to allow gas to be introduced
into the paggssg%gé\}/gmaﬁﬁ%fl Veto?ﬁ g%(gltlon bet ween the end of the body

1022Af andI It he | mElnomgmmmlglmgllnmbé esbﬁqgﬁt mé(lﬁ)ﬂﬁsieQQAQﬂaj baE?medWr e
specifically, as shown as, e ar gon ydrogen, he rom a

regul ated §ad %%%@%@&%@ﬁ H%Zéa&sge&mpagwexgﬁ?%)mx wgg%& g&rt@f alh 0324
and into p%%%de A ﬁ%fl% alllo% &M&fﬁ%ﬁ&@m& tpam%eﬁgyﬁbm aystem

1014A may in 15 sur ound| ng an I nternedi‘ar nber 1020 t hat
i ncl udes apvsitimnrfbedwwoﬁmderbhpﬁﬁbm botlp 1832A amtl thef Iadabomd@QOAOH@An@md t he

l'i ght input ture of t device 12. For. .t coup system 1014A shown,
one or ' mor E BRI SBE pAdPE SRS oI Bs Brof
i nter rredl anydrebenriedliudd) 2. aﬂ&n@k’é@l Ewséﬁxe&vmm trhsy dk rcatéddon ﬂswar row
1044. 20Cross referencing Fi gs nd 6 it can be seen that one or nore
vane(s) through aperture(s) 1032A and mto passageway 1024A.
Fig. 6 further shows that the coupling system 1014A may include a wall
15  surrounding an intermediary chamber 1020 that includes a volume disposed between
the open end of the body 1022A and the light input aperture of the device 12. For
the coupling system 1014A shown, one or more pump(s) 1042 may be positioned to
remove gas from the intermediary chamber 1020 and cause gas to flow in the
direction of arrow 1044.
20 Cross referencing Figs. 6 and 6A, it can be seen that one or more vane(s)
1060 may be disposed in the passageway 1024A of the elongated body 1022A. As
shown, the vane 1060 may extend across the elongated body 1022A and may extend
from the end 1028A to a location between the end 1028A and the intermediate focus
1018. With this arrangement, the vane 1060 may function to reduce flow with
25  passageway 1024A from the reduced cross sectional area 1030A toward the end
1028A of the elongated body 1022A and into the intermediary chamber 1020 (arrow
1054A). As indicated above, increasing the resistance of the elongated body 1022A
may allow for an increases pressure in the plane of apertures 1032 thereby
suppressing contaminant flow into the chamber 13, while maintaining flow in the
30 direction of arrow 1050, and for a given pump 1042 speed.

In more analytical terms, the resistance of a channel to gas flow in a viscous

regime depends generally on transverse dimension, D, of the channel as 1/D*. In the

32



1060 may be disposed in the passageway 1024A of the el ongated body 1022A.
As shown, the vane 1060 may extend across the el ongated body 1022A and nay
extend fromthe end 1028A to a | ocation between the end 1028A and the
internediate focus 1018. Wth this arrangenent, the vane 1060 may function
to reduce flow with 25 passageway 1024A fromthe reduced cross sectional
area 1030A toward the end 1028A of the el ongated body 1022A and into the

i nternedi ary chanber 1020 (arrow 1054A). As indicated above, increasing the
resi stance of the elongated body 1022A nmay allow for an increases pressure
in the pla . i ' ' f j nto
he. chanber T G e R S L be, TR 4 050
and for a dargemoptrimtidfH4@ tlepresistance of the bodpo i @22 ahgwi ¢sthet macked ragien
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of a device 12 Wi 7eshaivs enpther erakodimgpt ok peqwdiag sy vemtlfd4Binganagingiande 20
into the deyige: t | i AR\ r r ment s
i n conmon \f/j\nXE ﬁl%%t#é %agupqvlg%&gefgg %%X a%‘??rs (J)D\;‘tvll:?1 F%Mﬁ:agrcg?% a%dtﬂpciﬁ—%-‘?i)?qhe

coupl i iy sy3beaddiitd B2 sttilerallowving EU Vs lighitatorpdss fiomi thée Hphrsduade)? (cihedriber 1020
that is in_fluid communication with _the chamber 13 of the device 12, 20 The
syst em 1019%Yi¢eal2. the conpling systemtel 04 ABaYingADSPT 5RRTG CEmERLS Inommen Wbt | ow

fromthe c : i YlSidRahary chamber 1020 and chanber 13 of the
devi ce 12.&%g?§élﬁ?§s y%trﬁe?n@lfioéllgf& thelgbody 1022 may be forned to at |east
partially surrobodtle pagdiagesyateni 0014Bistoway e wall isngounssean entemidd2gy
allowi ng E | i nter_.t.he passageway 1024 fromt anber 26 and a
second ope ngé%@a?glsaﬁnl%%Brf@ﬁwgﬁ%é’ﬂtw%%%@ﬁhtm{gﬁ%%ﬁg?%? ﬁnto t he
i nt er medi arye & e1014B2 thag NEir@BA Blideldn @ionghRddsddyC B02b2restiictinB Oty t he
body 1022 may be shaped, e.g. having a necke re&lwon,‘éto establrsh at | east
an

one | ocat i Bem1gochamhbien@bator Bguiniamedissy chambero b &hamsben 1Y oftthet he
ends. . L puj i Fihg. { t hady 1022
may be f or(}%/1 eBIOZW'C?(??%ﬁ g*%?‘“#é’? EB’a%lgrbto é?é?g% &%831% ?fogﬁgé]mt %?%aﬁgﬁﬁﬁg'ﬁ (s) and
| or direcduronal anmzgdge(vay 1024 and have a first open end 1026 allowing EUV light to

enter the passageway 1024 from the chamber 26 and a second open end 1028

25 allowing EUV light to exit the passageway into the intermediary chamber 1020 and

chamber 13 of the device 12. As shown, the body 1022 may be shaped, e.g. having

a necked region, to establish at least one location 1030 having a reduced cross-
sectional area relative to the ends.

Continuing with Fig. 7, it can be seen that the body 1022 may be formed

30  with one or more aperture(s) 1032, e.g. through-hole(s) and / or directional nozzle(s)

extending through the wall of the body 1022, to allow gas to be introduced into the

passageway 1024 at a position between the end of the body 1022 and the location
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extendi ng through the wall of the body 1022, to allow gas to be introduced
i nto the passageway 1024 at a position between the end of the body 1022 and
the location 1030 having a reduced cross-sectional area. Mre
‘specifically, as shown, gas, e.g. argon, hydrogen, helium etc. froma
regul at ed gas source 1034 may be caused to flow through aperture(s) 1032
and into passageway 1024. Fig. 7 further shows that the coupling system
1014B may include a wall 5 surrounding an intermediary chanber 1020 t hat

i ncl udes a vol une di sposed between the open end of the body 1022 and the

l'i ght input 1@@1&%‘2&'}@%8%&&% cijﬁs‘éis‘éaid'n%l afed! NIBfe @%Hfﬂchﬂﬁ &YshoWH #g&@g_shom,

one or nore punp y be positioned to renove gas fromt
i nt er redi ar argomampitleogeh) holiamd ecafiven gasgilated Igasvsource HO34limac be @ausef]l tar r ow

1044. 10Congi nuing with Fig, the coupling s m 1014B may include a

sour ce 107%0‘531?‘?8?%'???@1“5?(%)3!@3\%?’%&& F"Lgeg'iaél%gbin the passageway 1024 at
or near the |ocapigon ARBEr BANWIGhA the PIGEknL SPASH SRAYBORAY iRERAe owafioduce
a plasma 1072 therein. As shown, the source 1070 nay conpfrise one or nore

r adi o- f PequameyndirRE andutietediafyorhambent §2{hthaninchwdes 2 vokime dispased betireer)

di schar ge 1072.5,n.t he assage 1024,  Funct.i onal. | a,.hot region
(e.g. plas %gﬁg%fnJ%f {hﬁ(?o ﬁsl%?? %ffvé%heg“%@ é}ﬁu agergllrér?ﬁ ecaerch%PagF ?rotthaas
flow |In gapephhg sgaemnEY4BeElibvin) dreody Rbedlpamb(y 1042 5HBy be Positiohed 20 and

along the walls of the body 1022. For_the arrangenent shown, the walls of
the body 10%2OK@gapdren: heringsmedight ebamber @24y andyguscogaz & dlave inftheed

silica, etGech e of a conductive material (e.g. netal) with 20
a slit (not ’sﬁo‘é\%g cu(‘lt;wtlﬁgg'ugh the wall, e.g. fromend 1026 to end 1028 and

