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mat eri al andwvidod lssettedmand directed to a focus for utilization outside of

the EUV |ight source chanber, e.q., for | )
g For this process, the I%asma ?s typically produced in a sealed vessel, e.g.,

20  vacuum chamber, and monitored using various types of metrology equipment. In
addition to generating EUV radiation, 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.

25 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

30 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
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the amount of material which interacts with the main pulse and the main-pulse may

function to convert most or all of the material into a plasma and thereby produce an

15 EUV light emission. However, it is to be appreciated that the functions of the pre-

pulse and main pulse may overlap to some extent, e.g., the pre-pulse(s) may generate

some plasma, etc. The increased material / pulse interaction may be due a larger

cross-section of material exposed to the pulse, a greater penetration of the pulse into

the material due to the material’s decreased density, or both. Another benefit of

20  pre-pulsing is that it may expand the target to the size of the focused pulse, allowing

all of the pulse to participate. This may be especially beneficial if relatively small

droplets are used as targets and the irradiating light cannot be focused to the size of

the small droplet. Thus, in some applications, it may be desirable to use pre-pulsing

to increase conversion efficiency and / or allow use of relatively small, e.g. so-

25  called, mass limited targets. The use of relatively small targets, in turn, may be used
to lower debris generation and / or reduce source material 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 10.6pm, may present certain advantages as a drive laser

30 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



the optical elenents in a nunber of ways, including coating themwth

mat eri al s which reduce light transm ssion, penetrating into themand, e.g.,
damagi ng structural integrity and/or optical properties, e.g., the ability
of a mrror to reflect light at such short wavel engths, corroding or
eroding themand/or diffusing into them Thus, it is typically desirable to
mnimze the anount of and / or the effect of plasma generated debris.
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present cer tm1adlamﬂ1\/tarjir6@&:a aqml:a:dCElﬂvmghasmput As disclosed in the ‘943 patent, the

nonparticipating droplets (so-called buffer droplets) advantageously shield the next

20  participating droplet from the effects of the plasma generated at the irradiation site.

Unfortunately, in some cases, these buffer droplets may reflect light back into the

laser causing self-lasing, which among other things, can reduce the effectiveness of

the laser’s gain media in producing high energy pulses. This may be especially true

for high gain (e.g., G = 1000-10,000) infra-red lasers, e.g., CO; lasers, which tend to

25  self-lase rather easily. Thus, it may be desirable to minimize 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

30 COj; lasers having a MO - PA configuration.
With the above in mind, Applicants disclose a drive laser for an EUV light

source.



30 irradiating a target material in an LPP process. This may be especially
true for certain target materials, e.g., materials containing tin. For
exanpl e, one advantage nmay include the ability to produce a relatively high
conversion efficiency between the drive |aser input power and the out put
EUV power. Another advantage of CO2 drive |asers may include the ability of
the relatively |l ong wavel ength light (for exanple, as conpared to deep W
at 193nm to reflect fromrelatively rough surfaces such as a reflective
optic that has been coated with tin debris. This property 5 of 10.61./m
radi ation may allow reflective nirroﬁEHMbLhEYEnployed near the plasma for,
e.g., steering focusing and for a ju the ower .of the ﬁrive
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20 may further comprise at least one moveable optic to adjust a beam path length

between the oscillator output optic and the amplifier input optic.
In one setup, the oscillator may be configured as a cavity dumped oscillator 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
25  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.
30 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



SUMVARY In a first aspect, a device is described herein which may
conprise an oscillator having an oscillator cavity length, Lo, and defining
an oscillator path; and a nmulti- 5 pass optical anplifier coupled with the
oscillator to establish a conbined optical cavity including the oscillator
path, the conbined cavity having a | ength, Lconbi ned, where Lconbined = (N
+ x) * Lo, where "N' is an integer and "x" is a nunber between 0.4 and O.6.
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partially  material; at least one optic establishing a beam path with the target material; an

optical gain medium positioned along the beam path; a chamber; a plurality of optics
disposed in the chamber to establish a delay line along the beam path; and a
saturable absorption gas disposed in the chamber to absorb at least some photons
reflected from the target material.

20 In a particular embodiment, the optical gain medium may comprise CO; having
a gain band including 10.6um and the saturable absorption gas may comprise SF¢. In
another embodiment, the optical gain medium may comprises CO; having a gain
band including 9.3pum and the saturable absorption gas may be selected from the
group of gases consisting of CH3;OH, CH;F, HCOOH, CD3;0D, CDsF, DCOOD, and

25 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, A, a second laser source

30 producing a second output beam having a wavelength, Az, with, A; # A, and an
amplifier having a gain band including A; and A2. The device may further comprise

an optical isolator having a polarization discriminating optic substantially



transm ssive, partially reflective optic may have a reflectivity, and in
one setup, the power output and reflectivity may be sel ected wherein the
light entering the anplifier fromthe oscillator does not exceed about
2kW In one enbodi nent of this aspect described herein, the | aser source
may conprise a CO2 | aser having an output in the range of 0.1Wto 100W In
one inplenentation, the partially transm ssive, partially reflective optic

may reflect betwe 4 7 %-0 I r ne
embodi nent of *PHT ? g %&fssita%’regf tp%ﬁ%{szggplg gﬁngy%tmgll%sag%s 8u§ln ng
the beam pat &aﬂﬁﬂéﬁ@ﬂ of hghtqamﬂgl zﬂh@éar pothrizioreantdgbhalrto the first polagization;

particul ar enbodi nent of this aspect, an optjcal isol sg% )igge di,sposed
bet ween t he aa@éucogmimgc@tlézﬁmmea Bapsmisgion refleghamTation pg’lrﬁ ight hgving a

el cur o Wabbichfin, 30, BRE £ fant R RAGERLAIA AIDTTRRL 83! Bt 100z 0 "
a particular arra he Taser source may produce a confl nuous Eolit put
havi ng ats | eaaveltigih) Kﬁeﬁt}affmlm TRR| ithd eptlcrmyug}mgdha figsti outpantedmanddi ng

the two lines. In another aspect, a device C bed rein which may
conprise a t 8¢°gad o§pu ngfag}i’%ﬂ’acé’fmp‘é‘h m%ﬁ%thglb‘f’f"éh taé?ﬁli ¥i ng a beam path

with the target ngfght %hlboﬁﬂnéﬁ?tdfctﬁls e, MRS e 1Rs isblieBedaphang at fanbeam
path; a chanber; a plurality of optics di sposed in the chanber to establish

a delay Ii nemﬁmngcwmpﬂmﬁ%atrhducam adirgteupuheanabaonp i vey cliagti il pés ed
et ar50rhou R0 B sdbnd 88, SART APIANE 4 BLhoREln] LAMpHfe 209!

mat eri al nbodi rrent aln nme

conpri Seuf:OZpﬁaawlﬁg a@e@ﬁd@u&ﬂﬁ@e&rﬁ&hﬁﬂg@gwﬂs&leﬁ@th aﬂdaf@tmmat ur abl e
absorption gas nay conprise SF6. |In another enbodi megéogtygfge opti cal a%al n

medi um nay conphl 88% , b/ iopgcal alatoh ARy PHRPRSS A Seareeneh

saturabl e a X om the group of gases consisting
of CH3OH, O@%&E%Q%gﬁeg@zéﬁmgand 25 conbi nations thereof
(where the chein aglartioubdrairrdhPEmesst, tlmea:tnpldﬁerrem)esmprisbeuphlrﬂityr)o.f afrplifeone
appl i cati ons, | i al so be di osed cha n _ano her
aspect, a de%h%@efssp%sg%%egﬁéa%ér@fwn%i tlﬁf‘scé’ug 15g PB{IC 1"4¥ePC

15  positioned between two amplifier chambers on the common beam path.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a simplified schematic view of a laser-produced plasma EUV
light source according to an aspect of the present disclosure;
20 Fig. 2 shows a section view of an isolator for use in the light source shown in
Fig. 1;
Fig. 3 shows selected portions of another embodiment of a laser-produced-
plasma EUV light source;
Fig. 4 shows an embodiment of a device for use in the EUV light source in
25  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
30 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);



source producing a first output beam having a wavel ength, Xi, a second

| aser source 30 producing a second output beam having a wavel ength, k2,
with, Xi A-2, and an anplifier having a gain band including Xi and k2. The
device may further conprise an optical isolator having a polarization

di scrimnating optic substantially transmtting Iight having a first

| i near pol ari zation and substantially bl ocking transm ssion of |ight having

a linear polarizatdon,orthogonal ' l.ari | QN1 @N i ng
optic having a tr ﬁ%rﬁ; SILIP%W?%e?Itgch%E%Féﬁng% @%ﬁ@g S%ttrch% 8}1?’ ﬁ%@i‘ﬁg&g
wavel engt h, ¥hbodingkndshidvaniiigsd;andr ef |l ection ratio, TRR2, for |ight having
a 5 wavelength, X. 2, with TRRI > TRR2, the optic coupl.ing t first output
beam and second olﬁﬂga&Shﬂyéﬁ’@h@befﬁb%ﬁﬁlﬁﬁwf@égﬂcﬁaf%“@ﬁp&?gﬁ Vet spYicEi er .

