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TI TLE Gas Managenent System for a
Laser - Produced- Pl asma EUV Li ght Source The present

w@ppbiosati on clainms priority to U S. Patent AppCT/Us1009009754

Serial Nunmber 11/897,644 filed on August 31, 2007,
entitled GAS MANAGEMENT SYSTEM FOR A

LASER- PRODUCED- PLASVMA EUWV LI GHT SOURCE, and is al so
related to co-pending U S. Patent Application Serial
Nunber 11/358,992 filed on February 21, 2006, entitled
LASER PRODUCED PLASMA EWv LTHHESOURCE, Attorney
Docket Nunber 2005-0081-01, co-pending U S. Patent

AR | . i 7 .
15 s eri e R L PP e LY Eifpt Source
SOURCE HAVI NG A DROPLET STREAM PRODUCED USI NG A

MODULATED DI STURBANCE WAVE, Attorney Docket Nunber
2007-0030-01, co-pending U. S. Patent Application

Serial Nunmber 11/786,145 filed on April 10, 2007,

entitl ed LASER PRODUCED PLASVA EWV LI GHT SOURCE,

Att orney Docket Nunber 2007-0010-02, co-pending U S

Pat entTheppiesast apphicém alairhbipoerityl 16 108, Patent iAppdication Serial

Shimesr 11800048 T8 oAt Tt G460 5ASMAINAGEMENT

apPS TEMEEORNA Af ASER.PREGHBCEDAPRAISMA | DVISIGHT SSHIMREE, and is

10/ 409,254 filed on April 8, 2003, entitled EXTREME

@WW@.E)TCQ_p@dl’ngmtemmpnlmeyom&kdtNNlnhtrelr1/358 992 filed

&8 P3P Rnad 208 SERNAR ASER, TROPUCHE LAV v LiGHT

SOURCE] AASHERy PRIJISGEDBhARPM20680081 BT o%qmﬁlgv\rﬁ §. Patent
PRE- PUL SE, Attorney Docket Number 2005- 0085-

cpplisaoth SetriSNupdee dd/ R3pBOZ diledensky 53, @Q%e?ntlﬂed LASER

RSB S ROU e RYRREA RERRIEH, StREAm

AIR(ODUQEIDDJSIIHG NM@BUIZMDEDGMS&“UHBAN@BJWNVEgAttbﬁey Docket
ion Serial, Nunber 11/174, 443 fil ed

Palﬁrggézgéoﬁéé@% 9%t sa-pending G0y BeikahnARphaten ey Aumber

Ty Y, ¢ t
AR o Loy BOERSR O0IRED s e

HORHAUSOURER, SGREE DotketdNmaber200KeA0 1IN0 ep-pending U.S. Patent
Rrication Sedal q@ﬁg@@qg@%ﬁ lga oR"&fth1 128005 %nti8% EXTREME
ULTRAVIOLET LIGHT SOURCE, Attorney Docket Number 2002-0030-08 which
is a continuation of U.S. Patent Application Serial Number 10/409,254 filed on
April 8, 2003, entitled EXTREME ULTRAVIOLET LIGHT SOURCE, Attorney
Docket Number 2002-0030-01, co-pending U.S. Patent Application Serial Number
11/358,988 filed on February 21, 2006, entitled LASER PRODUCED PLASMA
EUV LIGHT SOURCE WITH PRE-PULSE, Attorney Docket Number 2005-0085-
01, co-pending U.S. Patent Application Serial Number 11/067,124 filed on February
25, 2005, entitted METHOD AND APPARATUS FOR EUV PLASMA SOURCE
TARGET DELIVERY, Attorney Docket Number 2004-0008-01, 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. SOURCE MATERIAL



February 21, 2006, entitled LASER PRODUCED PLASMA EUV
LI GHT SOURCE, Attorney Docket Number 2005-0081-01,

w@osopesmssig U. S. Patent Application Serial Nunmb@r/UuS2008/009754
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11/ 174,299 filed on June 29, 2005, and entitled, LPP
EWV LI GHT SOURCE DRI VE LASER SYSTEM Attorney Docket
Nunmber 2005- 0044-01, co-pending U S. Patent
Application Serial Nunmber 11/406,216 filed on Apri
17, 2006 entitled ALTERNATIVE FUELS FOR

SHSHERSER LOR ST\ IGET ROVRGE 5660msndaedket Number 2005-0102-

t t
53, DEOORe S T ADPRAiGR" SO Rirer MR QR g filed on

LEBRRrDER],VERY6,S ¥aTiHRMb EmEIRU\PR(DDHCFSDJJRCB,SI\Mt (ﬁiﬁ%y LIGHT

SUVRER T BRSGs: Hockphtmyer, aHaS DR8P (b-pending oy Patent

2R l?eQQ@h S@kialt Nﬁﬂ)be}—/%ﬁ&% BROIREE Bn Pluhod, Boys | SAdT entltled LPP
SAURCE, Attorney Docket Number 2006- 006- 01, co- pendi ng

BV IpgHEh SOARE W®L8§ERa$Y$\iﬂﬁhb %@Iﬂ%@oqw Nunllbm 2005-

&’)bCA usﬁg’r&lﬁ’gfl néoﬁg c}%gépt%ppq]cgt I ng [._ljmé quﬂl 216 filed on

Rl CAt 2006 Setitlal ANTHRNATIVE, H@ELSIF(GH EUVJ mmeHJr4SOURCE
2006 entit|ed DRI VE LASER FOR EW LI GHT S
Atnt@mﬁepowémmmn@@ﬁ 936 1o o0 Pending &bspgmiltn/épmjfﬁaﬂ@@ Serial

iﬂgus‘% gﬁf/%%gwoe%]t@ ﬁl? ed L%ﬁé SDE%A%‘&&ID\@EF% TP@B@L%@ASER

SIFEIMEIER, SYSBEMS FIORe &UNO rLINEHTD SOURCBI Attty Docket Number

008 QU7 B o CERBRAL-SPPRGR SPRESRAEFSr3l Almber 11/644,153

ApB4 Ioﬁaﬁéceﬁlb%m@eﬁoolslélﬁﬁl%d OQASERt PROPAYCEOIXEASIINREIV IGHT
2004-0128-01) filed on 6, 2005 and titled SYSTEMS

Wmoﬁ@? ImkEt\/ENﬂImNG WQ@\WE:&CTICOHWBEMEENSA Patent

SUBFAE SerafRyrber U 7 Blepiofchearb 6 g00Rpected BUV

fOPEICRN Aty BOEet Naibler S200520627-06, Q%Sa&aﬁ;g ang. patent
titled, LASER LI THOGRAPHY LI GHT SOURCE W T

Beplivatey, SegabNumbee 452001 fdedom Jure14, 280@ entigl ek RRIVASLASER
SR ST ASE RS, SRR S R i
WstedAStakdsCPatemnNNo. 6,928,093, issued to Webb, et al. on August 9, 2005,
entitted LONG DELAY AND HIGH TIS PULSE STRETCHER, U.S. Application
Number 11/394,512, Attorney Docket Number 2004-0144-01 filed on Mar 31, 2006
and titled CONFOCAL PULSE STRETCHER, U.S. Application Number
11/138,001 (attorney docket number 2004-0128-01) filed on May 26, 2005 and
titled SYSTEMS AND METHODS FOR IMPLEMENTING AN INTERACTION
BETWEEN A LASER SHAPED AS A LINE BEAM AND A FILM DEPOSITED
ON A SUBSTRATE, and U.S. Application Number 10/141,216, filed on May 7,
2002, now U.S. Patent 6,693,939, and titled, LASER LITHOGRAPHY LIGHT
SOURCE WITH BEAM DELIVERY, U.S. Patent No. 6,625,191 issued to Knowles
et al on September 23, 2003 entitted VERY NARROW BAND, TWO CHAMBER,
HIGH REP RATE GAS DISCHARGE LASER SYSTEM, U.S. Application
Number 10/012,002, Attorney Docket Number 2001-0090-01, U.S. Patent No.
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Nunber 10/012, 002, Attorney Docket Nunber
2001-0090-01, U. S. Patent No. 6,549,551 issued to Ness

we@eooalo3wst April 15, 2003 entitled | NJECTI ON SBEDEDS2008/009754

LASER W TH PRECI SE TI M NG CONTROL, U.S. Application
Nunber 09/848, 043, Attorney Docket Nunber 2001-0020-01
and U S. Patent No. 6,567,450 issued to Myers et al on
May 20, 2003 entitled VERY NAROW BAND, TV\D CHAI\/BER

HI G REP. PATE GOS Dl SCHARGE || ASER SYSTEM
€5a1t lSé\*Pdl\Eﬂxh’éFS goploar Aqui, 1542087 fayitled) JN&ECNMHQ?EEDED

i‘r’?r% 509 F&S ? gg%%Aqu%Ep%b%aMé’%?“ F‘H Number
Wmmmay mmmmm D00 IFOFZIRO A ahASER IRRGDOGED, 567,450
5084 dogdy e, < or 0ot YRy, NARGRy angp, Two

P@HAMBERCQUQH{ aREpI RATEiGAS DB MBARCE FASER SYSTEM, U.S.

present di sclosure relates to extreme ultraviol et

(Apnligation |I‘gmnb@099t9é§ 3dBi ditqoney iREekeUWumbggnt 20¢108984-01, co-
| t i i al d
TR U8 “hattrR 4PP BB SehRIBmb el Psod'B3 £hiled onFfiusy 25, 2006,
Wntitled SOURCE MATERIAL COIELECYVION QIS PORCA L@tﬁﬂb BRODUCED
e.g. by a lithography scanner/stepper. BACKGROU

BRASMA BUY JJCHES (ﬁi@ﬁﬁ Kitogney Slockets DHEGREEPE5.0086-01, the
re%ﬂké’"édn?éht dRE PRSI e%@h@x%b ﬁnc%ﬁb%gd% §P€}eﬁfse h&3R.

( erred 10

al'so sonetines re X-Ta
including Iight at a wavel ength of about 13.5 nm can
be used in photolithography _processes to produce

extrenely small| features i nf trates, e.g., silicon

vaf er Sph VBl i dcfoshfOFIRES é%t{én@hltfaQ{Hlé{QeEUW? 118h€ sources

not necessarily limted to, converting a material into
avlch provide HEUY hghtt frhmsa alasﬂne dbat iswecatddefremt 3 tazgg. material and

BN bl o b g VB P LG BB K P BR BV
Ilagﬁlego&é@@imrm 297 lithbgteplly Sdadnédsieppeed pl asma can

be produced by irradiating a target material, such as
a droplet, streamor cluster of materi al havi ng the

requiredline emtting ¢ gﬁh@ﬁyalaser beam One
particul ar LPP techni que | nvolve radi ating a target

mat er i Bttrethicopltratiotdt 1ighnRe. Cledtivhtaghdh re&lit&fo@)hal@iﬂg&ﬁ@velengths
hi this regard, CO2 | asers, may present certa

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.

Methods to produce EUV light include, but are not necessarily limited to,
converting a material into a plasma state that has at least one element, e.g., xenon,
lithium or tin, with one or more emission lines in the EUV range. In one such
method, often termed laser produced plasma (“LPP”) the required plasma can be
produced by irradiating a target material, such as a droplet, stream or cluster of
material having the required line-emitting element, with a laser beam.

One particular LPP technique involves irradiating a target material droplet

with one or more high energy pulses. In this regard, CO; lasers may present certain

advantages as a drive laser producing high energy pulses in an LPP process. This



10

15

20

25

30

advant ages as a drive |aser producing high energy
pul ses in an LPP process. Thisnmay be especially true

w0 20090820540 N target materials such as nolten tPEI/US2008/009754

dropl ets. For exanple, one advantage may include the

ability to produce a relatively high conversion

efficiency e.g., the ratio of output EUV in-band power

to drive laser input power. In nore theoretical ternms,

LPP |ight squrces_ generate EUV radjation by depositi

|mBayebe s%P@ﬁYitﬂaeofoa CETAIR CeE WAERELS Gk RS AOUER B droplets. For
1el | Shel SNanBfee! ol HRIGLT he SiRAL 18 Dradied! ¥latively hi

i(%ﬁ%lgeél {heasrman%l{gfh elbectron tgrrpelr?: ur sr of eseveraallVey gh

|oGnhsersionedffici®hey erper thetratio roddiugpuit U Y emebastiepbvekar tondyive laser

de-excitation and reconbi nati on of these ions is

SMRYPOYFr om the plasma in all di rections. In one

COMTD N 3fnbAN GRBRMATcal frR8ALPPOLFR! sdubdds dgmefitdIBU W radiation by

(often ternmed a "collector mrror") is positioned at a

diepesiting laberamergyansl aiswica dement) such asiepert(XQatie (3 or lithium

. : .f he.l | i ' .
SR ACTEN o o A BP0 o
tefVe ITHee eficepétice chdiatiom gdierdted durimglidetexcitativat ad récdntbination of

set of scanner_ optics and ultimately to a wafer. In a
tthgsedems is epmitted from theplasma in alfdirectiqngy &1 ong eommop ggrangement,
14 M-nﬁgﬂilgﬁciﬁg%tmﬂfor%@t%f QDS «<PLIRR B} thiProrA8s Rgsitigned ata
internedi ate location, ‘and as a consequence, it y be
alistanteafjenube plasneetd edllect; idicun&ndnineome arrdrnigeitentsh éocus) the

t posphere in the |ight source chanber to,. gas havi n
Hahb i o8 ijemegiale LAl 6~ 1ea) ROBnd MRlfoicsh Rehiansy then be
Eblytd 60 SQYAERTAHSR 18RO 0% SUBEf sdAnhrdptit® hbdBltimately to a
manufacturing (HYM environnents, e.g. exposing 100

wedfer. sinpetypivelisetap, tho ERV light st étavelewishintthe liglt] soatse@bout 1-

) rror can be a critical parapeter affectin .
& fEem S PIETBRA tifeimms il oRaaay Jnd .t Ohsgpyepge it may be
QEQamRbEds, MEkitaln tiscudmshaicas, ad lidsit ehd ¥niysphit6 tin Gle 1ifi& source
pl asma whi ch can degrade the collector, mrror surface.

Thamberctgrgasesduvingarelativelydow gbsarprangg ehinchpad EUY dight.

neutr a X rqet - matari )
hese airEO? IBHE sGorted Beiefla KA B iAWl imanufacturing
t(REV My bhve findrients, £1g0 expositigl 109 wafeisyfer bald or hbe, therlifetime of the
flux. Generally, for the corgnig?u:]%%i on descri bed .
AeYeeor muEonralirke afcrHicat palamstes aitestine Sticierss dqvgiime, and

P DUREpb LRSI, ks L bt Yl
dihiel chw degrade thengpl ety nhiromsotigce. This debris can be in the form of
high-energy ions, neutral atoms and clusters of target material. Of these three types
of debris, the most hazardous for the collector mirror coating is typically the ion
flux.