the slilp seal ed,Centijuing withaFigoi; dencugpling esystsol 40 bB inreyeincludect selroan) .
e o SE oo LB g B0 e RS SR Bns IS PP 1042
gas from t hecagidanuso ﬂla%viﬁ% 4 REIREY i 88ssItctibdlrd @ prétfuck Nd YIABMH 2072
chanber 1022 25 (arrow 1050) suppressing contam nant flow into the device
12 and gas thdreins Asclown, the source 1070 may comprise one or more radio-frequency
(RF) coil(s) for creating an inductively coupled (ICP) discharge plasma 1072 in the
15  passageway 1024. Functionally, a hot region (e.g. plasma 1072) in the gas flow may
create a significant drag to gas flow. In general, gas may tend to flow around the
plasma region 1072 and along the walls of the body 1022. For the arrangement
shown, the walls of the body 1022 may be either non-conductive (e.g. made of
ceramic, fused silica, etc.) or may be made of a conductive material (e.g. metal) with
20  aslit (not shown) cut through the wall, e.g. from end 1026 to end 1028 and the slit
sealed, e.g. with a non-conductive isolator insert (not shown).
With the arrangement shown in Fig. 7 and described above, the pump(s)
1042 flow rate and regulated gas source 1034 flow rate may be adjusted such that
gas from the chamber 13 of the device 12 flows into the intermediary chamber 1022
25  (arrow 1050) suppressing contaminant flow into the device 12 and gas flows from
the aperture(s) 1032 through the open end 1026 of the elongated body 1022 and into
the chamber 26 of the light source 20 (arrow 1052) establishing a counterflow for
contaminant diffusion into the body 1022. In particular, these flows (arrows 1050
and 1052) may be achieved with gas in the chamber 26 of the light source 20 at a
30  pressure Py, gas in the chamber 13 of the device at a pressure P, with P; > P,. In

some cases, the pump(s) 1042 flow rate(s) and regulated gas source 1034 flow rate

may be adjusted to direct flow from the passageway 1024 through the open end
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the aperture(s) 1032 through the open end 1026 of the el ongated body 1022
and into the chanber 26 of the Iight source 20 (arrow 1052) establishing a
counterflow for contam nant diffusion into the body 1022. In particular,
these flows (arrows 1050 and 1052) may be achieved with gas in the chanber
26 of the light source 20 at a 30 pressure P1, gas in the chanber 13 of the
device at a pressure P2, with PI > P2. In sone cases, the punp(s) 1042 fl ow
rate(s) and regul ated gas source 1034 flow rate nmay be adjusted to direct
flow fromthe passageway 1024 through the open end 1028 of the el ongated

body 1022 I3t ' ' ] arRRATE
cases, theq:wgﬁ dgﬁg?/;eﬁg‘g%% %@g%@?ﬁﬁ;mﬁ ﬁg%glrfcgy gl‘l’g%gﬁxfi%%do_ 600 ntorr
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mnimzed by |engthening of the body 1022. in addition, the pu s) 1042
flow rafe 4884 mayHeatisapugaallosdng de gasdlpw rajev(arenve 1034 frun gt mtarmgdiaie at i ve

to the pre I nd P2 t i r | Q 030 at
the reduced apaoitle Mtigleamt B bRAE 107 B 6 Rl 6 RppRERh 30 o

sui tabl e f dbodan02XPIradditian,afe pliip(3) 042 dlovo Ratérayd adgitatbb gisagiured 803 by
EUV radi ation which has maximumjntensity at the internediate focus.

Wth this AeWamifemantbe adistes melatiye to e wweﬁ%wﬁﬁl’a@ etk AITENRR ¢ hi n

passageway il §e4oddtom dl‘dé@ é{t efleRbcdd @8ss S8GoMARa FBautld 3% bAYR! dnide end
1028 of the elongate ody 1022 and into the internediary chanber 1020

(ar r owld.054) suitablel fori andiCRa disghargey €Thei fonization mayt hlso reesfastlidated byi EHVN t he
per fur os TOBSPRICh i B e oA T AR PO RE o t he chamber 13,
whi | e mai ntai ni gt aWairBndditendi the pldsR 107728h4P0RntHEP to AAAcd Bbwawlihien punp
1042 speed. For the arrangenent shown in Fig. 7, the plasma 1072 nmay have
about t he passageway 1024 from the reduced cross sectional area 1030 toward the end 1028 of
the elongated body 1022 and into the intermediary chamber 1020 (arrow 1054). As
15 indicated above, increasing the resistance within the elongated body 1022 may allow
for an increase in pressure in the plane of apertures 1032 thereby suppressing
contaminant flow into the chamber 13, while maintaining flow in the direction of
arrow 1050, and for a given pump 1042 speed. |
For the arrangement shown in Fig. 7, the plasma 1072 may have about the
20 same absorption of EUV light as non-ionized gas in this region. For example, the
gas may be ionized to Z=1, in which case the ion absorption may be about the same
as for neutrals. In particular, the ionization degree at this pressure range may not be
very high (e.g. from 1E-3 to 1E-6), and the electron concentration (1E-13 to 1E-10
cm™) may be relatively low to cause any appreciable absorption of EUV radiation.
25 Fig. 8 shows another embodiment of a coupling system 1014C managing and
/ or limiting gas flow between the chamber 26 of a light source 20 and the chamber
13 of a device 12 while allowing EUV light to pass from the light source 20 into the
device 12, the coupling system 1014C having one or more elements in common with
the coupling systems shown in Figs. 5-7.
30 For the coupling system 1014C shown, a wall surrounds an intermediary

chamber 1020 that is in fluid communication with the chamber 13 of the device 12.

The system 1014C may further include a conductive elongated body 1022C, e.g.
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20 sane absorption of EUV Iight as non-ionized gas in this region. For
exanpl e, the gas may be ionized to Z=1, in which case the ion absorption
may be about the same as for neutrals. In particular, the ionization degree
at this pressure range nmay not be very high (e.g. from1lE-3 to 1E-6), and
the el ectron concentration (1E-13 to 1E-10 cm3) may be relatively lowto
cause any appreci able absorption of EUV radiation. 25 Fig. 8 shows anot her
enbodi ment of a coupling system 1014C nanaging and / or limting gas flow
bet ween the chanber 26 of a |light source 20 and the chanber 13 of a device

12 whil e alph o JFgn &ehi\or! dtﬂé}tcoheu&asesmﬁﬂﬁﬁm, t&idiingMow Q8hLE the2BamBEL24 RS
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chanmber 1020 that jncludes_a vol une di sposed bﬁé%een t he open end of the
body 1022 Hpy thieugh pperture(sh 193 29ud intn eassageia® 18é%i ce 12. For the 20
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20  coupling system 1014C shown, one or more pump(s) 1042 may be positioned to

remove gas from the intermediary chamber 1020 and cause gas to flow in the
direction of arrow 1044.

Continuing with Fig. 8, the coupling system 1014C may include a source

generating an electromagnetic field in the passageway 1024 between the location

25 1030 having a reduced cross-sectional area and the end 1028 of the body 1022C to

produce plasma 1072C therein. As best appreciated cross referencing Figs. 8 and

8A, it can be seen that one or more conductive vane(s) 1060C, e.g. made of metal or

other conductive material, may be disposed in the passageway 1024C of the

elongated body 1022C. As shown, the vane 1060C may extend from the end 1028

30 to a location between the end 1028A and the intermediate focus 1018. Fig. 8A

shows that isolators 1080, 1082 made of an insulating and / or dielectric material

may be provided to separate the conductive vane 1060C from the conductive body
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25 1030 having a reduced cross-sectional area and the end 1028 of the body
1022C to produce plasnma 1072C therein. As best appreciated cross
referencing Figs. 8 and 8A, it can be seen that one or nore conductive
vane(s) 1060C, e.g. made of netal or other conductive material, may be

di sposed in the passageway 1024C of the el ongated body 1022C. As shown, the
vane 1060C nay extend fromthe end 1028 30 to a | ocation between the end
1028A and the intermedi ate focus 1018. Fig. 8A shows that isolators 1080,
1082 made of an insulating and / or dielectric material may be provided to

separat e thgpsen dw?t%uemgsa%‘ga%g%%? GhE VAR t1060C Gn&lH Blrcrin B9 F¥duckOddk- (a¥V t h

this arrangenent, may function to reduce flow (as described
above) wi t liescribed shgesjawithihp@sigesrayt H24Ceflonetheedussdsarossi sagtibnalrasea 1030C

toward the 1028 ft ngat ed bo 1Q2 d intothe internedary
chanber - 102850G ot sty ToBef G Sonealnt porr 7T Spd Bh0 i R dHy ce
gener at i ng cRarhb&! W20 Nakb® 1038680evay 1024 to produce plasma 1072C therein
may i nclude a source i voltage (RF or DC with ball ast resistor)