|0 jone erbodh geakyRliy'ih ANNGC helBfth bF B dAREIPAPURER URYeRRYE Gl 1

medi um conpri Si ng cing a first outp aving a wavel ength, Xi
of 1. 6and amplifiettibedjastabled | aser source nay have a gain nmedi um
conprising CO2 10 produci ng a second output beam having a wavel ength, X 2,
of 9.3i.tm In one setup, the optical isolator nmay conprise a

forty-five degree phase retardi pgTEILED BRICRIPTIRQr pol arization filter.
In a particular arrangenent, the anplifier may conprise a plurality of
ampl i fi er chanber ¥igogiitidlontseense dandig lchermis shewmatahrmatiel vigye of anFil Yig

OBl Y Doyl ROB L 1l RS 0, BTR 0 BRgL0, SSRED
sinplifiad sgpesmbs an \entbudiherd. | As ahophogUEiRd 1plaad resdribéd| inghtrthen detadis
according tobcfllcr)]wfj1 Stl?cs CIFPPOflig%lth Eé‘ogrrcgsleontmaiji ?r%h?dseuges;ystem 12 for generating and
delivering a train of light pulses. As shown, the system 12 may include a device 14
generating pulses (which in some cases may include one or more main pulses and
one or more pre-pulses), an isolator 16 (described in more detail below with
15  reference to Fig. 2) for isolating the device 14 from at least some downstream
reflections, and an optional beam delivery system 18 (shown with dashed lines to
indicate an optional component) for pulse shaping, focusing, steering and / or
adjusting the focal power of the pulses exiting the isolator 16, and delivering the
light pulses to a target location in chamber 26. For the EUV light source 10, each
20  light pulse may travel along a beam path from 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
25  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 10.6pum, 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
30 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,



20Fig. 2 shows a section view of an isolator for use in the |ight source
shown in Fig. 1, Fig. 3 shows sel ected portions of another enbodi nent
of a | aser-producedpl asna EUWV |ight source; Fig. 4 shows an enbodi nent of a
device for use in the EU light source in 25 which pre-pul ses and main

pul ses are passed through a comon anplifier; Fig. 5 shows an

enbodi nent of an EUV light source in which a partially reflective -
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schematic view of an EUV |ight source, e.q., a | aser.-produced-pl asma, EUV
li ght sour ceAligmatirelydithy lqsgr omy be conﬁgmged as a so-calle%. Qselilfgtarge%ng” laser

system in which the droplet serves as one mirror of the optical cavity. In some “self-

10  targeting” arrangements, a master oscillator may not be required. 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

15 reference herein. Alternatively, one of the laser architectures described below and

shown in Figs. 4, 5, 6 or 9 may be used for the EUV light source 10 shown in Fig. 1.

Depending on the application, other types of lasers may also be suitable, e.g.,

an excimer or molecular fluorine laser operating at high power and high pulse

repetition rate. Examples include, a solid state laser, e.g., having a fiber or disk

20  shaped active media, a MOPA configured excimer laser system, e.g., as shown in

United States Patent Nos. 6,625,191, 6,549,551, and 6,567,450, an excimer laser

having one or more chambers, e.g., an oscillator chamber and one or more

amplifying chambers (with the amplifying chambers in parallel or in series), a

master oscillator/power oscillator (MOPO) arrangement, a power oscillator/power

25  amplifier (POPA) arrangement, or a 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

30  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

10



10 aspect of an enbodi ment. As shown in Fig. 1, and described in further
details below, the LPP |ight source 10 may include a system 12 for
generating and delivering a train of light pulses. As shown, the system 12
may include a device 14 generating pulses (which in some cases may include
one or nore main pul ses and one or nore pre-pul ses), an isolator 16
(described in nore detail belowwith 15 reference to Fig. 2) for isolating
the device 14itiQil 3herkBaSneSAMRndIevVElah] SRIVAST LRk Uptics angy a8t eptappal
beam del i very system 18 {shown w th dashed |ihes to i ndi cate an opti onal
conponent) f compuniatiehayitmthe dhambsi 26, Ritlseeshapingamdy indnde dilivsting gulshe
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pul ses to a 3‘&#@8’8’ "E’H&fﬁrﬁﬁa@ﬁiec%%%eﬁne%ﬂ ﬂf{/ irpulse i'gft source 10,
each 20 light pul aQ filthed @& iRIFENA, ahdFANV Aah sblied thagydie Mclddeand
into the chanber 26 to illum nate a respective target droplet at an,
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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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A sui tabl e beam delivery system 18 for pul se shaping, focusing, steering
and / or adjusting the focal power of the pulses is disclosed in co-pending
U S. Patent 30 Application Serial Nunber 11/358,992 filed on February 21,
2006, entitled LASER PRODUCED PLASVA EWV LI GHT SOURCE, Attorney Docket
Nunber 2005- 0081-01, the contents of which are hereby incorporated by
reference herein. As disclosed therein, one or nore beamdelivery system

optics may bg ik, fd %ﬁpqecq%m& el BN hily b'6seahABRRE offhe dMiipSAdAMRPIORY MRY
include adjusting pul'se duration, using, for exanple a pul se stretcher and
/ or pul se t farmellegingAmdfdirectieg lightowani inteRhediate lo¢ation Eot/subisgiquens delivasy 10

may al so include a 5.tar terial delivery system 24 . @, deliyering
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tin-indiumalloys, tin-indiumgalliumalloys, or a conbination 15 thereof.
Dependi n§ ortrigheringavee ical maeiympshend/er dpser destiessi il theagystem pt2éertheadby o t he

irradiation region.at various .t er.at upes,inel ugdi ng-r erature, or
near room teg?ﬁg’iaget tie tRla?eﬁ.ﬁértdleﬁv '8 sé,ile§rt?§?l§?r g% g.r?eeﬁgv'aﬁ% Y%&NPer at ur e,
(e. 9., pure hipals®inchidelLddplcbhbsigsn b@tleéﬁ’bn_ré? whith hadyUineludé ©ng or nidRéH)
and in sone cases, can be relatively volati]e, SnBr4. More details

N N €. ") =
concer ni ng tdieplgsimagers F that peavads ap suipyt Iglicafve P%HELRP%%Q}? ek ong opawee ded

wori 1 1 200wl PR By SRR bk R MO Ebetly RpRERr i ity
Docket Nynmbeyutptd 36 aWOReOdositidiedstedtiodnfesdatk whdtah d2awhidieem, preeviomisity

i ncorporated by reference herein. Continuing with Fig. 1, the EUV |ight
source 10 meéydiapisbppyideon aed Hajespry cromsvhigh adrgplet %{T%quneleﬁ HPHELEEs n t he

formof a tr |4 ' i s : " i ng
Win oo nstEpks B LIRARK dicfie ThP GANSIAL) CiRAE OBt 1O
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by the system 12 to pass through and reach the irradiation region.. As
shown, the GBHAE tenBgpEEorosignal R, {he ol 4118 CTRIF! G SR THURE Biref oy

focus Wiophi Rn@hr to control a beam position and shaping system, e.g., to change the location
and/or focal power of the light pulses being delivered to the irradiation region in the
chamber 26.

The EUV light source 10 may include one or more EUV metrology

instruments for measuring various properties of the EUV light generated by the

25  source 10. These properties may include, for example, intensity (e.g., total intensity

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

30  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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30 near the irradiation region and a second focus at a so-called
internedi ate region 40 where the EUV |ight nay be output fromthe EUV |i ght
source 10 and input to a device utilizing EUW/ light, e.g., an integrated
circuit lithography tool (not shown). It is to be appreciated that other
optics may be used in place of the ellipsoidal mrror for collecting and
directing light to an internediate | ocation for subsequent delivery to a
device utilizing BMulthghowhGh BE21PHE BN 12RE 56urbRY0 BeayPRELARR! d GropletMBY
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pol ari zati O’éntiﬁgfﬂm’ﬁﬁgb RNI% AP FUSCFOR @szﬁﬁsw SOREESPARERETEO,
S) "~y et

t he i nstrunent e configured to operate e downstreamtool,
e.g., phot olDEHMERYhtearyrBocket Numbdri 2004-0008-Q1 myd sadpphding (& Sp Batenon of

the EUV output,. e.d. . USI [ckoff myror 30 or s ing." ed"
BUY gt SRpisfidtSeRa BBeRhii 248 Sishiu dradaos 20, Bfged 139 HER)

phot ol I 5HOGIPUNRMAC HINERCE! MATERIANS TARGESX BMIIVERY SYSTEMNAtidigeyentire
EUV out put of the EUV |1 ght source 10. As further shown in Fi'g. 1,
the EWV |i gocketuMbentg 2805i00080de thedroptrts obneachl ofywhich 30 hgsebubl e
in response.to a sigg}al f%\/\,hi ch in sone inplenentations may include the
droplet err COREAFFET B gC B8GE, or sone quantity derived therefron) fromthe

control |l er 60,Fign2&h@ws afhodirbet d¢feAreR6Ritd@0l 6 forGrotebiing eieg@din edded irfl
froma 5 droplet source 92 and / _or nodify droplef formation tining, to
correct for therdece 14 (shoemiinopicetd feam iabilergt seme & ‘?fé%‘{ pgons ?%EijTé’F %Blh
Ir :g'eg’”Sgs;‘?eﬁ]e@gi_n@fgﬁ&rté’cﬂb&ﬂow&) SERGT 3hds2PhBiond R RlaShifththe LG Midis &
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,
30  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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More details regarding various droplet dispenser configurations and their
rel ati ve advantages may be found in co-pending U S. Patent Application
Serial 10 Nunber 11/827,803 filed on July 13 , 2007, entitled LASER
PRODUCED PLASMA EWV LI GHT SOURCE HAVI NG A DROPLET STREAM PRODUCED USI NG A
MODULATED DI STURBANCE WAVE, Attorney Docket Nunmber -2007-0030-01,
co-pending U S. Patent Application Serial Nunber 11/358,988 filed on
February 21, «20@ficeithy bt fikd ©SERLPECHUIERy BRASMIEI LUIRITghY SCHRRRW TH
PRE- PULSE, Attorney Docket Nunber 2005-0085-01, co-pending U S. Patent

