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System Managi ng Gas Fl ow Bet ween Chanbers of an
Extreme U traviolet (EUV) Photolithography Apparatus

wo\b@xasmes N. Bykanov David C. Brandt |gor V. FONER008009755
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Ilght at a vvavel ength of about 13. 5 nm can be used in
phot ol i t hography processes to produce extremely small
features in substrates, egF ELD|jcon wafers. At this

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.

BACKGROUND

Extreme ultraviolet light, e.g., electromagnetic radiation having wavelengths
of around 50 nm or less (also sometimes referred to as soft x-rays), and including
light at a wavelength of about 13.5 nm, can be used in photolithography processes to
produce extremely small features in substrates, e.g., silicon wafers. At this

wavelength, nearly all known solid materials absorb a significant fraction of EUV
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wavel ength, nearly all known solid materials absorb a
significant fraction of EUVIight passing through the
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source chanber to gases having relati .veI?/ | ow )
some arrangements, focus) the light to an intermediate location, e.g., focal point.

The collected light may then be relayed from 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
limit the atmosphere in the light source chamber to gases having relatively low

absorptance of in-band EUV light.
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absor ptance of in-band EUV |ight.For EUV |ight sources
desi gned for use in high volunme manufacturing (HVM
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T N L N e S
WhAiBAtB that about 20%-80% of this power may be transferred to a buffer gas in the
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
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
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t he chanber of a stepper / scanner (which typically
i ncl udes conplex optics to establish illum nation,

wQaiwmesasing and projection as well as conpl ex PCT/US2008/009755

mechani cal arrangenents to nove the wafer stage

relative to the patterning optics, e.g. reticle), a

near vacuum environnment which is nearly conpletely

free of the debris, gas(es), pressures and / or heat

whi ch may be found in the |ight souyrce chanber, is )
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first Withithepbeyevid mings applicants shsolosg|systems foromapaging gas flow
£ < _ i D .
oo R e R Aol BV T R0l o] ratus, and
aosesppndingméthedsnef wsel | at | east partially surrounding
a second space; an elongated body restricting flow
fromthe first space to the second space, the body at
| east partially surroundig\gth ppageway and having a
first open end allow ng EUV |%2:t to enter the )
passadewafirktr aspethen flioms manpgerperdnsystens depad oteemee nlfraviolet
l] owi EW light, to.exit the ssageway .i nt he , .
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apags; theeplagmreeiing exteepoyitiaviohtdisht a seeonshiencéosigswall at least
[
n

h age 0Sj. ti t Ny

b SRR ST RS bl 8 o e
dirsisspasett the Beédondrspace, the sy @ idstpardally sfrrduniding a passageway
aspect, the systemmay further conprise a, source

Ged exingrd fisst oper epd shlaying PPV Fightiio eptqri{be PassaggEgfrom the
t e' . . .
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and./ or the source .
sectional area rela%lve to thgg’%st and second ends; 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.

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
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
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produce a direct current electrode discharge in the
passageway. For this aspect, the plasm may be a gl ow

wale@eksroge or a corona di scharge plasma. | n anp€Te82008/009755

setup, thesource may produce a radio-frequency

el ectrode di scharge in the passageway which may be a

gl ow di scharge or corona di scharge. |In one arrangenent

of this aspect, the aperture nay conprise a hol e

formed in the el ongat ed body i.h a particul ar
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t he filnsine an:xangffrn«tme)f sloid \aspaet) théepérbreamayncongrisag kole formed

A EAC o aae e W e
dﬂ»@ﬁ(u%); daeM@apétnirB pokitibadd t%ﬁﬂtr@&ude@s eht8 IBSpRLageway

body In a partlcular enbodi nent of this aspect, a
taé ngmc@veepmmr betweer thenfirshgnchef thedwidaleardrthe Frcation Agving a

er.at £t h b
P Eel TR RetlioPal eh " R ool S Rkt bleS: ribrisg s or more
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dodd osure, an extreme ultraviolet i thogr aphy
appar 0 ' t %uré
di spogéglsqagg%{ué%némgd@@g%n tB% aﬁ% %\E}ll ng gagc [ spoySteéln may
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second_open end al |l.ow ng E .I' ht to exit th
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shawher diying gase dwngyed athgraanpip ipermodiay hemtbepnin  fluid
C r 0 1

SRR Rt BRE charh B o FERARH TR b low from
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tpﬁ.& Oggﬂg%g A Ta%@@amﬁs éln&ldaalmn%llﬁwfl [ R&it e 5&5&\”@,

i rst open end of the el ongated body
iftvtvo of Ipas fekitsig arhapdrewre, 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

JQ

pump removing gas from the intermediary chamber.

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.

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
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In anot her aspect, an apparatus may conprise a first
encl osing structure surrounding a first volune; a

wayBvesogEnerati ng a plasm at a plasma site i PCT/H82008/009755

first volunme, the plasma produci ng EUV radi ati on and

ions exiting the plasma; an opticpositioned in the

first volunme and distanced fromthe site by a

di stance, d; a gas disposed between the plasma site

and, opti¢, th as_ establi shing gas nunber density
FOFiioRFE i thco i APLR® S0 e ?@g%mfe,sﬂeagy BoliFRRER & @ gas
| f2dhoSEE 'Bgﬁ(veleﬁltg@’ eﬂlgsg?av_sﬁgfaﬂﬁeo t1a€ thPBSs EAGISHiAE a gas number
optic; a secon ncl osing structure Surroundi ng a
sieasitydsuffitienteto apechta osgraethe distmop|d, g reduee secenedgyw bélawel 00eV

to.the first volunme t.o allow.EUV radiati on to pas

FAEGRE o 19 630N, F ARUC: B seehad saciontie, Drishe sibinding a second
QRAIAL| B d taCsysR P uphifig thdRBohd PuRie’ts st VoINS allow EUV
second volume into the systemand a gas flow fromthe
ggdintien itpitpass Heon  the tfirgoivohmme o then secontd o lnmat ansk operable to

thi s;.aspects a gas be di sposed in.the first
i SPREE po R8T Hon? e NeRRRE bR iliBind bk H84 HIFEs flow
VRI B Fbtem PECHRYIret W3umei th Pi > P2, In a particul ar

arrangenent of this aspect, the system nmay caqonprise an
i nt er fa@ngepnbodine of ithis RERACH acgaT iRy badishesediip the st volume

SERIPR P T ) OSPRS00 A L U8 i

d, i Rast partially surroundi ng a passageway and havi ng
a first open. ePd al | owi ng EFL1N | ioa%ht tg enter the )
passadBwhPagifylal dEngameBheh WA ASBFIto Weh §Y R PRyHfempgise an

G¥fetmE A EryRBARBELHPN 1id Rofinfii Qi I L SEE¥hdARdIume; an elongated
aperture, the aperture positioned to introduce gas

ibotly restectpestiay éway thet fitat Vaume ito thehatermediatyhehafribes tthe body at

nd. an he second end of the body. an unp .
e predaly SUTHEIG Fer RER It o e i PER fnd glowing EUV
i1{Ehk B ErtERihe PAsabewhly nda BEind opefehd kHEWHREUV light to exit the
structure may be disposed in the first volune. BRI EF
DESEREWaY; ANlom oftfas PRENSNTSAIErgTe, the ppsrBire pegiHangst focintroduce

S P RS R ORESl s oo

Mody cdrid pgng pdioving aasfrom thaintamedianEthanibeght sour ce,
a device utilizing EUV || gﬁt and a system coypl i ngurt he

i ght Boefc dmplsmeRiatiqay ol Bis @spect,) 4 rapiGyghagnel structure may be
i L f | c view of a discharge produced
alﬁﬁgﬂcﬁfﬁﬁ?@%ﬂr ce shown operabl e connected to a
device utilizing EUW light, e.qg.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic simplified view, according to one aspect of an

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.

lithography tool, and having a coupling system disposed therebetween;
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l'ithography tool, and having a coupling system
di sposed t herebetween; Fig. 1B shows a sinplified,

wa@ehvensaost vi ew of a | aser produced pl asma EUMPCT/URL008/009755

source shown operable connected to a device utilizing
EWV light, e.g. lithography tool and having a coupling
system di sposed t herebetween; Fig. 2 shows a sectiona
view through a sinplified, EUV |ight source

illustrat] n errbo nt . of an EUV ht so

managéfr A Sy SR e Seh EhaE visvielct Pt R SieBq, pritma EUV
11360 UGlirck NghoH b?eﬁﬂil%n REAncetddUed W %eslh@vmﬂwnglm%gm e.g.
seen along line -2A in Fig. 2 show ng
dthgramiyaml@mdshawmgtwphagf isysgem dmpemdrth@reb@mmal

vanes; 2B shows..a ec opal ew.th

mul ti -F&% ag ns&owsst ?usc?f:ﬂ? 1Ew fig ugY_q] 6 s1§1pﬁl?g9 EUVE l%%%lt source

own I as seen al

lilligratifle di\emBodiingent 3f &hEW’VnEgh’fl sOttce gailﬂlaﬂzigéhleﬁt Sysednitr e
havi na:agonvergl ng, flat plate vanes; Fig. 3 shows an

aI t er g 3/e shawseh sretiepal Vrl%w thronglh the rewlirghannal SHgtR ﬂwwn in
| f | ,
2 AR B Rt OB R i avin

&bnmm,eomhﬂwanm Fig. 3 as seen along line 4-4 in

Fig. 3; Fi 5 shows an enbodi nent of a couplin )
syste lﬁa?rﬁ v HPRFUPNYVIgW mrpnagthgagulflr@wﬁ% isiillgira shown in
g'»h@@%’ séeh ai lideIPA 2SO £, Q@Ho&vh% &Hﬁ‘l‘l@%ﬁaf?l@:l &ructure having

ice . canner, while all g EUV light to pass
fconverging, ﬂatgﬂateszanﬂsce 20 |nto t he devi ce; F| g. 5A

shous jan erbodi meql.of:.2 LoHBll g 5 tem NAK BBcucture having

&%&%ﬁ@%a&iﬁﬂ?@hbﬁt@@daﬁ an el ongated body; Fig. 5B
shows an embodi ment of a coupling syst em havi ng

t aper eHign8 shpws atsectignat yigue troughihe magdtizhpaned é@@%’ﬂgﬂ shown in
ePz%ajb%l s%he%oﬁé,hﬁ 491 %hriq?téed body; Fig. 5C shows a

vie rough he el ongated body shown in
Fi g. FAgaSsivasmnantbidihemnof2Gobflingsysietnh madagihi@undifor limiting
nozzl es. which introduce_ flqow into a passageway
(288 ﬂem v,twwrgtheaﬂaagﬂa’smf thedight soHes avd B ¢ s@ﬂf # Hgvice, e.g.

%E }__e%uf BV h t'ﬂ) ass%rﬁ‘\?\lkesl?%ﬂ sGred gO IlﬂtQ?ile device;
- ig. 5 ShOWI zzle I ntroduce
into $1ga§Aagtmmyanamqmnhmeﬂxtl yf nocaepliapl systema havingedirectional

e e SR P SR a6

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. SA
as seen along line 5C-5C in Fig. 5A showing nozzles which introduce flow into a
passageway radially;

Fig. 5D shows a sectional view through the elongated body shown in Fig. SA
as seen along line 5C-5C in Fig. 5A 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
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;
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Fig. 6A shows a sectional view through the el ongated
body shown in Fig. 6 as seen along line 6A-6A in Fig.

W@® 200032035 shows anot her enbodi ment of a coupl i PGI/EYRDEMITSS

having a system for generating an inductively coupled
plasma (I1CP) within a flow passageway; Fig. 8 shows
anot her enbodi nent of a coupling system having a
system for generating an discharge plasma within a
fl ow passagewa Fig A shows .a secf.i onal view
t hr oudiE: hERN Singah DU ISt SONP RS S erd SXiog p system for
gﬁg&gm’ﬁ%&?uﬁﬁc@&w onﬁﬂ&i pl§smf(I@P% YigoRPlo sk way;
odi ment of a coupli ng system having a system for’
gener dtig. rigslmws arhtlaxtr i eneodiment oif @cbquphsgmyxtermh)wmgtmsystem for

a fl ow ows anot her. enbodi nent of
&eE‘BrﬁBﬂl 3@?‘&‘%%?%%?%@% EPaF ¥ ont rol  syst em

for neipteh BhéWs hREcticREPEedt Mfcighfth@blonBhite® By SRSwRin Fig. 8
the el ongated body surrounding a flow passageway
wssmmﬂl@ng)hlw&tﬁe‘%ﬂmﬁlé $:ange; Fig. 11 shows anot her
S?ggﬂlcl‘gg ? assﬁ%ﬁ:"%& em gg{lxgng%?]ahc%&gﬁg%g%sﬁrﬁ lHamng afsystem for

PefEaliNd @5 indativay cogplahplasee (I0PY withéd d fldef ;b&sdgeway,
char ged partl cI es; and Fig. 12 shows anot her
enbodifignt! Ooshewe oamtheﬁge@pg@lmlmﬁ iag &Pwl% sYptery having a

SEaA e ASOUEE ) s PSP RBSald OE By R Sor o

iefbrigated body emeamelimg)a Hoy. patsapbeay withirsd predetarrsinkd natger

o WS e b et 205 Shng sy ®m having system
RJ?S’(LR:H Bﬁgﬁlﬁpitﬁya FRRApALASewHERRA 3 bXir Qﬁsélgé'iﬁ;d%g glegeratmg an

for e.d. exposing a substrateé such as a wafer,
Eiaeric ﬂddldpﬂgd@halgedpamcteh,&ldv light. For the
appar

g e BT Embidiaipliphd Oty Sy Hongred (o allow

a8 RPBS mtx’éa@ébﬂﬁiﬁto SpRPagdndy Firadted U8 Mthekndesiithe\passggeway.
system device using a contact and / or proximty

mask, etc. ) may be provided having at | east one

chanber 13", the chpEAILCED DISGRIFTIONNE Or nore
optics (not shown) to, for exanple, illumnnate a

pat t erwithgnw@hrﬁieren%ﬁ toskigwh)therg ds swraarSéh%qit@ simplified view,
rﬁﬁlltg ép o?l@t o% nd?lt bﬁ{% enE Obs %é%g@ﬁt ﬁgs aof an EUV

bea m a su not
rmohﬂlmhogaépl@sa@aiﬂtqs, (eendralbih degignatteal 1Qje er agJ expaging a substrate

cont rolle | ati v venment bet h rate and .
FuEh 8% ﬁl"‘ﬁ’ge rrgé"nléane ofliPr‘?qqutcsWHa/ﬁ:‘iPY h‘@ﬁhpg‘?{r ¢ gppargius 10
HRYick 9" WHEizRB 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
and / or proximity mask, etc..) may be provided having at least one chamber 13”, 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
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
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EUV |ight source 20" having a chanber 26", e.g., a
di scharge produced plasma (DPP) EUV |ight source (see

wO-2@9/0828535 a | aser produced plasma (LPP) EUV PCT/US2008/009755

| ightsource (see Fig. I1B), or any other type of EW
i ght 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

@ﬂ'érﬁlﬁ 2%6 %g M gg %ﬂlj 0 gwa St e 11%6}{-, ?gal}qv Iﬁggrgg ﬁ(p%)g{alsutl the pertment
L t
%%éﬁg? tar}ﬁ'ghqumwﬁg Mselearﬂ]a@?ﬁg%%ﬁ%c%) NackBABRE . Fig 1

evice 1 ght to pass
falsonshbh'e thait ¢hiet apperatesemay inclutiea douplinie vy stam 1 2" haviog at least one
tther below ., the c

Ehabon 16 Radag it A, rc e a3 SO g fhgdiht Source chamber

2883h@ Gl chaf®bér N3V O f SDENSELTD WRI1O Al Ewin3 EUTUEt 3 Pass from
renpve gasfromthe chanmber 16". Fig. IATillustrates

dhe ighsspurca 207 nto ithe, deviceal?” ‘Drfor|exgnples avdetailezbfurther below, the
cog%lfn%, ]s')zfst?ﬁ’llt ;ljl’l Z{gﬂg:hE%\%l Icgnsttltuté % Yo f&hg r,f';,gslock” Jnay have

cOUpI Fg S8 tem

lsubsysiehi¥it both ifasdide@nd berhvwegastfian kheddHantbet 16

chanber 26' and the chanber 13' of the device 12

whi | e Fag| ldwillustrates/ap ppparatip | Babaying amPhdight QWFC% 80’ @aglevice
2 u s

12 il POVIRHAE Se b stepfl, SOAMRN (07 B8.% Sufthe Ghlem 14

phaagimgaindpl c&slnmtmgt@s iflovabetihvenb dic Rt soafdehdnaglfbelr 267 and the

to be a re |at .t~h , ot her .di sch oduced pl as .
cbppFerg L Wagh LN S 1B i pa Podh i tight
RGhiceY0C ﬁft@ ﬂﬁzede?vlcl%' neh A&y slﬁ)vﬁﬁlﬁhé ook S’ %WBQ% sHﬂ‘)ﬂl&? dense
used. For the apparatus 10' shown, the source 20'

nay
|p|1a§trutcfecw @mqe msoduﬂnm:lolamma st asmansitecin anghamiber 26 galthough it is

8 RE bRt AR o el s proleedtadh PrE Wices such as

%@ﬁ%nﬁanaiempiﬁch Hevice,adllow tidthoden-YmbRlor atiapillary@i¥chifge may
passed through the hol | ow el ectrode to the pl asma

det esedThEog: &y ppparatug chdy oihl@wﬁa;r ¢ Kewepe2yunapdnglydeg pair of

| at
SISEPILCH] IR o UM, Al ALY I O s, e
Camgal | dlevtde \radyu bs hoﬂnwdzmdl an gttiveagad Shaqn_eh aaXer@at tivievapor,
TR A e Kk TR e e 305 i s
%e%ﬁ{rﬁdeleétﬁ)rde eiﬁ%nfﬂeﬁ begéﬁ.ll%drwlaﬁ%leeﬁlc‘ﬁﬁbﬁﬁe baﬁf@ﬂjgﬂtem to a

the el ectrode wal usin heat pi pe
o:datlvaig hg}!sﬂlmmcatlpgtentml relative o t}smm eldstrode Gapacitanc@Falues,

ma ed to.collect EUV radiation produced in the .

s e St B0 8 P ROHAFh eE oy Pebpipired to
Sﬁ@@as@SEWVlﬁy#ﬂ odfput. "AKOTBHE BF BofhOsiUsie %&ctrb@é‘salhﬁﬁ be cooled, for
within the amber 16' of the coupl i ngl stem
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
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14' . Although a single grazing incidence mrror is
shown, it is to be appreciated that a plurality of

w@e@2/08m53 nci dence mrrors, arranged in a nestBdI/US2008/009755

configuration, may beused. The reflecting surface of
each mirror may be made of nol ybdenum pall adi um
rut henium rhodium gold or tungsten, for exanple.
Fig. IA also shows that a coni cal nested debris

col 37. may be I sposed in the c

BBt e b6 e 0B SRR Sa8 TRRIAY P P8 lrzlﬁiﬁnum palladium,
SHERGRS rndigne IWOFHHJ s@ht oF@’Xaﬁnﬁét endl ng out from

the pinéh site’ and dir cte toward the mrror 35. In
addu t ifg, lﬁaalsufshews thas a 30nisalciested dehus ogldaetortid mayrpe disposed

9 ST b LA TR FLBE P
dﬁﬁf lléhtCrQH S Ring duf REMSHO PR1HARE ah@ Aréeted 6 wardtthe mirror 35.

chanbe via punp 41. More details regarding a DPP
|Ih qushtmu rac buffery g 3PosHel am hysirggephelivm, \grigp@ ror combinations

421 .1 SSU Q 0 t 4k
DHbeh e R e P 28" i s S AR i trgueh the
QlfebMé‘l ic6llectére3 N EHE Biybse et pomatsldfrby thef chagibee 2!6e Ni)a pump 41.

