1 PULSE MODI FI ER W TH ADJUSTABLE ETENDUE FI ELD [0001] The present

i nvention generally relates to |ithography, and nore particularly to
illum nation pul se nodification. BACK ND [0002] Lithography is wdely
recogni zed as a key process in manufacturing integrated circuits (ICs) as
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substrate, such as onto a target portion of the substrate. During
manuf acture of 1Cs with a |ithographic apparatus, a patterning device,
whi ch i §[8J[tIernatively referred to as a mask or a reticle, can be wused to

generate a circuit pattern to be fornmed on an individual layer in an IC
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part of TR el Lﬁfvﬁ{)@ilﬁnﬂioﬂs) on the substrate (e.g., a silicon wafer).
Transf er of ?The If)aetern I's typically via imging onto a | ayer of

radi ati on-sensitive material (e.g., resist) provided on the substrate. In

general , a single substrate contains a network of adjacent target portions
t hat ar@&@i@m patterned. [0003] Known |ithographic apparatus

i nclude steppers, in which each target portion is .irradi.ated by . ex i ng
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whi ch eaghyit@(188) 2P WAl 89 ottier | deVRES ah8dr B¥uEHARNI AYIitHIGrapRIct ipardnlly augh a
radi ation beamin a given direction (the "scanning” direction) whi]e
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direction, It is, also possibl o tr fer t I ni ng
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[0004] Typirsab,|apat@minxdvice] whitGds altematsedy teferfadaplay atoaklor bhedyiagphn be
apparatus with radiation in the formof pulsed beans of radi an@%‘,on, e.g.,
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about 20 ns, so a 5 m] |aser pul se would have_a | se pogwer intensity of
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|ifetimi009B] Khewhdiiboghmnenpparaths include steppers, in which each target portion is

irradiated by exposing an entire pattern onto the target portion at one time, and scanners, in

which each target portion is irradiated by scanning the pattern through a radiation beam in a
‘given direction (the "scanning" direction) while synchronously scanning the substrate parallel
or anti-parallel to this direction. It is also possible to transfer the pattern from the patterning
device to the substrate by imprinting the pattern onto the substrate.

10004] Typically, an excimer laser is used to supply the lithographic apparatus with
radiation in the form of pulsed beams of radiation, e.g., high intensity ultraviolet pulses.
Large, expensive lens elements can degrade after receiving billions of the pulses. Optical
damage can increase with increasing intensity (i.e., light power (energy/time) per cm” or
ml/ns/cm®) of the pulses. The typical pulse length from these lasers is about 20 ns, so a 5 mJ
laser pulse would have a pulse power intensity of about 0.25 mJ/ns (0.25 MW). Increasing
the pulse energy to 10 mJ without changing the pulse duration would result a doubling of the
power of the pulses to about 0.5 m3/ns, which can significantly shorten the usable lifetime of

the lens elements.



[ 0005] Pul se stretchers can be configured for use with a |ithographic

apparatus to mnimze optical damage gnd degradation by substantially
i ncreasing the pulse length. Increased pulse Ilength is acconplished by
creating copies of the pulse, where each copy is separated in time by
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require an initial re-calibration of the |ithographic apparatus. Al so, the
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[ 0009] Eabbdicapstisbyoh fivite puiseslengthianddimiteh spesthlulieevadbudfsparialth £olwrendi t h
an adjustable . Etenduye c rising a beamsplitte di-yer gence tigal

el enent 2 Hprafrem ?Paé?fdgggcgifh‘(‘fm ‘E‘Hffi/%Hn?ﬁorrfogfqmtf?ﬁgﬁ%é’gﬁfes%sf’ tofletﬁg?vgﬁe i ves
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second pul se portion. The beamsplitter directs the first pul se portian

t owar ds reughnessr{§dRe Speckloahn bk epdieed bysiretshige vhe pese deration everguresieddr t i on
by an angle ,resulting,in a div n wherein Etendue is increased. The
beam spFlﬂ}etoérbydfl?rg%s&ggtlhﬁ@t?gg%ﬂg&gﬁﬁﬁg'e portion as a portion of the output
beam A first mrror and a second mrror, each with a radius of curvature,
face each other with a predeterm ned separation and receive the diverted
first pgispMARYon and redirect the first pulse portion along the diverted
beam path. The optical path of the first pulse portion through the pul se
nodi f i e[0008] | Ghvgerthe Faegdihgtwiot it heeded ecantnpolegbmethot] apparatess ghd isyrgeiin a
delay and stretchi of .t.he .i nput pul se 0010], Anot her .enbodj nent ef the
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conpri siNgnidatisikeaap! i tter, a divergence optical elenent, and a first and

second curved mrror where the beamsplitter and divergence optical
el emrent 0009t EBohbiimsdts of the present invention include a pulse moditier with an adjustable

Ftendue comprising a beam splitter, a divergence optical element, and a first and second
curved mirror. The beam splitter receives an input pulse of radiation and divides the input
pulse into a first and a second pulse portion. The beam splitter directs the first pulse portion
towards a divergence optical element, which diverts the first pulse portion by an angle
resulting in a divergence wherein Etendue is increased. The beam splitter directs the second
pulse portion as a portion of the output beam. A first mirror and a second mirror, each with a
radius of curvature, face each other with a predetermined separation and receive the diverted
first pulse portion and redirect the first pulse portion along the diverted beam path. The
optical path of the first pulse portion through the pulse modifier is longer than that of the
second pulse portion, resulting in a delay and stretching of the input pulse.

[0010] Another embodiment of the present invention includes a pulse modifier with an
adjustable Etendue comprising a beam splitter, a divergence optical element, and a first and

second curved mirror where the beam splitter and divergence optical elements are combined



3 into a single element. The divergence/ beam splitter receives an input
pul se of radiation and divides the input pulse into a first and a second
pul se portion and diverts the first putse portion by an angle resulting in
a divergence wherein Etendue is increased. The divergence/ beamsplitter

directs.the sego S i i . ; irst
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splitter, a first and second divergence optical .el enent, and,. lar S nd
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pul se O%ufsegb {oh QAbngakad %dtme%é BStidanpath ob Weskrsi pllse porfibn Srowhcthapsiseond
pul se portion, directing the second ortion of the beamtowards the second
beam splmadifaar is IPngerstban it pEthemsegsinil putse peseEesylting &y A dglay gpd F"ES?PC]E)‘PgPEe
beam as at. Ietasﬁ a portion of the output beam The first beamsplitter

redi rect® PRE B st portion of the beamto a first divergence optical

el ement (61a] B e hbdthérhenboldinsént opthegResear invaniohy miseanglifer@sprisesgiiish a
di vergence wherein Etendue is increased. The first _divergenc og%’ijca
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the first and secon reflecting ces re than once. e second beam
splitt eand edidecths iaptthpulse oo tai Hirst ahd tahsecoixd gl se gpoatiore cbredting Wer sesnne
optical elenent that diverts the third pul.se partion hy an angle resulting
in a di veﬁ@édrt}éhME%itﬂWE”@éﬁ%%ecP%‘P beaty éB@?i: RE St ?Pég‘aléﬁ%séeso%ti cal
el ement ¢fi i BELioR bP BHCESnPasS ROERY agﬁ‘ﬁﬁ@rp_@f thehgipe @Rahherte fisst baund sgaeend
reflecting devices where the third portion of the beamtraverses between
the fir stdimod tieefishportieh bEtheibagn de g ificss slivenganee ppigsl elseent thptrdivertsthG EFssi ng

