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WD 2004/ 092693 PCT/ US2004/ 010972 1 COLLECTOR FOR EWV

LI GHT SOURCE 5 FIELD OF THE | NVENTI ON The present
wonueywees relates to the field of the generat pomusko04/010972

EW (soft-x-ray) light forisuch applications as

sem conductor integrated circuit |ithography exposure

light sources, and nore particularly to |ight

col I ectors for COLECGKOREOR ELY IRBHATSOURCHE | CATI ONS

This application is a continuation-in-part of U S

Serial No. 10/409, 254 filed April 8, 2003, the

di scl osure of which is incorporated by reference

her ei n. BACKGROUN [ \ he need for

such applicati ons,[igjg’:[e‘:-légglfF i%&%@ smal | er

cri The ghres8hBAGHIARE rdlfiEs 16 Y HOIAIICIHRT cenBlafiBh JIFENY (soft-x-ray)
circuit manufacturing the need has arisen to nove from

lightrfor syehharplicpiignscs @@@@I@p@tpamt@gr@@d (cmwvli)thcrgr@iw gposure light
t ( referred to
soltds, SFmbA A R Bt o g lecto PR sed) igebe: °F or
appar at us and nmet hods for the generation of such
light at effective ener,gé | evel s to enable, e.qg.

adequat e t hr oughpulRELADEDAPEACATIRSEr aphy t ool
(€. Fhis Fﬁéa%eﬁ% 2 SO o {n-ﬁa&?@f‘ﬁfs) SQM@'VN&‘W 0/409.254 filed April

accepta fetime between, acemnen

8, 243 othe clinelrsmeerifsvhich mpmpcsra‘eﬂlbgftrefemncg aereimt i ng,
e.g., light centered at a wavel ength of 13.5nm usi ng,
e.g., Lithiumwhich is introduced into and/or

irradiated to BW@KGH@@N%WP?EMN??ONM l'ithium
resu

atons to states from which decay ts in large part
i n Ebr/needgier Smlbapnh@aﬂmwasgvaﬁmareasnglwg;maﬂhestmmcmhthrmnsmns for

Sen?]fe’ Ci caﬁgg%tt g“?‘gg ﬁaéf L{éﬁé%@%figﬁ%oisg’g g oW from the

gerﬁkz&mhrdfdbedpmmelo‘llétC(f‘DU1W’) dihBtoSRtiGEe OltrdvibiBi (ﬂ“E‘UVP) light, also
solid or qui d for ., as discussed in Unite

refesyegh toqas Fsaftéﬁfamé@t g} asipgs PBJPOSféﬁ exist & appm&wﬁm@ads for the

oo AR dr LY USRS IO, sk oot

an E&Ne liérgeghhy abcﬂr(l‘e gapp bteppdrisomnde or séddnes bvépad @8ceptble lifetime
bflled April 20%%m and United States Patent No.
etyees 6 g@éspla%%finttﬁ RIPNSNAPONEBISUS LI GHT SOURCE W TH

TA'\%%@H—&P @ BMdaﬁg’ég%ﬁl Fﬂ_t}egjc&e?iuzﬁ% \Le?veléﬁ@ﬁg& B'5nm using,

on May 20, 2 : t at es Pate
€.26 ,1-556111667?11011681 Inttddadedqmmﬂ&/orﬁmdiﬁteﬂltﬁtﬁ'mﬁmawm& ex01tes the

R A O I e 3001k B i
an éfeggyPdicedition Bitltére@bb&R 13.5nm. The plasma may be formed by an electrical

discharge using a dense plasma focus electrode in the vicinity of a source of lithium in

solid or liquid form, e.g., as discussed in United States Patent Nos. 6,586,757, entitled
PLASMA FOCUS LIGHT SOURCE WITH ACTIVE BUFFER GAS CONTROL, issued
to Melynchuk et al. on July 1, 2003, and the above referenced patent application Ser. No.
10/409,254 filed April 8, 2003, and United States Patent No. 6,566,668, entitled PLASMA
FOCUS LIGHT SOURCE WITH TANDEM ELLIPSOIDAL MIRROR UNITS, issued to
Rauch et al. on May 20, 2003, and United States Patent No. 6,566,667, entitled PLASMA
FOCUS LIGHT SOURCE WITH IMPROVED PULSE POWER SYSTEM, issued to
Partlo et al on May 20, 2003, which are assigned to the assignee of the present application
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WD 2004/ 092693 PCT/ US2004/ 010972 2 and applications
and patents and other references referenced therein,
wohevuvsoBosures of all of which are hereby PCT/US2004/010972

i ncorporated by reference, and al so ot her
representative patents or published applications,
e.g., United States Published Application No.

and Z5H1ai63%hdGpAlents @fdtc'bthéﬁdfei@rﬁéé( re&‘é(‘éﬁﬁdﬁﬁerAﬁPﬂRAdisﬁpsures of all
publ i shed on, January 6éooz 5 i.nvent o

of Whyshnfpchese BYaincoRPREIH) ?}5 rgiSTRngS %ﬂd & eﬂlearf%l’fﬁs&r“é%ve patents or

publ'is'ﬂgc? Bgl‘i&'ﬁgg §beya% @fnﬁéf :Sgﬁes PﬁlShsﬁg&' | AfpBRatiBSNBODER-0009176A1,

ed applications United States
enud%@t SHRAND. Emosﬂwwpmmsedpumm oANTRMERARAT 2902, with

e ST EY EEAION A, O bl e
In aﬁ%&)ﬁ ! a%%ot&ﬁﬁ"'gg %tmdm&?q@ﬁw&dﬁsmﬂ SMME Patent No.

> "ISsued 10 to Bi sschops on Decenb
6,283(783, erlﬂnledé?dEﬁmIés@mmPMEéTl\EpFQ $OBR 2%8avY CenEraTON,

1ssu§é9é§%ﬁl en%{}:atoé ;g?{%}'?v 1) Aégél éﬁ%ﬁ%ﬁﬂﬁs %ﬁtﬁﬁ @3,3%3, entitled

m@@ @FP@{ENEE@ZFH\]‘M E%S”?ng?m smalrragm@m RADIATION ... , issued
at es Pat en . entitled LA LAS ;
to Bigukops Far Deoxkenel 0L 3492y Bpited SorpecPvkbed shRghcation 2002-

o 5, RO BT o

FR%DL%EE%%EE%D g%:fmglhe} OX- cmerber BmaE:uEwhhTWcm_lmhardson
Unitedy Sies 230D,  6REIE bolBilrbaLAPERNILISINE StepBES FoR
EXTRER(P &%tl&@vﬁjmﬁfﬁm@tﬁmpﬁ? @'SNGHWEWEIQQ)ROPEE@’O'TARGET

y irradiating a target, e.g., a droplet of |I%
issus t@Rjcherdgon el alt i Aprib23 220020 Pinised StatestRagant Mex 63041913, entitled

sr PR B SR e RN e R Sa 7 AN St TavioLer

RAB TIONR, 1s&gar toth‘PsHﬁ%@ a@Mon Uaﬁ)bEﬁEBJ,eZOOISItHB?&lsélbaua{mﬂmﬂuch are
energy 1 n the EUV |ight desired to be produce

here/hytlhcorpmh‘@d hyasferangeshe @hsmaﬁna}f beofluged hyrlr:ra@%ﬁg afarget, e.g.,a

e T A
met¥BeloS/1RA#im Withinl the ﬂﬁﬁ%ﬁﬁrquuﬁcboﬁéi)hdrfem ewithat g. f dnkaser focused on

effici ency of the collection of the EW |ight be nade
the ¢asg¢ti gh as possible. It is also required that this

ef félﬁ% Sy arﬁgﬁntsdfgéﬁeféyc nﬁllsyl???t lngt QAedith tol b proddBed within the

able To sustaln suc i ciency, over relatlvely
desB¥d basidde fioad sheocfreammr@ﬂ suoh a plagng and fesultantedeperation from the

year . of operation at._ver h | t t
plagmxiaf ElHY lgg;g,v@) relafively, e mg) 3 egul wa%ta blzéstgllé%egg’ssary to

ensl}ﬁbent?/latctlﬂglekﬁﬁ cﬁ"v\}aé E?]l‘lééu'@lﬁ IoRghAPUE fight'R&hadd ®@SIEigh as possible.
S aspects

It is also required that this efficiency not significantly deteriorate, i.e., be able to sustain
such high efficiency, over relatively extended periods of operation, e.g., effectively a year
of operation at very high pulse repetition rates (4KHz and above) for an effective 100%
duty cycle. Many challenges exist to being able to meet these goals aspects of which are
dealt with in explaining aspects of the present invention regarding a collector for an EUV

light source.
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30 dealt with in explaining aspects of the present
i nvention regarding a collector for an EUW 1ight
weauw4me269\0 2004/ 092693 PCT/ US2004/ 010972 3 SBOE/US2004/010972
i ssues that are required to3be addressed in a workabl e
design include, e.g., Li diffusion into the |ayers of
a multi |ayer nornal e of incidence reflecting )
mi r Peme igsugs that arp mywdg%be addrpssedin ¢ mgrlopble dasiganinglyde, e.g., Li
t r . .
dif; N Sitggr%l%lot ’%ﬂ'ﬁ @ey@; ag}ﬂél o @FF@A&%‘F‘&@S% ff&g&encg/gﬁle%lﬁ% frror, e.g.,
thrsugéal[ aooutér’ &aﬁhg af mtTlfmumr(ﬁaln’t)f oiith the mlﬁl;ﬂayérb@ nfifrbihiagle, e.g., of
and/ or seco ry collecto [ chem
Sl TR s b omamg oy or Nl Sabd WP i Rk mpact on,

e. ge tHe Prntn ﬁ{d/(ﬁ:asreé(orﬁﬂ& &Hlle%ﬁﬁ' ?ﬁ*«gﬁﬁé’ &1@%}}1&? !ré%{ctlons between e.g., Li

scatter out of band radiation,
and‘ Snmd the mmw ronpe.gd tld pugmai)@ﬂdr‘aradecaﬂamcﬂbctor gfatmn&sn scatter of
form adi atip roma

| a
outtoeB Erdigion, Beartns s s prest g IFRARP ORGP to form the

plasii¥, é.?’?@% n@adi88bS froRXRORHT @Xcﬂh&ﬁﬂs&ﬂ@(ﬁg@ﬁ%@ be¥ept low to avoid
resist types may be carried over into t W Tange

anyoinpact protpsisperpoaws giventthaPeepfUY aesdst ity tmaydwet casniesiover into the

ol LBy ST s ARy 5l oot

exﬂolsijigtthe A& WekyOefficiRatly; McbicvRid 2160 W a@dEverh dfiodtpud hght energy to
lifetime of a gflnar and secondary col | ector of

the|igtegmedigig foeyss daving ehlifetimagt tahlerlm@armndes@cwmeecﬁle@m of at least
5G .ug%e?f %dﬂ? Pg I{hg é@%p e&%‘&n@é} bh%r cqe&iy rwith Q' Y\%‘ﬂ ﬁogfc,r ,gg.%., a given

et or arge hin' & 28dro
targetheg., hamget d?roplbher farges evithid b dnopdét, dbothief eirgels; thd pieb@vation of

) d nmulti mrrors at oper onal el evat ed
hfelﬂ@r% ¢ Epapired, ﬁaﬁ%&yebmlrrwaﬁaomﬁ?%af slk*v%@ isgmReEAtures and out of

bari@@é@ﬂaﬁ&gﬁfﬁnfe?@sravel@n@hs? M3 kimi S wel | known that
that normal 1ncidence o ref ectlon ("NIR") mrrors

canltbe walbkisawiu thag that arormalviebiglegtchel wiflectidre ((BFR ) mirrors can be

corftlef SRR R S P2 it ¥ % i, .

arotied @Gt A@rbr 18R 1P5 Qe ukilighg Fhulilayer 40186tHohO r'ﬁledﬁféﬁ&@ies of such
upon the conposition, number, order, crystallini

mirserisf dgpend g ribe sompositien.dnimnber @rderp emstaulmfryd surfy ace roughness,

S nd t e for
o 5B 4 RS0, PP BRI HEE o or
of thedhydrfim@ivedsandhddd)@lg.,duchakingé h$ whbor bﬁﬁd&ﬂ &iffaisioh Sarriers are
ased and what the mater i al and thickness of the
use

A what thegpatedalyand thicknessak theobarsipie layenispansd its drpagt on the
r
r%él%éttcgg’gf ?a%l@f’é s@{)ﬁgtgmﬁar tﬁgb?‘ﬂ 1a% E?Hﬁ&lsfs@é e C%fp (r)ererﬁlfm et al.,
“Mmﬂ\/ccvmpdinent EW n’mlm-llayles miRosc Pr&PISPIEB 5837 (20033 )(Braun™); Feigl, et
(a Fel at resi st nce of EW
oo HeRL | fyisfan rP% EUVgrmluHH VBT nRUIERFS| 10 fek fopggime applications,”
M%&%@@éﬁet Erifl F70ReTS 185600 "8 1 :
i Iet ggﬁ'St s e iy egwtO Efo( Freigh) Ifrﬁ%g States Patent No
6, 396 900 entltled MULTILAYER FILMS WITH SHARP, STABLE INTERFACES
FOR USE IN EUV AND SOFT X-RAY APPLICATION, issued to Barbee, Jr. et al. on
May 28, 2002, based upon an application Ser. No. 10/847,744 , filed on May 1, 2002
(“Barbee”) and United States Patent No. 5,319,695, entitled MULTILAYER FILM

REFLECTOR FOR SOFT X-RAYS, issued to Itoh et al. on June 7, 1994, based on an
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6, 396, 900, entitled MILTILAYER FI LM5S W TH SHARP,
STABLE | NTERFACES FOR USE IN EUV AND SOFT X- RAY
WORRII0GADPBON, issued to Barbee, Jr. et al. on BOTNS%004/010972
28, 2002, based upon an app#ication Ser. No.
10/ 847,744 , filed on May 1, 2002 ("Barbee") and
United States Patent No. 5,319,695, entitled |
Appligation ASERNS} 1467 6REALECROR IR 53P9P3xchin®g Préerifgdot d Japanese

] . on.Jun ! s , based on an WO
aplg%gﬁwgg]f@gg 1%&'11%5%4(/ %%%72 4 Application Ser. No.
45, 6B didcuisses nrerARy of diffdrent XORy refrautive igddxes, dor tyarhysle, silicon
.a Japanese application filed, on April 21, 1992 .
(Siy and Biglyjbdepyip KiigD caliomaiedy ARpRSPAPE AoTberath & R yupgilayer film

cob IR Mo RSP ATY B SHASD LB lor o

bettveed ondh prinof 4djhayelhyéis] Barbeecdinpesmd thin kiyki afomtiaridcompound,
| ybden I rs.anqg a hydrogenated i nterface.l ayer .

e.2 hoHRIC E{Eﬁé%@é}&%eﬂmb%g 1%*%}%%6@4344-39-39 and Biopdo interface).

i i (onft i ,
T AEISE88 o bR ks ESE o B compo

charadterimed 8 havidg Silewnbspiion ey Ed¥eyavelengibs andiisofdl X-rayevavelengths.
conpr i borgn carbi.de a ot.her, carb nd .an }
ThiS R it 8 SBRBrigEe HerRing derd HioME finh ¥ Hetudes a thin

- int@SeF 8t b&bn carbidd\(eva B9 AHE/8 bardd basdd cofnpoivds between each layer.

wavel engt hs. 10 Thus, a multi-layer filmconprising .
The interlaysr chrgeesifie surfefe (nierdang) shemigiey.uwlish gan feswlt in an increase of
[ el 40 ide.q{e.g., . bor .
e BUEEMNIOhRREAT R sBIF, g RTHE BT i may
be preaegRes or helused, fraqtdting it thedeadesired Bifedts t Bysbewhlso Rliagses varying
result in_an increase of _the ref] ectance and

the; thackpgsseef thednwd laxsr fimm jthg Mesog-Si iptgragg, fosthe,pigensMo interface.

' BanéE %Fsb.(ﬁigcﬁlys%is t@%etggtytg% 2 ﬁig%l@é@?gg%ﬁ&g&%ﬁﬂluon-ﬁ interface would

resulting 1n ar bee al so
be dibsou@sesimearwonsg thin thet othihek Sees-Md itterfacdyi oovdvay edue to the

fromt Mo-on-Si i.nterface to the.Si-.on-M.i.nterface. .
depgsfpeobe et of B indhy Mebon g iteifiiec oy hlffae Sipness i
con;lﬁ%ﬁﬂ@ 88 Shatfoftthe tShNBn—‘B{ﬂ% ShtetideS BRAGR HRubds _tﬁ@u@?&"@arbon barrier

.5 times worse than that of the Si-on-M interface; .
laypws\ieweducednterdiffusian atdthp Adp1Si beundarieh do jimpeave dhe thestal stability

C.in the -on-§ interface, such interface
and s inledfal el annt ot B S e IGrcil SL Aoy Braun notes that
noinidl BT tha (de-SBbauidely SeuESeRSHLNE tHS tnterffacedn barRyiR@ tHitkaiesses at the
20 Iagers to reduce inter-diffusion at the M-S

Mayeuni apvmdary and therdwa-Medaundarraandalap that the marplolagyef the Mo

S S (o .
o 5L Db R oS 1 @ T 4 0°CRGh M. 1n addin
Braupunstas yhef miipast b Suitieallayieh dointdtivnf @c énterfacéaroygi@ss of the Mo-Si
_ thicknesses at_ the NMd-on-Si boundary and the Si-on-M )
interéacs yaiEhput a harrier ayer. nBxaun gepaxisAeEpgaRcest Arhad 3w of 70.1% using

Mo??fy S{ulti%ila}JeIasy OT e Fe%ﬂ%tpo?} innilﬁlltelfg%%?rgssb Msn??bﬂ@ eeR/elll i z§nnealing as
of, e.(Q., “carbon content. Tn addition

compared to Mo/Si/C multi-layers, which impacts the ability to uses such multi-layer
mirrors for curved mirrors is also discussed. Braun also discusses the tradeoff between
interlayer contrast, impacting reflectivity, and absorption in the multi-layer configurations,
such that, e.g., NbSi layers with lower absorption in the Nb but also lower contrast, and
Ru/Si with higher contrast but also higher absorption in the Ru layer, both performing less

effectively than a Mo/Si multi-layer stack. Braun also discusses the theoretical utility of
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25 Braun notes the inpact of barrier [ayer formation
on interface roughness of the Mb-Si interface w thout
wea 2ewmeeB | ayer. Braun reports a refl ectance acTXsi®4/810972
Mh of 70.1%using M/SiCnulti-layers. The reduction
in internal stress using B4C even wth annealing as
conpared to Mo/Si/C nulti-layers, which inpacts the
usimpithiet ylayers U %. & U Mo/BUALT of MY&/BI/RU] FIRES Hhdé tRABT¥RMly higher
mrrors is also discussed. Braun also discusses the
reﬂf-?tga@ofbﬁt that theehe sobodimept &jls to aehieveake theongiisel reflgetivity due to
pef YN and ript i ' e ti-laye ..
voilS b T A yer R aRRRR, BBk ahltly Blchlyied by, rffectvity of o

Mol i@ Ruahskirpydratack mit WRe3 Shnb Ukitla b 3Bick 048 CofPRinedSh the Mo layer
and Ru/Si_w_th_ higher contrast but al so higher )
to pipEHt pyseHizeron HethriMe layer.  HeweterpBraus atsorfinds dhat the Mo/Si/C/Ru

o543 B 0 S Bt
dueRCEA iEAADKI004 (9 d2positianssunfcd RiugBndsayien proplagates @oward through the

Mo/ Si./ Ag. or Mo/ Si/Ru, which have theoretically higher
stagke  Feigh digsusyes the dmpaetof eleyatsd temperaiwmesiep 1ap0®Cten the structural

2N h XS] i £ i Vi due  t voj ds i
st G 4 BB G AAEL! Miitaflyl s UEhhetfi we of
ultrbthirt M Clteefiériagers.oFeigl nddoé Giat HeRbhrried laber! ¥ @IntSthd Trmation of
at,. %13. i a thickness constrained in the M

. t
intef fEisian POiBrat IS x A 0 GRRag PERe Mot a9 S tempsratires above,

‘ \vnd - | R 0
e NP fng B SOGIAREE 13l S, AR S g wo 0 oo
Thecfolmet aysestn hevihg altrathih M6y bairiat layers MeBIAR dlso Sipgedted but not
an i ni t%&i My | ayer depositjon surface roughness that
"est&ﬂo‘a&a%l theaerds f%égw sphitutingMe2C i Mo iniageulgiayer system.
- : to 5 t he ..
o LR Bl ELFRA) S AR B frotBRSoBT Wi v

Feidih iYioR@s Shd MIGOI030) SN ey bystéaakiSed bffCloudightytlB® e .7 at that
of 10 ultrathin Mo2C barrier |ayers. Feigl notes that
temperatuse,and even derasaserd wabatt. 7640601 mat i on of

e a3 88, S BEE SpleqBT proE oL AR, gl for barier
layerhand dthé MRt B Ceraetds MOBEhBIlti 9yt 6Bk fRBUWV afplati6ns.

up to 600C. . The former system having ultrathin 2C
barrier layers (MbSi2 is al so suggested but not

tested) layers M]g,ﬂ,aé i FMF y :

substituting M or |igelFaHtr%3 ti lg?g(r)ﬂsystem 15

TheA mefthatanidvappgratis fothdeblis 2€hGial Syt 2 refleetimd fethcabPameEUV

.8 thro 00C according t Fei gl , whereas the .
colliipR 8 20 et s ot herahishmiesoe SR rflegipg surface
conp 3 sl s LBl 204 AN 2565 o

the sgsphd owtdrizh the steoearsknetipd notytvempriae e coatralletieputtering ion
rni.ar  layers and other. potential i rovenents to .
soufff il py PR RO BEVA M o IR et fon matrial; and

a stimulating mechanism exciting the atoms of the sputtering ion material into an ionized

state, the ionized state being selected to have a distribution around a selected energy peak
that has a high probability of sputtering the second material and a very low probability of
sputtering the first material. The stimulating mechanism may comprise an RF or
microwave induction mechanism. The gas is maintained at a pressure that in part
determines the selected energy peak and the stimulating mechanism may create an influx

of ions of the sputtering ion material that creates a sputter density of atoms of the second
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. on Jc;hg tréﬁ%:%oqtrsﬁgl%l Tgtgeﬁsghﬂg Eﬂesln %mo

SUMVARY OF THE | NVENTI ON A net hod and apparatus for

debris renoval froma reflecting surface of an EUV
woabd4@ore@s in an EUV |ight source is discl osedpramiuskoo4/010972

may conprise the reflectingéosurface conprises a first

material and the debris conprises a second materi al

and/ or conpounds of 25 the second naterial, the system
materigl froeh kiecrefiagtocanface tat equabsnirrestéedld tispinfite rate gf thol]plasma

el SHonE AP TSP BRSBTS TR b bne o T given desired
llfe%‘?ﬁ{@@ﬂfdﬁng)%ﬁfﬁééq oriehenatReRu@hced sy E@éﬁptp@& | TBe bdRctor may

mat eri a an ionized State, thHe ionized state
conlyisa gn sHipticaledirtay ahdtaeiemsjsmﬁld il may eeropmst radially extending
t, has a,hi