Fig. IB.illustrates_ an gﬁgaratus 10" havi ng an
|Mg¢ﬁt degailsr rsgarging 2 IPFR highb sowrp ey Pajoundcinuble- é’atem Number

2‘34@121§s1fe8ro gﬁgééeﬁ?&e&%g 2803 reelldrknﬁﬁfl TREWIB §AL AOAVIOLET

glivering the pufses’into a li'ght source
dHGmﬁeSOIZRCHFQhe eifitere contents cfGVhick dre Heraplytingurpsmtedrigyreference
ravel along one or nore beam paths fromthe system 22
¥ nto the chamber 26 to illuninate one or nore
tar gety§g &iB Afustrifeddh @ bgﬁﬂmﬁqg"%vg% anUPP HBhEsduR&EI®°, which,
for use in the device 22 shown in Fi 1 may include a
;aal shewn| aisayr irdndece, systemn 22 afop Lgegemtlgasa diiagc hﬁrl@u @Obses and

éla Even d_e%ﬁq‘[gep Bfﬂgucjné(g &i liagg.t ?%%genglgaté? eﬁﬁm I*o({r tI1ie sour ”“% 20’’, the

Nghfphlé&@ Mal it@lelPA¥RE one o morel bk @athblfﬂﬂﬁe thea§idtdh @D and into

pul se repetition rate, e.g., 50kHz or nore. In one

g ehambea?6 tondluarpste ang opmorniargessaniapdintowregionia

conf i I B! I

RE- pu%étgﬁ&%% fo? %lgy t!hg rﬁlg‘é%% Qg ggoﬁﬁ iR¥ih Jﬁ%ﬁiﬂgéude a pulsed
tlisat desice,né.gl at lﬁ.dsdalygzﬁs dschairgec 064 wm td%W1c€)S[ﬁbdd®mg) radiation at

AT @t%ﬁg{agﬁﬁ,{({pg}%gra? Frltiveligh power,
bL% S RO ort IRBRerPsh PR PFL; 3¢ rep étﬂ%elddte I@fg 5010tz foP?ﬁ’&r@d In one

ore entering the er. Cont ously punp

@mlwtqnllmblemqmam the lasee dnafyduavbheMQ}e% eomf2uratiay w1th multiple
VI .ce h

SERFY oLty RE riDe (OF FapicaiSs and Habthehsped pulse that is
GRificdUbytd Q%);wit@hééll $ds@ye0séiNate -(READY ivieh Ubw. efE@nind high

Application Seri al
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
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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Nunmber 11/174,299 filed on June 29, 2005, and
entitled, LPP EUV LI GHT SOURCE DRI VE LASER SYSTEM

WaR@0008y5 Docket Number 2005- 0044- 01, the entiPE@&I/US2008/009755

contents of which are hereby incorporated by reference
her ei n. Dependi ng on the specific application, other
types of lasers may al so be suitable, e.g., an exciner
or nnlecular fluorine | aser operating at high power

and hi pulse repetltlon rate.. Exanpl es include, a

sol i d [2psnding rpfhe gpegific application ?thﬁrerpe§ I3sergjjmay also be
ti

SURRAE 86! ket RN POBRAGNEELoRUSIAER R Fower and

thig? puldDfepetitidnl it SExamaplds Echilé, 456lid statedassrneg., hageg a fiber,

S B B SHPEHAETSF T SO G ERLARET BT o8- s
AP fiY URBte & RS a%erit NdR26, 825 81, #5495 53€ hhE6, 567,350, an excimer

mast er oscil | ator/power oscillatof (WMOPO arrangenent,
daqso\hevmescmel dramore phaebersngpg fan arsc llatqvﬁghambﬁraﬁgé IPRATOr more

I h d
S8 g S 5 3RSy FRAR P i,

GhaspdRedstillatiripol@r Detillatdk QM@(D)E ArrSlQRhBAs @[)GWBIO 6sdilMdter/power
As further shown in Fig the EUV |ight source 20

rmplidies PORA) @@@%m@at,gﬁta ki statealaserdhataseds eResRrgRpISEXCimer
r a t
Srdrolsh b YFOLR0 SHARES SERIARYREL B Ll Other
ZEmghﬁme;bhﬁbwroplets will interact with one or nore
i ght pul ses, zero, one, re than one

pr e- puts Byrdper SO i i 1Ry e ELYS 120 SUTe, @y alsg include a
ool &a{éﬁaﬁﬂ%v&gy%@&n 3opL 8s @@ll@é}glggcﬁ'ﬂﬁl'é%t(ﬁ‘ @ﬁrgé%atenal into

en133|on mat erfal may include, but Ts not
ribe @gemon Of)aldhainbed 26 dp the neadiatiad rdghart 28 neharddbe draplets will

R 58 e SREPO B 202 ERECSET TS e s

R&d 'tﬁkr&eff&r foRE Bt Aforé hiak lﬁjésoﬁi @itimafilg pRIdusOh b&sma and generate
particles contained wthin |qU|d dropl ets or

entRyV feorissiathi Ehe @eget waterial mayialudaribut ismgt ec@ﬁmtly ligited to,
th t.
el 0 P R, Rl SF ShReiaHE Wt Dife EUV

tenfittig)eldiferdsed, 88, Rhiven biehon,agc. amby be ¢o thedford of ﬁq(jl,d. droplets
SnBr 4, SnBr 2, SnH4 as a t naI % e.g., tingalliu
anfisy ssolid parficles &ﬁmameey‘glthlﬁ hawd irapketsat Alnosgrofpsm which

Qfeh@erg iHay 'e‘&ﬂttfﬁ_%t él@ﬁ’i@: feRRNAL804:8R & Sn %t ﬁ)hg@érete, semi-

used, e tar eril may be present
|cbnanincmsmnd / begommuﬁas atn(matSL dios ekampley t-hemlement tin may be used

i ncluding roomt e ure e enperat e .
(B RYS U 7S 81 b GEmPRr JyE aDPBH SPBUaCBH: Brpdratllpe o tin-
(allflm 458, hhﬂl}ldﬁ{m 3dlloty§ MR AdiHMESal B@h OMIdy80r a combination
tenperature, (e.g ), and in sonme cases, can be

thereof. Depending on the matenal used, the target material 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., SnHs), and in some cases, can be
relatively volatile, e.g., SnBrs. More details concerning the use of these materials in

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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relatively volatile, e.g., SnBr4. More details
concerning the use of these materials in an LPP EW

W@ ouwp082055 provi ded in co-pending U S. patent PCT/US2008/009755

application Serial Nunber 11/406,216 filed on April

17, 2006 entitled ALTERNATI VE FUELS FOREUV LI GHT
SOURCE, Attorney Docket Nunber 2006-0003-01, the
contents of which are hereby incorporated by reference

%G&%Egd[ﬁ}gtﬁg é"wqygpgek (Nmtgg% ;0% Mﬂ%h(i]ettgg ‘cotents of
'WﬁlEl?Ere'H%réﬂgq%éd}rrBﬁafgd fefrdf@tgetig! | i psoi d having,

e.g., a grade yer coating with alternating
| ay er LCaftinobigywitle Fign13h thesEUVclight sourze 20bsay alse jnciudg. an optic
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St0epheare thesEEN 15phs treay) bechutma tfrosm theeETSIYSligmsmd'ee/ pe pass through a
/ .or proxi sk,. etc

gqsé' o g""ﬂ‘%ﬁ%éﬁf éngdbw%etop% eﬂ"Sn utilizmey ﬁgwﬂi%gt, e.g., an
%&gﬁfggea&%hq%%ra@woo@ Budhn$ @%pﬁerb’&ahﬁeﬂ Qt‘é?taﬁg st@%n &stem,
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€. 0. g tRY sdlREL2@ Q0kmperatiia 8o@tdl shaeRBay Be USRI to maintain the
collector mirror substrate to pass a heat  exchange
foptic B0 avithin a pre-selected operational temperature range. The temperature
control system may include heating, e.g. one or more ohmic heaters placed on the
collector mirror substrate backside, and / or cooling, e.g. one or more cooling
channels formed in the collector mirror substrate to pass a heat exchange fluid, e.g.
water or liquid gallium.

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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water or liquid gallium As used herein, the term
"optic" and its derivatives includes, but is not

woemensarsly limted to, conmponents which ref|BCT/US2008/009755

and/or transmt and/or operate on incident |ight and
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contents of which are here i ncor porat ed by reference

HéSePntenAs\mﬂls@th;sgmalhEu@bﬁr 1388, |892 mbiled pedigbruary 21, 2006,
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fsoaeRawkichite Mchdle MY 6MmeANdropled imagds0ttRateprdide! 21 output
position and trajectory, from

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,
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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which a droplet error can be conputed, e.g., on a
dropl et by droplet basis or on average. The dropl et

wW@e00/03206y t hen be provided as an input to thePCT/US2008/009755

controller 60, which can, for exanple, provide a
position, direction and/or timng correction signal to
the system 22 to control a source timng circuit
and/or to control a beam position and shapi ng system
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l\1“{?(?6(?;124 filed on February 25, 2005, entitled 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, entitled LPP EUV PLASMA SOURCE MATERIAL
TARGET DELIVERY SYSTEM, Attorney Docket Number 2005-0003-01, co-
pending U.S. Patent Application Serial Number 11/ 827,803 filed on July 13, 2007,
entitled LASER PRODUCED PLASMA EUV LIGHT SOURCE HAVING A

DROPLET STREAM PRODUCED USING A MODULATED DISTURBANCE
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2004-0008-01 and co-pending U.S. Patent Application
Serial Number 11/174,443 filed on June 29, 2005,

weniovnsawes LPP EUV PLASMA SOURCE MATERI AL TARGHICT/US2008/009755
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fs??félzkg{élgg;& 31 %?g tw he di; %}%ﬁgpnc 30 \eglerrroer ?5)', %he gas
establishing a gas number den51ty, n, (1.e. number of molecules / volume) sufficient
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
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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site and optic 30 / mrror 35 to reduce ion energy to
a target maxi num energy | evel before the ions reach
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density sufficient to reduce ion energy to a target
maxi mum energy | evel between about 10- 200 eV, and in
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renoving gas fromt he chanber
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.

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 a gas management
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26, and, in sone cases, a closed |oop flow path
recycling and / or re-introducing gas renoved fromthe
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managenent systemis described in detail herein with
reference to the LPP source shown in Fig. IB and 2, it
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per mai ntain a constant gas pressure in the
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T bl y PG EPEEt & SO dand & 26 Aol MANAD @ relatively
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dovy pressureshatwesmthe irrafiatipn aegiom 2§ andrthe sutpanesiatoaegion 40. In
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region 28 and a smaller, relatively | ow pressure

bet wedsonttpd dfr thgdgast sqmce(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. Hy, HBr, He, etc. Typically,
the selected flow rate(s) may depend, among other things, on the light source power
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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region 28 and the internediate region 40. Control of
the gas source(s) and punp(s) may be used,

W@oees2083ll y, to maintain a sel ected gas presseCBEUS$2008/009755

pressure gradient and / or to maintain a selected flow
rate within or through a chanber 13, 15, 26 and / or
to maintain a selected gas conposition, e.g. a
selected ratio of several gases, e.g. H2, HBr He,

etc. Typically, the selected flow rate dep
dRBT &oHeg Ry and oﬁ C 183% Hf:qlg{fmegg; 6& at }qﬁlaulp fg’ls other

tc?gmh panber, the anount of gas m xing, the efficient
e heat exchanger(s), the efficiency of other
conpori@nway adlexamppkey $orearSn target antdv€Og ddser systammivyithothe optic 30

coolin ste d / or e gas.requirenents /

RORtioned aheus fpepm, o AL By A ToRIE gpegR of abou
f300nD 2t ah AP louRfe répehitib@ e 1r§ﬂ’1§frﬁ1§e\@ftlb -t1oo ket h(ﬂofx’hgrate of
positi oned about 150m fromthe irradiation site 28,

| about 2H# ek slantapdant litgtsoper 1BGR) oagtEatar, E@vh@mrmlpyed within

ition.rate in the range of 10 - 100 kHz, a flow
t§$§ha&?b 528Ut 200-400 sIm(standard liters per mnute)

Or Qr e&jréthe 1@ sdGrc@NPY, Ofhe Cadi thhhdgeinft §yserh €Y002thay Fdkroduce
the |ight source 20 the gas management system 100 may

iseverabgases. fanexample) Hecle, ApandohBrsither gepaadely apd ilgpendently,
n'_(g;th%géslt El?i& b%elﬂﬁ{)ﬁc%hyasaa )ltﬂr%e Hﬂgf&%%ﬂ )élth&fg[lhﬁg gﬂsillustrates

uced as a m x ure. reover
Fthg gad Beihg ﬁruﬁdduaédést érieclogaionh &t ingo bappdciatd that 'uha @as may be
|.oc

o he appreciated that th as.may he
inFebsad st iqcawre gy -rswgve% plubfe g pd? or may
gal dvaPhefted ?&a&fc‘ﬁ[’cﬁloﬁrﬁi Iﬁulﬁfgleni%&t%s eVl‘éHéUg"Hs‘%Ha}f BE supplied via a

circulatron at nmultiple Iocations. The gas nday be
Sagpbi mdy \begeaetatadklocallyraloroexagpie the gab sovecel mgy inddude an on-

B iy ok ST B -SSR p R adgele including o
a6 c AL ex ek N dR8geh OA@attduniifiobn Rster AGesvyNWefe® 8SiAg/a proton
deuterl um fromwater / heavy water usin rot on

hreeq anarebrBesnSuchydeviee i anarketed gndrmlgéw rawigk Synger under
@é 59‘5? G bl o dAIGERdrdr HoP S Eh B UTE (h AR HBmnickhunter-

WoBsWwebsifedbr deidd. | s. Dependi ng on the gas used a

condi ti oner,, may be provi ded such, as an appropri,
cheni dafpeadingppierthe gag used 8 Gopgditiopeth a1y S%Qr%@%f guch as an

S A St LB ) il sores o
Rhluemx gapice dilufeethe Hxiting) gad p(lvm te meleasadata theb eurroundmgs For
fel \(qulen H; ,%Susg&’ ?ng%ilrtgltl st Sbe expﬁ)swe at gas concentrations of 4-
25%), a diluent gas such as N, or air may be used to reduce the H, concentration
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
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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25% , a diluent gas such as N2 or air may be used to
reduce the H concentration before rel ease (generally

whedons28s and nore preferably bel ow 0.49%. PCT/US2008/009755

Alternatively, or in addition to the use of a dil uent
gas, a catalytic converter, possibly having a Platinum
catal yst may be used to convert hydrogen to water.
Sui t abl e gases for reducing ion energy may incl ude,

but are not |limted to0, drQgen (protium and
FXame arﬁuitglalswg?pwﬁem% gﬁ @r@oﬁwwgp? 15; Y5 @sgthe target
IrHat@ﬁ’ﬁ'rﬁ%ﬂﬂcluﬁe 8b£PB) AP ahd Bis0NEBYas for renoving

contam nants that have deposited on surfaces of optics
may bdt imbéliesed thaydhesason ngagatimvtengmqudrsamggé)n usgdto suppress

exa the etchan Br, H . Br .