Generally, for the configuration described above, the amount of neutral
atoms and clusters from the droplet target impinging onto the collector may be small
since most of the target material moves in a direction pointing away from the
collector surface, (i.e., in the direction of the laser beam). In the absence of debris

mitigation and / or collector cleaning techniques, the deposition of target materials

and contaminants, as well as sputtering of the collector multilayer coating and
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collector surface, (i.e., in the direction of the
| aser beam). In the absence of debris mtigation and /

W@r00008208ct or cl eani ng techni ques, the deposi t PORUSH008/009754

target materials and contam nants, as well as

sputtering of the collector nmultilayer coating

andi npl antati on of incident particles can reduce the

refl ectivity of the mrror substantially. In this

r.eg endi co-qwned U. S Patent | j cat]on

Cy aan Qb e paricles .qaedr%fal%m ref cﬁzﬁnwf the mirror

L Ilgg%cgp
%P%éo%gﬂl Aéket N er 5)007 1%0 02 d| scl oses a lé:\%lon Serial
iNumberc ﬂ 1486]14%i Atedbwinf éxpriga$0,s 2067 asntijett dgeBERt PRODUCED

Hihonr o0y, dcFineSofRUE, ARl modkel INpmb 2Beag10-02

Riedcds8s b Rvice M$ whdCh bWt Ga® kudh ésrlgrdmg&ﬁl a@ Brés§ures at or
%pl cally | ocated about 15cm fromthe plasna.

pyeabous 190 Tornisaused htatheaﬁ@mber @oslpewf iomgNA ﬁmmlasm@ fo below

oo%tl’ ?éé)‘é‘:\} ePore elg g(?ngﬁrteg % co Ec of r%&f?%au/ﬂlcﬁ) 1/s t?l}t)i%glﬁ)ye located

mb@ﬁtois'chhﬁgmnéﬂplasﬁa obt a| n th| S out put power, a
5-2CkW drive | aser, ‘g CQ2 | aser é be used to .
| r r adilhiSecusreatly eewisione Phaaab%éﬂwsofa‘i Vrrpavﬁroqr morg, will need

g{)"%ﬂﬁl erg td Res éﬁ% QWeB%al 9 fio W &fok Ve?ﬁ gh' aﬁulﬁg EUV

t sour ce nmber at| ons I n |cat
q:lhotdht]ﬁ@a;ﬂ@%"m obithinghis @ngrut paweh e H-2@kWfdeive daket, @.@a CO; laser,
he chanber. W.th the above '

buf f er S i.n nd,
At Pufiido itadiv s OB aquithRR] sghint Sk obite Gromgts. Of the 5-
LR -d1' ng&e Qeﬂle'i‘e?d‘%ﬁw thi QEUV'\S/N%EP %ouﬁ’:@ dchamber calculations

correspondi ng net hods of use first

asgieate that alewti 28689%debibrs Mrmmbmtlmf@mdwma buffer gas in the

Fﬁ%&Llse an enclosing structure defining a closed | oop
ath a systemgenerating a plasma at a plasma

site, Wi thé Aveen Rind, M pplichsts ARBIVEE h GilsIMahagehbnttdi8tem for a
flow path; a gas disposed in the enclosing structure;

dasemkroduead-Plgsma EUYA Eighk Powgh andeogiesraadinggppthpdsond use.
pat h; a heat exchanger renoving heat fromgas fl ow ng
in the flow path; and a filter renoving at |east a
portion of a target specisEMMaRYas flowing in the

flow path. _In one app|icatjon of i s aspect, the
pl as malnnﬁ I8h ApRECh e 4"*N‘°ﬁn‘c§ @%é“?"?crthéfem which may  comprise an

enclosing structure defining a closed loop flow path; a system generating a plasma at
a plasma site, the site being in fluid communication with the flow path; a gas
disposed in the enclosing structure; a pump forcing the gas through the closed loop
flow path; a heat exchanger removing heat from gas flowing in the flow path; and a
filter removing at least a portion of a target species from gas flowing in the flow
path.

In one application of this aspect, the plasma may comprise tin and the filter
may remove a compound selected from the group of compounds comprising tin
hydrides, tin oxides, tin bromides and combinations thereof.

In one embodiment of this aspect, the enclosing structure may be formed

with an inlet and an outlet, and the device may further comprise a gas source
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may renove a conpound sel ected fromthe group of
conpounds conprising tin hydrides, tin oxides, tin

whemniskoss and conbi nati ons thereof. | n one enbpci/Ie208/009754

of this aspect, the enclosing structure nmay be forned

with an inlet and an outlet, and the device may

further conprise a gas sourceconnected to the inlet

and a conditioner connected to the outlet to condition

gas exitingyggf encl osi ng structure, .the conditioner
etpiqt

renprstedk i rafh 3 KengjHeRRs WNnedrdite ithmepdet to condition gas
%Qﬁﬁﬁ;ﬂfe”&cﬁfsir&n&ﬁ& | el OhdTRSHRRHeRE scetéd WRRP EhePbroup of
a conbination thereof. I'n one I nplenmentation of this
aspditibners lvensistig of agas tdilutibn meechayismo apscnddern ov @s®@ibination
BE fluid conmuni cation with a gui deway, the gui deway

YFY" external to the vessel. In another aspect, a
devi cqpiohe §@pleindARAioR VT IS a¥picE IhdTBicl SR $thfefurd a5 dbmprise a
reflective optic formed with a through-hole; an
aessebin Ayidsecommunicatiatewith argpidewdye thedguideyay bang gatemnal to the
Q%s%ing t hrough the through-hole; a system generating
a ﬁiasna at a plasnma site, the site being in fluid
comurihGabthen asett) atdeeict liodepeibéd héreashidh ps&anprise an EUV
the enclosing structure; and a punp fqrcing the 9as
treflestiyR opHe fommedeyith a dyonghyliolsaam enqlpsipg structure defining a closed
[ i.on: Of j . [ .
55 BER o palin e (RS RRGheh-hOIE, ERMAN eBeralfig i phlsfha at o
qlastievgte, thehsite haingandipibeimmuaichttomeithitbe floe pads agdas disposed

I.n one enbodi nent of this aspect,  the device. ma

D T i i e PR DS the oo TRRLUIE closed loop flow
fiabl i shing first and second conpartnents in the

vessel, the cl osed-|oop flow path extending fromthe

first loompamplesrentationed glnis abpect, thoerphdspngstfusture gnayncomprise a

h ixC. he . d. [ .
oikSoel B i bR Vichie BB SRt Bring epigmah to the
akerl. the vessel may fornmed with a vessel wall and the

restriction nmenber may be di sposed between the .
col | ednomeeergbodimgnt, ok Hus agpgct. the dewice rmaeyt fyrthey, comprise a gas

e
rthié tlos&lhkop dlowspdth ektehdinp ifiont tHedirseaeipangnedn ehrpugtpthe through-
hole formed in the optic to the second compartment, and in a particular embodiment,
the optic may be formed with an edge, the vessel may formed with a vessel wall and
the restriction member may be disposed between the collector edge and vessel wall
to restrict flow therebetween.

In one arrangement of this aspect, the gas may pass through a temperature
controlled, multi-channel structure prior to reaching the pump.

In another aspect, a device is described herein which may comprise an
enclosing structure; a system generating a plasma producing EUV radiation at a
plasma site in the enclosing structure and releasing at least SkW of power into the

chamber; a gas disposed in the chamber at a pressure exceeding 100mTorr at at least

one location in the enclosing structure; and a closed-loop circulation system
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hi anot her aspect, a device is described herein which
may conprise an enclosing structure; a system

wW@ewensssg a pl asma produci ng EUV radi ati on aRCEUS2008/009754

plasma site in the enclosing structure and rel easing
at | east 5kWof power into the chanber; a gas di sposed
in the chanber at a pressure exceeding | OOnfforr at at
| east one location in the enclosing structure; and a
cl osed-1 oop circul ati opn systentirc Iatin?,gas t hr oug

cHeulatieg gas Myoush ther encosmgndrctyre g GisHiapa sysem Inéluding a

| £ ] as

R R S R s S

of t hils oas pmptementtionasf thisyaspéanthehgasugdy flow through the closed-
| osedl qop circul ation syst at an ayerage f|ow.r

st Aha av R TRPCTaUE Rt Ing 59 e ftes per

embedi nent of this aspect, the enclosing structure may

conprise a vessel and the heat exchanger may be )
posi t ilnrmed dmbadimenteefsdis aspactotee emdlesing: seneturst mayjcomprise a
aspect h eat, exch [ L be ature

S3REF b1 b PRt pRERL AL e 2P RloREL B HFBSHE' rbod ment

of t hils oné peahgerhdir ofltiois @dpdchahe bedtatchirgen iy Heedtefferature
mai nt ai n an_average gas tenperature of |ess than 1000

G@gﬁf@é@; (l,gqlté-ict)g}qe Stf‘lf?é‘“§yst em In another aspect, a
devi an'o?ledeqﬁl?d'diﬁggt_ O Qstﬁe!@ﬂ, Ghe USed- RO dinfaldidn sglstem may
enclosing structure; a systemgenerating a plasna at a
mhastan i dverdge gab eenepecdtos ofdessttharct (0alegtdes Celsasnm the system.
produci n UV radiation.and ions. exiting the plasm; .
B opt AR divpei, fr SFHisenes IRCBbEY herel oy i ani cofpprise an
GAS106ing RAREHrD Gl WRRM bhRritlRSIBlARd LRI pIgsmd Sk HPhe enclosing
establ rshing a gas nunber density sufficient to )
spectate thevplasma prodiusing F3 &Y rafliatian arshigos exiting dreoplgyma; an optic
el ow V pefore the.ions reach the optic: and a
Frsatisd o F sl 1 Sine, &nf & bR bysER T plpgme and
opHcetel 85 Bgablishitipl Ur gas Alfbér d&dshtt dufficiemsSte 6Eerate over the
i ncluding at | east one heat exchanger renoving heat
fdigncgad toiredyicadon prasgy helowel (0syheterg thetons reach the optic; and a
i t ot i om. of . i . :
TSR PR bl cBoRERhe b sl GBI Ghuctur, the
der¢ulatomBystémr inbRidingoaplehstcone aak teikeledhgan edm@ting tieatr ffom gas

dj sposed between the plasma site and the internedi ate
Ifloang Buoughithg ROPhodi nent of this aspect, the gas

My CQfRhk siﬁlp&rn%ttﬁfontmﬁisg’agpect, the optic may direct EUV radiation to

an intermediate location and the device may further comprise a multi-channel

structure disposed between the plasma site and the intermediate location.

In one embodiment of this aspect, the gas may comprise greater than 50
percent hydrogen by volume.

In one arrangement of this aspect, the gas may comprise an etchant gas
selected from the group of etchant gases consisting of HBr, HI, Br,, Cl,, HCI, or
combinations thereof.

In one embodiment of this aspect, the gas may establish a gas number
density, n, sufficient to operate over the distance, d, to reduce ion energy below

30eV before the ions reach the optic.
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percent hydrogen by volunme. In one arrangenent of this
aspect, the gas nmay conprise an etchant gas sel ected

w0 e@a0sdos4 gr oup of etchant gases consi sting of P&BUS20b8/009754

Br2, d , HO, or conbinations thereof. In one

enbodi nent of this aspect, the gas may establish a gas

nunber density, n, sufficient to operate over the

di stance, d, to reduce ion energy bel ow 3CeV before

the iaons reach the optjc.ln one arrangenent of thjs

aspectld one agpagemsntRf Higepect thegsyspmmay romprise a droplet
Y o AHMR! Eopletd M HFRE LOmPANAE (i, Midtd Diserdi?

rggser ilrk?%m g%t(?ﬁgedigﬁet to c?lgat egt ﬁ{e p asmf t he

|dasElets ¢ npeaieshe glasmgathe lasedcamprosomgpa gainmgedin . coBiRrikig CO,.

DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a sinplified,

schematic view of a | aser produced plasma EUV |i ght

source; Fig. BRAEHDESCRIPATON OFETHE PRAWINGSSR M

software illustrating that ions are significantly

scat t diigdl Bhawss simplifiest sgheawtic rvigw gba lgses psedwsediplasma EUV

(ﬁé‘gg a}ndé,st ance, d, of 200mm Fig. 2B shows a

C taf%ed pl ot using SRIM software illustrating that

i ons IHye2A ehows Gaddl@ilated pldt anig SRIMGsoftvaire AR)stratil that ions

may be_ effectively stopped in Hydrogen gas at 400nmlorr

are signifianty sscatipred tbup |9ss, ot siopped M Aregn Jasy@ S0mTorr over a
e I {.Ilustrating ion stopping at three

?F?%ge’e?ﬁ&hz?g%en pressures at a distance of 16.5 cm

from tHig. 7B ahows aFdaiculatéd plovwsing PRIV softwaee ilinstrating that ions

bserved ener. at a distance_.qf 16,5 cmfr th .
Eaaz\% r#ﬁssv%ia%%‘%;ﬁﬁ‘?rﬁ&’éﬁé g 2‘§‘§u Pg‘)f%ﬂd F‘ngﬁ igfgﬁﬁ"‘ﬁy stopped in

i}_ﬂi&ri)%!n éa@'&t%kﬁﬁ%r‘?%t@&is&ﬁ@%, bPatidtl 9okaP of Fig. 3
Fi'g. 4B shows i n-band EUV signal after passing through

a di stlagcd showsf meaSued ot iflusteatingnionf steppimggasnthree different
: d i £ f ti f d

BBE0Y Bl K B TR B8 2070

di st arfqg. A shSwSa plotfoTeRaxiRamPd e AR eﬁé@?' A& BN of 16.5 cm

plots of ion range (in cm as function of gas pressure.
(frasn the plasma versus hydrogen pressure for ions having initial ion energies as

nating

shown in curve 150 of Fig. 3;

Fig. 4B shows in-band EUV signal after passing through a distance d, of
145cm as a function of Hydrogen pressure; and ion flux as a function of Hydrogen
pressure with ion flux calculated as | I(E)dE at a distance of 16.5 cm from the
plasma;

Fig. 4C shows plots of ion range (in cm) as function of gas pressure (for
Hydrogen and Helium gases) for various initial ion energies as calculated using
SRIM simulation software;

Fig. 5 shows a sectional view through a simplified, EUV light source
illustrating an embodiment of an EUV light source gas management system,

Fig. SA shows a side view of the EUV light source shown in Fig. 5;

Fig. 5B shows a sectional view through the multi-channel structure shown in
Fig. 5 as seen along line 5B-5B in Fig. 5 showing a multi-channel structure having

concentric, conical vanes;
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Hydrogen and Helium gases) for various initial ion
energies as cal cul ated using SRI M sinulation software;

wo-@9/0%R08hows a sectional view through a sinplPET/E82008/009754

EWV light source illustrating an enbodi nent of an EUW
i ght source gas managenent system Fig. 5A shows a
side view of the EUWV light source shown in Fig. 5;
Fig. 5B shows a sectional view through the

mul ti-channel structure shown in Fig s seen al on

. b .
line gB85H- ShOVE gsechiorpoiiewdhrauas the meRiarienelsugrg fown in
| . C [SAY - : .
TR SRACHSH life SBOB fitie) SYibwil mifti SR Sructure having
shoverging, flatgplatb vasesseen al ong line 5B-5B in Fig. 5
show a | ti-channel strucf.ure having.convergi ng, )
fla e Sawnat afemay enbtdimsn: oy phfluchanne! Snictire having

eaaciaeqt of a multi-channel structure having radial
vanes; Fi'g. 7 shows a section view of the .

mul t i -Higahskewssa segstonraewfof they mudti-gbanngk ptragtangcpf] Higeb as seen
7-07n iln Ff.- .inE' Ej g. 8 shows a sectional view through a
?llmglfq‘eie, {g\'/fight source illustrating another

enbodiBign8 sHovan a Bd¥tibhad Wie®Othro€zty as siffplifigd "BUuV light source
system having gas f]low through the irradiation region

alepteating tapathien empodioneph oftan EHY lights sqyiree; gas manpgeaneny | system

S5 3ke ol kqleh ¢ g RRUoR aRF EhUBIRAINY il t the ais of
anellisoidahbatbictoe mtirrof; an EUV |1 ght source gas

mana n st em havi n as f.low which creat .

vort_g 1g'nt9t %Vﬁl ﬁs?FﬁU%'P?grr‘%EW; ﬂ.“—?‘égh fOSlgwg\ﬁ_éega%\? light source
$R6dtdafRE | an¥itRY ehiboitkht FSin R UM ligﬁ{t’ sdaté bhIManSQIH&R system

i I'lustrating another enbodiment of an EUV'light Source
davinggasa flowewhich getatanahavicn gn thegasmeaichambeh ext ends

t hrou a.central hole in the collector mtror .