Appl i cati on ®athiiglshemnbi¢ris ol b eFprediatetlithatdthisns Fedyelyry wag of Alhesrationtant| ed

VETHOD AND ARPPARATU OR EUV PLASNVA SOU T T LI VERY, Attorne cket
Namber. 2004, GHOSIGE a5la bal AEhH R ey BESTH R SIE AN Seoreatt if PReor
11/ 174, 443 f glseds@re. JtiR&1s9%0 be @ Erecfa%d thheshticFBttetthad (nitodSMA Y HWREE to
MATERI AL TARGET DELI VERY SYSTE At t or ney cket Nunmber 2005-0003-01, the

contents df #nstudectompanentsavkich sefiasy and/op tigpsait dadisy apefase endacident lighy 2

shows an enbqdj ¢ f . 1 sql 6 r t] - a4l ia.lp the
dovi ce 14°( SR ATMasE b8ip) RR 1RAKS A2 LLen PUELES, bitthod, sl BedlBAUA !
for 25 del apiimorsr @fcheiite dnphiclagers nhiorops, eneantnotals énqidiaico nmifrosm greziabi ng

the gain nedia.at a tinme when the photons may deplete a large gain built up
in the nedial™AS"SHOWAFn Fig. 2, the isolator 14 may include a chanber 200
having a first odHmidas204n #0625 BCARAGBE M4t 204 chaREdr gy b o iah 00,

both of which may be oriented at Brewster's angle and / ‘or coated with an
ant i - r ef 1eect leest omoanlen2)l 0 tasallow gaseto beliismosed3id the chaysbez0dior bxamplehthetgas or
t he enmbodi nent sh are mrrars, my be di,sposed in the ch er,200 to
cotabl ton a ey S e & SEBld A mBR e SuReB BERERn: fo bt ABORE pefRRe A
206a, b, ¢ ar echabtistit linteBsityde s ﬂﬂﬁﬁﬁvﬁbﬁ@hmﬁ& td1Pdse abbodtHedhagactsidtias few
as two optics nmay be used to establish the del ay %ath. Simlarly, although
a seven passinfsasity leyek hiowrexampls, for adeyiccalfhisbevatie dig- Hahavings ¢92 pptiealy by
way of illusfrat]or .pat j | oyed
winin the S BERaIBEL ST B RIRRE'D AL e SEAE BRPRELTAR 0
that optiscs manesmpHeNSH].r rOm shevdthebRands €6k, a tevibe il 4 tauihg « QDR wpeichlsgaii ch
reflect and/or trapsmt and/ or qperate on_incident geirggt and i ncl udeg, but
is not |im tiBeAivg hwea%@sgalaelw@ésl,nc&dpgr@-,& R sawrably 2pF9TBON gAY HAY Per s
i ncl udi ng ' LT, - . LA et Iy I i
et dence m E oI Rl b L o B e b O DO D e
may be f or neeDyH, IDCQAOD] Gnt easibimatiens tHeetof Z $hetecthalchemicghsymoli tisapeded i n
t he chanber. For exanple, the_gas may incl.ude a satu | e . absorpti on gas
wh ch T unct [ BAPES A ARHPE BN oT S S PR B G LPY LY PLTD G 86 Feb
whi | e alowghg RIAERRE] 19 tHRAHANARPYE0,INE 4¢ ALRE bEABGH: I1CpdrihaReh t/5 pame! -
For exanple, for a device 14 (shown in Fig. 1) having a CO2 optical gain
medi um havi rrgtusabiiahsdspiten igac ki dinprpve bserpiipn thyerespanw atisineof theorhsoitong gas
15 may conpr] SF6... On the other nd, for a device 14 having a CO2
optical gai r?tar?r%? ?S%Hﬁé%sr%ﬁla&ég’?%a@ Yd i ncl udi ng 9.3, the saturable
‘étfé or pt %gaSAmo tmcggiﬁ% (hboa%dvhg nx%ﬁpllbb }ﬁbv@laﬁ a6 ec;?m?s\}m Sals rfﬁ)rﬁfthQ-BO'L
F, H i D F, ., and cqnbi nations_t hereof . ere,the
cheni cal sy hynber300 %‘ddgéﬂoﬁ%mﬁé’ﬁﬂég’éﬁ{ﬂeﬂ%mﬁﬁfﬁsh th%i""té’ietg?é’radé%lg?%ati on
(i.e. 923 OkodPBoliRB, R?\liéti)é”ﬂ Yo N&Y gﬁ@ AtRRhP eI BRPBET th NrdalifaithBphET
200, e.g. at a ratio of about 1 part "Theliumto 5 parts saturable absorption
gas to i npr ¢smpaiso, pad Hor teynave-spophgaat contaminantee absor bi ng state via

col lisions w tporhtﬁle Iagrr;ngetrggﬁ'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
30 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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An optional gas outlet (not shown) may be provided to exhaust gas fromthe
chanber 200 and to cooperate with the inlet 210 to; refresh the active gas,
adj ust gas 25 conposition, provide a flow of gas through the chanber to

mai ntain optic tenperature, and / or renmpove spent gas / contam nants. For
the arrangenent shown in Fig. 2, the efficiency of the saturabl e absorption
gas is generally proportional to the gas concentration and the | ength of

the opti cal p[ﬁ;egh(;lgrm&gt% h@ve@aa?néreY%Fe\/Ql N Ogggomea%&mng?f@éﬁlw%wg%@

rel atively conpact 30 1sol ator y rovi whi ch functions to del ay
refl ect phot coacsmehion hapuired eithel pathorasmeacdiativelyplongle gai n nedia at a

Une. T sol at o - g Grerec Rt ReP o o toAE: FERBTe Rl e B y

llevel at rel aigh gl Va R8-pRAuEIACHIEGHA %‘U\Plﬁ'@h{ soUFER hesbrdiag tth &ne QRp&A Il ON
re

required if the path was not atively long). Fi g. shows sel ect ed

portions 6f amdodimensnifsdshewmr inoFigad, md/descyhed ipiirthsr details bglow, ghe LPP

embad hent - ACTERARRE | et e E i 26T skl B ARV AREE el oElel) (1

LPP Ii ght sopuises ida loeation8’ Udexr chaytik @6t ffor ingeradiont with andga ehaterdsli og a
train of light pul ses a location 28 in a chanber 26' faqr inter acg,on
with a tar getge?ﬁﬁtér“tuhléqg YUPEr attse shev dig sutiemamey 10RMER 2 Wakiceyltem

may include %gx?ér?]é(t?{ﬁe wifes ?{ B L81He BANeS G9ay( MR1IuQB dnB o} ABreCRSRSyUTRY dnac! ude

one or nore es a O one or nore pre-pulses), an optional
i sol at or 106' ons odle®re ptrephlsdshren optidnal sblatarn®e as defiribed 2bp v viih refarénagashed

[ nes Lot ndcate 2 chLl ol oSAIRED ) SHL.A0 SoLon hesmael e
pul se shapi ngptidf¢ Haﬂaeli%@%%wa B {sHoval wittli dasiiddigndshe indieat ah@pEbnalf t he
pul ses exiting the isolator 16, and delivering the light pulses to a target
15| ocati on i pompensndrfopgulse shaping, focusing, steering and / or adjusting the focal power
of the pulses exiting the isolator 16, and delivering the light pulses to a target
15  location in chamber 26.
Fig. 4 shows an embodiment of a device 14’ for use in the EUV light source
10’ shown in Fig. 3. Fig. 4 shows the device 14’ may include an oscillator 400
seeding an amplifier having a chain of amplifier chambers 406a-c, arranged in series
along a beam path 408, each chamber having its own active media and excitation
20  source, e.g. pumping electrodes. For the device 14°, the oscillator 400 / amplifier
406a-c combination may be used to produce a train of “main” pulses at a
wavelength, Ay, such as 10.6 um. For example, the oscillator 400 may be a cavity-
dumped or a Q-switched, pulsed, CO,, Master Oscillator (MO) with relatively low
energy and high repetition rate, e.g., capable of 100 kHz operation. For the device
25  14°, the multi-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
30  inFigs. 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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Fig. 4 shows an enbodi rent of a device 14' for use in the EUV |light source
10" shown in Fig. 3. Fig. 4 shows the device 14" may include an oscill ator
400 seeding an anplifier having a chain of anplifier chanbers 406a-c,
arranged in series along a beam path 408, each chanber having its own
active nmedia and excitation 20 source, e.g. punping electrodes. For the
device 14', the oscillator 400 / anplifier 406a-c conbinati on nmay be used
to produce a } " MRLAA | | kIR0 S um
For "oxamp . “FRAtS. S aF ulc, B & BmBly B0l o i~ o S R By