s Mdic. BF By, Hisernsoeral Bopt o6y Ly ot mgpitade with an
%@béﬁeﬁil@ ISRIBPEUN absofesh. Sﬁl wm@ca%es GRERENEHLr Hirksrelflective
as the target material nmy include 50-99% H2 and 1-50
¥opiBrg mpy hpve ghaut §0@ gaarifetal ﬂ%@ssaandoﬁlllr@mivg!atﬂ% UV reflectivity.
é’lﬁa‘(l;(? nl Cé:glrl%tt % rglegsﬁlg%a%r%s%ﬁ Q'Qt{e Fal}zlfs %¥ l\&l'lho pulgcge(ln the

rabgdtict Lufaom mhxgaﬁom)cmpuwoh@ﬂr@mh ﬁEtoElM Hﬁs(@uetto ahe above-
In sone cases, the collector mrror refl ective coatin

escribed e mibgaionk0p  seligeiari Bfetimg gxepedingdl0st pylpes is estimated
I

PR U 1 SERHgn TR SRR V1 volume

(manuffdveurdtpsanvérenmint. on m tigation) and the suppressi on

factor_of 10 (due to the abovedescribed mti
col | eckhsruseiafen; 168 SISPPIBR A1 Fiehack gay(es) Sidesittisg Hbove,

G4y, Qﬁ?&ﬂﬁiﬁg‘ 6n tRe §1§k9:ﬂflc Qpﬂl%ﬁo@fbeof?s%ﬁaélb&"opfn t&Rbination with
colTec mrror in a high vol une manuf act uri ng
emworr omre other Tmm:twtlon tealniques suahpgsi thy ugasf aifmil shield (with or

SRR SBF Al ARG o E o B e T, FERR A agneic

RISt dedlectbit §loRNiBnd and P OE Y {Rr of! pilseHab ttb Cteduce ion flux
techni ques such as the use of a foil shield

inh 6¢q €& es-praiding WS- datenbAppligptigh SerialdNgmberel M’é@ b4=5 filed on
a1}";;:%1' ﬁftzrob‘i g{}ﬂ Qs ER%R&D{U@&I? (PQ‘I)A%IQIAdEU\?itIG SOURCE,
ow 1 0Ns € use of pu aping to reduce
|Morhé)uxDmﬂget N&mber R00GB06+02, nthe Uckntemtat efit which are hereby
Applicati %g(rﬁ?f” al Nunber 11/786,145 filed on April

IECOIE@W ef?”és LASER PRODUCED PLASMVA EUV LI GHT
SQU
conﬁ%’%% ar g’%%] E%E%/}ﬁl n%@ﬁég@gsa ggg BUY Botolithography

rappanats 290 Iﬁiv'gxg dh EHM/\hglttfseulgasmthm agsze@n%cmnwhmh manoptic 30
e 5l R IRk b MR AR E80RL L 5200 AP 28, S
collector mirror for directing EUV light from an irradiation region 28, e.g. where a
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
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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formed with a through-hole is disposed, e.g. a
near - normal incidence, ellipsoidal collector mrror

wo 200943208t i ng EUV |light froman irradiati on regi/os28009755

e.g. where a target material droplet is irradiated by
a drive laser (not shown in Fig. 2) producing EUW
radi ation, to an internediate region 40 within the
coupling system 14. As shown, the EUV |ight fromthe

optic 30 passes through a i system 14 and is
i nput Gtigupg Wit F Figo 2t oy ?ﬁ% EEP%W‘I%'@]HF“}%YA}S op flow path,
gag {iﬁ%@&@& tRfoRBRShe RRREASble frfred lﬁSmé f@n 3@ aﬁa Qoward the

e gas managenent syStem may i ncl ude encl osi ng
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%“ﬁefr 306 G0 Sl RS R D B M5 BPtic o, S b 2 the
hoR3A§b AIKCEENEY ;?a%a,laebsém ot 81438} sduled (dt shown) to
cha er 26.Continuing with Fi 2, it can be seen that

whe irradiatigohegibo 28 daltheugh,fathsy thrpuih-hgles may i premded and used to
ough the throu rned i Nt he i C
tjEWé t |gb {5‘& %Pt oﬁ'bf eqgi %rﬁo . of'—hr omutltﬁ{)le ﬂow p{&gs may be

tebtabligHed N /itBin ahd Wham®er b, tfbfi egaﬁlpfd owe térpendihg h@& Patent

exchanger 206 and into punps 208a,b. For the o

Snplisation Segal Numbgee ltll‘f&?%ﬂ- filsH eomAngUsUALL 2@(5;73 qnélﬂed GAS
I S tprSAOV)

AN AR ST EARERCPRRTGRE PSRN ELR LIGHT

tSOWORGE; Aabaty MiyckbeENpmbe 2007-G030-0isthd contefilsfivgdeh are hereby
t.hrough the optic 30. Modreover, other suitable flow
ABRORROTAISY by delesangBINEeHEd wi t hin the chanmber 26, for

exanpl |
oy SRR ) o ALl RO LB it

@Aspmm@mzwrawsmlmshapgAseaaPmDhRLaAemtEWendmg
LIGHT OURCE, .Atto cket .Nunper 2007-0039-01 .t he

g the Chrueranic ol Do TREE Phe SR B Of ey aHE may be
%ﬁl@émmtﬁ%he bR thoRd RREMhLSass4Yes SNPWR a HaBéxBUSRANGE! e.g. water,
206 may consist of a pl urallty o spaced apart,

percep] ench aktel aFhey e gxebiangst 206 phax dunctigntte ee@hgas flowing
T TR SRR S0 1, B RSP i Sgpor that may

fupdeseb th%oﬂﬂEUWradﬁfl&n nd Asrfalil grRsgetid 'mppﬁsfheﬂ tin is used
heat exchange fluid, %‘a water, to cool each

PRA tﬁ&‘{ n &}ce ;_c@gle Shefgyﬁ él[lZ}yOP@SF 61“885]!‘ pag)ips %t()ga,b which
Th ML 516 getu?&)cpﬁﬂg &r 2 Q‘go rig?é b%BstEIO 4N ﬁﬁp&?ter be
v apors al

ta get mat er rably absorb
rdidctet ithrough (An/extnrnaﬂ@ullde@\cam tos, loeatg)n whcre\;thcp gas whlérpnce again

l’dﬂw g’;‘%‘lﬂg X F gﬂ— %E?llggt r?%a‘e [Sf" } gb ﬁ[&C Otg lé%%?BI%CCIate%atﬁat one

t%?rf; %ﬁov@ rég‘ﬁ[é%’i‘s RESPsHY W a9 BeSproyided b@g Sé18S regdlatbr near each
erearter

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
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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- internal passages to f

di rected through an external guideway to a | ocation
where the gas will, once again flow through the

wa beoonsgesihol e formed in the optic 30. It is toP@EUS2008/009755

appreci ated that one or nore flow regul ators (not
shown) may be provided, e.g. one regul ator near each
punp, to bal ance fl ow throughout the gas managenent
system Figs. 2 and 2A al so show that a portion of the

gas froamthe t h-hole fornmed, in the qptic. 30

fREE WiRiETh AT %&Pﬁ%gy e SCARRS &ﬁiﬂm P EolRAbRENCtians iRt fganner.
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to mnimzé ht obscuration. In addition, vane
| the: muilte-ahanagl ﬁ@cﬁéﬂéé@,@é shewnorrespond to |i ght pat hs

\3@;{? P %ﬁegﬁgn%ls% b{l%‘g %1 {%ﬁ% %gg:rgxrl%ezngrzrﬂérfgyg a tl-g:haﬁnel structure

0D &vtch? ind Wiy abplulﬁdlﬁy iofaddially et vanes 2¢ anc lternatively, a
coni cal shaped vanes. Fig. 2B shows anot her enbodi ment
rnulmf@nnql HirugBiER daying b@br@ngentaﬁ copigal gngyiradial vanes may be

8;5&1' POr Q\{é‘f’éﬁ%ng gﬂgnéf%hﬁw?% e 1199' B> 4BowdSn FISVBA, 2B

e pfOV|d to restric
fdnd\B bﬂé wese driadl ofcthé Vanﬁestlhaey bd forbeed vidch mltﬁjnalhmssages to flow a

[ ti-chann tructure 2 hown. Fig 3 and
Jreeiebanes, Buidh et v g ii@wéngal 6P 1 1001 sich el The mult-
Shhed léfrﬁctaljeg 24 Al 'f‘ﬂi’uﬂ%? RAnRidH & c':JoY gat ffo@vqhgqltﬂrﬁugh the

oriented vanes 212°. ‘Alter ively, a multi-channel
ghultiethaneel Isauq:tng;s,bblt(h 2t0meent and / ootei coatensn (ﬂargetdn@tlerlal vapors

G M TR TN PR TS T STV

JargenN Gnatsidleafd /abt of pkdiede anasfichny rfeSistafédTRE gdst |ﬂow thus,
Fow a heat exchange fluid,

wstablistong # pepgpue @aadumy i theghamber Mawithadalativety @1qu. pressure
2|
g%@?ga%ll éft E}H-:Ctrﬁﬁﬁ pnet hstﬁ%cgur %I e nhe%)lroe Ié)gt tb%tween the

gasflovvlngt strutt ures,
Airadiatid®) regiad @8 aﬁblopthOtm @gnﬂ&m&ﬁ foar ggeppin@tanti /abr etching

vapors that, may yndesirably absorb EUV r adi t,i n, e.g.
tROWVERRg 2 HfpNely lpieas pisseritg oyngizqagLel the Hisehaiipel siictures,

910t Ql@ré’}’d’dee 'bgﬂbéénctﬁé‘ﬁmﬂt@%ha%f%[‘%u&&eg%of b, %JIOO” and the

thu§, establ’ishing a pressure gradient in the cha
dftemhediate regiba iyt eyghmghmg@sEﬁdemrpaou asd ¥ @ate ofininfige flow

han str ctur S ‘L2100 e d.
SHteklsaiovRe the FaiBe e Sikgnitaper e o
provi CfQ)rltH@d&tl@epﬁid% A multPehfinehétAniReyV210, 2070, 210’ may be
relatively | ow gas pressure downstream of the
ragisttionpdh Eie¢ive spuree mateyial 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
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

23



10

15

20

25

30

210, 210', 210", e.g. between the nulti-channel
structures, 210, 210', 210" and the internedi ate

WO e@pose0dD, to e.g. mnimze EUV absorpti on aneCT/Uus2008/@9755

mnimze flow directed toward the coupling system 14
and device utilizing EUV |ight 202. For the device
shown, the multi-channel structures, 210, 210', 210"
may be positioned to receive source material from
irradiati on zone 28. As |sc sed her ei n, pendln

1of ghesgsviges a gar a‘ﬁgmteragl replety it radiatedhby ongyor Hore | pulses
% S ePl Jﬂgedrfdleﬂry Qf;radhgtea otqrgeﬂ %at&ﬁhlvmwesomgng the beam

rrssmti gatl on techni ques such
dérectidn @ spoeads irdwvarvwgdg aslidangle sArlatge gost o, th¢ matemlamay be

aeheuued itg gt bl Syt 3. 2} AR ¥R o may be

ﬁ@ﬁﬁ@&ﬂu& fcbftrSli)  tRordefdn0é, 8rtempeMnireNSontdNEd th8mUs®p for
ul se-shaped beam A beam stop may be provided
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SOERCEl MATERIAE TOIIOPCEION | BNITr FORt &d mySEmePRODUCED
r}r)ore pul ses to %(ﬁr)]erate gl asna. épl cally, irradi at

FBné\tiomeyh aﬁlfed|1ﬂeeb¢roﬁo%ﬁ19086 -01, the
ﬁ{n%a&%tén% ?f @hi’«‘,‘hda?re %gﬁbgcft?&%b te'a‘ ﬂ eﬁ)&rl% rQiﬂ CSfee also co-

material may be co t1-channel
%ﬁdlﬁg Wr.8. Patént Adfdicatia Sémalvbﬁumlierdl 1$186r;rm5 filed on April 10, 2007,

oo SR BB kB ARk EERP kiont S GPRERE Apmpociet

[; I i [
OaoRE T8l 0 SEIOEepE GABL WA DA b

méfemngelhereﬁﬁ 2006, entitled SOURCE MATERI AL

SCURGEY PROCHE & 5 Rt TR P 9B B8 Tofudt gl ik, target

Stirid 4Rt el Smithro Wb s1éts adreclifieRbind RE® HROIMA &R rdlYforms, for
reference herein. See_ al so copendi n& U. S. Patent

Appnplsawhon tise?-gapuritiber atiy coggopns, ¢-g1 8aBon Spy,i InBr ete, is

SR ey b, Bt B RPRHEB ol GIEIGHY i compounds

endludifg oRidesNDaisBfandfoitledh cantamidted)¥. g, feqn eolledtedmiryor erosion,
reference herein. By-products of the target naterial

'e“f a‘ﬂ%ﬁlserb%asﬁswcmu@e Ghamber. g (Rhese bymmgRquCtfmay; among other
dﬁﬁﬁg%ngﬁ& SHBLGHY s&ftte&gw ﬁ{dﬁtﬁgd can be in
sev

for exanp ntin, e.g., pure tin,
or a tB)nway)nf)exwumleeangnot Bmiiaton, Qlﬁ-multsnmeletttmcmrs 210, 210°,

BT B BARIREP R (PG e felolisgsplids) and
an& S8R AsEC QAP AN r136r9§ tar@e matdr{aP o RANIRE ISH, sBhier 6F all of the
%rpgrsalb?ensurfaces 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
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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etc. may al so be present in the chanber. These
by- products nmay, anong ot her things, danage optics and

W@b®onseoss scatter EUV radi ati on. By way of examl/es20a81e¢)9755

not limtation, the nmulti-channel structure 210, 210",
210" may function to collect liquids and solids (in
sone cases renelting solids) and / or condense vapors.
For a target nmaterial containing Sn, sonme or all of

t he, op erabl surfaces of .th nultl-chann I
ﬂa’acezlte  battem e hGrHANe aneielgmay by CPﬁ 8‘5 aﬁilﬁﬁocaﬂon and
Qﬁ@ft?or{ ﬁfth%h&dﬂ%ﬂs ey BE cQﬁﬁ@i‘ed felzgwe 8@y %Lab QHﬁrcg %entatlon
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source axis may be tilte ative to horizonta
alapoits, 28., Sﬂgapms;)resem mntheickarpbeoper fl ow of liquid on

the mu tl-chann tr ure.210, 210', 21Q". On the
o P Hibrishaoy G fEomt Ml Fommoe Soieires 24P; Eagiqvpsgenerally
QHetfl@qu%ct%H bRGRS iRbrh Bt Uelion C4ANTRE. StAIC IR &0 some, a

may be maintained at a tenperature bel ow
tmetme Iot IaH of plas ges eocﬁtngnheengltl-chmm@\ma@ums 28Dmay (pass through

|
herpethensrE 214 o BRI ) Eordhe dORRE sheo st sapaneer
qui fay MBMsieoh | slueditt of % 5@&6 S?E)hlléh J&nnularly shaped metal

mul ti-channel structure 21 The
ralates hiabextend aopnd thﬁcérczmerezqwf the chamer 26, Qae, some or all of

tHenélta{ pr e S‘be‘?'foﬁ%lxgj pith ¢ %“?Q ﬁt&%alzﬁagga([%%’st %a%ts afh§9t exchange

tfh&d ,Jnalg tiwvateh)anedl &dch qﬂzttur a&w Iﬁaoexogaxsgefrlzomn@eﬁmcabh yo cool
in the direction of he mﬁ n& iate regi on 40. Fig., 2
£a8 dlozvingthrongh th§<ﬁ¥€ angepdl ¥ Bt/ op o gedegse tapget gnaterial vapors
t
étolllljlgg uﬁggstugg basgagﬁé‘r@'ﬂﬁsz_ L{§cg%t'étﬁf ﬁ%stbnu ﬁ%@)rmﬂerpﬁﬁqs used as a
tthxgeSmateual s@own podie@,tthe)g@‘h amgqqasszﬂnompmnpﬁszlﬁa lnfwlach may

| uralit f spaced art Jé nnul ar.| haped,.
55t orads T RRPCRPBY BOnwRen R Delsale? BF direted
tthl%ugn %ﬂt@&er&ﬁ g\maysm Wto allbcatibn Wiero S g5 WRY, diRe again
formed with one or nore internal passages to pass. a
Htay tl@mlghgthg ghrough-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
218a,b 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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fluid, e.g. water, to cool each plate. The heat
exchanger 214 may function to cool gas flow ng through

w0 b@esavbainger 214 and / or to condense tar get PEEUS2008009755

vapors that may undesirably absorb EUV radiation, e.gqg.
tin vapor when tin is used as a target material. Once
cool ed, the gas nmay pass through punps 216a, b, which
may be, for exanple, a turbo-punp or a roots-type
booster, and thereafter bq directgg?throu

&xto8Famatsial R nIBiFaths RIgSTA OP. BAGRE 2 fin Bydrides, tin
Wiides 230CEn doGthitlel Yy bRrU@ht thehd Baouech ehs HesHBS optical

inthe optic 30. It i's to be appreciated that "one or

womporidntsiandper absorbsEUNoighthdhese ¢amjarpisants andydeedtempvgd using

one regul at or. .near each 110 ba ce Tlow

BRF of Ak e P Fhrsy 3 B0 e, 31 e, Chihisg) gosgybers, ete
tTihE heati cteMibers206a,bmap ol Hample cdnsisyufiagsladalify dft Riallel metal
218a, b, e.g. scrubber, and / or an additional, )
Plateso Apaced japart apsk énamgly cooled, 3 deseribadhebavegaid mgy frction to

il , i
FAe g el AT S R AR 0 BB Sl vapors
elpatin vapord é@nathe gapsireah. conponents and / or absorb
EWV light, fromgas flowing in the flow path. For
exanplfég. dhBrthsr ShAE ofbeh e #gs RREAZeRIeT] SYHemy Migainclude a
3041661 "B louf b5 48P QEREEV qn&bagc,ﬁ?g- , &Rt ABhBAEly or in
suth as T es, n

n hydri tin oxides and tin brom des may
ldéscptegmotnts,ronk loe npas gad{es) intodke clegnted 86 opg.i fomion stopping (e.g.