of high
supplie8l to the Iﬁ@rﬁjﬁgthevél?usaﬁ@s tlrg ol seiroe censrfing dficliog4he PassaeeWdy t he
conducti ve 1022C and f ] ' - : e 1070C
and the redgggéogrroég%e @é‘g f‘glr’qzleg}rléergl 1%%‘8@%%% %Oh%g& %gggg%%rg&ﬁgﬁe hi gh
vol t age map®evitebsltise tesistorp suppliddsto thet domduetiveovameal 060 Cohraina dioadiog e
pl asma. Functionally, a hot region . g | as 0720 in th as flow may
create a sileéﬁ fgre‘éfﬁi/m%lrté@ ?Q?dﬂg%"q‘ |b§§.y 19&&2&5&&5 t%fgicgﬁ’%et 6°19 ow
around theb@ﬂv&%ﬂqﬁé%emo%@&@% AL RREd tdiGssRbtisndlfartde0B0dy EOR2e W ith
t he arrangenment shown 1n Fig. 8 and descri bed above, the punp(s) 15 1042

flow rate amectnegthahinh yeltageomay delgdectéd bwestablishneitheben geljonstardglowch t hat
gas fromthe chanmber 13 of t.he devigce 12.fl ows into intermedi ar
chanber 1OQ§C§§57 8%5?850]?“”3‘5&}85?@33% ﬁ%t rgglr?pa(%ghg?]afsn}al %d?\ﬁld%t%%{l%gasd \9%’ce 12
and gas f| e dréeM s ARk drHpeloSgas 32 mgmm, %mm@peéndemdﬂawaﬁoﬁd the

el ongat ed body 1022 and i nto the chanber of the light source 20 (arrow

2
1052) est athieiBasmayegiono@iRErandqleristhe wadls o6 Hiedady 0226 f f usi on into the
agh%/eved vvitR I(\[;)g@ﬂl£ (rflﬁgt %‘terancéfglfégrsgégﬁglp(%re@}l\i&gh?éggggﬂgg %%g?egtl g pﬁgss)sure

P1, gass i n104eflowamtesindldgafatédgasieiree1@34 Aowrretesmay bP2djustddhsueh thatP2. | n
sone cases, the punp(s), 1042 f| ow r.at and regul at ed. gas, sourc 034
flow rate 8%/frem theFhambe 1t3c9f(§+‘? gﬁ‘t"c? Eé)ﬁof”lsdﬂt\ottﬁg“ﬁ%%‘?g&gi?\éymﬁg?% rough
the open e 0#50%}/25%8@%)5&19? SRR TR o 12dedddd 12 3hE g%%?lo%tﬁérﬁed' ary

chanmber 10 (arro n sone cases, the ion slow ng buffer gas in
chanber 26thempetveret)d082 BpOuglo0® apeorend (1029 ofithg el ¢rezapeddwiyri®23 tand hefopl ane

of the apejture(s) 3 A ceed cha 2 ressure. At .t hese
pressure | é\?eclhé“(n%%égfi 6&‘?3 i"ggf(?f’é“?%&{?ﬁ%“‘b‘ﬁgg §%)e$6g§}ﬁ‘f§% 4P lons 19y

al | owi fig t bshratamah! @MFERINSn{AHe BBdLOPDR. fIngiarfidigar, MHegé MOisaafrowd Mfosous 1018
to the intermedi ary chanber 1020 to hbe m nim zed by | engt hening of the body

1022C. | n amdi52nnay he aghiryrdsyithees i thschamber 2Ac0frthe light exrredl sbar ce
105411 o BRLHTRY BE edpssihachoif ue gl e esaise Bh P9 B e
reduced cramse sses,ithe)pimp(d 042 fluw cdie(syammlirdgalate gasrsoarceRO34rflddCragk asna
di scharge. may be adjusted to direct flow from the passageway 1024 through the open end
25 1028 of the elongated body 1022 and into the intermediary chamber 1020 (arrow
1054). In some cases, the ion slowing buffer gas in chamber 26 may be about 200-
600 mtorr (H2) and the pressure at the plane of the aperture(s) 1032 may exceed the
chamber 26 pressure. At these pressure levels, the flow regime in the passageway
1024 may be viscous, allowing the gas flow rate (arrow 1054) from the intermediate
30  focus 1018 to the intermediary chamber 1020 to be minimized by lengthening of the
body 1022C. In addition, the pump(s) 1042 flow rate and regulated gas source 1034

flow rate may be adjusted relative to the pressures P; and P, to establish a pressure
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Wth this arrangenent, the plasma 1072 may function to reduce flow within
passageway 1024 fromthe reduced cross sectional area 1030 toward the end
1028 of 5 the el ongated body 1022 and into the intermediary chanmber 1020
(arrow 1054). As indicated above, increasing the resistance within the

el ongat ed body 1022 may allow for an increase in pressure in the plane of
apertures 1032 thereby suppressing contam nant flow into the chanber 13,
while nmaintaining flowin the direction of arrow 1050, and for a given punp
1042 speed. 10Fig. 9 shows anot her enbodi nent of a coupling system 1014D
managi ng a aaih

source 20 ;%3%? ethchar%img&gdmaqu%%?%ﬁg a&hﬂ{%rg al g\%&sghge%fonﬁl éﬂeﬁr&

pass from twikch isghtitableforcan RB or R@plasmadéschange.12, the coupling system 1014D

havi ng one or enents in c Wi he coupl i syst 101 .Shown
in Fig. 7. 15For fﬁliéh’é&&ﬁpg?{ae thealrspa i@%ﬁ&%ﬁ‘m‘g%ggl e g

i nt er medi arpasBaRRe 0d4988mthdtedused Broks SdctiofmR G toRardNht Bnd he28 Banber

13 of the device 12. The system 1014D may further include an el ongated body

1022 r et rithe tloggdtedhody 6022 trel it thecintezmedigryt ¢hamber 4 P2 (Hreawy 185BnbAs 1020
and chambere di gl obli%, SEN88e 15 (kDS RELe AR L9 BOREA0R may De

forned to a’il eas surroun a passag ave a first

open end 1326 aﬁhh@fchhftgnEléloéslsu@hin the ehiheroft k;&rmasam\ﬂberéméuﬁmemﬁ@e
chanber 26 and a second,open end %028 aII Ihéght to exit the
passageway CPH@@I’B% floyy épadhs sham ‘Hah%é’l" eO’Z’@‘ oWdR the dgectigofievi ce

12. As showh, ;—'ﬁg@imﬁ? e.g. having a necked region, to
est abl i sh at Ieast oneO% ?%t’l n 1030 h VI ng a reduced cross- 25secti onal
area rabative t &Fig.feshemdand®26embodigent of a co@mgsmstcmglmm)hnﬁiagm@andt can

oo, thr oughr HERE Fisferpebiess e sbrBRe 24 10s PR Pl B cHPBhh (ho

wall of the3k@d\e}Ré12 WElcdlloWingEUV ghﬁdmﬁ aduced 1 g,ﬂisbdrwmaﬁ&memy
1024 at a position between the end 1026 of the body 22 and the 30

| ocati on 108Gchaithg cauplingyatamck B 4D kaving eneer rae@ﬁlemmﬁ%lrsqs@@nﬂn sath y, as
shown, gasy L% %%S@WW{%%%W% |J71m etc. froma regul ated gas source

1034 may be KR roug erture(s) 1032 and i nto passageway
1024. 15 Fi For %hd dolplily Shens 1004D shoevne auhil r@nsyﬁdwam 1@&&&@
include a wall_ surrounding an jinternedi ary chanber 1020t i.ncl udes .

vol une di sperekerO2Qals is HbﬂB‘Sé??néfﬁﬂmﬁ?mt%@tB(S}éFyCW dA® ttW‘e PVigmi 2 nput
aperture 0;1:121&@ std !Gﬁlﬂ-%nafgg‘cﬂep%aﬁ&@'ah@o &laehddyP %@ SEBinOAGwOr nor e

punmp(s) 10 ep05|t| toSrermvegsfromt e I ntermedi ary
chanber loﬁﬁmattd: cleansteer s td thef imevmediarechdinber 11020 anfl chamber 104ef. the