between the first, and second ref.]l ect.ing devi.c i h -rst
portion pB{Ige PRBIB AT %ﬂgﬁ%f §Saling 4o ﬁxf}lﬁ{gerfcle r“él%e? 6 gﬂrtnagc{blfg ilﬁh & ?JaF %%I\I&?%é hh?e
second G%@en@@b%ﬁéa?éle%hﬂ 8 faik PeSduRey ¢ fiewn bedm phé Hetwedh thofitst and edcohdhe
beamis passed through the first beam splitter. After travgrsm bet ween

the fir stflestive dedessaviase thecfiishporien of die brapbirayesies GEYesa thfiFsh angs5endn of
B o e L Lt
t he beamird ipassemdtdivapglte obtical ehmeond te divesiplthd théd. pulse portion by an angle
resulting in a divergence wherein Etendue is increased. The second divergence optical
element further produces a second beam path between the first and second reflecting devices
where the third portion of the beam traverses between the first and second reflecting devices
more than once. After traversing between the first and second reflecting devices a portion of
the first portion of the beam is reflected by the first beam splitter towards the second beam
splitter while another portion of the first portion of the beam is passed through the first beam
splitter. After traversing between the first and second reflecting devices a portion of the third
portion of the beam is reflected by the second beam splitter and exits the system as a portion
of an output beam while another portion of the third portion of the beam is passed through the
second beam splitter.
[0012] Embodiments of the present invention further include a lithography system with a

pulse modifier. The lithography system consists of an illumination system to condition a

radiation beam for illumination of a patterning device, wherein the illumination system



[0012] Enbodi nents of the present invention further include a |lithography
systemwith a pulse nodifier. The I|i tjpography system consi sts of an
illumnation systemto condition a radiation beamfor illumnation of a
patterning device, wherein the illumnation system4 contains a pul se
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advant ages of the invention, as well as the structure and _operation (?f
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Addi ti onal enbodinents wl| be apparent to persons skilled in the relevant
art (s) Phbedesniypassaddhoneh e beamRIHed herein. BRI EF DESCRI PTI ON OF THE

DRAW NGE{djbEm& QOM4Ls ThE ARLAEBANYNF e IhAMIBAS as WHIC Bs 3h€ shilsRfPandt ed

herein and formpart of the specrfication, illustrate the present

i nvent i operativch oftvagethanbaditints € thigsesenpinivertjonf anctdesaribsé v detail below with
reference to the accompanying drawings. It is noted that the invention is not limited to the
specific embodiments described herein. Such embodiments are presented herein for
illustrative purposes only. Additional embodiments will be apparent to persons skilled in the

relevant art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0014] The accompanying drawings, which are incorporated herein and form part of the

specification, illustrate the present invention and, together with the description, further serve
to explain the principles of the invention and to enable a person skilled in the relevant ar(s)
to make and use the invention.

[0015] FIG. 1A is an illustration of a reflective lithographic apparatus, according to an

embodiment of the present invention.



to explain the principles of the invention and to enable a person skilled
inthe relevant art(s) to nmake and usg the invention. [00151 FIG [Ais an
illustration of a reflective |ithographic apparatus, according to an

enbodi nent of the present invention. 5 [0016] FIG IBis an illustration
of atr ¥ SPJ st ' i | ardfys, SUEBREH hn of
the pr eztgﬂ@ i E\I\%ﬁtﬂl %)Sné..Ill i[yl(%lgﬁl%%ogﬁﬁgéjﬁg%ﬁimgﬁﬁﬁlg%g{ﬁgg ?on of an asg;ﬁ’rﬂret ric
pul se nechbbdierentisf thgpesentbeantiepl itter and one divergence optical el enent,

accordin nbodi ment, of t present .inventi or 0018] .El GS, 2B and
2011 ubftegl Pt St Shon b hsSRir, BURE bW el fee o

nodi fi eqn@pek @veles® opaEdl ieRinet, sbhadaens as pabedingnDsfithe prebeamvehB@l0] FI G
3is an illustration of an asymetric pul se nodifier using a conbi ned

di ver ge iHBbeBlsS BB andC illstale @i giessts6Cian ensoapremamplo ansypyRssgpulse

Loy ent A A8 ofisFieclty bR IHARATLAN: Bl SYTIRt T ¢ PUl S Mo T e
usi ng t WO bea spll Pt ere and “two divergence optical elenents with nultiple
refl ect jou19] FICE OB dingh tilusaatiemuedd mrenymafetrid ulspr medifier i usuenti combihed21]
FIGS. 4B and 4C illustrate a_ cross segt(hon of gan i nput beamto a synmmetric
pul se  ADErgPes begrsPliter 3swrdiBg {9 yheBpPodmer ¢t danHRAth JvaltPut beam

accor di fo20p. A, amﬁggh WRRtra@dn of ?Maﬁr{g@msk Ry drRinpliAB4m shiterSand S a

three d onal ustration of "a sy tric pulse nodifier. according to
an embodierdivergehcd dpgicplrderetts mtheniliiple refl @028, adtoBling B iscmbedimeni athof a
symetric gul.se nodi fier, according to an enbodi ment of the present

i nvent i BIFSSLABERIO%| G 6 is an illustration of a symmetric pul se nodifier

using ajRRIPi e, 481 MRr A NeetBRAM Gidsi debi@in oP&E Ripdi Bénk @ aryREec peisé  of
the present invention. [0025] FIG 7 is an illustration of two beam

spl i t t emdifiarend edrast segbion of peatresnpndiog gatpub beam.facerrdsgdh ageRbedingng 6f di ng
to an egbodi ment Ofiot he present invention. [0026] FIGS. 8 and 9 are Zenax
si mul at FEPTECENET S48t qi vergence of a pulse in a pulse nodifier,

accor di (@2ep G, sabedithReldinknsidial Alesaidn éfwemnihetic pube2rddifitreadconting es
and advantages of the present invention wll beconme nore apparent fromthe
det ai | et aneaebadimpy ol §expresspt MVBHEI®w when taken in conjunction with the

glr 2%2?@00,{2%?01319 : '8'%{15 Eité}e}/irﬁ‘gffoggam%?@b@l% Rlodifld &Ik h ¥ OB TR SRR of
the present invention.
[0024] FIG. 6 is an illustration of a symmetric pulse modifier using a combined
divergence/beam splitter, according to an embodiment of the present invention.
[0025] FIG. 7 is an illustration of two beam splitters oriented at approximately 90 degrees
from each other, according to an embodiment of the present invention.
[0026] FIGS. 8 and 9 are Zemax simulation examples of divergence of a pulse in a pulse
modifier, according to an embodiment of the present invention.
[0027) The features and advantages of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the drawings, in
which like reference characters identify corresponding elements throughout. In the drawings,
like reference numbers generally indicate identical, functionally similar, and/or structurally

similar elements. The drawing in which an element first appears is indicated by the lefimost

digit(s) in the corresponding reference number.