pul sed, CO2, tHEBUTTlight Gblulcanmy inbye antopticalistlatoe Y2 mdictemay g posttidniedh

repetition rate, e.g., capaple of 100 kHz operati Fgr t.he vi.ce 25 14",
the multi-ch&iB8ra &ﬁﬁmcﬁaﬂﬁa F¥ieRgng “ﬁﬁcﬁﬁﬁnﬁgﬁfé Q‘aé%heﬁ %&?ibac &Pabl e
of optically;amplidybieetRel anglifsr Whidbs 166 bADGE PradiatOnbsitéMvhereda, 2

high gain (G ?:71,000 and in sonme cases 10,000) CW punped, CQ2 |aser
anplifiers Atltoptatdhott shoem ianfigi 4) will intensens rwith)§abeannpathsdinn Thetisplgtoro be

appr eci at ed t nor han three and a . 1§51 rs. may
e Used i n t L2 EHBGER oL Pl presr 85 iRt AR, bbb eRap e, 02
pol ari zer (s) caverté li@earBscuiedr light wo niloularigeppldrized tighayad ¢onvehe cirsulatly at or
400 and / or anplifier 406a-b such that |ight e>_<iti,ng(, he arrglifi,er
chanber 406cPolarzed Hghtria Jinge aplasized dighti e i light lmga.ﬁlmh%m % PORATY hat
the EW lig ! ' j i

posi ti oned %%%ﬁge%%g%%gg S%Q%"'@ﬁ%ﬁtﬁg et e?%ﬁgwehg%n% i I?iﬁég%gtﬁg%iger
406a, b, cieandmimdreisprsaed mitae elegtehe feompithé ipeimarh poterizat 06 clivgntomni.e. the
irradiation site ere 5 droplet..(ngt shown.i.n Fig. 4) will intersect
with the bea‘i’ﬁlff’atr%{]eﬂ?él. ﬁglﬁeg‘?cé’g?eétlb‘{eaaii’oweflr}&‘l %d@',ec?%ﬂ oétil?ggr?ﬂai?méﬁﬁhase
retarder nm noEmi Citari WREA dir8EAQE Inalidifi o the PRYSY fefardiérBforPBledkdlane
light to circulafly polarized |ight, and converts circularly polarized

light to |inl&mppkbpiiedudd sy lincar pelasization filter, gig: iwlatgr mimenyhichabsorks y

pol ari zation.dirgect.ion that s subsequ i r hase
retarder lonlhéj“iI ?ﬁaﬁ ' Em%r?ya{’%l&nﬁ?#g} 5%‘%@%‘%‘% %’%‘Cﬁi ﬁ’gth%mdr}r%ﬁ %c%grélﬁggt i on
directi o, idifsctibhe WithClis' atdmpehrdt, |lighbtefdeaires the beanl patipdodrfraradhen a
direction orthogonal to the prinmary polarization qi,recti %H éllng addition to
the phase rdargetianaterialr g, droplet; sibserbed by theneptical ds0latog Al dandrrannoterer

pol ari zati o ilter : i t 1 I L f 1l
linearly poreélfrt"{rz%lg almrP%gg 5i4P§%h%b%¥°f)%éi®g%h§1§h§%m? ﬁgﬁiﬁnl’ié%% E%Fg?zl lirﬂg%lson 15
direction. \Whah Hehbbtaiied afigenmBhigler| Gatbl, r Heiligentmdgan Strhd 002 8862t Balkd8 from

t he target terial, e.g. dragplet, i bsor ped hy the tij,c i. ator 412
and c_an%ot r @rmaigy yrgler g%|qa¢€m@§§ e,rzﬁ‘ncggrorgisa‘?]rﬁt%%_éj 'sﬁh’éf%ﬁbﬂfﬁ?t f or
use wi tgggo%gltiﬂél%él B9 ak g 15»5@%11&@@«/ fam ke AaphifiGRRRRIIRP (St 1 -

100, 88 al em (aBermany under the trade nane Queller and / or "isolator
box". Typi cahé dropléeteviz@abptunimpedesiowhilorallowing onbt Ry ang pdrrew of baek-t o

flow fromthe anplifier device 14' to the droplet  virtuyall | e whi |l e
al | owi ng onIrW%n%{Jﬁlgbﬁéo 383}&%@?1‘9“%1? tb%cﬂ?-tlf%lf 158%110&4?/% ga&# llte(%&T (Laigi T r%%ﬁh t he
optical isolgkgb412 and reach the anplifier 406a,b,c. Fig. 4 further shows

that the device 14" may include a pre-pul se seed | aser 414 25 i ch eds
at | east one oFig Hefusthpn showsr thaheislevice Jd6 anay, imcludga Erﬁé"%ﬁ?\ﬁeéﬁ,?%&r ,“%fhe

seed | asgr Lifiler j ! t1Q- duce
2 traingr aot et LGS o L TR b G B e e e
pre-pul se seaeel lasaet] 44 anplifier khambead 6t \cothbinpdion onayabe usedi to Phediice @again
Master Oscillator (MO with rel t'veléillogvener and hi'gglrergetiltiondrate,
e.g.. capabl®d PEFPHEES Kid WatIpR# s fapAuch as .3 pm. Tor example, the prepulse sce

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

30  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
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As further shown in Fig. 4, coupling optic 416 is provided to co-axially
couple light fromanplifier chanber 406b with |ight from pre-pul se seed

| aser 414 onto a conmon beam path to travel through anplifier chanber
406c. For exanple, a coupling optic 416 having a relatively high

transm ssion-reflection ratio, TRRI, for |ight having a wavel ength, 9.3pm
and a relatively low transm ssion-reflection ratio, TRR2, for |ight having

a wavel ength ¢y ) W , onbi ned
on thin fil m°°p§‘3)”98$i zer gi e%esn?éﬁgtqlﬁa e or er?e%‘h%@g?ibggg%f %f%?%&&%ﬁ)éﬁ’dggl?
coated for 9cdmpbngoptiod]shdeingw tehativelyhhipk smapsthissiongeBqtioharfia,aIRRBn. foFor
exanple, 11-VI rporation egdguartered. in xonbur g, PA) fabricates such
an el enent fléght%"’ﬂ‘gd’_r@%‘_’%?ﬁg}b%oﬂlmrﬂﬁ%oae’ﬁ&aéw(eigoyv t\%ﬂsﬁuﬁg’ f?oﬂreﬁtl“fréf??’ioon_ f or
10. 6um and %ﬁg&,ffaﬁﬁgﬂtfh%bﬁag a Whvelk 10!&phn%@*bé&s@d.cpypéxda%le,n§he Bednd 1S

shown 10 positioned al ong beam pat 4_08 between anplifier chanmber 406b and
anpl i fi ers charpée catbmedion thin film pelasperdenentaptiniezad for refigetibn ofdSiGimned

at other | ocatjops a am path 408 su i.fi.er.. chanber
406a and arrpzfr}df‘fggrco h%%&?gﬁlﬁbgrf ofE ¢ énm%;bcol Ibg%g%%f}g E langition; Lot
chanber 406aexabgle\aeVIaOBpbidtioh Gbaiguerted@Gn Suxdniopg) PAl) fabidaésosuchlan etc.
151 n anot her inplenentation, the seed | aser 414,% {g/g ufied_ to prBduce a
train of prelgmenider 40 dggigsangiangt incilenee GAQD) Y Yhgeliection ff 4P nay

be used to g{ngd% gaﬁslhﬁgy%rpffor" @Bqlﬂn pA?)tﬁ@égl@?h@cM‘gﬁigﬂgeﬂg%@ 496 ijsosl’fbvifnt m

For this inplenentation, {he coupling optic 416 na a beam coupl er
desi gnedioas gosaioaad singebdamt path 608ntetwleanefihplefiery ehandrer H®bnand-empbifianyl e,

I1-VI Corporation adquartered i n Saxonbur 0 PA). sells an ti.c
characteri ze‘ga@geﬁé@?e%dt 549, b éﬂé‘ﬁ?@?aéﬁa ‘grrg%?'o.g%tpﬁﬂh%ﬁi @%%ﬁ%?‘?"é@?ﬁ)n f or
9. 3um Fofloddh e SHDRHR BB s8EPWR betwhéd antpliffeh @hbibbd A064 Mdrddbaipligier Of
the target material by the seed | aser 414 may be sufficient to expand the

target mat erchambemnd06b, betywenzesaliasor #0§eancheamenlifier ehfanbsr 4Q0aatketaegmnrti al

pl asma of the t terial, ,e.q...a pre-~,25 pulse. Depending on the
specific apﬁﬂpéﬁegg%m%?‘pb%%?q 8?1&5* lsglag?re‘l-lpz)u?tg'e (on the order of few
ml1i-Jagygles) froidodée@dmplenfitativn, Y RedBistr 14 RS beRNed &5 plodutda itri of ed

conversion efficienecy and / or a reduction in_the anpunt of debris

gener at ed apge-pulses atey wavelengtly of 8.3t e anddhe escillaterydl0 mag bg wsedyta BYdPeenent s
for main be | s&_ang | et i ilit s s a1 t he
use of smal I%r@raﬁlH 1!ziilrcr%t fanraﬂldrrg‘g%gtaga ‘gg&%’iﬁ%@gfﬁgl& %Iha?lﬁoggﬂl glﬁn lﬁﬁ arr%tﬁnlf?%% (s)

of the mai ncpuplagy ¢piretlermiyby afteamastublet idesighahast temsprissiveifos d Olbeanamdy

result in negligible inversion | osses for the mai&‘\?g | se gﬁ)‘n teg%& or der of

199 . Firefleckve fiond3wR. diopsarmale LoV Sqerazetiony @@a(trf dPSEXeBYYIE, [ g.