t / b b, EWNV light. T .
bR ey BuePURobPEY: g oG He Aok £ % sichipg plasma

fobhdrBied deBrif dep&Rs iftdin fshHh@isSn RO LHathb@6, sabieds ¢ surface of
absorbers, etc. The heat exchangers 220a,b may, for

optiedle (e.goHBIrsHLoBra Glt, U@l iy asfcoghirgtions thereef). It is to be

pl ates, .spaced apart a i ntetnal cool e
Aot Risa AL BV A0 Bhr R I DI O i By empigeors (oot
shewg)li deway 204a,b and / or condense and thereby

renove _vapors, e.g. tin vapors fromthe gas stream,

Fig. Zigudthahes ﬁgwys tthaft then gagy Ranagerage nestens yugy pclude an
iAG I i

ARl BE A o0 B BBy RO B ot ke 226,

derpurd diluenandof onoceutydr( gas) priott ® rdleasehasrdescribéd aboge, with

for ion stoppin . H, (pratjum and or deuterium
e caiond 4 iownind B GrrouriminghisFieNiE some or all of
IRNSIsAt G tieantbed @8O d Sorl JHMP pori drRGTIhd Qash%%ﬁ“gﬁf[iﬁ@ﬁ%%ystem,

26, “such as the surface of optic 30, (e.g
.80l ghidem@ys 268a,boetcc eittirir ncontiowaustyher éofdiscreet ampunts. bén some

SBRSE RN e S SR0e G PP TN MG B
hstbctithep@ap HTRNRGANENperatisd g may i ncl ude an

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
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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adj ust abl e punp 224, e.g. turbopunp or roots booster,
and optional conditioner 226, (e.g. to dilute and / or

W@ emal3xoke gas prior to rel ease, as descri bed B@DU82008/009755

with reference to conditioner 114 shown in Fig. 1) for
sel ectively renoving sone or all of the gas fromthe
chanber 26, and / or other portions of the gas
managenment system e.g. gui deways 204a,b etc. either

hont b e the Bt SalnR 4Ry T 2B SHE2IL BV used to
tHAnRHTR séérell %fap mahfel db g tyHH'HOseflé&éH Bl D HROBRIALA £d / or

gas. Addition of fresh ga o the chanmber 26 via gas
goessee @adiesinahd / or tor mwinaih acfelegtes! flow ratarthropght the olamber 26

TR T R T WAL R ENE D TR T ——

@(g;lﬂz PBriQeegdlOVe contam nants, vapor, metal dust,
etc. fromthe chamber 26, and / or to provide a .
pr essuiig Jrhudhesrshows thateonsheinimere 28 mengorst 22 §naieasuaing one or
a_ relatiwel ge. ssure t he t nd
gl B inEh e e 26L AFER IS, BB Chpehedl proseure
Rogfposition P& et Hohatib, HBegad editeriteglonn eR8 nagthet digposed in the
internmedi ate regi on_40. Control of the gas source 222
ghampempe o7 Taced imnfuidoeommynisations hergwithnde prayide gne or more
=) t.eqk i i 3 .
SRR HAR, BLBFlo £RRAnIkaLRR SRLRELARCREPSE WL in tum,
maayn camtrol aths ehienpse deflators, atte tohmaingdinta eelettadrigas t2fperature,
and or to intain a.sel %g:t edgglaf, conposition, e.d. 3
é’é?%l&'tegﬁndr tqr CWRPISIHAR: |t Of FXaPley 3y miasgyspagEpmelg residual gas
&hénitdr vilth AffEROTS ursHiA¥ehaly MR usON® AbasiR AB®3Sas concentration.
monitors 228 neasuring one or nore gas characteristic
i ncl udiigg? dlsat shows ithatia eoupling system ddparpntber provided including
pressure, conposi.tion . q. / ratio Br gas .. ..
Fheeis T BAmcaae HisTeded s Bav AisoddirB8F dgetions)
QEmperaaRsh, | gas fhumhiskr CQNRUIRE Caddi Olor tdORERNAR Le@eld’ AVbH@ear the
one or nore signals indicative thereof to a gas )
raieagediatatregipn tidm bopartienlpe tho geupling) system A4 migbe designed to
r . . . K i
S8 P PO AU TR n SO 3633580 e TRL B by stcpper
Goapes htanofactulrers whicdnypizall g lindsthe apoaht ofheminasts,dugltin and

as nonitor with djfferential punping may be used to
CARROUPER c@a&@&wr &ea(vbr.e-gzirf%?r, Beah bg. Dabomer hastepper /
j t b j el udi
D P R i P 415 rRbpgpment near the
rinteenediatd regom #Domayli inekide ahe ) maintempeeeabfiree presgars below the

RSt T peap AR B 4 DO e T2 Bitoward the
GRIRhEdISte StégloRM0L4 FiRY2 BRo ABSWEMRA the gas management system may

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
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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nmeet specifications for one or nore specifications
that are devel oped by stepper / scanner manufacturers

waokioeszogpi cal ly limt the amount of contanm naP@BEUS®0§/009755

tin and tin conmpounds, cleaning / etchant gas(es),

e.g. HBr, heat, etc. that enter the stepper / scanner
at the EUWV light input port. As shown in Fig. 2, gas
rranagerrent near the internediate region 40 may incl ude
t he mai ntenance of a ressure bel ow t he pressure at

tlReotshgrgryice; hhder uskcHergine Anshewpmthes 1ng Systey LQ14 may
lﬁcl@&d alQuRNgd1% fk%rﬂoﬁh&hgeﬂl ﬁft&t{eﬁgir%r}:hé&bcf'l ?20 #ha! §°in fluid
enent syst I NC

ws that the gas mana ude a gas
somnomicalidn pvithvthe |chgnherslt3rcdathe déviga$2.t Tlihet systeomd 014 oray further

th nt er nedi at ward, the_ irradiati on zope

5 ook podf B Fstiing Ao oo sherbs” 26 %o the
dﬁ%ﬁﬁé&%@l ARRVE 162%@%@5%1\/% ¥f BafREi 179 RdP8he system 1014,
internediate region 40. Fig. 5 shows an enbodi nent™ of

dhcbogyl 10122 wstbsrﬁomoqchtmamgstmr@mw urrpundlingia Paiigagga\giy 1024

fl betvventhe ce 20 and

e MenBk e P S U2 ot BN iphet epB e BasteedS 1024
Ifkc@i thd Ehapitfes 2621 4 Becohll Wpkn 2841028 &QowmgOEUhellgmvﬂoc@m the
12. As shown, the dotted |ines 1016 indicate EUV | |&Yéce .

POSFABEWIN gmf thsmintermediggy ckamiper1928 and iphamperi] 306 theo
éAOs]S%O%d 'b\()ﬁ{/ gﬂ)@@ P‘L g%’eesil[q%gs 3 gt ﬁ)a\Ing 2 ﬁgﬁ&g %élgn 96 ekfaBlish at

evi ce 1 f'or’ use rern hown, e cou
343t e 1bOdtibnE)B0i Hawingdered uyel drossQsk2tionsl amaneliange anthe first end

d nb h flu
1B Sseqrbh a4 Aok hé«i’%%gphﬂét hq Sedstbed jcEosgsgrtianel grea may be
Téé@e%iyattﬁ@sﬂéia 9@5 ﬁéﬂ&e dﬁﬁe@%%%t@ ﬁawﬁte&fatebﬁeﬁs 1018,

restricti romt er 26
ihoweverediisty be rwptmlatdd) ot alngd ncﬁadbeglonfi)fotﬂletbmdyd]é)@ﬂcmay be

staiod by e/ AR ek A Ge e BBy 6 Fhope of the

3ody 182 Rthydbef dhapéd ﬂpﬁfbs@.ﬁﬂal%gé’(ﬁlf@x‘nh MHRdidE¥ohd edtbr A light
enter the passageway 1024 fromthe chanber 26 and a

s:en@ledvms mtetmedizg: fciold Ky Adsvshowmtthe diametar of e end 1026
pas %gfgthaph}%he eetep&etﬁlgg% isi/ chanmber 1020 and

Shown, the body 1022

may b@(ﬁiﬁ@ﬁﬁ@ with Fig.h5vit e@n de eek etht kg body 1022 may be formed
establish at | east one | ocati on ]f\oﬁ havi ng a_reduced
Vi euesanprsApertires 4 Up 24 &g, theough-hofpés)extending throyghdghe wall of

Qﬂéjbécﬁﬁfﬁﬁ ﬁf‘ﬁ oW égsatdﬁ%e ﬁggéfﬂ‘fbedtlﬁt% Jﬁi?%ﬁ%vgagﬁleom at a position

Cl 0SS- sectfona ocate
beswdendhe fitsbend 1626 ofthic cba»ldy ages alad;tltehecdtiwnew&ﬁ dhiawing a reduced

focus 1018 however it .is to,b eci dtht t
FERRBECIB| 8Ffaor-£ Ak AuitigncroS 2 scoRs o1y Gy location

tm@o iRlRgedRbel CRENSeAOREE alh anary &eﬂﬁqm@lmuﬁaie fddgs 1018.
shape of "the body 1022 nay be shaped to substantially

dMderespesificallyhes shayim, ges frememregplatgsigasisghtce 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
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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cone |eaving the internedi ate focus 1018. Al so shown,
the dianeter of the end 1026 nay be | arger that the

waelr@amwsss of the end 1028. Continuing wth Fi geCBUS1008/009755

can be seen that the body 1022 rmay be forned with one
or nore apertures 1032, e.g. through-hol e(s) extending
t hrough the wall of the body 1022, to allow gas to be
i ntroduced into the passageway 1024 at a position

fi d 1Q26 of dy 1022 and.th
| e%ﬁhet %fmﬁe% §t9i0§ gheal}@é awgréa%gwg -%@f@w%%ny Céatagi?,er 1020 to
lef}éeg gtagsrgﬁ@vi%ggb%@.c.GAé o9 thO&olpling st 51301‘1 ngﬁr)é ggmpnse a

avi ng a reduced cross-3sectiona
pharalityoof apaturest ¢03@caralt thef grentmresOb8y Hebeanfigured to direct flow
ificall f. | at ed
2Bfiring i baradyvave Do afies bR vt i Bt PP o he body
apew HORR deti tﬁaayét@;hdmw%ﬁm?gk@ dnéor e moZR¥ (BBt shown)

di sposed to surround the body 1022 at the |ocation of

tdivectinge flowr enteying 0be . passagewrnn®2d, towaed dhe firstoand HO26 of the
S sQurc may be argon, hydrogen, helium and

%299&&%&‘).@%8 ereof, or any other gas which has a

rel at ipigl y frther Ehddvaidapthetcoaplimnsy s ¢014 maglihclu@sa wall 1012
be present in chanmber 26 and / or _chanber 13. Fig. 5
srgeundieg\an itermediary shayaberd 930 thay ingdudes gwokuaae disposed between

55586 0, A0,k i, SRR D s g 12
fHoo thretonpling tystera HAM showh, @ie drmeorkipyhtp(goldAil evtiich amg be, for

the internedi ary cFarTber 020 to th assageway, 1024..
RSABRIwANS PHEVES PR PERAT VPP SEEAD LD Positioned to

I%Iﬂ?eé IohY fRfm RS TihtehR&diAY3chanfRf 10D6 ARCEHME EsMBYNIOR in the
configured to direct flow entering the passageway 1024

idireetiati ofsrtavenl (énk046. tIestlpmsishewd, 4 0odead Shroud 1048 nay extend

022.. I n one ,set.u he syst.em 0 LSe.one or .
SR by REd 20 PlorbRa SHRABEY PR W 2R Ard AR g partially
Rags@aPWREUIV dikht ¥ gpdriige 104510 RAGClAY 6 elinkiBate flows from
el ongat ed body 1022. Fig. further shows that the

5
soripiarmedispsehambeo 1020info thecleniise 12. wal | 1012
. . jo thg 012
S op R ithi} e b BT oA in AT dnd GEtpbl WbOE (HE Bhimp(s)
hody I Zaitaand krdpmldted lphs souped 163%eflowrmateomay e adfustedesuch that

12. For th [ t 1014 sh '
N L IR e T
t(b!rrrmj@'ﬂﬂpgf%)r%éin %Scfangiﬁﬁﬁ RO 6 the HeviBRY 2 BRd gas flows from

posi ti oned ve fromthe internediary chanber
102 8peame(s)al B2 thmsigh thef dppw dnd 10RE of threecdongatedotfodyr H2R&sind into

1044, 1046, tl as sh a coni.cal, shroud 104

st oo et SayE &0 Lo tPag BeREhthg a Sollerow for
I Oh @Rt A HfusibR 6 thel D88, PO, al pdifi€dlad, @hdarfidvd (ayrows 1050
and 1052) may be achieved with gas in the chamber 26 of the light source 20 at a

pressure Pj, 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 open end
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 exceeding the

chamber 26 pressure. At these pressure levels, the flow regime in the passageway
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surround the EUV light input aperture 1042 to reduce
and / or elimnate flows fromthe internediary chanber

waemosasH the device 12. Wth the arrangenent PGIUS2008/609755

Fig. 5 and descri bed above, the punp(s) 1042 flowrate
and regul ated gas source 1034 flow rate may be

adj usted such that gas fromthe chanber 13 of the
device 12 into the internediary chanber 1022 (arrow

1050) suppr.essing contam nant flow into, t device 12 .
2R3 g e ool e theysss tloverady (amrgw! ety &ieghtherptermediate

T950,91 SRS e ARG s o e

dotdpb02Xhi ng a counterflow for contam nant diffusion

i nt body 1022. | ticul th fl .
1050 T8 (R08pseaiFoh ShoRRIB S b raomenf it SAG BR in the
UpreOiod BE drid¥t1030UEE nifdt PracticRr BRakEndts, Wlt_ﬂ?% ig{pl}ihﬁat the

chanber 13 of the device at a pressure P , >
Peaximnmsprassutsaisdbe plane opapgrtusys 10322may bedimited by) Lhkaits in the

reqgul ated gas sou 34. fl ow rate ma e '

FEHBEE SeSPT pERisT 040 Ei DL RATE TR aCecRibn Bt B cidhaated
oty 1028 fioin thBeedlced ¢Adse dedivni] 42 & BRGnd 028! Mhe resistance of
i nternmedi ary chanber 1020 (arrow_1054). In_sone cases,

tthes elopgated hpdyigl 0235 fie turga dependsnfori flopis regime fhataisoyjscous or
- 0 .
Qe ?HttR{ ésn(éi%%gj@@g thd guﬁérﬁ uﬁtetﬁgtrg&ed}@%%lr@s@%e&ﬁonal area

the apefture ceedi ng ec
fahé sisaileagthASf thé eséy PO2X s Ak elebaibet abotd) éntkddustior of ges from gas

t he passagewayl1024 nmay be yiscous, allowng th as .
sPwige 1882 3 adistafce dom R ) T a_r@_é??_g introducing
k?/; taQii{?Gﬁoﬂ RveiraBAE @Ry 19@?%&1&)@2 Boridh PerddbdtHY AW (arrow

engt heni ng of the body or the arrangenent )
40862 fom aFgiyen Selongred dwdyyr £0@2ntand hgivemyguinip dl42nspekd, while

direction of .arrow 1050, .for practi cal

FNARNGElpY in Mfﬁ?ﬁ??ofﬂ?wgﬁgé'nﬁxi nmum pressure in

the plMaaniin@ AW Urea the bddyen02Reand With GHe Rhambir 26 may be
limts in the ﬁurrpl ng speed of purnyés) 1042 and 2) the
desirablerbeeauss the, suppressiam fastort fos diffasiomtof ccopéaginags AHBr, Sn

fr the CI QSS: i .areg t

TR S P BRGNS B HTREEh RS R R b ¥ RBfhed B Peckder
dﬁlﬁﬂﬁﬂ l‘ﬁvhio‘hg) foraa (ﬁ})}lind!ef egﬁrﬁﬁirhlzmbsd-&ﬁﬂblg,dﬁ espressed by the formula:
nol ecul ar, on_t he cone ang s),. the dinension at the
regic e covhrre Vs rigs ﬂoafrwé*ioca%r_dnslpfesqpe@flﬁn 5P s e fength
Rpde qu%é?esm@ﬁ 286551d &S 1FRRNRD: cobfticiQf BE {He%n%&laiﬁﬁﬁ% in the gas.

from source 1034 at a di st ance fromthe reduce
crhus ssuppressiom &l highar forimgh flowr véledityoduci ng gas in a

i recton U1 SRRePRRARI TN LA 48\ panssing
kady JORAitapdes HEW ButiwBenl Bb2cimRaRe 26W6F 4 Qight 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 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.
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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mai ntaining flowin the direction of arrow 1050.
Maxi m zing flow fromthe body 1022 and into the

w@e b@az20526 nmay be desirabl e because the supprBGEUSIV08/009755

factor for diffusion of contam nants (HBr, Sn vapor,
Sn conpounds) in a direction opposite a gas flowis
defi ned by Peckl et nunmber which, for a cylinder of
uni form cross-section, is expressed by the fornul a:

gsm\ﬁ?aéé‘??bﬁ %‘{)%@\@qy?l?g?{ ? #Z Seer{q!bqoiv Q}%l q? c! tégdgw Eé?téﬂ enter the

o 8P4y R)Zéﬁfrgfnftilbl %hﬁﬁb&oﬁ Al 8&on8fopbh@nd 1028 allowing EUV
cont am Mants in the gas. Thus, suppresSion is higher

flight tui epit the passagéway ingo thej lgtenaﬁd@t}ovl@ndmtl ﬂ%@ and chamber 13 of

di.me of a,coupl,n 01 and /
T APV T, s SBR tieo Bod T07R ki e sBRRETe g 130, pecked
@%16152 &o %Qtagl'i‘ﬂl dt asESRMBBAt oh31 030 Achaleg &ﬁédﬂl&d’\ﬁbésesectlonal area
owi ng EWV light to pass fromthe I'ight source 20

|r¢itit3VQWeth@IéndSee 12, the coupl ing system 1014’ havi ng

one orco?@fe eI Wi E‘t > s n %lﬂae%l:eb& uﬂbf}ggx include one

system Shown | coup ing”’s

10 hibre 568163, 103 1)\&@ch rﬁ)uilé QOBIU eerminaluﬁg & aaa;pwtwecﬂpamnerlon to
1020 that is in fluid comunication with the chanber

pHowrgasHe bgdyireduced intye pyssegswayohlR4 ahgypasifianmistween the end
[ I

RSk o2 B R St P S AR . v
(sbanﬁeﬂlylas sliowr ezad.ce g cargdi® . hydoosgehhbelsyms.t eten Q4 regtilaged gas