1 ow dags 1 GBOBR aranistnal ey ERuRE 4 PinPisodufV ctight source
Qﬂllls]tl_%ﬁhg ranﬁi:href @mbadEn&H Qfm_ﬁxr EW _li'ghtFiscﬁlrcel as ffnEgeent system
sectional view through a sinplified, EUV |'ight source

ihavingta shrpwd) whndy erdendsitbessighwngentpl hele Eunhe reffrctasguimes and a
iRV %ﬂ%ﬁgerﬂémﬁé(rsllegﬁ@cting flow between the collector mirror and chamber
wall;

Fig. 11 shows a sectional view through a simplified, EUV light source
illustrating another embodiment of an EUV light source gas management system
having a shroud which extends through a central hole in the collector mirror and a
flow restriction member restricting flow between the shroud and chamber wall;

Fig. 11A shows a collector mirror formed with a plurality of through-holes
for passing gas through the mirror;

Fig. 11B shows a collector mirror having a tube running along its reflective
surface to release gas onto the collector mirror surface; and

Fig. 12 shows a sectional view through a simplified, EUV light source
illustrating another embodiment of an EUV light source gas management system
having a plasma irradiation module, two pump / heat transfer modules and a scanner

interface module.
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havi ng a shroud whi ch extends through a central hole
in the collector mrror and a flow restriction nenmber

w0 2®9032084 ng fl ow between the shroud and chanbRCT/WE1008/009754

Fig. HA shows a collector mrror formed with a
plurality of through-holes for passing gas through the
mrror; Fig. HB shows a collector mrror having a
tube running along its reflective surface to rel ease
gas onto the collector mrror surface; and Fig. 12

shows a sectional PERAKERBESCRIEHON ed, Euv 1i ght
sour Cyjth liniBiht RlFdrBEeABAtBe] uRID QAT a l@éhéfﬁhtftWe»U&% EUV

source gas managenent system having a plasma
lightasbwce, ang.nmedades prodused pigsma AEM lightasmsier 20madedrdmg to one

and canner ..i nterface nodul.e. PETAI LED. DESCRI PTI .

ST P PEPOGIEIBE cAE S 18 KJE: b 3SR Qypdpeg detil below.
s epnt 1(Iij§n\@oaweoio AthyEHMudE Bhby k@i 10 for Selleratifig | 28I of light
produced plasma EUV ['ight source 20 according to one )
aypesanddelveringihsdlight pulseninte hehrmber 6. ghorthe seugce 20, the light
dlellss% Imbe 4yd] fakl)rntghoenr éjrerglgrlel lfe%gl gg‘h tfH)?n lrl%PS)Ls# ht22 and into the
ource may I n€l'ude a system for generating-d

ch@hber@6 tbiillihinatd GSoranéte daigete @t am frddivdtioni rggion 28] ses

into a chamber 26. For the source 20, .the |ight, pulses

may t avtabledassrgfosnee by thedewics dashewn i Fig: driaxinclude a pulsed

: d,i the i i : :
TBLERE 201 AU BB UBHRG OO KT BN Faion
Oaiqem,s9.6pm omsé0.iopnt, eeg. dewthcDC28r BRoewmtitationi gperdtingeat relatively
incl ude a pul | aser deyice, e.g., a.pulsed g
diansges ol PES e Tt aad iidinutiarspe diitaiko g o0kHz or more.
I 3B paticdP ifiplrier?4/Bn, thdlase¥na§ Hale @ MPA configuration with
excitation, operating af relatively high power, e.g.,

naliiplerstages hEaxialnfowiRfrppmpedkCOr pmplificatton andchavingp seed pulse

OkHz. or. e. kn a ticuylar, i nt.ati on, the .
3 s e QPBRRed Bl S AN Vi i gk and high
$épRGi€Eidn Phte X b A bagdb oS0 NP BpEatisR Faoml thé M| theNasePgulse may
having a seed pulse that is Initiated by a Qswtched

ey be aplifiedashapedmand vi on foqiaed thefegy entaring ghe LPP chamber.

. L ' o
(RS LR ELCP S SERIAPLE el QR6hP23CBor cxample
ahxapieble GMlaseralevice tiasing dnedsoillataeringthieg aipdiflel3R O-PA1-PA2—
chanber, Conti nuousl &g&mped CQ2.anplifiers ma

el cppHgyTREon)y & dicosed Agr ceRanding, Us- sliﬁtﬁrgb%p_g;ﬁion Serial
?\@@Sﬂ‘_ﬂgﬂ?ﬁzb@vﬁlw G0 JARE12d, w5, ad LAMRR, A IEUer BIGHT

SOURCE DRIVE LASER SYSTEM, Attorney Docket Number 2005-0044-01, the
entire contents of which are hereby incorporated by reference herein.

Depending on the specific application, other types of lasers may also be
suitable, e.g., an excimer or molecular fluorine laser operating at high power and
high pulse repetition rate. Examples include, a solid state laser, e.g., having a fiber
or disk shaped active media, a MOPA configured excimer laser system, e.g., as
shown in United States Patent Nos. 6,625,191, 6,549,551, and 6,567,450, an excimer
laser having one or more chambers, e.g., an oscillator chamber and one or more
amplifying chambers (with the amplifying chambers in parallel or in series), a

master oscillator/power oscillator (MOPO) arrangement, a power oscillator/power
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PA3 configuration) is disclosed in co-pending U S.
Pat ent Application Serial Nunber 11/174,299 filed on

wd mve/02954 2005, and entitled, LPP EUV LI GHT SQ{RIES2008/009754

DRI VE LASER SYSTEM Attorney Docket Nunber
2005-0044-01, the entire contents of which are hereby
i ncorporated by reference herein. Depending on the
speci fic application, other types of l|asers nay al so

Her &3}@%\} AgAigemient ot E'&'%E? Sty &2&3&%&%& dE0ne 0t mare excimer
Lat
o?F}ﬁslleEﬁlexn fludfifle aﬁgﬁﬁkﬁﬁ dseﬁia&gl Sl?(ﬁ@lllzegpeﬂaf Rt Suitable. Other

l'aser, e.g., havi i ber active
rdesignsarapmHMeconfl gured exciner |aser system e.g.,

as shown ted St at 191

° 520 A purherthes 45 0T, 18 BV DER: ot 30 J0a, glsg faciude o
Urg BN SteHAPANRES) syt 9028 g! Oﬂélﬂ'érﬁ{ggdro pRandres ta@@sd n¥¥€rial into
or nore a I|fy|ng chanbers (with t e anplify ﬂg

dheamnienier ¢ina whamberel6 do the nndlate(s) regaoma&\&here e droplets will
escil] at.ar / power 3SCh to I\/EPO) arr angenent

Itact SHE pRE L mBRC LiehCbffsed. MoE Tahhy A BEThire fe-pujges and

shegedfiedl oft af endré $®din pliRts, I€ AUENABE Froduder Lplaxeh AR gefierate an
rml ecular fluorine anplifier or oscillator chanbers,

isEnisHiN: abheotargyt materipd snayriachide, i ds ppt recessarily limited to, a
tnIL(Htérlﬂeﬁrth?p gﬁmu(’léé fih ghth}umt anw | é&ﬂﬁmét%{scﬁle?eg)gmﬁl‘he EUV

SO I nc a target materiral delivery system
engttmgcdadadmem,re ggtinylethiuet, xenbn, zetd. ange be imtterforh of titjoid droplets
rior f acha er.26 Lo |rrad|at|o

I nt | ONn .
3%@9 dtmétl FHpPRpLe ‘P"Ithlflnlt‘%‘éc‘f“’%efshoroﬁ’éy %% which

ldeGidrs REY $RPV chifling A6MhEnt "Gie q{‘raﬂﬁﬁsn 95?109 lQSSﬁlsdéa‘éte semi-
thereafter one or nore nmai n pul ses, t1 mat el

igonidumas ang/ asmtmndqu @msuatse Fan eE&prnﬂsylament Tilnemay be used

tar et .materi cl ude, ut 1.5 ngt..necessari .
Sy 6 8 4 cBP i ik SoTR Sh SPHE R £ RALAY: o tin-

ganmm Q10$S) nﬁh—ﬁﬁﬂﬂuﬁﬂsallbgﬁrﬁﬁ)fmdlﬁhegdﬁ%eﬂlldyts' ) a combination

element, e.g., tin, lithium xenon, etc may be in

theseqfor Mepending encthe F@?é?reftl gisethdhe targe!) matepak miay bespresented to

%@ﬁ%d%glﬁn\%eélgh ?E lé‘ﬁ sq&?l?%r%glﬁ% ncﬁl‘&%’ng?r%h?hteﬁl?)remure or near
irosradépératire @gg.Otin Boys) SABEY heke clevatai Canpdrauay) Se.a)) @ure tin)
/ or continuous anounts. For exanple, the elenment tin

PaG sERgsattres belowr oom fempssature; (6:8-¢ SHHowARd 1 inssQyue cases, can be

§§IF( \4er ‘%ﬁﬁle e? RinB$ Mord Betdild On eﬁn%tlﬂetdsg 9 tHe é‘H]aterlals in

tin-rndi’um al’l oys, tin-indi um I|uma
@n hPE oGV atiron it mmadéd ibegre peidingg dn. St nratemnt@phedtlon Serial

iesher 11506 18%1ed B0 X et 1778808 el ST ERN AIIVE FUELS FOR
EUV LIGHT SOURCE, Attorney Docket Number 2006-0003-01, the contents of
which are hereby incorporated by reference herein.

Continuing with Fig. 1, the EUV light source 20 may also include an optic
30, e.g., a collector mirror in the form of a truncated ellipsoid having, e.g., a graded
multi-layer coating with alternating layers of Molybdenum and Silicon on a
substrate, e.g. SiC, polycrystalline Si, single crystal Si, etc. Fig. 1 shows that the
optic 30 may be formed with a through-hole to allow the light pulses generated by
the system 22 to pass through the optic 30 to reach the irradiation region 28. As

11
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the irradiation region 28 at various tenperatures
i ncl udi ng roomtenperature or near roomtenperature

W@ 2009/032084 n al | oys, SnBr4) at an el evat ed tenpRCHUS08§/009754

(e.g., pure tin) or at tenperatures bel ow room
tenperature, (e.g., SnH4), and in sone cases, can be
relatively volatile, e.g., SnBr4. Mre details
concerni ng the use of these materials in an LPP EUV

sopurce_is |de in co-pendi ng, U.S. patent .
Sppvncthe ohic %émaga eNG':%bé‘P lpsawsigl mrigor hakhps g firapfqcps within or

:hzar #20R &8k k %Bﬁ‘lé-rsje Gnd fcl’éﬁsga{: O %ﬁ%d-fnh%edlate region
RCE, Attorne et Nu er 2006-0003-01

d@m@rc sheoEUWhiightt mayebdqeutpmyfromctbe ponatight skm;araee’IOearElrmput toa

erein nt n th Fi | i S ce ]
36 eglip0d Bl ke i b iserdisd oSyt Mhpesgygfeinor shown in
mlg ror ARo shéwh othBoptic @otmms@%sgusﬁéd ﬁ&ﬁltﬂathﬁy c@est operable
a graded mul ti-layer coa w th alternating

|p9;n§|0§ the opin %uéﬁwchﬁca dsstam,e@d ﬁrmn thesigrediation eegien 28. Itisto
% Seﬂ)gpem a?ha% %kher I?)etlcs SI n Cr y gce otS ih%a 5i) apsoui:ah Sirror for

e op rrred

tconedtilg- dmdkﬁreb@n@hglfit\fdotah&nfehﬂéﬁlatﬁ lbc€ion fesuibadgentelivery to a
the system 22 to pass t hrough the optic 30 to reach
dsEice rytding ESIV dight.ofer axample H&Aﬁpth Feayo e iRarabglifegy may be

SPpAFd o BBl R R 3 inB Al kB cRBS Lot 5/ Rhfcdiate
flocation ateea e go-coglehdingi GtSe arm:ht atkpplrcagom rSeAl@l Wuenber t11é505,177
I PhgeEo 16 el eBtied EBY, aTcR argihiey 10cel Rynber 2006

'O)@Q?Q)rlaﬂﬁ‘ioﬁiehﬁtﬂftwﬂléﬁ Qf@gfe?d%gﬁnéd}g(lyrafeﬂcﬂ y ehedikel N Fi g.

. Also shown, the optic 30" ma e positioned such
t hat tHes the devaest 2G ;aeucmpb@tlpg |cnntr<drsytsthm mpy ibe us@l fosmaintain the

at a ista diation rggion
2850 1 plyf a5 307G Spehloi Cmphefisfered oY Biperatur
dhaol §ysiindéfiytihclubie hehtiig) 2Q. @ak ofinhérelohintie heftetselhédddon the
and directing light to an internedi ate | ocation for

saBeaten anfror subsieats, baeksided epid cle opitdopling.ng g EOKRE [dr gipre cooling

co[ﬁ?%%? i g‘ﬁo \}ie(rétog%%eam lﬁ&&%%ap%sg h@%ﬁﬁﬁ@ge fluid, e.g.