Cont LU 9LV E! Bor 4R SN DL USSR IOIAR PR RELUdE Sospiee
the | osati airokdd% PR¥iJUa9 1029468 hatE @ FirsSichl Rdal 028 BBwMEEUNR]i gt 1026 to
produce a enter the passageway 1024 from the chamber 26 and a second open end 1028
allowing EUV light to exit the passageway into the intermediary chamber 1020 and
chamber 13 of the device 12. As shown, the body 1022 may be shaped, e.g. having
a necked region, to establish at least one location 1030 having a reduced cross-
25  sectional area relative to the ends 1026, 1028. -
Continuing with Fig. 9, it can be seen that the body 1022 may be formed
with one or more aperture(s) 1032, e.g. through-hole(s) and / or directional nozzle(s)
extending through the wall of the body 1022, to allow gas to be introduced into the
passageway 1024 at a position between the end 1026 of the body 1022 and the
30 location 1030 having a reduced cross-sectional area. More specifically, as shown,

gas, e.g. argon, hydrogen, helium, etc. from a regulated gas source 1034 may be
caused to flow through aperture(s) 1032 and into passageway 1024.
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10 plasma 1072D therein. As shown, the source 1070D nmay conprise one or
nore radi o-frequency (RF) coil(s) for creating an inductively coupled (I1CP)
di scharge plasnma 1072D i n the passageway 1024. Functionally, a hot region
(e.g. plasma 1072D) in the gas flow nmay create a significant drag to gas
flow. 1In general, gas may tend to flow around the plasma regi on 1072D and
along the walls of the body 15 1022. As indicated above, the suppression of
contam nants fromthe chanber 26 into the passageway 1022, etc. may be

i ncreased by increasing the speed of gas flowing fromthe apertures 1032

and 1hto the chagely AbhePRfioW@ndidne r&%@grgggsmrﬁ 12y 2RgSHekGe LOpifCT ease

the effective cro S n area of the ageway betwee e apertures
1032 and chambandidg andngrmédiagyrcdmben§020 thhbswhdena vblanrealjsmsed bdtvadn
forcing gas_to flow along the |1's of.the body 1022. . F he

ar r angenent the RBGmend pbthgDody IQ\é\?taﬁ theolight {ggps a nggfet‘#é’llcen&\c et i ve
(e.g. made Qfiphifk N 985 sidvin, Céhe &1t froke PLmPRY 1082 MRAE bR pRItEMRAUGE i Ve
material (e. g.p n%tgg%t)gmvjq{h aSsI It (r?ot shoe\:/v%) gES? throu% thpe %/val I, e.g.
fromend 102&w0ve gandrd2@eamttriniediasy ichamberl ¢020 and.cawset gasa tmdlow dndbet | ve

I solator in erg I(lnﬁt 253@ évn). Wth the arrangenment shown in Fig. 9 and
descri bed a‘%ﬁe\? o PHETOYH ?‘) 1042 flow rate and regul ated gas source 1034
flow rate may beCagdinisigeditUEll. Shaie eaplingaystehe 10MDhely hdhek 4 beurdevi ce

12 flows into the internedi ar¥ chanber 1022 garrow 1050) supgr essi ntg
cont ani nant1070Bwesnerasinghen glspiremagpeticy fieldain theonassagesiay 3044 ketyiser 1the e( s)

1032, thr oUgldlis RABMASNE o afiog clote sElnRRLEd bt SRR Jrdiged b

chamber 26 0 our ce (arrow esta I ng a countefflow
for convamplasnia H07Xsheeani nAs shbenbtaysobd@21070D paayt ¢omprase, ortehars mokd ows

(ar7 ove 1090, 300, 4082} ok 08 SCPLSed vt hodlas | n LG CORREr 30, of Lhe
pressure Phiaid DoFID 3n RRe phitapOiBy 162£S FunBBomiP aShot 1ed@nf (ePV f1&ded s) and
regul ated gas source 1034 1PI ow rat'’e may be adj us?gd to di rec¢ lI'ow fromthe
passageway 1002R) imtleuggs fldre nogsecoreater significant drag to gas flow. In general, gas
may tend to flow around the plasma region 1072D and along the walls of the body
15 1022. As indicated above, the suppression of contaminants from the chamber 26
into the passageway 1022, etc. may be increased by increasing the speed of gas
flowing from the apertures 1032 and into the chamber 26. One way to increase this
flow speed is to decrease the effective cross-section area of the passageway between
the apertures 1032 and chamber 26, e.g. by producing a plasma in the region and
20 forcing gas to flow along the walls of the body 1022.
| For the arrangement shown, the walls of the body 1022 may be either non-
conductive (e.g. made of ceramic, fused silica, etc.) or may be made of a conductive
material (e.g. metal) with a slit (not shown) cut through the wall, e.g. from end 1026
to end 1028 and the slit sealed, e.g. with a non-conductive isolator insert (not
25  shown).
With the arrangement shown in Fig. 9 and described above, the pump(s)
1042 flow rate and regulated gas source 1034 flow rate may be adjusted such that
gas from the chamber 13 of the device 12 flows into the intermediary chamber 1022
(arrow 1050) suppressing contaminant flow into the device 12 and gas flows from
30  the aperture(s) 1032 through the open end 1026 of the elongated body 1022 and into
the chamber 26 of the light source 20 (arrow 1052) establishing a counterflow for

contaminant diffusion into the body 1022. In particular, these flows (arrows 1050
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5 1028 of the elongated body 1022 and into the internediary chanber 1020
(arrow 1054). In sone cases, the ion slowing buffer gas in chanber 26 nmay
be about 200- 600 ntorr (H2) and the pressure at the plane of the
aperture(s) 1032 may exceed the chanber 26 pressure. At these pressure

| evels, the flowregine in the passageway 1024 may be viscous, allow ng the
gas flow rate (arrow 1054) fromthe internediate 10 focus 1018 to the

i nternedi ary chanber 1020 to be minim zed by | engthening of the body 1022.
In addition, the punp(s) 1042 flow rate and regul ated gas source 1034 fl ow

rate may begdjgssy ﬁf&grb%' %éf%ng%bt% ?Qs B BRUhfder 26 %??ée)pﬂ%lggfﬁgéﬁgﬁt h‘?ogen

pressure in the passageway ween the aperture
end 1026 suyrtsabiecP f gas anthe@Radibsc harofehe dévdcd atm paessune PopyithIP50> Be In

hppr oaches SPHI GaiteRuaHRS) § B How raels Bl geduelod B SOTrO ASE TloNbERR rent
of a coupl ipg, Eé/%Eiﬁ%leé%‘lﬁré@'}ﬁ% FbnR Kk @a@%%éwa{p mmt}ﬁ&g%{/ Iir%\é\b%} %@n the

chanber 26 of a li'ght source 20 and the cChanber "13 of a ile
al | owi ng EW028iaflthe elongated Hodyn G2Reand; igite theoimtarmediary phambdrel (viacrowl2, t he

coupling s m 1014E havi one.or. myre. el enent.s i.n [of0) W t he
coupl i ng sé?%é‘n ]%(f’fﬁ‘es%ﬁ%ﬁ’lﬁ?enloﬁi Jowimg uffef gas Forhapmbsr gg&bﬁﬁ%&%?@ﬂi 1014E
shown, a wabb n&Ufrr(PD_Edﬁd @it protsurdBictha piane bafikeipedds)t BL hay bxcebd thdd

conmmuni cation with the chanmber 13 of the device 12. The system 1014E may
further inchamkeraf preswigat & thew pressyoalevelss the flqvn segimsin the RessREEVE@Yanber

the syst om TBATED YeidoSaamRng (e kAT BB ow FO) Aol pranfifbediaic = 7"
s s iasadeny dadnteominst 0 ikt gt e
al | owi ng E%\’jx ﬁlgﬁ i;ba fgn,¢t %pbﬁ’?gﬁégag?ﬁ“h%e F'I‘fgrqgﬁf i%ﬁ’B{Feclrpg’%ber
1020 and chgibafe iy Bk difiRtededifive 16 the' SreSHAWR, ddaep Do d% bl E praulee

shaped, e.g. having 30a necked region, to establish at |east one |ocation
1030 havi nip she pdssegevay 3634 bedwedrothd aperbue(sk|1482 vandt thet hperegdd . 1026

Conti nui ng_w Ei Q. Kt .can benseen.that the bo 022F or med
with one oF%Peef(gg%r} tj‘lgreémil@é%e,' 2”5 qn}l_lzragaxéﬁg%la%eg%(e i&‘i‘éﬁ&ﬁgﬁgy mugh t he
val I ofs t hexdpaiby Wil mcrdaBesinl iflengasas i0apifoadhes aUREmEdIRR HEE. passageway
1024A at a position between the end of the body 1022E and the | ocation