B TN SN A —

maPbORARINN| THe §fstend tha§ B{d £héait tb Beagorits the Rt edd @hteridlom the
stinmulating nmechani Smmay conprise an RF or m crowave

refleetthgonifoee. r@ﬁﬁm@MHM@I@%m mayrhe penieated taithegeflecting surface
bet é%ils g{ji@)n{tﬁlget tﬁ%%z?ctmdet %cg]anqnagf:hrﬁt\%ng)f}ﬁgelr ?a;f%ﬁd TRe&bHctor may

be 4 §fHeki¥al tirol @ Sorfbinktivh with biaing@gleqt inditi@ice aéﬂdchﬁtshells
creates a sputter_density of atons of the secon
whizh@aOSLEOBSIRC AR 01 selegionoot the Fupmiisriak b mutirayer stacks

a8 ﬁﬁi%lthl'h%a é&g kiatter
I's atons e secon
renfovingy the ll1th11&m$ﬂhdttheefolrmgr Ireaioemgay)n’qmuaéﬂ efditbihnf, and ¢he sputtering
gi ven_ desir life the.r Iectln surface. The

may bt b &quP@O‘g%?F‘i‘ gb@e n@éa@%%%‘a EXcHtd 825 PO or may

conprise an elliptical mrror and a debris shield

whi ch may conprise radially extending 5 channels. The

first mater iBRIEEPE&CMﬂMlQETWHE]BM%N@S i thium

and on mat e ym The s

Bl e e e pPR s 3 s ol g e ot} F B produced
plabi® EUNVEf iR GLURE aebrfidg o ar Bpebildithd piekdid lmﬁham sm may

be connected to the reflecting surface betwee

i gnF1G. oertShmfs schematicelly thetanstptionraftbe Sﬁﬁ?nrfm‘@oller according to
bar r.i be a spherica

anﬁﬂ?gx)an %%Ehﬁnﬁgg?g%&£&§ﬁ{B&aﬂﬂ%b angl e of incidence
r ef FEGY slsdved 4 side Vibwbf ahembydimeht afaraEBVelight abllector according
filter (gty selection of the |ayer materjal for

to #pIOect QfylBe PsesaRidavernsipn lnRkipg Fiogy fpIT i@lonignitiga point toward an

ers G 8 ecibfel e dohaii Rpi hblimEhd e B il i hon
corrﬁ]’:(ﬂi.rmB shbwh iat d:rosmsecaomhlt\mmv s ib¢ embodimentpf WéGbQA along the
i ans %gg ed in the plasnma rather than excited gas

lings 7540 F1§5 2AR1 EF DESCRI PTI ON OF THE DRAW NGS FIG 1
shopiG a3 SEAGIRA hRerhhiBW éhflb(ﬁﬁ‘mer\‘te&ad hofi0 3 gle ITGRABERB collector
for a | aser-produced plasna EUV |ight soufce

accaoding th argaspectanf tlzspressnt mfventiom; pr esent i nventi on;

FIG. 4 shows a schematic view of a normal angle of incidence collector debris

g

management system according to an aspect of the present invention;

FIG.’s 5a-c show a timing of the provision of a collector cleaning signal/current at
RF and/or DC to the collector mirror according to an aspect of an embodiment of the
present invention;

FIG.’s 6a and b show schematic views in cross section of aspects of embodiments

of the present invention relating to grazing angle of incidence collectors;
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FIG 1A shows schematically the operation of the

systemcontroller according to an aspect of an
wonbakhormat of the present invention; 20 FIG PATAISoW3/010972

a side view of an enbodi nent of an EUV |ight collector

according to an aspect of the present invention

| ooking froman irradiation ignition point toward an

enmbBit}. MeRhowé adpleplof @eiig asge dl MGideRccAbRERAN} B varicty of
resent 1nvention; FIG 2B shows a

of .t he
refleptijesug é%fﬁaéa@zlenwaéfﬁleagthﬁ perelaysecs stapangle of ingidepoe of 5 degrees;
I t
ZI ?lg}ﬁ%n a%] ?I\lloexlzée o) 812&? ﬁ%hzﬁ{g%ngﬁé%r ?wﬁe%e fe ec%ﬁé( goern% variety of
reflectiteantfaces angen diavglehgthaof @wende fof 15 degpeLsent
[ [ FIG 4 shows a schenatlc vi ew of a nornal

Qﬂéf@ of SHAVT b AERSTERIO Bietio Pt dBbTlinativenembediments p& 1 pllector
acc@f&iﬂﬁ@'aﬁ%sﬁ&t@?ﬂé}?&%ht i%eﬁt B present invention;

s ba-t show a timng the provision of a
col FI&G t16r shofwsam cdgulstegrmmib@u of dithiumt atoe feF deopdétors. B¥oplet diameter,

.t ol |l ector rror ord 0 an as ect of an
usel i e fhet of PR eu BB SRPL AR RSPt tea and b
ShopIG e sivisCa \thRWRtd NinBQ SST [$Bfinh At 0ARPE ‘htu?rof’ surface vs. mirror
enbodi nents of the present invention relating t

radiys g5¢fabind Hesteating an aspegtelza anghadipemrod the\/@emo mtveﬁlicﬁ%
I t azin
R LT L e T TS L p——

useflﬂ filh Bkiratingsan fspee of ah e@bM@l‘he‘ﬁ@Nﬁﬂh@ PedsBs iRbentidhevance
angl. e of incidence of degrees; FIG 8 shows a

pl OFaianfBgﬁhQﬂSr?gmcﬂt‘i&F@é’at& of melbedmam phttecs 1 Jithiwn sputter rate vs.
mirY(ﬁ'rfa hé’ iPbrdef ?& h&&t A ggy ﬁf’flfea\(fz@ﬁ 'ga%og;ga\ﬁe %uY@Ya? COIP mirror useful in
of or g I shows

ev ance rees _
illuslmmganlaspemt eﬁmmém‘amdmiemmfrthé pregene ibediiopnt of a

VIR | st RGP T Sir O 1 BRRE e MBI tknum with helium fons
usefdl ‘iﬂ"ilh&@‘ﬁr@eh@% d%?éct drap Eﬁbodﬁ&en@éfqﬂ% BlesSit fibon; '

useful in i1l rating an aspect of "an e odi meht of
t hellgr ddeshovisnnemdlisad IeliGn b eieogys abngawithil sputtet yields for lithium,

R T R o S S I —
invamioanbodi ment of the present invention; FIG 12 shows

a cal culated required lithiumthi ckness sputter rate
FIG 16 shows heline fon ¢rentifensiy along syithathiesputtar yaelg ef tithium, silicon,

L T T T o —

I i tFGuiy smm ttalhetiem\vién sputter rates for lithium, silicon, and molybdenum useful

in illustrating an aspect of an embodiment of the present invention;

FIG. 18 shows normalized lithium ion energy along with sputter yields for lithium and
molybdenum useful in illustrating an aspect of an embodiment of the present invention;

FIG. 19 shows a radiated power density vs. temperature for a black body useful in
illustrating an aspect of an embodiment of the present invention;

FIG. 20 shows a schematic view of an aspect of an embodiment of the present invention;

FIG.’s 21 A and B show results of experiments regarding the stopping power of helium
and argon buffer gases against both tin and lithium ions according to aspects of an embodiment

of the present invention; and,
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mrror radius in order to have a 1l-year life with a
300 pair nmulti-layer coated mrror useful in 15
wolbugwza@si ng an aspect of an enbodi nent of thecpuss®ani972
invention; FIG 14 shows spsitter yield for lithium
silicon, and nol ybdenumwi th heliumions wuseful in
illustrating an aspect of an embodi ment of the present
| Nreats opA-Frkiw ABulsheiartharexamimeion béttesappiny povesr@f helium and
along with sputter yields for lithium silicgon, gqg
argomgiufise eangspgaiagt Goth kthiun grd fnaqeqEiing toaspeets obgn gpbodiment of the
enbadi nent of the present 20 invention; FIG 16 shows
presﬁrgﬁollml’ﬁ%%‘l%gh current density along with the sputter
yield of lithium silicon, and nolybdenum useful in

o R e dSREELSN P xR AR hlub e B EE™
" atRRuhAlndy WO M, PUIGEI shail ATHRRABRUMHSS! bl ovbRl broad

il Ing an aspect of an enbodi nent of the present
conéeptientionan EREV Mgl sdBees lecgnsa tasenpiodresdl plasiha JiHY dight source 20

accqe}ajen%%é @.ﬁ{ﬁ%g%é \gf %}{é I?fr %}af }enrbigr}/t%ogllt idﬂbef ieh tlg!g%rglg #H] ﬁa%fg%ontain a pulsed
lasef SYf Qg,né.%.(?fa b BisHRSERber] flg.?ﬁﬁ edimelb4s didéh weer,%.g., a KiF
e

radi ated power” density vs. tenperature for a bl ack
or Aodidipsayspkrating rat highl pesver and highapulae prpetitient raip and may be a MOPA

nmbodi nt of the present _.in ' :
confBHRHLEREY ol B St N5 U o5 SRl 4 625 01,
6,549.85¢ %d!G)S’fEMS(D NThe @efhﬁy'&s&ﬂe,k.@nd sBlid haite tagenjletgs, a YAG
of experiments regarding the stopping power of _heli UH1. }
laseain dFherlight spuce 20 gax also apeindrst tag Rt ATV Ry AYatom) v Gty Oelivering

56O 10 S S LA bl i it
liqdf?ﬁafdﬁiﬂQO%G 109¢R m&y ?Td Geliveredy thestrget deliuery systdm 24, e.g., into
e A XS B 6D O e 5L T BN Sl e Mo

i 1 . i . . .
ne S50 FHO AL OSSR M Nl e B aRSBknied i

moteBeHl Bdkiwt TS Turning nowto FIG 1 there is shown a

schenmat i [ f I d [ .
R s R S e R0 028 S g s
thrdug8H W%BW@O? GhovADGRKE EthnitRer 26 t@sieitadiion Rite uitalintfocused,
i nvention. The |light source 20 nay contain_a pul sed
a

as dismesedsipsnenn demwil kelow in goordinatips withr e aprivad of adarget praduced by
o GRS ARl B 6t Bl e B Rt ety corsom

ray(BDBY)irtlefing plasma/ tehvirpycepainpchiideteristics) indudingl wasslength of the x-
system e.g., as shown in_United St s P terits I\Igs..
ray d1gh praduped, type and amount of debris released from the plasma during or after

ignition, according to the material of the target.

The light source may also include a collector 30. e.g., a reflector, e.g., in the form
of a truncated ellipse, with an aperture for the laser light to enter to the ignition site 28.
Embodiments of the collector system are described in more detail below. The collector 30
may be, e.g., an elliptical mirror that has a first focus at the ignition site 28 and a second
focus at the so-called intermediate point 40 (also called the intermediate focus 40) where
the EUV light is output from the light source and input to, e.g., an integrated circuit
lithography tool (not shown). The system 20 may also include a target position detection

system 42. The pulsed system 22 may include, e.g., a master oscillator-power amplifier
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6, 549, 551, and 6, 567,450. The | aser may al so be, e.g.,
a solid state laser, e.g., a YAG l|aser. The light
weaw4me2¢@® may al so include a target delivery BgSUSR004/010972
24, e.qg., delivering targefs in the formof liquid
droplets, solid particles or solid particles contained
wthin 15 liquid droplets. The targets may be
("MEINADr euhfigyretihduilacigahbeded igier disciedee Msed syfte@- havifgOc.g., an
Lg% |Fter|or of gmihanben 26 to an irradiation site
OSGHALO {3eh Yl #h 80h 2m ampHTipiglaserisysien; 43 wath, eigha wagpetic reactor-
switthddguléd ' i i | ve
system 2d4é(g?%é%§é%nc?ﬁg%hﬁa}%?@ %’2?%1% ?gcggﬁtt%lslv% f8 getgm 44 and a
maspFiaeradiel-switled fulemanheegsidnsad timmercisyitsanio? theadmilifier laser

er, opti.cal is 55 .20 through a wi ndqow (not .
sy@san o HoRE WA Rlie dp vk s Renitprasierond 4t he oscilator lase
sysieth Ualdny 4 PEINS Bewer @il & ' i
yin coording?iog mfih F%% grriva %§$£25§§%3%§aggggﬁggﬁerﬁmmnl
48byThq Plse apyyer sysean veayyinslpde gromza forcreatineg Bsamoutput from, e.g., a

VAL oL Db LI KR Kbl o381 o,

whidiamag bisbiistluds e.d. N8 katgéinbs K aletREbA fRIdbhEsyStent 8Y and a firing
pe and anmpunt of debris rel’eased

Ikght ﬁéoguced, t fde
contr) SYYHB 01 2ens vty ¢-8g 2 daserbeany positiningsysteon6o.
accordin er t arget.. .The |ight.
_ source nggllE gF@E{E p%ﬁﬁ% eﬁléecgé? |52§F1£8r 3. ingluge Bl%rghty of droplet
imagetd @@t 8 ande74that iprovideinbat relative 18 the POGAGIEET 8lthrg@Sdroplet, e.g.,

h i h ligh h
D B L ol e, e
eigsen s At A Ol 0L HBLSS, Fm i

may be, e.g., an ellipt
targe$ errer gam thikecoipriked; imationer @B8plantly drapbetdrasis 3Rerf OF bigerade, which

. ~called int di ate point 40 (also called the,
s tF pRRAGR 4508 IBHE IR SHEmESaRhUCRER, WRh on. o Hupmide a laser
positiemaid@irdctigh tcofre¢tionesigll d. 8Pt tht YasefbEhm p@ﬂg%i)ng system 66 that

i.nt egrat ed circuit Ilithography tool (not's
the dgser Beam poFHYniag SKstem «an aee, .4 Aogentrpbiie tpositiod ahé direction of he

The.. 2 i ncl ude,. e. q.,
B R B B TR A e e b

a diBfeTenRRMMuH AEIR 9 (" MOPA") configured dual
di scharge | aser system having, e.g

chanber ed 9%2 i ] ., _an
osci 1§ YT |/ 483> Syt Rrpimed plengagn imgaing live 76 aeex aligned with a
desf¥d HBfLASy pith (ol | Ghe! rvesM Lghed
e L it P Sl roPI D HE) el B Ay iiim 92 10 e
dested iguiithmositd 26 end thesitmgen4/4oad 26 maRONG, bé aimed along intersecting
n.and timng circuit

. reactor-sw t.che u] se conpressi ) ] )

‘m3§Tgfcl esﬂﬁémg?& tg?‘ﬁ@ rjegs @rg_-@?@’fsfg% Aesieed tegienterywetnatgome point

80 416hS theRRMEECfbe Thd\desiel i dipidd\GreSiSt €m 54 for the
oscillator |aser system 44 and a pul se power timng

monFheotargy deliverynedirol systeedQripl refrionse k@ aesigmy Sk@mthe system
con@?leleg;r(%bﬁragﬁ [aei%?,r gmﬂfeyrgfegs:% pr(r)aé%é)l.f ?ﬁ:elatlérdg%t Qr%\g?erts 54? LS released by the
target delivery mechanism 92 to correct for errors in the target droplets arriving at the
desired ignition site 28.
An EUV light source detector 100 at or near the intermediate focus 40 may also
provide feedback to the system controller 60 that can be, e.g., indicative of the errors in
such things as the timing and focus of the laser pulses to properly intercept the target

droplets in the right place and time for effective and efficient LPP EUV light production.
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YAG | aser. The system 20 may al so include an EUV I|i ght

source controller system 60, which may al so include,
WO.2004/092698 ar get posi tion detection feedback sy®sCemSe®4/010972

and a firing 10 control sy®tem 65, along with, e.qg.,

a |l aser beam positioning system 66. The target

position detection systemmay include a plurality of

dr offuating hcmig@FK} 7\ théze Brbowd stheatatipalbyw fugihet dasails of a controller

rel to the position, of tar et droplet

syohegh BDID thoassgaRy MeTBRDE g HRETE IO LA Eid Gt shown in
t {

FIc. OL '.El?ec%(%'h%ﬁ;ér lﬂgysfetcélggtégg a§ ?fdrﬁ[e{?r of ggﬁ?@gﬁgg%%mw a trajectory

mgmlalﬂécfrmn;the fargﬂrpmhtlo]ln detedtiort &e@lm«:kesystgn, e.gmcbaelated to a system

dropl et basis. then

cloff, SReEDtoiEA Ry 5 S e HOR dUP RS E PABRIE PIRS & clock bus

115y The bbmfiMer 80 iy Qe aWhé-aRivabRaci8ndand ﬁﬁﬁh’g &gteth | BBShich can,
position and diréction correction signal, e.g., to the

€.gl, @ouutsetim qsb@l pbs;h@m of dhestaeget G5 setha point fie SV%@E rtub@aml a target

posi tioni e t ntr
trajggtgpf cglﬁpgt%tdo %r{l 2 8;¥S}n%h cax? K S% %on gutte fglﬁ %1 trajectory of a
targhit " @Ol ﬁns&ﬁ@%gﬁém6ﬁmee afld , ad @rra‘dianme sitd) Qe&p@ﬂas ap@i dpfatial error
of the |aser beamto 20 a different |gn|t|on poi nt

compputatipf: sysiem ek147 shatepn, 6. gg COnpuIte PriEERPATab 7 oh SRl ieprgr signal

I3 ory path
copO% (Fprfs e SAP G I SmO R oL Al
mec Thaicemrdr 60 ntdyethenj e dvidg mhd temposal ero28gmald 40 ke the firing

conti é%%&tqﬁr?&g %ﬁ&ﬁ“ﬁﬁewrﬁg@ﬂz 5% fahs dest e Rpsifiguipg system 66.
Th@ i 91n8 c@hﬁ’&esygtgﬁl 89 LéRPutk Rl ?)?J\E’&é’ toPfeBorBincs R @ idMion 118 of

along”the path before the desired ignition site
thezgcﬂra‘me lasar @%magmuc\reaoyothd pulse temp@Ssion and Expegheircuit 50 a

I th t tr.ol | 60
resiyiaf cBeRRan o S e e O R 8 i pstitncftisker portion
120 eife@s epA bvadiflc rfeadiGiedwitlell VRl ORGPRIMISIMNaAE fi@ling circuit 52 a
correct for errors in the tar%et droplets arriving at
resppant CHESEY wlangnmgneh vtighempgp bothobeshe sauae siggat, asd madeprowde to
a c%?ri “:fggs%rno(\!}pcgl ﬁor?l r?it Hi%hb&l?aft %%%g%% fngag:ﬂgtrlcd' gﬁm-smtched

pulsé @bmpARsibe and tighing biﬂdhtﬂ@ a\tﬁggh‘r signal €30 aidstd a codpebsion circuit
things as the tjim_ng and focus of the |aser ﬁ%{sesto )
porﬁhoap&&%f the,aapliligitlager system germagnetip reactoriswite P‘iﬂwompresswn

o s R T T S a8 SRR B EeE Bl BT G opg mey be

coxﬁputad g padvirdm thd @mpblalt dreresigmml $H0\and Sooime it ﬁlohythe light out
further det s of a contr 60 and t
el RS A FsPeTe B 51 ooL efon aser Gty fhg amplifier

lasgﬁsygﬁng,hom in FIG 1. The controller rmy receive,

e.g., a plurality of position signal 134, 136 a
tr aJT@c tspatial error signal may be provided to the laser beam position and direction

control system 66, which may provide, e.g., a firing point signal and a line of sight signal
to the laser bean positioner which may, e.g. position the laser to change the focus point for
the ignition site 28 by changing either or both of the position of the ou;cput of the laser
system amplifier laser 48 at time of fire and the aiming direction of the laser output beam.
Turning now to FIG.’s 2A and 2B there is shown, respectively a schematic view
side view of a collector 30 looking into the collector mirror 150, and a cross-sectional

view of the rotationally symmetric collector mirror 150 arrangement along cross-sectional
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signal 136 fromthe target position detection feedback

system e.g., correlated to a system5 cl ock signal
wonrowods®3by a system clock 116 to the system PCT/US2004/010972

conponents over a clock busit 115. The controller 60

may have a pre-arrival tracking and timng system 110

which can, e.g., conpute the actual position of the
lindsAARy &t Fla. 290(akthpaghnthe crossyatienalt view veould be thersgete along any radial

[ tory conputation system 112, which can, e.g.,
ax%&%ﬁf@ Ahe actual trajectory of a tar get drop at

SOMA g

ST Fid®A BREIARI LT EARLASA RSl IR E%{f&ﬂﬁlain @64 section

spati a}i error 10 conmputation system 114, at can,
lookmg at thentputc&, avhidnpey die thad-resssysatiomalat dwr greatspigerdension of the

oSSR eS0T s ERAR0) Sord GIBER b 4 i
miR6OV3(HQ0 taE‘ Bot @MRSakar d,g%f ARplctd 9N ﬂonﬂfk@cﬁlﬁg Hféeigfliltlbh gﬂlnt designed

cont r Ol system 64 and the spatial error signal 13
to bhet thesferuhpeint pdésilt wihba gmdgrg‘qoeda eveverHbat theimigror may extend

rofREM B R R RLAESPRL S IR 1568, AR Shov)

all R PAShEES of BB Eirpétdrvples he thePfobeepdimpriesdlisticabiiirdd Iﬁh}‘l glso have
circuit 50 a resonant charger initiation signal 12

an gRertyrayl Sgr 6&cBoWa. tg be giesult 8 Ja R o wélpyew%?fi thsriLPP laser
bea}l%%@ f hﬁ)cﬁé%dgﬁgaﬂ% E&u g%hﬁ% Eﬁ? tt}frgl‘f% B Sifror 50 to the ignition

con‘pres ion an sonant c
pointiR8 |da‘s:1renhtosbegaitah¢ fcduis of thepgllipiddah niierot. h&hs apm’tuse gﬁa Ican also be,

and may, p e.to onpreSS|o Ci rcui jon 126,
e ofmers dilsfed 1o the Bparp pLetfle.fe n&%ﬁ&l ydest ét\f;unt B géqbirements,
if 4l o Qlfgﬂgﬁfl@ $edRdpRBA fakitd thakl rC%H‘b&th?lg oF thé 'f&Ql‘é‘ fof the laser
si"gna to a conpression circuit portion 128

beayh 16hen ampgrifioresite, dmdmgsupemhlﬂypagﬁml system employed.

5" BB LR B AR A g e o

em%b&m!nt 8ftthe %eﬂqnv&@muma dbshspﬁﬁéldfmo My R m&raagf@ﬂ a plurality
error Si gnal 140 and fromi nputs fromthe |ight out

of ghinadaten S%plinad%tq&, ofthim doibeof mebhdenum.cexterding rasially outward
frogisﬁalt ldeg %L Lgnzt oars1§eya§1é1$dr£g T %ﬁaﬁgﬂmﬁlﬁféh&f faﬁfa}l %ﬁghgﬁg channels 184

thrbiilgh ‘[h%Sdﬁbrlb ealeld 080.t The 1Hﬁl§ﬂra€ibn f tEIGn 2AC1<9 ntefyobchepmtieamd not to
66, which_may provide, e.qg., a firing 0| nt (i%gnal

scaje ppchin fﬁaht:w tchannglsgre ap dhinrss qaggwsst t Pt A te foi
plafdyi 183 Yo rfzdd 0 B gldd tﬂlhnEPﬁlaJé g%g{/hah?elg 'wa 96 b J&E ab BEMSof the x-

poi nt gnition site hangi ig el t her or
rayohigit emfutuecﬂl e&qmsﬁhd plesmaffornied wuignitionobf & huigd:takepleB% by the laser

S a i fier ser, at tinme of fire and the
be%%ﬁ%ﬁgg’cdl‘?n?i@?%ﬁg‘&} O’?Fl‘éefgaser out put beam  Turning
nowgkeh fi ééosssse%ﬁo@ﬁﬁmﬁ 2@%@ﬁm§t1§thﬁg\’6f tHeQﬁxﬁﬁtfélé Y& th fhe debris

schematic view side view of a collector 30 | ooking
shieldt B0 dea hecdebwc Acringle radml chamel smgem i FEs 2Bsarst the sathe would be

vi.ew of the r atl tric collector m.rror.
secfidd s rsebtire e b ftFor 10, OUER dhr SouBRonEs st 8 of rotation
of Wdoﬂ@&@pﬂw&oﬁs%nd debris shield 180 within a channel of the debris shield 180.
Each ray 190 of EUV light (and other light energy) emitted from the ignition site 28

traveling radially outward from the ignition site 28 will pass through a respective channel
182 in the debris shield 180, which as shown in FIG. 2B may, if desired, extend all the
way to the collection mirror 150 reflective surface. Upon striking the surface of the

elliptical mirror 150, at any angle of incidence, the ray 190 will be reflected back within
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11 lines 2B in FIG 2A (although the cross-sectional

view woul d be the sane along any radial axis in FIG
waA4Am2dBown in FIG 2A the elliptical coll ecPComns2004/010972

mrror 150 is circular in ciross section |ooking at

the mrror, which may be the cross-section at the

greatest extension of the 5 mrror, which is shown in
the GG chanhet 08has atafiested ray 192cfobwed onhe initerAdiate fobes 40 shown in
FICglliptical mrror 150, so as not to block target

0pI ets 94 fromreaching the ignition point designed
L0 Pemadg AR tb PEUS3 AR s Hwnl dn MerhatRR éﬁﬂQﬁ‘irﬁ&R%cordmg to an

however, that the mrror may extend further toward
aspe¢icof| ant wnbastiingnteof the @sesenm ln‘henélogu iln dhbis enttoidingn, ﬁlhelebms shield

T A R L p—

debais Shichbyeapbointa Re HIsUﬁﬁed-ﬁ'Qmoﬁ dbtail 5&1@\% ad €anbso, e.g., the single
circular in FIG 2A to aIIowentré the LPP | aser

elliptieahcobactoramitror sheas ijKhrsO%@ uslni§isopmbedimestsa secondary
col%é‘fé)? :ﬂ% %J'lgbe a% %b% :hg? 8%%185 X< ic‘h' rﬁQ}b £ g:l%e % o) sectlon of a

sphétieal apiesot at)@, Ha&mgcaeeraém tlﬂELgmltfanBlte 28pi.e., Ith@l foanmf hth@ elliptical
t he ea enera rect angul ar within

mlff?{elgr% a{ﬂ ?V tayerﬂuief Qrfq r the DASES 9? lishé Eigih i collector mirror

1503»%%@ HreRRdiid B IEHE rgﬁ%ﬁﬁﬁtm@;” $). ofhé &ﬁle QF HﬁgSf 150 Rinctions as

| aser 15 beam 154 on an ignition site, dependi ng upon
dis¢ussed: ahoae dif regard tooFIGisst e emd AP wgtledespécttsto raysola0 ermtted from the

il e S St AL RS0S40 fom

ignitio SRPDBSavedy @loth 1RO cBHéétd}emmelg@ whicR s@ﬂlﬂkér e Lattion of the

of thin plates 182, nade, of thin f
Sphﬁmegl traieren 302e il rhei refected) b&¢kl shr@:gh/\ﬁmecfocnisr oﬁtherﬂhptlcal collector

mlrgo% %d' gQ% é&ﬁlgﬁntgléf: %’ﬁﬁgl co filgﬁ% Fg(ga%ﬁl %%grpfnsthe focus
28 6fl|lhe|eﬂ1ptﬁ91 mirfe 150| sked, tiadréfore Ao K fécué’e‘él toshe Bitdtmediate focus 40.

