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LASER PRODUCED PLASMA EWV LI GHAT SOURCE, Attorney
Docket Nunber 2005-0086-01, the entire contents of

weawb/0gfooshi ch are hereby incorporated by ref eP€nts2008/013417

herei n. FI ELD The present application relates to

extreme ultraviolet ("EUV') light sources providing

EUV light froma plasnma created froma source materi al

and col l ected and directed g focus for utilization
outside of the EUV |light source chanber, e.g., for

seni cdguressnt apnlisgtion eelates tx extremenliastdetr(‘BY V™) light sources

phot.al i t Q €. 0., .at vel ths of around

Br ok G iRbicie Bipteat SRS IRPPA SRt pfel fnd CMled and
ldirgbted t& a FocusEbL Gl fAReRitdside 6Putie BUVNightydude: chamber, e.g., for
wavel engt hs of around 5-100 ran or |ess (also

semisondector efndegraigdt ocieytits omenyfapiging  phetplithegreplivnge.s.,  at
"%ﬁpfepg@ﬁﬁf%ﬁﬁh%@ﬁjﬁaﬂﬁb@faw 13 nm can be used in
phot'o y

ograp processes to produce extrenely snall
features in substrates, e.g., silicon wafers. Methods

to produce EWV light ing¢lu are not necessarily
limted to, converting Q@é’?gﬁ%ﬁ}lpnto a plasma state

t hat Im Uﬁ]l“é’ < {_ﬁ]’; O@, |élEéH. ey <A :
an em sngir% Fflt%e ilﬁg e EL)JV a’ng'g." I'n odrilga Sgﬁ rrgrcéltaﬁ%d,rhavmg
ofavelengths € drduad &1 ¢ omurdessphlas sametitnePtefetrérbto as soft x-rays),

B g e R o e Bel o1 1 - Pt Y et afgiplighography

?)?‘](;L%% & plodtied Sttrehel FBEN FdtureMd ﬁb@trété‘ss; g.r o. 83BN Watkrs.

I's process, the plasma is typically produced in a
seal edMethedeto, prwdyce BLAE dight uivdudsebut arednotorecessarly limited to,

using.vari ous. es of netrol equi pnent. In i
31 21185 ARG Aol BRR aN STRELe Bt agpap. ithium or
R0 6Rh S endbsion lid@irtk!BUYeaieatlf oud 9@ meidb, often termed laser
by-(froducts in the plasnma chanber which can include

(854

used tpdastnar GdiPAY) dhe reAudied eplasmag chobs preduepdhby drradiating a
] |‘ ] t .

Sl AR O OB TR iy BB O heri

pdtlenlasé@Beymheat , danage or reduce the operational

effici enc%ﬁﬁof t he various plasma _chanber optical
el emerditos thisdrgesshgtheRlasmais typigatly produced gn s sgadgd vessel, e.g.,

SHEO TP Sy LaYE Sl B Chnlpceppihen. 1
iadditide e gendritingsEiUVamdmtiof, these plasma processes also typically generate
undesirable by-products in the plasma chamber which can include out-of-band
radiation, high energy ions and debris, e.g., atoms and/or clumps/microdroplets of
the target material.

These plasma formation by-products can potentially heat, damage or reduce
the operational efficiency of the various plasma chamber optical elements including,
but not limited to, collector mirrors including multi-layer mirrors (MLM’s) capable
of EUV reflection at normal incidence and/or grazing incidence, the surfaces of
metrology detectors, windows used to image the plasma formation process, and the
laser input window. The heat, high energy ions and/or debris may be damaging to
the optical elements in a number of ways, including coating them with materials

which reduce light transmission, penetrating into them and, e.g., damaging structural



10

15

20

25

30

netrol ogy detectors, w ndows used to image the plasm
formation process, and the |aser input w ndow. The

whe@v/0839yh energy ions and/ or debris nmay be deOEHYS2908/013417

to the optical elements in a nunber of ways, including
coating themw th materials which reduce |ight
transm ssion, penetrating into them and, e.g.

GhRBBYEHy M d ol robﬁéél rp%[béi‘ﬁ@sgé igt, Mh@@l?ﬂl%f op@hhﬁ@il fo reflect light at such
properties, abi ity of mrror to reflect

|sh@htvvaacle@g1bh 'cgtrodmgmvmdem@thhm arxsi&rrd@ﬁutﬁgg o ghepuli us, it is

é’@’é c?e/sf%éblg ng{ {;#Wge {hﬁt Goh hﬁ{)ﬁan h/u or rt].laé )C:fféc? %’ﬁ%sr%%lgle}{erated

dkbesst of plasnma generated debris. Heretofore, LPP
systens haye been di sclosed in which each droplet i

i rr adiffgretafosg BPResystemse hﬁ‘@sé’ﬁelplﬂlwsﬁé inoMhich mcélsawplet is
RS, LA B R bR g oo

Bpstems have been Hisglobedid shich éa&hsctrn’plecaasea;uemw illuminated by

dropl et may be exposed to a socalle re- pul se" and a

e dhaneene: hghtpylyass n, somsueases carh %r%p §gnke be exposed 10 a so-
ot td

SERKEHE et B8 ORISR0 AMASE 9 B afiftyed

fmore tthamsneopretmésepmay el wsed andi mme ruhapubmaemmypuivea nlagpbe used

i BT et e e AR i RISk B Rt o sme extent
T@/?l(ﬁﬂ? LEBE -p\ﬂ?é(ﬁ’fﬂn al fnfekieh té Q)E;?aha(iﬁ§m‘ﬁ’cetr1m &t@th@ﬁ:‘b? increase

se and he” mai n- pul se may function to convert nost
@he athpurgfof mmseniad tvehickainténacts vatlpthamnm&etmértbbmam-pulse may
an EW ht .end ssi on ver
Risi8E o fBaerhrap it BE Piferiel 05 Pt i Broduce an
BUWV ight &0issRY. TIGHERE, it & ©PRarprécRittd titit the fulnbBons of the pre-
pre-pul se(s) may gener ‘ate sone pl asma, etc. The
ipalse aad aimpielse inay oweré@n Wesomerexient 8. nthewye-pulse(gemay generate
0 S I €
0300 350 TR PR P SRR o
drssisectidheofihiterialalxpssedao tkapeise, dgieattypenetratiat of the pulse into
Anot her beneflt of pre-pulsing is that 1t may e

tﬂvfentasﬁr igbdug 60 tﬂFFe Fez@l’éfdeﬁweseﬁd&y@% Huhatl, émpﬁw rgnefit of

S OO SRS T2 e Bt g, o

laﬁenf the ptlhe gepartmrpiitet h@hlsrmagdbabspeglallliygimeﬁamhﬁtrella'evely small

féig g’tg%be{ ﬁs&tg{qag 6%éét%|agd ﬁ%& 1@%&| l* ] OE!@IS{% bE gégdsegl Po the size of

Ql'ié?s:ﬁéﬂl §io‘i§ﬂett ‘Thh@ Gh %&%@ aﬁﬂ%ﬁ%ﬁé @m8&§ bk ‘abﬁfh%l/e @nﬁe/prabulsmg
| ow use of relatively smal e.g. socalled, mas

|t¢ nnqre@set@mgenswn erfiﬁ@leasze apfl /ren altlmveusy ofmelativelyr ggal{;, e.g. so-
used gner tiop_an
s ihss TRY G TR The up@ETeivRl SptfARR, iRkl Hiay be used

to lower debris generatlon and / or reduce source matenal consumption.

As indicated above, one technique to produce EUV light involves irradiating
a target material. In this regard, CO; lasers, e.g., outputting light at infra-red
wavelengths, e.g. 9.3um or 10.6um, may present certain advantages as a drive laser
irradiating a target material in an LPP process. This may be especially true for
certain target materials, e.g., materials containing tin. For example, one advantage

may include the ability to produce a relatively high conversion efficiency between
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As i ndi cated above, one technique to produce EUV |i ght
involves irradiating a target material. In this

WO e@atsio9O | asers, e.g., outputting |ight at Pef/oszoogai3417

wavel engths, e.g. 9.3mmor 10.6nm nmay present certain
advantages as a drive laser irradiating a target
material in an LPP process. This nay be especially

tthdI8rivelas&einpad lsbw@raglatthéraﬁ@m BU p&wér. - ARGhEr Adasitage of CO,
containing tin. For exa one advant age may i ncl

ude
tdmieve dlpsers myay mcbrd@d@@eagptryeo%thweqla,tlwlm tongowakelength hght (for

el B RTRaLTE " ey Vo, 22yl WO aRR oy SRt rouen

r¥adfaded Qshbtd@ 4 hefleativd bptic thht Hab %eérﬁb@ftéd/ﬁith tinQledris. ThJS property
wavel ength_|ight (for examp as conmpared to de UV
2 opmyradigtioomay allopy tﬁﬂe%‘feamnv@nsyo resuRAPleYied a%aésthe plasma

%lrﬁ Ia&g,sste%nlhg,rit%sgglhg EnP R 'a&Ju tﬂ%thg ‘”f(?caﬁ) Qlercgfathg grl% fdler beam.

bri’s operty |at|on
al | ow Amesthercfactoe worthyarcsf d:cmshkramspl myfhé dﬁﬁc:ult}hassomated with

pl asma for .g., Steerjng, faqcusi.ng, and /or adjusiin
RBSIFERLY BB Ascutely g § serias of Rl e heuickly Hhoving
f r
éﬁ;‘%)lgt% a?\mg% tau%ﬁtls%ﬁ 150 He S8 aﬁ‘trélgﬁvé éc]'ﬁre%'eﬁ{lb& Wty For example,

consi stently y hitting a
semiedsgpiolualedf UVedight sowices, maua pdk fgt the urradgatibmogf] droplets having

AR e oyt oD o 0nd A Areyine B aneiiol) P ghbotdt i dvs, o

Wet&%h'rat%@éxée@&ingVBORHkat' on of droplets having a
di‘anmet er of about 20-50 mm and noving at a velocity of

about 150ediitomtos theaabQVQpiqstmedntephmqgeSekbgeaaitrgt Ngkréz855 943

add n. des q
lgg?rgma t?l §§35%§591t2 %ﬁzlrlé?uﬁ Sﬁwll 0 rﬁgeiaslfg;%%ﬁﬁnd is entitled
WIHRMPLE QECR(GET%EEI\LERY MEEHOI BORZH@@HMLSE-RATE LASER-
entitled "DROPLET TARGET DELIVERY METHOD FOR HI GH

M@AMETB@@ML@AVME&EM%LTFW@ET% lgpes a technique in
BChn1 E(?isié Qtihe ?:%ﬂ?tg gltjgrogl%t Vélﬂjegxg Qg\iyev%%ﬁ{ droplet, is

edro in a

dfr@dlbeﬂ to pﬁodubé agubké @U\Ohgllit(lﬂm& axsrdléc?‘o@d EiUtheI ‘OdBpatent, the
out put.. di sclosed in the

ﬁ)@ﬁa%mﬂpet%firqpéeta (spralled b(@%r éléﬂn i e%ffw@ge%swlé?@)the next

?,9}; ﬁf@ggﬁ@ﬁ EB It ?ﬁ?g S;bgﬁltée gﬁ%ﬁé? geﬂﬂ"élﬂeﬁ Gt @Ié)ﬂaﬁiatlon site.
iUnfadigdtelgnirs sdree cakes,oﬁibsmhmf&rydrophetssma)e rcﬂemé],ght haedeinto the

ffer droplets. tefl ect ht . back into t

i s e e i e srbg hitieron i g he efffetiveness of
R&lLe&’d Pin %J&& il yenesa ﬁfghtérﬂlerquﬁﬁgess o ﬁa%@'e@rl)écihlly true
produci ng high enerq%el(ggo ses. Thi's nmay be especia

tfoublgh@amﬁe@q Qa W 0) @nfea- mbl@sem 00§ Op disers, wélcph tend to
ﬁ’ﬁase raftie? " e%151FC.)2 Tlh%siel{ ?nayvg]e gglragf%dto Rinimize any losses between

pulses, including minimizing the effect of reflections. It may also be desirable to
maximize gain extraction from a drive laser amplifier during pulse generation to
produce large energy pulses, and in some cases, to provide stable consisting pulses,
e.g. by minimizing instabilities, such as those caused by mode hopping in certain
CO; lasers having a MO — PA configuration.