1030A havi ng a F&. l8gthens anothss -cshodiment| ofg seuplivgrwsiepep F4k manggings

hown, aaD, i f :
T094 g o dn IRAEAR, g By At Wbnbh 06 e 0 B! SRS PN O
1024. chanfbieg.131dT o devideel2 sitblesallomang ERS Hghiploi pags Spst the light 4burcay

i ncl ude a L1 suyrroundipng.an internediar nmber 1020 that i ncludes a
vol ume di s%@é‘é @%ém%l OthefouB S’ésﬁ‘%}n(}blgﬁ ARG\ PIEFF IROTe R SIRRES 1 g ht

i nput gper {dinBoR wiltBe doVIIER shétent 14 ABwAGHPId.BY System 1014E shown, one
or nore punp(s) 1042 may be poOsitioned to renove gas fromthe internediary

chanber 1020 anHortheseouplingtsystemow014E tshewnli a ewall swrr@indaranointartediaryVt h t he
o el SR B Rl AR RRS APt PYOPAD k| o
The system 1014E may further include an elongated body 1022E restricting flow
from the chamber 26 to the intermediary chamber 1020 and chamber 13 of the
25 device 12. For the system 1014E, the body 1022E may be formed to at least
partially surround passageway 1024A and have a first open end allowing EUV light
to enter the passageway 1024A from the chamber 26 and a second open end
allowing EUV light to exit the passageway into the intermediary chamber 1020 and
chamber 13 of the device 12. As shown, the body 1022E may be shaped, e.g. having
30 a necked region, to establish at least one location 1030 having a reduced cross-

sectional area relative to the ends.
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15 adjusted such that gas flows in the direction of arrows 1050, 1052 and
in sonme cases 1054 and these flows may be achieved with gas in the chanber
26 of the light source 20 at a pressure P1, gas in the chanber 13 of the
device at a pressure P2, with P1> P2. Fig. 10 al so shows that a tenperature
control system 1100 may be provided 20 mai ntaining the tenperature of all
or portions of the elongated body 1022E within a predeterm ned range. In
particular, the tenperature control system 1100 rmay cool all or portions of
the inner surface 1102 of the body 1022E to bel ow a presel ected tenperature
to condense one 3 tag R SPECLRS thhahe enkhng the
cont am nant spec%rg@?@n&@ﬁt%g}ﬁg t?’ue charrger % g?d)f %gﬁd%\%gg&%. 35 As

i ndi cat ed akitlvene bhmoseipmrtsas H032f agt throdghrhaefs) estending fthroogh dre walhbf
(11Br, Sn v r, oupds) opposite to a,gas flowis defi by the
beckl et nuntBe oy 1072 Fs Kol Weabtro0e HEoRrAra: hpBpagr iy dges & <
average fl Qys¥@hOoGdiv¥er Thd B YIPIRESScly0 D02 @nd Lthe Soddt®n! AT helinghe
suppression zone and D is diffusion coefficient of the contam nants in the
gas. Hodevaeducedi eroappectiantl dreas 3Momtspeeifisaldiar as hehowni cdasn-of argohecul es
to the wal l,s ;1102 of..the bo 1022E.. 1§ the sticking coefficie f the
cont am nanthgdlg%gré’e slu{rﬂ’a?tc'ogxﬁlag rf%‘flat.edl-%s BESr MA%B 7 es%alﬁlf%d;ttﬁglfzﬁ, t hen
t he pr ot ectthrenglehpdraiire@y yo3mrandiatoessageaialy @024.l n particul ar, contam nants

such as HBr, SnBr2, SnBr4 have a vapor pressure nmuch | ower than the gas.
Thus, the probaBiigi 14 fgthes shawsdhati 9 corrking sydem ARl AR ey drlydeea wall 1102

i's much hi ] : t l: t

t orper at ur S AR MR Shirber (090 ARG % Al PR R A O ot s
(i ncl udé ng thdBrpennend dafethd bodp dOR22E cgindrthe Kghtwmplisapefiuee phthesdetik®2 2raljohe

cool ed either by..circul at]i a, fluid (ligquid N2 of her) ,wi thi.n internal
bass agevay 1 bt Fretpad O g8 Fhavsytne ol eiecouin ) 147 e b psttioned o

al ternati vednfovePghd i®m The MRBiSedif9t cHaRHYR)1 07BYarRE calike dras GBONbWIint iR Wal | s
1102 may be applied to the whole | ength of the body 1022E as shown in
Figure 1, directipmyobarrpivilQddd Witls dhee amraniepwint isbewn sudtiga0 podtdeseribedt ween
10 the ape e 1032 026. riher shown, i.ng, m

enpl oyed t%ﬂot%‘dﬁlgep Lfrﬂ%(%g g?g;{é%&tré%paeﬁrézrf %‘?l aél{egfgatsﬁsggrggr%ng?io%%Beug%Xg%SE

ext ending hdjasted bechddut &6 fldvs indhe direaimeofepranioson &5 4rIi8@Bme cases The

reader will quickly a‘g&reci ate that the sonme or all_ of the enbodi nents
descri bed these Bewe iy ibs aghieresd with gapinethe chambaroeatdhe hghtseutceo|

system 15 i ej { } t i he e.as
descri bed g\/l@t% Epg% g?%%é %o |8Eﬁ%{ﬂg§gljl Qggl%t, égi%edrﬁgrbét@élsg% %21’ %\gﬂgﬁbzrra as
descri bed ®i.th reference to Fig. 6, 7, 8 or 9. - Fig. 11 shows anot her
enbodi nent of a_coypling . system 1014F nagi ng, and / limtin as flow
bet ween t he _chaﬁfge:m?_ésoo °§’SI gtlﬁtegm?raggre o hsx%‘éﬂég{’ﬁﬁmm §1%63 a
devi cezol? MRintAnl! tR¥kdIpEAMred I ort SorR8sSof theRdrastell IHBAY 1992E GBthAPal Nt O
the device 12, the coupling system 1014F having one or nbre elenments in
conmon wi t predétermeinag irangs. spspasticular] AR tempsratine @ingrol Fysternrl 106 enayoequl i ng

system 1014F 5 Bg%hs 3 \@ﬁg {nngy G P4H29S 030 'Rl Bo&F 90342 10 below a preselected

temperature to condense one or more contaminant species thereon, thereby

preventing the contaminant species from entering the chamber 13 of the device 12.
25 As indicated above, the suppression factor for diffusion of contaminants
(HBr, Sn vapor, Sn compounds) opposite to a gas flow is defined by the Pecklet
number which is expressed by the formula: Pe=V*L/D, where V is average flow
velocity in the suppression zone, L is the length of the suppression zone and D is
diffusion coefficient of the contaminants in the gas. However, this approach does
30 not consider the sticking of molecules to the walls 1102 of the body 1022E. If the
sticking coefficient of the contaminants exceeds that of gas (e.g. Ha, He or Ar from

source 1034), then the protection efficiency may be even better. In particular,
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chanmber 1020 that is in fluid conmunication with the chanber 13 of the
device 12. 25 The system 1014F may further include an el ongated body 1022
restricting flow fromthe chanber 26 to the internediary chanber 1020 and
chanber 13 of the device 12. For the system 1014F, the body 1022 may be
formed to at |east partially surround a passageway 1024 and have a first
open end 1026 allowing EUV light to enter the passageway 1024 fromthe
chanber 26 and a second open end 1028 allowing EUV 30 light to exit the
passageway into the internediary chanber 1020 and chanber 13 of the device

12. As sh : Lon, t
12 AS showgy e hodin 1027/ RKBbE ShabBave £vaboriRAEAE AudiERImanagl N, Lo

st ‘one location aving a reduced cross-sectional area
rel ative t gat.HEmsnte. probabilityGafhtdondensagioniofithé-contathinanist orc the well 962 it hat

t he body 1022 nmy, be forned w th_one o aperture( 032, e.g

t hr ough- holP&chy highgr tbarbﬁhaaiomef-ihléﬁﬁ Wﬁx[.lirz{?éfgéo "50038‘5{@%‘3’.)% R EEhEPhe wal |
of the bod , uk W% b tkOEBHE 8 inkRs Yidcheli Ybal024 at
a position%ﬁgei?g%’eﬁh%q%?qgnd of f‘tr‘])(é)ngg’éi’ 1022 andnt heql ocatl_h?%n 1 %@h%%i ng a
r educeds cr cendeneat pwthed walle Lhehvalls ElEonay bealcpgled gdthermbieircwdating @ flyid ar gon,

hydr ogen, | i. et.c.. from.a requl ated gas_so 103 b sed to
f1 ow throu q‘ﬁgg‘?% L?Itfe?tgijrs THEIn AR RS e\ng Se\l{/élgl&foﬁhﬁlegg%iygﬁoggg’f %rt her
shows that shéien GAUREIrRYI,SHS tteirik@idly, Peltict rldnieies EnovedHoval) rhay i wgdan