“%53%‘? ﬁﬁ’ﬁ%ﬁgfggfﬁ%’g\ﬂég’%gﬁ u%t{]%w%r fdéaﬁ %@[mzppgﬁsageway

q844026 allowing EUV light to enter the passageway
1024 fromthe chanber 26 and a second open end 1028
al | owikiig iBthwg ithat tthe ogzale 11031 prgy dgeshaped tot mctude a taper (as

SO AL e Binty SO e 063 “hel)* Do Larelsoate ool Sni) & may

%eﬂﬁé&eﬁsrsﬁgwfln Fi@® 5€s tibldzsles 031 83 naj el SHeatddoid introduce
1030A having a reduced cross-sectional area relative

tthe flew inteidhe passegewmn {0 rasdiatlyy or 58, shownclnFigeSGeths nozzles
fggaAt each a:% b%ogr?e 1t<% NG rHcﬂl%e ORE Abw S the %%geway 1024

zzl e ermnating 1n a respe
apeyehtigley b0S3tablisloa abttexirgths phﬁsagma)nl(bm ulmedmemaSest; e vortex
passageway 1024 at a@gﬁgsml on between the .end, of

Seh¥, MBS HREiTaHG cPERAh SYPRISSHRIy PR Ghanyieg feSyelodtiy profil
3(:1%?@ thE ‘f)‘éés‘agé\baya £S3edVR! Re SRGGInt | FFarkY in fie HAGMBeway having

. hydr ogen, helium etc. froma
rrelguv@yenha@a'slosnmsce 1034 may be caused to fl ow

thr ou%gs&}p& and ré% Ssllo%vognzo earngm ocllmegta f A9E0G ing sysﬁ em 1014A
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 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.
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
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Fig. 5B shows that the nozzle 1031' may be shaped to
i nclude a taper (as shown) or other types of shaped

woewz2ls20siich a de Laval nozzle (not shown), etBCT/Is2008@09755

used. As shown in Fig 5C, the nozzles 103 | A-D' may be
oriented to introduce the flow into the passageway
1024 radially, or as shown in Fig 5C, the nozzles 103
|A-C'" nmay be oriented to introduce the flowinto the

pass geway 1024 tangenti al |l to e tabllsh vortex |n )
aE‘é{ 11813 PASSABGWaYy havig F%teszpqpag,nci allowing

'EEFWQ%%? t' Rl ﬁl@rﬁagé%lgfe@% n@ﬁ% ?%prlﬁséﬂaﬁﬁep% ‘&Hé"&%é&ld open

ocity profile~across the passageway to reduce
teind alowing EUTV lagleao ienit thepasagsaggatp thainitemnaderychamber 1020

R B Thpt Bt Ty a5 S Be BR TR mpy.ssheved. e

Having™ hédkad ga%ﬁoﬁl Ve MR an IdalteorfeNRERR 2630A havihi @hveduced
source 20 and the chanber 13 of a device 12 while

a:l@sswwtg)lﬁweﬂr@h‘nvqfotb%@tsisfrom the light source 20

into t edewce -t Qu '

one or %mum %‘tl% qh %hﬁ%ﬁee tﬁ%tt@q @o&g ?\IZR"J}-MAJ‘ fe formed
Syith e dDdbres E;samrwm::azm efe. tinough-hele(s) wﬂtdndglgsmd@m the wall
1014A shown surrounds an internmedi ary chamber

rbabe bpdy 10424, riqull%g%wnlzmmafiwﬁ i ﬂletl??ésaéﬁ‘é(ﬁiﬁépz‘“\ at a
t vihice t 0

i 5,08 Uieeld or e 1545 AR 1o 19505, peving o

trbduceth acdosy-seGiohal tiea. i NMMierarasgedfiyallyh aasb ahodn2 (gasa,nd g. argon,

&& nmber of the devi ce ][2 For the S?ﬁ? em 1014A, the
gf&z Uy et PRy ﬁéﬁg‘t %te%tgaﬁ SER 4051 APy, be caused to flow

g‘h BRRBe@ m@@myo ?Ciob@h(.' ng a first open
['1'ow ng Uv l'ight to enter he passageway 1024A

f rom thg. éffaltb@‘rsmvsathdt thesenphidg spstame hefl 44 neayi imgludena wall

hilnindine 88 whermsdiRannano 3 03p e et Ao SlRE ybdsed between
$he¥Pen étLoDBEbod) A2 ABindRe HBRPBEUt £peBrurd 6 ihdFeice 12. For

necked region, to establish at |east one |ocation
13 ewnhlagusvi@}era dddcdaves essosmers paap(sh ¥ may he pesitioned to

Rab Y B B BE3bAHRAaY, YRl 4 B0 4 B8R e B Cflow i e

aﬁ&bﬁmeﬁaﬂ&GIM4e g. through hol e(s) extendi ng

t hrou the wall, of the bo 1022A, to al|ow gas to be
intr og“nr@éijrq ferepcingd’ lgfaésefgﬂééy it1gp A% %ﬁenatLﬁo%qet Piopore vane(s)
%gmﬁzﬁ/ bd &isHosdd o tﬁé1§a ?ég@h}%%h%é El%ng%%tr)gy 1022A. As

avi ng a reduced cross-sectional are
shewhf the ahhg/ ] 0Gsmsy exiend gas»ss e glongatgdbodi 0224 end may extend

gfmgglge] nglt ];:ngf "o lgca{tleo%%e?ween HE3nd POIEA 1(P ’31% irrlrt%}/mgcﬁate focus
1018. With this arrangement, the vane 1060 may function to reduce flow with
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
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
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t hrough aperture(s) 1032A and into passageway 1024A
Fig. 6 further shows that the coupling system 1014A

woreaoioseobiide a wal | surroundi ng an i nt er nedi arpCTOS200&009755

1020 that includes a vol une di sposed 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 nore punp(s) 1042 nay be positioned to renove

gas fromthe internediary chanber 1020 and cau as
2% gl A pArEah iRss 1S TATaYEres Cgieroian 1o CEReIGEO the Bibe. Thus, a

Ui @Q:Sﬂt‘fl{b?ﬂ TP the RsRAHOOY tHel by 022 AS @RI RRahe ABEked region
nore vane ss) 1060 may be di sposed in the passageway
vafikAhe torehporadbm hefareenl thronbekdd fion awl endoli28 At gemeradiyanakes a

106 t end t he.el ted b 1022A and .
Rl I TSR0 AR e
W8 faRe bl Psin@0shd esonidt @EEBEH X Srdr Ehkd nddké8 poridnl) as shown.

this arrangenent, the vane 1060 may function to reduce
fThisvediiees thexgansyemsa dimesion, And As & Bensegernsedneseases resistance. If

sectional area 1030A t. e P
IS B BhE ra0BORo R W £ habRTERSRY ob U exisine BUV
13RO obstiuf@0n1 094 &) .obdcuriativ getietaledbobeami dahpadropgt hgerator,
resi stance of the elongated body 1022A may al |l ow for
Agbris brmigs.eaic.p b ¥@y of] example, gph AR obscuspian hpviag edhiskness of

N . . . .
(O8E g OISR 0OMARN T QMRS SR bavins
1Ricknesanfl abaut (82 ginv evillhengstablidiedsgeX¥ t=5rhm orothe other side of the
anal ytj.cal  terns, the resistance of a channel to gas
fAptgnediats )GUScous regi me depends general Iy on

transvgs sesHiWEBRSIHP embodifient Ha EOMNAEsydemWOPAB rhdhaging and
thecase of cylindrical pipe, the transverse di mension
i/ or lingting gaetlew befweenehe icg@'pbe'ﬂﬂﬁsqf alightrsgurce 20 and the chamber

Y2, Pl AR L7 T B BB R AR Y o e
tdeeicB e kde chgdlinpsysech FNABURREA @R GHble)eldidRSinccommon with

smal l er contribution. Nevertheless, this can be

ithpeapbing BystenJ 04t seowmin Kign@ into two parts by
p| acl rt%rvtgg %gﬁ]gl\%{%o %ﬁ% Sltroggﬁesl?&xin; %.O%fl %rr'aﬁﬁgsegn intermediary

porti on, uces ansverse
¢hambsi 1020 thads &s flaidcanmmgnieaien withaheesmsber d3iofttbndevice 12.

I f possi bl t he vane may be positioned wthin a . .
JhsaareEn 1 GLB BY2% slf’?lﬁge BO\FloRggtRd bod AP2R fesfricting flow
Grdin (B ARREL % kOMhd %&%ﬁ%ﬁ%g %mlég%d%ﬁmb%f 13 of the

generator, debris barrier, f exanpl e, )
akevichd2ufar thersyhtmui hQyl 433, thv bddye22ohaylbafarsmed té atclaastpartially

el SO L Pkt o R webaf LR v
nteKl the PasBeWhE 10Dheforhi 8 ManibB 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-
sectional area relative to the ends.

Continuing with Fig. 7, 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 of the body 1022 and the location
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internedi ate focus. Fig. 7 shows another enbodi nent of
a coupling system 1014B managing and / or limting gas

wo bawospeseen the chanber 26 of a |ight sour ceP@DUS2UA8/009755

t he chanber 13 of a device 12 while allow ng EUV |ight

to pass fromthe |ight source 20 into the device 12,

the coupling system 1014B havi ng one or nore el enents

in comon with the coupling system 1014 shown in Fig.

5. For the coupljng system 1014B shown, . 1

S\9B3P hawine aaWdP?ﬁchWéﬁﬁe&FWn@I’?é%eMOI?)QBecﬂﬁ%ﬁlm@i as shpwn, gas, e.g.

(NI [ j i t f e '

RS KOO, D M o R ARDEL, hin 100 aE Yo aqused o
Kooy thiO&h apesture( )t 1039 ahd avto fpassagdewey H2dnber 26 to the

i nternedi gr hanber 1020 and chanber 1 t he deyice

12 “FrEs Revefe SHvE B By asTs AL B B e vl
ts@rBlindif@ah iMentdd@dry ¥haHbérond titat PRISRARNurk® ditpastd between
have a first open end 1026 allowing EUV |ight to enter

tthe opersedgefithy bad 4022 and thi dighhiapheaper@rapiitha desicod. For the

.end 102 | i EVV |igh ' .\
SRERBEGI o5 praiolhe Spbees P AuSLI 0405y pyposidoned to
GBABhEgad Jroth thbandimbdieryl éhanfier SIIQ0Nand bguseoghs HORw in the

may be shaped, e.g. having a necked region, to
elitegtion efareaw 184t one | ocati on 1030 having a reduced

w tn Aatbll yRhRe) 7. B diplily SyReRANETEAY iHULAD 2 souree
flo7oegtnedating cineelectromagnetipdiddiie (ts) pa&kagewsy 024 at or near the

t hr ough- hol e(s) and or directjional nozzl e(s)
dosasingi HiY O hrabg f?@ceéwrosafseetr@aﬁm igopmdup, a,plasma 1072

0 [ 0 LNt _
G880, RS LD ok 70 Wy RRABHEIRN, MR ey

|(BEACOidis) 08 Crémingray iadnaielyechuptedsdCBR dischamgd plasma.1072 in the

RFagRT |9 RHRetiaal? AR hes el Rimag22Lia g ges flow may
1Péfe ARYoniRcandsfdtot %sfﬂ&w YR genahl, 3RS hlay! €hd Yo AGR2around the
and i nto passageway 1024. Fig. 7 further shows that

tiiesmrotagiom 4053 and ralar #e phéheubiedya 1022 For the arrangement
}ﬂ{)\%’ﬁﬁ Eh%' el tﬁé %é?ge 'é)%ﬁ %/rﬁéh %gbe?ﬁlell g;gg?cgpﬂéctigg glgc/léd $tade of

\Y nme di spose open en

Renianflsédetlitd, ght) drnpayt bamadé of £ceductiee aatdriab(el@ .metal) with
For_the coupling. system 1014B shown, one or nore

guTHS (B9t showp) fultheRuehdbe tialined: fram &bl Q26yacendy RS and the slit
| BAISH SR o GORRDRTCHIC RoPSh QNGO GRIA, T oW T € he

I rectl arrow 1044. Continuing wth Fig. 7, the
coup! i Withsthe tazrangOhdiB shmyn incFigld and duscaribed 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
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
pressure Py, gas in the chamber 13 of the device at a pressure P, with Py > P5. 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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1070 generating an el ectromagnetic field in the
passageway 1024 at or near the |ocation 1030 having a

WO e@9osmsTr oss-sectional area to produce a pl aRCEUIDIR009755

therein. As shown, the source 1070 may conprise one or
nore radi o-frequency (RP) coil (s) for creating an
i nductively coupled (I1CP) discharge plasm 1072 in the
passagevvay 1024. Functi onaIIy, a hot region (e.g

smg 1072) in_ the gas flow may create a si gnlflc

R038 O she, slomeri6d, borin 102Rcn intythe ismedan S esJ020 (arrow
. pgh’ﬂ d]élt J&%eoéfgésggi}é it%% g%%g%%fﬁpgasaﬁlﬁgmﬁ)gﬁﬁéf\@{akfsoeqboyt 200-

ngenenit shown
1606 nhtocb(l-ﬂzo 3aad theyprbssued dthtbe plaoa-of drwhpettumés)(l@B@ mayecieeed the

b, 10, Blesmier rad g TGS sV Syt oy Se (i dge Passageway
90094ayHetvitddu %Bﬁlﬁ?tﬂ@aéak flo%v ﬂlte arW f05d) HoAbtHeAnRRHediate

1028 and the slit sea ? a non- conductlve
ifenisd0d8 to Hednterpediarysthamber 109Q w b&mlmm@ddydemthemng of the

HORN 04 T pifaf e PRl 043 TS Rt AT OB IRG s il 1034

R wahitd! §1a9 beddfibtdd@tatiga So ttieopretdugesCP\odHACP, tbf?esﬁtfbh*slhﬁ pressure
device 12 fI ows into the internediary chanber 1022

(in thedacatmmoh 038 as precrsdperg arovst wationaharepl of\gbpwl B3 ¢y @ torr, which
d f :
Y PyaRCICR RS, LR DRGRSEAEEL B A0y by muv

&tﬁtﬁaﬂlcﬁi which Gha@hﬁﬂhﬁtltmih&emsﬁtytdn thd ingdtinediaterfoeus?20 (arr ow

1052) establishing a c un erflo for nt.am na
di 11 UV R P EansEn LD fupgliah to fefuessflow within

fﬂa%‘@lﬁe\{'%r {5 HR e @caqcécpégas sréearom 2RGNI0SY Ehvtit ke SR51028 of
in the ch

amber 26 of the [i1ght source 20 at a pressure
e elgayted]bd)d}el(&i’amdemolthe atetrhediaty\chembert 1020pagewul®4). As

042 § |
ingiet'ed ey, Pitrasine o GRSeBBuN HLin S S PERGH At g mBY allow
361 dntiferehse H pR&ESuk! WHer ?‘lﬁhé ke frearRCVEBR #4by suppressing
through the open end1028 of the elongated body 1022

&natatmma@lt tfloav inte dherelmabey 13n avipler maiprinipa dlaywin gs4girection of

SO RS uf fer gas in chanber
fgoma t())égg(g tag%%l-p% Qf‘&o%ﬁrg (%'HZ) and the pressure
at t h@opltlwenm{gehhﬁt slpev i Blgs )7, ik3plasmy 102 @&y hidve about the

chanber 26 pressur At these, pressure |evels, the
SRS 2PEYPHen PRECHG (fl,sg S&apRnpIZed 28s A fhis &egjpr c £ example, the

&l gi@%g%i 1Bﬁ§ec?ﬁ)sZi QWW@EFC&@%@WnJa%?érguBﬁ ﬂfﬁé'tﬂéfraé)out the same

Int ate focus 1018 to the inte rary
B9 76r newtrbbs. bi partituled theyionézatioh dagneg abthis presswoeisang® 221y not be

I dj t 10 fl t d

985 h &8 ot PR Vb, s e et i oat el £ 18-10
tRE®) B SsUeRSivEly 1awdo Raiise 28§ ppretinblebRéPESHHEEUV falfition.

I ocatl on 1030 at the reduced cross sectional area of

about Kig.3 showz anether emhpdiment 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.