Gﬁatasﬁrsl&pnidga]hﬁm an internedi ate Iocatl on, see e.g.
co- pendi ng Pat ent Application Serial Nunber
11/ 505“*31?‘?64‘ %lrsréah dhe AesOPYS, apdats, derhatives ncuggs, but is not

?&s%lg"ﬁr%ﬂ?%ﬁy c@ﬂlﬁ%ﬁ%er g{?g & refR0Can IO af%g/mt 3for operate on

cont ent I ncor por ate
nedidergright aRdnndlhdesd bull send? Qimitedt embarsed, uviadaws;tﬁlldﬁrs wedges,

stem nay be sedt alntheatlc
mgeggg{%cgr ’égsatef ]}éﬁﬁ"ér H?‘Eﬁné‘ e ersTﬂ%teCtors and other
g4tk bRponents, apertures, stops and mirrors including multi-layer mirrors,

near-normal incidence mirrors, grazing incidence mirrors, specular reflectors and
diffuse reflectors. Moreover, as used herein, the term “optic” and its derivatives is
not meant to be limited to components which operate solely or to advantage within
one or more specific wavelength range(s) such as at the EUV output light
wavelength, the irradiation laser wavelength, a wavelength suitable for metrology or

any other particular wavelength or wavelength band.
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control system may include heating, e.g. one or nore
ohm c heaters placed on the collector mrror substrate

whawkesmMes and / or cooling, e.g. one or nore PODURIUG8/009754

channels formed in the collector mrror 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 limted

to, canponents i refl ec and/ ran mt and/qr
oper at&@ntiRung: rF‘(},ﬂ?t toa%tg |]n jght sQureg, 20 may also

LidhdeEsh EOV LERSAR: 60 m3a§ ?is& %ﬁaudéN@ dG5S 1adef LSOl system

grisms, gradings, etalons users, transm ssion
fodfer Enggdmlg oho ps mangl lanifsendion slaseu demesanrttwsgesmm 22 to thereby

aperture 0 m r.r or di lti- er ..
APRiraiEd it a8 By vty i e sRambsrcAts an b Forgontrolling beam
IdBRV&IPNE . BptidsthSveabROGH laBuafd?ftb @BfuRE Beddh doctisigliB8am steermg,
reflectors. Mreover, as used herein, the term™ optic

daami ahgp@te@tpv aAu sitbjesbeam debiuery systene for pultsedshamng, focusmg,
s% onen or a ustlgé) gg \?%é)\(/:% SOOV\? rﬁofﬂé% ém](s:s;j Ysa€ Eﬁgsa g 1gtco-pendmg
tU‘ls. Ehfénﬂ!ﬂp@libatidtﬂﬂénadﬂ\lﬁhbﬁngBSS be2 i il batFebiudra AL 2006,

Siited DASER BROD S eg%gﬁsmimgﬁagqggébﬁggyAgémey Docket
%ﬂgﬁ?e@gg? ::Ug)%g%)lwtﬁerb({ng%f?% ﬁfgﬁ'ﬁj iél%g i un&ﬂ‘? 1%'&{ by6raeference
\hlareu:rh reydisdlesedi theﬂem:j ®na ol rmore Heamedelmrgt systers optiesmtay be in
i e an vt o, es o PAPE FREAE Tty Sadudeodjusting
%ﬁlsb\ﬂ%fa)ﬁohnﬁﬁng ti‘ér &!&ﬁﬂﬁ’@é palie sﬁ‘&@hér 288 / bPpus@Rihidd. N9

beam del i very, optics noveable via actuator to .
adj ustTheeBAM d;xgh‘s |smgce Péamagt dleg iimgyuded @adnophed gmsitmincdetection

A suit I beam eiver sstm _puls

Pyttt Wieh SBBE Mefife o Pl imBeR dOFBROPOHidgaan output

Qﬁdl&diﬁ/epdﬂ the Spdsiicil (SiCbl(ibS Sid nidi\e @%ﬂ)@tﬁ dé BQ rblafive f@ &N rradiation
Application Serial Nunber 11/358,992 filed on February

2agiorp 386 Therimagerés) 710ABERPPRERDUEEPUPHINA droplet pasition détection

TerEath oSl AR FA e P B S opl s iy ddfmitony, fom

lettie a.drépletiefrot omede tdoaipatdd, eqleo®ia droprt b@adfbplet ba51s or on
del i verﬁ_ system optics may be in fluid conmunicat

AverRes-hd hetthiamplet eper mpythen bepmvidednasyan Pl ¢ the controller 60,
PP oA RGO Tt BRI, B s

sotrecys@th A2yo edrgml iarsolireddinaing rcaphie ing/os td eanrtrol a beam position

de e?laplng system, e.g., to change the location and/or focal power of the light
pulses being delivered to the irradiation region 28 in the chamber 26. Also for the
EUV light source 20, the target material delivery system 90 may have a control
system operable in response to a signal (which in some implementations may
include the droplet error described above, or some quantity derived therefrom) from
the controller 60, to e.g., modify the release point, release timing and / or droplet
modulation to correct for errors in the droplets arriving at the desired irradiation

region 28.
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system whi ch may include one or nore droplet imagers
70 that provide an output indicative of the position

W@2000108208¢ nore droplets, e.g., relative to theCT/US2008/009754

irradi ation region 28. The imager(s) 70 may provide
this output to a droplet position detection feedback
system 62, which can, e.g., conpute a droplet position
and trajectory, from whi ch a droplet error can be

comput ed, .on a droplet by droplet basis or on
aver ader ey EUM Bhtesougger %qu@rfpe@éfem Bt hapEsm fayinclude,

'f&pé%agﬁeﬂ atJ]&ro fé@tdﬁs‘f)tela&'f cp&tlng’@an /g)a&%e $0hof* QRRNR: of droplets

provi positio rectio I mng correction
:ekgmgl the dispéreses ys2pone2@ morecantinodusastams oehith xinghe dispenser

circ r to. co beam posi tipon n
894 Subseadengy Break s ptach g Goifo0e (pRo D 4B case. Broplets

ROWEbe BEndrdted bh@RbliRitS &5 tlﬁeihr&&aﬁ%h 'r¥§bﬁ &gt Qich iRat one or more
irradiation region 28 in the chanb Al'so for the

deaplets gray ssouktaneongly reside inghe maMtoenrrcallond’élaH@wgg one or more
m 9 f ble i
ALSYERL S SR CRE el AR bR PRRESrampiTpulag o forman

RRYarideg |£:!Jg@t Jultebld fepégios@rert6 lond @8 &idre eGbse§@dne laser psiee(®), e.g.,
quantit erived therefrom fromthe controller 60, to

aajn pulﬁs(ﬂ),ftp ganerate pe JEV saiggion.r dp é>a1§@ml?(}¢ilfﬁ§ntaﬁdmﬁltl -orifice
gﬁs gfls%?ln% ggqgécf‘tté %ﬂeaL a SRhSWér eJcpfygg. gt ' th ggﬁeral for the
rgp St e ar ia

riving at the desire on re
B Vaight beurktJ20) ﬂigfﬁroﬁl@ﬂdﬁper&@: ntabrebedmoﬁhlatmgi et ingemyodulating

hani sm may i ncl ude, ropl et
and Feysiarl lugs gt P @evgralw Ci&( gﬁeué} ﬁtf?'eta&er Bgjrgiabfs passed to
QR SteSortible! dP8plelGrddhiP q\ﬁéﬁrde%ﬁls?&%ﬁﬂt‘ﬁgciﬁe 8Rpénsers described

contl nuous streans which exit the diSpenSer an
shbeequénthely telatbke admaptageophast dedfmntdoins gofpguding U.S. Patent

e RRan S B e PR g7 iR o o S Laser

Q"R(D‘IDU@BI‘J @Y A ATEYU B | ]DBGH'P“S?@UROE 'WSTHEPRB-RUESE, Attorney
irradiation region 28 allow ng one or nore dropl ets to

iﬂocébfnﬂllmbﬁ’eaw 9085r9hcﬂ°am@dlltg/Ua9n Ratgnt i Applisatiere Serial Number
re I se rgra
S1fbeg R i FeBnk 3 Qo@%p%nﬁl%ﬁ laser&ig&f%fm;mws

xposure 10 6ne ol € subsequen

FAR EUMIBLAJSM&& S@UR@E TXEREGERt BERIVERY, @(ﬁ(ﬁ'ﬁd:}O[Doclkd‘t Number
one enbodi e a multi-orifice dlspenser

D08,0BR01 s PR Sy PasentAPBIGAHOR rSegiBh Kugtber f1g1174,443
tfﬁg% | g{\/ﬂlﬁeg hb %650%31%@ ed 1P HAP!I BLA §W%@R@?M?ERIAL

ting or’ non-no ating and nay | ude one
SARGET EfELﬂVEB(&S)SYSiFEMghAMme}'l DackgetNumberr 2@05-0603-01, co-

revdne ) S AptanuonseparenbbEl P Fea o8 iy 13, 2007
entitled LASER PRODUCED PLASMA EUV LIGHT SOURCE HAVING A
DROPLET STREAM PRODUCED USING A MODULATED DISTURBANCE
WAVE, Attorney Docket Number 2007-0030-01, the contents of each of which are
hereby incorporated by reference herein.

The EUV light source 20 may include one or more EUV metrology
instruments (not shown) for measuring various properties of the EUV light
generated by the source 20. These properties may include, for example, intensity

(e.g., total intensity or intensity within a particular spectral band), spectral
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above and their relative advantages may be found in
co-pending U S. Patent Application Serial Nunber

wa 100360988 filed on February 21, 2006, entit|RC/LUSSBES009754

PRODUCED PLASMVA EUWV LI GHT SOURCE W TH PRE- PULSE,
Attorney Docket Number 2005-0085-01, co-pending U. S

Pat ent Application Serial Nunber 11/067,124 filed on
February 25, 2005, entitled METHOD AND APPARATUS FOR

UV, PLASVA SOCURCE TAl T DELJ VERY5 Attorney Docket
Eaﬂ%dﬂz eolerigaten. ic- ;ERG@Eﬂ thoEph EglafgsogrcsZOpgieéﬁfment(S) may be

' ' i.al: 43 fi ;

b S Sy

PRHINERY., DyShRilingta portiey obélnk Bt VNoutipet, 20,0858 Pidkdff mirror
' U. S.., Pat l.icatjon Serial N

di.ng .. 11/
S8 BEBEUNE  PagplsriEef L { Hienso S ot oieet RUER the downstream

RSPLAICE %&bﬁéﬁ!%a%h’?/sédrﬁéﬂ io6MIREe, fUR kNI, %&Pelaﬁfing the entire
STREAM PRODUCE SI NG A MODULATED DI STURBAI WAVE,

KUY oyt otk 8UWilighsoup@®f. 0030- 01, the contents of

each .ch are hereby. i.ncorpagrate y.reference .

nor e > RS Polin: PG00 B & e hEEAGR region 28
pEsdticEd Y pliEeink Qind Pénératds fad BV entifsibn.s udYitidras a by-product of
measuri ng vari ous groperties of. the EUWV Ii ght . .
HURRTRERSS. QNS HAYs B sc@emated mhich ¥l ks plasmagdypically, in all
[ , >l Bf-ensi Al ity
aREtE: GOl fonrd BB oles Exfing, the blemig VAT ok Yover o
spme} mathb dredwinge Heingp hffectedithiyoa, nuadber dfofactole idling, but not

light, source 20, the instrunent(s be caonfigured. .
élagk?ﬁépa{ﬁs e icaety sn?fswgterl@%%%aﬁ?ééh@?,& ¢ irradiating light,

Rh@tRd icbﬁﬁgﬁiﬁgllﬂ}’sﬁ&aﬂﬁ?é and SoRN-df! A6 targed matdhal. Also indicated
sanpling a portion of the EUV output, €.9g., using a

pbeveo fthesgiipnomayy ifsumgbiatedg degrado nkarby expticEUuchiaghmijrrors, laser
and/ or. operate whi,l e t downstream tool, e.qg.
it Sind T, PRI s BB e or “exanple. by
MeasurFiglgl tshewe Nthiaf @ BOWipUERYtmAS behd@ispddvd | bedBéen the plasma
source 20. As indicated above, irradiation of a target
Sirradipgion regian 28) end ople.dhe 2es pitehlishing agp pumberadeasity, n, (ie.
%ﬁ&%@?é?ﬁ}o%%lﬁw\%m%l s%@ﬁmérﬂ tg% bl EVeratﬁe Qs ce d, to reduce
y-product of this process, ions may be generate
WY efergx ité atthgephasimumtenpigyakelel, beféreaht islisrreadh thesoptic. For
Generally, the ion's initial energy exiting the plasma,
FraMPlgap gappupber densige sulficient o edpceige anereydo - target gpximum

k%}{er%yrlg{;ae(;et\%erf 668" f0-2BF Ievgiaﬁg’inbé&nene&es below 30eV may be

provided. For operation of the device shown in Fig. 1, it is contemplated that the

flowing 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 composition and gas number density include
the ion stopping power of the gas composition (e.g. slowing ions below about 30eV
over a distance of about 10-30cm) and the EUV absorption of the gas as a function
of number density (e.g. providing an acceptable in-band EUV absorption over a
distance of about 1-2m as the EUV light travels from the plasma to the collector

mirror and then on to the intermediate region 40.
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limted to, the wavel ength, energy, intensity and
pul se-shape of the irradiating light, and the

W@ o09p03i0s4 on, size, shape and form of the targRCT/US2008/009754

material. Al so indicated above, these ions may, if
unabat ed, degrade nearby optics, such as mrrors,

| aser input w ndows, netrol ogy w ndows, filters, etc.
Fig. 1 shovvs that a flow ng gas nmay be di sposed

bet we e plasma (jrradiation re ando | C,
the g itable Bpsam gleerins ﬁltfesrpegbfowsqapiwatwn I hydrogen
BYTOELAEH thAR |5@Ey'é1'&ﬁt ﬁydf éH"@)}otﬁHﬁ hh&V SPHeJtQmS}H%@&%s) hehum

over  the distance uce ion energy to a targst
aad i conThimations) \théreefk| Fbefeaampteh doi arnplasreagen¢rhtng pxbnschavmg a

PIB B By O P Ere e et orRdr thpet e Etmaf, Pissma, o
abieable 38 ﬁQQe@&émgam éﬂérgpﬁaowaa%t Bele¥maPené KRlrodR £ at a

provi ded. For eration of the device shown in Fig
messlgec@ﬁnabWI é Qratorm at reea teamperatgregmayebe ab\lta'slm n@oa some

e Y,
AR RS MRIR BERRL 51 obA5 SOGARPE So Aogid, moy b
eaplaied. \A&RIM (Smpm ﬁﬁthRadng ofl Ibis &eMettierNgpfvare (available at
sui tabl e gas con‘gosn tion and as .nunber density

VW&WI?&@'PP%WFB?H £3p Bs Meedovdsteraring the gasnushiep égnqlqy(mperable
6Feda gﬁ)gﬁvﬂdﬁ%éeoﬁ)st Eisofgﬂ,@*?é’cg{o redfice (e M&P&ﬂbﬁe(h%ng an

about and t absorption o gas as a
ﬁmtlalt icon endrgnu d doeloe ras sdlyctéd egergypr oFratn nthe amimber den51ty, the

ccept band bsorption over .a dis ance of
Shorted T3Sy cbsomboru iy | Bgrest 1ty de oS PuAtetne pis s durther
%Bﬁre&iﬁléd%&t%ras 'iBtfdd%Eecﬁﬁx@o {HaRaMBer Ba} R&ct WiRARAb& @nditions,
region 40. Suitab %ases may, depending on the