i ntermedi ary chanber 1020 that includes a vol une di sposed between the open

end of theUosliys twalind 10henayi emeprlisdue thperhols tengih ehiedadyct2PE asor  t he
Coup " SO RAAR, P02 MRS SRR Byl el Lgred |
10  the apertures 1032 and end 1026. As further shown, cooling may be employed to
reduce the surface temperature of the conical shroud 1048E extending from the
device 12, to condense contaminants thereon.
The reader will quickly appreciate that the some or all of the embodiments
described herein may be combined. For example, the temperature control system
15  described herein may be used in conjunction with the vane as described with
reference to Fig. 6 and / or the generation of a plasma as described with reference to
Fig. 6,7,8 or 9.
Fig. 11 shows another embodiment of a éoupling system 1014F managing
and / or limiting gas flow between the chamber 26 of a light source 20 and the
20 chamber 13 of a device 12 while allowing EUV light to pass from the light source
20 into the device 12, the coupling system 1014F having one or more elements in
common with the coupling system 1014B shown in Fig. 7.
For the coupling system 1014F shown, a wall surrounds an intermediary
chamber 1020 that is in fluid communication with the chamber 13 of the device 12.
25  The system 1014F may further include an elongated body 1022 restricting flow from
the chamber 26 to the intermediary chamber 1020 and chamber 13 of the device 12.
For the system 1014F, the body 1022 may be formed to at least partially surround a
passageway 1024 and have a first open end 1026 allowing EUV light to enter the
passageway 1024 from the chamber 26 and a second open end 1028 allowing EUV
30  light to exit the passageway into the intermediary chamber 1020 and chamber 13 of

the device 12. As shown, the body 1022 may be shaped, e.g. having a necked
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15di recti on of arrow 1044. Continuing with Fig. 11, the coupling
system 1014F may i nclude a source 1070 generating an el ectromagnetic field
in the passageway 1024 at or near the |ocation 1030 having a reduced
cross-sectional area to produce a plasnma 1072 therein. As shown, the source
1070 may conprise one or nore radio-frequency 20 (RF) coil (s) for creating
an i nductively coupled (1CP) discharge plasma 1072 in the passageway 1024.
Functionally, a hot region (e.g. plasna 1072) in the gas flow may create a
significant drag to gas flow 1In general, gas may tend to flow around the

glr ?Z%Jégi@g@%&%s‘% P;%S%&%t %‘E@d@%@‘%&%@gg‘?? ng'g%%%?%lo?\rgﬁct ive
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conductive materjal.(e.g..nmetal) wth slit (not shown) cut through_the
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the 10 chanber 26 pressure. At these.pressure.levels, the flgow regj,ne in
t he passagé%@velgﬁf% ee“?}F%%{’;asr,y #8§9haéldg§asds?lg?ﬁ/ 4 %W(%%N 1054)
fromthe igirestivadifatew ro4s 1018 to the internedi ary chanber 1020 to be

m ni m zed by | engthening of the body 1022. In addition, the ‘Eflsmp(S) 1042
flow rate and r &QutiBriag Wit FigUrle dhel ompling syster £01dymex inelpdes aa@urcsl at i ve

to the presgis eoadldth RhecBnRahahl ol f BEGAMES 1673 L6 bORALON 1030
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20 (RF) coil(s) for creating an inductively coupled (ICP) discharge plasma 1072 in the

passageway 1024. Functionally, a hot region (e.g. plasma 1072) in the gas flow may

create a significant drag to gas flow. In general, gas may tend to flow around the

plasma region 1072 and along the walls of the body 1022. For the arrangement

shown, the walls of the body 1022 may be either non-conductive (e.g. made of

25  ceramic, fused silica, etc.) or may be made of a conductive material (e.g. metal) with

a slit (not shown) cut through the wall, e.g. from end 1026 to end 1028 and the slit
sealed, e.g. with a non-conductive isolator insert (not shown).

With the arrangement shown in Fig. 11 and described above, the pump(s)

1042 flow rate and regulated gas source 1034 flow rate may be adjusted such that

30  gas from the chamber 13 of the device 12 flows into the intermediary chamber 1022

(arrow 1050) suppressing contaminant flow into the device 12 and gas flows from

the aperture(s) 1032 through the open end 1026 of the elongated body 1022 and into
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"Wth this arrangenent, the plasma 1072 may function to reduce flow within
passageway 1024 fromthe reduced cross sectional area 1030 toward the end
1028 of 20 the elongated body 1022 and into the internediary chanber 1020
(arrow 1054). As indicated above, increasing the resistance within the

el ongat ed body 1022 may allow for an increase in pressure in the plane of
apertures 1032 thereby suppressing contam nant flow into the chanber 13,
while nmaintaining flowin the direction of arrow 1050, and for a given punp
1042 speed. 25Fig. 11 further shows that the coupling system 1014F may

i nclude a Qﬂg Qh%Pgrlf&Bfg%f?%}%]{D?% ecljﬂo??arfo% 19@3%sﬁibhgﬁnggt FENgRERRet i C
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sour ce 1034?)9%51343%%@0?@'&?3%?‘%%%5&%%%%” %%E??B’ g‘?ﬁ”?ﬂiﬂ ﬂ%fe‘F‘FeéE’fag‘Gﬂa may
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15  in the location 1030 at the reduced cross sectional area of about 0.5-1 torr which is
suitable for an ICP discharge. The ionization may also be facilitated by EUV
radiation which has maximum intensity at the intermediate focus.

With this arrangement, the plasma 1072 may function to reduce flow within
passageway 1024 from the reduced cross sectional area 1030 toward the end 1028 of

20 the elongated body 1022 and into the intermediary chamber 1020 (arrow 1054). As
indicated above, increasing the resistance within the elongated body 1022 may allow
for an increase in pressure in the plane of apertures 1032 thereby suppressing
contaminant flow into the chamber 13, while maintaining flow in the direction of
arrow 1050, and for a given pump 1042 speed.

25 Fig. 11 further shows that the coupling system 1014F may include a pair of
electrodes 1120, 1122 for generating an electromagnetic field, e.g. a uniform electric
field, within a portion of the intermediary chamber 1020 to deflect charged particles
that are flowing in the intermediary chamber 1020 toward the input to the device 12
and thereby prevent the charged particles from entering the device 12. In general, a

30 small fraction of contaminants may diffuse through the counter flow (arrow 1052)
and pass through the plasma 1072 and into the intermediary chamber 1020 where
they may be partially stopped by the gas flow from scanner. Some or all of the
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The reader will quickly appreciate that the some or all of the enbodi nents
15 descri bed herein may be conbi ned. For exanple, the charged-particle

defl ecting system descri bed herein may be used in conjunction with the vane
as described with reference to Fig. 6, the generation of a plasna as
described with reference to Fig. 6, 7, 8 or 9 and / or tenperature contro
system as described with reference to Fig. 10. Fig. 12 shows anot her

enbodi ment of a coupling system 1014G managing 20 and / or limting gas

fl ow between the chanber 26 of a |light source 20 and the chanber 13 of a
device 12 ' . ] | ght 0 | into

t he devi Ce"@%b@ﬁ%ﬂr%%%ﬂb%% saL e’?%n%’é’&ﬁ?%@#n%%geéﬂr gﬁértéqgégﬁeénqrso'i n
conmon W t hephtévec pripleitity Gygt HBr)l @1 4ys lienization &g to JowFivnizakien ceatphtiahg
system 1014G shown, a wall surrounds an jnternediary 25 chanber 1020 t hat
i's in flui FORBRIAIN CHEIFOER G ITherdiiarafler PRssiRg thenllagag region oL ypreallysy st em

1014G may fyir hhsee !o@gm%g,%ﬁaef a{eowuﬁﬂlape%ﬂ@@ﬁfgﬁgﬁg@itﬁaﬂ mcétlﬁgefvgég om t he

chanber 26 to the inter ary chanber 1020 and 13 of evi ce
12. For 5t héVbgstthencharpé @, cantaninadis 4A0R2Gatnthe beerfmadiay chanster | KOt the

tiall d 024 haye.a fi d.al J.omi ng EWV
Praht “30” « Sheset pare iR TRR2HE AR et rom thh o RS 28 hidrvicts e Bha “open
end al | owi gt Ebbrit ifId. Th Qo¥éidasdsh theIRSSBAWRY b inQirtdiBed Bt £IBAled ove hanber

1020 and chanber 13 of the device 12. As shown, the body 1022G may be
shaped, e. grespergi(nbfmtorn), e.g. by adjusting the pump 1042 and regulated gas source 1034,

where the mean free path is about lcm, thus deflection may not be substantially

10  affected by the low pressure barrier gas. When the charged contaminant particles hit
electrodes, they will be neutralized and may be pumped away by the pumps together
with barrier gas, since the contaminants were removed already from the direct flow
into the device 12.