S ic and not to scale and in reality the
It vseﬁ be ﬁgpgelgrtbatgglstmilrpcglg eigth o wikous|the presergg of the debris shield 180

asf%@rﬁ%ﬁqmeﬁ (H‘lethffqu g%%g?ﬁ%?swz can be nmade to be even

i nner t e ch to block as little of
t heTwmingagowi hFI@nd ttherd i6 rshnwhhsa:hpﬂnaﬁ@yf axfoies eb;pect of debris

g Epeh ORGPl EBABIT oF dhe e GBk AMeRlRh 0gg0. 4 Shows
coll%@t‘i?ﬁr nAftof M50 'cghne%%d tbrhescflﬁ'&céf Qiteng @% U@V&l’f%@ rb%i.usce 220. This

82 in the debris shield 180 can be 3een
curreablucan hthamelonc sdiment ¢ Ge p@sentdinyvemisaine wlmh ¢he current

be. t] ft I 1 ect 30
maigfins GE dnsl o Efkis e Rberiife bop g abrals dedpSiidinium. An
altefridtd E6icRpt For tRmL Rbh AP FROME FirSddtlettot SR vk lﬂorklﬁpI(L)K/hellum
channel of the debris shield 180. Each ra

ion |or dtydrogan dow sprttering g htheclowt gpys efitheseeidns,r ﬁm kept at low energies

AR TOE R R T R -

andtdtalnglicon layer, e.g., in an EUV multl-layer mirror fabricated with Mo/Si layers.

Turning now to FIG. 4 there is shown a debris cleaning arrangement according to
an aspect of an embodiment of the present invention. As shown in FIG. 4, a source of
current, e.g., DC voltage source 220 may, e.g., be connected to the collector mirror 150,
e.g., to a metal, e.g., aluminum or nickel backing (not shown) for the mirror 150. The

mirror 150 may thus be heated to an elevated temperature above that of the surrounding



10

15

20

25

30

182 in the debris shield 180, which as shown in FIG
2B may, if desired, extend all the way to the
woabd4@ordsen mrror 150 refl ective surface. UpORCT/US2004/010972
striking the surface of the3 elliptical mrror 150, at
any angle of incidence, the ray 190 wll be reflected
back within WO 2004/ 092693 PCT/ US2004/ 010972 12 the
835 8:88 hehamrgals, m8King sipdhe edritent tod dher EWlEgltfsotme etambert deinterior.

nter shown in 1. Turning now to
Ot ARLAFE 0B e+ 1o0 asPrrdine bo BHerRRiTR ARDOSTENSS of the
invesisd, 6o Bylradiai heBSMELRbmOE.g 2R heAAH) B ishOhm) fﬁeche vessel 26.
present i nvention. In thls enbodi nent, the debr

shi éngthesasrget oisdabois cltaning mhai 1®pm9rat@| ¢.g. an slthWn n FIG. 4, e.g.,

theQEBQ@Jgﬁgzgtog g%? oegg?,i f;ﬂém a %o%g%a Q El;?{éeéluﬁt ot ‘rggﬁ gsg apg an antenna,

shovel @hematicatiarat 2B3 evithén the, chal®es2@ ¢ BIG. ei | InPabiG @ﬁe , as with the
cqollector._ mrror showmn in FIG's 2A and B. In th

DC HeFIG atsB@B Reasqnneeted [te éhfb nmlrref 1180 tarray mﬁtalhea tbacking (not
sho%glg 1{1‘ gﬁu%f&génflg%h th l%i’gl]dc(m A o o% 2 ﬁlé&gleccg)n ductive, material

andt t'mlnleqadi ttd (gmus)idt Eot@fial imay. be fdi!ﬁeﬁ marsth&f bdckeof the collector mirror
15eII| égl 10 mrror égo and with an aperture_ 210 for
G repapaied fige e miFer 11PQ RY 2R iRsHAI%e © € an et 87P: ARG thepotential, e.g.,

DCYR DT §difcd m@ﬂhaﬁ%éﬁfect cleAGHS A hd RN 3'0” FIG 1).

The collector mrror unctions as I scussed above
in Aeglmvm I8, ’6.5az:, foﬂiaegmerﬂlﬁmdtdtﬁ’k@nﬁmn attcmmmyfs 180

the?ffi g s it &5 BB Veuag Ry B e B edfions e at .

3, drldefor h@ﬁd)ﬂt iti@ie & éithe? BiddWEYhd 1o@Mdnené€ Akitie Rqu{et\%énr KAch times, at
150 which strike the section of the 15 spheri cal

leasmdmeeﬁly aler, thejignitipe if @t eemplgteladicougiy thqgiext hecwm@ws of the DC

potél{tlag Hﬁn é Fﬂepx%e!x? gmﬁ(% s{ oghov&g' 1% rél?art fl%%%ga H H.F(‘te %3) may be a
positmrpdtémlaf dtmu@ the8imné of e Iebﬂebtiﬂfd paktioh, pémhpsl&%xts%@i@e with the
t.her ef ore alfsr focused tqQ the internedi ate focus
conjgguous) yoligee) gﬁpﬁfe?ﬂﬂf% &80t Aids annegatiye iptential fpeyeen such
postveRes t he presence of the debris shield 180 as
described in relation to FIG's 2A and 2B. 20 Turning
novﬂ“hmvﬁllt@e appﬂlhé rte the coHestor arihreraso aalmqanam@télelthe one hand,

eviB B el S B 56 RoFh pts don it st gnion
of a&@fée@&%[et OF 5 Lithieh 610&11%%?#4[ bRt SRUerEL. CAlsH %5ﬁdB£ted could

vol t age source 2 current can
be fée‘fgﬂlc edﬁmeré iandatFepNatoh dlqdﬂ@stbaitappnareim; @p., tmlmlfmrmhs in the

o T 5, A5 ol e 15

surfdbe @&dregrﬁﬁ@@ concept for I I thium rermval fromthe
first collector mirror is to enploy helium ion or
hy dFhsgeh is eeartga deran pAecalimbioninplatms ef., efrxsiged Blesifoms in the

Vicﬁ‘ift’f 3£ Iﬁ?eoéol?etctolr N PG50 sﬁ&ace, with the intent that these excited ions in the

localized plasma may strike lithium atoms or compounds of lithium on the collector mirror
150 and sputter them off of the mirror surface. This embodiment of the invention
contemplates, e.g., a balancing between the evaporation mechanism and the sputtering
mechanism, e.g., if the RF is at <500W power (at 13.65MHz, as dictated by federal

regulations for RF frequency sputtering) then the mirror temperature should be maintained
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(<50eV), e.g., can lead to extrenely |l ow sputter yield
for, e.g., the nolybdenum|ayer and/or the silicon
woOayewos2@3g., in an EUV nmulti-layer mrror fabpcTasem4/010972
with Mbo/Si |ayers. Turning mow to FIG 4 there is
shown a debris cleaning arrangenent according to 30
an aspect of an enbodi nent of the present invention.
at gysnesih sume idasifddGeméperaturs and ¢EthefRF dsuimcensed, e.gg.tp >B00 W at 13.65

0 e source 220 e conn cted to the
MR iR Bt R as carsopriesporgicly BEHabeRD) o, o
al umuFHiMe Abw b F16!°s BACKB thaelars BRWA aﬁféf:tstcﬁeen'iﬂdd'irﬁénts of the

150. The mrror 150 may thus be heated to an el evated
presentpayeation eelatmg@ ehernatofe ¢dilector prrongedients. WOs shown in FIG.’s 6A

04/ 09269 S2004/ 010972 13
and {3 Lol o0p 223 iy 8 BRSOl 2 AP EBUS ?fg‘?ﬁs‘fegéﬁ?llse Brming, c.g.,
dlffébs}ﬁb&ftloﬁﬁniaﬂé 8, 0k .; of &h?@al BebparaihI R reflORineShEIBC €21, in FIG. 6a

ba
occur according to alternative enbodi nents of t

panab@mw&heliﬁ 23@ apd 24%911@ gHipdiael shels 2¥yand 369. dhy elhp&catieséa@lls €.,
230 %g&r)zidﬁga%%%g %X‘ﬁ&]mkéh 51*}%%‘3 %ﬁ@eﬁ{r AT gaé%8h£‘?eﬂe§§§§e1&hfa%és 233, 242,

and-ké&sond ,paabglic reﬂ)achhg suﬁhcfdadllm oM OIfheRth@c& sectfdh@ M58 and 260
sour ce of %Cﬁﬂff r equency vol tage 230 and_an_an

may g Gempeiseshal ices ¢ yptaqa zéiecm itiacen @52 ABkg6s 3 PIG, 6B there is
shd:ﬁrﬁm %déﬁ%:vfgﬁe#éb&dﬁe §nt gﬁﬁ]ﬂ}ﬁlgrrﬁl?g p(%%bghge‘éﬂeq %Elc}cé&% 232 and
23@awkh r@ctﬁomﬂfﬁ S:bmpm)smgn evgw,l al’ﬁrelvpairab(zild:i saflectilg eshrfac(enbil and a
shown de of .a su nductl mat eri.,al an
secRB ABEPURF 125 oG 0 ST HER 145 SRR e 4 et parabolic
refle8Gig Qhrfidd@ X0l 8ebRd PAkAbORE rdffecking sufBRANSE @Hdfd @lfdd parabolic
the mrror 150 by an insulator, e.g., an air gap, and
reﬂeh%ng)fmr@nc%? e.g. DC from DC source 220 that is

con e thg %?‘R?éﬂg B@eﬁ Q{(}»é% @H@?@ tnlgﬁg 1o {e ect between

thehZ,IO(D %erc%ﬂﬁoﬁ&lemﬁght tbemtte@ I thdyeniti Mﬁt DagRitlrd Bgtion of a
the tine V\henthelgnltlons occur at tl. t2, t3, and

sphiess framgH§te 539 fremamn axis pivotasiond 10fzenerally glignedovith thadocus of the

cotleled, 35, BT B TR il 2801 500 ol AR bt poneraiy

syrﬂ&@tﬁcrembﬁﬁt}@s‘ atib@f BSiatioh 8M0 ialb. dBY iwag dfftkample, the embodlment of
ignition. Also shown is that the DC from source 22

FIGmGA shoys qao@ancv@epfowéﬁteu %ﬁsera@ilyr?él phthe light igfthe nf@rtlon of the
S REEURAA L AR SHOAPRASARNL SOEAE Mlfhy 5. 1o o cas o

parabglit shedl sectiamtzml ande240erinsidedt orpkhSIﬂrBtVleﬂBﬂ[rfg&ﬁlrfaE& 233, 242,
The vol t age, applied to the coIIectzg}r m.rror 150

and @Y TPeCTRSh oSOt TRisHEediate g 4 o e £ 15 reflesterdoft of the
resﬁe&rve sEdotnB' ?ﬁ@cﬁ% tsﬁﬁﬁ’cegfrﬁqpﬂb?o ?Jesﬁfcéﬁn?t#{lﬂﬁ rfgc&%nctn%lfl @Jse of the

tion tar get oplet o iumor ot
elhp’acajeslhelimahdnscﬁrﬁat%m all .of Ahs dight aptering edclc cudld shell 250 260 is

reflected to the intermediate focus, e.g., because the ellipses formed by the reflecting

surfaces 252, 262 each have a first focus at the ignition point 28 and a second focus at the
intermediate focus 40.

Depending on the material of the respective reflecting surfaces 233, 234, 242, 244,
252 and 262, the angle of incidence of the particular rays, the number of reflections in a
given shell section 230, 240, 250 and 260, a certain average efficiency of reflection will

occur and also depending on the construction of the shells a certain percentage of the
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be netallic elenments such as K, Fe, Na or the Ilike

t hat appear due, e.g., to inpurities in the |l|ithium
woargaw2a@Bopl ets thensel ves and are simlarly gepaskioad10972

on the collector mrror 1505 25 surface after

ignition. The RFis nmeant to forma |localized ionic

pl asma, e.g., of excited He atons in the vicinity of
avaﬁlbbledigﬂt &vll ehteleactDBectidbn 280[ P40 2 50vdridr2 60h eudnthety tas tiiadtrated in

excited ions in the callz | asma may stri
FIG. hh g latr%teérm*lééﬂ%% insisfl B 2l grammEes s piency of
659 199/ is rt]:ﬁﬁct hge%f L REdorPhad Q@aﬂ”a{/é'rgée total efficiency of
surface. | rrent of the 1 nvention

75% 043 %nprefleetd i 13 sbell savtibal2af ek ay a’mﬁag@mhalteﬁﬁmency of 80% and 21%

o at LSman utterin 0
s AR G TR A iR B S TS AP
di cqag, e@BthJ\ﬁd%ﬁaéherﬂzﬁE'H' ahb&imehOhdBhg! fRAWEREYparabolic shell
sputtering) then the mrror tenperature should be

sectianh23d,284. \Mbesoalded 9adions PEY/SeIS20604/, 60 ozt mpze Heghtawp to about

SS%nﬁ tgxge&x?secs)gro%&} gxggafa iﬁfétf or%gg%g{ %gﬁzéd RFcetLho S faay have a first

reflcBiRE 5TAE @328 s€Rh i QEMUATE RGHNcER T atdls @drd dfllebiivigsurface 239.
nowto FIG's 6A and B there are shown aspects of

As eap bgisaemremofIG. K8, eyt 290ricmtiftedh Light Hpmihe geurce or ignition
p01 %n%%rrj (f\ﬁ% %zf:?ﬁo‘i @ﬁé@g@ tsgctld%SZS%heﬁly\)é lréﬂgétgii aS ray 292

be conpose
to thepdevordd tdflective nefice @38 aldl then ieﬂen‘tedgi,s ray @94 tdlthé Ehlﬂhteﬂectlve

surfioe| S0 pory et Fastipd. P54, impiants iy b0 Bl enter the
pméﬁ@l@?&le%fogsﬁgﬁl %6' thEHecailhels réﬁirén%l %E& @B dshgﬁoopeﬂh% and also be

I ptica e.g., be conpri sed
refletted adPelthe festyefléctive smafaca:bﬁm as rayaBlZ@e and ﬁxg sscomidereBective surface

33, 242, d second r reflec n r es
2353 3 oo o ehe BBEY 1O Sk B R pos. 1n the
ca&%fcé’ Ep bhé €fjth‘éfpara%oﬁe shéll sdcBbhg; Alg. FREHQLL40E rHUZFORGEP just enter

and 262. In FIG 6B there is shown an alternative

thl@ m@@n 240 andube reflested il of e dirstinapabelie seftactiag swéace 242 as ray 282

ctions ' Ct | I Si
R RSB L BB SPAEPR, BRIBHS, 2, g ot
raySBZIOﬂldy past @btet U seefidre240 RYbstufleard oIB4f thendcariciefletive surface
236 conpri si irst paraholic  reflecting

244 g fopmscdhny 283 %é’%ﬁﬁsséf 288 of they dhiptical ﬁhrél EGHERSE & gzs?éo a ray
30?29{ ﬁeecf {r%le){nl ec?élﬁﬁ&]l h&lnr ﬁ?&g@%&l %ﬁ%" tﬁ% gfééi %ﬁg% ggg -anFdeteflected

offasfrihe gidigtitad resiﬁchﬁg surffree\ @52 s attheused 8y 309 emhé rayf3 ]I8hast enter the

sheglhetion 23] atGhe opmaie e anrer B B gnBgersedtanedpey 319.

Col [ niR 130 BTG 87 A LRRH MO kR T nd) 38t incidence
refl¢yitp 56r Anch fi6Llecnysy ]@‘eﬁhemam geflecting surface and (2) a Mo/Si bilayer
stack with a Mo/Si 14nm thick single Mo layer and a 4nm single Si layer and (3) a ten
period multi-layer Mo/Si stack, with a pitch of 9.4nm and a MO/Si thickness ratio of
22.5:1, having, e.g., 40 multi-layer stacks, each for grazing angles of incidence of 5° and
15°. In each of the reflectors with Mo/Si a molybdenum substrate is assumed. In the case

where spectral purity is a part of the specification for the delivered light, collectors can be

tuned to a certain wavelength, with some given bandwidth spread, e.g., by using the
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20 symmetric about this axis of rotation 310 al so. By

way of exanple, the enbodinent of FIG 6A shows an
wonbakhormat where essentially all of the |ight pPCmuskhm4/010972

portion of the sphere justiedescribed enters at | east

one of the shells 230, 240, 250 and 260. In the case

of parabolic shell sections 230 and 240 is incident
reflectivengropértisé of,ed.b.catuesgd shislf aﬁl(bécté}% faRdi2refleativdtyendah ar selected

reflected towards the intermediate focus 40, or is the

cenggr S velengibe e-8d i the egrbodppensso 8étanddB.second
r ef thv r 2 r t S.
5 TRE' D Shoe belts® ot an Ao Amb of e | TBCLR  GuedBlS . In this
embbddimefit 4 helléat@‘dssmﬂtly 330 gayasimwisehe.ghel ﬁorﬁ@ﬁpf Zﬁﬂlarsal mirror
efl ect the, jnter dlatef cu becaus
reflefiien Sudieod Ho VB hUHEY Dr 1 SRR akls i dobdeSE sy er stack,

v ol 98ink 128N £28 gandred
T

clliptigrd shiélhspctinng 336, 388 end 340 of a nested elbiptenl ishedl edfertor B3hgEach of

theg el RERaR 20 o ind Pmctivg PR s, 18 R0 thatis on

theligdii€ 6f h 9&pettivedsheliz60NM3 686, FCHoNM 133@(% 848)g., BRGshell section
and 260, a certain average effici encge reflection

2
336/\/maw reerivei theahightarem adepesegiion 330 ofibe sphesicaluairgndds the shell

o PS5 B BT RS AR SR o 2

andthetshelh sebion 326 Qccezd tialihd Gﬁlecfﬁdlefom hadentrélortion of the spherical
dllustrated in FIG 6A 19%is reflected and focused
mifrer 3He| | section 230 at an average total efficiency of
65 %l“h& LR Sedtfhb %@B%@? and JRCHIFDe! Jbaﬁ:‘&%th SembitRRy&*8f Mo/si
an average total ficiency of  75% 43%1s
rat]nafthmﬁled:onvemimahlﬂy pwpbiedrthi2kGirafle hryexaoyﬁaRag Actaotlalg to aspects of

enc f 80% a.nd 1% 5 is reflected and focused .
an BRbRRI SEOERTOBEBV AR bR Bheriags Suer-Lepht BPhDg spherica
miRbr ;ﬁﬂdo/éne ih@actPEhellNOWYS o shRllS BAAAS BN gt@fm}@@écﬂﬁ@suﬁé&b N grazing

two nore parabolic shell sections hese
angehjbctmentabomsﬁrm}d $8%,\e8, cap. k. $eencfr<nmIHI§é& Treode8.| T can, e.g.,

to abo 850/from he axi s ot ati.qn .
sighigaii) AR €t ACUBUTCEL TR ey SHagE Hof FUP radintion, e
asshﬁﬁﬁéaﬂfa’t 8. 531%1 rtB@GSs11%37bané ﬁ@?ﬁ‘ﬂ%fseé gqﬁ laVWoRb-fyBE Qonfiguration

and a th eflective surface 239. 10 As can be
renszenrvef}r mﬂeEﬂl@ fcﬁ‘B)oth 1@ Snmaamhylmﬁoatdfot}eﬁf anédsP |gMng angles of

. fromthe source_or i ust e
incileplp oV persrb Mt etk Rberrinb frdh o 3belifice, Bective SSatings, as
r urface
e A S bR RO BRI 1
r ef rl“he hbmee descmtﬁealoemtﬁﬂﬁnaﬂaﬂobshmst Hawe thef spatislquirityayf, 226.a grating
ust ent

specgp %ﬁ{ll f@ﬁreﬁy Bga DR PARBOT G T oY ar%femlr?éfe a significant
ad%ﬁige é&ﬂvﬁ‘? ding! ﬁx‘éséi‘@au]e?l befiheahé CE@{/‘C rddiatiof€over the other

ctlve surface 237 as ray 320 and the second
solotidhsgegi, \a@rmgﬁilm proposed in the art.