5 sh h j j i 0
shows 5§ epskgvgeﬁs a&%guggaeafaegr%g@gg héﬁ%%@@@%aﬁ?mﬁ%n%?%@uﬁgaﬁd 94%

conti nuous out'put on amp an anplifier having a chain of
anpl i fier chefidotios f&@Bhuo, arranged in series along the beam path 502, each

chanmber having.its o ctivye nedia_an excitatipn. souwce, e.d. i ng
el ectrodes. F oretﬁ?a ﬁ%’lﬂggam%eﬁg Showp in £, (rzc @eéﬁgl#%aﬁﬁﬁq%&tﬁg ltaéé%tgrpgtgg g})
havi ng an owy @y sdedl 14584 TAREGS tefsubfickitite ePUNY/tBE thr @Y APEHl G/ R VapBiEzeOr
nore rotational lines in the 9.3-10.6 mcron wavel ength band, For exanpl e,

the |aser s8irieescnmateriph agd/oa opralie alnartjal plasmsnohiie JRIESt MatFrialrfed SURE as
'I[D\(/\/(Z)Gz)’r BY Zz%ulsgnﬁe&gr}c@ﬁg ot e G FARLREtbE, utilifHEioRDPa! dré-Bhise n MRYoriBe! ude
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.
30 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%).
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10 nore anplifier chanbers, e.g. RF, continuously punped, fast axial flow,
CO2 anplifier chanbers (as descri bed above), having a gain nedia adapted to
anplify the line(s) produced by the | aser source 500, and having a one pass
gain of, for exanple 1000-10,000. It can further be seen in Fig. 5 that a
partially transm ssive, partially reflective 15 optic 508 may be di sposed
on the beam path 502 between the |aser source 500 and the anplifier 506.

For exampl e, 't g 0pLh & S8 e BdiRRh S indil R e HaBbled 19% k. Gt 9% Of

the | aser source®output. In one setup, t aser source 500 power and optic
508 reflecti dévige b’e nmmglindtdoa fasetrsouttS00ipyoducéng eedmiguoneoatppl ¢1f & bearB06
fromthe oscil]atgQr does nqt. significantl deplete, th i in the ..
anplifier SOB?thé.Og_.ana(?@ ’tﬁeébg}é‘%é‘ a %Lﬁmf% ) cﬁwgerg%:gl@%'.c g %n?nlﬁefl H&r
shows that tg;deybee itibedi@paiN§02I0RCR &lﬁﬁaéﬁhaﬁﬁ%&fsaé\@ﬁ RBvOepédia angd t o
deliver a series of droplets nmoving on a path which intersects the beam

pat h 502.5 Duexaitgtiomissurcerteeg. quenning cleatrodasp| For expmple: te lapapiosreegiemay or
may reflect light ng_t he he . } 1 ; i.c.508
o st abl | s osarr Onfsbdmun ¥ NBhE N o L T R dplt oy e
506a-c. Wt hogt hing @ mangesmrtibnalt eesoipt ie $088,0.ampkidn savelesgthnbard: ofoet
conbined to forma so-called "sel f-target i ngl',' Irfg.ser s%gﬁ emniggl.Mi ch the
dropl et ser veampledhe 14FeF OO MAYFURAN & BB A IR SERrngUIES uel s
g-swi tch) of ' i t i ethOdriphsier 564 siaShclale twh B¢l osed
and cl ai med ?Qagoﬂgi ﬁ%ﬁélgﬁﬁﬁs.%ﬁﬂé“%g?i ’ctgti or?ﬁSeri al Ielgnbgr 11/ 580, 414

filed 30100n Moteobmplifid; cRAAbergneigt | BF, coRivBusixSpRnped. | faERxigy SPPVECOOR EUV

LI GHT SOURCE, At Docket Nunber 2006- 0025-01, t t : f
whi ch have GEBRFEIRBLSR o dpebrpcr st by per apbimei aftinnd b SApHETE ©
optional beaifcgsRRndlidad blyahe eePRURED(IRMNPRavHiOY iofle Passi din bElfes expeple

adapted to match 'the beam size and di vergence to the paraneters required
for the propd8tI0GP0Q hr ough the anplifier 506 with mininmal |osses. Al so, an

optional optoisolatar 512 may benus 0 : el from
the reflected | ﬁ?ﬁ’ %Hﬂ?rl%ﬁ Sﬁgrénf Fbgnt%dﬁh %to#%%tgﬁfggsaégﬁg%%?tém@w gﬁf%%gget he
mai n cavist y dptictdu8 mey be digppsddesh fHe rafBpath 502 betwasmethe dyset soartd50Qighdt he
reflective Otﬁti c 508 and fills the main cavity Wié,gaggotons or(rgeﬁ))on i ng
to the rot atthesalplifieché0s) Foemegmpledthsppiip o 0B 48%f ¢ WS e a0 ely 78 2Bt opl et
passes t hrough §.0 r f i k& t ?oﬂ»@e Ragk
reflection ;%Sutts%}g? °s&3h%ﬁﬁ?€§?%cﬁtoglwt ;?@8%‘?%%“‘%%&? ﬁg rssglhf(‘-%dii%)? ct eé, 10
"plasma m rraptic J083efledivityaire sdededsudhethateight eniesingltheardplified $@dfromtthet he
phot ons of the_correct wavel gngth, a nmulfi-lJjne um}/ Bg %en r at eg t hat
ef fici ent |y assidlais doey aphsigniticntly depletshe eain 18486 3PO: 8t 155 Mhvi ce
(I abel ed,,14" ., _inhe EUV |ight source 10° shown in Fig. 3. Fig. 6
shows t%g dgg%%é;do%ﬁ)ﬂ?ﬁayﬂf nclude a laser 15 oscillator 600 and a

mul ti - pass anpFig iS%efuré®? shées thatathpldeyicehkd’ bawdyl inglusle sdoonietyganeraier BE

conti nuousl y punpe .l aser . hawvi an out.put in _the, 9, 3- ]

wavel engt h B’é’g‘g‘g‘gﬁcﬂﬁ’%’é@ﬁﬁﬁﬁ% Oélr(ﬂ%'ﬂﬁtsr?é?/vug%o%ﬁ ,&llélggtlfﬂg]egsggtgﬁbg%%?rnped,
fast axial flafis50CButing ehis hkeéiseisi)a dbplepfremamipldrbpler gakenbenay asflanged
in series and having a gain nmedia adapted to anplify |ight E ving the
wavel engt h dighpalongyhe beanp patBi02) seeperasimg, with the optic’508 10 establish art optical

25  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

30  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.
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As further shown, the oscillator 600 may include fully reflective mrrors
604a,b with mrror 604a being operatively coupled to an el ectro-actuatable
el enent 606, e.g. piezoelectric material and an el ectro-actuator, which can
be used to nove mrror 604a along the oscillator path 608 and thereby
selectively adjust the oscillator 25 cavity length, Lo, (shown as distance
(at+b) in Fig. 6 between mrror 604a and mrror 604b). As used herein,
the term "el ectg9-act uat " Lts aderi viat i JTEA0SR eri al
or structure \Ah‘!ls’ghc%lr? gir g%he]g e%g@g%é?%%Pécﬂgng‘é&mﬁ%hyﬁ%ﬁ éctgietg@%

vol tage, el eatlapted fd mlacth thadreini sizd bed divergenco obilraparamstetshrexeivéd dodthe
includes but 30is pot limted to_pie | ectrjc¢ terials, electrostrictive
material s an@rﬁéﬁ&no@f?‘}r&ttg?/é%?‘é? %@qe@t% minimal oﬁﬁfﬁ't‘%\%ﬂi Ay ORI OPEP- 6,
pol ari zer (s) ; Qnfy/ 51,%?55 6N t0 ?r&%&‘ﬁi’é"ﬁséﬁ@gu{ce@m !?llro:rﬁﬂi_é’reﬁé&ecfrﬁg’htbe

enpl oyed in the oscillator 600 such that |ight oscillating between the

mrrors 694a, b Inase dight froar the padeasourat 5OM entersabe imain cdatyi efethe selfrdinecteds o

i nclude a cayity dunping.switch hayin or__ex le,. electrooptic switch
610, oo o PeIRBIITOD, 15kek pyeen iy 4 sefePVE aprig LA R e g
pol arizer hayivig ﬁithrﬁﬁﬁdﬁsm&%@@@ & tgnettpanklih€k) pendrited By eI ser
pol ari zation direction defined by the oscillator 600. As shown, the .