$<p1§canﬂ|/ ©r almblaszmt ssociat¢ amtk/ oryaeale &msee.g. atorgmcela)t@ogen and /
er ce m and / teri
oE Breef onf b 80 EBa s 3ot SFRBRLFigBine gy 8¢ ok Bowing.
ex anplieg. I Afrther s&h@smmgﬂﬁqf@t b(ﬁlﬁcdz 20 Sndyaﬁnbnﬂea g8 thdfdfement

initial ion energy and distance ,  of about 15 cm
sysgemtipeludingsneegulated, Basguscey 4e0 fQIr intredueing @ng @ more gas(ses)

6 l%’cl%%t%WZ@bﬁfadélgsg nk‘fqé/ P%}é tl%@ fgry 1%{11 ﬁ{;zr %}%Sfrd% 1 chbaglber 26,

pressure o room ure

anid Iaﬁkeb(e:mzﬁcgmm mrﬁngaaﬁMg @bl&ssduce@ ﬂldwtphrh Flg. 1 also

range of ? 500nt orr to 2 ntorr be enp )
.lﬂét SR g!@abﬂnq a B 06 fpreing 8%§a§’é°uf%h the

E"Fi‘? n‘f*’? o e 1R R A0 L o pCir i as fowing in the
dliowe pathi shdnrec ﬁltenl)l 10 h'aimlvmgr aqlensted podioredfi@etatdee species, e.g.
%Qr?tr na%fts rEmll gans Q\%}ng}g tﬁe flow path. These contaminants may degrade
optical components and / or absorb EUV light. A valve 112, regulator(s), or similar
device may be provided to meter the amount of gas which is directed to pump 102 or
106. As shown, a conditioner 114 may be provided to dilute and / or scrub the gas
prior to release. With this arrangement, a flowing gas may be disposed between the
optic 30 and irradiation region 28. Removal of gas from the chamber 26 via pump
102 may be performed to maintain a constant gas pressure in the chamber 26 in
response to gas additions from the gas source 100, and / or to remove contaminants,

vapor, metal dust, etc. from the chamber 26, and / or to establish a pressure gradient
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initial ion energy) to below a selected energy. From
t he nunber density, the expected EUV absorption by the

w@a®0305be cal culated. It is to be further appCBUP2DEI754

that gas introduced into the chanber may react with
chanber conditions, ions and / or the plasma to

di ssociate and / or create ions, e.g. atom c hydrogen
and / or hydrogen ions which nay be effective for
cleaning / etching and /. or jon sl ow ng

1 )
58> ¢-Bato MAWLIN @Hﬁlagaelwéergchrﬁwngﬁéwe%ﬂls optic 28
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forcing gas through the closed [ oop flow path, a
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gﬂéssﬁﬂeW@ni the bptic DB aind p@ddﬂanoﬁheg@ncz&mra snslles, RBitively low
ade optical  conponents and / or_  absorb EUV i ht

mr%awé)emegn the gendaattﬂn(rggwn 38 agd thq infermediateregion
7o T O ET h lp E ha

po mainteit srle:dzltédjgas ;mmsimfe / cpressmreLgradlhm ads gpito atairtain a selected

Iease Wth this a flown as .may be ..
e thraughy thene chpratﬂ dnaipiaig, P%F\%sﬁd @é iCgppposition,
25 a%%[@%‘t’eri‘ll raflb oF %@VJY&IO@SE.@% Ehareesr 2R ¥ica iRl Othe selected
may be perfor ned mai ntai n a consiant gas pressure

iflowt kage mvanmen@&mmg ethoo tiiegs, @nghs lightisourom poweninput to the

\?glﬁ%l 2 Hie?alﬁl C%ﬁl g’a% ?Iggmgf ﬁi&eﬁ’ﬁ t{glr}g% ?lo%geinh%%g; ?gﬁ? and the

te‘fﬁ@éﬁ(@bbf StheR cBhfpdatHtecdaliagis§itemB, klpe thdaBR&tor2fhirror cooling
e.g. to maintain a relatively large pressure between

tSHete@pt i ¢ 28 and irradiation region 28 and a snaller,

rel ati S Lak region. .
ool A BRERE 5 SE VS ) BB AR M b 5
J;jb&nohecahb@nctﬁaﬁg 6oml (e radiatiohtstte 281G hasat pmape;mgye of about
to renmove heat and thereby control the tenperature

WiOPRY nd g ELRW: pitput papetition e iy the rangs of dfipd 09 kkize a flow rate of
tnae'gtsgﬁoﬁgu@t@sqma(%éara Nitdr 8&%&‘#@%&’%&%”&?& Pe el R%d

etc rom-t and
provi d-'e)rahqohglstssmuﬂ:egl(ladlneegas saurdehk()(bﬂnayrhnarocﬁlﬁg: sevegal gases, for

ZOBRY W 150 oS P o 1 Bt oD SICRATIBRenti PEHEEGE nay be

191%duced as a mixture. Moreover, although Fig. 1 illustrates the gas being

introduced at one location, it is to be appreciated that the gas may be introduced at
multiple locations, may be removed at multiple locations and / or may be evacuated
for circulation at multiple locations. The gas may be supplied via a tank or may be
generated locally. For example, the gas source 100 may include an on-demand
hydrogen / deuterium generator. Several types are available including a device with
extracts hydrogen / deuterium from water / heavy water using a proton exchange

membrane. Such a device is marketed and sold by Domnick Hunter under the
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pressure between the irradiation region 28 and the
internmedi ate region 40. Control of the gas source 100

waeapspops 102, 106 nay be used, conceitedly, PEI/US2008/009754

mai ntain a selected gas pressure / pressure gradient

and / or to maintain a selected flow rate through the

chanber 26 and / or to maintain a sel ected gas

corrpositi on, a selected ratio of several gases

. H2, HBr tc. Typically, the selected fl

psﬂdéwhagma éb‘/étxi%gena atgE Her exainplgssee dhe PrEv(dogimic hunter-com
i nput to the chanber, the anmount of gas
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ases, far exanple H2, He, Ar and HBr e| t her

theruse of y':l dilvgni gased edfabitic iconvesiery prssifhshaage pPlatinum catalyst
W&qﬁg @tﬁkv@nrﬂg{ﬁcgeﬁto Mafegover, although Fig. 1
the gas

str el ng "htroduced at one |ocati on,
it is Sluuabie gapey fot iredweing toat erfehgy gag inelyddebut rare ndiuhmded to,
%éimjltl | e 1 ocafi.ons, ved at nulti

b
AREFD BTOBH Fb AR o el Bt 87 CPREHTGPRD fhesgof. In

THAitibR! £cleRGaL Y ‘éﬂﬁm% The @@&Mn@@orﬁb&ﬂﬁiah%qm@ Biv@ depéfted on
or may be generated 1ocally. For exanple, the gas

smrfam of optlcmyay be ingtisled sudnasdegasrhvingd b@eg\en! For example, the

t il apl
g TRg0R Bty B 1 wcEP Ry B Bt raBsteor; Binway of
fek&ﬁbwah %ﬁltéblb %@M’%)o\.ﬁﬁbﬁ whéhi S0 oft al B tSMipeKfNBNGed as the target

menbrane. Such a device is nmarketed and sol d by

mesteriad imapiinelade 6898%o Hnapd b3S HRtre Hydr ogen
Gener ?ﬂtleé) A fsg&fvg ﬁ?@én&t@f ﬁ O?tt N&in \g‘% %W@y i dﬁ{rat‘fﬁ)éqhat ions

websi ‘foor gas

(Iaawﬂgtahdﬁﬁiral &ﬂeégjmy 1pkeVi e s@mﬁmnﬂsa Btatedr&d Blﬁt&{i‘b exat stopped in
scr ubber, to scrub etchant gas vapars, and /
49gpR gappt éOraIPUémer galistareeg dy f d09mmn. eQintthﬁg)ﬂge&gland fig. 2B

S8 pAELEED: Lhg S0 SRR RO g i
deargly tof d 0dde VAhasUess saatthringgndmparsd to F ig. 2A) and may be effectively
stopped in Hydrogen gas at 400mTorr at a distance, d, of about 170mm.

Fig. 3 shows measured plots illustrating ion stopping at three different
hydrogen pressures. As shown, in the absence of any stopping gas, e.g. hydrogen,
the distribution of ion energies is represented by curve 150 which shows that the
maximum initial ion energy is about 3 keV. These ions where generated by
irradiating a flat Sn target with CO, laser pulse at optimal intensity for in-band
conversion (e.g. CE ~ 4.5%). Measurements were conducted using a Faraday Cup

(Model FC-73A from Kimball Physics) positioned about 16.5cm from the

irradiation zone and positioned to receive ions at an angle of about 45 degrees from
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such as N2, of air may be used to reduce the H
concentration before rel ease (generally bel ow 4% and

woreee/op0ef er abl y bel ow 0.4% . Alternatively, oPCI/HS2008/009754

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
reduci ng i on energy nmay include, but are not limted

to,. hydrogen (protium and deut eri um i sotopes), helium
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the other hand, Fig. 2B shows a cal cul ated pl ot usi ng
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di stribUtion of ion energies is represented by curve
I&0ionk heving aitisl nohaneltgm aseshown in icniviei 10 éfdrigeh emgg aj laraday

out h {]
R i 1 SR SRR B IS L S Wl 3P0 e
'ﬂlﬁ@ﬂfe’ ihputl18der bBarR ARTS. TR \UB SHoWs d RreBsurédnomfbli2dd in-band EUV
Measur enents were conducted using a Faraday Cup ( Model

lsxgnatsaftq‘r masaing thseugh diytanessof Iosm asonctebof Hydrogempressure;

e A M

IFag e4C BRaWs @)pl6t ofGohViandd din SonoVss fdmatloxﬁ @f gao lpﬁeshl&wtbg various
an initial maxi mumion energy. of about 3 keV, maxi
initiakiogr gpraies ardifrrddydregemata Peligmygases ge calgulated using SRIM

L1B305E soffly 5@ i form non-flow ng

Sllyl@ir ogensogasarggasi%gm orr. %{}r ve 154 shows that for

i ons lihei abgvedatardehiombtrarean fommiitigatemetechhigie whichtm®, be used
keV, . . . .

to suppress ion flux (i.e., the energy-integrated signal) by at least 4 orders of
magnitude with an acceptable level of EUV absorption. In some cases, the collector
mirror reflective coating may have about 500 sacrificial layers and still provide full
EUV reflectivity. Taking into account a measured erosion rate of 0.2 layers per
Million pulses (in the absence of ion mitigation) and the suppression factor of 10*
(due to the above-described mitigation), a collector lifetime exceeding 10'? pulses is

estimated corresponding to about 1 year of operation of the collector mirror in a high

volume manufacturing environment.
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maxi mum i on energy is reduced to about 0.9 keV over a
di stance, d, of 16.5cmin uniform non-flow ng

woR@po3peM gas at 210 mlorr. Curve 156 shows t hBE€T/U/82008/009754

ions having an initial maxi mumion energy of about 3
keV, maxi mumion energy is reduced to about 0.25 keV
over a distance, d, of 16.5cmin uniform non-flow ng
Hydrogen gas at 290nTorr. Fig. 3 also shows cal cul at ed

EUV transni ssions over.a 2mpath for the three .
hydr onj@’r‘? U5F 4 198 Stopping gRp e9F gishant gas(sy) asydsseribed above,

bl 'HGpéﬁl%% bAIRTL SR ap%’)r%fi&g,g& 883 Abne 6P ik hbination with

having 93% transm ssi on, d Hydrogen gas at 290 niorr
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maxi mum gbserved ,eper.qy veysu dr og ressure for .
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the irradiation zone and at an angl e of about 45

Ry 8- g roonpanding Wl Pateat Application Serigl Npmger E78h ks filed on
> . ’ .
ARk 2207 SRy FAPER RROPIICED o8 00, B 1 BPRS 0mcE,

prtesaey d)ocked Nambét 200000020 CtheoomEntsly df oghith are hereby

pressure with ion flux calculated as J I(E)dE. Fig. 4C
dproRRorated byrefsrencen range (in cn) as function of gas

Or ess i . aryE. . ol _
o ol it i Bt OGRS PR Lok o0 v
shambert26on veuth amopti¢ 36 faresd wibdea thabughehole Thdispdsed,ee.g. a near-
dat a denppstrate an,i.on mitigation.technique i ch
BenTee st pesdslofpeels ima for, fgeeute BV ignlHom an
eRSdigor RigReH 286l gSknaRAl 3 thise@inate®Rs drdpl&r Hetadffed by a drive
magni tude Wi th an acceptabl e | evel of EUV absorption.

lases dnet sheve), praseicingl EBM gadiption,ofo pef intermiediate eegiomdt0 for
na havet abput 500 s ificial layers and still

6?%%?93%11 1ot PY BSRA&E fetti vity. Taking into account a

meas urgagsieywas iroRigl 3} theOfasOmandgaRhSsy3eim Mhdy inGudp Whs@8losing
(in the absence of 1on mtigation) and the suppression

sHuetyre dafimponerraners dosed doap fow paths; the gnelpsing siruewe having
ect or..li hRE: € ' . j .

3, et 5o S S, A HRE Colhyhitgbol {RERnt o mpre ideways

Q044,beeavhl dupddvary 204altobeing eatettiad) o el ¢hambena6f adithough Figs. 5

enyi_ro nt. The use of an ion stoppinpng gas and [, or
ang %5&5@% S<7S JRATRGERPR Y CIRAYANE ihly CXteEt guIdeyah204a-d,
5% 1S %P%ﬂe@ia?e‘&%bﬁﬂ&eqﬂan RSur 4p8 ds 2036 ofE ekfdmal ﬁuideway may
conbinatton wth one or nore other 1on mtigatio
tbeaised.ques such as the use of a foil shield (with or
Continuing with Fig. 5, it can be seen that within each closed loop flow path,
gas is directed through the through-hole formed in the optic 30 and toward the
irradiation region 28. From the through-hole, a portion of the gas flows through heat
exchanger 206 and into pumps 208a,b. For the optic 30 shown in Fig. 5, the
through-hole also functions to pass a laser beam from a laser source (not shown) to
the irradiation region 28, although, as discussed below, other through-holes may be
used to flow gas through the optic 30.