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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Is suitable for an I CP discharge. The ionization may
al so be facilitated by EUV radiati on which has maxi num

WO pi0en30sy at the internediate focus. Wt h thi BCT/US2008/009755

arrangenment, the plasma 1072 may function to reduce
flow wi thin passageway 1024 fromthe reduced cross
sectional area 1030 toward the end 1028 of the

el ongat ed body 1022 and into the internediary chanber

1020 (arrow 1054). As jndi cated above, Jincreasjng the
e or et i othRricopdetiye SRS reEiging foy tht Pgber 26 to
El%izr@f{}ﬁieﬁ B&mbdt RV Ghahdbel 18 J?tROBeite APEIEJHHRS system

er eby suppressing contam nant flow into the
dBidBethe b3dy UAR22@ nmaayi et firmied do fat teasti partidlly slirreemntiaopassdgeway

3035 ek Bare = e ppe e L5 tRe FUAC KRS B anieR oo ibameway
4094 trohD theShARMbBP 30 hRd hQBcdHd dpe dntialoRs &ﬁowmgbiagm Bt to exit
gas in this region. For exanple, the gas may be

ithenpassagemay Zeto, the intgrnediaryachambiee 102h and shambard? ofethe device

ahout the.sa a r_neytr | rticular .
18 251 oo gh B opfimA7bE (. ik BAVHSCH nffked Ron, 10
\estaplidhi fghedseofle 1dchton 163Bhdving Eré@uced Beds-bectidhgicdreDrelative to

concentration (IE- 13 to IE- 10 cm 3) may be
endsvel y low to cause any appreci abl e absorption of

EWV f%ddnﬁhhﬁgévr@ig%gs,sih QR paRELY fHay %@Bg&ﬂmz ﬂ{a&'g%e formed

coupling sys managi ng an or Tr'mting
fWithoreairureie apbreure(sa1D82, 26 timough-hblgl) and vor dir&ioaaldnozzle(s)

t he champer 13 of evice. 1 il al | owi EWV .1 i ght
teasteﬁé@grfﬁw&ﬁ ttfrf‘ewriﬁ@ﬁ fhesmﬂycﬁ‘%tq Al Rl IAgEedyesd into the
BV KO8 S5 hEidD bewdlA thd Bnd BE tHY bdlr F02! S£1¥EMEJocation

i'n common W th the coupling systens shown’in Figs.
9030 hEving tahwedgendpdrossgsestionad mrep) 1MI0res spegifically wesl $hown, gas, e.g.

surrounds an .i nternediary cha r, 1020 that.,i,S _in

G PR AL A T A EUH GHLE D481 QP YY ggused to
How thesughpeaiteds) 1082 BRY irdte pAdiggewayclioade a conductive

el ongat ed bod 22C, e.g.nmade of netal or other

condudtigv& furihesrshaws thais thej eaupligg syssams FOHG maycmsglydera wall

e BN T R L e
ey ofsh dndrofele bedyat 022easl thp sipht iaphtyapstturecefitie device 12. For the

passageway 1024 and have a first open end 1026 ..
PHBNLNEY 0 101 48 (ShEBMe ARG 0T (haTe PREYABe N7 183 b Pasioned to

ﬁ?{éﬂ?@%ﬂ??foﬁ%ﬁ@&eﬁn&ﬁ NthaaRRP 1990 HA2EnAL | AW BINEWMn the

0 exlt the passagéway Into the Internedi ary
aiv@otisr of LORGY 0. chanber 13 of the device 12. As

RSN MR 1 Y SR —
hRauéRtng ah QILEERhaGh&RS fiERCH MBYasi8Ray 8024 ibéBvded the location
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
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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the ends. Continuing with Fig. 8, it can be seen that
the body 1022 nay be forned with one or nore

W@ p@posaosy s) 1032, e.g. through-hol e(s) and / BET/US2008/009755

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 | ocation 1030 having a reduced

cross-sectional area. Mre speC|f| caIIy as shown
d §2Ce \ylt hgopranegeicadhe vaeR [ DGHC @iy, funpap 4 Teduce flow (as

& 4PEGAURE Fod el RYs sectional
t r oug ap v Wsﬁi%g"%gr@% ?t o&gggs Tedibel iy joctional area
Ri0G0C Sowardttheends HaREC ofithe etdngated bpdy h@%j&ll(bm(ﬂ_@lﬁéiﬂermedlary

[ nc e a urroundi ng an internedi ary chanber
ggé‘@" hlléﬁ i(AZPY Qé“é )-vol ume di sposed between the open
end ofgif NeARaY ihedted Mhtithe sédr@g‘éedef’diﬂl% @ﬁ@lﬁtlﬁ tRe Pdssageway
the device 12. For the coupling sg@p 014C shown,

dea4 m pregiuee plaﬁqnédmmmermyn@eup ta SOELS qfdnglew@kme (RF or

. nte nedi.a C anber 020 a0
A3 AT s SRR oy 1R AR By BRI P OE Sonductor
vvoshl grofndiflg thBecsuBlive gaoaystmaﬁdq‘ommg i 1) mhwge zone

source enerating an el ectromagnetic field in th
seenethe Fe
yvane 2 RE ed the meduced eressrsestiom 1piea rl83%c For the

HAEL T8 S AR AL, 00 Lo o

gﬂsmhengb qﬂﬁehacr Bﬁﬁctfoﬁﬁl@y whowuggﬁng@ .2 Planch Hﬁ,ZO)tm(Ihﬁngas flow

e seen that .qne or nmore condu 106

én@/ CrRtiac BEMIHEN 0re8 EHIO o BERd e gﬁ%@@ﬁ%ﬂd topflgw around
t I t ed

16 dg:as}ggg%%ﬂ fb”i2'@eax{2ﬁ§§ ﬁlwau%%%ﬁﬁ wdytie2e! ongat e

shown, e vane 1060C may extend from
t he erWithOﬁS atmangerhcniaﬁthlom imeFm@nanmdeﬁmbed@lbewe dhel pump(s)

t t te f 1018, to
1037 oy 15 6nd remied watisovgre P ASH BIH Ay S cpjusipd such that
Ha€ R a1 ﬁie‘“chﬁi%b@zf 12bf 1HeMebRe R AGvESH O tBe SRBRAET Ay ch8mber 1022

conductive vane 1060C fromthe conductive bodyl022C.
\mrhm 1958) sunpaergingesontanpinant Bows intosbedavige fldmadiass flays from

AR R TR L B lp Y HoPRISEREN022 and imo
ttﬂd\/ahainlbd?@&é@tdthé QRHCsoirct 10 (erongrl52 cHaK P2 Conmditiow fo

into the internediary chanber 1020 (.arrow 1054C).
goptamipayt diffysien ilﬁ?éé/e bedyt 194 L«be@lsseul@{e rhesstavg @HOWS 1050

I
QoA AR L2H b ion o SSTIOSAG:20
wir¢dsutedl ;| ga¢ inr thsichambyr $3ipp theedjbvm dtepresauckI B, i wigh PapePs.

%gg%%age%d thae Su%g( 05&{2 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
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
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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1084 groundi ng the conductive body 1022C and form ng
t he di scharge zone between the vane 1070C and the

WO eadoos295Tr oss sectional area 1030C. For the sSPETIUS200%009755

the high voltage nay be selected to establish either a
corona or gl ow discharge plasma. Functionally, a hot
region (e.g. plasma 1072C) in the gas flow may create
a significant drag to gas flow hi general, gas nay
tend to flow around the plasm reé:{i on 1072C and al.on

trbvegaIthe vagre KUGECIAadythe tosatton 193G, tth%regﬂﬁ%g@?ﬁew@twnaq area of
1ol it ' : th 1042
?{}g&ﬂs' itkBg gorr egﬁ%ﬁgﬁﬁ%ﬁ@a@&%& e punp(s)

w rate an gas source” 1034 flow rate may
be adjWith ehis arrahgdniatt, the pldsmani @7Benghfimistion 1Brediiceé Hew within

device 12 o) into the, interned ar er 2

PR oL T P Bhi driteeranan iren 03P feipagd dficend 1028 of
Qﬁé’él%ﬁ%éegd 86, 038 ddoWk fhe QckREliARhhibel $0201@R3w 1054). As
t hrough the open end 1026 of the elongated body 1022

amdicited abaviecingteasibg thogsigtanchwithinghe elongated body {627 way allow

052) .establishing a coynterfl ow for. con I pant .
PF AU SPETA D PISTR B ody oglf‘e 1% ?P§F‘Pu‘eéuf(g3?, H}eﬁeé’é’ gSUPPIESSINg
fcbRtmiha T intd 36 aRdinBAR5R) whlle Meinihing Ry M the diasction of
in the chanber 26 of the |ight source 20 at a pressure
rITowgEES0; and fos agivemjaymp 04 speed devi ce at a pressure

ol S B A TR 195 s

rate(s) regu gas source 1 w rate my
ddyr lisdigag pas flowdetwddnathe chanbdr ¥ ¢fasEglgesvasce D02+hd the chamber

through the open end .10 f. 1 he el opgated body 1022 .
dAPliafeyicerd ‘ivmf‘ealﬂwpgﬁf\z H&hbf@rpai%ggm('gf: .1153} %‘s%) 0 into the
| . . | ou : )
SBRETE, GRS G SRS R A mon it

dbe ¢duplipg aysternfl 01 heh@peint Kige{.s) 1032 may exceed t he

chanb pressure. At e pressure.l evel s, the .

1 ow e PRI y51608 ARy sty S Gl G Eds, Y ntermediary
2hh@BEMN®20NBatGs $n AR I anicatisrPWith @R Shadniyin18 e the device 12.
internmedi ate focus 1018 to the internedi ary chanber

Tdeosystsnbd O Pimay Serthsy inelude I@?rﬁlﬁ@gaéﬁd body BO2R rastricting flow
g%“on"i‘QHé chifier! 9 R4 ﬁrgt%%%%@%y éh%%&%?tlﬁzé‘%d[& 18 99 of the

‘@]

ad

as source be adjusted rela

tdeeicprnes Fur @ sysefidl A0, thebddybl 022hmay be Grmied ebat leagt partially
t he vane 1060C and the | ocation 1030 at_ the reduced

SHBeYNd; 2 PRssasayayat 4 ad have anfuiss oran endh] orallowdpe REVpjight to
I [ r j ' t

58 0 Rychaanens 4L \ts SOSIF L bl gl el 1o

hllavirdg Bohvt hightrte exit ok passageveg dhiocthe intermealidr) 3Bambeval(20 and

the end 1028 of the_el ongated baqd and into the .
HRPe of (e ckuitB 7 10200 Houolahrs Y b eBed-dee- having
abpMRked irBEIbRAR BABIRG dtS8hstiaHRCBcMInNI 0B hsvigs ANEALE cross-
body 1022  may al | ow

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
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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for an increase in pressure in the plane of apertures
1032 thereby suppressing contam nant flow into the

W@ b@os20513, while maintaining flow in the di rECt/Us008609755

arrow 1050, and for a given punp 1042 speed. Fig. 9
shows anot her enbodi nent of a coupling system 1014D
managi ng and / or limting gas fl ow between the
chanber 26 of a |ight source 20 and t he chanber 13 of

a device 12 while allow ng EUV |ight to&g from de
li ght HauP durther shows thae ﬂtfewwnsfystﬁﬂb ‘ﬁiwwgmc ude a wall

%m&&ﬁq%ﬁ lé%ttméd qumeér m% £l ﬁdTEst% wmﬁe HIEBBsed between

e~ coup own in Fig. /.
abeippémendsyfshe bod)@ 1(422 srttbtlm hght implt awmmlmodhtdis davnce 12 For the

S S, TS Sond 20 o b 05 v o osione
-Elgﬁo%/sgta@rl’r&mtﬁp iRYmbMatyNBRanhtte! 100 AH ehre ett BedYin the
1022 restricting flow fromthe chanber 26 to

iditeetioreof arrgw dB4hber 1020 and chanber 13 of the devi ce

12. F the 4 the 2 f or ned

15 ar ol RISRTAOS R, SHRERE b2 GRS AOLE soure
thQDagéﬂefzﬁIngoﬁﬁ Ble€iomAiPadicafiéldWinnte Eidvsdge gty 1004 etst@een the
t he passa 8evva 1024 fromthe chanber 26, and a seco

nd
dpeaitoan @39 desing 3 ey eovs- ﬁchﬁtlaltaéeae%tct thergad 1026 to produce a

[ th |
HERARTOTD Wi, "B O BB AT 0P el eityg) gps or mor
nradiokfecqmbage (RFe coil(sh don m@aﬂngﬁanktﬁdiudtn'glyomupﬂ@l (ICP) discharge
establ i sh at | east one | o 6%‘{ og: 103 avi a reduced
e AR {41 in the passapeay i ueﬁféor@ﬂa 6‘681?82(8 g plasma

q@ggbﬁgﬁ 'ﬁ%:e tﬁoﬁ'rﬂay greaﬂe a gﬁfﬁﬁnﬁﬁﬁg td %ﬁé flble ﬁp eral gas

ormed Wi th one nore aperture(s)
emay tent rtodﬂgiw arobrd the plasing regiondil 0D andhalongdhe twells )of the body

oL1bB AR Indichit i T PrSRR o A0 LRI 5P £, efber 26
ARG fﬂe%hs?%tg N obhe eRNehalOBS irthreds & b Odyre a% tid dpdedeof gas

| ocati on aving a reduced cross-section ar ea.

O
Nbrveing deomi theczmertyresdéBg ht@d,nntoghg chanbpr 24 Qg way to increase this

e I
DS S e S A S35 7 0485y bveon
ahel aFm@ememg@&vaumﬁEa@eqeg 5 lﬁrodtutiﬁg agpimmsa irhéie tegivn and
coup ing system 1014D rHay i ncl ude a wal | surroundi ng

daraing gasta dioyy glons thepudllsadskr bedyi 1024c| udes a vol une
di sposgfl he i} s t‘ﬁ@ QP I BQ% }é?lﬁéa?rlﬁ difir non-

light i nput aperture o device 12
octmﬂhctn@ (s gstnad@ dDdetBmsh dumd sdive, &r.) nonmyth@np(@)ofmductive

M ens 2o pistadgiih togﬁrgoggﬁcpgn%l%\%ﬁﬁél? L HOR ¥nd 1026

to end 1028 and the slit sealed, e.g. with a non-conductive isolator insert (not

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
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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direction of arrow 1044. Continuing with Fig. 9, the
coupling system 1014D may include a source 1070D

w@emenssng an el ectromagnetic field in the paBGHY8WA8009755

1024 between the | ocation 1030 having a reduced
cross-sectional area and the end 1026 to produce a

pl asma 1072D therein. As shown, the source 1070D may
conprise one or nore radio-frequency (RF) coil (s) for

duct i yel. i
09 2057 AR be pr BB S8 i Gimbes 28 7 the dikRg oo 30 at a
g?&kl% Ke g& m%é%ﬁﬁnﬂ,&??%f Pﬁw ek}fce%sa ;&b%m VilleRl 8 P,. In

st gni ficant drag general, gas may
tsome chsesf t}mvplmp:(&)wb[)@hﬂowlrats(sh ané gepgulatqci)zmcam@ H03dnfow rate

t he [ 1.s of th 2. JAs indicate bove, .t he

o boadiof b Gkt JovhERs e piase Ao gh tF ppen end
tleS RASRSM Wgyte&-%ay 1908 - andBMito el ifekBadias; Edamber 1020 (arrow
i ncreasi ng e speed of gas flowing fromthe apertures

1039). almosonm @seHh éhq:warswng uffengasiaychambene ey detaboyt 200-

PRI GRER B LR BT RTn Bn® bl Bt B ATOIR I Hecd the

chawb&r 262§1;esshr@ Ab}’chweqﬁb&uftgleael@ the Iflow fegime in ﬂgﬂ pihsageway
and forcing gas to flow along the walls_ of the

1624 magdre ‘tlﬁéu&rf’fl]ﬁ’ﬁ@’é&rﬁﬁ’tg% ata (fgrons] 009) drom fhe sapediate
¥0ag 158¥ ¢ ﬁ1ee1 Iédl %gfﬁ%%’@to(ﬁe i Hng%g bg]tle%gthemng of the

ceramc, us e
(bbdyl 1622.vén HM1&0m ahe @amp(s) r’l@ﬂalﬂ)ovmratehalal edgutatgdngds source 1034

own) cut through the wall, e.g. from 1026 end
P e byt sl 0 éhf‘gpre?aur% B B bl & pressure
I8 GhatRGsao PR EY th(Z@%et@Q&Wi‘ﬁe a}“&lﬁefsﬁ‘qog?rﬁﬂgﬁ{éeﬂben end 1026

shown ‘in Fig.” 9 and descri bed above, the punp( SL

fshisable a&ne anrl€Pr digoharged B&l@@mﬂoe m@sszalsrol bwfaca @tfwlaby EUV
dj such that m t he ch

RS Bhich iRGtERet, SRy o © Phirirey M Rfediaidls oS

(ar r owid. Of® 3hSP A RBE aﬁb&ﬁﬁbﬂmmﬂﬁbuﬁlir@/\é st’HnQ 104E managing
device 12 and gas flows fromthe aperture

tand dL@hhmrtmgog@nﬂ'erbqwm tie ehmanber gfgef adi glaba«;,mmz,@ and the
2yb0L 0y b GEnRERSRR: BloviE thivHon? QHESE. Ay (R il source

I'hg“a coun con am nant
diof ihtestherdevived 2 e bmgying GR&eml 101@&r idving aiie of m@seelements in
flows (arrows 1050and 105 y b,e ch' eved with gas
|CHWWH1&FF§&°“EBH%FYSE% 5?‘@% 0 at a pressure

P, g 1; d vV
iy iy T 05450 gt B s

rchtraber) 1020chateig i ﬁueﬁccgnmuamammewmhme ¢Hhapwber 48 of ey ddrace 12.
USt %%( h@lﬁ%@%@é@% g}N uIc udm gloggefcfg’(? %82{\6 ¥ O% restricting flow

from the chamber 26 to the intermediary chamber 1020 and chamber 13 of the
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
a necked region, to establish at least one location 1030 having a reduced cross-

sectional area relative to the ends.
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1028 of the elongated body 1022 and into the
i ntermedi ary chanber 1020 (arrow 1054). In sone cases,

w0 b@oioa2055] owi ng buffer gas in chanber 26 nay PET/ERH0O$/009755

200- 600 ntorr (H2) and the pressure at the plane of
the aperture(s) 1032 may exceed the chanber 26
pressure. At these pressure levels, the flowregine in
t he passageway 1024 may be viscous, allow ng the gas
flow rate (arrow 1054) fromthe |%@ermad| ate f