A lithium LPP EUV light source according to aspects of embodiments of the

present invention, could employ a solid stream of liquid lithium or a lithium droplet
source. For a droplet source, the number of atoms per droplet can be calculated and for a
solid stream one can assume that only material within the focused beam constitutes a

droplet at ignition, although, from a debris standpoint adjacent material in the stream may
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237 as ray 304 and the very end of the third
reflective surface as focused ray 306. In the case
woR004®92693 one of the parabolic shell sectionspPCeg2004/010972
section 240 a ray 280 may just enter this section 240
and be reflected off of the first parabolic reflecting
surface 242 as ray 282 and the very end of the second
alsp dsrabadtiris, paticealatly nfsteuckfaclewas ehargy daer fadiatidB3n tlenskirts of the
ano_he% 20 ray 284 g$ just enter the section 240 to

eneggy digiributenal tedogs Crd88®nd reflective surface 244
as -
e, OB il S0ty b v o

size matdhed té thenfocheedi gpaint, iboth fypenef taeget sowte eat be comsedered to have

shel I . secti.on 250 .and be refl ected, off_of the .
the e e i SiEe £ E0 Py G SS Yy 75E 0008 g, the droplet is
theRQRendpd a ray 318 just enter the shell section 250

at” the opposite side as ray 308 and be reflected as

focused ray 319. 25 Torpjnrgimaly 915G s 7 and 8

there is shown a plot of grazing angle of incidence

CalceFatiag tevitmber aff afah)s pershoygttefollaye froRutheateisity of, e.g., lithium and

reflect]j urface d.(2) a Mo/Si bilayer stack with
lgIrﬁgn %Wwfgﬁ%aqge?eww ayer and a 4nmsingle Si

llayer and (3) a ten pperiog nubti-Iayer M/Si stack,
with a pitch of 9.4nm%Rid a*®y Sthi'tkness ratio of

WER i G e Ry o UER TS | Do o

the reflectors with M/ Si=gogplybdemim substrate is
droplet . oplet L] . .
assuned. In the case ‘Wiere spect¥al purity is a part

whefe thbeirspec tfalfeddri i9Mnf @htifnBRrIiehd VRS Rduktin@hhass is in grams. The
collectors can be tuned to a certain wavelength, wth

nuwbereofiitomn i theddionien isther givendydividing thsi digplehmawby the atomic
ma$POARRADTTH Silehing AL BBede 10 ref!lective
properties of, e.g”, a nested shell collector to favor
reflectivity near a sel agedig)center jwayel ength, e.g.,
in the enbodi meM.gnGt 5 , -9~ sdins
aspects of an enbodi m¥fitsimodon (AR QEEXF¥ 1 nv&ntion. 1n
hthi ‘_eang% Nt a col | ector assenbly 330 may
WEtS PW%%%me.ga,mguﬁﬁ?Tion of a spherical nmirror 5

refl ecting surface \332, _whisghgmay3 besan.normal angl e of
i nci dence nulti-laggﬁmétggﬁ,ngfF@@fﬁﬂg the |ight

whefeQflt aBehidr Y thd8ropBiid 0 nBRefls. 280tk th@fder%[ﬁeigdiameter from
three nested elliptical shell sections 6, 338 and
ceriffetérs tamieremeregivépt i cal shel |l col l ector 334. Each
of the shell sections 336, 338 and 340 may have a
reflecting surface Bass =368x1869dhatdt-s on the
inside of a respective_shell 360, 362, 364. As shown
i n Ehesnugbeg Pga,om%@ersmplpt PR éwp%t) SE86iS SHOWR B gﬁl% 10 Also
- drght o f ] j i :
shiwifin F1040 st (HE Rl bF £ ohBibhdds Sontalieah 1 # Bgle 40mj pulse.
Thé 4Qhij plilse rexamplendssuniesiaeli0ds semterdon effidicieyptoedn sietadians and a
mrror 332 and the shell section 340 receives the
40Qmigaser palse e dhe gumbeinglal 3t PhgtopuperiPylseds SivpR by:

spheri cal

_13.5nm OpticalPulseEnergy(mlJ)
Fhotons g (€V)-1.6x107° (mI /e V)

{7}
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mrror 332. The shell sections 336,338 and 340 may be
coated with a nulti-layer of Mo/Si 15 rather than the
woaouaatdsenal |y proposed thick single | ayer of pPRUNUS2004/010972

According to aspects of an8enbodi nent of the present
invention two reflections occur, e.g., one fromthe
spherical mrror and one in each shell, e.g., for

whesd1@lel 13518 pRGtof | dhbliis 8l 6Eef Iléﬁtrengmsgmlﬁmbﬁsof mtotons for a 40mj
grazing angles between about 5 and 15, as can be se

pulserio 72K A, grm HunTHrepletas ope fthium gteynifes every ﬂ%rSnm "photon.

uce as 0
Norp&ﬂ il é:ﬂuI% dsgume Egﬂﬂégle& {ongg%’t?é %&g iy %Em%gﬂel‘glelr : nt. This
assiRARn FuIAINBR e oF -aCsmalleh dﬁ)p‘ifwdiﬁﬁetémﬂh@n GQFfri. gursadallendroplet
remain very reflective for both 13.5nm and I nm at

diathetehcem lmmppﬂa.gtr becangy the gﬂegmorsagq el lithivee depgséiquggtes, €.g., on

azin ence reflective

the %@iﬁ“ Oﬁé’B{a §ca %??g\%ﬁ %@@&@d&pget a%llsl:éé‘gcan be nuch nore

sel £ghinv®s 1R BRed & hy lidiomn@cdvery, Heeordhny® ai@sssiblbadpect of an

enbodi nent does not have the spatial purity (I)
embpdientjofdhe pwseidetantipnpthen P@k@?’fﬂ%r@ g a@e 4" Ybé%%e "B lithium is
v BPRE Tt bF BBl per b e EIRE BT AT ARl by way of
exafdglé dﬁ@bﬁidrﬁﬁteom ahde dotyluyele, DAY, theireswdtingmgss, usage is, e.g.,:

rating filter, proposed in the art. A |jthj LPP

ﬁlagﬁh]?ers eMagaoRE" ﬁ@sqc()m%%@ﬂl!{hbfz“é‘ﬁ{fiﬁ’éf #&Eﬂg/ Bt B%V{g}

the present invention, could enploy a solid stream of
iediquid lithiumor a | |th| um dropl et 30 source. For a

dr opl et soug}\?{assf %feagm “} gp_sa ons ﬁﬁr]ﬂfz%et can be

cal cul at ed FﬁP‘ﬁne can ume t hat
t h t t L
ool BOEE Tt e AR ) SR s 1o

exaﬁi&@é’l isketn ashagethiwmatrecdvety tunnidgeat kifrawithraydid@let diameter of
04/ 092693 PCT/ US2004/ 010972 17 also form.debris

SOppareining air160% tust eyskekionp B waeldgpnsiEep, 623 arains ghabout a
12. # Ei&e%gvg e réﬁth of ::_ntlm %H"RES d e(gelgs ?gg{qgwpo 1&[113%%{)nd1%10ns would

coﬂsﬁmg‘éﬁlyr@lglg%arflﬂ)r ddoet 05QRERf HgiiiGe t o have a dropl et
size matched to the focused beam both types of target

souAsmiming ﬂm thaahﬂn@mrchqplpb ongw beaterl bydhes laser ol @FpleéPandS in all

dlr%;n%{%] g.mxcg rIR’t%h@%x S{{ll@g% ‘éff asg‘ﬂg %ﬁh%& ‘of gﬂ@ AR Brom the
las&Hdrpplet 1I{ter&ct}on p@@k Q’iﬁnﬁidnnsitd)h eT]iRJ ﬁhﬁlfoelobf atoms emitted from the

droplet follows fromthe denS|t of hi um.and
intqraciionmeint pengscond is thre Bumherof, @;oqlsh]ger (glirqj;gptétm? e repetmon rate:

Total Atomic Emission =2.43x10'°-d3 . -RR {10};
where the droplet diameter is in micrometers and RR is the laser repetition rate in Hz.
The atomic flux (atoms/cmz) through the surface an imaginary sphere centered at
the ignition site will be the total atomic emission divided by the surface area in
centimeters:

4} e - RR
Atomic Flux =1.93x10° —B% —— (11};

sphere
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10 Mdroplet - dropletPlithium{2}; where plithium

0.535 g/cnB is the density of lithium such that:
wolnepoatos= 0. 280 ddroplet {3 where the dropl €CT/US2004/010972

dianeter is in centineters 1&nd the resulting mass is

in grams. The nunber of atoms in the droplet is then

gi ven by dividing the droplet mass by the atomc 15
Thegesultige Tluxtis inmmitenef atemy/emts. i Gunil shows theanteyof lithiatamdux onto

| et 1 amu {4}: _.atonms - Mithjum atom (ajqu)
the BB e Bt i i P il SEgaEo () 25, um. )
8 G AT Fo R0 EERAMAEL SHl reptih b B | RPRUEY oyl
dr opl etdedicameingin highmmi26 elodtivigt ﬂresflnﬂﬁx {@g il;i_uﬁﬁmt @S the mirror
[ .10 Nat o = 2.43 x 10 ddropl et The o
S“fﬁ%'ﬁ\F(rg%P: &€~ a eoﬁ%““egg‘?d by dpe SPURE81Fs Og E@BP@E cg-zeaused by incident
helBROWAs! M BddRiod FoMNoB8 misRP Wtink ik Goudd rhg othx‘rJol%ﬂéﬁﬁﬁl by these
" of 13.5nm photons contained in, e.g., a single 40m
sansyy leeZe, helivpeiony njuspthien deananypirdera o8 mmesitadel 8tver than that for, e. g.,
lit nversion efficiency into 4t steradians and a 25
lhﬁ’g%rrj | aser pul se. The number of 13.5nm photons per
pul ke teguiped Mo sphttdr3rafrG¥IRE ifea!aRlss@IRAGhaMsM ) | {fdlybdenum
Photons - EPhoton (eV) . 1.6x10-16 (mJ/ eV) WO
to ithiyum,0o 2643 tpaEvhiess (e 8 1opeap lifetBnevfasrthe mhidti-l@eBanated collector

. i s 91 6 The resultin er of, .
i S PR ed, B g o lcs B4 o A TR Bk i 300 teyer
paidd| ef..eto tms epostor bf,hd.gmtled @iﬂél,tfml 1%1‘3‘1@1?] yetliﬂﬁle'éﬂé'ﬁ_ ?trkq!dloébmfortably
e
cfTee R 00 DL ol BT MITEiBh relegiviB | o Asuieed is a sputter
rate@ b0 \hed! $8icBh ﬁ%/égai £1is dhoal %gl‘%i‘alﬂgﬁ Gh t;?(?rn g?eoei%t fRetal, e.g.,

smal 'er drople I'ameter can be 1 npor ecause
molyhderium layennand ds paonddés 4 idgligibie@osiibution t6 diﬁf&irrcﬁ.lﬁeﬁme.

on ,the lector optics, scale.as the cuhe t he .

o A o lor B g Bt TS Sy and siion
with ﬁM@l&Mderﬁﬁpﬁ?&j 2% h BiROSRhRhG 288REHE fd}fsaﬁ“i‘ﬁcfial erosion gives,

enbodi nent of the present invention, 'then cal cul ating,
e.g.e33p nmidianglphdenymi gragien béford ¢rtd-ofitife for this mirror. For a 1-year useful

life, the molybdenum sputter rate must be below 552 nm/year, i.e., 1.75x10”° nm/sec.

The lithium sputter rate in terms of atoms per cm® per second (equal to the lithium
influx rate derived above) converts to nm/sec from the thickness of a monolayer of
lithium, given the atomic number density of lithium per its mass density and atomic

weight, with appropriate unit conversions, as follows:

3
AtomicNumberDensity = it (8/ 07 {12};
g

1.6605x10™*
Mlithiumatom (amu) )
lamu

where pPiithim=0.535 g/cm3 and Miithium aom=6.941 amu. The resulting atomic number
density for lithium is 4.64x10% atoms/cm®. If this number of lithium atoms where
arranged in a cube with dimensions 1cm on each side, then the number of atoms along an
edge per cm would be the cube root of the atomic number density, 3.58x10” atoms/cm.
The resulting monolayer thickness is 2.78x108 cm or 0.278 nm. The number of atoms per
cm® in a monolayer then is the square of the number of atoms along an edge per cm:

1.28x10% atoms/cm?.
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gi ven by the nunber of pul ses per year tinmes the
anount per pul se. Assum ng, by way of 10 exanple a
woepgtoiordsen rate, RR, and a duty cycle, DC, thecT/us2004/010972

resulting mass usage is, e.2.,: Mass Per Year = M

droplet RR 60 sec/ min 60 min/ hr 24hr /day 3

65day / yr DC {8}. 1i.e., Mass Per Year = 8.83 x 10-6
dzophehumbBRatoldS of 9.4., heus, tehved bpIspiitteting et s¢cond nust match

m croneters andtheresultl mas |s in grans. For
theﬂaﬂ@s(%g@enan Eguatiom i (Fhupdhe pumberpfraenplaers emenpd ger second

is % ktglat%l@”lﬁﬂu}? rﬁ% ‘%Hlnﬁé q}ya@i@tégl{m% u(rfsg)[g}cl)ln '6?192 ﬁ{ 3 monolayer.

Thigkaes ranowﬂaam mthe]rﬁoﬁbldzyet eémlmcaill vate tiofes the thm]mess/bf a monolayer,
dropl et diameter of 25m under simlar conditions would

1.€consume only 828 grams or about 1.5 liters of l|ithium

Assunming that the Iithiumdroplet, onggsieRLEe: &Ms,tcg?s)
O—gH-r-eeth OnS—Hh

the atomic flux will fall off agumbér@é&‘&ﬁ@néM"F‘H@yer(atomS/cmz)

di stance fromthe [|asef{t3droplet interaction point

(ignition site). The nunmber of atons emitted fromthe
Usmgtt@ﬁ%lilﬁ%fﬁ’fb&}lw ‘per second is the number of atons

Rl Bftiss ks oyal it STy e LB o gl ) 1)
mﬁftﬁ%@sﬁuﬂf a@%% niﬁﬁtzzn %%}ﬁﬁﬁh Sx 20 RS B Ff@ 113&5berts to a

repeltlo e atomc tlux (atoms/c
reduired Uighiutohehicknedsaspettanrategralyowi ity FERNEY, dorcthatsemed -dtdroplet sizes,

the ignition site will be the total atom c em ssion
rep(qup@%(g B@‘i)ihﬁ@cg fface area in centineters: 3 Atomc

Tisi¥e L%ﬁfﬂ:ﬁ@h edd fRalsnlll dropleB BB AR X\@lrge mirror radius.

2004/ 092693 P S2004/ 010972 19 The resulting

Othawiise, theireguired sautmmatcmbeqén@ infptacticalvs t he rate of

it Frafted ioRais? aphiiF ool bty 8o Somplid BLing maximun
alléwed (H&ifess PuttkP Qatdmf&rlﬁolyﬁélelﬂﬁgfﬁ% aﬁﬁtaﬁl RearacoBltter lifetime. The

repetition rate and 100% duty cyc In order to

dateein 16, i 2digieskiintodhe mapdmury liawed mRlYbRemI spwer rate, 1.75x10°
ol AT S ZUGAE S g iy o
by i nThelguéstionds mhiat isofeeded to addietd molybtedurh (spty.temraﬁeoﬁt or more

Ilfelrreth sputter te of nol ybde by t hes s
ordszat maggitude g e (e BN SPPRRTFol5e. BngoSeEERel Gy lithium and
mdmgféhﬁlﬂd@heﬂ A¥Rked BPRelfRions ¢ disSusded, e.g., in W. Eckstein, "Calculated
Sputtering,  Reflection and Range Values", [citation to publication?]

, June 24, 2002. This sputter yield data versus ion energy is

shown in FIG. 14 along with data for silicon for ion energies of (3) lithium into Mo at
Eth=52.7 eV, (2) helium into Si at Eth=10.1 eV and (1) helium into Li. As one can see, a
properly chosen helium ion energy will result in acceptable lithium sputter yield and
essentially no molybdenum sputter yield. A problem can arise, however, from the fact that
one cannot control the incident ion energy perfectly. That is, the energy spectrum of
incident helium ions is not a delta function. It is the spread of ion energies that must be
assessed when determining the deferential sputtering between lithium and molybdenum.
There are examples in the literature of RF Induction (RFI) plasmas which create,
e.g., an ion energy distribution that is Gaussian shaped with, e.g., a FWHM of 2.5 eV as
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lithium The required ratio of sputter rate of the

first and second netals, e.g., nolybdenum 10 to
woi200#092q93i n order to achieve, e.g., a 1 year PCTAISRI™/010972

for the nulti-layer coated 2ollector mrror can be

cal cul ated, e.g., by assum ng use of, e.g., a

multi-layer stack wwth 300 | ayer pairs, e.g., so that
diseusssd, ag. Qfm E.Hopwbdte "lor BonabdhayeEnggy rbls{rﬂﬂmeﬁs an a Radio

still ortably effective 1 ood airs, |
Freghincy IRGHCHORTNSI: hABPIGITTEISE Loite Vol @b Nes QUi 1, 1999), pp
4%9 ter rate for the silicon Iayers that is nmuch
gher than that for the first netal, e.g., 15
nDI Yhelpeaknof thy rrserargy distributprnossandeg., e pdpisiediviitteproper choice of,

€. gm PEP{S}Pb 4112{?]?}{%01? tglg(? hgivél{ Srreaqlrulrf%eﬁggﬁﬁ)o o %fs%logaa;l)eag ion energy of 20
eVIMEYRRARYS A e HidH §RRer MEIHTof RidiR] iR ﬁﬁ*&hliéﬁekﬁé‘seiaf&y BElow that

nmthick, such that 200 pairs for sacrificial erosion
of @uem«slybd@m@ sputsp threshold. ripIEJGd&h dhere igiovm dpfop ofnormalized ion

e ST e Bt 255 2 i RS 20 o

FWHIY 88125 ieVe along. whi ke @pﬁt’f@rsﬁélds 20r By lthith, UB) silicon, and (5)
sputter rate in ternms of atonms per cnR per second

molybderum dOnth ean jseeh thamthare preuxery few bpdiuny éensawisly epergy above the

mog\‘?oﬁgﬁ&{g %Pﬁt?erqme\gllgoﬁdt Egrﬁgiégﬁl%eh%lgg e? é%tfﬁ s?? trﬁmg@eﬁéﬁﬁrunder these

conditidtisutymiess cdlwlmf;gst}ﬁanﬂux Wi aﬂﬁumt mms @eedudi @hﬂnamvami tthe mirror
appropriate uynit conversio

ns,
sutfies rileaqueth BbER s3tpgps = l‘blqoﬁﬁﬁﬁnﬁl’("&e’l yaeg@ﬁ%f {02 sfoms per ion can be
BT ALV AT o SRR e o of
nearbxuohstangithivonsmuttenyiskt  density for lithiumis

4.64x1022 atonms/cnB. If this nunmber of |i th| um_ at ons

where A %ﬁgﬂ' . Eathigmaihia (ateansy/ cr@ns)o ach
si de, ?%@W e nlllJler%%}Sq% gtOTTSpLﬁJ(e@YQﬂd{atonﬁjgﬁl)pe{ﬁ%
woul d be the cube root of the atom c nunber density,
Thas, Sixtdlitnatomndehsiny mudtie 5 gmes thenglueoefdithiper inflok dknstyshown for
.S 2. 73X10_%‘F§§oqi 0.278 nm The nunber of atons per
vargs Gepdiigns,L yer then is the square of the nunber
of ghaReliahPidg 1ﬁﬂu}@@ge§&€& 119E8 atﬂonzf?(ﬁlgﬂh@e bATBIrEdH be the bare
WO 2004/ 092693 PCT/ US2004/ 010972 20 The nunber atons
migifyung, agsymings ¢z ithe lithivoy é@bswt quSttmerfngﬂ)p@mfmjo nkh this event a
elnfuxrat nin Equation.11...,.
nigfe Lot S flE oy bordorbis e P st S RAS R tiigm do not
deRAv{R| OnOthE hethérdnd)X othef &sédr&'hdi@ Haty shidven tHatiey ejeétion of material

at ons Pp cn2 in a nonol ayer.
from an LPP plasma tends to travel toward the laser source. One can, therefore, e.g.,

arrange the system such that the laser illuminates the lithium droplet from a direction away
from the collector, or through an aperture in the collector mirror that causes much of this
debris to not strike the collector mirror. Thus, the total lithium load on the mirror may be
reduced from the total theoretical amount striking the mirror.

Knowing the total flux of helium ions and assuming a Gausian energy distribution

with a peak at 20eV and a FWHM of 2.5¢V, the integral of a normalized Gaussian

distribution is v/27c® where o gives a variance of the distribution related to the FWHM
by:
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Thi ckness renoval rate is the nonol ayer renoval rate
times the thickness of a nonolayer, 5 i.e.,
wohiekms®s Re noval Rate = Monol ayer Thi ckness( nnmpPCT/US2004/010972
InfluxRate(atons / cnRs) Nanberof Atons
i naMbnol ayer (atons | cn?2 ) {13}. Using the values for
[ithium: LithiumThi ckness Re noval Rate = 2.17 x 10-16
- Lithium nfl uxRate(atg)rTE(FWIqm)Q s) {14} 10 with the
resulting units of nnfsec: itl8uminflux rate
shown in FIG 11 converts f}@ required |ithium
t hi ckness sputter rate, shown in % for the sane
3 (K=Y I r dut
T R S LG i ok
droplet size and a large mrror radius. O herw se,
densitp of be]him eahs spgivewbyr at e can become inpractical. 15
The required thickness sputter ratel,forI lithium /cag
BEKERIBAISihche (BRY) ST, Abypuet ileMASYSIaIFDeY )7y
rate Tor nolybdenum e.g., for al yearé/,g(pw}qm)or

lifetime. The data in FIG 12 divided —m-ff—@Sre—
2105

maxi mum al | owed nol ybdenum sputter rat
nl [ h in F 13 f th 1-4 d t..

Tailfls B oS pEe 25 pioh roblel vihch tsy oGl BT T &t iRl efium current

deﬂ(%i:?tmdsﬁbé‘ 884210 Qorfz/cBFs PefeVIRA &%ﬁﬁwﬁuﬁtﬁé Eoﬁéel o{f ?Eﬁxﬁols lithium

mgre 20 orders of magnitude [ess tF ) um
atogys(ent’er Thag belivkh susput density idestribition (1) dshplottedrin FIG. 16 on a log

o

s VAT B4 0 o AL TARR i 54835 rng i

emPeichBg Heefiniabd sphange/idlalof€s) lithiveh,t @) islitohOand (6) molybdenum and
publication?] , June 24, 2002. This sputter yield data .
theypredue qfdhesenBinglionsstimes dimionncurrent demsity) oAgSuiptisinglytheneficial

resiog this 5 Jhop S AL B8 slivet Henidy; B R HBuARe R 51070

atofrbjenife pktieV (not shdvin o\graphlg an dircradibly smal vibes. | In fastpeen the peak

S B ST Rt 3 et A5 e DRl il el
%/ihgil“ﬁe iReRL0bF BILE §utRE :délt%ﬁtiég%i/ &l ‘hefif@Moh ré‘ﬁelgggéétgives the total

one  cannot contro e incident [on ener
spypter fatet TheseTintegrals aret shovwaresppytivgde @s dashedfcurvesdil Hfomtlithium and

2) f)Il‘ %1&%11)'6 ?fg?bélegnt aingﬁ?attea%lfg et Iaé)lg@g Igtglasllsmt% E%S)S{ % i® gt%ms/cm2 S,
mattify WeNlithBurh NiafdR  @fee NtIhg! inftHidE kilieen ?s%wlae Bersity s LM 7x10'°
e

and | ypdenum  There are exanples in i tergfure

atonfs/oRES) ndibe tintsgratedimolpbdesivs spie essigatie, 1.16x1§7")" afems/cm’s.
Th%r_%%rf& r@f@%ﬂ%l%&ﬁ%&%&fg%@g%@%ﬁ%@ggg lﬁﬂﬂ&eaq'e % icRV that, e.g.,
les®GEekdSEO M 61128162 mirror need be employed, e.g., many less that a previously
anticipated 300 base pair mirror concept. A single molybdenum layer will last more than
a year under these conditions and the assumptions of this sputter yield model. This
performance could be even more improved using a debris shield between the ignition spot
and the collector main mirror or main an secondary mirrors, but the debris shield, as seen
from these results, may also be totally eliminated, at least for a lithium target. This type of
stimulated plasma induced ionized sputtering of debris from the EUV optics, especially for
a lithium target, as seen from the above, could even allow for use of other target types,

e.g., a moving tape or other type of moving solid target system. Helium ion sputtering can
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21 discussed, e.g., in J. Hopwood, "Ilon Bonbardnent

Energy Distributions in a Radio Frequency | nduction
wol2eswm2693 Appl i ed Physics Letters, Vol 62, No. p@r(uskoainio972

1, 1993), pp 940-942. The eak of the ion energy

di stribution can, e.g., be adjusted with proper choice

of, 5 e.g., electric field strength and helium

be Rfa@pSLSRh tIBY iCRRARIEN e 1BhiGm atdmp E@kn thercoteaogmiredr a2@ sufficient
eV, the heliumions have high sputtg yield fgr o
rate|while spritersig mpkrbderaiealg low engpel (ater &y qreaier tha | year lifetime.

rTD| I d =1l E r i . .
sho%/é%‘gtgﬁ%éng? %§%P ma iﬁy;:ekgé'i gﬁﬁﬁgn%xﬁég?ﬂugf téidtgrgi}%u&%(i)cncs)lrﬁler(ei1 in the
emmndithée of dg pesheinvankich losing fiscissare aincs,cad. chherenidldyedithium ions

fong‘f‘r;%é ggﬁ?i/ gf?lgislg wqﬁ(?r; 'Sr(slgr)%\f&(%l ‘i?({:] gwget ﬂ)dtth?%) 1? (%Brtfaege, but which
will'B ¥RAsNE B m@f&gu&&glgaggsrﬁm{d WA EaREIBraV&T thviRV¥hB Shit e surface

ions wth energy abo the nol ybdenum sputter )
with hrsenihal cdergyalistabetion arethe heliwp donser Thegliterapire misioyeeidemdata on

nder. .t e conditipns requit.es calcul.at. t.h .
o S G BB EEHEOHL. PRl B n PG 1
in e RER 1RhieANatHthi34. B icWaRing Wth e GRIAS hdfthalsRutlitkium ion energy

_yield of 0.2 atons Elgr. ion can be assuned, since the )
disthibiitioross whreusetl S thp helion iens. Hea salenlate theomelygrenyng gpytier density

within the. regi. f. L t g i :
o4y 5 O g S Bt ASGRHAL. gl & cactaion for
heliubd (Eguatioh | 18 (inioast tlean@ha) thelfm}al lithum teflude Wil (et dowever, a

/ ion) Thus, the helium.ion densjty,_nust be 3 ti geig N
conseruativg choicst woppldhe Aotah kithim domictipilun gaperaige byyihe L8 signition

didi . | . . . . _

oS0 LAl ok o ERGRE U Sud BHS a fom mivr
radiéma; 19.8812@)1?11'111?'&@ :ibns&ﬁ@zf rmrangd be lirg:iderr]lt be the mmmﬁmﬂﬁ realt lithium
~ deposit perfectly i.formy. this event a higher
iontcytrant depity tsr/ -9@%19%@1% lqr@/amqﬁ et o\ ith thepsgiRBHen of a 2.56V

wihat s d [ h'ﬂ&%:pl v : :
F han dSplr %Jtdﬁ%r ﬁlrc félfseren!airog)h‘l;‘er S I"1S:}y/}{eleﬁs’hv(‘)’Hv\ﬁ1 ?J#g%bl%eﬁggb}é}l%cﬁ%gf yield for
molybdeming rand| intdgraied arvet AR jphasmeagitsngises @ totavimblybdevunyl sputter
the | r urce., pe n. therefore, e.g., r,range .
densig of 3 ST QLA 1 KIS s Teh Baheh it B Top Bet Hgrbut sill
muéi, Rt ohEOHA (Y hRGEARdTORYnRaF bLMBeRNgifE 0l | ect or,
or through an aperturé in the collector mrror that

cau¥bs molididenimspivger drabity svitholithim éansi daa hengonverted to thickness

collector mrror. .Jhu the t l, 1ithiumload on the
losg fats usﬂ&%/g]%léauop%&%@%‘il%'r E?ﬁ Tﬁ@%g%}% t heoreti cal
PmAERYR /@Y i King the mrror. Knowi ng the total flux of

el iumions and assug} ng a Gausi an energy distribution
Mméhy fidn=e Sftladomat 1289%V0ahg a FWHM of 2. 5eV, the integral

Mo%ff Afomi@ I’I\Fuanlﬂi)e% %jeng%y = %i.éﬁ)r)]cl 0%? atoms/cm®
Moly Monolayer Thickness = 2.50x10® cm = 0.250 nm
Moly Monolayer Atomic Density = 1.59x10"° atoms/cm?