With the above in mind, Applicants disclose a drive laser for an EUV light

source.
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self-lase rather easily. Thus, it may be desirable to
mnimze any | osses between pul ses, including

worowisodng the effect of reflections. It nmy BCFUSHES8/013417

desirable to maxim ze gain extraction froma drive

| aser anplifier during pul se generation to produce

| arge energy pul ses, and in sone cases, to provide
stabl e consisting pulses, e.g. by mnimzing
instabilities, such as those caused by node hopping in
certain CO2 |asers havi ndEGMMARYPA confi gurati on.

i BBy SR MR eatbes SRR ST HE Sppdibt 4R oscitator

ﬁ&ﬂﬁgfan cBcitlgtor eavity 1ehgs; i, el defirghy awtdis€illat®rypath; and a multi-
onprise an oscillator having an oscillator cavity

p@ssgqmlcal_@mphﬂ@r eunled Mathathe pseillaraittorestabliph aamn@ned optical

B, PERTARPE IR dair the EHBEH oBlib i 5, length, Leonncs
iwhetellclohighed I EN 650 4 Lgtvadter@NN s ztdwmtezgeﬂ‘amdw‘ed’ isa\nuimber between
haV| m | ength, Lconbi ned> where LCOvined = (N + Xx)

ere "N' is an integer and "x" is a number
bet IW%%@ eg'hb%dﬂﬂglt%]egmﬂea heRE, GRP O IR ca@ﬁg ‘fﬁdgth%%pnse an optic
herei n, e osclllTator cavity may conpris
defining g end ehtheodsciltatorosayity! aatiotheockavldeymayl d:otdpase an electro-

devi ce n el ectroact e eI .
cvee clment CabRied By PR i Bnd SRS 3 e St B Grcavicy
gty length. In a particular enbodlnent descrlbed
herein, the anplifier may conprise a polarization
di sIoramarmulargembodiment Ideseyi@teq'i dldrﬂ:iputthei agplifighmay comprise a
tr i ng ,al on e ath on1t sci |l ator

Rt g e tling: ey B PRBE i@ et rdi g ARE o first
ledrﬂ bihefrélﬂnhé bicfllatoPdtdl havitey APkiabitiglt » Gkdt ilifGar pdidHzation into

havi substantially a |linear polarization orthogonal

the lﬂeir,rasxd Beloptic putnugingolight gﬂvmaéulasmtiafly@rhnam@a@zanon
e

BRBOAEP A BBy e S SR g e S s

optInCond hﬁar&gﬁﬁidni iofrthisayspecimhi¢ Secidlato minyl Eompnsen amtosclllator
optic, and the device may further cgnprjse at  |eas
SH@uHapaaLhe agplitier mpyaefmoRiseAh amplifst HPHEABEH and the device

it AP B 001 AN g SR eng
<betmfe|eg theaabcdmtar ommutbptld ang the amphﬁek atpot optind | n

ner dssgfgg le| gﬂ: l[a?osfcrhé)! é 8(§nf{gau¥ecP gs a? QQJI%yg Jn%jed oscﬁla%r and
in another setup, the oscillator may be configured as a Q switched oscillator.

In another aspect, a device is described herein which may comprise a laser
source producing a continuous output on a beam path; an amplifier; a partially
transmissive, partially reflective optic disposed on the beam path between the laser
source and the amplifier; and a droplet generator positioned to deliver a droplet
moving on a path intersecting the beam path, the droplet reflecting light to establish
an optical cavity with the optic.

For this aspect, the laser source may have a power output, the partially

transmissive, partially reflective optic may have a reflectivity, and in one setup, the

power output and reflectivity may be selected wherein the light entering the
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In anot her aspect, a device is described herein which
may conprise a |aser source produci ng a continuous

wWOipasseh a beam path; an anplifier; a parti aP€luUS2008/013417

transm ssive, partially reflective optic disposed on

the beam path between the | aser source and the

anplifier; and a droplet generator positioned to

g{%?hﬁ@{ ﬁ&n%@%c@ﬂatm%e@ GoPBx Red abdut 2RWET RSl ddbddi@ent of this
m path, the droplet reflecting light to establjsh

aspeopddscrabedclzareiny theilaser stwgcopiay compoise @ Qo lasgs devingtaneoutput

it Mecnge Py B 10 ko PRy, 19 BHF BBl lagohe Belil tapsmissive,

bﬁxfﬂaﬁf} trefiddiive P by QERRect Detioent 156 RAWE9. 994t giuthe aﬂﬁar source
reflectivity may b e selected wherein the |ight

ehm@tl ng thearrpl ifier fromthe oscillator does not

ex 2K\W f e

d egle %rgent ofthﬂgg eecgrqgg urgi%gfe tgleséogﬁna%ﬁtﬂ: &E%(Bed along
Bav@enmamﬂlatdt ahhehdﬁﬂpiﬁierf 0 1Wt o 100W

In one inplenentatjon, the partially tr ssi ve,

par i & pasjicpler (eathoripaens nfi thisraspetedn gptc éf h g0l Aigposed
%Etx@eé?l e {di6r {ARE at?daﬂ{e;far@éﬁgpﬁansrﬂlghl\%?s)a.ﬁfgﬂg'dﬂeﬂ@afvecgptw to
et e

I'S aspec an adj usta | escope ma i sposed
@kamthmmcnmmnheﬂmm@mt he oscillator and the
np)ifier articul ar 0

di t of thi
bt PEBiculeS afab ey (B et SPUEANe PIRSURE BB LS output
] eﬁ-lg &t At FREIRAT drldethb Yindpligies Hla?sﬂa‘é@ a %&ﬁ{ bar In¥luding the two

ctive optic to protect the oscil or from
liaes.ect ed Ilght In a particular arrangerrent, t he

| aser source produce tj puous output havin

| ea$t 2HQK8°T ?511?8% ﬁn ife!Sa ﬁeﬁ f?"rde erﬁﬂﬁlwﬁ’ﬂlpmgygémwrﬁgnad target
intéitdi ROldafiCoraMBptid B&Eblishthgdd Weh@r pAB ReiEh the’itﬁgﬁétl @éterial; an
i s described herein which may conprise a targ

wptiealigain madx%ttlmé ab@guth,e ke pathsh phegnl@rb%alm%ay Rf optics

ol SR Bh P s Ry Dhe SR T bt and

Qhtutddld aBsosiptidio ﬁidllsﬁosfehen Qhﬁﬁbﬁhbérao@fﬂsaﬁbl atslleaa sdaleaphotons
l'ine al ong the beam path; and a saturabl e absorption
gellecindsiseradhe tareet matelinber to absorb at |east sone

pho{ 4 g?élﬁﬁfaﬁghggdﬁﬁe‘?@ tPE Ophiddi & gfnl HBAiGH ﬁllaﬁl mp?ise CO; having

par I ment e opti gain nme
@O barl iatRAdheviongum agdithe daamable abslompimma‘s@nzﬁ,mnna;mte SF¢. In

taqulgth%;’Jl terlillrbgggrr?en%bio ro%ttllcglngagn mercrla Xm may rclc)rsrl(;")rfssel:s COz rLavmg a gain
band including 9.3um and the saturable absorption gas may be selected from the
group of gases consisting of CH;0H, CH3F, HCOOH, CD;0D, CDs;F, DCOOD, and
combinations thereof (where the chemical symbol “D” is used to represent
deuterium). For some applications, helium gas may also be disposed in the
chamber.

In another aspect, a device is described herein which may comprisé a first laser
source producing a first output beam having a wavelength, 4;, a second laser source
producing a second output beam having a wavelength, A, with, A; # A, and an
amplifier having a gain band including A; and A;. The device may further comprise

an optical isolator having a polarization discriminating optic substantially
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anot her enbodi mrent, the optical gain nedium may
conpri ses CO having a gain band including 9.3mm and
W0 b@9®si00F abl e absorption gas may be sel ect ed PCDIB1008013417
group of gases consisting of CH3OH, CH3F, HCOOH
CD30D, CD3F, DCOOD, and combi nations thereof (where
the chem cal synbol "D' is used to represent
%ﬂsxﬁftﬂm}gﬁl dghFQ{avﬁfyTa &P ik | Pe)8rizdtidhi bl Gabstamialig! BRcking
di spose he chanber. I n another aspect, a
d@nsmssmg ofi ight hayéng mHnedrpokiizetiomasth fosthe firgtipodarization;
g{cgﬁgﬁrggcg i 1‘1’adv‘ﬂr§' A 8‘??“5‘?%15}‘ §§)‘ﬁ‘uerc§8n 6$g°du éﬁﬁg f}ight having
Wﬁﬂg@ytmutanbe@nﬂrmﬁnmorareﬂawéreﬁgﬁ& TRR,, \fbit fhghﬂ. having a
| 2, and an anplifier having a gain band incl|uding

ameleagthme with TR mayl Rl tthe optie eprpling Eie st pemut beam and

t t
TR R Bt oufb Ao Bradlbalt BESAELDRRAP,
poI arila ainleoemlamhirnsmﬂosf &ﬁi |a@;bdcy, the dirkti hagert scunseninagilave a gain

of light havjin i near po ari zation orth onal

{pReliym rcempﬁémgg(?%wﬂcmgr?d it estmrg %‘ém%l%h Ay of

tl'b %d“aﬁ&'tﬁ séﬁdde&géro%dr@é nfyy HRELa é?f n&édﬁﬁﬁ QMihg CO,
vel en a 1Tansmrsss on. re ection ratl o,

‘pRRlucnfgm selcomd)utpatvbetagl lraviey & vamelemgth) X2, of@.8amTRR1 >

, the optic cou ng .the first out bea
Secah P theahiiinn JSRIHieE h BERhaR TSR giFersse phase
ARhdid Gftic 4R ONRaPPORHRARAGIRE, i s aspect, the first
| aser source may have a gai n nedi um conprising CO2

pr obhue pmglcalaf arrsmgemqnpwhe leawphifien wiay gomprise el pdurglity, of amplifier

ﬁ& 8 ﬁi sec%nd Ias [ S c havEI[n (g)g | hav be
bR FOspred Alprecs St gt 2 et i may
havitidBe Pbataeel enditiplifier chemb8rsdithe l:@mﬁi%ﬁ be&hath.t he
optical isolator may conprise a forty-five degree

phase retarding optic and a |linear polarization

filter. In a i fier may
conprise a pl @ﬁﬁ%ﬁ%@ﬁ?ﬂgﬁgﬂ%am% tioned
al ong Fig.coshmws heanplpfiddischemhatib @ictoophilagrppiducedplasha EUV

posi ti oned between two anplifier chanbers on the
Wﬁimaqto Juraspet Béﬁm PEEREAISEIRSUIRE DRAW NGS

Fi g. :k:lg e@%ﬁ (4&8&) (Iﬁgttok Por'tls€'Yh e 1fbht source shown in
| aser - oduc asrra t source according to an
dgdct of t he present di scl osure Fig. 2 shows a

:gaﬁ IC g L S v%] se ecte 81)1%10%2 off%.%o 21? ellngoélment op a laser-produced-
plasma EUV light source;

Fig. 4 shows an embodiment of a device for use in the EUV light source in
which pre-pulses and main pulses are passed through a common amplifier;

Fig. 5 shows an embodiment of an EUV light source in which a partially
reflective — partially transmissive optic is disposed between q laser source producing
a continuous output and an amplifier chain;

Fig. 6 shows an embodiment of device for use in the EUV light source
shown in Fig. 3 having a multi-pass power amplifier;

Fig. 7 shows the frequency v. amplitude relationship for oscillator gain

bandwidth (top), PA modes (middle) and oscillator modes (bottom);
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Fig. 1, Fig. 3 shows selected portions of another
enbodi nent of a | aser-producedpl asna EUV |ight source;

wo-2@9/08503hows an enbodi ment of a device for useCT/lS100®013417

EUV |ight source in which pre-pul ses and nmai n pul ses
are passed through a comon anplifier; Fig. 5 shows an
enbodi nent of an EUV light source in which a partially

refleghd ve itlufipitds 8l lebhpoFAnetidiet VRr QRS | SwilcheslicI00828! of the
bet ween™ g | aser source producing a continuous out put
ambodimentphovin by Figh3iand Fig. 6 shows an enbodi ment of

devi ce..f use in,the | Qurce shown, i |

navi ng IO BaST Satieiimehtq S e B BV g Source
floeshesnitin Mg, RipWhich diee leagtatof dsdptieal guth d&etd batveén oscillator
gain bandwi dth (top), PA nodes (mddle) and oscillator
apdemplifetis@djustablg: 8 il lustrates a tenporal sequence

for the switches 610, 628 of the enbodi nent shown in

Fig. 3; and Fig. 9 shows anot her enbodi nent of a

device for use in t DETANBD OBSCRIPTO@N10' shown in

Fig. 3.in.which the Iength of the optical path | .ength
bet weeNithduifip) raﬂquﬁn%?nterﬁ&pl ithere s showayg sehezmtis view of an EUV

| LR it i
SRR . BSCRUE R L SRACEIA 1 i o on
aspect of an. gnbodiment erAspstoovc éd Fig. als nend  detdoribedyimt further details