| i ke reference nunbers generally indicate identical, functionally simlar,
and/or structurally simlar elenents. _The drawing in which an el enent
first appears is indicated by the lefthost digit(s) in the corresponding
reference nunber. 6 DETAILED DESCRI PTI ON [ 0028] Enbodi ments of the present
invention are directed to a pulse nodifier with adjustable Etendue. This
specification discloses one or nore enbodi nents that incorporate the
feature tﬂ (ﬁ{ﬂ; ion. The disclosed enbodi nent(s) nerely
exenpl i scope of the invention is not Iimted to the

di scl os ﬁfboggbeﬁbaatﬁteﬁe) of THE préseNEMiedRon Sardediigeed By o pelse! mbaiicappiended

her et o. he enbodlnent(s) descri bed, and references in the
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enbodi nent s_whet her a expljcitl bed. t f th
presehteFﬁS@ﬁFPHW éﬁﬁn%%PFﬂbPéﬁﬁht%Jmﬁ 8%H$e U%apﬁhéFCHgagﬁF &%§%8 or ©
any Con‘gtlé}gt EPBolilRhE n FEPALLERAS Phclidie tRE egRdula ERblep NsthRurg| 90 be

i npl enented as I nstructions stored on a nachi ne-readabl e nedi u whi ch can
be r eadcharacteristiec Merory, Wk pbrasesre nph ersesseBlygcfoningeha saneembefBepedi um

can inc mechanj s torin n I a
formr egH]a §'e w%t?l apﬁﬁt{;Htaﬁgéa%Lg gs%ructélre r cflar lt§%§ 1“1 &?ib%@&&%%& \!vft'h
machi ney @aMBRneenBd i Umdeaodd b gs w\mt atel mwm@ige ofeme-skilleyl mnh@my t@ ROV ;
random access nenory (RAM; magnetic di sk storage nedia; Ptlcal storage

medi a; affect shétafeatune mvu@em asacteristie Hb?onnF?t%tﬂeOth%?rf‘ tents giieflies
|nstruct|o CJIbed herein as performng certain actions.

However o' ¢ §Rﬁﬂl&%%mnﬁappre0|ated that such descriptions are nerely for

conveni g30] apgbbdiaiensusithagidsemtsinientfoactan treeusrmwmémeﬁnmbauﬂwmen @miwrec es,
processors, controllers, or other devj ces exe

Sof t war eoftwarat Phagy comBineaeR ST JEEbo BBt ﬁi’ ?Setrl]‘smé{ﬁ"‘}% 0L 158 P8 of
alit hO%fillgﬂfeﬁteapagemﬁttuldﬁoﬂso&m%@Q)nl 4 LhesihaRBIdebRARAL &hUShich can be read and

executed by one or more processors. A machine-readable medium can include any
mechanism for storing or transmitting information in a form readable by a machine (e.g., 2
computing device). For example, a machine-readable medium can include the following:
read-only memory (ROM); random access memory (RAM); magnetic disk storage media;
optical storage media; and, flash memory devices. Further, firmware, software, routines,
instructions can be described herein as performing certain actions. However, it should be
appreciated that such descriptions are merely for convenience and that such actions in fact
result from computing devices, processors, controllers, or other devices executing the
firmware, software, routines, instructions, etc.

[0031] FIG. I is an illustration of a lithographic apparatus 100 and lithographic apparatus
100", respectively, in which embodiments of the present invention can be implemented.
Lithographic apparatus 100 and lithographic apparatus 100' each include the following: an
illumination system (illuminator) IL configured to condition a radiation beam B (e.g., DUV

or EUV radiation); a support structure (e.g., a mask table) MT configured to support a



100", respectively, in which enbodi nents of the present invention can be

i npl emented. Lithographic apparatus 100 and |ithographi c apparatus 100
each include the following: an illumnation system (illumnator) IL
configured to condition a radiation beamB (e.g., DUV or EUV radiation); a
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of position, for example, with respect to the projection system PS.

[0034] The term "patterning device” MA should be broadly interpreted as referring to any
device that can be used to impart a radiation beam B with a pattern in its cross-section, such
as to create a pattern in the target portion C of the substrate W. The pattern imparted to the
radiation beam B can correspond to a particular functional layer in a device being created in
the target portion C, such as an integrated circuit.

[0035] The patteming device MA can be transmissive (as in lithographic apparatus 100” of
FIG. 1B) or reflective (as in lithographic apparatus 100 of FIG. 1A). Examples of patterning
devices MA include reticles, masks, programmable mirror arrays, and programmable LCD
panels. Masks are well known in lithography, and include mask types such as binary,
alternating phase shift, and attenuated phase shift, as well as various hybrid mask types. An
example of a programmable mirror array employs a matrix arrangement of small mirrors,

each of which can be individually tilted so as to reflect an incoming radiation beam in



FIG 113) or reflective (as in |lithographic apparatus 100 of FIG IA).
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cases, the source S0 can be an integral part of the I|tho%
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angul ar beam expander. In other cases, the source SO can be an integral part of the lithographic
apparatuses 100, 100—for examplie when the source SO is a mercury lamp. The source SO
and the illuminator IL, together with the beam delivery system BD, if required, can be
referred to as a radiation system.
[0039] The illuminator IL can include an adjuster AD (in FIG. 1B) for adjusting the angular
intensity distribution of the radiation beam. Generally, at least the outer and/or inner radial
extent (commonly referred to as "o-outer” and "c-inner," respectively) of the intensity
distribution in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL
can comprise various other components (in FIG. 1B), such as an integrator IN and a
condenser CO. The illuminator IL can be used to condition the radiation beam B to have a
desired uniformity and intensity distribution in its cross section.

[0040] Referring to FIG. 1A, the radiation beam B is incident on the patterning device (e.g.,
mask) MA, which is held on the support structure (e.g., mask table) MT, and is patterned by



intensity distribution of the radiation beam GCenerally, at |east the outer
and/or inner radial extent (comonly peferred to as "a-outer” and
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[0042] In general, movement of the mask table MT can be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke module (fine positioning), which form
part of the first positioner PM. Similarly, movement of the substrate table WT can be
realized using a long-stroke module and a short-stroke module, which form part of the second
positioner PW. In the case of a stepper {as opposed to a scanner) the mask table MT can be
connected to a short-stroke actuator only or can be fixed. Mask MA and substrate W can be
aligned using mask alignment marks M1, M2 and substrate alignment marks P1, P2.
Although the substrate alignment marks (as illustrated) occupy dedicated target portions, they
can be located in spaces between target portions (known as scribe-lane alignment marks).
Similarly, in situations in which more than one die is provided on the mask MA, the mask
alignment marks can be located between the dies.
[0043] The lithographic apparatuses 100 and 100' can be used in at least one of the

following modes:



part of the first positioner PM Simlarly, novenment of the substrate table
WI' can be realized using a | ong-strokg, nodul e and a short-stroke nodul e,

which formpart of the second positioner PW In the case of a stepper (as
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[0044] Combinations and/or variations on the described modes of use or entirely different
modes of use can also be employed.
[0045] Although specific reference can be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein can have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (L.CDs), and thin-film magnetic heads. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms "wafer" or
"die" herein can be considered as synonymous with the more general terms “substrate” or
“target portion," respectively. The substrate referred to herein can be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a
substrate and develops the exposed resist), a metrology tool, and/or an inspection tool.