Thus, the sputter thickness rate for molybdenum, when attacked by lithium atoms,
is 3.99x10°%* nm/sec or 1.25x10"° nm/year. This also leads to the conclusion that the
above noted beneficial results of the sputtering plasma ionized cleaning of the EUV optics
by, e.g., helium ion sputtering are still realizable even with, e.g., lithium sputtering of

molybdenum.
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30 distribution is 2rc 2 where ere gives a variance of

the distribution related to the FWHM by: WO
waQex2693 PCT/ US2004/ 010972 22 2 (FWHV) 2 { 26Y/US2004/010972

41n(4) z The integral of a&4normalized Guassian then

is ~(FWHM , so that the peak current 2In(4) density

of heliumions |imglven by

Pe é’m—ﬁfdlﬁw@% lrbp@frﬁ rSsuly iSoﬂi@ recqnsilsrasion efithe previously proposed
use '?"g’k g 4 a? ﬂ.ltﬂegnuﬁt)é (éggﬂ%gzl,g%}ﬁté‘)f Oeléqhe rrﬁ_ll'flt{ 'szé%lrr%im Ag)ruﬁlemum

a’mrror i us
cappiihg 14)e€ s bbén ssadetol plﬂéVﬁanIéVt-assﬂ’edsomdatmnsQf ﬂne ﬁrst silicon

3.38x1015 i ons ers er eV in order_to sputt
layetin YgRORG EERoK: P Uiioo e BHEIE Ao surly SeBPR E§ Siion layer

rath%eﬁl%h 1% e‘ﬁ)ﬁéﬁlﬂ#ﬂ]tl%}%? l:{es]:%usb $hé |n%l‘§r&1%nhﬁ BL& wéﬁldoéihlékly oxidize

I con sputter density and
oncd Iekjmsem te pobinesir.d etasplicyntsabefore thiet dbove mabrs@aleggrdmo sputtering

BEECEAE A NI SO —

th}f URES, U b %ﬁﬁe&;ﬁﬁm‘ A5 164 & Nhycd 9 Silickn wduld be eroded to expose
surpri’singly beneficial result” of this analysis._ shows

the ﬁlmﬂasteh of m.%d@punt@ra tisheniuy dappingdayed de aueid; axidation of a first

lay&‘rn 3@1 n‘é‘ﬁa’l tglre%érogﬁh vf%/gfa%%sgﬁﬁg %Beﬁglg\ghgrosﬁﬁ rate of

mol?bclldnﬁﬁf‘ afdut digfladefeticd 1b® ¢1osi6n treitalfoﬁnﬂliéiﬁtﬁrﬁ aows for use of a
wagnltude smal l er than that for lithium_ The |nte%1
ruthghivptheanpingplayerexperied iq lass s ag uzafyl 1ne|of fhe pépor. This results in

no ]]%%e rg{hgsﬁrgﬂl tf@ﬁlctoﬂt Ald n% et Wyt \ngxrr% 9@1@5 whdl 2Foc i:)sputtered

IESPE Shown respecti y as ed curves
silido@ratdrhg ﬂmgttmcamd arndXo $xddation problemsiwittFdnGxpbFed Mblybdenum layer.

ThePuiigy GBS NURGERIHE: ST o PO GHES SRRsctogfg be similar to
thatI Gf %1@$Q@lshﬁgnﬁ%ﬁ§&ﬁrh£eg% Yerl Soficl ek 1Ban molybdenum,

he 1 ntegrated nol ybdenum sputter density
JBHMBwiohﬁdQQMﬁﬁ&iatons/cnﬂs Therefore, differentia

t {
crainimTRE Botyef Becen g ERaOR isired sHoll Tk Biabfa gt or near

the Bﬁﬁ‘éj sifact hh BY 88lculBted by d¥BRMingE8.5., &mfevéryﬂfeﬁuhﬂbﬁ ltyat is created
anticipated 300 base pair mrror concept A sing

striles| the ¢elentor mirear, which widkundesgstimatmihe raqu@éerErm&\ier but should
g1v%,iaxglso§d% Iﬁlgén?,ﬂxﬁe erS]tlmEll!%e Egcshuﬁ@ﬁﬁﬁ) oh ﬁfat ts&ik%s %Qéj%lfé'ctor mirror

requires 24.5 €V to ionize, and according to the above example of an embodiment of the
present invention has to have an average kinetic energy of 20eV when it reaches the
collector mirror. These two energy values times the required influx of helium ions,
9.40x10" ions/cm’s from Equation 15, gives the plasma power. Converting energy units
from eV to J gives a minimum plasma power density of 66.9 mW/cm?. Multiplying by the
half the surface area of the 10cm radius mirror, 628 cm?, gives 42W of minimum total
plasma power. Assuming conservatively that only 1% of the plasma power is effectively
used, the required plasma power calculated is 4.2kW, which is acceptable, especially
considering the very large area over which this power can be dissipated. This estimate of
plasma power compares to the previous assumptions of 400mJ per pulse at 6kHz LPP
laser power, 2.4kW of laser power and assuming the collector mirror subtends w

steradians, it will be exposed to half of this laser power, i.e., 1.2kW. The thermal load
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performance coul d be even nore inproved using a debris
shield between the ignition spot and the collector
woadm/0aBor or main an secondary mrrors, but PCiAIS2004/010972
debris shield, as seen 25 f2somthese results, may al so
be totally elimnated, at least for a lithiumtarget.
This type of stinulated plasna i nduced ionized
frompté TPP 8 Gidflardelihé ﬁlehh@m&xﬂl of Bdplaghi @&am@gp éldieadukry of the two
for 6 a I|th|un1tar et, een fro t he ab f
povesF s 314Ny TesHling an @ DGR eIenpisy @%t ¢ ppEer of 63’" Cma “Applicants
| 5 et
belEDY (B, 4 RBfiecls RERGL ctpREd B RN Soiop B G tensity s easily
cooRﬁiT /eL@Z@ﬁH/MﬁQ@h&ml&§ alvagahe hagedt theahirtdraor betweemtheegrounded
5 i.thiymatonms fromthe collector mrror at a
shigl @pqig}eetmrrorr ate while sputtering nol ybdenumat a | ow
enogGhe hRkHa fp%‘\'zvef' @ffe&iﬁlﬁ?tiseﬁlo}é“ﬂ& o9y eﬁ‘l%n kikef 13tdl PBwer densny onto
Sputtering o bdenum by, e.g., lithiumions nust
theahistor feondp AiWemi gmalring ktepossiblsdp Mw\@ﬂy ¢ded thermaireass according to

AR PP GREAS, ORGSR B BE oy Rl B . e om o

blablt BSEatWhsdtaliR: T oiv@A6Y the optic surface, but which
will "be available to the sputtering plasma and will be

accel erated toward t e S67xIdY 23Tt ffd8F with a similar

T L
u t [ ' :
plo %%ngﬁl ]i@nm%ut %gé%h#%%ﬂ It | %f?_nfﬂa(fc‘é\?%@%éﬁ 31~§ V%%atlbgﬁ%mé all (.)f
tms(;\artctidehg p?wmormﬁmlcoalmg df)ﬁ ﬂahlar?ﬂe%tmlm_ mnmrgqpptﬁr_f_ to be required in
i stribution as or e heliumions. To
ordenfoRFF YR f“ﬁ@g‘?‘r@v’\@% Eﬁy #%er density fromlithium

t heThQliAd ndw &@F}anloqnerle i ;J.Hé%vn"ﬂﬁsstch&ﬁatlfd%ﬂg’ﬁn W:hﬂﬁ@ and method

this calculation for helium (Equation 15) S not
accotding todraembédimenitafithe presang invientionuforupdlaimieg daveaged &UV optics,

l,d t I
et B S DY LYSHBRINER. Bk b B o R e
surfets ad. & OBarbdn aittlort &%@%ﬁé@hb%ﬁle@fwlﬂcﬁ mafncdime foai, ead
a 10 ecmmirror 15 radi us, 88x1015 | it hi um i ons/ cns

con,tmmtl% entgEng tetEHY, plasmarﬁhamber orfrrgm spEtepiagier phetanigemoval
ﬁo}n@gyeciy ﬁﬂ'{gtnéﬁﬁq etr ¥?ﬂe%tlze gg&golagec{}hf %W%%f‘f(ag theEuv

ass 1on O rea
appaidtiusl Al carobe e lthIG \20i aghotonblisemilcail dleqningeij)phlyitusM@O may

sput t ield_for_ . nol bdenumadlnte ate qver,,
inclule aeci)@wépwﬁhgr R A M L o B 3g1,dmg 402 that is

ad ?)E%&iﬁﬂo?%lcpé 3lle'éﬁt?§ FO81 e/ &%‘8 %clJc{é'dsmé}sbéTE %h a@b%@ 'bf photonic

el tTum i o
endrgyyerg. t hBOV hightrsatree Aémwmmefwtle@mdlqléag Jlgf4012313ﬂ lthe light

I|f The e tte ensi t h. lithi um.ions
o R BSE R R SRt A B
froFPAdih P& dZat Wodds of TRE cHMIKRAEP e iBABIN sitd2& dBEERE above,
such that the collector 404 is irradiated as if by light from a target ignition site.

o

According to an embodiment of the present invention, e.g., the chamber 401 may
first be purged by the use of nitrogen provided to the chamber through N, valve and then
evacuated from the chamber 401 using gas exit valve, followed by the introduction of a
fluorine containing gas, e.g., molecular F, or NF;. The collector 404 may then be
subjected to irradiation by the light source, e.g., DUV light at a range of A between, e.g.,
160-300nm, e.g., from a K1F excimer laser at 193nm, e.g., in a MOPA configuration for
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Moty atom 95. 94 anmu =1.59x10-22 g 25 Moly Atom c

Nunber Density = 6.40x1022 atons/cnB Modly Monol ayer
wohetles®s = 2. 50x10"8 cm = 0.250 nm Mly NMoneCagseo04/010972

Atom c Density = 1.59x1015 2t ons/cn2 Thus, the sputter

t hi ckness rate for nol ybdenum when attacked by

[ithiumatons, is 3.99x10"64 nnVsec or 1.25x10"56
highrﬂoy\@aat abpht 40 W,Sm'th :epuise tepeﬂitﬁml iatratlabeutatktizh dthis ¢’aa serve, e.g.,

to nat@ \{ﬁe notgﬁ 10& %g.ﬂglu%rlmet %Eﬁgglbhg 1a%tetggr - e g.,in a gas
pha{se| Which icOf theR bk le@hdvattd Fddn fHel dhhmbeedo 12%1%0%@@5\%(It Ralve 420
e.g., lithiumsputtering of nolybdenum
undey 94eeIguROFEOTB2004/ 010972 24 An addi ti onal
bengf i gi on of the
or e\%noagfgﬁ'laugfg 3?’5 krF %)[5‘\'7 %gfltf s%ﬁﬁ:% cg;ﬁfcﬁ:;el, € @nCOWeE%ISBY ﬁ‘séallable
DUNayeiip, @1, @nglDUanmp] ti-| ayer mrror. A ruthenium

cap Iayer been proposed to prevent
E@ﬁg%ﬁ%@m@%‘i alrthishnessestaf abeyt 30 jcpybep gtom deposition on an

r )
SR, o Mok U 0L SRR v s
100 !dypxmﬁrmnb}l’ abat 1406c Susleldvhls ofttiglhenofddpayiearewaptaled to be

I di d t air lica
rengiBied ot 8-l G IR SreR ST P dRRent i Abgine with
sel@t&%ﬁrﬁgnti%{tlohg‘ EndEHlY 2800 feforiRdd FRRP beEUQldh%}ﬁ 18 a %e?ected time.

multi-layer mrror termnated wth silico
The piesessaoilsralschemplopeepi¢nishing the dluodne suprly wnth\m:gals dloecontrol

valF RS S BB g B E3tod SHE g OGRS Bl B cleaning
processl ayer of molybdenumif that approach was taken. The

super-slow erosion rate of nolybdenum and a simlar
ex péephepntohprein@ioqropase acqonding {q AeaIpash aflanembotlireny g’éthe

pregént ?ﬁlj\ﬁhﬁ&?ﬁﬁk %ﬁ@BQA %a@% Itglx:ﬁg ﬁ1 %etulged f%st% {‘ngitl- aa/Fr

use mrror s resu
reflebting inirsdr staayeto hdlp smpiovethe therthal stabitieyl aﬁcDreﬂ@dStI\bity&if odlg.,

Sl B o o S K
smb&hfdss 0%5e&hﬁn59gt L Béh‘?ér‘iae)gi 'ioﬁb%e & m aYi’bfthlltﬂ te'%’ dLMb/Sl and

and heliuny alth expect ar to
perb&psmiﬂdeSnumtalmmgd:lm apprépeiatelevlast tatspgleacy @l egl, d3 5 nm light,
s .to be deter.nined

aPH AR HTHRES DSt OhiBiarifTEgon PR Elay s COBBIingg carbides Selected
frofitHé ERYub %Bm@k@ﬁﬁ%r@t NBC, Sra 'borlﬂéke e QD bRl HoAf e GRIUpAEB,,

cal cul ated by assum ng, e.d., that évery heliumion

NbBpatisilieidey selgctad from the grpmesommsm@ZrSthhslmn&mmdes BN, ZrN,

Nb%ﬁ%&%;;. Otﬂgrd such e{yepsa ctmel 1nc Sludé %uﬁr%dsc%l:dl strbntgmtl compounds

and/or these metals in pure form. Among the above, the carbides and borides mentioned
are preferred due to the ability to create smoother diffusion barrier layers with such
materials.

According to aspects of an embodiment of the present invention applicants
contemplate multi-layer stacks, including e.g., MoSiy/Si, Mo,C/Si, Mo/C/Si/C and
Mo/X/Si/X, where the first two are MLMs where MoSi, or Mo,C is used in place of the
Mo normally used in normal Mo/Si mirror coatings, with no inter-diffusion barriers. The
other two are with the so-called inter-diffusion barriers, where C refers to carbon and X

refers to a suitable material, including further compounds, e.g., the above noted borides,
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give an order of magnitude estimate. Each heliumion
that strikes the collector mrror requires 24.5 eV to
woam4a9269and accordi ng to the above exanpl e of PamUS2004/010972
enbodi nent of the present 27nventi on has to have an
average kinetic energy of 20eV when it reaches the
collector mrror. These two energy values tines the
disi][lieﬁlai;,raﬁd nitfifitd s thé mﬁhﬂeﬁﬁlﬁ.i Nilttl‘ides%ﬁe &rﬁéimgz(ibéifeﬂreﬂl&hbmtﬁments
rom Equation 15, gives the plasna power. nverting.,.
accaidengglp apptiasts or grereditivgion bgirige Lyssitn H}Wlﬁ%f%lﬁ&m%dmg to
it B . | dol ling ¢ :
e B B el AP NS s BT oY, T bl
"Hegpit vesistah2dd DR oS inMusin/$iotmd MopdigS rmuptdegsn sofssraprinrigors”, J. Appl.

copse R that only 1% of the plasma power is
Phﬁf?ééﬁ%élpygﬁljsed, the required plasma power
cal gutigh &ds hizh4radPMenth 16 BUVS vARQLRBRR iﬁaﬁ_&%’&fd @ fo¥ a buffer

al i
30 considering the very large area over ich this
gasfomehich artrapsmdisiosiof 20%dis rafivessntagive.nBesedon the partiabpressures

0 o ares to. the.prew ous ,ass tions of A400mJ
reafied o FERRGY Stulgingept e Blar: BufRt BB g fisPmisuay would be
neaPIPVIR0YRNA passlatHilctdin@lal1hRe k@ifad¥ dould comfliseéls., G0 coating

steradians, it will be exposed to half of this [aser .
paipsdngiead of the normap RO\pairse Thehestraeanains yepld e tiopngwdbe plectivity

PCTH,US20 RP_i.s Si t
o RO e 0 Dk T e s e
layérd@re QOd&Y Bvays With k\800mak whition the sputterpatsetiffetental thgtvamen

..the mrror_ of 8. .6WcnR. Applicants heligeve that a
lithewp piad thsrmigior pepd ot hsse dighghal 21gle mprrer layerlasty e . months
[ e .
o B8, a8 SRR bR b0 I BRI A RS Son
cantbestuseimddand the mrror. If the plasnma power

ff Jvity i, [ 0% . t.h t he t.otal .
den b egcal Famgppiing Srigh 68 Sngthiecip L Ngork o2 LiEL
Li(%?,z 'gdgbg et daftHadd hehing foRb i fkedd d1'600°C 8RS RE IR HoPbe

"S law of radiation, which states that the power
evapariital feein pler mémerarkheset@ild évenrfoan ibtatin bases; ead., a crust over the

.Le rature .T is,given by. 10 P=5.67 -12 T4 {18}.. .
B P e o L oR SRt iR co e hOSOIEL Y SRyl be
spUtRRR Bythé Spuitrikg %T?pla%h,‘é%,‘ contahifg RdohPed Heatokds, ofmay be
tenperature in excess of 500C woul d be required to
sputteridetydithium igself inthe farmeafdigh spsedlithiurg donscmid\atoraneip¢ted from
of the,collection, mryaor a ars to be required in
me&l%?g}a tp%t lg}p&ggnqnq]}gﬁeggfg{l?%&?fgge-w| ti-layer stack. 15
Tur mhe gputRWrdt®rdguired #dsthhdtead bfthehighimmedepssitionabuld dk nyuch
an apparatus and nmethod according to_an enpodi nent_ of

highpreingindd &V dightsearas than thediteraliraindicatss duiraigetly poagticed, e.g., in
modBdy! cféﬁ()sition and etch machines, which is at lease part of a reason for, e.g., a
combined approach to keeping the, e.g., lithium off of the mirror surfaces. According to
an aspect of an embodiment of the present invention applicants contemplate using
evaporation to remove the bulk of the lithium while employing a very light sputter rate to
remove the inevitable lithium and carbon compounds deposited on the mirror surface.
However, even a very light sputtering plasma impinging on at least the main and
secondary reflecting surfaces could have the same beneficial carbon and other lithium
compound removal properties. Employing this idea beyond the intermediate focus, e.g., in

the illuminator reflective surfaces and also the projection reflecting surface may also prove
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e.g., those that have lost reflectivity, e.g., due to

deposition of material on the reflective surface,
wWe.2004/092@B bon and/ or carbon based nol ecul es, WRCThSREY/010972

cone from e.g., contam na¥ion entering the EUW

pl asma chanber or from sputtering or photonic renoval

20 fromlayers of the nulti-layer reflective stack
bengigiaby remove f¢tuistthatdhagperisde esch thet lithogtaphy mphzflattig surfaces.

.can een i.n Fl 20 a photo-chem cal .cl eani
I 8 R RE HEB D dop ek R s OR e (o pdpnd
spubterin@iind Ry be sifficieatl§ M @iitRis thBé effediviel 9 402 that is
adapted to hold a collector for cleaning. Al so

i ncPerfsgehiihivseandeligium gompounsis alsmg e biiwn eisatsrd diom the

' ' e WM T || ect
plafingat Sot 0L ol i Efscl udteduln e 69rs 5} Pl fngers tnot
shosm] chathinkd én the UV lighoulte ves@hite. & ounkefodhbfeooMiad. €S water
i ‘iht comng froma pojnt source at the focus of the
cooles s gHateexgending Somghe tsisls vellsot i vessed aadet abbg eptical
patf ?Igﬂlt ﬁlg%uéc'&ﬁ 15 W HEEAEAA b, | rradiated as if by

roma target tgnition site. According to an
enbldtherease ofife.g.hién ps theaotrce plearehi i mayehegpossibleao abgrhaera

b5 oF BEQnt6 e SCRAMBERR 7 AR POV ETReRAa< e i o
hyc?%%’tfn%sﬁﬁ for ORudiRe tHehRMB&br ﬂloaltfiﬁlgh&? ll.g’?’ss_oﬁf‘det %(?’%%n has high

owed by the introduction o uorine co I ng
13. 3219 trapsmyissioppnd thelresultiipy SeHNRSId Thpuroptd awdyoathed tharmmdrapped on

n _be. subjected to irradiation by the |ight source,
col BB B 5

t a range of X between, e.g.,

160ABPaRs Havexanhin6dN edp. HhE s@¥FinBRoweRSEleltin dRBABdN against
e.g., .in.a MOPA confi qurati o%p?org%\?\l) 2004/ 092693 Sonag

bothtinand liddumdams 7Ehe rogilisiaghshonmein FAE. 2bband Bo The twotgaphs have
t §: fl t . i s, :

B LR 2, Eipe S oot sp T PRSP s

distaases dromaa banceplhana,abspecvely 96.Sfcfh, 6¢.cth and 32. B c@asith solid being

hase,. which.c then be acuated fraomthe chanber
helﬁl_a?g‘fﬂfﬁr S0 eRd beiag agsqrbu Vi hioyes W6aes for liglyupn df
2 J
prefiulABRRCE Bt seali AulcapPRtd Mslane KiTo i ih ubigpuld fl
appreximately. en topafkadhl ot/ | anp. Appl i cants expect that

DTS D e e -

powethang@UGR fofh bRehighs biesitire ARRM! 1ith¥rA Bsh Be stbpfddWith less buffer
deposition by about 14% Such |evels of thickness of

gas dlegpdin. t And, scalgdiocthe true gvasking distanco vban EPBepllester. (~10de), the

LC fhective.surf .under treatne
LA R PR b S SEbY SRR LB R B b SRR o o
tin. adiavexdnehane fiaddve aaely thé sdhd/atoimihinaés) bpicafls@&p&4 that the

time. _The process could al so_enploy replenishi ngr t he

reqyiregdiutice peesipe forg ianon LERwauld alse batn the range of 10mT. Such a high
buffer gas pressure can present EUV self-absorption problems for xenon and tin. But not

for lithium, both because of the lower buffer pressure requirement and also the lower EUV
absorption of lithium.