pol ari zer 61souses/SH: AYkanam deapletrrassastibrongh the faseharepyf foensingalsns 314y itand
be di stanced ] [ 'sjé-gp_ B u - I itch
i s de-enerqgi %%%t?%%ﬁ%&l ggfgéﬁ?%p?igd %gasrg tggc alri\]ger%sg?' t%ﬂ-%e?fv\eﬂ%&mfl 1?%%%&’}‘
mrrors @D4aplasn@nthirrodidnser Bgstsmi. Sitreithe emdtygis zérdadyt fijed wiith the @hotomisidfat or

cavity is rotated and is reflected by the polarizer 6 onto, path 614. For
exanpl e, the&’PicﬁﬁFCtrﬁé{9V°i%"gi&btaa¥1€ 1-ling, gplye Hg‘éj rbée%enﬁ?tet%é‘ate?égﬂe?@y ragts
switch 610, ég}g thus, light exiting the oscillator 600 onto path 614 may be

pol arized in"a direction orthogonal to the primary polarization direction
defined by t he Fig.#ndwuimssineambwilipehtafianethetdevice (abetadold’ Y hior pos rthediU¥12,

flected light t ls th . adist "'t 0. angbh | ar,i 616,
cq. Cerg. ¢ iR ePREdO SHTRRIT Riso sng e i fiecdedied < Bl Bbset o
to the pys W&Es\éilﬁﬁﬂr%doﬁeﬁfdi Hhuthi-pest éxﬁ;ﬁliﬁ%@fdoaeq?oméxbﬂﬁfle?ﬂié bdcilladsr 600malyV t h

this arrangenent, light from polarizer 612 being polarized in a direction
ort hogonal the athBFpe¢ntinupugly | pampedtCOn lager kaving ae gutbuh dthsy?.348.-0B¥sPRat or

600 is reflected b he, 20 | ari z.er ont - Whi

t hrough the zﬁﬁnﬁ%&h%m&%fﬁge ?%WPE@’? gégms o@eng@&ﬁ’ %ﬁu%@&&r;ﬁgﬁ%&gﬁgﬁt
shown in Fi txidl ey, COf lab&haviig siteorempRaaeplifidrahdinbersrrfanged (rPidves @20
position along, path 618 and di stanced fromthe polarizer 616 by a_ di stance
"d", the PRVISSIE & 6ninanediagdepied tp saplify dight havdng thegiavelength ﬁé}}lp&ﬁtibzf €616
25 into i rcilarl 6@8' arized light and directing the circularly polarized
light to fully refl’'ective mrror 622 along path 624. As shown, frilly
reflective mrrorAé6Zarthe shosint itheedcilihtoa i0smapdeaclude fally nmefRRikive 20irasrd

oriented to flecting |i | nci dent .al on t.h 624 back ont ath 624
where the | i{?ﬁ?ﬁ’mﬂp H%FFBE%Q%%bﬂnSé’pFﬁlwgétcgagﬁgqﬁﬁm OF 8%’(??9136161%&3
second phas %06?&.%Wﬁk$a&trim&eﬁ£lea§ﬁ atnvae&fgﬁécﬁuatsf, arklah canse ud&d td Bldve

traveling from PRM 620 toward pol arizer 616 will be rotated ninety degrees

(relative tanirogkp4a alavetheescllason prsh 69% g thenchyselrgt velPrIIVSLDY osfilatoRus
T be Bl Akl AP oBR &, Show ol Afiedlch TRAY iR Pl 6 bbb nfttdr b Maditioped bY
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
30 is not limited to piezoelectric materials, electrostrictive materials and

magnetostrictive materials.
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Wth this polarization state, nost of the |light (except for a small anount
of | eakage) traveling from PRM 620 toward pol ari zer 616 will be transmtted
by pol arizer 616 and exit the device 14" along path 626. An optional swtch
628, which may be, for exanple, a nmechanical chopper or acousto-optic

nodul ator, may be positioned along 5 path 614 to selectively limt

transm ssion of |ight along path 614, as shown. Light along path 626 can be

further a I|f|ed addi t i As
ol ed above T esPRiBTDE kA e & AR AT B Brohthe M and £ o
amount of i gmmé Red Alak BeEnpldRagn el ost:matdaesoprsuctaﬂm Hightasscitatihg betieract i on

defined 10 by the pol arizer 612) to Ieak from n‘p|lfl(e:h 602 back into the
osci | lator cé mjrreisoblifapabies 8 1oFimaty RO laxjigation Heeclint cHevwe® 1dne a2 a0 this

light will b tWEER 622.
As a result, ﬁ}ﬂ'gieaaréag%g %Wﬁnﬁﬁg épéﬁi}nﬁﬁ est ab |t£c{1%\$\cgp§§% ?g!;
cavities;sa Poelel’sopt |I¢m oeHWahgt ebqiolﬁmer 12 or.g. 6&4aﬁémdp6memdmvmg a

| ength, Lo equal tq (ath .an a second optical cavi ror
604a and ni rFB‘FSI‘?}QszOIH%iS ‘ﬁé’f‘ﬁ‘ﬁ ]E ﬁ’ﬁ Iﬁ’@ﬁ ArY ROSEHA Eré?:q‘{E mn degnerq hyt he
fol 'owi ng di ﬁfétt?séﬂrafbr 6. 0&%1'16»% Qhe §BfAriséd d512bﬁlap€3‘eed1§taﬂcdd0fra§1 M mitddirl € an
anplifier chamber will be referred to as PA. I n_one operational_ node,

mrror 604a f¥4a biearﬂmemcev“ 3 aidebe distaneed fore the) wirkei 6Wheby @cdistanes “b”

,conmbined = (N +.,x) .* Lo ere 0.5,
e. g. a nunberﬁ‘bset“(ﬁgéﬁh%s‘ﬂﬂ%hﬁ%f .C%Zéé lgﬂt 15“5&’?9?({ Pgsg%a‘:%fl%% sys?tggh%t he
| engths (Y 9@ n@SrotO6ARYE and Whelﬂtﬁe rswnbhrs ékﬁr:gnzed; hghQﬁGhebsdll@toﬁ'deﬁnm iand e

= 7cm Therefore, Lconbined = = 6.+ 2*10 + 746 +
7 = 1209cm aistptedhand i reflgcted PSGEWOE&FG& @A%O@Sé@m ﬁ%‘z goéﬁwplﬁoaﬁqlﬂh

I lustrates x%xggbggdtgteggﬁﬁe%gé%eesg%ﬂb }é&go%@ib lshakcR610! £ tRs 'Hé‘ﬂ?@xlﬁﬁ%of

whi ch nodes and the oscillator nodes
whi ch nodes th84aciliator hﬁ@Oe)nhmpathl @lblehmyl)be p‘déare;edanra)duétml@nl artheiggnal 7o the

illustrates that th nc he S|Ilator m)de b dj ust ed
usi ng the ellg?‘;‘??%’—l’é’i"t‘l?éﬁg%g’é?‘é e% SHUEt gt © o@zeﬁgﬁt he
di mensi ops recit efoab e orahﬁexg@m &ﬂe&\e&dtgm @faveiRethasiphl b aliQhsces “6Y/t6

rotational |ine is about 150M—Iz For a typical oscil|ator cavi ty
l ength Lo = mmexaemenw@e@ocgegmm@ notargeivhaving adiansieissign axsodigned

| d. b h
i Ui n the Rl peaTinget ppladpaforbBer il BhagT bf e GelbiSThy iy
these three Mg@rﬂéﬁfoﬁ? ht/ 86 FABriRe Gmd&nﬁ%opbhﬁzedsm diree ﬁu&m&logﬁnabne of

t he PA nodes (node 702 The nei ghbori ng fsl 704a and
704a' in Fi ¢ghe pyimairy pofasizptiom diseqtioaede mﬁﬂa&ﬁb@@%@@é%& gcted By thad

Londi ! S MSelhin PR RO SRR b R AP Mg e

shown

The arrangement shown in Fig. 6 may further include a phase retarding

mirror (PRM) 620 position along path 618 and distanced from the polarizer 616 by a
distance “d”, the PRM 620 converting the linear polarized light from polarizer 616