Where applicable, the disclosure herein can be applied to such and other substrate processing

tools. Further, the substrate can be processed more than once, for example, in order to create



nodes of use can al so be enpl oyed. [0045] Although specific reference can
be made in this text to the use of Iitlgographic apparatus in the

manuf acture of 1Cs, it should be understood that the |ithographi c apparatus
descri bed herein can have ot her appl i cations, such as the manufacture of
integrated optic Y, ct.l.0 n tic
domai n ﬁe‘ﬂ%ﬁlpl gerallﬁ’ast% t%én t8| sp ay s‘tae ﬁ%}ﬂ %ilﬁ éahsf?%"ro?ﬁ&g% gigﬁtra@ﬂ{)&,? and
thin-fi bmamgﬁﬁtair@ﬂihﬂﬁplﬁpr%geaﬂraﬁemd artisan will appreciate that, in the

context of such alternative appl.ication an f thet "oor
“di " hildioh EenTustbet mbpdieica DA EAPHG B Drinlhdcs By € By Sl o
" subst rgﬁ V) Yourcet HGER i 90&)%1'5221'681 rfoeﬁgﬁ&ﬁtbvﬁ | Yeaml B8 BURStidRdtRn" €brerRd to

her ei n e protessed, after exposure, in for exanple a track
(a tool lithvgtaphypilic géreyal Ahp [EUES sralrt@y%e:pnﬁgumém stradiation systendseechetovap and

devel ops the ex ose. resi.st) 00 and C ooI
Wher e apprrEss™ lngt ﬂ@ myjasien 5%%5?‘8 lﬁg?réég’fg%daﬁ? %%idgb {hch [?‘g r%(il]lc (ﬁl Eé

substrayg P9GessknNg tools. Further, the substrate can be processed m)re
than once, for exanple, in order to create 11 a multi-layer 1C so f]hat
the ter lfﬂ(lélﬂbslnrthc embedithchisrdassaribed ersins dha termas "lens"nd jlses element hivheredhe eady

cont ai ns It| roc ed | ayers r {5@& Lnent

li t hogr & ‘ffﬁu B’gr Fe{%%"m%c u%regon[élggleltx r(l"efrrrvea%l?}cu%JE v?t’z))]?‘Oa ? I:ée(r)lusrce,
whi ch i sacpRibd OrsRRctTe) eeRenal e neaghen efecrbMagmticatindn dia@trokiiahic optical

l'i thography. 1n general, the EUV source is configured in a radiation system

(see bep@monﬂaﬁﬁd a corresponding illumnation systemis configured to
condi ti P dF % e n'regﬁﬁ of indt h@ea s%guﬁ&@m E&%ﬂlﬂassl @lltl@'ﬁes of
enbodi ts escrl’be er ein, e terns "l ens” and "lens elenent,” where

t he COlIeéDt@magdeQMadlaIﬂm rnenﬂrngmtrangleo(mévhmdmum(mt hamngd wvaerlﬁrcgﬂskpﬁpes

f | | udi f
2| cot 1 oRBenets &oana o dobr e aremapiireapiet CEHSoEt s “CroBatiom (H8r .t ne
terns " nghéta'vmel B inRR& Mo S Y- ENRIsTCIE RS IPA&IpH, |13 15YRER oPhard X-ray

el ectromagneti c radi at| on, including ultraviol et (U\/) radi ation (e.qg.
havi ng wovrangraetegs thaX Sofim, 86®¢ll 24 partivhahean7 sush as2en HRYMS ex eleglien beans.

I
he rangsntpts. SEOHITS N R PP S R s, OO0 B (RKLERE s T
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UV, or VUV (i.e., UV absorbed by air), refers to radiation having a wavelength of
approximately 100-200 nm. Deep UV (DUV) generally refers to radiation having
wavelengths ranging from 126 nm to 428 nm, and in an embodiment, an excimer laser can
generate DUV radiation used within a lithographic apparatus. It should be appreciated that
radiation having a wavelength in the range of, for example, 5-20 nm relates to radiation with
a certain wavelength band, of which at least part is in the range of 5-20 nm.

[0049] FIG. 2A is an illustration of a beam modifier 200 (e.g., an asymmetric beam modifier
with adjustable Etendue), according to an embodiment of the invention.

[0050] In this example, beam modifier 200 includes a beam splitter 210, a divergence
optical element 230, and first and second curved reflecting devices 240 and 242.

[0051] In one example, the following beam path or cycle is traversed by at least one beam of
radiation entering beam modifier 200. Input pulse 201A enters asymmetric beam modifier
200 along beam path 205. For example, an example waveshape is shown graphed as 201-In

Graph. Input pulse 201A is divided by beam splitter 210 into two pulse portions including
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portion can epeat
distance or separation can be approximately equal to the radius of curvature of each curved

mirror. For example, curved mirrors 240 and 242 form a confocal mirror with a radius of
curvature of 2d, where d is the separation distance between mirrors 240 and 242. In one
example, curved mirrors 240 and 242 are configured to reimage a portion of the beam at
beam splitter 210.

[0056] In one example, beam splitter 210 can be configured to any desired ratio of reflection
to transmission. For example, when using a 60R/40T (60% reflection and 40%
transmissions) beam splitter 210 with negligible loss, portion 201B represents 60% of input
pulse 201A, while portion 201C represents 40% of input pulse 201A. In this example, 201-
Ouput-is produced from a series of time delayed, intensity reduced, and tilted series of pulses.
After a first cycle, portion 201C is about 60% of the intensity of input pulse 201A. After an
optional second cycle, 201-Output is about 24% of the of the intensity of original input pulse
201A. Similarly, a third cycle generates about 9.6%, a fourth cycle generates about 3.9%,



each cycl e pass divergence optical elenent 230 further tilts the beam
100541 In this enbodinent, as there is;pnly a single divergence optical

el enent 230, and therefore 201-Qutput Is asynmetric. [00551 The reflective
surfaces of two curved mrrors 240 and 242 face each other. The curved
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beam. Therefore, by increasing the tlme delay between output pulses, as well as the Etendue,

as described in the above embodiment, speckle can be substantially reduced and/or
eliminated by stretching the pulse duration over a period of time and/or by increasing the
Etendue of the beam.

[0062] FIG. 3 is an illustration of a beam modifier 300, according to an embodiment of the
invention. For example, beam modifier 300 can be an asymmetric Beam modifier with
adjustable Etendue using a combined beam splitter and divergence optical element 325.
Beam modifier 300 operates similarly to beam modifier 200 in the embodiment shown in
FIG. 2. However, a beam splitter function is combined with the divergence function through
element 325. Beam modifier 300 also includes reflecting devices 340 and 342.