For the source 200 shown, heat exchanger 206 may consist of a plurality of

spaced apart, parallel, annularly shaped metal plates, with each plate extending -
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wi thout a slowi ng or deflecting gas), and the use of
an electric and/or magnetic field(s) to deflect or

WG L@woswRes and / or the use of pul se shapi ng tRCT/EMIOE009754

ion flux nmay, see e.g. co-pending U S. Patent
Application Serial Nunmber 11/786,145 filed on April
10, 2007, entitled LASER PRODUCED PLASVA EWV LI GHT
SOURCE, Attorney Docket Number 2007-0010-02, the

contents of ich are here Lnc orated b
e dHE ercuet tprenge Of Qe CHebeg 26 oAt Sl affilaies may be
Forfed Wi bnd BHRAe BAGMBPYISOeS & BARGNea? Bxdrany NGR, g, water,

optic 30 formed with a through-hole is disposed, ]
4o weal sathplaté. ncihgeheat exghdriges @0 anay dhhesmnoto roelr gas flowing

for directi EUVLLight froman,irradiation region 28,
il S Ekdinet 206 9 4 drYY AdRb R PedBr ot may
andédingBly A86fb KUV raglaGvh indf 616Gl 6y6tids | 8/g I e aHor When tid is used
an internedi ate region 40 for subsequent use

¢ by a )
28 arfakget paeriahs Qaes\wroled, theggas anay pass Jhrough Pygwsei8a.b, which

q i S
L UL oSS ARSI SHCAShY Bl B e v
directed uhrouplaah regteanal gmtdewayeao G locitivrbeher2Ghe igas Milll shce again

co nication with one or nore guideways 2Q4a, b, eac
Slovtiiengh .ﬁg’,fﬁu%hﬂﬁ?%%e@rlﬁéhe Frfic b & R appigciated that one
A g QE)WF i‘%glaftg}s RS sHOwh S tE I%vﬁiegaé.ﬁg?%haﬂri%gﬁ% near each

syst em havi our external guideways 20
ipamgop fir bdareedtbw theoughontthe lgas mfapsgenaend spdethew as one

Tt catie SbT ARt B SRCERS o (e P e may
s itteh CREHBSH 2610206Eh R Chime0 Bl 310196 iden e, the

optic 30 and toward the irradiation relgli on 28. From
mhdtitchpang) straeshee, 214 pay be dispededibigbvepadhe ireadiatidnrlocajion 28 and

at_.exchanger. i a Far. the .
U5 AR B8 ] B B BERP BB ol shape
fvdnest oD Shitoaeassaeld ane allbeaightronmravdl afeih teuspc 30 to the
(not shown) to the _ irradiation region 28, although, as

dntsenediaty regipp A0 28d My herdesizgrd pomiainyzg EHY light@bsepration. In
f t td . - )
ghg%)ga%aﬁéq ﬁ&éﬁﬁn IH%; %g Oégfecigeg toF 95rré§3)%8§ qg”g@ﬁ%%@?st y/vhlch are

., heat "exchang may consi s
ahusgbiec byl tlepsahner@202a b e, g. ao obbtatdtipns a frecscamieal One or more

plates, with ch ate extendi ngaround the . .
6?43}% mﬂ&b@%é?gfm%ﬁ be dHarees o @pg@{é’tﬁg SRBOGHrG) qonipal shaped
LARes! BilEe5CTEYwE Gnother embodiment in which the vanes 212’ consist of flat

plates converging toward the intermediate region 40, as shown. A flange 211 may

be provided to restrict flow between the wall of the chamber 26 and the multi-
channel structure 210, as shown.

Figs. 6 and 7 show an alternative arrangement for a multi-channel structure
210’ which includes a plurality of radially oriented vanes 212°. Alternatively, a
multi-channel structure having both concentric conical and radial vanes may be
employed. For the multi-channel structures, 210, 210°, 210’ shown in Figs. 5-7,
one, some or all of the vanes may be formed with internal passages to flow a heat
exchange fluid, e.g. water or liquid gallium, to cool each vane. The multi-channel

structures, 210, 210°, 210>’ may function to cool gas flowing through the multi-
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formed with one or nore internal passages to pass a
heat exchange fluid, e.g. water, to cool each plate.

W b@okz2t4 exchanger 206 may function to cool gBGI/US2008/009754

flowi ng through the exchanger 206 and / or to condense
target material vapors that may undesirably absorb EUW
radi ation and / or foul optics, e.g. tin vapor when

tinis used as a target material. Once cool ed, the gas

ss throu Q8a, b, which may be, for.
St aructiieg, 20 BUfln 230° 27 i 40 CGRETBR et mie vapors that
hEr EesRablY AbSd bl Oalifalion O 2iin S%P&' Whén BHIIS ¥ ad 8 target
a l"ocation Wwhere the gas will, once again flow through

tohageridd rand ghethiol profskersaghifieant mesisspundecto3gas flaw, thus,cestablishing a

appreci ated t.h one or re, flow.r l.Lators (not

SRS diadionn he, SRl B o LA i BASprk e upstream of
RE¢Rulti-Bhdhme PRARNIEQW1DNZ gL, o ) debAsenThE a8LTI#R BN region 28
system Fig. 5 and 5B al so show that a portion of the

@ad optie AP the gt proyifdsHon stoppingyand |/ onctshing nowenaande refagively low

t |- I . 0 e t e, ’
s TR HOWRERARTE (3¢ IBihntel hCRuBC DAoL 29652107, e
retweearthé heultischashe tstractutesc 210, 310282 ENdahd éhe intermediate region

i nternmedi ate. paoint 40 and may include a plurality of
At mpumizs (Y absHBUIY vanes 212 that are arranged

to al lQwihd @dicd Shdw YRl m ftfg@ﬂzlnggl ﬁ'@fg}hﬁeé%lb?ﬁd’%w” may be

i nternedi ate region 40 and may Igned to mnimze
fpositionethto wheize saircomatdrial frdth triadmtionanvec 28c ats disclosey herein,

be sel.ected to correspond to, light pa i, C [e
freSRITE OB R, ARbanen e stbewPE2IT A A1 fray e used
iafbrelt? i €8MBRTatiofW8thAdne B rfork dthed|dePRETRAH Satidh IedHRYIqURE such as
provi ded to support the concentric, conical shaped

\hease ofFamy iorpslowimangasagrodaseribashahayenthet userofighfaihshield (with or
vanes,K 212" consi st _of Sl at platgs canvergi t oway, d .
AR, AR o ARAPLE orchegi e Bad B RTVEET e lRle YR magnedc
TRYd(Petofdeflettdr @ldwoione Sdndithé udd o fdserstiped bearal | of

t he chanber 26 and the nulti channel structure 210, as
shown.A begy step may be riyided which srayabs sepagate fiogo mtiaghed to or

f i-chaanelii [ *WRi Shhi Bied-ud .
6?{5?%1 {E?é)g&%lf rag}lﬂ.5 a*"lu)ﬁ/I %ﬁr[%%elﬁlt 52‘&‘%&%% gﬁ’ﬁﬁ@ ’ BEG-I%? 4R operation
Alftiler deviidey ltargetomatetibl, sedhassriedroplet, lis irtdéatbdiby pge botrore pulses

ConeanL el AL, fadale Snss ot eSB! 21Sd e eun,
S O o ROBIET Al lrbie RS ey
collected by the multi-channel structure 210, 210°, 210°°, which also may be
temperature controlled. For example, a temperature controlled beam stop for
collecting and directing LPP target material is disclosed and claimed in co-pending
U.S. patent application Serial Number 11/509,925 filed on August 25, 2006, entitled
SOURCE MATERIAL COLLECTION UNIT FOR A LASER PRODUCED
PLASMA EUV LIGHT SOURCE, Attorney Docket Number 2005-0086-01, the
entire contents of which are hereby incorporated by reference herein. See also co-

pending U.S. Patent Application Serial Number 11/786,145 filed on April 10, 2007,
entitled LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket
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exchange fluid, e.g. water or liquid gallium to cool
each vane. The multi-channel structures, 210, 210',

WQ21®Y/0828y4 f unction to cool gas flow ng throughP@hEs2008/009754

mul ti channel structures, 210, 210", 210" and / or to
condense target material vapors that may undesirably
absorb EWV radiation, e.g. tin vapor when tin is used
as a target material and / or to provide significant
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ﬁg‘yg%éiaﬁ’?g:ggﬁq‘ﬁr?&dﬁls‘?rh SEANST ﬁ@:‘#fﬁ%‘ °"h one or nore

ot her pleRhy §f Bldniflatdndhot BEVAIiGH E8e MUt cRmntitrudtige 210, 210°,
an ion ‘sl owi ng gas as descri bed above, the use of a

2301 ay &mgtionite lkokected Hauids arthsolily (@0 svinp gasss remelting solids)
def | ect i t h f trjc.
AHES ConAraRR) apblts 135 BlactBpFlE PGB o o Lot e

ow 1 ons,

\‘ifhpcﬁbw'ﬁtﬁﬁcéd wihé nhiga-Tharheb stauptsre @0 020’ h21 (T didy dednaintained
ich may be separate from _attached to, or forrre% )
iah RelgMPETafiTE [Rbe YR theumeltingRoinfe?l SR8 @peveralput 236:C. At this

. i . . .
i0peratyPe. BRI By rick RE 1Yl of e RfI-channel structure
m0e 2001, sSEH’t, cargle iresatne  @sess nflow Tdqyinoedrtlly, by rgradiaivoeal force.
target material noves al on he beam di.recti on and
S Bied et Gt B TP SlS] Bt A8 HIQYEn JORENaT also flow
t r I t [ P
SBSgSRLELI, Ty s SIS e By, b 9ABp8Rby e i
tflvp endremevedoinemcahé eblambarr Thx anptichannel stmenzet U0e 210°, 2107
control l.ed beam

top f |l ecti d di . | RP
PO PA BB 80 b LR Pl Ry o
WuFacddabaht baRchi widre ARe Bgiitl dhethlumas e lcbl1o618d.9 2he flbttidn and
on August 25, 2006, entitled SOURCE MATERI AL

OdrectEar p Ok ghpmefsora be AsEiEUPEbRLEED tpL kel Esounce @yientation
%%R%%’liﬁtt g(?urrgee Xxisl?g{:al§eote th%ﬂbr%iaﬁ%gqg hglqg&tg]a’t abd\f 28 degrees) to
ensure proper flow of liquid on the multi-channel structure 210, 210°, 210°*. On the
other hand, in some applications, some or all of the operable surfaces of the multi-
channel structure 210, 210°, 210>’ may be maintained at a temperature below the
melting point of Sn, e.g., below about 230 C (for a target material containing Sn).
At these temperatures, condensation is promoted and liquids and solids may be
allowed to accumulate on the multi-channel structure 210, 210°, 210°>. The multi-
channel structure 210, 210°, 210*> may also function as a cold trap condensing

vapors, €.g., Sn vapor present in the chamber.
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entire contents of which are hereby incorporated by
reference herein. See al so copending U S. Patent

wWo\REb0gat4 on Serial Nunmber 11/786, 145 fil ed onP@pUE1008/009754

10, 2007, entitled LASER PRODUCED PLASMVA EUWV LI GHT

SOURCE, Attorney Docket Nunber 2007-0010-02, the entire
contents of which are hereby incorporated by reference
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chanber. The multi-channel struc ur e 210 210' ,” 210"
reamp a0 dalante flowohrasghovighe lganmeanagemment s:sﬂﬁmn)oﬁeo@r both of the
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EUV light. These contaminants may be removed using one or more suitable filters,
e.g. zeolite filters, cold traps, chemical absorbers, etc. The heat exchangers 220a,b
may, for example, consist of a plurality of parallel metal plates, spaced apart and
internally cooled, as described above, and may function to cool the gas in the
guideway 204a,b and / or condense and thereby remove vapors, €.g. tin vapors from

the gas stream.
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melting point of Sn, e.g., below about 230 C (for a
target material containing Sn). At these tenperatures,

W@ orvdesst i on i s pronoted and |iquids and sol i PGT/Ds200en9754
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between the irradiation region 28 and the intermediate region 40.

Control of the gas source 222 and pumps 216a,b and 224 may be used to
maintain a selected gas number density in a selected area of the chamber and / or
pressure gradient and / or to maintain a selected flow rate through the chamber 26
and or to maintain a selected gas composition, e.g. a selected ratio of several gases,
e.g. Hy, HBr, He, etc.

Fig. 5 further shows that one of more gas monitors 228 measuring one or

more gas characteristic including, but not limited to, gas temperature, pressure,
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e.g. zeolite filters, cold traps, chem cal absorbers,
etc. The heat exchangers 220a,b may, for exanple,

w@owsh3sof a plurality of parallel metal platBST/US2008/009754

spaced apart and internally cool ed, as descri bed
above, and may function to cool the gas in the

gui deway 204a,b and / or condense and thereby renove
vapors, e.g. tin vapors fromthe gas streamFig. 5

further, shows t managenment system
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guideway 204’, the guideway 204’ being external to the chamber 26. As shown, the

flow path directs gas through the irradiation region 28 normal to the axis 248 of the
optic 30 and between the optic 30, e.g. ellipsoidal collector mirror, as described
above, and a multi-channel structure 210, 210°, 210’ (as described above and
having flow restricting flange 211, as described above). Also shown, the gas
management system may include a pump 208, as described above, and a heat
exchanger 250, e.g. having a plurality of spaced apart, metal plates, arranged in
parallel, with one or more of the plates being formed with internal passages to allow
a cooling fluid for flow through. An optional filter (not shown), as described above,

may also be employed in the closed loop system.
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mai ntain a sel ected gas nunber density in a selected
area of the chanber and / or pressure gradient and /

W@roop03208d ntain a sel ected flow rate through tPEr/US2008/009754
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onposi tion. For exanple, a mass- spectronet er reS| dual

glasctnd o dhe dﬁsynm 264roun ﬁ@e oemour guigiBraysuiider, bfénsi tdy’ witha
artienfa KPBOTERLAE Tarerin (ERRn D SEPBIegor PRhacar the

(frhdidtiorpde@fonaa®d / or flow directions), tenperatures,
gas nunber densitys and_ / or contam nant |evels at or

near thig Johshewseamothes em@dmﬁm of a\gas manageery systemefor an LPP
A& Jneéﬂcm%}’n%m I o#: g?ﬁﬁk g% Ji5eh l?ogr flow path, the

SpeCI catlons one or par ane
tehalbsmg atrdetusd lpink byessehepe chamberf 26 in flaidsconmanicAtion with a

%mw%@é H%E%%%@ﬁggr gr{]gfee%enrtagléggﬂé a_th%g’reg " ﬂtéan also be

Q Erothdt Eﬁaltn plI08, 8CANRREPed ARKE, SUE Be lﬂﬂld&ﬁ% it RYe Qﬁsofﬂough

e scan 202’ and toward the 1nternedi ate region 4
Eheg closedalep. shignd Ot fasthert stovgathatran apenedd, ey silgrsoidal collector

i ncl ude a .gas. sour,ce 232, provi a str of gas

ROy TRt SRR (B SOREAFRet: Teapit 30 Tpoef Siya central
ithio@gh-AbieolloAARE adBseR Beard B PaARs tiddughehdoRhétP A rradiation region
condrti oner 236, as describéd above, for selectively

é’>8ac dat:am@xrthhebt: peearthatci gasdlave g¢stmpt14m memnper 280shaybe disposed