In continuing to examine the stopping power of a buffer against, e.g., the fast ions
produced by the LPP, using, e.g., a Faraday cup to collect and measure the ions at a known
distance through a known aperture size at different increasing buffer gas pressure this

Faraday cup signal decreased, giving a measure of the ion stopping power. The results for
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val ve (not shown) to nmaintain, e.g., a desired
concentration of fluorine during the cleaning
wonroses9315 Applicants herein al so propose aceardiSng4/010972
to an aspect of an enbodi met of the present
i nvention that other types of barrier materials may be
used in the nmulti-layer reflecting mrror stacks to
tin Iaﬂdl hth'nlirp rag/shotvebel dve inBIG. t22R-Ei fPYGSmmA ahd 22B ishd)wyhe raw

Mo/ Si reflectiv st ac t
Farpilty G it RS °§HPSH38?1Y B ong fﬁhl ot EEIAIC M D these
f
SeFBEHIGSS B ity 0ot gl feAE i,
FIGIR thb Sic2 und@ttmsmcngves hmplamd ‘v)sp mpaetseuﬂe edmlascemroduct of the

5 |

bufger ARt e toe i i 03 Bt Aap Ppinpef B9 bedgdifum
coms@pﬁs@n§ RERE Qp@llsscﬁlla {saf apf)liéﬁﬁlst\b@s 18EIOMP last graph shows the
conprising ZrC, NbC, bori d e.g., selected from

Farafley Watmbuffem?*m@dmﬁwb@h sialang didumy bheing shout the
sorfl, R ol Pkt " pflioinG et Fis SuflabfE A ph henbbysis was not

really inidabuifingSthé@ udk Bfions tafied by thORRaddytSip2butdidléal wihassuring
metals in pure form Armfg t he abgve, the carbi des and
thewmr@ﬂe@tlﬁﬁ ﬁf theriens bysthe byffer gasy scaligd clestrom gapgpsel byithe tags. If

f,
e i o
bedah& '@m ﬁﬁgmhavena{ tangdr etecapp kapgtaretcgossesoct anthhmtithium, especially

BBt oo 90 VBR80T d ) dnfasdompacand; e am can, at

. moM— B 3%1%3%0%@ TRy st%%%%&éﬁ%gﬂi dhonas F1Gf 22]1"8"&11 l%bconmdered

nor mal | y used 1 n nor Si mrror coatings, wth no
an pwerestingaté fithie buffongasistoppingTiprover dn that iticam bane bmtetrrthamfée value

cal |l ed |nter di ffusion barriers, where Crefers to

pre? %@@W@ﬁ Pefers to a suitable material, including

fur Hﬁ%hg@ﬁé@%@ﬂ)‘é& vaRiefof the k@ Eﬁﬁ%\?@w&%%e Q@péﬂﬁﬁit o¥can
2004/ 092693 PCT/ US2004/ 01097 disilicides, and

calglateithe Becgssarypressurmefargen uffovges fojadensythe sellactaremigror lifetime

to m](fée Eﬁlé?esf fsgegigg Wighe resﬁ‘]lg %%H@née?wgﬁ%%ﬂ ahd fE’f‘éI}rbuﬂt by the

barry ef ayers I'ca

ElAL EDC}JI whithtreportxitiaatione niudtiddyel htirrpr LA eisteroded dout every 15M pulses
Mo2Si / S d b .
Wil enoR S 2P P AR B ONBPBPCe NIBECES 67 asgHmnabe by syflectvity of a

md}@i—é@’gk ﬁ%&&ég gE}{ m%ﬁ%’cﬂﬂ cf 48d untdl 1048 T airs alpet}x Evgcia the ETS

I um ha I gh trans ency
coldriarminmk bad & lifeingoafdl SOM palsest an}mrdnixbfaa'equlmsenft of 100B pulses.
resentati e Based

ich a_transm ssion of 9 % i

Thisjegdiad i OpgSigR dd arelieph BGhOOE] It BRSIR FAtE FpES oary. On the
plot MFIEIRG P& EﬁiﬂuB@T&f dppro}&hhtd 3k 1®CnORSuld be required to achieve

transm ssi on woul
this level of reduction. A Worklng distance of, e.g., 12cm gives, e.g., a need for an argon
pressure of 42mT. This also can result in the conclusion that lithium is the better target
over, e.g., Xxenon, since for xenon LPP, a buffer pressure of 42mT is not very satisfactory
due to the strong EUV absorption of the xenon caught up in the argon buffer. For lithium,
however, this amount of buffer pressure is no problem for lithium absorption. Tin may
also be satisfactory, depending on, e.g., the vapor pressure and evolution rate of SnH4

from the surface of the collector mirror. A relatively large buffer gas pressure seems,
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nearly 100% A possible collector nmulti-layer surface
could conprise, e.g., 300 coating 10 pairs instead of

woheosvozayal 90 pairs. The extra pairs woul d noPCTMSR@H10972
the reflectivity over a 9®opair mrror, but instead
these extra layers can, if required, get used once the
top layers are eroded away. Wth a 300 pair mrror

therefpws, tphet a wauirementivhich deads fathesenclasion thet kOB BAR 2o
a single mrror |ayer
targefq] 2t %‘ay &%‘ By T%u}ﬁﬁdgﬁgﬁm A b %%St | nst ead t hree
co !Alp@hbzﬁlts Bawg. alsoaﬁ:t@mﬁﬂeﬂ tHét&vbla}f&he pitotisemess bfiheting the

mrror erosion that §§n bfe ﬁ i ned. th| um
colegtarieBestive VAR HampAEied by i e hg R Piicsial Penk Fisnogsged
need%%ﬁ P&‘J/e e% d% certhintthickirdsSH. %LS(?%g &b Gut:10GAShdIRNEs, b%fore

nts i n excess of 600C7and thus may not
publéshagd @&hésedf wiaponpxtelmrmm realized, h%eh@matedalg@@} lithim may be

hardEjauerparai e A e ShEpaeflS miag acxlRES i bfmivance

of sa! fa)/ﬂlﬁk%tdf\llﬁilum% BOnHRUL §ulfa86k BULERSS5D) laha abéit @0%3 double-
asma, e.g., containing the ionized He at oms, or

passbm thapsucharlejdsr oy the mirkarrwauld apf sigmifieandlyfdgtragtdtonn ﬂ@wverall CE,

R R A A Y e e

benéfﬁ:‘iﬁ 11'i ﬁﬁt‘t‘ itrn%il Betabid RYprafeerttle 6blldche rhirloh fram e paslaighoof high-
coul d be nuch higher in an EUV |ight source than the

speed;lithivm atpmsiandiangt dbis lghiupplayen wijl fgﬁ%ﬁﬁr@é dnsteadpf thg |,
m de It h [
AR 00 T £ S
sucH @pﬁ)@@mlve Gayehand ®©tiglayet, beduussroditS vary highEURY abswrption, would
surfaces. According to an aspect of an enbodi ment of
0 ﬁbﬁé%é@éﬁﬂlﬁimﬁ/ent i on applicants contenpl ate using
%F’l%ﬂ?{ﬂa?fhe sPuttdr %\f of i@y |aga19§t rﬁcﬁ?bde'nﬁ&' iy ﬁld(‘!ﬁ'lés@ than the
oyrng a very I'ight sputtefr rate renove the
spuﬂteigfveld abkendni aghmstrma]wtidmnh @rg cforrmmdglﬁelp@mdt léfGVc(lﬁhe sputter

he mrror s even a very light
rate%f?&fitt‘éﬁ‘?t\ﬁ‘@t ﬁﬁ“%?&ﬁ%ﬁﬁgl ‘on at |east the main and
secondary reflecting surfRriRataul d have the sane
beneficial carbon and other Lithium conmpound renoval
properties. EdjatgsyMateriahi s | déthivmeyond
internedi ate focus, e.g., in the illum nator
reflective surfaces and al so the projection reflecting
surface may al spitigumve WO 20049092693 27
PCT/ US2004/ 010972 28 beneficial to renove debris that
happens to reach the l'ithography tool reflecting
surfaces. gr aphy ogtfagl itselfys due to,
e.g., smaller gnj Hﬁgn rates O;%(I’i:e therrlnal5 | oad and
xenSWill sutteg rﬂoflylﬁlemyl abQS ginfef highentate/thholitfian. {Thissdifferebee alone

would iy A7 {1 P P AR ek PROGH Gipaeing Sy fing ese. 1he
“gvaporationless” steady state thin layer of lithium may provide the remaining 37X
reduction in sputter rate. Even if it does not, the EUV LLC concept of producing a mirror
with ~100 extra sacrificial layer pairs could add a 10X increase in lifetime, e.g., to 27B
pulses, which combined with the lower erosion from lithium could give a collector

lifetime of 100B pulses.
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5 plasma that does not collect on the reflecting

surface may be trapped in cold forgers [not shown]
woani4avrmd i n the EUV |ight source vessel, e.gPCTius2000®10972

formof cooled, e.g., water31 cooled fins or plates

extending fromthe inside walls of the vessel, and out

of the optical path fromthe collector to the

i ntkgqpheantﬁhmvefaimamlmdtth@ clfeptivengss of elg<>tr0$¢tw nsgtegtien of the

sour ce eI nt it OSSI

coll Dot o ﬁ(éncﬁg‘[ léa[s%e opo§ Eﬂ?he V\gtef"aﬁuerb,s - v %erraté?m

elecfrROB14 S%%Eﬁmérs%uro%'m&&th@ccﬁlecfby Miage fudpl thst ke éllﬁgetlc ions
cl eaning the collector in a tin-based LPP_source

mustglimbyen Tiedential yall asthssteyeldeamridhs Brrremdl lippotential well can be

ultin e
s S5 B S R PRET RURY D Bericing o i
In ft8 Reyeara irbedlarolnd and senepskinpback dponehe pcﬁiellil&il Mteﬂ; BT
argon against 15 both tin and I t hi um j ons

reaching fhe BPe ApRligants hayg discoyerdaheveyerthat WPBP%&%O this by

o5y o L1 6 SR o g

due ftcs ﬂmragstduas:ﬁroppmg @ near esmaqmn\palsynme taseryywhich was datetmined
lid b he b d

to b Bie gl Qg el comeHER P HEL B A e S VAR O o laree

leacf’\li'ﬁé géd]glﬁed dhgd «ﬁﬁﬁﬁng LAY e valahd QGnW&nMdCS of teh@is€ To

hr e ets of for trn data wou
corraq:tpthxsmmltltml Azppimame thepfinssaleld capanitors inpidk ithenvacyumaipesel and

cof e e AR i 5 A RS facione
wasﬂﬁ@a%ﬁféﬂ%y phcieh a bogpet %ﬁ@a&ﬁr&ﬁ@ﬁé dargbﬁdmdlaﬁsﬂmed to ground.

buffer gas than tin. scaledtothetrue wor ki n
By diasging the capacitors op low M@gwni disehapging thee by B‘Gﬁﬁ“ﬂ%@le Copper

e S5 BB S P B Ry SR b e

the Iﬁdlilctlaﬁbﬁe Tieaekult helGalbwith ar@@nS‘MﬁpempbdwdxargeSNaveshape

expect that th f f
This ieclyses phHiacia e ohteh Bap s Poles o dreniest RS mission
1mtﬁﬁg Fﬁsﬁrﬁéﬁ%ﬂéﬁr‘%@bl% @(ﬁﬁ&‘ be %ﬁﬁﬁt&ﬁéd d Bictifgal tperlod

or xenon and tin. But not for lithium
wheb:etham aod cretited hndvieavd ik fpbasmarregion (eZGn@)q ui\peligants dﬁ‘mjtmned

e S UM T

maiaBah 9151teest§olpsh thd Jfb?gd‘t Bk, d. Q n§1 a he @Mﬂ@ﬂlabié &.8¢ shd?Pcompared
using, e.g. Far aday cup to collect and neasure the

with tredrayel mg mﬁﬂn: ions emribetarget suids mirmeroWithathe pragert geometries
the o G i SV 21 Mo Latat Pag g B O il B btgient.

5 C%égg% ﬁ% fgxgiggémez%aﬁpﬁc%ﬁt@ hese pridd 13 ARARRIRORIL 0.47uF
capacitance was drained of its -1000V potential in a time scale almost exactly the same as
during the inductance measurement using the copper strap. Applicants determined that the
laser pulse initiates a discharge between the target plate and the vessel wall. This
discharge completes the circuit between the capacitor's high voltage terminal and ground,
thus draining the capacitors as if a copper strap had been placed across them. Evidently,
the events that unfold during, and immediately after, the laser pulse, a plasma being
created at the target point and this plasma radiating a large amount of hard UV and EUV

radiation throughout the vessel. The energy of most of these photons is above the work
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tin and lithiumare shown belowin FIG's 22A-E.
FIG's 22A and 22B show the raw Faraday cup signal
wo004092@3f or, respectively tin and lithium | RCFIUS2008/010972
22C and D these signals ar® plotted vs. ion energy
using tinme-of-flight respectively for tin and lithium
In FIG 22E the area under these curves is plotted
fun¢ton &f AE BRBAlE Brsidditht FOGE Rl @ﬂﬁ%oﬁfeléc%néﬁé W dafdd ﬂ ﬁﬁ the metal
with the |lower plot line (1) being tin and the up
surfapgs. Eese Photons amalsa esergghie e:mmgh teinmize apfy gakaoms that exist in the

| t {f the,lLast
vesFE T ot oA J SRS o R LR s hBg 40T kel IS B S pre
UbatdrEUV madiation prollicsd BiethaUPRDaut finafly, iéi®nk ahd Rk Bre created
Applicants believe this is explainable in
in tﬁﬁ EEE@H stagrRm guiveardyingo dhstvolymaapf Wie vassslir Exegpt fow thase § gms that
d
onc e o SRR Tac IO, TREPABKS By by LR SRERY

ele@iudnke Esmaallss checathtinh daenmmfgea)am@mwbynétﬂqﬂm@@ﬁem bfa
lized, it not register in_the

potpll Belyegnpachitfer CawS 58 el prmStmen e s nssoddipaseed discharge
swildhght have a |l arger electron capture cross-section
than lithium especially considering that the tin ion
i s Hheyebtjil mng:qd)ssfmlmst of ineking ianeffeeith eaiebtiokitit képaision, but it
nmost ed. The pi hg power
bechfil Bl endiR RomaliEyitand 35 gl s Eirordnie st D s Pl th bias
suchVief @Sé Bf@érﬁ oafy 4 tiiinfRI eekass @ﬂtﬁ@ Ris& % RANeh oh{}r 4 %@Jt 100's of

it can be no better than the value predicted b

ns 1ot dhe etegliong Wil ba%@éhd/@dwlath@e@sm wel garst affppursg the radiation

wil ne.a%ttt}iﬁg e &1%4t'ﬂe rp0951 u(? ?@Ily a g as aBEI é?&egrﬂﬂ aftyact, the ions

necessary pressure
awaydroéme cheocollettor aiirrbt.f eti me to 100B pul ses. Starting

with the result from Engineering Test Stand (ETS)

bui OSS;Sklﬁlﬁé pie prhwill appregiate tha ?@s@b@‘@jrefqﬁmce@p@ferred

emE’BdllﬁlbntE 8y file ﬁ%s%ﬁ%vﬂﬁiorn ah e%%ecﬂ%ﬁagft( arg Wil %F;h? %/I 0 ﬁ\g e%cﬁlésive

a xeno a co ctor ance
andazﬂm mll(n@ﬁwmans aicbaddfidrescd |thﬂ dbpvefeferencad e‘mbdd&n&its may be made

f tl ded 10 |
witlah i @bectls 5t Sk T evd of BEaisnBpmn eletedip degpresent
applitdtihl Mhe @bpekBYcRihS Ber6RMP Ih&Hd 1ot &ﬁlgf&efeﬁ"fs B 118ited to the

100E pul ses. This | eads to the concl usion
aboye @E@bﬁ@rﬁf@?Od@B@){S iand espssts bnt sheukl inglude wathsthe ycopé)andi it of

P*D d f I
e GO sl B P R yor
exampﬂau othePtargefnatsrial BAd Hiusi-Beerefbetive- <:Q>a131 A%%Qfé‘lﬁhﬁfﬁave similar
a need for_ an argon pressure of Thi's al so

rela@‘é‘??hm?ﬁ discpssed ghovedaallawi f@hthﬁ I@‘Qtltlfmoﬂlh cleaning byheg., sputtermg,

b n ce for,xenon
e.g., &%ﬁ; ?a Fl)?(glscg(llj ?ﬁé %ﬁ@'f crgﬁg).? of)ées Slite Rjasgléa( ﬁnstpggltcg}lv of the optic
reﬂezhuagisurfadee;)s\t/hmh goﬂihhda)a:ﬂ@bemel Orotiedr thdithelRANR.L NN br O,
e argon _buffer. For lithium 30 however, this

Als%zﬁtﬁ;ﬁbe gﬁat@@fm%}h%w@s@aﬂ@ relechigg ﬁuﬁme@wmw 8 heah lagnn directed
at tl@kiéﬂéo?ltvb Qﬁ?rf%c | HHBYsucRLh Qseaﬁ& evo tn?g)ybe alpif gc?cﬂgy those

e vapor press re an
Skll]Sd ltmthe art



fromthe surface of the collector mrror. Arelatively
| arge buffer gas pressure seens, WO 2004/ 092693
wBGH4820904/ 010972 30 therefore, to be a requiPCEmsRI04/010972
whi ch | eads to the conclusian that xenon is not a good
target, tin may be, but |ithium appears to be the
best. Applicants have al so determ ned that even if the
I/'Wat CeafiMveness of heating the collector reflective
surfaces is inpacted by the fact that the materl
1. 4 debigs repnoyelsytlem fos theatmevalof rzgw@a pEodyiced gesidire lgrrs ona

BP0 i

surfaga chmpdsesm.fa'st mitesalnmtlahs skidue dgbris dontrisasra Bprn& @naterial
harder to evaporate directly off of the surface of the
COIPRYRF, neverthel ess, the transnmittance of such a
t hi ﬁlé&ﬁﬁoﬁleafspﬁttér (%li&h%hr&é‘@odi@)ﬁéiﬂg’ surfaces i s about
95% and about 90 doubl e- pass, so that such a | ayer
on the nigaoromyrising thctatcsmsgrf thé smrtttetlyg thet matetialf r om t he

|1 dd
Prver o & st Heshtian il mo b fLLF R Bt i material

bengfid 6h Rinided stabdithd foni¥BY stak t%i)ﬂrgese‘lébtd@lrt@‘h@% a iR@ibution around a
collector mrror fromthe onsl auaht of hi gh- speed

| i t alentechensray peall thas haes a ghprobabrityief smst@rmwthq sepend material
f th
ol P SISy e SO BRI, O TR 1

not form such a protective layer and a tin |ayer,

because of S ve hi gh EUV absorption, would 15 only
2-%‘@@2%%%&@%1%1 ﬁ&hercﬁomrlsr%t the sputter yield of

1 o ShooRRAIXALE B E o U Nl €SS0

sputter yie g ? xenon aganst nol y denum e. g. Eanfl

ion energies around | keV (the sputter rates tend to

aturate a t.his.ener Level ): Incident lon 20
3. i oL 1oan | PSRRI L) 1 hi um 0. 21 79
VOl yHRdR8 1t AinfiBdedlat 4 redBurk SRR M prxt HeteRhinbethe RBI¥Rd 8A&BY peak.
at 18 times higher rate than [ithium This difference
alone would give a 2.7B pul se coIIector lifetime
ﬁ%thogrta cSh Patrn Earhéon rietse The "evaporationl ess”
SRRGTANE R SR, yet RIS hi um may provide the
I eMmgiertial & BdiXtaineddit 6 tpr&¥ure the I@M?é@ detehi@es the@Bletted ehergy peak.

does not, the EUW LLC concept of producing a mrror
with -100 extra sacrifici aI Iayer pairs could add a

@%@, 1;']&@ ., to 27B 30 pul ses,
> éﬁ%ﬁﬁﬁ"g’l?ﬁle %]%1 vve erosion fromlithium
couth® stimudatmganddhanikmrcreates an influx of ions of the sputtering ion material

et

that creates a sputter density of atoms of the second material from the reflector surface that

equals or exceeds the influx rate of the plasma debris atoms of the second material.

6. The apparatus of claim 2 further comprising:
the stimulating mechanism creates an influx of ions of the sputtering ion material
that creates a sputter density of atoms of the second material from the reflector surface that

equals or exceeds the influx rate of the plasma debris atoms of the second material.



lifetime of 100B pul ses. WO 2004/ 092693

PCT/ US2004/ 010972 31 Applicants have al so exam ned
woheosabi@st i veness of el ectrostatic protectionpofr/usb@4/010972

collector mrror. The concelt has been proposed in the

literature, i.e., to generate an electric field

bet ween the source LPP and the collector mrror such
7. Thesappatetusaofeldgeti furthencomprissdg:cl i mb up a potenti al

wel |, as. they travel, toward the mrror. is potental .
wel Fhec%%‘?‘lug%t g "ﬁ%%‘éma@efﬁeaé?ﬁ?&’glﬁﬂt% 8t 1R QFH’S@BW%?&%OE aterial
tha@lrehfd§ b spiitted GEAG TeIoDs H8hOERhE mrﬁgﬁbﬂleth@réﬂe@t)or surface that

In fact, the an acﬂr

, y aré turned around sent packi ng
equidswr eiceeds dheemflua ratevef the phaeswer debrie atmsmyf thdsecond material.
Appl i cants have di scovered, however, that attenpting
to do this by running an electrical connection
8. Ty thdWF cYamSPhurther ddigpidid.ector mirror was
ineffective due to the target bias dropping to near ]
z er thegpiorlgingsnenhanism dreates an inflics f ioas of respuitering oo material

he resul t. of hi eak ecurrent.requir Q
thaf el APy Aty ol R SRR AL FBL AORG i feelo? surtace hat
equabgjod dxeeedstihdinfldxk eap bNtheldsnf debFie atopist Fdke Sdcondniattgial.
i nductance of the wire. To correct this problem
Applicants then installed capacitors inside the vacuum
A, t v -1 pduct ance buss work
g ’Elgeis%@(% gr §Sﬁagﬂ‘§n%’y@ﬁ‘§9%‘£a@§é‘#§p| ate. |nductance was
nmeasherrefledtingphiefaderig amonngpaplesiféntidenee andtilayeruafledibrethat is

] rget and ed to ground. .15 By charging. the .
hlgilgvp%ﬁfﬂ%tbvvego BN eovar g amminals SElAvTs PReinskgrial and
layBfs@taithed hidgrappper  sheet against the target

appl i cants neasured the ringing voltage waveshape and

inferred the inductance. The result was 104nH with a

7ns_hal f - peri.o i,schar ge. waveshape. This di scharge

10-2‘3}"1%’835%“5;9@8[?“?1 ngEr WA PHE | aser pul se and

s ubgraeABdtinE MR8 i§ & nBfnall ailel GHihdldGRY ShlEla§@1eRE0r that is
. Whet her the bias could be maintained during the )
highhyi reflegfivege ElDlight oppaisinge laminateeilayere of &g fusianaterdaland

(pE=X jon (-20ns). Applicants determn ned,

layh%%g@é@?gﬁﬁge?gguch short tinme scales were uninportant.
VWhat is inportant is, e.g., to nmintain or

reestablish the ta t bias,.e.g., in atine scale
1l-tﬂﬁtaﬂpﬁa“@%?ral@ﬁoélaﬁ%?ﬁ&}r@@g‘vvith the travel time of
th etﬂe%ﬁegtfn%ghltfgh% ik Qﬁ%ﬂtaﬁgkhﬁi 1846 mu%ﬁg%trgﬁecéorghat is
present geoffetries the ton-travel tine 1s out 2.5s,
highty mflectiveuo ElNalightpenipodingfa [BmTmtsbfdayats bfthe dirfti matenidl.and
1 25 | nté.e%ti ng. [hi s arrangenent applicants were
ayei§ o A tREMalsYRl nd that the full 0.47F capacitance was
drained of its -1000V potential in a tinme scal e al nost
exactly the sane as during the inductance neasurenent
12.(Bierappatatasod pladm 4sfurther. conppisingant s det er mi ned that t he

lplaZ?r% rgﬂlac%fﬁﬁ é%%gég%ﬁgpgll a%%ﬁ?o&qgcigeelfc\é\?neuqﬁlta?& rE:ﬁer c?rtthat is

highly reflective to EUV light comprising a laminate of layers of the first material and

layers of a third material.



di scharge conpletes the circuit between the

capacitor's high voltage term nal and ground, 30 thus
wonaimiopy3t he capacitors as if a copper strap krat/use®anioo72

pl aced across them Evidentdsy, the events that unfold

during, and imedi ately after, the |laser pulse, a

pl asma being created at the target point and this

13.(Thespparaadiodtclaity Sdutthergomnpmgingt of hard Uv and EUV
radi ati on throughqut the vessel. The en y of post of

¢ helts Tphlesting suRtaceina parmal angls of inwsleg i Apg geflector that is
hieRGTeHSR0044 i

efeeeaaate B e Otphie R afudle SIRELTNE SHIHAG ond
lay¢rh of pghiad matemiaf. aces. These photons are al so energetic

enough to ionize any gas atons that exist in the

vessel. In this case argon was used as the buffer gas
14. @Tﬁab%aaﬂaﬁls%%lah}i 6 fARh&e@nYisidge hard UV and El J\

radi ati on produced by the LPP.” And finally, electrons

andthegelecting surfacstied ndroal ahple of BRidande stultdayergeflactordhat is

i L VBT B B R b g AR

1ay§1§r)flgem}chﬁlawnate and create secondary el ectrons.
Essentially, the creation of a discharge between two

netal plates held at a potential between each ot her
[ Ten re a laser-triggered
15'?@3’%%?1%’@18 ofsf\?\;a cr’r]%ﬁ&%ﬁe ‘ISI is some possibility

of thelktfigtiag sefficeds A vierngdl eﬁgleaﬁ“ﬁr&ﬁd@cé afiliilaj<Refldetdr that is
& HES a bit npre conplicate and isn't reall
higglyaetle

Jivede FUV el copprising adampatesef lpyeas of the ﬁ\@merial and
layéxﬁ%ﬂaltﬁlrdﬁla gpent only after the initial events of

-

aser se. In only a few 100's of ns nost of

t he el ectrons wi Il have collided with the vessel wall,
16alﬁ1ﬁ.€0f cour elth iation .wll be gone. At this
tiSPPRafs f’aHB SPOWPISINEnpl y a bias and repel ,

or MelrbA&dting lsh¥adeQ & norkPal ANEN JHiRIHRE nfi@ilh RS fector that is

mrror. Those skilled in the art wll appreciate that
hlghb'ereﬂtmswe to ELBf bight somprising arlaninagnefdayereof the difrst mhagerial and
nvrent on and aspects thereof are not neant to
lay%g%gggliﬁl ajand ot her nodifications and additions to
t he above referenced enbodi nents may be nade w thout
departin fromthe irit and scope of the inventions
17. dibs @ppayatysiof clafis 1fpeBecompisiigpl i cati on. The appended
cI .
?n{htg& . o%{uﬁféﬁ’ersg Ba(‘gec‘/ E}? g*)ﬁjtté@ﬂlg %ﬁ%ﬁh‘%‘éiﬁﬁb}g fr?]'rg l%«@cond material
is aaep‘mibw aate thitovilldesulich lad;mgM Talert dfth fityp tatenial Sykdinibg such
of . the clai the recjted el enents and equival ents of
Spuftgrng iglr%erﬁghae fpleste W&‘ﬁ of exanple, other target
material and nulti-layer reflective coating netals nmay
have simlar relationships as discussed above to
18. dlhle @ppdretus tolfi elaim Atfuribeywompkismgi ng by, e.g.,

sputteri
P the sputte(% thickness rate for sputtering of the first material by the second material

is at or below a rate that will result in a single layer of the first material sustaining such

sputtering for greater than a selected lifetime.