[0063] In one example, an cycle of a beam traveling through beam modifier includes input
pulse 301A traveling along beam path 305, which is divided and diverged by element 325.
Input pulse 301A is divided into two pulse portions consisting of diverged and reflected pulse
portion 301D and transmitted pulse portion 301C. Element 325 tilts the reflected pulse
portion of input pulse 301 A to generate a diverged and reflected portion 301D, which is tilted



an enbodi ment of the present invention. [0060] FIG 2C illustrates a shape
of a correspondi ng out put beam such 201-Qutput, with an asymetrical
di vergence shown on the right side of the Qutput Pul ses, according to an
enbodi nent of the invention. In this manner, the divergence of the beamis
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forms pafttibues.t 0 301-Qutput. In one exanple, the transmitted part of
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transmitted pulse portion 301C represents 40% of input pulse 301A. These attributes will not
be repeated for systems discussed below, although a skilled artisan will understand that any
systems discussed below can also have these attributes.

[0067] FIG. 4A is an illustration of a beam modifier 400 (e.g., a symmetric beam modifier
with adjustable Etendue), according to an embodiment of the invention.

[0068] In this example, beam modifier 400 includes first and second beam splitters 410 and
430, first and second divergence optional elements 420 and 430, and first and second curved
reflecting devices 440 and 442.

[0069] In one example, the following beam path or cycle is traversed by at least one beam of
radiation entering beam modifier 400. Input pulse 401 A enters symmetric beam modifier 400
along beam path 405. Input pulse 401A is divided by first beam splitter 410 into two pulse
portions including reflected pulse portion 401B and transmitted pulse portion 401C. Portion
401C travels along beam path 417 to the second beam splitter 430, where portion 401C 1s

divided into a reflected pulse portion, pulse portion 401E, and a transmitted pulse portion,



di scussed above, after a certain nunber of cycles, the original energy of
pul se 301A is substantially conpletely dissipated. [0065] In this

enbodi ment, as there is only a single & ement 325, the 301-Qut put is
asynmetric. These attri but es wll not be repeat ed for systens discussed
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second beam splltter 430, where portlon 40 divided into a refle ted
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portion o OJt put I's exanple, input pulse
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di vergence optica enent , such portion 401B travel s al ong beam
pat hs 4%1). RéRion4D3D 14fmheﬂﬂﬁnde;ﬁw Ains6 bearn epléftar # @, so that a reflected portion 1s

directed along beam path 417 to second beam splitter 430 and a transmitted portion travels on
path 411 for an optional additional cycle pass.

[0072] In this example, portion 401D is delayed in time because it travels along a longer
beam path than portion 401C. Also, the reflected part of portion 401D that travels to second
beam splitter 430 has lower intensity than portion 401C.

[0073] In one example, the transmitted part of portion 401D can then repeat the cycle. In
each cycle pass, divergence optical element 420 further tilts the beam in addition to the delay
associated with the beam paths.

[0074] After the first cycle, or optional additional cycles, transmitted pulse portion 401C of
input pulse portion 401A travels along beam path 417 to second beam splitter 430 where it is
divided into two pulse portions including reflected pulse portion 401E and transmitted pulse
portion 401F. Portion 401F exits symmetric beam modifier 400 as a portion of output beam
401-Output. |

[0075] Also, in this example, portion 401E travels along beam path 431 towards second

divergence optical element 445. Second divergence optical element 445, ¢.g., an optical



di vi sion of beam 401A is portion 401C, which is acconplished by second beam
splitter 430, and diverged of portion 401E is perforned by second
di vergence optical el enment 445, and Bgrti on 401E travel s al ong beam pat hs
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[0079] As the embodiment in FIG. 4 consists of two sets of beam splitters and divergence

pat h

optical elements, such splitters and optical elements can be positioned such that the output
beam of FIG. 4, 401-Output, is symmetric.

[0080] FIG. 4B illustrates a shape of an input pulse, such as input pulse 401A, according to
an embodiment of the present invention.

[0081] FIG. 4C illustrates a shape of a corresponding output beam, such as 401-Output, with
a symmetric output divergence shown on both the left and right side of the Output Pulses,
according to an embodiment of the invention. In this manner the divergence of the beam 1s
increased without decreasing the beam size, thus increasing the Etendue.

[0082] In other embodiments, additional beam splitters and divergence optical elements can
be configured to increase the divergence and Etendue in other planes, such that the increased
divergence can occur in both the horizontal direction, as shown in FIG. 4C, but also in a
vertical direction. There is no limitation on the number or positions of beam splitters and

divergence optical elements that can be used to modify a beam with increased Etendue.



frommrror 442 to travel along beam path 435 to mrror 440. Portion 401E
reflects from mrror 440 and travels .al ong beam path 436 back to second
beam splitter 430. Portion 401E is ful?t her divided by second beam splitter
430, such that a reflected portion is directed along beam path 450 as a
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beam su@sp as 401-Qutput, with a symetric output divergence shown on both

the left and I i de of the Qutput .Pul dj i pent
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wi t hout rl%gﬁ'gﬁ)%ﬁ?ﬂ‘gaﬁd@l?é@éﬁ ii% BerpbiiSulansla@asi ng the Etendue. [0082] In
0

ot her e ments, additionall beamsplitters and divergence optical
el enent $0087h Inbfurthenémbedisgniso addibered deampsplitess AndeHraSamg MUSAIEIEMERS ot her

| anes, sugch t the increase di i
Por | soncat bapdiRe aierad SERRGRT pihey B OGRESfE MGE Mo BB dikcted to
directi %Oumﬁrb@alhsﬂdﬁ@ﬂemﬁiﬁaﬂiiﬂn on the nunber or positions of beam

splitters and divergence optical elenmenpts that can. be used.to. m)%iiitﬁgl a
beam wi 1088 CFIG 66 BOSRINESraty a tegpaayd Rs) sacifipede a3 Fabpfimeat of the

di mensi %?e?slenti il‘l\lfe"ljl%l rrlai:blo %ﬂ@le,%e%%dfﬁ@ 4008 arrOa symmetric beam modifier with
adjustable Etendue. Beam modifier 500" operates similarly to beam modifier 500 in the
embodiment shown in FIGS. 5A and 5B. However, in this embodiment the divergence
optical elements are replaced by parallel plate optical elements.

[0089] In this example, beam modifier 500" includes two beam splitters 510 and 530, two
parallel plate optical elements 522 and 547, and two mirrors 540 and 542.