BB b S5 TARET R B HACM B e s

d@éauahragoan@dr @ﬁeeﬁtall @ﬁmefdhambeﬁmto édtgblizh @bﬂ@anments 282 284 in
structure hawm%oa vessel , %g chanber in fluid

bnehambea 200 OaX DY w@mg tyeen the, @pgaﬁaé\ﬁfas;n%m 'member
t
at h éie?(eogtrg%lgé hrou %af@gllcﬁgrggézp?‘gg ﬁ‘m‘&é@vgllow for

mﬁpﬁmhort ¢ tdrgraations o’:f4ﬂleobpt1¢1 30 while mamtalmng suitable gas flow

restriction. For the device, the gas flow restriction member 280 may be integrally
formed with the optic 30 or may be a separate component. With this arrangement, it
can be seen that the closed-loop flow path may extend from the compartment 282
through the through-hole formed in the optic 30 and into the compartment 284.
Also shown, the device may include a multi-channel structure 210, 210°, 210”°, as
described above, having flow restricting flange 211, as described above. Note: a
heat exchanger (not shown) and / or filter (not shown), both as described above, may

also be employed in the closed loop system.
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optic 30 and between the optic 30, e.g. ellipsoida
collector mrror, as descri bed above, and a

worzdovio3wbannel structure 210, 210', 210" (as deSDDE1e$1009754

above and having flow restricting flange 2 11, as
descri bed above). Also shown, the gas managenent
system may i nclude a punp 208, as descri bed above, and
a heat exchanger 250, e.g. having a pI urality of

aced. ap nmet.al pl at [
one og cf ﬂ?vﬁgﬁbgih’éﬁ%ﬁ;ﬂﬁg I q%h%“ﬁg dn ﬁ]?;ﬁ trfough-
R&IR SwHfeh rhﬁ' FLhQWnd aﬁ%@ Stfled tHihgS, fterreﬁhéBMHehﬁrﬁH&h of\Blasma

opti onal ter (ndt shown), as déscri bed above, may
gérepatbd @lbpls ay:ednngl hlam dbbm opins 392 mnwhich, @8 shown, are

hows .an r enbodi nent a st em
3Po% 0 Bt st i AR iR S ihs 2R 285 St hiy 8 28. For
tHer dESAde shof ithY §lroad GDOTRE, bOesnithlosaped haviflg Wingdll diameter
the gas in i ntroduced into the vol ume surroundi ng the

prd daning ithm iwedjptéon goner ckheeshoyd 308xmayicdber pesidened a suitable
Bﬁgarngg ?Jteong t?ta A [Prefél'iﬁg)na%qlet Jagpr%{/é’m Ssi)%udo(f)vé?ﬁéaa'ﬁné r Oﬁ%a‘},lﬂ %elivery

sptaGB2admap bes:oup\led 36 @mato@ﬁi@VhISh ehayastmaly hot lee pmloned in
chanber 26 from one or. nore

d 204a
the %mwglepa%ﬁ?ér@rian%mﬁé‘q IEJ Il’lf gem%aigtgef‘%%@gt %szenng and / or
é\@ghgﬁx& &Jaefgesl g 1&@% L8RAIth rt?@' i A4difod RGIH28 and

ows anot r enbo i ment of a gas
rrmya@tanmn tes yHoenthe dasearninpiRPwitidow BGhtto deupesitidiedi atca remote

T IR, N -

BEANELRthe Grralifitibh Wefiof OPEHRE CRidW WOk NisandtUésdsbiBed, thereby
204", the guideway 204" being external to the chanbe

gglucing debris dbwltmsn g dhre wnaio“a3% mplthoagh two dﬁk@tw«b entlcs are

Qve,. rovid to C|r e rougl th
SREUE it % 5 ptEa8 o e G S ol s AW e dffic may be
employed. Im%ﬁitﬂﬂé besn! &divery $isten®ifor pElye BRaping pfesmhg, lsteering
the chanber 26, the optic 30 fornmed with a central

45 radiustiag he Sorad posver of dthe ﬂ@éﬁ?ﬁ tip disglased ip segpendig U.S.

b
FARAC APRLLIR L NiSP 9B 6y FGARG 202008 it
LA SER PRODHEED L ASMVe BN LIGHT SOUBRCE, IAm)ratty Dbcl&e afumber
o SR e n St i i
%ﬁdﬂlkao&'aethg O&e 86 mdr@esh 2 %s?ﬁéﬁ{' (ﬁﬁfés BRIPBENN fluid

ic 30 restriction me 0" and /
cmﬁnmnﬂahomwnhrthecheﬁﬁlﬁbr/%chanber wal |, e.g. I -3mmto
al | ow_f or

Fig. 11 shows another embodiment of a gas management system for an LPP
EUYV light source having one or more components in common with the arrangement
shown in Fig. 10 and described above, to include an enclosing structure defining a
closed loop flow path, the enclosing structure having a vessel, e.g. chamber 26, in
fluid communication with a guideway 204°’, the guideway 204’ being external to
the chamber 26, a pump 208, an optic 30, e.g. ellipsoidal collector mirror, may be
formed with a central through-hole, a shroud 300 may be positioned in the through-

hole, beam delivery optics 302ab disposed in fluid communication with the
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expansion / contraction of the optic 30 while
mai ntai ning suitable gas flow restriction. For the

W@leaop082054 he gas flow restriction nmenber 280 nBgT/582008/009754

integrally forned with the optic 30 or may be a
separate conponent. Wth this arrangenent, it can be
seen that the closed-loop flow path may extend from

t he corrpartrrent 282 through the through-hole forned in

the | i.nto the onpartmant 2 Al so shown,
{Ham, ?—§ @nﬁéy 31.%% Je2ian 78 410 & KRkl quat‘fét lgses 1ppy, window
3hQ' , 210", as described above, having flow

restricti ng flange 2 11, as described above. Note: a
heat arithegmbodimxnt shown)in dingl V1, @r gdsi ﬂld!\erres(triclﬁon member 280’

h , describ b b
T P disparel B Shapberorts Brtding T B BPattin At et the outer
shFRsd o BaR %Mu@@OQQ@'at ieREsh hiof Beart the AMANBP IR ¥hknber 26 to

may function, e£80t her things, to reduce the anount
@htaplighs ﬁamgélﬁ@pms 2eB84’siny é@cnessgl bdiamtheldeyisey the gas flow

s 3 as, di d
B DR o002 R0 o S OREGal a00 B fhy e o
rsepirate cdthpoheit. tWith ey agengehmen) it ¢dnebesdeen ht mwgtyi lbép flow
coni cal shaped having a small diameter end facing_the

|Htha@P3§F¥@ﬁd fr@ﬁethem@@ﬁfr@ew%éhwgh e fb&ygﬂlrhﬂ%% fprgped in the
'tﬁ:@glaﬁd‘ilﬁ @ggg gprradiation zone to prevent

rou over eati ng. eam ellvery optics 302a,b may be
Coupl dtigt bl Aadiustrbtes andgthn wissibiity ar which thebptde30 is formed with a

FiRelCRE G el Goal hGuekPals: (1) whh/RBheRgel g b have
toden {06k PG bad 6wl iBindPLIbYRS RAp vt PRt to flow through

|rrad|at|onreg|on 28 may function ow t he
Ithe boles ipthe optin doweagh ahe gpabe bpivesen |tlnmeretlcaandalrnaémpa region 28.

e L i X Pt Bt SR, Y BRRILER BRatore Wl 380 e

ipokitidhed hedtr, &gJ Wﬂhn?_sbamd mﬂﬂ@w@&ﬂesuwgurface of the optic 30,
est abl i shed, therebé reduci ng debris deposition on the

writlieaehtohe foqmedowigh atpheralier olerelqtivelyopmalt bolgs éo sdleasn gas onto

tfle Et%gécg ??heaeg@[c aﬁﬁﬁﬁroyelge g%%ﬁf Lél.i}ggﬁn{s e)agg &?)lo %E’ with or

sMﬂioe:mgta@rﬂqw |tl$16u§1|i1 ame egntrdl abrosighgoles (dsctibgl absle). ol?or these
adjngstl ng the focal Fhgower of the pul ses_ is disclags
BUIBHORA: mircomsnt phthentubayand ¢ i thFpughrhiolgs lnaw@rselected to

q %ﬁ#&%ﬁé& ROG-ankdt bid, 8%,
%é%% éll_kgMF y ﬁt tor ney %éc%emu ctions
I\hlmliﬁescaﬁm&nﬁ()&te 6therwike blookedeby sthef stninitodes,ar.g debriemyitigation
I ncor por at l%m ference herein.
structures, multi-c el structures, etc.

Fig. 12 shows another embodiment of a gas management system for an LPP
EUYV light source having an enclosing structure defining a closed loop flow path, the
enclosing structure having a vessel, e.g. chamber 26, in fluid communication with a
guideways 204a’, 204b’, the guideways 204a’, 204b’being external to the chamber
26, as described above. As shown, the chamber 26 may include a plasma irradiation
module 400, pump/heat exchanger module 402, pump/heat exchanger module 404
and scanner interface module 406. For the device, the chamber 26 may consist of

separate modules assembled together or one integrally formed unit.
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As disclosed therein, one or nore beamdelivery system
optics may be in fluid conmmunication with the chanber

WQ2009832954 11 shows anot her enbodi ment of a gasPCT/US2008/009754

managenent system for an LPP EUV |ight source having
one or nore conponents in comon wth the arrangenent
shown in Fig. 10 and descri bed above, to include an

encl osi ng structure defining a cl osed | oop fl ow path,

t he e | osi ng.structure haV| vessel .. chamqer
26, inoFihE PITTIRME a7 OBRE b fRPYDeRe ARG 1B e &agﬁ@r 26, cg.
QH! Q%Yda? Qbiledd6d RS EsRea witP atcléﬁtrﬁlh@%ifgh e t& a6 laser

208, an optic 30, e.g. ellipsoidal collector mrror,
rkagrmtfmnﬁ oraset! S(wrceh(r@t slearwn) 40 passrtbrogigh laond egach aglirradigtion region

87 BT, At 3hé BBE pavi s il M N e potion R 0 an

\Mltteﬁnédiﬁé haplear 46.6g@ieatink’ aioak | SMEURMIlIgAt 28teAlfhgathrough the
renDteIé | ocated | aser input w ndow 304. For the

shepberdrhavitgoathanes ar:thg intexmedjatg48giPNdP: restri cti on

menber
ext en(}: % 8&f rom aQT oca? Qto;ﬁﬁrgqfh&t egg}é\argllé?lﬂ@%gﬁlt% g‘ro 2 mCIP desep Umps
ab8#’ l;‘hé ahﬁemhbad)&bboe anddeat exthadgero? 14agand tphﬁlpMat eﬁ(fhanger

t he apber 26 to establish conpartnments 282
L‘i“eé@‘b fnclyees pumps 08¢ de asidescribed ghoyg apd dept @fqherﬂ«ger 214b.

'F%thﬁé dg&ge z{H?ly hOR éx@ﬁzﬁ%&%l 3 Yaalto H@dcdﬂsﬁht E!?igpl%pdflﬁy &f spaced

300 or be a separate conponent
apmar;gmlk’th,t annutarlysshapesl metahplateatthatrextanideseahd the EUV dight cone
path . xtend fr. e conmpartment 282' throu t he .

B Sl B PLAE ity e G Ieed90 an feier firpat pze' B is near
&P P AeledB e bf ARAEU VHight cdhed(defihétb by e lipddRdd] %tlc 30), as shown.
possibility in which the optic 30is forned with a
[§Ings aqnm: pr eﬂ Oif éheamlatﬁe IngaySbﬁafOIrmm mtbgmerm ragre 1(1®rnaalma®|ages to
throu have been | ab
AL R HSa S Red) . MG Borbel REH Bie, Tl R Bxchangers
Dhagbghay hﬁlCh@lll &6 cbél gaRelowhf GhioQgh Ql@@hxdhhﬁgeﬁmqe b and / or to
bet ween the optic andlrradlatlonreglon 28. Fig. HB

icpndase farget W@Fn%lri‘@(’ﬁ’ér Posay Bndesirgble r@bmb&wrr@dlerrlon e.g. tin
M’f&ﬁ&ﬁzs 1:}%8 F@%?f e?ﬂ?do%‘ Lool€d gﬁh? gﬁg Hfa jpass through

| VE sur ace of
fﬁﬂmp\ﬂ/l IGSaMC,hwhu:henfaprbmcfow etth@leplturltml-pmupsoﬁmd / or roots-type

rel ativel ma es to. rel ase s to t rface .
BOORIRES, @ﬁ/ ' reséer b ‘%‘FFéFedotPI‘}“Ig Sxteru BT Eﬁ‘?kgp fpsations
‘?H'Rhé’}éegla‘ﬂnﬁ hiQGia¥ibh r}ﬁH&uIS afpof | W myvﬁp% spfR m8PBelbrovided

t hrough-hol e (descri bed above). For th
between the outer diameter of the heat exchanger plates and the pump to form a

vacuum cavity. For the device, the plates may nearly fill the entire length of the
chamber, thus resistance of such structure to gas flow may be fairly small, not
limiting the pumping speed of the pumps. At the same time, the working area of the
plates will be large to provide high efficiency for gas cooling.

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. For the device, one or both of the guideways 204a’,b’ may
include an optional filter 218a,b (as described above) and / or an additional, optional

heat exchanger 220a,b (as described above).

30



10

15

20

25

30

configurations, placenment of the tubes and / or
t hr ough- hol es nay be selected to correspond to |ight

wW@2a0he32 ch are unusabl e by the scanner, due, PEI/{S2008/009754

obstructions in the scanner and / are otherw se

bl ocked by other structures, e.g. debris mtigation
structures, multi-channel structures, etc. Fig. 12
shows anot her errbodi ment of a gas managenent system

for an,LPP EUV || our ce havi an_encl osi .
st r uctATENHIE; Wit lga 13, ibganbs %ﬁﬁ%taw gﬁhmqqgtmcmﬂwa is

%B&iklgﬁéd‘gloﬁé HHC b ﬁoﬁﬁ;}é Eet@ve&?%l?eeblasrﬁa %acﬁ'«?@d'fpﬁfodgfé 400 and

communicatio gul deways 204a’
mbmpduaad mh@gzoaabduleom bzsl mgoruktmulnadhanmelt kteucture 210b° is

Pochaged Adredte 555 lourtith PRRR, R Patfies Hphed Module 402
aum&ﬁmhpﬁhé@tmﬁﬁ{gefrﬁmh& A6Xando4 Mt Ralti- @H&B@Fﬁﬁfcnue 210¢’

nodul e 404 and scanner interface nodul e 406. For the
depesiéonedrpdongihaizes flow pasly betsvesn she pump/hpatrexchangse glodyle 404

UL S OATLARE 00006 TYRANAL 8 BBl E6f channel

evi ce I ' ohé

stracdiey map ,1ncﬂu® a ipﬂurﬁhtlyl qiswndaimc Oédrﬁ@il Ghap¥drvanes (see Fig. 5B)
formed with a central through-hole to allow a | ase

plateshapsdvangs{ses Figodk b and heﬁ radiggyrPricpisd yaaes (spe Blgg {) that are
%e%at%hdl W lléﬁtq tﬁk’bloﬁloﬁlqg% 8&1@2?30 SMRANRAA inte! glé)n 40 and

opt i ocu fromthe |rra iation region
inoayare dastgae&adnmumlzee@wmgtﬂ) obspanaioat iIngdditionjneaneflodatioh may

e Sekaig Eprreaong o e i auheRag vaipa g Gy SOREI02, due.
te tto BBARI(ABAS irfthehanarr. FREWhRiltORar iR inel@Sre RAYPBe positioned