25  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,

30  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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5seeded in the PA Fig. 8 illustrates a tenporal sequence show ng the
operation of the switch 628 (curve 800), switch 610 (curve 802), the CO2
out put pul se (curve 804) and the corresponding period in which the PA seeds
(arrow 806). As seen there, curve 800 shows that switch 628 is initially
switched froma non-transmt state 808a to a 10 transmt state 808b. Wth
switch 628 in transmt state 808b, curve 802 shows that swtch 610 is

swi tched frog. - .gi.zed, state j 1

otating |1 gnith AFBARIAPES R, Bk BLAR ok BREROE SIStk i Bkag), g
in a C2 out pavelipgl fisin PFRVMVG20804hrd polarizéd dlbovsl aantrarisetittedrby diotariver 616 a
device (labeled 1014) for use in the EW 15 |jght sour 10'. .sho in Fig.
3 and havi ngashxibthe dgyige éﬂmp@)‘ﬁéﬁpéthi@%dﬁﬁm“\%?t W‘ﬁ’eg& Wgﬁﬁﬂbﬁ‘éyﬁ\gesﬁém in
Fig. 6, and '}QEM' EEl%ni t )| ' NG&v b8 ok i bl e.
Speci ficall y% [ g%’qf}né omgg{]%ggagﬁrc%sg%qg)b ﬁg{fo:a}\l%?(ﬁa%g%ble sogl?mggézéllglhgt or
1600 havimg pathl6y4 neftlectvelelimir transmidst@dof bghtelleng pash #d#ued stisiver. eLightnt

1606, anplifier 16Q2, polarjzers, 1612,.161 PRM 1620. mirror 1622 an

swi t ches 20“9’63_@’?9"1@5 e %%M%eﬂn%lb%e&%e,gyaaﬁgwéwgﬁtd’@éﬂ{% K ﬁ’é\%ﬁr.s Qc’go
shown, four {Hdkw)Ng 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

1650d moveabl e i nAs irepkied eorve olealsrgeaf FRM 188 2nd dheypolaizern will jalleprasmalbs
optical | th c. Wit i S.e -0 . . i
opt1 cal L enilfn a4l 0N 3,26 NGB bl B Boed 0D AR aped 1 2
such thaty ', gotibipotaizer ¢12)+to ¥ak frdm ampliiee60N\badksintnthe osetator amdty' addong s
bout 0.5, e.q. nb bet .0.4 d 0.6, j = +2b+c+ d
Fo = (avb) . Tl 614 Hapartin it aviceisoRieneiAed) THRLER! Bk Os s 19 Gt ed |
this patent pphhgaliphedyled hindPbid aldtstdl (el kAuRAKE Sl bt Snéom 142 are

fully capable o attaining one or nore of the above-descCribed purposes
for, probl erfigt® vwiB esmblishdtvioy pptical @avities; kefirst epticahsa¥ity betweghnaiotos 66flat he

nbodi t d ibed, it is.t t by. t.h illed i
The art ¢ harHa e YR gt s o0 e £B5 Taieonartiod! SRmoparyes
|11 USL I i Ve 6DPERPRINGH 620 ttng 188gBUDL AL SWcvbigh | s broadl y

contenpl ated by the present application. Reference to an elenent in the
fol | owi ng O ai ms Inrthe Hellewinguiiseussionnan gsaillatnte@0t wikdgnrefgreds tmps MO, nean

n_interpreting cuch olal M Sk e v RI5-ANG B4/ one” unless explicitly so

In one operational mode, mirror 604a may be moved via electro-actuable

element 606 such that Leombined = (N + x) * Lo, where “N” is an integer and “x” is

20  about 0.5, e.g. a number between 0.4 and 0.6. For example, for a typical system, the

lengths may be as follows: a = 176¢cm, b = 10cm, ¢ = 260cm, d = 746cm and e =

7cm. Therefore, Leombineda = a +2b+c+d+e =176 + 2*10 + 260 + 746 + 7 =

1209cm and L, =a + b = 186cm. For this case, N = 6 and x =0.5. Fig. 7 illustrates

the gain bandwidth 700 of the oscillator, the PA modes (of which modes 702a,b,c

25  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 =

30  186cm, 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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5 rather "one or nore". Al structural and functional equivalents to any of
the el enents of the above-described enbodi nent(s) that are known or | ater
conme to be known to those of ordinary skill in the art are expressly

i ncorporated herein by reference and are intended to be enconpassed by the
present Clains. Any termused in the Specification and/or in the Cains and
expressly given a nmeaning in the 10 Specification and/or Claims in the
present Appl ig [ I REGRT ary
b ot her comsanr (RAuSRS b REXE Pk JERR Mibce AR ThEnEigRboli MG
necessary f ori.a meles 84 rndrd04ed dn dii g CA) e drall rin bht@vespeorrhsmﬁlrxm?Asn@des

Aop 1 cat on. (TR S 7828 TSy fizde it REdwPaRbafe ld Ridegten:
conponent , Olbeéa%lwetﬂc@ﬁcﬁ@oﬂ | gdm@@m&)’dLsclApsswf@ultsm&t@aal@dosQa@%e

dedi cated to the public regardless of whet her ‘the el enent, conponent, or
nmet hod st é&p S@dec’(mthclﬂﬂy recited in the Clainms. No clalmel enent in the

appended d ai e, construed under t | f
PRn par agr aptfui QiR d BhiaE ek shauRilhl Sp8RTaR brlhe S ea 2.
! means for" Qurvd 800ﬁ&w¢@5€61@f (o&r\FBEBOIZ)d tROCIGI outplithpuleé gomne 80&) ragdi thed as

a "step" instead of ,an " MS |/ VWE CLA devi ce corrpr|S| ng. a
first |aser §@WE@“‘EF¥)BE‘E‘PC{1§1 ‘é(hTChrtg? PAysesds ( aﬁ‘é’é(‘m;@év seenfaers: eHye 800k, a

second | aser R 5t BAACH R rRER0NC RULR oo BRAAMNS AR VRSN B X2,

with, X1 X2, an arrp awnga aln I nc X erein
said anplad fi eansnntrﬂnteswba Whthrsyﬁtchw%fmarqmlsnﬂtl s&atte(ﬂﬁﬁh;b@rrm [362|ShOWSIdth’[a| ong

b t | t
i sor i nat | M1 Aot o Ryiersrzrinnd iSRRG HGed S 8108 near
pol ari zat i onyoaiigh SMQﬁtlﬁrﬁsbﬂiakdf éﬂvﬁszkdnagsehaﬁa@qﬁ@ﬁ&bome HA lrbdiMind &Y 1aNG03

| i near pol ari zatl on orthogonal to Said first polarization; a coupling optic
havi ng a tr amgpitgsilssr{cueBB4Y.i on ratio, TRRI, for |ight havi ng a

wavel engt h, Fig. 9 shows another embodiment of a device (labeled 1014) for use in the EUV

15 light source 10’ shown in Fig. 3 and having one or more components in common
with the arrangement shown in Fig. 6, and in which the length of the optical distance
“c” is adjustable. Specifically, Fig. 9 shows the device 1014 may include a laser
oscillator 1600 having fully reflective mirrors 1604a,b, electro-actuatable element
1606, amplifier 1602, polarizers 1612, 1616, PRM 1620, mirror 1622 and switches
20 1610, 1628 as described above, and arranged as shown. Also shown, four turning
mirrors 1650a-d may be provided along the optical path length between polarizer
1612 and polarizer 1616, with mirrors 1650c and 1650d moveable in the direction of
arrow 1652 to allow an adjustment of optical length c. With this arrangement, the
mirror 1604a may be moved via electro-actuable element 1606 and / or the mirrors
25  1650c,d may be moved such that Leombinea = (N + x) * Lo, where “N” is an integer
and “x” is about 0.5, e.g. a number between 0.4 and 0.6, Lcombined = (at+2b+ct+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
30  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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X1, and a transmission-reflection ratio, TRR2, for light having a

wavel ength, X2, with TRRI TRR2, the optic coupling the first output beam
and second out put beam onto a conmmon beam path t hrough the anplifier, and
wherein said coupling optic is positioned between two anplifier chanbers on
t he common beam path. 2. A device as recited in claim1l wherein said first
| aser source has a gain nedium conprising CO2 producing a first output beam

havi ng a wavel ength, X1 of .9.31Am and the second ser .source_has,a,gain
modi i comr e SrspnagyilisailE 2B shiRaa AR o B TR R R eta SRR
k2, of 10.61ARadly coftePlt&EbRIhd 9fésé1ﬁdaﬂﬁﬂcétioﬁi. NR&feyive &b hnSdkeefPid g

i sol ator conprises a forty-flve.degree phase retarding optic and a |inear

pol ari zat i on fellowieg. Claims An dbei berattiatended do aneam nohshall it sge Wevi ce
(B T op | SR Elocdsfle Gioh 295 BIBIE GhPlASMRy ChEmEl SERE J Qi) i