[0090] An input pulse travels along beam path 505 before being divided by first beam
splitter 510. A reflected portion of the beam is shifted by first parallel plate optical element
522 to travel along beam path 511. A transmitted potion of the beam travels to second beam
splitter 530. Based on beam splitter 530, a reflected portion is shifted by second parallel plate
optical element 547 along beam path 512, and a transmitted portion exits along beam path
550. Parallel plate optical elements 522 and 547 are tilted about an axis perpendicular to the
beam propagation direction so that the size of the beam 1s increased without modifying the

divergence of the beam, thus increasing the Etendue of the beam.



according to an enbodi ment of the present invention. For exanple, beam
nodi fier 500 can be a symetric beam {g)di fier with adjustabl e Etendue.
Beam nodi fi er 500 operates simlarly to beamnodifier 400 in the

enbodi nent shown in FIG 4. However, in this enbodinent the planes of the

beam pagb@lf]r (AR 11 illﬁlﬁﬁfﬁié Rltbp tvgé'v@ offiR SYEBEhEAGhowHABAIG! BCT Whikhekawp! €,

beam nodi fier 500 includes two beamsplitters, 510 and 530, two divergence

opti cal behwmeths$1b20d Ahbedshg inpdrpendcutar planes, 540 and 542. [0085] An input

pul se tr, s.alo b .pat.h . before being di.vid by first, heam
o1+t o0 s SEREHRENT, RRicR! Pl SRR, LlaebaRy By Ik

di ver gergebopddddab geh@arentiditiond pldaet bAY&Im paths) svihdnire pAtUNiRAELy drected to
transmtted potion of the beamtravels to second beam splitter 530. Based

on beamtppytpytdramaongdepdiatet ¥ portion is di verged by second di vergence
opti cal : , 1; tfq its
o ong. bATATE B artli TR RGR DAL A op B Forh 28 LEALRAN A bk
enbodi meplittaisddmo formkl i@atiSely thibkarbesin apBtterhe acnopgiikls tHeksdmamesulil?2 exi sting
in perp icu ] anes. [ 0087 n further odi nents, addjtj.onal am
pl [t oXOTaPRE B gBrtisciibon ehp beva e e Gl bBten GraeMiaL e e
addi t i onalenRb@anesorofx REAMN HALD $nodMILCBoRIcEn He! 2 WyhliREE! Beafll FRAIMRY #on the
out put beam al ong beam'pat h 550. [0088] FIGS. 5C"and 5D illustrate a beam

nodi f i erdfiS@ble Btendnedising @ gomhinedibeainrsphtterodnd: diwergpnassentical elvmmnti odcanor

exanpl e, m npdi fier 50Q' .can, be a i.c bea difjer wt

ol ot B BT R et et B et Sy D 8 RS PRPPERep! o God: 1 e
500 in theveverrRoskaeiliteh detibA 1§ t&Mbined\ vadthe BlivdioMRY Ginction, bitdikr to as
enbodi ment the divergence optical elenents are replaced by parallel plate

opti cal descsibedhfos thq gussliment f FIG. Bxanpl e, beam nodi fier 500" includes two

b | i 3 . t i | d
oao " antboE By O R e Moait BA Rhofh ArPRbi1oRkof] ARMGDRERRTC
pat h 50%plixehgelemiaais 605 dhd 62E And Yirdtiand tedordburvedldileting &hces 40 efid 642, ed

portion of the beamis shjfted hy first parallel plate optical element 522
to travel09%8l oMy opearnpae Hhe ollowalg beany patnts ¢YpIS S BAYGTed HeatieathPRs 8548 s t o

second Qe 'at%ﬂlein{etlﬁé b%gigﬂlgﬁﬁ&%@? fﬁggﬁﬁ&é 6018 Ented beald Iﬁ? ilﬁglcﬁﬁfjalgﬂ tion

is shifted by second”para pl ate cal element 547 al ong beam pat h
512, antean pathnsfi t npot pdse 6@A exdiviled lintn gwb epmisegmttions5o0sistiey off dieérgpd at e

opti cal el it <52 At SA0, 51 et LS AR A, s poroendL o Lo Lhe
\(/)v; t Pﬁgt glgg%]iﬂe){ﬁxnﬁhtﬁ a7 1di eediedserghedtanP §iMing Blenchn e BaSIcAhAthSorEbendue
' 601C is divided into a reflected pulse portion 601E and a transmitted pulse portion 601F.
Portion 601F exits symmetric beam modifier 600 as a portion of output beam 601-Output.
[0097] In this example, element 625 tilts the reflected pulse portion of input pulse 601 A to
generate a diverged and reflected portion 601D, which is tilted by an angle 615 along beam
path 611. Portion 601D reflects from mirror 640 to travel along beam path 613. Mirror 642
reflects portion 601D to travel along beam path 614 to mirror 640. Portion 601D reflects
from mirror 640 to travel along beam path 615 to mirror 642. Portion 601D reflects from
mirror 642 and travels along beam path 616 back to element 625. Portion 601D is further
divided by element 625, such that a reflected portion of split portion 601D is directed along
beam path 617 to element 627 and a transmitted portion of portion 601D travels on path 611
for another cycle pass.
[0098] In this example, portion 601D is delayed in time because it travels along a longer
beam path than portion 601C. Also, the reflected part of portion 601D that travels to element

627 has lower intensity than 601C pulse portion.



18 [0091] FIG 5Dillustrates a top view of the enbodi nent shown in FIG
5C, which shows beam paths 511 and 512, existing in perpendi cul ar pl anes.
[0092] In further enmbodi nents, additional beamsplitters and parallel plate
optical elenents can be added to generate additional planes of beam paths,

whi ch ar[ﬁ)@:l] 1bdd SBEEY 1l fEGhiled {9%11'; BEPOI@ME Rigt DRGAThe] RipeatlBayAaL i 550.
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[ 0093] In another e diment, paral ate optical elenment 522" is
conbi nedachi dyeleymamelempint 62 furtheOtiliothe beam an additern tpghy delay atsesiatsd avithstbei tt er
to acconplish the sanme result. [0094] FIG 6 is an illustration of a beam
modi fi eP¥BO*ccording to an embodi ment of the invention. For exanpl e,

beam moghdiof] B0 SAMPRE tAnGNERHhise pbaAM A §f igputidlde pordhiis0 BhlavEs endue
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di vergence/ beam splitti nq el ements 625 and 627, ~and firs &nd second
curved [Q03LEleAynHEY] ddis thatelishtrdanyse PeHe leﬁeoﬁ’fg“%‘kéhb do gepgrate a

foll ow . i .
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radi ati on ering I fier 600. Input 1A enters beam nodifier
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divided 1nto a reflected pulse portion 601E and a transnmitted pul se portion

601F. PBearhipath 633 F miiros 64 miettioncoH&arafleetdi fraremisno 648 aad geavelsdrickfto

out put beam.601- Qut put . 00971..1n this e , £l i

ot | ect SOBRICETEUFEREP sP ey DUl ATRS: SRR R bt Bl
reflect 3? PRt 317688 vrfehed pottiont i€ dlikytcanl@ndbantpsih @song dpaton pét h
611. Portion 601 Dreflects frommrror 640 to travel along bea patq 613.
M rror eutput bedm SO Oypittdndrthe trapsmidtet ipavidqn Ky on@ath pht rﬁ’ilﬁmleb CHTFroor
640. Portion 601D reflects frommrror 640 to travel along beam path 615
to mirr87°°642. Portion 601D reflects from nirror 642 and travels al ong
beam pa{(0102 finbehiKetamnpdt, grvetivn 62F iPdelayedninGiihdbesaubaiitt theels apwg dddngey

o 0 oot s /B R n? B PR ST Bt B o
porti O”ixﬁ%ﬁyttﬁeﬁl"&h% p%ﬁe%&lbn@ll for another cycl e pass.
100103] In one example, the transmitted part of portion 601E can then repeat the cycle. In
each cycle pass, element 627 further tilts the beam in addition to the delay associated with the
beam paths.
[00104] In this example, the reflective surfaces of two curved mirrors 640 and 642 face each
other. The curved mirrors are separated by a predetermined distance or separation, for
example the distance or separation can be approximately equal to the radius of curvature of
each curved mirror. For example, curved mirrors 640 and 642 form a confocal mirror with a
radius of curvature of 2d, where d is the separation distance between mirrors 640 and 642.
[00105} FIG. 7 is an illustration of a dual beam splitter 700 (e.g., which can be included in a
symmetric beam modifier with adjustable Etendue), according to an embodiment of the
invention.
j0100] In this example, dual beam splitter 700 includes first beam splitter 725 and second
beam splitter 727. In another example, these elements 720 and 725 can be splitter/divergence

elements, as discussed above.