SR PR PE R S4B PR SHRhe PR T el an
&1 OWing! '8ailhFI? HhOPhilsSO UAS Shokbh, TRY systiéeh 4o l@ng’y iﬁmalsmd%aice 14

for genferating and delivering a train of light pulses.
Asnerhting pulsere(velyich émsdiRe wasesimay ingdide ansvercmore4main pulses and

S RS L R TP GEORE el O0R i
irsfetcat®rto g ( %}95’1’6{ iSoRMing NtheTdeviddet Aiffonb &k A¥astisbie downstream
|

reference to g. 22 for isolating the device 14 from,
aeflgctigns, andnan eptianst beamdeliverycyp6ns 18 Ashovwanwaiptdashed lines to

RRRRREh HEGHT BRI AR P Db e s/ o
fadpdtihg ghe Sdcabpower afnthe/ pulkesaekitingd thegisblacorf 16 aind plelieering the
of the pul ses exiting the_ isolator_ 16, and deliverin

dight pulses top fasgef lpeationtin chamberodtyt FeomtherEUNigh soggge 10, each
’T&Bt I)Hﬁe W ﬁi\@hﬁloﬁg ' G&I}Bathm the system 12 and into the chamber
26 to illuminate a respective target droplet at an irradiation region, e.g. at or near a
focus 28 of an ellipsoidal mirror 30.

Device 14 may include one or more lasers and / or lamps for providing one or
more main pulses and, in some cases, one or more pre-pulses. Suitable lasers for use
in the device 14 shown in Fig. 1 may include a pulsed laser device, e.g., a pulsed,
gas-discharge CO; laser device producing radiation at 9.3um or 10.6pm, e.g., with
DC or RF excitation, operating at relatively high power, e.g., 10kW or higher and
high pulse repetition rate, e.g., 50kHz or more. In one particular implementation,
the laser may be an RF-pumped CO; laser having a MOPA configuration with
multiple stages of amplification and having a seed pulse that is initiated by a Q-

switched Master Oscillator (MO) with low energy and high repetition rate, e.g.,
capable of 100 kHz operation. From the MO, the laser pulse may then be amplified,
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l'ight pulse may travel along a beam path fromthe
system 12 and into the chanber 26 to illumnate a

WO e®po8Ivye target droplet at an irradiati on reQgi/U82008/013417

e.g. at or near a focus 28 of an ellipsoidal mrror
30. Device 14 may include one or nore |lasers and / or
| anps for providing one or nore main pul ses and, in

%Hﬁﬂ%dcé%é&éd afl £ oPfocBEELdTH R -dRtdrii@Sthe BPPtchaBer. @%ﬁﬁuously RF
for use in the device 14 shown in Fig. 1 may include a

pumped, fast axialidloveeCOe . amplifierpunasede used -far mgys;emct? For
lg%%t%{)ledgw “‘t&g 8;61 Lﬁéseé'x erv?%Ithaatv %nariassc%tlaﬁm&{ three amrmflﬁers (O-

'on,° operating a

fP@llaiPVA\QePVBmcﬂlﬂgﬁ%h) 1£dﬁclosédlﬂ/\é@-lpellfdlg@€!17 SaPQteﬁ! Aljbphcatlon
pul se repetition rate, or nore.

Sariel Number 1 Hp7&a89 fted eh%utlfh89=| e aﬂ%y‘n%efhrﬂ’f’ EUV LIGHT

r%?[?l#gﬁe %&%GW%WC I on anda{mv I ng e¥960W8534 01, the

eutisecdhaits iof wiitch itave beby previsudly ohmipdhh&tieby reference herein.
QSC| Ilatgl tEll\/tf) W th Iow en rg and hi gh rqe:petltlon

rHtegnatively, the dasen| maprbel @ A bperasPoalled, sil-tasgeting” laser
tsgﬁ xﬁa cﬂ%@ ﬂrdd%ée’tfs{eﬂ%g aDBn@ Rtk (ﬁqﬂe éﬁ@dﬁﬁgavnzt 98 rs@ﬁile “self-

ocuse ore entering
Gm'gemngjoamaqgeﬁlénmu apmesterf amlllaam alayfiadvhe feQuaedl ISG]fetasgetmg

Tty RS e LR o RIS B AR s

Wﬁbéf' qn s80@rA i1k Aen PO‘é?ob%PnB 9w0ak| ehitlddS DRIVE LASER
di scl osed i n co-pending U S. Patent plication Serial

NREIMERY /SVITEMS FORe8Udh LIGHT 3QURGB5 Attamey Docket Number

ADDhORZS ok G RS i B5AAAUS Deph BT g mtorporated by
GORER0E hein. WAllthiaVl§, bREBf HeeMsRUStBItecRFEY m&ﬁb@ﬂbayw and
reference herein. Alternatively, the |aser

sbown guFigs. 4, & 05 §-raay beusedder %théﬂé élghh@vurqeaﬁ)eihown in Fig. 1.
Yot STt b0 OB SRS o PR k8t S, e,

ahr evgraske of snolecul@sflesrims tdskt apaatingat igh pewee qm'drlﬁgh pulse
Sel f, targeting |aser sg%{ens are disclosed and cl
ITEPHOp AR nEXamedes pgladp angahid; stale; laserse i dlaviignd dib er O disk

SRR b g MK Rt o P BB e digowm in

Dimtedt SthkestRaten? M- GOZS; 1, 6t349,551t iand G;M@ﬂ)l; anosfxmmer laser
i ch have been ously incorporated, by reference

B B O R DT eTo 22 iy P laiai ChaBFT Pt fggr more

Gai f*@@%}ﬁﬁib@w mﬁhﬁhevaﬂlplffylﬁggamﬁoerém éafamep ofBY Res), a

of the E i ght source IO shown in Fig.
Degstardisaglaton/pokvst appillatoatMOPObahangemenssa obWIeraQwBator/power

aanlf‘}lle ?P(?lgAf gl"rstmagbelmeeht %r% solid state laser that seeds one or more excimer
or molecular fluorine amplifier or oscillator chambers, may be suitable. Other
designs are possible.

A suitable beam delivery system 18 for pulse shaping, focusing, steering and
/ or adjusting the focal power of the pulses is disclosed in co-pending U.S. Patent
Application Serial Number 11/358,992 filed on February 21, 2006, entitled LASER
PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket Number 2005-
0081-01, the contents of which are hereby incorporated by reference herein. As
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an excimer or nolecular fluorine | aser operating at
hi gh power and hi gh pul se repetition rate. Exanples

WO p@basEe9s a solid state [ aser, e.g., having a PCDER2008/013417

di sk shaped active nmedia, a MOPA configured exciner

| aser system e.g., as shown in United States Patent

Nos. 6, 625,191, 6,549,551, and 6, 567 450, an exci ner

RS Rised'aNéBE, WIR 6F MGreCh&dMfMREVEry Sydem Gptic@SHa |1% Qﬁ fluid
chanber and one or nore anplify |ng c anmbers (wit

semitiumdatign orithrier ehambep 26al Pldse shaping swyi @slydde aidJustmg pulse

T 38 P BHROU SRl R e RECT

or a g figthst shewh as Higt haﬂleSMgvShgmeso@fcem enBXglsdBhiclude a
or nol ecular fluorine anplifier or oscillator

tnaetyBatsrialig)ivery wisternBfce-g.Odeliveriag sirgplsts af@ tgesss matesial into
ﬁle Ml(etri%p ?aQﬁQrm)Q‘eid %‘j'h%{ 15&’&&'{ ?10&1%13#&' Cdrd @&' \Qﬁl interact
or adj usting

g, Steeri oca
Qﬁthtéﬁ&: cpuhemshg}ﬁ pﬁilsec,l eogederbnommbﬂd Pig-pulsss aﬁdttbe‘rt:after one
Application Seri al 11/358,992 filed on Fehruary

QRm%G’Gm Gt Toe‘b}tl’&& WME@SIPE Anggengigte| andiHV entission.
Th Fetnet Aol clol iy el DT ot Sty Hmtid 16, E material that
el edes tinAéiﬂlmani asech bheombimatiamethereofio erlebIéHM ceitiing element,
systemotlcsrra belnflwd 0 ni tion with th .

Siarior B, HNE. SRy Phel) the AP e AL dreRjets nder solid
ﬁﬂxrtﬁtés‘éantaﬁz%ﬂ%thlﬁ Rs B?llef% FoPukaRpla! ﬂh@teféh%nt ﬁﬁ%a‘g be used
or pulse trinm ng. her shown |n Fig. 1,

b$ ghte Houace tmocqmgomldsg g, n%lBI@LeS@ItzaSgHt asea tnialoy, e.g., tin-
iver m 24, e.q. dellverl ts of a

St allabs tirhdi, Sifs (iFudlGh' Bttt ORloisS o7 s Lpbination

tﬁeeedfr r @xéipahdifg ohQHé ahtdiie ied, RBe darrgal 8hterid¥l inhy be presented to

interact with one or m)rellght pul ses, e.g., zero,

theeirdiationerepioa- qémamgs ammrh@reéatnpl@dmgn@om tovepesatizs o near

W Lett etsrgﬁé e.g']’at(n? al¥o %I‘F Ll%%{gli o peggtugeb E‘% E ?ure tin)

opht RApRES@ES bylow MOhﬁférﬁpérat&en&t & Sﬂﬂ-h)t hﬁ?d inl §ubhélEkBEs, can be
tin, lithium xenon or. conbinations thereof. The EUV

shtivelnyoletient gt Sn@rg Mogg getail§ ¢ancerming g dise obthese matggials in
t f f: o) : :

B2 1P 00V RO by ThoRLBL AT, sk dovtcaion s

Shuanter d 1/406¢2 16| fdedoh April 17a@0beentitked AETERNATIVE FHELS FOR

glg{' ?ﬁgﬁ-ﬁ[; gﬁq@gﬁaﬁﬁgﬁgﬁl&)pﬁcq msén %Og@%fdl tﬁ‘e coXtents of
tHicH mb%élgﬁ}elvidﬁ@th&%&at&lrb cFREMRINREiRN t hereof.