25 e.g., of ions, e.g., induced by the creation of a

sputtering plasma in the vicinity of the optic
woeabhdsaobdong surface(s), which ions may al so bepCe/us2004/010972

ot her than helium e.g., H3N or O Also, e.g., the

heati ng mechanismfor the reflecting surface could be

a heat lanp directed at the reflective surface. O her
19s1]hrrap@hmhg;&ﬂ‘cwiﬁhaﬂﬁiﬂhéfwm@rrm3g be appreci ated by those

ggl | 1'!1 ed u@ &hg{ingss rﬁe\é'\o%qppz Ogéﬁlg&éOQZ % 1::% l%cg%q?sﬁz g? /tlgerl,sggo?rizd material
is a{tm&%lw ﬁat@ﬂh@?ﬂﬁl f?:ﬁ %&/@ ﬁ}@f’@f e I?ﬁét%né%&lﬂﬁt?lfnéxﬁtsuch

reflecting surface o lector in an
Splgtﬁmngéorgmmleﬂmnalsdectedl@tuneng surface conprises a

first material and the residue debris conprises a

second material conprising: a controlled sputtering
ZOIM@Maﬁ,@s&WIEM@M&er@n%&@OW“ sing the atons of

the sputteri ion material; a stinulating nmechani sm

excithe Srpgttﬁlﬁéliu@ﬂsga@ffon spotteqng ofihe figst inmterrab b thiedecond material

e s L I -

sptitging Yorgaktei fhah aisaactad Hiegimepr obabi I ity of sputtering
the second material and a very |ow probability of
sputtering the first material. 2. The apparatus of
' r FRb " stimul ati ng nechani sm
21101;,1%51?%#%&%?%?850%%%?% cr%slhgég mechanism 3. The
a p p thieadpusterathiokhessmatd fosputietingcafithe fisdt giteridh &y ﬂ%seb@nd material

. talned ssure that in part determ nes
18 Egié)[f elogip @%Fet&l@glwgggﬁult ma S“T%% laéﬁbg? the é’gstépatglpadls]%qtgmng such
sputkékib $6r g‘r@é’@{ﬂh&h A9cleliB@1iftfitd S Mai Ntained at a

pressure that in part determnes the selected energy
peak 5. The apparat us of claiml1 further conprising:

estlm nismcreates an i nflux of ions of
22 a§’|5’ﬁlial flﬁga%inn(ﬁﬁ]ﬁjgl?re‘fqnmrlsW%at creates a sputter
d engid spuﬁér tBfcRABss Qhte OO pRRGANOMTRE BFdt Matd{D By ttﬁéesecond material

reflector surface that “equals or exceeds the influx

is 3t gt belew a 1ate thrwibresdbin asiaglo fayenef tha dirgeeateripl sustaining such
splfRHEE ) grofler 1S ARBALA Y QL Cf @i m 2 furt her
conpri sing: e stinu ng “rechani sm creates an
influx of ions of the sputtering ion material that
creates a spﬁiter density of _atons of the second

23 ehecanparatysyf elaime/ REheednisiig: f ace t hat

the sputter thickness rate for sputtering of the first material by the second material

is at or below a rate that will result in a single layer of the first material sustaining such

sputtering for greater than a selected lifetime.

24. The apparatus of claim 8 further comprising:
the sputter thickness rate for sputtering of the first material by the second material
is at or below a rate that will result in a single layer of the first material sustaining such

sputtering for greater than a selected lifetime.



equal s or exceeds the influx rate of the plasma debris
atons of the second material. W 2004/092693
wOCH4d820904/ 010972 34 7. The apparatus of cl aiPard$2004/010972
further conprising: the sti3mul ati ng mechani sm creates
an influx of ions of the sputtering ion material that
creates a sputter density of atons of the second
25ﬁﬂkempahu@mﬁahhﬁ9ihﬂh&ﬁxm@ﬁmﬁ@rface that equals or
exc eds the influx rate of the %fna debris atons

f

t hethespRid thighknsss ggte fog SP#‘FF‘@“&;P&‘F gt materia| ‘ame&econd material

at BF bAISY aGHERA Eﬂ SI9hdTRER
s beap R S e R SR ST ARG SRRHEE s
spwneeagﬁsgaemuhmsdmn@ih&tmﬁ atoms of the second
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261TR a%ﬁé‘iﬁfhg ofefafthi18lfurtfer chiprigipar atus of claim1

further conprising: the reflecting surface is a norna
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sputRtifs f(ﬁ'greal& tha@sadged Bfetieof claim 2 further
conpr|3|ng the reflecting surface is a normal angle

i ncidence nultilayer reflector that is highly
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g surface 1s a nor Ial angl e of incidence
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29. The apparatus of claim 13 further comprising:
the sputter thickness rate for sputtering of the first material by the second material
is at or below a rate that will result in a single layer of the first material sustaining such

sputtering for greater than a selected lifetime.

30. The apparatus of claim 14 further comprising:
the sputter thickness rate for sputtering of the first material by the second material
is at or below a rate that will result in a single layer of the first material sustaining such

sputtering for greater than a selected lifetime.



highly reflective to ELTV Iight conprising a | am nate

of layers of the first material and |ayers of a third
worb@wioad93 14. The apparatus of claim6 furthePCT/US2004/010972

conprising: the reflecting 3urface is a normal angle

of incidence nmultilayer reflector that is highly

reflective to EUV |ight conprising a | am nate of

31. Ta¥ @parfiths bh&aibd [ $FurfRt e6thpdisiagtd | ayers of a third
material. 15. The aptgarat us of claim?7 further
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s oy IS FPRE RPN R SRl of e BatcBufsbining such
sputtai@d for gfeatel éhahi o sslectadtlifetimt. and | ayers of a third
material. 16. The apparatus of claim@8 further
conprising: the reflecting surface is a nornal angle
_ [aTellal-Talel > tig:ﬂﬁ%ﬁg 5&% or that is highly
32 ?fgflaggétr%est%lmgluv g t °co hrﬁlﬁéi ng a | am nate of
| aythe sputfer tHiekress site fontputicaing afithe firaymatsrialf byathe k¢qord material

. material. 17. The apparatus.of claim urthe ..
is b GG AE Chah ML perciiap ecelachug e R Bt Bl pstsining such
spultbrihd for iobdafd: (ARt LdelRtediefig. Second material is at or
below a rate that will result in a single |ayer of the
first material sustaining such sputtering for greater
an a selected |iLfetinme. 18..The apparatus of claim2
33. fhbe ARRgratly ?lﬁg’?haﬁ"ph%rcsoﬁrtﬁr{sg}g'thi ckness rate for
S puihefldtin® furfdte chbinpsibesépingl layey cobinprisiag adourth material
material 1is at or belowa rate that wll result in a

selesteffodiavey sputist thickness fata thaiaidhaleg sustan spudeHBE By the second

r . . 1 1 .
a4t 35 S OBl BB A5G FEP Ut K atctl] yptaining
suchspirtierihgffonr groster thanyhe selaogd tilhearshiotitage niold fvnemdle prapeties
for sputtering of the first material by the second, .
whifnPERRH fo ABIG! 9 PDHSIRE P ITORRETHAT WOF O BE B, Materipl
single layer of the first material sustaining such
sputtering for greater than a selected lifetine. 20.
34.Trhe apppratuabiislaoh 18] frthericdmprisieg: conpri si ng: the
spup,ter thickness rate for sputtering of. the first .
ot BieERCYE PSS 0 BiRFA pine (57 BB e iR hpigrig
selddi& toMaké a Rtk thitltheSs fatdWhhewlIPMES sutaid Butfeting by the second

mat erial sustaining such =~ . .
material at or below a rate that will result in a single layer of the fourth material sustaining

such sputtering for greater than the selected time and to have more favorable properties

when exposed to ambient or operating environments than those of the first material.

35. The apparatus of claim 19, further comprising:

the reflecting surface comprises a capping layer comprising a fourth material
selected to have a sputter thickness rate that will also sustain sputtering by the second
material at or below a rate that will result in a single layer of the fourth material sustaining
such sputtering for greater than the selected time and to have more favorable properties

when exposed to ambient or operating environments than those of the first material.



sputtering for greater than a selected lifetine. 21
The apparatus of claim5 further conprising: the
woepwi#dmweesthi ckness rate for sputtering of the PCTAIS2004/010972
material by the second mateial is at or below a rate
that will result in a single layer of the first
material sustaining such sputtering for greater than
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materi al sustaining such sputtering for greater than
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resu
single layer of the first material sustaining such
sggtterlng for greater than a selected lifetine. 26.

38. Theappspavseidaisr 2% futher comprsinger conprisi ng: the
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single layer of the first material sustaining such
sputtering for greater than a selected lifetine.

39. The apparatus of claim 23 further comprising:

the reflecting surface comprises a capping layer comprising a fourth material
selected to have a sputter thickness rate that will also sustain sputtering by the second
material at or below a rate that will result in a single layer of the fourth material sustaining
such sputtering for greater than the selected time and to have more favorable properties

when exposed to ambient or operating environments than those of the first material.

40. The apparatus of claim 24 further comprising:
the reflecting surface comprises a capping layer comprising a fourth material
selected to have a sputter thickness rate that will also sustain sputtering by the second

material at or below a rate that will result in a single layer of the fourth material sustaining



28. The apparatus of claim 12 further conprising: the
sputter thickness rate for sputtering of the first
woabewioadozby the second material is at or bel earasc@im10972
that will result in a singl#® |ayer of the first
materi al sustaining such sputtering for greater than
a selected lifetime. 29. The apparatus of claim 13 .
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single layer of the first material sustaining such
sputtering for greater than a selected lifetine. 30.
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44, The apparatus of claim 28, further comprising:

the reflecting surface comprises a capping layer comprising a fourth material
selected to have a sputter thickness rate that will also sustain sputtering by the second
material at or below a rate that will result in a single layer of the fourth material sustaining
such sputtering for greater than the selected time and to have more favorable properties

when exposed to ambient or operating environments than those of the first material.
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single layer of the fourth material sustaining such
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when exposed to ambient or operating environments than those of the first material.

49. The apparatus of claim 33, further comprising:
the reflecting surface comprises a capping layer comprising a fourth material
selected to have a sputter thickness rate that will also sustain sputtering by the second

material at or below a rate that will result in a single layer of the fourth material sustaining
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54. The apparatus of claim 2 further comprising:

the first material is molybdenum.

55. The apparatus of claim 3 further comprising:

the first material is molybdenum.



the reflecting surface conprises a capping |ayer
conprising a fourth material selected to have a
wepwi4mwees hi ckness rate that will al so sustai nPCT/US2004/010972
sputtering by the second msterial at or below a rate
that will result in a single layer of the fourth
materi al sustaining such sputtering for greater than
56.tThe appirattss of clainrd fanhertconipaigimgnor e f avor abl e
properiies en exposed to anbient or operating
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59. | Ihgapragis of shaip Sfurthercompasigi i al  sel ected to have a
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envi ronnents than those of the first material.

65. The apparatus of claim 5 further comprising:

the second material comprises lithium.

66. The apparatus of claim 6 further comprising:

the second material comprises lithium.



49. The apparatus of claim 33, further conprising: the
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74.%teap§drfaﬁls@fc1@iﬁ6rﬂ1&hefrlébﬁl g&ingonmprising: the first
materil a

i's nolybdenum 54. The apparatus of claim?2
f urthh eputissingrips ingterial edaprises Hfe. mat erial is nol ybdenum
55. The apparatus of claim 3 further conprising:

75. The apparatus of claim 7 further comprising:

the sputtering ion material comprises He.

76. The apparatus of claim 8 further comprising:

the sputtering ion material comprises He.



the first material is nolybdenum WO 2004/092693
PCT/ US2004/ 010972 43 56. The apparatus of claim4
wbunddoresonpri sing: the first material is nopgibdspeain10972
57. The apparatus of claim4 further conprising: the
first material is nolybdenum 58. The apparatus of
claim6 further conprising: the first material is
77 fiteydpgamtuniof SRim Thiarthgmekatismigof ¢l ai m 8 furt her

co ising: the first nateri i s. ml ybdenum 60..Th .
ap ggﬁls%tﬁrseqﬁpe@l%mt@elymm to ﬁﬁ?ﬂegrlﬁé surfqo deqtifethe reflective
. . ' _ i 1
sufERL Bidependchl B AR IRin ook ARG R, Mo SRl
envifonmentof the 2eflethiee apfimeat us of claim 2 further

conprising: the second material conprises lithium
63. The apparatus of claim3 further conprising: the

78 SEfeOpPaiBls Bl mCORRhéS@ngrisidgt um  64. The appar at us
of claim4 further conprising: the second materi al

conpheaieselpment qperativels coupled tpiba reflastive surgdcaibaating the reflective

urther ¢ ri sihna.. the. second .nat erial conpri ses.
surfidpi e SRERY oF gl ik FE inilR o & PR Fing
endfoipient bNBe refldidive egtied. material conprises lithium WO
2004/ 092693 PCT/ US2004/ 010972 44 67. The apparatus of
claim?7 further conprising: the second nateri al

79, THE gﬁﬁ&slcjftctgiﬂ@ fuﬁ?ﬁreco Gispgpar atus of claim8

rconpri sing: seécond material conprises
|'i t hihagter element operatively coupled to the reflective surface heating the reflective

surface independently of the stimulating mechanism and the ambient operating

environment of the reflective surface.

80. The apparatus of claim 4 further comprising:
a heater element operatively coupled to the reflective surface heating the reflective
surface independently of the stimulating mechanism and the ambient operating

environment of the reflective surface.

81. The apparatus of claim 5 further comprising:
a heater element operatively coupled to the reflective surface heating the reflective
surface independently of the stimulating mechanism and the ambient operating

environment of the reflective surface.

82. The apparatus of claim 6 further comprising:
a heater element operatively coupled to the reflective surface heating the reflective
surface independently of the stimulating mechanism and the ambient operating

environment of the reflective surface.



69. The apparatus of claim1 further conprising: the
sputtering ion material conprises He. 70. The
weaeppewm®bads of claim2 further conprising: thePCT/US2004/010972

sputtering ion material comorises He. 71. The
apparatus of claim3 further conpri sing: the
sputtering ion material conprises He. 72. The

83. Tpagpatanss affclaihal forthef cumprésing;orrpri sing: the
sputteri gl% i on mater

o Baester SR CoBRr s 3 DA B ivs fitagH}pating the reflective
smﬁ&%&ﬁfeh&%t@i ﬂ'i@étﬁﬁlhl@ﬂm%&%ﬂahﬁﬁﬁaﬂd&_ he afdbient Bferating

apparatus of claim6 further conprising: the
envismrhére of Ay reflectivatserface. conpri ses He. 75. The

apparatus of claim 7 further conprising: the

sputtering ion material conprises He. 76. The
84. TR REMEs & c1§hS Mrthek UélhbﬂﬂingJOWDrl sing: the

sputtering ion material conprises . WD 2004/ 092693 a

PCH hésoelengnoomeativety corplefiie tlé?prﬁgP%ﬁ‘i?sS cghegtipg fhe reflective

s T o Sy PR oo i

envir6hineatorve: refluéthacarthedependent |y of the stimul ating
mechani sm and t he anbi ent operating environnent of
the reflective surface. 78. The apparatus of claim?2

|l ement operatively

8. %Etdﬁﬁ%at?ggfﬁe re??réctrla\sllgbgﬂlpgace heating the
r efﬂhe stitnvlting miekhassi islepandedtd the sfflecting suifaegland comgprises a
mechani sm and the anbi ent operating environnment of

signah geneEatPlect i ve surface. 79. The apparatus of claim 3
further conprising: a heater elenment operatively
coupled to the reflective surface heating the

86. Tk lapparatue of elaink Adurtherdepprigiast | y of the stinulating

d A0 ¥
t he&P #qng ; &S ?I?l%%llég n‘%ﬁ‘gg‘%go ggg%f}egﬁ% E&? Clrbglld%f)mpnses a
sighdl lgbi@4to£ 0PI i Si NQ:

87. The apparatus of claim 3 further comprising:
the stimulating mechanism is connected to the reflecting surface and comprises a

signal generator.

88. The apparatus of claim 4 further comprising:
the stimulating mechanism is connected to the reflecting surface and comprises a

signal generator.

89. The apparatus of claim 5 further comprising:
the stimulating mechanism is connected to the reflecting surface and comprises a

signal generator.

90. The apparatus of claim 6 further comprising:
the stimulating mechanism is connected to the reflecting surface and comprises a

signal generator.



a heater elenent operatively coupled to the reflective

surface heating the reflective surface independently
wofhwddne2@si mul ati ng nechani sm and the anbi ent epensing10972

envi ronnment of the reflecti«re surface. 81. The

apparatus of claim5 further conprising: a heater

el ement operatively coupled to the reflective surface

heating the reflective surface independently of the

tinmulatin c i smand the anmbi ent operating
ol W&?ﬁ@&?cgsn&%hﬁ“@a‘f%&lﬂswsurf ace. 82. The
ap Ry intidattg ht@Haish & Ybhntefedad My refbdtlig sarfa@diRi comprises a
el enent operatively coupled to the reflective surface

signhlegengnatprt he refl ective surface independently of the
stinmul ati ng mechani sm and the anbi ent operating
envi ronnent of the reflective surface. WO 2004/ 092693
92. PeTApIoRRR 4RI AP furthér &dnpridhey: appar at us of claim?7
further conprising; a heater element o erat'veA&/ .
coths Bmyletingaeshenisarisicornestadria dhe 158sgt ge arid comprises a
. [ve surface independently of the stinulating
Slgn%le ehgl%lidsrm and the anbi ent operating environnent of
the reflective surface. 84. The apparatus of claim8

further co i.Si ng. heat er . el ement operati vel
93-@%&9@&WW@°§%@§@§@?§W@WW%% heat !Ong the d .
r efdﬁee&ﬁha'l&tinngﬁ%ém&rﬁ PRORREIeEhhMhe is bhRnSaliyeonsiah Hiring an

mechani sm and the anbl ent operating environnent of )
ignitiietimefahé o highefregnenec altergsing Fianahdiringat deasba peitigh of the time

further conprising: the stjnulating nechanismis
bet"c‘f‘i’fﬁﬁgec]tgaﬁloggu?en@cg%ﬁb&%eﬂ ggﬁ'lpflglgge'and conpri ses a
signal generator. 86. The apparatus of claim2 further

conprising: the stinulating nechanismis connected to
94. Theappatatescef olgjmsy(r fuiber epvaprisiidhr i ses a  si gnall

gengrat.or, .. . i ; .
0S5 A e B AP RS AT A By e n
ignitibe tiffané athigtofreqiichey altansingaignal desngat ledsgapbrtion of the time
generator, 88. The apbpar atus of claim4 further
betwesryihe igniipn time and a subsequent ignition time.

95. The apparatus of claim 87 further comprising:
the stimulating mechanism provides a signal that is essentially constant during an
ignition time and a high frequency alternating signal during at least a portion of the time

between the ignition time and a subsequent ignition time.

96. The apparatus of claim 88 further comprising:
the stimulating mechanism provides a signal that is essentially constant during an
ignition time and a high frequency alternating signal during at least a portion of the time

between the ignition time and a subsequent ignition time.

97. The apparatus of claim 89 further comprising:
the stimulating mechanism provides a signal that is essentially constant during an
ignition time and a high frequency alternating signal during at least a portion of the time

between the ignition time and a subsequent ignition time.



the stinulating mechanismis connected to the

reflecting surface and conprises a signal generator.
wB82004lloz9appar at us of claim5 further conpri si RGI/USR@4/010972

stinmulating mechanismis conected to the reflecting

surface and conprises a signal generator. 90. The

apparatus of claim®6 further conprising: the

stimulati ng nmechanismis connected to the reflecting

surface and conprises a signal generator. WO
98. Disoappauiise3 clagm/A0dur ﬂ@fﬁ@ggg'47 91. The apparatus of

Cl AUl fitdoVBEHERIRY brabides o bidBalShatTbibRbMRUyRER AR dufing an
is connected to the refl ecting surface and conprises a,
ignisorgtiak ageé nbight forqueS, alfEhmtiag sinak diingfat isegl aw@tipy pf fstime

conprising: the stimilatin chani smis connected to
betvies thedgpitiop;t @ﬁq%@ewaﬁgﬁw?’%@g a signal
generator. 93. The apparatus of claim85 further
conprising: the stinulating nmechani smprovides a
99. Theommlaratisenf claimeé¥lsfarthergangprissiEst ant during an

ignjtion.tinme and a hiah. ' L AR ri
ot ey mp ool pgidel f YERE oL bR B Bing an
ignitititdeQ@Rd bikigh Rafhecysulegealigigriabdirinigom l¢asn@por@idn of te time
apparatus of claim 86 further conprising: the
betvagenithe ieitiog tirse ada SIbSeAUSDt I@BLICR MG Nal "that s
essentially constant during an ignition tinme and a
hi gh frequency alternating signal during at |east a
100POKd hpparaiis dffedaiin 9Pefurthert eumpaprisinge i gnition time and a
subsequent .ignition tine,. 95..The_ apparat of [ .
57 P dTERIEERS PSS s o] e et mar et Bbring an
igniBbR YihfiSRd3 Iﬁglgﬂ?iueh@ﬁﬁltérﬁatﬁfgsﬁﬁaﬂ alding #Q8st 8pbridurdftig: time
an ignitionti and a high frequency alternating
betweeayrtat ighitidnniimaend @ sgisequepbigniten tshe.t he time bet ween
the ignition time and a subsequent ignition tine. 96.
The apparatus of claim88 further conprising: the
101SFHe BHpatah RS EREA 381 faFthd doMipdisthea Signal that is
essentially constant during an ignition tjime and a
hi ghe Stieglaging yeghanis SPIRESesi aleNHERIPFP T patnuglesn first
essgn?{ahly Qs Tt b€t chffent during the ignition time and a second opposite polarity

essentially constant direct current during the time between the ignition time and a

subsequent ignitions time.