,b', as described above, and heat exchanger
4a 0panm;;;fam¢¢ gntheagxspestige madubuheusirgs af shownlelo restrict flow

cri bed, above. and exchanger
%&%@efli@? e LSRRl S B R e Eho SIS ey
consi SWhik tige pardcalat tsnbolinseEF destpided an@dlladtta@dd in this patent
annul arly shaped netal plates that extend around the

Emluraﬂgntmc@ﬁ edegail reguingd dacsatipiyad e U.Rdi-v8 ddafneyfudly zeapable of

B 000 S A AR o B B,

@Ir lanj@ sthedl adasor fof 080pjecBOf Sllimmbodihent(smmve desdribedfit is to be
N e N T
Sk el ST, SRR o I marer whih i
bickallp camdm/plabed by tho mhsmsteappdipgmn rrRteﬁarem:Ie tv»amnclsment in the
tfgﬁgm%%yCﬂﬂgg Sﬂlrtﬁgl s?ngl asfolrsbncgui\rllter t | oné.n nolg shalll it mean in
interpreting such Claim element "one and only one" unless explicitly so stated, but
rather "one or more". All structural and functional equivalents to any of the
elements of the above-described embodiment(s) that are known or later come to be
known to those of ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the present Claims. Any term used

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

Specification and/or Claims in the present Application shall have that meaning,
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vapor when tin is used as a target material. Once
cool ed, the gas may pass through punps 208a'-d', which

wWOoreg09/082054 or exanpl e, turbo-punps and / or rooRPGFU§IE8/009754

boosters, and thereafter be directed through externa
gui deways 204a' ,b' to locations in the a plasm
irradi ati on nodul e 400. As shown, a space nay be
provided bet ween the outer dianmeter of the heat

exc er. pl ates and t LU for ;

RS 4 0y ARl or Afernbly s TR R RNER K b, 10is
heitdhded of hecessagyhs fa, detvhdéf‘or neshed @B@Ss&f inghe€ Bpecification as an
structure to gas flow may be fairly small, not

embodinpt ¢ 19e 2 splseceash and eﬁ@ﬁpé)rowﬁmt [iscussed in this
tyl e r gnar I gyt

&p@@ Facﬁed}hi g eftpl E?eﬁgﬁ&{‘%grsgga@ %%ﬁﬂ%énk @ﬁxrhé ﬁo Blement,
apmpendr @dmethat stupem(xhe peesentf dhmlloswguﬂ mlcm’dsd (tm (bb dedlcated to

hown) .nmay b rovid ne regul at or near eac .
ifpublc, Terglese a1 BaFDEF Sl Tertn EOgRORTRin SEeHERpd siep s
%%ﬁl'i&fﬁf rdc@ed iR ehelCMiRE, NI Qaift cleRieht B the rhg-ri&iﬂeg@l@ﬂﬁ% is to be

may i nclude an optional filter

demuedelmchbdh@)pramions of 3n LAdi. t §1d3alsixth maragieph, Hedess the

chan S ed abave), Gontin
Blegren] 5 Sxpfesel el B e PR fohavin o e el ethod
%Ila% tue%ld@mnts R6esl &l OnREept Wdst@dorhhovetpat h bet ween
t he plasna i rradi ati on nodul e 400 and punp/ heat
exchanger nodul e 402, a second multi-channel structure
210b' is positioned along the gas flow path between
t he punp/ heat exchanger nodul e 402 and the punp/ heat
exchanger nodul e 404 and a third multi-channe
structure 210c' is positioned along the gas flow path
bet ween t he punp/ heat exchanger nodul e 404 and the
scanner interface nodul e 406. For the device shown,
each nulti-channel structure may include a plurality
of concentric, conical shaped vanes (see Fig. 5B)
pl at e shaped vanes (see Fig. 5C) and / or radially
oriented vanes (see Fig. 7) that are arranged to all ow
light to travel fromthe optic 30 to the internediate
region 40 and may be designed to mnimze EUV |ight
obscuration. In addition, vane | ocation nay be
selected to correspond to light paths which are
unusabl e by the scanner 202, due, e.g. to obstructions
in the scanner. Each multi-channel structure may be
positioned in an opening forned in the respective
nodul e housi ng, as shown, to restrict flow between the
mul ti-channel structure and respective nodul e housi ng.
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Wil e the particul ar enbodi nent(s) descri bed and
illustrated in this patent application in the detail

WO eiuis®a4 t o satisfy 35 U.S.C. 112 are fully PepuRI088/009754

of attaining one or nore of the above-described

pur poses for, problens to be solved by, or any other
reasons for or objects of the enbodi nent(s) above
described, it is to be understood by those skilled in
the art that the above-described enbodi nent(s) are
nmerely exenplary, illustrative and representative of
the subject matter which is RFpPRgig contenpl ated by
the present application. Reference to an elenent in
the followng Cains in the singular is not intended
to ne ar shall.it mean in interpreting such Caim
el eneﬁ?hgtdﬁgagﬂﬁ‘i Bhly one" unless explicitly so

stated, but rather "one or nore". Al structural and
functional equivalents to any of the elenents of the
above-ldescrd devcepgropiisingit (s) that are known or |ater
come t t e of ordinary, skill in the art
e exf BB b i M B PR Bl bitince and are
I nt endedyst@n bgerertiagpagisthd it tahplagfiassied, tht ajilBbeiABYin fluid
termused in the Specification and/or in the dains
SAmnpIGaien WithsaidHow p#flani ng in the Specification

and/ or, [ ' ttlﬁp@l_.'.cati on shall have

t hat r?egaqrsuza% ,?égggtrs eeggﬁ)gﬁl%asny |éétionary or ot her
conmoral pumys fedcing axitd ipgs flooughusaid elosel lovp Flowi matinot

i ntended or necessary .for a device_or. nethod di scussed
i n t hé NgEBI SR FORoviae b i 8 AN A o P and
sol ve ARkt RAHvEMCAY It WPGHHOHITAEREA shBitd'idm gas flowing in
Application, for 1t to be enconpassed by the preSent
chidiflow pab. el ement, conponent, or nethod step in the

present disclosure is intended to be dedicated to the
public regardl ess of whether the el enent, conponent,

or nethod A @pvics a&¥gvited it ChaihEICWherid thetpd@ntd &rifriseN@in and
claimelenent in the ap{;ended Cains is to be o
demBlergemovesreeomprung ssigrtsd drpsn gie goupioBcampounds gomprising tin

?&éﬁ&g"ﬁﬁ%ﬂfd@?%ﬁ%ﬂfgﬁ&ﬁdwe el ement is expressly

d using rase "means for" or, in the case
of a nethod claim the elenent is recited as a "step"
instead of an "act".CLAIMS What js clained is: 1. A .
devi c&- conpt idEVisE: asacrstk b slany & vhersin saidyengloning, sgucture is
FoRRRWIR AR ihie? U@ 3h Rutlh, SHE S5 RENR! AtthBcinp t
a plasma gdlﬂtle,e ﬁ%e Si teétbé%{nggil n th%i C(ﬁnﬁ%%@gg souree
connected to said inlet and a conditioner connected to said outlet to condition gas
exiting said enclosing structure, said conditioner selected from the group of
conditioners consisting of a gas dilution mechanism, a scrubber or a combination

thereof.,

4, A device as recited in claim 1 wherein said enclosing structure

comprises a vessel in fluid communication with a guideway external to the vessel.

5. A device comprising:

an EUV reflective optic formed with a through-hole;
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conmuni cation with said flow path; a gas disposed in
sai d enclosing structure; a punp forcing said gas

wao booospessai d cl osed | oop flow path; a heat exRPCHO®NS/009754

renovi ng heat fromgas flowng in said fl ow path; and

a filter renmoving at |east a portion of a target

species fromgas flowwng in said flow path. 2. A

device as recited in claim1l wherein the plasnm

conprises tin and the filter remgyes conmpound, .
sel ecti@¢nfFlosthe HRICHIrS defingpg ééﬁlﬁ?gg P aw;n';ﬁs Pajing through said
'?Hr@[l%}ggélze-“ n oxides and tin brom des. 3. A device as
recited ih claiml wherein said enclosing structure is

f or rec systém ogenerdting arpasam a@uta plasmansites ahel stevbeieg in fluid
further conpr.ises as source connected to said inlet
SRR Pk d B REEed to said outlet to

condi ta R dkpSsWhtshitneBsthgRat@isd; Rgdst ruct ure, said

condi tioner selected fromthe group of conditioners

consi stpumgp feirciag gaid gas Huougirsaibelsad loap flawspatiubber or

a conbination thereof. 4. A device as recited in claim

1 wherein said enclosing structure conprises a vessel

in fl@d coamdsviceahs Qeciwdt th alagii §lexbetei@X b£id Nécldsingt BRucture
vessel . 5. A _device conprising: an EUV reflective
SpmpEsese Yasselvip flyidicarpmpnigationowih a,guidepyay sxtegnal to the vessel.
structure defining a closed |oop flow path passing

t hrough sai d through-hole; a systemgenerating a

pl asndé.at aA deeisenas sicited int di@nsé fiethee comptising] ui d

comuni catjon with, said fl ow path; as .di sposed in .
sai d érﬁqsé_i% &ngqiwetra?raﬁeraeﬁ@% S%H%%‘%&“éisﬁ N GORgEgrents in
SHiaQKgh] SRk ‘élo%!:(pﬁgﬁi) M%W Bath! XN FroR thé& CoffpaRtfent through

recited in claim erein said enclosing structure

¢lombrougbshde fargedlin the diitigita theosenentd eanpasimeritt h a
gui deway external to the vessel. 7. A device as
recited in claim6 further conprising: a gas flow

restriget i onA rRIReras&stitddl inSdlaing 7f Whérkinathe optied8dormed with an
conpartnments in
edge, the vessel is formed with a vessel wall and the restriction member is disposed

between the collector edge and vessel wall to restrict flow therebetween.

9. A device as recited in claim 5 wherein the gas passes through a

temperature controlled, multi-channel structure prior to reaching the pump.

10. A device comprising:

an enclosing structure;

a system generating a plasma producing EUV radiation at a plasma site in the
enclosing structure and releasing at least SkW of power into the chamber;

a gas disposed in the chamber at a pressure exceeding 100mTorr at at least
one location in the enclosing structure; and

a closed-loop circulation system circulating gas through the enclosing
structure, the circulation system including at least one heat exchanger cooling the

gas on each pass through the loop.
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sai d vessel, the closed-l1oop flow path extending from
the first conpartnent through the through-hole forned

WO po0vlg208pti c to the second conpartnent. 8. A RPEVUSMO#GI754

recited in claim?7 wherein the optic is formed with an

edge, the vessel is forned with a vessel wall and the

restriction nenber is disposed between the coll ector

edge and vessel wall to restrict flow therebetween. 9.

A device as recited in claim5 wherein the gas passes

through a tenperature controlled, multi-channe

structiyre B idelick GsrEafdl Alcihii? mmﬁere&lotheAga@ §¥3ve through the

conprising: an enclosing structure; a system

ghxsed-merigrcalquloasmaexprabducavctggEﬂlerlath greatonthan 58 standard liters

Elasna site in the enclosing structure and rel easing
PG 5KW of power into the chanber; a gas di sposed

in the chanber at a pressure exceeding | OOniforr at at

| east one location in the enclosing structure;, and a

cl osed2 ooph clevicgl a irenited yist elainei K& whergingthg aenclasmg gliucture

0 t

A S G T T R S e AN

on each pass through the | oop. 11. A devi ce as recited

in claim10 wherein the gas flows_ through t

cl osed3t oop dpYiegpnteciied wé%lmﬂ %Whﬁlf?“h@’@rhﬁg%e’ﬁch%%ef geraprises
g&&ﬁ@&%ﬁ@@&h&%ghﬁﬁﬂﬁf%& 'sBusRer mnute. 12. A
evi In C rei

e as recite a|n1 n the encl osing
structure conprises a vessel and the heat exchanger is

positi.gned jn the vessel .. A device recited in .
EF ot mi90 wibAeyie o denedin Shiinail Shecanhs csed;foop dreulation
SRR ki ats AV ERLE 88 teMipbiature DRIEIE khat! 1080 TddERes @é}smﬁ\
device as recited in claim210 wherein the cl oSed-I| oop

circulation systen1na|nta|ns an average gas
t enper. gtu 1Ie§§ t han 1000 degrees Cel sius. 15. A
devic nﬁ? %Yﬁ%crgﬁ“éW%IOS|ng structure; a system

ener@hbﬁ@ogngkﬁﬁaauﬁt a plasma site in the enclosing
structure, the plasm produ0|n? EUV radi ation and ions
exiti ﬁgsy(sqqgl gAngEe a plasma at a plasma site in the enclosing structure, the
plasma producing EUV radiation and ions exiting the plasma;

an optic distanced from the site by a distance, d;

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

a closed-loop circulation system circulating gas through the enclosing

structure, the circulation system including at least one heat exchanger removing heat

from gas flowing through the loop.
16. A device as recited in claim 15 wherein the optic directs EUV

radiation to an intermediate location and the device further comprises a multi-

channel structure disposed between the plasma site and the intermediate location.
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an optic distanced fromthe site by a distance, d; a

gas di sposed between the plasma site and optic, the
w@am903208bl i shing a gas nunber density suffi ciBPC/USIH08/009754

operate over the distance, d, to reduce ion energy

bel ow 10CeV before the ions reach the optic; and a

cl osed-1 oop circulation systemcircul ati ng gas through

the enclosing structure, the circul ation system

i ncludi_ng af | east one heat exchanger renovi ng heat

from dds f|%vdeﬁ@eta%rrsa@4 thelaig gy, Wherein theegasceomprises greater

[ ' | in the optic directs EUW

rlﬂg%ﬂl%t cggéhttgbgllr?%}e%tg}é\ryenggi%ét e location and the device

further conprises a multi channel structure disposed

bet ween the, pl asma site.and the,internediate .

ocat idn. 17 BaiGEgs RisiEd 3 Slaird 37 HeFeaRs Bacoqmasisgs an etchant

ighe sdlésted BORY the @foudy SRdtéant PaRs S6hsPRINGVTHBY $IOBENCBY HCI, or

volume. 18. A device as recited in claim 17 wherein

chmbiationpihsraofes an et chant gas sel ected fromthe

group of etchant gases consisting of HBr, H, Br , d

, HCl, or conbinations thereof. 19. A device as

recitdg.in gldvivelds woreédim cldd pRwiesdinhhé gaeestablishes a gas

nunber densité_sufficient to operate over the

dumbsghdensity sutficient i, eperatg pvendie distanoe ody tg apdpcs dempenergy below
t3B§Vib%§(§'e BHSHQ %td.)??ic. 20. A device as recited in
e

claim rein the system conprises a dropl et
generator providing droplets, the droplets conprising
tin,ngBd a | aser iIIunin€Lin .drjgle s to create the .

pl asmee)- t he | GYEE LoHSItE i‘Hg‘g%mb PnVAEEI S SYRITTR fomprises a
%let generator providing droplets, the droplets comprising tin, and a laser
illuminating droplets to create the plasma, the laser comprising a gain medium

comprising CO,.
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