[0098] In this exanple, portion 601D is delayed in tine because it travels
al ong a |l onger beam path than portion601C. Al so, the reflected part of
portion 601D that travels to el enent 27 has |ower intensity than 601 C
pul se portion. 19 [0099] In one exanple, the transmtted part of portion

601D | 2
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invention as contemplated by the inventor(s), and thus, are not intended to limit the present
invention and the appended claims in any way.
[0106] The present invention has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.
[0107] The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of the
art, readily modify and/or adapt for various applications such specific embodiments, without
undue experimentation, without departing from the general concept of the present invention.
Therefore, such adaptations and modifications are intended to be within the meaning and
range of equivalents of the disclosed embodiments, based on the teaching and guidance
presented herein. It is to be understood that the phraseology or terminology herein is for the

purpose of description and not of limitation, such that the terminology or phraseology of the



[00105] FIG 7 is an illustration of a dual beamsplitter 700 (e.g., which
can be included in a symretric beamnpdifier with adjustabl e Etendue),
according to an enbodi nent of the invention. [0100] In this exanple, dual
beam splitter 700 includes first beamsplitter 725 and second beam
splitter_727. | I : . Y/ :

Pl it oPTry sp s rERhF o B MRl ered BER: SLARE B Bar RO BRI BS S Ring R and
exanpl eguidagdee can be a positional shift in a beam passing through el enents

725 and 727 because_ of finite thickness of the el epents.. iS 1S

[T st r 10k aE5ohientd sod st aiine piend Tromtan b noFBRATed Hymychiihe
orienti | RREMed & ; ol e Glebasd bQyeh 88@Adané2 Kithtthe
ohift | anodestibed . ??5%8%?%‘8?“2@%{’%%‘33%&%2% shift 718, which shifts the
beam pafidildvengeleimpardthdit Zqavaei?$0. [ 0102] FIGS. 8 and 9 illustrate a Zemax
si mul ati on exanple 800 and 900, according to an enbodi nent of the present
invention. [0103] FIG 8 illustrates an initial Zemax sinulation 800 using
the enmbodinent illustrated in FIG 4 of a symetric beamnodifier. Atilt
angl e of the divergence optical elements is set to about 0.00 degrees and
delivers a divergence of approximately 1 nrad. [0104] FIG 9 illustrates
simul ati on 900, which shows a difference resulting fromincreasing a tilt
angl e of the divergence optical elenents to approxi mately 0.04 degrees. The
di vergence is increased to approximately 2.7 nrad. Therefore, by adjusting
t he amount of divergence angle in each divergence optical elenment, and

adj usting the transm ssion anounts of the beam splitters, a desired

di vergence profile can be achieved where Etendue is increased w thout
decreasing the size of the beam [0105] It is to be appreciated that the
Det ai | ed Description section, and not the Sunmary and Abstract sections,
is intended to be used to interpret the clainms. The Summary and Abstract
sections can set forth one or nore but not all exenplary enbodi nents of the
present invention as contenplated by the inventor(s), and thus, are not
intended to limt the present invention and the appended clains in any
way. [0106] The present invention has been descri bed above with the aid of
functional building blocks illustrating the inplenentation of specified
functions and rel ationships thereof. The boundaries of these functional
bui | di ng bl ocks have been arbitrarily defined herein for the convenience
of the description. Alternate boundaries can be defined so |long as the
speci fied



functions and rel ationshi ps thereof are appropriately performed. [0107] The

foregoing description of the specific ﬁbodi ments wll so fully reveal the
general nature of the invention that others can, by applying know edge
within the skill of the art, readily nodify and/or adapt for various

applica ‘}é@f I?ﬁpﬁﬁ I[?] enbodl ments, w thout undue experinentation,
W t hout p%rtl ng from E gsgeneral concept of the present invention.
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meani ng and range of gglva ents of the disclosed enbodi nents, based on
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system and to trahsmt a second portion of thé beamto generate at east
a porti ¢re edamasplitier pud exitsative sydteméb menieratersgothiee perjioh ef ttheowbyiebeganand 2

t | el nt t t f .the I b th
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portiongefcyche beam traverses between the first and second reflectl ng

devi ces nore than once, wherein the cycle ends after traversal between the
first and second reflecting devices, such that a first part of the first

portion of t i c it ystem
to gener ate gﬁ%‘%ﬁ}g{raﬂpgﬁllg@ﬁoﬁﬁ%ﬁ tﬁr%ﬁsteggxeam and E"taé%secgl-]%)épal?etmtn tl?he
first poobd®e fodt refetihgdsvicstd uharssmnﬂtreﬂbchhg dughbe;tawectrebsogapehi 4fttbe cyde
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path fromthe secon curve evi ce to the first curved
ref | ect dengce to the second curved reflecting device; and a fourth segment of the cycle comprises a

beam path from the second curved reflecting device to the beam splitter.

3. The system of claim 1, wherein the first and second curved reflecting devices

comprise a confocal mirror.

4. The system of claim 1, wherein the divergence optical element comprises a optical
wedge.
5. The system of claim 1, wherein the divergence optical element is configured to

substantially reduce or eliminate speckle in the output beam.

6. The system of claim 1, wherein the divergence optical e¢lement is configured to
increase divergence of the first portion of the beam without decreasing beam size to increase

an Etendue of the output beam.



device; a third segnent of the cycle conprises a beampath fromthe first
curved reflecting device to the secong, curved reflecting device; and a
fourth segnent of the cycle conprises a beampath fromthe second curved
reflecting device to the beamsplitter. 3. The systemof claim1, wherein
the first and second curved reflecting devices conprise a confocal mrror.
4. The systemof claim1l, wherein the divergence optical elenment conprises
a opticdl wedbe sysem Dielayst,emhaéinctheaifirstiandwisernst enrverk reflegengyderdecsopei cal
el ement is.confjgured to . substantijall.y reduce or elim nate. speckle in the
output  SERHFTE RS ety MR R R SR BT S ot ca

el enment is configured to increase divergence of the first portion of the

beam wi t hout decreasi ng beam size to jincrease an Etendue of the output
beam 23. 7. The S%%F@Ttlef%h Jpint [Laiwherein \ipe dijergense optical telement s coRHSHET Ve d
reflecti. L i d . Mgzt ol St ion
of tho BARsENbRRARL B e Mt BUIGFY Re BERUIREG: AR bo S indlOl |

di ver genaemp@il pdie leh@heftheifBstqonfiorgatitkelbéam. i ncrease di vergence of the
first portion of the beam w thout decreasing beamsize to increase a
tenporal pulse length of the first portion of the beam 9. The system of