Dependi ng on"the material use the target materi al

may bé&optingimgtwith Fig. 1, the EUV hght source 10 may also include an optic
30, e.g., a collector mirror in the form of a truncated ellipsoid having, e.g., a graded
multi-layer coating with alternating layers of Molybdenum and Silicon. Fig. 1
shows that the optic 30 may be formed with an aperture to allow the light pulses
generated by the system 12 to pass through and reach the irradiation region. As
shown, the optic 30 may be, e.g., an ellipsoidal mirror that has a first focus within or
near the irradiation region and a second focus at a so-called intermediate region 40

where the EUV light may be output from the EUV light source 10 and input to a
device utilizing EUV light, e.g., an integrated circuit lithography tool (not shown).
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the irradiation region at various tenperatures
i ncl udi ng roomtenperature or near roomtenperature

w@ e0og/ogsobi n al | oys, SnBr4) at an el evated tenpRCHUSZ00$/013417

(e.g., pure tin) or at tenperatures bel ow room
tenperature, (e.g., SnH4), and in sone cases, can be
relatively volatile, e.g., SnBr4. Mre details

IP1G8 bBaPretidRdURSA &ﬁerthelw nﬁ?tb@rdséd f lblﬁceaéf thE®l1fpsbidal mirror
source i s provided in co-pending U S. ‘patent
efptp(cqlbatlmgmndsénrﬁ:cmngl\mghbéq an intgoedipte locatien fasrisupgaquent delivery

4 G008 £ AR SN b o o

Q@ﬁﬁgmé@ t® HelWir Ghbdaay Bavifgn rixigeshaped btsbss Bé‘dﬂlbﬁctb &heieltebmedlate
reference herein. Conti an%vvl th Fig

loggkions sRsr e.&- f@rpﬁaéﬂnaﬁsl& i rmd%pfdwam S@naloNumbgr 114505,177
t f

?ﬁé& Sﬁ Aﬁ[egug@ ié, 02"00'6” gﬁtgk?ed ﬁpﬁf/‘ paTg(r:é L)éig ng‘bﬁ%{khﬂ RS8bdr 2006-

alorzmmaﬁlemgnﬂeagse:fwméh MIhytnﬂ;gnmnrpo"rdte&slblyireferencEi g. 1

kB S, B 5 e
lﬁc?esél Wé@f&oﬂ%w e\@ﬁigh H&Z dldorietual b o lrl g B\QP} sySfem 65 for

e optic , €.¢., an e
mlggecnmgtblm ohasora lhmpstarfdmruh'asm ddvigesan ﬂneasystehe 12 to thereby

el E S P AR GBF AR 34 gifhe g Hight Source 10
QtyPAl0 i‘n@ﬁﬂb tahRopft LR;is'lt%H de‘iéﬁﬂfoﬁ%y&@maﬁlﬁch Hﬁ"}tmélﬁd@one or more

device utilizi ng an I nt egrate
cireplef mnachShHgﬁ@pplsovnctman ()Wotlt mldtmhye pf thespasiidneof one or more

SHGAEE) PR RSBl BB, P V) PR hie s

lougdiit t6 @ dedplet BB itTTRCdeARioh Fe@ibadl s¥s®ém SBPEAMKEIAN, e.g., compute
delivery to a device utilizing EUV Iight, for exarrpl e

terdropist pesitiery anb trpigeiay| fremovhiehg drepletonrarganéde qomputed, e.g.,
I r h

g)gl e% %rt%élreﬁgg ?g‘}ﬁafb\ééfé?’f %rr]l efvglqiég El\‘Bg ﬁrog;ﬁa%%(?? %‘Paty'ljﬁ% b provided
Rataf iputpthHecahiroer 3, M&ich\lwi\ibﬁfr eié.nhﬁlﬁpﬁb??defa paition) direction
Auc ust, 16, 2006, enti t | ed EUV OPTICS, Attorney Docket

foe tining gorrgerion ggn al; tethe SHStERt P 1F COmiTo iﬁ S&P@C%@P&&ﬁmuﬁ
[ I f
a“&’%* 0 oBh ) E Bty OEER nd SRR e e OIDERETER Jocation
EBlo/ oc Maﬂ pbwer oftibie l'nght pliseseyeing dadivered| tudke aradiationgegion in the

;ﬁg}tpgol éystem 65 for triggering one or nore | anps
ser devices in the system 12 to thereby

gener afiR wth%ﬂl Sfted a0 Gyl ‘i&ﬁ:‘lﬂﬁe' Bhe &hﬁl&@a@fgw metrology

26. The EUV light source 10 may al so include a droplet

pogiunents fet mcasmgsvagtoelm mbpastiesal) thenELD dighh gengrated by the
ovi de put u

¥Rl A7 i bIRES of e oRE G R e . ot imensiey

or intensity within a particular spectral band), spectral bandwidth, polarization, beam

position, pointing, etc. For the EUV light source 10, the instrument(s) may be
‘conﬁgured to operate while the downstream tool, e.g., photolithography scanner, is
on-line, e.g., by sampling a portion of the EUV output, e.g., using a pickoff mirror
or sampling “uncollected” EUV light, and/or may operate while the downstream
tool, e.g., photolithography scanner, is off-line, for example, by measuring the entire
EUYV output of the EUV light source 10.
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droplets, e.g., relative to the irradiation region.
The imager(s) 70 may provide this output to a droplet

w@omb8ms det ect i on feedback system 62, whi ch PERpPS2008/013417

e.g., conpute a droplet position and trajectory, from
which a droplet error can be conputed, e.g., on a

dropl et by droplet basis or on average. The dropl et

error AefirthBeshdh B pl\gl detheaSUFNiH @atucbqotﬂﬁsy include a droplet
controller 60, which can, for exanple, provide a

sontroli system90; opetable iamesnonse tond pignaldmhicl i increms igp¢mengations

the syst.em 1 cont ol urcetlmn

iy By oS B hobly S0 ki Bad R oL e ol s pretiom)
€rofh theldneBR&UED, tdhe. §| ,a66difyothe 2E1dA%RIpoiMCH] the eiBdt nidteridldrom a
Ilght pul ses belng elivered to the irradiation region

idronletesonregretndbor mrdifpduonletgiermation Heming tagyrredidPygeors in
TR aBpIER T 5 b R R N ol ind P37 lppnice e
goneratorl 6 droplesewi ﬂmmsedﬂamyystdm 12de, for exanpl e,

I nt enS|ty . intensit or. I ntens W t hin
parti AP é?’ﬁgcfergé{ IBg Ygylous ¢taf 15%%%1{@1”‘0“ and their
e I
E%%l/fi’féi éﬁ%dngd;gﬁr ?12 bRORuhd AR coogéﬂ?l'iﬂg("g; S! Pﬁteg!: Npplib&ion Serial

the instr
d*hmrﬁbeguib’821,60bpﬁl|edt enwhily el he 26@7/msnthnLtRBER BRODUCED

B APV R SRR A TR6 4 siforEeg sTRiMpPRODUCED
RigTikef fa WWLRTE@@S‘TM&NG@ Westved”AfdMed 'Ig&tket Number
and/ or may operate while the downstreamtool,

@ﬁ@i’@pﬂ@-ﬁéguapmdl@ bhdraterit Appflicatiom §¢rlaldﬂureh%rrrkil/b58 P88 filed

TR BB G R LRI AR piyv i

SOUREEWITHPREPUISE, Atdiy BdckeONUfber zm@o“em co-pending
_lﬁgrable in response fo a signal §7\Nn| ch in so

iU Batsat a&npbﬁ@lqva§emﬂcNua@et Hé&/0¢ daﬂeﬁleér%rFebruary 25, 2005,
S0 NEPTIOP B2 PR R YO R SR r ARG

MELIVERY { Aetoingy d@dckien Naimitl 2004/0088-d1 appideto-pendinge UOR. Patent
and_./ or nodi fl% dr op] et forrrﬁalon timn to correct
f‘AtﬂPI‘é?tnl%’r Serig] Nyraberr bl 44,443, filgd, pm Jung 2912003 sntitdesl LPP EUV
[ [ r [
ELRHA) SUURCE, MATBRIALOTARGED DRATERY SFRFERL! Alomey
ditcket Numbar (200@-00&340®usthe|r opiterts dof panbepf which are hereby

confi ur ion and their rel ative advant ages may be
'E)"t?ﬁﬁoq’ Eéfﬁﬁ’lcﬁg U.S. Patent Application Serial

r 215h644 an8@sbddimest GManlidbMick3i6 fo%%@gtectﬁg ihe! R¢h media in
LAS PRODUCED PLASMA EUV LI GHT SOURCE

BrROBeETe 34 RebawrPROBIGCR(D from at least some reflected photons and / or for

delaying reflected photons to prevent these photons from reaching the gain media at

a time when the photons may deplete a large gain built up in the media. As shown
in Fig. 2, the isolator 14 may include a chamber 200 having a first window 202 and
second window 204, sealing the chamber 200, both of which may be oriented at
Brewster’s angle and / or coated with an anti-reflective coating. As further shown,
optics 206a,b,c, which for the embodiment shown are mirrors, may be disposed in
the chamber 200 to establish a seven pass, delaying beam path 208. Although three

optics 206a,b,c are shown, it is to be appreciated that more than three and as few as
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USI NG A MODULATED DI STURBANCE WAVE, Attorney Docket
Nunmber 2007-0030-01, co-pending U S. Patent

wao\pbiogsps on Serial Nunmber 11/358,988 fil ed onpERIDR2008/§13417

21, 2006, entitled LASER PRODUCED PLASVA EWV LI GHT
SOURCE W TH PRE- PULSE, Attorney Docket Nunber
2005 0085-01 , co-pending U. S. Patent Application

opticd AP 86 uded B&%tablidh fHel RthyutieSimbiadrly, dRho n pass
ent |? THOD AND APPARATUS E%% EWV PLA%’R/A S(%%CE svenp
'PAIhGE‘IShQ)EnJ WERO baappreniaiedDbatkibis Numrelry b eaycdGHugration and

P o505 3509 e oot iy PO i R e ghe present
RistRvhre SUSER MO BeRippkecléFhat Qﬁlds\ﬁfé\{ tERAThEMrs may be used, to
Attorney Docket Nunber 2005-0003-01, the contents of
éngludeopomponentsawhichaeBest andiw rtrssagteandiyr operate @nciacident light
E 10 t a I 1

shindludety 68y AaGHAHRIRE' 1eesn Reld BHGhs Bigrl prodings. and
lﬁmgorsl)mcﬂu«tmg amulteagrbr sireors,e hb@reaiorthap hatidesceamiirrorr grazing
for .del aying reflected photons to prevent these
prddedse DHFBR r eaching the gain nedia at a tinme when

t he

o d?gﬁ}ﬁ{AS \th%FIge’j‘) ifLin ge E@eﬁle |§% gthgﬂ}‘l'bblt md He:"frcl)c & w1th at
deashenthiatet 200 tdallow gasato‘ be dispased dothe2bambad Ecﬂcnxanhple the gas
wi ndo

 BACRHuTE 2:ebSetr MlsdrBfiok A RiehIRGCtiong 0 DS BephaRa Delow a

%Ha@%hst[@ﬁm't&@ft& YeE\‘/eP Wlb '&Howﬁfg PH&ESHRAD paONBbve I LieRacteristic
whi for the enbodinent shown are mrrors,

muyns@‘@ 1Gh”f§p Ege dxamplchﬁ;)r eldgwisel 4 Zg§@wmindgigab) havingsa CO; optical

33 BsBBgh 5 be % pA R eR M g, WO SsblE §forption gas

coiprietSRN Ui @6 othed }ﬁﬁdfﬁ)‘ﬂ/a&{v‘e&m pphawiﬁg B0 PSptical gain
used to establish the delay path. Simlarly, although

eslénre rhayings a (geith lbiaéd smlmhngu& 3,: thet ytysablgphsemtignegps may be
SR, AL R o, o), epon

OB FS me altlch eorpbmatons theol Oshere thd éhelnﬁczﬂls?ﬁlbbb“bé is used
appr eci ated that_optic¢s other than mrrors my
(R Expresent deydsrivae) cﬁrméﬁhem@ \R/h‘il‘?}h(l@e9+3é8t10a§+57lb .hehum gas may

LidR 1§Spo§gﬁj Ip{he(?:ﬂgﬁl@%feﬂﬂﬁ e (gq Gt Q?E{ifo of 3t ?%glés.ll,ellum to 5 parts

inclu I'S not i'mtec enses,

satusable aorstim, ggy adimpeye absbrplion (oysre+pmphladong)f the absorbing
near -nornmal incidence mrrors,

nulti.-layer mrraor
SRS YIRGO ﬁt"ln&éﬂgﬁ’%“m@l"? Continuing with Fig 2, it
canAR&piRAAl EA3SutlddqnEh BRG] ARY bEDrdAaEE S WhdhsBhas from the

chamber 200 and to cooperate with the inlet 210 to; refresh the active gas, adjust gas
composition, provide a flow of gas through the chamber to maintain optic
temperature, and / or remove spent gas / contaminants.