The reader will quickly appreciate that the some or all of the embodiments

15  described herein may be combined. For example, the charged-particle deflecting
system described herein may be used in conjunction with the vane as described with
reference to Fig. 6, the generation of a plasma as described with reference to Fig. 6,
7, 8 or 9 and / or temperature control system as described with reference to Fig. 10.

Fig. 12 shows another embodiment of a coupling system 1014G managing

20 and / or limiting gas flow between the chamber 26 of a light source 20 and the
chamber 13 of a device 12 while allowing EUV light to pass from the light source
20 into the device 12, the coupling system 1014G having one or more elements in
common with the coupling system 1014 shown in Fig. 5.

For the coupling system 1014G shown, a wall surrounds an intermediary

25  chamber 1020 that is in fluid communication with the chamber 13 of the device 12.
The system 1014G may further include an elongated body 1022G restricting flow
from the chamber 26 to the intermediary chamber 1020 and chamber 13 of the
device 12. For the system 1014G, the body 1022G may be formed to at least
partially surround a passageway 1024 and have a first open end allowing EUV light

30  to enter the passageway 1024 from the chamber 26 and a second open end allowing
EUV light to exit the passageway into the intermediary chamber 1020 and chamber
13 of the device 12. As shown, the body 1022G may be shaped, e.g. having a
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‘necked region, to establish at |east one location 1030 having a reduced
cross-sectional area relative to the ends. Continuing with Fig. 12,
it can be seen that the body 10220 may be fornmed with one or nore
aperture(s) 1032F to allow gas to be introduced into the 5 passageway 1024
and directed toward the end 1026 of the body 1022 arrows 1130, 1132. More
specifically, as shown, gas, e.g. argon, hydrogen, helium etc. froma
regul at ed gas source 1034 nay be caused to flow through aperture(s) 1032
and into passageway 1024. For the coupling system 1014G shown, the

aper tur e(S)odipy Beh 0ol edaicnOhy AR ohD ol IS ALl OF YaucBh Glesdear

the |l ocation avi ng reduced cross-sec ween t he end
10260 and |sectiadriabared 0g8tivietoithgends. educed cross-sectional area, or between
the end 1028G and | ocation 1030 having a reduced cross-sectional  area.

g i
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establishing a 25 counterflow for, contam nant djffusion int he body
10220. |n peiuerd gross-seqtinagleared, Qidefsy %5189% g é%‘?f‘oﬁé$93§é‘a§’élﬁiaeved

W th gas i RdRed gﬂp&_ Liosf 28, the 1ight source 20 at a pressure P1, gas in
t he chanber 13 ogat e of(e)viﬁce aat a pressure P2, with P1 > P2. In sone cases,

the punp(s) 104Fid.| i@dnfurthee 6sows thit theygbuplang gyatens d0i4@ madindudeva valle nmay
be adjusted to direct. flow., fromthe wa 024 t hroygh t 0 open end
1028 of 1 hEETBIREE SHintRy BRI 1030 B eyt 2 muP e e s ErePh20
(arrow;d05dhe. opeRl n@IBT th& 568y 107EG 288 thd RphtidptddetirdabtheMeltaNRerFai6 nay
be about 200-600 ntorr (H2) and the pressure at the(é&l ane of the

aper t ur e( stheioepling yystan d 0&4G shewahenerrrmors pinen(s), 42 may be pasitippedsiour e
| evel s, th wW_I edi |n. y Vj J | gwi ng t he
gas 1 ow 1 S Eapio Bolbale ik HeRRs kL, 1434, IRy R W38 Powi ¥
i nt er nedi adivectioardfarrohORIA4t 0 be mini m zed by | engt hening of the body 1022G
5The reader w || _.quickly appreciate thgt ':T%e sc?ge %é (?I@g of the enbhqdi nents
described her ei NViffajhe@mngamicRealoBoin Ex@intd 81 CAeTIHFY doPv the SWIP(St em
descri fhed @rehEwTEk & x‘égﬁﬁtédn%&oéyu%cfﬂﬁnﬂ%trgtetrﬂ%& vehgARqdzRh thded With
reference to Fig. 6, the generation of a plasnma as described with reference
to Fig. 6,2, fremothedchamdrpdidacfitie device AP Byws émoabe detsemediey ohaniber
reference 1&2%1 &no%?lé%} s/upgrréssing contaminant flow into the device 12 and gas flows
from the aperture(s) 1032 through the open end 1026 of the elongated body 1022G
and into the chamber 26 of the light source 20 (arrow 1052) establishing a
25  counterflow for contaminant diffusion into the body 1022G. In particular, these
flows (arrows 1050 and 1052) may be achieved with gas in the chamber 26 of the
light source 20 at a pressure Py, gas in the chamber 13 of the device at a pressure P,
with Py > P,. In some cases, the pump(s) 1042 flow rate(s) and regulated gas source
1034 flow rate may be adjusted to direct flow from the passageway 1024 through the
30 open end 1028 of the elongated body 1022G and into the intermediary chamber

1020 (arrow 1054). In some cases, the ion slowing buffer gas in chamber 26 may be

about 200-600 mtorr (H2) and the pressure at the plane of the aperture(s) 1032 may
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10charged-particle deflecting systemas described with reference to Fig.

11. Wil e the particul ar enbodi nent(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 nore of the above-described purposes for,
problens to be solved by, or any other reasons for or objects of the

enbodi nent (s) above described, it is to be 15 understood by those skilled
in the art that the above-described enbodi nent(s) are nerely exenplary,
illustrative and representative of the subject matter which is broadly

cont enpl at g i HISHRERSERS ARRMICCAAL ikse BREGENCRIL AnaMoR! SR hftnt he
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term It is not intended or necessary for a device or method discussed in
the Speci f FefstenemtaaEiga, Gaigsacmaten of 8 Plasgiacsdegeribed) wikh seferengatp é’@e%y
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expressly recited using the phrase "nmeans for" or, in the case of a nethod
clai m theatdiomgroneios maze of the aboverdeseribpd prrposesdor.aroldlams 4e be solvel by Vs What

Is claimed is: 1. A flowJgmana nt st em f.or t Lt r-aviol.et
lithogr aph§}r %‘ﬂ?’p%?’ﬁ'ﬁ TrasonsHer gﬁ/ Jggtns gg%r%n%]?%&gglegﬁgiaﬁéyé g%@%@’n‘g}%‘éﬁ% at

| east part uaddritosd! 'szH&d;-J fgliéd i fet ars ek ahe aboysdattibehembbdirgnpkpam® i n
said first space, the plasma emtting extrepe ultraviqglet Ii second

encl osi ng Weraly sxemplasy, Phistrptivg gnd gepresaniths of %me§ﬁae%?grh£vﬁc% 1s
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
interpreting such Claim element "one and only one" unless explicitly so stated, but

20 rather "one or more". All structural and functional equivalents to any of the
elements of the above-described embodiment(s) that are known or later come to be
known to those of ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the present Claims. Any term used

in the Specification and/or in the Claims and expressly given a meaning in the

25  Specification and/or Claims in the present Application shall have that meaning,
regardless of any dictionary or other commonly used meaning for such a term. Itis