claimlg wherey | genc o i WelTlg ge

t he divgigencghgfy#ﬁgquﬁégpgb???gﬁﬁggiEﬁgﬁﬁggifkﬁ$%ﬁg%h§ﬁéﬁgghggngﬂ%gngIe
of the changerthendergmte ofiithe ishpottion ¢fhthedepacthraught dhenge afres ghiletadrthand
the first and secon urved..reflecti devi . 10., The, systemof claim1,
wher ei n SHYERIFS BPGRNCETSH DR “FPFS: B PFOT SO FBY SRt SNANGAR SYEET each
cycl e ofefdrfnpaandaat h through subsequent passes through the divergence
optical elenment. 11. The systemof claim1l, wherein the divergence optical
el ement and the beamsplitter are conbined. 12. A system conprising:

first a second ¢ e | ect | - i X i C e
splitt e?,g' and'?f(?le f ¥Slr€%r%{ Ogn%ggnegbw& Q%lrgg%ggﬁ%regeg%% ngl{w g%&%ﬁ?@%é&elﬁ%&? he
first bepangesplitddacli cvde 6DMkib@nahtt tréghl wbieqacritipasdes pabtgtomealivaagdaeam
towards the first divergence optical elenent, which begins a first cycle
during WBtieahelegenbeam travel s through the system and to transnit a second
portion of the beamtowards the second beam splitter, wherein the second

11. The system of claim 1, wherein the divergence optical element and the beam splitter

are combined.

12. A system, comprising: first and second curved reflecting devices; a first and second
beam splitter; and a first and second divergence optical element, wherein the first beam
splitter is configured to reflect a first portion of a beam towards the first divergence optical
element, which begins a first cycle during which the beam travels through the system, and to
transmit a second portion of the beam towards the second beam splitter, wherein the second
beam splitter is configured to reflect a third portion of a beam towards the second divergence
optical element, which begins a second cycle during which the beam travels through the
system, and to transmit a fourth portion of the beam to generate at least a portion of the
output beam, wherein during the first cycle the first divergence optical element directs the
first portion of the beam along a first beam path between the first and second reflecting
devices, such that the first portion of the beam traverses between the first and second
reflecting devices more than once, wherein during the second cycle the second divergence
optical element directs the third portion of the beam along a second beam path between the

first and second reflecting devices, such that the first portion of the beam traverses between



beam splitter is configured to reflect a third portion of a beam towards
the second divergence optical elenent,, which begins a second cycl e during
whi ch the beamtravels through the system and to transmt a fourth
portion of the beamto generate at |east a portion of the output beam
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first and second reflecting devices, such that the rst portion of the
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t han once, e first . .cycl n I irst
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second r sal between the first and second reflecting
devi ces, gluegﬁoe{kﬂg%t%é% s @ége{t of the third portion of the beamis

reflected by the second beamsplitter and exits the systemto generate

anot her portion of the qutp beam and.a s n art. of t third portion
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second g M%% 13. The system of claim 12, wherein the pl ane of the first
ea

and secon m paths are different. 14. The systemof claim 12, wherein
the divergence optical element and the beamsplitter are conbined. 15. The
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conpri shRGonlbidet and second curved reflecting devices; a beamsplitter;
and a parallel plate optical elenent, wherein the beamsplitter is
configured to reflect a first portion of a beamtowards the parallel plate
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t hr ough o0 transm

generatQmﬁ&wbﬂ@ﬁ&mﬁqﬂﬁﬁis@ﬁp@@x@mmayBOubgheanl mhereln during the cycle the
parallel plate optical elenment directs the first portion of the beam al ong
a beam path between the first and second reflecting devices, such that the

first poglionyafyihe BeAMLEANRE SRS sORWRERyddRAtiI R devices; a beam splitter;
and a paraliel plate optical clement, wherein the beam splitter is configured to reflect a first
portion of a beam towards the parallel plate optical element, which begins a cycle during
which the beam travels through the system, and to transmit a second portion of the beam to
generate at least a portion of an output beam, wherein during the cycle the parallel plate
optical element directs the first portion of the beam along a beam path between the first and
second reflecting devices, such that the first portion of the beam traverses between the first
and second reflecting devices more than once, wherein the cycle ends after traversal between
the first and second reflecting devices, such that a first part of the first portion of the beam is
reflected by the beam splitter and exits the system to generate another portion of the output
beam and a second part of the first portion of the beam is transmitted through the beam

splitter to repeat the cycle.

17. The system of claim 16, wherein: a first segment of the cycle comprises a beam path

from the first reflecting device to the second reflecting device; a second segment of the cycle



and second reflecting devices nore than once, wherein the cycle ends after
traversal between the first and seco refl ecting devices, such that a
first part of the first portion of thé"beamis reflected by the beam
splitter and exits the systemto generate another portion of the out put
beam an t ' | ; ] | '
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paral l el plate optical elenment is configured to increase beam size of the
first portion of the beam while maintaining a constant divergence to
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beam travels through the system, and to transmit a second portion of the beam towards the

second beam splitter, wherein the second beam splitter is configured to reflect a third portion

of a beam towards the second divergence optical element, which begins a second cycle

during which the beam travels through the system, and to transmit a fourth portion of the

beam to generate at least a portion of the output beam, wherein during the first cycle the first

divergence optical element directs the first portion of the beam along a first beam path

between the first and second reflecting devices, such that the first portion of the beam

traverses between the first and second reflecting devices more than once, wherein during the

second cycle the second divergence optical element directs the third portion of the beam

along a second beam path between the first and second reflecting devices, such that the first

portion of the beam traverses between the first and second reflecting devices more than once,

wherein the first cycle ends after traversal between the first and second reflecting devices,

such that a first part of the first portion of the beam is reflected by the first beam splitter

towards the second beam splitter and a second part of the first portion of the beam is



traverses between the first and second reflecting devices nore than once,

wherein during the second cycle the cond di vergence optical el enent

directs the third portion of the beam™al ong a second beam path between the

first and second reflecting devi ces, such that the first portion of the

beam tr t an
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beamis reflected by the second beam splitter and exits the system to
gener ate another portion of the output beam and a second part of the third
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such tha he op irst portion onger than an optical
pat h of s¢doad psioanshdpecdmisiningandfirsepatibn of thg belre Withr e sgoond iportionf t he beam
with the second portion. 22. The nethod of claim 21, further conprising
varying an anmount of the divergence of the first portion of the input

beam 23, They,pnihod &fclﬁhﬁﬂmfg&herfdé pﬁ@fng%gﬁﬁg%@&o%ﬁ@&t@@ﬂh@lré&wé gduci ng
or elimnating speckle in the output beam The nethod of claim 21,

f urt her tledirgtrpostiongofi the inpatbean.t he di ver gence of the beam wit hout
decreasi ng beam size to increase an Etendue of the beam 25. The nethod of
claim 21, further conprising increasing the divergence of the beam . w t hout
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speckle in the output beam.

24.  The method of claim.21, further comprising increasing the divergence of the beam

without decreasing beam size to increase an Etendue of the beam.

25. The method of claim 21, further comprising increasing the divergence of the beam

without decreasing beam size to increase a temporal pulse length of the beam.