For the arrangement shown in Fig. 2, the efficiency of the saturable absorption
gas is generally proportional to the gas concentration and the length of the optical
path through the gas. With this cooperation of structure, a relatively compact
isolator may be provided which functions to delay reflect photons such that they do
not reach an active gain media at a undesirable time (e.g. when they may extract

gain between pulses) and / or the isolator may function to absorb photons below a
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| east one inlet 210 to allow gas to be disposed in the
chanber. For exanple, the gas may include a saturable

wa@b@ongiopdn gas which functions to absorb phot POEFURBO® 03417

a characteristic intensity level while allow ng
photons to pass above the characteristic intensity
| evel . For exanple, for a device 14 (shown in Fig. 1)

hRNsIMId qn%lgpqe\realatg@wwg@d L4 faaVididermrading (RéMPared to the
including 10.6 t he saturabl e absorption gas may

@onmnmeomulrmlftthep@ﬁlh@as ried redativiely loaghevi ce 14

havi.n I di m ha

i nchggi &O&S fef f?g K rgf ° \ﬁoﬁgfﬁergg@ arglagﬁg’ghght source
s@f et e4l 1dsee otih@e la %5 @&eé la6dd ab f

C"Bcht ' 'COO"S g <1ng Mﬁa X contr)dlih%&gltl o(ﬁg%m o an

terhodinertus @qvmlrbﬁkgnﬁc and dywnbpg inpfurther @stadls bglow, the LPP
TigR) g&gﬁ% 6*"31;;1&5‘?? il o Eﬂ%ﬁ'f{;ﬁ%&@a‘%@&' ddtd ngCI(lﬁ% it trath Of light

i um gas pose

qimasa‘oeas a06ation. 28’ mta ehamtbdrtﬂmffoﬁhnefactiorpamm ah&irg&lrmﬁtenal to
parts saturabl e abso ptlon gas to inprove, a& orptd(? ,

@yn@rétep%ﬁ% BHPBE (Ao hoBmpithy sgftsmemﬁvame dej 4 jdgpice 14

%h&gﬁﬁ% Pﬁﬁésa h 11'1A'§%a9tc'a§€§ar{1a}g AR Lyt Ad%t erﬁlg%\aﬁ\)lses and

owd to exhaust gasfromthec
amd o onare qm}pallses)y\mt bptidmal isolaor DA Gastdescniteldrabokie hth reference

act | st. gas 0si, t rovide a flow of

S8 iEn2 Ohome iR a0, RGP TR indicHl, B opionek fpmpdbentb and an
%ﬁoﬁal@eaﬁqedgﬁ‘(@rysﬁ@féh Q@S(Sﬁoﬁﬁ’ R ARAE ﬁnes':t‘érln&t!@te an optional
arrangenent shown’in 2, the efficiency of

sampoadite fmhsdﬂemhapmggﬁwusmg,gﬁmml dng /mrcgglmsnngm}gﬁ facel power

t as.concentration th of .t pt i cal

SRR R e o B01it 1o T, SRsPinBat e eeS o @ targe
Sbdqdioh ih Ehangbdr@kat i vel y conpact isol ator may be

provi ded which functions to delay reflect photons such

that thigy4 showsoan erabedimgnt efca demdceytt’foruen ia the EJJV light source
Ul'ﬁP%ﬁbwﬁ‘% eFlé %‘re P(lg ‘? shm By H&)i Yy S{ﬁ%& 1%?1‘.@9% osmtllator 400

bet ween pul’s he Irsolrator

abadin® ap hoplifier iy alﬁéfin e hmbriﬁerrtttﬁﬁﬂdetsy4déaxbe hrrafged in series
reI atlvel y |l ow gas concentratigns (conpared to_the
Afngen beaihnsth f‘&fﬁbﬁa@h& hambenkaving HS \g¥91 actve raedia japd | epcitation

esﬁﬁ%)a,l rfg'n oﬁmgn@%%\?aﬁ' ﬁsleﬂlep@é'vrlée g—? ﬁfe @é&ﬁfalﬂ(ﬁ'uoo / amplifier

source 1
|[406ec- pombination phay rwe lﬁhhd [to gjmtodewraceram: (:xb‘ r‘tfnmg”tmlses at a

SR efePBE M-rsuek A RO irmt or ExBplanihe seilioiss 400 ey Be a cavity-

SRHped ot % Wtch@&'ﬁiﬁ&dacﬁéskfdﬁefr stcg@wmw%mélatwely low
dellverlng atrain of light pulses to a locatio

ienergycindringh repgtition ratene. g5 aapabbmofv @hkHz oaemgtion. For the device

dvt ,etflé ?rlmltl chamber optical amplifier 406a,b,c may have a gain media capable of

optically amplifying wavelengths within the range 9.3-10.6 um, e.g., a high gain (G
> 1,000 and in some cases 10,000) CW pumped, CO; laser amplifier. Although
three amplifier chambers 406a-c are shown, it is to be appreciated that more than
three and as few as one amplifier chambers may be used in the embodiment shown
in Figs. 4.

Continuing with Fig. 4, polarizer(s) and / or Brewster’s windows may be

employed in the oscillator 400 and / or amplifier 406a-b such that light exiting the
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generate an EUV out put. Al so shown, the system nmay
i nclude a device 14' generating pul ses (which in sone

W@ amemsiwey i ncl ude one or nore main pul ses andPONESINS/013417

nore pre-pul ses), an optional isolator 16" as
descri bed above with reference to Fig. 2 (shown with
dashed lines to indicate an optional conponent) and an

;&H&ﬂﬁ@?bhe@ﬁ&m@% Y @R Yrignasy %maﬁéan&lsmow Fig. d%ﬁaes%ws that

es to I ndicate an optional conmponent) for pulse
MEWthmwmﬂQ@Y gichule; amgopmdl wobtoreﬂdpushlph gna:yhl@ positioned

%%l/% oe\{ﬁ\%r Pgé {lé]fgﬁgyeaa I t I ;?rglg 1?1OI ageixplaeﬁ 4(}]6’%1% ¢ and

Qxlit@l%‘é‘éd Bbtwekh Ghe ‘anSpl e m&qusma aﬁf irfadig¥0nC §1te14vhere a
for 'use in the EUV |ight source 10' shown in Fig

ldr@let4(nghdmvrt hethe\éb cdll interseghy with ¢hey aeammaﬁrsfétﬂs | al”lm isolator
28240870 20, b £nRR AR oG} Ly, Bh e i,

40fvergaidtaE balﬁfﬁzéd hgldtl MCltdlﬁarmApolﬁﬁidd/Eg}ﬁEdlh@CMrts circularly
excitation source, nmpi ng_el ectrodes.. For the

delprized dight toplinegs it 1850 TrupniEns initialbpdgviag a primary
g’g@es I 8@ (!\Aggo&etﬁﬁgt ﬁsﬁﬂy % erlg qﬁﬁ@ct@dl .'gé rfrmn(glfl ﬁ%%h&e retarder
exignoplie rofated ninetyl d@reﬁs #6f theyprireary pelurizatidnngiecttion, ae. the

t ¢ched | sed, , t Gscil |
A geisd light dieimggs herly ghlarig i 6 gt flegrt@ganal to the
ﬁpﬁ?ﬁ ?h%zat% &k&n%eeﬁﬁtaa@ﬁon k9 Ehet <8GRy ;,ﬁrmr theisolator

anber optical anmplifier a, b, c may have a
¢d? mayeals@inchpialEndinghr pplanwidnyﬁlmnm gf Iyollag)rmm@r eﬂgstlhsbsorbs

Debbbs e i a8 & aFGbeR et o hpfabCaglarization

Atebtidr. e Withthis Qw@hlgéhéte lighPidflet el dThaRDEam $RB408 from the

are shown, it is to be appreciated that nore than
ttmgetemamah@ g edroplst, on ebm’md by éhe eptisabisolnteray] and, sannot re-

gt e EBRER TN 0RO ot it 1o 8, iy 02 tasers

beaye Bp| Wﬁﬂed rfrdd‘leKﬁﬁet | GrabHY }‘P&Qgéﬂbérger Btr. anm | 88&82 Salem,
406a- b such that |ight exiting theanpllfl er chamber

apydngdenpthentipde pamgrQueller gddi pecisoltor oy’ A ygicslly, the
o, 2 o BN T O SR 1o
4R8 deogllenvirtoglly nimpddet hehiderpllowingr ondf aatioat oﬂ@@mrd&n’c of back-
AP AT R G AT QO -
A4b6¥‘,’b! | intersect with the beam path 408. The isol ator
Fig. 4 further shows that the device 14’ may include a pre-pulse seed laser 414
which seeds at least one of the amplifier chambers 406a,b,c. For the device 14, the
seed laser 414 / amplifier chamber 406¢ combination may be used to produce a train
of pre-pulses at a wavelength, 2,, such as 9.3 um. For example, the pre-pulse seed
laser 414 may be a cavity-dumped or a Q-switched, CO,, Master Oscillator (MO)
with relatively low energy and high repétition rate, e.g., capable of 100 kHz
operation.
As further shown in Fig. 4, coupling optic 416 is provided to co-axially couple
light from amplifier chamber 406b with light from pre-pulse seed laser 414 onto a

16



10

15

20

25

30

412 may include, for exanple, a phase retarder mrror
whi ch, when reflecting |ight, converts |inear

w@odoatossoesl |ight to circularly polarized |ightPCEHIS2008/013417

converts circularly polarized light to |inear

pol ari zed light. Thus, light initially having a

primary polarization direction that is subsequently
c6inhRm! Bshnd Walttd LTIl ﬂ@ox@]‘la%pﬁﬁ&a&l%ﬁbém 406! F8r example, a
rotated ninety degrees fromthe primary polarization
douping aptic 416ehavirtgea relatieely éfghe@m@mwsllghteﬂbetwm@o TRR,, for

ar | ol ari z ad| oth onal .to
LR BRATRSEER 4 Bt RSP L RARBR R cion ro
AR, E {0t ¢iight Bfingd waoaengthem 5@hainay bé hgedm%r%&ﬁxﬁple the beams
i nclude an linear polarization filter, % i sol at or
91‘

mayrhsrcomtinesd e thin dm| pojarizer glemens OPtiHﬁb'f&d rpﬁbqrqnz@fdlo 6um
a4 BUFHAREA G SRR Lok i Bl MRONBMES i glon. o

ekemplea - PRiCorgdi8tidn (heatifearteréd)di Samdriburg)| PAP feﬁ;ncates such an
droplet, is absorbedrﬁéy t.he opti cal |soI ator 412 and
i

ék?ﬁ}?@f foredh degres pagly p@lﬂ@?cez@éal)bw&h vo sflgrtipr forgl 0.6um
t r th a

L P r s Pt | GRS %89580%2% 4P shown
ﬁatlanmedGellongrbeamnpah 408 betwade amphsﬁe@;éxlaﬂaer 4a6b /andrampliﬁer
"] so] at pi ca the .optical i sol at.or 2 .
ehaabetcflioey § Ssite G sarapridtess U ey o P arRg ftrqtier locations
AR Chealtt p aﬂp 40BEsHhOR Wetwdent Hablider @h&ﬁ%@é}eﬂow'ah@ amphﬁer
al I ow ng on y about one percent 0of backreflected I ght
tcbarhbfak 406hr, obetiveen eosmdtamraHOG) swidataoplifie? chanhbeeddhat between

Jof r . shows that the

A et Ghaobigp Bodk i epuilyl SplaterilZ @1 00° 102 1
whi Hlfhn%ﬁfé@' $mplenleBf$onOfhe seéd 1ab& AAPhby beusédRRBA e a train of
406a, b, c: For the device 14' , the seed | aser 414 /

arpbulseseat ac\ﬁmlmgtmgfs% 3 duniand the eneillaigr 498 maebe used to produce
r.od «a 153 r S
gutg iy é? lgla L lse alt Be\g%\%g n ’ ?ﬁieo g \gg\rg Elllog g‘rgéeeafefﬂentatlon the

4ddplifpyopiie 4616Qﬂa’y by a esmedupler desipried dsaR@emiseVe for 10.6um and
Master Oscillator (MO with relatively Iom;energy and

refipstive fat9-dymn Fpateéamelegll VEaprmoratiost (hewtsiupptpred in Saxonburg,
mféhé o \?ﬁg E,H{ AL fiEe B9 lhg 9%%31 traﬁ?mﬁﬁgff fﬂn“ 90.80% £nd 94%

I'S pro 0 Cco- aX| couple
aefpdctibn éor Thanber 406b W|th Ilght from pre pul se seed
Ia r 414 0 aco m pat h Io tr
dryth pmeRd t 4 ﬁﬂs %&swm qqﬁﬁe %s?tanatenal

;&gt@?%@eéu MbeRa(# P:b\éesPYﬁJia%rg Eo Egﬁﬁmg\%é %Qétfi n‘ieﬁétllaq %a/ap B vaporize
she wrget |nv@é¢1§’yallaovl/qr rcgmmmrtca% pﬂ@maetnftnl’xo%argait métenal e.g., a pre-
pulse. Depending on the specific application, utilization of a pre-pulse (on the order
of few milli-Joules) followed by one or more main pulses may result in improved
conversion efficiency and / or a reduction in the amount of debris generated and / or
for puffing up the droplet target, relaxing requirements for main beam pulse and
droplet position stability and / or may allow the use of small diameter droplets.
Typically, sharing output amplifier(s) of the main pulse (one or two) for
amplification the pre-pulse beam may result in negligible inversion losses for the

main pulse (on the order of 1%).