102. The apparatus of claim 94 further comprising:

the stimulating mechanism comprises a current generator that provides a first
essentially constant direct current during the ignition time and a second opposite polarity
essentially constant direct current during the time between the ignition time and a

subsequent ignitions time.

103. The apparatus of claim 95 further comprising:

the stimulating mechanism comprises a current generator that provides a first
essentially constant direct current during the ignition time and a second opposite polarity
essentially constant direct current during the time between the ignition time and a

subsequent ignitions time.



between the ignition tinme and a subsequent ignition
time. 97. The apparatus of claim 89 further

woaenpwazdsg: the stimul ati ng mechani sm provi de®Ca&/US2004/010972
signal that is essentially 4onstant during an
ignition time and a high frequency alternating signa
during at least a portion of the tine between the
ignition tine and a subsequent ignition tine. WO

4/ 092693 PCT/ U /010972 . 48 98. The apparatus of
10%q§FﬁPB@3 Pfﬁ@anggﬁéF§Fﬂ@Pnﬁﬁg stinul ati ng mechani sm
pr Oﬁieqi%ﬁteﬁe}%hﬁﬁﬁéorﬁaﬂ}gEs ] §u§§ﬁ%@ﬁér§40} i’ha@ﬁ:{b REE fﬂé{relsﬂﬂtlally
nd a high t

an ignition tine h frequency er nat
constaghdiredd gnireny daring dmigniaiOp d¢imtei 2l eofecotrboppionite pddembmsentlally

the i.gnition tine S ent ni.tion tine. 99.
conghpt 4 e it [ e REIPETE Hertewigip, s g et
ignSidndWingd. | Ng nechani sm provides a signal that is

essentially constant during an ignition tine and a

hlgh frequency alternatlng signal during at least a

erveen he ignition tine and a
105) %MQ{USPgﬁh gﬁ 00111818§ e apparatus of claim

92 fhérdtlhﬁﬂatﬁigﬁﬁédhamﬁﬁ cohfpRised 4 Bttt bBErABEMANPOMdes a first
provides a sjgnal that is essentially constant during

essswlalhygﬁpﬁtrl@rdlmh@r@ﬁad@mﬁ the ignition idme W@F?@Oﬁéppwlte polarity
I
essERET ol Bl RS b g BE HheRbedslfe ldsiFon AL 4554
subﬂmawap@mnamﬂ$mmi claim93 further conprising: the
stinmul ati ng mechani sm conpri ses a current generator
that provides a first essentially constant direct

10&%%5?@ 5 0P Blalih) ©8 irGh el IO hhlﬂg and a second opposite
pol ari essentially const Irect current during

t hethei Sﬂnmubaimgemchaimem cg)mplrlscma curnmnt genbrator thabeyidess first

essk A SRt s Sfent e I50 RohathiBhafi A scnd obhoste Potariy
essEitidl§ongametiRb Odurfeatdurh gme Giﬁi% BetwédnSthe ig@Bfihabhd/a

constant direct current ring the ignition tine and a
subsequsHtigBBiowS time- pol arity essentially constant direct

current during the tinme between the ignition tinme and

a subsequent ignitions tinme. 103. The apparatus of
107Z [T rpParafu iof blaim OO frthes co@priking: sti mul ating nechan|sm

conprises . a, curr %nt generator that provides a fi

e stimulating mechanism comprises a current generator that prov1des a first

essentially constant direct current during the ignition time and a second opposite polarity
essentially constant direct current during the time between the ignition time and a

subsequent ignitions time.

108. The apparatus of claim 100 further comprising:

the stimulating mechanism comprises a current generator that provides a first
essentially constant direct current during the ignition time and a second opposite polarity
essentially constant direct current during the time between the ignition time and a

subsequent ignitions time.



essentially constant direct current during the
ignition time and a second opposite polarity
woesewra@Bl y constant direct current during thectriuse004/010972
between the ignition tine ad a subsequent ignitions
time. WO 2004/ 092693 PCT/ US2004/ 010972 49 104. The
apparatus of claim96 further conprising: the heater
102 2 il -lyenmeties it coatitig f@ftingenNEUM Rfleéthat supheyédesistng:
first,essggééﬁlly .constant direct current duringlthe .
i gnPR ISR diision arrier SyeberInpibRa? eadidsisglerieq from the group SiC,
Z&%%ﬁ@ﬂ%h@"y constant direct current during the tine
etween the ignition tinme and a subsequent ignitions
time. 105. The apparatus of claim 97 further

opprising: the.stimul ating nec ismconprises a .,
! @Lﬁ%ﬁ?%}%ﬁ ne ¢eagpe E@rsﬂa}%@%ﬁw ﬁeﬁg‘fﬂ‘{ee%%éfﬁ Fomprjsing:
congh afibr-dlirfugioh bakdr $ler Edthbitdng MBori@NicldcRid fdHRAREuR 7B,
second opposite polari'ty essentially constant direct

an¢NbBent during the time between the ignition tine and
a subsequent ignitions tinme. 106. The apparatus of
claim98 further conprising: the stinulating nechani sm

11 E Rl @5y refleb iR éoatifh E6r8difg ak BV RfleMiwatrfacd édniprising:
essentially constant direct current during the

i gniag inger-diffiysionharrier davepeampriyies tisilisidesgelected from the group

.2 kal ly constant direct current during the tine
2&%%?&£§%S§he ignition time and a subsequent ignitions

time. 107. The apparatus of claim99 further
conprising: the stinulating nechani smconprises a

12t retii-leyeneslieedng eanlipg SrayngsER V ieflsetivesysiaen somprsing:
con _ ; o
Consh i Sehch (e Bl St DT LALAR AR P
Zri¥UNbEnScMand SgNyhe time between the ignition tine and
a subsequent ignitions time. 108. The apparatus of

claim 100 further conprising: the stinulating

1135 Bﬁiﬁﬂiﬁd?e?fé@k&iiﬁf&aﬁng WA alBURT REIBEL VR Fabt QYthSifSng:
a first ‘essentially constant direct current during

t he aispesittal fHer tuned ternglegtivaly bighlyorsfeeilight pod baridtogntered about at a

firf BESRRan VLe FERRY Dl S Cn e el tFight Mhend
ceritére® abM® a3REHOIRRRHRCT/ US2004/ 010972

114. The apparatus of claim 113 further comprising:
the spectral filter comprises a plurality of nested grazing angle of incidence shells

comprising reflective surfaces comprising the multi-layer reflective coating.

115. An EUV light source collector comprising:

a plasma ignition point;

a collecting mirror having a focus at the plasma ignition point and comprising a
normal angle of incidence multi-layer reflecting surface;

a focusing spectral filter comprising a plurality of nested grazing angle of
incidence shells comprising reflective surfaces comprising multi-layer grazing angle of

incidence reflective surfaces.



50 109. A nmulti-layer reflecting coating form ng an
EUV refl ective surface conprising: an inter-diffusion
woOanodimeeBayer conprising a carbide sel ected fromush@4/010972
group SiC, ZrC and NbC. 110. A nulti-layer reflecting
coating form ng an EUV refl ective surface conpri sing:
an inter-diffusion barrier |layer conprising a boride
116 €ltecipparafus oficidira 196 duphefcBRprising: NoB2. 111. A

mul ti -1 ayer refl ect] coating formng an EUV . .
r ef fﬂ%&f?%@g RslF 4 gléif@%ﬁ% lreglﬁlﬁa?e_s HACTSifetel et faudiffprentially
ret%éﬁf & ik bhRY ST EGO M, S a FirblicBhiet %Qa?lt?gﬁi} ﬁ% ggecfom Bind of EUV

_the group ZrSi2 and NoSi2. 112. A nu
lightegbionta $aegnd oattémupavctamgingithin sBiV raredel of grazing angld afiacidence

. I SiN0s. inter-diffusion barrier |ayer .
it Sl gt ol et FORPIRR WbbseR(ive onenof the
pluNaddy oBs¥[land Si 3N4. 113. A nulti-layer reflecting

coating form ng an EUV refl ective surface conpri sing:

a spectral filter tuned to selectively highly reflect

1147]1@'@%%59}?%‘32’?@3#5%5?@@?ef%gﬁﬁt' at . a first preferred

wavel 0 °'sig i C lyng9duce the reflection
of lkheglolleatingambaitdonmpeiRés §heabt) wflcdtifE Saifite.
wavel ength. 114. The apparatus of claim 113 further
conprising: the spectral filter conprises a plurality
1187 TREBbAE LR E1M 1309 oBililgnce shel |s
conprrSing reflective surfaces conprising the
mul the-doyetingrmirter cbinpeisestadphagical teffectify strfhée) 1 ght
source collector conprising: a plasma ignition point;
a collecting mrror having a focus at the plasma
119,900 EUINiGR sHirc@ Bl RRbIpiSe® normal angle of
incidence nulti-layer reflfectrng surface; a focusing
speséplasmafighitien peistpri sing a plurality of nested

e L G T —

secdfd fe-uo bt arl inEdrAiOiGR: fobld &ahé BEVSKEHia6@se; WO
2004/ 092693 PCT/ US2004/ 010972 51 116. The apparat us

of @Mgbris shield infernprsiiate themlasmanignition @oit and fhy edligficsl esfllector
mifa?f#og@g%ﬁ% a[e{ﬂl;}?a‘ﬁ{tﬂ/ XFraﬁﬂﬁlgl %ﬁ%ﬁdﬁrg %h%%e%ce&?e%dgn% from the first focus

and in symmetry about an axis of rotation passing through the first focus and aligned to

the longitudinal axis of the elliptical collector mirror.

120. The apparatus of claim 119 further comprising:
the plurality of channels are formed between a plurality of generally planer foils
extending radially from the first focus and in symmetry about an axis of rotation passing

through the first focus and aligned to the longitudinal axis of the collector mirror.

121. The apparatus of claim 119 further comprising:
the elliptical collecting mirror comprising an aperture centered on the longitudinal
axis of the elliptical collector mirror permitting irradiation of the plasma ignition point

with a laser beam.



reflect a first band of EUV Iight about a first center
wavel engt h and a second band of EUV |ight about a

weasowd2aedent er wavel ength wi thin sone range of pgra®2eg/ 010972
angl e of incidence wthin3ahich the |ight fromthe
collecting mrror is incident upon respective ones of
the plurality of shells. 117. The apparatus of claim

122, TR obHirkfiS bor CRHRN 06 Kfitier LARpGhE.eCt ing mirror

conprtses a spherical reflecting surface. 118. The , .
ap reredlipticabéoliettngmirt@ domprising ancwprtvsicapieradian the longitudinal

4,c||etin m.rror conprises. a.s ric e .
s S Y BB G uL FBbE140n i
withCa,oll'aﬁribééxﬁgi a plasma ignition point: an elliptical

co

lector mrror having a first focus at the plasma
ignition point and a second focus at an internedi ate
fQcus of . th UV . wag. debris shield
123 eearpﬂ?@r&P"gtochaﬁlé‘ 16?3@‘1‘%&%5%’?’??8 “point and the
el Iaiﬁpgsh&qgni@i@hlpsﬁl&;or mrror conprising a plurality of
radi ally extendjng channel s ext endi ng fromthe first first
f ocufirst collecting mipranepRprisHg an clptisel retlegting sprtpeehaving a firs
assin r first focus and aligned to the
f°°‘i%&§§‘|etpg%s§ﬁr)f‘é g@fli’gg}t’ the elliptical collector mrror.
120, seddird coplpétingt mirorfcomipsising bsectiar efsesphericab miigphigaving a
the plurality. of channels are, for bet ween..a
centey gthy Peg I OrATEROIR] P e fogroLEet R BRcHgne the firs
coué&ﬂl'g%i%reér bh®RrtebEnd dchllichPEMS 1R Gkst EbiR¥EiYorafoused aitough
axi § of rotation passing through the first focus and
the fitst fovas of thetflrst dobegjingudirresd axi s of the col |l ector
mrror. 121. The apparatus of claim 119 further
conprising: the elliptical collecting mrror
124C 8MREthSd BOreBRINARAG BUN ¢ightdvudeadliedtotshonippisiigtardflacive surface
axis of the elliptical collectaor mrror permtting
thatihas hegoms eomtaspingted withedabeis CBPISBE point with a laser
beam 20 P L.Q: ;
ap e ORISR 515 I RCRACANS octin i Ehoanfb hamber
conBihihPhicEidlon 0RIdiAE tomgining gasrand amisriisbdigtiem{rapemtuliraviolet light
centered on the longitudinal axis of the elliptical
SOUESSt | ector mrror permtting irradiation of the plasma
ignition point with a |laser beam 123. The apparat us
of claim 119 further conprising:
125. The method of claim 124 further comprising:

the irradiating step is done with a light source irradiating from essentially a point
source at essentially the point source location corresponding the EUV light source plasma

ignition point of the collector in normal use.

126. The apparatus of claim 124 further comprising:
the ultraviolet light source is a DUV light source.

127. The apparatus of claim 124 further comprising:
the ultraviolet light source is a DUV light source.



a plasma ignition point; a first collecting mrror
conprising an elliptical reflecting surface having a
woOi2neH092d9ecus at the plasma ignition point; a PETW$2004/010972
collecting mrror conprising a section of a spherica
mrror having a center at the plasma ignition point
and di sposed to collect light not striking the first
128: &4 methor 9§ continuys removakdd debtis frgmsaicdileciog eflevting surfee in an

i ' Lo f ocused through he first )
EUY it sGftt; RS U nv Bl it P RS oro b o s egsine
surfaee Ivetiendin thereRledtingbur fEQUE@EprRed b Eied: AiafertQaRd R rBgdd: qlebris

reflective surface that has becone contam nated wt

COMALES & SeoR Matsrisd compiigng therdtspalofy cl eani ng t he
col , ' C in_a cleanl ng chamnber
cor oy it SRl BT ABSick o BfeE HEeBe under
i rradi at promidingmgarcomipiismgithd stbrsiof e spafetinSion hRerial; and,
The met hod. of ¢laim %4 further conprising: the
i rradi at DT REtBpatoms pd tee spuitaring jonghateria) itean ionized state, the
i T riggi;ad biag v i ’
es sle ntZi al ly te%rfeggggei%%t%’qé gg%éc%dlsg@gk% A "?:’%&rf P éégl Sgttrei% Iep]egrgy peak
t hethatthas laibggit probability qflspstbaingithnédcbndiniaciriat af a V&9 low

collector in normal use. 126.. The apparatus of claim
124prf’%}q%ﬁtgr°?8%%ﬁn§it 11st Wategipl r avi ol et 1§ ght source
is a DUV | ight source. 127. The apparatus of claim

124 further conprising: the ultraviolet |ight source
129; A mpethed,of soptinuewsurerevahwbdedmfrog26@dlector reflecting surface in an

eUTSSIRDAGTR oF B B2 Bt

wheiréin ife reHebtirlg) syifacseunigisel 8ffirdt htatérMaN@ theQbsiBhGBRis comprises a
Wucec{ residue debris on the reflecting surface,
sec drnaliand comppwndsiof thesserentbmateriplnompising the steps of:
matiRhd: ' j i s€s @, .second. .
rac o Rl MR 6 B e TR LR oo EHifrising the
secandmatetidlaldpesited be thewg flectingssaufice a@npri si ng t he steps
of : _pr.ovi di ntg ? as. conprising the atons of the
s pTPEPE agonEel eﬁlgspg}t?rg}gz log spurce eqmprisipg therersofins of
t he sputdeyiing ai @8 coRbRShaknd ' B{ﬁ}%& {he
i oni zed ﬂ;t .att egt?eg?ng sgl elcgclghgl dt?%lﬁ%getg%g | s]?lrgislé%bﬁgeﬁlan and,
around #Xe@ng thesatomp of glp spetédringtibm abeaial intd agionized state, the
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that has a high probability of sputtering the compounds of the second material and

a very low probability of sputtering the first material.

130. A method of continuous removal of debris from a collector reflecting surface in an
EUV light source for removal of plasma produced residue debris on the reflecting surface,
wherein the reflecting surface comprises a first material and the residue debris comprises a
second material and compounds of the second material comprising the steps of?

heating the reflecting surface to effectively remove residue debris comprising the
second material deposited on the reflecting surface; and,

sputtering the compounds of the second material deposited on the reflecting

surface using ions of the second material produced in the plasma.



probability of sputtering the first material. 129. A
met hod of continuous renoval of debris froma
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for renoval of plasnma produded residue debris on the
reflecting surface, wherein the reflecting surface
conprises a first material and the residue debris
1319‘I’HPE%}§£§tu§of§1§i%96ﬁﬁHﬂfe§Eérﬂlbri§ﬂgi conpounds of the
second material conprising the steps of: heating the
r efthe sedong nsajeriad dea @@nncﬂmg@ﬁihﬂumgn- renove residue
debris conprising the second material deposited on
the reflecting surface; and, creating a controlled
1325 MUt beparitds bPElam0 el 6etlepemhpdding t he steps of:
providing a gas conprising the atons of the sputtering
ionthﬁﬁﬁ@nﬁénéte%dﬁac‘@%?w%r?é lifhfumat ors of t he
sputtering ion material into an ionized state, the
ioni zed state being selected to have a distribution
133 Theagpaatae beclui 68 fiatigy cpapdising:hat has a hi gh
probability of sputtering the conpounds of the second
nat@Pisa@néﬁ?aateréal\}%?90%9911&#33515?1111-ty of sputtering the
first material. 130. A nmethod of continuous renoval of
debris froma collector reflecting surface in an EUW
134. Thhtapparatus ef tleim 64 fwrtter cafipyisingma produced resi due
debris on the reflecting sur £ wherein the
refﬂ@é??ﬂ@‘EﬂF?éd%aEQWB&F§%§G§&9P¥st material and the
resi due debris conprises a second material and
conpounds of the second material conprising the steps
135 {Thelapparaiug of blaim 6f fether ggmptisingce to ef fectivel y
renpve resi due .debri LSi he second materi al
~dep ﬁ?gﬁﬁ- %Fﬂglr% ?%@?@ﬁ%hﬁﬁr ace; and, sputtering
t he conpounds of the second material deposited on the

reflecting surface using ions, of the second materi al
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PCT{ISR00% Q30972 o mbiking JfinRRaT at us of ol ai m 61

further conprising: 6?%e secoﬁla material is a conmpound
of lithium 132. The apparatus of claim 62 further

rising: the.,second materi.al is a conpound of
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CONMPe SESYH mafell8l i8 8eORPotimt S lithlund.S @ conmpound of
lithium 134. The apparatus of claim64 further

conprising: the second material is a conpound of
132&.'"[&1'2:' a%g]aratus of claim 68 further comprising:

the second material is a compound of lithium.

139. The apparatus of claim 77 further comprising:
the heater element maintains the temperature of the reflecting surface at a
temperature sufficiently high to evaporate the second material and low enough not to

damage the reflecting surface materials.

140. The apparatus of claim 78 further comprising:
the heater element maintains the temperature of the reflecting surface at a
temperature sufficiently high to evaporate the second material and low enough not to

damage the reflecting surface materials.



135. The apparatus of claim65 further conprising: the
second material is a conpound of lithium 136. The
weaeppawm®bdds of claim 66 further conprising: thecsasemnd010972
material is a conpound of I[35thium 137. The apparatus

of claim®67 further conprising: the second nateri al

is a conpound of lithium 138. The apparatus of claim

68 further conprising: the second material is a

conmpound of |ithium 139. The apparatus of claim 77
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surface materials. 140. The apparatus of claim 78

dampage theieflgeting sustopgmaterialsheat er el enent mai ntai ns t he

tenperature of the reflecting surface at a
tenperature sufficiently high to evaporate the second

142nihe apeiratanol dlaim 80 Gugier embpriging:danage the refl ecting

surface materials. W 2004/ 092693 PCT/ US2004/ 010972
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at a mperature suffticlen

damage dhveaefiecting wufacesmatendismat eri al and | ow enough not to

damage the reflecting surface materials. 142. The
apparatus of claim80 further conprising: the heater

143¢{TREBpYardtad Ot Ahinss1 RRteLORBS ANy of the reflecting

surface at a tenperature sufficiently high to
evdbeheater eleracrianainidinsdhetenperaturd of the refleiiplg snfacetab a
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daneige e fla@ingtsaifce mbrribgnper ature of the reflecting

surface at a tenperature sufficiently high to
evaporate the second material and | ow enough not to
1449812 : 'Qgﬂ? [ Jmpterials. 144. The
appa%gjta%{swso F%%lgfgr% ﬁéénﬁérr%l ynpri si ng:

the heater element maintains the temperature of the reflecting surface at a

temperature sufficiently high to evaporate the second material and low enough not to

damage the reflecting surface materials.

145. The apparatus of claim 83 further comprising:

the heater element maintains the temperature of the reflecting surface at a

temperature sufficiently high to evaporate the second material and low enough not to

damage the reflecting surface materials.

146. The apparatus of claim 84 further comprising:

the heater element maintains the temperature of the reflecting surface at a

temperature sufficiently high to evaporate the second material and low enough not to

damage the reflecting surface materials.

147. The apparatus of claim 139 further comprising:

the temperature is between 400°C and 700°C.



the heater elenment maintains the tenperature of the
reflecting surface at a tenperature sufficiently high
woeoenmpsat e the second material and | ow enougbTnstkool010972
damage the reflecting surfase materials. 145. The
apparatus of claim83 further conprising: the heater
el ement maintains the tenperature of the reflecting
surface at a tenperature sufficiently high to
evaporate the second material .and | ow enough not to
14 hggepamis of elagm it duither camprisiageri al s. 146. The
apparatus _of claim 84 pLher rising: the heater
el e eﬁFm eﬁaﬁ}rgfsﬁbsetW?]eél {Og’n%@%gg&gof the reflecting
surface at a tenperature sufficiently high to

evaporate the second material and | ow enough not to
14 Fhegepenats of tlagp tlith duher comprigigeri al s. 147. The

apparatus of claim 139 furth 3 rising: the
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further conprising: the tenperature is between 400C
15@nkherpo@atus pA glaimH42 fpplar gomprigpgcl ai m 141 furt her

conprising. . the .t er at yne i ween 400C and 700C.
153&%@19 Bg?é&??g‘gg?n‘gqoa{:ﬁfli?g fuUrther conprising:
the tenperature is between 400C and 700C. 151. The

apparatus of claim 143 further conprising: the
151i¢ aeatus of slajatlde dwthkyoonarsing0o0C. 152, The

apparatus of claim 144 fuyrth rising: the
F ondisr et e dbbang6%500 ° 125 ' The
apparatus of claim 145 further conprising: the
tenperature is between 400C and 700C. 154. The
152 pBerapparatusfof ¢ladmnhd4 ferthay comprisiégnpr i si ng:  t he

t t i s.bet C 0C. 155. Th
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tenperature i s between 450C and 650 C.

153. The apparatus of claim 145 further comprising:
the temperature is between 400°C and 700°C.

154. The apparatus of claim 146 further comprising:
the temperature is between 400°C and 700°C.

155. The apparatus of claim 147 further comprising:
the temperature is between 450°C and 650° C.

156. The apparatus of claim 148 further comprising:
the temperature is between 450°C and 650° C.

157. The apparatus of claim 149 further comprising:
the temperature is between 450°C and 650° C.



156. The apparatus of claim 148 further conprising:

the tenperature is between 450C and 650 C. 157. The
weaeppewm®bads of claim 149 further conprising: tRET/US2004/010972

tenperature i s between 450G7and 650 C. WD 2004/ 092693

PCT/ US2004/ 010972 57 158. The apparatus of claim 150

further conprising: the tenperature is between 450C
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conpri.sing: the .t ergture is_between 450C and 650 C.
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the tenperature is between 450C and 650 C. 161. The

apparatus of claim 153 further conprising: the
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t f claimi54 furth i sing: th
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160. The apparatus of claim 152 further comprising:
the temperature is between 450°C and 650° C.

161. The apparatus of claim 153 further comprising:
the temperature is between 450°C and 650° C.

162. The apparatus of claim 154 further comprising:
the temperature is between 450°C and 650° C.