1018 tlPntinBIRVER figi1r § oA dRtsEFn bifeq kocbiel (2R ey, by formed

‘ 11 of
R e T M A S v
ftlheohod)atlézzﬁ,ytobellcad jgas tte der mitratliced ingo tltﬁepmsewayew%l’\ at a

and .P to estahlish a_.pre re t he a 4 .
Batiian,Pervieern i bt 2F 39 095 e it RS IRERET Y030k "havine
$eddcad! @ro§s°§ecﬁ8na{lcgreg| S a18fed 8pecii&allyoNdsZ 3hdWh, B8y, 8lgSOargon,
be facilitated by EUV radi ati on whi ¢h i ncreases in

|hwdmgsn,t helivan, etc.afipmoa ceauatedi2as sowrced@Batmay bewgused to flow
S Laent a coupling system
PH%H er@(ﬁ%@g@%omﬁ lIcl){r%rr%lgs 1@%\45 fl ow between the

chanmbefig 260 @irtteer IshgWh thauhe eoﬁ}%@@bfstdﬁe 10h4Phedy hidhale a wall

a device 12 while_ all ow ng assfromth%
sngpending, ae intermediary Chqq@quelwe éhai zlchfdﬁfé agoligne digposed between

RS AL I03E O O . P
thipduphigg Systeranh01 @EékEowhpwm:, oramv@! punsp(sy mﬂridaa)abe posmoned to
i ntermedi gry chanber 20 that is in fluid

AU EEA AT U5 CHCTRE N asHtber J03P ambcahisgigas tooflow in the

Eﬂ%cﬁ&ﬁb?%&@lﬂ@m.w{tﬂ rtﬁé"'ﬁfraﬁg?:%{éﬁ@%h@@n%Q“igai@%b%k(cnbed
1022E restricting flow fromthe chanber 26 to0 the

iahoes, nmjplanp(saha% ﬁpwlrtat_hoaruln@gulhmdtws soareofl 084 élocl\emtctmay be

sl subf bR A O erblon STy TR R OR cases

N®%# add fHeks HoRp &t fy%chcﬁielvéwwvﬁlﬂ gablih the@himbeér B¢ fahe ikt source
passageway 1024A fromthe chanber 26 and a second_open

2t &l pressirsyP £199s in istchagbex i3 of the dryvieeadjenprgssurg Ba,twigh P1 >
Pﬁtel‘ medi ary chanber 1020 and chanber 13 of the device

. As shown, the body 1022E may be shaped, e.g.
havi ngig. reslkeshdvegihana témpaatusbeartivl aysteradi0an®y be provided

| h d d
rariaInae (s (empcaie oFslhor RAgs of I dngetsagod 10028 within a
%Secﬁé?&ﬂnﬁ&laltang@ e Irp 1cﬂtﬂg ke @Mupé}%u}@ﬁ&ﬁﬂ)l ‘@zﬁtgmoﬂ%o%ay cool

re aperture 103 t hr ough- hol e('s) t endi ng
taﬂirm;gilrtiomeoﬁ/\mmmmn‘r sutfecdabl:@P. Qbmzﬁzodyd 02RE dov bglosv & rézelected
|ntroduced into, the ssagewa at. a position
BEPRYENTE He SHRASDse ¢ ‘Eﬂﬁ’ 6’6d9‘°i %"é’HBaIEth &P 6%*a1ﬂ?66ﬁ°n thereby

HSRMtiAg He@ntiminant species from entering the chamber 13 of the device 12.
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
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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reduced cross-sectional area. Mdre specifically, as
shown, gas, e.g. argon, hydrogen, helium etc. froma

WO e@alodoesl gas source 1034 nay be caused to flPRPEI/US2008/009755

t hrough aperture(s) 1032 and i nto passageway 1024.

Fig. 10 further shows that the coupling system 1014E
may include a wall surrounding an internedi ary chanber
1020 t hat incI udes a vol une di sposed between the open

end of the b 02 n i ght t aperture of
CRBtEHUYSuED 2 ﬂ'f%‘% gﬁéa?egabrf h@ve%y\éatpe RS Emwer than the
%as f&; us"HeCprBABS) oL QAtdeiBHoR B RRSESHtARREN Gnf @EBVAL 1102 is

om the I ntermedi ary chamber 1020 and cause gas
tnouchl lighérrtharh éhatliof gas.i Iftheowalls 1 b2 a@epoledy tohlowhtemperature (for

t ,sh Fig. 10 dd [ .
ShapE ok e fioeaen: Hinst po il cRBRTgARS sl pB may be
fcbR¥Edsad 6n MY whEs. AticUsdlRd] 192Ghay B@todlas efth&isy difculdiidg a fluid
direction of arrows 1050, 1052 and in some cases 105

Aliquid N2 eoffothew) widlyinbiateseal | passagewry fopmed; i theebody 1022E, as
nb f the Pi
SHBOR e Ao e AGERY A0V EERE hr BASHACR) P e wse

B dolinkithe wals 10 malyobahplﬂleﬂhovvﬁe wWinle Eengthnpfthetbods 1022E as
contrqgl system 1100 ma provi ded maj ntaining the
1shonya imFiguse df opmayobe ﬁw&eﬂ dpselgsted partiang fych é%p%lay between

gtgg Wird 38 2Parf gﬁﬁ@m ng%gé}%owhp gﬂg ﬁg* Bk entglSyed to

rature contr system may coo
pediceothe saffaté eempuratures of flac eodiddi2shodud 64810 adxtebdid@Efrom the

to bel resel ected tenperature to condense one or
ﬁjﬁf”éeég ﬁﬁﬂ%{ﬁ?cgﬁéﬁﬁl tscntﬁg‘ie%n t hereby preventing
the COﬁk%ﬁJ@%ll&ﬂﬁ@lﬂ?%pf}fe@ﬁl@ﬂia? tHe"@ i 6r SINJIFARS erhBodiments
of the device 12. i ndi cat ed above, the suppression

fdeedrihed fhereinlinidyubé onmbfnedo tardixampis ﬂ(lﬂ&ﬁlpegrtuxmmrol system

nas) osite,to a gas.flow.,is defined
SBuitEl HrBer el i BB ERicr ol T Faberdl et win
lPefedénleé Ed Figh6a@d Y of $hetieadion loff @\Wlasalaasi deycrim:dtvhlﬂl reference to
suppression zone, L is the |length of the suppression

Aogred, dndlorPi s diffusion coefficient of the

cont arﬂ af'f §h(%\ﬂse5ﬂ(?h&a§mb$_&g¥@{€f)f a c%{lél pgsﬁéﬂf hOQ@lg §nanaging

not con |der I'ckin ecul e
=ha2 @flmitmgbgai;yﬂa@ﬂ?&wed:rf tHehehamibiee 6ngf & dight iscureat20o4nd the

Ahambeint COLR deviend ol aloving Ly Bet Fofsi i s fght source

Wm&?th%vcﬁz@lckeeltf ®he céﬁblﬁ@rstykt%iﬁl A0 14FORVAHP Qﬁ@Blsnﬁ)‘r'@Qleﬁﬁents in

HBr, SnBr2, SnBrf4 have a vapor pressure nuch | ower
tdoanmdrhmtgdse coliplisg systam g0 bHRbidawn in I5g. Condensat | on of

the c t nant on the 102 i s ch hi
t hat SLE% COFP &, YK igﬂfkf X c‘6’8 8‘%0%‘ interinediary
tcBARBERL 020ah41 i8lin fluid communication with the chamber 13 of the device 12.

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
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

42



10

15

20

25

30

exanple, using liquid nitrogen), nost of the
contam nants (including HBr) may be condensed on the

woa0hs3203he wal | s 1102 may be cool ed either byPCT/US2008/009755

circulating a fluid (liquid N2 of other) within

i nternal passageways fornmed in the body 1022E, as

shown in Figure 1, or, alternatively, Peltier elenents

(not shown) may be used. Cooling the walls 1102 nay be
applied to the whole | ength of Bhe body 1022E as shown
irRSipR.gigrestablishypt leﬁ%fnszoqqtlﬁfltlé’a havigg aeluisd FEPtsTssALonal area

Sx‘%l%ﬁv@ﬁ)tﬂgéﬁdson bet ween the apertures 1032 and end
urther shown, cooling may be enpl oyed to

reduc eCdrimenumngah &ig. ehlp ét ednube sexh thitethe dmdy dl022 mayube formed

é%l Sgl}ﬁe%({éﬁ{)]rgi ag &T lt()gﬁeedg? \é.h@élgl} ﬁo}q(s% (fﬁag of irectional nozzle(s)

2RRMAFIgahRuEh e (AR TIRELEY PO12, &F alld\@ gBERPBE IRFdGCed into the
descri bed héerein nmay be corbi ned. For éxanple, the

tpapsaeeviay il 824 aina pomtlggr é:temedetb@ pncb ef ﬂlﬁeb@Yleanyanﬁethe location

4950 afinf AU OBSLLROMISUATEIRS (URRRLADEE Wb, gas, e

&kg’tﬁf%ydﬁ)géﬂsﬁdﬂuﬁﬁ CbtoM fidin raefeguiRftdepdsGoliig- 1084 nay 8e @aused to
Fig. 11 shows anot her enbodi nent of a coupling

éios’f dwoughapertiisi di0Rd and intp passagawayt 1024. gas f 1 ow

bet f

ohampanes b SHRTAAGWE thaliné colfitle SRR A0FHY WM Indfude a wall
passuidingran terrieglidry shamiser 1200 itht indlindes devolare dizposteb dbetween
ABthRAn Shetal thiBoco Ha 4 g SeBpBiansR i oF Aeving ) 27 For the

[4i E r
e D o 55 Mo PAp D, 142, may Bpdifoned to

ceamme igestfranm thé tintetrhediatyachzerbet 3 020 addecajsmgae to2flow in the
fgfe tsa/ %ésm 10% 454 may further include an el ongated body

b "1 ow from the chanber 26 to the
I nt er neditanhgCRARES. 110308 behiRiayiRm 1814K niahanéledéd asource
12. For the system 014F, the body 1022 may be forned

tl@7@teenemting sarelpiramagsatie Gighd i t QGSQW 1024 ataag near the
Hﬁe%og {d308f1a\%9gl%2§erhgcé&) %?(hsg ch;E}M n_glgaé toa %‘&Lcé 9 glg%rﬁ!i 1072

passageway rom a secon
ap&sineNds hdBmatHeovdung: EOMO hi@'hctonﬁphsexaﬂe dhmore radlo-frequency

passage nto the internediar hanb 1020 an
dREMBRI( S)_Lér&realuﬁg agdpslectively CORQY%‘ Elﬁﬁ@%oal?s%i@n in the

at sgg?\lzvac’)ﬂ fpad., i Flﬁlcgonzﬁ%\’fl A8t R {2)%(‘@ %381%%‘119 i 07Q)Qn the as ﬂow may

east “onéd’ Focat b aving ‘a red ticed
@M@asigrﬁﬁ@naﬂr@rteagaseﬂm i Ve gelmeralh gaemay . teigbtt flowi algund the

w}e ion }07j ancf beth%ev%erlhst QP %het Qoedyb?gé/Z ]lpor the a¥rangement
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 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
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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with one or nore aperture(s) 1032, e.g.
t hrough-hol e(s) and / or directional nozzl e(s)

w@xa0e080089 t hr ough the wall of the body 1022, PGI/EHE1008009755

gas to be introduced into the passageway 1024 at a
posi tion between the end of the body 1022 and the

| ocati on 1030 having a reduced cross sectional ar ea.
Mor e specifically, as shown, gas, argon
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d©54y). alnl Sogneddhsed, Hied iroﬁmkg;waglbeﬁ%r gasdini chainlber ma&ggﬁwm 200-
1024 at or _near the locatjion 103Q having a red
©08 srlogdER2) and theapressurerathe plapg of the %ﬁareiﬁﬂQZ'? W&?}Ye‘?’??eed the

%&B&% fel§urS O %{E&?e%&? Ps(sgfey#eeagpehb R REIME i MEpassageway

I O- fre uency or creatlng an
004 eayvtel yisoosHlpvifg Ge)gad itb@wmeg@npnamm) 7P therintehmediate

BPasnRTERY g ieme gt ot todumirarticed by Rithepipe of the

g 4l042 SR FRY akERGulaled VY 1034
g&g%#gﬁghg§g&ggﬁgtPEPQRR@?072 and al ong F%g wal T's g?nm

tﬂoew tmjmaycl@zadﬂrsmd retativarte dingpressresshioand, P2 teesstedlisls acpressure

o e PEfian T ne FodPhed Slap SRUEPAH G S5 TG o i

%Qﬂﬁ’dl@tfbi'/@nm@Peﬁis@har%@ OTheTedndakion rhby alsl bé fhdibtated by EUV
shown) cut through the wall, e.g. fromend 1026 to end

radigtiomwhichéas maxim s ieignsity a thf%/\hnfeﬁmﬁdlﬁ@rﬁoé‘é)‘-‘nduct i ve

| at
shoun it ot Ry SR8 Yo Y072 halPARRLBR R ARG fgy within
gia@su%ém)elmmdﬁbmghd;] ﬁddadecga?smunml aR34080 mwa:rd?he ﬁr&ylozs of
o Flobtaed PodL0ianel info e b cpaRa D Goy 050 As
dﬁ&l&&% FORR) ink HRBMN! §l§é &lefé.‘ﬁ@é RehiAME efonBiteld 'BB@y ﬁb@z may allow

evice 12 and gas fromthe aperture(s)
tfhr auglhcrtehsea upepnesemd moﬂe plan¢ tod aplednrgat HtB2bdt¢yebyosta)pressmg

g 40 T AT s B3 o o

Cﬂrfowm%naﬁmf&a%gerﬁﬁﬁ'ﬂp 10£0spekd) part | i ar hese

flows (arrows 1 .
ig. 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
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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and 1052) may be achieved wth gas in the chanber 26
of the |ight source 20 at a pressure Pl, gas in the

W@ b@as205313 of the device at a pressure P, w RPEI/PB2008/009755

P2. hi sone cases, the punp(s) 1042 flow rate(s) and
regul ated gas source 1034 flow rate may be adjusted to
direct flow fromthe passageway 1024 through the open
end 1028 of the el ongat ed body 1022 and into t he

internediary c 020 arrow 1054 hi soma c
pﬁ@tanwngq mynge 'TB yne leszg attachgent, yug to o5 ighy electro-
) d atol v RbRRRI 1
PR phofres (@?33%%9‘2 ORTAH, R oy o JyEdlich! potentia
;aom@amrte caﬁuert gvss(e gpiSes SuBa) laferepassingitbe fpll@marleglome leplcally,

HRCAFERes 8F CHPEDR STOBRop GG Wl e e AP I of Samier gas

Wﬁ& [ fch& bdt Dnimsinanty FHeELRTthd Garedify ThiamBéZ €020, the
ﬁ | en thenlng of the body 1022. hi addition, the
r@

aged pam@h:g nfdyohe deftestedravayelgun shecipybapesmia efethe ggwice 12 by
t he adj ust ed | at t
élhedgi’ rt?ls %gg?)ﬁ[)) Isﬁma ue%,r e 1 SE? don I Yz eb%l %% g aﬁ)r{e%sa_ﬁl %gglsatle&ly low

tp&siire UTGRBt0er) 08 §. tge&gumlglth@p@ap 004 2hedegllatedlgds 8biirce 1034,
which is suitable for an I CP discharge. The ionizatjon
WI%F%IHS@ fiegeinath iy aboydyl CEU\th%éF%ﬁqU@ﬂ H#Y At g substantially

TR Ll Hl{ Wh}e}.& éb&ﬂ?ﬁig% nay%@%ﬁa{g@& bSntatilid téﬁinéles hit

arrange asna unctron to re
feleatwoddést they mﬂé&a@ﬁm&zeﬂm rhayobe purepedeaivayelsly theqamsnps together

sect n area 1030 toward the end 10 8 of .t
éaarlerdg%a'yca CHRIIARS OO ALY 30%Mﬁﬁct flow

}quqhégqugg/q21054) As indicated above, increasing the
resistance wthin the el ongated body 1022 may all ow

f or amherrcadeasdlli qulqzklgasa@preelatmthahélemomweomll aﬁehet embediments

032..t her eb ressin t am nan I ntQ

s Tt Rl BE SRR R FGe. e faieRBalils, dgfecting
ayey dSrtbed ReLiA Biaybedisée in PoHTIncHIAvidP#RAanE hg destiibed with
further shows that the coupling system 1014F may

irefetenee taFigaPr thefgeneration of a plapmmgis dﬂqﬂ)eficwﬂg@iﬁ%rmq tedig. 6,

?rnéﬁ)l 5%&1&?&@% eracru{e cg)n o %s%m (#egbrflger rQVlFt‘lll ?e‘i'{ilrre{rll%e to Fig. 10.

rne

1020 tRig.dES klasis atmh@ednmiime@d &f5a t:bmihngr sysfeho\l\l)r@'& infanaging
the interpedi ary_chanmber 1020 to t he n ut to
d8di/ & liryltmdg%swé?w bYetIREy Eist cltqsév’aeé%é FF?‘HF%Q% and the

hafb&i£6f AAetike lge%h'feeaﬂ(%mng %ﬁf"h g&s%’f% ghe light source

fraction of contam nants may
@@untoeuhefdeuwe (1a ﬂm/\cdk@ﬁﬁg sastdmpkiﬁéGt lhmm&hnet bemprasikements in

1072 and o th n cha er 1020 where the
b Hiepoipfiag S TRIAHe ’

£1 ow from scanner.