17



10

15

20

25

30

TRR , for light having a wavel ength, 10.6nm may be
used. For exanple, the beans may be conbined on thin

wo pdogrogsobar i zer el ement optim zed for refl ectipom/vb2008/013417

10. 6um and AR coated for 9.3um on one side, with both
beans having S-pol arization. For exanple, I1-Vi
Corporation (headquartered in Saxonburg, PA)

f abpigC 3tsBEwS Wk RnodRrheTDT anbiBEr d&vidle@itted DR K. 5 shows the
i ncidence (AO) with 99.5%reflection for 10.6um and

glevice 1 4K gndysivickde dasen s@ues SX) pledueing aifendRigysontput on a beam

%E{}\,éogﬁ iy 4 S@Fff#‘@} r{)'&éé 8%8%89 | Onﬁﬁ? %HWS(ﬁ()% = grranged in

461965, alohg ltIie thearepaAlp (0L b@dhe%aﬁﬂ‘tﬁfr hatvmgatts lb&vn active media and
posi tioned at other ]|ocations along beam path 408 such
ggc%meséﬁrcsnﬁlg» pu@pln&fe\%@dwoéw exnRigpshe fasgr source 500 may

5 8o BELHESHA08) ) Pt 3F 1 JTOON ey e

@nt omaalor |mm1eatomuomﬁz lined dn then 9e3100.6emidrop| eavetdnath dand. For

t he seeg_t%laser 414 may be use tagi mduce a train_of

ﬁP‘%mB b a3 SQ“‘V&?V‘@P%H@‘! R0 g Plyrality,ff AARreighboring lines such as
)l ej 1ses ;a%?yFglethléSd:éqw‘éq‘1 Wﬁﬁpl@ﬁ&rﬁmr}n include two or

a wavel ength of mm For I's
|nmq1beampﬁﬁaar| drambets ecg)uriRF,ngommumuslﬂllﬁmm kf@taaxmlaﬂmw CO,

FEE R G R SrbeR POVl oAsng & Bail Giede pfibted: p gplify the

ﬁﬁ%@gigmt:@d sﬁtnena%%@ﬁyae 500, dha%hig asoﬁé";f)a%@tghﬁl of, for example
characteri zed as having 94%transm ssi o .

d080-99%00¢ef | ection for 9.3um For the enbodi nment shovvn

in Ej t n|t4 radi at i of the tarqget.. .
e & 40 it s Sl g IR A D behitfes B iy renecive

%ﬂarsdstdi@ b8 3psedtinetht deard P50 BEek# ¢hd agert RUARL500 and

material and/or create a partial plasm of the target

e amphifier $06y. Foraewr@m@ltb@ optis et maﬁgeﬂwttméwgq@e%hom ¢5% and
%58 f%%?ﬁ’theultake%r shifc Fl p% gi (%{e eH.lLeﬂal the lgs%p s&ﬁ‘ge %(Sj §5wer and

ew mllTi-Jou

fptis €98 reffecti®By late serredte"&xwh eltht ¢xghvaitsmmg1thefafmplif&m 96 from the
and / or a reduction jn the anount ,of debr] fs gener ated
anefliatop does, potptignifiggntiypdapirte dieogainin the gap!ifierep(eyiergy does not

QO BERNTE S of mai n beam pul se and dropl et position
seta |Ia|ty ano?rlfwo may all ow the use of snall dianeter

dr oEigetszuﬁB;cp ishav$ yhat shadenige ddf ‘poray ainpllu'dé iaedr(op)et @enerator 92

e.minp one or [ifi i.on.th

peaiipte i AR Tios B ghPIH Rt O e HAER tgiects the beam
| RESSE. fB’hnhE %ﬁ%’t@rsg&loieaﬁ%bléthﬁorﬁrtﬂ@ Hrdi)flet]gé}leﬂ: tof -ma¥ reflect
shows an enbodi ment of another device (| abel 4") .
Flriggt along [theeeanhpath 502, cooperating with the optic 508 to estabhsh an optical
cavity passing through the amplifier chamber 506a-c. With this arrangement, the
optic 508, amplifier 506 and droplet combined to form a so-called “self-targeting”
laser system in which the droplet serves as one mirror (a so-called plasma mirror or
mechanical g-switch) of the optical cavity. Self targeting laser systems are disclosed
and claimed in co-pending U.S. Patent Application Serial Number 11/580,414 filed
on October 13, 2006 entitled, DRIVE LASER DELIVERY SYSTEMS FOR EUV
LIGHT SOURCE, Attorney Docket Number 2006-0025-01, the entire contents of

which have been previously incorporated by reference herein.

18



10

15

20

25

30

device 14" may include a | aser source 500 producing a
conti nuous out put on a beam path 502 and an anplifier

waooongsoas chai n of anplifier chanbers 506a-c, BCT/ERIYOSI013417

in series along the beam path 502, each chanber having

iIts own active nedia and excitation source, e.g.

punpi ng el ectrodes. For exanple, the |aser source 500
rmyAh f‘t\%ﬂéﬁ@l Bedat éx%%ﬁdm@ A¥IeBDpa 5 1L HRAY! bé Préifed, aR8qelescope
of o | OOWand may operate on oné or nore

adapi@d tmuiatdhj the bepm sipe a@d giveegedcerite thenparameteenrgghired for the

té?‘g’%gﬂfﬁ“’g@%_ ﬁgp&lﬁlglb sﬁﬁﬁw Orﬁé’@r%gﬂ@ﬁserggﬁggggl? optional opto-
RoPAdr 5 12nelay’bd uskd. to fppdteéthiBe e s68rekb00 fidie t}ﬁﬁéﬂé&é&hght

506 may include two or nore anplifier chanbers
RF, Incusatlight: 5981 (e Jasep seturce 399 entersdhe fmasn caGty gﬁﬁb\leusﬂféhrected

G e a |

HASRE RS AES SEs ARt RN e ARARE Ghiflosik TRdhs the main
savityc eithOfhotasdedrtesptrgling an ehepasatiqgal IIlne(fs) gé@errated aiyptle laser
1000-10,0Q0. It can further be seen in Fig

sewres aPPy Whema dreplet assesqihrqugh the fogal arep Qfefoswmg: leggg14, it

RS ERBPE NI R 8, FERCIRIY MGy H, AR of O, P Bhected

Oplasma ﬁﬁﬂ’orfhgasctreiiyls'ent Sindevshe maviboist alieady ditldd akiduthe photons of

9% of the | ase urceo put. In one tup,. the
T correchyrdeniln, S 15 uBE TRy B BeTRE L da By cextracts
?gllnect ed such that I |ght entering the anplifier 506
romthe oscillator does not significantly deplete the
gai Figi & shdwes amphbédimentobanothey device flabeied 4% ént vabouthe EUV

- 2 kW.Eiqg. 5. fyther.sh that the deyi,ce 14"
fsky St G BprBin fikef P SoBopdhs Aftif s oy fhouiieh taser
9Sdiilasr 660 hd®RIn@lIS-pHRY h@lifler 600 aFsr Maknfle, thé BERADS600 may
the beam path 502. During this intersection, a droplet

e @mBRIhecoativuusly pempeh€6h lasey having @stoutpuyhe the %ﬁgl G- anicron

SEPTE R bt wf AREFHAIAATY e bR . ity pumpea. fast

arial fbwe CO%ﬂmbﬁﬁwﬁ@@ﬂc or mbré Bmblifier elahibegeareaiged il €eries and
optic 508, anplifier 506 and droplet conmbined to form

aaglag XTI anedgaewapteét tetmplfy light davipgdhe wavaleppthcanipedy the
deankit 6@ ves as one mirror (a so-called plasnma

mrror or mechanical g-switch) of the optical cavity.

Sel f A fiethien ghb\aﬁ,ethesymﬂm 60® nihys tchisledfullydreflectivee thirrors

I.n. co-pendin S Patent n Serjal Nunmbe
f@?‘ajgd‘,’l AUIEPY JFiRg PR Y%co‘ﬂa%fgtoe?ﬂ FlepteRrac {’}E element
W@g%&&é@%&%@ﬁaﬁ% Bld¥tro-actuator, which can be used to move

mirror 604a along the oscillator path 608 and thereby selectively adjust the oscillator

b]

cavity length, L,, (shown as distance (a+b) in Fig. 6 between mirror 604a and mirror
604b).

As used herein, the term “electro-actuatable element” and its derivatives,
means a material or structure which uhdergoes a dimensional change when subjected
to a voltage, electric field, magnetic field, or combinations thereof and includes but
is not limited to piezoelectric materials, -electrostrictive materials and

magnetostrictive materials.
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LI GAT SOURCE, Attorney Docket Number 2006-0025-01, the
entire contents of which have been previously

w0 p@ongopnt ed by reference herein. An optional PERDS2008/013417

expandi ng tel escope 510 may be provided, the tel escope
adapted to match the beam size and di vergence to the
parameters required for the propagation through the

anpl i fdkinag with Figh &) ;sménieegf &ad /A smw@fer’e RLin@8RS and / or
optoi sol ator 512 may be used to protect the |aser

POSMSLELS Wyfmmnlbneedrleftheeoscelbatm @l such that dight cpsgﬂtatmg driween

he |I. 500 t it

i PEPRCETRD T 2omutaby PRroRigtp e @i Defics LLE” ey also
LRfh®CA bkBtyORirSing QRiteR Hating) for RANPRI Ble6tRdy- b%ﬁc Wivitth 610, e.g.
photons corresponding to the rotational |ine

Feckslst et Kgrr toedl, |andep Bolarizes 60D, e-phdhinafiln dmlaétzer having a

RARSARSORRIORidNE AR (26R2L0h OBHREDGid A echb delihed by

IthegBscilfiten600. y As sheempthet putarivet 612linigChbe dlstanbédiﬁﬁﬁl the mirror
mrror" | aser system Since the cavity is alread

£0f2 by andistinesea pard bp dliganced dromp the éltlrr@a\éeﬂé ﬁéjt%dlsﬁmce “b”.
Pf‘ﬁlug | whid e I%Wn%'ﬁ_ iR gﬂgrﬁ%ﬂ elﬁ%ﬁ?%gﬁlg% %%J b %ﬁltﬁxéﬂrl between

extracts gain anot
dlm/mmaors I6aba=,b,eahd14fhé1) tlfeosmtmes energired Hight in tietossiblatos eavity is

10’ 6 shows the. d vi 14" .
rifeted o neliseiet i inel eeiizes 802 Anep BmAIch T ipg &ample, the light
AR/ Bel doBliePigety Eﬁ?re%é‘ B%@eleétf@oﬂ?&éﬁk&t &1, Qﬁ)@tHﬁ@}’hé}ﬁ exiting
an"RF, continuouslfy punped ['aser having an out put

ithe 0$¢dl€90136(]_ﬂ)oﬁtorp3¢h 64 \meb@ nolahizéhimda danedtiarherthogonal to the