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

explicitly recited in the Claims. No claim element in the appended Claims is to be
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an el ongated body at |east partially surrounding a passageway and having a
first open end allowng EUV light to enter the passageway fromthe first
space and a second open end allowing EUV light to exit the passageway into
"the second space, the body having a shape establishing a |ocation having a
reduced cross-sectional area relative to the first and second ends, the
passageway establishing fluid comrunication between said first and second
spaces, said second space otherw se sealed fromsaid first space; and a
flow of gas exiting an aperture, the aperture positioned to introduce gas
into the p%ﬁ&ﬂ?‘e‘ﬁﬁé(n%fr e AFBV st R QPBW@.é.hglfi,r sﬁkﬂﬁﬁsérag{a hhenRRdyxgnd the
| ocation having a re liced &cross-sectional aréa.” 2. A system as recited in
clai m 1 f ureldment toerprésslyngciedsosing ehef pirageneans ford ognn¢hectse offagnethod fi el d
in said passageway to produce a plas therein., 3. A systemas recited in
claim2 fu %’é‘rﬁ%cﬁ%ﬁi?‘?rgilﬁﬁj’cge‘ﬁé?gl%?pquét&?‘{%%’é% aFgr est abl i shing an
electric field in the second space to deflect charged particles. 4. A
systemas recited in claim2 wherein said source conprises a

radi o-frequency coil for creating an inductively coupled discharge plasm
in said passageway. 5. A systemas recited in claim2 wherein said source
produces a direct current electrode discharge in said passageway. 6. A
systemas recited in claim5 wherein said el ectrode discharge is a gl ow

di scharge. 7. A systemas recited in claim5 wherein said el ectrode

di scharge is a corona di scharge. 8. A systemas recited in claim?2
wherein said source produces a radi o-frequency el ectrode discharge in said
passageway. 9. A systemas recited in claim8 wherein said el ectrode

di scharge is a glow discharge. 10. A systemas recited in claim8 wherein
said el ectrode discharge is a corona discharge. 11. A systemas recited in
claim1 wherein the aperture conprises a hole fornmed in the el ongated body.
12. A systemas recited in claiml further conprising a tenperature contro
system mai ntai ning the tenperature of the el ongated body within a
predet erm ned range.
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13. A systemas recited in claim1l further conprising at |east one vane

di sposed in the passageway of the el ongated body. 14. A systemas recited
in claiml wherein the systemconprises a plurality of apertures, each
aperture positioned to introduce gas into the passageway at a respective
position between the first end of ;Eiéﬁﬁg% and the | ocation having reduced
cross-sectional area. 15. A syste ited in claiml1 wherein the
system conprises a nozzle directing flow fromthe aperture toward the first
end of the elongated body. 16. An extrene ultraviolet |ithography

appar at Wdaispgimeditg: a first chanmber having gas di sposed therein; a second
chanber having gas di sposed therein; an internediary chanber in fluid
comuni cation with the second chanber; an el ongated body restricting fl ow
fromthe Ajflay ndragdyent tspsterhefor ph extrede adtyavidletntibographyeagradiusatthd eysdm
partial&%gﬁgﬁ{ounding a passageway and having a first open end all ow ng EUV
light to nter the passageway and a second open end allowing EUW |light to
exit thefipasshgmgayall anlchitpartiafly gasouading afigstapacapert ure, the aperture

positioned to introdyce gas into the passageway.at a |ocation between the
Prrst chacaheprel SRR e Rt et B feme Al Rl G5R7F r om ¢ he
i nt er negieasnd «ubRBBE vall alliBast Prtiaby suidandihf h 836oRd §fact;i t hogr aphy apparatus as
recited ia clain%16 wherein the punp _cooperates with the flow of gas
exi ti ng"t HENgEr basbedtalitst tiigiadyensipiushing 2prasweeas 2id DAYIAS rhBrst opat eethd
second GRAMETSVIRhEDIARE iR bassa@rayl kWil f8ChHES Qe opek QMalQ&ﬁg‘%er

into the internmediary chanber and a gas flow fromthe aperture throu t he
first dpéW lightogiitithepassagayyay éto Bsdpcanddspiast thettiody hpyisg ashenetsstablishirg a An

Sglpﬁrrrglb'@atigxq nfﬁlrvin%i RO%edbell! &S4- LGB ARG RIJVELHT fe SHIE QHA dgegc%da extlcisf She

passageway establishing fluid communication between said first and second spaces, said second
space otherwise sealed from said first space; and
a flow of gas exiting an aperture, the aperture positioned to introduce gas into the passageway at a

position between the first end of the body and the location having a reduced cross-sectional area.

2. A system as recited in claim 1 further comprising a source for generating an electromagnetic

field in said passageway to produce a plasma therein.

3. A system as recited in claim 2 further comprising a pair of electrodes for establishing an

electric field in the second space to deflect charged particles.

4. A system as recited in claim 2 wherein said source comprises a radio-frequency coil for

creating an inductively coupled discharge plasma in said passageway.

5. A system as recited in claim 2 wherein said source produces a direct current electrode

discharge in said passageway.
6. A system as recited in claim 5 wherein said electrode discharge is a glow discharge.

7. A system as recited in claim 5 wherein said electrode discharge is a corona discharge.
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a systemgenerating a plasma at a plasma site in the first volune, the

pl asma produci ng EUV radi ation and ions exiting the plasm; an optic
positioned in the first volunme and di stanced fromthe site by a distance,

d; a gas disposed between the plasma site and optic, the gas establishing a
gas nu sufficient to operate over the dist reduce

d t
i on eng? o SdgtE%:/\? 11551\ elpi & ‘f"h%gflosﬁ? SREERPTP téce&ﬁﬁaaw fgwaelzfys gssrge

encI05|mgjﬁg&uﬁgﬁmﬁmﬁg&ﬁ@yndlng a second volunme, a system coupling the
second volune to the first volunme to allow EUV radi ation to pass fromthe

first volunme to the second vol une and operable to establlsh a gas flow

directegl hromdhes SEGRAY vahm wﬂ&fel Bid YKHEMm m@haﬂ F Pfs%%_ege

systeminto the first volune. . An apparatus as rec |te alm
wherein a gas is disposed in the flrst vol une at a pressure Pl and a gas is

di sposeg, i C vol t ressur Pl.>P2
appar ot s ASVELECRRS U o BBRRR Ry it s e e
i nt ernmedi ary chanber |n f|UId connunlcatlon with the second volune an

el ongat gd ,bod restrl ting flowfromthe first volu |nt nedlary
chanber - (8 by raited it bt P sori firmgess b Lauedan M HE no’ a
first opgp. end allowing EUV Iight to enter the passageway and a second open

end allowng EUV light to exit the passageway; a flow of gas exiting an
aperture, the aperture positioned to introduce gas into the passageway at a

posi ti on. hefpsReNast B il ih ik NOruARG ctohﬁ‘or@ﬁg %r{gmg&gtuﬁef cdnt¥81 8RR maRAidnPuUNP

renoving gas fromthe internediary chanb An appardatus as recited in
claim1 eWUWFW@FGéﬁmﬁﬁkﬁgwﬁﬁQﬁ%ﬂﬂ@mn%h@ﬁﬁehnsﬁhﬁmﬁure di sposed in said
first vol une.

13. A system as recited in claim 1 further comprising at least one vane disposed in the

passageway of the elongated body.

14. A system as recited in claim 1 wherein the system comprises a plurality of apertures, each
aperture positioned to introduce gas into the passageway at a respective position between the first

end of the body and the location having reduced cross-sectional area.

15. A system as recited in claim 1 wherein the system comprises a nozzle directing flow from the

aperture toward the first end of the elongated body.

"16. An extreme ultraviolet lithography apparatus comprising:
a first chamber having gas disposed therein;
a second chamber having gas disposed therein;
an intermediary chamber in fluid communication with the second chamber;
an elongated body restricting flow from the first chamber to the intermediary chamber, the body
at least partially surrounding a passageway and having a first open end allowing EUV light to
enter the passageway and a second open end allowing EUV light to exit the passageway;
a flow of gas exiting an aperture, the aperture positioned to introduce gas into the passageway at a
location between the first end and the second end of the body; and

a pump removing gas from the intermediary chamber.

17. An extreme ultraviolet lithography apparatus as recited in claim 16 wherein the pump
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cooperates with the flow of gas exiting the aperture and the operational pressures within the first
and second chambers to establish a gas flow directed from the second chamber into the
intermediary chamber and a gas flow from the aperture through the first open end of the

elongated body and into the first chamber.

18. An apparatus comprising:

a first enclosing structure surrounding a first volume;

a system generating a plasma at a plasma site in the first volume, the plasma producing EUV
radiation and ions exiting the plasma;

an optic positioned in the first volume and distanced from the site by a distance, d;

a gas disposed between the plasma site and optic, the gas establishing a gas number density
sufficient to operate over the distance, d, to reduce ion energy below 100 eV before the ions reach
the optic; and

a second enclosing structure surrounding a second volume,

a system coupling the second volume to the first volume to allow EUV radiation to pass from the
first volume to the second volume and operable to establish a gas flow directed from the second

volume into the system and a gas flow from the system into the first volume.

19. An apparatus as recited in claim 18 wherein a gas is disposed in the first volume at a pressure

P; and a gas is disposed in the second volume at a pressure P,, with P;>P;.

20. An apparatus as recited in claim 18 wherein the system comprises:

an intermediary chamber in fluid communication with the second volume;

an elongated body restricting flow from the first volume to the intermediary chamber, the body at
least partially surrounding a passageway and having a first open end allowing EUV light to enter
the passageway and a second open end allowing EUV light to exit the passageway;

a flow of gas exiting an aperture, the aperture positioned to introduce gas into the passageway at a
position between the first end and the second end of the body; and

a pump removing gas from the intermediary chamber.

21. An apparatus as recited in claim 18 further comprising a multi-channel structure disposed in

said first volume.
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