Iceas recite nclami4 sal I rst
| aser souspce rph@duges op rhéral.n afl gthetptl asd fancional dgsiealent tcagaey «otiece

produces a train of pain_pul ses.. ) evi ¢ s regited in claim1 erein
at | east oneclomests of the @??Veaﬁ%fcgé?fgﬁ‘&ﬁP‘gg@Pt( _%Ptc%rg_(i‘é‘Bﬁ’E‘r‘?rglé?_r éoﬁie_stﬁn%%c hed,
pul sed, osci khakpry thosé ofgo A P ih 9L gaﬁdarg rbxgkeg,sm thc¥pRERLD neRdidl by

anplifier has a gain, reat t han evice as recited in

cl ai m 1 wher eiferesed shdcare pitemdpdap tbe encampasseskly thetpngsant Claimp oAay iterer ussidenent
having a first sige ogtimz?erg]éf or {ef Fcti on,of k2 .and a second sf d
coated with HhthenPPeciieation: suslor B e ey and fXOresgly, BYFR & Mg nhe o
A devi Cel&owsxbé&ﬁéwibnaarfd/drsclmartﬁ fBE Qstegnt P pplichtiai sl Bate BieanmbBaragg a
wavel ength, Xi, a second neans producing a second out put beam havi ng}tiaS

wavel engt h, tezardigssief axy dictionagy errgsherfapiponts aned masning for ghs tseERd 1t i

 net uding 8 p&itheRAed SNEIEIA R 4 RURE lof H A IRANRGOARRS SEeiflodtiod(lah! Y _Of
anplifier chanbers positioned al ong a conmon beam path; an 1 solator neans
havi ng a pol enbaditiean tdi sddress vat sdlge cgach carklikstantprobley idisenssett i rthisl i ght
having a first |inear polarization and s&lbst%i al | }4 ?éo.cki ng, tranpsm ssi on
of light havARBligationndar ihdpabs 2REPBRASRY HYG SRR PTeERE d7laingy. r siNo element,

pol ari zat4 ONeomponent, or method step in the present disclosure is intended to be dedicated to
the public regardless of whether the element, component, or method step is
explicitly recited in the Claims. No claim element in the appended Claims is to be
construed under the provisions of 35 U.S.C. §112, sixth paragraph, unless the
element is expressly recited using the phrase "means for" or, in the case of a method

20  claim, the element is recited as a "step" instead of an "act".
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a coupling nmeans having a transm ssion-reflection ratio, TRRI, for |ight
havi ng a wavel ength, ki, and a transm ssion-reflection ratio, TRR2, for

| i ght having a wavel ength, k2, with TRRI TRR2, and coupling the first

out put beam and second out put beam onto a common beam pat h through the
anplifying neans, and wherein said coupling nmeans is positioned between two
anplifier chambers on the common beam path. 10. A device as recited in
claim9 wherein said first neans has Aggn medi um conpri sing CO2 produci ng
a first output beam having a maveleda?n § of 9.3pm and the second neans
has a gain nedi um conprising CO2 produci ng a second out put beam having a
\/\/avelen@ps}z;bt iAﬁB%Of 10.6pm 11. A device as recited in claim9 wherein
said is & ns conprises a forty-five degree phase retarding optic and
a linear polarization filter. 12. A device as recited in claim?9 wherein
sai d devi,ce | s, a. dr|ve la er for a | aser-producedpl asma (LPP

extrenme- drtr Okd fﬂﬂﬁﬁﬁ %Ight source. 13. A deelce as(rec?ted inclaim
12 mherenﬁhﬁ&mdwbmmspmﬂﬂangaﬁﬁmdemﬂmanmadhga@hvdm&ﬂmdhses and said second
means producgéga train of

Whorei ' SeorgRdesanth Sediang p peona nurul Gt L Sale it Hit s B,
DU|feS @ﬁ@hﬁﬂ@%@hawn@égm&td@uu@du@ﬁgn@andQg |n claim9 wherein sald .
anpl i fyi ng means. has, a e t

Mcl alm S WHBTER el bt R e ubingl Al sthfbef PRI olEE e

el enent havi ¢sgnmon beasn pathde optimi zed for reflectlon of Xi and a second
si de Coae[rﬁgpéi’@ai ﬁo?&ﬂoxaﬁ"at\hné]gfpb?a?fzhﬁgn ﬁgePlhﬁﬁlatfr%r od’u%QMQ's'tdi‘lﬁal'lﬁtfrArﬁﬁﬁth@Qﬁ%llﬁf X2-

17. A r|S|n8 e steps of: prod u0|nﬁ first output bea
a wavel engt haviig, a dtsld maﬁ@%ars?@&leﬂda%‘uﬁ‘ﬂiﬂa% h Nacking Bansgvsieh gf nighko
W th, Xi X2, hawirpw ltihdagpaanmiphlofthegodahw sagi ﬁarsgmlamjaannt i ncludi ng Xi and X2,

\322: ? : grgzgél%lfgxg%pgc n‘gé@?ﬂ%%%{;% ?eﬂjec?ion ¥ TI?IEEE) Ifdrfl g%[ hgxﬁﬁlé@ wa%length
A, and a transmission reflection ratio, TRR;, for light having a wavelength, A,, with
TRR; + TRR, the optic coupling the first
output beam and second output beam onto a common beam path through the amplifier,
and wherein said coupling optic is positioned between two amplifier chambers on the
common beam path.

2. A device as recited in claim 1 wherein said first laser source has a gain medium
comprising CO, producing a first output beam having a wavelength, A; of 9.3um and the
second laser source has a gain medium comprising CO, producing a second output beam having

a wavelength, A,, of 10.6pum.

3. A device as recited in claim 1 wherein said optical isolator comprises a forty-five
degree phase retarding optic and a linear polarization filter.

4. A device as recited in claim 1 wherein said device is a drive laser for a laser
produced-plasma (LPP) extreme-ultraviolet (EUV) light source.

5. A device as recited in claim 4 wherein said first laser source produces a train of pre-
pulses and said second laser source produces a train of main pulses.

6. A device as recited in claim 1 wherein at least one of said first and second laser sources
comprises a Q-switched, pulsed, oscillator.
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providing an isolator having a polarization discrimnating optic
substantially transmtting light having a first |inear polarization and
substantially blocking transm ssion of light having a |inear polarization
orthogonal to said first polarization; coupling the first output beam and
second out put beam onto a comon beam path through the anplifier using a
coupling optic having a transm ssion-reflection ratio, TRRL, for |ight

ot *havi ng a aavar s st TSR0 SRR BLURG A KF Kher IEROODTY

optic is positioned between two anplifier chambers on the common beam pat h.
18. A ne8hodAadevieris ecciied ol diaim 17Whbrsire isaidsenivglifg roptic gemprutseh @atith Adma

wavel en gg&ari%@r’ el@hed hatinlgR BRdsiib %pﬁﬁ%ﬁqop&ﬂ@éﬁorp@ﬁ[ﬂ BRSa BeRMBIRNGLIRd X2,
of 10.6lam 19. A pethod cited in claim17 wherein said anplifier has

. as r
a gain, @?deéﬁPﬁFﬂ?ﬁ%ﬁC?@H@J%rﬁﬂymﬁg a8t decited in claim 17 wherein
said coupling optic conprises a thin filmpolarizer clenent having a first
si de opt'nizgqgv%eg§g»gghgpn of X2, and a second side coated with an
0

anti-reflective coatin reduci ng reflections of X1.
a first means producing a first output beami having a wavelength, A1,

a second means producing a second output beam having a wavelength, A,, with, A; # A,

an amplifying means having a gain band including A, and A,
wherein said amplifying means comprises a plurality of amplifier chambers positioned
along a common beam path;

an isolator means 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;

a coupling means having a transmission-reflection ratio, TRR;, for light having a
wavelength, A;, and a transmission-reflection ratio, TRR;, for light having a wave-
length, A,, with TRR| # TRR,, and coupling the first output beam and second output
beam onto a common beam path through the amplifying means, and wherein said
coupling means is positioned between two amplifier chambers on the common beam path.

10. A device as recited in claim 9 wherein said first means has a gain medium comprising CO,
producing a first output beam having a wavelength, A; of 9.3um and the second means has a
gain medium comprising CO, producing a second output beam having a wavelength, A,, of
10.6pm.

11. A device as recited in claim 9 wherein said isolator means comprises a forty-five degree
phase retarding optic and a linear polarization filter.

12. A device as recited in claim 9 wherein said device is a drive laser for a laser-produced-
plasma (LPP) extreme-ultraviolet (EUV) light source.

13. A device as recited in claim 12 wherein said first means produces a train of pre-pulses and
said second means produces a train of main pulses.

14. A device as recited in claim 9 wherein at least one of said first and second means comprises

a Q-switched, pulsed, oscillator.
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15. A device as recited in claim 9 wherein said amplifying means has a gain, G, greater than
1000.

16. A device as recited in claim 9 wherein said coupling means comprises a thin film polarizer
element having a first side optimized for reflection of A, and a second side coated with an anti-

reflective coating for reducing reflections of A,.

17. A method comprising the steps of:
producing a first output beam having a wavelength, A1,
producing a second output beam having a wavelength, Ay, with, A1 £ 22,
providing an amplifier having a gain band including A; and A,
wherein said amplifier comprises a plurality of amplifier chambers positioned along

a common beam path;

providing an 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;

coupling the first output beam and second output beam onto a common beam path through
the amplifier using a coupling optic having a transmission-reflection ratio, TRR,, for
light having a wavelength, %, and a transmission-reflection ratio, TRR;, for light
having a wavelength, A,, with TRR; # TRR;, and wherein said coupling optic is
positioned between two amplifier chambers on the common beam path.

18. A method as recited in claim 17 wherein said first output beam has a wavelength, A, of

9.3um and the second output beam has a wavelength, A,, of 10.6um.
19. A method as recited in claim 17 wherein said amplifier has a gain, G, greater than 1000.

20. A method as recited in claim 17 wherein said coupling optic comprises a thin film polarizer
clement having a first side optimized for reflection of A,, and a second side coated with an anti-

reflective coating for reducing reflections of A;.
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