B bl ceotiosden SRety BRbeBiRisgeY B iRR 12

charrbq:rr§maﬂheaistgﬁﬁize& 5196 réfesetedn Hgieih s ArBasin anBidiadce, “c”
adaq%t ed to anplify |i ght havi ng "t he wavel ength out put

plep@arizer (646.08-2.609 . thinsfil peladzerdaying, a ﬂrmsmlsswn axis aligned

i.n l efI
g’%%uein tﬁ? Hﬁ% n@yl a bcgreﬁg o%er a | ?1 %E% e Wlth this
afrafgeednt Ol gttt fusth gloll#iRt GIR rbtelr@q&)laxezda inpd &i&aﬂioﬁcérthdgonal to
mat eri al and an el ectro-actuator, which can be use

hs Brimapy pelageationadiscion Ketined by the Q?CIB%P% 680 as mﬂfcted by the

'pBI%&f‘iEerf_b%rﬁ%‘sp %él\j&}]%a\gﬂi Iii%%g%@it}?&&%}& !hé‘aﬁ{glﬁi%}’ gﬁ%nl%e I(s) 602, as
shownr 604a and mrror 604b). As used hereln the term
"el ec actuatable el ene [ erjvatives

oand it
means eng{aé}giegqenbﬁ YR g {gd.g'egvﬁﬁ ?fe‘rnﬁ & phase retarding
GhiFRP B IONH 626 RBRASH WRRR paths BCddistanced from the polarizer 616 by a

distance “d”, the PRM 620 converting the linear polarized light from polarizer 616
into circularly polarized light and directing the circularly polarized light to fully
reflective mirror 622 along path 624. As shown, fully reflective mirror 622 is
positioned at a distance “e” from PRM 620 and oriented to reflecting light incident
along path 624 back onto path 624 where the light will once again be reflected by
PRM 620 resulting in a second phase retardation. With these two phase retardations,
light traveling from PRM 620 toward polarizer 616 will be rotated ninety degrees
(relative to light traveling from polarizer 616 toward PRM 620) and thus will be
polarized parallel to the primary polarization direction defined by the oscillator 600.
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to a voltage, electric field, magnetic field, or
conbi nati ons thereof and includes but is not limted

WO eoopiogsne®l ectric materials, electrostrictive Pel/@si008/613417

and magnetostrictive materials.Continuing wwth Fig. 6,

pol ari zer(s) and / or Brewster's w ndows and / or

prisms, etc may be enployed in the oscillator 600 such
tWigh tHid Bolariftfon! kb, MSst REENEREht {(EePi for ArstnaPOAR it B8 Feakage)
a primary polarization direction. Device 14'" may al so

iravelingeframdZRaVE 62 Qitonysrd gokawizerchl cneill hg trahsmitied dyppadarizer 616

AEEL Bsribics 8", ibohedalh o, P BRI sP it 528 Wit gy e for

Exanple) S Hiettiuntoal Shaped BEStoRabaAptie mdduldtbe iy BEGSositioned along
pol ari zation direction defined by the oscillator 600.
RathsHdvig, selastivelp liapit srapsmissionwf light dong patictl 4 epshewe Light

. . " di st ;
Elpokofa 38, B b8P i 3B QA Qo oo
showiph i s de-energized, light is able to pass back and

forth between the mrrors_ 604a and, en the_swtch

is enérgmpbigd 2o Yicangs RePRAE Y %RCQ\?@@& Zgrs; will allow a small
. | . .

SRS RO (L4 AR 08 LS R BAE ko goied

tg gheepdatizer t6h2) wl leak fromopbpldie G0 baclo o thenekcillatoy,cavity along

light exiting.the oscillator 600 onio th.g14 be .
BiSet 4 o v Vet oYl Wt 5EaHE ik v f el o oscilate
BRI dZfdkth Rt dnGhlrt 26048 hhd 65h DX s bhesulf, aRsdftagt @B hown in
pol ari zer 612. Fromthe polarizer 612, reflectéed |ight

Figavewil estaldishiwe apticalagaydsies; e firstopticalt ¢avity hetwegenzirror 604a

616, ~6.Q. £.0. thin-film po Lzer, havi ng, a .. .

208 505 Seviisened: To iegBL RO 1 3% Ftiophspvity between
RitiraF 6@t dndiidior 682 ih@ﬂn? edrighe d. ¥k B a®SEHdHdatpr 600.

Wth this arrangenent, [ight from pol arizer 612 being

pol ar i dee followigg rdisqussian.oan Rexilatar 608 willebprefgred to as MO,
' I ' [ j illat 600
O B4 B SRR B R oo | 11 600

ext endis ohBrapegitiohflematp) mfirr@r 60422 tHeSo6eR viaslectro-actuable

shown. The arrangenment shown i*n Fig. 6 nmmy further e ay

Flsment 806 sythathat Eembired ™l Hi%)r oLo,(‘%mW BY0s gadpiegemand “x” is
t ' 0 ' .

318 532 a YR ReisEh BLHH 0,50 bf Bt 3of £ BpickSystin, the

pemigthsi mayd be iag Holldwora pdi76cmz br= 60dn aitRabcens d ar7dgecm and e =

larjzed |ight and directing the cipcularly polari
ey THSEIpER fgompei 2 act 96 rf Fror 5521 b et ROGZ4THS + 7=
Asosdaouid Lfulal ¥ breldel | ver iy ¢:08, 1622 bt R29IS. i PREY ifstrates

a distance "e" from PRM 620 and oriented to reflecting
theggain basdwidih 700 of the oscillator, the PA modes (of which modes 702a,b,c

have been labeled), and the oscillator modes (of which modes 704a,b,c have been

labeled). Note, arrow 706 in Fig. 7 illustrates that the frequency of the oscillator
modes may be adjusted using the electro-actuable element 606 shown in Fig. 6.

For the dimensions recited above, the gain bandwidth of the oscillators single
rotational line is about 150MHz FWHM. For a typical oscillator cavity length Lo =
186¢cm, this corresponds to 80MHz longitudinal mode separation. Thus, there could
be a maximum of three MO modes that are within the gain band of oscillator 600.

As seen in Fig. 7, only one of these three modes (mode 706) can be made at the
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al ong path 624 back onto path 624 where the light wll
once again be reflected by PRM 620 resulting in a

wa@emonssophase retardation. Wth these two phaseCT/US2008/013417

retardations, light traveling from PRM 620 t oward
pol ari zer 616 will be rotated ninety degrees (relative
to light traveling from pol arizer 616 toward PRM 620)

ande thedaendy ds diR &%@PAzﬁ@déwrﬁédee?ozt)o miamepghbaﬁhg MO modes

pol ari zation direction defined by the oscillator

€00 mydes 70AR gngd04a’iindtig.on ‘Stllafaé infhgtweepfcorrespandifig PA modes
fg ol d%ﬁa’a 58'1@#6 nﬁ)'&g - .ﬁ)?%agmi 7659\"%%# g@)f ode' 704a”)

towar polarit z ransm

Fb@éa@fsé oEcofidifio Mg, B t= (Ihe- fevilge Ada'redllpnglydmble @Eé can be
optional swtch 628, which may be, for exanple, a

Mdh‘i‘@&lpl%hopper or acousto-optic nodul ator, may be

pOSFl inﬁﬂstﬁh&n;g e?xg;fjd?al éuérﬁ:e as?h%ﬁﬁ%l ekﬁf@ntof e swnch 628

tranSm ssion of
@tumg 808}, hsvidfth 6HN (hevd 80%)) ethe ap] loﬁtpald pmsea(gdrvbl mﬂe)l and the
nplifi Icha ers shown i abov
|celaf<%>@e lalg PSRy hiﬂuﬁl@ e mdaw(mwg%w | RS AF§otRete, curve 800
SHEW W&hoézd 5O it AIRO S I EAC A H! %n@&ﬁhﬁt 5 808a to a
on defl ne

primary polarization directi
prahsmit state 808D, WatH ewitcH 628nimtrphsndit euateGSIBbb actvei§02ashows that

st b io Sulehes ot AreeheliE Sl B on e b ebitratped Sate 8100,
‘i’étﬁhﬁé @itgﬁt haekcinaer taVityhalEsURER: Noht EH t&oﬁﬂ %@ﬂuﬁg%n a CO,

a result, the arrangement shown in
@gtpalbpulsﬁ(qum Wi cal caviti es a fi rst optl cal cavity
O4a a d 604 Vln ua

Lo KB Bhon Hohg Shuaimertcl a e R e Baah ik B me UV
fighasaree MOT ﬂ@WIﬁﬁQF 28 44l hAMed Bne bERHE I&Sﬁilpoments in common

(a+2b+c+d+e). In the foI | ow ng di scussi on,

(Y@Eh the afrangesernt ghawn BeFige$.candan whichyhe N@gﬂmf the opfical distance

o594 Ml i, 98, SSUBRESHE 088 ) 0 w e

eheillatop-1800 Labing falle rfeﬂéctﬁi@&nﬁ'ttﬁh 16044, b L €lerer-aedatableNtlement

+ x% * L0, where "N' is_an integer x" is about .

3680, ampific (R meatanarnaaie. 0 b6 JFaMG 0. m@rroeié%%ae@ switches

f1@!i0 aléﬁpg§ aJengi ¥ed Qﬁr&vet g@% Sas é ofsﬂé\lvg,v‘ﬁ)hr furning
cm C C m an e = cm

176cm
'ﬁiﬂfmm‘ bﬁfé),a—cLE@yﬂ»mpd)v;ded alloﬁg) the opticall pathelength Metweddt polarizer

(78 2ad pdiegr 1648 i o 6BF gad 36304 ey AR thp girection of
Qﬁbﬁz hespdy edrobv Z@Qaﬁéuﬂéﬁe 0P optitd ¥rih ot NitRAnIIRHRRgdEnt, the

whi ch nodes 70
mirror 1604a may be moved via electro-actuable element 1606 and / or the mirrors

1650c,d may be moved such that Leompined = (N + x) * L,, where “N” is an integer
and “x” is about 0.5, e.g. a number between 0.4 and 0.6, Lcombined = (a+2b+c+d+e)
and L, = (atb).

While the particular embodiment(s) described and illustrated in this patent
application in the detail required to satisfy 35 U.S.C. §112 are fully capable of
attaining one or more of the above-described purposes for, problems to be solved by,
or any other reasons for or objects of the embodiment(s) above described, it is to be

understood by those skilled in the art that the above-described embodiment(s) are
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have been | abeled), and the oscillator nodes (of which
nodes 704a, b, c have been | abel ed). Note, arrow 706 in

wo2@9/0F5003 | ustrates that the frequency of the PCT/US2008/013417

oscill ator nodes may be adjusted using the
el ectro-actuabl e el enent 606 shown in Fig. 6. For the
di nensi ons recited above, the gain bandw dth of the

N{y' @Ee%rﬁ | nmhs@ramé & Ofeplestrititeve 8f @kaogﬁbjéé%ﬁer which is

For "a yp| cal oscillator cavity length Lo =
besuily comemplaged by fhepresedt GWlieptianonRefeneticgab amelement in the

Sfelﬁ’ara“éPal 7 e ot Farc R PReaRat 5 B b ol pifiean in

AstefR€thg ﬂlcﬁl@laml elepiny "omearf oﬁl?fb‘ia " LhleSEexpitaby {TBERd, but
706) can be nmade at thesane frequency as one of the PA

Fhes "onoge more). Al stiqtyib apd nynmOn#h ayivelents. tarsasof the

Cege?i?eengsgg% tglgda%oEéAﬂe&g%ed %?}18) nllenftﬁ %E ngqﬁ{ }0@1,\/% lateé come to be

kdemawdthé2 bf oadidaryOsdll ihothe D mdexp?éb%b' Jncbeatsd hefein by

condition Lcqonbined = (N + x) * |10. ult, only
FEGEOD BN 4% laf@n%&%& qnﬁomaéssgk%y ﬁ}egvre%’fnr t Claims; Agadnn used
r
48 TR SBec BEANAN Gk BH BRY AR BRI Bty piveliCy SHahil in the
(&pepﬁbatmﬂ amd/(n: WHaiens8u theaprgserit eA pplicatiem cshailil rhgvp ghatooheaning,
V\@I ch JA. seeds rrow 806 seen
fiGHAEY O EL FPTABERY P eRae, fOL et s It is
fnbpfﬁtéhd’é@ Br héé’b@%}' Forsd @dvecetGRethéd BistusR8PH t'ne Shadification as an
. Wth switch" 628 in transnmt state 808b, curve
80@0§hm tchaddeess tarh selve gachsand cﬂ@dy fproblem discussed in this

SR e R 0168 GRELChg Oy, e,

tc@mtpbﬁedi’onr fetHoldi giép innthe ;%&npuitsaugurs 4 srRerded Ity beSicated to
shows anot her enbodi ment of a device (I abel ed

1@614aub¥l@rreggrélq5ﬁ ofavhether | the relements compymenrth gnmethod step is
[ 0
Pty 0BRGN B ERERAERI R dopeffliClims is o be
Iceﬂgtdedoﬁndehethemroelaiondlcﬁ’t MCIES(C §112, asilttispabdraph, unless the
Specifically 9 shows the device_ 1014 may i ncl
P qAEDE i @%?%Slygfeﬁedm@g g RhFRse  Mepys 8T Plodt fhpesase of & method
e elER4R idrecRLESL & t el grent 1606,