Some For Qhé cBhplife SAMANMOIAGE $hoWRY abRal Nak@aAds &n GnteRNediary
el ectron attac%rrent due to high electro

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
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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negative properties (e.g. HBr) or by ionization due to
| ow ionization potential conpare to carrier gas (e.qg.

wW®Ee09BsBex) after passing the plasma regi on. TREI/U82008/009755

the degree of charging of the contam nants will be

hi gher than that of carrier gas. Wen the charged

contam nants arrive at the internediary chanber 1020,

the charged particles my be deflected away fromthe

i nput aperture of the device 12 by the electric fiel %
iClisghiszcars do, estahbish Fat lggit entagatien B3 havingga siedied cross-
rsﬁétﬂ)tn'ayﬁje% éA%We%%’feséH (-1Ontorr), e.g. by adjusting

t he punp 0

and regul ated gas source 1034, where the
mean fCainpmighwitls Fahdas itlcampe tsbarsthdethe dexly d022&ymaypbe formed

be substantial ly affect the. |l ow pressure barrier
J9th oRFedr pIc c@@@gg)cgﬁ%%tﬂa OV Fi 19 3’§ H}trtogucede into the

PaQGEERAE 024 ARV ditecidd RVaRE e @ld ZR% Gnfle BBy RE2PHHHRS 1130,
away by ‘the punps together with barrier gas,” since the

ddpZ.aMversrapscifieally, rersbowed, gds el prgong hydiegenii hedivm, feffrom a

intg the device . _The reader. w1l .quickly apprecj,at .
e BaS SRR 05 iy Pe (RS o dlot i ieh ppbp ARED G2 Rd into
hRsRLEWHRYORE Jthé)esuplin@lsysesmnT0 &G §hvvn, the aperture(s) may be
charged-particle deflecti n? system descri bed herein .
egatasleaty e aearnthe onjermediatsniogis. natt erengas rfbe decation cl)3febaving a
. _ g . F ool .
$d el SRS affa? beHech Uic ST 10966 Urdtpedlidh il hgvine o
eeddcedprysalsedtdnalontd, dr eysdeanthasnd ¢ 028G had lodatibn 1030 having a
reference to Fig. 10. Fig. 12 shows anot her enbodi nent .
deduged GTNSFS¢R41083A®IM 1014G managi ng and / or |initing
gas fl ol '
and ¢ HaPEIMARR sy R REcogfi slie 40} Htf hcfile a vall
Isurbnding pa ggerfirediary hlearhbayH1026 that dreel&iEs ianvtoburnér dispeseid between

St e s oo tngn BefT A leR nht StpdotBr Revisg . For
ithe Eupling sy§in 10NBGCGBYRNI Bk @y&bw@%ga(éﬁ@dm bé p¥éitibned to

surrounds an internediary chanber 1020 that is in

frempve @asnfrom dhe iintarmediaryt ehambeant92p agl eguse rgasdievilew in the

12. The t 14G may further include an el ongated
bérgﬁtlﬁrbﬁor"g@%cti ng flow fromthe chanber 26 to the

i nt er withahy afaagedeent s8@@ndndrightlraad déscribed tabevelatie pamp(s)
12. For the system 1014G the_ body 1022G ma)gfbe_for nmed
1943 dlove sate apd reguigted, 2ay,sewemd03¢ Hawsaliemay beaslivsigdgsuch that

¥ G fthé %%%rggﬁ'n 18R¢ tﬁé | VB9 ERYwh iﬂg‘)t tHeOinfdMn Hia]ah €hamber
assageway 4 fromthe chanber 26 and a second open
ei0a2 Gl (aoewndS8)_kippreyking tcon@xriinant e wimss thgalexicei 12t andtdas flows

if{'}}n? rtl??%e%e(g)hmet olu%ﬁc%hg ggencgm 536 of the elongated body 1022G
and into the chamber 26 of the light source 20 (arrow 1052) establishing a
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 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 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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13 of the device 12. As shown, the body 1022G may be
shaped, e.g. having anecked region, to establish at

WO @838 | ocati on 1030 having a reduced PCT/US2008/009755

crosssectional area relative to the ends. Continuing

with Fig. 12, it can be seen that the body 1022G nay

be formed with one or nore aperture(s) 1032F to all ow

gas to be introduced into the passagemay 1024 and

di recttﬁ Eovvard the end 10 q?l of the body, 1022 _arrows

£rersd the shampgyr 26 Bisssyrei M thse BEESIRDYClsg Se flawgregime in the
Faskape %v%ﬂ%ay bB&A écH{B Abgi ﬁgfg‘aﬁﬂb%%{ WIRS4) from the
our 0

34 may” be cause rough aperture(s)
ift8@natiate i fotws ﬂ)&h&a@ehﬁynﬁﬂﬂdilarymhamber d@aﬁltpn@e syigineiged by

014G sho ure(s) may be |l ocated at or near
ﬁﬁhgt W%%ﬁ?éﬁ’@?@gﬁ at or near the location 1030

havi noriR sty Ga cﬁﬁ&ég aﬁﬁfé%ia%‘ﬁhlat tHeeRdmES! AE BN th@mBédiments
1026G and | ocation 1030 havi ng a reduced

clesaribed ehargion alayabe acomringsb t ex#raplendhe gligctednflow system

I [ 1030 h d d I
dRoe3 el o 0 et RS EORRE R0 SRR T &S e Ts5ted wie

¥E¥renbé td/Big. 8, thalgenauﬁélouﬂﬁ prs@mamsldeg@wéedwaf téf@’éﬂct‘él@rFlg 6,
1020 t hat includes a vol ume di sposed between the_op

dnd 59, tamepesate comprebsygiam @héeqcr@ﬁi withggferensete ki l&rand / or
cnsrggg\ea&%lel&ﬂe%% gggefg Qy@ésbﬁge@ecﬁh %ﬁegéé

one -or "nore € positione ?em)ve
gas frwhil¢ e pmlemlaﬁdmab&mdns(nbdescﬁﬁéwaa:haillmsma&el ipathis patent

APPUGTGEIOR DS FoaPg, © SR Lo B b 2eEulglly gpgable of
;al AR onle%%n&le O, cf%fb%v@'&@sc'iﬁ%’k)@%{%%s&%? pOBIERS td-B36olved by,

te may be adjusted such gas fromthe
ohanpethet Beaecbnst foe od ebjlects of #hef ¢robexdimentgs)tabeve described, it is to be

t .1 226 050
AR Yo O IEL ot 2 S8 8OTSRSy e
tr1|ik§'el p&fe‘iﬂﬂlﬁglsllhi's%ﬁvé %@ UgprebdifatbRess edsdijed mhttdrhehich is
é)ﬁrégat ed body 1022G and into the chanber 26 of the

y 9@@#3@9132@1 b}arthe)wemszgppbsatm i Brfergneg to an element in the

f f t
g T NN
1fterhretiriysueR Glainh eleattniV'érie griSorl ohb’euﬁlbﬁ’ré)qﬂlcﬁ@ sn‘ stated, but

the 1ight source 20 at a pressure Pi as jn
dptsiaone) of grorehe Ay sieustural gnd functigna peguwmepw tg agy of the

P?eme#n@s SO bsvE ﬁeschgg%gﬁl'g?éﬁﬂenkgﬂ%a{ !n%W%fe Q\;ngj&sl)ateégg{ng to be

regul at ed gas source ow rate may uste

d:lnbwnt tof those bf @ndmm fkal Sagbovayt 41©2ekprésshyuipicotpoeated duarein by

b o s B ompitled B7 82 5106tnt Elefn "Ry term usea

in the Specification and/or in the Claims and expressly given a meaning in the
Specification and/or Claims in the present Application shall have that meaning,
regardless of any dictionary or other commonly used meaning for such a term. It is
not intended or necessary for a device or method discussed in the Specification as an
embodiment to address or solve each and every problem discussed in this
Application, for it to be encompassed by the present Claims. No element,
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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1020 (arrow 1054). In sonme cases, the ion slow ng
buffer gas in chanber 26 may be about 200-600 ntorr
w@ bidp/ozaoss t he pressure at the plane of the aper€TU8{08§/009755
1032 mayexceed the chanber 26 pressure. At these
pressure |levels, the flowreginme in the passageway
1024 may be viscous, allowing the gas flow rate (arrow
1054) fromthe internediate focus 1018 to the
i ntermedi afy chanber, 1020 to bg mnimze

|ceﬂ§fq¢énslw@r he (revisiony o%%éJ ﬁ1e§1r1@ac§é’fthv§qfi’graﬂbckqﬂ§ss the
'maé(ﬁ) és@%treéllﬂ% Rphisk "ﬂlfeaﬁ%r'egfoﬂgﬂﬁpdaﬁéof a method
escri be ﬁ in my &%lned For exanpl e,
d:ilalm(;ﬂmcélérhmulsgcsitmmm"besleddmfenr\'actéy be used in
conjunction with the vane as described wth reference
to Fig. 6, the generation of a plasna as descri bed
with reference to Fig. 6, 7, 8 or 9, tenperature
control systemas described with reference to Fig. 10
and / or charged-particle deflecting system as
described with reference to Fig. 11. Wile the
parti cul ar enbodi ment (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,
probl ens to be solved by, or any other reasons for or
obj ects of the enbodi nent(s) above described, it is to
be understood by those skilled in the art that the
above- descri bed enbodi nent(s) are nerely exenpl ary,
illustrative and representative of the subject matter
which is broadly contenplated by the present
application. Reference to an elenent in the follow ng
Clains in the singular is not intended to nmean nor
shall it mean in interpreting such Claimelenment "one
and only one" unless explicitly so stated, but rather
"one or nore". Al structural and functiona
equi valents to any of the elenents of the
above-descri bed enbodi nent (s) that are known or | ater
cone to be known to those of ordinary skill in the art
are expressly incorporated herein by reference and are
i ntended to be enconpassed by the present Cains. Any
termused in the Specification and/or in the C ains
and expressly given a nmeaning in the Specification
and/or Cainms in the present Application shall have
t hat neani ng, regardl ess of any dictionary or other
commonly used neaning for such a term It is not
i ntended or necessary for a device or nethod discussed
in the Specification as an enbodi nrent to address or
sol ve each and every problem discussed in this
Application, for it to be enconpassed by the present
Cainms. No el ement,
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conmponent, or nethod step in the present disclosure is
intended to be dedicated to the public regardl ess of

wWab@iz2053 he el enent, conponent, or nethod st epCT/BFS2008/009755

explicitly recited in the Clains. No claimelenent in

the appended Clains is to beconstrued under the

provisions of 35 U S.C. 112, sixth paragraph, unless

the elenment is expressly recited using the phrase

"means for" or, in the case of a nmethod claim the

elenment is recited as a "step" instead of an

"act". CLAIMS What is claineddgamvms A fl ow managenent
system for an extrene ultraviolet |ithography

apparatus, the systemconprising: a first enclosing

wal | | east .partially surrounding a first space; a
systeﬁ&B@HéF%Pﬁﬂgmplasna in said first space, the

plasma emtting extreme ultraviolet light; a second
enclosing wall at |east partially surrounding a second
space;l.an e\ dinyatmesnagemgnt sstom der ag ekireme fuleavielst lithography
first, sp ce Eqn%he §§ﬁ%nd space, the body at | east
6@???%?“% gﬁ??ouﬂﬁpng "passageway and having a first

open enfirstdrdctosinpowdUst lehg partially 8tiretindihga fias Spaeyay
fromthe first space and a secaond open end al |l ow ng

EUV | iagfysteny genargtingnplagiag & saad diysti spacs. ithe plagma sitting extreme
qﬂﬁgﬁbh{ﬁgnbody havi ng a shape establishing a | ocation
having a Teduced cross-sectional area relative to the
first asedommbamhairgesl] atleast paftialysofrogalnga s¢dond spave;
aperture, the efture positioped to dntroduce gas

"nto oclpngsted by restriching flow Tram e fidcipacs o i epond space,
&1 b8y b feaBOR AN shfGuldied bl RBsAp8WAY And HaSMECLGirst open end
cross-sectional area. 2. Asystemas Tecited in claim
RllbwingBU Vclighsto shteg the passagsavay drong éheefirst spage and a second open

el ectronm IG. field in said passage to produce

Srd i EREraI Y ish! T ey pd ek BRRRT P Ve SRS e booy
fhavinB ey sHaperpsthislishthgda RRhtiorPhaveh®s rédudes cfols-sectional area relative
establishing an electric field Iin the second space to

de theclanst anksegentl pisiand es. 4. A systemas recited in

claim2 erel 3 (oJerolg! [ ofreq
cor | FoOURECHR Gl 3R dhERC I 4rfey P b by BOHERce gos
htesth@ passagandy pasgaptomletveerths fkteendast the bodednd the location
clajm 2 wherein said s?urce produces a direct current
d¥ngaggdugdcerrsrsgeiongl @8fd passageway. 6. A system as
recited in claim5 wherein said el ectrode discharge is
a

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.
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gl ow di scharge. 7. A systemas recited in claim5
wherein said el ectrode discharge is a corona

waele@ehsoge. 8. A systemas recited in clai m2 RMEDUS1008/009755
sai d source produces a radi of requency el ectrode
di scharge in said passageway. 9. A systemas recited
in claim8 wherein said el ectrode discharge is a gl ow
di scharge. 10. A systemas recited in claim8 wherein
said el ectrode discharge is_a corona di sgharge. 11. A
system-as reéviten BSrToRIR) il o PREr R FPéga?B Jpreduces a direct

i : ' ongat ed body. 12. A

gcggtg{éﬂrﬁgéro?g?%cgﬁfg% C %Psr%s%&f%na?lt her conprising a
tenperature control system maintaining the tenperature

of the elongated body within .a predetermned r : .

13, Alsyst dhesSemas Feted 1 SR mororeibid e ihgree is a
e%qo‘bg%hargg.e vane di sposed in the passageway of the
el ongat ed body. 14. A systemas recited in claiml

wherein the systemconprises a plurality of apertures,

each ertufe _positioned £o,i.nteoduc N h .
passageway lgtsygerpe%sprggi?qqlgl ‘B%lgﬂ i\%}]er%g% %@eﬂe@ﬁ"é{ efclﬁ?cshtaI geisa
eebrafdidcherggody and the |ocation having reduced

cross-sectional area.15. A systemas recited in claim
1 wherein the systemconprises a nozzle directing flow

from té'le apg’. g&élﬁ 6aTsQ%{eg i%l I?:?aifni 3 whel%ﬂ{j szﬁé s&]‘i}i@% I;])roduce%z;/ radio-

el ongated bo xtrenme ultravi ol et ogr ap

dragacdyidedtap dissharge imsdid padsagdwaayber havi ng gas
di sposed therein; a second chanber having gas di sposed
therein; an internediary chanber in fluid

commury cat !&@V%&%stﬂaatéﬁﬁpagmpbmém a1 SbARAR! diskharge is a
body restricting flow fromthe first chanber to the

ightwedmsebargey chanber, the body at |east partially
surroundi ng a passageway and having a first open end
allowing EW light to enter the passageway and a

second popena apsterl dsoetitd flblaim §RVhdréin@4id eledtfode discharge is a
passageway; a flow of gas exiting an aperture, the

apeanaghischpegsi t i oned to i ntroduce gas

11. A system as recited in claim 1 wherein the aperture comprises a hole

formed in the elongated body.

12. A system as recited in claim 1 further comprising a temperature
control system maintaining the temperature of the elongated body within a

predetermined range.

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.
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into the passageway at a | ocation between the first
end and the second end of the body; and a punp

WO 2099032065 gas from the internedi ary chanber. 1FCT/B82008/009755

extrene ultraviolet Iithography apparatus as recited
in claim1l6 wherein the punp cooperates with the flow
of gas exiting the aperture and the operational
pressures within the first and second chanbers to
establish a gas flow directed fromthe second chanber
into the internediary chanber and a gas flow fromthe

apert yse t g g}‘stgﬂréta? Pecited ?Lg%gﬁﬁ »%k‘i’exﬁfthé 5}%&%‘1 eRERfiKd a nozzle

body and i nt I rst appar at us
direptingsilowy from therapertenedbwaidrthe Sirst lend of Eheselnng@t.ﬂddmdg a
first volume; a systemgenerating a plasma at a plasma
site in the first volunme, the plasma produci ng EUW

radi atjigon et tRnte vl iond litkuRradhyepParafiil cORIpriSing:
positioned in the first volunme and d| st anced fromthe

site kayﬁratcdlambahb@nngigas@a@wdﬁme,d bet ween t he

pl asma Sit nd t he abl i shing a gas

number® 5 8%?{% c?&?m u alwéll,l%ﬁ?s (P Ogﬁ‘grﬁjae E%over the

di st an@entefmedigrylchatber indflui@ demeunivationwih@ry/sdevehd chamber;

the ions reach the optic; and a second enclosing . .
@rﬁ%e intermediary

st r uctapretongated body |f%9§"‘éf“¥€e@2}ﬁ droppthefst ¢h

SRABLACRY DS HEIANE s PP B o

topen sad aildbwing HEEV a]mghtotpeerabd ¢het passsgesdlyi aidd a gmend Ionpmn end

directed fromthe second volune into the systemand a
gwqgoap}’rt%tf%%lg PERETNY >t he first volume. 19. An

appar ! fj§wast %a%céxﬁ hi} a ?é@ﬁr@] AR WeRLRI PoidiRa t'osmtroduce gas
di sposed in the fi une at a pressure P1 and

gate the pdssegosatiati leaeos deovagnvtbe dmss eand @dpuhwsmmi ¢l of the
:Hqth Pi, > P2. 20. An apparatus as recited in claim18
the system conprises: an internediary chanber

in fl i phngoremovigpagdsFromiidinté@ediasodambet.ume; an
el ongated body restricting flow fromthe first volune

to the intermedi ary chanber, the body at | east

o L A AL B RSB, SRR B3 ol 1
avtitrein She puehpo pedpeedies 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;
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allowng EUW light to exit the passageway; a flow of
gas exiting an aperture, the aperture positioned to

WO nioposesE gas i nto the passageway at a positiPCI/US2008/009755

between the first end and the second end of the body;
and a punp renoving gas fromthe internedi ary chanber.
21. An apparatus as recited in claim 18 further
conprising a nmulti channel structure disposed in said
first vol upe. ) ) _

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
100eV 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.  Anapparatus 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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