ﬁiﬂ {re erether is e§o+a§§| L orep i a%bélfgdilﬁ “CRM 1620,
m' rror 1622 and switches 1610, 1628 as descri bed
above, and arranged as shown. Al so shown, four turning
mrrors 1650a-d may be provided along the optical path
| engt h between pol arizer 1612 and pol ari zer 1616, with
mrrors 1650c and 1650Cd noveable in the direction of
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arrow 1652 to allow an adjustnent of optical length c
Wth this arrangenent, the mrror 1604a nmay be noved

wWo 2@9mBe3 r o- act uabl e el enent 1606 and / or theCTYUSZ008/613417

1650c, d may be noved such that Lconbined = (N + x) *
LO, where "N' is an integer and "x" is about 0.5, e.qg.
a nunber between 0.4 and 0.6, Lconbined = (a+2b+c+d+e)
and LO = (a+b). Wile the particular enbodi ment (s)
descri bed and illustrated in gatent application
in the detail required to sat ﬁ” 5 U S. . 112 are
finvecrcapabl e of attaining one or nore of the
above-descri bed purposes for, problens to be sol ved
by, or any other reasons for or objects of the
enbodinent&§ above described, it is to be understood
by thdse sKrPPYE FOMPR¥NG ¢ that the above-described
enbadios®Enatos haﬂh? MR G4 IRKCERNF! Mngth! LY SMdaHéﬁ'rﬁn% rg,g oscillator
representative of the subject fatter whi ch i s
G@ﬂtenplated by the present application Ref er ence to

an i.n_the, fal n in_t si.ngul ar is. ..
not £ X%fqﬁ lnéa 2 ?f%}“’ﬁieaaﬁmiiggr %%que ““Fibasﬁ1$ r?sinhfngf pPeEFARfish a
sosbidedajpicall @VRY inclediag doRillatorOph, tHek6bined cav1ty having a
explicitly so stated, but rather "one or nore"

dengths tlgpnprinedayhere ll-rmrtbin@na(N & Cf()l Vi evheze N S_frfl}‘l lnfegﬁh@id “x”is a
%hﬁﬁ,%pf,émflg bhenaoye- described enbodi ment(s) that are
known or

it er ‘Come to be known to those of ordi nary
skill in the art are expressly incorporated herein by
reference and are intended to be enconpassed by the

pr edert deYiss 38 re%i%l inglaym, d ephsraing saed oprallater eatifyogpmprises an
ﬁgé Qi%ﬁhﬁi thCer{d Gt 1R d&gfglagi‘ma@ﬁyc’ l}d ?fﬁé’ 8Evice g&?ﬂh&g delectro-

e Speci |cat|on an arns” in presen
Aptpiablc alénant shepled bathe dptiatandeaniroligble egadjditehcs ostfillatonycavity
? hionary or other commonly used neaning for such a
is not intended or necessary for a device or
nmet hod di scussed in the Specification as an enbodi nent
to address or solve each and every probl em di scussed
i n 3.hissdeied amt:it‘tﬁii,n dlaim | whereit theeanoplifasomgribss & palarization

t .Cl , ; t, t hod
diRftayireche S Tl e P AR ¢ st Pat pdh o e
To@cﬂlhl@r Bt hh¢ing %ﬁBﬁQﬂxt&ﬁE’ @ﬁré&hﬁfcﬁef)oﬁaﬁ@atﬁineimthe am;ghﬁer and

corrponent or net hod SteP I S exp ICIt|y recited
oupusing Nghtchaying sukstantially iln@ararp;pl@m@encqrmoggnalstm gid first

b R S S
recited u5|ng the phrase "nmeans for" or, in the case

of 4? A dev1ce as recited in claim 1 wherein the oscillator comprises an oscillator
output optic, the amplifier comprises an amplifier input optic and the device further
comprises at least one moveable optic to adjust a beam path length between said

oscillator output optic and said amplifier input optic.

5. A device as recited in claim 1 wherein the oscillator comprises a cavity

dumped oscillator.

6. A device comprising:

24



claim the elenent is recited as a "step" instead of

an "act".CLAIMS | AVE CLAIM 1. A device conprising: an
wWos@plogsbdr havi ng an oscillator cavity | engt hpCT/0S20a81013417

defining an oscillator path; a nulti-pass optica

anplifier coupled with said oscillator to establish a

conbi ned optical cavity including the oscillator path,

t he conbined cavity having a | ength, Lconbined, where

L ined = (N + ég * L0, where "N' is an ipteger and

" x" @ |aSerSOHTEGRIPAYSI R EPRIHIUQUSORIPYS G5t @ beam pathey i ce as

rechy &fpliffercl @l m 1 wherein said oscillator cavity

conprises an optic defining an end of the oscillator

cava tpartably transmissives patttallyr ieflestivenoptice disposedt aralsdid beam path

| ement _cqupled to the.optic.and controllable to

Barep seridewe Sowee et HEompfitorsi . 3. A device as

r ech HRpldt pehérdioNpbsiibRERIINEr 2ARIplIdtiBEviRE BRMA S iflersecting

pol ari zation discrimmnating optic inputting light )

saidvheampath) dwgdraplet reflectieg ohestabdish taneondicel ¢avaty owith said

anﬁ havi ng substantially a first linear polarization

PRES t he anplifier and outputting |ight having

substantially a linear polarization orthogonal to said

first Jpol arization out of said anPlI ifier along a )
second- bearf® gaYike ag recited dglaia 6aWhersin saidi 1asgr squagengomprises a
rel [ I 1e$€ i1l ator output
SRR Hhdfe A Ehin S R TR 1B " ot
optic and the device further conprises at |east one

nmoveahl e optic to adjust. a beam path | ength between L.

sai d Bsci | I‘atyicE ASpEFIshin elag{ﬁdf &%‘F&lfaﬁ%@i qu‘e?mfrfse&mlsswe,
. f b

Rlefy ey OB R R ol B o E IS S output.

devi ce conprising:a |aser source producing a

conti nuous

t put th; . ifier;
parti a1y of i oS ferded B FleRR 1o higin ot [25e Biedechas a power
ghgﬁ@,stﬁéi p&@iafl?}tﬁn%ﬁ@v@?ﬂdﬁiﬁﬁl %&ﬁ%&iv%aéﬂicl 122 & reAOMVES, and the

said anplifier; and a droplet generator positioned

powde biipat and defdgstizity rapss selectec whepsan tthé light eettingithe amplifier

from the oscillator does not substantially deplete gain in the amplifier.

10. A device as recited in claim 6 further comprising an adjustable

telescope disposed along said beam path between said oscillator and said amplifier.
11. A device as recited in claim 6 further comprising an optical isolator
disposed between said laser source and said partially transmissive, partially
reflective optic to protect said oscillator from reflected light.
12. A device as recited in claim 6 wherein the laser source produces a
continuous output having at least two lines and the amplifier has a gain band

including said two lines.

13. A device comprising:
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said beam path, the droplet reflecting light to

establish an optical cavity with said optic. 7. A
w@leoossoas recited in claim6 wherein said | asPeT/E0SE13417

conprises a CO |laser having an output in the range of

0.1Wto 100N 8. A device as recited in claim®6

wherein said partially transm ssive, partially

reflective optic reflects between 75% and 99. 9% of the

| aser source output. 9. A device as recited in claim®6

wher eidrf@ €8t B8k, source has a power output, the

parti gt |edstdn@ it E5thMEshilPd béath bithvatl G kAt RRLHS, BAE

a reflectivity, and the power output and réeflectivity

are saehoptieal galmemediunt pesitiangt alomgites beagn path; anpl i fi er

fromt h%ﬂ% cillator does not substantially deplete

gain i era’trrplifier. 10. A device as recited in

cl ai Mablfitalityhef ot dpoketlintdai P ehdnsicr b 8sthBlisASL @8y line along

di sposed al ong said beam path between said oscillator

awdbgamd)aﬁﬁﬁngfi er. 11. A device as recited in claimé6

further 8] . J.cal .i.sql.at or di Spo

pet ved LA BdpiATeRPlisied 1T 3R o RORRErD at east some

phatoasteflcted franatiel tatdey matdriakCt i ve optic to protect

said oscillator fromreflected light. 12. A device as

recited in claim6 wherein the | aser source produces a

cont i nyous L I t ' t :

anpl { oy - oottt R Bt el kil U5 Gl fin medium

t3mpAsaic@O¢ haviagprgain bandinchrdiied 106ner ard saidibathmbit absorption

one opti,.c tablishing a beam path with the target

et &Y Bﬂls,esgﬁéf an optical gain medi um positioned al ong

the beam path; a chanber; a plurality of optics

di sposed in said chanber to establish a delay |ine

al ong 19ai d Aelawmce ais reciteddinaclem UBawhereabsaid piptioal ges medium

di spased.j.n,sai d chamjer .t.0 .absorb_at |east, sqone .

SHEBERS PO HBERE o« PRB P Oe ARGRIS b aioid 34pahle absorption

@Ry iif Qelested §Edrh @He iglodp A r%?aé*s YhRIsEhp FACH,OR! iI(G3F, HCOOH,

%apln medi um conprises C2 havin a@gal n band i ncl udi ng

)36 G, DG QODaang edmmbinatiensrthereoh gas conpri ses SF

16. A device as recited in claim 13 further comprising helium gas

disposed in the chamber.

17. A device comprising:

a first laser source producing a first output beam having a wavelength, A,

a second laser source producing a second output beam having a wavelength,
A2, with, A; # A2,

an amplifier having a gain band including A; and A;,

an optical isolator having a polarization discriminating optic substantially
transmitting light having a first linear polarization and substantially blocking
transmission of light having a linear polarization orthogonal to said first

polarization;
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15. A device as recited in claim 13 wherein said
optical gain nedium conprises CO having a gain band

WO p@bogionyy 9. 6rmm and sai d sat urabl e absor pti onPQEES1088/013417
selected fromthe group of gases consisting of CH OH,
CH3F, HCOOH, CD30D, CD3F, DCOOD, and conbi nations
thereof. 16. A device as recited in claim13 further
conprising heliumgas disposed in the chanber. 17. A
device conprising: .a first |aser source, producing_a .
first aoﬁ?lgwﬁtngbemﬁ havingg2 drafspatsiongichlection gatiq, c5RB., for light
I ' t APRRAV :
T SRRl AL AR SRR LRI a1 TR Yo iR having o
gedvalehgthg Ap,neitbi diRIY; * HRRL, Ithe optic eptplirgd thesfidsaoatput beam and

havi a polarization discrimnatin ptic ..

St i Pegn oifi AR DT GRE HERNERGNSAPHEST | | near
pol ari zati on and substantially bl ocking transm ssion
of light having a |inear polarization orthogonal to
sai d fli8r st Adevice aatre¢aieddn staiml 1 hyhersin saith {irstrlgses source has a
transm.ssion-refl ection ratio,.TR f.or |.ight havi

seiuoed argmerng Cha BlodPlred fralFnut Bemdbding & Py flgneth, 1
BRB.3unt @id theGBéorndadsdr Goarcv@ueh et ieditiz, compritind_Bd, producing
TRR , the optic coupling the first output beam and

aeseord ouipy beamduningf waelengthde Hd&AUTt h t hrough t he
anplifier. 18. A device as recited in claim17 wherein
said first |aser source has a gain medi um conpri sing
Cx2 prigduciAgdevidd rast regiteplih blaim havwheredn waideloptigh hisolator
1 of 9.3mnm and the second | aser source has a gain .
FEEPHSSSolop riYsiF arepphasd FRiRIAING optic 8Bd Adinger Rfﬂ%ﬂ@@aﬁﬁlter-
havi ng a wavel ength, |2, of 10.6mm 19. A device as
recited in claim 17 wherein said optical isolator
conpri2es &A fdevicy -ab iredtedeinr dainphd seharehasaddi agpbfien comprises a

d | .pol ari zat i filt 20. A devi .
plirality o4 Ampliier Fhembgee pesitioneq glogft pmaon: beas meth apd said
Rbiplflg Sptico ;RSRbhEd BErvRBATE il L ARHs BhMTedmmon beam

conmon beam path and said coupling optic is positioned
pathween two anplifier chanbers on the common beam
pat h.
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